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Efficient polyhydroxybutyrate production from cheap
resources by recombinant Escherichia coli
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Abstract: Based on the fermentation analysis of Escherichia coli strains and cheap renewable resources suitable for
polyhydroxybutyrate (PHB) production, we constructed a ptsG mutant of Escherichia coli DHS50. Application of E. coli DH5a
mutant together with stress-induced system, we could produce PHB efficiently from cheap renewable sugar mixture by the
simultaneous consumption of different sugars. Batch fermentation at lab scale (5 liter) showed that E. coli DH5a AptsG/pQKZ103
produced PHB from sugar mixture up to 84.6% of cell dry weight in 32 hours; meanwhile, the cell dry weight reached 8.24 g/L.
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AR T B R AR R — . AR
ZJ& . MEyAnE AN AT REF R PHA fE yRE &
BRI B A 28, W= BT B . HY R R T O A
S B WA N PHA A LA B0+ &
1 709%~80% , PRIMARLA: 1 HE 7 A 1 T e fk 2B )
MRS 3 B2, HABUEY T PHA B-& AR 2
TERIR i, BREIA . B RKAAMET AEWN, 1E
XREEFRARMT, A A KA B0 T 240 i
AR A AE R, R EA R R A ik
WA AR — RS B iE R Y, B
Ko, BrgRfais . v LUR AR Z Rk . 5t f%
PR R GR Y, AERE A T REREYD Y
AT AP RE IR A A Y AL . O H, KIBAT
WA A REE R, & M PHB A2 A ;
5y F Wi, AR PHA MERIAEED

B2, B A= R A v 72 A1) R & 2E K Y
e 25t B0 Bk PR AL 15 FH 18 B 4 (Carbon catabolite
repression, CCR), TEAMIZ LRI M IR ik
AR AR 75 Fi I A BIF 5 H e e g D
i A 1 =X TN T R 7 28 0 B il R 48 (Carbohydrate
phosphotransferase system, PTS) ()45 4 B4 7% fify
9 ptsG FEH, THER T CCR W52, f&wm 1 RIAFT
RER R, Sy KA 58 [m] s ) FH 22 o ) TR

x1 EMSREH

Table 1 Strains and plasmids

HPRAE T RS S, RS EE TRE N
KW B 7 # A S T9 E -B-D- i AR 2L
(Isopropyl-p-D-thiogalactopyranoside, IPTG) £ }if5
R SAMEE AR RIL . T ERA —E R R
PE: 1) IPTG A& & 51, A7 A s 2) IPTG X4
M EA —E g, SEARAR ;s 3) A SR
(1A s AL 2 40 1O AR S 6 b Y — R SR A
WEE B RSBk e ik 7 BaR Bk, BEREH]T L
Az =

BT A <o D s VS L T N E - 2 i I A W S B 20V
— IS BT ML AR 7 SR R S A AT R A SR 1 1L
AITRAR RN DT 1, Sy AR T S SRR B A B A R
fillo AWFELIRZETIREE (PHB) 1T HAR,
DL A 72 A I 0 R AR A B0 Y Wi VRN
FRUTIR-B IR, #1207 T PHB IR BAAS . B
B Je KO IKFRBTE AL 7 AWE IS 2 I W R R 2o 4
JEAFEIN, BT EAN 60% . M FE S
AN, 2y BRI 65% U L, HUROE RN,
dEE S 25% A5 A, DI ANEA DRI BTHAA A

1 #r57%

1.1 EM5RH
AT S A R TR LR 1.

Strains and plasmids Genotype Sources or references
Strains
MG1655 F X ilvG- rfb-50 rph-1 Lab stock
W3110 F A rph-1 INV(rrnD, rrnE) Lab stock
F endAl ginV44 thi-1 recAl reldl gyrd96 deoR nupG ®80dlacZAMI1S
DH5a AlacZYA-argF)U169, hsdR17(rs my’), &~ Lab stock
DHS5a AptsG E. coli DH5a derivative, AptsG::cat This work
Plasmids
pBHR68 pBluescript II SK~, phbC and phbAB gene from Ralstonia eutropha [12]
pQKZ103 pBluescript SK™, c'ontalnlng SIR fragment upstream of rpoS gene, phbC and phbAB (1]
gene from Ralstonia eutropha
1.2 iEFE 0.1 mol/L fJ CaCl, 1 mL, 10 mmol/L (4 Hile % 5 mL,

FhrRegedk. A 10g, FEEEK 5 g, NaCl
10 g, NMZKEZZE 1000 mL, # pH K 7.0,

KEER: 3R 4 . Na,HPO, 12H,0 17.1 g, KH,PO,
3g,NaCl0.5g,NH,Cl 1 g, 1 mol/L ) MgSO, 2 mL,

Journals.im.ac.cn

finZK % 1000 mL, 3 pH N 7.2,
1.3 FENEEFRF

AW O R (RS A Sk A IR
Fl), Gene Pulser Xcell HZFfLA S (Bio-Rad),
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AR 0 1% A LC-VP (Shimadzu), < HH (5 3% 1%
GC2010 (Shimadzu), 5 L B{ESABERE (1IRFAR24A:
Yk g THARAE), PCR Y (Bio-Rad), DNA T.
EL[§W H Fermentas A wl, SCH HEIH 519 H
Invitrogen 23 F) & i, HA RG34 [ 7 o3 B 4l
1.4 EFFE

P85 DOPHCBRIBCR TRV 24647 50 mL Fh
FIEFRELN) 300 mL =i, &F 37CRIKRT,
240 r/min ¥37 10 h,

KBRS KPR S%EMEEARA
300 mL 555359 1 000 mL =f#id, & 7T 37CH
R, 240 r/min $55%

BRAEHE 5 . BRAUIE 35 S 00 76 2 W) B 4 A Hh
AT o FEREH 500 mL A e F7 B 00 SO 4% 5%
(Rl R AP S T R R G M A
25 SR T S AN (] B B g R A4

RS IR . MR EEE 5 L REEREP
fTo F 5 mol/L ) NaOH V4%l pH £ 6.8 72475
T S A R AR R 12 h W ETE 30% LA
b RS 12 h AR B R TR SRR A S 7E 309% LA
1.5 EAERR

AWK Red 240 R Gk KA T DHSa
Y prsG B, BARBRAEIES W SCHRI13]. R
R RS W 2.

x2 5M9F%

Table 2 Primers designed for gene knockout

Primer name Primer sequence (5'—3")

ACGTAAAAAAAGCACCCATACTCAGGAGC
ACTCTCAATTGTGTAG GCTGGAGCTGCTTC

AGCCATCTGGCTGCCTTAGTCTCCCCAACG
TCTTACGGAATGGGA ATTAGCCATGGTCC

CCTGTACACGGCGAGGCTCT
AATAACACCTGTAAAAAAGGCAGCC

ptsG-pKD3-F

ptsG-pKD3-R

ptsG-test-F
ptsG-test-R

1.6 WMAE
1.6.1 PHB 0

WERFRI 15 mg VRT R BRRBCA R BH, 1h]
HAAnA 1 mL &5 . 850 uL FIEERI 150 uL W HLIR,
FEEWAE 1 hJE, R OR O IMA 1 mL 288K,
RIZURA G, #E )= mhicE PUZ i ug s A
R S EIE A S WS [14].

1.6.2 /R

ER I T 12 000 r/min 2.0 2 min, B L3,
SRIG LR N 022 pm MR EBLE 38, FH S 80R
AR €8 T 0 T 7 o R 2 O R 2 T Ol A T 4%
RID-10A, {Ai%+: >y HPX-87H (300 mmx7.8 mm),
TBIAH A 5 mmol/L FBR R , i # A 0.6 mL/min,

2 BRI

2.1 KEAFEEFRRAIZE

2 R0 KM AT 1 B AR AR ) A A AN TE S 5]
W E. coli W3110 i& B T K%, 1M E. coli MG1655 i
HTUFRA S TS T R T T R R
F PHB A AIE L, 551X E. coli DHSa/pBHR68 .
E. coli MG1655/pBHR68 #ll E. coli W3110/pBHR68
AT T oI KA (K 1). E. coli DH5a/pBHR68
o M AR L I 2 M N PHB & 3 I, #REAR
THABW R R . KNk, ARSCE%EA DHSo/pBHR6S

VB PHB A= 7= 9 H & s Ak
6 r pzzacDw 770
I PHB content

st 1 60
4l 2 7 150 ;\;
3 § 7 140 &
3 F =
E {30 3
o, e
—4 20 =¥

Lr 110

DH50/pBHR68 MG1655/pBHR68 W3110/pBHR68

1 FAEXBIFEEKRE™ PHB BYIFNR LLER
Fig. 1 Production of PHB with different E. coli strains.

22 KBMEHASHRIESE PHB B LR
PHB VR AR i, A 72 R s X JH:
AP RS AR . BRI, BEBE T LA FH BN ik
TR A0S, A3 BT K AT P AR T R P 3 Lol A ™
PHB WYRES) (& 3). MWERHATLIE I EH KT
TR LA 20 W A R I, TR AR LR B R, T A E
431 g/L, My PHB & EWATEE] 46% 45 LIAR
WA BRI, HC PR A 2k B IR T A 0, (H L
W PHB &t Al miy, rlik®] 49%; LIFLBEF
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L-By oAb A e IR, TR ARV B2 R PHB % 2 A X 22
IR —2E XU B AT A TR B AT LA FH 25 s U5
A 1L PHB, F¢ 512 AR £E A 7= PHB J7 1 A3 T4
A, JF HHFE R PHB ML N 0.19, HH%]
WEE = B, ARBERZEr PHB ) —F K AFaR IR

®3 AFREKESH PHB 4R LK
Table 3 Comparison of PHB accumulation in E. coli from
different carbon sources

Carbon CDW PHB Sugar PHB

sources (g/L)  content (%) consumption (g/L) yield

Glucose 4.31 46 11.7 0.17

Xylose 3.95 49 10.2 0.19

L-arabinose 2.62 39 6.8 0.15

Lactose 3.44 30 8.6 0.12
2.3 ZMEIERNF AN IR XBFEREE
M BT R BEFE SR p T LUR Y, 2 Rk PR 0]

VUHT PHB W47, 1 HAF 2 B B IR e 22 Mot

-+ CDW

A 6 —o— Glucose concentration 212 260
—— Xylose concentration
st —kx— PHB content 10 %: 1 50
3 4t g §' {40
s s
2 £ | 3
a 3 6 § 30 g
=) = g
O 2 44 § 120 g
< [~
1 12 #q10
wn
0 40 0

0 10 20 30 40 50
t(h)

2 KBHEAERS®RERNEKRT PHB IR

MR AW, 102 4 R WK i o2 s A . AR
WESERITR G . R, W58 TH4 E. coli DHS50 ]
FHVEIR &4 7 PHB TGN (K 2A), MW LA
i, E. coli DH50/pBHR68 1] LU FH Z Rl IR, (H 2
CCR [WAFTE , BRI A B A R B Bk IR A A I
PSR M w A, AR S 2R A SR AR
Bl KB AT TR A K B BT, R AR
BRI AR KRB A . T I BR KA R CCR
s, R AR % @S T EFE E. coli DHSa
R T prsG JENE il id K EERE, LZPLE. coli
DH5a AptsG/pBHR68 T PR RE A [F] i Al FH i 2 0% . K
B, T EL AR B ] AR P, PHB RB ISP MR R
HF 30 h ZE4EAH PHB By ik 8 & (F
2B). I H., E. coli DH5a AptsG/pBHR68 @*ﬂ%ﬁﬁiﬁ’a
PHB I 4 Jifd -5 1) 75 s #5400 i TR bk DHS o A7 8K 42
#, ATLLAE] 60% LIt

- CDW
—o— Glucose concentration

B 6 L —> Xylose concentration ., 1 qp )

—— PHB content ~ 17
5+ 10 g 50 ~
- § a0
= 4r 18 & 140 <
2 £ 3
= 3t 16 § 130 g
8 g @
O 2t 14 S 120 %
] Ay

1t 12 %" 10

0 40 0

0 10 20 30 40 50
7 (h)

Fig. 2 Growth and PHB accumulation of E. coli in sugar mixture. (A) E. coli DH5a/pBHR68. (B) E. coli DH5a AptsG/pBHR68.

24 IRUXBIFEAREDREDFSMIETR
e

FIFH KT R TRE P A2 7™ PHB AR — 2 1 Jmy R

PEo A, AR ETERTAO g T —FhaE
i3 1T 8 R AR KA T PHB & R, ARk
¥$51% 2 G HTE E. coli DH50 AptsG 1, JfH1 IPTG
ﬁ?%/\,ﬁh PHB BLEMBEET LA (3% 4). 163
S RS PHB P71 F R (R A4 KRS 2 7 KR8
BE, HERKWRETIAE 6.24 g/L, 7 pBHR6S
TR B AR T 20% o ENIASEIE S R 5 S5
PR VRN PHB 7= 5 41 55 1 J5 P 7E TR R 505 o)
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SREE . GFP RIXKGM AR KM, Z RGN A shiH
I HE KT Lac /s, RN, ZRGH N H
A LATHBR IPTG X B M AE K By il VR, o g A —
TR LS AR PHB 177 & .

x4 BREBHXBITEEIPTGFILIRIF T RS F PHB
&R

Table 4 Comparison of PHB production in IPTG induced
system with that in stress-induced system

CDW PHB content

Sugars utilization

Plasmids
(g/L) (%) (g/L)
pBHR68 5.22 55 11.7
pQKZ103 6.24 73 18.8
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B TiAS, R R E 7 rp OAR 1 06
HENR . SCEkRIE , BRACH AT KA T PHB Y
B G, FERRRAR_ B AR T R A,
N WERE R e SR ARG T 3R . 7E 4 DTATRIRM
B, Sy B 4 FORRI R 57 R SRt
A, EFERA . 0~24 h [RAF 24~48 h FREA . W& 3
JiR, TERARAERK BB 24~48 h FRARERE SR IIE B
AR, WARBHE SN PHB & i, X —K59%
R AT A Wang 2519 PHB [ Be Az s 0 US1 p
VEPRIZ T 37 7 I Ry S e85 F 45 v R AR 3

22 CDW
5 | S PHB content 1 60
7 § § 450
4r ? —_
X
2 140 =
23t s
=
E 130 8
(SN g
420 &
Lr z {10
0 0
Full aeration O, limitation O, limitation O, limitation
during during during
0-48h 24-48h 0-24h
3 BEMNEHXBHITE PHB 5 I IE
Fig. 3  Effect of oxygen limitation on PHB synthesis in

recombinant E. coli.

2.5 RWEPHARNEYD S ABLE

L E. coli DH50 AptsG/pQKZ103 VE Ky & BE bk
PLO“BEE” RWIERE, fE S L RBEREFIET T PHB &
B G . WIhn SRR EE 20 30 /L, Kbl
it 5 mol/L 1y NaOH # 1| pH £ 6.8 Zi47; M 12 h
T4 B R I 25 oA il 480E 309% LUK . FE KR 32 h
JG, BEEAFER, KMFFHE DHSa AptsG/pQKZ103
TR R 2 B2 1K 5] 8.24 g/L, PHB /{40l T H Y
84.6% (Kl 4). ME LJLIFEH, KEERIHET 16 h H
R sE K, 16 h 2 )5 PHB 58| KRR Z, X545
12 h iR FRAAEEAAHAT 5 At A WA Rl B A IS
WAL PHB AL 2R 0.243, 181 5 3557 48 h
B 1) TR A TE 58 S L BE T IR R o IR BT DU
KIGFF# M B 29 PHB POk 80, JF H R0
PHB BUKLE K, A F|T PHB M2,

1261
—=— CDW
12 r —— PHB content 130 1 120
—4— Xylose concentration
10 } —* Glucose concentration 1925 % 1100
ﬁg-\ = I gl £
E 1 E
> 6 15 = 60 g
8 110§ 440 o
O 4 10 g %
-] Ay
2 r 5 2120
7
0 : : . i i —* 40 0
0 5 10 15 20 25 30 35
t(h)
4 FEHAXBHESHMEFEAREK. EEFEL PHB

SEML
Fig. 4 Time profiles of cell concentration, sugars concentration
and PHB content of recombinant E. coli in batch culture.

5 EHEKFTE DHS0AptsG/pQKZ103 E 5 B R
Fig. 5 Transmission electron microscopy photo of recombinant
E. coli DH50. AptsG/pQKZ103.

3 &%

TR EA 2, TR KD
FF B A 7 2 T R A SR — B AATTRE SR W — A
i, (HJE, RIBATEME N T A —E B,
AWFIE R R A E. coli DH500 FOH) AL Bk it 1
ZAEH T 2R JFE T R IPTG H5E 5
RGN, I T R IBAT WM F PHB A 7™
T ) — S ) R, S R WA SRLAE B R
R K A e 7 R T R A AT g b S 30 K o A 1A
fR R A R PHB IS AR R, B RAFHYHT R .
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