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Abstract: The nitrate reductase gene (nir), encoding the nitrite reductase enzyme (NiR) in Lactobacillus plantarum DMDL 9010, was

cloned, and the expressed product was purified. The nir fragment was amplified by polymerase chain reaction (PCR) using L. plantarum DMDL
9010 DNA as template. Sequencing studies revealed that the nir fragment was 1638 bp in size. The gene was cloned into plasmid pET-32a(+)
and was transferred into competent Escherichia coli DHS5a cells in order to construct the pET-32a(+)-nir-DH50. recombinant plasmid.

PET-32a(+)-nir was transferred into the expression strain E. coli BL21 to construct the denitrification recombinant bacterium,

PET-32a(+)-nir-BL21. The recombinant bacterium was induced by 1 mmol/L IPTG to produce NiR protein when the induction temperature was

maintained at 30 “C for 4 h, and more than 90% of NaNO, (50 pg/ml) was degraded. High-purity NiR was obtained by His-Tag nickel affinity

chromatography (Ni Sepharose 6 Fast Flow), and the molecular weight of NiR, as measured by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE), was approximately 60 kDa. In summary, nir from L. plantarum DMDL 9010 was successfully cloned, and the
recombinant bacterium pET-32a (+)-nir-BL21 effectively degraded nitrite. High-purity NiR can be obtained by affinity chromatography.
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(NHHH . NIRHR R 55 2870 TT L2 g4 £ 25 cd 1 7
FIEAL,  H YRR 25 5 AnirSAInirk®l . NiR T BAM
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ACACTGTTTG-3", 4l N3]\ EcoR | #1 Xho |
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A2 # pET-32a(+)-nir-BL21 #9443

B ESCE nir B pET-32a(+) #i4 5 ki4: EcoR |
A1 Xhol | FRH$PE P TIEGHEAT XY, B US4 2
% 1. ¥ PCR [ BOW B IR R 5 pET-32a(+))5i ki
WA R E T 37 “C2M4F N =W 14 h, PCR RIS
BOWEGYIY05 pET-32a(+) R XG0T 1%
(1B IR WE EE RS FLIK B, SRJEFIH QIAquick PCR
Purification kit iRX77 &%} PCR F=43347 A1 i o

F 1 WEBR R

Table 1 The double-enzyme reaction system

PCR &k K PET-32a(+)/i
12958201 ¥ B

EcoR | 15 15 L

Xhol | 151 15 L

10 x H Buffer 5L 5L
PCR Bl A B 25 L

PET-32a(+) 4 - 25 L

R AR 17 W 17 W

BARAR 50 pL 50 i

FIF] T4-DNA #E42#E PCR RIS F BB D~
WIE A TR pET-32a(+) R B =4 L, Bk
%: PCR [ BOWEEDI =4 25 WL, pET-32a(+))it
BEXUEFTI =4 19 i, TA-DNA iE#:5 1 L, T4-DNA
NG Buffer 2.5 P, SRR 25 Pl FZiEEA R
BT 4 CHM RN 14 ho 2RI BURZSH A #
DH 50. 200 uL B FIEH 1 1.5 mL B0, A Z0
EAIMNERE IS I FRTER 12,5 e, [RJR ) 27 79 2
A T2 A B K BT B DH S B804 23 IO Jooks
PET-32a(+) MK (WENZ XD, ANGIRAT, K
% 30 min, SRJESLEIE T 42 C Kk ihdkas 90's, 2
B TUK UK 30 min. 28 S I\ 800 mL 1] LB A
REFEdE, T 37 CE:FAEHI%E 45 min. B 200 pL 1)
LB BT 50 pgmL 2 FEHF M LB AR 7
B BIpAnETR, WS, BT 37 CEIFRMTEE
3% 14 h.

MEAREHEBEN LB ERE 53 EEH P E
RV, BERPF 100 mL LB AR 7R3 (4 50 pg/mL
HEHEHZE) T, 37 C. 180 r/min #3212 h 5, F
H TaKaRa (B R BURFEHERUTRL,  AR 5K Z%)0
KR 514 PL A1 P2 347 PCR 4 B4F1H]FH EcoRI.
Xhol HONEFY) SIS, XL =150 R 1 %3 iEbE
HER VKBTI o D ) B 2 R IR B A i 44
N pET-32a(+)-nir, %8 J5 % IR 177176 pET-32a(+)-nir
AL BIBSZ S KIEAE BL2L 1, AN HEHED
PP A28 3 A D ) T A2 1 pET-32a(+)-nir -BL21,
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124 THAEF NIR 694/ AEEL 3G 5 M

FIF SRR ZE 2, eyl s 2 20 1 110 AR e IV i R
IR 1, ik TRER (EH4D) . ANE BRI E. coli
BL21 (CTEBURIZE ) R 3] LB WA 553 (4 50 pg/mL
RANEHERM S0 po/mL 1 NaNOy) 1, AR LA
FIEERR LB AR 73, (4 50 pg/mL &N B R Al
50 po/mL ) NaNO,) E N7 FAXTHE, T 37 ‘CAl 180
r/min $EPRESFE 12 h J&, U1 mL ik 12000 r/min &
> 1 min JF B3 100 L, 1 NaNO, 75 5 H: NaNO,
M5 7B HURE S 100 pL T 25 mL (b s,
TNZEREK 20 mL, FIIA 2 mL PR FEERRR (K
R4 /L), IRAVEEDERN 3 min, ZRJEMMA 1 mL
HhERZE ik QRN 20/L), II/KERZE 25 mL 5
TRE), BEYERM 15 min J&, 7 540 nm AL GAHE,
WOGE R R, WAERRERI & s, R IR,
125 ITAZE PALEE ORI

W TALTE pET-32a(+)-nir -BL21 i FAH T~ LB [l{A
Btk (%50 o/mL B R E&HER) b, T 37 ChigR
FEPIEROEFR, ARG AR RS (5 50 po/mL &%
BHER) LU AR R AR R (50
po/mL 2T s &) H, T 37 'CHI 180 r/min it
Bt MG UL 2% R iRl LB Wifkhs e (& 50
o/mL B2, T 37 ‘CH1 180 r/min FH;FE 2 %)
HAEKH] (ODge=0.5) B, IIAZHKRE 1 mmol/L
f) IPTG #4755, T 30 ‘C A1 180 r/imin i 51:9% 4
h JG, 38R0, SO TR E A, IREUHEA
W, HEAMSPER: #HR5350H 7000 r/min. 5 min
ORI R, FITCHEAIEYEMIR, & 100 mL K537
AR E VR AN 10 mL T4 “C 1A L2 rhik A(20
mmol/L Na,HPO,-NaH,PO, 24 , 500 mmol/L NaCl,
8 mol/L [RIPR 2R, pH=T7.4), VKSR SRR A,
AR SR 55w, 25/2s, 10 min, M EEGH, #E
T 4 °C¥KFE 12 h J5, £ 4 °C. 9000 r/min &5.C» 15 min,
HUH BIEBCN NIR PFEE, T 4 CIRAFE
126 IAEFH P NIR 49418

FIFHEANZH74: Ni Sepharose 6 Fast Flow (GE 7
A A, AbEED T (D 2, KA 20%
ARSI FRHMB NS, 2 5 5 AR
FEMBKIPEE, ) 2 mUmin. (2) H 5~10 {5444k
FRIKEE &2 B(20 mmol/L 1] Na,HPO,-NaH,PO,
22, 500 mmol/L (1] NaCl ¥, 8 mol/L [HIJREVE
7, 20 mmol/L [FIWKMEE, pH=7.4)PfikE, JHEL
2mu/min. (3) FHIBHE, FLEAZIR B piik, #
FEZ) 1 mUmin, I 2 mL 3B SER L VA
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B 15 mLs (A B AR ACR A SR AE 280 nm
WEFIROEE, BERBOGEBREL. (4 HEmgMT
7% C(20 mmol/L ] Na,HPO,-NaH,PO, 2/, 500
mmol/L ] NaCl &7, 8 mol/L (1] R &1, 500 mmol/L
BRI, pH=7.4)5eMi, HEZZ) 1 mL/min, A 2mL
BRI, B 1.5 mLs  [RIR I BERR
AR E VA RAE 280 nm ALHIWROGAE, B RO
IEFIFELR . RIS R ALK 25 A Bk pET-32a(+)
f) E. coli BL21(% Fiki4L) FIASE Fkif E. coli BL21
(FARAD) 1% EIRFRRETNEIATH FRIEL, I
HATEAAM. BERBIFIERAERER (X 280 nm Ab%E
AN, 2R, R =X A, EEEE,
SR GBS EEAS 3 () EE ZH NiR 25 3347 SDS-PAGE £ H
HHIK o

2 ZER5vHS

2.1 nir ZE# PCR ¥

[E 1 PCR 4 &/ =4I AR SRR Ik B
Fig.1 Gel electrophoresis of PCR-amplified nir from
Escherichia coli strain DMDL 9010

E: MADNARTEARE; LAAKAI; 2APCRY ¥/~
.

F1 DNA" S Bt 7 G4 BCHE P LA 1 ) i [RT 2
DNA, Ff B AR H PCR 971445 2 ¥ DNA 7=47),
23 1% I BRI FRK S A5 R A B 1, 978G ) 2%
291700 bp it s, BISLEMT. KRz
B NEWESE R HR A 53 1) DNA 1) B 3| Takara &
AT, PSS RANE 2. AREH R )
WA, AL 1574 4, K27 HITE NCBI AT
Blast, 73 HizF8IAT4dEF 241 1215467-1217040,
M nir s A9 & R 3L 1638 AN B, {7 T
1215436-1217073, 1%/7%5 Lactobacillus plantarum
subsp. plantarum ST-1 FRIAH{BARE ¢ 51 1571/1574(99%),
5 AR AP FLAT B 1 Lactobacillus plantarum
subsp. plantarum P-8 Lactobacillus plantarum ZJ316 1]
AU 23734 1557/1574(99%) 1557/1574(99%)%,

H AT USRS LA DMDL 9010 5 Lactobacillus
plantarum subsp. plantarum ST-11 F AL

TTATCACCGTCACAAACGAAGCAGGCCGTATTAATTC
TTGGGAGTGGCCGTTCCGGAACATCGGTAATGACTAAGTG
TGTTAATTTGATGGGCATTTCTCTCGGGACTGATAACCTGT
TGGCACCTAGTAAGCGGATCAATCCGAAAGGCTATTTTGA
AAATAAAGATGTCATCAATATTCACAAGTCACTTGGAAGT
CGCATCCGGTACCGGCCAGCCTTCAAGGGTTACTATGATA
GCCCGAAGATTAAAAAGGACCGGGCGGCGTTAACCACGT
ATCTACGAAATTTTTTTGAGAATGAACAGTATCTGGCGATA
AAAGACCCACGGATGAATGATTATATCGAATTGTGGCAAC
GTGTTTTGGCTGACGTTGAGGTTCAGCCGGCTGAAATCGT
CTTGCTACGTAATCGATGGACGTGGTCAATTCGAATGAGC
GCGCCTGGCACCGCGATACCACGCTCGCAATGCGTCAGTG
GCAAGTCCGGACGTTGCTTTCATTACGTGATACCGACCGT
GAGCACCGCATTTTAGTCACGTACGAAGATTTGTTTGGTC
AGACGTTGACGACGTTGAAACGAATCGCGACCCAATTTAA
CTTACCGTGGACGAGCGACGAGGCGGCCCTCCAAGCGCA
AATCGATGACTTCATCGATCCAGCACTCCAAAAGAGTGAT
AGCGGTGAAAATTTAGCTGATTTTGAAGCTCGAACGGACG
TGGAACCCGATGTTAAGGCACTTTACTTACTAGGCCGTCA
AGCTGCGGCTGACCCGGATTACTTTGCCTCGGCTGAATTT
CAACAGCGCATCGACGAGATGACTGACGAGTATTTAGCCA
AGTATGGCGCTTTATATCGGGACTTTAACGTCAAGATCAAT
AGTAAAACGTTCTTTGTATTCGGCGAAGATCAGGCCCAAG
TTGATCAGGTCAACACGACTTTACGAAATGGTCAAGTCAA
GATGGTCGGCACAGAAGCTGACAGTCATGAGGTTGCTGA
AGATTTGAGCGAACGGTTGAATAATAATACGATTGCCATTC
AGACGTACCCCTTGGACTATTTAGTGGTCGAGCAAAAGGA
AGCCCTGAATAATTATCTCCGTAAAAACGCGAAACGCGAG
ACGTTATGGGGGATTGGGGATGCTAAAAACAATGAAATCG
TTGAAATGTTAACGACGGTCAGTGCCGAGTTAGGTGCGGA
TACGCACAACGTGGTGATTGCAGATGACTTAACAGCCATC
ATTGATGAACGTGAGCGCCGATTAGCGATTCAACATTTAGT
ACGGACGTTGCACGCGGTTGAACAGCCACCATACTTGGTC
CTGATGGCTGACGAACTGGGAACCCCTGCGTCGCAAAGT
GCGGTGACGGCTTTTATTGCTGCTGAACCGACTAAGGCAG
CACCATTACGAGATGAACAACCGGACGAAACGTTCAAGC
TGCGGACCCCGCTAGACATGGATGAGGTGGCGGCAACTTT
AACAGCGTTGTGTCGACGTGCGAGTCAGGATGAACAACA
GCAAGCCGCATTGAACCATTTTGTAAGTCTTAATTATGATG
AAATTTAAACGTGAAA

[E 2 PCR H 3 =4IR0ER 53 MIF AR
Fig.2 Partial sequencing results of the PCR amplification
product
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PCR 511 F BOCIN SHEADILFF I ) nir 5iES
B0 I FLI%H BB 51 SH I
B nir SRR R e, %3
VR, s SR B

22 E4AwERMAE PCR XK & oW BE 47 % &

HEYFRONEFY) fE TR, SR E 3, WA
W] LIRS ERE 1. 2 YA A BIE M &, 1
3. 4 MHE - AHRIEWR&, HILUEE
GAATTC. CTCGAG I sikk, HELHMFRIAE TS )
e EcoRI F1 Xhol 735l XU R 26 B, 125
kL (PERTIE) HI7E GAATTC. CTCGAG HIfir
bt R REVI R — 2% B, 1 BH B4 J5RL pET-32a(+)-Nir
FRERTh; TR, ASCHiEd PCR ARG IE 1% B AL
K iR, EA AT PCR 45 A (K
4) & H LLE A T RL pET-32a(+)-Nir Jyfsiti n] DLy 1
DNA F B, 1M BAZS (kL pET-32a(+) (BAMEXTHRD U
AN DNA R B, TR U B E 4 kL
PET-32a(+)-Nir #J & 1.

1234M b

—10000
—= 30

—> 2000

—1000

—500

—250

& 3 =R RNOH TR ek E
Fig.3 Gel electrophoresis of double-enzyme verification of
recombinant plasmid
E: MADNASTEATE; 1, 2ARMIEM4; 3, 4
A TR FR
bp

2000 =——

1000 <——

750 =——
500 =——

250 =——

100 =——

[ 4 FLHFRLHT PCR P44 EER K
Fig.4 Gel electrophoresis of PCR verification of recombinant
plasmid
7 MADNASFEA4FE; 1, 2HMHTE; 3, 4HPCR
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R 2 EEEMEARITHIRELAISR °
Table 2 Nitrite degradation by the recombinant bacterial strain
P 1 2 3 348
#0051 0067 0045 0054
FJkite 0525 0.543 0.525 0.531
TAade 0567 0.592 0.582 0.580
E: ak2dgl. 2. 3L =TT AASBRACS
Tt 7 i R AR 2 098, R S A 540 nmat a9 R AA.

127 = Y4
ol 3 - 73 JEORL
' R il

USRS

HH
& 5 TEEHFaEEREEEMEN TS RETNER RS
BEAAE

Fig.5 Protein content after purification of total protein by
affinity chromatography of different strains
1 2 M KD

Fig.6 SDS-PAGE pattern of NiR purified by affinity
chromatography
Z: MAZARATEE LAY Ea; 24 Mt

B,

23 TAEWEH NIR B 378 W ik

RN EMAL TR I =R 370
rh A B AR YINaNOLTE 540 nmAb IROGAE IIEE B, M
HATDAE NN T EH TR (FEA4D FINaNO#
BAAR T 90%, 1115 JC R ZELRIAS N B 4L P s 2L %o 2L
NaNO, & & L P& i . itk il 43, TR KW
PET-32a(+)-Nir-BL21 e &ix HAEENIR, Hixzik
I RERE A R B fENaNO,
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24 THEBEF NIR 841t

EHA . 2 TR AR AR R = AR i 2
(8 B & B RS ETR, FrA e 75 5152
FRFHLER VB2 B 7E20 mMIBKIE Ry 25382k, BRKAR
RERGB 2o f 2T RIS E e ok, S5
500 MMIBKIERE SR EHTAE_E RGP 1B R T ok A
B RTDAEH, AEFRIE.coli BL2L (HFAERYL)
Ve AN S E A, WHHE. coli BL2LFIEMER AN
AEREBALESEAZHT4:Ni Sepharose 6 Fast Flow L, 1 &
T RIpET-32a(+)-NirffJE. coli BL21 (EZHZ) Fi
25 A FURIpET-32a(+)KJE. coli BL21 (&S JFkidl) Bhh
WAL RN A, VEHABURLRETEE. coli BL2191 T
ik, B TR B pET-32a(+)-Nir-BL21 1 1) 3 ik 3 44
PET-32a(+)-Nir{£ IPTG 5 3 T g 1% pit D) 3 ik H 4 &
H, ZEAE AN — MHISKRZE, 1ZHISkR
Zerp A Z R RE = 2 R A RS AIEHTAENT Sepharose
6 Fast Flow_EAINI® . (Flitt, TREEIESEIASRIHE
MR RERLPRISEFZNTHENI Sepharose 6 Fast Flow
L, FFRERIFKMERERE T ok XHaifb R EAR AL
12.5 %7 B IR HISDS-PAGEAN,  [RII) M 25 5 ki 2H rh
VERAS BRI O H K I BA TR, Sk A AL IEDe,
MNP HRRT L, 7524 A e Y ELZH B R E R R
THIR ERIA S G, R 772060 kDa, 5 SCHR[LL
4] (AR FRIcd LR (KM, SCHRPHE AR INIR
Gt 7 B FE R IR, (BT B NIR ) 45
7515 A LR B 1 A FE R 3k A7 Blasti , JCARALEE A
&, ImHENR 5 Y7L FE DMDL 9010/ NiR AT g
Ncd1ZUf, AR

3 Zhip

A T M A ) FUA R INIR B R e 2 31 1
JR A% % 1k 3 4k pET-82a(+) b, AR5 ¥ H 4 ik
PET-32a(+)-Nirf B IABIAE. coli BL21, FIH
IPTGHMTIFE S RIE G4k B W7 vl A E A TRE R
RE R AR 37 3 190 %FINaNO,, it B A% i 1 A e
J1ARE o *40Dgoe=0.50F, FHZE A1 mmol/LIF]IPTG
7630 C TF#HESHFR4 h, NIRBEEEAIANGERI KRR
1%, (RIS R B A R A 2 LR B R R . 3
R AR AR TS, 33 7 AR Em
NiR. ASHF 5 3 R 2 20 15 R R DAL 2 1 EE 4 i
$pET-32a(+)-Nir fil L2 #pET-32a(+)-BL21, % LF%
PR BEAT R ENaNO,, IR FHSE AT 74415
FIELEERINIR . 75 UG BT OB ENIR R 4544
SERAET T R IT, AT SE R 1 AR P B

DMDL 90107 FINIR, A T ML Ak W FH B g JAith o
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