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Construction of polyhydroxybutyrate pathway in Klebsiella
pneumoniae
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Abstract: 1,3-propanediol production with the byproduct of biodiesel production is important to increase the economic
benefit of biodiesel industry. Accumulation of 3-hydroxypropionaldehyde is one of the key problems in the 1,3-propanediol
fermentation process, leading to the cell death and the fermentation abnormal ceasing. Different from the traditional way of
reducing the accumulation of the 3-hydroxypropionaldehyde, we introduced the polyhydroxybutyrate pathway into the
Klebsiella pneumoniae for the first time to enhance the tolerance of K. pneumoniae to 3-hydroxypropionaldehyde, at the
same time, to improve the 1,3-propanediol production. Plasmid pDK containing phbC, phbA, phbB gene was constructed
and transformed into K. pneumoniae successfully. PHB was detected in the engineered K. pneumoniae after IPTG induction
and its content enhanced with the IPTG concentration increasing. The optimized IPTG concentration was 0.5 mmol/L. The
constructed K. pneumoniae could produce 1,3-propanediol normally, at the same time accumulate polyhydroxybutyrate.
With the constructed strain, the fermentation proceeds normally with the initial glucose was 70 g/L which the wild type
strain stopped growing and the fermentation was ceasing; 1,3-propanediol concentration and yield reached 31.3 g/L and
43.9% at 72 h. Our work is helpful for the deep understanding of 1,3-propanediol metabolic mechanism of Klebsiella
pneumoniae, and also provides a new way for strain optimization of Klebsiella pneumoniae.

Keywords: 1,3-propanediol, Klebsiella pneumoniae, 3-hydroxypropionaldehyde, polyhydroxybutyrate

1,3-N £ (PDO) st — F 8 2L 14 4k T 50k
HAT MR X AR G5 M, AT FEEZ Tl . R%E
Tl . EPYE T A . HHT PDO fi 521 ik &
FHAE o 70 SR i SR 0 28 W IR N T EE (PTT)
Rt PTT 24k FZE 50 4EfRR XL —H
iz 2. —FEfE (PET). 70 4RI —HER T —
B s (PBT) =2 )& 2 B Tk KA A 57 284 mT ol 2F
SRR FRORE, R — I A R A R
R RE A B e 77 13- B R A
T, BGEAE, L, B, 5T
3 B8 A Ak UL AT DA P AR AR 1 T A R U
G, BARIFWERR . T4k, UL
Py S Im i 2R/ AR P s e 1,3-
B RN AR T A e e 0

Y ELRAS

1E PDO WA~ HH, 5 A [GA Klebsiella
pneumoniae H.A 4 & WKW % L2 F1 PDO 4= )
5o B OT) ST AE SR A7 B [ N AMIF ST B SIZ e
3-BRELN®E (3-HPA) /2 K. pneumoniae PDO £,
g 8, (H 3-HPA XA A, &
WE 3-HPA FLRESHAMMILT:, KEEFWL
IEE AR, AR AR &4 3-HPA
FRREHEA T T . —Jr i, Wk T2k
FAIG 3-HPA FH24(ZL200710063347.0), 55— 7 Hiid
PESEN TR BRI E Y 3-HPA BLRID B
fik 3-HPA T2 BRI 3-HPA X240 Y 5 F ,
{H 1 F 3-HPA tiJ2 PDO R G | =4, R I
PDO 1™ o 23 il Z 1T FE AR
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R B-# I T BRMR (PHB)JE 13 AE W1 78 A S i
A K ST VR S DR RN BE VR 14 i 55 0 I AT
ANML N —Fh R A TR A BN, BRI
o5t e OB — A RO B IR W7 R AR
(Polyhydroxyalkanoic acids, fajF% PHA), H Ak
& 3-RILNRNIR, TR HAR AP 2 R i)
A PHA 1 A ] A SR B A
Iz A i PHA 5L M A R BT
ARG R T E T, 72 PHA B
W RESEFEA ML DL S T 4 B 115 YL X AR A
XHE/R AT PHA W] RE S 4 | BT RE T A —
3 R U7 Satoh R SE R H T ME TG VR B R
PHA (7] REHEFFERT2, T M 75 1% 45 L PHB
T2AC B, Nancy 4055 H— bkt
MBE AR SR IR A T, HiNZBRES H S
PHA HIF R FERE M K. Nicolaps %5 % BLAK 2.
Jfi % Pseudomonas p11423 X i AYH 52 BE 11 1R
SR, T R K PHB 288 Lopez
W T HAT PHB A& BGEE 1 1B R ZFE AT I
Bacillus megaterium F1% /K Bl [CTA Ralstonia
eutropha K HAHY PHB & BUBREG RIS A8 bk, 45
SR B bR A A RE 1 B35 Kadouri
SE MBI 9 2% B LA B 4 PhaZ Btk B S8 ARk LA
EE R R EX U BBE . PR
L H1 R B4 ) DR 26 P a0 R o e Y

RSB PHB %42 1T RE IS 5 i PR 10 BT
WiRE S . PG, ASCEH R PHB 25| A ve
AR, DL ve 35 A IR X 3-HPA fHiis
P, Bk s AR PDO By A =R . ARBFSY
A BTG 5 H A KE PDO A AL A IA
W, R T 32N RiE L 1,3-
TR TR L R S v DT A U A R 1 S i
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1 #RE7E
1.1 #

1.1.1 ERh5 FokL

ARSI R TR S ki an 2 1 RISk 2 PR .
1.1.2 5

Luria-Bertani(LB) A& 73 . BELEIR By
5g, EHME 10g, NaCl10g, EETKERR
1 L, Al NaOH ##15 pH 7.0~7.2, 121 CpHzg
KK T 20 min,

LB [R5 5E: 78 LB WIS 75 3L K i
A 10~15 g/L B BREHS

x1 LHRAEK
Table 1 Experimental strain

Bacterial strain Property and Source and
genotype reference
Klebsiella Wild type, Amp' Laboratory
pneumonia HR521 collection
Escherichia coli Loec i T}angen
DH50. biotech
co,.LTD.
CAB-pDK6/DH5a Cm', Amp', Km" This work
K.P/pCAB Cm', Amp', Km" This work
pDKG6/P.S Cm', Amp', Km" This work

*2 ZKWABRK
Table 2 Experimental plasmid

Property and

Plasmid
genotype

Source and reference

Gifted by Prof. Chen
Guogiang (Department of
Biological Sciences and
Biotechnology,  Tsinghua
University, China)

pBHR68  Km'

pDK6 Expressing Kleiner et al !
vector, Km"

pDK-CAB Constructed, This work
KIIll’
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Tl 35 IR B M R B RE SR WL 3, Tl T R
R 4 BRIEWBCH] . BAKPIMA 37%
B Eh 2 4 mL, FeSO,H,0 5.0 g,

12 7%
1.2.1 B

KIGFF R ARG % 76 LB {5983, 37 C
200 r/min K555 . WEIMABAERE, RIBER
ZHRIE 50 pg/mL.

R3 ABBEFERMTIEREEK

Table 3 Medium composition

et Ferrpentati(}lrl Seed rrfdium
medium (L) L)
(NHy),SO4 40¢g 20g
KH,PO, 025¢g 34¢g
K,HPO,-3H,0 0.69 g 13¢g
MgSO, 02¢g 02¢g
Glycerol 20-50 g 10g
Yeast extract 15¢g 30¢g
Fe*' solution 1.0 mL 10g
Trace element solution 1.0 mL 2.0 mL
CaCO;, / 1.0g

R4 WMETEBRKRAEAR

Table 4 Trace element solution composition

Component Content (L)

ZnCl, 70 mg
NiCl,-6H,0 25 mg
H;BO; 60 mg
CuSO45H,0 29.28 mg
CoCl,6H,0 200 mg
MnSO,44H,0 100 mg
Na,Mo0O4-2H,0 35 mg

37% HCl 0.9 mL

S E A R R AT T AP R 9% . 250 mL =
Ff, 100 mL Fp 735 5R0E, 3 ARNE IR A —
W, H 8 ZL it N ET 30 CRIKEFE, ¥
180 r/min, 153% 14 h,

v T A G S8 FF T B B O R I B SR
250 mL =ff)fi, 100 mL REEEFRHE, R
1%, M 8 BEL M NJEET 37 CRIKKFE,
£33 150 r/min 3535 12~48 h,

S B A TR S FF TR 1Y) R I RE RS 57 SL IR
¥ (B.Braun, Germany), %%& 4 L, f#FfhEh

1%, WS &= 0.5 vvm, PFEFEH 250 t/min, K
W e 37 C, FIHETE O 30% NaOH
VSR R AR 2R pH 6.5
1.2.2  TEEAA B RS2 25 40 M A il £

FHAZ R0 PO IBCES A= e TR IR B bR — 3, 4%
FRE]KE LB ARSI, 37 CHERITR o
B 150 pL 3R 2= 15 mL LB B53R3krh, 4%
L3R5 OD fHTE 0.3~0.4 ZJa] . R AEVK |7
% 30 min, 233 %E 50 mL Hid KE &0,

4 °C. 2 500 r/min .0> 10 min. 3 E3EF, HX
ddH,O ity a0, R 2 kK. 71
T, BOMAPIA 5 mL 10%H i, TR,
W FWLA 200 uL 432 F 1.5 mL B0, A
—80 “C KA I A7 -

1.2.3  EEA RS BT B

B R 0.1 em HL AR DL K 3z 25 4 43 31)
i 10 min, ZJ57E 200 pL 852 2540 A A
10 uL JFiki, oK EACE 10 min, JFHE{Y(BTX,
FE), JHHEEM 2.5 kV., BIRB YR EM
P HLIR AR, AR AR A B
fi] L AR FF G A 1 000 L SOC A 5%
I, EEMMIFFEE 15 mL BOE PR, 37 T,
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200 r/min &2 73555% 1 he B 100 pL BRIEEA
BEVTPEERR o 37 CREFEAT BRI
1.2.4 SDS-PAGE ZEHH Ik

53 A8 43 S I FIVR A I o BRURE b 5 3
AR EREGZIR G, T ZKE 1 5 min,
12 000 r/min 5.0 3 min, B _FIE W 20 pL #E17H
VKo WRARIE 80V, Zr B 120 V., HLIKZS 5 fin
A D sE i Y R G (5.2 0.5 b Je FH G €yl it
&, HE MW A
1.3 HAZE
1.3.1 HYENE

H A% 650 nm SIS 5 B 1A T A o o
2R, I E R R 650 nm B IR T T A
()
1.3.2 REEBRTEYS=YEENE

Hih. PDO. FLiR. 4R, 2,3-T . T
TR . CEER S BORAH ISR AE, HAS)
ME o ETEH R AminexHPX-87H #1, il #% 4
RID-10vp BUrtn 2RI #s, HRA 65 C,
WA N 0.005 mol/L H,SO, W, Wik N
0.8 mL/min, #EFER A 20 pL. A BER H 45 4H 50
B EE A AR 2 TS
1.3.3 3-HPA & EHE

3-HPA 5 bR A HC kil B0 I i
fR#F 3-HPA 1ERRIES: . ZKIM ARG & 1 mL
FEdh, 3 mL 37%RY R 2 0.75 mL A2 R 1k
#, 37 C/K¥ 20 min .4, SRJGLE 560 nm Ak
RS A £ 5 R A7)« Wk ERR 4.16 mL, D,L-
R 2.04 g, MZEMKMRER 1L,
1.3.4 PHB &ElE

1) FES S . R KW, 10 000 x g 15
O 5 min R, FLEFKUERE FBRE
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Ly, 3 W, 7E-80 CUKFHVKZR 30 min; FH¥%
VR TR LR 4 M oK R T4 48 h, I 4A T2
PRELZ) 50 mg T4 TEe L&, A 2 mL B
R G B iR s T HI g, % 2 g/L R
HERE N AR) R 2 mL G4, A, 78
100 CHEFEPERIL 4 h; BRHEEFIRE, A
I mL EB 7K, 580k, #EsZE, WH2
AOTHEAT AR ERAF, A . 2)
PRAE R A T2 B KPR AR 2 10 mg PHB
Ay TEALE T, T8 EARAE, RV aE
IFThRAE . 3) AAHEIE T AOR @IS AT
P2 HEAR S W) ) HP6890 M (A% o (it Ny
HP-5 B4 . R8s R SO B A0 A I 2%
(Flame ionization detector, FID). Fw&4li & <AE
HEA, ASMENRR, SRR R
FEMmWEERANE], SRS 0.4~1 pLo RAN
pRiEXS PHB BEATE M. PHB & N
PHB i 24 g -+ 9 U AFL

2 EREMM

2.1 FHEHIK pDK6-CAB B E R IEE
R I T B2 G (PHB) TR AE W1k b & i 12
wE 1R

phbA phbB phbC

acetyl-CoA —vbacetoacetyl-CoA—vb(R)-3-hydroxybutyryI-CoA—> PHB
~. >

.~ -
~ ~ -
~ ~ -
""""""""
~ -
~.

......
_______

phbC phbA phbB

1 Wautersia eutropha H16 189 PHB & %1%
Fig. I PHB synthesis way of Wautersia eutropha H16.
PhbA: B-ketothiolase; PhbB: NADPH-dependent
acetoacetyl-CoA reductase; PhbC: PHA synthase.
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PHB & B K 2| 3 A phSr i, B phbA
Sty i) B- 3 2, LA A 67 7 8 (B-ketothiolase,
PhbA). M phbB it i) NADPH 1K 4 2,1t £
WE A 85 LL K phbC Zifi () PHB A AL
ff. 2 ANCTRERE A 43 B-Fi S 6 % BF(PhbA)
HEALA B 1 LS TRAIEE A 47 F, J5 & FE
NADPH i 7 18 J5 fifg (PhbB) [ /E FH T 8 it
(R)-F23E T HE4HTE A, i )5 7€ PHA R & 1§ (PhbC)
(IVE R 4. PHB, PhbC. phbB. phbA
H Ralstonia eutropha H16 Z:{4{k DNA (9 1 4>
#BHYoc b, A 1AEEF

LI phbA . phbB Hl phbC % [H (D)5
FR CAB)H i ki pBHR68 NAiHR #E4F Touch
Down-PCR(TD-PCR), #f3HHE CAB, K
/N 3961 bp, TD-PCR FHii FHEY 51 40 40 F

CAB-F: 5'-agtgaattc ATGGCGACCGGCAAA
GGCGCGGCAGC-3'; CAB-R: 5'-tcaaagcttTCA

GCCCATATGCAGGCCGCCGTTGAAGG-3',
P LS R AR WERERC F Uk, 5 R K 2

iR, AT %1, TD-PCR j= #5547 5 Hix CAB

FERR/NARE, R 345 CAB JEH R B,

bp M 1 2

5000 o

3 000

2 BRYEE CAB InBsHE S ik
Fig. 2 Agarose gel electrophoresis of CAB gene. M:
DL 5000 DNA marker; 1, 2: CAB.

B Asn H i EE I CAB DL 3k pDK6
F EcoR I #l Hind TITFEAT XY, 18 1 B B [l
WS R A 1) 5 A [ A 2R s ) %) 6 PR A 2
1, FFH T4 DNA &R T % 4645 S 4 ok
CAB-pDK6,,

B I A 20K CAB-pDK6 F# A
A %2 B K AT # DHSa, 78RR ZHiPEFE
Mr b g, #EATEVE PCR, WA RAERT
BH B #EAL T HY% PCR P88 &4 nF . 95 C
2min; 95 C 20s, 53 C 30s, 72 C 1 min,
34 MEFR; 72 'C 4min, 4 'C 0.08 min, 16 C
RAT o

BT H RN, A7) PCR B[R], &
HTt TR PCR TFifE5 9 B-R, %59 Fikk
phbB HRIHEXT, =K EHR 1770 bp, L
W ORFEAE . BTE PCR BT AT

CAB-F: 5'-agtgaattc ATGGCGACCGGCAAA
GGCGCGGCAGC-3';

B-R: 5-TCATGCCTTGGCTTTGACGTATG
GC-3',

% PCR S ULE 3, MEIFETHI, MR

bp M 01 2 345 67 89

3 I7#HE CAB-pDK6/DH5a Hi% PCR FEEH8Y3R
B R A2 P ik

Fig. 3 Agarose gel electrophoresis of engineered
bacteria CAB-pDK6/DHSa colony-PCR. M: DL 5000
DNA marker; 0: purpose gene CAB; 1-9: colony-PCR
products of nine engineered bacterial colonies picked up
randomly.
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REE R PR EPkEr) 9 NEsfbF, 4l
% PCR, 2. 4. 5. 9 5Byt 75 BRI
1 770 bp MHAF MY B, WP KG TRA
CAB-pDK6/DH50a.,

2.2 PHB EERERFMRKEPRILE

MK BH I 5E % CAB-pDK6/DHS5a H
PRBUE A H A CAB-pDK6, i i vy b ik
W HIL A 5 TR AR TR R AT AR SZ S 4 .S, 7E
AR R P PR B R, eIt s
H BE A TR

PRI 2 5 B AL, SR ORI X L
17 EcoR I #1 Hind T ALEEY], LA CAB-pDK6
JERr K ELREI = gk 5 R, SR 4 FTR
AR AR U iR E 2 iR CAB-pDK6 fif
B8 MR Z S, B S E R
Wit U] J5 KN R Y 25t o TR B R 19 TR I
K.P/pCAB,

=
i
-
-

Bl 4 TiEE K.P/pCAB BTl & HEY R IR AEHE %A
A 37k

Fig. 4 Agarose gel electrophoresis of plasmid and its
enzyme-digested products in the engineered bacteria
K.P/pCAB. M: 1 kb DNA ladder; 1: recombinant
plasmid CAB-pDK6; 3: plasmid in engineered bacteria
K.P/pCAB; 2,4: enzyme-digested products of 1 and 3.

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

¥ THERE KP/pCAB TEFEM A B FR 5L
PEATRESE, FH 0.5 mmol/L B IPTG 55, LIEF
BT OHRS21 i B R X B, 45 00 o 3 i A
SDS-PAGE Hiik. 4 5 fiR, A IPTG i%S%
J& & % PHB s i) 3 #1 i phbA .phbB F1 phbC
IR s) AR RIS
2.3 PHB 2=8INE

Vo BT A TR R 2 TR 0 0l A T R R R RN
BERERE S, HAWEE 50 pg/mL W) RAPE Rk E
T, 96 h)5, %I A 1 mmol/L IPTG
0.5 mmol/L IPTG #55, HX 24 h 148 h BYF: S
A3 AR PHB & dit I 25 R ik 5 fios .

H13e 5 AT, BB RO PHB WA K, T
FAEFPKIE T PHB, 160 sk BRI
TREREGI AR IRE RS, fHRE T
PHB & W AE 1. W& EERTIRIAAER: , K% 48 h
B, W& PHB i & & A ik 21 5 1K i &t 19
34.39%, MR AR R IPTG #4750,
W& IPTG WEH 0.5 mmol/L 3 K 3|
1 mmol/L, K PHB S M, h
20.47%38 N2 34.39%. FESCH P d e,

E5 BEiR2A SDS-PAGE ik

Fig. 5 SDS-PAGE analysis of proteins in whole cells. 1:
promixed protein marker (low); 2: wild type
K. pneumonia HRS521; 3-5: recombinant strain
K.P/pCAB; 6: promixed protein marker (high).
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x5 HERESHEARE PHB SE LK
Table 5
K. pneumonia/pCAB

Comparation of PHB content in wild type K. pneumonia HR521 and recombinant strain

HR521
PHB content
(%)

Cultivation time

K.P/pCAB
PHB content (%)
(IPTG 1 mmol/L)

K.P/pCAB
PHB content (%)
(IPTG 0.5 mmol/L)

24 h (Shake flask) 0
48 h (Shake flask) 0
24 h (Bioreactor) 0
48 h (Bioreactor) 0

9.74( £ 0.315)
21.34( +0.785)
26.93(+1.217)
34.39( + 1.547)

6.27( £0.179)
15.54( 0.523)
16.13( = 0.794)
20.47( = 1.149)

IPTG ¥ FE KT 0.5 mmol/L I, B4 K B A
Jrsitg, H4R PHB &l dck, {H PDO 43T
B XL TR NG IPTG -S4 T AR
A K DA S e 2 T 774 PDO B4 Ao HED
HIFH, —Jyd IPTG W EE &4 350 PHB W
K, PHB 0] LIE R Gl P i el 75
Rk IE 53 PDO 132K, 75— 71 IPTG
AIES I AR A KA —E B FEH . it
BALAE IPTG ¥R 0.5 mmol/L,

24 FHEFHFMAKE HR521 50 g/L Himk B
£ 1,3-m 2

FHEF AR e AR AR R BT 1,3-
P ) R WS 36, W0 AA HHIM MR B R 50 /L, RIS

R 6 JEYREAN S0 g/L REFLEE PDO LB

FURE 50 ug/mL, K53% 6 h 5, JIA 0.5 mmol/L
IPTG 5%, 48 h HURE 43501 I e I v i 0 A 45
Fpr=grue ir , 50k 6 Frs, 7EHMWE N
50 g/L M 25AF T B AR 52 T A IR HRS521 A IE &
KA PDO 22.1 g/L, HA3 K 46.4%.

25 B A E HRS21 FAEZHE K.P/pCAB
70 g/L HiMABEE 1,3-REE

R AR B HRS521 AT TR B K.P/pCAB 1&
PR AT 70 g/L HIMARE 1,3-0 BRI X L
S, RAREE R 50 pg/mL, Hi¥E 6 hF,
JA 0.5 mmol/L IPTG %53, 72 h BUREI & I
RS B P, S5 R ILER 7,

JEYH IR EE Ny 70 g/L i}, BF AR B K B 24 h

Table 6 PDO fermentation with the initial glucose of 50 g/L by wild type K. pneumonia HR521

Cultivation . PDO yield PDO SuUC LAC ETH
ACE L

time Suain %) (e/L) @ AEED G (/L)

48 h HR521 46.42 22.11 0 0 0 1.35

F£7 RYIRE 70 g/L FEE S EHE%E PDO

Table 7 PDO fermentation with the initial glucose of 70 g/L by wild type K. pneumonia HR521 and recombinant

strain K. pneumonia/pCAB

Cultivation . PDO yield 3-HPA max PDO BDO SUC ETH
time Strain (%) (mmol/L) (g/L) (g/L) @n ACEED o
o HR 521 42.90 6.77 18.87 10.22 0.35 2.24 0.00

K.P/pCAB 43.89 7.09 31.30 9.05 0.00 1.51 0.80

cjb@im.ac.cn
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JRZ WA, HlEIETEFE, PDO @i
RPN, B 3-HPA F54efl BB %, BAW
#HyE, W LAE KP/pCAB NIFIEH & B
PDO, {52 3-HPA MJMEIEH &, RUITREAE
AEGE Y 3-HPA (TR 320k o 4 i 5 AT g
R EMRETSIA PHB 25, B SA
AFEE B ORI B R KPR IR, AT
5 3-HPA WYBEREFERIZS &, ORI AL 1T
i 10 55l 2 o LA T, A R AT R VR
3-HPA B R KRR AT AT IE % 4 A= K 5 4
24, M TR, Bi3E 72 h i, TREE PDO PE
HIAF] 31.30 /L, HEHFATEIE N 39.71%, HAG
N 43.89%; 2,3-T _EEMI= 10 9.05 g/L, [FlEL
B AL TAREAIS 11.45%, BI7Y) LR 1l 1.51 g/L,
B A BRI AR 32.59%.

Xue ZMHF5E W], PHB fE4: 5 b
R 1B VIR OG o B0 7 0] 5 5 ity B e Ak (1) 5
&, Leptospira interrogans) il A= 7 X h 4 14
L. biflexa 1T REfS K 5 BB 1A N IE 25040 2R 5%
SLRR TR R (PHA, W2RINE B-#J4L TR PHB
), BT A PR R, H
I I AN [ B g T AV AC AR R 5 BT UG I IR B
Acidiphilium cryptum % 7278 FHAK pH . B
48 15 Y AR, TR A HLBAE R %
AT ER NG R B-F24E T ER(PHB), 1 Yang
ERFFE R, ROEPERR A DX1-1 AN
PHB B R 51k 88%, ML E ] PHB SR ML
W HAT — 8 A EPY Wang 2545 phbCAB 3
RI7E KA HF 4 E. coli DHSa Hhk 7263k , it 52
W RUAEA PHB BLERMEO T, TREYUEE
R, JE R AT AR SR — Jr T PHB 1E KT I
RS, PRI A K BE ks, FRAR4N

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

G E AR, FRESRPES N
KFRik; F—J 1, PHB YRR RE 2 1
# ATP LK ppGpp T+, 1 ppGpp HI T =
15 rpoS FEH F R AKE-Fmr, M R T
BT PR RE 1P AR SCHE e A IR A A
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