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Pl R OCHE R ) ek i, 380 NAD™ YA Bl s Sa 7E S R R AL ge a9 56t |, DL NAD™ 5 & Ay i)
NifH, R F Box-Bohnken iBu s it /i, 5T 3 A2 M2 i R 2 AH AR R X NAD R SR i sgm, i
ERAEMALS AR [ 4521 ] M oG sl B R s AL S g, Myt 1 7 AR, HPhEAR E coli
BL21/pET-21a-nadE-pncB il )y NAD™ & & #H LW 4R TR A% E. coli BL21/pET-21a $&% T 405.2%. iE %)%
PR PR 5 5 254 F NAD ™5 LT A RS04, 8] Design Expert 8.0 70 A S35 , A5 12 B 4 TR bk A9 e £
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W R P A AR BRI H AR P I B 72 35 PR
LB B P ) SRR R SR T KA — S R TR T
YERT, TRt 52 e A8 ™ i 23 i

P NAD(H) b3 B m] LA 20 A I RE , K
I NAD LG e RACI N 48 i, S0 ™
Yy kst m®™s e KmFrE T, 24 NADH/INAD'
et 0.6 B, AL NADH [ s it 1 1
Femat A Rt w, Rl R R0,
FEAR NAD(H)MeRE, SfilZyiFRERIE R, ATP
A BRI, BERE AR A — R BRI R A RCR b
Z AR, U P POU R (A 7 D 1o
R, K NAD& &, MR T 3-BERR H Il
MG T, NI %, SR AR S)
I, FENERER S R T 44%°, MiRE N NAD'
PrIEET, NAD™M 7 A A i S ] 1 pie 2
o W RITERHE ML LB i ik
FwEH, AN 0.1 mmol/L NAD'BEZE 5 h PN S23E 100%
Ak, ANESINECE /DU, WIRBESCEL S ek
P Wu Z5£E R F P NAD 4 ik 1.45 umol/g 1
TR A A D e R, AL RCR i 15
FE0O AR AL AR BEH S SRR, (SR L
B SHEIM T A, TRARZ AT RIS
A F S AR SRR s A DA QI S N e

SR, LN NAD' G GRS % . Bk &
NAD [t ik 2 . FUR DU A USCRAREEAR
SRR A & NAD RIR SR8, Fik, anfarig
PIMEA NAD™ S 4 i LA 2 ok [ N A5
oo ARBTG5 v ) S B
FSE I ET A P )5 i % [& . Berrios-Rivera Z5Mig
1 3o IR HE R pneB S AL 1% R TR ol o A 2 RS i
(NAPRTase), {fdi E. coli fu} NAD*. NADH #iI
A NAD(H) 5 T 81.8% . 29.8%F1 41.7%;
Gou % 5 7E E. coli NZN111 Hhrif ik 5 K
nadD % i Y NH R B K% 1T R MR T R 5% RS I

(NAMNAT) , NAD' ¥ & #& /5 3.3 fiF ] ik %
12.64 umol/g DCW, My /b 1 &l 7= 47 7 i iR 1Y)
FREMPET RS L. Liu Z5C0E & e s 35 ik o
A NAD™ B A= W)& AT SHER (NA) , & 3 8 mg/L
FIARY) NA BEWSAA REUEAN BN NAD A 1L, 1
e BRI £ Torulopsis glabrata % 2 4 i 65 3
FP R R 7 i 43 B 5 T 48.4% 71 29%.,

HAETAHOE , REZBUEH X — R EE Y
ASERE R B, A DA N AR 4
X AN AR R SR m iR 1 7 LA B/ D5 i NAD”
I RGEWFSE, 0. i NADMEGR R 3 /> Sk
BEAE RN, BEARREMA G ER . REHAR .
WS IORPR | R AR P i 55 % NAD™ % 1t (5 )

ABFE FE AL BT AR SRS A A T A&
PR =7 R R L NAD & i T R4t
5Eo BT NAD A& B4R I 1854 i
EANROEAE, RIS pncB . nadD Al nadE,
Fb A B ) R A A SRR LN NAD 5 i
RS2, BIFSEIX 3 RS 2 (] oe 2R s HAk, i
Ve F LS FLEA AN , A5 AN R R A o
TSI SRR R | E—2D 48 NAD R St
5, 283N NAD S = BN, it
o BETE A B0 T AT F MR R DX, 75 BRI R A%
PHEHI NAD & S BERS IR B AL, s =R
FRIECH) . B BhR P Fnde s NAD(H)RSBIA: P
PRI R SR A ) R L R T 26

1 AR
1.1 #ret

1.1.1 HEHRBRK 5519 . Wtk Escherichia coli
BL21(DE3) th A 525 % R A7, ik Bk pET-21a(+)
HIAS S50 % B A A S R A7, A SO T 9514
FPAILER 1.
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1. 4l NAD &R E
Figure 1. Ilustration of NAD" synthetic pathways. Chemical structures of NAD" and relevant intermediates (R:

ribose sugar, P: phosphoric acid, Ad: adenine). Abbreviations of compounds: 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.

1. ER=EETAZGIY
Table 1. The sequences of primers used in gene cloning

Primers names

Primer sequences (5'—3')

pncB-F

pncB-R

nadD-F

nadD-R

nadE-F

nadE-R

B-SD-AS-D-F1
B-SD-AS-D-R1
B-SD-AS-D-F2
B-SD-AS-D-R2
B-SD-AS-E-F1
B-SD-AS-E-R1
B-SD-AS-E-F2
B-SD-AS-E-R2
D-SD-AS-E-F1
D-SD-AS-E-R1
D-SD-AS-E-F2
D-SD-AS-E-R2
E-SD-AS-B-F1
E-SD-AS-B-R1
E-SD-AS-B-F2
E-SD-AS-B-R2

CGCGGATCCATGACACAATTCGCTTCT
CCGCTCGAGTTAACTGGCTTTTTTAATATGCGG
CGCGGATCCATGAAATCTTTACAGGCTC
CCGCTCGAGTCAGCGATACAAGCCTTGTT
CGCGGATCCATGACATTGCAACAACAAAT
CCGCTCGAGTTACTTTTTCCAGAAATCATCG
CGCGGATCCATGACACAATTCGCTTCT
TGTATATCTCCTTCTTTAACTGGCTTTTTTAATATGCGGAAG
AGAAGGAGATATACAATGAAATCTTTACAGGCTCTGTTTGG
CCGCTCGAGTCAGCGATACAAGCCTT
CGCGGATCCATGACACAATTCGCTTCT
TGTATATCTCCTTCTTTAACTGGCTTTTTTAATATGCGG
AGAAGGAGATATACAATGACATTGCAACAACAAATAATAAAGGC
CCGCTCGAGTTACTTTTTCCAGAAATCATCG
CGCGGATCCATGAAATCTTTACAGGCTC
TGTATATCTCCTTCTTCAGCGATACAAGCCTTGTTGGT
AGAAGGAGATATACAATGACATTGCAACAACAAATAATAAAGGC
CCGCTCGAGTTACTTTTTCCAGAAATCATCG
CGCGGATCCATGACATTGCAACAACAAATAATAAAGGC
TGTATATCTCCTTCTTTACTTTTTCCAGAAATCATCG
AGAAGGAGATATACAATGACACAATTCGCTTCT
CCGCTCGAGTTAACTGGCTTTTTTAATATGCGG

The restriction endonuclease sites are underlined; the sequences of SD-AS linker are bold.
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1.1.2 EZRH . PCR 5| . BR#IE NI
pMD™19-T Vector Cloning Kit, T4 DNA % $2[if .
DNA marker 1 A K& A TRARA A ;
protein marker (low)Ilg T35 = K ; B/ il $2 ia
& PCR Wy afi kit & | i i) & . PCR
5. ARERR. FREER. IPTG WH i
ATAY TERARSE; NAD'. NADH ) H
Sigma Aldrich 2~ w]; BEREFIREY . A
Oxoid JFURE M 5 HAR A A AR 2l F
2R
113 BEFRERIEFRFME: B FRFRAE R
P b IR 5 R F LB 15574k (NaCl 10 g/L ., JiRER M
ik 10 g/L., FEERE#RE 5 g/L, pH 7.2), FEEIN
LWRZER 100 po/mL MENEEHR; KFRAMmHN
37 °C. 200 r/min, BR¥EIM A BERE SR R 18 h 4h,
FRTE RS 12 h,
1.2 #&A pncB. nadD Fl nadE K TERE

HAE NCBI F 4 i K AT Hh AL ] pneB 1Y)
J¥%1(Gene 1D: 8182321) . FE[X nadD ¥))741 (Gene
ID: 8180157) Fll 4 Al nadE % J¥ %1 (Gene ID:
8179982) 11t I T i |4, $2HX E. coli BL21(DES3)
L, PCR safEd #1525 pneB. nadD
il nadE, 5| AREYINA BamH | #1 Xho |, PCR 2
BiAZ (50 pL): B RUFSI#45 1L, Bitit DNA
1 pL, PrimeSTAR HS (Premix) 25 pL, dd H,O
22 uL. PCR i 4&14F: 98°C30s; 98°C 10,
55°C 30s, 72 °C 4rH4Effi 80s, 42s, 555, 30
AMEFR; 72 °C 10 min, SR BRABHEE AL Ho vk ik 10
ilF PCR ¥ 4%
1.3 BREREHFAAIHE

St B EER - Y aifb)s , %35 pMD-19T
AU, AR TR Ak Pk s BRI Y o PR AA

pET-21a F1 T & [ 1Y H i LD A Bl A R D9 1)
fiti BamH 1 1 Xho | 7] 90 min, ZELfgMEENE F
Tkl alifk B LR R BORTORE B, 7E T4 358
BEVERT 16 °C HHad i . SR8 Wik
IM109 FfEfE RIRZ AU, R EHEE
R b AP SE R AT B R PRI AL
HILBUTOR X EFVI 0L, F5 4k KA i R ik e
BL21(DE3), X3 2 kit 11 A i 5 Ay o
1.4 WUEEFEIERIXE A BB

BRI P 2H & LR i i AR AN BT 2
Fizs, HoAr 2L BamH | Fll Xho | M VI 15, SD-AS
JP AL FRIRR R SRR, 4 2 DY Y
AR b
1.5 NAD(H)& BAEREEH 2R

JH LB 2R 85 3PS AL T4 B bk, PRI
PR HEA 5 mL A5 AWk 100 pg/mL W 1 7 &

17 pra
ol |
- = Xl |
."n'\-\..':. D\-‘l-:l-l
15443 bp) Amp Hamll | e 1
grnl S-A% genld
—N
Dhigeated with
—3 RamH | and Y |
i "l Igalsn
L & J
o
VIDFO. o |
T gl
s SDAS linker
pets2 gl - penl
S A%apen?

Yo el

‘_.-_.- -
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Figure 2. Map of construction of double gene
combined co-expression vector.
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B LB A, K5 5% 12 h 5 FH% 1% Rl mf5 5%
T 50 mL i1y LB ki s, 37 °C. 200 r/min
B3¢ 3 h JFisnZak iy 0.1 mmol/L i) IPTG,
17 °C. 200 r/min %5 15 h J5#£4T SDS-PAGE 4
MR NAD™ 5 52 [0 0 7 o
1.6 NAD(H)&EHIIE

FEGL T NAD RYFREC: SO 4t At 31 2508 Y
R AUKE R, 7 B, FREC0.1 g IBE A,
A1 mL BRYESREOR, MRk, D% 20%
5, 200 W, #75 3s, [FE10s, A 30 1K), 95°C
K 5 min (355, LABK IEKSMHR); vkisHeAsE,
10000xg. 4 °C #5.0> 10 min; H(500 puL Fi&EW, i
500 pL A tHR Bz R, 5], 10000xg, 4 °C
B0 10 min, RS, Bk EARES

W J53: SR FHEIE AL, T NAD A3 2
it [l S BRRA ) NADH, NADH 38 i3 8 S
ALY BE M S (MTT) N R B8, 76 570 nm T &
T A 1R AE A S NAD (H) e B I 5 1 HAA 8
VEA B S BOSCHR[17-20]
1.7 BEAFKREYEIE

A3 SR 45 5, 12000 r/min 8.0 10 min i
SRR, FHRESKBES . B0, KEREIRRIER,
BAE AR 2% S , P T 0 A A TR AR E il B A 0 2%
ARG THREEE, W e+ EOry cell
weight, DCW),
1.8 NAD(H)& SR AY BE Hasin

TE 5 BB R S A NAD(H) & U 2
BRI, B sER . RAAER . MWL . MR
FUHBERE . TR AR 4K AL R AL 5 g/L &k
W, RHIEBREE . A ROIHRIRIRAE, ERE TN
R FRIEBT A

actamicro@im.ac.cn
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2.1 NAD"& B BB N ) v 23k

TEHC NAD IR A% Hh i R il R A% 0 o 5 il
(NAPRTase) . 4l MR B 4% 1 B2 IR 1 % %% 7% g
(NAMNAT) Il NAD* 4 il (NAD™ synthetase)
YL, v AL EE AR AT B 4H BTk pET-21a-pneB .
pET-21a-nadD #il pET-21a-nadE, 2 R il 4 Py LI il
BamH | #1 Xho | VI %5E, HAH R/N350 R
1203, 642 1828 bp (&l 3-A), ZW)¥ 5 HXTIC
fii — % , pET-2la-pncB . pET-21a-nadD 7l
pET-21a-nadE 4 &AL ) .

%} E. coli BL21/pET-21a FlA4 2t (1) 5 4H 13 ik ik
TTAH B Y SDS-PAGE 23 Hr 3 i (B 3-B). 525 1
4 5 Pk iBE X, T4 B E coli
BL21/pET-21a-pncB . BL21/pET-2la-nadD A
BL21/pET-21a-nadE 43l 7E £ 45, 25 Fi1 35 kDa 4t
H— A BAMESAT, £IFEE pncB. nadD Al
nadE %% ) NAPRTase . NAMNAT F1 NAD*
synthetase 7E R AT I Hh AP Kk

390 I S L R AR %) A K I O R D i
NAD &4t (5% 2), fE4uffiit b, EAWKNAEY
IR TERIE R 20%; 7E NAD & & |, H4A
R A I NADSCHERG LA pncB . nadD Al
nadE 133 1 i SRk, N NAD B FE 73 5l 2
W T 252.4%. 101.7%F01 275.4%., Al L, id& %
TR OB it RE DX AT A fe 40 i A ) B2 D NADT B 75
F—E R4 3 MRE AR Z A —E 2R,
FLrp LA pneB Al nadE [ 2t it 3236 X B8 i il il
R PIE AR, MR nadD $5 el B G IE
/1o
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& 3.
SDS-PAGE analysis and identification of the recombinant plasmid by enzyme digestion. A:
identification of the recombinant plasmid by enzyme digestion. Lane 1: pET-21a-pncB; lane 2: pET-21a-nadD; lane
3: pET-21a-nadE; M: DL10000 DNA marker. B: SDS-PAGE analysis of recombinant strains for over-expressed
enzyme. Lane 1: pET-21a-pncB; lane 2: pET-21a-nadD; lane 3: pET-2la-nadE; lane 4: pET-21a; M: protein
molecular marker.

Figure 3.

K] 1 £ 3 i M kD
I [iEH

_-— — 2

WA PH Tase I_- _— — 451

HALD Sy —-s —— - — 150

BMAMNAT == — - 35 ]

ERRPWEFY L E K& SDS-PAGE 4 E

*2 TUREZBEFNEFHEEMREKRBERIR NAD'EE
Table 2. Growth and the amount of NAD" in recombinant strains for over-expressing a single gene
Recombinant strains ODgoo Biomass/(g DCWI/L) NAD" content/(umol/g DCW) Relative ratio/%
E. coli BL21/pET-21a 1.29+0.07 1.40+0.03 3.78+0.37 100.00
E. coli BL21/pET-21a-pncB 1.75+0.08 1.69+0.04 13.31+1.20 352.35+31.73
E. coli BL21/pET-21a-nadD 1.85+0.07 1.72+0.07 7.63+0.08 201.67+16.92
E. coli BL21/pET-21a-nadE 1.82+0.17 1.71+0.13 14.19+0.69 375.40+18.11

22 NAD'&REREF 2 M RBEEILREHN T
R Ko ik

it — A= MY NAD Y & &, R LR K
g, FIAHESENMN PCR H A M & & 41 5k
pET-21a-pncB-nadD . pET-21a-nadD-nadE .
pET-21a-pncB-nadE #1 pET-21a-nadE-pncB.

PR PE N VTG BamH | # Xho | XU % 5
(Il 4), 5000 bp 7oAy 4% A Bk A2 pET-21a
RS /N 26t Sy H DR 285 W e, H Y
AT S e AR IERL—2, Rk E A Tk
R

bp

kLY
LEHE
ZiNHE
I M3
NHE
T40

5[]

250

B 4. WEgFTIXFHRRAIEETIIIE
Figure 4. Identification of the co-expression

recombinant plasmid by enzyme digestion. Lane 1:
pET-21a-pncB-nadD; lane 2: pET-2la-nadD-nadE;
lane 3: pET-2la-pncB-nadE; lane 4: pET-21a
-nadE-pncB; M: DL5000 DNA marker.
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ORI TR E A PR AN ML, I LA
T NAD Y 2 BRI 40 M T 8 (3R 3), A E. coli
BL21/pET-21a-nadE-pncB iy NAD* & & ik—4
$2E, 1M E. coli BL21/pET21a-pncB-nadD Jifi A )
R ARG, 454 SDS-PAGE (&l 5) &k Bl
K pncB % it i) NAPRTase #11 nadD % i i
NAMNAT ik 51K,

5 E. coli BL21/pET-21a Ak, NAD"& ik
e S A A LR IR, X NAD' & = A4
L A TSR RO . FEAE I |, 5 E. coli
BL21/pET-21a #H I, HRIKVUELR 4 B A Fr
PEi o 7E NAD 2 |-, AT B AR B SR A BT

BEREEMZEWAATER R 2 %M. E coli
BL21/pET-21a-pncB-nadD i NAD™ & fAHXS H
1% 148%, AT HAAN3RIBHE A pneB Fl nadD;
E. coli BL21/pET-21a-nadD-nadE iy NAD" {5 &
FAXS F R 372%, ik Fik A~ nadE B4
BT 2,75 fERA—E i E. coli BL21/pET-21a-
pncB-nadE Fil E. coli BL21/pET-21a- nadE-pncB #f
HA B INEON, A LR o i Rk RO AT
X E Z M HFWF AR, NAD' & &t A 2
3 umol/lg DCW, #& & HBilAH2E 77.7%), E. coli
BL21/pET-21a-nadE-pncB #i%f E. coli BL21/pET-
21a-pncB-nadE #£ T° 18.2%.

*3. NMEEHRZEBHEKEKIFERE NAD'SE
Table 3.  Growth and the amount of NAD" in recombinant strains for double gene co-expression

Recombinant strains ODgqo Biomass/(g DCWI/L) NAD"content/(umol/g DCW) Relative ratio/%
E. coli BL21/pET-21a 1.29+0.07  1.40+0.04 3.8240.27 100
E. coli BL21/pET-21a-pncB-nadD 2.02+0.12 1.75+0.14 5.67+0.21 148.43+£5.50
E. coli BL21/pET-21a-nadD-nadE 1.81+0.07 1.68+0.16 14.21+0.58 371.99+15.18
E. coli BL21/pET-21a-pncB-nadE 1.82+0.06  1.60+0.10 16.33+0.93 427.49+24.34
E. coli BL21/pET-21a-nadE-pncB 1.65+0.09  1.57+0.15 19.30+0.65 505.23+17.02

1 2 3 4 5 6 7 8 M kDa

NAPRTase— 4
NAD* Syn—

NAMNAT—

& 5. WEsHLFTIAELHEFREY SDS-PAGE 44

Figure 5.

lane 2: BL21/pET-21a-pncB; lane 3:

SDS-PAGE analysis of recombinant strains for double-enzyme co-expression. Lane 1: BL21/pET-21a;
BL21/pET-21a-nadD;

lane 4: BL21/pET-2la-nadE; lane 5:

BL21/pET-21a-pncB-nadD; lane 6: BL21/pET-2la-nadD-nadE; lane 7: BL21/pET-21a-pncB-nadE; lane 8:

BL21/pET-21a-nadE-pncB; M: protein cellular marker.
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2.3 FHEREMHFT NAD G B

FLHF P E. coli BL21/pET-21a-nadE-pncB
G NAD R RE 1 fei, i T RIS AR A HZ
PRI NAD 5 BURR S 00 520 , X175 24
i, WIEFRRE . HREL. FRE K
IPTG ¥t

MEARFIEFIEE R E. coli BL21/pET-21a-
nadE-pncB ) NAD™ & & (&l 6-A), LGSR
X O AR K. IR T 25 °C A,
NAD* (& 5 T REUT I o o 8 75 S IR 55 i il
AT PEMIR L, SHOCHEM NAPRTase il NAD'
synthetase FiAARNIEH , 0 NAD H& MM, 24
V5 IR BEAERFTE 15-20 °C Z [u), Sl & m A,

A (S _
- 2 B
= P,
H'\.
[ g
_;—'\- 16 k- \!'-\
g AN
C ‘x\\ﬁ
= 12
S
£ h
= ®EL a4 B
1% 20 15 3l
g
([N] 5
= 24 ___.E\.
= i h‘&
=t/ N\
a0 M) J M'"H.-
=20 / 4
-] /
E b n,
= |6}
-I:.. ¥
i "
T 12 ’
12 .l i 4% il

t'h

H P shB , RERA R T M NAD' G R
.

AN 6] v BE B9 5 5 7 % E. coli BL21/pET-
21a-nadE-pncB Jifi Py NAD 524 K (#] 6-D), &
PR IPTG SN, NAD & iy A8k
PIESHEINE FEA, 24 IPTG ¥ EE %% 0.6 mmol/L
i, NAD™ & H KB ORME, IPTG Mk 4+ 1E
0.4-0.8 mmol/L i}, NAD' & & fE % a4 & 16
30 umol/g DCW,

FREALRNE KT NAD™ S Bt —&
(52 (8] 6-BIC), 1 ODeoo M 0.6 M Shuft:.
VSR 24 h ARG A BIRORAA, A o (] 4k
SriE R, WSS BT R B . KBS MR

EY]

16 | T
12+ \‘

3 ih.f i 1.2 1.5 1.5
A

e ALV msodig DICW)
-
=,

i3}

-
-

L]
da

i ALV g W)
1

0.2 1.4 0. o0& i
S IPTG Wmimel 1)

6. FFFHMIAL NAD'EEHFM

Figure 6.

Effect of inducing conditions optimization on the content of NAD". A: effect of induction temperture on

NAD™ content. B: effect of induced occasion on NAD" content. C: effect of induction duration on NAD" content. D:
effect of IPTG content on NAD" concentration. Standard deviation is the dispersion degree of 3 parallel
experimental data relative to mean value. Data in A, B, C and D are the mean+S.D. of triplicate samples.
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TR, AGE G SR A B SR A
RIGHFE A SZ 2, i BB & A a2 Y
KEAER, SAWIEFE NADH)P, Hit, il
TSI TG NAD I B TS Y,
2.4 FIEYIEXT NAD & B IR

NAD(H) M3k A Bs A8 JE DL R AR (O Z RN
FVEMRIR AR, TAMRCE BGR AR R DAL R
P/ h MR A IR (NaMIN) P R4S, iE— 245
NAD", PHitt, #InZeskz >l 20 mo/L B ETA4) )5 -

R . REZIR . MEMRER . B FIHmERE , 4351
I AR PN AT NAD™ 5 i D S AE i AR AR 1

R 4 "JH, IR RIETAY B, XF3EsR
IKHEAE E. coli BL21/pET-21a-nadE-pncB it
NAD™ /& Tt A —E s, For s inARe i &k
IR, s A IR 69.4%, 4410
R AAAE IR NADRIRRET , #hRR#2 s Ak
f Gl NAPRTase Fil NAD* synthetase, Kt 7l
PR A B E B 5 1 NAD™

F 4. RIMARBAMNEESERENENZN
Table 4. Effect of different precursors on coenzyme content and biomass

Different precursors c(NAD")/(umol/g DCW) Biomass liveweight/(g DCW/L) Relative ratio/%
Control group 18.98+0.93 1.23+0.05 100
Tryptophane 23.53+1.33 1.01+0.04 123.97
Aspartic acid 25.39+1.10 1.14+0.07 133.77
Quinolinic acid 27.96+£0.91 1.12+0.07 147.31
Nicotinamide 29.64+1.27 1.13+0.06 156.16
Nicotinic acid 32.16+1.28 1.24+0.06 169.44

PEAC MR IR B A5 i (18 7)), MR
15-20 mg/L B}, NAD* % & 4E+57F 32 umol/g DCW
ZEAT, TS US N R ER o 20 mg/L J& NAD™ &
TRk B MIERVR FE AR, A B3R 560 pH
(HALA —ERIREAR, SR it 40 mg/L A, pH
FERZ 6.5 Zcdio DRltL, Pl dRmRis s i i 2 5t
ML EEG o S R EEN R —,

2.5 WIRLE AL NAD G BLE) R B

251 mapERK BTSRRI ERE R
PR R IRt I, BEFEXT NAD & 24K hY 3
MHEZR(PTG WAL | MHBRVE A5 IC), H-1,
0. 1fCKEM 3 1K, L NAD & & i (E
T R R A BT SRR T 17 AR,
W12 AN TR A, 5 A ST R 2
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Figure 7.  Effect of different concentrations of

nicotinic acid on the NAD" content. Standard deviation
is the dispersion degree of 3 parallel experimental data
relative to mean value. Data in figure is the mean£S.D.
of triplicate samples.
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%5 CCD &gt

ERKFRFHEGE

Table 5. CCD experimental design factors level and coded values.

Factors Level

-1 0 1
c(A-IPTG)/(mmol/L) 0.4 0.6 0.8
c(B-Nicotinic acid)/(mg/L) 10.0 15.0 20.0
C-induction duration/h 20.0 24.0 28.0

| F Design-Expert 8.0 X Hi [ 1] 51 56 4% H
(3% 6)iF AT IR ZICIIA T, B AN I 25 A5 5]
BEAL R Z W0 IEH 7 #2 Dy 0 Y=42.47+1.44A+
1.37B-1.26AC-4.81A%-4.47B*-1.52C?  jh % 7 Al 41,
1A P<0.0001, T SALIIHUA I 25 (P=0.1853>0.05)
RIS, SEADCRE RPaq H 97.7%, UEHHIZMALE.
ARG BELF L RZEBUINFRR L, A T B0 NAD?
RS
2.5.2 AN EMEE ST IPTG BN . WIS
HAAE TN 3 NRRBAZHAEAY NAD &
AN 8 FIF/s o IPTG 517 S K A2 14 F
NAD 2R, HMh 2k K BEL, FEE IPTG

WeSE RS SR A I, NAD & S ETHR RS
R, SR, AB LK BC Z[8] Ay 58 H A FIXT
NAD™ & &t (1 i B Vil AR .

25.3  BFRIAE R : TESLI0 P R AT L A Tl
Fifk E. coli BL21/pET-21a-nadE-pncB fiti )y NAD* & 1
AR - IPTG 3 0.63 mmol/L . AR
NI 15.8 mg/L. iESEIK R 24 h, LA NAD?
RIS M 42.69 umol/lg DCW., FeEfitgctF
AT 3 YR AS IR [ R A R, SEPRAT
FJf¥) NAD % & 4(43.1620.65) pmol/g DCW, SHE
R FEIRZE/ T 5%, IEs REIE AR TS5
() IR 225 [ 5 5 R AT R L Tl NAD™ 5

% 6. CCDXWRITRER
Table 6. CCD experimental design and results

Factors NAD" content/(umol/g)
Numbers -
A B C Actual value Predicted value
1 0 1 -1 36.81+0.30 37.40
2 0 -1 -1 35.62+0.32 35.26
3 -1 0 1 35.90+0.07 36.06
4 -1 0 -1 33.61+0.55 33.34
5 1 -1 0 32.49+1.57 32.82
6 0 0 0 42.38+0.17 42.47
7 1 0 -1 38.89+0.39 38.73
8 0 1 1 38.06+0.26 38.22
9 0 0 0 41.98+0.18 42.47
10 -1 -1 0 30.32+0.43 30.75
11 1 1 0 36.88+0.29 36.38
12 0 0 0 42.75+0.16 42.47
13 0 0 0 42.12+0.18 42.47
14 1 0 1 36.13+0.31 36.40
15 0 -1 1 35.42+0.29 34.83
16 0 0 0 43.10+0.16 42.47
17 -1 1 0 33.06+0.27 32.73
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F7. WNEAAFESMZRIEBRFESRFR
Table 7. ANOVA for response surface quadratic model analysis of variance
Source df Sum of squares Mean square F P Significance
Model 9 248.30 27.59 76.49 < 0.0001 Significant
A-IPTG content 1 16.53 16.53 45.83 0.0003
B-NA content 1 15.02 15.02 41.63 0.0003
C-induction duration 1 0.042 0.042 0.12 0.7428
AB 1 0.68 0.68 1.89 0.2199
AC 1 6.38 6.38 17.68 0.0040
BC 1 0.53 0.53 1.46 0.2666
A? 1 97.49 97.49 270.28 < 0.0001
B2 1 84.01 84.01 232.91 <0.0001
c? 1 9.75 9.75 27.03 0.0013
Residual 7 2.52 0.36
Lack of fit 3 1.68 0.56 2.65 0.1853 Not significant
Pure error 4 0.85 0.21
Total 16 250.82
= 24
& =
= E
: :
: :
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Figure 8. Three-dimensional curved surface for effect of 3 factors interaction on NAD" content.
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Cloning and expression of key enzymes for NAD™ synthesis and
optimization of fermentation in Escherichia coli

Hui Shi, Xiaoging Mu’", Xinglong Yang, Shaobin Zhan, Rongzhen Tian, Yao Nie, Yan Xu

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

Abstract: [Objective] Nicotinamide adenine dinucleotide (NAD™) plays a crucial role in controlling metabolism
network. Improving its intracellular concentration or getting a high-NAD"-yield strain is of great significance for
NAD"-dependent redox reaction rate. [Methods] First, we used endogenous regulation means to enhance the key
genes of NAD" synthesis pathway, such as over-expressing and co-expressing the key enzyme genes pncB, nadD
and nadE. Second, we optimized NAD" precursors supplement and fermentation conditions to increase NAD"
synthesis. Finally, we used Box-Bohnken method for optimal synthesis condition by 3 significant factors’
interaction based on single-factor experiments and the response value of NAD" content. [Results] According to
different expression strategies, we constructed seven recombinant strains. Besides, the intracellular NAD"
content of the recombinant strain E. coli BL21/pET-21a-nadE-pncB was 405.2% higher than that of the original
strain. Moreover, after optimization of induction conditions and NAD" precursor concentration by Design Expert
8.0, NAD" content reached 43.16 pmol/g DCW, 123.6% higher than that before optimization and 1029.8% higher
than the original strain. [Conclusion] Co-expression the key enzyme genes pncB and nadE are essential to
improve NAD" synthesis. The recombinant strain with high NAD" provides the feasibility to improve
biocatalytic efficiency.

Keywords: nicotinamide adenine dinucleotide, E. coli, pncB, nadD, nadE, NAD® precursor, fermentation
optimization
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