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W OE R OoBT-MELAREGLT-ACABEEG LS DT HREL CLIACA 2 Fh i —REME AR, B
BT-AELRER-ACOTRAIWERMEET TAANEE LW ARZ . ECHWEN GL-7ACA B{LMER
(acy)HA TN pZC1 BB L, B — B BACH LN T RS Escherichio coli MMR204/pZC1 )7 R BRI ET 7%
T, BIREN . TRENRESMEEE N 33C,pH7.5~8.5 MNMRHAF THOER. BEFENINSEWRS
BO-54L), TREEZBREYRATRKE, BEWEEAHIRIEMNG LA L) NSERRNMA( KX pHd.0 )
MEENWBLEER FEESTEFERA™NY Z MR RER. i sL ARl
AL HEERN oH R EHAEERNE = HERIN AR TR, SREER,. /K
AHHREGTT, ooy HFEE ac B TENAT BEERRZ ARAEKSFBRAL, CFES; K, UENK
My XBBANEDRABARKTRA. MR acoy BEMNRETE DEBEE, pH RBMAB T EER FEER

e Mm s

XA GCL7ACAKLEN, XA TEE, LR
I MM S 1000-3061(2004 )06-0953-05

PESEE TN  XRFRE A

KHAAE R L RBRIE R AR L R AR AE A2
B FAEAN FEHESKA . CRAIBHAEES
LHEEBRKAL., BFX BAMSLRERERT N R
REM. ERZEEAWEFHEIEREES, 7HE LR
B (T-ACAHMIT W REMZE#EK, Tk L, kM
WX C(CPC)NRM, LB CPC 4+ F 7 A M8 4 7™ 7-ACA
BERTE HRALEHRER" . R, & Flekd
MR EMFEER, REANKDTHE CPCH 7
ACAMTWEMETEMRD, FLRSN—HELRE S
R8Pl GL-7-ACA BB ERE (acy)™ WETF uc 35
THEMM oy EAHEN pZC1, FFE Frcherichia coli MMR204
PERUARRIRE, SHMOFHENBEDHILE, KBFHE
WEREMBEEHRENER CH EHELREREM
FEMBENY . BR. XXM ERMIERN . EREN
SRAANHERANAEY BIRZENERARRSS
BARNAEHBRAARERZAXKTETR", M. CH—%&
FRERETSARSZRERBHER - " ARETEEH
HMEBPIgme ERT TXRWR. A THEZEHR
Bl GL-7-ACA B4 WX H T B &, £. coli MMR204/pZC1 Ja 1
B AFEHARE RN CL7-ACA BB XMEAR, 5

W74 H % :2004-04-02,, & [E] A 88 :2004-07-30,

TZEMTREAMEAER HEs BTG TIENES
B R, LIRS HE U S R e B B N R4

1 Ak

1.1 MR

EATBRETE LW N Escherichia coli MMR204( kan' rec”
ampC), acy BEEHMN pZCl(str', acy, P, ) B LR
R,
1.2 AW

BEOR BER Y BHF Oxcid ™ §, Acetic Acid Test-
Combination ¥ H Bochringer Mannheim 2> 7 , B 4 34 % H ™= if,
#.
1.3 &N

MFEREANREERENN BERXEI-HERA
F.os5eRGRER. 1% E4LH).

EEEE RN LB WA %5 2g/1,

HFHSETRESEELETHEE (Sm)20 yg/mL. &
EIEFERE LBERETML.5% RIEHSE.
1.4 EMidE

% [ NBS 2 7 #Y BioFlo [l B SL & 5 % Beil , AFS 3045,

BEWH  AAEFWRE H (No.96-102-02-01) 1 L g EM HF 47 0 £ /B % & 70 H (No.98-4319135),
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1.5 E¥FEH
L5 REEF AMEEHEETCHEE WG, BEART
K F B (30mL/250mL TN ) ,33CIRTE IR 8b S5, LU 1% 8
AEEARBIERE(0mL/SOOmL HTEH) BCHESER
40h,
1.5.2 #hR iR SLAREPERE 3L EME 2%,
RERE 33C , WHEE 600dmin, EHF 120 )5, & TFR=
PARER, X 0% WEWERSTHR MR, HE
40h 25 1 & RE.

BRI AR,

pH SLAB AN - 2 5% MR pH G5 8.5 B FF R 414,

R R MR F = (1/8) x (/¥ + m) x
YoxeHAMBBRMIABL, A AFSRAET 08T
b i N

Fo o Jidn % (L/h)

S W E W B (/L)

prEEKEEM)

Y. HEE(g/e)

m; b HERY 52 %[ g substrate(g cell,h) "' ]

X, 3030 0 5 R P SR BE ()

t: b AL ()
1.6 WA E

GL-TACA BLBEMETE N E R &% [ 15],

MHMEIE 3, 5- LKA TE™ .

CBEEME . B W Acetic Acid Test-Combination F= ffi 1%
B,

2 BRfriti

2.1 GL-7ACA B{L BN X [E TR a2

R ay EREXBHEB EPHHRBMEL X
TEZHHBGEHRE p2C1 b, 0y EHAFBL TR
PR pDRS40 B tac B S F( PO TH. HUEREHHER
s BRTREERANBEYHEBRANBERERIC(amp’ ). HE
HBTR pZCl DNA $5 1L Escherichia coli MMR204 % 3 75 4 M
EHNOTASHEERNEEFR LEBEA LIRS E. i
MMR204/pZCl .,
2.2 E. coliMMR2M/pZC1 2B B&#

EEEFBYIE H.ZREE BRABERETHEE
W E.coli MMR204/pZCl E K IR ERE R EH, ZH
EWH pH 4~ 0 2Z [ BARBEE K A8, AL pH5.5~7.0
BHEE AEX—HENMNEREEETERE pH 7 & W
R, KEEENHR SR, £ &5 #H 51 ,37CH 28C
MK M. AT EBCHNERRBRNANLRE
TEREARBEN2H. BEMAREKIFEMENE®
K% 500mL WM P LB SR EE 20 - 120mL 2 B R,
FEATHIHBES.
2.3 WERMREN E. coli MMRUM/pZC1 X BRI EN

IRBEYBATRAKT . AXRLL LB IEFENER

MBS M TR EREEX E. coli MMR20Y
pPZCLERRMFBHEWR, ZRERHE 1 -4 dLEBAA
e 8 0 7 I B I ) e P A T 8 2 0 O e A B
6g/LBY, R MR MM B R pH 28 H (pH 4.0), EX GL-T-
ACA BEIbBI (R D)., REHHBHNEN TR S RELE
B B, {E R B AN AR PR T T B L BB TR, U B T
BEXS AT A BRRER. P B 1 /L HE BN LB R~
K P RAMBE S A 2.2 5, SR M R akEy
2-5gLZEm, FREAKT R EN 2.4 5 HEAN AL
ER(ED,

F1 LBEXBRTRMENRET pH M Esherichia coli
MMR204/pZC1 & ¥ LB~ RE R
Table 1 The effect of various initial glucose concentrations
in LB medium on growth, pH value and acylase yviedd in 40 hour
batch-fermentation with Escherichia coli MMR 204/pZC 1

Initial

) The pH of  Acylase yield Specific
”‘;’;";‘Lﬁ" ODgy  culture —————————  activity
L) broth  /(wL) relative/% {(0/ ODgm)
L] 2.9 8.8 206 100 71.1
1 4.1 B.5 464 220 113.2
2 5.7 B.5 502 240 88.0
3 6.1 8.5 513 245 84.1
4 6.3 8.0 507 242 80.5
5 6.3 7.5 516 247 82.0
6 6.3 4.0 nd" — _
* not detectible

2.4 ZEHEKTNFENNER

2.4.1 E.coli MMR2M/pZCl WA KW LB 78 - EE T
BEW E. coli MMR204/pZC1 TE5 0.2% W& B/ LB SR M+
B FENBREMNEARERNEREITNZIBYR. &
BmE 2 A BEEEEE KA, 28045 B8N
HERERTHRR. I —ABEER b, T EEHFER

Do FIE R TERE AT (0.37~0.39 gL), REZH T

B2 BE(0.08 L) RIZKE (1),
2,42 ZEHFEBAORPER: B TERLIEYRATR
BArESNER E4 LR LRI BN RSEE  ERRERE
B 6 i, A BIMA 0.3 g/L.0.6 gLEK 1.2 gL Z K8, 5k
BR . ATARMEBRESMERBOREBEE. H24
RE7 (EKWEENZ 803 /L)W i 4 1 i KL Bk
FHBERE: YZBRESR 0.6 gL RENNEKERE
#.B CL-7-ACA b A R Z 2 B0 M ARG 2.8
HERL12 gLt RUMHEEEK, ARE> 8.
2.5 E. coi MMR204/pZCt BB & BH it B

ATE SLEAMIHEEL s 5 BRABIRTY
WAEXEH, M- AR KR A pH U RO HES
HATEZRM. MEIFR. S IBEFRTHMEREY
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7 1.0
—&—-Growth

6 | —%~Concentration of acetic acid 109

108

07
106
105
104
103

Acetic acid/(g/L)

102
101

] 213.4 .5 .6l7l8l9I10112
t'h
B 1 E. coli MMR204/pZC1 & 0.2% W E XD
IBERBETHERNZBRE
Fig.1 Growth curves and acetate accumulation of E. coli
MMR204 hatboring pZCl cultured in LB medium
supplemented 0.2% glicose
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.t A
= 500p
3 $ w0
g3 ]
£1 g 3o0p
g3 4 200
S 2 [
] L 100}
0 r L L L L i
0 2 4 6 8 10 1214 0 10 20 30 40 50
t'h th
M2 ZBEX E. coli MMR204/pZCl AR 41K (A)F0
GL-7ACA B4Lmr-R(B) ¥ W

Fig. 2 The influence of acetate on cell growth(A) and production of
GL-TACA acylase (B}in fermentation of E . coli MMR204/pZ(1
—e—0yL; —m— 0.3g/L; —a—0.6g/L; —x —1.2g/L

2 g/LB,33 T, % HEF 100 WA K EFATBEH £
RS BEFH. BRAEMEEAMERES TAEK. 200 L1
5. RS BTRE., R, ERFYIHET 120),
W pHEE TR, R AMBE G 8%, AE8E
¥8 pH F G E I (R R F pHS - 9 (Fig.3).
2.6 BWiMiLL
BRGENEEN B EERETHTTHERR.
TREERBIERRED BCEK M 16 hild, EH 2 /M
0 0.05% ~0.2% (Wi V) W E LMk 5 W a0 /BT Rl
EHE NERME., SRR DERINEE 0.05% ~
0.125% 2 e , WM A SHEEE KB BB
EHE UG5 mEN o 125%0 £ KEM-ERXD
B, XA mBED 0.15% , 40 50 A = R4 O T Rk
(H4A), REFRIMIREERELAN B HRTR
FHHAERIGHE SR 2h#WH X015 AEFT,

YLl 6 Oy BIE, WA T7~8 W, MIEMA T RE(E
4B).

ODeo,pH

Acylase activity/{u/L)

1 6 n 16 21 26 31 36
t/h

B3 E. coli MMR204/pZC1 5 4§ 2% Y B (o] iff 28
Fig.3 The time course of E. coli MMR204/pZCl
in flask batch cultivation
—O—pHi—#— ODgg:—a—Activity of GL-TACA acylase

[ A
] 0075 0125 0.175
Glucose added 1o medium each time %

14 1000

1500
2p AN
10 f 1700 ~
8f le0 3

g -500‘.;}
6 ]

3 400 -5
41 1300 «

1200
2 B 1100
] Q

5 6 7 8
Times of glucose added in medium

4 E.coli MMR204/pZC1 M E B D95 IEE S
Fig.4 The glucose feeding strategy of E . coli MMR204/pZC1
fermentation in shaking flask
— & — 0Dy, ;— &— Activity of GL-TACA acylase

2.7 SLEBRDIME TR

PP E. coli MMR204/pZC1 £ HIF-MME
HUEBRRAERRERSEMREDT M- WA
FERETEEREN HHMHEARIN, FHFH~E
ZEMEFARAEEE MREETHR. BZRRR, AT
MHARMRBE D MEAEHRNZRAREEFAA. B
REMEAEARSE""Y, ARy WA THEEKEK
MELUAFT ORI AR ETITORBREENEG S, E—5
i pH RAEHAEERAME = ETERIL
8. NBSERTUEN, EHRE=ZMHMNT . CL7-ACA B
IEEEETEY E.coli MMR204/pZC1 B E R R B
Kl 28 2 A b AT, BB A A £ B I 1k RS R
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Bs AREMMEDHARRDP E. coli MMR204/pZC1 B4 K H= B
Fig. 5 Time-course of MMR204/p7C1 in different glucose feeding stmiegy
A: constant mate-feeding model; B: pH 8.5 -control model; C: exponential-feeding model
— B— 0Dy . —&— Activity of GL-TACA acylsse

F.NE oy HBEE2MHBREE,

EEFEMIMK(EHSAP HERBERITH LR B
FMBWEE (/L) Erzet  FEMMBEER. 2EER
RRERENEMAN 0 HE R E 0.625 ¢/ (L-h)  fE @ %
SEAE 16, A REBH AW 10 c HABTRRRK
BB (18 0Dy )PP B B (1200 wL), i — b o 3h4 3 T i
BERRMEENRAE., B—HE MRS AR
WERREERAFMW B OEEBHHEE 8 XE
HERAME ERBARMNENEK.

pH S HA % (B 5B) MR A AFS 5, & 5 pH7.0
~8.5X—HE, Bt pHIEL R MERAH. EETRE
MR ERET YL B ES BB AE SR pH E
FEAE, Y pH EAB 8.5 85, A FF A Wmah i, E¥H pH
HEHFTRE KET7060 AW ASEL. 2. ATFEHER
FRENERERB =L RSRELNHEL, pH EHE
AOEBRXBESH IEBXREH. A—HMRALT. &
TEEARPRAMMMAEES SyL EER BARBRE
26 ODgy .88 7 5 5 20000/L,

UHEEESH B (B SO, SHEKBERRER 0.1
W BRREBE SO, BBEET RN EHSEN~
FREHER BELERF R0 4ge. SV 2L WEE
HHES.BEEELAR . FBHEHE. FH AR KRE.B
WA I KBIMEE EXFBAT . HEEBEHE
18/L IR MM e D R MBEILEE 514 3 ¥ 35 0D, W1
2600w/ L, BESE IR 2 RE VAR B IR LS SR T,

MERBERTH, ZHMrRF, HENAmar g R
KB, MR EEME RN R R R
FEHEERed, MR pH S 0 RN acy 2 B BA N
o
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Optimization of Glucose Fed-baich Culture for GL-7-ACA Acylase
Production by Escherichia coli MMR204/pZ(C1

GONG Wei CHEN Jun YANG Yun-Lin*
( Shanghai Institute of Plant Physiology and Ecology, The Chinese Academy of Science , Shanghai 200032, China)

Abstract Gluteryl-7-aminocephalosporanic acid (GL-7-ACA) acylase (EC 3.1.5,11 ), one of the important industrial enzyme
used in the manufacture of 7-aminocephalosporanic acid (7-ACA ) through the two-step enzymatic process, calalyses efficient
bioconversion of GL-7-ACA to 7-ACA. The objective of this work was to study the production of GL-7-ACA acylase using genetic
engineering strain, Escherichia coli MMR204 harboring recombinant plasmid pZC1 grown in baich and fed-batch culture on LB
medium supplemented with glucose. It was found that the optimal temperature and pH in the fermentation for enzyme production
were 33°C and 7.5 ~ 8.5, respectively. The initial concentration of glucose ranging between 1 and 5 g/L facilitate the increase of
both biomass and enzyme productivity. When the concentration of glucose added reached to 6g/L, culture broth in the end of
fermentation was acidic (pH 4.0) without GL-7-ACA acylase formation. In the comparison of three kinds of feeding mode for
glucose fed-batch operation in 5L fermentor, it was demonstrated that the acy gene was constitutively expressed under the control
of the tac-promoter without induction and the exponential feeding gave the highest yield of both the biomass and enzyme activity,
but the expression efficiency of acy gene with pH8.5-constant control mede in the fed-batch culture was slightly higher than
exponential or steady rate mode.

Key words GL-7-ACA acylase, expression in £. coli,, fed batch fermentation
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