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HEHo 2 oghg WHelly o HHo R AR
%3815= Saccharomyees cerevisiae®} S. carlshergensis
7} Abgse] gheh olF ARE AMEEh] HEo®
Hel 84 52 49l osbES Aabsle U e
oS3} 7ol 3giA Q] AL AAc}(19). AA. v
glo}e] g-amylasesl 213t HFeo] {4k A
glucoamylaseol] ©j¥t goiztsl AFo) wa I 5
e doze] ik A HEad 5 e FoB
el ARl iy oghg A4te] 27lolch 7|4
AL HPE-Palol ¥R a-amylase?} glucoamy-
lase 59 A4 v 3 F8 FHo| Yo oz
vl o] A oskE A4itwie} A FEE A
ZstL gle] ol& M7 Sls HIelw T
E4A9) 3chA HE RAE A4l Ik AP WwEE
317 Slste AE FalHo] Qe AR FFE €A
st o) ol &3t UFAMUAE A% Axrt gled
steb (16, 17.33). 22} Saccharomyceso]l9}2] o} &
2% (genus)oll %3l amylased ¥uwlshe ARES
ool o] gl HaHo| oksle] ofgkg U
Helle = ot 4).

o) 44 2z 7)so UdE AR P
(30). e Y32, A AZ D). H@26). 2R
% (14) SolA fAH§ g-amylase FA=9} Saccha-
romycopsis fibuligera (38) L2 1L, 8. diastaticus (5. 11.

21.23) £9 glucoamylase #3125 224 syn

olZ& FERA S cerevisiged] TYX|A o] ARFPA
M 2 LR FuAFied] st H
ol Kim and Lee (12)% glucoamylaseE #u)sh=
S diastaticusFF 72} A4 g-amylase cDNAE
=313 #AARA FFE ARl 5UFL 4%9
HEOoZ ME] 932%2] HHEE ot 4L &
lddel 12t o2y fAA Ao o]
AN 3 BAe Zelav|s de{o] oy JAsHe &
v AR oA ¥ Z71H & Jephli |t ol 5
AgFEo] AgiHog ojfH: ddy F2¥ ¥
e <ty Qed 272 viE HAEI 55 AX
Yol 4 o] ot Ade] Aeds|e ke Zle]ch (8.9, 13).
Z A2 F4 ¥HS 2443t 98 AgHe F
gavle Hele A Mo e Azlte] Atsle F
F71 WA gl wel 1 =919 -4 HAda 34 HFA
2 Aol sle] 7l Zoidh ojeigt FAle] & Auied
o7 FA A Hed FAURE YoinPe] glo]
oAl Hu] g JEFE 3] Y] 1 {FHAE
%52 F82(genome)E 22 ARJAl7]  Higle]
Aot sjoHch (6. 8. 15).
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stadch 53] 1 2Hge] AT U 7 UEE o
amylase f3AHE A2 F4AY el A-IAI7]7] 1
integrating vectorg A 25t o] HEHE AR FF
Woll £lAlA Y AR A APRAE s
olZ ¥ Al UAEE zAbstdch

e ¥ Y

Alg 3275 4 #aiiole

B2 AP A4 fan F5e Fepiviss
Table | o} vJehd wle} e} Feprvl= pMSI2
(32)¥ yeast expression vector®24 1 FAL E
coli®) replication origin, pBR3229] Blactamase
gene, B 29| replication origing Z.gsh= 2m
DNA2} 32 A% alcohol-dehydrogenase 1
(ADHI) #3A]]1 ADC19] promoter, 39 49
a-amylase& code 3H= cDNA 22l3 A99) TRPI
U Hoigleny HM 27]& 10 Kbold} (Fig 1).

PMSI24R (Fig. 2)& pMSI12& A& &4 Sphl
o2 Aelstd 471 1350 bps} 8650 bpe] DNA 24
Fell X ADC19] promotere] 24 H97} B9 9lE
1350bp BAE A AL cfA] self-ligationA|7] &
glav| ol (12). 7)ol 4 ADC19) promoterd] =

HE e oggol} XEgel  al  alcohol-
Table 1. Yeast strains and plasmids.
Strain or plasmid Relevant properties Source or
reference
Yeast (Sacchamyces)
K8 a leu? wpl wra3A  Breitenbach. M.
(Austria)
K94 a leu2 wpl ura3A  Matoon. J.
ST4t (USA)
K95 a lew? npl STA® "
Kil4 a adeb6 his2 rpl ura3A "
STA*
Plasmid
pMSI12 Ap.. ADC! promoter. Thomsen. KK
mouse g-amylase (1987)
cDNA,TRPI.2 u oni
pMSI24R pMSI12 with the Kim, K. and
deleted regulatory Lee. J-W.
site of ADCI (1994)
promoter

pMS12AR(LEU2) pMSI2AR carrying ’
LEU2 gene of YEpI3
in the Sall site

< A hybrid strain containing STA gene (s) derived from
8. diastaticus. The genome is derived from both S.
cerevisiae and S. diastaticus. K94 and K95 are derived
from same mating parents.

® Contains one or more ST4 gene of undefined genetic
locus.
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dehydrogenased] &g Aalshe 715 2w
(1). =& ag-amylased A 22 A4l AbelAZ
T = integrating vectore] A zbel] Apg-37] Hsf
srEol 3l pMSI2AR(LEU2)E YEpi3(3)& ATE
A Salt () Xhol (Xh)og AMejsled Lojxl 22
Kbe] LEU? #+4A% E¢sh= DNA AHE Sall
22 AHelg pMSI2ART} ligation AAA Lot
(Fig. 2).
siX] N T o} L

Plasmid $%& 8 E. coli C600SF82] v} ol =
LB 2] (1% Bacto-tryptone. 0.5% yeast extract, 1%
NaCl. pH 758 AH8-3lgien Eepanle AW o
e e FHEAZA ampicillin (50 pg/mHE B2}
gz wixig] 23E HsiAe Bacto-agarE 2%
Sle& Yol Fch

ARFF v A% % wix2AE 1% yeast
extract (Difco  Laboratories) (Y). 2% Difco
peptone (P) 12]2 M3 €hige g Az o
YPD iAol 2le 2% dextrose (D)& A7} slels,

EcoR1 1
feat v 303
R
: EcoR! 834
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Fig. 1. Genetic and restriction map of pMS12 plasmid.
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Fig. 2. Restriction maps of three different recombinant
plasmids.
A 22kb Sall —Xhol fragment of LEU2 gene
(bold line) was transferred from YEp 13 into
the unique Sall site of pMSI24R. generating
plasmid pMSI2AR (LEU2). -, direction of
transcription of the LEU? gene.
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AR gadgtdel &) MEejg Bl amylase
o] HEFHe] HAE colony F9He Y7l
(halo)8AH 8 oolvy HYolME 3% Lintner
soluble potato starch (S) (Sigma Chemical Co.)&
A7k YPDIS3 (dextrose 1%. starch 3% & -&)313)
wi A& ARg-3loich

gl sk §eld dilzl HA A wlz
(synthetic minimal medium, SD)& 06% Difco
yeast nitrogen base without amino acids., 2%
dextrose® 9ol & ¥ 1 ¢ a3 JUdie 5
A7 g o g el Hrsledc(31). AlEL|R FulE
£ amylase@4$& 5357 fdMe dYeFA
% leucine$ HMj¥ Aduixiol 0.1% soluble
starch§& M 1§ wja]Qd SDI1S0.1 (dextrose 1%,
starch 0.1% )M =|F Ap8-sbqich

ke v M9 A% 37°C, A2 7% 30°C
ol A] Haigion] Ak Sl A FAE WYY =
rotary shaking incubator (Vision Scientific Co.)ell
A 250 rpm £x 2 wioksigch
ZHY §3

A FFo AxdAze #3354 (Hitachi U-
1100 spectrophotometer)E AHE3lod Aol 3hol
0.05~0.30°] H=& MMl FIFEE HHstY §F
5o #Aelsel conversion factors F8led o
o A} (16).
FUHX =% § M| &

4z 223 E coli2¥Ele] Zelin|= F50)
Paig 2= HAEE Sambrook er al. (29)°) 71 E%
] Sl ofsbeich 32 23] HAF DNA #
& electrocluter (IBI)E-& Gene clean kit (BIO
10DE AHg3led B8 A sigic)
YA Hery

E coli®} 84 {82 calcium chlorided (18)%
olgslgion] Awel 7Sl alkali cationt] (10)
o] 27 slgldl o714 AlgH F& o)l dle}
0.1 M lithium acetate. 0.2 M lithium chloridet]
£ 77 wlw A¥Edc o714 0.1 M lithium
acetateel 7% 40% PEG (MW 4000). 02M
lithium chloride® e A% 75% PEGE z7 A&
shoich

AHREH RE ARFFES tryptophang] Aol
Foddls TRPIFAZ7) 2H58tA odv EdwelA
24 tryptophane] ¢lv Alejulx|of A} F-al=lc)
ae]3. TRP! markerZ 53le] Rzl &3
AEA 9] gamylase FHA UdAHEE #A3]7]
glsted+ii= YPDISI Alwix|ofA] aefgh obg 4°
CollA sslegg o AE 8o Axs 47
colony# 92| clear zoncdl #Hhalo)e] 34 «F&
Faslsict (16, 24).
29 MEIM 9 HI HCHAIZE (g)

SD A wixlohA] 24 F<t WGy 7 AR #F5
1/21oop H2e] A X E 10m/ SD broth o4 t}4]
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2dFqr wfokRE ¥ 0.1 m/ (105 cells/mi)S 100 m/
YPD brothel] HE3ted 30°C, 250 pmo.g et
wiokzioll A st 1 ME F§F F A|Zhojg
haemacytometerd Al8-8l] Aslgdc)

AleAlol= methylene blue2 Q4= obe= A
X9 F (e Asisich
HATEY d: 53

7t &9 HPAB/A ] MEEL SD A uiR]ol| 4
295t A F 121o0pHFY AEE A
10 m/ SD brothel] AF 2d-F<t wigddt ¥ 0.1 ml/
(10° cells/m)E 100 m! YPD brothe} HFsl¢ic)

AR Ax¥Edo]l 1044l (generation)HF ¥HI
F.5 2" & 1024w 2] M X (10° cells/ml)7} HA&
i 0.l m/§ A A2 100m/ YPD brothe] A
HEsgch 23 o] 1089 o] ¥ 7]
i FAl R} o] HAlg 50Md] Feiel AxPdE ¥
7tz wbEsigcl a2 of 10Mdeic 2 wjof
Aqg AN HGY wWFE YFEFFE A4
o8 2 49 0.1 m/E leucineo] ¥#¥ SD 14
] A] (nonselective)ell =43led & plated 200~300
78] colony’} FAHEE 3ch olE plated 4
Uolja] AFAE<t vljokste] colony7} Vet o) 7-g
master plate2 3}  velvet cloth® AH8-3ld
leucine 5% SDaLAv] =] (selective)s} A -&g-ful
Z] YPDI1S3 (non selective)dl] replica plating3}oic}.
o] replica plateg 3~4d g F Jehd
colonyF& o], oAl oJaled ol 104 MlT
¥ 3o A% A9 QAHEE AHEslc)

LEU? #HA X8 (%)=(colony number on
SD agar plate)+ (colony number on YPDI1S3 agar
plate) X 100

a-Amylase F+42 Y858 (%)=(colony number
showing halo on YPDIS3 agar plate)-(total
colony number on YPDIS3 agar plate)x 100
Erdg TY

fgicte] 22 Bernfeld (2)8 Wlg o] 8-3)a
of, AN el o] HEe FEARKFFE starch-
iodine ¥h$-(13)el] 2i3le FA sl el
v okel o] 1/10 ¥ 0.4% iodine-2% KIS a3}
41212 purple color7} #3=E+= 78 At HEol
EAse Ao E Jehlsich
Amylase 84 &4

42 ¥4 23 YPD ulziolA 32zt wiokg)h
dxufofaliel alfeld 4FTAE Ha AEoz
ol amylase 8438 S sk WHEEHEL 01
m/ wlAEN, 04 miY E54 281 0.5 mig 1%
% 35}¢l Lintner potato starch $9°08 FAIslaic}
EFE-E 37°Cell A 30¥-5t w3214 & 1m/9] 3.
5-dinitrosalicylic acidA12b-& #H7jsli o] 3ol g
He A HAE B BF 583 @] w4 AF
(2). 9471 10m/9 FF5T& 7MY H 540 nmol|
e FAEE HAst] w347 o 9 #Y
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Febg 2ok #4339 control2 A F
o EUHEES 37°C. 308 WeATIA YL e
A& AHgsisich B4 €4 lunite [ ml A X}
% el 187} | mole®] @ HEo 2 HE]
gEA7le Ao Fo= Aoty

EOAR FAARAZYE Moz Huige
amylaseell 213 HE YL aAuiA o4 =
Apl7] Qlsked YPDIS3 mAlwiA]o] HEG FL 2
A7t i FAI7In FF ohA] 297 4°CellA] WA
ok AMEZ amylase7} #ulslo] HE-L Ha4)
2-& 4% colonyFSlelle #1 9% o] §45
A "t

a7 % ag

integrating vector[YIpMSAR (LEU2)]2| ™=}

Integrating vector YIpMSAR (LEU2)®) 7|23z
© 4E =4 Y98 AAT ADCI ZE2RE, FH9
3 49] g-amylase 32}, TRPI 44z}, BlAdE
N2 LEU2 83 E. colidld W% 3% 4
UEE sh= pBR322 447] Wid 2 FA=]o] glomiy
2um DNA %32 AASgc) o] integrating
vectore., 222 AEUeA B4 £ QA e
autonomously replicating sequences T g&a}=] ¢
3 3lel. homologous recombinationo] £)3}e] o
Aol 53 ArlefdR-glel A=l 2 (20).

°] integrating vector®] Aza:de Fig. 3o o}
gulgdtl. & pMSI2AR(LEU2)E HindllIZ g
slod 2371 8.8 Kbe] DNAE self-ligationstod qloixl
plasmidE YIpMSAR (LEU2)Z HHslsitd. o
plasmid®] TRP! f4x= = pMSI2AR (LEL2)
o] Ea03] 819 bp2] DNA M Folj4] THE 200
bp7t A2 A 7t Adefeln, o] YIpPMSAR (LEL2)
€ AE g4 Ade 53 7] eld L9l LEL? 3o
TRPI F-81o ARRlE + Uk (0).

o] ¥ (circular) el YIpMSAR (LEU2)E
vectort] AFAA A2F917} shf#al Xbal A|F
A4 Adchsled 2 435}1% (linearized) 3 e} 9] YIpMS
AR (LEUYE A #tslededl. o] plasmid DNAS9
et highly recombinogenicdt 124, a4
HEA] ER genomed] F¥H <d71HSlel 4A o
amylase 425 4FA1717] $1 Aolc}(25).
Integrative transformation

dubHe 2 Yip HElE o4 HFFAXYY o
YA HNEelE AMJAlFIE  integrative transfor-
mation°] dold FHES AEAYelx] Aag M
3to] EAshs YEp 2elol o gaxgho] adojd
gt YA AHco}8,27). el dAH el 4}
€ fAxe] kAL episomal plasmid vector
(YEp)ic} ol £& e deix 9oh(8,15.27).
ofebd 2 A7 o] shiq o] f-Hztel o3y
Azl AslE siA, "R P Tl gy
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/-——ADCI
=

LEU2 v-amylase

PMSIZAR(LEU2)
10.9Kb

Hind HI
l Hind T digestion

Hindill
8.8 Kb

HindIn

J Self ligation

YIpMSAR(LEUZ)

l Xbal single digestion

LEU?2 /——— x-amylase
186 bp Zanci 435 bp
promoter

Linearized YIpMSAR(LEU2)

Fig. 3. Construction of YpMSI12AR (LEUY) and
linearized YipMS12AR (LEUY).

lithium acctate2 22]&}71} lithium chloride &
Mejshe A uby (106 wlaste] Az
fgo] ¥ WE Aldsdle] integrative trans-
formation®] do\d #EL Fo|a} sl 1 Ax
integrating plasmidiv} episomal plasmidol v} &
¥ lithium acetate¥}f¢] lithium chloride¥y o}
HAHg Jgo] 2~3w) Eho v (data not
shown). Y= e A dst 4418 lithium acetate
uh) g Alg-sled Fafsjeic)

o-Amylase FHAE &89 4ol ArIAA.
A3 a-amylased F-vlshe £ 0o YA E
TA387] M. F71R defe] YIpPMSAR (LEU2)
& AHg-sided. ole U8 (circular) Ateje) 7z}
2 A5} (linearized) 3ell2) 7o g =o} g} (Fig
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Table 2. Transformation efficiency (T.E.) of yeast using
different forms of YIoMSAR (LEUZ) and the
expression rate of a-amylase gene by the
cells of the transformants.

Strain  Vector T.E* a-Amylase gene
form  (No/ug DNA) expression rate (%)
K81 Circular 14 NDs
Linearized 24 ND
K94 Circular 5 325
Linearized 205 971.7
“The amount of vector DNA used for each

transformation was estimated as 10 ug.

* Each transformant was transferred to YPDIS3 agar
plate and the numbers of halo-forming colonies were
counted. Forty and 306 transformants were examined
for circular and linearized forms. respectively.

“Not determined.

3).

Homologous recombinationl] 2j3f J4a o
g FHAE AYATN7] e Anel 44
el g3 & $39 DNA sequence’} Fe}
2vje HAeolx  EAtdel dh=dl, o
YIpMSAR (LEU2)S] 738+ LEU? && TRPI %
AAEe] F3¥to] el ezt A=l (20). 2
A8kd Yipel 735+ TRPI -3 #Hel7} AbelslAl
b 20.25). o1% F7HA #Hele]  integrating
vectorS3 K813} K94 3o =dA)7i 29] 3
A AP R ] (transformation cfficiency) & FA}3}ed
I A}E Table 20 vjehdiich

HY K817 K9dol S AAS A]7) A st
el el 757 Ay Ao FvEd o 2
YAHPES(TE)S eldigich o5 g
£9 camylase F4zkel WHALE B s
YPDIS3 2 wizloljA] HP-o Faige vehlle
g (halo)ddod ¥ YoM KdTF2 75 ¢
3 Aele] ¢ FaelHoz 40709 colonyE A
HaE 247t 13709 colonyell ] #ho] 3Asle] 325
%9 g-amylase $3AE By HAsEl e
7% 306 colonyel 4 299 colony?] #o] 3Alsjo]
97.7%4] 4EAE i)

ol YyAUHAS (TE)e 29 a-amylasc
F3H2 B/E 25l alol A4zl Hefoll ¢y
Aele) Feuc £3& HolFm ) of Az,
A48 HE] DNASY o @2 highly recombino-
genicdled F& A AUMNFEE veplichs X7 (20)
o} A& i} 5§35 A4 vectorg AR-E1o]
s A4udiel SR & 4N TRPI
F A2l homologous recombination. 2 & ¥-§
HzLE ARlAZo 2% 300 bp ©]42] homologous
DNA wtdo] a7=led (25) o7ldlxel 2Adztgl
YIpMSAR (LEU2) 3¢ 3% ¥ TRP! $3=} <tH 9]
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Fig. 4. Gromth of yeast stran K81 and its
transformant in YPD broth as a function of
time of incubation at 30°C in a rotary shaker.
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Fig. 5. Growth of yeast swrain K94 and its
transformant in YPD broth as a function of
ume of incubation at 30°C in a rotary shaker.

#A7]7} 186 bpeld=dl: AR JGAA W2 Akgle]
7hedloivhe 3 FAIY gt Abadelct

K94 59 2% a-amylase §3x @& 3
YPDIS3 A zjellAje] HEo) Falgoz Jehd
= # A5 Ad¥dM A" FF clone ¥ o
amylase f-32}2] Wdo] fald clone g 7HHAx
HAE g2 F7)q olo] o} #e) g JJehydcl
o] 7HediA %] A7E &, 2 W Ao TR
55 Addsigded 93 vector® AHSE FAA
Ao} 7% clone 3. A48 vectord MY H¥A
AgHAle] 7% clone 1. 194, 260, 18] 1 2647F32]
ut@d o) ez AW o5 F e HEEH
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Table 3. The average generation time in logarithmic
phase of growth of varfous yeast strains and
their transformants.

Yeast Vector Average generation
strain time (min)
K81  None 813
pMSI12AR (LEU2Y 80.5
YIpMSAR (LEU2)Y* 98.5
" 2 90.5
K%  None 84.5
pMSI12AR (LEU2Y 94.7
YIpMSAR (LEU2))” 107.9
y 2 94.7
“ Episomal.

® Integrating and linearized.

ol o3 gdsEe, g-amylases) HEA
A AL FASHERE golrn] Hs 2
=g zARslaa sgdcl

Yuad

AR yAAHNY Fefanis B AAEE
AbEL7] el WA, o8] &R FFEH 2] §
Hgtale] Al7ke] o Aape] wistE: zAlsgn
A& Fig. 49} Fig 50 Jehliglch K81 732
A dFEA7E 4A7 A 124)7F Abeldiw, 2
HAngAe) YAMFHA e UFF (untrans-
formed strain)?te] AAZ A glo] E a}olr} ¢l
Aot K94 F32 Af= 43719 Az o)z
< A7, wE $o2 3td pMSI2AR(LEU2). #
Astd YIpMSAR (LEU)B A A A 2=)3. 7
F2o] £02 vepygcl

o] 4% FAEL HvyPAAINAY Zepivs
B RS 2AE7] QIR 7l2zE R abEe] A
. dxFAe] 1049 Fab ¥Adske o Hee
A K81 #39] gadgtae] 744 of 2047
Ze]3 K94 ¢392 gAdAe Je5 & 2047
HE He Zdoz Au=Eqd.

Zt ARFFe 2 HAMRRALY o5 F24]7]4
A9l HAANAIZEE AATA 2Aste] Al
A3HE Table 3o vebligled. U772 g4 4
A7kl wla]  episomal plasmidv}  integrative
lincarized vectorg 713l FAASANEo] HF Ao
Algko] 234 AeiRe g Holw Qi o)zl
S T AuFFo AS o] oA &
Ao WA RFuizabg-g flslod 4o ouizg}
hAlge] AREER JAFFe Ay} dErhods
=7l RejAle Reg marh
a-Amylase EHIS2Q| &

¥ AdFe] EFHq g-amylased] Hwl¥o] kg
AR #F7e Azg s 1 fHdxE z4dsid
vectorg ©]4-8t4 homologous recombinationt
(20022 axe] el ) A7l o)giA §A

o o

SO
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Table 4. Mitouc stability of yeast K81 iransformants
harboring episomal or integrating vector after
ten generations of multiplication in nonse-
lective condition.

Vector Mitotic stability (%)
LEU? gene  a-amylase gene’

Episomal® 92.7 932

Integrating 100.0 99.0

“The halo-forming ability of each transfomant was
expressed as the presence of a-amylase gene in the
cell of the transformant.

* pMS12AR (LEL2).

 Linearized YIpMSAR (LEL2).

Table 5. Mitotic stability of yeast K94 transformant
harboring episomal or integrating vector after
various numbers of generation (g} of
multiplication in nonselective condition.

Vector  Clone Mitotic stability
number
LEU2 gene a-amylase®
10¢g) 30 50 10(g) 30 S0
Episomal® 25 75 28 t4 71 26 07
Integrating’ I 97 84 8 96 82 32

194 100 100 100 8 49 8
260 100 100 100 97 79 55
264 100 100 100 100 100 99

“The halo-forming ability of each transfomant was
expressed as the presence of a-amylase gene in the
cell of the transformant.

* pMSI12A4R (LEL2).

¢ Lincarized YIpMSAR (LELD).

Wgsl FFLLE gamviase?} JAHA AR
¥yl E=2§ oo} B7] 9J5te] A K819} K949
A "k o] AEdde] @ HEE FAbslo
2 ZA7E Table 43} Table 5o z+z+ epdigc}
K8l &4 xstde] A4 FANHR ¢ FFE
Aefste] 10 ]7HA] zAlsled s, K94 34 2 sha) <)
A9e 3 A Yol 5% TR Jeld FFE
dog S0Mc7EAE ZAMsedclk 7 Bw A
Ak o] Felinle UG ot xE A wix]o) g
LEU2 47 48 o9 A% 3wl x| 4] o
amylase o] o} 2 31 ¥4 ojfo] F9-2 1}yo]
Z4} sloick Table dell4] ®Zo] 104l 7}2]9 =
Apll ] et Aale LEU? §42F 9E o4, o
amylase 3z @d YA e AHxs} episomal
vector®} integrating vectoroll 4 vjdtA] viehin
sz} 22{u} episomal vector2} integrating vector®
32 2§ ohAAS vuiwdle 39 integrating
vector®e] ot Ale] LEU? A =ke} a-amylase
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Table 6. Amylolytc activities of transformed and
untransformed yeast K94 strains.

Condition Plasmid Clone Amylolytic
no. acyivity (U/m/)
Untransformed®  None 0.063
Transformed Circular® 3 0.140
Linearized® 194 0.085
Linearized” 264 0.143

“The untransformed K94 strain secretes glucoamylase.
*YIpMSAR (LEU2)

Az 5ol oA 6~7% o A FAEHE Ao
vhebic}.

Table 581 Aol o] dAijo]l BHF Falo] o}
ehi=d AdE AF ¢5+& episomal vectors] <t
Aol wish integrating vector2] <+Ajo] Y5
+rEE & 7 Uk 2-bdl Z&  integrating
vectorFole} #riels clonevlt} 21 g A) el A}
A2 3o)7} l-E Bt o] Jld 53 F=2a
7€ clone 2649} ZA5-<ld o] FFE 504} A=}
Atfofele Felin|=g gojuRo] glo] o}F
s 2 AL GdstT ok Aol =
K94 -#39] integrative transformation2] 2% LEU
2 39l agamylase §3Hzle] kAol e}
M & HE Hol¥3t At4elrh % integrating
vector®] 7% LEU? w4z 1 3AAE A% #
23t gled ¥l gamylase §3HA YHEL 4
clone® 3 cloned] %% Az7te) 2d4+E Fide
Agg Holn grk ER A AdR o=
$HA7E Al AGEFE FAFA Wele ¥
4}-& homologous recombination®] kg0 2 At
sl ¥ plasmid A #7t fASlE o2 49 4 gld
(8). it ¥ AYelAe] Axjolrisl o] AIE
plasmid®l 442l LEU %4#ke] doidge] glo]
a-amylase AR Re] FASE ol dMEAME
3] 49 571 gich ot A8 A4l F4

Al LEU? §3zR= A4 B3l Z4q 9
FAo] ol gamylasex= o Wele 7ol A
oh} MziEich ZT integrating vector®] Algo]
episomal vector®t} cg-amylase Rfoll <o} A
A7 elu} 1 integrated transformantE FollME
oMol qlol zlolE Hel22 4] ol& trans-
formant A4 o] £L cloned AldY I
87} gle Zojrh

Sakai and Yamamoto (28)-& 939 Yip vectorg
104 ¥ 8% 24 o}gell zAabsigled 2 <
drE 67%0108S vimsled & of, & AFel4
g A2 FFo GAEr} e A e B
o4 wlis UM =2 AL HAHH vectord:
Abgate] Brel of Yol AlelAl7le A HF}

do) g HAAe] £& AYL ¥ Fe Aok
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B2y Tt ME EH®” (amylolytic activity)

K94 #452] integrating vector?] £4]) 2j# §
ARG 75 4FFely i L E 243
2 A#F Table 6o Jehligdl K94 7579 4%
glucoamylasento] F-ul=l7] e Foff 2 WY FoiY2
o} uju]qtd| w]s}od, g-amylase”} glucoamylase2}
Z5 24312+ integrating vectorel il ¥AA
0 FFA AP 2P 44 A4 Jehx
qlek. z28vl & linearized integrating vector2)
7Atet stojets M2 dE clonedde & AE
E#¥8 Ho|W 9l} = clone 264+ clone 194Xt}
UY ¥ camylase FHA R{EF Jehdd]
(Table 5) 2 AEEHH glojsx clone 2647}
clone 1948t} =4 Jleldc(Table 6).

HALS g

pMSI2 plasmid& #|-F#F4] Karl K. Thomsen
vl A =Y EAdTE A A3
2o dAlevA] AHEAlde] d7u] = del ofsio
FaEglon, ole] FA=guct

32 2 #

1. Beier, D.R. and E.T. Young, 1982. Characteri-
zation of a regulatory region upstream of the
ADR2 locus of S. cerevisiae. Nature 300, 724-727.

2. Bernfeld, P., 1955. Amvlases. a and B Merhods
Enzymol. 1. 149-158.

3. Broach, J.R., J.N. Strathern, and J.B. Hicks, 1979.
Transformation in yeast: Development of a
hybrid cloning vector and isolation of the CAN/
gene. Gene 8. 121-133.

4. De Mot, R., K. Van Dkjck, A. Donkers, and H.
Verachfert, 1985. Potentialities and limitations of
direct alcoholic fermentations of starch material
with amylolytic yeasts. 4ppl. Microbiol. Biotechnol.
22, 222-226.

5. Erratt, J.A. and A. Nasim, 1986. Allelism within
the DEX and STA genes families in Saccharomyces
diastaticus. Mol. Gen. Gener. 202, 255-256.

6. Fahnestock, S.R., C.W. Saunders, M.S. Guyer, S.
Lofdahl, B. Guss, M. Uhlen, and M. Lindberg,
1986. Expression of the staphylococcal protein A
gene in Bacillus subtilis by integration of the intact
gene into the B. subiilis chromosome. J. Bacteriol.
165. 1011-1014.

7. Filho, S.A., E.V. Galembeck, J.B. Faria, and A.C.
S. Franscino, 1986. Stable yeast transformants
that secrete functional @-amylase encoded by
cloned mouse pancreatic ¢cDNA. Bio/Technology
4. 311-315.

8. Fujii, T., K. Kondo, F. Shimizu, H. Sone, J.
Tanaka, and T. Inoue, 1990. Application of a
ribosomal DNA integration vector in the
construction of a brewer’s yeast having a



278

20. Ormr-Weaver,

. Mandel, M.

Kim. Kim. and Chor

KOR. JOUR. MICROBIOL

acetolactate de-carboxylasc activity. Appl. Environ.

Microbiol. 56. 997-1003.

. Harington, A., T.G. Watson, M.E. Louw, J.E.

Rodel, and J.A. Thomsen, 1988. Stability during
fermentation of a recombinant g-amylase
plasmid in Bacillus subtilis. Appl.  Microbiol.
Biotechnol. 27. 521-527.

. Ito, H., Y. Fukuda, K. Murata, and A. Kimura,

1983. Transformation of intact yeast cells treated
with alkali cations. J. Bacteriol 153, 163-168.

. Kim, K., G. Bajszar, S.Y. Lee, F. Knudsen, and

J.R. Mattoon, 1994. Cloning of a new allelic
variant of a Saccharomyces diastaticus gluco-
amylase gene and its introduction into industrial
yeasts. Appl Biochem. Biotechnol. 44, 161-185.

. Kim, K. and J-W. Lee, 1994. Construction of a

transformed yeast strain secreting both @-amylase
and glucoamylase for direct starch-fermentation.
J. Microbiol. Biotechnol. 4, 7-12.

. Kim, K., C.S. Park, and J.R. Mattoon, 1988. High-

efficiency. one-step starch utilization by trans-
formed Saccharomyces cells which secrete both
yeast glucoamylase and mouse a-amylase. Appl.
Environ. Microbiol. 54, 966-971.

. Kumagai, M., G.G. Sverlow, G. della-Cioppa, and

L.K. Grill, 1993. Conversion of starch to ethanol
in a recombinant Saccharomyces cerevisige strain
expressing rice a-amylase from a novel Pichia
pastoris alcohol oxidase promoter. Bio/Technology.
11. 606-610.

. Laan, J., G. Gerritse, L. Mulleners, R. Hoek, and

W. Quax, 1991. Cloning. characterization. and
multiple chromosomal integration of a Bacillus
alkaline protease gene. Appl Environ. Microbiol.
57. 901-909.

. Laluce, C. and J.R. Mattoon, 1984. Development

of rapidly fermenting strains of Saccharomyces
diasiaticus for direct conversion of starch and
ethanol. Appl. Environ. Microbiol. 48. 17-25.

. Laluce, C., M.C. Bertolini, J.R. Ernandes, A.V.

Martini, and A. Martini, 1988. New amylolytic
yeast strains for starch and dextrin fermentation.
Appl. Environ. Microbiol. 54. 2447-2451.

and A. Higa, 1970. Calcium
dependant bacteriophage DNA infection. J. Mol.
Biol. 53. 153

. Murtagh, J., 1986. Fuel ethanol production-the

US experience. Process Biochem. 4. 61-65.

TA., JW. Szostak, and R.J.
Rothstein, 1981. Yecast transformation: A model
system for the study of recombination. Proc. Nail.
Acad. Sci. USA 78. 6354-6358.

24.

25.

26.

21.

28.

. Pardo J.M., J. Polaina, and A. Jimenez, 1986.

Cloning of the S7TA2 and SGA genes encoding
glucoamylase in yeast and regulation of their
expression by the STAI0 gene of Saccharomyces
cerevisiae. Nucl. Acids Res. 14. 4701-4718.

. Pierce, J.S., 1988. Analysis committee: Measure-

ment of yeast viability. J. Inst. Brew. 76, 442-443.

. Pretorius, 1.S., T. Chow, and J. Marmur, 1986.

Identification and physical characterization of
yeast glucoamylase structural gene. Mol Gen.
Genet. 203, 29-35.

Pretorius, 1.S., E. Laing, G.H.J. Pretorius, and J.
Marmur, 1988. Expression of a Bacillus a-amylase
gene in yeast. Curr. Genet. 14. 1-8.

Rothstein, R.J., 1983. One step gene disruption
in yeast. Methods Enzymol. 101, 202-211.
Rothstein, S.C., M. Lazarus, W.E. Smith, D.C.
Baulcombe, and A.A. Gatenby, 1984. Secretion of
wheat a-amylase expressed in yeast. Nature
(London) 308, 662-665.

Rothstein, R., 1986. Cloning in yeast, p. 45-46. In
D.M. Glover (ed). DNA cloning vol II: A
practical approach. IRl Press. Oxford.

Sakai, K. and M. Yamamoto, 1986. Transfor-
mation of the yeast Saccharomyces carlsbergensis.
using an antibiotic resistance marker. Agric. Biol
Chem. 50, 1177-1182.

29. Sambrook, J., E.F. Fritsch, and T. Maniatis, 1989.

30.

KIN

33

34,

Molecular cloning: A laboratory manual, 2nd ed.
Cold Spring Harbor Laboratory Press. Cold
Spring Harbor.

Sata T., S. Tsunasawa, Y. Nakamura, M. Emi, F.
Saklyama, and K. Mastsubara, 1986. Expression
of the human salivary protein. Gene 50, 247-257.
Sherman, F., G. Fink, and J.B. Hicks, 1986.
Methods in yeast genetics: Laboratory course
manual. Cold spring Harbor Laboratory Press,
Cold Spring Harbor.

2. Thomsen, K.K., 1987. Production of g-amylase by

yeast. Crit. Rev. Biotechnol 5. 205-215.

Wilson, J.J., G.G. Khachatourians, and W.M.
Ingledew, 1982. Schwanniomyces: SCP and ethanol
from starch. Biotechnol Lert. 4. 333-338.
Yamashita, 1., T. Maemura ., T. Hitano, and S.
Fukui, 1985. Polymorphic extracellular gluco-
amylase genes and their evolutionary origin in
the yeast Saccharonnwees diastaticus. J. Bacteriol.
161. 574-582.

(Received May 10, 1994)
(Accepted June 17, 1994)



Vol. 32 1994 Mitotic Stability of Heterologous a-Amylase Gene in Yeast 279

ABSTRACT: Mitotic Stability of Heterologous a-Amylase Gene in Starch-Fermenting Yeast

Kim, Jung-hee'?, Keun Kim'', and Yong-Keel Choi’ (‘Center for Genetic
Engineering Research. The University of Suwon. Suwon 445-743. and
*Department of Genetic Engineering. Hanyang University. Seoul 133-791.
Korea)

To develop a yeast strain which stably secretes both a-amylase and glucoamylase and
therefore is able to convert starch directly to ethanol. a mouse salivary a-amylase cDNA
gene with a yeast alcohol dehydrogenase 1 promoter has been introduced into the cell of
a Saccharomyces diastaticus hybrid strain secreting only glucoamylase. To secrete both
enzymes more stably without loss of the a-amylase gene during a cell-multiplication, an
integrating plasmid vector containing a-amylase gene was constructed and introduced into
the yeast cell. The results showed that the linearized form of the integrating vector was
superior in the transformation efficiency and the rate of the expression of the a-amylase
gene than the circular type of the vector. The yeast transformant having a linearized plasmid
vector exhibited higher mitotic stability than the yeast transformant habouring episomal
plasmid vector. The transformant containing the linearized vector producing both a-amylase
and glucoamylase exhibited 2~3 times more amylolytic activity than the original
untransformed strain secreting only glucoamylase.



