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FAERR-H I EREEEERRDITE
EFEAARTRED-2A

F R BEK
(PEMZE -ESEHTEFRPL LR 200233)
A B OBAE

(HEENERKFLHPFRE AE  710032)

W E AREAFERES-2A(BMP-2A)ME A KB YK537/pDH-B2m 7 500ml £8
MRAGEEAT TR S0 IR 35, S5 F SL B B B B EE T 40 HE 5 SR A A0 bl B 3, 1L
KR thBMP-2A, BRIEF A ASRLERG, EEFLBPRRE 0% 4% ELWERE
ST B2 ] 4 98 O 9 48 T LA € BMIP-2A B & BA D) 2. 78/, BB R H B H ODyoS3(H8 Y T
T 21.2¢/L), EHEHMREBRSHERLEEOMN 25% . ZIEHEARANLEBRE. ()FEER
HREPRHBLIHBERE: OBRWERNEEE: Q)QRTCERASNFEEMENEER
T, Rk KRS B 9 4h; () AERBEE R AR BERBERE 0.30EHK.

XiE EHAKXBTE, I, BEEER, OB EE H-2A(BMP-24)

FHAAET Q939.97

ENEARANEROCFEHAEARIRANARE FR Y EENEF TRED,
ABELERM H ARBE EXRGYE LT OB T b4 =i, CERREO-
2A(BMP-2A) R —FiF & IGYEE B, 7T LAFE-S 5700 78 X A5 40 M 2 b B 3 40 B A 1
AN, M FREHEF TS REMERRYBEER B BHEEFEREDY, BiER%
ATFER. MAEAKBITH(E. coli TR E EIFF KR BMP2A, RE LAEFE, B
FHAEENE X

EIS B RAE T, WE R0, WHIE.CO, &, XLEFFTHRNERS
MM LK, FHREZRESMFSNERE SN FE. FRELHEA LIS B0
HEAH, EREHMEREBRAEE. B IR — R 5 S R
H R L 3R FT LA R RR A A F R MR A, SRR R AR R0

b, R EEG B REN TEERY, BSMEENEORES REFREMEE
BeMEHABEAHREBNE=EGTRIGEE. RO, DEOHEERTIEE
B9 BAENT A, ERREERT B) N E R AR TR,

1 B A k%

1.1 &g
1.1.1 BEBRRAIFRLTE FHIME E. coli YKS537(supE44 hsdR hsdM recAl phoAB leuB6

e fl H #7.1997-05-05, 4 [ B #9:1997-10-11,

© FEMFERMEDHFRFATIESHESE http://journals. im. ac. cn



3M F REAAERE-HEMEHAREEESKRTEE P EAATERER 2A 271

thi lacY rpsL20 galK2 ara-14xyl-Smth-1) P EF
PRARERYEREASEEEREK. EHRN
pDH-B2m AR BN EERE LT ENR., B
FEXHBERLERASR BMP2A RE KR  (Am"
B, % A\PL K8 F R, 7 42C T B 5 3R31E BMP-
20, FRE#LE 1. FEFEREANEEHE
YKS537 B %I#%iE BMP-2A M TREH E. coli YK537/
pDH-B2m, A B BMP2A MR A B WER L E

pDH-B2m FL

H8730% 2 | B 1 E4 R pDH-B2m EHE
1.1.2 5% E. LB %%%ﬁ?ﬁ%#?iﬁﬁ%“”, 4 Fig. 1 Construction of the recombi-
WA 2-YT S HE A FRBEHIY, &M nant plasmid pDH-B2m

EFTF SL- BB AT A AN HEE 7 UY, ARER T (/L) - HEE 125, B
50, B Bk 50, MgSO, - 7TH,0 5. WA pHE2 WA 7.0 EFENHBLREH
121C, B E K B 20min, #EHE 115C F, KB 15min. FHIZEFHEPHEMA LML E
REMNETEFEENEE 100pg/ml.

1.2 ‘AMeYIEIr s &

1.2.1 FFHIEL: B -70C,20% H b RMAT B R 100pl, BFF & 4ml LB FEFRER
R d, 30T, 220/ min 3538 10h EH, REHAERRERMN 2% 5 1%, MR R
K3t ah, RVTEAHTF.4CREFRTA 2 A.

1.2.2 SHEEEREE. BUELARTF, U 2% MBEMNT S 100ml 2-YT 7R EH7 500ml
R, 30T, 220r/min ¥:3% 6h, FTLATE N 5L RS B fh, L] LA SEIE SR 2h, BAE
BEZE Q2CESER4ShEHR, HERIBPREATEREA FAENEHERET
pH{E.

1.2.3 REEESHER. RBEMISRNH T, RABE TERBR 49 EM (T E
W TAER RN 3.5L), — KRB 50g #Z9HE, 30T 4 1% 10h, 2C FR I 4h. BEM
A 30% B EKE pH BRI 7.0 24, HEHEHE 2 # 6001/ min, Z & 7L/ min.
1.2.4 HEISHSHIEEFE: New Brunswick Scientific 2 &], BioFlo 3000 &l 5L H
HiEhRkEEEERLE 2,

BRG MY AZER, EHH A XBERWT . ORE. 8 16h BHEFRFBER
30C, RE RCESEHR 4 OFEREHE, YEAEPTREME 0% LT, 83057
B 10r/min, ZB it 60% , B 105/ min, M A F| B AT E 800r/min B, BAHE, BEE
BRI 0%ER;QpH . HEhRM 30% W &K, f pH BRI 7.0 £ OB
Fn;

AR R BEAY LR BH, AR = A B BUR T, KRB H 0~ 4h A I0FHEH 4~ 10h
F A 50g BIEHEMFMEL, 10~20h MIA S 190g EEAER A6 S ET 0.5h B AT 100ml #F
o ML BB AL EE 30s 5 B 11K,

1.3 2hFE
1.3.1 BB ER. WAKENSELE TN 600nm M YERIE ODsofE. X%
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WES A TEZERE, —MEALE ODgy
— 298 TH 0.40g/L, N 1g IBEMALT 0.2¢ T
3 Wi,
. o 1.3.2 MEWHEEME. HEKRIHE
i oo Air W2 .
[

¥
.

1.3.3 BMP-2A FiXBME: B SDSPAGE
6 B kR 1Y, B SDS-PAGE W v 5,
i85 B AR L AL BMP-2A of B ik
BEHHBSEE.
1.3.4 BAEEOMMNZE.: Bradford %8 H
1. Fermenter, 2. Dissolved oxygen meter and controller, P 28 H "o B E ODoo {89 B W 10ml, 5
3.pH meter and controller, 4. Thermometer and contr-  0001/min B0 15min, & 2 1K, MABHE 10
toller, 5. Alkali, 6. Acid, 7. Medium bottle W, B 60s, B Bradford FRE N ERIE A
T8, STPHEN0.525¢/2(BH/TH#E).

M2 ABALKME

Fig.2 Schematic diagram of fermentation system

2 ZXE5+#

2.1 =REEn

2.1.1 ZAMERTERFESH AT EE A KA BMP-2A FAMNEW. EWESR
BMP2A FAEMWERRE, RPESHHVIANBESHEAMERE N REKEML LR
FRAHEW. mE 3R 1R, EHEEE RO BPHESR s ABRERTES
AR BB BT ™ 3 (0.28¢/L), SIS (0.19¢/L)RE T 32%, 3 H BMP-2A 01
EHISERER (RER) . XRE MMM A KT, B30 MK M TS
A A B A RS T R, 1R T ek SR B B o B O o 2 BRI

1 ZREENPTENY B4 X BMP-24 BixRHEW
Table 1 Effecty of induction in various phase on final cell density and expression
of BMP-2A in shake flask cultivation

Method of Cultivation Final cell Final pH Expression of  Contents of BMP-
induction® time /h density/ODggq value in broth BMP-2A/ % 24 gLt
In early log phase 4 4.06 6.8 26 0.22
In middle log phase 6 5.40 5.8 25 0.28
In late log phase 8 4.60 5.40 22 0.19

() EREHRMHEE WCERKFR TR TREN, REEEEREFHFET, 5RFEKHARE TR,
(b)YKS37/pDH-B2m St FRM K 30CHEH—EREE, REAREHET U, EBSEH 4h,
(¢)BMP-2A S8 (g/L) = ODggo X 0. 4g( T W) /L % 0.5252 (B /e TH) x BER(%)

2.1.2 ZRENFTESFRAAINAE A KM BMP2A RIEMEW. #9535 3h
Jo, RIEBBIABIBAME 25%, AT E ARG, 4h FAFERE LA K, THET
REBE ., BT LASE S35 AR R W 2 1 4 4h

2.1.3 ZAREFTEGEHEERENAEE KM BMP-2A FRBEW . ERESH
R EERE DS R T R, £ 2 YT BREP WA RF R EN RS, b T
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EE M £, 2h B pH HME SRR T THED 6.8~5.4 A%, FEI=AHEFTHE
+ pH HAREE, FHHSMHE 2h MA RSB EAKEpH £ 7.0, RBRRWLHEHENR
EET 20g/L 0, BB AEEG I F¥, BMP2A AR BT, WK 2. HBH
R A, AR PE MBI, HE Y E R IE R E X ERENR
RIXEFHXBE R

¥ BERAEPREREWHMRENEEE KB

Table 2 Effect of various initial glucose conc. on grown
of batteria in shake flask cuttivation

Initial gucose Final pH Initial cell Final cell Specific growth  Expression of Content of
cone, /g+ Lt value density/ODggq  density/ODygg rate/ b BMP-2A/%  BMP-2A/g-L"!
0 7.4 0.23 2.8 0.31 26 0.15
5 7.0 0.33 4.2 0.32 24 0.21
10 5.8 0.29 5.3 0.36 25 0.28
20 5.4 0.30 5.0 0.35 22 0.23
35 5.3 0.32 4.6 0.32 20 0.19

(a)30°C #3% 6h, 42°C R 4h, (b)p=[In(OD./OD,) 1/ (22— £1), ()OD, BT HIFF/T 2h #) ODgoo, (d) B
% pH 45 W0y pH, I8 365838 pH {8, (e)BMP-2A & AT : ODgo X 0. 4g( TH)/L % 0.5252(FE ) /a( T H#) x
FHIEE(%)

2.2 4ritisaeRnihiE bt

3t R A, SRR F MR AR EEE (UH ODy 8, BEBHHF 20%, B &
B H BMP-2A B8 B 0.29g, THHE S B4 S AR S i g s S R R A H &
2 BT LA ODgy 53, FIAEIAE 25%, BMP2A IS B 2.78¢/L. B5F/a 1h BMP-
JAMFRERMNE 4%, B3 RILTEAR rEAEER(E 34 %K 3), B3I LRUES
BHEERNERRS 2 THRAHEM, EREARAINEE A, FAG7ES NERY
MM AFRE AR, T2 XA R EIRE,

60 e 80 " 1000 §
-t e £ B
g 50 I's 50 < L S 3
& - o BOO ~ § a®
O 40 | " 40 E PRy =
< 440, 14 -
2 / m g | 8013
% 30 | = 0% £
B / ?_._. = LEE LT LLAL L L 430{10.5 &0 3
= 20 3 20§ F o Atsl s
- | ] 7] yTEAY o od
O ] - ok ' w) ) d | i
G /.! f g ::n praaart drarh B i ke, 1204 7 40 2
10 | #
B dabing, 0.4 200 {104 254 204 1
m".‘"‘";'u f
0 . r“ -~ ~ 0 TR T . ol RS N R R R R | 0 O u 0
0 4 8 12 18 20 ¢

0 4 & 12 18

Cultivation time/h

B3 St oErMaE kBT
BMP-2A 33k # 2%
Fig.3 Bacteria growth and BMP-2A expression in
batch and fed-batch culture
() Cell density in batch culture, () In fed-batch cul-
ture, { X ) Expression level of BMP-2A in batch cultiva-
tion, { (O )In fed-batch culture { * ) Thermal induction

© PEMZRMEDTRMATIRKSHETT htto

Cultivation time/h

W4 FbELo-HEIE ke EALE LR
Fig.4 The on-line controling during fed-batch cul-

ture
{2} Agitate, (@) Tempreture, ( + ) Dissolved oxygen
(& }pH( — )added glucose
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#3 BBEBMP2ANESETL
Table 3 BMP-2A change with time after induction

Time after Batch culture Fed-bhatch culture
induction/h  Total host protein/g-L™? BMP-2A/g- L Total host protein/g: L EMP-2A/g'L*
1 1.537 0.063 12.08 0.47
2 1.537 0.183 11.80 1.78
3 1.508 0.284 11.32 2.78
4 1.445 0.289 11.17 2.78

WA SHEAEHEEI N EREME LT 65%, BaRnfbshin DIER 80% L b
( E} 5) =]

GDa) 1 2 3 4 5 6 7 3 e 5+ b 3 9% it A2
o, B TR A RE A R B

g ST, 0B 4 A A
43 BEREY, FHE ]

30 HELE, WHTHE
MR, M wEET

21 MR BB ERIE, it

144 Bk ik B 37 2 R 41 A
T 5 00 2 1) 4 B Y % 1

wE, EERERR

5 BMP-2A FiAFEE G LE4L A SDS-PAGE ik B Boad e, bR & B L

Fig.5 Electrophoretogram of SDS-PAGE of BMP-2A expression and N, s s e A,
purification of its inclusion body _. WA E B R

1. 8tand protein, 2. Host protein before induction, 3 -~ 6. BMP-2A expression after Fﬁ /_:E, _& éEH % EJ- L % ﬁg

induction 1-4 h, 7. BMP-2A inclusion hody, 8. Purified BMP-2A inclusion body

Mok, 7E B B R IR
WIRF R EE.

Bo e K 5 3 () LB B S A2 6 71 BMP-2A (3555, e b serh ) BT — B B 2k
EEBRE, £0.6-04h 24, HMEHEERTHEEETEE, bEKERNE
0.1h™ ', HHAEEREILER, FFHEHE. FNE SR, AT et e
B, LEREFER 0.34~0.2h "' 20, THESSHEEAIFER, BT EHBENEE
HRFRIE L, BMP-2A FIE R BE 2h WA 4% EFE 25% (LE 3),

TR RN B R B P M A A TR LR R 4, B Y — AR AR 0. 1¢/L
LT, W B LRy, = AX/AS) 0.4/,

B R BERAE MR, A TR T T F R TNF-o( R REH T
~)MNIL3(AAE-DEFTHENSEFEMSRRERERER). NLEHEBT
2 % A AL SR R R B A o T A O A B A AR AR T R, RS BRI TR,
ZEFHERSEERE ER SR EEEAFINEEA %S, EHE R AE=EY
Hitt, EFEERPHEA, F5EFEF BMP2A MEEERE (25%) B2 LRE S
(30% )k —4t, FH B sbEE A FRENEREE i —2EaEM iR,
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Production of Human Recombinant Bone Morphogenetic
Protein-2A by High Density Culture of Escherichia coli
with DO-stat Fed-batch Condition

Li Min Chen Changging
{ Skaughai Research Center of Biotechnology. The Chineswe Academy of Sciences, Shanghai 200233)
Pu Qin Chen Sumin
{ Department of Biochemistry Xi" an Fourth Military Medical University, Xi' an 710032}

Abstract The optimization of cultivation condition in 500m[ shake flasks was carried out to produce
recombinant human bone morphogenetic protein-2A ( BMP-2A} in recombinant Escherichia coli
YK537/pDH-B2m, followed by 5L fermentor batch and condition-controlled fed-batch culture to ob-
tain BMP-2A. The comparison of these two methods indicated that keeping dissolved oxygen at 30%
~ 40% and limiting glucose concentration could obtain BMP-2A 2. 78g/L. broth , the final cell densi-
ty ODgge 53 (21. 2g dry cell weight/L), and expressed BMP-2A was 25% of the total amount of
protein in E. cofi. The critical fermentation conditions included: { 1) keeping appropriate dissolved
oxygen concentration in the process; (2)limiting glucose concentration; {3)keeping heat induction at
the middle-log phase and maintaining 42'C for 4 hours; (4)maintaining specific growth rate around
0.3h7 ! in the duration of growth.

Key words Recombinant Escherichia coli, fed-batch, high density cultivation, human bone morpho-
genetic protein-2A {BMP-2A)
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