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RubisCO UilchbL 3 I chbMEE P I 04T, A BRIORRTA A XU DL chbbLIEIN, 35 K cbbL1MIcbbL2FE
A5 TR RIS T cbbLlo chbLIMchbL2FEPRERA 3PN 5 MichbbMEENZHAIE DL, RubisCOFEA
MR w22 e AR . [ 458 ] 208 A3 D M i #k 16S rRNA/Rubis COHE K A7 1E 7 41 22 5+
Acidithiobacillus spp FVEFAETE I35 L ZFEME: . FETRBRAT I 3 B MR SE T 16S tRNAZEH [ R Gk B R
FIRubisCOKE i1 & R A —E

X487 Acidithiobacillus spp., 16S IRNAJEH, RubisCOX:RH, REGKT, mibLritk

WERRBRAT I (Acidithiobacillus) & — S HH 2 MR K . BRYETS VeSS S iz, 3
AR E Y, BETERR(pH1-3) . mkEHE &R HAi oy ik, o0 85 %€ 09 B A 1 8 40 78 6 45
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ferrivorans MlAcidithiobacillus ferridurans 61
?EF[LMO ﬁFF‘AcidithiobacilluSferridurans%ﬂ
Acidithiobacillus ferrivorans VLRI #% 1IN K&
Acidithiobacillus ferrooxidans; BT REKT
A 1) 73 A 7 3, X 28 T AR U g AR LA
U MiAcidithiobacillus ferrooxidans 2 H i
R Z R EM, 2R R RT3
Fro AHERE X AT BAIRA . RAEFE. K
H0e . MORSEILS, TERBIREBIASK, A
(NEBESES

Rubis COJE /K SO A AL 50 — 25 1) 5C o
W, RIS IEH RubisCOA 4RI 12 1R
Z oA TERE [ JE COL M AWK N, 3 24,
“green-like" Fll"red-like""”, TR £77E T2
2, IRV B TR =207 Tty
B, IV DL, RubisCO TR 84~k
W HEFNSAS /N HELLN, X 25351 i chb LA
chbSHEF RS . TR phy o — PRy SE 4 g, 3
it ebbMAEER gL, BARKZHBMAEY RA
RuBisCORYIRL, HA K4 A A RuBisCOIIAL,
— LU E A RO IR, A AR A %
f¥E DL, H T RubisCOHE P HA — & M I BEFIT
FIRSEE, PR T AR R AR - MR85 AL E F SR 18
FhEER AR

Acidithiobacillus spp . FEHIER I A L1
A, T EAFTEW] R s EERR 2T, Bt , PRI
FF 3 5 R O RO A W 1 2R b BRAE S A A A
Pt A R AR T REA A R L
BEME, PO A SO B, ML YRR
WF 7% v, 38t 1% BE S R M B B B 2 1) A7 A AH G
P TR AN B AP KR
RS HBIATENE, AR FRA TR WA
ZREPERG 20 RURE 1Y 23 BT RGHE A AL i A A P
ANg . HET, WERREAE A SIS AGER D
Tl el WIAC R R 28 R R K
BRI PR g R A 1) Iz o0 AT, i HLk 3 b 3

PSR Z AR RRERM S HERJLT . B4
By, B B R ST AR B I A b R S RN 5 A%
ZHSERE, ANFRIRIY Acidithiobacillus spp. 73R
R B E 2E R . AN SCR 3R Al 37 1 T 1k
MIRE = . B3 RIS T X
fh Py Acidithiobacillus Wbk, JEIET 168
rRNAZE[A | RubisCOYRESE K Fr 31 [Al I 344
AHN I RER B, B3R R g R
TAF 20, i Acidithiobacillus spp. FhiE
WAL Z e D dE s il PR AR 2 A S
TG R . ZREPEGERRDLE A A P
o3 A E B AR R

1 Ay i

1.1 #8

111 BEGBSREE: 2013491 e/ 7erh [EH £ R
ph WL . TR E A M RAERE S . RAE
AWK KRR R TR RS T, IR
s MPEH KPIpH; FEANIC S RAERS 8] Fl s 5
RAE RN, X AR ER, FEa A
KA B ML,

1.1.2 e RHB3MIE. ik—, R
FeTSBI;F7 3", WA . FREL10 g FeSO,-7H,0
W20 mLZEMK, MBI IMpHZ2.0, T IERR
W WIB: 1.25 g (NH,),SO,4, 0.25 g tryptone
soya broth (TSB, KEREHKNZ), MgSO,-
7TH,0 0.5 g, Z&I%/K680 mL, HMHLEREpH 2.0—
2.5, 121 °Ci K H# 15 min, #HIE60 °C; EWK
C: 40w EilE (bacteriological agar)my Bl it
(agarose) 7 g, Z%iH/K300 mL. 121 °Cr&E K15
min, B¥H £60 °C. ¥ TLHEM100 mmol/L
K,O6S WA Lk 85 7 I W B (basal
salts/TSB)H', fHK,04S LM 42,5 mmol/L,
RIFHZ S5AM . CHRAMINRS , IREWAIREPE
B Jrik, SRHISolid2:235 71, WA 2 ¢
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1. 3 A A IR R AL E

Table 1. The related information of the 3 regions samples

Sapling sites élltltude/ Eg{gh e Elétlisttulé)élg pH Ec/(ms/cm) Cu/(mg/L) Zn/(mg/kg) Fe/(mg/kg) Mn/(mg/kg)
Soil sample 1 in Tengchong, onAr ocqr

Yunnan (Z 75 o) 1635 25°03 98°51 3.2 2.23 123.43 23445 745.76 134.43
Soil sample 2 in Tengchong, 014/ ALt

Yunnan (3 #H i) 1640 25°13 98°46 3.0 2.54 133.45 224.54 735.65 131.65
Soil sample 4 in Tengchong, Py oq1r

Yunnan (Z R i) 1651 24°57 98°41 3.1 2.10 123.46 254.75 713.86 130.43
Soil sample 5 in Tengchong, onar 010/

Yunnan (Z 5% i) 1669 24°49 98°39 34 2.34 133.75 204.26 736.54 135.96
Hot spring water sample in ocgr ongr

Tengchong, Yunnan (5 F s ) 1345 24°56 98°26 2.9 1.83 111.43 167.36 675.54 130.10
Soil sample 1 in Daye, Hubei 017 0nnr

L) 146 30°12 114°32" 2.9 2.33 143.57 13.50 800.07 24.33
Soil sample 2 in Daye, Hubei oA coar

LK) 151 29°44 114°89" 3.0 2.02 132.68 15.37 830.35 23.63
Soil sample 3 in Daye, Hubei onar o gt

WHEFIE) 163 30°03 114°76" 3.1 2.33 165.86 14.86 789.46 24.13
Soli sample 2 in Fuyun, Xinjiang |30 47007 ggoasr 45 1.95 14336 2861 180.56  27.18
(%ﬁﬁm B2

Soli sample 5 in Fuyun, Xinjlang 1154 47006 goo160 47 1.99 112.87  27.17 19645 2678
(%ﬁgﬁ 24

Soli sample 6 in Fuyun, Xinjiang 1), 47056 goo23 44 235 13297 22.64 17647 2598
(G )

Na,S,0,# T10 mLAEE /K, HUEFRE; #EB: 2
g FeSO,- 7TH,O0% T-10 mLZEE /K, HpH 4.8, i1
FRTH ; I C: (NHy),S0,4.5¢, KC10.15 g,
MgSO,-7H,0 0.75 g, ZEM7K500 mL i i 2 14
pH 4.6, 121 °CiE K 15 min, R HIZE60 °C;
VWD agar 6.0 g, 480 mLZEIH/K, 121 °CEJE
KHE 15 mintEH1F60 °C., WHFMWA. D, B, Cir
MERA, HIEAXMAER, BAWRNRL
pH}4.6, J7: =, FeTSBolE{figt™ ™, F2
Bresk. AW FeSO, 7H,0 8 g, ZEM/K20 mL,
FAFRBRRRRpH 2.0, UEBREE; B : (NH,),SO,
lg, TSB0.2 g, MgSO,-7H,0 0.4 g, pH2.5, Z&
1§7K400 mL; Ci: BifEHES.6 g, ZEIH7K380 mL,
B FICH 121 °CRy R KE 15 min?2 H 260 °C,
FJEE R AW FeSO,-7H,0 3.2 g, 7&IB/K
20 mL, AR FRRJEpH 2.0, HIERH; B :
(NH,),80,0.5 g, TSB 0.1 g, MgSO,-7H,00.2 g,
ZEME/K100 mL, pH2.0; CH: HIEWHR.0g, ZEiB
7K220 mL, $ LR FRIEITA. B, CHl5
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RA, RIEMA2.5%MERSFRH, REHA,
AT RN EAL20 mL, [FE, LJER;
FRIMFFRETECO °C, 2B R I MBI A
T B Y JC U JE R FTK, O SAA, fH1K,04S,4
WeRE 72,5 mmol/L, &8 F)RIGFRBE )G, 5
AR A R FR A 10 mL, Bt iz
WAS), RROSUZREFRIE . ORI MR 3
AW : (NH,),S0,3 g, KH,PO,0.5g, KC10.1g,
MgSO,4-7H,0 0.5 g, Ca(NO;),-2H,0 0.01 g, ZEMH
7K700 mL, FififRH,SO,MpHZ2.0, 121 °CKH
15 min, ##1%60°C; B : FeSO, 7H,0 44.3 g,
Z518/K300 mL, #UEKE, ABFBRIES . whE
FEIEFREL . T RS SR A £ SOB
FFREL, AR NEATEE R, IPTGHIX-
Gal i€ 4391 24 mg/mL . 20 mg/mL .

1.1.3 FERXFMNES: PCRALILH &
(EasyPureTM Quick Gel Extraction Kit)lJ H |5
SAYBHA R AR KIEFFRDHSo [ QIAGEN
5dls TATLREEIAIAF & (pUC-T Ligasing Kit)Ily
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A AL I 22 A YR A BR A R 5 PCREIH)IA
H TaKaRa/\ F]; DNAZr fmakerlld [l KA fk
BHE AL A BRA R m O P 8 [E Thermo
/N A Fresco2 1% ; PCRAY AT [E Biometra/y f)
Tprofessional; HER G R 3% E BioRad/s F Gel
DOC XR; 7K FH 3K M 2E [ BioRad /A F]PowerPac
Universal
12 VERRTATRESL S5

R T AR R RN ER, SRR,
K BB B RERTRY PR LA
VR B U A, WU B A 107t 1077
107° (YRR BRI 450,15 mL, 4355 3 2] [ A 1 37
B, WAL, PRICK R . i ST
BB BB PAT, R FRAE D30 cCEI & By
Fr, AR IR R SR 1 PRS0 B SR N R
W, H/NEvEGE, AT 50 mL 9K G IR
WEI100 mLIg/N = fHirp BEA TP REE SR, 30 °C
150 r/min{fRiZ ¥ 7% . HEREFRWLLL, MIERA:
RKEATRBNHAY , RIE AT R IR AR, Bk
AT P LMESRAT BRI Al 15 770 o
1.3 16S rRNAEEMRGE R T T

K HICTABRUEE $2 U 2 U T 7K FUDNA,
MIH16S rRNAJE 38 51 ¥ 27F M 1492R 4T
PCRY" 4 . BEMCHLUKATINY 3 =Wy )5, ik BiESE
TR A EW T, K S 45 S FIBLASTIF 5144
R, PRI R ADCH IS, FIFHCLUSTAL
X 183 PN 57, R ARE L L REEK
B
1.4  cbbL EFY AT

MAE16S IRNABEH I RGEKE , XA
HACRIRBIEA T 1Y, IEEHR2 0k 502 TR FHARRAR
R EVERNIFTER S, ebbLIERY 145 |4 RublgF-
RublgR, ¥ ¥k SCHk[11], ¥ =Yk
750 bp., R HHIRH| & (EasyPure™ Quick Gel Extraction
Kit)4lifb=#1, $RJEFIHpUC-T Ligasing Kit 5 &

A G T b, PRI BE 7% FHM 13-4 7 FIR V-
MBI YIRS E RN T N Tl iy e mf b4 3%
PRI 7 - A LBk 54 BE 1k T e 732 1 95 55
B /=i Bi et L[5 8
1.5 cbbL EHP BT

cbbMFEA Y14 F 519124 cbbMF (5'-GGCA
CCATCATCAAGCCCAAG-3")HlcbbMR(5'-
TCTTGCCGTAGCCCATGGTGC-3")™", [ ik
f£: 95°C 5 min; 95°C 1 min, 57 °C 1 min; 72 °C
7 min, 35MMEH; 72°C 7 min, 7R SR S5
TR ebbLIEIA .
1.6 FEEGIHHHT

S B 451 cbb L FlebbM F R ¥ 51 H 4 5]
MR, Lk, %EFH, KABioEdit
7.0.5% 4 (http://www.mbio.ncsu.edu/BioEdit/
bioedit. html)i#FATFEHLIE, H—F5Trm, KH
Clustal X 1.85KPE¥ 555, HEALEE B3 i35 %
FHAR$%1%Neighbor-Joining, FIMEGA 5.0k 4R iy
p-distancesik FllKimura-2-parameter XS £k 4
RGERBW, SR SRR BT R
bootstrapik, FEIKECH1000, F|FHDnaSPvsH I
A3 B cbb L FlebbM F PR 20 -l A% B0 2
Ak [7) 57 2 AN AR 2 B (K /K)o

2 GRFAH

2.1 PERBRATR RS

Mz I oL WA KR AR B 2R 30 b
W AR P LA B R3S HE RS R SR AT B, Hip
Acidithiobacillus spp . 7EFeTSBE; F7 4L IR MEIE i i
PR, T H R (EI1-A) o B-FHR A TR R BE
KKAOHE, AR R . IR TR AR
JEB/NLOTYE, JLFEATEE . F1-ARR R
J¥ 10 I FEFeTSBRE IR L RIS, vk
Bl AR A, R mH, EXFEEFR
B EAKEEZE, 11 dF KB ERR/NHE
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B 1. TRIEFE ENEFELS

Figure 1. Colonies of A. ferrooxidans strains on different medium.

7o K1-Bi&Solid2: 28575 I RIVEIEA, X
MRS I Acidithiobacillus spp./ 1< Fb 3 R ME
PR X A R B bR R i b . i H., YR
BEARTR, B, IRA1078E, WAL, £
BAK, ARKBERE, —RIE10 dAREK HGE
FRM/INETE . Solid2: 215373 - I P& 0 2110
PREEFREEPARMEA S, TR FN2%, FERREAT
W {EFeTSBod 7 bk b AE K tf, Jr B bk i i
Z, E1-CRIRMI0BENREES, Btk
O, wiE e, KT, fEFeTSBolfisRAE [ RivE
AR, —RAET-8 Il AT LB MU K/ NI T
¥, FERNENRARE SRR I A FORBE R AT
2.2 16S rRNAEF I RRRE 24T
PCRY"H1116S rRNAKERH ;=4 K/ 21450
bp, BAARNERY RN . i 16S rRNA ZEN Y
GILEXE, B A R R GRAT P 1 U B R K- 10 TR AR
P FN AR BI7E99% LA | BE T 16S rRNAKE[H
WHRFEKBRILE2, NRGEEEW LA LE
o, BT3B RE R B AT TR BRI o3 S TR R
(Group), HHREZHAMEE T Group 1, HHHE3AN
X AR, Group 26454, ferrivorans NO-37 .
XJFY6-08, XJFY5S-12, XJFY6S-08FIXIFY6S-
07, ZEBEYINA. ferrivorans, T H. X LL B #RAD
kA TH 2. Group 3{UHHBDY3-187
YNTRS-09 PR R 2, A2 14> HAAh R () 2R A
FRAE 7 51 [IEPEAEI X 20R A AT Re R
Group 4VIA. ferridurans ATCC 33020 403K, %
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JBEBR T WBRYNTR1-4 L RIYNTRS-194F, At
AR AR B TWJL RIS FE . Group 52EHE
PAATCC 23270HIATCC 19859 1Rtk G4
FFKHBDY3-51, HBDY3-41fIHBDY1-52, %
RERY AR ER T WIdL R . Ak, HPRYNTR4-
154 )& T Leptospirillum ferrooxidans, HBDY3-
31HJ& F Leptospirillum ferrodiazotrophum, 4 48£1H
J& T A. ferrivorans; 6kIH)E T A. ferridurans, F
AHIH)E T A. ferrooxidans., ‘S5A. ferrooxidansti
SR B RRSEA. thiooxidans , BRI A 415
FA. thiooxidans .

2.3 WERBATEDILERNRELRT

RHE16S IRNAKH M RGE KT, PIEIE
HEACRAR A chbLIE R IFINT o 19PRTE 1 cbb L
R XL DL, 435 R ebb L1 FlebbL2 ., 43 SAs: I 5]
TRRBE S SE T cbbLIEHF VAR, i B8 T
chbL1FEH

FET cbb LI T A 1 5 R 5 L B W (K3),
chbbLIFchbb L2 IR 3 3518, TRk
chbL 1 FchbL25E H 17 5 B ) R ISTE AL, )
an, ebbLIT R Type 1. Type 3FlchbL2H 1 Type
1. Type 3Tt AR BRAR AL, bR ) &
Type 2, JoiBsEchbL ik EchbL2FEH, Type 2./
5 YNTRS-09HIHBDY3-18 21 & ¥k, 516S
rRNAFEK B RGE K T 08 RAR Rl cbbL1FEH
M Type 3G B ANE MK A FHKATCC
23270, ATCC 33020, ATCC 19859, [F|ifflfE
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Acidithiobacillus ferrooxidans XJFY5C-03 (KT818562)
Acidithiobacillus ferrooxidans YNTR2-18 (KT867645)
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Group

Nel

Acidithiobacillus ferrooxidans XJFY6S-13 (KT818559)
bo - Acidithiobacillus ferrooxidans HBDY2-02 (KT818572)
Acidithiobacillus ferrivorans XJFY5S-12 (KT818557)
Acidithiobacillus ferrivorans NO-37 (AF376020)

941 Acidithiobacillus ferrivorans XJFY6-08 (KT818558) Group 2
Acidithiobacillus ferrivorans XJFY6S-08 (KT818563)
Acidithiobacillus ferrivorans XJFY6S-07 (KT728708)

_[ Acidithiobacillus ferrooxidans HBDY3-18 (KT818566)

100 - Acidithiobacillus ferrooxidans YNTRS-09 (KT867642)

Acidithiobacillus ferridurans ATCC 33020 (FN686779)

Acidithiobacillus ferridurans HBDY 1-29 (KT834977)

Acidithiobacillus ferridurans HBDY 1-20 (KT834978)

Acidithiobacillus ferridurans HBDY 1-44 (KT834979) Group 4

Acidithiobacillus ferridurans HBDY 1-17 (KT834976)

Acidithiobacillus ferridurans YNTR1-41 (KT834981)

Acidithiobacillus ferridurans YNTRS-19 (KT834980)

Acidithiobacillus ferrooxidans DSM 9465 (Y 11595)

100 Acidithiobacillus ferrooxidans ATCC23270 (AF465604)

0.02 93 | | Acidithiobacillus ferrooxidans ATCC 19859 (AF362022)

Acidithiobacillus ferrooxidans HBDY1-52 (KT818567)

Acidithiobacillus ferrooxidans HBDY3-51 (KT818570)

Acidithiobacillus ferrooxidans HBDY3-41 (KT8568)

—— Acidithiobacillus thiooxidans ATCC 19377 (AY552087)

Thermithiobacillus tepidarius DSM 3134 (AJ459801)

100 [ Leptospirillum ferrooxidans 49879 (AF356832)

L Leptospirillum ferrooxidans YNTR4-15 (KT834982)

100 ,j Leptospirillum ferrodiazotrophum HBDY3-31 (KT834983)

100 Leptospirillum ferrodiazotrophum SC (JN007036)

R

Group 3

Group 5

& 2. £T16S rRNAZEFFIHZ N FR G L B
Figure 2. The phylogenetic analysis of Acidithiobacillus spp. isolate from Yunnan, Xinjiang and Hubei based on the
16S rRNA sequence homology. Numbers in parentheses represent the sequences’ accession number in GenBank.
Numbers at the nodes indicate the bootstrap values (70%) based on neighbour-joining analyses of 1000 resampled

datasets. Bar: 2% sequence divergence.
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Acidithiobacillus ferrooxidans XJFY5S-04 (KT884945)
Acidithiobacillus ferrooxidans HBDY3-04 (KT884932)
Acidithiobacillus ferrooxidans YNTR5-25 (KT884935)
Acidithiobacillus ferrooxidans XJFY6-12 (KT884950)
Acidithiobacillus ferrooxidans Fe-1 (D90113)
Acidithiobacillus ferrooxidans XJFY5C-08 (KT884948)
Acidithiobacillus ferrooxidans XJFY2-02 (KT884949)
Acidithiobacillus ferrooxidans XJFY6S-14 (KT884939)
Acidithiobacillus ferrooxidans YNTRS-36 (KT869373)
Acidithiobacillus ferrooxidans XJFY6S-13 (KT884946)
Acidithiobacillus ferrooxidans HBDY3-14 (KT884933)
Acidithiobacillus ferrooxidans YNTR4-13 (KT884934)
Acidithiobacillus ferrooxidans HBDY?2-06 (KT884931)
Acidithiobacillus ferrivorans XJFY6-08 (KT884951)
Acidithiobacillus ferrooxidans DMS 9465 (KT869372)
Acidithiobacillus ferrooxidans YNTRS-09 (KT884937)
Acidithiobacillus ferrooxidans HBDY3-18 (KT884936)
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Acidithiobacillus ferrooxidans ATCC 19859 (KT869371)
Acidithiobacillus ferridurans HBDY 1-29 (KT884940)
Acidithiobacillus ferrooxidans ATCC 23270 (AF129925)
88| Acidithiobacillus thiooxidans ATCC 19377 (FJ48828)
—1004( Acidithiobacillus thiooxidans TS3 (AB362173)

Acidithiobacillus thiooxidans DSM 14887 (GQ409766)

Type 1

99

86

Thiobacillus neapolitanus (AF038430)
Acidithiobacillus ferrooxidans XJFY6S-13 (KT884964)
Acidithiobacillus ferrooxidans XJFY6S-14 (KT884953)
Acidithiobacillus ferrooxidans HBDY2-06 (KT884954)
Acidithiobacillus ferrooxidans XJFY5C-08 (KT884965)
Acidithiobacillus ferrooxidans YNTR4-13 (KT884952)
Acidithiobacillus ferrooxidans XJFY6-12 (KT884966)
9" Acidithiobacillus ferrooxidans YNTRS-25 (KT884955)
Acidithiobacillus ferrivorans XJFY6-08 (KT884967)
Acidithiobacillus ferrooxidans XJFY6S-14 (KT835035)
Acidithiobacillus ferrooxidans YNTRS-09 (KT884956)
Acidithiobacillus ferrooxidans HBDY3-18 (KT884957)
Acidithiobacillus ferridurans YNTRS-19 (KT884961)
Acidithiobacillus ferridurans HBDY 1-29 (KT884960)
Acidithiobacillus ferridurans HBDY 1-20 (KT884962)
Acidithiobacillus ferrooxidans DSM 9465 (KT884958)
Acidithiobacillus ferrooxidans ATCC 23270 (AF307091)
Acidithiobacillus ferrooxidans ATCC 19859 (KT884959)
Acidithiobacillus ferridurans ATCC 33020 (KT884963)
Thiobacillus denitrificans (L42940)

Type 1

Type 2

Type 3

Thialkalivibrio denitrificans ALID (AY914807)

Thiobacillus intermedius K12 (AF046933)

& 3. ETchbLEEMENRG LB
Figure 3. The phylogenetic analysis of Acidithiobacillus spp. isolate from Yunnan, Xinjiang and Hubei based on the

Type 2

Type 3

cbbL1

chbl2

cbbL gene sequence homology. Numbers in parentheses represent the sequences’ accession number in GenBank.
Numbers at the nodes indicate the bootstrap values (70%) based on neighbour-joining analyses of 1000 resampled
datasets. Bar: 10% sequence divergence.
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HBDY3-41, YNTRS-19, YNTRS-22, HBDYI-
17, YNTRI1-41, HBDY1-20, HBDY1-26, {Hix
— RO AL B X T B W R . Type
1387 3 b A 45 > [ 34> N 5] Hi 2 R R A TR AR
chbLIEH T RS L B 516S rRNAKEH 1A
—H,

2.4 VERRBIATEE cbb LI I RN T
FHDnaSPvS it E cbb LI N ) 2 FEEAH
FKBHU(ER2), Acidithiobacillus spp.fcbbL1FEHF Y
ENC}48.974-57.818, CBI}0.239-0.323,
GHC i 758.5%—63.5%, G+C3s7 & H48.7%—
57.8%. lMAcidithiobacillus spp.#cbbL2%E A

2. chbLEFHRENC. CBI. G+C3s. G+C{E
Table 2. Values of ENC, CBI, G+C3s and G+C of ¢hbL

cbbL1 cbbL2
Strains
ENC CBI G+C G+C3s ENC CBI G+C G+C3s

YNTR4-13 54.681 0.296 63.3 57.4 51.216 0.380 60.6 61.3
YNTRS5-25 54.096 0.306 63.2 56.4 51.030 0.342 60.4 58.7
XJFY6-12 57.218 0.299 63.0 559 51.659 0.399 60.6 60.8
XJFY5C-08 53.981 0.308 63.2 56.4 52.623 0.370 60.8 61.3
XJFY6S-14 53.981 0.308 63.5 56.9 53.694 0.388 59.4 60.4
HBDY2-06 54.200 0.314 63.2 57.1 52.623 0.370 60.8 61.3
XJFY6S-13 53.861 0.315 63.5 57.1 52.623 0.370 60.8 61.3
ATCC23270 57.717 0.258 58.5 49.5 47.630 0.423 62.3 61.3
HBDY1-29 57.717 0.258 58.5 49.5 51.525 0.370 62.5 63.3
YNTRS-19 56.350 0.275 58.8 49.5 50.649 0.399 61.9 62.2
ATCC33020 57.717 0.258 58.5 49.5 47.984 0.422 62.6 61.3
HBDY1-20 57.818 0.255 58.5 49.7 48.739 0.406 62.0 60.6
ATCC19859 57.717 0.258 58.5 49.5 47.984 0.422 62.6 61.3
HBDY3-41 53.166 0.284 59.5 48.7 48.739 0.406 62.0 60.6
HBDY3-18 53.872 0.239 61.0 53.8 53.145 0.416 64.0 66.5
XJFY6-08 56.438 0.238 59.6 53.1 53.694 0.388 59.4 60.4
YNTRS-09 48.974 0.315 62.0 54.5 48.651 0.453 64.8 67.5
HBDY3-04 53.166 0.284 59.5 48.7 53.145 0.416 64.0 66.5
XJFY5S-04 53.865 0.309 63.3 56.9

XJFY5C-03 53.981 0.308 63.2 56.4

HBDY3-14 56.070 0.321 63.6 57.4

HBDY1-17 57.717 0.258 58.5 49.5

YNTRS-36 53.524 0.323 63.5 57.6

YNTRI1-41 57.818 0.255 58.5 49.7

YNTRS-22 58.611 0.260 58.6 48.7
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ENC }47.630-53.694, CBI}0.342-0.453,
G+CHH HN59.4%-64.8%, G+C3sT Ny
58.7%—67.5%. W chbLIE N %5 T 2 A
o MGHCH R AIGHC3s T AR K, JoHE
chbLIFEFMGHCH B LG+C3s T E &R, (1
J&, cbbL2FEHMGHCHE R ILGHC3s &AL, 1MH
K B BT  ZERE S TR B chbL I BER ) G+C o &
LIRS E, ¥IFE63.3% A4, HLHth i B ik 5
MebbL2HEHMGHCHE R K ZETE60.8% 4T,
ke, HibebbL IFEF AN EAL, GHCHH#
MG+C3s i S5 Acidithiobacillus spp. FEA LR ZH Y
GHC & RARTET . AL, chbbLE AR R] X 5875

FHE] LR R Ho(K,/K,)}0.5231<1, F£H
chbLIEN 3Z Aifb i B EH
THEAEAN 751 R v R B R (1Y) cbb LIE R 751
KA EER 7 I AR (R3), ZR EBxR,
chb L 13 K T3 22 [a] ) A AL 4 458 757 (88 %—100%) ,
chbbL 25 K74 Z [8] (A A 189%—100% ., {HJE
cbbL1FebbL2Z [H] I ARIPE LL AR (73%-78%) ,
GIEFRAAINE F181%-83%.
2.5 chbMERWRELE
XF13055chbbMFEH 5 R 30, Sl B3 Bk 1 rh
FHIFEETH, RE—FIPIIERGE K EWN, W
K4fR. (ERGERBW L, WERREAT R 5 R

3. cbbLEE K REELARNIE
Table 3. Similarity matrices based on the nucleotide or the deduced amino acid sequences of chbL genes from some
Acidithiobacillus strains

Similarity of chbL nucleotide or deduced amino acid sequences compared with"/%

Strains cbbL2 cbbL1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 YNTRS5-25 100 100 100 100 99 99 97 82 82 82 8 8 82 8 81
2 XJFY6-12 99 100 100 100 99 99 98 83 83 8 8 8 8 8 82
3 XJFY5C-08 99 98 100 100 99 99 98 83 83 8 8 8 8 8 82
4 HBDY2-06 99 98 100 100 99 99 98 83 83 8 8 8 8 8 82
5 XJFY6S-13 99 98 100 100 99 99 98 83 83 8 8 8 8 8 82
6 XJFY6-08 97 9% 9 96 96 99 98 82 82 8 8 8 8 8 82
7 YNTRS-09 9 89 90 9 90 90 98 83 83 8 8 8 8 8 82
8 HBDY1-29 88 88 88 8 8 89 89 7 76 76 76 77 75 76 74
9 YNTRS5-25 74 75 75 75 75 75 76 76 100 100 100 100 99 99 97
10 XJFY6-12 74 75 75 75 75 75 76 76 100 100 100 100 99 99 97
11 XJFY5C-08 74 75 74 74 74 75 76 76 100 100 100 100 99 99 97
12 HBDY2-06 75 75 75 75 75 75 7776 99 99 99 100 99 99 97
13 XJFY6S-13 75 75 75 75 75 15 7777 99 99 99 100 99 99 97
14 XJFY6-08 73 73 73 73 73 73 75 75 93 93 93 93 93 100 97
15 YNTRS-09 76 76 76 76 76 76 78 76 92 92 92 93 92 93 97
16 HBDY 1-29 7273 72 72 72 74 73 74 89 88 88 88 8 89 87

* Numbers above the diagonal are percentages of similarities among deduced amino acid sequences. Numbers below the diagonal are

percentages among nucleotide sequences.
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A TPHNEY B AL A AN [ PR 5 T
Mo B3R IRA. ferrivorans NO-37AHiT, RIE
Type 31, SETREERATCC 19859 HIATCC 232704
T, PR T Type 1o A, chbMFEHRPIRGE AT
PR 16S rRNAJER A —2, (H5cbbLEEH
FHAL
2.6 chbbMEF BN ST

chbMEER W ZFEEA RS EL R4, cbbMEE

I ENCH }41.320-50.008, P shiik, HIK
T35, KRBT IZMEATR . B2 16 2L
(CBI), [ 1~ ELAARKE N g SRR 8 % i - 1Y
HATEDL, cbbMIERCBI}0.350-0.464, FH]
W o) FHPEAR BT & . G+CTE61.0%-65.2%
ZIa], G+C3s7£61.0%—65.9%2 [a], A K
MM 22 5 o chb MR IR [R] SLEAR A [R] SL5E
BRI o(K/K)N1.8734>1, FEAEIEEFESRN

0.02
94

Acidithiobacillus ferrooxidans XJFY6S-13 (KT884988)

85| Acidithiobacillus ferrooxidans YNTRS5-25 (KT884978)

100

100

100

F Acidithiobacillus ferridurans ATCC 33020 (KT884986)

—Acidithiobacillus ferrooxidans XJFY5S-04 (KT835061)
- Acidithiobacillus ferrooxidans XJFY6S-14 (KT884977)

—Acidithiobacillus ferrooxidans HBDY3-14 (KT884972)

Acidithiobacillus ferrooxidans HBDY3-41 (KT884975)
Acidithiobacillus ferrooxidans HBDY3-04 (KT884976)
Acidithiobacillus ferrooxidans ATCC 23270 (CP001219)
Acidithiobacillus ferrooxidans ATCC 19859 (KT835037)
Acidithiobacillus ferrooxidans DSM 9465 (KT884974)

99— Acidithiobacillus ferrooxidans YNTRS-36 (KT884971)
Acidithiobacillus ferrooxidans YNTR4-13 (KT884979)
Acidithiobacillus ferrivorans XJFY6-08 (KT884990)
Acidithiobacillus ferrivoransn NO-37 (FJ467342)
Acidithiobacillus ferrooxidans XJFY6-12 (KT884989)
75" Acidithiobacillus ferrooxidans XJFY2-02 (KT835059)
Acidithiobacillus ferridurans YNTR1-41 (KT884982)
Acidithiobacillus ferrooxidans XJFY5C-03 (KT835060)
Acidithiobacillus ferridurans HBDY1-17 (KT884984)
Acidithiobacillus ferrooxidans XJFY5C-08 (KT884987)
Acidithiobacillus ferridurans HBDY 1-20 (KT884981)
Acidithiobacillus ferrooxidans HBDY3-18 (KT884970)
Acidithiobacillus ferrooxidans YNTRS-09 (KT884968)

Acidithiobacillus ferrooxidans HBDY2-06 (KT884980)

Acidithiobacillus ferridurans YNTRS-19 (KT884985)

Acidithiobacillus ferridurans HBDY 1-29 (KT884983)
Acidithiobacillus ferrooxidans YNTRS-22 (KT884973)

Thiomonas intermedia K12 (AF012127)

Thiobacillus denitrificans ATCC 25259 (CP000116)

_{

Thiomicrospira halophila HL 5 (DQ390453)

4. BT chbMEFEMZH ARG A B W

Type 1

Type 2

Type 3

Type 4

Acidithiobacillus thiooxidans DSM 14887 (GQ409764)
Halothiobacillus neapolitanus ¢2 (CP001801)

Figure 4. The phylogenetic analysis of Acidithiobacillus spp. isolate from Yunnan, Xinjiang and Hubei based on the
cbbM gene sequence homology. Numbers in parentheses represent the sequences’ accession number in GenBank.
Numbers at the nodes indicate the bootstrap values (70%) based on neighbour-joining analyses of 1000 resampled

datasets. Bar: 2% sequence divergence.
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4. cbbM EFRJENC. CBI. G+C3s. G+C{E
Table 4. Values of ENC, CBI, G+C3s and G+C of

cbbM
Strains
ENC CBI G+C G+C3s
HBDY3-04 46.988 0.370 62.0 62.8
HBDY3-41 46.988 0.370 62.0 62.8
XJFY6S-14 47.100 0.358 62.0 62.8
YNTRS5-25 47.100 0.358 62.0 62.8
ATCC19859 46.988 0.370 62.0 62.8
ATCC23270 42.760 0.434 62.0 64.1
XJFY6-12 43.582 0.420 62.5 63.8
XJFY6S-13 43.807 0.412 62.0 63.0
XJFY6-08 41.320 0.445 61.6 64.6
YNTR4-13 44.036 0.464 61.1 64.6
HBDY2-06 44.036 0.464 61.1 64.6
YNTRS-36 45.144 0.449 61.0 64.3
ATCC33020 49.791 0.365 64.9 65.9
HBDY1-29 49.791 0.365 64.9 65.9
YNTRS-09 49.791 0.365 64.9 65.9
XJFY5C-08 49.791 0.365 64.9 65.9
YNTRX-19 49.791 0.365 64.9 65.9
YNTRS-22 49.791 0.365 64.9 65.9
XJFY2S-18 49.791 0.365 64.9 65.9
YNTRS-36 50.008 0.362 65.2 65.9
HBDY1-20 49.790 0.365 64.9 65.9
HBDY3-18 49.791 0.365 64.9 65.9
HBDY3-14 49.912 0.361 64.9 65.9
XJFY5C-03 49.808 0.354 64.9 65.9
XJFY5S-04 49.208 0.350 64.8 65.6
HBDY1-17 49.808 0.354 64.9 65.9
XJFY2-02 49.808 0.354 64.9 65.9
YNTR1-41 49.808 0.354 64.9 65.9
VBT A AP 81 B P SRS BRI BRI cbbMBE TN K2

REIR P 5 Z RN ARRLEE (R5) 0 AN B RR Z 1] (1Y
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AHALLEE S 82%—100%, 16S rRNAKEP 2 5K,
HAP R HXIFY5C-08, YNTRS-09, HBDY 1-297(
HBDY 1-20#87E— N F 8B, B2 [ A AH AL
JE9100%, 5ATCC 3302004 BLEE H99%, Ik
FRAFAAME 97 % , 1T 5 HoA > 71 28 B 22 ] 1) AH B
JE AR (82%—87%) ,  F ML AT Ui ] — ¢ 51 76 2 (1] )
LB e, AR5 AL 2 o] A AR LB 41, ot
e ZREPER 2, TER —Fh N AETE] W00 22 Rk

3 W

ARSI SR I3 R 5 B 5 00 B VR TR BT T
EjFeTSBHISolid2: 255 72 FEAH L, FeTSBo & itk
PROR B, &G EREAT A K 5508,
HAEK IR, RIS SR8 & BT R=F
W 2R EG IR, TR KRt a] Do
FRAEP AN AT, XA R T ICHL A ST
WA DL R IERL, By KRENA YY) 2
ML E SRR AR

A3 BB I LE T BRI 43 MR R 2R,
Acidithiobacillus spp /AR KM it1E 2. 7F
16S IRNAJEN G R T L, K o B ik o
S5RIERE, Group 1EUFE3MANFEHLIC YRR, itk
A IL16S rRNAJE K751 4 55 43 85 2 A B LW
B EEAS Sy oA, B AT EARAL T AN W] B B A
B (HH TR oA R A ER AL R (AN Cu S F-
Fe 2 1~ F1 3, 5 58) il RE AL AT T HA AR ] A9 Fr 51 2
MR F AN (] M 37 Y TR AR B TR O R A
P PR ] — 260 BRI P it rh Min Y]
b AN HFRA A5, (B M Acidithiobacillus
PR TR B O A B9 2R, PRI EASE M m] g
Xt Acidithiobacillus T 1A F 43 A0 520 /N o
Group 2 HEHERK A ?%‘ﬁ%ﬁ W, YIEE A
Serrivorans(RBRATIR), X AIREEH TR S =
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5. cbbM E[E R AR
Table 5. Similarity matrices based on the nucleotide or the deduced amino acid sequences of chbM genes from some
Acidithiobacillus strains

Similarity of cbbM nucleotide or deduced amino acid sequences compared with"/%

Strains

1 2 3 4 5 6 7 8 9 10 11
HBDY1-20 100 100 97 100 92 93 93 93 89 92
XJFY5C-08 100 100 97 100 92 93 93 93 89 92
HBDY1-29 100 100 97 100 92 93 93 93 89 92
ATCC33020 99 99 99 97 89 89 89 89 89 89
YNTRS-09 100 100 100 99 92 93 93 93 89 92
XJFY6-12 86 86 86 85 86 99 99 98 94 98
XJFY6S-13 86 86 86 85 86 99 100 99 95 98
XJFY6-08 86 86 86 85 86 97 98 99 95 98
HBDY2-06 86 86 86 85 86 96 96 96 96 99
ATCC23270 85 85 85 85 85 89 89 89 90 97
YNTRS-25 87 87 87 86 87 90 90 91 91 98

° Numbers above the diagonal are percentages of similarities among deduced amino acid sequences. Numbers below the diagonal are

percentages among nucleotide sequences.

A AT H AR 2R B AR R R T8, Group
SRR A WAL RIG, X RIS R AL
KEWREEEMK, [F— DR PR E RS
FLA AT BEAHALBARTR] , 3 3R B AN (] o dmf <A 1
PREE ORI AN R] , (AR 3 A ) b XA At vh
PR Z AIAFTE—E I 25 5, SRR TRl — s
DX R EE P 81 LU AL Amouric25 1| FH 2431
FUPHN L, 21 RRIE TR AT I 7 AR SERE, H
HREIE3 HAUFEA. ferrivorans Ak, SRIMTZSHE2 A
AR ARRNRS . A SCH i Group 24124
X SR RS

JLE RubisCOREN Y R 48 & B 516S rRNA
SENA—2, HI216S rRNAZKE K L2
RubisCOM RGE LB R, WERRGLIT 8 &S 7E L IE
BN PO B ST A3 2R o A3 TRARFEAS [R) 6 R 1Y)

RELEBR LM EA B, HEENRES,
TR R ARALAY , R0 DB BRE T B
() W TR AT B 4y S, XM R G K B AW
Acidithiobacillus spp.j&— MBI Z% . A AW
B A o, #or e A FEE RubisCOKE K
25K B FIMES1916S rRNAK: 145 A 2%
S B RIXOFPIL R AE A 5 SV TR R N 22
FEPE, A2 5RubisCOREFAM L, ALH16S
rRNAFLH R G4 T 1T IR RS A, BERCAF
() SN SRR I 2

HET, RABEEREE N Firid e s
EARH AR, RubisCOKER 516S rRNAKEH
PIE R LT A, HXA 0BT R kg
R BT E AL AR A TP A, 330 24 AR [ e PR A £
RERBEWNH X AREE—5, WTHEBEKNT16S
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rRNAZE K 8148 7 AL A s R TR ] 3%
R FR T, B MR GO R A3, W]
R K R ebb LIE IR 1) 15 22 5 3 R 9 46 1) 7K -
oA, Bbah, SXSEEE A E TR R B
BT, BreE S pH(4.5)8 0, 12 g AAUAE 5
pHG)EK, R SOBIR . HIERA S F4)R
R Y N o i I T = S R S+
AR R LR FEE , (WG SEAE &
TR R BRI D, FEIX AL P AN [ AL
T, T RESA RubisCOME R Y43 267,
chbLEED HoebbMAN16S rRNAJLR 5 B
HERFERATCC 23270 F1ATCC 330202/ A1
2RI, (HEAEchPL R G R B X 2kk
REfr—i, W, cbbLBIFIEATIE A PFAL LA
KRG LT, HATHREA BT T ff 1 26 40 18 1 56
Ro —MBORUL, W TR YA S AT
B, RTRN RN TFRELBETRARS,
Rk, 456 JLASAS [ D g 3k B A S50 B 0 A 5 B
ARG LTS,

WL cbbLIEH FFFI R 534, 268K H A 198k
M cbb L FE R J& X0 DL, T A7 74K 18 3 Be ks I 2]
chbbLIFEH o L, X THER)chbLFEPIRA 7] BE S
DL, X5 ICER R g RA M A A GE B
7RA. ferrooxidans ATCC 23270k cbbL 1F
chbbL2BEH Z [AIARMIEE LA, FERXIR T 9K
AR R 73% %Y, FRBHIXANJER Sk [ T2 K Y
KR H NG T A. ferridurans ATCC
33020/ chbLIEIN, 15 THIIAIZE R, A
cbbL 1 FebbL 22 [0 I AHALLEE EL AR (73%-78%) ,
A B R S Sk a5 e A — 3, Bk, TR
W 4 S P RS BR TR AT T ehb L2 NP2 DU T RESE A T
R R, MmN EIEH Y ERE Z 6.
HAr, 2301, XU DU A KR4 78 =R
1) 2 rEz it (B2, A. ferrooxidans Fel
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AATREE RIS, (WA T REE SFel —HEA £
[R5 D1, XA F iR .

R STk R T8 1Y eb b ML P A K BRI
0, X HEATWES IS —3 T cbbMAcbbLIE
R 22 58 K 8 40 BT 109 S LT 2 — — 5% g 19 3¢
# o RubisCOREK A A] GE & vy & iy —Fiil, 78
T B R B A S N A T B AR
XL, 1RV AT BE B A o — N TS i 40 J5
R chbMIEHFEFIRIECO, (15%) FFKik,
cbbL IF1chbbMEE I [F] B IR BT CO AR L, SR
1M ebbL2FE R TEMAKF- A COL M BE T A FF IRk,
A I3 SE AR B, B COL Mk B 23T K
AR AT e B ) B AT R TR B
RFERE, I, RubisCOMEI3EA [ KL 4540
BRI T 3E PR A R R X Be R RE F SR B A
RPN chbMIEH 2R, 38 2 1 1) B B AR5
cbbLS-23EN, 233 FlebbMIE IR FIZSRE M) HAh 3L
PR E L FIE H], 774 T ebbLIZERES . % EFH
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Phylogenetic and diversity analysis of Acidithiobacillus spp.
based on 16S rRNA and RubisCO genes homologues
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' School of Food Sciences, Shihezi University, Shihezi 83200, Xinjiang Uygur Autonomous Region, China
? School of Life Sciences, Shihezi University, Shihezi 83200, Xinjiang Uygur Autonomous Region, China

Abstract: [Objective] The purpose of the study was to reveal geographic region-related Acidithiobacillus spp.
distribution and allopatric speciation. Phylogenetic and diversity analysis was done to expand our knowledge on
microbial phylogeography, diversity-maintaining mechanisms and molecular biogeography. [Methods] We amplified
16S rRNA gene and RubisCO genes to construct corresponding phylogenetic trees based on the sequence homology
and analyzed genetic diversity of Acidithiobacillus spp.. [Results] Thirty-five strains were isolated from three
different regions in China (Yunnan, Hubei, Xinjiang). The whole isolates were classified into five groups. Four strains
were identified as 4. ferrivorans, six as A. ferridurans, YNTR4-15 Leptspirillum ferrooxidans and HBDY3-31 as
Leptospirillum ferrodiazotrophum. The remaining strains were identified as 4. ferrooxidans. Analysis of cbbL and
cbbM genes sequences of representative 26 strains indicated that cbbL gene of 19 were two copies (cbbL1 and cbbL2)
and 7 possessed only cbbL 1. cbbM gene was single copy. In nucleotide-based trees, chbL 1 gene sequences of strains
were separated into three sequence types, and the chbL2 was similar to chbL 1 with three types. Codon bias of
RubisCO genes was not obvious in Acidithiobacillus spp.. [Conclusion] Strains isolated from three different regions
in China indicated a great genetic diversity in Acidithiobacillus spp. and their 16S rRNA/RubisCO genes sequence
was of significant difference. Phylogenetic tree based on 16S rRNA genes and RubisCO genes was different in
Acidithiobacillus spp..
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