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Purification and Partial Amino Acid Sequence of a Bacteriocin Produced by Lactococcus sp. HY 449,
Oh, Sejong, Sang-Jun Leel, Gyung-Tae Kim, Sang-Kyo Kim*, Yun-Hee Park?, and Young-Jin Baek. R & D
Center, Korea Yakult Co. Ltd., "Dept. of Health Food Science, Chungkang Colleage of Cultural Industries, *Dept.
of Biotechnology, A-Ju University — A bacteriocin produced by Lactococcus sp. HY449, was purified by sequential
purification steps such as r-propanol-acetone precipitation, ion-exchange chromatography using CM-Sepharose
CL6B, gel filtration chromatography using Sephacryl HR100, and reverse-phase chromatography using Pro RPC
HR 5/10. Reverse-phase chromatography, the final step of the purification, yielded a single symmetrical peak of
bacteriocin activity. The purification resulted in a final yield of 3.25% and 413.5-fold increase of the specific activity
of bacteriocin. The active fraction from reverse-phase chromatography was used for N-terminal amino acid analysis.
The purified bacteriocin contained isoleucine, leucine, methionine, and glycine at but N-terminal end no aromatic
amino acids. Calculation of the number of amino acid residues in the bacteriocin revealed that it is consisted of 32
residues, assuming the molecular weight of bacteriocin to be about 3.6 kDa. Edman degradation elucidated amino

acid residues of the first four of the N-terminus to be NH,-Ile-Leu-Pro-Gln.
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Gelfiltration chromatography
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bacteriocin®] o) xAF FA]-& PicoTag(TM) column(0.5 X
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02018 W& o) 433, cysteine> Matsubara®}
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cynate)?} HRSAIA FEAE HE o 89)e437H0.22 pm)
3led columnel] FU3FHAH.

olu] Al AMPEA L Edman HPH-E AMEEl] DAL
B&lg ¥ protein sequencer(Applied Biosystems Inc.,
CA, USA)E H-A3lgict.
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o} bacteriocin®] E43& 715 A, AFEe] H7Ke 8,742
BU(bacteriocin unityml ©]%l3Z, Amicon YM I(MWCO
1000, Spectrum, USA)2-2 3relea}Z AlAgE 7ol
15,000 BU/ml, Amicon PM 30(MWCO 30,000)] 7d-$=
12,000 BU/mt®] A4S 2o, 60% E3} (NHy),S0.2
AAAAL v 10,000 BUMIS] BAE- ¥gjch(data were
not shown). 1elv} Steledale] A9 xjzle] whe] A8d
W} oha} RE & EX}Eo| retentateol] FHFES] F52
oululel] gt = acetoned o8-8 HHEIME BA



Table 1. Conditions of HPLC for the analysis of amino acid
composition

Column : PicoTag(TM), 0.5 x 300 mm

Oven temp. : 46°C

Detector 1254 nm in PDA

Solvent : A: 4mM Na-acetate/0.1% TFA/6% CH;CN, pH 5.0
B: 60% CH;CN

Elution : linear gradient of solvent B(0-100%)

Flow rate : 1.0 ml/min

Injection vol. : sample-20 pl/standard-4 ul

o] TiH-E Jehlx] A4S 2 p-propanots ©]-4-3 WY
< AHSIE B,

n-Propanol2 $&3 ¥ acetone S 3191& W bacter-
jocin®] & 97R= 11,292,114 BUZ uehgton ulghde
13.49) Z7F8lge}. Cold acetoneS A E|dle] UA4H-e]3}d
S o v Ao} 95%7) o] AFYell= bacter-
iocin®] el Qisix, 5%7} olyqt A Eel 71.8%2 &
Ae] A= lcH(Table 2).
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Bacteriocin®] pH FAS =3}l owjxos {34
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Fig. 1. Elution profile of crude bacteriocin on CM sepharose
CL6B column chromatography.
-O-, 0.D214nm, — 4 —, NaCl gradient; ~ @ -, Bacteriocin activity.

2709 A BEE Figl 3-89t FH(MWCO 1,000)
3 ¥ 54 33 A8 2Y¥E, bacteriocin ©]9]2] Wi
€ AAs7] 98] Sephacryl HR 100°] %1% low pre-
ssure gel filrationd & A= Fig. 29} #+. A9} B9
219] peak® £2]=|1=4d| peak A H-¥-¢] bacteriocin &
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Reverse-phase chromatography

Gel-filtration columng AX A 23L& =AHZI F
0.1% TFA H,0¢] < ProRPC 5/10 column®l] Y 3,
100% acetonitrileS AME3le] F= FHIE FHA 42417
A= Fig. 39 2ot F2kl FyA el s peaks &
Ao]l ¢l Bl 35% acetontrileolA] “EP}= peak
7} bacteriocin ¥H Y4 & 5 9Jgler ol5e vlE
2 77:232% JePgdo} #HEHoZ AHAE bacteriocing:
WEARAA F 3 BashaM A7) dE5s ofn)xAl B
A 9 oluxAl YR AR AR
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Table 2. Purification of bacteriocin produced by Lactoccoccus sp. HY 449

Sample Total protein Total activity Specific activity Yeild Fold

(mg) BU) (BU/mg) (%) recovery
Culture supernatant 254.26 15,735,600 61,912 100.0 1.0
n-Propanol precipitate 13.56 11,292,114 832,753 71.8 134
Ion exchange column extract 1.27 5,560,627 4,378,446 353 70.7
Gel filtrated extract 0.17 1,152,000 6,939,759 73 112.0
RP-C;; extract 0.02 512,000 25,600,000 33 413.5
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Fig. 2. Elution profile of partially purified bacteriocin on
Sephacryl HR 100 column chromatography.
-O-, 0.D214um; —@-, Bacteriocin activity.
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Fig. 3. Elution of semi-purified bacteriocin from a Pro RPC 5/
10 reversephase column.

< A48 4 3sick(Table 2).

Reverse-phase chromatographysl|4] A% bacteriocing- pH
7.0 phosphate $+Z8-ol] ¢ analytical HPLC chromato-
graphyE- 38t A7t o 30 peakrt HEH ] AA7}
Z HYEE & F UddHFig. 4).

Tricine-SDS F7|H=

Reverse-phase chromatography7}#]2] AA| 4] %3t
bacteriocin®] A HEE- o} Br] 3l A7|G5E A
A18k93e}. Fig. SollA B 4 9l%e] AAE bacteriocin
9 HEE vehle] £rEl R AAENSS o
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Fig. 4. Reverse-phase chromatography of purified bacteriocin
using Protein-Pak 125 column. Elution with 0.1 M phosphate
buffer (pH 7.0) at a flow rate of 0.7 ml/min.

kDa

Fig. 5. Tricine-SDS-PAGE and detection of antimicrobial
activity of the purified Lactococcus sp. HY 449 bacteriocin.
(A) Gel stained with Coomassie blue stain. Lane 1, low molec-
ular mass protein standards (Novex, USA); lane 2, purified
bacteriocin. (B) Gel overlayed with cells of Lactobacillus fer-
mentum 1IFO 3023 inoculated in MRS soft agar.

A}, EAleF FA| R} vlwet A3} oF 4 kDa ]k
EARRS 7HRE Aoz g 4 glsich =3 A7]%
g gel Yol AAIFE FHET soft agarE FTF3}o
bacteriocin®] AdS ZARE 27 919] band?} UXFH= X
o] 73t A3k} WA bacteriocind L ER1& 4 2lget.
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Table 32 AAE bacteriocin®] olu|xAl BA mA=2nlE
oyt =AL el Aot} isoleucine, leucine,
methionine, glycine, lysine $¢] Th& opu|lcAle]]l B]3}o]
W@kt Ile, Gly, Met, Leu, Lys 52| o}u|izAto] wol



Table 3. Amino acid composition of bacteriocin produced by
Lactococcus sp. HY 449

Amino acid (}:):Zl;i; I\;I/:)l Residue
CYA* 33.49 2.90 1.0(1)
ASX** 57.25 4.96 1.73 (2)
GLX** 54.17 4.70 1.6 (2)

SER 62.40 5.41 1.9(2)
GLY 147.08 12.75 4.4 (4)
HIS 57.87 5.02 1.74 (2)
ARG 15.02 1.30 0.4 (0)
THR 15.51 1.34 0.4 (0)
ALA 65.75 7.44 20(2)
PRO 62.51 542 1.9(2)
TYR 5.05 0.44 0.15 (0)
VAL 53.38 4.63 1.6 (2.0)
MET 124.80 10.82 3.7(4)
ILE 154.24 13.57 4.6(5)
LEU 106.00 9.19 3203)
PHE 11.77 1.02 0.4 (0)
TRP 3.35 0.29 0.1(0)
LYS 103.63 8.99 3.1(3)

*CYA means the sum of cysteic acid & oxidized cystine.

**ASX, GLX mean the sum of Asparagine & Aspartic acid and
Glutamine & Glutamic acid, respectively Each number is expressed
as pmol per 20 pl injection vol.
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2B ARl Al £ dert Ads AeE A7
St N op|xAl Age Fzo] 4 opulxeAlRt %
E=9)0n] SHAHEIE blockingFlo] $431x] E3isict.
Z 9] oluieAl ME-& NH,-lle-Leu-Pro-Ging. Lehdc},

| &

Bacteriocin®] HAIDA = 4wkl FAE AlA)
7] $i3le] F2 AAERE AREEP, QAL TAe] A2
o FA=e] Q& bacteriocind F2]A7]7] $15ld pHE
ZA3T XS s 59 AAE = A= ok
12 AP o 2= WAlRe] A5 (cell-free supernatant,
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ol F2 AMER 9lem, 3Fll: AUt 2719 mem-
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iocing F&3led 52.3%9 348-L A9on, Pulusani &
[181= 50%2] 3488 dicka ®By3} b} ‘iltl' Ammo-
nium sulfate® FAAZ A AN ¢o] Rfel= HB
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Muriana®} Klaenhammer[14]% ©]9} -2 #HARS Hsl
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o 9L 23% Hopx ¥A vERdI2], Lyon? Glatz[10]
7} propionicin PLG-1 AAMAl Rg™ 12% XRope= A
2 IeES Bad.

Piard 5[17}% lacticin 481 A2l A lipophilic F
Aol LH60 (LKB-Pharmaciays AR8-3led gel-filtration
ARIEIES o 3.2%2] "Adute| sieEE EAIE AYsk
t}. o] 52 |33t FAl7} lipophilic A2} bacteriocin A}
]9} hydrophobic interaction W-EY AOoE FZ3lo], o]
£ HAY FHOZE o[F422AM 0.1% TFASl 2-propanol
9| F=F ookl 3l Yot 35e-ee $3AY)
2 X3l o] AFEHE] bacteriocin®] W& 3§
ele] A2} bacteriocin 7F2] hydrophobic interaction®)
A= opd Zloz Byt vl gld.

Muriana®} Klaenhammer[14]3= (NHz,S0, A, gel
filtration, HPLC A5 $38}] lactacin F2] B]&A]S
474 W2 7S, Mortvedt S13F L. sake L 457}
AJA¥8l= bacteriocing] lactocin S&
phobic interaction, reverse-phase ™ gel-filtration column
22 AAZ A, B]8Ae] oF 40,00000F. vi$- - A
F&E ¥ s} Piard S(171% lacticin 481
nium sulfate A3} gel-filtration, preparative % analytical
reverse-phase HPLC®] <22 AHAI51%.27, ammonium
sulfate A2 4550, AA AAAAS Fa w|BAHS
107,506 2 Z7HA A 4 = piveis TR DS

E AN A7195E 3% 29 ddi=s klg

T U, Y -r]"]"ﬂ"'] A o] veld g B
°]- 2 bacteriocin & 7]2] peptide E=+ protein® 2 T~
AEe S A= AU 28 Jacticin 4812] 745
SDS-PAGEZ. A/MAIZHE o 1.7 kDa2] $)x)¢ll lacticin
TS 7RI B =S A8 4 3l%en, 3.4 kDad)
dimer® AL Jepidn sl =3 Joergeret
Klaenhammer[S¥= Lactobacillus helveticus 481¢] A3}
T helveticin J2] A uhH3} EXdo)] FHsle] AF3L, HY
F A5l sl et A E s B A o
bacteriocin #2Fe] 300,00001444] aggregate HEHZ &
A &kd 21}, Sephadex chromatography® A& bacteriocin

ion-exchange, hydro-

amomo-
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£ SDS-PAGE 3 Z3} EA}gfe] 37,0000.2 vebgton]
o] F-o| bacteriocin®l FAAE 7FAZ YNk 3
o]&8 AR bacteriocin®] conformation ¥ =H§- BAI=}
o] Sl ALE AT st

Bacteriocin®] AAE W2 Al8FLE AXHA A
o] k=4, Oh S[15,16}2 class IIo] 43l bacteriocin
< hydrophobic interaction columng- AMS-3le] <44 F-2]
3 4 93k A bacteriocin®] EFo} EAlol dle} ook
g Aaubge] AMg-Eoizof 39, AAE A% FAE Hg
3] slofrt Bt gukE AAMEE AYE 5 U Aol

¥ bacteriocin A71945] A o|F=E Fld AAL
g A3} 2= of 4 kDa ©]3}8] 22 peptideZ FA =
At etrlxAl 2AS EAEE 25} e, Leu, Met, Gly,
Lys 5o| oF& opnjixAlel] vidle] W@ Vel om, o] 5]
o) 444 ofm|iAle]l AXE bacteriocin®] 2H4-5A)3}
AR B3] B dart glE Aotk opn)xAl 2A
£ TAZ e BERE FANE 29, 2 bacteriocin
309 opulxAbe R FAIES] glom BRI 3.6 kDaZ
AT, 3 NGT ofn|xxAt AMde] A 4748 o}
vlxxAlE 5S¢l o] NH,-lle-Leu-Pro-Gln g1 712
2 Folso] nisind obd ZHoZ EIFHH.

w2l Lactococcus sp. HY 4497} AJAFsl= bacteriocin
2 A9t bacteriocin® 2 A7}E o], £ ATAEL YEnlo]
2 4] (lactobiocin}- 2 #H3}5 3L, HA olel] gt &
F7F 2185 et

2 o

Lactococcus sp. HY 4497 FEF Ml7-glucose brotholl
wjekale] wjek RSl o2 XE] propanol-actone A, ion-
exchange chromatography, gel-filtration chromatography
2 reverse-phase chroamtography 55 E3le »| A
25,600,000 BU/mgg]l <573t bacteriocind AA| 3}

A A Fol|A jon-exchange chromatography A<l
A= 353%2] 8-S vepligl o), gelfiltration chromato-
graphy SHA|o| A= Bl4-go] 7.3%2 7HA3ldc). Reverse-
phase chromatographyllry 3.3%%] 35&& EHa &
AEX 413.5002 Z718ge}). Tricine-SDS #7)4% 23}
bacteriocine GYMEZE vieldow, Nt opn|xAl A
g BXME 43 3 A3} NHp-lle-Leu-Pro-GIn= &l =)
o}, oln)xeAlRA] FMAANE wpEke 2 B «5% 2
7}, 2 bacteriocin 32702} olmjiAlO R o]FoiA glor
AL 3.6 kDadl A2 FAHIH.
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