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Soil samples around charcoal kilns were analyzed in this study to confirm the possibility of
isolating halophilic thermophiles from them. A marine agar medium was used for the isolation of
halobacteria with cultivation at 37°C for several days. Five pure colonies were isolated using
single colony isolation techniques. A 16S-based ID service was then performed to confirm the
species of each strain identified. Results indicated that all the strains isolated were Bacillus
species. Further study of these isolated strains was then undertaken to confirm whether they can be
used industrially in the food, cosmetics, and other industries. This included examining whether
these strains could be grown at high temperatures, as well as testing for enzyme productivity
including amylase, lipase, and protease. Results demonstrated that five of these strains could grow
at 55°C and possessed at least one enzyme activity. Findings also indicated that the isolated strains
were halophilic thermophiles. These results have shown the possibility of the use of these strains
in biological processes at high temperatures in the food and cosmetics industries. This study also
contributes to securing domestic biological resources and the improvement of hydrolytic enzyme
activity by using isolated strains of halophilic thermophiles.
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(A L2, 60—80°C), 1] hyperthermophiles(%]2] 421, 80— 110°C) = Ut Gupta et al., 2014).

el gofgt o] 112 mIBEES 129 Bhe 273} Zo| AlFolt SR Aty Follkle] 2
Z2FAN A EF N AR = Qs Goll PR A AR delA QloH, o]2fRt o]f= Qo] | 1124
nPEEe] Eeut o 5o] Aitsl= Feoll PR 7holl RA-E0] EA0IU &4 HF Tl A Eo] o]F0i
QJtHBaltaci et al., 2017; Dettmer et al., 2013; Hmidet et al., 2009; Sen et al., 2010; Singh et al., 2016). =3t
nPgEo] Aitols Tl Zipsaae ol ol ZetEe] Yl 4t H71E-E o183 T4 Sl -
71578 24 i Rotoll A Z-8E 4= g7l o]=igh Tl TipEellas Eie olF Aol S nAE
Hasto] 8-gs1= Hio] A7) 1 Itk Mayuri et al., 2019; Wu et al., 2008).
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5 ogul 222 S YE A-LH)Z]Q] marine agar(BD, USA) HiZ|ol| 3% NaClS H7}et 1AEjA=
AEFsto] slA kg wtsto] 37°CollA] 2714 08 SRS ol - S LR IAMIAE ARg Sl FHA o=
single colony isolatione ~3stlrt. 18] #2le 0] HehR|ofx o] s 7hs/de ERlshr] flstod,
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A5S ERlstglom 240 A4 pH 2732 BiIsk| 9fste] pHE 5, 7, 9= Z12F 437t marine agar HijZ]o]l 2]
5] S-S FRlskGt B3 2eElE wE0] Ao E Aee] 7HsAE #Isk] $1sto] nutrient agar

(BD, USA) HIZIE AR8ste] w52 B4l =R o & HFR 9 45°C, 50°C2F 55°CoflA AH 2 SRl

e

= £7ht 0] EqF AR 2R E] 714 vljf 204 Beld dFEo] A ESH 5742 $15l marine agar
(BD, USA) Hiz|of| Z¥2} Eef 5 w#52] colony”} HiFE AEI Q] 14| HiA|E GHlo]| Q= Eof Hifjo] 16S rDNA
A7 G ] A4S oJ=fetl o™ FA% 16S iDNA A7 A= E 7Y fARE A 2] ER 12 Sloto] Gxdgiel
9 7]59FEA glo[EH|o] A9 EzBioCloud®]] 4255199 16S-based ID 4 Y(https://www.ezbiocloud.net/)= AF-8-5159Tt.
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Table 1. Isolation and identification of aerobically cultured bacteria isolated from the soil around charcoal kilns

*

Media MA
No Isolate Temp. (°C) pH NaCl (%)
number NA* R2A  TSA

45 50 55 5 7 9 12 15 20
1 EF45022 +2 + + + + + ¢ + w° - - -
2 EF45023 + + + + + + - + + + + -
3 EF45025 + + + + + + - + + + + -
4 EF45027 + + + + + + - + w + + -
5 EF45028 + + + + + + - + + + + -

*: Nutrient agar, : Marine agar, *: Well-growth, ": Weak growth, :No growth.

(A) B)

37°C 55°C

Fig. 1. Growth of five isolated strains in a marine agar medium at 37°C (A) and nutrient agar medium at 55°C (B).

16S IDNA &7 |ME 243 S5t 22| 25 83

AR AR olol 2710k Fie] £ AR 5710 Rl £ 1o 570 165 DNA

A71XE-& v 2 2 EzBioCloud®] 16S-based ID A HIAE ALEs] 0 E 578 AA e At s 25
Bacillus sp. 91 71-2 2151t Table 2). Table 2014 YebH ZIA®H 15472 Bacillus zanthoxyli®} Bacillus cereus,
39529 Bacillus licheniformis7} 22 =9 0™ A58 98.57—99.71%E UERA AT

MHIEe| Faliea U S41 MLk 2hd A

H2lH T HA 3129t - 5-52] amylase, lipase, proteaseﬂ' g2 Ame] Eofas g4 1572 9
9 2R Aol 9] E87Fs739 A A wefH o Wi e] A we ndeEHE
RIS =EA O] B8 71s/d o] ERlS f1et <Al A4t %"‘3% 43t A7 Table 2074 UERH 24 7 2]
T B amylase®} protease 2] Z/Jo] X[Agt §F 712 o2 Ut e ERI5H O lipase &
710 2 LEPTE. 015 Bacillus cereus= 573% wDeposited number: NMC4-B296)2} Bacillus licheniformis=
=g —1?_I-,—(Dep051ted number: NMC4-B299)+= 7 7F4] 4xof tieh 45 2 LeRd 215 SIsIGith(Fig. 2).

91 2o A52G4 A A4S ERlsh A, BE Fe e A @40 gl A ERIskleH

) S )

ol & ZopllA ] E2lE dFE] B8 THe g2 W Aoz AVdEIh

PO
r&
ftlo
oft
s
1>

b
My

)
EQ,
rr ;_% Mo o

o_>|:
rlo



o187 Sl 4 Bl Helet TN M To] el E4u ma A B4 - 377

Ao 2 THA npEolt TR npEe] Hals glaa WaAlEolt Ao At sk A, Sht
ofo] ABL} LA} T 1. ARE AFEH ATSL Wo HUET THGupta et al., 2014). SHATH 2
Aol ARl Fee Axsl] ol £7lbh weA] Waste] 4 Axage] S44ow sl
= Aslot sl Ac] Hgtato] £lnt o] EORE AM8slo] G Aol S4S

e

7H A2t EEfetaat Alesiilor seE Eeloto] ARlek S oA Al Esias g4 24

X_‘iL
d
H
i
ne
o
N
L
i
flo o
h
Jo

BE2 =4 StvdE Ao tiebd g A oA 2 ofn]E ke 4 3le Aol

ik
=
)
N
o
S
N
j>
%
i
B
;
o,
o?
g,
i
e
Y
e}
s
e/
<
)
e
=)
0%
i
2
==
fru
i
=
S,
N
o
ok
Y
b
o
r
i)
tA
rol

1=
JLe

Table 2. Representative sequences of an aerobically cultured thermophilic bacteria isolated from the soil around
charcoal kilns

Extracellular enzyme activi
No Isolate Closed strain number Similarity (%) " .niy *ty Au® Deposit number
number Amy Lip Pro
I EF45022 Bacil l”i :;’;”hoxy l 99.71 - - - NMC4-B295
2 EF45023 Bacillus cereus 99.17 - - +H+ - NMC4-B296
ATCC 14579 '
Bacillus licheniformis
— — + — -
3 EF45025 ATCC 14580 98.57 NMC4-B297
Bacillus licheniformis
. + - -+ - -
4 EF45027 ATCC 14580 98.92 NMC4-B299
Bacillus licheniformis
+ - - - i,
5 EF45028 ATCC 14580 98.59 NMC4-B300
# Amylase, &, Lipase, *: Protease, *; Auxin, *: No activity
Amylase Lipase Protease Auxin

4 o7 | S
{ b’
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| :
Y
. EF45ed]

EF45025
/ sty

Fig. 2. Activities of proteolytic enzymes and auxin produced by five isolated strains.
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