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i B RMERG A RT R ERRN T AR, FNEMARR AR T AL LB ELS ATl
bt R BB SR BRI E Zymomonas mobilis ZM4 4 R BABR L B K B pdc F= LEELEABE L B adhB,
il it Red LAY —F 45| KMATH Escherichia coli IM109 AR 48F, & eAE T —+T A4 R 3 48t
ATUBR R B ELLWE E. coli P81. MG ¥4 kB T % 45 5F BAFH Bacillus polymyxal.794 ) B-F) ) 4& 85 A bglB
# E. coli P81 F#ATT ik Rk, FE T —MTABITH G —BEMA CEBELAB TG EHE E coli
P81(pUCI19-bgIB). Z B Mook B-#E B % L 2] 84.78 mU/mL W&, 44 —#E84% A 3] 7 3232 mU/mL H &,
ZEMH E. coli P81(pUCI19-bgiB) VAL 4 — 45 H AR #AT CBER B, LBRIFRXE| T 267 % 558%, mAH
Ep e AR R A BT, R OB TSR E| T BT % 46.5% . MEIFH) 6 ARE LA Y T K AT H 6%
AR B-F EAEFEEAE T LB, AMBRANKRALEEZS BT NEFRA TSGR, BIAEAFSNIEHE
T RATH A,
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Construction of an ethanologenic Escherichia coli strain
expressing pB-glucosidase

Yao Zhang, Zichen Luo, Qiuqiang Gao, and Jie Bao

State Key Laboratory of Bioreactor Engineering, School of Bioengineering, East China University of Science and Technology, Shanghai
200237, China

Abstract: Constructing ethanologenic strains with cellulose activity is important to achieve consolidated bioprocessing of
lignocellulose for ethanol production. In this study, we integrated the pyruvate decarboxylase gene pdc and alcohol
dehydrogenase gene adhB from Zymomonas mobilis ZM4 into Escherichia coli IM109 by Red recombination method to
generatea recombinant strain E. coli P81that could produce ethanol from glucose. AB-glucosidase gene bgl/B from Bacillus
polymyxa 1.794 was cloned into the recombinant E. coli P81 and B-glucosidase was expressed to give a new recombinant
strain E. coli P81 (pUC19-bg/B) with dual functions of cellobiose degradation and ethanol production. The
extracellularf-glucosidaseactivity was 84.78 mU/mL broth and the extracellular cellobiase activity of E. coli P81
(pUC19-bgIB) was 32.32 mU/mL broth. E. coli P81(pUC19-bglB) fermented cellobiose to ethanol with a yield of 55.8% of
the theoretical value, and when glucose and cellobiose were co-fermented, the ethanol yield reached 46.5% of thetheoretical

value. The construction of consolidated bioprocessing strain opens the possibility to convert cellobiose to ethanol in a

single bioprocess.

Keywords: Escherichia coli, ethanol fermentation, B-glucosidase, secretive expression, consolidated bioprocessing

W eF e KA P | 27 4 ZOK A O % T
HETE— R HATE G R W A P PR 2y
EHY N T. 1.7 (Consolidated bioprocessing,
CBP), HA&IX 3 MNINREM A BEEFPIFRZ Ao
AEYINTEM, X—T2ZRKERF4EZALY
Mol op Oy 2z — U FE R R R
Saccharomyces cerevisiae GGG O 7R B PR
R T )R (Surface display) £F 4k K i,
LY/ MA, TTTF LT 4E K 2l CBP HikEH
A EEABEFE D). Zhao %178 B AF 2 1
A — RYNASR DI RE B £F 4 /MA, RIS REAS AR
TR ISR LT 4E R (PASC) 153 L i1
PRE T HZ1886(CipA3-EGII-CBHII-BGL1)#
HZ1885(CipA1-EGII-CBHII-BGL1), 4k, il
TEBR BB R MR BRI THRAERE

Clostridium thermocellum WI£F4E/IMA , 152 FE 20
W S. cerevisiae strain L2612 REWEH| F D-A A=
P72, Kondo e S. cerevisiae W3 1Hi R
TR UEF B B Aspergillus aculeatus B B-#i
PR bgll, Kotaka 25U 75 JR 34 1 B8 5 1 JE2 /%
T2k AKHNEE Aspergillus oryzae B P-Fij % B
fit F1 PN ) R SRR, T LA B-H SRR IR
Wil AT Ol R, SeALR IR BN FIRE Y 69.6% .
Ryu ZE e K P o S A B AR, [l R
M JE s ok T R A 4E R Clostridium
cellulolyticum W) 3 FheF4E =T, DIFRER AL LAY
FARFEFT NIRRT LT

TE A FH 3R TH R 7R J vk HEA T 4F 4 35 1 N 2 4
M FRIR I, £FHE R WY 53 A5 R IR T 40 i
1w, BEAZRFREWSESEMS, H5EYA
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2T 4t R B HE b s A B, AR TR SO o
[ RS, IR BN 2, T2 2P )
B I LB B 0 o3 Fe Ak 2T i K
—FhEE M CBP PHRRM IR, WY
A AR 0T 18 3 Wb AR R B AU B A 43
WMAR NG LT A R W I RIS, AR AR R K
fELTAE T . bk AT 4 KT LS IR 75
Fefih, WA RKBERIHEAT, ANWTHAE SN AR R N
TR, AHR AL RE Ty bl 5 . [FIs 3iis 3R
IR R GEADOT fRT B, RT3E ) S Sl R 55 AE IR
PRI A RE T s ES , TR IR R N4
AL REGH G, TE AR A RAE A

BT RGBT SERE . St 5
PR AE L, BT AAS SOk R W AT T 1 7R
Pho ZF4E %R BRI 2O AN A SR BERE . Y]
R WEEG AN B-A A HE T AL A, o -
T T P A 21 A WK S AR R 2 B, DT D
2 2 —HE I AR R R A B O R A, AR
e ZOK R I Ja —2 . FLAH LT 4 il Fn e 2F
4t 2 W AE WP AN 1 K, - 4 b
T HG I IS EF 2 W AT 40, A5 G AE
EL N A B AR 4T 4 K i, B IE T CBP
ok prat Y, e id Red B4,
Bk U5 T 12 8 BT Zymomonas mobilis
ZM4 N TR R B LN pde 1 2B A i 2
adhB 4 B KIGFF A IM109 SR, fy g T
— BT LAEA T O RER BRI TRAR E. coli P81, Z
o, EERE ARG R e T M0k A
ZAEZENFF TR Bacillus polymyxa B-#ii % Wi 1T i
KH bglB VS F E. coli P81, HyEF55|—kk
REMS W B- I 2 AN AL E. coli
P81(pUC19-bgIB), BT £ 4 — Wi Mt k1 7
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CWEREER RS W T o A A 4 Ay
ST £ 4R W 0 WA TY Y L W2 K% CBP T
FEm St 7T LA

1 HRE57%®

1.1 RA5E#K

ARSI BT BB AR A BORL IR 1 R
H.Ar Escherichia coli IM109 1E K3 H pdc .adhB
RS 15 18, E. coli DHSa FH T3[R 4 58 [ Al
i 1, iz B & WE O Zymomonas mobilis
ZM4(ATCC 31821) J&3[H pde. adhB BRI
¥, ZRNZEMIUFF R Bacillus polymyxal.794 J&
bglB 1)K 5 R A%

RM #5775k 20 o/L #4010 g/L BEEER
HH. 2 g/L KH,PO,, SOC H5555L . 20 g/L 81
. 5 g/L BEREHIZ 4 L 0.5 g/L NaCl, 2.5 mmol/L
KCI, 10 mmol/L MgCl,, 20 mmol/L %% .
M9 FEARE IR, 6 g/L Na,HPO,, 3 g/L K3POy.
0.5 g/L NaCl. 1 g/L NH4Cl. 2 mmol/L MgSQOy,.
0.1 mmol/L CaCl,,

Tag . Primer STAR & B pMD19-T 4k
4 A TaKaRa 2 w5 PR 4 P UIBEIE H Fermentas
vl BURCAhAE . SUIEREEE RN & A i
R TR F; PCR = H4itbikn & B
A TAEY TR A, Qiagen P4 ik
& F 26 [E Qiagen 23wl 5 A 24 B &0 H
R A YRS

KHFFE IM109. DHSa B8 5% 5040
37 C. 200 r/min, & A ETR pKD46 . pCP20
IG5 4510 30 °C . 200 r/min. iz 3 & A
ZM4 1£ RM KigShh 30 Cf B IR A5 5%
Z R ZFMUAF R RS SR 45028 37 °C L 220 r/min.
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R 1 ALY T A RYE PR R
Table 1 Strains and plasmids used in this study

Strains and plasmids Genotype and/or salient characteristics Sources
Strains
Feomnoy AL SOAL GaOe W MR agbi WAL g
Feorbnm  F PSS MTOIUIE, Sl AL AL g
Z. mobilis ZM4 Wild type strain, ATCC 31821 ATCC
B. polymyxa 1.794 Wild type strain, CGMCC 1.794 CGMCC
E. coli P8 IM109 Apfl::kan-P,,.-pdc-adhB This study
E. coli P81 IM109 Apfl::P,,-pdc-adhB This study
Plasmids
pGEX-4T-1 Template plasmid, carrying P, promoter gene Pharmacia
pUC19 Expression vector, used for bg/B expression in E. coli p81 Novagen
pMD19-T An easy cloning vector used for cloning genes pde, adhB and Kn® TaKaRa
Template plasmid, carrying kanamycin-resistance  gene
pKD4 (Kn®)flanked by the recognition sites (FRT sites) of the yeast FLP Biovector
recombinase in direct repeats
Helper plasmid, carrying bacteriophage A-Red recombinase genes
pKD46 under the control of arabinose-inducible ParaBAD promoter Biovector
(araBp-gam-bet-exo)
pCP20 Helper plasmid, carrying FLP recombinase gene under the control Biovector

of an temperature sensitive promoter

S T BRI EE RN R R AW
TCFFRE], ¥ 100 pg/mL. K FESLE b1
FE$AT 5 mL LB IR N3, RIEFE 250 mL
AT R AT, W&y 50 mL,

1.2 #[@A pdc. adhB #A bglB By 5T &

BN R ERMEE Z mobilis ZM4 . 2525
- B. polymyxa 1.794 F1K T A4 3 K 40
H Qiagen F& A fhF2 A S H . UL Z. mobilis
ZM4 14 B R R, = PR L Primer STAR
NRE WY I pde. adhB, FE PCR F=HH
A 1-Tag AW 72 CHRIR 20 min, 01 A &

B LABKL pGEX-4T-1 AR SERER 8T Prac
J&, FIH Overlap PCR ¥43EIH pde. adhB ¥4z
FH BT P FUE, 15 EERL T-Py-pdc-adhB.
DLBURL pKD4 SASAR , AR 4f DA T R FH 9% 222 A ity
pflA. pflB WAL, § P31 — Bk
“h 40 bp 1 pfl Bk K 3 2 9 09 R BE kan

VIZ K ZEMUFF IR B. polymyxa 1.794 FERI4H
R R B-A A Y RESL A bglB, L MY
PR pUCL, FFHIE B Py FIE 5 IR
NprB oy 3k, MR BURL pUCT9-Pys-
NprB-bglB .
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Table 2 Primers used in this study

Amplified fragments Primer Sequence (5'-3")
pdc Pdcl GGAATTCCATATGAGTTATACTGTCGGTACCTA (Nde I)
Pdc2 ACGCGTCGACTAGAGGAGCTTGTTAACAGG(Sal 1)
adhB Adhl ACGCGTCGACGAGGTTATAGCTATGGCTTCTTCAACTTT(Sal 1)
Adh2 TCCGCTCGAGTTTTCCTGTTTTGAAATTAG (Xhol)
X Kanl CGCAGTAAATAAAAAATCCACTTAAGAAGGTAGGTGTTACGTCTTGAGCGA
an TTGTGTAGG
Kan2 ACTCAATAAAGTTGCCGCTTTACGGGGAAATTAGAACATTCTCGAGTTAA
GGTTTAACGG(Xhol)
P4c-pdc-adhB Overl GGGAATTCCATATGGGAGCTGTTGACAATTA(Nde I)

Over2 GTACCGACAGTATAACTCATGAATACTGTTTCCTGTGTGA
Over3 TCACACAGGAAACAGTATTCATGAGTTATACTGTCGGTAC
Over4 CCGCTCGAGGTTTTCCTGTTTTGAAATTAGA (Xhol)

kan-P,,-pdc-adhB Redl  1GT1GTAGG

Red2  rrrAACGG

bglB bgll

CGCAGTAAATAAAAAATCCACTTAAGAAGGTAGGTGTTACGTCTTGAGCGA

ACTCAATAAAGTTGCCGCTTTACGGGGAAATTAGAACATTCTCGGTTAAGG

CGGGATCCATGCGCAACTTGACCAAGAC (BamHI)

bgl2 CCCAAGCTTTTAAAACCCGTTCTTCGCC (HindIlI)
Jd1 ATACTGGGTCATTTACCTGC
Jd2 CAATCCATCTTGTTCAATCA

Jd3 ATAGTGATAGTCGGTTTTGC
Jd4 CAGAATGAAGCGCGGAATAA

The underlined sections mean the restriction enzyme sequences indicated by the parentheses the end.

1.3 XA H Red E=4H K& E4HE HITHIE

e HL R IR ZS A0 oI 500 ng AYHE
BERENL, VRS, VKIS 30 min J5HEA 0.1 cm Fil
0 AR, P LA AL (Gene PulserXell™,
BIO-RAD)HL i 5% 1k, R L 4514 41 : 200 Q, 25 pF,
2000V, 4~5ms!"" iR L EIINA SOC £
I, 37 C. 150 /min EF 1 h )5, i T&
25 ug/mL & RALEE R M) LB 4, 37 CH: IR (E
HIFF UL 1), T35 @ RABEE 3R (100 pg/mL)
% LB Hrik V- B, Il i PCR %EE |
[ipries

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

PUHEARICHE R AT B . R Bh BUkE pCP20
i Red HAGHI MR, 30 CHFE 8 h
Jo, e, 78 42 CREFE 12 h, THBRCKE pCP20,
WA T LB Al 37 CHiR, KK IR 15 2
SIELB 5 A NERR. FNEHERN LB
M BRIk, 37 CHiFE 12 h, AT PIRITAE R
B s,

1.4 B-FHEREEHEEEENE

FLRER A 25 . 55958 12 h I RIE 1% 4%
P EeFpF LB 555 5E, 37 °C. 200 t/min X%
5% ODgoo M 2, 10 000 t/min. 4 ‘CE.[> 5 min,
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B
pfl sequence | 4 | P | pfl sequence
| |
. Puc Recombination
Recombination
adhB pde \ kan
ﬂ Puc
il sequence adhB pdc \ kan

Primer Jd3, Jd4

w pfl sequence

Primer Jd1, Jd2

1 Red EA7%7% E. coli EFHE LA ZEREIEREERE pde 1 adhB
Fig. 1 Integration of ethanol fermentation pathway genes pdc and adhB into E. coli genome DNA by Redre

combination method.

B IS K, BRI 55% 10N B A B A
MR, [MlB AW HE, UUiE RiEhEN,
10 000 r/min .4 ‘CE.(>» 10 min, 2% F35H 1 mL
¥R ) 50 mmol/L MFFIEMR 22 thil (pH 6.0)
VR UCUE , BRI VROML I VA s K B0 A B
() B AR T8 9 50 mmol/L AT B2 IR 2% i
(pH 6.0) YE&MIIRIG, H | mL FriE R % ik &
7, SRR, 10 000 t/min, 4 CES.L, |
T B Ry A 2 AL R I 5 5 BB 0 SR AR I T A
FHABLE KPR 2 G INA T 20% (WIV) HERE .
0.5 mmol/L Na,EDTA i 33 mmol/L Tris-HCI
(pH 8.0) ¥ IREIFFA, 7EEIRFE 10 min J5,
8000 r/min, 4 T 8 min & B, Ff/FINA
FEAKGETREAR, R H 10 min, 8 000 r/min
4 CES.L> 8 min, b IF RN N A BORLER " Kbl
£ JE JOREL Tt R B 50 T A 1 4 U R R R
10 000 r/min., 4 ‘CE§.Cy, 38 Bk 240 e 5 R I ¥R

LUK F 225 -B-D- ML W 2 FLHEH (pNPG) fF:
NP E BT EAHE P . 1 U B E SO
FESMET 1 min ZHBEECH 1 pmol A X JE R T
Bt B . 7E 2 mL R NAKRR S, SEimA
0.8 mL FPEEMRZZ WK (100 mmol/L, pH 6.0) L)
J 1 mL 8 mmol/L pNPG (1 50 mmol/L pH 6.0
PR ZE 0RO, 37 CHIHVS A 0.2 mL
28 13 YA R ORLEW , T8 37 CHRIMFT IR
B 10 min, A 1 mL /) 0.5 mol/L Na,COs £ |-
FE, IR TE 405 nm AR E WO RE(E (25 1
A+ 1 mL #PE RS2 i +1 mL 8 mmol/L pNPG;
P20 1.8 mL AP ERR 2% il +0.2 mL A
T

DA YE — W50 SIS I 21 4 — R B i eI .
1U 274 MRS & SCHRLE ZF T 1 min fifl
SF4E AR AL 1 pmol A4 AT BN T A R
7E 2 mL B RVAFR A, SEIA 1 mL 80 mmol/L

cjb@im.ac.cn
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LT 4E 8 (th 100 mmol/L pH 6.0 IR 5%
MR R), 37 CHIE A 1 mLAHERE , 37 C
FIE 1 h e, )R A A R 0 s A )
BEAOEP (W575 1 1 mL APBERRZE s mL
P4 RYIZS A 1 mL AR ZE MR+ 1 mL
HLER) o
1.5 %RES5HH

9% 12 h W RIE 1 %M Em T &
50 mL 5 =30 250 mL #EEIH, 37 C.
200 t/min }5 3£ 5] ODgoo N 0.2, i ALK T Ky
1 mmol/L IPTG, 37 “C. 200 r/min & F£55E,
Wk, 14 F L4 K g A5 2 5 F I A4
Wi, 1 IR = A 2 P OB,
P AL LT L W . AR A SRR A
R CTEREE 7 i, T SEbR R A TS
SIS FIHAEAH R SR A Y SR LR, sl
PROEEAS R, B IR AR %N 100% T3
1 RIER T BB RN AR I I L 2T
Y OB VR B FR = SO (8 R T AT,
iHE (LC-20AD) {i#i ] Aminex HPX-87H column

lacZ (fragment)
NprB

(A)

pUC19-P43-NprB-bgIB bglB

4392 bp

(Bio-Rad USA) B2t , WishHl 5 mmol/L
) H,SOy4, WK 0.6 mL/min, iR 65 C,

KR ZPr A2 RID-10A (57 5]), A
ari B2y 40 C. FrARIFEMGTE 10 000 r/min 25
O 5Smin Ji, FIEZIE 0.22 um RERR IS AL F

2 HERE5pHT

2.1 B-EEMEEHBIWNECIEABIRER E
coli B9493& SREIF NI E

ik PCR S BIE K pdc. adhB, KA
VERFHY kan LD, I BiEHE Ok pMD19-T
WATHEYIYE%E . i Overlap PCR ¥ pdc-adhB
HRE R P i 8 F Tl A58 B Prue-pdc-adhB,
B 5 6 A S R IR ) kan LR, 5 EK
pMDI19-T # 4%, WESH TR T-kan-P,-pdc-
adhB (] 2A). 4 PCR o [5A55] P-4 25 b1 ik
bglB i# 1% 3| & 1k pUC1Y, 15 F| i K
pUC19-P,;-NprB-bglB (I 2B).

PLJFRE T-kan-Pue-pdc-adhB A PCR Y1
Bt kan-P . ~pdc-adhB , % Dpnl FiAb B B 5 5%
EH| E. coil IM109, ¥4 Jy Bt kan-Pyu-pdc-adhB

2  T-kan-P,.-pdc-adhB 5 pUC19-P,;-NprB-bglIB B 5 i [EliL
Fig. 2 Maps of plasmids. (A) T-kan-P,,.-pdc-adhB. (B) pUC19-P ;-NprB-bgiB.

http://journals.im.ac.cn/cjben
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I A2 IM109 5 DR 4 rp o ] e HH 7 2 fie Tl
PfIA . pfIB JER A7 5 o e o 4 R A i R 4
FIFH%ES Y Id1, 1d2 1 Jd3. Jd4 (EE519
AL E ILE 1) ¥EFF PCR %%, PCR HBER/DN
TEAf, R E bR R R G 38 5 DR 2 ) T A
BB M E A EIC N E. coli P8,

H—ITE E. coli P8 N5 AR B J5uk: pCP20
HERPEPRICEE N kan, 155 5 BRE 7T R AELE
LB AE K AR F AL i i SE R4, % 5 19 Jd 1,
Jd2 i#47 PCR TLiEAR B4, Mol Jd3. Jd4
#47T PCR B 5B IER 9 55407, IERI YL K |
PN TR ARG O MR , BB SOk pCP20
WEIHEK, HEAIZEHRICH E. coli P81,
P EH TR pUC19-P,;3-NprB-bglB %5 A\ 40 1
E. coli P81, PCR FIEGYI % IEW )5, ¥y
B EICH E. coli P81(pUC19-bglB).

A E. coli P81(pUC19-bgIB) 415l LAX}
fil 7 2R -B-D- ML i 2 LB 17 (pNPG) FIZf 4 —

A 120
=) = Total cell
§ 100 | & Periplasm
E Cytoplasm
f= 80 I o Extracellular medium
=
S 60 F
g
S 40F
S 20f
Q0
@ 0 e R 5.3 P | Faeein) 1

JM109 (pUC19) P81 (pUC19) p81 (pUC19-bgIB)

&3

WA ISP X B~ 2 A T Y B4R T TS AN 4T 4
TRERETE AT TINE o E. coli IM109 JEAR 3L 3
RARAVER AR TRR, M E. coli P81 EH A L%
BRI SCE R, b TMEHRE E coli
P81(pUC19-bgIB) MW FIAWERIE, BT LA
Jiki pUCL9 JE 1B Rt BRTR . KX BB E. coli
IM109 (pUC19). E. coli P81(pUC19) FITEZH &
E. coli P81(pUC19-bglIB) R T H AN HERM
LB s %, UL pNPG NEWIINGE B-WEtF
W B, 45 RN 3A Fis. WALE E. coli
P81(pUC19-bgIB) KB T B-HH 11 M o] LAk
F) 3.62 mU/mL R, JAl B2 (A Y B-H 1 e
81.16 mU/mL ¥ , 40 M5t Y 1 >4 20.98 mU/mL
W, MERE E. coli P81(pUCLY) & Ik I
Jiil J5t A [6) 4 B-4 4 1 0% 29 4 0.07 mU/mL .

0.36 mU/mL, E. coli IM109(pUC19) & ik
01 JE oS (6] i B-BEF B S 22518 0.03 mU/mL .

0.7 mU/mL.,

B

Cellobiase activity (mU/mL)

60
50 | & Periplasm
40 |
30
20 —

10 |

@ Total cell

r Cytoplasm
- O Extracellular medium

o s s N

IM109 (pUC19) P81 (pUC19) p81 (pUC19-bglB)

E4HE E. coli PS1(pUC19-bgIB) HY B-HEF BEFN 4T 4 — HEBBEE RN E

Fig. 3 The enzyme activity of E. coli P81(pUC19-bgIB). (A) The B-glucosidase activity of BglB. (B) The cellobiase
activity of BgIB. Culture conditions: 37 ‘C, 200 r/min. The protein in 20 mL supernatant broth were precipitated by

using ammonium sulfate and redissolved in 1 mL 50 mmol/L citric acid buffer (pH 6.0) to give the crude enzyme

solution. The glucosidase activities were determined using pNPG substrate at 37 °C for 10 min, the cellobiase activities
were determined using cellobiose substrate at 37 “C for 1 h. Strains E. coli IM109(pUC19) and E. coli P81(pUC19)

were used as control.

cjb@im.ac.cn
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DLET 2t 05 S IS0 A 1) 2T 2 4 Tl 45
FANE 3B AR, EALH E. coli P81(pUC19-bglB)
R VR 41 A Bl S T LAk 21 0.80 mU/mL
W, JE BT S (8] B £ 4 — WIS 4 31.54 mU/mL
PR, ANAE IR A EES R 20.76 mU/mL &, XF
HEE E. coli IM109(pUC19) & BRI & J5i 23 8] i)
2 4 —BHBEG 2050 0.05 mU/mL ., 3.18 mU/mL,
E. coli P81(pUC19) K % Wi FN & Jiit 2 1] (1) £ 4
BTS2 A 0.08 mU/mL . 3.04 mU/mL, =
HIE E. coli P81(pUC19-bgIB) FiEiki p-#i%d
WEAF AR B AA e T A B s al py, LA
E. coli P81(pUC19-bgIB) i ifu4MiEE i =5 T %:F IR
E. coli IM109(pUC19). E. coli P81(pUC19),
XEPEHE E coli PS1(pUC19-bglB) )
bgIB FEHAGH| T &Rk, H B-H %0 T i
S UBENT HISk
22 HFEZEABRFECE LB

Sk RGN E B X T A R A FHRE S, LAST
Yt B ME— B IR AT R WS . B E. coli
IM109(pUC19) . E. coli P81(pUC19) . E. coli
P81(pUC19-bgIB) #FI T 54 10 g/L £F4E— i
M9 Ll s, B—pRlE L EE 48 hJE, 458
W 4 Fis. XBRE E. coli IM109(pUC19), E.
coli P81(pUC19) H: 4R iy F R F 15 75 3 v 1) B 43
Bl HEE AR RIR R, BIRREON K, (Al
FxoF BE T N B A A £F 4 — B BE S, AT L
BAE UL 4 W kIR A K . M E coli
P81(pUC19-bgIB) A R4T, 48 h i ODgoo 3G
719, AT 2.5 g/L MLF4ENE, B =R
HOBEAT T Y E S R 4k B MO JERE R 7
Hedr | BmHE E. coli P81(pUC19-bglB) id 1l 43

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

Fik BB IT AT 4 0, LASF4E 0
IS, TR R AR, (A8 SEE= A,
ATRESE R T MO BRI IR IR E SRR, AR
AL AE RABANE BT HAC A 7 O

12

10 T

0Dy

Concentration of cellobiose (g/L)

t(h)

4 FLHE E. coli P81(pUC19-bgIB) LALF4E —#EH
ME—RRR B & B2

Fig. 4 Ethanol of E. coli
P81(pUC19-bgIB) in cellobiose as a sole carbon source.
Cellobiose  concentration: (A) for E.  coli
IM109(pUC19), (m) for E. coli P81(pUC19), (e) for E.
coli P81(pUC19-bgiB); Growth condition: (A) for E.
coli IM109(pUC19), (o) for E. coli P81(pUC19), (o) for
E. coli P81(pUC19-bgIB). Culture conditions: 37 C,
200 r/min. Strains E. coli IM109(pUC19) and E. coli
P81(pUC19) were used as control.

fermentation

Ry 6 E B 20 D2 75 RE 65 R FH 4T 4 b A
LW, TES 44— LB R ge Reh b A7 & st
% B EHEHARE E. coli P81(pUC19-bgIB) FIWI kXS
B E. coli IM109(pUC19), E. coli P81(pUC19)
PR T 25 10 g/L 2R 48 — Y LB KRk
AR, KE 48 h G4 RILE 5A. XTHRE E. coli
IM109(pUC19). E. coli P81(pUC19) AJ LATE# 2k
K, B4 LT BRAF, WA SR A
Hr, E. coli IM109(pUC19) FEBA FI 4T 4 —
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BEIBE T, WA A" CEEEAE, FrLART LA
LB Kigdttp A B A, (BB B B
LWEFEHE  E. coli P81(pUCI9) BHARS AT
pdc-adhB &%, (BICIEFIHLT4E S, LB #5357
FE R AT SRR ARG, TS R VAE = 2
B, B4 E. coli P81(pUC19-bgIB) K 48 h
Ja, AR T 5.9 g/L SFYE N, R 1 /L R,
KE T MBS ERN 31.6% . E coli
P81(pUC19) S5 EHAH E. coli P81(pUC19-bglB)
TES L4 WER) LB $5 3R 5 h " i 25 5, 1
B4 E E. coli P81(pUC19-bglB) REVILTF4E
W R IR A 7= B AR LB H 44y . EAH E.
coli P81(pUC19-bgIB) TE L4 — Wi M9 JEA
B p AT R RIN, . L ODgoo TEAXUCHTE S 21 4
ZHERY LB " ODeoo (ERY—2F, LI B-Hii 45 b
TR 7K A 7 A B /B 8 A v R RE W TR A IE

@A) 10

Cellobiose and ethanol (g/L)

6 12 18 24 30 36 42 48
t(h)

WK, B TPUR BT LA G b
A F R AR, mEHEg T B, Bl
WA LT TN o TEREAS 2 P 2ok 7 v AT G 0 301) 4
EPREAEAE , DL AT 2 K 5 21 i 4 2 R
WY ELHE E. coli P81(pUC19-bgIB) FIMH, ket
T AR R AR , KA R b ) A R Y
FEERARAKF

T E. coli P81(pUC19-bglIB) TE K M)
S £ 4E AR, D e T A
W E. coli P81(pUC19-bgIB) TEA [H] i} [a] i fitg 1
AHRT LT 4E —WETE NG 1S , 25401 5B, 7E 30 h i
PR AR A A S TR B IR K, T M A0 2 A 0 e T
W, ZIEEIRE ODgoo [EIT IR R, MIAMEY
E 4 R RS W OT AR RRAR, TR AT BE R
B3R E. coli T M1 T B IR/ FUL TR P
W, 7E 30 h JE Bk R TE

B) 120 3.0
~ 100 = {25
s
2 80 120
& §
3 60 1.5
s S
2
g 40 1.0
~

20 ’+| 105
: : : L L 0.0

(1
0 12 24 30 36 48
t (h)

5 E4HE E. coli P81(pUC19-bgIB) & B2 4T 4 — #EHILE RANFE XS RSN T4 — HEER TR

Fig. 5 Ethanol fermentation of E. coli P81(pUC19-bgiB) in the LB medium with 10 g/L cellobiose and the relative
extracellular cellobiase activity. (A) Fermentation of E. coli P81(pUC19-bg/B) in the LB medium with 10 g/L
cellobiose, cellobiose concentration: (A) for E. coli IM109(pUC19), (m) for E. coli P81(pUC19), (e) for E. coli
P81(pUC19-bglB); ethanol concentration: (A) for E. coli IM109(pUC19), (o) for E. coli P81(pUC19), (o) for E. coli
P81(pUC19-bglB). Strains E. coli IM109 (pUC19) and E. coli P&81(pUCI19) were used as control. (B) The relative

extracellular cellobiase enzyme activity and growth condition of E. coli P81(pUC19-bg/B) in different time: (%) for
growth condition.
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Shy Ko 56 T 2 DA VT T A R Az v, AT
AN RV BE AR 4 W R WS . KB E.
coli P81(pUC19-bgIB) /il 7EF 10 g/L. 20 g/L .
30 g/L. 40 g/L 1 50 g/L £7-4E — K LB K555
A R R SR, KIE 48 h e, Z5RILE 3.
BEE LT 4 —HEWR B TH R . ODeoo WL BEZ TT
w L U B E. coli P81(pUC19-bgIB) %45
o TR BE AT Al R A AT Sz, IF 4 S
BENT LSRN 31.6% . 51.2% . 55.8%
47.3% F1 44.7% . £F 4 — W FE (45 i vk 2 7
E. coli P81(pUC19-bgIB) kK ¥A I B A A
R, 65 £F 48 Wik B 3R, iR
Bom, MAMEER R, 4 AR R
i, A3 CREBAE RS IR . B 30g/L £ 4E
BB RS B i L EEBRE AR R, (HE R R
ALY Wi %, BT LG 41 A 10g/L £F 4
WA T R L
£ 3 E. coli P81(pUC19-bgIB) FIFRREREFH=
HE &R B2 T B2
Table 3 Ethanol fermentation of E. coli

P81(pUC19-bgIB) in LB medium with different
concentration of cellobiose

Initial Cellobiose
cellobiose ODgyy consumed E thanol Yield (%)
(@L) (@/L) yield (g/L)

9.5 5.1 5.9 1.0 31.6
20.4 53 8.0 2.2 51.2
29.4 5.6 10.0 3.0 55.8
39.5 6.2 13.0 3.3 473
49.1 6.4 15.4 3.7 44.7

Fermentation results by E. coli P81 (pUC19-bglB) after
48 hat37 °C, 200 r/min.

Sy K 6 4 2 i ) A7 A o B2 B R R £ 4
WA CRERSE IR, AT o 28 RN 4T A
F LK BESLs . B E. coli PS1(pUC19-bglB)
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TESH 10 g/L A 10 g/L 2748 — 4 LB
It R R (K 6), 12 h I, HZgHE LT H)
Mots, 4 SR 1.8 g/L, K248 h
JE R AR ET Y M EE N 5.9 /L AR T 4.1g/L
SRYE TR, ECEEMWRBEE RN 3.4 g/L, A
BT BRI R 46.5% . 5% 10 g/L £F4E
OB LB R 12 h AU 3.2 g/L 44k X
—ZERA L, L EE 120 RACIHE T 1.8 /L 274
B, ARBREER R RRT 44 % o AT TR A
SR AE IR, IR B A
WAL LR W5 ™=, X - A BT TR A T
—EFEEE Y ST, REAR TR RCR . (HIE
TRBEAE B AR KBS, E AR R X2
Y WA e UH A BE ], SCI T A b
g Ea i A P R A i

A SO KT B A T — FR A B BRI T AR
i, TERE TR A s gl K IR R Y = AL L BEAE

5 108 16
= X

[=] L

g sl i3
..g b

- | 14
g 6 )

] [ g
g | 1°8
S 4r

?3 : A 2
s 2F ]
e !

o b

3 0Kk S S - YR, M. ) SelD

G 6 12 18 24 30 36 42 48

t (h)

6 EHE E. coli P81(pUC19-bgIB) BIF 4 —#ES
Fig. 6 Ethanol co-fermentation of E. coli
P81(pUCI19-bgIB) in 10 g/L cellobiose and 10 g/L
glucose. (x) for growth condition, (<) for glucose
concentration, (o) for cellobiose concentration, (/) for

ethanol concentration.
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FE#%A%E pdc-adhB, FHETIRHNT P BEEHIZ
To BT Pucie— M)A s, %3 IPTG i
SEF, RRER IR BRI, T — 2 R U
gt B Sl s S QiU E 2 2 R 4 )
FkFEAL. ) Red BLUKG Pre-pdc-adhB 34
FIRIAAF I IM109 JEF A pfld. pfIB i,
B R R R RS P 1 [T B B T B R I 38
Grigie . FERVEE ARERS 0 W RIBRY P-4 W
fitf bglB JLH , FEAS 2 o] I LF 4 — kAT 2
Fi % 214 CBP B4 E. coli P81(pUC19-bgIB).

BEHE E. coli P81(pUC19-bgIB) KW+
B-EFTEEE AT LA R 3.62 mU/mL ik, JiJi=as
6] Y B-HEEFBEG 9 81.16 mU/mL K , s Lok p-
WELFBEE 1T LLIA 3 84.78 mU/mL K , T & B
HH 22— WERES T LA F) 0.80 mU/mL B, JA
Jo 2 6] B £F 4 — WG A 31.54 mU/mL B,
L ANET 2 — BRI T LLA$) 32.34 mU/mL R,
Vs TX B E. coli IM109 (pUC19). E. coli
P81(pUC19) 1y G M AMME G . B W E coli
P81(pUC19-bgIB) 7E LALT 4k — ¥ Sy M — ik Y5 114
M9 HAE K BT, 48 AR T 2.5 /L A 2F 4 —h,
A%A OB~ MTER 10 g/L £F 48 — B ) LB
R EE 48 h e, AR T 5.9 o/L AR 4k b, ek
1 g/L B, K3 T LIRS 5M 31.6% . 7
30 g/L £F4E BE LB KB 48 h i, 1537
I E R O FERIS ISR 558% ., HEYLW E. coli
P81(pUC19-bglB) TE A 10 g/L #i%IMEFI 10 g/L
SFYEWE LB thiff TR BEER IR, 12 h B, A
LT RIS 4, KR 48 h R T 4.1 g/L &7
e —HE, OB RSN 3.4 g/L, K3
T ORI RN 46.5%

CHEHRE E. coli P81(pUC19-bgIB) iy

G B-BE BRI TE B R T X B E E coli
IM109(pUC19). E. coli P81(pUC19), {H B-j%j
Bl WY LA 5 IR AN, H R S RS TE AR
St ok A R A S FHAE, (BASSCRY H S 7E T
ET YR Rl o3 W TR B O R BB A Y T
A SR A AT LASE . Rt 8T EA
I3 WA RE T AN SBAREE B b Ay B I TR R AR B E.
coli VEMIBURUEY) o S5 REH], B AR ALY
HEADWFRMT , LR WRIKB O K
W TR AR R B T B B R 5 A W hn T RE
J1, BR[RVEEEA T 27 4k 0 1) B RN & R % o

ARSCHp i TR TE R IR pH {HE, S 2K

TEJ I AR ) B~ 2 W T Tl PO 0 PR RRAIG P A
TE 5 22 W) 5256 P 2% T8 ORI 15 37 Il pH (R, JF
RIBEIN > W) T B E. coli BIMIAMETS
P B-A AT R RO TE P, 1Y 9 X 2T 4 T HE Y
TRUBBE ST o BEAMLEA AN T 3 FheF4E =i
A —F, T RSO A R 4ER
TE Ja B2 1) 2 36 ORI TS 5 53 A1 1 b 21 4E 3% 1 114
USRI
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(4 TIR5IR) FHEHSTFER

1 AR 2 AR B AR B L ik g5 RS e (RS 155). HAY (Purpose):
FEUYIEE B HSCRER H Y, BB 3 S SR e fg ()@ ; Jrvk (Methods): B S BLUIVEE W E2 T
VeI R R AE I 5k o W PR SCR N ee 22, Al 50 . TG B FAL AR o 452 (Results): A3
Wt R LR BHETSST). 4518 (Conclusions): UNRILMANSY, WE WA HZ 4, KX
TEVPIR TR R AW AR HPERRSY , I AT B4R B2 AR S5 RN ZE 18 1 b FH 3 R A0 02 P 155 100 B8 0
[Ep=8

2. LR BIRSIRNAEN AR ACrIEe RS, UHEFELSS A IR TR,

3. WSCHHEEMIRG N SCM B N A S SO B — 2, (AR SO BRSSO 58 A
JG ., S AIE SO . HoR M R PRR 1 & GEH I 2 e J PR [ 8 . PUARAF G2k, B2k ]
PLIKE] P K, AT 4R k4 .

(1) B S — AFR, R A IS = AFR A shif s

(2) W FENES, #ahiESRRMHAERR AT, P LUar Z2K4), DK TR SIS .

(3) TR EME SRR, R AR R A T RS SO AR A AR

(4) fHEEN YA A, RIEIEG, AT

(5) B R A S, BRAEEASLE AN E AN (WWDNA . ATPS), s f2diw K, miH
M ZRNEEA RS, I HAES — R 25 2R,

(6) TEFIEAHEh, AL AMEMDCA PR/, WAibrA . 5 WE . TR,

(7) )T Y TF 3Kk Ak d o AN A AT
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