#lHsENR MAY 20, 2011, 38(5): 647653

Microbiology China © 2011 by Institute of Microbiology, CAS

tongbao@im.ac.cn

l

DI BRERE Rhodopseudomonas palustris 2-8
AL AR R B4 SR B B (X e PFE AN 51 0 4

BHa E¥ wEL EWE
ERigTH R A FH IR L TR BRE 519075)

B E: 2% 414&$Hua 2-8 B BAER 3T R A8 A, ARAE R R R A A BR 3h T R BEIR F A 913K
3|4, BT PCR ¥ 38 497 ik at 2-8 AR e) AN BR 338 R B R A Wb AT 5 8, R IZ @ A6 L AE AR
mn/ﬁ@%ﬁ CuZ T AHER 3L BB, AN 2-8 B RN B 40 & S8 14 % 1% Cu A 2 2K BR &5 38 R Bl ) K
B (nirkK), ZAB & 1 154 M0, £ GenBank #4348 & 695 %5 4 GU332847, 5igF 4k
¥ 0. H Rhodopseudomonas palustris TIE #= CGA009 47 nirK 314840 H 90%. B W 38 A
AEMEEFSH I AL T, ZARBLGE 370 NSRRI XA R E G 4R A T AR 3T
Ry, BT —R %4AEAEE, pl 6.2, £ —FAEE KRG, FAETHINREM; b o k. B,
At Fe AR S 20, A 4 A 2Fe-2S AL R E & BSR4 A MR A— A 4Fe-4S AT R
GO R ki A4 MR, 2 Northern 22 X4 2 nirK A B EBFLBERE 2-8 PUALEN ¢
% XA IR IE

KA BE 914?1%“1}1@% T AHBR 2k L R B, Cu ) R ANER 2k R B, B R, AWME 8

Cloning and sequence analysis of nitirite reductase gene from
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Abstract: The nitrite reductase type of Rhodopseudomonas palustris strain 2-8, a denitrifying bacteria,
was identified by polymerase chain reaction (PCR) and bioinformatics analysis as Cu-containing nitrite
reductase (CuNiR). The gene encoding Cu-containing nitrite reductase, nirK, has been cloned and se-
quenced. The nirK gene was 1 154 bases in length and has significant identity with the nirK sequences
of Rhodopseudomonas palustris TIE and Rhodopseudomonas palustris CGA009, their identity were
both 90%, and it has been deposited with the GenBank Data Libraries under accession number

EE&WAB: | ARE ALKPEEEIH (No. 07009702)
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GU332847. Bioinformatics analysis showed it coded a protein consisting of 370 amino acids, this

protein was a kind of Cu-containing dissimilatory nitrite reductase, and it was stable, pI 6.2, located

in periplasmic or out of membrane, composed of alpha helix, extended strand, random coil and

ambigous states. There were four 2Fe-2S ferredoxin-type iron-sulfur binding region signatures and one

4Fe-4S ferredoxin-type iron-sulfur binding region signature. Northern hybridization result showed this

nirK gene presented as a single copy and has been transcripted in the cell of Rhodopseudomonas

palustris 2-8.

Keywords: Rhodopseudomonas palustris, Nitirite reductase, Cu-containing nitrite reductase, Gene
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Rhodopseudomonas palustris 2-8 AR, BiZE KA
ROWE ST £ ) R R L A R X AR
Litopenaeus vannamei F25H /K AR RS IR L, HUS R
TFRRICRYT, AR S IE PCR A5 1400 4 1 52 12 B A
180 S il T ks Jirt 2 Y o o HC e R 1 0 6 R e 91
FEAT AW B o b, DR bk B FLE G R £ 3 I
it A DR 18 39— 25 T 5 R P AR A BB AR ARG

1 AeS 5
L1 EFZRH

Tag T, DNA FZEHERE . BRA|PENDIEE % DNA
Marker DL10000 1§ | TaKaRa /A F]; JFokr /)N i f £2
R & . DNA BERE MG & 3 Omega A=Y+
ARABRZ A, RNA #2 B0 & (RNeasy Mini Kit)
) H QIAGEN; DIG Northern Starter Kit i H Roche
Applied Science; PCR 549G B A DNA il /73 1
TSR A WA BRA A 58 1
1.2 RIS EK

HEAIR M E Rhodopseudomonas palustris
2-8 TR R H BRI T Al B2 B 5 v Al i AR P
S 2 AR IR YR U8 b o3 2 0 A B, PRI T A S5
%, pMD-19-T Vector I [ TaKaRa /A #], KIHFF#
DHS50 AA LI = A7, T ROy 3.
1.3 PCR3|¥
1.4 2-8 F PR YL AR ES 20 F R G 5 B 5 BE A0 e
1.4.1 THREEITREEXRRME: MR SCHkHGE &
4 i RN A ) A R R 34 S R ST R S B |
GIFFIILE 1), H TaKaRa 45 3 K 41 DNA 25
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Table 1 Primers used in this paper

519 BT H 35 KR8 ik
Primers Sequence (5'—3") Target gene Source or reference
NirS1F CCTAYTGGCCGCCRCART nirS [8]

NirS6R CGTTGAACTTRCCGGTSG nirS [8] and revised
NirKF GGATCCTGCACAGCATCGACTTCCAC nirk [10] and revised
NirKR GAGCTCCAGGTTGTGATTCACGTACGC nirkK [10]and revised
NasBF GGATCCTAACCGCAATGGAAAGACTTG nasB [7] and revised
NasBR GAGCTCCAGGAAACAGCGATGACCAGG nasB [7] and revised
NrfAF GGATCCGCNTGYTGGWSNTGYAA nrfA [11] and revised
NrfAR GAGCTCTWNGGCATRTGRCARTC nrfA [11] and revised
KF GGATCCGCAAGGACCTCTACTATGATGACCC nirk This study

KR GAGCTCCACAAACGTGAGCCTCGGAAA nirk This study

Note: Restriction sites (BamH 1 1 Sac T) used for cloning are underlined.

R A PR 2-8 B FRIE N 4] DNA, BHUsA . bRl
JF—20 °C PRAEE&H o 43 B LR LR S 9 AL
“H DNA RHitR, KB PCR (TD-PCR)!M™ )7 =L,
PR b . D 0 R B T T-sa b, W
BRE 7 36 B 4 7 B - O Bl D) 2 JE ks B s sc 5 1
MR AE M E AR A RA RN . WF45 57 NCBI
M35 BLAST T H 477 5 AR R 2 .

142 THEBRB2TEIESERFIY E: B0 5F
B R Rhodopseudomonas palustris TIE-1 FE A
A nirk KNG P TS5 19015831, F Primer
Premier 5 #C{4: 1 DNAStar # /4% H b 47 3R 5 1
WG58 KE A KR (R 1), 2558
M R A YRR A BR | MG R L. LA
2-8 FIMRIILN ] DNA MR, SR ER5 it
17 TD-PCR "3 . #3414 4: 95 °C 5 min; 95 °C
1 min, 58.5 °C—68.0 °C 50 s, 72 °C 80 s, 30 MEH,;
72 °C 10 min, W45 HGH 6 pL S k173 ig
WEEERE LYK, Kl PCR 2528,

1.43 2EEFS T-mEEMNF: H DNA B
WEAF & Y 1.4.2 HF PCR ¥ 38 Frak i3 A9 20 1.2 kb
B, A DNA WeEE S H R BeK B, B 4.5 pL [l
JB5 0.5 uL pMD-19-T, JiIA 5 uL #E i, i’
A)J5 16 °C 2 o U S pL ¥ BRI 5%
e K% DH5a, 767 IPTG. X-gal M B N5 HE
) LB P b Pkk e, B PCREIER I

AENE PRAA I 5C 482 A e AR B R HEA T Y
1.5 2-8 BHIHRALFRHBERNENEES
DI

FI ] GeneDoc . BLAST 45 55044 %l 7 4% 5 34047
S3HF, 5 GenBank 8 S A7 81 A TA% T R S 4
SR LR LR AT BT, I LI AH G R A B
F B A A S22 I 3l Kk T A 1) Ui P 5 3 5 il 11
SRR RO R AR A T I A A
1.6 Northern & 2-8 B kL fiF B2 14 [ il 55 [ AY
HRIER

FIF RNA $EEUAF £ (RNeasy Mini Kit)X} 2-8
FIFRA RNA SEATHREL, DAARSEEG b i) nirk 3£
Jr B R BN R FH Hb s o b A BREE, IR
2 I8 DIG Northern Starter Kit A3 A, W ARICAY
BET 5 2 MRS AS PRI I RNA HE17 2952, R AL &
JE L NBT/BCIP i & SGIE Y b AT Aem, A%k
75152 I DIG Northern Starter Kit 318 .

2 5R505W

21 THEREBTREGEBLF

53 0 LAAR 4 D o IV i 198 kA it e D] R ST
IV 4 X519k 514 . 2-8 RS 41 DNA h
AR E4T PCR 473, HLUk&E SR (8 1) B HA i
nirS M nirk FEFRESFFINTRS 19 A 0] LIy 1
W B, BRI nirS A nirk SFRE9Z 1.2 kb
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0.6 kb R/ B, SR Ja £ NCBI M3 A1
BLAST R T HBEATILX, SR8, H nirs ££H
PIERSE 5 | B AR5 1) 1.2 kb Fr B 55 W /K < B 1A
W& /KL Fh Aeromonas hydrophila subsp. hydrophila
() Wl T2 -N- £ Tt Mg BE mE 3% 1 K %% % 1§ (Phospho-
N-acetylmuramoyl-pentapeptide-transferase) & [A %
SR FRIME R S, B TR . nirk SEDTR R
SEOIPIARTFIY 0.6 kb R BT P BRSO A
Alcaligenes faecalis subsp. faecalis, VI X H: & H k)
nirK JEP R BRI A 88%.  Fh IH AT DA 2 TR Ak
WA Cu BLUVASRRER L S I A

kb M 1 2 3 4 5 6 7 8 9

10 kb

1 2-8 Ftk 4 MITFHER SR REBE R 1545 R

Fig. 1 The PCR results of the genes of the four nitrite re-
ductase genes

VE: M: Marker DL10000; 1,2: nasB 3RS S| W8 B # % PCR
P 3,40 nrfd SERQRSY DI R EEREE Y 185 5-7: nirS
S PR ST 5 W BE A BE T 387 W), 8101 mirk JE PR SY 5| WL RE
FEEEY 71, H R BN 0.6 kb,

Note: M: Marker DL10000; 1,2: PCR results of nasB; 3,4: PCR

results of nrfd; 5—7: PCR results of nirS; 8—10: PCR results of
nirK, the size of this sequence is about 0.6 kb.

2.2 HEERERICIRES nirk £ EF T fE

FIFH TD-PCR 47 1 4 75 57 i 1% 6 340 i i 32k [A1
(nirK)JF 3, HLKEE R (- 2) W78 PCR P2 R/NA K
1.2 kb, ST 1 158 bp K/NHAT,
23 2EERY T-RERNF

Ml 1.2 kb A B2J5 5 pMDI19-T # 4%, 3545
20 E R TR pMD19-T-nirK, 2 PCR Y14 FIBy IR b
FL YK R 0 J 326 1R TR AR AR W AR A B2 w I
W45 B B13% - Bl 1158 bp, S5 HAHAT Bl
725 Bk 22 GenBank B0 E, HFRIAGE RSN
GU332847, XN FEMR)IT 55 ADA82553.1,
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kb M 1 kb
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[E 2 PCR #1542 I Y BR 20 0% JR B E
Fig. 2 The PCR result of nirK

1 : M: Marker DL10000; 1: PCR 7= 4.

Note: M: Marker DL10000; 1: PCR product.

2.4 2-8 EHKILAHER BT SR BB (nirK)E E BV LW
BESH

¥ 2-8 1Y Cu BNV AH AR 830 J5 il B A 7 51 5
GenBank 8 SR JF G AT HLXT, X8 4345 5 T
F 2, GEREM 2-8 W nirk A5 E A 3 HRIBFRL
5 B T B A B 4 (43 3 R Rhodopseudomonas

palustris CGA009, Gene ID BX572606; Rhodopseu-
domonas palustris TIE-1, Gene ID CP001096;
Rhodopseudomonas  palustris BisAS53, Gene ID

CP000463) AL 4351 90% . 90%FT 87%

£2 2-8 EHSHTEK nirk EE RFIE M LI R ER
iR X} g i AR A Y 2 RO $2 M

Table 2 Effect of different carbon sources on enzyme
activity and cell weight of yeast

GenBank % 5% 5 R KA

AU B
GenBank Query Max
; Source . .
accession No. coverage identity

Rhodopseudomonas 0 0

BX572606 palustris CGA009 100% 90%
Rhodopseudomonas 5 o

CP001096 gt e 100% 90%
Rhodopseudomonas 0 0

CP000463 palustris BisAS53 KO i
Bradyrhizobium sp. o o

CU234118 ORS278 87% 84%

AB046603 Alcaligenes sp. STC1 83% 81%

FIH Genedoc #4i% 5515 BLAST 45 RARMUNE
BRI 3 BRVE A LAl SR T Ui PR ek s I ot A A
GIHEAT HOXF, HEXTERILE 3, S5 R BIR, 2-8 WK
nirK 3EHFIN5E Y Rhodopseudomonas palustris
CGA009 (BX572606)F1 Rhodopseudomonas palustris
TIE-1 (CPO01096) ) I fif§ i b i Ji7 i3 I 9] 47 7E A i
FRIARABAE o
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2-8 82
BXS572606 : 82
CP001096 : 82
CP000463 : 82
164
164
164
164

¢ ga gacga tctcgaa ctgCoGegCoaGaaG tega TGt GC CC GCGLLCGEgeaCgCGOALcagCaggccAc

* 180 * 200 * 220 *

* * 360 * 380 * 400 *

* 520 * * 560 o

AGcecet ¢ taCGaccgg tctAttacathgcgaGCagGACatgtAcGtgccGaAggA ag ACchaaatacaa gc

aGcAgchagcgc cCCggeCCGaTecCGygCygy ccgaccaactaa

3 BT AHER BTSSR BB R I b 5 R
Fig. 3 Alignment of Copper-containing nitrite reductase genes
Note: 2-8: This study; BX572606: Rhodopseudomonas palustris CGA009; CP001096: Rhodopseudomonas palustris TIE-1; CP000463:
Rhodopseudomonas palustris BisAS53.
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F A Protparam (http://us.expasy.org/tools/
protparam.html) JF J& (4 73 H7 & %8 FEL 4G 370 4>
FIMR, HEEMIT TN CisooHos01NagsOs25S1s, 73
TN 40 196.9 D; ZEHL 05 pl oh 6.2; HFLEHE T
FWIRT 10 h, HEFHARE SN 24.05, 8§ T
EHE

PROST JIk % #% (http://psort.ims.u-tokyo.ac.jp/
form.html) € 3 73 M & B 85 11 02 — Fp B Ah ol 2
Jii 5 F1 (Outer membrane or periplasmic protein).

F| I Scanprosite (http://www.expasy.org/tools/
scanprosite/) Il 55 % 43 A1 $00 0 5 4 Bt 2 1 ) D) B,
KINZIE R gt () & A7 A 2FE2S_FER_1 (2Fe-2S
ferredoxin-type iron-sulfur binding region signature).
4FE4S FER 1 (4Fe-4S ferredoxin-type iron-sulfur
binding region signature). EGF_1 [EGF-like domain
signature 1, EGF (Epidermal growth factor)] .
DEFENSIN signature) .

INTEGRIN BETA (Integrins beta chain cysteine-rich
domain signature) ZFIJRELH

] Fl GOR 1V (http://npsa-pbil.ibep.fr/cgi-bin/
secpred-gord.pl) IR 55 a5 X gm b & 11 IR A5 40 HEA T
M, BEREWIZEA _REW TS o Bl
(Alpha helix) 11.89% . Z#E fifi 4{7 (Extended strand)
31.35%. FEALE:# (Random coil) 54.86% . BLRPIRZAS
(Ambigous states) 1.89%. #I|JH InterProScan (http://
www.ebi.ac.uk/Tools/InterProScan) I} 45 #% % 4 i 25
Y D)6 43 B & B2 2R 1 2 i T i 1R 3k 34 i il
J& T — U 4 A AL
2.5 nirk BEEFRIEFREN

FIH RNA $2EUAF] & (RNeasy Mini Kit)X} 2-8
FRRAY B RNA S THEU(E 4A), 253 R B RNA
SRR, AL RNA #47 Northern 2232 (5] 4B),
ZE R W RAR IR nirk FE N LB — 5 D12 A7
e, T H AR 5 o

3 i
PRI B P 20 T R SR DR 22 R AT L 1 25

AR ITERE, R mAREEY R EY
(Diethyldithiocarbamate) ¥ 8¢ F§ T2 0 nirk e

(Mammalian defensins
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4 nirK £ [F# Northern 1

Fig. 4 Northern result of nirK gene

: A: RNA #2250 B: Northern 2432458

Note: A: The result of RNA extraction; B: The result of northern
hybrid.

9 BB A A TR, R S R 0 AT LA S o B L3 Y
PSR, A dNGrS AT dNGrK ) (H R AR R R R
49 P i T 5 340 L 1ML ¥ (dNir) RS HSE R LG Y
4B DNA KN nirK™ VR nirSU " DNA #4177
FH T 0 e — R 2 T AR %) M A P 6 3 i il [,
S nirK FERREN S H BRI DNA J7 51 52 48
55170 nirS N HEH ORI PR JLAS B RS DNA
[ i1 Braker 2510 FH nirK Hl nirS PG5t JLAH
L S P A4 TR 7 STV i T2 6 3 D il 2 PR 2 AU R A 7 4
S, TE T HARE, JFA X S8 5| P ks U R B A
a I BRSNS, ARSZEG R 4 B E 00 R AR
R0 L W DR SF S 1 X 2-8 1Y WAl R £ 34 i il
FERHEATSE, AR S U2, Y nirS R E
A B B TR B, (E AT DA 57 51 0 B HERS o

AT X0F IV i PR 3 Jert il 5 DR ) e g 22 3 ok 6 K]
W ERENY . Southern blot!'% )k, A PCR
M DA DNA aitR, SefEih nirk JE
FE KA LR R 50 5 © 0 nirk 5 AR R
N 90%, EATRRLE A IR S RA 92% AL
PR, H AT DA 0 32 5 DR 4 B 1 28 11 R — o i 2R
H, HOgE R S CME A E—EMES.

IV il T2 8 3 il (i) 3 DL P R ST SR AN — R 1),
tban 8 BR A HFFE Ochrobactrum anthropi W)
nirk J BERI AT RIPETE 98%—100%H], HHig 2 4
R B HI 53 7= Alcaligenes faecalis W) nirK F
Bt 100%A L4, 5340 nirS F1 nirk W7 LR 77 1E
RNAI BRI P B Pseudomonas (RNA group 1)
HIP=H AT E Alcaligenes specie WM, 75 2& 77 B 14 1Y
R R AR A Ak 2 RPN, AR IE R B
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Rhodopseudomonas palustris TIE-1. Rhodopseudomonas
palustris CGA009 LA f& Rhodopseudomonas palustris
TIE-1 BisA53 [8] nirK AL R TE 86%-100%Z
[B]; 16S rDNA J@ Al EAL W 73 4T ok, AW tkS
Rhodopseudomonas sp. TUT3625 FMRARMIME B, h
99%, 1HSZEIZFERI nirkK J¥3)5 Rhodopseudomonas
sp. RO3 BRI F S A 91%H AR . it
Northern 2438 7081, ARMFIFEHEARE nirk Fe K LLHHE
RIE AT, IR IR YA E R I DL T Rk
ASCHFHBARA W5 B2 T BOZ R R nir BEIH 2
T ) £ AP TR A SE R R AT 20 A, AT B 2R S
PRI K o BE DA At B 5 S, AR R v S5 Ak B
AR ER B TT 5

5 % X% #

[

—

] Jensen FB. Nitrite disrupts multiple physiological func-
tions in aquatic animals[J]. Comparative Biochemistry and
Physiology: Part A, 2003, 135(1): 9—24.

[2] Dave G, Nilsson E. Increased reproductive toxicity of
landfill leachate after degradation was caused by nitrite[J].
Aquatic Toxicology, 2005, 73(1): 11-30.

[3] Addiscott TM, Benjamin N. Nitrate and human health[J].
Soil Use and Management, 2004, 20(2): 98—104.

[4] Zumft WG. Cell biology and molecular basis of denitrifi-
cation[J]. Microbiology and Molecular Biology Reviews,
1997, 61(4): 533-616.

[5] Glockner AB, Jingst A, Zumft WG. Copper-containing
nitrite reductase from Pseudomonas aureofaciens is func-
tional in a mutationally cytochrome cdl-free background
(NirS-) of Pseudomonas stutzeri. Archives of Microbiol-
ogy, 1993, 160(1): 18-26.

[6] Einsle O. Structure and function of cytochrome c nitrite
reductase[D]. Konstanz: Universitdt Konstanz, 1999.

[7] Olmo-Mira MF, Cabello P, Pino C, et al. Expression and
characterization of the assimilatory NADH-nitrite reduc-
tase from the phototrophic bacterium Rhodobacter capsu-
latus E1F1[J]. Archives of Microbiology, 2006, 186(4):
339-344.

[8] Braker G, Fesefeldt A, Witzel KP. Development of PCR

primer systems for amplification of nitrite reductase genes

(nirK and nirS) to detect denitrifying bacteria in environ-

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

© R ERF BT RE T R P T B S iR AR

mental samples[P]. Applied and Environmental Microbi-
ology, 1998, 64(10): 3769-3775.

M M, BRI R, BRMELL, . — ks BOR A A
E NN URRTERRE A N N = RS W A 5 N 0 P L
71.200710089906.5. [2007-10-10].

Tosques IE, Kwiatkowski AV, Shi J, et al. Characterization
and regulation of the gene encoding nitrite reductase in
Rhodobacter sphaeroides 2.4.3.[J]. Journal of Bacteriol-
ogy, 1997, 179(4): 1090—-1095.

Smith CJ, Nedwell DB, Dong LF, et al. Diversity and
abundance of nitrate reductase genes (rnarG and napA),
nitrite reductase genes (nirS and nrf4), and their tran-
scripts in estuarine sediments[J]. Applied and Environ-
mental Microbiology, 2007, 73(11): 3612-3622.
IR F CW, 7E4E 50T GS. PCR R SLH 8 [M].
et Breg L, 1999: 35.

BRBH . AR 915 B2 B B 5 0 90 0 AT D). A2 0E
iz, 2007, 42(1): 24-25.

Park JH, Aravind L, Wolff EC, et al. Molecular cloning,
expression, and structural prediction of deoxyhypusine
hydroxylase: A HEAT-repeat-containing metalloen-
zyme[J]. Proc Natl Acad Sci USA, 2006, 103(1): 51-56.
Ward BB, Cockcroft AR, Kilpatrick KA. Antibody and
DNA probes for detection of nitrite reductase in sea-
water[J]. Journal of general microbiology, 1993, 139(9):
2285-2293.

Ye RW, Fries MR, Bezborodnikov SG, et al. Characteriza-
tion of the structural gene encoding a copper-containing
nitrite reductase and homology of this gene to DNA of
other denitrifiers[J]. Applied and Environmental Microbi-
ology, 1992, 59(1): 250-254.

Kloos K, Fesefeldt A, Gliesche CG, et al. DNA-probing
indicates the occurrence of denitrification and nitrogen
fixation genes in Hyphomicrobium. Distribution of deni-
trifying and nitrogen fixing isolates of Hyphomicrobium in
a sewage treatment plant[J]. FEMS Microbiology Ecol-
ogy, 1995, 18(3): 205-213.

Von Berg KHL, Bothe H. The distribution of denitrifying
bacteria in soils monitored by DNA-probing[J]. FEMS
Microbiology Ecology, 2006, 86(4): 331-340.

Ward BB. Diversity of culturable denitrifying bacteria:
limits of rDNA RFLP analysis and probes for the func-
tional gene, nitrite reductase[J]. Archives of Microbiol-
ogy, 1995, 163(3): 167-175.

. , http:
http://journals.im.ac.cn/wswxtbcn

/journals. im. ac. cn



