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WE R (S. cerevisiae)ys WGl o] A mAH F et
4 257} A= (glucose T+ Crabtree effect)€It}. o]& & w.9]
AFE 3Fe=F wEog[51], 37|d AddlA] FEglo)
freely available 3 e} 2 0% 79 mitochondria®] A=
4r &3 pyruvates} NADH7t A= 31, #2k2] pyruvate
+= NADHe|| 2] At3}=]o] ofjsh-g e 2 Al Eyto 2 Fu|d
vho b o2 wbanel A vt F=r1 100 mg/L o4
ol wf ol&hE AAJo] A|2tE A, 100 mg/L ©]5td o of%hE 4
HE AApehe o2 dEA|R glct. weEkA], waARe] HE
Al wiokellA] olte S =) AN@FATATE, Y,
0 S7HAIFIP] f9) 2eg-AR ek e e AL
SiellA) wieksle}. 12, Finland®) AlkoAls &% f7) ul
ofel|x] ' (molasses) T3-S Fol& dEHE FXE 0.8 g/l
3t settingdhz 91.2™, Paalme S(42] &8t ostE F%
G~4 glIA] 388 Afo] gl AR AR 9o,
WE R AFvict ofgh e A wst AatEs 22 FEE o
4 o g 9l

Fro} Mg dEu)eke] Aol AE(S. cerevisiaey=
et A3 (purely oxidative)?} 4k3} - 3+<] (oxidative/reductive,
cxidoreductive)?] 3% 7 71A] tA}E Blch e ¥}
FTE@EE $2 g TS 48] AlslEle] RE
3=} CO% biomass® A FF (Y, =05 g-cell/g-glu-
cose), B Erw}t (e YA FAE, Dy EEd
F= Al A4 38 238 ol EElT I
o] AR olebg® AgEc) D, o)A X2 thA=
oxidativefreductive THALS E3) oek2-& AAsd, Y.=
0.5¢14 0.152 FA3] 7FagchAEEA diatel vls) 14
thAbef| A ATP 80] ZtAsly] &) d5¢ A&tz
(PH, MA) A3 E-)l whe} FEpR] A% HAlA Q] Dy 3 0.16-0.
4 hr' W elolr}. D, o] 8tellA] AbA B AREE (g )= A&
of wel F7kete, Doy o1AdellA qore DA MAIAY =
28 o Halth ojAbsleka: v A4 % (qeo = Doy ©|
Aollx A% FUleke], TH-&(RQ)) F71RIc). Carlsen 5-
[9}2- proteinase A AJAF AR G2 uwokellx] D&l
0.15-0.16 hr'el|l ) Z e Aakd& 2gict.

29

o] A}3} ro] AM=EF S. cerevisiae®] AFE A EoloFS F3
o|F whAe] &84 At WA A} - A2 BA
gjeto] P40z 2 FHe) =3, AR} 7S 718 A Lol 4]
frAate] e ARSI EuA R 2] d3pdr] o
ol =2 AALEEA S $3) 7323 promoter} 8751, 4]
I QAHEGFA T A, vjokrA)e Fe3 ozt
=el6, 16, 18, 19, 53, 56]. webA, L oae EuAze]
AL - A2A 543 ARE- promoters] whE Az AE(S.
cerevisiae 8 H|EH2- 213} 8.2 5)°] 75T Al Euleke] dist
o I AFE3FE 71| ashslas} gt

K=& Saccharomyces®| =T HjQ¥
A4 A|gLRANA Saccharomyces7} ZA1& o ek A
& B7lusle, A#A o8 ATP 8 714, SAEAIAUAL,
A FERLE T2 olojAlch wEtA, FA == FA Rl
AHEEIF A) A4k 8-E4tasEe] o] vl F8.
3o, Al A e 2= LAl frbuloel ofs) AbaARhE =
3laz QIeH30, 35, 36, 39]. o]&l’t frhlFolA 7R (FEED)
T ARER 1 R HFASEWE FE AN $
2, o] & FA] Al T AT,
puter-control system Fo| Q-F=lcl
TR A ZFEeA A F2E 7 4ok 874 53
s, o AR HEE & 50 E P fA5] 3
E7] dio), Ao S84 A ¥ VIR F34d
t}. 53], Algt 71”-e] Exwte] 7J-$ catabolite repression =
Ao] wl§- FR3}y, T} FFEEI) TF FolHA 3
D.; °I3t2 FA1E o = shHAstEe] Y= 2F 0.5
(glucose derepressed growth)ol] @¥tc}. Jeul, T e} T4
X7} |5 =29 catabolite repression ¥ (Crabtree effect)s}
3, IFUALE] 7]1AAESE afo] Alghito} A Uigt] quel =
sl (oxidoreductive growth), Y7} 0.152 7tAsla ofj&t
2o] A7) At webx, A xE=e o A A
A& EA A5 Doy ©13HR 71 AT FSES Ao}
gt o]lE H3 RQ Fk(on-line gasEHE FHE 1.0~
1280 2 §AN)E 2Hd A =] 24 W< (indirect feedback

off-gas analyzer, com-
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control parameten)& ©]-8-&}o] human interferon, HBsAg, pro-
urokinase 52 tiekAAbEld {21, 33, 49, 55]. ©] ¢ EEH
IFEEE TIE AAlsle vl SRS A FR]317
v}[29, 31}, 18 AU W © 2 ethanol S 55 SRsle] X
= 3ESEE 23, 24].

ol A3 ZH2- A w o] thA} - A FA oo 2 ¥ Az
promoter2] SAlol| u}E frpuof Azkolr{44, 45, 48]. F, =
& promoter(GFZ GAL promoter)dl 79 A FA|(Xx3
ZFA71) 542 4R A7) (galactose S pulse 2 T B
F 533} galactose EFNE FF3h= A7))E EEl3ld <
100 gLe] 5% FASES derhl, 3,13,32]. o|d, %
©}3} galactose £33 N-S ZF3 7-$ catabolite repression}
Zx ¥ galactose?] AREES weisle] 1 HA EFHE
AR s o} gt} FAA promoter(ADHI, GAP, PGK, ENO %)
Q] 7% RQ-based ¥ =3 At f7ioF(21, 55]0] 7} BH
Aoz AHgs)ol, o]u) AHEe) BA) I TAlge) o
9 plasmid 19 o] TA7} HTH21). 23] Wo]F(super-

secreting strain)3l pmrl FF-5 AREEAV[S55], oHE whalA]

3} fusion, EE AFE S4o] ohet WA WolFE st A}
3o o= AHr FAE HZAE 5 UH48) 22T o
A4 promoter(ADH2, MFal, GAP/ADH?2 hybrid promoter)s
AT A4, FH2o0E Heke) Tk Abste] A
Wal-g A7), AEFEr FolAH S-S 33t
#Z 1.6 g/LY] superoxide dismutase-human proinsulin-2- 2§+
319,29 [53], GAP/ADH2 hybrid promoter 73-$- Bkl oz
sucroseE- o]-8-3}e] A. niger glucose oxidaseZ- 100 L -2 3]

Table 1. z}:%3} Saccharomyces®] 5% 4| Eulo}A|

ullekollA 3 gL FEoE AAFEITH20]. o]et 2 T
promoterAjo] & F FAA A - DHE AAF| Haw
AcH46].

<, wl7] kel o'kE 3 =E onlineed EFA =
reducing gas sensor 33} sensord £4J3}e] oxidative
growtholl 4] oxidoreductive growth® v}# = 348D )= 4
Al SAFRA] oddhEo] FAHEHA| v Hd FHEol =
A& 4 9J= “productostat” ¥ o] AlekE]7| = 3keivH?2).

Xi=2} Non-Saccharomyces®| 1= H{QF
L S. cerevisiae ©]19]9] tloFt & wol|A] 48 SR} E0]
cloning®|® A AzF <A QAR =9 (52,
S. cerevisiae WA} 2 S vlw3tGTH7, 28). Sac-
charomyces 87| = 52 2u-based episomal plasmid 3 e}l
o] wiste] wjghE Akst & "ol|xe] A= Akl (integration)
W A7} F5-8 o] Fa gk
Kluyvermyces lactis®] 73-5- 1,000 L 7722] vtz £
=3 Alg kel 28 80-90 g/l FEA 2T} Ao
%3 PGK promoter 4% Wh= human serum albumin®] <=
FFo 2 AAEIvH22]. =3}, LACY promoter?] =44
uh= prochimosin AJ4k(integrated #5= G418 AlH, MFa
19] ¥0]A13% o] &)ellA A (whey)ye 7 1A 2 333k 7}
vfe}7]4-& 41,000 L 722 scale-upE| ]2 nt, 2HAIEH vl okt
He de)=]R] Ugkei4]. S. cerevisiae®] PHOS5 promoterZ
o]-8-(K. lactisoll 4] 1Akl &3t =4 - s )R EEA
oA FTEFI phytateE P5HOE FIFFOTA

Culture Cell Product Plasmid
Protein’ Promoter Time Conc. Conc.  Stability Fed-Batch Strategy Ref.
) @D @gL) (%) °
hG-CSF GALI-10 40 62 476 90 exponential of glucose/casammo acids and 3
controlled feeding of galactose/yeast extract
hLC1 GALI0 75 100 500 78 exponential with glucose/galactose 13
Hirudin GAL10 72 113 461 - intermittent galactose feeding galactose control at 30 g/ 12
OspA MFal 53 101 2160 - exponential (1=0.18 hr') 37
Candida Lipase. GAL/CYC1 115 100 1000 - computer control, ethanol in exit gas as indicator 24
al-AT GAL10 50 28 107 80 exponential with glucose/galactose 32
Hirudin MFol 57 60 500 100 exponential (u=0.15 hr™) 35
HBsAg GAP 72 60 - 73 constant (glucose, yeast extract, Hy-soy peptone_ 49
Pro-urokinase PGK/TPI 90 77 10 . 100 RQ-controlled 55
(integrated)
B-gal GAL/CYCI 88 100 1550 100 computer control, ethanol in exit gas as indicator 1
SOD-PI ADH2/GAP 70 150 OD 1600 - constant with glucose and then ethanol 53
hIFN PGK - <100 2000 - RQ-controlied 21

*hG-CSF, human granulocyte-colony stimulating factor; hLC1, human lipocortin-1; OspA, outer-surface protein A of Borrelia
burgdorferi; 01-AT, ol-antitrypsin; HBsAg, hepatitis B surface antigen; B-gal, B-galactosidase; SOD-PI; human superoxide dismutase-

human proinsulin; hIFN, human interferon.
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AZY ZE RFE AL WF] A% o)F wuAY HFAL 31
¥ 2. =3} non-Saccharomyces?] 1§ % Al En] kA
: Culture  Cell “Product Plasmid
Host Proteina Promoter Time Conc. Cone. Stability Fed-Batch Strategy Ref.
() (D) (mg/L) (%)
- exponential (glucose and phytate)
L1 PHOS5 39 40 200 . - 23
K. lactis L1B (episomal) (¢t=0.1 hr b)
HSA PGK 80-90 = g/L - 22
Invertase  AOXI 90 90 1000 - pulse and constant of methanol 47
GO, 280 Ulwet wt pO2-controlled glycerol feeding and
H. polymorpha CAT T FMD 72 80 140,000 Ufwet methanol/glycerol feeding 27
. . pO2-controlled feeding of glycerol
Hirudin MoOx 70 100 o g/l - (0.5<glycerol<3 g/L) 58
B-gal AOXI 60 192 5.7x10° U/mL constant feeding of glycerol 11
P. pastoris mEGF AOX1 - 85 450 constant feeding of glycero 15
' AOXI 256 40 2500 - constant feeding of glycero 54
. . rice stepwise increase of glycerol/proteose
Y. lipolytica a-amylase XPR2 60 88 350 peptone (u=0.1 hr'l) 10
*HSA, human serum albumin; GO, glycolate oxidase; CAT T, catalase T; mEGF, mouse epidermal growth factor.
interleukin-1B-E- 200 mg/L 4522 A} }HS5, 23] (formate dehydrogenase) promoter o]-8-3F W& Aol 4= 100
Pichia pastorist= B33 f7pajofHEre] ¢le]x glycerol oJAke]l aiE% FAEFxe 14 gL 52 Schwan-

T DA 100 gL oL FO 2 FAE ek 5 e F
2 AM-EE AOXD WA= A Dl e] WA ) T
A ZATAke] EAsh] AR FAFEI AESEE 0
AF1A] = scale-upe] 71g3le}. Pichia Mut' (Methanol-
utilization slow) FFZ tetanus toxin fragment C 4t | E 8.
m{14], wlakZ7 ]l glycerol-& -Z-F(glycerol-limited growth)
3} wiekE 7] methanol -E33hod, EA| ErhullAl o] 27%e.]|
@3= 2 /L9 fragment CE AJAksIrt. o ] 1.3 g/Le]
superoxide dismutase, 0.4 g/L2] HBsAg, 10 g/L2] tumor
necrosis factor, 3 g/L2] Bordetella pertussis pertactin, 3 g/1.9]
human serum albumin, 2.5 g/L.®] invertase, 0.45 g/L9]
epidermal growth factor 58] A4} &7} B 1= ¢icH17]. AOX]
4 7NEks A0X22] promoter[41}5 F+7 o] &3}, o] 5-& v S
333t promotero]7] wiE-oll AA Al 1 copyt AY]Eolx
ko 2 Wt Aito] 7bs-slct w3, 1EE AX fobeloky
T ¥¥iEo] BE 100 gL o8] AxTAFE €& 5 L
>]e} human serum albumin 2R)EFE 5 g/l o]A4fo)] &5}, o]
g7 A4t human serum albumind- o]v] YAF AH L vpx] 31
g dAle] gl AeR A=A vk A, A0XI 2
AOX2 F-AA7F AR S4 F (Mut)2} AOXT promoterE- ]
-85 W Alol|A], glycerol ZEFEES LA SHA, methanol-g
pulse 2 §HH F9ldto 24 192 gLo] TAlsxel 5.7x10° U/
L®} E. coli B-galactosidase S 3 - Akl cH11].
Hansenula polymorphaoll4] 7]%-& 3= P. pastoris AOXI
rromoterE- 0]-23F W Ao 4] S. cerevisiae invertase S 1 g/L
7R AALE] 20 [47], methanoldl] 2|3 FAEE FMD

niomyces occidentalis glucoamylase-5 1| A 4Fs}gic}H25]. A
]9 glycolate oxidase(GO)2} S. cerevisiae2] catalase T
(CAT T)E L& (coexpression)A| 7] o|[27]e] 2]sbd pO2-
controlled glycerol 37} % methanol/glycerol 3-F8le A%
X 80 g/L, GO 280 U/g-wet cell wt., CAT T 140,000 U/g-wet
cell wt.23-2- &= Q1it}. Pichia$} Hansenulao)| A< WalA v]
ol b o)F YAl Y] FR{= H29 review[26)0)] AF
=] it

Candida utilis= A} 84 E& AEH7VER of7] o4
W71 el F3AF A x| PR ALGE]o A
o] & ARE AMFH gt T, dE 7IHALlA HAA
FAE AEsle] 7hv] bl monellin®] FAPAAE 25
3191t} 34]. Cycloheximide WA #-3AHCYH)2] promoter 3
qE& FRAAAARAIGA S oFsh) A 24 {AAR Y
wrslel s, C. utilis GAP promoterS ©]-8-3}¢] single-chain
monellin -§31 A} FHEE A|2}gF F, )34t -2 DNAE
3 R-31A] S el R URA3 A1=]el] 20 copy oo vt
d JHIEE AIAIZ e o] FHIE: 504D AlHeoF el
= ¥ A HY 2, W= monellin gl A& FAW 2}
241 chiliAl 9] 50% o]Alel] @algitt. Single-chain monelling]
s S} 52 o183t dXE(60°C) B AT
(pH 4.5)) o8} I¢EE AA S TR A Mdger
# monellin g o] AF31r} 2 Qg AL Akl
2 olu] airlift A<Luljoby ol 2|8t C. utilis HEkulefr1E-g B
38132 9)2). =38}, C. maltosa 502 GALI, GALIO S =}
X #{ cloning=]e] inducible promoter2 7= 7] o 2 oA}
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Heh43]. C. utilise} B £2] Kluyveromyces ArAA7F _71‘.73_
o| 4] (F=%¥r}) maltoser} lactose AH8-8 ] o &k MG
o] E& TATES HolmE(Kluyver effect), maltosert
lactose S FF3He LEEAE ok HE F /e o
AolcH8])

+Al9] alkaline protease(XPR2 F-A#)E ==
Yarrowia lipolytica 2%} XPR2 promoter&- ©]-8- 2 o-amylase
£ diEn|Aalshe frhekge] 2 B s {cH10]

[

olatollA Atw] B ulel o] AEF A R0 wFE A E)
FEHTHF)E AL - Ae)A EAETL ope} AMS-Sh
Al (promoter, episomal == A9] W& Aol wel =2A 53
c}. Ate] whalA)e] 73-9- d4lokS 3 high-copy number2
Al PAARRFE Y0 $ glod, $FAEs
polyploid #55 AHE-¥ ¢ FA482 71 2 o4 /A
2] copys F7F 59 AHE 71N & Ao, AIEA
A) BE F3% A o2 YAARTTE g8} 3=
FAIAGo] AAH38]. &, AEE FFd A FAAE A
A FAA717] 8l FA = FEES uiA] ol Al Ht
& 75 A AR wiokell = vl8-EvE Y g EA
Z op713 = gk wlekA, ekA o] {15E A EA 9] i
3} 3 SFA 2] Nk dFE s oo} gt B3], AR
ol HE o]F AL FEA e} o] AXA(ER)S}
GolgiAol|4] =4l #7H(N-linked & = O-linked 3)E 7|
2ol % £ high-mannosed F+FZ 713} &%
of]4] mannose phosphate Aol FIsh= FHALZ MNN
4[40], MNN6[57)7} B2 cloningFle] 1 7]%°] sjMFA T,
OCHI(EE 539 2e] AANAE HH) @ ol &
fAALe tpule ARFE AREPd IAFAES]
7 )9} £UZF F32] ER cored] S A A2 oy
o] Aito] 7158t} O-linked 249 A FAAE o7
ksl glel, o] & 42 93 An AEF] JPLE Al
A FRAE e R o Gl o] Aate] 2kt 7t
222 7]ddch
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