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Separation and identification of archaea from radioactive pollution
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Abstract: [Objective] This study was to investigate the diversity of archaea from radioactive
pollution environment. [Methods] Glycerin-arginine medium (GJ), Glycerin-aspartic acid medium
(C1), Trehalose-creatine medium (B7), Mannitol-alanine medium (Z5), Casein-mannitol medium
(CMKA), Chitosan-asparagine medium (F6), Mannitol-acid hydrolysis of casein medium (GW1),

A€W E: 863 (No. 2012AA021705)
*BINIEH: Tel/Fax 86-997-4681612 =1 zhang63lyly@sina.com
ks HEA: 2013-09-13 3EZ HHEA: 2014-02-17 HEHF KR B #H(www.cnkinet) 2014-02-20



1309

CM, HP, and KC media with different salinities were used for isolating archaea from radioactive
pollution areas. Different isolates selected on the basis of morphological characteristics and Hae III
digestion patterns of 16S rRNA genes. The results of 16S rRNA gene sequences were compared with
sequences obtained from GenBank databases. Phylogenetic tree was constructed by the
Neighbor-Joining method. [Results] Total 256 archaeal strains were obtained by different selective
media, and belonged to 71 different types. They were members of Haloterrigena, Natrialba,
Halococcus, Halorubrum, Halovivax, Natrinema, Natronococcus, Halobiforma, Halostagnicola,
Halopiger, Natronorubrum and Haloferax genera. The similarities between detected sequences (34%
of total strains) and published sequences were less than 98%. They formed distinct clades in
phylogenetic tree and might represent new taxa. Haloterrigena was the dominant group. Nineteen
strains were obtained by different Chitosan-asparagine medium (better isolating medium) ten-fold
dilution culture. Compared with strains by Chitosan-asparagine medium, they were different groups.
[Conclusion] The radioactive pollution area harbors abundant archaea, including large number of
unknown bacterial groups, has a great research value.

Keywords: Area of the radioactive pollution, Archaea, Separation and identification
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x1 MEERXIELHESENR

Table 1 Soil salinity composition of the radioactive contaminated area (%)

Component  Total salt  C (CI') C (COsY) C (S04 C (Mg™) C (Ca®™) C (K" C (Na")
Soil sample  15.06 3.8 0.003 3 0.41 0.15 0.39 0.94 9.35
1.2 FEKFIFONEE 10.0 3.0 MgS0,20.0 KC12.0
Tag DNA Hae III FeSO4-7H,0 0.1 16.0
( ) PCR (9) HP (g/L) 1.6 Pro 1.2
(NHO4)SO4 1.2 CaCl, 4.0 K,HPO4 1.2 MgSO41.2
PCR 16.0
Bio-Rad (10) KC (g/L) Ca(NOs),"4H,O 0.100
Eppendorf Biometra MgSO4 7TH,0 0.250 (NHg4),SO4 0.500 MnSO4-4H,0
1.3 HBEEFE 0.075 KH,P0,40.250 FeSO,4 7H,0 0.025 16.000
14 98HE
(D) - (GJ ¢g/L) 6.00 (37°C 5h)
1.20 K,HPO40.36 MgSO,6.00 Arg 0.60 2g 18 mL 15.06%
16.00 37°C 120 r/min
) - (Cl g/L) 1h 107 100 pL
10.0 1.0 K;HPO,4 1.0 MgSO4-7H,0 1.0
CaCO0O;5 0.2 FeSO,4 7H,0 0.1 16.0 5% 10% 15% 20%
(3) - (B7 g/L) 5.0 25% 30% 6  NaCl 3
1.0 K;HPO4 1.0, MgSO4-7H,0 1.0 CaCOs 37 °C
0.2 FeSO,4 7H,0 0.1 16.0 10-30 d CM
4) - (Z5 g/L) 3
10.0 Ala 1.0 K;HPO,4 1.0 MgSO4-7H,0 1.0 CaCO;
0.2 FeSO,7H,0 0.1 16.0 (1) CM
5) - (CMKA g/L) 30% 1.2 mL 1x10° Pa
0.5 1.8 KNO;3 1.0 (NH4),S042.0 30 min
K,HPO,4 0.5 CaCO;50.5 16.0 —20 °C
(6) - (F6 g/L) (2)
4.00 2.00 1.00 K,HPO, 1x10° Pa 30 min 20%
0.36 MgS0O, 6.00 16.00 04 mL 1x10° Pa 10 min
(7) - (GW1 g/L) —80 °C 12 h
0.30 1.00 NaHCO; 2.00 CaCOs 12h 4°C
020 (NH4),S042.00 KNO;2.00 K,HPO,41.00 15 BEHYEE
MgSO0,4-7H,0 2.00 FeSO, 0.01 Trace-salt 0.01 151 HEENR:
16.00
(8) (CM g/L) 7.5
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1.5.2 16S rRNA EE &N -

[16] DNA
DNA (P1
5-ATTCCGGTTGTACCTGCCGGA-3' P2 5-AGG
AGGTGATCCAGCCGCAG-3') 16S
rRNA PCR (50puL )

ddH,0 39 uL. Taq buffer 5 pL 10 pmol/L dNTPs
1 uL 10 pmol/L P; 0.8 pL 10 umol/L P, 0.8 pL
BSA 2.2 ul. Taq DNA 0.2yl DNAT1 puL

PCR 95°C4 min 95 °C 1 min
55°C30s 72°C2min 30 1%
PCR PCR
PMDI8-T DH5a
PCR PCR (25 pL
) ddH,O 20.4 pL 10xBuffer 2.5 uL. 10 umol/L
dNTPs 0.5 uL 10 pmol/L Mj3A 0.2 pL 10 pmol/L
M;;B 0.2 uL. 5 U/uL Tag DNA 0.1 pL
1 uL PCR 94 °C 4 min
94°C1min 56°C 1 min 72 °C 2 min 30
72 °C 8 min 1% PCR
BLAST
GenBank
16S rRNA
1.6 BMERBEIBEK
F6
9 (
) F6
F6
172 1/10

5% 10% 15% 20%
25% 30% NaCl 1.4
DNA

16S rRNA

2 RS540
21 MSEEXHEHSEER
10 256
16S rRNA Hea III
71
16S rRNA BLAST
GenBank (
1) 1
(Euryarchaeota) (Halobacteria)
(Halobacteriales)
(Halobacteriaceae)
(Haloterrigena) (Natrialba)

(Halococcus) (Halorubrum)

(Halovivax) (Natrinema)
(Natronococcus) (Halobiforma)
(Halopiger) (Halostagnicola)

(Haloferax) 11 Hbf. lacisalsi Hcc. salifodinae
Hfx. prahovense Hpg. xanaduensis Hpg. aswanensis
Hrr. kocurii  Hrr. xinjiangense Hrr. lipolyticum Hrr.
saccharovorum Hrr. aidingense Hst. larsenii  Htg.
salina Htg.

turkmenica Htg. longa Htg.

saccharevitans Htg. limicola Htg. thermotolerans

Hvx. asiaticus Hvx. ruber Nab. aegyptia Nnm.

gjinorense  Nnm. versiforme Nnm. salaciae Nnm.

pallidum Ncc. jeotgali 26

31 16S rRNA
98%
Haloterrigena
3521% NaCl 20%
18.31% Htg. turkmenica  Haloterrigena
47.83%
Natrinema Halorubrum
Haloterrigena
Haloterrigena (  2) F6
( 2
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87 TRM20001-31 (KF620473)
74|L TRM20007 (KF620439)
96l TRM20002-5 (KF620480)
TRM20002-23 (KF620479)
Haloterrigena turkmenica DSM 5511" (CP001860)
98- TRM20676 (KF620471)
TRM20010-31 (KF620482)
TRM20670 (KF620470)
100L TRM20001-50 (KF620475)
Natronolimnobius innermongolicus N-1311" (AB125108)
8 94r Haloterrigena limicola AX-7" ( DQ367241)
1@|£TRM20249 (KF620458)

Haloterrigena hispanica FP1" (AM285297 )

8100 Haloterrigena thermotolerans PRS" (AF115478)

5 TRAE50255 (W EASOAR 1

i T AIRIVIZUSZZ (NFOZUA40 1)
59 TRM20447 (KF620464)
TRM20058 (KF620452)
991 TRM20015-1 (KF620483)

Natrialba hulunbeirensis X21" (AJ003193)
7‘{9 _[ Natrialba aegyptia AF251941 40" (AF251941)
100Y— Natrialba asiatica 172P17 (D14123)
100~ Hﬂ/nhl;fbrmg lacisalsi AIST( AV777§R7)

100 {1a:00 ACISAISI AJD " A AY L1082

Halobiforma haloterrestris 135" (AF333760 )
Halobiforma nitratireducens C231" (AB045012 )
TRM20323 (KF620462)
Halopiger xanaduensis SH-6" (CP002839)
93| Halopiger aswanensis 56" (AF333759)
84L TRM20575 (KF620469)

80 Halovivax ruber XH-70" (AM269467)

JF TRM20543 (KF620468)
52 Halovivax asiaticus EJ-46" (AM039978)

100 TRM20012 (KF620441)
Halostagnicola alkaliphila 167-74" (AB533255 )
Halostagnicola larsenii XH-48" (AM117571)
99 |r TRM20009 (KF620440)
651 TRM20525 (KF620467)
—— TRM20002-14 (KF620447)
— Natrobaculum lorporense TRM20010" (KF739011)
79W|_E Natrobaculum xinjiangense TRM20345" (KF739019)
65 L Halolimnobius xinjiangense TRM20040" (KF739030)
TRM20002-2 (KF620478)
TRM20202 (KF620456)
TRM20014 (KF620443)
TRM20006 (KF620438)
100 TRM20165 (KF620455)
100 TRM20043 (KF620449)

SIL TRM20111 (KF620453)
Methanospirillum lacunae Ki8-1" (AB517986.1)

100

—
0.02

1 HREBSEESHEXMEER 16S rRNA 2R FI R KL EH
Figure 1 Neighbour-Joining tree showing the phylogenetic relationships of archaea partial sequences obtained from soil
samples with their closely related sequences downloaded from GenBank
Note: The scale barrepresents the estimated number of base changes per nucleotide sequence position. Sequences of clones detected in
this study are indicated with “KF”. The numbers in parentheses are accession numbers of sequences.
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x2 TRBFAEMNHTEIBEER

Archaeas isolated from different culture medium

F6  Similarity KC  Similarity = CMKA  Similarity = HP  Similarity

Genus Species (%) (%) (%) (%) Total
Halobiforma  HDbf. lacisalsi 1 95.39 0 - 0 - 0 - 1
Haloferax Hfx. prahovense 0 - 0o - 0 - 1 99.85 1
Halopiger Hpg. xanaduensis 0 - 0 - 0 - 1 98.66 1

Hpg. aswanensis 1 99.04 0 - 0 - 0 - 1

Halorubrum Hrr. kocurii 2 99.92 0o - 1 99.40 1 98.86 4

Hrr. xinjiangense 0 — 0 - 2 99.14-99.19 1 99.48 3

Hrr. lipolyticum 0 - 0 - 0 - 0 - 1

rHu';; saccharovo- ;g9 ¢ 0 - 1 99.41 0 - 2

Hrr. aidingense 1 98.33 0 - 0 - 0 - 1

Halostagnicola Hst. larsenii 0 - 1 99.55 0 - 0 - 2

Haloterrigena Htg. salina 1 97.87 0o - 1 97.35 1 97.75 3
Htg. turkmenica 3 96.99-99.30 1 98.68 0 - 2 98.11-99.54 11

Htg. longa 0 - 2 96.25-96.44 1 96.34 0 - 3

:-éltngs saccharevi- 0 B 0 _ 0 3 | 9926 )

Htg. limicola 0 — 0 - 0 - 1 99.78 2

:'-'atr?s thermotole- | 96.25 0 — 0 5 0 B )

Halovivax Hvx. asiaticus 0 - 0o - 0 - 1 93.67 1

Hvx. ruber 0 - 0o - 1 94.43 0 - 2

Natrialba Nab. aegyptia 0 - 0o - 2 93.92-94.33 0 - 3

Natrinema Nnm. ejinorense 0 — 5 96.18-97.05 0 - 2 96.24-96.5 8

Nnm. versiforme 0 - 2 98.30 1 98.29 0 - 3

Nnm. salaciae 2 96.69-96.80 0 — 1 96.73 0 - 3

Nnm. pallidum 0 - 0o - 0 - 0 - 1

Natronococcus Ncc. jeotgali 1 99.62 1 99.54 0 - 0 - 2
Total 14 12 11 12 63

Halobiforma  Halopiger Natronococcus 4 6 HP
Halorubrum  Haloterrigena 4 8 Haloferax
KC HP Halopiger Halorubrum Haloterrigena Halovivax
F6 KC Natrinema 6 10 10

Halostagnicola Haloterrigena Natrinema

http://journals.im.ac.cn/wswxtbcn
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GW1 75
4% 1% F6

4%

11% KC
18%

2 FEEBEFEERIENT
Figure 2 The distribution of strains in different mediums

6 NaCl
15% 20% 25%
3  NaCl ( 3 NaCl 15%
HP KC CM3
Natrinema Haloterrigena Halorubrum  Halovivax
4 25%
20% NaCl NaCl

Haloterrigena Natrialba Halococcus
Halorubrum Halovivax Natrinema Natronococcus
Halobiforma Halopiger  Halostagnicola 10

®  15% NaCl
represent 25%
of total strains

B 20% NaCl
represent 42%
of total strains

0 25% NaCl
represent 33%
of total strains

3 AR NaCl iRE X HE 5 &S RF T

Figure 3 The effect of different NaCl concentrations on
archaea seperation

Note: 15%, 20%, 25% represent different NaCl concentration.
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42% NaCl 25%

Halostagnicola Haloterrigena Halovivax

Natrinema Halorubrum Natrialba Halopiger

Haloferax 8 33%
Halococcus Natronococcus — Halobiforma

20% Haloferax
25% NaCl Halovivax

Natrinema Haloterrigena Natrialba Halobiforma
Natronorubrum 6
16S rRNA 98%

()
23 HRFOEFENIBEER

F6
( 3) 1/2F6
16S rRNA
97% 11
Haloterrigena Halococcus Halostagnicola

11 3

Halovivax Natrialba Halopiger Natronorubrum 7

8 Halococcus
Hcc. salifodinae 1/10 F6
8 3 16S rRNA
98% Haloterrigena Halopiger  Natrinema
3 3 Haloterrigena
Htg. turkmenica
F6
5% 10% 15% 20% 25% 30% NaCl
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B4 AEEHEMEEES
Figure 4 Archaeas in different colony morphology

B 5 EREERTARGEMEBRETS

Figure 5 Microscopic morphology of different archaea cells

*3 FOEFEITRAERHERERKRSHERL

Table 3 Distribution of strains in different nutrients dilutions of F6 medium

Fo6 1/2 F6 1/10 F6
Genus Species
Halorubrum Hrr. kocurii 4 = =
Hrr. saccharovorum + = =
Hrr. aidingense + = =
Haloterrigena Htg. salina + —
Htg. turkmenica + +
Htg. thermotolerans + = =
Htg. longa + - -
Halobiforma Hbf. lacisalsi 4 = =
Htg. turkmenica + +
Natrinema Nnm. salaciae + —
Natronococcus Ncc. jeotgali + — —
Halopiger Hpg. aswanensis 4+ + +
Halococcus Hcc. salifodinae - 4 =
Halostagnicola Hst. larsenii - + -
Halovivax Hvx. ruber - + =
Natrialba Nab. aegyptia = + =
Natronorubrum Nrr. tibetense = + =
10% NaCl 1/10 F6 20% NaCl
1 NaCl 20%  NaCl
NaCl 25%  1/10 F6
NaCl 5%  30%
NaCl ( 6)

http://journals.im.ac.cn/wswxtbcn
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14 EH F6 12F6  [] 1/10F6 NaCl
12 -
%10— (6  NaCl 15% 20% 25%
8 -
| 23 (25%) 38  (42%) 30
£l (33%) NaCl 5% 10% 30%
Al IH H NaCl
ol [1 I II . 20%
10 15 20 25

NaCl concentration (%)

6 AR NaCliREREFMENFEFREMNTES

\ 1 F
BiER 0 6
Figure 6 Archaeas seperation in different NacCl 9
concentrations and nutrient dilutions of F6 medium KC CMKA HP
Note: 10%, 15%, 20%, 25% are different NaCl concentrations;
F6, 1/2 F6, 1/10 F6 are three different nutrient mediums. Fo6
3 itig
0.1%
G
[13 2 F6
10 Fé6
90 12 26
34% 16S rRNA
98%
Zelles

(Haloterrigena  36.7%) (Natrinema (7
16.7%) (Halorubrum  12.2%) 0.1% 1.0% 10.0%
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