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LS KT RAEVER, Ry e Z B R, Ry iaR B EM R T fusA. T
—BRBLABE sdhA. B ERBRALER deoA. B RERR T BLAEASEE argF. BlR & 4@ osmY #AT LI,
R KA RAZAGE . St I R A5 L oh it FHil i m i M4 & KEGG pathway 447 4
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AR AR Z4E L KEGG 247 LI 5 AR 5 ¥ K arod 1817 R A2 694 M %, (12X B30 %
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Cloning and functional analysis of 5 glyphosate-response-genes in
mutant Enterobacter NRS-1 strain
FEI Yun-Yan GAI Jun-Yi ZHAO Tuan-Jie’

(Soybean Research Institute of Nanjing Agricultural University, National Center for Soybean Improvement,
Key Laboratory of Biology and Genetic Improvement of soybean, Key Laboratory of Biology and
Genetic Improvement, Ministry of Agriculture/State Key Laboratory of Crop Genetics and Germplasm Enhancement,
Nanjing, Jiangsu 210095, China)

Abstract: [Objective] The mechanism of microbe’s tolerance to glyphosate stress is controlled by
complex genetic systems including the target gene and many related regulation genes. In the present
study, five different expression genes (DEGs) of a mutant Enterobacter strain NRS-1 were identified,
the function and interaction were investigated to reveal the role of non-target genes on glyphosate
resistance. The work intends to provide potential gene resources for transgenic breeding of glyphosate
resistance. [Methods] DEGs of NRS-1 may play a role on the processes of protein biosynthesis,
metabolism, cell membrane etc. Accordingly, five DEGs, encoding elongation factor G (fusA),
periplasmic protein (osmY), ornithine carbamoyltransferase 2, chain F (argF), thymidine phosphorylase
(deoA), succinate dehydrogenase flavoprotein subunit (sdhA), were selected. The sequences of the
genes were obtained through T-A cloning, the functions were detected though analyses of prokaryotic
expression and transgenic programs. Moreover, the interaction between five genes and the
glyphosate-target gene arod (5-enolpyruvylshikimate-3-phosphate synthase) was also detected using
bacteria two-hybrid system and KEGG pathway bioinformatic analysis. [Results] The characteristic of
five genes was revealed. According to the performance of prokaryotic expression and transgenic
Arabidopsis thaliana, genes were confirmed to help cell to improve the tolerance to glyphosate. The
genes argF, deoA have better resistance trait than other genes, similar as the target gene aroA. It seems
that the pathways including the synthesis and metabolism of aromatic amino acids, amine acids
containing thymine and arginine might be important for NRS-1 to tolerant to glyphosate. Regulation
network showed a complicated relationship between the five selected gene and arod, and no direct
interaction was found between them. [Conclusion] The selected five genes had positive effects on the
resistance to glyphosate stress, among them, argF, deoA were better than others. Complex gene
interaction could be found between genes and aroA.

Keywords: Enterobacter, Glyphosate tolerance, Different expressed genes, Gene interaction, Gene
regulatory network
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FH AL I AR B A HLBE SRR
R, XA B A A AR A R 1
AN, Bk REE A, HE R R
T IR AR A TR, U H B E
PRI SZ BB R K RIS J1 . 52 arod HEH %
i) S-H BN R R 25 R -3 - R 5 i i (EPSPS)
B AREE, FESS5ERREE, ik
aroA T EE A G I O R R JC ik A5 A i BH
1R HX A E

YU H B ALY AR S R B R 7 B —
OGHE . H HTA SRR H BT Y A 0 S R A 4

C-N BAAL R IEIN, an & H A Ak St g 2
GOX; Z5%4p C-P SN C-P UG, BERRHH
WL glpA . glpB F igrd, HERREIEEEE GO;
FOHBE N-C B ML N GAT {#50H B & A £k
1k, Joik 5 EPSPS 454, MR H B IR &
PR H W s AN s 8 1 RE RS 3 Bhis LR {b
HY, MR T s & s A AN
P H BRI )2 B TR R E AT
N Barry 81 20 TR RIS GOX e A/NZZ3RA% T 4L
PERIRED!; Pefialoza-Vazquez 25t R % A% i L
DU AR, 42 T Hpe e e s prpt st

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1692 A% B4R Microbiol. China

2016, Vol.43, No.8

aroAM12 ' AR AEAS BT R I ROARAET) . 16 H
I AZ R 0 — RPN PTrE A T, S TRk
FERVEYIH A arod-cp4 (BRI TIEFT ) .GOX (N
THFE) . 2mepsps (EKBFIRAE EPSPS) . gat (b
KT . epsps (Ag) FRIETTHFH) . mepsps (L
K ZAE i) EPSPS) . epsps grg23ace5 [N,
HIZEL T epsps (Ag)IFEA],

Tl 7 5 R e A A o R BT P A R I 32
B ST N IR PR ZE RIR-3-BE IR G I , A A
AR ZE B BT rE H D — 2 B A T
— BRI IR, TAE  RH R BT VS K
PR RZ U AHOCEE R, TRABFSE IR X
SR ELA I B R G S5 S . ARSI
FH AT PR 288 TR R NRS-1 Hp 5 A Ji iy 22
RIEAT va BRI SY ,  H AT X S35 PR 5 R H B b1
SR, PR IAR S o 30 B o A DG SE SR ) 2L T i
T S PR oy o R M B VR T RS TR

1 RS

1.1 ##

1.1.1  BEPRFBRRL: A NRS-1 A FH BTk
B, ARATH EHA105 NHYFIAFEE, AL ER
k. KIAFFHE DHSa Rk selemns . KIGFFE
BL21 MFEMFRIRE M, RRAC)AEMRHE AR
], PMDC83 g N A LI % (f58; PMD19 A
Pcold #if&, HZK TaKaRa A ¥l,

112 BEHEMEAESR. O90h R0 RE R
f35 LB #5535 YEB 555301 MS #5537
FEHNARUFE T EEER S0mg/L, RIPEZER

50 mg/L., #IEE % 50 mg/L, F#EF 50 mg/L.

113 EZRF: RAIPEANDIEE . T4 DNA iE4%0 |
DNA BERE G &, A T A TRA R
H]; DNA %40 KOD-Plus, ARVEZ7( i) YR
FABRAT] ;ARG A AR &b B TR A
ok, FIRERIRERSEM, P — P E; b
SRR IR e . AR . W . I
TR EE . LSS A E P sl ke, Jb
S B AR AR BR A F

1.2 7%

121 NESKEEHBMEESEEERFREEER
RYTH1%E S 7e b ARPEIAAT I NRS-1 7E 60 /L o H i
ABFER LR 4 SR, R HE I A4 bR L R BT
RS ERR ST, 255N 43 DERR
IREEH e 5 NSRS, A04E 5 (o B 4E
R TIRE fusd . T @B EFIEH sdha . Mook
FRALTSEIR deod . %R 2 P BEG AL BEIE A argF
JE R AL osmY o iX L6 SR AN 2 T 5 S5 A
FH ST, osmY VERTAIMERIZE, sdhd . deoAd
1 argF J& TR, fusa W& 52K
IR . SEH BRI HIE R aroa™WE 25 BEIE
[ TR A S BER6AIE . FIFH Primer 3 %% 4P3E
51T (EE 1), DNA B4 KOD-Plus T
FLH PCR 714, PCR RNk R KA TS S
HE AWM KOD-Plus fiiMut#+i, PCR 5 A
PMDI19 #ifk, TR ERS I PMD19 AR ULE 43,
FHBEEALKBITE DHSa, R4S R KT
FFEH DHSo Bz A URBA 5, RAS Y B 7 b o Se B

*1 EEEESFRARSY
Table 1 The sequences of primers used in gene cloning

A, L5 1 ity
Symbol Forward primer (5'—3") Reverse primer (5'—3")
argF ATTTTCACACACGGACGGG ATCGGCATAATGCTGGCA
deoA CACATTTCCCCCGATTCC ATGTGGCCCATGGTATCAG
sdhA TCGGTTTTTTCGCTACCAG TTCATCCGCTTCCAGGG CGGCG
fusA ATGACATATGGCTCGTACAACACCCATCG ATTCTCGAGCTTACCACGGGCTTCGATAACG
osmY ATGACTATGACAAGACTGAAGATTTCG GCGTTAAAAATGATCTGAAAACTAAG
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BEREACAGIN , PR SEREDS ISR A U R (i)
ABRA R, RIFHAE NCBI Mk ik f7
BLAST LUX], # ATvE e A 3 R, AR R e
Bt B U e 21 TR B A L RIS R A5 8 P 91 4 5
NCBI ##i % .
1.2.2 BWERREZFES T 8 HORRERT
FrEh R, Dk—LME AT b s H i
YEFT . BRI N YIEE Nde 1 F1 Xba 1%} 6 IEH
Peold Z A AT WUE) , T4 DNA ¥R/ S5 1
EARFE AT, A B 2R AR
FFB BL21 (PP IR | 1R R B B0 43 51| 2 B PR
HIPEI VTG . R . KT RS A B AS) . [
PR TR SR AR IR (HHE) A BRA R, $2
HE A4 A PR ) S 2 40AR 45 H

FEAE EEGF 1) [ A% 2 38 AR % AL K T TR kA2
A BL21 4, 37 °C. 150 r/min }535 % ODg=0.6,
PRAFER 53 TR RAE i SRR A, 53— o bk
1 mmol/L IPTG 30 °C 55 6 h (FE 1/ fusA . sdhA
R, WP TR S R W s iR T 1 B 2R TG
DR AL iR, MRy 28 °C /55 12 h BB
i BRI B A R TR 1), 5 000 1/min
B0 5 min W, —BERE T A B,
T —iR53 3 s/5 s [AIBRGER T 10 min, BEREANHE LUREIL
FEMAFT, 5000 r/min Z.0 1 min, TTEVER—4
Fedh, VA TAMERES,, FIH SDS-PAGE! %}
IEW AL 4 0y KIAFFE BL21 FE& T H

MY . XTReRE N I RA YIRe R 1
KT B AT 5 H AL BV sV wvews: Vo=
200:1:20), KAz AXTHE, 30 °C. 150 v/min #R3% 55
F% 24 h, WEHAEKEN, 3 KEE,
1.2.3 HEMFRIEWIE: FIH Gateway HAR! gty
WAk R, A IE 3 R A ) 3Rk B ik
PMDCS83 % ARFFIEZ A4S EHAL05, 74 1EHf
H 13 R A P 3R AR AR AT B R0 T 50 mL 75
HREISEZ A0 YEB Kk hisg:, 28 °C.,
200 r/min 3 FE37, 2 000 t/min B0 1 min, F
W, DIEHRISETE R ODgyo N 1.2-1.6, FIHTH
AT IR ST AL

ALIRIS ) TO AP FFES A& RN MS
RIGFRIE R SR, PO EARAS P, TR AH R
AR, HZRFEENPFITR T3 o XAV
FER P AT ) PCR B5iE, FEIUT o X IEAfifH A
FEPR A RS T HEA TR H B e R . XA K2
14 d BRE R AT B H (2R E 0.5 mmol/L) 48 h &b
H, OWEILERA T qPCRIHHR AL FE 24 h,
5B 6 h Ht—YXKE, Primer 3 HAFBEHAIRN 975 141
(£2), B3 KEL,
124 MNEERE KEGG MEEENH: UKW
BIER R 3EE, R ClueGo! M4 NRS-1
7E 60 g/L B AL H T A EE R R g5 R b 5 4
FRFERAE N Y 24 P 2ZERRBIENDE arod B
FRIATOUE 2=, HARSIRIVR U, &

*2 HEEBFETT qPCR 3|

Table 2 The sequences of primers used in qPCR of transgenic Arabidopsis

A, L5 1 T
Symbol Forward primer (5'—3") Reverse primer (5'—3")
SusA CTGAAGTAACTGGCGTTAAG GTGTATGATGCACGACCT
aro4 CGGAAATCGGCACCTATAAC GCCGTACATTTCGGATCAAG
osmY CGACGCTAAAGACACCTC GGTTTCCACTTTCACCTTG
argF GAAAGAGTTCGATCTGCACG CACCATCACCGCCTTAAT
deoA CGGCCCGATTGTGGATAAA GATATCGAAGCCCGGAATAG
sdhA CGTCTGGACGATACCTCA TTCGGTACGGAAGTTTGC
actin2 GTGGATTCCAGCAGCTTCCAT GCTGAGAGATTCAGATGCCCA
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AT S A B B9 SER S EE DR AT BE B A DG e HAE
I R ECR R by (g, Ak B 3R LIS
) At 5 PR 44 - B AR

1.2.5 ZHEXZ 4 A0 AU S R AR Y
AH1L, 15 Escherichia coli HA AR & S A K
R, BA R, ARSI e PR A0 T AUk
SRS LA fusd | sdhA . deoA . argF. osmY 5 aroA
EOAERAEXRR . PR S TR R 3 R EERER
kS, PR E . FELL arod HEHN
PRI, BECHABEE RN BAREEA o A XL
it — 5 5 N HWEREY arod ZIAIMKEHR
B SE PR P YT Not TR Xho 1% AR RIS PRI A T
W], FIH T4 DNA EHEEPE arod S AT HER
& PBT, ¥ fusA. deoA. argF. ahpC. osmY FEH
A HPR#EAA PTRG, #H A2k A KA E
DH5o 1, FEIEIYRSEREI TR PCR, PHMESCRE
W 5 - R 2 ook 25 FH o K PR TR A
HETHIRR, FIH Western blot! iE 2 1110 25515 00
E— D AT HE DR ) P B S . 2R TR AU Y T2 2L
PREFEBIR MR, LA AL S5, Western blot H4T

{2 5 2 B AR DA S BT 45 (40 B XU 3
BRI .
2 SZREHH

2.1 MEEHEEIEENERMRESEESN

WL T-A SEREIRTS T fusA . sdhA . deod . argF .
osmY 5 PNHMFER K arod FEF (A 1), 7E NRS-1
th, i fusA . osmY. deoA. sdhA. argF FEFTE
VR R AL R O B ERE . AR R

mr,

LA fusA (GenBank %5%% KT366019)/2 %) i
B AEMIPR -, FFRCBEEHE R 2 112 bp, Zifi% 704 4
FAERTRIL, S Sh 4.90, IR AR
H1 tRNA Fll mRNA #7585 7ERIEAT R A ) (RNA
LTS 5 125 A R G R s s i B RS B
TZHEARME, R fusd TetBVE R+
PR Ak EARMMEM . 2 osmY
(GenBank & 355 KT366020)/2 3 AE K4 & i
F, FFRURISEHE R 615 bp, Wt 205 R IERRFREE,
SEHLSCON 5,16, ERENS Y R B B A Ko Rl
TRV, fets SRR EAER, S5 RIEH 2 Bk
1, By IEM R a4E" . FE deod (GenBank %53
5 KT366022) 0 M 1B FR LB EE D, TF ik el EHE Sy
1332 bp; #ifth 444 PNEIERRIRAL; SFHLACH 4.96,
BT LR R A R M, S T L
FHT6 BR300 5 A b i s i 2 S 1) A U
Z P IR A I R EhEE, B TE AL
BRI | A R B AR AT, AnfrE
WS, &4 —eRR, T A R AR
%, deod ] LIHS B fREER I 2 TIRAT

M sdhA (GenBank 5 5%*5 KT366023) %% ]
TR, JFRIEEAESS 1 764 bp, 4ufih 588 4~
RHELTRTREL , ZEr 5N 4.91, B T RN Z,
AL T —RRAE KRR AL, 25 TCA
TEERFIER T1EY  AZ 40 SRR ES TIP3
3200, e AN TR I T T RRRERS AR R AL 1
He PR, R sdhA TR FIREA AT RE & IEVE o

1 EREEEMIRAERERE
Figure 1 The agarose gel pictures of some cloned genes
Note: M: Marker; 1: fusA; 2: sdhA; 3: deoA; 4: argF; 5: osmY.
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K argF (GenBank 55 KT366021)%h5% & 242
AW BRELEALME, FERURIEEHES 1 002 bp; 2% 334 4
FIERRIRIE ; S 5.04, XSRS 2R
BB IR, TR PP A FREE iz DR s ) i)
W, i 280 D AR AR BHAD C ARSI argF
2k % IER B R R — T 1 REAS i 1% AR A
R, HAWBENEN, 55—l LA B6 s
MRS AR . J5 A i SR,

K arod™ (GenBank %55 KT366024)%05
S DN BRI 2 SR -3-WE IR A L, TRk el 1R
k1281 bp, it 427 D2 IERRFRIE, S5 8N 4.98,
ZHRS 5RRREGR, SHEFBEILRRNA
2. BEZIR . (EIR) MHATE YA UG, MY
A, AR AR, S 5aERNHT
i, MERIINIIRERTE , JakEm) 6 D HEBIHR it
NI
22 BHHEREZRIERSR

T A e TR S 00 h 2% & B B Y
(R NN e S P R <l e =AM v s AN S B o
SDS-PAGE S8 ik 2 1 B E BUIE L . AT 2 7]
U, AL RS 3 ANTKIE 555 2 AN IRVKIE AH L
FOARESE R S5HT, ULPA SRR AR R T rh 2 B Ak
UG AR BT, fusA. sdhA. deod. argF .
osmY . aroA FEHE BHE F KN HIE 77.59
64.23, 47.27. 36.7. 21.35, 46.16 kD, 5K 2 th i
PN IHE SR S5 R/ IR . A 5 PRI A R 5
Bt R A VIR E N, AT T2
RESIIE

XoF T By 7 A E 2H JBORE Y K B TR A T R IR
(ALFE, 24 h J5IE ODgoo ISR HARKAG L. 45
REWEAH 6 MHEEEIMTERE ODgoo (EAFLEXT IR,
XTI 0.14, T2 A 35 PR %) TR 1) e/ DML 2
sdhA M 0.15, osmY Fx K, H ODgooik 0.4, HILA]
DU AR A 308330 T35 PR e A IR ARD 5 T
H—aEWMER, eNTnrLhsE SR X EEH,
JET 5 NRS-1 H i ER I 2 AE R R i — 2D ik

osmY argF aro4

KD M1 23 4M1 2
116.0— |

250 —

184 —w
144 — = p

2 BEWERE E. coli PRIRIBIER

Figure 2 Genes expression in E. coli

#: M: Marker; 1: FSHXE; 2: HREEWSENA; 3:
SR H R ARG UINE; 4. SRR SRR S 1
1.

Note: M: Marker; 1: The protein of E. coli before induction; 2: The
protein of E. coli after induction; 3: Precipitation of total protein

after ultrasonic cracking; 4: Supernatant of total protein after
ultrasonic cracking.

2.3 HERNEITRERRI

PCR Il P45 5% R 6 4~ H %3k R 2 gk A 21400
FAITHE R ZH 1 (] 3A) o A5 ik J DR OGHAE A o Ji
EAEER, MK 14 d LR R T T 5
(&M T 0.5 mmol/L) 48 h 4bFH, 455K 3B
R, FERCHBRRES, fEARA R IR e B4,
{F 2 A ) 5 PR 40 R T A R H B 3R B S R B
AT, HARBWIFHIR N : arod . argF . deoA .
sdhA . GFP (555 XFHR) | fusA . osmY, Hh%% arod .
argF . deoA SERIFRFIAAZE LN, 15 deod . argF
AIBEXT ARG T H A AR, #% fusd . osmY
JE DR AR R R A RO0T AZH 2, I BE PR XU R I it
FEH BTG IE [m) BRI M

XA T B H I 5E T i SRR T qPCR,
or DU AH I 25 PR ) FRIB B DL AN & 3C FroR o FERCH B
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B GFP osmY fusA deoA argF sdhA aroA
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| I i II | Ix ‘
*I I I i
0 L I L .I N | Mian,
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3 SAMERAEEMPRIRIE

Figure 3 Genes expressed in plants

TE: A FEIPERIEIIT I T 4058 B BRI X B 1 At
PEAGIN; C: FHPEREIEDI R ST 7 S H AL BE T B A9 SRR 35
iAIENL. M: Marker; 1: fusd; 2: sdhA; 3: deod; 4: arod;
5: argF; 6: osmY.

Note: A: Molecular identification of positive transgenic
Arabidopsis thaliana; B: The phenotype of transgenic Arabidopsis
thaliana in glyphosate stress; C: Genes expression of transgenic
Arabidopsis thaliana under glyphosate treatment. M: Marker; 1:
fusA; 2: sdhA; 3: deoA; 4: arod; 5: argF; 6: osmY.

AbEE 12 h B, S ERIBHEYIT 6 1NFEH arod | argF .
deoA . osmY. sdhA 1 fusA FRI A LI, ¥
I PR ) 288 £ o vy 3] 35 AT ) B e B A e
W TSI AR I B, A LA fusd F1 osmY
(e B R B H AR , A2 3B H A S 4%
R, fusA HHEYPRSER T, S 5E A
P RE , osmY TR S IEAHDG, PIASJED 7]
REXSIRP B R S PR, TERUR T TR R A RE ™ AR
R BT ECR , S mm R 20 i A £ 5 BEP arod |
argF Ml deoA TEFLH BEALEE 0 h £ 12 h Z [ FEH |
PR ZEST LRIE arod > argF>deoA, X 5% H Bk
APV R IS BRI ORI AR L, B arod |
argF Tl deoA 1 R HE )TN B H B EAA — € IFEH

24 EHBNEERERES aro4 BERBELE
24.1 ETF KEGG eI EEML: FIH ClueGo
FEFP T KEGG 4087, Bl 4 SR T H S E] 1) 2%
R, ANREIEHE S S 5 ARSI EY
B/ N AR N 2%, FEH argF 5 aroA FIFSG
MR, ARMNES, KW agl SEHEVEERRT
PR R A TR BRIV E RIS, IR RS Bl
LRI B T arod Z250HFRS
fusA. sdhA. deod. osmY W RRBE, FE A
MIRR o HEDA SRS L K T2 5 13845 v] Re e
ANTRIRE b s 55 B e s 5L S HATT AR M D Rg
T NRS-1 Kb FEH BT, it
HANTTTI ) — T, PR ASHERR 3 PR el AR oy
P SR RRIBAEE, MIERVEREE Fud, XS
AT HEHS B NRS-1 4 5 24 5 H A7 R i B
DL RS SRR H B

2.4.2 HEWSFLIGLER: Western blot K3 A
FEFRIB R A FRIB IO, SEIR R T A B T RB S A
UFRT PR, JEN AR LR IRE(R 5). WU
S Aoy U PR 5 AR AR R A arod M EVEG
Z, 4553 W BH X} B (PBT-LGF2+PTRG-Gallp)
BHEEEI, AP B (PBT-aroA+PTRG-blank,

argF, aro4

fusd

B4 BEERCRPERERKSR

Figure 4 The relationships of different expressed genes in
Genechip

TE: ARSI E R AR IR S E Y FEAR ).

Note: Lines with same colour mean the identical metabolic
pathway or bioprocess.
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PBT-blank+PTRG-fusA . deoA. sdhA. argF . osmY),
Blank (GR/n A& B JCIR 7% B, SR P Rk &
GEIIER, HEAT DR EAE S 9 A g
(PBT-aroA+PTRG-fusA . deoA. sdhA. argF. osmY)
ORI, B 5 DHBYEERS arod AAFAE
EAEEARRR N, SRR B R e Z AT
TERSRNIBC AR, ELBE PR AT AR = 2 U RBHR A IR
i NRS-1 feBtyias H B Rl BE.
3 it
3.1 NRS-1 REE IRMIRE R X 2 HR%R
B1E R

TERERLS B FIHERIRAY fusA F osmY TEALFE
Jrep kT BRZ A S H B AU, TR osmY, 7T
AE 2 FhAF ) 40 i 1 A 13 S e 5 T T ) 22
BOR, AN FIBTIREA R I HE D 2R 9%
YMITENR, AR . LR argF Ml sdhA 7
NRS-1 &8l RS, (e IE R IF T argF
8 sdhA XTFEPARA R T B S RESCREF, A
LR AN RERBE I, AN Rl 2e B4k, XF
HAIHRA —E I o FEDTEAE Y D B IE
F14) 235 SR 130 Y e it 52 i 1) 2 R RO PR B BE R T

kD Marker

deoA, 47  fusA,78  osmY, 21

100 23
50 -
40
30
25
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