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Discrimination among the Three Acidithiobacillus Species,
A. ferrooxidans, A. thiooxidans and A. caldus, Based on
Restriction Fragment Length Polymorphism Analysis
of the 165-23S rDNA Intergenic Spacer Region

Satoshi Wakai, Kentaro Yamamoto, Tadayoshi Kanao
Tsuyoshi Sugio and Kazuo Kamimura
(Department of Biological Function)

The PCR-amplified 16S-23S rDNA intergenic spacer regions (ISRs) of 4cidithiobaci-
llus ferrooxidans, A. thiooxidans, and A. caldus strains were sequenced and evaluated for
differentiation and identification of these bacteria. The total length of the 16S-23S ISRs
of A. ferrooxidans and A. thiooxidans strains and A. caldus GO-1 were 441, 456, and 379
bp, respectively. Two genes, encoding tRNA"® and tRNA*'%, and the box A-like sequences
were highly conserved in the ISRs of all Acidithiobacillus species. The restriction
fragment length polymorphism (RFLP) profiles of the PCR-amplified 16S-23S rDNA ISRs
digested by Haelll and A/ul could clearly discriminate A. ferrooxidans from A. thivox-
idans and A. caldus. The results indicated that RFLP analysis of the 16S-23S ISRs is an
easy and rapid method for discrimination and identification of Acidithiobacillus species.
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Introduction

A. ferrooxidans, A. thiooxidans, and A. caldus are
especially found in sites where sulfur compounds are
abundant, such as acid mine drainages, sewage treat-
ments and marine habitats. They are Gram-negative,
non-spore forming bacteria that derive energy from
the oxidation of reduced inorganic sulfur compounds
and fix CO, as the carbon source V. A. ferrooxidans is
characterized by its ability to oxidize both ferrous
iron and reduced inorganic sulfur compounds. Since
growth rates of Acidithiobacillus species are very low
and the growth is chemoautotrophic, ecological
studies of Acidithiobacillus species are hampered by
difficulties in isolating and identifying strains using
culture-based methods. Therefore, the development of
a rapid and selective method is required to identify
Acidithiobacillus species in natural environments.

In a previous paper, we reported that a 16S rDNA

fingerprinting technique could differentiate A. ferro-

oxidans from A. caldus, but failed to differentiate A.
Jerrooxidans from A. thiooxidans ?. In most eubacte-
ria, the genes for rRNA are organized in operons with
the genes encoding the 16S, 23S, and 5S rRNAs separ-
ated by intergenic spacer regions. Since ISRs exhibit
a great deal of length and sequence variation,

polymorphism analysis of the 165-23S rDNA spacer
fragments has been successfully used to identify and
discriminate bacteria in environmental samples®*~. In
this report, we present additional data on the
sequences and RFLP profiles of the PCR-amplified
165-23S rDNA ISRs from A. ferrooxidans, A. thioox-
idans, and A. caldus.

Materials and Methods

Bacterial strains and culture condition

Bacterial strains used in this investigation were as
follows: iron-oxidizing bacteria Acidithiobacillus fer-
rooxidans ATCC 13598, ATCC 13661, ATCC 14119,
ATCC 19859, ATCC 21834, ATCC 23270, and ATCC
33020 from a type culture collection center; A. ferro-
oxidans NASF-1® and Funis 2-1? isolated from natu-
ral environments; sulfur-oxidizing bacteria A. thioox-
idans IFO 13701, IFO 13724, and JCM 3867 from type
culture collection centers; a moderately thermophilic
sulfur-oxidizing bacterium A. caldus GO-1" from a
natural environment. These bacteria were cultured as
described by Kamimura et al.?.
Amplification of 16S-23S rDNA ISRs

DNA was isolated and purified as described previ-
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ously?. An amplification of the 165-23S rDNA ISR
was performed using a primer pair PI16SF
(GCCTTGTACACACCGC) and P23SR (CTTAGAT-
GTTTCAGTTC), which anneal to positions 1387 to
1402 of the 16S rDNA and positions 203 to 187 of the
23S tDNA, Escherichia coli numbering (GenBank
accession no. V00331), respectively. Amplifications
were performed with chromosomal DNA prepared
from 13 strains of Acidithiobacillus species. PCR reac-
tions were carried out in the following mixture; 10 «l
10 X PCR buffer, 100ng purified chromosomal DNA,
05uM each primer, 2004M dNTP and 2U Taq
polymerase (Takara Biochemicals, Shiga) in a total
volume of 100 1. Thermal cycling parameters were as
follows; the first denaturation, 94°C for 2min; denatur-
ation, 94°C for 30 s; annealing, 43°C for 30 s; extention,
72°C for 60 s; cycle number, 35; the final extension,
72°C for 2min. The amplification products were anal-
yzed by electrophoresis on 1% agarose gel.
Sequencing and sequence analysis of 16S-23S
rDNA ISRs

The 165-23S rDNA ISRs amplified by PCR and
purified with a Geneclean Kit (Funakoshi Co., Tokyo)
were directly sequenced as described previously®. The
nucleotide sequence data of intergenic spacers from
A. ferrooxidans ATCC 19859, ATCC 13598, ATCC
14119, ATCC 21834, ATCC 23270, ATCC 33020,
NASF-1, and Funis 2-1; A. thiooxidans IFO 13701, IFO
13724 and JCM 3857; and A. caldus GO-1 have been
submitted to the DDBJ/EMBL/GenBank nucleotide
sequence databases under accession nos. AB 189131,
AB 189132, AB 189133, AB 198134, AB 189135, AB
189136, AB 189137, AB 189138, AB 189139, AB 189140,
AB 189141, and AB 189142, respectively. The DDB]J
CLUSTALW System was used for an alignment of
sequences'V.
RFLP analysis of 165-23S rDNA ISRs

Restriction fragment length polymorphism (RFLP)
analysis was conducted to discriminate 16S-23S
rDNA ISRs from 13 strains of Acidithiobacillus
species. PCR products were digested in two reactions
separately using restriction endonucleases, A/l and
Haelll (Takara Biomedicals), at 37°C overnight. The
digested fragments were separated by electrophoresis
on 49% NuSieve 3:1 agarose gels (FMC Bioproducts)
in 1X Tris-acetate-EDTA buffer (pH 8.0). After
electrophoresis, gels were stained with ethidium bro-
mide, and then visualized on a UV transilluminator.

Results and Discussion

PCR amplification using primers, P16SF and
P23SR, designed from the flanking terminal sequences
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of the 16S and 23S rRNA genes, was performed with
chromosomal DNA isolated from 13 strains of
Acidithiobacillus species. Amplifications of the 165-
23S rDNA ISRs from A. ferrooxidans and A. thiooxi-
dans strains yielded products having a nearly similar
size of approximately 770bp (Fig. 1). An amplification
of the region from A. caldus GO-1 yielded a slightly
shorter band with approximately 690bp in size (Fig.
1). )

A. ferrooxidans has been known to have two rRNA
operons and two tRNAs, tRNA"® and tRNAY, in the
spacer between the 16S and 23S rDNA!*'®. The size of
the 165-23S rDNA ISRs from 8 strains of A. ferrooxi-
dans was 441 bp, that from 3 strains of A. thiooxidans
was 456 bp, and that from A. caldus GO-1 were 379bp.
Sequences from the 165-23S rDNA ISR of A. ferrooxi-
dans or A. thiooxidans strains ranged from 99.1 to
100 %, or from 99.8 to 100 % similarities, respectively.
The 165-23S rDNA sequence similarity between A.
ferrooxidans strains and A. thiooxidans strains or A.
caldus GO-1 was from 79.0 to 79.4 9%, or from 77.9 to
78.6 %, respectively. The sequence similarity between
A. thiooxidans strains and A. caldus GO-1 was 78.1%.
Nucleotide sequences of A. ferrooxidans NASF-1, A.
thiooxidans 1FO 13701 and A. caldus GO-1 were
aligned and is shown in Fig. 2. Two tRNA genes,
tRNAM (77bp) and tRNAM? (76 bp), were involved in
the spacer region of three Acidithiobacillus species.
The antitermination element, box A-like sequences
(TGTTCTTTGACA), was identical among three
Acidithiobacillus species, and had two mismatches

with the corresponding sequence of E. coli
i1 2 3 4 5 6 7 8

770 bp

690 bp

Fig. 1

Agarose gel electrophoresis of PCR-amplified frag-
ments of the 16S5-23S rDNA intergenic spacer
regions from the strains of Acidithiobacillus.

Lanes: 1, ADNA HindIll restriction fragments; 2; A.
Sferrooxidans ATCC 23270; 3, A. ferrooxidans NASF-1;
4, A. thiooxidans IFO 13701; 5, A. thiooxidans IFO
13724; 6, A. thiooxidans JCM 3867; 7, A. caldus GO-1; 8,
ADNA HindIll/EcoRI restriction fragments.
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ITS1 tRNAM
[FOI3701 AARGAAATGGGTCCTAGACCACAC~~ACGCCACTCGGTAAAGAAT(GGGCCTATAGCTCAGCTGGCTAGAGCACACGACTGATARTCGTGAGGTORGT 96
NASF-1  ARAGAAACGGGTC-TAGACCCCACACACGCCACTCGGTAAGGAATIGGGCCTATAGCTCAGCTGGCTAGAGCACACGACTGATAATCGTGAGGTCAGT]  §7
GO-1 AAAGAGACGGGTTCTAGACCCCACACACGCCACTCGGTAGAGACT HEGGECCOATAGC TOAGCTAGCTAGAGCACACGACTEATAATAGTEAGGTCACT 08
HEEEE K wRRE KKK KXF AKX KARKAEE R K KKK RAKKRE AR KA AR KKK AR A KA KA AR KA AR 2
tRNAM 1TS2 tRNAAR
IFOI3701 | GGTTCGAGTCCACT TGGGCCCACCARATIGGGGCTGTAGCTCAGCTGGGAGAGCA CCTGCTTTGCARGCAGGGGGTCACCOGTTCGATCCCGGTCAGET] 104
NASF-1 | GGTTCGAGTCCACTTGGGCCCACCARATGGGECTGTAGCTCAGTTGGGAGAGCACCTGC T TTGCAAGCAGGGGGTCACCGGT ICGAGACCEGTCAGET| 195
GO-1 GOTTCOAGTCOACTPEECOCCACOR NECCGC P C T A CC T A T GG A G AGCACC T T T RO AN O A GGaGGTOAC AN T RGN CAGTCAGC T 196
B e
tRNAMS ITS3
IFO13701 [CCACCAAAGGGA-AGA-GGCCCGCG--CGCAGCGGGTCGGACGCTGGGGTGGAGAAGTAGGCGGCAGGAAGCGCGTAR - CAGGTARCAGGARCTAGAG 283
NASF-1  [CACCAGAGGGATAGAAGGCCCGCAAAGAGCGCGGGCTGGTCGCTGGGG—~—-AAG-COGTAG-AG~ARG- GGATTT —~AGGGTTTAGTGTGT-- -~ 273
GO-1 CACCAGACGGm~—mmmmmmmm e mmmmmm s s TGGGGTCEEGAGE--GGCATCGG- -G~ GGATGCTCTGGGGGTAGE —~ == ——— 247
PP RS- * ok oxw e ww % ix o
ITS3 Box A-tike
IFO13701 AGTAGGRAAGTA A———TTAAAGAGTCCGTAGTA«GTGAGTTTCTGAA'E‘AAAGAAGCTGAGTACTACC————GATTCGCAGTATGGAAGCGGTATE' GTT| 381
NASF-l  AGTGCTGAA-TAACGCTTTA-GGGA-TGTAGGRAGTAAGGTGCTATTGATCACTGCCC ~ ~ACT-C ~GGAAGAT TG~ AGTGCGT A~~~ GT-TEGTT| 369
GO-1 AGTGGGCA-GTGCAGAGCCGTGEGC-TGT~GCAC-TGTAC~ =~ ~ATT-—————————— =~ m GGAAGAT-——~~ GTGCG—-——-~ GTACELGTT] 318
P - o e o ox ox . * [
Box A-like ITS3
IFO13701  ¢TTTGACABTTGAGGAAGGGAAGGCCATGTTIGTCATCTTGCCGATGGCAGACC TCCAGGTGGATGCTTGGGGATATAT 456
NASF-1 TTTGACALTTGAGGAAGGGAAGGCCATGTTTGTCATCTTGCCGATGGCAGACCTCCAGG TGGATGCTTGGGGATATAT 441
GO-1 TTTGACARGTGAGGAAGGGAAGGCCA-G---G-CGACCGGT ~GACGGGTTGTCTCCCCCGAGGGTATTGGGGATATAT 379
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* X xx * R 2

Fig. 2 Alignment of the 165-23S rDNA intergenic spacer sequences from A. thiooxidans IFO 13701, A. ferrooxidans NASF-1,
and A. caldus GO-1. Identical bases are indicated by asterisks and sequence gap are indicated by dashes.

(TGCTCTTTAACA) (Fig. 2). Another highly conser-
ved region of 17 nucleotides, following the box A
element, was observed in intergenic spacer regions of
three Acidithiobacillus species. The tRNA genes of all
A. ferrooxidans and A. thiooxidans strains were separ-
ated by an AAT intergenic spacer (ITS 2) (Fig. 2), the
first base of which was C in A. caldus GO-1 (Fig. 2).
Although nucleotide sequences of 5-terminal region
of intergenic spacer 1 (ITS 1) and 3’-terminal region
of ITS 3 were relatively conserved among Acidith-
tobacillus species, heterogeneity was observed in
sequences of 5’-terminal region of ITS 3. Our blastn
searches on databases with heterogeneous sequences
in the ITS 3 regions of three Acidithiobacillus species
revealed that each region was specific to species,
supporting a previous suggestion that ITS 3 region is
a potential target for the development of molecular
probe for differentiating Acidithiobacilli”.

As shown in our previous report, a phylogenic tree
constructed based on 16S rDNA sequences from
Acidithiobacillus strains indicates high sequence simi-
larity between A. ferrooxidans and A. thiooxidans®.
Karavaiko et al. have also reported a comparative
phylogenetic analysis of  the 16S rDNA genes of
Acidithiobacillus species, and indicated that A. thioox-
idans comprised a monophyletic cluster with A. fer-
rooxidans in the phylogenetic tree'¥. Since A. ferro-
oxidans was not clearly differentiated from A. thio-
oxidans by RFLP profiles of the 16S rDNA fragments,
RFLP analysis of the PCR-amplified 165-23S rDNA
intergenic spacer fragments from Acidithiobacillus
strains was carried out to examine whether the analy-
sis is used to identify Acidithiobacillus species from
natural environments. The 16S-23S rDNA ISRs from
13 strains of Acidithiobacillus were digested with two

M 1 2 3 4 5

6 7 8 9 M

A
1,353
1,078
872
603
310
271, 281
234
194
118
72

1353

1078

872

603

310

271, 281

234

194

118

72

Fig. 3 Restriction fragment length profiles of the 165-23S
rDNA intergenic spacer regions amplified from A.
ferrooxidans strains. Amplified products were digest-
ed with the restriction endonucleases, Haelil (A) and
Alul (B).
Lanes: 1, ATCC 13598; 2, ATCC 13661; 3, ATCC 14119;
4, ATCC 19859; 5, ATCC 21834; 6, ATCC 23270; 7,
ATCC 33020; 8, NASF-1; 9,Funis 2-1. Lane M, molecu-
lar marker (¢X 174 DNA Haelll restriction frag-
ments).

restriction endonucleases, A/l and Heelll, and ana-
lyzed by .electrophoresis. With Haelll and Alul, A.
Jfervooxidans strains except for strain ATCC 13661
displayed the identical RFLP profiles (Fig. 3A and
3B). Although strain ATCC 13661 was discriminated
from the other A. ferrooxidans strains by RFLP pro-
files with Heelll, all the strains showed identical
RFLP profiles with AluI (Fig. 3B). Three strains of A.
thiooxidans displayed identical RFLP profiles with
Haelll and Alul (Fig. 4A and 4B, lanes 3-5). RFLP
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Fig. 4 Restriction fragment length profiles of the 16S-23S
rDNA intergenic spacer regions amplified from Acidi-
thiobacillus strains. Amplified products were digested
with restriction endonucleases, Haelll (A) and Alul (B).
Lanes: 1, A. ferrooxidans ATCC 13661; 2, A. ferro-
oxidans NASF-1; 3, A. thiooxidans IFO 13701; 4, A.
thiooxidans TFO 13724; 5, A. thiooxidans JCM 3867; 6, A.
caldus GO-1. Lane M, molecular marker (¢X 174 DNA
Haelll restriction fragments).

profiles of A. caldus GO-1 were different from those
of A. ferrooxidans and A. thiooxidans. Thus, A. fer-
rooxidans could be discriminated from A. thiooxidans
strains and A. caldus GO-1 by RFLP profiles with
Haelll and Alul (Fig. 4).

Since a database for 165-23S rDNA ISR sequences
was established enabling a comparison of the
sequences from different bacteria (http: //ulises.umh.
es/RISSC)'®, the RFLP analysis of the 165-23S rDNA
ISRs may be successfully used to study the diversity
of bacterial population in environmental samples from
acid mine drainages, sewage treatments, and marine
habitats.
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