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ABSTRACT 


Study of Quality Specification of King Cobra (Ophiophagus hannah) venom for Standardization 

Pakmanee N,Chulasugandha P ,Khow 0, Noiphrom J and Chanhome L 


Queen Saovabha Memorial Institute, The Thai Red Cross Society.Bangkok, Thailand 


Quality specification including physical properties, biochemical properties and biological 

activities of 9 samples of Ophiophagus hannah (king cobra) venom were investigated. The venom 

samples were extracted from king cobra with different geographic areas and lyophilized. The physical 

properties of the lyophilized venoms are fine powder with cream or yellow color. There is little density 

variation in bands of protein analyzed by SDS-PAGE and 2-DE. Similar distribution of protein points in 

anionic range and low molecular weight were observed. The venoms possess activities of 

phosphomonoesterase, phosphodiesterase, phospholipase ~, acetylcholinesterase and L-amino acid 

oxidase. The venom of O. hannah from Petchaboon exhibits higher lethal toxicity and neurotoxicity than 

those from the southern of Thailand. All venoms do not show coagulation activity. Hemolytic activity of 

all samples were low. In addition, the venoms inhibit proliferation of cancer cell lines including, breast 

cance~BT 474), lung cancer (Chago), liver cancer (HEP-G2), gastric carcoma (KATO-III) and colon 

adenocacinoma (SW620). High ability of inhibition of cancer cell proliferation was observed in the 

venoms with high activity of L-amino acid oxidase. These qi.lality specification are the data base for 

standardization of starting king cobra venoms using in drug development. 
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h.m~~~~h'UlJ1tll'.iti'tJ111U11".:JOl (drug discovery) ~·'hflfY~~~flfl ffl'.i"lflli'.i'.ilJ'tfl~ iitll'.i.w~'Ul 
. .. .." 

tmnflmrl'lh :::flmJ'IJ fl.:Jff .:Jii;1~~1l't1fl"0;l't ,hm1';'lh:::10'nft'U tll '.i1hff.:Jii;1~'tfiJ~fl'U 01111 "lir'U11 Ofl. 
~ ~ 

antibiotics t';1mn hfl~fll';fl'tfiJfl9il.:J'l 'Uflfl"lflij iJ,,~,j'U-n1l1)lflU1Jflfll10 Clostridium botulinum 
~, II' I ", 

(Botulinum toxin) \1mhm1';1fllll1'.ifl9il.:J'l 1f10fl1ffoql1nflU1JU.:Jtl,nm.h:::ffll1fl9iflfl1Jfl~llJl,jfl Uo:::\1fl 

,hm1~~1'Ufl11lHllJ 1f101';Ofl'.iflm~01V'U ,h1..1fb11ir.:J~.:J1101J 1..1~olll'U~,hnfl1",,'Uiitll'nhmt';fl'U 

flV 1.:JUl't111 Ol tI1'U 1.:J f11'.i lff1lJfl11lJ.:J llJ(I,2) ~.:Jll1'U ~111ff'U111 1'Ufi1'.i ffmnffl'.itl '.i:::flfl1J'lJfl.:J-nll.:J~iifl(umnm.. . 
fI~10fl1J botulinum toxin flfliiql1iU1J~.:Jtlol0tl'.i:::ffll1~9iflfl1Jfl~llJliffl'infl-nll~ 1-r;fllll'Uu'U1111.:J1'Uf11'.i 

'lJTm1.n'U 111.:J f11'.i Ul'tl1rJUo:::mif'tf111019itl 1 tl1 'Ufl'U lf1f1 
II I • " 

'lJ l-nllfl.:J,"ll
• 

ff11.:J flflflml-ftfllll'U fll1li 110:::1f11fl.:Jii flfl ,hflUJ'lJfl.:J.:J 1 
~ 

'U f11'.i itfl.:J fl'U ~11m::: n'Ufl1111 '.i 
• u . . 
. 

~ 

hwvh1..11Vflfll0 111flll1mrlJl'tl~(J) fl1'.ifllJ'Ullrfl~1ml'U~'.i101l1fi-nll.:Jijlfl.:J ov1..11nflfl11lJff'U 1 'I1fffllll1~0 
~ 

-nll.:J 1'U~1'U~1.:J'l 1'1f'U fl.:Jfl-U'.i:::flfl1J'lJfl.:J-nll.:J flo 1fl,h1..11nflfl11lJll1'U,"1l111m)'UfI'.ilo9ifl111gfl 11if11'.i U~-nll.. .. 
~ QI .d Clio .o::::t. 0 ,!J 0' • Q ~ 1 _I 71 1 71 ..., 

11'.iflfl'UfI'.i10111f)fI'Illfll'tll~1I'U111 11lJ'411fll'.i111'.il1J11 l'tll~flflfl::: '.i u'.i::flfl1Jfl10ffl'.ifl::: '.i1Jl.:J fflmflo:::~1 

ii1J'YI1J1'Y1flVl.:J 11 1'U tll'.i lnflfl11lJll1'U-n1l111 mj'U~'.i109i fl111 gfl ;ntri'81JUfh~,;hi\'''lflfl1'lftmni;)tJ -n1l3 

" " " " ".ct 0 "" IlL .. "_1 ,,__ " 1 71 171- I 1 ...,h !'t1,rfli;)mJ8.:JI'H'Uftl'UtJ1fl"8,n;'U~ l'tIlm'U1T11.:JTI":::'U1'n'U~ I1J l'V1J'l::: mw'U 'U fll'U tll'.i 'tfu'.i::: W'tf'U 
~ 

'illfl-n 'lNir'U.. 
"" ~ _I "" 71 ~ _I 71 1_1" ~ • 1 ... :: 
l'tll~11J'Uff1'.iu'.i:::flfl1Jl'tf.:J'lffl'U 'If.:Ju'.i:::flfl1Jfl10 ~u'.ifl'UllJ'Uff1'U my lJl1.:J enzymatic protein Uo:: 

non-enzymatic protein hWllJl'tl:::flVl.:J~.:J 'n1flffl'.i-nll (Toxins) 1'1f'U neurotoxins, cardiotoxin, myotoxin 111'U 

~'U 1tl'.i~'U9il.:J'l 1'U-nll~ii1J111J111~1'U;11f1ii 110:::mif'tf111019il.:J'l l~fl-U'.i::: 10'Yu1'Utll'.i111fl1111'.i'IJfl.:J~ tJ1.:Jii 

rih11mO~l,j'U'l 'lJfl.:J-n1l31~uo ceU membranes; vascular wall, connective tissue component 110::: plasma 

proteins lill11lJl0'IJfl.:Jff1'U~11l'Uffl'.i-nllff1'U 111qj1~110 receptor ~~11l'tl::: 111fl ion channels 1'1f'U neurotoxin 

"" ., .. "'.. ~.: _ 1 _ I dt 71 (3)
'lJfl.:Jl't'lJ~l111 'YIO lJ acetylcholine receptor 11 fold 'lJV.:Jl'lfoofl"OllJl'Ufl'.lfl1J'l uOlOu'.i:::ffll1 llJ'U~'U 'Il1fl 

~WfflJ,j~'YI1.:J1ilif'Y11101'IJfl.:J-n'lJ3111'U~111ff'U1"'lJfl.:Jirfl1i'omnOfl~lJ'lJlmffflll11~fl1l1'U'fll~lJ~'U'lJfl.:Jf11'.i 
li~'U101~11m.h 01~1U'.ifl~-U'.i::ff1Jfl11lJ'hl~1J1f10f11'.inftl'U11l1fl bradykinin potentiating peptides tJ1.:J1Wfl 

~ 

"" '" (34,5) "'''171''' "" 71 ...
'I11fll'tll~ Bothrops jararaca flfl ACE inhibitor : captopril' 01f11'U fI'.i1Jtll'.iOfllJ'.i1JflO1.:Jfl11.:J'lJ11.:J11lJ 

tl'.i :::ff'YInml't 1'U tll'.i 0 flfl11lJ~'U1o-Hflff.:J 1f1mlJl'tl:::flvH~.:J1'U ~iho.. h fll1J11111'U~iifl11lJ~'U1o-H~ff.:J 
~ ... 

fll'.i 

71 J 0 71 ~ dt 71 71 71.., ... d 71 _~ "" 
fI'Ul't1JOl captopril 'U111111 Prof. Sergio Henrique Ferreira 'If.:J1lJ'UFjfl'Ul't1J1f1'.i1J'.i1.:J10fflJlf1'iU'IlTnllJ11f10 

" . ~" 
ffl'IJlfllml'tflV-U'.i:::~li1 2551 'Uflfl1l1flijiifll'.in9a.l'U101 ancrod 1)lfl proteolytic enzyme fliiql1nu1JU.:Jfll'.i 

d ~ 4 ~ _I 
U'IJ.:J~1'IJfl.:Jmflfl (defibrinogenating effect) 'lJfl.:Jl'tll~fl:::u::: (Malayan pit viper,Ca//oselasma rhodostoma ) 

'YI1.:JflW~ ~1i'mih,l-;i1-n'lJ 31'U -U'.i:: 111ff1 110ijfl11lJ 11 Olfl11OlOfll.:J;1flll't tl.:J lln::: ii 1fl fllfftl.:J~ '11::: fl'Ul't1Jffl ':i 

flflflq'YIi'YI1.:J;1ml't~iifffl0fl1l't1'U fll'.i";9a.I'U 1111 'U ol1flll11'.i fI 1 ~ ~.:Jff'U '1J~ 1J:::flfllll1~m-r;fli9a.l'Ulm'il1fl-nll 



-3~iihl1h::1l1ffil1V ~lH~'lhff1.Jl~~::'lhlJ1fffnnflfl ~lH~-3m-3 ~1ml1~fHl~ -3~-3m-311j1.J-3~lJ'lJ1.J1~lmu 
• • • 'I '" '" u . ". 
fiff~ 11~lJ1W~lJlJ1fl UCl::111-3fffl11.J1ff11m ff1lJ1'.i fJ')hfll'Hl'41::a~V-3-3~~m-3i~ 1m::fl1'.ifffllJ11nv1ti1J~lJ-3. .. .. 


.d 4 ~1 4 Q.I.£:S d.
neurotoxin '1f-3 target receptor fH) acetylcholine receptor 1.Jflfl~lfl1.J 1.Jl'4lJ~~-3m-3V~lJ1Jl11J1l1flflflq'YIti~tl 

" ~ . 
~·nr-3l1 Clfl~liifl~11~-3~1d6,7) fjWfflJmtl11-31flff'ti'1l1V1m,hu1111.Jql1ifi'lllff1.J 1 ~iifl11lJ1i11.J i 11i~1.J fll'.iim1.J1 

. .
"'''' ">l11ff1'.i'YIlJ ql1til11-3 V1 

fl1'.i~~::1~lJ~1.Jim1.J1Vl~111j1.J~fl-3fffllJ1ctfllJW::1~Vi1::~11.JfJWfl1Tf'IJfl~1~Q~1Jl1~fl1~Q1~lJ~1.J1~fl 

l1j1.Jmmi11.Ji ~ ~~~::11j1.J11'.i:: lV'ti'Ul1.Jfll'.iflll11.J ~flWctfllJw:::ml'41:: 'IJtl~1~fJ~1J~~::U llJ11'1ilflVli 1.J. ..
" . . 

tl1.J1fl~ 1.J flfl1l1flU fll'.ifi-31l-3m-311.J11'.i::1l1ffi l1Viifl11lJfl1.Ju11'.i 11.J1~fl-3'IJfl~'IJ1.J1~ iYff1.J1m::iJ ffV mll~::ri-3~Cl.. 
il-3fl11lJU~fWh~'IJfl-3~lJ~ ~llJ~iiN'fffllJ1lJThfl11lJU~flRl-3'IJfl-3'IJ1.J1~~1 ~1.J~flVmffV ml11'.i~Clfl~~1.Jfl11lJ.. .. .. 

N1.J u11'.i ~1~ V1,j'fl~il1J'IJ tlU1'IJ~l11-3fiiJff1ff~{ii~Cl~flfl11lJU~flR1-3 'II fl~ ri11.J11'.i::flflU'IJ fl-3~lJ-3UCl::fl11lJ1i11.J.. ..

" . . 
"" ........ ~ 0 ~ '" 'JI ~.... 'JI "" '" 1'JI ~ , i-I

l'4lJ ~-31.J1.J'j)-3'j)111J1.Jl1'j)::~fl-3nf1lJ1ClfllJw::ml'41::~11.JfJwml'4'IJfl-3l'4lJ~~-3m-31l'4fl 'ti'11J1.JlJ1~'.i!11.J~fl lJ 

4 ~ Go' 'JI " q .cs ~ 4 
1l'4flfffllJ1fJWClfllJW::ml'41::~11.Jfll{Jml'4 11Cl::~11.J'ti'11fllJ 'IJfl~l'4lJ~~-3m-3 (Ophiophogus hannah) 1Vifl 

11j1.J mfl '.i!11.J 'IJfl-3~lJ~'iI-3m-3~~::1~fffllJ1im1.J1V1 

" 1i11.Jfll'.ifffllJ1ctf1lJw::ml'41::~11.Jfll{Jml'4 i~11fi Physical form 111UU1J 111'.i~1.J 1m::U1l1-UflllJlClflCl 

i .Q Q.I<o4)/ .cs Q do .Q 

~~W1'Y1fl1.Jfl SDS - PAGE 1m:: 2 - dimension electrophoresis fJWfflJ1J~~11.J'ti'11fllJ 1m:: 'ti'11l1V1 

_I ~ ~... "v.... , ... 0 "" .....Ll'lv_1 'L. ~ 
lJl::: ~tI"Ul1ftUll19::: ft'l'lJ Ui):::'t'iU'JO~lUTlU1Hi)m'l'l9n IlJ IYlJ'l::: mYU 

i~,j'fllJClflWctfllJw:::ml'41:::'IJfl-3~lJ-31l-3m~ l~fll~11j1.JlJ1~'.ii11.J'lJfl-3~lJ~1l-3m~~U1lJ11.n1.J fl1'.i'rh1~V 
• II • ... 
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~'il.:jflN (King cobra, Ophiophagus hannah) t1jlJ~~lI~ii'UlJl~l'V1qj~"l~ fl~llJfI)fllJfli'1 Elapidae 
I y ~ ~ 

11llJ.:j~1In iiiJfffJfl fllJ,j'l.:j~ ff1:1J1) fluflm.hijfJ 1~1ilJl~ fJ1nlJ.:j11,h u~mhijfJ'Ufl.:j.:j 'il.:j fll.:j 'il~ufllJtl'hmhijfJ'Um
cu II • cw.. 

~nh ~'il.:jfll.:jlll'U~ih ff1:1J1)flfllfffJfl~llJ)~fllJ'f;!.:jtl'h)~fl1J\hYI~m 1~il.:j 2,000 11J1I) lJlJ,fJl'U1 'VI~fll'UiJ1'il~ 
" , " I 

flYltlft'lmcl.:jlhihli1) fll'VI1)'Ufl.:j3'il.:jfll.:jflfl ~'JfiJ~D'U'l n.:jfil u"~~mltl ~'il.:jfll.:jiifl111J~'Um.h l'Ul~fl.:j 

'U'U 1~lm~ ff'Ufl.:j ih9i1~i~1 'il 'U (.fl1'W~ I) 11l'U fl11lJ~'U m.h~1~fJ1,j'fl.:jnlJ'UfllJl'U1I'YI1.:j,fJlJfl'lff1l1(geographic . . .. 
variation) flfl .:j'il.:jfll.:jn'WlJ'YI1'l.tl1f11~'Ufl.:j1 'YIfJirtl'il~ii'U'U1~9i11mUtl11.:j 'il.:jfll.:jl'U.fl1f1D'U iY~111l'Uihh1l1" 

~ u ~ .. 
fl1Jl~ fJ1'V1 ~fll~fJ1fl1Jl'YI1 "1~"1fJ1~i~1 'il'U .:j'il.:jfll.:j'Yll.:j.fl1f1m-Uflirm'i1J11ii iY9i11,j'1JfI"1'il'Ulnflmh iJfffJ ... .. .. 
fl fl 'U,j'1.:j~ tl11~ 'il.:j fl1'l.tl1f11 ~ ~h'U~ 'il.:j fll.:j'YI1'l.tl1f1 tl" 1.:j"~.fl1f1flff1'U irtlijff9i111l'UillfJ'Ul'U 1I11J'U11.:j11l 'U -U.:j'l 

lnfllJlI"fl~9i1 U"~'U'U1~9i11~tltli1f11f1~'U iiiJfffJ~. ifl.:j1111)1~lm fJ1 ii~1I'Y1l.:j)~lJlJll)~ff1'Y1. .. 
(neurotoxicity) n1'UU).:j ~\!tl~'il.:jfll.:jn~'il~iiflltl1)tlft'l1Jl-Umifl'UU).:j 'VI,j.:j1l111tl ll~'~i~ 'VI1fJl 'il 1~ff~~1tl 

u,,~ fll'illfffJ~1111i1fl.:j 'il1m~1J1Jtl1) 'VI1fJ1 'ilft'1Jm" 1 liTfl.:j'il1tl'l'il.:j fll.:jlll'U.:j'U'U 1~1'V1 ill 11~1J1W~1I1J1tlU"~ 
... ... u 

'Wq9lm)1Jtlnn~ulJ1Jn~9l~u,j'U 1~fJfl1JllclflfJ .yh,,rl1l'U~~lI~~lJlInfJ:IJ1tl 



~ll~ (snake venom) 1.h:::m)lJ~1tJff1'j~~il'U ilh~'U1.h:::lJlW 90% uC1:::~l'Hiimil'U~h'U~'li1'lf 

hh~'U I~Uti fll1ilJl~~~n'l ~~tl~1'U!'tJ'Utl~10C1 i~hh~'U (glycoprotein) uC1:::ihh'Ulh:::OtllJ~'U"l ~'lf'U 

1i11J-ff~0:::i1 l'j iUrJm1'U m~ij1~~vo ~1I'U~'U -ff1'U~~1I'U hh~'Uu,j':)~tlmil'U 2 -ff1'Ufitl -ff1'U~tll'Uffl'j~1l 

(toxin) ~m:::-ff1'U~~1I'U enzyme ~1l~lj-ff1'U1h:::OtllJ hh~'U~til'U enzyme tl~lJlOll1tJl1mtJ'}j'ij~ ....lJU~1 

lh:::ll1W 26 '}j'iJ~ enzyme tmhif.... lJ,;illjuYl1Jl'Yl~hfl11l~~ ....tl~lU'U01~ 3 tl~l~ fitl 
°1'J1 1 ~. 1'J1 '" ~.1 0C> 	 0'1. 	 m l1~1111ff1lJl'j() 'Um'jC)j'llH1'U ~'Utl':)l1C1tl~HC1tl'flt""ll'U'U tm:::tf)'fIm'jmmtJ'Utl~tC)j'C1C1 

2. l'l1"Hm'jU~~~1'Utl':)tiitl~H'fI'IJo~ 

3. 	 l'l-11'"ljmnJ"tltJff1n.1l~'}j'ij'fltltlOll1 t'lf'U ffl'j~1""10 histamine serotonin kinins tm::: 

bradykinin l'l11'"G~0~n'flljmm'jt~1J1.h~ l'l11,"~1111~'Utiitl~~1 tll'U~'U 
~ 4. ~ d Q,I CIo ~ ,,'j1 ,Q,I 

o 1'j ffOll1tf) tJ10 lJ ....ll~ ~.:) m~ t'Yl tJ lJOlJ~ .... ll tl 'Ut tC11 'U tltJo 11lJ 10.. .. 
~ 	 .& ~ • GJ d Q,I d 

neurotoxin '}j''U'fI long chain post synaptic neurotoxin C)j'~~::: &11mJ~'illJ'Yl receptor OlJ acetylcholine 'Yl 
. ,,,,q,Q,I !1 a.rd 

. 
.c:1
. 

Q,I do. 
neuromuscular junction tm:::ff~f4C1 l1tf)~tllJ""l'fl 1J~~lJ'UlJ'j1tJ~1'Utf)tJ10'IJ post synaptic U- neurotoxin 'Yl 

.... lJ''U~ll~'}j'ij~~l~''lo,h 100 '}j'ij~ til'U'}j'ij~~""lJ''U~~.:)m':)tVitJ~ 8 long chain neurotoxin, 1 short chain 
(10) ~ ..,...... '" ... ... C>... '" &

neurotoxin UC1::: 1 weak: toxin UC1::: m'jtfOll1fJWfflJlJ'fI'Yl1':)tflff'}j'1'YltJlllmtJ~'}j''U'fIt'fltJ1 ~tl hannalgesin C)j'.:) 

d.:t~ Q,I _I (11)::, .... 1 0'C> 	 "'.
lJq'Yl1HlJ'Uff1n:::~lJ1J1~ (analgesic) 'UtlO~lO'U 'U ....ll~~.:)m.:)tJ~.... lJw'U C)j'lJl1mtJ'}j''U~ t'}j''U L-arnino acid 

oxidase, Phosphomonoesterase, Phosphodiesterase, Acetylcholinesterase Phospholipase ~ Lm::: Protease 

,1I'U ~'U(6.7) ~.:)lj~11lJl1m0l1C11tJ'Yl1,:):lh.fll"" ~~thff'U1 'il~~::: ffOll1~11lJtil'U111'~~~:::""lJff1'jtltloq'Yltm.:) 
~h.fll .... ~ljffOtJ.fll....l'Um'ji9l1l'U1ff1'j~ljq'Ylt'Yl1.:)tJll11tl diagnostic reagent ~lO~ll~~.:)m.:) 

.q QJ 	 .::t , 

~lUl1)tln~HU'lJl 

tJlJi'UiI titl'UlJ'U1l6ih~1l~lJl1~ 1'U0l'ji'01l1'Yl1.:)mm.... 'YlV mil.:)t'lf'U 1'UfY'fl1nll~ 12 u ....'YliJ1~th. .. 
" ~1l~lJ11~i'01l1 i 'j~tW'U (Leprosy) t....'j1:::t'U1lj~11lJflWh~1~ff1lJ1'j()i'01l1UHC1l1~.:)~10m'jC1tlOm1lJ lfl' 

" 	 .
tll~:::th~WfflJ,j~ij'111~nlJ~'U'~ ''Utl ~.ff. 1880 ljm'j'~~1l~10~l11~m:::~~ (Rattlesnake) i'01l1 h~. 	 .. 

o 	 '" '" !':1 (3)
mt'fl1tltlOlJlO"l tm:::mtl~tltlOlJlOl1C1.:)m'j()tl'Un'U 

0"lJtJ01~tJff'U'~~~:::i9l1l'U1 tJ1i'01l1 h~~lO~ll~ t'If'U~1l ~l1m tJ'}j'ij~lj~wfflJ,j~'Vi~l'll',"tiitl'fl. 	 .. .. . " 
,doj.... 	 01".4 '1 Q,l" dQ.l .4 ~ •

U'U':)'fI1 (coagulant properties) UC1:::m l1tC1tl'fl &lJU'U.:)'fI1 ~1'U0l'jU'U.:)'fI1'Utl~mtl'fl (ann-coagulant propertIes) 

....'" 'JI oj... '" 0 '_1 ..... C>.... '" (12) ® (13)
~10fJWfflJlJ'fI~1'Um'jU'U.:)~1'Utl~mtl~'U1 1Jl!m'j....9I1I'U1tJn10....ll~ 2 ~n ~tl Ancrod tm::: Aggrastat 

Ancrod i9l1l'U1'il10~1l~0:::11::: (Agkistrodon rhodostoma l11tli1~~,j'Ufitl Calloselasma rhodostoma) 

1~til'U tJ1i'01l1~ihmff'U i C1,"'fItl'fl~'U1'UfflJtl.:)(I2).. . 

® 	 5'1 '" o'.d '" 'l_1 '" '" •dAggrastat tlJ'UtJ1ff':)tm1:::l1'Yl~9I1I'U1~10 !1J'j~'U disintegrins 'Utl~~ll~ ~10~~1l saw-scaled YJper 

'Utl~flyJ!m ~.:)lj~tlm~1'YltJ1ff1ff~{'h Echis carinatus disintegrin tll'Um'jiltl~n'Um'j'j111~1'Utl'l (Ol'j 



• • 

, 'jI.,., 0 ., ., "" (13) 
~'j 'lJfll'j 'j 'lJ'j fl'l 'illfl'ffl'W fl'll'WflW::: fl 'j 'j lJ fll'j fll'H n II~::: tJl't1 fl'l 'ff'H 'j!61lJ 'jfll 


i ... I ~ .c1 ~ ..::k ~ , 'jI.Q .Q.r=:i i Ji.c1
.<::::to I 

lJHl'W disintegrin 6fl'll''W~'H'W.:J'YIIWfl ~'illfl't'fhl~'tI6'l~'Ynl'YI'Vi'lJ 'Wfll1J':ifll 9f'lI'jtJfl11 copperhead 

., 0 .J dt i- I d .cl I "" " snake ( Agkistrodon contortrix) 'ffl1J1':itl'tl~'tI11'lfl1'j'Yl1.:Jl'W'tIfl'l integrin 9f'lllJ'W lJH)'W'YIflQ'lJ'W~1't1fl'lI9f~~ 

,thtJiM'I9f~~lfll:::~~lfl'W 'ffl1J1'j[l'HtJ~fl1'jIl~.:J~1't16.:JI~fl~ '~I'tf'WI~tJ1n'W mhJljfl1i'tJi'Wlijfl'l'lJfl'ff~'W 
... 1 ~.Q.4 • .c1.c1.4 , (14) q .Q 

lJ'j:::l'Y1fl''ff'H'jjflllJ'jfll 1'l1'611 disintegrin 'YIlJ'lI'611 contortrostatin 'illfl'Vill~'tI6'l~'Vill copperhead snake 

. "" "" i " d,'jI """ dL1'l1Jl'jtl'il:::'H Q~fl1'jl'il'jtyl~'lJ ~l1m:::fl1'jU'Vi'jI m:::'illtJ'tI6'l19f~~lJ:::l'j 'I ~ 1'Vi'j 1::: integrin 'lJ'W~1't16.:J19f~~1J:::1H 

fI~lml'lJ~mj'lJ'W~1't1fl'lIfl~~1~6~lJlfl ~'l , ~.yhfll'j1 ~tJ i ~tJ i M'Yill'l'll'iJ~ifn'lJ'H'W ~1~'W lJ:::l~ 'l1~1'W lJ i ~tJ~ ~ 'V ' __ .. ., 
111flfll'j fffllll'Vi'lJ'll i U'j ~ml1flYill'lij 'ffl1J1'j[l~~fl~ 'j lfll'j 1111f.lJl~'lJ i~ v u 

'tIfl'lI9f~~lJ:::l~'l'~ 60-70 % U~:::'HtJ~fl1'jll'Vi~m:;'illtJ'tI6.:J19f~~lJ:::I~'l 'UV.:JU6~'tI6'l'H'W'~ 90 %
• ow 

'Wflfl111flifI6'W'9f,J L-amino acid oxidase ~'Vi'lJi'WYill~l'I'h 'ffllJl':itll'HrltJ1thhrl9f~~~l'l"luri~ltJ 
(apoptosis) ,~ i~tJ16'W '9f,J'lI'iJ~if~'lJn'lJ~119f~~11~1'ff~H'ffn'~i~'jl'il'W1U6{66fl '9f~~iju'j:;iY'YIiiil1'Vi~'l 

i'Wfl1'j ..hmm9fmllJ:;I~'l 1~6i'*i'fllll i 'jfllJ:;l~'l~6 h1(1 5) 

S "fudd" (6) 1'jI 0 ~ " " dt "" "" Tan 11~::: al m ~'YI1fl1'jt1fllll enzymatic properties 11~:;fl11lJllJ'W'Vill'tlfl'l'Vill~'il'lm'l 

,..: ~ " 
~ I I ' , " ~ • do d 'j/ Q,I 

(Ophiophagus hannah) 4 ~1fltJl'l'Vi'lJfl11lJU~fl~1'l'j:::'H 1H~1fltJH (intraspecific variation) l'VitJ.:Jmfl'W6tJ'YI'l 

. " 
U11J1W'tl6'l16'W '9f,J d1'Wlh:;fl6'lJ hh~'Wll~::fl11lJl~'WYill'tl6'lYill'l Yill'llifffllll'n'l 4 ~16Vl'lhi 'Vi 'lJ.. .. . . " 
hemolytic activity 11hl'lJ'lJiU'j~'Wli11f1'jl:::l1i~tJ polyacrylamide gel electrophoresis ijfl111JfI~ltJn'WlJlfl"';'l 

., I "" 

4 ~1fltJl'l lJ activities 'tI6'l L-amino acid oxidase, Phosphomonoesterase, Phosphodiesterase, 

Acetylcholinesterase Phospholipase Az U~:: Protease 'ff.:J n-hi 'W1111 'l1l11 alkaline 
ow .. 

Phosphomonoesterase activity iJ'l1Jlfl 



~ ~~Wll 
~1I~'ff~ I 

I ~0 

.. YllH'\1.:J (lyophilization) 

l 

Physical properties: 

- ~f)lIW::: 

-if 

Biochemical properties: 

-U11J1W lu'J~'U 
-lUU1J1J iu'J~'U 

SDS-PAGE 

2-D Electrophoresis 

- Enzymatic activities 

L-amino acid oxidase 

Phospholipase A 

Phosphomonoesterase 

Phosphodiesterase 

Acetylchol inesterase 

Proteolytic activity 

- Biological activities: 

Hemolysis 

Neurotoxicity 

Coagulation 

Cytotoxicity 



, 
.r::::v:::t o.r:::.\, ~v ~ 0 a g,I 

'lfifl11'Vll!UUfll'l'l1ltl Ua~iJtllUnnlfll1'nVlf;U)..:J/mU"Ue'lJa... 
.... _I I 

liIij Uil~t!1JmW 


"" 	 1" Q .J ~Q 	 ~ 
Ynj~",:jfl1,:j (Ophiophagus hannah) ft"lflfl1';j';jftTt'lJ"lfl~'il·HJ1,:jt]j'·mW,:j'YIffl'U~ fftll'Ulff11.fl1 

lH'lltlIP11';jl1Jfl'U (pooled venom) 4 ~lt)[h,:j -n'lJ~flyl'Ultl Lyophilized form 

.ct Q..I q q ~ 

2) 	 fl11ftfl'lfl~Wilfl'lf~Yll~Yl'flll'\Jfl,:jTt'lJ~'il,:jm,:j 

2.1 	 tl1lJ1W itl';j~'Ul'U-n'lJ,:j",:jm,:j (Protein content) ifttllrn'\Jfl,:j Bradford(l6).. 
2.2 fffl'lJl~tlllUll itl';j~'U l'U-n'lJ~",:jm,:j i~tIl'YIfl'iJfl SDS-polyacrylamide gel electrophoresis 

~llJ11i'\Jfl,:j 	 Laemmli (17) l'U 12.5 % polyacrylamide gel ll~::: ifttll'YIflUfI 2- Dimensional 

. (18,19)
1 he ectrop oresls .. 

2.3 	ffflln enzymatic activities '\Jfl,:j-nll~",:jm,:j-n,:j 4 ~lfldl,:j 

'hn'lJ~lJ1~:::mtll'Uffl';j~:::mtJ physiological saline ',,"~fll1lJl~lJ~'U 1 iJ~~fli'lJ~V .. 
iJ~~~~';j U~::: 1-*ffTHi'u1ft activity '\Jfl,:j enzymes rmhii 

2.3.1 L-amino acid oxidase ~l1lJ1i'\Jfl~ Tan 1l~::: flW:::(6,20) 

• """" 	 (21)
2.3.2 Phosphohpase A ~llJl1i'\Jfl,:j Tan 1l~::: flW::: 

"""" 	 (6,22)
2.3.3 Phosphomonoesterase ~llJl1i'\Jfl,:j Tan ll~::: flW::: 

• 	 ""'" (6,22)
2.3.4 Phosphodiesterase ~llJl1i'\Jfl,:j Tan 1l~::: flW::: 

• """" 	 (23)
2.3.5 Acetylcholmesterase ~llJl1i'\J6~ Ellman 1l~::: flW::: 

2.3.6 Proteolytic activity ~llJ1i'\J6,:j Kunitz(24) 
.. 

..dl 	 .c:. cv QI I 

2.4 	fffl'lJl Biological activities '\J6,:jYi'lJ~'il,:jm,:j'YI,:j 4 ~16rn,:j 

.. 	(6,25,26)
2..4 1 L ethaI tOXlCIty 

2.4.1 Hemolytic activity(25) 

.. 	(27)
242 N eurotmoclty.. 

• ""'" 	 • (26)
2.4.3 CoagutJon ~llJl1i'\J6,:j WHO collaboratmg center 

.... 	 .. 0(28)
2.4.4 Cytotoxicity i fttl'YIlflfr6UflU cell lines '\J6,:j!t]j'~~lJ:::IH 

.::C 0 ~ II 
iIfJl'l,\YlYllflT1Yl~ilt)~ IlfltJ'Ut)'Jil 

ffl'U~ 1l~::: 116,:jtlnlliifl1'jFJltl1~tllm:::li~'Ul frf.ll'Ulfrll.fl1 fr.fllfl1~llfl1'Y1t1 



cv _~ ~_I q .. "" v ""q (16)
tll'n~UnJ1flUlJ1l't'lUUTt1l3 ~lU'J1i Bradford 

" 
1. 'l~lhfJ11~,j~lJlU! 1,j';j~lJ Quick Start ™ Bradford Protein Assay (BIO-RAD) 

2. 'Cfl';j~:mv 1,j';j9ilJlJl~';j.!llJ (Bovine Serum AJbwnin Standard) fll1lJloU'milJ 1.0 mg/ml 

d ~ ", " 11~';jVlJ'Cfl';j~:'I1VYnl~fll1lJl'\JlJ'\JlJ I mg/ml lJ'Cfl';j~:::~lV normal saline 0.9 % 

"'I 1_1 "" 1 ')Ie! ')I ')I..," •

1. !'HHn'l'Cfl';j~:::~lV !lJ';j~lJlJl~';j!llJ BSA 'HlJfll1lJl'\JlJ'\JlJ~'1H~ 1.0,0.75,0.5,0.25,0.125 mg/ml 

2.1h,j~'Cf1';i~::mv1,j';j9ilJlJl~';j.!llJ BSA llJ'U'fl 1 U~:: ~lflV1'l'nll~ 20 JlI lffllJ'H~fl~YI~~fl'l!!~~:: 

" 
3. l~lJlhVl dye reagent (mflHlJlfl) 1 m1 ~'11lJ'H~fl~YI~~fl'l!!~~::'H~fl~ HfflJl..1l.u'lfllJ 

4 . .ulJ~flW'HfliJ..1fl'lflVl'1UflV 5 lJl-n ('1ifll';j.ulJ~lflVl'1Y1~'CffllJ~flW'HfliJ..1fl'llJllJlnlJ 1 'nJ)
I:t cw ~ • 

5. 'Il1ffl';j~::mv 1,j';j~lJlJl~';j!llJ BSA U~::: ~lflcil'1itll~~ln~,jfimV1U~1',j1~fl1';jrJ~fl~lJ!!'Cf'l~ 
. " " 

fll11Wl1f1~lJ 595 run 1~vl~ ffl';j~::mv normal saline 0.9 %lilU blank f11'1fl 3 fl1'1 'Hlfllfl1';j~~fl~lJU'Cf'l., . 
m ftV'\Jfl'l I1~~:::~lflVHYI~ 'CffllJ 

6. 'Il1fllfl1';jij~fl~UU"l:r'lI\l~V'\Jfl'l'Cf1';i~:::~lV1,j';j9iUlJl~';j!lU BSA ',j plot mll'llJl~';j!lU 

7. 'Il1fllfl1';j ~~fl~lJmY'11\l~V'\Jfl'l~lflVl'1',jt'illJ lU!'H1IDlJ1Wl,j';j9iUli1U!flV~~a-nVlJfllJ standard... 

"" ~CLI q .. "" v ""q (17)
mnAfl'l1::l'IllJ'lft'lUUTt1l3Mltll1i SDS-Polyacrylamide gel eIectrophoresis (SDS-PAGE) 

1n SDS-PAGE l~ 15% Polyaclyamide gel lUfflU Separating gel U~::: 3% gel ffl'H1lJ Stacking gel 

'Il1~lmh'l 4 fraction lJ1H"l:rlJfllJ loading buffer U~:::f11fl1';j~lJ 5 Ul-n riflU~'iI::1ff~'11U~fl'l (wen) lJU 

stacking gel lU~hUfl1';if11 electrophoresis f11'11U l~l.Il~ih"'1'l'l 15 rnA ~fl 11'il~ {Mini-Protein (Hoefer 
. " 

mini VE)) ljjfliiU~~fl1';jf11 electrophoresis lhl'il~',jU'fllJiY1U"l:r1';i~::~ll.1iYU'fllJ Coomassie blue ,ilunm 

_I do "...::9 I":::::" " .q _I do Q,I...s • do"" 
lJ';j:::lJlW 60 U1Yi U~1'il'lfl6V';jUflflfl U~ll~lJ destaining solution lJ';j:::lJlW 30 U1Yi 3 fI':i'l 'H';jfl'ilUfll1'Cf@lJ 

http:HfflJl..1l


"" ~_I '" 'I "" v ""'''' (18 U)mn1f1'l1:::'t'I W'lflU lUl1'Y~~ltJlfi 2-Dimensional electrophoresis (2-DE) , 

" 1TI 2-dimensional electrophoresis UlJ .y;ff'Yll~U':iml:::Utlfl hh~lJ~l1lJ1h:::~ 1~tlfJ1fftl11i IEF l~wi-N 
, " , 

IPG strips 'tIlJ1~ 7 tC)flJ~tlJm lJl~~cH1J~';Itl[h~~1J~nf'H"lJn1J lysis buffer UC1::: rehydration solution .y;~i1n 

~W'\1.fJiJ,r~H mh~utw 12 i11lJ~ fllHh electrophoresis 'ildh~fJW'\1.fJiJ 20 °C 1~ol-Htfl~~H Multiphor II 
, J/ , 

Electrophoresis Unit tijfliTU"l~lhfllnjlJ IPG strip lu equilibration solution 2 U1J1J tJdl~C1::: 15 Uln tijtJ 

t'rl~'il'\hlJ1WJfl~tJllJ.y;ff'Yll~~fffl~~~Utlfl1~tlfJ1fftlfl11lJU~fl~W\ltJ~lJ1ClllJmflCl.ifuhh~u ~1t111i SDS. 
.,. 

, 

.. 

J/ 

0 0 '_1')1 "'1 '" ')I ~it
'il:::Cl~lJ1"l~t'ilCl tlJflfflJ"l~fll':i'Yll electrophoresis Ult'ilCl lJUtJlJff lJff1':iCl:::cnUfftltJlJ Coomassie blue tlllJ 

J/ 
... 1 d 91.ct t.c::. 'jI <Qr, _1.0=1 Q.I ~ , d 

ncnlJ':i:::lJ1W 60 Ul'Yl UC11'il~fltJtI':iUflflfl UCl1t~lJ destaining solution lJ':i:::lJ1W 30 lJl'Yl 3 m~ 11':itJ'ilUfl11'rl 

<V ti'"ty... ..., " L " id"d ""'''' T (~)fll'll~ ac VI 'Uo.:)18 ... CJ'lI -ammo ac OXI ase ftl'll"lfi'UM an Uil:::ft~ 

1. Horseradish peroxidase (HRP) t~~tllJt.nlJff1':iC1::;cntl 0.007 % HRP 

2.0.2 M Triethanolamine buffer, pH 7.6 niJ 0.1 %L-Ieucine and 0.0065 % o-dianisidine 

3. glycine (t~~tllJff1':iC1::;Clltl 0.5 M glycine buffer, pH 8.5) 

.. 'JI ')I 1
4. ffl':iC1::;cntl'n1J~fl11lJt'tllJ'\JlJ I mglml lJff1':iC1::;cntl nmmal saline 0.9 % 

~ ~d 
l. t~lJ } ml '\Jfl~ 0.2 M Triethanolamine buffer, pH 7.6 'YllJ 0.1 %L-leucine and 0.0065 % ,0

. "'1"Q,I ~4dianisidine 1lJU~C1:::11Cm~'Yl~C1tJ~'Yl ~1~Uflfl~J~ 

2. t~lJ 0.007 % HRP 0.05 m1 Cl~ llJU~C1::;l1C1fl~1ilJ~flW-11.fliJ,rfl~ 3 lJln. .. 

Q.I 4 d " 4 .t::I' Q.I' 00 " Q.I " 
4. 1~fll':i~~flC1UUff~'Ylfl11lJtl11flC1U 426 nm 3 Ul'YlU~C1::;~1fltl1~'Yl1C)fl 2 flH.. 

o <V Q ~ '.0=1 0 

6. Ulfl~':i1mC1t1fll':it1~flC1lJU'rl~~fllJl'YllJlfl1U1W111 L-Amino acid oxidase activity 

~ 6.0 4.d ~ J •• d 

1Unit ofL-Amino acid oxidase activity flfl flmlfll':it1~flC1lJU'rl~ 'YU'VflJ'tIlJ 0.00}l1lJ1t1~tJlJl'Yl 

L-Amino acid oxidase activity 'tItJ~~1fldl~ 

O.OO} 




v """"q 111' .,.q (21)
tll11~mOftftlft 'UO.:JAO'U 1"If" Phospholipase ~ ftl,.11i'U8.:J Tan AAil~ftW:; 

1. Sodium hydroxide (AfI~tllJffTH1::imtl 0.02 N NaOH) 

"" '" " 2. Phospholipase Az. from porcine pancreas (enzyme activity 11,634 Lecitase units/ml) fHlflflWCfl 

'tItl~ Sigma Lot.045K0961 li'llJ standard enzyme 

3. substrate'tltl'llfllJ19flf Phospholipase Az. (1,jU~N: 18ruM CaC~: 8.1 ruM sodium deoxycholate 

= 1:1:1 uK:nJi'u pH li'llJ 8.0 A'JrJ 1 N NaOH) 

"" 'JI 'JI 14. ffl'H'~"lV'Yf1l3fl11lJl'tllJ'tIlJ 1 mg/ml lJffl'j"~mv normal saline 0.9 % 

PHM 290 : pH-Stat controJ\er (Radiometer analytical TM) fl11lJ~ burette 2 ml 

~ I 1 ..,' " 1. lJ1Hl substrate 15 ml ftUfllflm 11~UlJ magnetic stirrer 

2. tJi'u pH 'tItl'l substrate ntllJ titrate hllA 8.0 + 0.0IA1t1 0.02 N NaOH 

3. l~lJ standard enzyme l1~tl ffn"~mv-n1l3 0.1 mlllJ substrate 'fll~'jYlA1V Mode pH-stat 

titration ~ pH 8.0 flltll~nl9f1lJ l~'jl1llJ n"l'~l~'jYl 3 lJlli UlJiifltJ~lJl~'j 0.02 N NaOH ~1.nfll~n1u9i 
"111, I 

"::i~1t1dnrh9fl 3 fli'.:j 111fhmi1v'tlt1~tJ~lJlfl'j 0.02 N NaOH lil~ 

4. i'illJ1W111 phospholipase Az. activity 'tIt1~~ltldH1l1fl,j~lJlfl'jl~~tlO.02 N NaOH ~1~ 1f11m'YI 

~1t1dl~llivunutJ~lJl~'jm~v 0.02 N NaOH ~l~~I~'jYl standard enzyme 1l1flfffl'j ... 

tJ~lJlm 0.02 N NaOH ~l.nfllfl'jYl ~1t1dl.:j x enzyme activity 'tIt1~ standard enzyme 

,j~lJlfl'j 0.02 N NaOH ~l~mfl'j'YI standard enzyme 

""""q 111' (',22)
tll11~UU)ftftlft'U8.:JU)'U 1"If" Phosphomonoesterase 

i.ll"H1::iilUJmol 

1. ffn"~"ltl 0.01 M p-nitrophenylphosphate 

2. ffl'j"~"ltl 0.01 M MgS04 

3. ftl'j":;"ltl 0.5 M glycine buffer, pH 8.5 

"" 'JI 'JI 14. ffl'j"::;"ltl'Yf1l3fl11lJA'tIlJ'tIlJ 1 mg/ml lJftl'j"~"ltl normal saline 0.9 % 

v 

http:tIt1~~ltldH1l1fl,j~lJlfl'jl~~tlO.02


I. l~lJ ff1'jCl::;Cl1f.J~1I~ 0.1 ml Cl~ ''Uff1'jCl::;mf.J~HflJ'tIfl~ 0.5 ml 0.5 M glycine buffer pH 8.5, 0.5 ml 

0.01 M p-nitrophenylpbosphate 1m::; 0.3 ml 0.01 M MgS04 

2. UlJ~mlJ11fliJ 37°91" 'U1'U 30 'U1Yi. .. .. .. 
3. l~lJ 0.2 N NaOH 2 ml ~~11~l120 'U1li 

", ,. "'" 
~ Q.lQ.I ~ d 4 • Q,J' 00 Q.I • 

4. 11Cl~~lfl'U'U1~fll'j~~flCl'Ullff~'YIfl11lJ011flCl'U 440 om u~m::;~nVtll~'t119f1 4 flH 111fl1fll'j.. 

5. lhti1fll'j~~flil'UUff~1~~oh.Jii1'U1W 111 phosphomonoesterase activity hWn111'UW;h 1 Dnit (D) 
1 , I • ", 

4. .4 do 4 do.q .:9 ".c:I 

'UV~ phosphomonoesterase flV fl1fll'j~~flCl'Ullff~'YIfl11lJ011flCl'U 440 om 't11'nlJ'tI'U 0.001 11'U1f.J~V'U1't1 

.., -"" , J (',22)'Pb hod·m':il~1l8fl~1~,.tl-l1tllA cnl . osp lesterase 

1. ff1':iCl::;mo 2.5 roM Ca-bis-p-nitrophenylphosphate 

2. ff1':iCl::Cl1f.J 0.01 M MgS04 

3. ff1':iCl::mO 0.17 M veronal buffer, pH 9.0 

"" v v 14. ff1':iCl::;mO'n1l~fl11lJl't1lJ'tI'U I mg/ml 'Uff1':iCl::;mo normal saline 0.9 % 

1. 1~lJff1':iCl::Cl10~1I~ 0.1 ml ''Uff1':iCl::Cl10~fflJ'tIV.:J 0.5 lJCl 2.5 mM Ca-bis-p

nitrophenylphosphate, 0.3 lJCl 0.01 M MgS04 1m:: 0.5 ml 0.17 M veronal buffer, pH 9.0 

, t " " 

2. ~~llJti1fllH\~flil'Ullff.:JYifll1lJOllflil'U 440 run 1tJ'Unm 3 'U1Yi 1l~Cl::~1fldnYh9i1 2 fli'.:J.. 

o Q.I.c:I 4 '.c:I 0 . ..:::::It. 

4. 'U1fl~':i1mClOfll':i~~flCl'Ullff.:J~V'U1't1lJ1fl1'U1W111 phosphodiesterase activity \llfl'UtlllJ 1 Dnit 

'UV.:J LV'Ul9l"11 Phosphodiesterase flV 6~'j1fll'j~~flil'UUff~~fll1lJf.Jllfl~'U 440 nm ~l~lJ,r'U 0.001 ml1o~v 
d 

'U1'Y1 

fl1':ir~ Acetylcholinesterase activity (23) 

1. ff1':iCl::mo 0.1 M Phosphate buffer pH 8.0. 

2. ff1':iCl::mO substrate 0.075 M Acetylthiocholine iodide (21.67 mglml) In'U''U~lg'Ulll.n~ 10



3. ffl'Hl:::mu 0.01 M Dithiobisnitrobenzoic acid (DTNB) IA1UlJ hWil:::cnU 5: 5-dithiobis-2

nitrobenzoic acid 39.6 mg l'U O.IM phosphate buffer pH 7.0, 10 ml. l1~lliiilJ sodiwn bicarbonate 15 mg 

.. 'JI 'JI 14. ffl';jil:::mU'VnJ~f111lJl'tJlJ'tJ'U 0.1 mg/ml 'Uffl'Jil:::mU nonnal saline 0.9 % 

",q 

lli'YI~HJ8'U 

1. l~lJ,yltl~l'l~~~Flm';j'YI~fftl1J 0.1 ml il'll'U cuvette ~ij O.IM phosphate buffer (pH 8.0) 1.3 ml 

2. l~lJ DTNB reagent 50 J.1l 1~m'j'ij~flil'Ullff'l~f111lJU11f1g'U 412 nm Irtmilm';j~~flil'Ullff'l 

f1'1~ lY1tllrJ'U baseline 
• • J/ 

q 	 q , ~ q~ 4 

3. IAlJ substrate (acetylthiocholine iodide, 0.075 M) 10 1-11 A~AllJfI1m';j~~flil'Ullff'l'YIIl'flJ'tJ'U 

l'U5'Uln 

4. lhfllm';j~~flil'Ullff'l~1~ i~lJ1 plot mlyJl~mf1tiA';jlm';j~~flilutlff'l~tl'Ul-n 
o GI .4' ~ 0 

5. 'UltlA';jlm';j~~flil'Ullff'lAtl'Ul'YIlJ1f11'U1W111 acetylcholinesterase activity 1I1fl"lA';j 

R = _--,L1A~__ X _----"-__ 

R 	 rate, l1li1mrJ'U mole/'Ul-n/fli'lJ (moles 'tJtl'l substrate ~Ufl~ltlUl'1 I g 

hydrolyze l'U I 'Ul-n) 
. . .. 

L1A = fllm';j~~flil'Ullff'l (absorbance) .yh,"lJ;j'U~tl'Ul-n 

V = ll~lJ1A';j,ylmh:Js .. 

V T = 	 ll~lJ1m';jllJ'tJtl'lffnil:::mU'r1'1l1lJ~ 

fll'ilfl Proteolytic activity "14"11.1;3 (24) 

Lffl';jil:::mu substrate ( 1% casein l'U 025 M sodium phosphate buffer, pH 7.75 ) 

2. ffnil:::mu 5% trichloroacetic acid 

.. 'JI 'JI 'I
3. fflHl:::mU'Ynl~f111lJl'tJlJ'tJ'U 1 mg/ml &'Uffl'Jil:::mu nonna! saline 0.9 % 

",q

lli 'YIfI iH)1.J 

1. l~lJffnil:::mU,"ll'l 0.1 mll'Uffnil:::illU substrate 1% casein 2 ml ,jlJ~tl\lmflii 37°C)j' 'Ul'U 30.. 	 . .. 
'Ul'YI '" 

.a • ..c:l _Iq~ 'JI ~ 

2. IlJtl1JlJfl11J 30 'Ul'YIl1fJ~lJ{)mU1~lUm';jIAlJ 5% trichloriacetic acid 2 ml 

3. i1'UI1UflA:::fltl'U~lU centrifuge ~I1HIl1~U'I 10,000 g 'Ul'U 10 'Ul-n 



" " " 
4. 1.h Supernatant 'tJ1~f11'j~~flii'U11ff'rr1f111lJV11f1ii'U280 run 11~Cl::~16thnhci1 2 flf-:j 111fl1f11'j 

, I • , " 

protease activity flfl ri1f11'j~~flii'U11ff-:jilfl11lJV11f1ii'U 280 nm ill'WlJ~'U 1 'I11.i1vl'Ul1m 1 'JflJ. 

f)1'.i't'ilfl1U.uih.r'flt (Minimum Lethal Dose, LDse> <',25,2,> 

a" 0' ~ ;: jJ Q,lo' 

'I1~ mouse ff1V'Vi'U~ ICR breed (Mus musculus) 1l1flfff:l1'Ull'n::mv,un 11Cl:: ff~1f1~Clfl-:j fff:l1'Ulff11.fl1 

'" Q

fl1'.iAfI'.iDtliJl'.iil::illDlnl~ 

1I1fl LDso 'tIfl-:j-nlJ~'iI-:jfl1-:j~flQ'j::'I1~l-:j 25.4 11Cl:: 50.0 J.1g/'I1'I;fl1irfl 20 g l\l~V'p)' 37.7 I-lg l'I1lJ'I1irfl20 
"1' I 

g f11'j'Vl~ffD1Jl,jD-:j~'Ul-nfl111f111lJl,j'lJ,j''U'tIfl-:j-nlJilmlJ1::fflJri1'11f1J'Vl~fffl1J111 LDso 'tIfl~-nlJ~'iI~fl1~illi1'U 

lf1Hfl1'j1~vl'U'I1lJ fl11lJl,j'lJ,j''UCl:: 3 ~1 ~~fil'l1'U~ 'l,rDy'j::'I1'h~ 17.9-96.0 J.1g l'I1lJl1irfl 20 g ('il1flfhflm~ 

35.0 I!g l11lJl1irfl 20 g fl~nri1'Uf11'jl~D'il1-:j 1: 1.4) 'p)'fl11lJl,j'lJ,j''U~111lJ1::fflJri111f1Jll~ffD1J111 LDso 'l'U .. .. 
1fI'j ~f11'j1~vii~-:jii 

-nlJ~i'U OH 260542(2) 24.9, 34.9,48.9 11Cl:: 68.6 J.1g l11lJl1irfl 20 g 

-nlJ~i'U OH 150948-43/2 68.6,96.0,134.5 LtCl:: 188.2 J.1g I11lJl1irfl 20 g 

-nlJ~i'\.J OHFARM 03104812 34.9,48.968.6 11Cl:: 96.0 I-lg l11lJl1irfl20 g 

Q,I .& 0 ct4 I" " 

2. 1J'\.J'Vlfl'il1'\.J1'\.J11'\.J'jD~'Jf1~ 11Cl:: 11'\.J~lV11~Cl::fl11lJl't1lJ'tI'U.. .. 


o Q 'jI 'jI 'jI '114. 'j1lJ'il1'\.J1'U11'U~lV'il1fl,"lJ~fl11lJl't1lJ'tI'\.J'\.JDV 111lJ1fl.. .. 

LogLDso log Da - [(Proportional distance) x (log of dilution factor)] 

Da = venom dose which obtained percent death next above 50% 

Proportional distance 50 - (% mortality at dilution next below) 

(% mortality next above) - (% mortality next below) 



• 
«t "" • .. "'" (25)

tll'nlf)'lfliJn1inli.ntlAJJ~IiU)~I1~~ ( Hemolytic activity) 

-<t .. "'" 
m1WI'WJJAJJ~lil8~U~'IU"'J'UfI::;tl8U (RBC suspension preparation) 

Q.4 .ci1 V iJ' oJ d d.ct .cS
1.'Ulmflfl'YI fl1l1flfl'U (citrated whole blood) lJl 'U'YIfl11lJl'J1 3000 'Jfl'U/'Ul'YI 'Ul'U 10 'Ul'YI1YWlWfl 

o d .J,71" 71" !4
2. 'UlllJflmflflU~~'Y1 fl1l1fl'Ufl 1 lJlm~~1rJ normal saline 0.9% l1mrJ"lflHlI'U supernatant 1", 

'" d... 1 1 91.c:t • .a d ..:A
3. 1~'JrJlJllJ~1~HlflUfl~U'U1'lJ~:::flfl'U 'U normal saline 0 .9% l1lJfI1fll'Jfl~fl"'UU"'~'YIf111lJtIl1f1~'U... 

540 run !'viln'U 0.8 

",,-<t 
'J1in~i;J8tJ 

1. 1~lrJlJ Blank lflrJfll'Jl~lJ normal saline 0.25 ml 1'Ul~fllg6~1L~~U'U1'U~:::flfl'lJ 1 ml l'UVll'Ul'1~ 
.. 

flWl1.fl:U 37° 9f 'Ul'tJ 5 '\flJ. 1Hl~'illflir'Ul~lJ normal saline 3 ml. ... 

2. ~'U1Wfl~:::flfl'U~fI";nlJl~1 3000 'Jfl'U/'Ul'n 'Ul'U 10 'Ul'n U~Tih Blank 1111flfll'J~flflg'UU"'~~.. 
..,t 

fl11lJrJ11f1~'U 540 om .. . 
3. 1~lrJlJ Control (100010 hemolysis) l~Wl~lJ lhml'U 0.25 mJ 1'Udjfllg6flU~~U'U1'U~:::fl6'U1 ml 

, JI ill I 

1'IJVll'U1'1<fl~Wl1.fJ:U 37° 9f 'Ul'U 5 '\flJ. 1Hl~'illfl,r'U1~lJ lhml'U 3 ml 

fI~'Ul~rJ1n'U ,r'Uiimhfll'J~~flg'U"",~11' 
5. 1~lrJlJ ~1flVl~ l~m~l!"'l'J~:::"lrJ~ll~ 0.25 ml 1'Udjfll1iflflUfl~U'U1'U~:::fl6'U 1 ml l'UVll'Ul'1<fl 

.. 
oQ 0 QI QI ~ 

flWl1.fll! 37 9f 'Ul'U 5 '\fl!. l1~~'illfl'tJ'Ul~lJ normal saline 3 ml. .. 
6. ~'UUrJfl~:::fl6'U~fl11lJl~1 3000 'H)1J/'Ul<fl 'Ul'U 10 'tJl<fl ""Till1111~fll'.iij~flg'U""'~~fl11lJrJ11 

, " " t 

fl1i'U'~rJ1n'tJ -u'tJiimhfll'J~~fl1i'lJ""'~11' "~~:::~'Jvvwrhcil 2 fli'~ 111tilfll'Jij~fl1i'Uu"'~miirJ 

7. lhfllfll'J ijflflg'lJ"'"~m~rJ'UV~ control U~::: ~1VV1~111tj1'tJ 'JW11111'J::;i1'Y1ifllWfll'J'rh~lm~fl 

, "i 

Ac = fI1fll'J~flfl~'UU'tY~'lJfl~ control 



... .. 

""........ " .,., _I "" (21)


fl11TlfliJ0'lJqTl1i£l'lJrJ-3fli;l1"'IU01'J"'IJ1:::iJ1T1"0-3'n'Y~"-30H (Neurotoxicity) 

" l1~ilJi Swiss albino mice !~f1~ ~ll1,rfl 30-40 fl1lJ 1l1flffmlJ!ff11.fl1 ffmfl1~li'l i'YIv (lJl~~!llJ 
Q,I Go' 0'. 0 d o'G.I 0' 0' J 4 Q,I 

GMP) 'Wflff~1flfllJ'YI1fl1~'YIi'lm).:.I'YItrlJVff9't1'Y1i'lClfl.:.l f1W:::U'W'YIVf11ff9't~ ~K1Cl.:.lmWlJl111'Y1V1ClV (lJ19't~11lJ 

" " " 
SPF) i~m~v~YifJWl1fJiJ 25 °c .fl1v1~ 12 i1 ilJ~ light/dark cycle ii'lvi:U~lni'lfl1l11~UCl:::~1 

AA I " I 'JI 'JI
'l1~fJlJmW Organ bath UUU Double Walled Harvard Type 'tllJli'l 25 m1 lJ~:::m)1JWWl1Clfl~Ufl1 2 

! "". !:'t 1 'JI 1 . " . .:: 1 ~ 1'JI'll'lJ lJ~fl~!lJi'l 'H Gas Carbogen (95% 02 + 5% CO2) l1Cl~llJ!'tll~~tJ lJCJf.:.l ~'lJ'n~ Physiological Solution 
" "."" I ,

ffll11'lJ!~V~!ijfl!Ufl i'lJtJ flflii~l i l1Cl!1VlJfl~!'nflfl1'lJfJlJfJW'HfJiJ'tlfl.:.l Oxygenated Physiological Solution Yi 
" .. .... ,," """" "" i 1"fl~'iflJ lJ l1fN'YI'YI 37 fl~f11!CJfmtll'Vff 9lClfli'lfl1~'YIi'lClfl~ i'lV 'if Thermo regulating water pump 

Suction electrode UCl::: unipolar electrode 

. .
""... "" 

!fl'H)~ 'if~U'lJ 'lJCl:::!flV~ 

-=ld'l'" .ct 
ffn!fl1J'YI1'if!~~V1Jffl~Cl:::Cl1V Krebs solution 



- Sodium chloride (Merck., Gennany); Potassium chloride (Merck, Germany); Calcium 

chloride (Merck, Germany); Magnesium sulphate (Merck, Germany); Potassium dihydrogen Phosphate 

(Merck, Gennany); Sodium hydrogen carbonate (Merck., Gennany); Glucose (Meck, Gennany) 

- ~~~~~tn~ (crude venom) ~~9ffl~lmHnlJtff11m ffmm'n~''Y1t.I millJ'j,j~~u,r~ if.. " .. .. . " . 
'l1iifl~flfllJ '~1l1fN~~m ·rniiLll1r;;~mfl(mdllJl'l.l~~~111~llt'ifnnW 1lJm'j'YI~Clfl~1l::Cl::cntJ~~~~1V'\hmllJ

qJ •• .. 

.,. 
1. Ifllt1l1 mouse pbrenic nerve - bemi-diapbragm preparation 

'Vhm'jffCl1J11~~1tJ CO2(95% CO2+ 5% 02) hwlril1~Cl~1lJ111Clii~hll~~~flnm)~1J'j'j~nlC)j' CO2 . " 
,1l~1,rnl91 CO2 ,.u'l1,jllJ111Cl UCl::t~lft~ltl~r;h11~ffCl1JiimllJl11J~fl111Jf'iYtl tlCl::~llll1lJ-Yi~~ '\Iltl-ulJ'thm'j 

~l~~tWtl mouse phrenic nerve - herni-diaphragm -nun 

1h mouse phrenic nerve - herni-diaphragm 1JllrillJ organ bath ~1Jn~ oxygenated (95% 02 + 5% 
~ , ~ .c:S !let 0 Q.I -1 ,,~ Q.I 

CO2) Krebs solution 9t~ff1lJ,j'j::tlfl1JUCl::1litFl'j1l1JUff~~11 llJfIlfl~lJ1tl ffll1'j1JtClll~tlCll1JllJflm::1J~Cl1J 

. ". 
~ ~ . '" ~ '1 g.I .,. g.I g.I '" 1 '" 0 g.Iphrenic nerve ~::~tl~~ n m suctIon electrode lltfl nJ l1'tl~m'jm::fJlJtlcn1J'Ufl ~lI~'j~'1Jfl'VIlm'jm::'f.!lJ 

1~lJ ,j'j:: ffl'VI~1[JhHh 

" . 
<V V '" <V '" V • v "..J_~" ~ v2. n~U'OUfl11"~fl1..tHf)Ollll'UOf)1::U~Oll IlIOf)1::'!'U pbrenlc nerve R10 nn11lRO1'1 suction 

electrode (control, n = 5) 

.c:S ~.c::I " 

'~'j[J1J mouse phrenic nerve - herni-diaphragm ~11J1lil~'jtJ1J'I.Ifl 1 
" I " , '" '" 1v ''I "" ... 0 g.I g.I _ I g.I '_.I_~ '"'" 

'ntlllJflWfl l1flY !lJm1::ff1J~Cl (equilibrium) 30 Ul'YI 1l1tllJlJ'YIlm'jm::p'!lJ'fflJlJ'j::ff1'V1~1tJ l'H'tl'VI 

'I.IlJl~~n'1 l~m~1J~'U~ 0.5 l1Cl~ 1lJfl111J~ (frequency) 0.1 Hertz (Hz) llCl::'j::tJ::~1cnllJm'jm::~'U 

(duration) 0.2 millisecond (ms) l~[Jli suction electrode 
• " Q.#.4. Ci.d 

ft~ 'tl~m::Llffl~~ln,h1,r,n~m'j11~~1'1.1fl~tl"'11J,iifl ('j::~1J Threshold) UCl::1JlJ'YItlfllm~~~'Vl 
~ Cl" QI" ~ " 
ttl~'I.IlJ1l1tlm'j '11 ~~1'1.1fl~tlCll1JllJ fl (twitch tension) 

ftllJ1\ll111 supramaximal voltage (4 x Threshold) ~ltlm::"ff""H'l':i::~1J Threshold 
" .

11(J~m::~lJ~1[J""HhuCl::-Wtl,j'j::lJlW 5 lJl-Yi 1l1tl-ulJ'Vhtll':im::~lJl~lJ,j'j::ffl'YI~1[J'-Wfhn'l.llJl~. . . 
supramaximal voltage, frequency 0.1 Hz UCl:: duration 0.2 ms 1,wli suction electrode 



. 	 " 
uunmh twitch tension ~llJnmfivl ~ ,",um::;n.:J hiijfll'j'M~~1't1t).:Jfl~llJLijt) (twitch tension i'ifh 

, '" , 'JI " i ' , 'JI i-.L~.,. 	 'JI
l't1lfl1J resting tension) Uff~n1fl(lllJ1Ut) lJ~t)1JffUt).:J~t)flUm::;~U~l1tJ 11111 

. " 
1~tJUm1~Uff~Hfl11lJiflJi'Ulh::;l111.:J twitch tension (%) fl1Jnm ,",::;1~'j::;{I::;n,nnfl~llJ!ijflii 

fl11lJfI.:J'VlU ff1lJ 1'.)mni'lfll'j l1 fl~11 ~lrlflm ::;~'U. lcY'U 1.h::ff1'Vl~1V'~~1 liit)fl'th:jn(l1~ml1lJl,ifllnflfll'j l1fl 

,EquiliQration, Threshold ~witchlensio~ stable 

~------------ 1--------- 1---------- 1-------------- 1-------------------------------------------------7 
t ttttttttttttttttttttttt 

m::;~u nerve ~1{1'~~1't1'U1i'1 supramaximal voltage 

phrenic nerve ~f1"'Hh 1~f1'" Suction electrode 

~ 	 ~ ~ ~ 

3.1 l~HJlJ mouse phrenic nerve - herni-diaphragm 1fI1lJ11H~'j{llJ'tIt) I 

" I 	 " I.... .,. .,. 1'JI '1 	 '" '" 0 'JI 'JI _I 'JI '1_.l_~ '" 3.2 'Yifll'Ut)Wfl l1t)~ UilT):: equilibrium 30 U1Y1 'il1flUU Yl1fll'jm::;~U(ffUlJ'j::;ff1'Vli'l1t1 nrn1'Vl 

'tIU1fl suprarnaximal voltage, frequency 0.1 Hz U(l::; duration 0.2 ms lfl£f1.£ suction electrode 

J 	 t~ .4 	 _I 171 .cS.d .:s
3.3 	1JU'Vlflfll twitch tension U(l::;lJ(lt)v l1 twitch tension lJfI11lJfI.:JYI (stable) 10 U1Y1 

" ." 
3.4 n1fll'jYli'lfft)1JfI(l'tlt).:J-n1l.:J'il.:JflHfit)fll'jl1i'1~1't1 fl.:J fl~llJlijt) 1i'ltJ1 ri-n1l.:J'il.:JV1'ltta::mtl1 UU 1. 	 . 

.:, - I"" 1~ 'JI 'JI 'JI 	 .,. 1
fl(lU lJ'jlJl~'j 100 J.t! l11Iflfl11lJl'tllJ'tIU 5, 10,20,40,80 l1'jt) 160 Jlglml U organ bath 

3.5 uunmil twitch tension ~l11~vuu11(l.:J'Mcr.:J hr~lI~,",-:Jm.:J1'Uufi(l::;fl11lJl,jlJ,jU if-:Jlfl~fI(l~fll11 
, I I I 	 • 

Q,I' ..:::I.cI 	 ..:::S.::!II'1'..::s
,",'Ufl'.l::;'Vl.:J twitch tension fI.:J'Vl ('j::V::;n(llY1~fI(l'il::t)~ U'lf1-:JYI twitch tension lJfl1111f1-:JYI) 

.c:t ...J Q#' QI G' , 	 QI 71" .r:::::. ~1 'JI 
3.6 1'tlVUfl'.l111Uffi'l-:Jfl1111ff11'YiU1i'j::l111.:J twitch tension (%) fl1Jfl11lJl'tllJ'tIU'tIt).:J"'1I~'il.:Jm-:JYI 'If 

I' ~"" 

'til fll'j !ii6flfl11lJ 1 ,jlJ;j'U 'tI6-:J~1I ~ "-:Jm-:J,j'6tJn 'Ii'ln'ti11111 ni'lqYl i iJ1JiJ.:Jfl~llJlij6111111 'j::; ff1Y1lJ1 fln 
I 

'Ifl 1m::; 

.J 	 1-1 .ci, 'JI ,0 	 "" •
9f.:J,",::fIlU1W~llJ % yield 'tIfl-:J lJ'j~U YI i'I,",lflfll'jUVflff1U'tIfl.:JU~":: fraction 

. ~ " 
11m1::;HqYli~flfl~llJlij6111111'j::ff1Y1't16.:J'"1I~l11t)ri1U'tIt).:J~1I~ li'1V,",",UW1th twitch tension 

(%) fl1Jnm Uffi'l.:JfI(lli'1v1'£tillll~V1't)V(l:: ± tilfl11lJflmi'llfl~t)U111~,)!lU'tIt)-:Jti1m~v (Mean ± S.E.M.) 

'Vlflfffl1JflTYIl.:Jffil9i1i'1V1.£ ANOVA (Tukey) 1m:: paired t-Test -n'ill'jWltilf111lJU~flfiHmh.:Jihrvri1flty 
I I • I 


~~..:::I QI a QI ..:::I 


't1l.:Jfft1~'Vl'j::;fl1Jfl11lJ1'lft)11UYI 95% (p < 0.05) 



011'H1 Minimum coagulation dose (MCD-Fl
2
') 

. 
iJ11il~ilU.lm,nUfl1111iliJtll.J 

1. ffTH1::'t11tJ 0.2 % bovine fibrinogen (Fibrinogen from bovine plasma Type IV (Sigma) Cat. No. F 

4753 Lot no. 072 K 7604) 

'" 'JI 'JI 12. ffn"::"ltJ'Ynl~ll~m~ fll1lJl"lJ"lJ 0.5 - 240 flglml lJ nonnal saline 0.9% 

""q
llil1iliJ81.J 

l~lJff1'i't1::"ltJ-n1l~ 50 (J.!L) llJl1"tJ~11~'t1tJ~~ii ffl'i't1::"ltJ 0.2 % bovine fibrinogen 0.2 mJ i~lJ 
. 

11't1tJ~'Y1~'t1tJ'III'lfllJ water bath tJW11fllJ 37°C)f ~l.Jnmn-n1l'l1l~'t1::~ltJti1'l'yhlM'lfi~ clot ihci13 fli'~ 111. .. .. 
~ ~ 

l,rlJ,rlJl'JJ plot fl'i1-n rhlJfh MCD-F fltJfll1lJl~lJ,rlJ"tJ'I-n1l~~ihlM'lfi~ clot ~nm 60 llJ1n . ~ 

11lJ1tJm~ 111tlVill'l'lfl'1fll1lJl~lJ,rlJnl~11tJlJ"'jihlM'lfi~ clot .fl1£lllJ 60 llJ1n 'M'iltJ'h-nll~irlJ lliii MCD-F 
.. q, cu 

011'H1 Minimum coagulation dose (MCD-P)(U) 

l.ff1'i't1::'t11tJ 0.2 % standard human plasma (Essentially plasmino(gen) free (Sigma) Cat. No. F 

4883 Lot no. 015 K 7555 fibrinogen content 2.8 gIL) 

d ~ " " 12. 1~'itJlJl'tll~ll'lm'l fll1lJl"lJ"lJ 0.5 - 240 J.!glml lJ nonnal saline 

""q
llil1RiJ81.J 

l~mn'i't1::mtJ-nll~ 50 J.!L) ltJ11"tJ~l1~iltJ'I~ii ffl'i't1::'t11tJ 0.2 % standard human plasma 0.2 

mJ ~'1I1'lfllJ water bath tJW11.fllJ 37°ctf i1Jn't11~';1I~IIA't1::~ltJti1'1lh'M'ln~ clot ih~l 3 flf'l 'l11n't11m~lJ. .. .. 
tl1'iln~ clot lhfll1lJl,rlJ,rlJ"tJ'I-n1l3 11":: nmIU~tJtl1'iln~ clot " tJ'Iffl'i't1::"llJ-n1l3I1A"::fl11lJl,rlJ,rlJ l'JJ 

plot tl'il-n ~hlJfh MCD-P fltJ ri1fll1lJl,rlJ~lJ"tJ~-n1l~~ihlM'ln~ clot ~nm 601lJ1n . .. 
11lJ1lJ111~ 111tl-n1l~'lfl'1fll1lJl,rlJ,rlJnl~'1lJlJlliihlM'ln~ clot .fl1£lllJ 60 llJ1n lM'iltJ'h-n1l3irlJ 1liii MCD-P 



<dI q • 0 ~.. q (23) 
mlfHl'Uuf'J11i'J11iJUJl9liJiJ1J::11-:.1"tH'n'U~;)~8H (Cytolytic activity) 

'"
>I 

~ m[J'Ilt]fCHI Human Gastric carcinoma (KATA III), Human Duetol carcinoma (BT 474),Human 

Colon adenocacmoma (SW620), Human Liver bepatablastoma (HEP-G2), Human Lung undifferentiated 
",. . . 

(Cbago) llJm'Hl'H~[J'I19Hl£1 RPMI 1640 YiF-lfflJ fetal bovill serum 5 % 1i1Jfn[Jl~1J'i'Wlf1lffYiiJ 5% CO
2 

Yi 

o "" I

~u!'HfJ~ 37 9f liJ1Jl1(l131lJ 1l1tl'UlJ~i'lm'Hl'il~(I'I19f(l£1 m)tll~lJ 2 ml 0.05 % Trypsin YiiJ 0.01% EDTA 
" 'JI JI)II t 

~'1.y;'1H~ lJ It]f(l£1'Hi'l''1 ~~ trypsin .y;'111~11~mn'Hl'i 1~(I'I19f(l£11 'H,j 1fll:: 1 ,",1t]f(l£1'H ~i'll1jlJ It]f(l£11~[J1 
ct q 

m11\'l1mJ'n'U~ 

~ltlffl'i(l::(ll(1-Wll~1l'lm'lfl11lJl.u1J'\j'lJ 1 mg/rol 1;fl1l1'1i>l'1[J normal saline 1,",11jlJffl'i(l::mU-W1l3 
>I • 

~'1m'lfl11lJl.ulJ.ulJ 10 J.!g/ml ~ltl\JlJl~mJ1'1111J1J serial dilution 1: 1 0 i>l'1[J Donnal saline l~fl''H''~ffl'i(l::mU 
~"" OG-' 

'Vfll~~'1m'lfl11lJl'U:U'UlJ 1,0.1,0.01, 0.001 J.!g/ml ~l:umi'l1J 

4 , QJ ~ IS 

m1f1fl'Ulm1UU-:.lffJ"8~19liJiJ1J::1H (CeU Proliferation) 

"'" "d d '" , 'JI 1 ~ , ~ 'JI 'JI 'JI 4" _I"'" 1 " 1. 1~:U19f(l(l:U::l'i'l'YI1~'i[J:U 1 i'l(l Hlfl1l1'1 'H li'lfl11:U1'U:U'UlJ 2.5xlO 19f(l(l/ml lJ'i1J19'l'i 200 J.!l ff lJ 
• • 0 • 

1'Vf(l'Vl 96 'H~lJ ll~(l::'H~lJ1ilJfI1[Jl~1J'j'j(llf1lflYiiJ 5% CO2 Yi~W'HfJ~ 37 9f l'i'JlJnm 24 i1 ilJ'l 

2. l~lJ~ll~~~fl'lfll'i'Vli'lfffl1J mlJl9'l'i 2 J.11 ~fl'H~lJ 1ilJ'~ 11jlJnm 3 1lJ 

3. l~lJ MIT ([3-(4,5-dimethylthiazol-2-yl)]-2,5 dipbenyl letrazolium bromide) fl11lJl.u:u.ulJ 5 
, >I 

mg/ml'llllJlm 10 J.11 ~fl'H~lJ tilJ'~ 4 i11lJ'l ~i'l media Yl'l ('H~lJ control ',jl~lJ MIT) 

4. l~lJ 100 % DMSO 'llllJl9'l'i 150 J.11 ~fl'H~lJ l'U[hut..! plate mixer 5 lJ1Yi 

5. 1~:U ffl'i(l::(ll[J 0.1 M g1ycine pH 10.5 'llllJl9'l'i 25 J.11 ~fl'H~:U l'UUllJllJ 5 lJ1Yi 
1 JI JI • 


~ , .a oCt 0 0 g" , 4 .cI 


6. 1i'lfllfll'ii'li'ltl(llJUff'lYl 540 run Y119fl 5 fI'i'llm::'Hlfllfll'ii'li'lfl(llJllff'lLU(l[J .. .. . " 
7. lhfllfll'i iji'lfl~lJUff'1m~(l1J1 plot fl'Jl'rhl1f111:U1oU':u.ulJ 'Ufl'l-Wll~'iHm'lYiiJ1JiJ'IfIl'iUti'l"1'Ufl'l 

" dIt]f(l(llJ::1H 50 % (IC 50) 

http:1,0.1,0.01


• • 
" ~llJUHlJ'lllJt~lJ11'lHil'il::: '~-nll'l'il,n.nnl'll1lJi'l 4 f11tlVl'l llJctflllW:::-nllUlf''l U~-nll'l'il'ltll'lUlf''l 

ii',jr~tJ'l'Vw~'il:::~ll1\.h[Jllf' ti1tl'l'illfl'YI1'lffflllJtff11fl1'il:::~tl'lt~'LIt1~lJ stock Ull1i''LI1.nlJ'lllJHil~t9filJut1'• 
" ~1I'l ~'l'i1'L1'i1lJ-n1l'l'il'ltll'l 1i'l[Jli'l-nllffi'l'illfl'l'i)'ltll'lllJ 1flHfll'in't1:::t~[J'l'l Uel::: llJff1lJ'l'Utl'lffflllJtffl1.f11 

cu. • • cu 

U[Jfl~ll~tillJ 3 fl~lJfitl fl~lJ~ 1 Ti'U~;).:J8H(&'n'V'l'U'lflh t1llJ-n1l'Utl'l3'il'ltll'lnfl'illfl',j~'~lJ1'illfl~'l111fl 
t.... 'Jf'i\!'iW tllQ 3 iJ ( 5 'U1i'l)tm::: 9 iJ (3 'U1i'l) fl~lJ~ 2 Ti'U~;).:.I81.:.1(.flltl''''') t1llJ-n1l'Utl'l3'iHtll'lnml1fl ',j~ 
1fi'lJ1'illflfl1fll~ mq 5 iJ( 6 'U1i'l) tm:::fl~lJ~ 3 Ti'U~;).:.I8H(iJ'l""3> t1llJ~1I'Utl'l3i'ltll'lllJff1lJ3 (2 'U1i'l) 

" .
lfi'lJ1'illfl.f11fll~ mh'vilt1l'WH'lulf''l1i'l[J11l lyophilization ll'll1lJi'l 16 'tI1i'l inJ1lJ 9 lots ~'lm'inri 1 . 

Lot No. 

.. 
'" (~1~) 

: G' 

'U1l1'Um1lJ 

(ni'lJ) 

~ 
YllJl~tJ~~'iFHl1~ 

OH250142(I) 2 3.8212 3 

3 

9 

9 

5 

5 

5 

2 0H260542(2) 3 6.5777 

3 OH150948-3911 0.5217 

4 OH150948-3912 2 0.6034 

5 OHI50948-43/1 2 1.7383 

6 OH 1 50948-4312 2 1.8563 mfli~ 

7 OH 150948-43/3 2 1.7886 

8 OHF ARM031 04811 1.1820 

9 OHFARM031048f1 1.3159 

~ v ~ 

fll1ftfl'Ult2Wilfl'UW:::YlHfl1rJ.fll""8.:.1'n'U~;)..mH 

" 'i1'L1nlJ-n1l.:Ji'lm~ 1i'l[Jji'l-n1l'CYi'l'illfl'l'il'ltll'lllJ1m~fl1'i t'Yn:::t~[J.:J~ 1m:::lUff1'W'l'tltl'lffmUtffl1.f11
• cu •• 

mh...hillJH'lulf''lli'l[Jii lyophilization ff'l1fl~ctflllW:::111ytl:::'Utl'l-n1l~'il~tll'l 'YIl'lfllVfl1yt lm:::-UlJf1fl ~~ 

Ufffl~HelllJ~1'il'l~ 2 Helfll'itffllllctflllW:::'YIHfll[Jfl1l'tyt'LIil ctflllW:::-nll~Ulf''l lot 1 tm::: lot 2 1111m:! 

el:::tfltJfl ri1lJ~1I~'il'ltll'l lot ~lJ"liictflllW:::tillJ cake Uel:::iictflllW:::li1lJ'Wtl'ltllfllff ~'ltllil11lJm'il:::iifll'j" 
" tflflt1IlJ'Wtl.:J1u'lilJ~tllJ flT.i'vhulf' 'l ~ll'lUlf''liifffljmm::: ff1l1iitl~... 



Sample 

no. 

Lot 

Physical appearance Protein content 

(BSA* equivalent) 

% 

General 

appearance Colon.r 

1 OH 250142(1) Fine powder Yellow 24.99 

2 OH 260542(2) Fine powder Yellow 24.56 

3 OH 150948-39/1 Cake (effervesced) Creamy 28.21 

4 OH 150948-39/2 Cake (effervesced) Creamy 26.55 

5 09150948-43/1 Cake (effervesced) Creamy 20.24 

6 09 150948-43/2 Cake (effervesced) Yellow 19.39 

7 09 150948-43/3 Cake (effervesced) Creamy 20.36 

8 OHFARM 031048/1 Cake (effervesced) Creamy 23.35 

9 I<>HFARM 03] 048/2 Cake (effervesced) Creamy 23.36 

BSA • Bovine seruma albumin 

.4 QJ 4 4 .oC:lIo 

fll';iftfl'Ylt2Wi1fl'Yw::nl.:.t'V"J'ftlJ'U8.:.t,"'Y~il.:.tOH 

flUlilmlJ1WhhflU 

\hWll~'YIfllot 1~,j~111W hJ',j~tI~1[J1i Bradford 1~[J1~ Bovine serum albumin ltJlJ l,j',j~lJ.. . 
l1W\',jj1lJ i~F-mi~uLY~~1lJ~1',j1~~ 2 ~:nflfl1'.iW'i)1'.iW1F-m~111t;11',j1~~ 1 U~::: 2 111J'hll~111Wl,j',j~lJilJWll 

~ij~~'i)~m~~limfJlliltilJ lifh1m~'fl[J~tilJ ,"lJ~ 'i)~m~011~',j l,J'.iw)~limfJ 31Jlim111w 1,j',j ~lJ1 lJftlJniltilJ 

24.99 U~::: 24.56 % ,"lJ~'i)~m~(&11~',jlJ',jw)~iim[J 91Jiim111w1,j',j~lJ1lJ,"lJ'l'htilJ 28.21 U~::: 26.55%... .. . 
ff1lJ Wll 'I ~'1m'l(fllfll~)u~:::wll'l'i)'1m~(LY1lJ ~)11lJ'hii,j~1J1W1,j',j~lJUij[Jfl'h lrlmhi ,jfflJ't1lJ£tilJiY~ij'l

~ .... 

" lJijfl'i)lfliJ'~ihi,j1~ activities ~ij~'t")\J i9fJJ Phosphomonoesterase ,Phosphodiesterase, Proteolytic 

activity, Phospholipase ~ . L-amino acid oxidase U~::: Acetylcholinesterase i'lULY~'1~~hl~1',j1~~ 3 

" ril'l1:rlJfl1',j1~fl11111tJlJWll (Lethal toxicity, LDsJ ~lfl~~fl1'.i1i'1 activities ~ij~ enzymes n~ 5 11lJ11 

"'" "'i 'jI """'?I "" • "'i 'jI 1'jI1. 11ll~~ij'l~'i)'1m'l'YI ~111'i)1fl111~',j\! ',j wl1fl11111lJlJl'tlJ111flfl11~ 'iJ'Im'l'YI i'1111'91flfllfl ~ 



2. ~'ll~'tlfl'l~\l'lm'l~L~'il1fl1i'.i';ilJ'tfl~iYnJ'hii activity 'tlfl'llfllJ '''1f,J Phophomonoesterase 1m::; 
I • " " 

proteolytic activity ~'1fl':h-n'll~-n'~\llfl~\l'lm'lyh~tI'I1'W ltlHfl1'Hl'tl::;l~tI'I~ 

3. ~'ll~'tlfl'l~\l'lfl1'1~L~\llfl1i'.i';ilJ'tfl~l'nJ'hii activity 'tleJ'I1fllJ'''1f,J L-amino acid oxidase ~lfl11 
• I " " 

~1H-n '~\llfl'1\l'lfl1'1-n1~tI'I1'W i rl'.i '1fl1'H'Yn::;l~tI'I'I.. ... .. . 
.Q ..::t. 0 ..dl .d , ~ ..:::l £:It. 

'W'll~\l'lm'll1lJllJlfffl'llllJ L-amino acid oxidase activity ~'1fl11l't'll'tlfl'l~\l'lfl1'1"lfllJlm19W l't'll'tlfl'l~'iI'1m'l 
, " , 

, 91 "> "" ... "" (6) Ci
\llflmfl ~ U"::;'W'll'tlfl'l~'iI'1fll'111"1ffllJl'i11fl Miami Serpentarium Laboratories 11 Tan 1m:: Saifudden fffl'lll 

L~ 

, 
q "> 

~T'.iH'JI 3 Enzymatic activities 1m::; Lethal toxicity 'tlfl'll't'll~\l'lm'l 

Sample 

no. 

Lot 

LD,. 

~ 

Phospho mono

esterase(U) 

Phosphodi

esterase(U) 

Proteolytic 

activity (U) 

PLA, 

(U) 

L-amino acid 

oxidase(U) 

Acetylcholin

esterase 

mmoleimiD/g 

I OH 250142(1) 23.43 14.93 025 51.62 250.85 0.0112 

2 OH 260542(2) 32.% 21.74 12.93 0.29 44.57 202.60 0.0064 

3 OH 150948-39/1 28.56 12.4 0.32 59.87 190.30 0.0156 

4 OH 150948-3912 26.31 12.93 0.30 56.90 180.37 0.0123 

5 OH 150948-43/1 30.57 15.00 0.55 44.08 229.05 0.0297 

6 OH 150948-4312 88.29 29.36 13.6 0.52 47.19 220.70 0.0327 

7 OH 150948-4313 28.08 15.77 0.54 44.35 24125 0.0270 

8 

OHFARM 

03104811 57.04 10.85 0.75 35.93 140.40 0.0280 

9 

OHFARM 

03104812 

77.82 

56.15 12.75 0.75 42.59 140.00 0.0243 

" '~'ll1~'ll~1l'l 910ts mfffl'll1 11.hllJlJ hh~lJ lf1t1ll1f1UfI Sodium dodecyl sylphate polyacrylamide 

gel electrophoresis (SDS-PAGE) l'tlJ 'h-n'll~(Ll't'tf'j\!'HU) lot 2 iiU(llJ hh~hJ1Jl\111(1lJ11"fl~l\1'i11flU(llJ 

hh~'W'tlfl\l-n'll\l(mfihi)11"::;-r4'll\I(ff1'W'I) (ml't~ 3 ) l1(1lJ hh~lJ~'~'il::;iilJ1" ilJmfl"flvllJ'tf1\1 66-14 ni" 
.. ~ ~ q .. 

f11"~lJ 11(1lJl1h~lJ'tltl\l-n'll\l(ll't'tf'jlJ'jW)iifl11lJloU'lJlJlflfl1111(1lJ11.h~lJ'tltl'l-r4'll\l(.fl1f11~)lm::-n'll\l(ff'J'W'I)
• IV .... qjI 

'il1flfl'JllJ 11~fl~l\1'tleJ'Ifl11lJ1oU'lJlm::; riil'W 'JlJll(1lJ11.h~lJllJ9i'JeJvl\1-n'll\ltj\lfl1'i1111lJll1"f.I"~~'ll'l"~"::~1mh\l
.. q .. 

OT'.iftO'U1ltJll1J1J1'lhft'U"8~Ti'U~;)~tn~l~U.ll'JIftuft 2-dimensional electrophoresis 

'lll-n'll~\l\leJl\1lot 2 (OH 260542), lot 6(OHI50948-43) 11"::; lot 9(OHFARM031048) 



.dl 1 1 ,')1 "" 	 .,j l'JIoS 1 .... .%d 	 d 

fffl'lllI'lh!1J1J L'l1'j~lJ L,m ')H'YIfllJfI 2-dimensional electrophoresis tl'H) l1n1lJI'l1U1J1J 'l1HllJ'tI',U\llJ1Jlfl'UlJ 

f1'l~m1lJflTW~ 4(A),(B) ""~ (C) 91'lY41J'.h~'ll'l'i)'ltn'l(tY4't1''j1J'jW) in'l1'j~lJ1Jlfl'tl'U'lfl'h~'ll'l'i)'ltn'l(fIlfl,~)..... 	 .. 

'I • <1j d 1 ~. d .... 	 (18) 'JI "" 1 . . 
!lJ<Jf1'l'Utl'lfl111J11JlJm~ l!"~1J1J1" 1Jmfl"~11'tl'1JlflV1fl1J'lllJ'Utl'l Nawarak· fIlY4'i)lHUl lJU'ltl1V'Utl'l'l. 	 . " 

2345678910 

I = Protein marker 

2 =OH250142 

3 =OH260542 

4 = OHI50948-3911 

5 = OH 150948-39/2 

6 = OH 150948-4311 

7 = OHI50948-4312 

8 = OH 150948-43/3 

9 = OHFARM031048/l 

10= OHFARM031048/2 

. 
5nl'i~ ~ 	 l,jU1J'U 1'l1~~lJ'\Itl'l~'ll'Utl'l3'i)-3tn'l(~'l'Wrfll'Vf'il''j\!'jW )(2-5) ~'ll~'i)'ltll'l(fIlfli~) 

(6~8) lm~~'ll'l 'i)'l tll'l(fIlfli~1ff1lJ 'l) (9-10) 1flfJ1-Nl'YIflUfI SDS-RAGE.. 	 ... . . 
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fll1ftmnbiological activities 'V8"Yi'U~""0H 
Ii' , • I 

i~\h~ll,:j~Nm,:j'ti,:j 3 milJflfl milJ111 ~ll'\Jfl,:j,:jf1mnfl i,jl1i~1J11l1fli,:jlY1f11'Yi'Jfi1J'HU milJ112 ~lI'Ufl,:j,:j
'U q q 'U • q 'U . . .. 

~mnfli'liYii~lJl1l1flfllfll~ U"::fl~lJ113 ~ll'\J{J,:j~"Nm,:j i~lJl1l1flfllfl'~lm::l~{HllJ~1lJ~lJ1fffllll hemolytic 

activity, neurotoxicity, coagulation activity ~lllJ11i'U(),:j Theakston and Reid(26) 1m:: cytotoxicity lf1{J'VIfI~fl'lJ 
Got ~.q "d d Q,I "d .q.

fl11lJ~11J1~U'lJfll'W1J{J,:jfll~1~~q)'Ufl,:jlC1f""lJ::1H 1'V1{J1Jfl1.J{Jl~llJlJ::1H Doxorubicine lf1{J'Yi~nWl~lflm Ie 50 

-4"" d Q,r! ~ "d'WI"
(Inhibition concentration 50) fl{Jfl11lJl'UlJ'UlJ '\Jfl,:j ~l~ 'VIfI ~fl1J'Yl~llJ1~ (){J1J{J,:jfll';jlll'.lq)'Ufl,:jlC1f""lJ::l H lfl 50 

"d" " d";1 ')I 1')I' "d ')I " d _I " d ...l1Jfl'.llC1flJ~ 19f""lJ::l'.l,:j'YI 'II''Ylfl~fl1J flUfll9f""lJ::1Hl~llJlJ (BT474) 19f""lJ::1HlJflfl (Chago) 19f""lJ::1H~1J 

" d " d 0 1 ')I 4 "I ')I _I'~ ,,;(hep-G2) 19f""lJ::1Hm::l'Yil:: (KATo-m) lm::l9f""lJ::lH"l ~ (SW620) Fmfll'.lfffllll lfl~~lJ 1 rU~1'.l1,:j'Yl4 1m:: 

5 ~,:j'Yi1JilNCl~'rJfllots ~b.jij coagulation activity neurotoxicity 'U{J,:jWll~ 1l,:jm,:j1jfl11lJ~()flfl~{J,:jtimhfl11lJl1jlJ~ll 

(LD 50> ~::l'I1lJilfl11lJl1jlJWll'Ufl,:jWlI~1l,:jm,:jfl~lJ~ 1 ~lJl~lflll't'll''.l\!.'.lW1jfl11lJl1jlJWlllJ,:j~''lfl ~{J,:j",:j1J1 flfl Wll~ 
• JI JI", 

milJYi 3 1J11l1flfllfll~u"::1~{J,:j1lJ~1lJ,:j lm::;Wll,:j~,:jm,:j~lflfllfl '~U"::l~{J,:jllJ lflHfll'.lll'tl::;l~{J,:j,:j1jfl11lJli1lJ~ll
q • qf • 

~l"lfl Fm'Ufl,:j neurotoxicity 1~N"-nllJfl,:jl~{J1tilJ flfl Wll~~,:jm,:jfl~lJ~ 1 1j neurotoxicitylJ1flflilfl~lJ~ 2 lm::;fl~lJ 
I I I , • 

.£:S oQl 1.£:1 '4'.£:1.dl l.q 1.£:1 <d 

'VI 3~llJmfl1J (fl'llJ'Yl I> fl'llJ'Yl 2> fl'llJ'Yl3) fmfll'.lfffllll hemolytic activity l't1J11l'tll~fl'llJ'Yl3 lJ hemolytic . . 
, '.c:S. I .cs 

activity lJ,:jfl11fl'llJ'Yl 2 lm::fl'llJ'Yl I 

I ~ Q,I!.a. "d.ct QI " 

~1lJfll'.li1fllll cytotoxicity lf1{J'YIfI~fl1Jfl11lJ~11J1~()llJfll~V1JV,:jfll'.llll'.lq)'\Jfl,:jI9f""lJ::;lHl'Yl{J1Jfl'lJm~l'U 
d 14 Id d?i "0;: ct..£:! 
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{J'lJ{J,:jfll~I~'.lq)'U{J,:j19f""lJ::;IHm::;l'rn::fll111~ flfIfl11{Jl~llJlJ::;IH Doxorubicine (~1~1,:j'Yl 5) . 

~ ~ 

Vll1H'Yl 4 Biological activities 'V0"'t1'U~""0H 

Sample 

No 

Lot Protein content 

(BSA * equivaJent) 

(%) 

COaguJatiOD Hemolytic activity 

(DWEqui.) 

% 

Neurotoxicity 

50%inhibitioD
(.) 

Min. 
MCD-P** 

mgIL 

MCD-F*** 

mgIL 

1 OH 250142(1) 24.99 NA NA 1.94 

2 OH 260542(2) 24.56 NA NA - 4.20 

3 OH 150948·3911 28.2J NA NA 0.80 

4 OH 150948-3912 26.55 NA NA 0.91 

5 OH 150948-4311 2024 NA NA 10.39 

6 OH 150948-4312 19.39 NA NA 8.68 7.74 

7 OH 150948-43/3 20.36 NA NA 0.91 

8 OHFARM 03104811 23.35 NA NA -

9 OHFARM 03104812 23.36 NA NA 11.53 6.44 

http:4'.�:1.dl


IC50(~glmJ) 

fl'l'.i BT474(J) Chago
(2) H G (3)ep 2 

KATD-m(4) SW62d5 
) 

OH 260542(2) 0.88 0.67 0.79 0.63 0.62 

OH J50948-4312 0.94 0.72 0.67 0.85 0.68 

OHFARM 03104812 6.30 6.60 6.52 6.28 0.67 

Doxorubicine 0.70 0.55 0.61 >10 0.10 
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1. ~VlUlfJllihJ'jlJ1Wm'ulu Quick Start Bradford Protein Assay (BIo-RAD) lJ';i::Ofl1J~1(f 

" . 
1.1 Bradford reagent : !1hJlh(fl"h!~~~tJ iiiJ 100 mg Coomassie Brilliant Blue G-250 in 50 ml 95% 

ethanol Btl:: 100 ml 85% (w/v) phosphoric acid. 

o I QI 0 " QI. • ~ I 

1.2 Color reagent: lJl Bradford reagent 1 ff1lJ NffU01JlJlOtllJ 4 ff1lJ ummfl~Nl'Wm::~l11mfl~ 

Whatman # 1 nfllJlhitJl~ 

1,3 Standard Protein Solution (BSA) fl11Ul.u'U.u'lJ 1 mg/mJ 
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1. Stock Solutions 

A. 2 M Tris-HCI (PH 8.8), 100 ml 

Final concentration Amount 

Tris-base 2M 24.2 g 

Distilled water 50 ml 

HCl adjust to pH 8.8 

Distilled water to 100 ml 

B. 1 M Tris-HCI (pH 6.8), 100 ml 

Final concentration Amount 

Tris-base 1M 12.1 g 

Distilled water 50 ml 

HCl adjust to pH 6.8 

Distilled water to 100 ml 

C. 10% SDS (w/v), 100 ml 

Final concentration Amount 

SDS 10% (w/v) 10 g 

Distilled water to 100 ml 

D. 50% glycerol (v/v), 100 ml 

FinaJ concentration Amount 

100% glycerol 50% (v/v) 50ml 

Distilled water to 50 ml 

E. 1% bromophenol blue (w/v), 10 m1 

Final concentration Amount 

J3rorl1Qpne/1ol blue 1% (w/v) 100 mg 

Distilled water to 10 ml 



2. Working Solutions 

A. Solution A (acrylamide stock solution) (30% aery/amide, 0.8% N, N'- methy/enebisacry/amide) 

Final concentration Amount 

Acrylamide 30% (w/v) 29.2 g 

N, N'- methylenebisacrylamide 0.8% (w/v) 0.8 g 

Distilled water to 100 ml 

B. Solution B (4x separating gel buffer) (2 M Tris-HC/, pH 8.8, 10% SDS) 

Final concentration Amount 

2 M Tris-HCI (see stock solution A) 1.5 M 75 ml 

10% SDS (see stock solution C) 0.4% (v/v) 4ml 

Distilled water to 100 rol 

C. Solution C (4x stacking gel buffer) (1 M Tris-HC/, pH 6.8, 10% SDS) 

Final concentration Amount 

1 M Tris-HCI (see stock solution B) O.5M 50ml 

10% SDS (see stock solution C) 0.4% (v/v) 4ml 

Distilled water to 100 rol 

D. 10% Ammonium persulfate 

Final concentration Amount 

Anunonluro persulfate 10% 0.5 g 

Distilled water to 5 ml 

E. Electrophoresis buffer 

Final concentration Amount 

Tris-base 25mM 3g 

Glycine 192mM 14.4 g 

SDS 0.1% (w/v) 1 g 

Distilled water to 1000 rol 



F. Sx Sample buffer (1 M Tris-HCI, pH 6.8, 50% glycerol, 10% SDS, 2-mercaptoethanol) 

Final concentration Amount 

1 M Tris-HCl (see stock solution B) 60mM 0.6 ml 

50% glycerol (see stock solution D) 25% (v/v) 5ml 

10% SDS (see stock solution C) 2% (v/v) 2ml 

2 -me rca ptoethano I 14.4 mM 0.5 ml 

Distilled water to 10 ml 

3. Coomassie gel stain 

Amount 

Coomassie blue R-250 1.0 g 

Methanol 450 ml 

Glacial acetic acid 100 ml 

Distilled water 450 ml 

4. Coomassie gel destain 

Amount 

Methanol 100 ml 

Glacial acetic acid 100 ml 

Distilled water 800 ml 

S. Gel preparation 

Separating gel (10 ml) Stacking gel (4 mI) 

Solution A 5.0 ml 0.67 ml 

Solution B 2.5 rnl 

Solution C 1.0 ml 

10% Ammonium persulfate 50 III 30 III 

TEMED 5.0 III 5.0 III 


Distilled water 2.5 ml 2.3 ml 



fllflNU1fl fl 

1. Stock Solutions 

A. Lysis solution (8M urea, 4% CHAPS, 2%Pharmalyte 3-10) 

Final concentration Amount 

Urea (FW 60.06) 8M 19.2 g 

CHAPS t 4% (w/v) 1.6 g 

Phannalyte 3-1 0 2% 800 fll 
Double distilled H20 to 40 ml 

B. Rehydration stock solution without IPG buffer (8M urea, 2% CHAPS, 0.002% bromophenol 

blue) 

Final concentration. Amount 

Urea (FW 60.06) 8M 12 g 

CHAPS 2% (w/v) 0.5 g 
bromophenol blue 0.002% 

Double distilled HP to 25 m1 

C. Bromophenol blue stock solution 

Final concentration Amount 

bromophenol blue 1% 100mg 

Tris-base 50mM 60mg 

Double distilled l-bO to 10 m1 

D. Rehydration stock solution with IPG Bnffer (8M urea, 2% CHAPS, 0.5% or 2%IPG buffer, 
0.002% bromophenol blue) 

Final concentration Amount 

Urea (FW 60.06) 8M 12 g 

CHAPS 2% (w/v) 0.5 g 
IPG Buffer or Phannalyte 0.5% (v/v) or 2% (v/v) 125 fll or 500 fll 
bromophenol blue 0.002% 

Double distilled H,O to 25 m1 



E. SDS equilibration buffer · (50 mM Tris-HCI, pH 8.8, 6 M urea, 30% glycerol, 2% SDS, 
bromophenol blue) 

Final concentration Amount 

Tris-HCl, pH 8.8 SOmM 10.0 ml 

Urea (FW 60.06) 6M 72.07 g 

Glycerol (87% v/v) 30% (v/v) 69ml 

SDS (FW 288.38) 2% (w/v) 4.0 g 

bromophenol blue 0.002% (w/v) 400 Jll of 1 % solution 

Double distilled lIzO to 200 ml 

F. 30% T, 2.6% C monomer stock solution (30% aerylamide, 0.8% N,N'
methylenebisaerylamide) 

FinaJ concentration Amount 

Acrylamide SOruM 10.0 ml 

N,N'-methylenebisacrylamide (FW IS4.17) 6M 72.07 g 

Double distilled Hp to 200 m} 

G. 4x resolving gel buffer (1.5 M Tris-HCI, pH 8.8) 

FinaJ concentration Amount 

Tris base (FW 121.1) I.S M 181.7 g 

Double distilled ~O 7S0 ml 

HC} (FW 36.46) adjust to pH 8.8 

Double distilled ~O to 1 I 

H. 10% SDS 


Final concentration Amount 

SDS (FW 288.38) 10% (w/v) S.O g 

Double distilled lIzO to SO ml 

I. 10% ammonium persulfate 

FinaJ concentration Amount 

ammonium persulfate (FW 288.20) 10% (w/v) 0.1 g 

Double distilled ~O to 1 ml 

J. Gel storage solution (0.375 M Tris-HCI, pH 8.8, 0.1% SDS) 

Final concentration Amount 

4x Resolving gel buffer (see solution F ) Ix SOml 

10% SDS 0.1% 2ml 

Double distilled ~O to 200 ml 



K. SDS electrophoresis buffer (25 mM Tris-HCI, pH 8.3,192 mM glycine, 0.1% SDS) 

Final concentration Amount 

Tris-base (FW 121.1) . 25mM 30.3 g 

Glycine (FW 75.07) 192mM 144.0 g 
SDS ( FW 288.38) 0.1% (w/v) 10.0 g 

Double distilled H2 O to 10 I 

L. Agarose sealing solution 

Final concentration Amount 

SDS electrophoresis buffer 100 ml 

Agarose 0.5% 0.5 g 

Bromophenol blue 0.002% (w/v) 200 III 

2. Gel preparation 

Final Gel Concentration 15% 

Monomer solution (solution E) 50ml 

4x resolving gel buffer (solution F) 25 ml 

10% SDS (Solution G) Iml 

Double distilled water 23 .5 ml 
•

10% ~oniwn persulfate (solution H) 500 III 
TEMED 33 III 

Total volume 100ml 
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Abstract 

King cobra venom (KCY) causing muscle paralysis is classified as neurotoxic venom. 

The neuromuscular (NM) blocking effect of KCY may be of interest for developing a therapeutic agent. 

Therefore this study aimed at investigating the semi-purified fractions of king cobra venom possessing the 

neuromuscular blocking action and their mechanisms. Neuromuscular blocking proteins (semi-purified 

fractions, F 1.2.1-F 1.2.4) were purified from king cobra venom by chromatography technique using Q

Sepharose, Cellulofine GCL-IOOO sf and SP-Sepharose colunm. F1.2.2 was the most potent fraction, 

having IS-fold purification of crude with an overall yield of 52.6% of the activity: The molecular weight 

determined by gel electrophoresis was 8.2 kDa. For NM blocking test using the isolated mouse's plu'enic 

nerve - hemi-diaphragm preparation, the effect of the test compounds on muscle contraction induced by 

electrical stimulation of the phrenic nerve was measured. The crude venom showed dose-dependent NM 

blocking effect. The time taken to produce 50% inhibition of twitch tension was 4.2 ± 0.1 and 7.4 ±0.4 

min for crude venom (SO ~g/ml) and F1.2.2 (4.4 ~g/mI), respectively. The study for mechanism of action 

ofF1.2.2 showed postsynaptic action with no direct effect on muscle. 
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" d ~ 

:JJ'VI'l enzymatic 

protein t'lf'W phospholipase A 2, acetylcholinesterase, protease t~'WIl{'W Ut'l::; non-enzymatic protein 

hHHQVn::;LY1J'YI'U (toxins) t'lf'W neurotoxin, cardiotoxin, myotoxin t~'WIPi''W l'lh~'W~l'l "l 1'WYI'U'l1J ... 

'lJ'VI'lJl'VI1'i'1'W ;':Hfl1JUt'l ::;tflff'l5i'VI V1~1'l "l t'~fJ'lh::; lV'l5Ul 'W f1lJ''\1l m111 J' 'IHl'l 'l iTf1i~m1 mVf1ci:JJ 
... q 

Vllf1lJ'flf1Ellfiru LY:JJU~'VI1'ltfl ff'l5i'VIV1'UV'lYl'U'l tVimU'W 'il'flt~:JJIPi''W'U V'l f1lJ''W\PJJ'W 1v1lmJ 
q ... q 

" .
"-' "" '[ j.I I ~I C), d. Q.I

'W1'lJ'Wl'U'W:JJl 'fIUf1 V1 ACE inhibitor: captopril (1) tu'WV1'l5'W'fIttJf1'V1'W\PJJ~mJl'il1f1 bradykinin potentiating 

"I ~ "" d! ~I "" "" d! 'I'" Ipep tides tWf1 !'fI'il1f1'W'U2 Bothropsjararaca 9I'ltu'W2'W'U'l5'W'fI11'W'l'W'lJ !'W\9I1'lu),::;t'VIfY 
I • gJ. 

VlVi'WI'lJ'W 1'ill f1 tl'lrl'l.JJ'::; f1V'lJ'UV'l iY'l 1J;i\9l0 f1'WI'lJ'Wl9.i'W t~ml1:JJl1off'l.JJ'::; lV'l5Ul 'W f1 n 
" 

{jv'ln'Wttt'ld'f1Ell hfll1~Vmf1lJ'N'fI'l.Jf1~l'll'l "l tJ'il~U'W1Jf1l)'l.'hYl'U'illf1U'lJflVit~V Clostridium botulinum 
9J d'~ v Q.I jJ'jJ I I Q.I d 

(Botulinum toxin) :JJll'l5'l.JJ'::; lV'l5'W'VI'l1'W'fI1'W J'f1'U1 hfl tlt'l::;1'l5'f11'WfIll:JJ'l1:JJ VV1'lUVIJ'l1mv l'f1vmfYvt)'VI'Ii 

V'lJ 6'l'l.Jmv'l.JJ'::; LY1'VI~~Vn'lJ f1~1:JJ tci'v ~'lVVf1t)'VI i ~'lJ ~nru presynaptic t~V1n'lJf1lJ'1iml1'U V'l f1~l:JJtci'V~ 
N'fI'l.Jf1~ Botulinum toxin tJf1t11:JJllofft~wh'W 'I1iJ'll 'W 1 'l.J),Uf1J:JJf1l':d' f1ElltVitl'lf1V'lJ),), t'VIlmf1lJ''l.J1'fl'l1~tJ 

" .
"" "I "" ~ "'" "" "I' 'I ~~ "" mf1lm'fluf1\91'UV'lf1m:JJt'W V (2) t'l5'W mf1lJ' f1J::;'W '.i'lJ\9I1 !:JJ'I1 ~'fI (blepharism) Un::;! 'l5'f11'WfIl1:JJ'l1:JJt'WVn'fl 
. " , 'jI.. 

'.ivm'l1 V1th.J 1'f1VVl1111'f1~1:JJruvVi1i'lJ1911 tf)'fIf1lJ'f1 m V 1911 111'~M'fI~1J'vm'l1 v1tJ'Wtu'WVi1-i wm1 'il 

YI'U21'W f1 ~:JJ~I~ 'WYI'Ul'lvJ'::;'lJ 'lJ'l.J J'::; LY1'VI 1Jt)'VIi v'lJ6'l'l.J n 1V'l.J)' ~ LY1'VI ~I'l vn'lJf1 ~ll.nci'vl'i'1V 

t'lfW)'W ~'ltritlil'i'f'lJYI'U'll'Wf1cilJtf 1'lf'W Of1'l'il'lm'ln'fl 'il::;tf)'fImf1l'.if1~l:JJtci'vritl'Wm'l l1iT'l\9l1\9lf1 'W'fI'hJi'fl 
~ q ~ ~ ~ . , " 

f1ti'W ~1'lJlf1 tUW):JJ'W 1\91 Un~ '\1lV1'ilw'lilJ il'i' ri1'W'UV'lYl'U2Vi -ff1r1tlJ1'W f1l),Vl1l11'tf)'fIt]'VITI V'lJV'l 'l.Jmv 
." 4' iJ , " , 

'l.J '.i::;LY1'VIVil'lm)'lJf1~llJliJv fiv neurotoxin 1'i'1Vt)'VITI V'lJV'l'l.Jmv'l.J)'::; LY1'VI Vil'l v n'lJ f1~l:JJtiJ vViiJ1 'WYI'U2 ~ 'lm 'il 

~hri1'W'UV 'lYl'U 'l:JJl1 off'l.J '.i::; lV'l5Ul 'Wf1l J' f f1Ell hfll1~vmf1l '.i1'l1'l"l t~V1f1'lJ f1 ~1:JJtci'V1i'lJ1911~'fI'l.Jf1~"l1'i' ~'l 
'" 

r iI 'jI 'j) 

'I ~"I 1 d''1 "" "" ~ "" ~ ~ "" "" "I ~ d' ~ "" neurotoxin :JJl !'l5uJ'~ V'l5'W 1-Jf1lJ'fYf1Ell1'ilm'Wtl111mn'VI1'lf1l'.iV'lJV'lf1lJ''fI'fIt'l5V !d)'LY'I11-Jt9lnnf1m:JJt1-Jmm::; 

t9ln~'l.JJ'::;LY1'VI (muscular and neuronal cells) Itn::;f1lJ'flf1Ellt1~Vf1l),t~ll'il()'lf1lJ'tf)'fI hfl Myasthenia gravis 

"" 0'UV'l neurotoxin n:JJO'lf1l),1-J1 

9 jJ ~I .ct ~ (I Q a 0Q.I

neurotoxin :JJll'l5luWflJ'V'llJV (probe) LY1'l1'.i'lJf1lJ'\9I'fIQmm'WV'il1U'Wf1 neuronal nicotinic receptor: 0,7

" ~I~
subtype 1-J J'f1\911'l "l t'lf'W Alzheimer's disease tU'W\9I'W (3) 

2Y11l~ v~l 'W l'lff (Family) Elapidae 11l'W2Y11l~Ylll ij t) 'VIil'l m::; 'lJ'lJ'l.JJ'::; LY1'VI 1Jf1lJ' flf1Ell 

'11 

• i.I • 'j/ , <I 

neurotoxin vhWf1il'i''il1f1Y11l21'W Family ii cJf'l'W'lJ neurotoxin 'I1'lViVVf1t)'VITI'lJ~nru presynaptic Un~ 
<I v f iI f 

postsynaptic 1911VtJ1'l t'lf'W neurotoxin 'il1f12Il,h iIPi'111'W VVf1t)'VITI V'lJ V'l 'l.Jm v'l.J J'::; LY1'VIVi~vn'lJ f1ci'1:JJ1 iJtlVi 
, .. 'j) • 

'lJ~nru postsynaptic Un::; neurotoxin 'il1f1 ~ LY1:JJ m~ V:JJ i1Pi'111'W Vtl f1t) 'VITI V'lJV'l'l.J mv'l.JJ'::; LY1'VIViI'l Vf1'lJ 

http:lJ'lJ'l.JJ
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'JJ ~.d~ cl'JJ ~ 
fH'IllJl'WEl'YI'lJ'Jnru presynaptic ltJ'W\9l'W (4) l'\.J'th::a'YIfl'l'YItJ~~Ell'W Family iHj'\1f11v']j'iJ~ 1Jlun ~1l111'Y1tJ 

(Naja kaothia), ~lrh¥hJ~EJ (Naja siamensis), ~'\l-.:Jm-.:J (Ophiophagus hannah), ~mlJ!'\1~VlJ (Eungarus 

fasciatus), ~~'lJff:iJ-.:Jflm (E. candidus) ll'fl::;~'YI::;!(l']j'iJ\9l~l-.:J 'l1~'W~'W ~'\l-.:Jm-.:Jl~'W.~~EJ~'l11ff~!1'\l I~El-.:J'\llfl~ 
• y 

'\l-.:Jm-.:Jl~~N~EJViii'IJ'\...Il~ hmi ii~EJ'J'Wll'J-.:J ~tllJ~EJhmi LJ~lJlUI~WJtllJlJlfl\9l1lJ hM'JIJ ffllJlHlI'Wl::;l~tJ-.:J
'U u q u 

l~l\9ltJffm1.Hffllfl1 ll'fl::; fl1'JftflEJ1l~tJlfl'lJ~EJ-.:J '\l-.:Jm.:J '1 'WLJ'J::;I'YIfI'l 'YIvv.:Jii il-ilJlm1fl ~-.:JI~'W~,jT'fU1 '\l '1 'W 
'U 

I ~ ~ I '" I 

fl1 'J ftflEJ 11:11'W 'lJtl.:J~EJ ~ '\l.:Jtl HYiiiq'YI 15 V'lJ v.:JLJmvLJ'J::; m'YIYi~tlfltJfl~llJlU tl (neuromuscular blockade) IV; tl 

I~1.Ht'W 1'Y11.:J1'W flW\.l1lJl '1 '*1 'W 'YIl.:J fl1 'JtI'W'YIiJ~ tl1 LJ 

v .... 1 c! ~v 
1~Ou)::;~-.:jfl~a-.:jnl)1~~

• 
1. lWfl1:Yl'W~EJ.:J'\l.:Jm-.:J '1 liiiWlllJtJ~ff'YIf 

'U • 

~ ct I .& a. d' 1 '" ~Q

2. fl'flEJlq'YI1i'Utl-.:J'V~EJ~'\l-.:Jtll.:J U'fl::;t1'l'WmtJ'J~'YI1i (semi-purified fraction) 'Wfl1'JVtJ{J.:J 
• y 

LJmvLJ'J::; ffl'YIYi~ ElfltJfl~llJlU tl 
iJ .t '" , V , 

3.ftflEJ lfl 'fI1mUEl.:J~'W 1'W fl1 'J tltlflq'YI15 VtJ V-.:JLJ f11 tJLJ'J::; ffl'YIYi~ tlfltJ fl~llJ1UEl'IJtl.:J 1:Yl'W f).:J 

tJ~ ff'YIf~ll{JfliJl'\llfl~EJ-.:J'\l-.:jm-.:J
• 'U 

"" QV 

~)J)J~~p'\.mn1~tl 

• .t j.I • V • a ' 

~EJ ~ '\l.:Jtll-.:Jii 1:Yl'WYiii q'Vl15 VtJV-.:J LJ 'fIlvLJ 'J::; ffl'YIYi~tlfltJ fl~llJ IU El l~tJril14 f)-.:jtJ ~ 'l'YI 15YiWJf1 
v .t I ..t 

i~'\llfl~EJ ~ '\l.:J Ell.:JU1414 tlf1'ill fltl Elflq'Vl15Yi postsynaptic U~1 m'\l ii 1:Yl14Yi tltlflq'Vl15 tJ~nru preynaptic cJI1V 
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, ." 
'Vl IPl 'fftlD tl 'Vl ~ 'U tl-:J ~EJ ~ 1I-:J tll-:J ~mJ (j1 mJ)::; m 'Vl Vi ~ tlf1D mhlJ I{1tl 

1lPlvli' mouse phrenic nerve-diaphragm muscle preparation 

, ." 
'Vl1Pl 'fftlD tl'Vl1l 'Utl-:J ril'U'Utl-:J~EJ ~~mJ (j1mh ::;m'VlVi~tlf1D fl~llJl{1tl 

1lPlvli' mouse phrenic nerve-diaphragm muscle preparation 

. , 
- D~ntuVim)fltl'Vl1l (presynaptic or postsynaptic) 

"
, 
- tl'Vl~~tlfl~llJl{1tl1IPlllm-:J 

* 'I11nn'Yl~ne)~J11~eJ~'Wu'WrH1f)l~hjwuf)'V1i 1I,,~ri''W')11lr1'fJrHl 
* * eJ 11Jt11ltJiiimll'l'W!I~l11J~'W~eJ hll'W CJ'Wl~Wl 

<I Y. • • 

Dj'l'Vl~ (semi -puri fied fraction) 'U tl-:JVlEJ ~ 1I-:J tll-:J l'U fll) cJ'D cJ'-:Jfll) ffmJ'J::; 'ff1'VlVi'll m lith::; m'VlVi~tlflD 
'11 '11 Y ","• 

fl~llJl{1tl (neuromuscular junction) 'U tlfl1l1fli1 cJ'-:J~flEJ 1 fl(j "[ fll1itl-:J~'UhI fll) tltl fl q'Vl1l'Utl-:J ril'U n-:JD j 'l'Vl~Vi 
" • y , '11 " V • 

iiq'Vl1lVi ~ l'U fll) cJ'D cJ'-:J 'll (j 1(J 'll)::; 'ff11'lVi~ tl tlDfll{ llJl{1 tl 1IPl tl'Yl1fl1) ~flEJ1fl1) tl tl fl t1 'Vl1l cJ'D cJ'-:J 'll (j lV'll) ~m'VlVi 

'" '" dI "'''' 9~ 9D)nru pre- '\1)tl postsynaptic 95-:J\9I(jtllPlfll)lll(JlI~ ~'l1 mouse phrenic nerve-diaphragm preparation ~'U 
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~l <U tJ 'il~tlfitJ~1Pl1lJ 'il 'j" 'HJ1'lJ)':Jru f)1 'j" 1~~lPllltJ;J 1tJ 'Vl1;J 1 'Vl CIlfl'l'Cl1Pl {u'O~'H ilflfl1':i The Three 

R's 11'l tJ~ 'il1':iill1mllJ ~ 11 ~ tJ1'W f11'j" 1~~lPll'Vl \P1 '0 eJ;J ~;J f11'j" ftfl'hl11~CJ1f)'lJ t] 'Vl il'leJtlOltJtl'j" ~ m'Vl~1'l eJ f)'lJ 

9J ~ doG 'V .::::1 d <V tI19l 
flOllJltJeJ (Neuromuscular effect) lJfl11lJ'il1111tJlPleJ;J 'If nerve-muscle preparation 'VlIIPl'j"tJlJ'illf)'Cl1Pl1'VlI'l'OeJ-:J 

, d di 0 '" " 31 ClI " '1 11]" 1 31 
eJCIl;JlJlJ~'hltJ'jj'j"'j"lJ 95-:J'il~'Vl1f)1'j"'Cl'O'lJ'Cl1Pl1'VlI'J'OeJ-:J\P11tJf1195f11'j"'lJeJ'W l'leJeJfl !95I'J (95% CO + 5% 02) 'I1'Cl'O'lJ2 

~fl'iltJ'HlJ\P1m1lJrilm!o~I~CJ;1IPll'W~,,!1'l uti'1~~yhf)1'j" NW1\P1I!tJfl phrenic nerve-diaphragm lrieJ!'Cl~'ilitJ f11'j" 

'VlI'J'OeJ;J ~lPll'Vl\P1'O eJ;J 'il~t1 mY -:J 1tl~f1"WJiYlPll'Vl\P1'O eJ -:J f11:l!~Ul'l'VlCJfl'l'Cl1Pl { 'il W1'O;J mWlJ 'Hll'Vl tJ1ilv I~m'b <UI'l
'" '" . 

" " " 
951 fl 1\P1 V1TIlJllPl 'j" 5)"ltJ 'W eJ fl 'il1fli1 iYlPll'Vl\P1'O eJ-:J 'il~ 1J{ ~iJ eJl'Hl'j"!!'O ~'I11mil-:J 1Yl CJ-:J 'W eJ U'O~ lJ{~'lJ f)1'j" \P1!! 'OI~ V;J1'l

" '" 
, " " 1tJ 'Cl fl11 ~ i1 !'I1lJ 1~ 'CllJ 11-:J i1 fl 1'j" ~ 1!t1 'W fl1 'j" 1<UVI J{Yl1 'H il;J 'ill fl 1 fI 'j" -:J fl1 'j" 1<UvN 1 'W fl1 'j" -vi 'ill 'j" tl! 1 'ill fl f1tl! ~ fl 'j" 'j" lJ fl1 'j" 

2. -WWl'WllTIf)1'j"ftfl'hll'VlI'l'OeJ-:J l\P1Vl~ mouse phrenic nerve - hemi-diaphragm preparation 
, " , 

~ ;J 'Cl1lJ 1'j" tI '111 'j" tl! !iJ 'lJ fl1 'j" ft fl 'hl1 i1 I111~lJ{1 'W fl1 'j" ft fl 'hl11f1 'j" ;J fl1 'j" 5tJ '1 I'l eJ 1tl 
" 

", , 

3. lJ{.ueJlJ'Ol~tJV1tJ'11wntJ1f)'lJ1~'hl-:J'il;J eJl;J!~eJ1~1 tJ fl1'j"ftmJ1!!'O~-wWl'U 11'leJ ltl 
~ ~ ~ 



5 
, , 

~vc:t.c:l 'j) 

Iemn 111~~ ~1'W1'iltl'YI!fltl1 'Ue~ 

1'iJfill lJ nYfHll fll'l 11' iJ (reCel)tor) ~~l'}nj,:Htn~t)'rtJ1~ 1'iJ ftW'rfft.ulri':l ~ iJ iJtl ':l ~ ffl'Vl"hU mn:J Un:;; ri .:Jrlltr.:J 
~ ~ .. 

'\llflniJiJtl':l :;;ffl'VlriTU flm.:J 1tltr.:Jfl~llJti'1tlmtJ fitl ':l:;;iJiJtl':l:;;m'Vl~l.:Jf11tJ (Somatic Nervous System, 

SNS) 11'1 tJriTU ~vll VI Ul~'lll ~UJUJl ill 'fl 11'}j~trf1t.ul ':l :;;iJiJtl':l:;; ffl 'Vl riTu flnl.:JUn:;;ri .:Jrlltr .:Jtltl fl '\llm ~iJiJ 
u u '" 

tl':l:;;m'Vlri1'Uflm.:J fitl t-ff'Utl':l:;;m'Vl (nerve) ri1'UtlmtJffl'l'Utl.:Jt-ff'Utl':l:;;m'Vl fitl tlmtJtl':l:;;m'Vl (Nerve
q 

.J ~, 'jJ ""lfJ 'jJ 'lfJ 'jJ ',I ,I ~ 'jJ&

endings) Cb'.:J'iWIUiJ.:JmlJVI'Ul'Vl ~I'I 2 fl'llJ ~I'IUfl LlmtJLl':l:;;m'Vl':liJ'fl1llJtfffl (Sensory nerve endings) Un:;; 
, I. jJ 

tlmtJtl':l:;;m'Vl~.:Jf11':l (Motor nerve endings) tlmvtl':l:;;m'Vlft.:Jf11':l'\l:;;t95tllJl'ltlniJ!Cb'n~fl~llJti'1tl'b'{Jl'Il'll.:J '1 

11 ~ tl!Cb'n ~I'l tllJ~!'tJ 'U!"1fn ~tU1VllJ ltJ 

I 'JJ • I 

tlmvtl':l:;;m'Vl-n~tlniJ fl~l1JliJ tl (neuromuscular junction) '\l:;;tfll'lf11':l i1tlm':l '\llfltlmvtl':l:;;m'Vl~.:Jf11':l~ 
tI, v I • 

fl~llJtiJtl (fIl'W-n 1) f11':lvll.:Jl'U'Utl.:Jfl~llJtiJ tlmV'\l:;;f)flft.:J'\llfltlmvtl':l :;;m'Vl~.:Jf11':l II'IVf11':l ri .:J~l'Um:;;U(1
'" 

& ~d~ 'jJ c1 dI 

tl n m'Vl "1f ,H):;;! ':l lJ'U'U!lJ tl m :;;Ufftl':l ~ ffl'Vl (action potential) \jfl (1.:JlJWlllJt (1'U ltJtl ':l:;; ffl'Vl f11':l ttln V'U utln.:J'Vl 

iJ1ntu ri1'U tl mtJ'U tl.:J t-ff'U imJ ':l ~ TIl'Vl tr.:Jf11':l (presynaptic membrane) !I 'ft:;; ri1'U 'Utl.:JtCb'n ~fl~llJtiftl~t-ff'U itJ .. .. .. 

tl':l:;;m'VllJlir'U~1'I (postsynaptic membrane) !fll'l~'UIPl.:Jil (5) 

1. 'U~rH')! Presynaptic membrane 

,I 09'jJ ~'1 2+ lfJ 'jJ'
Ll':l:;;ffl'Vl (axon tenninal) '\l:;;'Vll ~VI voltage-gated calcium channels !LlI'I Ca '\llflflltJ'Utlfl ~Vlm'Ul(j 

, .. , 
~ & ,+ ct I 9 <jl ~ Q..I 

presynaptic knob f11':l!'WlJ'U'U'Utl.:J Ca- fIltJ ~'U axon termini ff.:JN'ft ~VI presynaptic vesicles t'b'tllJ':lllJfliJ 

plasma membrane (1l':l~tltl':l:;;ffl'Vl (neurotransmitter) 119i'wl acetylcholine ~'U':l':l~tl~fIltJl'U presynaptic 

vesicles \]fltl~tlVtltlfllJltr.:J synaptic cleft I9i'lV'UlJ1'Uf11'J exocytosis acetylcholine '\l:;;U'W~.ullJ synaptic 
, .., 

Q.) Q.) & I ~ <jJ ~ dlfJ 
cleft lJl'\l'UfliJ acetylcholine receptor "1f.:Jtl~'U'UN1'Utl.:J plasma membrane 'Utl.:JflmlJ!'Utl calcium ion 'Vl ~Vl1:'l 

!.ulri axon terminal '\l:;;f)fl~lJtltlflltl f11':l~lJn'U'Utl.:J acetylcholine ni.Jl9111'lJ vlll1i'!~lJf11':l~tll.Jlm:;;uff
'" '" 

(conductance) 1~V!tl~tJ'U!!tl'ft.:J ion permeability ri.:Jr.-Jnl1i'tfll'l depolarization ~'U1nill motor end plate U1:'l:;; 

.1"" .;:JI I .J 

, • y • • 

!1lJfl1':iri.:J action potential m:;;'\llVl'ltl '1 ltl depolarization -ntfll'lir'U'\l:;;lflI'lU'U'Ui1'Utu:;; !i'1tl.:J'\llfl 

' '". ojacetylcholine '\l:;;\jfl hydrolyze !Llt'lV'UtLl~j choline !In:;; acetate tlVl.:J':l11'll':i1 I'IV acetylcholinesterase Cb'':)lJ 

tl~1J1fl~ postsynaptic membrane Un:;; \]fl'U'Uri .:Jflr:riJ~ axon terminal !~tll~ff~1.:J acetylcholine ~'UlJl1mJ 

l'U!-ff'Utl':l~(1l'Vl un:;;lniJH1'U presynaptic vesicles (fIl'W~ I) (5,6) 

http:trf1t.ul
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2. 'lJ~nru Postsynaptic membrane 

" lfi~fll)'I1~19i1 (contraction) 'U€J\ln~l1Hi1€J 1~tJ!~€J acetylcholine lJl~'U nicotinic 

acetylcholine receptor ~'U~!1U1 motor end plate '\;hl,rlfi~fll)ILJ~V'lmU(l\l ion permeability 'U€J\l Na+ !!(l~ 
. " 

K+ l~vvhl..1' voltage-gated Na+ channels !tJ~ lfi~fll)l'11(l!.,Jl'U€J\l Na+ !I(l~'illmr'U voltage-gated K+ 

channels n'il~ltJ~ lfi~fll)l'11(l€J€Jn'IJ€J\l K+ m~!lb1'~€J€J'U (Ionic currents) 'U€J\l Na+ !!(l~ K+ ri\lj:-ml,rlfi~ 
.d "" "" & 11] , 1""1 +

depolarization 'Vl'U'H1U1 motor end plate !f)~ end-plate potential "1i\l'il~ AlJI1J~ voltage-gated Na channels 

.cl I ~d. cl 9JQ 1 11) C'.!. 1 I

'Vl€J~1n(l!rHJ\l I'UW:'W 1'I1!f)~ depolarization \9l€J '1 !LJ !f)~fll) ~ \l~€J action potential !!(l~ action potential 'il~ 

()f)"ff\lm~'illu"lLJ\9l1:IJ sarcolemma l'U'VlnVll'l''Vll\lH(l~(l\llJlV\l T tubules 1'111..1' calcium ion f1nuri€Jv€J€JnlJl 
.. q .. 

'illn terminal cisternae 'U€J\l sarcoplasmic reticulum (SR) l.,Jl~ cytosol lu~'Un'U Troponin C ~\lltJ'U 
1 '" .d '9 W 9 W ~ & 0 9 W ,;,. '" ILJ)\9l'U'Vlu)~n€J'U€J~ l'Ulb1''U IVnm:IJI'U€J "1i\l'Vll I'll Tropomyosin 'U'U Actin filament 1'fJ1:'\€J'U\9ll Irw myosin-

binding sites 1'11111' Myosin filament l.,j'llJl~'Un'U Actin filament 1!(l~~\llLJ1'U!!'Uln(l1\l'IJ€J\l sarcomere 1'11 

" " 
l11'mrllJli1€J!fi~fll)'I1~l9il 'illnt!'Ulfl~fll)LJri€JV'Wcl\l\ll'UD€JnlJl Itlw-ml'11' Actin !!(l~ Myosin filament Iwn 

cv <J}I Q..I9J Q) cl Q.I CliQ)Q) 

tJ€Jn'illnn'U !l(l~I'lJTQ)~V~'Wn m)~~'U calcium ion V\l'fJ\l"Q\l Actin H(l~ Myosin filament n'il~n(l'UlJl'il'Un'U 
, " , 

lmJ IlJ€J action potential iY'Ub!~ )~I'11J calcium ion (l~1'11(l\l calcium ion 'il~lwnl9il€Jtln'illn Troponin C 

" " " !!(l~f1ntllJntl1Jl~lri SR Actin l!(l~ Myosin filament ntl1J!.,j'lriflll~LJn~ fll)'I1~l9il'IJ€J\ln~llJ!i1€JiY'U~~(l\l
q,J 'U 'U q 

muscle fiber flmvl9il (fllWVi 2) (5, 6) 

Vl~ €Jtl nt)'Vl iv'll g\lumvu) ~b1'1'Vl ~ ~ tl f)1Jn~llJ!if€J 1~V€Jtl nt)'Vli~1J~I lUI presynaptic 
" w , " w • 

I9ilm!l\lI'!5'U Botulinum tox in €J€Jnt)'Vl1lV1JV\lLJmvLJ) ~~l'Vl'Yi~€Jn1J n~llJli1tl l~VV1JV\lfll)LJri€J[ml) iYtl 

U)~~1'Vltl€JnlJ1'illn presynaptic axon terminal l~V~1Jf)1J neuronal acceptor 1J'U nerve terminal axolemma 
" , 

!!(l~I.,j'llUV\l nerve tenninal 'illnt!'Ulfi~fll)!U~V'U!!LJ1:'\\ltU~l\l (conformation) l'Uril'U heavy chain 'U€J\l 

o 9 'jJ , II] n 1 '9 '9 W 0 & 
toxin 'Vll 1'I1~1'U lignt chain !U€J~ I'U cytoplasm b1'\lN(l I'll metallo-protease 'Utl\l light chain 'Vll\ll'U "1i\l'il~ 

tltln\]'Vli~ SNAREs proteins l'U nerve tenninal 'lfl1~'lJ€J\l SNAREs proteins Im~1'11I!'l1t1\l'U'U SNAREs 
, <I!J iI iI 

d 111,..1 a. Q.J & Q.I I 'J) de? I q 'jJ

proteins 'Vl toxin IlJtltlnt)'Vl1i'U'U 'U'Un1J!!\9l(l~ subtype 'U€J\l toxin ~lm'l1IfJ'U'il\l~\lN(l!'I1 synaptic vesicles 

lJJ~llJl)fI!~€JlJ)llJl.,j'lf)1J plasma membrane ~umvLJ)~~l'Vl V1J6\lfll)LJritlVm)~tlU)~~1,\'l 1'11111'lfi~ 
" , " 

fll) V1JV\lUmVU)~(l'l'Vl~IPl€Jn'Un~llJli1€JIPl€J lLJ (7) 

Q) I I J/ c:! ~ c:: v ~ 
IPIl€JVl\lI'l5'U Tubocurarine chloride "1i\l11l'U competitive neuromuscular blocker 'Vl!ll'UVlflmVnmlJ!'UtJ H(l~ 

Ifl v\1nt.11lJll~~ llJ f)1JVl ~(l1JntJ'U1'11nl) r·hil~ 'il~ €J tJ n \]'Vlil~VWJ\l <D1J n1J acetylcho I ine receptor ~€J~'U'U 

motor end pla te ~\l acetylcholine receptor u)~ntl1Jlu#llV 4 subunits j!]€J 2a, ~, y !!(l ~ 8 u)::;n€J'Un'U 

ItJ'U pentamer 1J~!1ru~ acetylcholine l.,JllJl<D1Jj!]tl a-subunits ~\lltJ'U1Ji,lU1~ tubocurarine l.,JllJl<D1J#llV 

1'!5'Uf)'U !!~ subunits g'UnlJN(llPltlfll)<D1J#llV illtJV1\l1'l5'U a-subunits I unit ~llJf)1J y-subunits 1'111'11'fll) 
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" 

;ijUrlU acetylcholine ~':]~'W lll'i01 (X-subunits illJrlU 8-sllbunits l1~,;h'111f)1');ijUrlU acetylcholine ~H'I':] 

, 	 , " ct 	 .c1 'iJ & d 1 ' ,
b'W adult muscle y-subunits l1~~flU'Yl'W'Yl~l(J c-sllbllnits C)5.:] c-sllbunits 'W11~ 1(9)'C) tubocurarine lJ1flfll1 

fll1 !Ie).:];iju rlU acetylcholine receptor u",r11 i 11VU 6.:] f)1'),1\ 1,:] 1'W 't) 'C}.:] acetylcho line cB.:] 11 ~ 111i ,r1lilnlPlf)1') ri.:] 

" action potentiall'i'C}hj1~ ri'H'H'li11fl~llJliJ'C}1lilnlPlf)1'j'\11P1~1 (8) 
V I " • 	 4' 

'W 'C}fl111flU tJl'YllJ rH'lI'i 'C} f11') '\1 IPI~l'U 'C}.:] fl ~1WiJ'C}'YlU~ntH postsynaptic 1IPIV'C} 'C}fltj'Yl~11P1 V 

• 'V ,J 	 d 'V ~ dCj 9J 

(9)'j':]'YlmmJl'W'C) 	 ~1'C}V1':]li'W tJ1 Dantrolene Sodium (hydantoin derivative) lD'W(J1f1m(Jf1mlJl'W'C}'Yl!'l5 

d 'j} ~ d~ dJ cl d ~ 
mUr:!lJf11'j'\1lP1lf1'j.:]'t)'C}.:]flmlJi'W'C} 'Yllf1Vli'W'C}.:]:JJl111flf11'j'\JllPlll1U'Yl spinal cord, stroke, cerebral palsy '\1')'C} 

. .. 
~ "l V}-j ~ 	 ~ v 

& ""1multiple sclerosis W;l~tJ.:] b'l5lJ'C}.:] fl'WH(t::;'jfl'l:l 1 malignant hypetihermia IPI1V C)5':]'C}'Clfltj'Yl1l IPIV'jUf1J'Wf11'j 

... I ' ?+ 	 d I 0 '1 <j} Q 0 9 9J Q

u(t'Cl(J Ca- 111fl sarcoplasmic reticulum H(t::;mm(9)'C} CNS 'Yl1 'I1ifllPl dtwNsiness, dizziness U(t~'Yl1 b'l1ifllPl 

The Neuromuscul1ar Junction 

Axo.nof motor neuron 

~ onpot ntMyelin sheath 

Terminal button 

vesicle 01 acolylcholiM 

Muscle fi~r 

Acetylcholinesterase ---..... 

ChemlcoUy 9~ted calion channtl , 
UolO( end pl\lle 

.fll'VHllf) www.colorado.edu 
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fll'VHllfl http://thebrain.mcgill.ca 

. ". 
fll'VfYi 2 m~1J1'U f11)'I1\Pl1'i1'lJtl.:Jfl~llJ!~ tl'l1~.:Jf11) ih)m~!tG1''Lb~m'Yl 

" .
~'l:l~ 'Lb~fltl1J~lvltl)~'U!~'Ubhulm1i ~i1'.:J enzyme !t1:t~ toxin l\Plvi1'lltlenzyme l'U~'l:l 

~ . " 
Q 0 9 Y tt:t ",I d ..::::1.t:=:!o ..ti 

~'il~tltlfltj'Yl'li I) 'Yl1 ,'I1'111:ttl\Pl!1:ttl\PlHtlmQ'W1~'Yl (local capillary) wtJ'I11m!1:t~!f1\Pl!'Utl~lV (tissue necrosis) 

l~!tri proteinases, phospholipase, arginine ester hydrolase !!1:t~ hyaluronidase !~'UI'1''U 2) !tI~V'U!ttl1:t.:J 

m~1J1'Uf11)u~.:J1'i1!!1:t~11l!!~.:J1'i1'Utl.:J!~tl\Pl l~uri proteinases 'b'i'J\Pl~1.:J "1 !!1:t~ phospholipase A !~'UI'1''U 3) 

imJ1 hl!fl\Plfl11lJ~'U~1 (hypotension) U1:t~m1lJ!~1Jtl1\Plmh.:J~ 'UII) .:JB'U!dtl.:JlJl'illfl vasoactive peptides 

I d jJ d'Q.J ..::::1 d! ~d J cl 
!'b''U kinin-releasing enzyme (kininogenase) !tI'U~'U 'Utlfl'il1fl'UV.:JlJ enzyme tl'U "1 'YllJf11)'j1V.:J1'U11!'U'U 

II,.. 1 ~ ~I.t:=:!o I , d! ~ ~ jJ 

tl.:Jflu)~fltl1J'Yl!u'U'W'l:l !'b''U 5 -nucleotidase, phosphodiesterase !!1:t~ enzyme tl'U'Yl!f1t11'Utl.:J, cholinesterase 

d 9J I I VJ d d ~ Q.I 1 del jJd

!!1:t ~ L-amino acid oxidase !U'U~'U !!~tlVl.:J l)fl~llJm1V.:J1'U!f1V1fl1J enzyme l'I1m'U'Yl!Wfll\Pl!U'U fractions 
Y ,., I I 

I\PlV1TI chromatography U1:t~ electrophoresis tJ'U 11lritlll1!fl\Pll~'l:lmh.:J~'U!!) .:JO.:J~'U!~tI;l~ !'I1VCl.y;\lfl~~'l:l 
<V d dG d. 'J} GJ '" \1 d ') G & ~I

fl\Pl 'il~! G1'V'b'l~! 'U tl.:J 'il1flflTllJ 1:tlJ l'I11:t 1'Utl.:J) ~1J1J'I11 V,'il '11) tl) ~1J1J 'I11:tIlV'U, 1:t'l1~ 9f.:J!u'U H1:tlJl 'ill fl f11'j 

o d! ~ Q<I"~ .:t! cf 
'Yl1.:J1'U'Utl.:J neurotoxin, cardiotoxin, coagulation factors U1:t~G1'l'jtl'U "1 'Yltltlf1t)'Yl'li!\PlV1 "1 'I1'jtltltlfltj'Yl'li 

<I" ~. • 

~11Jf1'U tj'Yl ~'Yl1.:J !flbr'lllYI Vl'U tl.:J~'l:l ~~ tilbl'UtI)~m'Yl !!1:t~fl~llJ!~ tlC{l.:Jlj H1:t!f1 V1.utl.:Jf11J'j ~1J1J'I11 V 1 'il ljfl11lJ 

ci11J~tl'U!dtl.:J'il1flf11'jtltlfltj'Ylt~llJn'U'Utl.:Jtl.:Jrltl'j ~ fltl1Jl'Ul~'l:l~ !'If'U membrane toxin !!1:t~ phospholipse A 

" " 
tll 'il 'il~ljH 1:t~ tllm.:J G1'~l.:J'Utl.:J!bl'UtI) ~ m'Yl!!1:t~fl"11J!11tl !! 1:t~ neurotox in lj H1:t l'U f11'j EJ1JtJ.:J f11'j bi.:J H1'U 

. ." 
m ~!!G1'tI'j ~ m'YlVi1J~!1ill tl1:t 1vtI'j ~ m'YlVi~tlf11Jfl"llJ!~ tl neurotoxin mj.:J l~ 2 presynaptic 

') '~I ' '" neurotoxin !!1:t~ postsynatptic neurotoxin I\PlV postsynaptic neurotoxin !!1J.:J!u'U 2 mpJfltl short neurotoxin 

& d & d 

9f.:JlJ 60-62 amino acid residues (4 disul fide bonds) U1:t~ long neurotoxin 9f.:JlJ 71-74 amino acid residues (5 

Q.lQI ~oQ VJjJ

disulfide bonds) postsynaptic neurotoxin 'il~'il1Jfl1J acetylcholine receptor 'Yl1J)llill motor end-plate 1\Pl 
. ." 

tlV1.:J! 'ill~ 'il.:J!!1:t~!rt'WV1!tU'U C{I.:J 'il~ {1 tl.:Jf1'U III111!flIPl depolarization eJ'U!~ tl.:J 1J1 'il1fl acetylcholine EJ1JEJ.:J f11 'j 

http:http://thebrain.mcgill.ca
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~tlm~II'ff1J:i~m'Yl (?'l1mh:H'lf'U Cobrotoxin ~tltlfll~U1flVjEJ~I1'hlA'1'r)'U ~l'11hJ presynaptic neurotoxin 

tJ':i~fltl1J~-JV polypeptide chains 2 'Il't1<f1~'l~mjjtl'Un'U ~tl A chain ~.:Jlj 120 amino acid residues U[l~ B 
d " , 

chain lj 60 amino acid residues presynaptic neurotoxin tltlfll)'YlTI1<f1t1eJ1JeJ.:Jfll':i'l1".:J acetylcholine u1fl 

" 
motor nerve tenninal 1I[l~eJ.:J'W1J phospholipase A2 activity 'iWmllfli1 presynaptic neurotoxin 'lJ1.:J'Il'U<f1 

d'~1 09~~ ~ rjJ • 

mlJl':itltltlfll)'YlliTU'W myonecrotic toxins 'Yll ~'I1!f1<f1t'Wtl\PI1t1l<f1 1'l1mh:u'lf'W ~-Bungarotoxin Yhltlfll~u1fl 

VjEJ~ff111m~t111II'i''\1')'W (4, 10) 

illVHllO http://202.28,50A5/-neebio/biodiversity/show II.php?Page= 15 

fll'WYi 3 ~u.:Jm.:J (Ophiophagus hannah) 

Ion-Exchange Chromatography 
" , 

'11" flfll':i'Utl.:J fll':i lIt1fl ff1':i 'il~~'W n'lJ J:Yll'W ':i ':i f1fll'W 'U tl.:J 'l t)"ew'W1'W ff1':i [l~ m t1n1J 1 tltltl'WYilj tJ ':i ~ u 
q 

QJ Y .& , d Q .1 I QJ ~ '" I v cl ~ cj ~ .c::. 'lJ d 
\PI').:) fl'W 'U 111 "Ii.:JtlQ'Yl N1'Utl.:J tl"i fftlQfl'lJ1'1 ion exchanger u ':i~ fltl'lJ<f11t1'U tl'ltt '\J 'I 'Ylll'l 'W~ 'W "Ii '1tJfl\PIII mu~t1J 'W 

"nf1!':i~'W (resin) ~lj ionic group ~tltlQ~1t1~'W1i~'Yl1.:Jtfllj t~fflfI~tl'W~tJfl~II~1u~Hff1':i[l~mtlD"~t~tl{ 

(buffer) ~.:JtJ':i~fltl1J~1t1 counter ion ~ljtJ':i~U\PI':i'ln'W'U111n1J group ~C:Hi1J'Wth'Utl'ltl1Jfllfl~'lJ':i':i'iltlti J'Wn 
q q,J '1 q cu 

~tl I tltltl'W 1'W!'l"j fflfI~tl'W ~ 'il ~lj tJ n~m{1 tl'W n'lJ I tl tltl'W ~A'tl'l f11 'HltIfl ~ 'II tl tltl'W 1'1'1 flri11ti'il~)111 n'lJ group 

~tl ~'lJ'WN1'U tl'l t ':i~'W1wrf1'l:lru~ t~'W ion pair tvi f.l'I.11l11'tJ':i ~~"f'1'1111<f1{) Ql 'W fffll1~ ffll~ [l fll':i II ~ '1~'Wn'W 

':i~'I111'1ltltltl'W1'Wm':i[l~ mtln1J counter ion 1~{)l~lmtl1Jm tl'll'lllmU'l~ljtJ':i~ 'il1J'W ~h'Utl'll ':i~'W 'il~ljN1.n11
" . 

q 

,'IV"> c!/ c!/ 0 'IV' v ""'IV "l 
~'I1!fl<f1fll':itl<f1lf11~'U'W ion exchange chromatography \]fl'W11J1 t'll'tltl1.:Jf111.:J'U11.:J l'Wtl ~'Il'lltlfl'W1flltleJtl'W'U{).:J 

1 (1'11 ~ ll(l~eJ.:J1~tJ ':i~ 1 t1'1l'ul 'W fll ':i tltlflff1 ':i tJ ':i~ fleJ 'lJ'Yl N9hfll'W~[l ~mtll'W1f11~Vfl~1 tI l'lf'Wlwfl'W1fl1 tJ ':i~'W 
1I(1~m<f1tl~m'W I~'WA''W 

Size exclusion Chromatography 

1J1.:Jflf'll~ t1fll1 gel Penneation Chromatography 'I11tl Gel filtration Chromatography fl(l 'l flfll':i 

lltlflffl'l 'il~ t~t11~eJ.:J n'lJfll':i ~ ff1':i 'il ~ \]f1l~ tlfll11'll'W ~ H1 'W ~ 'l'q 'W 'U tl'l packings ~ lj "flEJru~l~'W network 3 iJ~ 
.1 d ~ d ..d.c::::l .& d cj if d ..:9Q

ll(l~ packings 'W m u 'il~tU'W 'W 1fl gel 'I1':i tl'U tl.:JII 'U .:J'Ylll ~1"j ~ 'W "Ii·:U1J'W '((1 ':i tJ ':i ~ fl tl'lJ tl'W'W 'Yl ':i tI fll':i'Yl m ':i u~\] fl t1'fl 
, 11 iJ • • 

m.w t11l11' tl til '\.j fI tl ~m.J'W 1'W '11 ~{) IlJ t1'W ~ 'W tl tl n'lJ 'U'W 1<f1 'U eJ '111J 1(1 fl (I l{1 {)lVi tl1Jn'lJ 'U 'W 1<f1 'U tl 'I ':i 'U eJ 'I tl 'W fllfl Yi tl fl 
~ 'U q 'U q 'U 

'lJ ':i ':i 'il tltil 'W fI tl ~llU 1111(1 fl (I l~ fl ff11J1 ':i tl~ 'il~II'W ~ H1'W l.u11tJi 'W ':i ~l~ fl 1111(1 fl(l~ lj 'U'Wl<f1 ~'1 flm'lllJim;UlJlfl 
q 4J q 4J q U 

I V d QJ ~d 
t1fl 'il~II'W ~ r'll'W 1 ~m'W1~1J1'1 ri1'W'U eJ'I':iYi mii 'W eJ'Wfllfi l vi 1t1'W l!'fl~ 'il~tl fl fl<f1fl'W 'ill m 'Ylm fllJl f1 '1 €11'11 i''lJ 

'U 'U q 'U <u 

http://202.28,50A5/-neebio/biodiversity/show
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1lJl(1fl(1~~'lJl.n~ h!UJlJ1fH)~t1fln~nl.Hltlfll tl lW~hi t1 llJ1'j t1U'W~h'li'l '1 tll.'U 'j l~ ~,nf'U 1lJWfl(1~~'IJ'U l~ 
q u ~ cu q 

9 I ~ d QJ dd QJ ~ d

!'I1t1J'il~l~'U'Vll-:Jl'jllJ1fl lW~'il~tltlfllJ1'illflfltl(1lJ'Ulll'U'WlflU'Jfl ~-:J'U'U size exclusion chromatography 'il~lJ 
. " 

tl'j~ 1tJ'lit.hJlflifl'l1~'lJfll'jWJflt1l'jYii'hh'\1'Wfl1lJl(1~(1~-:J l'l1'U polymer U(1~ biopolymers tltlfl'illfl1lJl(1f)(1 

" " . 
fi tl'U 'li'l-:J~ t11lJ1 'j t1 uHmJrUtJ l~l'lf'Ul~ tJln'lJ'll'l,il H~mJrutJ'Utl-:J -:J 'il-:J tl1 -:J 'il~l~ flflll-:J l t11lli ellYieJ1Jn'U19l11J 

q <u cu cu 

" " iY~HY1'U u:JdJtJ'\Jtl-:J~'il-:Jtl1-:J hli'imtJ~tlfl~'Umjl-:Jl'U~lt1l U~'il~i'imtJ'ill-:J "1 'Wl~\9l1lJ'lJ1Nl~'U'lJ-:J "1 U'Vl'U 

C1" Q.Jd. cl (lI 1.0. I 131 Q../ cl I cl 1~ d.c" .:Ld.. do 

'U tl fl 'illfl'U -:J 'il-:J tl1 -:J tJ -:J lJ lfl (1 ~'lJ 'U 'I11fl 'W mfl I fI tl tJ ~ l'U '11 (1-:J'IJ tl-:J lfl (1 ~ fl'j ~ 'I1lJ tllJ lfl (1 ~ fI 'W lf1'fl 'U lJ'liell 'j tJflll 
cu 'U <u <u <u 

occipitals ~-:J l'U~lt1l'il~ 1:J~lfl~~~if ~ 'il-:Jtl1-:Jl~'U~~tltlfl'\11fl'U l~~-:J1'\.Ulmflm-:Jl'U~u~~ 1:J~tl'U ~~U(1~ l'U 

n(1Wm'lJ~l tl1'\11'j'l1~flfltl-:J'liU~~'U "1 mJ'fl'j~.,t-:J-:Jm ~tllJ~~ll:J hl'WflnlfltJ'W'lJlll~'Umttl'IJtl-:J-:J'il-:Jtl1-:J 
"" " 

" " 
'U tlfl'illflfl'U-:JU~l 1I1-:JfI ~-:J-:J'il-:Jtl1-:Jtll'ilfl'U iY\9l1~ l'Wlfl\9l~fll~ fl-:Jnl ~flUfl l~'U tll111'j fll'jU'jllj~fl'j~ 'illtJ'lJtl-:J-:J 

<u <u q <u 

'il-:Jtll-:J1'Utl 'j ~ lYlfYl 'VltJ'W'lJ I~l 'Ii ill'Vl flfllfl UI'1'W 'lJym hllJ1fl flll -:J 'il-:J tll-:Ji'i-Wfl'Vll-:J 'j ~'lJ 'lJ'tb~ t1l'Vl~'j'UU 'j-:J 
q '" q . " 

lJ1fl dJ'e:Jt1fl-:) 'il-:J tll-:Jn~ 'il~lfl~tllfll'j fl~llJltJ mltl'U U'j -:J m!-:J\9ll~fl 'W~ llii~ fl~'U ~lmfl l~t.HllJ'WWl U(1~
'" '" '" • ~ 'j,I I 'j/ 

'I1ltJhltl.:Jl:Jl~ (! /) ~'il-:Jtll-:J~ neurotoxin l~t.j hh~t.l11~flYiiJt)'VlTIiJ\JiJnJmfJtl'j~t11'VlVil'1ml'lJfl~lwtJtl 

. " 
i'i 'J ltJ-:J l'U fll'j UfJfltl-:Jr1tl 'j ~ fl tl 'lJ '\J tl-:J-Wfl-:J.. 'il-:Jtll-:J l~mj llJ1ftflfll ~-:JU 

I!]Vo Q Q 9J Q. 

Joubelt U(1~flill~ (/2) !~'Vllfll'j!Wfl toxin 2 'li'U~'illfl'Wfl~'il-:Jtll-:J~lm'Vlfl'Ufi ion-exchange 

chromatography 1~fJH1'U-Wfl~(1-:J'l'Ufltl~lJ,.r carboxymethyl (CM)-cellulose 1~~l'U'\Jtl-:J-Wfl~ 4 ~1'U ~1'U~ 
dI Q ~I "'" 0 11). I GJ $I "'" cf.J $I GJ $I "'" 

2 U(1~ 3 9i-:JlJmllJnJ'U'Wfl~-:J\lfl'Ul n_HWfl m'lJ'j'1lYI1i'\Jt.l~lfJfll'j !'lil'Vlflt.lfI gel filtration chromatography 

1~fJl~ Sephadex G-50 l~'U~lflm-:Jl'Ufll'HWfl ~1'U~ 2 lWfll~ 4 ~l'UVtlfJ ~ I ~l'UVtltJ~l~'U major toxin 

(toxin a) ~1'U~ 3 lWfll~ 3 ~l'UVe:JtJ U(1di I ~l'UVtlfJ~l~'U major toxin (toxin b) Toxin a U(1~ b ~!Wfll~ 

i'it11'l1l.!fl1lJl(1f)(1 7,800 ~1(1~'U lntl\9ln'ilt1tl'lJ~lfJ1TI sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis (SDS-PAGE) lw~i'ifilfllllJl~'U~~fl (Lethal dose so' LDso) lyiln'lJ 0.3 U(1~ 0_35 llJ 1mfl~lJI 

fl ~lJ l~l1lJ ih~'lJ 

l!J'iJo ~ CjJ Qd 1 I 

Tan lW~flill~ (!3) !~'Vllfll'jUtJfl'Wfl~'il-:Jtll-:J~lfJl1i ion-exchange chromatography !~tJH1'U 

-Wfl~(1-:J'l'Um)~lJ,.r diethylaminoethyJ (DEAE)-Sephacel i~~l'U'\Jtl-:J-WEJ~ 6 'fl'U Vllfll'J'\11 enzyme activity 

l'U~lt.l'\Jtl-:J-Wfl-:J~!Wfli~ 'W'lJll ril'U~!~t.l major lethal toxin mn'Uril'Utl'j'~fltl'lJVtlfJ~ I ~-:JiJ activity 'tItl-:J" .. 
5'-Nucleotidase U(1~ Phosphodiesterase 
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i 
~o ~ 

Chang Ufl~flru~ (14) 'fl'Vllf)1'Wtlf) postsynaptic neurotoxin ((X-neurotoxin) 1l1f)'Wfd.:l
'U 

\l ,:nn.:l1'fltl1i' sulfopropyl (SP)-Sephadex C-2S, Sephadex G-SO, CM-S2 !W~ Reverse-phase - High 

performance liquid chromatography (RP-HPLC) neurotoxin ~!Wf) i~!'Lh..j basic polypeptide ~iJ pI 

(isoelectric point) 9,OS lh~f)vD~1t1m'flv~iJlw 72 1P11 !!fI~ cysteine 10 ~1 toxin ~lwf)i~iJmlll 
~ ..::2 Q.I cl i V ~ c:i i~ .., &

flflltJflmmJ (x-bungarotoxin 'Vl!Wf) 'fl\llf)'Wfd~mllmfltlll 1Pl'l11UQ.:l 60% !!fI~iJflrubl'lliJ~1uf)1J"~'lJnD 

nicotinic acetylcholine receptor 'lJtl,rUm i'l1 fl i yJ'yh (Torpedo californica) 

i ~o ~ i~ , ~ 
Lin !W~flUI~ (15) 'fl'Vllf)lJ"WJf) neurotoxin 2 'liU'fl 'flUf) Oh-6A !!fl~ Oh-6B 1"llf)'Wfd.:l

'U 

' ~ 1 ..,d' ~ ~ 
\l'lVl.:l l 'fltlm'U'Wfd~fI.:l Ufltlflll'U SP-Sephadex C-25, CM-S2 !!fl~ SynChropa!cRP-P Neurotoxin'VlIWf)i'fl 

" lh~f)VD~1t1 m'flv~iJ1u 70 1P11 l!fI~ cysteine 10 1P11 46-S3% 'lJ'D.:l~W1Dm'fl'D~iJ1u1'U neurotoxin oWiJ 

V ..::2 Q.I at. .::!. Q.I 

mlllflfllUflfl.:lf)D Oh-4, Oh-S, Toxin a !!fl~ Toxin b \l1f)'Wfd~I'fltl1f)U 

1iI ~ dI ~I ~ 1 'd1 ~,Chang !!fI~flru~ (16) l'flUtlf) Oh9-1 'If'l!lJU neurotoxin 'liU'fl '1111 11 flHml.:llPll'l\llf) (X

neurotoxin 6 'li-W 'flll 
o 

i~iJf)lJ" IWf)1Jl!!~1r1VUmj'loW 
" 

0h9-1 IWf) i~\llf)'Wfd'l\l'lm'l 1'fltlN1U'Wfdfl.:ll'UflV~mr 
'" 

" 0 

SP-Sephadex C-2S Ll~ff1'U'U'D'l1~fd~ 9 ff1U \llm1'Uff1uYiiJ neurotoxin _a,ctivity t11hhWf)~tl~1t111i RP

HPLC 1'fltl1i' SynChropak RP-P i~ri1urj'Dti 3 ri1U ri1'Utl'DtI~ I Itl'Uri1U~!tlU neurotoxin !~m.'h"ltl'l1l 

" ~1~Dm'fl'D~iJ1u lm11'1.h~f)VD~1t1m'flv~iJ1u S71P11 Ufl~ cysteine 8 1P11 Oh9-1 m1JlJ"f1iJ'lJiJ.:lmJ"'I1'fl~1 

" 0 

'lJtl'lf)~11l!UVlltlf)~f)t111'flV carbachol IlDDlJtl'UmrDilli~ (irreversible) 1'fltliu~'lJnD nicotinic 
'U 

I v, " 

acetylcholine receptor II postsynaptic mlllbl'l1JlJ"tllwmJ"iJDiJ'lmJ"'I1'fl~lYi SO% oWfl'fl!'L1U 4I'Vll'IJ'D'l (X

bungarotoxin 

i ~o ~ 1 9~De P IW~flru~ (17) 'fl'Vllf)lJ"!Wf) CM36 \llf)'\o"Ifd~\l'lm.:l 'fltl A'li CM-Sephadex Ufl~ High 
o " 

performance liquid chromatography (HPLC) neurotoxin Yi!ltlf)i~iJt11m1f) 11J!fl~fl IS n1fl'fllfllP1'U iJ~l 

ml1Jltlu~fd 3,S ill1m f)~1l~m1U 20 f)~ll lriVQ 'fl~fd!.ul'Vll'l'l1 flV'flI~'D'fl~l~'I1l.:l'l1'U f)fI if)ml:l.J!tl'U~fd
'" '" 

2 " I'i'V'lVlftti Ca + !!~illl~'lJ11iJ phospholipase A2 activity toxin CM36 i1JiJrm~'Df)lJ"'I'11'll'U'lJtl'lf)~11JlUV 

'l111 \l'lJtl'l'l1 UIPl ~un illlirlfl ~'Dfl1111 ~W~V'fl 'U V'lU1l1!! fl ~ '11 'U 'lJ 11 u~li rlfl~ m~ DD 'I1l tI 1\l1 'U'I1W!J"'V1!W ~ 
'" 'U 'U 

'I1UIPl~1m 
'U 

He llfl~flru~ (18) i~'I'11f)lJ"IWf)ff1'U~fd~\l'lm..:J~1t111i gel filtration 1'fltlli' Sephadex G
"0 

SO Ll~ff1'U'lJtl..:J~fd..:J 4 ri1'U 1'Uri1UYi 
o 

4 li neurotoxin activity \llmrm'hri1'Ulli~iU!Wf)~V 1'fltl~1'U1'U 
'U 

AKTA Source IS S i~ri1'UtlVtI 9 ri1U 1'flVri1'U~ I O'l 6 i~'I'11111'D!bl''Vlf~'D~1t1 RP-HPLC bl''flVlltl'l~ (X. . 
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It! '31 0 "" & ~I
Pu 1I('l~flru~ (19) l~'Yl1f11':lfff)fj1 haIU1algesin 95.:J!lJ'W neurotoxin -niJ analgesic activity 

~lf)~fj~~.:Je:n.:J i~tI'Vhf11':l!Wf)~fj~~.:Je:n.:J~',ltJ Sephadex C-25, G-50 colurrm I!('l~ HPLC '111 hannalgesin lJ1 

'1~ffc)U analgesic effect kw hot-plate test ~.:J'\I'ju'h~lJ latency time 'Yl~ffc)U Rota-rod test '\I'ju':h 11lvh111 

!fl~ motor impainnent !l~h,lf11':l'Yl~ffc)U Maximal electroshock seizure test llh"lut)'Ylillc).:Jfl'Wf11':l9ff) 
~ ~ , 

dQ.l I ~ .c:! I d. gJ Q.I 

'WC)f)~1f)'WtJ.:J'\I'jU11q'Ylli analgesic activity 'tJC).:J hannalgesin lJff1'Wlf1tJ1'tJc).:Jf)U opioid !l('l~ nitric oxide 

1?l.:J~f)~1111~1 ~EJ~ ~ .:Je:n.:JiJ q'1 iru'W 'I'~EJ~ m ~U1J'l.h~ ~1'Yl iJ ':l1 tJ.:J 1'W f11':lftf)EJ1~fj ~'l5iJ~ 
~'W ':l1lJ~~'I'~EJ !lmlJ1J~iJ q'Yli!11 'W Vifj~ m~u1J'l.h ~ ff1'Yl i ~m~tJ1;]C)~ flU f11':l VU ~.:Jtl ('lltJtl':l~ ff1'Yl~~ C) flU 

~ " 
f)~llJ!iJC) ~~tl 

o & ~ I gJ ~ 
Reali 1I('l~flU!~ (20) 'Yl1f11':lfff)EJ1'''IEJI'IC)tl':l~ff1'Yl (neurotoxic) 1!('l~f)mlJ!'Wc) (myotoxic) 

'tJC)~~fj~!~l (Naja naja kaothia) i~tJ'Yl~ffC)ui'W rat isolated phrenic nerve-diaphragm preparation !m~ 

chick biventer cervicis muscle preparation 'Yl~ffc)U'\11 bioelectrical potentials !m~ phopholipase A2 

- " activity ':l1lJ~~ftf)EJ1 morphometry ~1tJf)~C)~~('l'Yl':l ':lfftJllff~ffl1~ '\I'j'Jl1~fj ~!~ 1iJq'Yl~Vuv~tlmtJtl':l ~m'Yl 

~~c)flUf)~llJ!ife:J i~tJC)C)f)q'Yli~ postsynaptic ':l1lJ~~'V~U phopholipase A2 activity ~~'\I'jUl1ijfl11lJ 
I 'lJ v • iJ 'lJ 

!f)tJ1;]e:J ~1~j f11 ':l VUV.:Jtl('lltJtl ':l ~ m'YlYl~c)flUf)~llJlU C) U('l~~ U'fl111J!11'W~lJ~c) f) ~llJliJC)~1tJ 

Cooper !m~ Reich (21) l~vhf11mtJf) neurotoxin ~1f)~fj~!r11'V~'W~EJ (Naja naja 

'31 0 '31 
siamensis) ~1tJ phosphocellulose, Sephadex G-50 1I('l~ carboxymethylcellulose 'Yl1f)1':ll'ln~ffc)U~1tJ 

polyacrylamide gel electrophoresis ~ pH 4.3 !W~ pH 7.0 neurotoxin ~f)~~'Qmf)~1tJ pyridoxal phosphate 

1'I11J~1tJf)1':l reduction 'tJe:J~ Schiffs base ~1tJ tritiated sodium borohydride f11':l~~'Qmf)~ toxin 'Y11il1m~C) 

fl11lJ!l':l~'tJc).:J~EJ 50% ~.:JV~fl~lIff~~q'Ylivu~~ acetylcholine ~U~nu! motor end plate 'tJc).:Jtlm'1'\1('ll~vh 
(Electrophorus electricus), rodents m~~ amphibia 

'31 0 Q 

Nirthanan 1I"~flru~ (22) '1~'Yl1f)1':llWf) mikatoxin (a-neurotoxin) ~lm~fj~ Micropechis 

gJ Qd 0 j.I .::lId 

ikaheka ~1tJ1li gel fil tration I!('l~ reverse-phase chromatography !W~'W1lJll'I ':l1~ ffc)U~1tJ1li SDS-PAGE, 

v " 
Electrospray ionization mass spectrometry !m~'\11 N-tenninal amino acid sequence ~lf)'W'W'Yl~ffc)U 

" 
enzyme activity '\I'j1Jl1'111iJ phospholipase A, - activity 

. 
I!('l~ acetylcholinesterase activity 'WC)f)~1f)tl'\l'jUl1 

v • v ~ 

mikatoxin ff1lJl':ltlVUv~tlmtJtl':l~m'Yl'ViI'ic)flUf)~llJ!iJC) iJqYl~ antagonism ~UflU postsynaptic nicotinic 

acetylcholine receptors i~tJ'Yl~ffC)ui'W chick biventer cervicis muscle preparation I!('l~ mouse phrenic 
, " 

nerve-hemidiaphragm muscle preparation t!~'lll'\l'j1Jq'YlTIVuii~ ganglionic transmision 1'W guinea pig ileum 
~ 

I!('l~ '1ll'l'~Uf11':l iiuv~ muscarinic responses i'W rat anococcygeus 

It! '31 "".d v .d v It! 
Rossetto Uf1~flru~ (23) l~':lltJ~1'Wf11':lfff)EJ1!f1tJ1f)U presynaptic neurotoxin !f1tJ1f)Uf)('llf) 

... 'lJ I 'iJ • 

f)1':lC)C)f)q'Yl~iiuv.:JtlmtJtl':l~ff1'Yl'ViI'iC)flUf)~llJliJC)i'W Clostridium neurotoxins ml~ Snake neurotoxins YliJ 
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phopholipase A2 activity Il'ltl'D~n~l'J~\llm\l{'ffvl'Utl\l toxin n1:'1"lnf111tltlntj'Vli tt1:'1~f111tJ1!tlli''Vll\l 

f1~t1n ~\I Clostridium neurotoxins iln1:'1"lnf111tltlntj'Vli~\I~n~lJHu~1~l\1~~J TI1'1111J Snake 

neurotoxins ~il phopholipase A2 activity n1:'1"l nf111 tltlntj'Vliu\I "lli'Vl111JU1-iil'l tt~tl1'D!~'U"ltl "l~';hilf111 
I ~ q I J:'U ')""" OJ 9 'j) "" d. 
,",JYI !YIU phopholipase A2 neurotoxin 'lfn~J1 !'I1tnl'lf111t'lftllJ11lJrl'U'Utl\l synaptic vesicles n1J plasma 

membrane Il'ltl"lliilflnfi~jf)~mY{'ff11'Y'/t~lJ (retrieval) toxin 'D~~1Jrl1J membrane v,h'U'Vll\l neurotoxin 
'" 

receptor !m~~~\9l~1:'1 (products) ~"l~'D1fltliJfWtl1 hydrolysis 'Utl\l phopholipase A2 'D~tl11Jltl~tI'U 
physiological function 1'U1t'U1'Vl1\1~ri\lt{'f1lJ111'!nl'l neuroexocytosis 'Utlfl'D1fllf fatty acid tt1:'1~ 
lysophospholipid ~\lfI1I'l11\JnN~l'lll'lti phopholipase A2 'D~!tl~tI'Ut!tl1:'1\1ttl~l\1!t(1~'I1U1~'Utl\l organelles 

~1\1 "l YltlQ1J1nru synaptic terminal 

Kuruppu U1:'1~f1ru~ (24) "l~~1f111Mfl1J1 presynaptic neuromuscular activity 'Utl\lv:iEl~ 

Glyphodon lrislis Il'ltl'Vll'l{'ftl1Jl'U chick biventer cervicis muscle preparation 'Vl1'lLl'tl1J'I11 phopholipase A2 
... v • ,.. '" ' 

activity tt 1:'1~ f1fl1n morphology 'Y'/1J 11v:ill ~il tj 'Vl ~U1J U\ltl (lltltl1~ ('f1'VlYll'itl rl1Jfl~llJ!{1 tlll'l tltl tl fltj'Vl ~Yl 

~I~I jJ ~gJ " presynaptic U 1:'1~'W1Jfl11lJ!lJ 'U'Wlll9ltlfl(lllJt'U tll'lltl 

Damico tt(1~f1ru~ (neurotoxic) 


(myotoxic) 'Utl\lv:ill~ Lachesis mula mula Il'ltl'Vll'lLl'tl1Jl'U mouse phrenic nerve-diaphragm muscle 


preparation U1:'1~ chick biventer cervicis muscle preparation 'Vl1'l{'ftl1J creatine kinase release !t(1~ 


£2 & iJ <jJ I ~ .:::s ..o:::),Q,I Q,f " " phophoJipase A2 activity 11lJtl\lfl'fllll morphometry 1'l1tlfl1:'1tl\l Light microscope 'W1J1W'Jll~lJtj'Vl'Btl1JtI\I 
• v 0' ' , 

.... 1 ... 1 d I Q.J jJ ~ ') ~d I V 9 iJ~ d 'jJ 'jJ .c!l ~I IIJ .... IIIJ <J} 

u(lltlu1~{'fl'Vl'Vll9ltlfl1Jfl(lllJl'Utl !l'ltltltlntj'Vlli'Vl postsynaptic t!l9ll9ltl\l 1 'lf'V'jll~'Vlfl1llJt'UlJ'U'U1:J:\I 'D\ltu'U IU II'l 

11tl1'D tltlfltj'Vli~ presynaptic ~1U tt 1:'1~'W1J 11'l~1l ~il m1lJt~'U~ll ~tlfl~llJtiftl 

" " " Fontana Un~mll~ (26) 1~~ 1f111 'Vll'l {'ftl1J t)'Vl1j tt(1~ f1nllln 1:'11 nfll1 tl tlnt)'Vl1j U1JU\ltl (lltl 

. " 
tl1~{'f1'VlYll'itlrl1Jfl~llJt{1tl'Utl\l~llUlJ\ll,JlJ Theraphosa blondii l'U mouse phrenic-nerve diaphragm ll'ltl 

<I 'V , 'JJ • 'JJ 

"" OJ OJ n I n I C1' '" 'j) "" "" 'j) 'jJ n I 'j) iii n.I_~ 'j) 'j) "" 
'Vll'l ('ftl1J t)'Vlli tl1JtI\lu(lltlu1~Ll'1'Vl'Vll9ltl fl1Jn(lllJ t'U tltlJ tl m ~~ 'Ut{'f'U u ':) ~ {'fl'Vll'lltl Il"l~1 tt1:'1~m~ ~'U n(lllJl'U tl 

. " 
Il'ltlI9l1\1fi'ltl"lyjVj1 u1:'1d'l'l Intracellular bioelectrical potential Yl1J1nru endplate 'Utl\ln~llJ!{1tlm~U\l1:'1lJ 

'W 1J11v:ill UlJ\ll,JlJlJt)1'lf U1J 6\1 tl (lltltl ':) ~ ('fl'Vl~~ tln1J fl~llJ tiftl tt1:'1~ \J fl~1'U tj'Vl ifi'ltl neostigmine "lfi'!~flUtltl 

. " 
tiJtl~l fll<j ~l\1V:;ll tltl fl "l,J n ~llJ!{1 tl{'fllJl) tln~1JlJl'l1l'llii11~,j1\1t~mrtltl U~.wll UlJ\llJlJ "lliil r-.la ~ tl fll)'I11'l1ii 1 

q 

'j) ,J d. 'j) 'j) ,J ') 'j) iii n.l _~ . "I ' 
'Utl\lfl(lllJ!'Utl!lJtlm~~'UflmlJ!'Utl !I'lCJm\ll'lltl 1l"l~1 membrane potential 'Utl\l muscle fibers blJ\Jfl 

ttl~tI'Uutl a\l"l tlll'l Uv:ill UlJ\llJlJ U~~'I:l ulJ\llJlJil~a l'U f1111:'11'l endplate potential ttn~~ ll11''I1lJl'l "l tll 'U ~ '!I'l 
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ff fl1 f1l'l5WI "hw 

'" " 'J}2.1 m:lCllJl.JllflJ Econo-column (Bio-Rad, USA) 

2.2 Spectrophotometer Becman coulter DU650 

2.3 Fraction collector Redifrac Phannacia Biotech 

2.4 Gradient mixer GM-l (GE-Healthcare, Sweden) 

2.5 Q-Sepharose fast flow (GE-Healthcare, Sweden) 

2.6 SP-Sepharose (GE-Healthcare, Sweden) 

2.7 Cellulofine GCL-IOOO super fine (Seikagaku Co., Tokyo) 

2.8. 'l1~LfI~B.:JjjtrtinY'r'lJvll~l~fl1\91'J 1~~cliff !l'lJ'lJ slab gel (Hoffer, USA) 

" , 'Ii 

'l1m~\J1j Swiss albino mice l'Wrr~ ih'l1'Wfl 30-40 fl1lJ r:1.:Jc11mllflmnUlbl'lJfl1 fffl1f1l'l51~i'V1tI 
~ ~. 

<V Q.J 0'. 0 ~ rI (V 0' 0' cI -C:I Q.J 

(1Jl\9l'J ~ 1l.J GMP) 'W fl ff\9l1flB~1YIlf1l'J 'VI ~ ~ B.:J'VI~rU{JbI'\9Il'V1~ ~ B.:J fI U!::; ll'W'I'Wfflbl'\9I 'J ~ Hl ~.:Jf1J ru lJ 'l1l1'V1{Jl~{J 
'1J •• 

(llWl'J]"l'U SPF) 1~{J!~eJ.:JYifJru'l1r;]1l 25°C fl1{Jll'i' 12 il1lJ.:J light/dark cycle 1~{Jili~ln~m'l1lm~::;t.Jl 

4.1 'l1~fJiJmru Organ bath lL'lJ'lJ Double Walled Harvard Type '\J'Ul~ 25 ml 

'Ii 

iJ'J::;flB'lJ<fi'l{J'I1~B~lLnl 2 'li'U ii'lfB.:Jlll~lt1 Gas Carbogen (95% 02 + 5% CO2) 1'l1~ril'U 
'1J ~ '11 v. iJ V • 

'j)' <V '1&9g) 0 Q.lo:::S ~~ Q.I Qot!] d I~ 

L'tIl~'l5l.J !'UCJJ.:J !'l5'lJ'J'J~ Physiological Solution bI'l'l1'J'lJW{J.:JLl.JBWB 'l5l.J'UBfllJl.Jl !'I1~n{J'UtlQI'Wtlm'lJfJll 
• v •I 

fJru'l1r;]ll'tltl.:J Oxygenated Physiological Solution Yitl~i'Ulult1f1.:JYiYi 37 tl.:JrrlICJJ~I;tJbI' \9I~tl~f1l'J'VI~~tl.:J 

1~{Jli Thermo regulating water pump 

'" C'J4.2 ().:J'lJJJ~f1lCJJ Carbogen (95% 02 + 5% CO2) 

11 

http:l5l.J'UBfllJl.Jl
http:1~{Jili~ln~m'l1lm~::;t.Jl
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~ Q.I & Q.I I 

4.6 lm{)~'lJ'W'I1f1t'1"t1!t1!ltlH!t1~!!t'I"~~~rfl~'U Biopac Lab Pro MPI00 

4.8 Suction electrode llt1~ unipolar electrode 

.c::::l.d9 ~ .c::::l 

5.1 t'l"l"HfllJYl ~'lfl\Pl1t1lJt'I"11t1~ml'J Krebs solution 

- Sodium chloride (Merck, Gennany); Potassium chloride (Merck, Germany); Calcium 

chloride (Merck, Germany); Magnesium sulphate (Merck, Germany); Potassium dihydrogen Phosphate 

(Merck, Germany); Sodium hydrogen carbonate (Merck, Gennany); Glucose (Meck, Gennany) 

5.2 Acetylcholine iodide (Sigma, U.S.A) 

5.3 Tubocurarine chloride (Sigma, U.S.A) 

5.4 Trisma base (Sigma, USA) 

5.S t'I"11lfliJ~1~~1v!~'lJf)11l\Pl~t1lJ gel electrophoresis 


-acrylamide , Bis acrylamide (Sigma, USA) 


-l.875M Tris-HCI pH 8.8 


-1.875 M Tris-HCl pH 6.8 


-Sodiumdodacyl sulfate (SDS) (Sigma, USA) 


-Tetramethylethylenediamine (TEMED) (Sigma, USA) 
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-ammonium persulfate 

-Electrode buffer pH 8.3 : 0.025 M Tris, 0.192 M glycine, 

-Sample solution: 50% sucrose, 0.1 % bromphenolblue 

-Staining solution : 0.2% Coomassie blue R in 

acetic acid: methanol: water = 7 : 46.5 : 46.5 

-Destaining solution: acetic acid: methanol: water = 12.5 :25 : 62.5 
.....-1 

-ll.h~hnJl\Pl)jlh1 Kaleidoscope Prestained (Bio-Rad, USA) 

~ ~ 

i.h~fH)1JJ{ ..:W myosin 'ihrn1nhml~~ 210 nh~l~~hI) beta-galactosidase 'ihrnJn 
~ 

1:IJ!~~~ 131 nh~l~~'ij, bovine serum albumin t.J1'11l1n1:IJ!~~~ 89 nh~l~~hI, carbonic anhydrase 
~ v 

,11'rn1n 1:1J!~~~ 41.3 n1~~1~~hI, soybean trypsin inhibitor t.Jl'\1t!n 1:1J!~~~ 31.8 n1~~1~~hI) lysozyme 
v ~ 

.. :. ....tll'\1t!n 1:IJ1~~~ 18.1 nh~l~~hI, aprotinin tll'\1t!n 1:IJ1~~~ 7.1 n1~~1~~hI, 
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~EJ;j\l;jtl1;j (crude venom)
'U 

Q-Sepharose fast flow column 

(Ion exchange chromatography) 

Fraction F I - F7 

0' " • ~. 

Fraction F1 (iiq'Vl 15 iJ'lJiJnJmtl'll,) :;;bI'l'VlVi~ tlfl'lJf)~l1J t11 mt');jVi b!~) 

-t 
Cellulofine GCL-IOOO sf column 

(Gel filtration chromatography) 

Fraction F 1.1 - F1.3 

0' V • 'V. 

Fraction F 1.2 (~q'Vl15 iJ'lJcJ.:)'llm tl'll,):;; bl'l'VlVi~ e:Jn'lJ f)~l1Jt11 mt ');j Vi b!~) 

SP-Sepharose column 


(Ion exchange chromatography) 


Fraction F 1.2.1 - F1.2.4 

, " 
fll'WVi 4 ,j'W\Ple:J'Wf)1')Utlf)~TW~EJ;j\l;jtl1;j

'U 
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o Q..I.::s" ~",~ 
Organ bath 'U'Wl~ 25 ml m'Vi':i'IJ!Cltl-:lL'WfJ!tJe:l 

".d ....j ~ 0 Q.I.c1 ~ ~ 
fll'W'Vl 5 'lZI'lLfI':i ~ -:llJ ~m'Vi ':i 'IJ fl'f1fd 1 phrenic nerve - hemi -diaphragm prepara tion 'VlWJf) 'iJ lf1f1l tI'Vi ~Lm'ff 
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Vl'I:J-:J'D-:Jtn-:J (crude venom) 'D1mlmtmHJil1 (1'mfll'l51~hw mn'W'JiJ~-:JU11~ i1mtiB-:Jcim! 1~ 
~ ~ ~

"I .. ,... 
'D 1flfll'J~~ IlfI~lfhJ'u 1Vl'l:J'U B-:J -:J 'D-:J(J1-:JYiiJU11 ~-:J tn~tJe)VI 'W 1'tI\P1 <D-:J 111~IVl'l5'J 'lJ 'JUI \P11lJ 1'W YiYi~~u 1Vl'I:J ~1'W1'W 

~ ~ ~ 

V" • iI 11 

8 'tI1~ Ul11 't! flVl'I:JH 11-:J'Yl-:J11lJ ~ 'J llJ 12 fl'flJ VilVl'I:J -:J 'D-:J Bl-:JYi 1~'l11!'U 'W 111 BI~ f.l1n'W 1~ tJU1Vlm'Yl-:J 11lJ~1iJ 
~ ~ 

" I 0 <JJ9J .dt 0 <JJ G ~ 
fI~mtJU1fl"'W 24 iJfI~~\P1'J uJJ-:Jld'tll~ "lfl~ 6 iJfI~~m 'Vl1U11-:J~ltJ1mB-:J'V11U11-:J 1f)'lJ'Ul~Vl'I:J-:J'D-:Jm-:J~-:J 

" . ~ 

H11-:Jh!f)~B-:J~~m1lJ9f'W YiBUI11f1iJ 4 B-:Jf1'Wlifll91tJ(1' 
~ q ~ 

'''' 9J1.1 fll'JIWfl(1'l'WVlll~'D-:JBl-:J~ltJ ion-exchange chromatofllill2hy 

" 1'Wf11'JIWflril'WVlll-:JlI~fI~fl'f-:J'l~Vlll-:J'D-:JBl-:J 100 iJfI~fl'flJfI~mtJ~ltJ Tris buffer m1lJl.umJ'W 
. ~ ~ 

0.02 llJfI~B~m pH 7.4 iJ~lJl\P1'J 5 iJfI~~\P1'J Hl'W(1'l'JfI~mtJVl'I:J~fI-:J'l'WflB"mf Q-Sepharose fast flow 

(2.5X 28 1"li'W~llJ\P1'J) ~B~l'W(1'lJv:Jflv'tlB-:J'\JYlI,\<~B{ 'l5~(1'1'J"~mtJVl'I:J3'D1flflB"mf~ltJ Tris buffer pH 7.4 ~iJ 
" 

If)tiB l"lil~tJlJflflB h<Pi'm1lJl.umJml-:Ju~ 0 ~-:J 0.5 llJfI~B~\P1'JII'lJ'lJ linear gradient iJ~lJl\P1'J'JllJ 500 

lJfI M \P1 'J 1~'lJUtJflril'W (1'1'J fI~m tJ~ BBfl'D1 flfl B"mf iJ~lJl\P1'J 11" B~fI~ 3 iJ fI ~~m~ltJlfl~B-:Jl~'lJ!ltJflril'W 

V\P1'J11~11 'Wf11'J'l5::; 15 iJ "~~\P1'J~Bil1lJ-:J U1(1'1'JfI~ mtJ'Vlfl11f1B~ liJl~~lfln~~flti'Wu (1' -:J~ 280 'WllWlJ\P1'J 
q ~ 

l~tJ'W m 1Yl'J ::;1111-:J~lfll'J ~~ fl ti'WU(1' -:J n'lJ11 flB~~lfhJ IWflril'W Vl1fll'J 'J llJ 11 fI B~~ utJfll ~mtJ119i~fll~tJln'W 

111~liJjlJlru liJ'J~'W 1~tJt.J1liJl~~lfll'J~~fltiwl(1'-:J~ 280 'Wll'WllJ\P1'J IYitJ'lJntlVlll-:J'D-:Jm-:J~l:ul~lwflril'W 
~ ~ 

v • ~ I 

fll'JV'lJV-:JiJmtJiJ'J::;(1'l'VlYi~Bn'lJfl~llJli1B Vl1flWil~ % yield 'lJB-:J liJ'j~'W'tIB-:JU~fI::;ril'WYil~ l~tJ~~ 

liJB{I~'W~\P11lJiJjlJ1ru1 iJ'J~'W'UB-:JU~fI::;ril'W l~tJl 11iJ~lJlru1iJ'J~'W 'tIB-:J'\<~'I:J -:J r)B'WVl1fll'JIWflril'WltI'W
~ 

100% 

, 9J Qd d Q,.I Q.J I , " 
fll'J IWfl(1'l'W~ltJ1'fi Ion exchange chromatography 'WBlfl'tJ11f1flf11'J IWfl(1'1'WmlJf111lJU\P1fl\P11-:J 

'tI()-:J~l'Wl'WiJ'J~~~fI"l~,j (net charge) 'lJ'W llJl"fJ"'tIB-:J(1'l'J~l-:J "l ~19i()-:Jf11'JUtJfl ~-:J Q-Sepharose 'D::;Vl1 
. ," , 

11'11'1YilLi 'W Anion exchanger iJ flUI (1'lJ '\J~1 'Wfll'J <D'lJ n'lJ(1'l 'JYiiiiJ'J::; ~ fI'lJ f11 'J IWflIf1~~'W1~1i1B-:J 'D1flm'J ~1-:J 

'l5-W~n'WiJfll1lJ(1'11J1'J(11 'W fll'J <D'lJn'lJ Anion exchanger U\P1fl~1-:Jn'W\P11lJfll11Hl~fl~1-:J'tIB-:J~1'W l'WiJ'J~~fltI 
" 

'lJ'W llJlflfJfI'tIB-:J(1'l'Jm~l't!'W (27) 

.,," • 'IJ 
o Q I 9J 

'W1Vl'I:J-:JUtJfl(1'1'W'Dlfl'tlB 2.Ll Yiii q'Vl1jl 'Wfl n V'lJv-:JiJm tJiJ '.I::; (1'l'VlYi~ Bn'lJ mr1lJIi1B"l iJVl1l 11 

g) 9J ~ Cj} 

~ 

, Q ~1J19J 1 ~ 0' 
l'UlJ'tI'W'tI'W l~tJh Collodion bag ~l'W(1'l'J,,~mtlVlll~'Vl ~fI-:J 'WflB"lJ'W Cellulofine GCL-IOOO sf (2.8 x 29 

1"li'W~llJ\P1'J) 'l5::;~ltJ 'Ylj(1''\J~I'VjB{ m1lJl.ulJ.u'W 10 iJfI~llJfI~B~\P1'J pH 8.0 ~iJlf)tiB 19iI~tJlJflflBh<Pi' mllJ 

l.ulJ.u'W 0 .05 llJfI~B~\P1'J In'lJlWflril'W(1'1'JfI::;mtJ~BBfl'D1flflB"lJt.f iJjlJ1\P1'J11f1B~fI~ 1.5 iJ"~~\P1'J~ltJ 

Ifl~B-:JI~'lJIWflril'W V~'J11~11'Wf11'J'l5::; 15 iJfI~~\P1'J~()il1lJ-:J t.Jlm'JfI::;mtJ'Vlfl11"B~hJ1~~lfll'J~~flti'W
q ~ 
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U{Y.:JYl 280 'W 11'WIlJ\9I) !~t1'W ml'Vh~'I1 ~1.:Jrl1fll)~~ fl~~!U{y 'H1U'I1(jeJ~~lfl'UlWmh'W 'Yl1fll) nlJ'I1 (jeJ~~
" 

!Wfl l~fl1t11~Vifl!~t1ltl'W 'I11iJ~mill1iJ)~'W 1~t1u1 I iJl~rl1fll)~~fl~'WU{y.:J~ 280 'W11 'W!lJ\9I) VI'IN~Utlfl I~ 
" " <I W , w 

lJflVimll I iJYI~ {YVUl1Y1 111 'W fll) VU v.:JiJmtliJ) ~ (j'lY1 YlvleJ tlU flTI11JlUeJ 'Yl 1fll )~~ % yield 'UeJ.:J 1iJ) ~ 'W'UV.:J Uvl 

(j~ r:ll'W ~I~ 1~ t1~~!iJ eJ {!~'W1'i'\9I1lJiJ~mUll iJ) ~ 'W 'UeJ.:J Ilvl (j~ r:ll'W 1~ tI ll1'iJ~mill 1 iJ )~'Wf)eJ'W 'Yl 1fll) Utlfl 

ffl'W!~'W 100% 

" " 
fll) lWflr:ll'W ij iJ '11 ~fl fll '.lIWflr:ll'W \9I1lJ'U 'W 1~ !W~U1'11 'l1fl'UeJ.:J l1Jl (j fl(j 1 ~t1Vlr1t1fll) m eJ.:J H1'W '.l. " w.. , v 

'W~'W (molecular sieving) 'UeJ.:Jl91lih~'WYlt'1tJfl~1 gel qj.:J Cellulofine GCL-IOOO sf ~~'Yl1m!lYl!~'Wl91lr11~'W 

'U'W1~'UeJ.:J~yq'W (pore size) ~eJ~fl1t11'W!~~ gel ~~~'Wl91lfi1'11'W~'U'W1~ llJl(jfJfj'UeJ.:J{y1)~~~fjeJ~H1'W1~ 

l~tJm'.l ~iJ'U'W 1~ llJlmHll'11rufl~l'U'Wl~'UV.:J'.l ~~(jeJ\PH~l'Wlll"l~ llvl 'il~!fl~V'WH1'W (j.:Jm\9l1lJ'lfeJ.:J~1.:J)~'I1 ~1.:J." '" 

''''' ~ 1.3 fll'.lIWf){yl'W'W'I:J~~.:JVl.:J~ltJ cation-exchange chromatography 
• <I 'jJ f W 

Yj'I:J~!Wflr:ll'W 1l1fl.ueJ 2.1.2 ViiJl1Y1 111 'W fll) VU V.:J iJmtliJ) ~mYlVi vl eJtlU flTI1lJ !UV U1"liJvll1l1' 

l.ulJ.u'W~'Wll(j~n1~~!fl~V~1t11TI dialysis 1'W i'JeJm'l"j\9liJi'Jl'vJeJ{ fll11Jl.u'lJ.u'W 50 iJ(j~llJ~eJ~\9I) pH 6.25 ~ 
I , W <I 

eJill'l1fliJ 4 eJ.:Jf!'Wlifjl<1ltl{Y 1~'W!lm 16 il1m VI'I:J.:JYll.u'lJ.u'W~'W'I1~.:Jfll)fi1~~lfl~V U1IiJ'Yl11l1'u~{yYl11~ltJ
~ ..., q,J ~ 

115 Ion-exchange chromatography 1~tJH1'Wu'WfleJi:1mr SP-Sepharose (1.5 x 21.5 19!'W~llJ\9I)) ~~lJ\9lll'llti 

iJi'J!'\r~V{ 'lr~m'.lfj~mtJVI'I:J~~lflfleJi:1mJl'lltJ yJeJmi'J\9IiJi'J!i'JeJ{ pH 6.25 ~iJlf)~eJ 19!I~tJlJfl(jeJ1)lPlfll1lJ 

" ,
l.ulJ.u'WI91.:JU~ 0 t).:J 0.2 llJ(jvlv~\9I)UUU linear gradient iJ~m\9l))llJ 200 iJfj~~\9I) lnUUtlflr:ll'Wi:Y1'.lfj~mtlVi 

eJVflll1flfleJi:1mJ iJ~m\9l'.l'l1fjeJ~fj~ 1.5 iJ(j~~ml'lltJlfl~eJ.:Jln'UlWflr:ll'W V\9l'.l11~11'Wfll'.l'lr~ 7.5 iJfj~~\9I)vleJ 

il1m U1{y1'.lfj~mtlYlfl'l1fjeJ~ "liJl~ri1fll)~~fl~~!1l{y.:J~ 280 'W11'W!lJm 1~t1'Wm1yJ)~ld1.:Jrl1fll'.l~~fl~'W." " 
U{Y .:JtlU m'1 eJ~~ln'UlWfl ffl'W '1<11 fll)) llJ'I1 fjeJ~~ lltJf) "l~fl1tJ lIP1Vlfl!~tJltl'W 'I11rl 1iJ~mill 1 iJ '.l ~'W 1~tJu1 I iJl~ 

rl 1fll'.l ~~f)~'W!I{y.:J~ 280 'Wll 'WllJ\9I) lYltJUtlUVI'I:J.:J ~.:J Vl.:J~ III 1~UtJflr:ll'W Vl'I:J.:J~ Utlfl II'lYlfl.wfl't.J 1 I iJYI~{yVU
'U co 'U q 

11 'Vl 11"1 'W fll)vu8.:JiJmtJiJ'.l~mYl~vlvtluflTI1lJnieJ l11fll'.l~~ % yield 'UV.:J 1 iJ'.l~'W'UV.:JU~(j~r:ll'W~I~ 1~t1~~ 
liJeJ{I~'WI'i'\9I1lJiJ~mill1 iJ)~'W'UeJ.:Jllvl(j~r:ll'W 1~t1ll1'iJ~mill 1iJ'.l~'W neJ'W'I<11f)1'.lIWflffl'Wl~'W 100% 

I Q 
" q 9J 0 <J} d.

, 
~I ~ 

. 
d. Q.I.Q.9 Q) Q..I 

fll)IWfl{yl'W'W!'lr SP-Sepharose YIl'l1'W1Y111J'W Cation exchanger 9!.:JlJ'fJill{ylJU\9I !'Wfll)~UflU 

" . 
m '.l ViiJ iJ '.l ~ IlU lfl f)1 '.lIWf)ln~~'W II'lIU eJ.:J 1l1f) {Y1'.l vl1.:J'lr'l1~tl'W iJ m llJ {y1m '.l i:) 1'W fll'.l ~U tlU Cation. 

" 
exchanger U\9If)~ 1.:Jtl'W\9I1JJ flJ1lJU\9I f)~ l.:J'UeJ.:J ~1'W 1~! iJ '.l ~ ~lnf)U'W l1Jlmlfj "LleJ.:J {Y 1) l'I1 ~1'l1'W (27) 

," " 
VI'I:J.:J ~.:JVl.:JYlWJf)r:ll'WI 'W!1~fj~.;r'W \9IeJ 'W Il~U 1"l iJ'Yl 11l1'I.ulJ.u'W ~'W 1~t1f)1 '.l'Yl1Ul1'.:J f) 1'.lYl ~{YeJU

" 
t:J'Vlf'U eJ.:JVI'I:J ~ ~~fj~ (j 1tJllvl (j~ r:ll'W ~1(Jlr1fl~'W 1l1'11'lfl 11lJ l.ulJ.u'W \9I1lJ IP1 eJ.:J fl 1) fl 1 llJl.ulJ.u'W'UeJ.:JUvl (j~ r:ll'W ~ 
I~ Il~ rl1'W lill\9l1lJ -ff~ r:ll'W 'U eJ.:JVI'I:J~UtJf) Ii'll'WU~(j~ ~'W \91 m! 191leJci1.:Jl'lf'W {y1'.l i.:J 1P1'W ~eJ YjlJ.:J~.:J Vl.:J fl 1 llJ 

" 

l.ulJ.u''W~l~'l'Wfll'.lYl~fjeJ.:J~eJ 80 /lg/mi lrimWflr:ll'WllTIl I~ F 1 ~.:JiJ % yield 'UeJ.:J liJ)~'W~eJ 38.1 % 

" rl1'Wlillfll1lJl.ulJ.u'W~1~YI~{yeJuq'V1f'UeJ.:J Fl 1~tJ 38.1% 'UeJ.:J 80 /lg/ml iJrl11'YlltlU 30.5 ~Lg/ml ~.:J'l1'W~.:J 
9~ ~ ~ ~ 'l .0:1 ~ 
!'lr Fl Ylfll1lJl'UlJ'U'W 30.5 /lg/ml !'Wf)1)YI~(jeJ.:J 11J'W\9I'W 
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Q d lr] V'jI Qd. 

1.4 fll'j"\9I'j" 11H'1'tl'lJ 'Yflol \I 1) \I tlN'VlWJfl ~\9I'fl1tJTIi Gel electrophoresis
'U 

d • 'jI 'jI 	 'jI 'jI '1 ,I '" 0 '" 

1\91'j"tJlH1)(l separatIng f!11lH'UlJ'U'U 12.5% 1!(l~ stacking f!11lJ1'UlJ'U'U 4% 1'U'lj'flfJlJmUH'(l'11'j"'lJ 
v 	 • 

1\91~ tJlJ11) (l 1) 1m!'Ut.'h 1 tJ~ tl!~1fl'lJ'lj'fl1:l1'11f'lJ!Wfll tJ j ~ 'U 1 ril'11 mll \I I tJ 'j" ~'U 1) 1 flVifl ~ Vi (l~ (lltJ 1 'U sample 

buffer 1!Cl~ ItJ'j"~'UlJ1\91'j";Y1'U (l\ll'U!1)(lflltJhi' electrode buffer ~tl'l5'fltltJmru1~lfl'lJ!f!~tl\l~ltJm~ub1'hjvh
~ . . 

~1'Um~ub1'lvJ.yh'UU1'fl 30 iJ (l~UtllJUtJ{ 1)'Um ~~·~~~mJ'l'U1'11mh\l tltlli1\11)lfl'Utl'lJri1\1'Utl\l11)(l 0.5 
'II 'II 

19i'U~1lJ\9I'j" 'W111)(ltltlfl1)lflm~1)fl ~tllJcJl1tJ staining solution 1~'U!1(ll 3 ~11lJ\l fh~'fliYri1'U!f1'U1)1f1!1~'U11)(l 

cJl1tJ destaining solution 'I11V\9I'j" 1fll'j" 1f! ~tl 'U~ 'j" ~ 'I1':h\l fll'j" 1f! ~tl 'U ~'U tl\ll tJ 'j" ~ 'U~tJ'j" ~tJ~~b1'l'j" 1f! ~tl'U ~ 
v 	 v 

'Yl\l'l1lJ'fl (Rt) 1~tJ'Um1vJ'j"~'I111\1'W1'11'11flllJ!(lf1(l'Utl\lltJ'j"~'UlJ1\91'j"~1'Un'lJfll Rf 'Utl\lltJj~'UlJlm~l'Uu~m; 
• v 	 • 

'l5tJ'fl 1tJ~ tJ'Ll 1Vi tJ'lJ I'll Rf 'U tl \11 tJ 'j" ~ 'U Vifl \11) 1fl m 1vJ!Vi tl 'I11'W I'll 11flllJ 1(l fl (l 'U tl \I Vi fI \I Vi UtJfl ri1'U 
'II 	 • 'U 

' ' '' I V 
~ Q..I QJ ~I .... I c;t, OJ '11 ~ 

2. fl WYI mYel'U t"j 'YI ti !'i! f)1'HJ'U £J ..:J lJ (;l1 £J lJ 1"~ Il"1'YI 'YI VI el fl 'U fl (;l UU'I-Hl 

2.1. 1\91~tJlJ mouse phrenic nerve - hemi-diaphragm preparation 

-	 'l'llfll'j"b1'(l'lJ'I1~cJl1tJ CO 2 (95% CO2 + 5% 0 2) l'fltJ1ri'l1~(l\ll'U 1'I1(llJr.hll'fl~~tlfl'lJt1\1m'j"~fl'l9i CO 2 !1]'fl 
. " 

1l1'fl'19i CO 1~11 tJ1 'U I'll (l U(l~ 1~l'ff..:J!f1\9111'11~ b1'i.l'U ~ fl1) 'U 'I1lJ'flfl11lJ r-fffl U(l ~\9I1tJ1'U Vi,,!'fl 1) 1ml'U'l'l1 fll'j"2 

~11'1'fl1Wfl mouse phrenic nerve - hemi-diaphragm (28) 'Yl'UVl 

- 'W1 mouse phrenic nerve - hemi-diaphragm 1J11ri1'U organ bath ~'lJ'j"'j"~ oxygenated (95% 0 2 + 5% 

.di I Qd .:::::1 'jI 0 (lJ d' 'jI ~ Q.J 

CO ) Krebs solu tion 9i \I b1'1'U tJ 'j" ~ fltl'lJ !!(l~ 11H\9I 'j" tJlJU b1''fl \1111 'UfllfIi:-l'U 1fl ff1'11 'j" 'lJ!(j tJ\lfl(lllJ! 'Utlm ~'U..:J2
v 	 • , 

(llJ f;jfltJ (lltJri 1\1 'Utl \I flr:l'llJ1iitlV'fl n'Uf1'U organ bath f;jfltJ(lltJ'lJ'U fl'\J\9I~ 'U tlVl~tlfl'\J transducer U'b' 
v 

'jI.,. '" iii 'jI '1 'jI.;j '" 	 ,I '" "" 0c
fl(lllJ!'Utlm~'lJ\li.llJ nmtJ I\9lUH\9I\I'Uill~~fl (resting tension) lJj~lJ1ill 0.8 mlJ Ui.l~fJill'l1fJlJ 37 

. " 
, 'jI , 1 iii 'jI'1 .,. iii ''1 'jI "" 'jI 'jI .,. 

b1'1'Ulb1''UlJ'j"~b1'1'Vl phrenic nerve 1)~(lfl'fl'fl n 1'U suction electrode 1'VW ~lJ l'\1!fl'flm'j"m~\9I'Ufl(lllJ!'Utl
'II 'II 	 • 

l'fl tJ\9I 'j" \l1rl tli'llfll'j" m ~ vi''U 1t¥'U tJ 'j" ~ b1'1'Vl ~htJ1vJ.y;h. 
v • 

'" 'jI.,. '" .,. 'jI 	 'jI iii ,"I_~ I '1 'jI .

2.2 'Vl'flb1'tl'lJfllj'l1'fl\9l1'Utl\lfl(lllJ1'Utlfl'j"~'\J\li.llJ 1lJtlm~\p]'U phrenic nerve 'fl1tJ 11"i1"i1 !'fltJ l'b' suction electrode 

(control , n = 5) 

Q 	 ~d d 'jI 

- 1\91'j"tJlJ mouse phrenic nerve - hemi-diaphragm \91 llJ11H\9I jtJlJ'Utl 2.1 
11 • 	 II • 

- ~f1!iitl!Vtl1l1'tl~l 'U.f1l1~ b1'lJ~ J:l (equilibri um) 30 'UlVl 1) 1fl'l1U 'I'll fll'j" m ~~U !'ff'UtJ j~b1'l'Vl cJl1tJ 1vJ~ 1Vl 

'U'U1'fl~l\1"l l'flm~lJvi''U~ 0 .5 l1i.l1Pi' 1'UfI11lJ~ (frequency) 0.1 Hertz (Hz) UJ:l~j~tJ~n(lll'Uflljm~~'U 

(duration) 0.2 millisecond (ms) l'fltJ1,* suction electrode 
, iJ 	 , V 

- -ff\I!f1\91 m ~ Ub1'1vJ~lVl 'l'l11l1'!f1 'fl fllj'l1 'fl1'11'Utl..:Jfl ~1lJ!iitl ('j" ~~'lJ Threshold) UJ:l ~1J'U.yjmil!!H~'lVl! f1'fl~'U 
" 

1) 1flfll'j" 'I1'fl1'11'U tl\l fl~llJ 1ii tl (twitch tension) 

- f11'U1illm supramaximal voltage (4 x Threshold) 1)lflm~1!b1'lvJ~1'j"~~'\J Threshold 
v 	 • 

- '11 tJ'fl m ~vi' 'U cJl1tJ 1vJ~lUJ:l~1~fltJ j ~1J1 ill 5 'UlVl 1) 1f1 11'U'I'llfll'j" m ~ vi''U1 t¥'U tJ 'j" ~ff1'VlJ{1tJlvJ~ 1'}1'U'U 1'fl. . 	 . 
supramaximal voltage, frequency 0.1 Hz UJ:l ~ duration 0.2 ms l'fltJl~ suction electrode 
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" 
l'Vlln'lJ resting tension) Hb'I'~~ ';hnllllJtl1tl i:U~H}'lJb'I''iH) .:Wl tlf11m';i~Ill'W~':ltI iyj~l

q 

,::s ....1 Q.I Q..I cI I Q..I "19.1 t::S 9.1 ~ d 

- t'Uv'WnnY'fttb'l'\9i~mllJb'I'lJ'W'Wli';i~'WJ1~ twitch tension (%) n'lJnm 'il~ !~';i~v~nm'YlnmlJt'WtllJmllJ 

~guiliRration,\ Threshold ~witch kensio~ stable 

1--------------- 1----------- 1---------- 1--------------- 1-----------------------------------------------------7 

t ttttttttttttttttttttttt 
m~~'W nerve ~1vil~~1'U'Wl\9i supramaximal voltage 

'" y , v 

2.3 'Yl\9ib'l'tl'lJ 1) 'Yl15iJ'lJ iJ~tJmvlh ~ b'l'1'Yl Vl~tln'lJnllllJti1 tl'U tl~'WEl ~ 'il~ tl1~ (n = 5)
'" 

- ad _ W 
- tmVlJ mouse phrenic nerve - hemi-diaphragm \9l1lJ1lit\9l';iVlJ'Utl 2.1 

'JI • 91 I 

'" ... "" 9 W '9 - '" W w" 1 W 'L,I 9-t 0 - 'Wf)t'WtlWtl !'\1tl~ !'Wfl11~ equilibrium 30 'Wl'Yl 'illn'W'W YJlf11';im~~'Wtb'l''WlJ';i~m'YlWJV !l'1'\An'Yl'\J'Wl~ 

supramaximal voltage, frequency 0.1 Hz tt"~ duration 0.2 ms l\9iVl,* suction electrode 

Q.I & I .... 11 9W .d.d d 

- 'lJ'W'Ylnm twitch tension U"~lJ"tlV!'\1 twitch tension lJfl11lJfl~'Yl (stable) 10 'Wl'Yl 
. ".

1\9iV1ri'WEl ~ 'il ~tl1~Vlm:mv1'WUln;;l'W
'U 

" I"" 'I W"l W W W ... 9
lJ';ilJlm 100).i1 !'\1 !~mllJl'UlJ'IJ'W 5, 10,20,40,80 '\1';itl 160 ~g/ml !'W organ bath 

'" & , 
- 'lJ 'W 'Yl nfll 

'il'Wm::;~~ twitch tension fl~~ (';i::;v::;nm~\9iN"'il::;mJl'W'li1~~ twitch tension lifl11lJfl~~)
'U 'U 

t~ V'W m lyj ltb'l'~~mllJ-fflJ'\l:rW3')::; '\1 ':h~ twi tch tension (%) tllJmllJ t.umJ'W 'U tl~'WEl ~ 'il ~ tl1~~l '* '\Illf11';i
'U 

I. " 'JI • v 

t~ tlnfl11lJt.ulJ.u'W 'lJtl~'WEl ~ 'il ~ tl1~t!tlVVl'l~Vl'\llll 'I1't fl\9it)'Yl15 iJ'lJ iJnJmvtJ ';i::; b'l'1'Yl Vl~tln'lJ nllllJti1tllJ In 
• v " Y 

Vlb'l'~ tt{l::;fl11lJt.umJ'Wir'W IIItl ~1'11' N"fl~Vlt'li'Wt~lJtl1 tlli n n '\Illcih1'\1:U (reproducib Ie)
q 

1,*WJ1lJt.ulJ.u'W'lJtl~'WEl~ 'il~tll~~l~tln ii't~'W~l~~Ill'W1'Wnwfll'W1UI'\11fl11lJt.ulJ.u'W'Utl~ F 1 - F7 ~~ 'il::; 
fll'W1U!\9lllJ % yield 'Utl~ ltJ')~'W ~ilP1'illnm';itWnri1'W'lJtl~tl~,,~ fraction 

" v vI 

2.4 'Yl\9i b'l'tl'lJt]'Yl15 iJ'lJ iJ~tJmvtJ ';i::; b'l'l'YlVl~tln'lJ nllllJti1 tl'IJ tl~'WEl2 'il~tl1~ltvn ri1'W (n = 5) _ a_ _ W 

- t\9l')VlJ mouse phrenic nerve - hemi-diaphragm \9l1lJ1lit\9l';iVlJ'lJtl 2.1 
11 • V I'" ... ... 1W '1 - '" 0 W w" 1 W "l",I_!I1- 'Wf)t'WtlWtl '\1tl~ 'Wfl11::; equilibrium 30 'Wl'Yl 'illn'W'W 'Yllf11')m::;~'Wtb'l''WlJ';i~m'Yl~1V !l'1l'11'Yl'IJ'W1~ 

supramaximal voltage, frequency 0.1 Hz It''~ duration 0.2 ms l~vl,* suction electrode 
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IV ~ I ... 1' qY d ~ .d. 

- tJ'W'YlfWIl twitch tension lm~lJ'HW l'l1 twitch tension lJfll1lJfI-:J'Yl (stable) 10 'Wl'Vl 

"~mtJl'j,.nrlf)~'W tJ~lJl\9l'J 100 fl.l hn~mllJl.ulJ'lJ'Wl'W organ bath iflllJ~fil'Wlrul~iflllJ % yield 'tH)-:J 

ltJ'J~'W 

- '!J'WYif)~l twitch tension ~ltl~tJ'WutJ"-:J'l1~-:Jl11'u~,,~ fractions iY-:Jlf1iflf'm~tlltl'il'Wm~~-:J twitch tension 

f1-:J~ ('J~tJ~nm~iflf'm'il~fJcil'W'lh-:J~ twitch tension iJfI'.lllJm~).. .. 
- 1~tJ'Wmlyjm"lfI-:JfllllJiYlJ~'W1h~'l111-:J twitch tension (%) ntJl1m 

- -ffl'l11'tJ Fl - F7 u,,~ Fl.l - F1.3 l~tlf) fraction ~1i'nmUtltJ~ffifl1'Wf1l'Jv'U8-:J0l'J'l1lf1l'lltlfJ-:Jf)"'llJliffJ
q 

• J " 

50% (50% inhibition) AoWm.Jll tJYilOl'J1Wmil'W l11'iJfllllJtJ~ ff'Yl~lJlf)~'W~fJ1tJ 
q 

I " I ~ • 

- -ffl'l11'tJ F 1.2, 1 - F 1.2.4 l~fJf) semi-purified fractions ViiJt]'Yl~Vi~l 'W 0l'J VtJ v-:JtJmtJtJ'J~ffl'YlVi~fJntJ 
'1.1 • ~ " 

f)~llJl-WfJ l-wm.h1tJfff)fJlf) " 'lmufJ-:JI'l'W1'W0l'J fJfJf)t]'Yl~~ fJ ltJ 

rEquili!<ration'l Threshold Trwitch lensio~ stable I 
1--------------- 1----------- 1---------- 1--------------- 1-------- 1---------------------------------------------7 

t ttttttttttttttttttttttt 
m~~'W nerve ~ltJlyj.y.jltl'Wllfl supramaximal voltage 

d,d Q.od I .J Q d 
3.1 'VllflfffJtJOl'JfJfJf)t]'Yl'li'YltJ'Jl1ru pre- 'l1'JfJ postsynaptic t1fJ-:Jffl'Wf)-:JtJ'J"l'Vl'li 

'" .
Q.I gJ.d~ iJgJ I W' 

3.1.1 'VllflfftltJOl'J'l1lf1if11tlfJ-:Jf)mlJl'WmlJfJm:;;I'J'WlfIltJ exogenous acetylcholine f)fJ'WU":;;'l1"-:JOl'J 

m:;;I'l'Wl~'Wtl'J:;;ffl'Yl~ltJ11~.y.jl (control, n = 5)
q 

.c:::S Qd.c1 V 

- 11'1'JtJlJ mouse phrenic nerve - hemi-diaphragm 1'11lJl'li!I'1'JtJlJtlfJ 2.1 

- ~miffJl~tlhi'fJ~l'Wfnl:;; equilibrium 30 'W1Yi 'illm1'Wlri acetylcholine iodide ~(j:;;mtJlmflf)~'W 
3tJ~lJll'1'J 100 J.lll11'1~mllJl.ulJ.u'W 10'6, 10'5 , 10'4 11":;; 10. M 1'W organ bath 'YJf) 5 'W1Vi UtJ1Jff:;;fflJVi 

v v 
,,:;; f111lJ 1tI lJtI'W 

http:m:;;I'l'Wl~'Wtl'J:;;ffl'Yl~ltJ11~.y.jl
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Q.I ..dl I .:::1, ~ Cl " Q.I <J} '1 9J .0 Q.I <jJ d " <J} 

- 1J'U'Vlfll'l1 twitch tension 'Vllfl~'\J~! 'YIC1~m::;I'J'U 'YIlfl~fn:i'YI~~l'U'U~flmlJl'U'U~l(J acetylcholine iodide 

' 'V 'V 0 ,,; IoJ 'Viol" 1 'V ".I
'1 'UU~C1::;f111lJl'\JlJ'\J'U 'Ul~C1'VlI~ bLJb1'':il~fl':ill''l dose-response curve '\J'U~ mouse phrenic nerve - hemi

~ 'jJ 'j) .::! <J} <J} I 


diaphragm IlJ'Um::;I'J'U~l(J acetylcholine 'Vlfl11lJl'UlJ'\J'U\9l1~ "1 

v , y v . 

- 'Yllf11':i~l~liJmfJm'Jfl 3 'Ul-n ~l'Ul'U 10 f1f~ 1~(Ji1~ oxygenated Krebs solution Yiij'U~I~lJ'l'U organ bath 

11C1::;I~lJ oxygenated Krebs solution 'lm.jC1~itl 
" , d 

Yl'miJmfJ'U '1 ~'U~'lwnl::; equilibrium 30 'Ul'Vl 

supramaximal voltage, frequency 0.1 Hz UC1::; duration 0.2 ms 1~(J'l~ suction electrode 

" " U'U Vimil twitch tension II 'fj ::;tlri 'U(J '1 ~f1l':i'YI~~1'\J 'U ~ f) ~llJliJ tJ~lliJ 'U 1tl 60 'W1Vl \11flt!t.J~(J~f))~~'U. . 
ItY'U tl ':i::; bYl'Vl~l(J l'VJvhllC1::; Yl'fltl ':i ::;lJ1Ul 5 'U l-n 

" , ' d '" d" I'" 9 'V1oJ 'V 'V 'V ·6 ·5 ·4 ·3 9'1 bY acetylcholine iodide 'Uflm~ 'VlLJ':ilJ1m 100 J.ll b'YI !~fll1lJl'\JlJ'\J'U 10 , 10 ,10 llC1::; 10 M !'U 

d d 9J gJ 

organ bath 'l'Jfl 5 'Ul'Vl 111J1Jb1' ::; b1'lJ'VlC1::;fI11lJl'\JlJ'\J'U 

Q.I .dl I .:::!, ~ v'lgJoQ. Q.I $I d " IjJ

1J'U'Vlfll'l1 twitch tension 'Vllfl~'iJlflf11':im::;I'J'U 'YIlf1~f11':i'YI~\9l1'\JtJ~f1mlJl'UtJ~ltJ acetylcholine iodide 

, 'V 'V 0 ,,; 101 'Viol" I 'V n.1'1 'Ull\9lC1::;fll1lJl'IJlJ'\J'U 'Ul~C1'Vl b~ bLJbY':il~f1':ilY'l dose-response curve '\JtJ~ mouse phrenic nerve - hemi

~ <J} IjJ d 'J} gJ I 

diaplu'agm IlJtJm::;I'J'U~ltJ acetylcholine 'Vlfll1lJl'UlJ'\J'U\9l1~ "1 
... Id d ~ <J) <J}

ILJ':itJ1JI'VltJ1J dose-response curve '\JtJ~ mouse phrenic nerve - hemi-diaphragm IlJ()f1':i::;I'J'U~ltJ 

, " 
d 'V 'V' "" '" 'V 'V" 1 'V 101 ".1 .'-1acetylcho line 'Vlfl11lJl'\JlJ'\J'U \9l1~ "1 'Vl~ fltJ'Ulm::;'YI C1 ~ f11':i m::; I'J'U IbY'ULJ ':i::; b1'l'Vl~ 1 (J bl"l)'l 1 

3.1.2 '" '" exogenous acetylcholine 'YIC1~f11':ilf1~ 

'" '"neuromuscular blockade tJ'UI'UtJ~lJ1'iJlfl semi-purified fractions (n = 5) 

.c:I Qd d 'lI 
- 1\9l':i (JlJ mouse phrenic nerve - hemi -diaphragm \9l1lJl'IJI(Ol ':i (JlJ'U () 2. 1 

tl11J1\9l':i 100 J.lI 'l~I~f111lJl~lJ'Ij''U 10.
6 

10'5 , 10'4 llC1::; 10. M '1'U organ bath 'l'Jfl 5 'UlYi 111J1Jb1'::;bYlJYi 

y , ", Y 

- Yl'miJmfJ()'l~tJ~'l'Uf)11::; equilibrium 30 'Ul-n 'iJlflU'U'lri acetylcholine iodide -nC1::;mtJ'l'U-Wlfl~'U 
3 

, 

, " " Q./&I d.::.& Q.I 91 9jJ.o. Q.I <J) Ci<J} 

- 1J'U'Vlfll'l1 twitch tension 'Vllfl~'\J'U 'YIC1~m::;I'J'U b'Yllfl~f11HI~\9l1'\JtJ~flmlJl'UtJ~ltJ acetylcholine iodide 

'I' 'V 'V 0 ";"1 'V1oJ" 1 'V n.1!'UU\9l(1::;f111lJl'\JlJ'\J'U 'Ul~(1'Vl ~ !LJb1'':il~fl':ill''l dose-response curve '\J()~ mouse phrenic nerve - hemi

dt <jJ<jJ d <jJgJl 

diaphragm IlJtJm::;I'J'U~ltJ acetylcholine 'VlmllJl'\JlJ'\J'U\9l1~ "1 
" I " 'jI , 

- 'Yllf11':i~l~liJmfJ'U'l'Jfl 3 'UlYi ~l'Ul'U 10 f1f~ l~tJi1~ oxygenated Krebs solution YiiJ'U~I~lJ'l'U organ bath 

ll'fj::;I~lJ oxygenated Krebs solution '1 'YIlJC1~ itl 
" , " ,d '" 'V 'V" 1 'V IoJ n.I .'-I d

Yl'miJmfJtJ '1 ~()(j'lW)ll::; equilibrium 30 'Ul'Vl 'iJ 1fl'U 'U m ::;1'J'UlbY'U LJ ':i::; b1'l'Vl~1(J !l"l)'l 1'Vl'\J 'U l~., 

supra maximal voltage, frequency 0.1 Hz 1m::; duration 0.2 111S l~tJ'l~ suction electrode 

- tlritJtJ'l~ twitch tension ijmllJfI~~ (stable) 10 'UlYi :ij~'lrilll9i(1::; semi-purified fractions tl1'lJl\9l':i 100 

'1 'V1oJ 'V 'V 'V '1 ' '" ,,; '1 'V'l 'VJ.ll 'YI !~mllJl'\JlJ'\J'U 'U organ bath l'Vllfl1J'Vl 'II ~!'U() 2.4 

I 
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- llimf1'f1 neuromuscular blockade ll~lV~fl~m~I'1\HA''WtI'j ~ mYl~eJhJ'Il'Wm'U 60 'Wl'Vl. 
m~~'WlA''WtI 'j~(llYl~ltJ 1'JAlYhu;'l~'~ntl'j~lJlT:u 5 'W l'Vl 

" .'1 ' d v d, I"" '1 31"1 31 31 31 ·6 5 4 3 '1 
- ~(l acetylcholine iodide eJnm~ YluHmn 100 ~L1 m !'fImllH'UlJ'U'W 10 , 10' , 10' U(;'1~ 10' M ~'W 

. " 
u'WYimil twitch tension -Vl!f1'f1\llnf11'j m~~'W 111'ln'flf11Hl'f1ill'UeJ~ n"'llJllJeJ,;{ltJ acetylcholine iodide 

'1' 31 31 0 C:"I 3J"I , 1 31 "I 
!'W!!\9H'l~fllllJ!'lJlJ'U'W 'W1N(;'1Yl ~'fI ~u(l'jl~n'jll"l dose-response curve 'UeJ~ mouse phrenic nerve - hemi

• ~ ~ 'jJ • ~ ~ 'jJ I 


dIaphragm !lJeJm~\PJ'W'fIltJ acetylcholme YlfllllJl'UlJ'U'W(P)N '1 


,I'" d "" 31 31lU'jtJ'UlYltJ'U dose-response curve 'UtJ~ mouse plu'enic nerve - hemi-diaphragm !lJeJn'j~\PJ'W'fIlti 

.,:;:;, 9JVI ~I Q.J Q.JdtQ. I 

acetylcholine YlmllJ!'lJlJ'U'W\9l1~ '1 Yl~neJ'WUf1~lH1~f11'j!f1'f1 neuromuscular blockade eJ'W!'WeJ~lJl'lllnU\9l 

f1~ semi-purified fractions 

semi·purified fractions 

(con trol \J:;1lilri semi·purified fractions ) 

Acetylcholine Wash Twitch tenSion/ Acetylcholine 

Equilibration ~ j Equilibrate stable ~ 
~ __mIn 1-- lu Imn- I_m_-- rm_~__-~mn I~__mmum___u__mm____ In 1-- 1-- 1

ttttttttttt 
Supramaximal stimulation on nerve 

f11'V'l~ 8 f11'V'ltl'j ~ neJ'lJ1'lleJij'lJltJf11'jYl'flf1eJ~~ 3.1 

4 I ~ .Q. c:f W 9J .J dt lj/ 

3.2 Yl'fl (leJ'Un neJeJn9 Ylli 'lJeJ~{1'l'W n ~'U 'jf!Ylli 1'W n n V'U V~ f11Hl 'fIill'IJ eJ ~ nmlJ!'W eJm ~ 1J~f1lJ llJeJm~\9]'W 
" fl~llJllJeJ l'f1tJ(P)'j~,;{lfJl'\1Hh 

3.2.1 Yl'fl(leJ'U'\11fllllJl-tJlJ'\J'W'lJeJ~ Tubocurarine chloride (n = 3) 

d ~d..::::1 iJ 
- !\9l'jtJlJ mouse phrenic nerve - hemi-diaphragm \9l1lJT!H(P)'jtJlJ'lJeJ 2.1 

w . ~ . 
v '"" '"" '1 31 ''1 "" v 0 31 31,1 31 bl"I -~ '" - 'V'lf1l'WeJWeJ '\1eJ~ 'Wf111~ equilibrium 30 'W1Yl 'Illn'W'W Yllf11'jm~\PJ'Wm'Wu'j~(llYl'fllti l"il"llYl'U'Wl'fl 

supramaximal voltage, frequency 0.1 Hz U(;'1~ duration 0.2 ms 1'f1t1H; suction electrode 

- u'WYin~l twitch tension !W~t1cieJtJ111' twitch tension iJmllJfl~~ (stable) 10 'Wl-Vl 

" 
- 'VllnnYl'fl(leJ'UrJ(;'1'UeJ~ Tubocurarine chloride ~eJf11'j'\1'f1ill'UeJ~n~llJllJeJ l'f1tJ'1ri Tubocurarine chloride 

~f1~mtJ'1'Wtfln~'W t1~lJl\9l'j 100 ~1111'1,;{mllJl-tJlJ-tJ'W 2.5,5,10 or 20 ).lM 1'W organ bath 

1J'Wl1n~1 twitch tension ~ltl~tI'W!!t1(;'1~'\1 cr~111' Tubocurarine chloride 1'WU~(;'1~mllJl.u'lJ'lJ'W !~eJ twitch 

tension (;'1'f1(;'1~\l'W!'I1i1eJ 5% '\1~eJ'lreJtJnll '\1~eJ\l'Wm~rr~fl~~ iY~!n(p)rJ(;'1~eJlt1'1l'Wm'U 2 'ifJ1m 
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(Tubocurarine chloride mlJl'H)>UDf1D acetylcholine receptor '11P1'\9H'ltJ~'il'!.!mD)::;tJ::;r:H'll~Yhf1l)'Vl\9HHl.:J 
.::2 ~lrJiJ ..do 'jJ IQ IV 

"If.:J neuromuscular transmission 'il::; \If)t1~f)'W lJ\'l(ltJ~'il'Wmm ::;tJ::;nm'Vl'Vllf1l)'Vl~(ltJ .:J~1Vl"lS'Wf)'W) 
d .. .1 IV Q..I 0" I Q.I 'jJ 91 ..d 

- l'UtJ'Wml~U(1'~.:Jfl1llJ(1'lJ'W'W1i)::;'I11l.:J twitch tension (%) f)Dfl1llJl'UlJ'U'W'UtJ.:J Tubocurarine chloride 'Vl 
., 0' V I w... w W W d do 9 W = =~ ~ ,I ,I d , 

i "lS !!(l::;mtJf)fl1llJ l'UlJ'U'W'UtJ.:J Tubocurarine chloride WltJ'Vl 'tl~'Vl 'Vll ! '11 !f)~q'Vl1iVDtJ.:JlJmtJlJ)::; '(n'Vl'Vll9ltJ 
v . v • 'VI 

f1DmillJ1UtJlJlf)11 (1'~ It(l::;fl1llJ!'Ii'lJ'lj\"'11'W \9l'tJ.:J i 11'r-I(lfl.:J111'lf'W!~lJ 111 tJiJ f1l)y\1ciill 'jIj'jJ
q 

3.2.2 unipolar 

electrode ( n = 5) 

d =d d W 
- !19l)tJlJ mouse phrenic nerve - hemi-diaplu'agm I9lllJ11iII9l)tJlJ'UtJ 2.1 

v , 'lI" .
." ... ... 9 W '9 ",ow W '" ') w"I •.1$l "'d d 

- 'Wf)!'WtJWtJ l'l1tJ~ !'Will1::; equilibrium 30 'WWI 'illf)'W'W 'Vllf1l)f))::;\OJ'Wf)mlJl'WtJ !~tJm.:J~1tJ 1~'VI1'Vl)::;~D 

supramaximal voltage, frequency 0.1 Hz U(l::; duration 2 ms i~tJli' unipolar electrode 
• v 

Q.I d1 I I 

- D'W'Vlf)fl1 twitch tension I9lllJnml9ll.:J "1 'il'Wf))::;r1.:JhJJJf1l)'I1~19l1'UtJ.:Jf)tillJ1UtJ (twitch tension JJvh 
v 

, ." , W """I' , W W "I •. I. :Ii
l'Vllf)D resting tension) l!(1'~.:J1lf)mlJl'WtJ I lJl9ltJD(1''WtJ.:Jl9ltJf1l)f))::;\OJ'W~ 'JtJ lYil"n 

. v 

- l~tJ'Wml~!l(1'~.:Jfl1llJ~lJ~'W1j)::;'I1'Jl.:J twitch tension (%) f1Dnm 'il::;'1IP1')::;tJ ::; nml1f)tillJ1UtJJJmllJ 

= "' "I W .d W w , 1 W 'l..I . :IifI.:J'Vl'WbYllJl H)!f)~f1l) '11 ~19l 1 I 'flllJtJf)) ::;19l'W!bY'W U) ::;m'Vl~1tJ '1"i1"l1 
q 

3.2.3 unipolar 
v 

electrode 'l1~.:Jf1l)t1~f1'W neuromuscular transmission (control, n = 5) 

d =d d W 
- 119l)tJlJ mouse phrenic nerve - hemi-diaphragm I9lllJTIiII9l)tJlJ'UtJ 2.1 

" 
- t1~f1'W neuromuscular transmission i~tJ1i' Tubocurarine chloride I9lllJfl1llJl'li'lJ.u'W~I~tJf)H i'Wlll 

W 
'Vl~(ltJ.:J'UtJ 3.2.1 

'l1tJ~ m ::;\9l''Wl-ff'W U)::; bYl'Vll9i'1tJ '1 ~.yh
q q 

supramaximal voltage, frequency 0 . 1 Hz U(l::; duration 2 ms i~tJ1i' unipolar electrode 
. " 

'!J''W.yjf)~1 twitch tension I9lllJnml91l.:J 'l 'il'Wf))::;1~~'1l.liJf1l)'l1~~1'UtJ.:Jf)tillJ1UtJ (twitch tension iJ~l 
, "' , W "'"I'" , W W "I •. I.:Ii

l'Vllf)D resting tension) HbY~.:J1lf)mlJl'WtJ IlJl9ltJDbY'WtJ.:Jl9ltJf1l)m::;\OJ'W~1tJ m'Vil 

" 
- l~tJ'Wml~!lbY~.:Jfl1llJiflJ~'Wlh::;'l11l.:J twitch tension (%) f1Dnm 

. 
'il~il9i')::;tJ::;nml1f)tillJIUtJJJmllJ 

'" ." "I W .d W w. 1 W "1 ..1.9:1
fl.:J'Vl'WbYllJlHl!f)~f1l) 'l1 ~19l 1 l~ IlJtJ m::; \OJ 'illbY'!.! lJ)::; bYl'Vl~1tJ !l'ft"ll 

dQ.J ~ Q.J 9J ~ ~ 0Q.I 

3. 2.4 'Vl~ bYtJD Q'Vl1iVD tJ.:Jf1l) 'l1<fl19l 1'U tJ 'l f) mlJ 1'W tJm::;m (llJ'UtJ.:J semi-purified fractions llJ tJ'Vllf1l) 

" m::;~'Wf)tillJlUtJ i~tJl9l)'l1P1'1tJ'11~.yh (n = 5) 

d =a d W 
- 119l)tJlJ mouse phrenic nerve - hemi-diaphragm I9lllJ11iII9l)tJlJ'UtJ 2 . 1 

v i CJY 9J<j)~~ lfjYi=d 
- tl~f1'W neuromuscular transmission !~tJ 1"lS Tubocurarine chloride I9lllJfl1llJl'UlJ'U'W'VlI(ltJf) n 'WTIi 

'Vl~(ltJ.:J'Ii'tJ 3.2.1 

'l1 tJ~m ::;\9l''W!-ff'WU)::; bYl'Vll9i'1tJ i ~Yll 
q q 

supramaximal voltage, frequency 0.1 Hz H(l::; duration 2 ms i~tJli' unipolar electrode 

http:i~tJl9l)'l1P1'1tJ'11~.yh
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"
, ,

.oj 0 'i1 iI .oj ') iI "l ",I~'i '" ~ 'i1 '" Cl ~' , 
!:lJtl'Vllf11';if)';j~~'Wf)mlH'WD ~~!W1H~l(J ~l"Il"Ilm~~'U supramaximal voltage mn 5 'Wl'Vl 'il\l ~bf!!~(1~ 

semi~purified fractions 11~lJ1~'J 100 ~11111~fIlll.J!.u:IJ.u'Wh..! organ bath rvhtl'U~I~I'W.utl 2.4 
, " , 

- 'Ut.J'Vimh twitch tension yitn~~'W iY\I!f)~~HW1D'111'il'Wm'U 1.59511:IJ\I 

- !;j(J'Wmlvlu(1'~\lflll:IJiY:IJ~'Wlh~lrll\l twitch tension (%) tl'U!lm 
~ , iI Y • 

'" '" iI.oj '" 0 'i1 iI .oj ') 'i1 "l",I ~'i '" "'9' "l '9 ' 
'Y-I'ill'Jrulf11n'l~~l'\JD\lflm:IJI'WD!:lJDYllf11'Jm~\9l'Wflm:IJIt...!D ~~(J~'J\I~l(J ~l"I)"jl 'Vl\l'Vll(1'Um:!:IJ!bf semi-

purified fractions (1\1111 

semi -puri fied fractions 

Twitch tension Tubocurarine chloride (control 'il~llJlri semi-purified fractions) 

E~tion ~ I Threshold I 
f-------- 1-------- I~------- I~-------------------------~---- 1--------- 1---- 1---------------------------------~ 

'-- ./ '- ../--v -----y 
Supramaximal stimulation on nerve Supramaximal stimulation on muscle 

.. ' " 
llfl 'J 1~rftjl1TI~ D11 (llv11 'J~ bfl'VlYi~Dtl'Uf)f{llJ!i'1D'\J D\I~1J ~'\1 ~Dri1'W 'lJD\I~1J~ 

twitch tension (%) tl'U!lm !!bf~\lr:H'j 1~(JHrilm~V~D(J(I~ ± rilflll:IJflm~lfl~D'WlJ1~'J]l'W'lJD\lrilm~v 

(Mean ± S.E.M.) 'Vl~bfD'Uril'Vll\lbff)~n~(JI~ ANOVA (Tukey) 11f1~ paired t-Test ~'il1'Jrulrilflll:IJH~f)~l\1 
. . , . 

mh\l~t.T(J~lrlt1J'Vll\lbff)~Yi'J~~'Uflll:IJl91mJ'WYi 95% (p < 0.05) 
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, ,~ ~ 

1. fl11!!I'J mr--J'l.'! i1 'll~ il ,:Jell,:)!!(,\ ~ f) 11 't1 mHl1.l q't1 ~ if1.1 if.:) 'lh'lll'J 'lh~ (,\'1't1'flvifl f)1.1 m\'UJ!{1 fl 

d' V , v 

1'U f)l'.lYl~ {ytl1.l t]1~ ~ iJ'U iJ_:Jil mvth ~ {Y11~ Yll'i tlfl'U f1~llJ IUtl 
~ . 

~ "" '" '" ~ ~ lsJoJ i-\ '" 
f1mlJl'Utlm:t'U~~lJ !lJtlm:t\9J'U phrenic nerve ~lV ll'~'j<n'.l:t~'U supramaximal voltage (0.1 Hz, 0.2 msec) 

9 ~ d! d ''I' 1" ,~J' '" 1~w l'li suction electrode 95~lJ supramaximal voltage tl~ l~j'lil~ 4-10 1~\91 'W'Ul1f1mlJ!'UtJm:t'U_:J~lJ 

mlJ1'.ltll1~1'111~1J1f1f111 4 il1lJ_:J 1~Vf11'.l11~1'11'il:tritlV "l Cl~~_:JYl~~UtlV f11'.l11~1'11'Utl~f1~lW,ftliJf11'.l 
11~1'11~~~~i'l~~ (i1.1lfl'U 5%) i11Vl'U'.l:tv:tnm 60 'U1Yl ~~!~'U 96,7% 'illf1l1m~~~'U I'1~J'U~~'1~'lil~nmif 

d' v • V • 

rlll1i''U f11';j 1'1 ~ {Ytl'Ut]Yl~ iJ'UiJ_:Jil mvil '.l :t{y1YlYll'itlf')'Uf1~llJlUtl (i11'WYl 10) 

150.0 

96.7 % 
<F 100.0 

c 


.Q 
(/) 
c 

2 

£ 

.B
'3 50.0 
f 

00 +---,-------r----,-------.----r---~-__, 

o 10 20 30 40 50 60 70 

Time (min) 

, ~. 

d '" ~ "" '" '" ~ ~ 1sJ •• I_i-\ '" 
i11'V'lYl 10 f11'.l11~\911'Utl_:Jf1mlJl'Utlm::::'U~~lJ IlJtlm::::\9J'U phrenic nerve ~nv !¥rY'll'.l::::~'U 

supramaximal voltage 1~v'1oii suction electrode 

ll{Y~~rill~'U Mean ± S.E,M (n = 5) 

d' V ,v d 

f11'.lYl ~ {Ytl'U t]Yl~ iJ'U iJ_:Jil mvil '.l ::::mYlYlI'i tlfl'Uf1~llJlU tl'U tl~~£1~ 'il ~tJ1~ (crude venom) Yli'l111J 

~ ~ , "'9 ~9 9 ~ '" IsJ ~ ,0 

!'UlJ'U'U 5, 10,20,40, 80 ll~:t 160 j.lg/ml 'V'l'U11nmYl b'li b'Uf11'.lYll bl1!f1~ 50% inhibition b~llf1 23A±0,9, 

19.7±0.5, 9.I±OA, 6.9±0.3, 4,2±0. 1 ll~:t 4.0±0,1 'U1Yl \911lJ~11'1'U (fl1'V'l~ 11) ll~:tlritl~'ill'.ltul 
vvrl I CLI VV ~ I~ d ~~ 

mllJ{y1J1"j'U1i'.l::::1111~ twitch tension (%) f1'UmllJl'UlJ'U'U'UtJ~'W£I~ 'W'Ul1'W£I~'il~tJ1~YlmllJl'\JlJ'\J'U 80 

j.lg/ml 1~'UmllJ!'li'1J~lJUmJ~ 'l~~ '111't] YltlJlf1~'l~ !w:::: 111't] Yl t iJ'U8~ 11.11'i l~n'UVj£l~ 'il~ tl1_:J~mllJl'li'lJ'Ii' 'U 
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• i.I. iI 

160 j.lg/ml mjvlihrV~l1'ltjJ (m~Vi 12) ~-lt!'U~-lgYill~~-len-lVifl11:W~'JJ~'U 80 ~lg/ml tll'UrlWl-lIPi''U1'Wm'J 

• g) g) .d '1 g)& '1" Ifll'U1ill'l11fl11'JJt'\J'JJ'\J'U'UeJ-l Fraction F1 - F7 'Yl'il::; !'lffl'f11l1I9leJ lJ 

120 

100 1_~--r----~--- !=- ~_____---,;... 
'TIl _ -------.--_---$ 

::f2. 
~ 80 
c 
a 
en 
c 602 
.c 
.s 
::: 40 
f

20 

0 

_160 

_80 

---.-40 

-*-20 

---7IE-- 10 

_5 

-I-Control 

0 10 20 30 40 50 60 70 

Time (min) 

• "jI • ,., , 

m~-vll1 'l'YlTIUUU-ltJfl1vtJ'J::;m'Yl-vll'leJf)Uf1~l:WUeJ'UeJ-lYill~~-len-lViml'JJt~'JJ'Ii''U 5, 10,20,40,80 

, 
H~::; 160 j.lg/ml H~::;m:l'JJ control 

30 
C 
E 
c 25 
a 

..0 

.c 
c 20 

d'? 
0 
l[) 15 
(j) 

(/) 


::l 
ro 

u 10 

.8 
c * (j) 

-'" 52 
(j) 

E 
f= 0 

, ~I 
H'i;l~-lm!lJ'U Mean ± S.E.M (n = 5) 

0 20 40 60 80 100 120 140 160 180 

Concentration of venom (ug/ml) 

d Q./Q.Jd' I d09gJ~ Q.I 9J9J ~ 
fIl,\'1'Yl 12 ml'JJ'i;l'JJ'Vj'Uli'J::;'I111-ll1fl1'Yl'Yll !'11!f1~ 50% inhibition f1Uml:W'U'JJ'U'U'\JeJ-l~ll-l 

'U 

, ~I 
!!Ir~-lmllJ'U Mean + S.E.M (n = 5) 

I Q.I I dQ./ 0 Q.I ~~ d Q.I 9J iJ

* 19l1-lf1'WeJV1-l'JJ'UVIrlfltjJl'JJeJ!'YlVUf1Uml'JJ!'\J'JJ'U'W 160 j.lg/ml (ANOVA, Tukey, p < 0.05) 



30 

.;. 0 "" "1 I ,~ "' 0' "" "1 ~ '" 9~';'n 

IlJCl'Ull~lJ~'il·Hl1.:J IlJIWflf1'1\..1'f'11t1f1Cl('llJ\..I Q-Sepharose fast flow IWm~lJ~ l'f'l 7 'Wf1 !l1'lfCl FI, 

F2, F3, F4, F5, F6 ll('l::; F7 1'l1l-dh~1J t-/('lfll'jlwm~lJ.:J~.:Jllf1''f'I.:Jl'Ufl1l'1~ 13 
" 

Fractionation of KV on Q-sepharose column 

2 

1.5 
-
c:: 

0 
00 
N 1 
0 
0 

0.5 

0 

-

0 20 40 60 80 100 120 140 160 

fractimoo 

.. 'jI • ~ 

fll'j 'Vl'f'lf1'Cl1Jt)'YlTIfl1'j U1Ju.:J,j m v,j 'j~ f1'l'Vll1~()flU flllllJ IUCl'IW.:J F 1-F7 1'f'1 Vfll'jfll'U 1UI fI11lJ 

!.,JlJ.,J'U'UCl.:J Fl - F7 I'lllJiY'f'Iri1'U 1,j'j~'U~lwfll~'illflYllJ~ crude (l'll'jl.:J~ 1) t-/('lfll'j'Yl'f'lf1'Cl1Jt)'Yliu1J8.:J,jmtl 
• iI ... 'j) • 

,j'j~f1'l'Yll1~()fi1JflllllJIUCl'UCl.:J FI - F7 ~.:Jllf1''f'I.:JhJfl1'Wl1 14 'W1J';h FI ijq'VlTIU1Ju.:J,jmv,j'j~f1'l'Vll1~()fi1J 
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d <J} $I I e.:SG} 31G'j <f 
\9l1jl.:J'VI 1 f111lJ!'lJlJ'lJh!'lJeJ.:JU\9l'O~ Fraction Fl - F7 'VI!'l5 !h!fl1j'VI\9lb'feJ11 U'O~~'Ofl1j'VI\9lb'feJ11t1'V1li 

" . " 
V11V.:J tJ" lVtJ j ~b'fl'VIli~eJ 011 flt{llJ!{jeJ 

Fraction 

No. 

Yield 

(%) 

Concentration 

(~g!ml) 

Time taken to cause 

50% inhibition (min) 

Twitch tension at the 50
th 

minute 

after fractions added (%) 

crude - 80 4.2±0.1 -

1 38.1 30.5 4.6 ± 0.2 -

2 10.4 8.3 - 83.4 ± 2.1 

3 9.3 7.4 - 70.7 ± 1.9 

4 11.3 9.0 - 67.5 ± 4.5 

5 11.3 9.0 - 90.1 ± 2.9 

6 4.1 3.3 - 84 .3 ± 2.9 

7 5.4 4.3 - 83.5 ± 2.7 

• ~I
Ub'f~-:)m!1Jh! Mean ± S.E.M (n = 5) 
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A) 
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• 

VlYiI'i'tl
v 

FIO'Un~llHC'tl'IH)'l - F7, 
4' 

A) 
V 

li1'JeHJ1'l Tracing l!~
I 

" 

~'lq'YIlitilJV'l 
V 

v 

tJmtJtJ)~'i11'VlYiI'i 'tlO'Unli'llJt-W'tl'\J'tl'l F1, B) mwlu'i1~'lq'VlTI v'UV'ltJmtJtJ)~m'VlYiI'i m)'Un~llJt11'tl'\J'tl'l 

control H(l~ F I - F7 tt~~'l~ll~'W Mean ±S.E.M (n = 5) 

http:mirrt..1e
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Q 'j.I QJ II 0 0 'j.I W W & 
Fraction Fl \)lflf1l'HWfl'VfEl~\)-:JtJVI~ltJfHH'l1J'W Q-Sepharose fast flow 'Wlltl'Vll1111'U1J'U'W'U1-.! 

llel~Nl'Wel-:J l1-.!1'HntmJ Cellulofine GCL-l 000 sf IWfl I~ 3 V;fl hr~tJ F 1.1, F 1.2 ll1:l~ F 1.3 ~l1Jih~'lJ Helf)1':i 
I, I 0' ,., • ,., 

llUm~'Y ~~-:Jm~ l1 15 djm.11'l'J flV;fll1llUfl 1~ItlY1~ {,(tJ'lJt)Y1TIV'lJ U-:Jtl mvtl ':i ~ {,(lY1l1~tJfl'lJ fl ftl1Jl'WtJ 1~u 
'fil'Wlruml1Jl~1J~'W'UtJ-:J Fl.l - F1.3 ~l~Y1~{,(tJ'lJ 19l11J~~ril'W'UtJ-:J ltl':i~'W~llVfll~\)lfl F1 (\9l1':i1-:J~ 2) 

0' " • ,., I 0' 

1~H1:lf)1':iY1~ {,(tJ'lJt)Y1TI U'lJ U-:Jtl mvtl':i ~ {,(lY1l1~tlfl'lJ fl ftl1JIUtJ~-:Jll {'(~ -:J 1'W m 'Wl1 16 ~ 'lJ 11 V;fl F1.2 iit)Y1TI 
'jJ I v.,., ., 0"'" 

V'lJu-:Jum utl ':i~ {'(1Y1l1 ~ tJ tl'lJflftl1JIUtJ~l1 {'(~ ~-:J u'W ~ -:JYilf1l':i WJf) F 1.2 l-WtJ 111'1 ~ri 11-.!l1'lJ~ {,(Y1TIV-:J~'W~tJ1tl. . 

2 

1.5 
E 
c: 
a 
co 
N 

0 
0 

0.5 

0 

0 20 40 60 80 100 120 140 

Tube no. (1.5ml/tube) 

t , 0' v 

19l1':i1-:Jl12 ml1JI~1J'\j''W'UtJ-:Jll~1:l~ Fraction Fl.l - F1.3l11~1'Wf1l':iY1~rrtJ'lJ IW~rl1:lf1l':iY1~{,(tJ'lJt)Y1TIV'lJU-:J 

tl m utl ':i~ {'(1''l~~ tJ tl'lJ fl ft l1Jl,i tJ 

Fraction 

No. 

Yield 

(%) 

Concentration 

(J.lg/ml) 

Time taken to cause 

50% inhibition (min) 

Twitch tension at the 50
th 

minute 

after fractions added (%) 

-I - 30.5 4.6 ± 0.2 

1.1 23.9 7.3 42.8 ± 2.7 -

1.2 54.4 16.6 4.3 ± 0.3 -

1.3 29 .2 8.9 - 70.5 ± 3.1 

, ~I 
11{,(~-:Jmlu'W Mean ± S.E.M (n = 5) 
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I
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11 tH.lDJO 11500-:00 120JlOOOD 
mirl.A es 

• 

· 0.000000 

--+- Control 
__ F1 ,1 

----&- F1 .2 

-7(- F1.3 

0 20 40 60 80 

Time (min) 

• ~ v • IV " 

fll'W-Yi 16 t]YI~iJ1JiJ'ltJ,mJtJ '.) ::;{11Y1Vi~tlfi\Jf1~llJ!i1t1"UtI'l F 1.1 - F 1.3, A) 1'11tlcJl'l Tracing a{1\il'lt]l-'lTIiJ1JtJ'l 
." " V I V 

tJmtltJ '.)::; (1' lYl-Yi~tltl1Jfl~llJ!i1t1"UtI'l F 1.2, B) m l~ 11{1\il'l t]YI ~ tJ1J iJ'ltJmtl'U '.)::; {11Yl-Yi~tIf)1Jf1~llJ Li1 tI"U tI'l 

control aft::; F Ll - F 1.3 a{1\il'lr11!~'W Mean ± S.E.M (0 = 5) 

IV 
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91 

<! ~ , QI 

.at.V v ... I ... 1 q ' v 11 ~ 

1.4 ~'Y11iI'J'lJI'J.:jlJi:lll'JlJ) ::: ~l'Y1'Y1V1f)fl'lJ fHl1'J.JI'l,H)'IHl.:j semi-purified fractions 

'" 91 011101099191<v"
VfEl-:J'U'nn.:J fraction Fl.2 'Ulf)fll':iWJfW11tJ'fltH't:IJ'U Cellulofine GCL-I000 sf 'Ul ~lJ'Vll ~11l~:IJ'IJ'U<u 

~ ~ . 
~'U !!~~fh~~!f1titll9$l~tJmJ'tlf) \)lmrW-il'U~-:Jl'U'fltli1:1Jlr SP-Sepharose l!uf) lD':i~'Ul~ 4 Vl'fl hl~tl FU,l, 

Fl.2,2, Fl.23 lW::: Fl.2.4 1911:IJ~1~'U I!-mfllmtJf)Yifd~~-:Jm~~ 17 lrlml1'VJf)Vl'fl~!!tJf)1~lD'Vl~b1'tl'Uq'Vli 
~ , ~ . 

<V <V.I.I d' <V 91 '" 'i 0 91 91 "'9 91
tI'UtI-:JlJmtJlJ':i~b1'l'Vl'Vll91tlf)'Uf)m:IJl'Utl ~~U'f11'Ult1I'f111:lJ!~:IJ'IJ'U'Utl-:J F l.2. 1 - F 1.2.4 'Vl ~'l5'Vl~b1'tl'U ~1:IJ 

, , tI ,.. , 

1:Y~ Lh'U~tl-:J lD':i~'UYi!ltJf) l~'illf) Fl.2 (1911':il-:JYi 3) l~v.I~fll':i'Vl~b1'tl'Uq'Vl~v'Uv-:JDmtJD':i:::b1'l'VlYi~tlfl'U 
". tI V • 

f)"l:IJli1tl ~-:J!!b1'~-:Jl'Um~Yi 18 ~'lJ',h -W'f1 Fl.2.2, F1.2 .3 U~~ Fl.2.4 ijq'Vl~v'Uv-:JDmtJD':i:::rn'VlYi~tlfl'U 
" • ~ ,.. ,.. 0' 

f)"l:lJ!i1 tlYi~ !l~:::ijq'Vl ~lli~l-:Jfi'Umil -:Jijtimhrity ~-:Jir'UU-:Jl11 fll'lfff)fdlf)~ "lm,j tl-:J~'U1'U fll'l tl tlf)q'Yl~ 'IJ tJ-:J 

Fl.2.2, Fl.2.3 U~~ F1.2.4 ~tllD 

0,8 -.---- -------------------, 

0,7 

E 0,6 
r:: 0,5 

~ 0.4 
N 

0 0,3 

o 0.2 

0,1 

O~~~~~~~~~~~~--~ 
o 10 20 30 40 50 60 70 80 90 100 110 120 

Tube No 

~ . ~ 

V'UV-:JD mmJ ':i ~ b1'l'V1Yi ~ tl n'U f)"1:IJ I'Wtl 

Fraction Yield Concentration Time taken to cause 50% inhibition 

No . (%) C).lg/ml) (min.) 

1.2 - 16 ,6 4.3 ± 03 

1.2.1 8.5 1.4 30.7 ± 2.0 

1.2.2 26.8 4.4 7.4±0.4 

1.2.3 10,2 1.7 12.8 ± 0.3 

1.2.4 22.2 3.7 9.5 ± 0,5 

, ~I 
!!b1'~-:J'f11llJ'U Mean ±S.E.M (n = 5) 
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C 
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·Vi 
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403 
f
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--_.. 0 .400000 

. 

__ F1 .2.1 

_ F1 .2.2 

............- F1 .2.3 

~F1.2.4 

-*-Control 

0 20 40 60 80 

Time (min) 

• "i1 , V " 

ill'VfYi 18 t)'Yl1iiJ'UiJ~umtJ'lh~"'l'YlVi\9le)f'1'Uf)~l:lJlilCl'IJCl~ F 1.2. 1 - F 1.2.4, A) 1'1":w~h~ Tracing 1I"'\Pl~t)'Yl1i 
'V ,,,, " it , " 

v'Uv~umtJu'j ~m'YlVi\9lml'Uf)~llJlilCl'IJ Cl~ F 1.2.2, B) m l'yhm\Pl~t)'Yl1iv'UV~U~ltJU 'j~"'l'YlVi\9lm'1'Uf) ~l:lJlilCl 

'lJCl~ controllW~ F 1.2.1 - F 1.2.4 Im~~fi1l'tl'W Mean ± S.E.M (n = 5) 
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)_1.0:1 V "".0:1 
1.5 f111V111m.Hl'U IlJ1V1'UVlltll1i gel electrophoresis 

~fJ~'il·:nn:j semi-purified fractions (F1.2. 1- F1.2,4) tJl1tl\9l)1'il'Hl'\JmllJ'\J~"l'YllfnJ~v'\Jtl1V'\J 

nm~fJ':) 'il 'Hl1':)~U':) III1l'i'uv mhw ll'i'~Hl~':)fl1'Yj~ 19 'Yj'\J ':h~fJ':)'il.:)m':)lwmhw1Jutl'\J1tl)~'W'VfftntJvl 'W'!51':)
~ ~ ~ 


~ , . " 

tJl'Vf'l1'nllJtmFwll djmtl~v'\JtViV1Jf)l Rf n'\JtJl'Vf'l1'nllJtrlfJ(l~tJ':) ltl)~'WlJl\9l)ll'W '''l'\Jl1 F 1.2.2 , F 1.2.3 

" ,
U(l~ F1.2,4 1JtJl'Vf'l1'nllJlrlnrl 8.4, 9.0 !I(l~ 7.8 \9l1lJih~'\J m)lwnril'W~fJ.:){fllJ1)tl{f'Stlll'i'~':)\9ll)l':)Vi 4. .~ 

std. 1 2 3 4MW 5 

210 
131 

89 

41.3 

31.8 

18.1 

7.1 

fI1'Yj~ 19 tll'S\9l 'S l'il{ftJ'\J~fJ~~uvnll'i'l'i'lvl1i gel electrophoresis 

" 
Std = 1tl'S~'W 1J1\9l'S ~1'W, MW=tJ 1'11'11'nllJl(lfJrl (nhI9l1rll'l'W), 


I =l~fJ':)'il.:)m.:) 1111I'i'uvnril'W, 2= F 1.2.1, 3= F 1.2.2, 4= F 1.2.3, 5=F 1.2,4 

~ 

. " 
\9ll)l':)Vi 4 {f'Stltll'StWnril'W~fJ':)'il.:)m.:)l'W.u'W\9ltJ'W~l':) '1. ~ 

~ , 
.u'U VI el 'U f11 nll'l~'Uj tf'Yl. fi Protein 

(mg) 

Activity 

(/lg/ml) 

Total 

activity 

Pu rifica tion 

(fold) 

Recovery 

(%) 

Crude venom 1500.0 80.0 187,500 100 

Q-Sepharose 

(F l) 

586.3 30.5 167,514 2.6 89 

Cellulofine GCL-I 000 sf 

(F 1.2) 

235.2 16.6 141 ,686 4.8 75.6 

52.6 

SP-Sepharose 

(F 1.2.2) 43.4 4.4 98,636 18.2 
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Q' .q I.::S ~ .qq.q ~ 

2. fll)'YIvHHl'UVl111'l1l-!-.:J fll 'HH) f)~'YI1i'IJel'H:JTW f)-.:J'U) ~'YI1i'YI'U)l1ru pre- '11) el postsynaptic 

" , 
Qj 'lI ~ ~ 'lI 'lI 'QJ 'lI 'lJ ~I 

2.1 fll)'I1Vl Vl1'IJel-.:Jf)~UH'W ell:JJel m::;VJ'WVl1t1 exogenous acetylcholine f)el'Wll~::;'I1~-.:J fll) m::;VJ'WlI:J'W u)::;~n'YI 

vl1t11'rl'rh (contrOl, n = 5) 

v , 
3J 3J '" '" 3J '" 3J 3J -6 ·5 ·4 

m'Jm~I'JUf)mlJ1UVm~'IJ'lCllJ~11J exogenous acetylcholine 'Vlfl11lJl'UlJ'UU 10 , 10 , 10 

3 " " llCl~ 10- M II 'IJ'IJ (1'~{1'lJYi Cl~m1lJl'l1'lJ.u'W 111 h1'tn~ m'J'\1~1'11'\J V'l f) ~llJ IijV I'l'l n vuuCl ::;m,'1 m'Jm::;~~j
q 

phrenic nerve 1'l11J hlYh (fll'WYi 20) 
v v 

acetylcholine I'l'l 4 m1lJl.ulJ'I1'u l'l'lne:JUllCl~'\1t1'lm'Jm:i:~'W phrenic nerve 1'l11Jhh~1 'lUf)~lJ control 
, v v 

'W'lJl1 acetylcholine Ylfl1lJl.ulJ.uU 10'6, 10-
5 UCl~ 10-

3 
M 111111In~m'J'\1~1'11'IJe:J'lf)~llJlijm1'lne:JUUCl~'\1t1'l 

m'Jm~~u nerve 1'l11JI'l"Ivh liJiJm1lJlll'lf)vl1'ltlU llvl~m1lJl'l1'lJ.uu 10-4 M 1111111nflm'J'\1~1'11'IJe:J'l 
q 

f)~llJl1iv~'lnVUUCl~'\1t1'lm'Jm~~u nerve 1'l'":wlvlYh iJm1lJlll'lf)vl1'ltlUVV1'liJiTmYlfiw (fll'W~ 21) ~'l 
q " 

, y " , 

e:Jl 'illijV'l1Jl 'il 1 f)fl11lJ HU IItl 'J 'IJ e:J 'lllvl Cl:i:9JU Iij e:J Yi tJ llJ I'll1 m 'J 'Vl ~ (1'e:J 'IJ 

" ,
Qj 'lJ t!:t t!:t 'lJ 'lJ 

2.2 fll)'I1VlVl1'IJel-.:Jf)~1:JJIl-!ell:JJelm~VJl-!Vl1t1 acetylcholine 
Qj .q 

'I1~-.:Jf)l)!f)Vl neuromuscular blockade 
v 
ell-! 

~ " . 

ll-!el'l:JJ1'illf) semi-purified fractions (n = 5) 

v , 
3J 3J '" '" 3J '" 3J 3J -6 -5 ·4 

m'Jm~I9JUf)mlJl'We:Jm~'IJ'lCllJ~11J exogenous acetylcholine 'Vlfl11lJl'UlJ'\JU 10 , 10 , 10 

3 '" 3J 3J' 3J 3J II] 0.1_9:1 0 9 3J "" 
UCl~ 10' M 1l'IJ'IJ{1'~{1'lJ'VlCl:i:fl11lJl'lJlJ'1IU f)Vum'Jm:i:l'Ju phrenic nerve fl11J nml'Vl1 ~'I1lf)flm'J 

v 

3J '" 
 exogenous acetylcholinecontraction 'lJV'lf)mlJ1U e:J 

, , 

neuromuscular blockade ~\Hije:J'l1Jl'il1f)t:]'VlTI'Ue:J'l FI.2 .2, F1.2.3 llCl~ F1.2.4 111'l11Infl'\1~1'11'IJe:J'lf)~llJlije:J 
" ,d o'jl IIVQ.I Q OQ.l 

l'WIJ'lIClflUe:JIJI'Vl1UU ~'lfll'\"fYi 22, 23 Uf1::; 24 1'l1lJm~'IJ 

• y , y 
~ ... IQ d ~ ~ ~ ~ ~ ~ Q.I ~ ~ 

llJmu'J 1J'lJ1'VlIJ'lJm'J'\1~1'l1'IJe:J'lf)mlJ1UmlJe:Jm::;I9JU~1t1 acetylcholine 'Vl'l 4 fl11lJI'lJlJ'lJU 

~'lne:J'WllCl::;m''lm'Jlf)~ neuromuscular blockade e)l.Jl~e:J'l1Jl'il1f)t:]'Vli'IJV'l F1.2.2, F1.2.3 llCl~ F1.2.4 'll1J:-lCl 

,~ I ~ 

d ~ jJ -6 -S Q.I I ~ Q.I ~ IV ~ ~ 

'Vlfl11lJl'IJlJ'\JU 10 UCl~ 10 M 'Vl'lfle:J'WllCl~'\1Cl'l'\1Cl'lm'Jlflfl neuromuscular blockade e:J'WI'We:J'llJ1\1lflt:]'Vl1i 

'\Je:J'l F 1.2.2, F 1.2.3 llCl~ F 1.2.4 liJiJm1lJlll'lf)vl1'ltlU ~'lm'ill~e:J'l1Jl'il1f)f)11'\1~1'11'\JV'lfl~llJlci'v~ln~~u liJ 

~ IV~&~ d 3J 3J.J~ d ~3J -4 
(1',H"1lf) baseline 1Jlmm ~'lUU'\)'lVHJ1'HU1'Vlm'Jm~I'lUf)mlHUVWJIJ acetylcholine 'Vlm11WUlJ'1IU 10 Uf1~ 
~ q 

10-3 
M ~'l'il~ll1UII'l11 semi-purified fraction ~'l 3 fractions VVf)t:]'Vli~'IJ~nru postsynaptic 

v 

http:llvl~m1lJl'l1'lJ.uu
http:Ylfl1lJl.ulJ.uU
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-t·1 
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' 15t1QOOO , .. 00000 

" "c.:! 

mVfVl 20 
,Q.I 9J.cJ..cJ. 'j) 'j) ~ Q.I 'j) 

fllJ'li~WI1'lJel-:jmnlHl-n) LlJeJm~I9J'Wmn1Jb'WeJm~'lN];j1J~ltl exogenous acetylcholine 
c.:! 

'Ylflll1J 

'J} 'J} ·6 -5 -4 -) "" 'J} 'J} , 'J}

1~1J~'W 10 , 10 ,10 ll];j~ 10 M 1l'lJ'lJbi~bi1J'Vl];j~f1111JI'U1J~'W (control), A) f)eJ'Wf11Jm~I9J'W phrenic nerve 

1'1'1tllyHh B) fllJm~~'W phrenic nerve 1'1'1tlhJ~h, C) 'li~-:jf11Jm~~'W phrenic nerve 1'1'1tllyHh 
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Concentration of Acetylcholine (M) 


fIl'Wl1 21 m111~1'11'IJtl-:Jn~llJliftllrltlm~~h!Jl':ltJ exogenous acetylcholine ~f111lJ!.,j'mj''W lO-6, 10-
5

, 10-
4 

-3 d 11 CJl (LI I (LI 'j) jI " 
Wl~ 10 M !lUUtY~tYlJ'Yl(l~f111lJ!'lJlJ'lJh! mntl'W (Before) 1!(l~11(l-:J (After) nl':im~~'W phrenic nerve WW 

"l"l'l.wl (contro!), !!tY~-:J~ll1Jh! Mean ± S.E.M (n = 5) 
" .

* u~n~l,n)(h:Jihrtny1rlf.1j 1~ tJlVitJUf11Jnl111~1'11'IJtl-:Jn~1lJ!CmjJtlm~~'WJl':ltJ acetylcholine Otl'Wnl 1 

'V 'V 1iJ • • I.il • 'V'V. 
m~~h! phrenic nerve ~ltJ l'Y'l'Vn 'lJtl-:JU\9l(l~ml'W'IJlJ'U'W (Paired t-Test, p < 0.05) 

http:l"l'l.wl
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fll'W'Vl 22 f11'J'\1I'Wl1'UB'lf1mW'WB !1JBm~I9J'Wf1m1J!'WBm~1J·rmJIP11CJ exogenous acetylcholine 'Vl'fll11J 

'J} 'j) -6 -5 -4 -3 ..:::::1 9J 'J} <l.I £:::\. QJ 

!'U1J'U'W 10 , 10 ,10 uC\~ 10 M !!1J1JTI~TI1J'Vlc\~'fll11J1'U1J'U'W '\1c\'lf11':i!f11P1 neuromuscular blockade B'W 
. . 
~ I ~ Q.I ~ 

!'WCl'l1J1'Dlf1 F1.2.2, A) f1tJ'Wf11'J!f11P1 neuromuscular blockade, B) neuromuscular blockade B'l..l!'WCl'l1J1'Dlf1 

F1.2.2, C) '\1l:l'lf11':ilfllP1 neuromuscular blockade 
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175 00000 

" "
.Q (lJ 9.J.do . 31 tV ~ fjJ d~ Q.I 

fll'W'Vl 23 fll':l '\1\PW11'Utl.:JnmlJlh!tl IlJtlm::;l'.lh!nmlJlh!tlm~1.mUJ'fllV exogenous acetylcholine 'Vlf111lJ 

<;J <;J ·6 ·5 -4 -) d <;J <;J v a. v 
l'UlJ'Uh! 10 , 10 , 10 11(1::; 10 M 1I'lJ'lJ{y~{ylJ'Vl(l::;f111lJ1'UlJ'Uh! ~f1,;Jfll':lIf1'fl neuromuscular blockade tl'U 

, ' 
I!:I r.<::::':!. Q,I .d. 

lh!tl.:JlJlu1f1 F1.2.3, A) ntl'Ufll':lIf1'fl neuromuscular blockade, B) neuromuscular blockade tl'Ulh!tl.:JlJlu1f1 

F1.2.3, C) rH1.:Jfll':llfl'fl neuromuscular blockade 
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td 'V.J ~ 'jJ ~ ClJ 'V o=:SClJ fjJ 

mVfVl 24 f)l'HHWl1'Utl'lmnlH'iH) llJtlf)'.j~I'l'UnmlH'Utlf)'.j~m"lJ~Jv exogenous acetylcholine 'VlflJllJ 

9J 9J -6 -5 -4·3 '" 9J 9J v <=0 '" 

l'UlJ'U'U 10 , 10 ,10 u,,~ 10M lI'lJ'lJt1'~t1'lJ'Vl"~f1JllJl'UlJ'U'i! 11"'lnl'Hn~ neuromuscular blockade tl'U 

~ I.:=:::t. V d 
l'i! tl'llJ1 ~ln F 1.2.4, A) ntl'U f11'Hn~ neuromuscular blockade, B) neuromuscular blockade tl'Ul'U tl':]lJ1~ln 

F1.2.4, C) l1tl'lf)l'Hf)~ neuromuscular blockade 
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0 .00 +I _________~========~======~~======~~~------~ 
51~ 1~ 1~ 

Concentration of Acetylcholine (M) 

• :v •I 

Q tV iJ.c! ~ 'jI 'j) do 9J 'j/ 6 5 4 
fllVfYl 25 flln'f\9l\9l1~Jtl-:JflClllJt'WmlJtlm~I9J'W\9l1lJ exogenous acetylcholine 'YlmllJ!'UlJ'U'W 10', 10', 10' 

" t!Cl~ 10'3 M UlJlJ{1'~{1'lJYi(j~fll1lJ!'lilJ'Ii'W rl-:Jtltl'W (Before) t!(j~11~-:J (After) fll'j!f}\9l neuromuscular 
tV Idt ~I 

blockade tl'Wt'Wtl-:J1Jl'illfl F 1.2.2, !W\9l-:JfIl!l.I'W Mean ± S.E.M (n = 5) 
, 

acetylcholine fltl'WfllJ 

0.45 

0.30-9 
c 
0 

'iii 

c 
.l!l 
£ 

.8 

~ 0.15 

000 -t---------.,.---------r---------r----------,,----------, 

510 6 

Concentration of Acetylcholine (M) 

• 'j1 , • 

'" <V w.oj.oj w w '" w w 10'6, ·5 ·4
i1l'W'Yl 26 fll'j'l1\9l\9l1'Utl-:Jfl(jllJ!'WmlJtlm~I9J'W\9l1lJ exogenous acetylcholine 'YlmllJ!'UmJ'W 10 , 10 

3 " t!(j~ 10. M t!UlJ{1'~{1'lJYi(j~fll1lJ!'lilJ'Ii'W rl-:Jtltl'W (Before) t!(j~11~-:J (After) fll'j!f}\9l neuromuscular 
tV Idt ~I

blockade tl'Wt'Wtl-:J1Jl'illfl F1.2 .3 , U{1'\9l-:JfIltl.l'W Mean ± S .E.M (n = 5) 
" . 

* U\9lfl~l 'H)rh-:Jiil!rHl1rlt\! 1\9l mYilJunUfll'j '11 \9l ~l'U tl-:J fl ~11JtCm)jtlm~~'WJ{ ' .J('J acetylcholine tltl'W fll 'j 

w w "l • .I_~ , w w . 
m~IPJ'W phrenic nerve \911lJ m'V'il 'Utl-:Jt!\9lCl~fll11J!'UlJ'UU (Paired t-Test, p < 0.05) 
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Concentration of acetylcholine (M) 

, 91 • , 
.do Q/ 3J ~~ iJ'j) d 'j)'j) 654 

fl1'1'~'VI 27 f)1,)'l1'fl\W)'lJfJ-:JmnlJl'UmlJfJm~~'U'flltJ exogenous acetylcholine 'VIfll1lJl'IJlJ'IJ'U 10, 10-, 10' 
-3 d 'j) jI (V I Q.I .<:::to " 

l!(l~ 10 M !lDDff~fflJ'VI(l~fl11lJl'IJlJ'IJ'U 'Vl-:JflfJ'U (Before) !l(l~'\1(l-:J (After) f)1,)lfl'fl neuromuscular 

blockade ~14!~fJ-:J1J1'1l1fl F1.2.4, lW'fl-:Jflll1J'U Mean ±S.E.M (n = 5) 
, 

acetylcholine flel'Uf)1') 

, , ' 'lI V 

3. f)1'.i'YIVl ~Hl'U f)1 '.i tltlflq'YIi'Utl .nI1'l-Afl..:!'U~q'YIfil 'l-A f)1'.i if'Uif":!f)1'.i'YiVl~1'Utl..:!fl~l'Wi'1el fl'.i~U":!~lJ 

fl ~llJ I~ellVl£JV1 'i ..:! vl';H'J1'Yh~1 

'!I '!I 
3.1 fll1lJl'lJlJ'lJWUtl..:! Tubocurarine chloride (n=3) 

d' Y I Y d 
'Illfl f)1') 'VI 'fl fffJD tj'VITI V'U vnJ m tJ'lh ~ffl'VI Yi~ tlfltJ fl ~llJ!'WfJ'1J fJ-:J Tubocurarine chloride 'Vl 

'jJ 'jJ , "'9 'jJ9 0 9 'jJ Q "1 'jJ , 

fI11lJ!'lJlJ'IJ'U 2.5,5, 10 !l(l~ 20 J.lM 'I'~tJl1nm'Vl ~'b' ~'Ufl ' I')'Vll ~'l1!fl'fl 95% inhibition ~'fl!lfl 5.7 ± 0.6,3.4 ± 
d O Q/ & 9J 9J ~I gJ gJ 'V d ~o9j1.<:::t.

0 .3,2.7 ± 0.2 !l(l~ 2.5 ± 0.2 'Ul'Vl 'f11lJm'fltJ C}j'-:JfI11lJ!'lJlJ'IJ'U 10 ~lM !1J'UfI11lJl'IJlJ'IJ'U'UfJtJ'Vl~'fl'Vl'VI1 ~'l1!fl'fl 
d' v • 'V. • , 'j,I 

tj'VITIvtJv-:JllmtJ1h ~(n'VlYi~fJfltJf)~llJli1fJlJ1flYi~'fl (fm~Yi 28) !l~!'WfJ 'h11f1'flf)1')t1'fl f)'U neuromuscular 

I I .di ~ 99J d 'j} 31 9 9J 
transmission fJtJ1..:!!!'U'UfJ'U'Il-:J!(lfJfl ~'b' Tuboourarine chloride 'Vlfll1lJ!'lJlJ'IJ'U 20 J.lM ~'Uf)1,)'Vl'fl(lfJ-:Jm~~'U 

:II I 1.1 , 

'jJ '" 1 'jJ "l • .I.~ '" ~I '" 'jJ dflmlJl'UfJ 'fltJ'f1H'flltJ n'fl'n llJfJ'Vl'fl(lfJ-:JlJ'flf)'U neuromuscular transmission 'flltJ Tubocurarine chloride 'Vl 

" 
29 ~-:J!lff'fl-:Jl11'!11'Ul1 Tubocurarine chloride 20 J.lM ffllJ1,)f1ll'flf)'U neuromuscular transmission 1~ 
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~ ~, 

3.2 f)l 'i'HVlvl1'lleJ~ flKUJI.weJ i))~'lJ'Hl'lJ IlJeJ fl 'i~~tl.flKl'lJ!.weJImJVI 'i ~v\'1!'J''Yh~l IVl!'J1'l1 unipolar elech'ode 

(n == 5) 

" . " 
f)1':i 'Vl~ IYtliJf)1':i '11 ~\Pll'\J tl~ f) ~llJ!Utlm ~'!J~ f.1lJ UJ tlm ~~'iJ f)~llJ!i1 tll~ I'JI'l H 1'l11'Jhlvh. 

" " ':i~~iJ supramaximal voltage (0.1 Hz, 2 msec) l~dH unipolar electrode ;1~illl'l~n~~~J supramaximal 

voltage 'iJ~tlci1'W Glh~ 16 - 40 11t'l1'l Vlf.1f)1':i'l1~\Pll'Utl~f)~llJnftlm~'!J~f.1lJ !ritlm~~'iJf)~llJ!.crtll~{JI'l':i~l'lll'J
~ . 

1l'l~1 fll1'J1'W 1.5 illlJ~ UIY~~~~fll'W~ 30 

v '::'1 v 
~ 

'H!l~f)l':i1JVlflll neuromuscular transmission (control, n == 5) 

" 'I1~~'illf)Yilf)1':itl~n'W neuromuscular transmission 1~1'J Tubocurarine chloride llmllJ 

~ <V V " '" <V 
.

'" V V " '" 1 v Ii] .I .~ <V

20 \-lM 'iJ~'Vl~IYtliJf)1':i'l1~m'\Jtl~f)mlJ!'iJtlm~mf.1lJ !lJtlm~I'J'iJf)mlJ!'Wtl ~~{JI'IH~ll'J ~'Vrnn~~iJ . 

supramaximal voltage (0.1 Hz, 2 msec) 1~1'J1'l1 unipolar electrode Vlf.1f)1':i'l1~\Pll'Utl~f)~llJ!iftl !ritlm~~'iJ.
" . . 

f)~llJ!i1tll~I'JI'I':i~l'lll'Jil'l~l ml'Jl'W 1.5 911 llJ~ UIY~~~~fll'WYi 31 !ijtlYilf1l':i!t1~l'JiJ!lll'JiJf1l':i'l1~\Pll'\Jtl~ 
'jI 1 'jI iJ 

;1~Vi il1tl~ n'iJ U f.1~ t1~ tl'W neuromuscular transmission 

v qv d .& ~ I11V,d<lI 

~11'J Tubocurarine chloride (20 \-lM) ~'I1Vlf.1~~m'W'Vl 32 91~'iJ~m'iJ ~~ll'Vlnm 40, 50, 60, 70, 80 !!f.1~ 90 

neuromuscular transmission f.1~f.1~tlciNlhrl'Jbhfltll !ritl!lll'JiJtliJ~iliiJ Tubocurarine chloride ~~f)1':i'l1~\Pll 
j.I. iJ 'jI" j.I 

'\Jtl~f)~llJ!i1 tlll f.1~ f.1~il ell 'ill~'iJ Vlf.1'\J tl~ Tubocurarine chloride ~~ ir'iJ h.l f1l ':i'Vl~IYtliJ tj'VlTI ViJ V~f)1':i 'I1~\Pll'\J tl~ 
j.I ,'jI • 

v '" '" v v '" '1 v Ii] .I.~ ~ "" " I"" "I
f)mlJ!'Wtl'\Jtl~ semi-purified fraction !lJtlm~I'J'iJf)t'lllJ!'iJtl ~~I'JI'lH~ll'J blH'll 'iJ~'il~'W'ill':iWlfll':illJf.1I'J'iJ!!lJt'l~ 

" m':i'l1~\Pll'\Jtl~f)~llJ!i1tlml'Jl'iJ 30 'iJ1Yi 

~ 'II 'II I 'II 
Q,V V v '11 t!:f. ~ 0 '11 V ~ 1 

3.4 t]'YIll!'JiJ!'J~ f)l ':i'HVlVl1'llel~ fl!ll'lJlll eJ'llel~ semi-purified fractions l'lJeJ'YIl f)l':ifl':i~ YJtI. fl!ll'lJlll'eHVI!'JVI'i ~ 

v\'1!'J'vJ~1 (n == 5) 

" . 
<V ~I <V '1 "" v v 

'I1f.1~'illf)1J~f)'W neuromuscular transmission ~~{J Tubocurarine chloride 'VlfllllJ!'\JlJ'U'W 20 

I' iJ iJ 

1'l1lJll'lvh djtl~ 'iJl'HU If)1 ':iltl~I'J'Wutlf.1~m':i'l1~\Pll'Hl~f)~llJ!i1tl'l1 ~~1ri semi-purified fractions Yl~ 3 

" 
fractions Uf.1~'Vl~ IYtliJ'Vll~IY(l~ (ANOVA, Tukey, p < 0.05) ~"liJ ';h111'Vlf.1m':i'l1~\Pll'\Jtl~f)~llJn1tlll1~willf) 

• " 'jI 'jI • 

fl~lJ control (fll'WYi 33) UIY~~ il F 1.2.2 , F l.2.3 Uf.1~ F 1.2.4 111iJq'VlTIViJV~m':i'l1~\Pll'\Jtl~fl~llJ!i1tl!ijtl 
" m~~'iJf)~llJ!i1tll~I'JI'lHl'lll'Jll'lvh• 
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Concentration of Tubocurarine chloride (/--1M) 

do v<vo' I ~0'l'JJQ 'JJ'jJQ.J 

fll'VfYl 28 fl11lJ'fflJ'YfW'!i'j~'I11l\H1m'Yl'Yll 'I1!fll'l 95% inhibition flllfl11lJ!'UlJ'U'W'UtJ'l Tubocurarine 

r ~I
chloride, U'ffI'l'lfl1!lJ1.J Mean + S.E.M (n = 5) 

I CLI I d Q.J 0 Q.J ~ d Q.J 'JJ 'JJ
* \9ll\lfl1.JtJV1'llJ1.JV'fflfltyllJtJl'Yl{JllflllflJllJl'UlJ'U'W 20 )..lM (ANOVA, Tukey, p < 0.05) 
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· ~" , " 
fIl'WVi 29 trV11iV'\Jv.:JiJr;m.J1h~m'YlVi~ml'\Jfl~l1JbUtJ'H).:J Tubocurarine chloride, A) 1'l1tJ~1.:J Tracing !!'ff~.:J 

~ ", , v " 

q'Yl1iv'\JtJ.:JiJmtJiJ)~'ffl'YlVi~tJtl'\Jfl~l1J!UtJ'UtJ.:J Tubocurarine chloride (20 ~M), B) flnYI!!'ff~.:Jfll)t1~tl~! 

neuromuscular transmission l~tJ Tubocurarine chloride (20 ~M) l~tJ~ 0 'Ull1 (twitch tension 100%)fitJ 
" >J ')J

fll)l1~1'll'UtJ.:Jfl~l1J!U tJnm.J lri Tubocurarine chloride ~lfltJ'WfitJfllnl~1'll'U tJ.:Jfl~l1J!UtJl1~.:J1ri 

Tubocurarine chloride ~nm~l.:J "1, !!tl~.:J~l!~tI Mean ± S.E.M (n = 5) 
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" I jI 'j/ , 

... 91 '" '" 91 91 '" 1 91 IIL.I~~ ~.I ... 91 '" '" 91

1'l1 'lH)\lflC\llJl'\.HlllJ'Dm~I'l'UflC\llJl'\.H) VlfJl'lHVllfJ !Y'f1"ll, B) ml-nll~VI\lfl1)'I1V1l'll'tl'D\lflC\llJl'U'D IlJtJm ::; I'l'U. . 

" fl~llJliJtJ 1V1tJl'l).:j~lfJl~Vll, ll~VI\l~lltJ'U Mean ± S.E.M (n = 5) 
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1'fl(J\9l'j\lJi'lV1'Vh~h '\'nl\1tll'.lll'fltl~j neuromuscular transmission Ji'lV Tubocurarine chloride, B) mlvlH~'fl\l 

" 
transmission JllV Tubocurarine chloride 1'fltJ~ 0 l-l1'Vi (twitch tension 100%) fitltll'.l'\1'fll'll'lJeJ\lfl~l1Jli1tl 

nm.Jlri Tubocurarine chloride 

, ~I 
H~'fl\lmllJl-l Mean ± S.E.M (n = 5) 
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c 
2 -"-with Tc 
r. 40.0 B 

~ 
20.0 

0.0 
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Time (min.) 

y , y 
d 

fll'W'Vl 32 f11 'j tiJ1 rJDt Yi VD f11 'j '\1 ~\9lI'll eJ.:I f1~l:l..lli't eJ tlieJ m~~'U f1~1:JJ!i'teJ 1~ tJm .:I ~1V1~~,~1• 
, " 9 ~ ""::'1 '" Tubocurarine chloride (without Tc) Url:::!'lJ' Tubocurarine chloride l'WeJu~f)'U neuromuscular transmission 

, ~I
(with Tc), ll"'~.:Ifl1!u'W Mean + S.E.M (n = 5) 

, y • y 

* ~ 1.:1 n'U eJv1.:1ii iTm:Y1r1'tydjmVitJD f11'j '\1~\9l1'lJeJ.:If1~T'Jti't eJ tlieJ m :::~'U f1 ~l:JJti't eJ 1~tJl'l 'j.:l ~1V1~~vh 1~lVIII 
9!V ci ~ (L.I

!'lJ' Tubocurarine chloride 'Vlnm!~V1f1'U (ANOVA, p < 0.05) 
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Time (min) 

~I Q) 9J Q..I , " 
fl1'iu~f)'U neuromuscular transmission ~1(J Tubocurarine chloride, A) \9l1DtJ1'l Tracing U'(l'~'l~lU'lJD'l 

v • 3J 3J 

F 1.2.2 I'1Dfl1 ':i'l1~'f11'IJ D'1 f) ~llJ!Um:UDm ~1li''U f)~llJlUD1~ tI\9l':i 'lJ{1t1 IvlYl1 '11 ~'lfl1':i1J~ f)'U neuromuscu lar 
q 

31 I 9J ~"I Q..I

transmission ~1(J Tubocurarine chloride, B) mWU'(I'~'lNu'IJD'l F1.2.2 - F1.2.4 \9lDfl1':i'l1~\9l1'IJD'lf)mlJl'UD 
,3J 'j.I • 

'" 31 31 '" '1 31 Ii] ,.I,9:i OJ :;'1 OJ , '1 d 

!jJDm~\9l'UfH\llJ!'\.H) 1~(J\9l':i'l~1(J !1"I1"I1 'I1u'lfl1'iu~f)'U neuromuscular transmission Uu~f)ulJ control 1~(JVl
q q 

Q .d Q..I ".dod QJ ~ 9J " ')'~.d 9 ~ 9J o 'U1Vl (twitch tension 100%) flDfl1'i'l1~\9l1'IJD'lf)mlJl'UD 1'U'U1VlVl 4 'I1u'lm~\9l'Uf)mlJ!'UD l~tI\9l':i'l~1t1 
q 

lv1Yl1 (nmllri fraction l'Uf)~lJVl~"D'l), U'(I'~'lfi1!1J'U Mean ± S.E.M (n = 5) 
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tJ' S.I • S.I 

fll ~ 'Vl ~ 'fftJ 'U q 'Vl1l V'U V-l'tJ ~ 1tJ'tJ ~ ~ 'ffl 'Vl'Vi1'1 tJfl'U fl t{ll-HU tJ 'U tJ -l vtEJ -l u-l tJ 1-.:J II~ ~ ~1 hl'UtJ;j vtEJ-.:J 
" 

~ 

, 
~ 

u-.:JtIl-.:J hw1i' mouse phrenic nerve - hemi-diaphragm 'tJ~~fltJ'U1'i'1tJflt{llJlUtJm~1f-.:J~lJViih-ff'hl'tJ':i~'ffl'Vl~~ 
I .J ..::2 0 Q 'V ~ cv d' I

tJ~ C)j;jIl'ff~-.:Jmfll~'Vll-.:Jlhl'U~ nU! neuromuscular junction flmWhltJm~'U-.:J~lJu~\] fll~tJ-.:JtJ~1mn':i~~mtJ 
dJ d d ~ ~ ~ ~ Qj .::1QQ IIf) ~ Q..I 0 ~ 

Krebs solution C)j -.:J 111 'U 'fffl11~'VllC)j~ ~ fl mWhl tJII~~1 'ffhl'lh ~ 'ffl'Vl tJ-.:JlJ'lf1\9ltJtJ 
~ 

!~ II ~~ tJ-.:J ~lm~ tl'Vll-.:Jlhl i~ 

v """ v v 11] ••1~ 1 ' " ... ~ """ 1 ~ v """ ""0

flmlJlhltJu~\]flm~l9Jhl~1tJ !1"I'\."l1 ~tJN1hl'Vll-.:J phrenic nerve 'ff-.:J\9ltJlJltJ-.:JflmlJlhltJ 'Vll '\1flmlJlhlmflrlfll~'\1rl 
, " , 

1'l1 (contraction) \9l1'}J,);j'\11~mllJ;'hJtJrflnm~~hl flt{llJlUtJ~lm':itl'\1~1'l1ilPi'mflflll 4 ~1 1lJ-.:J mj'11fll~• 
'" I S.I. • 

'I1rlI'l1t!hlu~fltJtJ "1 ~rl~-.:JVi~~utJtJ UI'1~'lf1-.:JnmViflt{llJIUtJ'\1~1'l1fl-.:JVi ~tJ~rl~-.:Jhilf1hl 5% Vi'lf1-lnm 60 

hllVi ~-.:J'lf1-.:Jn~ lrl'u~1i'1hl fll ~'Vl~ ~tJ'Uq'VliV'U rr-.:J'tJ mtJ'tJ~ ~ 'ffl 'Vl~l'1tJfl'U flt{llJ IiftJ ll~~l~ tJ 111'mi1Ull 
S.I , '" • . , I 

flt{ llJlUtJtJv1 hl'lf1-.:J nmVi flt{lWU tJ'\1 ~I'l1 ilPi'fl-.:J Vi ~ -l'tJ~tJ tJ111'fl1~ '\1~1'l1 fl-.:J iii tJV1J ':i~mU! 10 hllVi ~-.:Jl~mll 
~ ~ 

tJ' S.I I S.I 

fll~'Vl~ 'fftJ'Uq'Vl1lV'U V-.:J'tJ mtJ'tJ~~ 'ffl'VlViI'1 tlfl'U flt{ llJlU tJ\~i'1tJvtEJ ~ u-.:J tIl-.:J '\1 ~ tJ fractions fl1 tJ1hlnm ll-llf1hl 50 
, " 

mVi ll~~IUtJ-.:J u lflfll ~ lwmhhlvtEJ-.:J '1 hllll'1~~fl ~-.:JU~ ll'i''tJ~mU! fraction ~lWfl ll'i'UtJtJlJlfl 

v v ";q ~9 ... ... 

~ 

1. 1 cs .,; II] v ,0'... 
l'UlJ'Uhl'Vl!'If !hlfll':i'Vl~'fftJ'Uu~~lJ~hl'jjfl'U % yield 'UtJ-.:J lJ~\9lhl 'Vl !~'UtJ-.:Jll\9l~~ fraction 

tJ' 'j/ • " 

ulfl H~ fll~'Vl~ 'fftJ'Uq'Vl1l v'Uv-.:J'tJm tJ'tJ~~ 'ffl'Vl Vi 1'1 tltl'U fl t{lWU tJ'UtJ-.:Jvt'lJ~ (crude venom) U~~ 
~ Q cf ~ d "l'V1 Q d ~ 

1'}J tJ ~ u 1 ~ U! 1fl 1 llJ II~ -.:J '1 hl fl1 ~ tJ tJ fl q '\fl'li II~ 1 u ~ I'\1ll ! ~ 1 1 ~ EJ ~ u -.:J tJ 1;j \] flll tJ fl tJ tJ fllll hl 'Vl-.:J 

v v ";1 v1 .cl,
fractions ll~~ semi-purified fractions 1l~~fl11'}Jl'UlJ'Uhl'Vl 'If hlfl1~'Vl~~tJ-.:Jfl\]fl'VltJhl~1hl~-.:J\9l1'}J % yield 'UtJ-.:J 

I " S.I , S.I 

11J~~hlVill'i' III'1V-.:J1"l'Uql'l1lV'UV-.:J'tJmtJ1J~~~1'VlVil'1tJfl'Uflt{1'}JlUtJ'UtJ-l Fl (30.5 ~Lg/mJ), F1.2 (16.6 ~g/ml), 

F1.2 .2 (4.4 ~g/ml) ll~~ F1.2.4 (3 .7 j.lg/ml) ~q'Vlill-lll\9lflI'11-.:JUlfl crude venom (80 ~g/ml) ~-.:Jll'ff~-.:Jl1 
, 0' 

dQ Q 9.ctI 

semi-purified fractions 'VllJq'Vl'lill~-.:JU~~hl1~hl!u fltJ F1.2.2 ll~~ F 1.2.4 

"" , 
fll mtJfl~1hlvtEJ -.:J u-.:J tIl-l t!hl tlluiHT'W \9ltJhl '\1 ~ tJ 1~ fl1 ~ IWfll1 1l\9l fl1'11-.:J nhl 1'tJ 


v ...... 

~ 

.J..., .1 1 

1l~1u~tllf1tJ'\1 ~ fl fll~ 'Vll-.:J chromatography C)j-.:J tllf1tJm llJll\9l fl\9l1-.:J 'U tJ-.:J lJ ~~ ~'Uhl lJl~ r:J~ (ion exchange 

chromatography) tJlfttJfl11Wl\9lflI'11-.:J'UtJ-.:J'Uhl1~ 1lJl~r:J~ ( gel filtration chromatography) tllfttJfl'.l1lJ~lm~tl 

1hlfllH1fl~~,)'U~fl11lJll\9lflI'11-.:Jnhl (affinity chromatography) 11lhl~hl 1l~~1i'I'Vlfl\JfI HPLC m'lf1tJ-yh111' 
~ ~ 

I ~ "l 'V.cj Q cf ~ .J 9 & ~1 v "" 
~T\.Jl'lIWfl !~'}JfI 11lJ'l.J~ 'ff'Vl'limfl'Uhl C)j-.:J! 'W fll~f1flEJ lhl 'lH'Vlflhlfl ion exchange chromatography ll~~ gel• 
filtration chromatography 1hlfl1~ lWfl~1'W 1\9ltJ semi-purified fractions ~IWfl iIPi' tllUlllhl neurotoxin 'lfiJ~ 

l~tJdnm'~ tJ1'11-.:J 'If\J\9l nhl n'U~ij NlfltJ1<11 fll~ lWfl i -) ~-.:J~tJ-.:J1<11fll':i vt ~utJfI 11'}J'U ~ 'ff'Vl ill~ ~'\11ih~'U m~tJ~il 
~ ~. 
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" 
1'W f11':l !WfltYl'WVlEl.:J 

~ 
'il.:Jm .:J.w! ~'W f11':l WJf1tYl'W 1~V19iVlEl.:J 

~ 
'il.:Jm.:J (crude) 100 

lJ(1~flf1J ~.:J!~'Wfll11J!.u1J'\j'WbY.:JbY~~mlJlHl!!tIf11~\rl'fll9ifrD~mr'U'Wl~ 2.5 x 28 !9l''W~I1J\Pl':l 'il1mJ'W'il::::ih 
~ . 

ril'W~WJf1"1~1'tlN1'W~'W\Pl'fl'W'Vl1.:J chromatography ~1.:J '1 afl 2 ~'W\Pl'fl'W tl~Y{1t11~ril'W~nJjtl'VlTI' 4 rid'W 

(F 1.2.1 - F 1.2.4) !fhJ!!(1::::':ld1Jril'W~.:J'UjbY'VlTI'~l~''W!!~(1::::flf.:J':ld1Jn'W ''Wf11':lffflEl1ifl~Vi1f11':lUtlflVlEl.:J. ~ 

'il.:Jm.:J~l'Wl'W 1500 lJ(1~flf1J (.f11fl~'Wlfl 1'1, \Pl1':l1.:J~ 19)1~ril'W~.:J'Ujtl'Vllr 14.07,43.42,17.78 IW:::: 31.65 

lJ(1~flf1J ~~!~'l-l 0.9%,2.9%,1.2%, 2.1% 'U'fl.:JVlEl.:J~~.:Jl11l~!ltlflrid'W \Pl11J~W)'U l~tJ'Vlflril'WcJ'fltl!'rI~liflJ 
~ . 

,, 'V . 'iJ • d' ,.. 

q'Vl~hj f11':l ~'U~.:J 1.J mtl1.J':l::::bY1'Vl'Vi~ 'fln'U fl~11JltJ'fl 1~.f11 tI1'Wnm 60 'WlVi u~VilJq 'Vl ~ f11':l ~'U ~.:J1.Jmtl1.J':l:::: bY1'Vl 

~~'fln'Ufl~l1JIl1'fl 1~~ (!~1) ~bY~fl'fl F 1.2.2 ~.:J'W'U';hlJm11J'Uj bY'VlTI'Il~1J'il1flVl'Y .:J~~.:J l11UtlfltYl'W 18 l'Vll. . 
" 

~ 

U(1::::lJtJ1'r1'11fll1J1(1fl(1 8.4 f1h~l(1IPl'W. 
'il1fl\Pl1':l1.:J~ 3 'il::::l'}i'W 'h~~'Y.:J~.:J'UjbY'Vltvf.:J 4 'li{J~ '9inml'Wf11':l~'U6.:J1.J(11t11.J':l::::bY1'Vl~~'fl

~ . 

iI • 'V ", d' iI 

n'Ufl~l1JltJml\Pl fl~ 1.:J 'il1flVl'Y ~Vi~.:J l1111tlfl ril'W l1.:J.w m 'illJ bY1l'r1\9j 'il1flf11':l 'Vl ~ bY'fl'U q'Vl~1 'W f11':l ~'U~.:j1.Jmv 
I 'V 'V v 

'tl':l:::: bY1'VlVi~ 'fln'U fl ~l1JltJ 'fl I 'Wll~ (1:::: 'Il'W\Pl 'fl'W'U 'fl.:J f11 ':lIWfl tYl'WVl'Y.:J I~'W f11':ltJ1Vl'l:l.:JU191 (1:::: f1f.:J'U'fl.:J flwvh 111' 
, " 

~ ~ 

'UjbY'Vl ~1J1H' ~.:J '11'W f11':l rl1'W lru bY~ ril'W l1.J ':l ~'W'U'fl.:JtYl'WlWflcJ'fltl~ .:Jm'illJfI l11Jll\Pl fl~ 1.:J n'W tY.:J ~(1111'l1.J':l ~'l-l. 
• d' 'V • II • 

VitJ11Jl19il'W f11':l 'Vl ~ bY'fl'Uq'Vl ~1 'W f11 ':l ~'U ~.:J1.Jmtl'tl ':l:::: bYlY1Vi~'fl n'U fl ~11J!tJ'flflm~lfl ~ 'fl 'W 1'tl~1t1 
'V iI d' 51 

bYWl ~t1 11.J ':l ~'W1'tll 'W'Il'W \Pl'fl'W f11 ':l 'I'11111'! .u'1J.u'W~ 'Wfl'fl'W f11 ':l Vi 1111''U j bY'Vl~1 'W'Il'W ~ 'fl 1 'tl ~.:JVi 1111'f11':lfl1'W lru 
~ u • 

11.J':l~'W ~19i'Vl~ bY'fl'U q'VlTI'U\Pl fl~ 1.:J 'ill flVl'Y ~~ l11Utlflril'W bY1l'r1\9j afl1.J ':l:::: f11':l ~Ell 'ill~ 'W 1'tl1~m 'il !f1~'il1flVl'l:l ~ 

~.:J'Uj tl'Vl TI'l'rI ~ l'ci''il::::'fl'flflq'Vl TI'1'W f11':l ~'U 6.:J1.J m t11.J':l:::: bY1'Vl~~ 'fl n'U fl ~11J!l1'fl I'i''fl.:J mfftl 11.J ':l ~'I-A afl'li{J~ '\1~.:J1'I-A 
, 

f11':llbYj1Jq'Vl~ (synergistic protein) 

q'VlTI'~'U6.:J1.J(1 1t11.J ':l:::: bY1'Vl~~'fl n'Ufl ~11Jn1'fl'U 'fl.:J semi-purified fractions Vi 1111'fl~11Jlif'fl 111 

lf1~f11':l contraction !rl'flm::::~'I-A~lvl'Ylvhvl1'I-A'Vl1.:J1L¥'W'tl':l::::bY1'Vl 'Ujnru~ fraction 'il::::'fl'flflq'VlTI'm'ill~'I-A~ 

presynaptic '\1~'fl postsynaptic ~.:J'il::::Vi1f11':lVI~bY'fl'ul~1~t119i exogenous acetylcholine 'I11fl semi-purified 

fractions 'fl'flflq'Vl1f~'Ujnru presynaptic 'il::::Vi1111'hJlf1~f11':l'\1~.:J endogenous acetylcholine lrl'fll11' 

" " & ~IJLI"'d "l~"'0"l~~ "''''' "" 
exogenous acetylcholine 9l'.:J'il~1'U1 IlJ'il'U'Vl acetylcholine receptor !~ 'lifl'I-A1 l'rlflm1Jl'I-A'fllf1~f11':l'\1~\Pld U\Pl 

" , , 

'I11fl exogenous acetylcholine 111 bY 11J1 ':l m~1111fl~11J1tJmf1~ f11':l'\1~lPll1~ '11'l-Afl'fl 111bY11J1':l tll.u111.J~'UVi 

acetylcholine receptor 1~ !~'fl.:J'il1fl~ presynaptic membrane lJf11':l'\1~.:J endogenous acetylcholine UbY~.:Jl1 

semi-purified fractions 'fl'flflq'Vlt~'Ujnru postsynaptic 'il1fl~flf11':l'Vl~(1'fl.:JbY11J1':l tlbY~1.J 1~11 semi-purified 

d.::i ~ .J ~ QI dJ 

fraction F 1.2.2, F 1.2.3 U(1:::: F 1.2.4 'fl'flflq'Vlli'Vl'U':lnUl postsynaptic 9l'.:JbY'fl~f1(1'fl.:Jfl'Uf11':lf1'flEl1'U'fl.:J Chang 

U(1::::flru:::: (16) ~fffl'Y11'WVlEl~'il.:JmWlf'I-An'W lW::::~.:JbY'fl~fl"''fl.:Jn'Uf11':lffflEi1'U'fl.:J Reali lm::::flru~ (20) ~.:J 

http:14.07,43.42,17.78
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fll'jtltlflq'Vllf~iJ~nf:l! postsynaptic iftll'iltltlflq'Vllf"l~ 2115 lf1rJ semi-purified fraction 1u 

~iJniJ acetylcholine receptor ,111111' acetylcholine 1llffllJ1'jtlVil'l1'U1~~'l1ll,l11111'tnflfll'j contraction 'tIeJ'l 
')I " • ~ V .at .at Qd V .at)' 

flmlJt'Utl 'I1'jtl semi-purified fraction tll'iltltlflq'Vlli'VlflmlJt'Wtl !flrJl'l'j'l 

.c:1 , . ~ <jI & 
U'j::::ffl'Vl'Vlff'llJ1'illfl phrel1lc nerve lf1rJuflfl'U neuromuscular transmission fllrJ Tubocurarine chloride ''If'l 

Q.I Q.I 11] <jJ d <j} d <j} Q d, ~ 
'il::::'iliJfliJ acetylcholine receptor n 'I11fllJfll'jm::::(9J'W'Vltff'UU'j::::ffl'Vltflfl'tl'W U(l::;'I1(l'l acetylcholine tltlfllJ1 

d 11]1 c:1<JJ ~1IJ<jJ 1fJ <J}Q <jJ ~jJQlQ./ 1 (VO Q.I 

fl'il:::: !lJffllJ1'jtl'iliJfliJ acetylcholine receptor 'VlflmlJt'Utl !fI um; !lJ'l1fl'Wllmflflf11'j'l1f1l'll't1tl'lflm:lJt'WtlfllrJ 

" 
t'lf'Wn'W 'W tlfl'illfliJ Tubocurarine chloride V'l'lflrJ{jtl'l n'W 111111' semi-purified fraction ~iJniJ acetylcholine 

<jJ.A :t Q.I Q.I c1 
receptor fllrJ t'UeJ'l'illfl'Vl'l acetylcholine um:: tubocurarine ffllJ1'jtl'iliJfliJ nicotinic acetylcholine receptor 'Vl 

"" II] ~, 0 '" & 0 "I ~ '9 II] ~ , d 
iJ'jIJru (X-subunits lfll'l1'UtflrJlfl'U (8) ''If'l'il::::'Vll !'I1U'W!'il !fll1fll'j'VlflfftliJq'Vlli'tltl'l semi-purified fraction 

~eJfll'j '11 flI9l1't1eJ'l fl~llJtcitl trl tlm ::::~'W fl~llJ tt1tllf1 rJ~ H ~lrJ hh~ 1,!'U 11l'W fll 'j 'Vlfl fftliJ flU tltlflq'Vllf~ 
<J} .J <r ')I.A <jJ <J} .J 1 <jJ 11) _~ .J 0 <j} .Q Q.I <jJ.J

flmlJl'Wtl !flrJ~'j'l ~'lir'W tlJeJm::::I'l'UflmlJt'Wtl IflrJ~'j'lfllrJ !vJvn ''If'l'il::::'V111'11lf1f1fll'j'l1f11'l1't1tl'lflmlJt'Wtl. 
" 

U(l::::Vilfll'j 'VlflfftliJ~lrJ semi-puri fied fractions '\11 fl fl ~l:lJt i1 tl V'ltnfl fll 'j '11 fI 19l11~ U fffl'l ';11 1lllJ fll'j tl tl fl 

". 'iI " " 

q 'Vl1lV1 fl~llJ li1tll fI rJ~'j '1 U~'I11fl ViJ V'l fll'j'l1f119l1'U tl '1 fl~llJ 1i1tl1~ !!fffl '1 ':h semi-purified fractions lJ fll'j 
,. " 

tltlflq'VlllYlfl~l:lJti1tllf1rJl'l'j'l 

11] _~ 0 ,~ & ci ~ ~ .J ~ II] _~ 
IvJm l'Wfl~lJ control lJfl1(lflm(l'llJ1fl ''If'ltll'ilIUW'Ynl::::flUm::::(9J'WflmlJl'WtlfllrJ IvJvn lf1t1 unipolar 

electrode 'il::::~t1JlilrJm::::Uff1vJ1~liJ1'lril'U1u nn l::::~tl'l ri 'lm::::u ff1vJH1'U physiological solution 1 UV'lffltl 
. "., . 

m 11~ti;' tll11'miJl'l'il'j ~'l eJ l'ilri 'If-l(l1 11'fl~l:lJti1mnflflU'I1f119l1Yl\Pll(l'l ti1eJ'llJ1'illflffUJtilrJu~lJ1tU m::::uff1vJ 
'" U 

". " 
f-lrl fll 'j 'Vlflrltl'l1~u fffl '1 111'U fllfl f-l'U lfl U~ fll'j '11 fI 19l1't1 tl'l fl~llJli1tlYlrl fir, '1 iJ tll 'iltll'U f-l(l'tltl'l tubocurarine 

. " & 0 ~~'" """1,1 09~
chloride 9i'lt111J11~ufln'U neuromuscular transmission ''If'ltll'illJfll1:lJt'UlJ'U'U'Vlff'llfl'U 11J tll'il'Vll I'll 

'" 
fl~llJlcimnflfluritl'U~l(l'l ttitl'l'illfl tubocurarine lJvlrl'jiJf11'W mitocondrial oxidative metabolism (29) ~'l 

• d/ '" '" ~ "I ~9 "" "I "I ~ "" '"0

tll'ilff'lf-l(ltl'l'\lW'l'll'U'Vl~eJ'l!'l1 !'Ufll'jlf1f1 cross-bridge 'tItl'l actin tw:::: myosin l'Ufll'j'Vlll11!flflfll'j'l1f1l'll't1tl'l 
'jI v • " 

~ "" ""1 ci "I ' "" '" ~ "" "" ~ ~ "" ~ "11~
flm:lJt'Utl Ill'ltlrJl'l !'jfl~llJ !~!'l11'lIJm 30 'Ul'VlmflflUl1f1~l't1tl'lflmlJt'WmlJeJm::::(9J'Uflm:lJt'WtlfllrJ 1'l'\111jl 

'" 9 ~ 0 '" "'''1 '''1 ~"I ~ ~ 'I ~ "1" '" d/
'I1Mfll'j!'l1 Tubocurarine chloride t'VlrJiJfliJ'Vl!lJ lfl!'li Tubocurarine chloride llrll !l1f-m llJ~l'lfl'W'il'l 

" . . 
"" '" ~ "" '" ~ 0 ,1 0 

, I ilL I
mlJ1'j t1'YHll'j ru lfll'j'l1f1~ l't1tl '1 fHlllJt'W tl'l1 (l 'lfll 'j 'Vl fI ~H)iJ fllrJ semi-purified fractions 'Vlt1J(lrJ'WU1J (l'l ! 1J 

o::j Q.I <J) .::9 31 G I 1fI I.e:! Q"'.c:1 
t'VlrJiJfliJ control 1f1 ''If'lf-l(lf11'j'VlflfftliJULl'fI'lI'11t'\1'Wl1 F1.2.2, F1.2.3 tt(l:::: F1.2.4 !lJlJfll'jtltlflq'Vlli'Vl 
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" ,

l'Vl'J1~fn'J '\1~1'11'IJtl.:Jfl~llJliTtlVi<Pll!'w'W i U~llJnmA1 \I "1 ml\lfn'J'VI~'(1'tl'U~lV seml

" 
purified fraction ~\I 3 fractions lMrmhj~l\llllflfl~lJ control 

" I <I' V , 

fn'J ffmn-W '(1'11J1 'J tI '(1''J Ui~ll VlEl ~ II \I tl1 \llhh'WViiill 'VI ~V'U V.:JU 'fl1VU 'J~ '(1'1 'VI Vi Atl fl'U• 

fl~llJl1ftl lritluvmh'WVlEl~i~ril'W~.:J'U~,,!'VItfttl F1.2.1 - F1.2.4 rilu~iill'VltU'J\l~t!~ fttl F1.2.2 ll'fl~ 
" ~ 

F1.2.4 'Jtl\l'fl\llJ1fitl F1.2.3 U'fl~ F1.2.1 ~llJihl'l'U l~Vfl'fliflrUtl\llPi'uh.Jfn'Jtltlml'Vl~'Utl.:J F1.2.2, F1.2.3 

U'fl~ F1.2.4 fitl tltlflll'Vlt~'U~nru postsynaptic U'fl~hiiitl'Vlt~fl~llJliftll~v~'J\I I'l\lJ'W~\Il.h~ll~tltlflll'Vlt 
"" " l~v']'Ufl'U acetylcholine receptor 'U'Wfl~llJliTtl V'UV.:J h11 Mfl~11HiTtllf1~fn'J'\1~1'11 i~ 

ihl'l'Um~tl~iJl 'W'\Jtl\l semi-purified fractions ~UVfl iIPi' l~m..J1 iUlViv'U'l5iJ ~O'U neurotoxin ~UVfl "l~U'fl~iJ 
, ", 'd" 

fn'J'J 1V\l1'W i'Wfn 'JftflEl11,]vaU'l ntlU m!l-WlW~l~tlfn 'J clone ril'WVi'U~ ,,!'Vl~Vil.h'(1'U1'i) ~11 i U~(ilJ'W1l~U 

V1'l1 ~ tl '(1'1'J tltlflll 'Vlf~!~uu 'J ~1V'liui U'Vl1.:Jfn 'J 1!'Vl 'Vl 6'\1 ~ tl \l1U1,]VAtl i U U'fl~ tl1 'i) r11 fl1 'J ffflEll tiuvu fn'J tl tlfl 

1l'Vlt~1J~!lru nicotinic acetylcholine receptor U'fldl'Wv'W\Pl1U'\1t.i.:Ji'Wfn'J,]'\Jl1tl~~ subunits i~ ll'fl~V.:Jtl1'i) 
dl & ddi .::1 1i]~ I .J.c:::t'}J til911 cf~ 
fl'flElltl\lq'Vl1itlU'l 'Utl\l semi-purified fractions 'VlHVfl L~ l'li'W analgesic activity 9$\llJ~'J1V\l1U 111'Vl'Uq'Vl1iU 

'1 d "l91 "'" & & , dJ 
LU neurotoxin 'VllWfl Lm1fl'VlEl~ll\ltl1\1 (19) ~'fltl~ll'Wfl'mntl\l enzyme activity l'liU phospholipase A} 9$\1 

• r V I 

l~ 'WWU i9$lJ'~lflUJVi'V~'U1'W -WEI \I liT tl \lll1fl'Vl'Ufl n r11\ll 'W'U tl \lWU i 9$lJ''li-W ~-wl 'W neurotoxin Vi HVflll 1flVlEl 
u '" 

(20) 
", .

"" '1 0 '1 91 ~I '" '" "l ''1 91""tubocurarine chloride 'Vln'flJ1~'(1'lJ LUf11'JU1lJ1 L'li 1J~flU neuromuscular transmission l1'~tl AlJ n'flJvmfl'J~'Vl'U 

" 
Atlfn'J 'l1~1'119Hl\lfl~llJI'Wtl It.J fnn1~'fltl\lAtlhJ 
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fllflN'U1fl fl 

~ITHI:;:l:llfJ Krebs solution 

lh~fltllJ~":W : NaCI 

KCl 

KH
2
P04 

CaCl2 

MgS04 

NaHC03 

D-Glucose 

NaCI 118 mM (MW = 58.44) 

NaCI 1 mM !'VllnlJ 

~tl-:Jf111 NaCI 118 mM !'VllnlJ 

118 mM 

4.8 mM 

1.2 mM 

2.5 mM 

2.4 mM 

25 mM 

11 mM 

58.44 mglL 

58.44 x 118 = 6895.9 mg/L "" 'l1'ltl 6.8959 giL 

KCl 4.8 mM (MW = 74.55) 
, v 

KCl ImM !'V11fllJ 74.55 mglL 
'J} , v "" 

\9ltl-:Jf11'l KCI 4.8 mM !'V11fllJ 74.55 x 4.8 = 357.8 mg/L'l11tl 0.3578 giL 

CaCl2 2.5 mM (MW = 147.02) 
, v 

1mM !'V11fllJ 
'J}

\9ltl-:Jf11':i CaCl2 2.5 mM !'VllnlJ 

~tl-:J4-:J CaC12 0.3676 

MgS04 2.4 mM (MW = 246.48) 
, v 

1mM !'V11fl'IJ 

~tl-:Jf11':i MgS04 2.4 mM !'VllnlJ 

~-:JJ'W ~tl-:J4-:J MgS0
4 

0.5916 

(MW = 136.09) 

147.02 mglL 

147.02 x 2.5 = 367.55 mg/L 'l1~tl 0.3676 gIL 

fli'lJ (l~mvl'W~';l'Vil(l~mvl,ri1{tJ~m\9l'l 1 i\\9l'l 

246.48 mg/L 

246.48 x 2.4 = 591.55 mg/L 'l1~tl 0.5916 giL 

fli'lJ (l~mtli'W~lVil(l~mv1,r"11{tJ~m\9l':i 1 i\\9l'l 

mglL 

~tl-:Jf111 KH2P04 1.2 mM !'VllnlJ 136.09 x 1.2 = 163.31 mglL 'l1~tl 0.1633 giL 
" . 

~-:J11'W ~tl-:Ji-:J KH2P04 0.1633 fli'lJ (l~mv1'W~"J'Vil(l~mvh1"l~'tJ1m\9n 1 i\\9l1 
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NaHC03 25 mM (MW = 84.01) 

, '" 
mM !'V1ln1.J 84.0 I mglL 

w 
~tl.:Jfnj NaHC0 25 mM !'Vllfl1J 84.01 x 25 = 2100.3 mg/L 11~tl2.1003 giL 3 

" . 
~.:J11'W ~tl.:Ji.:J NaHCOJ 2.1003 fl~lJ "~mtll'W~Tvh,,~mtJl,r'l~,j~1Jl~~ I i1~~ 

D-Glucose II mM (MW= 180.16) 

D-Glucose mM !Vhfl1J 180.16 mg/L 
w 
~tl.:Jfll~ D-Glucose II mM !'Vllfl1J 180. 16x II = 1981.8 mglL11~tlI.9818 gIL 

" . 
~.:J11'W ~tl.:Ji.:J D-Glucose 1.9818 fl~lJ "~mtll'W~"J'vh,,~mtJl,r'l~,j~1Jl~~ I i1~'J 

1.1 •• 	 11 • 

11JJ1CJj'J1V1 : U11111fl1'lJ!" fl" Viii'1 'W fll'Jfll'W 'Jt\H.wtl!~~ tJ'lJ LY1 'J"~ mtJ ~tl.:J!~ 'WU11111fl1lJmfl"'Utl.:J LY1~ !flijVi
qq. 

" li'I'W,rtl.:J,jB1J~fll~11'W '1 

• 11, 	 V. 11 

1. 	 i.:Jtrn !flij~1'lJU1.,..,11flVi~T\.J 'JW l~!!,,~"~mtJ1'W Ulfl ~'W~.:Jij 
" 	 . 

NaCI 6.8959 g "~mtll'WU1fl~'W,j~~lJ1t\1 100 ml _ _ _ (1) 

" 	 . 
KCl 0.3578 g "~mtJh.lUlfl~'W,j~~'lJ1W 100 m! _ _ _ (2) 

" 	 . 
0.3676 g "~mtJl'WU1fl~'W,j~~1JlW 100 m! _ __ (3) 

" 	 . 
0.5916 g m: mtll1-.1U1fl~'W,j'J~1JlW 100 ml _ __ (4) 

" 	 . 
KHl04 0.1633 g "~mtJl'Wu1fl~1-.I,j~~1JlW 300 ml (5) 

" . 
D-G!ucose 1.9818 g "~mtll1-.1U1fl~1-.I,j~~1JlW 100 ml 	 (6) 

2. 	 U1 (1), (2), (3), (4), (5) !!"~ (6) !'Ym.:Jl'W beaker 'U'W1~ 1000 m! ~llJ~1~1Jfl'J1'lJLY1m'Jtll'Wfll'J"~mtl 

'Utl.:JLY1~!!~ "~~'J'il1fl"~mtl~1Jlfll,ju.:J"~mtJ1rtltJ !ritlLY1~ ~,mlJfl'W~ !~lJ NaHC03 2.1003 g ".:J"l,j 
" 	 . 

HLY'lJ 1,r!<tl1fl1-.lmflU.:J hit<tl1fl'W11~tlU.:J"~mtJ l:U~tl1'il !~lJU1fl~'W".:J1,j~fl,j'J~1JlW 100 ml 
" 	 . 

3. 	 !'VILY1'J"~mtJ".:Jl1-.1 volumetric flask 'U'WWI 1000 ml !!~'J!~lJU1fl~'W'il'Wm1J,j~m~'J 1000 ml tJ~'U'J~ 
" " "V v

!!~'JHLYlJ LY1'J'Yi.:J'l1lJ~~flfl i'.:J 1~ tlfl ~1J'UJ~'W i1 fl "l,j1Jl!1J1'l 5-10 fl ~.:J (LY1~'Yi.:J11lJ~~tl.:J"~ mtJ!'lJ'W!i'1tl 

!~tI'Jn1-.l) 

y • 	 v • 

!~tll1-.1,j~1Jl~ ~Vi~tl.:J fll 'J 1 i'l! ~'J~.:Ju1"l,jli' G'11i'l! ~ 'Jm ~m1'llJ!'V1 fl ~1J1ri'U 'J~ l,rVi.:J"l,j!.wm~ tl.:Jn'W fl n 
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illfHTW ') f) " 

Q 	 d 
fll'aA\il1t111 phrenic nerve - hemi-diaphragm 'tl!ltlfHllflflltl'ti'lqf mouse 

(Mouse phrenic nerve - hemi-diaphragm preparation) 

Qat 0 Q 

111 V111'U'U fl11 

1. 1~~VlJ Krebs solution 1l(l:!;1.11"ltJllihJI'i'IV'Wl11'iJvW'I1fliJtJ'J:!;lJ1W 20 V'lf1'1195m91V~
'" . '" 

d ... 1 rI 9~d <jJ '1 ~ 	 91111;JJ ;:
2. 	 1~'JVlJ'l,f~~1JmW organ bath b'\1l'W'U'JVV l~m~lJ Krebs solution b(;Y 11'W organ bath 'l5'W1'W 

lU~lfl~CJ'l Thenno regulating water pump I~Vfl1'UfJlJ~W'I1iJiJ111'fl'l~~ 37 V'lf1'1195(lI91V(;y 

1l(l:!;liJ~'Viml(l:!;O'l gas carbogen I'H' gas "l'\1(l~l'Wl,j'l"ltJ~'lm:!;'iJlvl'W Krebs solution 1191~VlJ• 
'Jv"li 

3. 	 liJ~1fl~V'l1~f11'J '\1~~1'UV'l1ifmriCJ Ifl ~V'll! tJ(l'l iY~ ~1 U! lfl ~V'ltJf'Ul!~ 'l iY~~lW ll(l:!;lfl~V'l 

Q.I 	 ~ Q.I 

'U'W'Vlfl~~~lWll(l:!;II(;y~'lH(l 

" 
~lV~lJ1.11'11tJfl'U'W1~ 5 g 

calibrate 

d rI I Q.I c:: ~ .J.c:t\J'( <J} I 0 (J..I I Q.I 

4. 	 1191,)VlJ'l5~mJmU!Hll91~l(lfll'UlJ95'llJ mlJ'JVVVV 1l(l:!;m~'UH'l~l'11'J'U'JV'lHll91~. 	. '" 
. 	 "" 

5. lri Krebs solution iiiJVW'I1fliJtJ,):!;lJlW 20 CJ'lf1'1195'U91V~ (l'li'Wm~~H'lrl1'11i''U'JV'l~·h~~. 	'" 
liJ~'ViV gas tJrivvlH' gas carbogen lt1"l'l1(l~l'Wl,j'l"ltJ~'lm::;~lvl'W Krebs solution 1191~VlJ'JV 

H 
6. 	 (;Y(l'U'\1 'W~1Vf1195fl1{'UCJ'W"l~ CJCJ fl "l951'1 1 ~v1ri'\1'W (l 'l1'W 1'11 (liJ~lil~ ~'l~CJn'U'ViCJf1195

'" 	 '" 

& 	 .... 1 rid. c:!.c:S <jJ &0 

,)llJ()'l~1JmWV'W'VllflV1'UV'l 'Vl1f11'J calibrate llH~'l (tension) 

".
1~ml'U1'W~lJ1.11'\1tJfl Hn'U~:!;'UCJYi~vn'U transducer 1l(l:!;Y11fl1'J 

dJ 

l~V~ , 11'tl VfllJlfl~ (;Y~. 
8. 	 1'1~ '\1'11'l'li1 'l V flVtlfl "l tJl'I~ mil ~ 111'1~ 'W m ::;~fl~1m 'l rr'lcti1 ml(l::; 'U 11 


~11'1~ 1l'W1f11,)~~~ 2111'1'1~~lflflVV11"ltJ~'WQ,:jYi'tl'l'li1'l1'i''W 


9. 	 l'1~m::;~fl~1fl Hvvfll~mil~"I1\M'W 'liV'ltlflI911lJll'W 1f11'J ~~,'Wfl1'Y'111(;Y~'l1l'W1fl1'J ~11'1~ l~v 
'" 

Q.I I I I <jJ " 
'Ul'l "1 fl'W,)::;'I111'l'l5V'ltlfllW::;'l5tl'l'YlCJ'l 

" ~ , 
II. 	 ~VV "1 ~,:jtJV~Il~(l::; lobe tlVfllJlll(l:!;I'1~Yl,:j"ltJVrJ1'l,):!;1'l n.Jtl'l~lfl phrenic nerve 'il::;V~~lfl 

m::;1T'lmJ'Y'I1~1J1~'W~'l~VlJ hif~ 
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'" 11
'\J1'11Cl'lCJI1t1 	 '\J1'11~'I'\J11 

tf) 
2 

j J 

5 6 

11 11 11
'\J1'11'U1CJ11rJ rHl '\J1'I1'U1'\J11 

111 

UCl'~ 'Il!'U 1f)l 'j~~1'11:U J:l1~D 

" 	 " 
13. 	 ~~ f)~1:U!UDD~nUI iD'IYlD'I~1'W'I1~'Im~,r'lCl:u-n'l~l'U~1t1!lCl~'\J11DDf)1tJ 1~tI~~m 1~ 'l'11;~ 

ltJl'11:U!l'U1m~~f)~1m 'I~Cl'~Yl1t11J1f)~Cl'~" . . 
e1 	 cl &d vV 

14. 	 '\Jru~'U'il~!'I1'Um~mCl:UCJI'l:U phrenic nerve ~~D~UCl~'I"I1~ ltJ~'U~.:J~D:uhl1Cl' ~~'l'l1;~'iJ1 
, 	 II] "''l~ .<::1 ~ .::::. IV 

I'1D:U !'fi:UCl' 'I11J1f)'Yl"1~ CJI'I phrenic nerve ~~I'1~D~~1rJ 
, 	 " 

15. 	 \Pl~!~lH~eJ~Yi~l~~lt.J m~,r'ICl:ul1'1~lt.JDmm~YlD'IDDf)1tJ 1~rJ~~ 'l 'I1;~m~,r'lCl:U~'I~D'I 

'j~1'11li'l'l1~~ 1~'U phrenic nerve !lCl~lliyhl'11m~,r'lCl:U'\J1~'I1!D!ii'rJ'I11t1 

16. 	 ~~!Wf)m~,r'lCl:U~'Ilj phrenic nerve ~~D~'j1:U~'I~D:U hl1Cl'D Df)'il1f)f)ltl'l1 '1;1 1~tI~~ 'l 'I1;~~'U 

17. 	 ~Dt11!ifDl~D~\Pl~ 1~'l riCl'l 'l'Wm~~~'Iff1'11fD'jD'Ir.h~~~.:Jlj Oxygenated Krebs solution ~lj 
Dru'l1fllJtJ'j~1J1ru 20 D'Ifl'1!CJlCtl9ftlCl' lri!l'1~tI:uH. 	" 

~ 'V 'V 	 Q.I d 

, " 	 , 
20. 'l~I~:U~eJ1JI'1H9f1m 'I11'1~1t.J Dt.JUCl~~l'U ri1'1'\JD'Im~,r'lCl:U Hf)l1~1 'I1:unD9f 1 f1H '1 'I1m.i'U l~tI 

" 
tJrimJtJ m1Jl9fDf)~1t.JD'W 'l '11 rJ11 Hff1'11fD~f)nDI'1~'\JeJ~~DnD transducer m~~tJmm9fDf) 

~1'W ri1'111ff1'11fD~f)nD organ bath 
j.I f 	 'jI • .% 	 d 

21. 	 ~Dt1ll'ueJ!tlDltJ'lril11t.Ju~Cl~ organ bath (IUmVD 'If'W 1'1 
I 

D 1 organ bath) 'Yl m 'j ~ 

Oxygenated Krebs solution 'QtI!'I15;}lJ 37 D'If1'WliCtl9frJCl' ~!I'1~tI:uH 
" 	 , 

22. 	 Hf)tJmtlri1'1'\JD'If)~1:UIUDm~1J'I Cl:UV~~~nDn'W organ bath !lCl~Hf)tJmtlD'WnDI'1~'\JDYi~DnD
" 	 " 

011 	 II] 11 & '" 11 11 II] 1-9:itransducer !lCt~ 'l 'If suction electrode ~~ phrenic nerve 11 CJI'Il:UD'Yl1f)l'jf)'j~I9J'W~1rJ 1'\<\l"l1~~ 

Q.I 	 .di .c::! I 

19. 	 1'1~IWf) phrenic nerve-diaphragm CJI'I:U phrenic nerve D~ 'Yl'l~1'UCJl11JLlCl~'\J11DDf)'il1f)f)'U CJI.:J 

", " lf1V~ do Q. 

'il~ !m'WDWeJ 2 'If'U 

, " 11' 	 ,)11]"'" 11"'11 "I') 
m~I9J'WH1'W'Yl1'1 phrenic nerve t~rJ !:U!f)~f)l'jm~I9J'W'Ylf)m:unlD t~tll'1'j'l 
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>' 

,~ '" Ii] ~'l 	 "" '" '1 ~ 23. U'lHH'llJJt'WCl n ~'W Oxygenated Krebs solution ~W'VIiJJJ 37 Cl.:jftlt9HH9W~ flltl (Pl tension 0.8 
. 	 " . 

g tiJ~tI'Wcilti Oxygenated Krebs solution 1'V1lil'W organ bath u~~~mi1m~Cl111'ClQl'Wflll~ 

~JJ~~ (equilibrium) 30 'W1Yl 

24. ttl~tf1~Cl'lf)J~Jl'W l'Y'h~l (stimulator) c]$.:jt9fClJJ~m')U suction electorde. 
, 	 " .::!I jl9j1g/ ~~ cv $I ..d

f)J~U~hIYhHl'Wl'll.:j phrenic nerve l'YWf)J~\9l'W ~'VIf)mlJl'Wmf)~f)1J'VI~(Pll WJtlf111lJtI 

9 ~ )" c: ~ 'l ~ 
(frequency) 	 0.1 Hz U~~ J~tI~nm ~'Wf)1Jf)J~\9l'W (duration) 0.2 ms !~mJlJ(Pl'W!'VI 

" ."
f)J~U~l'1"l~wl.:ju~ 0.5 V liJ\)'Wm~11.:jf)~llJti1Cl1f1~f)1J'VI~\9l1 

, 	 " '" ~ ~ 	 Ii] n.I-~ , ~ ~ '" '" "" '" ,
25 . llJClf)J~\9l'W~ltJ ~Y'l1"Ilm'Wl'l1.:j plu'enic nerve U~lf)mlJl'WClf)J~U.:j(llJ1f)~f)1J'VI~m u~~nl 

• >' 

phrenic nerve - hemi-diaphragm Ylt(Pl~tllJtJ'Wv.:jiJ~1(PlmlJ1Jtll~1<11f)1Jl'l~(lCl.:j~ClliJll'l' u~ 
" 	 .

'VIlf)f)~llJl{jClf)J~,r.:j~lJllilf1~f)1J'VI~\9l1 U~~'l11 phrenic nerve - hemi-diaphragm Yll(Pl~tllJ 
>' 

tJ'W lli~l:lnitl1,*1<11f)1Jl'l~i~rfJ.:j~Cll iJll'l' 
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illflf-.l'W1f1 fI 

. " . 
d 'jJ '" '" 'jJ 'jJ 1i]".L~

\9l1'Jl.:J'V1 5 ~rtfll'J contraction 'UeJ.:Jflrt1:lJl'l-H) l:lJVm::;\9.l'W phrenic nerve 1'l1V !1"I1"Il (control) 

~I ' 
llTII'l.:J!ulH)1 Twitch tension (%) 

Time 

(min) n1 n2 n3 n4 n5 Average SD SE 

0 100.0 100.0 100.0 100.0 100.0 100.0 0.0 0.0 

10 105.0 105.1 98.4 101.1 99.3 101.8 3.2 l.4 

20 103.6 101.6 96.6 99.9 98.8 100.1 2.7 1.2 

30 100.4 98.7 95 .6 100.5 97.7 98.6 2.0 0.9 

40 97.1 100.2 95 .3 99.6 97.4 97.9 2.0 0.9 

50 96 .6 99.0 95.6 97.8 97.4 97 .3 1.3 0.6 

60 97.6 97.6 95.5 97.0 95.8 96.7 1.0 0.4 

d d9 'jJ9 9 'jJ0 Q Q 

\9l1'Jl.:J'V1 6 nrt1 (min.) 'V1 b'lf !'Wfll'J'V11 !lHfll'l 50% inhibition 'Um'Vn:I~~\lm\l 

Concentratioin of venom ().lg / ml) 5 10 20 40 80 160 

nl 20.52 19.63 9.02 7.53 4.25 3.80 

n2 22.40 21.10 9.35 6.74 4.08 4.43 

n3 23.46 19.34 9.96 6.25 3.99 3.86 

n4 25 .88 20.08 9.72 7.75 4.56 4.10 

n5 24.80 18.20 7.58 5.99 4.11 4.00 

Average 23.41 19.67 9.13 6.85 4.20 4.04 

SD 2.09 1.06 0.94 0.77 0.22 0.25 

SE 0.93 0.47 0.42 0.34 0.10 9.72 
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. ~ 

1'11HrVi 7 f'j"f)WV1~~H)'lJq'VlTI'l.JV.:l Fl - F7 

Time taken to cause Twitch tension at the 50
th 

min. (%) 

Sample 50% Inhibition (min) 

Fl F2 F3 F4 F5 F6 F7 

nl 4.99 86.0 69.1 64.4 80.8 89.4 84.8 

n2 4.19 78.5 64.1 61.1 92.2 86.6 80.1 

n3 4.04 78.9 74 .2 56.1 96.6 86.5 77.0 

n4 5.16 89.3 72.4 79.1 94.6 85.9 82.6 

n5 4.43 84.1 73 .9 76.8 86.1 73.2 92.9 

Average 4.56 83.36 70.74 67.50 90.06 84.32 83.48 

SD 0.49 4.65 4.23 10.02 6.51 6.36 6.01 

SE 0.22 2.08 1.89 4.48 2.91 2.85 2.69 

. ~ 

1'l1~1.:l-Vi 8 f'j"f)1~'VlI'l1:1'V'lJq'VlTI'l.JV.:l F 1.1 - F 1.3 

Sample 

Time taken to cause 

50% Inhibition (min) 

Twitch tension 

at the 50th min. (%) 

Fl.l F1.2 F1.3 

nl 48.41 5.02 68.6 

n2 47.81 4.00 79.2 

n3 37.47 3.66 69.7 

n4 45.08 3.91 74.7 

n5 34.35 4.97 60.5 

Average 42.62 4.31 70.54 

SD 6.35 0.64 7.03 

SE 2.84 0.28 3. 14 
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, , 

(Pl1'.l1 ,:!'Vl9 r:H'1f11'j'Vl~HH)'lJq'VlTI'UeJ.;J F 1.2.1 - F1.2A 

Sample Time taken to cause50% Inhibition (min) 

F1.2.1 F1.2.2 F 1.2.3 F1.2A 

nl 28.37 6A2 12.03 8.58 

n2 25.92 6.87 12.97 8.76 

n3 28.14 7.03 12.10 9.09 

n4 34A9 7.84 12.95 9.81 

n5 36.33 8.75 13.89 11.19 

Average 30.65 7.38 12.79 9A9 

SD 4.50 0 .92 0.76 1.06 

SE 2.01 OAI 0.34 OA8 

~ .dQ" " 
(Pll'jl.;J'YI 10 Twitch tension (g) 'VllfW''illf)f11'jm~I9J'WWl(J exogenous acetylcholine 

6 5 4 3~fllllJl.ulJ'\j''W 10. , 10' , 10' U(l:;; 10. M f1eJ'WU(l:;;YUr.;Jf11'j m:;;~'WnY'W'lJ 'j:;; t1"1'YI#l1(J hlvh
• 

(Control) 

Concentration of 

Acetylcholine (M) 

Twitch tension (g) 

Before After 

10.6 10'5 10.4 10.3 10.6 10'5 10'4 10.3 

nl 0.0578 OA690 0.6300 0.6972 0.0141 0.1626 0.5893 0.7831 

n2 0.1174 0.3193 0.5212 0.8420 0.1080 0.1221 OA210 0.7982 

n3 0 .0445 0.1192 0.3068 0.5213 0.0540 0 .1208 0.2321 0.6358 

n4 0.0332 0.1161 0 .2382 0.2609 0.0226 0.0859 0. 1387 0.2428 

n5 0.0158 0.0506 0.1059 0.2546 0.0158 0.0158 0.0933 0.3336 

Average 0.0537 0.2148 0.3604 0.5152 0.0429 0.1014 0 .2949 0.5587 

SD 0.0388 0.1742 0.2127 0.2610 0.0398 0.0550 0.2071 0 .2570 

SE 0.0173 0.0779 0.0951 0.1167 0.0178 0.0246 0.0926 0.1149 

Baseline 0.0125 
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~ . . .::1 ~ jJ <jJ 

\9l1 'H:J'Vl 11 TWitch tenSiOn (g) 'Vl!fl~~lflfll'jm~l9JhI\WJtJ exogenous acetylcholine 

.::1 <jJ jJ ·6 -5 -4 -J . Q.J QI dt 
'Vlflll'lJ!'IJ'lJ'lJhI 10 , 10 , 10 !lrI~ 10 M fltl1-H lrl ~ 'I1r1-:J neuromuscular blockade tlhllhltl-:J:IJl1l1fl 

F1.2.2 

Concentration of F1.2.2 

Acetylcholine (M) n1 n2 n3 n4 n5 Average SD SE 

10'6 0.0320 0.0120 0.0169 0.0 III 0.0220 0.0188 0.0086 0.003 8 

Before 10.5 
0.1278 0.0376 0.0368 0.0269 0.1696 0.0797 0.0648 0.0290 

10-4 0.3052 0.1247 0.1380 0.2935 0.3110 0.2345 0.0945 0.0423 

10.3 
0.3979 0.2466 0.2898 0.2261 0 .6015 0.3524 0.1543 0.0690 

10.6 
0.0160 0 .0135 0.0123 0.0142 0.0173 0.0147 0.0020 0.0009 

After 10.5 
0 .0176 0.0226 0 .0123 0.0127 0.0157 0.0162 0.0042 0.0019 

10'4 0.0186 0 .0120 0.0153 0.0288 0.0183 0.0186 0.0063 0.0028 

10.3 
0.0192 0.0120 0.0169 0.0 III 0.0183 0.0155 0.0037 0.0017 

Baseline 0.0122 

.:::1 ~ ~ 'jJ <j} 

\9l1 'j l-:J'Vl 12 Twitch tension (g) 'Vl!fl~~lflfl1'jm ~ l9JhI~ltJ exogenous acetylcholine 

d 'jJ 51 -6 -5 -4 -3 I Q.J QI ~ 
'Vlflll'lJI'IJ'lJ'lJhI 10 ,10 , 10 llrl ~ 10 M flf)hlllrl~'I1r1-:J neuromuscular blockade tlhl!hltl-:J:IJl1l1fl 

F1.2.3 

Concentration of F 1.2 .3 

Acetylcholine (M) nl n2 n3 n4 n5 Average SD SE 

10. 6 
0.0153 0.0112 0.0144 0.0263 0.0182 0.0171 0.005 7 0.0026 

Before 10.5 
0.0430 0.0320 0.0352 0.1317 0.0561 0.0596 0.0414 0 .01 85 

10'4 0.2669 0.1390 0.1071 0.2231 0.0758 0. 1624 0.0802 0.0359 

10.3 
0.4693 0.3196 0.3883 0.0914 0.0712 0.2680 0.1786 0.0799 

10.6 
0.0153 0 .0128 0.0175 0.0170 0.0121 0.0150 0.0024 0.0011 

After 10'5 0.0169 0.0144 0.0175 0.0201 0 .0152 0.0168 0.0022 0.0010 

10'4 0.0163 0.0144 0.0238 0.0248 0 .0167 0.0192 0.0048 0.0021 

10.3 
0.0169 0.01 28 0.0397 0.0129 0.0106 0.0186 0.0120 0.0054 

Baseline 0.0128 
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~ C:.Q $I ~ 
19l111.:J'Yl 13 Twitch tension (g) 'Yl!fWl'illflfl11m~I'.l'WWJV exogenous acetylcholine 

.d v $/ -6 -5 -4 -3 I cv Q.I ~ 
'Ylf)111H'UlJ'U'W 10 ,10 , 10 !!rl ~ 10 M flm!!!rl ~ 'l1rl.:J neuromuscular blockade C)'Wt'Wc).:JlJ1'illf1 

F 1.2.4 

Concentration of 

Acetylchol ine (M) 

F1.2.4 

nl n2 n3 n4 n5 Average SD SE 

Before 

10.6 
0.0215 0.0174 0.0277 0.0291 0.0245 0.0240 0.0047 0.0021 

10'5 0.2224 0.0585 0.0832 0.1033 0.1012 0.1137 0.0633 0.0283 

10-4 0.2055 0.1708 0.1464 0.2551 0.1994 0.1954 0.0409 0.0183 

10.3 
0.3420 0.3336 0.3621 0.3988 0.5122 0.3898 0.0729 0.0326 

After 

10.6 
0.0123 0.0142 0.0108 0.0129 0.0153 0.0131 0 .0018 0.0008 

10's 
0.0184 0.0142 0.0216 0.0113 0.0169 0.0165 0.0039 0.0018 

10'4 0.0138 0.0 III 0.0145 0.0145 0.0205 0.0149 0.0034 0.0015 

10.3 
0.0189 0.0174 0.0123 0.0162 0.0158 0.0161 0.0025 0.0011 

Baseline 0.0125 

I9lnl.:J~ 14 nrll (min.) ~ii'1'Wfl11'V111,rtn~ 95% inhibition 'Uc).:J Tubocurarine chloride 

Tubocurarine chloride q..1M) 


nl 


n2 


n3 


Average 


SD 


SE 


2.5 5 10 20 

6.82 3.06 2.93 2.89 

5.57 3.26 2.90 2.31 

4.75 3.98 2.17 2.16 

5.71 3.43 2.67 2.45 

1.04 0.48 0.43 0.39 

0.6 0.3 0 .2 0.2 
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d . . d I ~ .::t 
~lH:j'Yl 15 TWitch tension (%) 'Yln(l1~N 'lllJeJ'Yl~~H)'lJq'Yl'jj'UeJ-:J Tubocurarine chloride 20 J.lM 

" , 
, '" ~ "i "i ~ ~. I ~ liI •. I.i1 
~ eJfl1) 'H~~ l'UeJ-:J fH'l 1lJ!'W eJAlJeJ fl)~ ~'W 11:1''W lJ)~"ffl'Yl ~1 tJ ~ l"lYi 1. 

Time (min) 111 n2 n3 Average SO SE 

0 100.0 100.0 100.0 100.0 0.00 0.0 

1 84.1 78.4 96.0 86.2 8.98 5.2 

2 15.4 12.1 10.8 12.8 2.3 5 1.4 

0.93 4.0 2.4 0 .9 2.4 1.56 

20 2.5 2.4 0.9 1.9 0.90 0.5 

40 1.8 1.9 1.0 1.6 0.49 0.3 

60 1.0 1.3 1.2 1.2 0. 15 0.1 

80 0.9 1.5 0 .8 1.1 0.38 0.2 

100 0.9 1.1 0.9 1.0 0 .12 0.1 

120 1.0 1.5 0 .9 l.l 0.32 0.2 

~I ' U1:1'~-:J!lJ'WfI1 Twitch tension (%) 

Time (min.) nl n2 n3 n4 n5 Average SO SE 

0 100.0 100.0 100.0 100.0 100.0 100.0 0.0 0.0 

10 65 .0 64.1 84.3 78 .7 43.2 67.1 15.9 7.1 

20 54.7 53.5 73.7 66 .5 32.9 56 .3 15.6 7.0 

30 49 .2 47 .8 62.1 57 .0 25 .0 48.2 14.2 6.4 

40 47.8 44.9 57.6 51.9 23.7 45 .2 12.9 5.8 

50 45 .3 43.4 57.8 47.0 23.3 43.4 12.5 5.6 

60 43 .7 42.2 52.7 45 .6 22.6 41.4 11.2 5.0 

70 43.4 40.7 50.3 43.3 21.4 39.8 10.9 4 .9 

80 42.5 39.9 49.4 43.4 19.3 38.9 11.5 5.1 

90 40.0 38.5 46 .0 41.1 16.2 36.4 11.6 5.2 
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" Unipolar electrode U~~ Bipolar electrode 'l1~.:If)1'J1J~lf')'U neuromuscular transmission 

rJl1tJ Tubocurarine chloride 

~I ' Ub('P'I.:IllJ'UfIl Twitch tension (%) 

Electrode Time(min.) nl n2 n3 n4 n5 Average SO SE 

Unipolar 

0 100.0 100.0 100.0 100.0 100.0 100.0 0.0 0.0 

10 73.2 79.7 65 .9 65.7 46 .9 66.3 12.3 5.5 

20 49.0 56.4 39.7 46.0 31.6 44.5 9.4 4.2 

30 38.4 37.6 28.3 35.0 27 .2 33.3 5.2 2.3 

40 31.5 27 .1 23.0 31.0 24 .1 27.3 3.9 1.8 

50 25 .7 19.6 19.3 28.6 22.2 23.1 4.0 1.8 

60 21.6 16.5 16.7 26.5 19.6 20.2 4.1 1.9 

70 19.0 14.6 15.2 25.1 18.2 18.4 4.2 1.9 

80 16.3 14.7 14.5 22.9 16.8 17.1 3.4 1.5 

90 14.5 13.0 13.5 20.4 14.9 15.2 3.0 1.3 

Bipolar 

0 100.0 100.0 100.0 100.0 100.0 100.0 0.0 0.0 

10 65.0 75.3 72 .5 76 .2 83.0 74.4 6.5 2.9 

20 40.5 64.3 61.2 57.9 67 .5 58.3 10.6 4.7 

30 36.3 52.5 58.4 43.7 57.0 49.6 9.4 4.2 

40 31.1 36.2 44.7 26.5 40.8 35.9 7.3 3.3 

50 29.1 27.4 20.3 17.9 29.4 24.8 5.3 2.4 

60 24 .2 16.8 13.0 14.2 21.7 18.0 4.8 2.2 

70 22.7 13.7 12.3 12.4 17.7 15.8 4.5 2.0 

80 19.6 12.0 10.9 11.6 16.2 14.1 3.7 1.7 

90 17.2 10.5 10.3 9.7 16.0 12.7 3.6 1.6 
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. I, 4' 

.cs d I ~ 0<::::.\ I Q.I 

I'lTJHYI 18 Twitch tension (%) 'VH1fl1I'l1'l "l tlJtl'Vl~"fftl'lJt:rl'l1i'IJtl'l F1.2.2 - F1.2.4 \9ltlfl1TI1~m 

Group Time(min.) nl n2 n3 n4 n5 Average SD SE 

0 100.0 100.0 100.0 100.0 100.0 100.0 0.0 0.0 

Control 5 84.0 87.2 77.5 82.7 71.2 80.5 6.3 2.8 

15 56.2 6l.7 46.7 58.0 47.9 54.1 6.5 2.9 

25 44.0 4l.2 33.4 44.1 41.3 40.8 4.4 2.0 

0 100.0 100.0 100.0 100.0 100.0 100.0 0.0 0.0 

frl.2.2 5 87.2 75 .0 82.1 94.7 73.4 82.5 8.8 3.9 

15 62.2 46.2 58.2 63.8 48.3 55 .7 8.0 3.6 

25 50.9 32.0 45.3 45.3 39.7 42.6 7 .2 3.2 

0 100.0 100.0 100.0 100.0 100.0 100.0 0.0 0.0 

fr1.2.3 5 79.3 77.8 51.7 77.0 75.4 72.2 11.6 5.2 

15 64 .6 53.4 4l.6 53 .5 57.4 54.1 8.3 3.7 

25 56.6 40.3 38.9 42.1 49.2 45.4 7.4 3.3 

0 100.0 100.0 100.0 100.0 100.0 100.0 0 .0 0.0 

fr 1.2.4 5 86.7 74 .6 82.5 86 .5 77.7 81.6 5.4 2.4 

15 67 .5 51.3 65.4 56.3 64.8 61.0 6.9 3. 1 

25 54.5 36.9 53 .2 39.0 55.5 47.8 9.1 4.1 
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0" 

IPll 'H:j.y) 
o 

19 tJ~mill1tJ ~ ~h.J'tl tl.:j~EJ .:j.y)lwnri ';l'w 1'Wll~(1~~'W \9l tl'W 
'" 

No. 
Q-sepharose 

column 

(mg) 

Cellulofine 

column 

(mg) 

SP-Sepharose column (mg) 

F1 F1.2 F 1.2.1 F 1.2.2 F 1.2.3 F 1.2.4 

1 38.08 * 

2 33.63 16.07 ** 

3 39.50 14.28 1.41 3. 11 1.71 3.10 

4 35.67 13.36 0.64 2.83 0.90 2.39 

5 36.56 15A4 0.76 3A7 1.19 2 .60 

6 37.70 15.50 0.80 3. 10 1.30 2.60 

7 38 .11 15.80 0.75 3. 10 1.30 2.20 

8 38.09 14AO 0.70 2.65 1.01 2.00 

9 35.10 13.00 1.15 2.54 1.10 1.69 

10 40AO 15.60 lA5 3.63 lA9 2.57 

11 38.60 14.20 0.82 3.10 1.30 2.20 

12 41.70 19.70 1.66 3.56 lAO 2.15 

13 39.80 19.30 0.97 3.58 lA8 2A7 

14 47.50 25.70 1.69 4.91 2.15 3. 11 

15 45.88 22.80 1.27 3.84 lA5 2.57 

~11J 586.32 235.15 14 .07 43A2 17.78 31.65 

c:
mmJ 39. 1 16.8 1.08 3.34 1.37 2A3 
<J} 

)tltJ(1~ 39.1 15.7 0 .9 2.9 1.2 2. 11 

4' jJ , 'jJ 

*IwnViEJ .:j~1t:Jf1 tl~lJ t1 Q-Sepharose ! 1(1 ~1~1 'W m~ 'Vl~ tftl'lJ t]'Vl1jEJ'lJEJ.:jtJ (11 mJ ~ ~ m'Vl.y)~ tl fl'lJ n tl11JliJ tl 
'" 

• " 0

* * IWm~EJ~~ltJ'fltl~lJt1 Cellulofine GCL-IOOO sf ll(\ ~ 1~1'Wm~'Vl~tftl'lJq'Vl1jcJ'lJo.:jtJmt:JtJ )~ tf1'Vl.y)~tlfl'lJ 
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\91l'H~~ 20 nU!\911CJlJ 12.5% gel electrophoresis (30) 

*Acrylamide stock solution: 30% acrylamide, 0.8% bis-acrylamide 

240 

iJ,\.Iiin·b.JLiH1" (ii"iiH,n "GiU) 

hh~'WlJl\911~1'W ;' '" 'Wl'l1'WTl1lJ!~Tl~ 
q 

Rf Jl'l1t!TlllJ!~Tl~ 
q 

'D1Tlml'W 

myosin 210 0.06 

beta-galactosidase 131 0.1 

bovine serum albumin 91 0.186 

carbonic anhydrase 41.3 0.36 

soybean trypsin inhibitor 31.8 0.47 

lysozyme 18.1 0.67 

aprotinin 7.1 0.81 

F 1.2.2 0.76 8.4 

F 1.2.3 0.74 9.0 

F 1.2.4 0.78 7.8 

Acrylamide stock solution 

1.875 M Tris-HCl pH 8.8 

1.875 M Tris-HCl pH 6.8 

10% SDS 

TEMED 
-~ 

Distill water 

10% ammonium persulfate 

Separating gel (mI) 

4.17 

2.5 

-

0.125 

0.005 

3.133 

0.067 

Stacking gel (mt) 

0.5 

-

0.33 

0.05 

0.003 

3.857 

0.050 
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9J , rI. 

'I 1'W1~Erul f1rn <Uel 'I ihJn n I'I.J1 (J'lJI~(J'lJB'Ir111'J ~ fleJ'IJ'Il N lfrn 11ft::: t)'l1 i,\11-J:lh fl11~'tIeJ-J)~fj~ 'il.:! el Nri il 

eJ1~lIft~~'W fl1111 ~~~Nn'W n1nl~ eH) U1l'Jll TI"il N~h flWl tl ~1111 tJ'lJlfill'IJ~l'Wfl11lJIU'W l~'1l~elICJl'tI~lJ~!~ -J 1~ tJ 

'l~'IJ';h'fi'1l-J KV2 ilfi1fl11lJIU'WVl'1lC1.:!f111 TIIH KV6 IItI:;; KV9 f11'JlmtJ'IJ!fi(J'lJel.:lr111'J:;;nel'IJ 111'J~'Wl'W 
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" 1J1 h1f1'J1vl't!el-Jmtl1C1m1\l 'W:;;C1 -JU U'IJ1 l1el1C1rvJC1 'W'lJi1 el -J r111 'J:;; nelU i 11'J~'W '\Jel n~'1l ,n1-J 3 ~1el ri1-Jil 
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f111lJfI ft1tJfI ~-J n'W II~~'1l'l K V2 iJ f111lJH\9l nl9i 1-J 'ill m~1 el riH ~'W el ri 1-J111 'W '1 'P1i~ i \9l tJ fYn'1l1'J 11 1I1J1J'tI el-J 
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111'J~'W'P11tJi~ h'j~el:;;f11m ~llJl91'l'iltlBI~f11 \9l11'lelI19frfll uu C1' mmfflJ n'IJ11 KV2 lilt \l'IJ 1111~'W~I<UlJni1 

1'li'WI~Enn'IJ1~iimfll\9ln~elI1c1fC1U'IJ'lJC1el~i1fl''jIJ1.:j lHril KV2li'il~. 1111~'W~lilJ1ft lwtlntl. ~ln11 14.4 

nlt1~lt1~'W lJ1nni1 KV6 IItI:;; KV9 Im:;;liuN~~ 1111~'W~~hj'W'lJl'W~fl 2 ~1elri1..j ;iel ~~ 1111~'W~ 2 

IItI:;; 4 ~.:jC111J1Hlllf111:;;,f'lf'l1~'tI el'l I,J1 ~'W~1tJmfl-Uf111111 'hllP1mJ C1UlJ'V'Il~l'j'IJi1 lil'W 1111~'W1'W nri lJrl el C1. 

n~C1 'l~'lJ11 (h~mh'W~l!tJn i'P11J1m~1H KV2 ! 'W en'; '~hl'l 'W 'l\9l n1fl 11W.ulJ'U''W1:;;111 1'1 31-50% JJfl11lJ 
'" 

" 
l<UlJ<U'W 111'J~'WC1'1ni1rl1~'lJri1'Wl'W'lh.:jl~tJ1n'W'tJel'll11:1-J KV6 1m::: KV9 'il1mm'l1-J11lJ~ icA'!lC1~.:jfl11lJ

'" '" " . 
U\9l nI9i1-J'l1l-J'P11'W el'l'f1111~nel'IJ i 111~'U1'Wl~'1l ·nl'1 3 <fl1 el ~1'1 ~ 'Hil 'W C11! lHI fl11lJ II \9l n ~N 'tiel 'Ifl11lJ!il 'W W'1l'" . 

1J11'l1f1'J1f·I 
IM rlwl'IJri1'W 4 rl1~'lJri1'W ~el 12.1, 12.2, 1.2.3 Utl'~ 1.2.4 1)1i1nnllfl'J1:;;,frl1~'lJf1'J~el:;; 

mmmil rl1~'lJri1'U 12.2 JJrl1~'lJf1'J~el:;;m'Uflft1(Jflti-Jn'IJ 111'J~'W'W1'l11'W (Natrin) 1J1m~'1l~n·h Uti:;; 

rl1~mh'W 12.3 iirl1~'lJtl'J~el:;;iil'Uflft1(JfI~-Jn'IJ hh~'W hrvh-u'W (ophanin) 'il1n fl'1l~1J'IelN IItI:;;'U1l1 

1'W 'il1n~'1l'ln11 
'" 
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Abstract 

In this research involves companson of protein composition and biological activities of 

different age and region of originate of three Ophiophagus hcmnah venoms. Biological 

activity was measured via cytotoxicity in cell line. KV2, crude venom showed higher toxicity 

than KV6 and KV9 venoms. Comparison of protein compositions of G.hannah venoms were 

performed using I-D gel electrophoresis, 2D-gel electrophoresis and reverse-phase HPLC. 

Although protein compositions in all samples were similar, KV2 venom is very different 

from each other venom. The protein bands of KV2 in SDS-PAGE showed higher amount of 

all bands. 2DE gel of KV2 has many low molecular weight (14 kDa) spots. Spot No.2 and 

spot No.4 of KV2 are individual which are not found in KV6 and KV9. From peptides mass 

mapping by MALDI-TOF MS and amino acid sequence database searching, the amino acid 

sequence of protein spot 2 and spot 4 are similar to partial amino acid residue of 

phospholipase group from G.hannah venom. The RP-HPLC pattern of KV2 is different from 

other venoms. The eluted in range 31-50% ACN have high protein concentration than other 

venoms in same range. All of results indicated that variable protein composition were cause 

of difference in toxicity. The amino acid sequence of fraction 1.2.2 and 1.2.3, which were 

separated by ion exchange chromatography and gel filtration chromatography, were similar 

to partial amino acid residue of natrin and ophanin from Naja atra and G.hannah venom 

respectively. 

KEY WORD: Elapidae / VENOM / Ophiophagus hannah / MALDI-TOF MS 
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ilW111f1l'Hl f1~il1J n~HtJ'UlhlJ1nvh'hflilJ' 'UI! II U fliJ fl1'fllf.)l; tJ'fI~1W),eJ tlI ~ tJ'l I \~ ~m1'l fJ'l 
u 'U cu 0 U 'V 

~illtJli~f1~l~1Jn~th ~lJlru 3.3, 6.0 U[j~ 0.9 ~el 100,000 fl'U !'Ul.h ~ !'\1frVah ~'1~~f11!![j~lh~ll1~ 

lhlrJ'fI1lnh~lPl ~'il'lf.)1'l (King Cobras) !ll'U~W1J''Uf1~JJ Farn.ily Elapidae ,y~ltJ'U~'W1J~rJld~,!1i'l 

I'U 10 f1 iJYl1Jl1H'j ~uulh~ll'nl (Neurotoxins) ~~'UUHlJ 1 fl liXf.) ·HI 1f1Y1l1iJ l:IH(I ~ (I'tI'U 1~1~ f1 

" 
(l'll.l1'j llll f11i'l~ ~lJ ~lvr'jlli'll~ 1 hJ\911lJ f1 'j~Um~fJ~ 'v'll1,rm1TmUf.) ~f.)'UU1'1 '1111'1\91 i\9l il;'~1i'l llii'1i'l ... ... '" 

" 
'111£11 'il Lllill'~li'llf1 ~f111'l fJ'lii'tlu 11i'l~11'11 qj cpj ellJ fill h.,qj'll1mru Yl1J ~f.)lJlJl n'flllJ 11t1~1 £I ~~ Il'U111 

lilel n'WlI 'l 'il~fJ1'llJ l~mJ1n~f.)1'l!il'U 'ti'ellJ(I~fJ hJa1111Uf.l~ udifl1J 1UCl~1i'1 u fll'j ~WJ'U WIl'l 
'U 'U '1J 

I .:::::,.d'.c:1 ~ .c:1.c:1~ 0 Q I 

'ill f1 'j 1rJ'l1'U fll11J II 'fIfl 'fI1'l 'tIfJ 'l t)111i'fl1'l 'lf1 fl1l'l 'UfJ 'l'W'1:l ~ 'il 'l f.) N 111..1 ll'U f11! 'U Ii'l \9l H'l 'il1f1 

1fl H f11'j~ 1 ~ 'l il'U' tJ~fl1J 1f111JJ!il 'U VlfHHl~ eJu'fI 'j 1l'J 'U el ~ 1l'11!flli~! tJ uel'lfit1 'j ~ fl f.)U 'ill f1 'W'1:l 'l... 

" ,
lm~ n11 l'n'1:l 1 'j llJl1'l!iJel111"lU n ft lhi f11'j'\'l N 1'U'Uel~fi ll'l fJ'I '\ i'i 1 tJ 'U 'fI1~ fll'j mn16~ nvrl (J

" 

nJ'1rJ1J!li rJUt]r1tl11'l~1flWI!![j~el~,ftt1'j~f1elU1tJ 'j~'U'Uel-JTI1J~ j)~m~~iirt'U fl1!iI~1'Ullfi[j~ 

fl1fl ri1'U 'U fJ'ltl 'j~ 111 ~ll'f1 £I 
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TI1:J~lh::;m)'IJ~1(Jff1n11:J~ VFl mn nil 20 <jj'ii~ dlu hj'j~t!lih.j 90% ~~eJQ1U!1.J'lH)~ 

polypeptide toxins I![l::; enzymes ~li1fteJ!~'Wfl1n'IJII~I\9lnl~.Jfl~1u!tJ'lJ~N glycoprotein ~I'lJiJ'W 

eJQlu!1.J phospholipids 1I[l:;;iiri1'UtJ'j::;fleJ'IJ~'U11'li'W 'Ii1'f.!ff~fl::;~lIft::; riboflavin !1I'W~'W 

polypeptide toxins ~rl1rltyfleJ l11:J neurotoxin ~n~'IJ''U~fl~JJ Elapidae 11IUri1U!l1tY 

neu rotoxin ifiJ 1m[l fl 
'I 
(\ 'lJ 1.1 1~ I~ fl ~ ~ tl fl ~ 

'Y 
\9l9f JJ !'Ii1 ri f)'j :;; Uff I~ eJ <fI II ~n ~ !~ 1 !! ft1 11 tJ ~ 'IJ ~ 

'U ....... 


• .Q, .::::1 Q.I.::::r. .Q, 

neuromuscular junction l'lfU 'W1:J1l1fl~b1'1JJnHWll\lft::;~'YlUfflJ~i'lfl1 l'l1:J'lJeJ~polypeptide toxins 
. . " 

~1~'U1fi1m fl eJ1~1:J cardiotoxin 1mi 1.1 ~!lh~'UI~ (J 11 ::;111ft 1t1 cell membrane 'IJeJ ~ fl ftllJ1 i1' mi1111 

1'111,r,i1' 'i)1~'U~~1.J f)~ TI1:J hemorrhagin 't'l'IJ i 'U~flrilJ Viperidae 'til i lrtf)~I~eJ~flfl flCfl1lJ ri1Ul9i N 
.' . <u 'I 

.. " 
1 'IJeJ~~i1~ Olt1 TIll hemolysin iJt)'YI~'rl1fl1 t'I!~ <fIJ i1eJ<fI !1~H Il 'Pi YnJ 11.1 '11 ft eJ ~'YI~ [l fl~ lt1TU1.1 Ihhmi 1.1 

~iJ1(J~\lf)~n~ TIll cytotoxin 'fl'IJi'W~fl~lJ Viperidae jn'h!m::; ~U.JeJ1~ 'il::;111ft1t11CJH'I~I~tlCflH 'VI1 
. " 

1,r'IJ ~n ill fi \l fl n ~ 'IJ 1lJ II (I::; nil TIll rhabdomysin 'Vf'IJ i 1.1 ~11::; Hl l11 i'1fl ft llJl i1' fl Cfl1 til! ft::; tf) ~ 

c;tl"''''~.c:! 91.Q"myoglobinuria H)'U 'll'lJ'Yll'I'IJ 'Ul~ll~JJ'lifl1t1<jj''U~!'b''W trombinlike enzyme 'i)::;m::;'fj'W factor V 

U(\::; factor X 'VI11,r!fteJ~ ll:U!!~~~1 ri1'U e11.ZJme protease ~nu't!~f)::;1.J::;1l::;'rl1fl1t1 fibrinogen 

II ft::; enzyme phospholipase (lecithinase) ~i'IU1'W lhJ ~ '11fl1 l'J'Illl ~ 'l'111 ,r! fi~ neurotoxicity 

cardiotoxicity Ilft::;I'vjJJ vascular penneability TIl'U enzyme hyaluronidase lI ::; rifltl tissue 'lJfl~ 
" " i1~Olt11111,rVl1:J~m'l i m::; 1l1t11 ~h.u'U ffl'U 1.J':J::; fleJ'IJ'lJfl~fful9iN 1 I'll ri l'U ll::;lj ffl'J 1 ~ JJ 1fl '11 ~fllrfl tI 

'JJ • • , 

.u'U n'IJ'Ilu~ 'IJfl ~ ~ i1llU I9i ft::; 'lft1~ qf.:j ll::;}J fJ ill ffJJ 1J~\ l11~ 1::; Iflll1 II <fI fl~i1~ fl fl flll1.J 111 fll1ll ~'Ilt1~ ~'W1 
" . . 

Uft::; i'll1JJI~ u.y;1:J 1'WI! I9i ft::;'IlU ~ tr'UI.J5eJ i 1m'll! fl<f1 Ulfl fll'J'Yh..j 1\.1 'U eJ ~ ffl'JTI1:J !~ (J ,n1l1~ eJ ~ 1~ '111 eJ 

lJlf) fl11'11;J ~eJ ri1~~'W 1'l1Wl~ 1~tJi'l11lJ111 \.I TIll I fl ~ 1l1fl Ol':J 'VI N 1'W i 1 JJ n'U '11 eJ~ ffl'J~ 1111.1 Vl1:J UI9ift::; 

eJ~l~ 1.Jfl~~lr111.J1l::;.u'IJTIlleJeJfllJlflm;J~1.J'j~lJlill 30-2,000 U[lilfl1JJ llft::; 2 1'U 3 11lml1 

"" .
~1l~el1~ (King Cobras) lil'U~Vl1:J1'Wfl~lJ Family Elapidae ~1'Wfl~lJijll::;ljl~(J11~1:JeJ~fi 

')J , 'j/ ')J 

9J 9J 91,.,,'1 l:1' ~ Q ~..:;:;1Q..f Q.J Q.J

OJ llJ'IJ 'U<f11'W H'U 1 11ft 1fl<f1 ~lJ1 OlJ mJ ~ lJIH'W ':J eJ t1I'IJ tl1 (fang mark) 11.1 eJ~ 111 fl l'lJtl1 ff'Wllfl::; 

!i'I~eJ'Wl'111 ~l:utM Subfamily Bungarinae 1i~eJl'l'1(J1'f(lff~{ Ophiophagus hannah ~~!1I'U~l11:J~ 
, 1P. 'j/ 

(J11fiff~1'W 1~f) 1\9ltJillI11.J!!ft1Ifll1Cfl!~JJfi},Jflnfll11J(J1leJ~1'U'lfl-3 2.5-4 Il.JCfl'j tl1'11trfl~1l~eJH 
q <lJ <u 
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~'Ul~hmh_h~lIl\u 6-10 f)lm),~'lJ IlhH~n'n.lil~lI'l~ tl1t111 ~il~t)1~ltl'U~fh,;l~ih1~tI'fit)'U~1~~
tI q,J "" 'U 'U q 

" " f(1lJl)llU~lIliI'Utl'h)I'lf'\.U~U'H1U-.'j!1i1 f11mYiUl-lIUtltJ:;;tlf1191111~ff..Jl.h:;;lJlru 1 "u 3 'lJt)'lfl1UWl1 
'" 'U

" . 
tiw11 1/ 'PlUl-lI'U tl1J:;; lIflUf111'l \l'hl]jeJl'Vi tlU fl'U111mymy ':rw !!n:;; IhJ ii~Dfl ~'UmiN1'U'ln-h II 'Pl udhntl

'" '" 
" ~ 

.

1J1'l'1Vl1~111lJ'U11'l!1l'Ulkll\'Yl'U. 'Uflm1flU~lJ'lfll'lff..Jn!f1~~ (occipitals )u'U~h1:l:;;~ '111fl'1:I 1 ~ eJQ 

~1'U. 'H ~'l'lJeJ~1 fl~~ fl):;;'Hl-leJlJ (parietals) 'lJ'U.1~!!n:;; ft'1Y'U. 'lJfl'l ti w11lJ:;;mh ~'U. fl'U.1'U.1!'P1,,:;; If'U. ~ I '!5'U. 

. " 
'l 1J'leJ 1'l'VI N fIlfl hl'lJeJ'l bl'VI tI l1fliJ'tI'U 1\911911IlltUf111'l U'leJ N I'U fIlfl ~'U ft~11~'U. ih.l Wl1"eJlJl~ tl1 !f1'U. 
'" u '" .. 

~ Q,.I I.d..c::t'jl Q ~ 0 c:t' 0 r IjI t 

'1lJ'leJ 1'l1lllU ilI'lJ1ff..J'VI1'l fIlfllH'U. eJ lJ f1l'lU 11lJff!'tIlJfl fIl'j)'\.U fleJum !) tlfl11 U'l eJ N~ 1 fl eJ 'U. 'U 1'1~lf111 
~ ~ ~ . q . ., " 
IIUU~'U. !f1U~ lJ'leJ 1'1 'VI i~fIlfl fl" NI!" ~ ~ ff1UlJfliHY~1 Ilr'U. " 1tI 'lrJU 'fl1JJ 'tI1 NI'UU U'ICJI fi eJU \91 "eJ ~ 

~11!'P1'UU 1~1~f1fl1lfl1fl~'U '1U'IeJ l'leJ1rltleJrii fl~Umi'lti11il) \91 UJ'b'eJ flll'U 'H ~eJ h~H I~ ~'U ~'U.I~ 
'" '" 
'jI , 'J.I • 

I~~ U'P111fl~U~1u:;;mj'fl1m1'U~'UlJlflWh 1~'U'I'l1eJeJfl'H1f)U l~l1'1' 'U flm~1'U'iliIl\9l~ ll-lfeJ'U ~~II(l:;;
'" '" 

''Un''l'VmU~l fllll n'H~f1¥i'eJ~'b'{i~~'UCJ u~m:;;i'l~l'H i)mJ~~11 lli1'flitfl !! ,,:;;ff'l f)'Umjll'Pi~'lfU~ 
. " " 

1~(J1fl'U'l1ff'll~fleJ~ 'UeJfl1J1flit'U eJ1Uf)'Uff~11~ll'I1f1~1:;;f11~ f)~ri1 ~f1Ilf1ltl'UeJ1'H1) f11)ffU~'U:fi 'I 
'U ~ q~ 

" " 
1J'Ifll'l1J:;;1NI'tI1l":;;fl1'1 f11'1":;; 20-30 'l~eJ'l rieJ'U1N 

1hi ~1l'lfll'lll\lmiltl1J:;;,.uti1~1f111~'ul~j1'l'1 
lJlf1eJ'l!flJl'u'U 1'1 '¥l eJ 11'1l} 'liu K1 n1):;; fl" lJ ~1 (I'U II ~ !Ill'I 1J:;; ~II "l~ 1i -Ule) 'I "fl'lll) fl ~ flil fl11lJ (111

q oQ <u 'U 'U 'U 

Itl'U.~~ilU'1Y(I~ ilVi1:l'tll'l):;;uul1):;;ffHl (Neurotoxins )~~'UI\HlJ1fl I'deJ'lU1f1Vl1:lnllJ1"fJ"'lJ'U.1~ 
1~f1ff1lJl)llflf1\91~~lJ lh))1\911~-;)lU'fl1lJ m:;;IIff!i)eJ~ 't111,1fl ~llJ1 ci'eJeieJ'Ull H Hit'l \91 111 fl l'l~ llii'~ 

'" '" ., '" 
'Hl(lI1J 'lliff:;;\911 fl ~ fll1'1V'lli'Utl1\91~1111 tU 19ieJm~1:l1lltU l1~lJlU!li 11 ~eJlJlJl fl \9I1lJ ~h.M1 tI 11):;; fl eJU 

tJ tJ 

(Reverse phase high performance liquid chromatography (RP-HPLC)) 

i ~'11 ~fl fl n fn:;; \) 1 (I ~1 'U eJ '1111) ~'Uhm~ ffl fl ~eJ'U~ (Mobile phase) II" ~ n~ ffeJ QflU~ 

(stationary phase) ~II\91f1'Pl1'l fl'U1~tll11)~'U~m:;;\llrJ~1 i 'U.n·~fflf1~eJ'U~I~~ f1111J:;;!ltlfl~1 eJeJ fllJl 

rieJ'U 111)~'U. ~'U'1 l~l-!I'nf1Ufl~ '~IW f1ffU~11}jfl11lJl!\9I f1'Pl 1'l 'U eJ,:jfffl1)'l~11~ tlnll~ ffeJ~flU~ltluff1) 
I 11 , oJ! 1:')1 

11 iliih'b U11'11 fleJ'U.l~'U]'UeJ'l(%il fnYi~ eJ nlJ ·131~ )fl11U eJ 'U ff1t1 tl11 l'YlflU flU 'j):;; i '*1:1 JJ fl J llJ~'U ff'l. '" 

~'Ull~ff!fl~eJ'U~~'IilmlTW~1ff'l111I,fl~eJ'U.~~1'U.~1flm'l ~'IJ'U 11.h~u~iJfffl1l'li1ff 'lill!) '1~'I\9I\9I 
" OJ '" 

" . ~ ~ , 
flU~-;) fl fl HU'eJ tlll~ II fl'lf:;;eJeJfllJlflUn~ff!f1i)eJufi rieJ'U 111) ~tlfi n Ml1'Yi 'Il1~ 1'l1 \):;; ~lJ fl'IJ~1 f1" 1'l 'h)

" 
" ~ f)11!f ..Jf'l(l'll111,11f)\9I f11)IWf1~'U 

http:f11mYiUl-lIUtltJ:;;tlf1191111~ff..Jl
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lYlfl~fl~n~~hilfllY1'ahir~C\l(;'{ 


, %1 l-I fl1j~ml1t1flru el'lJu~l!~~fillllUfI 11JJ'U 1 crill if eJ lfYrm~fl~11el'lj~iiuj ~ ~ tl '\Il'l~ lll~ 

• • t • Sol. I 

"" CHI' 1'1 1'1 I ~ 'I "" c11'l' I '" 0/ 11 l:lj c1 c1, I 'J} '" c1 c1 n I tl l-~! fI ~eJ'U 11 u! 'U el''U 1'IJ l' Yil ! \oW! fI ~ eJ'U'Vl ' u (J\l 'lJ 1 ,Y 1"1111 JJ u j~ ll\9J H 'U1 JJ fl 'U el'lnm u j ~ II 1\ l'I1, , 

hJl~ fl ~~ ii 'lJ l-I1 I9l hfili 
• u 

1nhi~f)~fI~(,11'~I?i!'il(,1~!ilfll~';l'YleJ!';l9Smnl'U(;,{Jll'YHil£J (SDS-PAGE) 

SDS-PAGE !11frUflif!~'UmmOf)1th~u1'U el''U1JJ lvh~11 I9l £1eJ1fY(Jfl l1JJI!I9I fltpj1..:J 

'lJeJnfn''I'uflllJl~fl~ ~'U.n'UUj~1 (J'b'U1l-1fllj111Jnn1fl hJWml'UeJ..:J 1 uj~l-IH~dr..:Jel'l:JJlHlIWfl. . . " .
nu1 (J~eJ (J'lJeJ'll Uj~ 'U-vi 'lh (J'li..:J ~il..:J eJ..:J flU j ~ fl eJ'U 'U eJ..:J 1 U j ~h.jj1 JJ 1Ufl..:Jfl 1 TlJ 'U 1 el'11 ii 'U eJ..:J 1Uj~'U. 

1n~!(,1f11Y1 ';l'YJeH';lCIJTI!!'IJ'UTIel.:Jflflt'lN (2-DE) 
iI <JI <JI, 

It1f1Ufludjl-l fllj!! (J fll Uj~'U I I9l (J eJlfY(J rn 1JJ!! VSI fi tpj 1..:J 'lJ eJ..:J el'lj 2 .u'U 191 eJ l-I .u'U-vi 1 

~eJ Isoelectric focusing (IEF) eJ1~l'Ifll 1JJIII9I fl~l'l'lJ eJ..:Jr) 1 Isoelectric point (PI) 'UeJ..:J 1 Uj~'U!!tpj~~ 
v • 

\9l1 Uj~~,!11ii'Ul-Il'IJIft~~'lJeJ..:J iUj~'Ull~~'Un'U pH 'lJeJ..:Jel'lj~~ftll'l-vi pH l'Yilf)'U pI IUj~'UiiUj~~ 

Cl'l1iiIU'U fI''U6~..:J lhhfl~eJl-I~l'U el''U1JJ l.Hh ~l-I~ 2 \9ll fl~ l..:J!llft~ii i Uj~'U~tl fl!Wflll1fl n'U~lfJ1i. 
" . 

~ 

" 
~ 

'lJeJ..:J']l-I.yJ 1 ll~t) flIW fleJ eJ flll1 fl f)'U ~ fl fl i'..:J 119l1'11 %fl 1 llJll \9J fl ~ l..:J'UeJ..:J 'lJ l-I1\911 U j ~ 'U ~ eJ SDS-PAGE 
'" 

filj 11f1 j 1~ 11'b'ii I9l 'lJ eJ..:J 1 U j ~ 'U 1I9l fJfl1nfl i\ 1~ 'U fl j\91 eJ~iJl 'U 'U eJ 'l11h ~ l-I eJ 1i!ifJlt1fl ii fl 

IIJJel'mu fl 1,}11 IJJ 1911 [5J (Mass Speectrometry ) l,teJ'llllfl1tl'U!'YlflUfl~iiUj~ih1iifl1YHI~~f111JJth 

el'..:J el'lJJ1jt)\9Jjl u1191 el'lj~iiU11JlUJ,reJ (J~-lmJJ l~ffJJ~eJ f11'i1Iflj1~,"llh~'U I1Jl-I!11flU fl~' ~111 
<u 

11 
" 
11111f) i JJIft flmw~ 1'flj..:J el'1l..:J'lJeJ..:J'ff11 1I9Il'IeJ14Y1'I f) 1111f1 j 1~ 11fi1JJ1~~eJUj~ ll'lJeJ..:J 1eJ eJ eJ't.J.yJ 

. 
el'ljt) fl 

• • <u 

m~ fJl11 11 ,r1f1\91 mj!i19l fl<Al eJ ..:Jfl1Jj ~ fleJ'Umlfi'lJeJ ..:JlflreJ'I !!JJ'ffmu fil 'YljlJ!\9J eJ fll1j..:JeJel flIU'U 3 ril 'U 

~eJ Il'Vlri..:JfhUI9I tleleJeJ'U (ion source) \1111,rl~!U~ £1'U el'fl1~ IJJW ~~ ff1j~ lhHjUj~ ~111fl~ 11'1l~'U 
• iI I t 'jJ 

11 eJ eJfll-l rill-111 ffeJ -ll U'U ri'Jl-I i 1m1:;; ,flJ 1 ft (mass analyzer) ri'J 'Uu 'j-,'hmY1-vi l!£1f) ~l eJeJ fl'U -vi! f119l<\i'U 

\9J 1JJ el\9J j 1 ril 'U 'UeJ -l In ~ tpj eJ U j ~ ~ (mass-to-charge ratio) ril'U 'X19l 'tl11'1~ eJ ri 1 'U VSI n ll1\91 JJ 1 ~ 

(detector) ih1 U1~ 1191 U1lJ 1UJ tl eJ el eJ'U ~I f1\91~l-I !lJJ ITff I U fll 11j Im11~u £1JJ' %, 'U..:J ll-11! fI j 1~ 11 
., . " 

11l..:J~ll-11 Uj~l-liiHm(Jll1flUfl eJl'\l\'li'U MALDI-TOF mflUflu1 '*1l1eJ 11111 11n1fll JJ 1ft flft'U eJ..:JIUU, 
• <I " 

11119lfi ~MlJlll1fl fllj ~el (J IUj~ l-IU 1 ff'Yl 1} l\~1111 tlU!U1 (J'U 111 tJ U tlm)1'U.u eJ JJ ml1-l1 U j~ l-I nlf1Ufl U 
') "' ... "J 

http:eJ't.J.yJ
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11t1flll peptide-mass mappmg HlHH'ITUfl hniilvl'elf'UtHH"(lflUf1 MALDI-TOF i:iri1'U'Utl~ 

II 11 ci.:j flll'U \OIlel'eJ tl 'UI ill! matrix-assisted laser desorption/ionization(MALDI) ~1:h 1 11'hh~ 'U 

fl enmil l! 11 eHl'eJ'U~1Ul'I5.:j.:j 1l!1I IT-J!cuCJftl11~tl1~m~fl'U'YI~6(matrix) Ifl'U~1 fHl1.:jri1tl'YItl~l'/"'.:j.:j1l! 

111 fl IItr .:jlmCJfeJ11,1'nlJ T'lh~ l!l!Cl~'lhhn'lh~l!If1~lill!11m) eJl! IM1 'U trm1~n1CJf ri1l!1Ifl11~'1JJ1Cl 
" . . 

'UeJ.:jI'VIfI'UfI'Ulll'U time of flight (TOF) iilmhVi1lfl1 1~"rJJ1 Cl\9l1JJ1~ U~!1 Cll'WleJ eJeJ'U 1~' l! fl11 

!~ 'U 'VI N 111 flll 11ci.:j fi WU ~ IIeJ eJ eJ l! m 11l! ~.:jri1l! ~ 1 11l1~ 11 ri.:j 111fl fl11 1 I fI 1 1~ H~1 til 'VI fJ'Ufi 'VI N 

IlJJtrtrnJ fl T'VI1IJJ~~ f\I(l~Ll~;]eJJJ1Cl TJJmfl(l'UeJ.:j~'U ri1l!I'lhfh'llP1 i ~ tll1~tl1LhJrl1tllJ nlJ hh~lJ l'U. 
lllJ,j'eJlJCl l~eJI 11'1'1 11lJ'lfUYl'lJeJ-l hh~lJ Ilfit111~~ H DlJ hh~l!1YliCl UIlJ!llJ ,j'eJlJCl nfl1YlI~11 
eJ111lillJ hh~l!'lf'u~111~ 

" 
111 flfl11JJ1illJ ~EJ 'U'0'l trlJlflm lJ ~fJ ~ U'U Ll ~iJ ~tr'U1111 ~l ill! ~1 U11flfJ 1 IJlwiNC] ! 'lflJ 

Ancrod [6] 111fltiEl.:jI~ U1111.:j Ihnj'lICl~ Exantal7} 111f1YifJ'UeJ.:j.:jl'l11IillJ u1~ileJ.:j nlJ fll1 1f1~~JJI~eJ~ 
~ ~ 

ll1eJ.:j111fl hh~'U'lJ~fJ~l1~lhh)lJnlJ integrin [81fl11,1'fflJff.:jfll11f1~ fibrinogen ~.:jlillJ hh~lJ'l! 
l~eJ~~'l'h1111~eJYlII~.:j~1 ~.:jlil'U tr1m \9I1f1\01111 h11t'J 'If 1 tl 111'1 ~eJ~ 1111 Cll1 UlJ I~~ I! Cl~ hh~ lJ. 

v 

contortrostatin [911lJ~fJ'UeJ.:j~ Copperhead viper '1f1t1' 'U fl111flf11 hflJJ~L~.:j 1M hh~l!ii 1l~ IhJ 

v " 
fflJff.:jfll1 tl11m1t1'U1~eJ~ IlJ fleJ 'UIUfl11 rJ Yi1111lutr1JJ11tHU1rufieJ ~hrM 1I Cl~ijfl1Ull~m~1111~ 11.:j

u 
• v 

fieJlil TtnJ 1t1JJ1fl 'U eJflll1 flY'iEJ'lJeJ.:j.:j!i ft1ii'thJJ1!il'U til1 flfJ 11 1f1 LM I'If'U t! 1Cl1 tI'UeJ.:j Gila monster ~ 
v 

~ 

• • 

t!1JJ1111IillJfJ1f11lJflJJ1~Cfi'lJt!l\911Cllul~eJ~ iH1eJ 11 Exennatide [10] ~~-l ltdJ 1l1111lJiJ~~flfJ 1fll1t! 1 
, • 'U 

~fJ 111fl1inJJ')j'1~19i1.:jllJll ~lil'Utl11flEl1 i 1f1!~mJl fl.n'Ull1eJ'I'i) 1fl11JJ NCl.u1-l1~ tI.:j't!eJmm~iJfl11JJ 
I~ l'/ 1~ I'i) 1~ 'i).:jl9ieJ.!il111 JJ 1tI 

~ , iJ • 

.:j1'U1~tliilf1t11,j'eJ.:jnlJfl11~flfJ1 hh~lJ1l1flt! l~fJ'lJeJ.:j.:j iiiJ~l~~flfJ 1JJ1l1ft1 ~'i)~iJ.:j
~ ~ ~ 

IIJJ11CJf1 .:j1111.:j'fllJtrlJ.:jflm .:j1:tirl1111.:jLlmj'<fI1 hl !lCl~.:j'il.:jeJ1.:j 1l19i1l1eJ-l1l1flY'ifJ'UeJ.:j.:jIl~Cl~'lfii~iJ
"U 'U <u 'U co 

fl11JJmiJeJ'U!I(l~U~ fl~WU eJ.:j fl11 eJeJ fltJ'l1i ~.:j '~'¥11f111~flEJ1meJ'Ifhh~fleJlJ~,h~ty1lJ fll1 

rieJ I 11'1 f1~ellJ~11t1 IrieJYlEJI'lJ1rii1.:j flltl l~eJtr1JJ11tlt!1i ul~u 1~ l£J'lflJo'll~ 'U eJ'U 1f1~ ~.:ji l! mru 
~ 

fll1~flfJ11U1~lJ1l!~fJ~\).:jfll/1~iJ~''1lJ iU1~lJ 72 ~1 ri1lJ1my~~eJ~'lJfl~JJ Long neurotoxin 

19 ~1, Short chain neurotoxin precursor 10 ~1 , Cardiotoxin precursor 6 ~1, weak toxin 5 ~1, 

Muscarinic toxin 3 1'i1, Phospholipase A} 3 ~1 !lrt~ lu1~lJ~1~l!C] flfllh~JJ1ru 26 ')j'ii~ tr~ulM 
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,.0,""11J"''H9J'U 'lTW '''' 1J .i..!1'H:l ~ 1) ~ ell ~Vll'J N'YI 1 
'" 

hh~ll 'i1111111fl~~el~mll/~rJ~hU~fl~ 

Long-chain neUl'otoxin 

Neurotoxin 1 [II] 73/8,106 

Neurotoxin b (II) 73 /8,053 

CM-9 [12] 7317 ,957 

Oh4 [13) 72/8 ,014 

CM-ll [14] 93110,210 

Oh5 (15] 72/8,040 

Oh-6A16B [16] 91/9,857 

Oh31 [17] 94110,154 

Oh34 (17) 90/9,867 

Oh37 (17) 91/9,853 

Oh55 [17] 93110,210 

Oh56 [17] 99/9,918 

Oh57 [17] 91110,058 

LNTXl [1 8) 94110,536 

LNTX8 [1 8] 94/ 10,509 

LNTX22 (1 8] 93110,381 

LNTX28 [1 8] 9119,885 

LNTX37 [1 8) 94110,563 

LNTX2 [19] 93110,244 

Short-chain neurotoxin 

Oh9-1 [20] 57/6, 516 

Oh5 (precursor) [17] 78/8,984 

Oh26 [171 78/8,756 

Oh32 ll7) 77/8,601 

Oh35 [17] 86/9 ,564 

Oh46 [17] 78/8 ,893 

SNTX6 [1 8] 78/8,849 

SNTXll [1 8) 78/8,931 
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Short-chain neurotoxin 


SNTX14 [1 8) 


SNTX26 [1 8) 


Weak toxin 

DE-1 [2 1) 

OH72 [27) 

WNTX33 (1 8) 

WNTX34 [1 8] 

WTX DE-1 [1 9J 

Muscarinic toxin 

MTX6 [1 8J 

MTX38 [1 8] 

Muscarinic toxin [l9J 

Cardiotoxin 

Oh27 [1 8J 

CTX9 [1 9J 

CTX14 [l 9) 

CTX15 [19 ] 

CTX21 [1 9J 

CTX23 (1 9) 

PhospholipaseAz 

PhospholipaseA2, acidic 1 [22J 

PhospholipaseA2 (23) 

PhospholipaseA2~ acidic 2 [24) 

Other proteins 

Thioredoxin [2J ] 

Ophanin [25] 


Venom chymotrypsin inhibitor [26) 


L-amino acid oxidase (27] 


Ohanin [2 8] 


78/8,909 

78/8,895 

60/6,812 

8119,067 

83/9,283 

86/9,815 

83/9,387 

86/9,412 

86/9,684 

86/9,839 

84/9,311 

84/9,380 

84/9,256 

84/9,352 

84/9,255 

84/9,296 

151116,444 

146115,901 

152116,641 

105/12,003 

239126,869 

58/6,499 

19/2,298 

190/21 ,174 
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, , 

Yh~'l r..hl'Ell'l 3 rli'dmh'l (KV2, KV6 U~ ~ KV9) J.Jlr.nnD 'lhl rilb'wI?1Yl!?ll'ln'W 1~V'l'dlJ-l 
<u 

'El'WLml:::v1r.nn~m'Wl~l'd[n ~[nfll'lll~lYltl bl~(l'Ull-llLnuH~f)t1J1.~nn 4 °C ~~'l KV2 LU'W~'tf 
q q, fll CU 


I I '" I t.-


YllrJlJ-l191fl'l9'l'Ell'lYlUl1"JJ:l-J191flror'lVlt)1?1 b~'lldUmr bl~'d Lvn::: L~tJ'lYl'lm'lml' Lv'n:::L~tN'l il'ElltJ 3 
QJ CU IlJ q 

I ~ I ~ 

:;>1 .. 1 " ... ~ , '].2:'''''' "' 'Y ... Q :;>10 

u ~'tf'l KV6 1?1J-l191n9'ltn'lYl'Wl b"lJ:l-J191flnlf1 WI lL~'JL'Wl:::l~tJ'lYl bfld'lmd'Wl::::l~tJ'l'l J-l'el1tJ 5 u 
<u 'U , 

~'d'WlltJn 1.2.1, 1.2.2, 1.2.3 LL~::: 1.2.4 1~:l-J1 91flmd LLtJfl'ltldiJl'W1'W~1:t~9'lm'l91n 

'lfld'lmd~ 2 

Acetic acid: Merck Ag Darmstadt, Germany 

Acetonitrile: Merck Ag Darmstadt, Germany 

Acrylamide PAGE: Plusone pharmacia biotech, Sweden 

Acrylamide: Amersham pharmacia biotech, Sweden 

Ammonium persulfate: Plusone pharrnacia biotech, Sweden 

Bromophenol Blue: USB, USA 

Bovine serum albumin: Sigma, St. Louis, MO, U.S.A 

Coomassie brilliant blue : USB , U. S.A 

Ethanol: Merck Ag Darmstadt, Germany 

Formic acid : Merck Ag Darmstadt, Germany 

Glycine: USB, U.S .A 

Methanol: Merck Ag Darmstadt, Germany 

N, N' - methylenebisacrylamide; Plusone pharmacia biotech, Sweden 

Phosphoric acid: J.T. Baker, U.S.A 

SDS (Sodium Dodecyl Sulfate): USB, U.S .A 

Trichloroacetic acid: BlID, VWR International Ltd ., England 

Trifluoroacetic acid: Fluka, Germany 

Tris: USB, U.S .A 
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a-Cyano-4-hydroxycinnarnic acid: Sigma Chemical, U. S. A 

Autopipette: Pipetman, Gilson, France 

Freeze dryer: Labconco, US.A 

Immobilized pH gradient strips (IPG strips) pH3-IO and PH 4-7: Amersham 

pharmacia biotech 

Laboratory centrifuge; Biofuge pico Heraeus, Kendro, Germany 

Matrix Assisted Laser Desorption Iornzation-Time of Flight Mass spectrometer: 

MICROFLEX, Bruker Daltonics, Inc., USA 

Microcentrifuge: Biofuge pico Heraeus, Kendro, Germany 

Microcentrifuge tube: Axygen Scientific, U .S.A 

Micropipettes adjustable from 2 to 1,000 Ill: Gilson, France 

Macrotrap desalting cartridge: Mlchrom Bioresource 

MuitiphorTtv1 II Electrophoresis Urnt: Amersham Pharmacia Biotech, Uppsala 

Sweden. 

pH meter G-560E: Denver Instrument, U.S.A 

Pipette tips: Bioline, U. S. A 

Power Supply: EPS 301 , Amersham pharmacia biotech, Sweden 

Power Supply: EPS 3501 XL, Amersham pharmacia biotech, Sweden 

SDS-PAGE: HoeferT 
:-' 

1 mirn VE (mirnvertical), 8x9 cm gels, Amersham 

pharmacia biotech, Sweden 

Spectrophotometer: TECAN, Austria 

Speed vacuum centrifuge: Heto-Holten, Denmark 

Sonicator: BHA-lOOO, Branson, U.S .A 

Vortex rruxer: Vortex-Genie2, Scientific Industries, US.A 

Water Bath Shaking: Memmert, Germany 
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'" <!)~ I '" 'I '" :II "'''''I '" '" IIJ d '" '\ ~.1 '" '" f1 n'J!fI"Jl~'H m "JfI'l-H'I-!'YI'tI~~'JtJ'JIi l'VHHl~fI "JQ 1 ~~J~!iHWlafl &f1 "JneH"JqJtrH'lJ'lJtrill'YI!fJtJ 

(SDS-PAGE) 

1i SDS-PAGE 1~ 15% Polyaclyamide gel l'Uri1t.1 Separating gel 11Cl~ 3% gel 

rinr1lJ Stacking gel '\..'i1~1tlci1'1 4 fraction lllAtnJrllJ loading buffer IIft~~1f)l1~lJ 5 ml1 

rifJt.I~'il~1rift'11t.1itl'1 (well) lJt.I stacking gel 't.lri1t.1f)l1~lB!ftfl hwrlfJI1CJf£l ')11'11t.l hw1~n1~'1 
. '" 

Ivl 15 rnA ~tl 1 !'ilft (Mini-Protein (Hoefer mini VE) njtliYt.I,,!¥1f)ln11~mfl1m 1')~~C)f£l111f)l1 
9.1 1 ",9.1 ~ ~I '" 9.1 & '''''' 9.1t'Jtllll'ilft 'U£l11ft~mt'J£lt'JtllJ Coomassie blue 11J'Unm1J1~lJlru 60 'U1'l'l IIft'd'il'1f1tlt'J1'UtlfJfl 11Cl'd 

., . 
1~1J destaining solution tl1~1J1ru 30 m113 fl1'l1i1tl'ilt.liyi1iYlJtllJi1~~tl~lJt.II'ilft'il~lHl~tltlfll1lJ~ 

'il • , , 

rehydration solution f1-ll)l1~rul1iJihrtl-l tlVWUfJt'J 12 illlJ..:J f)l1,)11~mfl T~n~eJl1~£l'il~.y1111 
. . '" 

~ru1iQiJ 20 °C i~t'Jlfl1tl-lMultiphor n Electrophoresis Unit !iJfJiYt.I,,!~')11f1WlhJ IPG strip l'U 

equilibration solution 2 !llJU tl(h:jft~ IS t.l1i1lrifJ!£l1'illJllIl'Jf1'fitl1t.1i1'i'Y,}1N~£ltl'1l1t'Jfll~l'JmRt'J 
'" 

fI1111Il\Olfl\Oi1'1't1fJ'l1J1f1 11IHlflft'1ltl'1';t.I itl1~'U ~'dt'J11j SDS-PAGE ~1'11t.ll~1'J1~n1~'l11~ 10 rnA 
. " 

'fifJ 1 l'iln 11l'Unm 15 'U1~ HCl~ 20 rnA \Oitl I lUft 'il'\..,!fll1fflJfJ}J1l~Cl'1lJl"'IPl!Uft tiitliYt.I£l~f)ln11. , 

" .
Uft1~'1rifJt'J1'UfJtlfl IIft'dl~lJ destaining solution 'lh~lllru 30 t.l1i1 3 fl1'1 1i1fJ'ilt.lfll1fflJfJlJYi~~fJ~ 

lJt.lI'il n 'il~'l1 'llPlfJfJ fl1i1J!f1 rrn ft~m(/\Oi 1'1U£l~'11W"llm·f'l-!'Jfl 'U 

fll "J1!fI "Jl~'H1'1J"J~ 'I-!1'l-ffi'tl~vl1 fJ 1~1f1 "J~11hm "J1tl'Uel~l'mntr~ "J1~ 'l-!4J''l!!lJ'lJ~nel4mwtr 

(RP-HPLC) 

fln11f111~'lfhh~'U't.lfhl'1fi'1(Jn RP-HPLC IIPlt'Ji'1fi'1£lf1~1it'J1lJ~'hl'1i'1 1 iinftfl1lJ 
'V '" 

" . 
IIc1'TUl'}'J1n~n1t'Jfi'1t'J'l11fl~t.I 0.1 iift~ft\7l1 uc1'1mtl'lri1'U1rr~'d1'J Millipore filter paper 'tIt.l11Pl 0.45 

IlJ I 'fmlJ'f11 !lftl'l11IhJ1lfl11~r!~ltJ1f1~tl-l HPLC Jll(Jl~£lf)ll~fltl~lJlf'))i1~ reverse phase 

Nucleosil CI8 'tIt.l1~ 4.6 x 250 iJft~lmn m1n~n1t'J~lTvn 2 1~lJlJfifJ acetronitrile f1lJ 0.1% 

TFA ''Utl1 1~t'J'l11f)l1nilJfI1TIJI.,jlJ.,j'U'tIfJ'1 acetronitrile I!lJlmr'Um'1 eJ\9I11f1l1tl'l1ft 1 iJCl~ft\9l1 
'fimnl1 t'flrtl'1\P111~11Pl,))UIPl L-4250 UV-VIS detector ~ 280 t.l11'U1l./\9I1 l\9ImnlJri1t.1l1t'Jfl~ 4°C 
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In-gel digestion 

111fllj\91I91!It1U T.th~'W~rr.Ji'1l1f1 SDS-PAGE hfJ~'U'Wll9ltb~lJ1U! 1 ~f)Ulfl'r1iJ"ijlJJ\9lj 

j1:JJtl'Wiriifl'W Microcentrifuge tube 'lJ1-!WI 500 '11..1 ly;nijjOJj 'l11fllj~\mm~1fJ 50% ACNIlOO 

mM Nl-LHC03 100 LllJ iflji'jjOJj 111'Wnm 30 'Ul,yj !~1..1 ACN 300 IlJ Imi'jjOJj if.;jlj'1l'Wf11mmll~ 

iff Wlfflj"~mfJeJeJf1!W~'l111HHlm!'l1';) !~}J trypsin buffer (13 ngl J.11 trypsin 1'W 10 mM 

NRJIC03 ~ii ACN 10%) I!t1T~'.Jifl'Ul;).J,fl!!~-l!lJ'Unm 90 'Wlli!It11!~lJ O.lM NfLHC03 15 
')I • t , 

ilJ ifljij\9lj fi.;)lj'~f1 12 '.ih ilJ';) -vi eJunUllJ 37 °C 'l;hf11:ifftll9ll'l.hJ!'Yl~eJeJf1'illf1!1l" ff1:ifftll9l-vili' 
Q " 

"" &'LI ... 'l)

1!i'I'jl:::'Yi!lJ'jI'l'W1?l1[J MALDI-TOF MS 

1'l'lfliii'l'lHH!:JJffm'I.Jf1 h1:iI1J'Yl1~1~RtJ MALDI-TOF MS (MICROFLEX, Bruker, 
o QJ' <jJ (lI

USA) 'UlffljjOJ1eJfJNlJl"~mfJI9I1fJ 50% ACN/O.l % TFA J.JlNffJJf1U matrix solution ( saturated 
. " 

Cyano-4-hydroxycinnamic acid 50% ACN/O.l% TFA ) IW)jOJjlri1'U 1 : 5 !~mn'U111iTf1 

i:JJWf1"'UeJ.;)!'I.J'I.J'1'Y1~~t1f1~eJfJl1l'illf11'I.Jj~'Uu5ff'Yli 1l91fJl'1f Neurotensin lJl[1 i:JJWf1" 1,690.93
q 'U q 'lI 

I9Il[l\91'W 1Ii:l~ ACTH l.rm ilJ!fI~{l 2,465.98 mn\91'U dj'W1Jl~~!1'Wl'Uf1U1!fljl~,r:JJ1" 1lt111.h'I'I.J 

S'U l'i' 'W II 1 f1 'U 1 'W .u eJ }J n i 'I.J j ~ 'W ! ~ eJ j ~ tJ 'l!' i1 \?l 'U eJ -:j i 'I.J j ~ 'U i 191 fJ 1i'ii 1 'U 'li eJ 1..1 [I
0-)1 <1J '1 a<iI QJ 

MASCOT(http://wv.rw.matrixscience.com) 

1!i'I';il:::'I1~Wl'Uf1'jl?ltJ~:m'W11Y1fJ ESI-Q-TOF mass spectrometer 

IflreJ.;)iieJ~Ii'ReJ ESI-Q-TOF mass spectrometer (Korea Basic Science Institute, 

Systems Biology Core Facility, Korea) iI9lU'l'hf1u1!ml~,rI'I.J'l.Ji'l1~~~1~'il1f1f11HjeJfJ (In-gel 

digestion) f''''~ \1 ~1l~111'1 'l.Jl'vi flU tl'U illi'U f)j\9leJ~iJl 'U1'W~1'W'lieJlqj" 1191 fJl i'i'l.Jj II mlJ MASCOT 

(www.matrixscience.com) 

http:www.matrixscience.com
http:MASCOT(http://wv.rw.matrixscience.com
http:2,465.98
http:1,690.93
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. ." 
m~'UTUflln'l~Hle:J-JIMe:Ji'Ultl'PlllJ'i'l1li 1 H~~ 2 'Pl1lJriW)'U hn'l1ii 11!(,'(~Wlh.j'Ple:J'UhHll'l 

'" <U 

11l1t1'Ut'Yitl'Ut)'\1i'\'l1-J :jf'H1TYHI (l~e:J-Jfi'1l j~ fle:J'U l11j~'U'Ue:J-J~-JlI'fll9l 'Ii t11'Ufifl ~ \l-Je:J 1-J 3 ~1 e:J ci N 1~'J:j ~ 
\l-Je:JN 3 ~1e:Jci1-J!~!lri KV2, KV6 IIfl~ KV9 !~'UWfj~",:je:Jl-J~nl!'liri~fh!'WI9lH'PlflI9iNfl'U ,11'U 

flljW\,\,llUWflr1flflul<lJe:J ,H11'UlWfl (fraction) tJlfl~11tJci1,j KV2 l!{'(I9l-J''UJ'l1~ 2 

[ Three a.hannah venoms 

I 
I l I L 

SDS-PAGE 2DE l RP-HPLC Biological activity .. 

l 
J 

- Cytotoxicity 
l l ] 

- Antioxidant 

[ SDS-PAGE ]
In-gel 

tryptic digestion 
I 

In-gel 
tryptic digestion 

I 
I 

l MALDI-TOF-MS 1 

I 

[ Protein database searching by MASCOT 
J 

" 
J'l1ii 1 !IN'U ~~'11'U'Ple:J'U I11j 1'l11t1'UI-¥ltl'Uf/fl ~ 3 ~1tJ ci 1~ 
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Ohannah (KV2) venom 

Fraction 1 

In-gel 

tryptic digestion 


Protein database searching by MASCOT 

. " -a'l1il2 !If-l'U~'l'll'U\9H)'tHll'iilml~rlhJ'i~'UriTU.!ltlfl'UEI ,n11J'l KV2 
~ ~ 
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<i 

m'a~'l!itlmiltlllq'Yli"rl V~~l.j) n;'\Jt) .:rfl~~il~t)H 

~ "JI I • 

t)'Yli111~~lfln~'UB ,rYlEl~~'H"nn1~ 3 'Pl1BUN!!C1''fI~h.jVll'n~ii 4.1 11hllru hh~'Ul'UiY~ 
II 'V " 

C1'fl'f1lHJl'tJ'YiEl~ 1l~BVn1~ 3 \9llBUNiitJ1JJ1W 40'UB~11 lrn!fH!'H~ ~lflfi1f111lJ C1'llJ 11111 'U flT.i ~U a~ 

fll'JI~1tyl~U i'fl'UBWlm(hJ~11~''U'J:;:;~'Uri'B~'VIIi'l''B~~ 50(IC5o) 'UB~TI'!:!~ KV211":;:; KV6 (l~EI~ 
" , 

KV9 ~ua~ fll'J 11l1WI~U i ~'UB~I']fmllJ:;:;!1~~hfl11 50%) HC1''fI~ 111~EI.:j KV2 iifl11JJ11l'U 'Vi'!:! C1' ~fl11 
u '" '" 

" TIEI~ KV6u,,:;:; KV9 ri1'Ufl11JJCl'llJl'Jtll'UfllHiB~1'UB 't-P,j"BC1''J:;:; (ECso) 'UB~-WEl~'ti~ 3 \9l1Bci1~ 
, .::::!, 0 I 

l'IU11JJfl1'fl1fl1150% 

KV2 KV6 KV9 


0.39 0.36 0.38 

" o '" w

(% (gig) 'UB~'U1'11'Ufl!l'l1~) (39) (36) (38) 

" 
fl11JJ Cl'lJJ1'Jtll 'U fl1'J ~ua~ fll'J 1111 iYl~'U1~'U B~ 

2.99 6.110' d d 
!']f""JJ:;:;IH11 50%* (lCso) (!lg/ml) 

* Cytotoxicity on Hep-G2 cell line (MTT assay) 

flT.i!Wfll th~'U~1£Jl11fli1fl SDS-PAGE '1~fHl~~';I'll~ 3 l'f1u!!tlu'UB~1th~'U~Ll~lldj
<u 

" . 
JJ1" iJJlC\fl"Bcil'U'lh~ 66 O~ 14 fii"\Ollft'Pl'U ~1Bci1~TIElnl.J 3 \9l1BciNiiB~fl''l.h:;:;flB'U hJ'j~'Ui1

• <u <u 

'fl1" ~'U !I~ lldjfll1lJU'fl fl~l ~ ti N n\~ ~fll1lJ!'Ii lJ 1.1 B~ !W'U i th ~'U i \Ol Ufl11lJ! 'Ii lJ11'U1f JJ~'t~ 'U B~ 

~1Bci1~1'¥i1n'U !ltl'U i11'j~'U'UB~~~EI~~1Bci1~ KV2 lldlfl11JJl'llJJlJ1flfl11!1tlU hh~'U~ll~'il1flTIEI~ 
'" '" 

~1Bci1~ KV6 II":;:; KV9 £I flI1'U!!tl'U ith~'U~1JJJ1" i :uwmnh:;:;mUl 66 fiiCIli'llft~'U !1ft:;:;1'U!!tlU• 

U'fl fl'Pi l~'UB ~fl11JJ1rU'U!lC\:;:;~1'U1'U'UB~lI tlU 111'J ~'U~ lMu C1''fl~O~ft11JJ!! 'fl fl'Pi 1'.1 1'U B~ fl'tJ'J:;:; flB U'UB ~ 

i tJ'j~'U /, 1-1 'Pl1 Bci1n~EI~ ~~fl111Jl1(Ct fwh~ ifBl'il !1l1-1!11(Ct NCl~l~EI ~ u'Pi,,:;:; ~1eJ ci N1Jft 11lJI1I'UTIEI~ 
<u • '" 
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" n'W hji'~l'il'W'V'Hl 'il~Yhf)l'j~~.:)f~H'ilB ltJvl101'H,.n~1tJ'j~'W1J11lfl'j1~11~eJ1tJ 

M KV9 KV6 KV2 

KDa 
97.0 

T 

66.0 
45.0 

30.0 

20.1 

14.4 


. " 
11.Hi 3 SDS-PAGE '\JeJ,rVhl~'il'lm ,nl'1 3 1'l1eJ~1'1 (1) protein standard; 

(2) 1'l1eJ~N KV9; (3) 1'l1eJ~1'1 KV6; (4) 1'l1eJ~1'1 KV2 

f)l'iWJf) ltJ'j~'W~1l'Jlli~lBfll~'jv.JeJl'jc}f'ffU'U'U'ffeJ'IYifl''VlN l~l'Jl~u~'W lPG-strip ~ pH 3

10 (il1f1~Ulfl 'I) l'l'U11~~ hh~'W1j1'Wl'l1qj'il~eJ~1'W"Jf1'1~ltl'Wm~ ~-:]ltJ~l'J'W1J11cffu~'WrPG-strip 
. ." 

Vi pH 4-71'Wf)l'j'ffn~UB~Ul'J0 ltJ'j~'W 1~rlB~'11tlii 4 'il10~tJ'il~'Vi'U ';hI'l1eJ~Hr;flfl'l'l 31'l1eJ~1'1li 

f)l'j m~'il1VI'l1'\Jtl'l'il~1tJ'j~'W~flcl'll'Jfl~'1n'W fieJ eJol'W'lh'l'\JeJ'Ifl11lJlll'Wm~uB:::lilJ1B llJlBOB~1. .~ . " 
li'Wl~V1f)'U'I1'W l~V'\J eJ'I'W 111ml~1'W1J1[301 1~ l'J'il~ 1tJ 'j ~'W Vilil'11lmt.! '1l~l'J1n'W'\JeJ'IYifl '1vl'l 3. ~ 

1'l1eJO 1'1 'il ~u 'fffl 'I 1'W 1'1 OBlJ ffU~ 'I ri1'W 1'10 BlJ ffl :Ul'J1'il:::U 'ff~ '1(1 H~1tJ 'j ~'W ~li1'11U t.! 'H~ l'J1f)'W. 
'j:::'I11NYifl'l KV6 UB::: KV9 ri1'W'il~ ltJ'j~'W~ln~~uucl'1i1iJ11'11lmtl'lf)uml'Jl'UYifl'lvf'l 3 
~. ~ 



16 

':itl\llJUH(;\~lll\n'\.Hl~ 11b~'U'\Jt).,rvhl·nf~ 3 ~lt)ril~ ''llJ 'hWll~ KV6 ll(;\~ KV9 ~n 
qJ q co <u 

Il11ri'l n1ll1~Hllfl fllfl '1'i'I1njen.!n'UiJfll1JJe)'lf1\h ~ fl~lJ'Ue-.l1Uj~'U~flcl'l(Jfl~'l n'U !I~fl~N~ 1flTIfl'l 
'" 

KV2 ~iJ ~'U f11!U f) 'ill fl ~nj'rf) m 'jfjU :HU ~iJ l'I111J!! ~ flo/! 1"1 n'U ~ UN !'Il'U !~i'\Pl! 'il 'U, 'U 'If 1 'lJJ 1" 
'" 

l1J!(1fl"~~lfli1 14.4 f11Cl\Pl1Cl~'U 1\Pl(J'il~~U~lJlru~fllUj~t!~lJlflfl1Wll~~1-.l-Wfl'l KV6 IW~. . '" 

KV9 1I~1'U'lf1'l1J1Cll1J!"fl" 45 ~'l 30 illMl1"~'U nfl'l KV6 1!Cl~ KV9 'il~iJu~:IJluHJ\Pll Uj~'U. '" . 
:IJlflfl'hYlfl~ KV2 ~'l~l\1!iI'U!'IHlrm~Vifl~ KV2 iJl'I11lJ1~'U11fl'J'lfl11'V1fl~~1~ci1'lt'U"l ~'lv'U(J'U 
!~tJ1flfl1j~fl'l:l1 i Uj~'U1 'UYlfl..j'il'l~l'l ~~ljYilH11'U hmi1'U1111-.lJjJJ1ft llJlCl fl"~1(311

~ u ~ 1 

~lflrm fl1jlWfl 1 Uj~'U~1(JTIi~I"l'Il<pJj-Wtl\j~~UlJU~~-.lil~'YlH llf1'111fl1Hl\PlttJ" hw ~,,~ 

~f)lJl111fllj~~(J!~" ~1tJ1~ In-gel digestion 1\PltJ1,*!~'Ulh1f'YI~uq;'U l'limWfl lUj~'U~~fl~lfl!~" 

~'l11Jj~'U~I~~~\!flci~(J!1I'U!uuLh'l~ '1~'l ~lmf'U'l11f11j1Iflj1,nUj~'U~';J(J MALDI-TOF 'l/11111 
" . .

'l1'J1U'\.!TI1'Ufl l1J!" fl"'U~'lIUU, th1~'i11MlJl 'ill flf11j ~~(J1Uj~'U lJ1 ~'Yl~ IIcl'1'111 Llu!u'1 (Julli tJu nu 
• 0 

. ." 
rm~ 1fl fllj 111 tJU nU~l'U<ti'~1J" 'lllU 11~\PllUj~'Ui1iJl'i 111 H11 'l1~tJ1 n'U'Yi"M~1 fl~fl ~~'l 3 

19i1~ ~1'l 1'If'U ~\PllU j~'U~ 1 'U~'l'Yl fl~1~ U1..jlrl~ll1tJU nmnu 'I1~lJftl!cl'1~H n tJ 1 U j~'U h'Yhu 'U 
q Q cAA <u 

f I <JI , 

(ophanin) ~'lIWfl..j I'Ull1Yi 5 1 ~ rhu'Ul ~'U1U j~'Ul11111il\Pln'U fl1Hl 'l ~ljUeJUj ~ ~l'Y1U 'U 'UeJ'l 
'V, ~ , 

flc\'l1J!i1~I~tJU ~f)l1 7 'lJeJ'lTItl-.l KV2 ., lJ\Pll110 'U~..j KV6 l!TI~il~rfi 13 'U~'l KV9 11l'U6fl~f)
q !U , ') . q q 

1'lh~'U~iJ<phll'H11'lI~tJ1 n'U U"~N"lJ1flfllj!l1tJunlJ~1'U<ti'eJJJ "VIU11~ j 'I nU~l(J!~'U~'ll~eJ~ 11~!(1... '" 

I'lJ~w 2 ~'lll~f)'l1'U~11~ 6 !~'Uw'U thlff1dnJfifi1(J11131 \Plj LI[jq;~'UeJ'l'H~wq;"'U~'l'l~eJ ~h~ fl 1i!9f~ 

lh~ ~'liJrm111!f1\PlltJUWfl~~j~UlJ'111tJ flflnJltf~ IW~j~UU1~~~[331 ri1'U~f) hh~'U~'W'lJ1'U 

Vifl~ KV2 tlU11~\PllUj~H~2 !lCl~~\Pl hh~'l.!~ 4 !rl~'I11lJlll1tJlJTltJ]1'W'I1~~"1lc\'1~U11~HtltJ 
1'l.Jj~'Uflri:JJl~e~i yJ! "1'l.J~ ~'l~~iJfl1l'111lJ!~eJJ'U~tJ~lJi'u ~M 1~WII~\Pl'lft1~U mf)~~iJl 'U 1 'U fll'Yi• 

, • 11 , 

11711~~ 8 ~llJft1~U rl1111tJ~\PllUj~'U~'U"l tJ1m~fl~~'l 3 ~1eJ~1'lhj~11JljtlfitJd~'J~UleJfl 

ffflflrul~ II"~ hi\91HnU 1Uj~'U l'UTIll'llJ-.lm'l I ¥~j1~iJfl1fl11JJI~~J'U~1 fl11fl 1~ 'il~ tJ~lJi'u"1 ~ ~'l 
'" 

mu!~'U~1'l.J"1~11i 'l.Jj~'U~)'f'IJI~'U1Uj~'U'l1i!~hnj'H1~.,j'eJJ.,m l'Uflljll1ClU bl~IVl fJ'ln~~~ fl ljVi~~u 
'" 'U 

http:itl\llJUH(;\~lll\n'\.Hl
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pI7 	 • 4 
- .- . 

kDa 

97.0 
r) 

66.0 	 ••• 
45.0 

130.0 0 

20.1 

6 742 0 
14.4 3 

E) 
12 5 11 0 19 8 o - 10 

kDa (B) . 
97.0 	 H0°13 
66.0 	 12 

45 .0 

30.0 

2 

20.1 	
4 

R 
9 

0 
10 

14.4 0 
3 

!i 

6 	 0 
7 

., 

kDa (C) 

97.0 1366.0 ~ 45.0 00 16 
3 6 	 12 

OQ
30.0 

52 
20.1 

15 
714.4 4 	 ~I

(j 

~t1n 4 2-0E gel 'U~~Yl'hl~'jJ~m~ 3 \9l1tlcil~ 

(A): KV2, (B): KV6 U(l~ (C) : KV9 
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m':iN~ 3 fl1Jl~ff'il'l1!,eJtlllfrfJruhh~'U1'U~1'l~'il 'HJ1~~';reJ~1~ KV2 
~ ~ 

No.of peptides Sequence 
Spot No. App.mass/pI Theor.mass/pI score Protein 

matched coverage (%) 

31,945/6.9 26,851/6.90 5 21 60 Ophanin precursor (Opharin) 

2 13,139/5.5 13 ,447/4.4 7 5 58 74 phospholipase A2 

3 9,904/6.3 9,463/9.19 2 66 40 mCG147719 

4 13,960/52 16,433/5.67 5 37 81 Phospholipase A2, acidic 1 precursor 

5 9,904/5.7 7,072/5.83 2 45 40 ring finger protein 185 

6 14,832/4.9 15,150/4.7 3 25 47 receptor activity modifying protein 3 

7 14,832/4.5 13,182/4.41 5 43 85 Chain A, Structure of An Acidic Phospholipase A2 

8 11,179/4.8 9,946/6.08 3 55 43 :MHC class II beta chain 

9 9,904/4.9 14,063/5.56 4 47 63 adenylate kinase 1 

10 9,904/5.5 9,703/5.63 3 42 45 unnamed protein rfroduct 

11 12,120/5.5 10,824/5,02 .) 47 37 Bl-Beta II protein 

12 9,904/6 19,06417 .85 3 30 48 
Chain A, Structure Of The C2b Domain Of 
Rabphilin3a 

13 10,312/5 15,728/513 2 27 30 Phospholipase A2 precursor 
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fIl'al..:j~ 4 f)1j'l~(1''j)".rlt)ncrf)llruhh~'Uluflll..:j'j)..:j~l..:j\9l'H)~l..:j KV6 
<u " 

No.of peptides Sequence 
Spot No. App.mass/pI Theor.mass/pI score Protein 

matched coverage ((Yo) 

36,925 /6.9 26,85116.90 4 20 39 ophanin precursor (Opharin) 

2 35 ,562/6.9 42,768/9.67 7 32 52 hypothetical protein 

3 16,76416.7 14,279/6.81 3 55 42 hypothetical protein 

5 17,406/5.6 13,730/4.32 3 69 52 MGC16385 protein 

6 18,073/52 19,193/4.75 4 18 56 Translationally-controlled tumor protein 

7 17,406/4.8 12,33115.6 4 58 49 insulin 2 

8 24,416/4.8 13,12217.99 4 57 55 gonadotrophin alpha 1 subunit 

9 24,416/4.5 27,219/6.52 
..., 
J 16 46 rCG54731 

10 21,812/4.5 13 ,182/4.41 
..., 
J 31 46 Chain A, Structure Of An Acidic Phospholipase A2 

11 69,976/5.3 60,132/5.87 6 12 45 titin 

13 71.658/4.9 76,422/6.40 5 12 40 hypothetical protein 
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9l1'aNYi 5 fll'J~C'I''iJ11!tl fl5fllJrui tl'j~'U'hr~IN'iJ~tll~~';n) ~l~ KV9 
~ ~ 

Theor.massl No.of peptides Sequence 
Spot No. App.mass/pI score Protein 

pI matched coverage (%) 

35,914/6.9 26,851 /6.90 4 21 41 ophanin pre~ursor (Opharin) 

2 34,735/6.9 42 ,768/9.67 7 32 55 hypothetical protein 

3 39,039/6.4 46,64516.43 5 17 49 isocitrate dehydrogenase 

4 14,585/6.5 13,560/4.8 2 47 37 EG545052 protein 

6 39,039/6.2 33 ,72916.16 5 38 67 cyclin-dependent kinase 4 

7 15,080/5.6 13,730/4.32 2 53 34 MGC16385 protein 

8 15,592/4.9 11,560/6.07 4 76 65 immunoglobulin heavy chain 

9 51,845/4.8 43,344/6.64 6 27 54 leucine zipper 

10 21,055/4.9 13,12217.99 4 57 55 gonadotrophin alpha 1 subunit 

II 15,592/4.8 12,305 /8.62 3 73 55 immunoglobulin heavy chain 

12 51 ,845/4.7 50,49019.13 5 25 46 WDR40A protein 

13 57,30514.5 69,965/5.51 5 22 46 Prothrombin precursor 

14 22,508/4.5 27,21916.52 3 16 46 rCG54731 

15 19,695/4.5 13 ,182/4.41 3 31 44 Chain A, Structure Of An Acidic Phospholipase A2 

16 57,305/4.7 67,076/6.73 6 23 59 6-glucosidase 
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1 MIAFTLLSLA VLQQSFGNVT DFNSESTRRQ KKQKEIVDLH NSLRRSVSPT 


KV2 1 ---------- ---------- ---------- ----EIVDLH NSLRR----

KV6 1 ---------- ---------- ---------- ----EIVDLH NSLR-----

KV9 1 ---------- ---------- ---------- ----EIVDLH NSLR-----

51 ASNMLKMQWY PEAASNAERW ASNCNLGHSP DYSRVLEGIE CGENIYMSSN 

KV2 1 ------MQWY PEAASNAERW ASNCNLGHSP DySR------ ---------

KV6 1 ------MQWY PEAASNAERW ASNCNLGHSP DySR------ ---------

KV9 1 ------MQWY PEAASNAERW ASNCNLGHSP DySR------ ---------

101 PRAWTEIIQL WHDEYKNFVY GVGANPPGSV TGHYTQIVWY KTYRIGCAVN 

151 YCPSSEYSYF YVCQYCPSGN MRGSTATPYK SGPTCGDCPS ACDNGLCTNP 

201 CTLYNEYTNC DSLVKQSSCQ DEWIKSKCPA SCFCHNKII 

KV2 1 --------- --------- -----SKCPA SCFCHNK 

KV2 1 --------- --------- -----SKCPA SCFCHNK 

KV2 1 --------- --------- -----SKCPA SCFCHNK 

~l1ii 5 fl111111fJU!11(J'lJih~ufl1m)~iJh.J'lJfJ-1~~hh~u~ 1 'lJtl~ KV2, KV6 lm~ KV9 flU 1111~u 

lenhuu 



---------- ---------- ----------

---------- ---------- ----------

---------- ---------- ----------
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1 HLVQFNGM I R CTI PGS I PWW 

KV2 7 HLVQFNGMIR ---------

KV6 10 HLVQFNGMIR ---------

KV9 15 HLVQFNGMIR ---------

51 CYTQAQQ LTE CSPYSKRYSY 

KV2 7 --------- ------RySy 

KV6 10 --------- -------ySy 

KV9 15 --------- -------ySy 

101 FAGAPYNKEN INI DTTTRC 

KV2 7 FAGAPYNKEN INIDTTTRC 

KV6 10 --------EN INIDTTTRC 

KV9 15 --------EN INIDTTTRC 

DYS DYGCYCG SGGSGTPVDE LDRCCQVHDN 

DCS EGTLTCK ADNDECAAFV CDCD RVAAIC 

DCSEGTLTCK ADNDECAAFV CDCDRVAAIC 

DCSEGTLTCK ADNDECAAFV CDCDR----

DCSEGTLTCK ADNDECAAFV CDCDR----

ltJ~ 6 f11)I'tJ~(JlI l_vi(JU~Wlllm~e>~iJl'U'lJe>~ ~~1'tJ) ~'U~ 7 'lJe>~ KV 2, ~~~ 10 'lJe>~ KV 6 l\ fl ~ ~~~ 15 

'lJe>~ KV 9 tl1l1'tJ)~'U Chain A, Structure of An Acidic Phospholipase A2 
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1 DLIQFGNMIQ CTVPGFLSWI KYADYGCYCG AGGSGTPVDK LDRCCQVHDN 

KV2 2 ---------- ---------- -YADYGCYCG AGGSGTPVDK ---CCQVHDN 

51 CYTQAQKLPA CSSILvlDS ? YV KIYSYDESCR VAVTCKADND ECAAFICNCD 

KV2 2 CYTQAQKLPA CSSIMDSPYV KIYSYDESCR ------ADND ECAAFICNCD 

101 RVAF.YCFAAS PYNN NY!:'- IO TX 

KV2 2 R--------- ---------

1 MNPAHLLVLS AVCVSLLGAS SIPPQPLHLI QFGNMIQCTV PGFLSWIKYA 

KV2 4 ---------- ---------- ---------- ---------- --------YA 

51 DYGCYCGAGG SGTPVDKLDR CCQVHDNCYT QAQKLPACSS IMDSPYVKIY 

KV2 4. DYGCYCGAGG SGTPVDKLDR ---------- ----LPACSS IMDSPYVK-

101 SYDCSERTVT CKADNDECAA FICNCDRVA1\ HCFAASPYNN NNYNIDTTTR 

KV2 4 -------'lVT CKADNDECAA FICNCDR--- ---------- ---------

151 C 

KV2 4 

~'l1~ 8 fl1·mJ~~tJlfi~tJrlWltJfl'J~l'v~jJh~'lJ~N ~~ hh~'W~ 4 'lJeJ~ KV2 flU hh~'W phospholipase A2, 

acidic 1 precursor 
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fll':iftm:ll~L1mnjlL1';i~~~1m'YIfli!filfi';ilJ 11'Y1fl';il~'\Jel.:l~~1 ~lI';i';itl~~~~H'U'U~~1el{m'V1~ 
(RP- HPLC) 

." . 
f-lfHllflfll1lWfl hh~'U~';lrJ RP-HPLC 'lH),rVlil\l'\11-l 3 ~1elril-l IlIT~-l~-:J'.iLlii 4.91~£!!!rr~'Irilfl111J 

q ~ 

I ' l' • 

1.u:IJ.u'U'Uel'l hh~1.l!l~Cl~~h1.lu(Jfll'U~l'.iNYi 4.5 lmlJll ~)I\m1J'Wl~ulfltlll;j'tl-:J 3 ~1el(h,j 11Ul1 hh~'U.yj 
.. 'U 

1IJ!li' " 51 '" ,~ i ""51!~lI~el~~fl'll'~elelfl:lJl 1.l'b'1'1fl11W'U:IJ'U'U'Uel'l acetonitrile (ACN) ifI'IU\91 10 0'1 60% ~lIf~lI~ KV6 IW~ 

KV9 iinJII1J1J fll1 ''Ufll':ilWfl i lh~'U~flti'l£!fl~'Itl'U fittij~fl hh~'U1mUlJ~O fl'll'~elelfl1Jl, mid 'I 26-30% 
'U u 'U 

". . 
11i m11l-l lJ..j el l..j'l1..j 3 ~1~Ul..jii~'lfhh~fl el1J.yjm11Ufl~..jtl'U lI\9iih.H':IJltlUliflfl\9i l..jtl'U 1I 1 flfl 1 1:IJ1I \91 fl\9i l..j.yj

'" 
11 • • • 

111'U 1191'i'l9IlIlfl NCl fll'lUUfl191'111 RP-HPLC 'Uel-l-Wl:l ,j~1-l 3 S9l1el Dl..j.yj IM:IJllllfltl'UfhI'UI9I~l!\91 fl~ l-:J tl'U elUl-:J 1 'l 
'U 

i " 

fi\911:IJellllln\91111fliJll~U~'U li'U ell£!, WIf1 elTMl'l J .!Cl~E-l!nl9l~tnJ 

ri1'U1Wfl~IIUfl ~1191'1l~'l11:lJl1Ifl'l1 ~ tffiell91'1un 1'Hft~~fl ~Cllll:IJ~llltl~l~ fl i I91n'jell'lcHilll1J1Jrrml'lliY£! 

(SDS-P AGE) n~el\911111rrel1Jfl11lJ1J~f{'YIi'Uel-l rr1'UlHHl !!~1 ~..j~I9IU01J i 11'l~'U~ IM:IJl~Ullumml'flll ru'Uel..j 

I '" • 1" I & d tl !litl . "" 0'1.1 !iJ ..; 91 'I. '" !iJ tl ' '"Q .lJ'l\91'U\91el lJ <:]1..jf-Itl'YI \91 lJill1Jl'lllilll'U 1f!!'\!.lel-llllf1'1Jmm l'Ufll'l1i'1£!Ufl1JtOl'U'Uel:IJtl ,JJmU-:J'Vlel\91elfll1 
~ " '"-

'Vii ~~v~..::::)..q 

fl11lH'Ull'IJ'lJ (lIClClfl '.illnJCl!;HWl '.i) 
, 

iJ1hUAtlfl %ACN 1\..'\1'2 K'V6 KV9 

1 10 0.0450 0.0161 0.0588 

2 12 0.0538 0.0089 0.0467 

3 18 0.0250 0.0097 0.0153 

4 26-30 0.4434 0.1 965 0.2014 

5 31-35 1.0322 0 .2401 0.2642 

6 37-41 1. 7826 1.0931 1.1970 

7 47-50 0.2332 0.1530 0.6364 

http:hh~'U.yj
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1.------------------------------------------------------------------.1 

-1 Retention Time 6 (A) ~ 

400400~ 2 4 r
~ I I 5 ~ ) I 	 ~ 200~ . \ 	 ~ 200 
l 'I' " "\ 7 	 til l 

1
3 I \i ",/"\)

°	JL,\..~' 0\...__1<-- t" j ---·.....-.f\._-tL 

0 

i I 
~.. i ,. 'I;' ..~..- .~"...,.-,.-,.,'~.~...,.~~.-c-." ~•• , I .~.---:--.-.-.-.-;~.-.-.-.,-.- , .-t 
o 10 20 30 40 50 60 70 

Minutes 

[ 

~ Retention Time 
1 	 (B) ~ 

~400400i 
f 

I 	 ~ 
6 	 r 
20Cl200~ 	 2 

, 	 I 5~ 
I 

1 l 3 
I ,'" \ 7 

1 I I ... ~"" \ i,' L I.. ,
'. ~) '.I'.__'J \.I~j _0-1 --- ___ ~~.I'c__ -" --. - - - .--  0 

I 
-.,.--.,--~,.---------,-___r_--.........----r-·-,--,-· ........,---- .- - -,----------y-r- ---;---,--,--,-.,'...,-. 

o 10 20 30 40 50 GO 70 
r...hnutE< 

1~------------------------------------------------------------------~,, 	 , 
GC"J ~ Retenlion Time 4 	 (C) ~ 600 

I 	 F , 	 ~ 

400 J II: 400 
j 
~ 	 2
1 	 6 

200 ~ 1 I 7 F200 

1 I I 3 5 :" f' ~ i-I 

-1 1 .~_~J'. ___ '. __ _oj '\",,~.~;\.._ ,j ~ \iJ,. I,_____ .~_'\. 	 ~ (11 - ---- - . - - ----"- --t 0 

l--~--.-_____._ ---,,~~------r,--~"'7"""""-.,...-,~---__,__.-_._..-----r,------,-----~ 
I) 10 20 30 40 50 GO 70 

'Jtl~ 9 lrl'jlJ11~!!mlJ'\Iu~~'hl'l'il~m~ 319i1mh~'iI1f1f)l'jllrl'jl::;..1~·:W RP-HPLC 
~ 	 ~ 

(A): KV2 venom, (B): KV6venom and (C): KV9venom 
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. ~ 

lJ1 1'Y1m1VJII'(Y~~t'Wmi'l~'W1fl i'I djm11'Y1'WWJfl'Yl~ 4 ,Y1mJ1IWfl 1tl'J~'W~lm'YIfllAfI SDS-PAGE ~~t'W 

..'jtJ~ 4.10 'VfU-] 1t'W~lfl~N~ l.2.1 IICl::: 1.2.4 hil'l1'WIIf:l1J 1tl'J~'W m'i)li1tJ~lJ1'i)lfltl1lJ1U!1tl'J~'Wt!mJ 

In-gel digestion IICl:::'i11mllfll'J In-gel digestion 'i1:::th~lmh~~i~ itlyhfll'J1Iml:::11~lv ESI-Q-Tof 

mass spectrometer (Korea Basic Science Institute, Systems Biology Core Facility, Korea) 

M 1 2 3 4 
kDa 

97.0 

66.0 

45.0 

30.0 

20.1 

14.4 

(1) ,Y1'WIIVfl 1.2.1; (2) ,Y1'WtlVfl 1.2.2; (3) ,Y1'WIIVfl 1.2.3; (4) ffl'W1Wfl 1.2.4 

'i1 1 flfl n 11m 1::: 11I:h ~lJ m ~ tJ::: 111 'W 'II tJ ~ ffl tJ IWfl 1.2.2 tlCl::: 1.2.3 'Vi lJ-]l th~lJ fl 'J ~ tJ::: 111 'W ~ 

11f1'J 1:::Yi1~iJmllJfI~ltJflii~nlJih~lJmfltJ:::111 'W'lJtJ~ 1tl'J~tJtJl'YI1'Wllo::: 1m'h llA'W ~~II'(Y~~iil~lJm~tJ::: . 
11h.!'IJtJ,:J{YTUIWfl l.2.2 IICl::: 1.2.3 ~~~tJ itliJ 

~ 

1~l.Iflmd'J~TI'I'W11I'(Y~~l:h~lJm~tJ:::111wVi\9lHn'W 
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riTU\Wn 1.2.2 O'lJ Chain C, Crystal Structure of Natrin hrViY~lYh (Naja Atra) Score: 65 
I • 'J,I )1 I , 

11]'U i i.h~'U'tHhnrlifiil1J tl'l fll'j lHl~1'UeJ'l fl~l JJrUeJllJeJt1flm ii tJl UltJ lfl carbachol 
'U 

Natrin: N-------- RKKKQKSIV02
( L HNSLRRRVS 30 PTASNMLKME 40 

Fractionl. 2.2: --------- ------EIVD LHNSLR--- --------ME 

Natrin: WYPEAASNAE SJ RWANTCSLNH~o 

Fractionl.2.2: WYPEAASNAE R 

ri1'U!Wfl 1.2.3 ni.J i eJl'hu'U (Ophanin) hrwll~u~eJl~ Score: 73 
I " 'iI. 

11]'U i i.h~'Uifitl~ tl'U fll'j11~i11'tJeJ~ fltl11Jl'l1eJ11tli.JlneJ fI fl m~~'U~1 (J1'VUI'Vl m~tl1J" . 

Ophanin: MIAFTLLSLA10 ---------- ASNMLKMQWy 60 

Fraction 1. 2. 3 : ---------- ---------- ------MQWY 

Ophanin: PEAASNAERW
7 Q ---------- SCFC HNKII 2 39 

Fraction 1.2.3: PEAASNAER 

ri1'U!Wfll.2.3 tli.J Chain C, Crystal Structure of Natrin l'UvhJ~!'}il (Naja Atra) Score 72 

Natrin: NVDFNSESTR10 
---------- PASCFCRNKI I 121 

Fraction 1.2. 3 : NVDFNSESTR 
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11.-1 f)1'l1 UfJ~f1E111i1'lUmJ1J llb'&1'W lUTIEI "]1:I'H)1,,]~, tnj)1f1~'W illrU?lI!(Ol f1li'i 1,,] tl'W 3 19l're:J~l\l 1:11 f1 f11'l 
" " , v 

rnu~mUl I u 'l ~ 'W 1'W 'l1E1 \l 3 191'HJ ~ 1,,] rJ U~lJ 1Ul hh ~ 'W ri 1ml\~ (J,,] rl 'W tI 'J ~ lJ 1ill 40% 'U e:J-.'l 11 nruf1l111 \l 
" " . 

1'11111 IT ll1lHI1 'W f11'lU1JU-.'lf11'l III ~ty!<1i 1J 1\OJ'Ue:JWb'(1 ~1I~1~ -.'l<f11 f111 50% (IC ) lm1l'~E1 ~ KV2 i1f11111l~'Uso

fiElIT\l~ITI9l ~-.'lITe:J?lflcle:J-.'lf1mmf11'l~f1E11'lUIl1J1J hh~'U ~\l'Yl1J11'iU!!1J1J hh~'W~ IM111f1 f11'lIWf1 hh~'U 

'l'l-.'l 3 11i ~e:J 11i h~~e:J~f1~m llJ\9111:l [I~\ ~fll \OJ HIe:JI'l~IT!!1JUIT fl WH fffJ ~1(1 flll¢\n~e:J I'l~ITII1JU ITe:J-.'liiff'VIN 

<IJ q .... .... 

" l 

1I(1~ Ifljllll'VIf1'llrj'Ue:J\l!'l1(11ITm'lfl'U:;:;IT-.'lI\1J1J~ne:JfITnhr KV21hUU1JU~!!\OJf1~N1J1f1'flEl-.'l KV6I1[1:;:; 
" u '" 

ITe:J-.'l'l1ff'VI1-.'llllIWf1'fie:J l'l1J11'WEI\l KV2 :lJ1119lIU'l~'Ue:J~''U'Jh\llJ1(J IlJ!(1f1[1~~1e:J~lJlf1f111 U(1~1:I1f1f11'l11111?1
<lj '1 "'J. 1. "U q 

I u'l~'U~ll91l1l1!fl'j1:;:;rf'fie:J l'l1J11JJfl11lJ1f1cll~(J-.'ltl1J I U'l~'U I e:J'Yh TU'UII (1:;:; f1rim~e:J ff 11i 1mUff ri1'U N(1~, 

f1cl1fJfI~-.'ltl'U 1I'fi11E1-.'l KV2 lJ~JJtI~JJ1rn1U'l~'U1'U ril'W1Wf1~2, 5 II [I~ 6 ~ff \j f111 1?1 fJfl1111l.u'lJ'lJ'UdlJYIi'U 
'" '" " . " 

!l11tl'U 'i) 1f1N(1'l'l-.'l'\1lJ?llm11f1111JUU 'l~~'W'Ue:J\lDl-! fllrU?l I m,:;:; mm;'Ui'~"]!~lJ JJr~(1\>ie:Je:J-.'lflU'l:;:;f1e:JU I U'l~'U''U 

YlEl-.'lIl'fi(1:;:;19l1e:J fiN 
'" 

~Htl1J'L11\lri1'U'Ue:J\lhh~'U Imhu'U (Ophanin) 1I1f1 'flEl~1:I-.'le:JN !l[l:;:;'U1l1~'U 111m1E1~!lh 

1'U f11'lfiff1l1fw f1cl'f1E1 rulU'l ~ 'U i'u YlEl -.'l1911 fJ11il11-.'l ~1[lfll~nie:JI'l~ff lI:;:;JJll UJ'\111 'U hh ~ 'U ~i1111 [I 
'" '" u 

111l(1 f1(1'U'U 1m~ f1 rcre:J-.'l1J1f1 hrVlEl-.'l ff1'l YiElril'UlJlf1lJ:;:;JJlJ1[111ll(1 f1 [I'U'U 1m~ f1 fl1J~ 1:1:;:; 1~I'tlfl Um11-.'l 11'1 'l , " , 
, 1J • I '.iI 

lIlI'VIf1'llrl'Ue:J\l!'\1(11 U-.'lf1i1ir'UWl'l.yjl ~mflufll 'U f11'lwffm11e:J f1 cl'f1E1ill~!lljw'hlJlf11jl-! 1'lf'U LC-MSIMS 
'" 

I 'jJ. I 

fiEl -.'l~ ff1fJ'Yr'U i'~-.'l1~1I~1I'i'l f1 'fi N tl 'U lIJJ11:;:; I~ 'U\l ']fU ?I1~ fJ1 tl'W 'i):;:;f111mhrllU ~e:J f1 1n~wl 'U W1fill~ i1 
<tJ .... u q 

a t:_-., .c::! .:::::'), q .::1.c::S.,;f Q.I I} G Q.I 1 r 1.11 liI 9J 

f111lJ 11 lll'n:;:;ll1 1:;:; 11 \l!! (1:;:; 11 'lh:;:; JHl 1i fIl)'H119l'U'U i!(1:;:;IT1lJ1'ltl'HWI'U1 UdJ'UfJ1'lf1E11! 'lfl\OJe:J U!?1 
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L Stock Solutions 

A. 2 M Tris-HCI (pH 8.8), ] 00 ml 

Final~ c~ncentration . Amount 

Tris-base 2M 24.2 g 

Distilled water 50 ml 

He} adjust to pH 8.8 

Distilled water to 100 ml 

B. 1 M Tris-Hel (pH 6.8), 100 rnL 

l?in.~i concentration Amount 

Tris-base 1M 12.1 g 

Distilled water 50 ml 

Hel adjust to pH 6.8 

Distilled water to 100 ml 

C. 10% SDS (w/v), 100 mL 

Fiilal concentration Amount 

SDS 10% (w/v) 109 

Distilled water to 100 ml 

D. 50% glycerol (v/v), 100 ml 

Final concentration Amount 

100% glycerol 50% (v/v) 50 ml 

Distilled water to 50 ml 

E. 1% bromophenol blue (w/v), 10 ml 

. ·Fillal concentration Amonnt 

Bromophenol blue 1% (w/v) 100 mg 

Distilled water to 10 ml 
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II. Working Solutions 

A. Solution A (acrylamide stock solution) 

(30% aerylamide, 0.8% N. N'- methylenebisaerylamide) 

. ·; Final concentration · Amount 
" ~ .~. ' . 

Acrylamide 30% (w/v) 29.2 g 

N, N'- methylenebisacrylamide 0.8% (w/v) 0.8 g 

Distilled water to100ml 

B. Solution B (4x separating gel buffer) 

(2 M Tris-HCl, pH 8. 8, 10% SDS) 

Final concentration Amount 

2 M Tris-HCI (see stock solution A) 1.5 M 75 ml 

10% SDS (see stock solution C) 0.4% (v/v) 4ml 

Distilled water to 100 ml 

C. Solution C (4x stacking gel buffer) 

(J M Tris-HCl, pH 6.8, 10% SDS) 

Final concentration Amount 

1 M Tris-HCI (see stock solution B) 0.5M 50 ml 

10% SDS (see stock solution C) 0.4% (v/v) 4 ml 

Distilled water to 100 ml 

D. 10% Ammonium persulfate 

Final concentration Amount 

Ammonium persulfate 10% 0.5 g 

Distilled water to 5 ml 

E. Electrophoresis buffer 

Final concentration Amount 

Tris-base 25mM 3 g 

Glycine t 92 ffil\;I 14.4 g 

SDS 0.1% (w/v) 1 g 

Distilled water to 1000 ml 
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F. 5x Sample buffer 

(1 Iv! Tris-HCI, pH 6.8, 50% glycerol, J0% SDS, 2-l11ercaptoethanol) 

Final concentration Amount 

1 M Tris-HCI (see stock solution B) 60mM 0.6ml 

50% glycerol (see stock solution D) 25~/() (v/v) 5 ml 

10% SDS (see stock solution C) 2% (v/v) 2ml 

2-mercaptoethano I 14.4 mM 0.5 ml 

Distilled water to 10 ml 

III Coomassie gel stain. 

Amount 

Coomassie blue R-250 1.0 g 

Methanol 450 ml 

Glacial acetic acid 100 ml 

Distilled water 450 mt 

IV. Coomassie gel destail1 

Amount 

Methanol 100 ml 

Glacial acetic acid 100 m! 

Distilled water 800 ml 

V. Gel preparation 

Separating gel (10 ml) Stacking gel (4 ml) 

Solution A 5.0 ml 0.67 ml 

Solution B 2 .5 ml 

Solution C 10 ml 

10% Ammonium 
persulfate 

50 JlI 30 JlI 

TEMED 5 .0 Jll 5.0 Jll 

Distilled water 25 ml 2.3 ml 
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1. Stock Solutions 

A. Lysis solution 

(8M w'ea, 4% CHAPS, 2% Pharmalyte 3-10) 

Final concentration 

Urea (FW 60.06) 8M 

AmoUl~t 

19.2 g 

4% (w/v) 1.6 g 

Pharmalyte 3-10 2% 800 JlI 

Double distilled I-hO to 40 ml 

B. Rehydration stock solution without IPG buffer* 

(8M urea, 2% CHAPS, 0.002% bromophenol blue) 

Final concentration .Amount 

Urea (FW 60.06) 8M 12 g 

CHAPS 2% (w/v) 0.5 g 

bromophenol blue 0.002% 

Double distilled H20 to 25 ml 

Bromophenol blue stock solution 

Final concentration Amount 

bromophenol blue 1% 100 mg 

Tris-base 50mM 60 mg 

Double distilled H20 to 10 ml 
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C. Rehydration stock solution with fPC Buffer 

(8M urea, 2% CHAPS, 0.5% or 2% IPG blrffer, 0.002% bromophenol blue) 
-

Final concentration 
.. 

Amount 

Urea (FW 60.06) 8M 12 g 

CHAPS 2% (w/v) 0 .5 g 

IPG Buffer or Pharmalyte 0.5% (v/v) or 2% (v/v) 125 III or 500 III 

bromophenol blue 0.002% 50 )11 

Double distilled H2O to 25 ml 

D. SDS equilibration buffer' 

(50 mM Tris-HCI, pH 8.8, 6 A1 urea, 30% glycerol, 2% SDS, bromophenol blue) 

Final cQncentration Amount 

Iris-Hel, pH 8.8 50mM 10.0 ml 

Urea (FW 60.06) 6M 72 .07 g 

Glycerol (87% v/v) 30% (v/v) 69 ml 

SDS (FW 288.38) 2% (w/v) 4.0 g 

bromophenol blue 0.002% (\I//v-) 400 III of 1 % solution 

Double distilled H2O to 200 ml 

E. 30% T, 2.6% C monomer stock solution 

(30% acrylamide, 0.8% N. ¥'-methylenebisacrylamide) 

Final concentration Amount 

Acrylamide 50mM 10.0 ml 

N,N ' -methylenebisacrylamide (FW l54.17) 6M 72.07 g 

Double distilled H20 to 200 ml 
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F. 4x resolving gel buffer 

(1.5 !v! Tris-HCI, pH 8.8) 

Flnal concentration Amount 

Tris base (FW 121.1) 1.5 M 181.7 g 

Double distilled H20 750 ml 

Hel (FW 36.46) adjust to pH 8.8 

Double distilled H 20 to 1 1 

G. 10% SDS 


Final concentration Amount 

SDS (FW 288.38) 10% (w/y) 5.0 g 

Double distilled H20 to 50 ml 

H. 10% ammonium persulfate 

Final concentration Amount 

ammonium persulfate (FW 288.20) 10% (w/y) 0.1 g 

Double distilled H20 to 1 ml 

I. Gel storage solution 

(0.375 M Tris-HC1, pH 8.8,0.1% SDS) 

Final concentration Amount 

4x Resolying gel buffer (see solution F) Ix 50 ml 

10% SDS 0.1% 2ml 

Double distilled H20 to 200 ml 

J. SDS electrophoresis buffer 

(25 mM Tris-HCI, pH 8.3,192 m!vl glycine, 0.1% SDS) 

Final concentration Amount 

Tris-base (FW 121.1) 25 mM 30.3 g 

Glycine (FW 7507) 192 mM 144.0 g 

SDS (FW 288.38) 0.1% (w/y) 10.0 g 

Double distilled H2O to 101 
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K. Agarose sealing solution 

Final concentration Amount 

SDS electrophoresis buffer 100 ml 

Agarose 0.5 % 0.5 g 

Bromophenol blue 0.002% (w/v) 200 ~l 

II Gel preparation 

," Final Gel Concenh-ation 15% 

Monomer solution (solution E) 50 ml 

4x resolving gel buffer (solution F) 25 ml 

10% SDS (Solution G) 1 ml 

Double distilled water 23.5 ml 

10% ammonium persulfate* (solution H) 500 ~I 

TErviED* 33 )11 

Total volume 100 ml 
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( A ) 	 pI ;..:.1o~-=:;:::;;;;:::=;;;:==::;::==== 

kDa 

97.0 
66.0 
45.0 

30.0 

14.4 

(B) 

kDa 

97.0 
66.0 
45.0 

30.0 

20.1 

14.4 

(e) 
kDa 

97.0 
66.0 	 I 
45.0 

30.0 I 

20.1 , 

14.4 

~t1~ H. 2-DE gel 'Ut)'1-W'l:l~'il'lt)VI 3I9idt)~1'l~1~u~'U IPG strip ~ii pH 3-10 

(A): KV2, (B): KV6 U(;l:::: (C): KV9 
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PHARMACOLOGICAL AND TOXICOLOGICAL 


STUDIES OF THE NEUROMUSCULAR 


BLOCKING COMPOUND FROM THE VENOM 


OF KING KOBRA (OPHIOPHAGUS HANNAH) 
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ABSTRACT 

PHARMACOLOGICAL STUDIES OF THE NEUROMUSCULAR BLOCKING COMPOUND 

FROM THE VENOM OF KING COBRA 

Snake venom is a source of some drugs. King Cobra is a large poisonous snake providing a 

large amount of neurotoxic venom . Our group of investigators have fractionated the venom to 

obtain the fraction1.2 .2 possessing neuromuscular blocking action on the iso lated mouse's 

phrenic neNe diaphragm aiming at developing a therapeutic agent for muscle spasm. In the 

process of drug development, the pharmacological studies is necessary to obtain the safety 

data before conduc ting the clinical study. The objectives of this study included testing of the 

pharmacological effects of F1.2.2 in the in vivo and in vitro models in order to obtain the safety 

informations of the F1.2.2 . The in vivo studies included studying the pharmacological effects of 

F1.2.2 in anesthetized dogs, the effect on central neNOUS system and motor coordination in 

mice. The in vitro studies included studying the effects of F1.2.2 in isolated organs or tissuses 

from rats e.g. heart , blood vessel, trachea , ileum. The results showed that the crude venom 

(0.05-0.1 mg/Kg) as well as the F1.2.2 (6-18 ~g/kg) decreased the blood pressure, renal 

functions, including glomerular filtration rate, renal plasma flow and urine flow rate. The crude 

venom given at 0.2 mg/Kg and F12.2 at 54 ~g/kg caused death to dogs. The F1.2.2 (0.1-0.4 

LD50) did not affect the motor coordination but decreased the righting reflex and intestinal 

movement (not significant) The F1.2.2 at concentration of 4.4 mcg/ml did not inhibit the effects 

of the effects of agonlsts, inc luding acetylcholine, epinephrine, and noreoinephrine. In 

conclusion, the F1 22 which as the neuromuscular blocking action is safe for further 

development. 
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l '(;I 'loJ'iI::~~ ~ bY1tl ~ n'jj'1 ,",')1~ bll'W~'jj''lltl'l F1.2.2 ';;hm n 1Jl"'l1 n~'jj'~"'l'lm'l~'1~ ~'VlfiiJuiJ'Il.l~1 tJl.l~::1;'l1'VlYl 

!;\tlnUn~1~b~tl !;\tltlitJ,)::~1~ry[)1tJ1'Wi1'1n1tJ bbUuh\ F1 .2.2 'll'W1!?lb~m bb~::h\ F1.2.2 411~~1tJrlf'l 
bb~::~nt-nn1~ritln~1tJ~'Wfi b~tl1mJl-ntl~~ Jl1'W,",,)1~1.l~tl !?lJltJ'lltl'l F 1.2.2 ~"'l::~W-J'W1bll'WtJ1 !;\tl11.l 

q " 

'11 " I 'it 

"ll'W1!?lrlf'l L!?ltJ~!?l F1.2.2 b-n1n~1~b~tlYl'lJ1Wi~''1'lJtl'l~'Wb~1i i'W~::rlf'l~!?l!;\tln'W 28 i'W bb~')vhb1X~'W!?l1tJ
" " 

C _ I _~ 

bnUtl')m::b'n'Wb!?lm n'W 

e.J'6'In1'i1Am~l e.J~n1~~n'jj'1Y/U~1 F1.2.2 b'W'lJ'W1!?l 0.1-0.4 LD50 ~11Xrlf'lb~tJ')hJ~~'jj'~tltlitJ,)::~1'11 

F1 .2.2 ~~!?l11X~'Wb~11;'l1'W'lJ'W1!?l 2.6 I-lQ, 3.6 I-lQ, 5.0 I-lQ, and 7.1 I-lQ ~11X~!?ll1itln'W 28 i'W bbl;'l!?l'lrl')1~
" 

bll'W~'jj'~tl1!?l bb~hj~~'jj'~tltlitJ')::~'W1 F1.2.2 hJ~~'Vltritln~1tJ~'Wf 

~~oJe.J'6'In1'i1Amfl F1.2.2 hJ~~'jj'~tltlitJ')::\;'h'Wbmll tJnb1'W 1!?l bb~::hJ~~'Vltri!ln~1tJ~'Wf ~'1ti1 "'l:: 

u111.l~W-J'W1L!?ltJm"ll'W1 (;1~l:wij~'jj'I1i!l!lim::'YJ mb~'1 L~!lU1hJ1.n'Vl1'1tJ11Jl 

KING COBRA, OPHIOPHAGUS HANNAH, TOXICOLOGICAL EFFECT, 

MUTAGENICITY 



ABSTRACT 

TOXICOLOGICAL STUDIES OF THE NEUROMUSCULAR BLOCKING COMPOUND FROM 

THE VENOM OF KII\lG COBRA 

Snake venom is a source of some drugs. King Cobra is a large poisonoGs snake providing a 

large amount of neurotoxic venom. Our group of investigators have fractionated the venom to 

obtain the fraction1.2.2 possessing neuromuscular blocking action on :ne isolated mouse's 

phrenic nerve diaphragm in order to develop a therapeutic agent for trea:rrent of the muscle 

spasm . In the process of drug development, the toxicological stud ies is necessary to obtain the 

safety data before conducting the clinical study. The objectives of this s:~Jy aimed at testing 

the lethality of the crude venom and the F1.2.2, single-dose and repeated-dose toxicities of 

F1.2.2 in mice as well as the mutagenicity testing. The crude venOfT, or the F1 .2.2 was 

intravenously injected to mice and calculate the lethal doses of crude venom or F1.2.2. The 

sing le dose of F1.2.2 was intramuscularly injected into the hide leg of ~::; ;; se observed the 

effects for 14 days then euthanized the mice and dissected various org,,:,s including liver, 

kidneys, heart, lung, spleen, testes or ovaries, preserved in 1 0%fo rfT" , ,~, for pathological 

studies . The F1.2.2 was intramuscularly injected into the hide leg of moC.se once daily for 28 

conseccutive days, then euthanized the mice and dissected various :'g,, 'Is pr8served in 

10%formalin for pathological studies . The results showed that the crude . S ~, C'~i has a LD50 of 

28.36 f.lg /mouse whereas the LD50 of F1.2.2 was 4.8 f.l g/mouse. A single ::cs s of F1.2 .2 at 0.1

0.4 LD50 did not show any toxici ties to vital organs examined. The rep :~,,:s::jose of F1.2 .2 at 

2.6 f.lg , 3.6 f.lg, 5.0 f.lg, and 7.1 f.lg g iven 28 days consecutively did not src:.s:: the toxic effects 

to all vital organs except for the kidneys . The F1.2.2 was not mutager. c jr conclusion, the 

F1.2.2 which has the neuromuscular blocking action is safe for furthe r devs :::'~~e nt. 
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plasma flow, RPF) l'W~u"ll 

6 tJ~"ll'1l'l~,)'W"ll'1l'I'Yht'l9'ltll'l F 1.2.2 
'\J 

r;i'1l~(?l~1nl~lVl~"ll'1l'l~~1'i'l~1~1(?l ( rE~al 17 

plasma flow, RPF) l'W~u"ll 

7 tJrl"lltl'lV;'M'l9'l'1l1'l (crude venom) r;i'1l~(?In nl~1Wi.~'lJ'1l'l1l '6'l '6'l1,):;
'\J 

18 

(urine flow rate, UF) l'W'i'lU"ll, 

8 tJ'Cl"ll'1l'l~')wn'1l'lV;'M'l9'l'1l1'l F 1.2.2 r;i'1l~(?lnnl~lVl~"ll'1l'l1l'6'l'6'l1'J:; (urine 
'\J 

19 

9 

flow rate, UF) 1'W'6'lU'lJ, 

tJ'Cl"ll'1l'l '6'l,)'W"ll'1l'lV;'M~9'ltll'l F1.2.2 1'W nln'6'l1l-J ~ Vl'ifn ~nJd:;'6'l1Vl ~ 'J'Wn fl A.( ':: '1l'l 20 

pentobarbital sodium 

10 tJ'Cl'lJ'1l'l~,)'W"ll'1l'lV;'M~9'ltl1'l F1.2.2 r;i'1l~(?l~1nldb~'W"ll'1l'l isolated right 
, 

.<:::;I~'VQ..<o' 'V 

auricle "ll'1l'l'v1'WLL:fVl Vl bVl(?l')nd:;(?l'W epinephrine
'\J q 

21 

11 22 

"'1'''''' ..,'lJ'1l'lVl'WbbdVl Vl Vlmm:;(?l'W epinephrine
'\J q 

12 bmtJU bVltJULLHUU 1?l,)"ll1l'l isolated aorta "ll'1l'lVl'WbbdVl r;i'1l 1?l'J m:;~'W 23
'\J , 

norepinephrine ~~bb~:;l~~ KVV F1.2.2 

13 bmtJUbVltJUbbd'lUUI?l,)"ll1l'l isolated aorta 'lI1l'lVl'Wbb~Vlr;i1lI?l')m:;~'W 24OJ , 

noepinephrine 

14 bmtJU bVltJULLNlJUI?l,)"ll1l'l isolated trachea "ll'1l'lVl'WbbdVl r;i'1l 1?l'J nd:;~'W 25
'\J , 

Acetylcholine 

15 LmtJULVltJU bbNUU 1?l'J'lI1l'l isolated trachea "ll'1l'lVl'WbbdVl r;i'1l 1?l'J m:;~'W 26'\J , 

",,,, 1 ,,,,
Acetylcholine Vll-JLb~:;; l-Jl-J KVV F1. 2.2 

16 tJ~'lJ'1l'l KVV F1.2.2 r;i'1lnldUUI?l,)'lJ!l'l~11~'WVl~bihj:{ (in vi vo study) 27 

17 nl:f(?l!lu'i'l'W!l'l'lJ'tl'l isolatec.i iieum "ll!l'lVl'WLL:fVlr;i'1l 1?l'J nd:;;~'W acetylcholine 28'IJ , 

18 bmtJUbVltJUnld(?l'1lU'6'l'W!l'l"ll!l'l isolated ileum "ll!l'lVl'WLLdVlr;i'1l I?l,) nd:;;~'W 29
'\J , 
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"" 20 	 Preliminary test KV 1 bl'l KV 7 31 
" 	 ,.::9 .c::...:::;::j..:::;::j .c:::J '11 11 I dI ..:::;::j 

21 b"'l1l"'lI'lVflj'''v'H-1'Vl 1 (KV 1) 'Vlr1'dl:Wb'lJ:W'lJ'W~:::VI'dl'lnln"'l1l"'lI'l'Vl 1:2 bb'i'l::: 1:4 31 

L~t1iJ dilution factor bvilnu 1.4 

32 . 
dI.::::. 	 .<:::::iI '11 iI I dI d 

23 	 b"'lml'l~'Ij' fraction KV 1.2 'Vlr1'dl:Wb'lJ:W'lJ'W~:::VI'dl'lnln"'l1l"'lI'l'Vl 1:4 bb'i'l::: 18 32 

L~t1iJ dilution factor bvilnu 1.4 

24 	 Preliminary test KV 1.2 1'WVI\1b~l~ 33 

25 	 nI~Vllr11r1'dl:wdJ'W'V1m1l'l~'d'WVl'lj''l'''l'l1l1'l KV 1.2.1 ~~I'Wr11l~:W,r SP- 33 
'U 

Sepharose 

26 nlJ'Vllr11r1'dl:l.Jl'U'WVl'lj''lJ1l'l'o'h'WVl'lj''l'''l'l!l1'l KV 1.2.2 ~~I'Wr11l~:W,r SP- 34 
'U 

Sepharose 

27 nI~Vllrilr1'dl:WLtI'WVl'lj''lJ1l'l~'d'WVl'lj''l'''l'l1l1'l KV 1.2.3 ~~I'Wr11l~:W,r SP- 34 
'U 

Sepharose 

28 nI~Vll",hr1'dl:l.Jl'U'WVlm1l'lVl'lj''l'''l'l!l1'l KV 1.2.4 ~~I'Wr11l~:W,r SP- 35 
'U 

Sepharose 

29 ~'i'l'lJ1l'lVl'lj''l'''l-.l!l1'l F1.2.2 ~1~~~(?]1ln'W 28 1''W (subacute toxicity) 1'WVI'W 37 
'U 	 'U 

'i.I "... r 	 a d 

b:Wl'b'l(?jm:W~L'i'l1l~ 

30 ~'i'l'lJ1l'lVl'lj'~"'l'l1l1-.l F1. 2. 2 ~1~~ ~ t?i1l n'W 28 1''W (subacute toxicity)1'Wm~ 37 

b~I~(?]1l L:W ~L~1l!Pl 

31 ~1'W'd'W revertants 'lJ1l-.l L~1l~1fl'WnI~'Vl ~'b'l1lU~'Vl~ri1l nI m'i'lIt1~'Wf'lJ1l-.l~'d'W 39 

'lJ1l-.lVl'lj'-.l"'l-.l1l1-.l KV 1.2.2 
'U 

32 	 ~1'W'd'W revertants 'lJ1l'l b~1l~1fl'WnI~'Vl ~'b'l1lU~'Vl~ri1l nlm'i'lIt1~'Wf'lJ1l-.l~'d'W 39 

'lJ1l-.lVl'lj'-.l~-.l1l1-.l KV 5 
'U 

33 	 ~1'W'd'W revertants 'lJ1l'l L~1l~1fl'WnI~~1 ~'b'l1lU ~'Vl~n1l nlm 'i'l1t1~'Wf'lJ1l-.l 'b'l IJ' 41 

34 41 

m(?jJ'~I'W AF-2 .... 

35 41 

mm~I'W 4-NQO.... 



...., 
~1'3'lJ UJ1l1'W 

QI 

.,j .., 
111'W'VI 'VI'W1 

LL~(?1'1~n~ru:;'lJ!l'l Organ bath ~H't'Wn1~'Vl(?1'tl!l'l1'WLd!lL~!l~LLtJnr.nnn1tJ 4 

~(Wr'Vl(?1~!l'l (in vitro) 

2 !ltJnnu~'t-il't'Wn1~~ m~ne-J'tl'lJ!l'lfl1~'Vl(?1~!lu1'W isolated tissue 5q 

3 Lfl;'!l'l~!l~1~fm11 n1~'Vl ~~'tlUn1nfOl~!l'W\ ~ '.lLL'tl:; n 1 ~'Vl ~'1 ~'.l'lJ!l'l~'WL~1 ~ 7 
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(Rotarod Test) 


4 e-J'tl'lJ!l'l~~'1'"l'l!l1'1 (crude venom) 1?l!l'fl(;]nn1m~!l'l~\(;] (GFR) 1'W~'t!'lJ 15 
" q 

5 e-J'tl'lJ11'l~'.l'W'lJ11'l~~'1'"l'l111'1 F 1.2.2 1?l11'fl~nn1m~11'l~\~ (GFR) 1'W~'t!'lJ 
" q 

6 e-J'tl'lJ!l'l~~'1'"l'l111'1 (crude venom) 1?l11'fl~nn1~h!j'tl'lJ11'l'W'tl1~l.h~\1?l 16
" 

7 e-J~'lJ11'l~'.l'W'lJ!l'l~~'1'"l'l!l1'1 F 1.2.2 I?l!l'flI?ln n1~\~'tl'lJ!l'l'W'tl1~~1~\1?l (rena l 17
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plasma flow, RPF) 1'W~'t!'lJ 


8 e-J'tl'lJ11'l~~'1'"l'l!l1'1 (crude venom) I?lmr~nn1~\VI'tl'lJ11'lUfl~1'.l:; (renal 18
'" 


plasma flow, RPF) 1'W~'t!'lJ 


9 e-J'tl'lJ11'l~'.l'W'lJ11'l~~'1"l'l1l1~ F 1.2.2 Amr(01nn:~lm'l'lJ~·l'iJ~~:'.l::: (urine flo'.\' 19
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rate, U F) 1 'W~'t!'lJ 

q 

10 ~~'lJ11'l~'.l'W'lJ11'l~~'1'"l'l111'1 F1.2.2 1'Wn 1 dL~1-lJ ~ 'Vl tn ~ tJ ~:;~ 1'Vl~'.l 'Wn'tl1 'I '1111'1 20
'" 


pentobarbital sodium 1'WVI'JLJJ1~ 


11 LmtJUbVltJU'fll?lnn1n~'W'lJl1'l isolated right auricle 'lJl1'lVl'WLL~'Vll?!l1~'.lm:;t?1'W 21 
" 0 

epinephrine 

12 LmtJuLVlt.JuLL~'1UU~'.l'lJl1'l isolated right auricle 'lJ!l'lVl'Wll~'Vll?ll1~'.ln~:;~'W 22 
'" q 

epi nephrine djl1~ LL~:;\~~~'.l'W'lJ11'l~~~'"l'l!l1'1 F12 2 

13 Lmt.JuLVltJuLL~'1UU~'.l'lJl1'l isolated aorta '1111'1 VI 'Wll),'Vl I?! 11 ~'.l m:::~'W 23 
'" q 

norepinephrine 

14 lmtJulVlt.JuLLNUU~'.l'lJ!l'l isolated aorta 'lJl1'lVl'Wll),'Vll?!l1~'dm:;~'W 24 
'" q 

norepinephrine L~l1nll~:;\~n~'.l'W,)Jl1'l~'I1~'"l'lm'l F1.2 .2 

15 LmtJU lVlt.JU LL:i''1UU ~'.l'lJ11'l isolated trachea 'lJl1'lVl'Wll),'Vll?ll1 ~f'.l n)':;~'W 25'" , 

Acetylcholine 

16 LmtJu lVltJU lL~'11hJ ~'d'n!l'l isolated trachea 

Acetylcholine L~l1n LL~:;\~n~'.lU'lJ!l'l~'I1~'"l'l!l1'1 F 1 .2.2 

17 e-J~'lJl1'l~'.l'W'lJl1'l~~'1'"l'lm'l F1.2.2 (;]l1n1),UU~'.l'lJ11'l~1\~'WVI'WL~1~ (ir. vivo 27 
'IJ " 

study) 

26 



18 n1~(W~U~'W'e)~"lJ'e)~ isolated ileum "lI'e)~~~LL~Vl(;]'e)~rJn~:;~'W acetylcholine 27 

19 LmiJULYiiJU n1~(;1llU~'Wll~"lIll~ isolated ileum "lIll~~'WLL~Vl(;]ll~rJn~:;~'W
<U • 

29 

acetylcholine L~lliiLL~:;hjii~'J'W"lJ'e)~-WM~'"l~1l1~ F1.2.2 

20 m1Yl LL~(?) ,:Jn1~Vl(?)~llU ~Vltrilln1:m~1iJ~'W~"lI'e)~~'J'W"lJ1l~-WM~'"l'l1l1'l KV 1.2.2 40 

21 nnYlLL~(?)~n15'Vl(?)~llU~Vltri'e)n1:m~1tJ~'W~"lJ'e)'l~'J'W"lJ'e)~~M~'"l'lm'l KV 5 40 

22 n5'1YlLL~ (?)~ C.J~ n15'Vl (?)~'e)U ~Vltri~ n~1tJ~'W~"lJ'e)'l~15'rill n~1tJ~'W~:l-J1 (;l~J1\J'llil(?) 43 
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Body Weight 
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~Yl~tJUtJ~U~1tJtJ:i':;'i'l1YlYl (;]'fl flU n~13-J L\l'fl 

PHARMACOLOGICAL AI\JD TOXICOLOGICAL STUDIES OF 

THE NEUROMUSCULAR BLOCKING COMPOUND FROM THE 

VENOM OF KING KOBRA (OPHIOPHAGUS HANNAH) 

1 . M.Lnm~~ru 'WYL~~M6 ~(;lm'l!1 ~mnM1LLc.J'W~1'W~~tJ 

2. M.'W'i'l.YL V1:i'.ru:i'~r1~n~ -DtJU(;l:i' ~mnM1LLr.J'W~1'W~~tJ LL~:;~1'J3-J~~tJ, 'IJ 

3. 

4. 

5. 

6. 

7. 

:i'Pl. L'i'l.n (;l fi:i':i'3-J'fl11 

'W1~~:i':i'ruJl1 "'l~'i'lr1'W€• • 

'W1~'i'l1'J'fl:i''J:i':i'ru LLsriL~'J 

LL~YltJ\Hlj~ V1'J~ LVi 'lJ ~:i':;U'lJ'l!1 ~n~ 

o 
'U'VI'U1 

, ~ 

YiM~LU'W'i'l1:i'U:i':;n'flUL~~.n'fl'W ~~U:i':;n'flU~'JtJLU:i'~'WLU'W~'J'WhmJ iJi~ enzymatic protein LL~:; non-

enzymatic protein LV1mll~1:;mh~£j~ ~'Jn'i'l1:i'~M (Toxins L-rl'W neurotoxins, cardiotoxin, myotoxin LU'W 

~'WLU:i'~'W(;]1~1 1'W~M~iJUYlU1Yl ~1'W~'J Lf1iJ LL~ :;LJl~'l!~Ylm (;]1~1 L~'flU:i':;LtJ'l!'W1'Wn1:i'~1'fl1~1:i'"1J'fl~~ ~~iJ 

LiJ1~3-J1tJ~Lvi'W1 "1J'fl~YiM~1~LLri cell membranes ; vascular wall, connective tissue component LL~:; 

plasma proteins LiJ1~3-J1tJ"1J'fl~~'J'W~dj'W'i'l1:i'YiM'i'l'J'W1~'1J1~LLri receptor ~~1L~1:; ~1-'fl ion channels L-rl'W 
, ~ 

neurotoxin "1J'fl~YiM~LVh1YltJ iJ acetylcholine receptor Yl fold "1J'fl~L"1I~;n~13-JL\l'fl:i''flU1 ,J~rltJU:i':;'i'l1Yl LiJ'W 

~'W 1 "'l1 nf1 ru'i'l3-J~Yl1~ LJl~'l!~Ylm"1J'fl~YiM~ LU'W~\l1'i'l'W1"'l"1J'fl~t!n~~tJ~~1tJ nri3-JtJ13-J1~ nM1 L~'flLU'W"'l V1C~3-J ~'W 
II: <u q q 

'lI'fl~n1:i'~(ij..j'W1m~'J1mJ1 m~'JLLm~U:i':;'i'lUm13-J~1L~"'l LV1tJn1:i'~(ij..j'W1"'l1n bradykinin potentiating 

peptides ~~LLtJn"'l1nYiM~ Bothrops J·araraca ~'fl ACE inhibitor: captopril
2 Yl1~f1ru:;m~tJ~~'i'l'W1"'l~"'l:;

~ 'IJ 

~nM1~~m~'fl~(ij..j'W1m"'l1 nYiM~~iJ1'WU:i':;LYl Pl1YltJ YiM~~\l1'i'l'W1"'l"'l :;tJ13-J1 ~ nM1 ~'fl YiM~"'l~'fl1~ ~'Jm~(;lr.J~
\J \J \J q 
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2 

,
04.e11 ... 

~ 

,

neurotoxin mJU post synaptic neurotoxin 'll'l target receptor Fl'El acetycholine receptor t.l'Eln~lnt.l ~t.l 
r . II I , 

Yi1j-~9'1m'lU'l~\lYlUIYl'fl'fln ~Ylfi ~'flc.J,r'l~rl'fl (;)L~'fl (;)LL(;)'1 ~'JtJ3.4 ~ ru~~tmYlI'1 LJl~"lI~Ylm Lw,hiJYh<h~t.ll~Yi9:: 

~n1j-lml~LUt.lhJl~t.ln1~~(ij,Jt.lI~I~~n~YltYlI'1m n1~~~t.ll~9::~(ij,Jt.llm ~ILUt.lI?l'fl'l~n1j'1 

~n1j-ru::L'UYn::~It.lfl ruf11'Yi"lJ'fl'lt)l'l C1 ~U ~1'flt)l'l mi~ I?lt.lL~mUt.l~1 m~lt.lH~'19::LUt.llh::LtJ"lIt.l1t.ln1 ~nl~t.l(;)
It q l1li d 

, ,,~ 

Flru~n1j-ru:: L 'U'YiI:: 'Il'fl'lt)l'lC1 ~UYl9 ::\n~ '1 c.J~ l'l m 1t.l'flt.l1 fI l'l vl'l,rt.l'lIt.l~~tJlJdjt.ln 1~~ n1j-l~n1j-ru::L'Uyn:: ~1t.l, , 

L~'fl~ n1j-1 ~YltYlI'1 LJl ~"lI~Ylm LLrl::Yi1j-~Ylm"lJ'fl-:!~1 ~~LLtJn1~91nYi1j-~9'1m'l(Ophiophogus 

hannah) ~n ~YltuuJ'ItlmmJ~::~IYl~ ~'fl nu n~l~ L~'fl L~'fllm~-if'fllJ'Cl ~1t.lfl(n~tl'Cl'fl (;).ntJ"lJ'fl'l~1 ~~9:: 
~(ij,Jt.lILUt.lm 

n1 ';I'VI'U 'VI'J'\..! 'J ';1';1 r;u n';I';I3.J 

Joubert LL'Cl::f1ru:: (1973)5 1~vlln1nLtJntoxin 2 "lIlj(;)91nYi1j-~9'1'flI'1~'JmYlAljA ion-exchange 

chromatography t(;)tJ~It.lYi1j-~rl'llt.lA'fl~~l1 eM-cellulose l~~'Jt.ltl~::n'flU~'fltJ 4 ~'Jt.l ~'Jt.ltl~::n'flU~'fltJ~2 
LL'Cl:: 3 ~'1nml~LUt.lYi1j-~'l~n\n1tlLLtJnl~u1~Ylt~t.l~'JtJn1~1.jfLYlflljfl gel filtration L(;)tJH Sephadex G-50 

LUt.lvl'Jn'ClI'11t.lnlmtJn ~'Jt.ltl~::n'ElutJ'fltJ~2LLtJnl~ 4 ~'Jt.ltJ'fltJ n 1 ~'Jt.ltJ'EltJ~dJt.l major toxin (toxin a) 

~'Jt.ltl~::n'flutJ'fltJ~ 3 LLtJn1~ 3 ~'Jt.ltJ'fltJ LL'Cl::n 1 ~'Jt.ltJ'EltJ~LUt.l major toxin (toxin b) Toxin a LL'Cl:: b ~ 

LLtJn1cJln~I~,rnL~L'Cl~'Cl 7,800 (;)lrl~t.l L~'fll'l~'J9~'fl'J~'JtJ~fi SDS-PAGE nrhml~LUt.lYi1j-(LD50) LVl1nU 

0.3 LLrl:: 0 . 3s1~LAmf~Jnf~ l'l1~~I~U 

Tan LL'Cl ::Aru::
6 1~vhn1~LLtJ nYi1j-'19'1'flI'1 ~'JmYlflljA ion-exchange chromatography L(;)tJ ~1t.lYi1j-'1

~ ~ 

'Cl'llt.lA'fl~l-J-S DEAE-Sephacell~~'Jt.ltl~::n'flutJ'fltJ 6 ~'Jt.l Vhn1J'~1 enzyme activity It.l~'Jt.ltl~::n'ElutJ'fltJ 

~LLtJn1cJl 'YiU~1 ~'Jt.l~d:lt.l major lethal toxin 'EltJlt.l~'Jt.ltl~::n'ElutJ'fltJ~ 1 ~'1n activity "lJ'fl'l L'flt.l1'lllf 5'
" 

Nucleotidase, Phosphodiesterase 

It.ltl1993 Chang LL'Cl::Flru:: 7 1~vhn1mtJn postsynaptic neurotoxin (a-neurotoxin) Yl1j-~9'1'fl1'1 

L(;)tJ SP-Sephadex C-2S, Sephadex G-SO, CM-52 LLrl:: RP-HPLC. neurotoxin ~LLtJnl~Lut.l basic 

polypeptide ~n pi 9.0S tlJ'::n'flu~'JtJm(;)'El::iJLt.l 72 ~'J LL'Cl:: cysteine 10 ~'J Toxin ~LLtJnl~nfl'Jll-J 

f1~ltJ A~'l nu U-bungarotoxin ~ LLtJ n1~9'1 nYl'jj''l?llw~~tJl-J1~~t)t.l[i'l 60% LLrl::n Aru?ll-JU~lt.ln1J'~u" . 
'EltJl'1~'1L'YiI::nu nicotinic acetylcholine receptor "lJ'fl'ltl'Cl11~rlhHh (Torpedo californica) 

http:ij,Jt.lILUt.lm
http:vl'l,rt.l'lIt.l~~tJlJdjt.ln
http:t.l'flt.l1
http:LtJ"lIt.l1
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1u1] 1999 Lin LL~::;rlru::;8 1rJ1vhmnLtJn neurotoxin 2 'l!Uc;) (Oh-6A LL~::; Oh-6B) r.nnYhj'~'"l~m~
" , 

Lc;)tJ~luYl'jj'~~~1Url!l~lJtI SP-Sephadex C-25, CM-52 LL~::; SynChropakRP-P. Neurotoxin ViLLtJn1rJ1 
'IJ 

'" d IV ~ d _ 

lP)~ltJrl~~nU Oh-4, Oh-5, Toxin a LL~::; Toxin b '"llnYl'jj'~LC;)tJ'Jnu 

Chang LL~::;rlru::;91rJ1LLtJn neurotoxin 'l!Uc;)1",~ ~~mrlN~¥l~r;h~'"lln neurotoxin 6 'l!Uc;)~1rJ1nm~ 

LLtJ nlJ1LL~')ri!lu",ill~ neurotoxin 'l!Uc;)1",~ (Oh9-1) LLtJn1rJ1'"l1 nYl'jj'~'"l~m~Lc;)mhuYl'jj'~~~1Url!l~lJtI SP
" " 

Sephadex C-25 1rJ1~')utl~::;n!lurJ!ltJ 9 ~')u '"llmrU~')U~nLL!lrl~~~'J!l~ neurotoxin ':n1tlLLtJnvl!lrJ1,)tJ~~ 
RP-HPLC LC;)tJH SynChropak RP-P 1rJ1~')u,J~::;n!lurJ!ltJ 3 ~')u ~')U~ 1 dJu~')u~dJU neurotoxin Ln!l 

':n1tl"'1~1~un~C;)!l::;mu YlU~ltl~::;n!lurJ1,)tJmC;)!l::;mu 57 !if') LL~::; cysteine 8 !if') Oh9-1 ~llJlnltJufi~ 

m~", c;)t;l,)"lJ!l~ carbacol-induced muscle LLUU'l!Uc;)tf!lun~u1~1rJ1 rl'J'llJ ~llJ1Hl1unl~iJufi~ m~", c;)!if')~ 
., 

50% lJf)C;)LUU 4 Lyh"lJ!l~ U-bungarotoxin 

De LL~:;rlru:;10 1rJ1vhmHLtJn neurotoxin (CM36) '"llnYl'jj'~'"l~!l'l~ Lc;)tJ1-if CM-Sephadex LL~:;
'IJ 

, ., , 

HPLC Toxin ViLLtJn1rJ1nt11",lJnLw~n~ 15 rn~C;)l~!ifu n~hrl,)llJLUuYl'jj' 3.5 1lJLrlmflJvl!l"'U 20 nflJ L~!l 
q " 

~c;)Yl'jj'L-iilYll~L~U L~!lC;) ~l~"''l~'''U n~1n rl'JllJ LuuYl'jj'~!l~!llP1tJ Ca2+ LLvl1~YlU~lnLL!l rl ~~ ~"lJ!l~ PLA2 
" ., 

Toxin CM36 1~n r.-J~ vl!lnl~Yil~lU"lJ!l~ n~llJ L~!l~,) 1'"l"lJ!l~"'ULL~Yl 1~nr.-J~ vi!l rl'JllJ ~UL~!lC;)"lJ!l~LLlJ,) LL~ :;",U
" " 

11 1" 0 -l '" 1.I "" ",col '\ 1"Ying LL~::;rlru::; C;)YllmmtJn·ti,)UYI'jj'~'"l~m~ Ulur.-J~LL"'~ c;)')tJ'Jfi gel filtration LC;)tJ 'II Sephadex 
, ., , 

G-50 1rJ1~')u,J~::;n!lurJ!ltJ 4 ~')U 1u~')uVi 4 n LL!lrl~~~"lJ!l~ neurotoxin '"llm:rut11~')uVi1rJ11tlLLtJnvl!lLC;)tJ 

~lu1u AKTA Source 15 S 1rJ1~')utl~::;n!lurJ!ltJ 9 ~')u LC;)tJ~,)U~ 1 ~~ 61rJ1Yil1,xu~~Ylivl!lrJ1')tJ RP-HPLC 
q 

t1'"l'1UUn~ltJ~lUL~tJ'Jnu post synaptic U- neurotoxin ~Ylu1uYl'jj'~'l!Uc;)vil~1 n~'l 100 'l!Uc;) LUU 

'l!UC;)~Ylu1u~'"l~m~LYitJ~ 8 long chain neurotoxin, 1 short chain neurotoxin LL~::; 1 weak toxin(5) LL~:; 
m~~n'jj'l'"Jru~lJU~Yll~Uli'l!~YlmnLYitJ~'l!UC;)L~tJ'J ~!l hannalgesin ~~n~YliLUU~l~~:;.rutl')c;) . 

(analgesic) (6) ~~nrl,)llJLUu1tl1ar~'"l:;-WIijJU1~1~~,n~YliYll~m '"llnYl'jj'~'"l~m~ Lc;)m'UYll::;!lrJl~~~~l~~n 
~YliiJuJ~tlmtJtl~::;~lYl~vl!lnUn~llJL~!l rl~ltJnu botulinum toxin ~~Luum~n,J~::;LtJ'l!tI LL~::;Hfn'jj'l 
hrl"'~1 n"'~ltJ (;l~!lC;)'"lUt11lJ'lH rJ11Url,)llJ~llJ 

" 
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~ .!r:" .1 ... ....... 4..., ~.I.I ....

1. n1'it'l m~1 LIl"ti'lf'l'VI !I1"llt!HI~1'i1J'3:: n'2lU"llteHI'W~~~-II'2l1-11'V1 »J '1 'VI ti!ll.J !I-111J~n!l1J'3::~1 'VI'V1IJ1'2l 

..., 	 ., ,k 
nl.Jn~1»JL'U'2l (PHARMACOLOGICAL STUDIES) 


Yhn1~~m~n,r~1'1.lIJi'lilJ11"'VICiI~tN (in vivo) LL~:: 1'1.lL~tlLmtl~LLtJnIil1nn1tJilJ11"'VICiI~tl~ (in vitro) 


i ~1'V161~'2l~m,r 
• ~ 0 	 .. ... .J ...J ... 

1) ~'I.lLL~l~entlIil1n~1,rnilJ11"'VlCil~tl~LL~~"ll1~ f111~1m ~~1~'VIm~m.J~CiI~ 'l!~~n1~"ll'l.l~~'Vl~ 
'IJ 

~11J1 ~~1'1.l1J11~1iI ~~m1J~ffi.!n1 ~LttJ~ llJ11"'VICii ~tl~ "lltl~~1l1~ 4'tJ LL~~"ll1~ LL~'l'Jn ~1LttJ~1~~ ~'I.ltf 
ilJ11"'VlCil~tl~ rlru::LL'Vj'VItJfII1~lJ1f ,'ri1~~n~cl~~1~'Vlm~tJ ~n~1-ij'VIm i'l.l 4 (ritl'l.ln1~itl~tl'l.l 
~ 	 .J... .... ~...J........ ~_ _ • 

lJ1n) 	 'VI~~"ll~n'\;'ru::~1m~1'1.l ~'I.lnN'VI~'l~~~tl~'I.ltl'l.l~::tl1Ci1 WltJrl'l1JI1~~ru~1J~ LL~::LL~~~'l1~ . 	 ~ 

(~~1~ LL~dJCiI'lh~~:: 12 -i'lU.J~) 1~tl1~1~~1L~nJ LL~::'Il1m~rl'l1~~tl~n1~ 
OJ 

2) ~~L2J1l~1tJ~'I.l~ ICR breed (Mus musculus) 1~1iI1n~m'l.lL~1'l1l1 ~1l1n1"ll1Ci11'VltJ 

3) ~,r'1l~'I.l~'Vl1~L'VjIi!~ (male mongrel dog) 1~1iI1n~m'l.lL~1'l1l1 ~1l1n1"ll1Ci11'VltJ 

.... 
(1) 	 Organ bath LL1J1J Double walled Hawan:! type 'lIr-mruMIlIAWwn 2 n ofu 

1'1.l1J~~'~1~~::~1tJ~H'L~tJ~L~tlL~ «~daglcall sdm"m)) iJl~ 2\tJ) iiHill!7 u..~ 
~ ~ 

LtiCill~n1'l! Carbogen ~1'1.l Physiological solution 1~ -i'l.l'l.ltlniJ'Il11~~L~tJ'I.l1il1n Thermo
~ 0 ... ...J~ _ ~ ... !:, ~ 

regulating water pump "II~'VI1~'I.l1'V1 ~'I.ln1~rl'l1JI1~~ru~1J~"lltl~~1~~::~1tJ ~'I.l ~~tlCilLLm"ll'l.l ~'I.l 

l~rl~~~ 37+0.5 tl~fII1Lenm~tJ~ lJ1~tlCilL'l~1'vhn1~'VICiI~tl~ tp)~1l1'Vj~ .... 

(2) 	 Lrlitl ~ ij tltjCiI n1 ~~ CilIJi'l '11 tl ~ ~ ~ tl CiI L~ tl CiI '11 tl ~ 1J1oJ'VI BIOPAC 1.h:: ntl1J ~ 'l tJ Transducer 

NO.SS12LA LL~:: MP 100 

- ~--
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A 	 B 


c 	 D 


111CWVl 2 ~tJm'nr~1-il1'1.\n'l~~mtrH.Jt'l'!J'il~~1~'VI~~'illJ1'1.\ isolated tissue, A = thermoregulator H'tJflJ 

~ru\1JJij'!J'il~ physiological solution, B =LtI'I.\ cylinder LUi'') 2 .r'l.\ H''U~~, physiological solution ~~:;tJfu 

~ru\1JJijri'il'l.\~~1tJ5~ organ bath, C = transducer HflJl'kJ'kJ1ru~1md'il L~'il~~1tJ5~ D ~~LtI'I.\'~!J,tJt'l~ 
l'kJ 'kJ1'1.\!J,t'l:;U'I.\;;n ~t'l n1~'VI~ t'l'il~ 

.. 
~1'1LfUJ 

0.... "" Ji ...(1) 	 ~1~"'1ff1~31'1.\1~1\1~'Um':;~'I.\nt'l1"'L'I.\'ilL~tJlJ 


Acetylcholine 


Epinephrine (Sigma) 


Norepinephrine (Sigma) 


.....1 
(2) 	 ~1~Lfl"''il'l.\ 1 


Dimethylsulfoxide (DMSO) (MERCK) 


Absolute ethanol (MERCK) 


Sodium chloride (NaC!) (Sigma) 


Magnesium sulphate (MgS04) (Sigma) 


Calcium chloride (CaCI 2) (Sigma) 
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Sodium hydrogen carbonate (NaC03) (Sigma) 

Potassium hydrogen phosphate (K2HPOJ (Sigma) 

Glucose (MERCK) 

Ascorbic acid (Sigma) 

(3) 	 - nl'D Carbogen (C02 5%+02 95%) 'lJ'il-:Ju1';'Vl Thai Industrial Gases (TIG) 

nl'D carbondioxide 95% + O),ygen 5% 

1fin1iPim~1 
Qj ~ .Q, ,.1 .q. QQ ~ lj .. I .. 1 ~Q..I 	 Q..I

1 ) nliflf n~1 b)'Yl fi'Yll-!1 til 'Cl"ll 'J'Yltn"ll'fl-!l'Cl1 i1Ji~ n'fltJ"lI'fl-!l'W~-!I~-!I'flI-!1'Yla.J b)'Yl fitJtJ tJ-!l1J'6'l1 tJ1Ji~'Cll'Yl'Yl ... 

£9l'fl ntJ nil a.J tif'fli.'U'ClU"lI ~'JI-!1tJ1'Cl'6'ltJ
. 
.w1~'J'W'lJ'il -:J~'t1'~IOJ -:Jm-:J Fl.2.2 ~fOI'JI:WLif:wif'W 6, 18 LL~::; 54 J.lg/kg m~n't1'I~'Vlt'VlI-:JIJl~"ll~'Vlmi'J1tJ 

1'W~,r'lJ~'W€'VlI -:J L~"'~ Jlvnrn 12-15 nL~nf:w 
q q '\J 

l:. ""0'll 'U (9)'fl'U Vll t 'W'U n1 i 

(1) 	 LI1l1tJ:w~,r'lJL(YltN(Yl'ilT\,nd 8-10 i'JL:W-:Jri'il'Wnrd~n't1'l 

(2) 	 Vlll,x~,r'lJ~~u~'JtJnrd~(Yl 3% pentobarbital sodium 30 mg/Kg Lifl'Vll-lV!~'il(YlL~'il(Yl~I.y]'lJIV!i.i1 

-nIl L ~:W 3% pentobarbital sodium VlI:WfOl'JI:W~ldJ'WV!ln~,r'lJL~:wl~n(;]'Jl'Wd::;w.iI-:Jn1d'VlVl~'il-l 

(3) 	 Cannulate femoral vein L~'il1,x 0.9% normal saline LL~::;~IV!ful,x~ld'Vl(Yl~'ilU Vl~'il(YlIOJ'WLnu 
... , "" 
Vl'J'Elm-:Jl~'El(Yl 

(4) 	 Cannulate femoral artery L~'iltf(Ylfl'Jl:W ~'WL~'ilVl LL~::;-e)Vlnn1dL~'W'lJ'El-l~'J 110J 

(5) 	1~ three-way LiflV!~'ilVl~:WL~'il'1i'JtJnrdV!ltJ11OJ 

(6) 	 Cannulate ureter l~'ilLnU(;]'J'Elth-lt1~~I'J::; 

(7) 	 ControllOJ'W~,r'lJ'iltJhl~1l1'J::; equilibrium ri'il'WL~:Wn1d'Vl(Yl~'il-l
q 	 'IJ 

2) m 'iPi n~1 b)'Yl if'Yll-!1 tlli"lI1'Yl tJl'll 'fl-!l'Cll~,j i~n'fl tJ"lI 'fl-!l.wH-!I~-!I'flI,:j ~ ii q 'Yl titJ i-!l 11 '6'l1 tJ,j 'i~~1 'Yl~.. 
£9l'fl ntJ nilmif'fl £9l'fli::tJtJ1I~::'ClI'Yl~'J'I.Jn'6'lI-!1 (central nervous system) 

2.1) 'Vl(Yl~'ElU motor coordination LVltJnldVlrl Rotarod Test viln1d'Vl~~'il-ll'UV!hlLih~ (mouse)
'\J 

L(YltJ1,x~ld'Vl(Yl~'ilU~IOJ:::~m:'l'11hl'lJ'Wl~(;]1-l1 3 'lJ'Wl~tJ~:wnu 5% tween 80 dJhl(;]'JLL'lJ'J'WVl:::n'il'W 1Jn1~ 

V!~L~I~~lmnlL~hl'Vld-l(;]'J'il~u'W rod (diameter 3.5 cm) V!~hl 16 RPM 1~'iltJl-lii'iltJ 1 'W1.y] 

LLtJ-:JV!W~I~'El'ElndJhl3 n~:W1 'i'l::: 5 (;]'J ~(Yl~'J'W'lJ'il-l~'t1'~IOJ-l1.l1-l Fl.2.2 Lifln~I:WLn'il~'lJIV!~-l 

n~:wV11 1~fu Fl .2.2 'lJ'WI(Yl 0.1 LD50 (1 LD 50 = 4.8 ~g/mouse) 
, 

n~:w.y] 2 1~fu Fl.2.2 'lJ'WI~ 0.2 LD50 
q 

http:Lifl'Vll-lV!~'il(YlL~'il(Yl~I.y]'lJIV!i.i1
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Dog 
Anesthetized with pentobarbital sodium (30mg/Kg) 

and supplement as necessary to maintain 

~ 

Record of 


Respiratory Rate 


~ 

Cannulate 

femoral artery 

t 

Record of 

Blood 

Pressure 

I 

~ 


Cannulate 

femoral vein 

t 

1. for infusion of normal saline 

solution with inulin (IN) and PAH 

for Kidney Function Measurement 

2. for given of fractionated venom 

After 30 min -1 hour incubation 

nArinri 

Fractionated venom at a dose of ...... 
was given to dog. 

Record of RR. HR, B P 

Draw blood for IN and PAH 

Record of RR. HR, BP 

Draw blood for IN and PAH 

assay 

at 15 min, 30 min, 1 h., 3 h. t 6 
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n~l-J~ 3 1tJ)¥u F1.2.2 'll'Wl~ 0.4 LD50 
, , , 

'V1~MlU motor coordination VI~,-Jr.nn1:tX~l:i''V1~M)u 30 'W1Yi 1 -n'JLl-J,-J 3 -n'JLl-J,-J Lb'~~ 5 -D'JLl-J,-J L~tJ 

1~VlW~liL~'WU'W rotating rod ~VI~'WtJ)'JtJfI'Jll-JL~'J 16 :i''ilU/'W1Yi (RPM) L~'il!!}n1:i''V1:i',-J~'J'll'il,-JVl1cl 

L~li V1f1'Jll-J~ll-Jl:i'fl'll'il,-JVI'Wl'Wn1n~'W'V1:i',-Jl'l'JU'W rod 1tJ)'iltil,-JoW'iltJ 1 'W1Yi 1'Wn1:i'1~~,-JVll-J~ 3 f1f,-J Yil
" " 

%pass 


22) 'V1V1~'ilUnlm~'Lh~~1'V1~'J'Wn'C11,-J Yiln1:i''V1V1'C1'il,-Jl'WVI'WL~liLY-IP\~ ~lV1'l!n 25-30 n¥l-J L(;)tJV1n1:i'

"" " 

L~1l-J~'V1t'll'il'l pentobarbital sodium ~Yil1~VlW~li'W'il'WVI~U LL1.J'lVl1clL~liil'ilmU'W 4 n*J1 ~~ 5 

l'l':l ~V1 pentobarbital sodium 45 mg Ikg/BW L-iil'V11'l~'il'lvr'il'l ( intraperitoneal) 

n~l-J~ 1 1tJ)¥uvi),vn::: pentobarbital sodium 

n~l-JYi 2 1tJ)fu F1 .2.2 'll'Wl V1 0.1 LD50 :hWlU pentobarbital sodium 45 mg/kg BW 

n~:J-J~ 3 1tJ)¥u F1.2.2 'll'W1V1 0.2 LD50 i'Jl-Jnu pentobarbital sodium 45 mg/kg BW 

n~l-J~ 4 1tJ)fu F1.2.2 'll'W1V1 0.4 LD50 i'Jl-Jnu pentobarbital sodium 45 mg/kg BW 

~,-J Ln 1'l'el1 n1:i'~'Lh~~l'V1~':l'Wn~l,-J ~ n n(;)"'l'WYil1~VI~U LV1tJ'V1~~'ilUn1:i'~'l!L~tJ righting reflex (Vl1cl 

~l:J-J1nltJ'WltJ) 4 'll1) u'W~m':l'C11~Vl1clL~liGl-JVI~U Vl1-il~r)dL~tJ righting reflex "'l'Wm:;~'l~'W Vl1-'il 

righting reflex n~u~'WLtJ'Wlln~ "'l~1tJ) onset LL'C1::: duration 'll'il'ln1:i'VI~U (sleeping time) 

3) nI'aPi n 'Hl r)'VI t'VI1-!1 bll i'"l!1'V1t1l'lJ 'fl-!l~l'a,j 'a~n'fl'IJ'lJ'fl-!lW 'H-!I'"I-!I'fll-!1vt i1 q'VI t~'IJ#-!I,j ~1t1 
<U 

,j'a~~1'V1~ 1Pl'fl n'IJ nil;,j bd'fl lPl'fltr,;tl'"l 

Yilnl:i''V1V1~il'l in vitro 1'W~'J1"'l~'il'lU'W-iil'l'll'Jl~LbtJn'il'iln"'llnn1tJ'll'il'lVl'WLb5''V1 (isolated right auricle 
" 

from albino rat) ~'lJ:J n1n~'WLtJ'W~'l VI'J:: spontaneous beating YilL~tJ'l Vl1 ~'illV11:i'VlWL:i''V1 8 -B''J L:J-J'l 

ri'il'Wn15''V1V1~il'l ':ll'lt.J1~~UVI'WLL5''V1 (Wistar Rat) tJ)'JtJnl5'':l1'lVl'W1'Wn~'il'lY-l~1~~n~uVl~iJ'V1 J:J~ltJ~l 
" " 

bLn~ carbondioxide + oxygen (95% + 5%) ~'ilb-iil1'Wn~'il'lL~'ilYil1~Vl1clLL5''V1V1l-J~ml:J-J!~n 'V1Vl~'ilU 

~lV1'WLL5"~VI:J-JV1 ml:J-J ~~ n LUVl-D'il'l'il n ~~~'J1"'l'il'ilnl-J lLL-D1'W Krebs-Henseleit solution ~'El'WLL~:::J:J" " , 
Carbogen gas carbondioxide + oxygen (5% + 95%) cJl'WI'l~'il(;)L'J~11'W petri dish ~~LYitJ'W1'lldJ'W 
" 

-W'W ~ (;)U1L'J ruVl~'il (;) L~'el(;) tJ)'Jm ~:J-JVI:J-J Vl iJn tl'lU'WLYitJ'W1'll tmUtl1 tJu'WtJ)'JtJ tJ) ltJ ~Vl L'il1 L'UY-Il:;~'J1"'l,x'il'l 
, " 

Krebs-Henseleit solution mUfll-J'flruVlJliJ 37 'il'lp\lL']jm~tJ~ LL~::cJl'W Carbogen gas {;]~'il(;)L'J~lq, " 

~'J'WU~ltJU'W~'ilnu transducer ~1 ~r)d r)dl ruL-ihLfli'il'lLL~::U'WVl mltl ri'il'Wy\(;)~'ilU"'l:;u'Ci'iltJ1,x~'J1"'l 

,x'el'llJ'W-ii1'l'll'Jl'ilti1 'WJll'J :::~l-J (;)~ cl"ri 'fl'W (;) n15'{;]'ilU ~'W'fl'l 'll'il'l~'J1"'l~'fl'l U'W -iil'l'll'Jl ~'il~15''V1 (;)~'flu1 'W
" , " 

fI'Jll-JL-iil-J-ii'W~1'l1 ~tl~~ltJ1'W 5% tween 80 Lmt.J1JLYitJunue.J~nl5'{;]'flU~'W'il'l'll'tl'l~'J1"'l,x'il'lU'W-iil,-J 

'll'Jl[;j'il~'JYil~:;~ltJ 5% tween 80 
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"'" 4 .... ... .1 ... col.... 4 .... l:..I.1 col 
4 ) n ll'flI n 'HI q'Vl fi'Vll-!1 b.n~'lf'J'Vlm"ll'fl-!l'&'lll'ul'~n'fl'U"ll'fl-!l'VflH~-!I'fll-!1'Vl).! q'Vl fitl'U~-!lu~n~ul'~~l'Vl'Vl 

OJ 


I Q./ q,., d" I 


t9l'fl n'U mnm 'U'fl t9l'fl'W6'l'flGl~)'! (trachea) 


';;'n1~VI(?)t:l'El'l in vitro1'UV1'i'l!lL?l'i'llJ~LLtJn'El!lnr.nnn1tJ'lJ'El'lV1'ULL~VI (isolated rat's trachea) YhtL?ltJ'l(?)1~ 

, '" 

!l1V11 ~V1'WLL~VI 8 -D'J L:l-J'l n!l'Un 1 ~VI L?l'i'l'El'l 'J1'ltn ~ 'i'lUV1'ULL~VI (Wi star Rat) ~,)tJ n1 ~'Jl'lV1'U1'Un~'El'l 
'" '" " 

~t:lI'Cl~n~UL?l~UVl iJ~ItJ'WILLn~ carbondioxide + oxygen (95% + 5%) (;]!lL·ih1'Un~'El"H~'fl'il11,xV11.;! 

LL~VlV1:l-J L?l A'JI:l-J~~ n VI L?lMlU~1V1'ULb~VlV1:l-J(?)A';11:l-J~~ n bU wri!l'l'ElnVl (?)M1U11V1'UV1:l-J(?) A'JI:l-J~~ n Lb~,)~'l
q,J 'U 'U ,,'U 

LUL?l'll'El'l'Eln rfIL?lV1'i'l!lL?l'i'l:l-J 'El'Elnmbb'li1'U Krebs-Henseleit solution ~rel'ULLt:l:::iJ Carbogen gas ~''U 
q 

1?lt:l'ElL?lL'dt:l11'U petri dish ~iJbVitJ'U1'l1bU'U~'U rfI(?)WCl'tlL?lt:llJbbUU spiral "'l:::1~dJ'Ubl~'U rfI(?)mlJ'lJ,)1'l1m~ 

~'Utn'd 1-1 .5 'll:l-J U'i'lltJV1~'l ~ n nULLvl'l Lbn') {n1uLb-nl'U organ bath ~Un~ Krebs-Henseleit solution 

A')U0J:l-J~ruV1.1Jii 37 'El'lr-\lbsn'i'lL~tJ'Cl lb'i'l:::~''U Carbogen gas (;l'i'l!lL?lL'dt:l1 ~nU'i'lltJ(;]!lnU transducer 
, " ,

'th5ru ru 1ruL-ii, bAf!l'l bLt:l:::U'UVi n ~ 'i'l n'fl'UVI L?l MlU"'l:::,J~ 'El tJ 1,x b il'fl b~!lV1'i'l!l L?l 'i'l:l-J'Elti1'UJlI'):::'CllJ (?)'i'l cl'n!l'U 
Q/ 0.> 'U q 

~ n 1 :r1?l!lU 'Cl 'U'El'l 'lI'El'l b~'El b~'ElV1 'i'l!l(?) t:l:l-J (;]!l ~l:rVl (?)'Cl!lU1'UA'd IlJ b-lllJ-ll'U(;]1'l1 bb'i'l:::~ n1 :r(;l!lU~'U'5'l 'lI!l ~ 
L~!l b~!lV1t:l'El L?l'i'l:l-J(?]'El nlm:r:::~'U~'JtJ histamine b~!lhiiJ L L'i'l:::iJ'ClI:rVl(?)'Cl!lUVlUllJl~ nMl 

5) n ll'~ n 'Hl q'Vl fi"'Vll-!1 b.ni'lf1'Vlm"ll'fl-!l~1l'Ul'~n'fl'U"ll'fl~~~-!I~~'fll-!1vl ii q'Vl fi"~'U~-!lU~lt1 
OJ 

Ul'~~l'Vlvlvi'fl n'IJ nil),! bd'fl vi'fll'~'U'U'Vll-!1b~'U'fll'V1ll' (gastrointestinal system) 


5 1) Vii nl:rVl L?l'i'l'El'l in vivo 1'UV1'Ub~''Cl1(?)tJ (?)n1:riJ'lJrfI'd'll'El'l~,1~"'l1 n n1 nA~!l'U~'lJ'El'leN cll'U1'U~'H 

'" 'IJ 

" 
rfI'J ilL?l F1.2.2 L-llln~'lJbil!l'llIV1~'l (intramuscular) 

n~:l-JVl1 n~:l-JP1')U~:l-J (2% Tragacanth mucilage) 

n~:l-JVl2 1ellru F1.2.2 'lI'Ul(?) 0.1 LD50 
q 

nfilJ~ 3 1~ru F1.2.2 'lI'Ul(?) 0.2 LD50 
q 

nfilJ~ 4 1~ru F1.2.2 'lI'UI(?) 0.4 LD50 
q 

U!l'U~'l cll'UmlJlm 0.5 ml b-llIVlI'lUI n ~l'UVI1'lvl'El~ 'Cl!l (?) bih ~'l m::: b ~l:::'El1'\.n:r (feeding tube) 

1'tXnUV1'Ub~1~b~!lA:rUb,)'i'l1 30 'UIVi 'Jl'ltn'Cl'i'lUV1'Ub~'~ (mouse) ~,)tJn1:r'dI'lV1'Ub~,11'Unfi!l'l
'" " " 

~t:lI'Cl~n~U(?)~UVl iJ'ClltJuILLn~ carbondioxide + oxygen (95% + 5%) l1i!lLih1'Un~'El'lb~!l'ill1'tX",,~ 

b~'~V1lJ(;1ml:l-J~~ n VI(;1~!lU1'V1'Ub~,~m-lL?lA,)I:l-J~~ n bb~,)~'l bUWJ!!l'lYl!l'l UI~11~A;'Elt:JnlJl'JI'lU'U 
'" 'IJ '" 

m:::(;11Mm!l'lV1tnu i (;1 A,)l:l-J tn'J'lI!l'l~ 11~~'lV1:l-J(;1 LLt:l:::i(;1 :r:::tJ:::VlI'l~ eN ell 'U~L~'ULiJ'U~ ~llfl~ll'U~hj 

1ell fll'U,) run In(01~'El'U~'lI'El'l ~'l elTWbu'Ubu'Elfl-nW;l'lJll'l A,)l:l-J tn,)'lJ1l'l~11~ 

5.2) 'il1n1:r~nMI In vitro 1'U~,1~d~n~h'Uut:llt1 (ileum) ~bbtJn'Ellln"'llnn1t1'lJll'lV1'Ubb:rVl (isolated
" 
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'J1\l'l.-1~1t.!n'i'i!l\lV1~1~~n~tJ~~U'Vl ~~1tJu'1Lbn~ carbondioxide + uxygen (95% + 5%) c;i!lb'ih1t.! 

n'i'iil\l b~!)'yh 11X'l.-1t.!bb:i''Vl'l.-1~ ~A'"l1~~~ n 'Vl~~mJrj1'l.-1t.!'l.-1~~ A'"l1~~~ mL~'"l~\lliJVl'li!l\lVf!l\l ~~~1\~l~ n~'"lt.! 
<tI 'IJ 'U 'U 

U~1tJ (ileum) !l!ln~1ll'li1t.! Krebs-Henseleit solution ~re)t.!u~:;~ Carbogen gas ~1t.!!?l~!l~b'"l~11t.! 
q 

petri dish ~~ LVitJt.!hJbut.!~t.! ~Vl~1\~'L~ n~'"lt.!Url1tJ m~'lJ'"l1\l1,n~t.!tJ1'"l 1-1.5 'Jl~ . U~1tJ'l.-1~\l ~ n nu 

Ll1'l\l Lln'"l u,11uLl'li1t.! organ bath ~t1:i':i''''l Krebs-Henseleit solution mUA~!lru'l.-1Jln 37 !l\l fl1 L'Jl~ L~tJ~ 
q q III 'U 

LL~::;~1t.! Carbogen gas !?l~!l~L'"l~1 ~nu~1tJc;i!lnu transducer u'1~rl.Jrl.J1rub.j[1LA1'tl\lLl~:;Ut.!Yint:.J~ 

n!lt.!'Vl Vl ~!ltl"'l :;u'i'i!ltJ 1 ~ l~!ll~!l ~1\~l~ n~'Jt.!u~1tJ!ltl1 t.!Jl1'"l :;~~ Vl ~tJn!lt.! Vl n1HI!ltl~t.!!l\l'lJ!l\l b~il L~!l 
" q " 

2. n1 'i~ m~T~h~1'Vlm'll'fl.:l'i,q1 'i'lh-::: n'fl'U'lJ'fl.:l-W'lf.:l"'l.:l'fl1.:lvi ij '"IV! t~'Utf.:l-:J~1~tl'i:::'ll1'Vl~ ~'flntl... 
'" cf

n~1mt.!'fl (TOXICOLOGICAL STUDIES) 


i !911'Vl !P1~'fl.:lvt'l.; 


'l.-1W~1~vY\l 2 bV1fl ~1tJ~t.!~ ICR breed (Mus musculus) J1'l.-1i(n 18-20 nf~ ~yj1n1lV11:;L~tJ\l"'l1n 


~ r11'WLV11:;b~tJ\l01ll~:;~!?lt)'VlVl~!l\l'1 ~mt.!L~1'"lJl1 ~Jl1n1'll1Vlhltl 


Crude venom 
>

"'l1nrh LD50 'lJ!l\l~~\l"'l\lm\l1t.! OH 260542 
" 

(2) 1t.!LA:i'\ln1:i'~ ~rh 32 .9 \~LAmf~c;i!lu'1'l.-1i(n'l.-1t.!
" q 

l~1~ 18-20 nf~ m1~l.j[~.j[t.!'lJ!l\l~~~m~1:;~~~1'l.-1fU'VlVl~!ltl'l.-11 LD50 'lJ!l'l~~\l"'l\lil1\l~1flt.!.., 

LA:i'\ln1:i'~~tJ ~\ln1'l.-1t.!Vl11X!ltl:i':;'l.-1rj1\l 17.8-68.6 \~LAmf~c;i!lJ1'l.-1i(n'l.-1t.!l~1~ 18-20 nf~ ("'l1nrhn~1\l" .., 

U:i':;mru 35.0 l~LA:i'nfW'l.-1t.!b~1~'l.-1i(n 20 nf~ ~!?ln~'"lt.!n1n~!l"'l1\l 1: 1.4) \~m1~L.j[~-irt.!~m~1:;~l-.!
" 

rK\l~ 17.8, 25,35, 49 lL~::; 68.6 \l-.!LAmfl-.!!?l1l-.!'ihrKtI 

Fractions 'lJ!l\l~~\l"'l\l!l1\l 
" 

- Q. ~ Q _ I Q. QQ. .::::£ ~ I o::!I I IV 

ntlV1~\l"'l\lm\l 1 ~~~n:i'~!?l!l~~'iH:H91:i''Jl\l~A1n1:i'VlVln'in.lbb~\lb'Vl1ntl 1.113 
'lJ 'lJ 

>

'" " n1:i''VlVl~!ltlbtl!l\l!?lt.! ( preliminary test) 
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iJ~ ~~ fl:i' llf?i ~') 'W-nJ.J-n1J~H'hJbn'W 2LD50 "lJ'fJ~-W~"ri'fJ'Wn1:i'y'h1~u1~V1'il'Wlbf?i~ ~i'W{Wel'W Llrl~y'h nl:i'" 	 . 
1~'fJ~I..jl~~~..j 2 lvil Vll'W~I'W'J'W 2 ~i..j L(?)tlH'~I:i'~~flltlL"l!b~tlJ.J~~'fJh~~'J1J.JL-nJ.Jo1''W 0.15 LJ.JrllfdJ'W 

t?l'JVI I~::;~ I t.J 1Ui'Wfl'fJ'W~H'I-I'WV1 (?)rl'fJ~ L~tI~ 1 t?l'J f?i'fJ ~'J1J.J L-nJ.J-n'W 
'U 

nl 5''1-11 AI ~'J l ' dJ'WYi~ 


~lnA'J1J.J 101' -ii'W~ I~(9)~Vi,l~i[11fV1(?)~'fJ..jfl,mL~::;f1'J1J.JL-iiJ.Jo1''W~..j~(?)~Vll1~i[11fV1(?)~'fJ..j:i''fJ (?)

• 	 'U • 

1fi'V1!91~'f)U 

(1) 1l(9)-W~.J'o11'fJ'i'l'J'WtJ'fJt.J'lJ'fJ..j-w~wihm'l'tl(?)I~'tl(?)~I~'I-Il~'j,l'Wlm~ mlJ.JLo1'J.Jo1''W~::; 5 t?l'J 
:_ 'tI 	 <u 

(5) tJl~I'W,!·.j5''JJ.J'j,l'WL~I~~:i''tl (?)~ fl, 'j,l'WL~I'S~[111t1, f1'J1J.J L-nJ.Jo1''W'lJ'tl~-w~..j ~1-if1.'Wn!:i' 
'U" 	 'U 

V1(?)~'tl U LL~ ::; -8[11n~'J'Wn!J'L~'el~I..j-W~ hJ~I'W'Jru'j,ll LD50 fllJ.J~J.Jnl:i' 

Sum (log of end point) = 	Logarithm of lower dilution + [(Proportional distance) x (log of dilution 

fa ctor)] 

Proportional distance = 50 - (%mortality at dilution next below) 

(% mortality next above) - (%mortality next below) 

2) n1'i~n'Hl~'H1'V1~1'lJ'f).:)1i'J'W'lJ'fl.:l'vht-:l~.:)'f)I':) KV 1.2.2 ~'fl'i:::'tJ'tJJ11~i.'W~1':)n1~
OJ 

• • Q.;' 	 c:i!.q.q 	 oQ, Q.,I 

(systemic toxicity test) LL'tJm'il~'tJYl~'W (acute toxicity) LL~:::Yl'Hn':)L'il~'tJYl~'W (subacute 

toxicity) !9I1:1.loll'flrh'IJI'W!9I'lJ'fl':) WHO (1993) bb~::: OEeD (2001) 

2.1) n1'iPin'Hl single dose toxicity 

Lbtl..j'j,l'WL~l~dJ'W 5 ntiJ.J1 ~::; 5 t?l'J 1l1'l F1.2.2 mJ.Jlfl:i' 0.1 ml Lo1'ln~lJ.Jb~'el"lJl'j,l~~'j,lULih~
" • 	 'U 

nriJ.J~'Ju~J.J 1J1fu Normal saline . . 
1J1fu F1.2 .2 'lIU1(9) 2.6 ).lg/mouse 

n~J.JYl3 1J1fu F1.2.2 'lI'Wl(?) 3.6 ).lg/mouse 

http:1~'fJ~I..jl
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n~~~ 4 l~fu F1.2.2 'lJ't.!1C9i 5.0 ).1g/mouse 


n~~~ 5 l~fu F1.2.2 'lJ'W1C9i 7.1 ).1g/mouse 


C9ieJt1 14 1''W 

'\J 

b~tl~:i'UiJI1m:::tJ:::b'Jt11 euthanized ~iJl1"'V1C9it1tl'l ~C9itl1'm:::l~bbri ~U liJ1 ~'J1"1 Utltn ~1~ bbt1:::tl1'm::: 

~u'0''W~ bnul'W 10% Formalin b~'e)~'1iJ1:i''J''1'V11'1'Wmfi~'V1mt?itl1u 

2.2) n1~~n'bf1 repeated-dose toxicity 
~ ~ 

bbU'I '\,1 \! b J~h~dJ'W 4 n~~1 t1::: 5 ~'J ;;),C9i F1.22 m~liJ1:i' 01 ml bojhn~1~b~tl'lJ1W~'-'11''Wt1:::r1f-< 

~C9it?itln'W 28 1''W 

mi~mur1~ 1~fu Normal saline , , 


n ~~~ 2 1~fu F1.2.2 'lJ'W1f?l 01 LD50 (04 ).1g ) 


n~~V\ 3 l~fu F1.2.2 'lJ'W1C9i 0.2 LD50 (0 8 ).1g) 


n~~V\ 4 l~fu F1 .2.2 'lJ'W1C9i 04 LD50 (1 .6 ).1g) 

b~tl~:i'UiJI1m:::tJ:::b'Jt11 28 1''W euthanized ~1?l1"'V1C9it1'el'l ~f?ltl1'm:::1~bbri i?lu 11?l ~'J19 Utl ~ ~1~ bbt1::: 

tl1'm:::~u'0''W€, ulul'W 10% Formalin b~'elbI?l1mJ~1'\,1fun1:i'I?l1''J''1'V11'1'1''1mfi~'V1mr;1tllu 

~ &:( I Q/ d' 	 I.Q qq &:( 

3) 	 n1~~n'bf1q'VlDn'elmn~'W'UD (Mutagenicity) 'lJ'el"l~'d'U'lJ'el"l'W~"l"l"l'el1"l KV 1.2.2 'Vl~Hl'VlD. ~ 

IV 	 ~ .... I ... I .d I IV ~ .d' d c( 
~'lJ~"lu~'l1~u~:;~1'Vl'VlI?l'eln'lJn'CI1m'U'el bb'CI!; KV 5 'YIbb~I?l"l'l'VlD anticancer bb'CI:; 


antimicrobial 


'V11 n1j'~n'r:t11 'W'\,1t1tlC9i'V1C9it1'el'l Lf?ltJHbbUr1~ b1tJ Salmonella typhimurium ?lltJ'0''W~ T A98 b~f,::: TAl 00 

~'1 bI m~W-J'W1~'W~1'\,1fu'V1(;)~tlUn1mt11tJ'0''W€ (Ames' T est) bmtJub~tJuniJ ~lj'ri'el m-ntJ'0'\.l~ml?lj'~l'Wcu q 	 : os 

4 nitroquinoline-1-oxide (4-NQO) 

&::. 

"lJ 'U I?l 'el 'U n1 ~'Vll?l~'f) 'lJ 


n1nl?l~mJ~tln'aclbb'CI!;~1'a~1"l" 

1. 	 ~lj''V1C9i~'elU ~tl ~'J'W'lJtl'lV4'r:t'l"1'1'el1'1 KV 1.2.2 bbt1::: KV 5 
'\J 

n~'WbU'W~'J'V11t1:::t11tJ bb~'Jm'e)'1~'JtJ 04 ).1m membrane filter 

3. 	 bbU'I'\,1t1tl(i)'V1f?lt1'el'lbU'W 21C9i ~'el ~[l1'J:::~i1 S9 bbt1:::Ml1'J:::~hJiJ s91'Wn1j''V1(;)'i'1tlU~'V1~ri'tlr1mt11tJ 

'0''W~ bW:::1C9i positive controll'W~[l1'J:::~l'J S9 bbt1:::~[ll'J:::VihJl'J S9 
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, 	 , 
.::;:,l.::;:,j Q d cv ~ '!.I i.I 

-	 ~[ll':l:::;VI:W S9 vnn1n'"ltl'"ll~~lJ'(wHltJ1~'Vli"l':ll:Wl'li:W'lJ'W 0,0.02,0.05,01 , 0. 2 mg/tube 

" 	 = ll~':lllJl:W S9 mix 

- ~[ll':l~~hJ iJ S9 y'hnln~tl"'11-.1~1J'f?l':l'tlt.il-.1~i"I':l1:Wb~:Woii'W 0,0.02,0.05,0 1,0.2 

mg/tube lJ-h~:w S9 mix 

, 	 , 
.::;:,l.::J 0 d I cv rr 	 .::::::l 

~[ll':l~'Vl:W S9 Vllnln"ltl"ll-.1~lJ'n'Eln~ltJ'V'l'WD:IJ1IJlJ'~l'W 2-aminoanthracene (2-AA) VI , ... 
A':l1:Wl~:w-ii'\~ 't!0 V11tJ 025, 05, 1.0 ~g/50~l/tube ~-.1H'i"I':ll:Wb.jf:w.jf'Wb~mn'W~~ol'Wb~'tl TA9e: 


bb~~ TA 100 bb~':ll~:W S9 mix 


- ll[ll':l~~hj~ S9 ~ln1n~tl"ll~~lJ'ri'tln~ltJi'iJj~':IJ1I71J':ij"l'W 2-(2-furyl )-3-(5-ni:r;:;-2, ... 
, ~ 

.::J iI 'V 'V :. C/ ~ 

furyl)acry larrlldo (AF-2) VlA':llm'lJ:W'lJ'W~ i?1V11tJ 0.05, 0.1, 0.2 J..19 /50 ~l/tube :;; l\.1J'Ul'lltl 
, ~ 

d 'V 'V 1.; 0 cv di , 

T A98 bb~~'Vl(01':l1:Wb'lJ:W'lJ'W~i?1V11tJ 0.005, 0.01, 0.02 J..1g/50~.l/tube ~l\.1J'Ub'llt' TA 1 00 'ti':l~ 

~1 J'rltl nfnm~wfi:lJ1I71J'"ilW 4-nitroquinoline-l-oxide (4-NQO) H'~ A':ll:W boii:w~ '--l'ti i?1V11tJ , "-" ' 

"" , 


01,0.2 , 0.4 J..1g/50~l/tube ~l\.1fUb~tl TA98 bb~~V1A':ll:Wb.jf:w.jf'W~i?1V1~ltJ 0.023 . 0.05 , 0 1 


J..19/50J..1 l1tube ~l\.1fUb~'El TA 1 00 bbl7ihjb~:W S9 mix 


nl'a'V11P1ll'flUnl'amntl'w'tJ fi'll'fl~'6'i'J'U'll'fl~.w'H~'"l~'fll~ KV 1.2.2 bb~~ KV 5 

Q 	 ~ 

v 	 , 
o .::;". ~ Q/d 	 rr .:::Y d009: a.. ~G,..' 

1. 	 'Vl'lWI!ll?l1.!~'TI!HlUA'VH!tJ Salmonella Iyphimurium ~ltJ'V'l'W~ T A98 \.1J'tl T A '. 00 VI'Vll b'.' ~lOjn1! bk 

mV!ln\.1~':l 18 "ll:W. e.J~:Wb~'tlnU~lJ'Vli?1~tlU 1'W\.1~'Eli?1V1i?1~'tl-.11~boiiln'W~rltl'W~r.;;::tJ,lhJb'lJt.i~ '50 rprr 

~'tlruv![lil 37 ° C dJ'Wl':l~l 30 W1V1 , 	 " 

2. 	 b~'tlAJ'Ub':lfil ~ln1n~:w Top agar (~-.1lJle.J~:W Histidine bb~~ BiotinHbb~':l) f,'\'Wbb~~~v!f,'Si?1 bb~'"; 

~';;'l:w1,x boiiln'W~ri'tl'W~"'1~b'VlvlU~-.1u'W~hV!1:il'tllV!ln~tJ-.1 b~'tl V-B medium '"lY ,1'W':l1-.1~-.1l1':X'tllV!1;-
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CSI 

e.J~n1'a~n~1 

1) b\'V1 if'V11-:jbJlion1'V1m'l.l'fl-:j~1';1U';l~n'f)'U'l.I'fl':l'W'H-:j'"l-:j'fll-:j.yii1 b\'V1 if~'U #-:jU'GlltlU';I~~1'V1~I?i"eH1'U
'U 

ni la.J bU'fl1. 'W '6'l,r'l.l.yi'Jl-:jm~'Gl'U
q 

No. KVV F1.2. 2 Mean Arterial Pressure (mmHg) 

Dogs ~g/kg o min 15 min 30 min 1 hour 3 hour 6 hour 

3 6 148.3 136. 7 146. 1 150.5 163.3 153.9 

3 18 122.2 109.4 11 3.3 102. 8 125.0 133.3 

3 54 116. 1 85.5 74. 4 72 .2 - -

KVV F1.2.2 No. 

Dogs ~g/kg 
o min 

3 6 85. 7 

3 18 101.9 

3 54 75.5 

15 min 

83.3 

108.3 

70.0 

Heart Rate (beats/min) 

30 min 

101.9 

11 6. 7 

75. 3 

1 hour 

123 .3 

123.3 

86. 7 

3 hour 6 hour 

11 8.6 131.7 

130.0 156.7 

death dec:'! 

GFR (Mean ± SE) ml/min I Crude venom 

i 
mg/Kg I o min 

I 

0.05 

(N= 3) 

0. 1 

I 

I 

No data " 

88.9069 

(N =L j ±1401 

15 min I 30 min 

32.29 ' 7 , 15.5278 

±1 8. ~-4 ±7 .30 
; 

92.4320 
I 

55.5422 

±85.2 -' I ±14.52 

60 min 

17.1384 

±6.54 

33.654 1 

±1 3.77 

180 min 360 min 

13.6 137 10.7329 

±13.20 ±5.4 : 

26 .0945 61.1327 

:: 14 04 ±60.5= 

0.2 6.4279 7.8 7899.6339 16. 0456 I 
; 168.755 1 •• 25.492 2"' 

(N= 3) :: 3.84 ±1 .2C ±13.05 ±1 .87I 
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GFR: Crude KKV 

- O. 05mglKg 

- O. 1mglK g 

- O.2mglKg 

o 100 200 300 400 

Time (min) 

1l1'WVI 4 tJ~'!l'tl,:j~~~"I,:j'tl1,:j (crude venom) 1Ji'tl'tll'l~1n1m1'tl,:j~1l'l (GFR) L~qll''!l (. 0.05mg/Kg, 

. 0.1 mg/Kg, A O.2mg/Kg) 

KVV F1.2.2 GFR (Mean ± SE) ml/min 

J.lg/Kg omin 15 min 30 min 60 min 180 min 360 min 

6 32.9380 72.0126 66.2384 86.8704 65.6585 44.0134 

(N=3) ±7.10 ±42.36 ±59.37 ±56.41 ±25.79 ±21.57 

18 148.3173 300.8435 143.1220 126.6502 82.8554 121.1082 

(N=3) ±52.73 ±124.11 ±82.25 ±65.91 ±48.29 ±59.79 

54 132.4266 36.9444 6.6939 16.9272 
No data* No data* 

(N=3) ±106.67 ±10.56 ±5.29 ±106.67 

GFR: KKV Fraction 1.2.2 

3 50 

3 0 0 

i 2 5 0 

2 0 0 

~ 
1 5 0 

100 

- 6ugIKg 

- "Bug! 

54ug1K 

5 0 

0 

0 5 0 10 0 150 200 2 5 0 300 3 50 4 00 

Time (min) 

1l1'WVI 5 tJ~'!l'tl,:j~'J~"II'tl,:j~~~"I,:j'tl1,:j F 1.2.2 LJl'tl'tll'l~1n1m~'tH~1lJl (GFR) L~qll'''II ( . 6 f..lg/Kg , 

18f..lg/Kg, A 54 f..lg/Kg) 
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.,j.. '''' ~ , .J~
fR1"i'HIYI 5 t,J~"'ew''1'M'~''l-:Jm-:J (Crude venom) IWtltl~rlm1~~~'ll'f)-:J"t'I~')~).J')'V1 ~~ (renal plasma flow, 

Crude venom RPF (Mean ± SE) mllmin 

mg/Kg omin 15 min 30 min 60 min 180 min 360 min 

0.05 82.8117 40.8225 45.9288 54.1471 31.9350 
39.2157** 

(N =3) ±47.19 ±22.96 ±18.38 ±53.19 ±5.14 

0.1 325.2463 855.9980 111 .0033 68.4630 42.5291 76.9034 

(N=4) ±176.42 ±620.92 ±56.49 ±27.58 ±17.27 ±61.65 

0.2 155.2100 36.8382 50.2318 14.9305 992.9480 37.4448 

(N =3) ±145.16 ±23.16 ±42.72 ±2.67 ±976.21 No data* 

RPF: Crude KKV 

1200 


1000 


/ 
/...... 

C 
'E 800 - O.05mgl

/ 9 ,/ '" "E 600 - o.1nglKg
"-" 

400 /
/ O.2mglKg 

/, ~ ,200 

" 0 

0 100 200 300 400 

Time (min) 

111"VI 6 t,J~"l.Itl-:Jfi'M'~"l-:J'f),)-:J (crude venom) LJl'f)t1(J1rlm1L~~'ll'f)-:J"t'I~')~~')~1(J1 (renal plasma flow, RPF) 

1.'I.!~~"l.I (. 0.05mg/Kg, . 0.1 mg/Kg, A O.2mg/Kg) • 
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- 6 .J - '''' ~ , ../~~1'M.:J'VI e.J~"1I'tl~~'d'IJ"1I'tl~"fj'M'~"'I~'tl1~ F 1.2.2 ~'tl'tl~~1mUI~~"1I'tl~"fj~1fUJ1'V1 b~ (renal plasma flow, 

RPF) b'IJgl,j"1l
• 

KVV F1.2.2 RPF (Mean ± SE) ml/min 

IJ.g/Kg omin 15 min 30 min 60 min 180 min 360 min 

6 71.7283 130.8839 152.4538 227.3292 99.6271 67.8546 

(N=3) ±7.95 ±81.00 ±119.56 ±158.19 ±45.58 ±34.83 

18 293.3761 576.3295 266.4630 213.4028 107.2016 139.8717 

(N=3) ±116.32 ±391 .64 ±243.23 ±160.83 ±85.59 ±95.04 

54 96.0572 62.8029 10.4601 
9.0503 No data* No data* 

(N=3) ±66.81 ±14.12 ±8.19 

RPF: Fraction 1.2.2 

800 

- 600C 
-+-6LG'kG 

.t:- - 'BLG'k 

"E 400 
'-' 54U31k 
u. 
& 200 

a 

a 100 200 300 400 

Time (min) 

111,.,;1 7 e.J~"1I'tl~~'d'IJ"1I'tl~~'M'~"'I~'tl1'1 F 1.2.2 lJi'tltl~11m~1"'~"lI'tl~"fj~1gl'.h~1~ (renal plasma flow, RPF) 

b'IJ~,r"1l (+ 6f.lg/Kg, - 18f.lg/Kg, A 54f.lg/Kg) 



1{g 

II1tfm~71 ~(~m&vartmnJ)~'~f.ml1:tnM~~~ijt(~fmef~rmfe,ltm) 

1~ 

UF (Mean ± SE) mllmin Crude venom 
, 

mg/Kg o min 15 min 30 min 60 min 180 min 360 min 

0.05 6.6667 2.0111 1.0456 1.9889 0.1042 0.2917 

(N=3) ±0.71 ±1.34± No data ±0.21 ±0.05 ±0.18 

0.1 1.7889 2.9250 1.5778 0.6889 0.8847 0.8819 

(N=4) ±2.37 ±0.67 ±0.20 ±0.40 ±0.78±0.79 

0.2 13.5667 0.3833 1.2333 0.4000 0.2469 0.1611 

(N=3) ±0.33 ±0.12 ±No data ±3.57 ±0.22 ±1 .05 

Urine flow: Crude KKV 

15 

'C 
1\ - .05mg/Kg'E 10 

• 0.1 mg/Kg~ 
5 ~ 

0.2 mglKg~ 
I ~:: IJI 

0 " 
0 50 100 150 200 250 300 350 400 

Time (min) 

111'W~ 8 t.J~'lItl"'~'M'~"l"''fl1'" (crude venom) lJ1'el'tiIf1~'lm~1'V1~'lI'el..,t1~~1'l:: (renal plasma flow, RPF) 1'1.1 

~,r'll (+ O,05mg/Kg, . 0.1 mg/Kg, . O.2mg/Kg) 
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KV F1.2.2 UF (Mean ± SE) mllmin 

Jl9/Kg o min 15 min 30 min 60 min 180 min 360 min 

6 4.5056 1.3667 1.7 444 0.4444 0.7569 0.5324 

(N=3) ±0.73 ±0.64 ±1.46 ±0.09 ±0.20 ±0.22 

18 7.3944 6.3333 0.4556 0.4389 0.3014 0.5528 

(N=3) ±1.63 ±5.51 ±0.22 ±0.17 ±0.13 ±0.42 

54 

(N=3) 

5.6611 

±1 .20 

2.7000 

±1 .99 

0.5800 

±0.55 

1.8000 

±No data* 
No urine No urine 

Urine Flow Rate: Fraction 1.2.2 

8 

"2 6 
'E 
t 4-

- Sug/Kg 

- 1Sug/Kg 

54 ugIKg 

o 50 100 150 200 250 300 350 400 

Time (min) 

111YiYl9 ~~'t)-:J~')tl''tl-:J'';'M'~'''-:Jt)1-:J F 1.2.2 1Jlt)'tilJlrlm11V1~'t)-:Jtr~~1,)~ (urine flow rate, UF) 1tl~,r, 

(. 6Jlg/Kg, - 18Jlg/Kg, • 54Jlg/Kg) 
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J IV ... I ... aI.. J IV ~ A I I aI I IVA 	 A

2) t}'VI fi'VI1 ~LIl'a"Jf';l'VI!!1"11'iW~1'i1J~nil 'l.J"1Iil~~~~ ~~il1~'VI~ t}'VI 1i!!'J!!~ 1..1 fi1!!1..1 ~ 'a 1 'VI 'VI ~il n'l.J 
., .k AII 	 I 

nfi1~L1J'il ~'il~'l.J'l.J1..I~'a1'V1'a';l1Jnfi1~ (central nervous system) 
0

2.1 	 n1'i'VI'i~i';l (Motor Coordination) 'i:~tI Rotarod Test ~'lnn'l~Yl~fI'fl-:l"(j1J~'l'l!l~"fi-:l 4 n~'-In'l1 

Yl~fI'fl-:l i'l'l'-l'l~m~\!Yl~-:I~'J1J\! rod 1~'flri'l-:l'\J'fltl1 \!'lY1L\!n'l11iJl~-:I'I!I'-I~ 3 ~f-:l~L'JfI'l 30 \!1Y1, 1 

2.2 	 n1'inlFl~'l.J'l.JtJ~'a1'V1"'';l'Unfi1~ (Central Nervous System Depression) 

1Jl1'i1~;I 9 ~fI"JJ'fl-:l~'J\!'Jl'fl-:l~M~~-:I'fl1-:1 F1.2.2 L\!n'l~L~1'-1'lYl~n~tl~::~'lYl~'J\!nfl'l-:l"JJ'fl-:l pentobarbital 

sodium (45 mg/kg BW) L\!'I!I'I3L,j1i 

KW F1.2.2 Onset of righting reflex loss (min) duration of righting reflex loss (min) 

4.78 ± 0.22 27.34 ± 1.27 

0.1 LD50 9.60 ± 2.33 16.02 ± 2.30 

0.2 LD50 4.88 ± 0.41 17.73 ± 1.30 

0.4 LD50 6.60 ± 1.10 14.82 ± 2.38 

35.00 

30.00 

25.00 
'C'
'E 	 20.00-

15.00~ 
10.00 

5.00 

0.00 

group 1 group 2 

• Onset of righting reflex 

• duration of righting reflex 

group 3 group 4 

1l1~;l10 ~fI"ll'fl-:l~'J\!'Jl'fl-:l~M~~-:I'fl'l-:l F1.2.2 L\!n'l~Li'l1'-1'lYl~n~tl~::i'l'lYl~'J\!nfl'l-:l"ll'fl-:l pentobarbital 

sodium L\!'I!I'I3L,j'li (group 1 = pentobarbital, group 2 = pentobarbital + 0.1 LD50 "ll'fl-:l KW F1.2.2, 

group 3 = pentobarbital + 0.2 LD50 "JJtl-:l KW F1.2.2, group 4 = pentobarbital + 0.4 LD50 "llM KW 

F1.2.2) 

http:il~'l.J'l.J1
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1Jl1'i1~;t 10 t.J~''t)~~'l'IJ''t)~Yi'M~Iij~'t)1~ F1.2.2 j;)'t)'tl1Jl:i'1mni#f'IJ~'t)~ isolated right auricle ''t)~'VI~ 
-1'1 ., .., ., . . -I ., ., -8 ·7 -8 

~~~'V1 'V1 ~'VIIJl'lm'~~'IJ eplnephnne 'V1 3 f'l'l1'-J~~'-J"1I'IJ (1x10 , 1x10 , 1x10 Molar) ~~tJtJ~~~'-J 

(cumulative dose) ~d't)hJii~'l'IJ,'t)~Yi'M~Iij~'t)1~ F1.2.2 (before-control, after-control, before

fraction) LL~~~d't)ii~'l'IJ,'t)~Yi'M~Iij~m~ F1.2.2 (after-fraction) 

% Rate 

200.0 

150.0 

--+- before

--- aftef'-con 

before-fr 

con 
100.0 

50.0 
aftef'-fr-

0.0 
Ep-8 Ep-7 Ep-6 

111OW vi 11 LmtJtJLVltJtJ'tlIJl:i'1m~Lt1f'IJ~'t)~ isolated right auricle ''t)~'VI~L~~'V11J1't)IJi''lm~~'IJ 

epinephrine ~1,x 3 f'l'l1'-JL';)'-J';)'IJ (1x10-8, 1x10·
7

, 1x10-8 Molar) LLtJtJ~~~'-J (cumulative dose) Ld't) 

..I ..
hJii~'l'IJ~'t)~Yi'M~Iij~m~ F1 .2.2 (before-control . , after-contro' - , before-fraction ) L~~~L'-Jtl'-J 

~'l'IJ~'t)~Yi'M~Iij~m~ F1.2.2 (after-fraction - x--) 
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(;J1'11.:J;l11 e.J~"II'tl":!~'J'IJ"II'tl..:!Yl'M":!IOI..:!'tl'l..:! F1.2.2 lJl'tlLL~..:!tJ'U~'J"IItl..:! isolated right auricle "II'tl..:!~'IJ 
~ ~ 

7 6~~'Vl ~1~IJi'Jm:;~'IJ epinephrine ~ 3 Pl'J'l2JL.;]2J.;]'IJ (1x10-8. 1x10- • 1x10- Molar) LL'U'U~::~2J 

(cumulative dose) L~'tlhJii~'J'IJ"II'tl..:!Yl'M~IOI..:!tl'l..:! F1.2.2 (before-control. after-control. before

fraction) ~~:;L~'tlii~'J'IJ"IItl..:!Yl'M..:!IOI":!'tl'l..:! F1.2.2 (after-fraction) 
~ 

Dose-Response 
Ep 1x10-8 

Force (% of baseline) 

Ep 1x1 0.7 Ep 1x1 0-8 

before-control 107.18 ± 7.73 131.92± 14.72 188.50 ± 26.10 

after -control 79.501 ± 10.76 96.38 ± 11 .28 131.31 ± 8.95 

before-fraction 101.09 ± 5.96 113.18 ± 8.47 156.55 ± 18.95 

after -fraction 79.09 ± 6.87 86.24 ± 4.35 129.78 ± 3.80 

% Force 

200.0 

150.0 

~ before-con 

100.0 - alter-coo 
_ before-fr 

-slter- fr 

50.0 

0.0 

Ep-8 Ep-7 Ep-6 

111'n;l12 Lmtl'ULV1t1'U~~..:!n'UIJi'J'ntl..:! isolated right auricle "II'tl..:!WI~~~'VllJl'tlIJi'Jn~:;~'IJ epinephrine 
..J~ ., ., ., -8 -7 -8 ...01 ~ ..... .J 
'Vl~~ 3 I"1'J'l2JL"II2J"II'IJ (1x10 . 1x10 .1x10 Molar) u.'U'U~:;~2J (cumulative dose) L2J'tl~2J2J~'J'IJ"IItl..:! 

Yl'M~IOI..:!'tl'l..:! F1 .2.2 (before-control • . after-control - . before-fraction '" ) LL~::L~'tlii~'J'IJ'1Itl..:!Yl'M~ 
1OI..:!'tl'l..:! F1.2.2 (after-fraction -x-) 
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3.2 ~~n1~~n~1'l. '\J isolated aorta "lI'el.:J'\lI'\JLL~'VI... 

1JI1'11.:JYl12 LmtllJL~tllJU.NihJ~':l"1l'fl..:J isolated aorta "1l'fl..:J~~LL1'V1~'fl~':lm'::~u norepinephrine ~ 
7 5H' 3 rl':l1l.JL.;Jl.J.;JU (1x10· , 1x10-Q, 1x10· Molar) LL'JlJ~::~l.J (cumulative dose) ~i..:J1ij1n1t\'''DInLL1n•" , 


(before) LL~':l'V1In~'fl..:J~1'1n~ 2 (after) 


Dose-Response 
Nep 1x10·7 

Tension (% of baseline) 

Nep 1x10-6 Nep 1x1O-s 

before 0.23:t 0.02 0.34:t 0.03 0.38:t 0.03 

after 0.29:t 0.02 0.44:t 0.04 0.49:t 0.05 

Aorta-control 
0.6 

0.5 

0.4 

C) 0.3 _ ac·Before 

_ ac·After 
0.2 

0.1 

0.0 
Nep-7 Nep-6 Nep-5 

[I1~Yl13 LmtllJL~tllJI.l.NiilJ~':l"D'fl..:J isolated aorta "1ltl..:J~~LL1'V1~tl~':ln1::~u norepinephrine ~ 
1t\' 3 rl':l1l.JL.;Jl.J.;JU (1x10·7, 1x10-Q, 1x10-5Molar) u.lJlJ~::~l.J (cumulative dose) ~i..:J1ij1n1t\'~~LL1n 

" 1;'.J
(before • ) LL~':l'V1In~'fl..:Jen1'1n'V1 2 (after - ) 
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1J11'l1.:Jyt 13 ~l~tJ'lJ~YltJ'lJU.NiJ'lJIJi''l'lJ'el-:! isolated aorta "lJ'el-:!'\.r\&~~~'VllJi'elIJi''ln~:;~l.! noepinephrine 

(NE) ~1~ 3 1il'l'1~~;r~;rl.! (1x10·
7

, 1x10-6, 1x10·
5
Molar) ~~'lJ'lJ~:;~~ (cumulative dose) ~d'el1~il~'ll.! 

"lJ'el-:!Yl~~"'I-:!m-:! F122 (before) u.~:;~~'elil~'ll.!'lJtl-:!Yl~~"'I-:!'el'1-:! F122 (after) 

Dose-Response NE 1x10·7 NE 1x10-6 NE 1x10-5 

before 0.16.:t 0.01 0.25.:t 0.02 0.29.:t 0.03 

after 0.24.:t 0.05 0.39.:t 0.05 0.44 .:t 0.05 

Aorta-fraction 
0.6 

0.5 

0.4 

_ at·Before 

_ ai-After 

01 0.3 

0.2 

0.1 

0.0 
Nep-7 Nep-6 Nep-5 

1l1"'yt 14 ~mtJ'lJ~YltJ'lJ~~NiJ'lJIJi''l''lltl-:! isolated aorta "lJ'el-:!'\..n&~~~'VllJitllJi''ln~:;~l.! norepinephrine ~ 
1~ 3 f'l'l'1~~;r~;rl.! (1x10·

7
, 1x10-6, 1x10-

5
Molar) ~~'J'J~:;~~ (cumulative dose) ~~'el1~il~'ll.!"lJ'el-:! 

Yl~~"'1-:!'el'1\1 F1.2.2 (before . ) ~~~:;L~f}il~'ll.!"lI'el\lYl~~"'I\lm\l F1.2.2 (after + ) 
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4) 

1JI1TN;i14 LllitJ'ULYimJLLNihJIJir;}"tl'tl~ isolated trachea "D'tl~'l-1~LL1'Vltn'f)tJir;}m':;~u Acetylcholine 

5 3
(ACh) ~1~ 3 fIlr;}1'-JL.;r'-J;JU (1x10- , 1x10-4, 1x10- Molar) LL'U'U~:;~'-J (cumulative dose) ,"i~"i1n 
'I" ,,1;' -I 
~w'lJ~LLm (before) LLt'lr;}'Vl~t'l'f)~1jj1~~'Vl 2 (after) 

Tension (% of baseline) 
Dose-Response 

ACh 1x 10-5 ACh 1x 10-4 ACh 1x 10-3 

before 0.23 ± 0.03 0.39 ±0.05 0.47 ±0.07 

after 0.26 ± 0.03 0.45 ± 0.04 0.53 ± 0.06 

Trachea-control 

0.7 

0.6 

0.5 

0.4 
- Ie-Before01 

0.3 ~tc-Alter 

0.2 

0.1 

0.0 

Ach-5 Ach-4 Ach-3 

..a .~.... .... '" ' ' '''' . -I"
1l1Yffl 13 Lu1tJ'UL'VltJ'ULLN'U'Um'll'tl~ isolated trachea 'II'tl~'l-1\+LL1'VlI1l'tlmn~~u Acetylcholine 'Vl," 

5 3
3 fIlr;}1'-JL;J'-J;JU (1x10- , 1x10-4, 1x10- Molar) LL'U'U~:;~'-J (cumulative dose) ,"i~"i1nl~~~LL~n 

" 1;' -I •(before • ) LLt'lr;}'Vl~t'l'tl~1jj1~~'Vl 2 (after ) 
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"1"i1~;/15 LlliEJULY1EJULL~~iJU~'l"ll'tl~ isolated trachea "lI'tl~~~LL~'Vl!Ji'tltJi'ln~::~'Id Acetylcholine 

..I.. " " " -5 -4 -3 ~ ~ , ... ..I
'Vl~~ 3 fII'l'UJL"lI3.J"lI'Id (1x10 , 1x10 ,1x10 Molar) LLUU~::~3.J (cumulative dose) L3.J'tl~3.J3.J~'l'ld"ll'tl~ 

~'ft~"~'tl'N F1 .2.2 (before) LL~::Ld'tli'J~'l'ld"ll'e1~~'ft~"~m..:) F1.2.2 (after) 

Dose-Response 
ACh 1x 10-5 

Tension (% of baseline) 

ACh1x10-4 ACh 1x 10-3 

before 0.151:0.03 0.321:0.04 0.431:0.06 

after 0.151:0.04 0.33 1: 0.04 0.411: 0.06 

Trachea-fraction 
0.6 

0.5 

0.4 

01 0.3 -+-II-Before 

__II-After 

0.2 

0.1 

0.0 

Ach-S Ach-4 Ach-3 

111..,;/14 LlliEJUL~EJULL'NiJUtJi'l"ll'e1~ isolated trachea "lI'e1~~~LL'j'Vl!Ji'e1~'lm::~'Id Acetylcholine ~ 
1~ 3 fII'l'l3.J Leif3.Jeif'ld (1 x1 0-

5
, 1x1 0-4, 1x1 0-3 Molar) LLUU~::~3.J (cumulative dose) Ld'tl1~i'J~'l'ld"ll'tl~ 

~'ft~"~m..:) F1.2.2 (before . ) LL~::Ld'e1i'J~'l'ld"ll'tl..:)~'ft~"..:)m~ F1.2.2 (after- ) 
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J 	 .Y..... AI - _...ttV ~ AI AI -, tV

5) 	 'l'YI fi'YI1~ LIl\'t1f'J'YI!l1"l1,!}~~1~1J~ n'!}tl"ll,!}~ "'l!t~"'Wil1~'YI JJ 'l'YI fi!Jtl!l~1J~1!1 1J~~1'Y1'Y1 ~'!}mJ 
ni1JJLif'!} 1Ji'!}~tltl'YI1~L;l1J,!}11111~ (gastrointestinal system) 

5.1 n1~'YI~~,!}~ in vivo 1.1J1II1dLJ1~t~!I'tln1rljtl~'J"lI,!}~~11i~1nn1~LfI;,!}1J;t"ll,!}~r.I~'h1J"L1J~11i 

~1~~V116 ~~~'eln1~{JtJl1i'J"lIt)-:J~11~'\J"''I$~2J1i (in vivo study) (group 1 = 2% tragacanth 

mucilage, group 2 = 0.1 LD50 "lI'el-:J KW F1.2.2 1'\J 2% tragacanth mucilage, group 3 = 0.2 

LD50 "!I'M KW F1 .2.21'\J 2% tragacanth mucilage, group 4 = 0.4 LD50 "lI'el-:J KW F1.2.21'\J 

2% tragacanth mucilage) 

group -  ,% n1~LfI~,!}1J'YI"lI,!}~r.I~r111J 

1 76.87 ± 3.61 

2 65.37 ± 4.09 

3 74.80 ± 4.03 

4 64.50 ± 1.87 

85.00 

F 80.00 
-c: 
~ 75.00 ., 
1;1-& 70.00 
;s 

,:: 65.00 
! 
~ 60.00 
c:: 
~ 55.00 

so.oo 

1l1,,;t 15 ~~"!It)-:J~'J'\J"lIt)-:J~'M~r.wa1-:J F1.2.2 ~t)n1~{JtJl1i'J"!It)-:J~11~'\J"''I$~2J1i (in vivo study) 

(group 1 = 2% tragacanth mucilage, group 2 = 0.1 LD50 "lI'el-:J KW F1.2.21'\J 2% tragacanth 

mucilage, group 3 = 0.2 LD50 "lIt)-:J KW F1.2.21'\J 2% tragacanth mucilage, group 4 = 0.4 

LD50 "lIt)-:J KW F1.2.21'\J 2% tragacanth mucilage) 
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5.2 n1ff11J1'a'£l·:I1.'IJ isolated ileum "lJ'£l~·""uu.'i'VI... 

1Jl1'i1~9I17 m~~'fl'IJ~'W'fl..!l"l.l'fl..!l isolated ileum "l.I'fl..!l'\-1'1&IJ.~'V1IJl'tl~"m~:::~'W acetylcholine ~h, 3 

rI'l'l~~;r~;r'WIJ.'IJ'IJ~:::~~ (cumulative dose) '\-1~..!l"'ln1.~''''lJ.m (before) ~~~'l'V1"'~'fl..!l4'l''''~ 2 (after) 

Tension (% of baseline) 
Dose-Response 

ACh 1x 10.7 ACh 1x 10~ ACh 1x 10-5 

before 0.16.± 0.01 0.73.±0.10 1.12.± 0.15 

after 0.15.± 0.02 0.86.± 0.06 1.32.± 0.07 

Ileum-control 

1.6 

1.4 

1.2 

1.0 

01 0.8 

- ie·Afler 

~ie·Betore 

0.6 

0.4 

0.2 

0.0 

Ach-7 Ach-6 Ach-5 

111'"9116 m~~'fl'IJ~'W'fl..!l"l.l'fl..!l isolated ileum "l.I'fl..!l'\-1'WIJ.~IJl'fl~'ln~:::!If'W acetylcholine ~1.~ 3 rI'l'l~ 
'II • 

~;r~;r'WIJ.'IJ'IJ~:::~~ (cumulative dose) '\-1~..!l"'ln1."',~~~m (before . ) ~~~'l'V1"'~'tl..!l4'l''''~ 2 (after ) 
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1Jl1'i'HIYl18 LmtlUL~tlUm~~'tlu~u'tl\l'll'tl\l isolated ileum 'll'tl\l'VI~LL~IJi'f)!Ji';ln1:::~U acetylcholine 

(ACh) ~t"'" 3 1"l';l1~L.;r~.;rULLUU~:::~~ L~t1hJ;j~';lU'lIt1\l~'M~~\lt)')\l F1.2.2 (before) nUm1~'f)U~U'tl\l 
..I ~~ _ 
L~'f)~fl';lU't1\lYl'M~~\lt)')\l F1.2.2 (after) 

Dose-Response 
ACh 1x 10-7 

Tension (% of baseline) 

ACh 1x 10-6 ACh 1x 10-5 

before 0.29 :!: 0.03 1.26 :!: 0.21 1.73 :!: 0.25 

after 0.27 :!: 0.06 1 .11 :!: 0.16 1.66:!: 0.18 

Ileum-fraction 
2.5 

2.0 

1.5 

CI -+- if-Before 

_ If-After1.0 

0.5 

0.0 

ACh-7 Ach-6 Ach-5 

111..,9117 LmtlUL~tl'l.Jn1~~'tlU~U'tl\l''tl\l isolated ileum ''tl\l'VI~LL~."IJi'tl!Jir;Jn~:::~U acetylcholine ~ 
~~ ~ ~ ~ 1 ,~~ - • ~ ~~ 
~'VI 3 1"l';l1~LnJ'UIJ,Uu~:::~~ L~'tl ~~~';lU''tl\lYl'M~IiN'tl1\l F1.2.2 (before ) I.I.Iil:::L~'tl~fl';lU''tl\lYl'M~ 

~\l'tl1\l F1.2.2 (after- ) 
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CSl .q.Q. .. I ~ dQ &:ltV l:. .. 1 _I .ai I QJ

2. n1'"nH1~H1~~1~~~~1'u'=n~u~~~~~~~~~1~~~q~fi~u~~ua1~u'=~1~~~~nu.. 
v ~' 

na1~b'W~ (TOXICOLOGICAL STUDIES) 


1) n1'Vl1ri1F111~btl'WVi~ (lethality) 


1.1 ~an1'Vl1ri1F111~btl'WViH~~~~m~~~1~ (crude venom) .. 

Dose total % mortality 

IJg/mouse S D S D 

17.8 5 0 9 0 0 

25 4 1 4 1 20 

35 0 5 0 6 100 

49 0 5 0 11 100 

68.6* 

*Yl01'dl:W Li:wii..l~"mh'd1~1rJ1'Vll n15'~i?l1t\~V11"'Vli?lfl1:l" l111:l"'"l1n~0l')1:W l-ii:w-iii..l 49 hl~01mf:w~V11"'Vl t?lfl1:l" 

[9]ltJ'I;1~"~ i?lV;~1~ Lfli..l011"i'd ~:W" 

log LD50 = log 01 lower dilution + {log of dilution factor X [ 50%-mortality lowerl 

mortality upper- lower] 

= log 25 + {log 1.4 X [50-20/1 00-20]} 


= 1.3979 +{0.146128 X 0.3 75} 


= 1.3979 + 0.054798 


log LD50 = 1.4527 

LD50 = 28.36 IJg/mouse 
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1.2 f.J~m~V!1FhFl,;)1m1j'Wvht'lJ'f1..:J~,;)'W'lJ'f1..:J-W~..:J"'I..:J'f11..:JViLb~Jn~';)tI Q-Sepharose 1~ 7 fractions.. 
(KV 1 n..:J KV 7) 

Survival , D = Dea th) 

Fraction 

No. 

OD 

280 

mg/ml mg/mouse 0.2 ml "" L"'I'f1"'11..:J 

1 :2 

.... 
L"'I'f1"'11-!l 

1:4 

KV 1 1.1 629 1.06* 0.053 D D S 

KV 2 0.5629 0. 51 0.1 02 S S S 

KV 3 0.4199 0.38 0.076 S S S 

KV 4 0.4258 0.39 0.078 S S S 

KV 5 0.4844 0.44 0.088 S S S 

KV6 0. 1229 0. 11 0.022 S S S 

KV 7 0. 1642 0.15 0.03 S S S 

* diluted 1:4 (0.265 mg/rn l) riTl'Wn1 JV1 (?]~TlU 

, ,
Q 

[il1~1-!l'V1 21 L~ Tl "'l1~ -W 'rt~ (O) Yi 1 (KV 1) Yi m1lJL.jJlJ oli'WJ:::i-d 1~n1JL~Tl "'l 1 ~Yi 1:2 LL'i'l ::: 1:4 b(?]UiJ 

dilution fac tor Lvi1nu 1.4 (S = Survival, D =Death) 

Dose total % mortality 

IJg/mouse S D S D 

9.6 3 0 4 0 0 

13.5 1 2 1 2 67 

18.9 0 3 0 5 100 

26.5 0 3 0 9 100 

log LD50 = log of lower d ilution + {log of d ilu tion fac tor X [ 50%-mortality 

lower/ mortal ity upper- lower] 

= log 9.64 + {log 1.4 X [50-0/67 -OJ} 

= 0.984 + 0.1096 

log LD50 = 1.094 

LD50 'lJ'f1-!l KV 1 = 12.4 IJg/mouse 
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sf column 1~ 3 fractions (KV 1.1 ii..:l KV 1.3) 

= Sl.;rvival, D = Death) 

Fraction 00 mg/ml mg/mouse 0.2 ml 
Q 

b"'l'fl"'l1..:l 
Q 

b"'l'fl"'l1..:l 
Q 

b"'l'fl"'l1..:l I 
No. 280 1:2 1:4 1:8 

KV ' .1 0.8925 0.80* 0.040 S S S 

KV 1.2 

KV ~ . 3 

0.7377 

04364 

0.66" 

0.39* 

0.044 

0.040 

D 

S 

D 

S 

D 

S 

S 
I 

I 
I 
I 

'" 1111~1..:j'Vl 23 

d ilutior :actor LVl1nlJ 1.4 (S = Survival, D = Death) 

Dose total % mortality 

IJg/mouse S D S D 

5.6 2 1 3 1 25 

80 1 2 1 3 75 

1: .2 0 3 0 6 100 

log LD50 = log of lower dilution + {log of di lution factor X [ 50%-mortality 

lower/ mortality upper- lower] 

= log 5.6 + {log 1.4 X [50-25 75-25]J 

= 0.748 18+0.07306 

log LD5J = 0.8212 

LD50 "lJ'fl..:l KV 1.2 = 6.63 IJg/mouse 
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1.4 e.J~m'i'\!llfilFl'JlmtJ'lJW'H 'lJ'fl-3W'H-3"'1-3'f11-3"'11nm'iLL~n~'J'IJ KV 1.2 ~'J~ SP-Sepharose
OJ 

column 1~ 6 fractions (KV 1.2.1 ij-3 KV 1.2.6) 


~1'i1-3~ 24 Preliminary test; H~'l..mhl ml~Lif~if'Wfl~ 3 ~'J (S = Survival, D = Death)

'" 

Fraction 

No. 

OD 

280 

mg/ml mg/mouse 0.2 ml L~'fI"'I1-31 :2 L~'fI"'I1-3 1:4 

KV 1.2 .1 0.0944 0.085 0.0170 D D S 

KV 1.2 .2 0.1817 0.163* 0.0163 D D S 

KV 1.2 .3 0.0927 0.083 0.0166 D D S 

KV 1.2 .4 0.0895 0.080 0.0160 D D S 

KV 1.2. 5 0.0455 0.041 0.0082 S 

KV 1.2.6 0.0466 0.042 0.0084 S 

*L~!l'"ll~~M~ 2 LYi l LYl!ll,x~ml~L'J'f~.jf'Wln~L~tJ~nu Fraction 1-4 ~~m~lruhJ~~'Wvl~mh'J~lnn'h 
'" 

2LD50 'lJ!l~~M~ri!l'Wn1~.yhl,xu1'~'Vl'if (2 x 6.6= 13. 26 ~g !m) 1'W~~HFl'Jl~L'J'f~.j['WLh~~lru 16 

~g!ml 

= Survival, D = Death) 

Dose total % mortality 

~g/mouse S D S D 

3.05 3 0 9 0 0 

4.25 3 0 6 0 0 

6.09 2 1 3 1 25 

8.5 1 2 1 3 75 

log LD50 = log of lower di lution + {log of dilution fac tor X [ 50%-mortality 

lower! mortality upper- lower] 

- log 6.09 + {log 1.4 X [50-25!75-25]} 

= 0.7846 + 0.07306 

log LD50 = 0.8576 

LD50 'lJ'fI-3 KV 1.2.1 = 7.2 ~g/mouse 
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= Survival, D = Death) 

Dose total % mortality 

IJg/mouse S D S D 

2.92 3 0 6 0 0 

4.07 3 0 3 0 0 

5.84 0 3 0 3 100 

8. 15 0 3 0 6 100 

log LD50 - log of lower dilution + {log of dilution factor X [ 50%-mortality 

lower/ mortal ity upper- lower] 

= log 407 + {log 1.4 X [50-0 '100-0]} 

= 0.6096 + 0.07306 

log LD50 = 0.6826 

LD50 'lJ'fl~ KV 1.2.2 = 4.8 IJg/mouse 

= Survival, D = Death) 

Dose total % mortality 

IJg/mouse S 0 S 0 

2.97 3 0 6 0 0 

4.15 3 0 3 0 0 

5. 95 0 3 0 3 100 

8.3 0 3 0 6 100 

LD50 = log of lower dilution + {log of dilution factor X [ 50%-mortality 

lower/ mortality upper- lower] 

= log 4.15 + {log 1.4 X [50-0/100-0]} 

= 0.618 + 0.07306 

LD50 - 0. 69 11 

LD50 'lJ'fl~ KV 1.2.3 = 4.91 J,Jg/mouse 
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Survival, D =Death) 

Dose total % mortality 

~g/mouse S 0 S 0 

2.9 3 0 6 0 0 

4.0 3 0 3 0 0 

5.7 0 3 0 3 100 

8.0 0 3 0 6 100 

LD50 	 = log of lower dilution + {log of dilution factor X [ 50%-mortality 

lowerl mortality upper- lower] 

= log 4.0 + {log 1.4 X [50-0/1 OO-O]} 

= 0.602 + 0.07306 


LD50 = 0.6751 


L050 "lJ'eh'l KV 1.2.4 = 4.73 ~g/mouse 


2) ~~1'V1m"lJ'fl,,'Gi'J'tJ"lJ'fl"~H"~"'fll" 	 KV 1.2.2 ~'fl~'U'U111tJ1'Wil"m~ (systemic toxicity test) 
OJ 

oC:II Q..I Q 4 oC:II QJ 	 IV 0 

bL'U'UL'il~'U'W~'W (acute toxicity) LL~~'W~n"L'il~'U'W~'W (subacute toxicity) ml~"lJ'flm'VI'WcPl"lJ'fl" 

WHO (1993) LL~~ OEeO (2001) 

2 .1 	m'ifiin~1 single dose toxicity 

" ~t?1 F1.2.2 mm{;1~ 0.1 mll'~hn~1~Lti!l"lJ1"'~\l"''Wl~1;
" 


n~~Vl1 n'Ci~muA~ 1~fu l\lormal saline 
q , , 

, 


n~~Vl2 1~f1J F1.2.2 "lJ'W1t?1 2.6 J.lg/mouse 

, 


n~~Vl3 1~fu F1 .2.2 "lJ'tJ1cPl 3.6 J.lg/mouse 

, 


n~~Yi 4 Hifu F1 .2.2 "lJ'tJ1t?15.0 J.lg/mouse 

, 


n~~Yi 5 1~fu F1 .2.2 "lJ'tJ1t?1 7.1 J.lg/mouse 


~U~1 n~~~ 1-3 ~{;1rJVI t?1tl!l\ln~~ {;1~!l t?1'"1'tJA~U 14 rr'W ~'d'Wn~~~ 4-5 ~{;1rJVI cPl~!l\l {;11tJfl1tJL'tJ 1 -B''d b~\l
, 	 q 

"'~\l~t?1 F1.2.2 l~!lAm{;11~~:;tJ:;l'dtl1 euthanized ~{;1rJVlt?1tl!l\l (;]t?1!lrrtJ'd:;1~llri (;]1J 1{;1 ,r'dL'"I tJ!lt?1 

~1~ {;1~'d'"lVl1\l~mmVlm 1~e.Jtl~\l~ 
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Pathological Findings: NSS, F1 .2.2 (2.6 f-Jg, 3.6 f-Jg, 5.0 f-Jg, and 7.1 f-Jg) 

When we administrated different amount of venom F1.2.2, at 2.6 f-Jg, 3.6 f-Jg, 5.0 f-Jg, and 7.1 

f-lg and used control as NSS, we observed significant change in multiple major organs 

including liver, kidney, heart, lung, spleen, and genital organs. 

Liver tissue was in well recognized architecture with intact central vein and unremarkable 

change of portal triads. Hepatic sinuso;ds and regional Kuffer Cells had no significant 

change . Nonspecific congestion was observed, possible nonspecific post-mortem change. 

Kidneys showed well demarcated cortex and medulla area with nonspecific vascular 

congestion Glomeruli were intact with no significant change in renal tubules and blood 

vess els. Interstitium was unremarkable. No significant histopathologic change is found. 

Heart muscle revealed no evidence of ischemia or infarction. 

Endocardium was smooth and intact. Pericardium was unremarkable. Sampling lung tissue 

exhib ited no specific congestion without occupying lesion. Alveoli were empty in good shape 


with thi i erstitium and capillaries. 


Broncheal tree had no significant change. Pleura was thin and no abnormal infiltration. 


Spleen had no significant histologic change. Congestion in splenic parenchyma was 


ieiTIai;,:abie ,;viti"! intact iymphoid tissue. 


Testes showed well preserved seminiferous tubules with active secondary spermatogenesis. 


No abnormal cellular infiltration was detected. 


Ovaries were unremarkable. 


2.2 m~flimn repeated-dose toxicity 

~!?l F1.2.2 tfhJ1(;W 0.1 ml l·ihn~1~.Hdm1V1~~t)1.J~~r1f~~!?lr;iml1.J 28 t)1.J 


n~lJ"''J'Ur)J.J l~f'U Normal saline
, , 

n~lJYi 2 l~f'U F1.2.2 "Jj1.J1!?l 0.1 LD50 (0.4 J.lg) 


n~lJYi 3 lJ1f'U F1.2.2 "Jj1.J1(;) 0.2 LD50 (08 J.lg) 


n~lJYi 4 l~f'U F1.2 .2 "Jj1.J1!?l 0.4 LD50 (1.6 J.lg) 


l~~"'5''U 1?I1 m~tJ~L'J~1 euthanized il?lrf'Yl(;)~~~ (;](;)~t)m~lJ1llri (;]'U 11?1 ~'J1"l tJ~(;) ~1lJ lL~~~t)m~ 

~'U~wf (915'':l''l'Yl1~'Y'lmfirj'Ylm 'Y'l'U~1L~~1~ F1.2.2 'YlnrJ1.J"l1.J"'5"U 28 t)1.J n~lJ~ 1-3 il?lrf'Yl(;)~~~vr~
, " 
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b~ ~ ~bb~ ~b'Y'H'lbiJtJiJ~~!?l:i'!l~ V11 mnnu b~!l~ b~!l!?l:i'(:V"l~lLiJ~L~'fl ~ bb~:::bnU!lt)tJ'):::j;h'l1 b~!l~'ll?l:i',)"'l 

V11'l~mfi~V1tJ1lii!lhj 1t!<Jjru~~nti~~ 4 ~l?l'rV1~~!l'l~'lL~~~bL~:::b~~bijtJl?lltJ1t!t)t!~ 5 ~~'l1~fmll:i', ~ 

Group 
% Differential count 

Neutrophils Band Eosinophils Basophils Lymphocytes Monocytes 

NSS/Male 38.4 0 1.6 0 59.6 0.4 

NSS/Female 27.4 0 3 0 69 .2 0.2 

0.1 LD50/Maie 37.5 0 2.5 0 60 0 

o 1 LD50/Femaie 26.4 0 1.8 0 71 .6 0.2 

0.2 LD50/Maie 34 0 2.4 0 62.4 1.2 

0.2 LD50/Femaie 33 0 1 0 65 1 

0.4 LD50/Maie ~u~1?lr)V1 ~~!l'll?l1tJLt!t)t!~ 5 ~~'l~I71~~'l (hJ~l~l:i'r;) bnu b~!l171~11?l:i',)"'l1~)
~ 

04 LD50/Femaie ~u~I?lr)V1~~!l'll?l1tJ1t!t)t!Vl5 ~~'l~~~~'l (hJ~1~1:i'mnUb~!lVlWII?l:i',)"'l1~)
~ 

Group 
R.B.C . 

6 
per j.Jl (x10) 

Hemoglobin Hematocrit Platelets W.B.C 

g/dl % 
3 

per j.Jl (x10 ) per j.Jl 

NSS/Male 6.29 12.00 38.80 469.80 4420.00 

NSS/Female 6.8 13.0 41.8 466.4 4700 .0 

0.1 LD50/Maie 6.08 11.80 37.80 557.40 3340.00 

0.1 LD50/Femaie 6.24 12 38.6 434.8 4280 

0.2 LD50/Maie 6.82 10.60 38.80 552.40 5740.00 

0.2 LD50/Femaie 6.56 11.8 38.2 444.4 5800 

0.4 LD50/Maie "I~lJ~1?lr)V1 Vl't1!l'll?l1tJLt!t)t!~ 5 ~~'l~~~~'l (hJ~l~l:i'mnU b~!l ~~ 11?l:i',)"'l1~)
" 

0.4 LD50/Femaie ~u~1?lr)V1 Vl~!l'll?l1tJ1t!t)t!~5~~'l~Vl~~'l (hj~lm:i'r;) Lnu b~!l ~~11?l:i',)"'l1~)
" 
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Pathological Findings: NSS, F1 .2.2 (0.1, 0.2 and 0.4 LD50) 

At 0 1, 0.2 and 0.4 LD50 in both male and female groups, there was no significant change in 

multiple major organs including liver, kidney, heart, lung, spleen, and genital organs. 

Hepatic parenchyma was in well recognized architecture with intact central vein and 

unremarkable change of portal triads. Hepatic sinusoids and their neighbors (Kuffer Cells) 

had 0 signl icant change. Nonspecific congestion was observed, which was more li kely be 

post mo e change. 

Kidneys i"ovved well demarcated cortex and medulla area with nonspeci fic vascular 

cong es Ion. Glomeruli were intact with no sign ificant change in renal tubules and blood 

vessels . 

Interstitium was unremarkable. Four functiona l components of kidney were examined and 

founded no serious pathologic condition 

Heart muscle revealed no evidence of ischemia or infarction . 

Endocardium was smooth and intact. Pericardium was unremarkable. Sampling lung tissue 

exhibi'ed nonspeci fi c congestion without occupying lesion. 

Alveoli were empty in good shape with thin interst itium and capi llaries. Broncheai tree had 


no sig nifi cCi llt change. Pleura ','.as thin and no abnormal infil trat ion. 


Spleen had no sign ificant histologic change. Congestion in splenic parenchyma was 


remarkable with intact lymphoid tissue. 


Testes showed well preserved seminiferous tubules with active secondary 


spermatogenesis. No abnormal cellular infiltration was detected. 


Ovaries were in normal histology . 


.e:! CV' d' I ~ dec JI 

4) e.J~m~'Vl(;l~'fl'l.Hl'Vlfin'flmn~'Vfufi (Mutagenicity) 'lJ'fl~~'J'U'lJ'fl~~~~~~'fll~ KV 1.2.2 'Vl3.Hl'Vlfi. ~ 

~'lJ~~tJ~l~tJ 'a~~I'VlvilPi'fl Ii'"..! nilaJ bif'fl bb~~ KV 5 vi Lb~(;l~ q'Vlfi' anticancer Lb~~ antimicrobial 
J I CV' d' 

1. m'a'Vl (;l1l'fl'U q'Vl fin'fl m~n~I~~'U~ 

r.nnn15''Vli?1~'tltJ~ 'Vliri'tlnl mrntJ~'Uf'lJ 'tl'l~'l'U'lJ'tl'l~M~'''l'l'erl'l KV 1.2.2 LLr1 ~ KV 5 L(;ltJyi1n15' 

'Vl(;l~'tllJntJ l~'tllltJFl ViL1tJ S. typhimurium ~ltJ~'UfTA98 LLr1~ TA1 00 1'U~[\I'l~~rhLr1~1~iJ S9 ~1J~ 1 
~1:i' KV 1.2.2 LLr1~ KV 51~iJ~ 'Vl 1fri'tl n1 mr11tJ~'Uf ~'lLL~i?1'l1'Ur;n:i'I'l~ 1 LLr1~ 2 LLr1 ~ ~'lrtJ~ 1 LLr1:: 2 
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r 

~11t1fu~Vlfiri'Elm'l1t1vr'Wf"1J'El-:J positive control "1J'El~~IS'lJl(;JS'~I'W 2-AA, AF-2 LL~:: 4-NQO C;)-:JLL'M)-:J 

1'Wl?ni'1-:J~ 3 , 4 LL'i'1:: 5 mlJ~lC;)u LL'i'1::c;)-:J~i.J~ 3 
'J 

~1'il~v\ 31 91 'W'd'W revertants 'lJ'El-:J L~'El~1fl'Wn1~1'l(;1~'ElU~Vltri'El n1m~ntlvr'Wf'll'tl-:J~'d'W"1J'El-:J~'M~ 
"'1-:J'Eli-:J KV 1,2.2 

~1~Vl(;1 ~'ElU KV 1,1,2 -S9 +S9 

(mg/plate) TA98 TA100 TA98 TA100 

0 13 124 20 132 

0,02 13 126 25 128 

005 15 137 23 125 

0, 1 19 130 25 128 

0.2 20 174 26 179 

~1'il~v\ 32 91'W':I'W revertants 'lJ'El-:J b~'El~1-n'Wn1S'Vl(;1~'ElU~Vltri'Eln1m~lt1vr'Wf'/Jtl-:J~'d'W"1J'El-:J~'M~ 

"'1-:J'Eli-:J KV 5 

~1~Vl(;1 ~'ElU KV 1,1.2 -S9 +S9 

(mg/plate) TA98 TA100 TA98 TA1 00 

0 12 119 17 131 

0.02 14 110 12 122 

0,05 14 124 15 118 

0. 1 16 118 10 103 

0.2 16 118 13 90 
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O ~~r-~r-----~------~----~~----~ 

o 0.05 0.1 0.15 0.2 025 

concentration (mg/plate) 

100 


90
i 


i 80 


70

S 60
15 

() 

1! 50 

~ 
II 
 40
>
! 

30
~ .. 
.8 20 


~ 
z 10 


0 


-
20 


S 
~ 18 


.2-Q. 

16 

CJ
-
>- 14 
c:: 

.2 12
o 
CJ 

C 10 


~ 8 

> e 6 

o 
-

Ci; 4 

.Q

E 2 

::J 
Z 
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2-AA 


2-AA (~g/50~l/plate) TA98 TA100 

0.25 141 166 

0.5 465 921 

1.0 758 1298 

AF-2 


-S9AF-2 

TA100TA98(J...lg/50 ~lI/plate) 

- 2130.005 

- 7540.01 

-0.02 995 

-0.05 220 

0.1 -480 

-7710.2 

4-NQO 
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0.025 

0.05 

0.1 

0.2 
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QJ .... 

bl1~"li'J'VI!l1 
, .- 0

1'WnI~~mi'I~'J'W~m.Jn1Jf"nnvh~'lr.WeJl'l (crude venom) ,r'W~'eJ F1.2 .2 ~'l'eJ'eJn~~fiflufl'lU~I~ 
'lJ 

0

U~:::~I~(;]'eJnun~l~bU'eJ ('i:(;1~H' isolated mouse's phrenic nerve-diaphragm dj'W:i'UbbUUnl~~m~n)
'lJ 

1'W~,r"lJ~'JI'lm~~U ~U~lb~'el1~ F1.2.2 1'W"lJ'W1(;1 6, 18,54 J.lg/kg b-nI"'~'el(;1b~'eJ(;1(?'h1'Wr)~'li'J'i:~'lbbm 

A'JI~c;l'Wb~'eJ(;1~(;1~'l ~~~'WfinU"lJ'WI(;1"lJ'eJ'l F1.2.2 tll"lJ'WI(;1 F1.2.2 ~'l'"l:::~(;1A'JI~c;l'Wb~'el(;1~ln'"l'W~,r"lJI?lI~
'lJ , 

I , '" I 

"lJ ru:::-vi A'JI~ c;l'Wb~'eJ(;1~ (;1~'l tll?ln nln~'W"lJ'eJ'l~'JL'"l'"l::: b~~~'W ~'l't.h'"l:::dj'W~~"lJ'eJ'l F 1 .2. 2 'i:(;1~ I?lN (;]'el~'JL'"l 

b~n:::ijn~'lI'W~11'W~~'l'"l'l'eJI'lij~I~~~(;]'eJ~'J1'"l 1'Wi] A.~. 1999
13 ijnml'W~I~~Ir1ru~ dj'W~I~~~(;]'el14 

'lJ ~ 

~'J1'"l (cardiotoxiC factor) '"lln~~~'"l'lm'l"lJ'eJ'l~'Wb~~ (Indian snake King Cobra Ophiophagus hannah) 
d 0 _ Q Q Q Q. q ~ 

bb~:::~nlnL~ n~I~~1AC1J"'~I~"l!'W(;1'"l1 n~~~ ~1~'"l1 n~~~UI'l"l!'W(;1~ ~ ru~~u I?l cardiotonic/anti-arrhythmic 

bb~:::~lJ~~n1~~n~I~'l~'eJ(;1A~'eJ'ln'W1'W rat's isolated right auricle ~'l~U~1 F1.2.2 ~(;1bb~'lUU(;]'J"lJ'eJ'l 

isolated right auricle ~1?l'eJU~'W'eJ'l(;]'el(;]'Jn~:::~'W epinephrine bb(;]hJ1Jf~n~~~'i:(;1~I?lN"lJ'eJ'l F1.2.2 (;]'eJ, 

bb:i''lUU(;]'J"lJ'eJ'l~'J1'"l tll?ln mn~'W"lJ'eJ'l~'J1'"l~ b~~~'WbU'Wn1~I?l'eJU~'W'eJ'l"lJ'eJ'lh'l nI~ (compensatory 

, " 
"'~'eJ(;1b~'eJ(;1bU'eJ'l'"lln F1.2.2 hJij~~(;]'eJ rat's isolated blood vessel bb~(;1'l~lhjij~~(;]'eJn~l~bU'eJb~~U 

'"l:::b'~'W~1 F1 .2.2 hjij~~(;]'eJ rat's isolated trachea b"li'Wn'W 

" hjij~~ (;]'eJ n1~UU (;]'J"lJ'eJ'l n~l~ bU'eJb~~U~11~b~n 

~~(;]'eJnI:i'y'h"'ih~"lJ'eJ'l11?l~U~I~~i"lJ'eJ'l~~~'"l'l'eJ1'l1'W"lJ'WI(;1 0 .05, 0.1 0.2 mg/Kg bb~::: F1.2.21'W 

"lJ'WI(;1 6,18,54 J.lg/kg ij~~A~I~A~'ln'W ~'lJ~I~(;1tll?lnm~1"'~"lJ'eJ'lb~'eJ(;1bb'i:'l:::~~I~~.h ~(;1n1m~'eJ'l~'i:n~ 
, " 

b~'eJ~~~ ~(;1n1~1"'~"lJ'eJ'lU~~I'J:::i~~'Wfinu"lJ'WI(;1"lJ'el'l~~'l bb~::: F1.2.2 bb~~I'"l:::ijm~b~~~'WUI'l'"l(;1b'J~1 bb(;]ij
'lJ 'lJ , 

" ,
A'JI~bbthu~'J'W~ln ~~.wdj'W~~~UbU'eJ'l'"llnn1~~(;1A'JI~c;l'Wb~'eJ(;1 ~~'l'"l'lm'l (crude venom) 

'IJ 

~~n1~~n~1 Motor Coordination 'i:(;1~ Rotarod Test hJ~'lJ~1 F1.2 .2 ij~~(;]'eJn1nA~'eJ'W1"''J"lJ'eJ'l''''Wb~l~
'IJ 

bb~:::fl'l~'lJ~1 F1.2.2 ~(;1n1~'eJ'eJn~~i"lJ'eJ'l pentobarbital sodium ~'ln(;1U~:::~I~~'J'Wn~I'l1'Ww~~b~l~ ~~ 
t.- '«", I 

.w1?l:i''l.jfI~ n'lJn~'lI'Wn1:i'~Uhh~'W"l!U(;11mJ ohan in '"lln~~~'"l'l'eJI'l~'lij ~~fiintn1~~ (;1 n1~bA~'eJ'W1",'J1'WWl~ 
'" 0 I.f Q. ~ J' & I

b~l~ bb~:::~11mn(;1mn1nJ'J(;1b~~"lJ'W (dose-dependent hyperalgesic effect) 'i:(;1~'el'eJn~~fil?l'eJ:i':::U'lJ 
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1'Wn1~VllrilfOl'Jll-Jbtl'WYi~ (Lethality) ~U~I LD50 "lI!l'l crude venom =28.36 J.lg/mouse, F1 = 
, 

~ ~ ~ Q q

12.4J.lg/mouse, F1 .2 =6.63 J.lg/mouse, F1 .2.2 =4.8 J.lg/mouse bb~(?)'1rJ'I'~'J'WVlbbtJn'''lln~~~'"l:;l-JfOl'Jll-J 

bu'WYi~~'1n~1 crude venom bb~~:; fraction n~ru~l-Ju'1i!lrJl'Ih1~ntJ'll'W1~'W'i:fOlNn1~~ 1 (Study of 

Quality Specification of King Cobra (Ophiophagus hannah) Venom for Standardization) 

e..J~n1~~n~1 single dose toxicity ~'1dj'W acute toxicity ~U~I F1.2.2 "lI'WI(?) 2.6, 3.6, 5. 0 bb~:; 7.1 

J.lg/mouse hJVh1~m~b~lij;]lmb~ ::;n1~j;]~'J'"lVlI'l~mfi~V1m b~!l ~n1ntJ~tJ'Wbb1J~'1~ij'l!tJ~1 ~'l.!"lI!l'l!lt)t!'J::; 

~I~'l.! 1~bbri liver, kidney , heart, lung, spleen, and genital organs 1lJ~Un1ntJ~tJ'WbbtJ~'1~n 

'l!tJ~1 ~'l.! 
>

di 

multiple dose toxicity VI~!l subacute toxicity 'i:(?)tJ1~ F1.2.2 t)'W~::;fOlf'l 

IV , , 

bb~VI\1b~li~'1b~P1~ bb~:;b~P1bntJYl1~fu F1 .2.2 0.4 LD50 (1 .6 J.lg) 1~j;]ltJ1'Wt)'WYl 

5 e..J~ n1~j;]~'J'"l bi1 (?) b~!l(?)"1!il(?) ~1'I1 1lJ bbj;]n ~I'I n'W!lrJl'In'l!tJ~1 ~'l.! e..J ~ nl~j;]~'J'"lVlI'l~mfi~V1m1lJ~un1~ 

~tJ~tJ'WbbtJ~'1~n'l!tJ~1 ~'l.! 

~ltJ~'Wfi 
• 

TA98 bb~:; TA 1 00 1'W~JlI'J:;~n S9 bb~:;~JlI'J::;~1lJn S9 bmtJubYltJunu ~1~ri!ln~ltJ~'Wfi 
q 

'" I r i.I 

l-J1j;]~.JI'W 4 nitroquinoline-1-oxide (4-NQO) ~U~I KV ~'1 F1 .2.2 (bU'W fraction Yln~V1fiuuu'l 

neuromuscular junction) bb~::; F5 (bU'W fraction ~nfi1ntJJlI~) 1lJb~l-J~I'W'J'W revertant co lony bb~(?)'1~11lJ 
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Q,Q,Q J: Q I ~d 
biomolecules IOn nY/1j'~'I-l~I£J"lli.!111 :W~'£J'IIi.!nlnb£Jn,,;q I~'f)'f)n ~'VlDr.n n'V'l'lj'~9'1'f)I'I L"lli.! m ~:;~,£J~:W L~'f) 111 

' nUI111~lJ (novel fibrinolytic peptide 'I-l1'f) Hannahpep)18,19, 20 m~n'lj'I:W:::b~'1 m~I11'fl1n1~tJ'J1112 1 ~~ 

~'Vltrl~'£Jrl~'1n1J morphine 1i.!nI~~n'lj'I~~£J~nmli.!~lJlLL£Jn-w'lj'~9'1'f)1'I1Jl F1.2.2 ~~~'Vlt 
neuromuscular blocking action L~'f)~n'lj'lbmh~J'Vlm bL~:::-W'lj'~'Vlm"ll'f)'1 F1.2.2 'V'l1J~,llJ~~'Vlt'VlI'l 

LJl~"ll~'Vlm~ LUi.!~i.!(;l~I£Jf,mbNi.!'f) n9, n'f)19~ ~'Vlt~'f),r'J19 ~'11i.!nI~~ n 'lj'1~llJLL,,;q 111'1 ~'Vlt~~i!£J~' ~'1.! 

<

bb~:::-W'lj'~'1b~£J1J'V'l~i.! ((0.4, 0.8 bL~::: 1.6 ~g) llJ~-W'lj'~~i!£J~,~qJ ~'1i!i.!t.h9:::\n F1.2.2 ltJ 

~n'lj'I-W~i.!I~'f)ltJ1w.Jlm~~~'Vltrl~l£J n~':WL~'f) (muscle relaxant) 
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n1~~n~1~~';hun "lI'1.I1 (?)"lI'il.:J~1~'V1 (?)~'il'l..Jdr'ilb~'il1l1V.'V1'" Wlflf 'VIti1 

Single-dose NSSLiver Male 1 

Kidney Male 1 

Heart Male 1 

Lung Male 1 

Spleen Male 2 

Testes Male 2 

Single-dose F1.2.2 2.6 ug Liver Male 2 

Kidney Male 2 

Heart Male 3 

Lung Male 3 

Spleen Male 3 

Testes Male 3 

Single-dose F1.2.2 3.6 ugLiver Male 3 

Kidney Male 4 

Heart Male 4 

Lung Male 4 

Spleen Male 4 

Testes Male 4 

Liver Single-dose F1.22 5 ug Male 5 

Kidney Male 5 

Heart Male 5 

Lung Male 5 

Spleen Male 6 

Testes Male 6 

Liver Single-dose F1 .2 .2 7.1 ug Female 6 

Kidney Female 6 



27 Heart Female 7 

28 Lung Female 7 

29 Spleen Fem ale 7 

30 Testes Fem ale 7 

31 Liver Single-dose NSS Female 7 

32 Kidney Female 8 

33 Heart Femal e 8 

34 Lung Female 8 

35 Spleen Female 8 

36 Ovari es Female 8 

37 Liver Sing le-dose F1.2.2 2.6 ug Fe male 9 

38 Kidney Female 9 

39 Heart Fem ale 9 

40 Lung Female 9 

41 Spleen Female 10 

42 Ovaries Femal e 10 

43 Liver Single-dose F1 .2.2 3.6 ug Female 10 

44 Kidney Femal e 10 

45 Heart Fem ale 11 

46 Lung Female 11 

47 Spleen Female 11 

48 Ovaries Female 11 

49 Liver Single-dose F1 .2.2 5 ug Male 11 

50 Kidney Male 12 

51 Heart Male 12 

52 Lung Male 12 

53 Spleen Male 12 

54 Ovaries Male 12 



55 Liver Single-dose F1.2.2 7.1 Og Male 13 

56 Kidney Male 13 

57 Heart Male 13 

58 Lung Male 13 

59 Spleen Male 14 

60 Ovaries Male 14 

61 Liver Repeated-dose NSS Male 14 

62 Kidney Male 14 

63 Heart Male 15 

64 Lung Male 15 

65 Spleen Male 15 

66 Testes Male 15 

67 Liver Repeated-dose F1.2.2 0.1 LD50 Male 15 

68 Kidney Male 16 

69 Heart 
I 

Male 16 

70 Lung Male 16 

71 Spleen Male 16 

72 Testes Male 16 

73 Liver Repeated-dose F1 .2.2 0.2 LD50 Male 17 

74 Kidney Male 17 

75 Heart Male 18 

76 Lung Male 18 

77 Spleen Male 18 

78 Testes Male 18 

79 Liver Repeated-dose F1 .2.2 0.4 LD50 Male 18 I 
80 Kidney Male 19 I 
81 Heart Male I 19 I 

I 

! 

82 Lung Male 19 I 



83 Spleen Male 19 

84 Testes Male 19 

85 Liver Repeated-dose NSS Female 20 

86 Kidney Fem al e 20 

87 Heart Female 20 

88 Lung Female 20 

89 Spleen Female 21 

90 Ovaries Female 21 

91 Liver Repeated-dose F1.2.2 0.1 LD50 Female 21 

92 Kidney Fem ale 21 

93 Heart Female 22 

94 Lung Female 22 

95 Spleen Female 22 

96 Ovaries Female 22 

97 Liver Repeated-dose F1 .2.2 0.2 LD50 Female 22 

98 Kidney Female 23 

99 Heart Female 23 

100 Lung Female 23 

101 Spleen Female 23 

102 Ovaries Female 23 

103 Liver Repeated-dose F1.2.2 0.4 LD50 Female I 24 

104 Kidney Female 24 

105 Heart Fema le 24 

106 Lung Female 24 

107 Spleen Fema le 25 

108 Ovaries Female 25 
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Pathological Findings: I single-dose toxicity of F1.2.2 (2.6 IJg, 3.6 IJg, 5.0 IJg, and 7.1 IJg) 

1. Normal Saline Solution in male mice 

Figure 1 (male: liver) Well preserved hepatic 

architecture with intact portal veins, hepatocytes 

and portal triads. No mass or abnormal lesion is 

noted. No remarkable change of hepatocytes is 

detected. No sinusoid dilatation or infiltration is 

seen . (x20) 

Figure 2 (male kidney) Kidney demonstrated well defined cortex and medulla areas with no remarkable 

change affecting renal glomeruli, renal tubules, interstium and blood vessels. Fluid accumulation in capsular 

space of some glomeruli is noted. (Left x20, right x40) 

Figure 3 (male: heart) Cardiac muscle is free of 

infarction or ischemia. No significant change is 

detected. Vascular structure is intact. (x20) 

Figure 4 (male: lung) Benign lung tissue reveals 

spotty congested dilated vessels with suspicious 

parenchymal hemorrhage. Alveoli and broncheal 

epithelium are good shape or intact. (x20) 
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2. F1.2.2: 2.6 1-19 in male mice 

Figure 7 (male: liver) Well preserved hepatic 

architecture with intact portal veins, hepatocytes 

and portal triads. No mass or abnormal lesion is 

noted. No remarkable change of hepatocytes is 

detected. (x20) 

Figure 5 (male: spleen) Benign splenic 

parenchyma is composed of lymphoid tissue 

with mild congestion and no remarkable 

chanQe. (x20) 

Figure 6 (testes) Well preserved testicular tissue 

reveals benign appearing with active secondary 

spermatogenesis. (x20) 

Figure 8 (male kidney) Kidney demonstrated well defined cortex and medulla areas with no remarkable 

change affecting renal glomeruli, renal tubules, interstium and blood vessels. Fluid accumulation in capsular 

space of some lomeruli is noted .. Left x20 ri ht x40 
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Figure 9 (male: heart) Cardiac muscle is free of 

infarction or ischemia. No significant change is 

detected. Vascular structure is intact. (x20) 

Figure 11 (male : spleen) Benign splenic 

parenchyma is composed of lymphoid tissue 

with mild congestion and no remarkable 

chanQe. (x20) 

3. F1.2.2: 3.6 j.Jg in male mice 

Figure 10 (male: lung) Benign lung tissue reveals 

spotty congested dilated vessels without 

parenchymal hemorrhage. Alveoli and broncheal 

epithelium are good shape or intact. (x20) 

Figure 12 (testes) Well preserved testicular tissue 

reveals benign appearing with active secondary 

spermatogenesis. (x20) 

Figure 13 (male: liver) Well preserved hepatic 

architecture with intact portal veins, hepatocytes 

and portal triads. No mass or abnormal lesion is 

noted. No remarkable change of hepatocytes is 

detected. No sinusoid dilatation or infiltration is 

seen . (x20) 
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Figure 14 (male kidney) Kidney demonstrated well defined cortex and medulla areas with no remarKable 

change affecting renal glomeruli. renal tubules. interstium and blood vessels. Fluid accumulation (Left x20. 

right x40) 

Figure 15 (male: heart) Cardiac muscle is free of 

infarction or ischemia. No significant change is 

detected. Vascular structure is intact. (x20) 

Figure 16 (male: lung) Benign lung tissue reveals 

spotty congested dilated vessels with suspicious 

parenchymal hemorrhage. Alveoli and bronc heal 

epithelium are good shape or intact. (x20) 

Figure 18 (testes) Well preserved testicular tissue Figure 17 (male: spleen) Benign splenic 

reveals benign appearing with active secondary parenchyma is composed of lymphoid tissue 
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4. F1.2.2: 5.0 1J9 in male mice 

Figure 19 (male: liver) Well preserved hepatic 

architecture with intact portal veins, hepatocytes 

and portal triads. No mass or abnormal lesion is 

noted. No remarkable change of hepatocytes is 

detected. (x20) 

Figure 20 (male kidney) Kidney demonstrated well defined cortex and medulla areas with no remarkable 

change affecting renal glomeruli, renal tubules, interstium and blood vessels. Fluid accumulation in capsular 

space of some glomeruli is noted. (Left x20, right x40) 

Figure 21 (male: heart) Cardiac muscle is free of 

infarction or ischemia. No significant change is 

detected. Vascular structure is intact. (x20) 

Figure 22 (male : lung) Benign lung tissue reveals 

spotty congested dilated vessels without 

parenchymal hemorrhage. Alveoli and bronc heal 

epithelium are good shape or intact. (x20) 
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5. F1.2.2: 7.1 ~g in male mice 

Figure 25 (male: liver) Well preserved hepatic 

architecture with intact portal veins, hepatocytes 

and portal triads. No mass or abnormal lesion is 

noted . No remarkable change of hepatocytes is 

detected. No sinusoid dilatation or infiltration is 

seen. (x20l 

Figure 23 (male: spleen) Benign splenic 

parenchyma is composed of lymphoid tissue 

with mild congestion and no remarkable 

chanqe. (x20) 

Figure 24 (testes) Well preserved testicular tissue 

reveals benign appearing with active secondary 

spermatogenesis. (x20) 

Figure 26 (male kidney) Kidney demonstrated well defined cortex and medulla areas with no remarkable 

change affecting renal glomeruli, renal tubules, interstium and blood vessels. Fluid accumulation in capsular 

space of some glomeruli is noted. (Left x20, right x40) 
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Figure 28 (male: lung) Benign lung tissue 

reveals spotty congested dilated vessels 

without parenchymal hemonilage. Alveoli and 

broncheal epithelium are good shape or intact. 

(x20) 

6. Normal Saline Solution in female mice 

Figure 27 (male: heart) Cardiac muscle is free of 

infarction or ischemia. No significant change is 

detected. Vascular structure is intact. (x20) 

Figure 29 (male: spleen) Benign splenic 

parenchyma is composed of lymphoid tissue 

with mild congestion and no remarkable 

chanQe. (x20) 

Figure 30 (testes) Well preserved testicular tissue 

reveals benign appearing with active secondary 

spermatogenesis. (x20) 

Figure 31 (female: liver) Well preserved hepatic 

architecture with intact portal veins, hepatocytes 

and portal triads. No mass or abnormal lesion is 

noted . No remarkable change of hepatocytes is 

detected. No sinusoid dilatation or infiltration is 

seen. (x20) 
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Figure 32 (female kidney) Kidney demonstrated well defined cortex and medulla areas with no remarkable 

change affecting renal glomeruli , renal tubules, interstium and blood vessels. Fluid accumulation in 

capsular space of some Qlomeruli is noted . (Left x20, riQht x40) 

Figure 33 (female: heart) Cardiac muscle is free of 

infarction or ischemia. No significant change is 

detected. Vascular structure is intact. (x20) 

Figure 34 (female: lung) Benign lung tissue 

reveals spotty congested dilated vessels without 

parenchymal hemorr11age. Alveoli and broncheal 

epithelium are good shape or intact. (x20) 

Figure 35 (female: spleen) Benign splenic Figure 36 (ovary) Well preserved ovaries reveal 

parenchyma is composed of lymphoid tissue intact normal structure with unremarkable change 

with mild congestion and no remarkable of benign ovarian stroma and eggs. (x20) 
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7. F1.2.2: 2.6 \.19 in female mice 

Figure 37 (female : liver) Well preserved hepatic 

architecture with intact portal veins, hepatocytes 

and portal triads. No mass or abnormal lesion is 

noted. No remarkable change (x20) 

Figure 38 (female kidney) Kidney demonstrated well defined cortex and medulla areas with no remarkable 

change affecting renal glomeruli, renal tubules, interstium and blood vessels. Fluid accumulation in capsular 

space of some glomeruli is noted. (Left x20, right x40) 

Figure 39 (female: heart) Cardiac muscle is free of 

infarction or ischemia. No significant change is 

detected. Vascular structure is intact. Suspicious 

intraluminal thrombus formation in cardiac 

ventricle is observed .. (x20) 

Figure 40 (female: lung) Benign lung tissue 

reveals spotty congested dilated vessels without 

parenchymal hemorrhage. Alveoli and broncheal 

epithelium are good shape or intact. (x20) 
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Figure 41 (female: spleen) Benign splenic 

parenchyma is composed of lymphoid tissue 

with mild congestion and no remarkable 

chanQe. (x20) 

Figure 42 (ovary) Well preserved ovaries reveal 

intact normal structure with unremarkable change 

of benign ovarian stroma and eggs. (x20) 

8. F1 .2.2: 3.6 ~g in female mice 

Figure 43 (female: liver) Well preserved hepatic 

architecture with intact portal veins, hepatocytes 

and portal triads. No mass or abnormal lesion is 

noted. No remarkable change of hepatocytes is 

detected. No sinusoid dilatation or infiltration is 

seen. change (x20) 

Figure 44 (female kidney) Kidney demonstrated well defined cortex and medulla areas with no remarkable 

change affecting renal glomeruli, renal tubules, interstium and blood vessels. Fluid 

accumulation in capsular space of some glomeruli is noted. (Left x20, right x40) 
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Figure 45 (female: heart) Cardiac muscle is free of 

infarction or ischemia. No significant change is 

detected. Vascular structure is intact. (x20) 

Figure 46 (female : lung) Benign lung tissue 

reveals spotty congested dilated vessels without 

parenchymal hemorrhage. Alveoli and broncheal 

epithelium are good shape or intact. (x20) 

Figure 47 (female: spleen) Benign splenic 

parenchyma is composed of lymphoid tissue 

with mild congestion and no remari<able 

chanqe. (x20) 

Figure 48 (ovary) Well preserved ovaries reveal 

intact normal structure with unremari<able change 

of benign ovarian stroma and eggs. (x20) 

8. F1.2.2: 5.0 1J9 in female mice 

Figure 49 (female: liver) Well preserved hepatiC 

architecture with intact portal veins, hepatocytes 

and portal triads . No mass or abnormal lesion is 

noted. No remari<able change of hepatocytes is 

detected. No sinusoid dilatation or infiltration is 

seen . (x20) 
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Figure 50 (female kidney) Kidney demonstrated well defined cortex and medulla areas with no remarkable 

change affecting renal glomeruli, renal tubules, interstium and blood vessels. Fluid accumulation in capsular 

space of some glomeruli is noted. (Left x20, right x40) 

Figure 51 (female : heart) Cardiac muscle is free of 

infarction or ischemia. No significant change is 

detected . Vascular structure is intact. (x20) 

Figure 52 (female : lung) Benign lung tissue 

reveals spotty congested dilated vessels with 

suspicious spotty parenchymal hemorrhage. 

Alveoli and broncheal epithelium are good shape 

or intact. (x2Q) 

Figure 53 (female : spleen) Benign splenic 

parenchyma is composed of lymphoid tissue 

with mild congestion and no remarkable 

Figure 54 (ovary) Well preserved ovaries reveal 

intact normal structure with unremarkable change 

of benign ovarian stroma and eggs. (x20) 
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9. F1.2.2: 7.1 1.19 in female mice 

Figure 55 (female: liver Well preserved hepatic 

architecture with intact portal veins, hepatocytes 

and portal triads. No mass or abnormal lesion is 

noted. No remarkable change of hepatocytes is 

detected. No sinusoid dilatation or infiltration is 

seen. (x20) 

Figure 55 (female kidney) Kidney demonstrated well defined cortex and medulla areas with no remarkable 

change affecting renal glomeruli, renal tubules, interstium and blood vessels. Fluid 

accumulation in capsular space of some glomeruli is noted .. (Left x20, right x40) 

Figure 57 (female: heart) Cardiac muscle is free of 

infarction or ischemia. No significant change is 

detected. Vascular structure is intact. (x20) 

Figure 58 (female: lung) Benign lung tissue 

reveals spotty congested dilated vessels without 

parenchymal hemorrhage. Alveoli and bronc heal 

epithelium are good shape or intact. (x20) 
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Pathological Findings: II. Repeated-dose toxicity of F1.2.2 (0.1 LD50, 0.2 LD50, 0.4 LD50) 

1. Normal Saline Solution in male mice 

Figure 61 (male: liver) Well preserved hepatic 

architecture with intact portal veins, hepatocytes 

and portal triads. No mass or abnonnallesion is 

noted. No remarkable change of hepatocytes is 

detected. No sinusoid dilatation or infiltration is 

seen . (x20) 

Figure 59 (female: spleen) Benign splenic 

parenchyma is composed of lymphoid tissue 

with mild congestion and no remarkable 

chanqe. (x20) 

Figure 60 (ovary) Well preserved ovaries reveal 

intact nonnal structure with unremarkable change 

of benign ovarian stroma and eggs. (x20) 

Figure 62 (male: kidney) Kidney demonstrated well defined cortex and medulla areas with no remarkable 

change affecting renal glomeruli,renal tubules, interstium and blood vessels . Fluid accumulation in capsular 

space of some glomeruli is noted. (Left x20, right x40) 
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Figure 63 (male: heart) Cardiac muscle is free of 

infarction or ischemia. No significant change is 

detected. Vascular structure is intact. (x20) 

Figure 64 (male: lung) Benign lung tissue 

reveals spotty congested dilated vessels without 

parenchymal hemorrhage. Alveoli and broncheal 

epithelium are good shape or intact. (x20) 

2. F1.2.2: 0.1 LD50 in male mice 

Figure 65 (male: spleen) Benign splenic 

parenchyma is composed of lymphoid tissue 

with mild congestion and no remarkable change. 

(x20) 

Figure 66 (testes) Well preserved testicular 

tissue reveals benign appearing with active 

secondary spermatogenesis. (x20) 

Figure 67 (male: liver) Well preserved hepatic 

architecture with intact portal veins , hepatocytes 

and portal triads . No mass or abnormal lesion is 

noted. No remarkable change of hepatocytes is 

detected. No sinusoid dilatation or infiltration is 

seen. (x20) 
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Figure 68 (male kidney) Kidney demonstrated well defined cortex and medulla areas with no remarkable 

change affecting renal glomeruli, renal tubules, interstium and blood vessels. Fluid accumulation in capsular 

space of some glomeruli is noted. (Left x20, right x40) 

Figure 69 (male: heart) Cardiac muscle is free 

of infarction or ischemia. No significant change 

is detected. Vascular structure is intact. (x20) 

Figure 70 (male: lung) Benign lung tissue reveals 

spotty congested dilated vessels without 

parenchymal hemorr11age. Alveoli and broncheal 

epithelium are good shape or intact. (x20) 

Figure 71 (male: spleen) Benign splenic 

parenchyma is composed of lymphoid tissue 

with mild congestion and no remarkable 

chan~e. (x20) 

Figure 72 (testes) Well preserved testicular 

tissue reveals benign appearing with active 

secondary spermatogenesis. (x20) 
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3. F1.2.2: 0.2 LD50 in male mice 

Figure 73 (male: liver) Well preserved hepatic 

architecture with intact portal veins, hepatocytes and 

portal triads. No mass or abnonnallesion is noted. No 

remarkable change of hepatocytes is detected. No 

sinusoid dilatation or infiltration is seen. (x20) 

Figure 74 (male kidney) Kidney demonstrated well defined cortex and medulla areas with no remarkable 

change affecting renal glomeruli, renal tubules, interstium and blood vessels. Fluid accumulation in capsular 

space of some glomeruli is noted. (upperx20, lower x40) 
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Figure75 (male: heart) Cardiac muscle is free 

of infarction or ischemia. No significant change 

is detected. Vascular structure is intact. (x20) 

Figure 76 (male : lung) Benign lung tissue reveals 

spotty congested dilated vessels without 

parenchymal hemorrhage. Alveoli and broncheal 

epithelium are good shape or intact. (x20) 

Figure 77 (male: spleen) Benign splenic 

parenchyma is composed of lymphoid tissue 

with mild congestion and no remarkable 

chanQe. (x20) 

Figure 78 (testes) Well preserved testicular 

tissue reveals benign appearing with active 

secondary spermatogenesis . (x20) 

4. F1.2.2: 0.4 LD50 in male mice 

Figure 79 (male: liver) Well preserved hepatic 

architecture with intact portal veins, hepatocytes 

and portal triads. No mass or abnormal lesion is 

noted. No remarkable change of hepatocytes is 

detected . No sinusoid dilatation or infiltration is 

seen . (x20) 
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Figure 80 (male kidney) Kidney has well defined cortex and medulla zone with unremarkable change 

affecting renal glomeruli, renal tubules, interstium and blood vessels. (Left x20, right x40) 

Figure 81 (male: heart) Cardiac muscle is free 

of infarction or ischemia. No significant change 

is detected. Vascular structure is intact. (x20) 

Figure 82 (male : lung) Benign lung tissue reveals 

spotty congested dilated vessels without 

parenchymal hemorrhage. Alveoli and broncheal 

epithelium are good shape or intact. (x20) 

Figure 83 (male: spleen) Benign splenic Figure 84 (testes) Well preserved testicular 
parenchyma is composed of lymphoid tissue tissue reveals benign appearing with active 
with mild congestion and no remarkable , .oorirlrv !>nflnnrllo(1flnfl~i~ il(?()) 
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5. Normal Saline Solution in female mice 

Figure 85 (female: liver) Well preserved hepatic 

architecture with intact portal veins, hepatocytes 

and portal triads. No mass or abnormal lesion is 

noted. No remarkable change of hepatocytes is 

detected. No sinusoid dilatation or infiltration is 

seen. (x20) 

Figure 86 (female kidney) Kidney demonstrated well defined cortex and medulla areas with no remarkable 

change affecting renal glomeruli, renal tubules, interstium and blood vessels. Fluid accumulation in capsular 

space of some glomeruli is noted. (Left x20, right x40) 

Figure 87 (female: heart) Cardiac muscle is 

free of infarction or ischemia. No significant 

change is detected . Vascular structure is 

Figure 88 (female: lung) Benign lung tissue 

reveals spotty congested dilated vessels without 

parenchymal hemorrhage. Alveoli and bronc heal 

epithelium are good shape or intact. (x20) 
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6. F1.2.2: 0.1 LD50 in female mice 

Figure 91 (female : liver) Well preserved hepatic 

architecture with intact portal veins, hepatocytes 

and portal triads . No mass or abnormal lesion is 

noted. No remarkable change of hepatocytes is 

detected. No sinusoid dilatation or infiltration is 

seen. (x20) 

Figure 89 (female: spleen) Benign splenic 

parenchyma is composed of lymphoid tissue 

with mild congestion and no remarkable 

chanqe. (x20) 

Figure 90 (ovary) Well preserved ovaries reveal 

intact normal structure with unremarkable change 

of benign ovarian stroma and eggs. (x20) 

Figure 92 (female kidney) Kidney demonstrated well defined cortex and medulla areas with no remarkable 

change affecting renal glomeruli, renal tubules, interstium and blood vessels. Fluid accumulation in capsular 

space of some glomeruli is noted. (Left x20, right x40) 
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Figure 93 (female : heart) Cardiac muscle is free of 

infarction or ischemia. No significant change is 

detected. Vascular structure is intact. (x20) 

Figure 94 (female : lung) Benign lung tissue 

reveals spotty congested dilated vessels without 

parenchymal hemorrhage. Alveoli and broncheal 

epithelium are good shape or intact. (x20) 

Figure 95 (female: spleen) Benign splenic 

parenchyma is composed of lymphoid tissue 

with mild congestion and no remarkable 

chanQe. (x20) 

Figure 96 (ovary) Well preserved ovaries reveal 

intact normal structure with unremarkable change 

of benign ovarian stroma and eggs. (x20) 

7. F1.2.2: 0.2 LD50 in female mice 

Figure 97 (female : liver) Well preserved hepatic 

architecture with intact portal veins, hepatocytes 

and portal triads . No mass or abnormal lesion is 

noted . No remarkable change of hepatocytes is 

detected. No sinusoid dilatation or infiltration is 

coon tv'>'" 
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Figure 98 (female kidney) Kidney demonstrated well defined cortex and medulla areas with no remarkable 

change affecting renal glomeruli. renal tubules. interstium and blood vessels . Fluid accumulation in capsular 

space of some glomeruli is noted. (Left x20. right x40) 

Figure 99 (female : heart) Cardiac muscle is free of 

infarction or ischemia. No significant change is 

detected. Vascular structure is intact. (x20) 

Figure 100 (female: lung) Benign lung tissue 

reveals spotty congested dilated vessels without 

parenchymal hemorrhage. Alveoli and bronc heal 

epithelium are good shape or intact. (x20) 

Figure 101 (female: spleen) Benign splenic Figure 102 (ovary) Well preserved ovaries reveal 

parenchyma is composed of lymphoid tissue intact normal structure with unremarkable change 

with mild congestion and no remarkable of benign ovarian stroma and eggs . (x20) 
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8. F1.2.2: 0.4 LD50 in female mice 

Figure103 (female: liver) Well preserved hepatic 

architecture with intact portal veins, hepatocytes 

and portal triads. No mass or abnormal lesion is 

noted. No remarkable change of hepatocytes is 

detected. No sinusoid dilatation or infiltration is 

seen . (x20) 

Figure 104 (female kidney) Kidney Kidney demonstrated well defined cortex and medulla areas with no 

remarkable change affecting renal glomeruli, renal tubules, interslium and blood vessels. Fluid accumulation 

in capsular space of some glomeruli is noted. (Left x20 , right x40) 

Figure 105 (female: heart) Cardiac muscle is free 

of infarction or ischemia. No significant change is 

detected. Vascular structure is intact. . (x20) 

Figure 106 (female : lung) Benign lung tissue 

reveals spotty congested dilated vessels without 

parenchymal hemorrhage. Alveoli and broncheal 

epithelium are good shape or intact. (x20) 
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Figure 108 (ovary) Well preserved ovaries reveal 

intact normal structure with unremarkable change 

of benign ovarian stroma and eggs. (x20) 

Figure 107 (female: spleen) Benign splenic 

parenchyma is composed of lymphoid tissue 

with mild congestion and no remarkable 

chanQe. (x20) 
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Abstract 

Eighteen protein spots were found distributed between pH 4.5-6 when two dimensional gel 

electrophoresis of Fraction l.2.2 (from "Fractionation of the neuromuscular blocking compound from the 

venom of King cobra") was carried out. Analysis of protein spots by Mass spectrometer and "Mascot" 

showed that protein spot no. 1,2,3 and 4 were similar to opharin precursor (ophanin) and spot no. 7 and 8 

were similar to long chain neurotoxin of king cobra venom. 

Primers were designed for these two proteins. DNA of Opharin precursor, 720 bp, and long chain 

neurotoxin, 276 bp, were obtained from RT PCR ofmRNA extracted from the venom gland of king cobra. 

These cDNA were inserted into PCR 2.1 TOPO vector and pGEX-2T expression vector. Inserted vectors 

were checked by restriction enzyme EcoRl. Sequencing of DNA showed that opharin precursor was 

inserted correctly in size and direction in the vector while insertion of long chain neurotoxin was incorrect. 

New primer was designed to have restriction site EcoRl and BamID connected to the5' primer of long 

chain neurotoxin for insertion into pGEX-2T. The process is ongoing. Opharin precursor in pGEX-2T was 

stimulated with IPTG at different concentration, temperature and time. The optimum conditions were 

O.ImM IPTG at 37°C for 3-4 h. Protein concentration of the obtained product was 0.35 mg/mI. 
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tl'U Opharin precursor tAm: Ophanin 
.. 

8. Hr;'l Multiple sequence alignment 'lJU'I hh~'W'illfllrlr;'l'W'Yi'l 4 nntl'UAfit'J'Utl'U 21 

Opharin precursor Am::: Ophanin 

o '" ').1 d dll] 91", '" ~ 1
9. r;'l1~'U nucleotide Am::: lU'.i~'W'lJU'I Opharin precursor 'Yll~'.i'Ufll'.i'U'W'Ylflr;'l'l 'W 22 

NCBI GenBank database 

10. Hr;'l 12% SDS-PAGE 'illfl1rH'l'W~ 1 Am::: lf1r;'l'W~ 3 ~UW'HfliJ 
q .. 

24 

25 
" . 

12. Hr;'lfll'.iUtlfllU'.i~'Wflf'lfi 1 26 
" . 

13. Hr;'lfll'.itWfllU'.i~'Wflf'lfi 2 27 
" . 

14. Hr;'lfll'.itWfllU'.i~'Wflf'lfi 3 28 
" . .. 

15. fll'.i 'Yl~ r;'l'U'Ufll'.i V'UV'IUm tlU '.i::: r;'l'l'Ylfi~Utl'U flclllUUU 29 
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• • 

o 

lJ'YItll 

. 
fl11lJfhfl'wH~:dhJl1Jf)-31fl 'i -3 fll'i1 ~tJ 

" 
JJm)~(Pl/'U1m~lfHl,uhh::tlfllJ'llfl.:j~.:jJJ:jF.l~~lYntl'iH'1~'Vl 'lhlJl1~lh:: lrJ'lftf1'Utln'ih~.:jJJ~1~. 

• 'JI 'JI 

'lfiJ~u'U rJll'''Hhu'U~~rJtlm~l'U''(;'1~'Vl (antibiotics) ''*i'mn hfl~~~<i$fl'lfiJ~~l.:j"l i1,,~11'U~ll"ltlUlJfl.yj~~rJ 
"I V I 

Clostridium botulinum (Botulinum toxin) \ltl'l.'hlJll~i'tl'l:ll hfl~l.:j"l l~vmffrJtJ'Vl~.yjiJlJiJ.:jtJmrJ1h:::(;'1'l'Vl.yj 
" ., I 

I a" 9J ~ 0 1jI 'jJ i.a cs I 0 1 9J~ QJ ~.c:l 1'jJ ... 
~fltllJtlmlJ~'U fl!m:::0 tl'U1lJl 'lf~ l'U fl11lJ'lllJ fltll'Vlfl'lf:::(;'1flfl11lJl"W1rJ'U m l'/~1l'/'U .:j~.:j~) rJlJ l'/~(;'1'Vl'U1.. 
'Vlfll~,,'UJJmnhlJ1l~ti'Uflci1.:j!!'Vlil'/ (;'11Vl'U1.:jm) 1(;'1'~lJfl11lJ.:j1lJ ~.:jlfJ'U~ti 1(;'1''U1 ~ l'U m)fftlll 1(;'1'1) tJ)::: 

• J " , " 

tlfllJ'llfl.:j~ll~.yjJJtJWmJ11~m)lrJti1J Botul inurn toxin fi flJJtJ'Vl ~iJlJiJ.:jtJmrJtJ)::: (;'1'1'Vl.yj~ fltilJ tlr;) llJ!i1 fl~ 1tl~ll 

.:j"'lflN !~fl~i1'U!! 'U1'VlN 1 'U mnA 1lJ1l.n'U'VlNmm'Vl'VlU!!(;'1::Ulr;Y'lf1'Vlm~fl ltJl'U fl'U 1fl~.. 

_I 'jJ <> I!J ., <>.,; • 
(Ophiophagus hannah) lJ):::tlfllJ~1rJ neurotoxin 'If'Ufl long-chain postsynaptic !m:::w'U !9flJ'lf'U~fl'U"l 1'lf'U 

'JI 
...:::. .o:::::t. del QJC\ 

L-amino acid oxidase, phospholipase ~, phosphodiesterase 1m::: 5'-nucleotidase 'Vlll~'lf'Ufl'UlJ~W(;'1'lJlJ~ 
'JI 

lfJ'UYi.:j haematotoxic 1m::: neurotoxic (;'1'llJnoilJflci1.:j~1!'Vl1:::tilJ nicotinic acetylcholine receptor (nAChR) 

lJ~!JW skeletal musci~ neuromuscular junction l~fliJlJ5.:jmny.:jr;YqJtylwtJmrJtJ):::(;'1'1'VlltJ~ postsynaptic 

o 1 9J C\ cv ..:::s .c:l4 ~ QJ .a
membrane m l'/!tl'fH)lJ'VlWll1(;'1:::1(;'1'rJ'lf1~ (Peng et at., 2003) lJ"~lJ'U a-neurotoxin l'/)fl postsynaptic 

'JI
Gi.c:::. C\.c:S.c:l.& I 9J 

neurotoxin ! 'W'Vlll~'lf'U~'WlJm)fftllllflrJ1.:j'UflrJ 8 long chain 1 short chain 1m::: 1 weak toxin (He et al., 

2004) 1~rJJJm)fftlll1~W(;'1'lJ1191'Vl1.:jUlr;Y'lf1'VlmflQl'v.rJ.:j'lfiJfll~rJ1fifl Hannalgesin (Pu et al., 1995) "ltl 

flW. "YlJ11~.yjl,,)'W i~'fi'l mh1'llfl'l~ll'l.. ~.:j fl1.:j ~'lIi1'U ~lJ1'll fl.:j m) tA 1!'VlfliJfI'Vl1.:j~'U '[j.1ff1m)lJlJ11.n'W m) 

fftlll1V'U'llfl.:j OC-neurotoxin 9t.:j.ufllJmm::~ml'Vl£~ i~~~Ii1'UtJ)::: irJ'lf'W1'U tlntA1i tJril1'U1'Vl1.:jm) l1'Vl'VlU.. .. 

I • J" ." " 
!V. fl ~1 (;'1fl.:j (;'1'1) .yjJJtJ'Vl ~ iJlJ iJ'ltJ mvtJ) ::(;'1'l'Vl.yj~fltilJtlr;)llJli1fl~ltl~fllJ~ll~"'1m'll'W~<i$fl E.coli 

1Jf)1JA1J~1JfH1fl'i-3fll'i 

li1'W m)fftlll1~lti~'llfllJl'll~1'W m)'Vl~(;'1fl'll'U1ffl.:jtJ~11~m) 11(;'1:::r;Y~1'Vl~(;'1fl.:jl'vhif'W 

JJtlnfftlll1 OC-neurotoxin 'llB'l~'Vl:::m (Hydrophis cyanocintus) l~rJ'vhtln cloning, expression 

l1(;'1~'Vl~(;'1'fl1J recombinant neurotoxin ~i~l1nrJlJl.yjrJ1Jth'fi1J amino acid sequence ~i~tilJ amino acid 

sequence ~JJ)lrJ.:j1'Wl'W GenBank (Peng et al., 2003) m)tA1!'VlfliJfI'Vl1.:j~1'W~'W~1ff1m)lJlJll.n'W 

http:1'1'Vl.yj
http:l~vmffrJtJ'Vl~.yjiJlJiJ.:jtJmrJ1h:::(;'1'l'Vl.yj
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f)l'jffmnrhJ <X-neurotoxin 'Utl'I~'il-:lfll-:l 1~t1f)l'j'ffr1-:1 cDNA library 'il1fl~mJ~1I~ tJ1 cDNA ~1~lJ1 

!mtl1Hntl'lln'll amino acid sequence ~lj'j1t1-:11'Wtl~ritl'WU~1 !Ylmll'W'li'ulJ" 1'Wf)l'jtJ1 1tll'*lh:: lt1'lftJ~tlilJ .. 
(He et al., 2004) 'Wtlfl'il1fl{jV-:llj'l1fl1~t1'llHflrill'ff'W1'ilffflm()-:I lm-:l'ffr1-:1'Utl-:lV'W neurotoxin U"::. 
.. .. 

m11lffmi'W£ntJ'lJtl-:lvtJ'lfu~{j1tJ~~l-:1'lfU~ntJ l~t1n'W.yh cloning tj'W'lfiJ~{jU"::~'j1'ill11fl1'j!1t1-:1~1~'ll'Utl-:l .. . . 
nucleotide 'il1fl'l1'WtJ1!';tl1l1t1-:1f1111lffmitJ£1'W'YIl-:l;h1'Yltl1 (Phylogenetic analysis) !VimlltJu'W1'Yl1-:11tJ 

.... .d "" • "" 0 1. 11~ ~ C>.I '1 d'.1 ,,~0

fl1'j'W\ijJ'W1'ff1'j'YllJfl111l'il1!'Yi1:::~tltltJ <X-neurotoxin !m:::tJ1 1J 'If !'I1!fl'fllJ'j::: ~t1'lftJ tJ'Yl1-:1fl1'jU'Yi'YItJ!m:::~ltJ 

!fIff'lf1'Y1tJl~tl'11(Phui el al., 2004) 

'YI~ru!i ~lJlJ~~lU't'ij0fl'l01JUU'}tl,}llJflVl'U0'iltl'l'ifll'l1~[J 

-:I 'il-:l tl1-:1 !1I'W -:I~lj~lI~U'j :::'ll'U11 'j::: 'ff1'Y1 'ffn11 'j::: fltl'll'IJ tl-:l"'l1-:1 'il-:l fll-:l fll'ilijflW 'ffllllilfl~lt1n'U cu 'U qf q 

~ 'jI I "" 'JI " 

Botulinum toxin ~tlij (rt'llIV'll V-:I 11 " 1t111'j :::'ff1'Y1n~tln'll fl~11l1'Utl ~-:I'l1'W1tJ fln1~t1f1 f -:I{j~-:I*ffml1 
• , ,,'JI 

'ffn11'j:::fltl'll 1 tJ"'1I~ri1'Wn!1 t1fl11 neuromuscular blocking compound 'il1~1I~'iI-:1u1-:1nijq'YIlIV'llv-:l11mtl 
I " I ,," , 

111::: 'ff1'Y1n ~tln'll fl~lll!{1tl 1~ t1fllfftJ!'YI flU fI'YIl-:l~tJ1l1fnm 1lJ1l1~\ijJtJ1'ff11 nijq'Ylli V'll V-:I11 "1t111'j :::'ff1'Y1n .. . . 
~tlti'llflft1lJ!{1tl !VitltJ1'111'*1tJ'Yl1-:1!.flff'lf1'Y1t111~t1fllfftl amino acid sequence n'~'iI1flfl1'j1!m1:::111tl1~tJ 

I 1" •tI" 
1tJ 'ff1111'j::: fltl'U'IJ tl-:l"'lI~nljq'YIliV'll V-:I 11mtl11 'j::: 'ff1'Y1n ~tln'llfl~lll,{1U tJ1lJ1UtlflU'll 'll primers n ~1ll'n::: 'il1fl .. 
mRNA 'Utl-:l~tlll~lI~'il-:lm-:l 'il1fl,rtJYi1fl11ffflm~1~'ll nucleotide 1~t111j DNA sequencing rium'h111Yi1 

~ ct.o:::s 0 Q.I .d)) .c9 

cloning ,m:::'''tlfl clone 'YIllm~'U nucleotide 'YI~1-:1~11l~tl-:lfl11lJ1f1flmf)lm'ff~-:ltltlfl'IJtl-:l'ff11"":::'YI~'fftl'U 

flW 'ff1l1J~11~1-:1il'UflW 'ffll1J~l!~lll1~tl'~ ,.;itltJ11111'*111:::1t1'lftJ~u,tl. . 

~l';iHU~Ufll'l~lAilU'ilU~"0V11tl'l 'ifll'l 

iI~l 
J 2 3 4 5 6 7 8 9 10 I J 12 J 2 3 4 5 6 

1. 2 Dimensional 

Gel electrophoresis 

* * 

2. "ifii~ mRNA * * 
3. illlflUlJlJ primers * * 

* * 
5. peR cloning * * * 
6. DNA sequencing * * * 
7.protein expression * * * * 
8.prolein purification * * 

* * 
9.1:U fJt.tllfHllJ * * 

http:l~t1n'W.yh
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1. fll~UfJflhh~u~1m't1flUfl 2 Dimensional Gel electrophoresis 

.d lIJ'jI 1 .d
1.2.2 'YHWf) !~'iI1f) flHf11'j'VI 2 

I tI j.I I j.I 

ff1nh~f)U1Jflijtl'VIijrr1Jrr'l'l1mtl'lh~ff1'V1flI9iUtl1Jf)"llJtUu) 1J1 tttlf) 1 'l1'j~'W~';ltIt'VIfliJfI 2 ~imensional gel 

electrophoresis 

ct .... , 
1.1 fll':iIVl'nnJVl16[JH 

t\?11t1lJl?i';IUVN F 1.2.21'W rehydration solution 135 III l,fij'l11'lJ1W i'l1'j~'W'l1'j~lJ1W 60 1lg!1l1 

1.2 fll':ilU'Jflhh~'UIV1[J 2 Dimensional gel electrophoresis (Berkelman T. and Stenstedt T. 1998) 

rehydrate irnmobiline dry strip 15 "IflJ. kw 130 III 1?i';IUVH F 1.2.2 ~t~1t1lJ'~ '111 IPG strip ~ 

rehydrate ttKJlJ1 run first dimension '111 IPG strip ~ run first dimension ttKJ equilibrate ~1t1 equilibration 

buffer (50 mM Tris-HCI pH 8.8, 6M Urea, 30 %v/v Glycerol 87%v/v, 2 % w/v SOS, 0.002 %w/v 
, .. 

4":::::)' QI.c:1 0 QI 

Bromophenol blue, DOW) 'VIt~lJ OTT 100 mg/lOml U"~ IAA 250 mg/lOml 'tI'W~U'W"~ 15 'Wl'VI ~llJm~1J 

o d 
, 

'j) Clt. 'j) 1 1..:::1 QI 
" 

.c:1
. 

.c:1 ~ 'jJ ~ QI

'Wl IPG strip 'VI equilibrate U"111'11J'W~111'W1 12.5% SOS-PAGE gel ( lJlJ"If'W stacking) 'VI m'WlJ !1lJ~'VI1J 

~1t1 agarose sealing solution (SOS electrophoresis buffer, 0.5 % Agarose, 0.002 %w/v Bromophenol 

'j) <j) <j) .c:1 I":::::)' • 1_ 1 .c::!.c::! 
blue), run second dimension tlUlJ SOS-PAGE gel ~1t1 Coomassie blue m'lffff1'Wtf1'WUUf) tlUtI~~ lJ'j~'W'VI 

'jI 0 'jI1_1= ". 
~U'If11'j'Wl lJ1tml~11~U~1t1 trypsin 

"" 4 ~ ~_I ct..d III v
1.3 fll':illf1':i1~'t'ilJliHlJli:tfJi;l'U6-11.!~H'U':iVl'UTlIt[Jfl AVlmfl 2 Dimensional gel electrophoresis 

~fflJ 1'l1'j~'W~VUtI~1t1 trypsin U"1 (tryptic peptide) tl1J HCCA 1'W'l11'lJ1wt'vhtl'W'I111J111t1~1J'W 
_1= =~'jI'I'jI " 'jIcl. ='jI = " 

Mass spectometer probe lJ'jlJ1~'j 1 III 'VI'I n Al1Ul1'1'V1~W'I1iJlJl1U'I (Dried droplet method)1tml~'I1lJ1" 

1lJt"fJ"'tIU'I i'l1'j~'W i~tI Mass spectrometer 'I11lJ1"1lJmfJ"~1tm1~111~1l1f) Mass spectrometer i'l1tfltl1J 

tl1J peptide mass fmgerprints ~ii~'j1t1'11'W'1l'W j1'W.u'mJ" 1'l1'j~'W (NCBI) ~1t1 MASCOT (Matrix 

Science) criteria ~l,*fiu fix modification carboxarnidomethylation of cysteine tm~ variable modification 

cl : '" 1 1 cl .d ~ 'jI = "'" 1 cl _'limethionine oxidation t'VItl1J pI u,,~ 'Wll1'Wf) lJmfJ"'tIu'I 'l1'j~'W'VI !~'iI1f)f11'j1tfl'jl~11f)1J 'l1'j~'WtlJ1l11J1t1 p

'jJ 'jJ I &QlI~~~'jJ
value 'tIU'I Protein scores ~U'I'WUtlf)11 0.05 1l'l'W1J11t"lfUt:lU !~ 



4 

. 

2. onlrUltru-:J (Cloning steps) 

2.1 	£1£101&'11'11 primers 

£)£)flU'U'U primers ~~1!""1~~mh~'UiJ1fl~1£)''VI~'U£)'I hh~'U 2 'lfiJ~~'~'illflfll':i1!ml~..1h.h~'U 
t "" 	 "1'U ffl':i lh~fl £)'U'U £)'1 ~ll ~ 'il 'I £) l'lViiiq'VI~ if'U if'l tln lVtl ':i ~ ffl'VI~£)fl ~llUi1£) 

" 
n-nfl mRNA hW'U~~£)lJ~ll~'il'lm'l 'U'Ulfl 10 mg 1'U lfl1'1'Ufltll 'illm!'Uihitlffn~ mRNA hwloN 

" 
tJltll Oligotex Direct mRNA Microkit (QIAGEN, USA) 

.cs 0 	 cv <i" C.Q

2.3 fll".i!V!"UJ'lJilWI'11 nucleotide &~t1lli RT-PCR (Reverse Transcriptase Polymerase Chain Reaction) 

" 	 " l1lfll':i!\911VlJih~'U nucleotide lflvloNtJ1Vl QIAGEN OneStep RT-PCR kit (QIAGEN, USA) ~'Iij 

RNase free water, 5xQIAGEN OneStep RT-PCR buffer, dNTP mix (I00mM each dNTP), Primer Forward 

Un:: Reverse (£)~l'ln:: 50 pmoV/J.l), Q- OneStep RT-PCR enzyme mix Un:: 1 /J.g mRNA template lflv 

'I'"" 	 tl 31 0 "" 0 "" 310!'U'U'U\91£)'Ufll':i'VIl Reverse Transcription PCR ':i::fl£)'Ufl1V 50 c 30 'Ul'VI, 95 c 15 'Ul'VI ~llJfl1V 40 ':i£)'U 

o "" 0 "" 0 "" 0 "" "> .d~ 310

'U£)'I 94 	 c 1 'Ul'YI, 52 c 1 'Ul'VI Un:: n c 1 'Ul'VI Un~ n c 10 'Ul'VI 'Ul~'m~n~ RT-PCR 'VI !fllJl~':i1'il 

"> 	 .. 31 £:1 ~ ~ ~ " 
1!fl'Jl::'I1fl1V 2% Agarose gel eletropboresis !'YIV'Ufl'U DNA lJl~':i!l'U 100 bp 'illfl'U'UffflflUtl'U 

" 	 ,
~n~~\91 RT-PCR 'illfl Agarose gel lflV1oNtJ1Vl QIAquick Gel Extraction kit (QIAGEN, USA) !~£)tJllJl 

!~fllJ~eJ!~ln'U pCR ® 2.1 TOPO vector un::tJl!,j'l~ Host strain DH5U E.coli 

2.4 Cloning 

tJl~n~~\91 RT-PCR Vifftl~'illfl agarose gel 'U'Ul~ no bp (Opharin fragments) Un~'U'Ul~ 276 bp 

(Long-chain neurotoxin) !~fllJ~eJ!,j'ln'U pCR ® 2.1 TOPO vector; TOPO T A Cloning®kit 
" 	 , 

(INVITROGEN,USA) 'illfliJ'Urlflti'iflfl recombinant DNA lflVmffVfl1llJU\91fl~1'l'U£)'IiY~ll1~fl'U11 VilJl 

'illflfll':il1l'll'U'U£)'I J3-galactosidase lflmi'iflfllfllf1ijiY'U11lJl'yhflnffn~ Recombinant Plasmid DNA mffV 

" 	 " 
tJltl1 QIAprep Spin Miniprep kit (QIAGEN, USA) ~l1fliJ'UtJllJl~~~';W restriction enzyme EcoRI Un:: 

~ 	 c/y £:1 Q.I 

\91':i1'il1tfl'Jl::'I1~JV 2% agarose gel eletrophoresis t'VIV'Ufl'U DNA lJl\91':i!l'U 100 bp 

http:lfiJ~~'~'illflfll':i1!ml~..1h
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2.5 Expression Vector 
y y 

Q,I. .t9. 31 ~ 9J CLI CLI 

fffWI Recombmant vector 1I1fU'lffl E.coli Ui;l1~~WI1V restriction enzyme EcoRI 1I1fllJlJ'fffWI DNA 

fragment 'tIlJWI 720 bp (Opharin fragment) Ui;l::; 'tIlJWI 276 bp (Long-chain neurotoxin) fltlfl'illfl agarose 
• Ij} ..:i "CLI0 I 

gel electrophoresIs Ui;l1lJllJ11'lffJlJ~tl!'tIlfl'IJ Expression Vector; pGEX-2T vector (Amersham Biosciences, 
• Y Y 

USA) Yi\!fll9ifl~1V restriction enzyme EcoRI l'lflJnlJ lflVtllffVU1Vl T4 DNA ligase 'illfltJlJU11,j'lff E.coU 
'" 

DH5U 

3.1 DNA Sequencing 

fl11111ih~'lJiJ1f1i!iltl ''Y1~ lfl[Jfll';i'Vh DNA Sequencing 'illfl PCR product 1m::; plasmid DNA 
Y 

tllffm.J1V1 BigDyeTM Terminator Cycle Sequencing Ready Reaction Kit (Gene System, USA) llJtJ~mV1 
') '') d" ~ I ~~ I~

~fll9ll'Vm1lJm11ff (PCR) u1lJ1W 20 J..ll u1::;fltl'IJfl1V BigDye"lerminator 4 J..ll, 5xbuffer 4 J..ll, 5 pmol 'tItl~ 

• ~ 0 IV 

sequence pnmer 1m::; 50-100 ng DNA template 'illfl PCR product '1ntl 300-600 ng ff1'H1lJ plasmid DNA 

mV'I1cl~fl11 incubate 96°c 10 1lJ1Yi ~llJlJ1~1[J 25 1fJlJ'tItl~ 95°c 10 1lJ1Yi ffl'11i''lJfl11 denature, 50°c 5 
Y 

~.<::::IDQ,I 0 .cioev QlO oW' 

1lJl'Y1 ffl'111lJfl11 armealing 1m::; 60 c 4 lJl'Y1 ffl'111lJfll1 extension 1I1fllJlJ'Y11fll1fll'ilfl Unincorporated 
• Y • 

Dye Terminators YitJlJ1ilm..ltltlfllflvl,* DyeEx 2.0 Spin kit (QIAGEN, USA) ffl1i;l:::mtIYi'~Ul'tJ'Y111,r 
Y • 

U..r~ lflvl,* Vacuum centrifuge 11llJnm 20-30 'WlYi 'illfltJ'W DNA pellet Yi'~1I:::\lflUl 'tJi;l:::mV~1V 10 J..l1 · 

Template Suppression Reagent (Perkin-Elmer) ui;l:::th'tJ'I11iil~lJiJ1f1i!ilfJ''Y1~~1mfl~tl~ ABI PRISM 

3.2 Alignment llil::: Computational Searcbing Sequences Analysis 

mV'I1cl~fll1'Y11 DNA Sequencing ~i;l'tlfl~iil~lJiJ1f1i!i1fl ''Y1~~'~1I:::Ul'tJn~[JlJ1YivlJnlJiil~lJiJ 

1f1~ltl''Y1~~lJ'l~ihlv~llJtl~llJ NCBI database lflvl'*ltJ1um'lJ BLAST N (Basic Local Alignment 
Y • 

Search Tool) 1I1fltJlJU1~i;lYi'~tJUtJi;l~11llJiil~lJ ltJ1~lJ lflVtllff[J Expasy (Expert Protein Analysis 

System) Proteomics website ~i;l1l1flfl111!ml:::l1'iil~lJ nucleotide 1m::: ltJ1~lJ'il::;fJflff~'tJ~ NCBI database 

1i4tli;l~il'lJiifl~tl 'tJ 

fl1':i'Y11 Multiple Sequence Alignment 1i4fllm[J1JlYiVlJfl11lJmjjtllJ'I1~tl!!~fl~N'tItl~Hi;l~'~lJ'YJfl 

~1fl~1~nlJ~1tl~1~~'W'l~fflJ 111 mllt'lflJ Opharin precursor Ui;l::; Ophanin tllffVltJmm'lJ CLUSTAL W 
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4.1 Protein Expression . . ., 
t~tln lf11r;'l'ih~tJl'l (single colony) 'tItJ~ E coli Viii recombinant plasmid tlQ1Jlt~tJ~lw 2 ml LB . . ., 

broth Viii ampicillin 50-100 J..lg/mJ 'l.1111J incubate 37°C 'Wl'W 16-20 'lflJ. l~m'tl(hVi 220-230 rpm ~llmj'W 
'd d j) d .J ~ "d..:::! Q I

t1'W'V1f111lJtn~~U'Ol~~ml1l'H'Otl~t'lftl'V1~ 'O~'OltJ pellet ~ltJ LB 'V1lJ ampicillin 50-100 J..lg/ml 'lh1Jl~\,H'V11 

t~lJ lh''ll-j~rllm'.l~~n~'WU1H~ 600 om 1111~rll'll'.l~1JlW 1-2 l~lJ overnight culture 80 J..ll 'O~1'W flask 
1 "" • 

'tI'Wl~ 250 lJ'O. Viii LB u'O~ ampicillin 50-100 J..lg/ml tl~ 8 lJ'O. t~tJ~t';tJ~tl ''llVi'CYml~t~lJ'il'Wn'".hrllm'.l 

~~n~'Wu'CY~~ 600 om 'il~'~ 0.5-0.7 ~~l11~ltlcil~ 1-2lJ'O. ~'W~f111lJt~1~~'Wl'W 1 'WlVi 10'lJ pellet ~ -20°C 

l~fl1tl'W negative control ril'W~lmh~~1l1~tJt~lJ\9l1m~~'Wm'.l'CY~1~ 1'll'.l~'W 1 M IPTG (Isopropyl beta
., ., ., 

thiogalactoside) 1 '"'~f111lJt'li'1J'lj''W ~l~'l n'W'.l~l1 'h~ 0.05-2 roM IPTG 'illmj'W l~tI':l1';tl~tl1'll'il'WfI'.l'lJl1m 3

4,5-6,24 '1flJ. 10'lJ\9l1tlcil~1'Wu~'O~'lh~l1mt'li'Wl~tlln'lJ negative control (Not induce) 

4.2 Sonication 

'O~mtl Pellet ~1t1 200 J..lllysis buffer (lM Tris-HCI pH7.4, 0.5M EDTA pH8.0, 10% TritonX1OO) 

! 0 ~ .d i 1')1 '"fl9J
'illn'W'W'V1lm'.l'CY'Olmttl'O'O~1t1f1'O'Wfll1lJt:l~~ ~~tI 'lftfl'.l tl~ Sonicator (Ultrasonic Processor, Sonics, USA) 30 

)I " I I I 

1'W1Vi 11~~ 30 1'W1Vi ~l'Wl'W 3 f1i' ~ 1'Wlhll~~ t1'WVifll1lJt~1~~ 'Wl'W 30 'W1Vi Vi 4°C ~~ supernatant ""~ 

pellet to'lJ -20°C 1~tll111Jl~'.l1'il'CYtl'lJ~fl''ll 

4.3 SDS-PAGE 
.,

'" ... '" 
t~'.ltJlJ 12% 'tIfl~ Resolving gel u'O~ 5% Stacking gel ~~'W 

12%Resolving gel 


Distilled water 1.6 ml 


30% Acrylamide mix 2.0 ml 


1.5 M Tris (pH8.8) 1.3 ml 


10%SDS 0.05 ml 


10% ammonium persulfate 0.05 ml 


TEMED 0.002 m1 
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5% Stacking W 


Distilled water 1.4 ml 


30% Acrylamide mix 0.33 ml 


1.0 M Tris (pH6.8) 0.25 ml 


10% SDS 0.02 mI 


10% ammonium persulfate 0.02 ml 


TEMED 0.002 ml 


fll'j!~1t111I9iTmi1,:rv'h '~l~lr"~mtl pellet ~1t11 00 III 1.5 M Tris (pH8.8) ~~F-i1'\.n11!~11 '\J'Wl~ 27 
y y 	 y 
QlO QlI evo 0 d~ QI 

gauge 2-3 f1H 'Wl 10 III 'tIfN~lflVl'1Hffllf)1J'Wl~l'" sucrose 'ill'Wl'WWf)'Wfltl nll'VI'l 0.005% Bromophenol 
y 

Blue, 1 % SDS !W~ 2-mercaptoethanol flVl'1"'~ 1 III ~lI!~fl~ 5 'Wl'Yl 'il1mJ'W load I9ilflVl'1'"'I 1'W 12% SDS

PAGE ~!~1t1'1J111~tl1~ IX Running buffer (0.25MTris-HCl, 1.92M glycine, 1% w/v SDS) !il'W~1111 

'lh~~ 

4.4 Coomassie Brillient Blue Staining 

lhuH'W polyacrylamide gel u'if1'W Coomassie Brillient Blue (0.25% w/v Coomassie Brillient Blue 
• y 

.1 ....... I ... y... 1 1Y

R-250, 45% methanol, 10% glacial acetic acid) lJ'j~'1J1U! 40 'Wl'VI 1J'W!f1'jfl'l!'tItil 'illf)'W'Wm'lffflflf) ~V 'If 

y 	 y y 
.qlll~~ ~ jI od. QI r 

destaining solution (30% methanol, 10% glacial acetic acid) 'VI'I n'\Jll1f1'WU"'~"'1'1911flf) 2-3 f1H'il'Wf)11'il~ 

d I ... 

n1'W band ~1'1"l'll'~!'il'W 

4.5 Western Blot 

mVl1"'I'illf)f)wv'h 	 SDS-PAGE ltl'j~'W1J'W polyacrylamide gel 'il~\lf)~lt1'1J1~m~~l'~j 
d! _I .1 _II 	 0o''';1 Y1

nitrocellulose 9I'I11'1lJ'j~f)'UflV1J'Wm~~1'I:Jmfl'lU"'~fllJmW'VI 'If 'Wfll'j'VIl Western blot lJ'j~f)fl1J'll'~ 
. 'U q 	 q 

~tlmW'tlfl'l!f1~fl'l Trans-Blot machine !~l~lt1fi'W fl1~tI transfer buffer (0.025 M Tris, 0.2 M glycine, 20% . ., 	 ., 
w/v methanol) 1'WO'lfiihhg'W'illf) ice pack 1~tl1~m~uff1vHh 250 rnA nm 2-3 'll'1I. 'illmJ'W~~ 

UH'Wm~~llJ nitrocellulose "f1'WU1f)u'if1'Wff amido black ril'W~milm!i1'W blocking buffer (5% w/v BSA . 	 ., 
1'W TBST 30 m1) fi 37°C 1 'till. ~l'1~lV TBST (0.05 M Tris, 0.05% w/v tween 20) 3 f1i''I''l'''~ 5 'Wlfi Hi 

UH'W nitrocellulose ~ 4°C ~1'1Jti'W1'W 3% BSA Hfflln1J200 Jll !9Iil/'W'I:J~'il'lfl1'1 1'Wcpjfl'1J1~1'1m~~1'I:J~lV 
., 

TBST 	4 f1i''I''l'''~ 7 'Wlfi !W~!~'1J 1:1000 dilutions 1'W TBST 'tIfl'l Rabbit AntiHorse IgG Peroxidase 
., . 	 ., 

Q .., j).d ~ 9J jJ 'j) QI ..:::s. ~ 

Conjugate Antibody (Sigma, USA) 'VI'I n'VI~u!l11JlIl1fl'l 1 'lfll. m'l~lt1 TBST 4 f1H"l"'~ 6 'Wl'V1 !~11 

substrate solution 4 11". (1 !~~ 4-chloTO 1'W 10 11". methanol), 20 11"'. PBS pH7.2 !W~ 10 Jll 35% ~02 
d 1.d~ ,d dY

!f)1J 'W'VI1I~'il'Wf111'il~n1'W band 'YI~fl'lfl1'j 
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4.6 Protein Purification 
~ ~ 

111fl1'Jm~~'Wfl1'Jffh:j hh~h.!~llJ,jmHll.j u~l~ LB ~fflJ ampicillin 50-100 jlg/ml l'Wf)l'Jlftv.:J 

.: ~ QI I d d ~ ~ G''iI ~ d 
l'lnJlhlJlW 400 lJC"l. fllI'JlW.:Ji1'W'YIfl11lJl'J1~.:J l~lJ lysis buffer 20 lJC"l. 1'Y'lflffmm91C"lC"lfl1VflC"l'Wfl11lJfI~.:J 

~ , d QI I 0 d dj} 'j/

1l1f)'W'Ui1'UmU~1flVN UC"l~'WllJllWf) hh~'W'YI~fl.:J01'Jhwh GSTrap FF affmity column (GE Healthcare, 

'jI 'jI 

Sweden) 'U'U1fl 1 lJC"l. 1flVC"ll.:J column fl1V PBS pH7.2 (140 roM NaCl, 2.7 roM KCl, 10 mM N~HP04' 
~ 

1.8 roM KH2P04 pH7.2) ,j~lJl~'J 5-10 lJC"l. 1l1f)tJ'Wl~lJ~1mh.:J,j'J~lJ1W 2-3 mllflVfllffV Syringe 'U'W1fl 5 
~ 

1 'jId "" d '" 'j/ _ I 'I 'jId '" 

lJC"l. l1lJflm101'J 11C"l 0.2-1 lJC"l./'W1'YI 1l1f)'W'U6)f~ column fl1t1 PBS pH7.2 lJ'J~lJ1W 5-10 lJC"l. ~l1lJfl~'J1 

O1'J'l1C"l 1-2 lJC"l./'Wll1 11101'J~fflJ Thrombin mix: 80 jll thrombin solution (IU/jll) tlll 920 jll PBS pH 7.2 
~ . 

1~lJC"l.:J1'W column uC"l~ incubate 4 ')j"lJ. 1l1f)tJ'W')j"::; 1,j'J~'W11~fl.:J01'Jflflf)lJl1l1f) column ~1t1 PBS pH 7.2 

,j'J~lJ1W 5 lJC"l. mlJ~1t1 elution buffer (50mM Tris-HCl, 10 mM reduced glutathione pH8.0) UC"l~"'l.:J 
'jI

column ~nv PBS pH 7.25-10 lJC"l. 

4.7 Concentration of Protein 
. " . 

flltll1".:J01 'JUtlf)1,j'J~'U~~fl.:J01'J 111 f) l'Jih~fl ff 1'J C"l ~m t,.Yi,j 'U 111 fl 'W mjmm 'Vi ! fllJ tl1J1'YilJfl11lJ... 
'j/ <j} jI a'.d d 4. ~ QId 0 

l'UlJ'U'U'Ufl.:J 1,j'J~'W Ifltlf)l'Jh Vivaspin 2 (Sartorius, USA) iJ'W'YIfl11lJl'J1 3,000 rpm 10 'U1'YI 1l1f)'U'W011)fl . . ~ ~ ~ 

miiflfltlf)hWl~lJ 10 mM TBS pH 7.4 i1'Wl1fl11lJl~1 3,000 rpm 10 'Wl11 l'llci1 2 fl1.:J 1l1f)tJ'UtJ1',jlfl~1 

O1'Jflflf)ii'UWH~ 280 run Otl'UtJ1 ',j'YIfl~H)ll~tl',jflWfflJ,j~~fll,j.. . 

4.8 Neuromuscular blocking Test 
~ ~. 

tJ1~1flci1.:J~'~1l1f)f) l'J 11C"l'fl.:J fl flf)'Ufl.:J 1,j 'J ~'U lJ l'YIfl C"l'tlll f) 1'J VU v.:J,jmv,j'J ~ C"l'l'YIl1~fltlUf)'"1lJli1 fl 

(Neuromuscular blocking) 1'U Mouse Phrenic Nerve - Hemi-diaphragm Preparation ~llJ11i1'U Im.:Jf11'J~ 2 
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<L l.q 91 '" 
1. fll)U[JfHu)~U~1m'tlflUfi 2 Dimensional Gel electrophoresis 

ri1'U11'j~fHllJdmJ F 1.2.2 Irlfltl1111UfJfll~m"YIfliJfI 2-dimensional gel electrophoresis ~lJ~~ 

111'j~'U 18 ~~ m~'illtJfl~'j~ 'w,h~ pH 4.5 - 6 (l11~ 1) IrlfldfltJ~~ 111'j~'U 1Ir;l~ llml~t11J1r;lI1Jm~r;l~1tJ 
'Vol'I_ld'" 1 1 'V l_lddd'V 11 'VMass spectrometer 1Ir;l~ MASCOT 1Ir;l1'Ul llJl"YltJlJfllJ1J1r;l :um~r;l 'Ujl'U'tIfllq!r;l lJH1'U"YI1J~'jltJ~1'U n 

(NCB!) 'WlJ';h ~rilf111:UI~mt'U > 0.95 (p< 0.05) ij~~ 111'j~'U~ij:U1r;l11JAr;l~r;lflr.i'ltJfI~~t1lJ:U1r;lI1Jm~r;l 

111'j~'U'tIfl~~'il~fl1~ 2 'jfiJ~ 'il~ 111'j~'U~ I, 2, 3 1Ir;l~ 4 :U1r;l hllr;lflr;lflr.i'ltJfI~~fimnr;l11Jmflr;l'tlfl~ 111'j~'U
IU q q q 

'd 'i' 'V &.... 1 1-1 dophanin precursor (opharin) ~fI"YI 7 Ur;l~ 8 1J1r;l ,:um~r;lflmtJflr;l~fllJ1J1r;l 1Jm~r;l'tlfl~ lJ'jfl'U long chain 

~ .::::1 0 QI cI& jI 0 QI "::::'1 <r '" I cS ..::::. " 0 QI

neurotoxin 'il-3 ,'jfm~lJm~fl~1J 'U'tIfl~ &lJ'j~'U 2 'I1'UfI'Ufl1'11'U~ primer Im~ vector 1:Yl'11'jlJfl1'j1:Y~lml~'I1 

111'j~'U~flL11 

ri1'UlJ1r;lI:um~r;l'tlfl-3~~111 'j ~'U~m~fl'li1:YllJ1HlI~tJlJ '~filJ:U1r;l1lJm~r;l1f1't1fl-3Yill~ 'il-3fl1-3~ij 

~'jltJ-31'U111lJIin'U,rfllJr;l111'J~'U 1I~I~tJlJ '~filJlJ1r;lI1Jmflr;l'tlfl~ i11'J~'U~'li1')$111'j~'U~~ll~l~Il!'Wl~~
IU ~ IU q ~ 

'il~fll~ 
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2.1 fll':itltlflU1J1J primers 

Yllf)1'HlfltlU1J1J primers ~~ll'Vtl~9imh~1Jihfl~lt)''t1~'Ut)-3hh9hl 2 'lfiJ~~'~'iI1tltll'j11ml~'" 
, .t" II 

l1h ~'W1'Wftnlh~ tlt)1J'U t)~Vill ~ 'iI ~m~iiijQ't1nir1Jir~lhmJ1h~ftl't19it)tl~11Jlii 
JI 

t) , ~H{1~~ij 

- Opharin precursor (Ophanin) 

OPH - Forward: 5' ATGATTGCCTICACCTTGCTAAGTC 3' 

OPH - Reverse: 5' TTATATTATTITATTGTGGCAGAAGC 3' 

" 'Vl~ Forward tl"~ Reverse Primers ijfl1 Tm = 56°c 

- Ophiophagus hannah isolate \nlx3 long chain neurotoxin precursor 

LNfX - Forward: 5' ATGAAAACTCTGCTGCTGACCTT 3' 

LNTX - Reverse: 5' TCAAGGTCTCAATTTCGGATGTG 3' 

d I 0 d' 0 
Forward Primer lJfll Tm = 61 c U{1~ Reverse Primer lJfll Tm = 59 c 

2.2 fll':ilVl~tlllth~1J nucleotide l~ltll~ RT-peR 

.. 0'" "'" .. 'i 1 "''i ""'.. 'i 1~ ~ 1~ ~ f)1'H~'jtllJm~1J'W1fl{1lt) 't1~ l~[J1Jj RT-PCR l~[J 'If primers 'illtl'Ut) 2.1 U{1~ 'lfftl'j~'WU1J1J'Ufl~ 

mRNA ~ml~'illtl9it)lJVill~'iI~tl1~ '~H{1Hi'i~'Ut)-3 Opharin 'U'Wl~ no bp U{1~H{1Hi'i~'Ut)~ long chain 

.d" .. I.d
neurotoxin precursor'U'W l~ 276 bp mlJ't1~t)~f)1'j (~1J't1 2.) 

nObp 
500bp 

276 bp 

_I'" "" 'i 1~ d .. '" 
~1J't1 2. Uft~~H{1H{1~'Ut)~ RT-PCR l~tI 'If 2% agarose gel electrophoresis Ufl1't1 l. mfl'WltllJl~'j!l'W 100 

• 0 
d ~ .:::l ~ 

bp Ufl1't1 2 Ufl1JH{1H{1~ long chain neurotoxin precursor 'U'Wl~ 276 bp Ufl1't1 3. Ufl1JH{1H{1~ Opharin 

'U'W l~ no bp 
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2.3 Cloning 
., ,
Q.I.a I 0<::::10 

'illfl'W'W!'IHllJ\9lmH'lf:-HWl RT-PCR long chain neurotoxin precursor 'U'Wlf'1 276 bp !!~~ Opharin 
, ., 

'U'Wlf'1 720 bp !oUlf1U pCR@ 2.1 TOPO vector (~'lJYi 3.) 1~tJl~UltJl'U~N TOPO TA Cloning@kit !!!11 

Ul!oUl'ff Host strain DH5 a E.coli l'i'~!~flfl recombinant DNA fllfftJfl11lJ!!\9lfl~1~'Ufl~iY~1l11fl'U11~lJl 
<u 

'illflfl11Yh~1'W'Ufl~ ~-galactosidase 1~m~flfl1f11~iJiY'U11lJl'Yllfl1Tr;yf1~ Recombinant Plasmid DNA fllfftJ 
., 

310 Q)31 
UltJ1 QIAprep Spin Miniprep kit (QIAGEN, USA) !!~1'WllJl\9l~~1t'J restriction enzyme EcoRI !!~~ 

Q rI<JI do Q.I Q d • do 0<::::10 

\9l11~1!fI11~11~1tJ 2% agarose gel eletrophoresis !'VWUflU~m'WmlJl\9l1il'W 100 bp 'VfU11lJf:-l~f:-l~\9l RT-
QjI 10 Q) ldo 

PCR 'Ufl~ long chain neurotoxin precursor 'U'Wl~ 276 bp \9lH\9l1lJ'Yl\9lfl~fl11 U\9l'ff1111U Opharin 'VfU11lJ 
., , 

UflU~!g'W!fl 2 'U'Wl~ ftfl 520 bp tm::: 200 bp !!'ff~~r;i1~'Wri1'W~tg'Wm'Ufl~ Opharin ii~ltmti~nm'W'9Ilf 

EcoRI bYllJl1f1~~1fi' ~~llimijfl'Wih~u~!g'Wm'Ufl~ Opbarin ~ii11tJ~1'Wfl~lu GENBANK ~~J'Wflnl'1~ 
UflU~!g'W!fl'Ufl~ Opbarin ~'j)~UllJl'fff1~flflfl'j)lfl agarose gel !~flUll'tJ!~fllJ~flt'li'lf1U expression vector; 

& 3J 931="" '" 9 ~3J "";3J _I"";
pGEX-2T ~~\9lfl~ !'if11i partial restriction enzyme digestion rrm !11 !~'U'Wl~ 720 bp \9l1lJ'Yl\9lfl~fl11 (~lJ'Yl 4.) 

, ., 
1~t'J1~'tJ~lJlWm'W \l91lf~~~~ (I: 10) !!~:::!1~lniY'W~~ (I5 111fl 20 'Wln) 
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pCR~.1-TOP()® 

3.9 kb 

M13 Revetse Primer 

'-"-"-'----"--=-=-~'------=-=_'__='_____=_=r 

pCR~.1.TOP08 	 The map below shows the features of pCR~l-TOP<:J» and the sequence 
Map 	 surrounding the TOpa!' Ooning site. Restriction sites are labeled to indicate the 

actual cleavage site. The arrow indicates the start of transcription for 17 
polymerase. The complete sequence of pCR~-T()~ is available for 
downloading from our Web site (www.invitrogen.com) or by contacting 
Technical Service (page 24). 

IBcZaATG 
Hind HI Kpn I Sac, BII'rM I Spe I 

I I' I I 
ATG ATT ACG C~ AGe TTG GTA CCG AGe TCG GAl" CCA CTA 
TAe TM TGe GGT TCG AAC CAT GGC rCG AGC CTA GGT GAT 

&IX I EcoRI 	 EmRI 
, I I 

GrA ACG c.ce GCC AGT GTG cro GM TTC GeC GGC GM ITC TGC 
CAr TGC CGG CGG rCA CAC CAe CTT MG eGG eCG CTT MG ACG 

EcoR V BstX I Not I XOO I /\lsi IXba I Apa I 
~ I I I II I 

AGA TAT eCA TCA CAe 'l'GG CGG eCG CTC GAG CAT GCA TeT AGA GGG cec MT TeG Icee TAT 
rCT ArA GGT AGT GTG ACC GCC C~ GAG CTC GTA CGT AGA TCT CCC GGG TTA AC~ 'GGG ATA 

t 

T7 Promolef 	 ,....,3 F~rd (-20) Primer 
AGT GAG TCG TAT T MT TCA 'eTG GeC GTC GT'I' TTA C!AA eGT CGT GAC rGG GAll MC 
rCA CrC AGe ALA A rTA AGT IGAC eGG CAG CAA MT mT GeA GCA CTG ACC CTT TTG 

Comments for pC~1-TOPO® 
3931 nudeotldes 

LacZa fragment: bases 1-547 
M13 reverse priming site: bases 205--221 
Multiple cloning site: bases 234-357 
T7 promoter/priming site: bases 364-383 
M13 Forward (-20) priming site: bases 391-406 
f1 origin: bases 548-985 
Kanamycin resistance ORf: bases 1319-2113 
Ampicillin resistance ORF: bases 2131-2991 
pUC origin: bases 3136-3809 

~,j~ 3. Ur;y~.:j pCR@ 2.1 TOPO vector '\l\Jl~ 3.9 Kb 

http:www.invitrogen.com


3 - 4 

pCR® 2.1 TOPO vector 3.91\.u--+,. .'~.'·----pCR® 2.1 TOPO vector 3.9 kb 

+---- 720bp 
276 bp 

~tJ~ 4. Uff~.:JH~ Recombinant plasmid DNA ~~~~1[J restriction enzyme EcoRl UtllJ~ 1. pCR® 2.1 

.c::1 .c::Sd 
TOPO vector 'tI'Ul~ 3.9 Kb u~::: long chain neurotoxin precursor fragment 'tI'Ul~ 276 bp UtllJ'YI 2. ~lfl'U!tJ 

.d .c:! d .c:! ®
lJW1':ijl'U 100 bp UtllJ'YI 3. ~lfl'U!tJlJll91':ijl'U 100 bp UtllJ'YI 4. pCR 2.1 TOPO vector 'tI'Ul~ 3.9 Kb u~::: 

Opharin precursor fragment 'tI'Ul~ 720 bp 

2.4 Expression Vector 

ml~ Opharin precursor fragment 'ii'Ul~ 720 bp u~::: long chain neurotoxin precursor fragment ... . 
'tI'Ul~ 276 bp .yj~tJ.:Jfl1':i~lf) agarose gel1~[J1,*ih[Jl QIAquick gel extraction kit (QlAGEN) lJllJ1!~tJlJ~tJ 
:v'" ~~ d d "':v 1

!'tIlf)lJ pGEX-2T vector 91.:J!lJ'U expression vector (ltJ'YI S.) 'V1\lf)191~~1[J restriction enzyme EcoRl ~[Jfl1':i 
~ I IV: 91 0 'JI • ~ • 

!'lI'tJlJl91tJtJ1ff[J'Ul[Jl T4 DNA ligase U~1'Ul1'tll~ Host strain DHSU E.coli H~fl1':i!'lI'tJlJl91tJ Opharin 

;" .j1Q,1 oj/I 

precursor fragmen~ 'tI'Ul~ 720 bp ffllJ1':itll'll'tJlJl91t!l'tllf)lJ pGEX-2T U~:::'Ul1'tll~ Host strain DHSU E.coli . .. . 
~:v 1 .c:t 0 ~ '1 Q.I ~ , ~ Q.I

!~ 'U'tIU!:::'YI long chain neurotoxin precursor fragment ~11'U'Ufl1':itJ~ 'U'tI'Ul'll'tJlJl91t!l'tllf)lJ expression . .. 

vector U.:J'lit~[JlJ~tJ[J n'itJ.:J1l1f) pGEX-2T vector 1,jij selectable marker fi.:JlJ'Ufl1':it1~!~tJf) Recombinant 

.c:9 Q.I QI" ~ 
plasmid 'tItJ.:J Opharin precursor fragment 1l.:JtJ1ff[Jfl1':i~~~1[J restriction enzyme EcoRl l'ntJl91':i11lfftJlJ11 

Recombinant plasmid ij Opharin precursor fragment 'tI'Ul~ 720 bp \If)~tJ.:J (~tJ~ 6.) l~'tJ1~ Recombinant 

d.c:! .d" 'j} o. ! I ~ ~ Q.I0 

plasmid 'V1lJ'tI'Ul~'YI\lf)l91tJ.:JU~1 'Ul Ophann recombinant 'YI.:Jl1lJ~ff.:J1!ml:::11111~1~lJ nucleotide 'tItJ.:J . . . 
~ I .c:I~ 'JI.c:! 0 Q.I .Q d 

Opharin precursor fragment l'ntJ~':i11lfftJlJ11 Recombinant plasmid 'YI !~lJm~lJ nucleotide U~:::'YIffm.:J'YI .. . 
\If)~fN ,11f)lJ'UlJl Recombinant plasmid .yj'~'Yilfl1':iffmnfl1':i"ff~.:JtJtJf)'tItJ.:J ltJ'j~'U~tJ1tJ 

I 



----

lJ 

918 
I Thrombin 

lleu Val Pro /vg! GIy serl P!O~ -
- -eTG GTT CCG CGi. GGA-TCC COO I 

- ...:...:..-- . - -- - - - - - -~ -

BamHI -- - _$mal 
~----------~--~----~ 

... -

~u~ 5. !!'ff~\I Expression vector; pGEX-2T 'lJlJl~ 4.948 Kb 
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1 2 3 4 5 6 7 8 9 10 +-__ pGEX-2T 

~__ 520bp 

200bp 

... Id ' ..:::i Q,I <jI .c:i .o:::l d 
1IJ'VJ 6. U'ff~~ Recombinant Opharin precursor 'VJQfWl~~1fJ EcoRI Ut:llJ'VI 1. ~lfl'UmlJ1fl'j!l'U 100 bp Ut:llJ 

d 

'VI 2-11. pGEX-2T expression vector "'Ul~ 4.948 Kb, Opharin precursor fragment "'Ul~ 520 bp BCl::: 


Opharin precursor fragment "'Ul~ 200 bp 

LYl'111U Long chain neurotoxin precursor fragment rr~ hj'ffllJ1'jt:l14mJ~fll~1t1U expression 

o C> it 'I 'I 'lid , 'lI '" 'lI
vector pGEX-2T ~11'U'Uf11'jun ,. l~fJflflm1UU primers l'I1lJ Restriction enzyme BamHI lIfll"lnlJ~l'U 5' 

"U~ Forward primer 1m::: Restriction enzyme EcoRI ~fll~lt1U~l'U 5' "U~ Reverse primer U"'1'ff!1~ 
.. 

cDNA 111n RT-PCR l~fJ',* mRNA 1t1'U template 111mr'U'tjllJl~~~1fJ Restriction enzyme EcoRl 1m::: .. 
tjI Q,I Q,I 31 d Q,I 0 

Restriction enzyme BamHI Vi'jUlJ'YI~lI~ pGEX-2T expression vector ~1fJ enzyme 1~fJ1n'U 'Ul Long chain 
4. I<jIQ,I <jI 'jIo"

neurotoxin precursor fragment l'lfUlJlIfll,.lnu pGEX-2T expression vector ~1fJ T4 DNA ligase UCl1'Ul1,.1 
.. 

~ DH5U E.coU ~fl111 ,.w:::ij1~4hl'u'Uf11'j'ff!1~ cDNA UCl:::1I'j111'ffUUfl11lJQn~U~"fl~ih~uihfl~lu 
.. . 

'111 0' 91 0 d 9J " 0 Q,I 0 Q " Q,I 4. 91 
l'Yl~~1fJf11'j'VJl DNA sequencing 1'j fJU'jflfJ11Cl1UCl:::f11Cl~~11'U'Uf11'jU~ 'U"'UlIfl'Uf11'j l'lfUlJ~fll"l pGEX -2T 

expression vector 

3. Alignment Ui'l~ Computational Searching Sequences Analysis 

nn11fl'il:::tI~Cl,.u~ij1f1~1fl 1'VI~~ 1~l1fl fJU1.yjfJUt1U1i'U~1~'U~ij'jlfJ~1'U' 'U NCB! GENBANK 

database fllrYfJ l11'j11nnl BLAST N 11Cl::: alignment l~fJ',* CLUST AL W Viu'hij1VlfJ~ 4 lf1Cl'U~u~''U 
." • 1 

pGEX -2T , 'U iifl''YI1~ .yjQn~fl-:J'j 1lJ'ri~ij"1~Uij1f1~1 fl 1 'YIflYi1'l1ljfllJt1'UUCl:::1ljfllm fJ1J1YifJUt1lJ Opharin 

precursor (GENBANK accession number AY299475) 1m::: Ophanin (GENBANK accession Dumber .. 
AY181984) Viuin;~ 41f1Cl'U1'I1lju'Ut1U Opharin precursor 11Cl::: Ophanin 82.4 % 1~fJijij1f1~lu''VI~ 6 ~1 . . .. 
'MlfJhJ (111Yi. 7) lljfllmfJ1J1YifJU"l~Ul11'j~'U,.u~n~ 4 lf1Cl'Ut1U Opharin precursor UCl~ Ophanin Viuil 

lllljU'Ut1'U 68.5 % UCl:::ijl11'j~'U'I11fJ111 2 ~1 ('j11~. 8) ~Cl"fl-:J"1~uij1f1~lfl ''YIflUCl:::111'j~'U~'~111nf11'j.. 



"II 

Q ~!II'IrJ"I ... dI 'I !II i!ll
~'j11l1!fl'jl~'H !~HY~ !lJU'W'Vlf1 !'Wjl'W'UtllJ(;l'U'tH NCB! GENBANK database mv ~ GENBANK accession 

number FJ767755 ('j11~. 9).., 



1 0 

Opharin clone3 ATGATTGCCTTCACCTTGCTAAGTCTTGcTGCAGTGCTGCAACAGTCTTC.TGGAACTGTT 
Ophariil: elone8 -A.TGAT'l'GCC;'l'TCACCT'l'GCTAAG'l'CT'l'GCTGCAGTGC'l'GCAA.CAGTC'l'TC'l'GGMCTGTT 
Opha,rin..;.,clonel AT~AT'l'GCC'l'TCACCTTGCTAAG'l'C'l'TGCtGCAGTGCTGCAACAGTCTTCTGGAACTGTT 

Opharin_ clorie.9 A'l'GA'l'TGCC'l'TCAccTTGC'l'AAG'l'C'l'TGCTG~G'l'GC'l'GcAACAG~CT'l'CTGGAAC'l'G'l'T 
Ophariri.:.,pJ:ecW:sor ATG~TGCCTTCACCTTGCTAAG'l'C'l''l'GCTGCAG'l'GCTTCAACAGTCTT'l'TGGAAA'l'G'l''l' 

Ophl.nin ATGATTGCC'l'TCACCTTGC'l'AAGTCTTGCTGCAGTGCT'l'CAACAGTCTTT'l'GGAAA'l'GTT 
************************************** *****.***. ***** **** 

Opharin clone3 GATT'l'TGCTTCTGAG'l'CAAGTAACAAAAGAGAAAACCAAAAGCAGATTGT'l'GACAAG~C 
Opharin_clone8 GA'l''l''l''l'GC'l''l'C'l'GAG'l'CAAG'l'AACAAAAGAGAAAACCAAAAGCAGATTGT'l'GACAAGCAC 
Oph~rin_clonel GATTTTGCTTCTGAGT~~GTAA~GAGAAAACCAAAAGCAGATTGTTGACAAGCAC . 
Opharin_clone9 GA'l''l''l''l'GCT'l'C'l'GAG'l'CAAG'l'AACAAAAGAGAAAACCAAAAGCAGA'l''l'G'l''l'GACAAGCAC 
Opharin-precursor GAT'l'TTAAT'l'CCGAG'l'CAACCAGGAGACAAAAAAAACAAAAGGAGA'l'TG'l''l'GACTTGCAC 
Ophanin - GAT'l'TTAAT'l'CCGAG'l'CAACCAGGAGACAAAAAAAACAAAAGGAGA'l'TG'l'TGAC'l'TGCAC 

.****. • •• ~ •• *••* • • * • *•••••**** *.**.****** **.* 

Opharin_clone3 AATGC'l''l'tAAGGAGATCAG'l'GAAACCAACTGCTAGGAACATGTTACGAATGGAATGGAAT 
Opharin_clone8 AAT GCTTTAAGGAGATCAG'l'GAAACCAACTGCTAGGAACATGTTACGAATGGAATGGAAT 
Opharin_clonel AATGCTTTkAGGAG~TCAGTGAAAC~~CTGCTAG~TGTTACG~TGGAATGG~T 

Opharin_clone9 AATGCT'l'TAAGGAGATCAG'l'GAAACCAACTGCTAGGAACATGTTACAAA'l'GGAATGGAAT 
Opharin precursor AATTCTTTAAGGAGATCAGTGAGTCCAACTGC'l'AGCAACA'l'GCTAAAAATGCAATGGTAT 
bphllnin- AATTCTTTAAGGAGA'l'CAG'l'GAGTCCAACTGC'l'AGCAACATGC'l'AAAAATGCAATGGTA'l' 

*** ***********.****** ********.** ******.. **** ***••• * 

Ophar:in clone3 TCTAA'l'GCTGCTCAAAATGCAAAACGT'l'GGGCAGATAGATGT'l'CT'l''l'TGC'l'CACAGTCCA 
Ophu:in:ciloneS - . TCTAATGCTGCTCAAAATGCAAAACGT'l'GGGCAGATAGATGTTC'l'TrTGC'l'CACAGTCCA 
Opharin clonel TC~~TGCTGCTCAAAATGCAAAACGTTGGGCAGATA~TGTTCTTXTGCTCACAGTCCA 
Opharin-clone9 . TCTAA'l'GCTGCTCAAAATGCAAAACG'l'TGGGCAGAT~TGTTCTTTTGCTCACAGTCCA 

Ophar:in-p~ecursor CCTGAAGCTGCTTCAAkTGCAGAACGT'l'GGGCCAGTAACTGTAATC'l'TGGTCATAG'l'CCA 
Ophanin CCTGAAGCTGCTTCAAATGCAGAACGTTGGGCCAGTAACTGTAA'l'C'l''l'GGTCATAG'l'CCA 

* ****** .**.*** .*******.* •• ... ...... • •• • 'II. * -,,** *** 
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.. 
ophar in_clone3 CCACACTTAAGAGCTG'l'GGGAAAATTCAGTTGTGGTGAAAATCTATTCATGTCAAGTCAA 
Opharin cloneS CCACAC'l'TAAGAGCTGTGGG.AAAATTCAGTTGTGGTGAAAATCTATTCATGTCAAGTCAA 
Opharin:clonel . CCACAC'rTAAGAGCTGtGGGMAAT'rCM,;TTGTGG'N~TCTATTCATGTCAA.G'rCAA. 
opharin "clone9 . CCACACTTAAGAGCTG'l'GGGAAAATTCAGTTGTGGTGAAAAl'CTATTCATGTCAAGTCAA' 
Opharin~.recursor GACTATTCGAGAGT'i'C'l'TGAA.GG.AATACAATGTGGTGAAAATATATACA'l'GTCAAGTAAT 
Ophanin GACTATTCGAGAGTTCTTGAAGGAATAGAATGTGGTGAAAATA'l'ATAaATGTCAAG'l'AAT 

* * **** * * * * * * ************ *** ***'~***** * 

Opharin clone3 CCTTA'l'GCATGGAGTAGAGT~TCAGTCTTGGTATGATGAAAACAAAAAA'l'TCGTCTAT 
Opharin:olone8 CCTTATGCATGGAGTAGAGTAATTCAGTCTTGGTATGATGAAAACAAAAAATTCGTCTAT 
Oph~ri1l.-clonel CCTTATGCATGGAGTAGAG~TTCAGTCTTGGTATGATGAAAACAAAAAATTC~TCTAT ,· 

Opharin_olone9 CCTTATGCATGGAGTAGAGTAATTCAGTCTTGGTATGATGAAAAC~TTCGTCTAT 
Opharin-precursor CCCAGGGCATGGACTGAAATAATTCAATTATGGCATGATGAATACAAAAATTTTGTCTAT 
Ophanin CCCAGGGCATGGACT~TAATTCAATTATGGCATGATGAATACAAAAATTTTGTCTAT 

** ******* *' * ****~** * *** ******** *******. ** ****** 

Opharin_clone3 GGCGTTGGA~CCCACCAGGTTCTGTTATTGGCCATTATACCCAGATAGTTTGGTAC 
Opharin cloneS GGCGTTGGAGCAAACCCACCAGGTTCTGTTATTGGCCATTATACCCA~TAGTTTGGTAC 

opharin:clonel GGCG~~G~~CC~CAGG~~C~GTTATTGGCCATTATACCCAGATAGTTTGGTAC 

Ophnrin clone9 GGCGTTGGAGCAAACCCACCAGGTTCTGTTATTGGCCATTATACCCA~TAGTTTGGTAC 

Opharin_pr~cur8or GGCGTTGGAGCAAACCCACCAGGTTCTGTTACTGGCCATTATACTCAGATAGTTTGGTAC 
Ophanin GGCGTTGGAGCAAACCCACCAGGTTCTGTTACTGGCCATTATACTCAGATAGTTTGGTAC 

******************************* ************ *************** 

Opharin clone3 AAAAGTCACCTTCTTGGTTGTGCTGCTGCCAGATGCTCTTCATCCAAATAC------CTC 
Opharin-clone8 AAAAGTCACCTTCTTGGTTGTGCTGCTGCCAGATGCTCTTCATCCAAATAC------CTC 
Opharin:elonel ~~GTCACCTTCTTGGTTGTGCTGCTGC~GATGCTCTTCAXCCAAATAC------CTC ' 
Opharin_clone9 AAAAGTCACCTTCTTGGTTGTGCTGCTGCCAGATGCTCTTCATCCAAATA~------CTC 

Opharin_precursot AAAACTTACCGTATTGGTTGTGCTGTTAACTATTGTCCTTCATCTGAATACAACTACTTC 
Ophanin AAAACTTACCGTATTGGTTGTGCTGTTAACTATTGTCCTTCATCTGAATACA~TACTTC 

**** * *** * ************ * * ** ******* ***** ** 
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ophar in_,clone3 
Opharin~clone8 
Ophar in_cl onel 
Ophar in el one9 
Oph.rinJ,,tecur,,or 
Ophanin 

Opharin clone3 . 
Ophari n:cloneS 
Oph.arinclon.l 
opbarin:clon~9 
Opharin_precursor 

. Ophanin 

Opharin_clone3 
Opharin_clone8 
Opnarinclonel 
Opharin-clone9 
OPharin-prei::ursor 
Ophariin-

Opharin clone3 
Opharin-,clone8 
Opl2arin...clonel 
Opharin_clone9 . 
Opharin,J)recul:sor 
Opha·nin 

·TM GTT'rG'l'cAATACTGCCCAGcAGGGAATATCAGAGGTTCAATTGCTACTCCATATAAA 
TATGTTTG'I'o.ATACTGCCcAGCAGGGAAl'ATCAGAGG1'1'CAA'l'T~'l!AdTCCATA'X];,AA 
i~GTTTGTCAATACTGCCCAGCAGGGAATATCAGAGGTTCAATTGCTACTCCATATAAA 
T~GTTTGTCAATACTGCCCAGCAGGGAATA'l'CAGAGGTTCAA'l'TGCTACTCCATATAAA 
TATGTTTGTCAGTACTGCCCATCA~~TGAGAGGTTCAACTGCTACTCCATATAAA 
TATGTTTGTCAGTACTGCCCATCAGGGAACATGAGAGGTTCAACTGCTACTCCATATAAA 
••6******** ***.***** .~****. ** *.*******. *************.*. 

T~GGGCCACCT~GTGGGGACTGTCCTTCGGCTTGTGACAACGGACTATGCACAAATCCT 
TcAGGGCCACCTTGTGGGGACTGTCCTTCGGCTTGTGACAACGGACTATGCACAAATCCT 
TCAGGGCC'ACCTTGTGGGGACTGTCCT!I'CGGCTTGTcaCAACGGACTATGCACAAATCCT 
TCAGGGcCACCTTGTGGGGACTGTCCTTCGGCTTGTGACAACGGACTATGCACAAATCCT' 
TCAGGAC~CTTGTGGGGACTGTCCTTCGGCTTGTGACAACGGACTAXGCACAAATCCT 

TcAGGACCAACTTGTGGGGACTGTCCTTCGGCTTGTGACAACGGAC1'ATGCAcAAATCCT 
***** **. **.**.**.******.*.*.****.**.****~*********.*~.**** 

TGCAAATATAAAGATGACTTCTCGAACTGCCAATCTTTAGCGAAACAAACTAAATGCCAG 
'I'GC.AAA'I'ATAAAGATGACTTC'I'CGAAC'I'GCCAATC'l'TTAGCGAAACAAACTAAATGCCAG 
,!GCAAA'tAT~TGACTTC'l!CGAACTGCCJ\A"rC'I'T'rAGCGAAACMACT)JI,ATGCCAG 

TGCAAATATA:AAGA'I'GACTTC'I'CGMC'I'GCCAATC'I'TTAGCGAAACAAACTAAATGCCAG 
TGCACACTTTATAATGAGTACACTAACTGCGATAG'I'TTGGTGAAA~GTAGCTGCCAG 

TGCACACTTTA'I'AATGAGTACAC'I'AACTGCGATAG'l'T'I'GGTGAAACAAAGTAGC'I'GCCAG 
**** * * * ***** * * ****** ~ *** * ******** ** ****** 

ACTGAATGGATCAAGTCAAAATGCCCTGCTTCTTGCTTCTGCCACAATAAAA'I'AATATAA 
ACT GAATGGATCAAG'I'CAAAATGCCCTGC'I'TCTTGCTTCTGCCACAATAAAATAATATAA 
ACrGA1lTGGAT~GTCA~...uTGCCCl'GC"l'C2'TGCl'''Cl'GCCACAATAAAATAATA'I'AA· 
ACTGAATGGATCAAGTCAAAATGCCCTGCTTCTTGCTTCTGCCACAATAAAATAATATAA 
GATGAGTGGATCAAGTCAAAA1'GCCCTGC'I'TCT~GCTTCTGCCACAAtAAAATAATATAA 
GATGAGTGGATCAAGTCAAAATGCCCTGCTTCT'I'GCTTCTGCCACAATAAAATAATATAA 

*** ********.**.**********.*.*****.*****************.***** 


.d 1 ~ d ~ eo d,1 II) ".c:t Q"I

tiJ'Yl 7. U'ffll-!l~~ Multiple sequence alignment "Utl-!l nucleotide ~lfl fI~'W'Yl-!l 4 tiJ1tJ'lH'YltJ'lJfl'lJ Opharin precursor U~~ Ophanin (* U'ff1l..'lmllH'I11Jtl'W"Utl..'l'W1f1~ tJ !'Yl1l) 
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Opharip_clomH 
Opharin c10ne3 
Opnarin:c16ne8 
Ophar'in 010ne9 
opha-r i n: precursor 
Ophani~ . 

Opharin_clonel 
Opharin_clone3 
Opharin clone8 
Opharin:clone9 
Opharin-precursor 
Ophan~n 

Opharin....clonel 
,Opharin~clone3' 
. Opharfn_cloneB 
Opharin_clone9 
Opharlit-precur!'or 
Ophanin 

Opharin.....;clonel 
Opharin cione3 
Opharin-:cloneB 
Opharin_clone9 
Opharin-precursor 
.Ophanin 

MIAFTLLSLAAVLQQSSGTVDFASESSNKRENQKQIVDKHNALRRSVKPTARNMLOMEWN 
MIAFTLLSLAAVLOQSSGTVDFASESSNKRENQKQIVDKHNALRRSVKPTARNMLOMEWN 
MIAFTLLSLAAVLOOSSGTVDFASESSNKRENQKQIVDKHNALRRSVKPTARNMLQMEWN 
'MIAFTLLSLAAVLQQSSGTVDFASESSNKRENQKQIVDKHNALRRSVKPTARNMLQMEWN 
MIAFTLLSLAAVLQQSFGNVDFNSESTRROKKQKEIVDLHNSLRRSVSPTASNMLE<MQWY 
MIAFTLLSLAAVLQQSFG~VDFNSESTRRQKKQKEIVDLHNSLR~SVSPTASNMLKMQWY 
*.***',,*********** * *** ** ... , ... ,** .... *... . **.***** *** *.**.* ••• , ••• 0' •• • • • • 

SNAAQNAKRWADRCSFAHSPPHLRAVGKFSCGENLFMSSOPYAWSRVIQSWYDENKKFVY 
SNAAQN,AKRWADRCSFAHSPPHLRAVGKFSCGENLFMSSQPYAWSRVIQSWYDENI<KFVY 
SNMQNAKRWADRCSFAHSPPHLRAVGKFSCGENLFMSSQPYAWSRVIQSWYDENK1<FVY 
SNAAQNAKRWADRCSFAHSPPHLRAVGKfSCGENLFMSSQPYAWSRVIQSWYDENKKFVY 

-PEAASNAERWASNCNLGHSPDYSRvtEC:;IQCGENIYMSSNPRAWn~IIOLWHDEYI<N'iVY 
PEAASNAERWASNCNLGHSPDYSRVLEGIECGENIYMSSNPRAWTEIIOLWHDEYI<N~Y 

. ..... ... '" . * * *. ... • .... * *. . . **** ..••~ ....... * •• ** *.** *.***• • • • • , I • • • • " t •• 'J • • 

GVGANPPGSVIGHYTQIVWY~SHLLGCAAARCSSS--KYLYVCQYCPANGIRGSIATPY1< 
GVGANPPGSVIGHYTOIVWYI<SHLLGCAAARCSSS--KYLYVCQYCPANGIRGSIATPYI( 
GVGANl?PGSVIGHYTOIVWYKSHLLGCAAARCSSS--KYLYVCQYCPANGIRGSIATPYK 
GVGANPPGSVIGHYTQIVWYKSHLLGCAAARCSSS--KYLYVCQYCPANGIRGSIATPYK 
GVGANI?PGSVTGHYTOIVWYKTYRIGCA'INYCPSSEYNYFYVCQYCPSGNMRGSTATFYK 
GVGANPPGSVTGHYTQIVWYKTYRIGCAvNYCPSSEYSYFYVCQYCPSGNMRGSTATPYK 
~*.*.*.*** **********: :*** * ,.** *:"'******: :* ......**. 

SGPPCGDCPSA,CDNGLCTNPCKYKDDFSNCQSLAKQTKCQTEWIKSKCPASCFCHNKII 
SGPPCGDCPSACDNGLCTNPCKYKDDFSNCQSLAKQTKCQTEWIKSlScPASCFCHNKII 
SGPPCGDCPSACPNGLCTNPCKYKDDFSNCQSLAI<QTKCOTEWIKSkcPASCFCHNKII. . ,\ . . .... ' . 

·SGPPCGDCPSACDNGLCT.N'PCKYKDDFSNCQSLAI<QTKCQTEWIKS1<CPASCFCHNKI I 
SGPTCGDCPSACDNGLCTNPCTLYNEYTNCOSLVKQSSCQDEWIKSKCPASCFCHNKII 
SGPTCGDCPSACDNGLCTNPCTLYNEYTNCDSLV1<QSSCOOEWIKSKCPASCFCHNKII 
*** ***************** :**:** "'*:.*~ ****************** 

. " 
~1JYi 8. m"~.:JrH'I Multiple sequence alignment '1J'e:J.:J 11J'j~'W~1f11f1,,'Wi1.:J 4 t1J~mJtYifJ'lJn'lJ Opharin precursor tt~~ Ophanin (* ttrr~.:JmllJmijV't.J'lJv.:J 11J'j~'W) . 



LOCUS FJ76n55 714 bp mRNA linear VRT 11-MAR-2009 

DEFINITION OphiophagUS hamah opham prea.lrsor, mRNA. complete cds. 

ACCESSION FJ7fiT755 

VERSION FJ76n55 

KEYWORDS . 

SOURCE Ophklphagus hannah (king cobra) 


ORGANlSM Ophiop~ hannah 
Eukaryota; Metazoa; Chordata; craniata; Vertebrata; EuteleostorTi; 
Lepidosauria; Sqlamata; ScIerogbssa; Selpems; CoIubroidea; 
Elapidae; EIapNe; Opnophagus. 

REFERENCE 1 (bases 1 to 714) 
AUTHORS Suntrarac:floo,S., Khunsap,S., TlfBWatnapong,T. and Thamaree,S. 
TITLE ClOning of the neuromuscular bIocDIg compound from the venom of 

King Cobra (Ophiophagus hannah) 
JOURNAL Unpublished 

REFERENCE 2 (bases 110 714) 
AUTHORS Suntrarachun,S., Khunsap,S .• Tirawatnapong,T. and Thamaree,S. 
TITLE Dired Submission 
JOURNAL. Submitted (19-FEB-2009) R&D, Queen Saovabha Memorial tnstitute, 

Thai Red Cross Society, Rama IV. Bangkok 10330, Thaland 
FEATURES LocaIion/Quafifiers 

source 1..714 
lorganism="Ophiophagus hamah" 
Imo'-~"mRNA" 
Idb_xr:ef=''IaxDn:8665'' 
ltissue_type--"Venom gland" 
Icounlry="Thailand" 

COS 1 .. 714 
Icodon_start=l 
Iproduct="opharin precursor'" 
IproteirUd="ACN93671" 
Ilranslation="MIAFlllSlAAVLQQSSGlWFASESSNKRENOKOIVDKH 

NALRRSVKPTARNM...QMEWNSNAAQNAKRWADRCSFAHSPPt-LRAVGKFSCGE 
NLFMSSOPYAWSRVIQSWYDENKKFVYGVGANPPGSVIGHYTQrvwYKStLLGCA 
AARCSSSKYlYVCQYCPAGNlRGSfATP't1(SGPPCGOCPSACONGLCTNPCKYKD 
OFSNCaSlAKQTKCQTEWtKSKCPASCF~Klr 
ORiGIN 

1 atgattgcct tcaccttgct aagtdlgd gcagtgctgc aacagtdtc tggaactgtt 
51 gattHgctt ctgagtcaag taacaaaaga gaaaaccaaa agcagattgt tgacaagcac 
121 aatgctttaa ggagatcagl gaaaccaad gdaggaaca tgtIacaaat ggaatggaat 
181 tctaatgdg ctcaaaalgc aaaacgttgg gcagatagat gltdtltgc tcacagtcca 
241 ccacacHaa gagctgtggg aaaattcagt tgtggtgaaa atctattcat gtcaagtcaa 
30' cdtatgcat ggagtagagt aattcagfct tggIafgatg aaaacaaaaa aacgtdal 
361 ggcgttggag caaacccacc aggtIdgtt attggccatt alacccagal agtttggtac 
421 aaaaglcacc Hcttggttg tgdgdgcc agalgctdl catccaaata cctctatgtt 
481 tgtcaatact gcccagcagg gaatatcaga ggttcaattg clactccata taaatcaggg 
541 ccacdtgtg gggactgtcc Ucggcttgl gacaacggac tatgcacaaa tcdtgca8a 
601 tafaaagatg acttctcgaa clgccaatcl ttagcgaaac aaactaaatg ccagadgaa 
661 tggatcaagt caaaatgccc tgcttcttgc 1tctga:aca aIaaaataat ataa 

" 


'nJ~ 9. Uff~'1,h~1J nucleotide 11m:hh~hJ'\ltl'l Opharin precursor ~'~~lf)m':i lml'lmCl~'Yh DNA.. 
Sequencing l~i'1Jm':i,j'Wiif)Cl'lhJ NCB! GenBank database fIl(I'~ Accession number FJ767755. 
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.. , , 
4. fI1'jUiJ~-3elel 0"\1 el-311hfiU OUUtl fll'lh~UU(l::fI1'j 't1~ iJel'lJ fI1'jU'lJU-3ihJ"ltt'l.h::iJl't1n~eln'lJ 

, ," I 

fI1lJlfci'lfll'lrl~HilflfllfHnJ'Viihh~uiJ1fl~lfl 'Yl~Yi\lfl~fl'll1'1 4 lmru 1I1'Vhflnm:::~'UlY7flhr1f)~ 
-1 o<t 4 Y 4 c> 0 0 1 "Y " Yo<t Y Y ,

fll'l"'fY~'1flflfl'IJfl'l 11J'lll'UYlllfl'lfll'l YlfJO.llf.f.JlI 37 C 1m::: 29 C ~lJ ~'If 1M IPTG tlfllfl1111l'IJ1I'IJ'U'l:::lf11'1 

0.05-1 mM nnlJU1Yivu~l1m~1'1"lti'U 3-4,5-6, ",,::: 24 'lfll. 'Ill111m111'fYflUl~lJl~ 12% SDS-PAGE 
, " . " 

l1'llfl!J'".h~U band If'U1Yi'llllf-Uflll1mfl,,11'l:::1I1W 49 KDa 1I111'IJ'U1~Yi~fl'lfll'l1~fll1n lJU1YilJUflU negative 

.k ~ '" , "'~ " Y c> '" Y '" , '" ~ , o<tcontrol 9f'l1U'U1I1fllJl'1Yl&1I ~11111111m:::1I'U IPTG (Not induce) ",,::: 1I1fllJl'1111U'U E. coli fllJ1'11~lJ1 (No. 
'" 4 "''' ~ Y "y Y 1-1 o<t '" Y '"insert) 1~lJfI1lJlf"'1fll'l111'fYfI11:::Ylm1l1:::'fY1I'lJfl'l IPTG Yl t'lf t'Ufll'lm:::lI'U tl1'fY'll'1 1J'lll'UYlllfl'lfll'JYl• 

.Q. 0 0 r .r::1 .Q. 0 91 'JI 
flWl1.flll 37 C 1m::: 29 C ~U11Yl flWl1.flll 37 C fl11111'IJ1I'IJ'U'lJfl'l IPTG 0.05 1m::: 0.1 mM 11m 3-4 'lfll. 

q " q 'V 

lI:::11'llfl~ band 11'Ulfl'h1'U~1flcil'1~fl11111.,j'1I.,j''U'lJfl'l IPTG 1'Yhn'U,,~&n'Unm 5-6 'lfll. 1m::: 24 'lfll. (~11~. 
~ .Q 0 'jJ 'j/ ~. .cSd a:t .c::t 

10) 'lJW:::YlflWl1.flll 29 C fl11111'IJ1I'IJ'U'lJfl'l IPTG 0.05 1m::: 0.1 mM 11m 5-6 'lfll. llJ'U'lf1'1l1mYlllYl'fY~Yl. .. . 
-1 o<t '" Y _I'" .!l.... 1Y "" 0 Y Y11J'l1l'U1111fl'lfll'l1l:::'fYllJ1H\U'fY~'1flflfl ('l1JYl. 11) lI'1mflfl 'lfflWl1.flll 37 C fl11111'IJ1I'IJ'U'lJfl'l IPTG 0.1 mM.. . .. 


'JI I ",I 

11m 3-4 'lfll. 111i .;'1'Uflnm:::~'U lfl"'Ul1'1 4 hr'fY~N 111'l~'UYi~fl'lfll'l1'U111111wYi1l1fl~'UlY7fl'll1111UlJfl 

1

• 
u,,:::i ~Yl~'fYflUf.!W 'fYlI,j~~~fl'lfll'l 'U flfl1l1flri'V'Il'tu'h 111'l~'U~U'fY~'1flflflll:::~uflQ1'U pellet ~'1ln'Uri1'U 
lfl1'1'IJfl'l inclusion body 1I1flfl'h1'U supernatant lrtmh Western blot l'tU band Ul'1 ',ji'~111'U~'IJ'Ul~ 

1~lJ1flU~~u1'U SDS-PAGE 

-1 o<t '" Y 1 1Y .k ~ .!ldmmlJfl 1J'lll'UYlllfl'lfll'JflflfllJ1 ~v 'If GSTrap FF affinity column 9f'lllJ'U column 'IJ'Ul~mfl 11'1 
" • •• JI 

~fl'l'tillf "llJfli''1lY7fl111'''~111'l~'U' 'U 111111wYi1l1fll't flYi 11:::1i'1'UflnYl~'fYflU 1~V1~1I~1flcil'1"'1 'l1fli''I"::: 2

elution buffer lrtfl1~rilflnll~flil'Uu'fY'I '~'fY'Il1'l:::lJ1W 0.7-1 fl~ln'U 0.35 mglml 1~flmi1flcil'1~'1flril1~.... . . ". 
fllwhiH 11'l~'U'Vil'l1~fl'lfll'llJ111'l111'fYflU l~lJ'~ 12% SDS-PAGE 11 1fl-UlJ 'til'~l.,j'lI.,j'lJlm:::fh~~i1'1l~fll1lJ 
, "t" 

fl'U"lflflfl 'Ill111Yl~'fYflUfll'l VUV'I11"llJl1'l:::'fY1YlYi~flflum~1111,jfl1'U Mouse Phrenic Nerve - Hemi

.k '" c> 1-1 o<t "" Y , IIdiaphragm Preparation 9f'lfl1Vl1"'1fll'lll1lJ 1J'l1l'U Opharin precursor Yl ~1I1flfll'lU'fY~'1flflfll'tU11 11 
'j/ I " f 

'fYllJ1'lf.1VU V'! l1"lvl1'l ::: 'fY1YlYi~flfium~1111,jfl , ~~l'vhtiu ri1lJ YiuVfl , ~1I1fliillli ~vm 'I 



A 2 3 4 5 6 7 8 9 10 11 


41 KDa ~ 
~ 49KDa 

31 KDa ~ 

B 2 3 456 7 8 9 10 11 


41 KDa~ ~ 49KDa 

31 KDa ~ 

Kalaidoscope; lane 2: No insert; lane 3: Not induce; lane 4-7: fl11WoU:JJoU'W 0.05, 0.1, 0.5, 11(;1::; 1 mM IPTG 

~ ~ . nm 3-4 'I1:JJ. 1m::; lane 8-11: fl11:JJ1'IJ:JJ'IJ'W 0.05, 0.1, 0.5, 1m::; 1 mM IPTG 5-6 'I1lJ. 



A 2 3 4 5 678 9 10 II 


68KDa ~ 

~ 49KDa 

B 2 3 4 5 6 7 8 9 10 11 


68KDa~ 

~ 49 KDa 

KDa; lane 2: No insert; lane 3: Not induce; lane 4-7: f111lJ~.u'lJ.u''W 0.05,0.1,0.5, U"::; I mM IPTG n"l 3-4 

'j) 'j) 

'i1lJ. Lt,,:; lane 8-11: f111lJ~'UlJ'U'W 0.05, 0.1, 0.5, U(;l::; 1 ruM IPTG 5-6 ')$lJ. 
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':il1fi 12. Uff~"~H'lfl1':i!Wfl111':i~'Wflf"fi 1 1~fl1':i~~flti'W!!ff"fi 280 run (A) 1'W!!f1"~~1fld1" U1lJ1 
~ ~ 

-I d .d v 1 .d0

~':i1'jHH)1J1lJ':i~'W'YJ~fl"fl1':i ~tlfl1':i'YJ1 12% SDS-PAGE. Lane 1: Kalaidoscope; lane 2-11: fraction 'VI 12

22. 
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• !V , • 

'.ilHl13_ tt~~'1~(lfll'HWf)hJ':i~'Wfli''1fl2 1~fllHI~f)i)'WU~'1fl280 om (A) ''WU~(l::~1fJ£il'1lhlJ1
~ ~ 

~':i1'il~fJ1J ltJ':i~'U~~fJ'Ifll':i l~rJmHh 12% SDS-PAGE. Lane 1: Kalaidoscope; lane 2-9: fraction ~ 4,12, 
, " , 

... 0'l~''-I'' "" ,Y'I ... "" ')I ')I
13,16-20; lane 10-11: filtrate filrJ'YICl'l'illf)f)WYI1!'I1 nJ':i~'W'YItWfl ~ !'WflH'Yl 1 t'UlJ'U'W . 
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nJlil4. Uft~'llimfl1';jtWf) hh~h..!flr'lli 31~f)l'j~~f)il'\...!uft'lli 280 om (A) 1'\...!u~(t::~1fldH lJllJl 
~ ~ 

1_1 "" .d jJ 1 0 ..

~'j11lfteJ1J lJ';j\PI'\...!'Yl~W'lf)l'j ~tlfl1'j'Yll 12% SDS-PAGE. Lane 1: Kalaidoscope; lane 2-11: fraction 'Yl 2,4, 

6,15,20,22,24,26,28,30. 
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1.5OOJOO , 
i 
I 
'pharin precursor I 

---11.o<roll 

-----+---------Io_CXXlOOO 

jI,,,, 
_I'" '" .... _I _I "" '" ~ '" ~ ':ilJ'YI 15. Uff~~fll'VH111'Y1~fffl1Jf1l1V1JV~lJmVlJ1~ffl'Y1'Y1~flmJf)mlHlHl I'U Mouse Phreruc Nerve - Hemi... 

'" "" 1-1 '" ~d,diaphragm Preparation fllmnl~f1l':il~lJ lJ1~'U Opbarin precursor 'YI ~'illflf1l1Ufffl~flflfl 



'30 

'I1~.:Jf11'j" lmn.J f)um1'i1ffflmh~tJibfl~lfl''VI~ml~~l~tJ hh~h.l\lfl.:J Opharin precursor ~hi 

't'l1J1liJ 4 lmn.l~iJ~1~tJi11f1~lfl''VI~~flf)~fl.:J u~iJ~1~tJi11f1~lfl''VI~'I1lvhJ 6 ltJffU€l~ hh~U'I11V',j 2.. 
Opharin precursor 

Opharin precursor 11~fl Ophanin ~iJ'j"lV.:J1U1u NCBI GenBank 'illf),j'j"~l'V1ff~U"l 91.:Jm'ilci.:JH€l~fll,j':h.:J . 
~f)~W~\lfl.:J hh~l.I1m~f11nh.:J1U\lfl.:J1,j'j"~U'iSi1~ij 

~ 

ih1l1'flWfflJiJ~1,j~VU ',j'illm~lJ11~fl ':Ul'HijflUl~lJ•.. ~ 

lijmh l,j'j"~u Opharin precursor n'~'iIlf)f11'j"Uff~.:Jflflf) fl1llJl~lJ'U'U 0.35mglm1lJl'VI~fffltJf)nVtJV.:J,jmv 
~ 

_I "". 
. 

'" 'jI .,. 1 """"1 1 "". lJ'j"~ffl'VI'VI~flf)tJf)mlJ1Ufl U Mouse phrenic nerve - herni-diaphragm preparation mlJ11i U flHf)n'VI 2 
" . " , 

'VltJ1l ':UmlJl'j"flVtJiJ.:J,jm{J,j'j":::ffl'VIn~DntJf)~llJlUfl '~~1'~hntJri1u nu£Jf) '~'iIlf)-n~.:J 1~{Jm~ (1m.:Jf11'j".. 
~ 2) m'iliJffll'H~'iIlf)f11'j"l~V.:J~l~tJ\lfl~ l,j'j"~u~hi~H'illf)l,j'j"~u~uUtJtJ~t1~U Opharin precursor 11~fl 

Ophanin flVH~fffl.:Jf11'j"ffrl~ 1,j'j"~U\lfNiY~1~iJi111f1~Vff (eukaryotic cell) l~vmffV'j"~tJtJ\lfl~l9f€ltl~':u 

iJi11lfl~Vff (prokaryotic expression system) liu E.coli iJf)iJi1tY11l1ul~fl.:J,.,mf11'j"~~l~V.:Jfi'1 (protein 

folding) ~hh'l1ijflUfi'1~U utJtJ91.:Jfl1'i1ri~H€l1'I1~:UffllJl'j(lnl.:J1U '~mlJ,jf)~ Uflf)'iIlf)if f)1'j"\ll~ post-

o 1 'jI 0 '1- I '" "" 'jI , 'jI 0 ,-11'j1 "" 'jI "" ~ "'i _I""translation modification \lfl.:J E.coli 'VIl l1f11'j"UlllJ'j"~U'VIff'j"l~ ~Ul lJ 'is'ilHU€l11f)~lJty11l 'iI~fl1'j"llJ€lVU 

'jI 1-1 '" 1'jI'" ""'" • , d""""'j"~tJtJf)1'j"ff'j"l.:J lJ'j"~UlJl 'is yeast 11'j"fl mammalian cell 'VIlJ post-translation modification flm~ 'j"f)~lJ 

nV.:J1U1l f)UUff~.:Jflflf)\lfl.:J 1,j'j"~u1u yeast fl~1u'.i~~mJ.:J U~m~tJ1Uf)n post-translation modification 

1u yeast ~V~ ':umjjflUntJ mammalian cell nl1111,j'j"~U~H~~'~V.:J hjiJ,j'j"~ii'VIiifl1Yi111jjfluntJ hh~u~ 

H~~'iIlf) mammalian cell lfl~ f)nl~ baculovirus ntJ mammalian cell expression system d'lu'j"~tJtJ~ 
"1 , I" 

.yr\PJJU1~UlJl1Yifl1111,j'j~UnH~~'~iJfJwfflJiJ~lml'ltlv~ntJ1,j'j"~U 'illf)1inlJ'iSl~1J1f)n'l~ flVl.:J ''j"~~'rl.:J 
~ ~ . 

fffl.:J'j" ~tJtJijiJfl1llJV.:J Vlmm~9ftJ~flU1U f) n H~~~f)'rl.:J~U 'VIU1U f)U H~miflU ~l~ff.:J~.:J ':UlllU nU'Y'ri11mv . . .. 
cv do .d. A d ~QJI ! d Q,I 

1J1f)Uf) flf)ffll'H~'I1U.:J'VltJ11 Opharin precursor '1nD Ophanin lJflWfflJtJ~VtJV~f11'j"11~1f)H~1\1fl.:J 

f)~llJ1iffll~tltJ (smooth muscle contraction) ~m~~u~1v1,ju~fft;tllJ,j~lJ1ULff.:J ~nlhl'lf)~. .. 
" • '11 I 

depolarization u~hjVtJiJ.:Jf)1'j"11~!f)~.:Jfi'1'i1lf)f)Um:::~U~1[1f111n~u H€lnlf)~~UD1'illf)~n voltage-gated 
~ ~ 

• CjI Ad.. 4. ~ 

calcIUm \lD.:Jf)€lllJlUfll'j"DtJ (http://www.umproLorgiumprotlQ7ZT98)Uflf).iIlf)UOphannprecursor.l1.j"fl 

Ophanin V.:J111U1,j'j~u~iJfJwfflJlliilllU Cysteine-rich secretory proteins (CRISPs) f)~lJ1~u1ntJ~~tJlu~ 

~iHi~~m~tJtJ,j'j":::ffl'VI'iSi1~~u l'JfU Natrin 1U.:Jl..i1'~111U (Nalj·a aim) 11~V .:J~iJ-n~~D'j":::tJ1Jl~fl~ 1iu .:J 
~ ~ ~ 

eastern cotton mouth (Agkistrodon piscivoros) U€l::: western diamond back rattle snake (CrOla/us atrox) 

. ~ ~ 

1~ [liJflWfflJiJ~l~U fifll lIu fi'1VtJV.:Jf)1'j" nl.:J1U \lfl.:Jf)U11~!f)~ .:Jfi'1\1fl.:Jf) ~llJ lUfll~[ltJ (smooth muscle 

contraction) (Jin et aI., 2003; Yamazaki et al., 2003; Yamazaki and Morita, 2004) . , 

ril11i'tJ Long chain neurotoxin precursor fragment YiV.:J ':UffllJl'j"fI!'iffllJ~fl1,j'lntJ pGEX-2T 
~ . 

expression vector fI1~111f)~ i1ty11l1l.1'lju~VUf11'j"t'iffllJ~m~lntJ cloning vector; pCR@ 2.1 TOPO 

vector l'Vl'j"l:::lrlD'~ Recombinant plasmid (pCR@ 2.1 TOPO vector! Long chain neurotoxin precursor 

http://www.umproLorgiumprotlQ7ZT98)Uflf).iIlf)UOphannprecursor.l1.j"fl


.n 

'JI 0 "" 'JI ., 'JI • 'JI 'I 'JI
fragment) UClTWl Recombinant plasmid 'YI ~lJl\91~~1fJ restriction enzyme EcoRI ....1J11UlH)~ t'lf 

Recombinant plasmid (pCR® 2.1 TOPO vector! Long chain neurotoxin precursor fragment) fl11lJl.ulJ.u'W 

III 'JI • 1<> 'JI , • .,. • , 'JI .,; 0 

~.:J'iI~ ~~ Long chain neurotoxin precursor fragment lJ'llJlW'WtJfJlJlfl lJl.... fJ.:J .... tJ~tJfll'l 'Jf.:Jl'W UCI:::llJtJ'Wl 

Recombinant plasmid lU'Hl~1~1JiJ'mil1tJ''YI~ 1~l'Jflln:h DNA sequencing ....1J,:hih~1JiJ1f1il1tJ''YI~~'~ 
~1.:J 'tI'illfl~fl1~'~ ~.:Juni'U 1~m~lJl;1 cDNA fragment ''H~ UCI~l'ilfll'l~'l1'i1C1"tJ1J~1~1JiJ1f1~1tJ ''YIfl 
~ ~ ~ 

~.:Ju~;r'Wm fl 'Uw:::ii '~~hliJ'Wfll'l Cl"rH cDNA uCI:::m 1'ilCl"tJ1Jfl11lJ()fl~tJ.:J'UtJ.:Jih~1JiJ1f1~1 tJ ''YI~~1I'Jfll'l.. 
" . 

l'il DNA sequencing i~V1JrtJI'JU~1UCl~fh".:J~1IiJ'Wfll'ltJ~''W'Ij'W~tJ'Wfll'll~tJlJ~tJI,j'1 pGEX-2T expression 

vector 

Opharin precursor 'H1tJ Ophanin ~'~'iI1flfll'l1f1C1'Wihh~1JiJ1f1il1tJ''YI~lm:::ih~1J 1t1'l~'W~1.:J'illfl 

~tJU1J1J 1~fJ 1t1'l~'W'HlfJ'tI 2 ~1 CI"lIl1~~.:Jflri11tJ1'i1l'il""1t1'l~'W~'~ijflWCI"lJlliIltI~fJtJ'tI '~ll1ijtJ'Wl~lJ. . 
, "."". 

lijml1lJl'YI~Cl"tJ1JflWCl"lJU~fll'l V1JV.:JtlClll'JtI'l~ Cl"1'YI Yi~ml1J fl~llJli1tJ....1J,hhiCl"llJl'l ()V1Jv.:JUCIlfJ'th ~CI"l'YIYi. 
'" .'Q,I 'j/ ~, jI..::::s I Q,I I .::::l , " ~,. 1 C\ ~ <do 

\9'ltJfl1JflClllJl'WtJ ~~I'YIlfl1JCI"1'W'YIIWfl ~Hl1fl""lJ~ t~fJCflH t~I'J'YI Opharin precursor 'H'ltJ Ophanin lJ 

Q.I~Q,I ~ QJ' ~ d QJ' 'jJ ~.::::l & 

~WCl"lJ1J~fJ1Jl'J.:J Ion Channel UCI:::fJ1JV.:Jfll'l'H~IflH~1'UtJ.:JflmlJl'WtJI'l V1J (smooth muscle contraction) 'iI.:J 

. 
1'Jf'W 

Guinea pig ileum CflllJ1li'UtJ.:J Schweitz et al., 1990 1~tlij KCllil'W9i1m:::~'Wfl1'l'H~~1'UtJ.:J ileum 1mY1'W 

o <> ,.,; i 1'J1 'JI 1'J1 .,..,
'UtJ.:J Long chain neurotoxin fl1'l~11'W'WfllHltJl""V tflCl'W l1I'Ul expression vector UCI:::tJ1'i1 'JfCl"m1~I~V1fl1J 

'JI , 'JI.,. i.I'" .,; .,.
Opharin precursor 1'Wfll'lm:::'J'W 'HlJfll'lUCI"~.:JtJVfl'UtJ.:J tlJ'l~'W I'WV.:J'illfl Long chain neurotoxin lJ 

~ . .. 
~WCI"lJ,j~I~'W fitJ Cl"llJl'l()V1JV.:JtlClltlU'l:::CI"l'YIYi~tJfl1Jfl~llJli1V'~ ~.:Jijfl11lJlillJ 'tI'~'h Long chain .. . .. 
neurotoxin '\.,h'il~CI"llJl'l()V1JV.:JUCllVU'l:::CI"l'YIYi~ml1Jfl~llJli1tJ'~~fl11 Opharin precursor 'H1V Ophanin 

1m:::1U'l~lJ~ '~m'il'il:::'\.h'1J1~U'l~ 1t1'Jfu1lJ'YI1.:JUHY'Jf1'Y11'J1UCI~'YIl.:Jfll'lU""'YI6~v,~ 
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Search title 1 
Database NCBInr 20080103 (5824077 sequences; 2008696216 residues) 
Top Score 76 for gi148428838, Ophanin preoursor (Opharin) 

Probability Based Mowse Score 
Protein score is -1 O*Log(P), where P is the probability that the observed match is a random event. 
Protein scores greater than 74 are significant (p<O.05). 

Index 
Accession Mass Score Description 

1. gi 148428838 27764 76 Ophanin precursor (Opharin) 
2. gil32423812 27790 76 opharin precursor [Ophiophagus hannah] 

Results List 
1. gil48428838 Mass: 27764 Score: 76 Expect: 0.033 Queries matched: 7 

Ophanin precursor (Opharin ) 

Observed Mr (expt) Mr (calc) Delta Start End Miss Peptide 

1150 .6 575 1149.6502 1149.5700 0.0803 46 - 56 0 R.SVSPTASNMLK .M + Oxidation (M) 

1195.6294 1194.6222 1194.6357 -0.0135 35 - 44 0 K.EIVDLHNSLR.R 

1280.6409 1279.6336 1279.5503 0.0833 216 - 225 o K.QSSCQDEWIK.S 

1552.7998 1551.7925 1551.6776 0.1149 57 - 69 o K.MQWYPEAASNAER.W 

1568. 7721 1567.7648 1567.6725 0.0923 57 - 69 o K.MQWYPEAASNAER.W + Oxidation (M) 

1763.9220 1762.9147 1762.7482 0.1666 70 - 84 o R.WASNCNLGHSPDYSR.V 

1831.9913 1830 .9840 1830.8941 0.0899 103 - 116 o R.AWTEIIQLWHDEYK.N 

No match to: 1168.6643, 1211.7189, 1324.7302, 1367.7842, 1779.9487, 2037.0140, 2052.9917, 2744.2419, 3448.0790 

2. gil32423812 Mass: 27790 Score: 76 Expect: 0.033 Queries matched: 7 

opharin precursor [Ophiophagus hannah] 

Observed Mr (expt) Mr(calc) Delta Start End Miss Peptide , 
1150.6575 1149.6502 1149.5700 0.0803 46 - 56 0 R .SVS PTASNMLK.M + Oxidation (M) 

1195.6294 1194.6222 1194.6357 -0.0135 35 - 44 0 K.EIVDLHNSLR.R 

1280.6409 1279.6336 1279.5503 0.0833 216 - 225 o K.QSSCQDEWIK.S 

1552.7998 1551.7925 1551.6776 0.1149 57 - 69 o K.MQWYPEAASNAER.W 

1568.7721 1567.7648 1567.6725 0.0923 57 - 69 0 K.MQWYPEAASNAER.W + Oxidation (M) 

1763.9220 1762.9147 1762.7482 0.1666 70 - 84 0 R.WASNCNLGHSPDYSR.V 

1831.9913 1830.9840 1830.8941 0.0899 103 - 116 0 R.AWTEIIQLWHDEYK.N 
No match to: 1168.6643, 1211.7189, 1324.7302, 1367.7842, 1779.9487, 2037.0140, 2052.9917, 2744.2419, 3448.0790 
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Mass Spectrometry result spot 1 

m/z SN Quality Fae. Res. Intens. Area 

1100.638 4.3 7475 3404 180.52 62 
1150.657 6.2 659 1328 248.45 3911 
1168.664 20 4181 2480 798.69 75"7i 
1195.629 4.9 3091 9675 205.81 32 
1211.719 13.4 2903 2746 528.86 490 

1280.641 48.1 7310 2848 2080.84 2060' 

1324.73 48.1 21064 3167 2090.61 2095 

1367.784 19.9 3423 3523 783 717 

1552.8 38.7 8867 3553 1515.52 1690 
1568.772 63.3 24381 3864 2553.04 2701 
1763.922 112.2 17159 4255 4628.81 5661 
1779.949 10.6 1536 6466 448.21 420 

1831.991 19.2 3224 4007 751.53 1059 

2037.014 29.7 12093 4841 1122.06 1508 

2052.992 30.6 10750 4907 1115.4 1475 

2744.242 9 718 5745 211.02 345 

3448.079 10.3 932 5948 170.5 474 



Search title 2 

Database NCBlnr 20080103 (5824077 sequences; 2008696216 residues) 

Top Score 79 for gi148428838, Ophanin precursor (Opharin) 


Probability Based Mowse Score 

Protein score is -1 O*Log(P), where P is the probability that the observed match is a random event. 

Protein scores greater than 74 are significant (p<O.05). 

Index 


Accession Mass Score Description 
1. gil48428838 27764 79 Ophanin precursor (Opharin) 
2. gil32423812 27790 79 opharin precursor [Ophiophagus hannah] 

Results List 
1. gi\4842 8838 Mass: 27764 Score: 79 Expect: 0.017 Queries matched: 8 

Ophanin precursor (Opharin) 

Observed Mr (expt) Mr (calc) Delta Start End Miss Peptide 
1150.6541 1149.6469 1149.5700 0.0 769 46 - 56 0 R.SVSPTASNMLK.M + Oxidation (M) 

1195.7453 1194.7380 1194.6357 0.1024 35 441 0 K.EIVDLHNSLR.R 

1280.6267 1279.6195 1279.5503 0.0692 216 - 225 0 K.QSSCQDEWIK.S 

1451.8973 1450.8900 1450.7892 0.1008 33 - 44 1 K.QKEIVDLHNSLR.R 

1552.7721 1551. 7649 1551.6776 0.0873 57 - 69 0 K.MQWYPEAASNAER.W 

1568.7638 1567 .7566 1567.6725 0.0841 57 - 69 0 K.MQWYPEAASNAER.W + Oxidation (M) 

1763.8465 1762.8392 1762.7482 0.0911 70 - 84 0 R.WASNCNLGHSPDYSR.V 

1831.9950 1830.9877 1830.8941 0.0936 103 - 116 0 R .AWTEIIQLWHDEYK.N 

No match to: 940.5460, 1100.6667, 1168.6222, 1211.6474, 1223.6334, 1263.5961, 1296 .622 1, 1324 . 71 79 , 1584.7570 , 1779.859( 
2037.0124, 2053.0005, 2744.1517, 3447.8983 

2. gi l32423812 Mass: 27790 Score: 79 Expect: 0.017 Queries matched: 8 

opharin precursor [Ophiophagus hannah] 
Observed Mr (expt) Mr (calc) Delta Start End Miss Peptide 

1150.6541 1149.6469 1149.5700 0.0769 46 - 56 0 R.SVSPTASNMLK.M + Oxidation (M) 

1195.7453 1194.7380 1194.6357 0.1024 35 - 44 o K.EIVDLHNSLR.R 

1280.6267 1279.6195 1279.5503 0.0692 216 - 225 o K.QSSCQDEWIK.S 

1451.8973 1450.8900 1450.7892 0.1008 33 - 44 1 K.QKEIVDLHNSLR.R 

1552.7721 1551. 7649 1551.6776 0.0873 57 - 69 o K.MQWYPEAASNAER.W 

1568.7638 1567.7566 1567.6725 0.0841 57 - 69 o K.MQWYPEAASNAER.W + Oxidation (M) 

1763.8465 1762.8392 1762.7482 0.0911 70 - 84 o R.WASNCNLGHSPDYSR.V 

1831.9950 1830.9877 1830.8941 0.0936 103 - 116 o R.AWTEIIQLWHDEYK.N 
No match to: 940.5460, 1100.6667, 1168.6 222, 1211.6474, 1223.6334, 1263.5961, 1296.6221, 1324.7179, 1584.7570, 1779.859 
2037.0124, 2053.0005, 2744.1517, 3447.8983 
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Mass Spectrometry result spot 2 

m/z SN Quality Fac. Res. Intens. Area 

940.546 6.2 15408 3205 287.95 89 
1100.667 11.5 2535 2694 495.88 405 
1150.654 6.4 459 1904 288.89 349 
1168.622 58.9 25902 2617 2656.12 2528 
1195.745 15.6 2689 2880 708.58 640 
1211.647 6.5 19647 4456 303.46 116 
1223.633 6.4 11398 3478 299.11 1061 
1263.596 13 477 2952 641.04 649 
1280.627 102.6 9180 2829 5454.14 5279 
1296.622 6.8 705 3965 385.46 308: 
1324.718 87.6 12391 2915 4646 .08 4795 
1451.897 16.8 4042 3651 729.26 718 
1552.772 57.1 27906 3600 2770.72 3128 
1568.764 94.7 7900 3671 4702.97 5070 
1584.757 7.4 798 4899 374.85 347 
1763.846 118.2 32135 4254 5694.27 7014 
1779.859 10 1994 4620 486.84 547 
1831 .995 31.4 2810 4288 1384.77 1788 
2037.012 48.8 18827 4972 1996.9 2646 

2053 55.8 28225 4989 2200.21 2906 
2744.152 14 2123 5939 380.77 629 
3447.898 14.8 2038 6108 273.86 737 



Search title 3 

Database NCBInr 20080103 (5824077 sequences; 2008696216 residues) 

Top Score 90 for gi148428838, Ophanin precursor (Opharin) 


Probability Based Mowse Score 

Protein score is -1 O*Log(P), where P is the probability that the observed match is a random event. 

Protein scores greater than 74 are significant (p<O.05). 


Index 
Accession Mass Score Description 

1. gi 148428838 27764 90 Ophanin precursor (Opharin) 
2. gil32423812 27790 90 opharin precursor [Ophiophagus hannah) 

Results List 
1. gil48428838 Mass: 27764 Score: 90 Expect: 0.0012 Queries matched: 10 

Ophanin precursor (Opharin) 
Observed Mr(expt) Mr(calc) Delta Start End Miss Peptide 

1134.5155 1133.5082 1133.5750 -0.0669 46 56 0 R.SVSPTASNMLK.M 
1150.6125 1149.6053 1149.5700 0.0353 46 - 56 0 R.SVSPTASNMLK.M + Oxidation (M) 
1195.5876 1194.5803 1194.6357 -0.0554 35 - 44 o K.EIVDLHNSLR.R 
1280.4839 1279.4767 1279.4896 -0.0130 228 - 237 o K.CPASCFCHNK.I 
1351.6461 1350.6388 1350.7368 -0.0980 35 - 45 1 K.EIVDLHNSLRR.S 
1451.7035 1450.6962 1450.7892 -0.0930 33 - 44 1 K.QKEIVDLHNSLR.R 
1552.7158 1551.7086 1551.6776 0.0310 57 - 69 o K.MQWYPEAASNAER.W 
1568.6926 1567.6853 1567.6725 0.0128 57 - 69 o K.MQWYPEAASNAER.W + Oxidation (M) 
1763.7763 1762.7691 1762.7482 0.0209 70 - 84 0 R.WASNCNLGHSPDYSR.V 
1831.9443 1830.9370 1830.8941 0.0429 103 - 116 0 R.AWTEIIQLWHDEYK.N· 
No match to: 1100.6430, 1168.5351, 1223.4858, 1263.4807,1324.5946,1607.8030,2036.9726,2052.9024 

2. 	 gil32423812 Mass: 27790 Score: 90 Expect: 0.0012 Queries matched: 10 

opharin precursor [Ophiophagus hannah] 
Observed Mr (expt) Mr (calc) Delta Start End Miss Peptide 

1134.5155 1133.5082 1133.5750 -0. 0669 46 - 56 0 R.SVSPTASNMLK.M 
1150.6125 1149.6053 1149.5700 0.0353 46 - 56 0 R.SVSPTASNMLK.M + Oxidation (M) 
1195.5876 1194.5803 1194.6357 -0.0554 35 - 44 0 K.EIVDLHNSLR.R 
1280.4839 1279.4767 1279.4896 -0.013 0 228 - 237 0 K.CPASCFCHNK.I 
1351.6461 1350.6388 1350.7368 -0.0980 35 - 45 1 K.EIVDLHNSLRR.S 
1451.7035 1450.6962 1450.7892 -0.093 0 33 - 44 1 K.QKEIVDLHNSLR.R 
1552.7158 1551.708 6 1551.6776 0.0310 57 - 69 0 K.MQWYPEAASNAER.W 
1568.6926 1567.6853 1567. 6725 0.0128 57 - 69 0 K.MQWYPEAASNAER.W + Oxidation (M) 



1763.7763 1762.7691 1762.7482 0.0209 70 - 84 0 R.WASNCNLGHSPDYSR.V 
1831.9443 1830.9370 1830.8941 0.0429 103 - 116 0 R.AWTEIIQLWHDEYK.N 
No match to: 1100.6430, 1168.5351, 1223.4858, 1263.4807, 1324.5946, 1607.8030, 2036.9726, 2052.9024 
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Mass Spectrometry result spot 3 

m/z SN Quality Fac. Res. Intens. Area 
1100.643 6.5 971 2066 384.56 407 
1134.515 4.1 3719 3307 193.41 53 
1150.613 6.6 15908 2361 313.67 185 
1168.535 27.7 6317 2108 1687.16 1943 
1195.588 16.4 5872 2463 1001.23 1081 
1223.486 7.8 17677 2548 369.69 189 
1263.481 10.7 758 2482 684.33 804 
1280.484 77.5 26121 2331 5167.37 6437 
1324.595 40.3 52292 2349 2666.79 3518 
1351 .646 7.2 1270 3110 440.38 455 
1451.704 18.1 10621 3031 1086.32 1331 
1552.716 30.5 14968 2521 1823.68 2906 
1568.693 45.6 27100 2828 2755.88 4195 
1607.803 8.7 15997 4558 416.12 161 
1763.776 26.3 24929 3000 1502.33 2806 
1831.944 12.8 4949 2940 703.32 1508 
2036.973 10.9 4653 3271 552.88 1101 

2052 .902 13.1 __ 469§'-- _ 3456 _ ~0.85 1282 



Search title 4 

Database NCBInr 20080103 (5824077 sequences; 2008696216 residues) 

Top Score 113 for gi148428838, Ophanin precursor (Opharin) 


Probability Based Mowse Score 

Protein score is -1 O*Log(P), where P is the probability that the observed match is a random event. 

Protein scores greater than 74 are significant (p<O.05). 


Index 
Accession Mass Score Description 

1. gij48428838 27764 113 Ophanin precursor (Opharin) 
2. gij32423812 27790 113 opharin precursor [Ophiophagus hannah) 

Results List 
1. 	 gil48428838 Mass: 27764 Score: 113 Expect: 6.4e-06 Queries matched: 10 

Ophanin precursor (Opharin) 
Observed Mr (expt) Mr (calc) Delta Start End Miss Peptide 

1150.6702 1149.6630 1149.5700 0.0930 46 - 56 0 R.SVSPTASNMLK.M + Oxidation (M) 

1195.7581 1194.7508 1194.6357 0.1151 35 - 44 0 K.EIVDLHNSLR.R 

1280.6331 1279.6258 1279.5503 0.0755 216 - 225 0 K.QSSCQDEWIK.S 

1351.8602 1350.8529 1350.7368 0.1162 35 - 45 1 K.EIVDLHNSLRR.S 

1451.8944 1450.8871 1450.7892 0.0979 33 - 44 1 K.QKEIVDLHNSLR.R 

1495.7394 1494.7321 1494.6773 0.0548 216 - 227 1 K.QSSCQDEWIKSK.C 

1552.7785 1551.7712 1551.6776 0.0936 57 - 69 0 K.MQWYPEAASNAER.W 

1568.7674 1567.7601 1567.6725 0.0876 57 - 69 0 K.MQWYPEAASNAER.W + Oxidation (M) 

1763.8390 1 76 2.8317 1762.7482 0.0836 7 0 - 84 0 R.WASNCNLGHSPDYSR.V 

1831.9880 1830.9807 1830.8941 0.0867 103 - 116 0 R.AWTEIIQLWHDEYK.N 

No match to: 940.585 0 , 1100.7197, 1168.6309, 1211. 6338, 1263.6057, 1296.6453, 1324.7209, 1367.7239, 1584.7785, 1607.984 
1662.8485, 1706.8333, 1720.8189, 1779.8474, 2037.0214, 2052.9985, 2744.1305 

2. 	 9il32423812 Mass: 27790 Score: 113 Expect: 6.4e-06 Queries matched: 10 

opharin precursor [Ophiophagus hannah) 
Observed Mr (expt) Mr (calc) Delta Start End Miss Peptide 

1150.6702 1149.6630 1149.570 0 0.0930 46 - 56 0 R.SVSPTASNMLK.M + Oxidation (M) 


1195.7581 1194.7508 1194.6357 0.1151 35 - 44 0 K.EIVDLHNSLR.R 


1280.6331 1279.6258 1279.5503 0.0755 216 - 225 0 K.QSSCQDEWIK.S 


1351.8602 1350.8529 1350.7368 0.1162 35 - 45 1 K.EIVDLHNSLRR.S 


1451. 8944 1450.8871 1450.789 2 0.0979 33 - 44 1 K.QKEIVDLHNSLR.R 


1495.7394 1494.7321 1494.6773 0.0548 216 - 227 1 K.QSSCQDEWIKSK.C 

1552.7785 1551.7712 1551.677 6 0.0936 57 - 69 0 K.MQWYPEAASNAER.W 




1568.7674 1567.7601 1567.6725 0.0876 57 - 69 o K.MQWYPEAASNAER.W + Oxidation (M) 

1763.8390 1762.8317 1762.7482 0.0836 70 - 84 0 R.WASNCNLGHSPDYSR.V 

1831.9880 1830.9807 1830.8941 0.0867 103 - 116 0 R.AWTEIIQLWHDEYK.N 
No match to: 940.5850, 1100.7197, 1168.6309, 1211.6338, 1263.6057, 1296.6453, 1324.7209, 1367.7239, 1584.7785, 1607.984 
1662.8485, 1706.8333, 1720.8189, 1779.8474, 2037.0214, 2052.9985, 2744.1305 
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Mass Spectrometry result spot 4 

m/z SN Quality Fac. Res. Intens. Area 

940.585 11.1 1756 3112 661.99 364 
1100.72 9.5 789 3442 555.55 372 
1150.67 7 437 2805 430.64 435 

1168.631 51.8 109342 3065 3237.16 2731 
1195.758 35.3 31851 3096 2264.26 1964 
1211 .634 6.!;) 738 3668 405.26 303 
1263.606 9.4 551 3399 593.57 493 
1280.633 84.4 28784 3461 5736.25 4736 
1296.645 6.5 453 4870 469.18 300 
1324.721 82 .7 110554 3549 5675.68 4972 

1351 .86 9.8 1771 3403 609.3 573 
1367.724 6.8 588 2973 407.75 412 
1451 .894 27.2 16281 3991 1551.53 1478 
1495.739 8.5 1425 4365 501 .31 437 
1552.778 64.9 39598 4089 4268.23 4245 
1568.767 93.8 59036 4365 6452.3 6152 
1584.778 12.2 3217 5146 872.2 738 
1607.984 9.9 2937 4104 670.02 701 
1662.849 7 1391 4552 395.47 4261 
1706.833 7.3 1342 5324 425.66 409

1 

1720.819 7.5 1196 4165 435.86 546 1 

1763.839 84.7 68572 4835 5081.6 5809 
1779.847 11 4144 5156 663.69 694 
1831.988 19.8 3764 4876 1158.48 1357 
2037.021 9.3 3433 4831 447.82 593 
2052.998 12 4042 5173 571.38 737 

2744.13 7.2 773 6644 226.18 370 



Search title 7 
Database NCBlnr 20080103 (5824077 sequences; 2008696216 residues) 
Top Score 95 for gil26397290, Long neurotoxin OH-6AjOH-6B (Alpha-neurotoxin) 

Probability Based Mowse Score 

Protein score is -1 O*Log(P), where P is the probability that the observed match is a random event. 

Protein scores greater than 74 are significant (p<O.05). 


Index 
Accession Mass Score Description 

1. gi126397290 8099 95 Long neurotoxin OH-6A/OH-6B (Alpha-neurotoxin) 
2. gi151105369 10477 66 l ong chain neurotoxin precursor [Ophiophagus hannah] 
3. gi 151105371 10473 66 long chain neurotoxin precursor [Ophiophagus hannah] 

Results List 
l. 	 gil26397290 Mass: 8099 Score: 95 Expect: 0.00042 Queries matched: 5 

Long neurotoxin OH-6A/OH-6B (Alpha-neurotoxin) 
Observed Mr(expt) Mr (calc) Delta Start End Miss Peptide 

1211.5175 1210.5102 1210.5475 -0.0372 37 - 47 0 K.LSFGCAATCPK.V 

1284.4989 1283.4916 1283.4812 0.0104 24 - 33 0 K.SWCDAWCGSR.G 

1339.6080 1338.6008 1338.6424 -0.0417 36 - 47 1 K.KLSFGCAATCPK. V 

2326.9682 2325.9609 2325.9777 -0.0168 48 - 67 0 K.VNPGIDIECCSTDNCNPHPK.L 

2654.1321 2653.1249 2653.2339 -0.1090 1 - 23 0 -.LICFISSHDS VTCAPGENVCFLK.S 
No match to: 979.3710, 1154.5242, 1193.4648, 1213.4432, 1225.4302, 1227.4575, 1241.4556, 1282.4842, 1286.5437,1287.476
1298.5041, 1300.4902, 1316.4923, 1493.5258, 1911.9457, 1927.9043, 2120.9173, 2340.9343, 2440.0348, 2597.1034, 2668.1467 
2671.1191, 2697.1121 

2. 	 gi 151105369 Mass: 10477 Score: 66 Expect: 0.36 Queries matched: 4 

long chain neurotoxin precursor [Ophiophagus hannah] 
Observed Mr (expt) Mr(calc) Delta Start End Miss Peptide 

1211.5175 1210.5102 1210.5475 -0.0372 58 - 68 0 K.LSFGCAATCPK.V 

1284.4989 1283.4916 1283.4812 0.0104 45 - 54 0 K.SWCDAWCGSR.G 

1339.6080 1338.6008 1338.6424 -0.0417 57 - 68 1 K.KLSFGCAATCPK.V 

2326.9682 2325.9609 2325.9777 -0.0168 69 - 88 0 K.VNPGIDIECCSTDNCNPHPK.L 
No match to: 979.3710, 1154.5242, 1193.4648, 1213.4432, 1225.4302,1227.4575,1241.4556,1282.4842, 1286.5437, 1287.476 
1298.5041, 1300.4902, 1316.4923, 1493.5258, 1911.9457, 1927.9043, 2120.9173, 2340.9343, 2440.0348, 2597.1034, 2654.1321 
2668.1467, 2671.1191, 2697.1121 

3. 	 ~! 51105371 Mass: 10473 Score: 66 Expect: 0.36 Queries matched: 4 

long chain neurotoxin precursor [Ophiophagus hannah] 
Observed Mr(expt) Mr(calc) Delta Start End Miss Peptide 



1211.5175 1210.5102 1210.5475 -0.0372 58 - 68 o K.LSFGCAATCPK.V 

1284.4989 1283.4916 1283.4812 0.0104 45 - 54 o K.SWCDAWCGSR.G 

1339.6080 1338.6008 1338.6424 -0.041 7 57 - 68 1 K.KLSFGCAATCPK.V 

2326.9682 2325.9609 2325.9777 -0.01 68 69 - 88 0 K.VNPGIDIECCSTDNCNPHPK.L 
No match to: 979.3710,1154.5242,1193.4648, 1213.4432, 1225.4302, 1227.4575, 1241.4556, 1282.4842, 1286.5437, 1287.476· 
1298.5041, 1300.4902, 1316.4923, 1493.5258, 1911.9457, 1927.9043, 2120.9173, 2340.9343, 2440.0348, 2597.1034, 2654.1321, 
2668.1467, 2671.1191, 2697.1121 
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Mass Spectrometry result spot 7 

m/z SN Quality Fac. Res. Intens. Area 

979.371 7.3 681 2004 343.47 295 
1154.524 8 1447 2556 441 .8 450 
1193.465 8.7 237 2541 539.42 672 
1211.518 84.4 72469 2345 5596.1 6497 
1213.443 13.2 1150 3170 880.23 717 

1225.43 39.1 1558 2496 2734 .69 3633 
1227.457 38.1 1499 2890 2678.52 2808 
1241.456 7.6 185 3187 562.16 517 
1282.484 44.1 1806 2717 4493.82 4994 
1284.499 107.3 6162 2547 11122.92 14560 
1286.544 23 172 2963 2442.85 1141 
1287.476 37.6 3317 2931 3977.89 4089 
1298.504 14.7 529 3187 1680.07 2057 

1300.49 19.5 3840 3042 2264.8 2107 
1316.492 11.7 803 3406 1224.34 1072 
1339.608 31 .2 27698 2624 2624.29 3134 
1493.526 14.2 2775 2924 719.88 924 
1911 .946 4 6430 3307 208.85 103 
1927.904 3.9 5912 4570 206.18 86 
2120.917 8.2 2022 4277 326.25 514 
2326.968 98.9 23138 4777 4540.1 7066 
2340.934 8.3 211 6008 348.45 635 
2440.035 64.9 18061 5116 2455.11 3816 
2597.103 14.5 8391 5674 576.6 891 
2654 .132 157.8 41577 5738 6324.65 10367 
2668.147 17.6 293 7998 699.3 902 
2671.119 8.5 220 6507 337.54 457 
2697.112 13.9 3638 6495 526.79 786 



Search title 8 

Database NCBlnr 20080103 (5824077 sequences; 2008696216 residues) 

Top Score 100 for gi/26397290, Long neurotoxin OH-6A/OH-6B (Alpha-neurotoxin) 


Probability Based Mowse Score 

Protein score is -lO*Log(P), where P is the probability that the observed match is a random event. 

Protein scores greater than 74 are significant (p<O.05). 


Index 
Accession Mass Score Description 

1. gi 126397290 8099 100 Long neurotoxin OH-6A/ OH-68 (Alpha-neurotoxin) 
2. gi147228358 59075 70 unnamed protein product [Tetraodon nigroviridis] 
3. gi151105369 1047 7 69 long chain neurotoxin precursor [Ophiophagus hannah] 
4. gi 151105371 10473 69 long chain neurotoxin precursor [Ophiophagus hannah) 

Results List 
1. gil26397290 Mass: 8099 Score: 100 Expect: 0.00014 Queries matched: 5 

Long neurotoxin OH-6A/ OH-68 (Alpha-neurotoxin ) 
Observed Mr(expt) Mr(calc) Delta Start End Miss Peptide 

1211. 7019 1210.6946 1210.5475 0.1472 37 - 47 0 K.LSFGCAATCPK. V 

1284.6442 1283.6369 1283.4812 0.155 7 24 - 33 0 K.SWCDAWCGSR.G 

1339.8256 1338.8183 1338.6424 0.1759 36 - 47 1 K.KLSFGCAATCPK.V 

2327.0832 2326.0759 2325.9777 0.0982 48 - 67 0 K.VNPGIDIECCSTDNCNPHPK.L 

2654.2840 2653.2768 2653.2339 0.0429 1 - 23 0 -.LICFISSHDSVTCAPGENVCFLK.S 
No match to: 1154.6631, 1227.6357, 1252.6131, 1298.6481, 1300.6807, 1317.7136, 1658.6913, 1673.8504,1911.9865,2440.14 
2597.2661, 2658 . 3047, 2668.3445 

2. gi /47228358 Mass: 59075 Score: 70 Expect: 0.11 Queries matched: 6 

unnamed protein product [Tetraodon nigroviridis) 
Observed Mr (expt) Mr (calc) Delta Start End Miss Peptide 

1211.7019 1210.6946 1210.6241 0.0706 194 - 204 1 K.ARVECPVPGAR.L 

1227.6357 1226.6284 1226.6077 0.0207 92 - 101 1 R.ILHKMDDNNK . M 

1317.7136 1316.7064 1316.5159 0.1905 295 - 305 0 R.SSSCMDCVLSR.D + Oxidation (M) 

1339.8256 1338.8183 1338.6276 0.1907 478 - 488 0 K.EQTEEHGRPTR.H 

2327.0832 2326.0 7 59 2326.1375 -0.0617 36 - 55 1 K.DNANLFREEGVANYTTMLLR.E 

2440.1448 2439.1376 2439.1529 -0.0153 242 - 261 0 K.AVNYDGEMFIIEEVQVFQHR.E + Oxidation (M) 
No match to: 1154.6631, 1252.6131, 1284.6442, 1298.6481, 1300.6807, 1658.6913, . 1673.8504, 1911.9865, 25 97.2661, 2654.28 
2658.3047, 2668.3445 

3. gi l 51l05369 Mass: 10477 Score: 69 Expect: 0.15 Queries matched: 4 

http:1673.8504,1911.9865,2440.14


long chain neurotoxin precursor [Ophiophagus hannah] 
Observed Mr(expt) Mr (calc) Delta Start End Miss 

1211.7019 1210.6946 1210.5475 0.1472 58 - 68 0 

1284.6442 1283.6369 1283.4812 0.1557 45 - 54 0 

1339.8256 1338.8183 1338.6424 0.1759 57 - 68 1 

2327.0832 2326.0759 2325.9777 0.0982 69 - 88 0 
No match to: 1154.6631, 1227.6357, 1252.6131, 1298.6481, 
2597.2661, 2654.2840, 2658.3047, 2668.3445 

4. 	 gi 151105371 Mass: 10473 Score: 69 Expect: 0.15 

long chain neurotoxin precursor [Ophiophagus hannah] 
Observed Mr (expt) Mr(calc) Delta Start End Miss 

1211.7019 1210.6946 1210.5475 0.1472 58 - 68 0 

1284.6442 1283.6369 1283.4812 0.1557 45 - 54 0 

1339.8256 1338.8183 1338.6424 0.1759 57 - 68 1 

2326.0759 2325.9777 

Peptide 
K.LSFGCAATCPK.V 

K.SWCDAWCGSR.G 

K.KLSFGCAATCPK.V 

K.VNPGIDIECCSTDNCNPHPK.L 
1300.6807, 1317.7136, 1658.6913, 1673.8504, 1911.9865, 2440.1 

Queries matched: 4 

Peptide 
K.LSFGCAATCPK.V 

K.SWCDAWCGSR.G 

K.KLSFGCAATCPK.V 
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Mass Spectrometry result spot 8 

m/z SN Quality Fac. Res. Intens. Area 1 

1154.663 8.9 1348 2385 265.85 218
1 

1211.702 117.3 43116 3051 4306.15 36281 

1227.636 47.4 15495 2875 1808.77 16831 

1252.613 7.3 1177 4028 303.66 2031 
1284.644 119 4079 2109 6222.54 98471 
1298.648 14.4 1098 2926 823.38 971 
1300.681 14.8 942 3875 850.22 635 
1317.714 29 5000 3025 1491.15 1403 
1339.826 43.1 13715 3972 1821 .92 1425 
1658.691 9.4 1505 397 277 197 

1673.85 11.3 1977 4925 297.36 276
1 

1911.987 8.7 937 605 254 129 
2327.083 77.8 19034 6339 1778.11 2210 
2440.145 71 .1 20453 6065 1546.53 2101, 
2597.266 18.6 4052 4952 445.08 723 
2654.284 167.9 3144 4111 3485.71 9608 
2658.305 17.5 305 3852 394.78 731 
2668.345 

-- -
13.7 

-
635 4450 276.96 695 
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Chromu 1.« PUG: C09_«OOl.lbl Rea_ NIIII.: oa Rlln ",eNd: Oot 10. ZOO. Og- iill ,?e£X 
.,Q Y.NM" yy eywc/l.., 
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1. PS 500 XT DC Power Supply, Hoefer Scientific Instruments (For second dimension) 

2. lPG buffer (Lot no. 10009759, GE Healthcare Bio-Sciences) 

3. Dithiothretionate (DTT, Lot no. 118373, GE Healthcare Bio-Sciences) 

4. lodoacetarnide (lAA, Lot no. 5, GE Healthcare Bio-Sciences) 

5. Acetonitrile LCIMS grade (ACN, IT Baker) 

6. a-cyano-4-hydroxy-cinnamic acid (HCCA, Bruker Daltonik GmbH) 

7. Trifluoro acetic acid peptide sequencing grade (TFA, Applied Biosysterns) 

8. Agarose (Vivantis, USA) 

9. Acrylamide, (Sigma, USA) 

10. Ampicillin, Sodium Salt (Bio 101, USA) 

11. N-N-Methylenbisacrylamide (Merck, Germany) 

12. Brilliant Blue R (Usb, USA) 

13. Glycine (Usb, USA) 

14. LB Broth, Miller (Difco, France) 

15. Agar, Granulated «Difco, France) 

16. 2-Mercaptoethanol (Sigma, USA) 

17. Sodium Dodecyl Sulfate (Usb, USA) 

18. Tween 20, for electrophoresis (Sigma, USA) 

19. TritonX-100 (Sigma, USA) 

20. Trisma base (Sigma, USA) 

21. King Cobra Antivenom ,(Thai Red Cross, Thailand) 

22. BigDyeTM Terminator Cycle Sequencing Ready Reaction Kit (Gene System, USA) 

23. DyeEx 2.0 Spin kit (QIAGEN, USA) 

1. Mass spectrometer (MALDI-TOF MS model reflex V, Broker Daltonik GmbH" Bio 

Service Unit, Biotec) 

2. 	 Linear Immobiline ™ Drystrip pH 3-10 fl11lJtJll 7 9flJ. (no. 22909, GE Healthcare Bio 

Sciences) 



3. Electrophoresis Power Supply EPS 3501 XL, Amersharn Biosciences (For first dimension) 

4. GSTrap FF affinity column (GE Healthcare, Sweden) 

5. Thermal Cycle (MWG-Biotech, Gennany) 

6. Sbaking Incubator (Daihan Labtech, Korea) 

7. Heat Block (Labnet, USA) 

8. Microcentrifuge (Hettich, Germany) 

9. General Incubator (Daihan Labtecb, Korea) 

10. Waterbath (Julabo, USA) 

11. Image Master VDS, Amersharn Biosciences, USA) 

12. Mini Horizontal Gel Electropheresis & Mini Power Supply & Transformer (Q. Biogene, 

USA) 

13. Vertical Gel Electropheresis (Consort, UK) 

14. Vortex-Genie 2 (Scientific Industries, USA) 

15. Mini-Rocker Shaker (Biosan, USA) 

16. Minicentrifuge (Labnet, USA) 

17. ABI PRlSM Sequencer (Perkin Elmer, USA) 

18. Ultrasonicator (Ultrasonic Processor, Sonics, USA 



- -- ---------~------~ 

I. ~fl- UllHYfl" (f1Tln1'Yw) 

(f1T1l18.:Jmlll ) Dr. Thaweesak Tirawatnapong 
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1. Trirawatanapong T, Temchareon P, Na Nagara B, and Anukarahanonta T. Alteration of vascular 

permeability due to cytochalasin E. Toxicol Appl Pharmacol. 1980; 52: 209-213. 

2. Zhao LJ, Irie K, Trirawatanapong T, Nakano R, Nakashima A, Morirnatsu M, and Padmanabhan R. 

Synthesis of biologically active adenovirus pretenninal protein in insect cells using baculovirus vector. 

Gene. 1991; 100: 147-154. 

3. Trirawatnapong T, Chandran B, Putnak R, and Padrnanabhan R. Mapping of a region of dengue virus 

type-2 glycoprotein required for binding by a neutralizing monoclonal antibody. Gene. 1992; 116: 139

150. 

4. Kamolvarin N, Tirawatnpong T, Rattanasiwamoke R, Tirawatnpong S, Panpanich T, and Hemachudha 
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210. 
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Science Innovation '93. The Conference on New Research Tecniques, AAAS Publication #93-21S, 1993; 
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6. Tangchaisin P, Pruksananonda K, Trirawatanapong T, and Virutamasen P. Reliable sex detennination 

of mouse preimplantation embryos by PCR amplification of male-specific genes in single blastomeres. J 

Med Assoc Thai. 1996; 79 suppl 1: S78-S87. 
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fI' Q j.q 
fflff~1lJm1'i t~n~ 1997; 7(1): 19-26. 
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11. Tirawatnapong T. Evaluation of the modified AMPLICOR HIV-1 assay with Thai clinical samples. 

In: HIV Disease Management Symposium Highlights. Pattaya, Thailand. July 1997; 4-5. 

12. Tangchaisin P, Pruksananonda K, Tirawatnapong T, Yodyingyuad V, Virutamasen P. Effects of 
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14. Suntrarachun S, Pakmanee N, Tirawatnapong T, Chanhome L, Sitprija V. Development ofa 

polymerase chain reaction to distinguish monocellate cobra (Naja khouthia) bites from other common 
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15. Sirivichayakul S, Tirawatnapong T, Ruxrungtham K, Lorenzen S, Oelrichs R and Phanuphak P. PCR-

Based methods as an alternative tool for generating humanized oligonucleotide. AIDS Vaccine, 2001. 

16. Sirivichayakul S, Tirawatnapong T, Ruxrungtham K, Oelrichs R, Lorenzen S, Xin K-Q, Okuda K and 

phanuphak P. Construction and Immunogenicity Study of 297-bp Hwnanized HIV V3 DNA ofan 

Approximated Last Common Ancestor in Mice. Asian Pacific Journal ojAllergy and Immunology 2004; 

22: 49-60 

17. Kasempimolporn S, Saengseesom W, Tirawatnapong T, Puempumpanich Sand Sitprija V. Genetic 

Typing Feline Rabies Virus Isolated in Greater Bangkok Thailand Microbiol. Immunol. 2004; 48(4): 

307-311. 



18. Suntrarachun S, Amphanwong S, Tirawatnapong T, Seepongviraikul R. Safety test for an absence of 
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" . 
proteolytic, phosphomonoesterase IICl~ phospholipase 'W'lJhl'Vl'l 7 ril'W<}1WJfll~ U\Oi18'W l'b'JJ'Ul'l'Jj'i.ilPnm 

1'Wm ,\>'n~'Ul'lri1'W~WJf)1~ !'If'W phosphodiesterase l'f'IJ1'Wri1'W~W'Jfl1~ri1'W~ 4, proteolytic activity 'W'IJ1'W 

ri1'W~WJfll~ri1'W~ 5, phosphomonoesterase and L-amino acid oxidase activity 'W'IJ''Wri1'W~WJfl Ll~ri1'W 

~ 611Cl~ phospholipase A activity fj'IJ1'Wri1'W~!ltJf)~I~ri1'W~ 7 

o 0' d "" tl 3Jei • '" d "'1 3J?t '" ~ 
'l11ClltJI'b'ClCllJ~I'j'l'IJ1'l'Jj''W~ ~Wlmltll'jf)1I1lJ~IH Doxorubicin 'VI 'li11l'W~1f11'IJfllJ~Cl'IJ1f) IW~ f11Hj'fllll. 

Abstract 

Seven fractions obtained from the first fractionation step (Project II) were studied 

for protein content, biological activity and cytotoxicity. Some enzyme activities such as proteolytic, 

phosphomonoesterase and phospholipase activity were [OlUld in all fractions but some enzyme activities 

were prominent in specific fraction like phosphodiesterase activity in fraction no. 4, proteolytic activity in 

fraction no.5, phosphomonoesterase and L-amino acid oxidase activity in fraction no.6 and phospholipase 

A activity ill fraction no. 7. 

The cytotoxicity study of the fractionated fractions in five human cancer cell lines showed that 

fraction no. 5 possessed high cytotoxicity to some cancer cell Lines as compared to cytotoxic drug, 

Doxorubicin, used as positive control. Further study in cytotoxic activity of this fraction is interesting. 

KEY WORD ACTIVITIES, FRACTIONATED VENOM, KlNG COBRA (OPHIOPHAGUS H4NNAlf) 
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1J'tnh (Introduction) 

\I'il\leJ1\111J'U\lVlll~&tJ'U 1~i rfUj~'il~ 'l'l'Ui 'Uihm~'il1£J~\lul9i ~'UI~£J ~'U~eJ'Ui~ ~il'U cu 'U U Q U .. 

yH'hJu'U-ff ~lJ l\PlUI~£J u,,~ ~lJ l~~lJ IIlY'il~lfllJ\l11fj'lfU~~hHh:l1J1'mrumf)'il1fl'lJ'U1~1911~h,w ul9i 
. . ~ u 

f)1';l~mol1In£J1tl'U'Wfj \I'il.:JeJ1\1!l1 £J1Jf)'U\I'ijfj ~'UlI'ti'1UeJO fl111l1 fl eJ\lf1th ~ fl eJ 'Ullft flllJ Ylfj.:J 'il\leJ1\1~eJ 
~.. ~ 

neurotoxin i:l'il~1JlJih1£J\l1'U1~£Jlfl'U post synaptic U- neurotoxin ~1'j'UllJ-Wfj~'lri!~cpjUlfl11 100 

'lfU~ IfllJ'b'u~~'Yml'U~1).:J~l\1!V;£J\I 8 long chain neurotoxin, 1 short chain neurotoxin IW~ 1 weak 
(1) ....;g QJQ Q.I.o::!\.:::! ..::::i ~.c:1 ~ &..::::1 ~~I 

toxin Im~ f)l';lfl'flfj 1fJru 'illl'U~'VI1\11fl'il'Jj'1'V1 £J11J!YW\l'lilJ~!\Pl £J1 'fIeJ hanna 1gesin 9f\lllt)1'11HlJlJ'ill';! 

., • 1 (2) "". '1.d "" ~I ,., 1tl p '1 ., d "" ~ "" 
';l~\I'UlJ1\Pl (analgesic) 1)\I'U1ff'U 1'il'ml~fI'flfj1'f1111J!ulJ lJ 'fI !'UfllHIVlJlJ1'il1';l'VI1lt)'VITi'VI1.:J£J1 11 HI 

diagnostic reagent 'il1fl~fj~1)\leJ1\1 

Joubert !W~'fIru~ (1973)(1) IM'l11fll';!IWfltoxin 2 'liU~'il1fl~fj\l'il\leJ1\I~1t11'V1'f1U'fI ion
~ 

exchange chromatography 1~£J~hlJ~fj3"\lI'U'fIeJftmr CM-cellulose i~ri1'Ulh~fleJmjeJ£J 4 ri1'U 

ri1'Ulh~ fleJmjeJ£J~2 u,,~ 3 ~\I ]J'fI1111lfl'Uflflff\If! mhil1U£Jfl I 'I1'U l'ff'VIf~'U ~1 £JflT'] I il'VI'flu'fI gel
'• . , 'U 'U <lI 

filtration 1~£J',* Sephadex G-50 Ifl'U'f11fln1\11'Uf)l';!!Wfl riTUtJ'.l~fleJ'U~eJ£J~ 21WfllM' 4 ri1'U~eJ£J ]j 

1 ri1'U~eJ£J~lfl'U major toxin (toxin a) ri1'\.ah~fleJ'U~eJ£J~ 3lWfli~ 3 ri1'U~eJ£J IWdJ 1 ri1lJ~~£J~ 
." . 

Ifl'U major toxin (toxin b) Toxin a u(\~ b i1!1l'Jfli~ihhmrfllll1"fl" 7,800 \Pl1"191'U IjjeJ~';l1'il'ileJ'U 

~1£J11i SDS-PAGE iiri1'f111111fl'UfJfj (LDso) I'Vilrl'U 0.3 !W~ 0.35 llJJ i'fl';lfl11J1flfll ~llJ~Wl'U 
(1) 'V 0 "" 'Vtl "" Tan II " ~ 'fI UJ ~ (1989) - \Pl 'VI 1 fl1 ';l II £J fl 'VI fj ~ 'il \I eJ 1 \I ~ ') £J 1,\,1 'fI 'U 'fI ion-exchange 

chromatography 1~£J~1'Ul1fj3"\I''U'fIeJftlJ'\r DEAE-Sephacelll~ri1'UtJ'.l~f)eJ'U~eJ£J 6 ri1'U 'l'11f)1';l111 

enzyme activity l'Uri1'UtJ';l~f)eJ'U~eJ£J~II£Jfl'~ 'W'U11 ri1'U~lfl'U major lethal toxin eJ~I'U 
'.1 • d d! "" Ii] d 

'il1'UlJ'.l~fleJ'Um)£J'VI 1 9f.:jlJ activity 'lJeJ\I W'UI9fll 5'-Nucleotidase, Phosphodiesterase 

1 'U iI 1993 Chang II" ~ 'flU! ~ (1993)°) 1~ 'l'11 fln U£J fl postsynaptic neurotoxin (U

neurotoxin) flfj~'il\leJ1\1 i~£J SP-Sephadex C-25, Sepbadex G-50, CM-52 II"~ RP-HPLC neurotoxin 

~IWf)LI~lfl'U basic polypeptide ~]j pI 9.05 tJ';l~fleJ'U~1£Jm\PleJ~in'U 72 ~1IW~ cysteine 10 1911 

d tt P"" 'V ~., d liJ 'V "" .d II 'V ., "" 
toxin 'VIIWfl !'flll'fll111'fln1£J'fI"\lfl'U U-bungarotoxin 'VItWfl !~'il1fll'lfj~ff111!11'WlJ ~i11'Ull\l 60% 

II" ~iifJ ru 'illl1J~I 'U fl1 '.l ~'U eJ ~H~ 11l'l1~ fl'U nicotinic acetylcholine receptor '\J eJ.:JtJ (Illl i1" Lh!Hh 

(TOIpedo califomica) 

I'Uil1999 Lin IW~'fIUJ~(4) ll'fl''l11fll'.lIWfl neurotoxin 2 'ti'U\Pl (Oh-6A II"~ Oh-6B) 'il1m';jfj 

~'il\l~l\11\PlO~1'UWfj~"\I''U'fIeJftJJ'lr SP-Sephadex C-25, CM-5211"~ SynChropakRP-P neurotoxin ~ 
HUf)I~tJ'.l~fleJ'U~1£Jfl';l~eJ~iJl'U 70 ~11!"~ cysteine 10 ~J 46-53% '\JeJ\I~l~'Ufl'.l~e:l~fil'U''U 

..::::1.c::1 fj/ & c,.I A Q III " 
neurotoxin 'Ullfl1111'fln1£J'fI,,\I fl'U Oh-4, Oh-5, Toxin a u,,~ Toxin b 'il1fl'Vflol~I~W1fl'U 
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Chang 1I~~I'1W~(2001)' S) IIflfllH{ neurotoxin 'IrUfI'hni ~'lJj!fl'.i'lLr~1 'Hh'l'il1fl (X

neurotoxin 6 'lfUfl~lItI fllJlll~ri f)'U mhci' neurotoxin 'lfii 'PI hnj (Oh9- 1) !llIfl \l~ 'ill m':i'l:l ~ 'il'l el1'l! 'PI tI 

H1'U~'l:lCl'l ''UI'1f)~:lJU SP-Sephadex C-2S 11~ff1'UU'j'~ fl f)ucif)tI 9 rh'U 'ill m1'U ff1'U~iil\f)I'1;;1~'lJ el'l 

neurotoxin '\..hlh.hwfl~f)~1t111i RP-HPLC i'PItl(l~ SynChropak RP-P tl~ff1'U'l.h~flf)Ucif)tI 3 ff1'U 

ff1'U~ I 1~'Uff1'U~lfl'U neurotoxin Irlm,.1111u'111cl1~U fl'.i'PI el~fil 'U l'lU11U'j'~flf)U~1t1m'PIf)~fil 'U S7 
.. 

~1I1Cl~ cysteine 8 ~1 Oh9-1 Lr1lJlHlfJUfJ'Ifl1'j''I1'P1~1'lJf)'1 carbacol-induced muscle IIUU'lfU'PI 
.. . ~ 

~f)'Ufl~U'li!~ 1'1111Jff1lJl'j'1I1'Wfll'j'fJ1JfJ.;jfll'j''I1f1<flTl1 SO% iHifll~'W 4Il'i1'lJf)'1 (x-bungarotoxin 

De P IICl~flW~ (2002/
6

) \l~~lfll'j'lltlfl neurotoxin (CM36) 'il1flYi'l:l'l'il'lf)N 1'P1t11~ CM
'" . ." 

Sephadex IICl~ HPLC toxin filltlflll~ih..'int'wfll:1J1ClflCl IS fiiClfl1ClIPl'U iifi11'111:IJ1~'U~'l:l 3.S 

ill1m fl1:IJ~m1'U 20 fl1:IJ Irlf)iiflYi'l:ll.uT'1N!~'Ulilf)flIPl1~'I1N'I1'U flCl! flI'111:1J!~'U~'l:l~el'lf)1flfJ Ca 2+ 
'" '" .. 

1119i!l.il'iu11iillf)I'1~1~'Uf)'1 PLA, Toxin CM36 il.i jJ NClI9i el flln11'11'U 'Uf).;j flft III!Uf)'111 1 'il'Uf)'1'11'U 
- '" 

0 .... 

Ying IICl~flW~ (2004f) !~Vi1fll'j'IWflff1'Ufj'l:l~'il'lClNI'U!Uf-l'lU1r.;j ~1t111i gel filtration . .. 
1'P1t11~ Sephadex G-SO !~ff1'U'l.h~flf)ucim.l4 ff1'U l'Uff'1'U-vl 4 ii l!f)fl;;1~'Uf)'1 neurotoxin'il1mT'U 

'\..hff1'U~!lP1hjl!tlfl~f)1'P1t1H1'UI'U AKTA Source IS S ~1~ff1'Ul.h~flelUcif)U 9 ff1'U 1'P1t1ff1'U~ 1 i1'1 

6 !~1111-»U1Lr'VIf~f)~1t1 RP-HPLC Lr~~1t111~ (X-neurotoxin 7 'lfU'PI ll1\lU'I11cl1~Um'PIf)dn'U, . 
. .. 

tl1tJfi~1'U~ (antibiotics) ll'~1fl'l:l11 'j'¥I~'PII~f)'l>U'PI~Nl lr\9'JJ'U1'il1flf).;jfltJ'j'~flf)U'Uel'l 
j/ 

'Uflf1111fl'U'" 
" . 

!I1J¥llli1U Clostridium botulinulIl (Botulinum toxin) \lflU1:1Jll~1fl'l:l1hl'1 'fi 1'1'1 lf1t1fl1fltltl1'llifi 
~ I ~ I 

fJUfJ'ItJmtltJ'j'~Lr111fil9ifl tiu flft1lJIUfl IlCl~lI flU llJlI i'~1'U¥111m llJ 1 'PItJI ~Clfl 'j' fl tIIlf tl1 ~'U Vi 11-» 
<U 

'U f)fl 'il1flfl11lJLr'U111 1'U fl1'j'~fl'l:llLr1'j'tJ'j'~ flf)U'Uf)'l' ~'l:l.;jI~li:mlH"lJU~flCr1tJtiu botulinwn toxin filf)ii
'II • 

tl'VIffJui'l'ljmtltJ'j'~Lr1'V1~~fl tiu flft1:IJliff) 'il1f1~'l:l ~ 'il'lf) 1'111 ft 1 fJ'Iii Lr1'.i ~'U'1 ~ fll~'U ~1'U 1'U:IJ 1fl~ f) 1'il 

VlIPll 'U 11~'Utl1 fl1'j'~fl'l:lltl'VI f'YI1'1Ula-'l>1'V1 tl1't1f).;j ff1'U'fi 1'1'1 tl'JJ'JJ ~ I 0'il ~ fI 'tI f) lJCU 'IJ 'U II 'U 1 'VI VI 'U fll'J 'U 1'1J 1 
'II 

VlIPll'U 1I i1 'U'VI1.;jfl1'j' 1I1'll1619if) 11 tJl 'U f)'U 11'1\91 
." 

TI'l:l.;j!~'ULr1'j'tJ'j'~flf)UI~'1,*f)'U ~.;jtJ'j'~ flf)U~1tJ1tJ'j'~'UI~'Uff1'U1'I1tl.i iil1.;j enzymatic
'II U 

protein IICl~ non-enzymatic protein l'P1t11ul'll~f)ciNt'l lnflLr1'.i~'l:l (toxins) li'U neurotoxins, 

cardiotoxin, myotoxin I~'U~'U lU'j'~'U~l'1'1 ''Ui1'l:l~iim1U1'Y1<A'1'U~11f1Jj IW~Ifla-'lf11'ltl1'fi1'11 ntf) 

tJ'j'~ lt1'l>Ul'Ufl1'j''I11f)1'111'j''Ufl.;j~ ~.;j11J1'11lJltl~I~'Ul 'Uf)'1'W'l:l~ll~lIri ceU membranes; vascular wall, 

connective tissue component l!~~ plasma proteins Iih'l1lJltl'Uf).;jff1'U~I~'ULr1'j'~hH'h'UI'I1t1i~1~lIri 

http:ff1'U'l.h~flf)ucim.l4
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, 	 , 
..:::;S 0 ~ , ..:::"\ r 11 	 '"'" 

receptor 'tHll!'VI1::; If'Hl ion channels !'b"W neurotoxin 'lJeJ'IVjfl~!'l11 'YIt'J :JJ acetylcholine receptor 'Ill 

" fold 'lJeJ'IlclH'lrl'fl iruntieJ ':Jell!"'j 11 ,nt'l111::; fflll ItJ'W ~',.i~i U fll Ut'Jl1 mt'lflftlJ ff'U 1'illl1fllli ITlJiJ~'YI1'1. . 
IfI!y'b'l'Y1fJl'lJeJ'I~fl ~:JJ1~flfl l!~ellU'W ~\9H~:JJ~'U'\JeJ'I fll1'WVll'W lfJ1~1111:U"l t'J1l1'WVll'U lIT1!1 'il~1!11fl 

'WVll'Wl'illfl bradykinin potentiating peptides ~'1l!fJfl ~1~'il1m~fl~ Bothrops jm-araca ~eJ ACE 

(91 ~~ Q.I .::!1 i.d .t:!l .dt Q..I ~.d.c:1~ .,. I 1.;1 "".Q CJ

inhibitor: captopril ' fllli::;~i1'ilmhIIT'U 'il"1'il~'fYflfjl1'ilfJI-l'W'YiVll'W1t'J1'illf1lllfl~11]J l'Uu1::;nl'fY l1fJ 'VIfl~ 

~'111IT'W h'il::;lllJJ1~flfl l~eJ -Wfl.:J'il'leJ1~ ~1fJmm·H'l~ 'I 'il'leJ1'lltJ1NVifl'lJ'W 1~1l1tU~IT\91 U1JJ1U!Vifl 
~ q <u qJ Uq 

• 1 i CHI' a'n 1 ci 0 <v 1 "" "I
lJ1~!'YI'fY 'YIfJ:JJ lJJJ1fl eJ'IflU1~fleJ'IJ'YIfflfll1J 'W'VIfl~\)'1eJ1'1fleJ neurotoxin I!'IJ'IJ post synaptic 

~ ~ ;:~ Q.I .c:1 ~ 
neurotoxin CJf'l target receptor fleJ acetycholine receptor 'WeJfl'il1fllJ'VIfl~~-leJ1.,'jtt'l:JJ'IJ'YI'lJ1'Y1eJeJfltj'YI1i 

" 19ieJ~UnH'leJ\91!i1'eJ\91I!\91'1~1fJ(IO, II) fJU! IT:JJiJ~rl1'l!f1 IT'b'1r1vlmril-u l11 1.,r'111 fI''W I'ilm'l~iJfl111JIU'W iu1M 

~ 'il::;~VlI'WlIT11~iitjl1 fl'll'1 ttl \) lm~fl~'il'leJ1'1 i \9lfJ~fl'lllU1~ iY'YItl~('l€'W"l 'iJeJ 'Hh'U~l'l"l~lIttfl i~'illfl 
0' 11. 	 <jI 

Vi'll ~ 'il'leJ 1'1 lJeJ flmiieJ'illfltj'YItlU'IJ U.:I.yJUCllfJU1 ~ IT11'l\OieJ rl'Uflir11-lIiieJ 

<V.I a' 
1~QlJ1~IT'Ifl 

1. 	 ~fl'll1If1IT'Il11'lttl'lJeJ.:Iri1'W~lIttflll~U1f111fl~'il'leJN (OphiopfwgllS hallnah) ~iJ activities \)lfl 

iflHfll1~ 1 ~eJ1~'lJmhrll1J'lJeJ'Iil'lflltt 5 1~'IJ'U 

2, 	 n~eJ111'~'tieJJ"('l tj'YIfl'll.:1!fI fi'll1'Y1 ttl'lJeJ'I ri1'W19i Wl ~IWfl iIPi''il1f111'll ~ 'il.:leJ l'1~JJ~flttfl wll'Wfl1:i 

V1Vll'W l!UlJttll9ieJ 11u 

'lJeJ'IJ!'lJ~'lJeJ'I iflHfll'Jl~fJ 

!UlJ fll1~fl'llltj'nf'l'll'l!flIT'lil'llttl'\JeJ'HhlJ~ 1'1C'j ~!Wflll~'il1m1'll ~ 'il'leJ1'1 ~'1IT1J~lJ,rrl'U 

fll1~mnl'W iflHfll'J~ 1 IrieJ111 activities 'iJeJ'Iri1'W~1.,'jC'j ~!!fJfl'il1flVifj~'il.:leJ1/1~lIir1 ri1lJ~1'1C'j 
)I 0' 	 oJ 3J dt 

mft1,r'Wiitjr1tl'l'll.:llfl IT'b'1l'l fJWieJ'J~'IJ'IJ IT1fity'iJeJ;j i 1.:1 fl1ttd:l'W eJ ~1;j lh !I ('l~eJ l'ilflll 'VI'IJ IT1 HifJlli eJ'WC'j 

~'111IT'U1'il~.:Ill1 ~lU~VJllJ 11U lJ ITl'JeJeJ fltj'YI fl11.:J fJ1 
1M 

I 	 '0' 'iI 

i~IT1'J !'l~eJ~VlllJ l~hfutJ1~~~JJi]l'ltlU'UU-l neuromuscular junction 11~'tieJJ"('l~1'Wfl111J 

U('leJ~ nt'Ji'lfl111J!U'W~fl i]'Vl f~eJ 'J~'IJ'IJ ~1.:J"l 'lJeJ'Ii1'1 fllt'JIT~1'Vl\91('l eJ'I ~'1 'il~1i'lii'Hl1f111 LhiVj.:J 

U1~IT'1t>1'lJeJ'IIT1'J~1l1:JJl~flfl 1 ~eJ1'il!fl\911'U fllJ !H'l~eJ1'il i~tj'l1 f~lu'Wu 'J~ i t'J'b'lf'YI1.:1fl1'J1flfl 1 lmj ~ 
'il~~Vll'W 1lUlJtt1~eJ ~1ulM 'tieJ1J('l~ll~'il~ ITU'lJff'U'U fl1'J~flfj 11lHJ'Wfl 6~ eJ ~1 U 11'111fJ'I1'Wi1'il~t11 

<u 0 	 • 
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lJf1nlf)';j,\-'l1~f)l'm)'t'Yl6 Uf)i'Vltll'fll{l \O)1 (~LHflii lfll1'111'Vltll Hn::;Yi1li~H(1) ~{l'Uhf)l':lihYi1l~ ~mn~ 

Itl~\PlJ'\.nl'UtHJl 

Lyophilised 

King cobra venom 

1 	
,," 

1m-3fll':i~ 1 
fffl'l;l1Biological activities: 

Im-3flllii 2Biological activities: 
Hemolysis 

Hemolysis Fractionation 
Coagulation 

Neurotoxicity Cytotox.icity 
Coagulation 

Cvtotoxicitv ~ 
Pharmacological studies: 

lM'Ii'Vl,jmlVl~'Vll .mrff9J" 
Central Nervous System

1V1 V 1 ll'cWh'WIl llJ 
Cardiovascular System ~ UflVYl.flV 1Il1:tfYfll'.Jfl1l"l 
Respiratory System 

1'\.1 mn,I'll'l.mltl '\ 11 
Gastro-intestinal tract 

Blood 

~c:t 0 ~ ~ Q.J 

1ti~1!'Wlml'J1~fJ (Materials and Methods) 

, 	 ,iJ , 

'Illl~lHYllHJf) i~\llfl1f1Hf)l'HieJrJii 21'U flll1Wflfli'..:jii 1 ~l'UTU 7 ri1'UUeJeJ (F 1 - F7) lJl~mll 
'" 

Q.I .ct.ct II ~ . 
1. fltl.!i:1fl 'lI W::;'Y] N 'If1!fUJ ~ II fl 

1.1 tl~lJlru Ttll~'U (Protein conte nt) T~eJi~'lJeJ..:j Bradford ( l 2) 

~ 

1.2 fll'HI'fl'l:ll Enzyme activities 

1.2. 1 	 Proteolytic ac tivity ~l1Ji~'UeJ~ Kunitz ( 13 ) 

· . . T T (1 4)1 2 2 PI10SP 10d lesterase activity ~llJ11i'lJeJ..:j an.. I =c1 an Uri ::; 

"'>"" (14)
1.2.3 Phosphomonoesterase activity ~llJ11i'IH)..:j Tan Int::; Tan 

. . """" 	 T T (1 4)1.2.4 Ph 0 Ipase A actIvity ~llJ11i,\H)..:j an Ant::; anosph I · 

1.2.5 L-Amino acid oxidase activity ~llJ11i'Uf)~ TaI11W::; Tan (14 ) 
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1.2.6 Acetykholinesterase activity 'flllJ:r,i'\lf)~ Ellman ml'~ 'flru~ ([51 

lh~l Enzyme activity ~LI~"lflfl1nl~iYeJ'lJLIUfiTW1Ul'n~1 enzyme activity l'ieJ 1 lJfl. lu'J~u 
'lJeJ\jl~1:I\j

'" 

~ Q..I ct.d,

1. fll ';iftfl'lflfJWtlfl'lfW~'YI1\j'1flAfI~ 


'" "" d • 'V q 'V'" 'V 'V i " I 1 I 'V • ~ 

II"l'JtllJiYl'J"~mtll'I1:I~'YIII(JfliYTUII"11'nJ'fl11:JJI'tllJ'UU 0.4 lJfl/lJ" !~tlu'J~lJ1U! 'fltl '!I''fll Optical 

density 'UeJ\jIlI'i,,~ri1UlllUIf)u!cn "lfll:fulh'u~ml1U11J1ru lu'j~u IW~ enzyme activities 

iYl'JI'fliJ~1 ~ 

1. 	 Quick Start ™ Bradford Protein Assay (BIO-RAD) i'U 210001208 U'j~fleJ'IJ~1t1'1l''fl 

Bovine Serum Albumin Standard 'fl11m.,j'lJ.,j'U l.0, 0.75, 0.5, 0.25, 0.125 lJfl/lJ" 

2. 5xDye Reagent (BIO-RAD) iu 210000258 

3. 	 Bovine semm albwnin (Sigma@ Lot. 80K1365) 

.,;. 	 "" 1'fl'JeJ\jlJeJ DU 650 Spectrophotometer Beckman Coulter, USA 

o" 	 '" 
U 11 fl" eJ 0.9 % 

",,'.
1 'Ii'Yl 'fl iYeJ 'IJ 

1. lhu~19i' standard II"~ ~1eJriHYJ1:I~1l1'i"~'fl11lJl'ti':JJ'Ij''U 20 mmlrilU'H"eJ'fl'll'fl"eJ\j 

2. 1~:JJl * dye reagent 1 lJ" "\jl'UH"eJ~'Yl'fl"eJ\jIl~,,~rt"eJ~ NiYlJl,11'ti'lnu 

3. UlJ~eJrurtflih1eJ\jeJri1\jUfJtl5 'U1Yi (~hj'fl1'JUlIfi'1eJri1\j'YI~iYfJ'IJ~eJrul1flJJ,reJ\jll1UlflU 1 '!I'll) 
~ 	 o:u ~ qJ 

4. lhu~~ standard II"~ Y111eJciHW1:I\j 300 lJfI" "\jl'W1l'1Cl'Yl111l1U1'flfl1'J'fl'flflilU!liY\j~'fl111Jtl11... 	 ... 
• 'JI 	 11 11 , 

'flilU 620 nm 1~ U1lflileJ 0.9 % tllu blank 't'll'lh 2 fl1\j '\11~lfl1'J'fl~flilUlliY\jIl!~tI'tIeJ\jIl~"~
'" 

~1eJ ri Vl'\'l ~HH) 'IJ 

5. ll1~lfl1'J~~flillHHY\jm~tI'\JeJ\j standard ~hJ plot mwl 

6. lh~lfl1'J~~flil'UmHll!~tI'lJeJ\j~1eJri1\j lhJfi l'U1U!'\11U11J1ru 1U'J~'U1l1fl slope 'lJeJ'I standard ... 

I ..::9, d Q,J' 

'fllfll'J~'fl fl"'UlliY '1m" tI'lJeJ\j~1eJ (J1\j - 0.0424 

0.7743 
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& 

1.2 	nl'nnnn Enzyme activities 

1.2.1 f)l':i~mJl Proteolytic activity \9l11J11i'tJel-:J Kunitz m\ 

I. Monobasic sodium phosphate monohydrate (Merck Lot. A619046502) 

2. Anhydrous dibasic sodium phosphate (Merck Lot. l359986507) 

3. Casein (Sigma Lot. 127F-0545) 

4. Trichloroacetic acid (Fisher Scientific Lot. 0579621) 

~ 	 "'" IfI'Hl-:J1Jel DU 650 Spectrophotometer Beckman Coulter, USA 

1\9l~£!1J 1% casein lu 0.25 M sodium phosphate buffer, pH 7.75 

1. 	 1~1Jill'H'I~ m£!'Wll~ 0.1 'lJ(l lu 2 lJ(l 'UtJ..:! 1% casein I'U 0.25 M sodium phosphate 

buffer pH 7.75 ti}Jl11~~ru'\1fJiJ 37°95 'Ul'U 30 'UTVi 

2. 	 l~lJ 5% trichloriacetic acid 2lJ(l 

3. 	 ~'U~lO,OOO 'jtJlJ~tJ'Ul-n 'Ul'U 10 'Ul'i1 

" 	 v ')I 

4. 	 'ill Supernatant thI1'P1nl':i~'PIni1ulIil~-nfl11lJ011f1i1'U280 nrn lI~fI~~bmh~l11951 2 flf-:J 

A 	 , l.d .d ~ J r 9 
111f)'U£!1'lJ11 I U protease activity = mf)l'l~'PIfH'I'UWHYm'W'U'U lHUd£! !'U11f11 I 'lflJ 

. 	 "" !iItJ.;j 111 f) f)l'll'l'PIiltJlJtilJI9i1tJU l-:J '1/1 'PI t'l'tJU l11 30 t!l-n~-:Jt1'U 
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1.2.2 fl1'j~mll Phosphodiesterase activity ~lllJ1TI'U€hl Tan !![\~ Tan ( 1·11 

1. bis-p-nitrophenylphosphate Sodium salt (Koch Light Lab Ltd. Lot. 4287-00) 

2. Magnesiwu sulfate (Merck Lot. 549A8248) 

3. Sodium diethylbarbiturate (Riedel® Lot. OE70149) 

d. ... 
!fI'jeJ..:jl.JeJ DU 650 Speclrophotometer Beckman Coulter, USA 

111)"::;,, ltJ~'-if 

1. 2.5 roM bis-p-nitrophenylphosphate Na salt 

2. 0.01 M MgS04 

3. 0.17 M verona I buffer, pH 9.0 

nitrophenylphosphate Na salt, 0.15llrt 0.01 M MgS04 It,,::; 0.25l.J" 0.17 M verona I buffer, 

pH 9.0 

Q Q.I.c::! 4 • c!I 0 

4. 'U1B'fl)" 11\HHlfll)"'t1'f1flft'\-lH,({..:jlfH3'Ul'\1l.Jlf11W1U! 'li 1 phosphodiesterase activity 

1 U Phosphodiesterase activity 

~ ~,.c::! 

Phosphomonoesterase activity 'UeJ..:j~1eJciN (unit) B \OJ 'j 101'j~~ 0,,'\-111 11..:j1fl eJ 'U TV! 
" 

0.001 
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c9 . . ~.<:::! O~)
1.2.3 fll'j'f(fl1l1 Phosphomonoesterase activity 'fll1Jl'll'\n)~ Tan H"~ Tan 

I. Glycine (Sigma Lot. 064K0058) 

2. p-uitropheuylphosphate, Disodium salt (Nacala i tesque Lot. M5A7272) 

3. Sodium hydroxide (Merck Lot. 8586818) 

4. Magnesium sulfate (Merck Lot. 549A82486) 


.,; .... 

!'fIHJ.:J.1JeJ DU 650 Spectrophotometer Beckman Coulter, USA 

I. 0.01 M p-nilTOphenylphosphate Disodium salt 

2. O.Ot M MgS04 

3. 0.5 M glycine buffer, pH 8.5 

0.25:IJn 0.01 M p-nitrophenylphosphate Disodium salt lin::; 0.15:IJn 0.01 M MgS04 

" " 
3. !~:IJ 0.2 N Na OH 1 1Jn ~,rYl.:J.1i 20 'Ul'Yi 

o , .,::!{ c1 ~ , 

5. 'Ul'f11m'j~~fln'Ul!t1'.:J.!1WtlJJ1'\11 phosphomonoesterase activity \I1f1'UtlllJ11 

, , " 
, .::9 c1 .Q ~ I' c1 

1 U phosphomonoesterase mfl1'J~~fHl'U!I(1.:J.'l1!TnJ'tl'u 0.001 11'U1fJ\OIeJ'UTVl 
" 

.J di 
('l-1'f111:IJtl11'f1n'U 440 om) 

http:rYl.:J.1i
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. . 	" , ..o::S.c:I ~ ~ 

Phosphomonoesterase activity 'lIU-:.t$-;W01-:.t = fllfll'l~19I fl(l'U1l ff -:.t'YlIlUJ'tI'U 

0.001 x 30 

<'l 	 """" (14)
1.2.4 fll'lfl'fl'ln Phospholipase A activity mJJ11i'tlu-:.t Tan 11Cl~ Tan 

1. 	 CaC12 (Sigma® Lot. 86F-0677) 

2. 	 Deoxycholic acid, Sodium salt (Sigma® Lot. 74H0267, MW. 414.6) 

3. 	 NaOH (Merck Lot.8586818) 

4. 	 Phospholipase A z from porcine pancreas (Sigma Lot. 045K0961; Enzyme activity 11,634 

Lecitase units/mO 


IfI~U-:.tjjU PHM 290: pH-Stat controller (Radiometer analytical™) fl11JJ~ burette 2 JJ(l 


ffl'llCl~mfJ~'~ 


I. Substrate 1'li1l19l-J I rh'U 18 mM CaC~ 1 riTU 1I(l~ 8.1 mM deoxycholic acid 1 

!Wfl~~flU'U~ 4°c fl11JJ!~1 5000 'lUUtAU'Ul11 20 'Ull1 tJf'U pH IU'U 8.0 ~1fJ 1 N NaOH 

2. Titrant 0.02 N NaOH 

3. Standard !~~[JJj standard enzyme ,,rii enzyme activity Il6.34 'l1'\.bfJ Lecitase/JJ(l(l:lOO) 

1. 	 tI!1J~~ substrate 15 JJ(l lril'UUrHflU11NiJ'U magnetic stirrer 

2. 	 ~JJ pH probe (l-:.tl'U~1uOH UI9I~hUflIflU{ 'I.H'U pH nu'U titrate ,,rtl~ 8.0 + 0.01~1fJ 

0.02 	NNaOH 

3. 	 !U191 nl9l"l'U T~'l!'il'U !~JJ standard enzyme lf~U ffl'l(l~mm~ll~ O.llJ(l I'U substrate 
. '" 

i~!~'l'Yl~1U Mode pH-stat titration (11 pH 8.0) y1J-:.tnml~~m'Yl 3 'Ull1 U'Uiifl 
I 	 lJ 'jI , 

tJ1JJl~'l 0.02 N NaOH l1,.rl~!~'l'Yl!l~(l~~1U~Wthjh 2 flf-:.t 'llfilm~fJ'lIU-:.t 

tJ1:1Jlm 0.02 N NaOH ~,~ 

4. 	 rlTlnrulfl phospholipase A z activity 'tIf)-:.t~1U01-:.t,nfltJ1lJl~'l!~~fJ 0.02 N NaOH ~ 
1~ 1~!~'l'Yl~1U01-:.tll1fJ'Uti'UtJ1JJW1'lm~fJ 0.02 N NaOH ~1~'1~1~'l'Yl standard 

~.c:I 	 , 

enzyme 'YlJJ enzyme activity 116.34lf'U1U/JJfj 
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1)1f)~~'J 

phospholipase A2 activity 'tJel'l~1tl~1'l 


_1= "'''I Vtl "'.

lJ'J'm~'J' 0.02 N NaOH 1'1 !'l5 . ~1!~'J''Y1 ~1el£JN x enzyme activity 'tIel'l standard enzyme 

_1= "'1 ~tllJ'J'JJ1~'J' 0.02 N NaOH ')1 15 ~1~'J''Y1 standard enzyme 

1.2.5 f)1'J'~fl'lll L-Amino acid oxidase activity ~lJJ11i'tlel'l Tanll'Cl~ Tan (14) 

1. Triethanolamine (Sigma@ Lot.l07F5613) 

2. peroxidase (Sigma@ Lot.26H9512) 

3. L-leucine (Sigma® Lot. 034K0080) 

4. o-dianisidiue (Sigma ® Lot. 054K8204) 

d. "" Ifl'J'tl'llH) DU 650 Spectrophotometer Beckman Coulter, USA 

"''I ~ C'l'lnl~m£J'YI !'If 

1. 0.007 % peroxidase 

,d", 
2. 0.2 M Triethanolamine buffer, pH 7.6 'YIJJ 0.1 %L-leucine and 0.0065% o-diallisidine 

3. 0.5 M glycine buffer, pH 8.5 

L t~li 0.025lJft 0 .007 % peroxidase 1~ 0.5 lift 0.2 M Triethanolamine buffer, pH 7.6 

, . 
dd 1.<:::1 ~ 91 .c::s 
'YIJJ 0.1 %L-Ieucine and 0.0065 % o-dianisidine 1JJJ'YIelUlHflJJ'lH)'I 3 'Ul'YI. '" 
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o Q.I ~ ~ I .o:::::t 0 

S. 	 lnij~'.l1IlHWf11'.l~~fHnH!rr.;J~m.HVllJlf11'U1ruli1 L-Amino acid oxidase activity 

1 U L-Amino acid oxidase activity 

Q,I 	 , Q,I -d'.c::t 

L-Amino acid oxidase activity 'IH).;J~1eJU1.;J (unit) = eJ~'llf11'l'fl~fl'1'Ullrr.;J~El'Ul'l'l 

0.001 

l.2.6 fl1'l~mll Acetylcholinesterase activity Ellman IHl~ f1ru~ (1 5) 

1. 	 Acetylthiocholine iodide (Sigma@ Lot.094K1S98) 

2. 	 Dithionitrobenzoate (Sigma@ Lot.38H0916) 

,,; 	 <01 

IfI'lEl.;JlJEl DU 6S0 Spectrophotometer Beckman Coulter, USA 

cii ')J
rrn'1~mrJ'l'l 'b' 

1. 	 Buffer 0.1 M Phosphate pH 8.0. 

2. Substrate 0.075 M Acetylthiocholiue iodide (21.67 mglml) dh.Ji'U~lu'U 11"<lil~ 1 0- 15 1'U 

3. 	 Reagent 0.01 M Dithiobisnitrobeuzoic acid (DTNB) i:l~i:l1U S : 5-dithiobis-2

nitrobenzoic acid 39.6lJfl . l'U 0.1 M phosphate buffer pH 7.0, 10 lJi:l. 


1Icl'11~hJ sodium bicarbonate ISlJfl. 


"""" 11i'Yl~rrm.J 

1. 	 l~lJ~1mh.;j~~El.;Jflln1\9lrrElU 0.1 lJ'1. '1.;Ji'U cuvette ~~ O.IM phosphate buffer (pH 

8.0) 1.3 lJi:l. 
. . . 

~ 	 Q.I .d.c::t..:!:l ~ f 

2. 	 l~lJ DTNB reagent SO lJfI'1 (j..ll) 1~fl1'l~~fli:l'Ullrr.;J'l1f111JWl1f1i:l'U 412 run IlJElfllfll'.l 

~~ flii'Uurr .;JfI-J~ lil~fh photocell rrtelil1fi1~¥'lflft'Uurr.;J~1~ \1~\) fl~~11I'U1J'U6 
Q 	 Q,I , ~.:::1 

3. 	 l~lJ substrate (acetylthiocholiue iodide, 0.075 M) 10 1JfI'1 q..ll) 1~f11f11'l~~fl'1'U!lrr.;J'Yl 

.do J 'I "" 
l~lJ'U'U I'U 6 'U 1,\1 

4. '\.hfilf11'l~~flft'Uli rr.:j~1¥'llMlJl plot mll'ln~mnel~'llfl n~¥'l flft'Ull rr .:wiel'U111 

Q Q.I ..:!:I l.c::t 0 

S. 	 'U1El~'llfl1'lca~fli:l'Ullrr.;J~El'U1'l11J1m'Ulrul1l acetylcholinesterase activity illfl'.l~'l 

R _~L1~A,--_ X _--,l~__ 

4
1.36 (l0 ) 
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R 

hydrolyze lu 1 'tHY]) 
I..:!:I I q~ .d. ,JL1A = fI1f)1)~~m''UIlt'1'.:j (absorbance) 1'lIlUJ'lJ'U'fH)'U111 

V = tl~lJll9l)~'H)ri1.:j
1 

" '"' " nuNtC)$C'H'I Human Gastric carcinoma (KATO-III), Human Ductal carcinoma (BT 474),Human 

Colon adenocarcinoma (SW620), Human Liver hepatoblastoma (Hep-Gz)' Human Lung undifferentiated 
• , 0 v 

(Chago) i'Uell'\11) RPMI 1640 -vlf'lrUJ fetal bovin senml 5 % tilJ-vl 37 C 5% CO2 IrJ'Unm 3 1'U 'il1fl'U'U 

i' 'l <?I .d 

• 'i1 9J ')I 

~~ media I$lll 0.05 % Trysin 'fiii 0.01% EDT A tl~1J1\9l) 2 ml 'fI·rYi/H'il'UIC)$m111~~1 U.:j~~ trypsin l1-J 
"'j./ '" 'j./ "IHl11\9lll media l1ll IfI1~ 111IC)$m'l11fl~llJ'U!C)$flfl! 'iW1 

f1 n~f1'hl1fl111J1rJ'U TI'hl 'lJel.:j-TI'hl1~ellC)$fl ftll~1 ~.:j (Cytotoxicity)(16,17, 18.,19) 

'"' "'j./ 'j./ '1 'j./ '" 'j./ ~1 'j./ 'j./ 'j./ , tl~1"1 I\9lHllll9l'flfl'lJNI9l'U 11I'ilel'il1.:j\?l1rJ RPMl 1640 I9lfl11lJl'lJll'lJ'U 2.5 xl0 lC)$flniml )lJll9l) 200 
• a • 

1-11 'rii'U plate 96 well !ll9ifl~l1CJll lJU'fi 37 C 5% CO2 ~~'Unft1 24 <if1 hJ.:j . .". 

2 l~m~'hl~-vl~el.:jf)1n1~t'1'ellJ tl~lJl\9l) 21-11 ~el11tlJJ l'l1 3 'l11tiul1' IrJ'Unm 72 ~111J.:j 
'" 'j./ 'j./

3 l'flll MTT ([3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyl tetrazolium bromide] fl111J!'lJlJ'lJ'U 5 
. " 

mglml tl~lJl'fl) 10 1-11 ~ell1tllJ tilJ!1 4 <H11m ~19l media .y].:j (l1tllJ control ~hh~lJ MTT) 

4 l~lJ 100 % DMSO (dimethylsulfoside) tl~1Jl\9l) 150 fl.l ~elmpJ l'IJri1lJ'U plate mixer 5ln'fi 

5 I~JJ 0.1 M glycine pH 1O.51l1JJWI) 25 1-11 ~m'tllJ l'lJonnU 5 'U1'l1 

% cell survival 

, '"' 
fl1l'iWrJ ODs4o'lJel.:j Control 
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>I 

Inhibitory concentration 50 % (IC50) fl11JJfl'lm'nl"Um'j~1J~\lm'jI~1ilJl;;1J 1~'1Jtl\lI'1f(jftlJ~11\llU 

"'" OJf·-H;lm':i'J'i)[I (Results) 

Protein Conc.(mglml) 
Fraction 

(BSA equi.) 

I 0.77 

2 0.54 

3 0.67 

4 0.75 

5 0.71 

6 0.65 

7 0.67 

Cmde l.01 
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'"1.2 m 'Hif)lll Enzyme activities 

="" . (13) ~ 
1.2.1 Proteolytic activity 'lHl,:j fraction ~llJ1'1i'UeJ,:j Kumtz (~1'.l1.:J'YI 2) 

Fraction 

-
No. 

Protein 

mg/mt 

(BSA equi.) 

Enzyme 

Activity 

(unit/mg protein) 

1 0.77 0.3628 

2 0.54 0.6432 

3 0.67 0.3234 

4 0.75 1.6231 

5 0.71 0.3014 

6 0.65 0.6831 

7 0.67 0.3204 

Crude 1.01 1.4449 
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. . fr·."d (1 4) ( d)1.2.2 Phosp 0 lesterase actIvIty '\JtH . actIon \'llllTii'\Jt)~ Tan H[\~ Tan Vl1'n~'V"I 3h d · 

Fraction 

No. 

Protein mg/ml 

(BSA equi.) 

Enzyme Activity 

(unit/mg protein) 

1 - -

2 0.54 29.63 

3 0.67 183.58 

4 0.75 38.67 

5 0.71 53.52 

6 0.65 27.69 

7 - -

Crude 1.01 234.65 

. . . ""'" (14) '" 1.2.3. Phosphomonoesterase actlVlty 'lJeJ,] fraction mlJ1"1i'lJeJ..:J Tan !!(l~ Tan (YlldN'V"I4) 

Fraction 

No. 

Protein mglml 

(BSA equi.) 

Enzyme Activity 

(unit/mg protein) 

1 0.77 15.53 

2 0.54 22.4'7 

3 0.67 17.41 

4 0.75 148.24 

5 0.71 305.07 

6 0.65 68.00 

7 0.67 23.52 

Crude 1.01 184.51 
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1.2.4. Phospholipase A activity '\ICl~ fraction ~l}.jn'UCl~ Tan In'~ Tan ( 141 (\?I) ';iN-Yl5) 

F.'action Protein mg/ml Enzyme Activity 

No. (BSA equi.) (L.unitJmg protein) 

1 0.77 43.64 

2 0.54 34.85 

3 0.67 139.52 

4 0.75 179,88 

5 0.71 61.56 

6 0.65 76.96 

.. .. 7 0.67 1702.48 

Crude 1.01 294.79 

1.2.5 L-Amino acid oxidase activity 'tICl-:j fraction ~lJi'J~'UCl-:j Tallll"~ Tan ( l4) (\?Il'n~~ 6) 

Fraction Protein mg/ml Enzyme Activity 

No. (BSA equi.) (unit/mg protein) 

1 0.77 77.92 

2 - -

3 - -

4 0.75 546.67 

5 0.71 13926.76 

6 - -

7 - -
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L2.6 Acetylcholinesterase activity '\)~~ fraction '1'Il}jTI,\)~'1 Ellman HI)::; fl1\!::; ([5) (~1"J1~~ 7) 

Fraction 

No. 

Protein mg/ml 

(BSA equi.) 

Enzyme Activity 

mmol/min/g 

1 -

2 - -

3 - -

4 0.75 0.0125 

5 0.71 0.1449 

6 0.65 0.3312 

7 0.67 0.0539 

Crude 1.01 0.2230 
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~l'n~~ 8 b1'~'l.JN~f1l'j"~m':l1tJ1lJlru hh~'U um: enzyme activity 'lJeJ~ fraction 

Protein Proteolytic PDE PME 
Fraction 

mg/ml Activity Activity Activity 
No. 

(BSA equi.) (unit)* (unit)* (unit)* 

1 

2 

3 

4 

5 

6 

7 

Crude 

0.77 

0.54 

0.67 

0.75 

0.71 

0.65 

0.67 

1.01 

0.3628 

0.6432 

0.3234 

1.6231 

0.3014 

0.6831 

0.3204 

1.4449 

-

29.63 

183.58 

38.67 

53.52 

27.69 

-

234.65 

15.53 

22.47 

17.41 

148.24 

305.07 

68.00 

23.52 

184.51 
-

PLA LAAO AChE 

Activity Activity Activity 

(L. unit)** (unit)* (unit)* 

43.64 77.92 -

34.85 - -

139.52 - -

179.88 546.67 0.0125 

61.56 13926.76 0.1449 

76.96 - 0.3312 

1702.48 - 0.0539 

294.79 2754.46 0.2230 

PDE 

PME 

PLA 

LAAO 

AChE 

(unit)* 

(L. unit)** 

Phophodiesterase 

Phosphomonoesterase 

Phospholipase A 

L-Amino acid oxidase 

Acetylcholinesterase 

activity per mg. protein of venom fraction 

Lecitase unit per mg. protein of venom fraction 
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" ~m'Uf)~1~1l~~~~1 ,n1~ 7 fractions <j>lf)!9fflrl''jJ~!~~ 5 'lru~ ll~Ufl Human Gastric carcinoma 

(KATA III), Human Duetol carcinoma (BT 474),Human Colon adenocacinoma (SW620), Human 

Liver hepatablastoma (HEP-Gz)' Human Lung uudifferentiated (Chago) 'tnr;il fraction ~ 5 nr-ln 
iI iI. • 

~eJ!(1Hl,hJ~I~.,'j11.,'j 5 'lfa~ 11JJl1.,'j CH-\iver ~.,'jI~'UlC))'nrl'~lJtlfl~'UeJ.,'jI'l'U fraction fi 6 lJr-ln~eJlC))'n~ 
d 91 ~ g Q.I 14 , rf d .Q..:i.r:::i

HEP-G2 IHl~ SW 620 111'111lJl'UlJ'U'U 1.5 I llfl~O. 78 'flllJnW'llJ U~lJr-lMlmC))'nnlJ~IH'b''U~eJ'U't1 

fj!V II .:::t ..c::1 I a' C::Q d9J .:d 
1'111lJl'UlJ'U'U~.,'jm1 i1'1'U fraction ,\1 3 lli'l~ 4 m·ln'fleJ! '~nClJJ~IHIl'W.,'jmf1W)tll!n~ fraction 11 1 , 2 

.d W W ul''''' "IIIn~ 7111'111JJ1'U'U'U'U 10 I-lg/ml lJlJr-ln~eJlC))'nn Wl . .. .. 
!:umtl1 £nJ rVi £11J f111eJeJ flll'Vli'UeJ.,'jYl'll ~ ~.,'jeJ Hn1Jf1l1BBmrVli'lJB.,'j £11 Doxorubicin 1 'U1I~fl~ 

lC))'flcllJ~I~.,'j '\'l1J11lJri11m11~tJ.,'jJ)'U 

Cells 
ICso (Jlg/ml) 

FI F2 F3 F4 F5 F6 I F7 Doxorubicin 

KATO-III >10 >10 >10 >10 0.68 9.49 >10 0.48 

HEP-G2 >10 >10 6.78 8.24 0.66 1.51 >10 0.4 

SW620 >10 >10 >10 7.38 0.49 0.78 >10 0.57 

BT474 >10 >10 7.61 8.11 0.77 9.87 >10 1.5 

Chago >10 >10 >10 6.74 0.74 7.15 >10 0.35 

CH liver >10 >10 7.60 >10 0.74 8.35 >10 1.0 
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tl'll . d
IWf1 ~ I'lft.! proteolytic, phosphomonoesterase 1!(1~ phospholipase activity 'lJtu~'YIU1~ enzyme 

. " . 
activity 'ftUh.,!tJ1 'Hi1'U"H)\j'l~1l~1111£Jf1 i\Pi'niTu'W €J~1\j tb~~!I<fi(1~(h'WiJ enzyme activity 1~'Wiri . . . 

, Q.I , , d .:.1 , I .::1 .:::t f , d 

~l\1f1'W 1'll''U 'ff1'W'YI 3 lJ phosphodiesterase activity I~'W 'ff1'U'Vl 4 lJ proteolytic activity I~'U 'ff1'W'l1 

.:::::t. 1 I ..:::::t d. 

5 lJ phosphomonoesterase 11ft::; L-amino acid oxidase activity !~'W ff1'W'YI 6 lJ acetylcholine 
t 'd..::i I 

activity I\O'I'U 11(1::; ff1'U'\o1 7 lJ phospholipase A activity I\O'I'W 

.:;g ~, 0' d, .:::1 1 1lJ dl
f11)f!'fl1l1q'VI1i~ill'lHHllJ::;1l \ll"l1l'J 1 fraction 'YIti1'ff'W ,,<fi€J f1Wtl1lt!fI'f11l1 Cytotoxicity 

<fi€J it! fi€J fraction ~ 5 

1)1 f1fl'J llJU\91 f1<fi 1~'lJ€J\I enzyme actIVIty ~'VflJlU!l9i(1~ ri'J'W 'Uil\l fill ~~II{Jf1I \Pi' f11'J~lJ::; 1.'11 

~ll~ri'J'W~IIt'Jf1I\Pi'ri'J'U 'I~ 11t!~f11l1<fi€J~'W €Jgflll enzyme activity ~'ff'W 'I 1) ri1'Uq'lli~€JIC})'(1~lJ::;l~ \I 

flTj~f11l1<fi€J'I'U fraction ~ 5 1I<fill'1f1\~€J\lf11'i~f11l1fl11lJffJJlIr'W,r'i::;1l";h\l enzyme activity fluq'YIi 

, 0' d 0 .:::1 &-.::::1 
\91€l1C})'(1(1lJ::;IH fl1'i'l11f1T:ilWf1 fraction 'Ill 5 C})'~lJ phosphomonoesterase U(1::; L-amino acid oxidase 

• • .Jt 'I 'lltlP .d.., ~.i 0 Q/

activity 1~'W\91€J 1l"l€J '11 'P]'ff1'i'YIU'i'!'YIli£J"l'lJ'U'ffTl1'iUf11Ttl\91'ff€JU 
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i11flJ:..ll.l1n (Appendix) 

Standard Concentration ( mg/ml) 

0 0.125 0.250 0.500 1.000 

" 

Standard 1 0.388 0.535 0.656 0.835 1.221 

Standard 2 0.399 0.549 0.66 0.863 1.157 

Average 00 0.3935 0.542 0.658 0.849 1.189 

NetOD 0 0.1485 0.2645 0.4555 0.7955 

(BSA) 

----, 
y = 0.7743x + 0.0424 Standard BSA 

R2 =0.9899 

0.8 .'-...
0.6 ....

0 ...
0 

0.4 

0.2 
.. ;

0 

0 	 0.2 0.4 0.6 0.8 1.2 

Cone. (mg/ml) 

http:i11flJ:..ll
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Fraction OD 1 OD2 OD3 Average 
Conc.(mg/ml) 

(Std.BSA) 

1 0.6210 0.6490 0.6350 0.6350 0.77 

2 0.4470 0.4570 0.4690 0.4577 0.54 

3 0.5470 0.5660 0.5610 0.5580 0.67 

4 0.6080 0.6330 0.6290 0.6233 0.75 

5 0.5740 0.5930 0.6030 0.5900 0.71 

6 0.5350 0.5490 0.5530 0.5457 0.65 

7 0.5410 0.5650 0.5660 0,5573 0.67 

Crude 0.8000 0.8450 - 0.8225 ··1..01 
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I'Il'lN~ 3 rilf)l'l~\?If)~l-AU~,,:j Hi:1::: Proteolytic activity ~P)1l-A1W11'i''Uf),,:j fraction 

Average Average Protein Enzyme 
Fraction Tube Vol 

~ Absorbance (30min) ~ Absorbance ~ AbsorbanceOD mg/ml Activity 
No. No. ml 

(30min) (30min) (BSA equi.) (unit/mg protein) 

1 25-39 0.9196 45 0.0134 0.0142 0.0143 0.0140 0.0279 0.77 0.3628 

2 43-50 0.4337 24 0.0164 0.0168 0.0189 0.0174 0.0347 .0.54 0.6432 

3 75-85 0.3650 33 0.0103 0.0117 0.0105 0.0108 0.0217 0.67 0.3234 

4 88-98 0.3854 33 0.0605 0.0602 0.0619 0.0609 0.1217 0.75 1.6231 

5 99-109 0.3853 33 0.01 08 0.0109 0.0104 0.0107 0.0214 0.71 0.3014 

6 112-120 0.1628 27 0.0223 0.0228 0.0215 0.0222 0.0444 0.65 0.6831 

7 125-140 0.147 48 0.0103 0.0108 0.0111 0.0107 0.0215 0.67 0.3204 

Crude - - - 0.0733 0.0730 0.0726 0.0730 0.l459 1.01 1.4449 

'" One unit of enzyme activity was defined as the increase of 1 absorbance unit per hour. (Kunitz 1947) 



26 

~nn:.l~ 4 f11flld~~f)ii'\.!u~.:j U~~ Phosphodiesterase activity ~fil'\.!1W'~'UeJ.:j fraction 

Fraction Tube Vol Average Protein mg/ml Enzyme Activity 
OD ~ Absorbance 

No. no. ml .6. Absorbance (BSA equi.) (unit/mg protein) 

1 25-39 0.9196 45 - - - -

2 43-50 0.4337 24 0.0007 0.0009 0.0008 0.54 29.63 

3 75-85 0.3650 33 0.0060 0.0063 0.0062 0.67 183.58 

4 88-98 0.3854 33 0.0015 0.0014 0.0015 0.75 38.67 

5 99-109 0.3853 33 0.0020 0.0018 0.0019 0.71 53.52 

6 112-120 0.1628 27 0.0008 0.0010 0.0009 0.65 27.69 

7 125-140 0.147 48 - - - - -

Crude 0.0119 0.0118 0.0119 1.01 234.65 
- -

* One unit of enzyme activity was defined as the amount of enzyme that caused the increase of 0.001 absorbance lUlit per minute. (Tan and Tan1988) 
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m1N~ S rilf)l111J~f)il'j.,!!m~ !!~~Phosphomonoesterase activity ~fil'j.,!1tl!'~'Uel~ fraction 

Fraction 

No. 

Tube 

No. 
OD 

Vol 

ml 
1\ Absorbance 

Average 

llAbsorbance 

30min 

Average 

II Absorbance 

n11n 

Protein mg/ml 

(BSA equi.) 

Enzyme Activity 

(unit/mg protein) 

1 25-39 0.9196 45 0.0186 0.0190 0.0162 0.0179 0.0006 0.77 IS.S3 

2 43-50 0.4337 24 0.0132 0.0188 0.0226 0.0182 0.0006 0.54 22.47 

3 75-85 0.3650 33 0.0165 0.0167 0.0193 0.0175 0.0006 0.6 7 17.41 

4 88-98 0.3854 33 0.1647 0.1655 0.1 701 0. 1668 0.0056 0.75 148.24 

S 99-109 0.3853 33 0.3267 0.3200 0.3280 0.3249 0.01 08 0.71 30S.07 

6 112-120 0.1628 27 0.0631 0.0670 0.0688 0.0663 0.0022 0.65 68.00 I 

7 125-140 0.147 48 0.0229 0.0232 0.0248 0.0236 0.0008 0.67 23.S2 

Crude 
'----- -

0.2833 
-

0.2862 0.2691 
-

0.2795 
-

0.0093 1.01 184.S1 

* One llnit of enzyme activity was defmed as the increase of 0.00 1 absorbance unit per minute. (Tan and Tan 1988) 
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mdH~ 6 rilf)ld~~fl~\Hm.,'j !!~~ Phospholipase A activity ~P)1'\-A1ru'I'1'lJel-!l fraction 

Fraction Tube Vol Sample vol. 
Titrant consumed (ml) 

Average Titrant Protein mg/ml Enzyme Activity 
OD 

No. No. ml (Jll) Exp.1 Exp.2 Consumed (rol) (BSA equi.) (L.unit/mg protein) 

1 25-39 0.9196 45 100 0.142 0.l24 0.1330 0.77 43.64 

2 43-50 0.4337 24 100 0.072 0.077 0.0745 0.54 34.85 

3 75-85 0.3650 33 100 0.377 0.363 0.3700 0.67 139.52 

4 88-98 0.3854 33 100 0.546 0.522 0.5340 0.75 179.88 

5 99-109 0.3853 33 100 0.170 0.l76 0.1 730 0.71 61.56 

6 112-120 0.1628 27 100 0.203 0.193 0.1980 0.65 76.96 

I 7 125-140 0.147 48 100 0.838 0.968 0.9030 0.67 1702.48 

I Crude - - - 100 1.180 1.177 1.1785 1.01 294.79 
- - - '---- -

Standard: 1 :100 dilution = 116.34 Lecitase unit/m1 
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m':iN~ 7I'ilfll':i~~f)~'WHff-3 !!~~ L-Amino acid oxidase activity ~~l'l.fJtu'v)'IJe:l-3 fraction 

Fraction Tube Vol Average Protein mglml Enzyme Activity 
OD ~ Absorbance 

No. No. ml L1 Absorbance (BSA equi.) (unit/mg protein) 

1 25-39 0.9196 45 0.0025 0.0035 0.0030 0.77 77.92 

2 43-50 0.4337 24 - - - - -

3 75-85 0.3650 33 - - - - -

4 88-98 0.3854 33 0.0216 0.0194 0.0205 0.75 546.67 

5 99-109 0.3853 33 0.1272 0.1200 0.1236 0.71 13926.76 

(i 112-120 0.1628 27 - - - - -

7 125-140 0.147 48 - - - - -
- - - - - - --

"'One uuit of enzyme activity was defined as the amount of enzyme that caused an increase of 0.001 absorbance unit per lllin. (Tan and Tan, 1988) 
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. . 
'" 1 <!I '" 11\.1'Q

1'l1'lN'Vl 8 f11fll'l~~fH\'WmT..3 m\~ Acetylcholinesterase activity 'YIfIl'W1W !I>I'lltl.:J fraction 

Fraction Tube OD Vol. Average Protein mg/ml Enzyme Activity 
~bsorbance 

No. No. ml ~ Absorbance (BSA equi.) mmol/min/g 

1 25-39 0.9196 45 - - - -

2 43-50 0.4337 24 - - - - -

3 75-85 0.3650 33 - - - - -

4 88-98 0.3854 33 0.0085 0.0090 0.0088 0.75 0.0125 

5 99-109 0.3853 33 0.0947 0.0969 0.0958 0.71 0.1449 

6 112-120 0.1628 27 0.2021 0.1990 0.2006 0.65 0.3312 

7 125-140 0.l47 48 0.0329 0.0344 0.0337 0.67 0.0539 

Crude - - - 0.2120 0.2077 0.2099 1.01 0.2230 
- '-- - - '-----. _
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Study of Quality Specification of King Cobra (Ophiophagus hannah) venom for 

Standardization 

OJ I 

'lJYlfl~m) 

. ~ 

Vill~\1.:JtJ1.:JVii~i'U.:j1'Ul,y{JM\llfl 2 1l11~.:J \llf11'Vl'lf'.i\!'.iW llft~ fIlflhi' IIC1~ 1~{J.:Jl'Ufffll'VlII1~~tJlJ 
. 

Vi~l.:J n'U i'U ff1'U.:J IIC1~ i'U 1m.:J fll '.i 1'Vl1~1~ 
~ 

{J.:J.:j fll'.i tYfllllflW c\flllf.U ~m'Vl1~~1'U fll {JfIl'Vl ;11fl ij
~ ~. 

1lC1~ ;11'YltJl 'IItJ.:JVill~\l.:jn1.:J (Ophiophogus hannah) l~tJ 11l'U1J1~'.ij1'U'IItJ.:JVi'l:l~\l.:JtJ1.:J~\l~Hi' 

tYfllll~91l'U1 {J1 'VlU";h Vi'l:l.:j\l.:Jtl1.:J \llfl 1'Vl'l5'.i m Wij fI11lJI1l'UVillff.:J fl11Vill'lltJ.:j.:J\l.:JtJl.:J\llflfllfi hi' 
'U 'U '" 'U 

'J} Q.I I 0::9 t ~ d 
llC1~ ffn~flC1tJ.:JflUfll'.i'Yl~fftJU Neurotoxicity ff1'Ufll'.iffflll1 Enzyme activities 'VlU11'Vl'l:l~\l.:jtJ1.:j'Yl 

,. 
1~{J.:ji'Uff1'U~ij Phosphomonoesterase llC1~ Proteolytic activity tl.:Jfl11Vill~\1.:JtJ1.:J\llfl lm.:jfll'.i 

~ 

cI 

,. i ~ "" 1 cI cIv
l'Vll~m{J.:j~ 'U'Yll.:j~'.i.:jfl'U'IIllJ 'Vlll~\l.:jtJl.:j\llfl m.:Jfll'.iI'Vl1~lC1{J.:J~lJ L-amino acid oxidase activity 

tl.:J fl11Vi'l:l ~\l.:jtJH~ Ii{J.:J i'U ff1'U ~ fll'.i tYfllll~l'U ;11'Yl{J1~'U 'Vl U ";hVill ~\l.:JtJl.:J 'liij Coagulation 
I ., r • " 

activity llC1~ Vill~\1.:jtJHViI~{J.:j''Uff1'U~ij Hemolytic activity tl.:Jfl11Vi'l:lVi'~\llfl~ViI~{J.:Ji'U 
,. 

1fI'.i .:Jfll'.i l'Vll~I~[J.:J~ ff1'U fll'.i tYfllll Cytotoxicity 'VlUi1Vi'l:l~\l.:JtJl.:J \llfl lm.:jfll '.i l'Vll~l~ 
~ 

{J.:j~ffllJ lHI 
,. 

ell Q.I .:::.. c:::. 1 0' d '" V...:i I 'jI d 
{JU {J.:jfll'.i I\lH1!I~U ~'IItJ.:jI'lfC1 C1lJ~1H m ~1'Vll~tJ 1111 '.i !~~ fl11tJl~ 1'U lJ:;IH (Doxorubicine) II":; 

Q.I ! ca...::::. 0' d " QI \r(Y Vd. QI " d 
ffllJlHWU{J.:J fll '.i I\l '.i ty 191U 1~'11 tJ.:jI'lf" " lJ:; I Hl~ l'U lJ 11 tJ~ ll":; 9lU !~ i fl" lfl {J.:j flU {J1~ l'U lJ~1H 

• '" " • I 

ff1'U Vi 'l:l.:j \l.:jtJ l.:jVi l~ {J.:j i 'U ff1'U.:jij fl11lJ ff1lJl '.i f:I iJu iJ.:J fl 1) 1\11tlI'II tJ.:J I'If " 'f1'lJ ~ I~.:J~1fl 11Vill.:j \l.:JtJ HVi 
'U 'U U 'U 

~ ~"Q Q01"dc:::. Q.I~0' I 

1C1tJ.:J i 'U 1m .:Jfll'.i l'Vll ~1C1tJ.:j.:j II"~ {Jl~ l'U lJ~IH l'il'Vll~I'lf" "lJ ~l '.i.:j C1l ff 'Yl'Vlll.:j'Yl fl fl" lJ ffllJl'.i f:I {JU {J.:j
'U 'U q ~ 

fl1) 1\l1t"\J 1~fl~I~{J.:jn'Ull'fi~lfliltJ1~l'UlJ:;I~.:j 

tlUhflty : protein pattern, king cobra, venom, Ophiophagus hannah 

http:llf11'Vl'lf'.i\!'.iW
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n1nLtJn~,)'WYh~~'"l-lm-lL~tl"11~')'Wu~:;ntlU~n~'VlttJuJ-lU'i'lltJU~:;~I'Vl~!'itlnUn~I~L~tl 
FRACTIONATION OF THE NEUROMUSCULAR BLOCKING COMPOUND FROM VENOM 

OF KING KOBRA 

'i''' 1 ""''' 1 'i' ~ ""' 2
tl~')nr:w brl') , ~~Y-l~ 'WtltJY-l~"1~ , b~!)[;l finm:n~ 

1~ltJ~~tJ ~ m'WL~I')[l1 ~[l1 n1"ll1 Vl1'VltJ , 2[II rl~"llIIJ)~"ll~'VltJ1 rlr:w:;LLY-l'VltJ"'IMlf ~Yh~-lnnw 

~"11~'VltJ1~tJ 

n1 ~~ m~n;1nt)[;1 ~U~:;~-l rlL~tl"11~,)'W~-lU1'~V1t'lltl-l~M~'"l-lm-l~n ~'VlttJU J-lU'i'lltJU~:;~ 1'Vl~!'itl flu 

n~l~ L~tl LL'i'l:;n'i'l1mntl-l ~'W1'Wn1~tltln~'Vlt'lltl-l~,)'W~-lu1'~'Vlt tVltJ~1 n1~~nMI1 'W phrenic nerve 

hem i-diaphragm preparations ~LLtJn1v)'"llnn1tJm.!L~I~ ~-l'"l:;~In1~'VlVl~tlU~'VlttJUJ-lU'i'lltJ 

U~:;~I'Vl~!'itl nun~l~ L~tl ~ [;1tlU~'Wtl-l!'itl n1~m:;~'W phrenic nerve v)')tJ1vHh e.J'i'l n1~~nMIY-lU~1• 

~M~'"l-ltll-l (crude) n~'Vl'itJuJ-lU'i'lltJU~:;~I'Vl~!'itl nu n~I~L~tl~'Wnum~1 r:wrl,)l~ Lif~.jf'W~H' ~1 

n1nLtJn~M~'"l-ltll-ltVltJ~I'W'i'l-l1'W Q-Sepharose column ~1~ln1LLtJntv) 7 ~,)'W (F1 - F7) F1 ):j~'Vl'i 

tJUJ-lU'i'lltJU~:;~I'Vl~ MtlnUn~I~IL~tl~~~Vl 'Ill F 1 ~ILLtJn~,)'WLVltJ~I'W'i'l-l1'W Cellulofine GCL-1000 , 

sf column tv) 3 ~,)'W (F1.1 - F1.3) F1.2 n~'Vl'i~uJ-l'J'i'lltJU~:;~I'Vl~MtlnUn~I~L~tl~~~Vl ~-l~1 
n1nLtJn F1.2 LVltJ~I'W'i'l-l1'W SP-Sepharose column ~11,nV)~,)'W~-lU1'~V1'i 4 ~,)'W (F1.2 .1 - F1 .2.4) 

1'Wn1~'Vl Vl~tlU ~'Vl'itJUJ-lU'i'lltJU~:;~I'Vl~!'itln un~1~ L~tl L ') 'i'l1~H1 'Wn 1~tJuJ-l nl~"1Vl(;],)'IItl-l n ~1 ~L~tl 

~ 50 LUtlfL~'Wvl (50% inhibition) 'IItl-l crude venom (80 /J.g/ml) , F1 (30.5 /J.g/ml). F1 .2 (16.6 

~lg/ml), F1 .2.1 (1 .4 /J.g/ml). F1.2.2 (4 .4 /J.g/ml) , F1.2.3 (1 .7 /J.g/ml) LL'i'l:; F1 .2.4 (3.7/J.g/ml) 1~LLri 

"'" 0 ~ 
4.2 ± 0.1, 4.6 ± 0.2, 4.3 ± 0.3, 30.7 ± 2.0, 7.4 ± 0.4, 12.8 ± 0.3 LL'i'l:; 9.5 ± 0.5 'W1'Vl m~'i'lIVlU 

'"l:;L~'W1V)~I~,)'W~-lU1'~'Vl'i F1.2.2 - F1.2 .4 n~'Vl'i~ ~-ltJl~l~nMlnrltnn1~!)tln~'Vl'iLntl-l~'W Y-lU~1 
~,)'W~-lu1'~'Vl'i~-l 3 ~')'Wtltl n ~'Vl'i~U1'L,) r:w postsynaptic LL'i'l:;hjn~'Vl'itJuJ-l nl~"1VlI1l,)'IItl-l n~IW~!) 

Fh~1~qJ : KING KOBRA, OPHIOPHAGUS HANNAH, NEUROMUSCULAR BLOCKING 
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hannah. (PROTEIN COMPOSITIONS AND BIOLOGICAL ACTIVITIES or 
KING COBRA (Ophiophagus hannah) VENOM) 

" . ~ 
,nU1~{j\J In (j 1'Ii'U~ tlU f) 1~ 1111 {j1JL Vi (j1J U~fi11 ~ ~ f) UUYl N IfllJ 11 o~ fj Yl Iil11~ :Jflfl1'W'U U~Vi1J ~ 

\I~UN~lJ81QI10~~U ti11l1~ ~~N tlU f11~ Yl~ ~uuqYl iYl1~;1m'W 1~!1J1 {j1JLVi (jU~lUfl11lJ l11uVi1J 

~U1CJio"lJ~I~~ 1~{j'Wu':hl11J~ KV2lJ~1fl11lJl1JuVi1J~~f)':h Vi1J~ KV6 l1o~ KV9 f)1~lm{julVi{ju., .,., 

u~fith:;f)uU hh~ullJVi1J~\I~01nf~ 3 A1fl(h~ 1~emfll~n~ut19f~YiftYl1~1~{j1, emfllmvlm~., 

cli~ltU1J~u~iiffYl1-'l U(i~1 mlJ11 'VI m1~'U1'l~Ll1 o1~lJ11f1lJ~~~LLuu111u1myJ'(l' 'Wu':h v~fith ~f) vu 
" " . 

111~~h.J'Uu·:r~1J~n~ 3 A1VV1~lJfl11lJfl~1£Jfl~~tllJ lt~Vi1J~ KV2 lJfl11lJtI~f)~1~\l1f)A1VV1~UU., ., 

UVN111U 1;{'lf~ 1~{jftf)1Jnll uuu'Uu~ 1111~tJ ~1{j1~ 1'W~ V~fl~o11lJfli \10 el~fllm~ ut19f~llUU.. 
~m'WliYu 'WU-)l KV2 lJtlOU 1111~tJ~1'1i'lJf)-)11'litJl~{j1tlU1~emfll~1yJut~9fei'tluu~v~YiftYl1~ ' 

'WU-)l KV2lJ~~hh~tJ~lJlJ10 IlJmQo ~1f)-)1 14.4 filMl10AtJ lJlf)f)-)l KV6 Uo~ KV9 lm~lJ 

UN\I~ 111~~tJ~l~'WultJef) 2 A1UV1~ fiu \I~ 111~~tJ~ 2 tlo~ 4 ~~~llJ1~011m1~11"lfl1~'Uv~. , 

111~ ~tJ ~1{JLYl f111 fllllll 1 YlfllllJ ~UlJ 'W vi'WU 
. 

-)1 III \J 111 ~ ~tJ1tJ f) ~.lJyJ u~1yJ 10111 ~ ri1tJ1tJ f)1 ~ ftf)1Jl 

~lIVf) 1~\l1f)Vi1J~ KV2 1tJ acetronitrile fl11lJl'1i'lJ.,j'tJ ~~tI-)l~ 31-50% lJfl11lJl'Ii'lJ'Ii'tJ 1111~tJ~~., .. 
" f)-)lihA1Jri1tJ 1tJ'li1~1~V1tllJ'Uv~Vi1J ~ KV6 11":; KV9 \l1mmt1~tllJ~ 1~1l~~~fl11lJll~f)~1~., 

Yll~~ltJV~fhh~f)vUhh~tJ1tJVi1J~i~ 3 i1fl(j'1~ ~'3111lJ~lLl1 ~ fl11lJlI~f1~ 1~'U V~fl11lJl1JtJVi1J'Uu~.. . 

tl1J~1I~o:;A1VV1~ \J1f)f1111Wf) hh~tJVifJ~ KV2 ~1VlYlflijfllvvutJlgf11'15lJ ~ll''~l\l,,V101Yl~'lftJ1m.. .. 
lJllYlmlYll~ ihAUri1tJ 4 ihAuri1tJ fiu 1.2.1, 1.2.2, 1.2.3 11"~ 1.2.4 \l1f)f11~11m1~l1'rllAu 

m~udnU'WU-)l rl1Auri1tJ 1.2.2 lJrllAum~udnUfl~lVfl~~tlU hh~utJ1Yl~tJ (Natrin) \l1f) 

VifJ~ll'h u,,~ rl1Auri1tJ 1.2.3 lJrl1A1Jmflu~iJltJfl~lVfl~~tlU hh~tJ luvhutJ (ophanin) \l1f).. 
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A 04.1 

n1 ~~n~ Ll1~"ll~'Vl m'1J 'El'l ~1 nh:;n'EllJ"ll'El'lYl 'jj'~'"l~'El'l'l~n ~'Vl'i£JlJ~'1tJ ~ ltJtJ ~:;~ 1'Vl~!?l'El fllJ n ~1 a.J Ln'El 

PHARMACOLOGICAL STUDIES OF THE NEUROMUSCULAR BLOCKING COMPOUND 

FROM THE VENOM OF KING KOBRA 

b~.n(1] fi~~a.J'El'l1', '11Y'1~ ,J'EltJY'I~Vla.J2, Y'I~~ruY'lI '1~~fOl'Wf, Y'ln.!. C;)':l'lLYin.! (h:;Un.!"llIMn~3, "ll1'1!CW~'1~ 

~(1]~a.J~Yl;1n'jj'<2
" 

1J'VlUI Yl'jj''1 LU'WLLVI~'1~a.Jl'1J'El'lmlJl'1"llilc;) 'I '"l'l'El'l 'I LU'W'IYl'jj"lJ'WlC;)L'VfClJ n~1Yl'jj'ma.J1 CWa.Jln ~'1nYl'jj'
" \J \J ... 

!?l'El~:;lJlJtJ~:;~ 1'Vl fOl CW:;Wj~tJl/P\'LLtJ mh'W~nYl'jj'£JlJ ~'1 tJ~1tJ tJ ~:;~ 1'Vl'1J 'El'l n~1 a.J Ln'El m:;u'l ~ a.JVI'WL~1~ 
" 'IJ 

L~'El-W1a.Jl~(;J.J'W1 LU'Wm¥n'jj'lb~fOl~nfOl':l1a.J ~ c;)tJn ~L~m ri'J~:;lJlJtJ~:;~1'Vl LL~:;n~1a.J L~'El~n'El'l m~Ln~'1 

L'W-r'W(1]'El'Wn 1~~(;J.J'Wlm'"l:;~'El'l ~n~~ml'W1 'Vl1'1 Ll1~"ll~'Vlm L~'El LU'W-n'El~~ ~1'WfOl':l1 a.JtJ~'El C;)JlWi'El'W'"l:; 

-w11tJ~n'jj'1L'Wa.J'WmJ• 

r 111 '!t1~::~,:j!Ol L~'El ~n'jj'1~'Vl'i'Vl1'1 Ll1~"ll~'VltJ1"lJ'El'l F 1 .2.2 ~ LLtJ n 1~'"l1 nYl'jj'~'"l'l'El'l'l~n ~'Vl'i£JlJ~'1tJ~ltJ 
tJ~:;~I'Vl~!?l'El fllJn~1a.J L~'El L~'ElL«t~-n'Ela.J~ ~1'WfOl':l1a.JtJ~'Elc;)JltJ"ll'El'l~1~~'"l:;~(;J.J'W1 LU'Wm 

" 

';jfim~~m~1 ~ n'jj'1~'Vl'i'Vl1'1 Ll1~"ll~'Vlm !?l'El~:;lJlJtJ~:;~1'Vl~':l'Wn~I'1L'W[;i')~(WJ'Vl c;)~'El'l (in vivo) LL~:; 

'W'Elnr;i')~(1]1'VlC;)~'El'l (in vitro) ~n'jj'1~'Vl'i!?l'El~:;lJlJtJ~:;~1'Vl~')'Wn~1'1L'WVlWa.J1~ LL~:;VI~LL~'Vl !?lmt':lL'"l 
, , 

.y] LLtJ n'"l1 n n1tJVI'WLL~'Vl !?l'ElVl~'ElC;)~a.J.y] LLtJ n'"l1 n n1tJVI'WLL~'Vl !?l'El'Vl1'1 L~'W'El1V11~L'WVI'WLL~'Vl !?l'El~11~L~ n 
" " " 

~')'WtJ~ltJ (ileum) ~ LLtJn'"l1nmtJVI'WLL~'Vl 
" 

eJ'iilm~~m~n M(lfll'iftflfnll.JffU'UY'I'lr;h crude venom 'U'Wl~ 0.05-0 .1 mg/Kg U(l~ F1.2.2 'U'Wl~ 6-18• 

/J.g/kg ijM(l(l~fll'iYil'l'''!l~'U~'1 1~ (GFR, RPF) (l~ urine flow crude venom l'U'U'Wl~ 0.2 mg/Kg U(l~ 

F1.2.2 'U'Wl~ 54 /J.g/kg ';h1~~t1'1J(;11t.J F1.2.2 1'W'U'Ul~ 0.1-0.4 LD50 111ijM(lll~ motor coordination Ull 

"~'i~V~!1"lfll'i'H"'U (righting reflex) "~fll'iiJ'Uvl1'Ufl'lih1-ffl~f) u1l111ijumhr1ty'YlNff()~ fll'iftmn 
II • t II ~ 'I "I "I d 'I '3J '3J II] ,.,., '" II] '3J ,

!'U1'WflWU'YllWf)flflmllf)fllV F1.2.2 !'Ufl11lJl'UlJ'U'W 4.4 mcg/ml !lJV'UV'Iq'Ylli'Ufl'l agonists !~Uf) 

" ,9 ~ ~ ~ 

acetylcholine, Epinephrine, Norepinephrine !'Ul'U fl1VfljiJ f)'lf'U ~ 

~~t1eJ'iilnl~~m~1 F1 .2.2 ijq'Ylf'Yll'11f),ff'lfl'YlVl~ijfl11lJLJ"fl~ftV 11"~m~'l11 1LJ1~'Yl1'1Vll~ 

~1~I~ty : KING KOBRA, OPHIOPHAGUS HANNAH, PHARMACOLOGICAL EFFECT 

http:WVlWa.J1
http:El-W1a.Jl
http:n~1Yl'jj'ma.J1
http:J'EltJY'I~Vla.J2
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A 04.2 

n 1 ~~nMiYl,;jD(l m"lJ'tl'l ~1 nh:::n'tllJ"lJ'tl'lYl~~'"l'l'tl1'1~n~'Vli~lJJ'Ilj~1tJ 'I.J~:::~1 'Vl ~ tii'tl rllJ n ~1~ b~!l 
TOXICOLOGICAL STUDIES OF THE NEUROMUSCULAR BLOCKING COMPOUND FROM 

THE VENOM OF KING KOBRA 

<}' ~ .c:i 1..::11 l.I 2.Q ~ a.Q _ .cf3
~~tl(;1 fi~~~'tl1~ ,'"l~Yl~ 'W'tltJYl~VI~ ,Yl~HUYl1 '"l~~I"l'Wfi , Ylru. VI'NbYlru ()~:::lJru'll1~nVl

q q q .. Go' .. 

l Jl1 1"l'1'l11Uli'll'1mJ1 I"lru:::bbYl'VltJPl1~(;1f '"lVh~'1mnr~Vl1'1'Vlm~tJ, 2e:11tJ'1~tJ ~()1'Wb~1'.lJl1 ~Jl1n1'l11V1• 

1.J 'VI 111 n~ 

-rCil'l'L1~~~"fi' b~'tl~n~1"l'.l1~b1J'WYl~'tl'l~'.l'W~bbtJnHf'"l1nYl~~'"l'lm'l~~~'Vli~lJJ'I'I.J~1tJ'I.J~:::~1'Vl~tii'tl 
nlJn~1~b~'tl tii'tl'tlt)m:::~1rl~Jl1tJ1'W11'1n1E.J (systemic toxicity test) bblJlJb~tJlJYl~'W (acute toxicity) 

YlM~'1 b~tJlJYl~'W (subacute toxicity) bb~:::~nM1 nlni'tln~1tJ~'Wf (mutagenicity) b~'tlLmJl-ii'tllqj~ Jl1'W 

1"l'.l1~'I.J~'tlVl.ntJ"lJ'tl'l~1~~'"l:::~(?J.,J'W1bU'Wm 

1fin1~fiinH1 'VlVl~'tllJI"l'.l1~bU'WYl~tii'tlb6JI~~ ~mr'~'Vli'Vl1'1Uli'll'1'VlmL'W~'.li(;1r)'VlVl~'tl'l (in vivo) bb~::: 

'W'tln ~'.li(;1r)'VlVl~'tl'l (in vitro) tii'tl~:::lJlJ'I.J~:::~1'Vl~'.l'Wn~1'1L'WVI'W()lJ~nnb~:::VI'W"lJ1'.l tii'tl~'.lL'"l~bbtJn'"l1n 
'IJ 'IJ 

, 
nltJVI'W"lJ1'.l tii'tlVl~'tl VI~~YlbbtJfi'"l1nVl'W(;1:::Ul1 tii'tl'Vl1'1 b~'WmVl1~L'WVI'W"lJ1'.l tii'tl~11~d~ n~'.l'W'I.J~1tJ 

'IJ 'IJ 'IJ 

(ileum) 'VlbbtJn'"l1nnlE.JVI'W"lJ1'.l"" 'IJ 

~an1~~nH1 ~~f11'.iffm,n'VilJ11 crude venom 1'U'U'UWI 0.1-0.4 LD50 il,jiJ~£jI'i~H)')(Jd~l'il~"l F1.2.2 ~ 

~VlL'lXVI~ mouse L'W"lJ'W1V1 2.6 IJg, 3.6 IJg, 5 .0 IJg, and 7.1 IJg bb~VI'I1"l'.l1~b1J'WYlMtii'tl1(;1 bbtiihJ~YlM 

tii'tl'tlt)m:::~'W1 F1 .2.2 hJ~ mutagenic effect 

~~'L1~an1~~nH1 F1.2 .2 hJ~YlMI'i'tl'tlt)m:::~'.l'WLVlru tJnLt)\,! 1(;1 bb~:::hJ~ mutagenicity. ~ 

-w11'I.J~(?J.,J\,!1LVltJVl1"lJ\,!1 VI~16J~Yl~tii'tl'tlt)m:::'Vl•nbb"iA'I b~'tl\!11'I.JH'Vl1'1m1Jl 

KING KOBRA, OPHIOPHAGUS HANNAH, TOXICOLOGICAL EFFECT, 

MUTAGENICITY 

/ 



A 05 

. m~~n~1 ~VlfYl1':) Lfl~'ll';)Vlm'lJ'a.:)Yi~~iOl':)llI.:)~mJ mh'WL~'a~I~'l'W~iJMntJlll~ LU'WtI~:;LtJ'll'l1VlI':) m~ 

~n~1 

STUDIES OF PHARMACOLOGICAL ACTIVITIES OF FRACTIONATED VENOM OF KING 


I<OBRA FOR POTENTIAL THERAPEUTIC AGENTS 


Ylnrulll r,F~~rl'W;, ~~[;W[;ln ~'WVl~~tJ<1, ~~1 ~mf~~'C'l2, L~ii[;l fin~'a1f 

1~ltJ';)r.rtJ ~ m'WL~I'l1l1 ~1l1 m'lllC;)1VltJ, 2111 rl';)'ll1 Lfl~'ll';)Vlm mW:;LL~VltJ P\1~ [;If iOl'AI'C'l'lnnU
• 

m~~n~lniJt)(;] (ltl~:;~.:) rlL~'a~lm~1 ruL'a'Wl'l!~LtI~~'W rl ru~~~VlI':)~lh LrliJ LL'C'l:; t.J'C'lul'a L'l!'C'l;~:;L~':), . . 

'lJ'a':)~'l'W~LLtJnlrJl 7 ~'l'W (fraction) iOllnn1~LLtJnYi~~iOl':)'aI':).rr'W~'W (iOllnLm':)n1~ri'atJ~ 2) LL'C'l:;~Vlt1'W 

m~~I'WLLUrlVlC~tJ'lJ'a.:)Yi~~iOl':)llI':) t.J'C'ln1~~n~1 ~U~IL'a'Wl'l!~UI':)'llljc;) L'll'W proteolytic, phospho

monoesterase LL'C'l:; phospholipase ~ul'W~.:) 7 ~'l'W~LLtJnlrJl LLulL'a'Wl'l!~UI':)'llljc;)~ul'WL'u~I:;UI':) 

~'l'W~ LLtJn lrJl L'll'W phosphodiesterase ~ul'W~'l'W~ LLtJn lrJl~'l'W~ 4, proteolytic activity ~ul'W~'l'W~ 

LLtJnlcil~'l'W~ 5, phosphomonoesterase and L-amino acid oxidase activity ~u1'W~'l'W~LLtJnlcil~'l'W 

~ 6 LL'C'l:; phospholipase A activity ~ul'W~'l'W~LLtJnlrJl~'l'W~ 7 

m~~n~It.J'C'lul'aL'l!'C'l;~:;L~.:)nUL'l!'C'l;~:;L~':)'lJ'a':)rl'W 5 'llljc;) ~U~1 ~'l'W~LLtJnlcil~'l'W~ 5 iJ~VlfYiI'C'lltJ 

L'l!'C'l;~:;L~':)UI':)'llljc;)lcil~n~lm~n~I~:;L~':) Doxorubicin ~H'L1J'W~'lrl'lUrl~t.J'C'lu'ln LL'C'l:; m~~n~Iu1'a• 

~'l'Wm~~n~I~Vltl'Wm~~I'WLLUrlVllftJ'lJ'a':) Crude Yi~~iOl':)llI.:)l'WL~'aLLurlVllftJ 5 'llilc;) lrJlLLn E. coli, 

S. aureus, S. typhimurium, P. aeruginosa LL'C'l:; S. pyogenes ~U~liJ~Vlt1'Wn1~~I'WL~'a S. aureus, 

P. aeruginosa, S. typhimurium LL'C'l:; E. coli [;l1~~IC;)U LLulhJiJ~Vltl'Wn1~~I'WL~'a S. pyogenes 

Fh"hA'ru.. : KING KOBRA, OPHIOPHAGUS HANNAH, ENZYME ACTIVITY, ANTICANCER, 

ANTIMICROBIAL 
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. n1~vhLI"l~\lil~~1nh:; n'il'lJ'lJ'il~~~~~~m~~~ ~Ylfiu'lJU~tl~1tJlh:;~1Yl~ (;]'il n'lJ n~1 ~ L \l'il 

CLONING OF THE NEUROMUSCULAR BLOCKING COMPOUI\JD FROM THE VENOM OF 

KING KOBRA 

l'(;)~tl~:;~~ f1'lJ'il~ n1~~n~1 L~'ilLI"l~\l~ 1~tl~:; n'il'lJ'lJ'il~~ ~~~~m~~~ ~YliU'lJJ~tl ~1 tJtl~:::~1Yl~ (;]'il n'lJ 

n~1~L~'il li1L(1lm~n~,)\ltl~:::n'il'lJti'iltJ F 1.2 .2 ~LLtJn1~~1nLI"lNn1~~ 2 (n1mtJn~,)\l~~~~~m~ L~'il 
" 

V!1~1~tl~:;n'il'lJ~~~YliU'lJJ~tl~1tJtl~:::~1Yl~ (;]'iln'lJn~1~ L~'il) l-J1LLtJ nLtl~~\l~')mYll"lill"l 

Dimensional gel electrophoresis ~'lJ'1(1lLtl~~\l 18 '1 (1l m:;~1tJ'il~~:;\d1~ pH 4.5 - 6 Ln'ilti'iltJ'1(;lL,J~~\l 

LL~:; 1Ll"ln:::';l-J,)~L~L~~~~')tJ Mass spectrometer LL~::: MASCOT LL~,)~11tlL~tJ'lJn'lJ~,)~Ll-JL~~~1\l 

~1\l-ii'ill;j~Ltl~~\l~~~~1m1\lH (NCB!) ~'lJ~1 ~1"l11"l,)1~L~'il,r\l > 0.95 (p< 0.05) ~'1(1lLtl~~\l~~~,)~ 
L~L~n~I"l~1tJl"l~~n'lJl-J,)~Ll-JL~n~Ltl~~\l'lJ'il~~~~m~ 2 'lIil(1l ~(1lLtl~~\l~ 1, 2, 3 LL~::: 4 l-J,)~L~L~n~

.. .. 4U • q .. 

, 
" d ~ 'i' 'i'tl "'" "'" 'i''' dA~1tJl"l~~n'lJ~,)~ L~L~~~'lJ'il~ L ~(;)\l opharin precursor (ophanin) '1(;lYl 7 LL~::: 8 l-J,)~ Ll-JL~~~1"l~1tJl"l~~ 

n'lJl-J,)~L~ L~~~'lJ'il~Ltl~~\l long chain neurotoxin 

" 0DNA 'lJ'il~ opharin precursor "lI\l1(1l 720 bp LL~:; 276 bp "lI'il~ long chain neurotoxin (;)1l-J(;)'il~n1~ \l1 

DNA L-ii1~ PCR 2.1 cloning vector (;)~,)~~'il'lJ'lJ\l1(1l~ClntX'il~~')tJ restriction enzyme IcoRl LL~:::thtJ
" . " 

~\l~,)\l'lJ'il~U\l(;1~n'Ci1,)L-ii1~ pGIX-2T expression vector L~l-J~1\l,)\l1\l DH5U host strain (;)~,)~~'il'lJ 

A,)1l-J~ntX'il~L(1ltJH IcoRl LL~:::li1 DNA sequencing ~'lJ~1~ Opharin precursor 'il~1\l vector 1\l'lJ\l1(1l 

LL~:;~PlYl1~~~ntX'il~ 'lJru:;~ Long chain neurotoxin hj~'lJ DNA 'lJ\l1(1l~~ntX'il~LL~:::r..J~ DNA 

sequencing 1~.hU\l1,J(;)1~~tX'il~n1~ 9~LLri1'lJL(1ltJYhn1~'il'ilnLL'lJ'lJ primer lmjl,x~ restriction site IcoRI 

LL~::: BamHI L~'il~(;]'il~1\l 5' primer 'lJ'il~ Long chain neurotoxin L~'il~1tJ(;]'iln1~L-ii1~ pGEX-2T ~~'il~ 

~ruV!JJij LL~:::L,)~1(;]1~ln~:;~\l1,x~h~Ltl~~\l ~'lJ~1~m1l-JL-iil-J-ii\l'lJ'il~ IPTG ~ 0.1 mM ~ruV!JJij 37°C 

a .c:J .J \I lIQ \I ~ 
LL~:; L,)~1 3-4 'lI~. dJ\l~Jl1,):;YlLV!~1:::~~Yl~(1l1\ln1~m:;(;)\l1V!Ln(;ln1~M1~ opharin precursor ~1n\l\l. . 

~,mtJn'il'tlm.j1V!1m~1C\lLtJ1~\l1al 0.35 mg/ml 
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FRACTIONATI10N OF THE 


NEUROMUSCULAR BLOCKING COMPOUND 


FROM THE VENOM OF KING KOBRA 


(OPHIOPHAGUS HANNAH) 
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Fractionation of neuromuscular blocking 
activity compound from king cobra 

(Ophiophagus hannah) venom 

mSlwna:lUWHi!\),JO'l,Jliilon'l(nsus~noufiufJnil 
auJ,Jua'ltlus~(nnfic;jonumhulifo 

• 	~nH'lfJniluo,JwHi!\),Jo'l,JlumsauJ,Jua'ltJus~a'ln 
fic;jonuml'lUIGo 

• IItJna:lUw\:/i!\),Jo'l,JfiufJnillun'lsau J',Jua'ltJ us~a'ln 

fic;jonumhulifo 1t1u~3'luus<!nil 

vuCiwun.... slwn"buwI:lQ 

• 	 (~StJUoii\j~il0()10 

• utJmbuoii\j~il0()100bEHn~ii'ln101~5 U11~nS1u1w 

exchange 
gel filtration 
exchange 

VlS3vCloUWH,;)nmJOcbuui:w5i5 electrophoresis 

WIJ~\J":)D1IltJU(;HJIlIl t1lliJ1n 

i1.Jt1:)~nlJns\!sni -d1U:lU 8 

tJJIil 

• GlS:>\lClOUWI:I\?G1:.tt:tJ5 

gelelectrophoresis 

• a=a1tJl], lla :-: lhu1s0UclU 

Neuromuscular 
blockade test 

Gel filtration chromatography 
(Cellulofine GCL-IOOO sf column) 

Mechanism of action 
·pre- I post-synaptic 
-direct effect on muscle 

i~o.)O'h) QQO uaan'i"u Lilua.JluftO.fuu O-Septlat ose (2.5X28 11IU"I U"':I ) (I::tbo lInu. gr'~1 o. 
0.5 M N.lI.CI .(1.02 M Tria.Hel pH 7,4 If;u~un.ijIJ'' ,\3(CO'I 10000no''lnf'O.iut.i U3111 1t!5 ~I\ oc,m.; :I 
[".iji;a:ubQI..~~nuutu'l<bu o.n.:blun, :SIf= l ~ imMllr.leotf:llw IhItuaoaltJf)flt1(W)~ 
ihn~e9tMUL\ ".J ~ 280 In!uu,r., 
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Cellulofine G C L-IOOO sf 
(FU) 

235.3 15.7 

SP-Sepha rose 
(F l.2.2) 

43.4 2 .9 

Neuromuscular blockade test 

(Mouse phrenic nerve-hemi-diaphragm preparation) 
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Neuromuscular blockade test 
(Mouse phre nic nerve-hemi -diaphragm preparation) 

------Swiss albino mouse 

30 - 40 g 

(l 

upramdltimal voltage 

0.1 Hz, 0.2 ms~ 
;O" elccrrOdC 

jResults I 
I ~ Neuromuscular 
Crude venom blockade test 
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JResults I 
Ion exchange chr omatography 

(Q-Sepharose column) 
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Gel filtration chromatography 
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Mechanism of action 

Mechanism of action : pre-I post-synaptic action I!(Mouse phrenic nerve-hemi-diaphrogm preparation) I 
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Mechanism of action : pre- /post-synaptic action 1 

r(Mouse phrenic nerve-hemi-diaphragm preparation) I 
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lo j itP A) Mechanism of action: direct effect of muscleIResults l 10"" 10" I 
(Mouse hrenic nerve-hemi-diaphragm preparation)I I I~ 
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C) 
10.6 10" 10~ 10') 

! 1 ! ! 

f-

l 
Mechanism of action: direct effect of muscle 
 I 
(Mouse phrenic nerve-hemi-diaphragm preparation) 

semi-purified fraction 
Tubocuranne: 

Equilibrium Twitch tension 

15 tllii stable 15 ~lii wash 
..--A---, ~ 

I l I t~~/ L_____i _______ ---I 

Nerve electrically stimulation l\<1usdc c1cclrically stimulation 

IResults I 

IResults l 

r''''I (rn.n, 

IDiscussion and Conclusion I 
• The neuromuscular blockade of crude venom was dose

depended and the concentration of 80 fLg/ml was the lowest 
concentra tion that produced the higfiest neuromuscular 
blockade. 

• The time taken to produce 50i. inhibition of the twitch 
tension of crude venom. fraction No.1 and fraction No.1.2 
were not different. 

• The action of semi-purified fractions was post-synoptic. 

• Semi-purified fractio ns hod no direct effect on muscle . 

• The action of the semi-purified fr act ions should be at 
acetylcholine receptor site . 

• The semi-puCified fraction No.1.2 .2 is the fraction of 
interest that should be characterized. further purified and 
study to confirm the mechanism of action. 

4 



Summary of the purification 

Protem 
(mg) 

Activity 
(ug/ml) 

Total 
activity 

Purification 
(fold) 

Recovery 
(%) 

Crude 1500,0 80.0 187,500 1 100 

F1 586 .3 30.5 167,514 2.6 89 

F12 235,2 16.6 141,686 4.8 75.6 

F1.2.2 43.4 4.4 98,636 18 .2 52. 6 

THE END 
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Schematic Diagram of QqTOF MS
Matrix Assisted Laser 

Desorprion/!onlzation- Time of flight 

Snake Venom Proteins 
Identification 

Polkit Sangvanich 
Research Center for Bioorganic Chemistry 

Department of Chemistry, Chulalongkorn University 

Outline 

• T~h"IQ I' for Pro' , n !d,:n ihca' loo--;" 

M;JS5 Speara , , ~Ir: 

• Experimental 

• Results and Discussion 

• Conclusion 

Definition of Mass Spectrometer 

Mass Spectrometer 
An electronic instrument that analyze 
substances according to the mass-to-charge (m/z) 
ratio of constituent atoms, groups or atoms or 
molecules present 

Major Components of MS 

Sample ~ Introduction 

System 
 ~ 

Analyzer I~ IDetector I ¢ 



LC-Q-TOF-MS with an ESI source 

An Example of Tandem Mass Spectrometry 
Experiment: Product Ion Scan 

5laIy1es a, c , 0 

D 
{ioniZation SO\Xc. \ c:' 

D A', B' .... ,'" I 0' 

'
;1 4ULrl' 

U
mh 

A~· ~ • 
I ' 

Rationales for (Why) Performing 
Tandem Mass Spectrometry 

To obtain chemical structure-related 
information. 
For example, differentiation ofisobar 
compounds or isomers. 

. To increase selectivity and SIN ratio in 
quantitative measurement. 
For example, metabolite quatitation in 
complex biological matrices. 

Ob'~ln9d by Product Ion Scan of Poptida Ion 

Infotm'ation-dependent LC-MS~MS of tr/Ptlc digest usIng a Q4TOF MS 
Paptid9 Fn:gmentation P - i!Hn 
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- Experimental 

- Resu lts and Discussion 
KVG Southam Th-a il.and So.ke culture. 5 

KV9 SoUlh<>m Truilond naktt Farm 

PhotchaN>c-n So a!(& cultu~ 

Protein concentration (mglml) 

CYtoloxicity (Ic"f (1'9/ml)' 

L05l).(mg/kg) in mouse J 

• OII~~ otII~C1 C<111"{MTT Mmo,'l 
r...m:mQu~'S4IOIIbhe~.I~ 

0.39 

2.99 

1.65 

0.36 0.39 

6.)1 

4.41 3.89 
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M KV9 KV6 KV2 

KDa 
9Z.o 
66.. 
<5.0 

30.0 

20.1 

14.4 

iUiHgE.fuJi 

l ."". 
'( .. 

b (, 

..

i> 0 0 

, 

~ ..., = SMn~~tl:r-1 ' .. l 
Gn-&!n :; sa:rne ~~unI~ 

Blade :; lndW:Iua! POSItion 

Comparison number of spot protein from 2-OE gel r 

97-66 8 . 5 9 

66-45 3 

~30 2 

3.;)..20 

20-1 4 10 

<14 7 

Ophanin 

Flli1ction \Veakly blocks contraction of smooth muscle 

elicited by Iugh pot""sium-induced depolarization, but doe. not 

block: caifeine-:Himufated contraction.. 1vf.ay target voltage

gllto:i ca!culln ch.--u:r&"b!b on smooth muscle. 

;me MASCOT Resufl . 

Ophanfn •• ., 
Un.1" -D(KVS" Ophanio ilk .. 1:.1 

NCI.1 orK'.I'i Qpt,Min Ii : :n 

1 HIAl""r.LLSLA V1.QOnGtrI ons........, IO<QIC!":n ... :IIVS'rI" 

51 ASIIHUC. "" i7:.u. ..., , ""-""" trnt.'IlLDIB O3D1:nc>l U ... [>RAft'Bl.IQL ~VT Q'IlGJ,8PI'CUV 'NR't1"QIW'l I(T"CR.IIiCAVII- ""'.... .............. 
"torI. --" ~~1 



6 

Ch~I" A.Structtlfll 85 4J 
of",,;rcldl< 

Phospl :ollp.saA2 

No.l 0 al Kyo Chain ~Stn:c!urG !il ) ,1 

of itO ilttd! t 
pnO$phollpaseA2 

No.150I K\19 Chatn A.struct"Ure ~J J 3< 
or ahadd!c 

Fh"sphoTlpaseA2 

1 !lLVljlfli~ CTIPOSIP'fiI D'lSDYGCYCG SG<OIHT PVDI: LDACCQ"IOI 

51 CYT'QAQQLT'E cs&,ys;t;:l.nT D~:t.~r:" ~'r.2[~l ;::r::'!i.~:J,..C _ 

:rI'r9 MASCOT, Re!;U11 ~ifSpot'No. 2 of KV2 

Phospholipne.A 2 

The MASCOT Result or Spot No 4 of KV2 

81
. Pho5j>holipasoA2, 
adc:tic"1 PAcUn:or 

O.h_ 

Phospholipase A2 

Function: caUllyzes the calcium·dependent hydrolysis of the 2· 
acyl groups in 3·sn-phosphoglyccrides. Exhibits cardiotoxicity. 
myoto:-: ft:ity. antiplatelet activity. and edema-inducing activity 

~'t~ .. 
I 

i:: 
I r 

1; I 
f4 Ii", e ~ 

~1 . L' ~ 

~ 
~ '" I 

i! 
~ 

" 

http:cs&,ys;t;:l.nT
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The Mascot Result of Fmction 1 

1\(W
Protdn Score 

(1)3) 

.55 9-11 102 

1 ~"it11")\""L\.. 'LLL\I \'f'!.QJ?!t':'!:I'I 'r1'IflH\.ZZCP E'E"'r;T'OWlAT A3')'GL'rIi.TUi 

51 f)~"-:'~ nGt.T~ F R£IIGffiVVIL fASDKVGGIH i('Pl::lIl..EI).3"'IV 
101 DVGl't(RVrQ-T RR IVRETIN< nrlS LHPI1tQ ~LJA;JY""+-!, J( ~FlI5F.N" 

151 ~GYQWP mPltI'tSASOL P'OE'i't.D~D OCT~D ST'STK!YLrK 
201 OOKLS1'GAVE MIGDf'utaA. Gmsru '4V HDHPl,.:fUIlI9 Fr£t't'."JGf[Q 
251 LP!:R.rFJoiI:t!D SIVtU..N'S1'V! XMnNN",.V'i' VY'aGLS"'I't-ni RL'.""I\tITT-.Ll' 
301 X:'-'~1'RLIK 'EVPP LSU'KT RA1...RSL.IYhS ATRIILVCTO U'<Ii£~[Kr 
351 GRSITD LPSft VI'("j~ rfGl<iVu,A3"Y T.t1'3[~' TLSn!':li.CvPJ 

I O.hannah (KV2) venom 1 
i 

L amino acid oxidase 

Catalyzes an oxidative dc,mination of predominantly 
hydrophobic 2nd aromatic L·amino acids. Has an abilIty to 
Induce apoplo::;is and hemorrhage. Has an 8ntibacterial 
acti.... ity By ~im\'rarit)' . Ha~ cy\oh.....xoic activity . [nQ~ 

platelet aggregation 

~ '" 

. " 

.~ 

.', 
, I 

i \ 

--~" 
r 

---..? 

. : ... 

http:RL'.""I\tITT-.Ll
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,.';' 

I . , 
~,\~ ...., ---. ...-".~-~j .~ 

50S-PAGE of tnt' fraction from -':. ;,,~;: ~ili.~ 
the Ion exchange and gel filtration fr3ctoci~k'?l-lir,;m:! 

,'6 
11<0» 
17." 

45.', 

31.' 

1.2..1 1.1.2 1.2..3 1.2.4 

• Frac.Hon 1.2.2 and Natrin rrom HilJa AI.r3 
Mass: 24,9.38 Da Score: 65 

roIO'nI"31:.'ST!\ ~~'l.VD ~ I"1'JIoSWl'll..-. 

Fr:.aeUon 1 .. 2 .. 2 ru"'~'!) i-:iJ: Vi ' r.:: 
••h:in ~~A£ IIUi'AllTCS'LJDt ------ --- P~I 1 

Fr.ct1o.1 1 .2 .. 2 : rlf!: .....'tu1"

-Fraction 1.2.3 and ophanin from Oph/op~u:s haflnah 
Mass: 26.851 Oa Score: 73 

HZAE'TLLSLA'-' -  ------- IfSUl,Ja,SVSPT:1 ~'. 

ta;\ASBAE;Uiru _______•• SCTCaQ{lIIJ. 

"'" "" 



9 

... S&pamtlon proleln pattern of KVIi and KV9 waro similM 

Sample 

KV2 1. ct.A:'n A..srrudure: 01 all ~c F' hHJjholipaseJ\ 2 
2. · ~_1 . 
i . Phos.;t.O/[pueA2.ocicfic 1 prectnOf 
4. Natrin 
S. Ophanin. 

MW 

13,182 
't3.447. 
16,433 
24,t38 
26,851 

" 
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Introduction 

~l:I~LD\ju.\1;j~vilJl"il~[J1Ul~1Jfj~ ~'~ill~LD\j~~l:I I 

, . " ' "\jl~t\11\1 !hll~l:I~lJ10llJln ~~Il~l:I~il1~UUlh~illV1 I 
~ 0l~1j'~U'~u.un<41uvlll~l:I!l"u !l"~uin ulh~illV1" il~ 

nAllJ Ll1iln1~lI~AlJ\1\1Lihl4 LYI il\lllJl~j)JU1LDUU1~nl:ll 

, 'l1~vI!lmllJl1~l.ln~Lllu1,,"U1~UU1.l1~illVlu.il~nGhlJLl1il 

vlll illn11Ln~~ t utl\j~ ilUn11"'j)JU1[Jl'~~ il~~nl:llI)VI!

I~U, V1l~Ul<ftnVlUl Ll'lilLDuiiill:!il~lUmllJl.lilil~~U 
Itiilu.~\ll'l.l~nl:llt\jlJ\jl:l!l 

Scope 

• Introduction 

• Objectives 

• Materials & Methods 
Results 

• Discussion 

• Conclusion 

L Objectives---1 

."~'"ihII".,.... ,." •••••,.a.ru··"1 
'IIihIYl~'1"il'" (F 1.2.2) ~of\V1atluli"1.lA'U 

1.l't:.'V1~fliDllunshJJldD 

I Materials-& Methods -I 
1. ~nl:lll1V1!Vll~LfI<ftJ'lVlUl";-l~l.l"il~ F1.2.2 t\jEl1l'" 

\11 F1.2.2 vlmllJLiilJii\j 6, 18 UA~ 54 ~g/kg lJl 

IiInl:lll)VI!Vll~1I1<ftnVI [Jl";-l'1.l t \j El1l'''~\j1\Vll~1'Ii III 

r:i ih\11l'n 12-15 nt~~)J vlvllt\lflAU 

Results 

No. 

Do9O 
OOSE 

.,.g/Ilg 
AV.rae- Hun Art.rlal P......u,. (mmH_~ 

0..,11 U,n" )O,,,R 1~.w. 3 ..... 6 ..... 

3 6 141.3 116.7 1"6.1 ISO.S 163.3 153.9 

3 18 122 .2 109.4 111.1 102..' 115.0 Ill,) 

3 '"' 116 .• 85.5 H .i )2.2 

No. OOSE Ev.r!p~!!!!...lb&lt:aJmln\ 
Oogo ~gJIlQ ou..~ 15.,.," lOu.. " 1 ..... 3 ..... , au. 

3 6 8S.7 8U 101.9 Ill.1 111 .6 111.7 

) 

J " '"' 
101.9 
75.5 

, 08.3 
70.0 

U 6.7 
15.) 

12) . ) 
86.7 

1)0.0 

'1" 
156.1 
.,u 

ResultsI 
- ._l 

Crude 

venom 

mg/Kg 

0.05 

IN:)) 


0.1 

IN:4) 


0.2 

IN:3) 


OFR: C""'- KJ<V 

Eve~ge GfR (ml/mln) :t !it: 

omin 15 min 30 min 60 mfn 180 min )60 min 

No data" 
12.2917 15.5278 17.13IH 13.61)7 ' 10.7329 , 
"'18.14 "'7.30 "'6.54 "'1).20 "'.45 

88.9069 92.4380 55.5422 )).65'11 26.0945J 61.1)87 
"'14.01 ' ±85.87 *14.52 *13.77 . ±11.04 ±6O.5O 
168.755 9.6))9 16.0456 6.4279 I 7.8789 .. ±1.20 *13.0. ~ *1.81 "').IH .. 

i 
I - " 

~ ~ >, - --- -_. 

• I>':=: ' .- = __~ 

25.4923 



31.4448 

L Results 

Fl.2.l 
.,/Kg 

[.,er.v_ GFR (mt/ml"):to 5E 

0""" 15 min )0 min 60 mtn 180 min )60 min 

6 12.9180 72.0126 66.2381 86.8104 65 .6585 +"Oll~ 
N-l i7.tO i41.J6 :t.59.J7 :t.S6.... 1 i25.79 :t21 .S7 

(NI~l) HI.31]] 
:l52.71 

)00.8435 
:t124.11 

14].1110 
1:82.25 

126.6502 
:t65.91 

U.85S4 
:t48.29 

121.1082 
:l59.79 

5. 
l"-ll 

m .'26_ 
*.06.67 

36.9 ...... 
:tIO.S6 

6.6919 
:t.5 .19 

16.9272 
.tlO6,67 No.,...' No data-

OFR; J<KV ",.cllonl .2 2 

~ 
I 	~~~~ -- - ,

~ . 	 .. . .---1=1 . .. . - - .. ~ ~ 

,'--
~ 

I'----- --~- -- - 

Results 

h.rao- A,PF (m'/mln):i: $( 

IS min )0 min 60 min 160 min 

82.8117 40.8225 11.9)SO'5.9148 
118 .38 i5 .14 

Do•• 
mg/Kg 

/~~~\ 
/~~I.\ 

o min 

39.2157·· 

325.1463 
:t.l76.42 	

180 min 

S<'!.l"l 
i5].19 
41.5291 
117.27 

~2.968;~:O 111 .00)) 68 .4630 76.901" 
.*61 .65 .t27.58 :t6l!19~_ 

)6.8)81 ~~&- '.4.91OS155 .1100 992.9480 0 .2 
*145.16 ::t2 .67 .>976.11 ~dala·N·l *23.16 *"2 .72 

II" :! 
Ii :: ;', 

~ "~~--- --. ~. -; 

I 
I 

Results 

Don 
l'9/ K, 

henve A.Pf (rnl/mln) :t Sf 

omin 15 min 10 min 60 mln 180 min 

71.7283 130.8839 152 ."538 227.3292 99.6271 
:1:7.95 :t.81 .00 :t 11 9.56 :l158.19 :t.1S.58 

29] ,]]61 576.3295 266.4630 213,4018 107.2016 

360 min 

67.8546 
*3".83 

139.811718 
(N-l) :UI6.12 :tJ91 .&4 t204J.ll :t.160.81 US,59 i95.'!:L 

s.. 
(N-l) 

96.0572 62.8029 10.4601 
9.0503 No data':t·66.81 :U".12 is.19 

,............ 

No <SMa-

Results 

I \ 
. ~ 

. ;\ ~~ '- - '- --' - -'-----

" 

-._.J 
. .. -~ 

~rials ~~hOdS_l 
2~-~~M1IHllJil;,:U.i~uunti~lm'lM~~-,;-ill~~il'~UU 

lh~1l1\1A1Unln~ (Central nervous system) 
2. 1. ~nMl~Rfiil motor co-ordination ljlUnl,vll 


Rotarod test 
 1 
Animal: mice "lUlU 15 ~l ~ 
otjli\1jlRil~~HI~~'I\}Jjl ;t~4!il~lnAl1l'notjli\1jlElil~ 

U"~'IIl~ PllR1Ul nl'I~U~uR~nl'1ilotjli\1jlRil~ IrJU I 
tum}J~"ulU1'lUnl'lillfjli\1jlRil~l~il~1U')~U "Il'n I 
3R's++ .I 

Materials & Methods 

[2. AnMl~RlJil~F1.2 . 2 ~Uu"'l~~lnillM~~~ill~fiil'~lJlJ 
U'~1l1\1AlunRl~ (Central nervous system) 

I 2.1. AnMl~Rfiil motor co-ordination ljlum,vll 
Rotarod test 

rMethods: 
1	 ·llnl""'lljjl"'Al}Jl'nLAu\1'~~lil~UU rod (diameter 3.5 
cm) "ljU 16 RPM t~ilIh~iiilU 1 Ul~ 
2. 	ull~ililmrlu 3 mi}J1 EI~ 5 ~l :\jl F1.2.2 l'filntil}Jlt1il 

oQ\lJl";\'~ 
nli}J~ 1 tMu F1.2.2 lJUljl 0.1 LD50 

(I LD SO = 4.B ~g/mouse) 


nli}J~ 2 'lMu F1.2.2 lJUljl 0.2 LD50 

nli}J~ 3 tMu F1.2.2 lJUljl 0.4 LD50 

nli}J~ 4 'lM'u~1\'ilR~EllU 




- - - ---- ---

---- - ----

I Results 

-. - '-"-- --.... -- - · .  , ' 

({ ((~,.{; 

.~.t--' .-:. 

, 

IA~n"fln"'\4'1u)hn"MA.D1Jm'l,.iD"'\4'u.:nl'M'''.'''D"",,u.h'' 
(Rotarod Test) 

~aterialS& MethodS] 

r-2- ~ nltl ~ R tJ il ~F l- ~ ~ ~RWI.----------- . 2.2 illlUn'~'11n9l~ '1~ill~ii-';' UUl.l1


IIhunfll~ (Central nervous system) 


2.2 ~nltlC\YlfttJil~«l'l.11~niluilllun'~'11n9llt~'1~ ill~\!:lill \i 
11ufTU pentobarbital sodium h1unl'll'u~nl1inil 
I!Il\IlAu righting reflex 

Animal: Mice (n=5) 
Method: 
"II mice '"I'I~ ,j,"U"n 25·30 nfu utJ •••n,Du ~ n~u, A: 5 11 :\.. 

I
pentobarbital sodium ~ 5 mg /kg/BW VI'. Ip 

I n~ufl 1 '~fu"'"1: pentobarbital sodium 

I
n~ufl2 'Mu F1.2.2 tlU'" 0.ll050 nufl'u pentobarbital sodium 
n~ufl 3 'Mu F1.2.2 1JU'" 0.2 LD50 nufl'u pentobarbital sodium 

In~ufl ~ '~fu F1.2.2 1JU,,, O.~ LD50 nufl'u pentobarbital sodium 

I"1"n11'I\I~" rlghtlng renex _. 

3 . ~nltlC\YlfttJil~ Fl~~illlUn'~'1~n~~'1~ill~iiil'~UU 
Yll~I"Uill\11' (GastrOintestinal system) 
3.1 ~nltl(lYIBtJil~ F1.2.2 iiilnl'{hJ~ltJil~Ii1UllintJil~\1\1 
lli1if'lAU5Jnl'\AllilUiltJil~~~(l1u _I 

Method: ,wl,u (chartoal) u1Jlu",n.ulu 2% Tragacanth mucilage 
ulI'~'If.".'"'1t1.un'1YIAP •• 1~ · 16 Il',lu. utJ.,Du ~ n~u,p: 5 11 
:\.. Fl.2.2 m. 1m. 
n~ufl 1 n~IJA1U"U (Tragacanth mucilage) 
n~ufl 2 '~fu Fl.U 1JU'" 0.ILD50 
n~ufl 3 '~\'u F1.2.2 tlU,,, 0.2 LD50 
n~ufl ~ '~fu F1.2.2 tlU'" O . ~ LD50 
O.u~.f1'U~'''1 0.5 ml,fi'VI,.tJ,n ,d."11J"a, 30 u,~ ","""/(nll 
1'''1:":n'1,,,A.ufl1J••~.f1'u '~"U,~"ufl'uA"U"".t."U"1J ••R"~'~n 
luullufla:ll 

l\i\1"llIUUU Rotarod bar \1;\'~'t~~u F1.2.2 ilnRl 30 

!Ul~, 1 ,rl1u~ , 2 ,rl1u~ UR~ 3 ,rl1u~ 5JFnlURlul'ntJil~ , 

I \1"lunl'llIuY11~~huu rod 't~ildl~\jilU 1 Ul~ lUnl,'tii 

.,\'~\1UA 3 F1f~ 
L--

lnnl'YI~ Ril~YlUil\1".,\'~ 4 n!lunl'YlARil~ Rlul,mllu 

Y11~~lUU rod 't~ilIll~\jilU 1 Ul~ lunl,'tii.,\'~\1UA 3 F1f~ 

illlf11 30 Ul~, 1 ,rl1u~ , 2 ,rl'lu~ llR~ 3 ,rl1u~ ~ 

Results 

Group 
Onset Dr righting 

re!l!'2Umln}_ 
4.78 *0.22 

duration Dr righUng 

_ _~~!'_l'!'!!!.l. _ 
27. 3~ ± 1.271 

2 9.60 *2.33 16.02 * 2.30 
3 ~ . 88 ± 0.41 17.73 ± 1.30 
~ 6.60 ± 1.10 14.82 ± 2.38 

·. I>oo .. ~ ...... _ l .._", .,......
"", . 

t ",,,, . 
j " "' I 

,om i 

OOO ~ 

Results 

16.87 J. 1.6 
65.)1 .t 4.09 

74 .80 J. 4,O J 

6< ,50 • ..!.I."'-S7'--_ -.J 

'. 

http:illlUn'~'11n9l~'1~ill~ii-';'UUl.l1


I Materials & MethOd.:... ] 

3~~l:I-:;n;;ft1Jil~  F1'.2.2 ~uun~;'nl'll:l~'1~il'~5iilmJU J 
Y1'~I"'\Jil'\oI" (Gastrointestinal system) 
3.2 IIInl:l'llY1t1Jil~ F1.2.2 5iillhiihAn~uun'l'nnlu\ol1j rat 

Animals: Rat -= 
Method: >1,"1>411 rat _n\J~'u (0,+0, 

uunll'''''~nll'u Ileum tlftu organ bath 
>4.rnn"~n!f1 Isolated organ/llssue In VItro study 
I. ."~,,..ufltIlOo~i,llu agonist (n1:lI!u) ~.~"""\JU\JU antagonist 
2. ~"lID,dDO spontaneous contraction tll~D.tllll"nm,u 
3. ~"lID,dDtllO spontaneous contractton "~n!f1o~Ii'"u",. 

"D••11I1I\'" un'~nlt'o~ti"".II11I1I\'",ODtllr1Du un,tll>4tf. 
lI11n1:lI!u,lID,dD 

4. ~nlt' dose-response cUI'Ve "D.II11n"lI!u,ODO un,tIlOd11dl\'" 
S. ~nlt'Al1uA.~u"D.,lID,dD tU1:umn,fI">I'n11~nlt' 
6. ~nlt'N."D. 111',>1,.,.,. (~,tlltll OW A'.'.) "'D,lIa,dD 
7. tlnQ"Rn"'Dd,.uau 3 Al1mllullu"..a11al\'" (,. nR'. ~,) uAtU 

n11Rnlt,lItllAl1u,1iullu 4,4 mcg/ml (u,",n product fltA~'nn"uun) 

,.j 
" I 

-- - -

l~~- Results 

U';'(chamber)2 .,fuu..,u,i1111~9~.:li.'n9.[=-1 
D 


I 
, .... , I 

I 

"Ii ,fX.. , 

I. 

'1"utlU'IIII11'uU.: 
U\.l;nu.n..,ft'I".9~ Biopac 

Materials & Methods 

4. IIInl:l'llY1t1Jil~ F1.Z.Z ~uuni~'1'nl'll:l~'1~il'~5iil'tuU~1h 

ull~\oIllilmllil5\(Cardiovascular system) 


1 4.1 IIInl:l'llY1t1Jil~ F1.Z.Z 5iil\olllil5\llIil5\~UUn'l'nn,u\oI\j rat 

Animal: Rat 

IMethod" '>40Dun"Anlt' Isolated organ/tissue ll'.~u 



ResultsResults 

""~I IAvonI" •Epinephrine (EP) I~~ .... : !_.. ~=-_--l~.i [}j :=:::! 
MAl 

.. 1.i .. _ _ ___ ... IForce Dr contrecllDry 

",... 

.-~ "" " '~__i _ . ... 

.........., _ -_._ - --_.. _---_.. -. 

., i 

ResultsI Materials & Methods I _. 


Anlmll: Rat .. '-,------

MetfIod: Illhunl1l!nI" Isolated """n/,-"U:<:ss:=:ue,,--t=-1:.::~41::..:u,--___--, 

• . 1 

Discussion Conclusion 

IlAn1,Aml1tu",1l1JYllJi1 crude venom 1JU1A 0.05-0.1 
mg/Kg IIAt F1.2.2 1JU1A 6-18 "g/kg llIlAAflFl1111t1'U 
Lllilfl AM1'~1,",:j1ii1Jil~'\A (GFR, RPF) Afl urine flow 
crude venom tU1JU1f1 0.2 mg/Kg IIRt F1.2.2 1JU1f1 
54 "g/kg ~1h'\",1l1Jfl1U 
F1.2.2 tU1JU1f1 0.1-0.'1 LDSO ,\~IlIlA~il motor 
coordination II~AfI'tu~L1A1n1''"tflJ (righting reflex) 

I	AM1,lllJt1'11Jil~1I1'\i11u'ln 1I~,\~llllu"'1"'f\j~1~"nc\ 
n1'lIIn111tuL\'IilLDil~IIUnililn'l1nn1U 
F1.2.2 tUA1111Liilliiu 4.'1 mcg/ml '\~1T1JIf~Il~I!'1Jil~ 
agonlsts '\~IIr1 acetylcholine, Epinephrine,
INorepinephrine tUL\'IilLdilYlnll1)fI 

.,tlNA01,"m.n F1.2.2 1l1)~1!'~1~Ull"tf)~u1iillfl)111 

lJRilfl!tU IIA~il1'l1l1'\lJt'ilm~u1'\~ 
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~----- -IMaterials & Methods 

1. n,,", LD50 

Animal: Mice 


Methods: fI111'ft9ltl'llluiltu'A'~n1,91l (A 01) 


Scope 

• Introduction 

• Objectives 

• Materials & Methods 

Results 

• Discussion 

• Conclusion 

Objectives 

l ~n~~~\'lU'~D~alUUilUq~~1U~~~U~q\'l{ 
'IIil~~Yi"~il'~ (F 1.2.2) ~1l1)\'l{lluli~t1A'u 

It1"1~1I1\'l~fliill'lumh~Jldil 

)1l~~ln'Ululli~911111Jil~1J1U1~1J!lfl ~.~il'~lnU~YI~ 

'lJU1f1t"1\I !l,j,)1l~tn1l,ru1l'n lI~!l)1l~5iil'~UUlhtll'~ 

Arut~',,"IJHilllJnAlu9I!l)1l~!lU{j~lh:nUlh~Il'~1Jil~ 

nA'1I1Ililn'tll~fl1l"\lllj'A 1j1fil\h1l'~AJU,\nUU'''n~' 

"A9I!lAl'1IIlfl1Jn~I~1J1"'U'tUU\J'~Il'\'lllfl~n A'1I L dil 

91!lil,n"ln~~ tuiUAilUn1'~AJU'IJ'.t~il~An~'!l~f( 

~'U, \'l,~)1l~'\'lIJ' Lj1fillnU;;illjfl~1UFn'1Itlllilflj\"lJriilU I 
.~t1"tlAn~,tu1I,,~!l _ _ _, 

Materials & Methods 

2. Acute Toxicity (single dose toxicity) 

3. Subacute Toxicity (repeated-dose toxicity) 28 days . 

: Animal: Mice 

' Methods: 



-------
[Materials & MethOd~ 

-
n"l'''",'' single dose toxicity 5 n;jll~ At 5 ~1 

~51 F1.2.2 lA1I1m 0.1 ml lii1nA111111il1Jl\l~~ 

n;jll~ 1 n;jllflllJF]lI i~flJ Normal saline 

n;jll~ 2 i~flJ F1.2.2 1111151 2.6 ~g/mouse 

n;jll~ 3 iM'lJ F1.2,2 1111151 3,6 ~g/mouse 

n;jlJ\'\ 4 i~flJ F1.2.2 1111151 5,0 ~g/mouse 

n;jlJY\ 5 i~flJ F1.2,2 l1U151 7,1 ~g/mouse 

~I-lA 14 'I'll 

.

~eriilS&M ethods 1 
,...--- - ---- - - . 

n"l1"nVl repeated-dose toxicity 4 milJ, At 5 ~1 
~51 F1.2.2lA1I1511 0.1 ml lii1nA1lJll1il1Jl\l~~'I'uAtFl~~ 
~51i1il"'l1 28 'I'll 

n;jll\'\ 1 n;jllflllJF]lJ i~flJ Normal saline 
n;jll\'\ 2 i~flJ F1.U 1IU151 0.1 LD50 (0 .4 ~g) 
n;jll\'\ 3 i~flJ F1.2.2 1IU151 0.2 LD50 (0,8 ~g) 
n;jlJ\'\ 4 i~flJ F1.2.2 1111151 0.4 LD50 (1.6 ~g) 

I, l!1ilFl1lJ51l1l1tutnA1 euthanlzed .t511\151Ril~ 
, ~51il'l'u1zi~Uon ~lJ i51 ~lh llil51 ii1lJ IIAtil'l'u1~ 

"lJ~lIt1l~lJtU 10% Formalin 19lill51~Ull~1\1flJ0l1 
5111~\11"l'fU1!'\\1 U1i1ilill 

C Results 

% DIff.,..ntJ.1 count 
G",,,,, ............ .... ("Ino,.,." SUoOphl" lynophocyt_ "

N55/Mo" llI .• 0 1.6 0 59 .• 0.• 

N55/_" 27 .• 0 3 0 .9.1 0.2 

O.lLDSO/Mo" 3/.5 0 2.5 0 60 0

IO.lLDSO/_" 26.• 0 1.8 0 /1.6 0.2 

O.lLDSO/Mo" )< 0 2.• 0 62 .4 1.2 
, 

~"SO/F_" )) 0 1 0 65 1 

~~.. "',:,1.1"..a".,u1u1'u~ SM...~.ft., ('u.l"I'l'ft,'h".i).U....l1~~ 
OALDSOlFomo" "u••h'•••••,blu'u" 5 wI,,:..... 'd.1Vl1nulut 'a• .,'Rn'l'.1 

Results 

single dose toxicity 
l-li'1011\151Ail~l'flJi1n;jlJ9\ 1-3 .t511\151Ril~!l1l'l51 
1il51~lIFl1lJ 14 "\'11 

~lun;jlJ~ 4-5 A'511\151Ril~51lUI1lUtu 1 ,)-l'lJ~ 
\I~~~51 F1.2.2 

I
, l!1ilFl1lJ51l1l1:utnR1 euthanized .t511\151Ail~ 

~51il'l'u1ti~Uon ~lJ i51 ~lh llil51 ii1lJ UoAtil'l'U1t 
;llJ~lIt1 U'\lJtll 10% Formalin Il4il151~UlI~1\1flJ 
n11mH\11~l'fU1!'\\1U1i1ilill 

Results 

repeated-dose toxicity 

I' I-lAn11\151Ril~l'flJi11I1ilh1 F1.2.2 ~n'l'u~lIFl1lJ 28 "\'11 

n;jlJY\1-3 ;t511\151Ail~~~IWfUlUoRtIl'fI'H!lu!l1l'l511il51 

~1 n111"lJlli il51 114 il 5111 ~fl1 lil51ll1il51 UoAn"lJil"\'U1t 

5i1~~ Il4il~~5111~\1l~l'fU1!'\\1U15iilill tll11cuz\'\n;jll 

\'\ 4 ;t511\151Ail~~~IWl'lrjUoRZIWI'H!lU51lull1"\'1Iv1 5 

\I~~iMlJA11\151i1illJ IlfliIJA1lJ11m~lJ1Ail51i~ l~lJi~ 

Ii'lU~il"\'U1Zfl1~ ~ 1I4illi~51n'l\11~l'IUl~'\\1U1IYil,ju 

Results 

It.'.c. H.nOPObin H.....locr1t P1aUi"b w.a.c 
Group 

,..pIC·...) "~. ... ,., pi (dOl) ...., 
N55 M." 6.19 11 .00 38.80 469.10 ••10.00_ 

NS5 F_" U 13.0 "1 .8 "~. 4 ./00.0 

O.lLDSO M.t. 6.08 11 .80 3/.80 557.• 0 33.0.00 

O. 1LD~ f."..1411 6.24 IZ llI .6 .3oU "280 

O. 2~ H." 6.81 10.60 llI .80 551 ."0 57.0.!lO_ 

O.2LOSOf.!em." 6.56 I LA .Ill. 1 ..... 5800 

O.4LDSO H." I '!u_~~~_..,.!~_a...'u.hI 1 \J ~.lJ!!!~A.!'!jJ!~I!)~1'n~~u_'~~._~~) 
I "U.1iII1"'A.iI".'Ul\11\1~ 5 .... ~~••lI~ (lU.,,," ","u,la."'1111H") 

O.4LDSO fern." 



Results J 
[pathological Findings 1__ 

At 0.1, 0.2 and 0 .4 l050 In both male and female groups, 

there wu no .lgnlf\Qnt change In multiple major organs 

IncludIng liver, kidney, heart, lung, spleen, and genItal 

organs. 
Hepatic parenchyma was In well recognIzed archItecture 
with Intact central yeln and unremart<able change of portal 
biads. Hepatic slnusolds and theIr neighbors (Kuffer Cells) 
had' no .Ignlftcant change. NonspecIfic congestion was 
obserted, whIch waS more likely be post mortem change. 
Kidneys showed well demarcated cortex and medulla area 
with nonspecIfic Yascular congestion. Glomeruli were Intact 
with no .IOnlftcant change In renal tubules and blood 
Yessels. Interstltfum was unremarkable. Four functional 
components of kidney were examined and founded no I 
serious pathologic condition. J 

Results 
r , 
t HeartJ 

,k j : • ' • 
; ..~ /; 

I X 20 

~ . : :~ 
.' -.:. 

Results 

X 20 

.--------
Results Results 

:Kidney 



Results 

NSS, Fl.2.2 (2.6 119, 3.6 119, 5.0 119, and 7.1 IIg) 

When we administrated different amount of venom, 
at 2.6119, 3.6 119, 5.0 119, and 7.1 IIg and used 
control as NSS, we observed significant change in 
multiple major organs including liver, kidney, heart, 
lung, spleen, and genital organs. 

Iliver tissue was In well recognized architectur!! with 
Iintact central vein and unremarkable change of 
Iportal triads. Hepatic sinusoids and regional Kuffer 
! Cells had no significant change. Nonspecific 
: congestion was observed, possible nonspecific post
: mortem change. 

C- Results 

NSS, Fl.2.2 (2.6 119, 3.6 119, 5.0 119, and 7.1 IIg) 

Kidneys showed well demarcated cortex and 

medulla area with nonspecific vascular congestion. 

Glomeruli were Intact with no significant change In 

renal tubules and blood vessels. Interstitium was 

unremarkable. No significant histopathologic change 

is found. 

Heart muscle revealed no evidence of ischemia or 

infarction. 

Results J 
"lieart muscie- revealed no evidence of "Ischemia or 

Infarction . 
. Endocardium was smooth and Intact. Pericardium was 

unremarkable. Sampling lung tissue exhibited 

nonspecific congestion without occupying lesion. 

Alveoli were empty In good shape with thin Interstitium 
and capillaries. Broncheal tree had no significant change. 
Pleura was thin and no abnormal Infiltration. 

• 	 Spleen had no significant histologic chan~e . Congestion 
In splenic parenchyma was remarkable With intact 
lymphoid tissue. 
Testes showed well preserved seminiferous tubules with 
active secondary spermatogenesis. No abnonmal cellular 
Infiltration was detected. 
Ovaries were in normal histology. 

Results 

Endocardium was smooth and intact. 
Pericardium was unremarkable. Sampling lung 

:tissue exhibited nonspecific congestion without 
.occupying lesion. Alveoli were empty in good 
:shape with thin interstitium and capillaries. 
I Broncheal tree had no significant change. Pleura 
was thin and no abnormal infiltration. 
Spleen had no significant histologic change.ICongestion in splenic parenchyma was
Iremarkable with intact lymphoid tissue. 
ITestes showed well preserved seminiferous 
.tubules with active secondary spermatogenesis. 
,No abnormal cellular infiltration was detected. 
' Ovaries were unremarkable. 

m,"mn Mutagenicity 

Methods: 

\'1'n""m",tU\1l'1ilfl~fll'lil~1f1utiiUlJfl~Mu Salmonella 

typhlmurium R'U~U~ TA9S UI'I~ TA100 ll~lJn 

~lOIJu,\I"u lh\1~lJ~flllilUn'ml'l'u~u~ (Ames' Test) 

I~UlJl9lUlJ,,"lJ R"riilnl'l,u,q-u~lJ1f11!!'U 

4 nitroquinollne·l·oxlde (4·NQO) 

Results 

, .'nn"~flRillJll~iriiln'ml'llU~U~1Jil~II" 101 1.2.2 

IUII~ KV fraction 5 1f1u\'1'n"~flllillJ,,"UI~ilUlJflVlI'u 

S. typhimun'um II'U~U~ TA9S UI'I ~ TA100 tUII1111t 

I ~llullt'hJIl S9 l'IlJi, R" 101 1.2.2 UII~ KV fraction 5 

~ 'llJIl[l~iriiln1mfl'u"u~ 
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DiSC~-~ 

r.4Rnl1I11mt'YllJi, crude venom haJu,~ 0.1-0.4 LDSO 

'\lJII9ht~ilil-YU1Hi1~, F1.2.2 ~:!~t\\1-I\.1 mouse tutJu,~ 

2.6I)g, 3.6I)g, 5.0 I)g, and 7.11)g U.R~~Fll')JLI'IU~!t~ili~ 

u.~illll~!t~ilil-YUlt~U' 

F1.2.2 illll mutagenic effect 

1I,1IHAm,"nVl F1.2.2 illll~!t~ilil-YUltlhuhH\l um~u i~ 

!u.Rtillll mutagenicity ~~\l''1t\l'iu~~u,i~u1-l11Ju,~~ 

illll~!t~ilil-Yult~nu.\i~ L91il\l'iutiiVl,~u,Hi 

Conclusion 

1I,1IHAnl,"m:n F1.2.2 illll~!t~ilil-YUltR1UhH\l um~u i~ 

u.Rtillll mutagenicity ~~\l''1t\l,iu~~u,i~u",tJu,~~ 

illjj~!t~ilil-Yult~nu.\i~ LYlil\l,iutiiVl,~u,i~ 

" 
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CLONING OF THE NEUROMUSCULAR 


BLOCKING COMPOUND FROM THE VENOM 


OF KING KOBRA (OPHIOPHAGUS HANNAH) 


·', 











I Cloning steps I 

1. Primer design 

2. mRNA extraction 

3. RT-PCR: one step PCR 

4. Cloning vector 

5. Expression vector : Ecoli 

"-'"- -- -- - , ""'"""-I " __ ,... _ _ -....--_..._......... - '_. s=>" .......... . _ __ ~
~

- -t ~--__ __..--....___ _ 
, .... a -c,___ I , _ ___ 

c _ ' >\JI]'~_________.....~ 

,.- ... ~ -

-=:..- ''-;'": '' -::-=::-:-=~~-":-=--=-~~ ------ ,--,
-=-- ~:w....__~-~: ::a:..:-~-:;::.-:...=:--

~-"':::--~':"'."":..:"::; --- --

~~';-i.::...:::~~::=-----~~-

---=.-~~~-..-- --=~~ 

2. mRNA extraction: Oiagen kit 

3. RT-PCR: one step PCR ; Oiagen kit 

RT so"C 30 min 

95"<: 15 min 

40Rx 94 ·c 1 min 

55·c 1 min 

n·c 1 min 

Final 72"<: 10 min 

1. Primer design: 

~720bp 

OPH-FOtWard 5' ATGATIGCCTICACCTIGCTAAGTC 3' 

OPH-Reverse 5' TIATATIATITIATIGTGGCAGAAGC 3' 

Long-ct!ain neurotoxin: 276 bp 

LNTX-Forward 5' AT(>AAAACTCTGCTGCTGACCTI 3' 


LNTX-Revene 5' TCAAGGTCTCAAlTTCGGATGTG 3' 


~... 1: ONA _100 bp lone 2 : PC>! product of lon9-<:Nin """",,,,.in 276 bp 
lane 3: PC>! ...-. of Ophanin no bp 

1 



__ of pCR"'2.1-TOPa

.... ------------____ -----------__----.._TOPO"~ -....... ...
~'J_~ ""- __--.... - .. ,.or;..I-........,.,..--.....
...-...I ____ __._. ......~_T7,.,.._~ 

~.~___ ....-.. ....CJ..a.....::ro...::.... - _ 
_ I .......... __,.,,__-----~--..
T_• .........,~ ___ __ 


~ii'l~l'D1:D #I ==;;. r:t m11 ~~~=~ 
"''''' ".= ... t:i''.;.~.'''''''~ ~7:;.'''= 

";;:"" '" i*'=~=~ "' ''' ,;'~'rI'I mci'", ""~"::~'Je"' /
-~~::n==I'< "" 
poC'R-2.1-~....... 


~ ... 
~~_1__ 7 

................. __~7
-,--~--~~Y7~__~ 


....3~~ ........ ____ 


"...opo:-- Cloning vector 
--.,.._~_r.n...:rH'3 

~_~_2'1~""~ 

peR 2. 1 TOI'O 3.9 k.b peR 2.1 TOPO 3.9 bp 

Lane I: long-dlain neurotoxin ~ digested ";111 EcoRI; 3.9 kb CJI peR 2. I 
TOPO and 276 bp Iong-dlain neuro4Dlrin lone 2,3: DNA ladder 100 bp lane 4: Ophanin 
recombinant digested -MIll EooRt, 3.9 kb at pCR 2.1 TOPO _ no bp OpIIanin 
fragment. 

Expression vector 

.. ,. . " 10 11 . _ __ pGEX-2T 

lane I : DNA ladder 100 bp lane 2-11: Ophanin re=rnt>;nant cfige$ted-Mlll EcoRI; 
4.948 kb pGEX-2T _720 bp OpIIanin fragment 

Long-chain neurotoxin: 276 bp 


FOR BamHI 5' ATGAAAACTCTGCTGCTGACCrr 3' 


RE EcoRI 5' TCAAGGTCTCAATTTCGGATGTG 3' 


Z76bp pGEX-2T 

I 

'Ut)'UfjWfl::: 

Lane1: DNA ladde< 100 bp 
lane 2: 

2 



• DNA Sequencing 

• Protein Expression 

• Protein Purification 

DNA Sequencing 

Template - Plasmid 3()(}.QOO ngllll 


PCR S(}'IOO ngllli 


I 
Sequencing reaction 1.10101; Big Dye terminator 

Dye Terminator Removal using DyeEx 2.0 Spin !tit 

ABI PRISM sequencer 

1 
61l1H1l1i10 Chromas 

DNA Sequencing 

NCBI BIast for nucleotide 

Multiple Sequence Alignment 

Translate il~Juhb9iu 

NCBl .Blast for protein 

Submit IN NCBI 

A:l\WilOQ;jtUA t 'W:JAJWJJC:liA ..«:WiOl;TJQ od 

G4'" h"" iC,l£IU'rC.UQD"anfIClllc , •• ,tt.. ,,]HC'"::C: oCIlIaCN! 
~"IIC= g ..... '1£¥'1'.,'..., ",swo.:nwc:ac 

~~ 
~~~QGAhri]Cl:aiL~~fIC¥IItCC& 

~'''_~_.1 rc-= =:::::!= 
CIlhuI"_cl,.og..,. "tCT~~~ltJ~ I. Hft DNA Sequenciog 'illfl clone 8 ~~~ 
epbIInJD C(T~~~~ 
~"hJF·CU&'.O" .. . ...... .......... . .. ... ... ... .. .... ... .." ......
~ 

ltl~2. Multiple Sequence AlignmeOl '\lfH.,f~ 4 clone lliOlJOlJ Opbaoin 

http:CIlhuI"_cl,.og


~D_Cl~ 
qihA r iA..c1 __." 
q,lYd.o_cl tlll • J 
~U.1a_C l o:n.' 
~.d.a~.C'Ut;.c1l:_1. 

o,hul'Ld'!IDal 
OpbaS:J'Le.1ca" 
CpU~CJ..al 
OpIIuja-cl1ftet
-.:p........-

~i:=iA1'QICV."JC'·I',""IICQCa.u 
~,.~~! 
It'n'DonJCA~DI' 

GlPWri 'rt.-c:rrJIC~i_ c ntzmn-'NiI""ftMDC 
~~ 
WA" =e'~*'CtHiiG"n'C-~ 
~1"J'G/CICCIII'ccn " 'lJ=ZU:: 
OI01CJn'iQlo:MHXCvnQCiln"n~ 

•• •• • •••• _ .. . . .... ...... . .. . .. ..... ........ ~ .. . . .. • t .............. . 

~~- .... - .. ..c'l:C 
~~- ..-.-c"tQ 

"' '''' .. - -CI'C 
~ial ..... i .. u:a::i......a:::LJ.GMw:IUi~----~ 

N.MCn,,;:tGCdjlWi.Qz:a:i.'~1CLiC m;n" ACft!e 
~''2'GIiiiLtG."i'')tMci4i&liCU,'*'''' _N2C~ ...... '" . .............. ... •. ..•.... a..... .... 

"'........... _................. ......~-.........-~...... 
",,' ssm-n CI:o;a.......Nzca:acw:c:".' an sr a;uncn,,·~ 
'JaW 3!iCcac Ie JC:CCiiC::WC:U.i ~ftCJta''"'"
fO.xeC1 aN • aaCCfiCCCL:2flI:,7"'?C'R%C' ZVO=:P'!'C'C'7 
'tCr1li~ 101 "'_iiC4@lllCixe ' e • .....,....~Jd0:7 

• .. . . ..........._ .. . .. . _ .................. . . ... ........M ••••• 

. ... " .. .......... .... .... .... ........... . .... .. 

~~'U ia:AUWcZlU .cnt"'VMUU'lMla 
QU8Uil lfiildCUClC;ll-' i WC4!CU ..I .Q JI"JftMlDdMAil 

. . .... roo ._.... .._.._ .... ............~...~......~...... III: •• !1 • • ••• 
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~tl~ 3 .11fiVlllliDll ltl~91ll'lltl~ opbarin precursor nil: Opbanin Oll ltl~iill 
~'~~lmf~ 41flll1l 

ltl~ 4. NCBI blast for protein 

Itl~ 5 . Nucleotide 

nil: Protein sequence 

'im fi1tl!h~~1f1tlll 


',,"submit il~ NCBI 


'R' Acession Number 


FJ 767755 


Protein expression 

Pick single colony V10 fresb OIN plate, 37 0 C 

1 

inoculate il~ LB broth + Ampicillin 37 0 C, OIN, sbaking 

1 

if! 00 600 ~ 1-2 


1 


[J l] v 

LB broth + Ampici((j" 8 mJ + OIN culllJre 80 III 




37 ° C, sbaking. 2-3 hr 

1~ OD 600 = 0.5-0.7 

l~mh!HjH Iii'll non-induce (Negative control) 

l~lJ I M IPTG 'l1"l\' final cone. 0.05, 0.1, 0.5, I, 1.5,2 roM IPTG 

37 ° C, sbaking ~ 3, 5, 24 hr. 

~'IJ bigh speed I~'IJ pellel -20 0 C 

(I:l!10 peUel 1\'10 lysis buffer 

Sonicale 3 f)f~'ll!:: 20 sec lIQ~ 20 sec ''IJJ1Ilil~ 
I 

ill! bigh speed 4 °C, 30 min 

I 
I~'IJ pellel 

12% SOS-PAGE 

Weslern bIOI 

• 1. Kalaidoscope 
• 2. No insert 
• 3. Non-induce 

· 4.0.05 mM IPTG} 
• 5. 0.1 mM 3 hr 
• 6. "0.5 mM 

• 7. 1 mM 
49 KDa. 8. 0.05 mM IPTG} 

• 9.0.1 mM 5hr 
• 10.0.5 mM 
• 11. 1 mM 

1t1~ 6. Optimizing Expression al 

37°C 

• 1. MW 68 KOa 

• 2. No insert 
• 3. Non-induce 

• 4. 0.05 mM IPTG} 
• 5 . 0.1 mM 
• 6. 0.5 mM 3 hr 

• 7.1 mM 
49 KDa • 8. 0.05 mM lPTG} 

• 9 . 0.1 mM 5hr 
• 10.0.5 mM 

• 11. 1 mM 

1t1~ 8. Optimizing Expression al 

29°C 

- , 49 KDa 

~tl~ 7. Optimizing Expression At 37°C 

Protein purification 

GSTrap FF column 'II'IJ1~ 1 ml 

Culture volume 400 mJ 

Volumn of sonicale 20 ml 

fupression 11.; 37 ° C mil 3-4 hr 

Cone."'6~ IPTGg.l roM, 

Apply 9i16Ih~f)i'~l!:: 2-3 001 

Cleavage ofGST-tagged protein using thrombin 

1~ 00280 = I ~ 0.5 mglmJ 

Analyzed by 12% SDS-PAGE 



'J1l~ 9. protein purification 'U _ 

1I1fl1 51 Purification 

• Lane I Kalaidoscope 

• Lane 2 fraction J2 

• Lane 3 Fraction 13 

• Lane 4 Frnction 14 

• Lane 5 Frnction 15 

• Lane 6 Fraction 16 

• Lane 7 Fraction 17 "''Ill~ 

U~:;lJ1W 24 KDa1u~ 10. 12% SDS-PAGE from I~ 
purification 

1I1fl2nd Purification 

• 	 Lane I Kalaidoscope 

• 	 Lane 2 Fraction 4 

• 	 Lane 3 Fraction 12 

• 	 Lane 4 Fraction 13 

• 	 Lane 5 Fraction 16 

• 	 Lane 6 Fraction 17 

• 	 Lane 7 Fraction 18 

• 	 Lane 8 Fraction 19 

• Lane 9 fraction 20 
1U~ 11.12%SDS-PAGEfrom2nd • Lane 12 Concentraled prolein 

purification from I~ purification 

lU~ 13 _Neuromuscular blockade lesl of opharin precursor 

IWtl fl1 'J 'Yl~HH)-\I 1I1fl3rd Purification 

• Lane J KaJaidoscope 

• 	 Lane 2 Fraction 2 

• 	 Lane 3 Fraction 4 

• 	 Lane 4 Fraction 6 

• 	 Lane 5 Fraction 15 

• 	 Lane 6 Fraction 20 = 24 KDa 

lU~ 12. 12% SDS-PAGE from 3rd • Lane 7 F rnction 22 

purification 

• 	 lU~ft'll~"1J 2 Yi1flll Opbanin Uti:; Long Chain neurotoxin 

• 	 ~tI DNA UiI:; Prolein sequencing 'U1l~ Opbarin precursor ~,~ 
fl~lDflii~ti1J~iimm'lll'1l NCBI 

• 	 lfI111?~llllJl:;lflJl'1lm~express Opharin precursor flll37 0 C ntl13

4 hr li IPTG Conc. 0.1 mM 

• 	 lu~9i'll~UOfl'~'IlU~tI:;fli~iimlJ1W 0.3 mglml 

• 	 Opharin precursor ~'~iiq'l1if'hjnilti1J fraction ~UOfl'~'lflii1l3 
l~o"H 

• 	 Opharin precursor iif)WlflJmiLiI'IlYi1 block mHiHl'll'UIl~ smooth 

muscle contraction lJlflWilLiI'Il neuromuscular block 
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STUDIES OF PHARMACOLOGICAL 


ACTIVITIES OF FRACTIONATED VENOM OF 


KING KOBRA (OPHIOPHAGUS HANNAH) 


FOR POTENTIAL THERAPEUTIC AGENTS 
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F9R POTENTlt\!.THERAPEVTIC AGENTS 

I~Oi In~iJmJ ~{jv:im~!ilff'16YiU1 

111"mrll.l>il~'l~!!~IlM~l n-Y;1;iJ~~OH 

~:Lhirl1J1111'j11.1 111 n1'11UllUll Ul>10 'I1J 

• '~ff11l~wr~~r.ililJm~1,:m.J i~ 
neuromuscular j unctTon 

• 	 -U17 rillltl5U IT- 1- F;) 'U1H1'lJ~~~ Bl . 

"IWrl'!vI't \.!n lJ L!Umrr. ~ l 

~lrllfn~fl ntl()lJl; c 1I 1i'lrl"tJ i .... --viii ~qY1~I~~th ~ltmfl11~fmln tJ1111li 

• ~l~"'n~~~'Vl ·H~'l6nll 

• Biological activitI es 

~'l;~~'11!I"u:wrU 'hl'Wt 

'lntaniJm:: '\'11. ~;i11f1 j'jFractionation of KV on Q-sepharose column 

i 
o Al 00 1m 12') 140 160 

Tube 00. 

tJ11.nrnhhiiu (protein content) 1",~11l 'lU~ Bradford 
4 

f\'~~f\\r\ E.nzyroe aC\\vlti-e'3 

Prot..:olytic activity tllU151Jfl.J K.wutz. 

Ptwsphod ies(c,1'a.SC activity ~llll1V!H Tan Uft;:' Tan 

Phosphomonoesterase a...-ti vi ty Yl1lJ15'\JO.J Tan Hf'I:::: Tan 

Pbosphoilpasc A actj"ity 'H lU;S'IJ6.J Tan un~ Tan 

L-Amino ac-id oXld~""e actinty j-lll.Jii-uO-J Tan un:: Tan 

• 	 Acetyltholinestera.se IlCb vi ty ~llJ1i'U(H Ellman Ltn t fliU:: 
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Biological activili es 

· Hemolysis 


· Coagulation 


· Cytotoxicity 


· Aotimicrobial 
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Cytotoxicity assay 

Cells 
(Hep-G2,SW620,KA TO~II,Chago,BT474) 

l 24 h 

Venom 
(Crude and fractions 1 to 7)

I 72 h 

MIT 
(3-{4,5-dimethylthiazoI-2-yf}-2,5-diphenyltetrazorium bromide) 

DMSO, Elisa reader 540 nm 

Introduction: 

As cancer is one of the major caused of death in the wortd, 
many researchers are searching for effective drugs for 
treatment. Anticancer is one of pharmacological activity of 
interest 

Bacteria, Plants, Venoms (snake, bee, scorpion, spider etc.) 

Specific to cancer cells & no effects to normal cells 

snake venom: contortrostatin 

L-amino acid oxidase 

Phospholipase A2 etc. 

% cell survival = ~5040 !lli_iuWol x 100 
,;~.ia 005040 .'" Control 

Inhibit concentration 50 % (IC50) 

Results 
Ie 50 (IJ9Iml) 

1<:50 (!'9imIJ 

BT "'. Chago Hep-G2 KAT()..ItI SW020 

0H2 0.88 0 .61 0 .19 0.6:3 0.62 

0H6 094 0.72 0.67 0 .85 0.68 

0H9 6.30 6.GO 6.52 6.28 0.67 

Doa:orubidne 0.70 0.55 06' >'0 010 

Fractions OHh.1 OHfr.2 OHfr..3 Oft fr.4 Offfr..5 OHr,.6 OHtr.. 7 DOX 

KAT"",,, >1. >1. >1. >1. .... .... >•• 0 .48 

HB'-G2 >1. >1. o.n '.N .... ,.5. >1. 0.' 

SW620 >,o. >1. >1. 7.lO ..... 0.71 >,o. 0 .51 

BT .(74 >1. >'0 7.6' 0.." 0.77 ...7 >1 • 1.5 

Ch_ 
>1. >,. > 1.0 e.74 OJ' 7.15 >1. 0.35 

CHIM!t' >1. >1. 7.60 >1. o:r. .... >1• , 

1 
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Study of Quality Specification of Thai King Cobra (Ophiophagus hannah) Venom 

for Standardization 

Pakmanee N., Cbulasugandba p\ Kbow 0., Noipbrom i,Cbaohome L.,aod Thamaree S2 


1 Queen Saovabha Memorial Institute, Thai Red Cross Society, Bangkok, 


zDept. of Pharmacology, Faculty ofMedicine, Chulalongkom University Bangkok. 


Quality specification including physical properties, biochemical properties and biological activiti~s 

of 9 samples of Ophiophagus hannah (king cobra) venom were investigated. The venom samples were 

extracted from king cobra with different geographic areas and lyophilized. The physical properties of the 

lyophilized venoms are fine powder with cream or yellow color. There is little density variation in bands of 

protein analyzed by SDS-PAGE and 2-D£. Similar distribution of protein points in anionic range and low 

molecular weight were observed. The venoms show activities of phosphomonoesterase, phosphodiesterase, 

phospholipase Az, acetylcholinesterase and L-amino acid oxidase. The venom of 0. hannah from 

Petchaboon exhibits higher lethal toxicity and neurotoxicity than those from the southern of Thailand. All 

venoms do not show coagulation activity. Hemolytic activity of all samples were low. In addition, the 

venoms inhibit proliferation of cancer cell lines including, breast cancer(BT 474), lung cancer (Chago), 

liver cancer (HEP-Gz), gastric carcoma (KATO-ill) and colon adenocacinoma (SW620). High ability of 

inhibition of cancer cell proliferation was observed in the venoms with high activity of L-amino acid 

oxidase. These quality specification are the data base for standardization of starting king cobra venoms 

using in drug development. 

Introduction 

Preliminary research on the observation of a particular biological activity can lead to discover 

naturally occurring bioactive compounds. Snake venoms are complex mixture, composed of as many as a 

hundred different peptides, enzymes and toxins, each with a specific biological activity(l,2,3). The study of 

these bioactive components can lead to the elucidation of natural pathways. Moreover, these molecules may 

be useful as lead compounds for seeking to design new drugs. 

Snake venoms play two main functions: to immobilize and to digest the prey . The venom toxins 

and enzymes are usually highly potent and specific for some physiological pathways(4,5). In viper venoms, 

many enzymes can affect the hematological system ,e.g. hemorrhage, hemolysis and coagulation(5). Many 

of these proteins have been characterized and used as therapeutic agents. A thrombin-like enzyme (Ancrod) 



from the Malayan pit viper has been used to treat thrombosis (6). A class of drugs used to treat high blood 

pressure and other cardiovascular disorders, ACE inhibitors, captropil ,were developed from the venom of a 

Brazilian snake(7,8). Elapid venoms, e.g. cobra venom, contain postsynaptic neurotoxins which act 

specifically on nicotinic acetylcholine receptor(9). These toxins are used as instrument for isolation and 

characterization of the receptor. The postsynaptic neurotoxin of king cobra shows neuromuscular blocking 

effects, which is similar to that effect of Clostidium botulinum neurotoxin. It may be lead compounds for 

developing skin-tightening or anaJgesic drug( 10, II ,12). Because of a large size and a large amount of king 

cobra venom, it is interested in its venom to use as a source of bioactive compounds that have beneficial 

attributes in the treatment of various pathophysiological conditions. 

In this study, quaJity specification including physicaJ properties, biochemicaJ properties and 

biological activities of the samples of 0. hannah venom were investigated for using as the standard 

information. 

Materials and Methods 

Venoms 

Nine venom samples were obtained from king cobra snakes in snake husbandry program and snake 

farm at Queen Saovabha Memorial Institute. 

Protein determination 

Protein concentration of o.hannah venoms were determined by the method described by Bradford 

(l3). 

Assays of enzymes 

Venom was dissolved (Img/m!) in normal saline solution and used for determinations of enzyme 

activity and biological assays. Phospholipase A,. activity was determined usin~ the method of Tan and Tan 

(14). Phosphomonoesterase and phosphodiesterase activities were assayed as described in Tan and Tan (14) 

and one unit of activity was defined as the amount of enzyme that caused an increase of 0.00 I absorrbance 

unit at 440 run per min. Proteolytic activity was measured using casein as substrate, as described by Tan and 

Tan(I5); one unit of activity is an increase of I absorbance unit per br at 280 om. L-amino acid oxidase 

activity was determined as described by Tan et a I.(I 6); one unit of activity is an increase of 0.00 I 

absorbance unit at 436 run per min. Acetylcholinesterase activity was determined as described by Elliman et 

al.( 17). 



Biological assays 

Hemolytic activity was measured as described by Karlson et al.(18). The W 5o(i.v.) of the venom 

samples were determined by i.v. injection into the caudal veins of mice (20 ± 2g) and calculated by the 

Spearman-Karber method (19). Coagulation activity of venoms were determined by using plasma (MCD-P) 

and fibrinogen (MCD-F) as described by Theakston and Reid (19). Neurotoxicity was measured by the 

method described by BUlbring (20). Cytotoxicity of venom samples were measured by inhibition of cell 

proliferation assay using 5 kinds of cancer cell lines. Inhibition of cell proliferation was measured by the 3

(4,5-dimethylthiazol-2-yI)-2,5-diphenyltetrazoliurn bromide(MIT) assay(21). 

SDS-Polyacrylamide gel electrophoresis and 2-Dimensionsl electrophoresis 

SDS-polyacrylamide gel electrophoresis of G.hannah venoms was carried out by the method of 

Laemmli (22) at pH 8.3 in 10% polyacrylamide gel. The king cobra venoms were also analyzed by 2

dimensional electrophoresis (23,24). 

Results and Discussion 

Nine samples of G.hannah venom are extracted from king cobra snakes that collected from various 

habitats as shown in Table 1. The samples lot 1,2 ,3 and 4 are belong to king cobra snakes collected from 

Petchaboon province. The venoms lot 5,6 and 7 are extracted from the snakes from the southern part of 

Thailand and are fed in the QSMI Snake Husbandry Program. The other lot 8and 9 are also collected from 

the southern snakes which are fed in the QSMI snake farm. Physical properties of aU lyophilized venom 

samples are observed and shown in Table 2.The venom lot 1 and 2 are fine powder with yellow color. The 

other 6 samples(Jot 3,4,5,7,8and 9) are effervesced cake with creamy color and the another one(lot 6) is 

yellow effervesced cake. Protein contents of the nine freeze-dried venom samples are approximately 20

28%. From the observation, it found that the venoms collected from the same age of snakes showed similar 

protein contents. The enzyme contents of the 9 venom samples are comparable as shown in Table 3. The 

venoms of G.hannah exhibit activities of phosphomonoesterase, phosphodiesterase, phospholipase Az, 

acetylcholinesterase and L-amino acid oxidase. It is interesting to note that phosphomonoesterase activities 

in the venoms of king cobra snakes in snake farm are 2 times higher than that of the snakes in the QSMI 

Snake Husbandry Program. The i.v. LD50 values of the three venom samples(Jot 2,6 and 9) are not the 

same. Lot 2 shows highest toxicity and exhibits approximately 2.7 and 2.5 folds higher toxicity than lot 6 

and lot 9. There is little density variation in bands of protein analyzed by SDS-PAGE and 2-DE (Fig 1 and 

2). Similar distribution of protein points in anionic range and low molecular weight were observed. It shows 

a little intraspecific or individual variation in the enzyme and protein composition of G.hannah venom. 

There appears to be same results as the previous study of Tan and Saifuddin (10). Biological activities, 



including coagulation, hemolytic activity and neurotoxicity, of o.lumnah venoms are shown in Table 4. 

The venom of 0. hannah from Petchaboon exhibits higher lethal toxicity and neurotoxicity than those from 

the southern of Thailand. All venoms do not show coagUlation activity. It cofrrms that the principal effect 

of o.hannah venom is neurotoxicity. Hemolytic activity of all samples were low. Table 5 shows 

cytotoxicity of king cobra venom on 5 kinds of cancer ceU lines. The venoms inhibit proliferation of 

cancer cell lines including, breast cancer(BT 474), lung cancer (Chago), liver cancer (HEP-G2), gastric 

cacinoma (KA TO-ill) and colon adenocacinoma (SW620). The results indicate that venoms(lot 2 and 6) of 

the snakes in the QSMI Snake Husbandry Project induced decreases in cell proliferation of almost of cancer 

cell lines like anti-cancer drug, Doxorubicine, exception of colon adenocacinoma (SW620).lt is important 

to note that these two lots of venoms exhibited ten times of decreases in cell proliferation of gastric 

cacinoma (KATO-l11) than doxorubicine. In adilltion , the high ability of inhibition of cancer cell 

proliferation was observed in the venoms with high activity ofL-amino acid oxidase. 

Our results indicated that the venom of o.hannah snake has many enzymatic activities and 

biological activities. These particular biological activities can lead to discover naturally occurring bioactive 

compounds. The information of lethal toxicity and neurotoxicity of this venom may be useful for 

development of novel medical therapies to treat venomous snakebite. The previous study of Pu et al.(25), 

neurotoxin of o.hannah , namely hannagesin , showed high potent analgesic action. In addition, its post

neurotoxicity may be useful for develop new skin-tightening like botox. Therefore, the further study of these 

bioactive compounds of 0.hannah venom wiU be occurred. The property of killing cancer cells of 0.hannah 

venom is very interested to be lead compounds for developing a new drug cancer treatment. Comparative 

study of the cancer ceIJ killing ability between on cancer cells and normal cell population should be 

investigated further. These quality specifications including, physical ,enzymatic and biological properties 

are the useful as information base for standardization of starting king cobra venoms using in drug 

development. 

Acknowledgements - This work was supported by research budgets of the Thai government fiscal year 
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Table 1 Sources of investigated Ophiophagus hannah venoms 

Venom 

sample 

Lot No. Number 

(bottles) 

Weight of 

venom(g) 

Habitat of snake Feeding place Age of snake 

(years) 

I OH250142(1) 2 3.8212 Petchaboon Snake Husbandry 3 

2 OH260542(2) 3 6.5777 Petchaboon Snake Husbandry 3 

3 OH150948-39/1 1 0.5217 Petchaboon Snake Husbandry 9 

4 OH 150948-39/2 2 0.6034 Petchaboon Snake Husbandry 9 

5 OH150948-43/1 2 1.7383 South Snake Husbandry 5 

6 OH 150948-43/2 2 1.8563 South Snake Husbandry 5 

7 OHl50948-4313 2 1.7886 South Snake Husbandry 5 

8 OHFARM03 I 048/1 I 1.1820 South SnakeFann -

9 OHFARM031048/2 I 1.3159 South Snake Fann -

Table 2 Physical properties and protein contents of Ophiophagus hannah venoms 

Sample 

no. 

Lot 

!physical appearance Protein content 

(BSA* equivalent) 

0/0 

General 

appearance Colour 

1 OH 250142(1) Fine powder Yellow 24.99 

2 OH 260542(2) Fine powder Yellow 24.56 

3 OH 150948-39/1 Cake (effervesced) Creamy 28.21 

4 OH 150948-3912 Cake (effervesced) Creamy 26.55 

5 OH 150948-4311 Cake (effervesced) Creamy 20.24 

6 OH 150948-43/2 Cake (effervesced) Yellow 19.39 

7 OH 150948-43/3 Cake (effervesced) Creamy 20.36 

8 IOHFARM 03104811 Cake (effervesced) Creamy 23.35 

9 OHFARM 03104812 Cake (effervesced) Creamy 23.36 

BSA * Bovine seruma albumin 



Table 3 Enzymatic activities and lethal toxicity of Ophiophagus hannah venoms 

Sample 

no. 

Lot 

LD", 

1'81

Phosphomono

esterase(U) 

Phosphodi

esterase(U) 

Proteolytic 

activity (U) 

PLA, 

(U) 

L-amino acid 

oxidase(U) 

AcetyJcholin
(.) 

esterase 

mmolelminlg 

I OH 250142(1) 23.43 14.93 0.25 51.62 250.85 0.0112 

2 OH 260542(2) 32.96 21.74 12.93 0.29 44.57 202.60 0.0064 

3 OH 150948-39/1 28.56 12.4 0.32 59.87 190.30 0.0156 

4 OH 150948-3912 26.31 12.93 0.30 56.90 180.37 0.0123 

5 OH 150948-43/1 30.57 15.00 0.55 44.08 229.05 0.0297 

6 OH 150948-4312 88.29 29.36 13.6 0.52 47.19 220.70 0.0327 

7 OH 150948-4313 28.08 15.77 0.54 44.35 241.25 0.0270 

8 

OHFARM 

031048/1 57.04 10.85 0.75 35.93 140.40 0.0280 

9 

OHFARM 

03104812 

77.82 

56.15 12.75 0.75 42.59 140.00 0.0243 

Table 4 Biological activities of Ophiophagus hannah venoms 

Sample 

No 

Lot Protein content 

(BSA * equivalent) 

(%) 

Coagulation Hemolytic activity 

(DW Equi.) 

% 

NeUTotoJUcity 

50%inhibition 

Min. 
MCD-P** 

mgIL 

MCD-F*** 

mgIL 

1 OH 250142(1) 24.99 NA NA 1.94 

2 OH 260542(2) 24.56 NA NA - 4.20 

3 OH 150948-39/1 28.21 NA NA 0.80 

4 OH 150948-3912 26.55 NA NA 0.91 

5 OH 150948-43/1 20.24 NA NA 10.39 

6 OH 150948-4312 19.39 NA NA 8.68 7.74 

7 OH 150948-43/3 20.36 NA NA 0.91 

8 OHFARM 03104811 23.35 NA NA -

9 OHFARM 03104812 23.36 NA NA 11.53 6.44 



Table 5 Cell proliferation inhibition of cancer ceU lines by Ophiophagus hannah venoms 

IC5.(pg/ml) 

Test substances BT474(I) Cbago
(2) H G (3)ep 2 

KATO-III(4) SW62d5 
) 

OH 260542(2) 0.88 0.67 0.79 0.63 0.62 

OH 150948-43/2 0.94 0.72 0.67 0.85 0.68 

OHFARM 03104812 6.30 6.60 6.52 6.28 0.67 

Doxorubicine 0.70 0.55 0.61 >10 0.10 

(I) (2) (3) •
breast cancer, lung cancer, liver cancer, 

(4) • • (5) I d .gastrIc carcmoma , co on a enocacmoma 

2 345 6 7 8 9 10 

1 = Protein marker 

2 = OH250142 

3 = 0H260542 

4 = OH 150948-3911 

5 = OHI50948-39/2 
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using 10% gel in pH 8.3 
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ABSTRACT 


King cobra venom (KCY) causmg muscle paralysis is classified as neurotoxic 

venom. The neuromuscular (NM) blocking effect of KCY may be of interest for 

developing a therapeutic agent. Therefore this study aimed at investigating the semi

purified fractions of king cobra venom possessing the neuromuscular blocking action and 

their mechanisms. Neuromuscular blocking proteins (semi~purified fractions, F 1.2.1

FI.2.4) were purified from king cobra venom by chromatography technique using Q

Sepharose, Cellulofine GCL-IOOO sf and SP-Sepharose column. F 1.2.2 was the most potent 

fraction, having I8-fold purification of crude with an overall yield of 52.6% of the activity. 

The molecular weight determined by gel electrophoresis was 8.4 kDa. For NM blocking 

test using the isolated mouse's phrenic nerve - hemi-diaphragm preparation, the effect of 

the test compounds on muscle contraction induced by electrical stimulation of the phrenic 

nerve was measured. The crude venom showed dose-dependent NM blocking effect. The 

time taken to produce 50% inhibition of twitch tension was 4,2 ±0.1 and 7.4 ±0.4 min for 

crude venom (80 ~g/ml) and F1.2.2 (4.4 ~g/ml), respectively . The study for mechanism of 

action ofF 1.2.2 showed postsynaptic action with no direct effect on muscle. 

INTRODUCTION 

King cobra, Ophiophagus hannah, the member of Elapid family, is believed to be 

the world's largest venomous snake with large amount of venom injection and classified as 

neurotoxic venom. Human envenomed by 0. hannah develops muscle paralysis because of 

its neuromuscular effect. Several therapeutic agents with neuromuscular effect were 

developed, for example; tubocurarine, the first muscle relaxant used in anesthetic practice; 

and botulinum toxin which is used to treat blepharospasm and other similar syndromes 

associated with overactivity of skeletal muscle. King cobra venom and its fractions were 



investigated for neuromuscular blocking candidate that might further be developed to be 

therapeutic agent. Mechanism of action, pre- or post-synaptic and direct effect on muscle, 

was studied as well. 

MATERIALS AND METHODS 

Chemicals and reagents 

0. hannah venom was milked and lyophilized at Queen Saovabha Memorial 

Institute. Q-Sepharose fast flow (anion exchanger) and SP-Sepharose (cation exchanger) 

was purchased from GE-Healthcare (Sweden), Cellulofine GCL-I000 superfine was from 

Seikagaku kogyo Ltd. (Tokyo, Japan). The molecular weight standard for SDS-PAGE 

(kaleidoscopic prestained) was from Bio-Rad Laboratories (Richmond, CA, USA). 

Animals 

Male Swiss albino mice (30-40 g) were housed in the Animal Holding Unit of the 

faculty of medicine, Chulalongkorn University, before use. The mice were kept at 25°C on 

a 12 h light/dark cycle and had free access to food and water. All animal experiments were 

done in accordance with the general guidelines proposed by the faculty of medicine, 

Chulalongkorn University. 

Chromatographic procedures 

Step 1: Cation exchange chromatography on Q-Sepharose fast flow 

One hundred milligrams of 0. hannah venom were dissolved in 5 ml of 0.02 M of 

Tris-HCl buffer, pH 7.4, and applied to a column (2.5 x 28 cm.) of Q-Sepharose fast flow 

equilibrated with the buffer. A linear gradient elution was achieved with NaCI from 0 to 0.5 

Min 500 m! of the buffer. The fraction volume was 3 m! and the flow rate was 15 mllh. 



Step 2: Size exclusion Chromatography on Cellulofine GC.L-I 000 superfine 

The active fraction from step I was concentrated to about I ml and applied to a 

column (2.8 x 29 cm) of Cellulofine GCL-IOOO superfine equilibrated with 10 mM Tris

HCI buffer, pH 8.0 containing O.OS M NaCl. The column was eluted with the same buffer 

with a fraction volume of 1.S m!. 

Step 3: Anion exchange chromatography on SP-Sepharose 

The major fraction obtained on step 2. were pooled, concentrated in a collodion bag 

III vacuo, and then dialyzed against SOmM phosphate buffer (pH 6.2S). The dialyzed 

solution was applied to a SP-Sepharose column (I.S x 21.S cm) equilibrated with the 

buffer. The column was eluted with a linear gradient of 0-0.2 M NaCI . Fractions of 1.5 ml 

were collected at the flow rate of 7.5 mllh. 

The protein content in the fraction was calculated from the absorbance at 20 run in a 

1 cm cell, based upon the assumption that the absorbance of 1 mg/ml crude venom was 

1.113 

Analytical procedure 

SDS-PAGE was performed III 12.5% polyacrylamide gel containing 0.1% SDS 

according to Laemmli (1970). A constant current of 3 mA/cm gel was applied. The gel was 

stained with O.OS%Coomassie brilliant blue R-2S0 in 25% ethanol-l0% acetic acid and 

destained with the solvent. 

Assays 

Isolated mouse's phrenic nerve-diaphragm preparation 

The phrenic nerve-diaphragm preparations were isolated from 30-40 g male Swiss 

Albino mice anesthetized with 100% CO2, then mounted under the ~0.8 g resting tension in 



the 25 ml organ bath containing Krebs solution of the following formula (mM): NaCI 

(118); KCl (4.8); KH2P04 (1.2); CaCh (2 .5); NaHC03 (25); MgS04 (2.4) and D-glucose 

(II). The solution was maintained at 34°C and aerated with 95% O2 and 5% CO2. The 

preparations were equilibrated for 40-60 min with 20-30 min interval changing of solution. 

Neuromuscular blocking effect of crude venom and its fractions 

For indirect stimulation, the phrenic nerve was electrically stimulated with 

supramaximal (4x thresholds) pulses for 0.2 ms duration at a frequency of 0.1 Hz. The 

twitch tension was recorded and the time taken to maintain the stable tension was observed 

(control, n = 10). The twitch tension were stabilized for 10 min before king cobra venom or 

its fractions were added (n = 5). The final concentrations of crude venom were 5, 10, 20, 

40, 80 and 160 f.lg/ml. The testing concentration of fractions was calculated from 

percentage of protein yield . The time (min) taken to produce 50% inhibition of the twitch 

tension was observed. 

Pre- or post-synaptic activity study 

Pre- or postsynaptic action was studied using acetylcholine to induce contraction. 

Acetylcholine iodide, of the concentration 10-6
, 10-5

, lO-4 and 10-3 M, was added 

cumulatively to the equilibrated preparations at 5 min interval. Then the preparations were 

washed at 3 min interval 10 times. The preparations were then allowed to equilibrate for 30 

min before nerve stimulation with supramaximal (4x thresholds) pulses of 0.2 ms duration 

at a frequency of 0.1 Hz. The twitch tension was maintained for 60 min. After that, 

electrical stimulation was switched off. Acetylcholine iodide of the same concentration, as 

previously described, was added. The tension, caused by acetylcholine iodide, before and 

after electrical stimulation, was compared (control, n = 5). For testing of selected fractions, 

after adding of acetylcholine iodide, washing and electrical stimulating, the preparations 

were allowed to stabilize for 10 min then the fraction of the concentration as previously 

described in neuromuscular blockade test was added . The electrical stimulation was 



stopped at the time of 60 min and acetylcholine iodide of the same concentration was added 

again. The tension caused by acetylcholine iodide before and after neuromuscular blockade 

were compared (n = 5). 

Neuromuscular blocking effect on direct muscle stimulation 

To abolish neuromuscular transmission, the phrenic nerve was electrically 

stimulated then tubocurarine chloride (10 IlM, 100 Ill) was introduced. After 

neuromuscular transmission blocking, the muscle was directly stimulated with 

supramaximal (4x thresholds) pulses of 2 ms duration at a frequency of 0.1 Hz and the 

twitch tension was recorded (control, n = 5). For testing of selected fractions, the muscle 

was allowed to contract for 5 min, then the fraction of the concentration as previously 

described in neuromuscular blockade test was added and the twitch tension was observed 

(n = 5). 

RESULTS 

Crude venom was determined the neuromuscular blocking effect usmg mouse 

phrenic nerve - hemi-diaphragm preparations. The control preparations could maintain 

stable twitch tension at >95% within 60 minutes. Crude venom caused a dose-dependent 

neuromuscular blockade and the concentration of 80 Ilg/ml was considered to be the lowest 

concentration that could produce the highest neuromuscular blockade (Fig. 1). The step 1 of 

venom fractionation was presented in Fig.2 illustrating the results of column 

chromatography on Q-Sepharose fast flow. Crude venom was divided into 7 pooled parts 

as shown in the table 1. 

Among seven fractions (Fl to F7), the highest neuromuscular blocking fraction (Fl) 

was further fractionated, step 2, to obtain fraction Fl.l to F 1.3. Fig.3 shows the elution 

pattern of the cellulofine column. The most potent fraction was presented in the second 



peak (F1.2). This fraction was step 3 purified. 4 semi-purified fractions (F1.2.1 to F1.2A) 

were obtained, the chromatogram of SP-Sepharose column showing in FigA. The apparent 

molecular weight of semi purified fractions (F 1.2.2, F 1.2.3 and F 1.2A) was estimated from 

the results of SDS-PAGE (Figure 5) , being 8A, 9.0 and 7.8 kDa respectively (the 

calibration curve for estimation of molecular weight is not show). Table 2 summarizes the 

purification procedure of the neuromuscular block protein in 0. hananh venom. The 

conclusion of neuromuscular blockade test of crude venom and all fractions was shown in 

table 1. Due to strong neuromuscular blockade (Fig.6), fractions F1.2.2 to F1.2A were used 

in study of mechanisms of action. All three fractions showed post-synaptic action. Fig.7 

shows the post-synaptic action of fraction F 1.2.2 and Fig.8 shows that all three fractions 

possess no direct effect on muscle. 

DISCUSSION AND CONCLUSION 

Ion exchange and size exclusion chromatography are general technique used in 

venom fractionation. In this study, three steps of chromatography were made to obtain the 

semi-purified fractions from crude venom, which might or might not be the same 

neurotoxin as the previous studies of other researches. These fractions should be further 

identified. The maximum concentration of crude venom suitably applied on 2.5 x 28 cm. 

ion exchange column is 100 mg. Each fraction from each application would be pooled. 

Four semi-purified fractions obtained from 1500 mg of crude venom, F1.2.1 to F1.2A, 

were 14.07 (0.9%), 43A2 (2.9%), 17.78 (l.2%) and 3l.65 (2.1%) mg, respectively. All 4 

fractions possessed neuromuscular blocking activity. F1.2 .2 was the most potent fraction, 

having 18-fold purification of crude with an overall yield of 52.6% of the activity. The 

molecular weight determined by gel electrophoresis was 8A kDa. 

Neurotoxins, of pre- or postsynaptic action, are the main toxic proteins from snake 

venom that block neuromuscular transmission. The neuromuscular effect can be 



investigated on isolated mouse's phrenic nerve-diaphragm preparations. For control 

preparation, the twitch tension was stabilized at >95% to assure that after adding of venom 

or fractions, the tension could hardly be affected by other factors. The tests lasted for 60 

minutes that stable tension at >95% could be maintained. The neuromuscular blockade of 

crude venom was dose-depended and the concentration of 80 /-lg/ml was the lowest 

concentration that produced the highest neuromuscular blockade. The time taken to 

produce 50% inhibition of the twitch tension of crude venom, fraction Fl and fraction Fl.2 

was not different. This means that at the same concentration, the fraction was more potent 

than the crude venom. Each semi-purified fraction took more time to produce 50% 

inhibition than crude venom. It may be due to calculation of concentration according to 

percentage of protein yield in each step, the lost of protein during fractionation, the change 

of protein structure after fractionation or synergism action of fractions. 

For the study of mechanism of action, acetylcholine could not induce muscle 

contraction after neuromuscular blocking by fractions. This proved that the action was 

post-synaptic. As twitch tension caused by direct stimulation with and without fractions 

was not significantly different, this showed that fractions had no direct effect on muscle. It 

might not destroy the muscle. The action of the semi-purified fractions should be at 

acetylcholine receptor site. 

From this study, the semi-purified fraction F1.2.2 is the fraction of interest that 

should be characterized, further purified and studied to confirm the mechanism of action. 
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Figure 1 Neuromuscular blockade of the isolated mouse ' s phrenic nerve-diaphragm 

preparation induced by crude king cobra venom. 

Each line represented the average of five experiments from each concentration of 5, 

10, 20, 40, 80 and 160 J..I.g/ml (k5, 1<10, k20, k40, k80 and k 160, respectively) of the crude 

venom. Control data was collected from ten experiments. 
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Figure 2 Ion-exchange. One hundred milligram of 0. hannah venom dissolved 

in 5 ml of20 mM Tris-HCI pH 7.4 were applied to a column ofQ-Sepharose equilibrated 

with the buffer. The column was eluted with a linear gradient from 0 to 0.5 M ofNaCI in 

the buffer and 3 ml fractions were collected . 



Table 1 Time taken to cause 50% inhibition of the twitch tension by crude king cobra 

venom and its fractions 

Fraction 
Yield Concentration 

Time taken to cause Twitch tension at the 

No. 
(%) 

50% inhibition 50th minute after 

(Tube no) 
(flg/m1) 

(min) fractions added (%) 

crude - 80 4.2 ± 0.1 -

Q-Sepharose 

column 

1 (27-42) 38.1 30.5 4.6 + 0.2 -
2 (46-54) 10.4 8.3 - 83.4+2.1 

3 (80-89) 9.3 7.4 - 70.7 ± 1.9 

4 (95-104) 11.3 9.0 - 67.5 ± 4.5 

5 (105-115) 11.3 9.0 - 90.1±2.9 

6(118-128) 4.1 3.3 - 84.3 ± 2.9 

7 (136-148) 5.4 4.3 - 83.5 ± 2.7 

Cellulofine 

column 

1.1 (68-74) 23.9 7.3 42.8 + 2.7 -

1.2 (75-86) 54.4 16.6 4.3 ± 0.3 -

1.3 (92-10 1) 29.2 8.9 - 70.5±3.1 

SP-Sepharose 

column 

1.2.1 (15-21) 8.5 1.4 30.7 ± 2.0 -

1.2.2 (23-30) 26.8 4.4 7.4 + 0.4 -

1.2.3 (32-38) 10.2 1.7 12.8 ± 0.3 -

1.2.4 (39-50) 22.2 3.7 9.5 ± 0.5 -
Data was expressed as mean±S.E.M (n = 5). 
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Figure 3 Gel filtration. The neuromuscular block fraction in Figure 2 were pooled 

and applied to a column of cellulofine GCL-1 000 sf. 
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Figure 4 Column chromatography on SP-Sepharose. The major fraction in Figure 3 

(tube no. 75-86) was concentrated and dialyzed against 50 mM phosphate buffer pH 6.25. 

The dialyzed solution was subjected to a chromatography on SP-Sepharose column with a 

linear gradent from 0 to 0.2 M NaCl. 1.5 ml fractions were collected . 
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Figure 5 SDS-PAGE of the semi-purified fractions electrophoresis was performed 

in 12.5% PAGE containing 0.1 %SDS according to Laemmli (1970). Lane 1 kaleidoscopic 

prestained standard; lane 2 crude venom 12 Jlg; lane 3 F1.2.1, 10 Jlg; lane4 F1.2 .2, 10 Jlg; 

lane 5 F1.2.3, 10 Jlg; and lane 6 F1.2.4, 10 Jlg. 

Table 2 Summary of the purification of the active neuromuscular blocking agent 

Purification step Protein 

mg 

Activity 

(/lg/ml) 

Total 

activity 

Purification 

(fold) 

Recovery 

(%) 

Crude venom 1500.0 80.0 187,500 1 100 

Q-Sepharose 

F1 

586.3 

(39.1%)* 

30.5 167,514 2.6 89 

Cellulofine GCL-1 000 sf 

F1.2 

235.2 

(15.7%) 

16.6 141,686 4.8 75 .6 

SP-Sepharose 

F 1.2.1 

F 1.2.2 

F 1.2.3 

F 1.2.4 

14.1(0.9%) 

43.4(2.9%) 

17.8(1.2%) 

31.6(2.1 %) 

4.4 98,636 18.2 52.6 

* The figures in parentheses are percentage calculated against crude venom. 
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showing in table I, of each fraction. Control data was collected from ten experiments. 
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PROTEIN COMPOSmONS AND BIOLOGICAL ACTIVI1YS FROM KING 

COBRA SNAKE Ophiophagus hannah VENOM 

Abstract 

In this research comparison of biochemical properties and biological activities 

of different age and region of originate of three Ophiophagus hannah venoms. 

Biological activity was measured by cytotoxicity (ICso) in cell line. KV2, crude 

venom showed higher toxicity than KV6 and KV9 venom. Comparative proteins of 

Ohannah venoms were separated by I -D gel electrophoresis, 2D-gel electrophoresis 

and reverse-phase HPLC. Although protein compositions in all venoms were similar, 

KV2 venom was very difference from each other venom. The protein banding ofKV2 

in SDS-PAGE showed high expression of aU bands. 2DE gel of KV2 has many low 

molecular weight (14 kDa) spots. Spot No.2 and spot No.4 ofKV2 are not found in 

KV6 and KV9 in 2DE gels. From peptides mass mapping by MALDI-TOF MS and 

amino acid sequence database searching, the amino acid sequence of protein spot 2 

and spot 4 are similar to partial amino acid residue of phospholipase group from 

Ohannah venom. The RP-HPLC pattern of KV2 is different from other venoms. The 

eluted in range 31-4 I % ACN have high protein concentration than other venoms in 

same range. All of results indicated that variable protein composition were cause of 

difference in toxicity. The amino acid sequence of fraction 1.2.2 and 1.2.3, which 

were separated by ion exchange chromatography and gel filtration chromatography, 

were similar to partial amino acid residue of natrin and ophanin from Naja Atra and 

Ohannah venom respectively. 

Keywords: Elapidae / Venom / Ophiophagus harmah / Biological activity 

1. Introduction 

Ophiophagus hannah (King cobra) belongs to the Elapidae family, and is believed 

to be the world's largest poisonous snake. Elapidae snake venoms usually contain 



neurotoxins, phospholipaseA2(PLA2) enzymes and cardiotoxins (cytotoxins), 

especially neurotoxin with small molecules that can be absorbed very quickly into 

victims' blood circulation and cause death with short time. The a-neurotoxins are 

usually classified into short-chain neurotoxins (of 6(}-62 residues and four conversed 

disulfide bridges) and long-chain neurotoxins (of 66--75 residues and five conversed 

disulfide bridges) [1]. Several a-neurotoxins have been purified from o. hannah 

venom and well characterized, including nineteen long-chain neurotoxins [2-9], ten 

short-chain neurotoxins [7, 8, 10], five weak toxin [7-9, 11] and Muscarinic toxins 

(MTXs) [8, 9] belong to the neurotoxin group, members of which interfere in the 

transmission of nervous impulses by selectively binding to particular receptors in the 

nerve or muscular membrane. The major members of the cardiotoxin group [8, 9] 

exhibit quite different phannacological properties, such as cytolysis, haemolysis and 

heart failure. Snake venom phospholipaseA2 (PLA2) enzymes [12-14] are low 

molecular weight (13-15 kDa) protein and exhibit a wide variety of phannacological 

effect such as hemolysis, platelet aggregation inhibition, neurotoxicity and 

myonecrosis. Thioredoxin [13] (Lee et al ., 2000), ophanin [15] (Yamazaki et aI., 

2003), venom chymotrypsin inhibitor [16] (Chang et aI., 2001), L-amino acid oxidase 

[17] (Ahn et al., 1997) and ohanin [18] (Pung et aI., 2006) are also reported. Different 

biological activity of crude venoms of Ohannah originating from different regions 

lead to the study of the composition of Ohannah venoms is focused on chemical 

substances of these venoms and comparison with the same species in different 

originated. The results will be used as basic infonnation for venom analysis, 

medicinal production and medical treatment that have its own specific characteristics. 



2. Materials and method 

2.1 Snake venoms 

Three Crude Ophiophagus hannah venom (KV2, KV6 and KV9) were 

collected from different regions of Thailand and keep at 4 °C (Queen Saovabha 

Memorial Institute, Thai Red Cross Society, Bangkok Thailand). Three samples were 

prepared: KV2 collected from snake from Petchabun Province (3 year olds snake), 

KV6 collected from the south of Thailand (S year olds snake) and KV9 collected from 

South part ofThailand. (For this sample, there are no data on the age of snakes) 

Fractions 1.2.1, 1.2.2, 1.2.3 and 1.2.4, were fractionated from KV2 sample by 

ion-exchange chromatography and gel filtration chromatography, were obtained from 

the Queen Saovabha Memorial Institute, Thai Red Cross Society, Bangkok Thailand. 

The crude venom was lyophilized and stored at 4 °C before use. 

2.2 Determination of protein by Bradford method 

Protein content was determined according to the method described by 

(Bradford, 1976) Venoms were dissolved in water (1 mg/mL) and using bovine serum 

albumin (BSA) as a standard. 

2.3 SDS-polyacrylamide gel electrophoresis (SDS-PAGE) 

SDS-PAGE was carried out according to Slater et at (1990) with a slight 

modification. Polyaclyamide gel at IS% was used as separating gel and 3% of the gel 

was used as stacking gel. Sample of crude venoms were dissolved in water (10 

mg/ml). The electrophoresis was carried out at constant current of IS rnA, on a Mini

Protein (Hoefer mini VE) from cathode toward anode. When the electrophoresis was 

completed, the gel was stained with Coomassie blue R-2S0. 

2.4 Two-Dimensional Electrophoresis of Snake Venom [19] 

The 2-D electrophoresis separation was performed as described in the manual 

of 2-D Electrophoresis using immobilized pH gradients. Immobiline DryStrips (7 cm; 

pH 3-10 and pH 4-7, Amersham) were rehydrated overnight with rehydration buffer 

(8 M urea, 2% CHAPS, 2% IPG buffer pH 3-10 or 4-7, 0.2% DTT, 0.002% 

bromophenol blue) containing approximately 300 I-lg of the venom proteins. Running 

was performed in a MuItiphor n Isoelectric focusing (IEY) system from Amersham 

Pharmacia Biotech. Electrical conditions were as described by the supplier. After the 

first-dimensional run, the IPG strip was equilibrated for 15 minutes in the 



equilibration solution (50mM Tris-HCI, pH 8.8, 6 M urea, 30% glycerol, 2% SDS, 

1% DTT, 0.002% bromophenol blue), then equilibrated for 15 minutes in the 

equilibration solution that replaced DTT with 2.5% iodoacetamide. The second 

dimension electrophoresis was carried out on IS % T acrylamide gel. The running 

condition was as follow: 10 mA/gel for 15 minute and 20 mAlgel until bromophenol 

blue dye front reached the bottom of the gel. Lastly, the each gel was strained by 

coomassie brilliant blue G stained. 

2.5 In-gel digestion [20J 

Protein bands or spots were manually excised from the polyacrylamide gels 

and transferred to a microcentrifuge tube. The gel pieces were washed with 100 III of 

100 roM ammonium bicarbonate/acetonitrile (1: 1, vol/vol) and incubate with 

occasional vortexing for 30 min, depending on the staining intensity. After that add 

SOO III of neat acetonitrile and incubate at room temperature with occasional 

vortexing, until gel pieces become white and shrink and then remove acetronitrile and 

dry gel pieces for saturate gel pieces process. When gel pieces were dried, add enough 

trypsin to cover the dry gel pieces and leave it in an ice bucket or a fridge. Leave gel 

pieces for another 90 min to saturate them with trypsin and then add 10-20 III of 

ammonium bicarbonate buffer to cover the gel pieces and keep them wet during 

enzymatic cleavage. In digestion process, place tubes with gel pieces into an air 

circulation thennostat and incubate samples overnight at 37°C. The peptides were 

extracted with extraction buffer (1:2 (vol/vol) 5% formic acid/acetonitrile) 100 !ll and 

incubate for 15 min at 37°C in a shaker and then collected supernatant. For samples 

with much larger (or smaller) volume of gel matrix, add the extraction buffer such 

that the approximate ration of 1:2 between volumes of the digest and extraction is 

achieved. These solutions were dried and kept at -20°C for further analysis. 

2.6 High performance Liquids Chromatography (HPLC) 

Analysis of venoms was perfonned using a reverse-phase HPLC column (4.6 

x 2S0 mm, Nucleosil7 CI8) attached to a L-42S0, UV-VlS detector and L-7100 pump 

with a 20 ilL sample injection loop. The separation was done by the gradient elution 

of two solvent systems. The two solvents used were HPLC-grade acetonitrile 

(solution A) and 0.1% TFA DI-water (solution B). Both solution A and B were 

filtered through 0.45 !lm pore size filter paper. Before sample injection, the column 



was equilibrated with solution B by flow the solution through the column at flow rate 

of 1 mVmin for at least 30 min. 0. hannah venom (1 mg) was dissolved in 0.1 mJ of 

distilled water. The solution was filtered through Millipore filter paper (0.45 11m pore 

size). The column was maintained at room temperature. A linear gradient of 0% ACN 

to 100% ACN (0-70% mobile phase B) in 60 min running times at a flow rate at 1 

rnVmin was used . Detection was done by UV detector set at 280 nm. The fractions 

collected were kept at 4 DC until need. 

2.7 Protein Identification Methods 

Mass spectra of protein and peptide were acquired using a MALDVTOF mass 

spectrometer (MlCROFLEX, Bruker, USA) operating in linear and reflecton modes. 

The dried samples were dissolved in 50% ACN/ 0.1% TFA and vortexed. The dried 

droplet method was used for MALDI-MS sample preparation. Cyano-4 

hydroxycinnamic acid (CCA) was used as the matrix. For proteins, 1 III of a sample 

solution was mixed with 1 III of a matrix solution (saturated CCA in 50% ACN/ 0.1 % 

TF A). Peptide mass mapping obtained from each digested protein were searched 

against protein database via the MASCOT program (www.matrixscience.com). 

Search parameters allowed for carbamidomethylation of cysteine, one missed trypsin 

cleavages, and 100 ppm mass accuracy. Peptides in the mass range of 800-3,500 Da 

were selected for database search. 

2.8 Antioxidant activity 

Prepared DPPH solution at 200 11M in absolute ethanol (freshly prepare) and 

kept in dark by covered with aluminium foil until use. 1 mg/mJ of Crude sample and 

vitamin E (positive control) was the stock. The appropriate concentration of sample 

were added in vary concentration such as 200, 100, 80, 60, 40, 20, 0 llg/mJ. Added 

800 III of DPPH into tube. The mixture was shaken and incubated at 37DC for 30 min. 

The absorbance was measured at 517 run. 

2.9 Measurement of cytotoxicity 

Cytotoxicity of o.hannah venoms was tested against cell line by MTT assay, 

analyzed at Antibody Production, The Institude of Biotechnology and Genetic 

Engineering, Chulalongkom University. 

http:www.matrixscience.com


2.10 Tandem MS 

Tandem mass spectrometric analysis was perfonned on the ESI-Q-Tofmass 

spectrometer (Korea Basic Science Institute, Systems Biology Core Facility, Korea). 

The tandem MS spectra were searched against a protein sequence database using the 

MASCOT program (www.matrixscience.com). 

http:www.matrixscience.com


3. Results and discussion 

3.1 Strategy to comparison biological activity and protein composition of 

O.hannah venom 

The experimental procedure is depicted in Scheme 4.1 and 4.2. Scheme 1 

shown strategies for comparison of biological activity and protein composition of 

three crude Ohannah venoms (KV2, KV6 and KV9) which were collected from 

different regions of Thailand. Strategy for analyzed protein fractions of KV2 venom 

were shown in Scheme 2. From the report of the Queen Saovabha Memorial Institute 

shown KV2 have toxicity higher than other venom. They were interested proteins in 

KV2 venom that have neuromuscular block activity for improve to new drug. 

4.2 Comparison of biochemical and biological activity of O.hannah venoms 

The biochemical and biological activity of the three crudes O.hannah venom 

samples are shown in Table 1. Protein contents of the three freezed-dried venom 

samples are all approximately 40% and the ICso values of the three venom samples 

are difference between KV2 and KV6. (In KV9, inhibition growth of cell line is lower 

50%) That result indicated that KV2 has highest toxicity in venom samples in 

agreement with LDso values. The cytotoxicity values are also the same with that 

reported earlier by Ahn, M . Y. et al. (1997) [17] who reported values 3 Ilglml for 

human gastric carcinoma cell line (CRL 5971). The antioxidant values of three crude 

venoms have the ECso lower than 50%, thus it cannot be calculate values ofECso. 

4.3 The analysis of venoms using SDS-PAGE 

Protein pattern of the venom samples in SDS-PAGE is shown in Figure 1. The 

protein bands were distributed in the wide range molecular mass of between 97 kDa 

to 14.4 kDa. All venoms show a majority of protein bands with molecular masses 

higher than 45 kDa and lower than 20 kDa. The distribution patterns and the number 

of bands detected were similar for all samples, but differences were observed in 

intensity of several bands while amount of loading samples were same. Almost all of 

major bands in KV2 had higher intensity than in other samples except of the band at 

66 kDa which its intensity is lower than sample KV9. KV6 and KV9 exhibited two 

components clearly visible as separate bands in the area at 29 and 26 kDa whereas the 

samples KV2 exhibited only one band at 29 kDa. 



4.4 Comparison of2-DE gel patterns of venom samples from O.hannah 

After that all sample were subjected to analyze by 2-DE gel. The results were 

shown in Figure 2 A-C. The 2-DE gel images of three venoms are very similar. 

Almost of spots are located at molecular mass range between 97 kDa and 14.4 kDa. 

Each spot in 2-DE gel represents individual protein that was summarized in Table 2 

Differences in pattern and number of spot from three venom samples are seen at 

molecular weight below 14.4 kDa, especially KV2 sample, which shown number 

protein spots more than other samples. KV2 sample have a lot of spots than KV6 and 

KV9 samples in all gel except a range of 45-30 kDa. This might be the reason why 

KV2 samples have a higher of the lethal toxicity and cyotoxicity than other samples 

that confinn with previous protein in Ohannah venom study, which suggested that 

the most of toxins in 0. hannah venom have low molecular weight. 

4.5 Protein identification of protein spots 

After the venoms were analyzed by two-dimensional gel electrophoresis and 

detected with Coomassie blue stained, some visible protein spot were excised and 

subjected to digestion with trypsin. The molecular weight of each tryptic fragment 

was analyzed by MALDI-TOF MS. The molecular mass results were used for 

performing of protein peptide mass mapping via MASCOT [21]. The search results 

are shown in Table 3 even though many searched results were not reasonable, they 

might be new proteins or the data set is not enough for protein identification. 

Therefore, the sequencing techniques are required for further protein identification. 

From the searching result, some of protein spots found in KV2 sample were higher 

score expect than the same protein which found in KV6 and KV9 sample such as spot 

No.1 which appears in all of samples were match to ophanin [22] from Ohannah 

venom. Spot NO.7 ofKV2, spot No. 10 ofKV6 and spot No.13 ofKV9 were match to 

Chain A of an acidic phospholipaseA2. The gel of KV2 showed 11 individual protein 

spots. Some interested protein in this series as spot No.2 and spot No.4 which were 

match to protein in venom and expected score are significant. Spot No.2 and spot 

No.4 were match to phosphoIipaseA2 [13, 23] and phospholipaseA2 acidic 1 

precursor [12] respectively, this protein is an acidic protein exhibiting cardiotoxicity, 

myotoxicity, and antiplatelet activity. 



4.6 The analysis of venoms using RP-HPLC 

The RP-HPLC chromatogram is shown in Figure 3. The concentration 

of proteins of each fraction is shown in Table 4. RP-HPLC chromatograms from three 

venoms showed concentration of major protein peaks in range of 10 - 60 % ACN 

indicating that the venoms varied in hydrophobic properties. KV6 and KV9 analyzed 

here have similarity pattern, the large protein peaks were eluted in the range 26-30 % 

ACN and small peaks were eluted in the range 31-50% ACN. The HPLC pattern of 

KV2 is different from other venom, the large protein peaks were eluted in the range 

26-50 % ACN and smaJl peaks were eluted at 10 and 18% ACN. The RP-HPLC 

results obtained also clearly confirmed that although the venoms had an overall 

similarity in their components, there were both qualitative and quantitative differences 

between the venoms from the three different regions. One of the most obvious 

differences between the venoms can be seen when the HPLC profiles for KV2 and 

other venom are compared in the region where the eluting gradient of acetonitrile has 

a concentration of 31-41 %. It appears that the venom of KV2 contains higher 

concentration of the components which elute in this part of the gradient. The eluted 

fractions were analyzed further by SDS-P AGE to check separation efficiency. Band 

proteins from SDS-PAGE (Figure 4) were pooled for in-gel tryptic digestion. All 

digestion peptides were analyzed by MALDI-TOF MS. The searched results were not 

significant. Sometimes more than one candidate for identity of the protein can be 

found, whereupon additional information obtained by sequencing techniques is 

generally used to constrain the search. 

4.9 Protein Identification of fractions from ion exchange chromatography and 

gel filtration chromatography 

The four fractions were col1ected from ion-exchange chromatography and gel 

filtration chromatography. The purity of fractions was identified by SDS-P AGE. The 

result was shown in Figure 5. The SDS-PAGE gel shows the band at molecular 

weight rang 30-20.1 kDa both of Fraction 1.2.2 and 1.2.3. Based upon results from 

SDS-PAGE bands were pooled for in-gel digestion. Digested peptides, obtained from 

the digestion of gel from SDS-PAGE, were analyzed by ESI-Q-TOF MS. (Korea 

Basic Science Institute, Systems Biology Core Facility, Korea). Peptide mass mapped 

and partial sequencing by ESI-Q-TOF MS ofFraction 1.2.2 and 1.2.3. From the result 



of database searching, partial amino acid sequence of fraction 1.2.2 and 1.2.3 were 

nearly coincided with partial amino acid sequence of ophanin and Natrin. 
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Scheme 1 Schematic of the combination strategy for comparison three venoms 

Table 1 The biochemical and biological activity of 0.hannah venom 

Biochemical and biological activity KV2 KV6 KV9 

Protein concentration (mglml) 

(% of crude venom protein) 

0.39 

(39) 

0.36 

(36) 

0.38 

(38) 

Cytotoxicity (IC50) (Ilglml) 2.99 6.11 -

LD50t (Illmouse) 32.96 88.29 77.82 

t Data from Queen Saovabha Memorial Institute. 
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Figure 1 SDS-PAGE of three venoms. Lane1: KV9, Lane2: KV6 and Lane3: KV2 . 

Table 2 Comparison number of spot protein from 2-DE gel of venom samples 

Molecula r mass 

range (kDa) 

97-66 

66-45 

45-30 

30-20 

20-14 

<14 

KV2 

8 

3 

7 

7 

Number of spot protein 

KV6 KV9 

5 9 

4 

1 2 

3 5 

6 10 
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Figure 2 2-DE gel images of three venoms. Shown 2-DE for the same venom at pI 4

7. (A) : KV2, (B): KV6 and (C) : KV9 

Table 3 Protein identification in three 0. hannah venoms 



Spot No. App.masslpJ 

o.harmah (KV2) 

I 31,945/6.9 

2 13,139/5 .5 

3 9,904/6.3 

4 13,960/5.2 

5 9,904/5.7 

6 14 ,832/4 .9 

7 14,832/4.5 

8 11,179/4.8 

9 9,904/4.9 

10 9,904/5.8 

II 12,120/5.5 

12 9,904/6 

13 10,312/5 

Theor.masslpI 

26,851/6.90 

13,447/4 .47 

9,463/9.19 

16,433/5.67 

7,07215.83 

15,150/4.7 

13,18214.41 

9,946/6.08 

14,063/5.56 

9,703/5.63 

10,824/5.02 

19,064n.85 

15,728/5.13 

No.of 
peptides 
matched 

5 

5 

2 

5 

2 

3 

5 

3 

4 
3 ' 

3 

3 

2 

Sequence 
coverage 

(%) 

21 

58 

66 

37 

45 

25 

43 

55 

47 

42 

47 

30 

27 

score 

60 

74 

40 

81 

40 

47 

85 

43 

63 

45 

37 

48 

30 

Protein 

Ophanin QreCursor (Opharint 

phosphoJiJRSe A2 

mCGl47719 

PhoSJlholi~A2, acidic I precursor 

ring finger protein 185 

receptor activity modifying protein 3 

Chain A, Structure OfAn Acidic Ph~holipase A2 

MHC class II beta chain 

adenylate kinase I 

mmamed ~ot.ein PT~t 

BI-Beta II protein 

Rabphihn3a 

Phospholipase A2 precursor 
o.hannah (KV6) 

I 36,925/6.9 26,851/6.90 4 20 39 opharin precursor (Opharin) 

2 35,562/6.9 42,768/9.67 7 32 52 ~othetical protein 

3 16,764/6.7 14,279/6.81 3 55 42 hypothetical protein 

5 17,406/5.6 13,730/4 .32 3 69 52 MGC 16385 protein 

6 18,073/5.2 19,193/4.75 4 18 56 Translationally-<:ontrolled tumor 

7 17,406/4.8 12,331/5.6 4 58 49 insulin 2 

8 24,416/4.8 13,122n.99 4 57 55 gonadotroI>hin alpha I subunit 

9 24,416/4.5 27,219/6.52 3 16 46 r{;G54731 

10 21,812/4.5 13,18214.41 3 31 46 Chain A, Structure Of An Acidic Phospholipase A2 

11 69,976/5 .3 60,132/5.87 6 12 45 titin 

13 71.65814 .9 76,422/6.40 5 12 40 hypothetical protein 
O.hannah (KV9) 

I 35,914/6.9 26,85116.90 4 21 41 opharin ]lI"ecursor (Opharin) 

2 34,735/6.9 42,76819.67 7 32 55 hypothetical protein 

3 39,039/6.4 46,645/6.43 5 17 49 isocitrnte dehydrogenase 

4 14,585/6.5 13,560/4 .8 2 47 37 EG545052 protein 

6 39,039/6.2 33,729/6.16 5 38 67 cyclin-dependent kinase 4 

7 15,080/5.6 13,730/4.32 2 53 34 MGC16385 protein 

8 15592/4.9 11 ,560/6.07 4 76 65 immunoglobulin heavy chain 

9 51,845/4.8 43,344/6.64 6 27 54 leucine zipper . 

10 21 ,055/4.9 13,122n.99 4 57 55 gonadotrophin alpha I subunit 

11 15,592/4 .8 12,305/8.62 3 73 55 inununoglobulin heavy chain 

12 51,845/4.7 

57,305/4.5 

50,490/9.13 

69,965/5.51 

5 25 46 WDR40A protein 

5 22 46 Prothrombin precursor 13 

14 22,508/4.5 27,219/6.52 

13,18214.41 

3 16 46 r{;G54731 

15 19,695/4.5 3 31 44 Chain A, Structure OfAn Acidic Phospholipase A2 

16 57,305/4.7 67,076/6.73 6 23 59 6-glucosidase 
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Figure 3 RP-HPLC separations for three 0. hannah venom, (A): 0.hannah venom 

from phetchabun Thailand (KV2), (B): 0.hannah venom from south ofThailand 

(KV6) and (C): o.hannah venom from south ofThailand (KV9) 



Table 4 Summarized %ACN to elute each of fractions and concentration of 

protein of each fraction 

Concentration (mglml)I 
Fraction I %ACN 

! 
KV2 KV6 KV9 

1 10 0.0450 0.0161 0.0588 

2 12 0.0538 0.0089 0.0467 

3 18 0.0250 0.0097 0.0153 

4 26-30 0.4434 0.1965 0.2014 

5 31-35 1.0322 0.2401 0.2642 

6 37-41 1.7826 1.0931 1. 1970 

7 47-50 0.2332 0.1530 0.6364 

2 3 4 5 6 7 8 9 10 II 12 

Figure 4 SDS-P AGE ofHPLC fractions from three venoms: Lane 1 No.4 ofKV2, 

lane 2 NO.5 ofKV2, lane 3 NO.6 ofKV2, Jane 4 NO.7 ofKV2, Lane 5 No.4 of KV6, 

Lane 6 NO.5 ofKV6, Lane 7 NO.6 ofKV6, Lane 8 No.7 ofKV6, Lane 9 No.4 of 

KV9, lane 10 No.5 ofKV9, Jane 11 NO.6 ofKV9, Jane 12 No.7 ofKV9 



M 2 


Figure 5 SDS-PAGE of the ion exchange and gel filtration fractions. 

Lanel: Fraction 1.2.2 Lane2: Fraction 1.2.3 Lane 

M: molecular mass standards. 
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Abstract 

Eighteen protein spots were found distributed between pH 4.5-6 when two 

dimensional gel electrophoresis of Fraction 1.2.2 (from "Fractionation of the 

neuromuscular blocking compound from the venom of King cobra") was carried out. 

Analysis of protein spots by Mass spectrometer and "Mascot" showed that protein 

spot no. 1,2,3 and 4 were similar to opharin precursor (ophanin) and spot no. 7 and 8 

were similar to long chain neurotoxin of king cobra venom. 

Primers were designed for these two proteins. DNA of opharin precursor, 720 

bp, and long chain neurotoxin, 276 bp, were obtained from RT PCR of mRNA 

extracted from the venom gland of king cobra These cDNA were inserted into PCR® 

2.1 TOPO vector and pGEX2T expression vector. Inserted vectors were checked by 

restriction enzyme EcoRI. Sequencing of DNA showed that opharin precursor was 

inserted correctly in size and direction in the vector while insertion of long chain 

neurotoxin was incorrect. New primer was designed to have restriction site EcoRI and 

BamHl connected to the 5' primer of long chain neurotoxin for insertion into pGEX

2T. The process is ongoing. Opharin precursor in pGEX-2T was stimulated with 

IPTG at different concentration, temperature and time. The optimum conditions were 

0.1 mM IPTG at 37°C for 3-4 h. Protein concentration of the obtained product was 

0.35 mg/mI. 

Key words: opharin precursor, long chain neurotoxin, neuromuscular blocking 
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Introduction 

King cobra (Ophiophagus hannah), which belongs to the Elapid family, is the 

world largest venomous snake thus injection of large amount of venom can be 

expected (Jintaktme and Chanhome, 1996). Other than neurotoxins, the major 

components of the venom, it also contains large molecular weight proteins targeted at 

blood coagulation system, such as factor X activator and fibrinolytic enzyme. 

Neurotoxins bind specifically and tightly to nicotinic acetylcholine receptor at skeletal 

muscle neuromuscular junction, producing blockade of neuromuscular transmission at 

the postsynaptic membrane, leading to paralysis and quick death of the prey (Pu el al., 

1995; Phui el al., 2004; Li el al., 2006). 

From the previous studies, king cobra venom has been purified and several 

fractions were obtained. The fractions were characterized as L-amino acid oxidase, 

phospholipase A2, phosphodiesterase, 5' nucleotidase, acetylcholinesterase, protease 

and neuromuscular blocker (He et aI., 2004). Opharin precursor (ophanin) and long 

chain neurotoxin were observed in the further study of the neuromuscular blocking 

fraction with two dimensional gel electrophoresis and mass spectrometry. 

Primers were then designed based on opharin precursor (ophanin) and long 

chain neurotoxin reported in NCBI GenBank. Polymerase Chain Reaction (PCR) was 

performed using rnRNA from king cobra venom gland as a template. PCR products 

were cloned, sequenced and expressed for the recombinant proteins. 
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Material and Methods 

1. RNA preparation 

Poly (Af RNA was isolated from king cobra venom glands which were 

immediately stored in liquid nitrogen after sacrificed. Two frozen glands from one 

snake were homogenized to extract RNA using Oligotex Direct mRNA Microkit 

(QIAGEN, USA). 

2. Oligonucleotide primers 

Based on the sequences deposited in the GenBank Nucleotide Sequence 

Database under the accession number AY299475 (Ophiophagus hannah opharin 

precursor, mRNA, complete cds) and DQ273568 (Ophiophagus hannah isolate Intx3 

long chain neurotoxin precursor, mRNA, complete cds), the primer sequences for 

PCR amplification of opharin precursor and long chain neurotoxin genes were 

selected. The pnmer sequences of opharin precursor were 5' 

ATGATIGCCTICACCTIGCTAAGTC 3' (forward primer) and 5' 

TIATATIATTITATIGTGGCAGAAGC 3' (reverse primer) which corresponded to 

encoding residues 1-720. The sequences of long chain neurotoxin for forward and 

reverse were 5' ATGAAAACTCTGCTGCTGACCTI 3' and 5' 

TCAAGGTCTCAATTICGGATGTG 3' which corresponded to the residues 1-276. 

3. RT-PCR and PCR 

RT-PCR was carried out with 30 ~ reaction buffer containing 5xlst strand 

synthesis buffer, each dNTP of 100 mM, 25 mM MgCl2, 100 U MMLV reverse 

transcriptase, 50 pmoV~ antisense primer and 1 ~ RNA template. The amplification 
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was preceded on a Primus Thermal Cyclers (MWG Biotech, USA) at 37°c 30 min and 

95°c 5 min. Then, the first PCR reaction 20 III was added to the RT reaction which 

consisted of IOxbuffer, each dNTP of I()() mM, 25 mM MgCI2, 50 pmol/1l1 sense 

primer and DNA polymerase 5 U/Ill. The reaction was carried out at 94°c/55°c172°c 

each with 1 min interval, for a total of 35 cycles. 

4. Generation of eDNA encoding alpha- and beta-neurotoxins 

The amplified DNA fragments were excised from 2% agarose gel with a 

clean, sharp razor blade then purified using QIAquick Gel Extraction kit (QIAGEN, 

USA). The products were cloned into pCR® 2.1 TOPO vector according to the T A 

cloning procedures (Invitrogen, San Diego, USA). 

5. Sub cloning of eDNA 

Inserted opharin precursor and long chain neurotoxin genes and pGEX2T 

vector (Pharmacia, USA) were digested with 5 units of EcoRI restriction enzyme. 

After the incubation of reaction with calf intestinal alkaline phosphatase (CIP) for 1 hr 

at 50°c, the DNA was ligated with pGEX2T and transformed into competent DH5a E. 

coli cell. Recombinant plasmids were isolated by QIAprep Spin Miniprep Kit 

(QIAGEN, USA). 

6. DNA sequencing and sequence analysis 

Cycle sequencing was performed using Perkin-Elmer Big Dye Terminator 3.1 

reaction (Applied Biosysterns, USA). The PCR reaction was carried out in a 20 Jll 

reaction containing 4 Jll of terminator ready reaction mix, 5 pmol sequencing primer 

and 250 ng DNA template. Cycle parameters were: 25 cycles of 96°c 10 sec/50°c 5 
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sec and 60°c 4 min. The unincorporated dye tenninators were removed by OyeEx 2.0 

Spin Kit (QIAGEN, USA). The solution was dried in a vacuum centrifuge for 10-15 

min. The pellet was resuspended in 10 ~ Template Suppression Reagent (Perkin

Elmer) and loaded to the ABI PRISM sequencer. The nucleotide sequences obtained 

from the clones of interest were compared against online database of nucleotide 

sequences using BLAST N (Basic Local Alignment Search Tool) program. The 

sequences, which possess significant homology to those of opharin precursor and long 

chain neurotoxin genes, were further analyzed. Alignments of the sequences were 

made using CLUST AL X multiple alignment program. 

7. Expression and purification of fusion protein 

OH5a E.coli containing recombinant pGEX-2T expressIOn vector was 

inoculated into 2 rnl LB containing 100 WY'ml ampicillin and grown at 37°c overnight 

with 230 rpm shaking. On the next day, the culture was measured at 600 run to obtain 

an 00 of 1-2, then the culture was spun down and supernatant discarded . The pellet 

was resuspended with LB containing 100 WY'ml ampicillin and 100 1-11 of the 

suspension was added to each of 4 flasks of 10 rnl LB containing 100 WY'ml 

ampicillin. The culture was shaken at 37°c with 230 rpm until the 00 of 0.6-0.7 at 

600 run of the late log phase was obtained. One milliliter was removed from each 

flask, spun down, and supernatant aspirated . The pellet was then stored at -20°c as a 

zero time point sample. Then 0.05-2 mM ofIPTG was added to each of the 4 flasks at 

37°c with shaking for 4, 6 and 24 hrs. At each time point, 1 ml of each sample was 

taken to spin down and the pellet was kept at -20°c. The pellet was washed with PBS 

pH 8.0 and Iyzed by ultrasonicator (Ultrasonic Processor, Sonics, USA) for 30 sec 3 

times. After 14,000 rpm centrifugation at 4°c for 1 hr, the supernatant and pellet were 
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separately resuspended in lXSDS-PAGE sample buffer, heated for 5 min at 70°c and 

10 ~ was loaded on 12% SDS-PAGE. The gel was stained with Coomassie Blue to 

identify, with increasing intensity, the size range of the fusion proteins. 

8. Immunoblotting 

The proteins on SDS-P AGE were transferred to nitrocellulose membrane. The 

gel and membrane were sandwiched between sheets of transfer buffer-soaked thick 

filter papers and placed into Trans-Blot machine. The gel sandwich was transferred at 

250 rnA for 2.5 hrs. Two lanes of MW marker and sample were cut to stain with 

Coomassie Brilliant Blue for 30 min and destained with destaining solution until 

bands of marker were visualized. The rest of membrane was incubated in blocking 

buffer (5% w/v BSA in TBST 30 ml) at 37°c for 1 hr, washed 3 times with TBST 

buffer for 5 min each, and incubated overnight with 3% BSA plus Ophiophagus 

hannah antibody. On the next day, the membrane was washed 4 times with TBST 7 

min each and incubated in 1: 1000 dilutions in TBST of rabbit Anti-horse IgG 

Peroxidase Conjugate Antibody (Sigma, Missouri, USA) at room temperature for 1 

hr. The membrane was washed 4 time for 6 min each with TBST and soaked in 

substrate solution containing 4 ml of 4-chloro in methanol (1 tablet of 4-chloro, 10 ml 

methanol), 20 ml PBS, and 1 0 ~ 35% H20 2, the membrane was kept from light until 

the bands were developed. 

9. Protein purification 

Purification was performed using GSTrap FF prepacked 1 ml column (GE 

Healthcare, USA). The column was connected to the syringe and binding buffer pH 

7.3 was filled (140 mM NaCl, 2.7 mM KCI, 10 mM Na2HP04, 1.8 mM KH2P04) to 

6 



equilibrate the column. The expressed protein was applied and washed with binding 

buffer. Thrombin solution (I U/!J.l) was loaded onto the colunID. The top and the 

bottom were sealed with the plugs supplied. The column was incubated at RT for 4 hr. 

Then, the column was eluted with elution buffer. After protein concentration was 

measured at 280 run, protein was concentrated using Vivaspin 2 (Sartorius, USA). 

10. Neuromuscular blocking activity 

The purified protein was tested for neuromuscular blocking activity using 

Mouse Phrenic Nerve - Hemi-diaphragm Preparation. 
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Results 

~'i" illf--- 720 bp 

276 bp 

500 bp 

Fig 1. PCR products of opharin precursor (720 bp) and long chain neurotoxin (276 

bp) from Ophiophagus hannah. Lane 1: MW marker 100 bp ladder; Lane 2: long chain 

neurotoxin (276 bp) lane 3: opharin precursor (720 bp). 

pCR® 2.1 TOPO vector 3.9 kb ---Hi 

...-__ nObp276 bp 

Fig 2. pCR® 2.1 TOPO vector 3.9 kb cut with restriction enzyme EcoRl. Lane I: 

pCR® 2.1 TOPO vector 3.9 Kb and long chain neurotoxin 276 bp; lane 2: MW 

marker 100 bp ladder; lane 3: pCR® 2.1 TOPO vector 3.9 Kb and opharin precursor 

720 bp; lane 4 : MW marker 100 bp ladder. 
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Fig 3. Multiple sequence aligrunent of deduced amino acid sequences from the 

positive clones compared with opharin precursor (AY299475) and ophwlin 

(AYI81984). 

8 9 10 111 2 3 4 5 6 7 

..-.49KDa 

Fig 4. SDS-PAGE analysis of opharin precursor fusion protein 0.05 - I mM IPTG 

induction. Lane I: Kaleidoscope Prestained Standards; lane 2: non-insertion without 

IPTG induction; lane 3: non-IPTG induction; lane 4-7: pellet 3-4 hr at 0.05,0.1,0.5, I 

mM IPTG; lane 8-11: pellet 5-6 hr at 0.05,0.1,0.5, I mM IPTG. 
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-24KDa 

Fig 5. Protein purification using GSTrap FF prepacked 1 ml column. 1: Kaleidoscope 

Prestained Standards; lane 2-10: purified fractions. 
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Fig 6. Neuromuscular blocking activity on Mouse Phrenic Nerve - Hemi-diaphragm 

Preparation after adding purified protein. 
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Discussion 

Two deduced anuno acid sequences of opharin precursor from 4 positive 

clones were missing. Some of the sequences were not homology to opharin precursor 

and ophanin reported in NCBI GenBank (Fig 3). Nucleotide and deduced amino acid 

seq uences of opharin precursor from our study were submitted to the GenBank under 

the accession number FJ767755. The different of deduced amino acid sequence could 

lead to different structures, characteristics and properties of opharin precursor. 'The 

concentration of purified protein used to test neuromuscular blocking activity was 

0.35 mg/mI. The results showed that recombinant protein was not good at blocking of 

neuromuscular junction as compared to the purified fraction of snake venom. The 

reason IS previously mentioned as the different structure of recombinant opharin 

precursor obtained. In addition, heterologous ex-pression system for heterologous 

protein depends on the host cell. Bacteria expression system using E. coli is simple 

and fast. However, many studies report non-function product of eukaryotic cell using 

bacteria expression system. It is possible that it has no post translation modification 

compared with yeast or mammalian expression systems. Yeast expression system has 

been developed to improve folding but still less effective than mammalian expression 

system (Mujacic el a!., 1999; Peng el a!., 2003). There are reports that heterologous 

protein produced from mammalian expression system possesses the characteristic 

similar to natural components but the techniques are more expensive and time

consuming. Many studies (Yamazaki el a!., 2003; Yamazaki . et al., 2004, 

http://\\\\'\\ '.uniproto rglm:Uru0t/Q7ZT98) reported the function of opharin precursor 

as weakly blocks smooth muscle contraction elicited by high potassium-induced 

depolarization but do not block caffeine-stimulated contraction. Opharin precursor is 
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a member of Cysteine-rich secretory proteins (CRISPs) which widely distributed in 

snake venoms. CRISps inhibit smooth muscle contraction and and cyclic nucleotide

gated ion channels, the same as natrin from Naja atra, kaouthin from Naja kaouthia, 

and bucarin from B. candidus (lin et aI., 2003; Yamazaki et aI., 2003; Yamazaki et 

aI., 2004). Smooth muscle contraction study could be performed using Guinea pig 

ileum according to the method of Schweitz et ai, (I990). KCI solution was used to 

induce contraction of the isolated ileum 

In the first experiment on long chain neurotoxin, unexpected nucleotide 

sequences were observed at the step of insertion into pGEX-2T expression vector. 

This could be the result of incomplete cut of inserted long chain neurotoxin precursor 

from pCR® 2.1 TOPO vector with EcoRI. To solve this problem, restriction enzyme 

BamH1 and EcoRI were added to 5 ' end of primers. PCR was performed and the 

product was cut with these enzymes. Cloning of the PCR product into pGEX-2T 

expression vector is on going. 
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