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Structure Analysis of Polysialic Acid in Escherichia coli

ZHENG Zhi-yong, ZHAN Xiao-bei*, WU Jian-rong, ZHU Li
(Key Laboratory of Industrial Biotechnology, Ministry of Education, Southern Yangtze University, Wuxi 214036, China)

Abstract: The structure of polysialic acid was investigated with infrared spectra and '*C-NMR
methods. The polysialic acid was purified from Escherichia coli broth with ultrafiltration,
organic solvent precipitation and ion-exchange chromatography. The group characteristics of the
polyialic acid were confirmed with infrared spectra and identified with that of standard sample.
The polysialic acid in E. coli K-235 was identified as «-2,8 glycosidic linkage homopolymer of N-
acetyl-neuraminic acid.

Key words: polysialic acid; Y C-NMR; infrared spectra; Escherichia coli

(Polysialic acid)  N- Apurbat® B C
a2,8 C Da2,9 11,1959 , BC
Barry  Goebel K235 , B
) a2,8 ., C
[3] . 2.9 . , Egan’™
bl Bos-12
, . ) a2,8 a2,9
Zana-
mivir (N- -2, 3- -4- ) r
Tamiflu(GS4071) S ,
:2004-12-23; :2005-01-24.
(BK99190)

(1973-), s .o



5 39
1D : 4 000 ~ 400
1 cm™, KBr
L1 2) : 35 C D,O
, Escherichia coli K235-WXJ4 (pH 7.0, 80 mg/mL. "C-NMR
( ). Bruker DXP-400, 400 MHz
( g/L): 3. 2
10.NaCl 5,pH 7. 1~7. 2( ).
s 15~20 g/L 2.1
( g/ 30,NH,Cl 5, ,
MgSO, 0. 6, 0.4,K,HPO, « 3H,0O 20, )
pH 7.1~7.2¢( ). )
15 L Biostat ,
C10-3( Braun ) s 9L, N
37 C, 400 r/min, 1. 5 )
L/(L + min), 48 h. Sevag
DPX-400( Bruker ,
) s AKTA- ; 95. 7%,
Explorer ( Pharmacia
) IR-440( ) 2.2
TDO013 ( ). NMR ,
1.2 .
1.2.1 ., DEAE-Sephadex A-75
, , . DEAE-Sephadex A-75
( 10 000) s ’
5 95% . ’
6 h, . 75% , 98 %
. 3 2.3
, 50% s s
s Sevag ( ID) [10]
, 48 h, 3 744 cm' s
( TD013,10 mm X 800 mm) OH O—H NH N—H
. 63 mL ; 1 684cm’ , —COO~
) . —NHCOCH,; C=0
s N—H ;1402 cm'
1.2.2 25 mmol/L pH 7. 2 , —COO C—0O
DEAE-Sephadex A-75 C=0 ;1112 em?! ,
(10 mm X150 mm). C—0—C( )
15 mmol/L pH 8.0 . .
5 s 0~ 0.5 2.4 3C-NMR
mol/L. NaCl , N- ,
, 3 s a
. ( 10 000) 24 2,8.a2,9 a2,8/a2,9
h. BC , 2.
1.2.3 S ) K235-WX]J4 " C-
1.2. 4 NMR [6,7] a2,8



40 24

Y C-NMR . . E. coli Bos-12 C
sor C4 7 ;
a2,9 3 (C-4.C-7,
N C-8).C7  C4 ,
;i a 2,8 C-7 C-8
,C-7 C-4
ol ) ) , , E. coli K235-WX]J4
4000 2000 1000 400
s a2,8
H¥/em” _
. ChemOffice a2,8  a2,9
13 (_ MR , 4’
Fig. 1 Infrared spectra of polysialic acid CN
NCOCH, , a2,9
NCOCH, C-2 0 106.0, a2,8 C-2
4 0 103. 8, 103. 67 ,
E.coliK235 7 €5
My K235-WXJ4
co,
a2,8
Bos-12
(a-2,8 and 2-2,9)
1 I 1 1 1 i
200 160 120 80 40
8 X10°
2 Escherichia K235-WXJ4 C"” NMR
NCOCH, g:
Fig. 2 "“C-NMR spectra of polysialic acid in Escherich- 0 ?r;ugB C ¢ C'9C_5 NCOCH,
ia coli K235-WXJ4 +28 cs o
3 a2.8 / a2.9 J
o b A
200 175 150 125 100 75
3 , a2,8 a2,9 5 X10° 4.7
" C-NMR 0 Group C
-2,9
60~80 : 22
CH,(NAc)
. 1 s JE.
1
coli K235-WX]4 a2, A ]
8/a-2.,9 ; hes Tiso Tis  Tioo o
§ x10°
B (a-2,8 3 C .B E.
) C (a-2,9 coli Bos-12 *C-NMR
) CH4 C-7 Lol y Fig. 3 “C-NMR spectra of polysialic acid in Neisseria
a2,8 C-4 C-7 meningitidis Serogroups B and C, E. coli Bos-12
1 B C-NMR
Tab.1 "C-NMR Chemical shifts (§) of polysialic acid in different bacteria strain
X 10°
C 0
B C
Bos-12 K235-WXJ4
C-1 174. 3 174.9 174.5 175. 869 0
’ ) 101.9 ’
X 102.0
C-2 102. 1 101. 4 10. 9 103. 67 0
C-3 40. 9 41.2 41.1 42.546 2
C-14 69.4 69.5 (_59' 8 71.782 1
52.8




1
0X10°
C
B C
Bos-12 K235-WXJ4
i i 53.5 i
C5 53.6 53.0 o 55.118
. 74.5 .
C6 74.3 73.6 690 75. 884
C7 70. 4 69.5 7o 71.252
71.5
. / 78.8
C-8 78.8 71.4 6 4 80. 543 1
) , 66. 2
C9 62. 4 66. 3 . 64.187 2
NCOCH;, 176. 1 176. 1 12736'30 177. 683 0
CH,CO 23.6 23.3 23.5 24. 942 3

a-2.8
a-2,9

4 ChemOffice o2,8 a2,9 3 C-NMR
Fig.4 "“C-NMR spectra of polysialic acid with ChemOffice simulations

[ 1] Rodriguez-Aparicio L B, Reglero A. Effect of physical and chemical conditions on the production of colominic acid by Es-
cherchia coli in a defined medium[]J]. Applied Microbiology and Biotechnology, 1988, 27 474—483.

[ 2] Barr G T, Goebel W F. Colominic acid, a substance of bacterial organic related to sialic acid J]. Nature, 1959, 179: 206
—208.

[ 3 ] Schauer R. Sialic acid: Chemistry, Metabolism and Functionl M]. New York: Wien New York Springer-Verlag, 1982.

[ 4 ] Gregoriadis G, Mccormack B, Wang Z. Polysialic acids: potential in drug delivery[]J]. FEBS Letters, 1993 , 315(3):271
—276.

[5] , , . (7. » 2002, 22(10); 718—734.

[ 6 ] Apurba K, Bhattacharjee H J, Jennings C. Structural determination of the sialic acid polysaccharide antigens of Neisseria
meningitidis Serogroups B and C with carbon 13 nuclear magnetic resonance[ J]. Journal of Biological Chemistry, 1975,
250(5); 1926—1932.

[ 7] Egan W, Liu T Y. Structural studies on the sialic acid polysaccharide antigen of E. coli strain Bos-12[J]. Biochemistry,
1977, 16(16) . 3687—3692.

[8] . ’ ., . NTG E. coli . , 2002, 9(5).:456 —
459.

[ 9 ] Svennerholm L. Quantitative estimation of sialic acids[J]. Biochimica et Biophysica Acta, 1957, 24. 604—611.

[10] Uchida Y, Tsukada Y, Sugimori T. Improved microbial production of colominic acid, a homopolymer of N-acetylneura-

minic acid[J]. Agricultural Biological Chemistry, 1973, 37(9):2105—2110.



