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Abstract

Comparative study of the genetic characteristics among three Acidithiobacillus caldus strains isolated from different typical environments
in China was performed using a combination of molecular methods, namely sequencing analysis of PCR-amplified 16S rRNA genes and
16S-23S rRNA gene intergenic spacers (ITS), repetitive element PCR (rep-PCR), arbitrarily primed PCR (AP-PCR) fingerprinting and
random amplified polymorphic DNA (RAPD). Both of the 16S rRNA gene and 16S-23S rRNA gene intergenic spacers sequences of the
three strains exhibited small variations, with 99.9-100%, 99.7-100% identity respectively. In contrast, according to the analysis of bacterial
diversity based on rep-PCR and AP-PCR fingerprinting, they produced highly discriminatory banding patterns, and the similarity values
between them varied from 61.97% to 71.64%. RAPD analysis showed that banding profiles of their genomic DNA exhibited obvious dif-
ferences from each other with 53.44-75% similarity. These results suggested that in contrast to 16S rRNA genes and 165-23S rRNA gene
intergenic spacers sequencing analysis, rep-PCR, AP-PCR fingerprinting and RAPD analysis possessed higher discriminatory power in
identifying these closely related strains. And they could be used as rapid and highly discriminatory typing techniques in studying bacterial

diversity, especially in differentiating bacteria within Acidithiobacillus caldus.
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Introduction

Acidithiobacillus caldus (A. caldus) is a Gram-neg-
ative, strictly aerobic, rod-shaped bacterium which
derives energy from the oxidation of reduced sulfur
compounds. These bacteria appear to be found in
acid mine drainage (AMD) and bioleaching reactors
in moderately thermophilic environments (Baker and
Banfield, 2003; Johnson and Hallberg, 2003; Zhou
etal., 2009). It is considered to be the dominant sulfur-
oxidizing bacterium in the bioleaching of sulfide ores
at 40°C-50°C (Foucher et al., 2003; Okibe et al., 2003).
The main roles of A. caldus in bioleaching processes
include: 1) removing the accumulated elemental sulfur
on the surface that would otherwise retard the oxida-
tion of ores. 2) producing organic growth factors that
may stimulate heterotrophic and mixotrophic growth of
bacteria. 3) producing surface-active agents to solubilize
the S° (Dopson and Lindstrom, 1999; Watling, 2006).

In China, bacterial oxidation has been used to
recover many metals such as gold, copper, uranium,
nickel and manganese from ores. And applications of

the bio-oxidation of copper, gold and uranium have
been commercialized successfully. In order to control
and optimize metal bioleaching, some quick and reli-
able methods are needed to identify and quantify single
species in complex bioleaching communities. Various
molecular methods, such as 16S rRNA gene sequence
analysis, DNA G+C content, DNA-DNA hybridiza-
tion, DGGE (denaturing gradient gel electrophoresis),
T-RFLP (terminal restriction fragment length polymor-
phism), RISA (ribosomal intergenic spacer analysis),
PFGE (pulsed-field gel electrophoresis), RAPD (random
amplification of polymorphic DNA), rep-PCR (repeti-
tive extragenic palindromic polymerase chain reaction),
FISH (fluorescent in situ hybridization) and real-time
PCR, have been used to obtain a better understanding
of the phylogenetic relationships of the interspecific
and intraspecific strains (Mohapatra et al., 2011). These
molecular typing techniques can generate differential
DNA fingerprinting based on different principals, and
hence differentiate different microorganisms.
However, little is known about the diversity of A. cal-
dus strains involved in the bacterial oxidating process.
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The aim of the present study was to characterize the
genomic heterogeneity of A. caldus strains, using a com-
bination of molecular systematic methods, namely
sequencing analysis of PCR-amplified 16S rRNA genes
and 16S-23S rRNA gene intergenic spacers (ITS), repet-
itive element PCR (rep-PCR), arbitrarily primed PCR
(AP-PCR) fingerprinting and random amplified poly-
morphic DNA (RAPD). In addition, this will provide
useful information for researchers interested in micro-
bial ecology and bioleaching as it not only describes
the diversity of A. caldus within the species level sys-
tematically, which is rare in diversity research, but also
targets on the dominant sulfur-oxidizing bacterium in
the bioleaching of sulfide ores at 40°C-50°C.

Experimental
Materials and Methods

Bacterial strains, media and culture conditions.
This study was conducted with three strains of A. caldus
recovered from two main geographical locations: acid
mine drainage site and coal heap site. Among them, the
A. caldus strains S-1, S-2 were isolated from samples
from the coal heap drainage in Changsha, Hunan Prov-
ince, China. While A. caldus strain D-1 was isolated
from AMD of Dabaoshan Mineral Company in Guang-
dong Province, China. All of the A. caldus strains were
cultivated using the typical 9K medium ((NH,),SO,
3.0 g/, KC10.1 g/l K,HPO, 0.5 g/l, MgSO,.7H,0 0.5 g/l,
Ca(NO,), 0.01 g/l)) with S’ (10 g/1) and pH adjusted to
2.5 under the temperature of 45°C.

DNA preparation. Bacterial cells were harvested
by centrifugation at 7378 x g for 10 min and genomic
DNA s of all bacteria were extracted using the TTANamp
Bacteria DNA Kit (Tiangen Corporation Ltd. Beijing,
China). DNA quantity was determined by spectropho-
tometry (Nanodrop Technologies, Rockland, DE). All
DNAs were stored at —20°C until being used.

Random amplified polymorphic DNA (RAPD).
Twenty 10-mer primers from Operon Technologies Inc.
(Alameda, CA, USA) were used for the PCR reactions
(TableI). PCR reaction mixtures (25 pl) contained 1 ul
(30ng) of DNA, 2 ul (10 uM) of the primer, 2.5 units
(0.5pul) of Tag DNA Polymerase (Tiangen Corpora-
tion Ltd. Beijing, China), 2.5 ul of 10 x Tagbuffer, 2 pl
(2.5 mM) dNTP Mixture and 17 pl ddH,O. PCR reac-
tion was performed in a thermocycler (Applied Biosys-
tems Corporation, Ltd., USA). The amplification con-
ditions were: an initial denaturation at 94°C for 5 min,
followed by 45 cycles of denaturation at 94°C for 1 min,
annealing at 37°C for 1 min, extension at 72°C for 2 min
and a final extension at 72°C for 10 min.

Each amplification was done in triplicate or more
and results were reproducible when DNA from differ-

Wu X. et al. 4

Table I
Sequences of twenty oligonucleotide primers (Kit Operon)
used in RAPD.

Primers Sequence (5" to 3°)
OPC-01 TTCGAGCCAG
OPC-02 GTGAGGCGTC
OPC-03 GGGGGTCTTT
OPC-04 CCGCATCTAC
OPC-05 GATGACCGCC
OPC-06 GAACGGACTC
OPC-07 GTCCCGACGA
OPC-08 TGGACCGGTG
OPC-09 CTCACCGTCC
OPC-10 TGTCTGGGTG
OPC-11 AAAGCTGCGG
OPC-12 TGTCATCCCC
OPC-13 AAGCCTCGTC
OPC-14 TGCGTGCTTG
OPC-15 GACGGATCAG
OPC-16 CACACTCCAG
OPC-17 TTCCCCCCAG
OPC-18 TGAGTGGGTG
OPC-19 GTTGCCAGCC
OPC-20 ACTTCGCCAC

ent extractions of the same strain were used (Bergamo
et al., 2004; Novo et al., 1996). The amplification prod-
ucts (10 pl) were separated by electrophoresis on 1.5%
agarose gel using 1xTAE buffer (40 mM Tris base,
20mM sodium acetate, 1.8 mM EDTA, pH adjusted
to 7.8 with glacial acetic acid) for 3 h at 40 V. The gels
were stained with ethidium bromide and photographed
under UV. The 200 bp DNA ladder (Tiangen Corpora-
tion Ltd. Beijing, China) was used as a size marker in
all gels. The results were analyzed by comparing RAPD
profiles on the basis of the presence (1) or absence (0)
of each DNA band on the photographed agarose gels.
Similarity analysis was performed using the DICE simi-
larity coefficient in the NTSYS-PC software (Campos
Paulino et al., 2001).

Rep-P CR and AP-P CR amplification. All PCR
reactions were performed in a total volume of 25 pl
using 30-50 ng DNA, and carried out in duplicate using
a thermocycler (Applied Biosystems Corporation, Ltd.,
USA). BOX-PCR (based on primers targeting the highly
conserved repetitive DNA sequences of the BOXA
subunit of the BOX element) and ERIC-PCR (based
on primers targeting the highly conserved enterobac-
terial repetitive intergenic consensus) were conducted
to obtain the genomic fingerprinting of the bacteria
described above. The rep primers were: for ERIC-PCR,
ERIC-1R: 5-ATGTAAGCTCCTGGGGATTCAC-3,
ERIC-2: 5-AAGTAAGTGACTGGGGTGAGCG-3; and
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for BOX-PCR, BOXAIR: 5-CTACGGCAAGGCGA-
CGCTGACG-3" (Versalovic etal., 1991; Versalovic
etal, 1994). The reaction mixtures (25 ul) contained
2.5ul (10 uM) of the each ERIC primer for ERIC-PCR
and 5 ul of BOX primer for BOX-PCR, 2.5 units (0.5 pl)
of Tag DNA Polymerase (Tiangen Corporation Ltd.
Beijing, China), 2.5 pl of 10 x Tag buffer, 2 ul (2.5 mM)
dNTP Mixture, 1 ul DNA and 14 pl ddH,O. The ampli-
fication conditions included an initial denaturation at
95°C for 7 min, followed by 40 cycles of denaturation
at 90°C for 30, annealing at either 55°C (BOX-PCR)
or 52°C (ERIC-PCR) for 30s, and amplification at
72°C for 8 min, followed by a final extension at 72°C
for 10 min. PCR products were then examined through
horizontal electrophoresis in 2% agarose gel containing
ethidium bromide at 60 V for 5 h in 1 x TAE buffer and
photographed under UV.

In the AP-PCR amplification, primers MI13
(5-TTATGTAAAACGACGGCCAGT-3’)(Jonas etal.,
2000), BG2 (5-TACATTCGAGGACCCCTAAGTG-3’)
(Van Belkum etal., 1993) and PJ118 (5-TGTTCGT-
GCTGTTTCTG-3’), PJ108 (5-GCTTATTCTTGA-
CATCCA-3’)(Lado and Yousef, 2003) were used. The
PCR reaction mixtures (25 ul) contained 1 ul 30 ng of
DNA, 21(10 uM) of the primer, 2.5 units (0.5 pl) of Taq
DNA Polymerase (Tiangen Corporation Ltd. Beijing,
China), 2.5 pl of 10 x Taq buffer, 2 ul (2.5 mM) ANTP
Mixture and 17 ul ddH,O. PCR was initiated with two
cycles of low stringency, which included a denaturing
step at 95°C for 1 min, annealing of the primer at 36°C
for 1 min, and 2min of extension at 72°C. After the
initial two cycles, 40 additional cycles were conducted
with annealing of the primer at 55°C. The reaction
was terminated with a final extension cycle at 72°C
for 10 min. The amplification products (12.5 pl) were
separated by electrophoresis on 1.5% agarose 1 x TAE
buffer gels. The gels were stained with ethidium bro-
mide and photographed under UV. The 200 bp DNA
ladder (Tiangen Corporation Ltd. Beijing, China) was
included in the gel to evaluate the molecular weight of
the PCR products. Based on the banding patterns rec-
ognized on gel images, a binary (0-1) data sheet was set
up. Similarity analysis was performed using the DICE
similarity coefficient in the NTSYS-PC software (Cam-
pos Paulino et al., 2001).

Sequencing analysis of 16S rRNA genes and 16S-
23S rRNA gene intergenic spacers. For 16S rRNA
genes, the reverse primer was the universal 1387R
(5°-GGGCGGWGTGTACAAGGC-3) and the forward
primer was the universal 63F (5-CAGGCCTAACA-
CATGCAAGTC-3’) (Marchesi et al., 1998). The primers
5-GACTGGGGTGAAGTCGTAAC-3’ and 5-TGG-
CTGGGTTGCC-CCATTCGG-3’ were used to amplify
the 16S-23S rRNA gene intergenic spacers (Sagredo
etal., 1992).
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All PCR reactions were performed in a total volume
of 25 pl. PCR reaction mixtures 1 pl (30 ng) of DNA,
1 ul (10 uM) of each primer, 2.5 units (0.5 ul) of Tag
DNA Polymerase (Tiangen Corporation Ltd. Beijing,
China), 2.5 pl of 10 x Taq buffer, 2 ul (2.5 mM) ANTP
Mixture and 171ddH,O. PCR reaction was performed
in a thermocycler (Applied Biosystems Corporation,
Ltd., USA). The amplification conditions included
an initial denaturation at 95°C for 5 min, followed by
36 cycles denaturation at 94°C for 455, annealing at
55°C for 45 s, and amplification at 72°C for 90 s, followed
by a final extension at 72°C for 10 min. The products of
amplification were then examined through horizontal
electrophoresis in 1.5% agarose gel containing ethidium
bromide in 1 x TAE buffer and photographed under UV.
Amplimers of the expected size for the 16S rRNA gene
(approximately 1.3 kb) and 16S-23S rRNA gene inter-
genic spacers (approximately 600 bp) were excised from
agarose gels and purified with the Universal DNA Puri-
fication Kit (Tiangen Corporation Ltd. Beijing, China)
in accordance with the manufacturer’s instructions.
The purified PCR products were sequenced using an
automatic ABI-PRISM3730 DNA analyzer (Applied
Biosystems). The sequences of the 165-23S rRNA gene
intergenic spacers of the tested strains were submit-
ted to the GenBank. Then these 16S rRNA genes and
165-23S rRNA gene intergenic spacers sequences were
aligned by using the CLUSTA L X program.

Nucleotide sequence accession numbers. The 16S-
23SrRNA gene intergenic spacers sequences deter-
mined in this work were deposited in the GenBank data-
base under the accession numbers JX826622-]X826624.

Results

Analysis based on RAPD-PCR data. The genomic
DNA of each strain used in this work was amplified
using 20 different random primers. Eighteen of the
primers tested produced a large number of specific
and reproducible banding patterns revealing polymor-
phisms, whereas the other two primers (OPC-10, OPC-
14) were excluded from the data analysis due to the pro-
duction of non-reproducible banding pattern. The size
of the amplified products ranged from approximately
200 to 3400 bp. The RAPD profiles of the three A. cal-
dus strains were compared, and variation in the band
profiles was observed for most primers (Fig. 1 presents
only PCR results with primers OPC-5 and OPC-13).
The similarity ratio among strains was calculated from
the genomic DNA banding profiles generated by RAPD
experiments. As shown in Table II, the highest similarity
ratio of genomic DNA is between D-1 and S-1 (75%),
and the next is between S-2 and S-1 (59.26%). The low-
est similarity ratio is between S-2 and D-1 (53.44%).
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Fig. 1. RAPD genomic fingerprints of three tested A. caldus strains generated with OPC-5 (a) and OPC-13
(b) primer. M represents 200 bp DNA ladder. C represents negative control.

Fig. 2. a - DNA fingerprint patterns of A. caldus strains generated by ERIC-PCR. M1 represents 200-bp DNA ladder.
M2 represents 1kb DNA ladder. C represents negative control. b - Banding profiles of genomic DNA of three tested strains
generated by AP-PCR with M13 primer. M represents 200-bp DNA ladder. C represents negative control.

Analysis of bacterial diversity based on rep-PCR
and AP-PCR fingerprinting. Rep-PCR and AP-PCR
experiments were performed to investigate the geno-
typic heterogeneity of the tested strains using the set of
rep primers (BOX and ERIC) and AP primers (M13,
PJ108, PJ118 and BG2). The results showed that the
DNA banding profiles of the three strains exhibited
obvious differences from each other. BOX-PCR yielded
fingerprints with bands ranging from approximately
250 to 2000 bp, and the ERIC profiles encompassed
bands ranging from approximately 200 to 2500 bp,
whereas AP-PCR generated DNA fragments ranging in
size from approximately 200 to 2100 bp. Almost every
isolate yielded a unique and complex genomic finger-
print with each primer (Fig.2 presents the results of

ERIC-PCR (a) and AP-PCR results with M13 primer
(b)). The similarity ratio among them was calculated
from the genomic DNA banding profiles generated
by rep-PCR and AP-PCR experiments. As shown in
Table II, the highest similarity ratio of genomic DNA is
between S-2 and S-1 (71.64%), and the next is between
S-1 and D-1 (68.57%). The lowest similarity ratio is
between S-2 and D-1 (61.97%).

Comparative analysis of 16S rRNA genes and 16S-
23S rRNA gene intergenic spacers sequences. Ampli-
fications and sequences of the 16S rRNA genes were
carried out with genomic DNA from the three A. caldus
strains recovered from acid mine drainage or coal heap
sites in China. According to our sequencing results, the
nucleotide sequences of 16S rRNA gene from these
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Table II
Similarity ratio of genomic DNA of the three tested strains determined by analysis
of RAPD patterns and rep-PCR combined with AP-PCR fingerprinting.

RAPD rep-PCR combined with AP-PCR
Strains | g ) D-1 52 51 D-1 52
51 100% 100%
D-1 75% 100% 68.57% | 100%
52 59.26% | 53.44% | 100% 71.64% | 61.97% | 100%
Table I1I

Overall similarity of 16S rRNA gene and 16S-23S rRNA gene intergenic spacers
sequences between the three strains in the present study.

RAPD rep-PCR combined with AP-PCR
Strains |7 g ) D-1 52 51 D-1 52
S-1 100% 100%
D-1 99.9% 100% 100% 100%
S-2 99.9% 100% 100% 99.7% 99.7% 100%
Table IV
ITS and tRNA size (bp) based on the 16S-23S rRNA gene intergenic spacers sequence.
Strains Size(bp) GenBank
ITS1 ITS2 ITS3 tRN]e tRNA4la Total accession no
DSM 85% T 47 3 179 77 76 382 AF512808
S-1 46 3 179 77 76 381 ]X826624
D-1 46 3 179 77 76 381 ]X826623
S-2 46 3 179 77 76 381 ]X826622

ITS and tRNA size of Acidithiobacillus caldus DSM 8584" derived from the 16S-23S rRNA gene inter-

genic spacers sequence in the NCBI database

three strains were 99.5-100% identical to that of the
A. caldus strain DSM 8584" in GenBank (Z29975). The
16S rRNA gene sequences of D-1 and S-2 were com-
pletely identical, while the 16S rRNA gene sequence of
S-1 was somewhat different from that of the other two
strains with small variation. The similarity ratios among
them calculated from the sequences of 16S rRNA gene
were shown in Table III. Consequently, the variations
of the 16S rRNA gene sequences are not sufficient to
differentiate some closely related A. caldus strains.

At the same time, we have also determined the
diversity of 16S-23S rRNA gene intergenic spacers
sequences among the tested A. caldus strains. Accord-
ing to our sequencing results, the structure and organ-
ization of the 16S-23S rRNA gene intergenic spac-
ers of the Chinese A. caldus isolates were consistent
with the data of the type strain A. caldus DSM 8584"
(Table IV). The 16S-23S rRNA gene intergenic spacers
of all A. caldus isolates contain two highly conserved
genes for tRNA"™ and tRNA*"?, which split the ITS into
three regions (ITS1, ITS2 and ITS3). Sequencing analy-
sis showed that the nucleotide sequences of 16S-23S

rRNA gene intergenic spacers from these three strains
were 99.7-100% identical to that of the A. caldus strain
DSM 8584" in GenBank (AF512808). The nucleotide
sequences of the 165-23S rRNA gene intergenic spac-
ers from S-1 and D-1 were completely identical to each
other, while the 165-23S rRNA gene intergenic spacers
sequence of S-2 was somewhat different from that of
the other two strains with only one nucleotide change
(nucleotide 262, C->T, Fig.3). The similarity ratios
among them calculated from the sequences of 165-23S
rRNA gene intergenic spacers are shown in Table III.

Discussion

Investigations have demonstrated that varied growth
conditions, such as degree of pollution, substrate type
and strength of toxic metal ions, can influence the struc-
tural changes in chromosomal DNA of Acidithiobacillus
strains reflecting the genetic adaptation of the different
ecotypes of Acidithiobacillus strains to different natural
environments (Kondratyeva et al., 1995; Tupikina et al.,
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GTTCTTTGACAAGTGAGGAAGGGAAGGCCAGATGACCGGTCCTGGGACGGGTCATCTCCCCCGAGGGTATTGGGGGATATAT
GTTCTTTGACAAGTGAGGAAGGGAAGGCCAGATGACCGGTCCTGGGACGGGTCATCTCCCCCGAGGGTATTGGGGGATATAT
GTTCTTTGACAAGTGAGGAAGGGAAGGCCAGATGACCGGTCCTGGGACGGGTCATCTCCCCCGAGGGTATTGGGGGATATAT
GTTCTTTGACAAGTGAGGAAGGGAAGGCCAGATGACCGGTCCTGGGACGGGTCATCTCCCCCGAGGGTATTGGGGGATATAT
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Fig. 3. Alignment of 165-23S rRNA gene intergenic spacers sequences of the A. caldus strains. The 165-235 rRNA gene intergenic spacers
sequence of A. caldus DSM 8584" was derived from the NCBI database. The length of the ITS is indicated at the end of the sequences in
nucleotides. Asterisks indicate identity, and spaces represent alignment gaps.

2006). Therefore, natural selection and genetic adapta-
tion may be the reason why A. caldus strains occupying
specific microbial niches in diverse environments are
heterogeneous from each other.

In addition, previous studies have also demonstrated
that most Acidithiobacillus strains isolated from various
parts of the world contain a variety of insert sequences
(IS) involved in the adaptation to changes in environ-
mental conditions and in the regulation of the expres-
sion of biochemical pathways, which in turn result in
changes to some phenotypic traits, including resistance
to metal ions and the capacity for substrate oxidation
(Rawlings, 2001; Kondrateva et al., 2005). Therefore,
these mobile IS elements may be another cause result-
ing in the phenotypical and genotypical heterogeneity
of Acidithiobacillus strains.

In the present work, the genomic heterogeneity of
three A. caldus strains were analyzed and compared
using a combination of molecular systematic meth-
ods, namely sequencing analysis of PCR-amplified 16S
rRNA genes and 16S-23S rRNA gene intergenic spac-
ers, repetitive element PCR, arbitrarily primed PCR
fingerprinting and random amplified polymorphic
DNA. Recently, polymorphism analysis of 16S rRNA
genes and 16S-23S rRNA gene intergenic spacers has
been used extensively to identify the diversity analysis
of microorganisms at the species level or above due to
their high conservation (Giirtler and Stanisich, 1996;
Gomes et al., 2010; Breuker et al., 2009). In addition,

some studies have showed that in contrast to the 16S
rRNA gene, polymorphism analysis of 165-23S rRNA
gene intergenic spacers exhibits considerable variation
in structure and is more appropriate for studies at the
intraspecies level (Ni et al., 2007; Darwish and Ismaiel,
2005). As described in this study, however, A. caldus
strains from different econiches possessed only small
variations in both with about 99.9-100% identity of 16S
rRNA gene, 99.7-100% identity of 16S-23S rRNA gene
intergenic spacers respectively. It can be, therefore, sug-
gested that some closely related strains may not be dis-
tinguishable on the 16S rRNA gene and 16S-23S rRNA
gene intergenic spacers level.

Rep-PCR and AP-PCR fingerprinting have been
widely used to detect polymorphism in bacteria includ-
ing Salmonella, Arthrobacter, Rhodococcus, and Pseu-
domonas (Liang et al., 2010; Albufera et al., 2009; Bou-
lygina et al., 2009). They can differ in the rep-PCR and
AP-PCR profiles which might lead to detect interspe-
cies and intraspecies differences based on agarose pat-
terns (De Meyer et al., 2011; Prieto et al., 2007; Emekdas
etal., 2006). As described in this study, in the analysis
of bacterial diversity based on rep-PCR and AP-PCR
fingerprinting, almost every of the strains yielded
a unique and complex genomic fingerprint with each
primer. The three A. caldus strains exhibited obvious
differences from each other with 61.97-71.64% identity.
These results, as well as others, clearly indicated that
rep-PCR combined with AP-PCR fingerprinting could
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discriminate and differentiate closely related strains
fastly and successfully (Ni et al., 2008; Xie et al., 2008;
Ranjbar et al., 2007). Therefore rep-PCR combined with
AP-PCR may be used as a quick and reliable alternative
for establishing differences among strains of the same
species as well as among different species.

Likewise, RAPD analysis has been widely used to
differentiate bacterial strains among diverse species
including Lactobacillus, Leuconostoc, and Acidithioba-
cillus (Omar et al. 2000; Ni et al., 2008; Abed and Has-
san, 2009), and it has also been shown to be a powerful
technique in detecting genomic diversity on the strain
level (Martinez-Blanch et al., 2011; Waltenbury et al.,
2005). In this study, RAPD analysis further showed that
the genomic DNA banding profiles of the three strains
exhibited obvious differences from each other, and the
similarity between the three strains obtained in the
RAPD patterns analysis ranged from 53.44% to 75%.
These results are in agreement with previous studies
which reported that the similarity coefficients within
A. ferrooxidans strains ranging from almost 0% to over
98% (Novo et al., 1996). This study further proves that
RAPD is a sensitive technique to assess strain variability
among the same species (Waltenbury et al., 2005; Akbar
etal., 2005).

In conclusion, in our study, A. caldus strains from
different sources with a high degree of similarity 16S
rRNA gene and 16S-23S rRNA gene intergenic spac-
ers sequences, could be distinguished on the basis of
rep-PCR, AP-PCR fingerprinting and RAPD patterns.
Therefore, rep-PCR, AP-PCR fingerprinting and
RAPD-PCR profiles revealed a high degree of genomic
diversity within A. caldus strains, and these methods
could become important tools in the classification and
identification of these bacteria. However, the accurate
and reliable monitoring the genomic heterogeneity of
microbes can only be achieved by integration of differ-
ent molecular typing methods.
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