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Expression of Ethionine Resistance Conferring Gene in an Industrial Strain of Saccharomyces cerevi-
siae. Park, Jeong-Nam, Kyung-Hee Lee, Hyun-Mi Ko, Kook-Heon Seo, Jong-Eon Chin!, Hwanghee
Blaise Lee, and Suk Bai*. Department of Biological Sciences, Chonnam National University, Gwangju 500-
757, Korea, 'Department of Cosmetology, Dongkang College, Gwangju 500-714, Korea — The ethionine resis-
tance conferring gene (ERCI) was constitutively expressed under the control of the alcohol dehydrogenase
gene promoter (ADCIp) and introduced into the chromosomes of an industrial polyploid strain of Saccharo-
myces cerevisiae by using the 3-sequences of the Tyl retrotransposon as the recombination site. d-Integrative
cassette devoid of bacterial DNA sequences containing the ampicillin resistance gene was constructed that had
the aureobasidin A resistance gene (AURI-C) as the selection marker and ERCI gene. The ERCI gene was
also employed as the selection marker in the d-integrative cassette lacking the AURI-C gene. Industrial Sac-
charomyces cerevisiae transformed with these integrative cassettes exhibited strong resistance to DL-ethion-
ine compared with nontransformants.
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B Y Saccharomyces cerevisiae’= 7o) w211 ofjeh-g-
HEET Aol Fol AEHLE PA7] §¢ dEE S8
2 Aol A o] BFe] ghow dRg dFEI FTEA
B(DAZ Ao At = o] &-¥ I gt EJE S
cerevisiaes NEZFAEL] WSF 9 FH2} B3 Alxg)
o] AUMERD2A S AT Y AP Fo|Lolx 7)o
31 ulr} A5, 24). Ao HH ZHGRAS, Generally
Regarded As Safe) S. cerevisiae’= 7+-84 &S F2
o]-&% 4 Q13 A E 92 PH|HE GR-Esl A4 gl
AL FRE el At HES o83k Rkt
[16,26]. Afrat HES o]83te] AR 5 Q= =%
S. cerevisiaeZ TFE7)| $13 ¥ FRe] AEEHES A
A9} Adfrais EAFAAE] F2 yeast episomal
plasmid(YEp) B} =2 yeast integrating plasmid(YIp) ¥
E]E o]-83lod AFPAR ukal (haploid) S. cerevisiaeol| Al
ZF2 o] &= v} gloh11, 19, 25]. 2 micron origin®]
3 YEpH Bl copyd7} Bel FAA} Ha o] AN
Aoz A7) 7E wiokel AMEE vlAdE iAo A
22 EeHaled AdE AEshd A AEE el 9l
2, A AR 2YEE YIpd e A %
st 312F copy 7t Aol HEEo] W2 o] glw{12].
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ol 7ot AGPAE WA S cerevisiaes FRAAKEA 0] B0l
st Fduiololl Hopsled A7|zE ikl ExbgEl e AL
4 AR=2ZE o|uiAl(diploidt =hul A (polyploid) S.
cerevisiaedF5°] A5l QJTH4, 13].

AR]8- ofS ThilA] S. cerevisiaedl 22 FAHARE =4
A3 AT e 4 A EX] FARPE 2 asi
o] $18) o3 HRE EAoMn| Al W 97I8TA B4
Wo| FF2 WEIL LEU2d, TRPId 32 URA3dR- 7
FA AL sl YIPHEE o83k Zolv(16, 22]. ©]
2 739 7120 THEel7] ks I ExlEe Sl
of Flvh= ool w}= 1, x| FAAE g dut A4
oA EReA o)A A2F YIpHEE o] 83
FAAEY 7S Ak AL &ol3A] ot Y e
2 AIS oY deA) ARES 54 S5, g4
ARG - FPALEAA T AT flemR o5
Aol RI7F3IE 2, 6, 16, 18]. 122 o]#g XA A
A2 A §A4] AR 238 YIpHEE AlEste &
F Zvo) =A7IE & FA47 AR A TRE
= ok §. cerevisiaedT Aol 7Fs3slch4, 16]. AE
A FAAEE G418 AT neo AT %
o] o] &=l ot 14, 27, 28], HZ AWERY frEL 7
ZAAFe]| o= HeloMe Al YA AR
o= ¥k 34 42K (sufometuron-methyl*] 343
} aureobasidin AXEANE o]LF T ¢JoHS, 16, 29]. =)
744 ARAE ubkpA] el ARE 1 vt 9l ethionine




8] 31 2}(ethionine resistance conferring gene, ERCI)
221 EEXHAS] 8] fdAFIH methionine®] AR
2A] B AEA Q] ethionine®] 7}4¢] sufometuron-methyl
o]} aureobasidin Aell W] A=} 2RI FA] AHEw)
A A Zel o]-gaH=d] Fdo] Mol ARIE A EwA
Al A EA] AR ol go] 7Psd oo o F
v R o] §AAL7F multicopyE E=HE ™ A E §-
adenosylmethionine(SAM)A§ Abo] SA o= B 517} g}
[23). 8, FHRlcopyd7F HE YIpHElo|| ribosomal
DNAGDNA) Ao} Ty transposon d-AG3} 732 whEA
& =3t AZPTHE olgshd =) F-A7) YEp
HEIxE TEE2 WHE T multicopyR SFEE GAA
o] AlE e} AdH o2 A7) wiekell AM-EE nlA )
A AR Pl Mg ARNE A€ +
oH2,7, 14, 15,27, 28).

2 Aol M ARIS chllA] S cerevisiae®] ethionine®l]
ofgt 24 B X8 2RI, ethionine® 3] FrHARE
243t o] FAAe s-AMde] EIH YIpH El (G-
integrative cassettes)Z A|Z3l5Act. o] HElZ FAAhE A}
8 thiA] S. cerevisiaeo| A ethionineX| 8] A2} b
HE A -2 8-YIpHE]e] A Fx] AR o8&
T AT A

Escherichia coli IM83ara, A(lac-proAB), rspL, ®80d,
lacZAMI15}E: HAAZSGTo Eepin|=Ax 9 FFo A
43l5dom Akl S SulA) S, cerevisiae ATCC 4126[171%
ethionine*| 34 3121e] FodF-2 o|-431%c}. E. coli/f
= ShE WEQl pYES2nvitogen, U.S.A)S pAURI23
(TaKaRa, Japan)g HEAIZ0] FHLE ]831%11, pGEM-
T Easy ¥ (Promega, U.S.A.)= PCR(polymerase chain
reaction)ys §8 FFE FHARL] F2 o] §3lH} £
Aol ARSRE B2 5o} ERkAm| T Table 19 AJAS}
At E. coli 3AAZAE 50 pg/ml ampicilline] 7+
Luria-Bertani(LBy:j A4 wfokslelar, &% wjefol= YPD

Table 1. Yeast strains and plasmids used.
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WA (1% yeast extract, 1% Bacto-peptone L8]l 2%
glucose)s- AME319it}. Ethionine's- =X £29| 7144 FAL
Z 938 SDA 4wl A (minimal selective medium)* 0.67%
yeast nitrogen base without amino acids, 2% glucose,
2% Bacto-agar 18] 31 875 A o8 29
DL-ethionine(TCI, JapanyS #7}ske] ARg-sladct, w3t Al
A4 vkeA AR AA o) = SDRAMAE AHE3HA
3L, Akd8 vhiA) AR st vzl YPDRA] O 1 pg/
ml aureobasidin A(TaKaRa, Japan)ys 375l AREslaic).
E. coli®lA plasmid DNAS] 75 552 Qiagen Plasmid
Maxi kit(Qiagen, U.S.A)YE ©]-83le] 33}, PCREZE
DNA+ QIAquick PCR purification kit2} QIAquick gel
extraction kitE o]-84s}3lv}. 3 DNAe| o]-83F §we] A
A AlE DNAFE-Z Zhu 5{301°] ¥hell o8] Axlsisie.
DNAZZ2} 324 32 Sambrook®} Russeil[20]2] ¥ ol
ale} A st ghH, ERe] FA AL Hill 5919
lithium acetate/DMSORP]| 23] AlA3IE}. S, cerevisiae
ATCC 41262] ethionine*134 4218 PCRZZ317] $lsl
oligonucleotides 5'-ACCCGAATTCCCCGGGATGTCTAA-
ACAATTTAGTCATAC-3'3%} 5-ATCATCTAGATTATGATG-
TATGGGTCTCAGC-3%- ©]-8315]c}. ol9} 22 primersll
= ethionine¥ 34 FAzke E24S LolsHA 317] $l3)
EcoRI H-$}(GAATTC), Smal*-$1(CCCGGG) 181X Xbal
(TCTAGAYH$ 8 =8)8l4 a2, S. cerevisiue DKD-5D-H2)
ethionine| 343 F-AAHERCHS H71ML[22]% ]88}
A8k} =31 ADCI promoter-ethionine® &4 -3 A}-
CYC! terminatorS F3-3}7] 9] pAURI123(GenBank
accession number ABO12284)2] 997|A49-& o]-&3}e] A=t
gk oligonucleotides 5'-TTGCAGATCTGCATGCAACTT-
CTTTTCTTTTTTT-3'3%  5-GGCCAGATCTTACGTAGG-
CCGCAAATTAAAGCCTTCG-3'E °]43lsic). &3, 641
do] FF 3 5410l 7143 primers?t 7ol 23] AlA]
sle). A uiRjel A 283 F21)Z0] ethionineA]

Strain and plasmid

Relevant properties

Source or reference

Strains
S. cerevisiae W303-1A a, leu2-3112, his3-11,15, ade2-1, ura3-1, trpl-1, canl-100 [1]
S. cerevisiae ATCC 4126 Industrial polyploid yeast, distiller's yeast, amylo process yeast [17]
Plasmids
pYESA pYES2 carrying ADCI promoter [10]
pYESA-ERC pYESA carrying ERC! gene This work
YIpSAUR pAURI123 carrying Tyl & sequence with deleted ARSI and CEN4 [2]
YIpSAUR-ERC YIpSAUR carrying ERC! gene This work
YIpSAURS YIpSAUR carrying another § sequence This work
YIpSAURSAS YIpSAURS carrying oi-amylase gene [2]
YIpdAUR-ERCS YIpSAURS carrying ERC/ gene This work
YIpSERCS YIpSAUR-ERCS with deleted AURI-C gene This work
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AL 72 Q1=AE 47) $18) 2-7mM ethionineo] ¥
$8 SDELHIA G &7 30°CoA 4-597F whekskar, AA
&= Z2ZYE ethionineA 3442 H53 JAAA 2 Ay
slglel. H Qo) e} oJoFAdEIt 1 pug/ml aureobasidin AZ
A7kl A3

Ethionine® 34 f-dx1e] £33 918 URA3E A &
A FAAZ g3t = pYES29| A GALI promoter
(GALIp)E A A3L3L ADCI promoter(ADCIp)E A &
PYESA[10]1E AH23tgt}h. pYESAS] ADCI promoters}
CYCI terminatorAte]ol] PCRZE. £FA)7] ethionine*3H4d
A} open reading frame(ERCI)°] E3¥ 1.9kb EcoRI-
Xbal DNAAHE AF313le] pYESA-ERCE AlZ&gict. Al
HAL Uk S, cerevisiaest 2] AFE thifA] ER
A BA FRA glemR GasH A FHAHGE),
Sulfometuron-methyl¥ 3443 A AHSMR1) £~ aureobasidin
AR FHAHAURL-CREE 94 8 #7) 4471 8l
= o] Mg FAAIAE AL 5 AUTH8E, 24,27,
29]. Ak4 E¥olM ethionineX 3] FAz] #al S 913
AURI-CHAAE )& YIpSAUR[2]ell ERCISAA} £
% 1.9kb Smal-Xbal DNAZEHE AH3I3le YIpSAUR-ERC
£ Azsl9ckFig. 1A). YIpSAUR-ERCE §-4Guel] s}
o] Xhol F-917} A2 B2 Xholx=|2 M 2hA]A xS
of] o]-85FH homologous recombinationel] &3] s3] At
A e A# 5ol multicopyE =HE F AUTH19,
27]. BR-2 2 YIpSAURS] HpaFi-slell §-xde] F3Hd 0.3
kb Smal DNAEHE A3le] §-Ado] 7 7 A=
YIpSAURSE A x5 32, o HE|2] Smal-XbalF-$ ol
ethionine*13Hd 3122 =438k] YIpSAUR-ERCEE- A&
s ch(Fig. 1B). YIpSAUR-ERCSE Xholx| 2l dte] Heoixl
ADCIp-ERCI cassette®} AURI-CFA A7 £3% 58 kb
DNA H#HE A7]od 5l 343l U He) o] &3}
s, YIpSAUR-ERCES} 2717} Zpebar] §A1del| AMl=h=
copy%7} YIpSAUR-ERC(8.2 kb)Ec} Z71e 4= qluh2,
12, 14]. GAA ) A E 8 27]5 o2 Fe]7] 93,
YIpSAUR-ERCSS] AURI-CHFAAWI Q= F 29 Sl
2 suwie2 Agstm APEFAA 09kb FoE
YIpSERCSS A|Z81dvh(Fig. 2). 2 A3} AURI-CHAIAR=
promoteri-$7} A A= o] HHE A ki HE el ERCI
AR 3 "o A (ATCC 4126/ YIpSERCS)
A AWl YIpSERCSS] =432 7] 98 ADCI
promoter?} CYCI terminator(CYCIT)®] 9714 Gl Jsf |
2k primersE- o] 835le] PCRE AlAZH A3, S. cerevisiae
ATCC 41262] genomic DNA} ATCC 4126/YIpSERCS2]
genomic DNAE- 53] DNAZ o| 838158 ® ATCC 4126/
YIpSERCS9] genomic DNAoI| A2t YIpSERCSS] ADCIp-
ERCI-CYCIT| #%3l= 2.5 kb DNA ®HE7} FEE o] 3
A sk 9] GAAWel YIpSERCTF E=3=o] )&l gl

A) ERC!

Smal

aoCio [/

YIpSAUR-ERC
AUR1—

Xho | Xho |
5 AUR1-C ADClp ERC1 CYCIT  Amp' O 8
B) ERC1

AURt-C

YIpSAUR-ERCS ©§
K Amp

Xho | Xhe |

& AUR1-C ADC1p ERCt CYCITS

(5.8Kb)

Fig. 1. Plasmid maps of linearized YIpSAUR-ERC (A) and
YIpSAUR-ERCS (B) showing relative size, restriction sites,
and location of insert DNA. YIpSAUR-ERC and YIpSAUR-
ERCd were linearized by digesting with Xhol.

=S (Fig. 3).

AEAL L BIA) S, cerevisiae W303-1A%) Al o]
S. cerevisiae ATCC 41262 ERCIH-AAPEEE A3 552
o]-g3l7) 8] F FE A WA= ethionines =EHZ
Z2A1E1A . AALS- vkpA] S, cerevisiae DKD-5D-Hell A
0.3 mM ethionine®} 7} A A o] A A E =] uts)
[21], S. cerevisiae W303-1A%|A1E 1 mM ethionine® 7}5
A7ye] A3 RS LY S, cerevisiae ATCC 41260114
= 3 mM ethionine¥ 7} A Ae] A3 JAE st}
(Table 2). ©] Aol wtet F EE FFEFE dojA
ethionineA| 843 32 A 3k4| 9] AHu)R|ell= Ab7] el A)
9] ethionine®] A7}t

S. cerevisiae W303-1AF A $A|7)=4 pYESA-ERC
E ol 839 Ua*E Hebll s 3203 W303-14/
PYESA-ERCE i}t ADCIps}t CYCITAteloll AR &



YIpSERCSE

Xho i

Xho | Xho |

& ADC1p ERCH
(4.9Kb)

Fig. 2. Plasmid maps of linearized YIpSERCS showing relative
size, restriction sites, and location of insert DNA. Linear con-
struct after Xhol digestion of YIpSERCS represents the ADCIp-
ERCI integrative cassette lacking AURI-C and ampicillin resis-
tance genes.

CYCiTs

«—ADC1p-ERC1-CYCTr
(2.5kb)

Fig. 3. Agarose gel electrophoresis showing PCR-amplified
fragments for ADCIp-ERCI-CYCIT. Lane 1, ADNA-Hind 1iI
size marker; Lane 2, S. cerevisiae ATCC 4126 genomic DNA;
Lane 3, ATCC 4126/YIpSAUR-ERCS genomic DNA; Lane 4,
ATCC 4126/YIpSERCS genomic DNA.

AA7F ¢l pYESAZ A S W303-1A/pYESAE
Ura*E YEPH AT 1 mM ethionineo]| A} A A&1x] E3ic},
o] 9} =] W303-1A/pYESA-ERCE 2 mMo] A} ethionine
o] A7kl wiAlIME st ol2 ARl FRA}
ethionine¥| 4 FHRHERCIHYE 18 4 UATH22]. A
A8 Al S. cerevisiaed] o] RS £3)sled WA
F4 22 YIpSAUR-ERCE ©]43}d aureobasidin A% 5]
= Yehls AR A ATCC 4126/YIpSAUR-ERCE &
At ERCIFAA7E $0= YIpSAURZ 3 A 3H5 ATCC
4126/YIpdAUR-Z  aureobasidin  AX AL glor} &
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Table 2. Effect of ethionine on Saccharomyces cerevisiae growth
in minimal medium.

Saccharomyces cerevisiae

Ethionine (mM)
W303-1A ATCC 4126
0.3 447 ++++
0.5 +4P A+
1.0 -¢ ++++
2.0 - ++
3.0 - -

Cells grow very well.
® Very few cells can grow.
¢No cell can grow for more than 7 days.

cerevisiae ATCC 4126%1% 3 mM ethionineol] A A AF3}%]
%321} ATCC 4126/YIpSAUR-ERCE 6 mM o] Abe)
ethionine®] H7Fe WX A= AAbol] oIS ubx] kot
(Fig. 4). YIpSAUR-ERC&= 5 3-A199] 9127} ampicillin
Aapd frAAbe] FEel EAskmg PAARA s DS
XholX =] 3t] ampicillind 84 §-HAHE L33 AFA
plasmid DNA 97149 (2.7 kby& A A F A8iskel WE)
T 55 2 A =44 5 QB2 18], A8
ATCC 4126/YIpSAUR-ERC3E  ATCC 4126/YIpSAUR-
ERCS} 7] 6 mM ©]Ak] ethionine 7}l Al AjAbo] <o)
wWeh(Fig. 4). AR 3236 28238 434 DNAY A7
2 99 Z7)7} 4 o)F SA2" (YIpSAUR-ERCH)S
& 8A] 28l (YIpSAUR-ERC)} | 3le] dA) o) o &
o] A} E 4 Qlrh(14, 16]. o9 22 AT A AP
TR AT ARAAY FPANAFE RS A
BA FARR sl HEIE o)4sle) YAARNE A2 A)

Fig. 4. Growth of S. cerevisize ATCC 4126 and its transfor-
mants in different minimal media. A, minimal medium; B, min-
imal medium with aureobasidin A (1 pug/ml); C, minimal medium
with 3 mM ethionine; D, minimal medium with 6 mM ethionine;
E, minimal medium with aureobasidin A (I pg/ml) and 6 mM
ethionine. 1, S. cerevisiae ATCC 4126; 2, ATCC 4126/YIpSAUR;
3, ATCC 4126/YIpSAURSAS; 4, ATCC 4126/YIpSBAUR-ERC; 5,
ATCC 4126/YIpSAUR-ERCS; 6, ATCC 4126/YIpSERCS.



360 PARK etal.

wER gl xFR7L HT BUEI QTHI16, 18]
EthionineX| 34 &7} Akl 4 & w.e] 3alxdslo) A
A FHARR o]848 4 RIS Uo7l $135), YIpSAUR-
ERC3H®] AURI-CHAAP71%50] #7115 YIpSERCS= 333
H2kgl ATCC 4126/YIpSERCSS] ethionine*1 3} 2} aureo-
basidin AXEAIS FAlelgde}. AR 2] ethionines
=7} 3 mMelA 6 mME Z7} el whel oo g
YIpSERCS®] A A& Fgo] 74 A Tdata not
shown) 7} X0l A o)Al ethionine* 3H4] FA A E
(ATCC 4126/YIpSERCS)-2> ATCC 4126/YIpSAUR-ERCS
9} 7ol 6 mM ©|*4<] ethioninee] H7Fd wiA] oA A3}
odv}. 212 aureobasidin A7F 1 pg/ml A7FE wiR|e| A=
YAsR] ZcHFig. 4). AURI-CRAA §lo] ERCISAIA}
4l Q)& YIpSERCSZ 3&Agtd &57) AAX3) 553
mM)°] 48] ethionineo] A7} wix]ol|A] YA 4~ gl1
cthionine* 8] FAAPT EEA] ok vigialAd A= A
AslA| Falmz A4 Rxe] Al stA] Uxp Al
ethionine* 8HA F-AA17} A BA) FARLE o4 7b53)
©}[19, 27]. Methioninee] YA =% &F A ZFHA
ethionine* A2 Vel = A 2 AR ethionine”Z A
o] H|8] ME S-adenosylmethionine(SAMYALe] Zx1
k= B} 9lem (21, 23], AE7HA] Aol ethionine
23k HAAGA S} A FY S-adenosylmethionine(SAM)
TEE FA8 AakEke] S8 Al2g ARE e AT

7} 213 Folnt,
UMel 2

o] ¥=F-2 20039 % Adwista seadtu]
o} dFsglem ofd A=Y

A8l 23}
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