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Abstract: The bacterial diversity and phylogenetic analysis of two hot springs in Chengde were inves-
tigated and analyzed by construction of 16S rRNA gene clone libraries. The results showed that bacteria
in sample A1l (68 °C) could be divided into 5 groups, which were as follows: Firmicutes (6.25%),
Deinococcus-Thermus (25.0%), Gammaproteobacteria (12.5%), Betaproteo-bacteria (50.0%), Al-
phaproteobacteria (6.25%). But sample A12 (74.5 °C) contains only one group, Firmicutes. The differ-
ence between the two samples revealed that the temperature was an important factor to affect the level
of bacterial diversity in hot springs. Furthermore, a lot of 16S rDNA sequences in A11 clone library had
high similarity to the aerobic bacteria that can produce pigment, while most bacteria in A12 clone li-
brary belonged to obligate or facultative anaerobe, in which, Anoxybacillus flavithermus can be used as

ideal material to research the formation of sinter.
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FEFEZ—, HArEPR X3 FE A E RN R
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HEAT T HASR ARG, 1 X 2 p s oA R Y
WFFE TP R I UEAT T RGEMEIE, (AXTAEILHE X 34
SRIWFFE L o teAh, BT AT RO A A
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AHIF 5% 3 5 K 7 16S rDNA TR SC %, W3k E
A6 b b IX P AN S TR L BE A AR TR A IR (68 °C Al
74.5 )P MAMEZHME M RGERE XRZITT
SyHTERER, BIRSTAS ST % X R R A S R G E
— IR AT AL T RE AR 5
1 MRS b
1.1 HR¥EE

FEMREE T 2010 4F 6 A, 7L 8 b XA [R]
FER PSR BEfE BIBIR SR (AT FIF S B s+
MR (A12), AKEERE SR TR T, 6T 4°C
PR AR, RPGR 0] 5256 5 AT . IR . pHL.

WL SR E SR E, TF X5 RE 5 b 1% 25 25 i 3
77 GPS &,
1.2 BRRH#FEPEEFELE DNA B9ZE

U1 L/KEET 0.22 pm 4058 JE AR I 04T EL2S dh
UE, KB T 10 mL JCEAE R K, A
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I - e 41 DNA - $& B G4 UK AR Hh s
DNA(Z l MP bio I8 &4 7= ry @ A A0 98) . el
BN B DNA F-20 °C F A7
1.3 16S rDNA E[H K E 8 PCR ¥ 1§

DI BE N2 DNA At 40 16S
DNA i il 5] ¥ 27F (5-AGAGTTTGATCM
TGGCTCAG-3') #l 1492R  (5'-TACGGYTACCTT
GTTACGACTT-3"), PCR ¥ 38 fi (i AH R 3 1
PCR S ¥ 2c1F24: 95 °C 5 min; 94 °C 30's, 52 °C 30 s,
72 °C 2 min, 35 MEH; 72 °C 7 min, PCR & 17
YT 1% B A o5 A rL D A
1.4 16S rDNA TZfE X FERIHE

FIF pEASY-T1 Cloning iX3 &, ¥ PCR ;=4
YR pEASY-T1 JoBE# K I, 3 HO 5% 1L 5
Trans1-T1 JEZ MM, RIGHEMESTH Amp/
X-Gal/IPTG i LB ¥4z I, F 37 °C N &K
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W 0 25 3 A B P v A AT DN, W R AR T
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1.5 FINMERFELEMINEL
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Table 1 Physico-chemical characteristics of two hot
spring samples

2% Parameter All Al2

GPS N: 41°42°41.0”  N:42°23°53.9”
E: 117°02°08.0” E: 117°46°03.4”
{2 Elevation (m) 967 1077
7K i Water temperature (°C) 68.0 74.5
pH 8.08 8.13
K'[p(B)/(mg/L)] 6.200 6.060
Na'[p(B)/(mg/L)] 234.000 214.000
Ca*[p(B)/(mg/L)] 5.000 5.000
Mg [p(B)/(mg/L)] 0.600 0.600
CO,* [p(B)/(mg/L)] 6.000 6.000
NO; [p(B)/(mg/L)] 0.530 <0.050
SO [p(B)/(mg/L)] 134.000 33.600
W AH R £E Nitrat
?ﬁg’j)%i‘;m] ¢ 0.003 <0.001
i} Metasilicicacid

ﬁ(ﬁiﬁﬁ({mg/L)] 44.300 61.400
?p‘g)%ml\g/ii‘;]rauzaﬁo“ 832.000 797.000

2.2 E[F4H DNA B3R EY

ARG 2 AR (AL AT AT2)H9 20 TR A
DNA $EHRZEIRMNE 1 R, Hi, 18 ALl 2 24
A12. T2 1) DNA R B R/NEI2 00 23 kb, R 3k
BN TR B SE N 4] DNA. I H T 25U B
DNA ) Aargonso FLIETE 1.83 £247, Vil DNA 4l
B UL EBEHT PCR,
2.3 16S rDNA £/ PCR #1845

P B DNA £ PCR Y14 /5, F 1% BilE b
PEATHERS Rk, g5 2 Fos, Hodb -1 f1-2
ALl HFEATRE, 2-1 F12-1 4 A12 BYFATHE, C BT
XF B iR LA H, FH 16S rDNA 4 K58 51 4%t
(27F/1492R)XF A PREEAE i U A TR S DNA #E479°
BT ASAF IR — B 557, 7 BCKBEZY 1500 bp.
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Fig. 1 Extracted genome DNA of bacteria

c 22 21 12 1-1 M bp

1500
1 000

2 16S rDNA £ 1K ¥/ 18
Fig. 2 Amplified full-length 16S rDNA
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G SCEE, DL MI3RV FI MI3M4 N4 SvES ), D
DA A5, PCR 4 14 i 178 PH 1 5o b .

I SR Y BH M e B HEA TN Y, JFR BT AR R
51| Dotur A AT 4347, 2 R AEAS 2] 12 5L A
B,OHAgALL 94, A12 34,
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SCEER A TRERY 16S tDNA FFAI4 8 5 A3
BE(E 3), 433k Alphaproteobacteria (6.25%) .
Betaproteobacteria (50.00%) . Gammaproteobacteria
(12.50%) .Deinococcus-Thermus (25.00%) . Firmicutes
(6.25%). 1M A12 SCEHZHTR 5EE ) 16S DNA J751)
& T — I JREERE ] (Firmicutes).

Firmicutes
6.25%

Alphaproteobacteria
6.25%

Deinococcus-
Thermus
25.00%

Betaproteobacteria
Gammaproteobacte- 50.00%
ria
12.50%

3 AN XEDZRLMEFTS AL
Fig.3 Proportion of each phylotype in A1l clone library

W B Fh SE AL 9 )P B B A NCBL M s, M
BLAST /75848 1% b © A 1751317 X 4 #r,
TR XSS RANR 2 PR,

MZE 2RI LIE H, AL1 (68 °C)3CJFE rh 48 £k
PEACEI] S ML A12 (74.5 °C)SCET e, B B
R AL SR, G ) A TR AR KT AR XTI, X
¢ W VL BE 2 5 ) L SR P 4 B 22 RE M KO 1 T
Fo A, PRE RO AF RO, o A12 1
PESAFIRE N JEERER T, T i Les R 100%; A11 AR
JAEEN B-AIEITT, BT B 50.0%, I JERE
BT TEE AL SCFERALE 6.25%. X A fig 2 i TR
SRR AN A B AL P R T R BN 22 57

R T T X ST Y R G R B UL, BR
TR b R IR B B A 2 AN, ARG TR 3
T [ R A A R R B, 5 AR T A
FEET ALL AT AL2 PRSI AR O Th 4 B2 R 45
KAR(E 4).

<2 WERHELZTHE 16S rDNA F5IH) Blast 44

Table 2 BLAST analysis of 16S rDNA sequences of bacteria in two hot springs

e 2Pk REGKRE B 2 v e S o B e P [F) 58 44
Clone ID Gene frequency (%) Phylogenetic classification The closed specie or clone in datebase Homology (%)
. Uncultured bacterium clone JSC8-AS in
All-71 6.25 Alphaproteobacteria Telbirsan Smse Comicr (DOSRIG) 99
. Tepidimonas ignava strain
All-3 37.50 Betaproteobacteria SPS-1037(NR_025041) 99
. Tepidimonas taiwanensis strain 11-1 in a hot
All-11 9.38 Betaproteobacteria spring (AY845054) 99
Massilia sp. PmeaMuc24 in mucus secreted
Al1-70 3.13 Betaproteobacteria by a Pacillopora meandrina coral colony at 96
Palmyra Atoll (EU249991)
. Uncultured bacterium clone nbw120g07c1
All1-7 6.25 Gammaproteobacteria (GQO08794) 99
. Lysobacter taiwanensis strain SEK-1197 in hot
Al1-10 3.13 Gammaproteobacteria ot (D RPEHE) 99
. Uncultured bacterium clone ncd190g09¢1
All-16 3.13 Gammaproteobacteria (HM265686) 100
Al1-9 25.00 Deinococcus-Thermus Thermus sp. NMX2 A.1 (L09661) 99
L Crocinobacterium jejui strain SW2G-14T in
All1-72 6.25 Firmicutes R — ) 99
. Anoxybacillus sp. X2 in a hot spring in
Al2-1 93.50 Firmicutes Guangdong (HM032715) 99
Anaerobic bacterium Glu3 in biofilms on metal
Al2-12 3.23 Firmicutes surface in alkaline district heating system 95
(AY756145)
Anaerobic bacterium Glu3 in biofilms on metal
Al12-23 3.23 Firmicutes surface in alkaline district heating system 97
(AY756145)
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99/ A11-3 (JF830120)

70 ' Tepidimonas ignava strain SPS-1037 (NR_025041)
100 [—Tepidimonas aquatica strain CLN-1 in a hot water tank (NR_025755)

IEQ2A1A4

100 80

At=11-(F830124) - - -
94~|: Tepidimonas taiwanensis strain I1-1 in a hot spring (AY845054)

Uncultured synthetic wastewater bacterium tmbr15-22 (AF309815)

Betaproteobacteria

100~ A11-70 (JF830126)
Massilia sp. PmeaMuc24 (EU249991)

964 Uncultured bacterium clone VE07-78-BAC in water column (GQ340239)

I Lo L 4 H 14 (G112 771

69 ‘{ Uncultured bacterium clone ncd981g04c1 (HM334230)

- 05)
Janinthooaciertiit SPpSPZW I {937 7190y

78 A11-10 (JF830123)

100 Lysobacter taiwanensis strain SEK-1197 in hot springs (DQ323664)

100

Lysobacter taiwanensis strain DD-1133 in hot springs (DQ323663)
- Lysobacter taiwanensis strain CL-1358 in hot springs (DQ314555)

Gammaproteobacteria

100T A11-7 (JF830121)
I Uncultured bacterium clone nbw120g07c11 (GQ008794)

1144117 TINADLQTAS

100

O{Uncuhurcd bacterium clone icd t44d 1 2ct-(HM259747)

Uncultured bacterium clone ncd143g02¢c1 (HM259698)

All-16 (IFR’Z{]]’7§)

Uncultured bacterium clone ncd178g02¢c1 (HM265035)

o Uncultured bacterium clone ncd190g09¢1 (HM265686)

Gammaproteobacteria

Uncultured bacterium clone ncd174f04c1 (HM264823)
M.osloensis 16S ribosomal RNA (X95304)

ATT=71(JF830127)
. 74‘{ Uncultured bacterium clone JSC8-A8 (DQ532218)

Paracoccus sp. Tibet-S9a3 (DQ108402)
971 Paracoccus sp. TDMA-8 in fresh water (AB264129)
Paracoccus sp. MED441 in surface water (EU253582)

Alphaproteobacteria
r

—Al12-12 (JF830130)

100 T A12-23 (JF830131)

701 L—Uncultured bacterium clone TSCOR003_E13 (AB486896)

011£LArrzeTUbiC‘bmwrimn Glu3 (AY756145)
Uncultured bacterium clone TSSUR003_D14 (AB488308)

98

71 A11-72 (JE830128)
86 [| Crocinobacterium jejui strain SW2G-14T (AM295339)

100] Uncultured bacterium clone G3DCM-203 (EU037346)
Uncultured bacterium clone EV818EB5SCPSAJJ2 (DQ337023)

DDA N~

Firmicutes

Planococens sp. KRPC 10y im ground water (DQ375559)
100 A12-1 (JF830129)

68 Anoxybacillus mongoliensis strain T4 in alkaline hot spring (EF654664)

100 | Anoxybacillus sp. X2 in Xinzhou hot spring mud at 95.5 (HM032715)
Anoxybacillus flavithermus strain DSM 2641 (NR_026516)

Anoxybacillus flavithermus WK1 (CP000922)
100 [ A11-9 (JF830122)

Thermus scotoductus strain SA-0T (EU330195)
Thermus sp. NMX2 A.1 in 3.2 km below the surface of a mine (L09661)
Uncultured bacterium gene for 16S ribosomal RNA (AB183863)

Deinococcus-Thermus

[ |

0.05

4 HTF 16S rDNA FHIH A1l F A2 XEAE R E L B W

Fig. 4 Phylogenetic tree of bacteria in A11 and A12 libraries based on 16S rDNA sequences data in parentheses are the

GenBank accession numbers

Note: The numbers at the nodes indicate the levels of bootstrap support based on Neighbour-Joining analysis of 1 000 resampled datasets.

oA EERBAEREENRE KT
K&,

(1) Alphaproteobacteria, -7 T 49 A% 21 T 42
KREFURFEEFRFA, WRETEHX 0K 1 E R G
MRS SRR AE ALL SURT Y 6.25%, R
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MAERERAE bR, Hrb, M5 R LbrEL .
Bj 1E 52 SN RS . B R S T . SRR 07 S R AE DR
Al 3K TR G AR ) ) DU R - TR Eh UKL,
U4, PRI, AR I RARFN T E:
K. ZEEFNA] LIZEIR B AT, LA R R
B2 AR, Wik, RIEREE S EED
AU FAmBE 2510,

(2) Betaproteobacteria, 7£ A1l 3CEH 5 50.0%,
JE ALL SCEHIEE —RIERE, 4G 3 R AL, Ap
Al11-3, A11-11 Fil A11-70,

Hodr, e AL11-3, 78 SCHE T b il ok
37.5%, NH—FEMFIIEM ., ZwkEFIS
All-11 JPHNER G R B R LRI Tepidimonas J&
R, A BRAE 2 AR E AR L SERE AT1-3
Y Tepidimonas ignava strain SPS-1037 fx#%it, FHM
I8 99%., Tepidimonas ignava strain SPS-1037 &
Claudia Moreiral' "4 A 2000 4 M %5 A Hp s () — 4>
N T K B A B AR B Y, 2 IR I,
JUARIF AR, FfEPEIRRE R R, AR EAL IR IR MR AL YT
BB IRER, Fol A KR 50-55 °C, ol K pH
N 7.5-8.50 B — LA LB T K TR AT T
A AL PR R L LE A12 FRi o TS ALL-11
AL & Tepidimonas taiwanensis strain 11-1, b
T2 MBI 22 AR 1% 0 RS I 5 7 AR B I —
TR B R AN, BEAR A M SRS SRR AR K
REF- PR FBE, foili 2RI 55 °C, ik
pH 2} 7.0,

(3) Gammaproteobacteria, 7 All 3CJ%E %
12.5%, 4% 3 FhAEDI AL, B0 Al11-7, All-l16 #i
Al11-10,

H.Hr, Lysobacter taiwanensis strain SEK-1197 il
DD-1133 J2 ] BLAST 41 GenBank ¥4 Lt
XTSRS 5 AT1-10 v B [ P8 14 A = 7 41, ()
¥I°0 99%. Lysobacter J& WA Y ML BE S F7 4 ~2
ICBAPERF I, 4%, A pHIEEY 5-10, BB/ K%
YRR B, TR T R R e 2

(4) Deinococcus-Thermus, TE All & & 5
25.0%, sEBRASTEAT AN R — 1] o AALHG — b
FERA, B AL1-9,

M 4 Hhaf DIE Y, TokE A11-9 RAEMIAGE R
(Thermus)f& I, 5 Thermus sp. NMX2 A.1 fl Thermus
scotoductus strain SA-01 %Y. T scotoductus
strain SA-01(Kieft % AT 1999 4 M EFIE 48 1 T /K
B ORI IR AT ) 5 Thermus sp. NMX2
A.1(Hudson 58 NF 1989 4F M 48 V5 5F — & S 4
B R ER T LA R RR SR . Fe(Ill). Mn(IV)F1 S°
YE R A L F 22 AR, R Cr(VI). U(VI). Co(IIl)
KB A YR -2,6- SRR ER 1, (HORBES
T. scotoductus strains X-1 Fl SE-1" A 7= i 7K 75 P I
R0, geAh, Skirnisdottir! 74 A VK S — 4 E
F B R A B M B9 Thermus scotoductus  strain
IT-7254 WHAZEMAPET, FTLFE seMa A
MRARVE AR AT A . XWERY T T scotoductus
FEA AT AE T oK AT,

(5) Firmicutes, JEEER TR Z 50N IE G+C
B 2 QPR TR . AR 22 SRR REBA T LA AR N A 4
F, HPUB KRR IR . ISR TE A12 SO
Bk EEARE, 5 100%, ME ALl SCE TS
6.25%. BL4% 4 FhEERAL, B A11-72, A12-1, A12-12
M A12-23,

Horp, b Al2-1 J& TR 28 AT H 8
(Anoxybacillus), T A12 SCEH T H i =ik 93.5%,
e AL WETRFENFIER. LRk
Anoxybacillus sp. X2 . Anoxybacillus flavithermus WK1
VI ] Anoxybacillus mongoliensis strain T4 25 Bf bk 5&
GORRBE, FEESEIE 99%. Anoxybacillus F&—
FE 22 [RPHPEAT I, e IR b, L HEIR Bk
PEDRAR, FEORECE MO, d5cid A= 4 IR B 7E 60 °C LA
b, o fatE A MR E IR D, AR . A X
HE JE R R0 Hodh D % 8 M Anoxybacillus
Slavithermus 7] LLAE TG ZEARL RN — SE AL REIA W AL
R T, DRI T LIAE 58 SR AR08 1
HYBRAE BT KL . BRE Anoxybacillus flavithermus WK1
S MHTVPE 22 Wairakei R 3t (14 75 7K 3R FL 3 B 75 3]
M. 2o K, W Anoxybacillus flavithermus
WK1 A DL it 22 Fhags 48 5 i S AR T8 B, 4an e T
DI 3 T RO 235 4% RN 3G JCUTTE 19 2% T AFOR g i IR 42
IE . BEAb, B b ml DLaE o A i A 4 B A i 1Y)
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22 JF R VAT SR B T ol T 42 ) BT O AR AR 1Y
Py R

TEFE Al12-12 FI A12-23 B 7E BE K H R
(Acetivibrio)—2&, (H —F R K, 458 T HA
AR, il id BLAST 54 1E GenBank 755
{14 5 T 4 e B [ R e i PR 3 NP AR ], (H
H R EIRE AN, F, ] er a8z i AN
[Ffh, ARG SEHATIE—E 5.

3 B4

i bR, AR A R R, P
AN [r) ek B 1) Ui AR R A TR 2 AR KO 25 AR KR,
Hr, A11 (68 °C)orJa 5 ANmZERE, 7394 Fir-
micutes (6.25%) . Deinococcus-Thermus (25.0%) .
Gammaproteobacteria (12.5%) . Betaproteobacteria
(50.0%). Alphaproteobacteria (6.25%). Ifii A12
(745 O )@ F — A~ 4 W K. JE BE I I
(Firmicutes), HULUERH, 5 BEJ2 52 i i o v 4 3 2
FEHE K- G R  eAh, PRI SR A AR SR e
AN, o A2 B OEERRE Y JRBERTT, M0 ALL /Y
TR BB BT, X AT RER i T P IR S
AN TR] Y BAR PR 2R T S B0 22 57

ALl SUEP TR 16S tDNA JFH 515 £ E
HUROF A R & X RIE, W1 Paracoccus  sp.
TDMA-8 . Tepidimonas ignava . Lysobacter taiwanensis .
Thermus scotoductus 5§ , . " Paracoccus sp.
TDMA-8 #] DUAE ™ BHA SREDIEN] bR, I H
TUHTEYBE RS, Lysobacter taiwanensis wJ =
AR EEER, FBEMILT BRI, T scotoductus
TN JRE 4B VA K Tepidimonas ignava W VLA
JEVERRAL Y . T A12 SCPE TP A T 2 5UR TR MR
AR B, IR AR ZF AT 1 & (Anoxybacillus)
YA, %8 H B Anoxybacillus flavithermus 7] LIAE N
WF5E RATE L BRARATRE . AT DL, AT g
SE SR PR S R A TR AR AP I E R

B, S A BORRE SRR W) 22 B K E
RIS A A Y SC B R AR SR TR . VA i S A AR B
[T o ABIEFE PSS [R] U B A8 FA SR A i 5 Z i P F
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