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BIBEBTIRATIEE MM2 ERABEFEPHEREZ

FEE OBEE ROF TAX HREA

(FFEFHPERAPTERNARNR X

100071)

f E RETIREMMOEAERBELAN(CTRIESAMERETHEHELAIE, RARHBEEHEH
BE(0C ~37C)J#BE CIB PR 4% BB pHME(7.2-8. )7 RE CTB L REAKF 2.14 5, FREIFMZ
MRS CTRER 6%, ESL RN BRIERBEEH ODgis 30,CTB Rk 186.7 mg/L, P EFEHRBFLUE

RUBAAFE AHIE®,

@R KBHYE ELEXDBEEA,BE A&, pHE
T EES 1000-3061{2000)02-0161-04

FESXS Q78 XMFIATD A
R EFER T, CHETHAMENSTHE
ANMKE HEEZNIFAETCHE. BEALSEB
THRMHE(CTBYROREARTMEERIEREZ—. &
MR T 4%k CTB W I B ABHE MM2I, 6
X REREN CHRETIREEFRE.
pHEURBRFEHREWE R, EEFEPNANLRE
MREBCTBER®]., RNAEXERBTIIMM
BEEAE, AXALRER FESRAMEBER
EXEE EESMpHEMNMNZRASTEE, &
CTB &3k 186.7mg/L, A EELE R8I KB4 /=47
TT .
1 AR Ffy &
[ |-
TREMM2 bW smal  mamay
pPMM-CTB,ctb EHM F lac B FH T . &
BEE-20C,15% HHmd.
1.2 AFAFEH
EOK . HEHEY EXE Oxoid 2 /A =&,
CTBH#ER BAKBHEEHN Sigma 28 7™, 2
B W 5E i A & Y # E Boehringer Mannheim 2 & 7
G RAEALEXMME A ERFEH, HREAM RN

ERAT M, THZ-82A Rl B R LS K
EffEs 5%,Bostat BRESL AR EEE B.

1.1

Braun Biotech International 2% 7] /= & ,722 % 564k 4 _

FNEHTRAERFEMIF =&,
1.3 EH%

WeH H 89:1999-02-01, € [El H #9:1999-07-19.

MTHFEEN IBEFRE (/L) BEBERY
5, BEMK10,NaCl 5,pH7. 0, KB EMAFEB R
(50 mi/L, FR)., ABEEFHFE(g/L): 3B 10, Bk &
mEY 15, M KB EED 20, KH,PO, 0. 9,
Na; HPO, *12H,0 15.6,pH7.2,
1.4 XE
1.4.1 B TFHAER: RHWAHF O ImLEAF
SmL LB #EMELE S, TOTHFR 16 he K5
W2%(V/VIERRBEARES 60mL LB ¥iFHFEN
250 mL =AM TFGEYHHNEERKRSGH L,
30T 130 r/min ¥ 7 8 h, fE R ERESE M T M
1.4.2 RBEEF EXEREEIL ERE 2%
(V/V), BE# % #E 500~ 1000 r/min, & F 30 ~
37C , @S58 3~5 L/min, BEAKET 30%.,
1.5 SHAE

HEENME SRR AEERKELER
Je FH K 600 nm AL M HRE, B 10 nm, XT R A
K, REMNER0.05~0.5, ABHWT .5
o i), K 340 nm, BN E 0.1~0.5 g/L,
ZBHNE . AZREAEN T, M HH 0.01~
0.3g/L. CTRHERMME . HEEAZRT #
#Ol, BRI R 6] FERRE ol RN
EMA CTB &8, #% 3% L% W » SDS-PAGE H
Western EP 28 S SUMR [ 7] Fr k47, IR 4B K 5% , 7
BISSKR FLENESMEFEFRPAY
DTT, R &EHLA,
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2.1 BEEMNMM2E4EKERE CTBERIENEMR

BAEIRBEEB (LB EX)LE T 30CH
JICHTEE MM2 R Z&E TKI046 £ KB
W, F1IRBE3TCHEEN MM2 BNBREEE
BTKIM6 S . H IOhMEABHWTHES, @
30T # FEH ,MM2 B #l TK1046 BRI AKBARE
BB &5, B0 30T ¥ 0 N pMM-CTB R ER
Ewm MM2 B4 K, Bk, %8 30T 5 MM2
HEHTREFEE.

7
6 5
5 5
g4 ——TK30°C
g 3} —a—MM,30°C
2 | —a—TK,37°C
1t ——MM,37°C
0
0 5 10 15
t’h

B1 HEEM TKIO B MM2 BEKKER
Fig.1 Effect of temperature on the growth

of TK1046 and MM2 strains

ZHERT RERM, MM2 B 37CHERET
CTBEEA 6.2 mg/L, T 30C HEHEBPMAER
CTB. FFLL, B & W B K pMM-CTB L b R
BIEE, B ITCHCTB EXRE,

2.2 HERB CTB ~RIEE M

MM2 TREA™ CTBEHNSEFBEH LN
X, ETICHERRAGHABEIICHMT CIB K
e, AL, S EX LT REGIABRA AT
FEEE EIMRATEOCEF R Mt E, RS
BB 37TCHEEFH 24 h S ME CTB Rk &,
HEREWICHER N hEAHRABTESESE
B EEFohBHBARMSE(EL,

*1 ABRsEN CTB=RAHAER
Table 1 Effect of the temperature-upshifting time
on the production of CTB

Culwre time  Cell density at tempera- Maximum cell CTB/

at 30 T /h ture-upshifting/OD g density/ODgq  mg.L7!
5.7 20.9 20.8

25.4 29.1 95.7

11 26.1 30.2 107.3

13 28.3 31.5 82.3

2.3 pH{EX CTB RiEZMEMW

TRP,BRIMNEBHCIBER S pHEF W HE
*, BIOTHER 1 W REFABEITCHEEH#,
HEBE pHESSIEH L 7.2.7.6.8.0.8.4, &
(A)BER, FAEBHBLBEFERLCITBEEY
B pHE EF . X pH{E®H 7.2 #E 8.4 8,
M CTBE=EMIT 3.28 5(H 19.7 mg/L W%
84.3mg/L), & CTB™=8#¥in 1 1.65f5(h 39.9
mg/L ¥ % 105.6 mg/L), L FEXKFEHEMT 2.14
(B 1.09 mg/L/ODgy ¥ % 3.42 mg/L/ODgg0) o
BRHEZAS pHEMEEA KAH (L H), A
mMEWCTBRA~RE, HiL%EHF 8.4 pHEN AR
58 pH{H.

TJ
1 140 ~ 140
En 1204 —*pH72 7y 130}~ pHZ.2
& 100} —=-pt76 w100} 8 PHT6
E go| —=—pHSO E goje—rpHRD
C ol —epHsa B golrHE S
E 4 2
E 5 3
g2 & .
£ %2 16 20 2 1216 20 24
= t/h t/h
() ()

B2 pHEXM CTB=RHER
Fig.2 Effect of pH values on the production of CTB.
(a)Extracellular; (b)Total

2.4 ABEFEEMZERHM CTB ~ROER

TEAEFEHFIBTHIMO BB EEERR
EYASRE-EHEH, MM2 TREERIRH
HMAMZ MW AL HEER(E3)EM, EF
BHMOo~-12h BRAMEENE, BH >4 228, HH
10~-12hGLMAMER, BHREHAERE CTB S
B N ESEFEMZERTE S#& CTB ™=
B, £EFH 11~ 12h B MAZERS, & RiEEM
AZLBATES 65%CTB & (£ 2), B EEE
BHEEW,

T2
=g b —A— Lactate
:-E 8} = Acetate
o
]
ERS
- 4 "
TR J T T O T S W T T
=
0 ] 10 15 20

t/h

3 MMESFIBRABRAZMA ML
Fig.3 Metabolic curves of lactate and acetate during

the growth of the MM2 strain
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£2 MZBAT CTB FRBEN
Table 2 Effects of adding sodium acetate on the production of CTB

Batch No. Adding acetate

Maximum cell density/OD g

Average/OD gy, CTB/(mg.L""} Average/(mg. L™ 1)

1 - 31.25
- 31.75
- 27.16
28.95
+ 32.00

= = =2 8 =
+

+ 29.85

111.9
111.6
30.05£2.51 115.2 112.9+2.0
181.0
172.5

30.27x1.57 206.7 186.7+17.8

kD
M

67
433

30

17.5

14.3

4 E# EHEWN Western ISR
Fig.4 Western blotting of the culture supernatants
1,2.3:Reduced samples repectively at 12h,16h and 24h.
4,5,6: Non-reduced samples respectively at 12h,16h and 24h.
7,8 :Respectively reduced and non-reduced samples of CTB
purchased from Sigma.

TEE MM2 & BEHE 3 L ¥ B Western %5 B
(A HEHEHACIBAXRAEALEXBES
s TRMEE,EEFRPULSREERFE, R
FXB/WE,
3 W ®

T2 MM2 fEfRIF i 5 38 &% CTB, Al X
RINHRT b BEBNF XS HEHRBE pH FAIRK
wx R,

BESERZINERILMMALSE R, TRE
EHFKE . BEKE.mRNA REAANEEH
KFEE. KBFHEH OmpR MEFLWEH ToxR &
HRIEEH OmpF MEBEAFXWRAEREE
BEF. OmpR B Tl ToxR I DNA AKX EAER
FARERES) BMBFEY CTB RikHEW A
MEREX, B2l BEOBKEEERA,&E 37C

BRANBRHMNBEANZELEAE T HEOEHEM RS
BIAME, XM TRENBTHERRAN(SEB).
ARBETFT OCHER BB -CHEERHEAR
FITCHEREF, U CTBY =R, B 1A
FAXBESELYMIRMEMNER CTB ¥ BREBE
Em,

KBREARTFEZEANRAZIA pHEMAR
W, B, ZEBRHE pH {E/, OmpF Hl LamB B & &
TR,OmpC BF X L+ 7wt pH E B ,OmpF #
LamB i % % b 7, OmpC # %35 T K, Heyde
2 M RaE R MM ARIES,pH BRE
HARHERBE KT LEW OmpF Hl LamB #1& X,
AEIE#E MM2 4 CTBRABS pHEAX, ¥
X ESHERHRRELPCIBFEETRS
BEREBR S pH FRAX,BHREHMMER pHEA
WM CTB =8, A XLRGRE AL,
CTB =8 Rt %35 /K ¥ 34 b pH (& 7+ %5 i 1% fm (&
), HE pHHE# CTB X ENAVHNERLRAR
#, IBMpH AR THEEK, THELSSEERK
B BEARAEON, EE&=Y, Eik pH HMEH
R ARER, B — B pH A 7.2, 74 TH&
K E—BEH pHEE 8.4, 8F ¥ CIB Xk,

BREBELIBRSIERB=WZERBANT
BEEK, WAMTFHNEaRER, HEHN
IO RiGH R HRE I MZRT{R#E CTB
AR. AXEREEU(R2), MAZRBRAEW
EAER, EE CTBHREKERET 65%,X
REHZMNEREENERAEARBNREREDR
AHE, XTEREESZERER X,

B F R AW B R 5 SR B (30T
—=37C). B R 5 pHHE(7.2>8.4 pH)HF ML
MR SR, CTB =&ik 186.7 mg/L, AKX MH
P CTBIT F T HE6.
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Overproduction of Cholera Toxin B Subunit by Recombinant
Escherichia coli MM2 in Lactate-containing Medium

FANG Hong-Qing DENG Bing-Bing ZHAOQ Si-Qing YU Gong-Yi MA Qing-Jun
(Institute of Biotechnology , Academy of Military Medical Sciences , Beijing 100071)

Abstract The expression of ctd gene in recombinant E. coli MM2 strain is affected by temperature, pH and carbon
source. High level production of cholera toxin B subunit {CTB) was investigated in lactate-containing medium which de-
signed by experiments of orthogonal test. Upshifting temperature from 30T to 37°C could increase the production of
CTB by 4 fold, upshifting pH value from 7.2 to 8. 4 at the later culture stage could increase the specific expression level of
CTB by 2. 14 fold, and adding sodium acetate increased the production of CTB by 65% . In 5L fermentor the cell density
was reached at O 30, and the 186.7 mg/L of CTB was obtained. The CTB in the culture supernatants was in the
form of polymer like the native CTB from Sigma,and also possessed the same antigenity.

Key words E. coli ,cholera toxin B subunit, temperature, lactate, pH value
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