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Enzymes related with NAD synthesis promote conversion of
1,4-butanediol to 4-hydroxybutyrate

Xin Zhang, and Guogiang Chen
School of Life Science, Tsinghua University, Beijing 100084, China

Abstract: Besides medical application, 4-hydroxybutyrate (4-HB) is a precursor of P3HB4HB, a bioplastic showing
excellent physical properties and degradability. Escherichia coli S17-1 (pZL-dhaT-aldD) can transform 1, 4-butanediol
(1,4-BD) into 4HB with participation of cofactor NAD. To enhance productivity, nicotinic acid phosphoribosyltransferase
(PncB) and nicotinamide adenine dinucleotide synthetase (NadE) were overexpressed to increase intracellular nicotinamide
adenine dinucleotide concentration and promote reaction process. The shake flask fermentation result showed that the
conversion rate increased by 13.03% with help of PncB-NadE, leading to 4.87 g/L 4HB from 10 g/L 1,4-BD, and productivity
was increased by 40.91% t01.86 g/g. These results demonstrated that expression of PncB and NadE is beneficial for conversion
of 1,4-BD to 4HB.
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phosphoribosyltransferase, NAD synthetase
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4-F2FE T RN o) — i W i A Ay 2 Wy 9 kL 2R
3-FRIETMRME 4-F2 5L TIRME (PSHBAHB) 114 LAY
7, BAERY Y L) B R 4 i PBHBAHB
AR b R R e U R 4-B L T BRI 7
JR A 72 [CHR T Clostridium Kluyveri Xf 2B . Z.1&
S e R b AR A A AR T A s 4 R
Metallosphaera sedula 51 3-8 T R/4-723E T 1R
B Bk g A2 8, R fEFE W IR B3R Ralstonia
eutropha., KJ##T# Escherichia coli %% FHf PHA
AR IR S PRIRR SIS NS A DGR I, 4N 4-
FIET R y- T NERELE 1,4-T " BAE N 4-1R 3L T R
SR YDA s R I LA A7 R SRR 22
2 A ) 45 118200,

5K SR IR P T R R B LS Pseudomonas
putida KT2442 #M it &AM (DhaT) 17 i &0
(AldD) fiEfLSE AL 1,4-T ZFEm 4-F2 5T MR 15
16, 3% B DhaT A1 AldD F 1k VR FH 75 B2 4 il 7
NAD 1Z5 (K 1).
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Acid Phosphoribosyltransferase, PncB) #1 NAD & A%,
i (NAD Synthetase, NadE) & KJHHFE NAD &l
AR WA JCHE A, M SRR L P NAD (H)
SRS Y 2.5 £, HFRIARIRREIE AL 7 45, H
NAD M E 2T NADH # &P, Hik, A
Wt fE E. coli S17-1 (pZL-dhaT-aldD) 33k
pncB-nadE JE[H , i 1,4-T B 4-F 5L T MR
R &
1 HH57%
11 Ekk. RE5351

B Escherichia coli S17-1 Mg R4
SHE AT o JHkL pZL-dhaT-aldD  Fi 7 5256 2= 1l 4]
PPN AR B R OB SIS LR 1,

fastpfu DNA A i LA H T 3L K SERE Y E. coli
DH50 Sy dt a2 a4 W HORA FRA R 77 i 25 TR
il N VIR Fermentas 7= i o ORI ER | i 1 icit
FIFoW/S L BIEK /] D e
12 BHRERBEFZEY

JEA AR o AR DA BRI AR AT LB B 5
B PR R SR EE N 3 ANES I T 10 g/L 1,4-T %
1) LB YRk, AR 2H B ST IR A BT ) KR
BEHEREERETIMAYIAER, KPR YHEFHEREK
JE4 100 mg/L, RIHRE R WL 50 mg/L.

Bi 250k 37 °C, 200 r/min. BREEILAR BER: 57
1] 48 h ob, HARMEALEIE R 12 h,

NAD* NADH
CH, —CHZCHrcltHZ CH,—CH, CH,—CH
[ | I
OH OH OH o]
NAD+ NADH
N CH,—CH, CH,—¢—OH
OH 0

1 14-TZEEmE4-BETRMELRN
Fig. 1 Conversion of 1,4-BD to 4HB.
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Table 1 Strains, plasmids and primers used in this study

Relevant characteristics Sources
Strains
E. coli S17-1 F- - ilvG- rfb-50 rph-1 Lab stock
E. coli DHS5 « rFélgi‘BloghIgXZAMlSA(IacZYA-argF) U169 endA1l recAl hsdR17 (rk™,mk™) supE44.-thi-1gyrA96 Lab stock
E. coli MG1655 F- I- rph-1 (wild-type) Lab stock
Plasmids
pZL-dhaT-aldD pBBR1MCS2 derived, harboring gene dhaT and aldD from Pseudomonas putida KT2442 [21]
pEn pMD19-TSimple derived, Promoter of pyruvate decarboxylase (Ppdc) from Zyomonas mobilis  [26]
pEnpncB pEn derivatived with pncB fragment downstream Ppdc This study
pEnnadE pEn derivatived with nadE fragment downstream Ppdc This study
pEnpncBnadE pEn derivatived with pncB and nadE both downstream Ppdc This study
Primers name Primer sequence (5'-3")
pncBF CGAGCTCATGACACAATTCGCTTCTCC This study
pncBR GCTCTAGACTCCCTGATGATATTAACTGGC This study
nadEF CGAGCTCTTCAATGACATTGCAACAAC This study
nadER GCTCTAGACGCACAATCCAATATGTGCA This study

1.3 NAD(H) 22NE

e BE 42 38 15 42 BUR P9 NAD I NADHP?,
WA B, ¥ 3 mL M AR T 4 CE.OIL
UM, I T o BRI UKV Y 25 B K BRIk
2WEFRATEET 02 mL £ Tk, A 50 pL
0.4 mol/L HCI (£ NAD) = # 0.4 mol/L KOH (4%
it NADH), sE/rR5)ETEvK BilcE 10 min, NAD
B AE 50 'C/Ki, NADH $2BURALE 30 CT/KIEA
10 min J5 L F UK FANA 50 pL 0.4 mol/L KOH
(4230 NAD) 3 0.4 mol/L HCI ($2 4t NADH) #17
A, 4°C. 12000 r/min &.0> 10 min, FiE RN
NAD (H) RS2, KB = E.cE T, o
Rl

I R R R, ROWAR R A (1 mL):
450 uL HEPES % ' #{  (4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid, 0.15 mol/L, pH 7.4);

200 pL 5-Z KWy R R LR (PES, 4 mg/mL); 200 uL
WEWR#E (MTT, 59g/L); 50 pL Z % ; 50 pL /1
600 U/mL ZEEMi Sl (ADH), ik iR s)Jn
37 CULE 5min, filA 50 uL Y NAD (H) B9$2EUR
IR N o ME 5 min P ODsyo 9284k . WG -
(i) pH £ ) A8k 230 SO S B RO H NAD (H) B9 EE
1.4 SthhA*®
141 T EHIWE

RiFR45 905, 12 000 r/min, 10 min 2.0 I8 &
B, SRIEH BB KRS . B0, R Rm R
B A 15 SR B oy o R A5 30 0 20 e A il B s SR R R vk
HTHpzEEE, WEHMHMTE (Dry cell weight,
DCW).
142 7Bk R E
A-F2 5T RN o3 AT 15275 Sk [21], BRI 25
OJa BIEHFATORT . ERALFI S G 5T
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2.1 pncB/nadE ERFEFiXFRAAIEE

LA E. coli MG1655 A 41 DNA itk , £ 1
AR B fastpfu DNA AR pneB il
nadE #47 PCR ¥ 14 , S i 2 ) : 95 ‘C HiAE M 2 min;
95 ‘CAEM: 20s, 58 CHE M 20s, 72 ‘CHEAf 45/30 s,
30 MEA; Fea 72 CHEfH 8 min,

# pncB/nadE FE K Y PCR [ Fr BE FI 26 ik 844
PEn Z3%I#E4T Sac 1 /Xba 1 WYY, 4% )5 L2k
% A E. coli DH5a &z A v, BH 4 S RE 48 EcoR 1
IXho T AUEFY), 1595 H 5L 5k BT ARk i 42
PiZc (K 2), HEBBTRL pEnpncB Al pEnnadE 44
W B Ave T1/Xho 1 Y] pEnnadE, [F11% nadE
FIRHPIT— B, B AR A Z Nhe 1 /Xho T EFDIY
pEnpncB Hr, K2 Avr 1T #1 Nhe 1 j&[FERE, itk
W5 F Ben A %49 3] ok pEnpneBnadE ., 4 Xba 1 fif
YISGIEIE )5 5 ki pZL-dhaT-aldD — g 28 i o
A E. coli S17-1 /8324, PASEAWM. CAHM
i, 3T pBBRIMCS2 fir #4 # % i ki g 95 5
pMD19-T Simple 74 Tk L7, ik, X 5L A
pZL-dhaT-aldD F1 pEnpncBnadE G4 UHRIME .
— 2 R AR BGIE S T 7 TR 14 A 2
22 BHEEREMRABER

L) E. coli S17-1 (pZL-dhaT-aldD) HZ M, HiiF
PncB-NadE Fik%f 1,4-T “EEHALAIE M (& 2).

PR K ATt RE R 1,4-T A R i
4-FREET R, WG — LA A 4-52 T
fig 122N S A JEIN dhaT A1 (%) aldD 7EME /K<
i B Bfi 7 Aeromonas hydrophila 4AK4 5 E. coli
S17-1 Pl R HARRIRAE AR, 1 A. hydrophila
4AK4 (pZL-dhaT-aldD) %) 55 h &4l 5 R 4- ¥k
TR B EAW AP, T E. coli S17-1 4l
WY 4-F3E TR R R 14-T B AE R TE
R R N R ETE R, I, XHLL48h K
T2 I 45 AR N T AR Y
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Xt HEZH E. coli S17-1 (pZL-dhaT-aldD) 1 10 g/L
0 1,4-T ZEEA W 431 g/l 4-55E TR, xR
(mol/mol%) 4 36.44% ., TilAI %14+, E. coli S17-1
(pZL-dhaT-aldD, pEnpncBnadE) NIJ75%) 4.87 g/L 4-
RETIR, 14-T MR N 41.18% , XTI
LR 13.03% o VB A1 Y 4-FR 3L T R R
AEA% B F 421 PncB-NadE BYVEFH o o HE ZH B3 40
=2k 1.32 glg, SEERLAHN(E M 1.86 glg. % 1
450, PncB-NadE [93L3RA W] AR 4-F0 0 TR 1Y
B

RGN, 54535 60% 1Y 1,4-T BRI,
X S AR (DhaT) % 1,4-T “ RGP,
H & B 5 2 ok — s B, BT LL, 7 A e
A LB AL RN LTS R 1,4-T R

U4, PncB-NadE [ ik RIEH S B TE T
B AT BESE RN I NAD 380 S S8Ua kil R 25 2%
5, R T AN I A, AR s e

2 [REI pEnpncB. pEnnadE. pEnpncBnadE HIEE1]
B i

Fig. 2 Characterization of pEnpncB, pEnnadE, pEnpncBnadE.
M: 1 kb DNA marker; p: pEnpncB digested with EcoR I/Xho I,
two brands were 1 532 bp and 2 706 bp; n: pEnnadE digested
with EcoR I/Xho I, two brands were 1 173 bp and 2 706 bp; pn:
pEnpncBnadE digested with Xba I, two brands were 1 155 bp
and 4 238 bp.
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Table 2 Production of 4-hydroxybutyric acid by E. coli S17-1 (pZL-dhaT-aldD, pEnpncBnadE) and E. coli S17-1

(pZL-dhaT-aldD)

Strains DCW (g/L) 4-hydroxybutyric acid (g/L) Conversion rate (%)
S17-1 (pZL-dhaT-aldD) 3.27+0.21 4.31+0.04 36.44+0.36
S17-1 (pZL-dhaT-aldD, pEnpncBnadE) 2.60+0.02 4.87+0.04 41.18+0.09

Strains were cultured at 37 °C, 200 r/min for 48 h. 10 g/L 1,4-butanediol was added into LB medium before sterilization. DCW: dry

cell weight.

RABETE AL = 1 53— JEL R, AT 2 R T ) 4 2
A B IR RN A A, SR 1,4-T R
R
2.3 NAD (H) &g

Tit 96 A8 2 17+ R Y - ] T % AR OE BT
FEPOE T NAD (H) BYWEE . 45 5ED] PncB-NadE
fZE IR A SCRESR MO N NAD (H) W (K 3). 454
& 2 1A B R AT NAD R NADH & #7481k,
E. coli S17-1 (pZL-dhaT-aldD, pEnpncBnadE) It E.
coli S17-1 (pZL-dhaT-aldD) H* NAD F1 NADH % &
oyl 2.04 F5 A 2.74 1%

3.00

2.00 1

1.00
5
=]
0.00 |
4
-1.00
7200 ! 1 |
0 50 100 150

1(s)

B3 EHENAD (H) SENTE

Fig. 3 Relative concentration of NAD (H) in different
recombinants. 1. NAD (E. coli S17-1 (pZL-dhaT-aldD,
pEnpncBnadE)); 2: NAD (E. coli S17-1 (pZL-dhaT-aldD)); 3:
NADH (E. coli S17-1 (pZL-dhaT-aldD, pEnpncBnadE)); 4:
NADH (E. coli S17-1 (pZL-dhaT-aldD)).

3 i

4-FZ TR 2 T EEE . YAk
B, FETREFMEN R 14T AWK 4585
T P % NAD et IR /E T, AT it
Fik NAD B i 42 v i R R i TR AZ M 545 S Tl PncB
1 NAD & /i NadE, Kl N NAD & &2 1 2.04
¥, [l A ARG 4-F3E T RS R 1.32 glg
T+ 1.86 g/g, 1M 1,4- T B2 AYFE Ak 264l LX) AR 41 42
1 13.03%, B, XFLL1,4-T ZEERIRY G
4-FZFETRAY N, 51 A PncB Fl NadE RE W% i $2
e NAD HE45 8 (2 3E 5% 4k 52 B #EA T
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