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Antibacterial Activity of Bacteria Isolated from Rocks on the Seashore

In-Suk Park, Ryunkyoung Oh, Min Jeong Lee, Ji Young Moon, Young-Ok Kim, Bo-Hye Nam,
Hee Jeong Kong, Woo-Jin Kim, Cheul Min An and Dong-Gyun Kim*

Biotechnology Research Division, National Institute of Fisheries Science, Busan 46083, Korea

There is a great deal of research interest regarding substitutes for antibiotics because of various obstacles to the ef-
ficacy and use of antibiotics. We isolated and analyzed diversity of microbiota which exhibited antibacterial activity
against 23 pathogenic bacteria, to develop alternative agent of antibiotics. By investigating the microbiota from rocks
on the seashore, we characterized and obtained various antibacterial material-producing bacteria. Thirty-one isolates
belong to four genera and seven species, according to 16S rDNA sequence analysis, showed antibacterial activities
against 23 pathogenic bacteria. The Identity of 16S rDNA sequences indicated three species of Bacillus, one species
of Paenibacillus, one species of Pseudomonas and two species of Enterobacter. Two isolates were similar to Bacillus
aerophilus, four isolates were similar to Bacillus pumilus, seven isolates were similar to Bacillus safensis, 15 isolates
were similar to Paenibacillus polymyxa, respectively. In addition, one isolate was similar with Pseudomonas poae,
one isolate was similar to Enterobacter asburiae, and one isolate was similar to Enterobacter ludwigii, respectively.
Variations of antibacterial activity and level among the same species were indicated the diverse strains of isolates.
Vibrio vuinificus showed the highest degree of growth inhibition by 29 isolates. Further studies regarding antibacte-
rial materials and bacteria suggest that development of probiotic strains or alternative agents to antibiotics.
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tHRavi et al., 2007; Tom et al., 2007; Aditya et al., 2008; Rijk-
ers et al., 2011; Jeong et al., 2014; Reverter et al., 2014). 218
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o, dEEARNE LT B4R 5, 5AEH0
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St Sf|pA| B FEatArE ol A ZH2F marine agar (Difco, USA),
R2A agar (Difco, USA), 1/10 marine agar (Difco, USA) 712
11 1/10 R2A agar (Difco, USA) v x| o] H3 = 5}ict. 2+2F
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24 AREESE T ate) v oF Aol A vi<f 2 paper disk 9]
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gy @52 genomic DNA (gDNA) & 3
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o B AEE FollAl At det B Hole= ot
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715 A S-S magnetic isolation kit (TNT, Japan)E AR
sto] F83] lysis Al7l 3, HARE=EAE317] 7] (MFX-6100,
TOYOBO, Japan)2 ©]-85}0] gDNATRS 44317 F&5})
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Atk #5573 gDNAE EFFEAE oot ok 2 5=
£ S7dok3lor, Weisburg et al. (1991)9] {ie& &3t
F9] 5o HA3l 16S ribosomal DNAE 5-3&5]% tH Weis-
burgetal., 1991). <=5~ £2]3F gDNAES 53 © & 27F forward
primer (5'-AGAGTTTGATCCTGGCTCAG-3")%} 1492R
Reverse primer (5-ACGGTTACCTTGTTACGACTT-3)&
0|83 PCRS 4=345}0] 16S IDNAES Z$Z35}9it}. PCR =
B1-3-9] mixture:= 0.1 ug®] gDNA, 10 pM primer set, 2.5 mM
deoxynucleoside triphosphate (ANTPs), 10X reaction buffer,
ExTaq polymerase (Takara, Japan)2} distilled water= %|& -
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Biosystems, USA) G7| A Q&4 7]7] & o] 83} 16S iDNA
A7IM e Aot 2249 16S rDNA 3 E= BioEdit
sequence alignment editor (version 7.2.3)2] ClustalW multi
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X = NCBI (National Center for Biotechnology Informa-
tion)2] BLAST (Basic Local Alignment Search Tool) 73482
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ghat 2710] of)7] WEolaa T,
3189 w5 9F 1.5 kbp Z27]19] 16S rDNA 7] A]
ko] 47112] Z(genus)©ll &= 7(species)] ]
s 7MY LAS== Wel Sltk(Table 2). w-2]+== Ba-
cillus aerophilus 23, Bacillus pumilus 47, Bacillus safensis
73, Paenibacillus polymyxa 157, Pseudomonas poae 13,
Enterococcus asburiae 17}, Z12|11 Enterobacter ludwigii 17
o2 YolA] welgsol e FOR FRES &4 oo
(Table 2). FtE/d& Kol E2|H v|yE FolA Bacillus
% = Paenibacillus 5°] 313 S04 28K .2 95 =,
ol sl B sk Foll 7P wol EAsh= A=l
Bacillus % %= Paenibacillus Z°|™, &3] Bacillus & t}&
=T g R dE B UVEA 5ol 72t A3
= Kol 50| Jlrkal Harr]o] & AAto A Eefgh X2 9]
S99t RolE oS 0] ATHE S & 2 ol A
2A = Al S o 4= 2 tH(Gwon et al., 2013, Kim et al.,
2012; Kothari et al., 2013). Z& 4 dlj<=, E 4 & 9 = 4
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o] 22| =212 Enterobacter 0] &2] =] o] A4Sl 5f o2
s s TES € 5 dslen, ol dtEde U
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Table 1. List of pathogenic bacteria species used in this study

Species Source Growth medium Incubation temperature

A Bacillus cereus KCTC 1012 BHI 30C
B Candida albicans ATCC 10231 YM 25T
C Edwardsiella tarda KCTC 12267 BHI 30T
D  Enterobacter cloacae KCTC 2361 NB 37°C
E  Enterococcus faecalis KCTC 3206 MH 37°C
F  Escherichia coli ATCC 8739 NB 37°C
G Klebsiella pneumonia KCTC 12385 NB 37C
H Lactococcus garvieae KCTC 3772 MRS 37°C
| Proteus mirabilis KCTC 2510 MH 37°C
J  Providencia stuartii KCTC 2568 MH 37°C
K Pseudomonas aeruginosa ATCC 15522 NB 37°C
L  Staphylococcus aureus ATCC 6538 Tryptic soy 37°C
M  Staphylococcus haemolyticus KCTC 3341 MH 37°C
N  Streptococcus iniae KCTC 3657 BHI + 0.5% glucose 37°C
O  Streptococcus mutans KCTC 3065 BHI 37°C
P Streptococcus parauberis KCTC 3651 BHI + 1% NaCl 25°C
Q  Streptococcus vestibularis KCTC 3650 MH 37°C
R Vibrio anguillarum KCTC 2711 BHI 30°C
S Vibrio alginolyticus KCTC 2472 BHI 37°C
T  Vibrio harveyi KCCM 40866 Marine 26°C
U  Vibrio ichthyoenteri FB 4004 BHI + 1% NaCl 25C
V  Vibrio parahaemolyticus KCCM 41664 TSB + 2.5% NaCl 37C
W Vibrio vulnificus KCCM 41665 TSB + 1% NaCl 30C

BHI, Brain heart infusion; YM, Yeast Mold; NB, Nutrient Broth; MH, Mueller Hinton; TSB, Tryptic soy broth.

%)= v)AEo]tH(Ash et al., 1993; Timmusk et al., 2005; Ravi
et al., 2007). W& ALo|A P polymyxa 5= HANAT]
A& AEAEE AL kst Ealjaar A4k, Aol &
gt wrgolR B MU o ASS At 24 A
AFel7] diizoll 78 wAER HarEar glof & dAto A A
o ] F-842 B ol B7FE 4 A H3UehRavi et
al., 2007; Liebminger et al., 2012). £3] P, polymyxat= poly-
myxin?} lantibiotic®} 22 HAFYEA-E AYAkghrtar g
A Qlo] & Aol gt Rt o] B8-S S8
FAlOl| B Rt E o] 85to] FAAE IS ARE =
2HlO| QB A F 2 B8-S 7| S 4= 9l lth(Zengguo et al.,
2007; Lal and Tabacchioni, 2009).

B. safensis v+ 18 %3+, ZAE AAbste e 9
wFEA A, UV, Z12]aL Frpdabd ol 9 AgHdol &
3 BE o] Qlow, thE Bacillus F3} $HA A1&2] A4S
otz =4S AR delA FEokoll A {83 A
& FF2 214 o] QITK(Sari et al., 2007; Kothari et al., 201
Kumar et al., 2014).
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B. pumilus w+5= ZL3F/d, 27 dwtolH, RS A4t
TR dutA o g 2 AlEolA] Wol WAE L By
tHKempf et al., 2005). E3F UV =2, AXSH A 12
3L TAkSbpAn o ZHE ARSHA]| A 2] FOf ThekRt R A0l AE
2o 73st At o] Rawd QIt(Kempf et al., 2005). Hill
et al. (20092 A}-(black tiger shrimp, Penacus monodon)©]|
A &2l B. pumilus £ 3-8 A0l = AB5o] 755k, o
A}l Vibrio alginolyticus®l thgk ohat /o] 5= Halst
S|, & AFoA B2t o= V alginolyticus©l| Tt &
dEAS 3ol g 4= QI iThHill et al., 2009). U5 B. pumilus
T FAEY By A7]= froll 38|24 WolE vt
o=t A%o| kil Bi1Eo] 913 (Garbeva et al., 2003;
Joo et al., 2004; Satomi et al., 2006), pumilin®]2H= =2
= AAkshe Aoz e A Qlek(Bhate, 1955). 3152 o+t8
J& Hol= A& F B. pumilus $-2 1= FDAoJ A Q175
17%2] GRAS (Generally Recognized As Safe) w5 % 3t
2(GRAS Notice, GRN No. 561) ¢F4A43} 48717} o|u]
Y5 wAEo]7] diizoll AF Aol E8d0] B =
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Table 2. List of isolated strains and results of BLAST search with 16S rDNA sequences

Isolates Identity Species Genus Family Order Class Phylum  Kingdom
1 D28 9 100% Bacillus
2 D70-10R 99%  aerophilus
3 RD6
4 D116-2-10R 4 99% Bacj{/us
5 D116-2-20R pumilus
6 S118-2-20R
7 RD118-1 Bacillaceae Bacillaceae
8 RD118-3
9 RS116-2 .
10 R84 7 99%  aols
11 D118-2-20R
12 S118-2-10R
13 D118-2-10R
14  DRO05-2A ) . o

Bacillales Bacilli Firmicutes
15 DRO7-1A
16 DRO07-3
17 R07-4 .
18 RD054 Bacteria
19 DRO07-2B
20 DRO07-1C o - o
20 DROMe 15 oo Fapbacils Panbach Peenbac
22  DRO7-2A
23 RDO05-2B
24  R05-1-3
25 DRO05-2-1
26 Dr07-2-1
27 DRO05-1-1
28 DRO07-2-2
20 RDI0D 1 s e acese monadales  monadales
%0 Resed b E’Zﬁg‘fﬁgger Enterobacte- Enterobacte- Enterobacte- Pro?eirggzz?eria ProtGeiT;Tc]:ztaeria
31 RS86.2 P Enﬁg;figgter riaceae riales riales
31 isolates 31 99% 7 4 4 3 2 2 1

ol

AL, S2AF FAQ] 9 Thergh Abloll A Egd Ao ' 7|k
AT,

1/10 marine B 2| o A= o aFLte] 25 223 4= 9lle
™, 16S IDNAQ| H-AMEE E4/3H A3} B. aerophilus £} 7}
AR 23S o 4 QI TH(Table 2). 2 Atoll A=+ 19
B. aerophilusE w28 4= 91%l=H| 217} 1/10 marine Hj <] 2t

R2A wi Aol A Z2]3 2, 168 rDNA 97|14 F A Eof| 2
T EFe d2 T ER 25 Ho, S8 B
R2A BR[O A 2|3t ot =0l A & O Thefet @t 2ol i
E| {tK(Table 2). o]2|7t Aih= 22 w7t A&l v HijA|
oA wiF = W o tAREE A m2el At

L AYOR 2HY S Uglon, B AT RelRFES
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16S IDNA 0] o3to] BRat7| 2ol h2 FoR osl /b E RS & 4 eirk(Table 3). o] ofat A4S Thof
A ST oS 95 & 4 ork B Aol el s 9 AN 22 P polymyxa ol 43HA]8 strain Ei 4
R AL N EL e FOR FRHAANG FRBH o] Aol whet G B F# 2HEYo] thErk B

2" EHolLt *1]717} a4 52 & 4= 3ISitH(Table 2, 3) &0l ¢l 4= ¢l o, o]= P. polymyxa ©| polymixin A, B
E3| P polymyxa %2 th2 50 vl3f] 158 9] -2 F9] £ E (colistin), polipeptins, jolipeptins, gatavalin, gavaserin 12|
o U= %li’iJ— Hjj o W o] rotie Z}Zko] w4t L saltavalind} 282 thefel @t A2 A4S ] wiiofl strain
i3t gt e AfolE 7158to] nAESHA B AgslkehA] o =g Aol weh A= et B e 5T

Table 3. Antibacterial activities of isolates against 23 pathogenic strains

Isollates A B ¢ D E F G H I J K L M N O P Q R S T U V W Total
1 ok ok ok B . 5 spp.
2 . P . . " . 7 spp.
3 Rk " * 5 spp.
4 - . o w . . " . 8 spp.
5 - . % o wk . " " . 9 spp.
6 - . . " . 5 spp.
7 * * * 3 spp.
8 - . % % 4 spp.
9 - . ok k % . 6 spp.
10 sk . . % . 5 spp.
11 - . . % . 5 spp.
12 - ok . % * . 6 spp.
13 - . . % ok 5 spp.
14w %k ke % *x *x kk P P 14 spp.
15 wx x xk wx * PP o P PO 14 spp.
16w P P . o wx P 12 spp.
17 e e o . . PP . P 11 spp.
T P . o wk % P 15 spp.
19 e ow o wk . . . P, 11 spp.
o0 Wk e ok ok P . . P, 12 spp.
21 ok ok . . . . P 9 spp.
20wk wx wx wk . . o wx % 10 spp.
23w okk o . . ok x ak % 12 spp.
24 W . K Akk %k ok o wk % % 14 spp.
05wk . ok . . % % wk % 11 spp.
0F  wwx ek . * Ak w . ok * % %% wk Rk 15 spp.
27 . % . wox % % 8 spp.
08w . wx wx . ok % PR 12 spp.
29 i * 2 spp.
30 * 1 spp.
31 * ** 2 spp.

14 21 4 12 0 22 14 12 2 0 14 4 1 5 12 25 0 10 21 4 18 14 29
Alphabets and numbers in a "isolates" column indicate pathogenic bacteria described in Table 1 and species of isolates in Table 2, respec-
tively.

Levels of antimicrobial activities were evaluated by number of asterisks (*).
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Lol, thefet 50l FtE S AAFsh= P polymyxa £°| %
YA hA =2 o 7ol v 2 &7 S & = U
THChoi et al., 2011).

B. acrophilus®] 739~ & 3% 9] o 7] Hof A 22 =it
A A qlo] ARl o] rER F55t7]o of#&o] Sl
o B. safensis, B. pumilus, B. aerophilus v+5++= Bacillus
5 F AT S 8 Aom el glom, §4
=7} 99%7} 9 7] wjEof| 168 rDNA KTk gyrBels 974
o] EA|oF MAbb o] T o] Yl A A7IA Hell o3l
A AgstA 4 kil B 31E QIT(Shivaji, 2006; Wang et
al., 2007). £3| B. pumilus®} B. safensiss= -F-A=7} =0} 16S
DNA AR 2= F 0] B27} ofHrtal B 1% Sl ck(Shivaji,
2006; Wang et al., 2007). whehA] 2} ALo| A gyrBe} 242
e A B4 S5t 1% Bacillus <55 ol A
A 2ol Bt A0 & AtrHT

Pt/ Hole vAE F Bacillus 9] m8 &2 A2t
1= Pseudomonas poae®} 5 2| Enterobacter w57} £-2]

2lth(Table 2). 71 % P, poae d-5+= 342 B2-S AYAls5)
L ae2A 52, Pseudomonads 4o 4311, thokst gH4
oA He] W HI %= f5o|ck(Behrendt et al., 2003). 12|
3 52E P poae w5 AlEol B FU8k= Phoma betae,
Rhizoctonia solani Z12] 31 Sclerotium rolfsii 52| ¥ YA 43
o] Zo] %G oJah Sl okelA glo] Alaatme] A
o F-et 2 B Fo{QIt(Henry et al., 2013).

2 Aol A 223 = 59| Enterobacter wt7= 27} E. as-
buriac®} E. ludwigii®t -F-AH=7} 71 & =2 W Hed,
T e B8 A2 G A Qo] & Atd el 71 Sol
3 A7} ch Table 2). E. asburiae= 12-2-432) 7h Re)2,
enteric group 170 &3h= w24 19861 o]l -7+ 2 =
SIth(Brenner et al., 1986). +2 H & 52| yAdof tjsf 212
wof BHpehy Ti B4 0B HuE OE PR
EAo] det SE3F A% th(Brenner et al., 1986). 12U %
ofl = ¢1LElo] 2J5}o] ethanol} hydrogenS AAISHLE
glucose dehydrogenase 52 #H]3l0] G2 Haljsh= Flo] &2
TEo] & o We 9t P Q3 £ 0 7 AR E i (Changhao
et al., 2009). T} gt F-9| Entericbacter= E. ludwigii®. =24
20059 E. cloacae oA AlEo g Ha| ¥ Zo|ti(Hoff-
mann et al., 2005). E. ludwigii~= T}= Entericbacteria®l+= &
2] myo-inositol¥} 3-0-methyl-d-glucopyranose & G L=
AFgte] o] FPelehs i} glovd, Aol 4He &
A3k cheget el aas Agatsio, wobe A7 2 it
= gAdo] Ha1E|o] Qltk(Hoffmann et al., 2005).

2 Ao A welE RS Hols 5 Paenibacil-
Tus®} Bacillus 22 X316l Bacillales=3} 187] &2 25

T2 4 Ao, Bacillales ol £3h= Z8]wt S50
& Gt S YE o] $4RE ZgHpo| e EA F O 7 I

Rl

il

ol
ek

=
=

p

ox
Shl
)
o

N
of
Jo

dho]] B2 §-83F2 & = 1 3ltK(Table 3). £3| Paenibacillus
9 Bacillus 352 Lactobacillus plantarum (KCTC 3108)}
Lactococcus Iactis (KCTC 3769)2} 72 tfj3£ 2] ¢l ZZ2H}o]
QEA FFE B} TS 7R PSS 7155 o (Data
not shown), ZAE AJAksH= EA40] Q7] oo AL -5
2l Hto] gofstal ARG o] 1hdste Pseudomonas =
Enterobacter 52| He]|utF= K} T2HO|QEIA HFF F =
YA HAA| 502 SEAdo] w2 A SR AL ETHHIll et
al., 2009).

ST BN TN U SN BN
BelFFEY GHBAL R 29 o4 wjesiobs B
T gon, B B BEE Aol 44 E T
of §7 9 57| Fofol weldrol YRR Brhst

(Table 3). 21 A3} B. aerophilus (1, 2H45) & 5-74F, B.
pumilus (3-691 w157) 58 5-9 7, B. safensis (7-13% w5)
2 3-63t5, P polymyxa (14-28H 5) 52 8-1575 1]
1! P. poae (299 4=F) &, E. asburiae (30¥] +-5°) £, E. Iudwi-
gii 1R ) T2 212} 1294522 1A <tol| thet o+ 24
< 7155k0] Z}7Ho] Fof| wheh gt Aol v & 4 S,
B 7S Bt 7T T e & 4 AU TH(Table 3).
“1ejar o] Rk et o] Akt ol WHE &5 16S tDNA
of| mhE T2k vl AR AE Yl of Fof whEh vE
T =S A S o S QLS TH(Table 2, 3).

P. polymyxa&-°] &e|+t552 2181 #5(DR0O7-1B)E A
QSHaL 105 o]de] MY HHdtSol A= 71535k
U A] Relat g Eeh 9505] e 420 B el thgt gt
AL 7|25l o, £3] A (Bacillus cereus), C (Edwardsi-
ella tarda), D (Enterobacter cloacae), K (Pseudomonas aeru-
ginosa), L (Staphylococcus aureus), R (Vibrio anguillarum),
T (Vibrio harveyi) 12111 V (Vibrio parahaemolyticus) 3|7
ol ReHtFE SollA Al Wt E4e UER I
(Table 3). Z18]1L P. polymyxa th-3- 2. 2= B. pumilus +5 ~1
0] 5-9 a7l et et S Hol T ¥Rz 9
A& 7|=31tH(Table 3). E3F M (Staphylococcus haecmo-
Iyticus)¥} N (Streptococcus inia€) = B. aecrophilus®} B.
pumilus AT /o] Q52 & 4= A ATH Table 3). HH
B (Candida albicans), ¥ (Escherichia coli), P (Streptococcus
parauberis), S (Vibiro alginolyticus) ¥ W (Vibrio vulnificus)
e ] EElato] A BAE Hiomw, 15 V.
vulnificus w52 31719 Eelat & 24 9] ZeldtE A9
Tk 297119 ®efatoll B2 As| wol Rejatol 7H 1l
e FHBAS Hol= A eH, o2 S. parau-
beris w7} 257 2] ZelatFEol| ot A E 7155k
CH(Table 3). ZL2fu} 2 Aabgof| A 23t 314 9] B v]Ay
= E (Enterococcus faecalis), J (Providencia stuartii) Z12| 1




Akg] gl n A

Q (Streptococcus vestibularis) ) 7 1-5=0f| that Ft2HAd
Qpololl Al 27 2 8 4 §19lcHTable 3).

w22k 314 9] n] = SollAl P. polymyxa w5 <3} 18
Hak 2681 =7} 23F9] T FolA 1580 5ol 3+t
S 7| 251900, 14, 15917} 248 277 145:9] WA
o] Eof| tiste] gt 7|25 ti(Table 3). 12 - P
poace] TAZFRN 299 F3=0} E. ludwiqii -1 319 o5+
= 2V} O (S. mutans)?} W (V. vulnificus) Z12]11 B (C. albi-
cans)2} W (V. vulnificus) T w59 A2 S 7| S8t
(Table 3). Z18] 3L E. asburiae w5 22 W (V. vulnificus) ot
Fout S-S Afiohs B Hol Beluts SollA M 5
2 a2 H91E 715 5FSItH(Table 3).

2 Aol A= et W97t F-2 Enteriobacter®} Pseu-
domonas &°| & A 2Jstale I/ 9 P A B
of Pt S Bk 4= Qlglow, C albicans®} -2 A+
of Wiy ol So] oo Table 3). ik 5459
785 oFl, SN 1) AL A2 apaEof ek =t 2439 1+
Fe M7 ohEE & 4= Y %UtH(Data not shown). watA] &
A F5o] 29 3 7H0) GBS ASHE Aol ohj2t 5
ol4Fe] B8 AAIEIH, 0|2 Qlefo] FFe4e] Bt w9l
7} ohE= & 4= QLS TH(Table 3).

FIAE dAT 5= o= 2ES T el Bl
FHE Aofet 4 = VAR Ei 0)4%o] Aktels 24
9] kAol FQ3ltH(Kim et al., 2008). 12|31l ARESE HF=
Seiuvhete] Atel oFA o Yk 5 AaEljof sh,
QpAIAE ] A oA AL, A2 W A g elo] Fasie)
(Aditya et al., 2008; Hill et al., 2009). =3+ 7]& g5 2
W= AS YASEAY TheFe E-8/d o] HarE|o] gloj= Eejd
oot Aol ek Bhh ok =k 8- 7/ of w2,
2 AroflA & £ ool FEA o |7 e of Y dE

o

flo

& EEslol ARGtk o Hlzel I3t AL 59| )
227 39 4 9L A0 AREL,

B A7 52 Botol Seluter SA1op B AT T
T f-gRTol B % Wbk A4 0 Sasolor 3 Rl
o, o]efgt Asks 9-elutel el 2 A g vl

£9] offroll et Y, =AY, St HIAUE, nAEs
2] 9l A3tebA] FA] 3 thokst akRopol 8-S gttt o7
WA 759 Aol = Q= A tiAIA 9] A2t ¢
AtREE 7S Al et avtE e e S A
= AR H

At AL

of HEE 201SUE Akt AT AR
(R2015022)°) 202 45 AAFoln] ATu] A]2le] 24

o gzt ol
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