Korean Journal of Microbiology (2015) Vol. 51, No. 4, pp. 427-434
DO http://dx.doi.org/10.7845/kjm.2015.5041
Copyright (© 2015, The Microbiological Society of Korea

pISSN 0440-2413
elSSN 2383-9902

Isolation and characterization analysis of the halophilic archaea isolated

from solar saltern, Gomso

Hyeon-Woo Koh', So-Jeong Kim?, Sung-Keun Rhee”™, and Soo-Je Park'

]Department of Biology, Jeju National University, Jeju 63243, Republic of Korea
2Department of Microbiology, Chungbuk National University, Cheongju 28644, Republic of Korea

(Received August 26, 2015; Accepted October 2, 2015)

ABSTRACT: Most of halophilic archaea are found in the various hypersaline environments including solar saltern, salt lake with very high
salt concentration. The present study is about isolation and characterization of halphilic archaea from Gomso solar saltern known as a
representative high salt environment in Korea. In order to isolate the halophilic archaea, we prepared and used high salt medium. Finally,
total 7 strains obtained were tentatively identified based on comparative similarity analysis for 165 rRNA gene sequence and
physiological traits. All halophilic archaea belonged to Haloruburm, Halogeometriucm, Halobacterium, and Haloarcula genera. These
isolates were all Gram-staining negative, and growth was not observed using nitrate as an alternative electron acceptor under anaerobic
conditions. In addition, all isolates required about 12-30% (w/v, NaCl) salt. This case study might provide basic information on microbial
isolation technologies and related research in halophilic microorganisms from domestic halophilic environments, and contribute to
obtaining useful indigenous halophilic archaea in a variety of extreme environmental conditions.
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and Fox, 1977; Woese et al., 1990), 0] 5= 31A|+(Archaea) 2]
78, Euryarchaeota®} Crenarchaeota (Woese et al., 1990),
7709 8 Z(Phylum) .= S+ %o ikl Birw gich
e, AR G mAE S wi ] W AAIT A A
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St B A e kA 7| ¥ o) Wik 2 915}, Korarchaeota, Nano-
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2011; Spang et al., 2013; Castelle et al., 2015).

Euryarchaeota’= 2] 2 © &2 t}oFst VA 1HF O 2 7
J o] 3low, m|ehA 4 at(methanogen), T ¥/d 31AwH(halo-
archaea), T A 112 (acido-thermophiles) W A5 23124
aH(hyperthermophiles)-& 3£ §}31c}. o]of| H|3}o] Crenarchaeota
o] A% ol 231-2/dwt(hyperthermophiles) &2 /=]
o] 3t} E3], 524 ammonia-oxidizing archaea 2] 73-9- Cren-
archaeota®]] 55131 O, w-2]uljoF B -4 A A of whel, &
A Thaumarchaeota 152 2 AEFE|Qct 1 2o, Pace-
archaeota, Woesearchaeota, Korarchaeotas-0l| £&31= u]y
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QAo oo whef, & A7
25kl dA W = B A E
Alatol e, 78S A=
2 EA AAFEZ H A S
© ()4 NaCl 1.5 M)(Ventos
FO2 9 oot 87 Eut}
42 Eetel, hepet 1Pl s
2014, 2015). AA7H] 407]7} Y& Zx(genus)©] TLABHA .
2Ry B 9 B 353 Q) 6 m(http://www.bacterio.net), =
3 20 795} T EE: 2-© F(species) & AL] 1 9)ck.

B AR 9lstel, o]y Qe Bagdo Ry
B RS A AT BLPAL AeE Beke A

H42(35°35'44.6"N 126°37'02.5"E)°ll ¥Jx|3}aL ) © El:], A
B dAET T FASo R e EE S0m
tubeol] A3k AT A8 A9 A %é@f&@wf
20-25%9 212 BHelstalTh AR A2 5 A% A7) 4°C
ofl A 7 Hapsk it gt dﬁﬁ/\]iivrﬂ SHY A=
= vtz f1siiA M S-G (modified S-G, MSG) Hij#| ¢
MH2 W22 ol &-ak5ich. MSG w7 o] 248 t}23} gk
255 18)€] @200 g sodium chloride, 7.5 g acid hydrolyzed

casein, 10 g yeast extract (Difco), 3 g trisodium citrate, 20 g
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magnesium sulfate, 2 g potassium chloride, 0.05 g ferrous
FoAek MH2 M)A, %5 12185 200

g sodium chloride, 4 g casamino acid (Difco), 2 g yeast extract

sulfateE 2+2H ¢
(Difco), 2 g L-glutamic acid, 2 g trisodium citrate, 5 g potassium
sulfate, 20 g magnesium chloride, 1 g ammonium chloride, 1 g
potassium phosphate monobasic, 0.004 g ferrous sulfate S Z+
7+ o] A28} th(Sehgel and Gibbons, 1960; Ventosa et al.,
1982). pH=MGS 1} %] 2] 7% 1 N NaOH, MH?2 H]| ] 2] 7-©-
I N KOHE Z}Z} ARg-3}od, 7.0-7.5%2 Z24-31¥ oW, 1d 3}
£ ¢]3}o], o}7KBacto agar, Difco)E 2% 1.5% (w/v) 2 g o]
291}, AR 23 WA 1.57]9, 121°Co 4 2057k 19HE
7] HalS SFATE Eato] £ 3, MH2 x| o=
element solutiong g o] 1t Widdel and Bak, 1992).
MSG A 2|2 AL-g5tel, AFe AHA RS A48)4
& o] gsto] 34T 5, 107107 3] 4 A2 100 pl4 13 u)
ol E2 7 37°C sl 25 e, e,
w7k O] SR 2H(red-pigment)(Grant et al., 2001) S92 A1
Shol S elgh Aot 2ol A EA BaEE o] okl St
28 Atk <R E 0B S S oflo] 714w 2R

2 ml trace

&3 el Al Als1d Al4%

oA &
Relgh wAle] EAAEEE 242 915 genomic DNA
extraction kit (GeneAll) S AE-51od, E-2] 5 0] H-&E2] genomic
DNAZ 2251901, 16S rRNA S-HAF= 1A 16S rRNA
A} primer A E<Q] 20F (5'-TTCCGGTTGATCCYGCCRG-
39} 1492R (5'-GGTTACCTTGTTACGACTT-3")& AME5}
o] PCR &3} %t Weisburg et al., 1991; DeLong, 1992). o]
£ 9 0}01] Dyne ready-2X-Go (DYNEBIO) 10 pl &} 32} <&
4=7 ul, forward primer @} reverse primerS- 212} 10 pmol &) &
1 pl o, F20 ulo] PCR BEg-HS vhs
it} PCR $=8Hlt 0 22 94°Cof| A 55 59t ¥ AJ(denatura-
tion) TS A% F94°Cof| 4] 30%, 55°Cof| A 30%, 72°Co]|
A 6025 13| = 50, 5-303] WHE 38S 3F FupA|uro s
72°Cof| A 527 2 A& (extension) 242 4383} E}
Z%] PCR RAHE2 1.5% (w/v) agarose gel 217195 H
5}0] PCRALE ] 21712 Sjelslsic). 1 Fo S8 PC
YA 52 PCR purification kit (Cosmo Genetech) S ]%6}04
Zﬂ]é‘}oﬂ o i, AA| = AHE-2 Cosmo Genetechol| A H7] 4 <

AL AP35t G714 E A R = SeqMan software (DNA
Star) £ o|-g-3to] HREF T Y H7)A d-2 Ez-biocloud
(http://www.ezbiocloud.net/eztaxon) 2} NCBI (National Center
for Biotechnology Information) 2] blast (Basic Local Alignment
Search Tool)& o]-83to] A/ o] 2 FAA A ES g5,
v 2 ELA151¢1T) BioEdit program (Hall, 1999)-2 ©]-8-5}0]
A71 - g2 A H(alignment)3}al, Al E4+= MEGA6 program
(Tamura ef al., 2013)9]| A A|5-51= neighbor-joining
(Saitou and Nei, 1987), maximum-likelihood ¥ (Felsenstein,
1981), 18] 37 maximum-parsimony ¥ H(Fitch, 1971)& ©]-&
sho] Lo} #2]H S A4 vAE2] 16S rRNA 71212 4
&/3-2 Ez-biocloud & 53l A4}

2 AFE S5l 3 T A LAT2] 16S rRNA 7242t
d7]A €S NCBI GenBankol| S523}%00(KP030742,
KP030743, KP030744, KP030745, KP030746, KT426885,
KT426886), & 2| 3t w52 = A &AL ol 7|53tk

B AL 0w R A5 AN R 30-407)
O red-pigment & AU A2 315 T4 S5 o0, A E e
2 48 Flol FHEE 5L Akal uiAIstol 5 750) A
2 & 394 =S B3ty Halorubrum 45 4%,

Halogeometricum <5 155, Halobacterium 43 155, Haloarcula <

11, genomic DNAE

-:: m]o

1<5(Table 1). Halorubrum, Halogeometricum, Halobacterium,
Haloarcula %:2] n|A= &2 -2 doot LA, o



Table 1. Characteristic of halophilic archaea. Data are from this study. All strains are Gram reaction-negative, and growth optimum temperature is 37°C. All
strains were positive for utilization of acetate and succinate. All strains were negative for utilization of starch and lactose

meg4 megS megl0 AS S9-29 Al0 meg6
Halorubrum Halorubrum Halorubrum Halorubrum Halogeometricu Halobacterium —Haloarcula
Closest related strain chaoviator chaoviator californiense kocurii m rufum noricense vallismortis
HALO-G' HALO-G' SF3-213" BG-1" RO1-4" JCM 151027 JF.54"
16S rRNA similarity (%) 99.2 99.2 99.5 98.2 99.8 99.1 99.3
Temperature range (°C)  25-50 25-55 25-45 25-55 25-55 25-50 20-50
pH range 6.5-8.5 6.5-8.5 7.0-8.5 6.0-9.0 6.0-9.0 5.0-7.5 6.0-8.5
pH optimum 7.5 7.5 7.5 7.5 7.0 7.0 7.5
NaCl range (%, w/v) 12-30 12-30 15-30 12-29 12-30 12-30 15-30
Mg’ requirement + + - - + + -
Morphology Coccus/Rod Coccus/Rod Coccus Rod Rod Rod Rod
Hydrolysis:
gelatin + + + - - - +
Utilization of:
D-Glucose + - + - +
D-Maltose + + + - + - +
D-Mannose - - - + + -
D-Mannitol - - - + - - -
L-Arabinose - - - - + - -
L-Arginine - - - + - + -
L-Lysine - - - + - + -
Fumarate - - - + - + -
Sucrose - - - + - + -
Malate - - - + + + -
Lactate - - + + + + -
Glycine - - - + - + -
Glycerol - - - + + + -
Pyruvate + + + + - + +
Sorbitol - - - + - + -
Malic acid - - - + + - -
Citrate - - - + + - -
NIBR accession No. NIBRBAO000011 NIBRBA000O11 NIBRBA000O11 NIBRBAC0000 NIBRBA000011 NIBRBAC0000 NIBRBA000011
5040 5041 5043 03993 5045 03994 5042
ARG S 2o] 52 I &l =g, o= 1B-DoJ| A A A S} ATt SHA| o)l A A| A S]= 16S rRNA -#-71A
B Aol AFE AHARY B GAFS S AUk o SAO] 97%E AR F2] 7202 A e,
& Q8 Flol ST A Halorubrum S VUGS LI UBREE YIS A A B i 2
£ 168 rRNA 5727 24 Zks Eajo] 20|04 Ha]E|o] Rl S S 2e)o] A= vjokE| o] B 91X

H % 0| EE1}198.2-99.5%2] AFs-AJ o] AL QI AlE
14 4.2 50 v B S ] fATAL Fig. 1A0]4] A 4|5}
AT}, Halogeometricum, Halobacterium, Haloarcula <5 1] *Y
=2 168 IRNA 4] AyE Fafl 7] 2] of| A = of
F51 2121 99.8%, 99.1%, 99.3% 2] A4S H o

[Eot4 4.2 B9 2 nl B AT Fig

=
w F

o, Ul WIS o] e o] 5 02,
2 URIIOR A A | R, SO A 0.2 GRS 2AL
e kst sl | el 3 23h 488
Ayelaka] B4 AU AR 024 225 o188 4 9)
cha Ak

Beolg 594 TAe) AR ahe AL AN 0 MSG

Korean Journal of Microbiology, Vol. 51, No. 4



430 - Koh etal

Halorubrum ezzemoulense 5.17 (DQ118426)
Halorubrum chaoviator HALO-G™ (AM048786)
Halorubrum coriense Ch 27 (L00922)
53/-I56 (| Halorubrum californiense SF3-213" (EF139654)
Halorubrum ejinorense EJ-32T (AM491830)
Halorubrum tebenquichense CECT 53177 (FR870448)
Halorubrum sodomense ATCC 33755" (D13379)
Halorubrum litoreum Fa-1" (EF028067)
Halorubrum distributum VKM B-1733T (D63572)
Halorubrum chaoviator meg4 (KP030746)
97/92/p4 Halorubrum chaoviator meg5 (KP030745)
03/86/84 Halorubrum californiense meg10 (KP030743)
Halorubrum terrestre VKM B-1739T (AB090169)
98/94/81 Halorubrum trapanicum NCIMB 767" (X82168)
Halorubrum xinjiangense BD-17 (AY510707)
Halorubrum arcis AJ 2017 (DQ355793)
Halorubrum kocurii A5 (KT426885)
Halorubrum kocurii BG-17 (AM900832)
Halolamina salina WSY15-H3" (JX192605)
Halorhabdus utahensis DSM 12940 (AF071880)

99/97/91 Halok ium piscisalsi HPC1-2T (AB285020)

Meth ielii DSM 1224" (M36507)

(A)

65/66/5

100/100/100

78/80/- |
88/61/56

0.02
Haloarcula vallismortis I.F.54 (U17593)

Haloarcula marismortui CGMCC 1.1784" (EF645693)
Haloarcula salaria HST01-2R" (FJ429317)

Haloarcula hispanica ATCC 33960 (U68541)
Haloarcula tradensis HST 037 (FJ429313)

Haloarcula japonica JCM 7785" (EF645684)

70/-/- LE-Inloarculn amylolytica BD-3T (DQ826512)

100/99/99

(B)

99/100/98

100/100/98

98/98/85 60/-/- [ Haloarcula quadrata JCM 11048T (EF645689)
Haloarcula argentinensis IOM 9737 (EF645680)
[ Halobacter utahensis DSM 12940 (AF071880)
L Halomicrobium mukohataei ICM 9738" (EF645690)

I_EHHIOI{’””M pelagica TBN 217 (GU208826)

62/-/-_'— Halolamina salifodinae WSY15-H1T (1X014295)
10011001100 | L— Fgloamina rubra CBA 11077 (KF314044)
Halolamina salina WSY15-H3" (7X192605)
98/60/- Halogeometricum limi RO1-6% (EU931577)
100/99/96 Halosarcina pallida BZ 256" (HM185493)
70/97/91 Halogeometricum borinquense PR 3T (NR028170)
98/9%'_?1{7/053507;1617‘1’0117;1 rufum RO1-4T (EU887286)
99/98/95 | Halogeometricum rufum $9-29 (KP030742)
ielii DSM 1224T (M36507)

Meth
occl.

0.02
© 100/100/100
99/99/99

Halobacterium piscisalsi HPC1-2" (AB285020)
Halobacterium salinarum CGMCC 1.19587 (KC854794)

100/100/99 Halobacterium jilantaiense JCM 13558T (AB663359)
Halobacterium noricense A10 (KT426886)
Halobacterium noricense JCM 151027 (AB663360)
Salarchaeum japonicum JCM 163277 (AB663433)
Halarchaeum acidiphilum JCM 161097 (AB663350)
Halorhabdus utahensis AX-2" (AF071880)
Haloterrigena turkmenica VKM B-1734T (AB004878)
L Natrinema pellirubrum NCIMB 786" (AJ002947)
bacterium gregoryi NCIMB 21897 (D87970)

97/90/58

88/80/77

82/-/-

99/98/90
THT1/-

100/99/97
77/71/- LI:Natmnumrcm occultus NCIMB 21927 (Z28378)
75/56/- Halobiforma haloterrestris 135" (AF333760)

PR 3T (AF002984)

He . -
I icum boring

100/99/99

Haloferax volcanii ATCC 296057 (K00421)

Halobaculum gomorrense ATCC 700876" (L37444)
Halorubrum saccharovorum JCM 8865 (U17364)
Methanococcus jannaschii DSM 26617 (M59126)

74/76/74
83/82/75

0.02

Fig. 1. Phylogenetic tree showing phylogenetic position of (A) isolated Halorubrum spp. within the genus Halorubrum, (B) isolated Halogeometricum spp.
within the genus Halogeometricum, (C) isolated Halobacterium spp. within the genus Halobacterium, and (D) isolated Haloarcula spp. within genus
Haloarcula based on 16S rRNA gene sequences. Bootstrap percentages = 50% (based on 1,000 replicates) from the neighbor-joining, maximum-likelihood,

maximum parsimony methods, respectively, are shown at branch points.
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(D) 98/64/82

91/79/85

83/87

72/62/62

Haloarcula marismortui ATCC 430497 (NR 074201)
\— Haloarcula vallismortis I.F.54" (U17593)
I—Hnloarcula hispanica ATCC 33960" (U68541)

Haloarcula salaria HST01-2R" (FJ429317)

Haloarcula vallismortis meg6 (KP030744)

Haloarcula tradensis HST 037 (FJ429313)
Haloarcula argentinensis JCM 9737 (EF645680)
Haloarcula japonica JCM 7785" (AB355986)

100/99/96
\_I:Hnloarcula quadrata JCM 11048" (EF645689)

Haloarcula amylolytica BD-3T (DQ826512)

YT

Fig. 1. Continued.
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5}6] NaCl A =& A2 21395139 thNaCl 5-30%, 5%
F2). E3F MgS04- TH.0E A| 2]3F MSG, MH2 HAui %] &
0]8-3}410,0.01,0.05,0.5, 1,2, 5,50, 100, ZL2] 11 500 mM ]|
A B AEo] magnesium ©]-29] F @ o] H5 SRRI5t= AT =
W5k Nitrate S o] 83 S 8E 38 o Hi= MSG 52
MH2 #)%]o] nitate & 931, #7121 02 jofsto] 2s}g)
o, 28 ol Ee] /)8 AL A B HH L yeast extract,
acid hydrolyzed casein, casamino acid, L-glutamic acid,
trisodium citrate 5-°] A| 2] MSG E+=MH2 11 v %] £ 0]
galgon, dast A9 AANAS Aeaigt. chae 21
Aol 7182 g st om, 2418 | LY 5 g0l S r S A

3} t): glucose, maltose, mannose, mannitol, L-arabinose,

N

¢

L-lysine, L-arginine, acetate, fumarate, sucrose, starch, malate,
lactate, glycine, glycerol, lactose, succinate, pyruvate, sorbitol,
malic acid ¥} trisodium citrate. 7] Q& v A= 12547k 2t
F50) 22 2wo)x] e 9Tk Gelatin 714=E a4
Smibert9} Krieg] H#l(1994)0] 2J3) == 9}, 28]
E 0 Ee BFE %74 WNaCl 10% (wh) o] 5ol 4] 4|2
-3l|(cell lysis) S TH2SF 4= QI At Oren et al., 1997). FAYA|
W/ A2 Oren 5(1997) ] ol ofsff =3y = ek A H

i

H rle

Halomicrobium mukohataei JCM 9738 (EF645691)

=MSG &2 MH2 g uj 2] of| A o] o] 5 o, AYA| B &~
H(streptomycin 10 pg, penicillin 10 IU, clindamycin 2 pg,
tetracycline 30 pg, gentamicin 10 pg, ampicillin 10 pg)E AR
Bho] 152:917F 24 Lol 4] o]l

7} @50] B4 g APAIE B4 aks ofelet 2
Euryarchaeota =, Halobacteria 7}, Halobacteriales =

Halobacteriaceae 3}, Halorubrum 4.

Halorubrum chaoviator meg4

Halorubrum chaoviator meg4 W) A& Halorubrum chao-
viator Halo-G2}99.2%2] 16S rRNA 922} AFE A2 77 11
At} Halorubrum chaoviator megd 1| AY&E-2- coccus/rod & Eff
o}, -2 e 25-50°Co|H, A== 37°Co|aL, 4%
pH+=6.5-8.50|1, & pH=7.50|t} A% NaCl 5=+ 12—
30% (w/v)©] 3, 4 50 mM 2] magnesium ©]- 22 T Q & SF
t}. Gelating 7}pE-3)8} 22, nitrate YL 514 ko, D-
glucose, D-maltose, acetate, succinate, “L2] 3 pyruvate S 7|
A2 ARg-o] 755ttt Halorubrum chaoviator megd 0] A&
9] YA WA A1E A3} streptomycin, penicillin, clindamycin,
tetracycline, gentamicin, Z12] 31 ampicillin®]] A3+ 7}X]

9l

Halorubrum chaoviator meg5

Halorubrum chaoviator meg5 1 AYE-2 Halorubrum chao-
viator Halo-G2}-99.2%2] 16S rRNA A A5A2 71X] 1L
T}, Halorubrum chaoviator meg5 1| AYE-2 coccus/rod T El
olth AL L= 25-55°Co| ], 2|2 &= 37°Co| 11, A%

Korean Journal of Microbiology, Vol. 51, No. 4
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pH=6.5-8.50]1, & pH+=7.50]t} A& NaCl 5=+= 12—
30% (w/v)©]al, 4 50 mM 2] magnesium ©]- 22 L Q 2 SF
t}. Gelating 7}=538l5} 2, nitrate S 514 ko, D-
glucose, D-maltose, acetate, succinate, “L2] 3 pyruvate S 7|
A & ALg-o] 7153} Halorubrum chaoviator meg5 1A
9] A WA A3 A3} streptomycin, penicillin, clindamycin,
tetracycline, gentamicin, Z12] 31 ampicillino]] AL 7}X]

3L QJtk

Halorubrum californiense megi0

Halorubrum californiense megl0 1| AYE2 Halorubrum
californiense SF3-2131} 99.5%2] 16S rRNA -F2A} AsA
< 7FR| AL QT Halorubrum californiense megl( 1A &2
coccus FEo|th AL = 1=25-45°Co|u, L E=37°C
o)1, A% pHE 7.0-8.50], ZZpH= 7.50]t} A% NaCl
E = 15-30% (W/v)©] i1, magnesium ©]2-2 Z Q & 5}X] &F
2t} Gelating: 7}=5-3}18} 1, nitrate TS 314 ¢ o™, D-
glucose, D-maltose, acetate, succinate, lactate, “12] 37 pyruvate
£ 7|2 &2 ARg0] 755t} Halorubrum californiense megl0
o) A= 2] FAIA U A AT} streptomycin, penicillin,
clindamycin, tetracycline, gentamicin, “L2] 3 ampicillino]] |
42 77 ek

Halorubrum kocurii A5

Halorubrum kocurii A5 B|RYEL Halorubrum kocurii
BG-13} 98.2%9] 16S rRNA §-AA} AF5AS 71X 3L th
Halorubrum kocurii A5 UY=L rod Fejo|c)t A=
25-55°Co|H, AL = =37°Coly, A% pH+=6.0-9.00]|H,
2% pH+= 7.50]t} A% NaCl X 12-29% (w/v)o|l,
magnesium 0] 22 I Q 7 3}X| 9=t} GelatinS 7|8 3]
A k1 nitrate TS 14| 9 © ™, D-mannose, D-mannitol,
L-lysine, L-arginine, acetate, fumarate, sucrose, malate, lactate,
glycine, glycerol, succinate, pyruvate, sorbitol, malic acid, 1
2] 21 trisodium citrate = 7] A & A}8-0] 71535} c} Halorubrum
kocurii A5 MY FAIA YA A A} streptomycin,
penicillin, clindamycin, tetracycline, gentamicin, ZL2] 37 am-

picillinof] A3H4& 7}4] 11 9lch

Euryarchaeotas; HalobacteriaZ}; Halobacteriales,

Halobacteriaceae™}y; Halogeometricum<.

&3 el Al Als1d Al4%

Halogeometricum rufum S9—29

Halogeometricum rufum S9-29 0| Y& Halogeometricum

rufum RO1-42}99.8%2] 16S rRNA §- A} AFsAS 714 3L
]It} Halogeometricum rufum S9-29 U] A& rod & el o]t}
A= 25-55°Co |, A= 37°Co| L, A% pHE
6.0-9.00]9, 2% pH+= 7.00]t} A% NaCl == 12-30%
(w/v)o]al, 4 50 mM2] magnesiumo|22 Q7 Sich
GelatinS 7}23)) 514 91, nitrate -2 51X] &k o, D-
glucose, D-maltose, D-mannose, L-arabinose, acetate, malate,
lactate, glycerol, succinate, malic acid, “Z2] 3! trisodium citrate
£ 7|22 A1g-0| 715531t} Halogeometricum rufum S9-29 ]
A9 YA U4 el A3} streptomycin, penicillin, clin-
damycin, tetracycline, gentamicin, 1] 31 ampicillino]] #*]&}

X8 7p 3 9l

Euryarchaeotass, HalobacteriaZ}; Halobacteriales;,

Halobacteriaceae3}, Halobacterium<;.

Halobacterium noricense A10

Halobacterium noricense A10 1|AEL2 Halobacterium
noricense A13}+99.1%2] 16S rRNA F-AA} AA5AS 71A| 1L
k. Halobacterium noricense A10 1|52 rod &eo|c}
A= 25-50°Co]H, &2 ==37°Colal, 44 pH=
5.0-7.50|0, & pHE 7.00]t} A% NaCl &=+ 12-30%
(w/v)e]al, 24~ 500 mM 2] magnesium ©] 22 FQ Z Sic)
Gelatin2 7}4=53]] 3}%] &k, nitrate $HY-S 3}%] ko,
D-mannose, L-lysine, L-arginine, acetate, fumarate, sucrose,
malate, lactate, glycine, glycerol, succinate, pyruvate, 12|31
sorbitol S 7] & 2 ARg-o| 7}V=35)c} Halobacterium noricense
A10 1| RYE-0] FRIA| WA A3 A3} streptomycin, penicillin,
clindamycin, tetracycline, gentamicin, “12] 37 ampicillin®j] #]

/= 7HA AL Sk

Euryarchaeotas™; Halobacteria?}; Halobacteriales=,

Halobacteriaceae3¥, HaloarculaZs.

Haloarcula vallismortis meg6

Haloarcula vallismortis meg6 B2 Haloarcula vallis-
mortis J.F.542}99.3%2] 168 rRNA 4812} AFEAS 714 31
T}, Haloarcula vallismortis meg6 1]AE2 rod FEfo|t}.

42 = 20-50°CO| ¥, 2|4 L= 37°C0] 11, 44 pHi=



6.0-8.50]1, & pHx= 7.5¢|t}. 4% NaCl 5=+ 15-30%
(W/v)©]al, magnesium ©]- 22 - Q & 3} =1}, Gelatin
714 E8l|51 AL, nitrate THES 31K o™, D-glucose, D-
maltose, acetate, succinate, 12| I pyruvate S 7| 2 2 A}&-0]
7Vs-3Vt}. Haloarcula vallismortis meg6 T|AY=2] SHAA| U
A3 A3 A3} streptomycin, penicillin, clindamycin, tetracycline,
gentamicin, 18] 3! ampicillinof] A&44S 71X 2L Qlth
HR7HA] 165 IRNA $0208 718419 veko 2 g 1A
s 742 S TS vt oke f o] 2
A v So] BHlE| 11 9lek. 53] FaeHAolA loF
= A=Y B, 55 THA AR, LAY A 5843 3l

SECELERPERD SISER L BRI 8

¢
L

& 3L 3= A7 0] tH(Oren, 2015). E3L A/ S1Aatof 9
TR eheleran o] AZ ool thiet AR A of Hils
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