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1J't1A~HH) 

nTdci ar/lfl~'U1l1mLmt 'VI ij n~lm El'UL'UaJ,n n'n Aspergillus fumigatus LL~dfl~'ULLUflfIL1tl 

Serratia sp. ~l :lJl'H1 ~~ ~H 5'U-LLEl~fi ~-~-n f11fl"Il13J'U (GlcNAc) LLf1::: L5'U, L5'U-L~ LbEl~fi f1 L~1~lU18 ~ 
'IJ 

[(GlcNAch] 8Ul\lLUvn:::L1l1:::1l\lL~ L8'UL"IlaJ-:UlnJl Aspergillus fumigatus (4 U/1 9 of chitin) ~1:JJ1Jr1U8tl 

l~~u (3% w/v) ~ pH dJ'U 3 Ellli'VIJlii 40 DC l~~~'ll.rlrn'l'fdJ'U GlcNAc ~lmtJElfL.rr'U~~H'H.j~'ll 72% 
• 'IJ 

Jlltll'Un~l 2 l'U nlJU8tlLfI~'U (3% w/v) ~lmemL'UaJ,nn1f1~'ULLUfI.yh1tl Serratia sp. (1 U/1 9 of 

chitin) ~ pH Lyilnu 6 8rn'VIJlii 37 DC rhnlJU:lJLiJ'Un~l 6 l'Ul~~~'ll.rlrn'l'fLiJ'U (GlcNAch LL~:: GlcNAc 
• 'IJ 

~lm1JElfL.rr'U~~~'ll.rlrn'l'f 43% LL~:: 2.6% 'lll:lJ~l~U nlJyhlv: GlcNAc LL~::: (GlcNAch U1~'Ylt~1:JJ1Jr1
• 

ih1~i1~ tlnT)"'lln'll:::n El'U~l m8'Yll'UEl~ 'll1:lJ~1!'.1 nlJrhi'll~~l!'.1 ~\l (h'Uninr'U~'VI181ifl El ~mr~3J ~\lf:hml:lJ 

aJ'U'll1~ GlcNAc U1~'Ylt~lmtJElfL.rr'U~~~~~'ll 64% Lb~:: (GlcNAch U1~'Ylt~lmtJElfL.rr'U~~~~~'ll 40% 

LL~:::~l!'.1mJ:lJ1TInlJrll1V:U1~'Ylt~W~'U1Lb~1 ~l:JJ1dml'i:lJfll1:lJU1~'Ylt"lJ 8\l ~~'ll.rlrn'l'f~\ln\l 100% 
• • 'IJ 

nlJci8!'.1i.f1~'U~1 tlnJ~LeIt~Jfl~ El1n L-iT:lJ-iT'U t~ rmlJliLL~::L3Jlifl~ml~'llJl tontii'lL~Ell'V11~Ln~Eln~ 
'II 

tfionlii'U LeIt~Jf1~8h~ (GlcNHCI) ~\l~Jll1:::~1i'l'UnlJL~1!'.1:lJLn~8 GlcNHCI ~El5'llJl~1'ULfI~'U~emJ~ 
LeIt~Jf1~a1m-iT:lJ-iT'U 1:1 (w/w) LL~:::~arn'VIJlii 40 DC L~~~nlJciatl~iitJJ::1!'.1"lnrLL~:::~lmJmbLtJh1'U 

• 'IJ 

nlJ'Yl~~a\llwff'U~ aLtJ nlJU arJLfI~'U~l rJ m~LeIt~JfI ~ El1m-iT:lJ-iT'U1~ rJnlJ 1 ifl~'UL:lJlf1JLTIt.J~\l~Jll1:::~li 
l'UnlJL~1mJLn~a GlcNHCI ~a5'llJl~1'ULfI~'U~am~i.eI1~JfI~a1m-iT:lJ-iT'U 1:3 (w/w) ~Y-I~"'\l1'U 850 

l'll~dJ'Un~l 12 'U1Yirll1'VIl~LtJ afL.rr'U~~~'ll.rlrn'l'f 52% LL~:::n1JtJ1UtJJ\l LUtlfL.rr'U~~~'ll.nrn'l'f"lJa\lnlJ 
q 

ci El r.l1~ rJn1J1iL:lJmti~~ ~L'll afL JafL -iTl"1h rJ~lmJml'iaJLtJafL.rr'U~~~'ll.rlrn'Y11~LiJ'U 56% 

l'U~l'U"lJa\lnlJttlLEl1 GlcNHCI mliuJ:::t!'.l".llu'UamnnnlJliLiJ'Ual'V11JL~1:lJLb~lLJlrh~\ltJ1u 

1f1J\l ~fl\ll~L 'VI m:::nunlJUlLtJliLiJ'U~lJ'llJl-:Ul~n1Jl11 LL~\l'Yll\l~lJllY-1~\l iilm\l ~fl\l~\l LL~~\l "" 'U\l-:Uln 

~~nlJlirJrll1V:~1:JJ1Jr1Ll\l Lml::lf~lJd]l'V1:lJl!'.1 Glc-DHP Lb~:::rh~\l~:::Ul LtllLtJ~m~n~ aLtJ 

Glc-DHP 

http:l'iaJLtJafL.rr'U~~~'ll.rl


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 

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

(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. By using mechanical 

stirrer, the yield could be · improved up to 56%. 

To utilize the obtained GlcNHCI apart from the use as supplementary, GlcNHCI is being 

developed to be used as the fluorescence biochemosensor as shown below. This target molecule 

Glc-OHP was successfully synthesized and going to be tested in the further investigation. 

Glc-OHP 
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1. U'YIl\1 

1.1 	 nlJ'YltJ'YllU1J'Hll,nJJ:IJ/~lJ~Ul'Ylf'f (information) .yhnrJl"JJeJ~ 


T "" T '" '" VI 1 ..
A

b~Hm lJl:IJ L~1 ~ ~11~ l~:IJ L~ ~U (chitin) 'VI:l..11 rJ f1 ~ poly(~-(1-4)-2-acetymido-2-deoxy-D

glucose) ~~ijl~1~~11~"lJeJ~~llJVieJ~l:IJeJf~lh::mJtJ~lmtlm~l:IJl~nm~m 2-acetamido-2-deoxy- 0 , 
-glucose 'VI1eJ N-acetyl-D-glucosamine (GlcNAc) dJm-,\UlrJ·lhlu~lrJ'WeJ~l:IJeJf lilul~l~oulU 

1 d 	 ~L~ !' 
(ehitosan) 'VI :lJllJm poly(~-(1-4 )-2-amido-2-deoxy- 0 -glucose) 'Yl:IJU1~1~ 2-acetamido-2-deoxy

D-glucose 'VI1El 0 -glucosamine (GlcN) dJm'lUl!'J·lhht~lrJtorlVia~l1JElf eJcil~hn~l:IJ1~t~OU1Uarn 
L~-;Ul n nl 1'Y11 iJ ii n1 m ~ lleJ <nfh wtlt (deacetylation) "lJ eJ~ 1~ ~lt1U~11~:: ~1 rJ ~h~ l"JJ:IJ"JJIt 'Y111 'VI1~r 
~~~.nru.n~dJul~'WeJ~l:IJ eJf1::W)1~.Jlm~ GlcNAc lL~::.Jl~l~ GleN 1u'Yll~iJiiu~L~~U~~'VImlJn~ 
1~ Vi eJ ~ l:IJ eJf~L:U ~::~1 rJ1lt~11~::~llJ n1~L~ eJ'oil1~ LcteJ,],;l1 nij liJ eJfloTIUIif"lJ El\l GlcNAc (degree of 

acetylation) :lJlnnl1 50% LL~::l~l~oulu 'VI:lJllJn\lt~Vi El~ L:lJeJf~~::~llJL~1un1~L~ eJ~l\llcteJ\l"'iJlnij 

liJElfloTIUIif"lJEl\l GlcN (degree of deacetylation) mnnl1 50% 

~ ctEl~:UlnTflj"~11""lIEl"Lfl~'ULL~::lflT~OU1'Uii'VIU1 uci El!'J"lI El".Jlm~lclJL~n ~b~L1J~b~El:IJ~ Eln'U~1!'J• 
oWull::1n~l~<n~n (glycosidic bond) l~~'ULL~::1~1~OU1'U~"~lm1f1~mjEllJ1~ rJiJiimmlrJt~11~<n~li 
~~~.nrn.nLU'UL~1~If.l~lmLou~ml1~ (chitooligosaccharide) Ll~::.Jlm~l:IJL~n~L~tn1'U~~Cil l~ij 
11rJ"lUn11'Y11LrJt~1h<n~"lJf.l"lfl~ltLL~::L~t~OU1UEl ci 2 ~m~rn::~l mllt~f.l nl11"11m~'VI1mElULou3JdJu 

'IJ 

~ld,'ltlfimm l'U'Yll,'1f.l~~1'V1n11:IJif"'iJ,;)uu UlJ:lJhlTInTHjf.llJl.fl~U~llJn1~LrJlCil1~~ f.l1m"JJmJU ~"li
:oJ • • 

~~ ~.nrn.ndJum~ El n ~t~6Jllij'ULrJt~1fl Sl elL 1~ (GlcNHCI) lctEl,'l"'iJl miJunj::tJ'.mnlj~~~~'Y111~
'IJ 

fi ElU"JJ1"11~ l11 llSl::1 mleJ l~u~~ij'nmf1m~mmmJlfi rJtJrltJ nl1~eJ rJ~l meJuI.6JlJJ 
'IJ 

1Unl1~~~ lJL~~mLSl::L~l~6JlluL~ eJ1'VI1~~~~.nru.nL 'VI~lit ~lm1f1'Y11L~~,'I1TI'Yll" Lflif LLSl:: 

nl11"11LElU 16Jl~ 1'UlilU"lJ El"nl11"11LEmL6Jl~tfU';)::ij"JJeJ 1~LiJ1rJtJ~lUnl1~ltJ~:lJiJii n1m91,'1'Y111~ 
fi El U"JJl ,'I~1!'J iJ nn1lJl L n ~~ItL~~ El ru'VI 11 ij LL~:: fl 11:IJ ~lt iJ n~ ij ~11:IJ ~1L'Wl:: ~ El"J1tJ ~L ~ 1'Y1 ~ \l LLSl::ij

~ q ~ 	 ~ 

iJii n1m"JJ1\l L~!'J\l ,xEllJ LLSl::1 U 'VI Sll !'JtJ~ e-J1U:lJl ij 0~rJ~n~l r]'YlRl 'I,.l,n11ci eJ rJL~ ~W1J El\ll ElUL6JlJJ'VI SlllJ 

"1lU~l.:Uil~::L iJ 'I,.l,LElUlOUJJ"illn11. LLtJ~fi L1!'J'VI1mElUlOUJJ"ill nvh ~\l LElltLOUJJL 'VI ~litij r]'YlRl Unl1ci El £.J~ 
LL~n~l\lrlUaElnLtlLLSl::L~~~~.nrn.n~\l~LUmrlmSlhJLSlnSlL~ lJl LL~::1EJ~lmLoTInmfh~"lJU1~~1\l ") 4,5

• 
1un1rn."lJf.l,'ln11:IJirrn11ciEllJL~~Ui 'U n\l LL:JJ11m:IJ'Ylr]~~iJiim£.J11rJtm'LSl<n~"lJ El\loWUll::Ln Sllfl<n 

~n~El\l nl1n1~L~ rJ\l L~n,xEl !'JLiJU~lL-,t"iJiin1tJl LL~lU'Yll\liJiiu~ilt~El\ll"11n1~LrJ1~1fl~ El1n L"JJ:IJ"JJU 

~,'I itL ctEl \l "ill nLfl ~U l:u ~::Sll tJ 1un1~L~ El"ill\l LL~ ~1 :lJl1f1 Sl::Sll rJL~l 'I,.l, n1~'VI1El LtJ ~L"JJ:IJ"JJ'U LLSl:: arn1"11 



ElrnlVlJJ~e)'u,il-1i.i-1~mh::mrn 95-100 DC 1 'Un11'YlIU nmm L~ El1V\i.~~~'il.nrn~i.i'ilrll rJ~Ln'il,r'UdJ'U
, '11 '11 ;oJ , 

GlcNHCI 6i1-1 Lu'Um~m~nnn11Ln'ilU~mmi.el'l'il1i.~5fri.i~-1~'U1i::i.n~l~5fr~mL~::w'Uli::LEIi.:IJ~ 
~~'U5~'il111onitTlV\m rJ ~-1 Tl~'ULiirJ>1~ijTll1:IJ~ i.i-1 Ln'Unll~V\:IJ'UMrr:u::i.~B'U l'il rJ~l i.u LL~lWlJ EI-1 

cu CUq cu 

:IJ'UMrJl'il mu~ ml::i.'il1J'ULffrJ>1i.i>1~-1L~rJ-1 LL~u1::mrn 15 KHz L 'Y1l,!'U ~-1J'UlmJUn~LL~l¢i1115t;l'il111on
, '11 

itTl~-13Tml::VI m rJ~-1Tl~'UL~rJ>1~ijTll1:IJ ~ i.i-1 nll 20 KHz ,r'Ui.u LL~Tll1:IJ~~1in3Tn:U::~ln'il EI ci L~ rJ>1 hI 
'11 '11 

bn'U 50 KHz Tl~'U5~'il111onitTlL~ElElEln:UlmTliEl>1rlILit'ilVl1mn>1fiL11L)rJnll "L~iEl>11onitLTlLmrfn LL~d 
i.iI:1J11f1f:h rJ'YlEl'il~~-1>11'U'Yll>1n~ l'il tJn11&'Ui.umm:::Ul [/h..J1 'UElIn1,'IVI1E1"1J El\l LVI~d'1.~ 

1'Un1ru,~1:IJL~nt;li.~~im ~>1>11WlJ EI-1Tl ~'U5~'il1~,lonitTl LL~l 1:IJ L~n~:U::'il~.nU~~-1>11'U~1:h rJ'Yl EI~ ~1'U 
q q '11 

~1V1::'!'U ~ LL~::'Yl~ILi~d1:IJL~n~Ln'ilm1&'Ui.~mn,r'U LL~::'il1>1dbEl-1~L11i.i1:IJ11mb~~-1>11'U~~~.nui.u 
q '11 

-rilrJl'Um1'YlIU~mm~l-1 G)i.~ L~EI>1:Ulm~ Ell:IJL~~~ij 5'il11m1&'U~d L~:lJmn,r'UL~11::u::'!'U5~11L1d 
"lJ B-1 U~ n1rJ1 n:U::L ~:IJ 'ill:IJi.u ~d rJ L-ri'UL~ rJl n'U L ~11::u::'!'U1 'Un1ru"lJ EI-1 U ~ n1tJ1 nt1ci tl rJ lTl ~ 'Unllit 

fI~'U5~'il111onitTlm1iL11fl1'ilV\1>111:U::i.ilm1fIL~:lJu1::~'YlfiIl1~m1ci ElllL'U'Yl n G)~I'U6i1>1:U::'Yl11i~'U'Yl'U 
, q 

l'Un11~~'il GlcNAc LL~:: Glcl\lHCI ~'il~>1i.~Elcil>1ijirm~lflf:lJ 

1.1.1) m1citlrJ~dmEl'Ulonll 

LEl'Ulonll~ i.il m1mbml,n'Um1ci EI rJ ij i.iEl>1'lfit~~ EI LEI'Ui.onll~i.~1l1n11 LL~::LEI'Ui.onJJ~l~L:ffEi 
LLUTlfiL1rJ 

a. ~nMI1irJm1~~'il LEI'Ui.onaJci EI tJi.Tl~'U~i.~:Ulml 
luu 2002 Nopakarn Rattanakit LU~::mll.::6 ~nMlm'iL~!J"L:ffa Aspergillus sp.S1-13 1~!:Jm'i 

VI~mLUULLi-1~iib1J~ el1ln>1LL~::LU~ElnU~ ~1'Um1ci tl rJ~l rJn1'ilLU'Ui.i11E11V111 LL~::tl:IJfiEi rnVlIl ij 45 DC 
, '11 , '11 

LL~:: pH 4 L1J'ULd~1 11-131'U l~ GlcNAc 33% "innlfl~'UL~:IJ~'U 
1 'Uil 2003 Krissana Auyunirudronkul

7 i.~'Yl'il i.iElU11 5 i.i1 tJW'UIT Aspergillus fumigatus,
q 

Trichoderma vI/ide, Trichoderma aureoviride, Trichoderma reesei LL~:: Mucor sp. ~1V\fum1~~'il 

LEI'UlonllciEltJ'1.Tl~'U 11 Aspergillus fumigatus i.ilm1f1"lfm.t11iLn'il LeJ'Ulon:IJi.~i.i>1~i.i~ ImlliLLElfl~l~i.i>1 
'11 q '11 

~>1 438 mU/ml L~m~tJ>1~dtJflEI~~ElrJ'ilEl~i.Tl~'U ~eJrnv\llij 40 DC LL~::ihnmmlud~'UdJu 1.70 mg/ml
q '11 

uljmmlel'l~dl~5fri.i"lJeJ>1LU~l'1.fl~'Ut'ilmEl'UlonaJci EI tJi.fI~U~~~'il:Uln11 Aspergillus fumigatus 1i 
~~'il.nrn.n GlcNAc mnnll 70% l'U 1 l'U 5'il11~d'U~LV\m::i.i:IJ"lJEI>1LEI'Ui.onaJ~Eli.fI~'U~EI 1-4 mU/mg ~ 
fldl:IJL-n:IJ-n'U"lJEI>1iULi.i'il1'YlLU'U 20 mg/mL -rid-1~LeJ'lf~LV\m::i.i:IJ~EI 3-5 LL~:::Elrnv\f1ij~LV\m::i.i:IJ~EI 45 

q '11 

DC u~mrJ1i.el't~1i.~5fri.ii.il m1r1'Yl1i.~1'il tJhl~EI>1ijuvJ LvJ Elf6i1>1~1 tJ~ Elm1'Yll ~~~.nrn"l'l1ilJ1~'Yl1f1'Ud::~lJ 

m1~~~ 

luu 2004 Parameswaran Binod LL~:::flrn:::8 ~nMlm1~~'ilLL~::m1'YlILEl'Ui.on:IJi.fI~L'Ui.iliu1i.i'Yl~, 
1~tJ'Yllm1fl~L~Eln Penicillium 14 i.iltJW'UIT ~L~tJ>1U'UEI1v\1111-n11i.il~t-li.i:IJnlJi.fI~'U 6i1>1Lu'Um1V\~n 

q 

LLlJlJbLi\l LL~::fl~L~Eln Penicillium aculeatum NRRL 2129 ~i.ilm1f1~~~LEI'Ui.6Jl':lJi.fI~L'Ui.ii.~~~i.i~~ 
q 

Ld~1 72 ,Td1:IJ\l 1 'Ui.i1l1 d::: m1rn'Yll>11'U~ LV\m:::i.i:IJ~~ LEI'lf 5.5 LL~::Elrn'VIllij 50 DC '1.~LeJ'Ui.onll~ iiLLElfI~ 
q '11 ... 

l~L 'Yltnu 0.2 U/gds (gram dry substrate) 
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• • 

lun 2005 Laura Ramirez - Coutifio lliil:::rH;U,:::9 'YhnTH'l~l~e:Jn'n Lecanicillium sp. 15 tnl'JWWIT
• 

t~um1d1'1\1 mJU e:J1'V111l 'VI iill~iiLfl~udJue:hH·hJ1:::neJU ~Ul1 Lecanicillium fungicola ~du\l~vheJ"11 6 

eJru.'VIlln 40 °c ~1:IJ11n~~~ endochitinase Lliil::: N-acetylhexosaminidase L~Lle:Jfl~l~L'Yhnu 747 
• 'IJ 

lliil::: 410 U/mg m:IJ~liu 

1 ~I 10 0 .... 6' 

UlJ 2005 Patidar lliil:::flru.::: 'Ynm1LLl'Jn11 Aspergillus flavus 15 ~ll'J~Ull Aspergillus niger 6 
• 

~nuwui 
q 

LLiil::: Penicillium chrysogenum ~\I'Yhm1lll'Jmnn~u 1l~~I'J~ii~iil~Elm1~~~Le:JUl6Jl:IJ1f1~m~ 
.d Q..oo....,d A d 

~nn P. chrysogenum . PPCS 1 LLiil::: PPCS 2 'Yl~1l11:::m1'V1:IJmLUULL'V\\I 'Yle:Jru.'VI1l:IJ 40 °c ~Le:J"11 4 
q 'IJ 

t~l'J~ PPCS 1 l~'1f1~LU~LLe:Jfl~l~ 3809 U/g "1Je:J\li.f1~UL~:IJ~U LLiil::: PPCS 2 i.~ 2516 U/g "1JeJ\llf1~U 
l1:IJ~U 

b. m1~m~nl~I'Jm1~~~Le:JUi.6Jl~r.i mJ'lfl~Winm.jmLuflYiL11'J 

1 ~I 11 0 "" '" '"Uu 2001 Gemma Reguera LLiil::: Susan Leschine 'YllmWlm~lLLUfl'YlL11'J Cel/ulomonas sp. 

8 LnI'JWUTI. clostridium sp. 12 inl1VJiHf, Acetivibrio cellul/olyticus, bacteroides cellulosolvens ~\I 

LiJUllUf1YiL11'J~L3J~e:J\lm1e:J1m~ ~~1:l111ncie:JI'Ji.f1~Ui.~ t~mll'JmluflYil~mnn~u'l~rt\l'VI:IJ~ 22 ~11'J 
wui lliil:::l~e:Jn Cellulomonas uda :lJl'Yhm1lml'J1JLYiI'JU~1l11:::~lmum1r.ie:Jm6Jliiliiltiil~nui.fl~ulliil::: 

q 'IJ 

m1~~~ LeJUi.6Jl~rt\l~th'l"11li~ 
1uu 2002 Rath Pichyangkura lliil:::f1ru.::: 12 L~rhm1ci e:J mle:Jiil'V'h Lliil:::lU~li.fl~u~l me:Ju'l6Jl~ 

chitinase (EC 3.2.1.14) and ~-N-acetylhexosaminidase (EC 3.2.1.52) l~m'hm1~~~ 2-acetamido

2-deoxy-O-glucose (GlcNAc) t~l'Jli crude chitinase ~lmLuflYiL1tJ Burkholderia cepacia TU09 LLiil::: 

Bacillus licheniformis SK-1 lum1rieJl'J~\lLLe:Jiil'V'hLLiil:::LU~llf1~U ~Ull chitinase ~ln B. cepacia 

TU09 l~mm~~ GlcNAc mnnll 85 % :UlmU~llfl~ulu 1 lU LLiil::::UlmLeJ~'V'hlfl~ulu 7 lu LL~::: 

chitinase :Uln B. licheniformis SK-1 cieJmU~lLfl~u'l~'VI:IJ~1l11'J1u 6 lU i.~ GlcNAc 75 % flU 20% 

"1Je:J" (GlcNAch LL~::::UlmLEl,whi.f1~u,i.~ 41% "1JEl" GlcNAc 

1 ~I 13 0 .... '" '" '" .... 6' d
UlJ 2003 M.G6mez Ramirez LL~:::flru.::: 'Yllm1fl~LiileJmLUf1'YlL11'J wild type 150 ~ll'J~Ull 6Jl\l• 

L~e:ln Serratia marcescens Wf ~\lr-.I~(jILe:JU'l6Jl~~\l~~ LLGl::: B. thuringiensis Bt-8 ~\lt:-J~~LeJUl'U~~l~(jI
'IJ • • 

:lJl'Yhm1'Yl~~eJum1cie:Jl'Ji.fl~u 1~l'JliL'YlflUflm1rTe:J:IJ~ colloidal chitin ~11'J Remazal Brilliant Blue 

1 
R® L~ e:J liLiJuLL'VI~\lmfueJulUe:Jl'V111L'VIiill 


~I 14 = .., = '" '" d !'
d
UlJ 2004 Purwani Yuli LLiil:::f1ru.::: ~n~1~iil"lle:J\lm1r-.1iil~ Lf1~LU~:UlmLUf1'YlL11'J'YlLLl'Jn:UlnU1~• 

1em Tompaso 'Yll\1L'VIii.e:J"1Je:J\ll.h:::L'Yl~~ul~ii.L6fi1'J ~Ull Bacillus sp.13.26 ~lm1m:U1GJL~UUe:J1'V111~ 
iii.f1~U 0.5% ~e:Jru.'VIlln 55 °c LLiil:::r-.I~~Le:JUl'U:lJ1fl~m~~\llijlmhuLU 72 ilL:IJ\I l~me:Ju'l'1f~dlij:::ii

• 'IJ 

fll1:WL~(iI'J';j~e:Jflll:w1e:JU~eJru.'VIlln 70 °C dJUL1~l 5 ill:w" iiLLeJfl~l~ 420 U/mg protein 
• 'IJ 

1 ~I 15 .., ... 0 = 1:'!I
UlJ 2004 Ju Hee Kuk LLiil:::f1ru.::: L~'Yllm1LLl'Jn Aeromonas sp. GJ-18 :Uln~u LLiil::: "11L'U.m1 

L~1ume:Ju'l"1r~ ~\liiLeJU'l"1r~ 2 "11U~ ~e:J N-acetyl-O-glucosaminidase LLGl::: N,N'-diacetylchitobiohy 

drolase ~\I LeJUl"1r~rt\l ~e:J\I"11U~dl11\11U~e:J ru.'VIlln~l\1flU 1~ 1'1 N-acetyl-O-glucosaminidase :U:::r-.I~~1i 
• 'IJ 

74% "1JeJ\I GlcNAc ~e:lrn'VIlln 45°C lu 5 lU LL~::: N,N'-diacetylchitobio hydrolase lij:::r-.I~~l~ 35% 
• 'IJ 
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"/Jeh1 (GlcNAch ~arn'V\.n~ 55 DC t'U, 5 l'U, bb~:::1'U,ut1Cj]m Ju Hee Kuk bb~:::f1rn:::16 h-r~mJaCj]m1
• 'IJ 

W~'U,lm1cim/lfl~'U, 1~~~Cj].nrn<t1m~"'mu'U, N,N'-diacetylchitobiose 1Cj]L1m1f11UfI:JJe)Cj]11tt1wna\l ~-N-
• 

acetylglucosaminidase ~El N,N'-diacetylchitobiohydrolase activities 1'U,m1bCj]1tJ:JJ crude enzyme 

"/Ja.J Aeromonas sp. GJ-18 b~mJ:JJarn'V\.n~~ 50 DC ~-N-acetylglucosaminidase ~:::ba-[J1.ml'W l'U,"/Jrn::
• 'IJ 

~ N,N'-diacetylchitobiohydrolase rJ.JfI.JiJ activity au 'V\~\l~lnciatJ swollen Lba~v-hlfl~'U, LLi.'l:::~\lLU~l 
'IJ 

i.f1~'U, 7 l'U, i.~ (GlcNAch 78.9 LL~::: 56.6% m:JJih~u 

Aeromonas hydrophila bU'U,LLu,),Yh1mLn1:JJ~U iJ~n~rn:::LU'U,LU'U,LL'Yi\ltJ11 iJLLv.J~m~~1~.ff1 LU'U, 

LlUflfiL1tJ~~lm1m~1rul~-#.JLLuuiJEllmI'lLL~:::bLuul:JjiJEllml'l ~lm1m~1rui.~~Elrn'V\Jl~ 37 DC 'WU 
~ w ~ ~ 

ttlhit'U, Jl~Cj] iJfl1l:JJ ~lm1fl1'U,m1~~Cj] La'U,lonllu El tJi.f1~'U,l~ 2 -niiCj] ~ ~lm1flrll\l1'U,l~~ El rn'V\Jl~ 
• 'IJ 

~l\ln'U, ~a N-acetylhexosaminidase rll.Jl'U,l~~arn'V\Jl~ 37 DC l~~~Cj].nrn<t1Vl~mu'U, GlcNAc LW::: 
• 'II 

N,N'-diacetylchitobio-hydrolase rll\ll'U,i.~~arnVlJl~ 50 DC l~ (GlcNAch
• 'IJ 

\ll'U,i:iltJd~:::rllm1~n~1~Jll1:::~LVlm::: ~:JJ~ Elm1~~ Cj]bEl'U,l'Ull"llEl\l Aeromonas hydrophila 

MOK-1 ~ln~'U,1'U,~wl~.Jn1rn:JJVlli'YltJ1~tJ Lli.'l::lbLe)'U,lonll~ ~~Cj]1~mrllm1ci a mLEl~vhLb~:::LU~llfl~'U,• 
1'U,~Jll1:::~LVl:JJ1:::~:JJ L.yjEll'V\i.~ GlcNAc LLi.'l::: (GlcNAch LLi.'l:::l'~:JJ"/J'U,1Cj]mj~~Cj]JlmmLa~1'U,1Cj]tJ1-tlfl 
~'U, 100 n~:JJ rllm1LLl'Jn~~Cj].nrn<t1 GlcNAc Lbi.'l::: (GlcNAch 1~U1~'Ylt ~\lfl1l:lJLLCj]n~1\l~ln\l1'U,i,)tJ• 
"lIEl\l Ju Hee Kuk bli.'l::f1rn::':\J::acifi~ltJW'U,fnEl.JLbUflfib1[J ~Lni.'l1'U,nTm~Cj] Lli.'l:::mjrll~~Cj].nrn'Y11~

'IJ • 

'" ,,(
U1~'Ylli• 

1.1.2) mjciEJ!'.J~·;lI'JmCj] 

11tJ.Jl'U,m1bCj]1tJ:JJ GlcNHCI ~lnnl1rjm/lfl~'U,~1[Jn1Cj] t111n£)1i'U,f1f.JbLjni.JLL~iJ 1946 1Cj][J 

Purchase LLfl::: Braun17l~rllm1cia[JLfI~'U."/J'U.1Cj] 20 n~6J ~lUnjCj]ln1Cj]1flflel1m-ll:lJ"ll'U. 116 n16J ~ 

Elrn'V\!1~ 100 DC LU'U.Lli.'ll 150 'U.lfi L~Eli'U,~Cj]tlnn1tJ1L~:JJ'\.rl 100 n~:JJ LLfl:::~\lnl'U,n:JJ~'U,<ll (activated 
q ~ If ~ 

charcoal) 2 n~:JJ nl'U.~Elrn'V\Jlii 60 DC LiJ'U.Ll~l 1 ';11:JJ\l LL~T"bmn1a.JLEllttl'U.l~m1:::LVlLlJlltJ1~ 
• 'IJ 

fl1l:JJ~'U.~1~EJrnVlJl~ 50 DC l~ GlcNHCI ~\lL~El~l.J~lma'Yll'U.Eli.'l 95% LLi.'l::rll1~LL~.JLb~11~ 
• 'IJ 

, .. 
(:..I~Cj].nrn<t167 . 5% fiiJfl1l:JJU1~'YlIT 95.31 % 

• 
18 

l'Uu 1997 Novikov LLi.'l::: Ivanov L~L'il1tJ:JJ GlcNHCI ~lnm1cie)tJi.f1~'U 100 n1:JJ ~ltJn1'il 

ln1Cj]1f1i.'lEl1m-ll:JJ-ll'U, 200 n~:JJ ~arn'V\Jlii 95 °C Lil'U.Ll~l 2 i11:JJ.J 'V\~\l~lmr'U.i.J~11i.'l:::i.'lltJYii.~~ln 
• 'IJ 

m1rjEltJi.l~ElrnVl!1ii~El.JLU'ULli.'l1 24 i11:JJ.J L.yjal~LnCj]~~n GlcNHCI 'Ill:JJlnja"LLi.'l:::~l.Ja-LVl~El""/JEl.J
• 'IJ 

(:..I~n~lma'Yll'U,El~ 194 n1:IJ i.~(:..I~Cj].nrn<t170% ~.JiJflll:IJU1~'Ylt 100% ~lnm1i.'YlL'Yl1Cj]~lmu~• 
l'Uu 2002 Gandhi Lb~:: Laidlhi

19 1~b'il1tJ:IJ GlcNHCI ':\Jlnm1rjEltJlfl~'U"/J'Ul'i1 20 mesh ~ltJn1'il 
Le11'i11fl i.'lEl1m-ll:IJ-ll'U. 1Cj] U1i~'iI ttl'U,"/J El"Lfl ~'U~ el n1'i1 bUll. 1:2 (W:W) 1'i1 tJ':\J:::iJm11~flll:IJ1El'U,bLnn1'i1 

~'U.n1::tt"arn'V\.n~ii.J 65 DC bL~l~.Jb~:lJi,f1~'U LLi.'l::d~:lJarnVlJliiLU'U 95 DC 'V\~"~lmr'U. 75 'U.lfi i.J 
If cu q III 

~11i.'l:::~1 [J1~brJ'U~.J~ El rnVl!1~~El" n1El"'iI:::n El'U~ bnCj]1i'U 11lmi.'l::~l !'.JJl bbi.'l:::L~:IJ (:..I" nl'Un:IJ~'U,<llmEl.J bEll 
• 'IJ 

ttl'U~1~m1::LVlU':\J'U,Lb~"LVl~em~n GlcNHCI ~.Jb~a~l.J~lmEl'Yll'UEli.'l 95% i,~(:..I~'iI.nrn<t170% ~iJ 
'" ,,(

ml:IJUj~'Ylli 100%• 
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LUU 2004 Novik% l.~iiim~nnTl~ ~rJl.flGlUbbi.~::l.flL<?l6JllU~l rJn1<?l1.e1hfliil tl1m"ll:lJ"llU ~ tl rnVlll~ 
q 'IJ 

50 DC LLiil:: 70 DC Ynrhniill.n"lJtl>'!ulJmLl1I.e1L<?l1I.iil~~"lJtl>'!-Wmf:: N-acetyl LLIil::-WUll:: glycosidic 'lllM1U 

\!i~-WUll:: N-acetyl di<?lunn1rJ11.e11~11.1il~~~lrJnlill.n SN2 l.flu-WUll:: glycosidic tfmn<?lUnn1rJ1 

1.e11~11.1il~~~lrJnlill.n SN1 l<?lrJ rate-determining step Ln<?l111nm1~L:JJLiilnIilJll."llTnl~ carbocation 
q 

da..... ~X.a..... ~v ~ 
6Jl>'! ~<?l11 L 11"lJUtl rJnUflll11 L"lJ:JJ"lJU"lJ tl>'!Ul 

'IJ 

111nm111 rJ>'!lU ~I.~tlTIUl rJm.ffu~urT>'!l.:JJiim1L-hl6JlUl.fl I.<?l Erfm-nl rJL Um1~ tllll.flGlU~llln1~ LL<l1 

mh>'!L~ L Yl11::U::tf Uill L11 ~lm1m,b I.tl1L6JlUl.flI.<?l tlfm-nl rJ LUn11y'hunmLl1I.e1L~1I.iil~~"lJ ~>'!l.flGlU~l rJ 
n1~1.~~H1Un11L<?l1rJ:JJ GlcNHCI Vl1~Jl<?lliill:JJ1.lilniilL~!:Jl GlcNAc 1.11m~Vll>'!1111::~lm1m~:JJ 

q 

• lJ1::~'YlTIlll'V'l n11~ ~ rJl.fl GlU~lll n1<?l i>'!n ~11I.~~ r.11>'! iiurJ ~1f1ill LLIil::Vll ~1l11::~ LVI :JJ1::~:JJ~fllU fl:JJ n11 
... q 

rJ~r.lhXl.n~l.uu GlcNAc 

1.1.3) n11Ull.tll~~<?lilrn6J'l~I.~mi>'!lfl11::lK'll~lil.uU~11<?l11111<?l'Yll>'!1hlll'V'l 

LUU 2006 n~:JJi-.ilrJ CERMAV-CNRS
21 1.~11U11:JJ>'!1:JJi-.ill.l~l~rJl"ll~>'!nU~:JJ1rGl'll1>'! GJ"lJ~>'!l.fll<?l 

q 

6JllU 111 n>'!l U i-.il lI~ I. ~ rJlnUflll:JJ ~lm1n"lJ ~>'!I.fll<?l6JllU L Un11ln <?llUU~11u1::n ~U l.:n>'!6Jl~Unul.~ ~ ~U 
'1J tl>'!1iilVl::;<l11>'! ") 'V'llJllV1:J..l tl::~lUUU~l r.IL611"lJ tl>'!l.flL<?l6JllU tfuri tlLiLn<?leJU<?l1n1L11 tl ~1>'!~1 L'V'l1::L111::11>'!nu 

'IJ 

i.tl tl tlU"lJ tl >'!liil VI:: 1<?l rJl~111nm:JJ1rn1:JJ1ilI.tl tl tlU"lJ tl>'!LIilVl::I.I.<l1Iil::"ll"U~~n n~~.nuL U 1 n1:JJ"lJ tl>'! LL~UYJff:JJl.fl 
'IJ 'IJ 

l<?l6JllU 1<?lrJ'V'lUl1I.fll<?l6JllUtfu~:JJ11mn~ I. UU~11u1::n tlU I. .:n>'!6Jltlunu Cu2+ i.~~~ ~~ 1.1.1il::m1~ Llil <?l11:: 
q 

!UlOE..ro 

E 4.00E-03• f 3~ 
a 2.00E-03 
B 

1.00E..ro 

0.00£..00 / -

Culll) Hg(II) Zn(II) Cd(II) Nilll) Co(II) Calli) 

Luti 2005 Shen LI.Iil::fl rn::22 i.~-W~U1L 'YlflUfl'V'Jlil tltll. 1~L6JlU~LLUU ertl:JJ I. ~~HlUn11<?l1111Vll 
'IJ 

GlcN 1~ mGl:JJ ~11U1::n ~UL.:n>'!6JltlU"lJ tl>'! copper-tryptophan ~>'! i.:JJll1 LI.~>'! L-ihI.ULU~11iil::iill rJil tl rJl>'!~ 

• ~tl>'!n11iLfl11::lKLI.~111::1Vll:JJLlilnlil'lJtl>'! L-tryptophan (L-Trp) 1.~!:Jl GJ~>'!lUU~11~~1:JJ11nll11.L~>'!1~ 
l<?lrJ GlcN 11::l.n~LUU~11U1::ntlUL.:n>'!6JltlUnlJ Cu

2
+ LL'YlU n11<?l1l111<?l GlcN 11::'Yhhi1<?lrJn111<?ln11• 

q 

1.~:JJ.ffU"lJ~>'!irurulrnn11111LI.~>,!"lJtl>'! L-Trp f11 Detection limit LUn11<?l1T;JVll GlcN ~lm'YlflUflit~rJ 
... ... 'IJ 

lwIll>'! 0.15 - 0.30 nmol f11 pH ~lVl:JJ1::~:JJ~'Yhli L-Trp lU~rJUllUiil>'!iqjqjlrn'V'J~~tlI.1~l"1J"U~111n 
L~tltlrJLU1U"lJtl>'!~11U1::ntlUL.:n>'!6Jl~U copper-tryptophan mn~~~\!itl~ pH 9 

'IJ 'IJ q 

LUU 2006 Van I.Liil::flrn:: 
23 i.~i>'!lfl11::lK thiazolidine-4(R)-carboxylic acid (TCA) LLiil:: 2

glucosamine-TCA (GlcNH2Cys) l~ tliiinMlfl rn~:JJ'lrGln11LUU~11~lUtlU:JJ iil ~ ~1::lml.lU lYl rJunu 
q q 'IJ 

Q...; 6' oC:It. a .ci I .e::t 

tlUYlUll"lJ~>,! TCA 2 "ll"U<?lfltl 2-gluco-TCA LLIil:: 2-galacto-TCA 111nn1WtnMl'V'lUll GlcNH2Cys :JJ
• 
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&nJ1J~ dJ1,l,~ld~l'U.eJ1,l,aJ ~ a ~d::l~ ~ nl j~lJ~';llllJ eJ1,l,aJ~ a ~j:::~l eJ.J I,1 ~ eJ nldb n~u nn~lJ1 L"li1,l, hydroxyl 
q 'lI 'I cu dJ 

radical LL~:: superoxide anion dJ1,l,~1,l" i1eJ.Jn1,l,mdb~eJaJ~Jll'W"lJeJ.Jlm~~~1vH1J 6) L"li1,l, ~eJeJn~hllJ~, 
lUd~1,l" ~~~ dJ1,l,~1,l" b~mnlaJl1"lJeJ.JmdbnlJ~ld~l1,l,eJ1,l,aJ~a~d:::l1,l,~.J~.:nl~, bLL'l:::~lmjrl£TlJ~.J

• • 'IJ 

m:::lJl1,l,mdbn ~ bU eJfeJ eJnOfib~i1,l,"lJ eJ.J~~~i.~ ~.Jtf1,l, GlcNH2Cys ~.J~~ blJ1,l,~lj~ij bmllUaJ II 11::: 

~lmJrliJ eJ.Jn1,l,mjbn~ eJ1,l,aJ L'l a~j:::brteJ.Jl1ln~.J uu ~nu ~ mJl1,l,~.J~.:nl~L~ 
• 'IJ 

')()
OH HS 


HO~(-O OH + "I HlI-


HO~ H2N--\COOH 
7() 


NH2 " 60r. 
,£ ~o 

GleN 
I MeOH, pyr. 

~ 40 .. reflux 4hr 
- .10 

2()OH OH S\ 
III -)( - Gk~H2C)'sHO~~)-COOH 
°oL-~o.,--~--~I..-'--~~~.-~~ 

OH NH2 GluNH2Cys 

A B 

dU~ 3 A nlji.Jbfljl:::v{eJWW1,l,TI GlcNH2Cys
'IJ • 

B mJbm~lJ bYi ~lJ 5~JlnlJ£TlJ ~.Jmdbn~ullmm bU eJfeJ eJnOfib~i1,l,l~ ~mp~'1,l,TI TCA 

11,l,1I 2011 Chen bb~:::ml.l,:::24 L~i.Jbfldl:::.J~ljvJ~eJmj~b6Ji1,l,~~~fleJ1,l,l1Ln~'WeJ~blleJft~~~n~lI
'IJ 'IJ • 

"lJeJ.J GlcNHCI blJm'la.iYl'.Jrli1,l,~~eJ~~l~1"1i' (P3) bb~::fleJ1,l,l1bn~'WeJ~blleJf~~ GlcNHCI b~Lh'lll1b[;'ln[;'l
'IJ 'IJ • 

b~ ~lblJm'l:IJYl'.Jrli1,l,~L'l eJ~ ~l ~ lori (P4) l1lnmJl~~'WlJll P 3 ~flllaJ ~lmJrll1,l,nlj~:::&n LI-J'lbbL'l::,h 
'IJ 

Ud:::~'YlTIJll'WmjflL'llmb~\lvJ~tlmJ~b6Ji1,l,~~\lnll P4 ~lmhwmv'llj GlcNHCI ~mnnllbb~:::bbU1,l,eJ1,l,
'IJ 'IJ .., 

~l1,l,l1,l,Ud:::l1lJln~aJlnnllmm.n P3 ~\lbiJ1,l,~ljvJ~eJmJ~b6Ji1,l,~-'WeJ~ab~nl~jh~ 6J1\1~lmjmn~
• 'IJ 

51,l,~dmmnlJ heparin l~~mjbV'lrt~ltbnwm.JUJ:::l1L~~nll tf1,l,~lmdmn~51,l,~jn1L1l~bbojj\lbbd\l• 
nl1nlJ heparin blJ1,l,r.JL'l1iLn~mjJ::.rlJi'l!'l!l mvJ~eJmj~b6Ji1,l,~"lJeJ.J P3 b rteJ\ll1ln'W eJ~b:IJ eJfbn~md-.ijlJ 
~ln1,l, 1,l,eJnl1lnif£T\I~laJldm1L1nirurulru.vJ~tJmj~L6Ji1,l,~"lJeJ.J P3 n~lJ~1,l,mL~l~wb~:IJ protamine 6J1.,'j 

~ ~ .., 
11:::LU bbLIn'W tJ~ LaJtJfeJeJmnn P3 

. 

·1 , ;-, (:. m ~.J 

P" o hHnlnt> 

P-3 ...... uo n:scenc(' n~con;"ry 

jtl~ 6 mdbn~51,l,~dn~Lll"lJeJ.J P 3 fllJ heparin bbL'l::: P 3-heparin nlJ protamine
'IJ 

1 ~I 25 1'1 '" ~ If' ~ 1 '.¥ I
1,l,u 2008 Mitra bb~:::flm::: b~~.,'jbflJl:::V'I colorimetric chemo-sensor (L1) "1m~ V'laJ"lJ1,l, b~LI 

nld'Yhtlllmmn1,l,j:::V'lll.,'jn~lfl6Jil~1,l, bLL'l::: 2-hydroxy-1-naphthaldehyde L~ eJlit1,l,nld~jl111~LeJ eJ eJ1,l, 

"lJeJ.J hV'l:::'YlJl1,l,Ofii1,l, 9nnmj\iim~nl1,l,mJ~Jl111~LeJeJtl1,l,"lJtl\ll[;'lV'l:::yf.,'jV'l:IJ~ 11 "LfU~ ~eJ Mg
2 

+, Ca
2

+, 

2+ 2+ 3+ 2+ 2+ 2+ 2+ 2+ 2+ ""1'1 ... ,'" If' ~ .r "" 
Mn ,Fe ,Fe ,Co ,Ni ,Cu ,Zn ,Cd bLL'l::: Hg r.J~'Yl b~'WlJl1b6Ji1,l,b6JieJd"Lf1,l,~1,l,~laJljmtlL'l~1,l, 

2 3 2~l1,l,"lil.,'j~m:IJeJ.,'jL~1,l,L~b~eJ~jll1'WlJLeJtJtl1,l,"lJtl.,'j Fe +, Fe + LL~:: Cu + b~tl1ib:IJ'Yl11,l,eJ[;'lblJ1,l,~1'Yh~::fn~ 
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bb~hrialiffl1~::~lrJUy.JLy.Jaf HEPES (pH 7.2) LUUiTYh~::~lmL~T~::~L'IA1rJ~i.eHlaU"lJa~ Fe 
3 

+ Lrh~u 
~ffl1JTH)Yil1v~L.nUL·lHlf"15u~dLU~ rJU*i.~ ~~ eJTIUl rJi.~ll~ ffl1U1::n eJU L:n~6JleJmn~~u Yil1iflll1J ml 

fl~ulum1~~n~uLLff~LU~rJui.u 
'IJ 

OHOH 

HO~OH HO~OH 
HO N HO N 

HO-bJ==;~= Hob 

L2 

Blank Mg2+ Ca2+ Mn2+ Fe2
+ Fe3+ Co2+ Nt Cu2+ Zn2+ Cd2+ Hg2+ 

1U~ 4 m1LU~rJULLU~~~"lJeJ~~tm6Jl"UL·1H)'r L1 (LLtllUU) LL~:: L2 (Lbtll~l~) Lrim~1Ji.aeJau~h,] ")
'IJ 

luu 2007 Fang LL~::mu.::26 i.~Ul GlcN 1JTYhu~mmt~rJm,]nu malondialdehyde (MDA) 

lmnmrn~mmnunl1un~ ~~1J::i.~~~~ilrn~~bL'llmh~nu 2 "15U~ ~eJ ffl1~Ul~U (product 1) ~,] 

'1.111iiqJqJlrnm11l1LLff~ LL~::ffl11l1LLff~ 1 A-dihydropyridine (DHP; product 2) (Exc. 392 nml 

Ems. 454 nm) ~~Y-lUlun1::LLfft~V.~6JUB£lLrieJflll1JL,r1J,rUff'] ")1J::ffl1JT~mU~rJudJu acetaldehyde
• 'IJ 

i.~Ul']~lULL1il::Ln~u~mmnu bovine serum albumin (BSA) Ln~Luuffl1~L'1rJnl1 lipofuscin-like 

y.J~Elm1ffL6Jl"U~ LUULVI~liLn~m1L~a1Jff[)lW"lJeJ~tU1~U 1Jlnm1iiim~nYil1iL~eJll GlcN "lflrJunUeh'l 
'IJ • 

m1L~tl1Jff[)lW"lJa~tU1~ui.~l~rJm1Yilu~mmnu MDA Lb'YlU 


OH 
 OH 

OH HO~( -0 OH
H;~ HO~OH 

HO------...(-O OH + O~O 
NH 

+ HO (~VOH;~ 
NH2 

malondialdehyde 0)--\CH3~ GlcN (MDA) o 
product 1 product 2 

1U~ 5 m1Lfi~u5mm1::Vlll~ GlcN LL~:: MDA 1J::1.~~~~ilrn~ 2 "15U~ 
'IJ 

1 ;'1 27 VI ... .., ...., .. ~I t
Uu 2010 Sirijindalert LL1il::flrn:: b~ff~Lfl1l::VlaUWU!i DHP 1Jlnm1u~1~'lH)'] 1JL~n1il ~-

q q 

amino acrylate ~lrJ TiCI4 lUff[)11::~I.111ULL1~ WUll DHP fflm1tlll1LLff,]1U"lf1~~~11JeJ~LV;U~
• 


ml1JrJT1fl~U 430-450 nm LL~::"lJrn::dlun~1Ji~rJ"lJtl~L1li.~ulaU-WU1f"lJa~ DHP ~n-w~ul1iLiJU
, . 
y.J1ileJm1ffL'UU~L.nUL'UafL~a1"151Um1~111Jl~I.eJa eJU"lJeJ']hVl::~h~ ") 1~ rJm1Yilu5n1mi.t1t~1i.1ilonff 

'IJ 

LU~ rJU1Jlni.~1LeJ ffL'Y1 e:JfL UUi.~1LLeJon~ 
R= n-Bu 

n-C18H37 

Bn 

HOCHzCHz 
Ph 
p-MeO-Ph 
p-I-Ph 
p-F-Ph 
m-CI-Ph 
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• • 

• 


• 


1.2 f)r.n:JJ~lf1'1!ll&'i:;~m"lJEl~iJ'1!'I.n 

Lf)G)Ull&'i:;Lf)t~'1llUdJu~lj~ilmnhmJ~eJnn~ nj:::~El~u ll&'i:::lmU~~n ~~dJU"lJ El~m~Elt1~~ rJ~il 
• 'U 

nlj'\.bm1iUj:::hJ"1m'~mm'Yh~wJj n~ll:IJUj:;l 'Yl~L 'Yl rJL~ilnljr-J~~Lf)G)UU&'i:;Lflt~'1ll'\.l,'1Jln"lJEl~ l~~ El 

t1~ l ~ ~ld:JJllUUll &'il ~ El ~:JJf)lj bb~ nljr-J~ ~ rJ~ii Elll il1J~:JJl rn~l b~ Ell Yi rJU nUU~:JJl ill"lJ El~ b~ ~ Elt1~ 
UElmnndi.f)t~'1llU~r-J~~L~~n'.iJ:::~~ElEln1UjU"lJEl~l~nG)Ujlm~l nljl~ml&'i:::~~Ulb 'Ylf) t U t&'i ~1~~~il 

'U • 

Uj:::~'YlTIlll~1UnljbbUjjU r-J~~Jlrn"Yl'.iJln Lf)G)U1vi'il:JJ~fh ~~,ru~~ buu~>'I~ihdJU 
'U 'lJ 'lJ 

Lf)G)U-Lflt~'1llU~r-J~~~UlllrJ1uuj:::b'Yl~~lU1 ~ru'.iJ:::~>'I El Eln1 UjU"lJEl~l~n~Ujlmnn (nt&'in1:JJ&'i:; 
Q.I cu q 'U 

400-1,000 tll'Yl) i~~Unljl~m~El~llTInljr-J~~r-J~~Jlrn"Yl~il:JJ&'ifil~>'I,rU ~~buunlj"1hmu~ rJU"lJ El>'l 
.. 'U 

b~~ Elt1~'.iJln El ~ ~l~ njj:JJ m~lj'Yl:::b&'i bl"J5bboiJ>'I1 vi' n&'il rJ bUU'Yl1~ mm~ ilfil"lJ El>'lUj:::b 'Yl~ ~~~~L~ll bUUnlj• 
l~m~El~WJUll 'Ylf)t U t&'i~~~Uf)~lb&'i:::rt~flu GlcNAc ~"lJl rJ1UjU~ljbfliliJ'.iJ'<iluuiljlmnll 57,700 Ul'Yl/

'lJ • 

nt&'in1:JJ ~lUL~l:JJElf"lJEl>'lLf)G)u?iEl (GlcNAch iljlm~~nll 900,000 Ul'Yl1n1:JJ ll&'i:::tEl~tm:JJElf~il 
'lJ 

"lJU1<i1 3-7 WI.bmruil1lm~>'I,ruLU5n~1:JJi!hiu28 ~>'I~11m~l'd1ibuu~'mr-J~:JJ~~n1um1m~lEllnlj
'lJ 

l~UU1<i1~1:JJ"JJEl nj:::<i1 n ~1~1tl ~lh rJ~ bUU t jf) El El ~YitEl mfl.'YljYi~ (osteoarthritis)29.30 tf)j~nljl~rJd~>'I 
'U 'lJ 

eJl'<iln eJ L~11 bU'U1) <i1b~:JJ ~'U"lJ eJ>'Inl'HbUJ1U1n <i1~u?i eJ Lf) G)'U H~:;Lf)1~6JJ1'U1~bU 'U~ljb f)iJl:JJ b~ n~"lJ U 1 <i1 b~ n 
q 'iI q q 

~>'I~iJUj:::tmm1'U'Yll~lll i"lfnj1:JJ~ihlm ~>'I,r'U
'lJ 

1'U>'I1Ui~mrl'El>'l~\I."lJEl>'lb11~Ul1lElUL'1laJ'.iJln Burkoderia cepacia ~1:JJljrl1ir-J~~ GlcNAc "illn 

LflG)UL~mnnll 90% 1'Ull~1 1 1U hlrJ5~jlfh1i~lrJ1'Unljr-J~~1Uj:::iuvi'El>'luliuG)nlj"il:::El~~ 

U1::::I..I1 ill 800-1 ,500 1Jl'Yl/nT~n1JJ bbfl:::nl"lJrJl rJ"lJU1<i1nl1r-J~~n'.iJ:::~:JJ11nfl<i1dlfllnl1r-J~~~eJ nTfln1JJ 

~>'I eJ cil~ iJUrJ ~lflruL~~n El cil>'1L1n ~1:JJ"il <i1 b~U"lJ El>'l nl1i~rJu"i.~L~El ci~ ~U'YlUnljr-J~ ~~1 bb~ l~ rJ>'I El cil>'1 
Q.I q 'U q 

b~ rJl ll~ El ci~f)11:JJU fl El<i1JlrJ Ufl:::flll:JJbUUiJ~1~ El ~>'I bl1<i1 ~El:JJ~ il mn nlliTInl1r-J~ ~T~ rJ1i~ljlf)il~>'I il 
'lJ 

m:::U1Unl1'Yll r-J~ ~Jlrn"Y11vi'u~~'Ylt~ ci>'l mn6JlU6J1ElU 

1.3 1~nu1:::~>'If1
• 
1.3.1 ~nMlnl1ci El rJLf)G)U~l mEl'U L'1laJl ~ Elb~1rJ:JJ GlcNAc bl~::: (GlcNAch 11:JJrf>'lnl1ci El rJLf) 

G)'U~lrJnj~Lelt~1f)~El~m~ Elb~1rJ:JJ GlcNHCI bb~:; ~nMl~liTIbwnr-J~~Jlill"Ylrf>'l~l:JJ~>'In~ll ElEln'.iJln 

"lJEl~r-J~:JJ1'Uulimm 

1.3.2 UllEll r-J~~Jlrn"Yl~L~muj:::rJn~1,nvi'lUUU1:::trJ"lfUil rJnl1Ul m i>'llf)1l:::~~El1~bUU~1• 

1.4 "lJElUb"lJ~nl1i~rJ 

y'hnl1~nMl~1l11:::~mm:::~JJ~1~1Unl1ciElrJLf)G)u1vi'lUUr-J~~Jlrn"Yl GlcNAc bl~::: (GlcNAch 

~fEl JJrf>'l nl1~nMl~1 ~1l11:::~ b~ m:::~:JJ ~1~1U nl1ci El rJ Lf)G)'U1 vi'b U Ur-J~ ~Jlill"Yl GlcNHCI ~1 rJ n1<i1 

Lel1~1fl ~ El~n l<i1 rJilfl~u5~ ~111'1lunL:JJ If)jb1V'huu~1"J51 rJ 1d :JJI,U n~ nl1'\.b bell GlcNHCI ~I,illu 

i~ bfljl:::~bv1:JJ bG)1.1 b~ El1~i.~~lj Glc-DHP b~mbLuu1:::rJn~1ibUU~1~1T1J1<i1'Yll>'l;1Ill~@i El I,U• 
1.5 lTIC3l1bUUnljl~tll~rJ~1U'Ylf)M~ bb~:::/'V\1Elbml'Yll>'1f)11JJ;;)~~Ulmhlumjl~tI 

-bb1.LmU1'Yll>'11TI~lLUUnl11imUU~El>'l'Yll>'1?i El 
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• 


• 


• 


1.5.1) rn1ciEltJ~'"H.He),UL6Jl"JJ rn1ciEltJ~';ltJn1~ 

1.5.2) rn1'1-b lEll r.J~~nrn6f'1~L~i.tJth::tJn~lidJUi,i'11~1l111~'Yll>1;lJll~
q 

1.6 tJ1dtJ"15u~m~';hl1::L~1]J 


r.Jl.'l~lU~~:lJyfl.'l~1U111i,i'111"151rn11::iuU1Ul"151~ 


Vitl.1 tJ~lU~'ll1 r.Jl.'lrn11itJLti1itJ1::ttJ"15U~ ElJl1fl El~i,i'lVi n11:IJ'Yl1~~lurn1lltJ11tJ ElTVIl1'Yl::ll.'l 
q 'IJ 

'"' .'" '" 2. 1Uell ':if)" 

,rl~ll.'l GlcNAc lll.'l:: (GlcNAch dJUfl1f[uLm~1~t:IJll.'lnm~n~L~l1lnrnWl~i,i'ltJLfl~mll.'l::Lfl
q 

t ~"lfl U~~ ii W.ll:IJ ~1 f1 ru'Yl1 ~;1 Jll ~ ~lVi 1Urt~ i~lLLl.'l dh ~~L~ii n11iiln 'M1 Lll.'l ::'ll1LtJtJ1:: tJ n ~1irt~ 
w q 

'Yl1~~lUlJl i"15n11:IJ lll.'l::ln'M~1n11:IJ l"liU 'lil tJ1n'M1 Ell rndl'~UtJl~ m:lJ"lJEln1::~n ~lVi1U Nth tJ~ dJUt 1fl 
'IJ 'IJ 

El m~fiTEl Ellfl 'Yl1Yi ~'29.30 ''lid tJ'Yh 1~Jlilfi':lJfluJll tJ 1U":h~ rn tJiitJ1::~'YlITJl1~:IJln.:ffu dJUL111~'lil tJ rJU rf~ 
'IJ q 

rn1l111qJ l~Ut~"lJ El~ llUflYi L1tJ dJuttlutJ1::n ElU~ ~1f1qJ"lJ El~ mt~ l6Jl"l.'l ~Vi l.'l1 tJtJ1:: lJl'Yl1 U':h~rn tJdl :lJrt~ 
rJU rf~ rn1l111ru l~Ut~"lJ El~ litEl~ ElnJl1 tJ1U~1~ rn tJ lll.'l::C?i El~lUf1~1V1"15~:lJl1UnlUL~~n~l tJ ,rlm l.'l 

w 'IJ 

GlcNAc lll.'l:: (GlcNAch rJ~1ii~lflJ"1::~C?im1JuEluvrufC?i1~ ~ "lJEl~tJll~J"1::l~Ell111::'Yh1~iitl'Yl1f'Yl1~ 
q 

"" J 
"151Jl1~:IJln"lJU 

1urnJ"i~ L11 tJLfl~mll.'l::Lflt~"lflm~ eJ1Vii.~r.J~ ~i1rn6f'1l Vi ~Td i,i'l:lJlJ"1.l'YhL~rt~lTI'Yn~ lflii lll.'l::rnJ" 

1ilElUL6Jl"~ llC?i rnJ"1ilElUL6Jl"~tful1::ii-iJEl L~lmmJ:IJl nnl11TIrnJ"'Yl1~ lfliiVi l.'l1 tJtJJ"::rnJ" l'liU rnJ"fllUfl:IJ 
q 

tJ~n1tJ1tfUrl1L~f1 ElU-iJ1~~1 tJ tJ~mtJlln~.:ffuL~~ ~rnVi1Jillll.'l::fll1:IJiutJn~iifl11:IJ1h l~1::C?i eJ.JrUL1l~ 
I'll i,i'~ lll.'l::iitJ n n1 tJ1-iJl~ l~ tJ~UEl tJ 1U Vi l.'l1 tJiJ~ t-J1U:lJ1 ii ~litJiiln M1 tl'Yl1f1urnJ"ci El tJLfl~U"lJ El~ LElUL"lf~ 

'IJ ~ 'IJ 

Vil.'ll tJ"15ii~L~1111::dJULEluL6Jl"JJ111nJ"1 LLUflYi L1tJVi1EllElUL6Jl"~l1lnV1"15 ~~ LElUL"lfJJL Vi ~l'diitl'Yl1flurnJ"ci El tJ 

~LL~nC?i1~nUElElnLtJLll.'l::Lilr.J~~nrn6f'1rt~~ l1JU,rl~ll.'lT:lJll.'lnl.'ll~tJl Lll.'l::tEl~tml.nnmflJ"~"lJUl~C?il~ ~ 
q 

iiflrn::r.JlitJVil.'ll tJfl rn::L~iiln'M1n~n11r.J~ ~ GlcNAc lLl.'l::Lfl t~tEl~tml.nnfllh~111 n Lfl~U 
'IJ 

liiEl~l1lni,i'lJ"l Vi~l'di,i'1:IJ1J"1.l'll1LtJtJ1:::tJn~1i1~rt~'Yl1~nlJ"LL~'Yl rJ LJl i"15nJ"J":IJ LLl.'l::m'M~1nJ"1:IJ LlC?i1U
• 

trl1~Uurn1r.J~~ GlcNAc lll.'l::Lflt~tEl~tnLl.nnmL1~ L~:IJl111nrnJ"lbLfl~Ulll.'l::Lflt~"lf1U:IJlrlltJ~n1tJ1 

LTIt~1Ll.'l6BL1~1 tJnJ"~Vi1El C?i1~ LlC?in1::UlurnJ"lVi ~ld~El~ Ell f1 tJ i,i'Jl1l::~J"UllJ"~ l'liU El rnViJlili,i'~ fll1 :lJiu 
q q 'IJ 'IJ 

L1~ Lll.'l::tJ~n1tJ1iJnl1::iiflll :IJ~ll~1::~1 1iL tJ El'fL.nu~"lJ El~ r.J~~nrn6f'1uEl tJ ~nrt~ rJ~~El~ iinJ"::Ulurn11U 
'IJ 

rn1fhi~nJ"~Vi1El i,i'11~1il~~tJ~n1tJlri ElU 'll1:IJ11 i lll.'l::"lJ El~ l~tJ111nn1::ulun1J"r.J~~di,i'l:1JlJ"1.l tt~ r.Jl.'l 
nJ"::'YlU C?i El ~~ lll~ ~El :lJL~ 1UVi l.'l1 tJiJ~ t-J1U:lJ1 L~iirnJ"iilnM1nlJ"'ll1 LElUL6Jl"~:IJllii~ i,i'1 rJLfl~ULLl.'l::Lfl t~ 
6Jl"lU L~11::i,i'l:lJlJ"1.lrl1L~~l tJ Jl1 tJ 1~i,i'Jl1l::~L~J"ULLJ"~ i,i'l:lJl1tlL~~ rnJ"ln~tJ nn1tJ1rnJ"i~L~~ El rnViJlil 

q ~ q 'IJ 

~1 ueJmnnd5.J£n:lJlj1.lWJ1Jfl:IJrn:iLn~tJnmmL~JltJ 1V;LtJeJfL.nu~~~~.nrn6f'1~~eJ.JrnjL1.J ii"lJeJ.JL~tJ~ 
• ~ 'IJ 

Ln~111nrn1r.J~~ ~llLl.'l::iifll1:IJ LUU~MUEl tJ 

n ~ :lJlitJ"lJ El ~ L11 LEl ~ fii.~rll rn1iilnM1'Yl1~~1U d:lJl~ El L1:IJ fll1LLGl:: bfl tJi.~1U'YlUL1UU L1U Ul1ln'Yl1~ 
q q q 

:IJ l.'liiITt 'Yll j bbl.'l ::1l'<iJ 11 UU111 n L11.l1UUlitJ tl.'lVi:: bbl.'l::l i,i'~ bL "";~"151 ~ ii r.J l.'l.Jl U~~:IJ ~1U1::iuiEl~tJ n U~ 
'U ~ 'l dJ 

'I11.JillW~r 4 U'I1WJ1aJ Ljl~~ iiWJ1aJ i,i'U11l~1l::"lJ!J1 tJ"lJElU I. "lJ~ LI.l.'l:;vr~U.l~lU.litJii'1lXL11aJlj1.lvr~U.l1tJ ff 
'IJ 
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mjbr~1~luf)~tll,\..'lnn:lJI.~1U~tl~ jl:lJhjn~mjU1Lfll~~~Jlm&Y]l:lJ1Ubb~flmI.j~~I.~m~~ bfljl::,,{~ El, , 
b~:lJb~:lJbyjf)Ull.tllh::rJn~1i~m"1iu tllj~jl~1i'tJbUU~U, 

2.1 1TImj~hd'tunT:i'~h)rJ (Materials & method) 

2.1.1) mjci f) rJ~l mElU l'1J'aJ bb1.'l::mjcieJ rJ~l !Jn~~rf~ bLUU1ifl~u51.'l~111'1J'Ufl"1il rJ Li~tlBmm L~fl:: blUU 

1ifl~UI.:JJlfl1n~"1ilm1~tlBn1m 
v V 

, . 
1U~.cI ..... Cl..<' ,<!;;lIU 

a. flUflll bbfl::jlUjl:lJ"lJ f):JJflmn rJl"lJf)~nU~lUl~rJ 
'IJ 

b. 1 bfljl::,,{ ~1tl m~ bl1.'l::bi rJUjl rJ~lU bb1.'l::l~1mJU'YIflll:JJbyj f)1.'l~~~:JJvf 'V\1e:J~~ff'YITIU~j, 
2.2.2) mjUlbEll~~~Jlm~~l~:JJltlj::rJn ~1i• 

b. ~m~l be:Jn~lj~ 1.'l~lU1irJ~ L~ rJlie:J~ i~l~1rJ:JJ f)tln1rnbb1.'l::tlljbflii~~lLiJu, 
c. ~~lfl11::,,{tllje:JU~uf GlcN ~~'V\:UeJ::iJlul.~1um1i~Lltl1.'l~btJu'V\lbrJ DHP l~u~::~El~ 

, 'IJ 

btl~ rJU'VI:uleJ~jEl non (-OH) "lJ fl~ GlcN ~~ btJU'VI:u~"1il rJ1 Umj1.'l::1.'ll rJ.Jl1~btJU 'VI:U LEltlb 'YHlf 
'IJ 'IJ 'IJ 

(-OAct ~~lm1t;)1.'l::fnrJi.~1uiTrll1.'l::1.'llU~U'YI1Lfb~wiElu (~:JJmj~ 1) 
OH OAc 

1) p-anisaldehyde HC=CC02EtHO~< ~O OH .. c OAc ----..HO~ 2)A~O 
A 

AcOO~ 

NH2 HCI NH2 HCI
3) SM HCI 

GlcNHCI 

GlcN-DHP 

tl:JJnl'~~ 1 Ll~UnTH~".Jlfl~l::1-fffl~liJl'VI:JJlrJ Glc-DHP 1l1n GlcNHCI 

d. Wff~,rbeJn~m~rn"lJeJ~l:JJb1.'ln1.'l~~~ bfl11::'V\1~ ~1 m 'YIflUflffltln l~jfflnil (1H NMR, 13C 
'IJ , 

NMR Lb1.'l:: IR) bb1.'l::L'YIflUfl MS 

UV-vis spectrophotometer 

spectrofluorometer 1~ rJ'VIl Absorption wavelength (Amax), Emission wavelength 

(Amax), Molar absorptivity (cmax ), b~1.'l:: Quantum yield (~) 
& ..... 'V.cI I 

f. f'lm~nmjj::~Umjlllll~~WW~lj"1511l1'jAj~1.J Gj 

g. 1 bfl11::lfifl:JJ1.'l ~1tJ ~1.'l m~'YI~1.'l f)~ Lb1.'l::bi rJul'Y1mUvmli
'IJ' 

h. 1 bfl11::~~jtl ~1.'l ll1.'l::l~1rJ:JJbi rJUU'YIfl11:JJLyjeJ1.'l~~~:lJvf 'VI1e:J~~ff'YITIU~~, 
do :::. d A 6' 6' A q., 

ffmU'Yl'YIlmj'YI~1.'le:J.J m "15U 13 ~n:JJ'VI1:JJnn flrn::l'YImf'll~~j ~Wl1.'l.Jn1m:JJ'V\11'YWl1.'lrJ 
,~ , 

2.2 ~1.'lm~1irJ 

~~tJjlrJ~lU1irJ~i.~~lbUUbb~lb~1~1uil 2554, 
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L~~nMl nTH ~1 £J:U ~11Lflii LL~~l~ n~1J~')lLlJuL~ Llyh m1L~1mJ LLn ull ~1 ~ ~ n~1J ~ LL~l:Ul• 
L~1!'J:U fI EHHH) LI~1f1 ~UL~ LI'Yhm1L~1!'J:U1U~.nl1~~ L1JUn1t;l "il~L~~LSl e:J11ihJl1 Ulf1 e:JSl Sl e:J !'J~1f1 ~U~ 
LIil1!'J:umV\1 activity "lJe:J~Le:JULon~"'lml Aspergillus fumigatus LL~dflSlULLml'Yh1!'J Serratia sp. ~~~~ 

L11 ~lm1n~11l~Slm11~!'Ji.~':hm1cie:J !'Ji.f1~U\ll mLm.miin~l !'JLe:JULonll"illn11 Aspergillus fumigatus • 
(4 U/1 9 LfI~U.) ~11.111nciu[)1f1~u. (3% w/v) ~uru,~.nil 40°C pH 3 dJUL11ill 21U hi' GlcNAc ~1t1 

• 'IJ 

Llle:J1L.nu~~~~ilrn.n 72% m1cie:J!'Ji.f1~U (3% w/v) ~l!'JLElui.onll"illnLmmLL1Jflrh1£J Serratia sp. (1 


U/1 9 i.f1~U) ~e:Jrn'V\nil 37°C pH 6 LiJUL1Sl1 6 lul~ (GlcNAch LLSl~ GlcNAc ~1!'JLllEl1L.nU~ 

• 'IJ 

~~~ilrn.n 43% LLSl::: 2.6% m:U~li1J ~11.111ny'hl'lX GlcNAc LL1il~ (GlcNAch 1J1~'Yli"i.~1~!'Jm1• 
~n~:::nElU~1!'JLe:J'YllUe:JSl Iill:U~lrJm1nl~~~~lrJfle:J~mr~ii~~rhurl:u:!Tu<il1i GlcNAc LLSl~ (GlcNAch 

~1J1~'Yli"~1!'JL1le:J1L.nucfI~1il~~1il 64% LLSl~ 40% m:U~li1J ~lum1cie:J!'Ji.f1~h.J.~1!'Jm~i.tJl~1f1SlEl1n
• 

Li:uiuii 2 n11:U1TI~ e:J~1-nLonil,LfI Llil e:J1L lJuil'lfl!'Jbi~llljfi1rn LLSl~~l,n:u lf11L1vhlJuiT'lfJ rJ d ~ 

u~ n1!'J1iu 1~~Sl ~1L1"il ~~hil'lll~'Y'l e:J h LIil!'J ~ n111.11TILL1n ~1:UTHlllr1J1l1~"lJ1J1Um1ci e:J!'J1i~;tULLSl~ 
~1:U11m~ e:Jn~nl1~1um1~~Lfl11~'V\1:uLUL:U e:J1LLSl:::l<i1L:U e:J1e:J e:Jn i.~e:J cil~ L~!'J LU 'Y'l1::: e:J ~1~ti~m1~n'Ml 
m1~e:J!'J~e:Jrn'V\nil 40 °C ~~dJutlrn'V\.nil~~lnllElrn'V\.nilm1citl!'J~1 G)i.1l1it:JSl~~ e:J~l~ii,r!'J~l~ru 1U 

q 'lI "'lI q 1..1 QI 

~lU~Sl"lJEl~nn:U1TI~ 2 iU~1:Ul1n~U1:::£J:::L1Sl11unl1~e:J£Jl'lXL~~tlL~!'J~ 12 U1Yi ~~"illnn11:U1TI 
~~L~:U~tl~liL1Sl1nll 1.5-2 ilL:U~ 

m1U1LmLn~tl GlcNHCI ~~~Lfl11:::~1~11l1l1:::!'JnIil1idJu~11<i111"ill<i1'Yll~:nl.nl'Y'l
• 

L~ Eli~ Lfl11:::~t:J~<ililrn.n~ii'V\1inSllfionliiU~tlrl1J 1,4-i.~LtJL<il1~1~U (Glc-DHP) i~11l~~ 
'IJ 'IJ 'IJ 

n1e:J1J~L'V\~rJ:U L11~~11~LLt:Jum1~~Lfl11:::~~~<ililrn.ndJl'V\:Ul!'J Glc-DHP <ill:u~:umJ~ 1 il"~l~ L<iI!'J 

L~1.I1n nm11-bt elltn~el GlcNHCI 1.I1'y'h1l1ii)1tJ11~'l-uJel:::Lon-n~ ~ ~\"'ill n'YI1'Y1~Jm1J ~1i~~ Ln~eJltJ1~1 
~ 'IJ 'IJ 

f1Sl El i.J~dJU~1i LeliiUL ~ ElUl m ~fl~ 1,4-i.<iIi.elL~1~1~uLL~1 ~11l1L -nfl'V\lI El:::6U-n 1il El ElmlJu5uL~1"il~U 
'IJ 'IJ 

m1~"Lfl11:::~ L~~~~ilrn.ndJl'V\m£J Glc-DHP ~m~11"il:::L1El~Lb~"LL1il:::ulLmlllu1:::£Jn<ill,n~• 
OAc 

AcO - < 0
Ac~OAC ~ 

QC02Et = 
EtO~ C02Et 

OH 

HO~-J-=O OH
HO~ 

NH2 ·HCI 

GlcNHCI 

~:um1~ 2 m111"LL~um1~"Lfl11~~t:J~<ililru,.ndJl'V\mrJ Glc-DHP "illn GlcNHCI 
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nl1\b Lal bfl~ eJ GlcNHCI :lJl'yhtJ~ n1ml~VI ~ el::L'1J-Yl1.'l L~n1::y'htJ~ n1rJl~l:IJjl ml'U~~n 
L~ 1I LL 'Vdl11~111"151 m11'U 1::iu'Ul'Ul"151~ LL~l .ff'U~ eJ'ULL1n ~ a m1lJ niJ eJ-.1m.hn ~ aeJ::ij1 'U~ll1nlj'Yh

'IJ 

lJ~mm1::V\'"Jl~ Ln~el GlcNHCI LL1.'l::a::il..rr1.'l~Le'!~linmf'Ul~VI~lJniJ a-.1 a::.:n-Yl1.'l~ll1 ml'rhlJ~mtJ1nu eJ:: 

.:n~n LLa'ULe'!~1111~1~HJiiLU~tieJ'U, m~'U, dJ'UilL1~lJ~mm1l1mf'U rll m1nli~Vl3.llJnil eJ-.1~ eJ tJl'U1lJa 
'IJ 'IJ 'IJ 

ii'U~l rJ n1~1'Uilrll1.'l::1.'lll1 eJ::.:n1 ~u ~~LlJ eJfL.Ji'U~~~ ~ilrn.-yf~L~·1J a~.ff'U~ emLL1n, .ff'U~leJ'U~ 2 LL1.'l:: 

.ff'U~a'U~ 3 L'Yilnu 88%. 60%. LL1.'l:: 81% m:IJ~liu ~~dJ'U~Ul~ahLdmflllunuLlJelfLoif'U~ 
"" .... .-.. '11 '" 'II ..31,32

~1.'l~llrnGYl'Yl b~1111~lmell b1 (72%. 88%, LL1.'l:: 89%) 

1'U11111.'l::La 1I~ .ff'U~ a'UiI a~n'UVl3.I a::ij1U~ll1 a::il..rr1.'l~Le'!~,f'U ~Ullm11i NaOH :IJ1 nnll 1 
'IJ 

equiv. L~ mXa rJ L~ a L1J'Uilrll1.'l::1.'ll lILL1.'l::L ~ ah'Vl3.I el::ij1'Uiifll1:IJ dJ'U ihfl~1a1w~~~ 1u.ffu~ em 
'II 

lJ~mll1 a::L'1J-Yl L1.'l-nU ,fUii~LLaJllll::~ 1I1111:IJlJ~ulJ1~ ~1l11::~h~ ~ LL~lnm:IJ LlJ eJfL.JiU~~~~ilrn.-yf~lin 
rT~ ~,nl' ~ 1.'l~ ii1111~1 U L 1Ii elUVI U1 

31 
,32 ofi-.1 ~1LVI ~ allilll::Lu'UL ~11:: a::L'1J~fl LL auLe'!~j111 ~~ el11l1il::, 

fllUfl:IJlJ nmll1L~lI1n~-.1Lu'U~l LVI~~rll1Vi'LlJ afL.Jiu~~~~ilrn.-yf~l .ffu~ emm1nli~ el::il..rr1.'l~1f]~eJ a n , :'.oJ , 

~Ull Ldm.tl~11~-.1~Uff1:1J11r11.'l::i;'l111~111eJ::6Ji1~u~eJrnVlllij 40 DC L~ VI~~1l1m~:lJn1~Le'!1~dfli;'l El1n 
, 'IJ 

LL~lr1~1'lKL~U~ a 
, 
rnVlll 

'IJ 
ij'lKa-.1 ~~~nrn.-yflI::L~:IJ ~ n~::n eJua an:lJ1~~~a~L~:lJilrll1.'l::i;'ll!JaL 'Yl afi;'l~hJfl'U1'lK 

LU'ULdm~ r.n nUbL~lu1LlJ LL"lhfiulJ1:::IJ1 rnVlrt~ ~Ull::"lill1 L~:IJ LlJ afL.Jiu~~~~ilrnGYl'~ 

OH OH 
HO -1__J-= o· OH p-anisaldehyd~ HO~6" OH 
HO~ aq.NaOH HO~ 

NH2 ·HCI 
88% 0j NQ ~Ac2 ~ GlcNHCI .. 60% .--0: 

PYridine OMe 

OAc OAc 

5MHCI AO#ACO~O OAc • c OAcAcO~ acetone AcO 

NH2"HCI 81% 


~ ~ 
NQ.c:J 6' ~ Q.; 6'QJ 

~:lJm1'Yl 3 m1~~Lml::Vlj:.l1.'l~llrnGYl tetraacetyl GlcNHCI OMe.--0: 

m1L~mu~ (0.5M NaOH) 1.'l~LlJ L~ arll1Vi'L Yl m1J~ lIU1Vi'Vl3.I Ln~ elfll m~ aUl1LLel1J1mUrJ:lmi;'ll!J
'II 

L U 'U VI ~ eJ:: ij1 U niliL U ~~ ti au nll L"liu ~1 ~ u LL~ll1 ::rll1'lKlJ ~ n1111.ffUtl~LlJ ~~1Vi' La U1 ii UL U U 

j:.l~ ~ilrn.-yfL n~L~i.3.I ff:IJU1rn lrrnl1~ au1Lell ~11~~~U~LUULn ~ a:IJ1 L~1JL~fl1.'l a 1 jiiL'Yl'U.LL~lrlI1Vi'LUU 
'IJ 

ni;'l1~~111m1L~:IJ 0.5M NaOH 1~1I~LdEllJ~n1111~hLuuLlJ ~~~ilrn.-yf~Ln~~wil::1.'l::i;'lll1el~lwff'U 
~1 11.'l:: 1.'l111 a 'U 'Yl1 cl' (L~ fl1.'l Ell1ii L'Yl'U) ~~:u:: i~ Ln~L~:Ul nn1j~ ~lj~~ ~'U~LUULn ~ tllil::fi a II "11.'l::1.'l1!J 

Vlll'JllJ m~::1'U~~~~111.'l::1.'lll1lJ~mll1';J::l~L3.liifflj~~~UVl1.'l~LVI~tl 
Ok Ok 

0.5MNaOH #
AcO 0 - AcO 0 

AcO OAc 95% AcO OAc 

NH2 HCI NH2 

~ 
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1)lmf'U'\,bLY'ran1la~'U~i.~:lJTYhu~mrnn1J ethyl propiolate 1 eq. ~~V\ia~dJml~1 1 ~'U 
l~rJ~l~fl~ ah~bi'l'UblJ'U~TYh~:;~lrJ bl~1)lnmJW.i1~~a1J1J~n1m~'w TLC Yl1Jil~~~ilt;wt1dl~,r'U 

uarJ lb~:;rT~~~11i~~'UV\~~bV\~aa~~nmn ~~L~~a~b~:lJmmrn ethyl propiolate l'Um1'Yhu~mm 
dJ'U 4.7 eq. bb~11iwn:IJfa'UblJ'UbJ~1 4 l'U YlU1T;):;'YhlV\1~b1Jafb.n'U~~~~ilrn~fam~:; 81 ~~blJ'U 

~ulYlah 
OAc OAc 

Ethyl propiolate 
AcO ~ (~ .. AcO - (~
Ac~OAC CH2CI2, .6,3 d Ac~OAC 

NH2 
81% HN~C02Et 

d Q...oo a.:::. Q...oo 6' 

~:lJm1i'l 5 m1~~bml:;V\~~~.nrn'Y1 tetraacetyl GlcNHCH=CHC02Et 

bdmb~11 enamine ~l~:lJTY'hu~mmtJ~l~ l~rJfll~v\l~ilnTH~:IJ ethyl propiolate ~:; 
~lm1m~:lJbua·h.n'U~~~~ilrn'Y1'~ ~~l~ijm1bu~rJ'Ummrn ethyl propiolate bl~:: TiCI4 ~b~:IJ~>'Il'U 
1:;UU (m11>'1~ 1) YlUl1m:IJlrn ethyl propiolate i.3Jij~~~am1l~:lJLuafb.n'U~~~~ilrn~ bb~mmrn 

TiCI4 ~ bU~ rJ'UlU~ ~~~mu afb.n'U~~~~ilrn~~ml1mn bn'Ulun m~'Yhlri'~~~ilrn~~l~Ul~ffl'Ubn~ 
m1~~I!'J~1l~ bb~::Ldm~:IJ TiCI4 0.3 eq. ~::lri'buafL.n'U~~~~ilrn~~>'I~~ 'Uan~lmf'U~TYil~:::~Ir.J~ 

'U , 

1in~a>'llb i>'ll3J~Jl L~ au'Ua ~ l~fl ~ a11~h i'l'U ~1,n 'UU ~n1rJl1):::~.h'Um1nk'U Lb~:::b1iu1U.nl"l5U:::~ij 
molecular sieve riau'\,bmlii'lnflf>'l, 

OAc c 

AcO ~ ( 0 AcO 0Ac~OAC AcO OAck
CH 2GI2, 2 d

HN~C02Et t~,~C02Et 
Et02G G02Et 

d Q.....o 6'.c::Io.... 6' 

~:lJm1i'l 6 m1~>'Ibfl11:::V\~~~.nrn'Y1 tetraacetyl Glc-DHP 


'" "" .... .~111>'1i'l 1 m1~'In~1~>'I bfl11:;v\ tetraacetyl Glc-DHP 

Entry AmOWlt ofTiCl4 (equiv.) Ethyl propiolate (equiv.) % Yield 

1 1 - Trace 

2 0.8 - 12 

3 0.8 2 20 

4 0.5 0.2 30 

5 0.5 0.4 15 

6 0.5 - 28 

7 0.3 - 35 

8 0.3 0.2 30 
~ 

13 



tllJfl1m~ el::~"If~~~iw1J Eh'l tetraacetyl Glc-DHP nl~>'I1,~1lJn11~m!fl el ~t~W~.n11!tllJn1md 
littl~~~~~6fi'lJ~m1lJmu~m~::iheJ'YllUeJml./uiTYh~::~llJli"11~fmj,~ 70 DC ~l./UL 1~1 1 ';1t~>'I 
m ~~ i:i 'n lJ >'I1UI,1'2 eJ cil>'lhn~l ~tllJ n1!'J1 rJ>'I i,:u ~l :U11n~ eJ:: L"Ifil L~ ~VI:U a::"fril ~ i,~ok>'l VI :U~~ >'I ~ n~ 

'II 

r-J~~.nrnsyf,y1>'1~~ lJ\ltlUeJ ci'lYl\l ~\I r-J~1inl'HWn r-J~~.nrnsyfdJ1Vl:UllJ1ilJ1~'Yl1fi:i1Jru'VI1 6fi\lu nfl1lJld 
cu " ~QJ 

nl~>'I eJ ~1U"l51\lVl1 ~.n11::Ul]mm~ ~'VIm::~:u ~fmJI,tl n lJn11'V111fi~wn ~11r-J~:JJ 

EtOH. t.. 1 h 

Glc-DHP 

~ 6'
3. 1,;)11rnr-Jlilm1'Yl~~eJ>'I 

1J';)'<iJlTu1U~1U"lJ eJ>'In11ci eJ lJi."~U~1 !'Jm~ i,e:!t~1"1iI eJ1nL-n:u,yun11:Ulfi~ 1 ~1,n6jfil.L"L~ el1~UU 
q 

i1-n--wd\ltll]fl1lJl ~L~::n11:JJlfi~ 1 ~1-tl:ut"1~ lvhl./uil-nlm1>'1ul]n1lJ1Ju 1ir-J1iI ~1~~h1::~lJWti\l 
t~ lJ~n11:UlfiLL1n~1:U11ntl1lJtl1>'1"lJlJ1Un11m1'yh>'llU"lJ el\l n11ci eJ lJli~:ffU~L~::~'l m1b1 ~~ eln ~.nl1::1 u 

q 

m1i>'lL"11::'VI1:ut UL:U eJ1LLIiI::I,~~:JJ eJ1eJ eJni,~eJ ci1\lt~mu~l::eJ ci1>'1 ~\l n11~m~nn11cialJ~ eJ rn'VI.nii 40 DC 
q 'II 

~>'ILUUel rn'VI.nii~~lni1 arn'VIniin11ci eJ lJ~1 6) i,tl1ir-JIiI~~ eJ ci1>'1i:iUlJ~1~ill lu~1u~~"lJeJ"nn:Ulfi~ 2 
q 'lI q III QI 

JU~lm1b1ciw:r::lJ::LdIil11un11cieJlJliL'VI~m~m 12 U1-n 6fi>'l,;)lnn11:Ulfi~"L~:uliL11i11nil 2 ';11:u>'l 

1U~1U"lJ eJ>'In11lb i,tll.h::lJn~1,niLiJutl1!tWlft!'i"1:UrY>'I L~ :JJ"11:JJLl./Ui.ui.~1Un111lli,u ~w:JJ,.{
q 

Ll./UlJ'Yl "11:JJ'Yl1>'11"lf1 n111U1::~lJU1U1"lf1 ~~un1 ~>'I eJ cilU"1J rn::~~u1n11:JJlfin11i\lL"11::iKau~urr 
'II • 

n~t""Ifli:iU~ L1eJ>'I LL~>'Ii.~ ~>'IlU11lJ ~::L~ lJ ~~ arJ>'I eJ cilmtu~~rl1lJ~ eJ n11n1~~'VI:U el::"fril ~ eJ eJ nLvi a1'V11~ 
cu CU, 'U 

eJU ~urrnlilt""If1i:iU~ ~::~1 mr1LL~::Lvi a1l1LEllhj'Yl~ ~ el\l1iLl./U~11~1T'ill~'Yl1,,:n1.n1~ 'VI1eJHlun11 
q 'II 

~11'<iJl~~>'I L~ eJUU1U J1~eJ i,'1J 

4. ~1tlLLIiI::b~umm::b~mnlJm11~lJlwffu~eJi,tl 
q 

r-J~1Un11ci alJ t~ lJ1,n"Ifil.L"L~eJ1 LL~::I,:Ut"1Ld"..JLuu~1-nlm1>'1ulJmlJl~u i.~11lJ11:JJ~~\l1U 
LbIil1l11u~w:JJ,.{LUUlJ'Yl"11:U'Yll\11"lf1n111u1::ilJU1U1"lf1 ~ bb~1 bL~:: Ll./u~li1~h~L11i.~1lJn11~EllJ1lJ 

,;)ln111~111"lflm11::iuU1U1"lf1~i1un11~W:JJ,.{IiI>'11l1~11eJ ci1>'1 LUU'I'll >'I n11LL~11~ lJ1llJ IiI::L~ lJ~i,~ 
.., Q...I G,..oo ~ t; '" 

LLUUm~1el~nU11!'J>'I1UUlJlJULLIiI1 

1U~1um1~~U1n1":r~lfin11i>'l L"11::iKelU~urrnlil t""If1i:iUl1eJ>'ILL~>'I~unl~\leJcilU1::Vll1\1n11 
q 'II 'II 

~~ul6fi\l,;)::'Yhn11~~U11i~L~1L~1'<iJ1i~11~~~LLIiI::1l1 ~Elli.tltl1::lJn~1iLl./u~11m1'<iJl~'Yl1>'1:n1n1~1i 
q q 
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• 	 2549-2553 'YlU~lun\JlUfi rn::njj:JJn1jl~mlvi\J'll"l~ 
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j::!'J::n~l 

lf1j\Jn1j 
A a..,.. &::j ~ 

\JlUl'oij!'J'Yll1.lj'oij 

LL~l(%) 

1) lm\Jn1jt:-J~~Ell'VIljL1.l1:JJ1.l'1J,n1'Y'l
q 

L~EliJ El\Jnuhfl'lrElnj::~m~El:JJ
'II 

'YlU~lun\J1U 
q 

f1rn::njj:JJn1j 

2549-2554 90% 



L1J~ f) n f)1Vi1'j'Yl~l~" 

1.U'YIlh 

1) lJ ~ LVi ~Fih'Jlu LL~::;iJ t:lJVI1 
~ 'I~ V' 

Lfl ~U (chitin) dJu'W fJ ~ LlJ el"flJ11lJ"111 ~~ lb:::n fJ lJ ~';Jtj1 m ·~ ~fl ~ 'I'll ~ L fl ii ~ fJ poly(~-(1-4 )-2

acetamido-2-deoxy-D-glucose) 'VI1m5u-LLfJ6jffl ~-~-n~Tfl 6rniiu (N-acetyl-D-glucosamine) LlJU'VI'U1 tJ 61h 
'IJ 

'VI~nlU~ltJ'WfJ~Lmrf ~lULfllwlnu (chitosan) L~\nnn11r111.l~mtJ1~fJ:::oufl L~iU"lJfJ~Lfl~u1u~11~:::~1!J 

~1~ Li:wnu 41~ t!uLfll~snlu~ ~1.l1:::n fJ lJ ~1!JIfl1~ ~1l~ 'Yll~ Lfl ii ~lU1'VI qj L UU poly(~-(1-4 )-2-amino-2

deoxy-O-glucose) Vi1fJ~-n~Iflsnliiu (O-glucosamine) LlJU'VI'U,l tJsil'V1~n Lfl~ULL~:::Lfll~snlurilfl1~~1l~ 
'IJ 

'Yll~ Lflii fl~l tJ fl ~~ fllJ Lsn~ ~ 1~ ~ LL~ n ~1~ flU ~VJ:Ij LL 'YlU~lJumflJ fJUfJ:::~ fJ mll LL Vili~~ ~El~1U1~ LL'VI1U1.'W11 
'IJ 'IJ 

1U~ (pyranose ring) ~~ L1JUWtb mi f} tJ"lJ f)~ Lon~~1~ ~l~tJ'VIli LL 'YlU~~~1 Ll'VIli~d'"lJ fJ~ Lon~ ~h~';]:::dJU 'VIlii.eJ 
'IJ 'IJ 'lJ 'IJ 

~nfJnOU~LL~'1J El~i.fl ~udJU 'VIli El:::OU'Ylli.lJ~ (NHAc) ~lUi.fll~snludJU 'VIli fJdlT U (NH2)
'IJ 'IJ 

i.fl~u-i.fll~onlu~(:.J~~,rUIl1 tJ1u1.l1:::L'Ylf'!~lU1Vi ni';]:::~~ fJf)n 1 U 1U"lJ fJ\l1~H1~lJ11m t;) n (i11~n1lJ~:::
fU 'U It ClJ 

400-1000 lJl'Yl) 41~,fUn111~mvifJ'VI11rrm1(:.J~~ (:.J~~ilrn.vf~iilJ~~l ~~;Ju ~~dJUm1"lh m1.l~ tJU"lJ El~ L'VI ~ fJ 
'lJ 'IJ 

Y1\l,;]ln fJ 
q 
~ ~lVin11lJ fJ1'V1l1'Yl:::L~ LL "liLLiJ~1i n ~1!J LUU'Yl1'W tJ1n1~ii~1"lJ f)\lU1:::L 'Ylf'! ~~~~i.~11 L1Jum11~tJ 

Lvim~-'~ulL 'Ylfll U 1~ n~~Ufl~LL~:::5~~u L5U-LLfJ6jffl~-~-n~Iflonliiu ~"JJ1 tJ1 U 11.l~11LfliiiJ';]';]uuii1lmnll
'IJ 'lJ q 

57,700 lJl'Yl/nhn1lJ ~'mi.~LlJfJf"lJfJ~i.fl~U~fJ L5u,L5u-i.~LLfJ6fiYi~i.fll~i.uIfJ~ ii1lfll~~nll 900,000 
'lJ 

lJl'Yl/n1lJ LL~:::1f)~lnLlJ fJf~ii"lJU1~ 3-7 ViU'Wt!Uii1l fll~~;JUi.1.l~ n~llJ ~l41lJ 1 ~~ ~11L'VI~1d'1idJU 
'lJ 

~'1 U f..l ~lJ'VI ~n 1 UtJl1n ~1 Ell nl1L ~ lJ 1.l1 ~ ~l mY fJ n 1:: ~ n ~lVi1lJ ~ih tJ ~ LUUI1fl fJ El ~-nl El Ellfi. 'Yl1-n ~ 
'IJ 'lJ 

(osteoarthritiS)21fl1\lm11~rJ'd~\lfJl';]i:if)L~'·hL1JU,;]~L~mrU'1JfJ~m1LL1.l11ult;)~~U~Eli.fl~u LL~:::i.fll~snlu 
q 'lJ q 

1iL1Ju~11LfliillJ L~n ~"lJU1~1 L~ n~\l~ii1.l1:::ItJ"11u1U'Yll~ LIl i"11m1lJ~ii11m~\l;Ju
q 'IJ 

1U~lU1~!J~ ~lU"lJ El\l L1l'WUllLf)Ui.onaJ1l1 n Burkoderia cepacia ~llJl1t;)1i(:.J~~ L5U-LLEl6jffl~-~-n ~ 
'IJ 

Ifl 6rn!iu ,;]In i.fl~U mnnll 90% 1Ul'1~1 1 lU 1~mr~1l~11i~ltJ1um1f..l~~1u1::41lJifJ~1.l~u~mj';]::: 

fJci~lh:::mrn 800-1500 lJl'Yl/nl~n1lJ LL~:::r;l1"lJtJ1tJ"lJU1~m1(:.J~~n,;]:::~llJl1t;)~~11mm1(:.J~~~fJnl~n1lJ
'IJ 

~"fJcil"n,rmhFlrui.~n Elcil"i.jnmlJv~L~mJEl"mji~tJii1lii.~El ci~~u'Ylumjl'-J~~~lLL~L~ tJ"fJ cil"L~ tJJ 
11.1 q \I q 

LL~ fJ ~ ~ fl1llJ,J ~ fJ ~ il!J LL~ :::fl11lJ L 1J uiJ ~ 1~ El ~~ LL 1 ~ ~EllJ~ ii lJl n nllifinlj(:.J ~ ~1~ tJ 1i~11Lflii~ ~ ii 
'IJ 

m::ulUm1r1l(:.J~~ilrn<yJ1i1J1~'Yl1f~~\lmn.nu.nfJu
q q 

2) l~r1t1j::;~\lff
q 

2.1) L viEliiim~nm1~El tJi.fl~u~lmEmi.onaJLvim<111tJlJ GlcNAc LL~:: (GlcNAch 11mf~m1cifJtJi.fl 
~U~ltJn1~i.eJ1~1fl~ El1nLvim~~!'JlJ GlcNHCI LL~:: iiin~1'V11ifiLLtJn(:.J~~.nrn"t1,r~~llJ41~n~11 ElfJn';Jln 

'1JEl~ f..l~3J1u1.l~mtJ1 

2.2) LYifJ~m~nm1lbLfJ1~~~ilrn'Ylril~mlh:::tJn~1"111iLiJU1h:::t!'J"11U~1!Jm1lblJli"Lml:::i~El 
q 
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A.c:::t 0 A AQ.,.o

2. 1finTj~ltlt.l~nl~TMJ 

1) nl'HjElU~1rJU)U1.6Jf~ u~::mjrJElrJ~1um~nf\l LLDD1ifl~Ue1~<ilj116Jfufl'lhm1\111lin'1r.Jl LL~::LbD]J1ifl~U 
l.aJIfljL1vhh rJ b1\111liffim 

a. ~Ufll1 Lb~::jlDjl aJ-llEJ:IJ1.'frh ii m-lle:J\I nD\l1UlirJ 
'll 

b. lLml::~~jll tJ1il LL~::L1i rJU j1 rJ\llU LL~::L<il1rJ aJD'Ylfl11aJ L yj El1il\l ~~m.f 'V\1-e)'1J<il ~'Yl]-D<ilj ~Ufll1
• 

9J ~.,::i 9J ClJ ,;::It,ClJ 

U~::jlDjlaJ~e:JaJ1il'YlLnrJl~e:J\lnD\llUl~U 
'IJ 

2) mjtbLmtJ~<il.nrn~~1.~mllj::tJn<il1iLUU~lj<il11~1~'Yll\11hm~• 
~ v q.,..,J..,J q., a.,.. A ClJ 

a. flUfll1U~::jlDjlaJ~e:JaJa'YlLnUl~e:J\lnD\llUl~tJ 
'IJ 

b. ~m~l Le:Jn ~ljtJ1il\llUliU~ bM Ul-lle:J\I i<il L<il1UaJ e:JllmrnLL1il::~11Lflii~:ijlLUU• 
c. ~\I Lfl11::vI~1 1ElUvrmf GlcN ~\I'V\ aJ El::iJl ll. 1.~i']J nlji<il Lllla\l LUll. 'V\'I-b U DHP l<ilu~::~e:J \I 

• 'll 

lll~rJll.'V\aJLe'I<ilje:Jn&fi (-OH) ~El\l GlcN ~\lbUll.'V\aj~-rl1u1ll.nlj1il::1illrJJ11ibUll.'V\aJbEl~b'Yle:Jf (
'll 'll 'll 

OAct ~~lmjt:la::~nr/l<illll.iTY'hEl::alU~ll.'Yl1cl'La-miElll. (~aJmj~ 1) 

OH OAc 
1) p-anisaldehyde HC::=:CC02EtHO~< -0 OH .. AcO OAc ----.HO~ 2)A~0 AcO~ 

NH2 'HCI 3) 5M HCI NH2 HCI 

GlcNHCI 
OH 

HO~< -0 OH
HO~ 

Q-C02EI 
Et02C CH2C02Et 

GlcN-DHP 

~aJmjri 1 bbtJll.mj~\lbfljl::vI~ljbiJl'V\mU Glc-DHP ~ln GlcNHCI 

UV-vis spectrophotometer 

spectrofluorometer l~u'V\l Absorption wavelength (Amax). Emission wavelength (Amax). 

Molar absorptivity (£max). bb~:: Quantum yield (</» 

f. 

g. lbfljl::~-lle:J:JJa ~nlltJElmj'Yl~~e:J\I Lb1il::b1iull.l'Ylmu~U1f 
'll • 

h. 1bml::vI~jll tJ1il bbEl::b~1UaJ b1i UUlJ'Ylfll1aJ b yj e:J1il\l ~~m.f 'V\1El~<il~'Yl]-U<ilj• 

3. eHml~~')U 

nljci ElULfl~ll.~l mElll.L6Jf~ bb~::nj<il 

l.~~nMl nl'H<il1U aJ ~ljLflii bba::l<il t:l~D~~l bUll.T~m'hm1b<il1mJLLnull ~1'V\~ n~]J~ bb~1 m b<il1U:JJ
• 

fle:J~ a Elu<illfl~ll.1~ tJyh nljLCj\1U:JJ 1 U~Jll1::~bUll.nj~~::1.~~b~ e:Jf1a-~11 Ulfl e:J1il ~ e:Ju~lfl~ll.~ b<il1tJaJ aJ1'V\1 

activity ~El\lbe:Jll.1.6Jf~'.j)lnjl Aspergillus fumigatus bbEl::lflElULbDflrib1U Serratia sp. ~\ltJaLjl~laJljt:l~111
• 

2 
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~iilnl'dl~tJL~':hnl'dciEltJLfI~'U"nmm'U,'VI~mr-,H.JlEl'U,L6J1aJ~l1n'd1 Aspergillus fumigatus (4 U/1 9 LfI~'U,) 

~l:1J1'dnciEltJLfI~'U, (3% w/v) ~Elrn'VIIiiJ 40°C pH 3 dJtl.lliil1 2 l'U, L~ GlcNAc ~lmuElfl.Ji'U,~
1 'IJ 

~~~.nrn"Yf 72% nl'dciEltJLfI~'U, (3% w/v) ~lmEl'U,L6J1aJ~ln1f1iil'U,llUfI-nb~tJ Serratia sp. (1 U/1 9 LfI~'U,) ~ 
Elrn'VIIiiJ 37 °C pH 6 d]'U,ldf'll 6 l'U,1~ (GlcNAc)z lliil:: GlcNAc ~lmuElfl.n'U,~~~~.nrn"Yf 43% lliil:: 

1 'IJ 

2.6% m:IJ~l~U ~l:1J1'dn'Yh1~ GlcNAc lW:: (GlcNAc)z u"1~'YltL~1~tJnl'd~ntil::nEl'U,~1mEl'Yll'U,tliil m:IJ 
1 

~1 tJnl'dn1~til~~1tJfltl~:IJ,r~ii~>1ri1'U,n6JJJ'U,till", GlcNAc lliil:: (GlcNAc)z ~U"1~'Ylt~l m'IJEl'h.n'U,~~iil ~~til 
1 

64% lliil:: 40% m:IJ~l~U ~1'U,nl'dciEltJLfI~'U,~1tJmtilLe11til'dfliilEl"1m'n:IJ-ll'U,ii 2 n'd'd:IJ1TI~El~1iT6J1u'LfiltilElf 

d]'U,~1,h m 1>1'IJljn"1tJ1 niil::~1"1fl:IJ 1f1'dldl"hu'U,~1,h m 1>1'IJlj fntJltf'U, 1"'~{;'H~ll1~~~hh~>1'V'l El h 1til tJ~ 
m'd:IJ1TILl'dn ~1 :IJ1'dn'IJ1u'IJ'd>1"lJU1'U,nl'dci El tJ1"'~,]'U,lliil:: ~1 :IJ1'dn L~ El n ~Ii11::1 'U,m'dLl>1lfl'dl::'VI1:IJ L 'U,l:IJ tl flliil:: 

1 

Ltill:IJ ElfEl tl n L~El cil-1Ltil mu'V'l1:: El cil>1 fl >1 m'd~ m~nm'd ci El tJ ~ El rn'VI Ii iJ 40 °C ~>1 LU'U,El rn'VI Ii iJ~ ~1wh 
!if 'lJ , 'lJ 

El rn'VIIiiJm'dci tl tJri'1 <i) L'lJ1~~ iil~~ El cil-1iium~lf1rU 1'U,~1'U,~ iil"lJ El>1 n'd'd:IJlrr~ 2 tf'U,~l:1J111:1 ciu'd::tJ::niill1'U, 
1 'IJ '" 

nl'dciEltJ1~l'VI~ EllY4tJ-1 12 'U,1-n ~-1~lnn'd1:IJ1TI~-1l~:IJ~El-11ildiillnil 1.5-2 ilL:IJ-1 

nld'UllEl1Ln~El GlcNHCI ~Ll>1lfl'dl::'VI'till'IJ'lJ1::tJntillilU'U,~1'dtil'd1~ltil'Yl1-1:filJll'V'l
i 

m~ m:JLl>1tfl:Jl::~~l:JtUl'V1:1J1 tJ Glc-DHP ,fU~l1Jl:Jnvr~Ul1Jli~~\l LLfftil\l1Uff1Jm:J-lll>1~l\lU~l 
~ >1 L~~ iillU'U, ~U1 'V'l El1"il 'd::~U'VI tt>1 El ci1>1 L 'dn till:IJ rJ-1 ii f111lJ ~llU 'U,~tl>1 ~~U 1 'IJ lj fi1 tJl.ff'U,~til rll tJ 1'VIi.~ 
L'IJ e:rfL.n'U,~~~til.nrn"Yf~ ~\l,]'U,'V'l1EllJnU~~'U,ln11lJiTIlum1Lwn ffl1dli'VI:lJ1 tJ Glc-DHP 1iu"1~'Ylt~nl1d' 

'IJ 1 

OH OAc 
1) p-anisaldehyde 1) 0.5 M NaOH HO~<-~~ OH .. ACO~<-~; OAc ..

HO~ 2)A~O ACO~ 
NH2 ·Hcr 3) 5M HCr NH2 'Hcr 

43% (3 steps)GlcNHCr 
OH 

OAc H2~OH1) TiCr4, OCM 
AcO . ( 0
Ac~OAC 

HN~ 
Q-C02Et 

C0 2Et Et02C CH2C02Et 
77% (2 steps) GlcN-DHP 

4. a"iUUntta't.4.ULt't.4.t• 
~iil1 'U,m1ci El tJ Ltil tJ1iT6J1U,lflLtil Elf lLiil:: LlJ Lfl1l1V'lluU~l,hm -:f>1'IJljn"1tJ1 l ~ El Ll>1 LfI'n::~ GlcNHCI ~ 

fflaJ11mbaJ11i1J1LJlfl LUUEll1n1Lff16JUtl-1nu,L~wneJ n1:: til n L~m.llfu,L~1:1 n11UnlJ LLfl::UlLtI~~m'fdJu, 
'IJ 'IJ 

U'Ylflll :IJ'Yl1>11"1f1 m11'U, 'd::~Ul-n'U,l"1fl~ n~1 LLiil::l uu,~U1 ~1"il~l 'd1L~1Unl"itil ElU1U1nn 11j~11i"1flnl1 

1::~UU,lU1"1f1~1u,m1~~:IJ~iil-1111~1'dEl ~1>1 b1J'U, 'Yl1-1 nl'dll~lLtil tJ'd1 tJ iil::b~ tJtil L~lLUU :IJ1'V'l1eJ:IJ nU11 tJ>11'U, 

~ '"0-

'" 
~UU'U,lliil1 

1'U,~1'U,m'd~~ 'U,1 n'd1lJirrm 'dLl>1lfl'd1::~El u,vr'U, in iilLfl6J11 ij 'U,l1eJ >1lL~>1 tf'U, n1 ~>1 El cit 'U,1:: 'VI 11>1 nl1 
1 'IJ 'IJ 

~~'U,1~>1"il::'Yhnl1~~'U,11~ll~1l~1~lil11~~tilniil::UllEl1hh.h::tJntillilUUff1'dm1"illtil'Yl1,,:filJl1'V'l1ilU'U,
1 1 

th::1tJ"1f,r~ ElL'IJ 
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.... "" 
~t1!t1!1 bfil"lJ'Yl GRB_bb _ <f'o_kl brI_0 kl 

If1jJ mjl.ijtJ b~EJJ blt:-J'UJl 'U1~rJ'u 1 (~mn:IJ bvl EJ rJnj::~lJ fI rn1l1'Y'l bbfil::W.ll mJ ~ EJ ~.n£J 'YllJ el1'Vllj~lfl jJ~11J. . ~ 

l f'\jHq)"n';l £J fl1'Vl:IJ .... 

." , 
Q.;' I IU ~ d <V ~ ,::::I 

~\JlL~lU'Yl 1 ~fllf1:IJ 2554 bl\J1U'Yl 31 :lJUlf1:IJ 2555• 
b !U~.o. & 

jEJJf'I1~~jl:UljtJ ~j. :lJJflfil ~l~'Ul~'U'Ylll•. 
'VI lI> 'Uh'l1 W 

\g. ~'itlj:HW1'itoht'"lI>\lll1>• 
"lJrn::d~:IJljbliJbfljl::~~lj~~EJ"mj~EJbn~EJnfillf1"llliiule11~jflfilEJh~ (GlcNHCI) :Ulnmjr.)e)tJ 

~ 

I.fI~U~ltJm~1.e11~jflfil EJ1f11~ rJiil"llUbfl b~ EJfbb~::fI~U"l:IJIf1jll'V'hu'U~l'1il m1Jtl~n1r.J1 llfil::l~tb lEJ1~lj 
~Jn~11:1Jlll1lJll~JIm'''~1l''lUU~lWnl';l1~111ll~J (fluorescent sensor) EJrJ 

~ 
~Jmj~~'Ulm"j:IJ1]-mj 

~J bml::'Vll~:IJl nJll ~m r.J1 ~~rll rJ ri EJ'U1~~lj~jl:Ul~ lb~l 

Ill. nl'itohL'"lI>\lll1>LlI>i'J\lmtlhI 
'Vll ~Jll1::11~mm~ l'Vl :IJl::~:IJ"lJ EJ\JtJ~mm~ EJ::l6Jfl1 l~iu 
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Hydrolysis of a-chitin in concentrated hydrochloric acid under elevated temperature is a general prepa
ration of a nutrapharmaceutical glllcosarnine hydrochloride (GleN.Hel).ln this study. the microwave and 
llltra,onic wave assisted acid hydrolysis of shrimp shell a-chitin are invest igated with an aim to improve 
the reaction rate and selectivity. Microwave heating shorrens the hydrolysis time frolll 120 min ill the 
conventional heating process to 12 min to afford GIeN.HCI in 57% yield. Sonication can be used to assist 
chitin dissolution in 38% HCI prior to the hydrolysis at 120 C for 120 min to produce GlcN.HCI in 62% 
yield. The selective hydrolysis of glyco,idic bond of chitin is achievable at 30 C for 4 h to give N-acetyl 
glucosamine (G lcNAc) in 37% yield. 

i0 2012 Published by Elsevier Ltd. 

1. Introduction 

As the second mos t abundant and renewable natural polysac
charide, chitin is considered as an unlimited source of nitrogen 
containing organic compounds. It is the structural constituent 
of the exoskeletons of marine and terrestrial arthropods as well 
as cell walis of fungi and yeasts (Muzzarelii, 2012; Muzzarelli 
et aI., 2012). Frozen and processed seafood industries generate 
marine biomass byproduct containing billions of tons of chitin 
each year. There will be huge economic and environmental bene
tits if these marine biomass wastes are efficiently utilized (fillai. 
Paul. & Sharmil 2009; Rinaudo. 2006: Sakai. 1995). One of the 
brightest applications of chitin is as a raw material for produc
tion of tile amino sugar, glucosamine (GleN). GleN has been proven 
effective in numerous scientitic trials for easing osteoarthritis pain 
(~ Ambrosio. Casa. Bompani , Scali, & Scali. 1981; Gladman & 
Farewell, 1999; ,tIauselman, 2001: Mankin. Brandt. & Shulman. 
1986; Matheson & Perry. 2003). and has long been prescribed as 
a safe nutraceutical alternative to nonsteroidal anti-infiammatolY 
drugs (NSAIOs) for osteoarthritis pain and inflammation treat
ment (Oa Camara & Dowless, 1998; )shiguro. Koji'ma. & Poole. 
2002; Todd, 2002; White & Stegemann, 2001). This has led to 
worldwide consumption of lilfge amounts of a great variety of 
over-the-counter GlcN. Most of GleN products for arthritis are 
usually prepared from the hydrochloride salt (GleN.Hel) which 

Q2 • Correspondingxuthor. ·Iel. : '6681 9010730: fax : +6622 187598. 
E-mail address: sukwat(@gmail.com (M. Sukwartanasinitt). 

0144-8617/5 - see front marter D 2012 Published by Els ev ier Ltd. 
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is industrially produced by the acid hydrolysis of chitin using 
concentrated hydrochloric acid. GIcN.HCI also has potential appli
cations in cosmetics (Szego & Makk. ] 982), antiviral drugs (Floc'h 
& Werner, 1976; ~ashad. Hegab, Abdel-Megeid, Micky. & Abdel
Megeid. 2008). anti-cancer (fhesnokov. Sun. & ftakura. 2009). 
wound healing (Mackay & Miller. 2003). and as a substrate in the 
synthesis of glycoproteins (tAenon, Mayor. Ferguson, Ollszenko. 
& Cross. 1988) and glycolipids (Mayor et aI., 1990). The yield of 
GlcN.HCI obtained from the acid hydrolysis of chitin is depended 
on reaction conditions including acid concentration. acid to solid 
ratio. and reaction time (Angle. Vaidya, & Pai. '1973; Kamasastri & 
Prabhu. 1961). In general. concentrated ,( 38°~. w/w) hydrochloric 
acid solution is required for solubilizing the solid chitin and high 
yield ofglu(Osamine hydrochloride were obtained by refluxing this 
acidic solution at a temperature about 100 C for at leas t 90min 
(Gandhi and Laidler. 2002;,(V1ojarrad. Nemati. Valizadeh. Ansarin. & 
Bourbour. 2007; Novikov, 2004). Under this condition, both amidic 
and anhydrogluCDsidic bonds are hydrolyzed to simultaneously 
affect the deacetylation and depolymerization. An alternative to 
the acid hydrolysis of chitin is an enzymatic hydrolysis which is 
used for chitin degradation to chito-oligosaccharides and/or its 
monomer, N-acetyl-,kl-glucosamine (GlcNAc) (,t<laikherd . Jayanta, 
Boonjawat. Aiba. & Sukwattanasinitt. 2004: Pichyangkura. Kudan. 
I(uttiyawong. Sukwattan.1sinirt. & Aiba. 2002; Sashiwa et al.. 2003; 
~ukwatl'lnasinitt. Zhu. Sashiwa. & Aiba, 2002). Despite low selec
tivity berween depolymerization and deac<.:tylation. acid hydrolysis 
is still attractive mainly due to its cost effectiveness compared to 
the enzymatic hydrolysis. Ultrasonic wave and microwave irra
diations have recently become useful energy sources in various 

Please cite this article in press as: Ajavakom, A., et al. Products from microwave and ultrasonic wave assisted acid hydrolysis ofchitin. Carbohydrate 
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chemical processes (kapelo-Martinez. 2009; A<idak & lnce. 2006; 
~rogi. 2006; Mats & Kri stofer. 2006; Mutyala et al.. 2010). The 
benefits of these irradiations in chemical processes include fa ster 
reaction rate. higher product yield and reduced energy consump
tion. Due to the lack of research in hydrolysis of chitin under 
these irradiations, we therefore decided to investigate the prod
ucts from ultrasonic wave Jnd microwave assisted acid hydrolysis 
of chitin and the condition optimization for greater product yields 
as reported herei n. 

2. Materials and ,{nethods 

Shrimp chitin flakes (~0.4 mm ) were obtained from Taming 
Enterprises (Thailand). Concentrated HCI ,(38 ~~ . w/w) and activated 
charcoal were purchased from Merck (Germany). 

2. 1. Hydrolysis ofchitin by microwave heating 

38% HCI (50 )TIL) was pre-warmed by conventional microwave 
oven (Samsung. M183GN) at 850 watts (W) for 305. Shrimp chitin 
(30 g: chitin/acid ratio = ~ :2. w/w) was added quickly into the pre
warmed acid. After 1 min. when chitin was fully submerged. the 
microwave irradiation was continued for the designated period 
of time. After stopping the in'adiation. the resulting slurry was 
allowed to cool to room temperatllfe and filtered to obtain a brown 
precipitate containing GlcN.HC!. All reactions were performed in 
tripl icates. 

22. Purification of C/cN.HCI 

The crude precipitate WJS dissolved in distilled water 
(30mL/10g initial chitin). stirred for 30 min with activated char
coal (20 mg/1 0 g initial chitin). The decolorized solution was stirred 
at room temperature for 30 min. After the removal of activated 
charcoal and insoluble residue by filtration. the clear filtrate was 
evaporated under reduced pressure to recover GlcN.HCI as light 
yellow solid. The solid was then dispersed in absolute ethanol 
(10 ml/1 ag initial chitin). stirred for 30 min at room tempera
ture and the slurry was then liltered. The white solid obtained 
was dried under vacuum for 24 h to yield pure GIcN.HCI. For 
purity determination by acid-base titration. GleN.HCI solution pre
pared by dissolving GIcN.HCI salt in Milli-Q water (~O.Ol M) was 
titrated with a standardized NaOH solution (~0.01 M) using phe
nolphthalein as the indicator. NaOH solution was standardized 
by potassium hydrogen phthalate (KHP) solution (~0.01 M) using 
phenolphthalein as the indicator. All titrations were performed in 
triplicates. 

2.3. Hydrolysis with ultrasonic wave treatment 

Chitin (10 g divided into 5 portions) was added)?ortion wise into 
38% HCI (50 g) immersed in a controlled temperature ultrasonic 
bath (Elmasonic S30H. 50/60 Hz. 275 W. England). The addition of 
chitin was performed while the acid was sonicated at designated 
temperature. Each chitin portion was added after complete disso
lution of the previous portion was observed. Typically. all portions 
could be completely dissolved within 30 min. The chitin solution 
was allowed to stir at controlled temperature for a designated 
peliod of time and the product was monitored and isolated as 
described below. 

2.4. Determination ofdegree oJ hydrolysis 

The hydrolysate was neutralized with NaOH solutionA 1 0%. w/w) 
and WJS then centrifuged atlOOO rpm for 20 min. The supernatant 
was removed and the solid residue was washed with Dr water 

(40 mL) and ethanol (95%.40 ml). The solid was dried under vac
uum and the degree of hydrolysis was calculated from 100 x (mass 
of starting chitin,,- mass of residue)/mass of starting chitin. 

2.5. Monitoring of hydrolysis reaction by ESI-MS 

The hydrolysate (2 mL) was pipetted into absolute ethanol 
(25 ml) at each time intelval. The resulting cloudy mixture was kept 
in a refrigerator at 4 C overnight and then centrifuged atlOOO rpm 
for 20 min. The precipitate was collected by decanting the liquid 
supernatant off. The precipitate was dissolved in Dr-water (4 mL). 
added with activated charcoal (4mg) and stirred for 30 min. The 
mixture was filtered through a lilter paper (Whatman No.1) and 
then a 0.45 f-Lm PTFE filter. The filtrate volume was adjusted to 5 mL 
by Ol-water in a 5 ml volumetric Oask and analyzed by an electro
spray ionization mass spectrometer (ESr-MS). The solution sample 
(~1 ppm. each 1.5 mL) was injected into the mass spectrometer 
using the following injection and ionization parameters: i.e. the 
voltage at capillary. extractor and RF lens were 40 kV. 3 V and 0 V. 
respectively. The cone voltage was 30 and 35 V forGlcN and GlcNAc. 
respectively. Under MS scan mode. these parameters were adjusted 
to give the highest signals corresponding to glucosamine (GlcN) and 
N-acetyl glucosamine (GIcNAc). GlcN was detected as the signal of 
(GlcNH.H 0] at m/z=162 and GlcNAe was detected as the signal 
of [GlcNAcH.H 01 at m/z= 204. The relative abundance of these 
signals was plotted vs the hydrolysis time. 

2.6. Purification of CIcNAc 

The brown slurry obtained from the hydrolysis was diluted with 
95% ethanol (40 mL) to precipitate a part of impulities. The ethano
lic slurry was centrifuged at lOOO rpm for 20 min to remove the 
remaining chitin and impurities. The obtained precipitate was dis
persed in 10 mL of water and fi Itered to remove the water insoluble 
residue. The filtrate was then evaporated by rotary evaporator 
to dryness. The pH of supernatant was adjusted from pH,(1 to 
neutral by filtering through NdHCO powder (40 g). The neutral 
supernatant was then concentrated to 1/3 of volume by rotating 
evaporator and dropped into absolute ethanol (SO mL) while stir
ring to form a cloudy suspension and left in a refrigerator at 4 C 
overnight to complete the precipitation. The precipitate was sepa
rated by centrifugation at 2000 rpm and dried in desiccators under 
vacuum to afford solid A. Tile supernatant was concentrated to 1/3 
of volume by rotating evaporator and dropped into cool absolute 
ethanol (50 mL) to form cloudy suspension. The precipitate (solid 
8) was collected by centrifugation at 2000 rpm. The supernatant 
was decolorized by stirring with activated charcoal for 45 min. fil
tered off to yield a clear solution that was concentrated in a rotating 
evaporator and then freeze-dried to provide a white solid ,(solid C). 

2.7. H NMR spectl'Oscopy 

H NMR spectra of the product samples. GIeN.HCI and CIeNAc 
standards were acquired from the deuterium oxide (0 0) solutions 
on Varian Mercury 400 NMR spectrometer at 400 MHz. 

3_ Results and pisrussion 

3.1. Chitin hydrolysis under microwave hearing 

First. we have investigated the effect of chitin/38% HCI ratio on 
the yield ofGlcN.HCI. As illustrated infig. 1. the optimum chitin/38% 
HCI ratio is) :3. w/w where GIeN.HCI can be obtained ~50% yield. 
The amount of Hel used affected the yield of GlcN.Hel in two man
ners. With lower amount of38% HCI (1:2 ratio). significant amount 
of insoluble chitin was observed after the hydrolysis. Though the 
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Jig.. 1. GlcN.HCI yield obtained from chitin hydrolys is in 38% HCI with microwave 
irradiation power of850W for 12 min at various chitin/acid ratios. The plots are the 
average values from three replicates with the error bars representing the maximum 
and minimum values. 

reaction was done in renux conditions. some HCl escaped from the 
reaction mixture leading to inadequate acidity to dissolve chitin in 
the initial state of the hydrolysis. When higher amount of 38% HCl 
(1:4 ratio) was used. less GleN.HCI precipitate was obtained after 
allowing the reaction mixture to cool to room temperature due to 
dilution effect. 

fig. 2 shows a time course of GlcN.HCI yield obtained from the 
chitin hydrolysi s with 38% HCI under microwave in·adiation. The 
isolated yield of GlcN.HCI increased with the hydrolysis time up to 
12 min. The GlcN.HCI yield dropped slightly as the irradiation time 
was extended beyond 12 min. probably due to the decomposition 
of GleN.HCI product. The optimum irradiation time for hydrolysis 
is thus 12 min. 

To study the effect of heat transfer in this microwave assisted 
chitin hydrolysis. the reaction was conducted with and without 
stirring. Use of a mechanical stirrer improved the product yield 
by 5,,10% (Fig. 3). Under the optimum 1:3 chitin/38% HCI ratio. 
GlcN.HCI was obtained in 57% yield with mechanical stirring. This 
yield is comparable to conventional heating reported in literatures 
but within much shorter time (fandhi & Laidler. ,f002 : Ingle et .II.. 
1973: A<amasastri & Prabhu. 1961: klayor et al.. ·1990). Since agi
tation of the reaction mixture can increase the product yield. the 
faster reaction is likely to be a result of the faster heating rate 
rather than the superheating or selective heating. Microwave can 
thus speed up and reduce the energy consumption in the acid 

%yield 
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20 

10 

4 6 8 10 12 14 16 

HydrolYSiS time (min) 

fig. 2. GleN ,Hel yield obtained from chitin hydrolysis 10 38% Hel ,' 1'1, w lw ) using 
microwave irradiation of850W at various irradiation times, The plots are the aver
.Jgo values from three replic.Jtes w ith the error bars representin g the m.Jximum .Jnd 
minimum vJ lues. 
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Jig. J. GlcN.Hel obt.Jined from chitin hydrolysis with microwave irradiatio n of 
850 W for 12 min WIth i1nd without mechanical agitation. The plots are the aver
age values from three replicates with the error bars representing the maximum and 
minimum vdlul's. 

hydrolysis of chitin to produce GlcN.HCI but it cannot improve 
product yield. 

White crystalline powder ofGIcN.HCl was obtained by using the 
decolorization-precipitation method (Gandhi & Laidler. 2002). TIle 
isolated GlcN.HCl product obtained from the hydrolysis shows the 
same H-NMR spectrum pattern (,fig. S1) as the standard GlcN.HCI 
(Fluka Chemicals. Ltd .. :->.99% HPLC). The acid-base titration also 
confirmed the percent purity of GlcN.HCI above 99%. 

3.2. Chitin hydrolysis with pre-sonication 

As described in the previous section that there was no selectiv
ity between glycosidic and amido bonds in the hydrolysis of chitin 
either by microwave or conventional heating and only GlcN.HCl 
was obtained as the final product. It is important to note that 
chitin is dissolved in 38% HCI velY slowly at room temperature 
that a solution with concentration higher than 5% !,wjw) cannot 
be obtained within acceptable time. viz. ,,<1 h. without warming the 
acid (-60 C). In this part of study. we used ultrasonic wave to accel
erate the dissolution of chitin at low temperature to obtain acidic 
chitin solution with appreciable concentration. nle hydrolysis of 
chitin is expected to proceed with selectivity that should allow a 
preparation of GlcNAc. 

With sonication. 30 g of chitin was completely dissolved in 
50 mL 38% HCl within 30 min even at 20 C. After the dissolution 
of chitin by sonication at designated temperatures. the solutions 
were allowed to be stirred at controlled temperature for addi
tional 90 min . For comparison. another similar set of chitinj38~b 
HCl mixtures were allowed to stirred without pre-sonication at the 
same designated temperature for 120 min. The degree of hydrol
ysis. determined from the ratio of water soluble portion to the 
amount of initial chitin. was significantly higher with the sonication 
pretreatment(Table 1). At 20 C. about 12% ofchitin was hydrolY2ed 
with pre-sonication while only 3% of hydrolysis was observed with
out the sonication pretreatment. At 40 C. the sonication process 

Table 1 

Degree of hydrolysis a\" chilin (lOg) in HCI (50 g) without and with sonicatio n. 


;[emper,arure Without sonication With s01lication 

Residue (g) %hydrolysis fe5idu(' (g ) %hydrolysis 

}O C 9.7 8.8 12 
40 C 4.3 57 2.0 80 
60 C 0.9 91 0.3 97 

Il me a l20min. 
'total rim e = 120 min wirh 30 min of sonication. 
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Xi:!..4. MS signal intensities ofGlcNAc during chicin hydrolysis in 38% HCIA1:). w/w; 
at various temperature and times with 30 min pre-sonicatron. 

improved the degree of hydrolysis from 57% to 80%. However. high 
degree of hydrolysis (>90%) could be obtained at the temperature 
60 Cwith and without sonication. The results confirmed that after 
the dissolution of chitin by sonication process. the hydrolysis of 
chitin readily proceeded even at the temperature below 40 C. 

To study the products obtained from the chitin hydrolysis. the 
hydrolysates at various temperature were monitored by an elec
trospray ionization mass spectrometer (ESI-MS). The MS spectra of 
the hydrolysate samples typically showed two major peaks cor
responding to GlcN at m/z=162 ([GlcNH.H 01 ) and GIcNAc at 
m/z= 204 ([GlcNAc.H O} ) (fig. S2). First the GIcNAc peak was mon
itored at various hydrolysis temperature and the signal abundance 
was plotted vs the hydrolysis time as shown ill,fig. 4. At low hydrol
ysis temperature of 20 C. GlcNAc started to appear after 8 hand 
increased slowly thereafter. Usillg hydrolysis temperature of 30 C. 
GlcNAc yield reached the maximum at 4 h and became constant 
afterward. At 40 C. the production ofGlcNAc also reached the max
imum at 4 h but gradually dropped afterward . For the hydrolysis 
temperature of 50 C. GlcNAc yield reached the maximum within 
2 h which then dropped quickly afterward. Similarly. the hydroly
sis at 60 C gave the maximum GlcNAc yield within the first hour 
which then dropped quickly. We hypothesize that the yield drop 
is caused by the deacetylation of GlcNAc. We monitored both GlcN 
and GlcNAc MS peaks obtained from the hydrolysis at 40 C and 
found that the GleN peak increased sharply after 4 h at the expense 
ofGIcNAc peak (fig. 5). The results confirmed that the deacetylation 
was responsible for the decrease of GlcNAc yield upon prolonged 
hydrolysis. 

The crude GlcNAc product was purified by fractional precipita
tion in absolute ethanol followed by decolorization as described in 
;ection 2.6. The purity was measured by ESI-MS against the GIc
NAc standard. The purities and recovery masses of the precipitate 
fractions (solid A. B and C) are summarized in Table 2. The solid C 
which was the last precipitate fraction showed the highest purity. It 
is important to note that the low temperature (30 or 40 C) hydrol
ysis of chitin afforded higher GlcNAc purity and recovery mass of 
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Jig. 5. MS s ignal intens ities ofGlcNAc and GleN during chitin Ilydrolysis in 38% HCI 
A1:5. w /w ) a t 40 C with 30 mill pre-sonication. 

6 8 

Table 2 


PUI' it\' and I'CCOVCIY mass of solid A. solid B and solid C from fraccional precipitati o n. 


,('l yd rol ys,s 
conditions 

;;o lid A Solid B Solid C ClcNAe 
yield (5; ) 

% 
purity 

% 
mas s 

% 
purity 

% 
mass 

% 
purity 

% 
mass 

30 C. 4 h 75 27 77 13 >95 37 65 
40 C. 2 h 6S 27 73 30 >95 16 SS 
40 C. 3 h 69 20 6 7 28 >95 33 (j4 
~O C. 2 h 67 30 75 20 92 10 43 
60 c. lA' 71 5:; 81 21 92 5 60 

solid C. With the hydrolysis at 30 C for 4 h. the total GlcNAc yield of 
65% was determined in the crude product which could be isolated 
by fractional precipitation to give 37% yield of high purity product 
(>95% pure). The high purity ofGlcNAcwas also confirmed by com
paring the H NMR spectrum of the product with standard G1cNAc 
(fig S3). 

4. Conclusion 

The acid hydrolysis of a-chitin with 38% Hel to GIeN.HCI can 
be accelerated by microwave irradiation. The reaction rate accel
eration is likely to be a result of the faster heating rate rather than 
the superheating or selective heating. The hydrolysis gave GleN.HCI 
comparable to the conventiona.l heating within 12 min which is 
much shorter than 90 min normally required. Sonication brought 
about the dissolution of chitin in HCI even at 20 C that provides a 
method for selective acid hydrolysis of chitin at low temperature 
to produce GlcNAc. This is the first report of\microwave and ultra
sonic wave assisted acid hydrolysis of chitin in the preparation of 
amino monosaccharide. GleN.HCI and GlcNAc. 
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