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Construction of A Bacteriocidal Yeast Producing Bacteriocin OR-7. Lee, Ok-Hee, Min-Kyung Jang,
Dong-Geun Lee, Jae-Hwa Lee, Jong-Myung Ha, Bae-Jin Ha, Ik-Yong Ahn!, Dong-In Cho!, and Sang-
Hyeon Lee*. Department of Bioscience and Biotechnology, Silla University, Busan 617-736, Korea, "Youngnam
Four Mills Co., LTD., Kyungnam 626-210, Korea — In order to obtain yeast cells producing a bacteriocin OR-7,
the 180 bp polynucleotide corresponding to the OR-7 gene including codons for start and stop was chemically
synthesized and cloned into pAUR123, an yeast expression vector. Transformed yeast cells exhibited growth
inhibition of Bacillus subtilis, Campylobacter jejuni, Escherichia coli and Pseudomonas aeruginosa. This
result indicates that yeast cells producing OR-7 possess bacteriocidal properties against both Gram positive B.
subtilis and Gram negative C. jejuni, E. coli and P. aeruginosa cells. The recombinant yeast strain constructed
in this study can be applied in the food preservative or animal feed.

Key words: Bacteriocin, Bacillus subtilis, Campylobacter jejuni, Escherichia coli, OR-7, Pseudomonas
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FrabtE A w2719 eE A FHA
o} WA Ale] Aol F83F 9S e AR oY
A slen, Rk R el AR ¥ &R
Bl 7=l St 6, 8, 13]. FARES] YA Aol gt
A5AA] 7)1 f714kel &3 pH A3} U HAlSEAe]
Aol 3t A frakte] Fulshe o8 7 ddEA
Helo] =a] ule)2] &4l (bacteriocin)®] YAkl 9J3F AL
TR 5 Qe 13]. AAY FE8-E WAES HA 2 A
5 opr|ail A, old o] 2 A ARSol W AlkS
T ARl on] FRAFEUE FEA R AAEH
22 3 FAA A7LE FA M), eV o9t
e vske R AHAL FAEI 9l FAEH HAA F
St FaH T FAISS 7HR ATA (probiotics)7F ol
ATEI 9len, ATAHZAM F2 o] LFol vl Ee] &
Alto]e} 5],

A 7 SEUA AES B3l gAY
A7 &2, AR 7}, AR A Y X EHalHe
WA TH14] FAFEFSY] A= Atk 22EW S B}
53 F7)1 T dFEE AR|E7] Wil T AEE
£ 918 oighoke] folalx] 3t D& 7R Qv
Az} Az o] ekyAr FA o F-831A T, o421
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Waol] wol o] &5 1 3lE HATFS sk ATES 7
= =309 vl el FAx) AR 3agA diel A
AR o] Brlsslet. webs EA] el
0] AARE M YR 22 BhEE| Al et A%
ANEA S ez g ARG E &3 ER
(Saccharomyces cerevisiaeys SF32 AFEEFo 2 M o]23t
AL 2T 4 gl =3, ARAERFE FE3F yeast
extracte A Mlulek wilel] 713k o= A
A3RE, 7, 719%E 2 f719%E 55 #Rsi 6l
7] wgol wisfe &R dARCE T 71EALRS FL %
AEew 38€ 4 9ld

Lactobacillus salivarius T57} AABR: 384 e}
o] =9l OR-7Z I#FZAA T Campylobacter jejuniol
A3t A el &8l U14]. C. jejuniz &, e, Ab
o, N, ¥l W Aol T EFF TEY A WelA
FA81 olF TEAA Ad 9 AFES dovle ¥d
Tolth2, 3]. o] T 9, AY ¥ viFE] 5 7ER7t
Bite|n, o] M4 FEHY] HE: = 299 3HAE
T AATEZA AL, 161 HZ, FAAEE] AR}
A3 g ule} o] F AT AEFel SR e F
Al e]TH16].

E dTelMe dd A7 23Hd 7154 7SR
E JWEslr] H3le] wliofe] L-olgt BEAM Lo HlEE] Q.
Al9] A4l OR-79 FAAE =3l FTIHYRRE
Azl 3, ol & SDS-PAGEE §3l] 334 L4 o
2Z gelslgdet. 2ok A BAER] Bacillus subtilis
wl 78r8-A N EAM TR Escherichia colidl) Wh3t 3%
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AL sl en, a3 AT F FFol Fo)g9
fdale] H¥ =57 Pseudomonas aeruginosasd A%
5179 Campylobacter jejunioll W3t 3+ TS ghl3)
%t

Mz A 2y

AleF & HiiX|

A grE A, DNA ligation kit ver. 2, Tag DNA poly-
merasex> Takara Korea(Seoul, KoreayllA 31313t

A2 2295 8 SF2E AT A EE coli
DH50)E AH8-315ie}. A2 LB %] (1% bacto tryptone,
0.5% yeast extract, 0.5% NaC)Z o]-838}e] 37°Cel|A] wiok
stolet. AT FAARA Y AHEE HsiME= LB iAo
ampicilling #Fg=7} 100 pg/mi7t =4 Arlsled ARg-s}
Ao}, ZA W)= LB iAol A (agand 1.5%7} HEE
A7Vl A 2}Fsgich,

279 uickell= YPD *l#| (1% yeast extract, 2% poly-
peptone, 2% D-glucose)s AMS3I5ich. E59) wha Zuka
U] == alcohol dehydrogenase promoter(ADH)el| 2] |t
o] x5 pAURI23(Takara Korea, Seoul Korea)S
AHgstde) 3AAE" 279 AWl YPD iAol
aurcobacidin A (Takara Korea)g %55 <7} 0.2 yg/ml7}
A B RS AHE sl

HEZ|2M OR-72| RUXl E2d U SoAMEe| HEMEt

2] 24 OR-72] F3AK(180 bpye T LES Fail
i ofu|xAl M EY2 R F3GS o] 44
(codon usage)°ll A §3A DNA G7IMER vl & (F)
vlo] 2 1] o}(Seoul, Korea)oll A &A1 3l oH(Fig. 1). OR-7
A golglt 2 W HE S $5le] ARl 5
holl AlgkEA Kpnl JAF-$18} NAIZE ATGE 18]
3 Wdol] EX|ZE TAAY AZEA Xbal JAFE =
Y3l Azssick(Fig. 1). AZE OR-7 H47 HHE
Fs WE pAURI23Y Kpnl Xbal H91e 972313
th(Fig. 2). o|ZA A== ANx3 DNAS HAHF(E. coli
DHSo)oll 3AA &7 ¥, Fekav]= DNAS Fej3l1
AgEAZ AFIE 180 bpd] OR-7 42 wH-& Fals)
%2 pAUR-OR-72& H33}9lt}. pAUR-OR-75 o|-43t
8RN E(S. cerevisiae KCTC 7913)8] A AH 82 elec-
troporation(Cell-Porator, Life Technologies, MD, USA
22 Pl Ay AR Al YPD wiA|of
aureobacidin A(Takara, Korea)s 5 5%7} 0.2 ug/mL7}
A A7 F 30°CelA] 347 wioFsle] FAHA &
£ Awsigich

HAME STRFEH EA0|= DNAQ 22| ¥ g2l
2 OR-7 RE%t ol

YAHY T2 aureobacidin A(Takara, Korea)@E2%
0.2 ug/mly7} 71 YPD A 4 mlel] AE3)ed 30°Ce) A
3R Bt iR F, YA (14,000 x g, S¥)El] FA
£ 3)3l9dr). o3 7]ol] yeast lysis buffer(2% Triton X-100,
1% SDS, 10 mM tris-HCI(pH 8.0) buffer, 1 mM EDTA)
200 piE- ol A8 A9 F acid-washed glass beads
(425-600 pm, Sigma, MO, USA) 0.3 g3} phenol/CHCl;
B8 200 piE 91 287t vortexslgi}. 4°CollA 418
(14,000 x g, 102)F 3led AF5A-g 2L tubedl] $7]1,
o47]e] glycogen 1 ul, 5 M LiCl €9 20 pl, X7} ol &t
= 500 plE ¥ F, 9AEE (14,000 x g, 1022 393}
E2k20] = DNAE AAA3H. A4S DNAE 2bH:- 70%
olehg2 AT F ZAZA7) 2, BT 24(ddH,0) 20 pl
o %t

AR 2HE ZEA0|E DNAE 358 Fo] OR-7 §4
A dH 2] #el-& pAURI23 vectoro]l Eo] &<l primer
setS o] £-3 PCR (polymerase chain reaction) ¥ & &
g3t ¥ EFAv]|= DNA 50 ng} forward
primer pAUR123-F (5-TCTGCACAATATTTCAAGC-3")%}
pAURI23-R (5-TTCGTTTTAAAACCTAAGAGTCAC-3)<
AHE3te] PCR M- 3191 A7IMd 240z o}
%o} PCR HRSAFE-2 12%2] polyacrylamide gelo|A] %17
et I HAE Flsisioh

HETE §29 OR-7 tHYFEol Mit &ol

A8t EYE aureobacidin A(Takara, Korea)@E5%
0.2 pg/mly7F H7HF YPD ¥iA] 4 miell 3l 30°CellM
247 wioF F, 4°CoNA AAIE-E] (14,000 x g, 555k A
£ 3538t «17]¢l 20 mM Tris-HCI(pH 7.5) bufferS
A7Vt AFLA)Z] F sonications 33l TAH S T4
T F, €014 YA (140003 g, 208)% BT F 43
A& Felsled MEFEZY 02 31990}, SDS-PAGEE 15%
polyacrylamide gel& ©]-4-8l] Laemmli®] ¥PH o2 &3}
AeHol AEEZNE SE7 Fal F gelo] YT
Coomassie brilliant blue R-250(Bio-Rad Laboratories,
Hercules, CA, USA)2-2 Mgt & 3has)gie}.

HiE2|2X OR-78 Milsl= SEMSH §mo| SpE =X

TR NFEATEQ) B. subtilis(ATCC 6633)9} 1824
HEATEQ) E. coliKCTC 2223y LB HWiAIZ o]-83}e] 37
°Cel| X #=H ZeSk250 mpm)3Isict. T3, P aeruginosa
(KCTC 2004)% Tryptic Soy Broth(Bacton, Dicknson
and Company, Sparks, MD, USA) wl x| & ¢]&3}e] 37°C
ol A 3} 5xE A el k(250 rpm)atH Tt SHH, C. jejuni
(KCTC 5327)%= 5% Defibrinated whole sheep blood



(Komed Co. Ltd., Sungnam, Korea)”} #71¥ Columbia
Broth(Bacton, Dicknson and Company) WjA| & o] &8}
37°ColA 297 AR wioFstolet. AN 1004 343k
T SANS YPD ZAA] o EUEA T, C. jejuni EHY
= 5% Defibrinated whole sheep blood (Komed Co. Ltd.)
7} 37H YPD Al Rlel] =aloiet. wix]Sde] pAUR-
OR-7°] =49 ¥4A3 a9 Y2702 Fwo) ey
Bl(pAUR123y} =4% A48 TR wiokdS 242F 100
ukd AFsde}. o & 30°CAlAl 129 F<t Wikt F 3
TRl 3 3FAE A A 2Hclear zoneyE WL - i
sie.

21 # ¥

HiE[2M OR-7 f%Xle| 224 U #AXMEl §oo| A

OR-7& $AkHFe] A&l L salivarius’} AV oln) X
Ab SONE AR 3 et =2 OR-7 #3AR] A
Z7} ofn] B1E|o] Q1T 1 Hol7} vlwH For A}
ERAtelo| FAGE o]EAel xhol7} 817 Wil OR-7&
MAS= L. salivarius TAZ5E FAAS S22 ¢
I OR-7 A4S e8I (Fig. 1).

BR(S. cerevisiae)| pAURI23-OR-7E& E43tT
aureobacidin AZ ¥ 38l YPD wiR|ol|A] A3l OR-7
] fAA 2909 3AdE EvE J8 S 9dldFg.
2). AR Fro el HHE ¢se] AE npHA =2
AM-E3= aureobacidin A2] FHEEEE 0.1 ug/mloA 0.5
ng/m7pA] clekslA] Al83led g §7 Za]e] A
®&§& AEsKE. 2 A o] dT9lAE aureobacidin A
¢} #F520} 02 pgmeilA 7Hg B4R PAAS =
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2YE YAt Aureobacidin A% HEFEI}F U5 @
o 3] AL YspARt PAAIE A b oY E
2o F39 JAMIEA} BoAL, HFe ot v F B2
m 2] YAo] HA| ot Ao W AZkE Eg8 e
e ARLE Feld 4 9lsi

aMs R RE EIANE DNAS| #2] ¥ YHi2[
4 OR-7 R4t &ol

HAA3E §92HE pAURIZ-OR-7 A4S 233}
+ £e}2n|= DNAE B8l ©|F 59 (template)© 2
8 vectordl] S| <l primerE- ©]8-3}] PCRS 83t 2
7}, pAURI23-OR-7¢] §47el] sjeahe= oF 180 bpd] H
Azl S Flg = dhFig. 3). o] 3= P
F27 Jehlle - @Alo] §7 Aol 28l o] opd
A 93] =%l pAURI23-OR-79) F-4 A}l 93t
Helehs ARLS #eld 4 ek

EME s2o| HHIZ|24 OR-79] Mit &9l

PAAGE GReXE A F5E2NE A2l 15% SDS-
polyarylamide gel& ©|-&-3}ed 2] 24l OR-79] AAHE:
gelslgict. 2 23, pAURI23-OR-7 Sekan]| =7} 344
3t B Ro|A dtelg] Al OR-79] AARE #eld 4 g
}(Fig. 4B).

HiE2]24 OR-72 Miteh= SAME S0 g ol

22 fAd HEATY B subtilis®h 2-H-SA I BAT])
E. coli, 551< P. aeruginosa, 215514 C. jejuni 5
W3t PR Frof FEell s A= A-5dA)s
(clear zone)y$ W] « ¥A8F A3}, pAURI23-OR-70] =%

5'=GGT ACC ATG AAG ACT TAC TAC GGT ACT AAC 30
KpnI Met Lys Thr Tyr Tyr Gly Thr Asn 8
GGT GTT CAC TGT ACT AAG AAC TCT TTG TGG 60
Gly Vval His Cys Thr Lys Asn Ser Leu Trp 18
GGT AAG GTT AGA CTA AAG AAC ATG AAG TAC 90
Gly Lys Val Arg Leu Lys Asn Met Lys Tyr 28

GAT CAA AAC ACT ACT TAC
Asp Gln Asn Thr Thr Tyr

CAA GAT ATT TTG TTG GGT
Gln Asp Ile Leu Leu Gly

GCT TTC GGT AAG ACT TTC
Ala Phe Gly Lys Thr Phe

ATG GGT AGA TTG 120
Met Gly Arg Leu 38

TGG GCT ACT GGT 150
Trp Ala Thr Gly 48

CAC TAA TCT AGA-3' 180
His Trm Xbal 55

Fig. 1. Nucleotide and amino acid sequences of OR-7. Nucleotide sequence of OR-7 was designated by converting from OR-7 amino
acid sequence according to the yeast codon preference. Restriction sites Kpnl and Xbal were introduced at 5'- and 3'-ends of the gene,

respectively.
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OR-7 gene

5' ~GGTACCATGAAGACTTACTACGGTGTTCACTGTACTAACGGTGTTCACTGTACTAAGAACTCTTTGTGGGGTAAGGTTAGACTAAAGA
3/ -TCTAGATTAGTGGAAARGTCTTACCGAAAGCACCAGTAGCCCAACCCAACAAAATATCTTGCAATC TACCCATGTAAGTAGTGTTTTGA

ACATGAAGTACCATCAAAACACTACTTACATCGGTAGATTGCAAGATATTGTTAGACTARMAGAACATGAAGACTTTCCACTAATCTACA-3"
TCGTACTTCATGTTCTTTGATCTAACCTTACCCCAGAAAGAGT TCTTAGTACAGTGAACACCGTTAGTACCGTAGTAAGTCTTCATACC-5"

LKpnl Smal Safl Xhol Sacl Xbal Hpal

BamH|

TADH1 \
BamH
Amp’

PAUR123  or|

OR-7 gene

(6982 bp)
CENy
s

AUR1-C

Kpnl-Xbal digestion

PAUR-OR-7 ol

(7182 bp)

CENV
Hosi2

AUR1-C

Fig. 2. Construction of the yeast expression plasmid for OR-7. DNA fragment of the OR-7 gene was inserted into Kpnl-Xhol sites of
pAURI23. Nucleotide sequence of the OR-7 gene was shown at upper panel. AURL-C; S. cerevisiae aureobacidin A resistant gene,
PADHI; 8. cerevisiae ADH1 gene promoter, TADH]1; S. cerevisine ADHI gene termination signal, ARS; S. cerevisiae replication origin,
CEN; S. cerevisiae centromire, Amp"; E. coli ampicillin resistant gene, Ori; E. coli replication origin.

M OR-7

Fig. 3. Identification of the OR-7 gene from transformed yeast.
M; size marker, An arrow denotes the position of the OR-7 gene
which was amplified by PCR.

YA G20 A4 o] AT BN 4SS &
Y2 dAlEe S T 5 ddThFig. 5). ¥, &
2 9 vector (pUAR123) 7H8- =83F A4 g2 7
= ASGAE e A e Fig. 5). o] AHE o] E
A 2ol da] SagAs Jeplie 33 B9} A
AL AAEAE AT 5 e

2 QFREL FAY dEQ Leuconostoc gelidum
UALI187 539 bacteriocing] leucocin AS 3AA3E &
Rl M WHAA B. subtilisl] W3 FF5S Felslg
[10], B. subtilis IM4 22| bacteriocing! subpeptin
IM4S HE2A W8AA B subtiliss, E coli P
aeruginosa o N 35S E<lslodr}(11]. Nigutova

MW
(kDa) M A B

66.4

€~ 6.6 kDa

Fig. 4. Identification of the OR-7 protein from transformed
yeast. M; size marker, A; S. cerevisiae harboring pAUR123, B; S.
cerevisiae harboring pAUR123-OR-7. An arrow denotes the posi-
tion of the OR-7 protein.

o< Enterococcus faecalis 2 2] enterolysin AE %
Tl BHAA Enterococcus malodoratus®] AAA ] &
7 Falslsivh12].

o] d7e] AME FHE] 4% A1FS REGE P
A 4ol BER YAEL L 715 AlReA BT
AES A7) 918 A HASAZ AH7FsE ub)
2] 21E& AAeE dEgAlE 4= ol= ERAEE A%
st o] ATE AztE dFEAY FRE AR HUME=
317 HME B mfERAded o Ao o3
 oeFst Al A A el 55 B8 Al
™ x71e] A=t B8 Ao A7)




Fig. 5. Identification of the antibacterial activity against. A. E.
coli, B. B. subtilis, C. P. aeruginosa and D. C. jejuni. 1; S. cerevi-
siae harboring pAURI123, 2 ; §. cerevisiae harboring pAUR123-
OR-7.

2 o

wez) e4l9] dFel OR-78 YAk AR A)2HE ¢

3lod 180 bp Aol /MAZEH FAFTES THSHE OR-
79] $ARE FAdsle] E HE vector pAURI23E] F2
Jalel A= DNAZ 2Aslelc). 123 DNAZR 3§34
3% Fu7} el 24l OR-7 AJARSAAE 7R T 98
iRERE Fe9 FAn| =g o] 838 PCRE 3ol
OR-7¢] AJAFE SDS-PAGEZ glstelet. 423 §v =
ke A FAMFY] EAF(B. subtilis)® 13-SA A
ol HAHE. colipll A&l STEdS Vel ®3 5
Fol} Folde] Yalo] HE X%5W(P. aeruginosayd AE
E(C. jejunipl] HAAME FHBAIE HeRdet, o] A2
AAE FAHsP] 4% AFES] BEGE T A3
BEA QAEA == 713 AR W) 485S A
3171 918 A AEAZ AMEE 5 e P eAlE
ArdA e QAR Q= ERAEE AFsc)
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