Journal of Life Science 2010 Vol. 20. No. 6. 934~939

©JLS/ISSN 1225-9918
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We have previously reported recombinant productions of bacteriocins using yeast expression plasmid
PAUR123, which contains the alcohol dehydrogenase (ADH) promoter, in Saccharomyces cerevisiae cells
and their antibacterial activities. In order to improve the antibacterial activities of bacteriocidal yeast
cells, a strong glyceraldehyde phosphate dehydrogenase (GPD) promoter gene of S. cerevisize was am-
plified and inserted upstream into bacteriocin genes such as the OR-7, Subpeptin JM4-A or JM4-B
gene in the corresponding recombinant yeast plasmid. Yeast cells transformed by the recombinant
plasmid containing the GPD promoter represented higher antibacterial activities against both Gram
positive B. subtilis and Gram negative E. coli cells compared to those transformed by the correspond-
ing recombinant plasmid containing the ADH promoter. Thus, yeast cells harboring the recombinant
plasmid containing the GPD promoter constructed in this study could be applied in the food preserva-

tive or animal feed industries.
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W 8 A7)5A AR A Sl ¥ Z13y

= =
S3 ITH15]. Al ARA ofe FAAY S AT
T8 A YUAZ plasmid copy number, FALE &, repressor
2 inducerd ¥FE, TEEEHY 7T S
[2,3,813,15]. 4¥HA 22 plasmid copy number
HAS FEA71A T, copy numberZt UF AU Bd



SFAE ALE BEAES 2YsHA Hol dAY FEE
Y SA5eES 227 AY =Y plasmide] S-S
sl Az da A ANAES AT D9le] H7]
T d28,15]. olH 3 FAHE 237 A ez 7
g3 T2 RHE ARSI FASAY §32 HE S Es)
o Ao N A2F DA AAAEE I F At
[8,13,15]. A M X S. cerevisined] AHEE= EZHQ T2

EHY FRIZE =4 ZZEHQI GALI (galactokinase I)
Z2RH, A4 ZZEHQ GPD (glyceraldehyde-3-phos-
phate dehydrogenase) ZZEE{¢} ADHI (alcohol de-
hydrogenase 1) ZZEH Fo] UTH15].

£ AFolMe de ] FHA7E 2ilE 2R
A& NAs7I9lE AT AN Dol g S
= DNA (pAUR-OR7, pAURSubpA % pAUR-SubpB)
[11,12]°] GPD Z2RH A4 @813 it 7] A
d 48 AR 84 S Axstien, agdd o
HAMTY Bacillus subtilis 2 18523 WA Escherichia
coliell W3t 7]29] Az arote] e vlasiith
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A2 3 HHX]|

Agt& 2, DNA ligation kit, Pyrobest DNA polymerase,
Tag DNA polymerasex Takara Korea (Seoul, Korea)ol| ]
Akt

AR ¥d F8AWE DNAT alcohol dehydrogenase
(ADH) Z2 2 H0| 93] @& o] f =%+ pAURI23 (Takara
Korea, Seoul, Korea)S A}-8-3} St

FAA F24YS Y% £F25 WAT(E. coli DH5a) A Z
£ AH&st et g2 LB wiA|(1% bacto tryptone, 0.5%
yeast extract, 0.5% NaCl)E ©]-&3}o] 37°Cell A ulj &3St
T FRASA 9] S A= LB vl A ol ampicillin
< HFFE7H 100 ug/ml7t A d7kste] AHg-eitt. a4
Hj A= LB #j A o] 33 (agar)S 15%7} S == H7lste] A%
3Tt

AR By ZetAv = DNASY F2H8S A
+ B (S. cerevisine KCTC 7913) MEE AH&-3FATh.
YPD HJA|(1% yeast extract, 2% polypeptone, 2% D-glucose)
£ o]&3to] wjFstsint. YPD Auf A= YPD wj Aol &3
< 15%7F H=5 Hrhste] AlFstait

i o
bole 4
rr b

=
T
2

(o

GPD Z2EZH RMAQ &S U HIIME 24

GPD Z2RH A8} 55 28t S. cerevisine] #4
A DNAZHH forward primer GPDp4-F(5'-CCGGTACC
CCAGAGCTCCGATCTCGAGC-3') 9} reverse primer GPDp2-
R(5-GGTACCTCGAAACTAAGTTCITGG-3) < AH-3te GPD
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merdl| & E24S $5te] 5ETho|
A5 =48I PCR -3 2o

(72°C, 1)) Al 714 303] wHEaa, 7449 FIH72°C,
102)& F33tAth PCRYSE S5 DNA &8 AHZ
245 #8l pBT-1.1 vector (Bio-solution, Gyeonggi-do,
Korea)oll 123}l pBT-GPDpE #1235ttt A|ZHE pBT-
GPDp Z&}2v|= DNAE o] &3] thg3t AZ(E. coli DH5
0 FAHABAZ o, o] ZHE Fhav= DNAS F23t
Atk GPD Z2REH A &491817] st +29 Z¢t
27 E DNAE Agas Kpnl2 T35t 08% agarose
gelolA] 271952 S3kel DNA B2 Gaageh 99,
A71ME E4E Hel F2H ZTHLP= DNAE (F) Hhol2
YokSeoul, Korea)oll &]&|3te] A7]1XEE& ¥3]x, Hezl &
719<9¢ DS Gene 1.5 program (Accelrys Inc., Seoul, Korea)
S o] g3t Aas HARS 5 ISt

gy 2o Y JHME fIF U Z2IA0|= DNA

N
==
rx

o

3 17] 18] pBT-GPDp Z&}2=
&4 Kpnlo 2 Adst § 748 bpe] GPD

U= DNA?Q! pAUR-SubpA, pAUR-SubpB [11] ¥ pAUR-OR-7
[12]9] Kpnl 3919 LA, ARELF ol 54l 48
GPD Z22H f44 B B 1 HPAL LA, 75
H ¥ ZY2v=F electroporation (Cell-Porator, Life
technologies, MD, USA)WHol <3l EEAME(S. cerevisiae
KCTC 7913)5 JAASAZT FAse arAxe A
< YPD #j A ¢l| aureobacidin A (Takara Korea, Seoul Korea)
£ HZFE7F 02 pg/mle] HA H7tg & 30°Col A 347F
HjFste] skaint,

YAME SEERE Z2A0E DNAQ 22| &
Az EFAvl= DNAZE 248" ERS aur-
eobacidin A(#%%%= 02 pg/ml)7F H7H YPD H#jA] 4 mlo]
A&t 30°Coll A shEwk Bt v et $, 412 (14,000
g, 5®)3t] FAE 3435kt 7]l yeast lysis buffer (2%
triton X-100, 1% SDS, 10 mM tris-HCl (pH 8.0) buffer, 1 mM
EDTA) 200 plE ¥ o] 745 #8217 ¥, acid-washed glass
beads (425-600 um, Sigma, MO, USA) 0.3 g} phenol/CHCls
£ 200 T 9 287 vortexE F3FATE 4°Coll A FAIE
2](14,000% g, 10¥)5 Bt F5NS MEF tubed] &7]1,
o 7]4l| glycogen 1 pul, 5 M LiCl &4 20 pl, cold o &H& 500
uE A7HeE $, AT (14,000¢ g, 1087)E Bl Sepan|

0|

[

0k

i ok
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T DNAZ HAAZT AAE DNAE 70% g2 NA s
T AZA7) I, B 2584(ddH0) 20 ol 4Tk dA A
EREYH 349 ZZP2v= DNAS o438l tgi AX

(E. coli DH50)E ¥ E'Xdﬁiklzi t% o|ZHE Zgpan=
DNAE FZ31%9th G SRR s Y8t
o 329 Fgav= DNA—% zﬂmA Kpnlo. 2 Agksn
0.8% agarose geldl M Z7]19&& 4383t DNA B¥H-& &<l

SHAT.

91 LT (B. subtilis ATCC 6633)3 1%
tHZJ&(E coli KCTC 2223)& LB ¥} A& ]
&< ZIE] K250 rpm)3tal, AHE-317]
Ao o1 1009 845, 7 8492 YPD A
T2, A7)0 TEREE 7FA dhe 2] Al A e
U= DNAZF B8 3478 459 27 og arno
g pAUR123°ﬂ GPD Z2wEu Ar9lsh Zgpc
DNA7F £918 388 &%, 7% /)43 ADH Z2 W E
uS 7hA HPEﬂE]Q_‘_ A2 Zgam= DNAZ 598 82
A% AR ) FA e 24720 1 4 SR AT 30°C
ol st T Mg § FEAEol ) FHE S
A $H(clear zone)S Hlal - BEATE

2
=

kl

| =t
=

t

=

GPD =z EH R E2d F &0
S. cerevisiaeS] FA DNAZ - PCRY | 23l 748 bp<

GPD ZZXH H# .
vectord] ¢1723}o] pBTG DpE 21;‘—}‘5}93 CAYE AR
dde GrIMEs BAS A9, 5 9 3EddA Adas
Kpnl 915 &1 Ko, S. cerevisiae?] GPD ZZE
B fFadds &4

GPD Z=IZE FAAIQ| EHHO| AUE HiHZ|IQA ot
MEgh Z2A0|= DNAS 715 & Sngd §29| M

pBT-GPDpE Al&& 2 Kpnlo 2 H3le] 748 bp2] GPD
ZERE A dHE 53193, o] E pAURI23H A
PATol M AL whe 2] 4 wH Fekir|= DNASS Al
SF A Kpnl F9oll A9t o] 247 pAURG (Fig. 24),
pAURG-SubpA (Fig. 2B), pAURG-SubpB (Fig. 2B) %
pPAURG-OR-7 (Fig. 2C)o]2} W3ttt 75 % uhe| 2] &4
A AzT E220|= DNAZ BX ME(S. cerevisine) & 3
A 2«13?:}/\]?1] ﬁl-—ﬁL:?cl—/H e xﬂxlg].giou;] O]El?—lﬂ _E_a
Zeh2v = DNAS At Kpnlo 2 Heate] gheleh
7}, 748 bp] GPD ZERE FA%e] BHS FA8 5
Th(Fig. 3).

b

r

fass
Qi it ofl

YEME 2ol SrEy Hlu

DNAS! pAURG, pAURG- Supr
pAURG-SubpB ¥ pAURG-OR-7¢] =9 FAME a1

S o]43 FFIAE HNPAFgA B pAUR123
pAUR-SubpA, pAUR-SubpB % pAUR-OR-7¢] =94 € &4
A AR St FAEAS vlug 23}, ADH Z2 X
osf el oy FAA4S FEAINE 71Fe FAAS A

GGTACCCCAGAGCTCCGATCTCGAGCAGTCTGCAGTCGAGGATCCGATCG 50

KpnT

AATTCGTGGTACTAGTGCTAAGCTTGCCATATGTCGAGCTCGGAGTTTAT 100
CATTATCAATACTGCCATTTCAAAGAATACGTAAATAATTAATAGTAGTG 150
ATTTTCCTAACTTTATTTAGTCAAAAAATTGGCCTTTTAATTCTGCTGTA 200
ACCCGTACATGCCCAAAATAGGGGGCGGGTTACACAGAATATATAACATC 250
ATAGGTGTCTGGTGAACAGTTTATTCCTGGCATCCACTAAATATAATGGA 300
GCCCGCTTTTTAAGCTGGCATCCAGAAAAAAARAAGAATCCCAGCACCAAA 350
ATATTGTTTTCTTCACCAACCATCAGTTCATAGGTCCATTCTCTTAGCGC 400
AACTACACAGAACAGGGGCACAAACAGGCAAAAAACGGGCACAACCTCAA 450
TGGAGTGATGCAACCTGCTTGGAGTAAATGATGACACAAGGCAATTGACC 500
TACGCATGTATCTATCTCATTTTCTTACACCTTCTATTACCTTCTGCTCT 550
CTCTGATTTGGARAAAAGCTGAAAAAAAAGGTTGAAACCAGTTCCCTGAAA 600
TTATTCCCCTACTTGACTAATAAGTATATAAAGACGGTAGGTATTGATTG 650
TAATTCTGTAAATCTATTTCTTAAACTTCTTAAATTCTACTTTTATAGTT 700
AGTCTTTTTTTTAGTTTTAAAACACCAAGAACTTAGTTTCGAGGTACC 748

KpnI

Fig. 1. Nucleotide sequence of the cloned GPD promoter gene. Restriction sites of Kpnl were introduced both at 5'- and 3'-ends

of the gene.



Kpul Siwal Sal Xhol Sarcl Xbal Hpal

/ TapH1
Bamiil Papi Amp*

PAURI123 \
(6982 bp) ori |

L iPD
Amp®

Kpul Sinal Sall Xhol Sacl Xbal Fipal

AU

RI-C CENV
ARSL

B Subpeptin IM4-A gene
Subpeptin JM4-B gene

S
/ Tapw
Famtl Pasin
Amp'

Kpnl digestion

GPD promoter gene (748 bp)

e iPD
Amp*
Papmi

/ pPAUR-SubpA
l pAUR-SubpB Ori ‘

7032 by
( ) Kpnl digestion
AURI-C CENV
BamHl
o TapHI GPD promoter gene ( 748 bp)

Amh

pAUR-OR-7
(7162 bp)

o

PAURG-SubpB 1
(7780 bp)
AURI-C CENV
ARS1_~

AURI-C

(bp) M

S0 — +— T162 bp

G0 —

JOHHY —=

J000 —

00—

150H0 =

TG0 s

+— 748 bp

SO0 —
ol vlel & A= Fa /fdE GPD =
2ol FHAAE BT = FEHE |
Z Aol e =2 &5 e
(Fig. 4, 5). Brel 2] &4 FHAE 7424 ¢
2l pAUR123Z pAURGE =947 A A
= Al g ASAAE dehlA Sk

fu

rl[‘mHj
miﬂlioi‘m
> 2

rr

ot

Kpnl digestion

(bp) M

M
FICTIER

FIIT—
M —

2 —

150H8 -

S

>

PAURG-OR-7 OU\
(7910 bp)
AURI-C (‘ENV
ARSI
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Xbal Hpal
Bantil

Tap1

Fig. 2. Constructions of the yeast ex-
pression plasmids. The GPD
promoter genes were inserted
into a Kpnl site of pAUR123,
pAUR-SubpA, pAUR-SubpB
and pAUR-OR-7 to yield
pAURG (A), pAURG-SubpA
(B), pAURG-SubpB (B) and
PAURG-OR-7 (C), respectively.
AURI-C, S. cerevisize aur-
eobacidin A resistant gene,
PADH1; S. cerevisine ADHI1

Hmm" gene promoter, TADHI; S. cer-

TapH1
Amk

Tapm1

pAURG-SubpA \

evisize ADH1 gene termination
signal, ARS; S. cerevisiae repli-
cation origin, CEN; S. cerevisiae
centromere, Ampr; E. coli am-
picillin resistant gene, Ori; E.
coli replication origin.

1 2

= T032 hp

Fig. 3. Confirmation of the GPD promoter

gene fragment from yeast cells

transformed by pAURG-OR-7 (A)

il and pAURG-SubpA or pAURG-
SubpB (B). M; size marker, 1;

PAURG-SubpA, 2; pAURG- SubpB.

zZzrHo s uEgesl fAze w@de] fFrH=
pAURG-OR-7 Z&}Au|= DNAZF =4 ¥ 243 av9
AFAE 9AEY 2712 7129 ADH ZERE 93 o
H oA F1Ae] o] fE 5= pAUR-OR7 Zet2m|E
DNAZ} =918 784 S5 AdAS AA S vlag
A3, 28 1z ds A4S dAEL2 32 mm A
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A B

Fig. 4. Identification of the antibacterial activities of transformed
yeast cells with the bacteriocin OR-7 gene. The anti-
bacterial activities of transformed yeast cells against B.
subtilis (A) and E. coli (B). a: S. cerevisine harboring
PAURG-OR-7, b: S. cerevisiae harboring pAUR-OR-7, c:
S. cerevisige harboring pAURG.

Fig. 5. Identification of the antibacterial activities of transformed
yeast cells with the bacteriocin Subpeptin A or Subpeptin
B gene. The antibeacterial activities of transformed yeast
cells against B. subtilis (A) and E. coli (B). a: S. cerevisiae
harboring pAURG-SubpA, b: S. cerevisige harboring
PAURG-SubpB, c: S. cerevisiae harboring pAUR-SubpA,
d: S. cerevisiae harboring pAUR-SubpB, e: S. cerevisiae har-
boring pAURG.

o S7HE o, a3 ATl ha A5 AAe2 41
mm & § S7H A AT 5 ASITHFig. 4). £F, A4
GPD Z2REo|| o&) vhee] 24l
PAURG-SubpA % pAURG-SubpB &&2:7] = DNA7} £¢
d 3448 aREY ATAE 9 13‘&91 ang 71&9
ADH Z =2 K Hoj 43]1 uHe 2] Q4] f%
pAUR-SubpA ¥ pAUR-SubpB IE]-/\U]E DNA7} =9 &
ARG Ao *ﬂﬂ*ﬂ% A S} wag 23}, 23

pxe] W A5 QA 42 73 mm 3 28 mm P
o S7kstlon, 2@ gl g AS qAgE 74
ZH 44 mm 3 19 mm & O 7K AL 49T 5 A0
(Fig. 5).

B el AR FTiAL Bd ] B dejshe
GPD (glyceraldehyde-3-phosphate dehydrogenase) 3 Z E.E]

i

) 2uHz deid gow
[8/16117]r §-E,— =X 3]—0] Oﬂ}\i o]%o gl ‘ll];é] %&]ao 7H}\\j./\]
m 5[13]% Seo F[15]

GPD9} ADHI ZZ X EHE A8l A23 Zef2n= DNA
£ F=3}o] A ferritin H, L-chain @ ¥ =9 AH3} §4 9
AR E SRR &3 Chun F[3]% Kang 592
GALI Z2EE9} GPD Z2REHE A3l 49 A4t &

&5 FANHT B AFdXE HEHE S TEATE &
5wy Z#h2v= DNAY| 483 GPD Z2EHE =3}
o Bo e Fa 84S Uehlie Fadd AR Aol
Tbedtthe ARES B 4 Yl

o] A7e] AAE Rafjshy] A% AF] BELS THAE
T UE JFREEE WAT F e FTEL 5L 7159
Slo] BT Ass Asfstr] A FAA AR AL
o] 7Fset GAo] MAE A FR Aol JFssch
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