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[HE] MEAMBERA A KRBT E TR T EBU LI AR A RA R, fikh 1B 5%
FRIEAE IRl R B G SR AL B R R IR AR RO X B SR S i AT A, SRR AR SR B R SR Y A
Tl B R BRSO, SJeilad 30 L RBERESEATIORSOIE . S5 RR, Biardbdl 57 J ik 8 o/L,
KREHEMAM 12 o/L, BERHER 24 o/L. KH,P0,23.1 g/L. K,HPO,125.4 ¢/L , pH =7.0; AU &k mE 5
P19 5% R | 40% 2w | 37 CHiFRE TAERMR A(600) =0. 8 BFHILA 0.3 mmol/L IPTG, 37 Ci%S 8 h,
ALRE R A A Rk RRALHTR 3. 01 5, 30 L R BERERCRYGIESS SRR, 37 CIES 8 h)A, A AR
kR R, SEMACEI LSS R —2.
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Fermentation Optimization of Recombinant Alkaline Resistant

Protein A Engineering Strain of Escherichia coli
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Abstract: Fermentation conditions were optimized for the engineered Escherichia coli strain expressing of
recombinant alkaline resistant protein A in order to enhance the expression level of the target protein. TB medium
was identified as the most suitable basial fermentation medium through screening. The composition of the
culture medium was optimized at the shaker flask scale through single-factor experiments. Subsequently, fer-
mentation conditions were optimized using the improved medium. Finally, scale-up validation was performed
using a 30 L fermenter. The results showed that the optimal medium components were sucrose 8 g/L., soybean
peptone 12 g/1., yeast extract 24 g/L, KH,PO, 23. 1 ¢/L, K,HPO, 125.4 ¢/1., and pH =7.0. The optimal

shaker flask fermentation conditions were 5% inoculation volume, 40% liquid loading volume, incubation at
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37 °C until the the engineered strain A(600) =0. 8, then adding 0. 3 mmol/L IPTG, and induction at 37 °C for
8 h. The expression level of protein A was 3. 01 times than that before optimization. The results of 30 L fermen-
ter amplification indicated that the expression of protein A reached the highest level after induction at 37 °C for
8 h, which was consistent with the optimization results at the shaker flask level.

Keywords: recombinant alkali-resistant protein A; Escherichia coli; optimization of fermentation media;

optimization of fermentation conditions

0 5|8

B AR 2T R e, PUIRZ Y R L BAT SR etk | AR E R S, R
ARFBIGIRIT IR A2 I Pk aifb R PRl i fE B ERAT, SEMZEN BA Sk mEeR
FUEFEAIE A, JEPURaifb A IR Y ) 2 B 4 i ik gl B A Y 50% ),

SEOREEREEN A (Staphylococcus aureus protein A, SPA) |, fiFREN A, BAETESEHOHE
BREA PO ANIEE R (R, SR A BEMSE L BUKA AR S Z R EL s 166 19 Fe R BEES A, WM
YRR 2 R RVZIT A BT, A ThuiRaifh, T A FMZPSoe R s, FURBAS | 456 RCR Afif
IS A A, R A 19 B S5 R AHX RS, SPURGs Geicin, BIL 2B B S5 T
M RHE R A MO B, Cedergren 557 7E B Z5F %878 T LI7D, N28A, IB1A, K354, F304 4§55
AL, RAEEA A SN G WHEAEN, 458358, ZMEH A 5 16 ) Fe F Bt
17454, IFHER F30A4 SMHAR 4 DRRALGBIREIRE T A 5 1[G BZ5EHETT, Ui LA 2 IR TR
IeG MESGA EEELM, Linhult 55 &3, 76 B Z5H5rh 2848 N23T (s n IS 2R 1 A (T BsERE . 78
AR, ARSI EEIXT B S5 T2 G, MR T 4 e (A Bk AR 1 A TR IS
Pk E. coli BI21(DE3)/pET28a-SPA, IZHAMMINA T A FISAIXNT /3 Biithy 35 ku, SFHLECH 4.86,

X A KT e M 2 A UEAT R AL T AR R E RS B AR AR, A R AR
AR T E X A A B R BEAEI AT, BE R EREE SR S h S AIA 0.2 mmol/L PTG, 4k
SEAT S h BEHE TN AR (1 A B9 FRAE, S Sl A RRUE . IPTG WK | i SRR
IR A R m ERE R 1 A MRIR . ASHIFFE T CAS Y T Al PE & S A BRI B T A TR
WREEFRIASE T AT R G AR MR T S AR SE 50, IR — 207 30 L R BEWE T F 17 R I T 200K
KIGIE, RSB A ERMAL B RO 25 A = R — e 2%

1 MHRERE
1.1 #E5{E

T B 4 e (A A BRIE A 11 A T AR KK E. coli BL21 ( DE3)/pET28a-SPA g 521 %8 Fiy MM AR AE ;
MW T g2 e R AE R IR A IR AR, BREAR . ROEAW, FRE . BREREYET R
W E YR AR A R, EALIRE (A A BB o0 BTk ) & F L i A A Rk A BR S A 5
R . D(+)- UK, BERRE A, B S, D(-) -, Sfbah, SEAbik . mimReh . BEIR
SN, BERR AN DRI SRR R I R A AT Al

SERENZERK AR (LIRS AR ; A AR AL (T2 AR
B ABRAT]) ; Centrifuge 5810 R #5001 (Eppendorf, China); 30 L & BERE (HEVTZR 54
Y TR HARARTAEATR) ; SR O (EITESHEYRHIARAR) ;. 20505
BAL (EE GE BIT I MA R ) 5 2WYC-2932 BUtER T IR G A (I T e B R RS A RAR) ;
SR (RS UERABR AR 3 T RF (EEEZFIAF) .
1.2 EFEMEH

1) LB 3%, BEHNR10 o/L, BERHENS o/L, EAkiN10 o/L, pHIEHZE 7.0, miRmEEXHE,
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2) TB ¥R, IR 12 o/L, TERERF) 24 o/L, Timsrdeh 0.4% W, pH{EMZ 7.0, mik
RHEKEE, IMARBUMECH 10% B KENBHREEZZ R (0. 17 mol/L KH,PO,, 0.72 mol/L K,HPO,)

3) M9 FEFRFE, HL200 mL ) 5 x M9 £ (64 g¢/L Na,PO, -7H,0, 15 ¢/L KH,PO,, 2.5 ¢/L
NaCl, 5 g/L NH,Cl), 2 mL MgSO, (1 mol/L), 0.1 mL CaCl, (1 mol/L), 20 mL i &43%H 20% (¥
IR (0.22 pm DEMEEDERRTR ) , MIKEBZEKE 1 L,

4) SBEFRHE, BER32 o/L, BEREEHR 20 o/L, A4S o/L, pHIEWZR 7.0, milkeFRKH,

5) 2YT Kigikk, REER 16 o/L, BERERN 10 o/L, SAEAS5 o/L, pHHIAZR 7.0, mife K,
1.3 XWHE
1.3.1 EE A TREERNTEL

U1 mL BT 50 mL LB AR 355 (5 0.05 o/L FAREZR), 37 °C . 180 r/min §53% 12 h,
1.3.2 A A TREAKRAY N E

SRS A SCE Wk, R R PR, BB — 2 MEUS, 7E 600 nm KRR
JE(H.

1.3.3 & A BB

I8 Mou %1 (1 5 vk, OBk & BE W HEAT 7000g B0 10 min, YCEFA, HZ M (50 mmol/L
NaH,PO,, 300 mmol/L NaCl, 20 mmol/L Bk, pH = 8.0) #EATHKEE, BAWENME, £4 C
T 12 000g 50220 min, W& BIEW, SE0MEN ., FTE NGRS 1D A BB e il &, R
PR BARIE D, Faifb i B A BPUAREIE TRl SR i SL o AR DU A 2 1 5
Feal, FINARPRYUAR, SRy Be, PR ICE A(450) , Y8R e Lt o5 S2 O Al
FETPIRESE A A TR,

1.3.4 R FRIE R Tk

PR BB A 1% FIAEFRHESERN T 300 mL & 0. 05 g/L RAREE R AR K EER 55 (LB B33
e TB EEFREL . MO KigRdL | SB HiFRALE. 2YT HigpAk) b, 37 € 180 v/min ¥557 % A(600) =0.8,
JIA 0.5 mmol/L IPTG, 16 C, 180 v/min 55 F¥55% 6 h, HFHMWEAA M, W TREKY Y
R A WP, T R R
1.3.5 $EFREA 1A

TETRE & B AR 0 At I, DIRIRIAE KSR A A R IR B s g2 e i, st fbmm
USRS CHh, 4ans . SO0, R, UMD (BSimEm 4 /L) A (2. 4,6, 8, 10 g/L), &
PERZE (BEAN . KEEAMK., £ RE. NaNO,, NH,Cl) (FhnE N 12 ¢/L) FEnE (10, 12,
14, 16 A118 g/L), LARIEFRILR pHAE (6.0, 6.5, 7.0, 7.5, 8.0),

1.3.6  FEIMKF- RIS

TEARA A B FR AL ) LA b SRAJBA R L4605 RS (16, 20, 25, 30, 37 °C), #Fh&
(1% . 3% . 5% . 7% . 10% ). %% &= (20% . 30% . 40% . 50% . 60% ). IPTG & E (0.1,
0.3.0.5,0.7, 1.0 mmol/L) . & SWHL (IPTG 7S AF K1 A(600) =0.2, 0.4, 0.6, 0.8,
1.0) . FSEHE (6. 8, 10, 12, 14 h) XA RKMEE A FRIKEEm, IR ESRE,

1.3.7 30 L ZBERENCOREE

TEREUK B R MR B S AR RO JERE |, R 30 L R EEMEUEAT R BE, 2N 40% (12 L),
pH [EFEHITE 7.0, RESEHITE30% , FEEEHITE 180 o/min, FEARFIECH 5% BEREAE 37 C F RS
% A(600) =0.8, HIA IPTG i HZ W K 0. 3 mmol/L #4755, BG4 2 h BUE 1 7k, WET
FERRHR APy IR A BT IR
1.4 HUEAE

FIH Microsoft Excel 2019 HEATEHEREHE, R SPSS # A TR K 7 2208 (ANOVA), £ H
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R AT Duncan (P <0.05) , LRI M FEREFRID; FIH Origin EHATAIEL,

2 EWERNSH

2.1 REEFEREASHIHKL
2.1.1  AFFEEAREFEFNTE A A k150N

ARG SR B AN, 45 44 1 L il AS
[, BT RCED AR K AR B A EE W, AT
FEAE 5 FIONRISERE 5 FR 3L h B 208 S b Y, WA
IR AC600) [EFIE A A IF kR, 45K 1 fr
o AIUL, SBEFEEERRT A(600) =2.3, HEN
A By KON 80.33 mg/L; TB 85 37 3 v 1K 1Y
A(600) =2.2, 1 A IYFRILEH 76.65 mg/L, 5 SB
FEFREAALL, TB K5 IR R B A B R AR 1 BT 3R Gk = A
ZAZ, HILEAMX AL, B, L2658, )5
SLEEn hEFE TB B R EAE NV MR SR A, L IEH
IR, TB R E AR R A B SR
TB REFRFLU N T W PR 28 vh e, BEAE K I 4R R5 R 1)

1001
80F ab: . 2
60f d

407

p(HH A)/(mg-L™)

20(

0

LB B

M9
BN
Y] A R/ING TR R 25 S 2 (P<0.05) , R 1AL,

SB

1

2YT

TEEFENED ARZHNEMN

Fig.1 The influence of different culture media
on the expression of protein A

pH {H, JFH TB IEIREEREIRBONFE, AEH WA R TR &,

2.1.2  BRUERRSFIE X E E A FRIKA R
BRIUERCE Y & A UL S IR T 2508, BRI RE

BRI FIBCR AR, AFFEAERILG SR A p 60l b, AR (F%aml . RpE . BOpE. FLBE )

SV B AR AR A ) A K B 7
ok, ANTA BB IR B AN TR] A AR R AR RRAE ™ o ASTR] B B W BT 7 2 B T R AN ], X S T e

B i e b B H o, TR E e LERR IR, 4SRN 2a Fros ATUL, S H Il R o — B UL
PRI A(600) =2.4, T HRIEON RIS, FARET A(600) =3.5, BERTEF A [9RIAEN 84. 67 mg/L,

VAR B THRA KT A E A AL

DLRERERBRIE, XTI BT AL, B A(600) (H A 1T A B F kR L&l 2b B, W]
W, B R I A3, FER A(600) FIZE A A B TK i1 5 B0 S in Je s ke 34, Ui i
VB (4 TR A ) B AR A T RIVE TS FEREREAR N IR B 8 o/L I, A(600)iAEIR K 4.5, &
F A RAETA 99. 04 mg/L, L, @ mE R ds g4 8 ¢/L,

W A SRR

1 (600)

100 - 14.0

~ 80} 432
g o
e 1245 o
= 2 £
< < g
o 40H 11.6 =
Sl a
S 20t 10.8 Sl
QU

OV dm A RB R b

B IR 2
a) BRIEFR

100 -

4 6 8
p(HEHE)/ (g- L)

b)) THME B R

B2 AE#HmEXMERAREHZIE
Fig.2 The influence of different carbon sources on the expression of protein A
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2.1.3  FUEFZSRIGS M A FIRA

R A Y ER 5 45 RN 40 Pt 35 0 28 DG TR 2R RIS S A B W i A RORT AN A AR
S RHRAETE T 8 o/ L BEMHE NBRIEAIERE [, AAFER (KGEAK., 4R, IR,
FALE) BHAIGREFRIEPEE AN, e R, R 3a iR, T, M4 A EE N
RIEHT, TR A(600) =4.8, FHR G HE I HRE e 00 2 11 R S TR BT, BRAAR A A (600) 1B 1S i %)
5.0, WMEF A FRBRERE, M 12143 mg/L, RAH0E RTEAMRE S EE, [Fnf i 3a @ n]
W, TALAER RN A KB EBAL, 2R S5A VLA IR R Z, 2R A HLATR
RESTE U e AR KT, MLV N SRR, vT DA s R AT A Kok, HRIEAR
e 2 AW HAEARTR™, WA LRI EA R A R

RIS KGE AR IR T, 458 WE 3b Fias, UL, Bl KT8 FRE & i3,
PRV B 5 8 R A R R BRI R Wb fa S ERGE AR NGRS 12 o/L B, iRk
AR Rk R R, I AR A(600) =5.1, & A AR 125.77 mg/L, HIL, #E$
KEHE AR R 12 ¢/L,

A BT W E A T RHE
B 4(600) B 4(600)
150 -6 150 6
i 120
5
= 90
=
I 60 H
%
Q
30 1
0 = 0 0
Jo 2 e RELEE o 10 12 14 16 18
e Ty MRS AR p (KT 1) (5 L)

ERLEUES b) R R v
o) EIFK : o
B3 AEREMEAA RIS

Fig.3 The influence of different nitrogen sources on the expression of protein A

2.

—_—

4 pH{EXEH A LIXHIRI
pH fH& R M SR 5 b SO ) (o e s, A

S AT B R I BN pH (2 1sop
MOS0 pH (. WA R |

B, KRR S AR ol BF9C pH et 2

(A FIEHF, SR 4 PR, L, Y oH A oof e
T 6.0 ~7.0 B, FAKEMEN A Lk L, = | =
W OH =70 1, BRI KR E R R E S, e

AR A(600) =5.2, FEET A FIAER 143.81 mg/L; = 30f

T4 pH (B2 7. 0 I, PRV IEFIZE F1 A ik hAT 7

TR, TAERRME MM A R MEA A O 60 65 70 75 80 °

FIFEA IIRIE T R, AR SCHEE pH =7.0 K% pH i
y B4 AEPpHEMEFEKENED AREZHFIND
- (18] 2% SR 4T g ;
f pH ff. Shahzadi 25 ™ FEOPREAMIFE 72T 4 SR Y Fig.4 The influence of different pH on bacterial

KA P AL, 5 pH (HRTEUNT 7.0 B, 274k concentration and the expression of protein A
ENUIIOESEN e S i
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2.2 REEEUHHMEML
2.2.1 HREEXTEA A FKLHEN

KIGFF B A TG 5 IR, IR R R 38 5 ] LIl R U A5 R 2, (R AR AR K
B2 2 PR s B O TELRE BAR AT UM PR AR RO, A R BRI, (LR A RA D) B R
Prg, FARENAREEREAT " BBEEXEN A FAMEmERME S iR, o0, SR
IKF) 37 CHF, IR ILAF AR (A(600) =6.9), HH A MFEXAEWILFRE, X 202.62 mg/L,
I, a2tk £ FRE R 37 C.
2.2.2 {EFEXTEA A FIEREmH

B R R A — i MR, PR B AR R R WY, BRAC AR R YT AR, H
AR R, RS R ERAE, RRTF HEANASRS BRI BN R R
PEATER, SERE 6 fin, IO, B BRI, BRI S R R Y e b
MR N 5% I, FIAR A(600)KFIHE AR 7.0, HH A MERKEBREE KN 204.96 mg/L, WL, J5
SL IR PRAER R 5%

|
—
2501
; L 2001
o0 o0
g E1s0f
= =
il L 100f]
c 5
Q
= 50}
0
0 16 20 25 30 37 1 3 5 7 10
P R /C /%
E5 FEEENEBLARENEMN E6 HEMENEAAREINZMN
Fig.5 The influence of induction temperature on Fig.6 The influence of inoculation amount on
the expression of protein A the expression of protein A

2.2.3 HEREXTEH A KBRS

KIGFFEDREAAE IR AR, HARKSZBIGFREDEAREAEm, HEANRBRERNERKOA
—EMER, AR, RiRMEAE R R R R A R I, Al R
B F BRI AR SR AR RGE . ASHIFSE 20 il e N TRV R i AT R FF IR I R G 5, 45 il 7
Ro ATUL, EEE A AR R TR B 2 BT S AR R A, MBI R 40% B, HE A
A IFIA IR EI RSN 208. 30 mg/L, HIL, JELesLi vt 40% NHGEH R,
2.2.4 FEFHRIMEXTEE A FkAR

SEE TR A TR T IR AN pET-28a( + ), Z#EEFWAH T7 s FHFHE (lac)
BT IPTG A R FLBHRIN T 10iE S/, IPTG W JE K& S 20A 7 198 L L)L 5 BHE 2 A
ghy, NMFRMRE A KT, (B R B B TPTC X AT —E Bk, SRR KA R &
KZRH I, PTG B A —E R EVE B, —EAE 0.1 ~ 1.0 mmol/L ¥ JE 3t Fil N R A7 5256
IPTG WX A FIRAFEMES R E 8 iR, nlhL, HEH A MRIERELE PTG ¥RE N 0.3 mmol/L
Bk El s, 4 216.32 mg/L, Mk PTG MEEMIE I, BIAAKMEN A MFRIEEZ 2,
XA, AWEMIESAIWERES AR T HMEAKARY , Wik, RSB F PTG W A
0.3 mmol/L,
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I VR
A(600)
2501 110 2501
T 2001 8 T 200
: :
= 150 16 g = 150H
< = <
I 100} 47 T 100
&) B
= sof 12 S 50}
0 0 0
20 30 40 50 60 0.1 0.3 0.5 0.7 1.0
LW % ¢ (IPTG)/(mmol-L™)
E7 EREXNEADAREZHZIN B8 IPTGIREMERAAFRENZMN
Fig.7 The influence of liquid loading volume Fig.8 The influence of IPTG concentration on
on the expression of protein A the expression of protein A

2.2.5 AFRIREARWEEF X EE A RIKH5m

HFRE A FRA 0T BE S Z 21A SR A AR A, 3 RAS, WA KIE, Ba RRmE ik
RFGRE AT, FTPAAN HE AR WS, RN EREAT L, (HEH THEKS
MBS, BEARRIAAR S, REEARKSE SHSHEARKEIABIE, FrllEA
J ) 235 T8 B ARAL T — @ WA KR I, 17 500 0% A T AR B e A KT N i o A
I, BCHT RIS R, AR AR RE IR, AR TE SR A A R m g R E 9
fizse AL, 24 A(600) =0. 8 BHAINE RN, 556 h JFHEK A(600)iK%5] 7.5, HH A HEREEE
FIEAK, H4212.31 mg/L, B, ASCEPEREE A(600) =0. 8 i Kyifs T 04 e UL A H] a5
2.2.6 iESAEIXEA A FEAR IR

WRB S EARNFRBSEA MR, —BORUL, HAMEEK, 845 T HYEAMH
B, (R K AT e A — SRR 1, [ AR R AR AR SAIET 6. 8.
10, 12, 14 h, BHAEESEA A FFEEESRNE 10 FiR, AT, BEEE SR, wEikk
JESE AR R SIS AR, MiESFES hi, HikA(600) =8.0, HH A EE
TN 226. 68 mg/L, I, ASCHAE B ALE AN 8 h,

W A

A(600)
2501 2507
7. 200F ~200F
— T
£ 150 E150¢
= =
-
T 100 2100
. g
= A
50 S 501
0 0
0.2 0.4 0.6 0.8 1.0 6 8 10 12 14
A(600) t/h
B9 AREEFKEFSINED ARIZNZIM B 10 #FSHENER A REHZNE
Fig.9 The influence of induction on the expression Fig.10 The influence of induction time on
of protein A at different bacterial concentrations the expression of protein A
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2.3 EFEMEBEGRAENED A RIEHNTM

T AR R I AR SR A P SR A RS, B A RIB A A(600) 25 R WA 11 iR, Al
W, AR A BFRE R KIEEETE, SmBIOLRTY 3. 01 fif, BEIRMRIE A(600) t nEI 1L HT 1Y)
3.51 4%, UEHIXTRESRILAL MU SR A Ak, BEARE TS, RE TEM A ERIRE,
2.4 30 L ZEEGEMKIIE

SRR, & EERERRS S Ar P il R WAk 1k, T B SePrA: ey N, R B
X, L, ARG FIH 30 L R BRI THOREAE, & 12 (LR 1Rk, EiFSHEN0~8 h
W, BEEEEARE, EREEER, EE A TS ERBREEM, 7£8 hit, HEH A FLER RS
) 232. 36 mg/1., BLATA(600) =8.7, WIAT R 18.6 o/L; #it 8 h 5, WIEZHIFIE, &I A
FkEABZEWEL, 7537 CIEF S8 h 5, HEH A FikE, A(600) [EME AT R &S e, SE0
RS R —2

Ik E - —a BT A B - .
it 2501 ko0 10 20
2507 Tt
=200 o 200 / 8 116 -
i @ — 5
E 1507 s E 150} -// 62 112 &
= S o N =
< g <= - i
100
I < {I / 1 =
A 100} 4 8
5 ol gur J/ ¥
Q S &
0 50F 12 {4
Rta:) Rt
ALk 1t 0 1 ! 1 I 1 I 1 I 0 10
P<0.001, #5375 P<0.000 1,
Bl RUHEESAREREMERREN L t/h

B 12 0L REEHEMAERER

Fig.11 Comparison of protein A mass concentration and
Fig.12 Scale-up culture results in a 30 L fermenter

bacterial concentration before and after optimization

3 4ig

A SR 8 2ok B PR 3R S %o ZE I A A A B KA TR T AR RS T T R G % A o3 R T
FAUERAL, JFHETTT 30 L REERERORSE, 45 REW, MBIMERILGEFREA . 8 o/L, K
SHEAN 12 o/L, BERHEH 24 ¢/L, KH,P0,23.1 g¢/L, K,HPO,125.4 g¢/L , pH =7.0; WAL KB
MR 5% B, 40% 2, 37 CHiFRE TRE A(600) =0. 8 BFJIA 0.3 mmol/L IPTG, 37 °C
W38 h, L/EMER A RxENIILATRY 3. 01 £,

[ &% 30 #k ]
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