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AR o]§-o] 7158 A1 Saccharomyces cerevisiae FF-E 714 8}17] 9] 8] alcohol dehydrogenase F-A A T2 2
E(ADCIp)2) A s}e]] MY = &= Aspergillus awamori glucoamylase cDNA A AHGADN S ALY L S. cerevisiae®)
dA Ao 29051 A A o] ol A BRFFE A7) 8 M ampicillin A FA A7 A AHD
GAl AR A8 BAFHAR S. cerevisiae aureobasidin A A 8A FAAHAURI-O)8} AZ2F F-E Ty
retrotransposon 5-41 g o] L 8% integrative cassette & A £ 3} t}. o] S-integrative cassette = B AH Y ALY &
S. cerevisiae’=v| A A}ol| glucoamylaseE AJ A} | 515 2 A LS G4 & 202 3o QA FAAH
A S vjAdguiA oA wjoFslS o] AUE G4l FAAI) 1004 7A HAHA FAHUH
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orx W AEARGojA AlgEHE A8 Saccharomyces
cerevisiae= A 712 AES G F de BAE At}
A BEEE Aspergillus glucoamylaseS A4l £H|E
ZF S cerevisiaeZ} A)ZHIE HAE O ZRE ofgke-
X gz AY M| e Aolvk(13, 14). FFO
Aspergillus awamoriZ BI1FE3V Aspergillus FE59] glucoamylase [a-
(1,4), (1,6)-D-glucan glucohydrolase (EC 3.2.1.3)]<= Saccharomyces
diastaticuso| X AE9] a-1,42892 E3lS= glucoamylase (9,
22)%h 98 0-1,42%8% o- 1,688 B Faet] 2E2S A
2Kt 4 glemg AQdHos X9l g-amylased] &g Ak
A7} 3 F3tAgel de] o] 8E L AUTHG3, 18, 25).

AR B2 9l amylase FHRFEC] S, cerevisiaed] =9
2 vl Qled 2 Ad EARHAY] ERlo] §ojst AF
A8 vkrA S cerevisiae’} S5 ERE O] EHATHES, 22). ©]
5 AR 9©E2 yeast episomal plasmid (YEp) ¥E &2
yeast integrating plasmid (YIp) ®|E]E o|&3}=t] YEp HH<=
copy 71 Bot F-32 L@go] AT AV wial] ALE-FH
T HlAdeAdA frA e Bekgata, A A
T=9EE Yip WEE P Ssht dE o] BRe ol
ATH10, 19). T3 A717E dau| g FAol= Al Hoket

EobdE AP AR WA S cerevisiae T oW A (diploidy-}
Tl Al (polyploid)?) A& EXFF7} o853 TH?, 22).
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e 54E o8 4= Juk(15). 2HEE olHF AP &
AR 94 Al EXFAAE 238 Yip HHE ARSI 5
F 380 =YPA7IE F FEA RS AL BHlske 44
| S cerevisizge Ago) 7V Aotk AR S cerevisive
o A&l F-HA =YL Yt HEIE geneticin (G418) AP
A}, sulfometuron methyl 34 - AHSMRI) 2 aureobasidin
A AFAF FHAHAURI-CyAS FAA A FAA S| 78
A o] 8Ea1 QUrhd, 22, 24). 5040} o)X =YH 2 #
Ax7E HHHA FAEHE nEEZ dEEI] M=
ribosomal DNA (IDNA) A goju} Ty retrotransposon 8- €3}
22 HEALGE Yip HEC AYste o] Y-S AXFRAR
=3 A% GAAY multicopy® EQAFE AT R} B
(1, 8, 17, 20, 23).

E AFo) M= A awamori glucoamylase cDNA F+ZHGAT)
=5t HMEE A xrdeg HBE F Qe Age o
A S cerevisiae TNEE EEX O 2 A awamori glucoamylase
FAAE @At =908 F UE 6-YIp HE Al2HE
A2e[a 550 FAAFAA AES FYt ghdo= 3}
= vl eHg A glucoamylaseS A4 AHEE- TF
WA S, cerevisice FARAGA T55 AYSATE EFF o] 7
Sl =49 glucoamylase 47 F-32ke] H44E Bl A}

st

=

=

ol =1 -5

o
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ALE 2F R ERta0|E
Escherichia coli IM83[ara, A(lac-proAB), rspL, ®80d, lacZAM15]
£ FAAREFe} BejrvsAz Q SEo) AHRE0n], A
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AL WA S cerevisice W303-1A(7)S} AHH& thelA] s
cerevisiae ATCC 4126(16)8 &% FHAE <7 o|&3iyl
2-p replication origing& 7FA1 Y= YEp WEIQ pGACH(6)°ll
E3E 4 awamori GAI F-7A9} pAURI23(TaKaRa, Japan)S
SHO R 0]&-3 YIpSAURSA(S)°] 413 Ty refrotransposon
5] 5B AEFHE Y TUSIATE. pGEM-T Easy
El(Promega, USA)E PCRE T3l 3 Frixte] 20 o]
&3ttt

i X 2t HH =24

E. coli BARIA= 50 ug/ml ampicillin®] F7F# Luria-Bertani
(LB) A A wjdstadar, &% vjkoll= YPD wiX|(1% yeast
extract, 1% Bacto-peptone, 2% glucose)E AFE-3F T} Aurcobasidin
A (1 pg/ml, TaKaRa, Japan)’} 37}8 YPD B3] ol A7
3t &% FAAIAE YPS (3% soluble starchE -5+ YP) &
Haf Ao &7 30°CAlA 5 - 747 ulFF T oaecell A 27t
FAXATE. Glucoamylase /42 Z73H7] $l3] 52 JAAE
AE 0.1 M sodium phosphate $Z-8-H(pH 6.0)°] FF+F YPS
(BYPS, 2% soluble starchE 53t YP) viA|ollA] 30°CZ 4 - 5
A7t ikt wixe] & ARFELS Kim 52 W 9)l
et AE-2 0 = Wk o3 =A3slnt.

Glucoamylase M4 0| MH

YPS Ao 2t AR 5 F2UFHE FHFo]
FAEA e w5 AR 2, Fyde] 49 F2S 134
02 glucoamylaseE: FAHEHE FAPFAZ HAGIIn
glucoamylase2] Ma9| BH] F-5-2 &) 93] 5 a5.9F 32
ABAEE BYPS BjAOA widst & wid AT HS o]8-3ko]
glucoamylase®/d-& S35}

F

FEX &3 S, cerevisine S E

E. coli)| A plasmid DNA®] F&-& Qiagen Plasmid Maxi kit
(Qiagen, USA)E °|&3t9 8} A3L, PCR 5F DNAE
QIAquick PCR purification kit®} QIAquick gel extraction kitS
o83t F3 DNA®] o83 EF9| genomic DNA $&2
Zhu 52 "WHe)l 28] AASIA T DNA £43 FAHghe
Sambrook™ Russell ¥#@21)o] w2} AAlsdc}. 3HH, 579
FHAAETL Hill 59 lithium acetate/DMSO M (5)dl 23] &
Alstsdrt.

=g Z2tA01E M=

pGAC92] 2.1 kb A. awamori GAI FRAAE AMY F-HAA}
AAE YIpAURSA (8)S] ADCI promoter (ADCIp)l| &A=
Smal F-9]ol] =JAIA YIpAURGIE A2 tH(Fig. 1A). G4
A X19] Aurl H-91° homologous recombination®] €J3] =4=
= AEF YIpAURG1S) aureobasidin A A3 FAZHAURI-
Ol = Apal F-91E- Apal A2J8le] D3} TH2).

ML S cerevisiael X glucoamylase 7221 W 147

GAl SR} cassette?] PCR =

ADCI promoter-GAl F+RAA}-CYC! terminatorS ZZ3}7] 93l
YIpAURSAS] 714 8L o]8-8la 2|25} PCR primers®] A
T G7)1E L 5-TTGCAGATCTGCATGCAACTTCTTTTCTTTTTTT-
3ola GrtgF MEL 5-GGCCAGATCTTACGTAGGCCGCAA
ATTAAAGCCTTCG-3°]3t}. 3H, AZ3 Zekian]=o)) A4qigt
3-489] FE-& Choi 5(2)°] 71ET primers} F718 ©]-8-3}1]

ERELES

GAI FTRte| oY = A}

FAHFAE Nieto 59 WHA7)el Wk 5ml YPD #j=]oll A
Al s A 20, 40, 80, 1004t 3 HEZE sl YPD B
HfRo] G FRUEC] FPHEE =TSk YPS H)A]
o &A A F2Y F FHo o] A= G4l HAA
Bf SEYE NEEE St YR G4 7349 34
< A3

Glucoamylase 28 £H

Glucoamylase &4 Steynd} Pretorius "B (2202 =33}
o} ¥h3-71EEA] 50 mM sodium acetate 52 (pH 4.5)°] §
H% 0.5% soluble starch 950 plol] WS 50 WE Hr}3t
T EFste] 60°cellA 30%- B HSAIATE Y g
glucose oxidase/peroxidase kit (Sigma, USAYS o]&3te] A3}
S glucoamylase 73 1 unit (U)ye ¥H5-712A 1 umol E=
FE 18 5 sk 540] oo 7 Asigit)

A7 W o

GAl REX U8 ST S 28 5-YIp HE M=

AL A S cerevisiaeN A A awamori GAI SRR &
AE FHAA717] 93l 5419 S T8I e A¥sE vip ¥
El7} A ZE AT} 2438 thllA] S cerevisivger A AL WA
S. cerevisiaes}t 2] A A FHA) glonw 94 A2 §
2l FRAAY U= HE st o AP dEEs ¥
ARFAE A& F AUh15). ©] F AURI-C 2= Mt &
AA RIS GRS} EE] S cerevisidge A Aur] FRAANA
Fefg SAFAA|BER AFAPE AT G2 AR o]
€8 F Adth@). 4URI-C AR} G41 F-x7E 88
YIpAURG1S] Bglll ¥-$1& Bglli®} Klenow fragment= 2] 3}
3 o] F9jol) §-4ghe] FFE 0.3 kb Smal DNA ©HE A
3l YIpAURG2E A 231 tHFig. 1B). YIpAURG2E &-A ¥
el shte] Xhol B-907F OB Z Xhol A2 HEEAA 3
ARAZ ) 0] 88} homologous recombinationdl] £J3] 324 o)
A e B2 sAE9d tE =9E & dvhe, 23).
YIpAURG29] CYC! terminator (CYCIT) EA3H= Hpal 34
o I 3o} MBS 71E9] sAFT WEkAgo] WA st
YIpAURG3E AZSGTH F 6-49-& 71 YIpAURG2E Xhol
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(A)

Apa | Smat Sma | Hpal Bglll Apal
AURt-C ADC1p GA1 cYc1T Amp” Ori AUR1-C
YIpAURG1 (8.7 kb)
(8)
Xho | Hpa! Xho §
3 AUR1-C ADC1p GA1 CYC1T Amp® Ori &
YIpAURG2 (9.0 kb)
(C)
Xho} Xho!  Xhot Xho i
8 AUR%-C ADC1p GA1 CYC1Ts 8 Amp’ O &
YIpAURG3 (6.5 kb) (2.8 kb)

Fig. 1. Plasmid maps of linearized YIpAURG! (A), YIpAURG2 (B)
and YIpAURG3 (C) showing relative size, restriction sites, and
location of insert DNA. YIpAURG! was linearized by digesting with
Apal, YIpAURG?2 and YIpAURGS3 were linearized by digesting with
Xhol, respectively.

o2 2|3 ampicillin A& FAA} AT origing EF
2.8 kb DNAS} ADCIp-GAI cassette®} AURI-C FAAE E§
g 6.5 kb DNASEZ Ha == 6.5 kb DNA BHE H79%
A A 3|55t YIpAURG3Z HHE9THFig. 1C).

ALEE S cerevisices Th|A] ERol2g GaAd =49
GAl F3A9] copy 4 532 & S glgloy FAAEA (ATCC
4126/YIpAURGI1, ATCC 4126/YIpAURG2 = ATCC 4126/
YIpAURG3) G o] & YIp WES SRS 47) 9
8 ADCI promoter®t CYC! terminator®] §7]A&ol 23] |2t
H primer® o83} PCRES AAIS AH, S cerevisiae - ATCC
412629] genomic DNAS} HAHEA 9] genomic DNAS F+3
DNAZ o]-&3t51S o FAHEA ] genomic DNAATF Yip
HEWoll EA8HE ADCIp-GAI-CYCIol |34 2.8 kb DNA
We7} FEEo] FAA8AH 9 AW YIp HE)Z ==
o] FRAIHAHFig. 2).

M E S. cerevisiaell| M Glucoamylase 2811} 2H|

A8 THlA] S cerevisiaed] G4l FAAE =st] 2HEA)
2 Exo g M¥3lE YpAURGI, YIpAURG2 I3 YIpAURG3
£ o]-835} aureobasidin A A (>1 pg/ml aureobasidin Ay
Uele 3AAZA ATCC 4126/YIpAURG], ATCC 4126/
YIpAURG2 Z28)31 ATCC 4126/YIpAURG3E A3t} 32 #g
Al Z ATCC 4126/YIpAURG3E YPS HBu A A o] )
23 224 F99) 53R FHIS A5t glucoamylase?]
Aabe} 744 k53t Ao w AREATHFg. 3).

ARG S0 2 sk viX|(BYPS)OIA AT A7 ghA 9]
ik A5 AL 01831 glucoamylase A4S 24P R
A FAME HHHeZ T2 glucoamylase TS 71 o
FEo] A¥E AT Table 1904 BE Blg} o] ATCC 4126/

Kor. J. Microbiol

ADC1p-GA1-CYC1T
(2.8kb)

Fig. 2. Detection of DNA frgagments of ADCIp-GAI-CYClr
amplified by PCR on the agarose gel. Lane 1, DNA size marker (1 kb
ladder); Lane 2, S. cerevisiae ATCC 4126 genomic DNA; Lane 3,
ATCC 4126/YIpAURG!1 genomic DNA; Lane 4, ATCC 4126/
YIpAURG2 genomic DNA; Lane 5, ATCC 4126/YIpAURG3 genomic
DNA.

YIpAURG19] glucoamylase&-d-S 0.15 U/mlo] ATh. ATCC 4126/
YIpAURG29} ATCC 4126/YIpAURG3 2] glucoamylase 2432
ATCC 4126/YIpAURG1®] HI8] 747} 3 - 58 S71s8ict. Al
FEAZ 54 Eo] H7FE YIpAURG29} YIpAURGIE G444
ol 22 §-4Q 425 copies)(1, 11)0ll G4l FAA7 &QB ¢
Aoy copy = F7tl 23] BEH o] FtE HAoE AFHACH
(2, 8, 12). T3 Al plasmid DNA F-2¢| AAE YIpAURG3
o] &3} glucoamylase /3°] YIpAURG2E T} =2 A= A4
Ao ZYE= DNAZ7|S] £4:9) 5-4 Lol =UHE copy 72
Z7ket #o] At Leet Da Silva®] Ra(11)2} YXstHT)
EZ YIpPAURG3IE Al 3HAl Agd §-34E 23t ¢34
plasmid DNAZ} A|AEo] leu = ojF o|-§3 A2=jt WFA
Eu A g8 gohgo] 7bsE Aoltk(is, 17).

Fig. 3. Glucoamylase activities of S. cerevisiae transformants
demonstrated on the YPS (YP containing 3% soluble starch) plate.
Transformants were cultivated on the YPS plate at 30°C for 7 days. A,
S. cerevisiaze ATCC 4126; B, ATCC 4126/YIpAURGI; C, ATCC
4126/YIpAURG2; D, ATCC 4126/YIpAURG3.
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Table 1. Glucoamylase activities in cell-free culture supernatants of S.
cerevisiae transformants

Yeast strains Glucoamylase activity* (U/ml)
S. cerevisiae ATCC 4126 ob
ATCC 4126/YIpAURG]1-1 0.12
ATCC 4126/YIpAURGI-2 0.15
ATCC 4126/YIpAURG2-1 0.38
ATCC 4126/YIpAURG2-2 0.42
ATCC 4126/YIpAURG2-3 0.45
ATCC 4126/YIpAURG3-1 0.66
ATCC 4126/YIpAURG3-2 0.72
ATCC 4126/YIpAURG3-3 0.76

Yeast cells were cultivated in YPS media containing 0.1 M sodium
phosphate buffer (pH 6.0) at 30°C for 4 days.

®Values were the means of results from triplicate experiments and were
expressed in glucoamylase activities present in the culture superna-
tants.

Fig. 491 R e} o], A BAago R st ujA|dA

BE 0)831R) EF= S cerevisiae ATCC 4126 73}
ER o} glucoamylaseE AAF5= ATCC 4126/YIpAURG3E
AR-g Fasle] we] AGEIAIL glucoamylase B/d0] vl 4
dof| A FHdA]o] oj=x]om, uieF sPo AE 90%E ©]8-3}t
At §-HEE AZRF FHAE T o A =Ue AR
& A 9GS F4 Y= Aow dEA ks, 11, 12).
25S ribosomal DNA (DNAYE AZ=F 92 TS vip HWE
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Fig. 4. Growth curves, time course of starch hydrolysis and
extracellular glucoamylase activities in buffered YPS media. At
different days, growth was measured by the optical density at 600 nm,
and glucoamylase activity and hydrolyzed starch were measured in
the culture supernatants. The residual starch results were presented as
percentages taking as 100% of the starch in the uninoculated medium.
Each point represented the average of triplicate measurements with a
standard deviation of = 5%. A , O.D. 600 nm ATCC 4126/
YIpAURG3; A , 0.D. 600 nm S. cerevisiae ATCC 4126; B , U/ml
ATCC 4126/YIpAURG3; [J , U/ml S. cerevisiae ATCC 4126; @ , starch
% ATCC 4126/YIpAURG3; O , starch % S. cerevisiae ATCC 4126.
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Fig. 5. Stability of the GAI gene in S. cerevisiae transformants after
different numbers of generations of cell-multiplication. Maintenance of

the GA1 genes in W303-1A/pGACY ( & ), ATCC 4126/YIpAURGL ( A ),
ATCC 4126/YIpAURG2 ( [J ) and ATCC 4126/YIpAURG3 ( O )
represented the stability of GA7 gene.

¢l pRUG (102 kby= o] &8t S cerevisiae®| X A awamori
GAl F3AE TEAZ Lin 59 2313 Wi F 599
AR 75%E o] 83, I Gal FAAS} iso-amylase 7
AAE Bl AR E w(14) FEY 90%E o83t =r,
o] @AY AYEE DNA =70 YoM B A7
YIpAURG3 (6.5 kb7t pRUGH.T} 2ol G4l F3A} copy 7}
7V & Jonm WwHE ST I HE o8& Sl 7]
gk Ao AUHATK(IL, 12).

HEFEH 0 T E GAI At otE N

FAAGAZS vl e YPD siA|olA] 1004 EF v FapEA
FAxgA o) =49 vip WEe] G4/ 34 P89S YEp ¥
EQl pGACYH Blste] ZALSIt(Fig. 5). ARHZA w303-
1A/pGACI M= Bl QFo] R|&EHA pGACIS] AL F43]
AR, AASA ATCC 4126/YIPAURGIIAME YIpAURGL
o] QkgAo] 9s%eld FAEAUT 5-4ge] EUE YIpAURG2
¢} YIpAURG39] ¢Fg4d°] 718k 100% FAI=IATH2, 8). ©]
2 23 DNA S o =6l 9% Gar F-3Ak P84
o} sodTiZA SRR Lin 59 B1(13)9h wlaslel 2
uf 3-x1€o] (DNA A LErh GAAle] EAsh= copy 7} B
3-AE F71 v =do] 1DNA 27 thF =320} nontandem
3 4AA =7PsAe) AnE =9) frake] ebgAel of 2
Al Z1eg = ke B, 11, 239k dAsE @4
maltose TEFO] 2 AMaFe] YIpAURGIE =5t
glucoamylase &-g0] = AMER TF7NL20yE skl
om AR ALEHEE FANN7) A8 GAIRFAR elw
pullulanase 22 isoamylase A7} F712 G4A o =S5l
Az 5 el M= Qlck.
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ABSTRACT : Expression of Aspergillus awamori Glucoamylase Gene in an Industrial Strain of
Saccharomyces cerevisiae
Dong-Myeong Ghang, Su-A Lee, Young-Hyun Chun, Jong-Eon Chin', Hwanghee Blaise
Lee, and Suk Bai* (Department of Biological Sciences, Institute of Resources Plant, Chonnam
National University, Gwangju 500-757, Korea, 'Department of Cosmetology, Dongkang Col-
lege, Gwangju 500-714, Korea)

To construct an amylolytic industrial strain of Saccharomyces cerevisiae, the glucoamylase cDNA gene (GAI)
from Aspergillus awamori was expressed under the control of the alcohol dehydrogenase gene promoter
(4DClp) and integrated into the chromosomes of industrial S. cerevisiae. An integrative cassette lacking bac-
terial ampicillin resistance gene but containing the GA/ gene, & sequences of Tyl retrotransposon as target sites
for homologous recombination and S. cerevisiae aureobasidin A resistance gene (AUR!-C) as the selection
marker was constructed to obtain a strain eligible for commercial use. Industtial S. cerevisiae transformed with
this d-integrative cassette efficiently secreted glucoamylase into the medium and grew on starch as the sole car-
bon source. The transformants were mitotically stable for 100 generations in nonselective medium.



