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"" ,
U't'l ~ (PUH) 

n11ci fl £J1f1 ~hl.,nnLLnU'VI ~n!il1 tlLflU16J5aJ,nn11 Aspergillus fumigatus LL~ dfl ~ULLlJ f1Yi l1 £J 

Serratia sp. ~1:IJ11r1~~~ILau-LLfl6Ji-ti~-~-n~1f16J51iiu (GlcNAc) LL~::Lau,Lau-1~LLfl6Ji-ti~1f11~1lJ1fl~ 
'II 

[(GlcNAchl flcil.:JLu'Vn::L';n::,;].:J1!il LflU16J5aJ,;]ln11 Aspergillus fumigatus (4 U/1 9 of chitin) ~l:lJl1r1cifl£J 

tfl~U (3% w/v) ~ pH L1JU 3 flrn'VIl1iJ 40°C 1!il~~~.nrn~LiJu GlcNAc !il1tlLtlflfL6J5Uc;~~~~~ 72% 
~ 'II 

111£J1UL1~1 2 1U m1cifl£J1f1~U (3% w/v) !il1mflU16J5aJ,;]ln1f1~ULLlJflYiL1[J Serratia sp. (1 U/1 9 of 

chitin) ~ pH L'YilnlJ 6 flrn'VIl1iJ 37°C 'Ylln11li:IJLijUL1~1 6 1u1i~~~.nrnsfidJu (GlcNAch LL~:: GlcNAc 
. ~ 'IJ 

!il1mtlflfL6J5Uc;~~~.nrn~ 43% LL~:: 2.6% m:IJ~lli1lJ n11'Yh1i GlcNAc LL~:: (GlcNAch lJ1~'YIt~l:lJl1r1 . ~ 

iil1~i1~ £J m1~n~::n flu!il1 £J Lfl'YI1Ufl ~ ~1:IJ~1 £J m1rh-;)~ ;!il1 £J ~.:JrilUn:IJ ~Uc;'VI1fl1iTl fl ~:lJU~ ii ~.:JrilUn:IJ 
~uffii GlcNAc lJ1~'YIt!il1mtlflfL6J5Uc;~~~~~ 64% LL~:: (GlcNAch lJ1~'YIt!il1mtlflfL6J5Uc;~~~~~ 40% 

~ ~ 

LL~::!il1 £Jn11:IJ1n-m1'Y1l1ilJ1~~~~Ul LL~1~:IJl1r1L~:lJfl11:IJlJ1~'YI~fl.:J ~~~.nrn~~.:Jn.:J 100% 
~ ~ 'IJ 

m1ci fl £J1f1~U!il1 £Jn1~1el1~1f1~fl1nL"JJ:IJ"JJU 1~ £Jm11iLL~::1111ifl~Uel~~1~116J5itfiLYlB1'V1i.!ilLn~fln~ 
'IJ 

1f16J51iiu 1el1~1f1~ fl11c; (GlcNHCI) ~.:J~1111::~H'lUm1L~1£J:lJLn~fl GlcNHCI ~B5~11~1Utfl~u~fln1~ 
1el1~1f1~fl1m"JJ:IJ"JJU 1:1 (w/w) LL~::~Brn'VIl1iJ 40°C 1!il~~m1ciB£J~iitl1::1mnrLL~::~:IJl1m.b1t1H'lum1 

~ 'II 

'YI~~B.:J1WffU~B1t1 m1ci fl[J1Tl~U!il1 £Jn1~1el1~1f1~ fl1m"JJ:IJ"JJu1~£Jn111ifl~u1:IJ1Tl1L1Yl~.:J~1111::~1,nU 

m1L~1mJLn~B GlcNHCI ~m)~11~1U1f1~u~Bn1~1el1~1f1~B1m"JJ:IJ"JJU 1:3 (w/w) ~'V'I~.:J.:J1U 850 1~c; 
L1JUL1~1 12 ulYi'Yh1'V1i.!ilLtlBfL~uc;~~~.nrn~ 52% "lJrn::itm1t11lJtl1.:J LtlBfL.nuc;~~~.nrn~"lJB.:Jm1ci fl£J 

~ 

1~£Jm11ifl~u1:IJ1f11L1YlB ci1U1::'VI11.:Jn11LnlJ"JJB:IJ~ 
'IJ 'II 



Abstract 

., 

The degradation of squid pen by using enzymes of Aspergillus fumigatus and cloned 

bacteria Serratia sp. can be accomplished to specifically N-acetyl-D-glucosamine (GlcNAc) and 

N,N-acetylchitobiose [(GlcNAchl. Enzyme of Aspergillus fumigatus (4 U/1 g of chitin) can degrade 
o 

chitin (3% w/v) at 40 C, pH 3, for 2 days, to give GlcNAc in 72% yield. The degradation of chitin 
o 

(3% w/v) by using enzymes from bacteria Serratia sp (1 U/1 g of chitin) at 37 C, pH 6, for 6 days, 

to produce both (GlcNAch and (GlcNAc) in 72% and 2.6% yields respectively. The purification of 

(GlcNAc) and (GlcNAch could be done by recrystallization following by either the activated charcoal 

decolorization or the activated charcoal column chromatography to obtain pure GlcNAc in 64% yield 

and pure (GlcNAch and 40% yield. And the %purity of both products is raised to 100% by using 

the developed purification method. 

The degradation of chitin by using conc. HCI to obtain Glucosamine hydrochloride salt 

(GlcNHCI) can be accomplished with or without ultrasonication. The condition is to use chitin to 
o 

conc. HCI ratio 1:1 (w/w) and at 40 C the result was useful enough to further utilize in the next 

experimental step. The degradation of chitin by using conc. HCI to obtain Glucosamine 

hydrochloride salt (GlcNHCI) can be accomplished with microwave. The condition is to use chitin to 

conc. HCI ratio 1:3 (w/w) with 850 watts for 12 minutes provided 52% yield. In order to increase the 

percent yield, the optimization of the hydrolysis with microwave is under investigation. 
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1. tJ'Yl'lh 

1.1 m1'YlU'Yl1~11·Hu.n11:IJ/Ln·H~'\.U'Yl~ (information) Vidim-nEh'l 

1~£J'Um:IJ1Tl1·:Hfh,'lLTlii LTl~~ (chitin) 'VIm £J~.:J poly(P-(1-4 )-2-acetymido-2-deoxy-D-glucose) 

~.:Jii1Tl1.:Jl.'f11.:J"lIa.:Jl.'f1£JYH)~L:lJerf~111::naU~1 mr1~1fl1:IJLflnflL~£J1 2-acetamido-2-deoxy- 0 -glucose, 
'VI1a N-acetyl-D-glucosamine (GlcNAc) LU~'VI'l-i1£J51hl'\.1,l.'f1£J~a~L:lJa1 ~1'\.1,"11~5JJ1'\.1, (chitosan) 

, ... 
'VIm £J~.:J poly(P-(1-4 )-2-amido-2-deoxy- 0 -glucose) Vi ihbm fl 2-acetamido-2-deoxy-D-glucose 

'VI1a 0 -glucosamine (GlcN) LU'\.I,'VIU1£JSJi11'\.1,l.'f"'"I£J1'li~a~L:lJa1 mh.:Jhnm:IJLfl1~5JJ1'\.1,3TnL~,nnm1'Yh 
11lJmm~ LLa5ftYlLfl,t~ (deacetylation) "lI a.:JLTl~'\.I,1 '\.I,l.'f11fl::fl1 £J~1.:JL-n:IJ-n'\.l, 'Yh 1 'VI1~~~~.nru.~~ LU~1Tl 

~a~L:lJa·h::'V\'J1.:J"t1mfl N-acetyl-D-glucosamine (GlcNAc) LLiil::"t1~1iil 0 -glucosamine (GlcN) 

L'\.I,'Yl1.:J11lJu~LTl ~'\.I,~.:J'VI:lJ1 £J~.:J 1Tl~ a~ L:IJ a1~hjiil::iil1 £J1 ~Ln1iil::iil1 £J n1~L~ mn.:JL iia.:J,;}1niiL11 afL6Ji~~ 
"lIa.:J N-acetyl- O-glucosamine (GlcNAc) (degree of acetylation) mnwh 50% LLiil::LTl1~5JJ1'\.1, 

. 'VI:lJ1£J~.:J1Tl~ a~L:IJ f)f~fl::iil1 £JL~l~n1~ Llj) E1,;}1.:J L iia.:J,;}1nii L 11 f)fLsn'\.l,~"lIa.:J 0 -glucosamine (GlcN) 

(degree of deacetylation) mnnl1 50% 

OH OH 

OH 

n 

HN>=O 

H3C 
Juii 1 t~";i\la-i1\1'Yl1\1~3j'Du\ll~Gt," (n>m) u~::1~t<R'1f1," (n<m) 

L iia.:J,;}1n 1Tl1.:Jl.'f11.:J"lIf).:JLTl~~LLiil::LTl1~5JJ1'\.1,ii'VI'l-i1 mj f) £J"lI f).:J"tl miil1:IJLflniil L~m~ L~f):IJ~ ml'\.l,~l ~ , 
~~J)::LniiltTl5ft~n (glycosidic bond) LTl~'\.I,LLiil::LTlt~5JJ1'\.1,~.:J Ln:IJ11m,JmJ a £J 1~ £J11~n1mLel1~1Liil5ftl.'f1", 

~~~.nrn'YfLU'\.I,LTl1~1B~1mL5JJTlTl~lh~ (chitooligosaccharide) LLiil::"t1~1iil1:uLflnfl L~ £J11'\.I,'r\ l.'f~ L~ii, , 
11 £J.:J1~m1YhLelt~1Liil5ftl.'f"ll a.:JLTI~'\.I,LLiil::LTl1~5JJ1'\.1,a £1 2 ~n1!tru.::~l ml'\.l,~ a n111in1~'VI1a La'\.l,L5JJ3JLU~ 

'II 

i1L1.:J11nmm 1'\.I,'Yl1.:Jf)~Ln'VIn11:IJir,)lj)U'\.l, ii.£J:IJ1iiTIm1£lf)£JLTl~'\.I,~1 £Jn1~LeI1~1Tliil f)1m-n:IJ-n'\.l, ~.:J1i 
~ , , 

~~~.nru.~LU'\.I,Ln~ an iil1fl5JJ1 ii'\.l, LeI 1~1Tliil ah~ (GlcNHCI) Liif).:J,;}1mU'\.I,n1::u1~n11~~ ~~'YhL~ 
'II 

~ a'\.l,-n1.:J11~ L11 LLfl::1mLf)L';}~~~ii11mrm Lrla Lm£JU LVi £Junum1ci f) £J~1 ma'\.l,L5JJ3J 
'II 

<V VI ~ VI t ..I 1 !.\'I " ~ <V .. ,.J' .~ "t. ~"" "" 10VI1~n11~~l.'f1£J LTl~'\.I,LLiil:: LTl ~5JJ1'\.1,L~f) 'VI L~~iil~flrn'YIL'VIiil1'\.1, l.'f11111tlT11 L~'Yl.:J1J)'YI1.:JLTl:IJ LLiil:: 

n11L-nLfl '\.I,L5JJ~1 L'\.I, r*1 '\.I,"lI fl"n11L-nLEI '\.I,L 5JJ3J'I-f'\.l,lj)::iii EI L~L111£JU ~1'\.1,nl1fl1U~ :lJ11~ n1£Jl~-1ri1L~ 
~Em-n1.:JJl £J lJ Iin1 m Ln~;r'\.I,L~~ f) ru.'VI fl iI LLiil ::Tl11:IJ~'\.1,11 n ~ iiTl1111,'h L~1::~ a iu l.'fL~1'Yll.'f.:J LLiil::ii 

~ , ~ ~ 

11~n1£J1-n1.:J L~ £J.:J"f) £J LLiil::1~ 'VI iill £JiJ~ t:-i1'\.1,111 ii ~-;)£J~n1!t1q'Yl~t '\.I,n11rJ f) £JLTl~'\.I,"lI f).:J La'\.l,L5JJ3J'VIiil1 £J 

"lfU~hi1Tll::LU'\.I,Lf)'\.I,L5JJ3J,;}1n11, LLUTlViL1 £J'VI1flLa~L5JJ3J,;}1nvh ~.:JLEI'\.I,L5JJ3JL 'VI ~Td'iiq'YI~l '\.I,n11 rJ a £J~ 



12,13 

1'U.m"rn"lJ eh'lm"~:lJiinT~ciatJL~~'U.,x'U. tl>l LLiJl1m:IJ'mIM~u~mtJ1Le11~~houff"lJ a>lvr'U.li::Ln~1~ou 
~n~a>l m~n~~LvhJ>I L~mXa tJ Lu'U.~ld>lu~n1tJ1 LL~l 'U.'Yl1>1U~lT~,x'U.~a>l1in~~Le11~~~ ~ a1n L-n:IJ-n'U. 

..,r>lUL iia>l~1nL~ ~'U.LaJ ~::~1[Jl'U.n~~ L~ a~1>1 LL~ ff1:IJ1~f1 ~::~1 [JL~'U.n~~'VI1 ElLlJffL-n:IJ-n'U. LL~::iTn 1 i 
arn'VIllii~a'U.-n1>1ff>l~aU~:::IJ1rn 95-1000 C 1'U.m~ihunmtJ1 L~ al'VIi.~~~~.nrnGt1ff~'Yi'1 tJ~Ln~if'U.Lu'U. 
q 'II 'II :.I q 

Ln~an~1~·lnii'U.Le:J1~~~~a L 1111 (GlcNHCI) ~>lLU'U.~~:IJ1~1nn1~Ln~U~n1tJ1Le11~~L~ouff..,r>lvr'U.1i::Ln~ 
'II 

1~OU~mL~::vr'U.1i::L a L:IJ~ 

~~'U.5~~n1'l1U~'VI:IJ1 tJ tl>l ~~'U.L~tJ>I~ ii ~11:IJ ~ ff>l Ln'U.nl1~'VI :IJ'U.M£f~::L~£j'U. 1~ tJ~lLU LL~l'V1"lJ a>l 
'\I '\I q cu 

:IJ'U.Mrn~tJVil~ tJ~::L~'U.L~tJ>lff>ltl>l LVi tJ>lLL~U~:::lJ1rn 15 KHz L'Yh,x'U. ~>I,x'U.1~ tJun~LL~1~1115~~~11'l1 
q 'II 

U~~>liTn~::'VI:IJ1 tJtl>l~~'U.L~tJ>I~ii~11:IJ~ ff>lnl1 20 KHz if'U.LU LL~~11:IJ ~~1ifiiTn~::~ihn~a ci LVi tJ>lLaJ 
'II 'II 

Ln'U. 50 KHz ~~'U.5~~n1'l1U~Liiaaan~1m~~a>lihLU~'VI1alJ1>1fiL~1L1tJn11 "L~~f)>I1'l1UL~L~af" LL~l 
ff1:1J1~mh tJ'Yl a~'Wi>l>l1'U.'Yl1>1n ~t~ £Jm~&'U.LU :IJ1n~::~1 tJLul'U.mm~'I'VI1a"lJ a>lL'VI ~lL~ 

1'U.n~rn~1:IJ L~n~L~1lJ'W ~>I>l1'U."lJ a>l~~'U.5~ m11'l1U~ LL~l 1:IJ L~n~~::~ ~.nlJ'Wi>l>l1'U.~ r;l1 tJ'Yl a~ ~1'U. 
q q 'II 

::. 01 ....... 1 .. ~.., ... .K .f..l 0 .... ..1 .... ..,.1
'W1'V1::'U.'U. 6) LL~::'Yl~1 'VI ~l :IJ L~n~ Ln~n1~ff'U. L~:lJ1 n"lJ'U. LL~::~n>l'U.La>l'Yl L~1 ff1 :lJ1~f1 'U.1'W ~>I>l1'U.'Yl~~'l1lJ LLJ 
q 'II 

"liltJl'U.m~ihu~mtJ1~h>l 6)L~ Liia>l~1mii a1:IJ Lm~~ii5~~1n1~&'U.~lL~:IJ:lJ1nif'U.L'W~1::u::i'U.5~~1L1l 
"lJ a>lU~n1[J1 fi~:: L~:IJ ~1:IJLU~1 £J L"li'U.L~ tJln'U. L'W~1::U::,x'U.l'U.n~rn"lJ a>lu ~n1tJ1n1~rJ atJL~ ~'U. tl1'\b 

~~'U.5~~~11'l1U~:IJ11iLnm~Wr>l11~::ff1:IJ1~f1L~:lJU~::~'Ylfiln'Wn1~rJatJ1'U.'Yln 6)~1'U.~>I~::ih1"'~'U. 'Yl'U. 
• q q 

l'U.m~~~~ GlcNAc LL~:: GlcNHCI ~~~>lL~arJ1>1iiumh~qJ 

1.1.1) m~rJa£J~lmf)'U.L'l1aJ 
.., .. ..I 1t!l • "" ..... .., ....1.., ... .., ....I.., ... ..t0

La'U. L'l1:IJ'Ylff1:1J1~f1'U.1:1J1 "15mm~£JatJ:lJffa>l"15'U.~~ElLa'U. L'l1:IJ'Yl L~~1m1LL~::La'U. L'l1:IJ'Yl L~L"15a 

"" LLlJ~'YlL "" ~tJ 

a. ~nM1i,rtJm~~~~La'U.L'l1aJrJf)tJL~~'U.~L~~1m1 

1 ~I . 14 ... ..r..f 1'U.11 2002 Nopakarn Rattanaklt LL~::mu,:: f1nM1m~L~£J>lL"15E1 Aspergillus sp.S1-13 ~tJm~ 

'VIiTmLlJlJ LL "'>I~ii LU~ant)>I LLfl::LU~ anu~ ~1'U.m~ciatJ~l tJn~~LU'U.ff1~a1'V11~ LL~::ti:IJ~ arn'VIllii 45°C 
q '\I q '\I 

LLfl:: pH 4 LU'U.L1fl1 11-13 1'U. L~ N-acetylglucosamine 33% ~1nL~~'U.L~:IJ~'U. 

1 ~I 15 .., ... .... ..
'U.11 2003 Krissana A. L~'Yl~ffalJ~1 5 ff1tJ'W'U.1i Aspergillus fumigatus, Trichoderma viride, 

q 

Trichoderma aureoviride, Trichoderma reese; LL~:: Mucor sp. Lh'VI1lJn1~~~~La'U.L'l1aJrJatJL~~'U. ~1 

Aspergillus fumigatus ff1:1J1~f1in'll11"'Ln~La'U.L'l1:IJ1~ff>l~ff~ 1~[Jl~LLa~~i~ff>ltl>l 438 mU/ml Liia 
'II q 'II 

Lt£J>I~l£J~a~~a£J~a~L~~'U. ~arn'VIllii 40°C LL~::iim:lJ1rn1u~~'U.LU'U. 1.70 mg/ml unrntJ1Le11~~Lfl 
q 'II :.I 

OUff"lJ a>l LlJ ~1L~~'U.1~ tJLa'U.L'l1aJrJ atJL~ ~'U.~ ~~ ~~1n~1 Aspergillus fumigatus 1'"~~~.nrnGt1LaU-LLaoufl~-
~-n~1~'l11ii'U. :IJ1nnl1 70 % l'U. 1 1'U. 5~~1~1'U.~L'VI:IJ1::ff:IJ"lJa>lLa'U.L'l1aJ~aL~~'U.~a 1-4 mU/mg ~ 

'II 

f)111JL-n:IJ-n'U."lJa>lilJLff~~'YlLU'U. 20 mg/mL "lil>1ViLa'11~L'VI:lJ1::ff:IJ~a 3-5 LL~::arn'VIf1ii~L'VI:lJ1::ff:IJ~a 45°C 
• 'II 

tl~mtJ1Le:J1~~1~ouffff1:IJ1~mh1~~ tJLaJ.ra>liilTvJ L,vJ af~>I~11)~ an1~'Yh ~~~.nrn'YI1'"lJ1,!'Ylfl'U.~::~lJm~ 
~~~ 

http:ff1tJ'W'U.1i
http:mL~::vr'U.1i


'I ~I 16 '" .. \'I _tfIl.. 'I .,.. d0 

LUlJ 2004 Parameswaran Binod LL~::mu.:: ~m~nnT'H.j~'iILL~::nT',i'Yl1LElU L'D'iIJ L~'ilLUGH'VItJ1i;'('Yl1l• 
1'i1tJ'yhm1~'ilL~Eln Penicillium 14 i;'(1t1~uf ~L~t1>ltJUEl1'V111i1"1i11l;'(1~t:-Ji;'(l.111tJ1~~u ~>lLtJum1'V1iJn, 
LLtJtJLLi>l LL~::~'ilL~Eln Penicillium aculeatum NRRL 2129 ~l;'(11.111m:.ja'ilLElu1'D'1.I1.~~LUi;'(1~~~i;'('iI~, 
L1~1 72 il11.1>l 1 Ui;'(1111::m1ru:'Yh>l1U~L'VI1.I1::i;'(1.I~~ LEl".!! 5.5 LL~:: mll.'VIl1ij 50°C 1~LElU1'D'aJ~ihLEl~~, ... 
4C111..:f Q.;I 

l'i1L'Yl1ntJ 0.2 U/gds (gram dry substrate) 

lutl 2005 Laura Raminea - Coutino LL~::mu.::17 rhm1~'ilL~Elm1 Lecanicillium sp. 15 l;'(1t1 

~uf 1'i1t1m1L~t1>lLLtJtJEl1'V111L'V1~1~5j1~~ULlIUEl>lTf1.h::nEltJ YltJ11 Lecanicillium fungicola ~L~t1>l~~, 
LEl".!! 6 ElW,'VIl1ij 40°C l;'(11.111f1t:-Ja'il endochitinase LL~:: N-acetylhexosaminidase 1~LLEl~~i~L'YhntJ, ... 
747 LL~:: 410 U/mg 'il11.1~1~tJ 

lutl 2005 Patidar LL~::~ru.:: 18 rhm1LLtln11 Aspergillus flavus 15 l;'(1t1~uf, Aspergillus niger 6 

l;'(1 t1~uf LL~:: Penicillium chrysogenum ~>l'Yhm1LLtlmnn~u u';)it1~5j t:-J~'i\Elm1t:-J~'iI LElU1'D'1.I1.~~LUi;'(, 
, ,

A Q..o .... A .a. .crII 

,;)1n P . chrysogenum , PPCS 1 LL~:: PPCS 2 'Y\i;'(1111::m1'V1l.1nLLtJtJLL'VI>l 'YlElW,'VIl1l.1 40°C YlLEl".!! 4, ... 
1'i1t1~ PPCS 1 1'i11~~LUi;'(LLEl~~i~ 3809 U/g "J.1El>l1~~UL~1.I~U LL~:: PPCS 2 1~ 2516 U/g "lJEl>l1~~u 

, 
L1l.1~U 

b. m1~m~niit1m1t:-J~'iI LElU1'D'aJci E)tJ1~~U,;)1n L.:!mLu~-n L1t1 

1 ~I . 0 ....19 '" 

UlJ 2001 Gemma Reguera LL~:: Susan Leschtne 'Yl1m1~nM1LLtJ~'YlL1t1 Cel/ulomonas sp. 

8 i;'(1t1~U{ clostridium sp. 12 fflmvuf, Acetivibrio cel/ullolyticus, bacteroides cellulosolvens ~>l 
, 9 

LtJULLml'yiL1t1~11l~El>lnT',iEl1m~ ~l;'(11.111r1ciatl1~~u1~ 1'i1mLtlmLtJfl-nL1t1,;)1n~u1~-#,,'VI1.I'iI 22 l;'(1t1 

~uf LL~::L~an Cellulomonas uda 1.I1fhm1LmtltJLfitltJi;'(1111::~1mum1ciElm'D'~~1~i;'(ntJ1fl~uLL~::, ... 
m1t:-J~'ilLau1'D'aJyf"i;'(a,,".!!U'il 

lutl 2002 Rath Pichyangkura LL~::flru.::20 1~rhm1ciElmLEl~yhLL~::LtJ~11fl~U~lmau1'D'aJ 

chitinase (EC 3.2.1.14) and ~-N-acetylhexosaminidase (EC 3.2.1 .52) L~afhn11t:-J~'iI 2-acetamido­

2-deoxy-D-glucose (GlcNAc) 1'i1t11,r crude chitinase ,;)1nLLtJfl-nL1t1 Burkholderia cepacia TU09 LL~:: 

Bacillus licheniformis SK-1 1Um1ciatlt:-J·ma~'VhLL~::LtJ~11fl~U YltJ11 chitinase ,;)1n B. cepacia 

TU09 1it:-J~t:-J~'iI GlcNAc 1.I1nn11 85 % ,;)1nLtJ~11f1~ulu 1 11.1. LL~::,;)1nLLa~yh1f1~ulu 7 11.1. LL~:: 

chitinase ,;)1n B. licheniforrnis SK-1 ciElmtJ~11f1~u1~'VI1.I'il111t11u 6 11.1. 1~ GlcNAc 75 % ntJ 20% 

"lJEl>l (GlcNAc}z LL~::,;)1nLLa~yh1f1~u1~ 41% "lJEl" GlcNAc 

lutl 2003 M.G6mez Ramirez LL~::flW,::21 'Yhm1fl'ilL~elnLLtJflfiL1£J wild type 150 l;'(1t1~uf, ~>l 
L~an Serratia marcescens Wf ~"t:-J~'ilLau1'D'aJi;'("i;'('iI LL~:: B. thuringiensis Bt-8 ~"t:-J~'iILau1'D'aJ~1i;'('iI... . , 
1.I1rhm1'Yl'ili;'(atJm1ciatl1~~u l'i1t11,rL'Ylfluflm1£Jal.l~ colloidal chitin ~1t1 Remazal Brilliant Blue 

R® L~Ell,rLlIuLL'VIfl>lmftJau1UEl1'V111L'VI~1 1'i1mrl£J colloidal chitin rlncitl[J';)::t1flmJ~~i;'(11.111r11'i1~1 £J ... 
LfI~tl"tutln1m1y.j1'i1ijL'ilaf~ 595 u11uLl.I'il1 

lutl 2004 Purwani Yuli m~::flru.::22 ~nM1t:-J~"lJtl"m1t:-J~'il1~~LUi;'(,;)1nLLtJflfiL1t1~LLtln,;)1nJ1Yl
• 

1tlU Tompaso 'Yl1>lL'VI't'i.El"lJtl"t11::L'Y\~au1'i1uLonti YltJ11 Bacillus sp.13.26 l;'(11.11dm';)1qJ1~tJUEl1'V111~ 

http:sp.13.26
http:3.2.1.14


iiL~~U 0.5% ~Elm'VIll3j 55°C LL~::~~~LElUL"UaJ1.~~LUm'\a~,nmhuhJ 72 i'11aJ~ l~mEluL"Uard"il::ii 
q 'Il 

~1laJL~n£J".i~El~1laJ1ElU~Elm'VIll3j 70°C LiJUL1~l 5 i'11aJ~ iiLLEl~~ii 420 U/mg protein. ., 
1uiJ 2004 Ju Hee Kuk LL~:::~m::23 LirhnT,HLrJn Aeromonas sp. GJ-18 "illn~U LL~::l,nunT',i 

L~1[JaJLElUL"Uar ~~iiLElUL"Uar 2 "lfil,~ ~El N-acetyl-D-glucosaminidase LL~::: N,N'-diacetylchitobiohy 

drolase ~~LElUL"Uar-#~~El~"lfil,~Uoy'h~lU~Elm'VIIl3j~l~nu hl[J N-acetyl-D-glucosaminidase "il::~~~11~ 
q 'Il 

74% "lIEl~ GlcNAc ~Elm'VIll3j 45°C 1u 5 1U LL~:: N,N'-diacetylchitobio hydrolase "il::~~~1~ 35% "lIEl~ 
q 'Il 

.d .,. 'I '" 'l!:'1 '" 24 .., ... , '" 
(GlcNAch 'YlElm'VIllaJ 55°C LU 5 1U LL~::LUufl~m Ju Hee Kuk LL~::~m:: L~~El[JEl~m1~~UlnT',i 

q 'Il 

rimJL~~U l~~~~.nm~'VIamiJu N,N'-diacetylchitobiose 1~[Jm1~1lJ~aJ5~1l~1U"lIEl~ ~-N-
q 

acetylglucosaminidase ~El N,N'-diacetylchitobiohydrolase activities 1um1L~1[JaJ crude enzyme 

"lIElJ Aeromonas sp. GJ-18 LrimjaJElm'VIIl3j~ 50°C p-N-acetylglucosaminidase "il:L~[J~lll~ 1u"lIru.:: 
q 'Il 

~ N,N'-diacetylchitobiohydrolase iJ~~~ii activity mi 'VIa~"illmiEl[J swollen LLEl~vhL~~U LL~::~~LlJil 
'Il 

L~~U 7 1U Li (GlcNAch 78.9 LL~:: 56.6% ~laJalilJ 

Aeromonas hydrophila LiJULLlJTl'YiL1r.ILLmaJ~lJ iiam!tru.::LiJuLiJULLrl~[J11 iiLLV'l~nL"il~1~,r1 LiJU 

LLlJ~.yh1[J~~m1m"il1ruLi-#~LLlJlJiimmI'lLL~::LLlJlJL1iiiEllml'l ~laJl1m"il1ruLi~Elm'VIll3j 37°C ~lJ 
fU III q " 

rt1hl1mh~~ ii~1laJ~laJl1f11unl1~~~LElUL"UarriEl[JL~~ULi 2 "lfil,~ ~~laJl1f1'Yh>'llULi~Elm'VIll3j
q 'Il 

~l~nu ~El N-acetylhexosaminidase rh~lULi~Elm'VIll3j 37°C Li~~~.nm~'VIamiJUirlm~LelU-LLEl 
q 'Il 

~fi~-$i'-n~l~"uliiu LL~:: N,N'-diacetylchitobio-hydrolase oy'h~lULi~Elm'VIll3j 50°C LiLelU,LelU-L~LLEl
'Il q 'Il 

:nfi~-$i'-n~l~"uliiu 
'Il 

~lui..ij[JU"il::rhnl1~m!tl~lll1::~L'VIm::~aJ~Elm1~~~LElUL"Uar"llEl~ Aeromonas hydrophila 

MOK-1 "illn~U1U"il·r'n~~n1rnaJ'VIli'Yl tnK[J LL~::':b LElUL"Uar~ ~~~Lim'Yhnl1ri El [J LLEl ~V'llLL~::LlJilL~~U 
q 

1U~lll1:::~L'VIm::~aJ LYlEl1'V11i,rlm~Lau-LLEl~fi~-~-n~l~"uliiu LL~:: LelU,LaU-L~LLEl<nfi~-$i'-n~l~"uliiu 
'Il 'Il 

LL~::L~aJ"lIU1~nl1~~~,rl~1~LLEl3jlul~[J1,rl.Tl~U 100 n1aJ 'Yhm1LL[Jn~~~.nm~,rl~1~LelU-LLEl~fi~-$i'-
n~l~"uliiu LL~:: LelU,Lelu-L~LLEl6Efi~-~-nf.'l1~"uliiu1~lJ1~'Ylt" ~~~1laJLL~n~1~"illn~lui..ij[J"lIEl>'l Ju 

'Il 'Il q 

Hee Kuk LL~::~ru.:: "il::Elri~~[J~uf"lIEl~LLlJ~.yiL1[J ~Ln~lum1~~~ LL~::m1'Yh~~~.nm'YI1~lJ1~'Ylt" 
'Il q • 

1.1.2) m1~El[Ji1[Jm~ 

1l[J~lum1L~1[JaJLn~Eln~l~"uliiuL~1~1~f.'lahc;f (GlcNHCI) "illnm1~El[JL~~ui1[Jn1~ 1hlnlJ 

;rU~~>'ILL1n~>'ILL~iJ 1946 1~[J Purchase LL~:: Braun
25 Lioy'hnl1riEl[JL~~U'lJU1~ 20 n1aJ i1[Jn1~ 

L~1~1~f.'lEl1m,jaJ,ju 116 n1aJ ~Elm'VIllaJ 100°C LiJUL1~l 150 Ul-n L~aju~~tlfim[J1L~aJ,rl100
q 'Il • :oJ 

n1aJ LL~::~>'I{ilunaJaTuc;f (activated charcoal) 2 n1aJ n1U~Elm'VIll3j 60°C LiJUL1~l 1 i'11aJ>'I LL~1'UtlaJl 
• 'Il 

n1El>'l LEll,hu1~aJl1::L 'VI [JIll [J1i~1laJiu~1~ El m'VIll3j 50°C LiLn ~ Elni.'ll~"uliiuL~ 1~1~ ~ El hc;f
• 'Il 'Il 

(GlcNHCI) ~>'ILrimrl>'1i1mEl'YllUEl~ 95% LLf.'l::'Yh1~LL~>'ILL~1Li~~~.nm~ 67.5% ~iiTl1laJlJ1~'Ylt
• 

95.31% 

'I !:'I 26 ..,... '" '" T "'.., T .., ..

LUu 1997 Novikov LLi.'l:: Ivanov L~L~1[JaJLni.'lani.'l L~"ulaJU L~L~1~i.'lEl L1~ (GlcNHCI) "illnm1 

'Il 

r.iEl[JL~~U 100 n1aJ i1[Jn1~L~1~1~f.'lEl1m,jaJ,ju 200 n1aJ ~Elm'VIll3j 95°C LiJUL1i.'l12 i'11aJ>'I 
q 'Il 

'VIK>'I"illmfu~>'I~1f.'l::i.'l1[J~Li"illnn11r.iEl[JLi~Elm'VIIl3j~El>'lLiJUL1i.'l1 24 i'11aJ>'I LYla1~d1~~~mn~Elni.'l 
• 'Il 'Il 

http:LLf.'l::'Yh1~LL~>'ILL~1Li~~~.nm


1fl"1lliiui.e:r1~1fl~ai.1~ (GlcNHCI) \t13J1n1a-1bb~::il-1~b'VI~a-1"lJa-1~~n~1ma'YllUa~ 194 n1:IJ i.~ 

~~~.nrn~ 70% ~-1iifl1l:IJU1~'Yl~ 100% ,nnm1i.'YlL'Yl1~~1mU~• 
lui! 2002 Gandhi LL~:: Laidlhi 

27 i.~L~1£J:lJLn~an~1fl"1lliiui.e:r1~1fl~ai.1~ (GlcNHCI) ,nnm1
'II 

tia£Ji.fl~WlJU1~ 20 mesh ~1£Jm~i.e:r1~1fl~a1m-n:IJ-ntl. 1~£Jlii~ci'1tl."lJa-1i.fl~u<ilan1~LiJu 1:2 (W:W) 

1~£J';)::iim11~fl1l:IJ1auLLfin1~';)un1::rt-1arn'VInijtl-1 65°C LL~1~-1L~:lJi.fl ~u LL~::L~:IJ arn'VInij LiJtl. 95°C 
• 'II • 'II 

'VI~-1,;)lmfu 75 ulVi i-1~1~::~1£Jl~Lflu~-1~arn'VInij~a-1 n1a-1~::naU~Ln~~u 'Ill:IJ1~::~lmtlLL~::L~:IJ 
• 'II 

~-1(hUfl:IJ3TUttl (activated charcoal) n1a-1LEl1ci'1tl.~l~:IJ11::L 'VI £J';)tl.LL~-1 L'VI~ a~~mn~an~1fl"1lliiui.e:r1~1 
.'11 

fl~ai.1~ (GlcNHCI) ~-1L~a~1-1~1ma'YllUa~ 95% i.~~~~.nru~ 70% ~iifl1l:IJU1~'Yl~ 100%• 
lui! 2004 Noviko/

8 i.~~m~nm1tia£Ji.fl~uLL~::i.fl1~"1llu~1£Jn1~i.e:rhfl~a1m-n:IJ-li\i. ~aru'VInij
• 'II 

50°C LL~:: 70°C ~u':hn~i.n"lJa-1U~n1£J1i.~L~1h6fi~a-1~ull:: N-acetyl bb~::~Ull:: glycosidic <ill-1flU 

ilitl~Ull:: N-acetyl Ln~u~n1£J1i.e:r1~1i.~6fi~~1£Jn~i.n SN2 ci'1U~Ull:: glycosidic ,rtl.Ln~U~n1£Jl 
i.tlL~1h6fi~~1Eln~i.n SN1 L~El rate-determining step Ln~,;)lnnl1~1:IJL~n~,tlL-nlrh~ carbocation•
d cu ~.J" . .., t.I !'"Q.I

"1l-1 tl~11L11"lJUtl£JnUfl1l:IJL"lJ:IJ"lJWlJ a-1Ul 
'II 

,;)lnm11l £J-11U~i.~El~Ul £J:lJl.ffU~UV-1i.liiinT.i1iT"1lULfl L~af:IJl''lf1 £J1unTHl a £Ji.fl~U~1 £Jn1~LL<il 
atil-1i.~ L~1l::u::,rmllL1l~l:IJ11f:1'\.i1 LEllL"1lULfl L~ af:IJ1"lh£JlUn11'Yhu~n1Elli.tlL~1i.~6ft~"lJa-1i.fl~u 
~1£Jn1~Lyjal,nunl1L~1£J:lJLn~an~1fl"1lliiui.tlL~1mlah~ (GlcNHCI) 'VI1a,tl~1~1:IJL~mH~EJ1 ,au­

'll • 

LLa~Yi~-~-n~1fl"1lliiu (GlcNAc) L1lfll~'VI1-1il,;)::~l:IJ11m~:lJU1::~'Yl~nl~nl1tia £Ji.fl~u~1 £Jn1~ 
'II 

~-1mh1i.~atil-1ii,rEl~liru LL~::'VI1~n11::~L'VI:lJl::~:IJ~fl1ufl:IJnTHj EI El1~Ln~L iJu Jl~l~1:IJ L~n~ L~ EJ1 ... . . 
,au-LLa~Yi~-~-n~1fl"1lliiu (GlcNAc)

'II 

i.fl~ULL~::i.fl1~"1lluLiJu~1~ii:IJln1ULU~ann-1 n1::~a-1U LL~::bLnU'VI!in ~-1LiJU"lJ a-1L'VI~ a~-1~£1-1ii 
• 'II 

m1'1ll:1J11iu1::1£J"ll'l.ii.li:lJ1m'Yil~fl11 tl-1LLaJU1::L 'Yl~i. 'Yl Eli.~iim1~~~i.fl~ULL~::i.fl1~"1llu,;)ln"lJa-1L'VI ~a 

~-1 L'VI ~l'd':lJl LiJUL1~l ~ a~:lJfl11 bL<il nl1~~ ~ £1-1 i1 ail iiU1:IJ1 rn~l L~ aLVi £JU flU U1:IJ1 rn"lJ a-1 L'VI ~ a~-1 
uan,;)lniti.fl1~"1llU~~~~i.~3Tn';)::ci'-1 aan1U1U"lJ a-11~f:1~U1lm~1 m1iimL~::~ilIUlL'Ylfl1Uh[j1'V1li~ii

'II • 

U1::~'Yl~nl~1Un11LLU11U ~~~.nrn~,;)lni.fl~u1~ii:IJ~~l ~-1~U~-1 dJtl.~-1-;}lLiJu
'U 'II 'U 

i.fl ~U (chitin) L iJu ~a~ L:IJ af1l11:IJ"ll1 ~~U1::n a1J~1 £J 1fl1-1 ~1l-1'Yll-1 Lfliiili a poly(P-(1-4 )-2­

acetamido-2-deoxy-D-glucose) 'VI1mau-LLa~Yi~-~-n~1fl"1lliiu (N-acetyl-D-glucosamine) LUUWU,l£J
'II 

4l'V1~n1U~lEl~ a~ b:IJ af ci'lUi.fl1~"1llU (chitosan) i.~,;)lnnl1'Yhu~n1£J1~ a::6fiYiL~itl."lJ a-1i.fl~tl.lU 

~11~::~1£J<ill-1 L-n:IJ-ntl. ~.;!,rui.fl1~"1llu~-1u1::n aU~l £J1fl1-1,d'l-1'Yll-1 Lfliici'1Ut'VI qj L iJu poly(~-(1-4)-2­

amino-2-deoxy- D-glucose) 'VI1a~-n~Lfl"1lliiu (D-glucosamine) LiJU'VI'\.b£J41'V1~n i.fl~ULL~::i.flL~ 
'II 

"1lluiiLm-1 ~1l-1'Yll-1Lflii fl~lElfl~-1 flU L"1l~ ~1~~ LL~n <ill,;! flU~'VIliLL'YlU~uumfuaua::~ El:IJ <iil LL wu'-1~~a.;!
'II 'II 

1 U 1-1 LL'VI1Ui.~11LU~ (pyranose ring) ~-1 LUU'VI'\.i,1£J Eia£J"lJ El-1 L"1l~~h~1~El'VIli LL 'YlU~~<iilLL'VIU-1d"lJa-1 
'II 'II 

L"1liiHilL~ Li';)::LUU'VIlii.~~1 El n'Bfl LL<il"lJ a-1i.fl~ULU\I,'VIli a::6fi'Ylli.3J~ (NHAc) ci'1\1,i.fl1~"1ll\1,LU\I,'VI li a::ij1\I,
'II 'II 'II 'II 

(NH2) 

http:1l~l:IJ11f:1'\.i1
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~f1~ll.-~f11~5Jfl11.~~~~;fll.[n rJ111.lJ1::L'Yl~~'m1'VIru~::i.'f\l mm111.1lJ"lJa\ll~t1~1J11f11'm (1n~n111~::
QI cu q -u 

400-1000 1Jl'Yl) ~\ltfll.n111,rm ~a'VI11nn11~~~ ~~~.nru,.yf~ijll~~l ~\I;fll. ~\I LUll.nl1"151 mlJri rJll."lJa\l 
'II 'II 

L'VI~ a.yf\l~ln a ~Wl'VIn1111 al'V111'Yl::L~ LL"liLLii\l1i n~lmUll.'Yl'l~ mn1~ij~1"lJ a\llJ1::L'Yl~ SJ1\1,r~~~11LUll.n11, 
1,rm ~a~~ll.l L'Ylf1111.h [j~~ll.f1\1 LL~::rt\l till. Lall.-LLaSfi.y;~-~-n~lf15Jflijll. ~"lJl rJ111.1lJ ~11Lf1ijiJ~~Ull.ij

. 'II 'II , 

11mnl1 57,700 1Jl'Yl/nl~n111 i.'f'm~~LlIaf"lJa\l~f1~ll.~a Lall.,L311.-~~LLaSfi.y;~~f11~~1J1E1~ ij11m~\lnl1
'II 

"" y ""y ...J "" , ~ "" .r 'I. I"" "" 1 ... , .f0

900,000 1Jl'Yl/n111 LL~:: LEI~ LnLlIeJ1'Ylll"lJll.l~ 3-7 'VIWJrJll.ll.1I11f11~\I"lJll. LlJElnmll~l~1J 5Jf\l~11L'VI~111. 
'II 

1iLUll.i.'fl11.~ ~lI'V1an111.m1n1Yl Ell n11L ~1JlJl ~mll"llEln1::~n ~lWl1J ~lh rJ~ dj ll.11f1 EI EI ~fil EI EI1f1.'Yl1fi ~ 
'II 'II 

(osteoarthritis)2 1f11\1nl11,rrJd~\I Ell~i'i EI~~11LUll.~ ~ ~11 ~ll."lJ EI\I nl1LLlJ11lJ lt1 ~~ 1J ~ EI~f1~ll. LL~::~f11~ 
, 'II , 

5Jfl11.1iLUll.~11L f1 ijll1 L~n~"lJ ll.l~L~n fl\l ~ ijlJ1::Lml'll.111.'Yll\1 Ll1 ~'m1111~ij11m ~\I;fll. 
, 'II 

111.\ll11.1~mfla\l~ll."lJa\lL11~1Jl1LElll.~5Jfaf,nn Burkoderia cepacia ~11111f11i~~~ L~ll.-LLElon.y;~-~-
n~1f15Jflijll. ~ln ~f1~ll. 1I1nnl1 90% 111.Ll~1 1 111. 1~tlrr~11~11i'htl111.nl1~~~111.1::~1J 

'II 

i EI\llJ~u~ m1~::EI ~~lJ1::1I1 ru, 800-1,500 1Jl'Yl/nhn111 LL~::nl"lJ mtl"lJll.l~nl1~~~n~::~11111t1~~ 
11mnl1~~ ~~Elnhn111 ~\I mh\l ij,rrJ~l~ill~lliin EI til \I~1nlilll1~~ L~ll."lJ a\l nl11~rJ d't1J~~EI ti~ ~ll. 'Ylu 

cal " cu .. 

n11~~~~lLL~LVl rJ\lEI til \I L~ rJl LL~ EI ti~f11111lJ~ E1~.ntlLL~::f11111 LUll.iiIil1~ EI ~\I LL 1~ i EllI~ ij1l1nnl11nn11
'II 

~~~1~ rJ1iWl1Lf1ij~\lijn1::1Jl11.n11'Yh ~~IiI.nru,6fl1i1J1~'Ylf~ ti\l mnOJ11Ji'Elll. , , 

"".1 ..1.3 1~t1lJ1::~\lf1, 
1.3.1 ~n1Yln11tiEltl~f1~ll.~lmall.~5Jf~JLYiEIL~1rJlI L~ll.-LLElSfi.y;~-~-n~lf15Jflijll. (GlcNAc) LL~:: 

'II 

L~ll.,L311.-~~LLElSfi.y;~~f11~~1JlE1~ [(GlcI\lAc)21 LL~:: ~n1Yl'V111nLLrJn~~~.nm't1~\lmhl aEln~ln"lJEI\I~~lI 

111.lJ~mm 

1.3.1 ~n1Yln11tiElrJ~f1~ll.~ltln1~~e]1~1f1~El1mYim~1rJlILn~Eln~lf15Jflijll.~e]1~1f1~EI~1~
'II 

1.4 "lJEl1JL"lJ~m11~rJ 

til m1~n1Yl'V11 LElll.~5Jfaf LL~::~1111::~L'VIlIl::~lI~lWl1Jn11ti EI tl~f1~ll.1iLUll.~~~.nru,.yfJl~l~ 
L511.-LLaSfi.y;~-~-n~lf15Jflijll. (GlcNAc) LL~::~~LLEI~.y;~~f11~~1JlE1~ [(GlcNAch1 ~1E1mr\lnl1~n1Yl'V11 

'II 

~1111::~L'VIlIl::~lI ~1'V111Jnl1ti EI rJ~f1~ll.liLUll.~~~.nru,.yfLn~Eln ~lf15Jfl ijll.~e]1~1f1~ EI~1~ (GlcNHCI)
'II 

~1 rJm~~e]1~1f1~El1n1~rJijf1~ll.rr~~1115JfitmUll.~1"lilrJ 

1.5 ln~lLUll.n111,JrJ1~ rJ~ltl'YlCl1Ylj LL~::/'VI1E1Lm1'Yll\1f11111~~~lb1l11,nll.n111,JrJ 

-LLU\lLLll.l'Yll\11n~1Litll.m11,JtlLUll.~EI\I'Yll\1~ EI 


1.5.1) n11tiElrJ~ltlLElll.~5Jfaf 


1.5.2) m1tiarJ~lrJm~ 


1.6 lJ1::lrJ"1nrfim~11~::~~11J 

~~\ll11.~Yi lIvf~\l111.111~111"111 n111::~1J ll.l11.1"111 ~ 

http:11Lf1ijiJ~~Ull.ij


J" ...:
2. L'lUH'lth:l 

Jl~lma'U.-LLa5fiYi~-~-niil1~"lflii'U. (N-acetyl-D-glucosamine) LL~::"~1~1a~1mLoi1n~Tf't'i~ 
"\I 

(Chitooligo-sacchride) LU'U.~Tf[ulflL~1~13..1 LiiI niil L~ n~"~~lnnl1i~,ntJ"~ ~'U.LLiiI::"~1~"lfl'U.~>'I ii 
q 

~11 ~ ~1~qJ'Yll>'1ihlll~ ~1'V11U...r>'l i~{LLiiI ::-W"lf ~>'I"~ii nl1~n lYl LL~ ::\1.1"1.l1.h:: ~n ~1.i...r>'l 'Yll>'1 ~l'U.LIl i"lf 

m1~ LL~::LnlY~1m1~20 L-n'U. -n1 tJ1nlYl Ell n11L~1J1.h~~l~"lian1::~n ~1'V11U~iJ"W~LU'U.11~ a a ~fi1aEll1 
"\I "\I 

"'Yl1fi ~2d -n1 tJ iilhXIl ii ~~n'U.Ill tJ 1wh >'I nl tJ ii 1.11:: a'Yl rrIII ~ ~1 nit'U.21 L U 'U. ~11~-n1 tJ £1'U rT>'I nl1 
"\I q 

22 
L~1U1 L~U1~"lJ a>'I LLu~fi L1tJ Lu'U.a1'U.1.h::n au~~1~UI"lJ a>'I ~U>'l L"lfiil ~'VI iillmh:: LIl'Yll'U.11>'1 n1 tJ11~-#>'I £1'u if>'l 

v v 

.. .. 1 .d' '1' 23 ,,,.... A .. 'II " 24. 25 !'UcO .. 
n11L1l1U1L~U ~"lJa>'lL 'U.eh'lanIlllJ ~ 'U.11>1n1lJ LLiiI::~tl~1'U.~~1~"lf'Yl1Jl1un1'U. ~~ an~1tJ 'U.lm~La'U.-

v "\I 

LLa5fifiiil-~-niil1~"lflii'U.LLiiI::"~1~1a~1nLLoi1nmfb~£1'>'Ilii>'l L~11::~~mU'U.a'U.~'U.rr~l>'1 ~ "lJ a>'ltJ1L ~11::L~a
"\I q ) 

, .'1"" J.. ..¥26 
11~::'Yll ~ 'VI ~f\'Yl1i'Yll>'1"lf11l1~ m mJ'U. 

1'U.n11i~~1 tJ"~~'U.LLiiI::"~1~"lfl'U.Lvl a 1 'VI1~~~~.nrn.nL'VI ,hd ~1m1rt'Yh,,~...r>'lirr'Yll>'1L~ii27 LLiiI:: 

nl11iLa'U.""lf~8 LL~n111iLa'U."-n6ft!'U.~::ii"lia"~L1ntJu~ln nl1irrnl1'Yll"L~ii'VIiillmh::nl1 L-n'U. nl1 

~1U~~U nn1tJ1t!'U.'Yll1~~a'U."lil>'1~1 tJ UnmtJ1Ln~,]'U."~~a rn'VIllii LLiiI::~11~~'U.un~ ii~11~-;}lL~l::~a 
q :..t :..t q "\I 

iU~L~1'Yl ~>'I LL~::iiu~mtJ1"lil>'1 L~m,xa tJ 

l'U.'VI~llJiJ~~l'U.m iimitJ~n~lf\'Yl~tUn11titl 1J1,~~U"lJ a>'lLaUl,"lfaf'VI~llJ"lf-U~l,3.iil~::LiJULElUI,"lfaf
"\I 

~ln11 LLU~fiL11J'VI1mau""lfaf~ln~"lf ~>'I La'U.L"lfafL'VI iihdii f\'Yl~tunl1ti a tJri LL~n ~l>'1nUa anI,U LLiiI::l,~ 
~~~.nrn.n...r>'l~Lu'U.Jl~1ii11~LiilniilL~tJ1 LL~::1a~1mL.nnmfl1~"lJ'U.l~~l>'16J4.29 

q 

1 'U.>'Il'U.ii IJd~::~nlYln11~~~,rlmiilLa'U.-LLa5fiYiiil-~-niil1~"lflii'U.LLiiI:: Lau,L a'U.-,,~ LLa5fifiiill,~1~I,U 1a 
"\I 

~~lnnl1titllJ"~~U~1mtm""lfaf 3 ''If-U~~a Ltm""lfaf~u~ln11LLEl~L~af~~~~ yJihm1~ (Aspergillus
"\I 

fumigatus) LElu"-n~1~60 (Chi60) ~lmLu~fiL1tJlm"lfElf11LfilJ~iJ-i~ (Serratia sp.) LLiiI::LElUI,"1Jaf~ln 

5fi1~J11J1>'1~ii~ail Lel11u115fim~lJu5fi~(Hevea brasiliensis) 1~tJ~n~1t1>'1u~itJriii~~~anl1~1u~~ 
q 

nl1Ln~~~~.nrn.n~~a>'ln11LLiiI::'YllnTmtJn~~~.nrn.naan~ln"lJa>'l~~~luu~mtJ1 
ii~rn::milJ'VI~ltJ~rn::"~~nlYlt1>'1n11~~~JlmiilLau-LLa5fifi~-~-niil1~"1JliiULL~::,,~1~1a~1mL.nn 

"\I "\I 

~1"1~~ln"~~'U. Lrta>'l~ln ~11L'VI~ld~1~11tl\1.1"UU1:: IJn ~1.-tl~-#>'I'Yll>'1nl1LL~'Yl£r LIli"lfn11~ LL~:: 
q 

Ln~~1n11~ LL~1'U.iJ~~U'U.n11~~~JlmiilLa'U.-LLa5fifiiil-~-niil1~"lfliiULLiiI::"~1~1a~1mL.nn~~1"1~ "~m 
q "\I 

~lnnl1\1.1"~~'U.LL~::"~1~"lflU~1'YllU~mm"el1~1"~5fi~~1 tJn1~'VI1a~1>'1 LL~n1::U1'U.n11L'VI~ld~a>'I 

alvltJ~1l11::~1'U.LL1>'1 L-n'U. a rn 'VIIlii ~>'I ~11~i'U.~>'I LLiiI::U n n1tJ13Tn~::ii~11~-;}1L~1::~1 l1XLU afL.nw~i 
q q"\l "\I "\I :..t 

"lJEl>'l ~~ ~.nrn.n,xa tJ ~ n...rMT>'I~a>'I iin1::u1unl11'U.nl1r11i~n1~'VI1tJ ~11riliL1>'1U~n1tJ1 ri a'U.\1.1~11i 
LL~::"lJa"L~tJ~l nn1::u1unl1~~ ~d~1~11tla>'l ~~n1::'YlU~ a ~>'I LL 1~~El~"~ 1'U.'VI ~1 tJtI~ ~1'U.~1"~ii 
nl1~nlYlnl1ttl LElU""lfaf~11i~~~l tJ"~ ~ULL~::"~1~"lfl'U. L~11::~1~11tl'Yh"~~llJ IlltJ1~~1l11::~"1l 
1'U.LL1>'1 ~~11tlL1>'1n11Ln~1.JnmtJ1n11~~"~~arn'VIllii~1 'U.an~lnd£1'>'I~lm1tl~1U~~n11Ln~u1imtJ1 
If :.J.. cu .. ow 

"~~1 tJ l1XLu afLoi1'U.~~~~.nrn.n~c;a>'lnl1~>'1 ii"lJ a>'I L~tJ~Ln~~ln n11~~ ~~lLLiiI::ii~11~ LU'U.'YilY,xa tJ 
"\I 

http:alvltJ~1l11::~1'U.LL
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L 11 ~1 :JJ1'.Hl VaJ LEI \I,i,5JlaJ~ L1~U ~ n1rl1 nl1tJ EI rJ i,fl ~ \l,LL~::i,fll ~5Jll'U.1 \I,~~ ~;g1 ~VI ~1 rJ·lrU~ L"Ii \I, 

:JJWM£J, i~l (L"Ii'U. n~, U, LL:JJ~~~h~ '), Vi'] (L"Ii'U. "1Yl1,1'IJr.J1~'IJ, m~~111, aJ'U.L'Yl~ LL~::tt1~h~ ') LL~::,;)~
'\ q 'U CIJ q 

'U.'Yl1£J 1~rJ~~~i1~LVliihU1,rLEI'U.i,5JlaJLyj ElU1::lrJ'],n'U.nl1~11~i~~I~ ') n\l, L "Ii'U. 1'U.m1~Elnfl11'IJVl1E1 

LLti~ L5Jl~ tfL yj EI nl1L,;)1UJ L~ 'IJ1~ nl1 tJ EI rJ EI1V111 LL~::nl1'Yh ~1 rJ ~~1V11E1 ~~ ~i1~~ :JJl1n11'U. L U'U.~'U. 
.. 'II q 

LEI'U.i,'l1aJLVlfhd'ij~l:JJn~:JJ1V1qj~EI LflYim~ (chitinase), L~nl'l1'l11ijUL~~ (hexosaminidase) LL~:: Lfll~ 
'l11\1,L'U.~ (chitosanase) l~ rJ~ LEI'U.L5JlaJLL~~::n fl:JJ,;)::ij ~:JJ'IJ'1iLL~::m1'Yh~I'U.~ LL~n~l~n'U.EIElnLui~U 

q 

1. LflriL\I,~ (chitinase: EC 3.2.1.14, glycohydrolase family 18 LL~:: 19) 1i~~~.nru.6tfLu'U. 

,rl~lma'U.-LLElouri~-~-n~lfl5Jll~'U., La'U.,La'U.-L~ LLElOUri ~Lfll~i,'IJlEI ~ (N,N'-diacetylchitobiose) Vl1E1La'U.­
'II 

LLElOUri~i,fll~ lEI~lmL-nnfllh'il tf~u~~~.nru.'ti'~i,~';)::ij"lJ'U.l~~'h L~1::~umjn'IJ']ii~"lJEI~ LEI'U.L5JlaJ~1,r
'II 

1~r.JLEI'U.L5Jlmflrim~U~mLti~Lu'U.~EI~n~:JJ1'V1qj ') ~EI LLy.Jij~ 18 LL~:: 19 ~~LLti~~I:JJn~Lnnl1 
Ln~u~mmLL~::1fl1~ ~n~"lJ EI~ LEI'U.i,5JlaJ 

2. L~nl5Jl'l11ijiiL~ ~ 'VI1E1 Lfll~L'ULEI ~ (hexosaminidase 'VI1E1 chitobiase: EC 3.2.1.52, 

glycohydrolase family 3 LL~:: 20) LU'U.LEI'U.L'l1aJ~d~nl1~~Lfl~'U.,;)ln'IJ1Ll ru.U~1 rJ~1 m 'Yil,!\I, 'VI1EIL1~ 
u~mrnm1~~i,fll~i,11lE1~LL~llit.J~~.nru.'ti'LU'U.,rlm~ La'U.-LLElouri~-~-n~lfl5Jllij'U.~EI~l:JJL~n~ 

'IJ q 

3. i,fll~5Jll'U.m~ (chitosanase: EC 3.2.2.132, glycosylhydrolase family 46) LU\I,LElUi,5JlaJ~ 

L1~nl1~~ ~11Lfll ~5Jll'U.l ~ rJ,;)::hI ~~ ~1 rJ Lfl ~'U.LL~::1i~~ ~.nru.'ti'LU 'U.,rl ~1 ~n ~1 fl5Jll ij'U. 'VI1E1 ,rl~1 ~ 
'IJ 

l:JJL~n~~"lJEI~ n~lfl5Jll~'U. 
q 'II 'IJ 

n fl:JJ1-;)rJ"lJ EI~L 11 L EI~ iiLi'Y'hnl1~n 'Ifl 'Yll~ ~1'U.U:JJ1~ EI~:JJ fl11LL~::Lfl rJ L~1'IJ 'Yl 'U. ~,r'IJ ~'U. 'U.,;)1 n'Yn~ 
q q q 

:JJ ~ iin-l 'Yl L 1 LL~::iJ';)';) U'U.,;)ln ~rnU'U.1-;)rJ l~ 'VI:: LL~::l~~ LL 'Vi~,]1 ~ ij ~ ~~I'U.~ 'W :JJ~1 'U.1::~'IJ i EI~U 1i U~ 
'IJ q q ~ 

'Yll~~I'U.U 4 'IJ'Ylfl1l:JJl mh~ 3 iJ~e-Jl'U.:JJ1 L11~~ijfl1l:JJ~'U.1,;)~,;)::"lJtnrJ"lJ EI'UL"lJ~ LL~::vr~'U.l~I'U.i-;)rJU1i 
~:JJ11n~'IlJ'U.lLu~m11,r,;)1~1'U.EI~ ~1'V1 n11:JJL~i.'U.~ ~~ 

'IJ q q 

1'U.~1'U.1-;)rJU';)::~n'Iflnl1~~~,rl~I~LLElijl 'U.,;)lnnl1tJ mJi,fl~u,;)lmLnU'VIljn~l tILElUL5JlaJ 3 ']ii~ 
~EI LEI'U.L5JlaJ~'IJ,;)ln11LLEI~L~Elf~~i~ ~ijLn'Y1~ (Aspergillus fumigatus) LL~::LEI'U.L5Jlmfl60 (Chi60) ,;)In 

LL'lJflyiL1rJ1'U.L5JlElfl1 LYi tI~iJ;g~ (Serratia sp.) l~ rJ~n'Ifl~~1J,;)-;)rJ~ij ~~ ~ EI m1fl1'IJfl:JJnI1Ln~ ~~~.nru.'ti'~ 
q 

~EI~m1LL~::'Y'hm1LLrJn~~~.nru.'ti'ElEln,;)ln"lJEI~~~:JJ1'U.u~mr.J1 

Ad 0 A A Q.,o • 

2.1 11lm1mL'U.um11,;)rJ (Matenals & method) 

2.1 .1) m1riElrJ~ltILEI'U.L5JlaJ 
, , 

.... 'i.I 'i.I 4 A '" a." ACV 

a. flUfl11 LL~::11'IJ11:JJ"lJ EI :JJ~'YlLn rJd"lJ EI~n'IJ~IU1';) rJ 
'IJ 

b. -;)~'VI1~11Lflij LL~::l~n~'IJ~,h LU'U. 
q 

c. tb Aeromonas hydrophi/a MOK-1 ~~~L~Eln~lrJW'U.fLL~lil~I:JJ11n~~~LEI\I,L5JlaJ 
. q 

tJElrJLfl~'U.L~ ,;)ln~1. 1~ ~,]UJ1~n1111fli1Lflij ,;}'Vfl~~n1ur:JJ'VI11'YlmirJ :JJTt11nl1 
.... QI CIJ ct 

L~rJ~LYi:JJ-;jl\1,l'U.LvjEl\bLU~n'Ifl~EI LL~::Ln'IJLU'U. stock LiEl 

http:EI~m1LL~::'Y'hm1LLrJn~~~.nru.'ti'ElEln,;)ln"lJEI~~~:JJ1'U.u~mr.J1
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m:JJ1 rn:JJ1 n L"Ii 'U. 

• 	 n111iLLEI~v.J1LL~::LlJ~1~Tl~'U.~1::~lJ 0.5,1, 1.5 LL~:: 2% LU'U.LLVlG;\>!mflJEI'U. 

• 	 E1rnVlllijl1 30 - 50°C 
q 	 'IJ 

e. 	 Vll ~1l11::~LVI:JJ1::~lIrllJ n11tiEl rJ"lJ E1>! LEl'U.~'lf1l 

• 	 E1rnVlllij~LVI:JJ1::~lILL1..l>!LU'U. 2 -nl>! ~E1 30 - 45°C LL~:: 45 - 60°C 
q 	 'IJ 

• 	 -WLEI"1l'~LVI:JJ1::~1I1'ilrJ~n'l!fl1'U."Iil>! pH 3.5 - 8 

f. 	 ti El rJ~Tl~'U.~l rJ LEl'U.~'lfmVll~~~'il.nrn"YlLu'U.Jl'ill ~ LLElij1 'U.111L~n~ L~ rll LL~::1l1L~n ~~ 
q 	 q 'IJ 

1'ilrJ1mnn11V1iJmLlJlJTlf>!L~ rll, LLlJlJ~>!~miiEl>! LL~::LLlJlJ~m itEl>! 

g. 	 .yhn11LLrJnJl'ill~111L~n~L~rll LL~::Jl'il1~111L~nfl~1ilJ1m'l~ 
II 	 II III II 

'" ... tI .a.a 	 .a d.ciQ 6" d

h. 	 lLTl11::VI ~1 ~~ LL~::L"lJrJ'U.L"lJrJ'U.11rJ>!1'U. LL~::L'il1rJlIlJ'YlTllll1LYlEl~>!'ilYlllYl Vl1E1 1l'il 
q 

~'YlTI,rm 

2.1.2) n11tiElrJ~lrJn1'il 

n) 	1'ilrJ1iTl~'U.5fl'il111"l1ii.Tl"IilrJd>!tI~mm 
, , 

'" 	 '" ",.a.a '" QQ.,ooQ.,oo a. 	 Tl'U.TlllLLfl::11lJ111l"llElllfl'YlLnrJl"lJEI>!nlJ>!1'U.11lrJ 
'IJ 

b. 	 i'ilVll~11LTlihLfl::l'ilt1~lJ~-:ijl LU'U. 
q 

c. 	 ~n'l!fln11tiElrJ~Tl~'U.1l1mtl~E1nn>!lJ'il"ll'U.l'il 200 mesh ~lrJn1'il~eJ1'il1TlflEl1m,]1I"lj'U. (12
q 

M) ~1::rJ::Llfll~1>!6)rl'U. 1'ilrJ1,n"llULTlL'ilElf-nlrJ 

d. 	 'Yiln11LLrJn ~~'il.nrn"YlLn~E1nfl1Tl'lflii'U.~eJ1'il1TlflEl~1111 (GlcNHCI) Yl1E1mf>!~1'U.lrnVll 
'IJ 

LtiElfLojj'U.II1~~~~'il LmrJlJL l1rJlJrllJnl1ciEl rJ1'il rJ~~1iTl~'U.5~'il111"l1ii.Tl 
e. 	 Vll activity "lJEI>!n11tiElrJ1'il rJ1i 1"l1ii.LTlL'ilElfLU'U.il"IilrJd>!u~mmn11riElrJ 
f. 	 ~n'l!fl1hirJ"lJ E1>!5'il11~1'U.1::V\'"h>!m:JJ1 rn~Tl ~'U.rllJn1'il~eJ1'il1Tl~E11m,]1I,]'U.~ii~ EI 

Ltl E1fL.u'U.II1~fl ~~ 'il LLlJU1"1l'1"l1ii.LTl L'il Elf 
I 	 Q.a 0 Q.,oo I 

g. 	 VllTll pH LL~:: E1rnVlllll'YlLVI:JJ1::~1I~1V11lJnT~lJElrJ 
q 	 'IJ 

h. 	 'ildlll~EllJrI~'il.nrn"Yl~~~111nm1riElrJ~'"W HPLC 

i. 	 LLrJn~~'il.nrn6fl1ilJ1~'Yl~~lrJ n11'iln'il::nm-l. Vl1El1Tl11111'Yln11v.JYj
q 

"lJ) 1'ilrJ1iTl~'U.~1I1Tl1Llv.J"Iilm1>!tI~mm 

'" '" '" d d '1.1 QQ.,oo
Q..I

j. 	 Tl'U.Tlll LL~::11lJ111l"lJ E111 ~'YlLn rll"lJ El>! nU>!l'U.lll rJ 
'IJ 

k. 	 i'ilVll~11LTlii LL~::l'ilt1~U~~l LU'U.• 
I. 	 ~n'l!flm1ciElrJ~Tl~'U.1l1mtl~ann>!lJ'il"lJ'U.l'il 200 mesh ~lrJn1'il~eJ1'il1Tl~El1m,]1I,]'U. (12• 

M) ~1::rJ::Ll~1~1>!6)n'U. 1'ilrJhfl1l1Tl1Llv.J"IilrJ 

m. 	 .yhn11LLrJn~~'il.nrn't1Ln~Eln~1Tl"lllii'U.~eJ1'il1TlflEl~1111 (GlcNHCI) Yl1E1mf>!~1'U.lrnVll 
'IJ 

LtiElfL.u'U.II1~~~~'il LmrJUL YirJUrlUn11ci E1rJ1'ilrJ~~1iTl~'U.~1I1Tl1Llv.J 
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n. 	 'VIl activity "lltl\lnT';iciEHJl~HJli~~UL3,11~1Ll,..hiluiT'1il m1\1ll~mF.nnT';icit:w 
o. 	 ~m~n;lil~tJ"lltl\l5ml~lU1::'V\'Jl\1m3J1rnL~~UnlJn1~Lvl~1~fltl1nL-n3,1,yu~~~tl 

LtltlfL.nU~~fl~a~LLlJlJli~~uL3,11~1LlyJ 
I 	 A&::i 0 Q.; I 

p. 	 'VIlm pH LLfl:: tlrn'VIfl3,1'YlL'VI3J1::~3,1~1'V11lJn11tJtltJ 
q 	 'IJ 

q. 	 ~111l~tllJ~a~.nrn'l'1~L~,nnn11£itltJ~ltJ HPLC 

r. 
d 	 d .4.c1A t: 4 A ALooo 

s. 	 L"lltJU11tJ\llU LLfl::LCil1tJ3,1lJ'Yl~113,1L~tlfl\lCil~3,1~ 'VI1tl llCil~'YllllJCil1 

.cIo ~ d 	 A 6' fi' Q.;A 

~rllU'Yl'Yl1n11'YlCilfltl\l rn"15U 13 Ciln3,1'VI13Jn n ~rn::l'YltJ1Y'11~Cil11lmfl\lmrn3,1'VI11'YltJ1fltJ
q:.J 	 q 

2.2 	~fln111~tJ 

~1t1ntJ\llUl~tJ~L~~1 Lit Un11LllLLall uil 2550 ii11tJfl::LBtJCili\ld' • 
L~~m~nnl1 LCil1tJ 3,1 ~11L~ ~ LLfl::1Cilrl,~lJ ~-;}1 LiJulCil tJ'Yh nl1LCil1 tJ3,1 LL nutl fll'V1ii n~lJ Cil LL~13,1l 

LCil1tJ3,1 ~ tlfl fl tltJCil1~~ulCiltJyhnl1LCil1tJ 3,11U~fll1::~ LiJun1Cilll::L~~Lfl tlf1;"ll11 '\.b~ El flfl tl tJCil1~~u~ 

LCil1tJ3J3,1l'V11 activity "llEl\lLElULomhln11 Aspergillus fumigatus LLfl::1~flULLlJ~.yiL1tJ Serratia sp. n11 

Cil n Cil::n ElU GlcNAc El El n1l1n~a Cil.rlrn'l'111113,1"151~ L~ El n 1 -.n,i'l-Ltl'YllUtl fl Lyj El1,n U 1::lJlJ ~\I LL~nl1 
CilnCil::nElUCiln~aCil.nrn'l'1ElEln3,1l~ ~;L'VI~ El\l e:iElULLfl::~~113,1lJ1~'Yllf 90% ~\I LilU~fl~L3.hb~El111 n11 

q 

fh~Cil; 	(decolorization) ~\I LilU1TI~"1il tJ~\I L~13,1LLfl::t11lJtl1\1~113,1lJ1~'Yllf"ll El\l ~a Cil.nrn'l'11~ ~\I ~fl L11 
q , 

~13,1l1rl ~1t1 ~ fl nl11~tJ L~';hnl1 £i tl tJ L~ ~U1l1 n LLn U'VI ii n 1 '"~ a Cil.rlrn'YlL BU-LLElOU'Yi fl-~-n fll ~'1l1~U 
, 	 'IJ 

(GlcNAc) LLfl::LBU. LaU-LCil LLElOUYlflL~lCilLlJ lEl ~ [(GlcNAc)2] El £il\1 LU~1::L1l1::ll\lL~ LElUL'1l~1l1 n11 

Aspergillus fumigatus (4 U/1 9 of chitin) ~13,1l1rl£imJL~~U (3% w/v) ~ pH Lilu 3 Elrn'VIflij 40°C 
q 	 'IJ 

L~~aCil.rlrn'l'1Lilu GlcNAc ~lmllElfL']U~~fl~aCil 72% flltJ1ULlL'l1 2 1U n11£imIL~~U (3% w/v) 

~lmElUL'1l~1l1nl~flULLlJ~.yiL1tJ Serratia sp. (1 U/1 9 of chitin) ~ pH L'YhnlJ 6 Elrn'VIflij 37°C vh 
q 	 'IJ 

n11U3JLUULlL'l1 6 1ul"'~aCil.nrn'l'1LiJu (GlcNAch LLL'l:: GlcNAc ~lmtiElfL.]u~~aCil.nrn'l'1 43% LLfl:: 

2.6% Cil13,1ihilJ n11vhl", GlcNAc LLfl:: (GlcNAch lJ1~'Yllf~13J11rl·tl1LCillCiltJn11CilnCil::nElU~lmEl'Yl1, 
UElfl Cil13,1~ltJn11rh~Cil;~ltJ~\I~lUn3,1iJu~'VI1Elli~El~3J'\.(~~~\lthun3,1iJu~'" GlcNAc lJ1~'Yllf~ltJ 

q 

I 	 ~ 'I"
A n THI tI tI i!'UlLmu1f3J 

n111~tJ.ffu~ ElLtl LiJUn11'Y111'"~aCil.nrn'l'1lJ1~'YllflCil tJnl1~.hu~ tl~3,1tl.l~13,1llCiln11yJYl~lJ111l ~\I 
q 	 - . 

~lun3,1iJu~,.rU~'VI fll tJiJll~tJ~~El\ltl1lJtl1\11"'~t11::~'YlTIfll~~~;fu LL~::~13,1l1mLtJnrf\l GlcNAc LLfl:: 
q 

(GlcNAch 1"'lJ1~'YIlfL~~;fu~\I~ElLtid, 
1) Loading capacity of the activated charcoal column 

n11irU~lU"lltl\l-;}lU1U Crude product 1l1nnl1£iEltJ~lmElUL'1l~ rlml1~·hu~tl~3,1ul~13,1l1Cil
'IJ 

nnyJYl~lJ111l~\I~lURl1iJu~ 60 n13,1 1~13J11CilLLn13JLL~Cil\lii\lm3,1lrn,i'lCill~rf\l'VI3,1Cil1.86 n13,1 ~13,1l1rl, 

http:1~13J11CilLLn13JLL~Cil\lii\lm3,1lrn,i'lCill~rf\l'VI3,1Cil1.86
http:tJnl1~.hu


bbrm 1::vl'hJ GlcNAc LL~:: (GlcNAch 1i~~\I~1i11t1\11'\.l,hl.f1f\l~LL~1 hwii R (retention time) =1.7 

~\I'VI:IJ1 t1f1111r;hn11LLtln ~11J11rl'Yll1ifl rl1\1 ~1J1J1rn 'VI~\I,;)ln n11'Yll1iLLi\l'llfl\l LL~~::~1'\.l,111JrlU'll fl\l 
'IJ 

(GlcNAc h J1m ~~1i:lJ1djU'li fl\l LL-n\lWn11 LL~ ::iifl111J1J1~'Yl1f~\I 
, 'IJ 
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:­
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Figure 1 Chromatogram of activated charcoal column loading by 0.44 g of total GlcNAc and (GlcNAc)2. 

Table 1 Column resolution between GlcNAc and (GlcNAc)2 at various amount of loading sugars 

GlcNAc+(GlcNAch (GlcNAch % purity
R

Weight (g) obtained (g) determined by HPLC 

0.44 0.37 1.8 98 

0.89 0.85 3.2 100 

1.86 1.63 1.7 90 

2) Effect of loading volume of the Imgar solfltion 

~1'V111J1Un11~~'il (GlcNAch 1'\.l,~Ln~1'V1qJ\t11f1~u~;)nrlflmL~1 (-150, 300 mL) ,;)In 

LEm1'1J1J1cn t1'il1\1 L~1J~\lltJtcn t1~lUfI El~m!N\lti1ll.rl1J3Jl!.~ fI flim!,;)lntfl11J1t'il LLn11J LL~cn\lliL~U11 

n11LLtIn1::'VI11\1 GlcNAc LL1iI::: (GlcNAc)z ~11J1"(l'r'h1~'iltl'il1\1t'iltl~ crude hydrolysate ,;)ln~tifltl 

i1mflU1'1J1J1cnrJ11iifl\l~hun11'Yll1iui\lnfll!. (Figure 2) J1'il1L'l~L~1JL'l\l1uJ\I'VI1J'il,;)::L'l'ilL'l"n11 2 
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Figure 2 Chromatograms of GlcNAc and (GlcNAc)2 starting from diluted hydrolysate (250 mL) with 

starting sugars of 1.86 g/30 mL (a), 2.27 g/150 mL (b) and 2.58 g/300 mL (c) 

3) Effect of enzyme/chitin ratio to the product yield 

L~mYi1Jmmru."1JEh'l~~~nm-'l'f (GlcNAch LTI~'U.r:mciEHJ1~[Jnl11iLEl'U.L"lf3f 5 U/1g "1JEl\lLTI~'U.~ 
'IJ 

iimm~d1'U.1J~n1[J1~\I~1J~L'Yhn1J 300 ij~~~~d ~tr\l';Jlnmdcie)[JdJ'U.n~l 61'U. ~d'U.~~nciElmL~d 




., 
(150 mL ,nnrl.JVI:IJ!il 250 mL) rlnL~m~.Ji,t1hu.J.Jnl\\,fl:IJ3JulilfiElimr l!.J~nl1'Yl!il~El.JLL~!il.J';hi,~

'II 

1!.J~!illlrn't1~dJu (GlcNAch (2.07 g) ,nn 150 mL "lJEl.J~l'\.t'Y\r1ncimJLL~l ~11111r1fllulrni,!i1
'II 

Ltl ElfLoUulil"lJ El.J 1!.J~!illlrn't1~.J Lyhnu 40 LL~::iifll1:IJU~~'Ylt 100% (Figure 3) rY.JUrY.J,!U[J.JiiUl.J~lU
~ 

"lJEl.J1:IJ1UL:IJ Elf LL~::i,!il L:IJ Elnun1lliUI!.J ~:lJnui,1l~1 :lJl1mLrJn ElElmnnnui,~~:lJU1rnEl ciUl.J~.J,;)::L~ui,!i1
'II 'II 

,;)ln~fI1f11:IJ11!iln1:IJ (Figure 3) ~.J dJU~~ILV\~~LtlElfLoUulill!.J~!illlrn't1~!il~l~.Ji,t1ul.J Elii.J 1!.J~~i,~U 

LiJ UI!.J ~~~~ ~!ilVl ~.J,;)1n ii n11t11U L t1~ rJ Uel!il11 ~1U"lJ El.J LElUi,"Ilar~mnmrn"lJ El.Ji,fI~U 
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Figure 3 Chromatogram of GlcNAc and (GlcNAc)2 from the hydrolysis of chitin by enzyme 5 U/l g of 

chitin. 

4) Purity analysis of sugar 

n111 Lfl11::,",fI'"nllU~~'Ylt"lJ El.JJ1!ill~ GlcNAc LL~:: (GlcNAch r1nl!il!i11rJnl11"If 2 L 'Ylfl\tfl fi El 
1 'IJ 

high performance liquid chromatography (HPLC) LL~:: nuclear magnetic resonance (NMR) ~.JI!.J~ 

n111 Lfldl::,",LL~!il.J1iL~u11 GlcNAc ~LLrJn El Eln:IJli,~,;)lnnl1!iln !il::nElu!i11 rJ LEl'YllUEl ~,;)ln ~11~::~1 rJ~ 
iifll1:IJL-nll-numn ') 1 ri'fll1:IJU~~t"lJ El.J 1!.J~!illlrn't1t1.J 90% fll111U~~'Ylt~:lJl1r1~';)::t11Utl1.Ji,!i1,;)Ut1.J

1 q ~ 

100% 1!il rJ1TIfhi!il;~1 rJ l!.J.Jrhun:IJ3JuIilLL~il!.J~!illlrn't1Ul.J ~lUVll rJi,t1 n11LLrJn"lJ El.J (GlcNAch 1!il rJl!.J.J 

rhun:IJ3Julilfi Eli:IJ,.r~l rJJlw,rnJl!ill ~~LVI 111:: ~:IJ LL~::1::uunl1"1l::~1'"'I!.J~ !illlrn't1iifll1:IJU~~'Ylt 100% 
q 

(Table 2) 

Table 2 % purity and % isolated yield of purified products by using different purification method 

Method of purification product % purity % isolated yield 

Precipitation GlcNAc 90 71 

Precipitation + decolorization GlcNAc 99 64 



40Activated charcoal colwnn (GlcNAc)2 100 

m11'il'VI1R113J'l.l~~'Yl~ 1'ilrJLiL'YlTliiTi 1H NMR ,fu1'ilrJnl1LmmJLfimJ~LUTl'il13J 1H NMR
• 

"lJEl\l~1m'il1;jlUn1J~~'il.nUl.sJ~L11'YllLL£Jni.~ ~L'l.JTI'il13J"lJEl\l GlcNAc ~i.~m,nnm1'iln'il::nElU~El~lrJ.. 
m1rhi'il~{ln~~';}t!Tl113J1J1~'Yl~e:J\I~~'il.nUl.sJ~LL£Jni.~~lrJ GlcNAc m'il1'iilU (Figure 4 a)· Lun1m 

'\I 'U , "'" 

"lJe:J\I (GlcNAch ~LLrmElElnm1'il£J~lUTlEl«3JulT113Jl1'iln11yJYJLL1J1J~\lY;hun3JlTu.,f,fwr~1Jl1iqJqJ1U1. 
L~n ']~'l.J1::mUl. 1.0, 1.8, 2.1 LL~:: 3.0 ppm ,fuLiJuiqJqJ1U1."lJEl\l~\lL~El'l.JU LL~LrlEl£JmiuiqJqJ1U1. 
i\lnL'llTW1Jl1 iruun UI.rf\l'VI3J'il~ ~';}U1~11 LiJu~~'il.nUl.sJ~ LLrJ n3Jli.~ij Tl113J1J1~'Yl~~\I L~ El Lfi rJ1Jn1J 
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• • 

Figure 4 NMR spectrum of standard GlcNAc and precipitated GlcNAc (a) and standard (GlcNAc)2 and 

(GlcNAc)2 purified by activated charcoal (b) 

I '"B nTH.ltH.I(.iI'UJn"l(.il 

1U~1U"llEhmT'lci El rJ1Yl~U~1 rJ n".i~1t!t~".iYl~ El1n L -n:IJ-nutfuLLrJn El Elfl LtJu~El\ln".i".i:IJiTIl 'VIqj ")~El 
nl".iciEl rJ t~ rJ iitonULYl L ~Elfd.'J U~T'lh [JL1\11.J ~ n1 m LL~::nl".i ci El rJ t~ rJ ii Yl ~u1:IJtYl".i L 1vJ dJU~Tih [JL1\1 

1.J~mm 

n) nTiithw If1fju~'wn"jfJ IDrfJ"jflH£J~nnJilJ7JurfJniir'1fUlfllfJ£Jfdlurn'J7i"JlJd"tJijmn1 

fI1".ici El rJ1Yl ~U~1 rJ n".i~1t!t~".iYl~El1nL-n:IJ-nut ~ rJ iitonULYl L~ElfLtJU~T'1i1 rJ L1\11.J ~n1m,xU1~L~:IJ 
L~'1rJ:IJ ~".i~::~lrJ1Yl~U~1 rJfI1".i~ ~:lJn".i~1t!t~".iYl~El1nL-n:IJ-nu1u5~".il ~1U~~l\1nU LL~::'Vfi'El :IJ~"il:: L~m11 

fI1".i'Yl~~El\lfl1".iciElrJ~1rJYl~u5~~".iltonUYli\l~El11.Jd LYl~El\lYl~u5~~".il tonUYl 'VI1ElLYl~El\ltonULYlL~Elf~l"lf 
lUfI1".i'Yl~~El\l~El Ultrasonic bath ("llEl\lU1~'Yl Elmasonic S30H, 50/60 Hz) ~\I"il::U".i".i"ilJ~ILLuu11iii• 
1.J".i::"il t~ rJ"il::rhfl1".i~::~l rJ1Yl ~U1U~".i~::~l rJn".i~1t!tmYl~El1f1 L -n:IJ-nuri ElULL~1~1 rJ LYl~El\lYl~u5~ ~".il ton

• 
UYl~\lniiil1~El~1rJ 

1U~1U"llEl\lnl".ici El rJ1Yl~U~1 rJn".i~1 t!t~".iYl~ El1n L -n:IJ-nu,x U ~\I"illn ~:IJ:IJ ~;nuih1"lfYl~u5~ ~".il. ... 

tonUnm~11"il::~m".it"l ci El rJ1~~ El ru'VI11ii~ ~lnl1 LL~::l"lfL1~1~~~\lBn~1 rJ rY\I rJ\lm~11 ~~~nru'f1'V1 in 
• 'IJ 

~1~"illnnl".iciElrJdul"il::LtJU,rl~1~ GlcNAc "illn~:IJ:IJ~~lUi\lniiil1L".i1~\l1~11\1LL~Um".i'Yl~~El\l ~\l1~. ... 

L~:lJL~'1rJ:IJ ~1".i~::~lrJ1Yl~U~1 rJnl".i~ ~:lJn".i~1t!t~".iYl~El1nL-n:IJ-nu1U5~".il~1U~~l\1nULL~1 LL~::LYl~El\l 
Yl~U5~~".iltonUYl 'VI1ElLYl~El\ltonULYlL~Elf~l-num".i'Yl~~El\lnl".irJmJluYlf\ld~El Ultrasonic bath ("llEl\l 

U1~'Yl Elmasonic S30H, 50/60 Hz) ~\I"il::U".i".i"ilJ1LLuu11iii1.J".i::"il t~rJ"il::rhnl".i~::~lrJ1Yl~ulu 
~l".i~::~lrJn".i~1t!t~".iYl~El1n L -n:IJ-nuri ElULL~1 ~1 rJ LYl~El\lYl~u5~~".il tonUYli\lniiil1 ~ El~1 rJ1.J~n1rJl 
1t!t~".ih6ft~~1rJm".iLL1.J".i~1:IJL1~llUnl".il"lfYl ~u5~ ~".il tonUYl, Yl11:IJL-n:IJ-nU"ll El\l~l".i~::~l rJ LL~::mm ru 

m~1t!t~".ifl~El1nLi:IJiu LtJU~U t~ rJ~1111::~1~~m~n11.JLL~1niilU~1U"llEl\lEl ru'VI11ii LLL'l::5~".il~1U1Yl 
• 'IJ 

~u~Eln".i~1t!t~".iYl~El1nLi:IJ-nu (w/w) ".i1:IJrY\lfI1".i'VI1 activity "llEl\ln".i~1t!t~".iYl~El1nt~rJnl".il~m:IJlru 
~A.f J o a." 


reducing sugar 'YlLn~"llU"illnm".irJElrJm:IJ~l~U 


~1:IJ1.J Mi1rJlnl".irJ El rJ t~ rJ-rY1 11.J &'l::~1 rJ 1Yl~u1un".i~ 1t!t~".iYl~ El1nL-n:IJ-nu~ El ru'VI11ii~nl'V1U~ 
:;.J • 'IJ 

;rwr~fEl:IJyf\lLmrJuL firJunl".i1"lfLL~::11il"lfYl~u5~mlTonUn (Figure 5) 'VIi\l"illnlYl~ufil::~lrJ'VI:IJ~ l,x 

Yl11 :lJ1ElUL ~:IJ LL ri"ll El \I ~~:IJ1u1.J ~ n1 rJl ~1 r.t ~ ru'VI1J ii LL~::L1~1 ~nl'V1U~.:BuYill 'VIi.~"ll El\l ~ ~:IJ~J1~1 ~ 
'VI i\l,nn,xu ~\I111.~L~U~ El ru'VI11ii,xEl\l LL~Ttll"llEl\l ~ ~:IJ:lJln".iEl\l diu~1U~ LtJu~::nElum ~::~1 r.tJl LL~:: 

• 'IJ 

nl~~~El El n~1 rJ ~\I(hun:lJ3Tu~ ru El ru'VI11 ii~El\l 'VI ~\I,nn,xun".iEl\l LnU~1ul~:lJl".i:: L'VI r.t"iltl.LL,x\l "ilU1~ 
• 'IJ 

"ll El\l LLii \I ~ L'VI fi El\l Ei El tI. L~:IJ 95%L El 'Yll U El iii, n1 tI., n".i El\l ~1 tI.~:: n El tI. LL iii ::rhl,xLL,x\1111 rJ l~~1111:: 

~filfillml'l "il::1~"llEl\l LLii\l~11 (solid 1) ttl~1t1.l~~1~"illnm".in".iEl\l:IJ11.J1UYl11:IJ LtJtl.n".i~-~l\1~1 r.tnl".i.., ., 

n".iEl\l~lt1.~\ITonL~ r.t:IJ1t!T~".iL'1ltl.Yllfu ElLtI.~ (NaHC03) LL~1:IJl'th1,xL-n:IJ-ntl.~1 r.tm".i".i::L'VI r.t t~ r.tl"lfLYl~El\l 

hm'1 BLL1tlhH".iL~Elf (rotary evaporator) 1,xm:IJ1~".iIil~IiI\lL'VINEl 1/3 "llEl\lm:IJ1~".iL~:lJLL~1~\I,t111.J 

http:LYl~El\lYl~u5~~".il
http:Yl~U5~~".il
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http:fI1".i'Yl~~El\lfl1".iciElrJ~1rJYl~u5~~".il
http:nTH.ltH.I(.iI'UJn"l(.il


'VI [J~~-:I1~Lel'Yl1~el~ LLr.Jn~:::nel~elelmnn ffl1~:::~1 [J"lnl"ll~~I.~~1 [Jm1Lsn~~1Yh ~ LL~:::'\tl~:::n el~I.lIrh 
q 

1riLbri-:l1l1[J1~~1l11:::~qJqJ1n1~ (solid 2) '\t1~1~1~~ bb[Jmnnnn11bsn~~1Yh ~:IJl1:::b 'VI [J';)~m:lJl~1 
~~~-:I 1/3 "lJel-:lm:lJl~1b~:JJ~nfl~-:lbb~1'V1[J~~-:l1mel'Yl1~el~.yh1'V1'~~:::nel~~"lJ1l (solid 3) ~l~l~~bb[Jn 
el eln:lJll111riLL",,-:l1l1 [J1~~1l11:::~qJ qJ1m~';)~I.~"lJ el-:l bb-ii-:l (solid 4) ~-:lfll1:JJU1,!'Ylt~I.~,;):::bb~n~il-:ln~ 
~-:liryt-:ltf~£1-:lfl-:l~el-:l-W~~ln11:JJiTIm11~n11~~';),r~11~l[J HPLC ~ell.lI 

'II 

chitin + Hel Ifiltrate 21 
i) NaHCO)i) w:ith ?r without 
ii) evaporate sorucation~ ii) ~ ~ iii) EtOH, dry 

ISolid 21I brown solution I 
I centrifuge 

Ifiltrate 31 I Solid 31Ifiltrate 11 Icream solid I i) evaporate 
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, ii) evaporate 
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i) 95% EtOH I filtrate 41 
.----____.L...--,ii) fi ltrationI 

• evaporate+ • 
white precipitate I filtrate 21 I Solid 51 

(Solid 1) 

Figure 5. 1yJ~"1!Tf~"lJel-:lu~m[Jlm1ri el[Ji,fl~~~l [Jn1~i,e;1~1fl~el1n 

';)1 n ~ ~ n11'Yl ~ ~ el-:l1~~1~~ b~ [Jl nun11 rj el [J rn el rn'VI 1l il 90°C "lJ el-:l bbel~yh-i,fl ~W~I.~,;)ln
q 'II 

bll~elml-:l ~1 [J m~I.e;t~1fl~el1m-n:JJ-n~ (conc. HCI) brimm[JU b -n[Ju1:::w;i1-:ln11~:::~l[Ji,fl~~t~ [Jn11
q 

1iLL~ :::i,111ifl~ ~5~ ~11 tsnilnYlUl1 n111 ifl~~5~ ~11 tsniln ~1 :JJ11r1-nl [Jl~n11fl::: fl1 [J i,fl ~~i,~ 
b11 el{b~~~"lJ el-:l ~ ~ ~.nrn'l'1 GlcNHCI 1~1::: ~uwd.-:I bb ~ £1-:1 i,11 ~1:JJ11r1 bvi:JJ U1:::a-'Yln1l1'W1~~-:I el ri1-:l i:(

. 'II 

um%1~qJnl1m11""fll1:JJfel~bbuui,111ifl~~5~~11tsniln (Figure 6) bb~:::m:JJ1rn"lJ el-:ln1~i,e;1~1flflel1n 

b,r:JJ,r~~-:I ~-:I;rmrili,1n ~-:I~1:JJ11mvi:JJbll el{b.n~~~~~.nrn'YIli:JJ1n;r~Lrh,f~~-:ll~n1ru."lJ el-:ln11fl:::fll [J
'II 

hl[JliLL~:::i,111ifl~~5~~1116J1iln-nl[J 1~[J~5~11~1~i,fl~~ 1 n1~i,e;1~1fl~el1m,y:JJ-n~ brhnu 0.2 ';)::: 

l""LlIel{L.n~~~~~.nrn'l'1:1Jln~~~n-:l 80% LL~:::~l~~~ (43%) ~5~11~1~ 1 1 1, , 

ii) EtOH 
iii) filtration 
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preheat and varies ratio of chitin/conc. HCl 
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&46i11un1"i1iffldulaJffl"i& 4r1 

,nmrWYhn11~n~1niil1 (4 - 12 lt1Yi) ~1,nltn11citlrJ'fl~lt~lrJn1~l-ii':JJ-li'il.~ 850 watts l~rJ 
fl-1fl11:JJl,y:JJ-lilt1::'VI11-1'fl~'il.lliil::m~'e:J1~1fliiltl1fll,y:JJ-ii'lt~ 1:2 (w/w) ~iil1ltn11Yl (Figure 9) lll;1'~-11i 

'Yl111J11l1iil1~ l'VI m::1ltn11ci eJ rJ~ tl 12 lt1Yi l ~11::1ilU tlfL.nlt~~~ ~ilmoyf~ l;1'-1l;1'~ lliil:: l 'VI ~ ~iil~ lri tl 
'II q q 

niil1lt1ltLnlt 12 lt1Yi';]::1~lu eJfl.u'il.~~~~ilmoyf~~1iil-1iltn eJ1';]';]::lU'il.l~11d1 fl-1 lt1lttl1';] ';]::rh1~ 
.... 

GlcNHCI l;1'iil1rJ~1 

°o\·idd 

60.00 

50.00 

40.00 

JO.OO 

20.00 

10.00 

HUll0.00 

4- G 8 10 12 14 16 

Figure 9 Percent yield of GlcNHCI obtained from acid (conc. HCl) hydrolysis under mtcrowave 

irradiation (850 watts) for various periods using chitin: conc. HCI ratio of 1:2 (w/w). 



A'J13J&;3J;'U"lJfJ"6f1"i6Vt~1n &&~~'1.Fi3J1mn"i~ If1r~"iA~fJ~A&;3J;'U 

"inmi\l.ihmd~nBlf11ll1 b"lT1I"lT'U ~ b'VIm::~1I1 '1Wldci El F/lfl~'Ud::W;l1-:JLfI~'UbbCl::nd~Le:!1~dflClEl 
1f1b"lT1I"lT'U 1mJnldbblh5~dl~1'U (ti'l'V1Un/ti'l'V1Un) ~ 1:2, 1:3 bbCl:: 1:4 ~li~lrJnd~b"lTlI"lT'U~V'l~-:J 
L1I1f11blW 850 watts dJ'UblCll 12 'U1Yi bbCl::~Cl~L~~El 1:3 l~b'l.JElfb.jj'U~~~~.nru.syf~~-:J~~~El 52% 

'II q 

%~'eild 

60 .00 

50.00 I 
-moo I I 
_,0.00 

20 .00 

10.00 

0.00 T 

1 : 2 1 : .3 1 : 4 

Ratio Chitin: HCl 

Figure 10 Percent yield of GlcNHCI obtained from acid hydrolysis ooder microwave irradiation (850 

watts) for 12 minutes using different chitin/conc_ HCI ratio. 

El cil-:J L dnm lI~ln ~Clmd~nBl1Wril-:J bbdnih1i'YldllJilV'l~-:J-:Jl'U~ bb d-:Jnil'V1~m1 Cll~'Ul'Unil 

b'I'h~'U~~l~qJ~ Elmd'l.J~n1mmdciElrJLfI~'U~1 rJnd~Le:!1~dflCl El1f1b"lTlI"lTwd' bV'ldl::Q::,f'U~-:Jih~nBl 
V'l~-:JL1I1f1dblW~b'VIm::~lItllJ'l.J~n1md'~1-:J ~L:uhhb~md~lIti'T!lddllm 1~ rJ~£J-:JfI-:J blCllL1~ 12 'U1Yi 

bbCl::fllll1b"lTlI-ll'Ud::'VIil-:JLfI~'UbbCl::m~Le:!1~dflClEl1f1b"1T1I-ll'U~ 1:2 (w/w) ~-:J ~Cl~L~nrm 'Ul1,x1l b~ rJltl'U 

tllJmd'Yl~Cl El\'l'Yl~~El-:J~-:J"lJ El-:J blCll bbCl::fllll1 b -ll1l-n'U ~ El~V'l~-:J 400 watts 1 ~b'l.J Elfb.jj'U~~~~.nru.syf~-:J b'l'h 
'II 

bYirJlItllJl'Umrn"lJEl-:JV'l~-:J 850 watts (Figure 11) 

%yield 

60.00 

50.00 

40.00 

30.00 

20.00 

10.00 ' 

0.00 

180 300 450 600 850 
irradiation power (watt) 

Figure 11 %Yield of GlcNHCI obtains from acid hydrolysis at various microwave irradiation power; 

chitin/conc. HCI ratio of 1:2(w/w); hydrolysis time 12 minutes. 



• • 

<> ...
3. T;)Tn~~~nT'rYl~GH)\I 

ihr'i)]Jtl.n11rJ E)[JL~ ~tI.~'HJ LEltl.L'1I'aJ"in m1 Aspergillus fumigatus LL~::1~ ~tl.LLlJ~.yh1 [J Serratia
• 

sp. L~m~1m.J L5t1.-LLEl6flii~-~-n~1~'1I'1iitl. (GlcNAc) LL~:: L5t1..L5t1.-L~LLEl6flii~L~1~LlJ1m~ [(GlcNAchl
'IJ 

~1 Littl.n11LtlL~LiJtI.~~\I'W Elh El rJ1\1hii~111 n11rJmJL~~tI.~'H..ILEltl.L'1I'1I1~ ~tl.LLlJ~.yh1[J Serratia sp. 

L~~~~ilm.n~Liltl.~11~~1I1::Vll1\1 GlcNAc LL~:: (GlcNAch LL~::LL~::LriEl1in11~n~::nEltl.1 tl.n11LL[Jn 

~~~ilm.n~Liltl.~1~~lId1~lJ1~'Ylf~\I~~1~LtlElfLsntl.~n11~~~"lJ El\l (GlcNAch ~~~\lL'l.llr1\1 n11rhl~ • 
lJ1 ~'Ylf~l [J~ El ~1It1.1 ~11111 ~ n11yj ~~ lJ 11"i1 ~ \I (h tI.n 11 iJtI.~,ttl.ii'l.b:: ~'YlTII11 'W ~~ ~11111t1 LL[J n rr\l 

GlcNAc LL~:: (GlcNAch 1~lJ1~'YlfL~ LL~::n11'W~"iItl.1~1\1 ~f1\1"lJEl\l ~~~ilm.nii~1m1(l'YhL~~l [J 1H­
• 'IJ 

NMR 

1tI.~lt1."lJ El\ln11rJ El [JL~~tI.~l [Jn1~Le11~1~ ~El1nL-nlI-ntl.1~ [Jii1'11'UL~ L~ElfLiltl.~l,h [J Li\l'l.l~ n1£J1 

,ftl. L~L~lI L~1[J1I~11l.'l::l.'l1 [JL~ ~tI.~l [Jn11~~lIn1~Le11~1~ ~El1nL-nll-ntl. 1 tl.a~11 ~1t1.~ 1:1 ~\I Liltl.,h 

~1111 L -nll-ntl. ~"iI::tbLtl'Yi1n11'Yl~~ El\l n11rJ El [J ~ ElLtl ~1t1.n11~nM1n11rJEl [J~ El mVI 11 ij 40°C ~\I Lil tI. 
• 'IJ 

El mVll1ij~~1nl1ElmVll1ijn11rJ El [JrYl6)Ltl1~~ ~.y\~ El rJ1\1iiumnvi'OJ 
q qJ 1:1 'U QI 

1tI.~lt1."lJ El\ln11rJEl [JL~~tI.~1[Jn1~Le11~1~~El1~ L-n:JJ-ntl.1~[JiiL:JJ1~1L1yj Liltl.~T7h m i\ltl~m[J1 

. ,ftl."iI1nn11'Yl~l.'lEl\lO(h1~'Yl11lJl1 12 tl.l'Yhiltl.L1~1~ LVl1I1::~1I~ ~~1 tl.n11rJ El [J6fi\l ~11111t1~~1::[J::L1~1• 
n11rJ El mri El Lii [JlJn11111TIi\l L~:JJ El rJ1\1 iium~1vi'OJ LL~::£J\l1iL1 ~1itl.nl1n11rJ El [JLTl~tI.1~ [Jii1'11'UL~ L~Elf 

'" 
Liltl.~T'lhmi\ltl~m£J1Bn~l[J LL~::~1111L-n1l-ntl.~ LVlm::~1I1tl.n11rJ El rn::Vll1\1L~~tl.LL~::n1~Le11~1~~ El 

1~L-n1l-ntl. 1:31~L'l.lElfLoi1t1.~~~~.nm.n~~\I~~fiEl 52% 'W~\lL1I1~1L1yj ~LVlm::~1I1t1.n11rJEl[J~El 400­
'IJ • 

850 watts El rJ1\1hiimll Ltl ElfLantl.~~~~ilm.n.y\L~£J\lLaJ~ L'Yh~~11 ~\lii~1111"ii1Liltl.~"iI::~El\l L~1I1~ 
~nlTd'L~ El~1111 Liltl.LtlL~tl.n11tbL'l.ltl1:: [Jn~l,n~Liltl.tl1::1 tJ"lfthll1rr\l L ~1I~1111 Liltl.LtlL~tI. n11• 

n11rJEltJ~1mEltl.L'1I'aJ 

LEltl.L'1I'aJ"iI1n11 Aspergillus fumigatus (4 U/1 9 of chitin) ~m1t1rJEltJL~~tI. (3% w/v) ~ pH 

Liltl. 3 ElmVll1ij 40°C L~~~~ilm.nLiltl. GlcNAc ~lmtlElfLantl.~~~~~~ 72% 111tJ1t1.L1~1 2 1t1. 
• 'IJ 

n11rJEltJL~~lI. (3% w/v) ~lmElll.L"1J"aJ"iI1n1~~tl.LLlJ~.yiL1tJ Serratia sp. (1 U/1 9 of chitin) ~ 

pH L'YhnlJ 6 ElmVll1ij 3lc 'Yi1n111illLiJtl.n~1 6 ltl.1~~~~ilm.nLiJtI. (GlcNAch LL~:: GlcNAc ~ltJ 
• 'IJ 

LtlElfLsntl.~~~~ilm.n 43% LL~:: 2.6% VI~\I"iI1nn11rh1~lJ1~'Ylf~ltJ"lJlJlt1.n11~~~tl.1LL~1~1[J~El~1I,r• 
1~11111~m1yj~~lJ11"i1~\I ~1t1.nlliJtI.~,ftI.~1I11t1L~ 1I~1111lJ1~'Yli-nEl\l ~~~ilm'Y11~~\I;ttl.Bmrl [J

• • 'IJ 

1tI.~lt1."lJ El\ln11rJ El [JLTl~tI.~l[J n1~Le11~1~~ El1n L -nll-ntl.,ttl. L~L~lI L~1[J1I~11~::~1 [JL~~tI.~l tJ 

n11~~lIm~Le11~1~~El1nL-n1l-ntl.lt1.a~11~1t1.~ 1:1 1~[Jii~~tl.a~~111'11'UnLiJtI.~1'h[J 



1) 	 Sigma-Aldrich "Biochemicals and Reagents for Life Science Research" Catalog 2004-2005, p.45 and 

p.625. 

2) Shikhman, A. R.; Kuhn, K.; Alaaeddine, N.; Lotz, M., "N-Acetylglucosamine Prevents IL-1 Beta-Mediated 

Activation of Human Chondrocytes", J. Immunology, 2001, 166,5155-5160. 

3) Shahidi, F.; Kamil, J.; Arachchi, V.; Jeon, Y. J., "Food applications of chitin and chitosan", Trends in Food 

Science & Technology, 1999, 10,37-51 . 

4) Suzuki, S., "Studies on Biological Effects of Water Soluble Lower Homologous Oligosaccharides of Chitin 

and Chitosan", Fragrance J., 1996, 15, 61-6B. 

5) 	 Scheel, 0.; Thiem, J., "Cleavage of chitin by means of aqueous hydrochloric acid and isolation of chito­

oligosaccharides". Chitin Handbook, ed. Muzzarelli, R. A.; Peter, M. G., Atec Edizioni: Grottammare AP, 

Italy. 1997, 165. 

6) Suzuki, K.; Mikami, T.; Okawa, Y.; Suzuki, S., and Suzuki, M., "Antitumor Effect of Hexa-N­

Acetylchitohexaose and Chitohexaose", Carbohydr. Res., 1986, 151,403-408. 

7) Yamada, A.; Shibuya, N.; Kodama, 0.; Akatsuka, T., "Induction of Phytoalexin Formation in Suspension­

Cultured Rice Cells by N-Acetyl-chitooligosaccharides", Biosci. Biotech. Biochem., 1993, 57,405-409. 

8) 	 Vander, P.; Vrum, K. M.; Domard, A.; Eddine, N.; Gueddari, E.; Moerschbacher, B. M., "Comparison of 

The Ability of Partially N-Acetylated Chitosans and Chitooligosaccharides to Elicit Resistance Reactions in 

Wheat Leaves", Plant Physiol., 1998, 118, 1353-1359. 

9) Hiroshi, H., "Disaccharide as Starting Materials for The Synthesis of Valuable Compounds", Trends in 

Glycoscience and Glycotechnology, 2000, 12, 185-190. 

10) Rupley, J. A., "The hydrolysis of chitin by concentrated hydrochloric acid, and the preparation of low­

molecular-weight substrates for lysozyme", Biochem. Biophys. Acta, 1964, 83, 245-255. 

11) Izume, M.; Nagae, S.; Kawagishi, H.; Ohtakara, A., Biosci. Biotechnol. Biochem., 1992, 56, 1327-1328. 

12) Muzzarelli , R. A. A.; Peter, M. G., Chitin Handbook, Atec Edizioni: Grottammare AP, Italy, 1997, 147-151. 

13) Izume, M.; Ohtakara, A., "Preparation of D-glucosamine oligosaccharides by enzymatic hydrolysis of 

chitosan", Agric. BioI. Chem., 1987,51(4),1189-1191. 

14) Rattanakit, N.; Yano, S.; Wakayama, M.; Plikomol A.; Tachiki, T. ; "Sacharification of Chitin Using Solid­

State Culture of Aspergillus sp S1-13 with Shellfish Waste as a Substrate", Journal of Bioscience and 

Bioengineering, 2003, 95(4), 391-396. 

15) Auyunirudronkul, K.; "Production of amino sugar from squid pen chitin by fungal biocatalyst" A Thesis 

Submitted in Partial Fulfillment of the Requirements for the Degree of Master of Science in Petrochemistry 

and Polymer Science Faculty of Science Chulalongkom University Academic Year 2003, ISBN 974-17­

3724-6. 

16) Binod, 	P.; Pusztahelyi, T.; Nagy, V.; Sandhya, C.; Szakacs, G.; P6csi, I. ; Pandey, A.; "Production and 

purification of extracellular chitinases from Penicillium aculeatum NRRL 2129 under solid-state 

fermentation", Enzyme and Microbial Technology, 2005, 36, 880-887. 



17) Ramirez, C. L.; MarIn-Cervantes, M. C.; Huerta, S.; Revah, S.; Shirai, K.; "Enzymatic hydrolysis of chitin in 

the production of oligo saccharides using Lecanicillium fungicola chitinases", Process Biochemistry, 2005, 

41,1106-1110. 

18) Patidar, P.; Agrawal , D.; Banerjee, T.; Pati!, S., "Optimization of process parameters for chitinase 

production by soil isolates of Penicillium chrysogenum under solid sUbstrate fermentation", Process 

Biochemistry, 2005, 40, 2962-2967. 

19) Reguera, G.; Leschine, S., "Chitin degradation by cellulolytic anaerobes and facultative aerobes from soils 

and sediments", FEMS Microbiology Letters, 2001, 204, 367-374. 

20) Pichyangkura, R; Kudan, S.; Kuttiyawong, K.; Sukwattanasinitt, M.; Aiba, S., "Quantitative production of 2­

acetamido-2-deoxy-D-glucose from crystalline chitin by bacterial chitinase", Carbohydrate Research, 2002, 

337,557-559. 

21) Ramfrez, G.; Avelizapa, R; Avelizapa, R; Camarillo, C., "Colloidal chitin stained with Remazol Brilliant 

Blue R 
® 

a useful substrate to select chitinolytic microorganisims and to evaluate chitinase", Microbiological 

Methods, 2004, 56, 213-219. 

22) YuH, P.; Suhartono, M. T.; Rukayadi , Y.; Hwang, J. K.; Pyun, Y. R, "Characteristics of thermostable 

chitinase enzymes from the Indonesian Bacillus sp; 13.26", Enzyme and Microbial Technology, 2004, 35, 

147-153. 

23) Kuk, J. H.; Jung, W. J.; Jo, G. H.; Ahn, J. S.; Kim, K. Y.; Park, R. D., "Selective preparation of N-acetyl-D­

glucosamine and N,N'-diacetylchitobiose from chitin using a crude enzyme preparation from Aeromonas 

sp.", Biotechnology Letters, 2004, 27, 7-11. 

24) Kuk, J. H.; Jung, W. J.; Jo, G. H.; Ahn, J. S.; Kim, K. Y.; Park, R D., "Production of N,N'-diacetylchitobiose 

from chitin using temperature-sensitive chitinolytic enzyme preparations of Aeromonas sp. GJ-18", World 

Joumal of Microbiology & Biotechnology, 2005, 22, 135-139. 

25) Purchase, R; Braun, E., "D-Glucosamine Hydrochloride", Org. Syn., 1946, 26, 36-37. 

26) Novikov, V.Yu.; et aI., "Synthesis of (+)-glucosamine hydrochloride", Russian Journal ofApplied ChemiStry. , 

1997, 70, 1467-1470. 

27) Gandhi, N.; Laidler, J. K., ·Preparation of glucosamine hydrochloride", US patent 6,486,307 B1, 2002. 

28) Nivikov V. Y., "Acid hydrolysis of chitin and chitosan", Russian Journal ofApplied Chemistry, 2004, 77, 484­

487. 

1. ~Tvn't1tR"i"nT'i 

1. ~El - '\.l.1:JJf,mfl (flTI!t1L'YI!:J) '\.t1!:J• 
(fl1'l!t1el\lmp!t) Mr, Mrs, Miss, Rank Dr.Mongkol Sukwattanasinitt 

2. Lfl"l.l'VI:JJ1m:r~1tl1::,'h~·;n.h::"l!1"l!'\.t 

3101800407665 

3. ~1U'VIti\li1';)';)U'\.t
• 

~1LL'VIti\l'Yl1\11"l51m1 (~./Wi./~~ ./~'\.t ') (LtlWl1::1J) 1fl\lm~~11,;)11rf• 



4. Vllil£J.J1U~Elci~~m1(1~~~Ell~~~ln yd'ElaJVlmm~"lJ1'Yl1f1Yn11'Yl1~1 bb~:: e-mail 
'II 

A .ell A fi' ft &lit. G,..t 

1l1f11"1f1LflaJ mu.::l'Ylmm ~~1 ~W1~.Jn1ruaJVl11'Yl m~£J 
q 

0-2218-7620 

1'Yl1~11 0-2218-7598 

E-mail smongkol@chula.ac.th 

5. 	 th::~m1~n~1 

mruru1~1 y.j.~. 2534 ~1"lJ1i"1f1 Lflii ~1n llm~~n1claJVl1i'Ylm~£J 
'" '" 	 q 

mqjqj1LEln y.j.~. 2539 ~1"lJ1i"1f1 Organic Chemistry 1l1n Iowa State University, USA 

A .c=id I) A I .ell. d A 

6. 	 ~"lJ11"lnm1'YlaJfll1aJ"1f1U1qjy.jL~~ (LL~n~1~1l1nl~m1~n~1) 1::'4~"lJ11"1f1m1 

Polymer Chemistry 

Supramolecular Chemistry 

Chitin-Chitosan Chemistry 

7. lh::~1Jm1cl~L~ £JlilEl~n1Jm11J1V111.J1uiim,f~1l1 £J1ULL~::111 £JUElmh::L 'Yl~ 1~ [J1::1J~mU1l1y.j1U 
q 

1) Smith, A. V.; Lane P. A.; Shinar, J; Sukwattanasinitt, M.; Barton, T. J. "Optical Absorption, Luminescence, 

and UV-Excited Optically Detected Magnetic Resonance (UV-ODMR) Study of Poly(p-

Phenyleneethynyleneaniline) (PPEA) Derivatives." Mol. Cryst. Liq. Cryst. 1994,256,685. 

2) Sukwattanasinltt, M.; Wang, X.; Li, L.; Jiang, X.; Kumar, J.; Tripathy, S. K.; Sandman, D. J. 

"Functionalizable Self-Assembling Polydiacetylenes and Their Optical Properties" Chern. Mater. 1998, 10, 

27. 

3) Sandman, D. J. ; Sukwattanasinitt, M.; Wang, X.; Lee, D.-C.; Kim, M.; Li, L.; Kumar, J.; Tripathy, S. K. 

"Submicron Photomanipulation of Self-Assembled Polydiacetylenes" Synthetic Metals 1999,102,1546. 

4) Sukwattanasinitt, M.; Lee, D.-C.; Kim, M.; Wang, X.; Li, L.; Yang, K.; Kumar, J .; Tripathy, S. K; Sandman, 

D. J . "New Processible Functionalizable Polydiacety/enes" Macromolecules 1999,32,7361 . 

5) Sukontpanish, U.; Boonyawan, S; Boonsong, P.; Pimpa, N.; Chantarasiri, N.; Sukwattanasinitt, M. 

"Synthesis of Novel Well-defined Soluble Polymers Containing Chiral Sa/en" J. Sci. Res. Chula. Univ. 1999, 

24, 115. 

6) Veravong, S.; Ruangpomvisuti, V.; Pipoosananakaton, B.; Sukwattanasinitt, M.; Tuntu/ani, T. "Synthesis 

of Tetraalkylated Calix[4]arenes and Studies of Their Conformational Behaviors." Science Asia 2000, 26, 

163-170. 

http:lJ11"lnm1'YlaJfll1aJ"1f1U1qjy.jL
mailto:smongkol@chula.ac.th


7) Pipoosananakaton, B.; Sukwattanasinitt, M.; Jaiboon, N.; Chaichit, N.; Tuntulani, T. "New Azobenzene 

Crown p-tert-Butylcalix[4]arenes as Switchable Receptors for Na + and K+ ions: Synthesis and Isomerization 

Studies: Buff. Kor. Chern. Soc. 2000, 21,867-874. 

8) 	 Pipoosananakaton, B.; Sukwattanasinitt, M.; Jaiboon, N.; Chaichit, N.; Tuntulani, T. "Preparation of New 

Azobenzene Crown Ether p-tert-Butylcalix[4]arenes and Their Roles as Switchable lonophores for Na+ and 

K+ Ions." Tetrahedron Lett. 2000, 41, 9095-9100. 

9) Jaiboon, N.; Chaichit, C.; Pipoosananakaton, B.; Tuntulani, T.; Sukwattanasinitt, M. "Crystal Structure of 

Diethoxynitrobenzene-p-tert-Butylcalix[4]areneo2(CH3hC=0: Evidence of Intra- and Intermolecular CHIp 

Interactions Forced by Crystal Packing" J. Chern. Cryst. 2000,30,717-720. 

10) Sukwattanasinitt, M.; Rojanathanes, R; Tuntulani, T.; Sritana-anant, Y.; Ruangpomvisuti, V. "Synthesis of 

stilbene crown ether p-tert-butylcalix[4]arenes" Tetrahedron Lett. 2001, 42, 5291-5293. 

11) Sukwattanasinitt, M.; Zhu, H.; Sashiwa, H.; Aiba, S. "Utilization of commercial non-chitinase enzymes 

from fungi for preparation of 2-acetamido-2-deoxy-D-glucose from (3-chitin" Carbohydr. Res. 2002, 337, 

133-137. 

12) Pichyangkura, R; Kudan, S.; Kuttiyawong, K.; Sukwattanasinitt, M.; Aiba, S. "Quantitative production of 

N-Acetyl-D-glucosamine from crystalline chitin by chitinase" Carbohydr. Res. 2002, 337,557-559. 

13) Sukwattanasinitt M.; Rojanathanes, R; Jiwpanich, S., Tuntulani, T.; Ruangpomvisuti, V. "Selective 

Oxidation of 25,27 -Bis-(3' -formylphenoxylethoxy)-p-tert-butylcalix[4]arene" Science Asia 2002, 28, 25-28. 

14) Sukwattanasinitt M.; ROjanathanes, R; Jiwpanich, S., Tuntulani, T.; Ruangpornvisuti, V. "Selective 

oxidation of 25,27 -Bis-(3' -formylphenoxylethoxy)-p-tert-butylcalix[4]arene" Science Asia 2002, 28,25-28. 

15) Sashiwa, H.; Fujishima, S.; Yamano, N.; Kawasaki, N.; Nakayama, A.; Muraki, E.; Sukwattanasinitt, M.; 

Pichyangkura R; Aiba. S. "Enzymatic production of N-acetyl-D-glucosamine from chitin. Degradation study 

of N-acetylchitooligosaccharide and the effect of mixing of crude enzymes" Carbohydr. Polym. 2003, 51, 

391-395. 

16) Sukwattanasinltt, M.; Nantalaksakul, A.; Potisatityuenyong, A.; Tuntulani, T.; Chailapakul, 0.; Prapairaksit, 

N. "An Electrochemical Sensor from a Soluble Polymeric Ni-salen Complex" Chern. Mater. 2003, 15,4337­

4339.. 

17) 	K1aikherd, A.; Jayanta S.; Boonjawat, J.; Aiba, S.; Sukwattanasinitt, M. "Depolymerization of b-chitin to 

mono- and disaccharides by the serum fraction from the para rubber tree, Hevea brasiliensis" Carbohydr. 

Res. 2004, 339, 2799-2804. 

18) ROjanathanes, R; Pipoosananakaton, B.; Tuntulani, T.; Bhanthumnavin, W.; Orton, J. B.; Cole, S. J.; 

Hursthouse. M. B.; Grossel, M. C.; Sukwattanasinitt, M. Comparative study of azobenzene and stilbene 

bridged crown ether p-tert-butylcalix[4]arene Tetrahedron 2004, 61, 1317-1324. 

19) ROjanathanes, 	R; Pipoosananakaton, B.; Tuntulani, T.; Bhanthumnavin, W.; Orton, J. B.; Cole, S. J.; 

Hursthouse, M. B.; Grossel, M. C.; Sukwattanasinitt, M.* "Comparative study of azobenzene and stilbene 

bridged crown ether p-tert-butylcalix[4]arene" Tetrahedron.2005, 61, 1317-1324. 



20) Rojanathanes, R., Tuntulani, T., Bhanthumnavin, W. and Sukwattanasinitt, M.* "Stilbene-bridged tert­

Butylcalix[4]arene as photoswitchable molecular receptors" Org. Lett. 2005, 7, 3401-3404. 

21) Potisatityuenyong, Anupat; Tumcharern, G.; Dubas, S. T.; Sukwattanasinitt, M.* "Layer-by-Iayer assembly of 

intact polydiacetylene vesicles with retained chromic properties" J. Colloid and Interf. Sci., 2006, 304, 45-51. 

22) Sae-Lim, C.; Sukwattanasinitt, M.; Foxman, B. M; Sandman, D. J.* "Synthesis and crystallographic study of 

1,6-bis-(N-phenothiazinyl)-2,4-hexadiyne" J. Macromol. Sci., Part A: Pure and Applied Chemistry 2006, 43, 

1929-1936. 

23) Jaiyu, A.; Rojanathanes, R; Sukwattanasinitt, M.* "Stilbene-bridged 1,3-alternate calix[4]arene crown ether 

for selective alkali ion extraction" Tetrahedron Lett. 2007, 48, 1817-1821. 

24) Lim, C.; Sandman, D.J .; Sukwattasinitt, M.* ''Topological polymerization of tert-butylcalix[4]arenes containing 

diynes" Macromolecules 2008, 41 , 675-681 . 

25) Kitkulnumchai, Y.; Ajavakom, A.; Sukwattanasinitt, M.* ''Treatment of oxidized cellulose fabric with chitosan 

and its surface activity towards anionic reactive dyes" Cellulose 2008, 15,599-608. 

26) Potisatityuenyong, A.; Rojanathanes, R; Tumcharern, G.; Sukwattanasinitt, M.* "Electronic absorption 

spectroscopy probed side-chain movement in chromic transitions of polydiacetylene vesicles" Langmuir 2008, 

24, 446-4463. 

27) Champaiboon, T.; Tumcharern, G.; Potisatityuenyong, A.; Wacharasindhu, S.; Sukwattanasinitt, M.* "A 

polydiacetylene multilayer film for naked eye detection of aromatic compounds" Sens. Actuator a-Chem. 

2009, 139, 532-537. 

28) Niamnont, N.; Siripornnoppakhun, W.; Rashatasakhon, P.; Sukwattanasinitt, M.*"A polyanionic Dendritic 
2

Fluorophore for Selective detection of Hg + in triton x-100 aqueous media" Org. Lett. 2009,11,2768-2771. 

29) Rashatasakhon, P.; Jaiyu, A.; Rojanathanes, R, Muangsin, N.; Chaichit, N.; Sukwattanasinitt, M. * "X-ray 

guided 1 H NMR analysis of pinched cone calix[4]arenes" Journal of Molecular Structure 2010, 963, 22-26. 

30) Wacharasindhu, S.; Montha, S.; Boonyiseng, J.; Potisatityuenyong, A.; Pholiookin, C.; Tumcharern, G.; 

Sukwattanasinitt, M.* ''Tuning of thermochromic properties of Polydiacetylene Toward Universal 

Temperature Sensing Materials Through Amido Hydrogen Bonding" Mac(omolecules 2010, online. 

31) Sirijindalert, T.; Hansuthirakul, K.; Rashatasakhon, P.; Sukwattanasinitt, M.; Ajavakom, A., "Novel synthetic 

route to 1 ,4-dihydropyridines from beta-amino acrylates by using titanium(IV) chloride under facile conditions" 

Tetrahedron, 2010, in press. 

1) Sukwattanasinitt, M.; Ijadi-Maghsoodi, S.; Barton, T. J. "A Convenient Introduction of NLO Chromophores 

into Electron-Rich Acetylenic Polymers." Polymer Preprinls. 1995, 36, 497. 

2) Sukwattanasinitt, M.; Wang, X.; Lee, D.-C.; Li, L.; Kumar, J.; Tripathy, S. K.; Sandman, D. J. "Self­

Assembling Functionalizable Polydiacetylenes and Their Optical Properties" Maler. Res. Soc. Conf. Proc. 

1998, 488, 677. 



3) Chittibabu, K. G.; Li, L.; Balasubramanian, S.; Wang, X.; Sukwattanasinitt, M.; Yang, K.; Kumar, J.; 

Sandman, D. J.; Tripathy, S. K.; "Design, Methodology and Preparation of Novel Polymers for Nonlinear 

Optics" Mater. Res. Soc. Conf. Proc. 1998,488,795. 

4) 	 Tripathy, S.K.; Kumar, J.; Kim, D.-Y.; Jiang, X.; Wang, X.; Li, L.; Sukwattanasinitt, M.; Sandman, D.J. 

"Photofabrication of Surface Relief Grating Using Post Functionalized Azo Polymers" Mater. Res. Soc. 

Conf. Proc. 1998, 488, 141 . 

5) 	 Lee, D. C.; Sukwattanasinitt, M; Wang, X.; Li, L.; Kumar, J.; Tripathy, S. K.; Sandman, D. J. "Synthesis, 

Optical Properties and Self-AssemblY of Water Soluble Polydiacetylenes" Polymer Preprints 1998, 39, 554 . 
. 

6) Sukwattanasinitt, M.; Klaikherd A.; Skulnee, K.; Aiba, S. Chitosan as A Releasing Device for 2,4-0 

Herbicide" Proc. of E!' International Chitin and Chitosan Conference, Yamaguchi, Japan, September 21-23, 

2000, Kondansha Scientific Ltd., Tokyo 2001, 142-143. 

7) Zhu, H.; Sukwattanasinitt, M.; Pichayangkura, R.; Miyaoka, S. Yunoue, M; Muraki, M.; Aiba, S. 

"Preparation of N-Acetyl-D-glucosamine from Chitin by Enzymatic Hydrolysis" Chitin and Chitosan in Life 

Science: Proceedings for 8
th 

International Chitin and Chitosan Conference, Yamaguchi, Japan, September 

21-23,2000, Kondansha Scientific Ltd. , Tokyo 2001,330-331 . 

8) Sukwattanasinitt, M.; Prakobkij, W.; Sashiwa, H.; Aiba, S. "Preparation of N-Acetyl-D-glucosamine and 

N,N'-Diacetylchitobiose from Chitin by Enzymatic Hydrolysis" Abstracts for ff' Asia Pacific Chitin-Chitosan 

Symposium & Exhibition , Bangkok, Thailand, March 13-15,2002,40. 

9) 	 Nantalaksakul, A.; Tuntulani, T.; Chailapakul, 0.; Prapairaksit, N.; Sukwattanasinitt, M. "Synthesis of The 

Novel Soluble Polymeric Metal-salen complexes and Their Electrochemical Properties" Abstracts for E!' 
International Conference & Exhibition on Pure and Applied Chemistry, Bangkok, Thailand, May 29-31 , 2002, 

73. 

10) Boonwan, S.; Sukwattanasinitt, M. "Preparation of Chitosan Beads Containing 2,4-Dichlorophenoxyacetic 

acid and Their Releasing Profiles" Abstracts for E!' International Conference & Exhibition on Pure and 

Applied Chemistry, Bangkok, Thailand, May 29-31,2002, 191. 

11) ROjanathanes, R.; Pipoosananakaton, B.; Tuntulani, T.; Sukwattanasinitt, M. "Synthesis of Calixarene 

Based Photo-switchable lonophores" Abstracts for 8
th 

International Conference & Exhibition on Pure and 

Applied Chemistry, Bangkok, Thailand, May 29-31, 2002,200. 

12) Sukwattanasinitt, M.; Nantalaksakul, A.; Potisatityuenyong, A.; Tuntulani, T.; Chailapakul, 0.; Prapairaksit, 

N. "Polymeric Metal-salen Complexes and Their Electrochemical Properties" Abstracts for fih Pacific 

Polymer Conference, Bangkok, Thailand, November 24-27, 2003, 60. 

13) Maneekul, T.; Prakobkij, W.; Klaikherd, A.; Pichyankura, R.; Aiba, S.; Sukwattanasinitt, M. "Improved 


selectivity in chitinolytic activity of cellulase from acremonium cellulyticus toward preparation of N,N'­


diacetylchitobiose from chitin" The 1" mathematic and physical science graduate congress, Bangkok, 


Thailand, December 6-8, 2005. 


14) Potisatityuenyong, A.; Dubas, S. T.; Sukwattanasinitt, M. "The layer by layer deposition of polydiacetylene 

vesicles on glass substrate" The 1" mathematic and physical science graduate congress, Bangkok, Thailand, 

December 6-8, 2005. 



15) Potisatityuenyong, A.; Dubas S. T.; Sukwattanasinitt, M. "Layer-by-Layer deposition of 

chitosanipolydiacetylene vesicles for convenient preparation of colorimetric sensing film" NSTI Nanotech 

2006, Boston, USA, May 7-11,2006. 

16) Potisatityuenyong, A.; Guangyu, Ma; Sukwattanasinitt, M.; Cheng, Q. "The interaction of man nose 

substituted viologens with poly(phenylene vinylene): the effect of ionic strength on fluorescence quenching 

and Concanavalin A. response" Abstract for ~ mathematic and physical science graduate congress, 

Singapore, December 12-14, 2006, 61. 

17) Jaiyu, A.; Sukwattanasinitt, M.; Rojanathanes, R. "Stilbene-bridged 1,3-alternate calyx[4]arene crown ether 

for selective alkali ion extraction" Abstract for i ld 
mathematic and physical science graduate congress, 

Singapore, December 12-14,2006,87. 

18) Sae-Lim, C.; Sukwattanasinitt, M. "Synthesis and properties of new calyx[4]arene containing diacetylene" 

Abstract for 2nd mathematic and phYSical science graduate congress, Singapore, December 12~14, 2006,88. 

19) Champaiboon, T.; Tumcharern, G.; Potisatityuenyong, A.; Sukwattanasinitt, M. "Preparation of 

Polydiacetylene Thin film for naked eye detection of 4-nitrophenol" Abstract for ~ mathematic and physical 

science graduate congress, Singapore, December 12-14,2006, 149. 

20) Boonyiseng, J.; Sukwattanasinitt, M. "Thermochromism of polydiacetylene vesicles prepared from 10,12­

pentacosadiynoic acid and its derivatives" Abstract for i'd mathematic and physical science graduate 
I 

congress, Singapore, December 12-14, 2006, 151. 

21) Somboot, A.; Pichyangkura, R.; Lertsutthiwong, P.; Ajavakom, A.; Sukwattanasinitt, M. "Preparation of 

aminosaccharides by ultrasonication assisted acid hydrolysis of chitin" Abstract for 2nd mathematic and 

physical science graduate congress, Singapore, December 12-14, 2006, 153. 

22) Siripornnoppakhun, W.; Niamnon, N.; Sukwattanasinitt, M. "Fluorescence quenching between water soluble 

f1uorophores containing triphenylamine core linked phynylenethynylene building blocks" Abstract for 3m 

mathematic and physical science graduate congress, Malaysia, December 12-14, 2007, P5CB-3. 

23) Boonchit, S.; Sukwattanasinitt, M.; Ajavakom, A. "Preparation and application of polydiacetylene 

nanovesicles" Abstract for 3m
mathematic and physical science graduate congress, Malaysia, December 12­

14, 2007, A044 . 

1) Sukwattanasinitt, M.; Ijadi-Maghsoodi, S.: Barton, T. J. "A Convenient Introduction of NLO Chromophores 
m

. into Electron-Rich Acetylenic Polymers" Abstracts for 23 Congress on Science and Technology of 

Thailand, Chiang Mai, Thailand 1997, 304. 

2) 	 Sukwattanasinitt, M.; Wang, X.; Li, L.; Jiang, X.; Kumar, J.; Tripathy, K.; Sandman, D. J. "Synthesis of 

Functionalizable Polydiacetylenes and Their Optical Properties" Abstracts for 24th Congress on Science and 

Technology of Thailand, Bangkok, Thailand 1998, 122. 

3) 	 Pipoosananakaton, B.; Sukwattanasinitt, M.; Tuntulani, T. "Preparation and Isomerization Properties of 

Azobenzene Crown p-tert-Butylcalix[4)arene" Abstracts for 24th Congress on Science and Technology of 

Thailand, Bangkok, Thailand 1998, 124. 



4) Boonyawan, S; Sukontpanish, U.; Chantarasiri, N.; Sukwattanasinitt, M. "Synthesis of Novel Well-defined 

Soluble Polymers Containing Chiral Salen" Abstracts for 2~ Congress on Science and Technology of 

Thailand, Pitsanuloke, Thailand 1999, 304. 

5) Pipoosananakaton, B.; Sukwattanasinitt, M.; Jaiboon, N.; Chaichit, N.; Tuntulani, T. "Photoisomerization 

Studies of Azobenzene Crown Ether Calix[4]arenes for Applications in Alkali Metal Ion Extraction" 

Abstracts for 26
th 

Congress on Science and Technology of Thailand, Bangkok, Thailand 2000, 190. 

6) ROjanathanes, R.; Tuntulani, T.; RuangpomvisuU, V.; Sukwatanasinitt, M. "SelecUve Oxidation of 25,27­

Di-(3-formylphenoxyethoxy)-p-tert-butylcalix[4]arene" Abstracts for 26th Congress on Science and 

Technology of Thailand, Bangkok, Thailand 2000, 199. 

7) Klaikherd, A.; Skulnee, K.; Ajawakom, A.; Chavasiri, W.; Sukwattanasinitt, M.; Aiba, S. "Control Release 

of 2,4-0 Herbicide by Chitosan" Abstracts for 2~ Congress on Science and Technology of Thailand, 

Bangkok, Thailand 2000, 697. 

8) Mansawat, W.; Vilaivan, T. Bhanthumnavin, W.; Boonsong, P.; Jewpanich, S.; Sukwattanasinitt, M. 

"Synthesis of U-Aminonitriles Using Novel Catalysis" Abstracts for 2fh Congress on Science and 

Technology of Thailand, 16-18 October 2001, Songkla, Thailand 2001, 204. 

9) Boonsong, P.; Pimpa, N.; Sukwattanasinitt, M. "Synthesis of Novel Chiral Salens Containing Alkyl Chain 

and Ethylene Glycol Chains" Abstracts for 2fh Congress on Science and Technology of Thailand, 16-18 

October 2001, Songkla, Thailand 2001, 226. 

10) ROjanathanes, R.; Tuntulani, T.; Ruangpornvisuti, V. Sukwattanasinitt, M. "Synthesis of stilbene crown 

ether p-ten-butylcalix[4]arenes and Their Isomerization" Abstracts for 2fh Congress on Science and 

Technology of Thailand, 16-18 October 2001, Songkla, Thailand 2001, 230. 

11) PoUsatityuenyong, A.; Sae-lim, C.; Sukwattanasinitt, M.; RuangpomvisuU, V. "Synthesis and 

DeterminaUon of AcidiC Constant for Salen Derivative by Potentiometric Titration" Abstracts for 2fh 

Congress on Science and Technology of Thailand, 16-18 October 2001, Song kia, Thailand 2001, 253. 

12) Ruangpornvisuti, V.; Sae-lim, C.; Potisatityuenyong, A.; Sukwattanasinitt, M. "Determination of ProtonaUon 

Energies and Protonation Constants of Salen Derivative" Abstracts for 2t' Congress on Science and 

Technology of Thailand, 16-18 October 2001, Songkla, Thailand 2001, 254. 

13) Klaikherd, A.; Sukwattanasinltt, M.; Aiba, S. "Enzymatic Hydrolysis of Chitin for ProducUon of N-Acetyl-D­

glucosamine" Abstracts for 2fh Congress on Science and Technology of Thailand, 16-18 October 2001, 

Songkla, Thailand 2001, 548. 

14) Jiwpanich, S.; Sirichartchai, S.; Sukwattanasinitt, M. "Synthesis of Novel Soluble Polymer Containing 

Metal Complexes of Salen" Abstracts for 2fh Congress on Science and Technology of Thailand, 16-18 

October 2001, Songkla, Thailand 2001, 845. 

15) Nantalaksakul, A.; Tuntulani, T.; Sukwattanaslnitt, M.; Sato, H. "Synthesis of Soluble Fluorescent 

Polymers Containing Vinylene Linked Triphenylamine" Abstracts for 2fh Congress on Science and 

Technology of Thailand, 16-18 October 2001, Songkla, Thailand 2001, 846. 

16) Boonwan, S.; Jaiyu, A.; Limruangroj, I.; Sukwattanasinitt, M. "Utilization of Chitosan for controlled Release 

of 2,4-Dichlorophenoxyacetic Acid with Polyphosphoric acid and Glutaraldehyde as Crosslinking Agents" 



Abstracts for 27" Congress on Science and Technology of Thailand, 16-18 October 2001, Songkla. Thailand 

2001,858. 

17) 	Sukwatta~asinitt, M.; Prakobkij, W.; Sashiwa, H.; Aiba, S. "Preparation of N-Acetyl-D-glucosamine and 

N,N'-Diacetylchitobiose from Chitin by Enzymatic Hydrolysis" Abstracts for ff' Asia Pacific Chitin-Chitosan 

Symposium & Exhibition, Bangkok, Thailand, March 13-15,2002,40. 

18) Nantalaksakul, A.; Tuntulani, T. ; Chailapakul, 0 .; Prapairaksit, N.; Sukwattanaslnitt, M. "Synthesis of The 

Novel Soluble Polymeric Metal-salen complexes and Their Electrochemical Properties" Abstracts for 8th 

International Conference & Exhibition on Pure and Applied Chemistry, Bangkok, Thailand. May 29-31, 2002. 

73. 

19) Boonwan, S.; Sukwattanasinitt, M. "Preparation of Chitosan Beads Containing 2,4-Dichlorophenoxyacetic 

acid and Their Releasing Profiles" Abstracts for ~ International Conference & Exhibition on Pure and 

Applied Chemistry, Bangkok, Thailand, May 29-31, 2002, 191. 

20) Rojanathanes, R.; Pipoosananakaton, B.; Tuntulani, T.; Sukwattanasinitt, M. "Synthesis of Calixarene 

Based Photo-switch able lonophores" Abstracts for ~ International Conference & Exhibition on Pure and 

Applied Chemistry, Bangkok, Thailand, May 29-31, 2002,200. 

21) 	Sukwattanasinitt. M.; Nantalaksakul, A; Potisatityuenyong, A.; Tuntulani, T.; Chailapakul, O.;' Prapairaksit, 

N, "Polymeric Metal-salen Complexes and Their Electrochemical Properties" Abstracts for 8th Pacific 

Polymer Conference, Bangkok, Thailand, November 24-27,2003,60. 

22) Jaiyu. A.; Klaikherd, A. Jayanta, S.; Sukwattanasinitt, M.; Boonjawat, J.; Aiba, S. "Preparation of N-Acetyl­

D-glucosamine and Chitobiose by Enzymatic Hydrolysis of Chitin with Serum from Para Rubber" Abstracts 

for 29
th 

Congress on Science and Technology of Thailand, 20-22 October 2003, Khon Kean, Thailand, 

SC88. 

23) Lim, C.; Boonsong. P. Sritana-anant, Y.; Sukwattanasinitt, M. "Synthesis of Salen Complexes Containing 

Ethylene Glycol Chains and Their Catalytic Properties" Abstracts for 29
th 

Congress on Science and 

Technology of Thailand, 20-22 October 2003, Khon Kean, Thailand, SC89. 

24) Jaiyu, A.; Sukwattanasinitt, M.; Kongsaeree, P.; Prabpai, S. "Synthesis and Complexation Study of 

Calix[4]arene Containing Stilbene and Crown Ether" Abstracts for 3rf' Congress on Science and 

Technology of Thailand, 19-21 October 2004, Bangkok, Thailand, C0194. 

25) Lim, C.; Sukwattanasinitt M. "Synthesis and Properties of New Calix[4]arene Tube Containing 

Diacetylene" Abstracts for 30
th 

Congress on Science and Technology of Thailand, 19-21 October 2004, 

Bangkok, Thailand, C0195. 

26) Hansuthirakul, K.; Ajavakom A.; Suwattanasinitt, M. "Synthesis of aziridine derivatives" Abstracts for 30
th 

Congress on Science and Technology of Thailand, 19-21 October 2004, Bangkok, Thailand, C0247. 

27) Maneekul, T.; Auynirundronkul. K.; Prakobkij. W.; Klaikherd, A.; Pichyangkura, R.; Punnapayak, H., 

Sukawattanasinitt, M. "Preparation of N-Acetyl-D-glucosamine and N,N'-Diacetylchitobiose by Enzymatic 
th

Hydrolysis of Chitin" Abstracts for 30 Congress on Science and Technology of Thailand, 19-21 October 

2004, Bangkok, Thailand, L0015. 

28) 	 Maneekul, T.; Punnapayak, H.; Sukwattanasinitt, M. "Production of N-Acetyl-D-glucosmine and N,N'­

Diacetylchitobiose by Enzymatic Hydrolysis of Squid Pen Chitin" Abstacts for The 4th National Chitin-Chitosan 

Conference, 5-6 October 2006, Bangkok, Thailand. 014. 



29) Somboot, A.; Sukwattanasinitt, M. "Ultrasonication assisted acid hydrolysis of chitin for preparation of 

amino monosaccharide" Abstacts for 4th National Chitin-Chitosan Conference, 5-6 October 2006, Bangkok, 

Thailand,015. 

30) 	 Kijkulnumchai, Y.; Sukwattanasinitt, M. "Enhancement of reactive dye uptake on cellulose fabric with 

chitosan" Abstacts for 4th National Chitin-Chitosan Conference, 5-6 October 2006, Bangkok, Thailand, 016. 

31) 	 Sae-Lim, C.; Sukwattanasinitt, M. "Synthesis and properties of calix[4]arenes containing diacetylenes" 

Abstacts for 33rd Congress on Science and Technology of Thailand, 18-20 October 2007, Nakorn Si 

Thammarat, Thailand, C0030. 

32) Siripornnoppakhun, W.; Niamnon, N.; Sukwattanasinitt, M. "SyntheSiS and study of water-soluble 

fluorophores containing multiple phenylenehtynylene building blocks" Abstacts for 3~ Congress on Science 

and Technology of Thailand, 18-20 October 2007, Nakorn Si Thammarat, Thailand, C0226. 

33) Boonchit, S.; Ajavakom, A.; Sukwattanasinitt, M. "Preparation and morphology of polydiacetylene from self­

assembly of diacetylene lipids" Abstacts for 33rd Congress on Science and Technology of Thailand, 18-20 

October 2007, Nakorn Si Thammarat, Thailand, E0015. 

34) Champaiboon, T.; Tumcharern, G.; Sukwattanasinitt, M. "Prepation of polydiacetylene film for naked eye 

detection of aromatic compounds" Abstacts for 3~ Congress on Science and Technology of Thailand, 18-20 

October 2007, Nakorn Si Thammarat, Thailand, E0046. 

35) Potisatityuenyong, A.; Sukwattanasinitt, M. "Chromatic transition mechanism of polydiacetylene vesicles" 

Abstacts for 3~ Congress on Science and Technology of Thailand, 18-20 October 2007, Nakorn Si 

Thammarat, Thailand, E0086. 

36) Chantra, T.; Sukwattanasinitt, M.; Ajavakom, A. "Synthesis of chiral oxazolidinones via acid-induced 
th 

intramolecular cyclisation" Organic Synthesis Research Unit Mini-Symposium 2009, 12 February 2009, 

Department of Chemistry, Facultry of Science, Chulalongkorn University, Thailand, oral presentation 

37) 	 Wacharasindhu, S.; Montha, S.; Sukwattanasinitt, M. "Polydiacetylenes containing amide group(s) and their 

chromism properties" Organic Synthesis Research Unit Mini-Symposium 2009, 12th February 2009, 

Department of Chemistry, Facultry of SCience, Chulalongkorn University, Thailand, oral presentation 

38) Siripornnoppakhun, W.; Niamnonnt, N.; Rashatasakhon, P.; Sukwattanasinitt, M. "Water-soluble fluorescent 
th 

dendrimer for DNA Sensing" Organic SyntheSis Research Unit Mini-Symposium 2009, 12 February 2009, 

Department of Chemistry, Facultry of Science, Chulalongkorn University, Thailand, oral presentation 

39) 	 Niamnont, N.; Siripomnoppakhun, W.; Rashatasakhon, P.; Sukwattanasinitt. M. "Polyanionic fluorophore for 

selective detection of Hg2+ in aqueous media" Organic Synthesis Research Unit Mini-Symposium 2009, 12th 

February 2009, Department of Chemistry, Facultry of Science, Chulalongkorn University, Thailand, oral 

presentation 

40) Phollookin, C.; Ajavakom, A.; Tumcharern, G.; Sukwattanasinitt. M. ''Thermochromic polydiacetylene from 

nanoaggregate of diacetylene lipids with varying alkyl chain lengths" Organic Synthesis Research Unit Mini­

Symposium 2009, 12th February 2009, Department of Chemistry, Facultry of Science, Chulalongkorn 

University. Thailand, oral presentation 

• 



• 

• 
• 2540-2542 (~1'Yl"1! . ) 

1~11~nTllitJ L~a~ "m~i~ Lm1::rh'-l a~LlIaf&'l::&'I1 tJL~"1!U~h'l11ri ii ~l~l.h::natJ L~~i'ml.6}f1 L&'I\l."lJ a~ 
h'VI:: L U\l.~1\l.1.h::natJ" 

• 

• 

2541-2543 'Yl\l.litJ'VI~~mnHU1Lan tlun~l\l.na~'Yl\l.~irtJ~\l.\l.m~litJ (~n1 . ) 1~11~m~lim~a~ 
q Q"IQI q, 

"m~i~L~~l::~~~ &'Iii\l.m11UEhlrElfm~n[4]La~\l.L~aliLlJ\l.L~~a~iim::itJ111 L&'I n &'11\l.m~LLtJnLa a\l. 
. q 

'VI1aliLu\l. La a am6}f\l.L6}faf" 

2542-2543 'Yl\l.a~'VI\l.\l.m~litJ~tJl.h::mruLLr..i\l.~\l. iJ 2543 tlirm1\l.~ru::m~lIn1~litILL~~"1!1~ 
q q q 

1~1~m11itJ~a~ "m1L~1tJlILL&'I::m1~m~n~lItJl1"lJa~Ln~a"lJa~L~1~6}f1\l.ntJ~11ihi~1"1!Yhridj\l. 
m~" 

• 2543 ITIT fellowship. National Institute of Advanced Industrial Science and Technology 

(AIST). Osaka. Japan; Research area: Enzymatic Hydrolysis of Chitin and Chitosan; Host: Dr. 

Sei-ichi Aiba 

• 2544 STA fellowship. National Institute of Advanced Industrial Science and Technology 

(AIST). Osaka. Japan; Research area: Enzymatic Hydrolysis of Chitin and Chitosan; Host: Dr. 

Sei-ichi Aiba 

• 
tJ11111"1!1.ltllln 

'IJ 

• 2545-2548 'Yl\l.~ill\l.lirnlitJ (LlITIiitJ ~n1.) L~a~ m1i~Lm1::~LL&'I::~mY1LmtJtJLfitJtJa\l.~wfim 
q q 

~nlJi'[4]ba~\l.ri iiL~L a 1 6}fb tJ\l.sn\l.LL&'I:: ~~&'Iii \l.~1'V1~tJm~~ill \l.1 ~1itJLa a a\l.LLtJ tJ ~l'Yl"1!'i 

1:: tJ::L1&'11 

1~1~m1 
A~ a ~ 

~1 \l.1";) tJ 'YlL ~1";) 

LL~1(%) 

1) 1m~m1~~~m'VI11L~111~"lJ1l1l'-lL~a 
q 

iJ a~n\l.11fl,jan1::~nL~all";)lnLtl~ an 
'IJ 

a1'V111'Yl:::L~ 

~ru::n1111m1 

iimL~~"1!l~ 

2549-2553 80% 

~ .....
2. Wl\lU 

OJ 

1. :ntlirniitJ/~"1i1tJlitJ
'IJ 

~tl - \l.ll1~fl&'l (llTbnL'Yl tl) (\l.lW\l.l~/\l.l~ ~11. ~1 . ) a\l.l"1! tl1"1!11~11 



(1l1'M1B~nrpy) (Mr.lMrs.lMiss, Dr.) Anawat Ajavakom 

2. 	 b~ "l.I 'VIm mJ:i::,'il <ll11.l1::"111"11lt 

3101700302799 

3. 	 <ill LL'VI'Ii>'lihl';)Ult • 
<illbL'VI'li>'l'Yll>'1!'hln11 (~.I1~.I~~.allt') (11J1(m::lJ) tn"ill1rJ

• 
4. 	 'VI'li1rJ>'Illt~mj~lllm1bl~~~tli.~~mn y.l'fmJ'VI:IJ1m~"l.I1'Yl1f1'Yft11'Yl11111 bL~:: e-mail 

'II 


.cit. d A f( I' A (L.; 


111f11"111LfI:IJ f1rn::1'Ylm~1~m "iIW1~>'In1rn:IJ'VI11'Ylm~rJ• 

1 'Yl1f1Vft1 0-2218-7623 

1'Yl1~1 0-2218-7598 

E-mail anawat77@hotmail.com 
.1 	 ...... ..

5 . 	 u1::1~n11~n'Ml 

tfhunn~1 Y.L~. 2539 ~1"l.111"111 bflii "iIln :IJ'VI11'YlrJl.rrJltl"1l1nl1.l1::L'Yl~&i1lt 
QlQI 	 "1 

A .dod 0 A I A Gt .. 

6. 	 ffl"l.l11"111mTI1:IJml:IJ"111mqJ'YH~'M (bL<iln~l>'1"i11nl~~Jnl1~n'Ml) 1::~1ll"l.l11"111n11 

Organic Synthesis 

Radical Chemistry 

Supramolecular Chemistry 

.1 .-.d.d "'.... '" "'.... ~ 1 .1 1 17. 	 u1::~lJ n11rn'YH n rJ1"l.1 tl>'l nlJnl1lJ1'V111>'11lt1"i1 rJ'Yl>'llll rJ ltbL~::mrJltf)nu1::b'Yl~ ~m::lJ~mltlll'W It• 
m1rhm11irJl1bUlt~elllt1rJn11bb~lt>'llltlir.J ~1'V1,rl1f11>'1n111irJ 'VI1tl ~11:IJlirJlltLb~ ~::,ym~lttl 

'II 	 'II 

1) 	 Akiyama, T.; Imahori, H.; Ajawakom, A.; Sakata, Y., "Synthesis and self-assembly of porphyry-linked 

fullerene on gold surface using S-Au linkage." Chem. Lett., 1996, 10,907-908. 

2) 	 Imahori, H.; Ozawa, S.; Ushida, K.; Takahashi, M.; Azuma, T.; Ajavakom, A.; Akiyama, T.; Hasegawa, M. 

; Taniguchi, S.; Okada, T.; Sakata, Y., "Organic Photoelectrochemical Cell Mimicking Photoinduced 

Multistep Electron Transfer in Photosynthesis: Interfacial Structure and Photoelectrochemical Properties of 

Self-Assembled Monolayers of Porphyry-Linked Fullerenes on Gold Electrodes", BUll. Chem. Soc. Japan, 

1999, 72, 485-502. 

3) . Imahori, H.; Azuma, T.; Ozawa, S.; Yamada, H.; Ushida, K.; Ajavakom, A.; Norieda, H.; Sakata, Y., 

"photoinduced electron transfer at a gold electrode modified with a self-assembled monolayer of fullerene" 

Chem. Comm., 1999, 6, 557-558. 

mailto:anawat77@hotmail.com


4) Imahori, H.; Azuma, T.; Ajavakom, A.; Norieda, H.; Yamada, H.; Sakata, Y., "An Investigation of 

Photocurrent Generation by Gold Electrodes Modified with Self-Assembled Monolayer of C60", J. Phys. 

Chem., Series B, Matenals, Surfaces, Interfaces and Biophysical, 1999, 103,7233-7237. 

5) Kitkulnumchai, Y.; Ajavakom, A.; Sukwattanasinitt, M., "Treatment of oxidized cellulose fabric with chitosan 

and its surface activity towards anionic reactive dyes", Cellulose, 2008, 15, 599-608. 

6) Sirijindalert, T.; Hansuthirakul, K.; Rashatasakhon, P.; Sukwattanasinitt, M.; Ajavakom, A., "Novel synthetic 

roule 10 1,4-dihydropyridines from ~-amino acrylates by using titanium{IV) chloride under facile conditions" 

Tetrahedron, 2010, in press. 

2) 	 Klaikherd, A.; Skulnee, K.; Ajawakom, A.; Chavasiri, W.; Sukwattanasinitt, M.; Aiba, S. "Control Release 
th

of 2,4-D Herbicide by Chitosan" Abstracts for 26 Congress on Science and Technology of Thailand, 

Bangkok, Thailand 2000, 697. 

3) Hansuthirakul, K.; Sukwattanasinitt, M.; Ajavakom, A., "Synthesis of Aziridine Derivatives" Abstracts for 
th

30 Congress on Science and Technology of Thailand, 19-21 October 2004, Bangkok, Thailand, C0247. 

4) Hansuthirakul, K.; Sukwattanasinitt, M.; AJavakom, A., "Acid-promoted Intramolecular Cyclisation of 

Enamide Derivatives" Abstracts for 31th Congress on Science and Technology of Thailand, 18-21 October 

2005, Bangkok, Thailand, C0065. 

5) Hansuthirakul, K.; Sirijindalert, T. ; Ajavakom, A., "Acid-promoted Intramolecular Cyclisation of Enamide 

Derivatives and SynthesiS of PyrroJidine trans-Lactams" Proceeding for 4th International Symposium on 

Advanced Materials in Asia-Pacific Rim (ISAMAP), 13-15 July 2007, Niigata, Japan, IL06, 21 . 

6) 	 Boonchit, S.; Ajavakom, A.; Sukwattanasinitt, M., "Separation and Morphology of PDA from Self-assembly 
th

of Diacetylene Lypid" Abstracts for 33 Congress on Science and Technology of Thailand, 18-20 October 

2007, Nakornsritammarat, Thailand, E0015. 

7) 	 Hansuthirakul, K.; Sirijindalert, T.; Ajavakom, A. "Acid-promoted Intramolecular Cyclisation of Enamine and 

Enamide Derivatives" Proceeding for International Symposium on Catalysis & Fine Chemicals (C&FC) , 16­

21 December 2007, Singapore, NMP-A04oo. 

8) 	 Supsvetson, S.; Ajavakom, A. ; Sukwattanasinitt, M., "PREPARATION OF GLUCOSAMINE 

HYDROCHLORIDE FROM a-CHITIN BY MICROWAVE ASSISTED ACID HYDROLYSIS" Posters for 

PACCON, 14-16 January 2009, Naresuan University, Phitsanulok, Thailand. S15-PO-12. 

9) 	 Chanlra, T.; Sukwattanasinitt, M.; Ajavakom, A. "Synthesis of chiral oxazolidinones via acid-induced 

intramolecular cyclisation" Organic Synthesis Research Unit Mini-Symposium 2009, 12th February 2009, 

Department of Chemistry, Faculty of Science, Chu/alongkorn University. Thailand, oral presentation 

10) Phol/ookin, C.; Ajavakom. A.; Tumcharern, G.; Sukwattanasinitt, M. "Thermochromic polydiacetylene from 

nanoaggregate of diacetylene lipids with varying alkyl chain lengths" Organic Synthesis Research Unit Mini­

Symposium 2009, 12th February 2009, Department of Chemistry, Faculty of Science. Chulalongkorn 

UniverSity, Thailand, oral presentation 



• • 

JI"7~LL~=YJU7;llrtLf)llLi1fll (i11U7"1flnTJr~ma.,.n=iJrh";j,,rtLf111JnllnU7;1l) 


• 2533-2535 'YI'\.mT~;;;mYl"l.1Eh' n.w. ~::~1JiJ1imJll~lEJ hnnm ll~::L'YI~niilJu. .'" 

• 

• 

• 2539-2541 'Yl'U. ORS (Overseas Research Scholarship) ,nn1l1::L'YI~El"nt]'l~ 1::~1JmrunnLeJn· .... 
:lJvnl'Yl£n~tIL"lJlfLL1l:IJil ~'U. 111::L'Yl~El"m]1~ 

• 2546-2547 'Yl'U.1"1fmiiL'lYn~:IJlfl"1f Wl'VI11J'IXnliEJ1'V11i "ilm~"n1m:IJ'VIli'Yl EJ1~EJ 

• 
~11:IJ~:IJ11f11 'U.nTm"1l"i'U."l.I El,,1l1::L 'YI~ 

'Yl::L~LL~::'n LEl'U.l~1v-l'Yi"" 

• 2549-2553 'Yl'U.~l,xm1'U~ rn::n11:IJ m11i EJ LLv\"'751~• 

d::EJ::L1~l 

A_ &II ~ 

"1'U1"il EJ'Yl L~1,;)1~1"md 

LL~l(%) 

2549-2553 80%1) 1~1" m1t:-J~~Ell'V111Lii1:IJ ~fllW 'Yl'U.Wl,xn"l'U.• • 
L~EliJEl"n'U.hmjElm::~m~El:IJ ~rn::n11:IJm1 

'IJ 



1.U'YIUl 

1) aJGH'VI<il'il-JL'ilbb~::lJrurn 
'\I .. '\I .., 

1,,, ~'U. (chitin) b U 'U. V'l El ~ baJ El fJrl1aJ"1ll ~ ~,J1::n ElU ~1 tl1"1.:J ~fl.:J'Yll.:J b" ii ~ El poly(P-(1-4 )-2­

acetamido-2-deoxy-D-glucose) 'VI1El ba'U.-bbEltUii 1iI-~-n IiIl"'1l'lii'U. (N-acetyl-D-glucosamine) dJ'U.'VIU1 tI.J'l 
'II 

'VI~nL'U.Lf'"ltlV'lEl~ baJerf ~1'U.1,,,1<il'1l'1'U. (chitosan) i,~'illnm1'Ylltl~mtl1~ El::OUYibliliWlJfl.:Ji,,,~'U.L'U.~111i1::~1[J 

~1.:J L"limJ'U. ~.:JJ'U.i,,, l <il'1l'1'U. ~-Jtl1::n flU ~1 [J1"1.:J ~fl.:J 'Yll.:J b" ii al 'U.l'V1 qj dJ'U. poly(P-(1-4 )-2-amino-2­

deoxy-D-glucose) 'VI1El~-nIil1"'1l'lii'U. (D-glucosamine) bll'U.'VIUl [J-Kl'V1 ~n i,"~'U.bblil::i,,,l<il'1l'1'U.ii1"1.:J~fl.:J 
'II 

'Yll.:Jb" ii m~'l tI "~.:J 11U b'1r~1iI11i1 ~ LL<il n ~1-J11'U.~'VI aJ LL'Yl 'U.~u'U."Tfu fl'U.fl::<il El mil LL 'VI'U).:J~ ~fl.:JL'U.l.:J LL'VIl'U."V'l11 
'II 'II 

1'U.~ (pyranose ring) ofi.:J LU'U.'VIU1 tI cl fl [J"lJ fl.:J L'1l'liIliIlliI ~1<il [J'VI aJ bL'Yl'U. ~~~lLL'VIU.:J-tl"lJ El.:J L'1l'~ iii1 iii ~,;)::Lll'U.'VIaJ"e']
'II 'II 'II 'II 

<il1ElnOUlilbL~"lJ El.:J i."~'U.Lll'U.'VI aJ El::OU'Yll"aJlil (NHAc) ~1'U.""1<il'1l'1'U.LU'U.'VIaj El::ii1'U. (NH2)
'II 'II 

i,,,~'U.-i,,,1<il'1l'1'U.~ ~~<il;f'U.1l1 til'U.tl1::L'Yl V'I ~l'U.l 'VI W,;)::~.:J El Eln1'U.1tl"lJ El.:Jlml~U11"1(1 n (ii1li1n1aJ iii:: 
QI ,. .. " 

400-1000 Ul'Yl) ~.:Jtf'U.m11im~ El'VI11lffi11~~<il~~<ililrn~~iiaJliI~1~.:J;f'U. ~.:JLU'U.n11,h mtl~ [J'U."lJEl.:JL'VIflEl 
'II 'II 

~.:J'illn El<il~1'VIn11aJ Ell'VI11'Yl::LliILL°riW1i.:JL~nlill mll'U. 'Yl1V'l tlln1~ii~1"lJ El.:Jtl1::L'YlV'l ofi.:Ji<il"~11Lll'U.m11i[J, 
L~ El~~'U.1L 'Yl"1'U.11i1 fl~~'U.".:J LLIiI:: rT.:Jli'U. La'U.-LLEltUii 1iI-~-n1i11"'1l'lii'U. ~"lJl [J1'U.1tl ~11L"iiiJ';)';)u'U.ii11mnl1

'II 'Il , 

57,700 Ul'Yl/n1li1n1aJ ~1'U.i.<ilLaJ El1"lJ El.:J""~'U.~ El La'U.,La'U.-"<ilLLEltUiilil""1<il"U1El~ ii1lm~.:Jnl1 900,000
'II 

Ul'Yl/n1aJ LLIiI::1El ~1maJ fl1~ ii"lJ'U.l<il 3-7 'VI'I-!.1 [Jtf'U.ii11"1~.:J;f'U."tlEln<illaJ~l ~U 1 ofi.:J~11L 'VIfh-tlliLU'U. 
'II 

~1 'U.~ ~aJ 'VI anL 'U.tJl1n Ml Ell n11 L~Utll <il <illaJ"liEl n 1:: <il n ~1'VI1U ~1h tI ~ L U 'U.11" El El ~l11El Ell fi. 'Yl1l1 ~ 
'Il 'II 

(osteoarthritis)2 1m.:Jm11i[Jit~.:J Ell'il ti Eli.~11Lll'U.'il<ilL~aJ ~'U."lJ El.:J m1 LLtl 11tl1(1 <il~U~ Eli."~'U. LLIiI::i,,,1<il'1l'1'U. 
, 'II , 

1iL1J'U.~1L"ii1aJLlilnlil"lJ'U.l<ilL~nlil.:J~iitl1::1 [J"1l'U.L'U.'Yll.:J Lll~"1lm1aJ~ii11m ~.:J;f'U.
, 'II 

l'U..:Jl'U.li[J~~1'U."lJEl.:JL11V'lUl1LEl'U."'1l'aJ'illn Burkoderia cepacia ~laJ11(1li~~<il La'U.-LLEloniilil-~-nlil 
'II 

1"'1l'lii'U. ,;)In i,"~'U. aJlnnl1 90% L'U.L11i11 1 l'U. 1<ilmr<il11~11i,jltll'U.m1~~<ill'U.1::~uiEl.:Jtl~lliln11'il:: 

mj~U1::mrn 800-1500 Ul'Yl/n1li1n1aJ LLIiI::ti'1"lJtI1[J"lJ'U.1<ilm1~~<iln,;)::~lm1(11i1<il11"lm1~~<il~Eln1Ii1n1aJ
'Il 

1iI.:J El rh-JiiuEJ~lflru"<il1in EJ til.:J"1nm6J,;)<ilL~'U."lJEJ.:Jm11i[JmaJi.~EJ ti~ ~'U.'Yl'U.m1~~<il ~l bb~ LW[J.:J El rh.:J L~ rn 
III .. " .. 

bb~ El cl ~"11aJtllil El <il iltI bLIiI::" 11aJ L u'U.ii <il1~ El~.:J LL 1 <il ~ElaJ ~ ii aJl n nl11TIn11 ~ ~ <ill <il til i ~11 L" iiofi.:J ii 
'II 

n1::ul'U.n11'Yll~~<ililm~Liu1~'Yl~~cl.:J[JlniuiEl'U., , 

"'.1 ...
2) l<il(1lJd::~.:J", 

2.1) L~ El~nMlm1cieltl""~'U.~lmfl'U.I,'1l'~L~m<il1[JaJ La'U.-LLEl6Uiilil-~-nIil1"'1l'lii'U. LLIiI:: La'U.,L5'U.-i.<iI
'Il 

LLEl6lliilili,,,l<ili,ulEl~ LLIiI:: ~nMl'VIllTILL[Jn~t:i<ililm~~.:JmhlElEJn,;)ln"lJEl.:J~~aJl'U.tl~mtl1~1aJl<il1~1'U. 

2.2) L~El~nMlm1ci El tli,"~'U.~1[Jn1<ili.e']1<il1"liIEl1"1<i1[Jii,,~'U.ela<il111'1l'U"'h m ~m<il1[JaJLnflElniii
'Il 

1"'1l'1 ii'U.i.e']1<il 1" IiIEli.1IilLLIiI:: ~nMl'VIllTILL[Jn ~t:i<ililrn~~.:Jn ~11 El Eln,;)l n"lJ El.:J~~aJ1'U.tl~n1[Jl~1m<il1~1'U. 
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A.cti 0 A AQ.,o

2. lfin1'l~1m"nl'l'HHJ 

1) m1ciatJ~lma'\.l,i,sn:U 
.... .... ....,J,:J .... ca..o Oro ca..o 

a. ~'\.l,~ll"~:11U11~~a~~~bntJl~a~nU~1'\.l,1~tJ 
'\J 

b. 	 i~'VI1~11b~ihL~:1~fl~U~~lbtJ'\.l,, 
c. 	 ':b Aeromonas hydrophila MOK-1 ~~~baana-ltJ~'\.l,nLb~11la-lm1fl~~~La'\.l,i,sn:U, 

ciatJi,~~'\.l,i,~ ~ln~1. i'~ ~"lHlJl~n1 11l~;alL~ii ~Wl~~n1n!~'VI11~tJ1itJ mihm1 
... ... '\I 	 , 

L~tJ~L~~-;il'\.l,l'\.l,L~auli,t1fim~l<ila Lb~:LnUbtJ'\.l, stock b:A'a 

d. 	 ~m~ltl~1lm1L~1qjL~ul~LL~:m1~~~La'\.l,i,sn:U~a~ Aeromonas hydrophila MOK-1 

'VIl a~ ~t11:n aU~ a~al 'VIl1L~tJ~ L:A'a LL~: anI, 'VI 11 ij ~L'VI ~l:a-~ ~ anl1~~ ~ La'\.l,i,sn~1 '\.l, 
, 	 '\J 

mmrnmn 

e. 	 'VIl ~11l1:~L'VIm:a-~num1U mJ~a~La\l.i,sn31' 

f. 	 UEl tJi,~~'\.l,'ii'..JtJ La\l.i,"1!~1'VI1'ii'~~~i1n1,.nd~hni'1~1~LLaiJl'\.l,l~L~nL'l L~tJ1"L'l:1~ LL'ln~fi 1~tJ 
, , '\J 

1mnm1'V1iTmLuu~~~L~tJ1. LLUU~~~aL'd.a~ LLL'l:LLuu~miia~ 
g. rhm1LLr.Jmi'1~1~hJLfimm~tJ1 LL~:Jlmwh.IL~nwfi1iu11.'fl1~ 

, , qJ , 

h. lL~1l:~ ~1t1~L'l LL~:L;jr.J\l.L;jtJ'\.l,11tJ~1'\.l, LL~:L~1tJ~U~~11~L~a~~~~~yf 'VI~a, ~~ 

~~nU~1 

2) m1ciatJ~ltJm~ 

n) 1~tJ1i~~'\.l,tl~ml1sn-U~"lilmi~t1:fjmr.J1 
, , .... 	 .... .....c:t A .... ca... A ca... 

a. 	 ~\l.~11LL~:;11u11~~a~~~LntJl~ a~nU~l\l.l~ tJ 
'\J 

b. 	 i~'VI1a-11L~iiLL~:1~fl~u~-;ilLtJ'\.l,, 
c. 	 fim~nm1UatJi,~~'\.l,~lmtl~aml~U~~'\.l,1~ 200 mesh ~ltJn1~i,e11~1~~a1m,y~,y'\.l, (12 M), 	 . 

~1:tJ:L1~1<ill~ G)n'\.l, 1~tJ1msn-UL~L~af"lil tJ 

d. 	 'Yilm1LLtJn~~~.nnl,.nLnaan~1~snlii'\.l,i,e11~1~~ah~ (GlcNHCI) 'V'4~a~rt~~l'\.l,ln1,'VIl
'\J 

LtlafLsn'\.l,~~~~~~ LmtJULYi tJunum1U atJ1~ tJi,~1i~~'\.l,tl~~1l1sn-U~ 
e. 	 'VIl activity ~a~m1UatJ1~tJ1i lsn-UL~L~afLtI'\.l,il"lilm1~t1~mtJ1m1UatJ 

f. 	 ~m~niJ~itJ~a~tlml~l'\.l,1:'VI11~m1J1n1,i,~~'\.l,nUn1~i,e11~1~~mm,y~,y'\.l,~ii~ mtlafLsn'\.l,~ 

~~~~~LLuuHlsnULflL~af 
, 

g. 	 'VIlfil pH Lb~: anl,'VI11ijYiL'VIm:~~~1'V1i'um1uatJ
, 	 '\J 

h. 	 ~11~i.iaU~~~.nnl,.n~i,~1llnm1UatJ~ltJ HPLC 

i. 	 bLr.Jn~~~i1n1,'Yl1iu1i.i'Yl~'ii'1r.J m1~n~:na'\.l, 'VI1a1~1m1'Yln11Y-lVJ, 
~) 	 1~tJ1i~~'\.l,i,~1~1LlvJ"lilmi~t1:fjmm 

j. 

k. 	 i~'VI1i.i11L~lILLL'l:1~fl~u~~lLiJ\l., 
I. ~m~nm1uatJi,~~w,nmtlaaml~U~~'\.l,1~ 200 mesh ~ltJm~i,e11~1~~a1m,y~,y'\.l, (12 M), 

~1:tJ:;L1Wl~1~ G)n\l. 1~£J1-tl.~lmnvJ"liltJ 

http:1~tJ1i~~'\.l,tl~ml1sn-U~"lilmi~t1:fjmr.J1


m. 	 ihn11LL£Jn ~~~.nUl.'1'1Ln~em~LT1snlijULe1L~1T1~tlhill (GlcNHCI) 'V'-l1tl3JrY>lT11U1U1.Vll 
'IJ 

Ll.ltlfL&]lUII1~~~~~ LmtJUL fi tJunun11ci m.lL~ tJL:JJ1iT1~UL:IJLT11L lvJ 

n. 	 Vll activity "lItl>ln11titl tJ L~tJ1iT1~UL:IJLT11LlvJdJU~1"1h mi>ltJljmrnn11titltJ 

o. 	 ~m!tli1';)~tJ"lI tl>l ~~11~lU1::Vlil>1m:lJ1UI.LT1~unun1~Le1LmT1~ tl1m"ll:IJ"llU~ij Cii mtJ tlfL&]lUII1 

~~~~~LLuu1iT1~UL:IJLT11nvJ 
I 	 -. A 0 CI-' , 

p. 	 VllT11 pH LL~:: tlUl.VlI1:IJ'YlLVI:IJ1::Gi:IJGilV11Un11£.Jtl£.J 
• 	 'IJ 

q. 	 ~11,;)GitlU~~~.nUl.'1'1~L~,;)lnn11citl £.J~1£.J HPLC 

r. 	 LLtJn~~~.nUl.'Yl1~U1Gi'Ylt~1£.J n11~n~::ntlU Vl1tlLm:IJ1L 'YlmlvJYJ • 

3. "an1"i~')U 

1) n11citltJ~lmtlULsnaJ 

LtlULsnaJ,;)lml Aspergillus fumigatus (4 U/1 9 of chitin) Gi1:1J11f1citl£.JLT1~U (3% w/v) ~ pH 

LUU 	3 tlUl.VlI1f1 40°C L~~~~.nUl.'1'1dJU GlcNAc ~lmtJtlfLsnu~~~~~~ 72% 111tJ1uLl~1 2 lu n11citl£.J 
• 	 'IJ 

LT1~U~lm£luLsnaJ,;)lnLT1~ULLUT1fiL1£.J Serratia sp. (1 U/1 9 of chitin) ~ pH L'Yhnu 6 tlUl.Vll1ii 37°C ih 
• 	 'IJ 

n111i:IJLUUn~1 6 lu1~~~~.nUl.'1'1LUU (GlcNAc)z LL~:: GlcNAc ~lt1LtJtlfLsnU~~~~.nUl.'1'1 43% LL~:: 
'" 0 L"".A. ~ "" ~ a,., .... .c:t. J .c:t. ca,... 6'dL...

2.6% VI ~>I';)l nn11'Yll VlU1Gi'Yl1l~1 tJ"lIU1Un11'Yl'V'-l~Ul LL~l T111 :lJU1Gi'Yl1i"lltl>l ~ ~~11 UI.'Yl'Yl ~Gi>l 
• 	 • 'IJ 

2) n11titl£.J~1£.Jm~ 

n11citl £.JLT1~U~l tJm~Le1L~1T1~tl1m"ll:IJ"llU L~ tJn11LiLL~::L:JJ1iT1~Ue)~mlLSJ1itT1L~tl1VI'~Ln~tln~ 
'IJ 

LT1SJ11ijU Le1L~1T1~tlh~ (GlcNHCI) :H>lGiI111::~1,nUn11L~1tJ:lJLn~tl GlcNHCI ~tle)ml~lULT1~uCiitln1~ 
Le1L~1T1~ tl1m"ll:IJ"llU 1:1 (w/w) LL~::n11citl £.JL~ £.J1iT1~UL:IJLmnvJ :H>lL11';)::ihn11V11 GiI111::~LVI:IJ1::Gi:IJ 

L~:lJL~:IJ~Gil:1J11f1"1il tIL~:lJtJ1::~'YlTII11'V'-ln11ti tltJL~m.i1>1ijitm~l"qj~ tl~'V'-l~>I>llU1~~ 850 watts LUULliill 

12 ulfi ~~11~lU1::Vlil>1LT1~ULL~::m~Le1L~1T1~tl1T1L"ll:IJ"llU (J1V1itn/J1V1itn) ~ 1:3 . 

4. i'4"itlua::li'4Umm::• 
~~1U~lUn11ti tl £.JLT1~U~l £.Jm~Le1L~1T1~tl1m"ll:IJ"llUL~ £.Jn11LiT1~U~iil~1~ILSJ1itT1L~~muu~'V'-l tlh 

1::~UVlrt>l ~lUn11V11GiI111::~ LVI:lJl::Gi:IJL Un11ci tl £.J L~ £.J1iT1~UL:IJLT11L lvJL~n1::ihLtJ1U"lI tllJ"li1 £.J~T1iil tlU 

T1~:IJ'V'-l tlGi:IJT111rY>l1u~lui1';)i£.JCiil>1"J LLCii £J>I'V'-lUilLtJ tl1LellUII1~~~.nUI.'1'1~L~£J>I~lnil~T11~ tll,;)~tl>l"'b Ltll 
• 

n111iLT1~tl>l L:lJT11it"iilGiL~ tl1L1tlf:lJ1 LUU~l"1il tJ1 Un11L ~:lJtJ1::~'YlTII11'V'-ln11ci tl £.J 

tl cil>1i.1fi~1 :IJ-illU~~1~ru:lJ1 n anil"lltl~ Eln1111U11:IJ"lltl:IJiil LLiil::~~ n11'Yl~ ~ tl>l~L~:IJ1 L~ £.JU~~:IJ~ 
~ 	 . 'IJ 

~>llU111Gil1'Yll>11"lfl n111U1::~UU1Ul"lfl~ 'V'-l1tl:IJrr>l11>1 LL~unl1~1 Litu>lluii£.J1Un11lh~~~.nUl.'1'1V11tl 
m1:IJlfi~L~tJ1it~LiJU1.l1::L£.J"lft!:H-il LLli.UtlU~lUVlrt>l~tln11~~Ulm1:IJ1TIn111Un11ci tl £.JLT1~U~Gi1:1J11f1 
Ul :lJl1 iU1LI1T1 L lIUtllV111L Gi1:IJiJ tl-il nuL1T1"lltl n1::~ n L ~tl:IJ LL~::L U an ~11U~ tl nl1~~ LL tJ ~>I ~ ~~ 11UI.'1'1 

'IJ 

~>lmi111iiJLT11>1Gi11>1'Yll>1 LT1ii~ LL~nCiil>1L~ tl'Yl~ ~tlU LUUtl1V111L~1:IJ1U1tJLLuu~uCii tlLtJ 
'IJ 
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... d 

Otnurulb~"1.I'Yl GRB l!J'o> oco l!Jm ol!:J 
Ct.I' Ct.I' - - - ­

lTl1,mT':ilirJ b~a>l bbt:-JU,'l1 ulirJul~m11.1 b~a rJn1::~UTl rnrl1V'l bb~::wn 1.IU~ a~.nrJ'Yll\l e:J1'V111~lTl1\l a'11\l. ~ 

bf'f113~n"il rJTl1'VI 11... . 

a'lm1{lciarJLTl~U~lmaUL"1f~"illn11 Aspergillus fumigatus bb~::1Tl~UbbUTlYh1rJ Serratia sp. 

b~m~1rJ1.I bilu-bba<fiti~-~-n~lTl"1fliiu (GlcNAc) bb~:: bau,baU-L~ bba<fiti~LTll~LUlaa' (GlcNAch LUL~lU 
~ . 

1::~u~'\.i,1V'la1"il 

1U"1.I rn::b~mnUb11L~iL'~1.I~n131 n11ci a rJLTl~U~l rJn1~Lvl~1Tl ~ a1Tl b~ m~1rJ1.I b n ~ an~lTl'lniiu 
~ 

Lv1~1Tl~ a L 1~ (GlcNHCI) 1~rJn11ciarJih11L~'ltl bml"1fii.bTl b~afb-nlm,h rJ1un11cia rJ~\lL~t:-J~ biJU~V'la1 U 

1::~U'VI\1\l bb~::b11L~b~1.I~n131nl1ci a rJLTl~U~l rJn1~L v 1~1Tl~ a1Tll~ rJii Tl~'UL1.I1Tl1bl~ LiJU~l"lil rJ b 1\l 

u~mm 

Ol. n1")(;11 LUlt.\l1lt.l,"1l'l\lGlil hi 
- ~n13111rJ~::barJ~"1.Ia\ln11ciarJLTl~U~lrJn1~Lvl~1Tl~a1Tlb~m~1rJ1.I GlcNHCll~rJ1ii.1.11Tl1bl~ 

L-nlm"lil rJ1 Un11ci a rJ 

- 1uaUl Tl~"il::iin11\b Le:J1 t:-J~~.nrn~~L~1.Il~~ LLU ~\llTl1\la'11\l b~ a~~U1Tl rna'1.Iu~1Un11 1 idJu• 

'VI ~\l"illniin11u1'u1:: rJ::L1~1"1.1 a\l n1111 rJ\llUTlll1.1 nl1'VI ttl b UU 6 L~ au~ aTl~\l LL~l a'1 m1{l'Y11\llU 

L~mn;fu · ~\lt:-J~1~n111irJ~u'VI\i1Lumnn11~m~n11Ll 

... ~ ..~..~"::.(:~ .... 
fI a.....:::a..:::a. d 

(1a\lf'fla'~11"ill1rJ ~1. 1.I\lTl~ a'''1.Il~Ula'U'Ylli)
q 

i':l'vnZllm"nliJ..uLI 
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