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Abstract

This study aimed to identify a Bacillus strain isolated from Chojeong mineral water in Korea. One strain was isolated using a marine
agar medium, and its growth temperature was analyzed in complex media. Strain identification confirmed that it was similar to
Bacillus subtilis. The ability of the strain to produce extracellular hydrolytic enzymes was assessed to determine whether the culture
medium of the isolated strain could be used in the cosmetics and food-related industries. The LKSU-1 strain showed higher protease
activity when cultured in Luria-Bertani (LB) broth compared to media containing nutrient broth (NB) and tryptic soy broth (TSB).
As a first step toward optimizing culture media, the carbon source utilization of the LKSU-1 strain was evaluated, indicating that
it could metabolize 18 types of carbon sources. Therefore, this research contributes valuable data for securing domestic genetic
resources and optimizing media for isolated strains.
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N2 S Z1B A Protease)is TFLS] 13} TS RO
Hetol| = Aot 7ipidliohes AR AlstollAl= Bacillus 0]

Bacillus %] 5 A2RE AF SO IE AN HE ARG g g gFa A glon) tet Ajlold 28T 9t
Hof o, Bacillus 775 AAYH 02 ol83l7] 913t A7t - (Harwood & Cranenburgh, 2008). 3}, Bacillus 2] 5= YRk
Z35] o]F0ojX|1l UtHZheng et al., 2011; Lee et al., 2015). ESE, ol AL} EZ=5} 2he] 34 = tlofst 2704 A80] TRssh]
Bacillus 9] = 71553 8491 protease, amylase 5 AF3 4] o] 0|5 F2E0| YABH= FAES] OB T} 9251 TS
o7 Fer7t =2 a4 Ak (Blanco et al., 2016; Qureshi AUt} o] G4 AE A AA| A S0 o] &1 9o A
et al,, 2016), IAE FATCE 571 A7 £G4 Qlo] & A 14 JojAR] oF 60%E AASHL Qe Ao® LA
Zglo] tfst /A G3= 7]TfE 4= th(Shin et al,, 2012). o|2|gt (Contesini et al., 2018). T3}, Bacillus w57} AAFSI= protease=
E40= I v, §4 59 oeiyRilA & A7 g 1= TSt S0 AAE Q] Tl AdES Esfisto] AR et
Hlo| QA 32T ZRGE|N ITHCutting, 2011). o|=9] ik sl SFE AbQloly A1F Aboll ARGE|AL Stk
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(Porres et al., 2002; Latiffi et al., 2013). T3 A 7oA HAY
S 1A FEY] FANES] AT AMSEE f1Rt bl 1
A e dFEt E8S 5 9lo] gt ARRIA AR 4 Qe
A mEAdol Qi71oll oI5 &&3sh] et B A7F o] F0iA]
11 QJti(Shivasharana & Naik, 2012; Contesini et al., 2018).
oA AFIZARI i BAE FF0lA it Tl QIR SRRt B
& g0 THo] ARtERs Bk 243 AR 8 A0l S
o] 7Fs3t £ 8 mEd} ofEo] BAlsle TRt 7R ad
S0 ol v At 589 AljEe Wk 2HoME BAdS e
WAY P88 FAIE 7Rsde] St webA S5 39] Al
A IES REfshal E2lE 0] ARlok] B 24 A%
TRt A7} o]Foix| 21 UtHGupta et al., 2014; Lee et al., 2022).
AAFH = vdiEo] o] TiEo] e 2% 5, olgzot
S raolAE =& Al digh ek A7t AgEgleH, @
T 0, 2% 47 50l At Qe AeE HAEI gt
(Yoon, 2020). 27838779 8 F&0]&Z AT 21} ZH(K),
ZHMn), oFA(Zn)o] T FHG] vl &2 S HIoH,
Z¥Zk 6 mg/L, 0.816 mg/L, 0.026 mg/Lo] THFe KA ZHx(Ca),
LEEAL, TF2I(Cu), H(Fe), TE1EMg), HEENa), Aol
(Se) 52 TRl oAl HASHHTKKim, 2006). 2FdT=
A 39 s Astigo] Qkla e ARe okhe
Yol Qlk WA 2AUHSE olgslo] S, IUE 5O AE
2 Az - wojska glon] LASEE BEET YrkPark, 2015)
TEh B ARl W AR A B2 BRE 297
A99] 2AASE HSR AE LS U PR 24 B
Q77 S Park, 201)EI5101 o 585 2] Helof B
T AFe Rl ES, JPEo] FESIL ndE R0l B
Y LASNME Bacillus 4:9] FHEL 225}
I Z2 AHLee et al., 2022)50°] AP A, vHlF o]9]
FgEo] FEIN FHpoA ZAE P 5 e Bacillus 0]
#5 29 7Fs/d0] =5 AR dldsial 45 A A=

Lo W2 Y8 okt BEA) AHgol T ALY T
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N9IH B 7HIE Sk sk

oo
olr
)
ftfo
i
ro,
ol
38
fiul
o)

W2 Y Y
Fx 22 2 WY

T BT 2FAFRRY Bucillus & 25 B2lE 919

.1

https://doi.org/10.13050/foodengprog.2024.28.4.302

BijoF BjX]Z marine agar (BD, Franklin Lakes, NJ, USA)E A8
Uk A= 1 mLZ viA] 30 FAskal U3E spreader (SPL,
Pocheon, Korea)= @3] 37Co|A AA] BiAHLIB-080M, Labtech,
Namyangju, Korea)StIt}. B 48 h & 314] HjZ] || A/
E2UE 43)% loop (SPLYE AMESH SAE=TH O = marine agar
(BD)°| HEsto] & Y =2 FA &5 2P E=
UE 3 mL9] marine broth (BD) H}Z]& FYUgt 14 mL round tube
(SPL)O] HZ5F1 37Co)A] 24 h = HICKLSI-3016A, Labtech,
Namyangju, Korea) &, 27§9] 1.5 mL microcentrifuge tube (SPL)O]|
Hig A 221 F 13,500 rpmOA] 5 minZh Y4HE2](Mini, Labo-
gene, Daejeon, Korea)olal BiFAEH-S AASH & 1 mLe 25%
glycerol 8N A3 HERSE & 2 mL cryogenic vial (Corning,
Glendale, AZ, USA)O]| 500 puLA& B3] #5 stockS A|Z3E &
S0Col ek Zkzhe] Aol AMBSHIT

welE #7 55 uiA Y] A% 71T A A 2=
QI5}7] ¥J5t] nutrient agar (BD), Luria-Bertani agar (BD)2} tryptic
soy agar (BD) A Z}Zto| &4 =oio g FFd| 37C, 45C, 5
0C= 2EH HiF7IolA 24 h FA] vid= Skt

7% =3
&2 B 35 5§49 B4 @S 915 marine agar (BD)

HiZ]o] F5 stock CR2EE FAETHOZ HE T 37Co|A 24
h v & w7 v AJEi o] IAMIAE @rtaEAo] S5
16S tDNA H71AF9] £4& B3 45 58S Aot @mt
A2 A AZ3t standard 1D £-4] A3} 34| 16S rDNA ¥7|
A EA AE AR3le] CJ Hlo] QAL AA9] EzBioCloud H[o]
EJH|o]AZ 7|8to &2 Sl= 16S-based ID HA] ZHES AL8S
HE 4 5L A% A4S Akt

MZE2| JteEoll 24 Mits E4

AR HRTRE Beleh 350] 29 W ER0] mE Tk
3] A S(amylase, lipase®?} protease)?] AJELL] At 522 g
3]SIk WA b SFE 27te] B3t jAS ARG 1A WA
o #5 stockCZHE| U3]E loop (SPL)Z AR HiX] FEHO|
HEST 24 h I} F Zi2t0] SUT E59] 3 mLY] o) ujAlo]
HiFE FEYUE HEste] 37C0A 12 h 2T viRS B HuliF
SElTh AEiY & 429 22 F7Y] A viA] 25 mLe] S013L
£ 250 mL baffle flasko]] HuiFY 1%Z FE35t] 37CoNM A
U B3l 2SSt EHl) 24 h %, 1 mLo] HjJH
< Slolal AR & Hid ASHS 3146kl o THA] 02 um

syringe filter (Advantec, Tokyo, Japan)E ARS8l #AIS SA3] A|

=27
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Astiet. w7 AAE v 4SS paper disc (Advantec)©]
25 uL ZASE & Z47k0] Z+2 Z7.9] B3l vljx|o] 0.2% soluble
starch (BD), 1% Tween 80 (Sigma, St. Louis, MO, USA), 18|11
2% skim milk (BD)E amylase®} lipase, 12|31l protease Z}Z+9] 7}
s3] 729) 7142 A8l Azt i) s A WIE
A viA] FHO 28] 37CofA] 48 h vijoJst & ErgSk(clear zone)
9] AAFow ZIsiylon, T 7= HAE ZAguis
(DC-150-1, CAS, Yangju, Korea)S AM25to] 24519tk

EHAR Kiahs 24

U 2787 FHFERE 223 #79 g@dkE tiAle] ARS
3 Q= BAYY 1S 93 API 50 CH kit (Biomerieux,
Craponne, France)E ARESHo] A2 JANA A== ARl
e} e Ashs A4S AASHY 37Co A 48 h HieF & A}
£ Ik

Zn Y 1y
2% 23 Y 53

ja}

uug AJRo] go] Xk ol B} FHRE 2YHSRY
B Bacillus & 455 B2J517] Yo ARESt EShfR|= nuje A
Ho] Wo| 13| Y= FoF uPE- viYE marine agar (BD) MRS

&
A w8z A AR8Fol710l Mol

§

WN

5 9

A8, 2485
Ho] A5 9k A0 ool RS S B UAS
NER AL H5 1952 Hajsla LKSU-102 §sisint.

Guta 2o 2R E] 9k standard ID £4 2y} § Al5gt
2 16S tDNA 97|43} CJ vfo] QA}0| A A9] EzBioCloud -4
ZIPES A}83} 16S-based ID E4 AuE Z3151 Ak Table 19

A Uebd A H LKSU-1 7-5-= NCBI YAIC|ELS] BLAST £4]
ZRES ARRS @l EA9] standard ID B4 ZAxtkel CT Hlo]Q
Ato]AA9] EzBioCloud -4 ZE-S A3} 16S-based ID 4]
A7} SLSHA Bacillus subtilis DSM 103} 99.87%9] GAIZS
H710] 2487-rolA Z2lE 5= B subnlis?] 0= 9l
UCKTable 1). EZL #H 459 4 Z2¥=2 % B.
subtilis= 1960¥t] zo] u]=9] A]E9]°F(Food and Drug Ad-
ministration)°] Yt S)AA|o]A GRAS (Generally Recognized
As Safe) w2 QS nAEOIA RelE 2E(B4)E protease
7 ofn] et Aoz A SIth(Kramer & Gilbert, 1989;
Denner & Gillanders, 1996). WhA], 2734A404 E2st 5
9] A= Ao} SR Aloj|A 9] 7154 A S 95k dka
F720] Aol A4 B8 Zwo] 9lo] o] F 4 UL A
o2 A=k
d =4
theow Rejsl Fe) B3t WAl AL TK5AL Bl
o= 4tdA 02 nE0] A BESAU =] ALtet

o}
£ 7Rl 2458 E8sl7] SlaiAl nlYES] ok w4

MY

0l asich ofF 91 PR WA 422l £} B
P2 o)Al %0 ZRsalE o) E % 3l ofe
Zo17] sl 3559 E3} v X|(nutrient agar, Luria-Bertani agar,
tryptic soy agar)ollA £8] #5229 A% 7IsAT & S 2%
(37T, 45T, 50C)2] EAE It} 1 A7} Table 29} Fig. 1]
A HERd A" AR BE 2719 B9 Hix|eh dRbARl S
R 329 Hif 2oflA 50 so] ERIE oM, 5 £
Al ARE3E marine agar (MA) B R]2} F-ALSH AjS0] ERIE UL}, of

A5t tryptic soy agar (TSA) BjZ|oA= 522 AJ50] T Hijz|o]|

nﬁ H> rlo

Table 1. Identification of a cultured strain isolated from Chojeong mineral water

No Isolate name Closed strain Closed strain number Similarity (%)
1 LKSU-1 Bacillus subtilis DSM 10 99.87
Table 2. Isolation and characterization of an isolated strain from Chojeong mineral water
Media
Isolate NA LA TSA
ams) Temp. (C) Temp. (C) Temp. (C)
37 45 50 37 45 50 37 45 50
LKSU-1 Y + + + + + + + +
" Nutrient agar, ~: Luria—Bertani agar, ~: Tryptic Soy agar, ": Well growth.
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MA (37°C)

A

Fig. 1. The result of the cultivation of an isolated strain from Chojeong
mineral water on the diverse agar media. MA, NA, LA and TSA indicates
the media of marine agar, nutrient agar, Luria—Bertani (LB) agar, and
tryptic soy agar, respectively.

vl T A Aeh= A5 B4 ERIE I ol &2 #9] Hi=F
kS flo Pk o= ARk B HiA 9] ARE 7RsdE €9l
St} S A AIEOIA £ Bacillus £9] 457} B3} HiA] &
ol wheh A1) AB&oluh E-8a S (subtilisin) Lol Zfo]7}
Atk AH(Park, 2012)4F HiA] AR T B& o] o
ZE& Uep7]o] £ 59 ik vk fIshA viA] JES F
Astel 22 271491 Aejshy B4 BA o7 2a% 208
A= A

=8 WX ZR0) D2 MEQ JlEMEA MA &
8 24

M
2747 FAolA EeE #5] TRt SR B9 HiAlolA
O] B5o] 7R IRIRE s HiFo 2 H} uijA| FRof e
AN|32Q] 71 A (amylase, lipase, protease) &S] T4 HES 9
o s B4 24 Aol ARSEE 3 SR A BFRlo] Bt Hf
A5 ARG HigS AT o5 B3l SFEET} A1F AlIoIA
7163 A S 993 . AR &8 7S ERIE 4
U2 Aoz AZE 11 AVE Table 33} Fig. 20] LR

Table 3. The activity of extracellular hydrolytic enzymes

\ NB LB TSB

Fig. 2. The activity of extracellular protease. The cultured-media filterated
was used to analyze the activity of protease by using nutrient broth (NB),
Luria-Bertani (LB) broth, and tryptic soy broth (TSB), respectively, for the
cultivation of a LKSU-1 strain.

2] 770] ¢ amylase®} lipase®] AZL|Z #H|¥= 5429
B2 ARESE 3 T HiiR|oflA= ER1EA] Ikt Table 3). o]2}
HHHE AJZQJE FH|== protease B/d w] w5 ol A3

= o] wAolA] Blsglon, o] % LB broth WS AET
79208014 mme] 0] 250} 7P 2L protease o]
SQI=] @It Table 3, Fig. 2). Fig. 104 YeRH ZIXH nutrient agar
(NA) iAoM) £ ot5=9] F2et o] ERIE Adk= v=A
nutrient broth (NB) HiR|E ARG 32-9] protease TAJS ARESH
Eab %] oA 7P R Erel 57](17.96+0.08 mm)7} 1E]
Tt o= AR o= Fe| 7 Ak A28 ZlrEsiad
£ 282 5ol vl HiAl HHEe] Ba4o] e ARRIT
w57F AArshe A1 protease®] AAtolLt A
S Z0] proteaseE X0 E I A A2l tryptoned} yeast
extract, 57]93€] NaCIgto] 2] T4 4802 Elo] 9l LB w4
49 4Re 7o vk A5l o e 91 A His)
B AN S e Aoz ot
T3 £ #5Y] FAAl E4T viAPE 72 oA Ry
= RS EAoke A 245 53f HiAl 2ol whet Sol
Ao g FLEEl= protease BTt in virro 'WE Y A, XS o
WS A8 PL sie B4 58 53] A0l ofolieAt ARS

L iefol=o] A TRl 71 A Aol SR oiwt 37
el A7 e Aow apE,

i

rO

SN
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21

22 g SR e vdE diael ol8st

EtA Sl XI5}

[l

Sagl At
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HI
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Size of clear zone (mm)

Islolate Media
game NB" LB TSB™
Am" L2 PP Am Li Pr Am Li Pr
LKSU-1 -4 - 17.96+0.08% - - 20.8+0.14 - - 19.05+0.18

" Nutrient broth, ™ Luria-Bertani broth, ™ Tryptic soy broth, ”: Amylase, ?: Lipase,
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). Protease, ¥: No activity, ?: Data are means+standard deviation.
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% 34 w&owo

lo l‘Ii‘

a = 58S B71d o Qv Bacillus
& 0] B tiAfell AaeE o185t ol ka5 44
o RN ot i Al OH YA A AFdstol] 28 Al A7+
7% K Contesini et al., 2018; Yoo et al., 2021).
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ol014 S LB M1 ARSEE A9 & AES) protease T
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B 59 2714 eire] Rl US Aoz wekEr:
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, MI228] 2] protease B/} TrA-o] WE A5} 522
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Table 4. Carbohydrate source utilization of the isolate LKSU-1

Carbohydrate source Utilization Carbohydrate source  Utilization

Glycerol + Salicin +
Erythritol - Celibiose +
D-arabinose - Maltose +
L-arabinose + Lactose -
Ribose + Melibiose -
D-xylose - Sucrose +
L-xylose - Trehalose +
Adonitol - Inulin +
B-Methyl-D-xylose - Melezitose -
Galactose - Raffinose +
Glucose + Starch +
Fructose + Glycogen +
Mannose + Xylitol -
Sorbose - Gentiobiose -
Rhamnose - D-turRanose -
Dulcitol - D-lyxose -
Inositol + D-tagatose -
Mannitol + D-fucose -
Sorbitol + L-fucose -
e o -
a_g%i?;gg_ - L-arabitol -
Giosmine Gloonat :
Amygdalin - 2-Keto—gluconate -
Arbutin + 5-Keto—gluconate -
Esculin -
ORCID
Myong Ki Kim https://orcid.org/0000-0002-2956-7006
Yong-Jik Lee https://orcid.org/0000-0002-0047-2302

Conflict of interests

No potential conflict of interest relevant to this article was reported.

Acknowledgements

This research was funded by the 2024 Seowon University

Academic Research Fund.

https://www.foodengprog.org



MK Kim and YJ Lee

Food Eng. Prog. 2024;28(4):302-307

Data availability

Upon reasonable request, the datasets of this study can be

available from the corresponding author.

Authorship contribution statement

Conceptualization: Kim MK, Lee Y.

Data curation: Kim MK, Lee YJ.

Formal analysis: Kim MK, Lee YJ.
Methodology: Kim MK, Lee YJ.

Validation: Kim MK, Lee Y.

Investigation: Kim MK, Lee YJ.

Writing - original draft: Kim MK, Lee YJ.
Writing - review & editing: Kim MK, Lee YJ.

Ethics approval

Not applicable.

References

Blanco AS, Durive OP, Pérez SB, Montes ZD, Guerrab NP.
2016. Simultaneous production of amylases and proteases by
Bacillus subtilis in brewery wastes. Braz. J. Microbiol. 47:
665-674.

Contesini FJ, Melo DD, Sato M. 2018. An overview of Bacillus
proteases: from production to application. Crit. Rev. Biotechnol.
38: 321-334.

Cutting SM. 2011. Bacillus probiotics. Food Microbiol. 28: 214-220.

Denner WHB, Gillanders TGE. 1996. The legislative aspects of
the use of industrial enzymes in the manufacture of food and
food ingredients. In: Industrial Enzymology, 2nd ed. Godfrey
T, West S. (eds). The Macmillan Press Ltd. Basingstoke, UK.
pp. 397-411.

Gupta G, Srivastava S, Khare SK, Prakash V. 2014. Extremophiles:
an overview of microorganism from extreme environment.
IJAEB. 7: 371-380.

Harwood CR, Cranenburgh R. 2008. Bacillus protein secretion:
an unfolding story. Trends Microbiol. 16: 73-79.

Kim MJ. 2006. A study of the physical and chemical characteri-
stics of spring water. M.S. Kyungwon Univ., Sung-Nam,
Korea.

Kramer JM, Gilbert RJ. 1989. Bacillus cereus and other Bacillus

https://doi.org/10.13050/foodengprog.2024.28.4.302

species. In: Food-borne Bacterial Pathogens. Doyle MP. (ed).
Marcel Dekker, New York, NY, USA. pp. 21-70.

Latiffi AA, Salleh AB, Rahman RNZRA, Oslan SN, Basri M.
2013. Secretory expression of thermostable alkaline protease
from Bacillus stearothermophilus F1 by using native signal
peptide and e-factor secretion signal in Pichia pastoris.
Genes Genet. Syst. 88: 85-91.

Lee KH, Kim EJ, Choi HS, Park SY, Kim JH, Song J. 2015.
Quality characteristics of popped rice Doenjang prepared with
Bacillus subtilis strains. Korean J. Food Preserv. 22: 545-552.

Lee YJ, Ganbat D, Oh D, Kim H, Jeong GE, Cha IT, Kim SB,
Nam G, Jung YJ, Lee SJ. 2022. Isolation and characterization
of thermophilic bacteria from hot springs in Republic of
Korea. Microorganisms. 10: 2375.

Park CS. 2012. Effect of tryptic soy broth (TSB) and
luria-bertani (LB) medium on production of subtilisin CP-1
from Bacillus sp. CP-1 and Characterization of subtilisin
CP-1. J. Life Sci. 22: 823-827.

Park KW. 2015. Social change of Chojeong mineral water in
Japanese colonial era. The Japan Modemn Assoc. Kor. 49: 367-388.

Porres JM, Benito MJ, Lei XG. 2002. Functional expression of
keratinase (kerd) gene from Bacillus licheniformis in Pichia
pastoris. Biotechnol. Lett. 24: 631-636.

Qureshi AS, Khushk I, Ali CH, Chisti Y, Ahmad A, Majeed H.
2016. Coproduction of protease and amylase by thermophilic
Bacillus sp. BBXS-2 using open solid-state fermentation of
lignocellulosic biomass. Biocatal. Agric. Biotechnol. 8: 146-151.

Shin HJ, Bang JH, Choi JH, Kim DW, Ahn CS, Jeong YK, Joo
WH. 2012. Probiotic potential of indigenous Bacillus sp.
BCNU 9028 isolated from Meju. J. Life Sci. 22: 605-612.

Shivasharana CT, Naik GR. 2012. Ecofriendly applications of ther-
mostable alkaline protease produced from a Bacillus sp. JB-99
under solid state fermentation. Int. J. Environ. Sci. 3: 956-964.

Yoo H, Yoon Y, Oh S. 2021. Growth media conditions for
large-scale fermentation of Bacillus subtilis FWCI1, B.
amyloliquefaciens NAAS1, and Pichia farinosa NAAS2. J.
Dairy Sci. Biotechnol. 398: 87-93.

Yoon HY. 2020. Considering the effect of drinking natural
mineral water and consumers’ purchasing behavior. J. Humanit.
Soc. Sci. 11: 1651-1664.

Zheng Y, Jeong JK, Choi HS, Park KY. 2011. Increased quality
characteristics and physiological effects of Chunggukjang
fermented with Bacillus subtilis-SKm. J. Korean Soc. Food
Sci. Nutr. 40: 1694-1699.

307



