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Probiotic Potential of Indigenous Bacilus sp. BCNU 9028 Isolated from Mg
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Spore-forming bacteria are being used as probiotic supplements for human and animal use, due to
their low pH stability and ability to survive the gastric barrier. In this study, the BCNU 9028 strain
was screened from mgy, a Korean fermented soybean food starter. Biochemical and physiological
characteristics, as well as 165 rDNA sequence analyses, indicate that this strain belongs to the genus
Bacillus. Bacillus sp. BCNU 9028 showed a 92% survivability at pH 2.5 and could also withstand 0.3%
ox bile. Furthermore, it was postulated that Bac/fus sp. BCNU 9028 could prevent biofilm formation
and adherence of food-borne pathogens such as Listeria monocytogenes, S. aureus and E. coli on the basis
of its autoaggregation and coaggregation capacity with food-borne pathogens. It was shown that
BCNU 9028 has good abilities to adhere to the intestinal tract from its hydrophobic character (63.3%).
The Bacillus sp. BCNU 9028 strain especially elicited antibacterial activity against both Gram-positive
and -negative pathogens. These findings suggested that the Bacillus sp. BCNU 9028 strain could be

used as a potential probiotic.
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Table 1. Biochemical and physiological characteristics of Bacillus
sp. BCNU 9028

Contents BCNU 9028
Growth under anaerobic conditions -
Gram staining +
Motility -
Sporulation +
Voges-Proskauer test -
Growth temperature range 15-50C
Optimum growth temperature 35T
Growth pH range 29
Growth in the presence of NaCl (%) 3-12
Assimilation of
Arabinose -
Fructose ++
Glycine -
Glucose ++
Lactose -
Mannitol ++
Mannose -
Raffinose -
Starch +
Sucrose +
Xylose +
Production of
Amylase -
Protease ++
Gelatinase +
Catalase +
Oxidase -

+, high activity; -, no activity
Values are mean with SD of three replications.

s0rB. amyloliquefaciens ATCC23350T (X60605)
Bacillus sp. BCNU 9028
B. subliisNCDO1769T (X60646)
B. sublilisDSM10T (AJ276351)
8. sublilis DSM10T (AY 728013)
B. licheniformis DSM13T (DQ295037
958, ficheniformis DSM137 (X684 16)
B. pumilus NCDO1766T (X60637)
B. acidicola DSM14745T (AF547209)
88)8. cereus ATCC14579" (AJ577292)
1001 15, coreus |AM12605T (D16266)
B. anthracis ATCCA229T (AY920253)
B. acidicola DSM14745T (AB240208)
B. cohnii DSM83077 (X7B4311)
B. megalenium ATCC1458" (DQ267829)
B. herberstaingnsis DSM16534T (AJ781029)
B. niabensis5T527 (DQ176423)
B. firmus JAM124847 (AJ717384)
_195 [—B. boroniphiius DSM17376T (AB198720)
100'8_ jgofgali JCM10885T (AF221061
d NCIMB131137 (X84465
63, 8. haiod! DSM497T(DQ211351
B. clausiiDSM8T16T (AY825251)
B. coagulans ATCCT0507 (AB240205)
B. badius ATCC 145747 (D78310)
B. smithiiDSM42167 (Z26935)
40 B, pallicus DSM36707 (Z26930)

41

—
0.006

Fig. 1. A phylogenetic tree, showing the position of Bacillus sp.
BCNU 9028 among the Bacillus species.
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Table 2. Production of haemolysin and harmful enzyme by Bacilius sp. BCNU 9028

Organisms Haemolysin Phenylalanine deaminase * Tlryptophanaseb Urease®
S. aureus ATCC 6538 B- -
E. coli ATCC 10798 +
P. mirabillis ATCC 49565 + - +
L. acidophilus ATCC 4356 v-
Bacillus sp. BCNU 9028 a- - - -

* Phenylalanine deaminase activity, decomposition of 10% FeCl,

® Typtophanase activity, Kovac's reagent

¢ Urease activity, deconposition of phenol red

Values are mean with SD of three replications.

SN 4y —=—PH25 -®-PH3 --a-PH4

AHEE FAAY TE e NCCLSE #assith
BCNU 9028 thF& @AAlel thste] & 7hAle e
2 Uehth AZe e A FAAQ ampicilling @ A?
3 A3 3YAIQ tetracycline, chloramphenicol, gentamicin %
Foll tiste] A0S Wb QTk(Table 3). ampicillin (10 ug)
of thsted 31 mme] & As|eS PO, streptomycin
(10 ug)el B3ty 18 mm, tetracycline (30 ug) 24 mmZ
YRS ™, chloramphenicol (30 ug), gentamycin (10 ug)l
ekl 212 24 mm, 30 mmel A% AHBE e,

LAY & EEMY

pH 3, 4% ZAE HC&A oA 4N7F & 27
7.82 log cfu/mlol| Al 747}7.81 log cfu/ml, 7.20 log cfu/ml=
AES= AR Uy 2713 Fs s L8 59 0%
ol AEES BTk e 27 3o pH 252 2L
47t F FFSE 559 log cfu/ml A& AE3= ﬁii
el thFig. 2). A3 FEA] Bl Ul dS ﬂJ
WzEozA Adol st 7132559 03%A U é
How, 53 27|HFAF(7.34 log cfu/ml)Et} F4]
log cfu/ml) 3t &S AT F AT 2HEE
&% Bacilus sp. 5+ AAAHANE 553 A

5 1 th(Fig. 3).
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Table 3. Antibiotic resistance of Bacillus sp. BCNU 9028

Diameter of

Antibiotic (ug) inhibition (mm)” Result
Ampicilllin (10) 31+0.5 S
Gentamycin (10) 27+0.6 S
Streptomycin (10) 18+0.6 S
Tetracyclin (30) 24+0.3 S
Chloramphenicol (30) 30£1.0 S

® Antibiotic-impregnated discs (6 mm) with amount, in ug
shown in brackets.

" Diameter of inhibition on three individual experiments.

Values are mean with SD of three replications. (S)=

susceptible.

Log CFU/mL

2 | L |

0 1 2 3 4
Time (h)

Fig. 2. Colony forming unit of Baci/lus sp. BCNU 9028 in pH
2.5, 3.0 and 4.0.

—0—0.3% oxbile+NB —a—NB

L

65 F

LogCFU/mL

55 P

0 4 8 12 24
Time (h)

Fig. 3. Colony forming unit rates of Bacillus sp. BCNU 9028 in
artificial bile acid after treated for 24 hr at 37T.
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Table 4. Antimicrobial activity of Bacillus sp. BCNU 9028 against test human pathogenic bacteria

Strains

Diameter of inhibition (mm)

B. cereus ATCC 14579

L monacytagenes ATCC 15313
S. aureus ATCC 6538

E. coli ATCC 10798

S. sonnei ATCC 25931

S. typhimiurium ATCC 14028
C albicans ATCC 10231

A. niger KACC 40280

12.0+0.96
14.0+0.80
17.5+0.65
12.0£0.12
11.0£0.23
11.0+0.01
18.0+0.02
20.0£0.99

Values are mean with SD of three replications.

Aol vlal JAAH LA Rl A FH o2 HL A Sk
Uebgth(Table 4). 2394 AF9 B a I
aytogenesdl] WA Z42F 12 mm<} 14 mm«l A S-S BT
S aureus®) 175 mme] §< JA S Yelyon, 18LA
A E el B3 AE 12 mm) Mxi]ilc] Uehgon, g
sonaish S, typhimiuriun®) A 11 mme] oA 8-2 ek
th 28] A YA AR C abiansd)t QA HER AF
91 A niga®] HEIME 22t 18 mm, 20 mmE Rl o3
e di 29ERS 7 Ao FALATHFg 4).

2541 Sy &3
2gAdo]l =& Sulo] PAEY AFA B BRI
TE 543 47, BONU 90289 244 BT xylened]

AT E
3 63%, mhexadecaned] | = 59.4% = eyt A
2} Fojol (172%) Rt

ethylacetate choloroform

(20.02%)l o & PrZ}:ﬂ =A Uskerng, Az 844

3ol i th(Table 5). NBollA 3]

PBSoll @& 9] A7HAFAHE(52.6%)9 S ol

g3t #59 A7 ATAHE(48.8%)E HISEHA Uegon

washing?d 5 &4 FAJe AZEH EZo] &4
g

Ao} AE9

2 540] Aol

m* it —lol'

¥

HA 5ol FAHAT NAo|A wff

Fig. 4. Antagonistic effect of Bacillus sp. BCNU 9028 on the
growth of (A) B cereus, (B) L monacytogenes, (C) S. aur-
eus, (D) E. coli, (E) S. sonnei, (F) 5. typhymirium, (G) C
albicans (H) A. niger after 24 hr of incubation.

60
—e—agar

5o | —®—broth
——fluid

40 -

30 -

20 -

Autoaggregation (%)

10 -

0N i I 1 |
0 1 Z 3 4

Fig. 5. Comparison of the autoaggregation ability of Baci//us sp.
BCNU 9028 resuspended in phosphate buffered saline
(pH 6.5) after grown on NA () in NB (M) or re-
suspended in their own culture supernatant fluid (2).
Error bars represent standard deviations of the mean val-
ues of results from three replicate experiments.

Table 5. Percent hydrophobicity of Bacillus sp. BCNU 9028
against various solvents

Solvent Hydrophobicity (%)
Xylene 63.3+8.5
Hexadecane 59.412.6
Chloroform 12.0£2.0
Ethyl acetate 17.246.2

Values are mean with SD of three replications.

Table 6. Coaggregation ability of Bacillus sp. BCNU 9028 after
1 hr incubation at room temperature in phosphate buf-
fered saline (pH 6.5)

Coaggregation with

Bacteria BCNU9028 (%)
L monacytogenes ATCC 15313 6.57+0.07
E. coli ATCC 10798 7.86+1.30
S. aureus ATCC 6538 8.24+1.42

Values are mean with SD of three replications.
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