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In this study, we investigated the phylogenetic diversity of the
bacterial community and isolation of extremely halophilic
bacteria using culturomics in a gray solar saltern. The number
of bacterial living cells, enumerated in a gray solar saltern by
direct fluorescence microscopy was three to four orders of
magnitude greater than those enumerated by plate counts,
suggesting the distribution of ‘viable but non-culturable bacteria’.
The biodiversity of bacterial communities in a gray solar saltern
was investigated by pyrosequencing, 1,778 OTUs of bacteria
were comprised of 18 phyla 46 classes 85 orders 140 families
243 genera with 6.16 diversity index. Archaea communities
were composed of 3 phyla 6 classes 7 orders 7 families 38
genera with 4.95 diversity index from 643 OTUs. Totally 137
isolates were isolated by 59 different cultural methods based on
culturomics considering culture media and conditions suitable
for the growth of extremely halophilic bacteria. Phylogenetic
analyses of extremely halophilic isolates based on 16S rRNA
gene sequences, extremely halophilic isolates were composed
of 4 phyla and 11 genera. Haloterrigena and Haloferax can be
successfully isolated from culturomics. These culturomics
were effective methods for collection of diversity of extremely
halophilic bacteria.
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So| R E It Andre et al., 1988; Blomberg ef al., 1992;
Oren 1999; Almagro et al., 2000; Blomberg, 2000).
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CLcommunity™ 43 E €]]0](Chun et al., 2010) S 0]-&5}0] ¢
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23 (version 1.23.1)& 0]-8-5}0] E4 3} tH(Schloss et al.,
2009). W2 A9 7|4 g1} 7]w2H= PyroNoise algorithm
(Quince ef al., 2011)2} UCHIMEE o] 834 A A5ttt
(Cole et al., 2009; Edgar et al., 2011). 2|Z JoX AEES
97% -FAMI2S 7]HWHS. & OTUs (operational taxonomic units)
& 2Y3eh BT A5(Chaol, ACE), B cfp A5
(Shannon) 5-& CD-HIT Z 2 132 0]-8&3}% th(Shanon ef
al., 2003; Li and Godzik, 2006).
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0.2 g calcium chloride), KCCM-Halobacterium medium (KCCM)
(250 g crude solar salts, 20 g magnesium sulfate, 5 g potassium
chloride, 5 g tryptone, 5 g Yeast extract, 0.2 g calcium chloride),
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magnesium sulfate, 10 g Yeast extract, 3 g tri-sodium citrate, 2
g potassium chloride) “12]31 NaCl Tryptone Yeast Extract
(NTYE) ul}#] (250 g crude solar salts, 20 g magnesium sulfate, 3
g Yeast extract, 5 g triptone, 5 g potassium chloride) & ©]-8-5}%1
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etal.,2011). B2 ==30°C, 37°C, 45°C 12|11 50°C ©f| 4]
457+ 217} s BtuloF Sheleh. 5Bt oREl AR 9 mlo) Pt
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£ ZFZAF ] PCR HHg-Z A2 Perkin Elmer (Gene Amp
PCR system, Applied Biosystem)-& ©]-8-5}0] 94°Cof| A 287t
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M4 2] AEsi4-S 98l vioF v 2]& 3 pyrosequencing
2A71S o) gato] AT ERH 254 K AR
21 E ZHDNAS 353} pyrosequencing -4 3}0] Al
7144 6,8387l] 12|31 archaea G714 < 11,847 7S H-4]
ofl AR&-SFATE 2 A714 B2 AR 97% 71 2.2 cut-offs}
I % FE T (richness estimator) 2} tFoFAl(diversity index)&
vk B ARA] W At 2] 78-9- 1,778 OTUs,
ThoFA R|<4=6.16 = LEFE S 1, archacatt5]-2643 OTUs, T
G/ A4 4.95 2 2= I TK(Table 1).

Eged AR Al w25 g E Al 16S rRNA F-4
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Fig. 1. Comparison of the number of prokaryotic cells obtained by direct
viable counting (DVC) and plate counting (PC) collected from crystallizing
pond soil of gray solar saltem. PC1, plate count containing at 3% NaCl;
PC2, plate count containing at 10% NaCl; PC3, plate count containing at
20% NaCl.
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Fig. 2. Taxonomic composition at the phylum level within the (A)
bacteria; (B), archaea for the 16S rRNA gene sequences retrieved in a gray
solar saltem.

Table 1. Diversity Indices for prokaryotic communities determined from gray solar saltem

Domain Number of No. of Chaol
sequences analyzed OTUs richness

Bacteria 6,838 1,778 3779.2

Archaea 11,847 643 850.5

Ace . Simpson Goods Lib.
. Shannon index .
richness index Coverage
5712.0 6.16 0.008 0.84
855.5 4.95 0.016 0.98
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Fig. 3. Phylogenetic tree showing phylogenetic position of isolated extremely halophilic bacteria by traditional culture method based on 16S rRNA gene
sequences. Bootstrap percentages = 50% (based on 1,000 replicates) from the neighbor-joining, maximum-likelihood is shown at nodes.
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medium (HM), KCCM-Halobacterium medium (KCCM),
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Table 2. Isolation of extremely halophilic bacteria and archaea using by
culturomics methods

Culture Initial culture conditions Total
methods Incubation Periods Media Temperature (°C) isolates

1 Spread 14 days  NT 30 -
2 HM 30 12
3 259HM 30 -
4 NTYE 30 7
5 KCCM 30 7
6 Enrichment-1 14 days MA 37 5
7 45 4
8 50 1
9 NT 37 1
10 45 -
11 50 -
12 HM 37 5
13 45 3
14 50 -
15 259HM 37 -
16 45 -
17 50 -
18 NTYE 37 4
19 45 1
20 50 -
21 KCCM 37 -
22 45 -
23 50 -
24 Enrichment-2 28 days MA 37 6
25 45 5
26 50 3
27 NT 37 5
28 45 3
29 50 -
30 HM 37 2
31 45 2
32 50 -
33 259HM 37 -
34 45 2
35 50 5
36 NTYE 37 8
37 45 1
38 50 -
39 KCCM 37 1
40 45 1
41 50 -
42 Enrichment-3 42 days MA 37 6
43 45 -
44 50 3
45 NT 37 2
46 45 -
47 50 1
48 HM 37 4
49 45 1
50 50 2
51 259HM 37 9
52 45 -
53 50 5
54 NTYE 37 5
55 45 -
56 50

57 KCCM 37

58 45 -
59 50 -

Total 137
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I Yt T 137HFE 55 S25H T Table 2).
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Firmicutes©| 3E3Y== Halobacillus <(19+-<F), Pontibacillus
& (19, Alkalibacillus (3413, Virgibacillus <(144-55) 71
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Fig. 4. Neighbour-joining tree showing the phylogenetic relationships between represent halophilic bacteria by culturomics methods and the type strains
based on 16S rRNA gene sequences. Bootstrap percentages (1,000 replicates) above 50% are shown at nodes.
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Fig. 5. Comparison of the traditional culture method and culturomics methods for detection of extremely halophilic bacteria and archaea. Black box; isolates
by traditional culturomics methods, gray box; isolates by culturomics methods, each numbers in box were culturomics methods.
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