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M E BEYERR-TERAFARENTHAXBMEXZEVZEENLE FEAEFRRERATREMRET
EHRNESMERLEBT THAXIAAR., EYMARIENARKMBRELEESK(OUR)MAREW(DO)
B AL BT IS AT R H MR B E X AOX A R A REAR, S REOHBEWE R THM, A
FHELHESDT AN YREANEY. HEPRRNHASXBEMEETL. EMBXABRLHR A
e Ak, BP B 5 S SRR R 2 R0 SRR R R R 5 A IR R L 4 R, YO R LR A P A U L R Y, RO
AR LR R Y TERBR, SO RHELRS N pH, OUR(CER)T R FHEA WO R HELRH LSS
—%, WA B THPAREREN S AIRE 2 OUR M CER B X WA SR HEHMANGEHT

BERFERES, N IBHERETRERE.

XA E4EFSES, THRHEMMN, SEH, XY, WIS, AXIH

hESES 939.4  XMIRINEB A

BEERBTURMEYE RO B ERRE, LLEA
IFFERY B R KR &, 788 BASF 5424 1) Gis-
brocades(DSM R BT & ) B FI A L EHBE L ER, T
1990 SE & BT Aspergillus niger T ok B A 7=
74 PR G, [0 2 75 BRI 40 LR 300 4 LR Y
SEMAEAT  BEEEMN 2 EEERM TG LIRE M
& (Natuphos) BRI f0 & L 71T, st Ed R T
BROFEHMBTSRRIAREHER THRERE
B RSN ESERXANERME S EHRHE
B 3000 fF LA L, B I B BRI 7 L A T,
HARA RS AR M His™ . B THRE D
FEREKABBAMN S EE 1040, BEARRAT
TR SkD A FEHARE %L L, BFES
ERRK AN T oA, BRI Invitrogen 44 A
Pichio Kit HIER T 4 K 418 ) GS115 Mu®His™ % H
TR Phy-269", HW , AXERTREEFRME
FENMBRBEANIRES , HYH BRI BN —
WA RS — KRS BILAR R £ A4S, b
FRADNEZBEIBRE-— NI RARSH AHS
BEARRESEHEIXRMERRER, T EH

W B B8 :2004-04-15, 4 E A #5 :2004-07-23,,
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BEMo MEARABRSREFLEMNGSIIBEER
Foak B BT I, 0 Bk A< 30 SO L R B R A0 L AR
BARRENSEGETHXSN, V TREKRE™
Atk = B E R AR R,
1 #HE5F*%®
1.1 Hi#h

GS115 phy-269 W #, & H A 5 Mut"His' , R&
BUh XA MM EEE KN pPICOK/phy, BB T FF
Fk B BRI BN o3 BE B (a-Mating Factor, o
MF), Atk XA RmELE R BRNERE(h
EAVEREMTIEARA N,
1.2 EXERMHTHE&E

R RoRh T & Bk EC#R (4],
1.3 &BAE

¥ Invitrogen 7> 5] Pichia Expression Kit X BEJT
®E.RAFUSSOL(A) 2R RERE(EAB T RE
EREATRBEATR PO L8)PH), ABIE
BIER & 544 W4 H Biomdar 2.0, FUS-50L(A) -
WAL 200 SRR, DL 10% B R B R, 30CH
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7, W HERE = S0 & 4 58 & (Dissolved Oxygen,
DOYTE 20% LA b, IR K 4EFF pH 7£ 5.5, DO .pH
¥ Rl METTLER TOLEDO i fELR B M, R G 1T
FE49 200, M (R B AR, A BRI H (R
HERE). FRAKE LY —CHEHB(AREEE
0Dy} 400 7245 ), B #b T ol (SR B &%), 1w
(REEHHRG, B 1.0mL-L' -h ' H K1
WA RS TR
1.4 A *E
1.4.1 THABRBHEB AL - BEBEERC,HY
A 2mmol/L EDTA & 10mmol/L % % 28 ¥ ¥ (pH7.5)
R 2K REBFAETLTMHE lmmol/L ZHHF
FERE ( dithiothreitol ) H1 2mmol/L MgCl, # 0. 1mol/L 8%
ME M (pH7.5) %, EBEWRTHMA 0.1mm AR
PEREK ,0C T, LA 2min (A% 0. 5Smin & 7 F B & 10
&K, FB{E 4CE .0 (20min, 7000c/min) , | 1 BB A X
0 J B
1.4.2 WIS

(1) Z # & £ 86 ( Alcohol oxidase, EC1.1.3.13,
AOX)TEHEM 2 . MR E L IL BB BE
WCImn AN EAESERMIBAREED
HRER jpml B BE. (2) FEREASN
{ Formaldehyde dehydrogenase, EC1.2.1.1, FAD) B§{%
WE , SN E 3 1L T 40 B #E 30°C Lmin &
B 1pmol NADH FIEFE B 1 88407 (v). (3)NMBE
Ji% S 88 2 4 % (Pyruvate dehydrogenase complex, PDC)
mHERMET . BN E L TAREE 0T
1min J& B 1pmol NADH RJEE &, Bl b 1 #41 (u).
(4) % % H-6-8 8 B & 8 ( glucose-6-phosphate
dehydrogenase, EC1.1.1.49, G-6-P) 3% ¥ # &= . ¥
AL E 1L L4 B A 30°C 1min 7B I 1pmol
NADPH TR, B0 1 867 (u)o (5) BATREME
S K (Isocitrate dehydrogenase, EC1.1.1.42, IDE) ¥ 4
WE™ , BIEBAIE X 1L X4 M M 7E 30°C 1min JE
A% 1pmol NADH B MM & B4 1 Bfi(u), (6)a-
MR — K B & ® ( o-ketoglutarate dehydrogenase,
EC1.2.4.2,c-KD)WEHEM E® . BB E L 1L
A AE 30°C 1min 7 B 1umol NADH R BB &,
Bk 1 B (u)o (7) 3R 188 B S B ( Succinic
dehydrogenase EC1.2.1.16, SDE) IEHME™ . MiE
B E X 1L KA £E 30°C 1min 3 JT 1pmol B
MR 1 ABERAM (). (8)HMRMR
(phytase, EC.3.1.3.8) 247 gk . #& C#R[9]. BBTEE
SC:HE 30C,pH 5.0 BF, 843 $0 M 0.0051mol I BEEH

FREBRL 1mol EVBEAIFREARRNY 1 846 (u).
1.5 BHERESWAHZE

SHAHEIN AR LELHBRPEEE, (X35
GCO20 SMHAEM( LEH KA ERUFERLA);
¥4 chromoeserb101 #, B K 1m, AE 2mm, &
SNBSN, RN 15nl/min, H, 5 S K E S
14 30mL/min #1 300mL/min{1:10), Hi& 135C, %
HERE 135C, AMBEAE 170C, A THERE
£ %8 BT CDMC-21 V3.0 jf,
1.6 ZEBRSSH

HES O, K MR E 2 17 {0 (Magnos 4G)E £ K
W HES CO, KA AL IMY (Uras 3G, FEE H&B
Ml ). IR S BE W FE 3 2 (Oxygen Uptake
Rae, QUR ) 1 _ 4§ 4k & B B 3 # (Carbon Dioxide
Evolution Rate, CER ) it B ¥& 3C &k [10], FE 0% #§
{ Respiratory Quotient, RQ) = CER/OUR,

2 BREAM

2.1 MAFERESREKEIERTIERSE S

HAYARSEXIIIREEOTE -HEMHEK
F(EMmXFHEH SRy EFERRSTELER
B B, B 0 i # H ( Transition phase ), L H &
Mu® RIBE Bk, R BE N B, EA 5K EER GS11S
phy269 D MM AL S HEADMA 1. A 10
MmUHEAREEKN, S EmHms8shERG, T
SO 8h HIHEHAPEES, YPEMARERLE
ML OUR rZ LA DO MRS KRN T, B
BT W (F 1-a) , HE I PP R R Ak R MEE— A O B
%, OUR W34 K H0 DO M4k T R R & 41 L R4
MR PR RS WSS R, 0§ B A
AHESCEEABACX) A S Y EyEA
BRAESARAERE -REMGER,8.5h §HEH
BERE.F60.ah FFEEH A F B, 4 30min DO BE
FHEEH TR, T OUR MIZEFEAA 090 £ 4
(61.30)AEMEFH#E A BB KRR HEH
B0 AOX AREEN, KEAEEER G FHAN
MHBEBES cox HEEFH mRNA K55 BB E
R, B, 8 R B R TR A M A I A T
SH(OURYM KB E M (Do) WAL F#IT X
R, EHERESAAAFKE (W EEH)
BEATAE AT, 0 AR AR R B B AL .
2.2 B EHEZBIESHEXSN

AR B AR IR, 4 GS115 phy-269 X BT
M FEERSHRMRME 2, 50.5h FILHEB,
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Fig.1 On-line parameters of OUR and DO at
transition phase with different carbon sources
a: glycerol as the sole carbon source at growth phase;b: glucose as the

sole carbon source at growth phase

MT B ST, OUR Ml CER Z# F &, Fet pH £
A, FESL.IB A BHBEBEEREEAERE(OUR) M
HARBBEE(CER)MA TR AEEEXTE,F
i}, pH 12k - 7 % 2, 20min /5 pH R B A F 12,
ZHMIES Ih(52.75h) FF & T, 16 OUR # CER
FBAEHE, A5 R 27 M 17Tmmol/Lh K4, LHEE
HFE 2h £H(53.73h) OUR R CER W FF #h E & b
F, 15 B 4 BE o B A 40 A T B B B I8 R R
BEHEARSARSIBEDPATESHEW R
(ROYFEVM B AKEN HEL£0 XL, SHE
BELIAR B THEBREENRY RO B ZE
HTHRZ058LL, MY MHBE(S1.780) EH T
PFEESMANOSSHRELFAZE 0.66(52.5h);FEH
OUR F1 CER MBI B3 X, RQ (EMIM 0.66 JLFHL
TrHZo0.56 £6(E2). BT RQ HS5HMF A
BRI AEE LR TARAHER
(B RTEA BB I D) EDHXE"  MEE
HETRAMRNERE(KESEEREENT
BT EMRGERTE), Bt RO WEL
EFENAGERTHARARFHRLUEEHRR
fEERmsI R RO TR, YHRHMARHTH

BT AOX B8JE B 1% 40 R 1038 9P MK, RQ B WIIN K
(BieBKERHN 0.75), BV RO EF/LERBR
HEEERENANEYNE, HTH--HRAP
BRI AR B 7k, TXHTTHES
BT, LU B X S 2R i 2R W AR L R,
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Fig.2 Main on-line paramelers at transition phase

23 FERHEAEIEREREXAMSN
BREFESAMPHENE S REXENHR
2 IERSTERBMERNCEMBTEES
W AERREEM(FAD) WEBKREMESHE
(PDC) & Hi-6- ML 5 B8 (G-6-P) . RITHMB
SR (IDE) JRHM K EM(SDE)F . TEF B4 A Oh
(BN &4 #6/2) .3h 4h .6h F1 10h 4 BB AL 34T
MHNE SRNE 3. NE3TTH: NAKLEK
FAEHEAEE RN EEREREPX
BN —FAMEREAME S (PDOMEHERETRE
AR SEHMMN=%RBEFPHNLRERITR
B S8 (IDE)EH B2 TREL, W HMP F 24
XA 6-P-HEBMBEAM(C6-P)HBPETLEA

AR R R R (FAD) MEHE AR (E

3), WA Pichia BERF AFI B H B AL KB B W H
AREATMREOREINETIRGFENHME
FARMNIR. REMEEARN FTERIN
(FAD)# 6-P-Hi By 1% IR 86 (G-6-P) L A B ¥E R 10h
BftL Oh BN T 6.1 f5.2.545, MEERER
(BMZ -FAFBRRIABESEK(PDCOM=ZHEE
AEERAFBRMBEAMUS I TET 2.4 551 5.1
fE.HERFHRESE - RERAREZAHTG LA
TR, Mt R R TRMHEER L PMEL
FRBTR N ZTERB . FERERRYRL
7 (Metabolic Flux Analysis, MFA) 77 ¥, Xt FAC I #E A
HHTERTE , ERSEELAYE(EXREK).
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Fig. 3 Activities of key enzymes of methanol

metabolism pathways at transition phase
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BREFAE IS EENELSEE 2 AR
% B E 4, 3% 55 81 5 GS115 phy-269 L4 R % 8
hEAEKE AX BEAMMERT, LVHE
B AOX AR A BLBIERA, X5 ohi & ERHA
—¥, YKPWHEEEBEALTEE PEES WK
AOX BEFE RSB A, K80 A0X1 BTG IR K, R AT
T2 A B #35  R (Rphy) /N (JLPEIAR 1),
i 2 59 B 5 4h(55.78h) B R W S T BE A RR AR TS O
205u), A B AOX BEIS R A ZE 6.89 x 107 u, Jt
FEAMMBEEEE(BH R6) R, kX
2 31.8uh, LR Py JE D 76 2 FF B — 52 I [B] 89
BeARES HRE—BRHE,A0X1 BIERLS
ITHEEMMELRER(R, BEEMHXXERE,HX
EB(r)F 0.9, RS HRZEAFATE—EHHX
W EAERESH OUR T CER B2 i ¥, E 2R
OUR.CERLHAEMKX RHREF O~ 4 HE.5
AOXEE G A M TREAMERAERTL
(R, ) EMREWA kY. Hik, o7 LI OUR
CERMERANGFEESHNANBHTRESR
B, MTEERMESESES L FERETTE
TERBH SRR,

3o
H 243 1 ( Association analysis) FiIEBREWE &
AGERTRERABREN ST AL, LHEANERR

HEREWZEHIR D, AT HEN A FER S
ESRBZEAMNERXR  BARETHRE(BEON

MESTHEENEYEARIBRERZENLRN

LB E PR, KRS REREDEE
ABRFARETHAEY SRS RERET L . HKH
AL MR R AR R R R A R R 2 Rt i
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Fig. 4 Off-line parameters at transition phase during bioprcess

KXo AN -TRESEUES -REHRKZ BER
BEMESEN. I TERRTUER -BR
AL B S RN KRR RER+BSH IR
EHHHEERESRHATES . KHEWE
HMELBERARIBPMEERLEELBEGE
fTRXAHEBEBEREIRPESLASIMER,
FHEBITERSHETGFE, AT A RE &
S, BREE REME ZBEFE NN
By LFRESHELSE OUR.CER SH#HTTEH
AN, ERATEEIBRPRBRAOTEAR B
TTEREFEALGE—HFHWERSEERNTZ, &
REEAE RS (Mu'His" ) EX TRAMMEK
HEHSHEHBTHEXIT, BT ERERLEN Mu’
B ARAYEEEHRE. FE - EWPEHESEM,
BMNEHELAEREGFERIETEMBRIBENE TS
RFEEXBEETIESELXSHE OUR.CER .RQ .
PHAEZZM W I BB RIRERTEE
ZEMXT T, NELXRSE(OUR M DO )BT &t
FEHMMHEEREY A0X A BN HEERER
. Ohi & @t x AOX2 B sh FIhEE St R 8A,
TE P TH =AM R WE LA, AOX2-URSH IEMER,
BTN T P BN -337 F -3132E, MY
F a2 BEFRHBEHME, ER M’ HHPERES
aox? FHF MW B X E, 5 M’ 2R = i) PAo)uﬁEl‘Fl:'l
NEAFTHEERFF - HHEF 2~ AME
EICHF, B AOX2-URS1 1 AOX2-URS2, Xt H M #1 #
BRSHBY R TFANMER cx2 5%, WHAS
PocBo THZ XHEEHAFSTEATETER
A F 3 21 S A I 4 AU IR H o R0 R R e LA B
EFYMIR . LEFNBREARS R, XEEAXE
HEXSRAEBEERMMLRRL,
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Parameters-based Association Analysis for Recombinant Phytase Expression in Genetically
Engineered Pichia pastoris at Transition Phase

GUO Mei-Jin'? CHU Ju' ZHUANG Ying-Ping' HANG Hai-Feng' ZHANG Si-Liang'"

' ( State Key Laboratory of Bioreactor Engineering , National Engineering Center for Biotechnology ( Shanghai) ,
East China University of Science and Technology, Shanghai 200237, China)
% ( Department of Biotechnology , Jiangxi Agricultural Uriversity , Nanchang 330045, China)

Abstract
off-line parameters-based association analysis for recombinant phytase expression in genetically engineered Pichic pastoris at
transition phase. According to the association analysis of on-line pammeters of oxygen uptake rate { OUR) and dissolved oxygen
{DO), the aox gene (alcohol oxidase) was repressed at transeription level by glycerel and glucose at different degrees, with
glucose as a stronger repressor. Based upon the key enzymes’ activities, at the transition phase, the recombinant Pichia patoris
had lower metabolic fluxes for glycolysis pathway and tricarboxylic acids cycle pathway; higher metabolic flux for HMP pathway,
with the oxidation of methanol became a major pathway. These observations were consistent with the data from the association
analysis for on-line and indirect parameters such as pH, OUR, CER and RQ. Additionally, this study revealed that gradual
increase of OUR and CER signaled the successful induction of the Pygy, at the transition phasc.

Mictobial fermentation process is a complex bio-system of multi-scale parameters. This report describes on-line and

Key words Genetically engineered Pichia patoris, recombinant phﬁase, transition phase, on-line parameter, enzyme activity
‘analysis, parameter-based association analysis
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