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Abstract

Two species of antimicrobial.agent preducing bacteria and one sensitive strain were isolated from
soil. Those were identified as B. subtilis, B. licheniformis, and Curtobacterium sp. by morphological,
biochemical, physiological and chemotaxonomic characteristics. These were designated as B. subtilis
cx1, B. licheniformis cy2 and Curtobacterium sp. cf3, respectively. Antimicrobial agent produced by
B. subtilis cx]1 showed high antibacterial activity against gram-positive bacteria including of B.
subtilis, Curtobacterium sp., L. mesenteroids, Staphy. aureus, S. faecalis and even gram-negative
bacteria, P. aeruginosa. Antimicrobial agent from B. licheniformis cy2 showed slightly lower antimi—
crobial activity than that from B. subtilis cx1. These two strains showed maximum production of
antimicrobial agents at 30°C for 9~21hr cultivation. Curtobacterium sp. cf3 showed more sensitive
activity than a sensitive strain of B. subtilis ATCC 6633 which was same genus or species with the
B. subtilis cx1 and B. subtilis cy2, when the antimicrobial agent producing strains, B. subtilis cx1
and B. subtilis cy2, were directly applied onto these sensitive lawns.
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precipitatiori supernatant

eluted with acetonitrile
1
speedvac concentrator drying
1
dissolved in 10mM
phosphate buffer

acetonitrile fraction(100X)

dissolved in 10mM
phosphate buffer
acetone fractionation(100X)

Fig. 1. Preparation of acetone and acetonotrile frac-
tionations of antimicrobial agents from cell cul-
tures.
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Table 1. Morphological characteristics of isolated microorganisms; x, y and f
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Characteristics

X

y

f

Gram stain

Morphology(size, Bm)

Sporangium
Spore shape
Spore location

+

rod 0.8-1.0%x2.0-4.0

not swollen
ellipsoidal
central to subterminal central to subterminal

rod 0.8-1.0X2.0-3.0
not swollen -
ellipsoidal -

+ +
curved rod(variable to growth state)

Table 2. Cultural characteristics of isolated microorganisms; x, y and f

Characteristics X y f
Colony circular, convex circular, plate

Colony surface smooth rough

Colony color milky color milky color ivory color
Colony opacity opaque opaque opaque

Table 3. Composition of cellular fatty acid of isloated

microorganisms; x, y and f

o FEEA Ak A5 FIRY AL AT
F< B. subtilis ATCC 66333 #2]9 zt¢4 &5

Contents X ¥ f Curtobacterium sp. cf3& o]-£3}o] APttt Fig. 2
C15:0 finbelso 42.2% 39.1% 54..9% ol A== 7)) ZH4A FF(B, subtilis ATCC 6633, Cur-
C15:0 iso 26.6% 29.6% 3.0% . .
C17:0 iso 9.9% 13.7% _ tobacterium Sp. Cf\?))TE: 7“}7'} LBS% -TH'HH Z] °ﬂ Eué'ﬂ' :?:,
C17:0 anteiso 8.6% 70%  288% 1) direct method 2 354 A4t ¢A & AH HAF &
C16:0 iso 3.7% 3.2% 6.29%

C16:0 2.4% 3.1% -

C18:1 w7c/wt/wllt - - 7.2%

Table 4. Biochemical and physiology characteristics
isolated microorganisms; X, y and f

Characteristics X v f
Catalase + +
Voges-Prokauer test + + -
Acid from D-glucose + + +
L-Arabinose + v -
D-xylose + + o+
D-Mannitol + +  +
Hydrolysis of casein + + +
Hydrolysis of starch + + +
Nitrate reduced to nitrate + + +
Formation of indole - - -
Growth at pH 6.8(nutrient broth) + + +
5.7(SDA) + + +
Growth in NaCl 2% + + +
5% + + + . L. : o .
7% + + + Fig. 2. Antimicrobial activity of B. subtilis cx1 and B.
1 Oz/ i 1 " licheniformis cy?2 against B. subtilis and Curto-
© bacterium sp. cf3.
Growth at 30°C + + + Plate A: producer strain, B. subtilis cx1; sensitive
temperature 37°C + + + strain, B. subtilis.
45°C + T - Plate B: producer strain, B. licheniformis cy2; sensitive
50°C + + ~ strain, B. subtilis.
55°C _ N B Plate C: producer strain, B. subtilis cxl; sensitive

strain, Curtobacterium sp. cf3.

Plate D: producer strain, B. licheniformis cy?2; sensitive
strain, Curtobacterium sp. cf3.

1: Producer strain was directly applied onto sensitive
strain.

2: Cell free culture extract.

3. Partial purified antimicrobial agent.

+! positive, -: negative, v: various

Zl9] bioassay

=
22138 FF B. subtilis cx13} B. licheniformis cy?2



530 Aead - 94 - Fale

Table 5. Metabolic fingerprint of isolated microorganisms; x, y and f

Metaboic characteristics X y f Metaboic characteristics X y f
Water - - - D-Tagatose v - -
a —Cyclodextrin + + - D-Trehalose + + v
B -Cyclodextrin + + v Turanose + + +
Dextrin + + + Xylitol v - +
Glycogen + + + D-Xylose + + +
Inuline v + - Acetic acid - - +
Mannan + v - a ~Hydroxybutyric acid v + +
Tween 40 + - + B ~Hydroxybutyric acid v - +
Tween 80 \ - + y ~Hydroxybutyric acid A - +
N-Acetyl-D-glucosamine + + + p-Hydroxyphenyl acetic acid v - +
N-Acetyl-D-mannosamine + + v « —Keto-glutaric acid v + +
Amygdalin + + + a —~Keto-valeric acid v - v
L-Arabinose -+ + v Lactamide - - -
D-Arabitol v - N D-Lactic acid methy! ester v - -
Arbutin + + + L-Lactic acid + - -
Cellobiose + + v D-Malic acid v - -
D-Fructose + + + L-Malic acid + - -
L-Fucose v - - Methyl pyruvate + -
D-Galactose + + + Mono-methyl succinate v - -
D-Galacturonic acid v - - Propionic acid - - +
Gentiobiose + + + Pyruvic acid + + +
D-Gluconic acid + + + Succinamic acid v - +
a -D-Glucose + + + Succinic acid v - v
m-Inositol v v + N-Acetyl-L-glutamic acid + + +
a -D-Lactose v - - Alaninamide - - -
Lactulose + - - D-Alanine - + -
Maltose + + + L-Alanine - -

Maltotriose + + + L-Alanyl-glycine - - -
D-Mannitol + + + L-Asparagine - - v
D-Mannose + + + L-Glutamic acid - - -
D-Melezitose + + + Glycyl-L-Glutamic acid - - -
D-Melibiose + + + L-Pyroglutamic acid - - -
a ~Methyl-D-galactoside + - + L-Serine - - +
B -Methyl-D-galactoside v - + Putrescine - - v
3-Methyl Glucose + + + 2,3-Butanediol - v v
a ~Methyl-D-glucose + - + Glycerol - - +
B -Methyl-D-glucose v + - Adenosine - - -
a ~Methyl-D-mannoside - - - 2'-Deoxy adenosine - v -
Palatinose + + + Inosine - + -
D-Psicose + + + Thymidine - - v
D-Raffinose + + + Uridine - - +
L-Rhamnose + - + Adenosine-5’-monophosphate - - -
D-Ribose + + + Thymidine-5’-monophosphate - - -
Salicin + + + Uridine-5'monophosphage - - -
Sedoheptulosan v + + Fructose-6-phosphate - +
D-Sorbitol + + + Glucose-1-phosphate - - +
Stachyose + + + Glucose-6-phosphate - v +
Sucrose + + + D-L- @ -Glycerol phosphate - - +

+: positive, -: negative, v: various

749}, 2) B. subtilis cx13%} B. licheniformis cy2 3 A
v kYol A FAE AA wleF A Y ez 3) o] A
A BL acetonitriles AH4-3te B EA AN FHEHL L
paper disk method& A}4-3}e B. subtilis cx13} B.
licheniformis cy29] 3¢&4d MAHs-& 7h7t vl astgd o)

B. subtilis ATCC 6633& A 52 A48 7%,
FFEAL Jis HF AEF 371A Wy 257
A 29 7A] 2|8} B, subtilis cx1°) B. licheniformis
cy2i2 v} o] ¥& &84S Yok (Fig. 2-A and
B). ol vl A Ee] Aitshe SFEA ez 2
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A2 ZARAZL L v Eol B} o] Ao A
S8rhe .3(1,34,10,11)¢} U= 3= Astolrh. B sub-
tilis cx12 direct method 2 F A& 24 AFsle] 7t
A TF9 A vl A} AFE elddg
A FF9 B subtilis ATCC 663391 paper disk
method2 713 Ao A ] 2 845 veplidr
(Fig. 2-A).

Curtobacterium sp. cf35 254 FF2 A48 7
Sl = AAAH 22 B subtilis cx1°] B. licheniformis
cy2r o} o] -2 84S el d o (Fig. 2-C and
D). B. subtilis cx13 B. licheniformis cy22] @A &
A 7H3E A Sl BT 52 MR Fo] A3 A H=
Zoll ural A7F wiof AA AL g B foll = 019
o] A o] PA = A £33} tH(Fig. 2-C and D-1,
2). a3 3eA d5F B. subtilis ATCC 66333
Curtobacterium sp. cf3¢ll thste} FF 52 YA Tl
B. subtilis cx13} B. licheniformis cy2 vl oFe) & #-£3]
At FE3td FFEN L AT A Sdle
g ASA A S Jeh o F b F21e] 17t
zFole A2 ¢ldth(Fig. 2-A, B, C and D-3).

F5glo] duoFl ol A Al a2 3 A A2 direct
method2 A& AH FFstd A F594 A
W ofste] S8 & vl Xstg & o B subtilis ATCC
66338 73X FF2 A3 A 99 Curtobacterium
£ AR A9 A7) o E A94E Jeldd & B
subtilis cx1-& FEglo] AlTeh ik A A& 713 7
$-oll = Curtobacterium sp. cf3ol| 4 B} Zb<p Al F5
ol B. subtilis ATCC 66339 wiste] o &2 248

frt
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el (Fig. 2-A-1, 2). 12y A& AA 71k A4S
ol+= B. subtilis ATCC 6633414 Bt} Curtobacterium
sp. cf39l i3l B. subtilis cx13} B. licheniformis cy2
7 25 o] & ASAAEA S 2o Fig. 2-C and
D-1, 2). 3]\ Curtobcterium sp. cf3= B. subtilis
cxtolv B. licheniformis cy29te & - Fo] A3
Y2 = SFEA MAMEF(B. subtilis cx1)E AA
ZrpAd Aol 7% AS-oll= FH ol 22 B. subtilis
ATCC 663314 2o} o 917h3t A 95 el g4t
o] ol wfLoll A=A = o2 A& 53}y
T shedof & Ao} g5 o]t A o3l £
F4EA AT AE71A 2 AAbES A 4 9)
e AAE 4 9l& Aol

=
p— HE=

& spectrum ZA}

B. subtilis cx13 B. licheniformis cy27} 23 A &t
g 84-% acetone™} acetonitrile® ZHzh -EA A g
FEHEL o] &3l Ao A& AL oH(Ta-
ble 6). A-FBA-L B subtilis, Curtobacterium sp.,
Staphy. aureus, S. faecalis, L. mesenteroids®} 722 71
FoFdFellA Aol & vehgten, a3 ST P
aeruginosa®] A = FslA 2 F4L gl
dte 2] 2.4 GAPE Yol ]t B F B cereus7t At
3l wtele] LA1L B. cereusolwt =38 £ 3Fy
95 zZ+=7) sH(12) B. thuringiensis subsp. tochi—
giensisZ%¥ £2]3 tochicin(13)%. B. thuringiensis
ot & FHE = ZloE RuFHge o9 2
o] 71&9 RuEddMe FFEHE YAstes I
A7)} e S - el A 2 T e A TEA

O 3E 1.

Table 6. Inhibition spectrum of antimicrobial agent from B. subtilis cx1 and B. licheniformis cy2 by two different

partial purification

Acetone fractionation

Acetonitrile fractionation

Indicator strains

B.subtilis B.licheniformis B.subtilis B.licheniformis

cxl cy2 cxl cy2
Bacillus subtilis ATCC 6633 +++ +++ +++ ++
Curtobacterium sp.cf3 +4+ +++ +++ +4+
Leuconostoc mesenteriodes KCTC 1628 - - +++ +++
Micrococcus luters ATCC 9341 - - - -
Staphylococcus aureus ATCC 29213 - +4++ ++
Streptococcus mutans ATCC 25175 - - - -
Streptococcus faecalis ATCC 29212 - - +++
Escherichia coli ATCC 25922 - - - -
Pseudomonas aeruginosa ATCC 9027 - - - -
Pseudomonas aeruginosa ATCC 27853 + - ++

Salmonella typhimurium ATCC 19430 -

Clear zone of inhibition diameter 1.6~17cm : +++
A little turbidity zone of inhibition diameter 1.6~1.7cm :

A lot of turbidity zone of inhibition diameter 1.6~1.7cm :

No clear zone : ~
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& Rol& A v|8td, B. subtilis$} B. licheniformis
2AEa e ﬂ'-’?—— ol & wF7) AAtsle d-EH o]
B. subtilis?| A & 845 Jehlisd-& ¥ ohEl o]
ot A8 £ 2 A% L2 Curtobacterium sp.ol A

2 84S el ol =3 a3 el Bl
ofel 7 H7}7} tia Fsly) = sh 2g& Al P
aeruginosal M = 1 G & E vhehile] £ 7
A9 B. subtilis cx13} B. licheniformis cy27} A st
FFEAL 7|Ed Bud o} Bacillus2 %€ 9] 3+
23 vl8] AiH oz vlwAd FHR FTEA S
et = Aoz Bejalc =3 &34 9ol
acetone A o] 23 v Ko} Sep-pakel F2 &
acetonitrile ©}-8-3}o] —’F%%}'—‘- “o“” ol ¥t} o] A3}
Al A EA FEPHIE & 5 A

MFAD|ol 2
B2 FF5 30°Cell 4] 2447+

dn=do gy

ot A1)

ol Fsted of

35

25

AB00
n

05

0 3 [ 9 12 15 18 2 24
Tmelhr)

Fig. 3. Growth and production of antimicrobial agent
by B. subtilis cx1.
Cx1 was cultivated for 24hr at 30°C(Top). Antimi-
crobial activity was assayed with every 3hr culture
samples. B. subtilis was used as a sensitive strain
(Bottom).

A7 etet R o) FagAY WEE A
(Fig. 3, 4). B. subtilis cx12 B. licheniformis cy29l
v gte] whE F S Ve gl 20 A8 124 2kl A
15217k Atelol HA)7]o o] 23t} FFEAHL 48 3
A ZHRE A7k A A Vel o], tjfr) o) 8
o etz 9XZENE] AHA|7]Q] 18A17k74R] &9
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Fig. 4. Growth and production of antimicrobial agent
by B. licheniformis cy?2.
Cy2 was cultivated for 24hr at 30°C(Top). Antimi-
crobial activity was assayed with every 3hr culture
samples. B. subtilis was used as a sensitive strain
(Bottom).
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