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Abstract
thermophilic archaea. These strains are widely distributed in acidic hot springs around the world. In this research, eleven

The strains of Sulfolobus are regarded as model organisms for investigating the inheritance mechanism of

thermoacidophilic strains isolated from six acidic hot springs in Tengchong of Yunnan, China were identified by analysis
of their 16S rRNA gene sequences. Besides, their morphological characteristics of cells, 16S rRNA gene hypervariable
region sequences, 16S rRNA gene similarity and phylogene were compared to explore the diversity of Sulfolobus distrubuted
in Tengchong. The results showed that the 16S rRNA gene sequences of the eleven Sulfolobus strains had 85.8%~94.9%
similarity to those of the eight Sulfolobus type strains from other regions, and 96.6%~97.5% to that of S. tengchongensis type
strains. Thus, the eleven strains should belong to the genus Sulfolobus and would represent one novel species of Sulfolobus.
Hypervariable region sequences comparison indicated that the 16S rRNA gene from Tengchong geothermal area have unique
characteristics. Phylogenetic analysis also showed that the 16S rRNA gene from Tengchong geothermal area formed two
clusters of closer relationship on the phylogenetic tree. This research results revealed the diversity of Sulfolobus strains and
their distribution in Tengchong geothermal area. Fig 2, Tab 3, Ref 16

Keywords Sulfolobus; thermoacidophilic archaea; phylogenetic analysis; diversity; Tengchong

CLC Q938

2010-10-25
DOI: 10.3724/SP.J.1145.2010.00692

AL & (Sulfolobus) |12 534 Tt 545 s () 2 P 44
SR, H A KR B 65~85 °C, pHIE 1~5.5, 4 M 3 it A 3%
AT AL TR 2 5 A (5 B A B R R S B A R
U2, B ZH AR T B A% AR ) R BN £, SRR T s
LR B B . B 25 B Ak B (S, solfataricus)
P, B KK GALITE (S. tokodaii) str. 7, WE R BRI (S.

ek B : 2009-11-12 #2352 H I 2009-12-31

*[HZ [ AR 4T H (Nos. 30660009, 30960022) FlHb [H Bl 2% B
T A 40 T 9 O 00 A 0 9 D5 i 300 FF T K o S e s R R (N
SKLMR-080605, 20100605) %% 8l Supported by the National Natural
Science Foundation of China (Nos. 30660009, 30960022) and the State
Key Laboratory of Microbial Resource, Institute of Microbiology, Chinese
Academy of Sciences (No. SKLMR-080605, 20100605)

M I{/E# Corresponding author (E-mail: linlb@sohu.com)

acidocaldarius) DSM639 B K VK 55 BAL B (S. islandicus)
M.16.4. M.14.25, M.16.27, Y.G.57.14, Y.N.15.51F1L.S.2.15FE A
ZHI P 1 58 % (S5 1 [ R AR ) R (5 8Pt NCBI, National
Center for Biotechnology Information, 201041 £ # ) |, #ifk
MR IE Y B 25 2 B E AL S el IR E G A X, XN
PR TR B Fe i 113K 96.6 °C, pHIE 1.5~10.0, & &0 ¥R, A
A B AR (S A AR BT, R R D S DA R 1
SR BN GRALIT TR, X AR ST TR A 5T, B b
PR 15 B P B AL R 5 A b DX A3 25 A Ak i TR A
Hb, BRI —E 22 5, AT vh 3R 5T 2% 2270 1) i B BR 35
X BAk B B A 43 A0 B s R, FRATTRT I oA ] AR OR A R
A UEAT T HESE.

AHIFFE 32 B i 61 TR 1 AR IR R 43 B AR AR 1 LR AL it P



54 B GUAE R o AR A S

WE R AR T 2 R PR IS

693

PR P ARAL T T B R, T S AT S LSS L 16S rRNAZE [H A A%
XF LA, HRk16S IRNASEDIARBIE L S R R F o
W, IR F M PR SRR AL TR B A P SR A

1 MBS IT
L1 EFREREKRNS SN

DSM881G R 2 YA s 4 F: (NH,),S0, 1.3 g,
KH,PO, 0.28 g, MgSO, - 7H,0 0.25 g, FeCl,- 6H,0
0.02 g, Na,MoO, - 2H,0 0.025 mg, CaCl,-2H,0 0.07 g,
Na,MoO, - 2H,0 0.025 mg, FeCl, 0.28 mg, CuSO, 0.016 mg,
MnSO, - H,0 2.2 mg, H,BO, 0.5 mg, ZnSO, *+ 7H,0 0.5 mg,
CoCl, * 6H,0 0.046 mg, CaSO, - H,0 60 mg, Tryptone 1 g,
Yeast extract 1 g, ZE45 21 L, pH 3.5.

FEoRAE A BNGE . IR BT AR5 X /N,
2 DX, U I 1 55 64 SRR S R 1 SRR KRR S mLak A Rk
P15 g, FEMZE G100 mLAYDSMSSIRIARE 234, T-75 C
PR IEIR5~T d, TRE R (D, =0.4) JFHS0p LIk
A5 T LU 1% Gelrite A 5 [ 57 A9 DSM88 KT 77 3 [1¥1, 7£75 CHH
TG FRAE TR 3R5~7 d, SRR, R b3k RS alird
k.
1.2 EEFAENE

P BT £ A R W A Al B AR A, SR FH2% (m/ V) (I
PR LAt e, SR i % T 100 A D) A S S R T B B
(JEM-1400) T W2
1.3 EEZHDNARJIREL. 16S rRNAEEH 1Kl F

R B MR Y 5 4 DNACR 2 BG 57 £5 (QIAamp DNA
Mini Kit) #2 8, H16S rRNAJE D R T H A4 551 Y #iTd-
W HB AT IERBI¥FL: 5°- GTT CCG GTT GAT CCT
GCC GGA-3’; L5 ¥F2: 5°- GGC TCG AGC GCC CGG
GTT ACC TTG TTA CGA CTT-3". PCRJZ I 51 : 94 CHi7s
PS5 min; 94 CAE45 s, 50 CiE k45 s, 72 CHEfH1.5 min,
309G ER; 72 CHEAH10 min. SRR L) & (Gel Extraction
System B) XfPCRy™#ili 17 Inli. F i), vi & #pMDI8-T
AR (TaKaRaZva]) L, FI AL 24308 5 4] Bk 55 A E.coli
DHSai# Bk, PEHCBHE: 72 [ h Sangon Biotech 23 7] 7E 171 .
1.4 ARG UMEIME RS

M GeneBank$k & H Btk M5 IE 94 Fl i) A v AR 1Y)

16S IRNA KL T4, H] HI MegadXof #r76 B bk B2 I 5 109 1 14K T
PRI 16S rRNA K&K F 51 47 5 AR UM L3 w8 T A8 X5
IXT M R G % B oA, AR EE (Neighbor-Joining ) #4 #
RGBT 56 7 15 3 00 5 R Hh AR B 1004 .

2 ZER 50y
2.1 RS

A bR SRR R 3 B 1 IR I TR AR PR, PR
1% GelriteflIDSMSS - E I AL SRt i e (o i v, 18
P& AR N 1~2 mm. 25 BT BB AL, A1 HAE291.0~1.2
pm, RERRHUIN Z mA, SR B A AR (E).

K1 HBS-2R kAT A
Fig. 1 Electron micrograph of strain HBS5-2

2.2 16S IRNAEENF R RG#H XD

B LIRR R BE 19168 IRNAJE AT 51 #2538 22 GenBank, 3kf5
FERE S5, TR RAE SRR IR | TR 25 22 16S rRNARY &
SESMEIIR.

20T L, 435 IR o R M A SR 1 B Ak I TR PR AR 22 )
16 rRNAKE A 7 5 [Rl a4 AR 3 5, 5 T98%. HILZ T, H
5431 S S b X 8ANAS [R] A B4 87 Ak I B B o B AR AR
TRIPELE85%~95% Z [H], AHABIYE W b K AIK. AR F 5% 3145 (19 110k
B Ak B 55 R R 205 I o RO A BAK T TR S. tengehongensis
B v B AR B0 AR AMETE 96.6%~97.5% 22 8], X LU bk H A #4 Al
— A ERAG TR B RN AT RE.

BiAbIT T 16S TRNAKE PR (19 5 A8 X 7 81 %) Le 45 5 an 3R 307
7~ (2 7% Sulfolobus acidocaldarius¥) W {7 s A 1378~1442) , 43

R RESUME. BB SKI16S RNARRERS

Table 1 The characteristics of sampling places, strains numbers and GenBank accession numbers

SRAEHb AT FERTEA e PSS BB 5 GenBank J7415
Sampling site Sampling state pH Strain number GenBank accession number
e HGI1-3 FJ489510
H PRI W/J: 73 3.0 HG1-2 FJ489509
nangguajmg ater HG4 FJ489511
PNES K 69 20 DGG2-2 FJ489516
Dagunguo Water ' DGGX2 FJ489508
PREGIX K
Experience region Water 23 25 TYQ13 F1489512
NI et
Close to river Acid soil 7 33 HXB FI489515
W R J
. ‘.“‘Eﬂﬂ JI.Z . K 55~95 1.5~5.5 K4-1 EU729124
Science investigation region Water
- ; HB5-2 FJ489507
uE 7Y A rY
H%rﬂiii EA&%/E: 80~90 2.0~3.0 HBS5-9 FJ489513
case HB9-6 FJ489514
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Table 2 Sequence similarity of 16S rRNA gene among the eleven Sulfolobus strains and the nine type strains
W AHALLYE Similarity (P/%)
Strain 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 100 993 992 987 990 989 989 99.0 991 989 997 89.5 862 907 930 946 974 871 883 949
2 100 98.6 988 984 983 983 984 985 983 994 894 863 90.5 932 945 973 871 883 9438
3 100 99.5 998 997 997 99.8 994 997 991 894 860 907 928 944 968 871 883 947
4 100 993 995 995 996 989 995 986 8.3 863 905 931 944 965 871 883 947
5 100 995 995 996 992 995 989 892 858 905 926 942 966 869 881 943
6 100 997 998 991 997 988 892 859 90.5 927 943 966 870 881 94.6
7 100 998 991 997 988 891 859 904 927 943 966 870 88.0 945
8 100 992 99.8 989 892 860 90.5 928 944 966 869 881 94.6
9 100 991 990 889 858 905 926 942 967 869 881 942
10 100 988 891 859 904 927 943 96.6 869 88.0 945
11 100 895 862 907 93.0 946 975 871 883 9438
12 100 837 927 881 895 874 893 903 897
13 100 859 852 856 858 850 848 873
14 100 90.1 91.8 885 963 973 921
15 100 979 91.0 874 911 993
16 100 926 885 89.6 997
17 100 885 86.6 9438
18 100 948 919
19 100 915
20 100

1~20: DGG2-2, DGGX2, HB5-9, HB5-2, HBY9-6, HG1-2, HG1-3, HG4, HXB, K4-1, TYQI-3 (B WM , WERRAGILI R, 4@k, FIRekm e,
2 HRACI T, SRR BT, IS, ARG, BRI R S R RO

1~20: DGG2-2, DGGX2, HB5-9, HB5-2, HB9-6, HG1-2, HG1-3, HG4, HXB, K4-1, TYQI-3 (Isolated strains), S. acidocaldarius, S. metallicus, S. ohwakuensis,
S. shibatae, S. solfataricus, S. tengchongensis, S. tokodaii, S. yangmingensis and S. islandicus (Type strains)

R3 BUMEEKICS RNARRSEX K5I
Table 3 Comparison of 16S rRNA gene hypervariable region sequences between the isolated strains from Tengchong and type
strains of Sulfolobus

LS AU JPAKE J¥51)

Strain Origin Length of sequence/ bp Sequence
S. acidocaldarius 1378 65 CGAGCGAGAAA-GGGGTGAGGTCCCTTGCGATAAG-TGGGGGATCGAACTCCTTTCCCGCGAGGGGG
S. ohwakuensis 1039 65 CGAGAGAGGAA-GGGGTGAGGTCCCCTGCGATGAG-TGGGGGATCGAACTCCTTCCTCTCGAGGGGG
S. tokodaii 1350 65 CGAGAGAGGAAAGGGGTGAGGTCCCCTGCGATGAG-TGGGGGATCGA-CTCCTTCCTCTCGAGGGGG
Type S. yangmingensis 1379 65 CGAAAGAGGAA-GGGGTGAGGTCCCCTGCCATGAG-TGGGGGATCGAACTCCTTCCTCTCGAGGGGG
i S. metallicus 1338 64 CGAGC-GTAAGAGGCGTGAGGATCCCTGCGA-AAG-TGGGGATTCGAACTCCTCTTACGTGAGGGGG
strains S. shibatae 1379 66 CGAGT-AGGAGAGGGGTGAGGCCCCTTGCCTTTAGGTGGGGGGTCGAGCTTCTCTCCTGCAAGGGGG
S. solfataricus 1386 66 CGAGT-AGGAGAGGGGTGAGGCCCCTTGCCTTTGGGTGGGGGGTCGAGCTTCTCTCCTGCAAGGGGG
S. tengchongensis 1353 62 CGAGT-AGAAGAGGAGTGAGGCCCCTTGCCATCTGGTGGGGGGTCGAACTCCTCTTCTGCAAG————
S. islandicus L.8.2.15 1378 66 CGAGT-AGGAGAGGGGTGAGGCCCCTTGCCTTTGGGTGGGGGGTCCAGCTTCTCTCCTGCAAGGGGG
TYQI-3 1377 66 CGAGT-AGAAGAGGAGTGAGGCCCCTTGCCATCTGGTGGGGGGTCGAACTCCTCTTCTGCAAGGGGG
DGGX2 1375 66 CGAGT-AGAAGAGGAGTGAGGCCCCTTGCCATCTGGTGGGGGGTCGAACTCCTCTTCTGCAAGGGGG
DGG2-2 1377 66 CGAGT-AGAAGAGGAGTGAGGCCCCTTGCCATCTGGTGGGGGGTCGAACTCCTCTTCTGCAAGGGGG
HXB 1381 66 CGAGT-AGAAGAGGAGTGAGGCCCCTTGCCATCTGGTGGGGGGTCGAACTCCTCTTCTGCAAGGGGG
Isolated HB5-9 1376 66 CGAGT-AGAAGAGGAGTGAGGCCCCTTGCTATCTGGTGGGGGGTCGAACTCCTCTTCTGCAAGGGGG
) HB9-6 1379 66 CGAGT-AGAAGAGGAGTGAGGCCCCTTGCTATCTGGTGGGGGGTCGAACTCCTCTTCTGCAAGGGGG
strains HB5-2 1375 66 CGAGT-AGAAGAGGAGTGAGGCCTCTTGCTATCTGGTGGGGGGTCGAACTCCTCTTCTGCAAGGGGG
HG1-2 1376 66 CGAGT-AGAAGAGGAGTGAGGCCTCTTGCTATCTGGTGGGGGGTCGAACTCCTCTTCTGCAAGGGGG
HG1-3 1374 66 CGAGT-AGAAGAGGAGTGAGGCCTCTTGCTATCTGGTGGGGGGTCGAACTCCTCTTCTGCAAGGGGG
HG4 1376 66 CGAGT-AGAAGAGGAGTGAGGCCTCTTGCTATCTGGTGGGGGGTCGAACTCCTCTTCTGCAAGGGGG
K4-1 1377 66 CGAGT-AGAAGAGGAGTGAGGCCTCTTGCTATCTGGTGGGGGGTCGAACTCCTCTTCTGCAAGGGGG
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Fig. 2 Phylogenetic tree of the eleven Suloflobus strains isolated from Tengchong and their relatives
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