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Isolation and Identification of Lactic Acid Bacteria Inhibiting
the Proliferation of Propionibacterium acnes and
Staphylococcus epidermidis

Mi-Sun Kang, Hyun-Ju Oh, Hyun-Chul Lee and Jong-Suk Oh*

Department of Microbiology, School of Medicine, Chonnam National University, Gwangju, Korea

Propionibacterium acnes is the most common causative agent of acne. Staphylococcus epidermidis is another major
bacterial strain to be found in acne lesions. Two strains of lactic acid bacteria (LAB) were isolated from normal
inhabitants of humans, which inhibited the proliferation of P. acnes and S. epidermidis. The growth of P. acnes and S.
epidermidis was decreased by 4-log scales after incubation for 24 h with LAB isolates, whereas the growth rate of
selected LAB isolates were not affected by these pathogenic bacteria. This antibacterial activity of LAB isolates was
related to lactic acids, hydrogen peroxide and bacteriocin-like compound production. Two LAB isolates efficiently
adhered to human keratinocytes HaCaT and were identified by API 50 CHL medium kit and 16S rDNA partial sequencing
analysis. The similarity of 16S rDNA sequences between one isolate and Lactobacillus salivarius subsp. salicinius was
100%, which suggests that they were L. salivarius subsp. salicinius. On the other hand, 16S rDNA sequence similarity
between the other isolate and Lactobacillus fermentum was 99.04%, which indicates that it was L. fermentum. In
conclusion, these results demonstrate that the two LAB strains isolated from human body were identified as L. salivarius
subsp. salicinius and L. fermentum, which inhibit the proliferation of P. acnes and S. epidermidis.
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7178 AMlatel 2 Ak = Q= g o]
Staphylococcus epidermidise} 22 th2
oA A=FH =g TS dol=r
t (3). A=E Ao Wy A TE ]
o] Fan, Ao E7IRI B HA|e} T4,
A3 A EH]E cytokine 0] Pos do7|=T
sh= Ao deEA o (@), b2 g 7)ol
A= g7 B gloh

P. acnes®} S. epidermidis 59 #E°] 9% ¥HS
stedl 8 98 s HEE IS5 d=EEe A=

of &A1 7} ARE-E] AL AT} (5). Triclosan, benzoyl peroxide,
azelaic acid (6), retinoid, tetracycline, erythromycin, macrolide,
clindamycin 5] FAA7} ARSH 2L 9o, Fapgo] &
%] 3lt}. Benzoyl peroxideS} retinoid= ¥HF-HAZEF ol
S-S skl (7), tetracycline, erythromycin, macrolide,
clindamycin Al gk WA EA o= Qlste] =&
21 ARg-o] ol HaL FHEAo] AlshH, it thEat

7131740l vebd = STk (8, 9). B3, triclosan®]



G o =FHAS v FET 2RO upH o] 4173
FHedS o 5 ok webd, B2 dAgAkEe] &
TaI7E oA Fago] gl o=FE ARAE )
kAl =8 St (10, 1)

FAe gstes daste] H$ orER fA4
S AEE AdS weth fakre A7 2o g
A EA8 (12, 13), $A R A B aE
E L "@g g AxyAe| &&xa ity 2% &

|5 f-2kF 0 3= Carnobacterium, Enterococcus, Lacto-
bacillus, Lactococcus, Leuconostoc, Oenococcus, Pediococcus,
Streptococcus, Tetragenococcus, Vagococcus, Weissella -5-©]
AT} (14, 15). o]9} o] o]2E Weko 7 Z-ga= AHA)

At 5 FAPEC) Lactobacilluss thiE2] 91 Rkt o
2 ol B5E oAs s gt Adete] wadEy
Frabr AA, oJoFE FoE AREE AL 9lom, Wl Al
TS 9AS= Lactobacilluse] &2 2 Fgo] AFFH
2t} (16~19).

2 AT BAE AtE o]&e AuF AsAE A
o] 218k A AA o2 P.oacnese} S. epidermidis®] 3
A& A A gk F3so] e fkts
3]

2 16S rDNA partial sequencing

E
analysis®ll 93+ SAS AAataz} sF3i)

SAMT S EfSF

TA| M 2= Poacnes ATCC11828%} S. epidermidis
ATCC 12228 (Rockville, MD, USA)Z ©]&-3}%IT}. P. acnes
+ Actinomyces broth (BBL, Sparks, MD, USA)°ll %5}
37T E71&7 (85% Ny, 10% H,, 5% COyollA 1931 vl
&35} o™, S, epidermidis= Brain Heart Infusion broth (BHI,
Difco, Detroit, MI, USA)ol|l JF3}o] 37C &7|Z700A]
16A17F wiFsiet. 242l & Ao o]-&37] ol
|l A 23] Ak $ Aol o] &3kt

NERZ 2 R

ol 22

A 7, 2, AEFH MRS AFSH] 09% NaCl2
At slAste] FAko e 228 wiA]<l Rogosa -7l
2] (Difco)oll HEaFal 37°ColA] 48A17F kst 5 72t
S F3Hk ©]AS thA] De Man, Rogosa, Sharpe (MRS)
A Difeo)ell A, MFstel oF 30007] F4d
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S #E33k Actinomyces $-FH1A] £} MRS -$-H-Hlj 4]
7F % Aol wiA 2 Al PoacnesE = A
g s, weletE AAle] "ol 37T wig7lel

3 =1

] 2417t w8kl T8 (clear zone)S YERNE o5
£ 12k Adsigivh A 752 tHA] Poacnes®} S.
epidermidis2}2] 3288 Falo] HFHoz FAak)
T 255 A9s}] lactic acid bacteria (LAB) 1, LAB 2%
Wit el 255 MRS AAE]of] wjest &
FHAZ] HEE5T) 20% (wh) HEE H7ske] 80T
o Ws HyetaA e wet HE, wjdste] A
AHg-sF3 T

BateteL M

or
b
0z

W Te] Iikshrae] s Es 1Y) fleke] 025
mg/ml TMB (3,3',5,5-tetramethyl ben21d1ne, Sigma, St. Louis,
MO, USA) 0.01 mg/ml peroxidase (Sigma)7} %7}¥ MRS

Al 72 EEleTE 3 WA HEste] 37CelA ¥
7IHj et 5 Aol Tl FEte] M2E dE
alof Feho] Azo] HMS wi kst A A
(positive) &2 Hets}ol a1 Aol whE} 715 A2 strongly
positive, -2 positive, 2F7J -2 weakly positive, 247Z-2]
W37t glom 24 (negative) o2 A3ISITE (20).

9| P. acnes®t S. epidermdisOil Chet St

2] 84179 P acnesol] st s ES <ol ] 9
5}o] MRS broth®} Actinomyces broth7} 5% 4101l wjj %]
o HEHFe] 247} 1.0 X 10° CFU7} ¥ %% P acnes9} ¥
g] FATE OE = BI]B‘LOE Z_g],giq_. 37°COﬂ}\1
S i S 31X sted MRS
-Tuj x| 2} Actinomyces -F-HlA Aol A EE o] 484 7F
v &t E]rg e §2ktd) Poacnese] WS A S}
S} &3k S, epidermidiisol] thal dES Lol ] 9
3Fe] MRS broth®} BHI broth7} 53 44071 vjx]o) H3
o] Z}7} 1.0 X 10° CFUZ} H%=% S, epidermidise} 2]
TS O = E5to 7 HEellth 37T 84
F 2 24A7F a1k & njkal S 3]X5te] MRS
Hi x| 2} BHI -¢-Y-ulf <2l Fgsho] 48413 i eksh ot
, 28] 2kt S, epidermidise] AE AHA ST

SAIZE & 24A4]7F EU|uik &

r\l

oo g
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i}

P o Al (4,000
rpm, 20 min, 4C)F Z1& oAF}sto] -3 b3 A A58
ol Akl o &k gt Q1] Lofrr] flste] A el
proteinase K (0.1 mg/ml)®} catalase (0.5 mg/ml)E 2|35
o, Fhkskhoe) ofgh Yt 1A Gotry] flete] A
HME pH 6322 F3}FA7] 3L proteinase KE *] 2] 31}
ol w3k AH NS pH 6302 F3HA7] AL catalaseS #]
glato] |2 24l FAHEZE (bacteriocin-like compound)
of ogh gylA] Lolr izl skelck P oacnese} S.
epidermidis WSS 2+t SH %= 600 nmollA] 0.057} =
L2 345k 96 well plateo]l 100 pl &8k viek A3
AL 100 pl F7EFRen, HETF O ZE MRS broths
100 pl F7FakAth 37Tol A 24413F E7] 2 F 7] 6%k
< microplate readerE ©]-8-3}] 600 nmol A FH=E S

e,

2] SOl human keratinocytes HaCaTol| CHEH £

or Mo

a2

2] F-AH79] human keratinocytesol] o3k H-2H58 <&
ofR 7] 93l Ayl o] &gt AEF= AP AETFI
HaCaT (epithelial cell line from adult human skin) ©. 24, 10%
fetal bovine serum (FBS)¥} penicillin (10 U/ml)/streptomycin
(10 pg/ml)= 3713k Dulbecco's modified Eagle's medium
(DMEM, GibcoBRL, Braunschweig, Germany) ¥lX]& A}&-
&to] 37C, 5% CO, W71 wjFatsint. 22l ket
o] H-2A32 Scaletsky 5 (21)2] Wiol whe} eys}
St} 4-well Lab-Tek 11 chamber slide system (Nalge Nunc
International, Naperville, IL, USA)°ll welld 10° A|3EZ 184
ZF wet & PBSE AHIXEE 23] A2 3l multiplicity of
infection (MOI)©] 2500] &%= 2] F-AHt (10° bacteria/
ml)S 25 pl 7}8ke] 37T, 5% CO, W7ol 3087 ui
3t PBSE MAEE 33 Al $H & methanol2 A
Skl 307t Giemsa M3 ¥, PBSZ UFA] A% 8o
7] Tl AXAAA Zzte] Aol tigh F-29s 3
+&u] 7 (BXS1, Olympus, Tokyo, Japan)S ©]-&5}o] Tz
stalor, 100719 AHlazo 25 Alste] gt A4

o

1% oy

(

o

Table 1. Hydrogen peroxide-producing LAB isolates from normal
inhabitants of humans

Isolates Source H,0,-productivity
LAB 1 Saliva Positive
LAB2 Saliva Strongly positive
S4asn

=2 #itde S8

we] kel 1A AN e 2= APL 50 CHL kit
(BioMérieux, Marcy, I'Etoile, France)S Al8-3to] 574 X
2191 API LAB plus® A A3 2418k A4
EAS HAEsIGoH, 221 FAUOEE 16S tDNA 7]
MEs A8k AASIST 16S DNA 714G 241s
317] 9135te] Rochelle % (22)¢] W o & ©e ZFE
Al DNAS 2281901, 27F (5-AGAGTTTGATCMTG-
GCTCAG-3)9} 1522R (5-AAGGAGGTGWTCCARCC-3')
primerZ AM&-3ko] 16S IDNAS PCR FZ3&1th (23).
PCR *H&-2 Wizard PCR Preps DNA purification system
(Promega, Madison, WI, USA)< ©]-&3lo] A A5} o,
Q71 #2418 BigDye™ Terminator Cycle Sequencing
Ready Reaction Kit (Applied Biosystems, Foster City, CA,
USA)2} ABI PRISM™ 310 Genetic Analyzer (Applied Bio-
systems) S ©]-&8to] A7IMAS AAsIT ol o
7149 A3} NCBI® GenBank E 2135 ALg&ho]

FERS 2AFSA
e

EAA A= SPSS FAEA] =213 (SPSS version
12.0)S AHE-8F3 21, Mann-Whitney test® 24 3131 T}

22 QAT TS M5

B71 AlstE tslpie] dulsieR e fakad
o] sRtstes B35S 543 2} LAB 19} LAB 2
= HRbsras Adstel A ks s

(Table 1).
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P. acnes®} 2] kel Sl - At AE Al
=y
=

2423 W% F- i

) -+ P. acnes A2
40]—71] A (p
}‘\l.

Z3hloF & P acnes
Ao}, 24413k
HH?} = %ﬁﬂﬁ%ﬁ& P. acnes A5 % 3.6 10’ + 8.0 X
10° CFU/mIo] o1, LAB 13} ¥ o 2 njgAldl= P
acnes ATE 4.0 % 10° £ 7.0 X 10 CFUMIC.Z 7+43}
Atk w3 LAB 294 HEHA] 2.0 < 10* £ 3.0 X 10° CFU/ml
o7 A sk wekA, 7 8 A T P
acnesell thal ++3-& LAB 271 o £t} vhi, & &

12 4

Viable Cells of P. acnes (Log CFU/mI)

2 ] —— P. acries
—&— Pa+LAB 1
5 —-&— Pa+|AB 2
0 8 16 24
Incubation Time (h)
12 4

-
o
L

Viable Cells of Isolates (Log CFU/mI)
o

4-
—4— LAB 1
5|8 LAB2
—-— Pa+LAB 1
0 —¥-- Pa+lAB2
0 8 16 24

Incubation Time (h)

Figure 1. Viable cells of P. acnes and the LAB isolates in the
mixed cultures over time. Pa, P. acnes. *p < 0.05 for coculture
versus monoculture. Values are means * standard deviations of
three independent experiments.
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S. epidermidisOf| Tist 22| |FMARFQ A

S. epidermidise} 2] fabre] St & AT A
Ay A T B §A 25 8AIZHELE S, pidermidis
S-S oA 717171 AR o H, 24417 59
= S. pidermidis 445 10* CFUmIZHA] ZF2A1 2T (p
< 0.05). 24~17F Wk = 1.7x10°

Ny

%S, epidermidis A

—&— S. epidermidis
1 4 —8— Se+|lAB1

o —-&— Se+lAB2

0 8 16 24

Incubation Time (h)

Viable Cells of S. epidermidis (Log CFU/ml)

—— LAB 1
21 —m— LAB2

Viable Cells of Isolates (Log CFU/mI)
4)]

1 —&-Se+LAB1

0 —>&- Se+AB2

0 8 16 24

Incubation Time (h)

Figure 2. Viable cells of S. epidermidis and the LAB isolates in
the mixed cultures over time. Se, S. epidermidis. *p < 0.05 for
coculture versus monoculture. Values are means =+ standard devia-
tions of three independent experiments.
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Table 2. Antibacterial activity of lactic acid, hydrogen peroxide (H,0,) and bacteriocin-like compound (BLC) in cultured supernatants of

two LAB isolates against P. acnes and S. epidermidis

Inhibition (%) by
Isolates Lactic acid® H,0, BLC®
P. acnes S. epidermidis P. acnes S. epidermidis P. acnes S. epidermidis
LAB 1 99.42+0.18 99.13£0.02 19.75£0.23 5.638£3.06 17.75£3.18 10.42£2.08
LAB2 94.741+5.61 99.01+0.54 17.63+0.47 12.82+8.24 32.15+3.57 15.80+5.56

" Values are means = standard deviations of three independent experiments.
*Inhibition of growth by lactic acid was measured following treatment of the sterilized supernatants with proteinase K (0.1 mg/ml) and

catalase (0.5 mg/ml).

H,0,-dependent activity was evaluated using the neutralized and proteinase K-treated supernatants.
“Inhibition of growth by BLC-dependent activity was evaluated using catalase-treated and neutralized supernatants

+3.0 X 10" CFU/mI®]} 2™, LAB 13} W3o = nA
o= S. epidermidis A ¥ 2.0 < 10* £ 7.0 X 10° CFU/
mle2 7443815131, LAB 29Fe] W3EHA] 1.0 X 10* £2.0 X
10° CFUmI2 & ZrAE| Stk whahAl, 7 & fikt &
S. epidermidisel] tgh 3t = LAB 27} © £tk whi,
g ikt B Sl dsials W Aol oig

W7t Aol fIlT) (Fig. 2).

P. acnes X S. epidermidisOll tHat 22| AT HIQ
MO S

[e]
o
Aol S AV Ay B Akt
aboll o]3le] oF 959 o)A} i EIE YERlSloH, 1}
AbgkA E dhE] QA1 RAME R 931 P acnes?]

LS ZH7F 18~19%S}F 18~32% <1 A|3FA T} (Table 2).

Human keratinocytes HaCaTo0l| CH gt |4bdo| Hak

LAB 13} LAB 2 H+ /= 242} 91.0 £ 9.6.5, 40.0 £ 2.0
Tkt (Fig. 3).

Y
==
fru
X
z
o
4
i)
Ji
o
nj
o

[uRel 5%

(LI

e o] 84 Apol2 TSk At Rl
API 50 CHL kit® 1x} 54< 3 Z¥, LAB 1< L.
salivarius (7}s%d 99.9%), LAB 2 Lactobacillus cellobiosus
(7Fe4 92.9%), Lactobacillus delbrueckii subsp. delbrueckii
(Vs 3.1%) = A=Ak

LAB 1 LAB 2

Figure 3. Microscopic observations and numbers of adhered of
LAB isolates to HaCaT cells. A, LAB 1 vs. HaCaT cells; B, LAB
2 vs. HaCaT cells. Magnification, > 1000. Values are means *
standard deviations of three independent experiments.

SkH LAB 15 16S tDNA 991 bpE 214 714 E &
2J38}o] (Fig. 4), NCBI®] GenBank X 27138 Al8-3}o]
dede At 2 A, wlagk 91719 7] F
L. salivarius subsp. salicinius JCM 1230 (accession no.
AB289295)7} 100% “&7d<S X L. salivarius subsp.
salicinius2 &g F At} (Table 3). LAB 2% Lactobacillus
fermentum ATCC 14931 (accession no. AB017345)3} -A}
27} 99.04% = 7+ 3o} L. fermentum o E S Aok
(Table 4).
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1 TGCAAGTCGAACGAAACTTTCTTACACCGAATGCTTGCATTCACCGTAAG 50

51 AAGTTGAGTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTAAAAGA 100
101 AGGGGATAACACTTGGAAACAGGTGCTAATACCGTATATCTCTAAGGATC 150
151 GCATGATCCTTAGATGAAAGATGGTTCTGCTATCGCTTTTAGATGGACCC 200
201 GCGGCGTATTAACTAGTTGGTGGGGTAACGGCCTACCAAGGTGATGATAC 250
251 GTAGCCGAACTGAGAGGTTGATCGGCCACATTGGGACTGAGACACGGCCC 300
301 AAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGT 350
351 CTGATGGAGCAACGCCGCGTGAGTGAAGAAGGTCTTCGGATCGTAAAACT 400
401 CTGTTGTTAGAGAAGAACACGAGTGAGAGTAACTGTTCATTCGATGACGG 450
451 TATCTAACCAGCAAGTCACGGCTAACTACGTGCCAGCAGCCGCGGTAATA 500
501 CGTAGGTGGCAAGCGTTGTCCGGATTTATTGGGCGTAAAGGGAACGCAGG 550
551 CGGTCTTITAAGTCTGATGTGAAAGCCTTCGGCTTAACCGGAGTAGTGCA 600
601 TTGGAAACTGGAAGACTTGAGTGCAGAAGAGGAGAGTGGAACTCCATGTG 650
651 TAGCGGTGAAATGCGTAGATATATGGAAGAACACCAGTGGCGAAAGCGGC 700
701 TCTCTGGTCTGTAACTGACGCTGAGGTTCGAAAGCGTGGGTAGCAAACAG 750
751 GATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAATGCTAGGTGTTG 800
801 GAGGGTTTCCGCCCTTCAGTGCCGCAGCTAACGCAATAAGCATTCCGCCT 850
851 GGGGAGTACGACCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGC 900
901 ACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTAC 950
951 CAGGTCTTGACATCCTTTGACCACCTAAGAGATTAGGCTTT 991

Figure 4. Nucleotide sequence of the partially amplified 16S rDNA gene from LAB 1 by PCR.

Table 3. 16S rDNA similarity of LAB 1 to other bacteria

Table 4. 16S rDNA similarity of LAB 2 to other bacteria

Sy Nl
Iféiil i1v2a3r(i)us subsp. Salicinius 100.00 0/991 L. fermentum ATCC 14931 99.04 6/622
L. thermotolerans DSM 14792 93.45 41/626
L. salivarius T 99.90 1/985 . .
o o L. ingluviei LMG 20380 93.45 41/626
k;g@???j ls ubsp. Salivarius 99.80 2/990 L. mucosae DSM 13345 88.42 72/622
L. aviarius T 94.95 49/970 L. vaginalis NCTC 12197 87.90 68/562
L. agilisT 92.27 75/970 L. plantarum JCM 1149 86.91 80/611
L. acidipiscis FS60-1 91.68 82/985 L. panis DSM 6035 86.85 81/616
L. animalis T 91.58 81/962 L. reuteri DSM 20016 86.80 82/621
L. pentosus JCM 1588 86.76 81/612
} L. aviarius subsp. aviarius ATCC 43234  86.43 81/597
a4 E L. oralis DSM 4864 86.34 84/615
g MY E9 AR § s, md-aiaa
wele] 2] g v S8 Ao w Wy gk 7 FAH] w4 9 dFom AAA HaL AfE Sl
TR, EE 5L PAse AL 5O dul, 28/ & B9 JPHoR 9F4 3L A=y wES ¢
A4 E& AMdFol WS 8 WHe) FRFo Atk o=ge) 99 A FolA P tEHele & £
B o] F8 HSA NRES J@Y)7]E gtk o259 9l Poacnest §4 718 a9 A (htow A
Y W vlASA WS A FAY FAT ) So] QolA T Bulsh e B9l 92, B, 5,
X w

o
7hEel Ssith Poacnest =& Ake] Hof el
2HE IL-89 EHE FEIFAY FoZHE lipase”}
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H|Eo] 577 95 ol f-J¥ T} (24, 25). 1]
P. acnes®} #H| %= coproporphyrin IIol 2]3] ZH23
MAEZ} AFE O] IL-1, TNF-09F GM-CSF9} 22 cyto-
kineo] HH|H o] o] =F9] ¢IFe] Hofsh= Aom Yo
A 9lt} (26,27).

=5 A=A FAAI= G oA g Aol
71 AR R AEE WA = T L IF A
Aol A Wde] Barsar lrk (8). ol A
Wa EAE %%3}7] flsto] Al A ZHORE oFg 2

ox R Az

il
i
_Q
o

juui
2o
o
X
re
-
A
2
30
o
Y
ry
2
rr
2
of

0
N

l-r

F N

(magnolol) ¥} &
olg&o] @11 Mtﬂl. das % f’%ﬁ:@iﬁrﬂ AL H
ALE AT (29, 30).
B Alits AAskE ikl tgk A= Bol
o] gkovt P oacnesoll thek StHamE 717 Akl
& oI t= mulgk Holth (31). Smith & (32)C A
FAaketdlre] vhEE| e A1S AAskaL, o4de] A
Fat S SRS Ealste] dat
E B A e ﬁ%aol o AoR W
al ) ano] vl of|wlst
ng kst ofsto] oA Lﬁ‘r (34, 35). ol=1% &
Ein
=5

ol
ol
38
@
@
frici)
N
oX,
=
4
rlo
fg

248 sk Mt 282 A Fagae
g 5 Ao S FAAT|A FouA GIE
X o2 W3E 5 glof 341"%7 7Fe fAe Fogt
&g 3 TolA Eegk Ak
i SollA] L. salivarius subsp salicinius® =4¥ LAB 1
3} L. fermentum 2 58%F LAB 27} 3284 s AA]
al= 5ol gl9lon, LAB 27} BatEkEAS 1 Bo
XSS T P.oacnesE ©HE O &2 24A17F v S wol

O

H] 3| %FA At W3] A7) 10°~10° CFU/mIS]
HE B3oH, LAB 27} o] o §-eiqltk 3,

S. eplderm|d|s°ﬂ e s 28 Akt WEka) eF 10t
CFUMmI9] 748 H3om, P acnesel] sl D}XW}
A2 LAB 27} &4telo] o E£okvh aeja, #e2] 4

o] wlF A w3k Poacnes9} S. epidermidis2] *J,’%—%
78] oAstl on, o] Akl oJs FAhgS
Holom, spikstea A W Al FARE A oA

Lol Ak FurES eI

>~
>,
gy
(e
O
a2 r
)
=
re
rO
-
2
>
BN
)

ur{n:
Au)
o
2
e
K
T
4z
N
o
it
e
2
3 o
oo

2

o ofy

)

S}

E oX

2, md
o
offl
o,
ol
ol
N
o
ol
ol
2
o
ofo
ol
O
Inl
—
==
o2
o,

ox. :lO
2 %
N
T T )

i
o
o
o R

A D58 Wil FHito] Moz EE

0{| —{NI
N
o
g
Z
>

ol tRNA %12} probeE hybridizationA|Z] &, A|gta 4
2 Aee AARE Als EFsk7] AlAskdT (36). &

2759] 16S IDNA A7 LS vlatshd Alato] st
A% ThETE G7IAES vlstal st da
= 7ML FAMIS s Hok i ATl =
B A 235 B3E e e HARE API 50
CHL medium kit= &4 &g A2t 16S iDNA 714
oF vk Auprl opgke] Apol7h A=, wel ikt
155 L. salivarius subsp. salicinius®] -Z1x}e} §-ALX]7}
100%E . L. salivarius subsp. saliciniusZ 535 1o,
& 3 == L. fermentume] FAXe}F AR 7 99.04%
24, API 50 CHL medium kitZS ©]&3F 574 ZA¥}ol L.
cellobiosus (92.9%)9= FEet zko]7t &S & 5 AN
ol meEba HEFARD Al s b A o
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