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Isolation and identification of hyperthermophilic archaeon
Thermococcus sp. TVG2 from deep-sea hydrothermal vent
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Abstract: [Objective] The aim of the present study was to isolate and identify hyperthermophilic
archaea around the hydrothermal vent on the Mid-Atlantic Ridge, and to establish a foundation for
further understanding and characterization of the microbial species in this ecosystem. [Methods] The
hydrothermal vent seawater samples were enriched with YTSV media and strain TVG2 was purified
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from the enrichment cultures by the means of dilution-to-extinction. Strain TVG2 was characterized
using morphologic, physiologic and biochemical analysis and preliminarily identified through the
molecular biological methods. [Results] Strain TVG2 was an obligate anaerobic hyperthermophilic
archaeon. Cells were regular cocci with 1.0 um in diameter. It grew optimally at 82 °C (range
50—88 °C), at pH 6.5 (range 5.0-9.0) and with NaCl of 2.5% (range 1.0%—4.0%, W/V). Element
sulfur was not indispensable for strain TVG2, but notably promoted its growth. Sodium pyruvate
could significantly facilitate the growth of strain TVG2, whereas glucose had the opposite effect.
Based on the morphological, physiological and biochemical characteritics and the 16S rRNA gene
sequence analysis, strain TVG2 was regarded as belonging to Thermococcus. [Conclusion]
Hyperthermophilic archaeon strain TVG2 was isolated from Atlantic Ridge hydrothermal vent
samples with the YTSV medium and it was a member of the genus Thermococcus.

Keywords: Deep-sea hydrothermal vent, Hyperthermophilic anaerobic archaea, 16S rRNA, Thermococcus
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TVGI13 2012 26 NaCl Na,SO; MgCl,-6H,0
(14.51°W  13.60°S)
1.2 EFEMEZFRLF 1.3 ENRERRSBEESR
121 #55E: YTSV [12] A 131 BEEFE: pH 60 70 8.0
10 mL B1mL (NH,),S0,-KH,PO, YTSV TVG2 TVGS
10 mL FeEDTA 2mL 1 mL TVGI12 TVGI13 1:100
Resazurin 1.00 mg Cysteine-HCI-H,O 0.25 g 60 65 70 75 80°C
Na,S-9H,0 0.25 g 1.00 g
1.00 g 500g 1L pH6.5 132 HEESF: TVG2
(g/L) NaCl 19.60 Na,SO43.30 KCI 1072 1072
0.50 KBr0.05 H;BO;0.02 MgCl, 6H,0 8.80 10 107 1%
A (g/L) CuSO46H,O 0.01 80 °C
ZnS0O4 7H,0 0.10 CoCl,6H,0 5.00 mg MgCl,-4H,0 3d 10°°
0.20 Na;Mo004-2H,0 0.10 KBr 0.05 KI 0.05 H;BO;
0.10 LiCI10.05 Aly(SO4);0.05 NiCl,-6H,0 0.01 TVG2 25%
B(g/L) VoSOsxH,00.05 H,WO, —80 °C
0.05 NaySeO; 0.05 NiCl,'6H,0 0.05 SrClL-6H,0 1.4 BIRHISESR
0.05 BaCl, 0.05 1.4.1 EHRFESFHHE:
(NH,4),SO4-KH,PO, (g/L) (NH4),S0443.0
KH,PO,4 3.6 2-3
FeEDTA (gL)  FeSO47H,0 1.54
Na,EDTA 2.06
(mg/L) Niacin 10.0 Biotin 4.0 24 h
Pantothenate 10.0 Lipoic acid 10.0 Folic acid 4.0 20 mL 8 000 r/min 5 min SmL
p-Aminobenzoic acid 10.0 Thiamine (B;) 10.0 YTSV 6 000 r/min
Riboflavin (B;) 10.0 Pyridoxine (Bs) 10.0 Cobalamin 3 min 1 mL YTSV
(B12) 10.0 1.5 mL 10 000 r/min
YTSV 1.5 min 2-3 I mL
10 000 r/min 1 min
1x10° Pa 20 min 1 1 mL 2%
13 000 r/min 30s
1.2.2  E£ER5: ANTPs rTag DNA Loading 2 min
buffer DNA K  RNase A (EPA)
Oxoid Lysozyme 1.4.2 EWHREREFERERE TR
( ) QIAquick PCR Purification [13]
Kit (50) QIAGEN Tris EDTA 1% 1 mL 82 °C (
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0.5 mL 600 nm

YTSV YTSV [YTSV (S-)]
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Tris-HCl pH 8.0 20 mmol/L EDTA
X-100 Lysozyme 5 (g/L)
1-2 h
20 g/L K
3h 100 pL 5 mol/L NaCl
80 uL CTAB/NaCl (NaCl 41 g/l CTAB
100 g/L)) 65 °C 10 min
5 uL. RNase A 37°C
10-30 min / /
(25:24:1 ) 13 000 r/min 4 °C
10 min (

1.2% Triton
37°C
30 uL 10% SDS 25 pL

55°C

) /

(24:1 ) 13 000 r/min
4°C 10 min

2 —20 °C 1/10
3 mol/L (pH 8.0) —20 °C

2h DNA 13 000 r/min
4°C 20 min

1 mL —20 °C 70%

13 000 r/min 4 °C 5 min
3—5 min
DNA

Nanodrop 2000

200 ng DNA

—20 °C
DNA

1.5.2 16S rRNA EREFFI5 4 [14]
16S rRNA ARCH 16S forward
(5'-ATTCCGGTTGATCCTGCCGG-3") ARCH 16S
reverse (5-AGGAGGTGATCGAGCCGTAGGTTC-3")
50 uL PCR 10xBuffer 5 uL 2.5 mmol/L
dNTPs 4 uL 20 umol/L ARCH 16S forward 1 pL
20 pmol/L ARCH 16S reverse 1 uL.  rTaq DNA
025uL TVG2 DNA (200 mg/L) 0.5 pL.
50 uL PCR 94 °C 3 min
94°C30s 56°C30s 72°C1l.5min 30
72 °C 10 min
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TVG2
(
2 ERGH 1A) TVG2
21 EHEENE | um ( 1B)
YISV VO 23 mmmsxsE
TVGS TVGI12 TVGI3 PCR VG2
TvGl2 16S rRNA 1343 bp TVG2
DNA 16S rRNA TVGS 16S rRNA NCBI
Sphingomonas sp. Janibacter sp. GenBank KM 434133 16S rRNA
Knoellia sp. (97%-99%) TVGI3 Thermococcus sibiricus
Ralstonia sp. (99%-100%) strain MM739 (NR 102888)
TVGS TVGI13 999,
(Thermococcus) TVG2
TVG2 YTSV BLASTn NCBI
80 °C 2-3d 16S rRNA
16S rRNA ClustalW MEGA 5.0
Thermococcus sp.  Pyrococcus sp. (Neighbour-Joining method) 16S rRNA
(96%—99%) TVG2
25 (Bootstrap=1 000) ( 2
A
o
0 \

B 1 B4k T.sp. TVG2 BT 7S4HE
Figure 1 Morphological characteristics of strain T. sp. TVG2
Note: A: Invert microscope (400x); B: Transmission electron microscope (30 000x%).
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69 Thermococcus sp. LMO-A9 (HQ 377308)
50| = Thermococcus coalescens TS1 (NR 040968)
Thermococcus hydrothermalis AL662 (NR 042740)
Thermococcus barossii DSM 9535 (NR 042735)
Thermococcus celer DSM 2476 (NR 042736)
Thermococcus siculi DSM 12349 (NR 028195 )
Thermococcus sp. LMO-A8 (HQ 377307)
99— Thermococcus sp. 4557 (CP 002920)
Thermococcus onnurineus NA1 (NR 074373)
Thermococcus kodakarensis KOD1 (NR 028216)
Thermococcus gorgonarius DSM 10395 (NR 028191)
Thermococcus pacificus DSM 10394 (NR 028192 )
55 Thermococcus acidaminovorans DSM 11906 (NR 028154)
61 — Pyrococcus furiosus DSM 3638 (NR 074375)
100Y—— Pyrococcus horikoshii OT3 (NR 074358)
Thermococcus barophilus DSM 11836 (NR 042734)

59— Thermococcus litoralis DSM 5474 (AY099180)
Thermococcus alcaliphilus DSM 10322 (NR 040870)
99 Thermococcus sibiricus MM 739 (NR 102888)

86— Thermococcus sp. TVG2 (KM 434133)
[ Palaeococcus helgesonii P11 (NR 029059)
1001 Palaeococcus ferrophilus DSM 13482 (NR 028149)

79

57

—
0.005

2 ET 16S rRNA EEFFI8 T. sp. TVG2 RFEL B K
Figure 2 An unrooted phylogenetic tree of T. sp. TVG2 based on partial 16S rRNA gene sequences using the
Neighbour-Joining method

Note: Accession numbers of 16S rRNA gene sequences were annotated in parentheses. Bootstrap values were indicated at the branch nodes.

Bar, 5 nt substitution per 1 000 nt. Pyrococcus and Palaeococus were used as outgroups.
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32h
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Figure 3 Influences of temperature (A), time (B), pH (C) and the concentration of NaCl (D) on the
growth of strain T. sp. TVG2
Note: The results were presented as means of three independent experiments with standard errors.
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Figure 4 Influences of element sulfur (A), glucose and sodium pyruvate (B) on the growth of strain T. sp. TVG2
Note: The results were presented as means of three independent experiments with standard errors. Statistical significance was performed
using the two-tailed paired student’s t test (** P<0.01).

http://journals.im.ac.cn/wswxtbcn



474 A=Yy~ 8 Microbiol. China

2015, Vol.42, No.3

Thermococcus
T. sp. TVG2
(
) T.sp. TVG2 0.1%
YTSV (Glucose) 0.1% YTSV
(Sodium pyruvate)
( 4B)
3
(17]
(Thermococcales)
(Thermococcales)
43 (Thermococcus) 34
(Pyrococcus) 6 (Palaeococcus)
3 [0 Thermococcales
Thermococcus
Thermocaccales
(
T. zilligi) (  T.sibiricus)*”
T.onnurineus  T. sp. AM4 CcoO
[19]

Thermococcales

T. thioreducens

Thermococcus
T. sp. T642 Fe(III)
211 palaeococcus 3

P. ferrophilus®  P. pacificus’®”
( 30 MPa)
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Thermococcales
TVG2 TVGS8
TVG12 TVGI3 YTBC 2216E
MIYPS YTSV 60—80 °C
TVG2 16S rRNA
TVG12 4
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Knoellia sp.  Ralstonia sp.
25 DGGE
( )
16S rRNA
TVG2 (Thermococcus)
T.sp. TVG2 T. Sibiricus
99%
(Thermococcus)
80—-90 °C pH 6.0-7.0
T. alcaliphilus  T.
acidoaminovorans pH 9.0
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F1 T.sp TVG2 S PERD EH LI

Table 1 Comparative analysis of T. sp TVG2 and several strains from the phylogenic tree

o T.sp TVG2 T. sibiricus T. barophilus T. KODI1 T. hyperthermalis
Comparative items
The Atlantic Ridge Nizhnevartovsk The Mid-Altantic Ridge Kodakara Island The East Pacific
Shias @ ealtion Samotlor Oil reservoir (Japan) Rise

Singly or in pair, Irregular  nonmotile Singly, in pairs, or in small Irregular motile Singly, in pairs, or in

Morphology nonmotile cocci, cocci, 0.5-1.0 pm, aggregates, slightly cocci, 1-2 pm, small aggregates,
1 um, without without flagella irregular motile cocci, with a tuft of motile cocci,
flagella 0.8-2.0 um with flagella ~ polar flagella 0.8-2.0 um, with

polar flagella
() 50-88(82) 40-88 (78) 75-100 (40 MPa, 85) 60-100 (85)  55-100 (80-90)
Range of  growth 48-95 (0.1 MPa, 85)
temperature (opt) (°C)
pH () 50°90(6.5) 5.8-9.0 (7.3) 4.5-9.5 (7.0) 50-9.0(6.5)  3.5-9.5(5.5-6.5)

Range of growth pH

(opt)

NaCl 1.0-4.0 (2.5) 0.5-7.0 (1.8-2.0) 1.0-4.0 (2-3) 1.0-5.0 (3.0) 2.0-8.0 (3.0-4.0)

Range of growth NaCl

concentration (opt) (%)

(Thermococcus) (D T. Sibiricus
pH NaCl (200 T sp. TVG2
4
T.sp. TVG2 (Thermococcus) T.sp. TVG2  T.sibiricus  16S rRNA
16S rRNA
16S T.sp. TVG2
rRNA (Thermococcales)
T.nautili  T.sp. AM4 T.gammatolerans
16S rRNA 99.3% Pyrococcus ~ Thermococcus
99.2% T. Nautili
DNA-DNA 70% T.sp. TVG2
33%  32% T. Nautili ~ Thermococcus H,
[19) T.sp. TVG2  16S rRNA
T. sibiricus T. sp. T. sp. TVG2
TVG2
pH T. Sibiricus 90 °C
NaCl 0.5%—7.0% 0.2%
7.5% NaCl
1.0% T.sp. TVG2 3.5% [12]
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