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MEE SEMEZETE OO THHTO| Hh|MA

A = & DEFNAAE Gl FHol g grgo] YANHE
= olth, AR= fAAY FF, HA E W, il Hu)
ARZE7Ne AFLRE A 7 2 AR Zu e A, HelR fAASe] B8 AEY e fARE uhet
o] A& %FE(biopharmaceuticals} o™ th¥-E9] 4w A §4 vHe FHNE FUAT =Y He BB
S ojg JAEE Vel EFea ek 53],  wHUs W HAd e deg FEALIEGE 1%
S X gA, B, ofoks ohE, {?l AFFFol of  AgHoz By AME £ ok AR FedE AR
7 E3ETh FAS A o2& AESE FHA A Y DFFEAEY G o] EAHeR AHHT glo
2% 7162 o8, ME £v TEAES BAMGE §F b HT Gy vt o of FAE ol HE dd
& dofA]iL 9129 insulin, growth hormones! factors, in- Ro 2 HuEch
terferons(IFNs), cytokines, tissue plasminigen activator RiolA F52 SE ookg tys g8Hor ¥
(tPA), erithropeetin(EPO), ©rdZ 284 (Mab) 5°] thi |- A7) 913 1S § 55 AE - Edvector Al
ol oeta & 4 ok 1981 olF 16709 s o Mdwat chwE Yuilge) .

JRF(XEA 1578, #A 170)0] W FDA €& wetk  #3 AnE L
ok g, w5 o kAt S (PMA) ol oJ3ke HAl 160
e} AgA g Walo] iF ddFFoi At FDAYAS
Aol ek sk 2003\ 7AA 20% olde] ool A
e Ao o Z¥r) (Table 1). Saccharomyces cerevisiae

Az3 G g £FNTE oA, a1 S. cerevistae AT FAAYEGH Agglgy o3t

% &M X (hybridoma, CHO, # myelomat|¥3)7} AHS5]  diget %7 ofAl ol Fals]o}zl axenf aof] njy
1 9ow, 1990 74A] tlAgto] 7bd gol AbREol & f4elu] F-8)¢ GRAS(generally recognized as safe) 7} 4
HTable 2). 2214 Aole thadel 248 (endotoxin,  EolojM AF 2 k& Aibe] A3 £3HTR U

M| = — 23dvector Al (host-vector system)

23 @l Ao N- 2o o 2] methionine F7}, inclu- e, 7He doka i Al(auxotrophic marker), ARS
sion body B4, BAR7tel 22 WHE £49] i) S (autonomously replicating sequence), promoter, termi-
47| 93 AR v FE AXE SFAFE T2 A natord g s vk WEVE Apdse] Qlou 2y
£330 glth aroA Az oA Aubiols 9F plasmid frele] EHASE ’\}Rﬂ*’- episomal vectors
FA2 2E R fAz o] Bujo ojgk Aol ARE (YEp)?l FHE ol i) Hitel duAl AYHE(Ty
Ak @ Azt A4 gAsgch ol JHe A4S vpEO §-integrant, oF 20719 vd*} copy—r)+ Mursio] QI
2 AZE DAY dgd Aol e, FHE 9 AW AdARJMAHNGE) Y Wyl - AiHamg Lol AEFHoE
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Table 1. FRHZE2| AMAIHCH

Clinical Trials Year of US.
Phase I Phase I Phase I on Regulatory
Market Approval
Insulin 82
Human Growth
Hormone 85
alpha-Interferon ’86
OKT3 86
Hep-B Vaccine ’86
TPA 87
EPO ’89
G-IFN 90
G-CSF 01
GM-CSF 91
IL-2 92
Factor VI 02
beta-Interferon 93
"DNase ’94
*rCeredase 94
*Hirulog '96
*Con-Interferon 96
*Thyrogen "96
Anti-TNF 97
“PDGF 97
Atrial Peptide 97
“PIXY 321 97
*HER-2 Mab 97
IGF-1 08
HIV Vaccine 09
Stem Cell Factor 00
IL-11 00
BMP-2 01
Antisense 02
Gene Therapy 02
°Nerve Growth 02
Factor

(&4 ! Consulting Resources Corporation)

'DNase : 83453 (cystic fibrosis) 2l & 4|, GenentechA} 7]

*Ceredase : 7% %' (Gaucher’s discase) X 24|, GenzymeAH7F 199311 Futel AFAH(NAD)E7} &

"Hirulog' HAY Ao "4y FAol EZH9 oA ¢l 7}, Blogen*PP ol AkA| & Ay a5 gAvts

“Consensus interferon  C8 7+91%) 2 1A, AmgenAt7h GgAE 7y

“Throgen - Uj=rollA] g]7jokfo e Wird, A 744 A= ziore Afzg w9l 1 hsbalo A @ Ao Fq
o, 3tA 3T e

°PDGF © ‘i @hate] vhy A A A, ChironAlt A4AE 13

PIXY 321 0 ImmunexAb/t A1 A9, stetawiAlel MR g2 furg Y7 2AR(EFTY 249 283)
Ang

®HER-2 Mab . GenentechAtoll 2j3l] sl Mab B A& fribetat Fadte] a8
°NGF : GenentechAH7} A8 E, w24 AAE #a 8§
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Table 2. Expression/production systems for recombinant proteins{(43)

PRODUCT EXPRESSION SYSTEM  PRODUCT EXPRESSION SYSTEM
Immunomodulators Blood protenis

INF-a E. coli, yeast  HSA E. coli, yeast, potato

INF-8 Mouse cells, CHO tomato, P. pastoris,

mammalian cells H. polymorpha, K. lactis

INF-y E. coli, yeast, CHO  Hemoglobin E. coli, yeast

mammalian cells transgenic mice and pigs

L-1 E. coli, yeast, surface Antithrombin [l CHO

adherent cells  Factor VI BHK, yeast

IL-2 E. coli, yeast, surface Factor VI Surface adherent cells,

adherent cells CHO, S. pombe

P. pastoris  Factor X BHK, transgenic sheep

IL-3 E. coli, yeast, CHO  Factor X1I E. coli, yeast

IL-6 E. coli  von Willebrand Surface adherent cells

factor

Tissue Necrosis Factor E. coli, yeast, tPA E. coli, yeast, CHO

P. pastoris transgenic mice

TNF-B E. colt  Urokinase Surface adherent cells

Prourokinase E. coli, yeast, surface adherent

Growth Factors cells

G-CSF, M-CSF, GM-CSF E. coli, yeast, CHO Streptokinase P. pastoris

Fibroblast growth Hirudin Yeast, H. polymorpha

factor(FGF) E. coli, yeast  Protein C Surface adherent cells

Tissue Growth Factor-a E. coli, yeast ~ Thrombomodulin Mammalian cells

TGF-8 Yeast  a-l-antitrypsin E. coli, yeast,

EGF E. coli, yeast, animal cells transgenic sheep

PDGF E. coli, yeast, surface  Apolipoprotein A-1 E. coli

adherent cells  Apolipoprotein A-V E. coli

Connective tissue
activator peptide
Angiogenin
differentiation-
inducing factor
Fibronectin

EPO

Hormones
IGF-1
IGF-2
h-GH

h-GH releasing factor
Somatostatin
Calcitonin
h-Chorionic
gonadotrophin
Luteinizing hormone
Relaxin

E. coli

E. coli
Surface adherent cells

Yeast
Surface adherent cells,
CHO

E. coli, yeast, P. pastoris
E. coli, yeast

E. coli, yeast, CHO,
surface adherent cells
transgenic mice

E. coli, yeast

E. coli, yeast

E. coli, yeast

Yeast, murine cells

Murine cells
E. coli

Apolipoprotein E

Atrial natriuretic
factor

Platelet factor 4

Inhibitors

Mullerian

inhibiting substance
Elastase inhibitingsubstance
Lipocortin

Enzymes
Lysozyme
SOD

Renin
Gastric lipase
protein

Vaccines
Hepatitis B

E. coli, yeast
E. coli, yeast

E. coli

CHO

E. coli
E. coli, yeast, S. pombe

E. coli, yeast

E. coli, yeast, surface
adherent cells, P. pastoris
E. coli, CHO

Yeast

CHO, yeast, P. pastoris,

Insulin E. coli, yeast H. polymorpha
Proinsulin E. coli, yeast ~ Whooping cough E. coli
B-endorphin E. coli, yeast  Malaria yeast

92/ A T83A
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AHEEIQIT A
2% lymphokines (IFNs

(insulin, 7+% “#212}, hormones, B-endorphin, calcito-

S. cerevisigeol M HEE A 25

ol
=

N
interleukins(ILs)), peptides
nin, somatostating), &4(tPA, chymosin, lysozyme, su-
peroxide dismutase(SOD) %), £4:# 3|4 (al-antitrypsin
(a1-AT), hirudin®), wiole]23A(HBV #HE2I(HB-
sAg), HSV-1 glycoprotein D, influenza virus HA, poly-
oma virus middle T, HTLVIII Gag¥), oncogene™ d(c-
FOS, c-MYC, H-RAS%), 7I€} acetylcholine receptor, hu-
man serum albumin(HSA), ¥4, %45 £4 Fol UoP
¥ (Table 3). ol5 Wojde 4t thokd wolo) =
AE7L AR wF OlE S cerevisiaeo] T EE| o] )
ohoE oAl Hol T gt 2ok

=
&2 71912} Mab, IFNs, hormones, 373212}, virus@
ARl A 7158 she il de] iR g o)

Jede) gRRe 4I7

=

=3 e,
A%, folding, T4 targetting, &3, A4, WIAANT
AR A Fa3 98E st AP, AR FRAEE
@] sialdte] H7bs|A] o O-AYE @ 77
ohE Alo] 7h & Aol dell®, FAH insulin-like growth
factor-1(IGF-1), IL-1a ¥ IL-1p e Tl Hojxjg &%
o Al abrl Efo O-i N-ATY Gyl Frtsle]
#o] A%ty ¥, Epstein-Barr virus(EBV) gp350 "&
A3 HBV Wl 79 Hasise] 34 vheAE A
e 10, S cerevisiae) S FARE 407 o4
mannoseo| 23} HgstElo] M2 T FujFgo
yrol Az o) ek HellAd A58 EX P. pastors, Schw.
occidentalis, Y. lipolytica®) 7$-o0E B chaind F7Hew=
mannose®] 7} 8-107] ©lolAM olF #FE AMgEIH
@Aste] ZAE o= AT HAPG, E vE Yo
A7t dofupe  ofuli4iH asparagine, serine, threo-
nine) & T ofn|imito 2 XFAF)ER, N-2PE T
A& ol Falg), mannan AEA WHolF(mnn) LE pmrl
o 284 Hol2g HFALR Hdd 4 Utk A2 A
(scuPA) wHIYAHA] a8l 9 ofr|:mitel Asn*?E Ala
OS2 XF3te] P HolH wHAdo] AdET AT By
Hog Fuldrkol 4EsHrH?. EBV gp3503% HBV preS
2+S T A o T TN BN L AEE man9

hormone — 4-& 7

[=]

do

o v Ae wu g
WOl 78 AMESlol cored BT B FHRT el 4
W MDA, Tel, mandlolF AHEA FAZAE

5ob A ZAST AR UESARR b FE
eR:/2=

ProteaseZZ HH0|F

S. cerevisiaer> 40%5 ©]’329] proteases® 7HAIL glov]
olo wiAd dAo} 7|15 ¢ A Y BHAL H

it} p-endorphin, parathyroid hormone(hPTH), F=24#
“$2HGM-CSF)= @4 W% AtH(internal processing)
o], hirudin?} epidermal growth factor(EGF)&= 7H54 -2
tho] HvHC-terminal trimming) ], $1¢F PA inhibitor type-
1(hPAI-1) 2] A% AE proteasesol 23 th¥-Fo] A&zl
237 EaEg Y AE proteasess F2F AL protei-
nase A(PRAI PEP#) =t B(PRB1)$} carboxypeptidase Y
(PRCI) X S(CPSD) 9} 4 E7o|H olFolM 1-2 F/9
protease’t ZAEAIAL AzF A £8e FUlgH
#HA ofe} 744 proteaseZE WolF7t HLEHALH hPA-
1% pepd: prololFol A ket Ast AAde) a2 A
719] hPAL-17F 44113, hirudin® B$ prel £ pepd
¥ o|Fof|A] C-terminal trimming®] FA ZAEAH, 1¢]
AE9] proteased<E Mol F(SKIHE E1ET §loy ZE

z
Az el Ao 88 BAYFE proteaseZE HolE

o 2% glon S uel HH Ho|xF{g o}
of Fit}. W3k hR Acto] RAF =z F99] ojujieabs W
BHA)71EA] Wiz (RE, pH) Y AEE B3 AitE oy
Aol Ralg Fislslojof )

ZEHd| v10|F(Supersecretor)

Prochymosin
85% 7} Wi A] UL FHAE obo] HE ulate]
gk, #H FARE PMRI(Ca™” ATPase) F 3 Ao
W pmrl HOlFE o] 838 bovine growth hormonezt
scuPA #4]7} 550 8} Z7FE A 17 pmrl /mnng
o}FE Golgid 9 cisoll Al trans7}A9] e A4o] o] 2
AARARIL cis-GolgiMoX HMELLZ bypassdt U
exocytosisoll oJ3] e AR FuE7] wFe L] o
wie] Afo] 7h5d AR A, zEE HolFE
ol gatal Fu7} Amd WA RE ql-AT, tPA, HSA,
hPAL-250] Slov Az dde] 1] Jatel FPA 2
2 3EEAE g1 Ak
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HEHZE HolF(leaky mutant : krel, hpo2) S o) 43
ol Ruls S, z7idE ol (autoselective mu-
tant 5 wrad/furl/urid-k) & ©143 plasmid ¢8H 5
IGF-1¢} diphtheria toxin A4HA] 2HEe] FA| ‘—H*&‘
7b7 Wolde EE BuHAcHs, I fiE &
ZrA &8 HolF(y2 WolF) Y AS Y 27l &k
F5(37C) e %Y $4(1 M sorbito) & 7Hte ¢
A o] Bae} FAld WHE chloramphenicol acetyltrans-
ferase®] 70% 7} AIEE FeHAH?,

Pichia pastoris

P. pastoris9] host-vector A= @A o7} Fwatar FEw
AOXI(alcohol oxidase, HHEHHE] 30%) promotert
ARSME(PARS1, PARS2)S F& o}83}o multi-copy in-
tegrant e 2 720 5lo] B)3 [nvitrogenAtoll M Al 3}
At} HSAS] 7ol 4g/L{secreted), tetanus toxin fragment
C9 A$de 12g/Lintracellular) o) EHehg F&l Ziy
2om(Table 3), AZFERS] LF=AMFNYH scale-up
o] golah} Fu) chiEo] RaFAvE A7]EL )k

Hansenula polymorpha

H. polymorpha® host-vectorle %3 MOX(metha-
nol oxidase, DA EHHW A9l 37%) L= FMD promoter
9} ARSAME(HARS1, HARS2)E& ©]€3l multi-copy
(100 copies) integrant¥ el 2 7HL20 %o 59 ¢] Rhein
BiotechAtoll A A|#&3 9lch Z1F 742 HSA, hirudin, hu-
man lipase, HBsAg, bovine lysozyme, P-lactamase$®]
ol Huslo] 9lew Schwanniomyces occidentalis glu-
coamylase® 1.4 g/l FT22 B ESItHTable 3)7".

Kluyveromyces lactis

oz

H‘T

Y

K lactisv B-galactosidase(lactase) B2O.2 AEFq]oll A
QYT AR Eole Arol BH%EZ ﬂ(%E, 1“28.?);
AEA i ©iE FHlse ¢ Holth K lactis®]
host-vector Al= 44—, ARS-vector ‘3! M4 &4 plasmid
(pGKL-1) B K drosophidarum®] 1.6pm ¥ plasmid

(pKD1)E o] &3 vector®' 7} /He]9lom LACY H+=
PGK promoter® F2 AM4-$H} HSAZ$ 1000 L EolA

F glesog F¥HY prochymosin®] 7-F(single-copy
Arel) 95% 9] EH|53 S cerevisine BT FAHMY B F

% B9 41,000 LA scaleupd A2, AAME A 23

94/ 43 }8)A

S
e

<

chymosin® &3(1995d) FDAY 718 && RO
Aloft ojobg chil Aol Aatel A & ]#i s
& W3 ook 71ER IL-1B, tPA, tissue specific inhibitor of
& e Fulgo] B

;9—.

metalloproteinases(TIMP) &
=%

Schizosaccharomyces pombe

VY G Schi. pombe™ S. cerevisiaeth o2 F2b £
84 o Mgty At Bol FalEo] 1, HAF +4

A S cerevisiae BT 1 55F © 717191 531 galato-
sylationoll sk AE 7FAAL Qlth S cerevisiae®) 2p
plasmid ©]& vector (5—10 copies) ¥ Schi. pombe®]
arsl ©]4 vector(30 copies) 7} W=, plasmid 4%
8 7k sthE B ol 8T arsl st

BT SV40 early

49

copyT SH7lE
vector (pFL20, 80 copies) &
promoter®t ADH promoter”} 7Hd o] AMEE 2 glow,
#Hitoll 7H2¥ human cytomegalovirus(hCMV)Q pro-
motert= SV40 promoter 2.t} 1080]d 43 wds

At neo A (copyT FE715)E SV40 promoter
shEol, 9 H24E hCMV promoter 8H7ell 242 A4
e ARRS BHEA(200 pg'mLe A G418 EAA
170 copies) 7} #Hstoll 784 % 0] A] human lipocortin-1(10
g wet cell weight3 350 mg), rat arginase, rat NDP-ki-
nase B subunit, hIL-6% AHAFEI R TH Table 3)
Alolshd o7 AlEu
oA shelet,

SOl LAEE
. Factor Xllla%} a-amylase®
%3459 invertase®} antithrombin 1+
Yarrowia lipolytica
Y. lipolytica] alkaline extracellular protease(XPR2)<
1-2 g/'L #To2 Bu|xo] o] A2 FH7e] promoter
o} preprol @& AH8-3te] prochymosin, tPA, o-IFNE-2
Eujgako] A|mEQ), 2 ARS18 L= ARS68F °l&
3t vector(1—3 copies) 7} AHEE L,
718} host-vector”l 7I*do] ZAHI Y= AEZE Co-

, Zygosaccharomyces %, Rhodos-
ot of Azgchaly

S
__l_

ndida?:, Schwanniomyces3
poridium3;, Pachysolend 5-°l
garole shurs] S5 94 ek

=t

r=
tok

wdo] ANAEWe Yid B BFEY, B
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Table 3. Recombinant proteins produced by yeast

Yeast

proteins

Saccharomyces
cerevisiae

Pichia pastom‘—

h-Insulin
h-Atrial Natriuretic Peptide
h-INF-al

Hirudin
m-a-Amylase
h-ProUrokinase

Viral
haemagglutinin
m-IG heavy chain

Hansenula polymorpha

Shizosaccharomyces
pombe

h-INF-a2 r-GM-CSF m-IG light chain
h-INF-y m-GM-CSF H-EPO
Consensus a-INF h-GM-CSF h-a1-Antitrypsin
h-B-Endorphon h-Calcitonin h-g-Amylase
h-EGF h-IL-lat HSA
m-EGF h-IL-1B

h-Parathyroid Hormone Cow IL.-2

h-Tumor Necrosis Factor m-IL-2

Angler Fish Somatomedicin C h-1L-2

Angler Fish Somatostatin h-IL-5

Tetanus Toxin Fragment C h-IL-6

h-1GF-1 h-Lysozyme

Epstein-Barr Virus Gp350 h-tPA

h-Vascular Endothelial Growth Factor  h-Lipocortin-1

h-Vascular Permeability Factor Elafin

Pea Lipoxygenease-3 Echistatin

h-Protein Disulphide Isomerase EGF

h-Connective Tissue Activation Peptidelll Insulin

Immunoglobulin Heavy & Light Chain ~ Calf Prochymosin

Diphtheria Toxin-Hormone Fusion Protein h-5-Lipoxygenase

h-Plasminigen Activator Inhibitor Type [ h-Growth Hormone

h-Nerve Growth Factor h-Apolipoprotein E

Tetanus toxin fragment C Tumor Necrosis Factor h-lysozyme
h-IL-2 Kunitz protease inhibitor h-IGF-1

HSA Aprotinin analog h-EGF
Pertactin(P69) Superoxide dismutase m-EGF
Streptokinase Bovine lysozyme HBsAg
HBsAg ~ HsA h-lipase Hirudin
h-Lipocortin-1 P-glycoprotein CAT

Factor Xllla Antithrombin Il IL-6

Lysozyme
Polyoma middle T Ag
NDP-kinase Arginase

al-antitrypsin
a-amylase
D2s dopamine receptor

Cytochrome P-450
Epoxide hydrolase

Kluyveromyces HSA prochymosin II-1p8
lactis f-Lactamase HSA-CD4 fusion protein tPA
TiMP
Yarrowia lipolytica  h-anaphylatoxin C5a Bovine prochymosin INF-al h-tPA
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A& disulfide 283 F5-7Fe] ZFol 7108} Disul-
fide 23} FAR7Ie B8 H7IHE Alolo A wAlstH

A9e wade nA4TE 9 YESY 84¢ e da
'«‘S}E} “E’}, Laﬂxﬂ £9] e z} JOM

(})WO ED‘*]ELH 1’“&”414 ”“l‘&"%ﬂ
th AR S cerevisiged) X ARE w9 A
o FZ peptides (EGF, insulin) Fo]1,
o] & peptidest SHT % mg

-
=

HN\‘JO_.,

o A
A

AGFEAEAY AR thld Fuje AXA(ER)
29| cotranslational translocationd F#3l= ofv]le— Ttk
o) Agnfgol oa) 2p-E 1 IS5 E L signal peptida-
ses?] 98] ERoIM ATETh 1 & AL GolgidlE
B ¥ FRte 2 A7k #4E werh gl
R EE Golgill FEEZAEY A2 o]F5FEAE ¢l
W ERJAM f¥AToz AREE BHAR F, GolgiH
He A2 Bul 3y (secretory vesicles) 22 packngJ
% buddingshks MEEHoE o)Fde Az Ad
ZoMe] wld RujFze} 7k puldAd e A wOTXd
AE Fig 19 YeRiT AAe] E8|HEF ERIA Go-
IgH 29 FETAZE ad Bl 7HE £459 (rate-
limiting step)] ZC2 &AL Uk

EREE 4—57‘]5-3*113-4 wH14
o AEEE b, o wWid
ERZ ‘?}”—‘1"5 Fdol] #Ag
3- signal peptidase®] & AAEE A1 Z5A(pred|H) 24
F43(eF 2070 opr)eAb) AV preHH%H"ﬂ leader®-¢(lea-
der == provld YA ATH 7} Golgidloll EdHo| 4

& gz 2 4 AA)E 7MY preprotf B} F7HA) FHef
7 ik A Azulde HEE 9 opn|e-dd
o} 244 core, ERY signal peptidasesoll &j3) AdsE &
Hulds ARRoz ofFofnt F N oo F714
op]ieAt + a-helix P29 ATA core + achelix FRE
Bashs 34 ouxal + HURHAR FAE Qih

AHFH O 2 S, cerevisiaedl M 7MY F 7158 o] FAE
L CECE kAR Fgo] A {9
Aog A doH, A=
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Fig. 1. Schematic diagram of protein secretion in yeast
(44).
(A) related genes in pathway from ER to Golgi
(B) related genes in pathway from Golgi to va-
cuole/cell surface



g thl d(a-IFN, al-AT) % oh Lo, dsudel 9
A3 #cke] wpo] F-Ale 9lo] @Molrel o] FrtwE
Hlofliz AN frefol AEwjds ARESto] wighdsth

Saccharomyces< S2ie] =o|uHA

Saccharomyces$s Ere) ¥-u]4d gkl Aol g-factor (MFa
1), invertase (SUC2), acid phosphatase (PHO5), B-glu-
canase (BGL2), a-galactosidase (S. carisherigensis MELI)
% glucoamylase (S. diastaticus STAI, DEX2) frefel &
Hjufalo] AR ¥l Qlont thiie] ¥H|dE a-factor

prepro leader (ppL)WiHel H3=lo] rh.

MFol %737 422 16579 o 7450
ol ofslw—use] 107} 254 oflste NEdY

(pre®l %), 71 3 6170 ofulw2be] prowlE (37] N-H &
g w7} 39 b R 74 Ee] Qleh A4 a-factor pep-
tide(137 ofu]sh) & 47H9] g ga FA5of e
v spacer peptides (Lys-Arg-Glu-Ala-Glu(Asp)-Ala) |
os) #eglo] vk, 443 a-factor peptidens 3THA A
o728 wh=ths (1) KEX2 4%k tHz(endopeptidase
yscF) ol ¢3 Lys-ArgZt719] 7H5 4 — ek Ak (i) STE
13 $42} AHE-(dipeptidylaminopeptidase A)ol ©] &+ o}
= —ueh dipeptides(Glu-Ala, Asp-Ala, 5= Val-Ala) 2
et (iii) KEXI 37} 2H (carboxypeptidase B-like pro-
tease) ol 93+ FpEA - wh 7] ek Falo] AP &
719 el= hEGFel' 25% 7} wj A% F-H[(MF 1 promo-
ter, &4 SIRMO|FARE) H AT, Exiolld Yt
hEGFY= 243 7}A1 %)%k ppL9l spacer peptide Lys-Arg*
9zt AokElQlet ol2)dt 9+l Atk B-endorphin, &4
IFN-a, hIFNal$olA % @359tk a-factor AMSAl &
the B Asvhl gy uhelF Bgel A dojute W
BAGEAZ B-endorphin, consensus ol-IFN, hPTH,
GM-CSFEIA wtEudet proldel G577} o-fac-
tor®] A& Hulo] F 238 aminoglycoside phospho-
transferase®t hGM-CSF9] #4] 9 Aol prof|E& T2
kA IL-1B°) ppL s §EAS 45 previ & 423
Aeks] 25 prot & & #oj Atk hIGF-19] &4l A preth
oo FEA) G Hu|EEL provf el 250 prowid
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Table 4. Prepro signals functioned in S. cerevisiae

Signal Souce Signal Peptide’
Asp. awamori Glucoamylase MA #--GLA '® NVISKR '.
K. marxianus Inulinase MR #*-VSA '® SVINYKR '4
K. lactis Killer toxin (97 kDa) MN #-+VQG '* LEHTRRGSLVKR '.
S. cerevisiae MFal MR #>SALA ™ AP--GVALDKR ',
Human Serum Atbumin MK “*-SAYS '* RGVFRR 'a
Mucor pusillus Aspartic Proteinase’ ML ©®°---ALTSA *° RPVSKNKR ‘.

“The cleavage sites are represented by A(signal peptidase) and A(KEX2 endoprotease yscF).

Amino acids are denoted by ‘one letter'.
The first amino acid of mature protein is +1.

“The Lys-Arg (KR) dipeptide was artificially created in the pro region of M. pusillus aspartic proteinase, and the short

pro region (8 amino acids-long) was resulted.
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Culture Time (hr)
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ﬂﬂ‘“ﬂ”“ <

B

Fig. 2. Secretory production of lipocortin-1 (A : SDS-
PAGE) and al-antitrypsin (B Western blot-
ting) by fed-batch fermentation of recombinant
S. cerevisiae.
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