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Cloning and Sequence Analysis of Azoreductase Gene
from the Strain AZR
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Abstract: The result of 16S rRNA analysis showed the strain AZR belonged to Staphylococcus cohnii. Ac-
cording to three azoreductase’s gene sequences from Staphylococcus in GenBank, a pair of primers were de-
signed and the azoreductase’s gene was amplified from the strain AZR’s genome successfully. The sequence
contained a complete 567 bp ORF (Open Reading Frame) encoding the azoreductase, consisting of 188
amino acids. Blast in GenBank indicated that it is a novel gene, and it has been deposited with the GenBank
Data Libraries under accession number EU849488. The characteristics of the protein coded by this gene
were analyzed by bioinformatics. The result showed that this protein belonged to the flavin protein family
and was a kind of NADPH-depedent FMN reductase, and it was stable, pl 5.75, located in cytoplasm, and
composed of Alpha helix, extrended strand random coil. There was a srong transmembrance domain and
contained some conserved sites such as protein dinase C-phosphorylation.
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, PCR DNA

12 BRISEK
AZR

pMD-18-T Vector
TaKaRa , DH5a ,
T-
: , 13 H# AZR By 16SrRNA ¥

1.3.1 HEF4 DNA HY#REL:
(1

>

; , DNA,
[4]
, 8000 r/min 45 s ;. —=20°C
( AZR) 37°C ; 25 mL
AZR , TE ; ;
B R 1 mg/mL, 37°C 1 h, 10% SDS
s AZR 24 h B 1.6%, 55°C 15 min; 5 mol/L KAc
95% AZR 0.5 mol/L, 2 h; /
, (24:1), , 4°C 12000 r/min
(15% NaCl) , 10 min; ) /
(2] / (25:24:1), ,4°C 12000 r/min
1 , 10 min; R / ,
, ,4°C 12000 r/min 10 min; , 2
, —20°C ; 4°C 12000
10~50 DI R 16S rRNA r/min 30 min, R (10 min~
, 20 min); 50 uL , 1 uL 1 mg/mL
, GenBank RNase, , 37°C 30 min; 4°C
PCR , PCR 12000 r/min 10 min, , —20°C
5ul 0.8%
, , 1.3.2 16S rRNAPCR "1 & I FF: AZR
, , 16S rRNA PCR
Forward Primer  Reverse Primer 2 ,
16S rRNA PCR 1 94°C
1 MRS 4 min; 94°C 30 s, 50°C 30's, 72°C 90 s, 30 ;
11 EFEZRHA 72°C 5 min ,
16S rRNA PCR Taq DNA DNA PCR ,
DNA Marker R 16S rRNA
TaKaRa ; DNA PCR Seq forward Seq re-
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verse 2 4iH
1.3.3 16S rRNA BIFFILLX R RG (L pisgiE: N
- 15
NCBI Blast 2.1 B AZR Y 16S rRNA £7E
A S iR EX:
[5], 16S tRNA ’ 2.1.1 EHMF4 DNA BYIREX
AZR DNA 1
Primer-Premier 5.0 DNA Star seqtool Clustal ’
AZR DNA 23 kb
X MEGA 4.1
[6,7] , PCR
i L . 2.1.2 PCRiH#HE#k AZR H 16S rRNA Rl FF:
1.4 E#k AZR BB RIE R BEE E /Y 52 bE &N P
s 16S rRNA PCR s
1.4.1 5|¥i&it: AZR  16S rRNA
16S rRNA PCR , 2 PCR
. GenBank
o Genedoc ’
GenBank R
’ FJ908085
s Primer
Premier 5 DNAStar
1.4.2 PCR ¥ i&: AZR DNA bp
) 2.2.1 TD-PCR 23130
(&1 : 94°C 5 min; 94°C 30 s, 50°C aa1d
~40°C 45 s, 72°C 1 min, 20 s 6557
0.5°C; 72°C 7 min, 94°C 30 s, 50°C 45 s, 72°C 4361
1 min, 10 ; 72°C 5 min
5 uL PCR s PCR
2322
2027
143 T-RERMNF: 222 PCR
DNA , DNA B 1 Bk AZR EF4H DNA ZE4R
Fig. 1 Genome DNA of the strain AZR
’ PCR 2 uL I uL Note: M: A-Hind III digest DNA marker; 1: Genome DNA.
pMD-18-T DNA , 16°C
DH5a Mo
IPTG X-gal LB bp
, 37°C ,
2000 Targeted band
’ PCR ’ 1000
pMDI18-T-AZR 750
500
15 HE#k AZR MIBREEMERMNEYERFE
ST 250
GeneDoc Blast
GenBank 100
2 Bk AZR B 16S rRNA
(9.10] Fig. 2 16S rRNA of the strain AZR

Note: M: DNA marker DL2000; 1: 16S rRNA.
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2.1.3 16S rRNA BIFFIRFH LR EE: 16S rRNA AZR
NCBI Blast 16S rRNA , GenBank
, Blast , 13 (GenelD: 2860138, 3236352, 3242986)
AZR  16S rRNA 97% o Genedoc 3
3 , 5! 3 20 bp
, AZR 95%  ( 5),
(Staphylococcus) (cohnii) Primer Premier 5 DNAstar
, Staphylococcus ,
cohnii 16S rRNA 100%, :
(Staphylococcus cohnii) GF( ): 5'-CATGAAAGGATTAATTATTA
2.2 Bk AZR BB RIL R ESE FE B9 5 RO F T-3";
221 BEBRLERERE PCR ¥ iE@ays|4i&it: GR( ): 5'-TTATTTTAAATGTTCAT-3".

@ Staphylococcus cohnii AZR(FJ908085)
495{ Staphylococcus cohnii subsp. ATCC 29974(D83361)
90 Staphylococcus cohnii CV38 (AJ717378)
Staphylococcus cohnii (AB009936)
486‘; Staphylococcus cohnii strain 175 (EU730931)
I Staphylococcus arlettae CM6 (EU660322)
99 | Staphylococcus arlettae B2S2 (EU221364)
100 | Staphylococeus gallinarum ATCC 35539 (D83366)
IStaphyfococcus gallinarum S1004 (DQ350835)

96 IS!apkoncoccus xylosus ATCC 29971 (D83374)
Staphylococcus bacterium EMB3 (EU621829)

98 Marine sediment bacterium OC-12 (AY669172)
495{ Arctic sea bacterium ARK 9973 (AF468443)
Staphylococcus saprophyticus ATCC 15305 (D83371)

3 1R1E 16S rRNA FHIMEMARZ X BRI (NI %, 1000 %)
Fig. 3 The phylogenetic tree of 16S rRNA sequences showing the position of the strain AZR based on
neighbor-joining (NJ) with 1000 bootstrap replication
Note: The numbers at the nodes indicate the bootstrap values. Bar (0.001), 1 nucleotide substitution per 1000 nucleotides of 16S rRNA se-
quence. Strain names are shown next to the organism names and GenBank accession numbers for the 16S rRNA sequences used are given in
parentheses.

0.001

222 PCR ¥ BB &£ JFEE A (AZR):

bp
TD-PCR s 2000
1000
PCR 570 bp , 567 bp Gy
( 5), 4 250
223 BERIAEBEREETERNEERNF: -
pMD18-T-AZR, PCR (
), , PCR
567 bp, s
GonBank 4 PCRY HEEBRLREER
cnban > Fig. 4 The result of PCR
EU849488, ACF54629 Note: M: DNA marker DL2000; 1: PCR product.
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23 HHk AZR HWESTEMEERMEMSESFE  20873.6 pl 5.75; 10 h,
PR 23.32,

Genedoc AZR PSORT (http://psort.ims.u-tokyo.ac.jp/

GenBank form.html)
( 5) Seanprosite(http://www.expasy.org/tools/scanprosite/)
, 3 ( , azoreducase 9~11  58-60
Staphylococcus aureus subsp. aureus MRSA252, Ge- PKC PHOSPHO SITE ( C );

nelD: 2860138; Staphylococcus aureus subsp. aureus
COL, GenelD: 3236352; Staphylococcus epidermidis
RP62A, GenelD: 3242986) 82%

75% 87% ,PCR

E)

Protparam(http://us.expasy.org/tools/protparam.html)
Co3sH1466N2450285S3;

13~18 85~90 89~94 109~114 112~117 115~120
116~121 MYRISTYL(N ); 54~57

99~102 182~185 CK2 PHOSPHO_ SITE(

1 ); 62~65 ASN_GLYCOSYLATION
(N ); 150~158  TYR_PHOSPHO
SITE( )

DAS Transmembrane Prediction server (http://
www.sbc.su.se/~miklos/DAS/)

130~136

EUB49488 : 82
2860138 82
3236352 82
3242986 TC 5C T TANS O 82
ATGAAAGGATTAATTATTAT GG AGTGC cAAgGT  tTCaCATACaA GC cTA Caa ATA TTAA G gCAttTt
EUB49488 : 164
2860138 : 164
3236352 164
3242986 - SARG : BCs : RAGE ¢ 164
aa ACATGAT TTGAaG GGAAAT TT GAL TaG“al}PaaAal S AtCMtT GATtTTtCaGG aCaaCac C
L 3
EUB49488 -
2860138
3236352
3242986

260 *

QtTGAtgaAat MA A AAT T Aaa tTTA AaGag .A.AAGCMtgG GCgGACTTtTTaaT TlAGGAanCCaM

EU849488 : 327
2860138 - 327
3236352 327
3242986 : 327

TATCAtGGETCATAatTCtGG AT tT AARAATGCAtTaGALCAtCTAASTATGGAt ATTT AARAATGAAACCLGTAGGS

N 340 g 360 h : * 400 *
EU849488 : clirir= 1 AcErriE 0T T AT Al [E
2860138
3236352
3242986 T Gl CRETE 1 b

T AT gG AATAGTGG GG AT GT AGTTCaGAgCCatT ‘I'C‘M_‘AtTTAaGagTaATCGT G Agt’l‘TAc‘I'aGG ATTG

420 * *

EUB49488 : : 491
2860138 : 491
3236352 : 491
3242986 ¢ P : : ¢ 491

C GTACCAAC CARAT GC ACACATGALLCELGATT TGCtARA  GARAGATGGT CaT TACTTA AtgATa TGAATT
EUB49488 : 567
2860138 567
3236352 567
3242986 567

CCAATLTACG GCaAgATTaATTTGT GATCAAATtgGTaATCLTTTLGT Aa AATAGTCCATATGAACATTTAAAATANM

B 5 BETREEEERFT
Fig. 5 Alignment of azoreductase genes
Note: EU849488: Staphylococcus cohnii str. AZR (This study); 2860138: Staphylococcus aureus subsp. aureus MRSA252; 3236352: Staphy-
lococcus aureus subsp. aureus COL; 3242986: Staphylococcus epidermidis RP62A.
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GOR 1V (http://npsa-pbil.ibep.fr/cgi-bin/secpred

gor4.pl) , a
(Alpha helix) (Extrended strand)
(Random coil) , 39.89% 13.83%

46.28%

InterProScan(http://www.ebi.ac.uk/Tools/InterPro
Scan/)

NADPH

B

FMN

(ACF54629)
(PDB) Blast ,
(Staphylococcus cohnii str. AZR) Bacillus

subtilis str. 168(2GSW-A), Bacillus subtilis(INNI-A),
Pseudomonas aeruginosa(1X77)  Saccharomyces

cerevisiaeYLRO11wp(1TOI-A)

>

ACF54629: -—-———- MEG T eATLGSHTTALS /e K GHEEE
2GSW_A @ ------ xnxi Mnispoiekhgrt riaasiilaalyht
INNL 1 @ =-=--- rnxi Mnspioikhgrtriaasiflaalyht
1X77 nslsddikvilg s gsynsaalqealglvpp-------

% A 4% 2009, Vol.36, No.10
30% 30% 27% 23%
( 6), Pro*'-Asp®®
[11, 12]
1
(P-X-Y-H/N-6X-L-K-N-S/A-L/I-D),
S. cerevisiae YLRO1Iwp
(PDB 1TOI) B3 o3 ,
FMN (13] , S. cerevisiae
YLRO11wp(PDB 1TOI)
[13]
FMN ( 6 ) NAD(P)H
( 6 <NAD> )
------ HDFE BRH0LD----VSGASSPSETYRNNESTEQ

LLOLA: ecsos mkvoiiuel krvcpelaaMkrtlenseellquﬂk ;edddellpaqlksudeyadsktrsws
% % ook
ACF54629 . §GETVSS-EPLSH THD
2GSW A kSlginalnnxist-- 1dp
INNI_1 kbiginalnnxist-- 1dp
1X77 staragqyhlisqtl plnkifev flssa
1TOL_A nnviggvaykip
ACF54629 : TDYREJDDGH LDNEEFQLRMLFTD L SEVENS PYEHLRA - - - - - - ===
2GSW_A : yh-idijenat nik eflsxjial agnpgvlehhhhhh -----------
INNL1 vh—lduenat 1kE Ee sxial agnpgy---------===-======
1X77 : gnafdaggriil---ddkarEliqqq lhwgeg--gshhhhhh -------------
ITOL A : wgtiplpedifjpglsvhnelillqllasclettrnk------=--=-=--=-------—-

El6 BRLFEE AZR SHUEZEXLIREARERF

FI R X 5T 52 4

Fig. 6 Multiple sequence alignment of AZR with other similar flavodoxins

>

NAD(P)H

<NAD>; FMN

5

Note: ACF54629: Staphylococcus cohnii str. AZR (This study); 2GSW-A: Bacillus subtilis str.168; INNI-A: Bacillus subtilis; 1X77: Pseu-

domonas aeruginosa; 1TOI-A: Saccharomyces cerevisiae.

3 Wig

[14-16]
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) , PCR
GenBank s
16S rRNA s s
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, PCR
3
82% 75% 87% , PCR
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, Staphylococcus sapro-
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