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In an attempt to obtain biopolymer producing-bacteria, one hundred and two 

bacteria samples were isolated from various fermented foods in Thailand. Among these, 

a strain designated BA 13-0-1, isolated from fermented tofu at Bang-Sue, Bangkok 

province gave the highest biopolymer product. Suitable medium and conditions for 

bacterial growth at pH 7.5, 30°C with 200 rpm-shaking for 42 hours and adding 

monosodium glutamate at 10 hour of production time obtained polymer at 25.013 gi L. 

Characterization of biopolymer upon acid hydrolysis by TLC and HPLC indicated a 

homopolymer in nature consisted solely of glutamate. FT-IR chromatogram showed that 

characteristic band at 1638.10-3435.67 cm·
1 

for Y-PGA. SDS-PAGE revealed its 

respective high molecular weight biopolymer and net anionic charged . Taxonomic 

studies via its morphological, biochemical and 16S rONA characteristics indicated strain 

BA 13-0-1 is closed related to Bacillus amyloliquefaciens. 
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'U'Vl'Vl 1 

o 
'U'Vl'U1 

h/Ltl'Yitl~ L~tlf (biopolymer) ~~lrJ~,! 'Yitl~ L~tlf~'Yiul~i'J hn t.!~'!il1~ (;l Lfl ~'"l1 n n1~ 

L~tl~~tlnt.!"lltl'!~tl'JmjtlrJ Lorit.! ~lm~ m~tl~mt.! LL~~m~\j'J~~~n 411 L~rJ~I~I~t;1~ILLt.!n 

luLtl'Yitl~L~tlfl.~djt.! 6 n~~(;lI~L~N~h'!Yll'!L~ill~LLri n~~m~\j'J~~~n Lorit.! ~L~t.!Ltl LL~~ , , 

campestris L~ n oK LL Yl ~t.!'"l1 n Leuconostoc mesenteriodes LL tl ~ ~ L t.! (;l '"l1 n Pseudomonas 

aeruginosa L~tlf~LL~t.!'"lln Alcaligenes faecalis L'"l~LL~t.!'"lln Pseudomonas elodea 

t.!tln'"ll n~ Bacillus sp. CP912 ~'!ilnrJ'!It.!~I~I~I~t;1 i:J~ (;lluLtl'Yitl~ L~tlf"ll\j~'Yitl~ LL;nn ~1 hr;f 

L~Lt.!m~lru~,!~'JrJ (Jennifer LL~~ Quarmby, 1999) Lt.!n l~LLri ~~~LL~t.!'"lln 

Aureobasidium pullulans ~L~~tlhn~LL~t.!'"lln Scleroticum glutanicum (Grazer LL~~ 
" 

Nikaido, 1994) t.!tln'"ll n'Yitl~ LL;nn ~1 hr;f~'!ilLULtl'Yitl~ L~tlf"ll\j~~t.!l L-rlt.! 'Yitl~ L~tlf"ll\j~u (;lILe:! 

~~tln~LLtl~~ILt.!Ltl(;l (beta-hydroxyalkanoates) ~~I~I~t;1i:J~(;lL~'"lln Bacillus megaterium 

(Findlay LL~~ White, 1983) LL~~Bacillus licheniformis n~I~I~t;1i:J~(;l~I~(;ln(;l~ntlt.!1'JJll'Yi 
I I I II t 

(biofloccu lation) ;'1 Ltlt.!'Yitl~ L~tlfYl~1 ~ 'kJYl LLU ~Yl ~rJ~~I'!;t.!~~~~I'! n1n'"l1-'kJ LYltl nI ~~'J ~ n ~~ 

"lltl'!LLU~YlL1rJ (Shih LL~~~ru~, 2001) Lt.!if'"l'"lut.!'YiU~lilnl~~11uLtl'Yitl~L~tlfl.thh~rJn(;l1t.! , , 

~ (;l~I~m~~ ~1'!ltlth'! LL'Yii~~lrJ L ~tl'!'"l1 n ~~mi~tJtlrJ ~~1 rJ l~~rJ n ~~U'Jt.!n1~Yll'!1'JJll'Yi LL~ ~ 

hJil ~'Jl~ Ltlt.!Yi~~tl~'! LL 'J ~~tl~ 

m~'Yi tl ~tl ~ijL t.! ~tl lu Ltl 'Yitl ~ L~ tl f~ tJ ~~ n tlU ~ 'J rJ n ~ ~tl ~ijL t.! ~ n ~ 1 'J 1~ ~ 1 il ~ 'J 1 ~ 

~ ~lrJ ~~'! nu LtJ~~t.! L~rJ LtJ~~t.!i'! L~n ~~'"l1 n-iftl~ ~ut.!~ L~t.!Ltl L~rJ~1 m~tl~m t.!~1 L1m ~tl nt.! 
" 

"ll\j~ ~tl m~'Yitl~tl~m t.!;'!'YiU~1 m~'Yitl ~tl~m t.!hn -rlLtJ~~t.!LL~ ~il~ 1 ~u n ~~tl ~m t.!~hJ~1 L'Yi 1 ~ 

;'!m~u'Jt.!n1~i'! L~n~~Lfl ~'"l1 ntJljmm"lltl'! Ltlt.!L'l!~~lm~tl~m t.! L~ L~~~ L~m~1 L1m ~tlnt.! 



2 

, 
"'l'WLtI'W~'ltJtI1'J ~'J'tl£h'lL'll'W n~(;1LLm.J~'l~'tl~n~mi:in (y-poly-glutamic acid) ~1'tl PGA l1 

~'l~'lnmu1~ 'WL~'tln"lJ'tl'lm~'l~Yl'tl'l ~'W"lJ'tl'l"ll'l'J n11l'W "~11l LI1l:; (natto)" ~'l Ln (;1"'l'l nn'l~mr n 5'J 
'" q 

L~~'tl'lL(;1tJ Bacillus sp. (Kunioka LL'Cl:; Furusawa, 1997; Fuji, 1963) L(;1tJLrl~'l~~'l'l''ClJl'lrl''lJ'tl'l 

PGA "'l :;t;1'l'l"'l 'l n hh~'W 1 'Wu 199 7 1~iJ n 'l ~~ U n ~(;1~'tl ~'tl :;i:iL 'W"ll U (;1~'tl ~ LL'tl 'Cl1'Cl ~ 'W 

(L -polylysine) ~1'tl PL "'l'lnLL'tln ~L 'Wl1tJ~ 111 Streptomyces albubul ~'l LLtJ n 1~"'l'ln ~'W1 'W'l.h:;L'Vl1'l 

~~'W LrlN~~'l'l''ClJl'l rl"lJ'tl'l PL ~'tlm(;1'tl:;m'W1'Cl~'W~'tln'W~'JtJ~'Wn:;L'tl1~ c;l~:;~~'l'l~~ LL'tl'Cl'Yh rl'lf 

U'tln~'ClLL'Cl:;~,j'tl:;m'W (Kunioka LL'Cl:; Furusawa, 1997) .. 
m(;1 LLn~~'l~'tl ~ n 'Cl11l'li:i n ~'tl~ 'ltJ tJ'l'J "lJ'tl'l m(;1'tl:;i:iL 'W"llU(;1 L~tJ'J n'W~ ~'tl n'W~'J tJ~'Wn::; .. 

L'tl1~c;l (homo-polyamide) ~Ln(;1;'WI1l'l~fi~~~"ll'l~ L(;1tJ~'lnh::;n'tlu"llU(;1dLtI'Wlh:;,'ClU ~'lLn(;1 

"'l'l nWIJ'JtJ"lJ'tl'l m(;1'tl:;m 'W"llU(;1 ~n'ClI1l'li:i n LL'Cl ::;/~1'tl LL'tl'Cl n'ClI1l'li:i n L~'tl~ ~'tl n'W~:;~~'l'lmJ LL'tl'Clyh .. .. .. 

, " 
Bacillus anthracis (Shih LL'Cl::; Van, 2001) LL'Cl::;L~'tlL~'J1illnatsu LL'Cl::;rlru::; (2002) t1'l~'l~'lnl 

~ (;1 LLtJnLLU rll1 C~tJ~ ~'l~'lnH.J~ 111 PGA 1~"'l'l nm~'l nh:; LJl'Vl5'J~l1 n~iJ m'l~ L -n~-n'WLn~'tl~'l .. 
Birrer LL'Cl::;rlru::; (1994) ~U~'lLLUrll1L1-tJ~H1'Wm::;u'J'Wn'l~~l1nn~'l~'lHIe.J~11l PGA 1~ 

'W'tln"'l'lnd t1'l~'l~'l~(1~(;1LLtJn1~"'l'ln~'W~n~'JtJ (Xu LL'Cl:;rlru::; , 2005) 

m(;1 LLn~~'l~'tl~n'ClI1l'li:i n LtI'We.J~ I1lJl ruoyJ~ LLUrll1 ~tJ~i'l'tl'tl n~'l'W'tl nL8J!'Cl~ ~ e.J~ 11l1~"'l'l n .. 
" 

LLUrll1 ~tJ~n'Cl Bacillus ~'l~'l~mj'tltJ~'Cl'ltJL(;1tJ m::;u'J'Wn'l~'Vl'l'l~'JJl'l~'tl£h'l~~unu 'Cl:;'Cl'ltJ-W'l 
q .. 

1~ LL'Cl::;hliJ rl'J'l~ LtI'WYht~'tlh'l n'ltJ~'WMtJ PGA LtI'W~'tl~ L~'tlf~iJ~'J'Cl L~ L'Cln'Cl"lJ'W'l (;11 mu L(;1tJiJ 
q q '" 

" , 
-w'l~~n L~ L'Cln'Cli.h::;~'lru 100,000-1,000,000 (;1'l'Cl ~'W (Birrer LL'Cl:;rlru::; , 1994) Li1'tl'l"'l'l n~~~ 

q 

"lJ'tl'l PGA ~~'l~'l~(1'Cl:;'Cl'ltJ~'l1~ ti'tltJ~'Cl'ltJ1~(;1tJm:;u'J'Wn'l~'Vl'l'l;'JJl'l~ ~'l~'l~(1fuu~::;'Vl'l'W 

1~ LL'Cl:;hJiJ rl'J'l~ LtI'WViM~'tl~'WMtJLL'Cl:;~'l LL'J (;1~'tl~ ~'l,r'W~'liJ n'l~-W'l Lm PGA LL'Cl::;'tl'W~'Wfi"1J'tl'l 
q q 

PGA ~'l1-if1'W~I1l~'l~n~~~~'l'l1'tl~.h'ln,)'l'l"1J'J'l'l L'll'W ~11l~'l~n~~~'tl'l~'l~ ~11l~'l~n~~~ 

Lrli'tl'l~'l'tl'l'l 'tl11l~'l~m~~tI1 LL'Cl::;m::;U'J'Wn'l~t'hu (;1~'l L~tJ L(;1tJ-W'l~'lu~:;tJn 11l1-if LtI'W ~'ln~~ 
q q 

" rl'J'l~-n'W (thickener) ~'l~~(;1rl'J'l~~'W (humectants) ~'J-W'l~'ltl1 (drug carrier) ~'l~rl'JU'"l~n'l~ 
r " 

U'Cl(;1U~'tltJ~'Vlfitl1 (sustained release materials) ~'l~~(;1siu-w'l (highly water absorbable) 

LL'Cl:; L~'W1tJti'tltJ~'Cl'ltJL(;1tJfi~~~"ll'l~ (biodegradable fibers) (Shih LL'Cl:; Van, 2001) 

"'l'ln'l'l'W,;)r.ttJl?1'l'l1~U~'l Bacillus sp. 1'W~'ClltJ1~'ltJ~'Wf ~'l~1~(1e.J~11l PGA ~'lLtI'W~'l~ 
I I II tI 

l1iJ rl'J'l~~i1(;1'tl'tln~'l'W'tl n L8J!'Cl~ 1 'Will~'l rul1 l?1'l'l now L(;1tJ;'W'tlti nu~ 'l ~m~'l nb'Cl ::;Jl'l'J:;1 'Wn'ln~tJ'l .. 

" ' 
~'l~'l~(1 e.J~ 11l1UL'tl~'el~ L~'tlf"llU(;1~'tl~ L~u1 'Vl c;l ~'J~V1'l ~ nM'l'tl'l ~u~::;n'tlu"lJ'tl'lm~'lm'Cl:;Jl'l'J::;l1 
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L'\.UJ'l::~~ ~'fln1J'e.J~ In ~ n'jj'ru::~~lJ~"1J'fl'l1lJL'fl"r~'fl~ L~'flf L~'fl-W1 hJ~ OO-Jkl1n1J'e.J~ InL 'WJ'::~lJ 
'fl1n~1'I,mJ'J'~~'flhj • 

" '" J',)~'r1'1 ~n'jj'1~n'jj'ru::~~~ LL~::':3 Lf01J'1 ::oJ'fl'l ~,jJ'::n'fllJ LtJ'fl'l ~'W"1J'fl'l1lJ L'fl'Vi'fl~ L~'flfV1 e.J~ In 1~ 

l:. 0 ... 

"lIU(;l'!lUn1'i(;l1L UU.:J1U 

1. LnlJ l'l,)'flth'l LL~::~ ~ LLfJ nLLlJ f01V1 iSfJ~rJ,jJ'::~'VtfiJl1'ViL 'Wn1J'e.J~ j;] 1lJ L'fl'Vi'fl~ L~'flf 

2. ~ n'jj'1 n1n"'l~ru LL~::n1 J'e.J~ In 1lJ L'fl'Vi'fl~ L~'flfl 'W'fl1~1n~~') rh~'W~~ 1nJ' 
~ ~ 

" ", 
3. ~ n'jj'1'fl'l ~,jJ'::n'fllJ"1J'fl'l'fl1~1n~fJ'I L~'flV1 L~~1::~~ ~'fln1J'e.J~ In 1lJ L'fl'Vi'fl~ L~'flf 

4. ~n'jj'1Jl1,)::~ m~1::~~ ~'fl n1 J'e.J~ In 1lJ L'fl'Vi'fl~ L~'flf 

5. n1J'e.J~1n ~n~LLfJn LL~::.yhL~lJ~~'Vlt . 
6. n1 J'~n'jj'1'fl'l ~,jJ'::n'fllJ LL~:: Lf01N ~h'l"1J'fl'l1lJ L 'fl'Vi'fl~ L~'flf~ e.J ~ j;] 1~ 

7. ~1 LL 'Wn~ n~"1J'fl'l LLlJ f01V1 iSfJ~ ~ ~ LLfJ n 1~'Vl1'1'fl'WnJ'~':3fi1'W • • 

_I'i' .... , "I"'" 1.J-a:: b!l"liU'VI Fl1 (;l11~~ b(;l'itl 

1~ LLlJ f01V1 iSfJ~rJ,jJ'::~'VlfiJl1'Vi L 'Wn1 J'e.J~ In 1lJ L'fl'Vi'fl~ L~'flfLL~::'Vl J'1lJ'fl'l ~,jJ'::n'fllJ"1J'fl'l'fl1~1 J' 
" , , 

J',)~'r1'1Jl1')::V1 L ~~1::~~L 'Wn1J'e.J ~ In 1lJ L 'fl'Vi'fl~ L~'flf LL~::'Vl J'1lJ ~ n'jj'ru::~ ~~"1J'fl'l1lJ L 'fl'Vi'fl~ L~'flfV1 

e.J~ In 1~ ;'1"'l::Ltl'W-if'fl~~ L~'flL-n~ OO-J'W1L 'WJ'::~lJ'fl 1n~1~nJ'J'~ ~'fl1,j 
~ . 



11..1 L'eI'W'eli LJJ'eli (Biopolymer) 

.... 
'U'VI'VI 2 

11Jt'tlYi'tl~L~'tlf (biopolymer) ~~1tJ~~ Yi'tl~L~'tlf~Yi1J1~,r'JhJ1'W~~n,';j~ Liil?l'"l1nm~ 
, '" '" 

L~'tl~lJl'tln'W~'tl~w\ .. hmj'tltJ L-rl'W -W1~1~ n~I?l'tl:::ilt'W LL~:::ml?li'l'J~~~n ~11 n'W tl?ltJ~1~1~bl 

~1LL'Wn11Jt'tlYi'tl~L~'tlf1.~LtI'W 6 n~~~1~t~N~~1~'V11~L~n 1~LLri n~~n~I?li'l'J~~~n L-rl'W ~L~'WL'tl , , 

Xanthomanas 
. ... 

campestns Ll?ln'1lLL'V1~'W'"l1n Leuconostoc mesenteriodes LL'tl~~L'W~'"l1n 

Pseudomonas aeruginosa L ~ 'tl f I?l LL ~ 'W '"l1 n Alcaligenes faecalis L '"l ~ LL ~ 'W '"l1 n 

Pseudomonas elodea 'W'tln'"l1ne ~~n~1tJ~1'W~1 Bacillus sp. CP912 ~1~1~bl!:J~~11Jt'tlYi'tl~ 

L~'tlfni'lI?lYi'tl~LL;nn~1hI?l1~'Wm~1ru~~~'JtJ (Jennifer LL~::: Quarmby, 1999) 1'W~11~LLri ~~\j 

LL~'W'"l1n Aureobasidium pullulans ~L~~'tlt~n~LL~'W'"l1n Scleroticum glutanicum (Grazer 
'" 

LL~::: Nikaido, 1994) 'W'tln'"l1nYi'tl~LL;nn~1h~~~n11Jt'tlYi'tl~L~'tlf'1li'lI?l~'W1 L-rl'W Yi'tl~L~'tlf'1li'l1?l 

iJ ~ 11l! I?l ~'tl n, LL'tl ~ ~1 t'WL'tl ~ (beta-hydroxyalkanoates) 

megaterium (Findlay LL~::: White, 1983) LL~::: Bacillus licheniformis n~1~1~bl!:J~~~1~ 
ell 4 Cl~.J 0 cv.J Q ..r::::.I i.I X I 

~n ~:::n'tl'W'1I'J1l1Yi (bioflocculation) '11~ LtI'WYi'tl ~ L~'tl~'V1~1 ~ q)'V1 LL1J ~'V1 L~tJ~ n~"1J'W~:::~'J1~ m ~ 

L'"l1''1J L~'tlm~~'J~n~~~'tl~LL1J~YlL~tJ (Shih LL~:::~ru:::, 2001) 1'Wif'"l,,11'WYi1J~1nm~-w111Jt'tlYi'tl~ 

L~'tlfhhh:::~ n ~1 'W'rJ ~~1~m~~ 1J11~1 'tlth~ LLYii~~1tJ Lti'tl~'"l1 n~~~~1lJ LtI'WyhtlJl'tl~~MU 

~1~1~bltJ'tltJ~~1tJ1~l?ltJm:::1J'J'Wm ~'V11~''J1l1Yi LL~ :::1lJn ~'J1~ LtI'WViMlJl'tl~~ LL'J I?l~'tl~ 

'W'eliL'eI'1.JJ,;1 (Polyamide) 

Yi'tl~ L'tl1~ ~ ~~1tJ ~~ n'Ci~~'tl~~1nh:::n'tl1JYi'tl~ L~'tl~~ L~'tl~ 1Jl'tl t~ L~ n~tJ'tltJ ~'JtJ~'WD::: , , 

L'tl1~~ Yi'tl~L'tl1~~u~:::n'tl1J~'JtJ 2 n~~1~'1l1~LLri n~~mI?lYi'tl~'tl:::m'W~~u~:::n'tl1J~'JtJm,htJtJ'tltJ 

~'tl~ n ~I?l'tl:::ilt 'WL Vi tJ~'1Ii'l1?l L~tJ 'J LL~:::n ~~ tu ~~'W~~u ~:::n'tl1J ~'J tJ~'ll'J tJ tJ 'tl tJ~'tl~ n ~I?l'tl :::ilt 'W ~ • 
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'hJ~~'l.l1'l.l~1'l.l~'l.l11~LLri 1) hh~'l.ltJ~:;n'el1J~'Jum(;1'e):;ijt'l.l~V1~1n"vl~1U1'l.l"lJru:;~m(;1Yi'e)~ 

'e):;m 'l.ltJ~:;n'e)1J ~'JU m(;1'e):;m 'l.lL~U~"JjU(;1 L~U'J Lvi 1,!'l.l 2) ttJ~~'l.l~~ L~n:;V1L(;1U (?lN~1 n ~ L~'l.lL'e) 

t(;1U~1'l.ln~:;1J'J'l.ln1~~..:IL~n:;V1LtJ~~'l.l ~'e) ~..:IL~n:;V1L(;1U~1'l.ln1nl'e)(;1~,.r~LL~:;LLtJ~~,.r~~'l.lDn~nJ • 

LLl'ln~(;1Yi'e)~'e):;m'l.lLn(;1~1n n1~~..:1 L~~1:;V1L(;1Un1m~:;~'l.l"lJ'e)..:I n'CllJ L'e)'l.l1"Jj~ -w.1m(;1'e):;m 'l.llJ1 ~m • • 
~ ~ 

I'l'e)n'l.l ~~vh 1 ~~1~fi1Jfi~m:;1J'J'l.ln1~t:l'e)(;1~,.r~~'l.lDm~lJ L"lI'l.l ~~'e)LL~lJ~U~'e)~ hj~..:I ~~fi1Jfi..:ll'l'e) • 

"lJ'l.l1 (;1~ LL(?lnI'l1..:1 n'l.l hj~1lJ1~t:ln1V1'l.l(;1"lJ'l.l1 (;11~ 4) ~'l.lD:;L'e)1lJ (;11 'l.lttJ~~'l.lLn (;1~1 nn1~L~'e)lJ I'l'e) 

~:;V1~1~V1~ LL'e)~~1'e):;m 'l.lLL~:;V1~ LLnlJlJ1 ~1f1J'e) n:] ~ Ln (;1 Lil'l.l~'l.lD:;LL 'e)~~1 L'e) 1lJ ~ LLI'l~'l.lD:; L'e) 1lJ ~ 
~ ~ 

1 'l.ln ~(;1Yi'e)~'e):;m 'l.lLn (;1~ 1 n n1 ~L~'e)lJ I'l'e) ~'J U ~1 LL V1oJ~~'l.l1"lJ'e)~V1~'e):;m 'l.lLL~:;V1~ m f1J'e) n:] ~ L"lI'l.l 

V1~n(?l1 (~) LL~:;LLnlJlJ1 (Y) ~1f1J'e)n:]~LL~:;V1~L'e)~:]~'e)'l.l (E) 'e):;m'l.l (Shi LL~:;~ru:;, 2007) 

m(;1Yi'e)~'e):;m'l.l~Yi1J1'l.lD~~lJ"Jj1~~ 3 "JjU(;11~LLri m(;1LLnlJlJ1Yi'e)~n~(?l1ijn (Y-PGA) L'e)~ 

:]~'e)'l.lYi'e)~1~~'l.l (E-Iysine) LL~:;1"Jjmt'l.l1~:]'l.l (cyanophycin) t(;1utm~~h..:l"lJ'e)~m(;1Yi'e)~'e):;m'l.l 
~ , 

-.1..:1 3 "JjU(;1LL~(;1..:1~~1'l.l~tJYi 2.1 
~ 

ltJ~ 2.1 t~N~~1..:1"IJ'e)~m(;1Yi'e)~'e):;m'l.lvr..:l 3 "JjU(;11~LLri m(;1LLnlJlJ1Yi'e)~n~(?l1ijn (Y-PGA) L'e)~:] 

~'e)'l.lYi'e)~1~~'l.l (E-Iysine) LL~:;1"Jjm1~en'l.l (cyanophycin) (~(;1LLtJ~~~1n Shi LL~:;~ru:;, 2007) 
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":::'.Q Q. ~ I I .QQ..c:tI 

m~ LLm.J~1'Yi'tl~ n~ "11~ n (y-PGA) Ln ~1il1 n n1~b'Jj'tl~ [;]m::VI,)1,:m~~n~ [;]1~ n"ll'\.J~~LL~:: 

LL'tl~ 'i:~tI~'\.Jfi::L'tl1~ r;)~::VI~1':lVI~ LL'tl~yJ1'tl::m '\.JLb~::mJ I"11flJ'tln~~ (Chibnall bb~::f'I ru::, 1958) 
'IJ 'IJ 

L'tlyJ~~'tl'\.J'Yi'tl~1~on'\.J (E-Iysine) Ln ~1il1 nVl'l,hmj'tltl'lJ'tl~1~on'\.Jb~'tl~ I?i'tl n'\.J~::VI~1~VI~ LL'tl~yJ1 f'l1 f 

lJ'tln~~LL~::VI~b'tlyJ~~'tl'\.J'tl::m'\.J'lJ'tl~1~on'\.J (Shima Lb~:: Sakai, 1981) ~,)'\.Jn~~'Yi'tl~'tl::m'\.J'JjU~ 
'IJ 

1"l!tI1 'i: '\.J1 yJ~'\.J;1 m1~ LL[;]n 1?i1~1il1 n m~'Yi'tl~'tl::m '\.J~~~'tl~'Jju~~1~n ~1,)~11 '\.J.;] 1~ ~'\.J Lti'tl~1il1 n 

1"l!tI1 'i:'\.J1yJ~'\.JLn ~1il1nVl~ LL'tl~yJ1LL'tl~'Yi1f~n LL~::'tl1f.li1'\.Jb~'tl~ 1?i'tl~')tlVI~iJ[;]1 f'l1flJ'tln~~ (Simon 
'IJ 'IJ 

LL~:: Weathers, 1976) 

L'tlyJ~~'tl'\.J1~'Yi'tl~on'\.J (E-Iysine) Ltl'\.Jm~ 'i:e1'i:~'Yi'tl~'tl::m '\.J~;1~'\.Jfi::L 'Yiu1 'Vl r;)~::VI~1~VI~ 
, " 

Lb'tl~yJ1 f'l1flJ'tl n~ ~ LL~ ::VI~ L'tlyJ~~'tl'\.J'tldl'i: '\.J'lJ'tl~ 1~on'\.J~~ LL~ ~'l1 '\.J~UYl 2.1 'YilJ Ltl'\.Jf'lf~ bbm 'i:~tI 
'IJ 'IJ 

, " " 
Shima LL~:: Sakia (1977) ;~Ltl'\.J~1~U~::n'tllJ1'\.J'tl1V11n~mL;'tl Streptomyces albulus 346 

LL~ ::1il1 n n1 ~Yh~Iil'\.J1f'1 N ~ ~1~ n'Yi lJ~ 1 ~ 1 ~~~ n ~ 1 ') U ~::n'tllJ ~') tlVI'W') mJ'tl tI'lJ'tl~ n ~~'tl::m '\.JLL 'tl ~ 1~ on'\.J 
'IJ 

, " 
L'tlyJ; ~'tl'\.J 'Yi'tl~1~ on'\.JYl e.J ~ [;]1il1 n L;'tl1?i1~ ~1t1 ~'\.Jfinlil::;1 f'I,)1~ tl1,)'lJ'tl~~1t1'Yi'tl ~ L~'tl f1?i1~ n'\.JhJ , 

" " 
1-if L~'tl Ltl'\.Jtl1U~on')'\.J:: L lj'tl~1il1 n L'tlyJ~ ~'tl'\.J'Yi'tl~1~on'\.J;1 f'I,)1~~1 ~ 1 n11 '\.Jn1 ~~lJ~~'~'\.J'Vl1t11~ 

VI~1t1n~~ L"lI'\.J ~1 1~LLri Aspergillus niger IF04416 Trichophyton mentagrophytes 

IF07522 ~~r;l1~LLri Candida acutus IF01912 Phaffia rhodozyma IF010129 Pichia 

anomala IF00146 Pichia membranaefaciens IF00577 Rhodotorula lactase IF01423 

Sporobolomyces roseus IF01037 Sacchromyces cerevisiae Zygosaccharomyces rouxii 

IFO 11301 LLlJf'lYl~mLn~~lJ')n 1~LLri Geobacillus stearothermophilus IF012550 Bacillus 

coagulans IF012583 Bacillus subtilis IAM1069 Ltl'\.J~'\.J LL~::LLlJf'lYl~mLm~~lJ 1~LLri 

Raoultella planticola IF03317 Campylobacter jejuni Escherichia coli IF013500 Ltl'\.J~'\.J 

~~~~;1 n1 ~tJ11uu~::tI n [;]1-if1 '\.J'tl [;] ~1 VI m~~'tl1V11 ~ 'i:~ tI H Ltl'\.J~ 1 ~(l'\.J'tl~'tl1V11 ~~~ ~ 1~ 1 ~(l1-if1 '\.J , , 

m~ 1 rutJ'tltl LL~ ::1~v'h 1 ~~~'Jj1 ~'tl1V11 n~tl1u ~')tI '\.J'tl nlil1 n e~~;1 n1 ~-W1 b 'tlyJ; ~'tl'\.J'Yi'tl ~1~on'\.J1 U 

i~ Lf'I~1::Vl1e1'i:~nlil ~ 'i:~tI L~'tl~ b'tlyJ; ~'tl'\.J'Yi'tl~1~on'\.JnlJ'Yi'tl~ bb en n f'l1 hr;)L ~'tl-W 11u1-if1 '\.J'tl [;]~1V1 m~~ , 
.... " . Lm~t[;]nL~::n1~bb'Yi'Vltl'tln~')tI (Shl bb~::f'lru::, 2007) 

1'Jjtl1'i:'\.J1yJ~'\.J Vl1'tl1"l!tl1'i:'\.J1yJ;'\.JbLm'\.J~'Yi'tl~L'Yiu1'Vlr;) (CGP) (ln~'\.J'YilJL~'tl 1 00 n~1tJ 
'IJ 'IJ 

u~::n'tllJ ~')tI'tl1f.li1'\.JLb~::m~ LL'tl~'Yi1f~n 1 '\.Jm~1 ru~ LVI1 nwr ~ L1t1~ Lil'\.J~1t1V1~ n'lJ'tl~ LL'tl~'Yi1f 

L'Vl [;] 1 '\.J'lJ ru::~;1'tl1f.li1'\.JLn1::~VI~iJ [;]1 f'l1flJ'tl n~~lJ'\.J'Vl n ~1 LLVI'W'l'lJ'tl~ n ~~ Lb'tl~'Yi1f~n 'lJ'\.J1 ~ 
'IJ , 
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~ ~ 

L~L'Cln'Cl"lJ!l\l~!l~L~!lf"1!Ue;)v.~rl'J'nJ~'Cl1mH'l1t1~,m~ 25,000 ~\l 1 00,000 e;)1'Cl~klLe;)t1m1~ • 

LL(;ln~1\lJ':;~~1\l Y-PGA LL'Cl:;L!l~=i'Cl!lkl~!l~1'Cl;kl nu 1"1!tI1Lkl1~=ikl ~!l1"1!t11Lkl1~=iklLijkl~!l~ 

L~!lf~e.J~(;ltOj1n1"1!tI1LklLLUrl~ ~mL~'J LnuHIl1t1LklL'll'Cl; L kl"lJru:;~ Y-PGA LL'Cl:;L!l~=i'Cl!lkl~!l~ 

1'Cl;klLijkl~!l~ L~!lf~t1mJ~!ltl!l!ln~1kl!lm'll'Cl; (Simon , 1987) Lti!l\ltOj1 n~~u"i"lJ!l\l1'lltl1L kl1 ~=ikl 
" 

1~=iklhhh:;~n(;l1-nkl~(;l~1~nJ'J'~~1\l1 rl~1t1numnh:;~n(;l1-if Y-PGA L-rlkl ~(;l~1~mJ'~t11 

!l (;l ~ 1~ n J'J'~ Lrl1-!l\l ~ 1!l1\l !l (;l~ 1 ~ n J'J'~ ~\l LL'J e;) ~!l ~ LL'Cl:;!l (;l~ 1 ~ n n~ n 1 J' Lm~t(;l J' LijwJlkl • • • 
(Schwam born, 1998) 

n'ii'';II.LmJ~1~'!Iin~j;l1ijn (Poly - y - glutamic acid 'VI'i'!l PGA) 

me;) LLn~~1~!l~ n'Cl (;l1i1 n ~!l ~1t1t11'J"lJ!l\l me;)!l:;i1L kl"1!Ue;) L~t1'J nkl~~!l nW~l'JtI~klfi:; 
" 

L!l1~ ~ (homo-polyamide) ~ Lne;)~kl(;l1~fiJ'J'~"1!1 ~ Le;)t11uL!l~!l~ L~!lf"1!Ue;)~~~~~ Lijkl1.h:;,'ClU 

~\l Ln e;)tOj1 n~ti'JtI"lJ!l\l nJ'e;)!l:;m kl"1!Ue;) ~n'Cl (;l1i1 n LL'Cl:;/~1!l LL!l'Cl n'Cl (;l1i1 n L~!l~~!l nklJ':;~~1\lmJ 
" " " 

" 
!l:;m kl kl!l ntOj1 nv.L klmJ'(;lJ''JtOj e.J'ClUkl~ L~ n L VlJ' L m;~UklL 'll L~t1~ Le;) Le;);'Cl~!l~!l:;rl1'Cl11~ ~L tOj 'Cl"1!Ue;) 

LL~kl (SDS-PAGE) n~1\ltOj1 n hh~klLti!l\ltOj1 nmJ'm'JtOj e.J'Cl PGA L-if L~fi~klU'ClL kl"lJ ru:;~hh~klL-if 
" 

tilf 
(""., ) 

o 0 

me;)LLn~~1~!l~n'Cl(;l1i1n 
" 
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(natto) ~'1 Lilt.l5') LVI~'el'lVl,r n"lJ'el'l ~~t.l b~rJ Lilt.l~1~t:J~~~~VI~1'1m'~~'el~n~ 1'l1iJn LL~~·I·H'n LL'Vlt.l~ 

~1~1~()t:J~l'lb~rJ Bacillus natto Sawamura (Sawamura , 1913; Fuji, 1963) ~1nn1~~m~t1 
... .. 

"lJ'el'l Bovarnick (1942) LL~~'11~L~t.l~11t.ln1~VI,rnb~rJ1-D'n~1L~'el'lJ1-~'Vlfi"lJ'el'l Bacillus subtilis , 
~ ~ ~ ~ 

~~~1~1~mJ~'elrJ m'~LLn~~1~'el~n~ 1'l1iJ n'el'el n~11~'elt.h'l~M~1 t.lU1 L~rJ'I L~'el LL~~t.l'eln~1 niJ~'1 
OJ 

'el'eln~1t.l'elm'l!~; (Cheng LL~~l"lru~, 1989; Goto LL~~ Kunioka, 1992; Hara LL~~l"lru~ , 

1982a,b; Housewright, 1962; Kubota LL~~l"lru~ , 1993a,b; Murao, 1969; Thorne LL~~l"lru~ , 

1954; Troy, 1973) t.l'eln~1ne~'1~~'1~~D'!jI'l'llil~~t.l~~1~1~()t:J~I'lm'~LLn~~1~'el~n~1'l1iJn1~~n 
OJ 

!.o ~!.o , " ,"" 'i' ... 
~,)rJ L~LLn Natronococcus occultus (Niemetz LL~~l"lru~ , 1997) LL~~ bt.ln~~t.l~11.'Vl~ I"l'el , 

1el~~1 (Weber, 1990) ~'lJ~1~'el~L~'elf"lJ'el'l m'~n~1'l1iJn~'lJ'eltJn'lJm'~b~~n (McGuire LL~~ 
OJ OJ 

Coward, 1984) LL~~1 t.lbI"lN~~1'1"lJ'el'l hh~t.l'l!il~'Vl'lJ~t.l (Edde LL~~l"lru~, 1990) 
OJ OJ 

, 
I I i.I I .::::51 0 

~ I'l ~ 1V1 n ~~~ 1'l1'11 'el rJ 1'1 n') 1'1"lJ,) 1'1 L'llt.l ~ I'l ~ 1 VI n ~~~ 'el1V1 1 ~ ~ I'l ~ 1 VI n ~~~ LI"l ~'el'l ~ 1'el1 'I 
... , 

'el1'l~1V1 n~~~rJ1 LL~~m'~'lJ,)t.ln1~lhU ~U1 L~rJ b~mJ,1~11.h~rJ n I'lL-D' Lilt.l ~1nYi~ 1"l,)1~-ift.l , q 

... 
(thickener) ~1~~~1"l,)1~~t.l (humectants) ~,)U1~1rJ1 (drug carrier) ~1~1"l,)'lJI"l~n1~ , .. ... 
U~~U~'elrJ~'Vlfim (sustained release materials) ~1~~~i'lJU1 (highly water absorbable) 

L~t.l1rJtJ'elrJ~~1rJb~rJfi~~~'ll1~ (biodegradable fibers) LL~~~')~~i'lJb~VI~VI,rn (heavy metal 

absorber) (Shih LL~~ Van, 2001) 

Ln ~~ 1 n n 1 ~(?\'el n t.l"lJ 'el'l n ~ 1'l1 L~ I'l ~ ') rJ~ t.l fi~ LLn ~ ~ 1 L'el1~ r;lL VI ij'el t.l n'lJ bU ~~t.l LL~ ~t.l'el n~ 1 n e 
OJ 

% .... ~ ,J' ., ~ 'i' 'i' "" !.o ~ 
m'~'lJ,)t.ln1~'Ci'lLl"ln~Vln b~"lJt.ln'lJ L~b'lJ 1.'ll~'eln~,)rJ ~1nn1~l"Im~t1"lJ'el'l Vietri LL~~l"lru~ (1995) 

~'lJ~1 ~t.l~ L~m;r'el'l n'lJn1~i'l LI"l~1~,x PGA 1 t.l B. anthracis Lilt.l~t.l~~"lJt.l1 ~ 1 VlnJ~'1'eltJ'lJt.l 
., OJ 
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'VH~1~n{;1 ~'1~UU~'1U~~n11~m~n~'JtJ11tJ'I1U"lltl'l Green LL~:::Fltu::: (1985) LL~::: Uchida LL~::: 
Fltu::: (1985) ~'1'YiU(;hUU~L~tJ'J;rtl'lriUn11~'1 LFln:::i PGA 'l.u B . anthracis tlUUU'Yi~1~n{;1 

" 
pX02 ~n~'JtJ LLvl'l.untJ'I1U"lltl'l Onodera LL~::;Fltu::; (1994) niU'YiU~1'l.u B. subtilis TAM-4 

"IItl'l Nagai LL~:::Fltu::: (1997) ~'1n~1'J~1UU~L~tJ'J;rtl'lriUn11~~(;I Y-PGA hI1~tl~UU'Yi~1~n{;1 

LLvl~::;tluuu~t un n ~ L~ULtl"lltl'l B . subtilis (natto) ~'1 vl1'1~1 m1tJ'11U"IItl'l Hara LL~::: Ueda 
" 

(1982) LL~::; Hara LL~:::Fltu::: (1982a,b) ~'1'YiU~1UU~L~tJ'J;rtl'lriUn11~'1LFl11:::in1{;1LLmJlJ1 

'Yitl~n~(;I1nn'l.u B. subtilis (natto) Utln~1n~:::tl~UU 'Yi~1~n{;1LL~'J6'1ih1n!luu~tunn~L~ULtl 

~1m1tJ'I1U"IItl'l Ashiuchi LL~::;Fltu::; (1998) 'l.Un11~m~nUU~FI'JuFllJn11~'1LFl11:::im{;1 , 

LLnlJlJ1'Yitl~n~(;I1nnt{;1tJn11tFl~u~tunn~L~ULtl "IItl'l B . subtilis IFO 3336 'l.'Zl'l.u Esherichia 
" 

coli 

synthetic system ~1tl PGS system) 1~LLri pgsB, pgsC LL~::; pgsA ~'1UU pgsBCA iJFl'J1lJ 
, ~ 

L~ijtlUriuuu capB capC capA LL~::: capE "IItl'l B. anthracis ;'1iJ1i~"IItl'ln1{;1tl::;mU~'1~lJ{;1 

47 ~oJ'JtJ~~1LtlU~1~fun11~~(;I PGA (Candela LL~:::Fltu::; , 2005) (lU~ 2.3) ~'1uU pgsBCA 

'l.u B. subtilis LL~::: B. licheniformis 'Zl'l~~'l.~ PGA ~~11'1~UU~tltJtltlnlJ1UtlnL'lI~i'l.u"lltu::;~ 
uu capBCA 'l.u B. anthracis djuuu~FI'JUf'JlJ Ltlu1'l1~~L~tJ'J;rtl'lriUn11~'1LFln::;iL~tl~lJ L'lI~~ 

~iJ FI'J1lJ~ 1 ~ t\I'l. Un11~11'1 LLFlU, ~~U1:::ntlU ~'JtJ n 1{;1 LLn lJlJ1'Yitl~ n ~ (;11 n n'llU{;1 LL tl~ (Makino 

LL~::;Fltu::;, 1989) ~'1LL~{;1'1'l.ulu~ 2.4 (Urushibata LL~::;Fltu::;, 2002; Candela LL~::;Fltu:::, 2005) 
~ 

utln~1nll'l.un11~~(;1 Y-PGA 

B. anthracu 

B. subtilis 
B. lichmiformis iiP8' .. B ......... ppA_A .. pp£~.:::::::pgs==s~ 

, , , 
• I"'" "'" "'" "'" " '1. -luVl 2.3 tJUVlLnm"lltl'l um:::U'JUn11~~(;I Y-PGA "IItl'l Bacillus anthracis Bacillus subtilis 

LL~::: Bacillus licheniformis (~{;1LLU~'1~1n Thomas LL~::: Fouet, 2006) 
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, ))J)J J III ) ) 
: ,) m'~UmJ).J1Vi!l~n~[;l1nn 

if I I hf.kWI I 
i 

(n) 

1tl~ 2.4 LLUU~1~tl-l'Dtl,m11i-lLf'111~i PGA t"'Uttl1~'W~L~U'lnUn11i-lLf'111~iL~tl"hJL"1I~~ " . 
" t",uijn~IWlL~(;lLL~~ ATP LtI'Wt'l11~-l~'W (~"'LLtl~-l'"l1n Thomas LL~~ Fouet, 2006) 

" 
(n) PGA ~t'l~1-l~'WLn1~nUL'YitlVit",'ln~LLf'1'Wn~1mtl'WLLf'1tl1~t"'m.h'W CapO ~-lLn"'~'W 

L'Wn11i-lLf'111~i PGA 'Dtl-l B. anthracis 1!I1tl S. epidermidis 

..i.,x tl' ....... X" % .. 
('D) PGA ."t'l11-l'D'WLL~~ ~tlutltln'Wtlm"1l~~ "1I-lLn"''D'W ~'Wn11'Ci-lLf'111~1!I PGA 'Dtl-l B. 

subtilis LLfl~ B. licheniformis 

, 
'"I1nn11~mi1'Dtl-l Hara LL~~f'1tlJ~ (1986) 'YiU':I1U'W pUH1 LLfl~ PLS11 ;-ltl~U'W'Yi 

fl1t'ln '" t"'U'"l~L~U'l;rtl-l nUn11f'1'lUI'J~ n11Vi1-l1'W'tltl-l Ltl'W'l"1l~ Y-glutamyltranspeptidase ~-l 

L~m;rtl-lnUn11~-l1!l~tl:;m'WL~nu a-Ketoglutaric acid L'Wm:;U'l'Wn11i-lLf'111:;i PGA 'tltl-l 
" 

Bacillus sp. t",uU'W~-ln~1'l'tltl-l Bacillus sp. ~LLUn'l~'"I1n5'l L1l1'YiU~1ijfl'l1~ fI~1unuu'W~ 
L~m;rtl-lnUn11t'l~1-l PGA ~'YiUL'W B. subtilis (natto) ~-lL'll'WL~mnu Kambourova LL~:;fltlJ~ 

(2001) ~f1'W'YiU~1Ltl'W'l"1l~ Y-glutamyltranspeptidase ijCJ~m:;~'WlJltln11CJ~(;l PGA'Dtl-l 

.. ~ 1.1 alAi .: J' I .... '1 I 

B. licheniformis "1I-ln11CJ~(;l'"l:;tlnf'1'lUf'1~"''lUn~(;l1L~(;l'''~L'Wm1!l11L~U-lL"1Itl LL(;ln~U ~~'YiU 
" . " 

Ltl'W'l"1l~dL'W B. subtilis S317 
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polyglutamamyl synthetase complex ~b~'fl~~b"ll~~"lJ'fl-.:j B. /icheniformis 9945A m':;~'Wn'l~ 

bn (;l n'l n,j~ tI'Wbb,j ~-.:j LFlN ~ ~1-.:j LL~:;n'l ~~'fl~1t1 tI1'J"lJ'fl-.:j'Yi'fl ~ b~'flfi:(;ltlm!'itl m'(;l LL'fl~ n~ (;11il n LU'W 

" I '" I 

~1~~-.:j~'W1'Wn'l~i:-J~(;1 Y-PGA ~-.:jm':;iJ'J'Wn'l~Yh~1'W"lJ'fl-.:jL'fl'W1"ll,r~~'fl-.:jn'l~ ATP LL~:; Mg2+ (l,jVl 

" "" I " 

2.5) L(;ltl;Ji'W(;1'fl'W~-.:j~ i'WVl1 L~L~n~ ATP "'l:;m':;~'WLL'fl~n~(;11L~(;1 "'llmr'W AMP "'l:;Ln'l:;niJ 
• • 'lJ 

" I I I 

n~(;11L~(;1~'JtI~'Wfi:;LLn~~1 i'WVl 2 n~ (;11 L~ (;1Vl1~3"iJn'lm~:;~'W"'l:;Clm,j~tI'W1 "''fltJ1 'W~,j1 Yl L'fl L'fl~ 
'\l ClJ q ClJ qJ qJ 

I " I I 

LYl'flf ~-.:j LU'WLFl N ~~1-.:j'fltJ1-.:j~1t11 'Wn'l ~"lJ'W~-.:j i'WVl 3 n ~ (;l1 L~ (;1 Cl n ~-.:j ~1'W L(;ltl L,j~~'WVl b1t1 n~ 1 
'lJ 'lJ 

" , , 
S-protein i'WVl4 n~(;11L~(;1Vltln~-.:jL;h1,jL(;ltl S-protein ri"'l:;iStI-.:j~lt1~'fln'WLU'W PGA 

'IJ 'IJ 

(I) L-Glu + ATP Y - L Glu - AMP + PPi 

(II) Y - L - Glu - AMP 

s - S::in 

Y - L - Glu - S - Protein + AMP 

(III) Y - L - Glu - S - Protein Y - D - Glu - S - Protein 

(IV) Y - D - Glu - S - Protein 

+ ......... poly (Y - D - Glu)n + 1 "\ 
poly (Y - D - Glu)n S - Protein 

PGA PGA + 1 Glu 

, " 
l,jVl 2.5 bLiJiJ~l~'fl-.:ji'W(;1'fl'Wn'l~~-.:jLFl~l:;~ Y-PGA (Troy, 1973; Ashiuchi LL~:;Flru:;, 2001) 

"'lln~lm1'W"lJ'fl-.:j Leonard LL~:;Flru:; (1985) ~-.:j'YiiJL'fl'W1"ll,r Y-PGA synthetase ~;J 

Fl'J1~Fl~1t1Fl~-.:jniJ polyglutamyl synthesase complex ~'fl"'l:;1.jfm'(;lLL'fl~n~(;11ilmu'W~1~~-.:j 
~'W"1l'fl-.:j,jljmtl1LL~:;~'fl-.:jn'l~ Mn2+ LU'W co-factor LL~ri~1~1~Cl1.jf Mg2+ ~1'-'fl~1~,j~:;~iJ'Jn~'W1 

" , 
bbYl'W1~ ~'J~~-.:j~-.:j~'fl-.:jm!'itl CTP, GTP, UTP, ADP, CDP bb~:; GDP LYl'fl~h-.:j ATP 

" 'W'fln"'lln~"'llnn'l~~nM1"1l'fl-.:j Kunioka bb~:; Furusawa (1997) ~-.:j1~'flfiiJ1t1~~n'l~ 

i:-J~(;1 Y-PGA "'llnn~(;lbb'fl~n~(;11iln (~1'-'flbL'fl~n~(;11;J'W) ~-.:j;Jm'(;l~(;11'mL~:;bb'fl~L~b~tI~sn~LyJ(;1 

LU'W~1~~-.:j~'W1'W B. subti/is IF03335 ~-.:jl,j~ 2.6 ~1~1~Cl'flfiiJ1t11~~1n'l~i:-J~(;1 Y-PGA Ln(;l;'W 
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'"l1 n n ~",:n (;l1n LL~::: LL'el~ L~ L;JtI ~r] ~ L ~ (;l L'" tI n ~",:n (;l1n '"l::: L 1J~t1~ L tl~ 1'el L"l!"lJ 'el..:j n ~",:n (;l1n LL~::: 

a-Ketoglutaric acid (2-oxoglutamic acid) 1~ TCA Cycle L"'t11~n1n1J~t1~ a-Ketoglutaric 

acid 11JLtl~m"'LL'el~n~(;l1ijn ~1~1~mn",1~ 2 "rj~'Vl1..:j~LL(;ln~1..:jri~ ~..:j1~nn1l~hJ~n~(;l1~~ 
~ ~ 

m"'n~(;l1ijn'"l:::~n~..:jL~~1:::~'"l1n a-Ketoglutaric acid LL~:::LL'el~L~L;JtI~r]m~(;l L"'m'el~1"l1,r 

n~(;l1L~(;l ~1~L"'~~L~~ (GO) (Stadtman, 1966) LL~lf11~nn1l~~LL'el~n~(;l1ij~ n'"l:::1-ifrS~'Vl1..:j~~ 
~ ~ 

~..:jL~tI';lif'el..:jri'!JL'el~1"l!,rn~(;l1ijn :n~L'VlL(;l~ (GS) LL~:::n~(;l1~~-2-'el'elnL"l!n~(;l1L~(;l 'el:::ijL~ 
~ ~ ~ 
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(1) Glutamate dehydrogenase (GO) 

(2) Glutamate 

(GOGAT) 

2-oxoglutarare (U-ketog lutarate) aminotrasferase 

(3) Glutamine synthetase (GS) 

(4) L-Glutamic acid: Pyruvic acid aminotransferase 

(5) Alanine racemase 

(6) O-Glutamic acid L Pyruvic acid aminotransferase 

(7) PGA synthetase 

J'U~ 2.6 ~~mJ'i\lLfoln:;oJm{?1LLmnJ1Yt'el~n~(;n~n1'-l Bacillus subtilis IFO 3335 (Shih LL~:; 
" " 
Van, 2001) 

Thorne LL~:;folru:; (1955) YtlJ~11'-lmJ't.J~(;l y- PGA "lJ'el\l B. licheniformis '"l:;~'el..:J'el1~tJ 
I I I I ..... '" 1'" I .dl ~ 1 IJ"'q..::::iil 11 2 m:;lJ'J'-lmJ'Yl~1folqJ {?1LLn transamidation LL~:; transpeptidation "l!\l'"l:;l-JL'el'-l "l!l-JYlLntJ'J"lJ'el..:J 

uJ':;n'ellJ~'JtJ alanine racemase LL~:; O-L-glutamyl transaminase L(;)tJ'"l:;Lu~tJ'-lm(;)LL'el~ 

n~ (;l1~ n 1,x LU'-ln J'(;) ~ n~ (;l1~ n ~\l LU'-lm nU~tJ'-l LfolJ'\l~ ~1\l"lJ'el\l m(;) n ~ (;l1~ nYl1\l~'ell-J ~\l~ l-J n 1 J'1 '-l 
"" " 

J'U~ 2.7 
" 



2001 ) 

(I) 

I.-Glutamic acid + Pyruvic acid (X-Kctoglutaric ;\Cid + L-Alanine 

(2) 
I.-Alanme ----I ..... D- Alamne 

(3) 
D-Alaninc + (X- KC\(Iglutaric acid f)-Glutamic acid + Pyruvic "rid 

(1 ).L-Glutantic aCId : PyruvIc acid anunolran~fcr~c 
(2) . Alartinc rc.ccmnsc 
(3) . D-Glularruc acid : Pyruvic acid amlnotransrerase 

14 

Ogawa LL~:;~ru:; (1991) ~UL'el'W1"J!~ transglutaminase ~LLrJn1~"'l1n B. subtilis NR-1 

~~"'l1 nm~~1rJ~1'WL~rJ';1 nu L'el'W1"J!~~ L~m-if'el~ nu m:;u'J'Wm ~~~ L~~1:;,r PGA ~U~1 LLU~Vl b~rJ 

~1~~1rJ~'Wfiri"'l:;iJ L'el'W1"J!~~~1~n'W ~~LL~(;)~1'Wm~1~~ 2.1 ~~~~eJ~ 1~m:;u'J'Wm~~~Lm1 :; ,r • 

L'el'W1"J!~ 
...... 

m:;u'J'Wn1~ LLU ~'V1 L~rJ 

Transglutaminase n1~~~1~~'el~h~'elf"lJ'el~ PGA B.subltilis NR-1 

tJ'" ... il L ,,<I L ~rJ'WLL'el~n~l'l1~'WL 'W ~N~~1~'el'W 
" 

Glutamyl transmidase "lJ'el~ m(;)n~ mijn LL~:;n~ l'l1ij~ 1(;) L~tJ B. licheniformis 9945A 
" " 

1'V1~ (transpeptidation) 

Glutamyl trans peptidase Transamidation LL~:; transpeptiation B. licheniformis 

Alanine recemase tJ'" ... il'" ... L ~rJ'WLL'el~'el:;~1'W'WL 'W(;)'el:;~1'W'W B. anthracis 

Polyg lutamyl synthetase n1~~(;)Ln1:;n'W"lJ'el~ L~'el~~L"J!~; L(;)rJt-n' • B. licheniformis 
complex m(;)LL'el~n~ l'l1ij n Lil'W~'Jn~:;~'W 

" • 
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_Of"''''''''''' .... IJ~~!.I'V1Ln!.l'l'll/!Hlm.m1~~~(;l y- PGA 

n'lJ'~m~t1n'lJ'~~j;J y- PGA 1'W"J!'J~LLm VilJ~1 PGA LU'W~1niJ'eln~~m.~i~'el'elmJ1'W'eln 
L"J!~~'I!I1'elLU'W~'J'Wlh:::n'ellJ"lJ'el~LL~U1~"lJ'el~ Bacillus sp. lJ1~~1~~'Wf L~'elH\u'W~1J'4'lJL~'I!I::: 

w.rn~iJ~'J1~LU'Wlhtj;]'elL"J!~~ LU'WLL'I!I~~'el1'1!11J'1'WJ':::~:::n'lnlil1'CJJ~~~ J''J~vr~1oifL~~~'J1~~1~1nl 
"lJ'el~L'l!~~1'Wn'lJ''Vl'Wj;]'el1l1'J:::J''WLLJ'~ L"J!'W ~'J1~L-ifwif'WLn~'el~~ (Thomas LL~::: Fouet, 2006) LLj;] 

q ~ 

j;]'el~1VilJ~1n'lJ'~~j;J PGA ~1~1nlmlJ~~L~ LLj;]n~Ln1'Wn'lJ'~~j;Jri6~hhu'W~m.l-n~t!n ~~iJ 
q 

,J1LU1oifuJ':::L~"J!-J'Vl1~ ~1'W~ j;J ~ 1 'I!I n J'J'~ j;] 1~ 1 L~~L~iJ n 1 J'fl ~ L~'el n ~ 1~~'WfLLlJ ~~ L1~ ~ iJ 

" , 
~'J1~~1~1J'Cl1'Wn'lJ'~~j;J PGA 1'Wm~1ru~~1il1mL'\!l~~j;]1~1 -K~~LL~nIil1n~'W (Kubota LL~:::~ru::: 

" , , 
, 1993a) 'el1'1!11J''I!I,rnYi'WLiJ'el~j;]1~1 L"J!'W natto "lJ'el~~~'W (Tahara LL~:::~ru::: , 1998) Kenima tl'J 

" " , 
L'\!I~'el~'I!I,rnYi'WLiJ'el~"lJ'el~UJ':::L'Vl~L'WU1~ (Tamang LL~::: Nikkuni, 1998) J''J~-K~tl'JLth''lJ'el~L'Vl~ 

, " qq q ~11 0 q 

(Sundhagul LL~:::~ru:::, 1972) LL~:::LLlJ~'VlLJ'~'VlLL~n ~~1il1n'W1L~~ (Prasertsan LL~:::~ru:::, 2000) 

~~'W'elnIil1n~1~~'WfLLlJ~~ iSmL~'J6~iJillil4'~ j;]1~1~ L~m-if'el~ nlJn'lJ'e.J~ j;J PGA L~'el1lli~ 
m~ 1 ru~~ LL~:::iJ ~~lJ'1i j;J1~tj j;J ClU J':::~~ f'l"lJ'el~ n'l J',J1LU1oif 6~iJillil4' ~~'W"~ n~~ L~ LLn ~1 J''el1'1!11 J' 

~ q I 
, " 

111'J:::~L'I!I~1:::~~1'Wn'lnVi1:::L~~~ LL~:::n'lJ'rJ'el~~~1~ PGA 

" , 
~1J''el1'1!11J't!lJ~1 Lu'Willil4'~~1 fl CJJUJ':::n'lnLm"lJ'el~ n'lnVi1:::L~m LLlJ ~~ L1~ LYi'eln'l nlil1'CJJ 

" " 
L ~ lJ L j;J LL ~ ::: n 1 J' e.J ~ j;J ~ 1 J' e.J ~ j;J i1 ru" j;J 1 ~ ~ ~ 'el ~ n 1 J' ~ ~ 4' ~ ~ 1 L U 'W ~ 1 J' ~ ~ ~ 'W "lJ 'el ~ n J'::: lJ 'J 'W n 1 J' 

i~L~n:::i PGA 1lli~j;J1~~~'el~n'lJ' ~1J''el1'1!11J''I!I~n L~LLri LL'I!I~~~1flJ'el'W LL'I!I~~L'WLmLIil'W LL~::: 

6~J''J~~~';j j;J1ij'W'I!I1'el Ln~'el LL1j;]1~1 ~1il:::LU'W~'J~~ L~1'~1 t\'n1J'LIil1CJJ"lJ'el~ LLlJ ~~ L1~ LU'WLU'elrJ1~iJ 

UJ':::~'VlfiIl1Vi vr~6~"J!'J~1t\'n'lJ'~~j;J PGA L~'Wm~1ru~~m~~~'el~n1J' ~~~1LU'W~~'el~iJn1J' 
~ 

, ", 
~ ~ Fl'WU flJUN ~ j;JJ''el1'1!11 J'~1 oif1 'Wn1 n Vi1::: L~m LYi'el1 t\' L 'I!I~1 :::~~ LLn n 1J'L lil1'ru L~lJ Lj;J LL~:::n1J'~ ~ j;J 

q ~ ~ 

PGA 1lli~m~1ru~1n 

Bovarnick (1942) L~~m~t1m:::lJ'J'Wn'lJ'e.J~j;J PGA LU'W~'WLLm LLj;]hhJJ':::~lJ~'J1~~1L~1il 

lil'Wm:::~~tJ 1954 Thorne LL~:::~ru::: L~~m~t1i1Iil4'~~iJe.J~j;]'eln1J'e.J~j;J PGA LL~:::'I!I1111'J:::~ 

'I!I~1~~'W1t\'~'J1~~'W11il~'el m~LL'el~n~ j;J1ijn ~~4' ~~1 LU'WLL'I!I~~L 'WLj;Jnlil'W~~1 flCJJ~1 n L~~Iil:::LU'W 

~1J'~~~'W'I!I~n"lJ'el~n1J'e.J~j;J PGA 1'W TCA Cycle (Ko LL~::: Gross, 1998) LLj;]riiJLLlJ~~L1~lJ1~ 



16 

I I '" I 

[;l1J'1-.:JY12 .2 LLlJrlY1L~t1Y1~I~IHl~~[;l PGA r1-.:J"lfi'le;]Y1~'El-.:JLL~:::hJ~'El-.:Jn1mJ'e;]LL'El~n~[;lliJn1'lJn1J' 
<U 

Q.oC.II .t::IiI c. 
LLlJrlY1LJ't1Y1~I~IJ'C1~~[;l PGA 

. .oC.II 4C:iiI .oC.II c. 

LLlJrlY1LJ't1Y1~I~IJ'C1~~[;l PGA 

"lfi'le;]~hJ~'El-.:Jn1mJ'e;]LL'El~n~[;lliJn 
, .... ....... to-

"If'lJe;]Y1[;l'El-.:Jn1mJ'e;]LL'El~n~[;lI~n 
<U <U 

B. subtilis 5E (Murao, 1969) B. anthracis (Thorne LL~:::rlru:::, 1953) 

B. licheniformis ATCC 9945A 

B. subtilis TAM - 4 (Ito LL~:::rlru:::, 1996) (Thorne LL~:::rlru::: , 1954) 

B. subtilis IFO 3335 (Goto LL~::: Kunioka, 1992) 

B. icheniformis A35 (Cheng LL~:::rlru::: , 1989) B. subtilis F-2-01 (Kubuta LL~:::rlru:::, 1993a, b) 

Thorne LL~:::rlru::: (1954) l.~LYn:::Lim B. licheniformis ATCC 9945A 1'lJ'El1~1J'~[;lJ' C 

~iJ~[;lJ''El1~IJ'lh:::n'EllJ~'JtI nJ'e;]LL'El~n~[;lliJn (20 n~~~'El~m) me;]~[;l1n (12 n~~~'El~[;lJ' ) 
<U <U 

n~h"lf'ElJ''El~ (80 n~~~'El~[;lJ') NH4CI (7.0 n~~~'El~[;lJ') MgS04 .7H20 (0.5 n~~~'El~[;lJ') 

FeCI3·6H20 (0.04 n~~~'El~[;lJ') K2HP04 (0.5 n~~~'El~[;lJ') LL~:::~11h:::UI 1 ,000 iJ~~~[;lJ' ~iJrh 

rl'JI~Lrh.lnJ'e;]LlJ~L'VhnlJ 7.4 'Y'IlJ~I~I~IJ'C1~~[;l PGA 1.~ 15 n~~~'El~[;lJ' LL~:::r.l1n~[;lJ''El1~IJ' 
<U 

" ~-.:Jn~h'JiJme;] LL'El~n~ miJ n Lrh..l~'J'lJuJ':::n'EllJ~I;1, ru L'Y'IJ'1:::chhJiJ me;] LL'El~ n~[;lliJ n L~'El'"l:::hJ 
<U ~ <U 

'" I I '" 

oWIUJ':::UI~I~~lJ L[;l1-t1~'ElI~IJ'~ [;lJ' C dJ'lJlll'J:::Y1 L~~1 :::~~ L ij'El-.:J'"l1 n 1 'lJoWIUJ':::UI'"l:::iJ LL1fi1 [;l 
<U , 

, 
I I 2+ 2+ .::S q I .c::t. fT' •• 

[;l1-.:J1 L"lf'lJ Mn Ca LL~::: FeCI3 "If-.:J'"l:::~~~[;l'Eln1n'"lJ''1J"lJ'El-.:JL"lf~~ B. lichentformls ATCC 

'i' .~to-..... J' .~to-.... ...: J'to-
9945A 1oe;]t1Y11Iom"lf~~~rl'JI~t11'J~ln"lJ'lJ LL~:::Y111o~n1J'~~[;l PGA L'Y'I~~ln"lJ'lJe;]'JtI Leonard 

LL~:::rlru::: (1958) 9-.:J1.~~m'El1~IJ'~L~~I:::~~~'Eln1J'~~[;l PGA Le;]t1 B. licheniformis ~'El 'El1~1J' 
<U 

" " " 
'lJ'El n'"ll n-nn1J'L~~ Ldfil ~ ~1-.:J1 ~-.:J 1 'lJ'El1~1 J'L~m L~'El hJ1.~~-.:J ~ ~ ~'Elm~ 1 run1J'~ ~ [;l LL~ 

LVitl-.:J'El£JI-.:JL~t1'J Le;]t1'"llnn1J'~nMI"lJ'El-.:J Cromwick LL~::: Gross (1995) 'Y'IlJ~IL~'ElL~~ MgS04 1'lJ 

'El1~1J'~[;lJ' E L~'ElLU'lJn1n~~m~lru Mg2+ 'lJ'Eln'"llnm~lrun1J'~~[;l PGA '"l:::L~~'"lln 5 n~~ 



17 

, 
(;]'tl~l'l~ Lij'IJ 17 nf~(;]'tl~l'lnL~'J ~--l~--l~~1,xm~ 'HlJLL'tl~n~l'lI~n1'IJ PGA LtJ~£J'lJLLtJ~--l~n~l'J£J .. 

" , 
L~£J Cromwick LL~::: Gross (1995) HfLYlI:::L~£J--lLLUUIlI'J:::LLU'll YliJm~flI'JUfll~rllfl1'JI~Lij'IJm~ • 

m~;l'll'n'"l:::1.tJiJ~~(;]'tlm~~h--lYl'tl~L~'tlf'll'tl--l Y-PGA 1'IJ TCA cycle ~'J'IJ Troy (1973) H' 

n\j LflI~ Lij'IJLL'Vf~--lflllfu'tl'IJ ~--lYlU~ln\j LflI~'"l:::~n1-ntJ1'IJmn'"ll'CJJ L~ULl'lLL~:::m~~~l'l PGA'll'tl--l 

" B. licheniformis ATCC 9945A ~'J£J L~£Jmn~m1'IJ"tJ'J~'ll~yJLLUUL'lli.h~11,x1,~m~lrum~~~l'l .. 

Lij'IJLL'Vf~--l flI1fU'tl'IJLL~:::Lij'IJ1.tJ l'l1~';j~'ll'tl--l TCA cycle L~£J~I~l1fi~'IJ~~~1 ~ CJJ ~'tl LL'tl~Yh ~Ll'l 

n\jl'l1 L~l'l (a-Ketoglutarate) ~--l Lij'IJ~I~~--l ~'lJL~£J l'l~--l'll'tl--l m~LtJ~£J'lJLij'IJn\jl'l1 L~ l'l 

l'l1~1--l~ 2.3 ~'J'lJtJ~:::n'tlU1'IJ'tl1'VfI~~l'l~ E ~1'Vffum~~~l'l Y-PGA L~£J B. licheniformis ATCC 

9945A (Leonard LL~:::flIru::: , 1985) 

NH4CI 

MgS04·7H20 

FeCI3·6H20 

~HP04 

CaCI3·2H20 

MnS04·H20 

... , 
~:::~1£J1'IJUlni'IJ 1 000 ~~~~l'l~ 

tJfu rll flI'Jl~ Lij'IJn ~~ LU~ LVI1 riu 7 .4 

~'J£J~I~~ :::~I£J L"l! L~£J~ 1.11 ~~'tl n 1."l! ~ 

20.0 

12.0 

80.0 

7.0 

0.5 

0.04 

0.5 

0.15 

0.000026-0.42 

1'IJm~~~l'l PGA ~'J'IJ~ln'"l:::1.n~I~'tlI'VfI~~~--lLflI~I:::'Vfi'IJ~1 ~--l~--l~~1,xm~~~l'l PGA 

L~'tl1.ntJ~:::L£J'll'IJ1 'IJ~:::~U'tll'l~I'Vfm~~ iJ n flIl LL YI--l ~--l,r'IJ~--l ~'tl--l'Vf1 LL 'Vf~--l'll'tl--l ~1 ~'tl1'Vf1 ~~H1 'lJm ~ • 
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;r1~ ~'W LLf~:;U~ Ltl'Wn1~~ ~tf 'k!Vl1~~ LL,) ~~'tl~1~\tl'W'tlth~ ~ L~tJ L"ll11~~ m~t1 n1 ~LU~tJ'WLL'tl~ L~ LUtJ 

~nmjL 'WlItJ l"1'tlnL"IX Ltl'WLLVI~~1 'WL(;l~L"'l'WL~'tlL-n 'Wn1~~h~ PGA L~tJH' B . licheniformis " . 
ATCC9945A LL~:; B. subtilis 1551 n1~'V1~~'tl~~~n~1,)Ltl'Wn1~~~LL'tl~L~LUtJ~~~:;LL'V1'W~"'l:; 
tJ~'tltJ'tl'tlm'hn~mn1fi\ 'W'tln"'l1n~ PGA ~e.J~(;l;'WU~~~e.J~~lJI'tlYi"l! ~'tl PGA "'l:;"J!')tJ4'1J Ca

2
+ LL~:; 

" 
Mg2+ Vl1 L "lXYi"l! ~ ~ LL1fi1 (;l~~ n~1,) 1~~~~;'W ~~ Ltl'Wn1~L.jfLLVI~~ 1"11f1J'tl'WLL~:;LLVI~~1 'WL(;l~L"'l'W~n " . 
'tl~L'W~tJl"1'tlmVl~,)L"lXLtJ~tJ'WLtl'W PGA L~tJVi1J~1~1~1~tle.J~(;l1rJi1'Wm~1ru 0.85 LL~:; 0.79 nf~ 

lJI'tl~(;l~ (;l1~~1~1J LLlJIL'Wn1~e.J~(;l PGA Lm~m~1ru~~;'W "'l:;L.jflltJl"1'tlmVl~,)e.J~~n1J'tl1V11~ " . 
~(;l~ E ~n L"lIL~tJ~n~mL~(;l n~LI"1~ LL~:; "l!LI"1~~ Ltl'WLLVI~~1"11f1J'tl'W LL~:;1~nn1~~m~t1ti~ 
c:u ClJ ClJ c:u 

" " " ~(;ln~,)'W"ll'tl~'tl1V11n~tJ~L:n'tl~~U lItJl"1'tlmVl~,) 54 LU'tlfL:]'WI;l (m~1(;l~lJI'tlm~1(;l~) lJI'tl • 
~1U~:;U1 33 LU'tlfL:]'WI;l (m~1(;l~lJI'tlm~1(;l~) lJI'tl 'tl1V11~~(;l~ E 13 LU'tlfL:]'WI;l (m~1(;l~lJI'tl 

" 
m~1(;l~) L~tJnm~1ru PGA 4.8 nf~lJI'tl~(;l~ "'l1nn1~~m~1~ri~1~1~tlL.jfI"1,)1~~~1~u~~L~'tln 

" 

, , " 
"'l:;Vl1 L"IX LL1J 1"1~ ~tJ~1~1 ~tl L "'l1ru1rJi1 'W~~n 1"1') 1~ L ;r~;r'W"ll'tl~lItJ 1"1'tl n L VI~,) ~~ ~') ~~~ n1 n"'l1ru LL~:; 

QI q ClJ Q./' 

I I 11 II 

e.J~(;l PGA 1~~'tlruVlJl~~1 LLlJI~~Uri"'l:;~'tl~tJf1J1"IX~1~1~tllJ11tJ1-n~~1tJ LL~:;nnI"11tln . " " 
'" I I I 

'W'tln"'l1nUU~n~1tJ~1'W~'W1 LntJ')n1J'tl1V11~~1-n 'Wn1~e.J~ (;l PGA L"J!'W "'l1nm~~~LLtJn 
" , 

LL1J 1"1~ ~tJ"'l1n'tl1V11~VI,r nYi'WLn'tl~"ll'tl~ 114U'W (natto) LL~:;4' ~~1 LL'Wn~1 Ltl'W~1tJ~'Wfi B. subtilis "lli • • 

IFO 3335 (IFO Institute of Fermentation Osaka, Japan) ~~1~1~tle.J~(;l Y-PGA 1~~1nti~ 
" ", 

9.5 nf~lJI'tl~(;l~ L'W'tl1V11~L~tJ~L:n'tl~u~:;n'tl1J~')tJ m~~(;l1n Ltl'WLLVI~~l"11f1J'tl'W m~LL'tl~n~(;l1~n 
" 

LL~:;LL'tl~L~ LUtJ~oD~ L yJ (;l~ Ltl'WLLVI~~1 'WL(;ln"'l'W L~tJ PGA ~ e.J~ (;l1~"'l:;hJn e.J~Vi~'tltJ1~~ Ltl'WVi'tl~ 

LL:]nI"11h~tJ'WLfI'tl'W'tl'tln~1~')tJ ~,)'W Goto LL~:; Kunioka (1992) 1~~m~t1e.J~"ll'tl~LL'tl~L~LUtJ~ 
oD~LyJ(;lm~1ru 5 nf~lJI'tl~(;l~ ~~Vi1J~1Ltl'WLLVI~~1'WL(;ln"'l'W~LVI~1:;~~lJI'tlm~e.J~(;l PGA ~~~ LL~:; • 

hJVi1JVi'tl~LL:]nI"11h~ 

Kubota LL~:;l"1ru:; (1993b) 1~LLtJmL1JI"1~~tJ"'l1n~'W LL~:;tb~1'V1~~'tl1J1"1,)1~~1~1~tl1'W 

m~e.J~(;l Y-PGA L~tJ1"IXm~1ru~~~~ 50 nf~lJI'tl~(;l~ L~'tl~nM1im~ru:;'V11~'tl~m~';jfi1'W LL~:; 

4' ~~1 LL'WnVi1J~1 Ltl'WLL1J 1"1~ L1tJ~1tJ~'Wfi Bacillus subtilis F-2-01 LL~:;L~'tllJ11tJ (;l~,)"'l~'tl1J n1J • 

Fermentation Reserch Institute, Agency of Industrial Science and Technology, Japan 
" , " 

(FERMP-9082) L~tJ1~lJ1 LL1J 1"1~ L1tJ LVi 1 :;L~tJ~L 'W'tl1V11 ~~ (;l~~1 (;l~~1'W~nlJ1 m~ n~ LI"1~ 1"1,)1 ~ 
".a " 

L;r~;r'W 0.1 LU'tlfL:]'W(;11J'WLI"11'tl~L"llth~')tJ~(;l~1L~,) 220 ~'tl1JlJI'tl'W1~ ~'tlruVlJl~ 37 'tl~fi\1L"l!~L~tJ~ . " 
" , 

Ltl'WL,)~1 4 1''W 'W'tln"'l1nuu~1~nn1~~nM1n~~'tl:;m'W~LVI~1:;~~lJI'tln1~e.J~(;l PGA L~tJL.jfm~ 

LL'tl~n~(;l1~n m~~n~m~n n~~LL'tl~LL'tl~Vi1Hin LL'tl~'tl:;~1U'W LL'tl~1~~'W LL'tl~YJll~'tl:;~1u'W 
" " 
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(high performance liquid chromatography, HPLC) ,r'W~1~1~(l~~tJ1~~1m'~LL~":;ln~l?l1ijni1 

rl,)1~~1~qJ~~n1~e.J~j;] PGA "1J~~ B. subtilis F-2-01 

'W~nr.n n B. subtilis I FO 3335 ~ LL£Jn 1~r.nmrl?l tl?l:::LL~')~~i1 m.m.yh1£J~ LL£Jn~1n~1'\"1~ 
" ~l1nYl'Wd~~~"1J~~1vl£J~n~,)£J t~£J~1nn1~~m~1"1J~~f~i1n~ ~~-JL~1qJ (2544) 1~~~L~~n 
'" , 

LLlJ rlYl ~£J~1mi') L l.h m~1~~l1 nYl'WLij~~"1J~~i'l1~Jl1 rl LWn~"1J~~ 1 i'l£JYli1 rl,)1~ rl ~1£J rl~~ rilJoJl?l tl?l::: 

~~1~1~(le.J~j;] PGA 1~~~n.mJlij~~~~ 1~t"1!L~l?l RS 2 LL~:::~~i1n1~~m~1Jl1,)::: LL~~~rl1flJ~'W 
• 'IJ 'IJ 

LL~:::1'Wtj;]n~'W~m~1:::~~~~n1~e.J~j;] PGA t~£JY1lJ~11~t"1!L~j;] RS 2 ~1~1~m~1qJ1~'Wm~1~ 

~1~flJn1nJ~j;] PGA (~1~1~~l?l~ PGA producing) ~hJi1LL~~~rl1flJ~'W LL~:::i1LL~~t~Liltm 

oD~L~j;]m1~L-if~-if'W 1 LtJ~fL-n'WJ;] LL~:::i1t"1!L~£J~LL~~n~mL~j;] m1~L-if~-if'W 6 LtJ~fL-n'WJ;]dj'W 
'IJ 

200 ~~lJ~~'W1Yl ~~~1~1~(le.J~l?l PGA 1~ 8.75 ij~~nf~~~ij~~~l?l~ LL~:::Ln~~m~1~n~ru:::i'l1~ 

~ruj1'W-:Si'lmY1lJ~11~t"1!L~l?l~~n~1,)~~ B. subtilis 

LI.'UflVi~1!.1m~IK'!I.m1~n~~LI.'!I~n~j;l1ijn1.'lJn1~eJ~91 PGA ... " , , 
LLlJrlYl L1m'1~~~~Yl~1~1~(l e.J~ l?l PGA ~:::L~1qJJl1£J1~Jl1,):::Yli1~1n1 ~LL~:::~~~n1~ 

~~n;n L~'WLU'WI'i'')flJ~ L~ n l?l~~'WL~~ H\U'WY1~~~1'W1 'Wn1n~1qJ L~lJtl?l"1J~~ L"1!~~ LL~:::n1~~h~ 

e.J~ j;]Jl ru"Yl1 'W rS'!Jr.r n ~n1 ~~¥1~ NAD(P)H ~')~1tJ~~ n1 ~Hf LL~~~ rl1flJ~'W,r'W~,)'WLL~i1 
rl,)1~~1~qJ~~n1~e.J~j;] PGA (Cromwick LL~:::rlru:::, 1996) 

Cheng LL~:::rlru::: (1989) 1~~n~1LLlJrlYlL1£J~i1rl,)1~~1~1~(le.J~j;]m'~~:::m'WJl1£J1~ 

Jl1'):::~1-il1. 'Wn1~~1£J1~ ~,)£J1 'WLj;]~l?l t~£J1~ ~ ~ LL£Jn B. licheniformis A35 ~~ LU'W denitrifying 

bacterium LL~:::Y1lJ~1~1~1~(le.J~l?l Y-PGA 1~ 8.19 nf~~~~j;]~ LL~:::~~1~~n~1LL~~~rl1flJ~'W 

L"lI'W n~trl~ ~fnti'l~ ~~~ti'l~ LL~rlti'l~ LL~::: "1!trl~~ ~~LL~~~rl1flJ~'W~1"'m~1ru PGA ~~~~ ~~ 
III llJ cu q 

n~ trl~ LL~:::i1 LL~~t~ Lil£J~ rl~~ h~LU'WLL~~~1 'Wtl?l~L~'W~ LU'W~')'WtJ~:::n~lJ"1J~~m~1~~ j;]~ M 
'IJ 'IJ 

" , 
'W~n~1nil~~LU'WJl1,):::YlhJi1n1n~~m'~LL~~n~ j;]1ijn~n ~,)£J LL~ ~~1 "'L~'W~1 B. licheniformis 

'IJ 

Y1~~£J1~~1~Y1~~LL-nnrl11~~ 

Ito LL~:::rlru::: (1996) 1~LL£Jn B. subtilis TAM-4 ~1n~'W Y1lJ~1LLlJrlYlL1£J~~n~1')i1 
1.1 "" I II 

rl,)1~~1~1~(l1'Wn1~e.J~ l?l Y-PGA t~£J1~ L~£J~1 'Wm~1n~£J~ L~~Yli1 Ln~~LL~~t~ Lil£J~ LL~:::~1l?l1~ 

~1~1 LU'WLL~~~1'Wtl?ln~'WLL~:::LL~~~rl1flJ~'Wj;]1~~1~lJ t~mL~~~rl1flJ~'W~1-il1.'Wn1~~n~11~LLri 

n~trl~ ~fnti'l~ n1LL~rlti'l~ LL-nnrl1t~~ LL~rlti'l~ ~~~ti'l~ 1"1!t~~ LL~::: n~L"1!~~~~ Y1lJ~1~1j;]1~ 
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LL~~'1L 'W t(;]J'L'"l'W~~ m~tl L~ LLri LL~~ hJL utJ ~ ~fl~ h~ (NH4CI) LL~~ t~ L UtJ ~L 'WL(;]J'(;] (NH4N03) 

LL~~t~LUtJ~sDflL~(;] ((NH4)2S04) t"1iL~tJ~L'WL(;]J'(;] (NaN03) t'ViLL'V1~L~tJ~L'WL(;]J'(;] (KN03) L'Villt(;]'W 

nJ'1?! ~1~Ii1t'W LLfl :;nJ'1?! LL~fl nfl (;]1i1 n '"l1 n n1 J'~ nMI'ViU~1 LL~~ t~ L UtJ~ ~fl~ h~dj'WLL ~~'1 ., 

L'"l1qJ Lri~LmtJUL~mJrlULLU ~~ iStJ~'W1~~I~IHl ~~ (;] Y-PGA LLfl:;hJ~ n1J'~~ (;]'Vi~~ LL:nn ~1 h~ 

Lri~'V1I?!~~u~'JtJ~fi Phenol-sulfuric 'ViU~I~m~lruil~tJn~1 0.1 Lll~fL:n'W(;]1I?!tJ~I~t!nr;l~ 
" " , 
~1~t!n LLfl:;1 'Wn1J'Lnu~m~t1 L~~ LYi~ 1 t\'~'1 ml~~I~IJ'~ 1 'Wn1J'~~ (;] PGA 'ViU~I'"l:;rJf~'1 Lnu1 'W 

~1~IJ'LL~'1 Trypticase soy LL~'"l:;Lnu1'W~ru~1li1t\'~'1n~I~IJ'mnuL~'WI'W . ., 

- ~ ~ -- - -.n1'J~VlL \nJ1~~UJ ~ 1.m1'iL ~1~L'a!l.:lU'U ftVl L'i!l L ~'!l eJ'aj;] PGA 

1'Wn1nJ~(;] PGA 1'WJ':;~U1.J(;]~I~nJ'J'~ L~~1m~m~lru~ln1 ~ILU'WrJf~'1~11l1'J:;~ 
L~~I:;~~r;l~n1J'~~(;] t!n~~tJ"1iI'JLn1~~L~~I?!~'W~fin1J'LitJ'I B. licheniformis ATCC 9945A 

LLUU fed-batch 1'Wtl'l~,rn~'W11?! 2.5 ~m tl?!tJ1.jf~I~IJ'~(;]J' E m~I(;]J' 950 i1~~(;]J' ll~urh ., 

1 n~~r;l~~(;]J'r;l~.r'Jt~'1 (Yoon LLfl:;~ru:;, 2000) LLfl:;'"llnn1J'~nMI"l1~'1 Cromwick LLfl:; Gross 

" 
(1996) tl?!tJ1-if B. lichenformis ATCC 9945A 1'Wm~IJ'~(;]J' E L-rl'WL~mrl'W LLr;lL~tJ'I1'W1l1'J:;LLU"1i 

OJ 

tl?!tJL~~ m~n~'V1fi'Vifl~~'1 rh ~'JI~ Lu'Wn J'I?! LU~"lI~'1m~1 J'~1-if1 'Wn1J'~ ~ (;] LLfl:;~ (;]J'1 n1 J' 1 t\'~1 n1 P1~ 

L~~I:;~~r;l~n1J'~~(;] Y-PGA tl?!mLllJ'~'W~I~'JI~LU'WnJ'I?!LU~~'1e 5.5, 6 .5 , 7 .4 LLfl:; 8.25 

" " J''J~vi'l n1J'~nMI LL~~'1 ~lfu~'WLLfl:;LL~fl n~ (;]1 L~ (;]~~ ~ fl r;l~ n1J'~~ (;] Y-PGA ~'1'ViU~1 LL~~'1 

~lfu~'W~L~~I:;~~r;l~n1J'~~(;] Y-PGA ~~ nJ'I?!:n(;]1ntl?!tJ~~I~'JI~LU'WnJ'I?!LU~LYhrlU 6.5 LLfl:; 

~~ (;] n n1 J'1 t\'~1 n1 P1 0.5-2 .0 1 ~ (;] J'r;l~'WI~ tl?!tJ'"l:;~ ~ fl r;l~ nJ':;U'J'Wn1 J' L~ LL 'V1U~ ~~~ LLfl:;1 t\' 

~fl~~(;] PGA L~~'1~1?! 15 n~~r;l~~(;]J' ~'J'Wn1J'ntJ'II'W"lI~'1 Ogawa LLfl:;~ru:; (1997) n~I'J~11'W 
, 0-

n1J'~~(;] PGA ~~'1 B. subtilis (natto) ~ltJ~'Wfi MR-141 L~~L~!J'l1'Wtl'l~,rn'"llf (jar fermentor) • 
I II 1')1 I 

~ ~'JI~'"l 30 ~ (;]J' LLfl:;L~m1 'W~I~1 J'~ (;]J' ~~fl t'V1~-~~'J tl'J L~~~'1-nfl (;]1 L~ (;] (maltose-
• OJ OJ 

" , 
soysauce-glutamate; MSG) m~I(;]J' 20 ~(;]J' ll~U~I~'JI~LU'WnJ'I?!LU~LYhrlu 8 L~!J'l~ 

1.JruWJi1 40 ~'1P11L"1iflL~tJ~ LLfl:;~~(;]J'In1J'1t\'mn1P1 400 J'~Ur;l~'WI~ 1t\'n1J'~~(;]LYhrlu 35 n~~ 

r;l~~ (;]J' 'W~n'"ll nen~ n1J'L~~ t"1i L~tJ~ ~fl~ h~~ L~~1 'Wm~1 J'~'1 LU'W~IJ'il~'1 rl'Wn 1 J'Ln 1?!~~'1~ ~~ n 
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, 
t,. ~ 1 tJ" IV .Cia QoICIII 
~'JtJ LL~~'"l1nn'l~l"lmn"1l'el'l Kubota LL~~~ru~ (1993b) ~~~LLtJn B. subtilis F-2-01 '"l1n~'W'Vl~ 

II II '" I 

~'J1~~1~1~t:l1 'Wn'l~e.J~ ~ PGA L~m~tJ'l1 'W'el1V11n~m L~'elvhJ~~n'el1J ~'JtJ n~ L~~ 10 LU'elfL;n'Wl'l 

B. licheniformis 

ATCC 9945 

B. subti/is IFO 3335 

B. subtilis TAM-4 

B. licheniformis A35 

B. subtilis F02-1 

B. subti/is (natto) 

Glutamic acid 

(20 gIl) 

Glycerol (80 gIl) 

Citric acid (12 gIl) 

NH.GJ (gIl) 

Glutamic acid 

(30 gIl) 

Citric acid(20 gI l) 

Fructose (75 gIl) 

NH.GJ (18 gIl) 

Glucose (75 gIl) 

NH.GJ (18 gIl) 

Glutamic acid 

(70 gIl) 

Glucose (1 gIl) 

Veal infusion broth 

(20 gIl) 

Maltose (60 gIl) 

Soy sauce(70 gIl) 40°C, 

Sodium glutamate 3-4 1't.! 
(30 gIl) 

" 

Troy (1973) 

17-23 1.4x1 0
5 
-9.8x1 0

5 
Cromwick LLf'l:: 

Gross (1996) 

Kunioka LLf'l:: Goto 
10-20 

(1994) 

20 Ito LLf'l::rlru:: (1996) 

8-12 3.0-5.0X10
5 

(1989) 

50 1.20x10
6 

(1993a, b) 

35 
(1997) 
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"h:l1i'W~'JtJ L(9)tJ~'J'WL~'1!m~'Ci'lI"i(9)LLtJn"lJ!hmUrlYl ~tJ~t.h~'WLIOj ~!l m~1J' L(9)m'il.Vn::::!l1~1J'~d1n 
~ , 

Yl'WLij!l'l"lJ!l'l l.h:::: LVI PI (;\1'11 L"l1'W 'l!(;1 L(;1::::"lJ!l'l1.h::::LVI PI t1l~'W chungkookjang "lJ!l'l1.h::::L VI PI Lm~~ 

ki nema "lJ!l'ltJJ'::::LVI PI L'W1.h~ LL~ ::::5'J LtJ1"lJ!l'ltJJ'::::L VI Pll VltJ 

n1'i!i'!l!.l~~1!.1 PGA 

nJ'::::u'J'WmJ'~'1 LrlJ'1::::~ PGA Lu'Wm::::U'J'WmJ'~'1 LrlJ'1::::~1(9)m!l'Wl"lflf ~'1hj~1~1J'tl 

ih~'W(9)rl'J1~tJ1'J"lJ!l'l~1tJ'Vi!l~ L~!lf~1!l~1~'l!n L~ L~ n~~ LLtJ'W!l'Wl~ LL~::::L 'W"lJru::::~ mJ'tJJ'::::tJ n (;11-D' 
q q 

, ~ 

rl'J1~~'WLIOjLntJ'JnuL!l'Wl"lflfn~~il L"l1'W L!l'Wl"lflf y-polyglutamic acid hydrolase Tanaka LL~:::: 
~, 

rlru:::: (1993) l~~n'l:!1 eJ~"lJ!l'l L!l'Wl"lflf(;\!lmJ'u!ltJ~~1tJ PGA L(9)m!l'Wl"lflf"jjU(9)il;'1 eJ~ (;11Oj1 m1~1tJ 

~'W~ Myrothecium sp. TM-4222 ~'1eJ~(;\!l~'Wfi:::: y-glutamyl "lJ!l'l PGA LL~::::L!l'Wl"lflf"jjU(9)~~'1 
vl1'11'Wl~~~1"i1rl'J1~Lu'Wm(9)Lu~L'Vhnu 5.0 !lru~llij 37 !l'lPl1L"lf~L;tJ~ ~'1eJ~IOj1nmJ'U!ltJ~~1tJ 

q 'lJ 

L~!l (;1J''JIOj ~'J tJ~ L~ n LVI J' L m:n ~U'W L"lf L~ tJ ~ L(9) L(9):n ~ 'Vi!l~!l:::: rl1~ 11~ ~LIOj ~"jjU(9) LLeJ'W (Sodium 

dodecyl sulfate polyacrylamide gel electrophoresis) 'ViU~1(;1J''JIOj'ViUL'il.'Vi1::::m(9)LL!l~n~(;11ijn 

~1~IOj1 n mJ'U!ltJ ~ ~1m'Vh,r'W 
~ 

... ~ <r 
'W!lnlOj1n'WL!l'W L"lf~ y-polyglutamic 

~ , 
acid 

, ... 
VI 

tJJ'::::n!lU ~'JtJ nJ'(9) n~ (;l1ij m1'1"jjU(9) ~ LL~ ::::LL!l ~ ;'1 nlOj ::::~'1 eJ ~ (;\!l m J'~ ¥1'1 PGA L(9)tJIOj ::::vl1L ~'Vi!l~ 
'lJ 

L~!lf~~¥1'1~'WLU'W~1tJ"lJ!l'l L'VitJ1V1~i'W1 LLVI'W LL~::::L!l'W1"lflf PGA hydrolase ~ eJ~ (;11~IOj1 m1~LU'W 
"jjU(9) endo-type specificity IOj1nmJ'LitJ'lJ'1L'Wm~1J'LL~'1~(;1J' Czapek-Dox ~iJ PGA 0.5 

'lJ 

, ~ 

L!l'Wl"lflfYl ~ 1 ~1 J'tllOj::::U!ltJ ~ ~ 1 tJ PGA 'W!l nlOj1 nlOj:::: eJ ~ (;11~IOj1 m~!ln LL~ 'J U'I'ViU ~ 1 

LLU rlYl L1tJU1'1"jjU(9) n~1~1 J'tl ~¥1'1 L!l'Wl"lflf U!ltJ~ ~ 1tJ PGA 1~ LL(;\ LU'WL!l'Wl"lflf"jjU(9) exo-type 
, 

4 'I .cIII.c:.I 

specificity ''If'l'ViU L'WLLUrlVlLJ'tJ Flavobacterium polyglutamicum (Valcani LL~:::: Margallith , 

1957) ~1"i(9)LLtJnl~IOj1n~'W L(9)mitJ'ILLUrlYlL1tJL'W !l1~1J' y-polyglutamic acid hydrolase 

(PGAH) 1"i1rl'J1~Lu'Wm(9)LU~LVhnu 7 ~ml.mllij 28 !l'lPl1L"lf~L;tJ~ LU'WL'J~1 48 -B''JL~'1 LL~:::: 
q 'lJ 

L~~ PGA ~iJrl'J1~L-ir~-ir'W 0.2 LtJ!lfL:n'W1'l 'ViU~1 F. polyglutamicum ~1~1J'tl~¥1'1L!l'Wl"lflf~1 

U!ltJ~~1tJ PGA L(9)tJ L~!l(;1J''JIOj ~'JtJLrlJ'~1 L VI m1~"jjU(9)m::::(9)1M LL~::::(;1J''JIOj eJ~ ~'JtJu'Wle1 (9)1'WIOj::::IOj:::: 

'ViU LLtlU"lJ!l'l m(9) n ~ (;11 ij n ~ Ln (9)IOj1 n m J'U!l tJ ~'J tJ L!l'W l"lflf LL~ ::::IOj1 n m J'~ n M1 n 'Vi U~ 1111 'J::::~ 
'lJ 
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8.0-8.5 (Tanaka LL~:::~ru:::, 1993) 
I II I I 

n1~~m~t1 L1-'tl,m1~~')tJ~3.J~1,..nrn hJL~ n~"lJ'tl'l PGA Vl LLtJ ~Vl ~f.H.J~ [;1'tl'tl n3.J1n LYl'tl~:::dj'W • • 

~1hJ1·jhh:::Lf.J'll\l"'Vn.:ln1nL'YfV1U L"l1'W'tl'W~'Wfi'Vl1'1f.J1~~:::~'tl'l1-if PGA LtI'W~,)~1m ~'tl'ln1~~:::~tJ • , " , 
L3.J L~n~Vl LL[;1n ~1'1n'WhJ [;113.Jrj [;1m.h:::~'1 fOl"lJ'tl'l LL~~:::Ltl'tl L~'tl LL~:::~1 n ~,)13.J~n~:::~1 hJth:::f.J n [;11-if 

~ q ~ q 

, " 
ntJn1~~~ [;1 PGA 1'W'Vl1'1n1~~11~'1~1 LtI'WVl~:::~'tl'l ~f.J'W~n1~~')tJ~3.J~1V1,rn L3.J L~ n~"lJ'tl'l PGA L(?1f.J "'. . 
'tl1 ~f.Jm:::tJ,)'Wn1~~1'11 L"l1'W n1~tJ'tlf.J~~1f.J ~,)f.J1l1,):::LtJ~ LL~:::n1~tJ'tlf.J~~1f.J ~,)f.J~~[;1~1 L"llUn 

(Shih LL~::: Van, 2001) 

n1~~~[;1 PGA L~'tl~~:::~1hJ1-ifth:::Lf.J'll'W1'W~1'W~1'11 ~1LtI'W'tltJ1'1~'1~~:::~'tl'l~~[;1H1~ 

m3.J1ru3.J1n LL~:::iJ~,)13.JtJ1-~'Vlt~'1 ~'1nLtI'W~'Vl~1tJ~'tltJLb~,)~1 PGA ~,)'W3.J1n~~[;1L(?1f.J Bacillus . '" '" 
I 11 II r. I 

spp. ~:::VI~'1'tl'tln3.J1'W'tlm"ll~; ~'1,r'W~'1iJi'W[;1'tl'Wn1~.yh1,x PGA tJ1-~'Vlfi1~(?1f.Jn1m~'tl'lLL~:::if'W • 
I I 11 " 

LVI~f.J'ILYl'tl1,xL"ll~;[;1n[;1:::n'tl'W ~n(?1LLf.Jn PGA 1'W'tl1V11~L~mL~'tlL(?1f.Jn1n~3.JL'tl'Vl1'W'tl~ L3.J'Vl1'W'tl~ 
" ... I " " 

Vl1-'tl1'tlL"1i L~~~1'W'tl~ 'W'tln~1n\1n1~.yh1,x PGA tJ1-~'Vlfi~'1;'W~'tln1~n1~~Ln~'tlLL~:::~1~tJ'WLtJ'tl'W • 
L~f.Jn1~1~ LL'tl~on~ ~'1n1~';) L~~1:::oJm13.JtJ1-~'VltLL~:::n1~~ n~1'tl'l fOltJ~:::n'tltJ'Vl1'1 b~iJ"lJ'tl'l PGA • 

~13.J1~rl.yh1~~f.Jn1~';)L~n:::oJn~~'tl:::m'W~')m~i'tl'l';)L~~1:::oJn~~'tl:::m'W (Goto LL~::: Kunioka, 

1992) n1~';)L~n:::oJ'tl'lfOltJ~:::n'tltJ~')f.J Thin Layer Chromatography (TLC) (Yokoi LL~:::~ru::: 

,1995) n1~';)L~~1:::Vl1~N~h'l~,)f.J Nuclear Magnetic Resonance (NMR) LL~::: Fourier 

Transform Infrared Spectrometer (FT-IR) (Matsusaki LL~:::~ru:::, 2002; Ye Lb~:::~ru:::, 2006) 

" " ~,)3.Jvl'l n1~Vl1~1V1,rn L3.J L~ n~'1J'tl'l PGA ~,)f.J~iL~n L 'Vl~ L mon~tJ'WL"1i L~f.J3.JL~ L~on~~'tl~'tl:::~1-~113.J ~ • 

L~~"l!U~LLeJ'W (Sodium dodecyl sulfate polyacrylamide gel electrophoresis) (Fumio Lb~::: 

~ru:::, 1996) 

" , 
1.1 ~,)~1m (Drug carrier) ~1~i1'tl'ln'Wbtl'tl'l'tlnVl1-ifn'W'tl~1'Wif~,u'W~:::~~[;11~~1n 

" , 
~1~~n~Ltl'tl1~'1J'tl'l~'W Pacific yew (Taxis brevifalia) Vl~f.Jn~1 Paclitaxe (Taxal, TXL) L~f.J~::: 
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pacitaxel; PG-TXL) ~Ln~91nmJ"~-"Jri'W"lJ'fl~ pacitaxel LL~:::m~'Yi'fl~n\'l(;l1iJn ~~ih~~~l'WmJ' 

~h'W~:::L~~L-n'WL~mri'WLL(;] TXL i:Jrl'J1~~1~1J'bll'WmJ'~:::~1tJ~11Jl~n~1 91nmJ'~m~1"lJ'fl~ Zou 

LL~:::rlru::: (2001) mJ~11h:::~Vlfi1l1'Yi"lJ'fl~ poly (L)- glutamic acid camptothecin (PG-CPT) 

L~'fll-ndj'Wm ~h'W~:::L~~U'fl ~ ~~ Ln ~91 nmn~'fl~ (;]'flri'W"lJ'fl~ LLrl~t1'LVi LVI']'W (CPT) rium~'Yi'fl~ 

LL'fl~n\'l(;]1iJn~~~1e1~J''fln,]~''lJ'fl~rl1fu'fl'W~1LLWW~~ 20 ltJ~1l1'Yi phosphate-buffer saline 'L~tJ 

l-nJ':::tJ:::L'J~11'WmJ'~m~t1 50 tS''W 'L~tJl'WJ':::~~1~mn~'fl~(;]'flri9:::U~'fltJ PG-CPT tJ1~1ru 0.623 

LU'flfL-D'Wr;]1.081 LU'flfL-D'Wr;] LL~::: 1.396 LU'flfL-D'Wr;] (;]'fltS''W ~~1rl'J1~Lu'WnJ'~Lu~Lvi1riu 5.3 7.4 

LL~::: 9.0 (;]1~~1~U ~~ PG-CPT hji:J~~m:::VlU(;]'flL"J1~;Un~LL~9:::i:J~~~'fl~1'WL'tl'Yi1:::L"J1~;L~'fl 

~'flmvh,r'W 'L~tJ9:::1,x~~1l1tJl'W 32 tS''W ~~Mu1Jl~1 PGA LU'W~'J'Yi1 CPT ~~1U~~L~'flL~'flU'fl~ • 
L~'flHl'Wn1J'~1'WL"J1~;~:::L~~1Jl 

1.2 m'J~'J1l1'Yi (Biological adhesive) LU'W'Yi'fl~L~'flf~~tJ~1-nri'W'flth~LL'Yii~~1tJ 
I " I I I 

Li1'fl~91n~1~1J'bltJ'fltJ~~1tJ1Jl'L~tJfiJ'J'~"J11 ~ 9:::,yi11 ,xLtj'fl L~'fl L~'fl~ ~ ~ri'W~~~mJ'~,h ~ ~V1 'L~tJ mJ' 

rl'Ju~~mJ'1 ~~ L~tJ'W"lJ'fl~ L~'fl~ LL~:::mJ'tI ~U1 ~LL~~ m'J ~~~~ LrlJ'1:::i~ ~~ (;]~'W~1 Hl 'WmJ'~·h ~ ~ 

~1-nritJ'fltJ1~LL'Yii~~1tJ ~'J'fltJ1~L-ntJ 1"J1tJ1'L'W'fl:::rl1-L~VI (cyanoacrylate) ~1LVI'W 'Yi1'Yi'fl~L~'flf 
(urethane prepolymer) LL~::: L9~1~'W LJ'"J1'flf']'W'fl~ ~'flf~~~1e1!?l (gelatin-resorcinol­

formaldehyde; GRF) LL~'fltJ1~hri(;]1~m'J~~~~LrlJ'1:::i~~n~1'Jrii:J-1f'flL~tJ~~1tJUJ':::mJ' L-n'W i:J 
I II I I 

rl'J1~ LU'WYl~~'fl L"J1~; 'tl (;]J'1 mJ'~:::~1tJ ~1 LL~:::,yi11 ,xLn ~m J''tln L~U L1'fl~~ Ltj'fl~91n 1 'W"lJru:::V1m'J 

(Toriumi, 1996) 

m'J 1~u1-'W ~1Jl~191m~'fl~"lJ'fl~~'W~cl"rii:JuJ':::~Vlfi1l1'Yil'Wmn~'fl~ L~'fl L~'fl ~1 LL~:::i:J • 
I "''' I 

rl'J1~ L~m ~'flmJ'~ ~ L~'fl1'J~~~~ ~~oJ'W~~ 1Jli:J m J'~ ~ ~'W~1 m'J~'J1l1'Yi"J1~~ 1 ~~ V1i:JUJ':::~Vlfi1l1'Yi 
'" 

, '" cv II cv q 1.c::It. C. .::::..cS. cv Q I 

n'W~'J tJ'Yi'Wfi:::Lrl~ J':::~'J1~ L9 ~1 (;]tJLL~:::m~'Yi'fl ~ LL'fl ~ n~ (;]1 ~ n "J1~ ~ 1 J'VI~~'fl~"J1'W~ ~1~1 J'bltJ'fl tJ 
'" 

~~1tJ1Jl'L~tJm:::U'J'WmJ'fiJ'J'~"J11 ~1Jl~ 1 'WmJ'~11ul-n 'YiU~1 mn~'fl~ ~'fl L ~'fl L~'fl LL~:::mJ'Yi1~1'W 
'" "lJ'fl~J':::uu L~'fl ~Yi1~1'W1Jl'fltJ1~U n ~ LL~ :::~1~1J'bl~11ul-n LLVI'Wn 1'J~~ LrlJ'1:::iJ''J~~~ m'J~'J1l1'Yi 

1~u1-'W1Jl'fltJ1~~ (Otani LL~:::rlru:::, 1996a, b) 

'W'fln91n~ L9~1~'W-m~'Yi'fl~LL'fl~n~(;]1iJn ~~i:J~~~~kh~'W19 ~'fl ~:::~1tJ~11Jl~ 
'" 

I I '" I 

'L~tJ9:::LLUJ'~1l1'Yi1U'fltJl 'WJ'u L9~ LL~ L9 ~V11Jln~ui:J~'Wfi:::V1 LL;~ LLN LL~:::i:J rl'J1~'tl'fl'Wkl~riu Ltj'fl L~'fl 
'" '" . 

'" 
~~~~Yi11 ,xmJ'Yi1~1'W"lJ'fl~ J':::UU L~'fl ~ LU'WU n ~~ n~1 m'J~'J1l1'Yi1 ~u1-'W~ n Jl'JtJ 
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2.1 ~'l~[;ln[;l:;n'en.l~'el~h~'elfi!'Jll'l~ (Biopolymer flocculants) 1'W~'J'l~~~'lrJ"JJ'el~ 
" " 

flocculants ~'el ~'l~Vl.yh 1 "'\n~n'l~[;l n l?l:;n'el'W ~~im~1-nn'W'elrh~nrj''l~''JJ'J'l~1 'W~'l'Wn'l~u'lu~'~n 

L~rJ LL~:;1'W'Vl'l~'elI?l~'l~m~~ (Gutcho, 1977) ~~i1n'lnLiJ~~'l~[;lnl?l:;n'el'W~'Jll'l~'el'elmtl'W 3 n~~ • • 
" 

1my ~~~ 

"JJ'el~~'el~'el:;~1'~'l1~!?l n~~~'el~'el:;~1'~n LL~:;~'el~ L'elYi~'WL'eli1'W 

3. ~'l~l?ln[;l:;n'el'W~'el~L~'el~'Jll'l~ 1~LLri 1~bl?l'll'l'W ,g~~'W LL~:;[;l:;n'el'WIil~'W'Vl1tJ • 
" , 

~'l ~[;l n [;l:;n'el'W'lli'l~'eli'l'W'Vl1tJ-.1~ 3 'lli'l~ i'lrJ~Hf n'W'elrh~ LL ~i~~'lmtl'el~Iil'l n~'l ~'l tln 
'" 

~~'lrJ b~rJ m:;'lJ'J'Wn'l~'Jll'l~ b~rJ L'Tl~'l:;'el:;~1'~'l1~!?l ~~ LtI'W~'l ~YiM[;]'el ~:;'lJ'lJ'tJ~:;~'l'Vl LL~ :;~'l ~ri'el 

~:;L~~ (Dearfield LL~:; Abermathy, 1988) 
" , , 

Iil'l n-w'W~~ i1 ~'J'l~ ~'W1IilVlIil:;~'l1'lJb'el~'el~ L~'elfVl t:J~ [;llil'l nlil ~'W'Vl1tJ~'l1-n LtI'W~'l~1?l n • 

I?ln[;l:;n'el'W~i1~nMru:;~~'lrJn'lJLtJ~~'W (Takeda LL~:;~ru:;, 1992) ~'el~LL;nn~'lh!?l LL~:;1n~b~ 

btJ~~'W (Lee LL~:;~ru:;, 1995) ~'J'W~'l~[;ln [;l:;n'el'W~'W1ti1~¥'lJ ~'J'l~i'lrJ~ L-n'Wn'W 1~ LLri n~~ LLn~~'l 

~'el~n~I?l'lijn ~t:J~1?l1~Iil'ln B. subtilis IFO 3335 (Yokoi LL~:;~ru:; , 1996) 

2.2 ~'l~4''lJb~~:;~-wmL~:;~'l~n~~'W[;lll'l~¥~~ (Metal and radio nuclides binding) 
, " 

~ 'l ~ b~ ~ :;~-wn LL~:;~ 'l ~n ~ ~ 'W[;lll 'l ~ ¥~ ~ Vl tJ:;tJ 'W~ 'l n 'lJ ~'W ~ 'l LL~:; [;l:;n 'el'W ~'W~ 'J 'WLL~ 'J LL[;] i1 

t:J ~ m:;'Vl'lJ [;]'el~'WMtJLL~ :;~~ LL'J ~~'el~ LtI'W'elrh~~'l n ~~~'W~~i1-wnfj 4'rJ ~ 'W11il ~ nM'l~'l fjfi1 'Wn'l ~ • 

n'l4'~~'l~~~n~'l'J1""~~~1tJ (Macaskie LL~:; Basnakova, 1998) LL~:;Iil'lnn'l~~nM'l"JJ'el~ 

Mclean LL~:;~ru:; (1992) ~'lJ~'l B. licheniformis ~'l~'lHlt:J~1?l PGA ~i1~~miLtI'W~'l~~i1tJ~:;1il • 
~'lJ~-n'JrJ1'Wn'l~4''lJL~~:;~-wn1~~~'lrJ'lli'l~ L-n'W Ni+2 Cu +2 Mn +2 LL~:; Cr+3 ~'J'Wn'l~1-nm~LLn~~'l 

~'el~ n ~ I?l'lij n 1 'Wn'l ~4''lJ n'lJ u+3 
rim ~rJ n'l ~'Tl'l rJ ¥~~~'Wyj ~'l L~~ L -ih ~'l-n'J rJ n ~:;rJi''Wn'l ~.yh~ 'l'W1 ""~ '" . 

~~~'W (He LL~:;~ru:;, 2000) LL~:;Iil'lnn'l~~nM'l"JJ'el~ Bhattacharyya LL~:;~ru:; (1998) ~'lJ~'lLL~'W 
m'el~ L~~:;~-wn~ t:J~ [;llil'l nm~LLn~~'l~'el~ n~ I?l'lij ni1tJ~:;~'Vlfill'l~ [;]'eln'l~m'el~ ~~'J~ LL~~ Li1rJ~ 

'" 
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3. 'Vi~1~~n'VI'lJFl11~;'!I'lJU~::'I1L(;l'iL'"I~ (Thermoplastic and hydrogel) 

U ru~1'nrJ:;'\h/l~~1 dJ'WU ru~11 ~ru1 'WUiOliOl1J'WC LL~ :;1~iJ m~1 ~ m1lJ~'W1iOl ntJ m ~ 
... Q,I'", q 

m~Hn~t'lLLnlJlJ1Yi'el~n~[;11iln lJ1~~[;1L~'W1rJ~dJ'W'el~~'Wfi"1J'el-lL'el~L'Vl'elf LL~:;U-lYitJ~1 Y-PGA ~ 
~m~t1LiJ'WYi~1~~n'Vl'Wm1lJ~'el'W~n~,)rJ (Giannos LL~:;~ru:; , 1990) 'W'elniOl1nCmt'lLLnlJlJ1 

Yi'el~ n~ [;11il n LL'el~Yh LtJ'W~~ L'el~ L[;1'elf~1-nL 'Wm ~LL1.hnj L~'W1rJ Lt'lrJ ~1'Wn ~:;tJ')'Wn 1 ~~~ [;1~1~lJ1 [;1 ~ 
~ ~ 

(Yahata LL~:;~ru:;, 1992) 

Choi LL~:;~ru:; (1995) YitJ~1 B. subtilis IFO 3335 ~1lJ1~r;)~~[;1 Y-PGA ;-l1-D'LiJ'W 
, '" 

1elLt'lniOl~ Vi L[;1~rJlJ1~iOl1 nm ~'fl1rJf-l~ LLnlJlJ1~1lJ1~r;) t'l t'litJ'lJ11~~-llJ1 n 1elLt'l niOl ~ LiJ'W~ 1 ~ViUrJlJ 
~ ~ 

" Hfn'WlJ11'W~1'Wm~Ln~[;1~ 'Vl1-lmnLYi'VltJ L"ll'W 1-D'~1~ftJm~LritJnn'IJ1~1~ftJmnn~[;1~ 1-nL'W 

n1 ~~,)tJ ~ lJ n 1 ~1J ~ t'l1J~ 'elrJ rJ1 LL~ :;1-D'Yi 1 [;]') t'l t'litJ ~ 11 'W~ 1~'ellJ Lt'l rJ iJ n 1 ~~ r;J-J 'W 1 ~ lJ 1J~1 ~iJ , ~ 

.I~" ":.1' 
u~:;0'l'VlDIl1Yim"1J'W (Park LL~:; Hoffman, 1992) 

" " , 
U'el-l n'Wm~Yi1 ~1rJiOl1 n ~~ n'IJ1 LL ~-l (cryoprotectant) ~ 1 ~U'el-l n'Wm ~Yi 1 ~1rJiOl1 n ~ ~ n'IJ1 LL ~-l Vi 

UrJlJHn'W'elth-ln~1-l"1J,)1-l L"ll'Wantifreeze protein (AFPs) ~')'W1~'k!iOl:;~~[;1iOl1nmt'l'el:;m'W~iJ 

Ln~'elL"J!L~rJlJLiJ'W'el-lr11J~:;n'eltJ~in1'W~'WD:;LYi1J1'Vlt'l (Mitsuiki LL~:;~ru:;, 1998) 

m ~1-D' Y-PGA LiJ'W~1 ~U'el-l n'Wm ~Yi1 ~1rJiOl1 n ~~ n~1 LL ~-l 1 'Wm~LL"ll LL~-l'el1~1~iOl:; 
II I I I 

~-l ~~ ~'el~~"J!1 ~'el1~1~-W'elrJn~1~1~U'el-l n'Wm~Yi1~1rJiOl1 n ~~ n'IJ1 LL~-l"J!Ut'l~'W1 Vi1-D'n'W'el~"t1,) 11J 

L"ll'W LL~n~1ht'l Ln~'el;a'W'Vl~tJ LL~:;mt'l'el:;m'W (Tanimoto LL~:;~ru:;, 1995) 

" 'W'elniOl1nnU-liJm~'lJ1 Y-PGA 1-D'LiJ'W~1~~t'l~,)1lJ"1JlJ"1J'el-l'el1~1~ (Sakai LL~:;~ru:; , 

2000) Lt'lrJiOl:;L~lJL;h11J1'Wm~1~~ih~"1JlJ~1-l1 L"ll'W n~t'l'el:;m'W m1J1'Vlt'l ~~U'W ~1L~~'W LL~:;LLi 

D1~~1-l1 n1~L~lJ Y-PGA ~~'elLn~'el~~1lJ1~r;)ftJ1J~:;'Vl1'W1~iOl:;1-D'ntJ'fJ[;1~1~m~lJm~1~~1-l1 

"' .... 1 ""'" "1J'W~'Wt'l 'W'el1~1~'elnt'l,)rJ (Yamanaka, 1991) 
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if'"l'~'I.l,rn~{tJn1~'11,x1"1'J1l-J~'I.l1'"lL~tJ'Jnum~~m~t1 Y-PGA 'e)rh'll-J1n L(;1tJL'UYi1:; 
I I '" I I I 

n~:;u'J'I.lm~(:J~[;lLL~:;n~ 1n(;11'11 Vi LntJ'JnUm~(:J~ [;l ~'Jl-Jl1'1~'1il;~ [;lVi'll1l-J1 H1. 'I.lm~(:J~ [;l ;'1 n~l-J 

"ll'e)'1 LLU 1"1 Vi L1-tJ~'ll1l-J 1 H1 'I.ln 1 ~(:J ~ [;l Y-PGA Yi U~ 1 L~ 'e) LU'I.lLLU I"1Yl L1-tJ ~ 1 tJ ~'I.l f (;]1'1 n 'I.lfl'"l :;1-if 

" 'e)'1~1.h:;n'e)U'e)1~1~ fl1'J:; LL~:;m:;U'J'I.lm~1 'I.lm~(:J~[;l(;]1'1n'l.l'e)'e)nhJ ~'1,r'l.l~'1 ~'e)'1ilm~~m~t1 
, " 

(;]'e) hJ L yj'e) 1-if LU'I.l.;r'e)l-J~ LL~:;~1l-J1~t)'ll1 hhh:;tJ n [;l1-if1 'I.l~:;~U'e) [;l~1~ m~l-J (;]'e) hJ ~'Jl-J11'1 ~'e)'1 
" q q 

, " 
~ OO-J'I.l1 m ~(:J~ [;l L(;1tJ m~1-ifrj [;It) ~U ~'I.lYl'l.l~1 LL~ :;L~~'e) 1-if'"l1 n m~Ln~[;l~ l1'1tJ'I LU'I.lm~~ (;1 if ru~1 

q q '" 



d 
'U'VI'VI 3 

1. 'eltJn'icU • 
- n~'el'l'1~Vl~~fil,r"]jll(Pl 2 (;11 (Biocular compound microscope) ~'W BH-2 "1I'el'l1J1,;'Vl 

Olympus, Japan 

- Lri~'el'l1m~'elf~'elfLLl-J'W'lffi~1(PlLM~.J1LVlnn~ (High Performance Liquid 

Chromatography: HPLC) 

- L~i'el'ln'elYi'l'el::;m h~ L"'l~~ L~n LVl~L ~ L~:n~ (Agarose Gel Electrophoresis 

Apparatus) ~'W Gelmate 2000 1J1,;'Vl Toyobo, Japan 

- L~i'el'lL~l-Jml-J'lnJ~'l~~'WDm~l-J (Gene amplifier) i'W Gene Amp PCR system , , 

2400 "1I'el'l1J1';Vl Applied Biosystem, USA 
, 

.c:tI I .!I::Ir, cv 

- L~~'el'lm'WL"'l~ (Gel Reader) "1I'el'l1J~~Vl Biorad, USA 

- L~i'el'l~'WL~~m~'J'll-JL~'J~'l"]jll(Pl~'J1J~l-J'rJnJ'MJ~ (High speed refrigerated 

centrifuge) ~'W J 2-21 "1I'el'l1J1';Vl Beckman, USA 
I I I " 

- L~1'el'ltl'WL~~m~'l~ml-J'lnJi('elmL1J1J~'lL~::; (Microcentrifuge) ~'W KM-15200 "1I'el'l 

1J1';Vl Kubota, Japan 
, 

.c::I cv 1.dI I 

- L~~'el'l'J(Pl~'lm~~(Pln~'WLL~'l (Spectrophotometer) t'W Spectronic 20 Genesys "1I'el'l 

1J1';Vl Thermo Spectronic, USA 
, "0-

- ~-n'l~'J'll-J~'W1'el,J'l~hL~'elLL1J1J~(;]L'W~ (Autoclave) i'W SS-325 "1I'el'l1J1';Vl Tomy, 
~ , 

Japan 
, 

.c:tI I .Q I .QCV 

- L~~'el'lL"1ImLL1J1J~'J1J~l-J'elnJ'Mll-J (Incubator Shaker) ~'W Innova 4330 "1I'el'l1J~~Vl 
q iii! qJ III 

New Brunswick scientific, USA 

- ~'el1J (Hot air oven) ~'W UE 600 "1I'el'l1J1';Vl Memmert, Germany 

" 
- ~tJl-JL~'el (Incubator) ~'W BE 800 "1I'el'l1J1,;'Vl Memmert, Germany 

- ~LL·.lhu'elmL;'l'elnJ~ll~ -20 'el'lfil'lL"]j~L~rJ~ i'W MDF-U356 D "1I'el'l1J1';Vl Sanyo, 
\J iii! 'l.I q 

Japan 
, , 

.c:tI cv I ~cv 

- L~~'el'l"]j'l~m1J t'W PG 2002-S "1I'el'l1J~~Vl Metler Toledo, Switzerland 
, , 

.c:I cv .c::wI I .QCV 

- L~~'el'l"]j'l~::;L'elrJ(Pl t'W AG 285 "1I'el'l1J~MVl Metler Toledo , Switzerland 



- Lri~'tl'ltjl1l~11"l'J1lJL;:h.lnJ'!1lLU~ (pH meter) ~'W Cuberscan 1000 "lJ'tl'lu1';'Vl Eutech 

Cybermatics, Singapore 
., 

- ~iJ~'tll1lL;'tl (Laminar flow cabinet) i'W 25 Manometer "1I'tl'lu1';'Vl Dwyer 
~ . 

Instrument, USA 

- Ll"li'tl'lm'tl'l~1U1~'VltJ':::uu1L'J'tlf~'tl'tl'litlJ:n~ i'W Option 3A "lJ'tl'lu1';'Vl Elga, • • 
England 

29 

- Ll"li'tl'le.J~lJ~1J' (Vortex mixer) i'W K-550 GE "1I'tl'lu1';'Vl Scientific Industries, USA • , 
4 I I...:::..... • 

- LI"lJ''tl'l~'W~1J'~:::~1tl (Dry-block heater) ~'W TDB-120 "1I'tl'lUJ''rt'Vl Blosan, Korea 

- Ll"li'tl'l~L~nt'VlJ'tm:n~LLUULL~'W (Slab gel electrophoresis equipment) ~'W Mini-

protein II Dual "1I'tl'lu1';'Vl Biorad, USA 
, 

.c::tI I ct I .QCV 

- Lm'tl'ln'J'WLLlJL~~n (Magnetic stirrer) ~'W 502-P "1I'tl'lUJ''rt'Vl PMC, USA 

- llJtl"lJ'tJLiJ(;l~ (Micropipette) i'W P1 0, P20, P100, P200, P1 000 LL~::: P5000 "lJ'tl'l • 
u1';'Vl Gilson, France 
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... IV ~ 

2" UU.! 11 '" 'VI 
cv Qj tr .c..cv • 

- ~1~~n(p)"'l1m.l'Ml (Yeast extract) "ll'el ,nm~tVl Difco Laboratories, USA 

- V11tJLI'1'W (Tryptone) "ll'el'lu1M'V1 Difco Laboratories, USA 

- LLUI"lLI'1L'VItJLI'1'W (Bactopeptone) "ll'el'lu1M'V1 Difco Laboratories, USA 

- LLUI"lLI'1'el:;mf (Bacto agar) "ll'el'lu1M'V1 Difco Laboratories, USA 

" cv .ell .Q. cv 

- ~1~~n(p)"'l1m'W'el (Beef extract) "ll'el'lU~MVI Difco Laboratories, USA 

- n~ LI"l~ "ll'el'lu1M'V1 Merck, Dramstadt, Germany 

- L'1lL~m..JI"l~'elhr;) (NaCI) "ll'el'lu1M'V1 BDH Laboratory Supplies , England 

- m"m-nL~r.J~i~ Lyj 1'1 (MgS04" 7H20) "ll'el'lu1M'V1 Merck, Dramstadt , Germany 

- LtJLLVI~ L~r.J~1.(P) l.e!L(p)n"'l'Wyj'el~ Lyj 1'1 (KH2P04) "ll'el'lu1M'V1 Merck, Dramstadt, 

Germany 

- LL'el~L~L-nr.J~1.'WLI'1~1'1 (NH4N03) "ll'el'lu1M'V1 Ajax Finechem , Australia 

- LL'el~L~L-nr.J~i~Lyjl'1 ((NH4)2S04) "ll'el'lu1M'V1 Merck, Dramstadt, Germany 

- LL'el~L~L-nr.J~I"l~'elhr;) (NH4CI) "ll'el'lu1M'V1 Merck, Dramstadt, Germany 

- L'1lL~r.J~1.'WLI'1~1'1 (NaN03) "ll'el'lu1M'V1 Merck, Dramstadt, Germany 

- V11~~1LU~ (Trisma base ; Tris-Hydroxymetyhl-aminomethane) (C4H" N03) "ll'el'l 

u1M'V1 Sigma, USA 

- V11~1.e!L(P)~I"l~'elr;) (Tris HCI) "ll'el'lu1M'V1 Sigma, USA 

- 95% L'elVl1'W'el~ "ll'el'lu1M'V1 AlcoX 

- m(p)1.e!L(p)~I"l~'el1m-if~-if'W (Concentration HCI) "ll'el'lu1M'V1 Merck, Dramstadt, 

Germany 

- EDTA (Ethylenediaminetetraacetic ac id), (C 'OH'4N20 aNa2" 2H20) "ll'el'lu1M'V1 

Sigma, USA 

- Taq DNA polymerase "ll'el'lu1M'V1 Promega, USA 

- Ribonuclease A (RNase A) "ll'el'lu1M'V1 Sigma, USA 

- LtJ~~L'W~LI"l (Proteinase K) "ll'el'lu1M'V1 Qiagen, Germany 
.Q GJ ~q .Q. cv 

- (P)L'el'WVI'VI (dNTP; Deoxymucleotidetriphosphate) "ll'el'lU~MVI Promega, USA 

- 'el:;mL~~L"'l~ (Agarose gel) "ll'el'lu1M'V1 IUAI, Japan 

- CTAB (Cetyl Trimethyl Amonium Bromide) "ll'el'lu1M'V1 TCI-EP, Japan 

- SDS (Sodium Dodecyl Sulfate), (C,2H2S0S03Na) "ll'el'lu1M'V1 Nacalai tesque, 

Japan 
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- 'el:;I"l'hnLl-Jr;l (Acrylamide) "ll'el'l'!.J~MYl Sigma, USA 

- N,N,N' ,N' -L[;l[;l~:;Ll-Jfi~'WL(;)miJ'W (N,N,N' ,N' -Tetramethylenediamine, TEMED) 

'1l'el'lU1-MYl Sigma, USA 

- N,N' - Ll-Jfi~'Wu~'el:;I"l1-~1Ll-Jr;l (N,N' -Methylene bis acrylamide) "ll'el'lU1-MYl Sigma, 

USA 

" 
- "ll(;)hh~'W~1~t!ntl-JL~n~ l-J1[;l~~1'W "ll'el'lU1-MYl Biorad, USA 

q q <II 

- L'elt"llL'elij~LL'el~n'ell!'el; (Isoamylalcohol) "ll'el'lu1-MYl Merck, Dramstadt, Germany 

- L'el t"llh~~Yi1'W'el~ (Isopropanol) '1l'el'lU1-MYl Merck, Dramstadt, Germany 

- L'ell1L~rmtu~Ll-Jr;l (EtBr) '1l'el'lU1-MYl Sigma, USA 

- 'el:;~t[;l~L'WL[;l~~ (Acetronitrile) HPLC grade '1l'el'lu1-MYl Merck, Dramstadt, 

Germany 

" 
- ~1 HPLC grade '1l'el'lU1-MYl Lab-Scan, Thailand 

- m(;)LYl~~~'el'elt~'el:;~~n (Trifluoroacetic acid) HPLC grade '1l'el'lU1-MYl Fluka, 

Switzerland 

- LL~'W:n~n1LIil~ 60 '1l'W1(;) 20 x 20 L"ll'W~Ll-J[;l~ ~'W1 0.2 ij~~Ll-J[;l~ "ll'el'lu1-MYl Merck, 

Darmstadt, Germany 
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, " 
LrilJ~'J'eJrJl'l'eJ1Wl~,..nrn ~'J~,rn "'llmL~~'l~1'l1 LLtlm:n'eJ"'lln~'J'eJrJl'l L(;lm~'eJ"'lI'l 

~'J'eJrJl'l ~'JtI~I~~:::~lmn~'eJ rl'Jll-J L-nl-J-n'W 0 .85% LL~ :::Ln~t11 ~,r'J ~'J~illlJ'W'eJl~1 nL;'l LB 

(1lIrle.J'W'Jn n) tJl1thjl-J~'eJru~llij 37 'eJ'lfl\IL'1!~L~t1~ Ltl'WL'J~1 24-48 -B''JLl-J'l rr(;lL~'eJnLrlL~~~~ . " 
tJ '" '" '" .... .c:I <Q CV cv.eM Q Q .c:!iI " 

~m~tru:::Ll-J'eJmtll-J (Yoon LL~:::rlru:::, 2000) "'l1 n'W'Wrl (;l L~'eJnl-Jl"1l (;l~'llJ'Wm~I~L~tI'l L'1!'eJLL"1l'l"'lI'W 
I I I '" '" '" 

1mJ LYl'eJ 1m~rl L~~L~m LL~'J LrilJfm~t1 LLlJ rlVi IStiVi rr(;lLLti nl~~lJ'W~~'eJ (;lm~I~L~t1'l L:n'eJ LL;'l L~tI'l 

LB LrilJH~'eJru~llij 4'eJ'lfl\IL'1!~L~t1~ L~'eJvhn1~'Vl(;l~'eJ'l~'eJ1tJ . " 

I tJ I '" 

3.2 .1 tJ1LLlJrlVilStiVirr(;lLLtlnl~'L'Y'n:::L~t1'llJ'Wm~I~LL;'l LB "'l'W~mtl 24 i'JLl-J'l ~lm:n'eJ • 

I I '" '" 

'tlj;]~IL~'J 200 ~'eJlJ~'eJ'W1Vi Vi'eJru~llij 37 'eJ'lfl\IL'1!~L~t1~ Ltl'WL'J~1 24 i'JLl-J'l "'llmr'W~lm:n'eJ~'l1'W 
• OJ 

" , o '" <Q Q 4 I!J" 
'eJl~I~L~~'Jn1~'W(;l~j;]~ 'eJl'l'eJ'l"'lln Xu LL~:::rlru::: (2005) (1lIrle.J'W'Jn n) L~tI'llJ'WLrl~'eJ'lL"1ltl1(;l'JtI 

" 

'" '" '" '" 
"1l'eJ'l LLlJrlVi IStlL(;ltl n1~~ltJl~,rn L'1!~;LL ~'l LL~:::tJltJl L~tI'l L:n'eJl-Jl~ Ii (;l LLti n llJ L'eJ~'eJ~ Ll-J'eJfl(;ltl';jfi 

"1l'eJ'l Goto LL~::: Kunioka (1992) ~(;lj;]Il-J1.h:::~'Vlfilll~1'Wn1~e.J~j;]llJL'eJ~'eJ~Ll-J'eJfL(;ltl~'lLnj;]"'lln 
"'" '" " rl'Jll-J-n'W~n(;l"1l'eJ'lm~I~L~tI'l L:n'eJ L~~'J LL~ :::tJl~,rn LL~'l"1l'eJ'lllJL'eJ~'eJ~ Ll-J'eJfL VitllJlilJtJl~,rn L'1!~; 

, " " 
LL~'l rr (;l L~'eJ n LLlJ rlVi IStlVi~tJl~,rn LL~'l"1l'eJ'lllJL'eJ~'eJ~ Ll-J'eJfLVitllJ lilJtJl~,rn L'1!~;LL~'ll~~'l~ (;l tJl " . 

" llJL'eJ~'eJ~Ll-J'eJfl-Jl'Vl(;l~'eJlJml-JlrutJlj;]I~L(;ltl';jfi Phenol-Sulphuric acid (Dubois LL~:::rlru:::, 
" 

1956) L(;ltlHtJlj;]l~n~Lrl~Ltl'W~I~l-Jlj;]~~I'W (Xu LL~:::rlru:::, 2005) LL~:::'Vl(;l~'eJlJ1.h:::l-Jlruhh~'W 
" .... 

11 '" '" I I I I 

tJ 1 tJ 1 L ~ tI 'l L:n 'eJ l-J 1 11 'W LL tI n L '1! ~ ; 'eJ 'eJ n L (;l t11-n- L rl1'eJ 'l 11 'W L ~ ~ t1'l rl 'J lJ rll-J 'eJ ru ~ 11 ij .. " 

'" I" I '" II 1.1 I 

~ Ii (;lLLtin llJL'eJ~'eJ~ Ll-J'eJf "'l1 n,r'W~I'l j;]:::n'eJ'WL'1!~;Vil~ ~'JtltJl n~'W.nl~ n rlf'l tJltJl1~Vil~"'lln n1~ 
'" " I I 

~1'l L'1!~;~'Jl-J lilJtJl1~ rlf'l LLm LYl'eJtJl1tJ ~ Ii (;l LLti n llJ L'eJ~'eJ ~ Ll-J'eJf tJl L '1!~;Vi LLti n 1~'Zl1 'Wtl'JtI~'eJtI; 

~'VlnlJ~I~,rmLtl'W'eJ'W tJl1u'eJlJ1~LL~'l~'eJru~llij 70 'eJ'lfl\IL'1!~L~t1~ Ltl'WL'J~1 24 -B''JLl-J'l tJl 
• OJ 

II I I I '" I 

'eJ'eJnl-Jl~n 1'W L(1 (;l(;l rl'Jll-J:n'W"'l'WL£j'WLL~'JtJl1ui'l ~'JtI Lrl1'eJ'li'l~:::Liiti (;l"'l'Wl~tJl~,rn rl'lVi ~1'W'J ru 
" 
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3.2.1.2 n"m~n"1LLrJnll.JL'el'Yi'el~hl-J'elfi:"1rJ':jfi"1l'el'l Goto LL~:; Kunioka (1992) 
J.I ".. II I I 

tJltJ1L~rJ'I L~'el~,;)'WL~Vll~IOlln n1~ihJLLrJ m'1!~~1 'W-n'el 3.2.1.1 l-Jl (;1 n (;1:;n'el'Wll.JL'el 

" '" II '" I 

'Yi'el~hl-J'elf ~,;)rJ 95 LlJ'elfL.n'W~L'el'Vll'W'el~ illl-Jl(;1~ 4 LY]I"11'el'ltJ1L~rJ'IL~'el~,;)'WL~ Yi'l-nll-J~'WVl 

'elru·Ml~ 4 'el'lfillL'1!~L;rJ~ Lnl.Jll.JL'el'Yi'el~Ll-J'elf~(;1n(;1:;n'el'Wl~"1rJtJll-Jl~'WL~~rJ'I~ 9,000 ~'el1.J[;J'el . " 

'W1Vl Lij'WL,;)~1 40 'W1Vl ~ 4 'el'lfillL'1!~L;m~ tJl11.JL'el'Yi'el~Ll-J'elf~1~vhl~L'el~1~"lf tJl1lJ-ff''I~,;)rJ 
I I II I " 

Lfi11-'el'l-D'I~ :;L~rJ "11Ol'Wl~tJl~-wn fi1'1Vl ~1'W,;) rutJl~-wn 11.J L'el'Yi'el~ Ll-J'elfLL~'IrJWW,;)rJ Lu'Wnfl-J [;J'el~ (;1~ 
" 3.2.1.3 n1~':jLfi1n:::iilll-JlrutJl(;l1~L"1rJ':jfi Phenol-Sulphuric acid method 

(Dubois LL~:;fi1ru::: , 1956) L"1rJL-n~1(;11~n~Lfi1~'HU'W~I~l-Jl(;1~~I'W (Xu LL~:;fi1ru:::, 2000) " ... , " , 
tJl11.JL'el'Yi'el~Ll-J'elfLL~'IVl~~(;11~ 1 ~~~nfl-J l-Jl~:;~lrJ~,;)rJtJln~'W 1 ~~~~(;1~ L'W 

," " 
~~'el "1 1l-J Lfi1~~,;)r.f L~'ellOll'1 L ~rJ fi1,;)Il-J L -nl-J-n'W L 'W"lh'lVl ml-Jl:;~l-J lOll n-W'WtJll-Jl'Vl "1~'ell.Jilll-J1 rutJ 1 (;11 ~ 

L"1rJtJl~I~~:::~lrJ"1I'el'lll.JL'el'Yi'el~Ll-J'elf~l~ 1 ~~~~(;1~ L~l-J~I~~:;~lrJYJ'W'el~ 5% 1 ~~~~(;1~ L~l-J 
" , " 

m"1-D~mm-nl-J-n'W 5 ~~~~(;1n"1l[J1L~L-nln'W Yi'lHVl'elru~Jl~~'el'l 10 'W1Vl IOlln-W'WtJl1lJLL"llL'W'e11'1 
" . " " , , 

tJlfi1,;)l.Jfi1l-J'elru~Jl~Vl 25-30 'el'lfillL'1!~L;rJ~ VlrJn1~L"1I[J1 LU'WL,;)~1 20 'W1Vl tJl1lJ~"1rhn1~ ., " 
I I I II 

~"1 n~'WLL~'IVl mll-JrJl,;) fi1~'W 490 'WI L 'WLl-J (;1~ L Yl'el~1 mll-J L -nl-J-n'W"1I'el'ltJl (;l1~ LmrJ1.JLVlrJl.J nl.J 

nn~l-Jl(;1~~I'W"1I'el'ln~Lfi1~~fi1,;)Il-JL-nl-J-n'W 0- 500 ll-JLfi1mfl-J[;J'el~~~~(;1~ (Jllfi1~'W';)n fi1 ) ... " 
3.2.1.4 n1~':jLfi1~I:::iml-JlruLlJ~~'W (Lowry LL~:;fi1ru:;, 1951) 

':jLfi1n:;iilll-JlruLlJ~~'WL"1rJnl~tJl~I~~:;~lrJ[;],;)'el[Jl'1 1 ~~~~(;1~ l-J1L~l-J 
" " , 

~1~~:;~lrJ~~l-J C (Jllfi1~'W';)n "11) 5 ~~~~m ~~l-JL~L-nln'W [;]'IYi'lHVl'elru~Jl~~'el'l 20 'W1Vl LL~,;) . " 
~'IL~l-J~I~~:::~lrJ D (Jllfi1~'W';)n "11) ~~l-JL~L-nln'WLL~,;)~'I~'IH~'elru~Jl~~'el'l 30 'W1Vl LL~';)tJl1lJ . " 
~"1rhn1~~"1n~'WLL~'I~fi1,;)Il-Jm,;)fi1~'W 660 'W1L'WLl-J(;1~ ~1'W';)ruml-JlruLlJ~~'WIOllnml~l-Jl(;1~jl'W 

"1I'el'lLl.Jl';)'W1fl-J~~1.J~'W (Bovin serum albumin) fi1,;)Il-JL-nl-J-n'W 0-200 ll-JLfi1~nfl-J[;J'el~~~~(;1~ 
" 

'" ... 
'!l1-3'!l-3~1n Xu U~~fI(u~ (2005) (.n1f1~'U1n n) 

I " I s.-

tJl LLl.J fi1Vl ISrJVl ~ "1LLrJ n 1~ L'Yil:::L~rJ'Il.J'Wm~lnL~'I LB IOl'WrJmrJ 24 -D,;) Ll-J'I ,hm~'el , 

~'IL'Wm~ln~~';) LB ml-Jl(;1~ 5 ~~~~(;1~ L'W~~'el"1'Vl"1~'el'l 1.J'WLfi11'el'lL"1I[Jl~,;)rJ~(;1~IL~,;) 200 ~'el1.J 

[;J'el'W1Vl ~'elru~Jl~ 37 'el'lfillL'1!~L;rJ~ LU'WL,;)~1 2 4 -ff',;)Ll-J'I IOllmr'W~lm~'el~'IL'W'ell~I~L~~,;) , " 
" , , 

nl~'W"1~(;1~ L~rJ'Il.J'WLfi11-'el'l L"1I[J1 ~,;)rJ~ (;1~1 L~,;) 200 ~'el1.J [;J'el 'WI Vl Vl'elru~Jl~ 37 'el'l fill L'1!~ L~rJ~ LU'W 
" . " 

I I I II 

L,;)~1 48 -D,;)Ll-J'I L"1rJL'W"ll,;)'I 0-6 -D';)Ll-J'Ivhn1~Lnl.J[;],;)'el[Jl'1YJn1 2 -D,;)Ll-J'I IOlln-w'Wvhn1nnl.JYJn1 

3 -ff'';) Ll-J'I ~"1(;11l-Jn1nlOl1CYL"1rJ~ltJl~-Wm'1!~;LL~'I LL~ :;tJl~1 Lim L~'ell-Jl~ n "1LLrJ n 11.JL'el'Yi'el~ Ll-J'elf 



OOG r,~'L~~~~r,,\t'L~IT.'t'@tl!lmrU'~~' (~~LIifJ1@~U!,-~LN %S"O I1,VLfA'~\M.~'~~lM.\t'@IT.M.~Ii~' 
'''' '" 

IiLr,l!lI1,f~~~l ~ ~~UL~~,V ~~L~;:~" (80N8N) 1A.~~m \Ii~~' If,1 C' OSlC'HN)) ~~, ~!oIi~t:1Ii11i@" 

(80NVHN) 1A.~~'M.\Ii~t:'1i11i@" (l~lHN) ~~\@~l!l1i~t:'1i11i@" fJ",\t'\ M.~'~~1M.\t'~~" 

M.J:~~" r,~" G "tn: @~u L~Ii~;:LIi~' ~M.@l1jLl!lt'~~ "JH~~l ~~ ~~M.~L~ r,~~ '~L~L@M. \~~, ~l!l m, 

t'~~,;: LM.' ~~1 j@li, ~@M.@111\~ ~t:l~LU @~ 1i~;:LIi~' ~M.~'~~1M. \t'~~" L~U ~ 
'" , 

j@li, ~@M.@111\ ~ ~t:l~LU @~ 1i~;:LIi~' ~M.~'~~1 M. \ t'~~" t'@IT.~t:!T.L~~LU S" vT 

M.~~~1 ;:~" ~L~ Lr-ru LIifJ1I1@~~ IA. 
'" 

LIi~L~Lr-t'~ "~~!T.' U!,-~Lr-I1,VI1~~ 'j@m ~@M.@ll1\t'@IT.t'~" U!,-~Lr-;:~" r,~~, @~, t'~~ML~L@t'@1T. 
" "" " 

~ll~M.~IiLr,l!l U L~~ u, t'~~~1 j@li, ~@M.@111\~ ~t:l~LUM. \M.LL!~IA.~;:~~IiL~ ~~ j@li, ~@M.@111\ ~,V~ 

LIi@~' t'~~' Lr-Lr-;:~" t'~ "~~lf,w!,-~Lr-L~~Lu~~l~~' ~l!l m, t'@lT.iUf.~'~LUIiL~ ~ ~ t'1i1 r,!o GV 
II " "" I 

L~r,mr.:' ~~~'~lf,'LIelt'@ LS t:Lmru@ ~LM.@~I1@~ OOG r,~'L~~~~r,,\t'L~IT.'t'@tl!lml1t'~~' (~~LIifJ1 
, '" 

@~U!,-~Lr-) %9;:~" S 'V 'S"S 's 'S"G 'G 'So ~ '~ '8"0 'S"O '0 M.r.:m@l1jLl!lt'~~"t'@IT.M.~Ii~' 
'" .. IiLr,l!lM.J:~~" ~ "v"S @~u L~Ii~;:LIi~' ~M.@l1jLl!lt'~~ "H~~l ~~ ~~M.~L~r,~~ ML~L@M.\~~ ~l!lm' 

t'~~';:LM.' ~~1 j@li, ~@M.@111\~ ~t:l~LU@~ 1i~;:LIi~' ~M.@l1jLl!lruLIiWL~U~ 
'" , 

j@Ii'~@M.@ll1\~~t:l~LU@~Ii~;:LIi~'~M.@l1jLl!lruLIifJ1LMLU G"V"S 

M.~~~l;:~"~L~Lr-ruLIifJ1I1@~~1A. 

'" 
L Ii~ L~ Lr-t'~ ,,~ ~ If,' U!,-~Lr-I1,V 11~~ 'j@li, ~@M.@ 111\ t'@IT.t'~" U!,-~Lr-;: ~" r,~~, @~, t'~~'~L~L@t'@1T. 

" "" " 
~ll~M.~IiLr,l!l U L~~ u, t'~~~1 j@li, ~@M.@111\~ ~t:l~LUM. \M.LL!~IA.~;:~~IiL~~~ j@li, ~@M.@111\ ~,V~ 

LIi@~' t'~~' Lr-Lr-;:~" t'~ "~~lf,W!,-~Lr-L~~LU ~~1~~' ~l!l m, t'@lT.iUf.~'~LU IiL~~~ t'1i1 r,!o GV 
" " ,," I 

L~r,mr.:' ~~~'~lf,'LIelt'@ LS t:Lmru@ ~LM.@~I1@~ oOG r,~'L~~~~r,,\t'L~IT.'t'@tl!lml1t'~~' (~~LIifJ1 
, '" 

@~U!,-~Lr-) %S M.~Ii~'IiLr,l!lJI-\~~l M.@l1jLl!lt'~~"Ii~'["t\~~llitmr,l!lr,~;:~" ~@~@lf,'~U ~~1 
'" .. .. .. ~@Ii ~~1l!l~" ~~l!l1lf, ~l!ll~U fJ",\t'\ M.@l1jLl!lt'~~'mJ:~~"~~~~~M.~L~r,~~ML~L@M.\~~'~l!lm' 

t'~~';: L M., ~~1 j@li, ~@ M.@111\~ ~ t:l~ L U @~ Ii ~;:LIi~' ~M.@l1j Ll!lt'~~" L~U ~ 
'" , 

j@m ~@M.@111\~ ~t:l~LU@~Ii~;:LIi~' ~M.@l1jLl!lt'~~"t'@IT.~t:!T.L~~LU ~ "vT 

g@.111 
" 

tt@.M.@.' n.' 16 tt~gLU @'1611~::LI1k1. 1 !.4@.JL,1 i:'litt1gLk1.L@.t-@.rr.n.@.U::gn.1!t t-@'L~U I.fgLU 17"£ ~ b I. ~. p.r,IF I v" so; 

(vTG"S 

@~~~IiL~) M.~~~1;:~" (STG"S @~~~IiL~) ~L~Lr-ruLIiWI1@~~IA.Llin~Lr-(~TG"S @~ 
'" 

~~IiL~) t'~"~~lf,W!,-~Lr-I1,VI1~~' (G" ~ "GT @~~~IiL~) j@Ii'~@M.@ll1\t'@IT.t'~'1U!,-~Lr-;:~"r,~~, 
'" '" 

@~, t'~~'~L~L@t'@IT.~ll~M.~IiLr,l!l UL~~ u, t'~~~1 j@m ~@M.@111\~ ~t:l~LUM. \M.LL!~IA.~;:~~IiL~ ~ ~ 
'" '" 

vS 
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1'aU[;]'a'l..nYl 'rJru~l.1ij 37 'a'lPl1L'jj~L~m~ Lij'l..lL'J~1 42 -B''JhJ'I ~~j;)1~n11L'"l1ry"lJ'a'lLLUrlYlChlt~rJ 
~ ~ ~ ~ 

n11~1'1l1~,rn L'J!~;LL~'1 LL~:;'Il1'1l1 L~m L~mJ1 ~ n ~ Lutm'l'a~ L~'af ~ ~ j;)1~'lh:;~'VlfiJl1'Yi1 'I..ln11 
...... ... 

e.J~ j;) LU t'a'Yi'a~ L~'af t~rJ~'1 Ln j;)'"l1 n rl'J1 ~o]'I..l~i1~"lJ'a'l'a1~11L~rJ'I L~'a m~'J LL~ :;in~,rn LL ~'1"lJ'a'lLU 
... ... 

t'a'Yi'a~ L~'afLYlrJU nU'W1~,rn L'J!~;LL ~'1 'Il1~11~1'Vl ~~'aUm~1 ru'll1 j;)1~ LL~:; hh~'I..l 

3.4 .4 n11~1m~1ruL'I..ltmL'"l'l..l~L~~1:;~~[;]'an11LUt'a'Yi'a~L~'af 

~m~t1m~1ruL 'I..ltj;)1L'"l'l..l~ L~~1:;~~ [;]'an11e.J~ j;)LUt'a'Yi'a~ L~'af t~rJ L'Yi1:;Lim 

LLUrlYl ~rJ1 'I..l'a1~11L~~'Jri1~'I..l~~ j;)1 t~rJ1.jf LLWtl'l rl1fu'a'l..lLL~:;L 'I..ltj;)1L'"l'l..l~ L~~1:;~~'"l1 no]'a 3.4.2 .. 
... • I '" ... ... L ~ .!'I 0 

LL~:;3.4.3 LL~'JLLu1e.J'I..lrl'J1~L"lJ~"lJ'I..l 'I..l~j;)1L'"l'l..lLu'l..l 0, 0.1,0.3, 0 .5, 0.7, 0 .9, 1.1, 1.3 LL~:;1 . 5 Yo 
... ..., 

('Il1~,rn[;]'am~1j;)1) L~mu'I..lLrl1'a'lL"lJ£h~'JrJ~j;)nL~'J 200 1'aU[;]'a'l..l1Yl 'aru~Jlij 37 'a'lPl1 . .. 
L'J!~L~rJ~ Lij'l..lL'J~1 42 -B''Jt~'1 ~~j;)1~n11L'"l1ry"lJ'a'lLLUrlYlC~rJt~rJn11~1~1~,rm'jj~;LL~'1 LL~:;'Il1 
... ... ... 

'Il1 L~m L~'a~1~n ~ LUt'a'Yi'a~ L~'af ~~j;)1~U1:;~'VlfiJl1'Yi1 'I..ln11e.J~ j;)LUt'a'Yi'a~ LWeJf t~rJ~'1 Ln j;)'"l1n 
II II.... '" 

rl'J1~o]'I..l~i1~"lJ'a'l'a1~11L~m L~'a L ~~'J LL~:;'Il1~,rn LL~'1"lJ'a'lLUt'a'Yi'a~ L~'afLYlrJUnu'Il1~,rn L'jj~; 

LL~'1 'Il1~11~1'Vl~~'aUm~1ru~1 j;)1~ LL~:;tU1~'I..l 

3.4 .5 n11~1m~1rut~t'l..lt'jj L~rJ~ n~ j;)1 L~ j;)~ L~~1:;~~ [;]'an11e.J~ j;)LUt'a'Yi'a~ .. 

~ L~~1:;~~'"l1no]'a 3.4.3 LL~:;3.4.4 j;)1~ih ~u t~mLU1er'l..lrl'J1~ Lo]~o]'I..l"lJ'a'lt~t'l..lt'jj L~rJ~ n~m 

L~j;)Lij'l..l 1,2,3,4, 5 LL~:;6 LU'afLonw;l (~1~,rn[;]'am~1j;)1) LirJ'IU'I..lLrli'a'lL"lJ£h~'JrJ~j;)nL~'J 

200 1'aU[;]'a'l..l1Yl 'aru~Jlij 37 'a'lPl1L'jj~L~rJ~ Lij'l..lL'J~1 42 -B''Jt~'1 ~~m~n11L'"l1ru"lJ'a'lLLUrlYl~rJ . .. ., 
II II " II 

t~rJ n11~1'1l1~,rn L'J!~;LL~'1 LL~:;'Il1'1l1 L~m L~'a~1~ n ~ LU t'a'Yi'a~ L~'af ~ ~ j;)1~U1:;~'VlfiJl1'Yi1 'I..l 
...... ... 

n11e.J~ j;)LUt'a'Yi'a~ L~'af t~rJ~'1 Ln j;)'"l1 n rl'J1~o]'I..l~i1~"lJ'a'l'a1~1n~m L~'a L~~ 'J LL~:;'Il1~,rn LL~'1 
... ... 

"lJ'a'lLU t'a'Yi'a~ L~'afLYlrJUnu'Il1~,rn L'jj~;LL ~'1 'Il1~11~1'Vl ~~'aUm~1 ru'll1 j;)1~ LL~:; tU1~'I..l 

3.5.1 n11~11"11rl'J1~ Lij'l..lm~ LU~~ L~~1:;~~[;]'an11e.J~ j;)LUt'a'Yi'a~ L~'af 

~n~1 1"11 rl'J1~Lij'l..lm~ LU~~ L~~1:;~~ [;]'an11e.J~ j;)LUt'el'Yi'a~ L~'af t~rJ L'Yi1:;Lim 

LLUrlYl~rJ~LLU1er'l..l1"11rl'J1~Lij'l..lm~Lu~Lij'l..l6, 6.5,7, 7.5 LL~:;81'1..l'a1~11L~~'JufuUN~j;)1 t~rJ ... 
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II II II II 

~"H111~ mn~1-t1l'll'tl'l LLlJ rtVl L~tlLl?1t1 m~~1~1~oJn L'l!~;LL"lX'l LL~:;~1~1 L~tI'l L;'tl~1~ n l?1LlJL'tlYi'tl~ 

L~'tlf ~l?1j;J1~lh:;~VlfiJl1Yil 'WmBJ~ j;JLlJL'tlYi'tl~ L~'tlf Ll?1t1i'l Ln j;J~1n rt'J1~i'W~ill?1'l1'tl'l'tl1~1~ 
"" II '" 

L~tI'I L;'tl L~~'J LL~:;~1~oJn LL ,x'l'll'tl'lLlJL'tlYi'tl~ L~'tlfL VltllJ nlJ~1~oJn L'l!~ ;LL,x'l ~1~ 1 ~~1Vll?1~'tllJ 
" m~1rw~1j;J1~LL~:;hh~'W 

3.5.2 m~~1'tlrw~Jlij~L~~1:;~~~'tlmnJ~j;JLlJL'tlYi'tl~L~'tlf . " , " , 
~n1;"1'tl rw~JlijVl L~~1:;~~ ~'tlm~J:J~ j;JLlJL'tlYi'tl~ L~'tlf Ll?1t1 LYi1:;L~tI'l LLlJ rtVl L~tlVl . " 

" , 
3.5.1 L~tI'IlJ'WLrt~'tl'lL'lI~.h~'JtI~j;J~1L~'J 200 ~'tllJ~'tl'W1Vl 'tlrw~Jlij 37 'tl'lfil1L'l!~L~tI~ LtI'WL'J~1 42 . " 

I "" II " 

on'J L~'1 ~ l?1 j;J1~mn~1-t1l'll'tl'l LLlJ rtVl ~tlLl?1t1 m~~1~1~oJn L'l!~;LL,x'l LL~:;~1~1 L~tI'I L;'tl~1~n l?1LlJ 

L'tlYi'tl~ L~'tlf ~ l?1 j;J1~lh:;~VlfiJl1Yil 'Wm ~J:J~ j;JLlJ L'tlYi'tl~ L~'tlf Ll?1t1i'l Ln j;J~1 n rt'J1~i'W~ill?1'l1'tl'l 
'" II" II 

'tl1~1~L~tI'l L;'tl L~~'J LL~:;~ 1~oJn LL,x'l'll'tl'lLlJL'tlYi'tl~ L~'tlfLVltllJ nlJ~1~oJn L'l!~ ;LL,x'l ~1 ~1 ~~ 1 

Vll?1~'tllJm~1rw~1j;J1~LL~:;hh~'W 
", , 

3.5 .3 m~~1m~1rwL;'tliS~~'WVlL~~1:;~~~'tlm~J:J~j;JLlJL'tlYi'tl~L~'tlf 
11 I I II 

~n1;"1m~1 rwL;'tl L1-~ ~'WVl L~~1 :;~~ ~'tl m ~J:J~ j;JLlJL'tlYi'tl ~ L~'tlf Ll?1t1 LYi1:;L~tI'I 

LLlJrtVl~mtl'WL'J~1 18-24 -F'JL~'11.Jfw·hm~l?1l?1n~'WLL~'1~rt'J1~tI1'Jrt~'W 660 'W1L'WL~j;J~ LVl1nlJ 
" 

I .... I " I 

1 L~'tlH'LtI'WL;'tlL1-~~'W LL1.J~cr'Wm~1rwL;'tlL1-~~'WLtI'W 1,3,5, 7, 8 LL~:;10% (m~1j;J~~'tl 

m~1 j;J~) 1 'W'tl1~1~L~~'Jn1~'Wl?1~ j;J~ Ll?1t11-nLm~'1 rt1flJ'tl'W L 'W Lj;Jn~'W 1 'Wm~1 rw~ L~~1:;~~ LL~:; 
" 

1"11 rt'J1~ LtI'Wml?1 LlJ~~ L~~1:;~~~1 ni'tl 3.5.1 L~tI'llJ'WLrti'tl'l L'lIrh ~'JtI~ j;Jn L~'J 200 ~'tllJ~'tl'W1Vl 

ifJrwWJij 30 'tl'lfil1L'1I~L~tI~ LtI'WL'J~1 42 -F'JL~'1 ~l?1j;J1~mn~1-t1l'll'tl'lLLlJrtVlL~tlLl?1t1m~~1~1~oJn 
" " " L'1I~;LL,x'l LL~ :;~1~1 L~tI'l L;'tl~1~ n l?1LlJ L'tlYi'tl~ L~'tlf ~ l?1 m~1.J~:;~VlfiJl1Yil 'Wm~J:J~ j;JLlJL'tlYi'tl~ 

"" " L~'tlf Ll?1t1 i'l Ln j;J~1 n rt'J1~i'W~ill?1"lJ'tl'l'tl1~1~L~tI'l L;'tl L~~'J LL~ :;~1~oJn LL,x'l"lJ'tl'lLlJL'tlYi'tl~ L~'tlf 
" " LVltllJnlJ~1~oJn L'1I~;LL,x'l ~1~1~~1Vll?1~'tllJm~1rw~1 j;J1~ LL~:; L1.J~~'W 

3.5.4 n1~~1 L'J~1~ L~~1:;~~~'tln1~J:J~ j;JLlJL'tlYi'tl~ L~'tlf 
, " 

~n1;"1 L'J~1Vl L ~~1:;~ ~ ~'tl m ~J:J ~ j;JLlJ L'tlYi'tl ~ L~'tlf Ll?1t1 L Yi1:; L~ tI'l LLlJ rtVl L~tll 'W 

m~1rw~L~~1:;~~~1ni'tl 3 . 5.31'W'tl1~1n~~'Jfh~'Wl?1~j;J~ Ll?1t11-nLL~~'1rt1flJ'tl'W L'WLj;Jn~'W 1'W 
" I I "I 

m~1 rwVl m~1:;~~ LL~:;1"11 rt'J1~ LtI'Wml?1 LlJ~Vl L ~~1 :;~~~ 1 ni'tl 3 . 5 .1 L~tI'IlJ'WLrt~'tl'l L 'lIrh ~'JtI 

~j;Jn L~'J 200 ~'tllJ~'tl'W1Vl 'tlrw~Jlij 30 'tl'l fil1 L'l!~ L~tI~ LtI'WL'J~1 48 -F'J L~'1 Ll?1t11 'W-n'J'I 0-6 -F'J L~'1 . " 

II II 11 II 

~1~oJn L'l!~;LL,x'l LL~:;~1~1 L~tI'I L;'tl~1~n l?1LlJL'tlYi'tl~ L~'tlf ~l?1 j;J1~1.J~:;~VlfiJl1Yil 'Wn1~J:J~ j;JLlJL'tl 
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~ ~ ~ 

~'el~ Ll-J'elf L(;1t1 ~'1 LmWol1 n ~'lIl-J;r'W~~(;1"11'el'lm~1 n~tI'I L~'el LWtl'l LL~::;,JI~,rnLL"''1''11'el'lLUL'el~'el~ 
~ ~ 

Ll-J'elfLYltiU nU,JI~,rn L'll~;LL"''1 ,J1~1J'l-JI'Vl (;1~'elUml-J1 ru,J1 ~1~ LL~::;L1.h~'W 

I I 1.1 I .,.r;: <>I '.1'1 <>I ,,<>I"', " 
b'WuJ'l-Jlru'Vl ml-JI::;~l-JLL~::;~1 ~'lIl-J Lu'WnJ'(;1 LU~'Vl L~l-JI::;~l-J1Ol1 n"ll'el 3.5.1 L~t1'1U'WL~J''el'l L"IItI1 (;1'ltl 

tfl~J'IL~'l 200 J''elUr;i'el'WIYl 'elru~l1ij 30 'el'lP!IL'll~L;t1~ L(;1mL1.h~'WL'l~11'Wn'ln~l-JLl-JL'WL'llL~t1l-Jn . " 

~ ~1 Ll-J ~1 'W~'lIl-J L;rl-J;r'WL~l-J;'W~'el'l Lvii ~ (;1 ~1l-J n'lJ'LIOl1fjJ"II'el'l LLU ~Yl L1-t1 L(;1t1 n'lJ'~I~I~,rn L'll~; 
~ ~ ~ 

LL"''1 LL~::;,JI,J1 L~tI'I L~'ell-J1 ~ n (;1LUL'el~'el~ Ll-J'elf ~ (;1 ml-J1.h::;~'VlfiI11~1 'Wn'lJ'~~ ~LU L'el~'el~ Ll-J'elf 
~ ~ ~ 

L(;1t1~'1 Ln ~1Ol1 n ~'lIl-J;r'W~~(;1"11'el'lm~ln~t1'1 L~'el L ~~ 'l LL~::;,J 1~,rn LL "''I "II 'el'lLU L'el~'el~ Ll-J'el fLYltiU nu 
~ ~ 

,J1~,rnL'll~;LL"''1 ,J1~1J'l-JI'Vl(;1~'elUml-Jlru,JI~I~LL~::;hh~'W 

'" I I I 

L~t1'1 LLU ~Yl IStlYlI"i' (;1 L~'eln L~ 'Wm~IJ'YlU~UUN~ ~J' (111 ~ ~'W'l n~) LL~::;~111'l::;Yl . " 
U~U1"'L~l-JI::;~l-Jr;i'eln'lJ'~~~LUL'el~'el~Ll-J'elf ml-J~L~~~1'W;r'el 3.4 LL~::; 3.5 L~tI'IU'WL~~'el'lL"IIth 

I '" '" II 

~'ltltfl~J'1L~'l 200 J''elur;i'el'WIYl 'elru~l1ij 30 'el'lP!IL'll~L;t1~ LU'WL'l~1 42 en'lLl-J'I ,J1,JIL~tI'IL~'ell-J1 . " 

~'WLLtlnL'll~;'el'eln L(;1t1H\~~'el'l~'WL~~t1'1 ~'lU~l-J'elru~l1ij 4 'el'l P!I L'll~ L;t1~ ~'lIl-J L~'l 8,000 J''elur;i'el .. " 
'WIYl LU'WL'l~1 20 'WIYl LLtln~'l'W~11~'el'eln L~'el,JILU~n(;1LLtinluL'el~'el~Ll-J'elfl(;1t1';jfi"ll'el'l Goto 

LL~::; Kunioka (1992) ~1l-J;r'el 3.2 .2.2 LL~'l,JI~IJ'luvh1"'u1~'Vlir;i'ellu • 

~ , 
,J11uL'el~'el~Ll-J'elflOlln;r'el 3.6 ~::;~1t11'W,Jln~'Wmll-JL;rl-J;r'W 1 0 n~l-Jr;i'el~~J' ,J1~1J' 

" I I I I I 

u'WLU'el'WYlhJ ~::;~It1'el'el n ~'ltl n'lJ'if'WLLti n'el'el n L(;1t11-if L~1'el'lif'WL ~~t1'1 mu ~l-J'el ru~l1ij 4 'el'l P!I .. " 
L'll~L;t1~~'lIl-JL~'l 10,000 J''elUr;i'el'WIYl LU'WL'l~1 20 'WIYl ih~(;1Ln~'elLL~::;~IJ'Ll-JL~n~"II'WI(;1L~n • 

r;i1'11'el'elnlOll n~IJ'~::;~It1LU L'el~'el~ Ll-J'elfi:(;1t1 n'lJ' L(;1 LL'el~~~~~ 1"11 n'l J'1"i' (;1"11 'WI (;1 Ll-J L~ ~~ (Molecu lar 
'II I I I '" 

weight cut off) 500 (;11~ ~'W ;r1l-J ~'W~'ltl,J1 n~'W 1 ~ ~J' LU'WL'l~1 12 en'l Ll-J'I L(;1mu~t1'W,hm11 

ni'WVJn1 4 oF'l Ll-J'I ,J1~1J'l-JI'Vl(;1~'elUml-Jlru~I~I~LL~::;LUJ'~'W ,J1~1J'~::;~1t11UL'el~'el~ Ll-J'elf~vh 
u1~'VliUI'1~'l'Wl-JTv'h 1~ L'elYJL~of • 
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3.8 n1'i1LFI'i1~~~1'UtJ'i~n'!I1J"L 'Ul1J L'el~'el~ L~'eli 

3.8.1 n1n(;11-tJ~11Jt'tlYi'tl~b~'tlfi:l'ltJn1~rJ'tltJ~'JtJm'1'I 

~111Jt'tlYi'tl~b~'tlf1J1~'Vli'"l"1n~'tl 3.7 ~:;~1tJlwml'l1e1tl'l~~~'tl1n 6 'W'tlfbb~~ , 

~'J1~b~~~'W 1 ij~~n;;~~'tlij~~~(;1~ vi1tJlJmtJ1n1~rJ'tltJ~~ru~JJij 1 00 'tl~1iI1b'1l~b'iltJ~ btl'Wb'J~1 

8 -B''J t~~ tJ;;1J~1~'J1~ btl'Wm'l'Ib1J~"lJ'tl~~1~~:;~1tJ ~'JtJ~1~~:;~1tJ t'1l b~tJ~1e1I'1~'tln 1'1l ~ 6 'W'tlfbb~~ 

~1(;1:;n'tl'Wbn~'tl'tl'tln~'JtJn1~~'WbbtJn'tl'tlntl'ltJHb~i'tl~~'Wb~~m~'J1~ b~'J 1 0,000 ~'tl1J~'tl'W1Vl btl'W 

b'J~1 20 'W1Vl 

3.8.2 n1~';jb~n:;i'tl~.-1tJ~:;n'tl1J"lJ'tl~11Jt'tlYi'tl~b~'tlf~'JtJ Analytical Thin Layer 

Chromatography 

1'Wn1~'VlI'I~'tl~1.jfbb~'W:]~n1b'"l~ 60 (1J1M'Vl Merck, Darmstadt, Germany "lJ'W11'1 

20 x 20 b'1l'W~h~(;1~ ~'W1 0.2 ij~~b~(;1~) btl'Wb~~~~~ tl'ltJn~1~~:;~1tJij'J'Vl1'W'tl~~'tlm'I'I'tl:;'il~n 

~'tl~11'W~(;1~1~'J'W 3: 1: 1 (m~1(;1~~'tlm~1(;1~) bb~:;b'tl'Vl1'W'tl~ 96 btJ'tlfboDW;1~'tl~11'W~(;1~1~'J'W 

63: 37 (m~1 (;1~~'tlm~1 (;1~) (Jl1 ~~'W'Jn "lJ) btl'Wb~~ b~~'tl'W~ ~111Jt'tlYi'tl~ b~'tlf~rJ'tltJ ~'JtJ m'1'I 

'"l1n~'tl 3.8.1 ~1'"l1'l1J'WbbcJ'W TLC m~1(;1~ 1 0 1~tm~m tl'ltJnm'~bb'tl~n~mijn t~t'Wt'1lb~tJ~ 
, 'IJ 

n~ (;11 b~ (;1 bb'tl~ 1~'il'W bb'tl~'tl:;~1~i1'W btl'W~'J ~'J1J~~ bb~'J~11tJ1~1 'WJl1'1l'W:;iJ~~1J~~'"l b~~ b~~'tl'W~ 
'IJ , , 

'" I I I I I 

120 ij~~~(;1~ Vi~HtJ~:;~1ru 5-6 -n'Jt~~ '"l'Wb~~b~~'tl'WVl b~~'tl'WVl1tJ'"l'Wbfi'tl1J~~bbcJ'W (b~~'tl"lJ'tl1J , 

tJ~:;~1ru 0.5-1 b'1l'W~b~(;1~) '"l1n~'W~1bbcJ'W TLC ~1m~1~\~~b~~'tl'W~~:;b~tJ'"l'Wbb'IX~ ~~~1~1 

m'J'"l ~ ~ tl'ltJ n1 ~Yi'W~'J tJ ~ 1 ~~:;~ 1 tJU'W 1e1 ~1'W b ~~~'W 0.2 btJ'tl fboD'W(;1L 'W~ 1 ~~ :;~1 tJ'tl :;'ilt(;1'W 

(Jl1~~'W'Jn "lJ) ~1bb~'W TLC m~1'IXbb'I~~~n~¥~ bb~'J~11tJvi11'IXbb'IX~~'tlru~Jlij 70 'tl~1iI1b'1l~b'iltJ~ 
, 'IJ 

" ~ .J.Q.cl 9.10,.' 4 I 

btl'Wb'J~1 10 'W1'Vl ~~ bn (;1bb~1J'Vl bn 1'I"lJ'Wbb~'J'J~ bYi'tl~1 ~1 Rf 

3.B.3 n1~';jb~~1:;i'tl~.-1tJ~:;n'tl1J"lJ'tl~11Jt'tlYi'tl~b~'tlf~'JtJ High Performance 

Liquid Chromatography (HPLC) 

~111Jt'tlYi'tl~ b~'tlf~rJ'tltJ ~'JtJn~~'"l1 n~'tl 3.B.1 ~1m''tl~ cJ1'Wb'1l~~ t~~ 'tl:;'il b(;1'Vl 

, ... 
... <II ,q"l.1 ",,q 

n~(;11~mb~:;n~(;11b~(;1 '1l~Jl1'J:; HPLC ~'C'l'J'Wu~:;n'tl1JI'I~'W 
'IJ 'IJ 

~'tl~~'l! (Column) 

~'J'1l:;~1~ (Mobile phase) 

~(;1nn1~1~~ (Flow rate) 

'IJ 

pWel1 C18 

(TFA) 1'W~1ni'W 
B ~'tl 100 % 'tl:;'ilt(;1~1'W1(;1~l1 + 0.1 % 

n~1'I1'Vl~~~'tl'tlh'tl:;'il~n (TFA) 
'IJ 
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~'J[;]~'J"~~ (Detector) 

", , 
oW1'rlt.lYl1~ m1'Y~Yll~"ln n1~';) LI"l~l:;i~'J'e)th'llu LmtJlJ LYltJlJ nlJm~ LL'e)~ n~ [;]1 

~ n LL~:;n ~ [;]1 Ll-J [;]L~tJ1ejf n ~lyj"1J'e)'1 n ~~ LL'e) ~ n ~ [;]1 ~ n LL~ :;Ll-JLt.lL"l! L~tJ l-J n ~ [;]1 Ll-J [;] LUt.ln ~lyj 
~ ~ ~ 

dodecyl sulfate 

polyacrylamide gel electrophoresis) (;\1~~fi'll'2l,:j Yamaguchi U~~flCU~ (1996) 

oWl1lJL'e)~'e)~ Ll-J'e)f~.yh 1 "'lJ1~'VlilJl'1~'Jt.l"1 n-lJ'e) 3.7 L~'e)"l'1"t.ll~ l"l'Jll-J Lo]wnt.l , 

1 ~~~n1l-J[;]'e)~~~~[;]~ l-J1Yil~L~nL'Vl~Lm~~lJt.lL"l!L~tJl-JL~L~~~~'e)~'e):;1"l1~11l-J~L"~ L~mh:;nlJ 

LL~t.lLLn'J"1Jt.ll~ 8.3 x 1 0.2 L"l!t.l~Ll-J[;]~ LL~:;"jJt.ll~ 7.3 x 1 0.2 L"l!t.l~Ll-J[;]~ Lo]l~'JtJnt.l L~tJiJLL~t.l 
I " " 

~~l~~n (spacer) ~t.ll 1 ~~~Ll-J[;]~ ~'e)~'e)~Yl"jJ'e)lJ-,1'1~'e)'1o]l'11h:;n'e)lJLL~t.lLLn'J'nLo]lnlJ,~~fi'e) 
" L"~ "lmrt.lL'Vl~l~~:;~ltJ~~l-J"jJ'e)'1L"l!~lL~~'1L"~ (separating gel) l"l'Jll-JLo]l-Jo]t.l 8% (llll"l~t.l'Jn 

"jJ) ~'11 t.l-n'e)'1~1'1~:;~~1'1 LL~t.lLLn'J 1 "'iJ l"l'Jll-J~'1 5 L"l!t.l~ Ll-J [;]~ LL~'J L~l-J~lnit.l~'1lJt.l~'J~ill L"~ 1 '" 
~ 

" " " 
L ~ l-J LL ~ t.l ~ 'I Vi 'I B" t.l L" ~ LL;i 'I ~ 'J en lJ oW 1 'e) 'e) n 1 '" ~ l-J ~ LL ~ 'J ~ 'I L 'Vl ~ 1 ~ ~ :; ~ 1 tJ ~ ~ l-J ~ LL [;] n n 'I L" ~ 

(stacking gel) l"l'Jll-J L;]l-J;]t.l 4 %(1l11"l ~t.l'J n "jJ) 1 "'v1'Jl-J-n'e)'1~1'1~ L ~~'e) 1 t.lLL~t.lLLn'J L~tJlJ LL~t.l 
" " ~~1~ ~n~1~1lJ L[;]1tJl-J-n'e)'1 ~'J'e)th'l (slot former) ~'1~:;~~1'1 LL~t.lLLn'J ~'1Vi'lH"t.lL"~ LL;i'l ~'J LL~'J 

~'1 ~'1LL~t.l~~l~~n'e)'e)n oWl LL~t.lL"~~ L[;]1tJl-Jl~l-Jl1h:;n'e)lJ LoihnlJ"l! ~Yil~ L~n L'Vl~L m~~ ~1'1-n'e)'11~ , 

"t.lL~l-J oWl~l~~:;~ltJllJL'e)~'e)~ Ll-J'e)f~,,:;,;) LI"l~l :;il-Jl L~'e)"1'11 t.lU~ Lyj'e)f~1~ LI"l~l:;i (sample 

buffer) (llll"l~t.l'Jn "jJ) ~l-J1t.l~lL~'e)~ 45 t.llYl LL~'J~tJ'e)~~l~~:;~ltJllJL'e)~'e)~Ll-J'e)f 51l-JLI"l~~[;]~ 

LL~:;LtJ~~t.ll-Jl[;]~filt.l~'1LUt.l Prestained SDS-PAGE standard 5 ll-JLm~m ~'11t.l-n'e)'11~ .., 
~'J'e)th'l LL~'JYil~ L~ n L 'Vl ~ L m~~~ 200 L'J ~ (;) "t.l~"jJ'e)'1lJ ~'e)l-JYJt.l'e)~lJ ~ LI"l~'e)t.l~~'1l-J l1n ~"t.l~'1 

~ 

tJ~ltJ~~"1J'e)'1LL~t.lL"~ oW1L"~'e)'e)n"lmL~t.lLLn'JLL~:;~'e)l-J~LtJ~~t.l (dye staining) (llll"l~t.l'Jn "jJ) 

L~tJHf~Ll-J'Vlfi~t.llJ~ L~tJn1~oW1L,,~ltJLL-n1t.l~lm~'e)l-J~ (staining solution) (llll"l~t.l'Jn "lI) LUt.l 

" , 
L'J~l 10-15 t.llYl LL~'J~l'1~~'Jt.lLnt.l'e)'e)n~'JtJoWln~t.l "t.lL~t.lLLCllJLU~~t.len~L"t.l tJ~:;l-Jlrurh 

~l~,rn Ll-J L~ n ~"jJ'e)'11lJ L'e)~'e)~ Ll-J'e)fL~tJYi" 1 ~ru 1" 1 n n1 nl"l~'e)t.l~"lI'e)'11lJ L'e)~'e)~ Ll-J'e) fL YltJlJ nlJ n 1 ~ , 
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Transform 

Infrared Spectrometer (FT-IR) 

~11ut'tlYi'tl~~~'tlf~';h1.""u1-~'VltU1-:j~'l'W'"l1n~'tl 3.7 ~1':j~1")J'1:::~Jl'lrJ FT-IR ~ • 

~11ut'tlYi'tl~ ~~'tlf'"l1 n~'tl 3.7 ~1~ :::~1rJ1. 'W~1J'~:::~1rJt'l! ~~rJ~ I")~'tl h(;)" 1")'l1~ 

~~~~'W 0.01 'W'tlf~~~~ (1111")~'W'ln 'lJ) ~~~~1J'~:::~1m'l!Yi~1Yi1~Li:1rJ~I")~'tlh(;)" (CPC) 1")'l1~ 
., 

~~~~'W 1 0 ~tJ'tlf~.n'W11l tl'lrJ~1",~,rn~'tlill~1(;lJ' (1111")~'W'ln 'lJ) Jl'lmi(;lJ'1~'l'W 2-3 ~v11'lJ'tl-:j 
.,., , 

~1J'~:::~1rJ1ut'tlYi'tl~ ~~'tlfL'W~1J'~:::~1rJt'l!~~rJ~I")~'tl h(;)" ~-:jYi-:jBV1mWVllliJ 40 'tl-:j Pl1 ~'l!~ ~~rJ~ . '" 

~tl'W~'l~1 12 i'lt~-:j ~-:j~n(;l(;l:::n'tl'W1.'W~1J'~:::~1rJ Cf1~nl'l(;l:::n'tl'W1.'W~1J'~:::~1m~~I'l-:j~11ut'tlYi'tl~ 

L~'tlfi1~~u~ ~tl'WtJJ':::'~U (acidic biopolymer) 

~m~t1~n~cw:::'Vl1-:j~cw31'W':j'Vlm (Morphological characteristic) n1~'VlI'l~'tlU~~~'Vl1-:j~'l~I")i1 

(Biochemical characteristics) ~1-:j~-:j(;l1~ Bergey's Manual of Systematic Bacteriology 

~~~:::n1J'':j~l")n:::~~1~uU'lI")~t'tl1'Vl(;)"'lJ'tl-:j 16S rDNA 

physiological characteristics) n 1 J''Vl1'l ~ 'tlU ~ ~ u~ 'Vl1-:j ~ 'l ~ I") i1 (biochemical characteristics) 

" ... 'tl1-:j'tl-:j(;l1~ Bergey's Manual of Systematic Bacteriology 

~n~~n~cw:::n1n'"l1-'1.JU'W'tl1V11nL'~-:j LB tl'lrJ~-:j ~n (;l~n~cw:::~~~:::~'lJ'tl-:j 

tl")t~i:1 ~~'tltl~~'tlCWVllliJ 37 'tl-:jPl1~'l!~~~rJ~ ~tl'W~'l~1 24 i'lt~-:j J''l~~-:j~n~1~n~CW:::n1J'~I'l~ . " 
~~m~ ~tJi1-:j ~ 1'l'lJ'W11'l'lJ'tl-:j ~'l!~~Jl'lrJ1~tl")J'iJ ~(;l'tlf n1J'4' I'l ~rJ-:j ~'l'lJ'tl-:j ~'l!~~1l1rJ1.r1fn~'tl-:j'"l~'VlJ'J'Pl-W " . 
~~~:::n1J'~'"l1-'1.J 1. 'W'rJCWVl1JiJ ~1-:j 1 
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3.12.1.2 
~ ,~ 

L~rJ~LLlJf01'VlL1-rJ1'W'fl1V11nL~~ LB dJ'WL'J~1 24 -n'Jh.J~ LL~'JLYl1:;L~'fl~~1'W 

'fl1V11~~1~1 L~m/l rMl'fllJ~~.nj'~vn~~'J Lf01~ ~1~1 ~'fl1tJe 
Carbohydrate fermentation 

Catalase test 

Oxidase test 

Motility 

Casien hydrolysis 

Gelatin hydrolysis 

Starch hydrolysis 

Egg Yolk hydrolysis 

Esculin hydrolysis 

Tween 20 hyrolysis 

f01'J1~~1~1H11'Wm~t:J~(;lL'fl'W1"11l-f nitrate reductase 

f01'J1~~1~1~Cl1 'Wmn,,1'1.! L~lJL(;l~ f01'J1~ L-n~-n'W~1~1 'lJ'fl~ L"1I L~rJ~ 

V1~~'fllJVl1 Methyl red (MR) 

V1~~'fllJ Voges-Proskauer (VP) 

V1~~'fllJm~H' Citrate 

V1~~'fllJm~H' Propionate 

L tJ1- rJ lJ L Yl rJ lJ t:J ~ n 1 ~ V1 ~ ~ 'fllJ V11 ~ ~ 'J L f01 ~ n lJ Bacillus 

~Vl1ijV1m~rJ LL~:;Bacillus amyloliquefaciens (Priest LL~:;f01ru:;, 1987) 

3.12.2 m~ijLf01n:;~~1~lJU'Jf01~L'fl1V1r;l'lJ'fl~ 16S rDNA 

subtilis 

3.12.2.1 m ~~ n ~~L 'Wij n ~ Li)'WL'fl'lJ'fl~ LLlJ f01Yl L1-rJ~ ~ ~ L~'fl nL ~'fl1-n L1J'W 
col .. , 

~ L'fl'WL'fl LL~ LLlJlJ 

~ " , 
'fl1V11n~rJ~L~'flLVI~'J LB m~1(;l~ 5 ij~~~m LL~'J~11tJL'lJrhYl'flruVlflij~'fl~-n1~~'W (16-18 , " 

i'JL~~) ~1m~'flm~1(;l~ 1 ij~~~(;l~ 1~~~1'WVI~'fl~1~Lf01~~'J4~11tJ~'WLVI~rJ~L~'flLLrJnL"1I~; ~ 
" " , 

f01'J1~L~'J 11 ,000 ~'fllJ~'fl'W1Yl LiJ'WL'J~1 1 'W1Yl LV1~'J'W~11~Vi~ ~1(;l:;n'fl'WL"1I~;Yl1rJl~1L~~ 
" U~L~'flfTE (fl1f01t:J'W'Jn 'lJ) m~1(;l~ 5761~Lf01~~(;l~ m:;"1rJ(;l:;n'fl'WL"l!~; "1mr'WL~~LtJ~~'WL'W~ 
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Lrl (proteinase K) rl':l'l~L;]~;]'W 20 ij~~nf~l'lreJij~~~(;l~ (ll'lrlt:J'W':ln "lI) LL~:::Lysis buffer I 

(ll'lrlt:J'W':ln "lI) m~'l(;l~ 30 1~trl~~(;l~ t:J~~1t\'L-ihn'Wt~tJn'lm~U"v'~reJ~hJ~'l ~'lhJtl~~'r.JruV1JJij 
30 reJ'lf'l'lL'l!~L~tJ~ LU'WL':l~'l 1 .r':lt~'l LL~':lL~~~'l~~:::~'ltJt'l!L~tJ~rl~reJhc;)m'l~L;]~-if'W 5 t~~'lf 

(ll'lrlt:J'W':ln "lI) m~'l(;l~ 100 1~trl~~(;l~ t:J~~1t\'L-if'ln'Wt~tJn~1JV1~reJ~hJ~'l L~~~'l~~:::~'ltJ 

CTAB/NaCI (ll'lrlt:J'W':ln "lI) m~'l(;l~ 80 1~trl~~(;l~ t:J~~1t\'L;]'ln'Wt~tJn'lm~1JV1~reJ~hJ~'l LL~':l 
, ~ 

~'lhJtl~VlreJruV1llij 65 reJ'lf'l'lL'l!~L~tJ~ LU'WL':l~'l 10 'W'lVl iOl'lmr'WL~~~'l~~:::~'ltJ ~'WreJ~ 1 
• 'IJ 

rl~reJ t~~reJf~/1reJ t'l! LreJij~ LLreJ~ nreJ e1reJ~ (Il'l rl t:J'W':l n "lI) 1 'Wm~'l m~ L'Vh n1Jm~'l (;l~"lIreJ'l~'l~~:::~'ltJ 

~ ~vr'ltJ t:J~~1 "" L;]'l n'WLu'WreJU'l'l ~iOl'Wm:::~'l n~'lmu'W~,r~-n'W ~'l hJ~'WLV1~tJ'l~ m'l~ L~':l 12,000 • 
,~ ~ 

~reJ1Jl'lreJt.nVl LU'WL':l~'l 5 'W'lVl ~':l'W1~VlreJULV1\lreJ-n'W(;l:::nreJ'WLL~:::-n'W ~'WreJ~/rl~reJt~~reJf~/1reJt'l!LreJij~ 
'IJ 

LLreJ~nreJe1reJ~1tJ1~1 'WV1~reJ ~ 1~ trl~Yhr.fV1~reJ ~ 1 mJ iOl'l n,r'WL~~~'l~~:::~'ltJ rl~reJ t~~reJf~/1reJ t'l! LreJij~ 

LLreJ~nreJe1reJ~ (ll'lrlt:J'W':l n "lI) 1 'Wm~'l (;l~~ L'Vhn1Jm~'l (;l~"lIreJ'l~'l~~:::~'ltJ~ ~vr'ltJ t:J~~t~tJ n'l~L"lIU'l • 

,~ ~ 

~':l'W1~VlreJU L V1\lreJ-n'W(;l:::nreJ'WLL~ :::-n'Wrl~reJ t~~reJf~/1reJ t'l! LreJij ~ LLreJ~ nreJ e1reJ ~1tJ1~V1~reJ ~ 1~ trl~Yhr.f 
'IJ 

~ , 
V1~reJ~1V1~ LL~':lL~~1reJt'l!h'l~~'l'WreJ~m~'l(;l~ 0.6 L'Vh"llreJ'l~':l'W~'l1~ n~1JV1~reJ~1tJ~'liOl'Wm:::'Vi'l 

(;l:::nreJ'W~"lI'l':l"llreJ'l~L'~'WLreJtJnn{] .yhn'l~~'WLV1~tJ'l~rl':l'l~L~':l 13,000 ~reJ1Jl'lreJ'W'lVl LU'WL':l~'l 15 

'W'lVl L'Vl~':l'W"lI!l'l1reJ t'l!t ~~~'l'WreJ~~'l LL~':l~'l'l (;l:::nreJ'W~ L.a'WLreJ~1~ ~':lmreJ'Vlfi'l'WreJ~ 70% ~ Ltj'W4' ~ 
II II I I 

m~'l(;l~tJ~:::~'lru 1 ij~~~(;l~ Yi'l~'l 2 rlf'l t~tJn'ln1'W~'l'lLn1J(;l:::nreJ'WVlreJruV1llijt\'reJ'lLU'WL':l~'l 5 
• 'IJ 

~ , 

'W'lVl f01reJtJ1 L'Vl~':l'Wl~Yi'l ~ ~vr'ltJ~'l (;l:::nreJ'W~ L.a'WLreJVl1~tJ~:::LV1tJl "" LL""'l~D'Vl LL~':l~:::~'ltJ (;l:::nreJ'W~ 
~ ~ 

L.a'WLreJ1'W~'ltJ~reJ~tJ~:::iOltJ~reJ~L:nreJm~'l(;l~ 30 1~trl~~(;l~ LL~:::1~ RNase A L;]~;]'W 1 0 ij~~nf~ • 

3.12.2.2 n'ln~~m~'lru~L.a'WLreJt~tJtJ~mm~nt'li~reJ~L~reJL~~ 
(Polymerase Chain Reaction;PCR) 

n'l~L~~m~'lru~L.a'WLreJ~~n~1~iOl'ln-ifreJ 3.12.2.1 t~tJtJ~mtJ'l PCR 

~':ltJ Lrl1reJ'l L~~m~'lru~'l~~'W~m~~ (Gene amplifier) t~tJ1fi:reJ~tnD':l rl~treJ 1 'Vl ~1 ~~L~reJf~'l'W':l'W 
2 ~ i1~'l~1JD':lrl~treJ1'VlC;) ~'l~ 

1~n~reJf~~ 1 Forward primer 27f 5'-AGTTTGATCATGGCTC-3' 

1~~L~reJf~~ 2 Reverse primer 1522r 5'-CCATTGTAGCACGTGT -3' 
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, 
l.'Wu~nhJ1 PCR ~~'J'Wt:J~~~1~ m1~L-ir~-ir'W~(;l'vhmL~:;m~1ruYl1.-n 

1.'Wu~nhJ1'tl'el'l~1~LL[;j~:;~'J~1V1¥1Jn1~L~~m~1 ru 16S ribosomal DNA '1J'el'l LL1J ~Yl C;'tJ~ 
I"i(;1L~'eln~~n(;11~~'l[;]1~1'l~ 3.5 

... m~1[;]~ 
" " ~1~L~~ ~'J1~L'lJ~'lJ'W 

(1~t~~~[;]~) 

MgCI 25 mM 3 

Taq DNA polymerase buffer 10x 5 

1~n~'elf27f 50 J...lM 0.5 

1~fL~'elf 1522r 50 J...lM 0.5 

dNTPs 10 mM 1 

Taq DNA polymerase 
5 U/J...l1 

0.5 
... .. , 
(;1L'el'WL'flLL~LL1J1J (template) 

1 pg-1 J...lg/J...l1 
1 

'" '" U1U~'el(;1U~:;~U~'fl(;1L~'fl 38.5 q 

m~1[;]~~'Vlfi 50 q 

'" '" ~'ltunLm~1.'Wn1~~1U~mm PCR LrJ'W~'ltJ 

Hot start 

Denaturation 

Annealing 

Extention 

Final extention ~'elruVlJlij 
q " 

94 'el'lPl1L"ll~L~tJ~ 

94 'el'lPl1L"ll~L~tJ~ 
... 

50 'el'lPl1L"ll~L"lltJ~ 

72 'el'l Pl1 L"ll~ L~tJ~ 

72 'el'lPl1L"ll~L~tJ~ 

"" " ~'J1~L'lJ~'tl'W~ (;1'Vl1tJ 
q 

1.5 mM 

1x 

1.0 J...lM 

1.0 J...lM 

200 J...lM 

2.5 U 

1 pg-1 J...lg 

LrJ'WL'J~1 5 'W1Yl 

LrJ'WL'J~1 1 'W1Yl 

LrJ'WL'J~1 1 'W1Yl 

dJ'WL'J~1 1 'W1Yl 

LrJ'WL'J~1 5 'W1Yl 

~1Lij'Wu~mm PCR ~'Jm~i'el'lL~~m~1ru~1~~'W~m~~ (Gene amplifier) 

~1'W'J'W 30 ~'el1J [;]~'J~~'el1Jt:J~[;].nruoy]~Ln(;1~'Wt(;1tJ'el:;n1h~L~~~L~nt'Vl~tmon~ ~1t(;1m[;]1tJ~'el:; 

n1t~~L'"l~L-if~-ir'W 2 LU'elfL.n'W~;'lVl~'el~1.'Wu'YhrJ'elf 1xTAE (Jl1~t:J'W'Jn '11) L'Vl~'l1.'WLL1J1JYl~vi~~ 

VI~L~tJ1J'el~ ~:;-r'lmh1.~~rJ'el'l'el1n1P1 U~'eltJ1.~'el:;n1h~L~mL'~'l~'JU~:;~1ru 30 'W1Yl 'J1'l~'W 

'el:;n1 h~ L'"l~~1~~'l1. 'WLL"ll~ L1J'elf (Chamber) L'VlUrJ LrJ'elf 1 xTAE 1. ~'Vh~~'ln~1'el:;n1 t~~ L'"l~ .., 
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... , 
tIhn [;]J'~')t1,J'l1. ~n nll1. -iftIhn [;]J'"lJ'el~ ~ L~~L'eltJ'elti VltI'elI?l~'l J'!:J ~l-J ~~ 1. ~-rl'el~';)~ LL~ :;VltI'ell?l ~ L~~L'el 

... ... 

l-J'l[;]J'~'l~ 100 bp ladder '"l'lnl!~v'h:SL~nt'V1J'tm;~tl?ltl1.-if~,)'ll-Jj;j'l~~mr 1 00 t')~(;] ~~B 

L'"l~~')m'elfiL~t1l-Jt1JJ'1l-J~~,)'ll-JL;rl-J;r~ 10 1l-Jt~mfl-Jj;j'el~~~~[;]J' (Jl'l~~~')n "lJ) [;]J',)'"lI?lLL~1J~L~~ 
'IJ 

L'el~')mL~~tY~[;]J''l1') t'elL~ [;]~,)'ll-Jm') ~~~ 312 ~'l t ~Ll-J [;]J' 

3.12.2.3 

tl~mm PCR 

,J'l ~~ [;]11 ruoy]~1~'"l'l n n'lJ'v'htl~mm PCR 1m L~J''l:;,xVl'l~'l ~1Jil') ~~ 

t'el1 'V1 ~ tl?l t1,J 'l ~ ~ [;]11 ruoy]~1~ ~~ 1tlVl'l ~ 'l ~1J~ ,x'l~,x~",h ~~ 'l ri I?l ,)'elf"1?l Ll-J ~ n tl?ltl1. -if1 ~ J'Ll-J'el f" • 
~~~~'el forward primer 27f LL~:;reverse primer 1522r ,J'l;r'ell-J~~'l~1Jil')~~t'el1'V1~~1~ 

'IJ 

tlJ':;l-J'lru 1,457 bp l-J'l';)L~n:;,x~')t1ttlmml-J Bioedit LL~:;,J'l1tlLmtl1JL-vltl1Jri1J~'l~1Jil')~~t'el 

1'V1~~iJ'el~1.~ GeneBank ~')t1ttlmml-J BlastN "lJ'el~ National Center for Biotechnology 

Information (NCB I) '"l'lm~1J1"l!(;] http ://www . ncbi.nlm.nig.govI Ltl.elf"L;n~(;]~.).ll-J~~.ltl~~~..lJ.el~ 

~'l~1Jil')~~t'el1'V1~ 16S r DNA ~1~ '"l:;,J'll-J'l1.-ii1~n'lJ'~'lLL~n"lJ'el~"l!ill?l"lJ'el~LL1J~-vliStI~~I?lL~'eln 



""" tJ'VI'VI 4 

Q"I .... .. ... '1 ~ ,Q. ~ 
4.1 n1~fI~ LL!lmLtJfI~L~!I'V1~1~1'HI~'i ~ ~tJ ~'el~'el'i L~'el~ 

'"11 nmJ'~ rPlLLtJn LLUI"lVl L1-tJ'"I1 nmVl1J'VllJ n LL~:;5(;lVIlJn'"l1n LLVI~'l j;)1'l1 LrPltJ~1~1J'~:;~1tJ 
'" II '" I 

~')'tl~.h'l~1 L~tJ'lU'WmVl1 J'L~tJ'l L~'tl LL ~'l LB ,j~Vl'tl ruVlIl~ 37 'tl'l fl11 L"1i~ L:ntJ ~ LtI'WL,)~1 24-48 , .., 

~ , 
~~1'lLn'tln1~";'lVl~rPl 28 ~1tJ~'Wfi ~'lLL~rPl'l1'W[;l1n'lVl4.6 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

lff'Jmh~ 

mVl1~a1'n tl'JVla1'n 

" " ~ ... L1JI1V1tJ ... 

~ ... 
L1JI1L"'ltJ'J-1 

LLVI'Wa.J 

, 

... <r 
~m'W'V1Ln1J 

" 1ff'J'1lth~ VliJ ~ m~ru:; LthJ L~'1lmua.J 

2 

2 

2 

2 

BA1 

BA5 

BA13-0-1 , 

BA 13-0-2 

BA15-2 

SR 4-1 ,SR 4-2 

SR5 

RA1-2-1 , 

RA 1-2-2 

RA 2-1 

RA2-2 

RA7 

RA9-0-1 , RA9-0-2 

RA 10 

MM-6 

MM-14 

MN-1 
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1Jl~1111LL~n~'fl\l 
16. e1mnm.Jl11'fl\l 1 MK-2 

i'1~V1~i'11m 

17. U~1r.l'fla.J .. 1 MK-3 

18. 
l;' 
'\..n~1'nLLn\l .. 1 MK-4 

19. ~ ~ ~nL U'Wl11'fl\l .. 1 MK-8 

20. e1n'W1\1~'W111'fl\l .. 1 MK-9 

21. L~hL~m-2 .. 1 MK-10 

22. " " .... 1 MK-12 LIJl1\1U .. 
23. ~\ll11'fl\l .. 1 MK-13 

,... I '" '" iI 

'111 L;'el LLU I"1Vl iStJVl~'ll-J'l~Cl~~'l'l Lij'el mth.nJ'W~'J LI"1 L~i1 \1'l 28 ~ 'ltJ~'Wfi l-J 'l L~U'l (;1'll-J';jfit 'W • 
II '" '" I I II '" '" II 

.;J'el 3.2 '111'111 L~~N L;'ell-J1U'WbbtJ n b"ll ~ ~b ~'el'\.n-w1V1'1!n b"ll ~ ~bb""'l bb~ :;'111'111 b~tJ'l b;'el '4'l'J'W t~l-J1 ~ rl (;) 

bbtJnLUb'el~'el~ bl-J'elf bb~:;L~'el ~(;)(;1'll-Ji.h:;~'Vlfill'l~t 'Wm~i:J~ (;1LUb'el~'el~ bl-J'elf b(;)tJ~'l bn (;11Ol'l n 1"1'J'll-J 
II '" iI 1.1 

.;J'WVltj(;)"1I'el'l'el'lVl'ln~U'l b;'el bVl~'J bb~:;-w'lVl'l!n bb ""'l"1l 'el'lLU L 'el~'el~ bl-J'elfb VltJU rlU-w'lVI 'l!n b"ll ~ ~Lb""'l ~'l 

bb~ (;)'l t 'W(;1'l~'l'l~ 4. 7 ;'l~U~'l LLU I"1Yi iStJ~~'ll-J'l~Cl~h'l Lij'elnU'W~'J bl"1 b~i1~ ~'ltJ~'Wfi~t "" 1"1'J'll-J-n'W • 
'" II '" II '" '" 

Vltj(;) t 'W'el'lVl'l n~tJ'l b;'el LVI~'J L(;)tJ bb~ (;)'l~ mtru:;"1I'el'l'el'lVl'ln~ tJ'l b;'el b VI~'J\1'l ri'el'WLb~ :;VI~'l n 'l n~tJ'l 
.., I '" ,... I II 

b;'el ~'l~UVl 4.8 ~U~'lVl~'l mn~tJ'l L;'el'W'elnlOl'ln 1"1'J'll-J-n'WVltj(;)"1I'el'l'el'lVl'l~IOl:;bYil-J~'Wbb~'J 1"1'J'll-J~'W 
~ . 

... .: J' ..... col~" 
bL~:;~"1I'el'l'el'lVl'ln~U'l b"ll'el ntJ'l bU~tJ'W bU (;)'JtJ 

(;1'l~'l'l~ 4.7 bb~(;)'l~'lVl'l!m"ll~~bb""'lbb~:;ml-J'lruLUb'el~'el~Ll-J'elf"1l'el'lbbUI"1VliSmr'l 28 ~'ltJ~'Wf ~ 
" " , 

~ 'll-J'l ~Cl i:J ~ (;1L~ 'W'el 'lVl'l ~ b~tJ'l b;'el n 'l VI'W(;) ~ (;1 ~tJl-JVl 'el ruVill n 37 'el'l f'I'l b"ll ~ b~tJ ~ LU'Wb'J ~ 'l 72 
~ . ~ 

" ~(;1~'l'4'l'J'W"1I'el'l 

" -w'l VI 'l!n LU b'el~'el~ Ll-J'elf " 0 ... .. " -w'lVl'l!n LU b'el~'el~ 
0 .... ,. q q 'W'lVl'Wm"ll~~ LLVI'l ... " ~'l(;)U ~'ltJ~'WfibbU 1"1'Vl L~tJ LL VI'l '" • (nfl-J/~(;1~) 

.. , 0 ... 
Ll-J'el~(;1'el'W1V1'Wn 

(nfl-J/~(;1~) 
.. " b"ll~~ bbVl'l 

1. BA 1 3.108 5.052 1.625 

2. BA5 3.716 2.976 0.801 

3. BA 13-0-1 1.188 3.549 2.987 

4. BA 13-0-2 3.848 1.932 0.502 
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5. BA 15-2 6.872 3.052 0.444 

6. SR 4-1 4.768 5.320 1.116 

7. SR 4-2 1.852 4.220 2.279 

8. SR 5 3.054 2.372 0.777 

9. RA 1-2-1 2.520 1.972 0.783 

10. RA 1-2-2 1.272 1.732 1.362 

11. RA 2-1 4.976 5.015 1.008 

12. RA2-2 4.480 1.612 0.386 

13. RA6 3.772 3.476 0.922 

14. RA7 1.812 2.616 1.444 

15. RA 9-0-1 3.864 3.012 0.779 

16. RA 9-0-2 3.468 5.428 1.565 

17. RA 10 3.736 1.392 0.372 

18. MM-6 3.448 0 0 

19. MM-14 3.640 2.846 0.782 

20. MN-1 2.44 1.252 0.513 

21. MK-2 2.120 2.480 1.169 

22. MK-3 4.924 1.516 0.307 

23. MK-4 5.452 1.837 0.337 

24. MK-8 3.632 2.372 0.653 

25. MK-9 4.008 1.352 0.337 

26. MK-10 2.988 1.420 0.475 

27. MK-12 3.732 1.088 0.292 

28. MK-30 4.132 2.604 0.630 
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4.3 n17AflL1hlnLL'UFlYiL;!I;I.1JJ17{1~i,,1'Util"iliLJJili.~.fI"u~;'U'!I'lflL'!I,h ... . 
" I "" 

~C;)L~~m;~Vi~1)J1~mJ~~'tUL~'Yi~~L)J~fl~\JhJ1C1J~·n'i~'l.nJC;) 4 ~1u~'Wfiu1)J1L~m1'W 
~ , 

, " 
~1,.n ~rh,"'WC;)~ ~~ ~~1.jfU1 ~1~n ~ LI'l~ LtI'WLL,"fl~ 1'l1fu~'W LL~:;~1~~ rl C;)"'l1 nu~ I'lLtI'WLL ,"fl~ 

~ ~ 

I " " " 

L'J~1 72 -n'JL)J~ ;1~nl'lf~LC;)U~C;)~1)Jn1~L"'l1'1!LL~:;n1~CJ~~'tUL~'Yi~~L)J~f'D~~LLUI'lViL'1m'i~ 4 

~ 1u~'Wfi~ ~ ~ LLU n Hi' LmuUL Vi UUrlULLU I'lVi L'1u Bacillus subtilis (NT2) ~ LLU n Hi''''l1 n tY 'J • 
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I " I jJ I 

~'l~'l~~ 4.8 tJ'l~'WnLen~~LL""~ LL~:;tfhJ'lru1tJL!l'Yi!l~ L~!l;~ LLtJ fO)~ L1tJvi~ 4 ~'ltJ~'lJf~ ~ I?l L~!ln 1~ 

~ ~'l~ 'l ~tl ~~ ~1~ 'lJ!l'l~'ln~tJ~ L~!l rh~'lJ1?l ~ ~nj~~!l ruWl~ 37!l~ fiI'l Len ~ L~tJ ~ Lil'lJL,) ~ 'l 72 

1. SA 1 2.739 

2. SA13-0-1 1.776 

3. SR4.2 1.634 

4. RA9-0-2 3.773 

5. NT 2* 2.218 

.. q .. 

" 
tJ 'l~'Wn 1tJ L!l'Yi!l~ L~!l ;LL""~ 

(nf~/~~~) 

4.823 

4.927 

2.893 

4.933 

6.238 

'fl ~~'l~,)'lJ"1l !l~~'l~'Wn 

1tJ L!l'Yi!l~ L~!l;J;]!l 

1.761 

2.774 

1.770 

1.307 

2.812 

'"l'l n n'l~~n~'ln'l~L'"l1'1J LL~:;n'l~~~ ~1tJL!l'Yi!l~ L~!lfl 'lJ!l'l~'ln~~')rh~'lJI?l~ ~~ Ll?ltJ L~tJ~ 
LLtJfO)~iStJ~~I?lL~!ln1~~!l SA 13-0-1 ~!lru~ll~ 37 !l~fiI'lLen~L~tJ~ 1l'l,):;L"1lrh"1l,)I?l~')tJ'fl~~'lL~,) 

q 'IJ 

I I I" 

~OO ~!ltJ[;]!l'lJ'l~ Lil'lJL,)~'l 48 -n,)L~~ Ll?ltJt'lJ'lb~ 0-6 -n,)L~~ LntJ~,)!lt.h~VJn1 2 -n,)L~~ '"l'ln'W'lJ 

LntJVJn13 LL~:; 6 i,)L~~ tJ'l~'lL~tJ~L~!l~'l1'I?ln'l~L'"l1'1JLl?ltJ1'l?l,"hn'l~~l?ln~'lJLL~~~fO),)'l~m')fO)~'lJ 
11 I " 11 II 

660 'lJ'l L'lJL~ ~nL~:;~'ltJ'l~'Wn Len~~LL""~ Ln!l~'"l'l n~ nMru:;"1l!l~!l'l~'ln~m L;!l L~~,)~~~n'ln~m 

L~!l'"l:;;:j~"1l'l,)~'lJ'"l'ln 1tJ L!l'Yi!l~ L~!l;~ LLtJ fO)~ iStJ~~'l~~'lJLL~ :;u~!ltJ!l!l n ~'l t 'lJ!l'l~'l n~tJ~ L~!l ~~ t-n 

~'ln'l~l?ll?ln~'lJLL~~~ fO),)'l~m') fO)~'lJ 660 'lJ'l L'lJL~ ~~t 'lJn'l~~ I?l ~'l~ n'l~L'"l1ru L~tJL~"1l!l~ LLtJ fO)~ L1tJ .. ~ 

jJ "" " jJ 

'"l'l n'W'lJtJ'ltJ'l L~tJ~ L;!l~,)'lJt~~'l ~ ri I?l LLtJ n 1tJ L!l'Yi!l ~ L~!l;LL~ :;~'ltJ'l~'Wn LL ""~~~~ n'l ~Yh 1~ L!lYJ1~i 

~~n'l~'VlI?l~!l~LL~I?l~~~t'lJ~'ln~~ 4.9 
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<V .,. 

YfWfi BA 1 3-0-1 • 

'" '" ~(;l~1~'.l'W"II'e)~~'nnrn 
0 <V .,." -W1'\.nrni.lj'1'e)~'e)~hl-J'e)fLL~~ L'.l'Cl1 'W1'V1'WnL'll'Cl'Cl LL'VI~ 

0 00660 i.u 'i:'e)~'e)~ Ll-J'e)f(;]'e) 
(on'.l 'i:l-J~) (n~l-J(;]'e)~(;l~) (n~l-J/~(;l~) '" 0 <V .,. " 'W1'V1'WnL'll'Cl'Cl LL'VI~ 

0 0.012 0.074 0.163 2.203 

2 0.049 0.776 0.414 0.534 

4 0.245 1.019 0.949 0.931 

6 0.315 1.265 1.962 1.551 

9 0.815 2.810 2.277 0.810 

12 0.827 3.582 2.789 0.779 

15 0.839 3.080 2.876 0.934 

18 0.845 3.012 2.389 0.793 

21 0.881 2.930 2.332 0.796 

24 0.888 2.870 2.338 0.815 

30 0.977 2.560 2.400 0.938 

36 1.060 2.469 2.600 1.053 

42 1.014 2.400 2.740 1.142 

48 0.972 2.400 2.530 1.054 



51 

2 4 

1.8 · 3.5 

1.6 
· 3 

? 1.4 
• ;S wo 
:S ... 5 

1.2 ;S CE 3 
d to c: t'" ;s 
CS::::I"" 
CS':zt'" wo t'" ;S 

0.8 t"'too 
c:CEU) 
t"'~ U) 

-CE 

¥ 
2.5 GI 

.? 3 
~Gr 

2 
'cIGl5 
CI~G 
iI GI GI 
- .,.. -5 

1.5 c: ::I :z 
~~lWO 
~ c: c: 
t"'~-

'-::s~ 
t'" 

'";s 

0.5 

0 

o 2 4 6 9 12 15 18 21 24 30 36 42 48 

I1A1 (ih'bl,,) 

I I ,.. I I 

t~ut)~fhn1~~~n~ULL~~Ylf'l'l1lJtI1'lf'l~U 660 U1 tULlJ(;l~ LLfl::;'\hwJm"l!fl;LL\¥~ ~u~1i'l tll~Yl 9-
O! 

12 LL1Jf'1Yl L1ui1n1~L.,r'1J~~~ ~ LLfl::;L U'1Jru::;L~U'l riUn1~~~(;llU ttl~tl~ LlJtlfl~U~~(;l1lJ"1nn1~ 
II' I I ,.. 

~1'tnrmLt\'~'1Jtl~luttl~tl~LlJtlfn~u~1i1mlJ1ru~~~~LUi'ltlJ~Yl15 "1mruni1mlJ1rufl~fl~LLfl::; 
OJ • 

I'" " I I I 

LYilJ;u~nf)f~1ui'ltlJ~Yl42 d~tlYi"1~ru1~~nJLLUUn1~L.,rruLLfl::;n1~~~(;lluttl~tl~LlJtlf~U~1 
OJ .. 

o 0 " 

LlJtlfLUi'ltlJ~Yl15 .,::;i1mlJ1ru~~~~~~ 2.876 nflJ1'ltl~(;l~LL1'lni1mlJ1ru'1Jtl~~1'\.nrm"l!fl;LLt\'~ 
OJ • 

" ~~L-rlUriU t~u~~~~ 3.080 nflJ1'ltl~j;l~ v'i1Lt\'i1.a(;l~1~'lU~::;'\.·d1~luttl~tl~LlJtlf1'ltl~1'\.nrm"l!fl; 
OJ " 

LLt\'~LVhriu 0.934 utln"1ndLUn1~~ULLUm"l!flfl1ui'ltlJ~~ 15 v'hl~u1n~~~flLt\'~tl~L~lJn1~ 
L~tl"1~~1 LiEJ~ L~tl~'llJvr~ L~lJmlJ1 ruLtlVl1UtlflL Un1~j;) n j;)::;ntlU~ n ~'lU LLfl::;L~tlYi"1~ru1i'l tlJ~ 
~ 42 ~~i1mlJ1run1~~~j;lluttl~tl~LlJtlf~Ln~L~u~riu ~tl 2.740 nflJ1'ltl~(;l~LL1'lniui1mlJ1ru 
" ~1~'I1m"l!fl;LL t\'~tJtlUn~1 ~tl 2.400 nflJ1'ltl~ j;)~ v'h Lt\'i1.aj;)n~'lu~::;'\.d1~luttl~tl~ LlJtlf1'ltl 
... I'" ",.. I I 

~1~'I1m"l!fl;LLt\'~LVhriu 1.142 LLfl::;~1lJ1~m1uLLum"l!fl;tltln"1n~1L~u~L;tll~~1un~1i'l tlJ~Yl 



52 

'" I I I 

15 ~\nr'l.ltJ'Vlt'1~'t)~~~L~'tlnL'J~'l-n'J Ll-J~~ 42 LlI'l.lL'J~'l~ L~l-J'l:;~l-J(;]'t)mte.J~t;l1lJL't)~'t)~Ll-J't)fl'l.lmt 
" 

4.5 n1~~n'l!t1/!HI f'l,j~::n'el'U"lI/eHI'el1'V11nt!l~L~'eI;1 L 'VI~J1::~~ ,;j'eln1~t:Ji j;J 1 'U L'elVi'eli L~'eli 

mnL1.her'l.lLL~~~ ~nflJ't)'I.l~ L~l-J'l:;~l-J (;]'t)mte.J~ t;l1lJL't)~'t)~ Ll-J't)f Lt'1U L~'l:;Lim LLlJl"l~ ~u 

~'lU~'I.lfi BA 13-0-1 L'I.l't)'l~'ln~~'Jrh~'I.lt'1~t;lt~ LL1.her'l.lLm~~l"l1flJ't)'I.l 1~LLri n~ LI"l~ 'llLl"lt~ 
q cu cu cu 

LL~I"lL'Vl~ l-J't)~L'Vl~ n~L'll't)t't)~ LL~:;'t)'l~'ltL~~'JI"l'JlJl"ll-JLt'1UhlL~l-JLL~~~I"l'lflJ't)'I.l Lt'1UL-nI"l'J'll-J , 
" I '" " 

LlIl-JlI'I.l 3 L1.J't)fLonw;l ('W'l~t!n (;]'t)ml-J'l t;lt) 1.JflJ rl'lI"l'J'll-J LlI'l.lntt'1 LlJ~ L1l-J ~'I.l"1J't)~'t)'l~'ltL~U~ L~'t) 

LvhnlJ 7 LiU~lJ'I.lLI"l1't)~L"1Jt.h~'Jureit;lnL~'J 200 t't)lJ(;]'t)'I.l'l~ 't)ru~lln 37 't)~f'I'lL'll~L~U~ LlI'l.lL'J~'l , " 

I .. 
rei t;lt'l~'J'I.l"1J't)~ LL ~~~ l"l'ltlJ't)'I.l " 0 .... 

" 'I.l'l~'I.ln " (3 L1.J't)fLonw;l 00660 o Go' fI''' 0 .... 
'I.l'l~'I.lm'll~~LL~~ 'I.l'l~'I.ln 

" 1lJL't)~'t)~ Ll-J't)fLL'L~~ 
Lt'1ml'l~t!n (;]'t) (nfl-J(;]'t)~t;lt) 1lJL't)~'t)~ Ll-J't)f(;]'t) 

(nfl-J/~t;lt) " 
ml-J'lt;lt) 

0 .... .. " 'I.l'l~'I.lm'll~~Lm~ 

n~LI"l~ 
" 

1.646 4.122 1.872 0.454 

'llLl"lt~ 1.530 3.392 2.671 0.787 
" 

LL~I"lL'Vl~ 1.684 4.575 2.315 0.506 

l-J't)~L'Vl~ 1.409 9.961 2.831 0.284 
.,. 

n~L'll't)t't)~ 1.490 4.141 2.057 0.497 

l"l'JlJl"ll-J , 1.458 2.012 0.603 0.299 



53 

12 0.9 

0.8 
10 

0.7 

¥ 8 0.6 r.II 

~ :I d- ;I 
~ r.II ri 0.5 ~ 

cz~d6 ... 
iI r.II COl r-

IP - ~-5 0.4 5 c:: ;::I ri ~ );1 ~ )Ir 
:s: c:: c:: 
r- Q - 4 0.3 ?:s: 

r-)";1 
0.2 

2 
0.1 

0 0.0 

_ ,.f1,.nrm'!l.iu;~ (ni~,jili(;l~) ,.f1",rn'1.Jtil"iliL~ili (ni~,jili(;l~) 

c=J i'''~Ii1u'1.Jtil''iliL~ili,jil,.f1",rm'lf.iu;~ 



54 

" , 
fOl1fu'eI'WLi:i'w 0-6 L,j't)fL·'h.l~ (lJ1'l.n!nj;j't)t1hJ'l(;lJ') V'nJ~'l~m'llJL-nlJ-n'W 3.5 L,j't)fL~'W~"1J't)'l~LfO)J'~ 

Lil'WfO)'J'llJ L-nlJ-n'W~ L~lJ'l:;~lJ~~ I') Ll')tJ LLU fO)~ iStJ~'ltJ~'Wlf BA 13-0-1 ~'llJ'lJ'Cl ~~ (;lLUL't)V'\'t)~ LlJ't)f 
• • 

L~L'vhnu 5.887 nt'lJj;j't)~(;lJ' LL~:;i1~(;ln~'J'W"lJ't)'l~'l~-JnLUL't)V'\'t)~LlJ't)fj;j't)~'l~-Jm'1!~~LL1X'l~'l~1') 

Lvhnu 1.11 0 ~'lLL~I')'l1.'W(;l'lJ''l'l~ 4.11 LL~:;LL~I')'ln1J'LmtJUL~tJu1.'WJ',j~ 4.11 
" 

" " ~(;lJ''l~'J'W"lJ't)'l fO)'J'llJ L"lJlJ"lJ'W"lJ't)'l 

" " " '1ILfO)J'~ (L,j't)fL~'W~ 
0 .., 

'" lJ'l~-Jn LU L't)V'\'t)~ LlJ't)f 
0 .., 

00660 'W'l~'Wm'1!~~ 'W'l~'Wn 
" 

" Ll')tJlJ'l~-Jnj;j't) mX'l (nt'lJ/~ (;lJ') LL~'l (nt'lJ/~ (;lJ') LU L't)V'\'t)~ LlJ't)fj;j't) 

" mlJ'l(;lJ') 
0 .., 

'" " 'W'l~'Wm'1l~~LL~'l 

0 1.453 2.346 0.894 0.381 

0.5 1.532 3.631 2.443 0.673 

0.8 1.686 4.002 2.250 0.562 

1.0 1.772 3.867 2.479 0.641 

1.5 1.704 4.758 3.664 0.770 

2.0 1.683 4.804 4.283 0.892 

2.5 1.643 4.855 4.965 1.023 

3.0 1.548 4.959 5.261 1.061 

3.5 1.55 5.302 5.887 1.110 

4.0 1.512 6.117 5.707 0.933 

5.0 1.395 7.452 6.900 0.926 

6.0 1.387 8.244 6.570 0.797 



55 

9 -,-------------------------,-- 1.2 

8 +----------------~~ ~---~--~ 

7 +-------------~ 

--­GIl ." 3 6 +------------1 
; G -;:-

'II GIl • 5 -t------n-------j 

1.0 

I--I"~rl- 0.8 
;s 
r .. II~G 

~ ~ -~ 4 +----1 
0.6 :;: 

Qr"lW" 
:;I: C C 3 +--=--IIH r- Q- 0.4 

'";1:;1: 
.; 2 

0.2 

o 0.0 

o 0.5 0.8 1.5 2 2.5 3 3.5 4 5 6 

..J .. '" .. 
nJVl 4.11 m'1~LL~~~'lJ1~,rm"1lfl~LL~~ 'lJ1~,rnLUL'flYi'fl~IJJ'flfLL~~ LLfl~~j;Jn~')U'1I'fl~'lJ1~,rn 
OJ 

'" 
LU L'flYi'fl ~ Ll-J'flfj;]'fl'IJ1~,rn L"1I fl ~LL ~~"'l1 n n11LL1JrtrUI"I,)1l-J L ;rl-J;rU'!I'fl~ LL ~~~ 1"11 fU'flU 

Ld'flU1J1truLL~~~L ULj;J1L"'lU L~mL1htruLL~~~L ULj;J1L"'lU Hi'LLn LL'fll-JLl-J LUUl-Jl"lfl'fl hc;f 
(NH4CI) LL'fll-JLl-JLUUl-JLULj;J1j;J (NH4N03) LL'fll-JLl-JLUUl-J;flL~j;J ((NH4)2S04) L"1IL~Ul-JLULj;J1j;J 

(NaN03) LLfl~~11~ri~"'l1nU~~ L~mJ1ul"I')1l-JL;rl-J;rU'1I'fl~LuLj;J1L"'lu1~L'Vhriu 0.5 LU'flfL~U~ 
.. '" , 

('lJ1~,rnj;]'flml-J1j;J1) LLfl~LYi1~L~U~LLUI"I~LrU~1u~ufi BA 13-0-1 UULI"I1'fl~L'1Ith~,)u~lJlnL1,) • 
200 1'flUj;]'flU1~ 'flru~llij 37 'fl~fil1L"1IflL~U~ LiluL,)fl1 42 i,)Ll-J~ YiU~1 ~11~ri~"'l1nu~j;fLilu . " 
LL ~~~L U Lj;J1L"'lU~ L~l-J1 ~~l-J j;]'fl n11~ ~ j;JLU L'flYi'fl~ Ll-J'flf'1l'fl~ LLU I"I~ LrU~ ~ ~ L~'fl n L~U~1l-J11C1 

~~ j;JLUL'flYi'fl~ Ll-J'flfl~~~ L'Vhriu 6.201 n1l-J j;]'fl~ 1;]11 U'fl1~11L ~fl,) ih~u~~ lJl1~iJ"1ILI"I1~ 1"I,)1l-J .. .. " .. "' .. 
L;rl-J;rU 3.5 LU'flfL~Uj;f ('lJ1~,rnlml-J1j;J1) LLfl~iJ~lJl11~,)U'1I'fl~'lJ1~,rn LUL'flYi'fl~ Ll-J'flf~'fl'IJ1~,rn 

L"1Ifl~LL~~~~~~L'Vhriu 1.208 ~~LL~~~1UlJl111~~ 4.12 LLfl~LL~~~n11LWUUL~Uu1u1U~ 4.12 " . .. 

• lGI 



56 

LL~~-:JLutJ;1~L~U " ~(;1~1~'lU'1Itl-:J 
., U1~~n ., 

(0.5 LUtlfL;Uj;) 
0 .., r ., 0 .., 
U1~um")jflflU~-:J U1~un 

., 00660 LUttl'Yitl~ LlJtlfLL~-:J 
LU ttl'Yitl~ LlJtlf(;jtl t~u':h~~n(;jtl (nflJ/~(;1~) 

(nflJ/~(;1~) ., 
mlJ1J;1~) 

0 .., .. ., 
U1~um")jflflLL~-:J 

NH4CI 1.501 2.612 2.776 1.063 

NH4N03 1.621 1.889 0.909 0.481 

(NH4)2S04 1.566 2.240 1.746 0.779 

NaN03 1.606 2.327 1.580 0.679 

.., ..... 
~1~~n~~1nU~(;1 1.904 5.135 6.201 1.208 

7 -,--------------------------,- 1.4 

6 +----------------------V~f.1_O+ 1.2 

o 

NH4CI NH4N03 (NH4)2S04 NaN03 

1.0 
;:s 

0.8 ~ 
r­.. 

0.6 C5 
~ 

0.4 

0.2 

......... ...J.....f-- 0.0 

_ J,,,,,rnL'iltlaLL~.:J (niJ.lPl'ila" ... ) J,,,,,rnLtJ1'i1'n'ilaLJ.I'ili (niJ.l.i'ila" ... ) 
c:::::J .a"'l1.1YltJ1'i1'n'ilaLJ.I'ili.i'ilJ,,,,,rm'iltlaLL~.:J 



57 

" , 
~~~Lij'W 0,0.1,0.3,0.5,0.7,0.9, 1.1, 1.3 LL~:;1. 5% (u1~-wn~'tltfhJ1(;1~) Yfl.J~1Vif'l'J16JLif6Jif'W 

" " ~'tl\l~1~~fl~~~~ 0.7 LU'tlfL~'W~ (U1~-Wn~'tl~(;1~) 1~~hu1~-Wn1uL'tl"r'i'tl~L6J'tlfLL~\l~\l~~L'Vl1flU 
" " 6.032 n¥6J ~'tl~ (;1~ LL~:;i:J~ (;1~1~'J'W~'tl\lU1~-Wn 1u L'tl"r'i'tl~ L6J'tlf~'tlU1~-Wn L"J!~ ;LL ~\l~\l ~ c;l L'Vl1 flU 

1.47 4 ~\lLL~~\l1'W(;11~1\l~ 4.13 LL~:;LL~~\ln1~LllitJULVitJu1'WnJ~ 4.13 
'IJ 

II II 

f'l'J16J L~6J~'W~'tl\l 

" ~(;1~1~'J'W~'tl\l ..,... tr 0 .., 
~11~n~tJ~(;1 " 'W1~'Wn " 0 .., tr II 0 .., 

'W1~'Wm"J!~~LL~\l 'W1~'Wn 

(LU'tlfL~'W(;11~tJ 00660 1UL'tl"r'i'tl~ L6J'tlfLL~\l 
1UL'tl"r'i'tl~L6J'tlf~'tl " (n¥6J/~(;1~) 

0 .., , 
(n¥6J/~(;1~) 'W1~'Wn(;1'tl " 0 .., tr II 

'W1~'Wm"J!~~LL~\l 

m6J1(;1~) 

0 1.541 2.212 1.184 0.535 

0.1 1.587 3.122 2.232 0.715 

0.3 1.632 3.216 3.094 0.962 

0.5 1.982 3.678 4.704 1.279 

0.7 1.821 4.092 6.032 1.474 

0.9 1.957 4.484 5.148 1.148 

1.1 2.013 4.980 5.087 1.021 

1.3 1.934 5.590 5.245 0.938 

1.5 2.102 7.851 5.647 0.719 



58 

9 .---------------------------------------------~ 1.6 

8 +---------------------~ ~------------------~ 1.4 

~ 7 +------------------1 
COl 

1.2 

~ :I _ 6 +-------------------j 
:::s 4CI r 

\11 COl S 5 +---------------j 
1IJ:4CI 

! J! -I 4 +--------r-.-----j 
c:: ::I ::z 

r.s ,.. .. 3 +_,...,-_ 
~ c:: c:: 
~ r.s -

'":I ~ 2 

1.0 ;S 
I'"' 

"II 
0.8 ~ 

r 
S 

0.6 ~ 

0.4 

'":I 
0.2 

o 0.0 

o 0.1 0.3 0.5 0.7 0.9 1.1 1.3 1.5 

_ J,\1Um"llilaU".IJ (ni'~.i'!lilJl'i) J'\1unl\Jt'!l".'!liL~'!lf (ni'~.i'ililJl'i) 

c=J .;1Jl'i1.';)ul\Jt'!l".'!liL~'!lf.i'!lJ'\1um"llilaU".IJ 

• II .... I.-

llJVi 4.13 nn~LLt'l(;'t,l'Ihwl1nL'l!~ifLL~~ 'lhwl1n'luLflYlfl~L).JflfLL~~ LL~:;tllJ1n~'l'l.l'fl~U1~,rn 
" 'lu LflYlfl~ L).JflflJiflU 1~,rn L 'l! ~ ifLL ~~'"I1 n n1 rLLlJ5'~'l.I1'1'l1).J L'if)J;r'l.l'!lfl~ LL ~~~ 'l'l.l LlJ15'L '"I'l.I 

1 'l.In15'~ m~t1t.1'hJ 1 n.I L).J L 'l.I L'l! L;)tJ).J n ~ 1J11 L).J 1J1~ L ~).J1 :;t'l).J lJifln15'eJ~ 1J1 'lu LflYlfl~ L).Jflf L(;'ttJ 

LYl1:;LttJ~LLuI'1VilSm\1tJ~'l.I~ BA 13-0-1 1'l.1fl1~11L~~'lih~'l.I(;'t~1J15' L(;'ttJH'LL~~~1'11fUfl'l.lLL~:; 
" 'l'l.lL1J11L'"I'l.I~fl'llLI'15't'lLL~:;t'l15't'ln(;'t'"l1nUt'ltJlfil'l1).JL;r).J;r'l.l 3 .5 LL~:;O . 7 LlJflfL~'l.ItJl (U1~,rnlJifl 

m).J11J15') 1J11).J~1~U L(;'tmLlJ5'~'l.I1'1'l1).JL;r).J;r'l.l'!lfl~L).JL'l.IL'l!L;)tJ).Jn~1J11L).JlJ1LiI'l.I 1, 2, 3, 4, 5 LL~:;6 
'" " " , 

LlJflfL~'l.ItJl (U1~,rn~flm).J1~5') L~tJ~U'l.lLI'11fl~L'!lthll'ltJtllJ1nL~'l 200 5'flU~fl'l.l1Vi fln.l~lln 37 . '" 
fl~fII1L'l!~LentJt'l LiI'l.IL'l~1 42 .t'lL).J~ YlU~1~1'1'l1).JL;r).J;r'l.l'fl~L).JL'l.IL'l!L;)tJ).Jn~~1L).J~Lvhnu 3 

" " LlJflfL~'l.Ij;J (UTI . .,,rnlJ!flm).J11J15') '"I:;1~fihu1~,rn'luLflYlfl~L).JflfLL~~L'vhnu 5.837 nf).J~fl~lJ15' ~~ 
, " '" 

LLt'l(;'t~1 'l.I~111~Vi 4.14 LL~:;iJtl~11~'l'l.l'fl~U1~,rn'luLflYlfl~ L).JflflJiflu1~,rm'l!~ifLL~~t'l~t'l(;'t '" . 



59 

" " fl'l1lJ L'DlJ'DU'Dfl..:l 

bJtUt"llL~UlJ ., 
U1\n!n ., 

OD660 u1'wwn 
1.Utfl"'fl~ LlJflfU \\'..:1 

(nflJ/~(;J1) 
1.Utfl"'fl~ LlJflf 

1 1.655 9.247 3.173 0.343 

2 1.599 10.529 4.141 0.393 

3 1.603 11.119 5.837 0.525 

4 1.649 20.589 7.318 0.355 

5 1.639 22.193 9.388 0.423 

6 1.660 26.341 10.896 0.414 

30 .,----------------------,- 1.6 

25 +------------------

1; 20 +----------­
~3_ -.... 
~ Gil • 
.. ~ -: 15 +----------­
! .,! -. c ;::J ;::J 
~r" .. 
~ ~ .s 10 -1-----

'":I:S: 
r­

'":I 

5 

o 
123 456 

R1'U,,rU,r,,,....,'bI't,,'t .. "UUn,R'WR (waf''I1''R) 

1.4 

1.2 

1.0 
;::J 
r ... 

0.8 :;: 

0 .6 

0.4 

0.2 

0.0 

• 1GII 

I ".... " 

ltJY14.14 nnVhLt'lC;\..:IU1\nl'nL"lIfliLL\\'..:I u1",un1.utfl"'fl~L)JflfLL\\'..:I LLfl~ti(;Jn~'lU'Dfl..:lU1",Un 
., 

l.u tfl"'fl~ L)Jflf~flU 1",un L "lIfli U \\'..:1'"11 n n11UtJ1~UI'l'l1lJ L ;'lJ;'U'Dfl..:l tlJ t U t "lI L~UlJ n~ 1JI1 L)J [;l 



60 

4.6 n1'1An'l!t11111::ViL \UI1::'6utL 'l.!n1'1Lif!l.:JLLtl FlViL~!IVi~ ~ LL!ln l~L ~'!l ~~~ ltlL'!l'Vi'!l~L~'!li 

~n'l:!1 ~11"l'.l1~ LU'Wn ~(9l LlJ~~ L~~1:;~~ ~'el n1~~~ j;]LlJt'el~'el~ L~'el f t(9ltl L ~1 :;L~t1-.l LLlJ I"lVl L1-t1 

~1t1~'WfiBA 13-0-1 ~LLll~~'W~11"l'.l1~LU'Wm(9lLlJ~LU'W 5,5.5,6,6.5,7, 7.5 LL~:;81'W'el1~1~L~~'.l • 

ll~lJll~-.l~j;]~ t(9ltlL-if LL~~-.l1"l1flJ'el'W L 'Wtj;]~L9'W 1 'Wm~1 ru~ L~~1:;~~ L~t1-.llJ'WLl"li'el-.l L"nrh ~'.ltl~ j;]n L~'.l 
200 ~'ellJ~'el'W1Vl 'elru~llij 37 'el-.lf'l\1L"l!~L;t1~ LU'WL'.l~1 42 i'.lt~-.l ~lJ~1L~'el1-n~11"l'.l1~LU'Wm(9lLlJ~~ 

• OJ 

~ , 
t'el~'el~L~'elf~'el,J1wWm"l!~~LL~-.lL'VhnlJ 1.511 ~-.lLL~(9l-.l~~1'Wj;]1~1-.lVl4.15 LL~:;LL~(9l-.ln1nmtllJLVltllJ 

1'Wlll~ 4.15 

~ ~j;]~1~'.l'W"n'el-.l 
0 '" ., 'W1~'Wn ., 

~11"l'.l1~LU'W 
0 '" .. ., 0 '" 'W1~'Wm"l!~~ LL~-.l 'l.!1~'Wn 

OD660 LlJt'el~'el~L~'elfLL~'1 
LlJt'el~'el~ L~'elf~'el m(9lLlJ~ (n~~/~j;]~) 

(n~~/~j;]~) ., 
0 '" .. '" 'W1~'Wm"l!~~LL~-.l 

5.0 1.743 3.929 0 0 

5.5 7.706 4.791 3.441 0.718 

6.0 1.605 3.995 4.561 1.142 

6.5 1.648 4.103 3.847 0.938 

7.0 1.602 3.342 5.113 1.530 

7.5 1.663 4.181 6.319 1.511 

8.0 1.712 4.420 6.378 1.443 



61 

7 1.8 

6 
1.6 

1.4 
5 

~ 1.2 COl 
? a 
~ d w;'4 ;;s 
~COI& 1.0 ~ 

fI~d .. 
iI COl COl ~ ....... -& 0.8 & C ;:3 j3 ~ 
~~c 
~~ - 0.6 
~ ~ 2 

)-;;s 
0.4 

1 
0.2 

0 0.0 
5 5.5 6 6.5 7 7.5 8 

fhfl11JJli]un"S6lLu. (pH) 

... 
hJL~'Yi~~La.J~f{;]~,ht.nrnL'li~£fLL~~"l1nn1nLtJr~urhfl'J1a.Jdjunr(;1LU~ 

"l1n n1r~n1i1~ ru'"1Jij~ L,"a.J1~~a.J {;]~ n1r~~ IJILU L~'Yi~~ La.J~f L(;1£J L 'Yi1 ~Li£J~ LLU f1Vi L1£JL U 

~1,"1rm~'JtJfutJN~lJIr L(;1£JHLL,"~~rl1fU~U LUL(;1rL"lU Luma.J1ru~L,"a.J1~~a.JLL~~ri1f1'J1a.JLtlUm'(;1 
• OJ 

I I I .... I 

Lu~ViL,"a.J1~~a.J ViLLtJr~u~ru,"l1ijLtlu 25, 30, 37, 40 LL~~45 ~~f'l1L"l!~L:n£J~ 'YiU~1L~~L~£J~Vi 
• OJ 

~ru'"1Jij 30 ~~f'l1L'li~L:n£J~"l~L~ma.J1ruLUn1r~~IJILUL~'Yi~~La.J~f~~~(;1LYhriu 6.378 nfa.J{;]~~lJIr 
...... ... 

LL~~i1t1IJ1r1~'JU'Jl~~U1WWnLUL~'Yi~~La.J~f{;]~U1,",rm'li~£fLL~~~~~(;1LYhriu 1.554 u~n"l1nilu~'YiU~1 
OJ • 

LLUflViL1£J~1£J~uf BA 13-0-1 ~1a.J1rm"ll'1lL~~~ru'"1Jij 45 ~~f'l1L"l!~L:n£J~ LLr;i~1a.J1rCl~~IJILUL~ 
'Yi~~La.J~fl~~LU''J~~ru,"l1ij 30-40 ~~f'l1 L'li~L:n£J~ ~~LL~(;1~~~ LUIJI1n~~ 4.16 LL~~LL~(;1~n1r 

• OJ 



.. tilJ1n~'lU"1l'fl~ 
0 ., .. U1~un .. .. 

OD660 
0.... tr" 0 ., 

~ru~lJ~ U1~Um'!ltUm~~ 
1.UL'fl~'fl~L~'flfLL~~ 

U1~un 

cI 

('fl~fil1L'!I~L'!ItJ~) (nf~/~1J11) 1.uL'fl~'fl~~'flflJl'fl 
(nf~/~j;J1) s-

o ... r ., 

U1~Um'!l~~LL~~ 

25 1.656 4.467 0.847 0.189 

30 1.654 4.103 6.378 1.554 

37 1.867 5.467 5.113 0.935 

40 1.836 5.354 4.467 0.834 

45 1.254 3.082 0 0 

7 .----------------------.,- 1.6 

6 -t---------li 

o 
25 30 37 

s-

LU L'fl~'fl~ ~'flflJl'fltl1~t1n L'!I~tfLL~~"'l1 nn11LL1.h~U'flru~llij . " 

40 

1.4 

1.2 

1.0 ;S 
("" .. 

0.8 ~ 
(i 

0.6 ~ 

0.4 

0.2 

----'- 0.0 

45 
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"I I " 

LL~:;~m~t1tJhJ1ruL~'fl iS~ ~UVl m~1:;~~ t'l'fl n1J'~~ [;Ih/i:'fl~'fl~ L~'flf L~rJ L~1:;L~m LLU filVl L1-rJ 
, " , 

~1rJ~uf BA 13-0-1 VlLL1Jnrum~1ruL~'fliS~~ULijU 1,3,5,7, 8 LL~:;10 LlJ'flfL~U[;] (m~1[;1J't'l'fl 

m~1 [;IJ') 1 U'fl1'V11J'L'VI~(:dh'VIu~~ [;IJ' L~rJ1-n LL 'VI~,,:j fil1 fu'flU 1 U L[;IJ'L"'lU 1 um~1ru~ L'VI~1 :;~~ LL~:;~1 
'II 

I I " I I 

fil'J1~ LijunJ'~ LU~Vl m~1:;~~~U~1 Lij'fl1-nm~1 ruL~'fl L1~ ~UVl 8 LlJ'flfL~U[;] "'l:;1 ~m~1 ru1 Un1J' 

~~[;IluL'fl~'fl~ L~'flf~,,:j~ ~ LVl1 nu 6.586 nf~t'l'fl~[;IJ' LL~:;~'el[;lJ'1~'JU"lJ'fl,,:j~1'V1,rn lUL'fl~'fl~ L~'flft'l'fl 
'II • 

" , , 
,J1'V1,rm'1i~;LL~,,:j~,,:j~~LVhnu 1.182 ~,,:jLL~~,,:j1U[;I1J'1,,:jVl4 . 17 LL~:;LL~~,,:jn1J'LmrJULVlrJu1uJ'lJVl4.17 

'II • 'II 

I "I I 

[;I1J'1,,:jVl4.17 ~~n1J'~n~m~1ruL~'fliS~~UVlL'VI~1:;~~t'l'fln1J'~~[;I1UL'fl~'fl~L~'flf 

ill 4' J'~1ruL'1i'fl 
, 

" 'el[;lJ'1~'JU"lJ'fl,,:j ... t.- o '" LJ'~ [;IU " U1'V1Un " 0 '" IT' t.- o '" U1'V1Um'1i~~ LL'VI,,:j U1'V1Un 
(LlJ'flfL~U~~rJ 00660 lUL'fl~'fl~ L~'flfLL~,,:j 

(nf~/~[;IJ') lUL'fl~'fl~L~'flft'l'fl 
m~1[;1J't'l'fl (nf~/~[;IJ') " 0 '" IT' t.-

U1'V1Um'1i~~ LL'VI,,:j 
m~1[;1J') 

1 1.964 4.537 4.980 1.098 

3 1.944 4.987 5.141 1.031 

5 1.957 5.240 5.573 1.064 

7 1.925 5.354 5.653 1.056 

8 1.895 5.574 6.586 1.182 

10 1.915 6.102 5.770 0.946 
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7 ,-----------------------------------------------, 1.6 

6 +---------------------------------~ 1.4 

1.2 

1.0 
;J 
~ ... 

0.8 r r 
(i 
~ 

0.6 

0.4 

0.2 

o 0.0 

1 3 5 7 8 10 

_ J,\.,Tm'lll.u;.IJ (nillfi'aiPl'i) J,\.,Tnl\Jt'ayt'aiLII'a~ (nillfi'aiiPl'i) 
C=:J il PI'i1tI-Jul\J t'ayt'ai LII'a.ffi'aJ,,,,,rn L'III. U;.IJ 

I ., II " 

nJVI 4.17 m'1~LLfl'M'hwl!m'l!fl~LL~_:J 'I1TI .. "rnh.Jt'flYl'fl~L~'flfLL~'l LLfl~~~~1~'l'W"1I'fl'l'l11\nrn 
OJ 

~ ~ 

ltJt'flYl'fl~L~'flf(;\'fl'l11~,rnL'l!fl~LL~'l'"l1nn1~LLu~cr'Wm~1rnL:n'flL1~~'W 
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, ~ 

LL~::;1 hlm~~ n~1 L'J~1Y! LVI~1::;~~ j;j'elmHJ~ (;1Ll.JL'elYi'el~ L~'elf L~U LYi1::;L~m LLl.J flY! L1u1 hl 

m~1ru~LVI~1::;~~1hl'el1V11~LVI~'JU~l.Jth'l~(;1~ djhlL'J~1 48 i'JL~'1L~U1hl'rl'J'I 0-6 i'JL~'1 Lnl.J . '" 
~ ~ 

Yi'el~ L~'elf~'1~ ~LYhnl.J 5.553 n~~j;j'el~ (;1~ LL~::;i1'ei (;1~1~'Jhl"lJ'el'ltJ1V1'11n Ll.JL'elYi'el~ L~'elfj;j'eltJ1V1'11nL"l!~; 
'IJ • 

~ 0... ,,!.I 

hl1V1hlnL"l!~~ LLVI'I 
00660 

(n~~j;j'el~(;1~) 

o 0.074 1.988 

2 0.054 2.477 

4 0.253 3.214 

6 0.926 14.89 

8 1.112 20.774 

10 1.187 20.606 

12 1.212 17.057 

15 1.271 11.437 

18 1.347 8.697 

21 1.351 6.212 

24 1.327 5.558 

27 1.313 5.057 

30 1.326 5.132 

36 1.229 4.352 

42 1.222 2.652 

48 1.174 2.145 

~ 

tJ1V1'11n 

Ll.JL'elYi'el~ L~'elfLL~'1 

(n~~j;j'el~(;1~) 

o 

o 

o 

0.224 

1.287 

2.991 

3.233 

3.645 

3.733 

4.233 

4.181 

4.098 

4.299 

4.767 

5.553 

5.103 

" 
tJ1 VI 'I1n 

Ll.J L'elYi'el~ L~'elfj;j'el 

o 

o 

o 

0.015 

0.062 

0.1145 

0.189 

0.319 

0.429 

0.681 

0.752 

0.810 

0.838 

1.095 

2.094 

2.379 



~ ~----------------------------------------------~ 1.6 

~ +---------~-4----------------------------------~ 
1.4 

18 +-------~----~--~----~~~~----------------~ 

16 +-------~--~~~------------------------~----~ 
1.2 

6 +-----~--------------~------------------------~ 
0.4 

0.2 
2 ~=-~----~~--------------------------~~----~ 

0 ~--j,....__,._==-----------------------------------------1. 0 

o 2 4 6 8 10 12 15 18 21 24 27 30 

mn (-ti1'b.i.J) 

-+- ,hmrm!laiiLL'IoW (nflliiilA",) 

_ 00660 . __ . __ 

36 42 48 

I ., I 

nlVl 4.18 m'1~ LL~ C'I':) rl'J1~~~,t~"Jfi~:;~~1,:m1~L"'I1ru L~U t(;1'11~':) L:n~lLLU rlVl LrUVl riC'lLLUn L~LLfl:;n1~ 
~ ~ 

I ., 
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n1~~mt1 L'Jfl1Vl L~~1:;~~ 1. 'l.ln1~L~~ L~ L'l.l L't! L~U~nfl (;11 L~ (;1 LC'lU LVi 1:;L~U':) LLUrlVl L1u~1U 
~ 

., ., 
(U1lnrnvl~m~1(;1~) (;11~~1~U LLfldiL~L'l.lL't!L~U~nij(;11L~(;1L'~''l.l 3 Lu~fL;'l.l~ (u1wl!nvl~ 

m~1(;1~) h~~'JU LC'lUU1U rl1 rl'J1~ LtJ'l.ln~C'I LU~'1I~':)~1~1 ~L~U':) L~~ L~~ ~'l.lL'Vhnu 7. 5 U'l.lLrl1~.:) L'1Ith 

~'JU€(;1~1L1'J 200 ~~Uvl~'l.l1Vl ~~ru~l1ij 30 ~.:)fII1L'1IflL~U~ LC'lmLu~cr'l.lL'Jfl11.'l.ln1~L~~L~L'l.lL'1IL~U~ . ~ 

nfl(;11~(;1 ~~~L'Jfl1i'JL~':)~ 4 i'J~':)~ 10 i'JL~':)~ 18 LLfl:;i'JL~':)~ 27 LVlUUnU~'Jrl'JUrl~ ~~hIL~~ 
~ . 

~L'l.lt't!L~U~nfl(;11~(;1~:;~~1':)n1~L"'I1ru'!l~':)Lf~ ViU~1L~~L~~L~L'l.lL'1IL~U~nfl(;11L~(;11.'l.lrl'J1~L'~''l.l 
~ ~ ~ 

L~~~'l.l~~':)L'Vi1L'Jfl1~ 1 0 i'JL~':) LLUrlVlLrU~1U~'l.lf BA 13-0-1 "'I:;CJ~(;1LUL~Vi~~L~~fl~'l.lm~1ru 
" ., 

~':)~C'I ~~ 23.921 n1~vl~~(;1~ LLfl:;i1€(;1~1~'J'l.l'!l~,:)U1~,rnLUL~Vi~~L~~fvl~U1~,rm'1lfl~LL\\'':)~':)~C'I 



67 

Lvl'lniJ 1.819 ~'U.J'lnn~'l~~~'ln'l~~~~L~~ti~ 4 Lvl'l ~~LL~(;l~~~1'W~'l~'l~~ 4.19 LL~::;LL~(;l~n'l~ 

LmtJiJL.y]tJiJ1'W~u~ 4.19 
'IJ 

... ~~~'l~'J'W"1I'fl~ 
0 .... 

... 'W'lVl'Wn ... 
L'J~'l1'Wn'ln~~ 

0 .... ff'", 0 .... 
'W'lVl'Wm"J!~~LLVI~ 'W'lVl'Wn 

L~ L'W L"J! L~tJ~n~ ~'l L~ ~ 
OD660 1iJL'fl'V'l'fl~L~'flfLL~~ 

1iJL'fl'V'l'fl~L~'flfl'l'fl (n~~/~~~) 
'IJ 

(n~~/~~~) ... 
0 .... ff' ... 

'W'lVl'Wm"J!~~LLVI~ 

li)'JiJli)~ 1.672 • 9.256 7.521 0.813 

en'JL~~.y] 4 1.787 25.953 17.969 0.692 

en'JL~~.y] 10 1.696 13.149 23.921 1.819 

en'JL~~.y] 18 1.767 18.117 20.660 1.137 
, , 

en'J L~~.y] 27 1.809 21.364 20.644 0.966 



30 .----------------------------,-- 2.0 

25 +-------

~ 20 +-----­
c;I 

~3_ 
::s d IP 
'ti c;I Cl 
II ~ ': 15 +-------
! ~ -. 
c:~# 
~c:c: ..s ~ - 10 +---1 

..s 
5 

o 
tfi'l'W,,9t 4 tfi'l'W,,9t 10 ih'W,,9t 18 tfi'l'W,,9t 27 

'II'l"L'lA1 

1.8 

1.6 

1.4 

1.2 ... 
r:: 

111 
1.0 ~ 

Cl 
0.8 G 

0.6 

0.4 

0 .2 

_ J,,,,um'll.iu"011 (ni'JlPi'ai",.) J,,,,unLut'a'n'aiLJl'ai (ni'JlPi'ai",.) 
c=::::J .s-"",.hULut'a'n'aiLJl'aifi'aJ,,,,um'll.iuioli 

I ~ ~ ~ 

lUVl 4.19 nr1~LL~~,n11~Um'1l~tfLLlX-:J u1~unluLtlYitl~Ll-JtlfLL""-:J LL~:;~~11~')U"tl-:JU1~Un 
'" 1uLtlYitl~UJtlf~tlU1~UnL'1I~tfLL""-:J'"'I1nn1rLLU1~U"J!,)-:JL,)~11Un1rL~l-JLl-JLUL~Ul-Jn~~1UJI'l 

" 

'" '" '" 
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3.5 LUtlfL;U,;l (U1~Un~tlml-J1I'lr) r,)l-Jvi-:J~1f~ri~'"'I1nU~,;l~,)1l-JL;;l-J;;U 0.7 LUtlfL;U,;l (U1~Un~tl 

ml-J1~r) LtluLm~-:JluLl'lfL'"'IU LL~dl-JLUL'1IL~Ul-Jn~1'l1Ll-Jl'lf'l,)1l-JL;;l-J;;U 3 LUtlfL;U,;l (J1~unr;ltl 
" 

" ml-J1I'lr) LLl-Jnih;jul-Ji~L~~ (MgS04·7H20) f'I')1l-JL;l-J;U 0.5 LUtlfL;U,;l (U1~unr;ltlml-J1I'lr) LU 
'" Ll.Yl~L;jUl-Jl~ll1L~fL'"'IU~tl~L~1'l (KH2P04) ~,)1l-JL;;l-J;;U 0.1 LUtlfL;Ur;I (U1~Un~tlml-J1~r) i,)l-J~,)u 

L~uufufi1~,)1l-JLtlunr~LU~"tl'ltl1~1rLiu-:JL~tl~l-JiJfULYhriu 7.5 L~uH'ml-J1CUL~tl~l-JIA'ULYhriu 8 

LUtlfL;U,;l (ml-J1~r~tlml-J1~r) uUL"i1tl'lL"th~')u~~nL1,) 200 rtlUr;JtlU1Vl ~~CU~lJij 30 tl-:Jfil1 
,'" , 

L'1I~L;jU~ LtlUL,)~1 42 i') Ll-J'I ~i-:J'"'I1nuu~ri~lULtlYitl~ Ll-JtlfLl.~:;l~ Ltl~1~iLY;tlLnu1uru~NLL""-:J 
" 
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, 
YiU~141i1nJl1,):;~L'.nJ'l:;~~ LLUI"lVh1[J~1[J~'l.Ifi SA 13-0-1 ~1~11ClCJ~[;I1uttlYitl~L~tlfl~LYhriu • 

25.013 nf~j;jtl~[;I1 

I I I I 11 

ltJ~ 4.20 1uttlYitl~~tlft'l.lttlCJ~LL~~ ~CJ~[;I41i1mLUI"l~L1[J~~C;\LL[Jn1~~1[J~'l.I{ SA 13-0-1 LijtlL~[J~ 

'1 'l.Itl1"'11L",~')ih",'l.IC;\~ [;11 

ni'l.lI"l,)1~L4f~4f'l.l 1 0 nf~j;jtl~[;I1 U1~11tJ'l.ILtltl'l.l~hJ~:;~1[J~1tltln~')[Jn11,J'l.ILL[Jn n1r.rC;\Ln~tlLL~:; 

~11 t~ L~ ~~'!I'l.I1 c;\ L~ n j;J1~1tltl n41i1 n~11~:;~ 1[J 1u ttlYitl~ L~tlfi:C;\[J n111C;\LLtl~~~ U1~ 11~:;~1[J1u ttl 

Yitl~ ~tlf~y'hu1~'VItU1~fl,)'l.I~1'Vi11~ t tl~1~i 'VI c;\~tlUm~1 n.I~1 [;I1~ LL~:; ttJ 1~'l.I~~ ritl'l.lLL~ :;",i~ n 11 • 
'Vi1u1~'VIt ~~LL~C;\~CJ~'1'l.1[;11n~~ 4.20 41i1nCJ~n11'V1c;\~tlUYiU~1 hJYiU~~~1[;11~LL~:;ttJ1~'l.I'1'l.11u • 

ttlYitl~L~'flf ~~i'l.lil~l1'l.11~~11uttlYitl~L~tlf~CJ~[;I1~41i1nLLUfl~L1[J~1[J~'l.I{ SA 13-0-1 hlil 
>-

~11tJ1:;ntlUtJ1:;LJl'VI ttJ1~'l.ILL~ :;U1 [;I1~ 

m~1n.1~1 [;l1~ m~1n.1ttJ1~'l.I 
"lIilc;\1uttlYitl~~tlf 

(nf~j;Jtl 1 nf~1uttlYitl~UJtlf) (nf~j;jtl 1 nf~1uttlYitl~~tlf) 
I 0 Q. .:r 

ntl'l.ln11'V11U1~'VIfi 0.158 0.005 • 
.... 0Q,,,r 

"'~~n11'V11U1~'VIfi 0.038 0 • 
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4.8.1 Layer 

Chromatog raphy 

L{;ltJ-W11tJL'flVi'fl~L~'flftJ1~VltViltJflmtJIWl~rl'fltJ~~ruVl1Jij 1 00 'fl'lPlIL'lIfH~m~ d~I'U 
L'l~1 8 i'lL~'1tJi''ltJ~I~~:;~ltJm{;l111Lj;I~fil~'fl1n 6 'U'flfLL~~ tJftJrilfil'lI~LtI'Un~{;lLtJ~l~Li:I'Un~I'1 -WI 

~1~~:;~ltJ~ltJi'~1 (;l~'l"~'fltJ'fl'l r1tJ~:;n'fltJ'!I'fl'lltJ L'flVi'fl~ L~'fl ftJ'ULLcJ'U TL C Lj;ltJii ~ 1 ~~ :;~1 tJij'lVlI'U'fl~ 
~ ~ 

t;\'flmj;l'fl:;;~nt;\'fl-w11'U~(;ln~'l'U 3: 1: 1 (m~'l(;l~t;\'flm~I(;l~) LL~:;L'flVlI'U'fl~ 96 LtJ'flfLel'U~t;\'fl-W1 

l'U~(;ln~'l'U 63: 37 (m~I(;l~t;\'flm~I(;l~) LtI'UL~~Lfil~'fl'U~ -W'l~'l(;l~'l"~~ Lc;)tJn'l~Yi'UtJi''ltJ 

~1~~ :;~'ltJil'Ulli j;l1'UL ;r~;r'U 0 .2 LtJ'flfLel'U(;l1 'U~'l~~:;~ntJ'fl:;;L(;l'U Lj;ltJiin~j;lLL'fl~n~ (;l'lijn L~ L 'U .. 

4.21 

1 2 3 4 5 

ltJ~ 4.21 ~~nl~~Lfiln:;,r'fl'lr1tJ~:;n'fltJ'1I'fl'lltJL'flVi'fl~L~'flftJi''ltJ Analytical Thin Layer 

Chromatography L~'fl 1) LL'fl~'fl:;~'l~\l'U 2) LL'fl~l~~'U 3) n~{;lLL'fl~n\1(;llijn 4) L~L'UL'lIL~tJ~ 

n\1(;lI~(;l LL~:;5) ltJL'flVi'fl~L~'flf~cJl'Un'l~rl'fltJ 
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4.8.2 n'l~';)Ll"ln:;i'tl\lI'l,j~:;n'tliJ"lI'tl\l1iJt'tlYi'tl~h~'tlf~'JtJ High Performance Liquid 

Chromatography (HPLC) 

t(;1tJtl11iJt'tlYi'tl~L~'tlfiJl~'VIi~1,j~mtJ1n'l~tJ'tltJ~'JtJ~1~~:;~1tJm(;11elt(;1~I"l~'tlln 6 'kl'tlf21'~ 

,jfiJ~11"l'J1~LrJ'klm(;1LiJ~1~dj'kln~1\1 m'tl\l~1'klL"lf~~t~~ 'tl:;~L[;1[;1 L~~LiJ~'kl ~iJ"lI'kl1(;1m~'tl\l 0.02 
~ ~ 

n~~L~[;1~ ';)LI"l~1:;i~'JtJ HPLC ~'JtJJl1'J:;[;11~-if'tl 3.8 .3 YiiJ~1'tl\lI'l,j~:;n'tliJ"lI'tl\l1iJt'tlYi'tl~L~'tlf~~~[;1 

'"l1 nLLiJ I"lYh1tJ~1tJ~'klfi BA 13-0-1 LrJ'kln~ [;11 L~ [;1 L YitJ\I"lf-W(;1 L~tJ'J ~\I LL~ (;1\11 'kl tl"l~~1 t 'VI LLm~1 'kl~,j~ . ~ ~ 

4 .22 ~\liJ~1 Retention time ~ 4 .933 'klTVl ~\l1n~L~mniJ~1 Retention time "lI'tl\l~1~~1[;1~~1'klt~ 
t'klt"l!L~tJ~n~ [;11 L~[;1 ~ 4 .950 'kl1Yl L~'tlLllitJiJLYltJiJ~'JtJtl"l~~1 t 'VILLn~~"lI'tl\ln~(;1LL'tl~ n~ [;11nnLL~:;t~t 'kl 

~ ~ 

Glutamate ~ 
~ 
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§ Glutamic acid 

\ 
\ 

o J \ ~ ~'-O ; 

~ c:~ \ 
--- .-- - - ---.. '" ... _ .... A';~":.. .. \..~ .. '. _ 

(n) 

~ Glutamic acid 

Glutamate 
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1"l1L;;!I~1~L~;ail'Yi'!li'!l~FI~il1't~"'Lt;jil"1fil~u.~u (Sodium dodecyl sulfate polyacrylamide gel 

electrophoresis) j;11~1fi"ll'!l.:l Yamaguchi U.iI~Fltu~ (1996) 

U'l1:l.JL~Yi~~ Ll-J~;~r1'l1 ~tJ1~'Vli~:::~'lU ~')U~'l niul"l')'u-JL-ifl-J-if'W 1 ij~~ nfl-J j;j~ij~~~ I?l~ l-J'l • 

LmutJLY1utJntJhh~'Wl-J'lI?l~~'l'W 1~ I:.J~ LL~ ~~ ~~ ~,j~ 4. 24 YitJ~'l1tJL~Yi~~ Ll-J~;j;j')~rh~1 ~ LLCltJ 

Q;' 1.CIiI .CIiI I ~ .Q .. .J,Q J' Q .J.J .Q I 

I?l')~m~ LYim LLCltJ L~U,) L~UYitJ')'l LLCltJ LtJ L~Yi~~ Ll-J~~'Vl Ln ~"1J'Wl-J~:::U:::n'l~LI"l~~'W'Vl Ln'Wm'l~:::u:::n'l ~ 
I I '" 11 

LI"l~~'WY1"1J~~ L,j~~'Wl-J'lI?l~tI'l'W ~~t!'WUTvlt!n Ll-J L~n~"1J~~1tJL~Yi~~ Ll-J~r.i~l-J'lnn~'l 209,000 ~'l~j;j'W 
~ . 
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MW (kDa) 1 2 

209 

124 

80 

49.1 

34.8 

I " 

nlV'l 4.24 n11~ Lfln~,"'Il1\nrn L).I L~n~'!It)~'l1JLt)V.t)~ L)Jt)f L(?ltJn1n'h~L~n L V11 Lvr~~1J'WL"1IL;;tJ).IL(?lL(?l 
~ . 

LLm~ 1 hh;\'W).I1(;J1l1'W 

LLm~ 2 'l1JLt)v.t)~L)Jt)f 

hJ1~'W).I1(;J1l1'W'l~LLfi 

1. ~Lt);'W (Myosin) 

2. il(;J1-n1LL~flLV1;L(?l~ (B-galactosidase) 

3. L1JbU;f).ltl~\!ij'W (Bovine serum albumin) 

4. Lt)t)~1Jij'W (Ovalbumin) 
'II 

5. fl1f1Jt)umLt)'W'lllLM~ (Carbonic anhydrase) 

>-

'Il1wl!nL).IL~n~ 209 fiL~(?l1~~'W • 
>-

'Il1,..,rn ~L~n~ 124 fiL~C;)1~~'W • 
>-

'Il1,..,rn ~L~n~ • 80 fiL~C;)1~~'W 
>-

'Il1,..,rn~L~n~ 49.1 fiL~C;)1~~'W • 
" 'Il1,..,rn ~L~n~ 34.8 fiL~(?l1~~'W • 



4.1 0 n1'i~hfl~~\'I1f1H~f1.:1'tJL'£I~'£IiL~'£Ifl~!I~fi Fourier Transform Infrared 

Spectrometer (FT-IR) 
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~ 1LU L~~~~ u,J~f~ ~ 1L ,xu1~'Vl i3.J 1';j LI"l J'1:;\f ~ 'J tl FT -I R PI'WtJLl"li~..:! ij~';j {tl';j'Vl tl 1 PI 1 ~ (;1 f . " 

L~~ LmtlU L V1tlUrlULI"lJ'3.J1 L'Vl LLm3.J"1J~":! FT-IR '11~..:!~~~ m~ LLn3.J3.J1 n ~ (;11ij nrB'~ 'LYh'W(;1 (y-PGA­

sulfonate) L~tl Matsusaki LL~:;l"lru:; (2002) L'WJ'U 4.26 LL~:;LI"lJ'3.J1L'VlLLm3.J'1I~..:! FT-IR '1I~..:!~~~m~ 
" 

LLn3.J3.J1n~(;11ijnu1~'Vli~~~(;1L~tl Bacillus sp. L~tl Ye LL~:;l"lru:; (2006) L'WlU 4.27 ri~U~1~~~ 

nJ'~LLn3.J3.J1 n~ (;11ijniJ ~1~1 ~U~'J'WL 'W-rl'J..:! 1638.1 0-3435.67 (;]~ L'l!'W~ L3.J (;1J' ~..:!Ln~ L~tl..:! rlULI"lJ'3.J1 L'Vl 
" 
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'1- PGA-au'tonate 

'-------'-----'--_._-',"------'-----'----'--_ ..... 
4,000 3,500 3,000 2,500 2,000 1,500 1,000 500 

Wavenumber (em-I) 

l,j~ 4.26 t~~~J1'h1LLm'~"lJ'el~ FT-IR "lJ'el~Vi'el~m'(;)LLn~Wln~[;n~ni~Lvkl.l[;1 (Y-PGA-sulfonate) 

(Matsusaki LL~:;~ru:;, 2002) 

I 

.... .. ; 
" . .., 

2000 
WaYfnumb f':'> (nn- II 

1000 

~,j~ 4.27 t~~~1t'VlLLn~~"lJ'el~ FT-IR "lJ'el~Vi'el~m'(;)LLn~~1n~[;11~nu1~'Vli~(:.J~[;1t(;)tJ Bacillus sp. (Ye 
~ ~ , 

LL~:;~ru:;, 2006) 
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4.11 n1'11LA'11~~"lIil"tJr-:"''!I'i)~'l\Jt'i),"'i)iLJJ'i)' (Ueda Uil~AW~, 1981) • 
\l1L'lJ Lfl~fl~ LlJflf~'" 11 ,"'lJ1~V1tlJ1fl~fl1U1 U~11fl ~fl1U L~ L~UlJ rlflflL1r;f rl'l1lJ L ;]lJ;]U 0.01 • 

0-

uflf,rflL~lJ~11fl~fl1m~ViflL~1~hilUlJrlflflhr;f (CPC) rl'l1lJL;]lJ;]U 10 LUflfL;UJ;] LCilu\l1'\.n1nlJ1fl 

mlJ1f;l1 f;l1lJ111'l~1U;]fl 3.11 ~'lJrhLnCilj;l~nflU1u~11fl~fl1mL~CiI~~1L'lJLtl~fl~LlJflf;j~lJUid:Ju 

U1~'fl'lJ (acidic biopolymer) (lU~ 4.28) 
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o a_.... .. II Q. 

'"I1nn1~'"I1LL'.m~~fl'1ltl-:JLLUf"l'VlL~U~1UYfW~ BA 13-0-1 tl1-:Jtl-:JlJl1~ Bergey's Manual of 
, >-

o • I ..... QQ ..,.. CJ q 

Systematic Bacteriology 'YiU'l1L~tlLflU-:JLLUf"l'VlL~U~1UYflJ~ BA 13-0-1 U'\Jtl1,"1~LL'1I-:J LB ~ 

~m~tru:;Lf"lLfl~iJ~m~tru:;nfl~ ~f"l1~ Lf"lLfl~~'\J 'tItlu,"finLtI'\J~u LLfl:;YiULL~-:J ~-:JLL~'M1'\JlU~ 4 .29 
, , , 

LSjtl H! L;~ L;JULf"l Lfl~'"I:;'YiULSjtln 1~ll1u1 '\JLf"l Lfl~ LSjtl ~m~t11~n~tl-:J'"Ifl'Vl~~filU'YiU~1 Utl~~"'~LLm~ • 

U'ln lui1-:J'1Itl-:JL'lIfl~LtI'\JLLvi-:Jm'l~tln'\JLtI'\J~1Um'l~-:JlU~ 4.30 iJ'!J'\J1"'L'lIfl~n'J1-1 O. 7 -0 . 91~f"l~tl'\J 

LLfl:; m'l 1.8-2.0 l~f"l~tl'\J iJLLYlflnL'"Iflfl1LLUU peritrichous iJn1~~~1-:J~utlf'VlN1u1L'lrunfl1-:JL'lIfl~ 

~-:JlU~ 4.31 '1I'\J1"''!Jtl-:J~utlfn')1-:J 0.6-0.8 ~f"lffi'\J LLfl:;m'l 1.0-1.4 ~f"lffi'\J 



79 

.. 
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... 0001 ... 0 

n1~L'"l~CY'Vl'fJru'MJ~I'lI\11 

0001 

20 'El\lP\IL'l!~L'l!tI~ 

25 'El\lP\IL'l!~L~tI~ 
0001 

30 'El\lP\IL'1!~L'l!tI~ 

0001 

37 'El\lP\IL'1!~L'l!tI~ 

0001 

40 'El\lP\IL'l!~L'l!tI~ 

45 'El\lP\IL'l!~L~tI~ 
0001 

50 'tl\lP\IL'l!~L'l!tI~ 

LLvl\ltl'l'l~'elfit.\LihJ~It1t1'l'l 

nrJl\1 0.7-0.91~fOI~'Elt.\ 

tI'l'l 1.8-2.0 1~fOI~'Elt.\ 

~~I\1~tl'Elf'VlN1'lJ1L'l run~l\1 L'1!~~ 

nrJl\1 0 . 6-0.81~fOI~'Elt.\ 

tI'l'l 1.0-1.41~fOI~'Elt.\ 

+ 

+++ 

+++ 

++++ 

++++ 

++ 

-

80 
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...... '" .r LLl.Jl"I'Vl L~t1~1t1Yl'Wfi Bacillus subtilis Bacillus 
m~'Vl"'~'ell.J 

• 
BA 13-0-1 MSCU 0167* Amyloliquefaciens** 

Motility + - + 

Anaerobic growth - - -

Catalase test + + + 

Oxidase test + - + 

Casein hydrolysis + + + 

Gelatin hydrolysis + + + 

Starch hydrolysis + + + 

Egg Yolk hydrolysis - - -

Esculin hydrolysis + + + 

Tween 20 hydrolysis + + + 

Indole production - - -

Methyl red - - -

Voges-Proskauer + + + 

Citrate (Simmons) + + + 

Nitrate reduction + + + 

Propionate reduction - - -

\nnm~~ (+) ~1~J1~tlL-if1~ L'"I1-'1Jl~ ~1-'el Ln",tJ~mmnl.Jm~'Vl"'~'ell.J ( e.J~l.J';)n) 

(-) hJ~1~J1~tl L-if1~ llJ L'"I1-'1J ~1-'el llJ Ln ",tJ~mmnl.Jm~'Vl "'~'el1.J (e.J~~1.J) 

* Microbial culture collection 1111"1'"1~;';)';j'Vlm I"lru:;';j'Vlmf'!1~(;1f '"I.,.q1~'lnnlI • • 

" -** 'el1'l'el'l'"l1n Priest LL~:;l"Iru:;, 1987 



82 

, , 
(W1~1'lVl 4.23 e.J~n1~'Vl(9l~'tlU'Vl1'l~1'W~'JL~ih~'tl~1LL'WnmmVliStJ~1tJ~'W€ BA 13-0-1 (f'l'tl) • 

...... .., r 
LLU ~'Vl L~tJ~1tJYl'Wfi Bacillus subtilis Bacillus 

n1~'Vl(9l~'tlU 
• 

BA 13-0-1 MSCU 0167* Amyloliquefaciens** 

Growth in NaCI 

2% + + + 

5% + + + 

7% + + + 

10% - - -

Growth in pH 

6.8 + + + 

5.4 - + -

lnnmVl~ (+) ~1~n~(1H1~ L"'l1'1Jl~ Vl1-'tl Ln(9ltJ~mmnUn1~'Vl(9l~'tlU (e.J~u'Jn) 

(-) hj~1~n~(1H1~ 1~L"'l1ry Vl1-'tll~Ln(9ltJ~mmnUn1~'Vl(9l~'tlU (e.J~~u) 

* Microbial culture collection 1l1~"'l~~'J~'Vlm mW:::~'Vlmf3\1~(;lf "'l~1~'lnnU • • 
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...... 
Bacillus subtilis Bacillus n1~V1(?l~'tltJ LLtJrlVl L~U 

rl'J1l-J~1l-J1~rll 'Wn1~ ~1u~'Wfi BA 13-0-1 MSCU 0167* amyloliquefaciens ** 
• 

'\.nrnrl1fi:tJ1m(?l~(;l 

D-Glucose + + + 

Cellobiose + + + 

Fructose + + + 

Glycerol + + + 

Lactose + - + 

Maltose + + + 

Mannose + + + 

Mannitol + + + 

Raffinose + + + 

Salicin + + + 

L-Arabinose - + -

Sucrose + + + 

Trehalose + + + 

L-Rhamnose - - -

Ribose - + -

D-Sorbitol + + + 

D-Xylose - + -

Galactose - - -

Inulin - + -

~l-J1m~[;J (+) ~1l-J1~rlH1~ Lfiil1-'1!1~ ~1'tl Ln(?ltJ~mmritJn1~V1(?l~'tltJ (~~1J'Jn) 

(-) hj~1l-J1~rlH1~ 1~Lfiil1-'1! ~1'tl1~Ln(?ltJ~mmritJn1~V1(?l~'tltJ (~~~tJ) 

* Microbial culture collection 111rlfiil~;'J~V1m rlru:;~V1mfl\1~(;lf fiilli1~,:mnw • • 

" ... . ** 'tl1'l'tl'lfiil1n Priest LL~:;rlru:;, 1987 
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, 
CiI oQ,-., .1 

(;11n..:l'VI 4.25 CJfln11~~"IUflnM'tlJ:;tJ1..:1lJ1:;n11'11tl..:l Bacillus amyloliquefaciens (Valerie LLfl:; 

jiltlJ:;, 1987) LLfl:;LLtJjilVil1u~lU~ufi BA 13-0-1 • 

eII_ tV .. 

Bacillus LLtJjil'VIL1U~lU~Ufi 

inM'tlJ:; 
• 

amyloliquefaciens BA 13-0-1 

~ ~ tJ..I Pigment on Potato U1(;11fl U1(;11fl (1 'VI 4.32) .. 
Growth at 50°C - -

Growth at 10% NaCI + weak 

Acid from lactose + + 

Amylase production +++ +++ 

Growth as chains U1,) U1,) 

Diameter of rod 2nm 2nm 

~~lm~~ (+) ~1~11Cl1-iit~ L"Il'1/l~ ~jtl Lnc;)tJnmU1ntJn11'V1c;)~tltJ (CJfltJ')n) 

(-) 'W~1~11Cl1-iit~ 'WL"Il'1J ~jtl'hJLnc;)tJnmU1ntJn11'V1c;)~tltJ (CJflfltJ) 

L~tl~"I11tlJ1"11 n i nM'tlJ:;'VI1..:1 i tlJ II u~ 'VIU 1 LLfl :;~1-1~'VI U 1~..:I LL~ £11..:1 1 U(;11 n..:l ~ 4.21 
0-

jil,)1~~1~11Cl1Un111;{LL~~..:Irl1ftJtlULLfl:;LUL(;11L"IU(;h..:l1 jil,)1~~1~11Cl1un11~~m11(;11fl n11 

tJtlU~fl1U~11t;ll..:11 LLfl:;jil')1~~1~11Cl1 Un11L"Il'1J L~tJL(;1~r11jil,)1~ Luun1c;) LtJ~ ~tlJ~1Jij LLfl:; 

jil,)1~L;{~;{Ut;ll..:11 'IItl..:lL'lIL~U~f)fltlh~ 'IItl..:lLLtJf)Vil1u~lU~U~ BA 13-0-1 ~l..:1~..:I(;11~ Bergey's 

Manual of Systematic Bacteriology LmutJLViutJntJ Bacillus subtilis MSCU0167 "I1n 
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Bacillus amyloliquefaciens ~1~~~[;]1~J'1tJ\l1'W"1I'el~ Priest LL~:::rlru::: (1987) ~~LL'~(;1~1'W[;]1J'1~ 
, 

Q .......1 CIlIA.... ... _~ q 

'Vl 4.22 4.23 LL~::: 4.24 LL~:::~n~ru:::U1~uJ':::n1J'''1I'el~LLUrl'VlLHJ~1rJ~'Wfi BA 13-0-1 LUJ'rJUL'VlrJU , 

nu Bacillus amyloliquefaciens (Valerie LL~:::rlru:::, 1987) ~~LL~'M1'W[;]1J'1~~ 4.25 ~1~1J'rl 
o CIiI.c:aI cv rr ~t,I~1 

"'l1LL'WmLUrl'VlLJ'rJ~1rJ~'W~ BA 13-0-1 b(;1Lu'W Bacillus amyloliquefaciens 

n1J'~1LL'WmLUrlvh1-rJ BA13-0-1 L(;1rJmPirJ;r'el~~~1~uD'Jrl~L'elL'Vl(?} 16S rONA ~L~"'l1n 
" 

, " " 
1 .457 LU~ Lij'el L~rJunu:n'W~ L~'WL'el~1 [;]J'~1'W 100 bp ladder "'l1mr'WVl1~1 ~uD'J rl~L'el1 'Vl (?}"1I'el~ 

<II 

t:J~[;]Jlruevl~L~~'JrJL~n~'elf 27f LL~:::1522r L~~1~uD'Jrl~L'elL'Vl(?}U1~~'J'W (Jl1rlt:J'W'Jn "'l) -W1L1J 

~ Lrln:::oJ~'JrJL1JJ'LLnJ'~ BlastN L~'elVl1~1 ~uD'J rl~L'elL(;1'Vl11J LmrJU L~rJunU~1 ~uD'J rl~L'elL 'Vl (?} 

[;]1~11'W GeneBank "1I'el~ National Center for Biotechnology Information (NCB I) "'l1m~UL'l!~ 
I .c::tI.c::tI cv... Q t,I .... 0 cv 

http://www.ncbi.nlm .nig.gov/ ~U'J1 LLU rl'Vl LJ'rJ~1rJ~'W~ BA 13-0-1 ~rl'J1~ rl~1rJnU~1 (;1U 

D'Jrl~L'elL'Vl(?}U1-L'Jru16S rONA "1I'el~LLUrl~!SrJ~1rJ~'Wf[;]1~1 ~~LL~(;1~1'W[;]1n~~ 4.26 ~~n 

....... .ClloIICII 
L1J'elfL~'W~ Accession 

" '" ~1rJ~'WfiLLU rl'Vl LJ'rJ L'eln~1J'm~'el~ , ell 

rl'J1~ LVI~'el'W number 

Bacillus amyloliquefaciens 98 AB255669 Nishiwaki LL~:::rlru::: 

(2006) 

Bacillus sp. ~1rJ~'Wfi AH-E-1 98 AY485275 -, 

~U~1~1~1J'rl~1LL'WmLUrl~L1-rJ~1rJ~'Wf BA 13-0-1 L~LiJ'W Bacillus amyloliquefaciens LL~::: 

"'l1nt:J~n1J'~ Lrln:::oJ~1 ~UD'Jrl~L'elL'Vl(?}U1-L'Jru 16S rONA ~U~1i1 rl'J1~rl~1rJ rl~~ LLUrl~ !SrJ1'W 
, ", 

~~~ Bacillus amyloliquefaciens ;~i1rl'J1~rl~1rJrl~~ 98 L1J'elfL~'W~~~,r'WLLUrl~!SrJ~~(;1LLrJnL~ 

LL~:::i11JJ':::~'VlfiJl1~~~~ (;11 'Wn1J't:J~ [;]LU L'el~'el~ L~'elf\l1"'l :::LiJ'W Bacillus amyloliquefaciens BA 

13-0-1 



..a 
'U'VI'VI 5 

, ., 
~,r mL~ :;5')~,r n"'ll mL "H'i'! j;j 1'1 1 ~ 1'W,)'W 1 02 ~ ')tlU1'! L~rJlJ1~ 1 J'~ :;~lrJ ~')tlU1'!~1 L~ rJ'l'U'W 

., ., ., 
!l1~ln~rJ'lL;tlLL;j,! LB ~'!Ln[11~n1tru:;mJ'~~l'!Li1tlmtj~'U'W~,)LfOlL~-n (Yaan LL~:;fOlru:;, 2000) 

,., , 
~l~lJ'Cl ~~L~tlmL'UfOlVl ~rJVl~l~lJ'Cl~h'! Li1tln 1.~11'!~~ ~ 28 ~lrJ~'Wfi lJ1~1 ~ ~ L~tlmL'UfOlVl L1rJVl 

q ., , 
~l~lJ'Cl~~[11I.'ULtl'Yitl~h~tlfl 'WJ':;~'U'lJ,)~ L'lJU1 'Yi'U~11 'W~1'W')'W-n~ LL'UfOlVl ~rJ 4 ~lrJ~'WfiVl~l~lJ'Cl 

q 

e.J~ [111.'ULtl'Yitl~ L~tlfl~ 'Wm~l ru~'! ~'! ~ ~ L~tln LL'U fOlVl L1rJ~~1~1J'Cl e.J~ [111.'ULtl'Yitl~ Ll-Jtlfl 'WJ':;~'U 
OJ 

'" II I I 

'lJ,)~L'lJU1.n1~nfOl~,! L~mmrJ'ULVlrJ'Un'U Bacillus subtilis NT2 VlLLrJnl.~r.nn5')~,rnt![11L[11:; 

lh:;L'VlIi!~~'W 'Yi'U~1 LL'U fOlVl L1rJ~lrJ~'Wf BA 13-0-1 ;'1 ~ ~ LLrJ n 1.~"'l1 m~h~~ [11~1 ~'U1'!~tl 
nN L'Vl'Yil-J~l'WfOlJ' ~1l-J1J'Cl ~~ [111.'U Ltl'Yitl~ Ll-Jtlfl~ 'Wml-J1 ru~'!1n~ L~rJ'l n'U LL'U fOlVl ~rJ~ 1rJ~'Wfi NT2 

q OJ q 

mJ'~n1t1lU LL'U'U mJ'L"'l1'1J LL~:;mJ'e.J ~ [111.'U Ltl'Yitl~ Ll-Jtlfl 'Wtl1~1 n ~~') n 1~'W~ ~ [11J' ~1'!~'! 

"'lln Xu LL~:;fOlru:; (2005) 'lJtl'!LL'UfOlVlL1rJ~lrJ~'Wfi BA 13-0-1 ~~~LLrJnl.~ 'Yi'U~lLL'UfOlVlL1rJ 
q 

11 I I II I 

~1l-J1J'Cl e.J~ [111.'ULtl'Yitl~ Ll-Jtlfm'U~l.un'Umn"'l1'1J'lJtl'! L;tl L~rJ-D,) Ll-J'!Vl 42 'lJtl'!mn~rJ'l LU'WL,)~lVl 

L~l-J1:;~l-Jj;jtlmJ'e.J~[11I.'ULtl'Yitl~ Ll-Jtlf ~'! LL~~11 'Wi') Ll-J,!~ 15 LL'UfOlVl ~rJ~lrJ~'Wfi BA 13-0-1 ~mJ' 
q 

~~ [111.'ULtl'Yitl~ L~tlfl'Wml-J1ru~'!~ ~LLj;jn~'U'Yi'U~l mJ'~'WLLrJ m'l!~~1 'Wi') L~'!~ 15 Vl1 I.~mn~'! e.J~ 
OJ q 

I 11 SI J.t 11 I , 

1 ~ ~tl'! L ~ l-J mJ'L~tl"'l1,!lJ1 L~ rJ'! L;tl J'') l-J11'! L ~ l-Jml-J1 ru Ltl'Vl1'Wtl~ 1 'Wm J'[11 n [11 :;ntl'W~ n ~') rJ ~'! 

~tl ~ fOl~tl'! n'U m J'J'1 rJ'! 1 'W'lJtl'! Troy (1973) mh')~ 11 'W-n')'! LLJ'n'lJtl'! mJ'L"'l1'1J'lJtl'! LL'U fOlVl L1rJ 

" ., " 
tltl n"'ll nlJ 1 L~ rJ'! L; tl LL~ :;lU LL'U'U m J'L"'l1'1J LL~:;m J' ~ ~ [111. 'U Ltl 'Yi tl ~ Ll-J tlf'lJ tl'! LL'U fOlVl L1rJ ~ 1 rJ ~ 'W f 

BA 13-0-1 fOl~lrJn'UlULL'U'Umn"'l1'1J'lJtl'! B. subtilis NX-2 ~~~LLrJn"'lln~'W 'Yi'U~l~~'!"'llnmJ' 
11 I I I I 

L~rJ'l 4 -D,)Ll-J'! LL'UfOlVl~rJiSl-J~mn"'l1'1JLL~:;mJ'~~[11 Y-PGA ~'!LU'WI.'ULtl'Yitl~Ll-JtlfVl B. subtilis 

NX-2 ~~[11fOl')'U~n'Umn"'l1'1J (Xu LL~:;fOlru:;, 2005) 
'" II I '" 

1 'WmJ'~n1t1tl'!l'luJ':;ntl'U'lJtl'!!l1~1J'L~rJ,! L;tlVl ml-J1:;~l-J~1~~'UmJ'L~rJ'l LL'U fOlVl ~rJ~lrJ 

~'Wfi BA 13-0-1 ~ ~~LLrJ n I.~ L~tl~n1t1mJ'~~ [111.'ULtl'Yitl~ Ll-Jtlf 'Yi'U~l'l!Lm~ LU'WLL~~'! fOl1f'Utl'W~ 
q OJ 

L~l-J1:;~~~~ ~ L~tl'!"'lln LU'WLL ~~'! fOl1f'Utl'W~1 ~ m J'~ ~ [111.'U Ltl'Yitl~ Ll-Jtlf~'! LL~ :;~J'1 fOl1 Cl n~1l-J1 J'Cl 
q OJ OJ 

~11.~~lrJ1'WUJ':;L'VlIi!I.'VlrJ 'Wtln"'lln;1u'!'Yi'U~l LL'UfOlVl ~rJ~lrJ~'Wfi BA 13-0-1 ~mn"'l1ru L~'U L[11I.~~ 
q ~ 
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L~!l Hf~!l~ t~~ Lth,lLL"Mi" finf'lJ!l'W LL~~~"~1~1~t;l C.J~ ~1'lJt!l~!l~ L~!lf1.~ 'WLL"v1~" finf'lJ!l'WVJ n"llill?l 

~1-n 'Wn1~'Vl1?l ~!l" ~'lJ~1 L~!l hjiJ n1 n~~ LL"v1~" mf'lJ!l'WLL'lJ IilVl L~tJ ri~"iJ n1 ~Ltil1qJ LL~~n1 ~C.J ~ ~ 
1'lJ t!l~!l~ L~!lfLLj;J1 'Wm~ 1 ru~1 i'Wil1t~1'W1~~ 1 LL'lJ IilVl L~tJ iJ n1 ~1-n LL"v1~" 1 'W t~ ~Ltil'WLU'WLL "v1~" 

"" 

I II I I 

1tlil~~Vl 1il'".l1~ L;r~;r'W 3.5 LU!lfLoD'WI;l (\I1WWn j;J!lm~1 m) LU'WIil'".l1~ L;r~;r'WVl L"v1~1~~~Vl~ I?l 

~1"v1f'lJn1~C.J~ ~1'lJt!l~!l~ L~!lf LL~~til1 n n1~~n1t1 C.J ~"1J!l" LL"v1~,,1 'Wt~~Ltil'W~ L"v1~1~~~ j;J!ln1~ 

C.J~ ~1'lJt!l~!l~ L~!lf"1J!l" LL'lJ IilVl ~tJ~1tJ~'Wfi BA 13-0-1 ~'lJ~1"1J!l"~1~~n I?l~~ r;]~ m1~ L;r~;r'W 0.7 • 

'" L"v1~1~~~ j;J!lmntil1qJ L~'lJ t~ LL~~C.J~ ~ 1'lJ t!l~!l~ L~!lffin ~'".l tJ 'W!l ntil1 n'il1 'Wmm~~~'W1 "" LL'lJ IilVl ~tJ 
, '" 

Vl~ ~LLtJ n 1~~1~1 ~t;lC.J~ ~1'lJt!l~!l~ L~!lfu'W til~~!l"iJ m~L~~~1~m~~'W1 'Wn~~"1J!l"ml?ln~ ~15j n .. '" 
'" 

(Kubota LL~~lilru~, 1993b; Kunioka LL~~lilru~, 1994) LLj;J1'W"1'W~r.rtJ'ilL~!ln1-nt~t'Wt"llL~tJ~ 

n~~1 L~~LL'Vl'WLti!l"til1niJn 1il1 t;l n ~"~'lJ~11 'WmmU~~'W1il'".l1~ L;r~;r'W"1J!l" t~t 'W t"ll L~tJ~ n~ ~1 L~ ~ 
'lJ '" '" 

, '" 
VlIil'".l1~L;r~;r'W"1J!l"t~t'Wt'llL~tJ~n~~1L~~Lvl1n'lJ 3 LU!lfLoD'Wr;] (U1"v1Unj;J!lm~1~~) til~1""m~1ru 

'" 

n1 ~C.J ~ ~"1J!l,,1'lJ t!l~!l~ L~!l f~" ~ ~ L~!liJ LL~ n'ilL:ntJ~i~ L yj ~ (MgS04 · 7H20) m 1 ~ L ;r~;r'W 0.5 

'" 
LU!lfLoD'Wr;] (U1"v1Un j;J!lm~1 ~~) tu LL'Vl~ L:ntJ~1~ 1e1t~ntil'Wyj!l~ Lyj ~ (KH2PO 4) 1il'".l1~ L;r~;r'W 0.1 

'" 
LU!lfLoD'Wr;] (U1"v1Unj;J!lm~1~~) i'".l~~'".ltJ 

m~~n1t11l1'".l~~ L"v1~1~~~1'WmnitJ'l LL'lJ IilVl ~tJ~ ~I?l LLtJ n 1~L~!l C.J~ ~1'lJt!l~!l~ L~!lf til1n 
I II II I I 

C.J~ n1 ~'Vl1?l~!l"~'lJ~1 L~!l1-n rl1 1il'".l1~ Lu'Wm~ L'lJ~"1J!l"!l1"v11~L~tJ'l L~!l L1~ ~'WVl L "v1~1 ~~~~!l 7.5 

LL~~!lru"v1Il5j~ L"v1~1~~~~!l 30 !l"f111 L"ll~ L:ntJ~ ~"C.J~ 1""U~~~'VlfiIl1~1'Wn1~C.J~ ~1'lJt!l~!l~ L~!lf 
• 'lJ 

"1J!l" LL'lJIilVl ~tJ~ ~ ~LLtJ n 1~~,,;'W LL~ ~L~!l~til1 ~ru1 rl1 1il'".l1~ Lu'Wn ~~ L'lJ~"1J!l"m"v11 nitJ'l L~!l ~~ ~'W 
'lJ 

~'lJ~1LL'lJIilVl~tJ~1tJ~'W( BA 13-0-1 ~1~1~mtil1qJLL~~iJm~C.J~~1'lJt!l~!l~ L~!ln'W"ll'".l"rl11il'".l1~ 

Lu'Wn~~ L'lJ~n~1" LVl1n'lJ 5.5-8 t~m'tl~1~"ll'".l"rl1 1il'".l1~ Lu'Wn~~ L'lJ~ 7.5-8 ~"LU'W"ll'".l,,~iJn1~ 
C.J~~1'lJt!l~!l~L~!lf~" til1nm~~n1t1 t~tJ Troy (1973) ~'lJ~1mn~~rl11il'".l1~ Lu'Wm~L'lJ~"1J!l" 

.: ~ ClIo f"'4 ..... !"-1 lIci..=a: J' .cI " I r 
m"v11 n~tJ"til~~" C.J~ 1 "v1 ~'lJt!l~!l~ L~!l~tJ ~ Lm~n'lJ L'll~~ ~~ ~tJ""1J'W til" LU'WU qJ"v11 ~!lmmtJm'll~~ 

"" " " '" I 

!l!l ntil1 nU1 L~tJ'l ~"U'W~l11 m~~r.rtJ~" L~!l n ~n1t1 rl1 1il'".l1~ dJ'Wn ~~ L'lJ~"1J!l"m"v11 n~tJ'l L~!l L1~ ~'W 
'lJ 

LVl1 n'lJ 7.5 til 1 n n1~ntJ"1'WL~tJ'".l n'lJ rl1 1il'".l1~ Lu'Wm~ L'lJ~"1J!l"!l1"v11nitJ" L~!l Li~ ~'W ~'lJ~1til~ 
;'W!l~n'lJIil'".l1~~1~1~t;l"1J!l"L~!lLU'W"v1~n L"ll'W til1nn1~~1tJ'l1'W"1J!l" Cromwick LL~~ Gross 

(1995) ~'lJ~1 B . licheniformis ATCC 9945A ~1~1~t;lC.J~~ PGA 1'Wm~1ru~"L~!lUf'lJrl11il'".l1~ 
'" 

LLj;J1'W"1Jru~~n1~C.J~~ PGA tl?ltJ 
'" '" , 

LU'W n ~ ~ L 'lJ~"1J!l"!l1 "v11 ~ L~ tJ" L ~!l L1~ ~ 'W LVl1 n'lJ 6.5 

• 
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., ., , 
1989) LL~:; B . subtilis F-2-01 ~tl'lnl~~lrl':ll~ . .JLth.ln~(;mJ~"1Itl..:)mVlln~rJ":)L;tlLhJ~'WLYhn'U 

., 
7.5 (Kubota m~:;rlru:;, 1993a, b) 'Wtln'"llntl~":)'Yi'U~l LL'UrlYl L~rJ~lrJ~'Wfi BA 13-0-1 ~ll-llH) , 

L'"l~ryL~~~ru'\.uJ~~..:) n..:) 45 tl":) fill L"1I~ L~rJ ~ LL~:;~ll-ll~tl e.J~ (;]L'ULtl'Yitl~ Ll-ltlfl~~L 'WoJ!':l..:)~ruVl.1J~ 
30-40 tl..:)fill L"1I~ L~rJ~ ~..:) LU'We.J~~~tln1~-WlhJLL'UrlYl L1-rJ~lrJ~'Wfi BA 13-0-1 hhh:;rJn(;]1-n'Vll":) , , 

" " I I 

tl(;]~lV1m~l-l 'Wtl n'"ll ntl~~rJ~":) L~~m:11ml-ll ruL;tl ~l-l ~'WLL~:; L ':l ~ lYl LVll-ll:;~ l-l ~tl n1 ~e.J ~ (;] L'U Ltl , " 
I II I I " 

'Yitl~ Ll-ltl f 'Yi'U~1 L~tlL-nml-ll ruL;tl L~l-l ~'WYl 8 LtltlfL~'W(;] LL~:;.yh n1n~m LL'U rlYl L1-rJ (;]lWll':l:; 

;rl":)~'W'U'WLrlitl":)L"1Ith~':lrJrei(;]~lL~':l 200 ~tl'U~tl'W1Yl ~tlruVlil~ 30 tl..:)fillL"1I~L~rJ~ LU'WL':l~l 42 , " 

I I " I I I 

L~tl L~l-l Ll-lL 'WL"l! L~rJl-ln ~ (;]1 Ll-l (;]L 'Wrl':lll-l L;rl-l;r'WLYll-l;'W~tl":) Lvll L':l~lYl 10 on':l Ll-l":) '"l:;LU'Wn1~L Yll-l 
" 

ml-llrun1~e.J~(;]L'ULtl'Yitl~Ll-ltlfl~~..:)~'Wn..:) 4 Lvll~tl Lvlln'U 25.013 nfl-l~tl~(;]~ i'WUM~l'W~l 
" oIJI 

oJ!':l":) L ':l~1~":) n~l':l LU'WL':l~l~ LVil-ll:;~l-l ~tl n1~Vil":)l'W"1Itl":) L tl'WL"l!~~ L~m;rtl":) n'U n1 ~i..:) LM1:;Vl1'U Ltl 

'Yitl~ Ll-ltlf ;..:)~'I.!'U~~'W;rtli'WUM~l'W~":) n~l':l'"llmlrJ":)l'W"1Itl":) Kubota LL~:;rlru:; (1993b) LL~:; 
, ., ., 

Kunioka LL~:;rlru:; (1994) Yln~l':l~ln1~L~l-lm(;)LLtl~n~ (;]l~n~":)L 'WtllV11~L~rJ":) L;tl m(;)LLtl~ 
" 

n~ (;]1~ n'"l:;iJ'U'Vl'Ul'VlL 'Wn1m~:;~'Wn1~Vil":)l'W"1Itl":) Ltl'WL"l!~~ L~rJ':l;rtl":) n'U n1~i..:) LM1:;~ Y-PGA 

LL~ :;L~tl LllirJ'U L YlrJ'U e.J ~ nl~L~l-lLl-lL'WL"1I L~rJl-l n ~ (;]1 Ll-l (;]1 'WoJ!':l":) L':l ~ 1 ~1":) n'Wn'U ~1 rJ..:) l'W"1Itl..:) 
" 

Kambourova LL~:;rlru:; (2001) 

., 
Ll-l (;]L 'WoJ!':l..:)YflrJ"1Itl":)n1~L'"l~ry LL'U'U'Vl~ ~ ru'"l:;~":) e.J~ 1 "'Lfi (;)n1~~'U~":) n1~i..:) Lrln:;~ PGA LL~:;'"ll n 

n 1 ~ 'Vl (;) ~ tl":) 'Yi 'U ~ 1 L ~ tl L ~ l-l L"l! L ~ rJ l-l n ~ (;] 1 L l-l (;] 1 'W oJ! ':l ..:) ~ 'W "11 tl ..:) n 1 ~ L '"l ~ ry LL'U 'U 'Vl ~ ~ ru "lI tl ..:) 

B. licheniformis 8173 ~ll-ll~tle.J~(;] PGA L~LYirJ":) 1 nfl-l~tl~(;]~ 

L 'Wn1~Vil'U~~'VltL'U Ltl'Yitl~ Ll-ltlf L(;)rJ-Wl~l~~:;~lrJL'U Ltl'Yitl~ Ll-ltlf~L~ ih~ (;) Ln ~tl LL~ :;~1~ . 
Ll-l L~ ~~"1I'Wl (;) L~n ~1..:)1 tltl n'"l 1 n~l~~:;~lrJL'ULtl'Yitl~ Ll-ltlfi(;)rJ n1~L(;)LLtl~=n~ -Wl~l~~:;~lrJL'ULtl 

I ... II '" 

'Yitl~ Ll-ltlfYlVil'U~~'Vlfi'Ul":)~':l'Wl-llVilL~ LtlYJL~..n LL~:;'Vl (;)~tl'Uml-ll ru-Wl (;]1~ LL~:;Ltl~~'W~..:)ritl'W 

~ ~tl~ lL'U Ltl'Yitl ~ Ll-ltl f~ e.J ~ (;]'"l1 nLL'U rlYi L~rJ ~ 1 rJ~'Wfi BA 13-0-1 hJ1oJ!l'ULtl'Yitl~ Ll-ltl f~ LU'W , , 
., 

~l~tl~:;ntl'Utl~:;LJl'Vl-Wl (;]1~ ('Yitl~ LL~n rll hc;i) LL~:; Ltl~~'W ~..:)';) Lrln :;~tl":) ~tl~:;ntl'U"1Itl..:) l'U Ltl'Yitl~ 

Ll-ltlf~':lrJ analytical TLC 1'Wn1n(;]1-rJl-ll'ULtl'Yitl~Ll-ltlfritl'Wn1~';)Lrln:;~~':lrJ TLC L(;)rJn1nJtlrJ 

L'ULtl'Yitl~ Ll-ltlf~':lrJ~l~~:;~lrJ m(;) leJL(;)~rl~tl~n LL~:;tlf'U~l rl':lll-l Lu'Wn ~(;) L'U~ 1 '" Lu'Wn~l":) '"l1 n 

n1 ~';) Lrln :;~'Yi 'U~ 1 l'U Ltl'Yitl ~ Ll-ltl f~ e.h 'Wn 1 ~Utl rJ ~ ':lrJ ill ':l :;~'WLLN'"l 'Wl~ L U'W Ll-l L~ n ~ L~ rJ ':l iJ . , 
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•• "U~"n.u,;;". 1 "1 "lJ iI 0'1.1 f~"""'~'.'';.~".0'l.ln11L"~.'I.I~ (Rr) ,,,hnlJ 0.5 ~ •• NnlJ 

'11 R,' •• n,'" LL.an~ m~ n LLfl" j~ L'I.I L. ,.U~ n~ ""'~"~ Lil\!t,o"o~~~ ,. "'I.Iil"'j1 '1.11I101LUL • 
~T)~ L3.JT)fVlt:.J~"11~'"l1mLtJrl~ C~rJ~1rJ,t~\Jfi BA 13-0-1 m3.JL~n~ L~ml"lJT)~m'~LLT)~n~"11nnvi;'T) 

, , 'lJ 

" n~ "11 L3.J "1 dj'WT)~ l"1u~:;nT)tJ (;]T)rl'WLtl'W~1rJm'J"1JT)~ ltJ LT)~T)~ L3.JT)f '"l1 mr'W~~~13.J1~ Lrl~1:;~ ~'JrJ 
'lJ 

~ Retention time ~ 4.933 'W1Y1 ;~Ln~Lf.1mrltJrh Retention time "1JT)~~1~3.J1"1~~1'WL3.JL'W 
dJl 

L'W~U"1JT)~Ln~T)"1JT)~m'~n~"11nn 
'lJ 'lJ 

" n1~~ Lrl~1:;~~TI.nrn L3.J L~n~"1JT)~ltJLT)~T)~ L3.JT)fi:~rJn1~.yh~ L~ n L Yl~ L m;n~tJ'W L'l! L~rJ3.JL~ • 

L~;n~~T)~T):;rl1-~113.J I11L'"l~'l!U~ LL~'W LL~:; LmrJtJL ~ rJtJrltJ LU~~'W3.J 1 "1~~1'W ~~~U~ 4.22 ~tJ~1 
dJl 'lJ 

ltJLT)~T)~ L3.JT)f~'JT)rh~L ~LLC1tJ ~'JT)rh~ LYirJ~LLC1tJ L~rJ'J ~tJ~1 LLC1tJltJLT)~T)~ L3.JT)f~ Ln ~;'W~~:;rJ:; 
I I I , '" 

n 1 nrl~T)'W~ Ln'W n~1 ~:;rJ:;n 1~Lrl~ T)'W~"lJ T)~ LU ~~'W3.J 1 "1 ~~1'W m4'rJ~~ hJ ~13.J 1 ~C1 ~1'W'J ru~ 1~,r n 
dJl 'lJ 

e.J~"11~'"l1mLtJrl~ ~rJ~1rJ~'Wfi BA 13-0-1 ~ ~13.J1nn~1 209,000 ~1~ ~'W ;~~T)~rl~T)~rltJL'W • 
, " 

~~1m1m1'WLnrJ'JrltJ~1~,rnL3.JL~n~"lJT)~m'~LLn3.J3.J1~T)~n~"11nn L-n'W ~1m1'W"lJT)~ Ito LL~:; 
• 'lJ 

" , 
rlru:; (1996) ~tJ~1~1~,rnL3.JL~n~"1JT)~ PGA ;~e.J~"1L~rJ B. subtilis TAM-4 ~~1U~:;3.J1ru , 

" , 
600,000-1,600,000 ~1~~'W Cheng LL~:;rlru:; (1989) ~tJ~1~1~,rnL3.JL~~~"1JT)~ PGA ;~e.J~"1 

L~rJ B. licheniformis A35 ~~1U~:;3.J1ru 300,000-500,000 ~1~~'W LL~:; Kubota LL~:;rlru:; 

(1993a, b) ~tJ~1~1~,rnLw~n~"1JT)~ PGA ;~e.J~"1L~rJ B. subtilis F02-1 ~~1U~:;3.J1ru , 

1,200,000 ~1~~'W 

n1~~Lrln:;~1rlN~~1~ltJLT)~T)~L3.JT)fi:~rJ~fi FT-IR ~tJ~1 ~~1~tJj;,h'W 1638.10 (;]T) 

L'l!'W~L3.J"1~ Ltl'W~1LL~U~"1JT)~~~rl1ftJT)n;n~n LL~:;~1~tJ~'J'W 3435.67 (;]T)L'l!'W~L3.J"1~ Ltl'W~1LL~U~ 
'lJ 

(2006) 

"1JT)~~1~~:;~1rJltJ LT)~T)~ L3.JT)fl 'W~1 ~~ :;~1 rJ L'l! L~rJ3.J rl~T) hl11 ~'JrJ ~1 ~~ :;~1rJ L 'l!Vi ~ 1 ~ 1-~ L oWrJ3.J rl~T) 

hl11 (CPC) ~tJ~1 Ln~ "1:;nT)'WL 'W~1~~:;~1rJ LL~ ~~~11tJLT)~T)~ L3.JT)f~~3.J~ Ltl'WU~:;'"l~tJ (anionic • 
biopolymer) 
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n'lJ'~lLL'Wn~~~'1l'el\lLL'lJi"1VlL1-U~lU~'Wf BA 13-0-1 ~l\l~\lml-J Bergey's Manual of 

Systematic Bacteriology ~'lJ~1LL'lJi"1Vl~U~lU~'Wf BA 13-0-1 ii~m~ttu~Li"1L~-nii~n'Mtu~n~l-J 

~ i"11-l-J Li"1 L~-n'W'W '1l'el'lJ~U nLU'W~'lJ LL~~~'lJ LL~\l L~'el1eD' L ~l-J L~U Li"1 L~-n"'l ~~'lJ LiJ'eln 1~Jl1u1 'WLi"1 L~-n 
" 

0.9 Ll-Ji"1J''el'W LL~~ U1'J 1.8-2.0 Ll-Ji"1J''el'W iim-J~nL"'l~~lLL'lJ'lJ peritrichous iin'lJ'~h\l~U'elf""N1-

'lJ1L'Jtun~1\lL'1!~~ '1l'Wl(11'1l'el\l~u'tlfn~l\l 0.6-0.8 Ll-Ji"1J''el'W LL~~Ul'J 1.0-1 .4 Ll-Ji"1J''el'W LL~~"'lln 

n'lJ'~n'M1""1\l ~h'W~.ih Li"1ii'1l'el\l LL'lJ i"1Vl L1-U~lU~'Wfi BA 13-0-1 ~1\l~\l1?l1l-J Bergey's Manual of , 

Systematic Bacteriology J'1U\l1'W'1l'el\l Priest LL~~i"1tu~ (1987) LL~~ Valerie LL~~i"1tu~ (1987) 

L(11UYi"'l 1 J'tul"'ll n i"1'Jll-J~1l-J1 J'Cl1 'Wn'lJ' 1eD' LLW~\l i"1lf'lJ'tl'WLL~ ~ L 'W LI?lJ'L"'l'Wj;]1\l1 i"1'J ll-J ~1l-Jl J'Cl1 'Wn 1 J' 

" , 
~l1mll [;n~ n'lJ'U'elU~~lU~1J'j;]1\l1 LL~~i"1'J1l-J~1l-J1J'Cl1 'Wn'lJ'L"'l1ClJ L~'lJLI?lVl ~l i"1'J1l-J LU'WnJ'(11 L'lJ~ 

'qtu~1Jii LL~~i"1'J1l-JL;rl-J;r'W'1l'el\lL'1!L~Ul-Ji"1~'elh~j;]1\l1 ~1l-J1J'Cl~lLL'WnLL'lJi"1VlL1-U~lU~'Wf BA 13-0-

1 H1Lu'W Bacillus amyloliquefaciens 

n'lJ'~lLL'WnLL'lJi"1VlL1-U BA13-0-1 L(11U'el1~U;r'ell-J~~1~'lJ'n'Ji"1~L'tlL""~ 16S rDNA '1l'Wl(11 
" 

" , 
i"1'J1l-J i"1~1U i"1~\l 98 LU'elfL;'W(;] ~\loJ'WLL'lJ i"1Vl L1-UVl ~(11 LLun L~LL~~iiuJ'~~.,.,fiJll~~\l~ (111 'Wn'lJ'~~ I?l " , 

L'lJL'el~'el~ Ll-J'elhh"'l~LU'W B. amyloliquefaciens BA 13-0-1 

Lti'el\l"'l1nJ'1U\l1'WL~U'J n'lJn'lJ'~~ I?lnJ'(11 LLnl-Jl-J1~'el~n~ 1?l1ii n L(11U B. amyloliquefaciens 
, " 

U\liiil'tlU L(11U~'J'W1 ~ t1i"'l~LU'WJ'1U\l1'WLn m n'lJ n'l J'~ (11 LLU n LL~~Yi ~"'l,rL;'el"'ll n'ell~1J'~l1 n LL ~~\l 
" " " 

j;]1\l1 ~\loJ'W\l1'W'rj4'U~U'lJ-n~\l LU'WLL ~~\l;r'el~ ~ ~l~f'lJ n'l J'~ ~ I?l n J'(11 LLnl-Jl-J1~'el~ n ~ I?llii mr\l'el1~l J' 

LL~~Jll'J~~ L~l-Jl~~l-J1 'Wnl J'~ ~ I?l L(11ULL'lJ i"1Vl L1-u~ lu~'Wf B. amyloliquefaciens ~\l~'lJ~1 

B . amyloliquefaciens BA 13-0-1 ~~(11LLUnL~~1l-J1J'Cl~~I?lL'lJL'tl~'tl~Ll-J'elfl~11\l 25.013 nfl-Jj;]'el 

~1?lJ' L~'el1eD'Jll'J~~L~l-J1~~l-J"'llnn'lJ'~n'Ml1'W'1ltu~~~~n'lJ'~n'M1'1l'el\l Meerak LL~~i"1tu~ (2007) 
" , 

LL~~ Meerak LL~~i"1tu~ (2008) L(11UnlJ'~(11LLUnL;'el"'llmi'J~l1n"'l1nLL~~\lj;]1\l1 ~'lJ~1 B. 

amyloliquefaciens ~1u~'Wfij;]1\l1 ~ ~ (11 LLU n L~~1l-J1 J'Cl ~~ I?ln J'(11 LLnl-Jl-Jl~'el~ n~ 1?l1ii n L~ L~U\l , " ., , 
5-6 nfl-Jj;]'el~I?lJ'LvhoJ'W LiJ'elH~I?lJ''ell~1J'~1\l~\l'''l1n Kunioka LL~~ Gota (1994) 

" 
"'llnn'lJ'~n'M1Jll'J~~L~l-Jl~~l-J~'lJ~1 B. amyloliquefaciens BA 13-0-1 ~1l-J1J'm"'l1ClJ 

LL~~~~ I?lL'lJ L'el~'tl~ Ll-J'tlft 'WJl1'J ~~~~l nmnu L(11U ~1l-J1J'Cl L"'l1ClJ LL~~~ ~ I?lL'lJ L'el~'el~ Ll-J'elfl~ L~'el1eD' 

~1 mll-J LU'WnJ' (11 L'lJ~ ~\l LLj;] 5.5-8 LL~~~'el tu~Jlii 30-40 'el\l fill L'1!~ L~U~ LL~~"'l1 nml-J1 tun'lJ' , " 

~~I?lL'lJL'el~'el~Ll-J'elf'll'el\l B . amyloliquefaciens BA 13-0-1 Lvhn'lJ 25.013 nfl-Jj;]'el~I?lJ' 1'W'el1~1J' 

m~'Juf'lJUN~I?lJ' (Jlli"1~'W'Jn n) ~\lii'1!Li"1J'~ 35 nfl-Jj;]'el~I?lJ'LU'WLL~~\lmf'lJ'el'WL~U\l"l!U(11L~U'J , .. " 
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" '" ~1J'~ri(;)'"l1n~~ ~ 7 nf~~'tl~~J'LU'WLLVI~'l1 'WL~J'L'"l'W LL~:;i:JJl1'J:;.y] LVI~1:;~~~'l1-if L'J~11 'Wn1J'L~tJ'l 

LVi~N 42 .r'JL~'l Lti'tl'l'"l1nn1J'J'1tJ'l1'W~'J'W1V1'1l'"l:;1-ifL'J~11'Wn1J't:J~~ 2-4 t3''W (Troy, 1973; 

Cromwick LL~:; Gross, 1996, Kunioka LL~:; Goto ,1994; Ito LL~:;f'lru:;, 1996; Cheng LL~:; 

f'lru:;, 1989) LL~:;'"l:;l"'t:J~ t:J~ ~~1'lri'W;'W'tlrJriU~1rJ~'WfiLLljf'l.y] C~tJLL~:;'tl1V11J'~1-if1 'Wn1J't:J~ ~ L(;)rJ ., . 
~'J'Wl VI'1ll 'Wn1J't:J~ ~ PGA '"l:;H LLVI~'l f'l1fU'tl'Wf'l'J1~ L-if~-if'W~'l L~'tl LU'Wn1J'L~~m~1run1J't:J~ ~ 

L"J!'W B. subtils TAM-4 ~1~1J'Clt:J~~ PGA 1~ 20 nf~~'tl~~J'L~'tlH~fnL'Vl~f'l'J1~L-if~-if'W~'ln'l 75 

nf~~'tl~~J' ~'tlruVlJlij 30 'tl'lPl1L'1!~L~rJ~ LU'WL'J~1 4 t3''W (Ito LL~:;f'lru:;, 1996) Vl1'tll-ifLLVI~'l . ., 

f'l1fU'tl'Wl'W'tl1V11J'n'l 2 LLVI~'l L"J!'W B . licheniformis ATCC 9945A ~1~1J'rlt:J~~ PGA 1~ 17-23 

nf~~'tl~~J' L~'tll-ifn~L'1!'tlJ''tl~ 80 nf~~'tl~~J' nJ'(;)t]~1-n 12 nf~~'tl~~J' ~'tlruVlJlij 30 'tl'lPl1 . ., 

L'1!~L;rJ~ LU'WL'J~1 4 t3''W (Troy, 1973) B . subtilis F-02-1 ~1~1J'rlt:J~~ PGA 1~ 50 nf~~'tl~~J' 

L~'tll-ifm(;)n~~1ijn 70 nf~~'tl~m n~Lf'l~ 1 nf~~'tl~~J' ~'tlruVlJlij 30 'tl'lPl1L'1!~L;rJ~ LU'WL'J~1 
c:u ClJ q c:u 

2-3 t3''W (Kubota LL~:;f'lru:;, 1993a, b) B . subtilis (natto) ~1~1J'rlt:J~~ PGA 1~ 35 nf~~'tl~~J' 

L~'tll-if~'tl~L'Vl~ 60 nf~~'tl~~J' LL~:;'1!'tl~~'JLVI~'tl'l 70 nf~~'tl~~J' ~'tlruVlJlij 40 'tl'lPl1L'1!~L~rJ~ . ., 

LU'WL'J~1 3-4 t3''W (Ogawa LL~:;f'lru:;, 1997) 

" 
'W'tl n'"l1 n U'"l1 n n 1 J''Vl (;) ~ 'tlU n 1 J'~ ~1'l L'tl'W I'll ~LL'tl ~ ~ 1 'tl :;1~ L~ ~ L(;)rJ n 1 J'U 'tl rJ LLU'l"ll 'tl'l 

B. amyloliquefaciens BA13-0-1 Y1U~1Ln(;)u1-L'JruL'1!'Wl~n~1'l~'lLL~(;)'lt:J~1'W~1J'1'l~ 4.25 L(;)rJ 

'"l1nJ'1rJ'l1'W"lI'tl'l Welker LL~:; Campbell (1967) Y1U~1 B . amyloliquefaciens ~1~1J'rlt:J~~ 

L'tl'W 1 '1!~LL'tl~~ 1'tl :;1~ L~ ~~i:J LL'tl n ~'r)~ ~'l L~ 'tl LmrJU L.y] rJU ri U L 'tl'W 1 '11 ~LL 'tl ~~ 1 'tl :;1~ L~ ~ ~ t:J ~ ~'"l1 n ., 

B . subtilis 'W'tl n'"l 1 n~m1~~1~1J'rll 'Wn1J't:J~ ~ L'tl'W1'1!~LL'tl~~1'tl:;1~ L~~~'l Lu'W-ifmj'l~ f'l'J1 ~ 
LL~n~1'lJ':;VI~1'l B. amyloliquefaciens LL~:; B . subtilis ~n~'JrJ ~'lL'tl'W1'1!~LL'tl~~1'tl:;1~L~~LU'W 

, , '" 
L'tl'W1'1!~.y] ~(;)~'Wfi:;LL'tl~~1-1,4 n~ Lf'l~~ n 1 'WLLu'll "'n~1mu'WL~ L~ n~ L~rJ'J"lI'tl'l n~ Lf'l~ ~'l'!!'Wl 'W ., .., 
n1J't:J~ ~m(;) LLn~~1Y1'tl~ n~ ~1ij n 1 'WJ':;~U'tl ~~1V1mJ'~ 'tl1'"l1-if~1J''tl1V11J'1 'Wn~~ LLU'l~'li:J J'1 f'l1 .,. . 

'" I II I 

rln LU'W~1J'~'l1 'Wn1J't:J~ ~ LYi'tl LU'Wn1J'~ (;)~'W'Vl'Wl 'Wn1J't:J~ ~ J''J~~'l L'tl'W1'1!~LL'tl~~1'tl:;1~ L~~.y] t:J~ ~ ., . 
'"l1n B . amyloliquefaciens 1~i:Jn1J'~1hJl-if1'W'fl~~1V1mJ'~~1'l1 J''J~~'l'fl~~1V1mJ'~'tl1V11J' 
(Kandra , 2003) ~'li:Jf'l'J1~LU'WhJ1~~'"l:;~11UL'tlY1'tl~L~'tlf~t:J~~1~'"l1n B . amyloliquefaciens 

BA 13-0-1 hJl-if1'W'tl~~1V1mJ'~'tl1V11J'~'tlhJ • 
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" ~'tl L~'W'tl LL 'W:; 

1. 1"1"J~~m~tl L'tl'Wl"J1~~ L~m.;r'tl~ niJm~~~ lJ11iJt'tl'Yi'tl~ha.J'tlfL 'W~:;V!~I~m~~~ lJ1 L ~'tl LU'W 

" 
2 . m~~m!II"1n.l~a.J~'Vl1~mtJfll'Yi"1l'tl~liJt'tl'Yi'tl~La.J'tlf ~"Ja.Jl1~I"1"JIa.JI"1~'Vl'W~'tl~liJt'tl'Yi'tl~ • 

La.J'tlfL 'Wfl1"J:;~1~1 ri~ 1"1"J1a.J~1 ~ '1! ~'tl n1 ~U11iJ t'tl'Yi'tl~ La.J'tlf1.tJth:;~ n lJ11-n ~'tlltJ 

3 . 1"1"J~~n1~tJfiJLtJ~tJ'W~lJ1~'tl1V!I~ t~mm~~lrr~ (;)'VlI~ n1~LmtlJ1~~ LV!~'tlL-n ~~~~11"11 Cl n 
'IJ • 'IJ 

" " , 
LL~ :;~ma.J 1 n.la.J1 n L 'WtJ~:;L 'Vllill 'VltJa.JIL-n LU'W'tl1V!ln~ m L~'tl L Yl'tl Lu'Wn 1 ~~ (;) ~'W'Vl'WL 'Wm n,J ~ lJ1 LL~:; • , 
LVi a.JtJ ~:;~'Vl flfll'Yi L 'Wn 1 ~~ ~ lJ1 ~:;~iJ'tllJ1~IV! n ~~a.J • 



" , , 
~'liL'"l1'1!. 2544. mnLtJ mL~:::mJ'~ (1)L~'elm~'elLL'lJrlY1 L!-tJ'Vl~~'el~'"l1nti') Lt.l1Y1~1l-J1J'(l 

~~[;lm(1)LLnl-Jl-J1Vi'el~n~(;11~n. ';j'VltJ1UVi~fim'1!'1!1l-Jl-nuru.yj[;l 1l1rl';j"Jl1~')';j'VltJ1 rlru::: 

';j'VltJ1 fl\1~ [;If l-JVf1';j'VltJ1~m~tJ'l1 Vf~. 
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ll1FHJ'U'Jn n 

1. '2l1'V11'iL~!J.:JL~'2lL'VI~'J Luria-Bertani (LB broth) 

'VihJL[;]'U(tryptone) 

<V -=I.,. 

(:J'I~n"''''l1m.l~[;] 

L"l!L~m.JI'l~'tlh~ 

10.0 n~~ 

5.0 n~~ 

5.0 n~~ 

104 

~::~1t.1~1~~1~"l!U",1'W~1ni'Wm~1[;]~ 1 000 iJ~~~[;]~ tJ~1J~11'l'J1~LU'Wm"'(;)1'1~'Jt.I 
~1~~::~1t.1L"l!L~t.I~1'tl"'~'tln1"l!~1'l'J1~L;r~;r'W 1 'W'tlf~~ LU'W 7 .5 ~11tJ~'1'JJ1L~'tl~'Jt.l1'l'J1~~'W1'tl 

15 tJ'tl'W~I'l'tl[;]1~1'1~'J 'tlru~lliJ 121 'tl'l1i11L"l!~L~t.I~ LU'WL'J~1 20 'W1~ . " 

" " q '" ~~ oICIII cv q 4:11 I II ..... I 

L[;]~t.I~m~1~"''JmfiL'''mmJm~1~L~mL"l!'tlL~~'J LB LL[;]~::~1t.11'W 15 n~~[;]'tlm~1~ 1 
I '" I II II 

~[;]nYi~~'11tJ "'l1mr'W~11tJ;j'l'JJ1L~'tl~'Jt.l1'l'J1~~'W1'tl 15 tJ'tl'W~I'l'tl[;]1~1'1U'J 'elruWJiJ 121 0"l! 

LU'WL'J~1 20 'W1~ 

3. '2l1'V11'iL'VI~'Jri1'V1'U~~61'i i1.:Jii.:J~1n Xu U~~FI~~ (2005) ... 
n~LI'l~ 30.0 

<V 

m~ 
" 

L~L'WL'lI L~t.I~n~[;]1 L~ [;] 30.0 n~~ 
" 

<V -=I.,. 

~1~~n"''''l1nt.l~[;] 5.0 n~~ 

MgS04 ·7H2O 0.05 
<V 

m~ 

KH2P04 0.1 n~~ 
" ", 

(:J~~~1ni'l~~ '" 1 'W~1n~'Wm~1 [;]~ 1 000 iJ~ ~~ [;]~ tJ~1J ~11'l'J1~ Lu'Wm", (;)1'1 ~'Jt.I 
, " 

~1~~::~1t.1L"l!L~t.I~1'tl"'~'tln1"l!~1'l'J1~L;r~;r'W 1 'W'tlf~~ LU'W 7.0 ~11tJ;j'l'JJ1L~'tl~'Jt.l1'l'J1~~'W1'tl 

15 tJ'tl'W~I'l'tl[;]1n'l~'J 'tlru~lliJ 110 'tl'l1i11L"l!~L~t.I~ 10 'W1~ . " 
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4. '£I1'V11'iL 'VI~'JtJ~'l..JtJ'i,:j~ j;l'i . ... 
'l!Lm~ 35.0 '" m'~ 
'" 
L~L'WL'l!L~t1~n~ j;J'l L~ j;J 30.0 '" nJ'~ 

'" 
'" ...... 

7.0 '" ~'lJ'~ n (;)'"l'l ntl~ j;J m'~ 

MgS04 ·7H2O 0.05 nf~ 

KH 2P04 0.1 nf~ 
" ", 

~~~~'lJ'~..:J~~(;)1'WoW,'ln~'Will~'lj;JJ' 1 000 n~~~j;JJ' ufu,"hl"l,)'l~Ltl'WnJ'(;)~'l..:J~,)t1 

~'l J'~ ::~'ltl L '11 L~t1 ~ L'el (;)J''el n L '11 ~ 1"I,)'l ~ L -if ~-if '1..1 1 'W'el fl1 ~ Ltl'W 7.0 oW, 'lLu~..:J~h L~'el ~')t1 1"1') 'l ~ ~'W L 'el 

" 15 U'el'W~(;]'elj;J'lJ''l..:JU,) 'el(W~Jln 110 'el..:J fil'l L'l!~ L~mq 1 0 'W1~ . '" 

5. Starch agar 

Beef extract 5 nf~ 

Peptone 10 nf~ 

NaCI 5 nf~ 

Soluble starch 10 '" m'~ 

" , 
~::~'ltl~1J'1 '1..1 oW, 1 n~'Wm~'l j;JJ' 1 000 n~~~ j;JJ' UfUI"11 1"I,)'l~ Ltl '1..1 m'(;) ~1..:J ~')t1~1J'~::~'lti 

, " 
L'l! L~t1~L'el(;)J''eln L"l!~1"I,)1~L-if~-if'W 1 'W'elfl1~ Ltl'W 7.0 oW,'lLU~..:J~1 L~'el ~')t1 1"I,)'l~ ~'WL'el 15 U'el'W~(;]'el 

0-

j;J1J'1..:JU') 'rJru~1Jn 121 'el..:Jfil'lL'l!~L~t1~ Ltl'WL,)~'l 20 'W'l~ 

6. Potato Dextrose Agar 
, , 

l1'W~f~tr'W~(;) 200.0 nf~ 

n~ LI"I~ 20.0 nf~ 
'" 

20.0 nf~ 
" , 

~::~'ltl~'l J'~'l~'l!U(;) 1 'WoW,'l n~'Wm~ 'l j;J J' 1 000 n~ ~ ~ j;JJ' ufu 1"11 1"I,)'l~ Ltl'WnJ'(;) ~1~ ~,)t1 

~'lJ'~ ::~'ltl L "l! L~t1 ~L 'el (;)J''el n L '11 ~ 1"I,)'l ~ L -if ~-if'W 1 'W'el fl1 ~ Ltl'W 7 . 0 oW,'lLU~..:J ~ 'l L~'el ~ ') tI 1"1 ,)'l ~ ~'W L'el 
0-

15 U'el'W~(;]'elj;J1J''l..:JU,) 'elru~Jln 121 'el..:Jfil1L'l!~L~t1~ Ltl'WL,)~'l 20 'W'l~ . '" 



111FHJ'U1n "ll 

.... 
'lI1'iLFl~ 

1. ~1!i'~::~1tJ~1~f'lJ';jLIi1!i'1::~1U!i'~'WL(?ltJ';jfi"lJ~.:j Lowry (1952) 

1.1 ~1!i'~::~1tJ Lowry A 

L"lI L~m.J 1i11;'lJ~ L'W11I (Na2C03) 

L"lIL~m.Jtt!(?l!i'~nt"ll~ (NaOH) 

L"lIL~m.JLULL'V1~L;m.J'V11;L'V1!i'11I 
~ ~, 

~::~1tJ~1!i''';.:j~1~''lIU(?l1'W,J1ni'W 3000 ij~~~I1I!i' 

1.2 ~1!i'~::~1tJ Lowry B 

Ii1~ULU~H"~LyJl1I (CuS04.5H20) 
~ , 

~::~1tJ1'W,J1ni'W 1000 ij~~~I1I!i' 

1.3 ~1!i'~::~1tJ Lowry C 

~1!i'~::~1tJ Lowry A 

~1!i'~::~1tJ Lowry B 

1.4 ~1!i'~::~1tJ Lowry D 

60.0 nf~ 

12.0 nf~ 

0.6 nf~ 

5.0 

50 

~1!i'~::~1tJLyJ~'WYl'W~~1L~L'"l'W"r1 (Falin phenol reagent) ~':l'W 
" , 

~::~1tJ1'W,J1ni'W 1 ~':l'W 

2. ~1!i'~::~1tJL"lIL~tJ~Ii1~~h~Ii1':l1~L~~~'W 0.01 'W~;,r~ 

L"lIL~tJ~Ii1~~h~ (NaCI) 

~::~1tJ1'W~1ni'W 1 00 ij~~~I1I!i' 
0.058 nf~ 

3. ~1!i'~::~1m"llyJ~~t·d~~LtltJ~ 1i1~~h~ (CPC) 1i1':l1~L~~~'W 1 0 LU~;L.n'l,l[;l 

L"lIyJ~~t~1~LtltJ~ 1i1~~h~ (CPC) 1 0 nf~ 

~::~1tJ1'W~1ni'W 1 00 ij~~~I1I!i' 
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4. ~1~~:;~lrJ~H~T\'~~U Analytical Thin Layer Chromatography 
o 0 

4.1 L~~ LF1~'tl'WYl 

~1~~ :;~lrJU'J'Vll'W'tl~ 

., 
o 

'WI 

3 

107 

~~3.J~I~~-l~I3.Jl""Liln'W '"llmr'W~~3.J~'Jm'tl'Vll'W'tl~ 96 Li.J'tlfL~'Wr;l[;]'tl~1 (63 : 37 

lli3.Jl(;l~[;]'tllli3.Jl(;l~) ~'JrJ~(;l~I~'J'W 1: 1 (lli3.Jl(;l~[;]'tllli3.Jl(;l~) 

4.2 ~1~~:;~lrJ'l'W1e!~1''WLi3.Ji'W 0.2 Li.J'tlfL~'Wr;l 

'l'W1e! ~1''WLi3.Ji'W 

~1~~:;~lrJ'tl:;~L(;l'W 

0.2 n~3.J 

100 ~~~~(;l~ 

5 . ~1~~:;~lrJ~H1'Wn1~.yh~ L~F1 L 'Vl~Lm:n~u'WL'l!L~rJ3.JL~L~:n~ L ~~'tl:;F11'~113.J 1?1'l!'l~LLeJ'W 

5.1 ~1~~:;~lrJ'Vl1'~1n~~'W~L~F1L'Vl~~,r~L~'tlf (Li3.Ji'W 5 LVl1) 

... 
'Vl~~ 

1n~~'W 

L'l!L~rJ3.JL~ L~:n~i~ L~ (;l 
" 0 
0 .... 
'Wln~'W 

i.J~Uril F1'JI3.J Lil'Wm~~I-l LOrl1nu 8.3 

5 .2 ~1~~:;~lrJ'Vl1'~ pH 6.8 F1'JI3.JLi3.Ji'W 0 .5 L3.J~lf 

'Vl1'~ 
., 0 

-Wln~'W 

i.J~UrilF1'JI3.J Lil'Wm~~I-l LVl1nU 6.8 

5.3 ~1~~:;~lrJ'Vl1'~ pH 6.8 F1'JI3.JLi3.Ji'W 2.0 L3.J~lf 

'Vl1'~ 
" 0 

-Wln~'W 

i.J~UrilF1'JI3.J Lil'Wm~~I-l LVl1nU 6.8 

9.0 
.... 

m3.J 

43.2 n~3.J 

3.0 n~3.J 

600 
......... 
3.J~~~(;l~ 

6.0 n~3.J 

100 ~~~~(;l~ 

24 .2 n~3.J 

100 ~~~~(;l~ 



504 ~1~~:::~1tJV11-~ pH 8.8 rl'J1~L.jf~.jf'W 1.5 t~~1; 

V11-~ 
" , 
il1ni'W 

UfU~hrl'J1~LU'Wm~~h..:JLYhn'U 8.8 

5.5 ~1~~:::~1tJt"JjL~tJ~t~L~en~-r~LyJ~ (SDS stock) 10% 

18.15 nf~ 

100 n~~~~~ 

t"JjL~tJ~t~L~en~-r~LyJ~ 1.0 

5.7 

5.8 

5.9 

~1~~:::~1tJ'el:::rl1-~11~i?l (30% T, 2.67% C) 

'el:::rl1-~11~ i?l 

Bis (N, N, -Methylene bis acrylamide) 

" , 

il1ni'W 

2.0 

10 

14.6 

0040 

50 

nf~ 
<V 

m~ 

n~~~~~ 

U·fHyJ'el;~Hn'Utu~~'W~9:::';jLrl~1:::tf (Sample buffer) rl'J1~L.jf~.jf'W 5 Lyh 

~1~~:::~1tJV11-~ pH 6.8 rl'J1~L.jf~.jf'W 2.0 t~~1; 1.0 
............ 
~~~~~~ 

~1~~:::~1tJt"JjL~tJ~t~L~en~~~LyJ~ 20% 3.2 
............ 
~~~~~~ 

"" ............ 
n~L"Jj'el~'el~ 2.0 ~~~~~~ 

2-tI ~1-L~'el LLrl'U t~ L'elV11'W'el~ 1.6 n~~~~~ 

~1~~:::~1tJ 5% 'U~'el~Vj'W'el~'U~ 0.2 n~~~~~ .. 

~1~~:::~1mL'el~t~LiltJ~LU'el;-r~LyJ~ 10% 

LL'el~t~ LiltJ~ LU'el;-r~ LyJ~ 0.1 
<V 

m~ 

s- , 
il1ni'W 1.0 

............ 
~~~~~~ 
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5.10 ~'l~~::;~'ltl ~~lJ"lJ!l-.:j L"J!~'1 L~~-.:j L'"l~ 8 % 

'" 0 
0 .... 

ij~~~(;]~ "nn~'W 4.7 

~'l~~::;~'ltlVl1~ pH 8.8 r1'J'llJLojflJojf'W 1.5 'i:lJ~'lf 2.5 
......... 
lJ~~~(;]~ 

~'l~~::;~'ltl'i:"J!L~t1lJ'i:(;lL(;len~i~Lyj(;] 10% 100 1lJ'i:r1~~(;]~ 

~'l~~::;~'ltl!l::;r11~'l1lJ ~ 
......... 
lJ~~~(;]~ 

TEMED 5 1lJ'i:m~(;]~ 

~'l~~::;~'lmL!llJ'i:lJLU,t1lJLtJ!lfi~Lyj(;] 10% 50 1lJ'i:r1~~(;]~ 

5.11 ~'l~~::;~'ltl~LL(;]nn-.:jL'"l~ 4% 

" 0 

"!J'ln~'W 6.1 
......... 
lJ~~~(;]~ 

~'l~~::;~'ltlVl1~ pH 6.8 r1'J'llJLojflJojf'W 2.0 'i:lJ~'lf 2.5 ij~~~(;]~ 

~'l~~::;~'ltl'i:"J! L~t1lJ'i:(;l L(;len~i~ Lyj(;] 10% 100 1lJ'i:r1~~(;]~ 

~'l~~::;~'ltl!l::;r11~'l1lJ ~ 1.33 
......... 
lJ~~~(;]~ 

TEMED 10 1lJ'i:r1~~(;]~ 

~'l~~::;~'lmL!llJ'i:lJ LU,t1lJ LtJ!lfi~ Lyj (;] 10% 50 1lJ'i:r1~~(;]~ 

5.12 
o ..... '" oIICIII 

~'l~~::;~'ltl~'l~~'lJtI!llJ~ (Staining solution) 

... ... ... 
0.5% ~ LlJVlfi~'W 'lJ~ 

OJ 

6. ~'l~~::;~'ltl~L-nt'Wm~~Lrln::;oJ~'l~'lJ'n'JrI~'i:!l1Vl~"lJ!l-.:j 16S ribosomal DNA (16S rDNA) 

6.1 ~'l~~::;~'ltl Tris-HCI LojflJojf'W 1.0 'i:lJ~'lf r1'J'llJLU'Wm(;l-~'l-.:jLU'W 8.0 

Trismabase (C4H"N03) 

m(;l1l!'i:~r1~!l1n LojflJojf'W 

121 .1 n~lJ 

42 ij~~~(;]~ 
'" 0 '" 

~::;~'ltl Trismabase L'W"!J'ln~'WtJ~!l(;ltJ~::;'"lmlJ'lm 800 ij~~~(;]~ '"l'ln~'WL~lJ • 

n~(;l1l!'i:~r1~!l1mojflJojf'W r1'WL ~'Lojf'l ri'W~!l L "" LU'WLL~'J~-.:jtJ~'lJ I"h r1'J'llJ LU'Wm(;l-~'l-.:j ~'JtI m(;l1l!'i:(;l ~ 

r1~!l1mojflJojf'W1 'IX LU'W 8.0 L~lJ~1tJ~!l (;ltJ~::;'"l'"l'WLu'WmlJ1 (;]~ 1 000 ij~~~ (;]~ "!J11tJ~-.:j,.j1 L~'e) • 



EDTA (C 'OH'4N20 eNa2. 2H20) 

L"l!L~m.Jle1(;1~'elnl"l!~ 

186.1 nfl-J 

20 nfl-J 
~ ~ 

110 

~:;~ltJ EDTA lW~IU~'tl(;1th:;r.nEl-JI(;l~ 800 n~~~(;l~ "'llmr'WL~l-JLn~(;1L"l!L~tJl-Jle1 • 

~ 

15 U'tl'W~~'tl(;lln'lU'J 'tlru~Jln 121 'tl'lPlIL"l!~L~m~ LU'WL'J~1 20 'WIYl 
• OJ 

Tris-HCI 1 0.0 Ll-J~lf 

EDTA 1.0 Ll-J~lf 

~~l-J~I~~:;~ltJ Tris-HCL L-ifl-J-if'W 1.0 Ll-Jlf l"l'JIl-JLU'Wn~(;1-I?iI'lLU'Wml-JI(;l~ 8.0 

ml-JI(;l~ 1 0 n~~~(;l~ L;JlritJ~I~~:;~ltJ EDTA L-ifl-J;J'W 0.5 Ll-J~lf mll-JLU'Wm(;1 -I?iI'l 8.0 
~ , ~ 

ml-JI(;l~ 2 n~~~(;l~ L~l-J~IU~'tl(;1U~:;"'l"'l'WLU'Wml-JI(;l~ 1 000 n~~~(;l~ ~11utj'l,jIL~'tl~'JtJ • 
~ 

1"l'J1l-J ~'Wl'tl 15 U'tl'W~~'tl(;lI~I'lU'J 'tlru~Jln 121 'tl'l PlI L"l!~ L~tJ~ LU'WL'J~1 20 'WIYl 
OJ 

6.4 iJvhYl'tlf 50X Tris-acetate (TAE) 

Tris base 242 nfl-J 

57.1 n~~~(;l~ 

100 n~~~(;l~ 
~ ~ ~ 

~:;~ltJ~'J'W~~l-J"t1'l~l-J(;1L'W~IU~'tl(;1U~:;"'lml-JI(;l~ 800 n~~~ (;l~ LL~'J L~l-J~IU~'tl(;1 • 
U~:;''''l'WLu'Wml-J1 (;l~ 1 000 n~~~ (;l~ ~11U~'l,j1 L~'tl ~'JtJ mll-J ~'Wl'tl 15 U'tl'W~~'tl (;l1~1'l~'J 

'tlru~Jln 121 'tl'lPlIL"l!~L~tJ~ LU'WL'J~1 20 'WIYl 
• OJ 

6.5 ~1~~:;~ltJ CTAB/NaCI(10% CTAB L'W 0.7 M NaCI) 

CTAB 

L"l!L~tJl-Jwelh~ 
~ , 

10 

0.7 

~:;~ltJ CTAB L'W~IU~'tl(;1U~:;"'lYl'tlru~Jln 60 'tl'lPlIL"l!~L~tJ~ ml-JI(;l~ 80 n~~~(;l~ 
•• OJ 

'"l1 n,r'WL~l-J~1 ~~ :;~1 tJL"l! L~tJl-J I"l~'tl h~ L~'tl~:;~ ItJ~l-J (;1 LL~'J L~l-J~IU ~'tl (;1U~:;'"l"'l'WLU'W • , ~ ~ 

ml-JI(;l~ 1 00 n~~~(;l~ ~11utj'l,j1 L~'tl~'JtJ 1"l'J1l-J~'Wl'tl 15 U'tl'W~~'tl(;lI~I'lU'J 'tlDmJln 121 
• OJ 
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" , " 
tJ1Y1'1..l'e)~ 1'1..l~ULn~~~'e)~LL~ 'UJ1V1~'e)dJ L~'l1'1..l'l~nrel'l..lYl 68 'e)~ P\1 L"l!~ L~tJ~ r.nmr'l..lL~dJ ~N 

" q 

Hydroxyquinoline 1,n~rl'l1dJL.JrdJ.Jr'l..l~~Yl1mU'I..l 0 .1 % LL~'lL~dJ Tris-HCI L.JrdJ.Jr'l..l 1.0 bdJ 
q 

" ~1f rl'l1dJLU'I..lm~-~1~LU'I..l8.0 1'1..l,g(;ln~'l'l..l1 : 1 (mdJ1(;l~[;]'e)mdJ1(;l~) L"1lth1~\.Jr1fl'l..lLL~'l~~ 
" " Vi~L'lLU'I..lL'l~1.Jr1dJ R'I..l ~~i'l..lYl'l..l'e)~dJ1.r ~ rl'l1dJ LU'I..ln~~-~1~1,n~ L'V11 flUdJ1n n~1 7.8 (1~ pH 

" 
" " 

paper .r~) 'hu~hJ1~,x~~~1~~:;~1tJi'l..lU'I..lVi~LL~'lL~dJ Tris-HCI L.JrdJ.Jr'l..l 1 bdJ~1f rl'l1dJ 
" 

1.1 II I I '" 

LU'I..lm~-~1~ LU'I..l 8.0 ~~Lu~n rlf~ vl1 L-n'l..l;j[;]'e) LU C~'e)tJ1'"l'l..lm:;11~i'l..lYl'l..l'e)~~ rl'l1dJ LU'I..lm~-

~1~dJ1nn~1V11'e)L'V11flU 7.8 ~~Yl1m~dJuyjLyj'e)f TE rl'l1dJLLU'I..lm~-~1~ 8 .0 1'1..l,g(;l~1~'l'l..l 
q 

" , , 
1:1 ~nrlf~ LnUYl'e)ruVilln 4 'e)~P\1L"l!~L~tJ~ 1'1..l~'l~~"l!1Yltl~~1LL'\.l'l..l . " 

6. 7 ~1~~:;~1tJYI'I..l'e)~/rl~'e) b~yj'e)fdJ/L'e) b"l! L'e)n~LL'e)~ n'e)Pl'e); 

~~dJ~ 1 ~~:;~1tJYI'I..l'e)~~dJ ~'l ~'ltJ Tris-HCI L.Jr1 flU rl~'e) hyj'e)fdJ LL~ :;L'e) b"l! L'e)n ~ 

LL'e)~n'e)Pl'e)~1'1..l,g(;l~1~'l'l..l YI'I..l'e)~ : rl~'e)b~yj'e)fdJ : L'e)b"l!L'e)n~LL'e)~n'e)Pl'e); LU'I..l 25:24:1 (mdJ1(;l~ 

[;]'e)mdJ1(;l~[;]'e)mdJ1(;l~) ~~dJ1,xL.Jr1fl'l..l LnuB1'1..l"1l'l~~"l!1~'e)ruVilln 4 'e)~P\1L"l!~L~tJ~ . " 

6.8 ~1~~:;~1tJ rl~'e) b~yj'e)fdJ/L'e) b"l! L'e)n~LL'e)~n'e)Pl'e); 

~~dJrl~'e) hyj'e)fdJLL~:;L'e) b"l!L'e)n~L.Jr1~'ltJfl'l..l1'1..l,g(;ln~'l'l..l 24 : 1 (mdJ1(;l~[;]'e)mdJ1(;l~) 

LnuH~'e)ruVilln 4 'e)~P\1L"l!~L~tJ~ 
q " 

6 .9 ~1~~:;~1m'e)flL~tJdJbU~LdJ ~ 'I..luyj Lyj'e)f T AE 

~:;~1tJ ~~ L'e)fl L~tJdJbU~LdJ ~1 'I..luyj L yj'e) Lf T AE 1,x~ rl'l1dJ L.JrdJ.Jr'l..l~ ~Yl1m 'V11 flU 10 
q 

6 .1 0 ~1~~:;~1tJbU~~'I..lL'I..l~Lrl (protinase K) rl'l1dJL.JrdJ.Jr'l..l 20 n~~nfdJ[;]'e)n~~~(;l~ 
" " " ~:;~1tJ ~~ bU~~'I..lL 'I..l~ LrltJ1V1'l!n 20 n~~ nfdJ 1 'I..ltJ1U~'e) ~U~:;'"lU~'e) ~ L~'e) 1,x rl~U 

q 

" " " ~:;~1tJ~~ RNase A tJ1V1'l!n 1 0 n~~nfdJ 1'1..ltJ1U~'e)~U~:;'"lU~'e)~L~'e)1,xrl~U 
q 



6.12 Lysis buffer I 

~1l'l1~"J!LrlJ'~ 
'" 

50 mM Trismabase 

5.0 mM EDTA 

50 mM NaCI 
" ," 

112 

25 

!:-J~~1 ~ L.;J1 n'Wvh 1 ~'!J~'el ~ L;'el ~')tJ'VI,j''eli1'11re),W1 'el D.l'VIlln 121 'el'l P!1 L"J!~ L~tJ~ rl,)1~ . '" 
'" ~'W 15 '!J'el'W(;)~'ell'l1n'lU') LtI'WL,)~115 'W1Vl L~~ 1~L"J!1"J!~ (Lysozyme) L.;J~.;J'W 10 n~~nf~ 

~'eln~~~l'lJ' 
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111fHJ'U'ln FI 

., 
1. m'1 VhJ 1 (;1~~1'W~'l'Vlfu,;) Lr1~1:;tfV:Wl1~1~".li 

dot 

2.5 -+---------------------------1 

2 +----------------~------~~-----~ 
y= 0.0061x 
R2 =0.985 

1.5 +--------------~,.....-----------~ 

0.5 -+-------=:~----------------------l 

O ·~------r_------------------~~~ 

o 50 100 150 200 250 300 350 400 450 
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Ir 
Ci 
:z0.4 -+--------------------..".:::--___'� 

~:i 
?.,... 
" r 
~ ~ 0.3 -I-----------------,.,e;.--------j 
deo 
CN 
Ci ;:r 
Ci"-,a 
IrCEO.2 +----------~L----~----------'I 
r ~ 

y = 0.0021 x + 0.0004 

~=0.9999 

C r 
.~ 0:1 :z 

r 0.1 
~ 
CE 

o ~-------r------~----------~-~ 
o 20 40 60 80 100 120 140 160 180 200 220 

f:rn". L'Ii". 'liU'lI ih1't lJ 1'1 U (f'hl ti iil~ i:i U ('bJ'tA"i n 'hi Gi Di:i iil fa fa Gl '5) 
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5' GGGGGGCAGCTAATACATGCAGTCGAGCGGACAGATGGGAGCTTGCTCCCTG 
AGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGG 
GATAACTCCGGGAAACCGGGGCTAATACCGGATGCTTGTTTGAACCGCATGG 
TTCAGACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGC 
ATTAGCTAGTTGGTGAGGTAACGGTCTCACCAAGGCGACGATGCGTAGCCGA 
CCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGGCCCCAGACTCCT 
ACGGGAGGCAGCAGTAGGGAATTCTTTCCGCAATGGACGAAAGTCTGACGGA 
GCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAG 
GGAAGAACAAGTGCCGTTCAAATAGGGCGGCACCTTGACGGTACCTAACCAG 
AAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAG 
CGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTTTTAAGTCT 
GATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACT 
TGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGA 
GATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGC 
TGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCAC 
GCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGC 
AGCTAACGCATTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAAC 
TCAAAGGAATTGACGGGGGCCCCGCACAAGCGGTGGAGCATGTGGTTTAATT 
CGAAGCAAACGCGAAGAACCTTAGCCAGGCTCTTTGACATGCCCTCTGACAA 
TCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGT 
TGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAA 
CCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCGG 
TGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGA 
CCTGGGCTACACACGTGCTACAATGGGCAGAACAAAGGGCAGCGAAACCGCG 
AGGTTAAGCCAATCCCACAAATCTGTTCTCAGTTCGGATCGCAGTCTGCAAC 
TCGACTGCGTGAAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGT 
GAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGT 
AACACCCGAAGTCGGTGAGGTAACCTTTTTGAGCCAGCCGCCGAAGGTGGAC 
3' 
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oIICIrt. ,..4 oIICIrt. "* Go' q ..:::.lev ..... cv 0" 

'W'l'l~'l'J~'lUVl~U L~'tl'll-J'l Ln(;)Ll-J'tl'J'WVl 29 Ll-J'M'lU'W ~ . fil. 2526 VlIil'l~'J(;)~Vl~'l ~'lL~1il 

n'l~~n'M'lt11'1!'1!'l[;l1--:SVlU'lfil'l~[;I~UrueYi[;l ~'l'1l'lLVlrl'L'W'L~~~'JJl'l~ rlru:;-:SVlU'lfil'l~[;If 

l-J~'l-:SVlU'l~ ml~~l-J fil'l~ [;If L 'WtI m ~~ n'M'l 2548 LL~:;L;11 fu n'l ~~ n'M'l (;]'tlL 'W~:;r;ium'1! '1!'l 
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