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Figure 1.

De novo and Salvage pathways of NAD" synthesis route. L-Trp: L-tryptophane; Asp: aspartic acid;

QA: quinolinic acid; NA: nicotinic acid; NaMN: nicotinic acid mononucleotide; NaAD: nicotinic acid adenine
dinucleotide (Deamino-NAD); NAD®: nicotinamide adenine dinucleotide; NAM: nicotinamide; NR:
nicotinamide riboside; NMN: nicotinamide mononucleotide.
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A5 B AR 0 4 . % T H T
A RIER MR IR AT, A IR BT 5 5K
G A AT DL FR G AR W 2 1 A R AR P R 5 A
PR S REERBEZ MR A FFERE
A7 S0 5 PR B SR P B AUE 5 AT 4 s AN [ i
D6 H B & otk g 2E 5, A SE e H
b= R B E R T,

PLIE A 9% 5 X5 155 = 45 10 D0 1k X T ik
NAO016 H (1 il N NAD™ & & 152 AL 21 7 18]
HIRER . TEARBPASRAET, FRATRBERA T
7t % & PCR (real-time quantitative PCR,
RT-qPCR) 4 AR 7E % s /K V- 48 5% 8 24 Td Pk ok R 3k
nadE. pncB. zwf, gnd. prs Fl adol iX 6 /~JE K
XF NAD™ & f B2, il b RS Rk 5
NAD" & A8 fb B AH DG, IRAS X Sl 5 e LA
TE AR AR LR, A e 3 2 g A A A

%= 1
Table 1.

2 P8 N R HIRerE, #t—4e s NAD
A5 K o 33 DA ) I 1 B Al 7 0 R R TR 3 ik
ZIRIAHR AR | 4R I A R AR A TR A

1 BB

1.1 8

111 BERR. BB ST AU A DG
B BORLE L 1o

112 FEEF A AVEER . FIFER.
AW R A AR EE 43728 100, 50, 50 mglL,
IPTG BG4 0.1 mmol/L, 0 [ A= T AEH) T
PRI ) A BR A W 5 Bk Nl 4 0 &
PCR - #alifbisn & . I & . RT-gPCR 5
il &, 18 B aER R R TR A
PR E AT Primer STAR MAX DNA polymerase

KIFRETABER. FRH
Strains and plasmids in this study

Strains and plasmids Characteristics Resource
Strains
E. coli DH5a The cloning host Lab stock
NAO016 E. coli BL21(DE3) AushA::nadE-SD-AS-pncB, gene Lab stock
nadE-SD-AS-pncB  with P17, AnudE::prs,gene prs with
P17,/AmazG::gnd-SD-AS-zwf, gene gnd-SD-AS-zwf with Py,
Aamn, Aadd::adol, gene adol with P,
NAQ006 E. coli BL21(DE3)AushA::nadE-SD-AS-pncB, gene
. Lab stock
nadE-SD-AS-pncB with Pt
E. coli BL-1 E. coli BL21(DE3) with pET-21a-nadE-SD-AS-pncB, Amp® Lab stock
NA006, AnudC NAOQ006 with nudC deleted This study
NAO006, AnudC::nadE-SD-AS-pncB NA006 with nadE-SD-AS-pncB integrated into the nudC This study
locus, gene nadE-SD-AS-pncB with Py,
NA016, AnudC::nadE-SD-AS-pncB NA016 with nadE-SD-AS-pncB integrated into the nudC This study
locus, gene nadE-SD-AS-pncB with Py,
Plasmids
pET21a-nadE-SD-AS-pncB T, promoter, Amp® Lab stock
pCas repA101(Ts)kan Pcas-cas9 ParaB -Red laclqg Lab stock
Ptrc-sgRNA-pMB1, Kan®
pTargetF pMB1 aadA sgRNA, Spe® Lab stock
pTargetF-nudC pMB1 aadA sgRNA-nudC, SpeR Lab stock

http://journals.im.ac.cn/actamicrocn
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RNA $2BUL5], WA EAY TRORE)A RA
Wl HIERE . REERERIRY) . BREOR, WA
ER AR AR AR ; NAD™, AR . AR
TF L L-BaT R AFTR S5 o b AR AR 2 B B T 3
() RA A

VR A . OO B A, R
Waters A7) ; HLEZAYL, 3E[E Bio-Rad A w]; S
2 E = PCR Y, 3 [E Applied Biosystems 23 ) ;
SRR, RIESEE R ER A FRA A .
1.1.3 FFRERIEFFM: FIAFE IR AR
B R SR F LB B R L (SUfka 10 g/L . JEER
P4 10 g/L ., BERERHEEU) 5 /L, pH 7.2); B
%41 37 °C. 200 r/min, ¥F0FAEIY 18 h, %)

UG 254175 IR EE 25 °C, 7E ODegoo 4 0.6 2247 fil
A 0.1 mmol/L () IPTG. R4k 4 B bk A i g
WS HT, 5 B R M 7 28 1 IO T AR ST
4wk BE R 25 mmol/L 1Y % A B, W K&
Preiss-Handler 3% 1% Fl i 204 4 KGR A2 75 WS in &
B AR TP R RTR Y, BIEER  RRTT . MEPRZLHK
Bk 0.1 mmol/L, BRTFZkE R 2 mmol/L.

114 5|¥&it 568 M4 NCBI 1 E. coli
BL21(DE3) nudC 3K (1D:948498) () E R it ¥ 4
Wit 2); HF RT-gPCR W51¥085] T3
2 1, R AT RT-gPCR 51 ¥4 S 4 H PCR
B TCH 1) R A= 5190 B KRR A DR (1)
A B R A

®2. AMREASIDFT
Table 2.  Primers used in this study

Primer

Sequence (5'—3')

nudC-u-F (pl)
nudC-u-R (p2)
nudC-D-F (p3)
nudC-D-R (p4)
nudC-u-R/EB (p5)
nudC-D-F/EB (p6)
nadE-u (p7)
pncB-R (p8)
RT-16sRNA-F
RT-16sRNA-R
RT-pncB-F
RT-pncB-R
RT-nadE-F
RT-nadE-R
RT-prs-F
RT-prs-R
RT-zwf-F
RT-zwf-R
RT-gnd-F
RT-gnd-R
RT-adol-F
RT-adol-R

GGCGGCGTCAAGCACCAGCAGAATCAGCT
GTCAGGCGGTCAGTGTATCAAGCTCTTGCACTACCTTTGC
GCAAAGGTAGTGCAAGAGCTTGATACACTGACCGCCTGAC
GCCGCCTTCCACCATGTAGGTCGCCAGC
TATAGTGAGTCGTATTAATTTCGCAGCTCTTGCACTACCTTTGC
CCGCATATTAAAAAAGCCAGTTAATGATACACTGACCGCCTGAC
GCGAAATTAATACGACTCACTATAGGGGAATTGTGAGCGG
TTAACTGGCTTTTTTAATATGCGGAAGGTCGAACGCTTTGCG
TCGGGAACCGTGAGACAGG

CCGCTGGCAACAAAGGATAAG
TGGTTCCAGGCACATCAGCA

TGCAATGCCAAGTTGGTCGG

ATTGCGGGAAGCAGGCATTG

GGCTTCTGCTGCATGATCGG

GCGCTATCGCTAAGCTGCTG

AGTCACGACCTGCAACGTCA

GGTAACGCAAACAGCCCAGG

ACGCCCTACGCCGATAATCC

AAAGATCAGCGTGTTGCCGC

CGCACGCAGTTGAGAGAAGC

GACGTCACGGCTGAATACCT

AGCTCGTCAAAAATAGCCAT

actamicro@im.ac.cn
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1.2 nudC Z R R Bk A

HLHL E. coli BL21(DE3)HJ 3K 4] DNA, $#£HL
T2 BSCHR[15] 0 1 AR B K nudC 1Y [F]
JEREE, Ay ALY plip2 F1 p3/pd, 4744 nudC kit
R bR B, SR 3 i B & SE i PCRYK nudC
R B R . TR FE R nudC
[] B} #ik AL Rl nadE 1 pneB By [R5, 439 L5
Y1 pl/p5 F1 p6/pd. p7/p8 ¥ 14 nudC FEF K FF
e A B F1 L nadE-SD-AS-pncB, 4R J5 4k 2 im 1+
&S M PCR ¥ nudC f9 b T %% 3t A
nadE-SD-AS-pncB 43 il % £ i Sk JB i [ V5
DNA.

1.3 CRISPR/Cas £~ FHIZE R w5l

FH F ) 38 2 08 1A TR AR 114 JER 2 28 A4 ik o 4% T
1:2 WL SCHR[16] . 1 SeH4 pCas e 16 31 oo i TR bk v
SRIGPRELE A pCas Joihr it B 7 i A #1] 50 mg/L
FHREZE M LB K383k p, 30 °C. 200 r/min 1557
%2 ODeoo A 0.2 I, IR H I AL B2 30 mmol/L
Y BT R A b5 175 5 pCas Ak I A-Red H MY FRIE,
IR I $5 25 ODigo0 2 g 0.5-0.6 I [ ig 1 1A 1) 45 v 5
A HLEEABIE, 18] 100 pb Al RS2 AS AR i A
500 ng Y pTargetF-nudC FkiFl 1 pg Ay [E J5
DNA FE, BEIREE, MARHAE 0.1 cm
AR, 76 2.5 KV 19 5518 F it A H 5 4Y
(Bio-Rad) 1 Hi%% , HI%E 58 J5 i a#fin A 1 mL (¥ LB
B33, 30 °C. 200 r/min 535 2 h #4756 75, 2R
JE R AT 50 mg/L RAREE R A1 50 mg/L UL
RN LB XL AR IR 5L |, 30 °C Kifrid 7k,
Ak )5 R R L A V5 PCR EATASIN
1.4 EHPEPRKBORLIFER

T W4 pTargetF-nudC Fl pCas Jfikr, K
ZH i (7 A pTargetF-nudC Fl pCas)fE LB &5 57 3k

(A 50 mo/L B RARE R, FHAMIZUKIER 0.5
mmol/L ) IPTG -S54 pTargetF-nudC F#Y
PMBL 1) sgRNA-pMBL £ k)i st e, it
AT T 5 50 mo/L RAREE R M- b T IHER
pTargetF-nudC, P b4 s rokE, PR b
BETE 5 50 mo/L AW = 1Y LB i/ rh 5 3R 1
KN pTargetF-nudC JHBRIE A, KAk
BUZEAWEAE 42 °C MR IEFE, HELHBR
pCas Jii ki .

15 RNA F#ZEUF cDNA S—5& 5

%% TakaRa RNAiso Plus Total RNA $Hi
N S U B IR BRI B RNA, XFE RNA
HEATUREE | SE RS TR I 5 T -80 °C [RAF 4%
FH. R HiScript® III RT SuperMix for gPCR
(+9DNA wiper) & 8 cDNA 55—k .
1.6 RT-gPCR

PIKHFE 16S rRNA i NFx , #% ChamQTM
Universal SYBR® qPCR Master Mix izl &1 B -
4T RT-gPCR 5555 . W FRJF AT : 95 °C 30 's;
95°C10s, 60°C20s, fEH 40 K. FAFEaLE
42 3 K. RT-QPCR £ R A 2722 S i b LN 4%
Ct i f 15 A,
1.7 EHWEKRBELAE RS NADE &2 HlE

MM R FREE S, A 4006 I E 7
600 nm P K T AU YGIE ODegoo i NAD Y2
IR FH P i e, B B2 RSk [18-19] JNAD”
R R VRORH A I A 25 1. Wi sAR S 10 mmol/L
CPREEM CIERREVENL; Wiid Sy 0.3 mL/min, ¥
] 12 min, 7E 0-5 min, WaNAH R 2 BBk E
W ZNER L HI 99.5 0 0.5 FKF] 95 : 5, T
ok 1.4 min P, i shAH By 95 ¢ 5 224k R 30 © 70,
FEER 9 A4t AR EE BT [l ER) R A IR

http://journals.im.ac.cn/actamicrocn
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3 min, Z4MaIE K 254 nm, H:iE 30 °C, #F
FEE 2 b, NAD B AR PE N g an 1El 1-D Fiios .

2 HERMQM

21 FEREMIXTEHFER NAD & BLHIRZ M
RN, GiEASERE . B RIWE K
75 I HLLE N 935 S 45 P H B R A
AW . T IRGEA RIS T 2 0] B4 bk
JEN NAD & RS, 16 5B 4 T Rtk NA0L6

(A)
28 | " {16
S 41.4
(é) 26+ —a— Final OD,,4 1.2
o —— N
EM NAD 110 .
g 108 Q
g .
:;: 1| 4 0.6 ©
3 104
Z 20 ¢
Z 40.2
12 ‘ . ‘ : 0.0
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Induction temperture/°C

©
351 !/A—H’d 114
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a ]
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FEARTRIE SR T NAD & R Ak A K &
PR IR 4 R I B AR RORES . th B 2-A AT LR
H, B ODeoo W& 175 S I EE TR i, &
W75 S IR A AR AL ) 1 TR AR S AR . SR
TR IR T, BRI AE K
g BREA R T Rk NA0L6 245 i 11
(M FRIBFIERR TS, DT 2 JE P Rl A R
ME IR 17 °C I, L NAD R EE fie ik
27.33 umol/g DCW, H.#IH 5514 25 °C if5 42 &
8.75%.

34| 114
g 33 | —— Final OD, 12
O —=— NAD"
2 327 {1.0
3 Jos &
£ 30+t Q
= 29} 106°
Z 2l 104
< 27 102
26 L L L L (.0
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0.14
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Figure 2.

Effect of inducing conditions optimization on the content of NAD" and UPLC map of intracellular

NAD" detection. A: Effect of inducing temperature optimization on the content of NAD"; B: Effect of IPTG
concentration optimization on the content of NAD™; C: Effect of inducing time optimization on the content of
NAD"; D: UPLC map of intracellular NAD" detection. Standard deviation is the dispersion degree of 3 parallel
experimental data relative to mean value. Data in A, B and C are the mean£S.D. of triplicate samples.
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HWR 275 3R B AL AT IEN. NAD™ 5 %
FRISER o AN [)IF5 S 300 Wl o 0l S5 IR 1 238 2 7 A 3
M), AR 75 Tk AN R T MR 1 Y R AR S
T 1R AR5 S AR e DU R U E R AR, AT
[ 425 NAD G . B 2-B SLiE LW, piE
IPTG #AnEHaAn, NAD & A8k i it i St
F%, 24 IPTG #E ik 0.8 mmol/L B, NAD™ & &k
FI| Rl 33.95 pmol/g DCW, LT 54 17 °C.
0.1 mmol/L IS HES:, NAD & HHEm 24.22%,

AR LA 2B Ly NAD™ it DL &
AR RO . B 2-C 5 T 78 KT i st gk
KHI AR5 S BT XTI NAD™ & 52 0
4E R LWTE ODggo 35 0.6 BHRIME S5, KN
NAD R RAEiA i K. 14 ODgoo # 1 0.6 B,
NAD )k i 2Bl 5 TP HLEO RS T R e o AR I
AR AR, I HLIT T ET T RS RN B
PRI R T el AR 2 B2, 175 AL R e )
ANFI T P R8T 30 NAD 5 2 T R

B PRI AT, AFEIF AT
H@V\] NAD* & EAFE B B 22 5 . RIEIFIE 43T,

V55 25 1 1 o 72 2 3 Ao 2 )k PR 1 2R kK
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22 FREAMAEBEHERABRECEE
5[ P S da gt

AR GEA TR T 25 AT Ak IR 3 3K 0 48 1) 52
i, %of B Ak NAOLE H 6 ik e ik i [N EA 7 AH X &%

I . IR EOLAET, DURIE 15 SR
JiE 17 °C By5% AR XTBE, 20T &l 3-A AT A
WG Preiss-Handler & & 4a Hh 0 DG B T ik
nadE 1 pncB (AR 54 55 K - i bt 5 Ui 22 1Y
T M FAR X 5 ] 2-A H NAD™ & bl i A8 1k
FUA AR, KL prs. zwf, gnd 2k S T
Xt BRAL A 5 SKF DN SR 35 0 B T
AR T AR 19 A K DA R 20 M) i 2 B 0 R, A
{75 WA IO 4 42 v 1A DG TR AR 15 B it
R IEERS ARG LA A HH Y ] adol L R BUR BI2E
A, BEEHSERENTE, ko B,
BRIB IR Z AN, 175 3 B RIS AL A2
e S LR FA 2 5. (AHEl 3-B #13-C 1Y
SEIREESRATE, TGS LAl 5 S B A S e
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Figure 3. The effect of induction conditions on the transcription level of key genes involved NAD" synthesis. A:
Effect of inducing temperature optimization on the transcriptional level of key genes involved NAD" synthesis; B:
Effect of IPTG concentration on the transcriptional level of key genes involved NAD" synthesis; C: Effect of inducing
time on the transcriptional level of key genes involved NAD" synthesis. Standard deviation is the dispersion degree of
3 parallel experimental data relative to mean value. Data in A, B and C are the mean+S.D. of triplicate samples.
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PRI ML T BEE SRR R B, JE nadE
1 pneB TEfIE 451 T B A S R A FE K-

h TGRSR FRE S B Y6 B ]
FIBE R, FIFH SPASS 24.0 # {45t 6 4~ Rk LA
(e SRR NAD B s R4 T T A OGHE 40 #T , 4521
N 3 . W58 EBL, K A Preiss-Handler & i
WA R nadE 1 pneB k5 NAD S
FEAEIEARDG, TR B SRR SRR AR T A 5L zwi
gnd. prs, HA prs 5 NAD" & EI AL, *t
F RIS R A LA adol HIFRIBIKFE, BT
H 5 NAD™ & A R BOFA BA B &1, s
SIS TN REFI T X NAD S A 52 L 25D 45
RAAEAET R 2wk, gnd JE R 23k B A SE R 207
2.3 HEhNeHES RESEN nadE A1 pncB A DT &L
X NAD*& B

& nudC A & FRRk 51 AZE [ nadE-SD-AS-
pncB LA 53 38 i G B A ok e i I 1) 5 DL BS0O0)
NAD™ & U 520 , iy 44 8 09 5 20 A% NAQO6,
AnudC::nadE-SD-AS-pncB . F| F I 3% [R5 4 I
WEn 1 pL AT e RIS 0 R RS 19 pd EA T TR
PCR Bk MR45F 50 0 Al F1, A nudC kR
[ B 5L nadE-SD-AS-pncB  7E 1% 57 & B A 4 FH
PE 5 b TR Ak 28 PCR A3 Ji5 7] 4815 3263 bp 1) DNA
FB. SHHFEE, AT HEBR BRI nudC Xf
NAD* G520, FoATWAE T HPbk NA0OG,
AnudC,

Kl 4-B 15250 45 5 g T B4 TR Ak S 0] IR
Pk NAO06 AH I B IR 5% 53 7K~ 22 57 (B %o TR

Pk NA006 & [A 4% 5K Py 1) AT LIE
H 2 # Pk NA006 AsnudC i1 T H 2 kR nudC,
JiT LA B A nadE Fi1 pneB YA X6 5 57 7K - 5 %) BR
MHEAHEZS, E 4-A P NAD & &AL
W2EFAK M, EHE K NA0C0S, AnudC::nadE-
SD-AS-pncB H FHRIG fin %L A nadE 1 pneB Y
F& U1 E, H: nadE F1 pneB AYAH X% st K431 1
1.89 f%#1 1.43 1%, H NAD"& 1A% 15.90 umol/g
DCW, AT X B R = 16.06%.

2.4 BEHNIE AAEZE K nadE 1 pneB ¥ BT
Bk NA016 H NAD & BRI

HI FT IR SC 0 45 3 nl %01, TR Ak NA0L6 22155 5 4%
LA My NAD™ ¥ B 3% /& Al 35 34.02 pmol/g
DCW. Nt —E N NAD & %, A
Pk NAO016 75 nudC {37 & SEI T 1 i) 3 478 B R
nadE F1 pncB #5 DLECHYSE I, i 4% 5 (4 B 2H 7
¥k NA016, AnudC::nadE-SD-AS-pncB. AR 1 &l
5-A Ff/n, HWHFE NA016, AnudC::nadE-SD-AS-
pncB ) NAD™ & fAHXT T E & NA016, NAD™
FE PRI 22.46%, H 5 Al iA 41.66 pmol/g
DCW, [H]f}, NADH ¥ 5.63 umol/g DCW
$7 2 8.28 umol/g DCW, & BH 1F [ 1 47 3[R 5
% AR = 40 9 NAD B NADH R I . %6t
FEH PCR g R kW], 2 nadE F1 pncB
FRAR X 2 S KOF-43 385 NA0L6 3 T 2.58 £ il
0.51 1%, FRIGIE nadE HI pncB Yt it ikl
NAD 1Y Preiss-Handler 45 i #4215 2] i si M i {5

THRE SRt — e .

#3 NAD'BESHXERRAEMHEXMEST

Table 3. Pearson’s correlation analysis between NAD" content and expression levels of related genes
Gene name nadE pncB zwf gnd prs adol
Correlation coefficient R with NAD* 0.609* 0.558* —0.464 —0.048 -0.637* —0.352
Significance P 0.016 0.031 0.082 0.865 0.011 0.198

*: significant correlation (P<0.05).
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Figure 4. Analysis of NAD" content and transcription level of related genes in strain NA0O06, strain NA0OS,
AnudC and strain NA006, AnudC::nadE-SD-AS-pncB. A: The determination of NAD" content of strain NA0OS,
strain NA006, AnudC and strain NA006, AnudC::nadE-SD-AS-pncB; B: Analysis of relative transcriptional
levels of nadE and pncB of strain NA0O06, strain NA006, AnudC and strain NA006, AnudC::nadE-SD-AS-pncB.
Standard deviation is the dispersion degree of 3 parallel experimental data relative to mean value. Data in A and
B are the meanzS.D. of triplicate samples.
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Figure 5.  Analysis of NAD" content and transcription level of related genes in strain NA016 and strain NA016,
AnudC::nadE-SD-AS-pncB. A: The determination of NAD" content of train NA016 and strain NAO16,
AnudC::nadE-SD-AS-pncB; B: Analysis of relative transcriptional levels of nadE and pncB of train NA016 and
strain NA016, AnudC::nadE-SD-AS-pncB. Standard deviation is the dispersion degree of 3 parallel
experimental data relative to mean value. Data in A and B are the mean+S.D. of triplicate samples.

3 TYEfy a5 M A PA AL S BB B S LT,
T RN NADY S E, MU TR TEE
NAD™ i WA RN — R B4 7, 0F 20 NAD IR TR RS T R i 5

http://journals.im.ac.cn/actamicrocn



4146

Xiaoging Mu et al. | Acta Microbiologica Sinica, 2021, 61(12)

(EREYNH ST T & DO I R AW | BE Y e T i)
THRFZMABERESGEEXS NAD™G Y,
FATHE Z AT i SE g0 il £ T 2 T bk NAOL6, 43
M NAD' i Preiss-Handler & il 12 . BEER N
AR BRI R RGR AR S T ER A 2 [ A R
Ko T XEERZS S T 5HmES A SR
B, e R IR NAD A AR — & FE 1Y)
feHEAEH]

W R, 7S AR GE B AR
YEmEET B, Kk, AR 250755
AL S i T 3SR W Bl U5 IR EE L 15
JELL A L, [ E A R NAOL6 ) NAD'
WP I — 4 35.37%, Fer Al ik 34.02 pmol/g
DCW., 5 tb[RIE, 5 AN [F) 355 S 45 0 T 2k PRI o
5 NAD" & HEZ B SR AT, ARHRAR b iy L
PRI A% H B WG g m & 5. iR
WHE— N E AR, W AR Y 2 Bie 5
# DR LS S L DR (1) 263K ] RE A7 TR IE [n] 5
TNALON , HE AN S [ A 45 5L DR 119 3R 5 RE A8 4E 17
HE PR A G . M, AL A T8
W P R SCHEY A, R R e R e
H P06 i, H— B2 PR 2 R R 45 1Y) fi
ORARL, DUV AT B Rk 28 7 1 J8C ) 4 Rt it DA T 52 i H
g PO, X ARSI R NA0LE Hhad
IR 6 EEDR, AR S 20 B 45 AR s A R Tl PR A%
BEFE RS LN pneB F1 NAD™ & s B A nadE 1)
FiKKF-5 NAD" G AFAEIEAHG . AT, nadE
Al pncB B IE 3L 2 i il Preiss-Handler & & 1%
g SEEE B, F UL TP NAD 4 A%
R, Preiss-Handler i& 42 ()13 23540 L T HADA
WhE e A W AR B S X TR bR
BN prs, AHCRECE R HEA L

actamicro@im.ac.cn

L, RNATRERIEN prs HiE2 5 NAD A L
JIEH) PRPP LR 1, A AR 2% BR & LA AT
PRPP £ UK 2 W] R 23 5% M Jifd Py At A% 77 1 1) £
i3 R T NADT RS R, AT S 3k [N
zwf, gnd F1 adol s &K Xl W5 B8 Y 52 AR
ALl TR A A e e B UG 5 32— 25 11
SR RIE

BEF X S R IR PR A, AT HE TR B
NA006 11 nudC i gi FFkHem AL nadE A
pncB A5 DLE, T6IE 1 [ A 45 SE R 5 DA ikt
NAD" & AL 52 . 5 NA006 AH L, HEZH
¥k NAD ()& 1 7 16.06%, 474 nadE #1 pncB
T NAD™G S . SItFEs, ST 52
M NAD™ & & ERZERE, TERPR NA0L6 Hr ik ]
TRMMMGEF B, RT-gPCR 45 £ /8, nadE
1 pneB 5% s KV 3 il 1 2.58 15 F1 0.51 1%,
W SR AT LR A5 il % 1t PR 4 57 22.46%,
% 7 A ik 41.66 pmol/g DCW., AR 2 B 3k ,
A A 1 40 i AE A K e R TP R — R
AR A R A A KT SRR AR b R AR
SIS FEASIG b, FRAT g A AR
HHLE [ R R IR A FE DUE, DRUE T H B
A B IXFG IR SKCE AT 5 NAD™ G AR
PRI 842 0 45 A I FH AT LB AT 4 % 1 bkt H
PR A HEA T B 25 I B L AT

2 % Wk

[1] Liu Y, Clement J, Grant R, Sachdev P, Braidy N.
Quantitation of NAD": Why do we need to measure it?
Biochimica et Biophysica Acta: BBA - General Subjects,
2018, 1862(12): 2527-2532.

[2] Yaku K, Okabe K, Nakagawa T. NAD metabolism:
Implications in aging and longevity. Ageing Research
Reviews, 2018, 47: 1-17.



BHESE | MEY#, 2021, 61(12)

4147

[3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

Chen XL, Liu J, Luo QL, Liu LM. Manipulation of cofactor

balance in  microorganisms.  Chinese Journal of
Biotechnology, 2017, 33(1): 16-26. (in Chinese)

MRiEA, XE, ZRkE, XSr B, SR B A e A
WA, £ TR, 2017, 33(1): 16-26.

Shi H, Mu XQ, Yang XL, Zhan SB, Tian RZ, Nie Y, Xu Y.
Cloning and expression of key enzymes for NAD" synthesis
and optimization of fermentation in Escherichia coli. Acta
Microbiologica Sinica, 2017, 57(7): 1112-1125. (in Chinese)
MR, BRI, e, AR, FREE, 58, A, K
JAFFIE NAD™ & B SR M 1 e P etk K R BRI Ak, B
23R, 2017, 57(7): 1112-1125.

Qin Y, Dong ZY, Liu LM, Chen J. Manipulation of NADH
metabolism in
Biotechnology, 2009, 25(2): 161-169. (in Chinese)

ZX, s, XIS, BRIE. Tk RUZEY T NADH R
WHARE. £ TR, 2009, 25(2): 161-169.

Heuser F, Schroer K, Lutz S, Bringer-Meyer S, Sahm H.
Enhancement of the NAD(P)(H) pool in Escherichia coli for

industrial strains. Chinese Journal of

biotransformation. Engineering in Life Sciences, 2007, 7(4):
343-353.

Han Q, Eiteman MA. Enhancement of NAD(H) pool for
formation of oxidized biochemicals in Escherichia coli.
Journal of Industrial Microbiology & Biotechnology, 2018,
45(11): 939-950.

Wang L, Zhou YJ, Ji DB, Lin XP, Liu YX, Zhang YX, Liu
WJ, Zhao ZK. ldentification of UshA as a major enzyme for
NAD degradation in
Microbial Technology, 2014, 58/59: 75-79.

Fang HT, Xie XX, Xu QY, Zhang CL, Chen N. Enhancement
of cytidine production by coexpression of gnd, zwf, and prs
CYT15.

Escherichia coli. Enzyme and

genes in  recombinant Escherichia coli
Biotechnology Letters, 2013, 35(2): 245-251.

Zhang J, Wang CX, Shi HB, Wu DH, Ying WH.
Extracellular degradation into adenosine and the activities of
and AMPK mediate

NAD+-produced increases in the adenylate pool of BV

adenosine  kinase extracellular
microglia under basal conditions. Frontiers in Cellular
Neuroscience, 2018, 12: 343.

Yang LY, Mu XQ, Nie Y, Xu Y. Improving the production of
NAD" via
Escherichia coli.
122-133.

multi-strategy  metabolic
Metabolic

engineering in

Engineering, 2021, 64:

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Hu XY, Xu MJ, Bu XL, Xu J. Medium optimization and
biosynthetic gene cluster doubling enhance xiamenmycin
yield. Microbiology China, 2017, 44(3): 680-688. (in
Chinese)

WIBEHE, TRIRIA, a5, R, REEAIHUIL SR E %
TS BT B R AR A IR RS A Al AR, 2017,
44(3): 680-688.

Jiang JP, Wu XR, Chen YJ. Strategy to solve cofactor issues
in oxidoreductase catalyzed biocatalytic applications.
Chinese Journal of Biotechnology, 2012, 28(4): 410-419. (in
Chinese)

LM, RIBH, BRIKE. oS A0 IR S N AR 2R il
Tif 1) A0 Y SR W e HC L AR W AR AR R, 2012, 28(4):
410-419.

Cao P, Hu D, Zhang J, Zhang BQ, Gao Q. Enhanced
avermectin production by rational feeding strategies based
on comparative metabolomics. Acta Microbiologica Sinica,
2017, 57(2): 281-292. (in Chinese)

WS, EAKE, SR, TRARSR, SR, BT LRI A
PR AL 7 1 4R BT 4 1 R R BUE AR, 2017,
57(2): 281-292.

Huang RZ. A mass extraction method of bacterial DNA.
Microbiology, 1991, 18(1): 47-50. (in Chinese)

WHLZ. AP DNA I—Fp KGRI . BUEY S,
1991, 18(1): 47-50.

Sharan SK, Thomason LC, Kuznetsov SG, Court DL.
Recombineering: a homologous recombination-based
method of genetic engineering. Nature Protocols, 2009, 4(2):
206-223.

Livak KJ, Schmittgen TD. Analysis of relative gene
expression data using real-time quantitative PCR and the
2724CT method. Methods, 2001, 25(4): 402-408.

Yamada K, Hara N, Shibata T, Osago H, Tsuchiya M. The
measurement  of adenine

simultaneous nicotinamide

dinucleotide and related compounds by liquid

tandem  mass
2006, 352(2):

chromatography/electrospray ionization
spectrometry.  Analytical
282-285.

Li HP, Zhao MM, Yu ZM, Lei HJ, Zhao HF. Simultaneous

determination of adenosine phosphate and coenzyme [ in

Biochemistry,

cells of saccharomyces cerevisiae by RP-HPLC. Journal of
Food Science and Biotechnology, 2012, 31(5): 492-498. (in
Chinese)

http://journals.im.ac.cn/actamicrocn



4148 Xiaoging Mu et al. | Acta Microbiologica Sinica, 2021, 61(12)

Zeoe b, B, AT, AR, R RP-HPLC ¥ systems for Bacillus subtilis. Biotechnology Bulletin, 2020,

[ F 900 7 TR R O N R R MR AN L. R S AW 36(4): 26-33. (in Chinese)

AR, 2012, 31(5): 492-498. TRAEL, oR, BRHENG, VLA, BEE, R, R
[20] Zhang WJ, Jin XR, Xu YQ, Li JH, Du GC, Kang Z. TR T 5 5 A T HAH S s b . A H R i,

Advances in the development of expression and regulation 2020, 36(4): 26-33.

Effects of transcription levels of key enzyme genes on NAD"
production in recombinant Escherichia coli

Xiaoging Mu’, Linyan Yang, Yan Xu

Key Laboratory of Industrial Biotechnology, Ministry of Education, Center for Brewing Science and Enzyme Technology,
School of Biotechnology, Jiangnan University, Wuxi 214122, Jiangsu Province, China

Abstract: [Objective] Nicotinamide adenine dinucleotide (NAD") is an important cofactor in organisms, and its
intracellular concentration plays an important role in NAD"-dependent redox reaction and related biochemical
synthesis. In order to strengthen the synthesis of cofactors, we optimized the induction conditions and increased the
copies of key enzyme genes to elevate the intracellular NAD" concentration. [Methods] First, the induction
temperature, inducer concentration, and induction time were optimized for the starting strain NA016 of Escherichia
coli. Meanwhile, the transcriptional levels of overexpressed genes in metabolic modification were determined by
real-time fluorescence quantitative PCR. Subsequently, the correlations between NAD® content and the
transcription levels of these overexpressed genes were explored. Finally, the copies of the genes positively
regulating NAD" production were up-regulated to improve the intracellular NAD™ concentration. [Results] At the
optimized induction conditions, the NAD™ concentration in NA016 increased by 35.37%. The genes nadE and pncB
positively regulated the production of NAD", and up-regulating the copies of these two genes in NA016 increased
the NAD" concentration by 22.46% to 41.66 umol/g DCW. [Conclusion] Optimizing the induction conditions and
up-regulating the copy number of key enzyme genes can increase the NAD" concentration. These research findings
provide reference for the study of NAD" synthesis.

Keywords: Escherichia coli, NAD", optimization of induction conditions, transcription level, correlation
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