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1.2.2 PCR 50pL
94°C 5min 94°C 1min 65°C 45s 72°C 1.5min 30
3 72°C 10min
DNA 1.3 16S rRNA
PCR RFLP PCR pGEM-T
1
1.4 PCR-RFLP
1.1 LB 100pg/mL
1.1.1 Ampicillin 30l
99.9°C 3min
PCR T7-SP6 PCR
9k 16S rRNA 4
’ 1% WIV Afal U Mspl 1U 3%
pH2.0 50°C 200r/min
5% VIV 3 1.5
A B ¢ PCR-RFLP
75pm
1 16S rRNA Blast GenBank
el L _1 e hitp //www . ncbi. nlm. nih. gov/blast/
Pyrite Chalcopyrite Pyrite Chalcopyrite Neighbor-joining Method
Fe 37.46 24.12 Hg <0.0001 <0.0001 13 1000
S 49.73 36.47 As 0.74 0.002
Cu 0.082 36.02 Cr 0.006 0.006 2
Pb 1.02 8.49 Ag 0.003 <0.001
Co 0.005 0.02 Zn 5.38 1.08 2.1 DNA  16S rRNA
Ni 0.016 0.03 3 PCR
s DNA  27(-1492r PCR
1.1.2 Taqg DNA MBI 16S rRNA 1.5kb
Fermentas 16S rRNA 0 27f 5'-
AGAGTTTGATCMTGGCTCAG-3" 1492r 5'-GGTTACCT 2.2 16S rRNA RFLP
TGTTACGACTT-3" pGEM-T T7 5'- 345
TAATACGACTCACTATAGGG-3"  SP6  5'-ATTTAGG 303 A 106 B 99 C 98
TGACACTATAG-3’ 87.8%  Quantity one RFLP
DNA Promega 205 29
pGEM-T Promega Afa 1
Msp 1 TAKARA T gradient Thermocycler PCR 14
Biometra
Eppendorf UVldoc 13 L3
BS-A12  BS-B42 BS-A20  BS-
1.2 16S rRNA PCR C20 BS-A4 BS-C100 BS-A80 BS-B16 BS-A3
1.2.1 DNA 15d BS-B9 BS-C60 BS-A83 BS-C8 BS-B13 BS-A9%4
5mL 0.22pm Hurt BS-C3 BS-B3  BS-A86 BS-C94  BS-B71 BS-Cl
’ DNA DNA 0.8% BS-A85
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Fig.1 Part results agrose gel electrophoretic restriction fragment patterns
by Afa I and Msp I of PCR products of positive clones. M was DL100
Marker and 1-14 represents clone SA1 SA2 SA3 SA4 SA7 SAS8
SA12 SA20 SA25 SA83 SA84 SA85 SA92 DA%4.
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Acidithiobacillus caldus (AFS13711)
Acidithiobacillus caldus strain D-2 (DQ347501)
Acidithiobacillus caldus strain MTH-04 (AY427958)
BS-A29 (DQG61620) [16/106]
BS-A12 (DQ661629) [1/106]
13S-A25 (DQ661619) [3/106]
BS-A20 (DQ661642) (2/106]
BS-A4 (DQB61645) [1/106]
BS-A84 (DQG661621) [1/106]

Sulfohacillus ambivalens strain RIVI4 (AY(07664)
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BS-A83 (DQ661626) [17106]
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M Sulfobacillus thermosulfidooxidans gene for 16STIRNA (AB0S9844)
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'_|——l ltured fum clone EV221H2111601SAH43 (DQ223209)
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Leptospiriltum ferriphitum strain ATCC 49881 (AF356829)
Lepiospirillum ferriphilum strain YSK (DQ343299)
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Leptospirillum ferrooxidans partial ( AJ295685)

0.02

Uncultured forest soil bacterium clone DUNssu275 (AY913475)
BS-B54 (DQ661631) [1/99]
Uncultured ium clone LV221112111601SALI43 (1XQ223209)

I nicrobi i (Al251436)
BS-B92 (DQG661635) [1/99]

Acidithiobacillus caldus (AFS13711)
Acidithiobacillus caldus strain -2 (DQ347501)
Acidithiobacillus caldus strain MTH-04 (AY427958)
I BS-B42 (DQ661629) [1999]
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Sulfobacillus thermosulfidooxidans strain G2 (AY140233)
Sulfobacillus thermosulfidooxidans gene for 16STRNA (AB0OR984d)
Sulfohacillius ambivalens strain RIV14 (AV007664)
BS-B99 (DQ661636) [1/99]
BS-B16 (DQ661627) [19/99]
BS-B44 (DQG661630) [33/99]
Sulfobacitlus thermotolerans strain KR-1 (DQ124681)
BS-BS (DQ661625) [1/99]
BS-B71 (DQ661634) [1/99]
BS-39 (DQ661644) [2/99]
BS-B13 (DQG61626) [10/99]

- BI7 (DQ661628) [2/99]
BS-B70 (DQ661633) [1/99]
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BS-C15 (DQ661641) [17/98]
BS-C1 (DQ661622) [16/98]
BS-C6 (DOE6163R) [7/98]
Lepiospirillum ferriphilum sirain Fairview ( AF356830)
Leptospirilium ferriphilum stain ALCC 49881 (AL356829)
Lepiospirithum ferriphilum strain YSK (DQ343299)
:356831)
Feptospiriflm forrooxidans pattial (AJ205685)
BS-C3 (DQG61637) [5/98]
— L B35-C105 (DOE61646) [2/98]
Uncultured forest soil bacterium clone DUNssu275 (AY913475)
d jum clone LV221112111601SA1143 (D0223209)
imicrob idiphilum (AI251436)

Ly

0.02

-Leptospirilhum ferriphilum strain Warwick (A

Acidithiobacillus caldus (AF513711)
Acidithiobacillus caldus strain MTH-04 (AY427958)
Acidithiobacillus caldus sirain D=2 (DQ347501)
BS-C20 (DQ661642) [3/98]
I—BS-(‘lOO (DQ661645) [7/98]

2 A-C

the total clones. The scale bar indicates the 0.02 evolutionary distance unit.
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Fig.2 The phylogeny of the cultures and their relationship to other microorganisms based on comparative 16S rRNA gene sequences

Numbers in parentheses represent the sequences’ accession number in GenBank. Numbers in square brackets indicate the clone number out of
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Fig.3  Proportion of bacteria in three samples. A pyrite B chalcopyrite C  pure ferrous iron supplemented with sulfur.
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Bacterial diversity analysis of moderately thermophilic microflora
enriched by different energy sources

LIU Fei-fei ZHOU Hong-bo" FU bo QIU Guan-zhou
School of Minerals Processing and Bioengineering ~ Central South University ~Changsha 410083  China

Abstract Bacterial biodiversities of three moderately thermophilic bioleaching microfloras grown at 50°C on media with
pyrite chalcopyrite and pure ferrous iron supplemented with sulfur as energy sources were investigated respectively. The
16S rRNA genes of the microorganisms in the cultures flasks were PCR amplified and cloned to identify the bacterial
species by comparative sequence analysis the structural differences of microfloras enriched by different energy sources
were compared. A total of 303 clones were recovered and evaluated by restriction fragment length polymorphism RFLP
analysis. Cluster analysis identified 29 unique RFLP patterns and the inserted 16S rRNA genes sequences were
determined and for phylogenetic analysis. Most of sequences obtained were similar 89.1% ~99.7% to the 16S rRNA
gene sequences of the reported bioleaching microorganisms. The species identified from the flasks during bioleaching of
pyrite pure ferrous iron supplemented with sulfur and chalcopyrite were closely related to Acidithiobacillus caldus
Sulfobacillus thermotolerans — Sulfobacillus thermosulfidooxidans — Leptospirillum ferriphilum  two uncultured forest soil
bacterium clones and one uncultured proteobacterium clone. Among these bacteria  Acidithiobacillus caldus
Sulfobacillus thermotolerans and Leptospirillum ferriphilum were the dominant bacterial species. L. ferriphilum was the
most dominant species in microfloras enriched in media with pyrite and ferrous iron supplemented with sulfur as energy
sources the abundance were 53.8% and 45.9% respectively. In the culture with chalcopyrite as energy sources S.
thermotolerans had the highest abundance of 70.1% .

Keywords moderately thermophilic bacteria  biodiversity  bioleaching  Acidithiobacillus  caldus  Sulfobacillus
thermotolerans  Leptospirillum ferriphilum
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