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Antibacterial Effects of Lactococcus lactis HK-9 Isolated from
Feces of a New Born Infant
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The purpose of this work was to investigate the antibacterial activity derived from a lactic acid
bacterium, Lactococcus lactis HK-9, isolated from the feces of a 2-day newborn infant. We characterized
the physiological and biochemical properties of this strain. Both the BIOLOG system and phylogenetic
analysis using 16S rRNA sequencing were utilized for identification, and the strain was assigned to the
Lactococcus lactis species, designated as L. lactis HK-9, and registered in GenBank as [GU936712]. We
monitored growth rate, production of lactic acid and acetic acid as metabolites, and pH during
growth. The maximum concentrations of lactic acid and acetic acid reached 495.6 mM and 104.3 mM,
respectively, and the initial pH of the cultures decreased from 7.0 to 4.1 after incubating for 60 h.
HPLC was used to confirm the production of lactic acid and acetic acid. Significant antibacterial
activity of the concentrated supernatant was demonstrated against Gram-positive (e.g., Staphylococcus
aureus, Enterococcus faecalis, Listeria monocytogenes, MRSA) and Gram-negative (e.g., Escherichia coli,
Salmonella enteritidis, Pseudomonas aeruginosa, Klebsiella pneumoniae, Shigella sonnei) bacteria by the
plate diffusion method. The antibacterial activity was sensitive to protease, and the molecular weight
of the presumed bacteriocin molecule was estimated to be about 4 kDa by tricine-SDS-PAGE.
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THE she B AUl ATEe] 90% o)do] Aikreg A4
Foglon, wgAE SME A THE= vAEZ g4
=S FUVIHOE olfsle HF hrREEY Z2is A
ot HEAES B9l A Y2 S5 2 U= A
d=lo] A dFe] 42E MNAANA W TF sl &
s Mol g2t Ao w2 AW o, Wy 843} 28,
G2g, FHUZHE At 5Y 7 T= fog 98-S 3
th4, 7, 9, 11, 12). o]#3t Bskto] Alehls 24 F B
@ A(bacteriocin) 2 Alxto] Aakels A A dwld T
iAol E42 Wdd nAEd 8RS AtEo] e
Aoz dAA ke, 15, 16, 18). 2akto] Ailshs uleg)
241 FRe tsi AR tE FHAE 7T e A
o2 dHA o, 1 L 7HE A Al FF FAS
AA|5k= 712K (bacertiostatic) # AFEA]7]+= 712K (bacteriocidal),
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agar AlEH ] 23] 7]ZKbacteriolytic)©] 1™, A|F7HA]
BaE gjFEe] dvhe)g] 24 (bacteriocin)S AFEZE-S V1A=
Ao RuEI ITH7). weEb HA FHERS Ailee
s 7157 AFLE FA, feldy] F24e oA
3l 59 WAY)eS ST, & BAS JAlge =2
Hlol Q¥ AHE & 4= Qlthd, 13, 19). FA| ZZujo] 9 E A
& FHE X3t v, obxleol, A fHell A A elst
Al B0 glom, I RS s Ak @A vhEE 4]
< Aidsle Z2hlo]eH #S Age HANFEEA ]
M R ARE A HAAZA T &8 7Fsido] v =Th

B dFore Aoty BfHOZRE Lactococcus lactis
HK-95 #ej3te] 5ol gt Aesiets SA4xAeF 16S
RNA 97|ME 245 8192, HPLCE S3to] EEAITY]
F71 A4S Stk 3 o 71R] Bl tigh S
< ARl ew, o] degAel Yok BES dRlEih

N
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metHot HiQFEZ

B AT AMEE FFE 2009 5YRE 8Y7A] 29
gk QI A YoM Ejold A 2¢dF Aol o ZRE]
Sl 7S Bl stk A5 1 mlo] 27 E A
2]2] d<=(physiological saline)7} B3 FEol| ¥ 30°C2] A
714 10827 WA 3 ZAdjo] A-ox 1087 4
XA A8 A5 100 plE 0.002% 2] BPB (bromophenol
blue)”} 7} MRS (Difco, USA) A HFH)R|of] =gs)ar,
#7)4 7}~ (Gas Pak, BBL, USA)S AM8-5}e] 37°C uljek)
of|A] 4817t B3t vl o] AR NA AHE A
3l =S wj= 75 AEste] MRS TASF Aol 3
=TS 53 TR Al stk

0]

=2| MiZe| d2| siet Ed AL

AT HK-9S MRS IAHIHRo|A T Heghe] =
&S It aREA F AT geTHE ERS A6
ok 28 Al e s 542 o]l &zl Wyl w
2 AAIEI9THS). BIOLOG £4 Al~ES o] 83F tekdlt 7]
2 o859 ZAst AE|EetA SAS Ak 2
T4 BUG (Biolog Universal Growth) 1A H# vl %o &
ate] 37°CollA 24A1%F widelsdth wigE AlTdgds
Biolog Turbidimeter (BIOLOG, USA)Z o]&3}a] 20%71A)
231, GP2 Microplate™ (BIOLOG)®ll 150 1% ZE3sle] 24
AIZE Azl &, 1 AFE Biolog’s automated Micro-
Station™ instrument® ZQI3FATH3).

16S rRNA €7|ME2| AHiS+ 2M

2] Al HK-99] #3183 A5 (phylogenetic tree)E 2}
&7 9J8ke] 16S tRNA PCRS F33l3th. HK-9ZHE
genomic DNAE FZ3} 16S rRNA #ZAE PCRS 53]
of FF3IAL, 16S rRNA F7xke] T3S I8t 8F (5

-AGA GTT TGA TCM TGG CTC AG-3")2} 1492R (5'-TAC
GGY TAC CTT GTT ACG ACT T-3) primerS AR&-313] o
™, genomic DNAE F8 22 3} PCR Premix (GenDEPOT,
USA)E ©o|&3}e] PCRS S35l tt. PCRe F3x7L
denaturation (94°C, 30=), annealing (60°C, 303), elongation
(72°C, 45%) GAIE 333 REESE &, 72°Col|lA] 152 52t 1l
Btk PCRe ©J3le 3¢ DNA @S #7945 o
<, agarose gel extract kit (Intron, Korea)E o]-8-3}4] gel A}
oA Blstal, Al A7IMES ZESATH2).

EE|Mle| Mzl e pH Hat

MRS AR FAMTQ] HK-9S HE3taL, 37°ColA
HiFAIZIHA Aol A7) w1zt Foll AikEE {714t
o] & % pH WS 12ARF 7402 Sk Al A
Ao MRS TAIFH AR 100 pl¥ HH =@d3te] 37°Col|A
48217 < iR §, AR JErE SRS A

4489k

HPLCE O[8st |R714 24

Aol o3l AAEE f71ke £493517] $18ke] HPLC
£ ARSSIITE #40) ARS-E HPLC A]2:§1 SPD-10A UV/
Vis A&717} 24 Shimadzu AF2] LC-10AT A& AM8-35}
o™, Supelco A+2] Supelcogel C-610H Z7(300 mmx7.8 mm,
AA=7] 9 pm)E o]83ATE ©lF2 0.1% phosphoric
acidE =9 A7) 0.45 pm TAZAE Aste] ARE-SFS
th. HPLC ZFExzdolA o5/ <4 0.5 ml/min°]om,
UV ZHE719] 332 210 nm o2 2H5e0] ARSIt} #7114k
< BAE EEFY Ao 2 RE] AFS AEE gt
B 2EATE Lactic acid9} acetic acidES 242} 1:19] H[E&E &
et EFFS THERNCH, 045 um FAP] AR R A3}
gk &, 20 ul Hamilton syringeE AM8-8le] HPLC $=%17] Wlol
FALSIATE Hjkd ol A ke A7) flske A
g AEE 4,000xgollA] 587 AR S T 045 um FA
7] AR 2 AFste] FABIATHI).

EE M| HHULLFSH H=E

EEATS MRS HAEI|ol] FF3te] 37°ColA] 48A1% &
oF HiSk3l & 4,000xgollA 2087 AR S FAE AA
stk TA7F AAE v AL 0.5 N NaOHE AHE-3te]
pHE 7.008 A3}, 02 pm FAP] ARAZ A5t §,
SHNZIE AMEsl 25HE FE3IS]Th

S= HYYSH| ey Z=A

&5 Yol e PRt HM(plate diffusion
assay) < Bote] ERISIATH3, 17). dldAToZ2s 18
M) Staphylococcus aureus, MRSA, Bacillus subtilis,
Enterococcus feacalis, Listeria monocytogenesg]r LA A
%1 Escherichia coli, Pseudomonas aeruginosa, Salmonella

enteritidis, Shigella sonnei, Klebsiella pneumoniaeS ©]-8-3}



St WHAITES HA| e R (nutrient broth)ol] 22}t HE
st njeksl wjd @1% A G R (nutrient agar)oll B
WE o T TSI, paper discE 2TES §, 5 HlRYS
A 15 WS 6’*/\]71 37°C HeE7)oA] 24AX)17F HJCEA|

&
k-2
disc =90 AAE Eddle] 372 dHF3A4e =A5QTh

rﬂo

CHIHZ] SSHS A0 st QR

FE59 vFds el protease (type I,
Sigma, USA)$} trypsin (Sigma)< 100 pg/mle] sE2 2|3
Z g EAAS Stk IE SSHL wkdsde]
8 ZAR} TS W HAE dAHe s RISt

Tricine—SDS—-PAGE

TE5E ulRdEde x3E s ouEs IR
3l tricine SDS-PAGEE- A3} w5} tricine
sample bufferE 1:12 &% 3t & 18% acrylamide gel-2 AlMS-
st 71955 AASATE A719E F 2789 gel & 3 &
2 Coomassie brilliant blue R2500.2 G213 & ghalslgo
H, Y] gel 7730—“,(25% isopropanol, 10% acetic acid)®l]

9324 B 23 F SRR 142 5L A, A
23t gel2 AME gel?] band®} Hlwsle] F2 bandE %
NB TAMA ol 3 1 o]l NB soft agar (0.7%)9} S.
aureus (1x10° CFUMm)7} &7 49 A& F5314 37°ColA
18AIZE M FAIR] &, A5 As) 84S Hols FHUE gl
staAch

2m W o

Mol 22| H Ed

AT 29do] A Alote] B R RE JaBHEDS 4
Asle Aldss FEld 7S B3t & 19 Alds &
3tk ol Al F 0002%4 BPB7} #7}E MRS 17|
Rl HZ]‘}]]H ;'L—Zr«] ‘@ﬂl’]' Z, AAEE A o3 =AY
= }04 MRS AR F

330l z % %LE‘Q%% 3} ko 2 HK-9S B3}
Ack

A IHEAS Bk FeEhy 248 AAEE e
H, drjFos At Ay} adepde] Faes BEAFUTH
QlE(indole) FdAFoIME F9°2 YERE O™, methyl red
Alg ) Voges -Proskauer A|goA e Fgv--2 YERNSITH

Klingler iron agar H|x|o|A] UEld disulfhydrasedl] <3t HoS

o] A& Aoz RIS oM, gelatinase 9} catalase 2] EA)
B APME 2440 Z YERITE Oxidase ‘?}%% e RCA=

e o ™, starch E3e

citrate ©]-8-35-9} litmus milk Alg oA HE3Hpeptonization)

= WS ez ERIFITH

=2a|M=e| S
Al 8L 98kl HK-9 57t vkt gads

L. lactis HK-9¢] £2] 4 &F24 129

i

o]83h=A] o}#-5 BIOLOG A4 =5 'B‘H AFetsle.
MicroLogm database softwares ©]8-3}] ERIgh A7}, HK- 9

= Lactococcus lactis® SR Y11, Lactococcus lactis HK-9
2 P33 TE BIOLOG #A4AAHLS ARgsle] Hojxl AYs)
7 EAEL Table 19] VFERAQITH

16S rRNA E7|AMg9] HEr EM

L. lactis HK-9 2] 73184 7l'§(phylogenetic tree)
= 48] g8kl PCRS B3 165 rRNA F07412 ZZa}
31, 1,166 bpo] FEAQ1 A7IME-S AR 2HE A7
E8S& NCBI9] BLAST ¥4 238 AMgsle] 454
gk 23 Lo olactis) 9% 14 AeAHE RATH
HK-9% Lactococcus F°ll &3k ohe #5534 AE3H
HWE st 2 FAMS Fig. 10 vepllen, o] #52] 16S
RNA &71489< GenBankdll [GU936712]E S=3}3Th

EolMiZe| Mol mE pH M3l /7|4 24
2AYete] eHiwoA gt 75 L. lactis HK-9E pH 7.02
2 22" MRS A R)ol] HF3lar Al A f713ke)
A4, agla w7zt 2] pH WS 12413t 1HF0 2 &4
3ItHFig. 2). ¥l 12A412F ool AR&EErE J43%] SVt
stem olo met ujA] Wf pHE 7.00014 5.0 o|st= #as)
Th HK-9= 60A37HA] A&z 02 et o, ]9t H]
#alo] pHE 7HAaEo] 72413t A ¥, HF pHE 412 =
A=A
HPLCE ol&3to] wieFdsd A& £ 71 243
A7}, lactic acid®} acetic acid7} E3F authentic standard<}
B3}k 14.66 min} 17.46 minolA 5 A3 peak”} B3I= S
CHFig. 3). WEHA ©]E F peak= ZHZ} lactic acid9} acetic
acidZ ERI= o, ETAT HK-99] 8k & 72A]7H]
7473F9S i, lactic acid$} acetic acid= Z+Z+ 495.6 mMI}
1043 mM°] AAEJLE HK-9E °lE F71iHe Hix] W&
Bulslo] pH 7ol AHH &L nx)E Ao| dolwgl).
B BellA eIt Lactobacillus} Lactococcus EE00
A lactic acidE A4A1A pHE ZaAIItE A A7) QL
or(1, 2, 8), Chun SR Aol Hegt
Lactobacillus sp. JK-8114 B|%717F Fell 192 mM lactic acid
9} 43.6 mM acetic acidE A= AL BTk webA
2 el Lozl HK-9 w5e] 714 Ak o]e} vlus)
o & of, vig- =gk Aol FERIFAch

= HiYSHe| SHEY =L
i /A E 2 plate diffusion assay "
< 019“5}0‘1 = WP edS THG M S. aureus,
B. subtilis, E. feacalis, L. monocytogenes, MRSA S} 1324
M) E. coli, S. enteritidis, P. aeruginosa, K. pneumoniae,
S. sonnei 5 107FA] Aol =FA]F)aL 24413 B2t vk
%, U2z ] ASE FHUE Soel FRBAL 59
3%ITHTable 2). HK-9014 A5 e FHE2L 5] 9

4
o
>
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T
=
\O
A&



130 Baek et al.

Table 1. Biochemical characteristics of the isolate, L. lactis HK-9 using the BIOLOG analysis system

Biochemical tests

Water - a-Methyl D-galactoside + L-Malic acid -
a-Cyclodextrin - B-Methyl D-galactoside + Methyl pyruvate

B-Cyclodextrin - 3-Methylglucose + Mono-methyl succinate -
Dextrin + a-Methyl D-glucoside - Propionic acid -
Glycogen - B-Methyl D-glucoside - Pyruvic acid -
Inulin - a-Methyl D-mannoside - Succinamic acid -
Mannan - Palatinose - Succinic acid -
Tween 40 - D-Psicose + N-Acetyl-L-glutamic acid -
Tween 80 - D-Raffinose + Alaninamide -
N-Acethyl-D-glucosamine + L-Rhamnose - D-Alanine -
N-Acethyl-D-mannosamine - D-Ribose + L-Alanine -
Amygdain - D-Salicin + L-Alanylglycine -
L-Arabinose - Sedoheptulosan - L-Asparagine -
D-Arabitol - D-Sorbitol + L-Glutamic acid -
Arbutin - Stachyose - Glycyl-L-glutamic acid -
Cellobiose + Sucrose - L-Pyroglutamic acid -
D-Fructose + D-Tagatose + L-Serine -
L-Fucose + D-Trehalose + Putrescine -
D-Galactose - Turanose + 2,3-Butanediol -
D-Galacturonic acid - Xylitol - Glycerol +
Gentiobiose + D-Xylose + Adenosine +
D-Gluconic acid + Acetic acid + 2-Deoxy adenosine +
a-D-Glucose + a-Hydroxy butyric acid - Inosine -
m-Inositol - B-Hydroxy butyric acid - Thymidine +
a-D-Lactose + v-Hydroxy butyric acid + Uridine -
Lactulose + B-Hydroxy phenyl acetic acid - Adenosine-5'-monophosphate -
Maltose + a-Keto glutaric acid - Thymidine-5'-monophosphate -
Maltotriose - a-Keto valeric acid + Uridine-5'-monophosphate -
D-Mannitol + Lactamide - Fructose-6-phosphate +
D-Mannose + D-Lactic acid methylester - Glucose-1-phosphate -
D-Melezitose + L-Lactic acid - Glucose-6-phosphate -
D-Melibiose - D-Malic acid - D-L-a-Glycerol phosphate -

+, positive reaction; -, negative reaction; =+, variable

slo] pHE 7002 2AF % WPPEAI pHE 25
e ¥% WSS HRA APYo Musigh o
Aol istel pHE A ke ¥% Wl E e
SR 108 AT RFN £} BT, pH
27002 283 55 vRdEAolNE 18y AF 8.
aureus, MRSA, B. subtilis, E. feacalis, L. monocytogenes®l
Y e BT, pHE YA e NP5
REAL HK-09) AN AR f714] )5 249
el Meksele) GrgEd] vuds TR

ko3
TT AT odu=E’o

%Q?}WTable 2 =
TEAAEZL T e oAy fdag %@%LE‘
T} Cotter 5(4)2 ZAHtolA A== tiFEe] it
EZEL Eol A HE|= Alge] HEAR] vl ]FJ

Table 2. Inhibition of various pathogens by bacteriocin produced
from L. lactis HK-9

Antibacterial activity

Test strains pH non- pH Treatment

adjustment adjustment of protease

Gram (-)
Escherichia coli +++ - -
Salmonella enteritidis +++ - -
Pseudomonas aeruginosa  +++ - -
Kilebsiella pneumonia +++ - -
Shigella sonnei +4++ - -
Gram (+)
Staphylococcus aureus +4++ +++ -
Enterococcus feacalis +++ + -
Bacillus subtilis +++ +/- -
Listeria monocytogenes +++ + -
MRSA +++ ++ -

Inhibition zone (mm) : +++ , >10 mm; ++ , 10-5 mm; +, 5-1 mm;
-, no inhibition; +/- , variable
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—
0.005
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Fig. 1. Phylogenetic tree of the stain, L. lactis HK-9 based on 16S rRNA gene sequences. The tree was constructed by the neighbor-joining
method. Numbers at nodes are bootstrap percentage based on 1,000 resampled datasets. GenBank accession no. are given in parentheses. Bar,

0.005 changes per nucleotide.

(bacteriocin)©]2}x B3} o™, E3] L. lactisdlA A==
2] 24191 nisinol] thst] B2 A7-dr Hag b itk
(2, 10, 14, 20).

SHEESE| EXE £
HK-99] sjldsde] EAlsle JwddEde] #AS
2218}7] ) tricine-SDS-PAGES E3lo] 2213} thFig.

s 17
Ja00 E
— =]
E 3
E 2 16K
o 2 =
) <
S <«
= J200 =
&
g 4s
£
<
«
|
0 Jy

0 12 24 36 48 60 72
Time (h)
Fig. 2. Growth of the strain L. lactis HK-9, measured as viable cell

count (m) and compared with the parallel formation of lactic acid
(0), acetic acid (e), and pH changes (2).

4). HK-99] ul|%7|7ke)] w2 I gdEde] A4
Az} ek 124131 o] $HE FaEEAQA v

AES gRIstH o 11 BRI =
4 kDa® #AS 7HAe RS Eleinh E=3t Ar|Pse
gelS SHTE AIFS T 8. aureus”7t E3FE NB soft agars
F53t dHg Ay 4 FRle At A geloll A
band®} GX|3h= HR]A FHoi7t A7 HK-99] 85
o] EAsh= g EEL wHE Al IS RIS L
lactiso| A A== HEZAQA HHE AL nisine ZA], 1 &
2}eE8 oF 4 kDa o2 I QOm(10, 20), Park S(14)& 7
X|ol|l A B2l L. lactiso A EAFF 4 kDa?l nising 2213}
ot wbd &5 L lactis HK-92] A7 o] F3Foll HAE
= 92419 N-ZTe] ofu|ieit NEEAN AFE 7S
E3lod, 27K B9 Lactococcus EE0) AAsHE v
SAETS e Aol vlwshkes Wdez FdgdE A

ol

)

£ AT Ao} giielA E2l® Lactococcus lactis HK-9
o] theket APy B4 s AR flsked AAlsk
ATh T HK-9= MRS HiX|ol|A] wjekatdar, =) 2 AE
g2 Sl wiste] EARIIC™, BIOLOG Al@# 16S
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Fig. 3. HPLC chromatograms of a mixture of authentic standards, lactic acid, and acetic acid (A) and of culture samples of L. lactis HK-9 at
the beginning (B) and after 24 h (C), 36 h (D), and 60 h of incubation (E); peak 1, lactic acid; peak 2, acetic acid.

RNA 7|ME B4e B3 #55 431tk 1 2%
. lactis HK-9Z ™93}
Aom, o] 3] GenBankoll
[GU93671212 S5=35t) vld7 |3l W& L. lactis HK-99]
A Z7F tIARFE-2A] lactic acid9} acetic acid®] AAF 2
pHY] W3S ZAlEIH o, o] f7)4HY A4S HPLCE &
st ERISIATE f71ake] AL L. lactis HK-99] A7l
met F7kke As Rlsta e, wd 60A1te] Ad & A
AE lactic acid®} acetic acid®] FEE ZZF 495.6 mM,
104.3 mMe|Ith #lYF 27]9] pHE 7.0010.0H Hjek 7]7F
Bt 412 FAEnh vkt a8 Al 1Esd Al
TS o2 5% HK-9 vldsdo] dres 2RI
om, 1 Ay} Fge7E 22 AleAer Yl Aol
HEH A 559 i FFTAE protease & A3 F e
AL Adsiglon, AFde B 34 wAte] A
< tricine-SDS-PAGES F3t] o 4 kDao 2 SRIH]th

Growth time (h) Growth time (h)

| 1] |
kDa MI2 24 36 48 60 12 24 36 48 60
[ MR N

266 —
169 —

144 —1

6.5 —

3. Zone of growth

inhitition

|
i
b~
-
E
E 3
E__3

14— N
(A) B)

Fig. 4. Tricine-SDS-PAGE of concentrated supernatant from the L.
lactis HK-9 and direct detection of antibacterial activity. (A) Gel
stained with Coomassie brilliant blue R250. (B) The zone of
growth inhibition was shown by overlaid the gel with NB soft agar
containing the S. aureus.
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