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Heterologous Protein Production by a Methanol-

Utilizing Yeast, Pichia pastoris

Hitoshi KAKIDANI
Takashi KANEKO

Pichia pastoris, a methanol-utilizing yeast, has been developed as a host organism of recombinant DNA

molecules. Pichia pastoris has a broad range of potential advantages in economical production of heterologous

proteins. We discuss herein its feasibility and limitations when the Pichia system is to be applied to the pro-

duction of pharmaceutical proteins.
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RLeBZ 740y 72HO R T ERRFOIA 2 %
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5" AOX

GENE HIS4 3 AOX

WL LCHEATE 202 H B L EEHR LT
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v (RSA) obx 7R TOGZWEEEMICEY, 20
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2. EFXFT7RERAROEH

() BEEFEREORRE (Fig. 1)

Fig. 1

Principle of Pichia Gene Engineering.

A. Integration of heterologous genes into the host chromosome.
Transformants, selected as HIS*, are either replacement integration
type (upper, aox—) or additional integration type (lower, AOX*). B.
Autonomous replication vector is used to introduce heterologous

genes as a multicopy state.

Recombination between chromosomal

and extrachromosomal DNA sometimes occurs.
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WZ & - THOEMEER & & v A7 BOLFERME &5
5 ENTE B,

(2) MFRARIBLEDWRER
—RIC A VB B A OB T RBIC BV TR WS

HWor~vn gk, sws vy BEEDRT

HREAVEZ LFEMTRVEELZ R TE L, B

T ROV T SO AR EI AT, FEHM

MR OH N Thil, ©XF THEHIATOEET-

TRBHECIEEAEALDT V3 BEGW LD T,

DWREOEVWHMEN TH D ETEL bR - DTH

Do LOLBMBSUEEROL L —EYRIETEE

FTHNCTRRIED LFFBICRSSWENZHI/RY

Snct, bk, vy vF—A7 b bET LT

(

5

3 v, EGF (Epidermal growth factor)® 7 ¥ Tr'%x7
FERED B G WEEN R ST & TV b, IO EIERZE
WKEBECXFTEBZIACENRCREL TS L0
b TRy, £ ERER HEAEED BT
EZHFHhooH 5%,

RO FWMFE O TR D TEEKRED » D&
WHRBIZ X TR O Y 7 ARSI LE TR0 » 1
LS ZETHD, ThbbERSH S\ IXEHilan >
FFVESS SRR SRS T, Tkl sh
72 cDNA #Z 0 F EHV TEXF TR TO W
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Table 1

Summary of Heterologous Protein Expression by Pichia pastoris

recombinant protein

expression level

comments

intracellular expression

HBV-S antigen (22 kd) 400 mg/L
human TNF (17 kd) 10 g/L
human SOD (16 kd) 1g/L
tetnus toxin C fragment (50 kd) 10 g/L
whooping cough p. 69 antigen 10 g/L
streptokinase (45 kd) 77 mg/L
secretion
S. cerevisiae invertase (100 kd) 2.5g/L
bovine lysozyme (14 kd) 800 mg/L
mouse EGF (6 kd) 1g/L
HSA (67 kd) 3g/L.

22 nm particle formed

30% of total cellular protein
clonal variation observed
N-terminal acetylated

20-25% of total cellular protein
>20% of total cellular protein
insoluble

glycosylated
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05 HLIEFTL P AARENTHEIR T3, L2
A2 ARTERO M 290%EME -» TR Y, mEY
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it Aclonel9 #H\-T dideoxy iz X v EEALTO B
ExITI >,

cDNA oOfEZIne RSA 37 v 77073 v b L
T6087 L /AL YA, WMAT LTI & LTE84
TR /EREI VLD EnEESINL (Fig. 2, S v
7 aBiFlix HSA o5& & & -7 A LEIITH - oD
T, WL Ly itk ol a2 SNSRI
METEBTHRZ EAREINT, EL7 L7
HSA & Wl 5 & 2B TI5%OMRANELrH Y, KB
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Fig. 2 Hypothetical Diagram of RSA Structure Deduced from the cDNA Se-
quences.

PreproRSA (composed of 608 amino acid residures) has an N-ter-
minal prepropeptide of 24 amino acid redidues. Shaded box
represents the “‘pre” sequence followed by the “pro”’ sequence (hatch-
ed box). Vertical lines indicate the position of cystein residues, 34 of
which are supposed to be involved in specific disulfide bonds (horizon-

tal lines).
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5 — ~OBEFEOBAE E RIERICE E X250 BEORE &
HED EFRCE S ICHEEEEA TR OLESDH DL
D ot, EREEBED AL ) —MIEFTERICE
WERTETOT, A8/ —LOUEETRIC b e dlE s
WETHDH EEL LT,

Wie Mut— BoEEEERTR T, A8/ — ki
Bz g L, BERBPOBRIE 20.5% U Tick>2ET
BRI b b EMEREIER S, Fig. b 1T
FORERETT, BEMGHO0MR TErho 7 ) &
R ARELEICEEIhEDT, ) tn - LOHERE
R LA 7 ) —VEERMLI, 28— XD/
B HI120R R TR R (RRER) 3% 85¢/L i,
Br# LEROELESE, © 0.7 g/L (Bradford (TR
E) IE LI,

(6) RSA MR

pryEws 11L 2m 058 LT 7L O BEERE,
TS-300 f& (Y —#8) & A\ IR & U=
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Fig. 3 Construction of RSA Expression Vectrors.
As a Bgl I site was present in the RSA coding sequence. Bgl I site
and Clal site in pA0814 were converted to BamH I sites for
linealization (see Fig. 1). B, BstEIl; Bg, Bglll; BH, BamH I ; C,
Clal; E, EcoR1;H, Hind Il; N, NspV; S, Sal I .

FHEMSEL, A2 TEEAOBE FEZHEA L,
TORR, B4 T BT V- b h 5 ARG

0~0.14M 7'V v ViREARICL ZHEE 2T -1, &
bizzhg 10mM Y B b Y v AR (pH. 7.0),

A LI SE 0 LU U 2R LI T— B &R,
LE#EH % 20 mM Tris-HCl (pH 7.0) CT¥#i{k L
7o DEAE-5PW H 7 4 (HY—#H®) w7734 L,
AR TlEE Lictd 0~0.5 M NaCl & AR &
DEMETT -7, RSA oEtHE S % 50 mM Tris-HCl
(pH 7.0), 50 mM NaCl X v 7 ZEEWRIC 5% (wt/vol)
FEfE TSN & iz CFEMEL Lic¥ v— | 5PW H 7 4 (F
V—tt#) 27 54 L, LREEEE TS L%

100 mM NaCl <F#{t Lic G3000SWXL # 5 & (&
Y—HE) RV VERC LY REE L TRAEME
B, E20RFHREBTET Z2ERD 15%
SDS-PAGE 2 X 25 ¥R % Fig. 6 12577,
REEMONKGT 2/ BETI 200 LIGRER, 7 v
7'u RSA D25FHD 74 2 VEED G E BELTIF
EIN, WoreTH—HEEdohkn-ic, RER
ELTy 7By 4 FMEhROEE RSA & 54547
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RSA— ® ~8800-“=®®O -—RSA

B =~ = il
Fig. 4 Expression of RSA by Pichia pastoris GTS115 (pYRSA2).

Proteins in the culture supernatant (lanes 1 through 5) and in the cell
(lanes 6 through 10) after methanol induction were analyzed. Lanes 1
and 6, 15hr; 2and 7, 24 hr; 3and 8,48 hr; 4 and 9, 72 hr; 5 and 10, 96 hr
after induction. Lanes M represent the molecular markers. A. CBB
staining. 25 uf culture supernatant or culture equivalent cell was elec-
trophoresed in 15% polyacrylamide gel, respectively. B. Western blot-
ting analyzed by polyclonal goat antiserum raised against RSA. 10 uf
sample was analyzed.

0Ds0o
4 300
Methanol Dry
feed conc. cell
(ml/hr) (%) weight
+ ¢ (&/D)
50 1.0 4 200 100
Protein
(g/1)
1025 05 < 100 50
00 0 0 0
50 100 150
Induction Time (hr)
Fig. 5 Jar Fermentor Culture of Pichia pastoris GTS115 (pYR-

SA3).

Cellular growth and RSA expression were shown along
with methanol feed ratio and observed methanol concen-
tration in the culture. Dotted and solid lines connecting
open squares are arbitrary. The feed ratio was so ad-
justed as to maintain the methanol concentration around
0.5%.

€ 9)
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Fig. 6 Purification of RSA from the
Culture Medium.
Proteins were analyzed by 15%
polyacrylamide gel. Lane 1.
membrane concentrate; 2.
DEAE-5PW peak fraction; 3.
chelate 5PW peak fraction; 4.
G3000SWXL peak fraction.
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SRIT =4 bR, TR A7 HE LTOME
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(1) ¥EEANJHEDEA
NR=) v H— - ~vonA n#tBlo Glycan detection

kit ZHVTESTRORE S oty Bl Lie, i
FORAN IR OB S %8 3 v #HFs CRsL Lo t%
Digoxigenin THE# L, Digoxigenin (oxt3 23k 4 H
V72 ELISA I X W iRIBT 230 Th 5, BEHEOEMS
¥ SDS-PAGE ik v B L, =buntirnm—zfEic
Zuy h ENTCRETHERERIEZ175 0T, HEED
Western blotting D#fE&L 2 FREECIT 20T
LHEELRETETH D, COHERRLVBERERT v
TOERICOVTHIT Lic bk = AMEMZIE SRk 4
YRIBENEEN, 2hen DEAE-SPW #5 A k4%
BF L= W7 ADRECLYE LW LB &
DHERR ST (Fig. 7)e 1072 L Z DMHEED K ST K4
gy Eick y ELISA ORHEE N B 50 TS
HOBES L BOBRBAE ¥ EEBLT 5 2 &R -
ETH D, Plaid o BUEES v 37 HOBE OEEER
HEES 10ng THBEOWHL, A LR 27
FE—EDEE 250ng L XhT\ B,

(2) EXTEERDIDREA

EFTHROBER 2R E LCU ¥ FH Ex 7 ik
AR L, ZhEMBL7z Western blotting & ELISA
T v tA Ef7 -7, Western blotting D &EHE, &FEx
L= R T A2 X0 EF TR RRIUR 2B TR
WKBREIRTVBZ EABELMNCA -1 (Fig. 8),
Western blotting TIZIEZ o 27 D LEEEL Vit
e o, ELISA #8fH L, EREH e 78
RHME? 5 1gG (2 kHifE) Xt Fab), (1%
) ZTHECE->THEL, chb &2 244~ ELISA
WCH oo 5% 7 B ) 2 7o EE dh AR & PERE L,
ZHIUTHE TR RSA BEE25H Lic, TOE,
WS RZERR 0.540.2%0 ELISA [Bitiis
ENBZ ENB LT 5T,

Ex7EBEBOERS /N7 EREISEREE &
LTOMREMER

m

4,

(1) RSA
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Fig. 7 Impurities Detected in the Pro-
tein Prepaeations by the Glycan
Detection Procedure.
Carbohydrates covalently linked
to proteins were detected. Pro-
cedure was as suggested by the
vendor (Boehringer Mannheim

Biochemica). Note that serum

albumin shows a weak positive
signal due to the nonenzymatic
attachment of carbohydrate to
the protein. Lane 1. membrane
concentrate; 2. DEAE-5PW
peak fraction; 3. chelate 5PW
peak fraction; 4, G3000SWXL
peak fraction.
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Er S SIBEED D TERIALETHS 5,

Fro—BREIC LI 5B E LT T3 9 Bic RSA ©
DIED e ) OBREHA TV B2 ENRD b, FHR
BHICE T ORI S HITHLERN D - 7o,
HSA Fif¥frhds X OUsEr & 0BRAFIIEE A ES
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Fig. 8 Impurities Detected in the Pro-

tein Preparations by Antiserum
Raised against Pichia Culture.
Lane 1. DEAE-5PW peak frac-
tion; 2. chelate 5PW peak frac-
tion; 3. G3000SWXL peak frac-
tion.
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