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N-acetylneuraminic acid synthetase C- 189
CMP- CMP-
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1 N- 229
23 C-
4
5-7
1
8 1.1
o 44277
DHS5«a Bethesda
BI21 DE3 pLysS  pET-15b Novagen
CMP- pT74 CMP-
v CMP-
1.2
N- PCR CTP  N- N-acetylneuraminic ac-
CMP- C- id NeuAc Sigma pfu DNA
C- CMP- Promega T4 DNA TaKa-
C- 189 Ra
2002-06-18 2002-07-10
KSCX2-3-02-01
* Tel 86-10-62587206 Fax 86-10-62653468 E-mail jinc@sun.im.ac.cn

© PERFRHEMF RIS HER

http://journals. im. ac. cn



6 CMP-

677

Primer Sequence

CSs 5" -CTCCATGGCTACCAAGATTATTGCGATAATTCCA

CS 5" -ATGGATCCTTATTTAACAATCTCCGCTAT
D5 5" -GCCGGATCCTTATATTTTTTGTCTATTTTT
Dioi7 5" -GCCGGATCCTTACTTCGAGTTTATACCAGC
Dgyo 5" -CGCGGATCCTTATGATGCATCATTTTTCTT

D 5" -GCCGGATCCTTAATCAAATTCATTTCG

Des7 5" -GCGGGATCCTTAAGTATACATTTTATTTTAG

Dees 5" -AATGGATCCTTACTGAATGGTAATTGCAAG

Dezo 5" -GCCGGATCCTTAATCCATTCTATCATCTAT

Dexo 5" -AATGGATCCTTAAGAGCTTTCCTTATCCAT

1.3 C- CMP-
CMP-
pl74
C- DNA 5
Neol 3 TAA  BamHI
pET-15b  Neol ~ BamHI
BI21 DE3 pLysS
C- CMP- PCR
94°C Imin 55°C Imin 72°C
1.5min 30
1.4
37C 1B
100p.g/mL oD
0.6~0.8 0.4mmol/L.  TPTG
25C 10h 5000r/min 15min
-70°C
1.5 C CMP-
1L IPTG
5000r/min  15min 80mL
50mmol/L Tris-HCl pHS.0
14000g 15min
35% ~

50mL
50mmol/L Tris-HCI pH7.6

60%
3L 0.1mol/L NaCl

DEAE-52 2.5cm x 30cm 0.1mol/L

NaCl  50mmol/L Tris-HCl pH7.6
2L 0. 10mol/L
0.25mol/L. NaCl SDS-PAGE
4°C
1.6
2- 2500l
5.5 mmol/L. CTP 2.8 mmol/L
0.2mol/L. Tris-HCI  pH9.0  20mmol/L.  MgCl,
0.2mmol/I. DTT 37C 1h 1.6mol/L
NaBH, 15min
50pL Hy PO, 0°C 5min
NaBH, 37°C 10min
CMP- 50pL 0.02mol/L
NalO, 10min
400p.L 0.5mol/L. HCI 4% NaAsO,
ImL 0.5mol/L, Na,SO, 0.6% 2-
15min ImL
549nm
37°C 1min
1pmol CMP-
1.7 CMP-
250pL 5.5mmol/L. CTP 2.8
mmol/L 0.2mol/L. Tris-HCI pH9.0 20mmol/L
MgCl, 0.2mmol/L. DTT 37C
60min 9:1
Viv Sh 50 mmol/L, Tris-
HCI pHS8.0 95%
lmol/L. NH,Ac pH6.0 7:3
2
2.1 CMP-
CMP-
N- 210
Nerisseria meningitidis Haemophilus influenzae Hae-
mophilus ducreyi CMP- 228
228 229 2o CMP-
418
N- 210 1
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18

24 T 80 102
JMPEELATDKASS
PAELASDTASS

Cytosine

PELSTDQATS LIQVISPLE
BDKILADDRATT CLYGASALL

Dimerization Domain (NeuAc) Neuac Mg?*
136 143 160 164 1711 179 190 194206 210
EC SNKPSQI YSKYN YHPHGAIFT g T

NM EHHPLKT EQPRQ FRPNGAIYI
HI EHHPYKS ESPRQ Y’RANGAIYI

HD EHHPYKS EVPRQ YRANGAIYT
AC FSRPIQR  TLTRSQ VHDAGOFYW
CC RENPYFN FITRQ YDMNASIYI
SA EKHPGLF GYRRQ YYPNGATIFI

HP PFSRAPY NTRTQ YHDAGLLYM

1 CMP-

Fig.1 Amino acid sequence alignment of the substrate binging
regions of known bacterial CMP-NeuAc synthetase

EC E.colii NM N. meningitides HI H. influenza HD H.

ducreyi  AC Aeromonas caviae CC Campylobacter coli  SA  Strepto-

coccus agalactiae  HP  Helicobacter pylori

2.2 C- CMP-
CMP-
CMP-
N- 210
PCR
CMP- 3'-
3'- TAA
2A pET-15b  Neol/
BamHI BI21 DE3 pLysS
2B CS-A23 395
CS-A79 339 CS-A135 283
CS-A172 246 CS-A189
229 CS-A197 221 CS-
A205 213 CS-A208 210
2.3 CMP-
CMP-
BI21 DE3 pLysS
IPTG SDS-PAGE

CMP-

B P-loop Cvlosine MewAe [imeization NeuAe Mg~
s LI l41s
cs-223 [ NN TUTTT 205
cs-a79 [ | BN IE N 219
cs-2135 [ NN TUTTT lygn
cs-a172 [l | I BN lnge
54189 [ | BN [
cs-nler (W W TIINT,,,
0205 [ NN inmr,,
Cs-n20s (M W W THNND,,
2\ A7 C CMP- PCR

B. 8 C CMP-

Fig.2 A. PCR products corresponding to a series of C-terminal
eletion of CMP-NeuAc synthetase B. The eight deletion constructs
of E. coli CMP-NeuAc synthetase
1 10. DNA 100bp ladder 2.CS 3. CS-A23 4. CS-A79 5. CS-

A135 6. CS-A189 7. CS-A197 8. CS-2205 9. CS-A208

M

1
974
662
43.0

31.0

3 SDS-PAGE CMP-

Fig.3 SDS-PAGE analysis of the native and truncated
CMP-NeuAc synthetase from E'. coli
A. M. Molecular weight standards 1. BI21 DE3 /pET-15b 2. CS
3. CS-A23 4. CS-A79 5. CS8-A135 6. CS-A172 7. CS-
A189.
B. 1. CS-A189 2. CS-A197 3. CS-A205 4. CS-A208

DEAE-52
CMP-
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6 CMP- 679
CS-A23 (CS-A79 (CS-A135 CS-A172 65% 38% 31% 15% 43% CS-A197
CS-A189 u/mol CS-A205  CS-A208 1
1 CMP-
Table 1 the specific activity of native and truncated CMP-NeuAc synthetase from E . coli

Number of amino

Theoretical molecular

Enzyme activity / u

Specific activity/

Relative activity

acids mass/kD 1073 w/mol 10 1%
CS full length 418 48.6 2.6230 4.41 100
CS-A23 395 46.0 1.2996 2.86 64.85
CS-A79 339 39.4 1.1833 1.66 37.64
CS-A135 283 32.6 1.2500 1.38 31.29
CS-A172 246 28.5 1.6733 0.64 14.51
CS-A189 229 26.3 1.9750 1.88 42.63
CS-A197 221 25.3 N.D. — —
CS-A205 213 24.4 N.D. — —
CS-A208 210 24.0 N.D. — —
“ One unit is defined as the amount of enzyme which synthesized 1pmol of CMP-NeuAc per min at 37°C .
2.4 CMP- 7.0~8.0 C- 23
CS-A23 pH 7-9 5
CMP- C- 120r
100
CS-A23 (CS-A79 CS-A135 CS-A172 CS-A189 § ok
E
8 60
2.4.1 2
= 40
CMP- &
CMP- or
37%C 4 0 '
N 12
120
100 |
e 5 pH CMP-
)
E
§ w0l Fig.5 Effect of pH Tris-HCl pH 5.0-8.0
% -l and glycine-NaOH
= 0 . . pH 9.0-11.0  on truncated CMP-NeuAc synthetase activities
20 30 90 —O— CS-full length —— (CS-A23 —— (CS-A79 ——CS-
A135 —a—(S-A172 —e—(CS-A189
4 CMP- 2.4.3 CMP-
Fiod Effoct of | CMP-NeuA CS-A23 CS-AT79 CS-A135 CS-A172
1g. ect ol temperature on truncatec -INeuAc
. CS-A189 30°C 37°C 40°C 50C 60°C
synthetase activities ) ) ] ) ) ) )
— CS-full lengh —— CS-A23 CS-AT9 Omin 10min 20min 30min 40min 50min 60min
—8— (SA135 —— (S-A172 —6— (S-A189 70min 6
2.4.2 pH  pH6.0~11.0 CMP- 37
CMP- pH CS- 40°C 70min 20% 50C
189 pH pH9.0 60C 10min 10%
C CMP- pH CMP-
pH pH (S-A23 (S-A79  (S-A135
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CS-A189 20min 60% CS-A172 37C
37C 20min 10% 40°C 40°C 20min 60%
120
[
: £ o
2 g 60
o o
& & 20
. 0 .
80 0 20 40 60 80
A t/min B .
t/min
120
e 1009 S
> S
R :E
g 0 g
2 20 2
= =
Z 2
0 .
0 20 40 60 80 80
C t/min D t/min
z z
Z 2
g g
2 £
k= k=
[ L
4 o
80 80
E t/min F t/min
6 CMP-
Fig.6  Thermostabilities of truncated enzymes
The enzymes were incubated at 37°C —4— 40°C —#— 50°C —— and 60°C —=— for different times.
A. CS-full length B. CS-A23 C. CS-A79 D. CS-A135 E. CS-A172 F. CS-2A189
_F 2.5 CMP-
CMP-
CMP-
3 CMP-
— CMP-NeuAc
CS-A23 (CS-AT79 (CS-Al135 CS-AI172 CS-
189 CMP- 7
) CMP-
CTP
Ls
N- 210
7 TLC CMP-
Fig.7 TLC analysis of the reaction products catalyzed by the Mg2+ N . meningiti-
recombinant enzymes. dis CMP-
1. CS 2. CS-A23 3. CS-A79 4. CS-A135 5. CS-A172 6.
CS-A189 7. CTP standard 8. NeuAc standard 9. CMP-NeuAc stan-
dard CMP-
N . meningitidis 2 C-
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CMP-

C- 23 79 135 172

CS-A189

CS-A189

A189 C-

189
197 205 208

N. meningi-

N. meningitidis

ahelix CS-A197 €S-
QKKNRQKI
CS-A197  C-

a-helix RMDFELI-

TIQ RMDFELITIQQKK C-

C- a-helix  CS-A208

CS-A213

CS-A172

15% C-
LYQNIHNRINEKRNEFD

a-helix a-helix

CS-A189

CS-A189
CS-A189 C-

A172
40°C
6 230-245
a-helix

246-283

CMP-
N . meningitidis CMP-

230-283

idis

N- 229

CS-A189

CS-A172 17

CS-A189 43%

17

30C
pH

CS-A189 CS-
CS-A197
37°C

a-helix

N . meningit-

CMP-

230-283

C-
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Minimal Functional Domain of Cytidine 5’-monophosphate N-acetylneuraminic
Acid CMP-NeuAc Synthetase from Escherichia coli

JIN Chun-Sheng JIN Cheng*
State Key Laboratory of Microbial Resources Institute of Microbiology ~Chinese Academy of Sciences Beijing 100080  China
Abstract In comparison with its counterpart from N . meningitides all conserved motifs were found in the N-termini of E. coli
CMP-NeuAc synthetase. E. coli CMP-NeuAc synthetase seems to have redundant C-termini with a less effect on its activity. To
explain this speculation a series of recombinant DNAs with deletion from 3’ -end of CMP-NeuAc synthetase were produced by
PCR ligated into expression vector pET-15b and expressed in BI21 DE3 pLysS. After induction with IPTG  we found that the
recombinant enzyme with deletion of 189 amino acids from C-termini retained its activity. This result demonstrates that the 229
amino acids of N-termini was the minimal functional domain of E. coli CMP-NeuAc synthetase. The deletions altered the opti-
mum pH and thermostability of active truncated enzymes indicating that the truncated C-terminal amino acids of E. coli CMP-
NeuAc synthetase could affect the conformation of the enzymatic catalytic domain and therefore affect its catalytic activity and

thermostability ~although it is not involved in enzymatic activity directly.

Key words sialic acid CMP-NeuAc synthetase deletion
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