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E coli B3APEAT 50ugml ampicillin®] H7}¥ Luria-
Bertani (LB) WiAoA] wikatdar, S5 vikoll= YPD wiA|(1%
yeast extract, 2% Bacto-peptone and 2% glucose)”} ARE-%]21ch
e thilAl aRdAA8 wiAle YPD wAe] 1ugml
aureobasidin A (TaKaRa, Japan)2 Z7}5}e] A}8-8lgct =3
BAMY FAA7F ©9l® AR ARNSAE A7) wjA ol 3%
soluble starch?} $H-2 Huj Aol A 30°Col Al 27} wj kst 3
4°Co A 297 FAIAZ B-Amylase B35 9] vl A] )
F E2UTH TS 372 24 §5-2 W@Esin B
Amylase 8958 543517] Y9814 0.1 M sodium phosphate ¢
ZE&NpH 6.0)°] 2 Buffered YPS ] AQ] BYPS2~
BYPS6 (1% yeast extract, 2% Bacto-peptone, and 2~6% soluble
starchyE ©]-8-815Ack. B A]e) #E AR FHE Kim T(149) W
Hell wet 2 0= M (04% iodine, 2% KIS ©|-&38le] k-
e EEEE EE

FUXL &3 Saccharomyces cerevisiae PR XM &}

E. colil %] plasmid DNA] %2 QIAGEN Plasmid Maxi
Kit (QIAGEN, USAYE ©]&3] #3519, PCR S% DNAE
QIAquick PCR Purification Kit®} QIAquick Gel Extraction Kit
£ o] 8313t} DNA 43 #4482 Sambrooki?} Russell H
HeD vk AAEh i, g2 YAATLE Gietz 5(5)
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A. bisexualis BAMY 5-32h= URAE ¥ BA S22 &
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W303-1A TollA rE ub Ith(i3). 2t JUe g 12
QIAZ) Q= obUE A& Tl S, cerevisize ATCC 97639
X BAMY §Axe] 1EE HEE sl TRAANAQ] aureo-
basidin A A FAAHAURI-OS F e s4€e] U&=
YIpSAURS (22)E Smal-SacIAE]8}al o] 7)o PCRE ZE-3h

Achlya bisexualis [-amylase®] W& B4 265

pACB W2 BAMY AR} CYCI terminator’} E3H 1.6 kb
Nrul- Sacl DNAZH-E 443te] pSAURABSE A5+ ThFig.

Azt EE 52 212 8E-Z(Real-time PCR)
AAZE FREA AN o]88 BAMY 3RS} B-actin
7412 primerse U 2

BAMY : 5-TGCTCGCGAATGITTGGTCAATTGGTTTTG-3'

5-TGACATGACCATTTGAATGGICAAG-3'

B-actin : 5-GATCTGGCACCACACCTTCT-3'

5'-GGGGTGITGAAGGICTCAAA-3'

AAIZE FES AHNS-2 A bisexualis B S. cerevisiae
B A E2 genomic DNASF BAMY 22 B-actin primers,
SYBR Green PCR Master Mix Reagent Kit (QIAGEN, USA)
10 uis E3HeE 3 95°Coll A 203, 60°CAlA] 20, 72°CellA] 20
Z7F HFg-A1Z 21, Roter-Gene 3000 System (Corbett Research,
Morklake, Australia)yg ©1-8-8t} =aJeilet. Fd2 Bd e
CHE o) &3l FaFalslal, Bacting HETFLE FE38l619)0H,
FHAFATTE 71E0R F7H foldE EASIST

BAMY SHXte| obE A AL

BAMY 52327 =YE FAHIAE Nieto 512 W
w2} 5 ml YPD iRl A AltisieFsiEA 20, 40, 60, 80, 100
Al & NZE F3te] YPD HiiAld] @ FRUEo] §4
HEE =gekil YPS HIiR|ol] %A HA S2U F F9ol

Spe |

pPSAURABS
(8.0Kp)

3 AURI-C ADCIp BAMY CYCIT &
(3200) VDBAURABS (5.2 Kb) (2870p)
Apal Apal
AURI-C ADCID BAMY eI s Ay on & AURISC
(72500) VIDAURAB (8.0 kb) (a8bp)

Fig. 1. Recombinant plasmid, pdAURABS, for the BAMY gene
expression in S. cerevisiae ATCC 9763. Plasmid maps showed relative
sizes and location of insert DNA. pSAURABS was linearized by the
digestion of Spel to generate YIpSAURABS. The bacterial plasmid
DNA sequences containing the ampicillin resistance gene and
replication origin (2.8 kb) were excised. pPoPAURABS was linearized
by the digestion of Apal, generating YIpAURAB.
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B-Amylase &4 X

A2 B4 4L Kim 5(1DY] W we) daRed v
59 50 e 950 u1e] 0.5% soluble starchS &3+ 0.1 M
sodium phosphate buffer (pH 6.0)%1 7}8ked 50°Col A 1087t vk
SAAY £ 49 1 unit (U)E miE 1 pmole HES &
YATlE 549 o =A YERYSIT

EHHE M7|HS(SDS-PAGE)2 Thin-layer chromatography
(TLC)

Laemmli 5(15)%] 8yl o)} slab gel (10%)°14 sodium
dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE)
E AT A719F 2 vertical slab gel electrophoresis
apparatus (Hoeffer Scientific Co., USA)®IA] 40 mA, 34|17} 308
B¢ AABATE Gel 94 0.25% Coomassie brilliant blue
R250& ©|&3laL, 2L 40% ethanol® 10% acetic acid &
& E4E olgasint. TR AHEY) TLC #4S Ghang 5
(9] Bl me} JASATE Soluble starch 9] 459 HE-S
0.5%7} =|X=5 0.1 M sodium phosphate $+5-8-8(pH 6.0 &
EAZL 7188 1 mill vl 35 souE HelEke] s0°cel
A 3087 WHEAIZ] § WA Silica gel platedl] AAIZ T
Hoh o oy
LAHE S. cerevisiaeOllM A. bisexualis BAMY FHXte] sl
£ I8t 5-integrating cassette K| =

A2 Well Xiol 517} 915 Debaryomyces occidentalis
glucoamylase -F-HAKGAMD7} 88 HE(5)9} 8] pSAURABS
T BAMY SFAZRJ o Xhol 97 lomg = Fb 5448 1
o EAHE Xhol F-1Z Xhol A|FELHEE BAMY FAAE
X &3l= AE3H integrating cassetteS AT ¢ Q). 18]
B2 §4E W Xhol 29 thal 5 B-oll 293 Y Spel B
HA@-AEY 5 HH 32 bp, 3' A 267 bp)E Spel AFEALZ
Z2]8}d pSAURABSCZHE] 52 kb YIpSAURABS H¥7} 2.8
kb ampicillin A& Ao} gt BA)do] £+ DNA dH
< 23k 5.2 kb DNA AHE A7|9%F 3 agarose geloll
A Bt AR PG 0|85}t g, pSAURABSS)
AURI-C AR} )= Apal 915 Apal AlFHEAE 28]}
ANz3t F-97F 86X tial AURI-C 78711 8.0 kbS] X &@s)=
integrating #E](YIpAURAB)E A3} thFig. 1).

AVE-E S cerevisivge= THA] ERolmE A =9
BAMY 3218 A2 copy T S & = gl9lon) FAA%
A(ATCC 9763/YIpSAURABS) E4A el BAMY 4237} th&
EdE-E A7) A8 BAMY AR 471G 5 REF
0.3 kby& ©]-8-3t A|ZF primers® real-time PCRE At
Z3t}, oA A. bisexualisdl B1&] HAAZA = pamy AR}
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7} e FAR3A A e YIPAURABS o]&ste] &4
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A9 W =48 Cho 5% A B4 EHE S
717] 13X EUQEE F32] copyTE S7HIACE L
LI R =
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A8 8. cerevisiae ATCC 9763°] B-amylase &7} aureo-
basidin A AT (BAMY*, AURI-C)S X737 98] Aasle
YIpSAURABSZ &AZASIAA ATCC 9763/YIpSAURABSE &
AT} 3% soluble starch?} SH-® XA S. cerevisiae S
o) g JAKSA e F2Y T A2 AR A7
=r3ke XA (Fig 3). B-Amylase o] $<=3 ATCC
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BYPS2 Ao A videlS v 5] BASIA] Bl S. cerevisiae
ATCC 9763 <5 w79} 28] Wik 1958 A3] Adsalar
44 WS o) wi g Ao 2R E FAAEA NN FuE B
amylase A2 222 Uml®) QLM (Fig. 4), ©l= A. bisexualis
B-amylase E44(1.2 U/mhE} <F 18.58] =Ch(Fig. 2). Kim 5
(13)2] Hief ofapd & Ag-ef 22 vl 2delA 2 w origin
o} Sl= YEp plasmid?] pACBE RS WA S, cerevisiae
HAHMBA S A 2] B-amylase BAJL 20.5~29.0 U/mlo] ATh
Fig. 5914 R il o] BYPS2 Aol wi%k 1~5U4)
ATCC 9763/YIpSAURABS®] HI<F 45 4& SDS-PAGEE #-4
3 Zu} gA0 2 HE(BYPS2)S o]&5te] WAl Tk

400 F35 0
ﬁ [ |
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Fig. 2. Real-time PCR of BAMY gene integrated into AURI-C gene
and d-sequences of S. cerevisiae chromosomes and expression level
(B-amylase activity). Genomic DNASs isolated from A. bisexualis (1),
S. cerevisiae ATCC 9763 (2), ATCC 9763/YIpAURAB (3) and ATCC
9763/YIpSAURABS (4). Equal quantities (0.1 pg) of genomic DNAs
were used as template DNA. Values are expressed as Means+SEM.
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Fig. 3. Amylolytic activities of S. cerevisiae transformants harboring
pACB and YIpSAURABS on YPDS3 (YPD containing 3% soluble
starch) plate. Halo only developed around colonies secreting B-
amylase. A, S. cerevisiaze W303-1A; B, S. cerevisiae ATCC 9763; C,
W303-1A/pACB; D, ATCC 9763/YIpSAURABS.
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Fig. 4. Growth curve and time course of starch hydrolysis and
extracellular B-amylase activities in BYPS2 medium. At different
days, yeast growth was measured by the optical density at 600 nm,
and B-amylase activities were measured in the culture supernatants.
The remaining starch is presented as percentages, with 100% as the
starch in the uninoculated medium. Each point represents the means
of three independent measurements with a standard deviation of +5%.
(O )OD 600 nm S. cerevisiae ATCC 9763 growth; ( @ ) OD 600 nm
ATCC 9763/YIpSAURABS growth; ( A ) U/ml -amylase activities
of ATCC 9763/YIpSAURABS; ( [ ) starch % residual starch in S.

cerevisiae ATCC 9763; ( ) starch % residual starch in ATCC 9763/
YIpSAURABS.

2 Al IEHBYPDYS o]8-38)e] AT S cerevisize ATCC
9763 < Aol e HolA| ¢k <oF 45 kDag] B-amylaseS
WHIBHAAL(1L), =] RS B ulek 27 1daE
w9 kgl ot 1 o)Fe |7t F18le] B-amylase BAJ0) &
S o 4 AATE ATCC 9763/ YIpSAURABSE HIF 15)0]]
2% soluble starch®] 55%% 7}Eajste] o] &-&lgl ek 3¢
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Fig. 5. SDS-PAGE of culture supernatants from S. cerevisiae ATCC
9763 and ATCC 9763/YIpbAURABS, Culture supernatants (1~5,
ATCC 9763/YIpSAURABS; 6, S. cerevisiae ATCC 9763) sampled at
a given time were tenfold concentrated. S. cerevisiae ATCC 9763 was
cultured in BYPD. Lanes: M, Molecular size markers, in kilodaltons
(kDa); 1, 1-day growth; 2, 2-day growth; 3, 3-day growth; 4, 4-day
growth; 5, 5-day growth; 6, 4-day growth.
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Fig. 6. Cell growths and extracellular f-amylase activities of ATCC
9763/YIpSAURARBS in BYPS media containing 1~6% soluble starch.
Yeast cells were grown in the BYPS media containing 1~6% soluble
starch at 30°C for 4 days. Values are expressed as Means=SEM.
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FoF vioFsinh. wiek 3 YPS wiAlolM A FAHSES



268 Ok-Hee Lee et al

Table 1. Hydrolysis of several starches by the action of B-amylase
from ATCC 9763/YIpSAURABS grown in BYPS2 and BYPS4

B-Amylase activities* (U/ml)

Substrates
BYPS2 BYPS4
Soluble starch 22.2° 33.2
Corn starch 237 326
Potato starch 22.8 311
Rice starch 247 356
Wheat starch 233 323

*Yeast cells were grown in the BYPS media containing 0.1 M sodium
phosphate buffer (pH 6.0) for the assay of B-amylase activity at 30°C
for 4 days. BYPS2 and BYPS4 mean BYP containing 2% starch and
4% soluble starch, respectively.

" Values are means of results from triplicate experiments, expressed in
[B-amylase activities present in the culture supernatants.

R &

Fig. 7. Thin-layer chromatography of the enzymatic products from
various starches by B-amylase of ATCC 9763/YIpSAURABS. Lanes:
S, standards (G1, glucose; G2, maltose; G3, maltotriose); 1, enzyme
plus soluble starch; 2, enzyme plus corn starch; 3, enzyme plus potato
starch; 4, enzyme plus rice starch; 5, enzyme plus wheat starch.
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17, 21).
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amylasew ZHE A=-frel] ARG o]83le] Egdoz wWE A
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ABSTRACT : Characterization of Achlya bisexualis B-Amylase Expression in an Amylolytic Industrial

Strain of Saccharomyces cerevisiae

Ok-Hee Lee', Mi-Hyeon Lim, Ji-Hye Kim', Eun-Hye Ryu', Hyun-Mi Ko', Jong-Eon
Chin’, and Suk Bai'* ('Department of Biological Sciences, College of Natural Sciences, Chon-
nam National University, Gwangju 500-757, Republic of Korea, “Department of Cosmetology,
Dongkang College University, Gwangju 500-714, Republic of Korea)

To develop an amylolytic industrial yeast strain producing B-amylase, the BAMY gene encoding Achlya bisex-
ualis B-amylase was constitutively expressed under the control of the alcohol dehydrogenase gene promoter
(ADClp) in an industrial strain of Saccharomyces cerevisiae. Yeast transformation was carried out by an inte-
gration system containing -sequences as the recombination site. The integrative cassette devoid of bacterial
DNA sequences was constructed that contains the BAMY gene and 3-sequences. Industrial S. cerevisiae trans-
formed with this integrative cassette secreted 45 kDa B-amylase into the culture medium. The B-amylase activ-
ity of the transformant was approximately 18.5-times higher than that of A. bisexualis. The multi-integrated
BAMY genes in the transformant were stable after 100 generations of growth in nonselective medium. Hydrol-
ysis of soluble starch and various starches with the enzyme released maltose but not glucose or oligosaccharides.



