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(1. EE£khkF4E /i@un ShEWITAEFR, BE BIT1361021; 2. BEITEFEREEAFER, BZ F] 361102,
. BHAESMAEN SR TEEALRE, BE E[361021)

[HHE] WS EA AG BUEA KB BL21 ( DE3)/pET-28a-rPAG #E17 & BEAL AL IR HiF A&,
IR BET G TB 353738 %, it B R 90T TB 3532 I M4 4 A i & i R B 2 kA Ak, #E T
RIG MG A 7y, MIRERR N 24 o/L, REHEAMA 12 ¢/L, BEWER 8 ¢/L, KH,PO,l 2.31 g¢/L,
K,HPO, Jy 12. 54 o/L, fEULEERE b, FIFSRE R LIRS T B 53250, BIRE 330048 pH {HN 7.0,
MR 5% . BN 40% . B A(600) =0.8 BHIMA 0.3 mmol/L IPTG, 30 CiEF A4S h, IbhEsR
FEH TR G, EHRBITEDR A600) {ERRITTH 3. 58 £, BGE A AG HXT & & & AT
2.92 fix, 7£30 L ZEERESATHIEORITE, HSF ARS8 h 5, BAEM AC HIXT &85, A(600) {HfH
ik 8.688, BFTiikF] 18.56 g/L,
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[FESES] TQ 925

Fermentation Condition Optimization of Recombinant

Escherichia coli Producing Recombinant Protein AG

LAN Mengmeng', HUANG Linglong', NI Hui’, LI Zhipeng"”®, JIANG Zedong"*, ZHU Yanbing"*
(1. College of Ocean Food and Biological Engineering, Jimei University, Xiamen 361021, China;
2. Xiamen Ocean Vocational College, Xiamen 361102, China;
3. Fujian Provincial Key Laboratory of Food Microbiology and Enzyme Engincering, Xiamen 361021, China)

Abstract: Fermentation of the recombinant Escherichia coli BL21( DE3) /pET-28a-rPAG was optimized to
improve its production of recombinant protein AG. The components of the TB medium and the culture condi-
tions of shake flask fermentation were optimized by single-factor experiments based on the screened TB medi-
um. The optimal medium composition was determined as 24 g/, yeast extract, 12 g/L. soy peptone, 8 g/L su-
crose, 2. 31 g/I. KH,PO,, 12. 54 ¢/L. K,HPO,. On this basis, the optimal culture conditions were initial medi-
um pH of 7. 0, an inoculation volume of 5%, a liquid volume of 40% , and the addition of 0. 3 mmol/L IPTG
when the A(600) value of the culture reached 0. 8, followed by induction at 30 °C for 8 h. After optimizing, the
A(600) of recombinant E. coli increased by 3. 58 times, and the relative content of the fusion protein AG in-
creased by 2. 92 times. A preliminary scale-up verification was conducted in a 30 L fermenter. After 8h of in-

duction fermentation, the relative content of the recombinant protein AG was the highest, with the A(600) value
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reaching up to 8. 688 and the wet weight reaching 18. 56 g/L.
Keywords: recombinant protein AG; fermentation optimization; recombinant E. coli; medium component;

biomass

0 3%

Wi AR 2T R R, PR BRIz I P T GG G2 W B S 56 A5 R AR S W B AR A
JEAEARENTEAR D G T A2 SR T Y L I ARSR, YU I B SRR 1 L
i ) | IO 2 0 N B L (= 2 N =B = S0 ) [ B 8. o] [ S 1 o N N BT ) o i
PURTURAEAL T 20h, SRRZHTR — R e et | mBCRAERE AR 8 8 2R A2 P
H AR ZHTHAR PRIk 40 B 26 19 7 Sy 2 R0 C 26 LSBT AR 1) 4 B A, X SE 4
EHMNEN EEOF SR OHAIREEN A (staphylococcal protein A, SPA) JEHT, #EREEN G
(streptococcal protein G, SPG) AT A RS TR ARKG Protein A Y 5 AN55 445 (E. D, A,
B, C) 5 Protein G {93 PM&5E (C1, €2, €3) HAHAMFIMREAZEMA AG (recombinant protein AG)
BT S A H AR

S5 E) Protein A B, Protein G AL, @G A AG BEEE T Protein A X} 1gG3 454 HE 7155 10 Bt
B, SMIRENT Protein G JLiE&S & HALKRA e sk A A L . EHFAYREE A AG BLEAHIX 737 1
TN 54.38 ku, SFHLAN 4,62, 5 IgG 45G 0 pH EARBIERAR, fEPUAaifl S biiie pdinin
J7 AU A RN HE . Mali 5 BISE R, 5150 Protein G BERHEIZ T TAREL, A
AR AG BIRHEZ AT A Rl Ak R 40 i 8 1 ps3 PERETE 4, Barwick 55" A& 8 1 AG 31

RHEREERK 661 W AN Ml 2407 52 5 Wy kAT S e LT TE, 45 R R, B2 KE M SiglR AR K i
NRF2, N NRF2 #$ 35 SiglR /- SHURL B 23t 74 130 8s, Liu &R HBAEE AG
Sim bk BT ik i - AF AR BN, 45 G 1eG 43 Il e BRI S AR AR I, KA
IRIT R AR L A LS R ki i, i TAEIARIE

AT, FE SR AG FATEAE P A R AR A )R, RH T AU AR 7 X 8 2 R AT A 7
AlA I AG AT KB LA & BARE B B ARCR, Wb A, Bl FIHEBRAE
ARFRA RS AG R BEIEAT AL RIAR G TSR, X T R T4 3% ik 14 0 106 0 A I8 R AL 52 36
AN, HIL, ARWFFT ALK 2 A A d ik 19 B 4 KA AT # BL21 ( DE3) /pET-28a-rPAG A & % 1 7 ,
e R TR IR AL, PR TR A | BEIR SRR A R AR A KRR S R 1 AG Rk sz, i —2
RS E N AG 17, JFTE 30 L R EERE P AT HOREAE, ARG EE AG WM R B AL 7 S it
HENSE M,

1 MR ERE
1.1 Bk

FH KA B BL21 (DE3 ) /pET-28a-rPAG T2 B bk g A 5256 58 Ry S AG) £ PR AT
1.2 BEHFE

1) LB g%, BEAKR 10 o/L, BEREHAS ¢/L, NaCl 410 ¢/L, pH=7.0,

2) TB Higedk, BEHWN 12 ¢/L, BRI N 24 ¢/L, KH,PO, N 2.31 ¢/L, K,HPO, }y
12.54 ¢/L, Hilih 4 ¢/L, pH=6.5,

3) SB#EFREE, RN 32 o/L, WEEHRH# M 20 ¢/L, NaCl K5 g/L, pH=7.0,

4) 2YT 3tk AN 16 o/L, BERERM N 10 ¢/L, NaCl K 5 ¢/L, pH=7.0,

5) M9 §:3%3E. Na,PO,-7H,0 } 12.8 g/L, KH,PO, N 12.8 ¢/L, NaCl & 0.5 g/L, NH,Cl &
1 g/L, #H%WE N4 /L, MgSO, M 0.24g/L, CaCl, k1 0.011 ¢/L,
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1.3 FENRESKA

UV-5200 AUZEANAT UL A6 EETE (Lo AR A PR A F]) 5 Epoch2T BUEEFRIY (3£ E BioTek 24
Fl) 5 JY92- 1T N AUH A I MM EbL (T 2 E MR B A PR A ] ) 5 Centrifuge 5810R Y 75 305
LML (Eppendorf, China); 30 L ZREfE (VLA AW TRESHEARARIUEAT ) ; SHERHE L
ML (EITEHEYRHARAR) ; Z2056EER BRI (GE BYFEMA ) ; DHP-90122932 AlfH
IR (R ER A RA ) BelERIRG & (PN ERIERA R AT |

T AR 1 A B G2 iRl & A B A IR A BRA ] 3 SDS-PAGE 4 e bRt i i 38 751
B A B RAEYHEARARAE, BRI R M5 N E-B-D-FAC M L L (IPTG) W A b5t
FHRFEPHEABRAT; FEE, D(- )- BbE, FUME . BRRE 0, R AN, DR SR 34 ok =7 40 Hr
afiy= i,
1.4 SRAHE
1.4.1 KRG

WHRAEAE - 80 C T 20 KA BI21 (DE3)/pET-28a-rPAG T FEE MR AE LB [ {4 1% 37 JE 7R 17 %)
£k, 1637 CHEIREFMBEIE 16 h, PRBUARE ST 5 mL LB AR 37 3L (% 0.05 o/L KIRER, F
) ™, 37 CHEFR 12 h R —Fh Pl KRR FRERIAR O 1% (N B EdEfh T 50 mL
LB ARG FR S 7637 °C | 180 o/min fHIRIGFRAE TSR 12 h, 1EH ZHF T,
1.4.2 KR IR0

PR F WA 1% B REEEFD T 300 mL AN RV MR R BERR SR 5L (LB, TB, M9, SB I 2YT, &
0.05 g/L KAREEZ) 1, 37 «C. 180 v/min {5353 h, WiJEMIA IPTG ELHE R 0.5 mmol/L, 716 C |
180 v/min fHIR &AM T HEFE 6 h, WE KIAFFH TR BRI E D) Fal & 8 AG X & &, ik wilh
RIERGFRHE
1.4.3  HAKWGFFHEAEY R E

SR s, KBRS R EBGRREE S, PR RS, TR EE T AE 600 nm
KA W R, I E T AR R AR A B AR A
1.4.4 FhEEMH AG HXT S HAINE

KA, ¥ 150 mL ZBER 7000g B0 10 min, WEEREA, H S mL ZM9% (50 mmol/L NaH, PO, .
300 mmol/L NaCl, 20 mmol/L Wk, pH =8.0) MIR{KEE, #ABIEGTE4 CF 12 000g £ 20 min,
W B, TR A BRI riAR & (LAY REERA F) NI,
Po L e LA RS E AR ST, BlE A AG BESVINA G 5 BARBUIARMISS &, FINA HRP ARicHY
TS AR UR-E R UAE A R a, W DEBRPEA A S EKE, Dol s EA
AG MAEXT &, REEEIT AG AHXT O it = (LIS A W/ LR Z R FMAE T EN A Re
) x100% . 55373k M R BEARALAT IS 430 9 B 30 pl LSk T SDS-PAGE, Bt )5, b &
EHELUESSIN
1.4.5 $EFREA 1AL

PLT R BB MR & B AG MM & BONTRAR, FERI IR & e 35 L 0 S aty_b oAb 3 75 5L 4l
gy, AFEAFEGRIERNS CHh, #4500, FERERELEE) , JFXT RS IR NG (2, 4, 6, 8,
10 g/L) HEFFRAL, fERRIEOLASERt I, AL EUERIZE (BREAMR, REEANR. 4R, MR M
SAbER), P EOE AIRAINE: (10, 12, 14, 16, 18 g/L) #HFAL, Wi el Rt oy,
1.4.6 FRHKF KBS

DL AR TR 0 2E P i MR B AG PARX & R He bR, 7ERRIE . ZU0R RIS I DLk 5 09 ke85
FRHEMYHEAS b, RS R L R I8 pH H (6.0, 6.5, 7.0, 7.5, 8.0), AR
(16,20, 25,30, 37 C) . #FH (1% . 3% . 5% . 7% . 10% ). W& (20% . 30% . 40% .
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50% . 60% ). IPTG #hn# (0.1, 0.3, 0.5, 0.7, 1.0 mmol/L) . IS HIMH ( A(600) =0.2,
0.4, 0.6, 0.8, 1.0) . FEFAEE] (6, 8, 10, 12, 14 h), HERAERRI LB 51,
1.4.7 30 L & BERERR IR

TEFEIRAKT-1E TR A8 2 5 MR AR i 3Rtk B, R 30 L &k el b A7l R K e, 2l
40% (12 L), pH {EFEHIZET. 0, WREREHIME30% , A PTG ZAHE N 0.3 mmol/L J5i5S,
2 h BURE 1R, M BRI RE A E Y R MRS A AG AR &, S RE#RE D Work, ¥
RS O 23 DVEWUE HEATARE, ARPEATS T 25 1 S AR T
1.5 HUELE

FIH Microsoft Excel 2019 #7828 | SR SPSS B4 HAT IR R 204 (ANOVA), £H
He#sk H Duncan 2 (P <0.05), FIH Origin 2021 {4472 E

2 XWERSHH
2.1 REHEFEGHRRAMEML
211 REESFIFEXMA TN AC FIAMFM

SR L L5 R B0 L 4 T P A 0
MK AR I Y RIS MORRERE s, AR s

RS IR L5 57 A K #F # BL21 ( DE3 ) /pET-
28a-rPAG T FEER, W A i A= KN B bR 2R 1 1Y
RIBWHOL, ARWE L PR, WTH, HEEFREH SB ¢
i, AR AG AR & EME AR R, H
UCH TB Fl2YT 5585, MR TB 8 B h kA=
Yy IC T SB 53256 5. 84% , {H SB ¥ Fe LA S .
EFTAG HIXT & i TB B SR AT B R,
FIEH| TB Bi 3L 19 L0 A AT 8%, HF A%
AN, TB BRI P S SRR ER G v, T LA

RiA B AG HIX & /%
s B 3 > 3
_U‘
s 5 = =~ v
()] o ()] (e}
A(600)

TE—7E W BN T K e A — R R R, AT b 1B tgﬁﬂg 2t
TREBAEA . I, ASCESE TB SEFRIENENBI iy oy g o 90 B AT 50352 X (P<0.05) (UL LB
I R B IR B3R 3 v A 2 ORI B 100%)
2.1.2 BRUEFNE KRGS RS E A AG F£IKH B1 FREFEXRAESACHNEE

B B K B

e

Fig.1 Effects of different culture media on the relative
content of recombinant protein AG and cell growth

UG E Y A AL S EZ R, B
RERSRZ R A A R R DL TB 5356 R
SEnl, RIS GG R TB Br g2 5erh i H il B e, 253 2a Wi, vl UL, S HIRfE
RRIRI, BARAY A(600) =2.133, TS REMEE A BRIENS, IR A(600) {EIEM T 33.31% , flG
B AG AN BRI T 12.92% , UHAREREA B FEA R FAE K B A EE =S8, 1t
Ah, B IEEI R ST RARRAR, R, AR SCHERE RN R S AR UR

RERE IR X Bl A B AG RIARREMANE 2b FioR, T UL, Bl R I R AR, B A
A(600) {EAIRLAFE 1 AG I AHXT & 25 S IS B s D/ R 3, S R0 T i Wk ik 31 8 /L BT,
A(600) AN FE{E 4. 578, RGHE M AG AN & B RIS I 4 o/L W4 T 30.45% , {H i —
PR RS R R, B IR FRIA A NI, RTRER B R T R A R R B0 B RIS K,
SRR A KRB AR L, AR SO £ EE 0 S W 8 o/ L ARk & T 37 JE A B R
WL
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125 W S AG A -35 150 W LS A AG AR 45
I A (600) b b [ A (600) a
ab N a
T 1251
® 2.8 § 4
I 1
Eﬂ 4o 100
' 75 21 _ & 3 _
= o
§ g5 7 3
< < = =
o 50 14 g 2
R By 50
<z <
& 25 07 & 1
0 0 0
Haho wAERE FLbE Fewl THE A 2 4 6 8 10
[ RS p M)/ (g- L7
a) BRITFNE b) TR 5T vk B

P ANRING B3R om B et 228 30 (P<0.05) (BA TB R5 35 3 b i Hah A i i v 28 4 /L PRl G 8 H
AG M & 2 100%) .
2 miEME BERRERENMEED AGHMNSEMNEFEKNI I
Fig.2 Effects of carbon sources and sucrose concentrations on the relative content
of recombinant protein AG and cell growth

2. 1.3 RIFEME B INEX A E A AG FIKAH M

FUR BRI BE 255 G2 et S BAL S AR T, TERUE M AR KRN 1 B G b R AR
TR R LA AR IR L, R FR R AU B TB 53R 3 R IR, B i
FERR, S55RE 3a B, W0, SEREAREREBEMLL, YR EEABREIREN, A E
1 AG AHX & 4 T 18.99% , AR A(600) fHULINE] T 4. 829, LAk, HEFRIETFMA WA LR
INTEHLE IS ARG 8 1 AG HIX S A AR R, X T Re 2B A LA A EENAERE T,
RERSE Ut K IAFF R A A KT I, AR SO K W 8 (IR M A R

SRR T T R A R 1 AG A BRI ANE 3b iR, RO, BA AR AG M S RS KR
FIPRES I 8 I S B SE R s b i e B, R G AR IR IR E] 12 o/L B, BRI A5
Tk E R, Hil, ARSCGEFER G E AP RETRERE R 12 ¢/L,

A 1 AG A A R M £ S AG A

A(600
150- A (600) 45 1251 §- ( b) , 90
< & 100 4
] ﬂjﬂ
% e
= =z 2
&) &) =
= = 50 2~
o i
il K
4o <z
Il:TET E 25 1
0 0 0
WA AT KRR B A 10 12 14 16 18
F v B p(REHE IR (g- 17
a) A IRFH IS b) KGR i vk

VL ARRNE FhE 2R HA Geit 238 L (P<0.05) (Lh TB B 37 2 i (9 8 IR R BT e B2 Ol 12 /L R il 22
AG XS & i 100%) .
3 RiEfE, KEEOKREREMHMAED AGHEMNSEMHEERKNIFN
Fig.3 Effects of nitrogen sources and soy peptone concentrations on the relative content
of recombinant protein AG and cell growth
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2.2 BMABEHHRN
2.2.1  EFEEAILG pH (EXTRLE T AG R 2

BRI pH (R R B P UE Y A R AP Y R E SR TR A I i S h
b, XHRBER SRR MA pH BT, SR ANE 4 Bk, AT, 24 pH EAR T 7.0 B, ERAY
BHEA R AG MR AR50 ETF; 24 pH {HN 7.0 I, A(600) {EIAF i mfH 5. 183, BiAHEM
AG FIX & LR S 1) TB B3 35365 15.27% 5 4 pH{EE T 7.0 B, RARWE R gl & H A AG
Fak R TR, TR i TR A IR B KA R KRR SR AG B FRIA A I
™ R, ARSCERPRRG RIS pH =7. 0 AR R &M
2.2.2  REEREXRIGEE AC FIKMZ M

KI5 ZAE A IR E, ARIE T RIS 8 A AR T &, (R B A 28 K B 25 37 3 FR
il AR AT DU R B A RS, g R BRI, (R ARA S MRS, P AERKEm
AREPEE R, EEXTEAE A AG X A R A K A& s s, T, SRR
37 CHE, BKA(600) fHiLHIREE 6. 605, HEIEGHEM AG HXF &AL 30 CHy, Hitk, AW
SRS VEPERAES FIRE N 30 C,

W 4 AG R R 150 - B RS EE ACHNER g
1251 2 A (600) 46.0 A (600) a
i b be b
125 b a a
&
£ 100 o
i IS 6
o 08 100
= N
E 75 = =
oo
2 § 75 4%
g{ 50 o
4o g S0
= <& 2
25 =
25
0 0 0
6.0 6.5 7.0 75 8.0 16 20 25 30 37
pH L /C
BT AR ING FREFR R BT G0t 22 5 0 (P<0.05) (LIS FR ) W R /ING i 3R B i1 24 35 L (P<0.05) (LA W1 4R
4 pH=6.5 TRl & 1 AG AN & 54 100%) . KB E 16 CTF RS & AG M &8N 100%) .

B4 BREVHEpHEMNBSESAGHANAIENEFERKNEN H5 ABEENMAES AGEXNSEMEAEKNZMN
Fig.4 Effect of pH value on the relative content of recombinant Fig.5 Effect of fermentation temperature on the relative
protein AG and cell growth content of recombinant protein AG and cell growth

2.2.3 EMEXTRLEEE AG FILWFI

Fei G R PR R 00 G A RN, P AR AR A i R I S, AR B g A
%, (R R, ARSI, BOEMRAEANLE, FrevtkathiE, Avome, KAfFHE
AR AR SRR B R RS A AG A& B AR A K AN 6 Bin, w0, KR
Pl (380, PR 5 86 A T s i 2 e IS s ke, SRR S% I, BITR A(600)
RFBREA 6. 731, BLATEE R AG AT Stk B, Ik, ASCHE IS 2 S iiER il 5%
2.2.4 FEWEXTEAEN AG FIkAIFEM

KIGF BRI AR, HAERZBR SRR S E A, AR, R el a2
BRI A R Y SRNER S A E A A Y, ART H SR R, A
LA R IR 252 AR R A AR K OB I 235, IR Rl A B T AG R DX 8 o R A A K 1 52
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W 7 B, UL, BRI AG HFk B B S BT IR R T
VRN 40% I, AR T AG IOk A FIRE . L, ASCHERE 400 R HEME WL,

S E T AG S R
125 A (600) 718
s 100}

75

A(600)

50

FilA 1 AG AR

1 3 5 7 10

He i/ %
B R/NG PR FROR B g1t 2 3 (P<0.05) (LA
1% RN i T Rl 2 1 AG AR & 1 100%) .
E6 HZEMEMNMAEAAGHEMNEEMAKERKNZ N
Fig.6 Effect of inoculum amount on the relative content of

WA E T AG S =

1251 a b |, A (600) 48
< 100F
g 6
ut]
R
275 _
[
o 4 8
< <
I 50
e
g
, 2
E s
0 0

20 30 40 50 60
W %
B R TR NG R R B g 38 X (P<0.05) (L
B 60% PG A AG X & Y 100%) .
7 AREVMMAES AGHENSENHEKEKIHM
Fig.7 Effect of loading volume on the relative content of

recombinant protein AG and cell growth

2.2.5 FESHBIMEX A E A AG R

T K AT 1 T #1719 pET-28a Fak 804K LA
T7 B FAFLBEER T, T IPTG &7 R 7L 5
PFHIEFA, PTG WIS REOA S AW AR
ISP E A5G, MR KK B R
RN IPTG XA —E FtE, SR ERA K AR
FIFRIAAZBA . PTG BRI XAl B AG HIX &
EAEA AR E 8 FiR, nfil, s E N AG
fIZEIAHEEAE PTG W4 0.3 mmol/L A ik B i,
IPTG 9% 7 0.5 mmol/L I 7. 83% . 1 24 IPTG
B 0.3 mmol/L I, IPTG X k™ #1k, S30%E
FUREA A I, ASCHEB R AER PTG W
4 0.3 mmol/L,
2.2.6  WINFAERIN XS E AG Rk

VSRR A 0 AR R A HE R, R
S, MRH B RAR, WA Rk RIEE A,
HEHEAE TR, BT, BERKEL R,
W2 BRI SR, B kv g 2 0 gl KTl
Fe, QR R, SEEARRERHS ) 45
SITEARTR K A(600) {EIANTE S5,

recombinant protein AG and cell growth

WG S AG AR R

125¢ A (600)
: d
< 100f
& 6
utz]
41
=75 _
(=)
s 48
< <t
o 50
i}
& )
= 25
0 0

0.5 0.7 1.0
¢(IPTG)/(mmol - L™

P R /NG 75 365 B 82 35 X (P<0.05) (LA
A IPTG 24 # £ 0.5 mmol/L F il & HE 1
AG ARX & 100%) -
8 IPTGHAMEXHMEEE AGHNAE

FAE R &R0
Fig.8 Effect of IPTG addition on the relative content of
recombinant protein AG and cell growth

0.1 0.3

RIFAERE A A (600) {EARE £ 2 AR & 5 A2 R An1sl 9

i, AT, 25 A(600) = 0.8 BFARINE SN, BiaHEA AG X Efs, L A600) = 0.6 BFEIN
7 14.95% , A(600) {HIAEfE 7. 528, I, AR SCHERRRIAWRE A(600) = 0.8 B AT HE

T e AR ]
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2.2.7 FESFEEERRIXT A E A AG Rk MR

KT E] S e R A OG, BRRKA R REA R T ENEANBR, HRTRESNBES
JR R AR A B G 20) T L B  J T P ) B H8 , 5% 3 35 vl 1 2 % ik VR A SR VR PR R AR ) A R RN AR 1
ik, A IPTG 1535 4 Bl R BEAS R[], PR R MR B S A 3R 1 AG IRk s 25 &l 10 fir
R FIUL, BEE LB RN, FAMRE S E AR A B 2T RN R, MERE 8 h
10 h B, AAEMA AG AT SRR RS, Fit, ZEREEFER, #e 5 ERS LR
[0 8 h, IEHS B A(600) fE M 8. 048,

WL AR AG MR WA AG R A
1251 A (600) A L 78 125 A (600) =90
s 100 . 1007 17
il
pu o 160
& 75 = £ 75+ =
o 18 F 1458
< < < <
@ 50 o 50F
i e 430
=25 =25 11s
002 0.4 0.6 0.8 o 0 0= 8 10 12 a0
A(600) t/h
B ANF/NE TR RO BA S L (P<0.05) (L B0 RF/NG 308 BA G258 L (P<0.05) (UL %
F A(600)=0.6 F @l 141 AG HIXH & A 100%) . FERT ) 6 h F Rl & &EEH AG HIXH& BN 100%)
B9 FAmFSFHEMNMEED AGHEMNEE E 10 ZEBEFEMMEERD AGHMEE
MEFERBZM MEFERKZMN
Fig.9 Effect of time adding the inducer on the relative Fig.10  Effect of fermentation time on the relative content
content of recombinant protein AG and cell growth of recombinant protein AG and cell growth
2.3 EFERABEZUHAUITEMEERA AC B SERXTLL
SR FH -0 DR 38 52 060 08 855 55 R 1Y) 21 43 M B 3 A R i I R AG AR
PagTS e - A (600
FPA, T A(600) (i BRA T AG IR &R o0
B 1 BoR, WL, DMETRES E A AG X T 1"
B 100% , ARG R AR E AG MIXF SRy ]
292.27% , ik B ALHT A 2.92 £, 1 AL AT B %
A(600) fEi e 0y 2. 184, fRALJS#T1K A(600) fikz 4o 200¢
57,839, SEALALATEY 3.58 £, WRRASY =
. e — ey e 150 B
FepbrthAe, ROV T EAKBIFEGERE 2
e, LR S TR AC A AR, % T ]
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