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The Optimization of Expression System for Recombinant Protein
Production by Pichia pastoris and Hansenula polymorpha
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Pichia pastoris and Hansenula polymorpha, the methylotrophic yeasts have been widely used as a host for the production of
eudaryotic proteins due to the advantages related to their inherited characters. This paper describes the method to enhance
the productivity of recombinant proteins by P. pastoris and H. polymorpha. In the production of recombinant proteins using a
fed batch fermentation system, the effects of specific growth rate on the specific expression rate of recombinant proteins

were studied.
optimezed.
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otrophic yeasto] 22 %, pH, C source ¥ N source5-ol] of
& AsHHzA0] M2 =tk 183 H polymorphaZd§-
Jde AZF Gz LS $3 promoterZ methaanol oxi-
daseZHE] F2® MOX promoter F+ formate dehydrog-
enase Z2E #EE FMD promoterE 2= WA P. pastoris
9] #9%E AOXl(alchol oxidase 1) promoterE F2Z AHE-3F
t}. 3t P. pastoris$t H. polymorpha’s carbon sourcedl] £
3 repression HE|E TR 7o HI FHIOE o] F HF
720 9lo}A] batch 2 fed-batche] HZ WHZA] M=

5o 2 % 5O,
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B 9o AMREE P. pastorist histidine auxotroph?] GS
115 straino]|® o] P. pastoris$} 28 7|E= invitrogenAlol A
Felatgon AP AT FFE AXY EuE Ay
= albumin -§-FAE  pHIL-S1 expression vector(AOX1
promoter)]] 2¢} host genome AOX1 locusol integration®
GS115/His” Mut albumin secreted strain®]T}. 18|31 H.
polymorpha hostE leucine ¥} uracil auxotropho]®] MOX
(Methanol oxidase) promoter, MOX terminator$} albumin
gene segmentE 717 vectorE ©]-&5tYTh

HEX| 3 HfQFab

P. pastoris$} H. polymorpha 59 Z8%2 minimal
mediaol A Y U= glycerol 10 g/L, yeast nitrogen base
without amino acid(YNB) 13.4 g/L, biotin 4 g/L7} X350
glt}. o] HiR|ol| -70 Celiq E#E+= 1 ml seed stock vialE
BE Zuek wlA] 100 mlo] Eolfle dudE GHEeLIR
FHEega wFEAe P pastoris 9 7% 250 pm, 30 T
0|93 H. polymorpha’= 37 C, 250 rpmolled] FF7F A
23 Agzgras zbzh A5l 24417 vk
AHe5hgch. minimal mediaZ-$E 50 T AERE 7198
YNBE ¢ & 0& FAAES 4o FEHE Hasdiy 1
9] complex media(AEFEE 2%, STHE 1%)9 AS<
autoclaveZ %8 HFFE3 wj|o] AGEE dEEe FEZ
Fgadch 71xHQ R AP AT Ege3 e
500 mle] AFZeAAE o] &3H T 100 mle] wiR ] F
kel 1 %2 HETFE 250 rpme] HEHIF7IA AP
o complex MXE 7JEHO 2 ZAE 10 gl, AEFSE
(veast extract) 20 g/Lollal WE&L HEE % HAFS
A 98l31 P. pastoris$}: H. polymorpha®l 73% Z}Z} 8 gL,
12 gL 55EE AJ43}90};. Fermentero] Ao H3e 5L &
B2 REINF)NE AHEST. 2848 10 gL, ARF
252 20 gLz AP iAo SHYAE 5 % HETSA 4
¥ APsie}. olu) wjFEAL P. pastoris®] 75 30 T,
300~800 rpm, pH 55W=A] 6 ©|Ui H. polymorpha®] 735

exE 37 ColYx T2 RAL P. pastorisZ$-9} 2otk

Ay

282 AT 35 AT IAL HZE e F
Hsto] E3F 5 A(Spectronic 21D, Milton Roy)E ©] 8314
660 nmolx2] FFE(O.D. : optical density)E =5t
WAz FYANE FEE WFAE 13,000 g2 287 44
B2sla, 9714 42 A5dS FEAHE X 1 glolsit
HA g4 3 ZYNE BH§ Al (Triglyceride, Sigma)S
AHgEte 2AEtged A" wAE 10 w33t BAASF
1 meoll ¥1 37 T 2% 52 WAEt 540 nmolA{ 2
FPsE A8 o] L vl T AFMF Bl F
A2 ks AMNEGE B 43l £ @Al albumin
e Ruggz ¥y QAP albuming ¥ FFEAE
71 95t} A ZujkE 13,000 gollA 287 FAE3L o
W 4SS sxm 2ulE abuming €3 SDS PAGE /
Silver, Coomassie staining WMo 2 &xle ¥2 albumin
standard9} Hlwated &A Sl oW 12 % polyacrylamid
gel?t 5 % stacking gelo] AMEH A o] - 67 KDband
7} yehdA "ok =3 AEule] £A8HE albumin®] P F
& 93l 919 YAReF FojAe NEIAE glass bead
9} beadbeatorZ o}-&3te] B3t o]E thA] 10,000 golA]
187 948gse] de 45HE SDS PAGE/ western
blotting3te] &1 & %o  albumin standard®} ¥wa}he
stk o]0 standard albuming sigmaAle] AEFS ol&
stk WjAF wgg B2 Gas Chromatograph(DS6200,
Donam)oll Al = E ATk AFEHE columng Zo) 6 fto] =&
2] 9k stainless steelo] #2122 Hayesep Q(CRS)o|H
BE olesl HAEV|(FID)E )43tk camier gast FS
AHgstgn BAEAL FYF 180 C, 28 130 T, HER
£ 200 Colo
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A%S FAlSIHEE o) AL Figure 1o R P
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A % §F E5 Fed bach A SYAES FHH3 TF38=
Aol eAgdol 93k AOX 1 % MOX promoter repression-s
=9 F e PHYe & & U £3 P. pastoris 9} H.
polymorphas ¥\is] XA H. polymorpha’} P. pastorisET}

S M2l 23} promoter repressiono] A3 & F Urh
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Figure 1. The effect of glycerol on albumin expression in P. pastoris
and H. polymorpha.

@®--® : glycerol conc. - P. pastoris, O--0O : Albumin conc. - P.
pastoris, M : glycerol conc. - H. polymorpha, [—] :
albumin con - H. polymorpha
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Figure 2. The effect of methanol concentration on albumin expression
by P. pastoris and H. polymorpha.

O—0O : 3 g/L - P. Pastoris, V—V : 5 g/L - P. Pastoris, [ -] : 8
g/L - P. Pastoris, O—< : 13 g/L - P. Pastoris, @—@ : 3 gL - H p
olymorpha, ¥---¥ : 5 g/ - H. polymorpha, ll- -l : 8 g/L - H. poly
morpha, ¢—-4 : 13 g/L - H. polymorpha

A7 albumin @A wAE GRS zAEAT P
pastoris®] A% wEgL FE 8 gLolAd < 300 mg/Lo
albumino] AAE|o] 3 g/Lol] B3l <F 3u] o]Ate] albuming
Adegar o] At Figure 20 Hojpoh ZRA @ 4
A= H. polymorpha®] 7% wWigtg ¥% 3 gL, 5 gL, 8
gL, 13 glLE Z71842 albumin dEage Z7)sto] 13 gL
o)A O.D. 232] A EEES} 185 mg/Lel albuming WasHS
& 4 U9t o] A} P. pastoris A HA WEL =%y}
H. polymorpha®] X3} &g 44 SIStk 3 w2
93l inductionA] 77} A2 albumin WHol| v|XEe AL
Lolry] st 7] NEAFYAN v Hrlslo
inductionA]Z] 7399} WHaAF & 0 D. 4=+ expon-
ential growth stageollAx] t&h&S HArlste A$E vlwstyd
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Figure 3. The effect of induction time on albumin expression by P.
pastoris and H. polymorpha.

(O—(O : methanol was added at initial - P. pastoris
V—YV : methanol was added at 26 hrs - P. pastoris
@@ : mcthanol was added at initial - H. Polymorph
¥—V : methanol was added at 26 hrs - H. Polymorph

t}. o] A7} Figure 39 R ZTL P. pastoris®} H. polym-

orpha ¥ 739 E% albumin Aol OD. 43T oA o ek

< HryetdE A7) 27] AE 4% ‘%_}74]°ﬂ Hees % 7]'&
ol mlgl oF 20 % AT M-S & 5 ATk ole A
% albumin®] proteaseol] hg =ZA|7k0] #o w3k 7)o A

olge Wbl o3t cell A ¢ Z27RE YA
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Albumin'&t3of D|x|= pHel Hst

ujeFllo]l x7] pH7} albuminAg4te] HlX|& HEIFL 2A}F
HA=ut o] AU} Figure 49 BAR|:=H P. pastorise] 7%
HNEAZD albumin EFHZF TEF Z o) Holx %;9}9_1/}
pH 59A] ¢k7F =& albumin xg*yg% Bk H polym-
orpha & B¢ AEAZZe HOE o5 Holx] Ygto
v} albumin ZEHFE pH 59 6914 AY ws=sld O.D. 23
oA <F 200 mg/L2] albuming W&3}H AT pH 8o)jA= o]
o] AR #2o 2R albuming] ®IAFL i E pH
9] 5.0 W& FaFo] FolE whE pH 691Me 25 % 1
21 pH 7, 8oA= AJAbE albuming] 50 %4 =7} 2aE S
g9l skslth. o] A& F3td H. polymorpha®) WA pH
g 594 6 A=2 FAGE Aol ELE & ATk

Fed batch Hjj2}

Fed-batch W& o]-&3}ed F FFo] 2olA A albumin
THFHR HE e E'S]-E 485 AP P
pastoris®] 5 L WEZo)A 9] fermentation profileS Figure 5,
Figure 6, Figure 74| Yeh} glom 43 =8 30 T, pH
55 WA 60, DO 2 WA 3 % o) 7] vjFd 2ul=2 L
o]t} Figure 5oxe A FEIFH-L 2 @A Uro] A
WA dAld= SAET FF3 F oF 384717 0D} ¢
400014 FME] FFEEE 13 2 51 e2e
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Figure 4. The effect of pH on albumin expression by P. pastoris and
H. polymorpha.

O—Q :pH 5 - P. pastoris, V—V : pH 6 - P. pastoris, [} ] : pH
8 - P. pastoris, @—@ : pH 5 - H. polymorpha, ¥---¥ : pH 5 - H.
polymorpha, ll- -l : pH 5 - H. polymorpha, ¢ - - ¢ : pH §
- H. polymorpha
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Figure 5. Fed batch fermentation profile of P. pastoris with mixed
feed of glycerol and methanol.

Between 19 and 35hrs, glycerol was fed at 0.2 g/min. Glycerol feeding
was initiated from 37.5 hrs at 0.083 g/min (1/3 of maximum consu-
mption rate). Methanol was fed to be maintained at 8 g/l concentration.

FH(mixed feeding)dly] FHAE FEES 002 FAFHL
o obgd dE-g FEE 8 gLE {X3IHLh oln B9
BIEZE 0D} 6571A o]l2% 21} albumin WS AL
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glA| gl 23 AOX1 promoter repressiono] uj-g- Alghg <&
g Uk weEbr] Fed-batch WL Weg FFTe s npp
o] Bl Figure 69 Uel+= RAXH REAZE o 304]
E HAREEE ¢ 092 HXEIEE SYAEY T
HE $F 0D. % 50904 wlggqt 0.13 gming] £E2 FF
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Figure 6. Two stage fed batch fermentation profile of P. pastoris

(abrupt change feeding)

Glycerol was fed that 4 can be maintained at 0.1 hr', between 16
and 28 hrs. After 28 hrs, only methanol was fed to be maintained at
8 g/L.
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Figure 7. Two stage fed-batch fermentation profile of P. pastoris
(gradual change feeding)

Between 15 and 40 hrs, that 4 can be stepwisely decreased from 0.1
through 0.08, 0.05 to 0.02 hr’'. After 40 hrs, only methanol was fed.

AHA  albumin B¥ FFEF vlws] EMdo] gl FXoln
O.D. 2000])/3¢9] HFe AAE 2% oF 5 g/l o]
albuming A& 4 & Ao= AMztHch EF Figure 794
T P. pastorisg |83l BAGETE HA @ oL
$eE FFE vPolFE WMo F Fed-batchE ZP3PE
Hl o= Figure 6°re] FeMlEE o83ty n4dP&Es
009 hr'2 AEE A % A dgsz A8 Ao
oo mbZ AOX!1 promoter?] inductione] =t} ¥ &S
7h she Ae sk Foldoh LA AR 15ARRH =
gAE WAE FFIL ol MAFEEES 01 'R {3
3tk o] & 3017l AFEHE AHRH wAAEES
0.08, 0.05, 0.02 hr's Y=} W30} FWA O.D. 90742 e}
A g F vggtiez uipe] FQch AYo] APHe F
QF MlEhES wFRT] 05 g/LE FolFT FHE F 1043
o] A thF 4 gLyt A SAx ZYHE wiAE TF

FE ¥
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e AAEE 8 gLz 23] F F o] FEE FAGH
o] Az 0.D. 90904} oF 1.6 g/LY albuming AAEHCh ©
= Figure 62] A9} nl4:3l g=xjo|t}. o] P. pastoris)
739~ fed-batch ¥HE o]83t AX v]UA] mixed feeding
g &z gn x3 FYAE TIFE E9E Qo) uig
He&Z vlPolx albumin Y¥Hole AFo] ¢SS & F
ARt

3bH H. polymorpha® 73%-°] o] 7[A HReZ fed
batch A38e A3ttt 2 ATE Figure 8, 99 B YT
YL EE 37Tl & A¥RHL P. pastorisd] 3%
o} FY3t). Figure 80X wigdd s Fg3te &< vIA
FELE 01 hi'Z §RAIF)EA 0D. 40 AE7A 7900
OD. 40 o|% uA4FETE 0.08, 006, 0.04, 0.02 hr'z A
A @Fo] FHA 0OD. 80714 AeA 3 ¥ vggnez
uto] Fojth o] u) wWiglEE HEFA] 05 gLE WoIFE ¥
HEAZ 5A 7] AT O 4 gLE DFo] FAL Z
AE WX E FF3he AREE 12 gL GA3EA 48S
283tk o] A¥el Ay 0.D. 80 HEA albumin 800
mgl BEE 4% & AAck 914 Figure 991M e BlAAE

2 01’2 §AFEE OD. 10 ASAEE FAHES
HAE FF3 OD. 30 °o|F FFAAPA 2THNE IFE
Fad 3 oggvrs FFEEA dEES 12 gLE {43
doh old albumin TH $F& AHE FI OD. 8094
oF 300 mg/Le] albuming €< F AUk

o] A= n|Fo] B W P. pastoris®] AL M EvH
o2 #FFE Y3t OD. 71A AA ¥ HIE vEg=
FAAE  albumin FEHAe ZA7E GdAdE ¥ A

polymorpha®] fed-batch W& 0|83 1FT AE #Ad]
T P. pastorisShe ThE2A] WAL E AAE B3to FE|A
£ THAHERY dugg FFOoEY HE wo] IFY
albumin &P & FFL FTde S ¢ F UM
Table 13} 29| P. pastoris®t H. polymorphaZ )83 g
7}A} fed batch ¥WrHz} ZatAzojxe] ztztol] th3l specific
expression rateE Hlwd AREZ HPeu] S ASA He
& vixjEe] Az o] w2} specific albumin expression
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Figure 8. Two stage fed-batch fermentation profile of H. polymorpha
(abrupt change feeding)

Glycerol was fed to be maintained at =01 hr’' between 11 and 18 hrs.
Afterl8 hrs, only methanol was fed to be maintain at 8 g/L.
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Figure 9. Two stage fed-batch fermentation profile of H. polymorpha
(gradual change feeding)

1 was stepwisely changed from 0.1 through 0.08, 0.06, 0.04 to 0.02
hr'. After 30 hrs, only methanol was fed.

Table 1. The effect of induction methods on specific albumin expression rate in fed-batch fermentation by Pichia pastoris

flask abrupt feeding change gradual feeding change mixed feeding
specific albumin expression
rate (mg?L.hr.0.D.) 123 14 1.35 06
specific methanol consumption 0.013 0015 0.017 0.008

rate (g/L.hr.0.D.)

Table 2. The effect of induction methods on specific albumin expression rate in fed-batch fermentation by Hansenula polymorpha

abrupt feeding change

flask gradual feeding change
specific albumin expression rate -
(mg/L.hr.O.D) 0.32 0.36 0.8
specific methanol consumption rate 0.04 0.08 0.16

(g/Lhr.O.D.)
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Table 3. The effect of methanol feeding rate on the specific albumin
expression rate in Hansenula polymorpha

Methano! feeding rate
(% of maximum methanol 30% 60%  80% 100%
uptake rate)

Specific albumin
expression rate 0.56 0.65 0.72 0.8
(mg albumin/L - hr - O.D.)

rate7t 2 zol7t A& & 4 Tk P pastoris9] o

B &
A At ulel Zo] FEMBNA dEg wjAze] JE W
Holl #AQle] speeific albumin expression rate’= °F 1.4 mg
albumin/L - hr - O.D.2 H|<38tth. H polymorpha?) 7359l
e 2 AHEdA WaE AR APy et & A
o2 BYS ¢ & UeH FTAENA HEL WA=
%AZ A3 79 specific albumin expression rate’} 0.8 mg
albumin/L - hr - 0.D.& Ho|& ¥ ZEAEA HEE=E
FA2YA AFE B A JBEY 50 %= K
nlxl& 2F 0.36 mg albumin/L - hr - O.D.°]|it}

3} Table 39 H. polymorphao) T3t wig&o] FF
2o gelste A Sme specific albumin expression rate
7} B X|=6] maximum methanol uptake rate®] 30 %, 60
%, 80 %, 100 %E feeding®t A2 2zt HlmaATh A3
o] A7} MWEE-ES maximum uptake rate®] 100 %= feeding
3+ 7% specific albumin expression rate?} 0.8 mg albumin/
L-hr-0D. 2 vebsta 30 %, 60 %, 80 %2 A7} 42+
0.56, 0.65, 0.72 mg albumin/L - hr - O.D. o3t} o] ¢ v
€h-2-8& maximum uptake rate2] 60 %%t feeding 3= FHu)
A9 oF 80 BHEE EATh o] 4¥9 23} H. polymorpha
£ o]23 fed batch YA W|E-2-S maximum uptake rate
9] 60 %olAt feedings)= MOX promoter®] inductiono] F&
&) o)FojR 1 X3 albumin YA H ZHAL dilutiond] 9%

LEAI7EY] 2715S 1 F ot AEol A

mjzxgl 0l WHE 95t st M Euj

%] AL T3t @€ HF fed batch HHE wige
2 P. pastoris$t H. polymorphaZ ©|&3le & &< A
2% 489 AE A% 1sE AR wF 488 F354
t}. P. pastoris®] 739 pH 5.5, €% 30 C, 2 LujRle] &
WA g 5 BEHEE FFTHch STAE WAE TFA
OD. 1508 =71 A & F &Y I35 FAL
HEeE [Edte Fo4ct. o] A4¥e] AT} Figure 100 H
Ax e oF 9.5 g/Lo] ¢RWE LA =F H. poly-
morpha®] 7%= pH 5.5, &% 37 T, 2L ujxld] FujoutdS
5 %5 =% FE3AE FYAE wWAE FFshe ¢ HIA
FETE 01 hr'S FRAAFEA OD. 250 ZA=71A] 2
& % OD. 250 °]F HAA&EZE 0.08, 006, 0.04, 0.02
hr'Z Hap @3o] FWA 0.D. 300747 Ak & vEe
wo g o] FQt} o] o werge oA AFT Y
of wet AFA 05 gL, LEAIF 5AFte] AHAGF o 4
gL, 2TAE wAE FFste AIFRE 12 gL2 /FA381
AL P3Pt 1 AFHE Figure 1164 Rojxe Az
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Figure 10. Profile of high cell density fermentation of P. pastoris
Between 15 and 48 hrs. glycerol was fed to be maintained 4=0.1 hr™.
After 48 hrs, only methanol was fed to be maintain at 8 g/L.
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Figure 11. Profile of high cell density fermentation in H. polymorpha
Between 15 and 40 hrs, glycerol was fed that 4 can be stepwisely
changed from 0.1 througy 0.08, 0.05 to 0.02 hr' After 40 hrs, only

methanol was fed.
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