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In this study, the hot spring water of the Neungam Carbonate Hot Springs in Korea was used to
isolate Bacillus strains using marine agar as the medium, and three strains were isolated through
single colony isolation. The growth pH and temperature of the isolated strains and their growth
potential in complex media were analyzed. Based on strain identification, three strains were
confirmed to be members of the Bacillaceae family, but from different genera, and included
Bacillus tequilensis, Cytobacillus oceanisediminis, and Caldibacillus hisashii. In addition,
cultured media were tested for the ability of the strains to produce extracellular hydrolysis
enzymes to determine whether the strains could be used in the cosmetics or food industry, and two
strains were confirmed to exhibit extracellular protease activity. Finally, to optimize the medium
composition for mass cultivation of the M510 strain, the ability to use various carbon sources was
analyzed and 20 types of carbon sources that could be used for carbohydrate metabolism were
confirmed. The results of this study can be used as basic research data to secure domestic genetic
resources and optimize media for isolated strains.
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(Harwood and Cranenburgh, 2008). T3t Tkt Bacillus 50| A4 oh= Tl A7 =Rol § A= Tkt At
AR T Sl EERFTEAS 7AW, TRt 8 2ol 23S el il ar el g A5 A4k o) 2
3951 A} oF A of| sl sli s QIR pHEF 2 2 Q16| AlA] A S0l ARRE| 11 glom AnpA o2 A A
A 84wl 2] oF 60%S B35l It Anandharaj et al., 2016; Porres et al., 2002; Rehman et al., 2017). At~}
Bacillus oA F2]E a7 p-Eol g e Aot 2/ Wefo|E o] A| o ot A% 7152 SIRt AlE At
Aol AFGEIAL 1O H(Ke et al., 2018; Latiffi et al., 2013), ‘5% 2ol 54t Aatol wheh i st F4kE9] 1
F77HA] 2H8HE Sl o1& 714 R E-8517] IRt R w=0] A-go] ksl o iR B A -5 o] 83 Tl
A7 prEol a0 AARS: o] efet 0] ZAIA B-8/4d 0 =2 Qlof W2 ¢+7} o] F0{ 2|1l {lth(Shikha and Darmwal,

2007; Shivasharana and Naik, 2012).
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Z19=] 11 9ltk(Baltaci et al., 2017; Gupta et al., 2014; Lee, 2021). 53], 1-2/ 1|4 E(thermophile)E-> 4583
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QA4S0 EAoL 2 S v A7 Ebo] o] F0J 2|3 QITK Dettmer et al., 2013; Hmidet et al., 2009; Lee et al.,
2022; Sen et al., 2010; Singh et al., 2016).
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nutrient agar(BD, USA), LB agar(BD, USA), 2! tryptic soy agar(BD, USA)°l| B¥ T=@HH-2 0]-85}0] 37°C, 45°C,
50°CollA 247 AR S

16S rDNA H7|M 2| AIS8tA ZM

= 5 Tt 23 0] 23R 2ed w50 FAVYE ] F7de 19l marine agar(BD, USA) HiA]°]
w25 279 colony”} HYE A o] TAMAE GRIAEA] HU 16S rDNA A714F 2] 241 =5kl
GrtaEANA AlEtt B4 et oA AlsE B71KEE ARSSte] ECT Hiol @A 1A9] BlolEH]o] A1
EzBioCloud®]| 45197 16S-based ID 4 (https://www.ezbiocloud.net/)S A&t B9 =2t 7 A
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B 50| AASH= ML Q] 714E5] G4 355 amylase, lipase, protease) A4t 522 ER1sk7| S8l Z+
7}0] 71aisl) Baet EolA 0 2wkt 7|4 Aol ot MRS ARgote] Aot A amylase A4
588 3helsh] 95l 0.2% soluble starch(BD, USA)S 71A &2 AMRSIA.CH, lipase A4 53L 1% Tween
80(Sigma, USA)Z AF8:5199.01, TEA]2}0 2 protease 4t 522 2% skim milk(BD, USA)E 7|4 AEs}o]
marine agar(BD, USA) B2} 97| ShA] g3t 3572] Et vl of] 212} 3d7tsto] Alxsieilct. Bele 55 9
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A Hjopoled 2212 whol Ea] Hel2 alollrt. 1 A7 Table 1014 LrERH 2412 5714 gA]ujoke Saf 2
Sl ekt 230] £ UGB HE] 3FEHRHE: M510, M5 18, M578)7} <512 FIolet. e4-efd 52 5 mL

©] marine broth B A& A&l BiSFotal HAIE 2]4=8F 9-25% glycerol S-S A-g-oto] @E 9 A5 stock-= A X
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Table 1. Isolation and characterization of aerobically cultured bacteria isolated from the Neungam Carbonate Hot Springs

MA* Media
Isolate NA’ LA® TSA
No pH
number Temp. (°C) Temp. (°C) Temp. (°C)
4 7 9 37 45 50 37 45 50 37 45 50
1 M510 - +¢ + + + + + + + + + +
2 M518 - + + w w w + + w + + +
3 M578 - + + + + + + + + + + +

*Marine agar, “Nutrient agar, *Luria-Bertani agar, “No growth, "Weak growth, ‘Well-growth.

)
MA
MS510 M518 MS578
(B)
NA LA TSA
M510 MS518 MS578 M510 MS518 MS578 M510 MS518 MS578

aC (- Q@ - / \ ﬁ: -%
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-~ 000 908 080

Fig. 1. Cultivation results for the Baciflus strains isolated from the Neungam Carbonate Hot Springs on agar media. (A)
Marine agar medium was used for strain isolation. (B) Isolated strains were cultivated to analyze the growth
temperature by using three types of media. MA, NA, LA, and TSA indicate Marine agar, Nutrient agar, Luria-Bertani (LB)
agar, and Tryptic soy agar, respectively.
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AU RS EUFRRE| 02 ol MEFE S UM 2T T 29 132
165 1DNA 8714198 15 2 120014 A A Aokt 7 Frvtol el abioClond B
H] 16S-based ID B AH|AF ALEoto] Be| 52 DV 574 A1} Table 20114 YFERH A HE M510 5+

Bacillus tequilensis KCTC 136222} 99.93%°] SALCE K O™ M518 w<t+= Cytobacillus oceanisediminis
DSM 42}100.0%, M578 W= Caldibacillus hisashii N-117+99.79%2] FAYES LR 1Tt M5183MS578 w5
S} FAE 7} 7B =Y Cyrobacillus oceanisediminis2t Caldibacillus hisashiix=2020'39l| Bacillus oceanisediminis
9} Bacillus hisashiiZ5-E] 2240 2 ZF7F B3 (Gupta et al., 2020; Patel and Gupta, 2020)%F 2 02 37 L5
Zht THBacillaceae) Q! -5 2153 O L £5(genus)©] TFE Zlo] FRIE]|TH Table 2).

M 9| FolE4 Wit ghd &

el BFE] A 2] 72 s a i (amylase, lipase, protease)52] B/ HE= S0l SFE A5 Aol
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protease /9] 74-¢- o] 2} BH 2 ARESH K= E5 vl Z|of|A] paper disc TR Frggto] =] protease E/J0]
w7 v Fle]] EAfcl= A 0= SRIE|gl o™ o] F- LB X E ARESto] 5 HIERY 749 22.62 mm O] FEEo]
ZA=o] 7 =2 protease Zd0] ER1E| UL LB iR = A 421 tryptonet yeast extract, F7] 2] NaClTHo]
2] 24 470 & Fo] Ql7]of 9F%- LB HIR| 9] A& 79t e = Stof 0] Hief vl S It vl 2] 2|42k A1
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Table 2. Identification of aerobically cultured bacteria isolated from the Neungam Carbonate Hot Springs

No Isolate number Closest strain Closest strain number Similarity (%)
1 Ms510 Bacillus tequilensis KCTC 13622 99.93
2 M518 Cytobacillus oceanisediminis DSM 4 100.0
3 M578 Caldibacillus hisashii N-11 99.79

Table 3. Activity of extracellular hydrolytic enzymes

Size of clear zone (mm)

Isolate Media
number MB* NB# LBS$ TSB

Am* L Pr° Am* L Pr° Am* L Pr° Am* L Pr°
M510 E - 16.69 - - 15.75 - - 22.62 - - 16.65
M518 - - - - - - - - - - - -
M578 - - + - - 15.37 - - - - - 17.49

*Marine broth, “Nutrient broth, *Luria-Bertani broth, *Amylase, bLipase, “Protease, “No activity
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oA gl= Aoz SRIEIQIT) mix[Ete® M578 w-2] 7% ARERt M= Eot Hijx] o] Alet w5l
amylase®} lipase /-2 fli= 21 02 U O NB Hi 2|2} TSB B 2|5 ARS-5f] Bl et A5 HellA et 2717+
Z¥7} 15.37 mm, 17.49 mm7} €R1%]o] protease ZAJo| Al oh= 71 0 2 SlE] ¢},

2 AFANE B o = R A A B4 aiRE 0] AR A4S E ol il R] Aol met BolA o=
&= protease TS 1t A1 HEto] =0 A4t e 7| % Ato] o] 7Hsd A o = wekETh

= s Tt %LPJ SRR %31% i %Oﬂ/ﬂ M510 447} LB Oﬂxﬂ HiE *}“QOPO# iRt =200
o

Bacillus 52 #5752 75‘% BH%‘“’%*OW Bacillus < Lw%EE% EE%* HE UrE’rlHUi 1% ‘i%l% —Eﬁﬁﬁ}oi
oAl ARS-sHH A SH= 7397 Eo] ql7]ol o2t a WANE Adsh] flol A A& &0l ol
Aoz Aot Bacillus <5 7 5400 T2 1 S/ I8 WAE 2AE 4 k& A o= odHnt
(Contesini et al., 2018; Yoo et al., 2021).

M510 w5-0] =31 thAto] AR 4= Q= B YS ﬂo%}ﬂ 25t API 50 CH kit(Biomerieux, France)=
ARESE o™ AY T2 Al AR B0 A A% Aif= eado] 2R Q= 212 strip
& 37°ColA] 297t BioF & WESIIT) 1 AT, Table 4014 YebH 27 Aol AREH 49570 etadd 5
glucose2} fructose 5 205-72] TS thAlell ARS &= Q= A2 ERISISIT). ol2|gt 2xkE gl = HljA] |
2315 916l LB Hl%| 2/ 5 tryptone-= A fotal tiAZF 7Fseh A9l 0 = thAet v ol A M510 w5 B3
= 7399 protease B4 AT £ AHE FUH o= AAD a/do] & A o= A7
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?ﬂ*i—‘?«lﬂ Bacillus 2(genus) w5 22|5F7| $15l marine agar BiZ]|E A&
T2 oIl 28] w50 A5 pHe 25, T18] a1 ERt Hijx]of| A o] A5 7}
SAS elsty o W= %@ A3} 39T 5 It T(Bacillaceae) Q! 22 2RISH. W Bacillus tequilensis,
Cytobacillus oceanisediminisS} Caldibacillus hisashiiZ 25°0] TFE Z1o] @RI It 1831 Bt d5-52] uieF
SN o] SPFETF AE ARloll B8 7FS RS ERIsH ] f1al] MlaE 9] ol aa it 5 EE ERIeh At 29t
A protease B2 UEIU= 212 SRISIITE T8 M510 w-9] tie Bl -2 1Rt HllR] 22|51 ffal et gta
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Table 4. Carbohydrate source utilization of the isolate M510

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 +
S -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 -
a -Methyl-D-Mannoside - D-arabitol -
a -Methyl-D-Glucoside + L-arabitol -
N-Acetyl-Glucosamine - Gluconate -
Amygdalin - 2-Keto-Gluconate -
Arbutin - 5-Keto-Gluconate -
Esculin -
AL AL

B IA(ATHE)E 2023 W B4H0] Ao 2 FRAAere] A9 wot e 2|2 st @y 7)<
41 A1) A rh2021RIS-001).
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