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1 AEFF

1.1 ##

1.1.1 E#h: B K ¥ 5 B 8 ( Pichia pastoris) GS115 HSA-1 B #k (Mw” his® , Py, , 21K
pPICOK, EHE S MRFEFI N K ABMMBEEERM o« 38 HF AMF AN RE RN AMBE AEA
cDNA, BRESRMBESELOEKL) A LBABEEYEARRP.LHRE,

1.1.2  SEFEPRIEFREN YPD HHRY R FIE s B B BMCY B SRR
st ke ER A FM21 L E AR E H W 6% (w/v) 1 4Aml/L PTM1 3 B JU &
W R KB IR A N S0% H (Wi v, & 12ml/L PIMU) AR REBFE RIS N
100% H B (& 12mL/L PTM1)iES ¥,

1.2 FHi&E

1.2.1 AR A PR EBRREH A DEEAE KB E(20mL/250mL =& )
H,30°C ,220c/min FEFF 20 ~ 24h, 0D, #9320 £ . BUBHEREFE . FE LHR. %
ERARKEREABRSERBESHEFREABRZE N 1L, BEARKBS HEFHF R Q0L
250mL = fHE),30°C , 2201/ min B 3% 96 ~ 120h, % 24h #M50 100% FHEE(A . R) B —E R H
. BORB.CRE R EE BT 2.

1.2.2 #HEEEEEBEFE  AIFE YPD 4 L Jk— B S Fh T 55552 9 ,30°C, 2201/
min ¥ 20 ~ 25h J5§ . 1% 0% M BEATE L A M KB FEN ISLEBE# P47 4
HIER(FHEKE pH £5.5240), 4iEHHMFER)G . E (Dissolved oxygen, DO)BESR I
FHOHFRAEMARERFRE (M ERRGFEERT 20%), HMMEAEFE(ODy )R
500 ~ 700 BHE LM R, TMAERFHIA LB EFREHITEEREHF(pH A 25%
NH, H,O0 K 5.7~7.0)  BEdATHE BE SRENAMPREEEFERART
20% R EE W B EEWRE /N T 10g/L, 5% A8 100h £ 5 . FMG-15L 2 F 3 K BERE A
HEERB T REERECTIBRERF R PO LE) R,

1.2.3  pH:pH AR TELR 3 3 3% PID F 31 4% i 7 232 # ( CIO80pH WAk AR Tk
EEREATRERDOTH).

1.2.4 % % (Dissolved Oxygen,DO) : % E HR AL M (55 L Ingold 2 B F= & CDI51-06)
1.2.5 BASHT :HER 0, AHBEE 5797 (Magnos 4G) 7E R W ; HER cO, KAR X4
AMY(Uras 3G)ELR B (T E HEB ARIME RN #FE= . BH 0.02% ) Mk
B I A P A4 B RE 46, 3 2% ( Oxygen Uptake Rate, QUR, mmol- L™'+h™' ) F18E {37 % 8% ¥ (& F3 40 Mg
S Ak B B 3 #2.( CO, Evolution Rate, CER,mmol+L ™' +h ") ¥Eexm[12]1H 8.

1.2.6 HM®RESH - RAFRBRAELHEE",

1.2.7 HHIEE R ODg, ) 0BT : W B B IS T 3 K 600nm 4b LA 228 7 7K g Xf BB gt 47 b
Bl F 0Dy = OD ¥ x HEEL.

1.2.8  FRRMCE MM MG (GO) S,

1.2.9 HSA 43 : 3 3CHR [ 15)SDS-PAGE % B i 3k , 28 /5 R 3k i % 3 B 0L F R 4 el i A
Hufa s B AT E B AT (GIS-1000 A E K AR S th £4,2.0 A iR HRE, HR
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bR B B BT MRS TR TR (1 L TR R R R AR 8 o
2 HX

2.1 BREAITEY P.pastoris B FSIEFHFRIA rHSA
BRI e T B TR MR (P pasoris) F Sg/L. BB BT 557 120,
15 24h LA B EEE S AT AT, ER R L(ETEER 2 M RBRT- M) .

%1 BEAEAERIEIERTERE HAER

Table | HSA expression in recombinant P . pastoris at shake flask cultivation

Time/h Broth volume/mL pH Cell optical density/ 0D e rHSA conentration/{ mg/L)
0 20.0 6.07 21.5 0
24 18.0 6.7 27.0 33
48 17.5 6.84 27.74 120
72 17.5 6.68 29.84 175
%6 17.0 6.68 34.85 296
120 15.5 6.69 37.98 283

7E 120h B9 R BRI SR I 0 B b L i A5 AR AV 48h i pH B #T LT 2 6.84,46h J5 pH
—HETE, R 6.7 A£G . BB SES, FRIESF S 240 N, M ERE]R,
WEARCEEEART (REEAFRTRESN); HBESHFE 9oh, ERTERBEEF
B HSA B ET, B AEHRRBIER N 296me/1, 885 2 120h B, M HEHXZXEBT
B, 298 283mg/L, AR A, Fl AT EEREREETEE(P. postoris RBEAA
I 7 F 26 B A 0 AR ORI E] D 96he
2.2 BEBWREXNEERTIEMN P.pastoris &%k rHSA HIR W

RS ES 240 SR A RE HEREFETHRE N 5.10.20,30.40.50g/L,
FEE R o6h LR M E 2(FPHREN 2N RBHTHE) .

®£2 PREREXNESA P.postoris Tk rHSA ERER

Table 2 Effects of methanal concentration on rHSA expression in recombinant P . pastoris

Methanol concentration Cell optical density rHSA concentration Residual conc. of methanol
1(g/L) pH 10D g0 H{mg/L) (/L)
5 6.59 29 295.84 0.5
10 6.45 40 365.46 5.8
20 6.43 37.5 237.95 11.3
30 6.50 32.5 137.02 15.0
40 6.51 28.75 123.29 15.8
50‘ 6.53 23.5 106.33 17.7

EMERE N 0L ERBOEFANEAELIER, X RRE LT EEE /D
F 10g/L, FRER ARG EY , BE TEAMNRL LERERT 201 67, FEWEELHE,
SMHWEANESOEMRER. R, EBEAGT . PEANBREFEFWRERN 10g/L.
2.3 pHYWEBETITEHE P.pastoris & rHSA KM

RIS R T LI AR T A 0. 2mol/ L Y BERR ZE s F MBI R E R E T,
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pH 4+ 534 5.43.5.72.5.84.5.98.6.29.6.59 1 7.05, 1 24h I B 2 & IR B 10g/L 1785
THIFR .
HENLCHEE P . pastoris #ABMERQ 300

A0 K 9 2R (1) AT LB, pH S 5 2s0)
S MEMESEEERES. pH N 5.43 fgf‘;g
A LA kL RO R E R £
KLOBMIZAE pH A T B AMIERT § sof — .
0 L L "
5

FESBRMEARE, H{ pHEE 5.72— 20 570 600 630 660 680 720
7.00 B, 4 % 5 1 A L T H AR AR olt
FREAZEZH FEMBESE, pH I 7.05 .
o H RS AR TR, BT D e SARAREaem

P pastoris MHUER XA THHEAGRIEX and (HSA concentration

H pH L H 4 5.72~6.59.
2.4 BHEAEERTIIES P.pastoris FTix rHSAs FIF T

AR RSO REEREREREARSERBSEREARZ L

AHM0.25:1,0.5:1,1:1,1.5:1,2:1,2.5: 1 BOLEBBERBEFRBEPRHE, FL LER, 75
HEABRRESEFEAD BT 9ch(g 24h #MM P FELEFE Y 10g/1)

B B, 40 MG ( ODgows ) B L FHBY B B, {8 4l B % 45 28 38 ( ODgyguns!
ODgom ) BV B FREBS (L3, B MRARCEESEN Y EMEEE M IE
(ODgons! OD o) SEEFN B IT R/ L RH, BB ENTR KR MR, BN

y= 12,9415 %5 (LR EEZB R=0.9789) - seesrrreen i sesniaaenes (1)

Hi xR E (0D ) y—flﬂﬂﬂj't?ﬁﬁiﬁkfi&( OD sppena! OD oo, )

FEEEMEAEN, HWER RS BREN N, HE B {7 40 R O 2 T 010 25 T 7 30 B
BTR, CH S EMANME AT E (D)8 S ~30 0, AT E R AROREENEORE™
RILPFEHEK M. WHFBREE (R 3 NH,—NEE (FIERT) A : BREMEY
L Es EEFERAHAE R, A ENERE RN R AR TRTENEE, X2
P . pastorts %%Iﬁk@ﬁﬁi?lﬁfﬁﬂﬁﬁz—o

£33 BHEMNRETIRE P.pastoris Teik (HSA BME R

Table 3  Effects of seed volume on rHSA expression in recombinant P . pastoris

T I et O AT
1 OD i £ OD sgsen f(me/L) Hmgl ODgo ) 1 0D o H(gL)
5 6.60 31.2 278 .1 8.913 6.24 6.33
10 6.61 38.8 209 4 7.716 3.88 6.06
20 6.65 49.7 285.6 5.746 2.48 5.49
30 6.7 65.7 292.6 4.453 2.19 4.09
40 6.63 89.1 338.9 3.804 2.23 3.43
50 6.67 93.2 364.2 3.907 1.86 2.95

Note: Experimental treatment was 2.
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2.5 EBEIIEE P.pastoris S EELER

VIR R A fHSA M IRLE R TR Rt m s E KB,
2.5.1 SHLAREREE THRE P.pestoris BMA KR (SLEE#E L #THHEER B
o X 20 B e B X B (In OD g ) 5 53 HE R BEBT R (1) TR /1T, 15 .

In{ 0Dy ) = 0.24891 — 0.5252  -+eevvveens SERRIREN ¢

M In(ODgy) =08, t=2. 11, Bl EFHERN 102 T HAMEEE (0DL) W20 EH
B A RNERBE 2. 1hAh. XOEREATERM FIESRLEBERERES
FYFRERNER I EFARMBALBEEMNH T — B KSR, SHEEES 220 5,
BB ( OD o 3B EN 133, 1 T 10D, = 0.229g"% /11, 83+ B A M B BEW ER S H h
MMBERRER(Y, )N 0.50gg, SEAERERMEY S

BN EARAERET SEHEACRETSHEE KR,

y_ae . - (3)
AN 3B oy =lna+ bx o-oeeeeees - (4)
A lnyifxﬁﬁ%%rilﬁua ﬁiﬁaéﬁﬁﬁ B AL K B S 8 Feud (Rl i ok &
ﬁﬁﬁg y= 0.7841" 2 veevrinee - (3

Ho oy ABOEE B, T RO ] R A SE R B 1 =0.9936,
HA P. pastoris SRt K BEETAIMLA: K R HAS B Mt 2t i 2 B

0 PRLUE , 540 R, O (0 T AR O B LA
g0 Qe T HEHOT R (5) L AT 98 O MR S A b, 35 5
S w PO 2 0 O, Kt R O O
f ol RSP S T RSN ¥ I S L
=l BERERE—TREEET AR E L
£ B 4L K 0 B 1 RS, AR T
3P 5 2 W 0 5 48R 1) (10 944 3 3 38 (OTR))

(=]

2 4 6 8 10 12 14 16 18 20 22 FILINLAYEE A B8 F (A0 A HE B K (OUR) ) & 3%

t/h

HFTHRAE .
M2 W P.pastoris S EBHERER 2.5.2 R E®TE REEE L HSA 8% 22h
B R w0 e £ DMEBGERE,FRTIMEAE EEERE,

Fig.2 Curves for cell optical density and its simulative line ﬁﬂﬁ %ﬂbﬁjmﬁzg’ [J%’Eﬁﬂi’éﬁ?‘ﬁkﬁ(DO)E

during recombinant P . pastoris batch fermentation 20% L4 L, E ﬁ ﬁ Hﬂ' JEH |j‘] &f‘% 5 j( o O 9
E. 7 46h ZEHMNCEE (0D, ) ixF| 600, EXA B BEE LB B A, £ 1L Fmzbet
EMEFE UBEERALAEF 0% UL LM (lmin £4), FTHREFEMES R EFEU
BE P BAEMED. EREFIETEONE, EHEFRLEFERFBLE R, U4
HFIBEEWERE20% L E., FEXMBEE2ZAT(46h 20, EHAAMBEHHEISBILERE,
Foa#hmE EHANMB A EARERET H,7E R BE 120h (HSA EXEBEE KB 3.6¢/
LUGERESBEARFEAT(EI3.4),
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1.0

0.8 _—.—OD@
S,
g 0.6
2 0.4
k|
2 0.2F

0 { ! 1 i 1

0 24 48 72 9% 120 14
t/h

B3 FA P.pastoris #ESHEBH AN
EKEEAREHER

Fig.3 Curves for cell optical density and rHSA expression

B4 rHSA HEkSH
Fig.4 rHSA SDS-PAGE analysis
1. Marker; 2, 120h sampler; 3. 104h sampler;
4. 88h sampler; 5. 72h sampler; 6. 56h sampler;
7. 46h sampler (20pL per well) .

in recombinant P . pastoris cultivation

3 %

CBEEFAREEEN IRARESNEEHRRENEERHRZ—, ILRER" AN
i B 40 7 & B U R B 8 B K B B O 280" /L(Dry Cell Weight, DCW), 7E T Jb & B i
AT 30g/L AAHEREERE, HRABUIES —BIA B 4% E 100
~2008" /LM AGEEERRE. EISLESHLHIREE b#fT TS NH ABEE R
BB O 4 R L A B R4 Bl 500—700, BN T ERE AT £ B 115 ~ 160g/L, X8 TR &
ERENAN,FEEHAMBEEANREEIAF 3.6g/L, T PCTech A A P. pastoris
REEHHEER T FE HSA KT 5 3.39¢/L™ , Kaoru 5 4RiH fHSA W EREKFEN 1.4¢/
L HiESR KAWL, — 5D 8~ 10d, BEHTE A, BHESHE HA R B
KEH 1.0  HFEREEMEK T8 3 2 505 Sk, R AMBE BT AMF §i S
BrHE AMLE O EA B 58K R85 AK#E Invitrogen fermentation guideline T ABEREAEE
BEH10%, HAXME SLESELS I ABENEABIBSHOEC T, BRIMWED £
St R BEG B, M4 MR A R R AR (p) BT KR, AR R R R B (RQ) A 0.5 B
0.75 ZHWH A . EdfEAEFRBELXEARMASHmEREEFARILERKELY
WARBREE T ERTAFB MEHBERERS, EHEER(OUR) M EAmE
BOEFE(CER) ST Z0 F [, RQ W FFA = 0.8 U L, E/KMERERTHNE, P
BEREE LM P. pastoris A3k rHSA B Bl, OUR 1 CER & ¥ % L&, &40 120 ~
160mmol/(L-h) ,RQ A7 0.6 ~ 0.7, IR K E AR , RQHE X T 0.8, KB BRHE
HFEAAEYNEELMS LW, B K Pichia pastoris K B K OUR Fl CER ) 4Ll
BBl ne IR B (RQ) B9 2B FL AR A Ok L3R E .

Bt SEEATEESVH T EREERE . FREY T RS VEABEHEERESS
AR TAHE, Fr b B!
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Expression of Recombinant Human Serum Albumin in Genetically Engineered
Pichia pastoris in High-density Fermentation

Guo Meijin' Zhuang Yingping' Chu Ju' Zhang Siliang' "~ Liu Zhimin®
(" State Key Laboratory of Bioreactor Engineering , East China University of Sci & Technology , Shanghai 200237, China )
(2 Insititute of Biothechnolog , Academy of Military Medical Scierice , Beijing 100071, China)

Abstract: The optimum culture conditions of genetically engineered Pichia pastoris in shake-flask
cultivation and in fed-batch fermentation were investigated respectively in this paper. It showed that
the cultural period induced with 5g/L methanol is 96h, optimum methanol concentration is 10g/L,
and pH range is 5.72 ~ 6.59 in shake-flask culture. Although the seed inoculum amount increased,
the target protein productivity per cell optical density was decreased. Their relationship fit the
equeation Y = 12.941x %% (r = 0.9789, where x is inoculating D¢y, , Y is protein productivity per
cell optical density), we postulated that the restricting factor may be dissolved oxygen (DO) at
shake-flask culture. With the 10% inoculum and 20 0Dy, of seed, the lag phase of cell growth is
2.11h in baich cultivation, and the relationship between cell optical density (Y) and culture time
(1) is Y=0.7841e""" (r=10.9936) ; The cell dry weight of broth reached 115 ~ 160g/L and the
maximum rHSA concentration was 3.6g/L at the 120" at the fed-batch fermentation phase .

Key words: Genetically engineered Pichia pastoris , High-density fermentation, rHSA
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