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HMMBREBET (P, BAFENEES KB I LN ERENHE A-ER4 TH
AR P BRAESMEHFY,

BEEEFEAREYEARSRETIRAERANMBEQOREN - BEFRIK. £X
BLX — H bR 75 XS B BRIEAT B 008, RIBY T IR — 18 TR ARG A MM REQREE R
(kb ), HAE KB 2B AW A — 3, AR AT E 40 A i 3 A1 E A (Human
Serum Albumin, HSAY/MREHEK FREEFUEFRBESHATEFEEFE K %2/
WERHN AT EETR BN EX T IRER D . S XREFRLER.

1 A Ae &k

1.1 ##

1.1.1 FEf. B R FEBF( Pichia pastoris ) GS115 HSA — 1 F# (Mut” his* , P, B

pPICOK, B S IRFESH b AMBERE N o 22 EF AMF, AV RER Y AMBTAZES

cDNA, B S L URESERABE L), b L REEYERWAFT P OEL.

1.1.2 MR FARIESRE YPD B HEY R PR FE MoY EiE FHFEY ot £ B

Bre . FM21 SRR B & H il 6% A1 4ml/L PTML 808 T E B W E 1L 15 2 2h B I

FER  PM21 SEREER S H M 4.03% 1 12ml/L PTM1 RS R T E B

1.2 FHik

1.2.1 BFTE AFH#H FREM 3 - AEEIER S0mL # 7 575K 500mL K ##

FHLH,30C , 2200/ min FE3F 20 ~ 26h (R TR BE 100 {5 S AR YL AL 0Dy 2970 0.15 ~

0.20)  FRIFFE 0%FEAR L M AR FRERN SL EBR PR MER(H 2594

KB pHES.S) FEFRBREVC, ELSAVTESE HAEENREMSAEE(DO)KXTF

20% . MR EMERGEH DO BER EAB AT EEEAER. LREFEWE 1,

1.2.2 S HE pH,GIO80 B pH BR

5 5 BN S A AR, (BRHET K

[\“ﬁﬁ—w EREECERTEBF LR FA,

g ——— ! 15

! (DO) B E B £ L Il (B Ingold 25

l‘_7§4 A= CD9SL - 06) s RS 43 7, HESL O,

PG E S A (Magnos 4G) FEZR R M ;

HES €O, R A A S LLL MY (Uras 3G)

ELER I (P58 H&B AR AP HE 2

B 1 P.pastoris 3o TERBE 1 5% 8@ WobEmEE  MEBREME. K

Fig.1 Chemostat cultivation setup for recombinant P . pastoris 10mL 8% F 4C , 3000r/min gg £

1.Fed-bottle; 2. Ammonia bottle; 3. Electronic scale; N .

4. Auto-pump; 5. Air compressor; 6. Air filter;7 . Air meter; 10min Eﬁ i: ﬁ 7& % éfﬂ Hﬂ ?_E E 3 % Hﬂ %:
8. Automatic fermentor with multi- parameter sensors; 18l 3 =

9, Agitation speed sensor',lﬂ.}[:H electrode ; iﬁm % ! H‘l 10mL. ﬁ @ﬁ :Fiﬂ E iﬁ

11. Exhausted air analyzer; 12. Dissolved oxygen sensor; ?E]J:ﬁ ﬁ ’ fi %ﬁﬁfﬁ“ :,F‘ 105C };:t E 'IE E , fﬂ:

13, Temperature sensor; 14, Sample bottle: 15, Computer with B AE T & ; o1 i 3 B B ( 0D, ) ﬁ'}ﬁ ,

data sampling and eontrolling system .
MM FRAEETAKRBERTHRK
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600nm 4k 1L 22 B T K 4 3 BEH AT L AW TE , 0D = 0D B x BB,

1.2.3 fEfbEFERRENRE . B TALRRHA FUS-5L A ZE SR A BB (hER
BT APEFEAHEATRTOHH) #7EE 5, YELKSH pH, DO, ¥ & (v/min) ,
NH,-H,0 {43 K [ 323 OUR.CER.RQ l K.a FHE —EN N EFHERE(FES
BILFERE) ABKSH MM IETEE (0D HHWRBEEEL =K (E 4h M —K)WE
gr 3, BPEA M E R AR B EEE.

2 HRFIE

2.1 BEEIRE P.pastoris TR (0D | SHRTHEREEMXRK
HETHEEHTHES ARSIPREAEN

130
B IR (AR 5 4 F N, B AR, I %gm_ y=1.0081x + 19.487
PI%) SMREARRBAREANGTERA 512
ClnTg LM Ut th, ORI 4 AR IR B i dt 3? 2
K (SN BRI £ 5 SRR 5§ 5= 023035 - 0.10%
T L AT T Y L Ve i

(=4

HMENA AR AR ERSET O0Do
BEHRBEMRABASHR. FRAREETE
HESETAE RPEEE (0D ) SR .
BRHERMEXCR(AE ), LEHTRN.

Bz 4FJ2ES 0DwX %
Fig.2Z Relationship between wet/dry

cell weight and cell optical density

Vucw = 1 .0881x + 19 A87 @ Dry cell weight; OWet cell weight.
(RIEA R B r = 0.9996) (1)
Yoow = 0.2303x - 0.1076 (ZHHEXFEE r = 0.9997) (2)

Rl 1000D, = 128 3¢/ LR H )
1000D o, =22 .9g/L{ T )
2.2 HBEAEFHEEFEPRIGEREHREORE
EEFEAE AR TRMWEEREDHESR
%Sosz $CX+mX+ g—’;X (3)
SR, g R ER R EREEREE mX < 2X0Y ), B =9

B A (AT AW ), L dS/dt =0, =D, )X EM:

X_YG(S(}—S) (4)
R —HAERKEET (p HED, Y, A%, M TAR S, '
XI/XZ_(SUI "Sl),(sm_sz) (5)

Al AEFS (S)RFM S, (I=1, )M EHELERRELBE. X1 ¥KHAS, =
1.87%,5, =5.09% , BEEE(OMEZESEFNER. X,/X, =0.086 T (S, - S, M (S,
-8,)=0.088, A A EE T E Pichia pastoris GS115 B #kAE K B3t B H W
BRI R 5.09% . AR KA 4.03% A H Kk EHITELER,
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1 HHARWRELELRER
Table 1  Results of concentration range of substrate glycerol
Fed-glycerol conc. Residual glycerol conc. Cell optical density
S5, =5
Sp/(g/L) S/(g/L) 0Dy
18.7 17.1 6 1.6
50.9 32.9 70 18
2.3 EAEBFEHESR
B FAER AL 2,
F2 HEEIEW Pichia pastoris HXEFRBER
Table 2 Experimental results of recombinant # . pastoris in chemostat cultivation
Regidual Congump. rate:
Dilute rate X DX Yx/s Qs OUR CER qoz2
(h-1) ghycerul conc. - of ammonia HyLleb) i@y /(gerh) Flmmolhed)  (mmol/he1) M (moltgh)
fCh~ 600 . & 2 mmolfh- 1. mmal/h- /{molig*
: S(gl) (gL
0.064 Q.04 4.69 T 1.026 .40 o.n 56.26 23.14 0.41 0.0035
0.091 0.06 B.7 86 1.729 .50 0.13 a8 .25 32.23 0.47 0.0035
0.104 0.08 9.3 105 2.501 0.61 0.17 97 .96 48.63 0.50 0.0041
0.169 0.105 10.1 o8 3.793 0.57 0.30 141.1 77.93 0.55 0.0063
0.199 .15 11.1 95 4.329 0.56 0.35 140.2 8(.26 0.57 0.0064
0.213 (.45 14.35 2 4. 195 0.55 0.39 142 88.61 0.62 0.0072
0.257 0.96 19.9 66 3.884 0.49 0.52 152 103 .4 0.68 0.0101

Note: Yx/s = X/{S - 5) .gfg: Q, = D{& - 8)/5. g/ g  higyz = OUR/IX, molig* hs RQ = CER/OUR

FHETERE P.pastoris LHRERIET .

B Monod A8 g = 4, 8/(Ks +S) (6)

IR Ve = U proe + Kol g % 1/8 (7)
HEIR U/ SUSHELZXR(MERE r=0.98), KALEHTHEE P. pastoris

MAKSERHEERTRRERENCEN S Monod XERX . @ I/ X U/S F#HiTEH

0378 o =0.366h ', Ks=0.1823g/L.

2.3.1

y=0.4975x + 2.7288

B3 e e X EHL

Fig.3 Curve for relation between 1/ 4 and 1/s

24 28

2.3.2 RBIINF¥EBERR . EMEDAK
rEREL R FRBE R E AT EA T ER S
(A ZM Yo R EARNEY, HT 85
Mk IEF R NEHEE A 54K X%, #l
AMHMBREA TYRERTUEBERALL
HREH R (q,) S I KR EE (),
K BERARKBREH(YO)NERFZR ()
MARWT:

q, = p/Ye+m (8)
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it q, ¥ x BARAN CIOEREE (R e

FEAE 1), BEBRK T MEEBE Y, = R ;
T 0401
0.54g/g 1 m = 0.0069g/(g-h), MR 2 7] H, i
SRR SRR (YR Soof
KEROHMARERTEROBE EEX |, L
0

1
00 0.05 0.10 015 0.20 0.25 0.30

THERXEBERER(Y,), BEHHESHEE )
i

AH(Y )E5WBERDh ML EEBRE
BERE (S . cerevisiae ) F FH 7T B8 0 89 36 &1 M B a4 RYEHEEEE() SHER

KMl ALRPHABERLERF AWy, ER(u)ERF
158 BH HEmpA AT EEH x4 KA Fig.4 Curve for relation between specific
B W W, IS 25 =] ;{{ E_ , i F consumplion tate of substrate and specific
428 1€ 0 BB AR A PO B2 S R K el e e

By R A BT FE S PR A B R O 25 B9 — NG AR , B AC BB XS T A 7 R 1 40 B B o o ST R R
WL R F K.

[EB¥, th Monod 77 12 to. 79 B AL T AE R (g )5 IR LA KRR (), R E BTG
HERB (Yoo ) A MR FFE KE R (m, ) TR

A = o/ Yyp + My (9)
0.012 it qu it o FEFEHEEN(E S) (EHEMX

’ y = 0.0323x + 0.008 )
N 0.010 R2=0.9348 ° FAE1=0.9669)1%: Y, = 30.96g/moL, my, =
EDO.OOEP <5 0.0008moL/ (g h) . BEHITRHAH P, pastoris H
E ;’g KRR R R BN ULT R MR
e I o B R B (Yoo ) FFR K, B TE BEAT G
FERARBNARRANELEPEE K

0.000 0.050 0.100 0.15¢ 0.200 0.250:0.300

Wb D) T AR AR AN R E
2.4 P.pastoris K AERKEE () HEETRE
BSs EHHFERE (g, SHER {DX) B & g
BEGONIXR H Monod FRG)MBEBEL D=y
Fig.5 Curve for relation between specific oxygen ' 1B S = DKs/( proy, - D) (10)
comsumption rate (qg, ) and specifie growth Tate { ) (10) 2B A (4) 278 X = Yy [y = DKs/ e — D) ]
(11)
AT 1A DX = DY, [ 8 - DKs/{pu . = D) ] (12)
44 d(DX)/dD =0 B A] kK & DX B KETHI D,
H(12) R BTE Yo A2 D HR N0 .
D=Dm=p. [1-(Ks/(Ks+5))"] (13)
¥ p, =0.366h™" Ks = 0.1823¢/L, %, =40.3¢/L RA (1) A B B EHBHFEE Dn
=0.341h""',
M3 2 0m B A KRR, B E R R (DX) ER A G RE S, DX
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Jo By ot HAE KB R 0.199h ", X 5 B PG BB R R ARl ATRE B W Bk 4 (D) /b
W, — B EENER SR WHES AT SRR A EANELE ROME, 4B
BERAN, FEATREREATSH BRI R €, N0 8 RMkeE,
2.5 et E (p ) XML NH,  H, O 7§ 5 3% X 1 &1
e 2 A5, AR AL B 3 o B T A TR B () MO RS, NH, - H,O0 I 38 3 R 5 WA
Z(DX) B A, {H NH, - H,0 I#EEETE A KB N 0.257h ' BN B K, i DX 76 H
ERBHEF0.199h ' AR K NH, -H, 0 JHFER T 5 DX B b A 1 F 2 (0 138 KT A9 F
—B, AT RERE Y NH, - H,0 — 2 PR 0 B0, — 28 AR g0 i K SR8 A0 pH 5 40 4R
R ERBILRHZ A XAREREEE S . NHME T e AR 3-HR
H, EF B MBS EE R RN RRR MR
AZHRBIER(TCA B M =EHEEE IEE N, -H,0 BE K NBBM -2 NHSE
TR A% A AR, 6 R 0 28 M 1 A B B A 1R 7R (HMP) s 1 - RR B S R R A
AR 6-3% BRI A A A BRI R A2 A S A 0 A A G B2 AR B R I L S B
R EREE pH A M E NH, - H0 B850, hHT R K EE )T, E—F
O THRRMESHININERKEBLRRES, BEE TRBRTESL.,
2.6 PR ()3 ERR SRS (RQ)HHIM
0.70 2 ML 159 PP IR R ( RQ) 2 AT o A 9 A 3
ym L 26 2.3 REMRBWBREN—FESH" , RRER
F0R G H 2 e T R () RO D, 4 AT a8
() UF % 7 (RQ) 2 481 48 (0 P 6) (2B
MRS r=0.97), Bt ik o 40 B BE 1A 4
0.40 l . 33 5700l B B P 0 2 TR T R A TR
GO SR T O e, S vl R B S LR B
B ES SR R SRR E T S
B6 PRRERQSWEKBE(OXFRMA RN 3 4 CO, 44T, A= REHER
Fig.6 Curve for ﬂ:i&lion ;etween ;espiralory quotient and Eﬂ_ﬁ 3 Xﬂ'%?é’é NADH {gﬁ%%ﬁwmﬁi
¢ st v e B T mE L BEHA 3 HT 0 £ R
H,0,5 1 X 7% FADH, FEHH FFEE. 51 90F 0, RNAR 1 5 F HOo,FikH
M54 FALA RQ 298 3/4(0.75) B H MBS/ AR — B NS JE A BB 5 4 M iR
RO AR O B L 3-BE AR H T PR A BRI R R L AREE 1 4 T 40 B 205 ML B 8
B4 6 4F CO, MEFE 12 4T O, , MHETRE (RQ)N 0.5, IWEHIE EHIR, HIFR
B(RQ)/NF 0.625((0.75 +0.50)2 10} , M F E R HTHEF S A RLEBER,;
LIFRH(RY AT 0.625 8, HifLilff T ERBITHBMABARANSLMRBEHRR. X
PRig R A KA ET MM RQ I — MBS EFEcE, HRERELET oAU EK
HEAEFFIE RO R . H b, Bt 8 () B8 A, H S M R R R
0 B R T 2 70 ot v R R S M SR R R 1, BB B AR T S R TR FR i R 1
R RTER YA,

0.60 |
=4

0.50
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STUDIES ON CHARACTERISTICS OF KINETICS AND METABOLIC SHIFT
OF GENETICALLY ENGINEERED YEAST PICHIA PASTORIS IN
HIGH-DENSITY CHEMOSTAT CULTIVATION "

Guo Meijin'?  Wu Kanghua' Zhuang Yingping' Chu Ji' Zhang Siliang
(! Steze Key Laboratory of Bioreactor Engineering , Eass China University of Science & Technology , Shanghai 200237, China)
(*R & D Center for Biotechnology . Jiangsi Agricultural University, Nanchang 330045, China)

Abstract: Kinetics and metabolic shift of DNA recombinant yeast Pichia pastoris was studied in
high-density chemostat cultivation in which the glycerol was used as a limited substrate . The experi-
mental results showed that (1) cell optical density { @Dy ) of Pichia pastoris was linear with its dry
cell weight (DCW) and wet cell weight (WCW ), and reached 100 0Dy, = 128.3g" % /L orl00
0D = 22.9g"% /L; (2) The relationship of specific growth rate {1} and residual concentration of
glyceral is accorded with Monod Equalien,to obtain g = g1, S/(Ks + S}, where g, = 0.366h" ",
Ks = 0.1823g/L. The maximum cell yield of glyeerol substrate Y, = 0. 54g/g, growth maintaining co-
efficient m = 0.0069g/(g-hk) , The cell yield of oxygen Yy = 30.96g/mol., and the optimum theo-
retical dilution rate Dm = 0.341h ' by parameter inference; (3) With specific growth rate {g) in-
creasing, glycerol metablic flux shifts linearly from glycogenesis and hexosephosphate pathways to
glycolysis and tricarboxylic acid cycle pathways on basis of variations of consumption rate of NH, *
H, O and respiratory quotient value.

Key words: Methylotrophic Pichia pastoris, Chemostat cultivation, Metabolism shift, Kinetics,

Recombinant human serum albumin

HEHBN:

© PERZERMEDARITATESHESD http://journals. im. ac. cn



624 oA W ¥ ik 41 &

CER - —H AL BN & ,mmol CO,/(h'L); DCW - 1ML T8 ,g/L; DO - HWE T THHEE, % Dn- Hig
BOEMBES L' K - BMAEYIEW R FEREE, L - BEERERFFY /(g h)s ODg -
Mt {E; OUR - BEFEH ,mmol 0,/(h-L}); q - P H#HEER, o/g; Qeo, - “ELBRE BN, mol
CO/(gh); RO~ FEIRHE, ' - BHMC RPN T HE; R- KU HALEL F, - AHFE . ¢/h; F, - H
KR, wh; S - HMEWENKE gL; sS- B BRHERE, o/L; - tAEKEE !

o — BAHA KHE L WOW-HIMEBE, /L X - BRI TE, gL Y, - EUBEER . g/
Y, - RWBAHERY gles Yoo - BVERAY /.
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