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Abstract

Screening of Bacillus subtilis strains capable of producing extracellular hydrolases,
including lipolytic enzyme was carried out. Within the scope of this study, total 61
strains were isolated from various domestic specific environmental samples such as
seawater, soil, Jeju ranch, hot spring, salt farm, and fermented food and identified
as Bacillus subtilis based on 16S rRNA sequences. Among the isolates, 4 strains had
extracellular lipase activity. The growth profile of the strains revealed that 4 strains
showed well growth at 50C, 3 strains at 55C, and pH 7.0. All strains could tolerate
salinity up to 5%(w/v), 3 strains up to 10%(w/v), and only one strain showed growth
at 15%(w/v). Additionally, amylolytic and proteolytic activities were detected in these
strains. The highest lipolytic, amylolytic, and proteolytic activity was detected in
Bacillus subtilis YS-YR 5A. These results demonstrate the potential application of
extracellular hydrolase-producing Bacillus subtilis strains, especially strain YS-YR 54,
as fermentation starter to enhance the functionality and multiplication of functional
natural products in the food/medicine/cosmetics/bio industries.
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AR ai(EejotdI A E oFdste|EEd ol EC 3.1.1.3)
£ EdfolZgAlgto|9] 7153, oAHE 3, ERRAOAE
o} 5= Frfiols iRt 89 ARl BaolH, AlA|, JoRE,
T, AA, AF AR 9 FAIE A Eofolla] de] ARgE
QltiHasan et al, 2006; Ogino et al., 1994). Bacillus sp. ¥+
7} Aok AR A= 7] 84 9 pHell thet =2 WA
< Yetdiol AlA, A1E 9 3PgEE olaE 3 2 Hiolerd
it qlo] &84do] 7] wiEol B TE I Sl
(Guncheva and Zhiryakova, 2011; Hiol et al, 2000;
Moeller et al, 1996). 124} oI <3 H|32o] oJaf AAts=
WEEO Bacillus sp. #F 3 AWHEfE4E AAHo] o9
St} Bacillus subtilis 168 E B coagulanse|A 4% Zdf
AR as &2 77+ 0.015 U/mL ¥ 0.2 U/mL3leH, o]
2 QIs] AHHEsaA BAMS A7 SIeh oheket A
o] 7/f&= 1 ItHGuncheva and Zhiryakova, 2011; Kumar
and Valsa, 2007; Lesuisse et al, 1993; Mormeneo et al.,
2008; Olusesan et al, 2011).
B subtilise o8] 7HA] olf& ARl EAE ilohs viEE
Q] TAE AAA|AHo|LH H[H YA O R n|=t AlEoJokt 7|F
2 GRAS (generally recognized as safe) f-7]Ao]c}. Egt
subtilis= 90| gFoH, Tl Rl 9 Ao 22 ¥y —;?—
8 A A &olotA s17] thizol B2 FY Al=e] e
214 WX 2 BH|E 4= QIt. B subtilis= AAFA o2 scale-up
o] -golsto] ti=F gato] Fefdt FHE Z=tt. o= o ¥R
At B0 AREEE, SR3 AN HlE § shiels Suleitt
(Schallmey et al., 2004; Westers et al., 2004). B. subtilis=
et §A v ekl TRt RAE 22 AlARI0 2 Qlsh
] 9 At S 91RO Y Ao Si4 mdolt). kgt
- aabAQl Tl FH| A" HGEol =2 AR <l
594 258 oot 24, 3h 4 ot 49 nE FARE Sltt
Al EZE Jd2] AR oA ghom, AAPE 7HA 1L §lof, s
ZHE 7o AR} o2 A3 AEAQ] Wk AL S AAlSH=
At 22 A7)0l 23 3740l Hojx]o] gt ookt ThlEo]
TG AE Al Tolohs GE HE TS Hof E ASE T
J= WAl AR o}, Fu5R 2 FAo 583 A2
hydrolase &/30] 948t B. subtilis®] AF44 S84 ¢ 5
238t Danilova and Sharipova, 2020; Oren, 2009;
Setyorini et al, 2005).
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YS-YR 5AE Eol= 4% #9 YT E4= SRlstal &
42 AYsiAe, 4F 2ofelA probiotic #F2] E-goLt
SR/ QJoRE/Ho| 2 ARRlolA BEAQl HAE HEE B3t 7]
A A N FFEAY ARIA 8-8o] 7FsTAIE HAsH ]
o3l AlgAog wol] ARZEE lipaseS EFSE amylase®}
protease®] 7}l E42 S750I5IH:. EH ZEHPo]| QE /A
9 5 7HAIAL spray drying¥] 5= ©l-&2t AA A=A &
of thet g0l w2 55 AHsp| flol, E2E B subtilis
o AL L2utlS A QI Pérez-Juirez et al, 2022)
B. subtilisS] YHHARQ1 E491 ‘%H“XU} E}’\% sl =

SHHAE AR aA E/o] 53t 75 idste] UaAty
A S AU & e e —’:\JHE—J 7] AaE 9

@ 71289 d1Ene L skt
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oZ;
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oF 2, Y ¥ Y

= ohFtt ESAEls, EY AFER, 24, 94, HasE
5o 2HH WA E0| B subrliss EElot7| Yall 22t AE
< B 0.85% (w/v) e d4ol H7Fsto] vortexingdt3iTt.
FeRE AIE 1 mLE ARE3l] 107410 4 W2 & S4% 5,
et AR 2 SIS E -84 A]Q] marine agar (BD, USA)
HZ3%(w/v) A ZFHE 8ot TAMIAE ARt SAAS
Tsto] 37CoA 27|H o= wigsiqltt. v & Aeido=s
Hixgel Uehd= o9 =27), B9, A2 5 BEeHy Hag
S & U IAIRE ARESHe] F71HE O R single colony
isolationg st AU Tyt A EERE 714 ek
Z00A EE H5EY EAMIESH 58S 9l marine agar
(BD, USA) Hiirlof| Z1z} HalEl #59] colony”} Bid=] AFERS] 224
HiR|S GRIo]QBE(Daejeon, Korea)oll FUo] 16S rRNAS 9
She FAAF A7 M EE BASII o, ZFY AARE 2 oo 91
2 9J51o] @#39] EzBioCloud (https://www.ez biocloud.net/)
£ ARSI Yoon et al, 2017). AESH £42 Clustal W L
MEGA 11.0 Z2 132 o|83}a] 1519t Tamura er 4/, 2021).
s 7o SRS S 7hsdS gRlsh] st
of, nutrient agar (BD, USA), R2A agar (BD, USA) ¥ tryptic
soy agar (BD, USA)l B3 =TS ofgsto] 37CoA 747t
B2 vl siylth. 121 Bold HEeo] 394 #FEA 5
15%(w/v) NaCl sZolAE AFgo] 7Fs3AE ERlIst] st
marine agar HiZ]o]l NaCl& 5 5-15%(w/v) HxE H7oto]
B F32E0] S soletgon A AL pH 24 3Kl
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7] 98te] pHE 4.0, 7.0, 9.0 2 Z}Z} 243t marine agar BiA|
£ A8sidlom, HHol B8 2k 27AE ERlsk] Yol SLet

HiZIE ARESte] 30, 35, 40, 45, 50, 55TOlA] 747t HiFsISiT:.

NZe| Holl 84 MiMs =M

e #79] A S8 9t A9 B 34 amylase,
lipase, protease &= RI5P| f5to] 2429} e} Sol4]
O 7 ¥k 714 Aol 2ok TAgu AR E ARSIt
HA amylase 4ol gt s 0.2%(w/v) soluble starch
(BD, USA)E, lipase &40 oI5t Ealls2 1%(v/v) Tween 80
(BD, USA)Z, protease &/of| o3t Halls-2 2%(w/v) skim
milk (BD, USAYE 7|4 & A=5}te] marine agar (BD, USA) Hj
Aol Z¥z+ X7bele] Alxsigion, EeE 455 AH A5t
37CoA 787t Bkt & amylase®} protease S clear
zone, lipase 832 opaque zoned 2702 ARG, £
H #39 248y Bl Wt Y & e JAE5d 9
o] A A7|(+++ 1 ) 7 mm, ++ : ) 4~7 mm, + : 1~4
mm, - {1 mmE YRtk

oF 22, 4 ¥ Y

U thokst ELIAARRZEE Eo] B subtilis 5 EFE Y
510 marine agar HiA|o)] 343t A|RE =6l widd =Y
£ oA YeE IAMIAE ARgSte] 2212 @Y FREYES £t
A3}, 6159 B subtilis 455 <55H £ - 5780t90H,
o] F 10%(w/v) & TFIA 5 7hsd WA 265, 45-50C
oA A& 7153t 124 15, amylase 4 59 £, protease
B4 28%, lipase B4 430] E0l=QitHdata not shown). A|
WEsaa Edo] ERIE 4F9] B subtilis 455 AESHAT
(Fig. 1 and Fig. 2). 459 #d5+= 247 o5 A5H 7IA9,
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¥S-DK 1C
YS-YR 5A
&
M264
- GIYS-2-2-2
Bagillus subtilis MCIB 36107 (AB042061)
2 Bacillus inaquosorum KCTC 134297 (KT989848)
| "Bacilus tequitensis KCTC 136227 (kJ847721)
Bacillus cabrialesii TE3" (MK462260)
1001-Bacillus stercoris JCM 300517 (MNS36904)
—— Bacillus siamensis KCTC 136137 (KY843639)
1 <1 [Bacillus halotolerans DSM 88027 (MN483266)
‘ *' 'Bacillus mojavensis RO-H-1T (AB021191)
‘ Virgibacillus campisalis 1DS-207 (GU586225)
Paenibaciilus aceti L147 (KUDS50693)

Fig. 2. Phylogenetic analysis of 4 isolates and their closely related
type strains. The phylogenetic tree was constructed based on 16S
rRNA gene sequence alignments using the Neighbour-Joining
method in MEGA 11.0. Bootstrap values are indicated at the
branch points. The scale bar indicates a branch length equivalent
to 0.01 changes per nucleotide. Virgibacillus campisalis 1DS-20"
and Paenibacillus aceti L14" served as outgroup.

of4 AL AN, FUE oMYx FEA| §, H4F TERA A
AAA FolA 571402 RejEglct
AEEl 459 25 B5 pH 7.0904 430 Rssigon, pH

4.01F 9.00M % 7+ 259] Bgo] ERIE|glem, ol £2] 455
o] W2 HR9] pH 274 Aol 7R & 4= K Table
D). E3L B subtilis 59 7% 2 FerolA = 8ol 7k
ot 594 ke B wet £ FF S94 nER
=2 9 skolAE A5o] 7FsTAE ERI5k] f15tod marine
agar HiAO] 2= 3-15%(w/v) NaCl EREES AZsto] £
FFEY] LS At Ax), RE By #FES 3-5%w/v)
NaCl 24004 %= B50] 7F3HAAL, 3%0] 10%w/v)olA, 15
o] 15%(w/v)olAl 8% 7Fsste] B2l B subrilis 47} A9
o7 =2 FekolA o] 7FsE FRISKATH]i er al,
2020). Marine agar= /3/3%9] tifio] F7|90= ngE

GlYS-2-2-2

M264

Fig. 1. Extracellular lipolytic enzyme activity results of representative strains in this study.
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Table 1. Growth characteristics of representative strains in this study

Media MA
No. Source Strain . NaCl (%) Temp. (TC) pH
NA*  R2AA" TSAT
5 10 15 30 35 40 45 50 55 60 40 7.0 90
1 mj[¢§§ﬁ YS-YR 5A +2 + + + + = + 0+ + o+ o+ o+ - + + -
2 O A X YS-DK 1C + + + + o+ oW + O+ o+ o+ o+ o+ - w + +
e OFY= _ - _ _
3 Sax) = Glys-222  + + + + o+ o+ W +
=HA A
4 S LEZA M264 + + + + o+ - + o+ o+ o+ o+ o+ - - + +

NHIZER] &

* Nutrient agar, : Reasoner's 2A agar, T: Tryptic soy agar, ® Well-growth, ®: Weak growth, % No growth.

tieg witoll A-8ol7|ol= AedolA| Fonz Ba| FEE9] Al
2o g AEEE B3R oA Y] S 7hsAS

2 F79] BehfRlo)A £ #FES vt
3% HiAloA o] 7Fsst Ao FRIFQITHTable 1). ©]
Zik= wiA] AgEe] weba] Bl 7o) BS 74l Fe-EE
O 5 AR o= o]goly] oAl uiA] AgEe] XH3lo A
= B0 watEgltt. S0 Bejd dEo] 1
ERf=A] ERIgh A3}, 4% 2%F 50T A 7t
Zo] 55COA o] 7Fsst AE ARIste] EejH 4
F2 TWHE QI Table 1). o5 A5A 71449,
2], SYE oz ] &, FAF SERA AH]
oA 371F o= Hejd 472 16S rDNA F714ES
FgO=2 EzBioCloud AlAFRE E-8sto] ERIstTt. Table 201
A Uebd AXE 2" YS-YR 5A, YS-DK 1C, GIYS-2-2-2,
M264= Bacillus subtilis NCIB3610™¢} 713 AR d===2 3
olE|glom AFEAL 100.0, 100.0, 99.0 ¥ 99.9%= ZFz+ e}
Hoirt.
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MNIEZR| Foligs
2H #F 4F 25 lipase /32 ERo19(Fig. 1), 1 £
AFEE 2polE HERNRI O YS-YR 5A7F 7F =2 S UE
UK Table 2). Amylase /32 452] w04 5 9519
o 2%9] #FE 953t protease TS KAL) HFHo7
YS-YR 5A #5+= 3714 &4(lipase, amylase, protease) 243
o] B% 243519t HTable 2).
wEhA] 2 AolA] E2fet e =4 of2 E53HE AR ESE
B3t Ot XS 2= B subrilis AFAQ) TR EE Ao
A Ul 3Z = 9IS Ao, 4dE T Esas I S
55t 9 AlEe] RSl as EAo] 945t TRHo|QEIA nidE
AA RS ARE-S FIeE BEAAE 8o] 7FsT AR oifHr:
TS E A4S Boto] B3k e 552 KRIBB PIRE7AA]
JARIH] 7[BHYS-YR 5A, NMC4-B256; YS-DK 1C,
NMC4-B194; GIYS-2-2-2, NMC6-B297; M264, NMC8-B272)
Eipii=s

Table 2. Extracellular hydrolase activities of representative strains in this study

Extracellular enzyme activity

No. Strain Closest taxon name Closest strain Similarity (%) Deposited number
Amylase  Lipase  Protease
1 YS-YR 5A Bacillus subtilis NCIB 3610" 100.0 b +rt +rt NMC4-B256
2 YS-DK 1C Bacillus subtilis NCIB 3610 100.0 o + -a NMC4-B194
3 GIYS-2-2-2 Bacillus subtilis NCIB 3610 99.0 4+ =+ - NMC6-B297
4 M264 Bacillus subtilis NCIB 36107 99.9 +t + i NMC8-B272
 No activity.
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AMENEAS ZRE AR 7lpEslsol $<tt Bacillus
ol ot = S, EY
A2, 24, 4, S8AE 5)2ERH 6159 B subtilisE
ool o] F ALENRAS Piboks dF= 430452,
A1, FAF Dolgity. 1 B BF TRt HIRI(NA, R2A,
TSA)ZAoIA & A5kl 50-55TolA A ool whef, F24
1(GIYS-2-2-2), 124 3(YS-YR 5A, YS-DK 1C, M264)
FOIUAL, /g 0] AL lipase B2 94751 3-5%
A oM 2F & ASE, 10% 9 oMol g uiRloA
3 %0 & AL, 15% oVollA = Asshe 13°] AU pH
4.0004 FE7ts 2%, €ZY pH 9.0°04 BS7ks 25,
amylase AL 4 F BT 955191, lipase & protease
Y] HF 945 AL oeATH 7IeAGolA 23t B
subtilis YS-YR 5A @53t} £ 475 Foto] 223 YS-YR
5AE ERt B subtilis 7S AIE] G4 APAto] S45to]
AE/QJoRE /3 /HIe| Q. Ao TsA HARS 7164
735t 4 URlE ok Z2HPo|QE adTRE B e
UERlh E3E o] A Ul fAA gH 9 B4
Na22Re B9 B subtilis "AETS] ThFAdT A0 Tt
kA x4 ghgo] o] F Zos A7

dAe| 2
O] =F2 WK} St AAe] AYog e vho} o=
3TA AtdEE Awrfel SAARILINC 3.0, 2023-90-017)
I ARAA9] Ao ARAAIuGETEA O] XY o} =3
H a7
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