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Characterization of Antimicrobial Substance Produced by Lactobacillus sp. HN 235 Isolated from Pig
Intestine. Shin, Myeong-Su'?, Sun-Kyung Han? Ji-Hyun Choi?, Ae-Ran Ji., Kyeong-Su Kim!, and
Wan-Kyu Lee?* "Korea Bio Science Research Institute of Organic Bio Tech Co. Ltd., Jincheon, Chungbuk 365-
861, Korea, “College of Veterinary Medicine, Chungbuk National University, Cheongju 361-763, Korea - In
order to develop probiotics which may be a viable alternative of antibiotic use in pig industry, five bacterial
strains (Lactobacillus sp. HN 52, 92, 98, 235 and AP 116) possessing antimicrobial properties were selected
from 500 strains isolates of pig intestines. The bacteriocin produced by Lactobacillus sp. HN 235 displayed a
relative broad spectrum of inhibitory activity against all Enterococcus strains, Pseudomonas aeruginosa, List-
eria monocytogenes and Clostridium perfringens using the spot-on-lawn method. The production of antimi-
crobial substance started in the middle of the exponential growth phase, reached maximum levels (6,400 AU/
mL) in the stationary phase, and then declined. Bacteriocin activity remained unchanged after 30 min of heat
treatment at 95°C and stable from pH 2.0 to 10 for 1 h, or exposure to organic solvents; however, it diminished
after treatment with proteolytic enzymes. The molecular weight of the bacteriocin was about 5 kDa according

to a tricine SDS-PAGE analysis.
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Escherichia colill 28l AAFE %~ colicin® microcing 7}
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Fig. 1. Scanning electron micrograph of Lactobacillus sp. HN

235.
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Table 1. General characteristics of the HN 235 strain.

Characteristics Result

* Morphology
Shape rod
Gram stain +
Spores -
Motility -
Acid-fast staining -
Culture characteristics
Aerobic growth
Anaerobic growth
Growth at 25°C
45°C +
‘Growth pH range 4.0-8.0
Growth in NaCl 3%

Physiological characteristics
Catalase -
Gas from glucose -
Acid from
L-Arabinose -
Galactose +
Glucose +
+
+

+ 4+ o+

Fructose

Mannose

Mannitol -
Sorbitol -
Arbutine +
Esculine +
Salicine +
Cellobiose -
Lactose -
Raffinose +
Turanose +
Tagatose +
Arabitol -

1DNA §71A Gl A&t AsAdS vlwst 23, 99% oAk
AHEZ  Lactobacillus agilis(M58803)}  Lactobacillus
salivarius(AF089108)%. ¥-75+ A2 et weiA
HN 2359 A3kt #5598 F99317] Hsixe o9& A
A 9 BAAAESHY 7ol wd FAA o] S7EHH.

HN 235 ZFe| MEZM| e gmad 4

HN 235 @52 wjefalgtel] whd A4S MRS 4]
wiAlell A AR A, 18470 Hel) T4 3.5x10° cfw/
mlZHA] Asigiem, olue] pHe 3.80515HFig. 2). 771
Abel] ©Jgt St EAE A7sl7] Hste] AFT W] pH
£ F33 F, spot-on-lawn W02 YFEAY] HHE S

At A}, G715 AT T JASHE Boly] A

zhslgd. o, A 7)e] 6,400 AU/mLS] Hd 84S
efligle, ] 18A17) o] FEl FAsH dArEAde] |
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Fig. 2. Cell growth and bacteriocin production of Lactobacillus
sp. HN 235 in MRS broth. O, viable cell growth; A, antimicro-
bial activity against L. monocytogenes.

o]A]7] AlEslgd e, AbE 7| RElE dA £FS A
o, FEAL] o] AAVE A AbET]o] =EsiEA
FAM AslEE ddS Aol Aaksls vl el
e FEA = vl AT, 3, 8, 28, 33]. Aol F
A3 A EHE o] 2 A Bl fael] 23 vleg]
24l EAY B, A zle] $, 221 ulee] el A
ARE Aol Aid 2 Fo= geiA Sloe, 11, 271

eSFEH FEHN ¥ olsley 4

FEAl e e AE A7) $sle] dubx e
2 ammonjum sulfate® THA-S HAAAZ ¥, gel filtra-
tion, ion exchange chromatograbhy, HPLC 59 E3sl
W2 Albe a7k vhS ARSI lE(s, 18] 2] &
Al ammonium sulfate A A]ell= T atel]e} wy
A Well 8 =sbeslE 2 29 28 247 A
Ao} o DA 22 AA A ofigo] AT YA
SITH33]. pH W3l w2 ulele]eale] Akt gt &
Aoz 7idslA e 94l S wiof o 2 K] Hals)
o] oAl o] F, wieE] eAle] FF = vezle
Al AR st ARSI gleH13, 35). HN 235
TF2HE A E HEAE Yang 5(351 WS Al
B3k A3}, vl w2 o8 FelEgeng REAA b
gzl ealeg AR 4 Qlleh

A9 Aoz el sl HN 235 FFEHE FEA
A FF2-el A3 B A=, IAe), pH 9 7140
Aelel] digt wle2]eAle] eFdA-E AR A4S Table 2
ol EAISISI}. HN 235 d5-248] FRAAE dEde
) 25§49 proteinase K, protease type IV, L8] 1
pepsin 5ol ©J3le] s3] et EAJo] B2 }E 0] 97}
7} A= 21, amylase?} catalaseol] TsjAlE o2 o
= WA sk (Fig. 3). WA olddt FEALS H0,
v skepslEe] XA oS A = peptides® o] F
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Table 2. Effects of enzymes, organic solvents, pH, and heat
treatment on the activity of the bacteriocin partially purified
from Lactobacillus sp. HN 235.

Relative antimicrobial

Treatment activity (%)

proteinase K 0
protease type IV 0
pepsin 0

Enzymes  trypsin 50

a-amylase 100

-amylase 100

catalase 100

60°C, 30 min 100

Heating 95°C, 30 min 100
121°C, 15 min 50

2.0 100

3.0 100

4.0 . 100

5.0 100

pH 6.0 100

7.0 100

8.0 100

9.0 100

10.0 100

ethanol 100

methanol 100

chloroform 100

Organic acetone 100
solvents  acetonitrile 50

hexane 100

ethyl acetate 100

acetate 100

oAl ubelz]eAl9lS o 4= Aot HN 2359 Hheje]eal

A2 A o] At 95°ColM = B E fAsk e

=, pH 2~10 A A3l o, f718= Aol Hs)
Ale F714 SEE 49 Aol & Btk

=2|2Fe| s

HN 235 @59 wiofl o F2AAg 2ol gt
TS AR 23, 2% P F SATTE ds)
of FyE dFHE AU UK (Table 3). wiF& ARE-
g} deferred antogonism Bl A= 18heA)7-S Z§Hs) o
F5o] AAIFES] ARl A=A FEAA e
< 0|43k spot-on-lawn Wl M= 53] L. monocytogenes
ol Aaed wilg- A @A) ehted), oA o
<) Pseudomonas aeruginosa®l] WA= 2R AL B
Ak gebd E colid} Salmonella®}y 742 1HSAFFE
2] AAko] AAlE olfr= F71AF T8 FA el whE pH A
3} &3¢l Ao g FokEgle). HN 235 457 AAksl= &

Fig. 3. Growth inhibition of Listeria monocytogenes by a bacte-
riocin produced by Lactobacillus sp. HN 235 using the spot-on-
lawn method. 1, partially purified bacteriocin; 2, catalase-treated
bacteriocin; 3, proteinase K-treated bacteriocin.

T A ERHAE dghko, Class a2 5
g uelgeale]l B4 F shiel Listeriaol ot 73l &)
T8 Eutole}, Clostridium perfringens T35l tislA
= GFEHE AV QU L monocytogeness EF,
=, 62 ¥ AR 5 AdA gE FEHT gl g
olm (15, 221, 53] WA FEHT sl AFNA Aol
Al AAQl AFES WYA7IE Ao deiA o 21l
=3, A4 4 7R =54 A 8-E Az A
A L. monocytogenes TH7F 2.5 o] AlEabdAdel] A7t
g FAAeR B2 9lvH1, 29, 34]. CL perfringens=
7hERelN A A9S dor)® s, 24 P o4
AEANME A HARS A7) AoR waEFg,
9, 23]. metA, AFFFLE AY T FUs:= L
monocytogenes$t Cl. perfringensel] Wdled 24z o=z Azb
= AANTIE e AAlshe HN 235 355 7154
ATAZ AHEE 75, 715 WA 7559 o
ohe}t EEaA oM L9 E AFR MY TSl
A5t R ESE e 4 glS Aol

SDS-PAGE0| ofst &Exjzk

T2 AAE dhele] 241& SDS-PAGEE. whjd 7]
T 319 o 2 F9elA bandS WABISITHFig. 4). A
AITFSZ L. monocytogenesS AMste] S EAS v| et
A3}, 10 kDa A0 ¥ Aol M= Frist AR gs B
T a2, A=k 5 kDaoll 9118} Q)= bandol A S
B35 ehigiet. wee oAl 254 Class Taoll £330
sakacin P, leucocin A, pediocin AcH, 18] enterocin A
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Table 3. Antimicrobial activity of the bacteriocin produced by Lactobacillus sp. HN 235.

Indicator Medium Modified deferred method ~ Spot-on-lawn method
Bacillus cereus KCTC 1012 BHI + -
Clostridium perfringens KCTC 3269 BHI +0 4007
Escherichia coli KCTC 1467 BHI + -
Escherichia coli KCTC 11682 BHI + -
Enterobacter aerogenes KCTC 2190 BHI + -
Enterococcus durans KCTC 3121 MRS + 1,600
Enterococcus faecalis KCTC 2011 MRS + 1,600
Enterococcus faecalis KCTC 3206 MRS + 1,600
Enterococcus faecium KCTC 3513 MRS + 1,600
Klebsiella pneumoniae KCTC 2208 BHI + -
Lactobacillus acidophilus KCTC 3111 MRS - -
Lactobacillus casei KCTC 3109 MRS -
Lactobacillus delbrueckii KCTC 1047 MRS - -
Lactobacillus fermentum KCTC 3112 MRS - -
Lactobacillus plantarum KCTC 3108 MRS - -
Lactobacillus sake KCCM 40264 MRS - -
Leuconostoc mesenteroides KCTC 3505 MRS - -
Listeria monocytogenes KCTC 3569 BHI + 25,600
Listeria monocytogenes KCTC 3710 BHI + 25,600
Listeria innocua KCTC 3586 BHI + 12,800
Pediococcus acidilactici KCTC 1626 MRS + 400
Pediococcus dextrinicus KCTC 3506 MRS + 3,200
Proteus mirabillis KCTC 2566 BHI + -
Pseudomonas aeruginosa KCTC 1750 BHI + 100
Salmonella typhimurium KCTC 2515 BHI + -
Staphylococcus aureus KCTC 1621 BHI + -
Staphylococcus aureus KCTC 1916 BHI + -
BHI + -

Staphylococcus epidermidis KCTC 1917

1) +, clear inhibition zone; -, no inhibition zone
2) bacteriocin activity (AU/mL).

Bacteriocin produced by
Lactobacillus sp. HN 235

A B
Fig. 4. SDS-PAGE and detection of antimicrobial activity of
the partially purified bacteriocin from Lactobacillus sp. HN
235. A. Gel stained with Coomassie Brilliant Blue G250. Lane 1,
molecular weight standards; lane 2, partially purified bacteriocin
by pH-mediated adsorption & desorption. B. Gel overlaid with
Listeria monocytogenes inoculated into a BHI soft agar.

& we|e] 2A19) FF BAle] 34~49kDadl HoE &
2] SloH14]. Lactobacillus sp. HN 235 @57} AAkshe
ule]e] 9 o] Rl Class [a Wele] 2417 A1
AEe} 15 2 EA 5o 5L seap] dside o
el oale] egie) o A driMge] 84 A el
B esh.

o [e]3
Rl =

FAA BAEL2ZA] FEL BTAES L] $3ted,
sz)e] 4 9 YAk 2HE] 50075 PSS R
on, gFEAQ el 24l YAlske sEFE HFALS
2 Auksldd, AHFESS B% Lactobacillus 522 &
AFon, AFAE Ned EHoz A dF F
Lactobacillus sp. HN 235 @5l ®l3 @5 4 whelz]eal
EXS zARKIT HN 235 T52) ARz ] ohE A
2wl PFeA e 223 Ask, 18075 2 3.5x10° cfw/
ml7HA sl en, g ferlel veRds] Az
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ated A7) 6,400 AU/MLE 19 BAL Holdr} F
A3 F4& AAskde. HN 235 @571 AAksl= vle)
goale WA #F2 2elAl L monocytogenes} CL.
perfringensol]l d3te] 7}3}t sHe ek on, A7) vt
H2]eAle] a8 il e A FL A
Astalet. =3 95°Col M= FA S A8kl o, pH 2~10
e 2 78l M= vlwd obget FFEAHS
BRI SDS-PAGES- AlA|81e] Exleke 24g A3}, o)
g SkDal 2 #el=gich.

INEIRE

o] = 2008 FHASE Wl 7u] A YL o}
AT en] ol ZA=R .
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