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Improved hyaluronic acid production via bioprocess 

for correction surgery 
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iln 

" " 

t:-i'i;l'I.IB�m1m�11B'U'I.IB�fl11b'l.lci1�e1m1i:-i��mlil1flm�hiln'I.IB� 5. zooepidermicus 15 

UN-71t11�\11'U'1.11\ilb'l.lci1 

t:-i'i;l'I.IB�eJ�11fl11�'Um'U�Bfl11t:-i��m\il1fll'.l1� 11'Lln\911l'.l 5. zooepidermicus UN-7 17 
1t1fJ�uljmru:fi1mWll'W\iln1'U'IJ'U1\il 5 ��1 

t:-l'i;l'IJB�fl11b&i� Uridine 5'-diphospho-N-acetylglucosamine sodium salt bb'i;l� 20 
Uridine 5' -triphosphate tris salt 1t1mV111bil'.l�b�m�Bfl11t:-i��mlil1flm�hiin 

?11Ut:-i'i;ln11'Vl\il'i;'IB� 24 
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'Uf1v1:Wf11":ibb'U":iWJ1ilb;�;'Wbbl;'tf1�f1bf1eiJ'W 10 20 bbl;'t::: 40 nf��e)�\91":i bb1;1:::WJ1�b;�;'W 
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u 

":itl� 6 b'U�cJubvicJutl�mrutl1\9111;161!1r1":ii;'l�bV1�0 bd01;i;'l\91":ieJ1Vl1":ibVlmbb1;1n�mr1eil'W 10 13 
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u 
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":i'Uv1 15 b'U�cl'UbvicJ'U'U�mrum":ib��ru'lJe)-:lb61!1;'1� brie) 1;i;'f\91';ie)1Vi1":ib'Vlmbbl;'tf1�f1bf16/J'W 10 18 
U V U 
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sodium salt bb6'1� Uridine 5' -triphosphate tris salt vi' 1-111m;�;'W 0.01 mM bb6'1�
0.05 mM \9\1�1;-l1�'U bb6'1�b'U�cJ'Ub'VlcJ'Ufl'U61l\91\"11�\"1��l�b��G'l1';i�-:J(9)'U ';i�V111-:Jfl1';i'Vl:Wfl
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1\91m��G'111�-:J!,l'W Uridine 5'-diphospho-N-acetylglucosamine sodium salt bb6'1�
Uridine 5' -triphosphate tris salt vlm1�b;�;'W 0.01 mM bb6'1� 0.05 mM \9\1�1;-l1�'U
bb6'1�b 'U�cl'Ub vi cJ'Ufl'U61l\91\"11� 1-1�v11� b��G'll';i l-:i\9l'W ';j�'\1111-:J fl1';i'Vl:W fl 1 'Wt1-:J'U n mru6/J1.fl1'1"1

' ' � 

'IJ'W1\91 5 �\?)';j
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bl-161l'W 10 flf��0�m vliitl�mrutl1\9\11;161ll1-11G'l 3 flf��0�1?11 eYm1b�11'W m1�'Wm'W
'U 

1�V111-:im1Vl�fl 300 10'U�0'W1'Vl 1\91cJl\91m��G'111�-:i!,l'W Uridine 5' -diphospho-N-
acetylglucosamine sodium salt bb 6'1 � Uridine 5 '-trip hosp hate tris salt v

{

1-111 �
b;�;'W 0.01 mM bb6'1� 0.05 mM bb6'1�b'U�cJ'Ub'VlcJ'Ufl'U61l\911"11�1"1�vi°1�b&i�G'l1';i�,:J\9]'U
';i�Vl11-:Jfl1';i'Vl:Wfl1mi-:itJijmru6/J1.fl1'1"1'1J'W1\91 5 �m

' ' 

1tl� 22 btl�cJ'Ub'VlcJutl�mrutl11?111;161! l1-11G'l'V1bV1� 0 bd 01 ;G'l\91101V111b'Vlmbb6'1fl�m1-1ezl'W 23
'U 'U 'U 

10 flf��eJ�\911 �iitl�mruJ1m6'161llmG'1 3 flf��eJ�\911 eJ1?111b�1m1�'Wm'W1�V111-:im1
'U 

VI �., fl 300 1 0 'U !?1, 0 'W 1 vi 1 \91 cJ b !?1"" � G'l 1 1 l Hl 'W Uridine 5 , -diphospho-N-
acetylglucosamine sodium salt bb6'1 � Uridine 5 '-triphosphate tris salt vi' 1-111�
b;�;'W 0.01 mM bb6'1� 0.05 mM bb6'1�b'U�cJ'UbvicJ'Ufl'U'll\91\"11�1"1�vl1�b&i�G'l1';i�,:J�'W
';i�V111-:Jfl1';i'Vl:Wfl1mi-:iuijmru6/J1.fl1'1"1'1J'W1\91 5 �m

' ' 

1tl� 23 b 'l.J�cJ'Ub 'Vl cJutl��1ru1 'W 1mb'1'Wvl b Vl�md 01 ;G'l\91101V111b'Vlmbb6'1fl�m1-1ezl'W 10 23
'U 'U 

flf��eJ�\911 vliiu�mruJ1m6'161!lmG"1 3 flf��eJ�\911 eJ\9111b�1m1�'Wm'W1�V111-:im1V1�fl
'U 

300 10u�0'U1V1 l\91m��G'111�-:i!,l'W Uridine 5'-diphospho-N-acetylglucosamine
sodium salt bb6'1� Uridine 5'-triphosphate tris salt vi'm1m;�;'W 0.01 mM bb6'1�
0. 05 mM bb6'1�b 'U�cJ'Ub 'VlcJ'Ufl'U'll\91\"11�\"1��1�b��G'l1';il-:J�'W ';i�Vl11-:Jfl1';i'Vl:Wfl 1 'Wf;)-:J'LJDfl';iru

' ' � 

6/J1fl1'1"1'1J'W1\91 5 �\?)';j
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'U'Vl'W1 

m� 1vc.116.) b':i'Ufl (Hyaluronic acid; HA) b'U'Ube'Jb'VleJ b':i'V'-leJ�bb61Jflfl11 ':i�'Wfl�:W glycosaminoglycan

(GAGs) th� fl e:J'U1 u i 1 cJVi'W 1 cl'll e:J-:i,f 11911� D-glucoronic acid (GlcUA ) 1,1,� � N-acetylglucosamine

( GlcNAc) �-:i 1,1,i;'l�-:J 1 'W';i'U� 1 b�cl-:J�e)fl'Ub 'U'W?l1cl 1�'ll'W1�c.111 i'Jflru?l:W'U�Vi'Ll� ��Vi8'W 1,1,�� ��m cJtl11#1� ii 
" ' ' 

J1mJflb:Wb�fl�?1-:i ?11:w1':itt'V'-l'U1#\'�-:i1,1,�'l.l'W1�1rn�fl� 106-107 �1��'W i'J?l\91':ib:Wb�fl� fleJ (C11iH21N011)n 1�cJ 
'I \J q 'U 'I 

n i1�1:!J1flfl11 1000 t'W1u 1�c]fl';j� 1vcl16.J b':i'Uflbb\9\fl�1-:J'<i11fl1fl� bfl?l�m 'W 1flmbfl'W�1�'W61 \9\';j-:J�i1-w'tiu� bf\ 
111,�ti\9l�'Ufl'U 1 u':i�'Wbb�� 1�i1Vi�'\l'Je:Jm '\l'J\91 m� 1mn� 1 ':i-ufli11fl':i-:J?1{1-:iV11-:i bfli1�?11m':itt�'Ufl'UU':i�'<il'U1fl 1�� 

" " ' 

b�t! K+, Na+ 1,1,�� ca+ 'WeJfl'<il1flilfT-:iiiV1:w''VJ-:in-B''W'V'-l1fl carboxyl 1,1,�� N-acetyl �ii.ff1e:Jt:i1t!u�mru?1-:idfo 
" " " 

��mcJ1 'Wtl1V1:w0'V1-:i-u''Llb V1�1il?11m':it1?1f 1-:i�'Wu�lv b ':ib'<il'WO'U 1:w b�fl�'lle:J-:i'111� �-:it!um� 1vc.11� b ':i'Ll fl�-:i 
" ' " 

?11m':itt��bn'Utl11#\'� (Chong 1,1,��flru�, 2005) 

H :

00 

O

":n 

Hr
VJ 

OH 
//H o..._l _H

_
� L

H OH H NHCOCH
3 

D-Glucuronic acid N-acetylglucosamine

m� 1vc.11� 1 ':i'Ufli'Jfl11:wrl1�ru�e:J bfl':i-:J?1{1-:iV11-:i�1m'V'-l'lleJ-:Jb61J�r;1i\9111,1,��1, 'Uti?11':iu�:wni1� 1,1, 'U flVl 1,� cJ 
\J OJ d-9 'll 

'U1-:J'll'U�?1{1-:itu1 'Ub61J�r;1i\911 (Necas 1,1,��flru�, 2008) 1�cJVl1Vi'U1�b um'l1'W'U':i�fleJ'U'lleJ-:Jb61J�r;11,1,�� 1, dmte:J 
�1-:J 61 i'J�fl�ru�b 'U'Wltlel�WVi11-:JfleJ�mb'<il'Ubb��am?l�tl 11"11, 'UeJ{ �1clrA'1b�cJ-:J?l1';iel1Vi1';i�1-:J 61 �lil1b'Utl'<il1 fl 
flWbb?lb�eJ�1u�-:Jb6/J�r;1�1-:J61 b�'W J11,lcJ-:i\9111l1Vi�el�tl'U�b1ru?11tl;e)�e)'llel-:Ji1-:Jfl1cl b'Utl�'W G-11Vl'f'Ub61J�(;1 
'<il�tl'Vl�tl m� 1vcJ1� b ':i'Llfltt fl'V'-l'Ue:JcJL wfo�ru�b'U'Llbbfl'U61J� 61I-:i1, 'U'W?11':iu�:wni1�ttfl?1{1-:itu 1�mb'UflVh�cJ 2 

, 'U cu 'U 'U d.9 'U \J 

fl�:W �el Strepphylococci 1,1,�� Streptococci Group A 1,1,�� C (Main, 1986) �1tlfllll?l:W'U�'lle:J-:Jm�1v 
c.11� h-ufl�i'Jf\11:W'Vi'Ll� ��Vi8tl i'Jfl11:Wb �1flti1#i''Vl1-:J�1fl1'V'-lbb�� 1�1, 'U'W��fl'lJ';j�'lJ'UJli1;:Wfltlfl1tl 1 'Ub61J�r;1 �-:i 

cu 'I 'U 'I 

tlfl1.J1:!J1'LJ';j� tlfl\911 ;fl'W e) 81-:J 1,1, 'V'-li'Vlm tl'Vl 1-:i#i' 1'Wfl1';j 1,1, 'V'-l'Vl � bJli'llm':i:W 1,1,� � bfl�e)-:JG-11el1-:J I, �'W 1 ;I, 'U'W?l 1';i b?l�:W 
" ' 

Vi�eJ�'W1tihfl1'll;eJ (Neo 1,1,��flru�, 1997) �1tl�t!l"1fl1':ifo�11,1,e-.i�Vi�-:Jfl1':i�1��\911 (Brown 1,1,�� Jones,
" 

2005) 'We:Jfl'<il1fldm� 1vc.11� 1 ':i'Ufli1flru?l:w'U�'lle:J-:Jfl1':i 1, 'llti?11':i'Vl� 1,1, 'Vltifle:J�m 1, lilt! 1 u� 1V11!-:i�i1 m ':i� �u�m ru 
" ' 

�-:i1,de:J:wu��i1mcJ�b �:w?l-:it'W 1�cJm� 1vc.11� 1 ':i'Ufl�1m�rn�:w 1 vf�1�V18eJ'WfliKe:Jm 'U'W�1�i1f!11:w 1,�-:i�-:i 1,1,� � 
q 'I \J \J 

��fl1';jl,fl�t1':ie:JcJ1#\' (rum11 1,1,��flru�, 2559) 

fl1':ie-J�\9'\m� 1vcJ1� b ':i'Ufl 1'W'Vl1-:Jfl1':i;11 ti':i�tl�bb ':ifl?l1'W 1Virue-.i�\911#\'#\'1cJm':i?ln� bbtlfl'<il1m dmte:J'lle:J-:i 
" V 

i \9'\lb�tl?lfl�'<il1fl'Vi-:Jel'W 1n ;e)�e)11 Vi� e) m�� fle) eltl'llel-:J um11vi bb�'V'-l'U11fl';i';i:W1fi�-:Jfl�11i1;m�m�eJ-:J'<il1fl 
" 

m� 1vcJT� h-u fl'<il�eJ�':i1:Wfl'U 1 u':i�tl 1,1,��i111fl'V'-leJ�bb61Jflfl11 ':i� (mucopolysaccharide) 1 mif mte:J vf11 vi'
m�'U1tlfl1';i'V111 Vl'U�?1'Vlici-:ic.11fli'U61Je)'W 1'Llfl1';ibbtlflbe)11 'LJ';i�'Ll l,l,��i11 bfl'V'-lel�bb61Jflfl1 b';i�e)e)fl 1 u l,1,���-:J'V'-l'U11i1 

' ' 

fl1':i'U'Llb�eJ'Ll'lleJ-:Jbe:J'Ll161J:w1vm� b ':i'Llb�?I �-:i:wm':i�e:JcJ?lmcJ'V'-leJ�b:we:J{'l.le:J-:Jm� 1vm� b ':i'Ufl'Vl11 'l½m�1vc.11� 1 ':i 
" " " 

'Llfl�1#\'i1tl1V11!fl 1:w 1,� fl� �1 1,1,��?1 ru 1,� cJflru?1:w'U�1 um':i��J1':i1:wvY-:ii1 m1:w� �V1ci'W�1#\'1cJ u lil lil'U'W�-:i?lu 1 lil 
'I 'U V  q '\J 'I 'I 
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l 'Wfl1';il 6tl"llih.1'Vl�c11 'Wm';ie-J�(,lfl'rn 1eJc11r;, l "fUfl b � a..:ili11fl 1 vi'e-.ir;,e-.i� \,ll 'W'll�mru:inn bbr;,mJfl ru.n1�?1..:i bbr;,�E'T..:i
'I 11.J 'I q_J 

?11:l.J1';i t1'llfo'\J ';j.,:j �1'W�'W5fl';i';i:l.] 1� bbr;, �?11:l.J1';itlf11Ufl:l.J?l.f111� l 'W fl1';j b �1� bi cl-.'.I 1� zj.,:i"ll�'W'Vl � tJ�Ucl:l.J 16lil 'Wfl 1 ';i
, 'I , 'I 

e-J�\,l �a Streptococcus Group A bbr;,� C (Armstrong bbr;,� Michael, 1997)

&llcc.1·«)-!lse 

PENTOSE 
PHOSPHATE 
PATHWAY 

1} 
GLYCOLYSIS 

Pwsp/>t,,),IJJGO- * 
/swri,;r�s,;, LJ 

Glucose -�-,-•► Glucose-6-f' ---- fructose-6-P 

( ' 
ATP 

WALL 
POLYSACCHARIDES 

AOP 1---""-
Glucose-1-P 

UDP,gj«cot1• 
pyrophosphor;� 

pp� HHC 

f-Glutam,ne 

midotrw1afora!:ie< 

-,,. Qlu1lilll'318 

Glucosamine-6-P UTP-� 

TEICHOIC /l------, UDP-Gluco ·aACIDS �-

� 

5 

Ao>tyl-CoA 

tt/rmmf-6 

'? CaASH 

2NADH• H'""" 

UDP,gj«coso 
d<mydrog4rm,;,, 
Hase 

N-Acetyl Glucosamine-6-P 

l twraoo

UDP•Glucuronic Ack/ N-Acetyl Glucosam,ne--1-P

k::�,� 
U(JP<e 

f'.-�PP, HYALURONIC 
ACID 14-------'---(�- UDP N-Acetyl Glucosamine

UDP 

n 
PEPTIDOGL YCAN 

li11f11�«..:ibfl';i1��ml?l 1eJmr;, 1 ';iUfl�1clbbUflvib�cJ?lflr;, Streptococci 1!'W�u11 fl1';ie-J�\,lm\?11eJmr;, l ';i 
" ' " 

Uflli1�tJflf11Vl'W\?1�1cJ 2 1�«..:ibfl';i1�1'1�1clfl'W mh:ifia 'llijfi�c11aanG1Jb1?16lT'W61JeN UDP-glucose ll?lclfl1';i 
Vl1-.'.11'W61Jel-.'.I UDP-glucose dehydrogenase bbr;,�tJfle-J�\,lt'WbU'W UDP-glucuronic acid eif ..:ib 'U'W?l1';ii..:i\91'W 
bb ';if161Je).,:jfl1';i«..:ibf1';i1�1,1fl';i\?11flcl1� l ';itifl l'W61JtW�b�cl1fl'W'Uijn�c11vlbn1?1mu6 nu'llij fi� cJ1e)e)f161Jbl?l-B''W61Je).,:j 
UDP-glucose fie:i 'llijfi�cJ1fl1';ibf11?1 UDP N-acytyl glucosamine zj-.'.lb'U'W?l1';ii..:i\91'WBfl"lltil?l'Vl�-.'.l�Vl1VlU1� 
';i1&J'llijfi�c11nu?11';ii..:ii'W UDP-glucoronic acid b�m1..:ibm1�v1m1?11eJc11�bun (i'llvl 2) eif..:ili11fl1� 
«..:i bm1���..:in�11 �u; el''ll1f71?161JB..:im';i1 vf e-.ir;,e-,i�\,lml?l 1eJmr;, l ';iUfl b � a..:ili11flfl1';il 6li?l1';i�-.'.l�'Wb �ai..:ibfl';i1�� 

" 

ml?l 1eJmr;, l ';itiflbb'G'l�fl1';ie-J�m61Jm'l61JB-.'.1 Streoptococci b 'U'W?l1';i�-.'.l\91'W"lltil?lb�cl1fl'W tl''Wb 'U'Wb Vl\,l l vf e-.ir;,e-,i�(,)61Je:J-.'.1 
" ' 

ml?l 1eJmr;, l ';itifl�r;,1?1ii'e:ic1r;,..:i (Liu bbr;,�flru�, 2011) zj-.'.ll'Wfl1';ie-J�\,lml?l 1eJmr;, 1 ';itifl\911cJ"ll�'W'Vl�tJ11'W i1..:i1'W1�c1 
" " ' 

na'WV1if 1�vi'1m';i¥lfl'l.11b �B�\9)..J'W1m�u1'Wfl1';ie-J�\,lbbr;,�b �&Je-.ir;,e-,i�\,lml?l 1eJmr;, 1 ';itifl zj.,:iiJ..:i1'W1�c1V1mflV1mc1 
vl1�';i1cl-.'.11'Wt1-.'.le-Jr;,6l]e).,:j'LJ"\)�cl\•l1-.'.I 61 11?1bbfl ?11cl�'Wt5"1l�'W'Vl�tJ "llti\?161Je)-.'.le)1Vl1';iblcJ..:ibte) �1vha"ll ?1.f111� l'Wfl1';i 

I '' 
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fl1'Uflil';i�Vl11-:Jfl1';iVlii'fl ';i1��-:JeJ\9l';i1fl1';ifl1'Ubb6'l�fl1';i1 vfmmf!l ��-:Jv-J6'll?lelfl1';iv-J�\9lml?l 1m'l16'l b ';i'Ufl ( Pierce
' " 

bb6'l� White, 1954; Nimrod bb6'l�flru�, 1988; Akasaka bb6'l�f\ru�, 1989; Liu bb6'l�f\ru�, 2008; Chen bb6'l�
flill�, 2009; Patil bb6'l�flru�, 2011)

t1�1-:i1 ';jfl\911�'<il1flfl1';i1bfl';i1��v-J6'l-:J1'U1�c.1nt1'UVl1.J1'V'l'U1T<il1fl1�i-:i bfl';i1��m1?11vc.116'l 1 ';i'Wfl rJ{ 1 c.1
" 

bb 'Uflvi b� mTm1-:i'V'l'U;m11n1?1'1Jt1-:i v-J6'lv-J�\91� bnl?l�'U \?1-:Jt!'U 1 m1'U1� c.1d�-:i:wm1�G1'U 1'<i1Pi fl�1U'<il� c.1\?11-:i 11rlt bbn
'U '<ii� c.lV11-:Jfl1c.l.fl1'V'l bfliJ bb6'1��1.fl1'V'l��,:Jv-J6'l\?lel'U�mrufl1';iv,J� \91 bb6'l�t11'Vl'Llfl 1� b6'lfl6'1'1Je),:jfl';j\?) 1vc.116'l 1 ';i'Uflrlt1c.1

' " 

Streptococcus zooepidermicus UN-7 �b1fl'U,r'U'U';i-:JG11cJ'W'Ufil?11cJ,r,:i�c.11bb6'l�G11';i NTG 61I-:ib'U'UG11c.J'W'Ufi�
'll 'l 'l 'U 'I 

'V'l'U11:wf\11�G11m';im ��v-J6'l v-J�\9lml?l 1vc.116'l 1 ';i'Wfl 11?1'<il1 flfl1';j 1 ;J1m6'161l bfl';im 'U'UG11';i�,:i �'U
" " 

d 

1��'ll1�����B��1u1�a 
• 

Pifl�1U'<il�c.1vi1-:imc.1m'V'l bfliJ bb6'1��1m'V'l�:Wv-J6'll?lB'll�mrum';jv-J�\91 bb6'l�tl1Vl'Llfl 1�b6'lfl6'l'IJeN m l?l 1v -
' 

c.11� 1 ';i'Wfl'<il1flm�'U1'Ufl1';iVl&Jfl bl?lc.J Streptococcus zooepidemicus UN-7 617-:i b'U'Ubb'Uflvib�c.1��1'Ufl1';i
'llfmh-:JG11c.l'W'Uhl\?lc.1 ';if!l,\?l';i, 'U�'U 'W6'lel'U6'l bb6'l�flru� 1'U';i�\?l'U'IJ1\?lb'IJ�1 bb6'l�t1-:i'l.lnmru�1.fl1'1"l'IJ'U1\?l 5 �m

'l q 'l � 

fifl�1v-J6'1'1Je),:j'LJ'<i)� c.lV11-:J1fl11fl';i';i� bb6'l �;e)�6'l b :ii-:i bfll';j�,i f!11G1 \91{ m�'U1'Ufl1';i�:W\?lel'U�mrufl1';iv,J� \91 bb6'l � t11Vl'Ll fl
" "" 

1�b6'lfl6'1'1Jt1-:Jm1?11vm6'l 1 ';i'Wfl b �mn'Ub 'U'U;eJ�6'l�'Uffi1'U 1'Ufl1';j'IJcJ1cJG1bfl6'\fl1';jv-J�\91
'l 'ti 'll d.ll 

.C:::...c::::I O ..::::.. 

1t'm11�1b'U'U�1'U 

� c::tff ,N_ .c:::., cjff 

1ilf;'t'U'V11a bbf;'t�n11b 'W1�bf;'t a�1ilf;'t'U'V11a 
• • 

��'UV1�8�1;b'Um(mb'Ufl'Vib�c.1 Streptococcus zooepidermicus UN-7 �'Jfl'Vl11Vlbf11?lfl1';ifl6'11c.J
'W'U\5 bl?lcJVl';i-:Jf\fl� 'W'U61w.J'U��-:i� (2540) 1'Ufl1';ib'V'l1�bic.1-:i 5. zooepidermicus UN-7 b��'<il1fl1';ibzjm(a

' ' 

bb6'l�mm(a6'l-:J'U'U�1Vl1.J1el1Vl1';ibb�-:J6'11\?lb0tl-:J Brain Heart Infusion (BHI) bb6'l�'U�b(el�e)f;l.!Vl.flil 37 el-:Jf!11
' " 

b61l6'lb61lc.lG1 b 'U'Ub16'11 24 -8'1 b�-:J bb6'l� 1 'Ufl1';ibfl'U,rfl�1'<il�'UV1� 8'V111\?1Ll?lc.Jfl1';itJ1'<il�'UV1�8bfl'U,rfl�1�8ru.fliJ 4
'l , 'I 'U 

VJ1fl1';ib\9l�c.1�G11';i6'l�mm(t1 UN-7 b1?1c.Jfl1';jb��J1'l.l';i1P11i11fl 1t1t10'U'll�m\9J';j 2 i16'l��\9J';j 6'l-:i1 'Utl1Vl1';i
bb � -:J6'11\?lbB c.1-:ivi iJ fl1';i b'<il � f;\j'IJel-:J UN-7 '<il1flJ 'U'Vl1fl1';iv-JG1� bl el bb6'l�J1'U';i1Pl'<i11 fl 10t1t1'U1 vf iJ � fl�ill�b 'U'U
�1';i6'l�mm(el�b;1fl'U� \918rlt1cJUb'U\9lm';i6'l�mm(a�1rlt'll�mm 1.5 i16'l��\9]';j 6'l-:J1'Uel1Vl1';ibVl6'11 BHI
'll�m\9l';i 48.5 i16'l��\9J';j (3% i1b(t1) �'lJ';j';jliJeJc.Jb'U'IJ11?1b'IJ�1'll�mm 250 i16'l��\9J';j 'Vl1fl1';i'U��eJruVl.flil 37

'I 'U 'l 'U 

el-:Jfl11b61l6'lb61lc.JG1 �f\11�b�1';ie)'U 300 ';je)'lJ\?JeJ'U1vi b'U'Ub16'11 6 -ti'11�-:i 61I-:ib(el'<il�b'<il�rut1c.11.'UWcJ��-:iflm-:JV11flru
., " " 

1,,, "" d d b (mid-log phase) l?lfl1fl1';i�l?lfl6'l'Ubb�-:JVlfl11�cJ11fl6'l'U 660 'U1 m�m 'U';i�mru 20
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ii ii 
.c::::f 

ii 

f11':ibb 'U':im�1 ru 1-111� b 61.1�61.1'1.J61.Jel.:i bb�n�n b\Zl61.1'1.Jbb��1.J1 �1�61.1 bl-I�
'U 

1 t.1m';i�fl't�1e-J1;'16/JeJ�fl1';j bb 'l.J ';ifl11:U b ;:u;t.16/JeJ�bbr;'l n&i n bfl61J'Ubbm�J1mr;'l61l bfl';iG'l v\'11vi1� c.1 fl1';j 1 ;G'l m 
'U 'U 

el1Vl1';ib Vlff"Jb �e)f)1';je-J��m� 1m:J1r;'t 1 ';i'Wf1 (.fl1fle-J'U1f1) �:lJfl1';ibb'U';ifl11:Ub ;:U;'U6/Jel..:iG'l1';ir;'l�r;'l1l:lbbr;'l f1�f1bfl61J'U� 
'U 

10 20 bbr;'l� 40 n f:u�B��';i bbr;'l�J1mr;'l61lbfl';iG'l'V1fl11:ub;:U;t.1 o bbr;'l� 3 nf:u�eJ�m 1�m1mnnfl1';it11c.1v11 
'U 

b (Bv11��1nm';ib��c.1:ui1b(eJ�-:J(,lt.1'l.J�mm 5 i}r;'l���';j r;'t-:JL t.1G'l�';ieJ1vt1';ib vtmJ1vtf'lJfl1';je-J��m� bflc.11r;'l b ';i 
'U 'U 

'Wf1'U�&J1�';i 45 i}r;'l��\9l';i (10% i1b�el) zj�'lJ';i';i�eJcJ1'U61J1�b6/Jc!16/J'U1� 250 i}r;'l���';i fl1Ufl:Ur;'{.fl1'J�fl1';iVliJf1 
' 'U ' 

�Bruvtfli1 37 eJ�f"l1b61lm61ic.1G'l b6/JV1�f111m�1';ieJU 300 ';jeJ'lJMB'UTVJ b'Ut.1b1m 48 61111m 'Vl1fl1';ibtl'lJ\911BV1-:i 
' 'U 

vin 12 61111:u� 1bfl11�vifl1';ib��qJ6/JeJ�b61lr;'lcA' �1 pH tl�mrum� bvc.116.J 1 ';i'Wf1bbr;'l�tl�mruJ1mr;'l� 1mG'l�bvtifo 

ri1c.1i1b�eJ�-:J(,lt.1�1��1n-rrt.1�eJt.1f111b��c.1:uvfo�eJ tl�m\9l1 5 i}r;'l���1 r;'l�1t.1mvt1';ibvtmG'l�';iJ1vtfu 
'U 

f11"je-J�\9lm�bflc.111;'1 hun (.fl1fle-J'W1f1) 'V1i1bbr;'lf1�f1bf161J'W 10 nf:u�el�\?l';ibbr;'l�J1�1r;'l61lbf11G'l 3 nf:UM'el��';j 
'U 'U 

tl�mm 45 i}r;'l��m (10% i1b(B) 'V1u11�Lt.16/J1�b61Jcl1tl�m�1 250 i}r;'l��\9l1 fl1Ufl:UG'l.fl11�fl1';ivtirn� 
' ' 

eJruvtfli1 37 mf"l1b61lm61ic.1G'l bb'U1fl11:ub�11eJu1t.1m'We-.iG'l:u� 200 250 bbr;'l� 300 ';jeJ'lJMB'WTVJ v\'1m';ivtirmtlt.1 
' 'U 

nm 48 -rr11:u-:i bnu\9i'1eJcl1�vin 12 -rr11:u-:i 1bm1�vim1b��qJ6/JB�b61lr;'l� �1 pH tl�mrum� bflc.116.J humbr;'t� 
tl�mrutl1\9l1r;'l61l 1mG'l� b vt�B 

'U 

c:.:: 
I ii I 

aJ 

f11':ibb 'U'a\Zl11� b 'a1'ael'U'ITT °Ub 'I.Jf11'a'U'I.Jf11'W'a�'Vl11.:if11'a'Vl�fi 

ri1c.1i1b(eJ�-:Jl'lt.1v11��1n-rrt.1\9leJ'Wfl11b\9l�c.1:ui1b (el tl�:u1�';i 300 i}r;'l�� \9l1 r;'l�1 t.1mvt11b vtr;'l1�m 
?!1vtf'lJfl1"je-J�\9lm�bflc.11r;'l hun (.fl1fle-J'W1f1) vin bbr;'lf1&if1bf161J'W 10 nf:uMeJ�(,l';ibbr;'l�J1\9l1r;'l61lbfl"j(;'{ 3 nf:UM'el 

'U 'U 

��1 'U �:U1\9l';i 2,700 iJr;'t���';i � �'lJ1';i�elc.l1L'U��tJnmru;1.fl1'\f'l6/J'W1� 5 �m fl1Ufl:UG'l.fl11�fl1';iVliJf1� 
, � d..J , 

eJruvt.flil 37 eJ�f"l1b61lm61ic.1G'l 1�mb'lhm1m�1';ieJU1t.1m1�t.1mt.1'V1300 500 bbr;'l� 700 ';jfflJ�eJt.11vi 'Vl1fl1';j 
' 'U 

vtirmtl'Wb1m 48 61111:u� bnu\9i'1eJcl1-:ivin 12 -rr11m 1bm1�vim1b��qJ6/JeJ..:ib61lr;'lcA' �1 pH 'l.fimrum�1vm6Jb 
umbr;'l�tl�mrutl1\9l1r;'l61l bfl1G'l�b vt�eJ 

'U 

N � 61.1 el .:in 11 b � � Uridine 5' -diphospho-N-acetylglucosamine sodium salt bb � � Uridine 5' -

triphosphate tris salt b'I.Jel1'Vl1<ab�elf11':iN��mvi1ve.i1� 1':iiln 

9 



t118�1b .ff e:iisJ\9l'Llv11�-'il1fl-tr'Ll\9leJ'Llfl1'�b\9l� mJ�1b .ff e:i 'U�:w1\911 300 il1;,�� m 1;,,:i1 'LleJ1V111b Vll;,1�\911 
'IJ 

cl'1w�\m11e-.i�\9Jm�1ejv11;, hiln (i11r1e-.i'l.!1n) viii bb1;,n&lrnr161i'Ll 10 nf&-1�e:i�mbbm�J1m1;,61Jlr11� 3 nfa�e:i 
'IJ 'IJ 

�\911 'U�:w1\911 2,700 il1;,��m zj,:i'LJ11�e)�l 'Llf;1,:J'U�mru�hm'l"l6/J'Ll1� 5 �\911 1'Llfl11'Vl�i;,e),:J{l'V]1fl11bb'U1fl11 
b � &J Uridine 5, -diphospho-N-acetylglucosamine sodium salt bb 1;, :::  Uridine 5 '-triphosphate tris 
salt �\"111&-Jb;&J;'Ll 0.01 bbi;,::: 0.05 mM 1;,,:i1'LleJ1Vl11b�e)fl11e-.J�\9lm�1ej81i;,b'atifl V11fl11r11'Ur1&-J�m1:::m1 

'IJ ' 

VllJfl�e)f;l.!Vlilil 37 e),:Jf<ll1b61Jm61iv� �'Llfl1'Ll�f111&-Jb�11eJ'U 300 1eJ'U�eJ'Ll1vi b'U'Llb1m 72 -ti'11iN bfl'U(,)1eJ81sl 
' 'IJ 

Vjfl 12 i11&-1,:i 1br111:::ifo11b'<il�t1)6/JeJsJb61J1;,� �1 pH tl�mrum�1ejm� hilrnb1;,:::tl�&-11rutl1\9J11;,�lr11mb1;,::: 
tl�mru 1 'Ll1mb'<il'Ll�b Vl�e:i 

1.J1tl1VllJfl�tlflbfl'lJ(,)1eJ 81sJ11:lJ1V11fl11�'Llbb8fl&11'Ll 1mb1;,::: b61Ji;,�e)e:Jfl'<il1flfl'Ll�r111&-Jb �11eJ'U 10,000 
'IJ 

1e:i'U�e:imvi b'U'Llnm 15 'Ll1vi �e:iruV1J1i1 4 eJsJf<ll1b61Jm;v� '<il1m!'l.!tl1&11'Ll1�m\9Jfl\9J:::ne:i'W#\'1me:iV11'Lle:i1;,b�e:i 
1.J11tl1br111:::1'1�eJ 1tJ 

' 'IJ 

'W1&11'Ll1�vi bb8fl 1#\'m\91 fl\91::: fle)'l.!�18 be)'Vl1'1,Je)i;,vi \"111&-J b 'IJ&J'IJ'Ll 100% 1 'Ll'U�&-11\9116/JeM beJ'Vl1'LleJl;,v11 'IJ 
b'U'Ll 1.5 b'Vl16/JeJsJ&11'Ll1m�&J\9l'Ll '<il1m!'Lltl1&11'Lle-.i�&-1'1J1sJ\9l'Llbb�b�'Ll�e:iruilil 4 e:isJf<ll1b61Jm61iv� b U'Llnm 1 -ti'11&-1,:i 

' 'IJ 

m&-1�1vV11m1�'LlbVl�VsJbb8fl\9J:::ne:i'Ll1ejv11;, 111Jn�m1m�11e:i'U 10,000 1e:i'U�e:i'Ll1vi b'Um1m 5 'Ll1vi t11 
'IJ 

\9J:::ne:i'Ll�1#\'m1;,:::mv1'Ll�111;,:::mv b61Jb�m-1r11;,e:i 11ii 0.15 1&-1m{ b�e:itl11 tl1bm1:::v1V11tl�mrum� 1ejm1;, 1111 
'IJ 

fl�e:i1tl (Ogrodowskic bb1;,:::r1ru:::, 2005) 

tl�mrum� 1ejm1;, 1111n�ttne-.i�\9Jt'Ll'<il:::t1n1br111:::v1\il1vm1tl1�111;,:::mvm� 1ejv11;, 1111n 1 'Ll 161J b� m-1 
'\.I 'll 'U '\.I 

r11;,e:i b�vi m1m 'IJ&J'IJ'Ll 0.15 1&-1m{me:i,:i�1m&-1m 'U1m61J1;,1;, 11;,�e:i:::61ib\9J'Vl 6/J'Ll1� 0.45 µm '<il1m!mt\'1m1 
'IJ 

1bm1:::'vf\il1mr11e:i,:i HPLC il181\9l�il11:::fl11lbf111:::'vf�1vr1e:iimI Shodex OHpak SB-806 HQ 6/J'Ll1� 
8.0x300 mm.x2 m;�111;,:::m8b61Jb�8&-Jf1i;,e)bii 0.15 1&-Jm{ b'U'Ll�11(9111.J1�0\9111fl111Vli;, 1.0 i]1;,��\,)'a�e) 
'WTVJ bb1;,:::m'U r1 &JeJ ruV1ili16iJe:i,:ir1e:iim1 � 45 e:i,:i f<ll1b61Jm61i v� tl�&-11rum� 1ejv11;, biJ nvi bb��,:i e-.i1;,liJ1 nm1 

'I 'I 'll 'ti 

1 bf111:::v1#\'1v H PLC tlfl1.J1:w1 b tl� V'U b vi 8'U b �eJVl1'U�:lJ1tlJfl11 e-.J�\9l'<il1flfl'a1��111;,:::m cJ1ej81i;, b\;ltifl&J 1 \911 �1'Ll 
'IJ 'IJ � 

cl'1wfoe-.i1;,e-.i�\9J;1sJbA8sJbbi;,:::tl�mrum11'1Jtl1m1;,61Jlr11� V11m11bm1:::v1#\'1vm1tl1(,)1e:iu1,:itl1V1lJfl�e-i1'Llm1 
'IJ 

bb8fl1.J1 beJ1?f1'Llb61Ji;,� e:ie:inmme:i,:i e-i1'Llb&-1&-1 b 'U1'Llb61J1;,1;, fa�e:i:::;b\9J'Vl6/J'Ll1� O. 45 µm bbi;,::: b �mn,:i 1 vf e:i v l 'Ll�1sJ6/JeJsJ 
'IJ 'IJ 

r111m;&-1'1J'Ll6/JeJsJ�111;,:::mv&-11\911�1'Ll (0.25 - 2 nf&J�eJ�\911) '<iJ1m!'LlV11m11bm1:::'vf�1mr1�e:i,:i HPLC 
� 

il181\9l�m1:::m11br111:::v1\il1vr1e:iim1 Biorad Aminex HPX-87H ion exclusion organic acid column 



'll'W1� 300 il1;1fib:u\911 x 7.8 il1;1�b:wm 1�tJb6/lm�sB'mfinvlfl11m;:w;'W 0.005 1:wmi b'U'W1;'1111;1�mtJ\9i1�1 
'1 

bbl;l�b6/leJ\9111m1hm� 0.6 il1;1��\911\9leJ'W1vi v11m1mufl:weiruV1.ni1'llei-:iflei�m1vl 40 ei-:if'l1b61!1;1b61!tJmb1;1�1.; 
' ' '1 

bfl� eJ-:J\911T'\l'JWll'U� refractive index (RI) tl�:w1rum116tlt!119111;161lbfl1mb1;1�N� \91i1W6n;1-:J bf1tJ-:itm1�t1n 
'1 '1 

b tl�tJ'U b vitJu 1�tJfl1116/lm1'V'11;'1111;1�mtJm\911'11'W 
"" 

tl1\9i1mh-:i 1 il1;1��m 1ci1;1-:ib'W'll1�mr'W'll'W1� 300 il1;1��m b&i:w Catalyst (\9i1d-:itl�n�tJ1) v1 
'UWflel'U�1tl 'U1�flel'U�1tl K2S04 98% bbl;!� CuS04 2% '<i11'W1'W 7 nf:w bbl;l�b&i:Wm�fl1:W�f;l'Wb;:W;'W 
tl�m\911 15 i11;1��\911 '1111tlcieitJ'U'Wb\911Vl�:W (digestor) �1mfl�ei-:iv\'1m1cieJtJ1;'{111;1�mtJb'W'll1�1il'Wm�vi'-:i� 
�1V1�ml1m1;11 'W'll1�V11tJ 1 tl bb1;1�1;'1111;1�m tJ bi;'t briei1;'111\9i1eici1-:it1m tl�tJ'Wi;'tm�mb 'U'Wbn�ei'llei-:i bbeJ:W 1:w b il tJ:w 

'1 

�-:i'Vl:w� bbi1�1tJ m1ciei tJ 1 vf l-:i1;'1111;1�mtJ1 'W'll1� b 1u1;1 mvi1;1�ciei m1;'1�1u bbi1111 V1b�'W�eiruV1.ni1vi'm 1u1m!m&i:w 
' '1 

J1ni'W 50 ij1;1��\911. bbi1v\'11;'1111;1�mtl 1 vi'ihrv1ib 'U'Wb 'Ui;'{�'JtJi;'{11l;l�l;l1tl b61lb�1tl:W 1e1�1eln 1"1ll?lfl11:Wb ;:W;'W�eltl 
1;1� 40 (tl1V1'Wfl\9leitl�:w1\911)1i11'W1'W 20 il1;1�m 1;'1111;1�mtJ1u�btl�tJ'W�b'U'Wi1tl1b°�'Wb6/l:Wbb1;1�ij191�nei'W��1 
v\'1m1ni'Wm11;1�mtl 1 'W'll1�bli!l;l�1Vfl;l b�tl 1 Vlb�el�b -y;j tl-:Jb 'U11 b\91�tl:W'll1�r:l1Vlf'Ubn'Ubbel:W b:Wb 'Wtl (Receiving 
flask) 1�tJb6/l'll1mtl6lJ:w�·'ll'W1� 250 il1;1��\911 vlu111u1;'1111;1�mtJm�uei�rn6/l:w;'W�eJtJ1;1� 4 (tl1Vl'Wfl\9leJ 

'1 '1 ' 

tl�m\911) tl�m\911 50 i11;1��\911 �,:idjm&i:w1;'1111;1�mtJa'W�bflb\91eJ{N1;'1:W 1;1-:i1 tl 2-3 VltJ� 1u� 1�1;'1111;1�mmtl'W� 
i :w bbeJ:W 1m il tJ1u�v\'1tl� n� tJ1nu m�uei� n'l� bbeJ:W 1mil tJ:wum 1\91 bfl u bbeJ:W 1m ti tJvi·'l� 1u1 nm1ni'W1u'W 
1;'111l;l�l;l1tlfl1�'Uel�fliitl�m\911b �:w('Wb 'U'W 200 ij1;1��\911 i;'t11l;l�l;l1tlli!�b 'U�tl'Wb 'U'W�b �tJTe)el'W 1u1m1'W'W11 tl 
1 '\fl b 'Vl1\91V11tl�mrubbeJ:W 1:w b 'WtJ�t1 nni'Weieinm 1 't.!1;'1111;1 �mtJm �uei� n�1tJm1�1;11 tJ:W 1m'11'Wm� 1e11� 1 fll;j ei 

'1 "" 

�n�m1:wb;:W;'W 0.1 1:wmi 1u'Wm�vi'-:i1;'1111;1�mmtl'W�tl1b1'W�lil�tJ&i�VJ�-:Jbbl;l�btl�tJ'WbU'W�1���:w�1u�tJ&i� 
'I 'I 'I .. 

b'Wn11Pim11N1;1'1Jei-:im1bbtl1tl�mrubb1;1n&imflsil'W�m1:wb;:W;'W 10 20 bbl;!� 40 nf:w\9lei�m1'WmV111 
b�eim1N�\91m� 1e1tJ11;1 hilmb1;1�1.;J119111;161lbfl1m�:w(,l'W� 3 nf:w\9lei�m �u11 m1:wb61l:W6/l'W'lleJ-:Jbb1;1n&imflsil'W 

'1 '1 

�-:i 3 m1m6/l:W;'W,r'WhJG'i-:iN1;1\9leifl11blil�qJ'llel-:J 5. zooepidermicus UN-7 1�m"1!1;11;1mm1m1u�qJb;1��1-:i 
exponential 'l�t-:ibb\91 12 i11m'lleJ-:Jfl11Vl&Jfl 1u1ntTm61!1;1ib61l1�1;'1.n11� stationary vi'i11:w-:in11Vl&Jfl 
V1\;l-:Jlil1n 24 -ti'11:w-:i r:11V1fum1blil�qJ'lleJ-:J UN-7 �-:i 3 1;'tm1� �u11 �1f111m6/l:W6/l'W'lleJ-:Jb61!1;11;1ei�"l'W�1-:ifl11:w 
�'W'lleJ-:Jb61!1;1J bvi1nu 2 (OD ~2) (1tlvi' 3) 6't1'Wfl11N�\91m�'le1tJ11;1 hi!n1'Wei1V111bltJ-:ibteivi'iim1161lfl11:w 

' '1 '1 

b ;:w;'W'lleJ-:J bbl;! n&i n bfl61!'Wvl bb\91 n\911-:J n'W �u11 m1 b � :wm1:w b ;:W6/l'W'lleJ-:J bbl;! n&i n bfl6l!'W hlci-:i Nl;l b vi' b � :WNl;IN�\91 
m� 1e1m1;111'Ufl bbl;l�li!1flfl11:Wb ;:W;'W'llel-:J bbl;lfl&imfl61!'W�-:J 3 1°111:Wb 6/l:W6/l'W �'U11 bbl;lfl&imfl61!'W� 10 n-r:u\9leJ 

'1 

�m 1vi'N1;1N�\91m�1e1tJ11;1hUnG1-:iG1�� 24 - 36 -ff11:w-:i'llei-:im1V1&Yn 1�tJb'Vlfl11:Wb6/l:W6/l'W'llei-:im�1e1tJ11;111un 
'U \J 'I 'U 

� 1.36 n-r:w\9lei�m (1'\J� 5) bbl;l�briei�1u11ru1N1;1'1Jei-:i�1-y;jbei61l �u1111.J-ti'11:w-:im1V1&Yn�iim1N�\91m�1e1m1;1 
'1 '1 

11ilnG1-:i ri-:iN1;11 vi'�T�beJ6lJ'llei-:imV111bitJ-:ibtei1;1�1;1-:i bb1;1�b�m61!1;11;11;1�B\9111m1N�\91m� 1e1m1;111Un ci-:iN1;11vf�1 
'1 '1 
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-w1,e:i6/l'l.leNeJ1V1111,iv.:J1,te:ii1�11,�:u?M�'W (1tJ� 4) 1,1,1;1�1i11nn1111,0111�vin111;J1m1;161llm?1 v ru11 n11t\'1 
u u u 

61lbfl1?11tl1;1,�e:in11��\911,61l1;1J1,1,1;1�m�1e1m1;1 b1'Llf16/JeJ.:J 5. zooepidermicus UN-7 1,1,?1�.:Je:ie:in1utJ�mru*e:iv 
u u 

(]ti� 7) 0nvY.:J1,�mtJ�mJ1,V1vun111,lil�t\J1,1,1;1�n11�i'i\9lm� 1vm� L1'Wf16/JeJ.:J 5. zooepidermicus UN- 71 'W 
enV1111,i v.:J1, te:i�1:iJiJn111,�:utl1\9111;161l 1011?16/JeJ.:J'Vl n?1rn1��v'hn111,1, tb0111m ;:u;u'l.le:i.:J1,1,1;1n� m016/l'W �u11 

u ' 

n111:iJ 1,�:uJ 1m1;161l 1m?i1ue:i1V111?1.:J�1;11 �1;1�n11 �i'i \9lm� 1e1v11;111'D n 1,1,(911 'W'Vl1.:J nrA'u n un111, lil�fil'l.leJ.:J 5.
U U V 

zooepidermicus UN-7 iJ�11, �·:u�.:J�'W ,!m1,?1�.:J1 � 1, �u11n111 ;1,u�1�1,1,V1�.:J1 'Wb\911l,lil'Wl,l,1;1�?111e:i1V111�'W 
(1,1,�u1\91 1,1,1;1� imiJu ) 1, �muuenV1111,�e:in11��\9lm� 1vm1;111'Dm!'W?1.:J1,?1�mu�1�n111,1ii�ru6/Jm1,61l1;1� (1tJ� 

, 'U QJ 'U 

7) vY.:J{11, �eJ.:J:IJ11il1f1b016/l'W� �1'Wfl11�eJ!:J�1meJ'W 161l&J11'W�.:J �1;11 �eJ1Vl11 l,t l:J.:J I, �eJ11'WiJeJ.:J�'U 1�f1eJU'IJeJ.:J I, tJtJ1 'Vl iJ
'IJ'W1��1.:J1 1,1,1;1�1miJu�iJ0111:uli\'11,U'W\9leJfl11l,lil�t\j'l.leJ.:Jl,61l1;1J �.:J�.:J�1;1��e:im11,1ii�t\j'l.leJ.:Jt,61l1;1J (Armstrong

1,1,1;1�01ru�, 1997; Barbosa 1,1,1;1�01ru�, 2004) 'WeJf11il1f1i11ii1n�1;1f111'Vl�1;1e:i.:J;1.:J�m1,?1�.:J1'vh�-w1'11,rie:i
a \9111?11'\J'l.leJ.:J 1,1, Vl�.:J011{ue:im1,1;1� 1 u 1m 1, lil'W hJ 1, Vl:1J1�?1:U?l.:J�1;11 � n11t\'1?111\K1nm.:J'l.leJ.:J n11��\91 b61l1;1J 1,1,1;1�
m�1vl:J11;1b1'Llmn�0111:u1:w?1:u�1;1 �.:Jb'U'Lll,Vl\911�1,rie:ii1i��1'W6/Je).:Jl,l,Vl�.:J1'W1\91Wil'W:IJ1f11,f1'W1'U�.:Jl,?l�:U1�1,61l1;1J

u ' ' 

blil�t\jmn(m1,\911;1�n11��\9lm�1vm�hUn1;1.:J (Chen 1,1,1;1�01ru�, 2008; Liu 1,1,1;1�01ru�, 2011) ?\'1V1fu1um1
'Vl�1;1eJ.:J\9leJ 1tJ�.:Jb�e:in 1;?1\911eJ1V1111,�e:in11��\9lm� 1vv11;111Un�iJm1m;:w;'W6/JeJ.:J 1,1,1;1n�m016/l'W 1 o nf:u\9le:i

u u 

�m 1,1,1;1�0111:u1,;:u;m�:u�'W6/JeJ.:Jtl1\9111;161l1m?i� 3 nf:u�e:i�\911
u 

2.5 
010 X20 A40 

2.0 
t 

= 1.5 
I.C 
I.C 

Q 

O 1.0 

C) 

0.5 � k 

0.0 
0 12 24 

Time (h) 

A 

H � 

36 48 

iu� 3 fl11l,lil�t\j'IJeJ.:J'l.lm 5. zooepidermicus UN-71'WeJ1Vl11l,�e)f111��\9lm�1e1v1�hun�iJf111bb'lh 
m1:u1,;:u;u1,1,1;1n�m016/lu 10 20 1,1,1;1� 40 nf:u\9le:i�\911 1,1,1;1�m1:u1,;:u;m�:w�'W'l.leJ.:Jtl1m1;161l1011?1� 3 nf:u�e:i 

u 

12 



7.5 

010 X20 A40 
0 

7.3 
X 

0 
() 

7.1 X 0 
• 

::c: 
() 

• X 
'= 

Q. 
• � ..

' ,

6.9 '• 

J .. 

6.7 

6.5 

0 12 24 36 48 

Time (h) 

1'1.Jv! 4 b'U�tl'UbvitJ'U�1 pH b�B161J�\9l"je)1'\111"jb'\IIG'l1bb�fl�flbfl�hJ 10 20 bb�� 40 nf:W\9\e:J�m vlilu�mru 
V � 

J1\9l1�61l1r1"j� 3 nf:w\9\e:J�\9\"j 

1.6 

010 X20 A40 

1.2 
0 

• '-' 0.8 c > 
� ◄�

X 
' ' 

0.4 

0.0 
0 12 

0 

• 

X 

24 

Time (h) 

0 

• 

X 

36 

(I) 

� .. 

)K 

48 

1'1.Jv! s b'U�t1ubvit1uu�:w1rum�1�t11�h'tin���\9ll\91bde:i161J�\9l"jeJ1'\111"jbVlmbb�n�mr16iit110 20 bb�� 40 
V � � 

nf:w�e:i�m �il'll�mruJ1\9l1�61l1m� 3 nf:w\9\e:i�m 
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10.0 
0� � 
.j � 

010 X20 &� () 

' , 8.0 e 
. ' 
... 

;:3' 6.0 

� 4.0 

2.0 

0.0 
0 12 24 36 48 

Time (h) 

"au� 6 b'U�t1Ub'Vlt1u'\J�m,1.nl11,rn,61l1r11?t�bV1�e:i bde:i1;?t\911mV111bV1mbbi;lfl�mr161lt1 10 20 bbi;l� 40 n-r:w\9\e:i 
'II 'II 'II 

�m �iJ'\J�:w1rutl1\>111;l61l1r1"a?t 3 n-r:w\9\e:J�\911 
'II 

3.0 
010 X20 &40 

2.5 

� 
j � 

2.0 X X 
. , 

X
. ' 

� 1.5 

1.0 

0.5 j t

0.0 
0 12 24 36 48 

Time (h) 

'a'U� 7 b'U�t1rnvlc1u'\J�mrunT:Wil�ru'1Je:i-:ib61li;1(;1 bde:i1;?tmmVl11bV1mbbi;lfl�mr161lt1 10 20 bbi;l� 40 n-r:w\9\e:i 
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'U 'U 'U 

\9le:i�m vliiu�mrutl1\>l1'161J1r11i:1 o nf�\9le:J�\>l1 
'U 

N'6'l"l.lel.:!Fl11�b�1iel'U"l.lel.:!f11ib"l.1�1�elf11iN�\>lf111il1m.n� b i'Wf1"l.lel.:! 5. zooepidermicus UN-71'1.!1�\il'U 

"l.l'Jlilb"l.1�1 

UliFiltivt�.:ivl?i-:iN'1�e:Jf111N�\>lmlil 1em1'111iin'1Jm� �'Wvi�tl?ie:im1m'WNi:f� b � e:i-:i�1n b 'U'WU��uvl 
'U ' 

?!-:J N'1\9le:J f111ri1m Vle:Je:J f161lb �'WWVl11-:J f11i'Vl� f1 0f1�-:J'Vl11 �\Olili:f .f111�� b ;1fl'W�11�Vl11-:J b 6/J'1r;1 e:J1Vl1i bi 8-:J b �e:J 

bb'1�e:Je:i n61i b�'W 1 'W-:J1'W1� ud vh m11'i rn11N'1'lle:J-:Jf111bb 'll1eJ\>l11f111b '1l81'1Je:i-:i bl°1�e:i-:iu� b te:i bb 'U'U b '1l8111ilmbu-:i 

e)e)flb'LJ'We)\>l';i1f111b'llchvl 200 250 bb'1� 300 ';ie)'\J\9Je)'W1'Vl 'V'l'U11 m11;er\>l11f11ib'll81�i:f-:Jt'W'vh1vi\��f111 

N�\>lf111il 1vti1� 11'Llf1bb\911i1r.=1-:it:J'1\9le:Jl°111�bb\>lf1\911-:J'lle:J-:Jf111N�\>lb61J'1r;1bb'1��1� be:J6U'lle:J-:J 5. zooepidermicus

UN-7 (1'llvl 11 - 13) 11iltit:J'1N�\>lmlil1vti1'1h'Llni:1-:ii:flil (2.29 nf�\9le:i�m) ·v,m1'Wi:!.f111�m1m'Ur1�eY\>l11 
� � � , , 

m1 b 'll 81� m1m �11e:i'U 300 1e:J'U\91 e:J'W1'Vl � 1nm1Vllil'1mdbbi:flil-:i 1 v{b �'Wi1-:iBVlfi'V'l'1'1le:J-:im1�b �11e:i'U 1 'Wm1 

b'llchvi' i;'f-:JN'1\91 e:JN'1N� \>l mlil 1vti1� bii n blil mt e:Jbb 'Ul°1'Vl b � Ui:lf\'1 Streptococcus sp. bu 'Llbb 'U 1°1'Vlb �86/J'Lllil 

facultative anaerobe lil-:JJ'W�-:J b��t\J 1��-:i1 'Wi:fm1�vliimmmb'1� 1iiiimmfl1 zj,:i�1m1'W1� une:i'Wvt'W11�ii 

11 u-:i1'Wm1� m11 b 'll� ti'Ub vi ti'UN'1'1le:J-:im1m'Ur1�m11 v{m f11fllbb'1� 1ii1 vf mmfl1\9le:J m1N� \>lf111il 1vt11'111il 
' 'U 

n�1u 5. zooepidermicus 'V'l'U11 1 'Wi:!.f111�vi'i1 m11 'Vle:J1f11fll'Vl11 Vi b ��f111N� \>lmlil1vti1� 11'Ll f1'1le:J-:J 

bb'Ul°1'Vlb�tii:f nf fd1� (Liu bb'1�1°1ru�, 2011) 'We:Jn�1ndii-:i1'W1�une:i'Wvt'W1'Vl1m1f'irnnN'1'1Je:J-:Jf111bb'll1m1m �1 
' 

1e:J'U1'Llf111b'll81 1�bbf1100 150 bb'1� 200 1e:J'U\9le:J'Ll1'Vl 'V'l'U11vi° f111b6!J81 200 1e:J'U\9le:J'W1'Vlf1e:Ji:f.f111�� 

b vtm�i:f�\9le:Jf111N�\>lmlil 1vm� 11iln�1u 5. equisimilis �-:ihlff:l1t!'W�1nm11'im11r111�i�'W'Wfi"l.le:J-:J'U� � ti 

�'W 1� bbf1 �1�be)6/J e:iruvtnil 'U��1\>lie:J1Vl11bit1-:ibte:i bb'1�e)\>li1f111b"l.181"l.111ilb"l.1811Y'W -:J1'W1�8\il-:Jf1'1
1
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' 'U 
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'e)tlJVlfliJ > el\9111fl11b'IJ�1 (Chen bb"1�flru�, 2012) 
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'II " " 
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N�6llel.:Jel�i1n11'lh.mTWWeln1iN��m�\e1v1� huni ':rn 5. zooepidermicus UN-7 b'Wtl.:J'U!)niW
"lf1.fl1'W"lf'U�n1U6ll'W1� 5 %l�i

lil1f1N�n11Pi n�1 m1N��m\?l 1m'JTi;, hil f11 u1��'U'1.11\?l b '1.1�1 Y-i'U11 eY m1n11muN��?l-:iN��e:in11 
" 

N� \,l f11 \?l 1vtJ1� 11il f1 1K -:i,! u1 u-:i 1u 1-;j' tJ'l1 lij -:i vi'1 n 11 b vi' �u � � 1 run 11N�\,lf11 \?l 1vEJ 1 � 11 il f1 � 1 tJ 5.
" " 

zooepidermicus UN-71u5-:iu�mi:iHhfl1Y-l'1.l'Ll\?lf11'lJ'1.l'lJ11?1 5 �\,l';i bl?ltJ'Vl1fl1';jflf1�1N�'1Je)-:je)\,l';i1fl1';i�'lJ 
mu�m1m �11e:i'U 300 500 bb�� 700 1e:J'U�e:iu1vi sl1-:iY-i'U11 f111b��er�11n11mu'1.le:i-:i1 'U'W\?lvi'11 vfm1blil�t1J 
'1.lm S. zooepidermicus UN-7 ii�11°111�6q'lJ'1.le:J-:Jb61J�i�b���-:itu l1?1m61J�1;1blil�qj�-:J�1?1�m1�b111e:i'U 700 
1e:i'U � e:iu1vi 1"1°11°111�'1.l·u'1.le:i-:i b61J�i b vhn'U 2.4 vi 24 i 11:iN'1.le:J-:Jf111VJ:w f1 ( 1u� 15) 1 uV11-:i n�rnr mde:i 

' " 

�li)1';i Ul1f11';ie,,J�\,lf\'j\?l 1vtJ1� 1 ';i'Uf1 Y-l'U11�e)\,l';i1f11';i f11'lJN��li)1 n'We:J tJ 1 uVJ1l.l1f1?1-:J e,,J���e)f11';je,,J��ml?l 1vtJ1� 
" " 

b':i'Llf1�11tJ 5. zooepidermicus UN-7 f1�11�e:i m1?11vm�hilf1N�\,\1\9l�-:J�l?l�1°111itb;l.l;'lJ 0.87 nfl.l�e:J�\,l':i 
" " ' 

� 48 -&1 bl.l-:J'1Je)-:Jf11';j'VJ:!Jf1 1 'lJ�fl11��1°11'U\°1l.Je)\,l';i1fl1';if11'lJN��'1.leJ-:J1 'U'Wl?l� 1°111� b111e:J'U 300 ';ie)'U�e:J'lJ1vi 
' 

(-:i'U� 17) �-:J611Vl'forn11;eJ\,l':i1f11':if11'lJ'1.IB-:J1 'U'W\?11 'lJt1-:JUnmru�1mY-i\911tJB\,l';i1b �1��-:iiu 1\9lii-:J1'lJ1�tJ
" � " 

f1 e:J'lJVlti 1l.l1f1l.l1tJ 1\9l'Vl1f11';i��lil1J bb�1Y-l'U11 fl1':i 1 Vie) \,l';i1fl1':if11'lJN����-:Jlil��1tJ b ��'U�l.l1t1Je:Je) f161J blil'lJ 1 u
" " 

';i�'U'Uf11';iVl:Wf1 zj-:Jfl1';ib ��u�mrue:ie:if161lblil'lJd�1tJ?l-:Jb��� 1 Vlb61J�l;liif111e.J��bb Vl�-:JY-lr.l-:J-:J1'lJ (ATP bb�� NADH) 
��1mntme:iv\'11vtbnl?lf111N��b61J��i,u TCA cycle bf11?liu1�e:i�1-:i�rn.J1ru bb��d1e:iiin11�·h-:i ATP bb�� 
NADH �mmntJY-le) 'U��1t1Je)e)f1�b li)'lJli)�tl f1fl1'U\°1�'1.lm fl1':iU11 u1; m tJ1 'lJb61J�'i;l bl?ltJb61J�'j;l li)�l] fl1';j e,,J�\,l 

" ' 

ml?l 1vm� b ';i'Wf161i-:J'Vl1Vlti1�b 'U'lJfl1'U-:J 1:iJ bnl?le:Je) f161lb liJ'lJbnl?IN� b� tJ�m 61J�'i;l 'lJe) f11il1f1drn1iiu�m f;We)e:Jf161lb li)'lJ� 
�1n bntJ'Vle:Jlil1nm11 vf eYm1m1mubb��eJ\,\11m11 vf mrn\61� �-:i1Tu �1tJ 1 VJ1:iJii rn1N��N��.nru6Vl;1-:i bfitJ-:i 

" 

b�'lJ ml?lbb�f1&if1 bb��ml?le:i�61l&in �-:i?l-:ie.J�1vt�l?l'U��1rue.J�N��m1?11e1tJ1�h'Llf1'1.le:J-:i Streptococci sp. Bf1 
\9118 (Liu bb��l°1ru�, 2011) e:i�1-:ihnml.lfl111;eJ\,l';i1fl1':if11'U'1.le:J-:J1'U'Wl?l��-:ibntJ1u li)�i;'j-:Je,,J��e)f11';j�\?J'U�mru 

" 

f11';je,,J��ml?l 1vtJ1� 11ilf11\9l bl?ltJf11';j1;er\,\11f11';jf11'lJ'1.le)-:J1'U-W\?l��-:ii'U1!tJ?1-:JN� 1 Vlb61J�l;lbb rn1vib�mn\?lfl11� 
" " 

b� tJVI 1 tJVI� e:it1 f1 vi' 1� 1 tJ � 1 tJ bb 1-:i bQ e:JtJ'1.le:J-:J 1 'U'w' 1?1'Vl
0 

bn l?l I 'U lij -:J b {Ju b VJ\,l 1 v( � l?l N� N � � f111?11e1 tJ1 � 11il n 1 u
" ' " 

Streptococci sp. �-:i (Liu bb��\°1ru� 2011; Huang bb��\°1ru�, 2006; Kim bb��\°1ru�, 1996) 
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';i'U� 18 b'U�cJ'UbvicJ'U'U�mruJ1�1'161l1fl1��bVl�e) bte:i1;��1eJ1Vl11bVl'1'Jbb'1n&imfl611tl 10 nf:w�eJ��1 �ii
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N'G't"l.lel-:ln1·n�:u Uridine 5'-diphospho-N-acetylglucosamine sodium salt bb'G't� Uridine 5'-
., ., ' 

triphosphate tris salt b'l.!el1'Vl1';ib�tl-:lb�elb'rlelfl1';iN%1\1ln"a�beJtl1'6'1 b';i'Wn 
'U 

1'Ufl1":i�n�TilvhnT�b'll�cl'Ubvicl'\Jt:,Ji;'l61JeNfl1":ib�:Wi;'f1":i�1fll;l1,!J UDP N-acetylglucosmine bbi;'l� UTP 
vi' i;'l-:J 1 'U el 1 'VI 1 ":i b ff cl -:J b -if el b vi' el rJ( el -:J fl 1 ":i 1 i b fl� fl 1 ":i fl ":i � i 'U fl 1 ":i b yt' :W fl 1 ":i t:-J il � fl ":i � b fl cl 1 l;'l 1 ":i'W fl 1 'LI 5. 

' 'U 

zooepidermicus UN-71�cl'Vl1fl1":ibb'll":ifn1:wb;:W;'U61Jel-:Ji;'f1';jJ-:J 2 6/l'W� b �bbf1 0.01 bbl;'l� 0.05 i)l;'lmmn{ 
lil1flfl1":i b tl�cl'Ub vicl'\Jt:-Jl;l6/Jel-:Jfl1Wil�qJ6llel-:J S.zooepidermicus UN-71 'Uel1Vl1":i bi cl-:Jbtelvi1:wiim":ib�&Ji;'f1":i 
m�� 'U (fl1":i'Vl�i;'lel-:Jfn'Url:W) Yl'U'J 1 bri el'Vl1 fl1":i61Jcl1 cl nm 1 'Ufl1":i'Vl:W fl b61Jl;'lj;llJfl1":iblil�ru b�:Wi;'f-:Jfl111 'Uel1Vl1":i 

'I 'I V 'lJ 

bicl-:ib;ffel�iifl1":ib�:Wi;'f1';ifl';i��'Ufl1';it:,J�\?}fl';j� bflc.11i;'l 1 ":i'Wfl (":itl� 19) J-:iilbbi;'f�,:i1-ifo�'U11fl1":ib�:Wi;'f1":iflW�mr-:i 
'I 'U 'll 'I 

2 6/l'W� vim1m;:w;'U 0.01 bbl;'l� 0.05 i)l;'lil1&-1m{ ?l-:Jt:-Jl;'l1im":ibb'U-:J��?l1'U6llel-:Ji;'f1":i�1fll;l1-:J Fructose-6-
phosphate 11.Jitibfll;'l 1r1 bl;'l6/li;'fb �elfl1":i'W1 b t]i;'1{1-:ib61Jmh!'Ul;'l �11elcll;'l-:J bbl;'l�bdel'Yllil1":iru1�-:Jfl1":it:-J� � m� bflcl1� 
hilfl (�'ll� 21) Yl'\J11 fl1":ib�&Jfn1:wb;:W;'U61Jel-:J UDP N-acetylglucosamine ?j,!Jt:,Jl;'l1vi\�&Jfl1';jt:,J�\?lbbi;'l� 
eJ\?l":i1fl1":it:-J��m�bflc.11� 1 ":i'Wfl1'U 5. zooepidermicus UN-7 brim'll�cl'Ubvicl'Ufl'Ui;'f.fl11��1:iJiim":ib�&Ji;'f1":i 
m��'Ul;'l-:J1'Uel1Vl1":ibicl-:ib ;ffel zj,:ieJ�":i1fl1":it:-J��m� 1m'l1l;'l hilfli;'f-:Ji;'f� b'Vl1nu 0.063 fl,r&-1�el�\?l":i�eli11:w-:i 1 'LI 

q 'll 'U q 

fl1":i�fl�11�b:Wbb'Vl'Uel�61i&J61Jel-:Jfl1":it:-J�\?lm� bflc.11� 1 ":i'Wfl�1cl 5. zooepidermicus ir'LIYJ'U11ii�1flm-:J 2 6/l'W� 
vi'b'U'Ul>l1fll;'l1-:JVlf;)fl61Jel-:Jfl1":ii;'l-:Jb fl ":i1�v1fl":i�bflcl1�hilfl bvlbb fl, UDP-gluconic acid bbl;'l� UDP N­
acetylglucosamine �-:i1 'U61J'\J1'Ufl1":ifl1":ii;'f{1-:ib61Jl;'l� UDP N-acetylglucosamine lil�tJ flbb u-:i��6'11'U 1�cl1'U 
i;'f.fl11�v\\tel�·elfl1';ii;'f{1-:ib6/li;li;l b�'U 'll�:W1illelelfl�blil'U el1Vl1":ibicl-:iblel 'Wbel"ll b'U'UrJ('U lil1fli;'f1';i�1fll;l1,!J 
Fructose-6-phosphate lil�tJm'll�cl'Ub'llb'U'U Acetyl-CoA b�elb;1rj TCA cycle b�elt:-J��b61Jl;'l��elb'll �-:iir'U 
11.Ji;'f.fl11�� ri-:i bi;'f�:w1 Vib61Jl;'l�ii fl1":i blil�ruvi �lil�r.'f-:Jt:-Jl;'l�elfl1":il;'l�v-Jl;'lt:-J��m\91 b®'c.11l;'l 1 ":i'Wfl b � el-:Jlil1flfl1":i1 ;i;'f1":i 

V 'IJ 

�1fli;'l1-:Jb�c.11f1'Ub � elfl1":it:-J��b61Ji;'l� bbl;'l�fl';i\91 bflc.11i;'l 1 ":i'Wflilb 'U'Ub VI� 1 'IX b0� fl1":ibb �-:J'LJ'Ufl'U 1 'Uitibfli;l 1r1 bl;'l6/Ji;'f61Jel-:J 
'U ' 

fl1":i1;i;'f1":i�1flm-:i fructose-6-phosphate b�elfl1":it:-J�\?li;'f1":i�1flm-:i UDP N-acetylglucosamine ci'1V1-ru 
fl1":i�-:Jbfl';i1�vfm�1ern1�hilfl1'U 5. zooepidermicus (Liu bbl;'l�flru�, 2011) �-:iir'LI1'Ufl1":ib�:W UDP N­
acetylglucosamine �1cl'll�mru�bVl:lJ1�i;'f&Jl;'l-:J1'Uel1Vl1":ibicl-:ibtel�-:Ji;'f1:W1W�1clbvi&-1tl":i�i1'VlTI.fl1Ylfl1":iv-J�� 
m� bflc.11� 1 ":i'Wfl 1� ":i1:W�-:Jfl1":ib�:W UTP zj,:i b 'U'U 1r1bb'\i'lr1b�el{61Jel-:Jbel'U b61J:W pyrophosphorylase �v\'1V1111�1 'LI 
fl 1 ":i lil., 

� b:; cl -:J VI�• '\Al el i;'f b '\Al� 1 if bb f1 N-acetylglucosamine-1-phosphate bb i;'l � b tJ fi' cl 'LI :W 1 b 'U 'U UDP N­
acetylglucosamine (Chong bbl;'l�flru�, 2005) zj-:Jfl1":ib�:W UTP i;'l-:J1'Uel1Vl1":ibicl-:ibtelir'Ubbi;'f�,:i1v1\�'U�-:Jfl1":i 
ri-:ibi;'f�:wm":ib vi:wm":i N��m� 1flc.11l;'l 1 ":iufl �-:Jbb&Jm":i1 Vlt:-Ji;'lt:-J���i1elclfl11bdmtl�club viclunum":i'Vl�i;'lel-:J�iim":i 

'U 

b�:W UDP N-acetylglucosamine l;'l-:J1'Uel1'1111":ibicl-:ibtmb�b'Vlt:-Jl;'lfl1":iv-J��m� bvc.11� b ":i'Wfl��fl11el1Vl1":ibicl-:i 
b ,el�b:Wiifl1":ib�&Ji;'f 1":im�r/( 'U �-:Jir'Ufl1":ib�:W UTP lil��el-:Jii fl1":itl,r '\J��&'ll'U'll�&-11ru1 Vi b Vl:W1�i;'f&Jb� el fl1":i ' 

r.'f-:Jbi;'f�:Wfl1":ibvi:wm":it:-J��m�1flm�hufl�1cl 5. zooepidermicus UN-7 ,dt�
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0Control X0.01 mM UDP U.OlmM UTP +0.05mM UDP t0.05mM UTP 

5.0 
4.5 

0 

4.0 
3.5 

� 3.0 + 

IC 

� �! 2.5
! � �

I * 
0 2.0 • + 

• • 

1.5 • • • 
1.0 
0.5 
0.0 

0 12 24 36 48 60 72 

Tlme(h) 

1'll� 19 btFfoubvivu'll�mrum1b1u�ru'1JeNb6/li;1� bdei1�?1\911B1V111bV1mbbi;1f1�mr16/J'W 10 nf11\9le:J�\911 vi�
� V � 

'll�mrutl1mi;161Jbr11?1 3 nf11\9lei�m 0m1b �1m1�'Wm'W1�V111-:im1V1iln 300 1eJ'U\9leJ'W1vi 1�m�11?111i-:i� 
�'W Uridine 5' -diphospho-N-acetylglucosamine sodium salt bbi;l� Uridine 5' -triphosphate tris salt
vf r111m;11;'W 0.01 mM bb\;1� 0.05 mM \91111l;l1i'U bbi;1�b'U�cJ'UbvicJ'Ufl'U'U�r1111r111vl1:wb&i11?111i-:i�'W
1�V111-:im1V1iln 1'Wt1-:i'll�mru:fi1m�'llm� 5 �\911

OControl X0.01 mM UDP aO.OlmM UTP +0.05mM UDP t0.05mM UTP 
7.5 

� A �
7.3 0

i 
• '

• I • 1 A

1 
1 A A 

7.1 

6.9 

6.7 

6.5 

0 12 24 36 48 

Tlme(h) 

' ' 

�

t 

60 

• 

72 

1'll� 20 bU�cJ'Ub vivu�1 pH bdei 1 �?l\911eJ1V111bV1mbbi;1f1�rnr16/J'W 10 nf11\9lei�\911 ��'ll�111rutl1\911i;161Jbr11?1 3� � � 
nf11\9lei�m 0\9111b�1f111�'Wf11'W1�V111-:im1V1iln 300 1eJ'U\9leJ'W1Vl b�cJ 1�m�11?111�-:J�'W Uridine 5' -

' ,, ,,
diphospho-N-acetylglucosamine sodium salt bbi;l� Uridine 5' -triphosphate tris salt vir11111b'll1l'll'W
0.01 mM bb\;1� 0.05 mM \91111l;l1i'U bbi;1�b'U�cJ'Ub'VlcJ'Ufl'U'U�r111lr111�1:wb�11?11';i�-:J�'W ';j�Vf11-:Jf11';j'Vfiln1'Wt1-:J

' ' 

23 



OControl X0.01 mMUDP A0.0lmM UTP +0.05mMUDP t0.05mMUTP 
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Tlme(h) 

·rt.I� 21 b'U�cJULvim.Jtfhnrum\;Jh1tJ1i;1b':i'Wfl�v-J�\911� Lde:i1;?tmen'Vl11b'Vlmbbi;1fl�rnfl�t1 10 n{:W\,le:J�\911 �� � � 
iltl�mrutl1\911i;161lbf11?1 3 nf:w�e:i�\911 B\9111b�11t1m1�t1mt11�Vl11-:im1Vl:Wfl 300 1e:JU\,Je:Jt11vi b\;JcJb\;Jm�:w� 
?111�-:t�t! Uridine 5' -diphospho-N-acetylglucosamine sodium salt bbi;I� Uridine 5' -triphosphate
tris salt �m1m�:w�t1 0.01 mM bbi;!� 0.05 mM bbi;l�b'U�cJubvicJunu'll\;lf11Uf1:W�hlb�:W?f11�-:t�t1 1�Vl11-:i
m1Vl:wn 1 t1ti'-:itl�mru�bm'\l'l'llt11\;l 5 �\,11

q q 

OControl X0.01 mM UDP A0.0lmM UTP +0.05mM UDP e0.05mM UTP 
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�'LI� 22 b'U�cJUb'VlcJUtl�:w1rutl1\,11i;161lbm?f�b'Vl�e:J b�e:i1;?1men'Vl11b'Vlmbbi;1fl&irn1"16/lt1 10 nf:w�e:J�!,11 vtil� � � 
tl�mrutl1\,11i;161lbf11?1 3 nf:w\,le:i�m eJ!,)11b�1m1�t1mt1wV!11-:im1Vl:Wfl 300 1e:iu�e:it11vi b\;lcJ 1\;lm�:w?t11� 
i-:t\9lt! Uri dine 5' -diphospho-N-acetylglucosamine sodium salt brn� Uridine 5' -triphosphate tris
salt �1°111:Wb�:W�t! 0.01 mM bbi;I� 0.05 mM bbi;l�b'U�cJUbvicJUfl'U'll\;Jf11:Wf1:W�hlb�:W?f11�-:i�t1 W'Vl11-:tfl1';i
Vl:Wfl bt!t1-:ttl�mru�1m'\l'l'lltl1\;l 5 �\,l';i

q q 
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OControl X O.OlmMUDP ,o.OlmMUTP +0.05mMUDP 10.05mMUTP 

1.8 

1.6 
+ 

i 
• 

1.4 I 
• 0 J 1.2 

oli 
'=' 1.0 
II 

� 0.8 
l: 
Z 0.6 

0.4 

0.2 

0.0 

0 12 24 36 48 60 72 
Time (h) 

'itl� 23 1,tl�cJu1,vicJutPhnrulw1\91'WiJ'Uv1bVl�eJ dfo1;?f\91';ieJ1V11'HV1m1,1,�n&imfo161i-u 10 nf�\9leJ�\91';i vl:w � � 
tl��1ruJ1m�61!1f1';j?f 3 nf�\9leJ�\91';i eJ\91';i11,�1n1';i�'Umm�wh:im';iV1iln 300 ';ieJ'U\9leJ'U1'Vl 1�rn1111m&i�?f1';i 
,, � 

�.:i#i'-u Uridine 5'-diphospho-N-acetylglucosamine sodium salt 1,1,�� Uridine 5'-triphosphate tris

salt v1fo111m;�;'W 0.01 mM bb�� 0.05 mM bb��b'U�cJ'Ub'VlcJ'Uf1'U6lJ\11fo11�fo1�vl1:w1,&i�?f1';j�,:J(,l'W ';i�Vl11.:Jn1';i 
VliJ'n1'Wt1'.:itl5mru:U1m'\l'l6l.l'U1\11 5 �\91';i 

' ' 

bb'Ufolvib�cJ 5. zooepidermicus UN-7 b'U'Ubb'Ufo1vib�cJv11\?11'Un1';i'U1'U'U';i,:J?f1cJ�'Wt5\?11cJ1.:J�cJ1bb�� ' ' � 
?f1';ibfo1:W NTG 6/l,:i b'U'Ubb'Ufol'Vl b�cJ�.:Jmh1:wtl';i��Vlfifl1'\l'l1 'Un1';ie-1�\91m1111e1cJ1� hun 1\?)?f,:j bb�� 1:we-i�\91?fb\91';i'U � � 
1\911�61i-u ·�nnm';i �rnj11� cJ��mtlf utl';i,:im �u1'WnTmiln 1111cJ 1,1, 'U';i?f mmV11';i 1, Vim 1,1,� �m1� 1, �11-um';i'Vl�'U ' � ' 
WV111.:Jn1';i'Vliln1'W';i��'U6l.11111b'1ffi1b�eJ1'1ii'Ltmb'Ufo1vib�cJ 5. zooepidermicus UN-7 ?f1m';itte-J�\91m1111e1cJ1� 
1 ';iUn 1\91?!.:Jt!'W '\l'l'U11?f\91';iel1V11';iv1f111�b ;�;'W6l.lel.:J bb�n&\mfo161i'Wbb��J1\911�61! 1f1';i?f�b Vlm�?f�f)e) ?f \91';iel1V11';i 

'U 'll 'U 'll 

bV1m1,1,�n�mfo161i'U 10 nf�\9leJ�\91';i �:wtl�mruJ1m�61!1f1';j?fb���'U 3 nf�\9leJ�\91';i 1,1,��fo111�1,�1�1,V1m�?1�1-u � 
n1';iVl�'WWVl11.:Jn1';i'VliJ'nfieJ 300 ';ie)'U�el'U1'Vl 1u1nt!'Wi5.:J 1\?16l.lcJ1cJ6l.l'U1\11n1';i'VliJn 1-ut1'.:it15mru:U1m'\l'l6l.l'W1\11 5 
�m 1111cJ1 ;?f \91';iel1V11';i�b V1�1�?1�1 'Wn1';ie-J�\91m1111e1m� 1 ';iUn1u1m��u6l.111111, 6l.1811,1,��1,1,tl';ieJm1m';i�'Um'U � � 
300, 500 bb�� 700 ';je)'lJ�e)'W1'Vl f11'Ufo1�e)ill'Vlfl� 37 e).:Jf11b61lm61icJ?f bb��e)\91';i1n1';i1vfmmli11 1.0 vvm brie) ' ' � 
b 'U�cJ'Ub'VlcJ'U8\91';i1n1';ie-!�\91ml111eJcJ1� 1 ';iUn�m1m�1';ieJ'U�1.:J 1 '\l'l'U11n1';i�'Um'Uv1f111m�'J';ie)'U 300 ';ie)'U 
�eJ'W1vi 1vft1�mrum1111e1cJ1� bun?1.:in11n1';i�'Wm'Wvlm1m11';ieJ'U 500 1,1,�� 700 ';jeJ'lJ\9leJ'U1vi 1111cJ1\?1 � � 
tl�mrum1111e1m�hi!n 870 il��nf�\9leJ�\91';i vi 48 -&11�.:i 1,1,��1,tmt1�cJ'Ub'VlcJ'UBm1m';iblil�ru6l.leJ.:Jb61l�ci° 

� V 

'\l'lu11vl m1�1, 11';ieJ'U?f.:J 1, teJ1u� 1,1u�ru1�� J'Wmlil 1, um '\l'l11�f111m 111-um';im'U� 1, ��t-u1,1,��:wm';i1 vf mmli11 
� V 

1.0 vvm vi'11'1ii'm';i?l.:J�1'W?f1';ieJ1V11';i1,1,��ci1mvimmli111\?1�t'W 1,1,�V11n1;f111m�1';ieJ'U�?f.:ibn'W1u�?i.:ie-1�1'1ii':w � 
8\91';i1n1';ie-J�\91m1111e1cJ1� 1 ';i'Lln��1 eJ81.:il ';jfl\911� tl�mrum1111e1m� 1 ';i'Lln�e-i�\911\?1!1.:i:wtl�mru�1n111-u';i��u � � 
6l.11\11b6l.181 �.:it!'Wvi�1�cJi5.:J'Wlil1';itl.!1t1.:J'Ulil�cJ�lil�m��'U1'1ii' 5. zooepidermicus UN-7 ?f1�1';itte-J�\91m111le1 
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tl16J b 1'Uf11�1, �:Wmf1tu1 t11�1�\Jt1·:rt.lljmru;1m'l"l'll'U1\11 5 �\,11 tl't1flelfl111,�:W?l11�-:J�til;l-:J 1 tl1 um�'U1Wl11 
Vlilf1 b\11t.lbLtl1tl�mru'llel-:J?l11t-:i�u Uridine 5' -diphospho-N-acetylglucosamine sodium salt (UDP) 
1,1, l;l � Uridine 5'-triphosphate tris salt (UTP) r111:w  L'll :W'll ui1'll �el 0.01mM bbl;l � 0.05mM b\?1 cJ 
1, tl� c.Jrn vi c.J'U fl'U6/J\11f11'U r1:wvihl 1,�:w?t 11t-:i � u lil1 f1 m11i c.J\il-:Jf1ci 11 'l"l'U11m11,�:w?t11t-:i �u 1 utl� :w 1 ru� 

' ' 

1, Vl:w1�?t:w 1 um�'U1t1m1V1ilf1 m:w11m �:wtl�mrum1N�\,lm\111vml;l 11'Wf11�bdm tl�c.J'UL vic.J'U fl'U6/J\11fl1'U r1:w 
., ' ' 

bL?l\11-:JNl;11uitl� 22 b\11c.Ji11:w-:ivi 48 ?111t-:i�u Uridine 5'-triphosphate tris salt (UTP) vim1m;:w;u 
0.05mM :WNl;l\,lelfl11b �:wtl�mrum1N�\,lf11\111vtl1l;l b'a'Wf111?1?1-:J�?lm'\111/l'U 1. 96 f1{:W\,lel�\,l1 Lbl;l� Uridine 

., ., ' 

5' -diphospho-N-acetylglucosamine sodium salt (UDP) vir111:w1,;:w;u 0.05mM 1vfNl;lN�\,lm\?11vc.J16j 
b-umel-:Jl;l-:J:W11, Vl1fl'U 1.57 f1f:W�el�\,l) l,delm11il\11�1tl�mrum\111vtl1\;1 b-uf1viN�\,l 1m ti 24 -&11:w-:i lil�'l"l'U11 

., ., 

?111�-:i�u Uridine 5' -diphospho-N-acetylglucosamine sodium salt (UDP N-acetylglucosamine) � 
fl11:W1,;:W;ti 0.05mM :r1erm1f111N�\,lf11\?11vc.J1\;1 b'a'Wf1vi?t-:ivi?t\11 b\11c.J��11,Vl1fl'U 0.063 f1f:W�el�\,l'a�eli11:w-:i 

., ., ' 

lil1f1f1111�c.J'l"l'U11f111N�\,lf11\111vc.J1l;l 11'Wf11il�fl1'U�1 tln'Uf111l,lil�ru'lleJ-:il,f el b\11c.Jtl�mrum\111vc.J1l;l b 'a'Wf1viN�\,l 
'U 'U V '\.I 

1�1il�1,�:Wfl-:Jvil,delf111l,lil�qJ'llel-:Jl,telr1-:Jvi �-:jl,l,\,li11:w-:i� 24 lilt1fi-:ii11:w-:ivi 54 l,l,l;l�l,riel'Vl1f1111,ic.J-:ib(el�el1tl 
lilt1fi-:i 72 i1 b:W-:J e)\,l11fl11N�\,lf11\111vc.J1l;l b'a'Uf11it11?11,�:wtu lil1f1fl11?1f1�1f11�'U1tifl11Vl&J flbUtll,1\;11 72 

., 

-&11:w-:i 1,1, V1ci-:imV111r1Tfoelt1flelt!1\,l1l;16/J 1r11?1 bLl;l�bL V1ci-:imV1111 u b\,l1Llilt1flelLLl;lfl� fl 1,r1�mm 1 ;1,� c.J-:itl�mru 
., ., 

1,�rn!elm vi11!u zj,:i1,1,V1ci-:imV111r111'Uelt1LL\;1� 1 u b\,l1Llilm'Ut1'Ulil�m11fi'qJ 1 u1,:W\,l'Uel�6/J:W'llel-:JL6/Jl;ll;l tielfllil1f11 ;1 u 
m11, lil� ru'lleJ-:JL6/Jl;ll;l 1,1,1;11f1-:it1f11, tl� c.Jm 'Ut!N� \,I.fl ruSVlflel m \111vc.J1l;l b 1'W f1 lil1flNl;l\il-:J f1ci11V111 vf �1i111ru11�11 

V SJ SJ 

ihi c.J'Vi'li1?i fl�11, � m�:wfi el m1 bL tl1tl�:w1ruvi�el6/J'Ll \11'llel-:J bL vici-:im{'UeltibL\;1�1 u 1m1, lilt! 1,1,l;l�r1·1 pH � 
1,vim�?t:w1um1N�\,lm\111vml;l b-uf1elc.Jbt1�1-:i 7 .2-7.3 

., ., 

m1� fl�1u lil� c.Jvi 1, 'Ut1?111� -:i�u1 mmb 'Vl'Uel�611:wm1�-:i 1,r111�v1m\111vc.J1l;l b 1'W fl 1, 'Ut1m-a1,�:wulil�c.J 
., 

1,� c.J1fl m�:w?t11� -:i �m � c.J-:J6/J'Ll \11 L� c.J11 um�'U1fl m1viil m vi 1t!u �-:i fl111,�:w?t11i-:i� u 2 6/J'Ll \11\;1-:J 1 tJ1 u 
m�'U1t1m1viil fl b\11 mb tl1�\11G'l1ur111:w 1, ;:w;t1'llel-:J?t11�-:i�u �-:i 1, 'Ut18 fl'Ulil� c.JV1�-:ivi'll1 ?tu h 1 um1�fl�1111i1� 
�-:JN\;lelci1-:i 11�elfl11N�\,lf11\111vc.J1l;l b 1'Wfl zj,:i?{11�-:J�til,b�l;1�6/J'W\11'V11Vlti1� bl,�lfl�h-:inu 1 tlLbl;l�b'Uti�1m?l�:Wzj-:J 

., 

nm1,l;l�nu 1 um�'U1t1fl11?tf 1-:i'l"llK-:i-:i1u1 vf fl'U b6/Jl;l� b\11c.J'l"llK-:i-:i1u� b � :wmflt mi�G'l-:JN\;11 vf b6/Jl;l� �-:i br111�v1 
m\111vtl1l;l 11'Wfl 1�1, �:w:ff u mh-:il 1n� lil1f1fl111�c.J\il-:Jflr;J11'V111 Vl'Vl11'Ufi-:iulil�c.J'Vl1-:Jfl1c.J.f11'1"lbbl;l�:ihrn'l"lvi�Nl;l 

., 

\,lelfl11N�\,lm\111vc.J1l;l b 1'Wf1 zj,:i1, 'Ut1tl1� bc.J61Jt11um11l1 l tl1 ;1, 'Utibb u1'V11-:im1-Ww,Jt11tlf'Utl1-:im�'U1t1m1 N�\,l 
., ' 

m\111vtl1\;11 'a'Wflb �el 1 m�tl�mru1, �:Wmfl:iiti 1m tiel'U1fl\,l 
., 

Streptococcus zooepidermicus UN-7. 1 'Vl cJ 1 'Ll 'l"l ti 5 tl � qJ qJ 1 :w VI 1 'U., ru svi \,l lil, Vf 1 l;l -:J fl 1 ru 
:WVl11'Vl 811;1 cJ 

'Vl 1-:i P1 fl� vrurl' 1w,Jt1�i1 -:iv1. 2540. m1tl f 'Utl1-:i?t1c.Jvrut1 Streptococcus zooepidermicus 1, �· el 1, �:w 
' ' ' 

tl1��'Vlfi.fl1'1"l fl11N�\,l m\111vc.J1\;1 bl;l'Llf1. 1'Vl tl1'W'l"lti5tl�ruru1:wvi1uru6V\\,l lilVl1l;l-:Jf11tW:WVl11'Vl tl11;1 cJ. 
'U V V 'I 

run�1 bbl;l�firu�. 2559. fl11tlf'Utl1-:im�'U'Jtifl11N�\,lf11\111vtl1l;l b 1'Wfl b\?lc.J1fifl11'Vl1-:J;1.fl1'1"l 
�d,S 'I 'U 

1, �elfl11'Lh 1 tl1 ;1 u-:i1t1�\;1 cJ m1:W\,lfl 1,1,�-:i. 1m-:i m11� cJ L?lt1eli1tl'rn1ur1ru� m1:w m11� cJ Lb vi-:i61J1�. 
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1. 
2. 

.::!). Q ,::::i, Cl.I � I bbi;'tfWlf1bf16/J'U 61.JeN'U'fl1'Vl6/Jn:lJ7 
bB'W161J:iJ'U1b'U'U 61.JeN'U�\1'Vl Merk 

-rr'U(,]8'Un11 �e) l'J bbfl n� n bflsii'U�'Jl'J be)'U 161Jtl 
1. -ti'si Lactic casein �.:id

fl1flll-J'W'Jn 

1.1 Lactic casein 10 g b��flsJL'WG'l11fl�mtJ 0.05 M Na2HPO4 u�:1J1(,]1 250 ml bb�1tl11u��1vfm1b'U'U
b dm�l'Jlfl'U bb�1�'11 v1\�'U�aruv1.ni:lvfasi

' " 

1.2 Lactic casein 20 g b��fl'1L'WG'l111;l�i;lll'J 0.05 M Na2HPO4 u�mm 250 ml bb�1tl11u��LVIG'l11b'U'U
diab�l'Jlfl'U bb�1�.:i 1 V1b�'U�aruV1fliJvf asi

' " 

1.3 Lactic casein 40 g b��flsJL'UG'l11fl�fl1l'J 0.05 M Na2HPO4 'U�:lJ1(,]1 250 ml bb�1tl11u��LVIG'l11b'U'W
b -d'm�mn'U bbrK1�.:i 1 V1b�'W�aruV1fl:UV10si

' " 

2. ur'U pH bb\9\i;l��(,]11vfb'Vl1n'U 6 �1l'J 1 M Ho
3. tJfotJ�:mmbb\9\fl�G'lmLvfb'U'W 500 ml �1tJJ1ni'U

" 

4. b��G'l111;1�mma'U161J:iJ'U1b'U'U �1nfl11�b;�;'U 10 mg/ml (0.2 g/20 ml) 1�rnb��bB'U161Jtl�sid

4.1 b��beJ'U161J:iJ'U1b 'U'U (6'11V1r'U�\,l1 Lactic casein 10 g/L) 
4.2 b��bB'U161J:iJ'U1b'U'U (?11V1r'U�\,l1 Lactic casein 20 g/L) 
4.3 b��bB'U161J:iJ'U1b'U'U (?11V1r'U�\,l1 Lactic casein 40 g/L) 

I .J fl d � 'U�'Vl 40 C bu'Wb1fl1 14 h 'Vlfl11�b1118'U 150 rpm 

Papain (g) Stock Papain solution 

0.025 
0.05 
0.1 

2.5 ml 
5 ml 

10 ml 

� I I � � 

ti1G'l11i;'t�fl1l'JL'U61.Je) 5 1UU'Ubbl'Jf1(,l�na'Uvifl11�b1118'U 4000 rpm b'U'Ub1fl1 20 mvi 
5. 
6. 
7. tl1'G'i1'U61.JBsJbV1mffi��1nm1\,ln\,l�na'U;a 6 :mufotJ�:m\,l1LvfbU'U 1 L �1tJJ161.Jlij\911aaa'U (b�a1vi1�

8. tl11Ub\,l�l'J�81Vl11l;'l\,l16'11Vlr'Um1��\,ln1\911e'Jl'J1i;j 11;1\Jn ('Vl1sl�f1� i'Ut51\9l,J'U�i'lsi'M, 2540) b\9ll'JL�
" " ' 

G'l11i;'t �m l'J�1� bb 'Vl'WJ161.J�\911BB8'Ubbfl� bflsii'U

"" "" G'l11i;'t�fl1 l'Jbbfl n (,lf1bfl6/J'U 
1 'vlJbb'VlG'lbsiil'J�flflel 11�(KCL) 
1\91 b61Jb�tJ�1fl1\911b�'U'WeJG'lb'W\,l (Na2HPO4) 

1000 :Wfl��(,11 
3 nr� 

2.8 nr� 
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bbfl'G'lb61imJfl'G'JBb\911\911m\911\91 (CaCl.zHzO) 
J1m'G'l61l 1mi:i 

10 

3 

d 

bile) vl 

v2 

l tlerft :JuriI ti'r�u

= 

= 

= 

= 

d 
bile) Conversion factor 

14x (vl-v2)x Normality of HCL (moll L)x 100 
Volumn of Sample (ml)x 1000 

i.J�m\9116/Je:i.:i m\911fl 1\911r1'G'le:i� n�1\91 b\911'\ll\,l'JB ci1.:i 

i.J�m\9116lle:i.:im\911fl1\911fl'G'JB�n�1\9lb\911'Vl blank

b'UB{b�'Ll\911'Ll1\91Wil'U Xconversion factor 
= 6.25 
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