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EHEEEL 250 gL(WCW) L pHE6 0. KR FNL T L. FHEFRA IS YL FHEFIA(E M hiFEF—R)FL
B HATHEAME BT P hiFNo 8948 2403408 pH{E 7.0~7.5 748t thiFNw 9B AL S E et 24 BALE I
#o kb thiFNo 945 FAHFIL LAY {20 thiFNo TSP B TRMELAS IRV EE LREAFGH —F X,
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Abstract  To investigate the influence of the fermentation conditions on glycosylation of heterologous recombinant protein in ve-
ast Pichia pastoris, the glycosylation of recombinant human interferon omega( rhiFNw) under various fermentation conditions, e.
g.. cell density, initial pH, methancl concentration, duration of the induction, and medium volume were studied. The glycosy-
lation of rhlFNw in the continuous fermentation process under various pH values and in baich fermentation were also investigated.
In 250 mL flask, the optimal cell density, initial pH, medium volume, methanol concentration and frequency of methanol induc-
tion were 250 g/L{ WCW), pH6.0, less than 30 ml., 15 g/L and 3 (in every 24 h), respectivelv. In the continuous process,
the glycosylation of thIFNw could be effectively improved by maintaining the pH value at 7.0 ~ 7.5.In the batch fermentation
process, the expression level of glycosylaled and non-glycosylated thIFNw were the same, but the specified value of glycosylation/
non-glycosylation was significantly lower than that in the flask culiure. The reason of this phenomenon will be further studied.

This research lay the foundation for the scale-up of production and the enhancement of rthIFNw glycosylation in Pichia pastoris .
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BEARELARSTERLHE LNBIFSEH
FRZ - AAEEMNAYFE L. BEONER
eI TEANAERYE IBEQBEEY
¥ENEREXEE " PMBEAEELHEE
BESMEENESNEERF I -4 SE5H
REEREREAXMENITGHEA . REREF
FHREAEMAERFHEREIEEELTERY
BESH AR LEBEREHECEENERKY
FEHRE,

B2 & 35 Y 55 35 B 53 ( Methylotrophic  Pichia pas-
toris) RIEFZRGRAREERS MERE . TUA i
WERG, BRIV EONRANSFEEOREN
—MEFRBRSE . UTEREAMAFRENER
BRAEZRENS T FERPL BEEHEAR
AW R ER R E A S ER L, B iR
K318 Asn-Xaa-Thr/Ser, 7] 4 7€ & H &9 H E B F/
B TAMBREMRELHEST O-BEL, “ERaHE
BRBEMBEQ . CHEMIERESLEER
HEMERBESREARE T EERERE.

THE CEFHBNAREEH MARHEH
MEZETSEYEE. TERAFERFIE R
BB IR HE T R TFNe PR AR TR 2
MEE . ATHE cHBEATE - ITHAEN
N-BEEL AL AT 45 Asn®-Met" -Thi” , KR E KR
EESEEL . FMATEERRE RS RARE
MM EREAATIRE o hiFNa) R K, BB
MEAMSTEHEEML, B B AELHHEEL,
FHBRARS SR T L HR AR &I
M. FREEFEWDARERILHREH
B MEBAGHREERMESBRERIN
BREMEAOBEANERORER D, B, KITH
MEBFMHMEREGRFEHATHE o BE
ety TE N FHANTR .

1 MEE5HH

1.1 ¥
1.1.1 B ¥k Pichia pastoris GS115 Btk wl, @6 #&
B aox® his' . BEELEIB T P, RIK pMEX9K,
EORSHRFFIANMBEREY « 2ZEH T AMF, 5
BEEAATHE o) DNA.RIEZLHBEE
rEkE. ZRAGHEREYH¥A¥RBEEDRTR
WAt .
1.1.2 BiFi.

YPD B{ASEFRE IL & . B HERY(EE, Ox-

oid)10 g, KBMEBH(HEF , B A H A =1)20
g, MBRE(EF R0 ¢ FiE(BE™oira
=20 g

BRAERKERFE(BMCY) I L 5. BHERY
(FEHE,Ox0id) 10 g, KEBEH (B F, B A H 2
25#1)20 g, YNB 13.4 g, B 10 g,1 mol/L pH 6.0 B
RREh bk 100 mL, =% 0.4 mg.

BARESFEFE(BMMG)] L &4 BMCY 85 3%
Ao i) H R AR AE 10 g

REEHEFHE(BSM)L L &:85% B2 26.7 mL,
CaS0,-2H,0 0.93 g, K,S0, 18.2 g, MgS0, - 7H,0 14.9
g KOH 4.13g, H il 40 g, PTMI /& ¥ 4.35 mL,28% &
A pH £ 5.0.

PTMI ¥ # 1L & : CuS0O, -5H,0 6.0 g,KI 0.8 g,
MnS0, - H,0 3.0 g, Na, MoO, - 2H,0 0.2 g, CoCl, 0.5 g,
ZnCl, 20.0 g,FeSO, - 7TH,065.0 ¢, 9% 0.2 o, Fi 8
5 ml-

b1 REFEE L L H I 500 g, E K 2.4 mg,
PTM1 % # 12 mL.-

AR 2 EFEE I L FES0 mL, AW E 2.4 mg,
PTM1 ¥ 12 mL.

ERAFFEFFRE 1LY . PM200 mL,85%
A 13.5 mL, CaSO, - 2H,0 0.47 g, K,S0, 9.1 g, Mg-
SO, 7H,0 7.45 g,KOH 2.07 g, =& 0.87 mg,PIMI
B 4.35 ml.

1.2 H&k
1.2.1 ¥#*F.

B AR A 250 mL = M1 % SOml BMGY ¥
FrH L BT 200 /min, 30CHRFGHFF 48 ho B ME
W U—CHEARERFTEE BMMY B # &
B, 30CIHEFHIL72~96 h, B 24 hIRMHEEE 11X

RS A S L & 3 B K B EE (Biostal
B,.B.Braun Biotech)qjiﬁﬁfiifﬁt%ﬁ,lf/ﬁWﬁ 3L.
AT R A S 3R M E 10 B EES R,
WS A SRR ERITHEEKEART
0% AHMBEREKBEFTERY pHES.0. Y&
MHmMER FEKXEE LA, FHLE | ml/min
MEHERMGE 1 ERRE 6 hGIFIEHE . A20
EEENKEE LR, U —F 0 E R Tm e
2 BraR ka0 P RETE R K 00 O 4 ) R A
BIrREIREDPREERENS oL EHBHE 0% L
f-

RIS RS, R s 2
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BEHREShE,L D=0.03 h'BWBREIIMELE
SEARBRATESREFRS, ARNUAMRKE
WER SR, FHEREANERRERES. ARMRH
EABEFEAY pHE 5.0~8.0, ¥ 0 0.2 pH
{8,416 h J5 BOH I 4 ML i & (WCW, wet cell
weight) , FI B B L EIEWE - 20°CHRFER
1.2.2 WEEAM NI 7€ 30 oL dif
thiFNe I #E PN A 2 pL PNGase F BEH B8, SR R f&
% 50 pL,37C# 4k 5 ~ 15 h, & SDS-PAGE K M # 1T
WEALSW,

1.2.3 MEFE - HEREMNIE RAEEL, K
Sl HREWE FE5.0E P 5000 /min B0 5 min, FF
EELEE ., TBEHEEEE (FXHH WCW, wet cell
weight, L0034 g/L), LB T - 20CHFRE. pH
B F Al pHS-3C RIS M T E . REFH
§1 thIFNw & & K9 52 : K Fi SDS-PAGE BEH 5 3k , 2R
ERkERATENARN, BEakATLARE
P72 B 547 (R Kodak 1D $ES B BRI &
%,2.0.3 A&, FRHABRE AFHEBRFTR AE
il 4 BF AT 98.5% Y thIFNe 2 Hir i 2 ) . WE
{t. thIFNw H {8 ( Specific value) Bit 5 . ALK FH
R B 48 £ 1E thiFN/3E 53 4L thlFNw,

2 # X

2.1 rhiFNe BE{MNBELERE

F)FB SDS-PAGE # 47 rhlFNw B4+ FE K H, B
REALFE 200G, ZEAEM > TFREXT
FiC(H, B T BB N B AL PT . W SE{EAY rhIFNe
5 ¥ Fil PNGase F 557 8§74 1L 4L B A SDS-PAGE 1
ZREW,ZNEELEALEERNEMNEBE )
(WE 1),% MALDI-TOF ¥ 2 4> FEH 22 166.10 &,
MNH 2034071, SRBEHBA -BLBEARRER
P thIFNo BE3E R4 T N-BEEEIES
2.2 E{RER rhiFNo BEA BT E

i BMMY &% M BCMY X8 Rayoh &, FFH
BRI E S 150~ 400 /L, AT EEFEFREN
ERRE 2, HIAKESN 250 g/L B 4L thIFNe
Fk BRI AR BE E A KR,
5 54k rhIFNew B A B T RER G ; AR T L9
B4t thIFNw 8820 A K, 15t 77 B 28 1 o F5E 385 I
EXETHRAOBYE, Bt EXE8RRAMEEL
BHES, LAEH S ENEKRE,
2.3 #%4 pH 3! rhlFNeo BE{ KM

FEA A} pH {8 KO B% BR 22 vh i L ) BMMY % 7 55

kD M 1 2
67.0 — S

43.0—

30.0 — ——

201 — S

144—

Bl 1 rhIFNe B3F R LIS 89 SDS-PAGE 41 Bt
Fig. 1 SDS-PAGE analysis of PNGase F digested rhIFNw
M: protein molecular weight marker; I1: rhIFN-w digested by PNGase F;
2: purified thIFNw; 3: PNGase F.
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Fig. 2 Influence of cell density on the glycosylation of thIFNw
@ glycosylation; [ non-glycosylation; @ specific value ( glycosylation/

non-glycosylation) .

FR FHER pHATHNHN 5.0.5.5.6.0.6.5.7.0
M7.5, EIHEAEKE 250 gL #HITER, HERL
B3, BRI thiFNo FEE G pH HER AR EZEH
B, R pHE 6.5~7.5 Al KEREEHEE
b5k 3 F AR AL A9 rhIFNw, Y& pH EK T
6.08 EEATFEMMBY,7E pH 6.0 KRB B RIL,
MR AT A, LR MRS pH HE
BN, Bmeiis pH A # TR hiFNo B
R, ETMTREBEME pH BEBRFZES T
BRad BEESF/IESS~TO0ZH. HRE
RLIER KRB RIK hiFNe B Z BB, EH &
F i pH 4% A F T hIFNw RBEELL .
2.4 HEBRESRE rhiFNo BEAHER
FREEFMEFRNEABESRIINEEART
FOEREMIMBEEREQONREERELR, KiE
HESEAIR, S U EN - KERETES
(#E72h), BHEXREMPHEESHH 10.15,20,
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Fig. 3 FEffect of initial pH on thIFNw glycosylation
@ glvcosylation; — non-glycosylation;

@ ratio of glycosylation/non-glveusylativn .

25.30,35.40.45 Al 50 /L, KLl R WA 4. EE
MR T EHAEREBESRER 1530 gLAHT
thIFNw B9 % 5,20 o/L W FF B3R 7 1] DL SR8 | K
gt d SR P AR FERES AT

rthIFNw ik FIRE AL 1k -
140 17

= 1 ,x.\ P2
3 I e
R T o
.—i g | / f/'. N\, F22 3
'fg 60 ;’ /'D/\'{\D N . -é
ERT Y8 . @ 20 2
2 /e \ ™~
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Fig. 4 Effect of methanol concentration on rhlFNaw glycosylation
@ glycosvlation: = non-glveosylation;

& specific value of glycesylation/non-glycosylation .

2.5 HEBESAY rhIFNe 8 EL i

FREESOEERREEEN, 8 24h 0
HIAZ 15 /L — K, R BEE R 5 (120 h) Y45
BRRE S HEESWY, FERAERELK
rhIFNw, F B8 55 5 B [A) 49 1E K0 ER # W, 72 h B 3%
AEE HEEEHENEE, EFMREFEFNATI 2 b
MAEBE R HY) thIFNe — B HHFRMRAKE, 720 )5
R hiFNo I RFEFHREIEM. X F A
fEHEREPEELAAEREST AKX,
2.6 ¥#WHEEX] rhiFNo FEEL NI

£ 250mL = f AR 3 A 30.40.50 #1 100 mL
BMMY T AL SR N E 6. HIEMES
FIREM T, SR E R 30 mL AR &L, BEL

Induction periodh

B 5 RS R chIFNo FE AL AT 2 1R
Fig. 5 Influence of the induction duration and frequency
on thIFNw glveosylation
® glycosvlation; — non-glyeosylations

# specific value! glycosylation/ non-glycosylation.
thiFNw B 15 B & SE 8 Bk thiFNe AR 40% .
HREAER 1.69; %M 40 mL &, thiFNe
HFREZFHFIWH, EELH hiFNe (XA 30mL
ik B 10% Z2 45, o ke 0 B 3 85 2 4k thIFNe, #
— 38 03 R B L thIFNe %X .

fnl

thIFN @ concentrationimg/1.}

30 40
Medium s olume ml.

B6 #HiEEIT rhiFNe 5 5L F 2
Fig. 6 Influence of medium volume on rhIFNw glvcosylation

W glyvcosylation; = noa-glvcosylation.

2.7 EgEEFi31E5 pH T X rhIFNo #BE LK
=

f£ thIFNew 2B R WP L8 pH HT L
Xt thlFNo F¥E LB m i K. KL, LI D=0.03
W HE BRI EEAFEARBRRHTESE S
GEEHE ED B SRR s E KR N pH
{H5.0~8.0,8%M0.2 pH &, FHERBE(Y 16
h) JGBUCREN ZE pH {8 28 k3 thIFNw 5 B 1k i 2,
ZRENLE 7. FHEZESIR P pHE6.7~7.8
HF T rhilFNo MW R L Hfh RE Bk pH EH
70~7.6,pHENTFT 6 THKF 7.8 FHT
rhiFNw RIS R (L. X SREP AREZLE pH ik
MERER -8B . EHAMIETEEN pHAS
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Fig. 7 Effect of pH changes on thIFNw glycosylation
during continuous culture
@ givcosvlation; — nor-glycosylation;

@ specific value( glycosylation/non-glycosylation) .
2.8 SHEBITED rhIFNo BEALNOEL
mEABEFHNERMESRRETGER
thiFNe BISYHL S B 25 R I8 8. bt A B TR
ot thIFNw BOBESE4L A S B AL R K BRI ] 2 5
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Fig. 8 rhiFNw glycosylation in the typical
batch fermentation process
@ glscosylation: _; non-glycosvlation;

@ specilic value{ glscosylation/non- glycosylation) .
AT . FES 28 h B thIFNo RIABEZE
BN .28 h SRR PR A b P (B L A B
R ESE A WA BH LT 2R FAE TR
LW EESRERN EAEBALABETRE
¢hIFNe B . rhIFNe $5 35 fk £ tb 515 i T 75 35 K % BE
rh ) EE

3 i i
R R R e R R A RSN EEAEAN

FERE EHUEAONAGHEERTRE -HEFS
A E OO IR T o O AT B AR R AR

EHEHEAMNERAYAMNPEERLRE. B4
A YH A E MR —{Hat  #EAL hIFNe
B FIR B E T M, AR Rk hiIFNo M RX B I
S WA RO T R A %, X T BE 5 B IR BRI iE
HEABSELEAHAYRAX. Al EFFRE

itk B YA AR bl eyl L

BELHFWHIRENBREAEON pb BEH
TSR UBRERE. RARIFRR, EAR
135535 cthIFNe 75 pH {8 P HE MR AT LIRS 5 R Y B8
s HEEERABMABEREIRET
HA-BHER EHEREIEPEEY I HH
| T rhiFNe B BEEAL .

FRERMEFREREGRANEEONS
S HASHE AR BEEANRAHE
HBAEW. H4ERENA, EHRNEFRER
TP R B R R A B B R 1K thIFNe B9
B SRR R B A B S FIE 8 AR
BRTEA -HMEELTLER ErtRED
o, ML BT R A RS BB R AL thiFNe
fy F ks B R FF R TR, B
TAR1S & R IAM B AL chIFNe, BEE & HlE N7 H
R SIRE, A RE R R S R -

BT R R L T, KSR R
ik BE F BEF rthIFNw B, thIFNo /LA LR T
BHARDOLE. FHEHLER XTRIEK
HRMEMER, TR E A EH ol A
WEHMSAE X, HEHE—- LR
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