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BREE. BREURLFREEETEMULE. MR
SMNEERASWRIE, BAREERLFMUMAML, LB
KB REIE REABIMARS. Hik, FE%
BRI FHBRENRESEEARMEEME SRR
—H. MERREFSINFEEANAROERTEEE
R, NREXFRETHHERNESEESTF, ED
MEEBRKARIER. H5h EFENEFREINF
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ZW PET R4, AEEF, ®HERES T B3 F T
ISR B R IPTGERILEE) B S T ARRIE. (HSh
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REHSFEEATTEE. BEFREAEF—NTR, —
MBHh 8~10C, EAZEMBEUT, KBTERELE
K, BABEE LEILRE EARTARESIRIAT
WE AR %A EEZ M. Mainfroid $Y R IAK
R ANE 37 C TREXBTETTERE, MK
FEBE R 7 My BE A1 N 22 K Met14GIn 71 Arg98Gln £17E
37 CT BB EENERE, £ 28 CTARBAE
Rk, EREERT, FREREERERETHENE

B/H, HERREFRERS 3P B, KET
BFETRESBREER, REEERN, AR
I RIREAEK, b B KNG R B RIEH
HUERRZBRIVAER: HK, IRREFRE, JIERNP
FHEK, FRREBARASENEN; &5, R
BFREERETERORAER, RETHEANR
SEHE.

1 RENINEESEXBTE A B RER K
Table 1 _Effect of temperature on the soluble expression of heterologous. proteins in E. coli

Protein Promoter

Temperature ('C)

Effect

Ricin A chain®! P 37or 42 Soluble at 37 °C; aggregated at 42 C
Yeast-a-glucosidase''! tac 22 0r37 5-fold increase in activity at 22 °C
Human interferon-yf*! trp 30 0r 37 16.5-fold less insoluble at 30 'C
Human interferon-of! T7 30 0r37 2.5~3.0-fold more soluble at 30 'C
Murine protein Mx'*! trp 300r37 50% soluble at 30°C; insoluble at 37 °C
Gloshedobin'®! T7 15~40 More soluble at lower temperatures
D-carbamoylase!™®! T7, tac 250r 37 4.5-fold increase in activity at 25 ‘C
Isopenicillin-N-synthase(**! T7 250r37 10%~29% more soluble at 25 °C
D-amino acid oxidase **! T7 15,28 or 37 More soluble at 15 and 28 C

RERIE SRR R R B ANE R AT R B AT
EREHRBEOBERE. RAOMRAR AL, KBREREE
ARERIER, AR %, AT SBUE
PR BRGNS, ER, RAREERERLTE
P2 A HEATEEDRIBLR. Schein ZM @ iE %A SD
FI5RHEFERT ATG 2 MRS Mx EHE
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AREN D —NEFETRERINEE AR T RIAR,
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RETEEEA,

3.2 1EFERYEAH
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HTEAEFRERN R, ERBNRE PRI
WA B AR RAEKERARIEEERW, BT
—REEE A RIS RE. BAREFREE N AH
AEKBISME AR EREK R E, FERREARIT
BT UL EERMM TS, —fkik, ERXIER
A, EREBAHTERYERZ FRNEEEKW
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o, BREAELBE AR KRR, B
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MER SRR P ERSHY, RINEFRYREET
REEFRFTHREANREED

FERLAERT, R FREE PR IR Bt
HAWEAR. Pava SRR PRINEABNH
i, PR AAEFENTREEEHER. Slabaugh
LTS RERE R ARRERRNBERES, R
NEHFRECRBTE vwRl BHE EA, WRMNEED
FERRARRIE, FIEFREPRINE SR E I E LR
R UESETRERNTIREANRE. 4
SNEER OTE RURFIE R, SRR BHERE 2 BT 4 B
BT BB, EXEERNFES N
FEMBEL, HiSRA MR BEEBPRI(E
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R AERB R R, SIS R P ANE R A
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ENERET, WRREXLEANELE, Fitbg
B AR R AN RE RN, FEANEEAKEER
RERSRLEEREFHEYIMER, BREREPFED
NMEEANEEREFETREREANTEEAR
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ERERKRETESHREE, RAERERE THEE
LRTFXEERE, KGR, AR TRATHEEED. R
T, WREREESEMAGRSES, ERRER
ETERERSETRABIERANERNRE T E
AAERAREREE SR & XBRTEER, thing
SFRAREKEF—RATREEANETRERA
AT IEIE B A600=85 MR BIWRE 5, 7E 30 C T A PTG
BRRIE, DBALE 1 dgo BATTHEHLERAIT
2.2 mg/L. AT BARERE TIREESXAAK
BHTREARETEREEA. BENRHRELKERS
SANRERAREFEEEYW, NREMRANRIER

Gi(thgn B30 T H9RI)FSNEE [ H0RF AR AR,

EFLERT, BIFNNRMEEERATTEREANER
B, Saraswat FEL IR MBS AT RREE
HAANARRNE-2, RAAFRNBFHTHRELAAD
AN R-2 MRIEKFEO.3 gL)BE R T — R EIFER
AR IEKTF(5.4 g/L).
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B ERBRIESNRIEMER AN, SMAEYE
HRAFROBEE KBRS THATENERFR
migty. BESEH, BERARMBETNG. AR
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Strategies for Expression of Soluble Heterologous Proteins in Escherichia coli

ZHU Hong-yu,

LI Qiang

(Institute of Biochemical Engineering, Department of Chemical Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Escherichia coli has long been the primary expression system for the synthesis of heterologous proteins, but its utility is
limited because many heterologous proteins are either prone to be degraded by the cellular proteases or to accumulate in insoluble form,
typically as inclusion bodies. This paper reviews recent advances in the strategies for expression soluble heterologous proteins in
Escherichia coli so as to improve the recovery yield of heterologous gene products in a biologically active form.

Key words: heterologous protein; soluble expression; Escherichia coli
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