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i E: [86] KRR AARE RAFHE C58 HAt#E, S L F AL A% A (methyl-accepting
chemotaxis protein, MCP) MCP o, 8695 iR 5| 69 Bek , A5 12 & @ £ A2 AR 5 RAT B A AL v 5L
ey AR se. [ 5] @ id 7R &KX MCP o, & Bedk 45 545 #4358 (ligand binding domain, LBD),
K434 A His 47249 LBD %& @ (LBD)o),). #) A 3 F 3¢ 69 4L 4% M 2% (fluorescence-based thermal
shift assay, TSA)#H it i LBD g, 49 7 /2 Be AR ; 18 id 5% 7% & & # (isothermal titration calorimetry,
ITC), #—F s 2 ik b ey AR, FNE LBD o, HRARLESZE DB THFHK Kp.
FIRATRREH A E DNA B BB R 7 ik, SRARERIFE C58 F % 8 MCPg, 49 K A
atul912, 34#F MCP o1, % R TAK(AMCP o15); VAR A= 400G 5 ik, 3£4F AMCPiop, &AMk
(AMCP,C). A1 B £ AN E %k, NERERAFA AL R TR IH ik k4 MCPo),
B ARG AR B, R EHE MCPo, £IREARE RATE C58 Abem L & 49 LK 4.
[4R]) @it TSA, ffkd 54514 LBD o MR E(Tw) R K T 2 °C 89 A BRAK(K
T2°CEAETHRES), XSHBERAKZANFAR. L-JLBR. AR, LB TBERKR, ITC %
Bit—Y AT, RAAWMBAREES LBDg A HEE. REIELE LBD g, 8% & 2%
EA42, Kp#(17.0£0.9) umol/L, 1 ABERLE LBD, g, 894 &2 R A E42, Kp #(31.5£5.4) umol/L.
EmEAAIKIEIE R, RBRATH CS8 RBM AR T Fofh#E REL, MCPop 898k, T4
H IR T ARIE RATH XX P A4 IR 69 AR KL, MCP o1, 49 =) AR A8 95 MR 5 53X ) FF 49 R 6 A2 1k
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Functional identification of Agrobacterium tumefaciens
chemoreceptor MCP,q;, in regulating chemotactic response

ZONG Renjie, GAO Miaomiao, ZHANG Mengqi, WANG Hao, XU Nan, GUO Minliang"
College of Bioscience and Biotechnology, Yangzhou University, Yangzhou 225009, Jiangsu, China

Abstract: [Objective] To identify the chemoeffectors recognized by Agrobacterium tumefaciens C58
chemoreceptor MCP 4, (MCP: methyl-accepting chemotaxis protein), and to verify the function of this
MCP in regulating the chemotactic response of A. tumefaciens. [Methods] The ligand binding domain
(LBD) of MCP,41, was fused with His tag and expressed as an individual recombinant protein (named
LBD,y1») through heterologous expression. We employed fluorescence-based thermal shift assay (TSA)
to screen the potential ligands of LBD,9;,, and isothermal titration calorimetry (ITC) to test the binding
of the potential ligands to LBD19;; and to determine the equilibrium dissociation constant (Kp) of the
ligand-LBD9;; complex. We used homologous recombination-based DNA fragment deletion method to
construct MCP g1, deletion mutant (AMCP,9;,). We introduced the plasmid expressing MCPyq;, into
AMCP,q;; to construct the complemented strain (AMCP;9;,C). Then, we adopted the capillary
chemotaxis assay to test the chemotactic response of various A. tumefaciens strains to the potential
MCPg, ligands and to confirm the function of MCP,y;, in regulating the chemotactic response of C58.
[Results] Data acquired through TSA showed that 5 chemicals, pyruvate, L-lactate, propionic acid,
acetic acid, and glycolate, might be the potential ligands of LBD,gj,. ITC further confirmed that only
pyruvate and propionic acid could specifically bind to LBD;g;,. The binding of pyruvate to LBDg; is
exothermic with Kp of (17.0£0.9) pumol/L, while the binding of propionic acid to LBDjg; is
endothermic with Kp of (31.5£5.4) umol/L. The capillary chemotaxis assay verified that C58
manifested the attractant response to pyruvate and the repellent response to propionic acid. The
deficiency of MCP 9y, completely eliminated the chemotactic response of A. tumefaciens to pyruvate
and propionic acid. The complementation of MCP;9;; could restore the chemotactic response of
MCP,91,-deficient strain to pyruvate and propionic acid. [Conclusion] The chemoeffectors recognized
by the chemoreceptor MCP,y;, are propionate and propionic acid. MCP,9;, mediates the attractant

response to pyruvate and the repellent response to propionic acid.

Keywords: Agrobacterium tumefaciens; methyl-accepting chemotaxis protein; chemotaxis; attractant;
repellent; ligand binding domain
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(methyl-accepting chemotaxis protein, MCP), K
Z 4 MCP J2 LR 4545 2514 3 (LBD) . HAMP
(histidine kinases, adenylyl cyclases, methyl-
accepting chenotaxis proteins and phosphatases,

HAMP)45 ¥4 S8R 40 i 5 {5 -5 P 46 5 AL SR 2H ik
W EON 5 LBD 454, 51 LBD M4k It
FEAEAF SRS, X ARG MR HAMP 45
P 1A% 3 25 B R 2 11 CheW 41 24 R 4 it
CheA, JFIU%E CheA Y HBERRILTEYE, #ERR1L
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CheY, Wf2{LHY CheY H¥iEDiAEMLEIT
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2T LBD WA [ PEERAR , 104 A ER

Z5, BWRECNWEY R AR, It
4h, [A—2& LBD A AGES AN R AL 43800 4
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TR IIREM, Mz, BE —MRERL 7
AT I 0 b2 BN, D T AR LA P, e
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AW ELS G TS EC Wik, BT LA
FHIE LBD SRS A e AS . AR FIZs A
2t b DA BTIE U 6 0 A A B B (Kp) o
SEERIER, TSA Fl ITC 454 ANUAT LLH s i
117 HLRE A R A 2 B 8 MCP Ry e A,

FR P AT B — PR B o, AT AR e K
Z RO T R 5| K B . AR —FhRE
S o ABTEATH, XM ZFERYE . BEEY
b2 I R 39805 e HLA v AURR ) e Ak i)
R B AR R C58 FEZH AT 20 > MCP
MR SE, 13 MERRY R b, 5 MEL
RIYL AR |, 1 ANE pAt BTk |, 1 ME pTi it
ki EUST SR, 20 4> MCP Hi% A —4> MCP (1)
P A S 3 i ok T i 7 2 AR A A B R
S AE R | B0 5 B s S —, B H
AT AE W LE MCP A& £/ MCP 25 T 15
FAESEY AR FIT T Rk, MCP Bk &
R SERE , RFIRA T ML AR FF B #a 1k i
IR S TE B A5 S AL A HEE L, AR
TAEF, FATLL MCPop fERWFFRAT S, SR
TSA Fl ITC M) Bk i 7] LAZE S MCPopn 1Y
fie A, sl BAEE:, KE MCPy), 1EBELIH
N AT RE, JFHIAYS MCPiorn 456 ML

*1 KEEARRER

Table 1 Bacterial strains used in this study

PR T MU AT T A R BRI

1R

1.1 E#k. BRh. EFEMEREH
KIGFF R FH U5 A 7 (lysogeny broth, LB)
WAREE FRH T 37 °C #2IK (210 r/min) 15557,
H 9o AT T P 8 - A% 2 R AN/ DR A I
(mannitol-glutamate/lysogeny broth, MG/L)#& {4
REFRIET 28 °C FE K (200 r/min) B 727, FEg
PRBEFREE TP U 1.5% 0 35U BRI Sy [ A4 855 33 0
MBI, TERFRELPINAM SR, & FhbT
R AWE . KGR, R R (Km),
50 pg/mL; B, FAFEEER (Km), 100 pg/mL.,
ARSI v (5 FUEAG EEA TRR ILER 1.
1.2 EFERKRT R E N E R E
DNA B4 3 | BEU) A% 4255 S0 i 45k
PRUER) 2> TR S SR T, RURARHF IR C58
e PR 81 23 £ 4 A B0 56 R 200 9] (PR 24175 5
51 AE007869.2). 2K Ffl TIANprep Mini plasmid Kit
(RIAEYAF, deat, PE)EifETk DNA, R
FH TaKaRa MiniBEST Agrose Gel DNA Extraction
Kit Ver 4.0 (TaKaRa /A 7], Ki%, F1 [E)#fT PCR
PP DNA B alidl o R A v sz 285 4 g

Strains Relevant features

Sources or references

Escherichia coli

DH5a EndA1l hsdR17 supE44 thi-1 recAl gyrA96 reldl Bethesda research laboratories
(argF-lacZYA) U169¢80dlacZ, for DNA cloning

BL21(DE3) F-ompT hsdSB(rB-mB-) gal dem (DE3), for protein  Invitrogen
expression

Agrobacterium tumefaciens

C58 Nopaline type strain; pTiC58, pAtC58 Thomashow et al."® Knauf and Nester!'”)

AMCP 9, Derivative of C58 in which MCP 4, open reading This study
frame (ORF) was deleted

AMCP9;,C Derivative of AMCP gy, in which atul912 expression This study

was restored by plasmid pCB301 carrying atul912

<l actamicro@im.ac.cn, & 010-64807516
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W b T R AR AN FD . BRI P D)
H TaKaRa 2\ v . >R FH 0% 4% i b R 58(ABM 24
A, MR, IR E A TR . pEX18Km
B — A BHPEE BE R IC (R R R hu B 8 Fn
— N EEERRIC(A A FEE sacB), TR EIE

HRIEEAHFF R C58 JE[H arul912 [P EHE
G VA O B3 2 A 4 A1) 5 3 = A i A N A S [
R )y o RO R 1o 2 L
R i B A AT R AN, it PCR A&
T IE ) AR ) 2 YR RE R B AL T, O 1 T
FIZEASA, R LT DNA I 3630 BT 07 16 31 4
atul 912 BRI RAF AMCP g5, K IK atul 912
FEF B R T A AMCP o1, 1, #5H AMCPg)5
AT R AMCP912Co AR EEZ TR, R
PCR WML AR FTIH C58 R[4 DNA iy 18

#2 REFEARNESY

Table 2 Plasmids and primers used in this study

W aru1912 FER e H G 3 F X GRIG % EF L
500 bp), FFHIEH R TR pCB301 Hr o Krif
U B J5T kL GE 2o 2 AL e B B K g FE TR
DHS5o J&Z 540, 765 RIS %= 19 LB P4k
AL, TS E AL TR 23 A X ORI B
DX B0, KB5S Y E 4L TR B R
AMCP g1, 1 EFT 18 A% MUAMATS o HARE A9 o
W51 L3 2,
1.3 HEEFIEF&L

3 PCR 9" 14 f% LBD oy, i) DNA JF 41,
F¥5 PCR =¥ i 3] pET30a ki, S A K
JAFFE DHSa 1, 7E& -RIBE R B LB P4k ik
FRHAL . @I P B UE pET30a-LBDg, JFUHL
AR A KRN 3E IX, AR5 4 1E 0 1) iR 5 45 3]
KHFF BL21(DE3)H, DIFKikiF His PR
LBD ;25 .7 1 L FYHEIE B A 500 mL

Plasmids and primers  Relevant features

Sources or references

Plasmids
pEX18Km Derivative of pEX18Tc in which Tc" was replaced by nprIll from  Guo et all®?
pCB301; Km', Sur®
pCB301 A minim binary vector plasmid without promoter Guo et al*”
pCB301-atu1912 A minim binary vector plasmid carrying the azu1912 ORF with its  This study
promotor; Km'
pET30a Expression vector; Km" Novagen
pET30a-LBDyy;, An expression vector carrying the LBD,;;, ORF; Km® This study
Primers

atul912-delete-1
atul912-delete-2
atul912-delete-3

5'-GACTCTAGAGGATCCATCGATGATCAGGTGCCA-3’
5'-CGGATCAAATCAAGCCATAGAGATTGTTACGTTTTTC-3'
5'-GTAACAATCTCTATGGCTTGATTTGATCCGTTTTT-3'

To amplify the upstream sequence
To amplify the upstream sequence
To amplify the downstream sequence

atul912-delete-4
pCB301-aru1912-F

pCB301-atu1912-R

pETSOa-LBDlgIQ-F

pET30a-LBD1912—R

5'-TGCTGCCAACTCGAGGAACATGACACCATGACC-3’
5'-AGAACTAGTGGATCCGGATTCTGCCAGGCCGCT-3'

5'-CTTGATATCGAATTCTCAAGCCGCCCGCGAAAC-3’

5'-ATCGGATCCGAATTCAGTTATCGTGAGATGGAGCG-3’

5'-GTGGTGGTGCTCGAGTTACGCGTCACGCCAGAATAC-3’

To amplify the downstream sequence
To amplify the sequence of afu1912
inserting to pCB301

To amplify the sequence of aru1912
inserting to pCB301

To amplify the sequence of LBDjg,
sequence inserting to pET30a

To amplify the sequence of LBD g,
sequence inserting to pET30a

Km'=kanamycin resistance; Sur®=sucrose sensitivity; ORF=open reading frame.

http://journals.im.ac.cn/actamicrocn
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50 pg/mL RARE R LB Bi3R 3, MRtk
ik LBD o1 25 FH B B ARFE P 21 B R S BE 57 . 24
ODgoo 1 0.6 5F, A 0.6 mmol/L 575 %&-B-D-#7i
LB (IPTG)IE S LBDyg, IR, IFTE
25 °C $p&H5 5% 5 h, #RJ5 HE0(5 000 r/min,
10 min) 7 7AW SEFRI A ICEE AL, K ACER A 4
HAETES PR A (25 mmol/L HEPES, 300 mmol/L
NaCl, pH 8.0)#, Fil Scientz- iid #8741 f ik i
IXCERZ WA, TU, T EDREEA L. 41
WEWE I B B4 12 000 r/min Ff 3 R B0
20 min Ji7 , I FIE R FISWOINE] 5 mL HisTrap
K F, FIE 10500 mmol/L BKMEYZE Ml A R
Ve 4547 HisTrap 1 19 LBD oy, B 1485 H
GEP A ZURENT, DL RBRER (T R R
1.4 KRR

DI L (TSA) LS B Fernandez 55 T ik
MRE R AT RS ehil A TC T A O 2 4 i
PR BRI, HeJ¥ M 10 mmol/L, pH Jy 8.0, %
IR A BEHHE R 50 pmol/L i) LBD o1, 2 [
% . SYPRO orange (5 000x)4 k£ H
Thermo Fisher 22wl , {8 BT 5 B 80 5. A
96 L PCR MAE Mkt , HfLH4rmlmA
2.5 pL BRI . 20.5 pL LBDo;, 2K [ TR I
2 uL SYPRO orange YRl # BRI . XT BEFL 1,
25 uL M A BNE AR . H
StepOnePlus” 5 i} 7¢ ) %E it PCR {¥ (Thermo
Fisher Scientific) L& 4380 FHE 1 °C B R Kk
i 30 °C finA] 90 °C, I ErES L EA
454 1) SYPRO Orange 476 't 5 5 i 1 5
AR, 8k DO R B R R AR R Y 1
Ok Al B R E IR o SRR L S
8 A 15T A T BE 08 R B (AT ) 55 T ABC A
FIRE SR FLAP B T T 25 24 0 B A A o) B
LA AR Two IR EHE (14 40 38 2 B7 £
StepOne Software v2.3 5E il

<l actamicro@im.ac.cn, & 010-64807516

1.5 FRBESH

ITC f# F§ Microcal VP-ITC jif i & #4YL
(Microcal , Amherst, MA)ZE 25 °C T 47, LBDo;2
A Z i B (25 mmol/L HEPES, 300 mmol/L
NaCl, pH 7.4)i&Hr, JFHZ MW B MEREN
JHe A 30 umol/L o FirAg ARG I e 44 FH 22 1 ik
B FL B EE h 450 pmol/L, pH o 7.4 VAW, i
MBI BUals:, FEal A 1.44 mL
LBD g1, FEfT, T E R A 280 pL FCARE
PEFEEE A 307 r/min, BRRIEM 10 uL, [8]F%
B E] A7 3 mino Jfr Ao 45 H 150 FH T A4 n 381 2 ik
B Hril 4G (i AR AR A TR E o B b R A
A MicroCal PEAQ-ITC Analysis Software 5& ¥, .
1.6 EMENELLNLE) T E

A i 7 P 0 A A1 ] S T % 2 i Y
JpU, B C58. AMCP g;, Al AMCP91,C #2FP T
5mL MG/L Kigr 5k, 28 °C fkiz Hiavid i, &
BRI RIRE R, HEZWE R 100 pg/mL.
W BT A5 TR R N AB- AR R 9% 2 PORE 3R B0
Bf, 2 ODgoo N 0.4-0.6, FHE LTk /NI EE
I V6 A0 T A0 B, 4 B B AE B Ak 22 Pl
(0.1 mmol/L EDTA, 10 mmol/L KH,PO,, pH 7.0)
1, ZE ODeoo N 0.1. HU 300 pL BER LUK
PRV, 75— i 55 PAT A 6 058 PN AN [] 9 B2
FIBCAAR S W (pH 7.0), SR 5K WA BL AR 1) B
A8 R IT H SR AR 28 °C R E 1 h )5,
W B0 W R G, AIE KRRt E
MR EBRRIAME . B TBATHEN
FR A T 58 255 R 31 75 0.85%4: B /K 19 1 mL )
Eppendorf & H, ¥ 10 fERUBEEERG RS, 76
EHESR 36 h R AR

1R A N, BN R pH R R
7.0 J5, LUGE MBS ) o b R A
MR BAERASHNR W, #
ATV T ) A TR SRR TN R, U Ui B B B A
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2 HRGN AR P 28 R B 22 ).t T B DA

2.1 BERBAIFETEIE MCP,op, BB LK P ol FI B B 1T T (IR 225K, I,

BT WEAFEZR MCP o, 1 LBD, ] —MIEOLT R PR 1 fh R e 4 il & 1) £ — By
TEL M TMHMM X I 007, 45 SE(-dF/AT)ITZR, 50— B 520 2 i fee i e B
IR, MCPyopo 19 LBD i T4 33-187 izt NEHABKBHEIE T ZEELT, Mrr
PRERSLIKEE . I HMMER dE—B 0 riZ kB IS EORME G St EE A g, fif
(LBD)Z5#), Tl LBDg1, A sCache 2 45  FRM ThfEAS . EHE I, WARIEMEDHE
g, HFF £ sCache 253 LBD 84y WM EFEA G T, HFHm 2 °C UL, BIAH
HREGE S A PR, FrARANER AR XS YR A &% E A s RS Ry
FE 4 /N MRS . F4 415 LBDop, [ DNA - ARNSMEEARMN TofH, BHANZLEYAR
BErie Rk iR, IR R AR A BL21  BRES ST, Kl 1A JEFE LBDyo I

(A) 4000 (B) 3000
/'—\‘____f—
Z 3000} \ 2 1000}
L o
g ! 2
5] j : 8
2 2000¢ v % —1000F
= § |
= 1 = [
S 1000} o —Noligand 5 -3000| / — No ligand
= i i Pyruvate \j { Pyruvate
0 P s S . ) —~5 000 I e R . |
30 45 AT, 60 75 90 30 45 AT, 60 75 90
T/°C 7/°C
© 5
4
O 3
[--.E
a 2}
b

o %&%@%@f@?@g D S o Q_ob‘bc} %% \b% > a?’%e,\ttﬁa&%%@ & D
&S (\q’*i'd {\-0\}&0 ¢ Q*\ @d\\ S & 4}0\&@ & oF ;\r@\ Q@Q p & \\\0 ?’to('& C}.%C'a&éo\bbé\o\),\‘b
TS %‘9 \° S AP o e’

1 RARMNFETFIE LBDor, BB EE K

Figure 1 Screening of the potential ligands for LBD,g;» by using fluorescence-based thermal shift assay
(TSA). A: the melting curve of LBDj¢;, without or with pyruvate. The binding of pyruvate to LBDg;
increases the stability of LBDjg;, and causes a shift of LBD;g;; T}, to a higher temperature. B: the negative
first derivative of the melting curve A. The negative peak indicates the melting temperature (7). C: the shift
of LBDyg;» Ty, caused by the addition of various compounds. ATy, is the mean of triplicate.
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AR R i PR AR M i e o 18] 1B SR VR
PEMZE A i —Fr S A 2. 26 Fioa HLER 0
AFTS R LBD gy T (AL WL 1C P
iz, MR, L-ALiR . LM R 5 Fiib &Y
BIRe5 1 LBD oy, T BYIEINEE L 2 °C, TNEWR
SIEH LBD o, I T B4 K, Rk 4.38 °C,

22 HAITCHHINELEEAS LBD,w, 4GS
Wit TSA, K2 —sefh 597 LLg] g
LBD o, [ AT,>2 °C, KIL4kZEH] 1TC PEAlx 4L

tE&YE LBDyoy, 11

e

I FLA 1

B Kpo B 2A S F PR PR 7% W0 € LBD o1
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Figure 2

ITC data of LBD)g; titrated with potential ligands. A: LBD,g, titrated with pyruvate; B: LBD 9,

titrated with propionate; C: LBDyq; titrated with L-lactate, acetate or glycolate (from left to right); DP:
differential power to maintain a zero-temperature difference between the reference and sample cells; W: watt.
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Figure 3

Capillary assay of the chemotactic response of Agrobacterium tumefaciens to pyruvate. A:

chemotactic response of wild-type strain C58 to pyruvate with different concentrations. B: chemotactic
response of C58, AMCP,9;, and AMCP4,,C to pyruvate at the optimal concentrations. Shown are arithmetic
means and standard deviations from three independent experiments conducted in triplicate. The bars
connected by “**” mark indicate significant differences (P<0.05; student’s ¢-test).
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Figure 4 Capillary assay of the chemotactic response of Agrobacterium tumefaciens to propionate. A:
repellent response of C58 to propionate with different concentrations. B: repellent responses of C58,
AMCP 91, and AMCP9;,C to propionate at the optimal concentrations. All values are the means and
standard deviations from three biological replicates. The bars connected by “**” and “*” marks mean that
they are different in a statistically significant manner at P<0.05 and 0.1, respectively via the unpaired

student’s ¢-test.
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Figure 5 Effects of pyruvate and propionate on the growth of Agrobacterium tumefaciens C58. A: growth
curves of A. tumefaciens C58 growing in the defined medium (AB medium) with pyruvate or propionate as
the carbon source instead of sucrose. B: the ODgg values of the agrobacterial culture after cultured for 16 h
in MG/L medium with different concentrations of propionate.
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