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Rk, B, FRm, & BY, WER"

 E: W97 EYLEREEEE KMTU/TH H AR A BEYLR S 7506 Feam AR e v S BT 210 A B A s 2 A
(hIFNB-HSA)FIE M FEMT. 25 FFRM, 78 LUH i A Wi M 4 I 55 55 5 AT U R R U R R R P W H i & 5
AN MIAH XIS LB, M98/ hIFNB-HSA [MFRIE R, AULSERE B, S0 T A FRE 10, ROk Bemn
H B BEIEAR YIS SRR SEMS , ANAT DLV BRI IR b H oyt % B9 6 B B 33604 hIFNB-HSA K], 1 Hifg
% LR 47 T 20 AN B 5 3208 i R ARDO G PE(>97%), - AT FT LASE iy FRBE 5 336048 hIFNB-HSA KK, FRiAHATIA 37.3

Vol.7 No.6
Dec. 2007

mg/L, KA 0.78 mg/(L-h), XS T 92.3%H1 44.4%.
R CWHENESREERE: AU R ARIRIROA IR AR TR -G ARG

FESZES: Q814.9 XERFRIRAD: A

1 W=

ABT#t % (Human Interferon B, hIFNB)J&E 1 1 8-
WE, HAPUREE. Praii sy 20 e i 5 & 2 m ey
S PEN. B RN T REDN, SN BRI,
DRI T A N o B, I APk, R RN TR T B
4 hIFNB-55 HoAth JG G s ok 1) N5 K40+ B Rl 3%
1 DS A AR P - S 1 7 v R 52 21 AT TR G
L3 A& A (Human Serum Albumin, HSA) & — 143
o4 66.5 kDa [MAEEIAGER 11, BIERRFIEEAS, AN
FREWIAIA 14~20 d, VR A RlG 8 1 I BAR AR AL o 5
PSR R LAA 75 fe) AU AT 9 = R R DR R R,
Uit g 7 IFNB Y5 A ML ¥E A & F Rl & & 1 (Human
IFNB-HSA fusion protein, hIFNB-HSA)FE K I £ B )R 1%
Ef(Pichia pastoris KM71)H &1k, Zetallfhé & 151
20 90 kDa, HA HSA [HIRTE, 40 s A 4m i
RIGE KRBTSR RS B A TR RS MEL N 640
TU/mLP).

Ee Sk BE(Pichia pastoris) L # ) V2 W T4 5 &
FIRR L. F BRI BER R AN A 1 — M A AR K B
MR B, A KB BOH H e — i, Ak i B
PR AR BRSNS ). DFC RN, SEm N e e
IRBERE R RIE N R 2T, s pH. . R
WS I T7 X I R S, FELE L IR A RE 8 i R iR
P BE(R5 1 s 7, I S M B 20 4R R ek i, AR
ARG FRIE IS AR IE R 5 BRI

gt BE3: 2007-01-08, f&[E HER: 2007-04-10

XEHS: 1009-606X(2007)06-1181-06

IR, R EERE YR RN IS ), X E AL A
ik, —uep U RO, B3R i B i H ik
SN RS S RISINEE E, P R IR,
BIAE A AR B H RS PR AT RS 5. AR, DLks
TR ] BE2 5 M BE R TR B S PR AN SR R R A, DAt
A DBERATIRABIIT.

AR TAEAE S = A E T TAEPIdEmt b, 8T
DAH 3l Ay W — B ) AT R A KB BEYL I R 97 S L A g
FHOOP G 1 1R OG 28 KO N BT 2= — I A 4 Rl 2
(hIFNB-HSA)FEIE KI5, [FIRHFIE T A K H Bk 1
TG A 3 0k hIFNB-HSA [F56m. £t Iemt b,
2D HE T B AR AT JHCH ot in 25 o) s in A4 )
FRIBTHIFAE R ik P S AR DUk IR 1 ks, AR
THEREGFRU Pl R 5% B 6T FRBE S 3048 hIFNB-HSA
(VAR e, FLASE B 2H 5P /R 1 B 40 Y0 24 R 5 A0
P, HEM$EE hIFNB-HSA &L &,

2 MRE7iE

2.1 #$
2.1.1 Hkk

#5717 hIFNB—HSA Rl 5L DR 1) B 20 52 5519 BE(Pichia
pastoris)KM71/pPICIK-IFNB-HSA(fii # KM71/IH) 17
W S A IR AP
2.1.2 Rk

Fi¥ 55 775 (YPD, g/L): BEEHEIY) 10, H A 20,
HATE 20, [ AREIREE N IR BN 20 /L Bl

EEWE: EHRREBAPIIRERI863)I AT H ('S : 2006AA02Z153); [F K T SRS R B LI(973) 34 % Dh T H (%5 2007CB707804);
g TR E 4R Z A 2 AR B 2 B R R O B B U H (Y 5. 06DZ19020)
TEFEINY: KER1979-), Y, AZNESKTA, BEmiAe, WMAEY S E 2% %k, E-mail: hongbinzhang1979@163.com; VFIEZ:, MIREER AN, Tel:

0510-85918206, E-mail: zhenghxu@jiangnan.edu.cn.
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KRR FRHE(BSM, g/L): Hil 20.0, (NH,),S0, 5.0,
KH,PO, 42.9, CaS0,-2H,0 1.0, K,S0, 14.3, MgSO,-7H,0
11.7 J% 1 mL/L PTM4 f{ 570 Z .

PTM4 73 & 70 E %l (g/L): CuSO,-5H,O 2.0, Nal
0.08, MnSO,-H,0 3.0, Na,MoO42H,0 0.2, H;BO; 0.02,
CaS0,-2H,0 0.5, CoCl, 0.5, ZnCl, 7.0, FeSO,4-7H,0 22.0,
)% 0.2, H,SO, 1.0 mL/L.

S EIE I (g/L): (NH,),SO, 5.0, KH,PO, 42.9,
CaS0,-2H,0 1.0, K,S0,4 14.3, MgSO,-7TH,0 11.7 % HIjiF
20 mL/L, PTM4 fi# 7C E % | mL/L.

Hb kel e Hh 500 g/L, 4 mL/L PTM4
HICR.

F MR 773 : FHIE 100%¢), 4 mL/L PTM4 fii &
TR
2.2 BHEAZE
221 FhrRRE

PR E AR RIZE T YPD PR L, 30 CHEE R 7% 48
h, 5T, M YPD FHO IR E Pk R Ts,
N 250 mL =2 20 mL YPD £53756, ek
FEIK 200 r/min T~ 30 °C FHEFE 12 h, KIEEFRITARM—2%
PP FFZ 10%(@) Rl i3 N 500 mL — M2 100
mL YPD 57594, 200 r/min T 30 °C FH;3% 12~15 h,
PREN =G5, RIRTAE N R IEGERD
2.2.2 5L ERE SR B A A0 K TTRETS 33814 hIFNB-HSA

Jl Pichia pastoris KM71/IH #iA hIFNB-HSA, f&
HEAN RIS R TP IR AG 40 F 3 1A E 2 600 r/min, T8
o8 3 L/min, ¥ 30°C, WINE/KAE pH [EELE 6.0,
[Fi) s B2 KA R T AS 5 A I 0. AR AR B, #]
YEHIMIKEE A 20 g/L, 13 h J5 LA 7 mL/AL-hyFinH b
R TR TR E Ny 80 g/L, RAUINHSIEIY 15h,
) SRAFDO R AUE R 20%, AR, DL 2 h
Ja(30 h BT RS S, SELL 1 mL/AL-h)#MN 2 h, 5
PL 2 mL/A(L-h)#iin 2 h, R85 LA 3 mL/AL-h)FRn & i 245
A, FFAA 72 h, FRER AR A 20%°.
R A e B B2 20 T KM71/IH RS 4
JRUAFOH S5 PR AR A0 L B A AR A 5 H I RE IR DG AR,
223 HEA - KM71/H 40 A5 PE S hIFNB-HSA %

LR R

I3k 5 L SRR K 24 h RS R ALk s 5% 2
h J5(30 h IHKE 789, T 4 °C LA 5000 t/min &40 5 min,
7 BN, WORRERE R TGRSR,
20 1 %55 55 (O D ) 158 T B — B A I 41 Ha AH K1
T 30CLL 200 r/min 5T RKIE 24 h, W
hIFNB-HSA ik, R THIMEK)E R 20 mL/L, H

5 mol/L KOH s\ HCL % i1 1715 45974 pH 4 6.0. 411
TERF B, B SEIAN 3 A TATAER, R
2.2.4 SLEBIR LR

] 223 400K, AR 24h MEAEETIES
Brgp e, [A B a IN H BR I R L
BT RRE SRR 4 M, H A2 S IR AR E A
ST, T 30°CLL 200 /min $EE SR 24 h, IE
hIFNB-HSA FRikE, e AP0 T o, |/
ff i AR I AR B U

PRI b3 S 50 i o 1D A A o Rk e U 4 S AT
WL ISR BIINNE] 5 L BER R IR, W s
mol/L KOH i pH fHE7E 6.0, LA 30°C, Ki3% 24 h,
i A EYL T KMT7UTH AR A2 is s, H
TAEXS L

G EIRIE G EH T KM7U/IH 2B KRR &
RIS H M R EIRA IR 5 L GER BRI
o, LN 5 mol/L KOH {# pH fHE7E 6.0,30 ‘C155% 24 h,
2 SR U 1) Y AR 100 T 2 AR P P e 05 D 5
JE NG, LA i ok I e .
2.2.5 SRIUBRE 2 ] S HY 5 RS LL S

SOk S AT 43 3 AN B, R B
B B AN RIS B, AR B H b AR RS, I R B
TR BB, RIKH B HREVERIE. 7%
R T A K BOR IR o Bod sl | 2.2.2 1,
70 H AR O (28 hyJFaa AR R s mels, H
2 30 h HymFERS, 4 1bimt =R R aA R, T ah H
FES, BEAYA 72 h KA LB R E4 T
KM71/IH 4 A5, W2 hIFNB-HSA ik, 5
2.2.2 WM g AT LR,
2.3 MAE
2.3.1 WEBEANHOGEE B o by

B IRIOE RS T3 K 600 nm Ab L2 51K R
X FE AT LE B e
2.3.2 HIEEN 2

KA R 4 e VR,
2.3.3 A HuRE SR & PR I

SRUAS [ IS 1] PR) 5 R A R R, DN AEAR AR 0.1 g/L
WIS, AT E 1 min, TOLFEMHE T WL
THE. W 0 R R (0 A0 L 52 3 W U A e P A
S A B £ U T O AR TE R BOAE A . i SR AR R
(5 A04n )40 i S R A i s %, T L, R B
FAE AN B EE TR AN 5 1 (7RI
2.3.4 hIFNB-HSA )il i&

Pk INEEASE sl Wil k@ i st/ M
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O3 H 7RO RE S R KB B W HSA i,
hIFNB-HSA &1 9 HSA 5 hIFNB & BE/R LUl &, A
PRI A 30 Cripnpnsa=Crsax84.7/66.2 15 fll 5 8 1111
SE@mgL), X 66.2 ) HSA 7)1, 84.7 4 hIFNp-
HSA 77 T (kDa).

3 #R5W®

3.1 LUHHAK—RIEFEHF K71/ IH R BT F2

DAH O ME—BRYE, S L 4 A sh R IERER 7R 4L T
KM71/IH, & 3 h BOREE AR . H itk ik i
A HUAFDOT S P FE il AR A B 1 B KM71/IH
AR 4 H T AN 0 B A R P B B ] g
A, vTLAE Y, DUH A E— B 1 A A A B
B, 28 h fi A il H i A T 2 A R H R AR
T2 g/L, g n] DAYERHE A RS 1 (>98%), Tl
AMINEE ARG YLk 9% 2 h (28~30 h),  Hhbes i FE 5 5
AFEIS, GHMOAERT I PR T B (<95%), BEAs RIS 7
AN AE T4
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120 DA A g 420
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Fig.1 The growth curves and time curves of glycerol
concentration, dissolved oxygen and relative cell
viability of Pichia pastoris KM71/IH

Bl 2 2 HRE 5 5 AN [ AH 6T i PR s o 1 T 41 7
KM71/IH ik hIFNB-HSA 255, 450 EM, 557 24
h (B A1 2R IA hIFNB-HAS 4 A 15 9% 30 h (1R 4
N FIE I 2 £, 3X Uk W] EE AL A0 AR il B
FIER IR B DA G, H il AR in 45 RS YL B 97 7] 5 350
KM71/TH H 27 40 B AR & PR B, 128 1 K B
HEAERA, B, IR n i B An BAE RS P
) KM71/IH B4 7T FRES AR TRlEG & AR
ik AHSEIER I, BARE SR BRI R AR B H 2
0 P 5 S i B A ORI AR AR SR Bk
AT LR 37 DUFE Rk 42 T il W) 25 5 35040 B AR G 3% 1 1

BEAR, MRS R A RRRIE. I, 2 kI RE
GRS AR AR E A, SO S0 PP 3 A
A AL U

40
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10 -

hIFNB-HSA (mg/L)
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Fig.2 The difference of hIFNB—HSA expression in the growth
of 24 and 30 h of Pichia pastoris KM71/TH

3.2 JEHPHI FRIKRRIRAE A i T R R BRI SR A

FE] P A1 27 2 e DA H Sy i — et ok 9 31 LA R
2 kg WHE— TRt (1) S 56 B 22 R OV 37, A ke RS
AT RS SO (H RS 4 R, X B
2 0 MRAEDREE T B, T 5 1 4 R T ) R R A
DRI, W] B — R R - R A A K SO S F s 5
OB SRR PN e/ (S BOR/ER )/

ANETRYE XS FEAH T KM71/IH @A %75 IFNB-HSA
5 AL 3, 0~6 b H e N 28 0 1 K A7 A 40 1 e
B, 9 h Jo Ho R A R S A (K 4), BT
KM71/TH JTiH23% IENB-HSA. HEREE. (LA EE A5
B 2 J 6 RS 5, x5 soikoE P20 [
Ub, HEERE . WLZLREREERE 3 ks nT LAVE G AR
Tk

KI5 g 3 P4 i 2 A B URAE by i — B i ) E 2
+ KM7U/IH BEARAKR R, DUH M EX . v eUE
H, EAT KM7UIH A H & Bl 13 h JawA
ODgoo L F 25, HEEREIX 2, 13 h G BIfA ODgy X H 7,
L B A AR T IS A e 2. R i i L A
T I 0 N 3E A A O ME — R Rk R AL T
KM71/IH, #SARERACH M s, AH L & H i
P8 hy 3 AT D eV T

Bl 6 0 H T 2 R A i liont 40+ KM71/1H &
AR, fTLAEH, EHF KM7UIH KL
BB ALSE R ol T R EE R, WA KR 12h
HEEAFER, RER B g g e R, B
S AR 5 A - 40 ] AR FFARE i (R AR S PR (597 %),
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Fig.3 Effect of different carbon resources on hIFNB-HSA expression

in methanol induction phase of Pichia pastoris KM71/IH
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Fig.5 Effect of different carbon resources on cell growth
of Pichia pastoris KM71/TH

WY H-it— T R R S i (143 R 2 T EE 20 1 KM71/IH
FE AR AP BT 5 0 B, 4 FR 8 i 11 41 AT G 35
P, [R) -y R S AR P R H 2R I S 2k oy H
G5B B A L S it T R E
3.3 RAMERIRIEFEET KMT71/IH B9 % BT 32

ORI 1) 7R F S AR Ry ek AR, AR B
IR H AV EME— s, RIS B ARV EME— B, 45
Rl 7 fras, Horboo RO A ik PR, A7E 30 h
IS A 0 e

1P 7(a) T LU, 03RS 14 77 VR TR T 4 A0
AR, FBREERET, AMOGE B Tk B 225, X
W 1.3 £ K 7(0)rT UE S fEbiER B, s
7 T A 400 21 2 08 B mT LA 2 R A v T A0 R A ) v
(>97%), o HE S50 A0 L AH O 5 7 (95%) T FEW] St 532 4)
BIYBL, HEZH T ANIE N RERRUR A0 BAER S PR T
BB, OS5 PR g i 0 1D v T 4 M e AR PRI 8, R
REVE 5 S0, D Re4ERFR S A XS PE(95%), 15

Pl 4 AN [RI BRI (K3 FEIL R

Fig.4 Consumption of different carbon resources
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Fig.6 Cell growth of Pichia pastoris KM71/TH on mixed
carbon source (glycerol-mannitol)

S5 48 h(& ¥ 78 h)itf, hIFNP-HSA #ik ik 3 &,
9 37.3 mg/L, HRAF=HALN 0.78 mg/(L-h)s XJ RESLE:
EEFR I A AR PR, T B R R ) 22, 15T
Jii 36 h (K8 66 h)itf, hIFNB—HSA ik ik F# wh
19.4 mg/L, F KAEF=3# 4 0.54 mg/(L-h) (3 1), it)5
(R TR RO A i T 92.3% 411 44.4%.

AR TAERIE I 2 PR AT R 5 05 AR
WA THE 7(a)], S e OAR G ) 2
B, R HRERE 19855, S BOARIFE FE (¥ P AR 85 (5L
PEARVIH), fH hIFNP-HSA Fik K. Kk, %5
B B FE AR 15 s L A 0 2, DRk v B Y I 25
ST AR B AE T, A A s B R T,
P2 D 0 003 6 5 AN ) 48 DG o LT RE I, A
7 38 o I R RO BRI K T B O R A
hIFNB-HSA i Bt HY B 5 3 9 SO0 40 ARG % 1 A i
A RIA IR 1) 26 2 B A S R 5 IEAE AT .
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Fig.7 Growth curves, dissolved oxygen, relative cell viability and hIFNB-HSA expression of Pichia pastoris KM71/IH
R 1 LT KR EESIZS E LR FEMBRATRE O FN [7]. % TR SR, 2003, 19(4)
Table 1 Parameter comparison of contrast experiments in 467-470.
5 L fermentor [6] Whittaker M M, Whittaker J W. Expression of Recombinant
Parameter Fermentation result  Control Galactose Oxidase by Pichia pastoris [J]. Protein Expr. Purif., 2000,
Growth period (h) 30 30 20: 105-111.
Induc'tion peri(?d (h) » 7 72 [7] Jayanta S, Bradley A P, Mehmet I, et al. Causes of Proteolytic
Relative cell viability (%, transition stage) >97 <95 . . . .
Maximum cell concentration (/L) 60.5 473 Degradation of Secreted Recombinant Proteins Produced in
Maximum biomass productivity [g/(L-h)] 0.59 0.46 Methylotrophic Yeast Pichia pastoris: Case Study with Recombinant
Maximum hIFNB-HSA production (mg/L) 373 19.4 Ovine Interferon-T [J]. Biotechnol. Bioeng., 2005, 89(1): 103-112.
Maximum hIFNB-HSA productivity [mg/(L-h)] 0.78 0.54 [8] Li Z J, Xiong F, Lin Q S, et al. Low-temperature Increases the Yield
PR of Biologically Active Herring Antifreeze Protein in Pichia pastoris
4 —H —Lﬁ [J]. Protein Expr. Purif., 2001, 21: 438—455.

582 7 DUH Wl DAy P — B Yt PR TR A4 A A B BEUL AR S
7L FC AR AT S PR AR 5C R AR A BT-HEFR 135 1 2
1 il 2 1 (hIFNB-HSA)KIA M50, 45800 F -

(1) fEFEA SRR KM71/IH @A KE B 401
U8 77 5 SO0 A 5 PO B A, Bk BRI T
hIFNB-HSA Fik &, A KK Bk B H 2 i) FH e
SRILESEA.

(2) KA H e WA o i P me I A YU RS = 1
SR, BT LA RRR o (R Al A RS PE(>97%), AT EL
figt B H b oeE S AA A, AT AT EASE e R AR IA
hIFNB-HSA [{J7K-, k& rik 37.3 mg/L, KA
BN 0.78 mg/(L-h), BXTHE A BIEEE T 92.3%A
44.4%.

SEH:
[1] K¥Je. EHNTHRBSer'” 1% S Hot SARS 93 2 (R4 il 11 1)

[9]. " E A AR, 2005, 18(6): 501-503.

[2] MRIRLL. ANMFE A EAMA TR o2b MR E A AR REERE

ik [J]. AW TFREA4R, 2006, 22(2): 173-179.

[3] WHEDS. ABTHE-I35 1 E A A 8 AE SRR R IR i R

A 0] P EAEY) TR, 2006, 26(7): 13-18.

[4] Curvers S, Brixius P, Klauser T, et al. Human Chymotrypsinogen B

Production with Pichia pastoris by Integrated Development of

Fermentation and Downstream Processing [J]. Biotechnol. Progr.,

2001, 17: 495-502.
[5] WHERAT, JHPCH:, SKIED. A AE LA ER 1 T A S R REAE

[9] Wang J, Vu N, Jacqueline G, et al. Improved Yield of Recombinant
Merozoite Surface Protein 3 (MSP3) from Pichia pastoris Using
Chemically Defined Media [J]. Biotechnol. Bioeng., 2005, 90(7):
838-847.

[10] Haitao R, Yuan J Q. Model-based Specific Growth Rate Control for
Pichia pastoris to Improve Recombinant Protein Production [J]. J.
Chem. Technol. Biotechnol., 2005, 80: 1268-1272.

[11] Chen C C, Wu P H, Huang C T, et al. A Pichia Pastoris Fermentation
Strategy for Enhancing the Heterologous Expression of an
Escherichia coli Phytase [J]. Enzyme Microbiol. Technol., 2004, 35:
315-320.

[12] AR AR BRI VEICBERINE BB B A R P ) 5 i [0].
R 2R 2EAR, 2006, 12(2): 196-199.

[13] Thorpe E D, Anjou M C, Daugulis A J. Sorbitol as a Non-repressing
Carbon Source for Fed-batch Fermentation of Recombinant Pichia
pastoris [J]. Biotechnol. Lett., 1999, 21: 669—-672.

[14] Mehmet I, Michael M M. Non-repressing Carbon Sources for
Alcohol Oxidase (Aox1) Promoter of Pichia pastoris [J]. J. Biosci.
Bioeng., 2001, 92(6): 585-589.

[15] Xie J L, Zhou Q W, Du P, et al. Use of Different Carbon Sources in
Cultivation of Recombinant Pichia pastoris for Angiostatin
Production [J]. Enzyme Microb. Technol., 2005, 36: 210-216.

[16] Chen C C, Wu P H, Huang C T, et al. A Pichia pastoris
Fermentation Strategy for Enhancing the Heterologous Expression of
an Escherichia coli Phytase [J]. Enzyme Microbiol. Technol., 2004,
35:315-320.

[17] Zhang W, Bevisn M A, Plantz B A, et al. Modeling Pichia pastoris
Growth on Methanol and Optimizing the Production of a
Recombinant Protein, the Heavy-chain Fragment C of Botulinum,
Serotype A [J]. Biotechnol. Bioeng., 2000, 70(1): 1-8.



1186 U = I ENE

A Carbon-controlling Strategy to Enhancement of the Expression for
Human IFNB—-HSA Fusion Protein with Pichia pastoris

ZHANG Hong-bin'?, DOU Wen-fang?, XU Hong-yu?, JIN Jian'?, LI Hua-zhong', XU Zheng-hong'?
g

(1. The Key Laboratory of Industrial Biotechnology, Ministry of Education, Southern Yangtze University, Wuxi, Jiangsu 214122, China;
2. Department of Biopharmaceutics, School of Biotechnology, Southern Yangtze University, Wuxi, Jiangsu 214122, China)

Abstract: The relationship between the starvation culture and relative cell viability in the growth phase and their effects on the
expression of recombinant human IFNB—HSA fusion protein in Pichia pastoris KM71/IH were observed in 5 L fermentor experiments.
The results showed that the starvation culture in which glycerol as the solo carbon source was exhausted resulted in the decrease of
relative cell viability and expression of recombinant hIFNB—-HSA fusion protein. The strategy of mannitol addition in the transition stage
not only eliminated the inhibition effect on methanol induction by residual glycerol, but also kept higher relative cell viability (>97%)
and then improved the yield of human IFNB-HSA fusion protein. The maximum yield and maximum hIFNB-HSA productivity reached
37.3 mg/L and 0.78 mg/(L-h) respectively, which were 92.3% and 44.4% higher than those in the control.

Key words: Pichia pastoris; relative cell viability; non-repressing carbon source; human IFNB—HSA fusion protein



