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Overproduction and High Level Secretion of Glucose Oxidase in Saccharomyces cerevisiae.
Hong, Sung-Yong, Hee-Kyung Choi, Young-Ho Lee, Un-Hua Pek, and Joon-Ki Jung*. Doosan
Training and Technical Center, Kyonggi-Do 449-840, Korea. *Biopilot Plant, Korea Research In-
stitute of Bioscience and Biotechnology, Daejeon 305-606, Korea —The overproduction and high
level secretion of Glucose Oxidase (GOD) from A. niger in S. cerevisiae was carried out by cloning
GOD gene. For this purpose, using two different strong promotors (ADH1 promotor, GAL10 promotor)
and signal sequences (a-MF signal sequence of S. cerevisiae and o-amylase signal sequence of A.
oryzae) and GAL7- and GOD terminator, four expression vectors were constructed. All the expression
vectors were transformed in S. cerevisiae 2805 using auxotroph method. By the flask culture, transfor-
mants of pGAL expression vector series containing GAL 10 promotor showed much higher GOD pro-
ductivity than transformants of pADH expression vector series containing ADH1 promotor. Transfor-
mants of pGALGO2 containing GAL10 promotor and o-amylase signal sequence has shown the best
productivity of GOD (GOD,,,: 10.3 unit/mL, GOD,,: 8.7 unit/ml) at 115 hr. This value  was three fold
higher than that of pGALGO1 containing GAL 10 promotor and «-MF signal sequence, even if the
same promotor was involved. Through the a-amylase signal sequence of A. oryzae, GOD was secreted
much more than the case of o-MF signal sequence from S. cerevisiae. These results suggest that signal
sequence may play a important roles in not only the secretion but also the overproduction of foreign
protein. Secretion rate of GOD in pGALGO1 and pGALGO2 was 89% and 84%, respectively. Because
of the overglycosylation in S. cerevisiae the molecular weight of recombinant GOD in S. cerevisiae
was much larger (250 kDa) than that of nature GOD in A. niger (170 kDa).
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192841 5-Ue] Miiller’} Aspergillu nigers} Penici-
llium glaucum®] AE F& 2R E A4 E3) 3lo
glucoseE gluconite 2 AbspAl7)= E4E B, 57
[13] 3l o] £4F Glucose Oxidase(GOD; B-D-
Glucose-Oxygen-1-Oxidoreductase, EC 1,1,3,4)% ™
33tk Penicillium 735 GOD7} Al £2hgtel EA3}3L
AUE ¥HHAN([7] A. nigerZd-$-oll= GOD2| $X|7} oA
22031t} 13]. Reiss[16]19} van Dijikan[20]= A. niger
2] GODE mycelia®] Peroxisomedll#] 271, Z3}3]
o Miiller& submerged cultureol|A] A3t} 1
v} dA7tA] Gzl vlell olsbd A nigerle] GOD+=
Alzat el 2a)se AL o] Ro} Ala it

A. nigerl®] GOD= £A8F¢] 170-180 kDa® FAD
9} Agtslo] gl=[17] glycoprotein[14]e]™ z} 2719
subunit(7} 70-80 kDa)[24]2 o]FoiA 9lew 7 su-
bunit= & 2 FAD®} w9 HA3stA 2= slch
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(Kp=1.3 10" M)[18]. =3 GOD#] structure gene<
1815 deoxynucleotidesZ T =] 9loH, o] A 605
N2 o}v] =4t} coordinationdl™ o] #-Z 2} gene) ol
+ intron®]| EA3Hx] ¢E=ti6, 20]. GOD= 22709 of
w:Ake 2 # signal sequence’t E31¥ F(proteoly-
sis) Al chilA 2 Eafghc}{22].

H4v) proteins B2 AE 33 29 diEAAle
9ol A A A 22HE E&F recombinant-DNA HHH-&
o]-¢, & 7} promotor®} terminator, 2|3l struc-
ture gene?| A& E3lo] oedFovt 4 5 B4 4k
o S =9 4 oot =3 AlE Ul protein
<+ signal sequences °]43td AL 2 FujAZle
EZR AA HAAE FA F 9l H5EY FAF A4
2] A7 & 7S 4= Qo). dubH o A2t Al A
Ak E. colivt yeastE 1433 UARE E. coliol|l A 2] ¢
& 4] endotoxin €3 Ao rbk=E 1 33} (glycosyla-
tion)7} 3 dou}A] ok #8)7} B3R grevke AL
olu] 2k ot2jx] glr}, 1 "bH6| yeastU]ol|x] 9] 2
EAe|z BH|7}E F o] FoiX= BAHE Za A



3} overglycosylation)7} o= who] Qlri4].
GODZE yeast HollA WA A= Fg3tr] o]
UARE ARl A= doubx] f o o] E4e] &
Aol 3 8-& FX] &ty 3t4). E. colith yeastol]
H]3) fungioll o] HdL M} @E AL zZkw 9o}
Fungit o}& W& gystemXch AHA|of] E-§3+ Eu]AA)
E Zk3 glow ol A} F3r doly fungiellA &
A" Az A Eol ol P BIoH7]. =g
E{7} F2 chromosomal DNA®I AFQl=]7] uf ol ik
Bl oFA] A Es e 9] QA Rl 3 A7} A
o w3k o] A Al ¥ (heterogeneous expression)©]
7Fss Az o] d ol Tl E {3}
t}. Fungi 28lsystemellx] 2] @32 Folule ol
o vl WA A 7e] vlwd Arh= Aot E. colicll €]
WA 24417, AR WREAZRE 2-3Y 83}
< ¥hHel fungidl A= HEAZRE ko2 7-8d A
£ 93} B dFoxe BAR R GODYE
#o] fungiell vlsl] ¥ zle]r} ¢le Zo2 B u=e][4]
B} e A7kl GODY S Eol7] 938 2
A2l GODHE-E A=kt Al &8 GODY =
< GOD/CatalaseEFE2 FHAHLE T8 3ol ©ol
0|3 91T T2 A. miger®} Penicillium-Speciesl| 4] A
Aksla 9le}. GOD+ 53] B-D-glucoseol =2 31314
(100%)& 2t 1ol QA W) e A A Al
Kit)ell =2 Ag-"rH3, 16]. =& GODS] 4k} Hk-g-of
Abart FoubSEE P Qdh| el AkAe] Als) vk
2.2 ]IgF A1 F] stov} A2 Wizt ubA 5 @2 g 4]
EFot A 3 A3} WAl Kol 852 #
Holuh dEo M= Hv|E Ao FAEO|E SH A]
Fejo|E g3 AdAE ge] 2ol FFEAE A
niger®] GODZ Y-8} AJAkdr},

£ ATl = yeast®] 7+3t promotordl[4] ADH
1(alcohol dehydrogenase)® GAL 10(galactose dehy-
drogenase), ZL8] 3L terminator 2+ S.cerevisiae®] GAL7
terminator 2 A. niger®] GOD terminatorg AH3-3}1
Alz=) ko 2o GOD #H]E 938l S. cerevisiae®] o-
MF signal sequence®} A. oryzae®] o-amylase signal
sequences- o1-4-3}9 S, cerevisiaeN ol o)A A L &
3 GOD2] wHEk3ANs} A, oryzae®] o-amylase signal
sequence®] yeastollA A3l #4] 7|5 H A
AAkel] w2 o kel el AL 3k

UL -

ABEZF A plasmid
B A A= E. coli DH 50(F-, endAl, hsdR17(rk-,
mk), supE44, thi-1, Lambda-, recAl, gyrA96, relAl,
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¢80dlacZ M15), BMH 71-18((lacproAB), supE, thi,
F': lacq, lacZAM15, proA'B*)E AH&-3litt. Yeast-
strain- Saccharomyces cerevisiae 28052 host = A-&-3}
4it}t. Plasmid cloning®ll= pSK+(Stratagene), pP*p
4.13(Nael)-Sal(J. K. Jung, A%4&d+4), pYGMF
(FA1E9), pYAMF(FAP1€4) plasmid& ARS8}
At

Polymerase chain reaction(PCR)

GOD structure genes isolationd}”] $1314] primer
1(5'- CGC CGT CTA GAT AAA AGG AGC AAT
GGC ATT GAA GCC AGC CTC -3 42mer)®
primer 2(5'- GGA ACT CGA GAG TCG ACC TCA
CTG CAT GGA AGC ATA ATC-3': 39 mer)& =43
3133 A. oryzae®] o-amylase signal sequenceZ- isola-
tion 7] ¢34 primer 3(5'-GGA AGA ATT CCC
ATG GTC GCG TGG TGG TCT CTA-3": 33 mer)}
Primer 4(5'-GTA GTC GAC CGT GCG GCC GGA
GAC-3": 24 mer)E A433F3ith. PCR2 Ericomp Co.2
thermal cycler(Ericomp Co.)2} Taq DNA polymerase
£ o]g3}4 25 cycleS A3},

Plasmid &=

E. coli2*¥ Plasmid-DNA tizA4F 2 #2125 ¢}s}
o] Promega*l®] Wizard Maxipreps DNA purifica-
tion system= AHE-3l4r}. Yeast a9 pYGMF&
yeast episomal plasmid YEPo|A] %% plasmid2
GAL10 promotor, o.-MF signal sequence, GAL7 ter-
minator2} AAZA =] ¢l Amp=} URA3 327} E£4]
axtzxn z3He] iy, a-MF signal sequences}
GAL7 terminatorAle]eoll= A3+ E 49 Xba 13} Sal 18]
A7} Exsp o] F-9)ol primer 13} 201 &34
S92 GOD gened A|THEA Xba I3 Xo 122 A
ek 7 Adxhd DNA AHE 22 A 3402 dds
plasmid pYGMFel| T4 DNA ligaseZ o]-&, AZ&AAch.
o]FA Azd UHAWE]E pGAL-GOl°lz}t skt
(Fig. 1). Yeast 3®e{el pYAMF+ pYGMF$} vhzt
7K Z YEPNA #-=)¥ plasmid® GAL10 promotor
txlel ADH1 promotor®t 8= glc}. pYAMFE
o8, AFEA Xba 19} Xno 1 AHF-¢ol primer 13}
29] PCR #H&AHES ZA3AA Alxd TddegE
pADH-GO1°l=}t =73}sich(Fig. 1). Primer 39} 4ell
o}sl Ax¥ PCR A4S AT E A EcoR 134 Sal 12
2 sty Al plasmid pYGMFE 22 uhe =
Aoksldrr, A<E plasmid®} PCR productE T4-
DNA ligaseZ Z3A1Zch ol A 235 plasmidell &
GOD geneZ 5 HF-9¢llA AMA Sal 1rteld] 4
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Fig. 1. Cloning strategy of pGAL-GO1, pADH-GO1 (A) and
pGAL-GO2, pADH-GO2 (B).

(A) Colning strategy of pGAL-GO1 and pADH-GO1. PCR pro-
duct 1 was produced by primer 1 and 2 for cloning GOD struc-
ture gene. (B) Cloning strategy of pGAL-GO2 and pADH-GO2,
PCR product 2 was produced by primer 3 and 4 for cloning of
o-Amylase signal sequence with 5' region of GOD structual
gene. Abbreviations used are: B=Bam HI, E=Eco RI, Na=Nae I,
Nc=Nco 1, S=Sal 1, Xb=Xba 1, Xh=Xho 1.

ot 23k=o] gk YAl GODE AAIFI7] HaiA
primer 13} 2¢] PCR HHAHES AGEA Sul [02 A
sl Ak Sl I DNA BH-g Sal T X 4hgd 8l
ZAFAZHHGOD terminatorZt EF=E1glth). o] FA|
A zE DEHE] S pGAL-GO2¢0]2} Hsid=dl o)A
2 GAL10 promoter, A. oryzae2] o-amylase signal se-
quence®} GOD structure geneo] AZE Zo|tH(Fig.
1). Plasmid pYAMFE o]83}e] 22 w22 FroR 1
3} Sal 19] AZFEA A4 pYAMF, primer 13 29]
PCR ¥H3-AHE} primer 33 49] PCR vHAHES 2%
AlZich o]¥A Azd Hd¥elE pADH-GO2=} =
3kl &4 ©]71-2 ADH I promotor, A. oryzae®] o-amyl-
ase signal sequence®} GOD structure geneo] 34%
Ze|H(Fig. 1).

Saccharomyces cerevisiae 20| HAIHISt

Yeast22] AL Ito[8]9] WS o83kl A
) x]9] YNBD(Yeast nitogen base without amino
acid 0.67%, casamino acid 0.5%, glucose 2%)E ©|-4-3}
o] S.cerevisiae?] AHIA S AH 5]

Saccharomyces cerevisiae®| HIQ}

1y GODY AEAS ¢35t pGAL-GO1, pGAL-
G029 ¥4HEA= 100 ml YPDG #iA| (1% yeast
extract, 2% peptone, 1% glucose, 1% galactose), pADH
-GO13} pADH-GO2+<= YPDui=] ol A3 5 30T, 200
rpm3}tell A} 16A17F An)eFgt F bafflee] U= 1 liter
Erlenmeyer flasktl9] 250 ml 5 wix]ol| 8% AE3}
o £ 2702 77 wsgic.

Glucose Oxidase®| &M =H

GODO| MM 24 GOD2 AHA A& $135e] GOD
2] 4k3E2-A] 1 mole glucose™ o‘%k(l mole)2} H,0.7}
A= 7] w ol HO2 55 W3E o83t A4
t}, 2F% wlx](NaNO; 0.3%, K.HPO, 0.1%, MgSO, -
7H0 0.05%, KCI 0.05%, FeSO, 0.001%, glycerin 2.0
%, agar 1.5%, glucose 0.5%, pGAL A4S FAHgH|
Are] 7% ¢ wix]dll galactose 0.5% 7Pl chromo-
gen?) 1 mM o-dianisidineS 3 7}3le] 48 T2 Y744 7]
% Horse Radish Peroxidase(HRP) 6000 U/1& #7}3}
o] agar plate AX¥F T HF, 2-347 wjekstod
petridish plateAt2] g2 =7]2 84 FAEE A &
A skt

GOD2| Hat=A

AekB Aol A& chromogen® 2 o-dianisidinetiAl 4=
LX) 22 ABTS(2,2'-Azino-di-[3-ethylbenz thiazo-
line-6-sulfonic acid]& AH8-3F5 2 F3 = 542 420
nmellA] 3ATHE »=43.2 mM*cm™]. A& Beck-
man DU-709] kinetic program< ©]-83}9c}. Yeastol
Ae] Az GOD 8455 4317 Al Ax2E vk
g &= 94 Belsled 100 pl 0.11 M sodium phosphate
fFgdog AT FUI AFLPoF A7
t}. of7]ol] F8k9] glass beadS P 20%7F 33] &3
3o Agol YAAAY 2 F 20% glycerole] #%
9l g9 100 p2 A F A3 R st A5AE
=23 ¥ AlXJ GOD A EE S35

Native Gradient Polyacrylamide Gel Electrophoresis
Separating gel& 5-20%2 3}3. stacking gel-& 5%%
3l native gradient gel& AH|Z3I3c}. Molecular
weight marker$} A. niger GOD(Sigma), S. cerevisiae



GALGO214 F&F3 GODE Ztzt 5ug¥ 2%5° =
loadmgﬂ 20 VoltsZ 36A17F 79355 3l &
5 ¥ gel& ko g Aw} 3 £ coomassie brilliant
blue R-25022 FA3l3 v} A] B2 o-dianisidine
3} horse radish peroxidase”’} E3E GOD activity
plateZ QL& & 374 2417 vR-S-A1Z o},

g 3 &

Saccharomyces cerevisiaeQjlMQ| BH8ig I8t &&
Kt =&

A. niger®] GOD gene©ll A signal sequence’} ¥3+5
7] 2% GOD structural gene(GOD terminator 2%
7] ¢804 primer 13} 2% 3331312 yeast Ud
el cloning3d}”?] $180A] primer 1o+ Xba 1 ¢
7}, primer 200 Xho 13} Sal 1 AE4-$17F £33 9)
=% 3ldct. Primer 33} 4% plasmid pP*p4.13(Nael)-
salg o|83ld A. oryzae®] o-amylase signal sequence
9} 1-#-2] signal sequence’} A|7¥ GODS 5' Hwt A
Hol AZ=o =% FAsIsit). Primer 32 A oryzae
9] o-amylase signal sequenceoll A V& 7122 Ackg
A H$ 2 EcoR 13+ Neo IS £33} translation initia-
tion site® EZ3IT )= 33714 nucleotides® A
o} qlt}. Primer 4= GOD genetlol &A3l 2711¢]

Table 1. Compositions of each expression vectors
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Sal 1 AHH41% 5'-dxdel] 2AY Sul ] ARAFHE X
sl 9l 24702 nucleotides® o]Fol& ). z+ztbe]
PCR ¥h$-AHE-S A E 4 mappingS 3 sttt

o]5 PCR uWFgAHE-S yeast 23 #E]e]l pYGMF$}
pYAMFol ligationd}e] thg-] & wWe]52 | 2313
o}, 7} HV-%J el o] AL Table 18 21 2+t clon-
S Fig. 1l A3}t

ing map =

SRS} A4

A 47le] w3 #E] S auxotroph BPHES- o] &1, 5],
S. cerevisiaedl| A HFIF F A1 agar plate(YNBD)®
A PAWMIA S AEsleict AlEE JAHIANES
2-33] AlHE fslef gk é% A7 % o-dianisidineS A
7}8F agar platedll#] GOD AA#A& 3}ict. Agar dif-
fusion test® 3 A Zh& ) 53] AWM A Fo| H]
A v]5=g GOD 845 Yelid}. o] 7% host<l
S. cerevisiaecl] B8 WE 7} A & {218} copy nunm-
berZ EA3y| W+ FEr} o] F 7 Ed g
o A 7 =& GOD FAEE vehl= -3 34
WA S AR st ARSI AlEelke 213}
At

23 7 HSH2| GOD Fares

GAL 10 promotor+ glucosel] 2J3l ¥alo] =] 7]

Expression vector Promotor Signal Sequence Structure Gene Terminator
pGAL-GO1 GAL 10 o-MF from S. cerevisiae GOD GOD & GAL 7
pGAL-GO2 GAL 10 a-amylase from A. oryzae GOD GOD & GAL 7
pADH-GO1 ADH 1 a-MF from §. cerevisiae GOD GOD & GAL 7
pADH-GO2 ADH 1 oa-amylase from A. oryzae GOD GOD & GAL 7

7 9 30 4 79 30 9

g ] 8
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Fig. 2. Growth curve of S. cerevisiae 2805 carrying pGAL-
GOLl.
Cultivation was carried out in 1L flask containing 250 ml medi-
um at 200 rpm and 30C. GOD activity was assayed by the
method as described in Material and Methods.

Time (hr)
Fig. 3. Growth curve of S. cerevisiae 2805 carrying pGAL-
GO2.
Cultivation was carried out in 1L flask containing 250 ml medi-
um at 200 rpm and 30C GOD. activity was assayed by the
method as described in Material and Methods.
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Fig. 4. Growth curve of S. cerevisiae 2805 carrying pADH-
GOL.

Cultivation was carried out in 1L flask containing 250 ml medi-
um at 200 rpm and 30C. GOD activity was assayed by the
method as described in Material and Methods.

ujZoll pGALAIGS] ¥ WHIAE wgA7]7] A
1% glucose<} inducer 24 1% galactoses AH&-3}¢ic}.
pGAL-GO1(Fig. 2), pGAL-GO2(Fig. 3), pADH-GO1
(Fig. 4), pADH-GO2(Fig. 5)9] 3¥& #HIAANEY Ax
A e AHEE FA= pGALAIGS] A5 OD#t
o] 140X 7kl 25712 A4Aetsd sz pADHA S pGAL
Adrcl g AAES Bch. OD7) F7hgte] wet
GOD A =% F718A% $7H82 a-MFXEt} a-amyl-
ase signal sequence’} =¥ A-$7F $<stgdch
GOD M=+ o-MF 7§ 140417} o] F2 744 A5
RoF o} a-amylase?] -9 wlek 717 E7FA] 4]
= et pHO 3 2E 7 9] GODell &2 5-64}0]
2 vz A {2 =k Zh7ke] Alxe] GOD 84 &=}
7H¢ & o5 ¥lazste] Bxi(Table 2), 404 Ax
TAQ A. nigerGOD3-18[7]1914 1.8 unit/mlE vyehd
wbH S, cerevisiael| A W8 A pGAL-GO2¢] 3= w3t
AL oF sl B2 8.7 unit/mlE Yepe}. o] §A
b Az FA A nigerGOD3-189] HH wWg A
(pGOD3)& A. nidulans®] glycerol-3'-phosphate-dehy-
drogenase(gpd) promotor, A. oryzae®} o-amylase sig-
nal sequence, A. niger®] GOD structure gene} ter-

74 25
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6_‘ 20 g

'§15 £
T 18 5
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Fig. 5. Growth curve of S. cerevisiae 2805 carrying pADH-
GO2.

Cultivation was carried out in 1L flask containing 250 ml medi-
um at 200 rpm and 307C. GOD activity was assayed by the
method as described in Material and Methods.

minator2 o] %] AUcH7]. 9 A}ellA] B vle} 7
o] GAL 10 promotor7} 2o} AHAH 0 2 WS f-x3}
92 A oryzae®] o-amylase signal sequence’x =&
" GODE A2 BH|AZHEE & 5 AU S cere-
visiaeW|oF Al dubd o2 oet-gg Ao 2 Qldle] pHH
3171 gl gl Aol Aol & AMxg o5 vk Al
o= GOD & =ofl J3& FA] %= pH 5-6A10]ol #
= A& £ 9k

TZEE GODO| 2XI1Et 2ad

S. cerevisiaedll A= 37t dojgr] djFef duby
o2 ARoA WER Az Py FAEE FA
v}eld] Frederick®] SDS-PAGES] A3 A3 4]l A
= SR WEE Axg GODY B[] A. migerd]
GODXEr} =Zir 337} o] FoH 28 HF). o]
A lA wrER S, cerevisiaeGALGO290 4 AR A
23 GOD9] EAL#3} A, nigerollA9] GODS] A%
gradient native gel’dollA vlZgr A3} 23 GODY
Bapgko] oF 15w = & A o2 Jehidr}(Fig. 6).

MZEt S. cerevisiae(A2| GOD 2H|SE

Table 2. GOD productivity of transformants containing each vector

Transformant Plasmid O.D. GOD,,[u/ml] Culture Time[hr] pH
A. nigerGOD3-18 pGOD 3 N.D. 1.8 140 6.5
S. cerevisiaeGALGO1 pGAL-GO1 23.8 3.0 143 5.6
S. cerevisiaeGALGO?2 pGAL-GO2 26.1 8.7 136 53
S. cerevisiaee ADHGO1 pADH-GO1 21.6 0.4 143 6.0
S. cerevisiaeADHGO?2 pADH-GO2 17.4 15 89 59

* N.D.: Not Determined.
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Fig. 6. Gradient native gel electrophoresis analysis of GOD
from recombinant yeast and A. niger.

Approximately 5 pg of crude enzymes were run in duplicated
on the same gel. An agar gel containing o-dianisidine, horse rad-
ish peroxidase was overlaid on the half of the protein gel as des-
cribed in Material and Methods. The other half of the gel was
stained with coomassie brilliant blue R.

(A) Coomassie Brilliant Blue R Staining

Lane 1, Low Molecular Weight Marker; 2, Broad Molecular
Weight Marker; 3, Bovine Serum Albumin; 4, A. niger; 5, S.
cerevisiae 2805; 6, S. cerevisiaeGALGO?2. The standard proteins
used and their M.W were phosphorylase b (97.4 K), bovine
serum albumin (67K) in LMW and myosin (200K), phos-
phorylase b (97.4K) in BM.W.

(B) Activity Staining

Lane 7, S. cerevisiaeGALGO2; 8, A. niger; 9, S. cerevisiae 2805.

A4 Aol Axut ozel FulE ¢35l A
oryzae?] o-amylase signal sequence®} S. cerevisiae2
a-MFE AR-3lsict. Zb 34 WA S-S 215 kgt
% GOD®| v E&S A dnt

Table 394 ¥+ vle} o] GAL 10 promotorE A}
43t o] ADH 1 promotor®.t} GOD A4 o] $-43)w
3] GAL 10 promotor®} A. oryzae®] o-amylase sig-
nal sequence A& A] 7}#F 212 10.3 unit/mle] GOD7}
Aate] = qet. g8 GAL 10 promotor®} S. cerevisiae
2] a-MF9] 7Z$-<lA+ 3.4 unit/mle] GOD7} A4k=
o} o] S 29 EulAeS vl X o-MFelAE 3.0
unit/mi7F ERIEN T A oryzae®] o-amylase signal
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sequencet 8.6 unit/ml7} EH|E B2 Bu)§8-8 7zt
89%, 84%% ¥.o] a-MF9] 73{-of #u] ag&o] & &
gtth, 223 28 GAL 10 promotor® A& #-9-¢ll
X signal sequence®] E5roll whe} A whyale] A
off B ot e 4 4 ek o™ Aol pro-
motor?} signal sequence®] =3 2 2 o33kl g 4
T2, Laing Eliznal[11l:= Erwinia chrysanthemi pec-
tate lyaseE report geneo# o|&3te] FIFH o7
promoter®} signal sequence®] &8 FA33t}. o]
A3} transcription®} translation level B]RA] zH&
promoter 3pollA % ]2 signal sequence’} 1A
735l mRNA levelol] W& o7} glow o] 23H=
ZA2 99 7z 9 AJAE mRNAY sH =9 e
FA&todr}. Xin-Liang Li[12]12 S. cerevisiaedl X Au-
reobasidium pullulans xylanase(20 kD) genes W& 4]
71 A3lollA signal sequencex FH]oll ot Hul of
vzh A el ® ks T o] Hd FEHo)
A AY e QA AHES P E 2 mRNAS kA
Eo] 43 523 FF3}9ct. B]E Northern blot#-4
< A 4R A7) AFE e} Bl mRNAY
SFA & o oz} post-translation, F A FA
o] cytoplasmells] Aol A=tElitielE signal se-
quence’} dvh} w2y FdH o2 FAE oA S
endoplasmic recticulum(ER) 22 o]:A) 7] kel vl
AgAkgke] zpo)7} gl Ao g vehs 7 2t webA
w2 X|7kell ERZ o|$EA| rsbA s ghdo] Al
2 o] Foix]x] o2 EAg Wi Eo] cytoplasm
o WEe secretory pathways Walstz 3 A
S ubaigte 2 Aakel B A AS T3 9l A ot
ojAtell A RSo) S. cerevisize®) ADH 13 GAL 10
promotor, 28] 1. a-MF signal sequence2} A. oryzae2
a-amylase signal sequenced ©]£3lo] 4712 Ld
HE A3 F S cerevisiaed BAWEE A7) T wkdlS
3] 2 73} pGAL-GO2(GAL 10 promotor$t A. oryzae
2] o-amylase signal sequence) AH&-A] 7} 22 10.3
unit/ml1e] GOD7} AAte] = gd=dl o] o2 A. nigeroll
Ao b A e of 6ufe} Ak kS Boict oub
2 © & constitutive promotor”} inducible promotor.

Table 3. GOD secretion rate of transformants containing each vector

. . GOD,, GOD,, GOD,,;  Secretion
Transformant Plasmid Promotor Signal Sequence [unit/mi] [uniyml]  [unitmi] (%]
S. cerevisiaeGALGO1 pGAL-GO1 GAL 10 S cerevisiae®] o-MF 3.0 04 34 89
S. cerevisiaeGALGO2 pGAL-GO2 GAL 10  A. oryzae®] o-amylase 8.7 1.6 10.3 84
S. cerevisiaeGDHGO1 pADH1-GO1 ADH 1 S. cerevisiae®] o-MF 0.2 0.05 0.25 78
S. cerevisiaeGDHGO?2 pADH1-GO2 ADH 1 A. oryzae®] o-amylase 1.2 0.1 1.3 95

*GOD secretion (%)=GOD,,/GOD,,, X 100.
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o} QA E T =3 B} §8H 02 WHE fEd= A
22 Jeh} glAvt od714%= GAL 10 promotor”}t
ADH 18t} Aoz 10ule]4te] GODE 5o W
o A oryzae®] o-amylase signal sequence?} S. cere-
visiae?] o-MFRc} 3sjA = 22 8.7 unit/mlE Ev]A]
23 0|7 AAH oz A GOD—°4 85-90%¢ll =3t
o} H2-E promotorg AHS3IGAE A5 AA FAHE
GODS %l Ale]7} Sl 22 “]—?"1 Yo} signal se-
quence’} T Aol HE FdE F= HAOE F=
Het =3 A migerollA] oFF E3AHQ A oryzaed] o-
amylase signal sequence’} yeastlell4] GAL 10 pro-
motor?} F%ele] v} W GODS A4t F8% 4
S S o 5 2lsdrh o] A oryzae®] a-amylase sig-
nal sequencex 2271¢] amino acid® 74 =] glom
hydrophobicd A& z+3 glt}. o] signal sequence:
n-, h-, c- 5 3719 B9 = =92 Heijne?} A3+
“(-3,-1)-rule’ & FFATH o] o=
due”} £t} 8, 211.

S. cerevisiae| X2 A eFulFAl GODAARl A gk
pHZEA! 5-6& A8t g al &5 37 FU5 HE
Z79] _,,]24;9:]. A Aredgl ALK 2] B2 714 & 4 }\)‘
oz} Alg )

alanine resi-

2 %

A. miger?] GOD(Glucose Oxidase) tHg4rs} a4
2l #8]E protein®] HEFAkel] @o] AMEH= strain
Ql S, cerevisiaeol Xl A E3tFTt. S. cerevisiae®] ADH
13} GAL 10 promotor, 2811 a-MF signal sequence
9} A. oryzae®] o-amylase signal sequence & S. cerev-
isiae®] GAL7#} A. niger®] GOD terminatorg ©]-8-3}
o] 4719] expression vector® AT F S cerevisiae
28059 auxotroph HWMH o2 FAWIAZ T} WHo A S
< ksl Aol AlEeje] GOD #AEE ¥MT
s} GAL 10 promotorZ} A4F31¥ pGALWolA|Ee]
ADH1 promotor7} AH1¥ pADH HelAE X} GOD
AArAdol E=gkeh GAL 10 promotor®}t A. oryzaed) o-
amylase signal sequence’} ArY® pGALGO2¢l4]
115417k wioFA] GODS Aite] 7Hd FeHGOD
10.3 unit/mL, GOD.: 8.7 unit/mL). ©] FX& &
promotor?l GAL 10 promotor?} o-MF signal se-
quence’} A1 ¥ pGALGO1 Rt} 3uiA & ), o] Ax}
+ ADH 1 promotorg ARE-3}91& A9l U3}
o}, =3 A. oryzae®] o-amylase signal sequence’} S.
cerevisiae®] o-MF signal sequence®.t} GODE ¢ &%
Aoz FnAA A7) Az v]Fo] ¥ signal se-
quence’} whAe] Hu] oo whulal Ao x vk

FE F= Ao FE53oh pGALGO1H pGALGO
22] GOD Talﬁg—: ZY7r 89%, 84%°1tt. S. cerev-
isigedl A QubA o g medslyl dojulr| uffef S
cerevisigeol A AR AZF GODY EAERE- 250 kDa
22 A mger?] GOD(170 kDa)Bx} o ¢},
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