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ABSTRACT

NifK gene is a key nitrogenase and plays an important role in the nitrogen fixation process.
1t is necessary to obtain the nif K gene for exploring its relationship with nitrogen fixation.
This study aimed to clone nifK gene, predict the secondary structure, the characters and
functions of the nif K protein, and conduct prokaryotic expression. According to other nifiKk
sequences registered in the NCOBI specitic primers were designed. Klebsiella variicola
DX120F nifK gene opening reading frame (ORF) was cloned by PCR amplification, and its
nucleotide sequence, amino acid sequence and protein structiure were analyzed by combining
bioinformatics methods. Prokaryotic expression vector pliT30a (+) was used to construct the
recombinant expression vector plT30a-nit K. After PCR, double enzyme digestion and DNA
sequencing, the recombinant plasmid was transtormed into BL21 (DE3), and 1.0 mmol/l.
IPTG was used to induce the gene expression at 28 °C. The fusion protein expression was

detected through SDS-PAGE electrophoresis. The niflK gene ORFE cloned from Klebsiella
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variicola DX120F in this study was 1563 bp, encoding 520 amino acids. The prokaryotic
expression protein by induction was detected by mass spectrometry, which had an isoelectric
point of 5.54, and molecular weight of 5512 kDa. The gene has been registered in GenBank
with accession number KF732647. Amino acid sequence comparison and phylogenetic tree
analysis showed that the nifK gene had the highest similarity with Klebsiella. The nif K gene
was cloned and the nif K protein was successtully expressed in a prokaryotic expression system,
which laid the foundation for further studying the function of DXI20L nifK gene in
sugarcane.

Key words: Sugarcane; Klebsiella variicola DX120E; clone of nifK gene; prokaryotic

expression; protein purification

Introduction

Sugarcane (Saccharuam officinarum 1..) is one of the most important sugar and energy
crops. It has great economic importance due to its application in the food industry, and is also
particularly valuable for its use in the production of ethanol (Menossi ef al, 2008). Originated
in Asia, sugarcane is highly productive in the tropical and subtropical areas of the world.
However, many factors affect the growth and development of sugarcane plants (Lisson ef al,
2005; Inman- Bamber ef al, 2005). For example, sugarcane production in China is facing many
serious impediments, such as high nitrogen (N) fertilization and degeneration of the main
cultivars (Wei et al, 2014a). More than 60 % of the sugarcane fields in China are fertilized with
over 500-700 kg N ha ' year ' (Li, 2010) whereas sugarcane fields in Brazil are fertilized with
60—70 kg N ha ' year ' (Urquiaga et al, 2012). The much higher amount of nitrogen fertilizer
input not only caused high sugarcane production costs but also produced serious adverse
impact on the environment. Therefore, in China, it is imperative to reduce the N-fertilization.
Biological nitrogen fixation is responsible for supplying more than 60% of the world's annual

resources of new ammonia (Schlesinger et al, 1991). This process is performed by nitrogenase,
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which is composed of two metalloproteins: MoFe protein (ecoded by nifD and nifK) and Fe
protein (ecoded by nif ) ( Rubio ef al, 2005). The nucleotide sequence for coding regions of
nifHDK genes and their respective genes are remarkably highly conserved among all
nitrogen-fixing organisms (Dean et al, 1992). These genes have been cloned and sequenced
from many different Ny-fixing microorganisms. For example, The complete nucleotide
sequence of the nifll open reading frame (ORF) from Cyanothece sp. ATCC 51142 is 1533 bp
in length and encodes a polypeptide of 511 amino acids (Colon-Lopez et al, 1999). The
subunit of Azotobacter vinelandii MoFe protein has 522 amino acids (Brigle et al, 1985).
Strain DX120IC was isolated from surface-sterilized roots of the main sugarcane cultivar
ROC22 grown in Daxin, Guangxi, China. It is a Gram-negnative bacterium and can able to
fix Ny, produce siderophores and indole-3-acetic acids, and solubilize Cayg(POy), (Lin et al,
2012). Ar present, there are only few reports about molecular aspect in this bacteria, more
about inoculation with sugarcane. For example, under greenhouse condition, inoculation of
strain DX120I in sugarcane cultivar G'T21 for 7 days showed improved dry weight, and N, P
and K contents obviously (Wei ef al, 2014a). Inoculation of bacteria DX120E in sugarcane
cultivars B8 and GT21 effectively promoted the plant growth and nutrient uptake,
significantly improved the nitrate reductase (NR) and glutamine systhetase (GS) activities,
and the nitrate concentration in certain degree in leaves (Wei ef al, 2014b). Inoculation of
strain DX120I% in ROC22 and BS showed increases in chlorophyll, N and P contents (Xing et
al., 2014). In this study, nifk gene was cloned and the protein was induced to lay foundation
for further studying the molecular mechanism of strain DX120IE promoting sugarcane

growth, antibody preparation, enzyme activity in vitro and western blot analysis.

Materials and methods
Materials
Fxperimental materials

The tested bacterial strain HKlebsiella variicola DXI120E  was isolated from
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surface-sterilized roots of RO(22 sugarcane planting in Daxin county, Guangxi, China.
Experiment reagents

EcoRI and Xhol restriction enzymes were bought from Fermentas Company (Shanghai);
DNA Ligation Kit Ver. 2.0 and pMDIS-T vector were from TaKaRa Company (Dalian);
Biospin Gel Extraction Kit was purchased from Biollux Company (Beijing); DH5a and
BIL21 (DE3) were purchased from Beijing Gold Biotechnology Company; Prokaryotic
expression vector pET-30a(+) were kept by the laboratory. Other conventional reagents were
analytical grade reagents.
Experimental methods
Primer Design

According to nifl gene nucleotide sequences of other nitrogen-fixing species registered in
GenBank, online software program Vector NTI Advance 11.0 was used to analyze the
homology. The gene upstream primer 5- ACGAATTCATGAGCCAAACGATTGATAA-3
(underline parts are restriction sites KcoRI), and downstream primer 5- ATA
CTCGAGTTAACGGACGAGATCGAAGCTG-3" (underline parts are restriction sites Xhol)
were designed. The primers were synthesized by Sangon Corporation (Shanghai).
nifK gene cloning

Klebsiella variicola DX120T was used as the template for PCR amplification. The total
volume of the PCR reaction system for amplification of nifK gene was 25 pl., operation was
done following the EsTaq polymerase instructions. The PCR reaction parameters included
pre-denaturation at 95C for 5 min; denaturation for 50 s at 94C; annealing for 30 s at 68,
and extending for 1 min at 72, 5 cycles; followed by 15 cycles of denaturation for 50 s at 94C;
annealing at 63C for 30 s, and extension for 1 min at 72C, then 15 cycles of denaturation for
50 s at 94C; annealing for 30 s at 58C, and extension for 1 min at 72'C, and the final extension
for 10 min at 72C. When the reaction finished, the PCR products were analyzed with 1.0%

agarose gel electrophoresis. Then niflK gene was connected with pMDIS-T vector at 16C for 8
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h, and then transformed into DH50 competent cells by heat shock. Positive clones were
screened out, and sequenced by Shanghai Sangon Company, China.
Bioinformatic analysis of nif K gene

The amino acid sequence of the gene was predicted by BioXM?2.6, and basic physical and
chemical properties of the speculated protein sequence of the gene were analyzed by EExPASy
(http:/expasy.org/tools/). The nif K gene and the homology with other species were analyzed by
GenBank Blast (http:/blast.nebi.nlm.nih.gov) online analysis software.
Http:/www.cbs.dtu.dk/services/Signal P/ was used for protein signal peptide analysis. Online
software http:/www.cbs.dtu.dk/services TMHMM/ was used for membrane protein analysis.
Protein blast program (http:/blast.ncbi.nlm.nih.gov/Blast.cgi) and Motif Scan software were
used to analyze the functional domains of the nifK protein. The phylogenetic tree of niflk
gene amino acid sequences of DXI20E with other species were constructed by MEGAG6.0
software. The Vector NTT Advance 11.0 was used for amino acid sequence homology analysis.
Construction of nit K prokaryotic expression vector

The PCR products of Klebsiella variicola DX120IL niflK gene were recovered and
purified. The plasmids of expression vector pliT-30a(+) were extracted, then double digestion
was done by using FcoRI and Xhol, and the digestion products were recovered. The target
gene and expression vector were connected by DNA Ligation Kit, and the ligation products
were transformed into the expression strain DH5a by heat shock. The correct recombinant
plasmids bacteria were detected and sent to Shanghai Biological Engineering Company for
sequencing, and the recombinant plasmids were verified by double digestion.
Prokaryotic expression of recombinant plasmid pliT30a-nif K

The recombinant strain and the empty pliT-30a strain were both transformed into the
liquid LB medium with Kan 100 mg « L' to induce gene expression separately at 28°C 200
r/min. When ODy, reached 0.6, the medium was added with 1.0 mmol/L IPTG for induction,
and 2.0 mL; medium were collected at 0, 1, 2, 3, 4 and 5 h, respectively. After completion of the

induction, the product was centrifuged at 12000xg for 20 min, the supernatant and precipitate
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were collected respectively, then 8pli 3 x loading buffer were added and kept in boiling water
bath for 5 min, and 25 pli samples were taken for SDS-PAGE electrophoresis after 12000xg
centrifugation for 5 min. The concentrations of spacer gel and separation gel for SDS-PAGE
was 4% and 12.5%, respectively. After electrophoresis, the gel was stained with Brilliant blue

R-250 for imaging analysis.

Results

nifK gene cloning and sequence analysis

Klebsiella variicola DX120E was used as the template with specific primers for PCR
amplification. After recycling, ligation and transformation of target gene, a 1563 bp sequence
was obtained, which matches the expected size (Figl).

Compared the obtained sequence with those in GenBank Blast, the result showed the
1563 bp fragment was the open reading frame (ORI) sequence of the nifl{ gene encoding 520
amino acids (Fig. 2), which was registered in GenBenk with the accession number KF732647.
Bioinformatic analysis of nifK gene

ExPASy was used to analyze the nif K protein and it showed the molecular weight of
nifK protein was 58.16 kDa with pI of 5.48, which was consistent with the mass spectrometric
result. The nif K protein was an acidic protein. SOPMA was used to predicte the secondary
structure of the nifK protein, and the results showed that the protein contained o-helix,
strand, B folding and curl, and o-helix accounted for 42.88%, curl accounted for 38.46%, B
folding accounted for 13.27%, while B strand accounted for 5.38% only (Fig. 3). SigalP 4.1
predictions showed that the protein had no signal peptide. The transmembrane helix of the
protein was predicted using TMHMM online software and showed that it was an outer
membrane protein (Tab. 1). NifK protein functional domains were analyzed through Motif
Scan software, and the results showed that the sites 29-32, 47-50, 116-119, 194-197, 225-228,

260-263, 273-276 and 280-283 were casein kinase IT phosphorylation sites; 73-78, 90-95,
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125-130, 133-138, 190-195, 318-323, 384-389 and 441-446 were N-myristoylation sites; 298-300
phosphorylation sites, 136-139 were asparagines glycosylation binding sites, 87-94 and 150-164
were nitrogenase component alpha/beta subunits (Fig. 3). The data in Fig. 4 showed conserved
domains of nif/K gene which revealed nifiK was a highly conserved gene in the functional
region. MEGAG.0 was used to construct a phylogenetic tree (Fig. 5), and the Vector NTI
Advance 11.0 was used to make amino acid sequence homology analysis (IFig. 6). Both results
showed that nif K protein has higher homology with HAlebsiella, but relatively lower with

non- Ilebsiella species.
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Fig. 1. PCR product of nifK gene. M: 2000bp; 1: nif K gene
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ATGAGCCAMACGATTGATAAAATTCACAGCTGTTATCCGCTGTTTCAACAGGATGAATAC
s TIDETIHZSTCTYTPLTFET® GTDETY
CAGACCCTGTTCCAGAATAAAAMGACCCTTGAAGAGGCGCACGACGCGCAGOG TG TGCAG
@ TLFQNEKZEKTILETEHALAHTDUAGQERETVAQ
GAGGTTTTTGCCTGGACCACCACCGCCGAGTATGAAGCGCTGAACTTCCAGCGCGAAGCG

EVF AWTTTAETY Gl
CTGACTGTCGACCCGGCCAAAGCCTGCCAGCCGCTCGGCGCCGTACTCTGCGCGCTGGGG
L TVDFPFAEACPLGAVLIUCATLSG
TTCGCCGGCACCCTGCCCTACG TGCACGGCTCOCAGGGLTGCGTCGCCTATTTTOGCACT
FAGTLPY VHGSEGCV AT TFRT
TACTTTAACCGCCATTTTAAAG AGCCTGTCGCC TGO TCTCCGACTCCATGACCGAGGAC
T FNRHFEEPVACYV 5D S35NTED
GOGGOGETGTTOGGCGGCAACAACAACATGAATCTGGGCCTGCAGAATGCCAGCGOGCTG
A AVF GGNNDNNUNILGLGQINAZSAL
TATAAACCCGAGATTATCGCCG TCTCCACCACC TG TATGGCCGAGGTGATCGG TG ACGAT
T EPEI I AV STTOCNAEVWVTIOGTDD
CTGCAGGOGTTTATCGCCAACGCCAAAARAGAGGGATTTGTTGACGACAGCATCOGCCATT
L@ &AF I ANAEKEEETGTFUVDDSTIATI
CCTTACGOCCATACCCCCAGCTTTATCGGCAGCCATGTCACCGGUT GGG ACAATATGTTC
PYT AHTPSFIGSHVYTGWDNNTF
GAAGGGTTOGCGAAGACCTTTACTGOTGACTACGOCGGGCAGCOGGGCALACAGCARAAG
EGF AETFTADTYTYAGQ@FP G EQ @ K
CTCAATCTGGT GACCGGATTTGAGACCT ATCTOGGCAMC TTCCGLG TGO TGAAGCGGATG
LNLVTOGPFETTYTLGNTFE RVLIETEHIN
ATGGCGCAGATGGATGTCCCETGCAGCCTGCTCTOCGACCCATCAGAGGTGOTCOGACACT
T2 NMNDVPCSLLSDFPSETVLTDT
CCCGCCGACGGCCATTACCGGATGTACGCCGGCGGCACCAGCCAGGAGGAGATCAEAACC
P ADG T 5@ EETIET
GCGCCGGACGCCATTGACACCCTGCTGCTGCAGCCGTGGCAGCTGGTGAAAAGCAAAAAG
APDAIDTILLLGGPWGELVESEKEHE
GTGGTTCAGGAGATGTGGAACC AGCCCGCCACCGAGGTGGCCGTTCCGCTGGGOCTGGCC
vV vaoQgENXNWNQPATEVAVPLGILA
GOCACCGACGCGOTGCTGATGACCGTCAGTCAGCTCACCGGCAAACCGAT TGOCGATGOC
AT DALLNTV 3@ LTOGEPTIATDA
CTGACCCTTGAGCGUGGCCGGC TG TOGACATGATGCTGGATTOCCACACCTGGCTGCAT
LTLERGERLVYDMNMNLDSHTW®WILH
GGCAAAAAATTCGGCCTCTACGGCGATCCGGATTTCGTGATGGGGCTGACGCGCTTCCTG
G E EF G DPDFVNGLTZ RTEFIL
CTGGAGCTGGGCTGCGAGCCGACGGTGATCCTCAGCCATAACGCCAATAAACGCTGGCAA
LELGCEPTV¥IULSHHNAINETERWDI G
AAAGCGATGAAGAAAATGCTTGATGOCTCGCCGTACGGTCAGGAAAGCGAMGTGTTCATC
EANEENLDASPTGAQESEVTFEFI

AACTGCGACCTGTOGCACTTCOGGTOGCTGATGTTCACCCETCAGCCGRACTTTATGATC
N<cDbDLWHFRSLNEFTERSPDTFINRI
GETAACTCCTACGGUAAGTTTATCCAGCGOGATACCCTGGCAAAGGGCAAAGCCTTOG AL
G N5 7Y 6¢EKEFIQERKDTTLAETGEHUSATFE
GG TCATCCGTOTGGGCT TTCOGC TG TTOGACCGCCATCATCTGCACCGUCAGACT
vpePLIERKLCGFPLFDEREHHLIHEEA QT
ACCTGGGGCTATGAAGGCGCAATGAACATOGTCACGACGC TG TCAACGCCGTGCTOG AL
TWG&eTEGANNTIVTTLVHNATYVLE
AAACTGGACCACGACACCAGCCAGTTGGGCALAACCGATTACAGCTTCCATCTCGTCCGT
ELDHDTOGS@LGETTDTYTSTFDLYVRER
TaA
*

Fig. 2. ¢DNA sequence and deduced amino acid sequence of Klebsiella variicola DX1201

nifl gene

Table 1. The analysis outer membrane helix of nifK gene

Facts

Number

Sequence length

520

Sequence Number of predicted TM Hs 0

Sequence Exp number of AAs in TMHs 1.93885
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Sequence Exp number, first 60 AAs 2e-05
Sequence Total prob of N-in 0.09190
Sequence TMHMMZ2.0 outside 1-520
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Fig. 3. Secondary structure prediction of nif K protein

Putative conserved domains have been detected, click on the image below for detailed results.
1 75 150 225 300 375 450 520

Query seq.
Beta Zubunit P cluster binding residues HoFe protein dimer/ dimer interactions
sotein betasalpha subunit interactions
HoFe protein beta subunit fe protein contacts

specific hits |[@ITEELED! Nitrogenase_MoFe_beta
Superfanilies Oxidoreductase_nitrogenase superfamily
Hulti-domains nifK

Fig. 4 Conserved domains of nif K
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Fig. 5. Phylogenetic tree of Klebsiellavariicola DX120E nif K protein and other species nifK

proteins
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(1) MSQTIDK THSCTEL FEQDETHT LRoNKE - LE BARD ARV B VF AT TAEYEALNFQREAL VP K AP LG BVLCAL GRAG TLFYVHG SO CYATFRTYFNRHFKER
(1) MSQTIDK THECTRL FEQDETRTLRuKH - LE EARDAARY B TF 41T TAETEALNFQREAL TWDP MK AP LG BVLCAL GRAs TLFTVHG SO CYATFRTYFNRHFKER
(1) MSQTIDK THSCYPLFEQDETAT LR KR - LE EAHD AARYETF 411 TAEVEALNFQREAL TVDP B A0PLG BVLCAL GRAs TLPTVHG SQ5CYATFRTYFNFHFREP
(1) MSQTIDK INGCTPL FEQDETQELRRIKH:-LE RARD AARY B F AT TAEVEALNFUREAL TVDP MK 40P LG BVLCBL GRANTLFVHG 505 CYATFR TYFIFHFRER
(1) MSQTIDK INSCTEL FEQDETOELRRIKR - LE BAHD AARY B F AT TAEYEALNFQREAL VD K AP LG BVLCBL GRANTLFTVHG S5 CYATFR TYFIRHFKER
(1) MSQTABK 1oPCYPL FEQRE QT LERIK R~ iE EARDERRVEDF By 11 TEToBLNFQREAL TEDF K AP LG BVLCAL GRANTLFTVHG SO CYATFRTYFNRHFKER
(1) MSQWIENTKSCTPL FEQDE TANLRAD ks e BAH Ve RVRE VF By TEvRBLNF SREALTEDP Mk 40P L6 BVLCBL GREK TLFTVHG SQ5 CYATFR TYFNFHFREP
(1) MSQDFENTAP STPL FREE v F1GD KR B EVEp EERTREF W 1T TR ETQBLNFAREAL THIP &K 4o P L BVLC AL GEK THETVHG 506 CVATFRTYFIRHFREP
(13 M0 IO TKP CYEL P Ell AR ATL BRARERFEEC P EDREAB TR LY 1T B E R BLNFY REAL TWIE Bk A00P L6 B C AL GRER TLF YVHG S0 CYATFRTYFNRHFRER
(1) MSQTFDKIRFGTEL FoQPBYQE LFRK KRoEHE DBFDEARVRE TF BV 1T TEETRELNF ARk o AF0P Ak AcqP L6 BL.C AL GFEK TLFTVHG S0 CTATFR TTFNRHFKER
(1) Mok TRroREL FNDBD vaSHL AE KR SNFEEL ASPERVREVF 1T BEET ax ENFE K HETRDR A ACGP LG BVLCRL GENTLPTVHG 506 CTATFRTTFNEHFREP
{

1) W8 FEp IxfT L rr AP E YRR LR R: kT e A VEEARVRE VF D 11 TR EvoETFNey H TEDR Ak 40 CP L6 RVLC AL GRER TLFTVHS 306 CV ATFR TYFIREFRER

110} WACTSDSMIEDALVES SNHNINLGLEH: SAL TRPETLAVS TTCHAE VISDDL GAFT ANAK KEGF VDS TAlr B pFlic SHYTs D RFECRARTF TADY 45— QPG
110} FACYSDSITEDALVEG S NININLG LM SAL TRPEELAVS TTONAEVIGDDL BAFT AAK KB GRVDDREARF Rur pRTo s To v lFERARTF TADT 45— GFGK
110} FACTSD SMTEDAAVFGCHITINLG LA SAL TRP BELA VS TTCNAEVIGDDLGAF T ANAK RECRVDD S Br unr porfc SHIl v e CRARTF TADY 45— QPG
110} BACYSDSMTEDALYEG S NININLGLaM: Sl TRPEELA VS TTONAE VIGDDL B4 FT AAK KB GR VD 55 Rafp ruHT PR TG SHY TG WD B GRARTF TADT i —GFGK
1103 BACTSD SMTEDAAVFG CHITINLG LA SAL YRR BELA VS TTONAEVIGDDLGAF TANAK KCRVD 55 afe HAnT PoRlc SHIFTG v e CRARTF TAD TG —4PGK
110y BacysDSMTEDALVES SRR Lat: SAr ToP LA VS TTONAE VIGDDL §AFT AAK KBGR A TORPEF BeHT PoREcSHET WD MIFECRARTF TTGEGK NTREGS
111} BACYSDSMTEDALVEG SHANINDGLANAL AL TRPBIRLAVS TTCONAEVIGDDL BAFT MRk KBGR P KBFERE Rurm rilc S HET WD MBEGRCW TR TADK 40-TEVES
1113 BacvspsmTEDALFofruiFDG LN ALTREBL A v TTOE vIoDDL e Pl Sk KB oHEP B vERE BurrpsFilo s T v linaEG TLR YR TLIMEDK G VER
110} BACTSD SMTEDALVFG CRIIF 55 LENARAL YRPBIORA VS T TCMAE VIS0 DL RAF TR AK KEGHEP oBFP TP BAHTPoFlic SH I YD HIFEG T IRVF TLNENTGR PGS
1113 RACVSD SMTEDAAVFGGREIIF DG LANAL AL TRP ERLA VS TTCMAEVTGDDL e FEGAK AECHIDKEFE tEunTPerficsHI o VDG IFECRIRYF TLIENEDK EVES
111} BAcySDSMTEDALYEG oBDNEF T LAt Tl TRPERLAVS TTOE VIGDDL R FIGNAR DK GFEp ABFE e BAHT P aFilc SHIN YD AFEGHL RVF TLADKGETEVES

!
!
!
!
!
!
!
!
!
{
!
(111) FACTSDSMIEDAAVFGGRKNIE 45 L T TREERLAvS TTOMAEvVIGDDL Rer TGN AR B GTEr £ e Bur prlicSHIG D RIEEG TLRYF TLIEM SKEVES
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(218) QoKLNLVIGFETTLONFRVEREIMRAQID VECSLL SDPSEVLD TP ADGHIRAY &6 6 BAEE TR TAFD ATDTLL L. FHGLYE SN QP ATEVARF LGL AR TD ALLH
(218) BQRLNLVIGFETTLGNERVERRIfiAAD VRCSLL SDFSEVLD TP ADGHYRNY & 61 BAQE IR T4PD ATDTLLLOFHGLYY SKTEN NP ATEVAVFLGL A4 TDALIN
(218) BQRLNLVIGFETTLONER VKR40 VPCSLL SDFSEVLD TP ADGHYRMY A5 61 BAQE I TAPD ATDTLLLOFWGLYY SKXTENNOP ATEVAVFLCL A4 D ALIN
(218) LqRLNLVTGFETTLONERVIRRE VP CSLL SDFSEVLD TP ADGHIRMY B 0T IQE KB AFD ATDTLLLOFHGLEx S TRE NP ATEVATFECL A TDELIN
{218) LPRLNLVIGFETTLGNERVERRIIEDEVPCSLL SDFSEVLD TP ADGHYRNY 86 6T aCE KB APD ATD- AsPoriiaLLx SKKTFREN NP ATEVATFLCL A TDELIN
(220) BPRLNLVIGFETTLONER KR4 VPCSLL SDFSEVLD TP ADGHIRNY A 61 BaQE MREAPHATDTLL LoFiEL vy T vaDvyiaP AT AiEECL A TDRLIN
(220) BoRLNEVIGFETTLoNIRVIRR TEMEVERRAIL SDFSEVLD TP DGO R A 6T AU E KB A MATD TR o FTEL ¥ MK ETvo QP ATBESTFHGLEW TDBF It
(221) BeRLIHvPCRET TLCHER VIRENEEEMEVE 1L SO REVLD TP ADoK BRor i o T INDE FRB AFNAF DTLF o MRk TvreE A s ENTE NG LEW TOBF It
(220) HeKEWEvPCrET L oNERY IR TENE MiYSFL SDPEEVLD TP ADG TRy A5 6T B3R FRDAPNE T TILLDoPL ALYE TkvVE ATvEeD P rDTriGLEW DOV
(221) fokEn@veerEr oy Irs M 8 vE TSLLCOPSEVLD TP ADGE TRAT &6 TPT AR KD A PHAR TTRE LopD GLYE kr onvs pE v ARERMGLY BRI
(221) ENRLNEVEGFETTLONIRVIRRI G0 SR O FSEVLD TP DGR A 6 TPT SERK SAF il ATLF LoPEHS W SRiF E TTvEdE TR frxTrc v o EF i
(221) BeRENEvP6rETTLONERVICRMIRE D YD YSFLCOFSEVLD TP ADGE RN & 6T VDE FRBAPHAT ATERLoFD QM T SiF Sk DTVGE v ABNTFHGLEW TDBF I
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(328) IWSQLTGKPIADAL TLERGRLVDIOLDSHIVL HRKFGLIGDFD FVIN: LIRFLLEL CCEF TVIL SH K RYK VKK N DASF 1o QB SEVF INCDLVHERSLITF TRAFD
(328) IWSQLTGKPIADAL TLERGRLVDIOLDSHIVL HRKFGLIGDFD FVIN: LIRFLLEL CCEF TVIL SH K RYK VKK N DASF 1o QB SEVF INCDLVHERSLITF TRAFD
(328) IWSQLTGKPIADAL TLERGRLVDIOLDSHIVL HRKFGLIGDFD FVIN: LIRFLLEL CCEF TVIL SH K RYK VKK N DASF 1o QB SEVF INCDLVHERSLITF TRAFD
(328) [WSQLEGKPTADAL TLERGRLVDIOLDSHIVL HRKFGLIGDFD FVIN: LIRFLLEL CCEF TVIL SH A RYK VKK DASF To i SEVF TNCDLVHERSLITF TRAFD
(327) WSQLSoEP DAL TLERGRLVDERLD SH- YL HRRFGLTGD FORIN CTRRL DL cCRP TVIL SHGEn TL 0K B K IL DASR TG r BV TNFD LVERRSLIFTRS 45
(330) [WSELTGEPIGEAL TLERGRLVIADILD SHIVL HRRFGLIGD PORIN ETOR DL cCRP TVIL CHG SKRVLK MR Al EASP TG DDV T D LVERRSLIF TORED
(330) KWSALTRATRASLALERGRL VDMERD SHIVL HRRRGHTCD FD FYES LvREL DL cCEP VL Crni K BERAL AD SE 61k BBV HD LVHERSLIFTHEED
(331) KVSETTGKPIFESLTHERCRLVDIETD SHAYL HRRTALTCD FDRVIN FITRLLEFL 6ARE vHIL AvdERIEE MR TLODSPTG 16 CEVHIGFOLWHL RSLFFTDRED
(330) KVSETTGEPIEDELTHERGRLVDIORD SHAYL HRREAMGD FOR T EToR EFL 6o EPLHNL CHG KRVEK BRI BN TRaN IR T ok FD VNGRS LEF TERED
(331) ¥ THBTSGKEIPESL A ARGRLVIIDD SHIVL N TSE S FHGD D HELs LvRRLAEL 6CEVRHIL G RIKK KEALT AE R G TADRETHFY D LWHERSLFF TIRED
(331) KVSELTGQPTEDET K ERGRLVIADRD SHIVL v 15 LTG0 PORER: fvRL TEL cEH T kL CR R KEARC AR 5P s AB VG KD LV RS L TERED
}

(331) K¥SELTGRETRARL TR ERGRLVDIORED SHIWL HyvT TSR0 e0 ¥R KL L 1AL GOR T kHifL CHIG IR K KEAGL AR Y B W KD LVHER.SLIF TRRED

[~ R = T = =N PR

[ ——

(438) FILGNSTKF 1ARD TLAK SKAFEVPL IREGFPEF DR HEL HRQT TG TE AN IR T TLvIGEER CD HD 18aL K D YEFD LR
(438) FNIGNSTeKF TARD TLAK GRAFEVPL IRLGFPIFIRHHLHRAT TG YEGANVIRT T LVIAVLER LD HD TS0LGK TDYFDLVR
(438) FIIGNSYGKF TQRD TLAKSKAFEVPL IRLG FPEF DR HHL HRQT TG TEGAMVINTTLVIAVLER LD HD TS0LGK TDYSFDLVR
(438) FILGNSTGHF TQRD TLAK GRAFEVPL IRLGFPEF DR HHLHRAT TG TEGAMVINTTLVIAVLERLD SDT80LoK TD TSR LYR
(436) LILGNSTGKF 1ARD TEAK SKAFEVPL IR FPEF DR HEL HRQTT 96 TEGANIRTTLVIVLERLD D 18PAcK TDYRRDLFR
(440) FMIGNSTGKF TQRD TLAKEQFEVPL IRLGFPEF DR HHL HRTTYG TEGANSILTTLVIAVEERED HD MeLe TDTNEDLER
(440) FWTGNSTGKF TQRD TLAK GRAFEVPL IREG FPFDRHHLHRAT TG YEGAMRNLT 1L vIVMERTD 5B DELCK THNFDLVR
(441) FTGNSTGRF TARD TLH: GEAFEVPL TRFGFPFDRHHL HRD TG YEGAMERLY 1 LiE VL ARE DO TReflc T ToviDLER
(440} FRLGNSTGHF IQRD TRHKGRPFEVEL IRfl;FP EFDRHHLHRIT 1L vECMFIL T LWL ERLD DB vlicK o vDLER
(441) FETGNSTGRF TQRDTK A GEEFEVEL IREGFPFDRHHLHRRATLG YEGAMRILTTLIE VL ARED L D TSECR DT fLVR
(441) LIIGNSTGRF ERD TLAK GARFEVPL RREG FPEFDRHHL HRE T T LG YEGEMFILK T LG IL TRED R TNRLGL TO/¥: FULVR
(441) LIIGNSTGRF ERDTK Ak G ARFEVFL fRic FPEFDRHHL HRs AT LG YEGAMERL T e VL AR FE T8DLCK oD LVR

[ R e I I N

[ e B =

Fig. 6. Aligment of the deduced nif/A amino acid sequence and its homologus amino acid
sequences. 1. Klebsiella variicola DX120L; 2. Klebsiella variicola; 3. Klebsiella pneumoniac;
4. Klebsiella oxytoca, 5. Klebsiella pneamoniae; 6. Dickeya solanft, 7. Tolumonas auensis, 8.
Thiobacillus prosperus, 9. Thioploca ingrica; 10. Aliagarivorans marinus, 11. Vibrio sp.; 12.

Shewanella sp.
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Construction of prokaryotic expression plasmid and identification of recombinant

The nifK gene was recovered and purified, and pIET-30a (+) plasmid was extracted at
same time. HcoRI and Xhol restriction enzymes were applied for double digestion. The
recovered target fragment was connected with expression vector pHET-30a (+), and then
transformed into DH5a competent cells. The positive colonies were selected for PCR detection.
The agarose gel electrophoresis showed the fragment was about 1563 bp. The obtained
recombinant pET30a-nif K was doublly digested by EcoRI and Xhol and then sequencing.
The sequencing results showed that nif/K gene had inserted to vector plasmid. The DXI120I%
nif K protein prokaryotic expression vector pET30a-nifK had successfully constructed. The
correct recombinant was transformed into competent cells BL21 (DE3).

P12
10,000

3000

2000 <+— 1563 bp

1000
500

250

Fig. 7. Double enzyme digesting identification of restructured plasmid. M: 10 000 bp; 1:
pET30a-nifK; 2: double digestion of pIET30a-nif K

SDS-PAGE analysis
The empty plT-30a strain and recombinant strain were both transformed into the liquid
LB medium with Kan 100 mg - L' to induce gene expression. When ODyy reached 0.6, the
medium was added with 1.0 mM IPTG for induction and 2.0 mLL medium was collected at 0, 1,
2, 3, 4 and 5 h, respectively, for SDS-PAGE. The empty pliT-30a strain and recombinant
strain without PTG as control (Ifig. 8). As seen in Fig. 8, the target protein started

expression at 1 h, reached the maximum expression level at 3 h, and then the expression
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amount was not obvious.
Fig. 8 showed that, compared with the empty vector pET-30a (+), plET30a- nif K existed a
fusion protein band in the molecular weight of approximately 58 kDa position, which was

consistent with the expected size and the mass spectrometric nifl gene.

kDa
116.0 et |
66.2
45.0
35.0
25.0

18.4
14.4

Fig. 8. SDS-PAGE analysis of restructured nifK protein. M: protein marker: 1. pET-30a
without induction; 2: 1.0 mmol/L. TPTG induced pET-30a (+)for 3 h; 3: pIET-nif K without

induction; 4-8 1.0mmol/L: IPTG induced pET-nifK for 1h-5h

Solubility analysis of fusion protein
The recombinant bacteria pIiT30a-nif K after IPTG induction was broken by ultrasonic

fragmentation. After analysis, the recombinant protein could express both in the supernatant

and precipitate (I'ig. 9).

Fig. 9. Soluble analysis of plET-nifK protein. M: protein marker; 1: I'TPG induced 3h
precipitation of pliT-nifK; 2: I'TPG induced 3h supernatant of plT-nifK; 3: I'TPG induced

3h bacteria of pET-nifK
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Discussion

The abundant but inert N, in the atmosphere is converted to useful NHj by the
metallonzyme nitrogenase. The Fe-protein is a dimer of identical subunits encoded by the niffi
gene, with a molecular weight in the range of 58-72 kDa, both subunits are bridged by one
[4Fe-4S1 metal center and contain two nucleotide [IMgATP or MgADPI binding sites (Peters et
al, 1995; Kim et al, 1994; Schindelin ef al, 1997). The MoFe-protein is a tetramer and is
composed of two identical halves, containing o subunit and B subunit encoded by nifD and
nifl{ genes, respectively, with a molecular weight in the range of 200-240 kDa (Howard et
al.,1996; Burgess ef al, 1996). The Moe-protein contains metal clusters: the P-cluster and the
iron-molybdenum cofactor or FeMo-co which participates in electron transfer from the Fe
protein to the FeMo-cofactor (Chan et al, 1993). Nif H and Nif DK perform the reduction of Ny
into NHj; by coupling the reduction process to the free energy liberated from the hydrolysis of
MgATP (Bulen ef al, 1996). In this study, the nifK gene was cloned from the nitrogen
fixation strain Ilebsiella variicola DX120E. The ORI is 1563 bp and has 520 amino acids.
Comparisons of the amino acid sequence with other known nifK gene sequences suggested that
Klebsiella variicola DX120E was most similar to Klebsiella spp. Phylogenetic tree also
implied that nif K protein had the highest level of conservation with different species, which
met the evolutionary relationships. It was predicted that nif K protein molecular weight of
Klebsiella variicola DX120L is 58.12 kDa, and the pl is 5.54. The prokaryotic expression
system using pliT30a (+) with T7 bacteriophage promoter could integrated
poly-histidine-tagged into the protein. This method has many advantages such as
overexpression, being easy to operate, and purification (Shan et al, 2008). T7 promoter on
pIEET30a expression vector can specifically bind with T7 RNA polymerase within Fscherichia
coli B1.21 (DE3), and then start downstream target gene expression of the T7 promoter. This
study construct prokaryotic expression vector pET30a-nifK, after PCR, restriction enzyme

digestion and sequencing, the correct recombinant strain was induced by IPTG out of a treated
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58.12 kDa fusion protein. The obtained recombinant protein laid foundation for further
studying the nifk gene function, antibody preparation on nitrogen fixation.

Conclusions

This study cloned Klebsiella variicola DX120L nif K gene from sugarcane and registered
in GenBank with accession number KI'732647. The ORTF of nifK gene is 1563 bp, which
encodes 520 amino acids. The protein molecular weight is 51.1 kDa, and the pI is 5.54.
Bioinformatics analysis showed that the gene is highly conserved in the functional region.
Phylogenetic analysis showed that the gene had the highest homology with that of Klebsiella.
Prokaryotic expression results showed that the gene was expressed in fusion protein which
relative molecular weight is 58.12 kDa approximately. The results laid molecular mechanism
foundation for further studying HKlebsiella variicola DX120E nifK gene interaction with

sugarcane.
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