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The aim of this study is to screen the strains of Bacillus spp.
possessing safety, probiotic activity, and so on, which can be
utilized as probiotic resource for using the feed and supplement
food of companion animal. About 300 isolates were isolated
from traditional Korean sauces, four isolates that did not have
or produce the six kinds of B. cereus type vomiting and diarrhea
toxin genes, -hemolytic, and three kinds of carcinogenic
enzymes were selected. Antibiotic gene retention, cell surface
hydrophobicity, antibiotic sensitivity, and glucose utilization
were analyzed for four isolates, and finally SRCM 100731 was
selected. SRCM 100731 was named as Bacillus amyloliquefaciens
SRCM 100731 16S rRNA sequencing analysis, and carried out
optimization of cell growth for industrial applications such as
pet food and feed. The effects of 14 different components on
cell growth were investigated and three significant positive
factors, molasses, sodium chloride, and potassium chloride
were selected as the main factors based on a Plackett-Burman
design. In order to find out optimal concentration on each con-
stituent, we carried out central composite design. The predicted
optimized concentrations were 7% molasses, 1.1% sodium

*For correspondence. E-mail: jdy2534@korea.kr;
Tel.: +82-63-650-2036; Fax: +82-63-653-9590

chloride, 0.5% potassium chloride. Finally, an overall about
7-fold increase in dry cell weight yield (12.6625 £+ 0.0658 g/L)
was achieved using the optimized medium compared with the
non-optimized medium (1.8273 £0.0214 g/L). This research is
expected to be highly utilized in the growing pet industry by
establishing optimal cultivation conditions for industrial appli-
cation as well as screening Bacillus amyloliquefaciens SRCM
100731 as probiotic resource for companion animal.

Keywords: Bacillus amyloliquefaciens, companion animal, isolation,

optimization, probiotics
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AFE1] Q141 wishs ol ghe] Aol A Fuaho] e oz vt
s=ol tigh Q14 o] MShE]HA Hhel5-5] Abaof gk 7|
¥ AR B sk T olae] 7120 2 b o] St
B0 9T 5 ES A B0 Aol thdo] A4kt
9lCKBuff et al., 2014). 3HA 9} A A vle] B8 Aba A RS =
29 O} 719491 vl A(Mars)2} Ul el (Nestle)7} 4] A
0] 69%5 AA| 313 Lo, S A% ETHT0% o] 4ko] 4
o BR=TF ZR|skAL Qlo] = Aol gt =] A 2)&
b 8 A1Q] Hopw o] 5244 7]4 W A4
= Al o] A E T Algt A7 olTh

Z|toll= ol = o7t EAI siaE S8l a3
zeju Q) Abm 7S S8l Ha 7]eS J5sko] vgE
283ttt Al 7] Q1% AAA A4S A Fs)
oIt} 3] Eeujo] 9547} Al e] 4ol FHH oS
11, Bifidobacterium <, Lactobacillus <3, Bacillus < 4
o g fro] mAb o] hE 0] AR FAIKITk Bshed
CHDanek et al., 1991; Kim et al., 2013). E5F, Fuller (1973)=
Z2ulo| QElATL EE-0) AN 314 WHEE E3) Escherichia
coli®} Salmonella -5-2] ¥ L2 /374 AAsko] A4 4
Wol/d ARS 2447131, Mohan 5(1996) S 2H}o] & E
of| A e, wlEpl, | 4, 5-714F 3w R 437l
3 7hsoll S8 A YRS A, FEa 2
wieko] yholsto] 70 AlAHY Ul
thar B sk} 53], Bacillus= 472
5 HEe) T4 FAo] o 46
Hoko] ALz o] Ba-2 S7HA17]AL, 3

a4, 715 SAE S7F5 ol B -S-ske] Ak 7t
AZA L E7F =0 F2E oFe 2| 11 9 thBae er al., 2012).

Atz ol ARE 7HE S r A E Y] A S sk 2 Toll=
sz o] 9 8 A0 B R B8-S SIA L TheF wloFe
AT A m = v of 24 R S0 HFEEIL QLo
o, o]tz ARISE A 82 SISl A WK 0. Tefsjof 3 A}
olc}. QNkA 0 2 ARl AFE 7o) 29 Tte] Al
T A= AlE S 913 719 A SHoA = BAA R
29| Fero] WhAEsHA Hok wheba] 2 Fofl= Al uij A =
TYgol golskL, Hl-go] At 7R o] FikEQl molasses,
corn steep powder (CSP), yeast extract, soybean meal, whey
protein & THIRH -2 Z-8-5to] Aol 285k glom, FAF
B AR g TR P S B Slel 754 $4 5 )
aifof tfgt 4 Ax}= H 1% 31 QItK Yanez-Mendizabal er
al.,2012; Wang et al., 2016; Yang et al., 2016).
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A 22 ARESHR T 7 1 g& Eat5 9 mlof] &9kt
% 1}/ 3]415}%] Luria-Bertani agar (LB agar, Difco™)o|| =
2atat, 37°Cof| A 18 A1t uloF 5 3 % Rl =he] Fefeh= &
ol ol §5t0] 13 AT, 12 ALY 55 AAH Y T8
£ fdbel= Zlo2 A# A Bacillus cereuss A|A317] $3)
Bacillus cereus agar (BCA, Oxoid Ltd.) H} %] of] &A1 =d5}o]
37°Col 4] 18417k v F 22U U 2Ry Flo] F2AE
L FFE B cereus 2 T T A 25T 22 AHE FF
= 10% skim milk (Difco"')o]] @EF 3 -80°Co|| 4] Bs}o] T}

= Aol AMEBFAT

=

=]
2!

2

Bacillus spp. SA U StH=S%!
B. cereus’= £ 9 7] Hg 0 ER TEY B4 Y
NEETERE S ENCEREREE EREE
== 4RI Jlol(Kim et al., 2010), 418 ] Eof o
£ 9 A B G B o] BB PORE B510] Bhelst
t}. A 22 QiAamp DNA mini kit (QIAGEN)S- o] -85}
o] DNAE 22 3 FAI8}o] 9 8l 2] PowerChek ™ Bacillus

cereus toxin 6-plex detection kit (Kogenbiotech)& ©]-8-35}¢]
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cytotoxin K (¢y7K), non-hemolytic enterotoxin (rheA), enterotoxin
FM (entFM), enterotoxin T (bceT), hemolytic enterotoxin (4b6(C),
emetic toxin (cer) 5 & 67112] Z4 S AAE E2l51¢ ) E5t
Bacillus % 3t7= "8 9/ Alat& Aok @t Wetol =5 3
dohe Ao dHR|aL Qlom AR A EE == surfactin,
lichomycin 5-0] 21i(Stein, 2005) 4} 4} -3 3l wtof] et
Fat B/dS AYA o] fral Alate] 48E AAlsH HE =,
A S o2 A A A B o e 5
7h gkt = FAAL B ol 55 2elst7] 9lsh
surfactin (surfA, F: 5~ ACAGTATGGAGGCATGGTC-3', R:
5'-TTCCGCCACTTTTTCAGTTT-3"), iturinA (ituA, F: 5'-
GATGCGATCTCCTTGGATGT-3', R: 5'-“ATCGTCATGTG
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CTGCTTGAG-3"), bacillomycin (bmyA, F: 5'-GAAGGACA
CGGCAGAGAGTC-3', R: 5'-CGCTGATGACTGTTCATGCT-3")
o et sefelots Aletol 3359 AR fAE 2
sk, vk 22 95°Col Al 1027t 27] ¥ =+, 95°C
ol A 3027t ¥4, 60°Cofl A 3023t A, 72°Cof| A 3023F
FE A2 358] AASL72°Col A 1087 upA|up SEL
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2 5% sheep blood (MBcell)7} H3-%
W5 HE5e] 37°Col A 24/\17]’
& sete s yaksto] 884 of
g, wto] PHlE 8| BAE e
tryptophanase, urease, G-glucuronidase 2] A4 o H& ZA}S}H
.01, tryptophanase AJ4] o] 5= Tryptone Soya Broth (TSB,
Oxoid Ltd.) ¥ &]of] A 35 FE3F 5 37°C, 24 A7 X%

uljoF = indole reagent dropper (BD BBL™)E H7}5}] ujj %]
FHo A Hatg 3101519 th Urease 4] o] 5= urea rapid
test kit (MBcell)of] A 55 ZH2Z; A £3}3, Vaseline oil
(MBelly& H7}510] Ab27k 2bekel e 2 37°Col 4] 4-244]
71 vjoet % WAl ] 4 WS} 2el5kr). g-glucuronidase
+= Tryptone Bile X-glucuronide (TBX, Oxoid Ltd.) 23] Hlj %]
of A1 3-8 % 3he] 37°Col A 24217k v - et e] A
8312 B B4 o] 22 Bholahth
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52 2% skim milk (Difco™),

o carboxylmethyl cellulose (CMC,
Junsei Chemical Co. Ltd.), A E B3| g A 1% soluble starch
(Junsei Chemical Co. Ltd.) & 7] 2 & 3551 vl R & A 23}
well diffusion BH 0 &2 A5}k w5t 4 Bl a4 &g
Astrup2} Mullertz2] ¥(1952)2 U2 HEslo] =43} 0
1, 100 unit/ml thrombin (Sigma-aldrich) -8-28-2- petri-dish | 200
plA 2225137, 10 ml9] 0.5% fibrinogen -&2Y[in phosphate
buffered saline (PBS) buffer, pH 7.4]3} 10 m12] 1% agarose
(Bio-Rad) SH-E At 2 22 5 E3la10] 87 23] 14 bl
12 Az, 717ke] A4 FFE LB 97 HjAlo] 4%
37°Cof| A 24 A17F ul R 513,000 rpmofl 4] 104271+ 4 £
Fviop AP oS B S R4S Slek AR 2 A8ttt

= o L 1=

&3 2l A A|s4d Al4%

0] A 3abo] R iz A A 1R
| 2ALS o]3) 420] A 52 thAo 2 Doyle
I} Rosenberg ©] HR(1995)& U5 H G sk Gfjof] gt w|AY
E9] H2FS(MATS, Microbial adhesion to solvents)S =75}
ATk M) v R of] Zkzko] AW 5 A Z313137°Col|A] 184]
ZHujj o3t 3 uljoFol-2- 600 nmoj| 4] UV/Vis spectrophotometer
(SPECORD 200, Analytic jena)2 0.49] 347} B =2 &
% % 540 nmol A FHE(AN S 2513 k7o) vjoralo]
5% hexadecane (Sigma-aldrich)-& 911 53] £3151 & 4
2o A TAZE QA 8] 77180 E A €] 3H 452 540 nm
oA FFE(A)E £A5}o] AH=9] hydrocarbon phase &2 ©]
S5 A2 9L ofeo] Ao Pieistel AE EH AR e
spalsigict.

MATS (%) = 100 x (Aj-Az) / A
A : Absorbance of initial suspension media at 540 nm.

A, : Absorbance of aqua phase at 540 nm after one hour

incubation.
ME 70| S8 2 g ojgy 2
A #9542 8l 16SrRNA F- 2 7141 E 2 &Y

o
AT T o8 A ST 168
A2 )3l universal Za}o|H Q] 27F (5'-
AGAGTTTGATCCTGGCTCAG-3")2} 1492R (5'-GGTTAC
CTTGTTACGACTT-3)2 AM23}o] GAxS 2% & u}
=2 7lo] ©]2)510] 9714 23 =S &7] 4 L] chro-
matogram-2- ©]-8-5}o] gap2- #4315t & National Center for
Biotechnology Information NCBD)of|A] ¥ A =7} =2
£9] 165 rRNA 307 271422 shustel A%

= 3}*3 stk AlSE 42 Tamura-Nei @0 7] %35t
Maximum Likelihood ¥%(Tamura and Nei, 1993)-& A-8-3}
o BAIBFAAL, 4HETE Z42Fe] Alsroll A ZF A of) TRt &
At A F & AFE317] 9138 bootstrap 492 1,0003] A
8J3}3 o m, B2 MEGA 7.0.26 program= AR8-3}%iTh T
2 API 50 CHB kit (bioMérieux) S AR5}

A 5150) A 714 o] 55 Feks 7] 919 National
Committee for Clinical Laboratory Standards (NCCLS) <] T
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£ SO R 2GS AN 420 A8 32
Mueller-Hinton broth (Merck) o] %4£38}31 37°Cof| A 5A]7F vl
OF&t % 0.5 McFarland (bioMérieux) 2 2% 3~ Muller-Hinton
agar (Merck)oll 'E25}31 3057k 2123+ 3 245:0] 547
A28 2T 37°C A 24X17H A 5 7 3P of T 3
o] 517]2 Z4sto] CLSI 7ho]=elelo] wheh =4t 1h A
= TSIt ARERE YA v~ A(Liofilchem)+=
(30 pg, AK), amoxicillin/clavulanic acid (2 pg/1 pg, AUG),
ampicillin (10 pg, AMP), cephalothin (30 ng, KF), ciprofloxacin

amikacin

(5 pg, CIP), erythromycin (15 pg, E), gentamicin (30 pg, CN),
imipenem (10 pg, IMI), kanamycin (30 pg, K), lincomycin (15
pg, MY), methicillin (5 pg, MET), neomycin (30 pg, N),
nitrofurantoin (300 pg, F), ofloxacin (5 pg, OFX), oxacillin (5
pg, OX), penicillin G (1 IU, P), penicillin G (2 IU, P), penicillin
G (10 IU, P), rifampicin (5 pg, RD), streptomycin (10 ug, S),
streptomycin (300 pg, S), tetracycline (30 pg, TE), trimethoprim/
sulfamethoxazole (1.25 pg/23.75 ng, SXT), vancomycin (30
hg, VA) 5 24%2) [ A3 E AMgalo] 2459},

S ME ZF9| I 4T Z=AL

2% A F30] A e 2AR] 913 LB A v %]
of 2F AR #59) £43 ZRYE FFote] 37°ColA 72
AZEEQE150 rpm & 2 X FSHH A X 92 A 7S
3]getto] FHE W A2 dAFE Sl AR &
o] 2.2 7Fujokol | mlS 13,000 rpmof| A 305-7F 214]
2] 5 EE FRFZID TE A F 1 ml B FHFR

4 oFoll 10 ml2- 13,000 rpmoi|A] 3087+ ¢
] 33 Het SRR A A ske] 80°Coll A Fge] madd

= o) £ 245

| Gl S FE Hix] =22l ME

oo T
A 7ol WS = iR AR A S flsto] FAIS
Z| " 9] Plackett-Burman design (PBD)E- A A5} th(Hibbert,
2012). kA 0 7 A Aol AL T 2l o
AY A A AR MR TAaY 5% [glucose, sucrose,
fructose, galacto-oligosaccharide (GOS), molasses], 2 4~¥ 4
Z(yeast extract, beef extract, tryptone, peptone), 7| E} B|=F ¥
4~ 5%(sodium chloride, potassium phosphate, dipotassium
phosphate, magnesium sulfate, potassium chloride) ©. = 2= 14

el 2elg Akl AL 2 Aele) FEE W

(high level, )2} A5 (low level, -) 271K =20 2 L}5H0]
Z8Y3tR o, ek o] A 2417F30.0 £20.0 g/LE AA
A, AAYL20.0+15.0 g/L, 7|E} ]k U4=6.0+£4.0
g/lLo] sz A5t Table 1). 2} A o] v b2 2+t
o] ufjA]ofl HufeFeE 5% (viv)= FERE F 37°Cof4] 150
rpm O 2 24 A 7F vl F & A FAFS ST BE A
AT=33] W AR o = pakqlar, Ae dlo) Al Y &
A EAL Design expert 9.0 program (Version 9.0.3.1,
Stat-Ease Inc.)S ©]-&35}o] 2435190 ch

S5t tix] M sz Fx X2 Y

—

0p

SHBIIERS 0
[e)

O PBDE ) 4] 4ol F ke A 3714 2
Q1 TjARo 7 AR o] A Al that 4 s A
3171 §15ted, Z42ke) AR S WErE A AAel nl A

A3Fe Z4A A EH(Central composite design, CCD)S
2-g-oto] A5k e Hibbert, 2012). A3 A2l SR
= molasses (X1), potassium chloride (X>), sodium chloride
(XS SHA|R RE8lsha 16740) AgEo R nae A8
ShT Wh G2 A FAFE Zekol gt
(Table 2). ZF A3 F & 23 A8 F220] AujoFoll 5%2 H =
Tk $-37°Cofl A 150 rpm ©. =2 24 A|ZH Hlj et & A= =
SEATE e A= 33 W AE S 1 Batake IR
Aof| ARg-SF AL, o] &f F7 Mo} T o] T e 23] 3
T mF A2 ool Tk of7|ofl A Y FHHE, Xie =
AR, o 3= Aol ™, B, Bi, fie WE A A4S UERd
t}. Design expert 10.0 program (Version 9.0.3.1, Stat-Ease Inc.)
2 o] g3ko] 3| EA o mHAS o ST, 37N
AT o R AY D PAF FHS I3 H7 Sre}
AN o4 1L dAset

o o

Y =B+ 3 BXis I BiXe + B BiXiX

Zot 9 o3

oZHE njA

Hle E 50 Alg W B X AlE Zof ARR-5H7] 93t oA A
o] f-45tal o] 2B %‘é% % Bacillus% #%-2]
222 glatol A HEH WP 0 2 A2 H AR 64%
& sl o, ZH7ko] Algof A rsgeﬁfs}z] ;m ol wha} oF
30052 v gE-S Balstart 3000] F9of Bl 3 5 =k}

S| Ha| o A
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Table 1. Range of different variables for Plackett-Burman design (PBD) and response value (Y)

Coded values

Source Factor Symbol (unit)

-1 Al
Glucose Xi (%)
Sucrose Xz (%)
Carbon source Fructose X3 (%) 1.0 5.0
GOS* X4 (%)
Molasses Xs (%)
Yeast extract Xs (%)
. Beef extract X7 (%)
Nitrogen source 0.5 35
Tryptone Xs (%)
Peptone Xo (%)
Sodium chloride Xio (%)
Potassium phosphate X1 (%)
Etc. Dipotassium phosphate X2 (%) 0.2 1.0
Magnesium sulfate X3 (%)
Potassium chloride Xia (%)
Response
Run Xi Xo X3 X4 Xs X6 X7 Xs Xo Xio X Xi2 Xis Xia v (pg/L)
1 1 1 -1 1 -1 1 -1 -1 -1 -1 1 1 -1 1 8.06
2 -1 -1 1 1 -1 1 1 -1 -1 1 1 1 1 -1 10.33
3 1 1 -1 -1 1 1 1 1 -1 1 -1 1 -1 -1 18.99
4 1 -1 1 1 -1 -1 1 1 1 1 -1 1 -1 1 11.27
5 -1 1 -1 1 -1 -1 -1 -1 1 1 -1 1 1 -1 12.27667
6 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 5.806667
7 -1 1 1 -1 -1 1 1 1 1 -1 1 -1 1 -1 9.04
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17.21
9 -1 1 1 1 1 -1 1 -1 1 -1 -1 -1 -1 1 25.46
10 1 1 -1 1 1 -1 -1 1 1 1 1 -1 1 -1 17.90667
11 1 1 1 1 -1 1 -1 1 -1 -1 -1 -1 1 1 9.19
12 1 -1 1 -1 -1 -1 -1 1 1 -1 1 1 -1 -1 6.886667
13 1 -1 -1 -1 -1 1 1 -1 1 1 -1 -1 1 1 6.956667
14 1 -1 -1 1 1 1 1 -1 1 -1 1 -1 -1 -1 15.73667
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17.53
16 -1 -1 -1 1 1 -1 1 1 -1 -1 1 1 1 1 30.37667
17 -1 -1 1 1 1 1 -1 1 -1 1 -1 -1 -1 -1 26.64667
18 1 -1 1 -1 1 -1 -1 -1 -1 1 1 -1 1 1 24.99333
19 1 1 1 -1 1 -1 1 -1 -1 -1 -1 1 1 -1 20.39667
20 -1 1 -1 -1 -1 -1 1 1 -1 1 1 -1 -1 1 22.53333
21 -1 1 1 -1 1 1 -1 -1 1 1 1 1 -1 1 33.17333
22 -1 -1 -1 -1 1 1 -1 1 1 -1 -1 1 1 1 29.57

Response value was dry cell weight from B. amyloliquefaciens SRCM 100731 cultivated at 150 rpm, 37°C for 24 h. All experiments were performed in
triplicate.
*GOS, galacto-oligosaccharide.

7)ol Rt nA R AE RO BRI HA o] 1000] FO] KR ATESAT, ST A FRE 9
0" 4 ol PR AL ST AT B corens 310] Y FAoh A, FAS FUTL FK E4 6%
(Kim et al.,2010)°] A|A S $15) B. cereus A XS A3 O GRS BE BG3A] obe 535S AlEstadrt. £,

Ul EEE A A54 A4S
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Table 2. Range of different variables for central composite design (CCD)
and response value (Y)

Symbol Coded values
Factor .
(unit) 2 -1 0 +1 +2
Molasses Xi (%) 1.0 3.0 5.0 7.0 9.0
Potassium chloride X, (%) 0.2 0.5 0.8 1.1 14
Sodium chloride X5(%) 0.2 0.5 0.8 1.1 1.4
Run X X X Response Y (g/L)
1 -1 1 -1 4
2 -1 -1 1 3.816667
3 0 0 7.4
4 2 0 7.403333
5 1 -1 1 12.53333
6 -1 1 1 3.913333
7 0 0 -2 7.453333
8 0 0 0 7.51
9 1 -1 -1 12.36333
10 0 -2 0 7.493333
11 1 1 -1 12.59
12 1 1 1 11.77333
13 0 2 7.863333
14 2 0 0 20.01667
15 -2 0 0 1.386667
16 -1 -1 -1 4.15

Response value was dry cell weight from B. amyloliquefaciens SRCM
100731 cultivated at 150 rpm, 37°C for 24 h. All experiments were
performed in triplicate.

Bacillus < 0|5 == L X B. subtilis, B. licheniformis 52 A
i““’ﬂ A HZ/g A &k Zro] 2h-g-sl= surfactind} 22 A &
< AAdsto] A3 Alx 9 {54 QoA fdEl=

4 n|AEo| 3l gl TAEG 2 Ao B HIE AT Qo]
(Carrillo et al., 2003; Stein, 2005), 53%2] AW n]Y&-& thAt
S 2 27 He}o]| = FAYE2 Q1 surfactin, iturin, bacillomycin
% 2% o4O §E HGSIT e 47e] #FE Aust
S THTable 3).

S A A o7 A F A0 upijuf A4dof| o Yol
T SRR -3 4 A3 steHEA, gl ot 545
oaf BIAArA o 2 WAL = FHK(Yun ef al., 2013). £3],
nAE ol o3t 882 XY e dadolv 83

2 o] 4= Qo] $hA] AE g4

(Table 3). E3H U] 1] of3)

2] tryptophanase, urease, S-glucuronidase (An and Friedman,
1998)0] thato] 45:0] FAE TjAfo 2 BT
71350 fof HAS AT s A OE Leht 4%
A P B f) Fdol] tfEE QPAA o] 43S BHels)
Tt Table 3).

MEZe| S4 2

n|g=o] Aok Tl Tl mas, MR S,
T Eellaa 5 T Al aAES T AAe R E
YA o]go] o]Fojz| i glom, ujoF YEO] H71ES B
sfjoto] gujgd S8 AW, viES] 715 2&

Table 3. Comparison of safety and functional characterization for selected strains that isolated from traditional fermented products

Strain no. SRCM101352 SRCM101405 SRCM100169 SRCM 100731
Surfactin (suf4) + + + +
Bacteriocin related gene® Iturin (ituAd) + + +
Bacillomycin (bmyA) + + -
Hemolysis type b4 a a a
Tryptophanase > - - -
Harmful enzyme production” Urease - - - -
B-Glucuronidase - - - -
o Protease 1.32+0.07 2.10+0.10 1.71 £ 0.04 1.93+0.07
Z’ig;c:tgrulj;‘;“zy me activity Amylase 1.19+0.09 12+0.06 1324007 122+ 0.04
Cellulose 0.8+ 0.01 0.78 +£0.03 1.20+0.10 1.24+0.05
Thrombolytic activity (diameter, cm) 1.77 £ 0.06 1.97 £0.04 1.26 £0.03 1.78 £ 0.08

* +, detection of gene; -, no detection.
b .
-, no production.

Korean Journal of Microbiology, Vol. 54, No. 4



390 - Ryuetal

_\|l_‘
2
i

\
o\
o)
ol
1o
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A8 H2l SRCM 1009379] A A5 Al Al 5-50] &7
ool =5-g & A 02 AlrEh
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of glof SN E A2 A0 2 W2 7150 9loiA]

!
Al R 0 2= 52291 9, capsuleo|u pilie} -2 5
1

E
RISE 0] 2524 A A

Lactobacillus rhamnosus GG (LGG) S A5 E] n-Hexadecane
Bfjoll et F2bsa 547 AT LGG O] 7-9-81.02% 2]
2He& UERHGlaL, 45-9] A oF5= 5 SRCM 100731 ++5=
7} 7V 2 743%2) LGGS} AR 22152 el
(Fig. 1). Sansawat®} Thirabunyanon®] X .31(2009)] ¢]shH
n-hexadecane®]] 17~57%2] A4AS ZF= Bacillus w550
Caco-2 A| 320 4] 2.8~4.9 log CFU/well &] 2458 Zh=t}a1
H 15131 9lo], SRCM 100731 752 749 A 5] A] ) Al

Rl 528 4 gl o] 943 R 0.2 pein, o4l

&3 2l A A|s4d Al4%

100

80 #x

60 w0

40

20

Cell surface hydrophobicity (%)

LGG SRCM 101352 SRCM 101405 SRCM 100169 SRCM 100731

Fig. 1. Cell surface hydrophobicity of selected strains. Data were expressed
as mean + SD of three independent experiments. *, **, *** **** ‘indicate
significance at P < 0.1, 0.05, 0.01, 0.0001 in Duncan test.

SRCM 1007312] SX U & 0|2A 2

)% A SRCM 1007319] 16S rRNA 5212} 6714 F A
I}= 0]|-8-5}o] NCBI nucleotide BLAST searchE 4~3)5}91
i1, GenBankol| 555 B 70} @74 g5 H|ulgt A3} B,
amyloliquefaciens strain BCRC 11601, strain MPA 10342}
99.82%, B. amyloliquefaciens strain DSM71} strain 155352}
99.77%2] A5-44-2 B B. amyloliquefaciens SRCM 100731
2 st 1, s ER EAE|(KCCM, Korean Culture
Center of Microorganisms)®l| B. amyloliquefaciens KCCM
11967P 2 7| €5t A7 A g2 vl 2 phylogenetic tree
£ ZA45H7] $3) evolutionary distance 5==-2 Maximum
Likelihood method & AM8-3}$1 11, bootstrap 41 1,0003] &
AldYste] Ao ARes 2HetFig. 2). Earl &
(2006)2] ¥ 10| W2, Bacillus < w-52] 739 16S tRNA
LA} A Go| =2 AHEAS 7 2= DNA-DNA reassocia-
tion analysis 2} DNA relatedness 7} 58~69% = LERL}7]| w)
ol 2 Folehe §H74 S4o] thE 4= 9lo] @oro] weh
YA A EL S 2AbH el #E The] B4 o
ogt 97l Was Ao wekE. tely 2rlKow
SRCM 100731 2] EATHALE &015}7] 95to] APLkit-S o] &
5o Z}2te] o o] 844 A3k AT Wuek An (2011)0] 2
113t B. amyloliquefaciens BY013} §-AFSk glycerol, glucose,
fructose, mannose, mannitol 5 16Z2] ©-2- 0] &5}= A2 &
Q151 tH(Table 4).

SRCM 1007312] SHdin| ZiA

A 1940 A5 E A 2021 A mPFE el
A RE 5 02 NI o] AMGE Q] O, FEEEHAYA] 3}
ot ARE-0 2 Q13 A WS Zh= A vAYE o] Sjulct
3718k A4 =(Alanis, 2005), YA

9] Ho| & F35lo] U FAYE2 ¢l vancomycin, teicoplanin 5
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Bacillus amyloliquefaciens subsp. amyloliquefaciens DSM7" (HQ231913)

67 | Bacillus amyloliquefaciens subsp. amyloliquefaciens 15535" (AB325583)
Bacillus amyloliquefaciens MPA 1034" (NR 117946)
Bacillus amyloliquefaciens BCRC 116017 (NR 116022)
SRCM 100731
Bacillus methylotrophicus CBMB205" (S001239910)
Bacillus methylotrophicus ATCC 145817 (JTKJ01000077)
Bacillus subtilis 168" (NR102783)
Bacillus subtilis DSM10" (AJ276351)
100 Bacillus subtilis NRRL B-23049" (AF074970)
Bacillus licheniformis DSM 13" (KX785171)
Bacillus licheniformis NBRC 12200" (AB680255)
Bacillus sonorensis NRRL B-23154" (AF302118)
951 Bacillus sonorensis NBRC 101234" (AB681416)
Bacillus coagulans 1AM 12463 (D16267)
Bacillus anthracis ATCC 14578" (KC020169)
100 <‘B"c"”’” cereus GTC 02826" (AB59249)

741 Bacillus cereus JCM 2152" (AB598737)

A
0.0050

Fig. 2. Phylogenetic tree based on 16S rRNA gene sequence of SRCM 100731 and Bacillus type strains. SRCM 100731 showed the phylogenetic position
similar to Bacillus amyloliquefaciens type strains. GenBank accession numbers are given in parentheses. The branching pattern was generated by maximum
likelihood method. Bar, 0.005 substitutions per nucleotide position. Bootstrap values are expressed as percentages of 1,000 replicates.

Table 4. Carbohydrates and antibiotics susceptibility characterization of SRCM 100731

Carbohydrate Result” Carbohydrate Result Antibiotic substance Susceptibilityb
Glycerol + Salicine - Amikacin (30 pg) SS
Erythritol - Cellobiose + Amoxicillin/clavulanic acid (2 pg/1 pg) R
D-Arabinose - Maltose + Ampicillin (10 pg) R
L-Arabinose - Lactose + Cephalothin (30 pg) R
Ribose - Melibiose - Ciprofloxacin (5 pg) SS
D-Xylose - Saccharose + Erythromycin (15 pg) SS
L-Xylose - Trehalose + Gentamicin (30 pg) SS
Adonitol - Inuline - Imipenem (10 pg) SS
B Methyl-xyloside - Melezitose - Kanamycin (30 pg) R
Galactose - D-Raffinose + Lincomycin (15 pg) S
D-Glucose + Amidon + Methicillin (5 pg) S
D-Fructose + Glycogene + Neomycin (30 pg) SS
D-Mannose + Xylitol - Nitrofurantoin (300 pg) SS
L-Sorbose - B-Gentiobiose - Ofloxacin (5 pug) SS
Rhamnose - D-Turanose - Oxacillin (5 pg) SS
Dulcitol - D-Lyxose - Penicillin G (1 TU) R
Inositol - D-Tagatose - Penicillin G (2 IU) R
Mannitol + D-Fucose - Penicillin G (10 IU) R
Sorbitol + L-Fucose - Rifampicin (5 pg) SS
a-Methyl-D-mannoside - D-Arabitol - Streptomycin (10 pg) S
a-Methyl-D-glucoside + L-Arabitol - Streptomycin (300 pg) SS
N-Acetyl glucosamine + Gluconate - Tetracycline (30 pg) S
Amygdaline - 2-Aceto-gluconate - Vancomycin (30 pg)

Arbutine . .

ST ; 5-Aceto-gluconate - Trimethoprim/sulfamethoxazole (1.25 pug/23.75 pg) R

* +, positive effect; -, negative effect.
b S, sensitive, halo size 1.2-1.5 cm; SS, very sensitive, halo size 1.6-2.0 cm; R, resistance.
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o= A4S 7FX]+= VRSA (vancomycin resistant Staphylococcus
aureus), VSE (vancomycin resistant Enterococci) ‘50| .11 %]
ATHPark et al., 2013). whebA] n|YPES 7|HEO 2 AFA S}
517] flsliAl = FRETHE A et T/ Aot
83t A2 85 glo] 2F A 5 SRMC 100731
Abo 2 3 AR 2450] chat T T B4
AABFATE 574 23} SRCM 100731- THal 2 94 o A
21 amino glycoside A G 2] streptomycin, gentamicin 5 13 7}
o] A=A tste] 5ol A=l o, FEfo|= Hol&
Aalfsto] Alat2] -G+t A4S sk penicillin G, ampicillin,
amoxicillin/clavulanic acid, amino glycoside A€ 2 thalz]
42 o) AI5H kanamyein, Tholstol S AR 89l F s
(DHFR, dihydrofolate reductase)E 2] A|3}= trimethoprim/
sulfamethoxazoleo] 3t JAE 7IX]= Ao & FolE Qi
(Table 4). Thirabunyanon¥} Thongwittaya (2012)2} Hong 5
(2008)°]| &J3}H 2 uto] Q ElA S-S 71X| = B. subtilis natto
2} NC11 w5 vancomycin, kanamycin, ampicillin, penicillin
& ke vhsse] Aol tistol o) olAE e
Lee 5(2017)0] 22|38t B. amyloliquefaciens AMS1-2-penicillin
Tampicillino]] tjsle] YAIS 71X 2L 21e] SRMC 1007313}
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2 qlo o ofN mt Kl

SRCM 1007312] x| A% &AL
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7o w2 A A& AT 4417 S = vl FlS 3

1.6 2.0
1.8
1.6 ~
g E
§ 1.4 %
g 12 2
3 =
5 1.0 %’é
=)
< Log A
L 0.6
0.4

0 8 16 24 32 40 48 56 64 72
Time (h)

Fig. 3. Growth profiling of B. amyloliquefaciens SRCM 100731 by
absorbance and dry cell weight. SRCM 100731 cultivated in LB broth
medium at 150 rpm, 37°C (O, dry cell weight; ®, absorbance 600 nm).
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Fig. 4. Effects of medium components depending on various levels for improving dry cell weight.

Table 5. Variables and their effects values from a quadratic regression equation results of Plackett-Burman design

Variable (X;) Effect (Exi) Coefficient (/) Sum of squares F-value P-value Confidence level (%)

Model 17.28 1463.854 14.74291 0.001666 99.8334

Glucose -6.48267 -3.24133 210.1248 29.6272 0.001598 99.84023
Sucrose 0.845333 0.422666 3.572939 0.503778 0.504481 49.55192
Fructose 0.917332 0.458666 4.207493 0.593248 0.470395 52.96048
GOS* -1.10933 -0.55467 6.153077 0.867572 0.387572 61.2428

Molasses 14.09 7.045 992.6406 139.9604 2.21E-05 99.99779
Yeast extract -1.02133 -0.51067 5.215613 0.735391 0.424065 57.59345
Beef extract -0.342 -0.171 0.584819 0.082458 0.783652 21.63477
Tryptone 1.922 0.961 18.47043 2.604295 0.157701 84.22985
Peptone -0.90467 -0.45233 4.092106 0.576979 0.476273 52.37269
Sodium chloride 2.455332 1.227666 30.14328 4.250146 0.08487 91.51303
Potassium phosphate 1.247332 0.623666 7.779189 1.096851 0.335302 66.46975
Dipotassium phosphate 1.706 0.853 14.55219 2.05183 0.201996 79.80038
Magnesium sulfate -0.35267 -0.17633 0.621865 0.087682 0.777127 22.28733
Potassium chloride 5.756664 2.878332 165.6959 23.36281 0.0029 99.71001

* GOS, galacto-oligosaccharide.
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Aoto] 24zt 3ule] v RS B WRAS FHUNY, AW B W40 el e oxpA el Ao
g/L)o] Autghe 2 et YithTable 2). REg-ghof] gk wdll AP AT 2800t 52 J3Fe] 28-S Sloh= s Al
= 3L 2 o]-835lo] A5t Z(CV, coefficient of variation)+= 6.06 0.2 u}|-$- =7] 2123

ofu o] Aol et B AW AL obehet 2.

€ L9S=% Jé}a’inl( able 6). Z+7+o] =Wy rhE

Hapof| vl %)= FaFE 2elshr] Qs 3719 Mg 5 0}1/}945

Y (Dry cell weight) = 7.36833 +4.415 x molasses —0.047917 HHSE 2 Z o 1L ééﬁ U A HpE 0] 8333+ 5
x potassium chloride —0.015417 x sodium chloride —0.06 x Ao wo A It Ak 47 H 9] WollA SA%k
molasses * potassium chloride — 0.028334 x molasses x © 2 5 ¥ molasses, potassium chloride 2] 7-¢- 5= 7} 012
sodium chloride — 0.0925 x potassium chloride x sodium 5 A"l F7HEe 218F31AL, sodium chloride &f 75
chloride +0.811671 x molasses® - 0.00166675 x potassium -1o] A H ol g7 UrehdlS ERIskgIchFig. 5). 54 o8
chloride” + 0.05083325 x sodium chloride” SRCM 1007312} 2|l oA AAhS S15H v A] 7-2] 5=

+= molasses 7%, sodium chloride 1.1%, potassium chloride

EREA S Eot e 15k 3R] ATt A B Elo) Fyalue 0.5%= &=L, ojuf 2| AT 12.6625 g/LE o=
711464153 © 2 LFERL} 7FA 5l mdlo] Halahe Bholshgl o = 3lch

H, P-value+=0.000000247 2 EA| % 2] E5} ] & ==

< 3R9lakeieh wal AA AGR)20.9955 2 13 747k¢] A

Azkah AE wElo] olgt ol gto] #o] QA Ee atelat 4 2505 o258 212 WiHIoIA B. amploliquefaciens SRCM

= =
°|:| EEIIO' 7-|

Table 6. Analysis of variance (ANOVA) of central composite design for improving dry cell weight of B. amyloliquefaciens SRCM 100731

Source Coefﬁcient Sum of Degree of Mean Standard Fovalue P-valuea
estimate Squares Freedom square error Prob >F
Model 7.368333 327.256 9 36.36178 0.329624 146.4153 2.47E-06"""
Xi-Molasses 4.415 311.8756 1 311.8756 0.124586 1255.806 3.37E-08"""
Xo-Potassium chloride ~ -0.04792 0.036736 1 0.036736 0.124586 0.147923 0.713791
X;-Sodium chloride -0.01542 0.003803 1 0.003803 0.124586 0.015313 0.905558
XiXa" -0.06 0.0288 1 0.0288 0.176191 0.115966 0.745058
XiX3 -0.02833 0.006423 1 0.006423 0.176191 0.025861 0.877517
X:X3 -0.0925 0.06845 1 0.06845 0.176191 0.275623 0.61841
X 0.811667 10.54086 1 10.54086 0.124586 42.44408 0.000624" """
X5 -0.00167 4.44E-05 1 4.44E-05 0.124586 0.000179 0.98976
X5t 0.050833 0.041344 1 0.041344 0.124586 0.166478 0.697422
Residual - 1.490082 6 0.248347 - - -
Lack of Fit - 1.484032 5 0.296806 - 49.05889 0.107954
Pure Error - 0.00605 1 0.00605 - - -
Cor. Total’ - 328.7461 15 - - - -
Standard deviation 0.5 Press* 12.49
Mean 8.23 R-squred 0.9955
Coefticient of variation 6.06 Adjusted R-squre 00887
Adequate precision 44.825

Response model was suggested quadratic model through the lack of fit tests.

* P-value, probability distribution value. P-value less than 0.05 indicate that the term is significant.

® X, Xa, X1 X, XoX; represent the interaction effect of variables X, X», and X3. X2, X2, and X3, are the squared effects of the variables.
¢ Cor Total, Sum of squares total corrected for the mean.

¢ Press, The predicted residual sum of squares for the model.

@ * K Rk ok

,, , ,indicate significance at P <0.1, 0.05, 0.01, 0.0001, respectively.

e s As4d A4



Characterization and optimization of Bacillus amyloliquefaciens SRCM 100731 - 395

Dry cell weight (g/1)
Dry cell weight (g/1)
S

-0.5 0.5
B : Potassium chloride -1 ~-1 A:Molasses

-0.5
C : Sodium chloride
(coded values)

(coded values) (coded values)

Dry cell weight (g/l)

0.5
A : Molasses
(coded values)

-0.5
B : Potassium chloride
(coded values)

C : Sodium chloride -1 -l
(coded values)

Fig. 5. Three-dimensional response surface plots for improving dry cell weight of B. amyloliquefaciens SRCM 100731. Dry cell weight represents as a
function of the concentration of molasses-potassium chloride (A), molasses-sodium chloride (B), potassium chloride-sodium chloride (C).
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Hj 2] Q1 LB HA| v A& o]-§-5}o] ZFZFo] v A & Al & & 5
st Az dAESE SH5ke] vl A5 3Yskelch
22212 35l gt iR ol A o A T2 12.8008 + 0.0658
g/L= oA SE oA 12.6625 g/Lo} w9~ F-ARE Aopgh-S L
Effo] AR %7} =55 thA] ERIE 4= Qlglom, tjx 19
AZ AAFF1.8273 £0.0214 g/LL} ¥ 1L A] oA 5F0] 10.8352
g/LurE S7ksko] o THl 2 wtA|=Fo] S7FehS Eelskaitt
(Fig. 6). YNHA O & B. subtilis 0| A A4t v 2] Ad =2k
F=, wieF AR5 B2 A alel whetdebA] A = al(Jeong et
al., 2015), FA 4 WS A8t a3 MY A
Bacillus 2] A A4to] | 108] Z7}8tc}a B 11(Jeong
etal., 2010)8}1 Qo] B Ao} v] 5 A] 10M|7H4] 27814 =
oront, Eojd @l viAIgh &) HH3ekS FE
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Fig. 6. Dry cell weight comparison between control (LB, non-optimized
medium) and optimized medium. Data were expressed as mean + SD of
three independent experiments. *, **, *** **** indjcate significance at P
<0.1,0.05,0.01, 0.0001 in Duncan test.
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