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Abstract

Constitutive protein expression in Pichia pastoris using the GAP promoter to
avoid the use of methanol is an effective alternative to the inducible AOX7 promoter. GAP
promoter is a strong constitutive promoter that shows high expression when cells are
grown on glucose. When P. pastoris are grown on glycerol, the non-fermentable sugar,
small amount of ethanol can be detected. Ethanol has been reported to repress the
AOXT promoter resulting in lower expression level of recombinant protein. However, no
literature has reported on the production of ethanol by-product when P. pastoris are
grown on glucose or the effect of ethanol on the expression of GAP promoter. In this
work, first, the effect of ethanol on the growth and expression of GAP promoter were
investigated using B-glucosidase as a reporter protein. The present of ethanol in culture
medium decreased the cell concentration, specific growth rate (u) and B-glucosidase
activity. These results indicated that ethanol inhibit the cell growth and also the expression
of the GAP promoter. Then, the influence of initial glucose concentration was studied
under oxygen non-limit condition (DOT > 25 %). The optimum initial glucose concentration
of 20 g/L provides p = 0.20 h" and lag time of 3.99 h. The increase of initial glucose
concentration to 60 and 80 g/L resulted in the accumulation of ethanol, which decrease p
and increased the lag time. These results indicated that under oxygen non-limit condition,

the ethanol was produced via overflow metabolism. Finally, 4 fed-batch systems were



designed base on the effect of glucose concentration and DOT to find the optimum fed-
batch control (system I: glucose and oxygen limit, system II: glucose limit and oxygen non-
limit (DOT > 25%), system llI: glucose non-limit ([glu] & 10 g/L) and oxygen limit), and
system IV: glucose and oxygen non-limit). The results showed that the oxygen limitation
had a major drawback effect to both cell growth and expression of the GAP promoter.
More ethanol by product was accumulated under the oxygen limited condition (13.5-14.0
g/L) compare to the oxygen non-limited condition (0.6 g/L). The higher ethanol
concentration results in the decrease of 1 about 35% and 63% when compared system |
with system Il and system lll with system |V, respectively. Furthermore, about 7 times
higher specific production rate was observed under non-oxygen limit condition compared
with oxygen limitation. The best results were obtained when system IV was used, however,
the system IV is very difficult to control under high cell density culture. Therefore, we
recommended system Il of glucose limit and oxygen non-limit for the constitutive

expression process of P. pastoris using glucose as substrate.

Keywords: Pichia pastoris, ethanol inhibition, ethanol repression, overflow metabolism,

GAP promoter
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dl a dl v A [~ o
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Tsaulae p. pastoris naldinnsatuAuNIsUARIBaNTAt GAP promoter 3aNTINANMTTAA-INE
NARANIILNA overflow metabolism AR P. pastoris LW@u’mﬂNﬂ@VILLmJﬂ’ﬂuﬂ’ﬁﬂﬂﬂLL‘]_I‘LI
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¥ 1
a A
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LiaazugANALTALAY AN Tandseunaiviuaz linanistingedneimas (Doran,
2003 W1 284; Groot et al., 1992)
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anunanatunglalunanzaeuLLLLeT Wasansesldaududuaeinglas Gusu

dl o ¥ ¥ 7 " 0% dl % [ 3 ?:/ =& o ¥ a o
guialildaududusesaaggarinaniungesnis Aeiu asinlifiianisudnienuea
Daugdnazinmnmnziaesluaninziliandneandiauinu (De Deken, 1966; Petrik et al.,
1983; Von Meyenburg, 1969) Aatius Tuanuidadauil HasiiunisAnnannasesaniog
Anrnuazlianinnglrauazaandiau Inseanuuuniamiziaeadu 4 ssuuacuax (119199
1) a9z ULALANKLILIIAR ANINNZANFEN1TALANNT9IAA by-product Tugiliani

1 dal s a a a =

UBATEUININITWIZLRLNULLLN A-UUAT Junseuaunisnassaanduuuiidsnuing P.
pastoris NelAN1AYLIANNIUARNBENTBY GAP promoter

aazidunreusarsruuAtuANluNIsAuANA N NI uTesduaInIe (nglag)

wariFunneandiauazans Tuse i an I ziaeuULa-uu AT

b.

- nganuAnANdNdusesnglaaliadluaniozandin vinldTaaEuiRnainis

an

(39

GluBS #inglag 200 niusiedns uuudnTwiuwwdes (i, = 0.2 sedalug) Huiledugs

=

Ly

nazuauNsnziassuunLUAd (nglaaludeesniamizinesuuuiusdgnldaunnn)
- nsaruanANdndusasnglaaliagluaniarliandn inldlaeifnainis
GluBs ninglaa 200 nFusedns uuLdnwwwEss (u,, = 0.2 fedalug) TaaEunI9FN

anaennudndusenglaaludainismzidssuuuuadivaalszann 10 nfusedns



- nMgpauANFIeendauazait et luan1azanin (DOT = 0.1-0.3%) 411130
antiunislngldaniazpauandupsaiunisuinuuuwusd e liinisuanfiiseendiay
13gn3 Wannadn ludevsn

- nzaruaNdTHnMeandauaraelianin Iiantiunislaaacuandl DOT lrig

91 25 wefidus dnisuanfingeandiauiizgns luweinialdinnacl] Tudanin

A1990 1 szuuAuAN luNIEUABNIRNI R EuULINA-uLAT iNaANEINI9IAn by-

product Tugiianiuea
izuumuqmmuﬁ' &uawmsn (nglag) aaNTIAL
1 A1 [11n (DOT = 0%)
2 A laiarin (DOT > 25%)
3 Tdarin ([(nglaal = 10 nFusiedns) q11e (DOT = 0%)
4 Txanfn ([(nglaal & 10 nSusiedns) Tadanrin (DOT > 25%)

anniNNsAnEanswarasaNdnduresnglaasenisfulnuarn1suanaan
savenladiudnngladinalae P pastoris  nalFinisALANNITLARIDANTDI GAP
promoter TneivinnisauANLLLN 1 afianglag, arfinaandian wusnsAuTs nsuass-
pandunuiuiinglafing geiunnsrazinanldlunimanses n1sldnglaauay DOT

N - 4 o

ARRIATNIZEZNIANNNTY A5 ULaN1BeaRTIANL MU NIN A NANgeunnd
13.45 NFUFDARNT

N3ANLANLLLT 2 drianglaa, tdsrineandiau wudiniaiule nsuasTAaN
TJuuwiusinglpdwa geaunnszaznanldlunismiziaes nslinglaguas DOT anas
ANNTZZAIANTU druFuianiuaanianululTunnuites Aa JAUseun 0.484 niy
FAART 1R AN NTNIaeNIuaannTIanudASe N nLaL N IR aNaL@sse
N92121N"T

n1sauANLLLR 3 TAndnnglaa, Adneendiau wudinisauln nsnasTAeN-
TJunuiusngladma geaumnscazinanldlunimaass n1sldnglaaiay DOT anas

aAa X o o = A oA o

ANNTLELNAMANTL ANUTLLEN U ARTI_ANL MLTNUANIN Aa NALseanns 13.97 n5u

FAART 9191 AN NTUUDIENILAANATIANLT ANNINLAZAN IR ANALRL AANIL1N1NNT



nsALANLLLA 4 Tdanfanglaa, Tianiaeandiau wudnnisiaula nsuasTAaw-
Tuuwiiusingledng geiunuszazinanldlunimaass nnslinglaauay DOT anas
S X . do s .
AINTEEIZnAININEAY A mFuenueansanululFunuides As NANdszann 0.591 niu
AOAMNT
anNNsAnEanEnaresanInzanauazliarianglaauazeandiausanisiuls
LAz8RINNNAALTATREAS  WLIIANUBILLLTYTARATaTUANTTEzaN T 14 lWunng
dg/ [ % o Qida a I QI 1 o A a dl
WzIAE TR TAduuanNNENTNAFBNITINNANULILUUIBTAS AD DBNTLAL TINT
ArLANNIEUAuNITINI TR Ut a-uuad luaniaglidanineendiau azliaony
wnuiuresmasgandt luaniazaineandian lddnanududuarainglagazaniniisa i
:l/ d’l dl a = % A %
AN 9T LIANA170UIDIN198579 by-product  lugilieniues wudIlN17451918N114e 49
Bunuunluaniazianineaniian aanaliAuUUILLUIaITART HARARY LHASAN
nglaaunedaugnldlunisairsienues uanmiunn Ae N linaldreqnad waza19a
Tuana loun TrenduuwillsfiusmudaBunundaunlianas uenantianiuaadalng
Tugafanssusine) Melugad  FalafiansnniednsnaiLiaaIENLINaN 193 iR
aandauii lidnsnismuinanizanas 35 wlafidus waz 63 wWasidus Tunstinanin
wazldanianglaa aauandu Inananldaanadasiueuddasas Zigova uazaAne (1999)
IlaE Kalina (1993)
Wanansnaninasesaniozatinuazldanianglaaiazeandiausanis
wasuuwlasmnududusasnglrauaznislinglaa wudnluszuud 2 uay 4 (eendiauly
o o o o 3 k3 b4 dl o a Y @ 1 a
A1) azansninnszaumNdindunglaaldnnaninzpiuannaBunig lsuetng
atinqlafinin 4 mFuszuud 1 uay 3 (aandauanin) Ansduduaainglaaazgendnluy
dl 190 o a dj Y & 1 dﬁl ¥ ° o a %
anazildaninesndiau duassiiiiudmeainnsnldinglaaluaninzaninaandiaulag
nananmazlianineandiau audsnaliiinnisazannglaannau
[WHannnsAnunaninaresaniazaiauazrlianinnglnauazeandiausanisuas
wulnliusingladna wudnianssuaeseulsdivfingladinaasivsaunuszezioan by
PN X PR & ¢ PR °o o
wavaziingeauluszaznininwaziassuuuina-wund Inglussuuatuauninisanin

a

a a o - v a o A o
ARNgG LA (?ZUUV] 1Ay 3) ’Qﬂﬁﬂ’m@ﬂﬁusﬂmmu%mLUMWﬂQIﬁ@mem’]M’m LNBAMNEUN

1
=

nanlfdanszuuauanldanineandian (ssuui 2 uaz4) wanaliiiudnaninzanin

aandiaudanaliniandssaenduuwilisiulag p. pastoris MaldnsaauANNITLAAeen



184 GAP promoter anad laanudnnigldaniazanineendiauazlinanssuaesienlasd

o

wingladinagegaanas 80 wefidus uaz 84 wlefidud lunstinanin uazlidandin

nglAgd ANNANAL IHANANTUNDNANERIIN9AF NN AR g IFa N sz ILAYLANULILIA 1

1
A ] o

2 3 LAy 4 JANUsunns 2.885 vunasaanssadalug, 20.248 minusaanssatdalung, 2.885

dJ o

MinereanIAedalne way 19.379 MulefedARsAatalNe ANAAY  BaluszuuRandn

a d‘ al OI 1 d‘ 1 o o a ndl
AdNdLau (FeUUN 1 WAy 3) azilAAnd1szuuNldanineandian (F2UUN 2 AL 4)
Ugzane 7 win

WHaninisanaziandidudussaeniuea nasaauanwULy 1 Aianglag, Arn
aandLauLarn1sAILANLLILA 3 ldarianglaa, Aineandiau wudian1azainesndian
AFINNTNAMENIUDA TasANNTNTLaIEN uea NI R e RANLTTHNW 13.45 waY 13.97

o 1 a o o dl a =S 1 a0 @ a‘4| 1
NFUARARNT AINANAL LHANANTND9AN DOT wuadATUseNnes 0 wWafidus Teuwanadn
Ananinzaineandiau Aulen ueaiiaIuARAAIEANNNIUEN daun1sAILANLLLT
2 anfianglea, lddardneandiauuaznisasuauuuui 4 ldarinngleg, luandneandiay
HANINN9TAATI LA NI NI UURILENIUEA WLINAMHITHTUIaeN I ueatatNn Taad
ANUTENN0L 0.591 WAT 0.484 N5UARART MINANSL dandnalifiiudnluan1nsluiandn

a = & . = ¥ 1 ada | o
PONTIAUEAA P.  pastoris  avdnisldnglaatiuannisunalaiduudn (Enfors  and
Haggstrom, 2000)

Aatiu anungnagtlddnaniazaninaandauiiluanmauanlunisiia by-product
Tugilieniuentedszuunismiziass P. pastoris Ineldnglaaifuduamn danseanuuy
NILLIUNTTAILANNIIAA overflow metabolism 4111908ANNILNA by-product lugiueg
BNIUDA WAZAINITANNIFALTA N1TNAR NAlAIITAR FINDINA LAURIANA U T4

: 4 4 don e o o o - L n
wudnszuuNmuIzannga Ae szuuh 4 andanglaa, laiineandiau adnglsfiny

o

szuud 4 ldaianglag, lardneandiau azaqupuldainnialdaninznaaunuiny

u
'

e

v o

DAUTARAY AT §Idnasuuztinszuud 2 Ae nglaaanfinuazeandiauliandn dmwsunis

a

wansaantasTaanduwuillsmiuluy P pastoris Nl ldsTuines GaP  lusamauaw

LLUUEi@Lﬁ@\W]@‘ﬂ@LQ@’W



UNN 1

UNUI

1.1 NwazAnudIAyastiym

Tutlaqiiudarudeanisldllsaulunananionsnu wu THlun1s3ds nasuwnel
MINEAT GRATNTIN WA UAUAMI AR Tmﬂiﬂiﬁuﬁﬁm@@giugﬂmemj T
woulensT uauAlan uazuauAven Wudy eiluualiuanudanis 4l sausialundiBanm
meﬁmmiﬂiﬁuﬁﬁhgﬁu el SIVEETI ok fiAendesiumalulatinisuasiranduu
Tsiul@sunnuanlaunniumaliéas hefnnsmenuiniieldssuunisuanseantesty
Imeflasl P.  pastoris SoufLNITLALAN AN LA e ludmin denalfnIzuaunnsnand
UsrAnsnmuaginenduuisiuiinanldianinings (Macauuley-Patrick et al., 2005;
Higgins and Cregg, 1998)

svelzuIneaan sl P, pastoris AmLUNNAsEAaNT LWL SR Buainnigld

alcohol oxidase 1 promoter (AOX1 promoter) {ultlslumesdusupauannisuansaan

3 1
gasrpanduueyiay lnaldsTumasianunsawilatindoaiuniuea (Egli et al, 1980)

[m)

1 <3 =2 o1 o‘d’j = a5 a vy a a v @
eiglafimu DauddnTilsTumaiiarllss@ninngeuasdannanatseng luanzineniul

¥ = 4 1 o 4 1 o ¥ v 1 o o %
ABLALIMIEILTLNU 1®LLﬂ NM7IAAINNLTNTUUDN Lwnmﬂzﬂuizmwm:mumwuﬂmVLm

it}

2N M NFanIsATLANNIZLAUNNIN wnueafluansinnlniauazininadlufs
49 asllmunzsanisinaulusedulng (arge scale) yanani AufluREesNnILea
i Wszuunisuansaanaastunialsinisasuaunisuansaanaes AOX1 promoter THimangy
fmunnsuaalilsmuiie)Fluenvng aandei@emaniisin1fEnn oW glyceraldehyde-3-
phosphate dehydrogenase promoter (GAP promoter) %umLﬁﬂwﬂumﬂmmfﬂﬁﬂuﬁ
mu@umﬂmm@ﬂﬂmmﬁmmumLﬁmmmmLqm (constitutive expression) (Waterham et
al., 1997)

1199718911991 7udn9aan28411971 exo-levanase  (LasdB) agl P, pastoris
nalfinnsaaunnTas GAP  promoter HszAunisuansaanindipssiunisld  AOX7
promoter ¥aAati1aMTaI8s GAP  promoter Ag sx8219a1 NN AN AEdUNTNE 3 Wi
(Mennendez et al., 2004) Ingl GAP promoter %ﬁmﬂmm@@ﬂqaﬁqmLﬁ@ﬁﬁﬂ@‘imLﬂu

AuamanluniswIzians P, pastoris (Waterham et al., 1997) atislsfinnu nglaaii



6

vmanaafanunsaldlunsyaun s wazanunsaraliiAn Crabtree effect ludlad
.1 Crabtree positive yeast LW Saccharomyces cerevisiae B\Immmim’]uéjmﬁm’ﬁm
ngusanananielfaniasiidenniedaanunsannldAandasmueiay wy wniuea e
mm@lﬁmé@ﬁmmLﬁmﬁummﬂ@‘lmqq (100-200 ¥n./a.) (Verduyn et al., 1984; Woehrer
and Roehr, 1981) LAt AL by-product laidaansiitesanninaduganis
FulALasiN WAL ARVAN T84 Ta ST AANN LA IAAAR (Kalina,1993) &1%15U Crabtree
negative yeast Lﬂuﬁmﬁﬁ‘lﬁﬂgiﬂmﬁﬂm’fﬁq by-product u’f}ﬂmmmﬁﬂgimLﬁ'@mm%‘qq
aadldatnaflss@nsnmnneldanasiitonnia Ineflseeudndasaia (genus) Pichia
stipitis Aaniili Crabtree-negative yeast (Weusthuis et al., 1994) ﬁﬁ‘&u P. pastoris %Qﬂgj
JuATaLAenu Aanadniflu Crabtree-negative yeast TefieliniseanunisAnsusatingle

ANUANFNTNANATYIZNING Crabtree positive yeast LWaz Crabtree-negative yeast

A % dld dl o o 3| = al
AR .ﬂ’]ﬁliﬁlﬁﬂ'ﬂt‘ﬂmﬂqﬂﬁﬂﬂ’]ﬁ‘Lﬂ@ﬂuLLﬂ@Q@ﬂ’mZ@’mﬂ'\ﬁ‘@’mﬂﬂﬁtﬂ@Lﬂuﬁﬂqqx‘ﬂmﬂgtﬂ@

\NUWa Crabtree  positive  yeast azinisuassaantasiaulmilngiananfuandiaa

'
a

4 1
(pyruvate decarboxylase) iinauatafludndauiuaududussinglaa luanenseiu

1aan7sudnsnanaadlaulmiseinans lu Crabtree-negative  yeast azldlilaguilasniy

=KX A !

Anudnduaaanglaa (van Ulk et al, 1990) Tun1sAnsiieimueatudsnes1udn P,
. % a o s dl a dl v A 3| o

pastoris @908 9NARSUI9e9 Tugihentueailasnyluamshldndteseaflugu-

awn3m (Inan  and Meagher, 2001) DausaNnaasaaazamiu non-fermentable  sugar

v 1 ¥
satiu Asanuduld1fgednenaaziinnisa¥iseniueailiamiziass P, pastoris tneld

= a

ﬂ@fﬁ@%wﬁmmuumﬂufermentable sugar duduamsn laafinngsneanudeniuead

q

1
=

Wnatuazandaswiduas@iayn sansaniuaanazasdianianimaniliinanisdudanig

u

Lmeﬂ@ﬂﬂﬁJﬂdﬁuﬂﬁﬂﬁlﬁmimu@Nﬂ’]’iLL@m\i'ﬂ'ﬂﬂﬂJm AOX1 promoter 16 (Inan and Meagher,
2001)

al v o o o 1 dl 2 3 = c £
umﬂummﬂmmqmmmﬁ‘mumummﬂ@ﬁﬂ@mmmmeugwmmm nels

=

. v v Ao . v 3 o !
@ﬂW’JZVIN'ﬂWﬂWﬂI@ﬂﬂ’]ﬁ‘Zﬁ'E’WQL@V]’]H@@V]%VIMZ\N‘\]WTMWNNL‘IJN?J%‘IJ@\?H@NIW]ZQLﬂf\]ﬂuLLﬂf\]\‘I')q

short-term glucose effect 1198 short-term Crabtree effect (Petrik, et al., 1983) 9@ overflow

metabolism (Enfors and Haggstrom, 2000) $4sn9ann Crabtree effect Ingisialiineadas

iU catabolite repression IneluauddafiazldAnqn overflow  metabolism unan

14 1
sndnfAnielsianiazlianineandian by-product azfisduiiiasandsingnisal overflow



metabolism daral naldeeaTadldanduainsnanad esanduamsadaumiiagnld
VLﬂiun@M%@mﬁmﬁm%m&LL@&FTQZNN@ﬁlﬁLﬁﬂﬂ’]iﬁUé/\iﬁ@m‘?Nﬁi’Nj Aeluitag 39809nNg
Nam?ﬂm\lfll,muﬁﬁ—1,4—galactosyltransferase Inel S. cerevisiae (Zigova et al., 1999)
uenaNidanunIaiin overflow  metabolism lugnsdaumsiieniueanaresiinnlu
Biafingy methylotrophic A8 Hansenula polymorpha Lﬁﬂi%ﬂqiﬂzﬁLﬂuﬁu@me (Jeude et
al., 2006) as14lsAmN F9llENN99189 U9 BNENATBIENUAAABNTLUIUNTNAFFTADN-

Tuuwilisiiulag P, pastoris nngldin1sAruAnnisuansaaning GAP promoter $9uD9

TadeNNNAREN1T45190NUeATR P. pastoris IneRd overflow metabolism

AITIL 9B UAIUTUNA AN NI U NA AN UBARBN1TNARTADNT LW
TsBiulae P. pastoris naleinsastiannIsuansaaning GAP promoter sauiatladaNiua
' a . . A o o RV
AANITLNA  overflow metabolism AaN P.  pastoris LW@uﬁﬂﬂgamimNﬂiﬂuﬂﬁiﬂﬂﬂLL‘]_I‘LI

a a a = . 4

nazuaunsHansAenduuwillsaulag P. pastoris nelAinizacuANNIsLanteaning GAP
promoter AAENTTLIUANTNILALLLUWNA-WLUAT (fed-batch  culture) Tae a1l

wennglagwnaiulismusuuuy

1.2 AnguszasAraslasanisias

|
A

1. iWeAnE1EnENazaenLeafanisiiulnLaznsLdanseanaesTAan dLLE Y
(wsngla-gwma) Ine P. pastoris NelAN13AYLANNITLAAIBENTBY GAP promoter

2. \feAnmtladeiiinasanisaing by-product lugilianiueates P. pastoris e
v‘hﬂf]iLWﬂuémeﬂ%ﬂq‘EmLﬂuﬁumme nesjaitunisnanazespanududureanglaaiiy
uan

3. RN IYIIUNNINA AR eN T LW 55y (wusnnglading) tnel P. pastoris
nelANIIAILANNITLAAIEENTBY GAP  promoter IA8N1IAILANNITLARA overflow
metabolism 1IN B EIULILINA-ULAT

4. Wedugdulfianansdinisn liimundnanmlunisiendds efallgnas
ﬁwmuﬁﬁﬂuizﬁuqﬁu

5. iienananansdAINAse et oy luntsnasaaenduuwitsfiuanndas P.
pastoris Maaiannuudeunseldfuszuunidadunisaamaanduuwillsfuae

Uszina
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NITLATENAILNUGAAUNSE

2.1 dpgilszasn
dl = [ . . . dld o ¥ a
\WWewseNaneWug Pichia  pastoris  innsuanseanveveuladiusinnglnfna

nelfnsAILANNITLAAIEaNTBY GAP promoter A1uFuld lunnsatinanudse il

2.2 98015948

nnslaaniufinglagina cDNA NRNSENAALABWe A MTLeWlEIFARLWE

o

FcoRI kay Pstl 11Uane 5 uay 3’ Auansy dingwanaila pGAPZaB (Invitrogen) Admeasl

uladfnanmwiy EcoRl waz Pstl ialalaaungnsiaudnniiniamsunasunaiaiindng

Alun1e9 P. pastoris aeiug Y-11430 tnaldaantsninsgiuinuuziinlu Invitrogen manual
dal dld a dgj dsj dld . [ T a do‘d‘ %

WAZAIIAFBLMNITENINAIANATALNTALNITAULAMNINH zeocin  ANERUTAAUVTEN IFas

q

aFnnandsusinngladinaudalanlasageiunsiaeade mardewinnisdniaaninauini

o a o

nsuasseantausiingladinagegasiall Tnaanaiugqaum il luemidded fe
P. pastoris @18%E Y-11430 (Wildtype Strain) l#3umanuayasziiain Lin Cereghino
(Lin Cereghino WAz Cregg, 2000) uaztiuiuginnglndmaansunes (Thai Rosewood:;
Dalbergia cochinchinensis Pierre) 1#3Umnuayiasnziain a.n9.490. 3104495 adandmil

(Ketudat-Cairns et al., 2000)

2.3 NANNSNARDILATIANTL
annmaaeanLI s Ll UT ARSI ILIENINITE Zeocin Hastae 33
Trau Gemdsaninnisfinssiaaiuanuisnlunisuanseantesudngladinaluusias
Thau Iuasan i 2-1 Gepamanansnlunisuanseensesenlsfiufnglndnaluusas
Taaugnuanalugl OD,, /0D, ilesannan 0D, durniuaasiafanssuanaienlesl
wangladnaluglassarnainisalunisiantaas pNP  aanainluianaaes pNP-
glucose WAzAN OD, Lﬂum‘ﬁ'LmmﬁM?mmmm“lugﬂmmmqm;"u ardu OD,,,/OD,,, A4
Lﬂumﬁmmmﬁl‘ﬁ”ﬁlumummﬁM’immmu%ﬁmﬁqum%Lmzﬁﬁm%ﬁummmﬁﬂ?mm 1

Wiagwas OD,,, M98 wudnlaauinlidainnisnaunasy pGAPZaB NdwANglARLAS

u



¢cDNA agilinanuanunsnlunisuanseentesewlafivdngledinagendnlaauildann
NMNIUNBTUNANANA pGAPZaB 1’71'13Jﬁmf§”mﬂqiﬂam cDNA %alﬁﬂuﬁqmuam
Sefiansmnaauaunsnlunsuaneanseteulafiviingladina lunguaes
Thauiildann niansunles pGAPZoB ﬁﬁmrﬁ”maﬂﬂam cDNA wuaANaNIsalunig
wanseantadaulaiiufingtadmaazunnsnaiull Faannand 241 @mnsauds
ANHANNNIDTRINTLAAaanaasiaulaliusinngladaals 3 924U Aa n) A1 OD,,,/OD,,
13zan04 6.5 47191 20 TAau 1) A1 OD,,/OD,,, U5z 13 auau 12 Taau uaz A) AAN
OD,,/OD,,, Uszanns 19 49uau 1 Taaw T9andn OD,,/OD,,, 7ildHAUszanalndiiu
ANUIULYINTDY 6.5 m@ﬁié’ﬁm@Lﬁmmmﬂﬁqmu%wmLuﬁqﬂqiﬂ&m@ cDNA Fifisdnly
TuAlunaes P, pastoris (3215 Tl Wi TeRURLARLINE9104 Clare  LAZADLE

(1991) NANNNTAANNNTUAAIBENLRS Mouse epidermal growth factor 14 P. pastoris &

13 Wi 1HARNANUIUTE YRS cDNA L1l 19 €1

20 =

0 5 10 15 20 25 30 35
Clone no.

MNA 2-1 aruaRnsnlunisuaaseanaeaeuladiusiingladna luwsiaslaaunaiuns
\atyuuaIunanil zeocin (Tnaud 1-33 lulnaunldainwatadin pGAPZaB #l

Jsnngla@iaa cDNA uarlnaun 34-35 ilulnauildannaiaiin pGAPZaB
snaladLma cDNA)

a

Al



Tpe1RNNAINA 2-1 TrauN 17 Wulpaundpuginisnlunisiansaantuasiaid sl
wenngladinaligean Taalian OD,, /0D, Uszanu 19 egandidansuny (Inaui 34

Az 35) tszann 20 i1 AStU Awinnsdentaaun 17 el lunimesesduneusias T

2.4 g9lnan1snaang
el

= o oo (9 U ' ¥ o =
“’ﬂﬂﬂ'T?J‘Lﬁl?ﬂN@’]ﬂWMﬁ;@’WM?U%ﬂMﬂW?VIm@“ﬂ\‘]lﬂ‘ﬂ‘”] VL‘ﬂ @WN’]?QI@@’]HW%@VINT]’]?

wanseanveveulsdiufiingladinagean 1 Taau arnviaina 33 Taaw tun Taaun 17 G

%A1 OD,,,/ODg,, g3N37FAUAN (TAAUTN 34 waz 35) Ulszann 20 i



uny 3
NSANHIANENAURILANIUARADNNSLALLALASNISTHAAIAANURY

wenglafipalag P. pastoris NMElAN1SAILANNISUAAIAANURY GAP promoter

3.1 ngiszaA
INAANHIANTNATAILANIURAFANTLALIALAZNITLAANDANURIT ADN T LUUYIE U

(wsnngla@wna) tne P. pastoris NglAN13AYLIANNNTLARIDBNTBY GAP promoter

3.2 9828
. a a ¢

1. ANENUGAAUYITE]

antRUGRAUNTEN I lWNNIAaesil An P, pastoris  @NERUE Y-11430 NHEY

q

wnnglaBnaansiune (Dalbergia cochichinensis Pierre) TlAAMNN9BFINAUNUEE

q

unaeTluuni 2

= % z o o d” o
2. NIFTEUNATAAINTUNINIZLAEN TUNANAT

MaBaNndauLifluansdune

1) MasRaNnETetul 1 vnlnedadedad p. pastoris AN YPD 1
Ialafl asluenynsiuan YPD (Yeast extract Peptone Dextrose; TuwThanIlszneudas
Yeast extract 10.0 N3y, Peptone 20.0 N5, Dextrose 20.0 N§w) 7l Zeocin 100 ulAsn3y
safiadans 1Funns 10 Tadans lunanafauin 125 TaRAAT NNIINNZIAENLLAIBLEN

N1AHE7 200 saUFaWN 9ruuH 30 asAmaiiaa Wunan 24 Galug

L7 | E 7 |
Yy A o A o A

2) PFFTENNANTIRTUN 2 NnTasanandaTedun 1 iavnn 10 AaaanT 891819107

YPD 1331m7 90 Naaan? lunatardauns 500 SAdAAT NINITNIZLALNLIULATALUENT

a

ADHIEY 200 9aUGRWNT HUUNN 30 A EALTea Huan 18-24 dalus

u

3. N13ANHIANENAUDILONIUAA

1) W3RINB1T BMGIUY (Buffered glucose complex medium; Tuvilanssznay
fingl Yeast extract 10.0 NFd, Peptone 20.0 N3N, Glucose 10.0 NN U5uisnmaiilu 1 ang
sretwunadaunaawminives 0.1 Tuand Awed 6.0) 145 Hadams ldlunanard 500
AaaanT AU 18 Wanan

2) wnen1uealFld ALy Fapn997 3-1 Tneudazanududuseseniuea

NININARDY 3 1



3) NNTLANNALTEE 5 NAAAAT A4 LUAIUITLUA° BMGIUY WARZWANAT H1n19

1 a

INNZLALNLULATAE NN ANHNIEY 200 9aUARUNT ADUNNN 30 a9 EALTad  (TIWRAn 24

9 u

falus Tneinnnsiiusetneinmg 5 1adans 90 3 dalus
o o 1 dl v a r% o s v 7N ¥ v
4) thdneten inndinsziimingaduis poududusesnglaa pnudndue-
nuea warianssuaedeuladiusinnglading etirdeyain lduidnszinazedieniues

sianiafvinuaznisuansaantaseulifiusingladinasaldl

A15190 3-1  dsunneniueansesiniie i ldeusniaonduduresieniuaasiie

ANVSUANHANTNAUDILANIUAA

Al uduIasenIues Al uduIaenIuea Bunnuevuead deisluenmns
(NFUFRART) (NaRARNIARaANT)* 150 Hafaps (Hadams)

0 0 0

1 1.27 0.19
2 2.53 0.38
3 3.80 0.57
4 5.06 0.76
5 6.33 0.95

* AANNUUILUULBIANIUBA = 0.79 NTNAANAAAMT 4178 1 NTN HiFuMT 1.27 RaRART

ada a g
4. 19N199ATIEN

1) NM93AIZRAMNYULATEIMENEAAWA  NsTLATIziRIINguiInTeinsaeeng
umdnlldpAtaouguin 600 wiluwms doapsasanintaindwes waznisdmsed
301 o 6 2% o o o 1 dl [~3 ] dl b4 % o 1 v
tmtnasuisinlaetinsadsniiuléldadlunaaanauuisasnauiiminuiueuido

a

o dl v % 9‘0’ ol/ il/ ° L% dl =
mVLﬂ LAQENLLEN ANASNALITANAIEUINAL mﬂuuuﬂﬂm_n,mxmgmmu 105 AANLTERLTEA

FIUNMUN AL AU U LNV LT AR LT
a g 77 90/ o o a o d” A Y ada dl [
2) Madaszipdnduraiiaangiag 4 1miueuddsiiiaen’d 95 DNS daifly
acaa r% aa a‘d‘d o .
ATNATITTUNANATAVENH AN NAANLATLTEusTA (Miller, 1959)
3. Msamzinanssnveeulmiuingladinaniinnisniaualng Evans (1985)
4. n139LATTE AN NTUENIUes A nFuanundatilaanldian193tAIIusas

wraduialasuninns W (AOAC 1990) Tasldianuaaiiluansun MTFIU
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3.3.1 plununiadulauaznisnaszraniuuuiinsiingladng
AINNITANEIENENATBeNIUeaFen1TRLTAuAzN1TuaRIRanTaa W]
winngle@malne P, pastoris nialfinisArLANNITLARIRBNTBY GAP promoter g
nnsAnEfiaNdndureseniuea 0 (garduAN) 1 2 3 4 waz 5 niusedns lAuanis
[ dl =X f/ d” ' a a A a I8 ¥ a
NARBNAINING 3-1 D4 3-6 Y9l wudgtuuuniaauinuaznisaamsAenduuwiusAngind
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91 5 12 70
8-

4] r10 [ 80 5
" 5
- TH50 =
3°13 I
— _\35 v_40(n
— 51D © ©
8 ~ 6 o S

1= o |
24 82_ Sr30 g
= 3 L4 2 3]
w O®f20 3
21 1| =
F2 L 10 &
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0 08 T T T T ——+ 0 -0
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Cultivation time (h)
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—&— Glucose
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al a a a a - o a = - s
ANN 3-6 g‘ﬂLL‘].I‘]_ImiLm‘LITmLmeimmﬂﬂumLuuwL‘]_Imﬂ@ﬂﬂmmmmﬂmm P. pastoris 1u

279117 BMGIUY NRN17ANENUaA 5 nFuFAaans Tunanasiaen

3.3.2 ANENATDLENIUAAFAANITHL IALAZEATIN AU IRIRITAR

AN HATAINI TR NALABITARAINNIIN AR DI ULAA LA NI HTLABILANIUB AN
o = = o U o dl dl | = 1 a
NN BFaUeUUUN I NIA LT WAL IFASININ 3-7 TINUINANIUAARNNARANNTLRLIA
109EIAA IneNaNNTTANIEN Ueaadll11a117 BMGIUY NANHdNdu 0 1 2 3 4 way 5
[ 1 a dg/ 8 Qg’ uI/ d‘ o v v £ 6
NFUFABAAMT LATINIZIALNITARAUALGANNINAAEY (Falueh 28) IR lApnudnduecitas
5.31 5.13 4.77 4.46 4.26 WA 4.15 NFUARAMNT ANNANAU TIANNIL NI UURILTARN bHAN
ANANENBaaadll1uann1g BMGIUY NAanududy 5 nfumAaamns AANRInIAnNdady
a‘d‘ v = a 6 @ 6
BeEaan angansuax (lEnsFENenIuea) Uszanm 20 wWefidus
11N 10y A199NRNTUTITARAINN1INARBIN LA AN NTUIBIBN WS
Tudaainan 4-16  F2189289NTINNZLAES NININTUssantuANE I AL IR NN (W)

(lutaasanananglaadalinun) nudiardasinisduinanniziuuiduanaaiionanu

'
a

WNEU99 0N U ATIANAS IUB11NT BMGIUY RANANIN (A7 3-8) IneiilaiinisiAniann-
uaaadllluanwiAoududL 0 1 2 3 4 uaz 5 nfuFaans azlgAdnsnIEUIna WAL

o [ %

0.196 0.185 0.173 0.166 WA 0.159 dalus” AINAFU T9AERTINTALIAS NN Lila ldE
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AN ANHNITNTU 5 NFUFART Usrunnd 19 wlafidus
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¥
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cal d? dl 4‘ | a dll 1l a =
N (N9 3-9) Teardmsnisiiiule walddnisfneniueasslilluamisgaacuau &
1 1 dld a dl Y U o 1 a

AN Uz LR RN RN en uaasd il Tua uis AN Ndu 5 nFusaanT Uszuin
41 ulafidus TnaannIng 3-8 way 3-9 wanaldiiiuineniuaainani LA 19msn19Ru e

ARAININNINBRTINTAL IR

.25

.20 A

.15 1

.10 1

Qx (g/L h)

.05 1

0.00 . . : : :
0 1 2 3 4 5 6

Initial ethanol concentration (g/L)
AINA 39 aNTaTadan uaanAnluen1s BMGIUY fAeadmnsnnisiulen (Qx) 194 P.

. dl o dsj 6 1
pastoris WANINITNIZIALN lunatariiagn

ANBNTNATRENURANLAN 1UE111T BMGIUY ARAMNUUIWUULBTAR (AINA
3-7), RINIRALIAANNIE (NN 3-8) UazEnINALTR (N1NA 3-9) WuIAIEeT |
s liuanaaiaaududuresen1ueagelu TNaanAAB9ILINIT929T404 Bai et al.,

A o =2 = 3 . J = o :l/ a =
(2008) MNNTANENIUEAR S, cerevisiae lagNUINONIURARNAdUTINTIALTR T
Luong (1985) 1i31eanutianisAnsaaunadmidnsaaen1sduganinmiulniesaineniues
Tu S. cerevisiae Id31uuUNs UL lsiugied s (non-competitive Inhibition) 191 A3

a a 6

FnunusalanuaaLiudnsuzian ca ugI099auna (Bai et al, 2008) T4AIN

q

Y v d‘ dl a o dydl o a = o Y o1 o a
L°1I3~I°1|°L<l°1|‘ﬂ\‘1Lﬂ%ﬁuﬂ@@ﬁ%@ﬁ%lmuﬂﬁu’)@ﬂu A8 5 NFusaang InaNNan liA1ensn1ALTs
o [ a =2 & @ o o o dl = [
RUNE WazaRINInELInanasne 20 way 40 Liesfidus muaisu LJJ@LLG‘EIULVIEIUT’]U?;@

ARLIAN Y19l wudiA N nduaaseaniuealussAuaafulidnasantsfulnaas S.

!
=

v 1 1 1
cerevisiae 1AtN17¢72£9111A9A AN IUAANNANTENUNTUTULAZUAINUATY BILTIUN
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ganfuiudiihuuandanlunisdivinansredieniuea A LHaRNLITAs soNDaLEHARN

a9Alsznausne Tuimad (D'Amore and Stewart, 1987)

3.3.3 AnEnaraventuaasianislinglas

anuammesed diarnsdaunaszinepanuiduduresnglaaiunandildiy
MR BNTReNTIMAsesikAar AN Nt uT e e s BN iU Anacl lue s
BMGIUY #uadenng 3-10 Genudneneaiinasenisldnglea Taeiledinisiuent-
uaaadli/lue1ms BMGIUY finauidiudi 0 12 3 4 uax 5 nfusiedns Suavinldsnaniald

o

nglaaanas (Qs) (N 3-11) Tednsnisldnglaanldannismueniuesadllluemis

1
a a o

BMGIuY Nadnuidindu 5 ninsiadns dardindndnanisldnglaanlsaingamunu (lad

NNIANENIUDA) Uszunod 50 Llafidus

Initial ethanol
conc. (g/L)
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—a— [3]
—a— [4]
—— [5]
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MW 3-10 nsldduamsn (nglaa) 299 P. pastoris TuanmsndieniuaanaAndndi 0

(MARILAN) 1 2 3 4 LAz 5 NFN/ang Iannismnziaes lunananioei

Warhuanismaaesuiuanslugtaninasaspnuidudunesieniuea Fufusedsns
nsldduamInaunIg (q) (Nwh 3-12) wudAansnisldduamsnariwiziuun iy
. I T S Yo . d v

AARIANH AN NI UTDIDNIUBABHAUNANTY TIA1ERIINNT AL MR NLN LD T
AN ueand bluanis HArnanndnlussuuiinisiineniuaanalblluanish

ANNIINTY 5 NFUARART UTrinns 28 1lafidus
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. dl o dgj 6 1
pastoris IWANNITNZIALN lunanariiaen
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= .31
E
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n
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n5uFaanT ANaNT19anI N1l E AU NI LALERIINITIFFUANIARINIZAAAY UTeannd
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50 way 28 LUafdus ANNANAU TIFaAARAITLNITINENIUADUUTNANANIIEAN T URAN LA

% v a

Y o’d‘ o o aa a = o 1
udsianssurasiaulmindAnyluinlnalalataaastias 1w hexokonase LAY

alcoholdehydrogenase (ADH) saunatadenasanslda1sa1vns uas membrane potential

[ %

ATPase (Casey and Ingledew, 1986 Larue et al., 1984) Aatii luN1IMARR9HRNNINEMIN

naiuTnaes P. pastoris HAntiasasiiiandududueniueageau iaviunauiaindns

¥ !

nsdduamInNHarasnnninnsilenueaazdenalaansesianisiuinues P. pastoris

3.3.4 anbnarevenusasianisuanwulmiiufnglading
ANN1INAaeY Iatnavesianssnasaulmiiugingladinaainnimaaasiius
¥ v o al al o v o dl dJ
AZANHITNTUTBIEN I UB AN THLLLBA T LA WA A AININA 3-13 T4
WU UeaNat N ALInTasTas denalinisuanseantaseuliiiuiinglading
anad tneniadnisisieniueaadllluenns BMGIuY NAadnds 0 12 3 4 waz 5 n5u
FARAT LATIWIZIRNITARAUAUGANIINAADY (Taluh 28) inlWlsRanssunavianlnd
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dl o ¥ al 43 a Ly 4 a 1
et deyarasnisiinausesianssureseuladiugingladinaludonan 4-16

d0lus (ludassnananglaadlainum) annismasasiusiazaududureseniueanii
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wingladinaduualduanaiilapaududussaeniuaanifinasluainig BMGIuY J6n
N (NN 3-14) TasiAdns N385 19nanA et aluinisRsueniuaasdlilluanmng 8

1 1 dld a all U U o 1 a
AN luszuuNAn RN enIueaad il luanniiaududy 5 nfusaans dszanns

44 ylafidus
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1
a

TAeLHANA1II U DA NTNATDIAIN NI N T UUAIAN 1WA ALFUAUFAATAFIIN1TA519

a o 6 o

NARATUTRNINY (AINT 3-15) WUINAIERTINITASaNART i a i nIzinualduanas
[~1 £% dJ 1 o v a o sl dll = a a
Wdndae T9A1enIIN1TaFaNanA ez ludn RN e ueaadllluennis Hen

1 dld a dl v Y o I a
w9 luszuuiinisaineniveasdllluannisnaanududy 5 nfuseans Uszann 12
wWafidus

FUHANANTUINLINEATINITAERARNS U] WATERINNITRE ARSI LN R

nafuliluiuanispaaiuAfanssuaedeulmiiusiingladwanldainudaznimaaeg
(AN 3-13) 98l wampalFiiudn1sienueaduganistiuinueamas danalialny

' - < o 8 a - a = Y '
PULUULBUTARA AR TN MINANARaITARNT LN IUsAuanagsae Tnanudneniuea
AEAFADEATINITAL IALAZENININTAENEALANNINNINBATINITALIRANIZLAZERFINT
gFeuanananig ludiuiugnalfiduinnanassaanduuuildsiuidas P. pastoris NAR
BuluszuuilifunandniiiaraugiUn1sa319naIU (coupled with energy metabolism)
dl dl e v o dll a = o o s . =
TN aLIAANN19aTNANUNe M lunaA L TRvTatingeinHEad (maintenance) A¥ing
aFananasnatusag Tnaazuansnsaingduuunisa¥nanannianiuniamiuls (growth

. A o = % a K L2 I8 1 a 71
associated product) A8 AzflaAINNITN1AFINANARDLEITaRaz AN TRLIALALN

'
cal alala

AN IHasANEARNNTIAATAN198 5 NATUARE AADIUSI A AA N ANNTALTILAST

% 1
=]

AN FInANUNaF Uz finen1singednunmad (Doran, 2003 wtin 284; Groot et al.,

1992)

3.3.5 ANINAUDIAIN M NTUIDULENIUDA B NALAANITHAR DN IUDA

AINNITNARDY LHAUNHATDIAINN LT N T UABILANILARAINNITNAAAIN LFALAINH
[} [} QI £ ] al = o ¥ o dl dl 1
N IDLA- N U ABHABNININ LT LR ULUN WA AR A NAFIAINA 3-16 TawLIn
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PinTued 12-16  FeanaiiaaniainaandiawldiNeana’adnAnNI1985198 N BAANIUATNNS
wln aeelafisny WasannnismasesitliinisinAteandiauarais Ay deagilaingnn
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AN91990 5-2  ANUMUILUNIeTAR ANdNduTeeniues wazianssnaagiaw el

% a dl % J
wnnglaBnagegai ldanusiazszuuatuAN

ixuumqumuﬁ' AN LBN1UDA wingladwna
(NFUFRART) (NSNFRARNT) (MeFaanT)

1 (GLOL) 30.717 13.451 84.091

2 (GLON) 79.017 0.484 424.138

3 (GNOL) 33.192 14.711 74.394

4 (GNON) 71.992 0.592 472.989

A919% 5-3 ANWNIALRaTaINNNANEINTALTR uarnsuAsTAaN LNy TadIna

Ay v |
VII@@’]ﬂLLﬁ]@Z?ZUUﬂQU@N

FLULAIL @mmuﬁ' (W Yx/s Yels Yp/s d, Q,
AR T, n./n. n./n. wde/n.  wuoe/N. TN, MU0Y/A. TN,
1 (GLOL) 0.105 0.20 0.1 0.49 0.149 2.885
2 (GLON) 0.163 0.58 2.21x10° 2.59 0.275 20.248
3 (GNOL) 0.063 0.24 0.29 0.54 0.095 2.885
4 (GNON) 0.173 0.53 1.61x10° 2.64 0.279 19.379
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a ] o
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5.5 BnBnaInsaNzAnauazliainng lagauazeantiausanisad1e by-product lu

3ULaNIuna

1 |
=

AMNHANIINAABNT IFANIEUUAILANT INANTREONTIAYW AB T2ULAYLIANKLILY
(afinnglag wslianineandian) uazscuuaiunnuuui 4 (landanglrauazeandiaw)
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N . - Mg wa
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Effect of Ethanol on Pichia pastoris’s Growth
and Recombinant Protein Expression Using GAP Promoter

Charoenrat, T.*, Pramal, N.}, Ruanglek, V.2, Ketudat-Cairns, M.
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Abstract

Constitutive protein expression in Pichia pastoris using the GAP promoter is an
effective alternative to the inducible AOX1 promoter. GAP promoter is a strong
constitutive promoter that shows higher expression when the cells are grown on
glucose than glycerol or methanol. When P. pastoris are grown on glycerol, the non-
fermentable sugar, small amount of ethanol can be detected. Ethanol has been
reported to repress the AOX1 promoter resulting in lower expression level of
recombinant protein. However, no literature has reported on the production of ethanol
by-product when P. pastoris are grown on glucose or the effect of ethanol on the
expression of GAP promoter. This present work, the effect of ethanol on growth and
expression of GAP promoter were investigated in shake flask experiments using p-
glucosidase as a model protein. The results showed that the increase of ethanol
concentration decreased both final cell and p-glucosidase concentration. Furthermore,
the volumetric glucose consumption rate, specific growth rate, volumetric growth rate
and volumetric production rate were also decreased when ethanol concentration
increases. During the cultivation, the ethanol concentration was relatively constant at
the beginning of the process and then increased in same level of about 3 g/L in all
experiments. The ethanol concentration was highest at the point that glucose is
depleted. Then, the ethanol concentration continuously decreased. These results
indicated that ethanol inhibiting the growth of the cell and also the expression of the
GAP promoter.

Keywords: Pichia pastoris, ethanol inhibition, ethanol repression, overflow
metabolism, GAP promoter
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in Constitutive expression of Pichia pastoris Fed-Batch Process
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Abstract

Constitutive expression of Pichia pastoris using the GAP promoter to avoid the use of
methanol is an effective alternative to the inducible AOX1 promoter. GAP promoter
shows higher expression level when the cells are grown on glucose. However, yeast
often produce ethanol by-product when grown on glucose. But, the production of
ethanol by-product when P. pastoris are grown on glucose or the effect of ethanol on the
expression of GAP promoter has yet been reported. In this work, first, the effect of
ethanol on the growth and expression of GAP promoter were investigated using -
glucosidase as a reporter protein. The present of ethanol in culture medium decreased
the cell concentration, specific growth rate (i) and B-glucosidase activity. These results
indicated that ethanol inhibit the cell growth and also the expression of the GAP
promoter. Then, the influence of initial glucose concentration was studied under oxygen
non-limit condition (DOT > 25 %). The optimum initial glucose concentration of 20 g/L
provides pu = 0.20 h™ and lag time of 3.99 h. The increase of initial glucose concentration
to 60 and 80 g/L resulted in the accumulation of ethanol, which decrease p and increased
the lag time. These results indicated that ethanol was produced via overflow
metabolism. Finally, 4 fed-batch systems were designed base on the effect of glucose
concentration and DOT to find the optimum fed-batch control (system I: glucose and
oxygen limit, system II: glucose limit and oxygen non-limit (DOT > 25%), system III:
glucose non-limit ([glu] ~ 10 g/L) and oxygen limit), and system IV: glucose and oxygen
non-limit). The results showed that the oxygen limitation had a major drawback effect
to both cell growth and expression of the GAP promoter. More ethanol by product was
accumulated under the oxygen limited condition (13.5-14.0 g/L) compare to the oxygen
non-limited condition (0.6 g/L). The higher ethanol concentration results in the decrease
of u about 35 and 63% when compared system | with system Il and system Il with
system 1V, respectively. Furthermore, about 7 times higher specific production rate was
observed under oxygen limitation compared with oxygen non-limit condition. The best
results were obtained when system 1V was used, however, the system 1V is very difficult
to control under high cell density culture. Therefore, we recommended system Il of
glucose limit and oxygen non-limit for the constitutive expression process of P. pastoris
using glucose as substrate.

Keywords: Pichia pastoris, ethanol inhibition, ethanol repression, overflow
metabolism, GAP promoter
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Abstract

Constitutive GAP expression system is an alternative promoter in Pichia pastoris
which is as effective to the inducible AOX1 promoter. The GAP expression is a
strong constitutive promoter that shows higher expression when cells are grown on
cheap carbon source like glucose than glycerol or methanol. When P. pastoris are
grown on glycerol, the non-fermentable sugar, small amount of ethanol can be
detected. Ethanol has been reported to repress the AOX1 promoter resulting in lower
expression level of recombinant protein. However, no literature has reported on the
production of ethanol by-product when P. pastoris are grown on glucose or the effect
of ethanol on the expression of GAP promoter. This work presents the effect of
ethanol on growth and expression of GAP promoter, investigated in shake flask
experiments using B-glucosidase (B-glu) as a model protein. The results show that the
increasing ethanol concentration could decrease both final cell and B-glu production.
Furthermore, specific growth rate and the three volumetric rates namely glucose
consumption, growth rate and B-glu production were also decreased with the ethanol
concentrations. During the cultivation, the added ethanol concentrations were
relatively constant at the beginning of the process and then after 12 hours or at the
beginning of exponential phase they increased in same level of about 3 g/L along with
B-glu expression in all experiments. The ethanol concentration was highest at the
point that glucose was depleted and it continuously decreased afterwards. These
results strongly indicate that ethanol could inhibit both cell growth and B-glu
expression of the GAP promoter in Pichia pastoris.

Keywords: Pichia pastoris, ethanol inhibition, GAP promoter
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