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Effect of overexpression of nicotinic acid phosphoribosyl
transferase on succinic acid production in Escherichia
coli NZN111

Rongming Liu, Jiangfeng Ma, Liya Liang, Bing Xu, Guangming Wang, Min Zhang, and Min Jiang

State Key Laboratory of Materials-Oriented Chemical Engineering, College of Biotechnology and Pharmaceutical Engineering, Nanjing University
of Technology, Nanjing 210009, China

Abstract: Escherichia coli strain NZN111 is a promising candidate for the fermentative production of succinate. However,
because lactate dehydrogenase and pyruvate formate lyase were inactivated in NZN111, this strain had an unbalanced NADH/NAD*
ratio and could not use glucose under anaerobic conditions. In this study, a recombinant strain E. coli NZN111/pTrc99a-pncB was
constructed to overexpress the nicotinic acid phosphoribosy| transferase gene (pncB). Under anaerobic conditions with the addition of
0.5 mmol/L nicotinic acid and 0.3 mmol/L isopropy! beta-D-thiogalactopyranoside (IPTG), the specific nicotinic acid phosphoribosyl
transferase (NAPRTase, EC 2.4.2.11) activity in the recombinant strain was 11-fold higher than that in E. coli NZN111, the
concentration of NAD(H) was increased by 3.85-fold, especially the concentration of NAD* was increased by 5.17-fold and
NADH/NAD" was decreased from 0.640 to 0.125. The recombinant strain regained the capability of growth and glucose utilization
under anaerobic conditions.
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Fig. 1 Pathways of anaerobic mixed acid fermentation for Escherichia colit®.
NaMN
adenylyltransferase NAD Synthetase
> NAD(H)
NaMN — NaAD —

ADP+Pi ATP PPi ATP AMI-’ NADI
PP +NH, +PPi

o yjaD pyrophosphatases

prc Nicotinic acid fE
phosphoribosyl- e AT
ATP+ transferase
PRPP v
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2 KB#E NAD(H) MEME RS 2 Ri&:E

Fig. 2 NAD(H) metabolism in Escherichia coli. NaMN: nicotinic acid mononucleotide; NaAD: nicotinic acid adenine dinucleotide;
NAD: nicotinamide adenine dinucleotide; PRPP: phosphoribosyl pyrophosphate; NMN: nicotinamide mononucleotide.
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Table 1 Primers used in the study

Primer name Primer sequence (5'-3') Size (bp)
Forward CGGGATCCATGACACAATTCGCTTCTCCTG 30
Reverse CCCAAGCTTAATATCCGGCAACCAATTAAGTC 32

PCR ik & : ETFUE514 (50 pmol/uL) 4
1 uL, BA DNA (100 ng/uL) 0.5uL, 10xbuffer 5 pL,
dNTPs (10 mmol/L) 1 uL, DNA & (2.5 U/uL)
1uL, ddH,037.5puL, EAFE 50 uL.

W 4F: 94 °C, 5min; 94 'C 45s, 55 C
45s, 72 'C 72s, 35MEH; 72 °C, 10 min,
1.2.2  FHH AT

Balifb 5 ) pneB FEPR R B DL K SR pTre99a
#EAT Neo T A1 Hind T3 5 1, 0L D) I 745 3
(4 F Bt 7 T4 DNA GESERFRVER T 16 CiEdid i,
My 2 # 4H Jokr pTrc99a-pneB I %4k T K W #F 4
NZN111 &2, IR & AER . MR RIFER A
AN H R R PG PRt SR, SRR S HEAT
Hind T 28] K Nco T /Hind A XA 1) %6 72
1.2.3  FHIIRFE GFIR 12 M1 17 -7 7 A

BRFEAL: CcaCl, M, HHIES: 37 C.
200 r/min 53 HE A ODeoo 2N 0.7 K47, TMA
IPTG ZEAWE N 0.3 mmol/L, MR ELXHKIE N
0.5 mmol/L, 30 ‘C. 170 r/min /55 8 h,

1.2.4  JEE 2

FEMALEE . SRIBGER 3 s 155 5 s Y SR M Ll 7 e
3 min, T4 °C. 12 000 r/min &> 15 min, W E¥&
RIVKHL G, U 7 T

SR Uk BRI E 2 IR Bradford 7211, L) BSA
(A ITE HEEE) bR,

b S B4R 2 4R 4. 45 mmol/L Tris-HCI
(pH 7.5), 15 mmol/L MgCl, (pH 7.5), 4.5 mmol/L
ATP, 1.5 mmol/L PRPP,0.15 mmol/L %H## ,4 mmol/L
R BN AR , 0.2 mmol/L NADH, 13 U #L2
J UG, 13 U R BR ¥ . 30 "C i 2k il 340 nm

Ab W YA P R Ak, AR AR U 1 A v T 0 SR IS
W,

fitf 1% 5 XA . 30 °C . 1 min P4EAL 1 mmol (4
Tt Ak A MR BRLAZ Y TR BT T L Y Bl o, B 1 U LUl
T8 SCN B2 08 1 & A S (U/mg).
1.2.5  #/ENADH % NAD* j /2 19 i)

2 U N 150 pl - 34 B 40 i 42 BUHK
0.9 mL A4k, 1.8 mL HIRA MK (R
1.0 mol/L H & MR — AR /MR R 2% vh i . 2l 2 1
40 mmol/L EDTA. 4.2 mmol/L BEW} >~ FIBUH AR TR 1)
16.6 mmol/L PES Ji4,30 ‘C/K# 10 min) 1 150 pL
() B U (500 U/mL), iR AR, @ Pk
570 nm AL SEREMH Asro, A HIIINE 1S 2 A ML BE
1B Aszo BRI [R]ZSfR 2, IR i A5 3] il 28 i ks
FbpuEM L 2, MBI IFE & H NADH 5 NAD*
AR
1.2.6  BFFRBRIFFRFF

KGR LB B AL: BERERY 5 o/L, A
10 g/L, S4k#5 g/L, pH 7.0, EEE. MR FIE
RME RN ERHEZNZIRIESH 25 pg/mL, 30 pg/mL
1100 pg/mL,

DA T A B ARG 3E: 30 mL LB &K=
B, WSIN 0.48 g ERIREE, 20 /L #i%HE, 2K
7 0.5 mmol/L (KRR, PiA: ZiRhnmlA EIERE, i
INZk A 0.3 mmol/L i9i5 T IPTG (RN 34-B-D-
AR FLBEY) DL 5455 NAPRTase,
1.2.7 L7k

A ARG SR . FAAF T80 CRYBERNTEIAT
FHRNEBLAE TR s Ak, BRERTAVE 3] 5 mL LB il
%, 37 °C. 200 r/min }53% 10 h, 1%3Fh R3]
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USRS, 37 °C . 200 r/min 535 5 h,

PRGN T & e - L B2 109 1Y) B A 30 ol v O
Hr, ol AT B R S 9 CO, MK 2 min, ARIE I v
b Ry DR AR B, I AR B 0.3 mmol/L 1 IPTG
0.5 mmol/L FI4EER, 30 “C. 170 r/min & [ 48 h,
1.2.8  RIFERFFHIGIE

1) BRI SR R A KR 1

PR AL TE IR A PR, 43 S AE R ft ODgoo 1A 0.5
0.7.0.9 My EEFR M I A LMK EE 0.3 mmol/L Y IPTG
0.5 mmol/L [J4HEZ, 30 CRELEE, 170 rimin, %
T2 5 301 48 h, BAARENINE ODeoo, VA K 5 3800 M (0 1 1
(HPLC) il T PR & &t

2) IPTG 5 Uk B i B o

PR AT i & S, FE T B ODeoo fH M 0.7 1Y
BRI A IPTG &k 4351 0.1, 0.3, 05
DL e 24 ¥ 4 0.5 mmol/L HYJHAR , 30 ‘CIRA LB,
170 r/min, K EZE 48 h, BEEENIE ODggo, VAR S
MO (5 (HPLC) Al T M & .

3) MR i VR E O 1

PR 4RI 35 R B, FEWI IR ODgoo fH N 0.7
F18) % % VA TR 4 vk B2 43531 24 0.1,0.3, 0.5,
1 mmol/L i) IPTG, R AKEE 30 'C, 170 r/min, %
T2 51 0] 48 h, BRI AE ODeoo, WA iRl 85 AH (i35
(HPLC) il T — W& &t
1.2.9 XLHERICHY 407

A0 A A K S F R AN TT UL Ay ok ok B T kK
600 nm Ab I E KOG EEME , 40 M T (Dry cell
weight, DCW) & DCW 5 ODgqo il 5 A i 1 2%
TR, HIEA N DCW (g/L)=0.4x0Dego, 1
5 B v 1) A A0 A A A (SBAMOC, B K
SR BRE G A DR T) R, A LR R Ak
WA g (HPLC) A, (4 35% 4 4 Prevail Organic
Acid, #izh#HM 25 mmol/L KH,PO,, pH 2.5, Jii
1.0 mL/min, AN 215 nm,
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2 BEREH

2.1 JEBRERRARRAXIE B Ry SebE 5 Rk
FHBR 1448 P9 Y1 Neo T A1 Hind T XU Y] PCR
115 B AR BE pneB F#k & pTre99a (& 3),
B P28 a4k S5 ] T4 DNA ZESERREAT 43, Wk
FIR AR pTre99a-pneB, R WIA 4 FFR .
o2 R 28 B U)K 1 AR RN TR Dy
5474 bp, 2 WUHFYIYEE A R/INBUS SR 4 120 bp
f11 354 bp, 5458 BRSHY 5, FHLMF
J& H LR 750 5 A 4 89751 1009 VL L,
2.2 EFWBRIEMEIXIEHENIESRIE
37 °C.200 r/min K5 FF # A F] ODegoo 4 0.7 2247,
A IPTG ZELHE A 0.3 mmol/L, JHER EL MR E N
0.5mmol/L, 30 ‘C. 170 r/miniESF 8h )5, XKW

3 JRHI pTrc99a 1 pncB B MEGI L E

Fig. 3 Identification of pTrc99a and pncB by enzyme digestion.
M: DNA marker; 1: pTrc99a digested with Nco 1 and Hind III
(4 120 bp); 2: pncB digested with Nco [ and Hind III (1 354 bp).
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lacl

pTrc99a
4176bp AMP

pBR322 ori
PHIS 1

Hind 111

Digested by Nco I and Hind 111

L Ligation

4 pTrc99a-pncB FTik & K By # 2 & itk
Fig. 4 Construction of pTrc99a-pncB expression vector.

5 ELHEHK pTrc99a-pncB B, WEGHIEE

Fig. 5 pTrc99a-pncB identified by single endonuclease
digestion and double endonuclease digestion. M: DNA marker; 1:
pTrc99a-pncB digested with Hind III (5 474 bp); 2: pTrc99a-
pncB digested with Nco 1 and Hind III (4 120 bp, 1 354 bp).

FFEE NZN111/pTrc99a HIta e i) 5 4 P ik it 4 7 KL It
TR M G I R, A NADH Fil NAD &, &%
BN 2 FR .,

HI % 2 ) T 4 AR R T W R A LU
h 12.854 Ulmg, i %f i 32 AR AN R 0.972 Ulmg,
FAH A B T 12.23 15, AT WLEA R
R TR 7 Tl T A WU Tt R PR A5 81 T 3 i 835, NADH
M BE 4R 0 T 7.08 %, NAD B BEE 1 T 1.86 1%,
NAD(H) HysHm T 2.30 1%, Al WA i %
I T PR 1 2ok B Ak T LA NAD(H) 2 B

H B

‘j:ﬂflﬁlo
23 REEKEHHNHE
231  HHEREFFELE L K EHI0E

Kl 6 &W], LA R KBTI NZN111 Rk
WA FFE NZN111/pTrc99a F %t B #%, A IPTG
%5 pneB ik, YRR T RS H IR B AR AR
HIRKSE S o AT 45 ODeoo fEINA IPTG 55
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®2 WRESEHAFALLEEE. NADH. NAD LUK NAD(H) #IiRE
Table 2 Specific enzyme activity of NAPRTase, the concentration of NADH, NAD" and NAD(H) in the control strain

and in the recombinant strain

NADH (umol/g) NAD* (umol/g) NAD(H) (umol/g)

Strains Specific enzyme activity (U/mg)
E. coli NZN111/pTrc99a 0.972
E. coli NZN111/pTrc99a-pncB 12.854

0.264 2.912 3.176

2.133 8.342 10.475

6 EIARANR#LIE ODgy BN IPTG #HITIFS R HE
KEYMERT _BE-20%

Fig. 6 Effect of different ODggo With IPTG on the cell mass and
succinate concentration at the end of the fermentation of
NZN111/pTrc99a-pncB. A: NZN111; B: NZN111/pTrc99a with
0.5 mmol/L nicotinic acid but without IPTG; C—E: NZN111/
pTrc99a-pncB with 0.5 mmol/L nicotinic acid and 0.3 mmol/L
IPTG added at ODgg reached 0.5 (C), 0.7 (D) and 0.9 (E).

7 AEREMIPTCIESHEFREYERT KT8
B 52 M

Fig. 7 Effect of different concentration of IPTG on the cell
mass and succinate concentration. A: NZN111 with 0.5 mmol/L
nicotinic acid and 0.3 mmol/L IPTG; B: NZN111/pTrc99a with
0.5 mmol/L nicotinic acid and 0.3 mmol/L IPTG; C-E:
NZN111/pTrc99a-pncB with 0.5 mmol/L nicotinic acid
induced with different concentration of IPTG (C: 0.1 mmol/L;
D: 0.3 mmol/L; E: 0.5 mmol/L).
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Fik, WReE B RE LIRS RN AR T
Wy~ i, B ¥4 ODeoo [ELAYI M, EWRAT —
i ) 7= i B 22 42 55, 7ERT 4R ODgoo B R 0.7 B ZE 4 i
T R B fewm , ARSLIG WL ODgoo fH, A=
P AT R A7 g SO RRAIS , 33X T BE 2 T iR ODgoo
Hidwm, FEOPTGIFEFHCR TR, fif pneB Rik%L
R,
2.3.2 PTG B Z@ WL HIIE

K7 B IPTG WMLk 4 0.3 mmol/L i,
AT R R . LR R BN, fE
—EJEEN, IPTG WM, AWM T R
FEEM R, M 03 LIS, AWEMT R
AR S, R, —Jrim, XA REE
T IPTG 4 5 H A MMk, W m, Xk
AR AR S K Sy — T, AT RE R
JEM IPTG &5 AR 3L I 1) i 2235, 2 /& 1 i 7
23 Jin i TR AR A RN ERRRAQ I A, iR AT H
PR AR 0 A 7
2.3.3  MIBR EHSEHIIE

Kl 8 KB, MHERAS MZH B )y 0.5 mmol/L i},
AYRAT IR R . R R, B
EAT RIS, S 0.5 mmol/lL, £
AT R R TR, ATREREER T B, T
[ELNAN L
24 REEMABR

AR FREM 10% 56 3 R A MR, (4] 1R
ODeoo {1 0.7, TR 24 2 4y 0.3 mmol/L () IPTG L)
K 0.5 mmol/L MHAR, 48 h J& il 40+ & |
NAPRTase [ % Xt NAD*, NADH f i, 1
SERRME T RIS, ARINER 3 R,
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Table 3 Results of these parameters on anaerobic fermentation in sealed bottles

Strains
E. coli NZN111 E. coli NZN111/pTrc99a-pncB

Time (h) 48 48

DCW (g/L) 0.444+0.002 2.812+0.011
NAPRTase (U/mg) 0.812+0.021 9.740+0.031
NAD® (umol/g) 3.004+0.016 18.548+0.031
NADH (umol/g) 1.924+0.043 2.312+0.052
NAD(H) (umol/g) 4.928+0.031 23.880+0.043
NADH/NAD* 0.640+0.013 0.125+0.032
Glucose consumed (g/L) 0 14+0.500
Succinic acid (g/L) 0.312+0.012 7.056+0.132
Pyruvic acid (g/L) 0.412+0.022 7.243+0.112

B 8 ARERENEEBRHAITESEMNARENERT Z
B85

Fig. 8 Effect of different concentration of nicotinic acid on
the cell mass and succinate concentration. A: NZN111 with
0.5 mmol/L nicotinic acid and 0.3 mmol/L IPTG; B: NZN111/
pTrc99a with 0.5 mmol/L nicotinic acid and 0.3 mmol/L IPTG;
C-E: NZN111/pTrc99a-pncB with 0.3 mmol/L IPTG with
different concentration of nicotinic acid (C: 0.1 mmol/L; D:
0.3 mmol/L; E: 0.5 mmol/L; F: Immol/L).

YA A K T T R Y NAD I HE AT 4 45 15 1
Ak, KIBFFE NZN111 TR 3s 1 PR e
i 24 i g 5 LR I S8, NADH R BE KB A=
NAD®, SLEMANHE NADH) AT, R4R
FURE SN T BHA SR AR A K,
3 A, EANAMRE T EEXBEN 65 £,

NAPRTase HEEE 47 1 11 15, NAD IR T
5.17 A5, 2 W]k ek 3 38 A0 R e Wl R A W R4 20
NAD W & i, 76— E I FIKE T & ARG
EMERE ST, IRE T RS T KIBFFE NZN111
AR

FHH SRR ML, 48 h AT LATEAE 14 g/L
F A= 7.05 g/L 09T @, 1A RRE LA
T WA HiEE NAD(H) YA R R T 3.85 1,
Felie NAD'MREESE = T 5.17 %, NADH/NAD®
() LB 0.640 AR 0.125, Mtk ml WL, #2&
NAD(H) B 5454 1E NADH/NAD'H %} T 42
PR MR S ) T R B A PR RICR I YR AR R
HENY, ARER A I, N T R B e

3 £#

AW T HA KR NZN111/pTrc99a-
pNCB, 7 U755 o A TR 0 T A VR i L Rl T Bk
W T 12.23 /% ,NADH MR E 47 T 7.08 1%,
NAD e 4 5 1 1.86 1%, NAD(H) Y B 41
T 2.30 i o %At 3 T 0N IR B Wl R A M A L i
B HE R AR N NAD(H) 980, 6 fF— 25 8 s 41 it

Journals.im.ac.cn



1446 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

October 25, 2011 Vol.27 No.10

AL A AR T R, DRI B R
WAE o MiFE R AR R B B, BE iR 5%
1 BE 0% 32 A0 TR A28 A AR R G 25 1 R 3 1 5
FIRFEH BB, AR T AR A B .
AR I EE 9 0.3 mmol/L 9 IPTG F1 0.5 mmol/L
V1A R TR 408 2 5 98 T A U Tt/ K T NZNL1L
L PR A5 1) g e R, R O TR A M YA it 1 2 %
MR T 114% , HiEE NAD(H) 19845 T 3.85
£, FEAIJE NAD RO EESR % T 5.17 fif, #hA T 5
FEIY NAD KT 45 0 Ak, EIRERE T,
MR RERS A A A A K, B AT &
SN MR 6.5 7%, NADH/NAD'AY L il i 0.640 [
Kk 0.125, ffi T ZFRI ™ R KEE & . e RN =
BRIRTEER T, & R SR LA S 3 I 1 e Al 2
AEML T #E NADH, ‘E i NAD*'8%%1 - Goldberg %:[2%
il Wang %5 P B 53 5 7 K B A g iRk 8 T
BRI RO 7 NAD'AYF2E, Wang 2512205 i
TR R A WL = NAD AL, FRAE S
TR, AN E R L,
IRHETE NAD(H) #hRCA s A2 rh OGS 19 0 3,
PE A NAD(H) MZERL, $2m T R,
B e 3T NAD(H) 8% T e m oR i A 7= i
(AR 5 IR W, Dy 3 T IR SRR I 8 3 D 7 )
MR B HEARIT T RAT A 5Ll

GL H

i
-
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