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EKEXSE S B Kosakonia radicincitans GXGL-4A 5 REZS T
KREBIHE

I BAK el
(ISR TN AT E A0S i 200240)

OE IHFF) kok, RLA P EEERALT RIER T REAESIFEHHIR, 7l
THERLE. RAL TN ELBIFTE. N, BTHEXEN AT ALRFREFEARIKRE T
FAAR T ARG H, RFRFBHRELERIT, RATHRALREMBECRALNMEE. B
Mo, @RS LA AEMERE, KRV IF RIEERA T, s TFTRPAESKRE, £
HRELGTHEAFEA T2 ET2HEL. (B8] A ELRFRSBEFEGELSE AT
Kosakonia radicincitans GXGL-4A # 4T Tn5 44 R, Mt H X EWREIR, Lt/
AT B RALEEG > TR F R RS AEREHETEMRAL. [FE] 2B REF K
radicincitans GXGL-4A 4 #F72t %, i@ it PCR % %, 445 5] GXGL-4A B #h 44 T #Y BR L R Bl Ak
H nirBD. i@ i) & % 20 £ pMOD-egfp-tet, F 4 A & & 44t ik 4 45 B 5 4K F N GXGL-4A
A, HAT TS HERE, AMEFREREEH®. [LR] HL3) 4 kD AYER 28RBS
EMEFEARGREAR, FLETRE M36 REALLGMEF7], [£48] 5F 2 RKEE
B K. radicincitans GXGL-4A # 4T Tnb 45 & R TR TAT8), MPESL T AR TH K8
AR EFHARIKRE,

%x42i7: Kosakonia radicincitans GXGL-4A, L #§ERL 5B, Tnb 4: @R %

Generation of Tn5 insertion mutations in nitrogen-fixing bacterium
Kosakonia radicincitans GXGL-4A associated with maize
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Abstract: [Background] The long-term excessive use of chemical nitrogen fertilizers in
agriculture has already caused ecological destruction of farmland. The direct consequences are soil
compaction, secondary salinization and heavy metal pollution. Moreover, a large amount of
nitrogen leaching loss of field could lead to eutrophication and groundwater pollution. The nitrate
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content of agricultural products may exceed standard, and eventually human health would be
threatened due to the food chain. Thus, developing the biological nitrogen-fixing (NF) bacterial
agents to reduce the use of chemical nitrogen fertilizer is of great significance for environmental
protection and sustainable agriculture. [Objective] This study aims at creating abundant mutants of
an associative NF bacterial strain, Kosakonia radicincitans GXGL-4A, isolated from maize root by
Tn5 insertional mutagenesis and the results will benefit for further exploration of nitrogen fixation
mechanism, nitrogen metabolism and related regulatory network, and lay a solid foundation for the
application of GXGL-4A in agricultural production. [Methods] The nitrite reductase gene nirBD
was cloned from K. radicincitans GXGL-4A by PCR. Meanwhile, a Tn5 transposon plasmid
pMOD-egfp-tet was constructed and then transferred into the wild type GXGL-4A bacterial cells
by electroporation to generate Tn5 insertional mutants. [Results] Large quantities of mutants were
obtained, and four mutants with significant decrease in nitrite reductase activities comparing with
the wild type strain GXGL-4A were identified. Subsequently, DNA sequence flanking integration
site in the genome of mutant M36 were also isolated. [Conclusion] It is feasible and applicable for
Tn5 transposon mutagenesis in the associative NF K. radicincitans strain GXGL-4A, and an
effective and stable insertional mutagenesis system of this microorganism has been successfully

established in this study.

Keywords: Kosakonia radicincitans GXGL-4A, Nitrite reductase, Tn5 insertional mutagenesis

RIGIE N EE N HERAEIER Z —, HE
I frid sl BB A SEN ) HAE R AR RS
FEMA T REAT M. P78 19 Ak 5mide
BT ARG, RN EI T YR R AE
FIP SEIESE T A R AR X R R
IR o) i — A2 1 260 TR R S i A 4 TR T 5 4 g A
MO . R E N AR NP RN
(NO3—NO, -NO—N,0—N,), HH NO, —-NO
X — WA R R (NN AL, %0 2 TE
PIRRERL 435100 1 nirS ZmAd A 4 (2,25 cd1 LI
THRRIA AT nirK gty Cu BINE Al R4 i
B0, BRI, RRARAE U RS BRER S Abad Jt
BB REZ —, MR SFE R R0 ) —Fhik
12 JE A R £ Ak A8 )5 i 8% (Dissimilatory nitrate
reduction to ammonium, DNRA), 5 2ZHXF A il
FRERIRIAL I S R 8 FE R R SR Ak 1 SR %
BTHfE NO, I FUNZE 1) NH, X — A [RlAE &
Nir (L, (B TR FE g Nil®o,
FUUESE, H nirBD i HO8i T NADH 137 AR
A SRR R 8 340 i o) P (G456 i 1R 6 () Ao 75 A
SRR ) PR AR B, XY
PR 30 I o A S LB B A T b, R o Abad

PR AV A RIA SR Nir (ORIFoE bz b, ik
FrE— 20

Kosakonia J& 2 ¥ & M W #F & #t
(Enterobacteriaceae) % #1 1% J& (Enterobacter) it 37
KRN, R, AT RSB — bk
HAGEMIE RIS TE AR GXGL-4A, &4
% I J8 T Kosakonia radicincitans™® . 7 3¢ LA
K. radicincitans GXGL-4A M5 x4, ity
ZHJFk pMOD-egfp-tet, @7 Tn5 FlHLIE A AR A
#, THIEASERIE R RGIE AR, oMY 5145 T
B, USRI AE S R G nirBD LA A
FAPLH K AR IA B NirBD 7EZEFF RGNS
R R B R S BEA

1 MESkHE
1.1 ##

1.1.1 EHRFABR
SEEG R B AR B ik W3R 1, A, Kosakonia

radicincitans GXGL-4A JEASZIH 2 M K KARER 4>
B — PR B R RURE T AR T Ak
H AT R £ SE i R4, GenBank 525
> CP015113.1,
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Table 1 The strains and plasmids used in this study

TR/ AL

Strains/Plasmids

Characteristics

Fetk I

Source

K. radicincitans GXGL-4A
E. coli DH50::egfp

E. coli DH5a::tet
pMOD-egfp

pMOD-tet

pMOD-egfp-tet

Wild type, Amp resistance
Contain pMOD-egfp plasmid
Contain pMOD-tet plasmid
Contain egfp gene, Amp resistance
Contain tet gene, Tet resistance

Contain egfp and tet gene, Amp and Tet resistance

Isolated by this lab

Reserved by this lab
Reserved by this lab
Reserved by this lab
Reserved by this lab

Constructed by this study

112 FERAFFLEE

PCR 5| KMl 54 F A5 5 2k TR
Yy TR () e A RS w5 a1 s BamH I,
Hind I1l. T4 DNA &3 A PERR i RBHEA
Fl; 4 DNA Jihi#i7] & (Hipure Bacterial DNA
Kit) Il [ 35 5 (Magen) ZE 528wl 5 S0 2 340 Jirt il
R A IR MBI H ARG BR A H]; PCR 774
SRR G B R AR AE AL R AT FR A /] 38 )7
Y| pEkei & (LA PCR™ in vitro Cloning Kit)g [
FAEY T EARAF .

96 fLEGbRMR, i e YA BR AR I
FRPCR{Y. MicroPulser Hi:f7{¥, Bio-Rad /A +); [iff
Y, Molecular Devices /A7) ; B IRBEIEL, T
W 2RI
12 A%

1.2.1 GXGL-4A T HE& T R B £ [F 5 b2

MOEAR F3HE K. radicincitans GXGL-4A 4
B YR RN T 100 pg/mL 27 W44 K1 LB Wi
PRREFE LI 37 °C. 180 r/min ¥ FEit . S
AP DNA il 370 6 0 s B B v S R 4
DNA, 4215 DNA R 1.2% (B A F1 k)3
B BE R UK RS I HC vk B 5 R & . IR K.
radicincitans GXGL-4A F{4 3L R P25,
FH Primer3web version 4.1.0 %3159 2), IfLA
GXGL-4A BL[AIZH DNA Bt , 4G H VRS IR IA Jit
g EE[R . PCR JUWAAZR (25 pl): 2xTaq PCR Master
Mix 12,5 L, 1F. K&[n514(10 pmol/L)# 1 b, 4

2 THHERITREEEE Y 1854
Table 2 The PCR primers used for the amplification of
nitrite reductase gene

519 BRI o

Primers Nucleotide sequences (5'—3) size (bp)
Nir18800-F ATTGGGCACGGCATGGTC
Nirl8800-R ATGAACCCAGATATGCCCGT 2638
Nir22885-F TTGTGAAGAGCCGCGTAAAG
Nir22885-R  ATACGTTCATAGGGCGTTGC 2400
Nir22890-F GACCCGAATGTGCAAGTGG
Nir22890-R GTTCGACGTAGCATACCAGC >0

Bz DNA (100 pg/L) 2 uL, ddH,0 8.5 L, PCR JZ)¥
4. 94 °C 10 min; 94 °C 1.5 min, 58 °C 1 min,
72 °C 1.5 min, 30 ME¥F; 72 °C 10 min, ¥ PCR
FEYIT 1.2% (R RRR ) B bR R vk T
R, =y e sl Ak f5 6 A T AR TR (TR ) B0y
AR FI
1.2.2 HirktE

i & Bk pMOD-egfp £l pMOD-tet AR S5 =
Rt 2 BamH | #1 Hind 11 XUBYIG, 43
SN 3.5 kb (71 A R R 43 (056 6 B (R R 656
Juf4(egfp) il 1.8 kb (A PUM R P ILH F B (tet),
FH T4 DNA Rz, M Tns #8814
PMOD-egfp-tet., 1 7 g J (% 7 4y 38 2o $A
fbE] E. coli DH5a J&Z 54, RE KGR
FIMAZ (Amp) FIU IR R (Tet) (LA, T
37 °C WEHESR, 12 h JEHRBCRRE 1T PCR Al il
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P55 E o
123 HESEHRRIHIE

LSk pMOD-egfp-tet DNA it , % Fi PCR
P Tnb B Eocy. Hr, Em5IHTFHR
5'-ATTCAGGCTGCGCAACTGT-3"; eIl 5| ¥ ¢4
4 : 5-GTCAGTGAGCGAGGAAGCGGAAG-3' ,
PCR JZ WK Z (25 pL): 2xTaq PCR Master Mix
125 pL, IE. JE5¥(10 pmol/L)#% 1 ub, itk
DNA (100 pg/L) 2 pL, ddH,O 8.5 uL. PCR Sz 4%
4:: 94 °C 10 min; 94 °C 1.5 min, 57 °C 1 min,
72 °C 1.5 min, 30 ME¥; 72 °C 10 min, #73#4™
YIR A 1.2% (5 (AR Eb ) BB e v ARG U
PR e 1m0 oS i 700 & i Ak |, e s W B R
Transposon DNA (100 ug/mL). HX 2 pL Transposon
DNA. 4 uL Tn5 ¥ HafA 2 ub Jord Hyh e iR A)E
FIRFFE 30 min, FYT-20 °C LRAAE
1.2.4 ®BEHEL

il #¢ GXGL-4A HLEEAZASUML, 78 37 °C.
180 r/min 21 T 9% GXGL-4A B4 AIRtk &
ODgoo %1747 0.8, VKA 20 min J5F 4 °C. 6 000 r/min
B0 10 min, TRAAE TR, HSEENICEK
R, EGEL, #1E 2K, ®E,. 2 mL s
R E RV, % E 15 mL WELET &
Mo MiJE, ¥ 4 ub M5 EEEKS 100 ub 1
GXGL-4A HLFIRZ S AMTE 8.0 IR ST, A
B AR, FEREA B TR AR
M s 25 kv, WA 4 ms. HLiEA
700 pL A9 LB H53#3EF 37 °C. 180 r/min k& 1557
4 h, B 200 pL BEVRIRAT T4 100 pg/mL 245 .
10 pg/mL PUFRZER LB WL FAR I, 37 °C HEIEFE
240 JGPRBURAL . S TR
1.25 PCR #&1

PUE AL pMOD-egfp-tet A BHEXT IR, PREUEAL
TP PCR. R4l Tnb 5 JECI LS|
Y1, IEH5IHMFS . 5-CGGGTGTTCTCGCATA
TTGG-3'; I 5|#F40k: 5-GTCTTGTAGTTG
CCGTCGTC-3', PCR ##¥¢# %[ 1.2.3, HIR™¥

K/INFr 537 bp.
1.2.6 TIHSER TR EEE 4N E

PL GXGL-4A HFAEMRAXT IR, MOPAR EHREL
Tn5 SRR AR R T4 100 pg/mL (< (Amp)
Al 10 pg/mL PUFRZE (Tet)f) LB Wik 3L, F
37°C. 180 r/mink53E 24 h i, +i& 1% (IRFL )
PR IS A R 0 A F 20 mL SHiERM LB
WRBE SRR ALS BRI TR R 5
ZXEUE KIS, 6000 r/min 8.0 10 min, 3% |
W, VIEH PBS i dE:, BA 21K, vKIn&MF
THEFRRANNG, BEERREE 6 s, [EIRE 14 s,
MR 99U, TR 300 W, ARAFAHMGR . MBS (il
Fie BRI AiE PR A I iR S BB B kA T . FJCRRIK
JAE, T 96 FLAEARA HINE A FESLTE 540 nm T
WG, A HEES 3 K.
1.2.7 MERFRIxE

PEUC TnS ZRASKRMILH 4] DNA J5, R
TaKaRa 2>l LA PCR™ in vitro Cloning Kit 15/
BT 5 FoRE

2 GRG0
2.1 GXGL-4A I 52 % R B HE X B [F 52 b2
WK 1R, MG GXGL-4A Hk 4L K 41 i%
TIR 3 X5 P54 1t 1 45 B 5 LT b 2y .
t, Nirl8800 KLPEIXf TUkiE 1 B¥ HABe, K
/Y 2 800 bp; Nir22885 K&K X 1w Tk il 2 ™
BB, KR/NZySh 2 400 bp; Nir22890 JPEI %
TUKE 3 B34 B, K/NZ1Sk 500 bp, 457
WIR/N—8, $4 PCR =¥y, ikt
BLAST [bxt. Z5REH], wlEHIA Nirl8soo .
Nir22885 J% Nir22890 iX 3 4~ GXGL-4A Btk
MR A L Iy 41, ShriERE K. radicincitans
DSM 16656 & K. oryzae D4 & #k%F 7 5K i % 47)
AHPER IR E] 99%, SRtk K. oryzae Ola 51 JF
FAHARLE 4> 50k 96% . 97% . 97%. H B BT
GXGL-4A T Pk 1 A BRI S i e nirBD BEPH Ji
iy . HH T NADH BZhRERE M .
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bp M 1 2 3

250

B 1 EI&RE GXGL-4A THHELE REGE FE R PCR 15
Figure 1 PCR amplification of nitrite reductase gene from
nitrogen-fixing bacterial strain GXGL-4A

Note: M: DL15000 DNA marker; 1: Nirl18800; 2: Nir22885; 3:
Nir22890.

2.2 K

MM (Amp) FTPU 3R 25 (Tet) bt EAl_L Fifi
PLPREL 3 DNERMEREAL T 4 5. 5 5. 6 SHkk, 1%
Sl 5 B BUTORL UE AT B 38 E 45 R an &
2P o (RIS PR AL 4R B Bk kS T PCR A
W, LLE. coli DH50 A BAXTAE, L1 pMOD-egfp J5t

bp

10 000
7 000
4000

2000

1 000

500
250

& 2 E4HRH pMOD-egfp-tet B fF1156iF

Figure 2 Restriction analysis of the recombinant plasmid
pMOD-egfp-tet

7: M: DL10000 DNA marker; 1-4: #5# pMOD-egfp-tet Fuk:
1) DH50 Bk PR AL 7.

Note: M: DL10000 DNA marker; 1—4: Positive transformants of
DH5a carrying plasmid pMOD-egfp-tet.

B PHPEXT R, i egfp LI pMOD WXt 5| Hyit
FIPCRY™ M, W3RN, FTHEBUR) Fok4 4 i
it egfp 5141918 24 750 bp 1Y egfp JEH A BE, LI
Mzl pMOD Bl HE 2y 3 Kb () Tn5 5T
1, 25 BB T2 ki pMOD-egfp-tet I HESE AT
IE M Ih#E A E. coli DH5a Btk .
2.3 Tnb ¥EERTIRAVIRTS

Wi RS A R i B T 5 10 31 GXGL-4A B4
B2 S, 24 h 5 AIIAZSE (Amp)FiDd
I (Tet) btk A EHRBCR Y, R PCR ILf
WAL T . A 2R T E 1) 015 B e 5 i
AR, WE 4R, M11, M30, M36. M108i%

bp MCKICK24 5 6

CKICK2 4 5 6

E 3 PRMELF PCR ¥ &4
Figure 3  PCR detection of positive transformants
carrying different plasmids

Note: M: DL15000 DNA marker; CK1: E. coli DH5a; CK2:
Plasmid pMOD-egfp; 4—6: Plasmid pMOD-egfp-tet.

bp M Ml

10 000
7 000

4 000
2000

M11 M30 M32 M36 M78 MI108

1 000

500
250

4 FEERTIREY PCR ETHE

Figure 4 PCR detection of putative Tn5 insertional
transformants of the nitrogen-fixing strain GXGL-4A

#:: M: DL10000 DNA marker; M1, M11, M30, M32, M36.

M78 Fil M108: friki k7.
Note: M: DL10000 DNA marker; M1, M11, M30, M32, M36, M78
and M108: Tn5 mutants.
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A A TERR AT ERE Y 18 ) Tnb #5804+ Y 537 bp
His B, RN S 58 2 —30, RV
TLFE A FX 4 D EARESEE AL

SRy i — 20 i 7 B A5 98 A8 bR Sy [ R AR bR
GXGL-4A 78R, RAIER 2 iy 3 XIHEEL 1Y)
P HZ AR IA S e R B, &l 5 s,
FIHS14 Nirl8800. Nir22885 Fil Nir22890 434"
HHR/N A 2.8 Kb, 2.4 kb K 502 bp i H 19 A EL,
Ji A 7 5 IO RN A — 3, Rl &5 2R R B
M30. M36. M108 ix 3 H:fk T b &K H
GXGL-4A My578 kK, MItAELmI5T 4.
2.4 AEER A JRERIE 1M E

PL GXGL-4A HFAEA TR, 2300l Tnb #%
VG REAE B A (LB KiFRIE) FITCA(ALS BRI ks

M GXGL-4A CK M30 M36 MIO08

—-I\)-IB\IS
NNOCOOOD

o]
—
—_NR IO

NVWOCTOOO
NOOOOO
SOOTOTO

5 GXGL-4ATn5 35 EER I HkAY PCR I8

Figure 5 The confirmation of Tn5 insertional mutants of
GXGL-4A by using PCR amplification

H: AL B. C: 4330 EI AR GXGL-4A B5iE5 | #% Nirl8800
Nir22885 F1 Nir22890 fy#4 1#4. M: DL10000 DNA marker;
GXGL-4A: B4 GXGL-4A 1#¥k; CK: #54 pMOD-egfp-tet
JFCRLAY E. coli DH5a; M30, M36, M108: 852454k,

Note: A, B, and C: The PCR amplicons using primer pairs of
Nir18800, Nir22885 and Nir22890, respectively. M: DL10000
DNA marker; GXGL-4A: Wildtype strain GXGL-4A; CK: E. coli
DH5a carrying plasmid pMOD-egfp-tet; M30, M36, and M108:
Tn5 mutants of GXGL-4A.

FRE BT T AR I IR S PE . NI 6 AT
DIE I, BRMABLTE LB 1T (E &) h i) WAHIRIA
JRAETE S GXGL-4A BFAERE TG 22 40, H
i 3 BRZEAERE M36. M108 F1 M386 F{ IV fits iR i 5
it 5 1k 38 o R . b, SRR M108. M386
(RV il PR A SR 5 GXGL-4A M AR b 22 5 o S
IR B B 7K (P<0.01).

M 7 ATLAR H, 78 A15 BRIEREFREL(CER)
H, GXGL-4A A= R A R A D T AT e A
K, HEEREFRFMETHEL, H5 Rk
PEZE AR I R . 5 GXGL-4A BFHAERRA L,
APRFREAERREM36, M108, M386., M48L YL AR if
DR S PR W REAR, O Hiz2E Rk B B 0K
F-(P<0.01),

ZEEEOK, BRRASER M481 A, Ak
A5 BRI R IR RE T ) Hh B A R I Dt G A
LB Hi (B R) B amIThE, K24k 5-10 %, 1M
FRARKR MABL T W i35 77 56 Hh Ay R 1 2 AN K
X2k BB Tns B e 8 AR 0T [ AL
GXGL-4A 1Y WV fiFf 1R ik It il v ME el 28, 58 78 Bk
M481 I ILHATIR, (HAG#E— BT .

25 MERFT|=E

FEEL M36 AR RRIL 4] DNA, X H H AR LA

FANLE M T AT T 50, X4

60 -
Aa
ABb
I BCc Ce
GXGL-4A M36 M108 M386 M481
Strains

Aa

50 ¢

40+

30 F

20+

Nitrite reductase activity
(umol NO, /(h-mg) prot)

6 ElRE GXGL-4A RHERTHRE LB EFEHIT
THER L SR B 1

Figure 6 Nitrite reductase activities of GXGL-4A and its
Tn5 insertional mutants cultured in LB medium
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600 ¢

500 ¢

400 +

300 t

200 +

Nitrite reductase activity
(umol NO,/(h-mg) prot)

100 +

Bb
Cc
Dd
Ee
. . : |

GXGL-4A M36 MI108 M386 M481
Strains

0

7 ERE GXGL-4A RERTHRTE AlS TRIEFRE
Y E fiE R L R B R 1

Figure 7 Nitrite reductase activities of GXGL-4A and its
Tn5 insertional mutants cultured in A15 nitrogen-free
medium

#1T BLAST Hoxf, MEFRATE 2155800 TS
4% & K. radicincitans GXGL-4A (14> 3L [ 20 J 751
FE, BN Tnd BEEALSAL T RN Y tRNA
2-selenouridine(34) synthase MnmH JEE N, i Fi%
BRI ARAS, BT R M36 EAHRRIL 5
il M ) 2 5 A8 AL, TCIR R TE R AR S U A SR
T, M36 5HF A MR GXGL-4A HIBEEME2E 7Y
IR FIH 5 35 K- (P<0.01).
3 WiE4i

TETALME T, nirBD FEFE GBS AE KA H H
i 5 SO PR A0 S, 2 AR A N Y R R T R ot AR
s R NO, L, DA T8 2% D] P il PR R AR 22 1
P R AT, [ B NADTL, FE 224
FAEES, NirBD tREWZ HHIRER Rkl 2,
¥ NO, iRk NH,",  HETIVE A B IR A P
FAWPL SR EY, 2508k R
PIFEH nasB BE[A A% AL RD RS RRIE )5, 5
KIGAT AT AR T NADH (RS R 4 5 il
HA AT A T A E K
radicincitans GXGL-4A [ ASIRIA L, Ff:
it BLAST XIS, M GXGL-4A Bi#k LAl
FRid S A2 R nirBD R 4w 4 T NADH 1)

NirBD. [Alf}, @adsr#r &30, Nirl8800 JLH 51
43515 Nir22885 J[K A1 Nir22890 KE[X HA v B (1)
AERIPE, [HZ5HARF], KU GXGL-4A Wk F7E
VR AN ] 48 ) ) ST A A8 e, (R LDl B 2 15—
%, BAUENFRNEANRIARFS Y DNRA i
FE? IR SRRy [A) Ak 00 Al R 38 5Ll 2 45 il AR 5
[t A7 Mk R DI BE A7 7 XA 154 )5
AL — sy . Huar, MoARKB KT
tRNA 2-selenouridine(34) synthase MnmH 4% 41
STV R 30 R TG P P A A I BE TR I 28 A X
VA PR A SR i 5 A AR, el 25 I A
T 3 T 2 ) . 2 AR A6 ) AR 3 3o B b S
555 0 LIS UEFN AT

Tn5 4 8 578 A 8 2% PR B Hh (A 5 AR X
A2 g m AL R RS P T e B R B
FRARTRME, SIS SCE . [FEF, BT Tnb 4
ARAFBENLM:, RERERASI SRR RASKR, XN
A IR AR BE R Z ] AV E L AP T Rl g A%
SCHIA ST T AR GXGL-4A RIFEERAMA R | I
BIARAS T Z AR IR B AR , TS 25 3 iR
A 2 GXGL-4A fAEIE B HLH] , b HA
REAMSAGAR SRS T RAFR AL
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