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The purpose of this work was to examine the antimicrobial activity derived from the lactic acid
bacterium, UK-3 isolated from the vaginas of women of childbearing age. Various physiological and
biochemical properties of this strain were characterized. Both the BIOLOG system and phylogenetic
analysis using 16S rRNA sequencing were utilized for identification, and the strain was designated

as Lactobacillus plantarum UK-3, and registered in GenBank as [JK266589].

Growth rate,

production of organic acids (e.g., lactic acid and acetic acid), and pH during growth were
monitored. The maximum concentrations of lactic acid and acetic acid were approximately 684.11
mM and 174.26 mM, respectively, and pH changed from 7.0 to 3.7 after 72 h of incubation. High
performance liquid chromatography was used to confirm lactic acid and acetic acid production.
Significant antimicrobial activity of the concentrated supernatant was demonstrated against various
Gram-positive (e.g., Staphylococcus aureus, Staphylococcus epidermidis, Methicillin-resistant Staphylococcus
aureus, Enterococcus faecalis, Neisseria species., Listeria monocytogenes), Gram-negative bacteria
(e.g., Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis), and yeast (e.g., Candida albicans) by
the plate diffusion method. As a result, the concentrated L. plantarum UK-3 cultures had lower
acidity and inhibited the growth of all microorganisms tested, whereas the growth of L. acidophilus

was not affected.
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Table 1. Morphological and physiological characteristics of
the isolate, L. plantarum UK-3

Morphological characteristics
Cell Shape Rod

Gram stain

Positive

Physiological characteristics

Indole production -
Glucose +
Methyl red +
Voges-Proskauer -
Starch hydrolysis -
Gelatin hydrolysis -
Catalase -
Oxidase +
Simmon’s citrate -
H.S (KIA) -

Litmus milk (peptonization) -

+: Positive reaction, -: Negative reaction.
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At wAE ARE MicroLogTM
53l #2138t Ay, UK-3-2 Lactobacillus plantarum 2.2
FHRom, dojxl A= nl'C 2 Lactobacillus plantarum
K-32 %Hslitk BIOLOG XA 28S ARE-ste Lojzl
*ﬁﬁ}@rx—i EXEL Table 201 YeRARITE ElAlTF UK-39]
389 A5 (phylogenetic tree)S 2143317] ¢35l PCR
< E3) 16S IRNA 342 ZZ3131, 1,017 bp] FEHQ
A7IMES Agsiact 24" d47149S NCBI9| BLAST
A Z2OPE AMESt] S vt A o] d e
Lactobacillus 4:(genus)°l <8192 M, Lactobacillus plantarum
7 98% Y FAMIS UelRlth dolxl AE nigez &
YA Lactobacillus plantarum UK-322 T3} o™,
GenBank®l| [JK266589] 2 523}tk o] ¥} Lactobacillus
Z(genus)°l| &3l O #FEHS] FAMIS Fig. 1o e
1’H}\}\q'.
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22| Mize| 4ol e pH Hst

7H47] S e] A= RE E2]3h 7 UK-33 MRS AAu|

Lactobacillus kimchicus DCY51T (EUGT8893)
100r1 Lactobacillus odoratitofui YIT 11304T (AB365975)
99 { Lactobacillus similis JCM 2765T (AB282889)
97 |: Lactobacillus paracollinoides DSM 15502T (AJ786665)
100 Lactobacillus collinoides JCM 1123T (AB005893)

Lactobacillus fabifermentans DSM 21115T (AM305388)

’— Lactobacillus paraplantarumDSM 10667T (A1306297)
Lactobacillus plantarum subsp. argentoratensis DKO 22T (AJ640078)

Lactobacillus pentosus 1CM 15587 (D79211)

Lactobacillus plantarum UK-3 (e)
11! Lactobacillus plantarum subsp. plantarum ATCC 149177 (ACGZ01000098)

100 Lactobacillus suebicuys DSM 5007T (AM113785)
97 Lactobacillus vaccinostercus LMG 9215T (AJ621556)
Lactobacillus oligofermentans AMKR18T (AY733084)

Pediococcus parvulus ICM 5889T (DB8528)
Pediococcus claussenii DSM 14800T (AJ621555)

94 f;ﬂea’iommus pentosaceus DSM 20336T (AJ305321)
79 Pediococcus argentinicus CRL T76T (AMT09786)

Fig. 1. Phylogenetic tree of the strain, L. plantarum UK-3 (e) based on 16S rRNA gene sequences. The tree was constructed
by the neighbor-joining method. Numbers at nodes are bootstrap percentage based on 1000 resampled data sets. GenBank
accession numbers are given in parentheses. Bar, 0.01 changes per nucleotide.



312 Ahn et al.
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Table 2. Biochemical characteristics of the isolate, L.
plantarum UK-3 using the BIOLOG analysis system
Biochemical tests

Water - || D-tagatose

a-cyclodextrin - || D-trehalose

f-cyclodextrin - || Turanose

Dextrin Xylitol -
Glycogen + || D-xylose

Inulin - || Acetic acid

Mannan - ||o-Hydroxy butyric acid -
Tween 40 - |[f-Hydroxy butyric acid -
Tween 80 - ||y-Hydroxy butyric acid +
N-acethyl-D-glucosamine ~ + ||f-Hydroxy phenyl acetic acid -
N-acethyl-D-mannosamine - |[o-Keto glutaric acid -
Amygdain - ||o-Keto valeric acid +
L-arabinose - ||Lactamide -
D-arabitol - || D-lactic acid methylester -
Arbutin - ||L-lactic acid +
Cellobiose + [|D-malic acid -
D-fructose + [|L-malic acid -
L-fucose + [[Methyl pyruvate

D-galactose - ||Mono-methyl succinate
D-galacturonic acid - || Propionic acid

Gentiobiose + ||Pyruvic acid

D-gluconic acid + || Succinamic acid -
o-D-glucose + || Succinic acid +
m-inositol - || N-acetyl-L-glutamic acid -
a-D-lactose + || Alaninamide -
Lactulose + [|D-alanine -
Maltose + [|L-alanine -
Maltotriose - ||L-alanylglycine -
D-mannitol + ||L-asparagine -
D-mannose + [|L-glutamic acid -
D-melezitose + || Glycyl-L-glutamic acid -
D-melibiose - ||L-pyroglutamic acid -
o-methyl-D-galactoside + || L-serine -
f-methyl-D-galactoside + || Putrescine -
3-methylglucose + ||2,3-butanediol -
a-methyl-D-glucoside - || Glycerol +
f-methyl-D-glucoside - || Adenosine +
a-methyl-D-mannoside - ||2-deoxy adenosine +
Palatinose - || Inosine -
D-psicose Thymidine +
D-raffinose + || Uridine -
L-rhamnose - || Adenosine-5"-monophosphate -
D-ribose + || Thymidine-5"-monophosphate -
D-salicin Uridine-5"-monophosphate -
Sedoheptulosan - || Fructose-6-phosphate +
D-sorbitol + || Glucose-1-phosphate -
Stachyose - || Glucose-6-phosphate -

Sucrose - || D-L-oa-glycerolphosphate -

] 700

] soo

] so0

] 200

Log CFU/mI

] 3m0

] 200

Lactic acid, Acetic acid (mM)
=]
pH

] oo

0 12 24 36 48 60 i2

Time (h)

Fig. 2. Growth of the strain L. plantarum UK-3, measured
as viable cell count (m) and compared with the parallel
formation of lactic acid (o), acetic acid (e), and pH changes
(D).
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H
AT UK-39] 3t24d &1 plate diffusion assay
WS ol83le] 25u1E 53w EAS A Al 7he
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Fig. 3. HPLC chromatograms of a mixture or authentic standards, lactic acid and acetic acid (A) and of culture samples of
L. plantarum UK-3 at the beginning (B) and after 24 h (C), 36 h (D) and 48 h of incubation (E). The retention times for
lactic acid (peak 1) and acetic acid (peak 2) are 15.28 and 17.97 min., respectively.

genesS} 1323 M) Escherichia coli, Klebsiella pneu- Candida albicans®l WA= FHHSHA d243S UebA
moniae, Proteus mirabilis®t E%.2) Candida albicans 5l ot 23y A ol EA8 s %Z]/\]i’]—'& B v|AE
=EA17]31, 37°C Hl%7]oA 24A17F E2t Blst 3, paper 2 ¢EA Lactobacillus acidophilus® dlsixe A3 &4do]
disc TR FAH= FHHE Tl IFEF AFE I UelA] Zoith 53 pHE 7.00.2 223 55 vddsd

SIgckFig. 4 2 Table 3). 2 FelTh FRBYS) ARE 2 A HYINE TR} A YA 2. ol
Aolh Yom, pHE EAA e B MAFERS A ) KA bl BB 447k B Ak
G APl TP YA AT ohle Hmel  frliel Jelske A9 AISIALk Tomis $(19)e 71

Fig. 4. Antibacterial activity by 25-fold concentrated culture supernatant from L. plantarum UK-3. Paper discs soaked with the
supernatants were placed onto lawn plates of Candida albicans (A), Escherichia coli (B), Klebsiella pneumoniae (C), Neisseria
species (D), Proteus mirabilis (E), Staphylococcus aureus (F), Listeria monocytogenes (G), Staphylococcus epidermidis (H),
Lactobacillus acidophilus (I). All strains grew on nutrient agar plates, whereas L. acidophilus grew on MRS agar plate.
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Table 3. Inhibition of various pathogens by 25-fold
concentrated culture supernatant from L. plantarum UK-3

Antibacterial activity
not adjusted pH adjusted pH

Test strains

Gram (+)
Staphylococcus aureus ++ -
Staphylococcus epidermidis + -
MRSA ++ -
Enterococcus faecalis +++ -
Neisseria species +++ -
Listeria monocytogenes ++ -
Lactobacillus acidophilus - -
Gram (-)
Escherichia coli ++ -
Klebsiella pneumoniae ++ -
Proteus mirabilis ++ -
Yeast
Candida albicans +++ -

Inhibition zone (mm): +++, > 20 mm; ++, 20-15 mm; +, < 15-10 mm; -, no
inhibition.
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