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The development of expression systems for heterologous proteins has been greatly demanded not only for the study of
the structureffunction relationships of these proteins but also for their biotechnological and pharmaceutical applications.
During the past decades, the methylotrophic yeast Hansenula polymorpha and Pichia pastoris have drawn attention as
one of promising hosts for the production of a variety of heterologous proteins. The increasing popularity of H.
polymorpha and P. pastoris as the host systems can be attributed to the several advantages over the traditional yeast
Saccharomyces cerevisiae, such as the availability of very strong and tightly regulated promoters from the enzymes
involved in the metabolism of methanol, a very high-cell density even on simple mineral media, and a high stability of
expression plasmids. Furthermore, it has been observed that glycoproteins from these two yeasts are less
hyperglycosylated compared to those from S. cerevisiae. Despite substantial similarities as methylotrophic yeasts,
however, these two expression systems have some unique features distinguished from each other. In this paper we
present a brief overview on the present status of the expression systems developed in methylotrophic yeasts, mainly
focusing on the similarities and differences between the H. polymorpha and P. pastoris systems.
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Table 1. Differences between two methylotrophic yeasts H. polymorpha and P. pastoris

H. polymorpha

P. pastoris

Alcohol oxidase gene MOX1

Regulation of
methanol metabolism

Fermentation

37-43°C

Mostly nonhomologous

‘Growth temperature
Recombination

Integration High-copy integration

Repression/derepression/induction

One-step fermentation on glycerol or on
glycerol/methanol possible

AOX1, AOX2

Repression/induction

Two-step fermentation: growth on glycerol
followed by induction with methanol

30°C
Homologous

Mainly single-copy integration

4 ™
Cytosol

Peroxisome
CH30H

02—}, GSH
H20;

11 HCiHO——o HCHO - GS- cuz HCOOH
1

XusP ¢ NADH NADH

rearrangement

reactons cell

ios !
3(-'AP ™ constituents

6
DHA 77— DHAP
>0FBP ~EeP

‘ ATP ADP Vi
GAP Pi

. J/

1. Alcohol oxidase
(MOX in H. polymorpha, AOX]
and AOX2 in P. pastoris)
2. Catalase (CAT)
3. Formaldehyde dehydrogenase aldolase
(FLD) 8. Fructose 1,6-bisphosphatase
4. Formate dehydrogenase (FMDH)

5.Dihydoxyacetone synthase
(DHAS)

6.Dihydoxyacatone kinase

7. Fructose 1,6-bisphosphate

Figure 1. Methanol utilization pathway and its compartmentalization
in methylotrophic yeasts. The H. polymorpha and P. pastoris genes,
whose expression are induced by methanol, are indicated as abbre-
viation. The figure is partly modified from Cereghino and Cregg (25).

HFYEE A oA SFA2dog Ags Hu 91‘:]'
(2,3). H. polymorpha®} P. pastorist %+ Y8549 vek
£ AR LT gAHd0= o8& 4 T HEE it ’aL
Hee XAZ]'“"“H frefd 2 2ol %O]O}‘EHE oi-§-
7283 ZRREES ZEn Qo] 44l & FHA S
cerevisiae EE]- I FEAe] ulg ok w3 7rddk Al
AQME = HH100-130g DCW/L)o] &eolatal, A
AEA Wl EXHAATE G739 QAL E AYE o] B
M WAE ARG A7 MM E EYE HHWE
Aol Holdk Aol Avk4). T yolrt o5 ARA
HEHE FANAEL S cerevisiaed| X TEHE FEMAS
Hlz) @4 HAFslEe At @ ZAoE HiHR 6)
o] HHA 2L HErE AjEaRIX e
B33 oy FEE wgt ol s EO]—T’—
SATHTable 1). & aolM= F g Aax
polymorpha®} P. pastorisE ©]g3% 9é A 2= 7o -,‘-’,—/\}Ag
2 AojFE vl BAEEA ol I A2Ee] s

o hall AHRA S,

051

-

o&&‘

HELS CfAl 2 =E(Methanol metabolism and regulation)

o] 279 895 = Candida, Hansenula, Pichia%} Torulopsis
L(genus)ol] F|FET ARETO] MELSE FU3 A
Badoz o]fsld 4T 4 ok vEgE AFERES
Yol 19703 Zubol] 58 AR E AT single-cell protein
(SCP)S Hleh&A e A d42ds AMg3sle] o Qi
A ae A SHAAM BAE TY] AFSHND. 1 F
A&Ho2 FPF o5 AR e A, Asle, A
TFZEo] B AFAHE oA HEE dirfls HEA
£(peroxisome)o]dh= Ho g EE AHE  7|Borganelle)o]
#osin dghge o3 B FEHE off Sold E4E
o] Zgog o] gyt &, WEgE oAl A= o
LA)&o| A ¢F 2A)thA|(alcohol oxidase; AOX)Ehe FA 0
o3& ogrgo] 2k8}Eo] formaldehyde$} hydrogen peroxide 2
FalgozZH AR TFigure 1). oJmf AJ4JE hydrogen peroxide
= H2A|&d &5l E OE &4 catalase (CAT) <J3)
Aol B2 BalEm, Y Y5 formaldehydes &A%
oAl &A dihydroxyacetone synthase (DHAS)9} #-2o] ¢]a)
glyceraldehyde 3-phosphate$} dihydroxyacetone .2 314 5] o]
xylulose 5-monophosphate A4S E3+ F3lulgol o]&HU}
¥ formaldehyde& HEAlgollM HEEo] AEAd e
T %9 84 formaldehyde dehydrogenase (FLD)9} formate
dehydrogenase (FMDH)2] #8032 A= COE AM3}lE0o] H)
g x] AAste x| duz|dez o &)

vjghgofjA HitE ol aX9 EAL A A8 AL
ZEQ o), Wehgo] o8] Ax o] A= mYd =4
AMe HZA L] AA Ax FHo 80%7A AA|E}
Sh8). o] HE S| AOXS) DHAS Tl do] A AL
el 60% o3 e olE WAL Zste f
AAEY ZFRE7E Wy FES wgea ok HEeE
AStERZEA H. polymorphast P. pastoris= 5243 Uﬂ?ﬂr%
A ARE AU AT oA F5F v Ao|HE
oEth AR, Ho polymorphadll= wIghg 2¥3}2t-gof —‘&&1
HE €8 SAUAE Idde FHAR MOXTE EAse
BHA P pastorisole T AR AOXI9} AOX27} EA)FcL
EAZ, H polymorphadl M= WlebE UAMERZY F8 d4
¢l MOX¢} FMDH®] o] S 2Lt oghgdol ofa)A o
A=A FE A El 91?'5}1/‘13 2 A} A e
Eade] wE  oJA)E3) 3 E(repression/derepression/induction)
ZA7NEL HoltH9). °]°ﬂ W8l P. pastoris®] AOX A=A}
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B2 "o oekgoe] EA|soryt Wy A45d dAFE
(repressionfinduction) %4 7]ZH8 H.QITK10).

B fHAstA xxHMolecular genetic manipulation)
Hehe 2 anso U3t AT EHE olE AR

e AelshA Aol wlsiME obAe w|ZIE Aol

Homothallic ascomycetous B2 8 FFHE H. polymorpha$}

P. pastorist YurE <] wiek ZA A& haploid ez oA

HA FAHAR, ol AFHA EF wigzers

diploid 34 ¥ sporulation HAHE AXNEZ TAH FH

3 BAT 745sthlL12). 3 S cerevisiaeo A o) gEE

2A 634 %5 3 o8 34 92 59 239

3}, 54} targeting % replacement, functional complement-

atonel] 7123 47 2249 5 OE 4% 240 T

&2 Aol A8 Hssiohia),

P. pastorisd)| A= BlE S. cerevisiaed] Ws|A= v ot
vlg-olAut AHE 2% $Hhomologous recombination)o] )
H)-&2 Yoli}rE double cross-over recombinationg

sl 47 AAAe 5H H9lz wHAHES WA

A AUAE = Aot Ty SolstAl= H. polymorpha
72, vjAEs 2} Z3FHnonhomologous recombiantion)o] &

Wes dolud £ S A F2 45 4

HEA B2 oF AYHET. olef 2 & HAAT A

Z3F W= H. polymorphai Al 2i7] T A4bA] wd )

HES 45 449 o B2 €44 oF 498 5 3
T HdllMe & FPoF AgaATHI4), BF F¥a 9

#(gene disruption) % double cross-over recombinationS &

sahe w4 #as 23e g &R Azuel v 44

RTHe o] H. polymorpha WA 28] BHOZ A4 R

ATH1S).
gRRe g ansys @l H polymorphad) A= 27

BEAMNES Ad HEHE ¥E drHoRE FetauE A

2, & &% d44 DNASE HEE EAso] §AHAT,

W we MED HAE Azgel o8 45 P w5

o
—_

o rlo

1 ro Lo P

)=}

Az g A gFE Aete A, dFes iy
? PAAIAES selection pressure §lo] HALHF oz WY
& oA Aol HdshE AAS AMA EE UH
7b &5 AR HAEA ARlE RS Fra
= M4 3h(stabilization) Fo] PR3 ©rt ol <HHE
P £39 gaAE =49 HHY 57 4 7
A He FARRAE QA €oii4). H polymorphad) X
el AT 7 @A HIEAY R g4A dF A4
T 54 53 o Fie Az gud 93 sHEE

AW AFstel Ao o e Az dud
ste w78 AFske Afole e f&siA &8

dtsl WE|(Expression vectors)

T oeErE AstasA da) s de] AeEL Qe
HUEHEL S5 YA AYHEE 19tE 498 ¥
(integrative vector)Eo|th UWHA 2 P. pastoris WE o= E.
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A. P pastoris vector B. H. polymorpha vector
E. coli

marker,  ColE

H. polymorpha
marker

P. pastoris HARS
{ marker

Promoter

\Terminator
/ A

YFG

Figure 2. General diagram of P. pastoris (A) and H. polymorpha
(B) expression vectors. The arrows in (A) indicate the restriction sites
used to linearize the P. pastoris vectors for transformation. YFG,
Your Favorite Gene; HARS, Hansenula autonomously replicating sequence.

colidl X ZFZx7] 93} replication origino] E3tE]o] Ix|vh
P. pastoris o) 271 E-#) A D(autonomously  replicating
sequences:ARS)> ¥ 3E| 2 el walr] wdEseo] ¥
o} & P pastoris S AR}, AZH A0X] T2EH
v HIS4 Az, B8 ddele 32 EYUstd 4F Al
Z3tol s dEWEr} &5 AAHG AF AL S
AOXI AL HIS4 47, F9o] AY=lns: 7uso]
ATHFigure 2A). &7 st Z2wH 9@ AEEAE Ad
ek P WEWElE(18)0]  olu]  FEiEo]
Invitrogen (www.invitrogen.comyo}A 9] 7}s3lE2Z P
pastorist= A At Ao Fx 2 vl A4S 4% 7]
zAFAME F32 FHE A FAF sF2 Wol A%
=i ok

H. polymorpha })-& HEl= H. polymorpha 2] A7)
EANES Za glon, UAYHE Adslx g 93
(circular) FEIE &3] =YPAA T AWl v5H
HHE AYHEE NEEdckFigure 2B). ofAL& AHHOo
2 HulE= H polymorpha d WEE glon, Y9
Rhein Biotech GmbH2} =]2] A 3834 A~(KRIBB)% 4]
AR V2 AdEHD e U T2 ARG gl A
E MEE EFOE J= IS AT LY AaEoz

ol&=¥ 1 Slrh

pastoris

= 2 E{(Promoters)

vegxlsl ERA o Tilde] o e fs) A
A gy A8 e ZEY
FAR N FdE ZRRHER o5
HeE EA] ofFo] wel Fd x-o] st FHe] Sloh
H. polymorpha®] 7% MOXI, DHAS %= FMDH T 24E]
7} RAHo g @450 QL P pastoris®] B$-E AOXI =
EREF F2 AEHT Yok 2oy AFoE AdE Az
3 dulde AEaz she S dEdd 9y frAR
ARESEZ1o) AFtetA]l fom, Ee Ol R WEe dadgt o
o] e A AE4E Esa e, ysol we
o o3 By Fx S Y3 da FHL d§ 23
ths HEo] weheS e e ol ZEREEY ¢
Hog AR Uk weA Hdde olEE AT v
gy gt ZRRE el B AFEo] glstA W
w3 QtHTable 2). 53] P. pastoris®] glutathion-dependent
formaldehyde dehydrogenase (FLDI) ZE2XEy wWeE-S S}
ohlel methylamineS AMR-3te] WES =dT 4 QlowAy
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Table 2. Promoters and selectable markers used for protein expression in the methylotrphic yeast H. polymorpha and P. pastoris

H. polvmorpha P. pastoris Characteristics
Promoters MOXI1, DHAS, FMD AOX1, FLDI Strong regulatable
YNTI, YNII, YNRI, PHOI Moderate regulatable
GAP, PMAI GAP Strong constitutive
PEX PEXS, YPTI Moderate constitutive
Markers LEUZ2, URA3, TRP3, ADEII ADEI, ARG4, HIS4, URA3 Auxotrophic
G418', Hyg', Zeo G418', Zeo" Dominant
5 A0XI Z2RHHE ul$ FEsite F3o] A19). E A. pGLG61 C. Selection procedure

3 7REd FAZF ZEREZ NZ" H polymorpha2)
glyceraldehyde 3-phosphate dehydrogenase (GAP) (Kang H. A
et al. unpublished result), plasma membrane ATPase (PMAI)
(20), P. pastoris®] GAP2l) ZZEREE% XF7A AzF
W uggne A8l 2 ge Aseled MOXI b
AOXI ZEREd] BHY BE BE 57 Boln AUtk Y
2 9 whilAse A% #AEsl ZERHE AHE-E e A

237 ‘“ﬂ.‘é %f—%‘ 2l = 2 A4 (processing)ell EA17F A }
2 038 7 Axe §48& Zhe ZE2HHE 48%

271 9ok ]Ed A& H. polymorphadi A< nitrate 53}
A Bste A EFHY §AA YNTI, YNII 2 YNRI
Q2 wHe ZEREE @7te FATEA FAX PHOI
(23) fde Z23HE AMHY 5 3, P pasorisd AT

oﬂ, lU -10

wa BejAe] Befdh= GTPase FHAK] YPTI fefel
ZEREE o] 8T 4 Urh24).

M = X|(Selectable markers)

AEEFER S cerevisiaed) W8] o] T Ak A3AEaTe] F

ARl AT 5 Y= AEEA IF) ojae Jus)

=z 238k Aeo|tiTable 2). 94 &7 MEREAZE o8&
& Qe SANESE P pastoris®] 7S ADEL, ARG4, HIS4
2 URA37} R Eo] 9J11(25), H polymorpha®l 735 LEU2,

URA3, TRP3 2 ADEll §3A7r &dxrEol QITh26). S.
cerevisiae®] LEU2, URA3, ARG4, == HIS4 H3AER 7}
To o wgke ATy HEAEAZ oJFHI|= Frt
FAA WA o83 Auld ME3E*|(dominant selection
marker) 2% transposon f-2]¢] APH §4AE o]&3 G418-
WA(27, 28), Streptoalloteichus hindustanus #e2] ble 73
A2 ©]8-3t zeocin (bleomycin or phleomycin)-tJA1(18, 29),
AT sdel hph GAAES 043 hygromycin B-UA(30)
ol #A el Utk

Aol 74 4 =H A|AEYCopy-number controlled integration

system)

FEEE 7L 5 JANUE ARlEE Aaddxe W
o4 43 A % AR ol T 9 A BE )
A 9%S PA HEE 3 {%‘] 91 SHYEE
243} 7}1 B UHE Hole ¥AA Fohfe
22490 §4 3ol BRsA "ok A i% T4 7
A E 2 é}%lTﬂ e & A H
A59l 4%, 53 vl @uae 4

1O
A, A% AxG @ 3
SR A 57 WS #d)

ete Ae, 239

Transformation of

H. polymorpha (leu2)
4

Primary selection of

LEUY on YNB plate

l

Stabilization of
LEU" transformants
{

YPD plate + G418
or Hygromycin B

HLEU2

TEL188

B. pHACT-HyL

Figure 3. H. polymorpha vectors designed for copy-number controlled
gene integration. (A) pGLG6l, a vector containing the G418
resistance cassette, (B) pHACT-HyL, a vector containing the hygromycin
B resistance cassette. These vectors contain a telomeric autonomous
replication sequence, TELI88 (36), to direct tandemly repeated
integration of the vector into the ends of chromosomes. (C) Selection
scheme for multiple gene integratns using the antibiotic resistance as
a dominant selectable marker.

AN AMSE 5 wasn geEs A $dd
A RS A% £5 AU FRARAS AEsks Bol

o] & F83ch3D.

g ZX Al2"e] vls] ¥1E H polymorpha A Z=F A
AT 4% GAAZ DRAUHE NE AT
grela, B8 e} EeR A9 343
Q&% BeHeg st Al e o
s SEdE Be AR o
S 3?-‘4% X] & AEAAS AxA At o9
WaRAe ager] A5 AUY FAAe Al
Foll wel Axe tddt Axe] WAads Folste AME A
3 EAE o8 Al 7t 4 2- AJ2~Fl(copy number-
controlled integration system)o] 7WtE|o] Utk H. polymorpha
A 2" e tEARlS f584= H polymorpha telomere
frae ANBAAEY FA G418 WA FHHEER2) E=
hygromycin W4 7HHEGBO)E o443 thEiE =98 ¥
7} 7)arElelchFigure 3, A and B). A7) A|2Elo|A: LEU2
o pe Y 274 WUEAE olgdd Aoz ¥
HEAT QUY F olAHoR oe e Fxel $4A
TgE wjde] BnE WIAINE =WHAY replica
platingste] TAA WAL e FAABAS AP 2
CHFigure 3C). whebA] ] FHA FEE dEdte g2
2AE AAFLBH 12 AWIN £4 AAA olzE o
%3 719 o LHAHES A5E FRABATS vl
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st AEd 4 e AHel Atk o9k HsEA P
pastoris A S G418 WA F82H28) 2 zeocin W H-HA
g o)gdtd tF =Y FAABANE AmzA Jdse Al
2Elo] AEo] QITi(1R). G418 &) zeocing A}8-3h=
7% P. pastoris FEATANE Ttz FAAZ LFE wiA
A A £ Qlde Al Helsich

=5 AF(Host strains)

A 4880 Qs RE P pasors £F FEEL
NRRL-Y11430 (Northern Regional Research Laboratories,
Peoria, IL)ollA] Fef & QATH25). WF& ol&2 dht Ex 1
ol4e] A¥aTH FEE A EDWolFS(adel, argd
his4, and wra3)ololA slGEE JFaTyd AE EAE ol
g3t FAMEAZ 5 ek AF7HA AFelA EE H
polymorphas o435t 9 HHx @d A|2¥E F2 H
polymorpha CBS4732 (synonymous ATCC34438, NRRL-Y-5445)
(33) == NCYC495 (synonymous CBS 1946, ATCC 14754,
NRRL-Y-1789)(11)F& FAHo2 s YA, oA
£ DL-1 (synonymous ATCC 26012, NRRL-Y-7560)(34) o5
g ST ol 8% AxY 9ud 1y AlxEo] s 9l
th(32,35-37). H. polymorpha CBS47329} NCYC495% wmj
2 ¥2p ¥4 o] nlwA foldte] 1WA FA}H £
o] go|a}Agh, DL-1 #3= Wl ¥ A 4 58] F3
Gob nAH fEs Aol AR wBHe] ATK.
Lahtchev. personal communication). 124} DL-1F+ 5+ O} &

Fol Hls) dighE 9 ol HES EFS oAy HijduA|
oA o We A% £5E Holw o AR & F
dx ©l W& Z$%2(Kang H. A. et al, unpublished
results) S Holz 5 AR ©id A £FEXM B fo
S 968 & At A9 592 23 Atk £ DL
CBSFol I3 AHEAES H&ol wobd wEe P 44
342 zFo) vlmA fo)atHAgaphonov M. O. et al.
unpublished results).

HELZ A% #ZX|(Methanol utilization phenotype)

A AZE W=7t B P pastoris WEA 2PN E F
243 A0X] Z2EE9 HYUoHR 7Y WE FHA
EZb &% dAaAde A0XT fHz F9]olA]  double
cross-over recombinationd 3 AYEHE gl AOXI #
A7t st E o} aoxin FAHSAZ Ak o] aoxI A TF
© wggedA wigA] B doE APHY A0XI ALE
] ol w5 ¢dom of-9- 8] AJAFET(methanol utilization
slow: Mut)2 ze}R s A0X] oP¥@F Mut)rErh 4 o
& A 274 2 e 4E £5E Holve AL A
doh AAE Mut' AT 3 Mutt #5E o839 HE
£ vy A4S o Mu® oA Az oy ANES
o] Mut'd} 7ZA$-o) vg) @t Bud 2R AF AEE
o] 9lo] Mut® #F7F AN AT Do Y] Ae
e Btk §8% d5US Arbsk 2Avk38,39).

P. pastoris$= E¥) H. polymorpha) = MOX ZERE
o} guldle|HE o]&3 U HErL “islon R E s}
URE S5 gaHe BHEA Foz2 AYEY, 4% oe

19

He HEE MOX #37 FHE AYdETal e 44
2 HEDL A7) wiiel Saade MOX fAAvE B
9 FAABAE FRe)7E WS oY oy MOX =2
TEg Hupolgz A48 Ud stHEY MOX FHR R
92 ARIEEA MOX §AA FHE FPABATS A
4y 5 Ies 53] uctd Wy 9 FFvh ALEHAG
40). &, Wes LAtHE FYse MOX FdAd wiE
2438 TRP3 - AA7} g9 H. polymorpha W o|F(trp3 )
& AFstm MOX TERES TRP3 A YRS 4% &
o AW LHNNES A7) rp3n TF) £U8te] TRPIZ
Agse JFHABAE EYER0| A o)A A8
© 24 double cross-over recombinationg E|A LHIIHE
7 MOX f3AR A€ FEAEAE st "ok o)
2ol MOX A7} SAF H. polymorpha AR = Bt
S 4F SATA B4 Ad A0X2 FAA} golsle P
pastoris aox] FAABA L= gl WELS HF wharde
2 o]{8 4 Q¥ Mut (methanol utilization negative) 33
& zHE HZoe P pastorisdl = AOXI¥TH olg}
AOX2 FAAAA Fijsle] AgES A GAYU0T AMS
& 5 g TFaoxl A a2 MNE NEEYIT ol Mut T
= dgkgo] o8l A0X] ZEREY Wy S 848 1
2 FAEt gleol B A4

ClHZ] 554 2L 73 (Protease-deficient strains)

HEEE o|g3te AXY e AE of A
7HE fElMe BAEAQ UE g Bel Alxde] ARge g
Holx|gh Ajat Hujd iAo RaE WxEs Ax
]9 Fodeh 53 Axd ARE Ae:kE dERM F
AIZE W YE o SFEAE2RE AdFeR EHEHAY Te
HE Elcell lysis)yE F3HA AXHo) EAse aHd &
Haxrt AR wEso AdE AxY oNdg Tty
AR AR Axg Gz P E Astete A7 Bk
ol FA37) s H. polymorpha$} P. pastoriso) A &
oA gl AE dFE AEEHD e | Y¥xEe
Z g% HA¥(vacuole)d] EA3te HFTASS Y3
AAE, PEP4, PRBI, =¥ CPY 3zt sty #35
A)#&jo] 9riBae J. H. et al., unpublished result, 42). <
ol 2AAGolghol EAE A=BAHEITA ¢ 2 2
sl KEXI SRR} HAY kexIA FE7F AdEe] H
polymorpha®] 73-%- human epidermal growth factor®] C-@th
B2 A8k do At go] #FHUCHI. H. Bae et
al., unpublished result). P. pastoris®] 73%-ol%= murine 2
human endostatin®] C-Teh E3|7} kexl A FIFoA AF3]

7Zhagol R uEYTH43).

© o

CioHX] 5tM & Al(Post-translational modification)

AR WEA| L8 o] utEe|ot WA AE HE| ke FE
e Y =g I e AER o) FARE 2
A E07|#E 23 glo] EnXEe) Ad, disulfide bond
34, D34 (glycosylation) o T P F 4
(post-translational modificationyg Za) SAjsla oW L3
# FHAZ 4 ke Aotk H oifEe &

o
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WMy b obg A7) wE
MAe QA grE AAE
. H. polymorpha®} P. pastoris®= HX

Blog - ge £59 %“—‘.‘ﬂ & Bulsty] Wl HA|
4% Aol ERJste HAA @

BH| AMS A{(Secretion signal sequence)

ol wErEAt3} ANA 1T WHAHE wﬂH LLER=s
£9) AASE A9 A9 fU4 AR ol ds AL
£3AY AR fHe Bul ME %‘ﬁoh %lt} o
25 pNase Adls) ¥Hl AEEE e EAC
FRA BulEAg 5% Fejel BulME-g o] &3 okt
e 7497 o B @47 713 ol AEHn e B
fehe Bul AE HLRE
AMEolH,

occidentalis  glucoamylase, Aspergillus niger glucoamylase,

é&

I 4 ju r do o

S. cerevisiae « -factor prepro

olQJo % 8. cerevisiae invertase, Schwanniomyces

Kluyveromyces lactis killer toxin, Kluyveromyces marxianus
SollM g Buldo) AMEEI Stk #a7tA|
H. polymorpha ™ P. pastoris AA| 32 f28f 2Hl A
Y2 acid phosphatase (PHO1) M go] HRE “Jejo]rh2s,
26). BHl AE AGEY A& 7 AxY dnAEnig @
B o wuREe] BuldAs v AR} e B
wAse Bulde AY AP g B Ak o)
29 Wzt ofd TR Bul A5 AGL Ao s
AT SUTh44, 45).

inulinase

o5l v} E(Glycosylation)

ostdow Fad A WA Adgye o Y F
o] F#(oligosaccharide)7} TFATS Tl FAFHE Fod
A(glycoprotein)o]t}. Bt Fe] Rzte ehpsiBEol 7o}
257}t 4 Bl ok, g vyl 2 A
g Foll A %V%L% Moz Age Feligs AR

AZE g Aake oe) £FFHEH dFYtE =B
£ AEZE FoplA dhte R diFHUG S
cerevisiaed| x| WEHE Az dENAE] e FF Y
A3 (core oligosaccharide)l] 40 7} ©]/¢2] mannose7} -r7}
Aoz #7l¥)E #dsihypermannosylation)9} 1l

o2 A83l= ¢13-linked terminal mannose Ex|7} T
A e 8 £xEAe & AFdgen AZIEAHD. °f
of uksj iAZ vlek2x3 AN H. polymorpha%t P.
pastoriso| A} 38 FulE Azd guAge HE Ry o
wAd wEE DgaiE AduE GRS cerevisiaed
A odEd Axg eudngds A0 ez Py
(mannose outer chain)2] Zol7} 433 #ATKS, 6). °}4 H
polymorphol x| WEE FeriASe] iz B3 d7E
Ao g urb ¢, P pastorisol A AR b
N-linked Sralol chah BAe A Halso] Qo AR A
25 vlElol 79 mannose¥rC. 2 TAJE O-linked T‘/Pﬂb}
nago] Bl Hh46). E38) P. pastorisole QA A W

AS $4ElE g 1,3-linked terminal mannose7} EAY o}x] o
St gEndad o eag wuz AN #3EA A%
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AR S cerevisise BT} Y53 &5 AlAEog AR Tk

Bl & FRo A¥AER)NA FdE dodde] AT
BRo nE AHAEN FEHOR FAHE AFAE BT
AeolAw, 1 % %X]iﬂ(Golgi)"ﬂ"i o] FHA HrtHe 2
9] M (outer chain)& 1S M TN Dojje Fowhd &
N3l 2 Aol 10] Atk olg e AT FHT=E
2pge Aol nF AE 53 A4 4o gENag
gepEoz Aus] A% BE SF2H £T Alxdol A
g 7 2 AkHoz Admw stk mad AAeIAe]
gouAa 293 dYFEE AP ARFE FUnEs iR
ol A AAkE7] 93 ol UBOE S cerevisiaedME E
B EH) g A4 AR AdEHT 2 ile 2sdE
Felel g AT #E A 29 AR 575 N
b agsh gl 1A AtEs). old W) olHe b
eea3t AroiAe Faugd] g ATe o &7
Aololx FANEY A2 HES AT dF T B ~
S P. pastoriso} A Trichoderma 24 al,2 mannosidaseE

FENZ AT AlIE9)SllE ok A maE wrh gick

|

o{.
RN

H2A|& E}IE(Sorting of heterologous proteins to

peroxisome)

ol digres ARMME HEAIFo] MEARG =3
a8 wWgRAGME diF HEAEY FEHE FET T
olof, AxF vuldel AgaE HLAEE o188 5 e
AAgo) i ach w=@ AZE BUAL HEAES

A B)(targeting) 3= —?— chulzl Bl gk 23 AGgo)

1
97 we 993 +4¢ dosle Are 482 N
- Aot oAE AT B8 ASAES BAE AN o
a8 AeA wuse $42 0188 4 don, 4D
33 H8AF SHmembrane)e ) o WAEe) ol
AL AT M ART B2 APY 5+ de e
Qafe] NS BN B wA) A2 Z71E5 3
oh2650). Sl BMAE HSAFOE BN Aane
HSA% e smanx) BYde) C-gve] EAss
_Q.

PTS1(51)o]t} N-Zoho| &3l PTS2(52) AlEMEE
1A "ub. Wl B9 luciferased A #HE=2 #ZH PTSI H%
& A 749) o}p|mAt (-SLK-COOH) 2.2 A==, 1
AFLAFAEL PTSI MAolA o] ofnlmit A]gho] ‘.’:,101‘%
S()ZM, -ARF, -NKL, -SLI %) #H&AlE AR 7)o
agE FAES RAFATHS3). PTSIS of&atd Aadd
ol oef wMALS H. polymorphad) HSAEA FHAY
4 d&o]l Hu® Hl Jrks4, 53). (RKLVDXHQ)L/A)
Z FAE PTS2 MEe wigzddl Z#gle] AFs<e PTSI
AE7s 2 amineo] FE Aodos XFE wiA A H
ok;] ﬁ_?_oﬂul- _49.*]*0; E};;}\Elg]l—_ Ez]o] O]E}(SG)

=5 v 2HHigh cell density growth)

o)l wWereA s &EX H. polymorpha®}t P. pastoris7} QA%
AR S cerevisiaed] vlE zZte o3 AHE FY 8]-14—%
fermentation o) wj¢ 2oiE otk ¥ TR ©i
& ALgEE aw % ISkl S cerevisiaed] ST W2 °k
9} oelgo] HAER ZFH w} &5 "310}4 gl A
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2% dudo AR A7 Astge EAd ik
21} respiratory growtho] thdh @AJo] fermentation AR
o AR 3 Ho polymorpha$} P. pastoris®] 7S oekg
of o3k AajRge] ofF Hol uj$ E FA| AWaE(cell
vield: Y& Holmg uFT wjeko] wj$ RolsiA Hu
(57). wetA olE vigts Astar wa AjxEe] WAl
3 53L& shake-flask=5E  high-density fermenter2 2]
scale-upe] w9 o= AQH, P pasworis?] ASE fed-
batch 2 continuous cultureol] th3} protocolo] o)n] & &g
5o} da] BHgEo] Aukss). YwtHo R, A0X] ZRREE
olgate WHAAHY AL P pastorsE ZE|AE0] B4
dog 23 wiAA oz wjYste] nEwe] A
£ FH3 7, 2B ALHE AVEE o) A
= £52 ZYHMES FYSt wansition phaseE AlZsn
olF AR Wd FEE Y Wedy FYAEL B2
o] FU3h= two-carbon-source WAlo] A}EE] 3 9o}
28 P opastorisobs 2] H. polymorpha®] 7%= g
Sole v FR3=I} nAdGAY ¥e Fro el
o] Q= AHHNNE MOX E= FMDH IZHEEXRE A
3k 3o Wo] dojure FRIZ = FPNBSUL
dog 0|83} one-step-fermentation WO ZT wj$
S 22 F UKS9). wel H. polymorphad
A olg] T¥o] FEHE ZTEREE ]2
Frlzadolgte WEhe S AMEER] Fnw o whidel
d AR F g 2 2 FFoE FEE 5 9
t}h ols} 2L H polymorphadlXe] ZEF wlehe tiA} %
AL ek s 3 FEAZ o|&F o WMIE o
FARE 9 533 28 23S 98 £ e HiA P
pastoris BT} 333 A8-ZFo|th H. polymorpha7} ™ o
BEE o]&3 1k vy zHe & s e g
& R2%(37-43°C vs. 30°C for C. boidinii, P.
pastoris, and S. cerevisiage) )N = 2AE AAL &2 4=
U] tHE EZF9 cooling management U THE 1A B
g o4 g dig o] 4 e Aot

2 B2

A S kg TRe e Sl BMASe % v
@28t R H polymorpha$t P. pastoriso) X 235 9E
G, 7 WA $ES oRE BERE 0|83 TEE W]
I g/L ool B A23 vl A9e 10 gL o4
BAHA) A2 P pastorisol A 14.8 gL Hre Az
gelatino], H. polymorpha)X¥ 13, 5 gL Ax< =%
phytase®] #H| - AJibo] HiEo] o] T WA A®e &)
o8 Fsdt ofe) QANE wE A2UE FolH g 3
gt Ala"log RAR T QIekS9, 60). 3l baculovirust} S,
cerevisiae FE A2l FEZHolx] B Az
AEo] F% ol ek AR Uy AlAdHoME ze
TEOE HEEE o 5% 9o, H polymorphas} P. pastoris
T A2 T BHE@S 93 “toolbox” ol Al WS- Fa
& oA Aoz xejgal Yok

H. polymorphaol| | z71e Aate A3 Gz Eo] o
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= olfl YHARE FHE Ao WE()Z M, Hepatitis
B WiA)SAY dA AF AL GAel Aok, &9 P
pastoisi| A AE ARG M= IGF-1
(Brierley R. A., unpublished results), human serum albumin
6 52 Y3dY T & HF 9L JoEn e &
Aloloir] groz olE wigd AJaR B A A A
AEo] oepFoz Jiud AzY wwldse E2o o$
HE S22 dojd otk olF wWEE AFJANE 0|43
T AR e B9 A7, 538 vulE @4 F 52
Fgol B EAYES HFs Ho) Ad Feo sk
Azt eeds o dHstas)

chul A &

e a

3 she AT Aol A&7
o2 AYgol wet FF ol AW B N2YLS 1E 7
WAE foiel F8 BnPel AR ol A7 B
9B V5 R FRENIE 2 4oL §UE Aoz 7]
s,
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