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WE. B 3-FHEPWE (Poly(3-hydroxypropionate), P3HP) & —fh A= ¥ A] B fift %
AR TR R RS e R . H AT 2% YRR RAR G L P3HP, K
HI PCR 5e [ R AT €00 1T IR T I I B8 it 06 (PduP) J [ e 0 /R S0l [ T 110 SR 2
FNG TR IR & e (PhaC) JE[N, M@ ILRIAEAR, FeAb 2 5o 8 A0 KT 3K
TEPRRE B . DA O ME— BRI T R B, pduP F phaC 3LH tac JH3)F
F) TR ¥ K. p(pET-tac-pduP-phaC)7=*£ 0.054 g/L ] P3HP, 1M pduP 1 phaC 5%
H M tac 331 T 1 TR # K. p(pET-tac-pduP-tac-phaC) 77 £ 0.091 g/L ]
P3HP.
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fifi % 58 FEAA IS (Klebsiella pneumoniae) MY AERALH N 3-HP, 1 HA:
KARO3,  BR AT/ 9 P3HP LARER I R B bk 2015 4F, E XS 7k
2 3-HP @424 77 P3HP WU H A i R w0 R M. KR 2 7 K
pneumoniae [F/EFRAACKEYE, PIEE 1 s i@ TR, K5 7 P3HP &g
o LUH MR R A P3HP W K 3 DMLY (1) HBi/KE§ (DhaB)
AL H M (Glycerol) AER 3-F2ZE N (3-HPA) 5 (2) AREMREARE (PduP)
i1k 3-HPA A5 3-FR 2L A BEAHES A (3HP-CoA) 5  (3) RESHHEE (PhaC)
¥ 3HP-CoA XG4 P3HP (K 1) o LU R 5 f 0 IRE 818 1, RIFERIA R
15 FE VS 171 I B Salmonella enterica serovar Typhimurium LT2 (¥) 74 B it & B
(PduP) J % /Rl K Ralstonia eutropha H16 [F) e & il (PhaC) , PAH
OB R A 7 P3HP .l S lg Rk, 1R E H i FE AL Z2 A0 P3HP

=N

HH o
CoA
NAD® NADH 0
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Fig. 1 Biosynthetic pathway of P3HP from glycerol

1 M 5T
L1 Btk BiEL5M
A K. pneumoniae AA405, S. enterica, R. eutropha % R iEFAK pET28a A

KHERAE. PCR BIMHAL B EMBARAR AT GR R 1D .
% 1 Hibk. ARIEREY

Table 1 Strains, vectors and primers used in this study

Bk BB G R M 7 5 FRIR/BEVIAL A
E. coli Top 10 RS2 AU S YA
Klebsiella pneumoniae AA405 5 £ 70 s 46 o 7R AF QA A S 2 AR
Sali 1l ic

lmonella enterica serovar SAGFEVD TG, M PR R RSB 5 AR
Typhimurium LT2
Ralstonia eutropha H16 BURMNE IR, #HPHA S A F AR S = AR
pET-tac FiEH Mk, pET-28aH HT7/25) T B # Ntac 5T A S 5 ORI

pduP-F CGCGGATCCATGAATACTTCTGAACTCGAAACC BamH 1
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pduP-R CCGGAATTCCTCCTTTTAGCGAATAGAAAAGCC EcoR 1
phaC-F CCGGAATTCATGGCGACCGGCAAAGGCGC EcoR 1
phaC-R CCCAAGCTTTCATGCCTTGGCTTTGACGTATCG Hind III
tac-F AATGAATTCCGATCCCGCGAAATTG EcoR 1
tac-R CCGGAATTCTATATCCTTCTCCTTAAAGTTAAAC EcoR 1

F-forward; R-reverse

1.2 EERF

DNA R &M H TaKaRa /A #; DNA Marker. £ 4 Marker. #H F# 4 [K] 2
PR R BCRGR &I B I AR R A ] s BRI YRR ER N V)
T4 DNA &% H New England Biolabs (Beijing) 5 FR A 7] ; #ilR & 445 & Al
3-F IR IR (3HP-Methyl) Arifk it H 5 WL AEMHEARB IR A .

1.3 BRI EAMSF

LB 37 (g/L) « EEEREfy, 5; JREEME, 105 NaCl, 10; [E{4k LB #5%
HEFTMAN N5 gL Biflg. HWmEAKEEEFRE (gL) : K:HPOs3H0, 3.4;
KH:POs, 1.3; (NH4)2SOs, 4; MgSOs+7H.0, 0.5; CaCO;, 0.1; FEEEKY, 3
Hi, 405 fEILE, 1.25mL. fEILE (gL) : MnClh-4H:0, 0.1; ZnCls,
0.07 ; NiCl6H,0, 0.025; FeSOs7H,0, 1; CoCL-2H:0, 0.2 ; CuCl,-2H0,
0.02; Na,MoOs-2H0, 0.035; iR, 0.06; {FIZEER, 4 mL. MR FHNER:
W AEORE, 10 mg/mL; TAEWE 50 ug/mL.

W RPEAL: BRAF IR 1% (V/V) $:RT 4 mL LB AR 9538, 37°C
200 rpm $R3% 597 12 ho FFORAE A PIESREA, TR0 TARREDUAER . B
BE: WEAE R RAZ 1% (V/V) 4280 T8 100 mL & BERE 75 B2 ) H#E TR i (250
mL) , HOMKE O, 37°C 200 rpm ELEEFE 24 h (B 3h GEIMANFESHA
IPTG) , 4 3 h HBUREAGI .

1.4 EAFEHE

FERY 1. MGenBank £ i8] S. enterica serovar Typhimurium LT2 [ i It &
S (pduP) KR. eutropha HI6H IR BR & Bl (PHA G ) HEK (phaC) 7
|, Primer Premier 5% 1T 514 (WARD + HIAFIEIRIAEZERA, PCRY 1Y

pduP FphaCH:[H .
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I HA pET-tac-pduP-phaC [IFGEE: [BIWC2EAL pdupP FEDY, $2HUSURL pET-
tac, 37°C FXEY] (BamH VEcoR 1) JEKFE 4K 2 h, V)R EIE ID T4 DNA
B 16°CiEdE 4 h, ik B2 RBOZSANN E. coli TOP10, £ 187V PCR MR
FlE B BRI B VK I6AE , 3R 155 pET-tac-pduP I B 5 [FIREJ7 1538154 pET-tac-
phaC [ EHF: WEFY) (EcoR VHind 1D EIRWFF kL, LA pET-tac-pduP N
HE, T pduP FU#tE N phaC, #6385 P A 5C B g 5 [N 1) 5 2H 2 /K pET-tac-
pduP-phaC.

H H B 4K pET-tac-pduP-tac-phaC W3 : LA pET-tac AR, PCR 4 3 tac
B8, H EcoR 1 ¥E§Y] pET-tac-pduP-phaC fl tac, £ pduP A phaC F:[K 2 |A]
N tac BN T, HALRSZAYIM E. coli TOP 10, kB Mk o 8ikH
BRI 2.

pET-tacpduP a pET-tac-phaC coR1
6673bp tac 7048bp tac

pET-tacpduP-phaC
8443bp

K2 B R s

Fig.2 Diagram of vector construction for P3HP synthesis

HAFEME: FRINEHEL pET-tac-pduP-phaC F1 pET-tac-pduP-tac-phaC,
WL T B IR 52 3 K. pneumoniae, AT SRR I8 2 I EARFHR, B PCR
e B HE M B R FEL UK B, 3R 15 B4 K. p(pET-tac-pduP-phaC )l K. p(pET-tac-
pduP-tac-phaC), RA7%H
1.5 EHAWKE
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STCAR 4 #REHEAT 24 h $EIK T : K. p(pET-tac-pduP-phaC)~ K. p(pET-tac-
pduP-tac-phaC). WA (K. p WT) FIZ ki # K. p(pET-tac). 4 3 h £ HHL
P 2mL, WE ODeoo S H MBI RE, LHl405E EK & HMEFEHL. HH24h
IR B, 83t SDS-PAGE ¥k 5 (R ik il .

P3HP (A FHAHE (i 52 P3HP UG, HX 2 mL 24 h KW, B0, ¥
BRATWwAR, . HEE-RERE W (FPEE: BiiR=85: 15) & 1mL; 99°C/Kift
Wi 4 hy AEEZEEIN 1 mL LHEK, WERIES 30s, HEDE, B
FNERVZE, BUARIFES; Pl 3HP-Methyl bt 5 6t iE, GC A . A4
fF: ¥46 90°C, fREF 3 min, 10°C/min FHFEZ 180°C, fRFF 5 min. Hidt—L5K

ZhL, RAASAMERE-FUEEH (GC-MS) ST Sk 2L /3 3475

2 R5WIR
2.1 EAREMMWE

PCR 75 [% G 0 T TR B pduP FEH (1395 bp) , HELIK AN 3(a) Fiom,
mmm%ﬁﬁ—m%%%w,%w,Lﬁ%%%@ﬁ§%@,%ﬁﬁmm%
iE, MESEEH pduP AR pET-tac-pduP . [FFEJ5 %7 B /R 738 K 1
PHA & BB R phaC (1770 bp) , Wil 3(b) Az, 2000 bp Ffifr A — 5 i 5%
i, B pET-tac-phaC. W25 54 DNAMAN BAE L 04, KIS H
WFAI—8, ATHTEAERE.

HE§Y) (EcoR I/Hind 111D 43 pET-tac-pduP A pET-tac-phaC, T4 ERE.
Ak, W% PCRIGE, 183 FIR #5734 pduP A1 phaC K E H 34K pET-tac-pduP-
phaC, H1El 3(c) Tz, 1E 3000 bp MiEA Hbrs&, KRB BRI %A pduP
A phaC.

E— ) BEAE i HR BRI AN LRI, 5 T R ) 3R T8 e . R TE
pduP H phaC Z ] EcoR 17 pitfi NEL SR EE R 1) tac 3307751, flip
AN DR 1) 3% 98 32 R N R TR 4% ) o T i 4 3R 98 B pET-tac-pduP-tac-
phaC, WIE 3(d) Frax, fE 3000 bp MEAH HAxskir, &5 7 PHA & Rl 5 K
phaC FRIEZ NIRRT RETE

PFEE EIR PR A B A, BTG E K. preumoniae, HIEEEM TR
p(pET-tac-pduP-phaC )M K. p(pET-tac-pduP-tac-phaC ) , #1745 .
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(@) (b) © (O]
(a) pduP PCR HLJkI&; (b) phaC PCR HLUKIEl; (c) FA ik pET-tac-pduP-phaC % PCR HLIK K,
VKIE 1. 2 NBHMETERE; (d) EALFURL pET-tac-pduP-tac-phaC B 7% PCR HLIK B, ¥KkiE 1. 2. 3 NFH
M7 %; M-DNA marker DL2000plus.

B 3 i [R] o e K EE AR Pk 1R

Fig.3 Electrophoresis of genes and recombinant plasmids

PCR amplification of pduP (a) and phaC (b); Colony PCR analysis of recombinant
plasmids pET-tac-pduP-phaC (c) and pET-tac-pduP-tac-phaC (d); M-DNA marker.

22 BEHBEERRE

PR A 24 h BB AREAT SDS-R A EEI k. M SDS-PAGE 455 (K
4) "R, NEEBENE PduP (49 KDa) 7E HAsfiBA WE LKW, RIEMRK
If; PHA &kl (643 KDa) 45k, FIAKI.

KDa M 1 2 3
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110 & %
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10 -
M- Marker; 1-B7AERIXHE K. p WT;
2-H W K. p(pET-tac-pduP-phaC); 3-HE 1 K. p(pET-tac-pduP-tac-phaC')
#iskfi7n: 49 KDa Jy PduP: 64.3 KDa Jy PhaC
4 SDS-PAGE
Fig.4 SDS-PAGE analysis of protein expression

M-Marker; 1-K. p WT; 2- K. p(pET-tac-pduP-phaC); 3- K. p(pET-tac-pduP-
tac-phaC ); narrows indicate PduP (49 KDa) and PhaC(64.3 KDa)

2.3 EAWAEKEHMEE
Xt A B SN IR AT R A, IUIROGTE (ODeoo) ATH R, 221l
AR (K 5a) KHmFERERZ (& 5b) o @A Ll &, 4 #kE
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7E 24 h WHIH M EFE RS . WA ER A, #HAHE K p(pET-tac-pduP-
phaC) K 75 FUORLZAAAR TP AR L, HEN & PR SI N3G T i dar s B ZH 14 K.
p(pET-tac-pduP-tac-phaC)ft 6 h Ja £V E 2R ETH, 12 h @RI, &KEN
BRI 1.75 £ RIREBE N Ho—,  SRIK P I SR X 4 A 5 1 3-
HPA 1t} 3HP-CoA, Tis@fb#iE PHA & gt — LR sh QR , Wb T 3-
HPA 281; H =, P3HP MM KT, wAENBIEMR SR AEK, KIEH
MTEFEAHFE 26T, BRI s e &, L=, A7 P3HP BRI B 14
PRARUR AR B AL, AT R B AR R P U B e il — & T

06 ¥
.
05 / =
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8 03 ﬁgtg\: 20
~ —_
} E
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Fig.5 Growth and residual glycerol of recombinant strains

2.4 P3HP Fka

WUR T 24 h (W, 24 FESR PO P3HP #46 3HP-Methyl f5 H S
R . Wi 6 Fran, (a)s (b)s ()7l 4Rk 3HP-Methyl #rifE i BEAHR K.
p(pET-tac-pduP-phaC ) K. p(pET-tac-pduP-tac-phaC ) F BE 4L FE i 1) GC 45
B 6 BT K, A5 5 hR v AL B WA, IR (A (min) 43
8.413°. 8.399. 8.414°, WA I\E KEEHE i &4 3HP-Methyl; 9l It 45
S, R SOR € -5 R B PR A DU R, I SRR PR S H B T (4 5 R 3HP-
Methyl, EJEE{E774= 7T P3HP. ¥ GC 455, =K K. p(pET-tac-pduP-tac-
phaC) BIETF KT K. p(pET-tac-pduP-phaC), STHIARS, BIHST FEELAE R 5]
N, ff PHA & RBGZ A =10, P3HP =& tAH R .
2.5 P3HP =&

PAEAT NIEFIRCHIRE N 100 8. 5. 4. 2. 1 /% 0.5 (g/L) ) 3HP-Methyl
PRAESE, GC AR, ehlbrdedhd (Bl 7) , WA SRR ) 3HP-
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Methyl & &, HFAEHE K. p(pET-tac-pduP-phaC)F K. p(pET-tac-pduP-tac-
phaC) ] P3HP /75, 7374 0.054 g/L J 0.091 g/L.
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Fig.6 Results of gas chromatography

GC results of 3HP-Methyl standard (a), K. p(pET-tac-pduP-phaC) (b) and
K. p(pET-tac-pduP-tac-phaC) (c).
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Fig.7 Standard curve of 3HP-Methyl
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3

(1) PCRZEFE T S. enterica WM S B K pduP 1 R. eutropha ) PHA &
J L R phaC, #E3LRIEHAR J5 1k K. pneumoniae, SDS-PAGE W E 1A
8 o

(2) DLH A ME— BRI PR 2 B, HPLC K UM € il - 5 i B FHAIE 52 7E K.
pneumoniae FRINEE T P3HP 14 &% .

(3) pduP 1 phaC 3t tac |5 3+ 1) T2 K. p(pET-tac-pduP-phaC);= £
0.054 g/L 1] P3HP, 1M pduP M phaC % BMHA tac J3 81 1) T K K. p(pET-tac-
pduP-tac-phaC) 7=/ 0.091 g/L ] P3HP. J&#& Z&ni# P3HP P &/ 1.69 1%.

Metabolic Engineering of Klebsiella pneumoniae for the Production

of Poly(3-Hydroxypropionate) from Glycerol

DOU Yi-han! LI Ying? ZHAO Peng! FAN Ru-ting! TIAN Ping-fang'™*
(1. College of Life Science and Technology, Beijing University of Chemical Technology,
Beijing 100029; 2. College of Biochemical Engineering, Beijing Union University,
Beijing 100023, China)

Abstract: Poly(3-hydroxypropionate) (P3HP) represents a novel biodegradable and
biocompatible polyhydroxyalkanoate. None of currently identified organisms can
naturally synthesize P3HP. Two recombinant Klebsiella pneumoniae strains for the
production of P3HP were constructed. The propionaldehyde dehydrogenase gene
(pduP) from Salmonella enterica serovar typhimurium LT2 and the
polyhydroxyalkanoate synthase gene (phaC) from Ralstonia eutropha H16 were
cloned by PCR and cloned into vectors. Transformation of vectors into competent K.
pneumoniae cells led to two recombinant strains: K. p(pET-tac-pduP-phaC), whereby
pduP and phaC shared tac promoter, and K. p(pET-tac-pduP-tac-phaC), whereby
pduP and phaC were independently expressed under tac promoter. Using glycerol as
the sole carbon source for shake flask fermentation, the strain K. p(pET-tac-pduP-
phaC) produced 0.054 g/l of P3HP, by contrast, the strain K. p(pET-tac-pduP-tac-
phaC) produced 0.091 g/L of P3HP.

Key words: Klebsiella pneumoniae; poly(3-hydroxypropionate); glycerol;
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propionaldehyde dehydrogenase; polyhydroxyalkanoate synthase
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