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Abstract

In this study, killer yeasts were isolated from traditional Nuruk to improve storage and suppress contaminant
in food industry. Among killer yeasts, yeast K15 showed strong killer toxin activity and inhibited growth
of Salmonella Typhimurium and Vibrio parahaemolyticus. Killer yeast K15 was identified with Pichia anomala
by the Microlog TM 4.0 identification system and homology of the ITS sequence. Killer toxin generated from
P. anomala K15 was inactivated by pronase E and suggested to be a protein. Therefore Killer toxin of P. anomala
K15 was thought to be safe in human such as bacteriocin. P. anomala K15 was sufficient for growth in 50%
glucose and could be used to prevent contaminant in initial stages of alcohol beverage fermentation.
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Killer yeasti= Z-& ol &3l 29 A5 A8t
ARG Wi, o)lFe] AAstE AWAE FAE killer
toxino]g}x (1), Bevanit Makower(2)7} 1963 killer
toxin AAF #F2 Saccharomyces cerevisiaes -8 Bl
gk F killer toxin &4 ¢l w2} Kldl4 K174+ 117}
Az EFFH 2 ¢lth3). Killer toxing % proteine]th
glycoprotein® 2 A = o] ¢)l.2r(4), linear double-strand
DNA, chromosome, cytoplasmic double-strand RNA¢| &
A A 271 encoding Heldde Aoz 48l QlvH(56).

Yeast killer toxin2 YHFH 0.2 22°Co|u], pH 4~591 4]
AL 71 = Zhetel] AW F2 AoE BuET gl
(7). weka FZd= wlA] el gelating A 7}8le] killer
toxin P& gr sl L] foldlA o]&-slua} s}
A EE g1 eH®8). Killer toxin X killer yeastel] thgh =)
9] A2 Choi $(9)7} Chung S(10)e] killer toxing A3
Absle Candida dattile® #2311 29, A4H killer toxin
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2] 5A4& A Rhee §(11)< o&h-& " A3t
killer yeast?l Saccharomyces cerevisiae B15-1-& ¥2]3}
3 gk i o] §-ate] WA 5AS A7tk Killer
yeaste olBhE WEET ol AFA gl m dE
AT A2 2 gk Lee 542 AF9 7k 2A-E WA 3}
2z QA wlF=24E killer 48 71| Hansenula
capsulata S-13& ¥l ate] YAz AE& HAEs et 2 9
o & killer toxing A4bsteE AR 2 E Saccharomyces(d),
Debaryomyces(6), Pichia(12,13) %] <&z it}

AT @ EAAES A7) s A3 a2t
killer toxin A4Hd 2 Al 25 e 2] Eel¥at oz
AEE 33l A2 5 a2} e AEx 9sich
=38} killer toxin AAFAd o] 9l SR 9} F=F A Zd] AL-E-
He 25 33ty &8 A4S 84 killer toxin &
Ae Jel = ohr) 3 killer yeastE 13 Ry Qo
(14), ¥-=] = killer yeast® &d® o] A1A killer toxin®] o3
AAdel o] 43 AF= gleh(15).

Killer yeasti= @A} A&t §-8-5 = 7o) o, killer



1078 A3l

toxin®] FEWF o]} fungi®] %= A grhe 2ot
A el A& biocontrol agent® % ©]-&-& A =3l 9)
th(16,17). ©WebA] killer toxin AAAF EX & vlfstA AE
Abglel] o] &5 3 glow, o 7px7E & AR A A Qlrt

B AT 4 wE 2 AF wasy S Fakdal
MEE AHsE L9FE] 4SS WAt HaAES
ZAA717He A8k Yt vAE o A dFA £
Ql killer toxing o]&-3t a2} A EF+5 2 Z5E killer toxin
A ZrE B A2 killer toxin® A E FAFS)

At

cEomge zrol Fal U MY
PR A GAE §71A9 S AET ST Az
o] &5 20 2 HE] killer toxin A4t ARE ¥ 3t}
2% 2 1 g HFZHFS 10 mLE FHrlsla 13
33 3 10v) 3] A3 349 100 uULE yeast malt extract
agar(agar 2%, glucose 1%, peptone 0.5%, yeast extract
3%, malt extract 3%, pH 6.0)d] =%slgdc}. 2447k 53t
28°Col A MEAZ] F AR AT Eefsidiod E2ld
Rt A1) wledsle] ACoIA wRsFA Yol o) §3halek

Killer toxin Mt 52 F2|

Killer toxin 84 &2 43 2% #4544 #7852 S
cerevisiaze KCTC 79305 =A™ 23] 74 $-3A1-23
(KCTC)oll A H-akntol o] 4-3lsith. Yeast malt extract
broth(glucose 1%, peptone 0.5%, yeast extract 3%6, malt
extract 3%, pH 6.0)9| S. cerevisiae KCTC 7930% 3+ W&
o] AEsle] 28°CellA 12417 A wlekalgde). S, cerevisiae
KCTC 7930¢) Aelokel 100 uLE 5 mL YM soft agar(agar
0.8%, glucose 1%, peptone 0.5%, yeast extract 3%, malt
extract 3%, pH 60)¢] #7138+ & YM agarell £33l 75
oz uE 2aEl §RE toothpick A E3she] 28°CollA 244
ZF o & AA=EE clear zoned §9F A A3 ch

ne

rio

ut HAAM N U E20f ost ZEM AL
WA FFE GediEta vl E fHE A7l B
A28l Bacillus cereus, Vibrio parahaemoliticus, Listeria

s}

minocytogenesis, Staphylococcus aureus, Salmonella
Typhimurium, Escherichia coli 0157'H7 Candida albioans
2wl AHgsisich WY & 2}

3t7} 913} B. cereus, V. parahaemolztzcus, L. mmocyto—

genesis, S. aureus, S. Typhimurium, E. coli O157:H7-& lu-
ria broth(yeast extract 0.5%, NaCl 1%, tryptone 1%, pH
70)l &k WFo) AHFeha 37°ColA 842 A edulof ok
A9 LB/YM soft agar(agar 0.8%6, glucose 0.5%, peptone
0.25%, yeast extract 1.75%6, malt extract 1.5%, NaCl 0.5%,

SubAl e - o7 F

CupsE w37

tryptone 05%, pH 6.0)9] A~}8F ¥ LB/YM agarel| %23}
31 toothpick-S o]-&3}ted killer toxin A4F EEE A E 3]
30°Cel 4] 18417k wioF ¥ QA== clear zones Sk A4
st ok

=3} yeast malt extract broth(glicose 1%, peptone 0.5%,
yeast extract 3%, malt extract 3%, pH 6.0)ol] 28°Cell A 12
A7F A kst C albicans WEN2- YM soft agar(agar
0.8%, glucose 1%, peptone 0.5%, yeast extract 3%, malt
extract 3%, pH 6.0)°] A7}& F YM agarol] Z33t
toothpick #&38}] killer toxin 44t ARE FHEg &
30°Coll A 20717 wiF = A==
skl

clear zoned §¢ 4+

[o

Klller toxin c‘,‘ tEmol 8
o =

Hu) A AF EJEHZ-] %}_A]—%]—fbr‘_ u} A
£ vlgh o 2 & BiologAhe] %A Al 28l (Microlog TM4.0)2
Z g A BAS i/‘]-f‘& % & %9 ITS(internal
transcribed spacer) sequence?] AFEAI-S- #4138l HE &
At & Beld &n wjekdl e 2 ¥e] Wizard Genomic
DNA Purification kit(Promega, WI, USA)-& o]-&3}o] ge-
nomic DNAZ AA3Z F universal primersl ITS 1
(5'-TCCGTAGGTGAACCTGCGG-3') H ITS 4(5'-
TCCTCCGCTTATTGATATGC 3% o] 43l PCR &
3ty =FH ITS partial sequence?l PCR productE &3
Ex}e] 9JF|slo] DNA 97]- 94 #A3tdct #49 971
A& NCBINCBI, http//www.ncbi.nlm.nih.gov)el| A
blast search® 433k % biocedit Z22%343} Cluster W=
o]&3}o] glign £AFE tHE Mega2 Program 22 phyloge-
netic tree® 2HAd3}9]cl.

Killer toxin =&Y H|=

Killer toxin 37 A 8- killer toxin A4t E2 Zujok
& 50 mL YM brothell 0.1%(v/v)= Al A&E3ta 7247k vl <F
g t}-8- 10,000 rpmoll A 1087 A4l B2l sted uiok A5
& 3 43ta o] F EAAZRY F AFEFS 10 mLel] £-3)

sho] Abg-shelvh.

Proteolytic enzyme?2| Hgf

Killer toxine- Qb o2 izl @ ofejx glon i
Zogxy Rl anst A ,}?‘f}—‘:— killer toxine] w4
EA el #Felslaal sl Fal 249l pronase E(1.20
mg/mL, Sigma Co., St. Louis, MO, USA) &< 1 mLel| 0.1
M citrate phosphate £+ (pH 4.7) 1.5 mL*<} killer toxin
ZAA N 3 mLE 7}sled 20°Cell A 1A17E uk-3-A F ot S
% pronase’} A 2|H killer toxind} Azls}x] -2 killer
toxing 2}7+ S. cerevisiae KCTC 7930 Awl<F<l 10 uL&
&3 YM broth 5 mLol| F7}ata 30°Coll 4] 18A17F vllokst
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t}8 S, cerevisiae KCTC 7930 A& =% &4 3t &3}
X killer toxin &A43-& ZAbstedch,
o}

SEERIE TR RS
d

= killer toxin A Zme] Fx24] o] 4715
3l7] g1ete] 3e 2 B WAE ARSI 5

g o] ok WAL glucose 1% WAl glucosed 40%, 50%
718k YM brothel] 24417F $-¢F 28°Coll A 1wl FAA F-
spectrophotometer(Ultraspec 2100, Amercham Biosciences
Co., Sweden)® 600 nmel Al 2 EE SA 5t F52 A
$-5 23] o AL A ch 42l AE WS YM
brothell 5%, 10%, 15% F=2 o s+-2-& Arsta 28°Cell M
57 wheF ¥ Ab7lh EAskA FF ASE slstalch

& e

3
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v

=
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2o 9 2
Killer toxin M4t 52 F2|
£ 320 2 e killer toxin A4t ¢F5 #2] stz
71222 F59l S, cerevisiae KCTC 7930 At A5
Lo A Ay A% K3, K5, K11, K12, Klo= YM
agar “}ol A S. cerevisiae KCTC 79309 A&-& o A3}
238 A A g 33l clear zoneo) BAHE T + Awt
(Fig. 1). =3, killer toxin A4 & 7HA< 471 5759
S, cerevisiae KCTC 79301 ™k A% A3 # clear zone
1 e Al s AT A7, KI57F A% AA D 72
24 3 mmz ¥A=e] S cerevisiae KCTC 79301 o
g g A% A2 Ve gl o killer toxin AJ4H
o]

X
S EN

[+

F AZFFDoI} Mol F(15) R NeFate] LEAF A
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eth

Fig. 1. Inhibitory effect on growth of S. cerevisiae KCTC
7930 by yeasts isolated from traditional Nuruk.
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Fig. 2. Inhibition activity of S. cerevisiae KCTC 7930 by
killer toxin produced from yeasts.

nelggong gz UAe] $-53 E TR F3E
o ofzA FFe] AolE Bl o) ANAE 13 AiFd

2 gjelm Abg"ch

olu} WM MT 2 Fof cist ZEM Al

Killer toxin A AR Addby o 22 &2 F x|
AgAas e Aoz dedd glevd, AHHAA Al
9l Escherichia coli, Shigella & Salmonella®) &l &
F3h2 Jepdvhs wax gleh18). aepa 2 A=
N E 2o zng g killer toxin A4t LEE )43}
o] ok WA A 2 EEe) g A& 35S tooth-
pick ¥l o2 ZAlstdch. 1 A3 S Typhimuriumel] A
4= K3, K5, K11, K12, K157} 25 A4 A dsg et
Wglen o]& 3 53 Ki57t S Typhimurium A58 74
3 Asstedch w3k #2€ &% Ki12, K15% V. para-
haemolyticus A-5% A A A clear zoned FAAIH 2
(Table 1), B. cereus, L. minocytogenesis, S. aureus, E. coli
O157:H7 % C. albicanso] ¥ Ad5 e Aoz el
s och B dFolA 2= killer toxin A4 #5< Kl2,
KI5% veast %%t ofyel S Typhimurium V. para-

Table 1. Effect of yeasts isolated from traditional Nuruk
on growth of various pathogenic bacteria

Killer toxin activities

K3 K5 KI1 K12 K15

. 1
Bacillus cereus _ - - - -

Vibrio parahaemolyticus - - - + +
Listeria minocytogenesis - - - - -
Staphylococcus aurereus - - - - -
Salmonella Typhimurium  + + + + ++
Escherichia coli 0157:H7 - - -
Candida albicans - - - - -
1

Strains

'+: growth inhibition, = no inhibition.
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haemoliticus®l] H¥F A35= Jeheo] W FagHYE
7 A 3 9l o], A EA] ] B3] 443 A2 AaHexl
ok A A4 Aol g yeast?] 2352 yeast 1o
enterobacteriat} enterotoxine] Z3}+s}ed mannose-sensi-
tivity interactions -23}e] Arle AR R X2
3127 (18), & oIl A H-2] %t killer toxin BA4F 29
WAl gk gzl atel dsid e o B 977 A s
o]Zof & Zlo|c}.

Killer toxin 444t &2 Mt

& AT AFAL Y o bR AE WAB AV A Q
Z-& 9138 killer toxin AJAF FFE xR} SHA T o) 6l
A7) AFRE gl @ AE FEo 22y E2H killer tox-
in A4t 75 F K15 S, cerevisiae KCTC 79309¢]] o) 3}o]
7F3tA A5-& Asistgd e, S Typhimurium3} V. para-
haemoliticus N = 355 viefulo] chefdl AbdA] §-8-o]
7Vs%r killer toxin 3L A4 FF5 Awkslgdc),

Killer toxin 44 29| 54

AHEE killer toxin 2L A4 #F K15E BiologAte] 54
A2 ¥ (Microlog TM4.0)22 13 A3 A3} Pichia
anomaladl 98%2] 4%5-73-& vreblsic}l. =3 ITS 1 pri-
mer(5'-TCCGT AGG TGAACCTGCGG-3'), ITS 4 pri-
mer(5'-TCCTCCGCTTATTGATATGC-3)E ¢]-&3}

PCR #3Z 3 partial 185r DNA sequenceZ ©o}-&3te] NCBI
9] blast searchs 38 A3}, Pichia anomalad) 99% A=
A& vehe] Pichia anomala K152 %% 5} ch(Fig. 3, 4).

Proteolytic enzymeol| EfS 3%F

P. anomala K159 w%F AF54-S pronase EE A& g
F S. cerevisiae KCTC 79300l w3t A5 #8155 213+
A3} pronase E 2= A] killer toxin 43-& A& =] S, cer-
evisiae KCTC 79302] A3-8-o] QA= x] eistet. abefa] P,
anomala K157} A AFsk= killer toxin< Y¥FH 2 2 ¥ 15
o1l Z(5)7} 7Fo) proteinl. & FAFH R Ao FHEg)
tH(Table 2).

P. anomala K157} 23438 killer toxinS w4l £3) &
drell o3l Felis m 2 Asbr| oA 41 Bal =] bacter-
iocin(19)3} 7ol QAo F-EAolv], AAEA ] glo] AFu}
ZhE d32g wad 2AA 5 Killer toxino 2 2H-8-3F
o, f5 Sl A7) A a4 3Rl 23 29
of gk Ao F JA T& AT 5 9le oHdd FaA
Al AR SRS o8 7heAel U& AL Algd

S
=2

Killer toxin A#&t 73 K159| oflgt2 4 ot LA

ATTCTATTGCGAGCGCTTATTTGCGCGGCGATAAACCTTACACACATTGTCTAGTTTTTT
TGAACTTTGCTTTGGGTGGTGAGCCTGGCTTACTGCCCAAAGGTCTAAACACATTTTTTT
TAATGTTAAAACCTTTAACCAATAGTCATGAAAATTTTTAACAAAAATTAAAATCTTCAA
AACTTTCAACAACGGATCTCTTGGTTCTCGCAACGATGAAGAACGCAGCGAAATGCGATA
CGTATTGTGAATTGCAGATTTTCGTGAATCATCGAATCTTTGAACGCACATTGCACCCTC
TGGTATTCCAGAGGGTATGCCTGTTTGAGCGTCATTTCTCTCTCAAACCTTCGGGTTTGG
TATTGAGTGATACTCTGTCAAGGGTTAACTTGAAATATTGACTTAGCAAGAGTGTACTAA
TAAGCAGTCTTTCTGAAATAATGTATTAGGTTCTTCCAACTCGTTATATCAGCTAGGCAG
GTTTAGAAGTATTTTAGGCTCGGCTTAACAACAATAAACTAAAAGTTTGACCTCAAATCA
GGTAGGACTACCCGCTGAACTTAAGCATATCAATAAGCCGGAGGA

TTGAGGTCAACTTTTAGTTTATTGTTGTTAAGCCGAGCCTAAAATACTTCTAAACCTGC
CTAGCTGATATAACGAGTTGGAAGAACCTAATACATTATTTCAGAAAGACTGCTTATTA
GTACACTCTTGCTAAGTCAATATTTCAAGTTAACCCTTGACAGAGTATCACTCAATACCA
AACCCGAAGGTTTGAGAGAGAAATGACGCTCAAACAGGCATACCCTCTGGAATACCAGAGG
GTGCAATGTGCGTTCAAAGATTCGATGATTCACGAAAATCTGCAATTCACAATACGTATCG
CATTTCGCTGCGTTCTTCATCGTTGCGAGAACCAAGAGATCCGTTGTTGAAAGTTTTGAAG
ATTTTAATTTTTGTTAAAAATTTTCATGACTATTGGTTAAAGGTTTTAACATTAAAAAAAA
TGTGTTTAGACCTTTGGGCAGTAAGCCAGGCTCACCACCCAAAGCAAAGTTCAAAAAAACT
AGACAATGTGTGTAAGGTTTATCGCCGCGCAATTAAGCGCTGGCAATAGAATACTA
TAATGATCCTTCCGCAGGTTCACCCTACGGAAG

Strain (Accession number) Similarity (%)

Pichia anomala (AY939800) 99
Pichia anomala (AY231612) 99

Pichia anomala

Primer ITS 1
Primer ITS 4

Microlog TM4.0

Identification

Pichia anomala K15

Fig. 3. Result of blast searching with the ITS sequence (up 585 bp amplified with primer ITS 1, down;
573 bp amplified with primer ITS 4 from genomic DNA of yeast K15).
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Fig. 4. Phylogenetic tree of Pichia anomala K15 with related
species.

Neighbor-joining tree was based on ITS region sequence
(internal transcribed spacer 1, 5.8S ribosomal RNA gene, internal
transcribed spacer 2). The marker bar denoted the relative branch
length. Bootstrap values, expressed as percentages of 1,000 repli-
cations, were given at branch points.

Table 2. Effect of proteolytic enzyme on Kkiller toxin activity
of P. anomala K15

Treatment Cell growth” Killer activityz’
Pronase E 0.035 -
None 1.893 +

UCell growth was measured with spectrophotometer at 600
nm, 2+ positive, —: no activity.

& velgdti(Table 3). 12w} 10%2] o =hg F=oA A
$o] FAEA Azt ol ol ghLel 3k WA okslglc)
F2A 27 BEGA N HENYS] F FrE Fon,
o} T

o
fo
i ol P

duby o g 2 Holrh aepr] £ killer

= AR ol 28] A

o] A5-& AdfshA et
| A Faiste] e} A1) A8 upx

o] AP EE g 5 oS AT AlmE A} wt

Aol vl A 2939 o] 2 a7t

Aol AdZE FE7F S7HE ] K152 S F43] A

2

Fae) FAAE 8 9L T 4 A0 A7 o]

g
23

el
N

utl
x
bt
oo
fol
et
s

Table 3. Effect of ethanol and glucose on the growth of P.
anomala K15

Ethanol concentration (%)  Glucose concentration (%)

0 5 10 15 2 40 50
2043 1966 0222 0034 2572 1862 181
DCell growth was measured with spectrophotometer at 600 nm.

K15& FzAd o) 47t17t & H o2 Azidoh
Q ok
e =

B Ao e HEAF AR 7HE AAsA Y o1
W EE kA Ely] el AR R A gaA £da
killer toxin A4+ o3-2] K3, K5, K11, K12, KI5& A5 +%
o z2xE 2ejslodct H2)H killer toxin AAF 45 F A5
=9] Y14l Salmonella Typhimurium 2 #edv] Hel &
9] Y19l Vibrio parahaemolyticus®] A
killer toxin &Ae] 7} -3t K165 2%

B
=y do
=)

o,

K

L

ZAVs}e] 248 A3k Pichia anomaladl 99% 544 1}
el o] Pichia anomala K152 %733t el P. anomala K15
7} AAF3LE killer toxin whAl e Aol o5 E&A
3} Hug A waal Lalise ofs fHA
7b58k FA3 dFEAYS FHAd 5 gk = P
anomala K15% &g WA ofsht 1gze] el A
o) ang Fx waxy] M o|APLEE WA
& 9 9E AR AtzEeAl,

LAtel 2
£ AT AR A Al sl e Ak (A &

1002441)9) QA79] A el 93 o] Folzl AFAze] Ay
2 ole] A=)
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