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Characterization of the doxDA Operons of
Acidithiobacillus ferrooxidans

ZHANG Cheng-Gui PENG An-An LUO Yan-Jie ZHANG Rui-Yong
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(Key Laboratory of Biometallurgy of Ministry of Education of China, School of Resources Processing and Bioengineering,
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Abstract: Reverse transcriptase-PCR experiments suggest that the two clusters of genes potentially involved
in the oxidation of reduced sulfur compounds are organized as operons in strain of the acidophilic, chemo-
lithoautotrophic bacterium Acidithiobacillus ferrooxidans ATCC 23270, the two clusters of genes including
such the ORF of putative sulfate-thiosulfate-molybdate binding proteins, the ORF of putative thiosulfate:
quinone oxidoreductase and the ORF of the rhodanese-like protein (P21). Bioinformatic analyses have pre-
dicted the possible promoters sequences and the possible +1 start site of transcription for the doxDA operons.
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AFE 2973 AFE 2974 AFE 2975 AFE 2976 5 uL 10xPCR , 1 uL (10 mmol/L) dNTPs,
AFE 2977 AFE 2978 AFE 2979 AFE 2980 4 pL (25 mmol/L) MgCl,, 0.5 puL (DNA
AFE 2981 AFE 2982  AFE 2983 cDNA ), 50 uL DNA
1 93 3min; 93 305,56 30s,72  30s, 32
;72 10 min; 4 PCR
2.0% )

Fz1 AXHFTHAR PCR 5|4

Table 1 The oligonuceotides used in this study

Primer Sequence(5 “to 3T 14 F359%#H
73-74-1 TTGCCGTTTATCTGGAC A. ferrooxidans ATCC
73-74-2 CGACTTCAAAACGGTTC 23270 TIGR
74-75-1 GATGGCGGCCGAGTTTAC .
74752 GGGCCAGCCGTAGTGTG (Www.tigr.com)
75-76-1 CAGAGGCGTGGGTAAAC , Protparam
75-76-2 GCCCCAGTAAATCCAAC (http://www.expasy.ch/cgi-bin/protparam.htm)
76-77-1 GGTAAATGGCAGCGTCTG
TMPRED (http: .ch.
76-77-2 CGTTGCCACATCGGACT (http://www.c
77-78-1 GTGCAGTGGGCGGAATC embnet.Org/SOftWare/TMPRED) TMHMM (http//
77-78-2 AACGTCGTCGGCGGTAT www.cbs.dtu.dk/services/ TMHMM)
78-79-1 GCTCGGTTATGACGCCTAC SignalP (http://www.cbs.dtu.dk/
78-79-2 TATTCCTCCTGGCATCGC ] )
79-80-1 CCTGCCGTCAACGATGC services/SignalP)
79-80-2 GGAGGCCACCGATACCGA BDGP (http://
80-81-1 TGCTTCCGCCGTAGTCAAGG www.fruitfly.org/seq_tools/promoter.html)
80-81-2 CGGCAAGAAGGGCGATGG
81-82-1 GTTGCAGTTGGCGGGCTAT 2 R
81-82-2 TGATGGATCGCGGGATTG
82-83-1 GCGGCATGTGGGTCGG 2.1 doxDA-1 1 doxDA-2 324 7T B FF KL 15 4E 4
82-83-2 CGGTGGGCAACAGGTTGG D% BREY A M1 B2 40 R
83-84-1 CCATGTTCGCGGCAAAC doxDA-1  doxDA-2
83-84-2 CTGGAGAAACAGGGCGA
PCR (50 uL) 1.0 pL (10 mmol/L) 2 , A. ferrooxidans ATCC23270
, 2.0 U(2.0 pL) Taq DNA (Fermentas), 1

R 2 doxDA-1F doxDA-2 R4\ T Y FF 715 15 4E LA K 4B 4B FF L RI% AR BT 4w 83 % R YR AE

Table 2 Some properties of the putative ORFs present in putative doxDA-1 and doxDA-2 operons region and the adjacent
putative ORFs

Locus Gene symbol Common name MW kD pI No. of TM SignalP
AFE_2973 unknown Hypothetical protein 19.2 10.3 0
AFE 2974 tat-2 Tat (twin-arginine translocation) pathway signal 29.5 6.2 3
sequence domain protein
AFE_2975 sbp-2 Sulfate-thiosulfate-molybdate binding proteins, putative 36.6 8.7 1 yes
AFE_2976 doxDA-2 DoxD-like family protein 39.0 9.5 6
AFE_2977 unknown Conserved hypothetical protein 17.8 8.6 0
AFE_2978 unknown Conserved hypothetical protein 14.3 4.8 0
AFE 2979 P21 Sulfur/pyrite/thiosulfate/sulfide-induced protein 23.8 9.4 0 yes
AFE_2980 doxDA-1 DoxD-like family protein 38.4 9.3 5
AFE 2981 sbp-1 Sulfate-thiosulfate-molybdate binding proteins, putative 36.6 9.1 0 yes
AFE_2982 tat-1 Tat (twin-arginine translocation) pathway signal 29.5 6.5 2
sequence domain protein
AFE_2983 cdt C4-dicarboxylate transporter/malic acid transport 44.6 6.5 9
protein
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AFE_2983 AFE_2982 AFE_2981 AFE_2980 AFE_2979 AFE_2978 AFE_2977

- 2 4 3

AFE_2973 AFE_2974 AFE_2975 AFE_2976 AFE_2977 AFE_2978
1. L
| | |

1 doxDA-1 F0 doxDA-2 &4\ 5T * FF i 175 AE LA K E 48 4B FF BURIEAE R FUE A. ferrooxidans
EF 2B B HET IR
Fig.1 Schematic map of the putative doxDA-1 and doxDA-2 operons region containing the putative gene
cluster context from A. ferrooxidans

2.2 doxDA-1 0 doxDA-2 &4\ JT A FF A IE4E HY unknown P21 doxDA-1 sbp-1 tat-1  cdt
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! ’ DNA RNA cDNA PCR
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) s 2 ) cdt
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AN DNA PCR ,
T
doxDA-1 cDNA unknown
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cdt tat-1 sbp-1 doxDA-1 P21 unknown
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l TTG '
P
s 83 82 82 81 81 80 80 79 79 78 78 77

326 bp 237 bp 260 b 287 b 320 by
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tat-2 sbp-2 doxDA-2 unknown

gﬂG th
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. . B bp. o l I

2 doxDA-1 1 doxDA-2 1R TTH B FF AL REIEAE LA R HABSD FF AU I AERY PCR #0 RT-PCR =4 Bk 3R E
Fig.2 The agarose gel electrophoresis of PCR products by PCR and RT-PCR of the putative ORFs present in putative
doxDA-1 and doxDA-2 operons region and the adjacent putative ORFs

a: DNA PCR ;b RNA cDNA PCR
a: PCR amplification of the DNA to determine the expected size of the fragment between the respective primer pairs; b: RT-PCR amplifica-
tion of the RNA

161b
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cdt cDNA
s PCR s doxDA-2
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Fig.3 Schematic diagram of the promoter in the upstream of cdt. Possible +1 start site of transcription and possible -10 and

-35 promoter s

L —
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. GTA
e

FE 2974
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CCGCCCGCGCCGCGGTGTTATCCGTCAGCAAN 43, ATG
L +1

CGCTCCGTCAGTTGCCGGCTGATTTTGACGGCGGCAATATCCGCAGGCATN,;,,ATG

T—>+1

4 doxDA-2 R ITTH tar-2 FARFNIEIE LR EBR F IR A e FERN B FF5
Fig. 4 DNA sequences of the upstream of zaz-2. Possible +1 start site of transcription and the possible promoters for the
doxDA-2 operon are indicated
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factories.com/content/4/1/13).
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and Environmental Microbiology, 2003, 63(3): 239-248.
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, 2006, 16(7):
ATG , ™
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