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Production of N—Acetylneuraminic Acid from Fermentation Broth Using
Recombinant Escherichia coli Whole Cells Biotransformation

ZHENG Die'?, YANG Haiquan'?, XIA Yuanyuan'?, SHEN Wei'?, CHEN Xianzhong™*
(1. Key Laboratory of Industrial Biotechnology , Ministry of Education, Jiangnan University , Wuxi 214122, China;
2. School of Biotechnology , Jiangnan University, Wuxi 214122, China)

Abstract: N-acetylneuraminic acid has various biological functions and has important applications
in food additives and pharmaceutical synthesis, etc. In order to reduce its production cost, in this
study, N-acetylneuraminic acid was produced by recombinant Escherichia coli whole cells using the
fermentation broth containing N -acetylglucosamine as the substrate. The catalytic conditions of
N-acetylneuraminic acid production were optimized. The optimum result was achieved at 30 C (the
reaction temperature), initial pH 6.5, 1.38 mol/L pyruvate, 0.4% Triton X-100 added, and ODgy 30,
the highest yield of N-acetylneuraminic acid reached 180 mmol/L, and the molar conversion rate was
65.45% in 5 L fermentor. N-acetylneuraminic acid produced was separated and purified using anion
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resin. It was confirmed by high performance liquid chromatography that the sample was high purity

N-acetylneuraminic acid. Its purity reached 98.3% , and the recovery rate of crystallization was

42.5% . A method about N-acetylneuraminic acid produced from fermentation broth with

N-acetylglucosamine using recombinant E. coli whole cells biotransformation was built and

optimized, which not only saves costs but also has the advantage of sustainable development.

Keywords: N-acetylneuraminic acid, fermentation broth, whole-cell biotransformation
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i G &K (4149 mg/L) :CaCl,»2H,0 60,MnSO,-H,0
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FiHerh 37 °C 200 r/min 3% 10 h, B 1 mL AP ik
BB 50 mL S AT R PLME R B SRS, 7E 37 C
FER 4k S 55 9% & ODgoy N 0.6~0.8 BF, Jl A
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1.3.5 SDS-PAGE Bir £ % & R kL HS4
Fa , B O R in—E &Y H,0 #8735 ODgy M
2.0, JA 5xSDS &It 28 vh i 5 1 21, 100 Cl
# 10 min, 10 000 r/min &.0> 3 min, H 10 pL B
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1.3.8 NeuSAc # % & 44
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Fig. 3 Synthesis of NeuSAc from GlcNAc using recom-—

binant E. coli whole cells
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AT IR LR
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(A A R, A SRR S BT, 3 1l
A B R Mk BE 4 % A 0.83.1.10.1.38 ,1.65 .1.93 .
220 mol/L. (GleNAc IR R ERHE B He 43531k 1:3 (1:4
1:5.1:6 . 1:7  1:8) i 47 4= 4 fa i £k S 0, 25 28 [a] TN
il 22 e 36 45 B NeuSAc BRI, N S AT LA H
YR R 6 M 1.10 mol/L B NeuSAc F5E bR AL
A 17.27%; 5N W B3 M 3] 1.65 mol/L B | 7
i 75.9 mmol/L, H Ak 5 = B 27.6% ; 4k 223 in
A A TR Wk 32 7 i LT R AR 3 mT B S RO R EE UK
WP B TR R R 2 4 N — 2 4 W e —2— 2% ) 7
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A

Fig. 4 Effects of cell concentration on synthesis of NeuSAc

using recombinant E. coli whole cells
ey Tl B4 3% RO, AT S B0 BN PSS AN by T S
N B R AL 2 R A SRRk B S
W B 53 B LA XERE , H L, 6% 1.65 mol/L #Y) DA i 2
PEAT I S5

90 -

80 b ab

774 /(mmol/L)
N
(=)
T

13 1:4 1:5 1:6 1:7 1:8
GleNAc TN BRI B2 LE
BS5 AWBERRENEHLHE coi E@BELER
NeuSAc B 5 i
Fig. 5 Effects of pyruvate concentrations on synthesis of

NeuSAc using E. coli whole cells

243 M ALk AL s pH, A @ &K A K e E AF
NeuSAc #5#% @ pH AJ LLiE 55 52 0 il 19 3% 78 ok 52
] NeuSAc BA R, BRI VE& %58 T AN Rl #4 Ak Wk
i pH X5 B NeuSAc 5200, PR4s AL % F AR AR
TEFGAL W UG pH 43510 6.0.6.5.7.0.7.5.8.0 1) 5%
PN #EAT A A A A S 25 R WK 6(a) , B pH
BTt , NeuSAc 177 5 e 38 5w, 24 pH h 6.5
B, e E, 1A #) 97.16 mmol/L, 51k RN
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35.33%, UtBR IR M (1 45 14 5 A R T NeuSAc 94
A DR T BB AN BT Y pH A R 7R R T A A
T, T4 P Ah pH AR = A i s 22 e ik T
ATP & P ATP SA] DLAE Sy N- 2 T 4 % W i —2—
25 1) S5 4 il 1) % Ak 90 i — 25 42 i NeuSAc 196 L,
R, Ja B2 B AL i pH Oy 6.5 T30, £
T 9 P AR AT L e A 4 RS 1 3 2 1 AT A R T IR
Py 1) 3 AR I DR AR 9 T AN [ 2 T I
FRI) B S o X 4 A B A Ak 5 R NeuSAc (9520, 45
WK 6 (b), 4 Triton X-100 7800k & 250N T
0.4%H} , X Neu5Ac A B R A K 5 24 Triton X -
100 705 & 430 0.4%F, 7= fe i, 5% 102.5
mmol/L, bR K 37.3% ; 4k L2 42 = Triton X-100 %
JniE  NeuSAc B S BETCA T TS, AIRE2M T
Triton X100 Ji & 5345 0 38 0 T 35006 At & P ik
S PG, DT RAAIG 1 B 20 K FF 7 1) 2 T
PRI I, 39 436 4 T 34 1 0 I 6 43 3K 0.4 %338 17 I &
S

120
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S 3 3

T T T

[S]
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(=]
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a
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=
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Fig. 6 Effects of initial pH,concentrations of surfactant

added on synthesis of NeuS5Ac using E. coli

whole cells

2.4.4 BEsTAE P NeuSAc #9 % IR X EEIE
A —E B FZR PR %5 58 1 A (6] I RE XoF 4> 4 i
A NeuSAc BYSEIR , DRFEHAD A 43 5ITE
20.30.37.40.50 CF#EA7 =AM fifb e i . KL 7
A LLAE 7R R AT 30 °CHY, NeuSAc 7= 8 HE IR
JE W T BT, R 30 CCHY R i, N
103.4 mmol/L, ¥ k2K 37.6% ., i E#H T 30 CH,
77 IR RE Y TR R, S SO IR EE Sy 50 CH
i HAA 273 mmol/L, H LT UL, S N7 i B X
NeuSAc A MR, XA Bes2 T iR e,
il 1) 2 [B) 45 48 A el AR SO ) R R, L JE
22k A 30 CitfT a4 fE ik

120r

100+

(2]
(=4
T

774 /(mmol/L)
D
3

d
401
[
20
0
20 30 37 40 50
i EE/°C

E7 BEXEAE. coli =ML S R NeuSAc B
Fig. 7 Effects of temperature on synthesis of NeuSAc
using E. coli whole cells

25 EXTEWMHAHEMAEN LT NeuSAc £

TR AR S B Al [ 255 8 58K Fh I R 0 A=
77 NeuSAc [F52 00, SR TRAAR ODeg P9I R Ve B | 3R
T 375 P 00 S 0 BT g 4 A 3 A PR R HEAT =R R =K
RS A N R LRI 1,

1 HBREUERFERLELTIBREERKE

Table 1 Factor levels of whole cell catalytic conditions

optimized orthogonal test

B NBRABRUEE/ | C FRIENE TR A N

(mol/L) JB R 53 450/ %%
1 20 1.38 0
2 30 1.65 0.2
3 40 1.93 0.4
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XoF 1E A8 2 56 45 AT A 22 3 M, 38 e A A R
/NET DL e 2% DR 2R 6 NeuSAce 77 3t 1Y 52 ) 72 i
Ik 2 AT, AR X NeuSAc 7 i 452 W)
IR, R S 2 T T P 7R B4 A e Y R R ok R X
R RN E 53R 3 T 22 T AR R E A
R WA A ABCy, BN R B 30, 74 R R
eI 1.38 mol/L, 2 Th1 15 P51 % 0 5 k3 4 0.4% .
R S5 EAT A A ML AL S 56, SO 48 h A,
NeuSAc P A (141+3) mmol/L, ¥ L% Jy (51.27+
1.09)%.

*x2 HUSWER
Table 2 Intuitive analysis results

K& NeuSAc y@i/
(mmol/L)
103
97
107
125
135
108
129
110

107

H

O© 00 N O W B W N = ﬁ
W N = W N = W N -
N = W = W N W N =
—_— W NN = W W N =

k 102.33 119 107 115
ks 122.67 114  109.67 111.33
ks 115.33 107.33 123.67 114
R 20.33 11.67 16.67 3.67

RI FENWER

Table 3 Variance analysis results

BT 636222 2 318.111 29.515  *
NI E  205.556 2 102.778  9.536
AT 5

WhnGiE  480.889 2 240444 22309 @ *
L

T2 21556 2 10.778

26 EHREENERERE FHITHK

J R 4 E. colilpET28a—(T7 -shnal ) —
(tac—slr) 2= 40 M AEAL A= 7= NeuSAc, 34 B8 1F 28 SE 56 4
OS5 B 25 A, 78 K TR v 14T 4 240 A A 52 17 1) ik
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