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This study was carried out to isolate soil bacteria with anti-
microbial activity and evaluate antimicrobial substances produced
by isolated bacteria. Among many isolates Bacillus subtilis DS660
and Paenibacillus polymyxa DS842 showed high antimicrobial
activities against 6 species of microbial residents on human
skin and 3 species of pathogenic bacteria. DS660 and DS842
showed 15.3~26.8 and 11.3~27.5 mm of inhibition zone diameter,
respectively on nutrient agar medium against most target bacteria
and fungi. DS660 and DS842 produced 57+ 8 and 170 + 15 pmol/ml
of siderophore, respectively as an antimicrobial substance.
Analysis of ethyl acetate extract of culture supernatants of
DS660 and DS842 suggested production of glycolipid bio-
surfactant which reduced surface tension of culture supernatant
of DS660 and DS842 from 60.0 to 40.3 and 30.3 mN/m,
respectively. DS660 and DS842 also showed 169.2 = 9.9 and
357.2 + 13.7 nmol/min/mg protein of B-1,3-glucanase activity,
respectively, and hydrolyzed cell wall components of 3 bacterial
species. These results suggest that B. subtilis DS660 and P.
polymyxa DS842 may be utilized as an environment-friendly
biocontrol agent against some skin microbes and pathogenic
bacteria.
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1L QJck(Stein, 2005; Ansari ef al., 2012). 3t Paenibacillus
polymyxa®] 73-%- A7+ A/ Alat, A& ¥/ At 2+t
ofl &t gt 24 o] B3 B} QltkSeldin er al., 1999; von der
Weid et al., 2003). o]of| & 1ol A= Kot gt /d o] 7t +F
&5 gAY A5l EFol|l A B2] % Bacillus subtilis DS660
@} Paenibacillus polymyxa DS842 0| t| 3t &+ 2-41-& H 7138}
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A Fol| A 2|3 DS842 + 5 Thget f’l ﬂJr A vl
S-S o) T F-2 9]t mAES Aot A& YE
WAk DS6601}F DS842 ++52] 16S tDNA &7 ]/\1 g 524 A
ZYZYNCBI 52 5= = Bacillus subtilis 168 X Paenibacillus

polymyxa DSM363}99.0%] 4548 & L 9l o) 3

el 5h2] AL} APLKItE

ol 85 Al AVFaLA AALE Sals

A=t T #57} 2H2) 95.83F 95.3% & bioMérieuxAH2] API

kit 57 7]2291 80% o] k2] 7]2-S kxS

Table 1. Biochemical characteristics of strain DS660 and DS842 by using API kit

}9tH(Table 1). w2}

Characteristic Bacillus subtilis
Gram stain +
Morphologie rod
Optimum temperature (°C) 29
Control -
Glycerol +
Ertythritol -
D-Arabinose -
L-Arabinose +
Ribose +
D-Xylose +
L-Xylose -
Adonitol -

B-Methyl-xylopyranside -
Galactose -
D-Glucose +
D-Fructose +
D-Mannose +
L-Sorbose -
Rhamnose -
Dulcitol -
Inositol +
Mannitol +
Sorbitol +
a-Methyl-D-mannopyranside -
a-Methyl-D-glucoside +
N-Acethyl-glucosamine -
Amygdaline
Arbutine
Esculine
Salicine
Cellobiose
Maltose
Lactose -
Melibiose -
Sucrose +
Trehalose +
Inuline +

Melezitose -

DS660

+

rod
30

+

+ o+ o+ o+ o+ o+ o+ o+ o+ o+

Paenibacillus polymyxa
+
rod
29

+

+ o+ o+ o+ o+ o+

DS842

rod
30

+

+

+ o+ o+ o+ o+ o+ o+ o+ o+ o+

e s As4d A4
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Table 1. Continued

Characteristic Bacillus subtilis
D-Raffinose +
Starch +
Glycogen +
Xylitol -
B-Gentiobiose

D-Turanose +
D-Lyxose -
D-Tagatose -
D-Fucose -
L-Fucose -
D-Arabitol -
L-Arabitol -
Gluconate -
2-Keto-gluconate -
5-Keto-cluconate -
2-Nitrophenyl-B-D-galactopyranoside +
L-Arginine -
L-Lysine -
L-Omithine -
Trisodium citrate -
Sodium thoisulfate -
Urea -
L-Tryptophane (TDA) -
Indole (IND) -
Sodium pyruvate +
Gelatin (Bovine origin)

D-Glucose -

DS660 Paenibacillus polymyxa DS842
+ + +
+ + +
+ + +
+ +
- + +
- - +
+ + +
+ ; -
+ ; -
- + -
+ + +

A T d5+E Bacillus subtilis DS6603}; Paenibacillus polymyxa
DS8422 wraleict. o] F5e] 74 %S GenBankoll 4
ZFZFMGT7458731 MF403069 2] 55 HT E WIQFo ], (5=
Korean Collection for Type Culturesol| 4] Z+ZF KCTC18521P
9} KCTC18528P 2] 7|EM S & wkgkr},

F%0| P

Aol FaFe A= S ot nES W= B. subtilis
DS6601} P. polymyxa DS842 vl A5l 9] 34348 =
AR ul, & o5 25 I BAN Q1 Candidia albicans
ATCC10231, Bacillus subtilis ATCC19659, Staphylococcus
aureus ATCC6538, Pseudomonas aeruginosa KCTC2513,
Escherichia coli ATCC8739%} Aspergillus niger ATCC16404
O] A AAISFAIL, F714 0.2 DS842 = R/ At

91 Klebsiella pneumoniae | w-5~(GNUH-NCCP 29, 41499}
4159), Listeria monocytogenes GNUH-NCCP2148%} Micrococcus
luteus GNUH-NCCP28371} 2922 T 5 2] A2 o A5}
Ath(Table 2). 7L Fo| A= 53] F 72 v d5H
Staphylococcus aureus ATCC6538-2- 26 mm ©]4+2] oA 2]
Aoz Aslatgiv)] o) Bacillus subtilis KIBGE 1B-170]
Staphylococcus aureus ATCC65381} 2-&of A H|3t
Pseudomonas aeruginosa®} Escherichia coli w5201 th3l] 22+
0,03} 18 mm 2] A 21742 YehH A7 Ansari ef al., 2012)
o vl st o) o 77} o1 Sk Gt B0 ] A
A o Hojwtth DS842 2] ¢ Bacillus licheniformis
M104 F5=7} YAV H= AHE B2 0| Listeria monocytogenes
ATCCI191159} Klebsiella pneumoniae ATCC100310]] 242
LR %] 351 A3 Gomaa, 2013) U Bacillus amyloliquefaciens
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Table 2. Inhibition of target organism by culture supematant of B. subtilis DS660 and P. polymyxa DS842 as determined by the agar well diffusion test

1ZD* (mm) 1ZD (mm)
Target organism Target Organism
DS660 DS842 DS660 DS842
C. albicans L. monocytogenes
+ + ko +
ATCC10231 17.0+£2.6 20.0+0.0 GNUHLNCCP2148 ND 113405
B. subtilis L. monocytogenes
+ +
ATCC19659 15:3%25 18.6+0.5 GNUH-NCCP2637 ND ND
S. aureus L. monocytogenes
+ +
ATCC6538 268+2.5 275+12 GNUH-NCCP2868 ND ND
P. aeruginosa M. luteus
3+1. 6+ 1. 0=x0.
KCTC2513 233+ 11 126+13 GNUH-NCCP2837 ND 20000
E. coli M. luteus
+ + +
ATCC8739 17.6+0.5 21.0+0.0 GNUH-NCCP2922 ND 252+0.0
K. pneumoniae M. luteus
GNUH-NCCP29 ND 14000 GNUH-NCCP3683 ND ND
K. pneumoniae A. niger
6£1. 31 3 +3.
GNUH-NCCP4149 ND 1.6+ 11 ATCC16404 233+15 27.3£30
K. pneumoniae ND 113+0.0

GNUH-NCCP4159

* [ZD, inhibition zone diameter
** ND, No inhibition zone

Fig. 1. Digesting of cell wall components of B. subtilis (A), P. aeruginosa (B), and E. coli (C) by B. subtilis DS660 and P. polymyxa DS842.

An69| Pseudomonas aeruginosa ATCC278531} Klebsiella
pneumoniae ATCC13883¢] 23A] A& e A Z3t A
(Ayed et al., 2015)3} H] 2L 5ko] o Z G A| T4 A &S A o]
SAT). TS = Y] T2 Paenibacillus polymyxa
SCE27} Escherichia coli HB1013} Micrococcus sp.of| 41
Ho || 53t AR o} Q=51 Staphylococcus aureus RN450
of il A= F-AFSE 242 LTEF Qlck(Seldin et al., 1999). =
7VA S 2 Bacillus subtilis MIR 157} Staphylococcus aureus,
Staphylococcus epidermidis 2} Candida utilisE * 35} A] 5=
Sl o] A 9] H 1% AN Perez et al., 1992)2} v] 1 5}o] DS660
3} DS842 #52) Aol Fof ek 3 4 lrk,

B. subtilis ATCC19659, P. aeruginosa KCTC25133} E. coli
ATCC87399] HH okoug 7L71— 9] /\l_\é_a o]—cr] /\11-6} /\ﬂih_
QP 5 7117 2ol 2t o] AES Ao] tief %
g0} QLo shehEl gl o]210] 0.2% H71E NA W]

&3 2l A A|s4d Al4%

DS6603} DS842 35 2] A uljof Al et FRo] Ttz &
A= Qo H(Fig. 1), whebA & F527F i Al 9] A2 g
B 8o 5 9 ACR 2L ol 2 7)5o] A4
&= Micrococcus luteus ATCC46982 H-APE = g|slo] o
o] & AE-S 0] 831 5 U3 uF o] AGYLim et al., 2001) 2} -3
ARt Aatolm o] ¢itol A= d AFE A 2| Al Z | Al
o] w2 A e AR A etk
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polymyxa DS842 WloF A5 0) AT A4S Ak
o] Yol F 2] v 4
7h Ao} = BT} ABBHRAE AR AE
Qllch A1 A o] Z+25.1+£1.6246.6 £ 0.3 cm 2 YA FE o)
AR o, o= t}FSt Bacillus sp. w(Youssef et al.,
2004)2} Alcanivorax dieselolei B-5 (Qiao and Shao, 2013) 2]
v eFeo] 3 em W 9= AF-E B ET = AupE o) o 2u)
gk Akl
DS6607} DS8429] ATIEHA & 2AFs}7] Sl vier Al o)
l

o EAY e Sskdled = HH #) 3% 60 mN/m
o] vl %24 A]7F 35 mN/m 0] 6] s}cﬂu}_ o] %=
Tt H g S 168/\]7]'7]]—ZI TR o] A48 7t

25}0] 742k 2d) 32.3 = 0.8} 30.3 + 0.8 mN/m = UFeh STk
0] Lactobacillus casei MRTL3 0| G4+ vl K] 9] FHAH
53.1 mN/mE H|SF 24 A17F = 40.7 mN/mE ZF4A|7] Axb
(Sharma and Saharan, 2014) 2 c} Wi=2 31 T 4] EHAE-S

Yot Bacillus sp. w52 AAEA4-E4] 50~2,000 mg/L

—%‘D:]’ E]'oo
7} A 35 mN/m =2 FEAFelo] Zhagk Aul(Youssef e al,

{w @i+ F
DS 660 DS 842

Fig. 2. Glycolipid biosurfactant from B. subtilis DS660 and P. polymyxa
DS842 detected by thin-layer chromatography. TLC plate was sprayed
with bromothymol blue.
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A QRS2 Lrep 77ro] BaHE T Fig. 2). ol 7
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e 4 s BARA olAEo] Bulsiy #u p7o
3 27} ATe7] wlio) e Ht ol B S| B vl
4 o]} $to] Aol ol AIE 4 Ik CAS HIA1 &

0]-8-3} siderophore 2] JAJH-4] o] 4] DS6603} DS842 w57}
siderophore & AJAFSICF L T E| @it o] & B2 dihydroxy
benzoic acid2 E AL 214 510] A2Fst A3 DS660TF
DS842 -+ HHOC}:Z?—_._]X]-Q] Z+Z} 57 £ 81} 170 & 15 umol/ml
of 2]t} A4S LR L 0.0 AR AISHE AR
B AHFig. 3). ©]+= Pseudomonas fluorescens7} AJAFs1=
siderophore Z|t] AJAFFSQ! 13 pmol/ml Bt} X =k}
(Nagarajkumar et al., 2004). T3+ ¢ E2] SBUA 57}

]_

lo
N
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r° OPO ruﬁ
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Fig. 3. Siderophore production by B. subtilis DS660 (A) and P. polymyxa DS842 (B). (x) optical density at 600 nm, (<) siderophroe production (mmol/ml).
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0.57£0.001 umol/ml1 2] 2|t} siderophore AJAFZ-S LJEFH A
HBanik er al., 2016)9} H] T5F0] DS8429] -8 0F300H 0]4)
of RIS Lhehio] 4 vl o] B ol 3 2517 5
o WL AT 5 S S S A ek B 4 gl
B-1,3-Glucanase : f-1,3-Glucanase = & 2 O] Al| 328 AJ 2 =
3te laminarin} -2 228 Ha)j31 o] 2 AJAks= m)AY
2 R0 AL A A 4= Q) tH(Fridlender et al., 1993). &
WA ARG E315}1 9l Peptone-bouillon-yeast Hfj#]
ofl Al i eF 3 ©] % DS6603 DS842 = Fl =t FHof & 1’41
@7g0] W= AT} Kang 5(1977) 2] Aol A Ak A2
ol k20 22 2R} A1 B Slok STk o7 A9
DS6603}+ DS842 F2= T3 o] AT-o] ATe} SAlet Al L}
EFi et Ade] Az Bafli= B-1,3-glucanase S =02
3}o] B-1,6-glucanase, mannase, protease Y phosphomannase
9 Hx gz doju=d & dFtollAE= o] F p-1,3-
glucanase® |8t 7} ZAME =35t Ao Ao o]-&
% laminarine B-Glu[1—3] AYS F=Z2O07F o] A B-
Glu[1—6] Zo] A5k thgs w5t
+ laminarinase+= B-1,3-glucanase 2}l F-= m(Salyers et al.,
1977), o2 AAISH Bl R & 2] RS Alofet 4 ek
Laminarin %}7} - dinitrosalicylic acid ¥'H-& 0]-&3}o] B-1,3-
glucanase S A3+ A3} DS6601} DS842 5= w-5=LB Hjj 2] 9]
A a1 2ol Z+2F169.2 £9.99F357.2 4 13.7 nmol/min/mg
protein®] & AE AASIHTHFig. 4). £3] DS8422] AL
Pseudomonas fluorescens?} AJ4¥6}= B-1,3-glucanase 2] Z|t}]
%] 21 200 nmol/min/mg protein (Nagarajkumar et al., 2004) =
o} 1.78) =k 0., St P. fluorescens 147 w5201 4] 60~200
nmol/min/mg protein A}¢]2] B-1,3-glucanase AYAF} H] 8}
o] DS6603F DS842 2] B-1,3-glucanase A§Ato| 42313tk o]
LA =& B-1,3-glucanase 2] AYAFS. 2 Table 20 A A|H A A
% A, nigero] &8 W AT} S A0 2304

=o| laminarinS

(A) T 200 f

> 8

T2 150

5 w

5 100

=

S5 so

5!

TZ 0

L = 0 24 48 72 96

E Time (h)

3L, AIE AASHA] FUAI 7 = A niger 2] A}

= S-5=5HA Aaletairt. Xt Al22s 23l a4aet
At 'SEXJ A &fjo]] T3t o] e K(Leelasuphakul et al., 2006)
o4 BAES T} 0 g S s
Rhizoctonia solani®l| X3t Bacillus subtilis NSRS 89-24 2] &}
A4+ FAE B 1819 =1 o] #32= B-1,3-glucanase S YA+
shelon, 9717 B4 o Tav} = 7]elstaich uebAl
DS6603} DS842 2] 2 X Do o] a7t 2
P A= AR FAE

= Pyricularia griseaXt

N o

- L
o] ArelAliz of e mEel FtEA S He EAEE
Bejshn 5o Aehs el 1 Kaks 2,

W0 M| B8]+5= = Bacillus subtilis DS6603} Paenibacillus
polymyxa DS8422- 6714) Q17 |3 ARk 35:2) A
Alatol thote] 2 Pt de LERH $lth DS6601} DS842
o RSt A Al Rt T ske] NA ulf %] Aol A
7}7F A7 15.3~26.87F 11.3-27.5 mm ] A A= &4
= 43t kAl & eI QiTh DS6601) DS842 5=
siderophore & A4S =1] 2 74' 570+ 83}1700 % 15 pmol/ml
o] 2|t 4 Q%L}EHHM T Ui A ] ol H oA H|
O|E FEE9 #4219 glycohpld ARSYEL YIS
UERH ofof o] sl w45 o] 3 HAFE-E 60 mN/m o 4]
Z}7} 40.31}1 30.3 mN/m O 2 AAeH| W= A S 1
ATt EoF F 5+ 169.2 £ 9.99}357.2 + 13.7 nmol/min/mg
protein®] B-1,3-glucanase A4S LFERH Mt ofu] g Alt-2]
Az AHLS 235l =32 Ac] o]ys AXEL B
subtilis DS6602} P. polymyxa DS8427} AX- = Q %t Q171 3]
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Fig. 4. Change of B-1,3-glucanase activity of B. subtilis DS660 (A) and P. polymyxa DS842 (B) during incubation in LB medium.
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