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W E: ARERATE (Ugrobacterium tumefaciens)Vg A Y- A M BV RO ZHEXEY, 2 F
ZHMBERAR TR, M2 HE B BREMSY YRk BERAAAZEEE. (B8] %
EARR RAF A 44 F B F PcaR 2 @ LB BR AR Rt #rm . st A B ey B4R, LB £
M TG A %eh . [ k] @it § %4 pEX18Km A= % A 5% /& 30 F 449 /L 4 pUCAL9 531 4
# atud4546 KB ZRHR A. tumefaciens Aatu4546 F= = ANEH ¥k C-Aatud546. FA4F X 2 H AR VAR ILE
BT HIR R T BRAE— SRR A REIL, UARERT M ERPEFERAERTH LOBERT.
FEIP AR C58 Fo Aaud546 B AR T L A B Rz A B Rt ¥e L B amd549 T, @idsen p-
F U B E AR atud546 sHRA R RE X Z; BIMEESA aud546 O F BT 5 lacZ K
SRR RAR PcaR 89 A HH. WESF LR LHEBHT RIRSE lacZ R4 KB 8 R
¥, FAEMEEFNG LR FRRE, BTN E B-F FUAEH 8% M A Z PcaR 4 A1
B [4R]Y 3R aud546 3B R %vh A. tumefaciens 1 A5 L6942 K, 1253 A tumefaciens 7 ik
F) R T F2 3k K B e R LR BRAE AP — 2R R, E AN amud546 5 A KB W R A . Aatud546 AR R
W ZERAE AR R BT RG I E R E 55 T % 34.90% F» 52.58%, & 0.1 g P& ¥ 69 &
B AR 72.19% F= 80.54%. SR atud546 KR AL L B & B T F I Z 102.04%, HLA
atu4546 R AIE A F KA. Aatud546 F Fe 3L B T 69 B-F FUME HBEE ML I A B AR 74.86%, &
B atud546 W3t atud547-atud549 3B 3k R A, 81T awd547 B3 F R B 5] Bk 5236 # E PeaR 4
A58 %) GTGCGATATACGAAC. [4#] AFFR A4 FE T PcaR A5 B B4 Kb, A4
B & AR T # KB peallF %% %, Hxt T s KR 6945 E15 5 4 GTGCGATATACGAAC. PcaR
B R ATERARE R AR, AFRB T T B BRAAM- ARG TEBK P e R E Rz,
Fe R T AR A Y -H BRI Se
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Functional analysis of transcription factor PcaR in Agrobacterium
tumefaciens

XU Nan, CHENG Shuang, WANG Wanyu, LI Chenghao, GUO Minliang"

College of Bioscience and Biotechnology, Yangzhou University, Yangzhou, Jiangsu, China

Abstract: Agrobacterium tumefaciens, a classic model organism for plant-microbe interaction
research, is a valuable transgenic tool for plants. Phenolic acids secreted by plants after injury can
affect the infection of the host by A. tumefaciens. [Objective] This study investigated the
transcription factor PcaR of A. tumefaciens regarding its effects on the metabolism of simple
phenolic acids, regulation of the target gene, and effect on the bacterial tumorigenicity in host
plants. [Methods] The A. tumefaciens strain with atu4546 knockout (Aatu4546) and the
complement strain C-Aatu4546 were constructed via the suicide plasmid pEX18Km and the
plasmid pUCA19 with a strong promoter, respectively. Both Aatu4546 and C-Aatu4546 were tested
for growth with p-hydroxybenzoic acid or protocatechuic acid as the sole carbon source and
tumorigenicity on carrot stems and Kalanchoe pinnata leaves. In the wild-type strain C58 and
Aatu4546, the reporter gene was in situ inserted into the downstream region of the metabolic target
gene atu4549. The regulatory link between atu4546 and the target gene was examined based on the
B-galactosidase activity. To investigate the self-regulation of PcaR, we constructed the atu4546 self-
promoter reporter plasmid. To identify the binding sites of PcaR, we constructed the upstream
promoter region reporter plasmid of the target gene to remove or replace the predicted binding sites
and then determined the B-galactosidase activity. [Results] The knockout of aru4546 did not affect
the growth of A. tumefaciens on sucrose, but led to the inability to use p-hydroxybenzoic acid or
protocatechuic acid as the sole carbon source. The growth was restored after atu4546 was
complemented. The tumor weights of carrot stems and K. pinnata leaves infected by Aatu4546
decreased by 34.90% and 52.58%, respectively, and the number of colonies per 0.1 g tumor
decreased by 72.19% and 80.54%, respectively. The knockout of atu4546 led to a 102.04%
increase in its own promoter activity, which suggested that atu4546 negatively regulated its own
expression. Afu4546 boosted the expression of the atu4547-atu4549 gene cluster, as evidenced by
a 74.86% decrease in B-galactosidase activity downstream of the target gene in Aatu4546 compared
with that in the wild type. The promoter region sequence alteration experiment identified
GTGCGATATATACGAAC as the binding site of PcaR. [Conclusion] This study shows that the
transcription factor PcaR is involved in phenolic acid catabolism, negatively regulates itself and
stimulates the transcription of the downstream gene pcalJF. The binding site of PcaR to the target
gene is GTGCGATATACGAAC. The knockout of PcaR attenuates the pathogenicity of A.
tumefaciens. This study reveals the dual regulation mechanism in the phenolic acid metabolism-
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pathogenic signaling pathway and expands the theoretical cognition of plant-microbe interactions.
Keywords: Agrobacterium tumefaciens; B-ketoadipate pathway; PcaR

F 982 A AT 1 (Agrobacterium tumefaciens)f&=—
R AT s rp R i s [RBA R =Tk
L) SEEBLIRE A 1 = B S A . 7 E AR
EREUEIE A YRR O AR, ¥ A B
A7 B Ti Bk A T-DNA F BOS A S A 5L R 41
L SRR AN S R G A, IR R
TX ek A 2 AR T A R AR AR S o Y R
TSR, By RS AL G WA Iy T S B A
@ MYZ G SRR T, MR
FE ]S Bt R SR ALK 2L 15 5, ) 0
A SRAES) R 2 ) 5 B8 T MR AR T T
() vir JEIH, B30 T-DNA 89N T, R s
iR, ANIMSEERE Y B e 5 A

B-H C MR e A E Wi oy B AL &)
P EEACHRE, AT R LR
o R AR IR LR IR R AL By ik 1R
2NN, W R A R G i 1) Z2 R DI )
B gt s 2R O05 F AL G, npTEr
MR, 4-FRHER RS, B AL - C — R,
I & A = R TR 1 A (tricarboxylic acid cycle,
TCA cycle), MAD AR MA I RE &
BRI Xt A, tumefaciens C58 FHE P 4 1 B &
W, Hoal R LA R BRI () K E Y -
JFLZRIRAE 3,4-XUIN AR (peaHG)IMEALIERT T,
A 3 P AR DRI I A & 2B T B B A i 3R Ak
I MR ORG R T 5 AT, 32 ML, I =K
MR Mg 22 ORGP R 31 S A Wt (peaB) S A8 AL AE
JE—DHAL N A-RILATHRINIER , 4-FR AL HE A T
TE 4- R FERG B N BER I (pea OVE T R AR
FE, JEB-IC —REmE R FEIS, B-ERC
TR B N R K R B (peaD)YREAL BT O M
MBS, FoA p-Fc iU, &, B-Hic
TRRE G B-F O R IR I A A A Bz i
(peal)F1 B-fii O —FR PR LA A BLfE I (peaF)H)
RERARAL N, Az N TR T A 70 355 30 1 o Tl
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AU RN SRR, N E YA e R i
YA T 75 BB IR K g . HAT, EFXTAR
FEAKT B B-T & —Ra& 12 A T 5% 2 LA — g it
JiE . W g A 1204 10 R G IR SR TR S 2 A
1E pcaDCHGB H pealJF 2 NRNTh, BT
sk Z BN F AR N F B8 o pcaDCHGB 5
Y\TF52 LysR BRI EH PcaQ JH #1211 H4h,
pobA FERHWS 5 T R o m J7 LS B 1Y
eApid R, dEms p-M O R AR AR R,
F5E &I PobR Ak — il S I AL AR
Jadh B SR e, RRROE T I A
pobA L BT B S N F PcaQ il PobR,
PcaR (atu4546) 8 BHR IR Kikks A+, Al
e 5 2R AR AT B B-B O R I& 48 1 IR 4% .
SR, AR AR AAT B b A AR Dy fig L) S 50
FEPR Z [A] R A G 2 i ARAT IR o

A3 1A AR IR A AT R % SR F PeaR
(Atud546) i HE PR B Bk S ol #b o Bk, 5 5%
atu4546 FE PR G KT M AT A & el A1
Py R A B VR 1 i 3 3 A S AN ] A 41 A TR
BRFNHR 2 FORIR ST atud546 SERINT [ B & T i
SN PR S BAREE G . e, sEat
FEGI S N ZEH RIS b AR AR I A b 08 S
22 atu4546 F R HYRARAT R BORPER I, A
WF5E 5 7E4R /8 5 H T PeaR 7EHR g A AT 14 it
PR BUR R R TIRE, IR AR BT AR J A
FERA 0 PR A 155 oLl $2 HE S LRt

1 MRE5rZE

1.1 EHRFAFRAL

I ARAT R (A. tumefaciens) B H= BT by 2
PRI ZH 0 e FH T Rk €58, H: T ot oA JIl g el 7
HIEAATF R peaR SR AR Aatud546 JEH C58
BRI AR R B D SR R TS, Bl AT RCR
FH 4 4 A5 HE TG IR I B 9 3R A0 K AT B
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(Escherichia coli) DHS5o. B # JHAE ¥4 R 4 78
T KIAFFEEA LB B gs . MR
H & B 3% 1% 3% & MG/L (mannitol-glutamate/
lysogeny broth) =% 4 & W & FF K AB
(Agrobacterium minimal medium)- i M 1% 55 Ft 57
F%, BARBLH W22 SCHk[17-18]. AWF5E T H
A TR LR 1.
1.2 RERITE arud546 5K K O %)
PREVIR 1S

il FH 40 B 3 R 2 DNA $2 U] & [ R AR A
R (AL Z0O) A R 2 m 152 B C58 i Ak Ak 5 41
DNA. DL C58 BaARIEH 2 R sihs, 4354 H 51
W)X Atud546-U-F/Atu4546-U-R H Atud4546-D-F/
Atu4546-D-R " 14 aru4546 | . F 7 A 95 .
PCR JZ W 1A % (50 pL): 2xHieff Canace® Plus
PCR Master Mix 25 uL, [, FiE5[47(10 pmol/L)
% 1.5 uL, C58 L4l 1 pL, ddH,O 21 pL.
PCR ¥ #2598 °C FALYE 3 min; 95 °CAR %
10s, 60°CiEk 10s, 72 °CHEffi 30 s, H£30 4
TIN5 72 CCAIE AR 5 min, B H A KL
pEX18Km [ BamH 1. Hind 111 X 4] k45 2%
AR, 305 awdas46 b R UERNTEE LR R E
My Nk, EEER: KPR 2 uL,

=1 KW PR BAL

. PR B% 1 ul, 2xCE Mix 5 puL, ddH,0
#NE 10 L, E YA IR AL E KGR
DH5o Bz, TFRIETE RIER DU AR L
Khs, HEIYX Atu4546-U-F/Atu4546-D-R HE
1T 7% PCR ¥:4FE, PCR LW A (20 pL): 2x
Rapid Tag Master Mix 10 pL, . Fi#F54
(10 pmol/L) 4% 1 uL, DLHLEE 7% AR, ddH,O
8 uLo PCR J I 4% 1 : 95 °CHil & ¥ 5 min;
95 °CAEME 155, 60 °CiBk 155, 72 °CHEfH 30 s,
30 NMEH; 72 CCALEM 5 min, 475 PCR
Y A AT A BB A YR R A7 BR 2 il
I, FFHIIEHG R BOR A pEX18Km-atud546., [1]
HRIGEAAT B C58 Tz 25 Ao A B 1) 1) s r
10 uL, JAMSKRIIRA], VK LACE 8 min. ¥
RATMA B AR 5 HL 3% {U (Eppendorf
INENSHCN 1200 Vimm, ZELEHE start 5 3 T,
SRR RO AN, A T mL i
& MG/L AR 33, WIRST, IR S
2 15mL B8 T, HELERETE 28 °C.
150 r/min ZE12 & 75 2 h, R H 5T 4 500 r/min
B0 3min, FP4 B, EEUUE, BERE
MTE & R I8 ZHitE (100 pg/mL)HY MG/L A4
I, 28 °CRI'E 9% 36 h, &ad KIRE X4tk
(100 pg/mL) FEEA HUSME (5% FEWE) IE 0] F1 2 1]

Table 1 Plasmids used in this study

Plasmids Purpose and properties Source
pEX18Km Suicide plasmid for knockout, carrying reverse selection markers sacB, oriT, and Km® [19]
pEX18Km-atu4546 The atu4546 knockout box is inserted into pEX18Km for knockout of aru4546 This study
pCB301 Promoter less expression plasmid, Km® [19]

pCB301-Prm4546-lacZ
into pCB301
pCB301-Prm4547-lacZ
into pCB301

pCB301-Prm4547 (remove the pCB301-Prm4547-lacZ removes transcription factor binding sites

binding site)-lacZ
pCB301-Prm4547 (unrelated
sequence)-lacZ

pUCA19

unrelated sequence

Ap®, Cr®
pUCAI19-atu4546

The transcription factor binding site on pCB301-Prm4547-lacZ was replaced by an

The coding region of atu4546 was inserted into pUCA19 to express atu4546

The upstream promoter of atu4546 was linked to the reporter gene /acZ and integrated This study

The upstream promoter of atu4547 was linked to the reporter gene /acZ and integrated This study

This study

This study

For the construction of gene complement plasmid, carrying an agrobacterial replicon, [20]

This study
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2 W, XPHALF#E17 V% PCR F1 DNA il
IOUE, 158 atud546 FRFEAER Aatud546.

A% aru4546 [MAMERHE FHEA 85 20119
pUCA19 AR . i JH 51 ¥ X C-atud546-F/C-
atu4546-R Ll C58 S AT atud546 F
2w X o K pUCAT9 # A FH BR il 1 P D)
Hind WA BamB 147X ) o W atud546 it
X2 L AL i pUCATL9 2% (R 47 [R) 5 41
M, BT YA A AL 2 KR DHSa
BT, AHETE PCR KIEAIN 45 5 IF Y
5 RL i 44 N pUCA19-aru4546, #4540 Ji ki
pUCA19-atu4546 i i W i 5% 4k )7 KU 5 A
Aatu4546 WRIERZ BT, ETARTYER
(100 pg/mL)BFLHER) MG/L SEAR | 28 °Cf8) & 8 5%
36 h, KRR RS TAL, BES TR
PCR %7, S5 78 WL )19 T 7% B K m] %h A% A.
tumefaciens C-Aatu4546. W5 ILFE 2.

1.3 2F lacZz REEFEKRRIRE
1.3.1 Prmd4546-lacZ FHREIIR IS

J TGS atud546 Xt H B R B EEAE
0, 1551 Y% Prm4546-F/Prm4546-R Fil
LacZ-F/LacZ-R 53RV A. tumefaciens C58 F1K
FFE BL21 MAEA, I8 arud546 FLH UGS 5
T M lacZ S IX, RIS TR FH
pCB301 #R ARV 7[R VR 442 . W53 3 A Bedk
% 2 K FF 1A DHSo B2 8RR PCR Al
W7y 25 S 34 1F W )5 4K 159 55 41 5 ki pCB301-
Prm4546-lacZ. Bl w40 ok o3 5] B oy e AU
ZHFER C58 DL Aatud546 HkkTh, 1ESAR
R (100 pg/mL)HiHE) MG/L 47 L 28 °C1F
BRI 36 h, KRR E I TAif, BES
PEA TS PCR %52 .

1.3.2  atud4549 [R{IFEN lacZ EIREVIR1S

KT WS atud546 X T UEIEH pealJF )R
EAE ], AE C58 LU K arud546 5% 7% T R HY
atu4549 FEHR T IEAARA lacZ 53, @it
B-21- FUNEF Bl 1 M S pealJF N 3R IK 7K o
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BTt 3 XF51Yr, DIBFAERY C58 FEK 4l A AR ,
H 51 ¥ 4549-502-F1, 4549-502-R2 ¥~ 3% f}
atu4549 LR R 502 bp B BE, F 4549lacZ3 .
4549lacZ4 ¥ ¥4 E5A FIRE ) 2K lacZ BB,
4550-485-F5 . 4550-485-R6 ¥ ¥ amu4550 FH I
i 485 bp A Bt A THGH mRNA FEAZHEIA I
MIRENL, TE lacZ 75 EFaIN—EB 12 bp K A9
SD %1, %#% 4 5'-TTTCTCCTCTTT-3" , %
ik 3 By AN Ty, RS L e 3 A4S
DNA F Bt 5261 pEX18Km 28 14 [F] 5 8 21 % 22
P53 PREE AL = KB A3 DHSa 28,
P 7% PCR %528 1R IO TR V& 26 bt R W ey
HRRA T, W25 IEs s SRRk, K5
W Hor e AU AR 780 C58 LUK Aatud546 Bk,
2233k ZZ IR A B PCR %58 3K 15 C58-4549-lacZ
5 Matud546-4549-lacZ Wikk. PTG 2, &
THFHE 1 R,
1.3.3 Prm4547-lacZ YR EBMBRES
LR ERAIIR S

R T HARE atud546 5 TR atud547 )55
T XIS EOE, R T A lacZ {3 H
MIRERR, FIEWT . B HE Y Prme547-F/-R
Fl LacZ-F/-R 4y 50588 atu4547 )5 31 75 Al
lacZ FR T3, SRIGH4EALIS 0 2 4~ DNA F B
SRR 8 T4 pCB301 Tk [a] 5 5 240 15 4 ,
I AL 2 KA I DHSo iR A2 28 . K1
7% PCR %5 5E 1L 0 o Y5 X AU R A e i A
BRSEI S, 045 SR IE A 5 SR U CRE pCB301-
Prm4547-lacZ. 3R J&i ¥4 e e AUSEE A= 78 C58
DI K Aatud546 kT, 3R15 C58-Prm4547-lacZ
5 Aatu4546-Prm4547-lacZ Witk . ZBREE G005
585G A R R TG G 4 ) TR RR ARAS D7 s n
T H4EHH MEME suitePUH0 T ammd546 5
atwd547 )5 3 T X B 45 & 7 5 A
GTGCGATATACGAAC, #RJ5iid & & PCR 1)
DB atud547 JE ST XA 4SS G 4 25 R B Bk
eI RFI . EMIHE lacZ HEHIFfEAN
JCJA 3 F 19 pCB301 ki, 2k 45 5 41 5T ks
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pEX18Km-lacZ

lacz

tud347

ardS38, W amd399 . y—{and330_

<_ﬂuiﬂLH_ﬂuii4l> atu4548>1 atud349 >|Shzne—DalQarno seauenc}l lacZ

Bl atud549T IR IAENacZ R EE]
Figure 1

pCB301-Prm4547 (remove the bindingsite)-lacZ 5
pCB301-Prm4547 (unrelated sequence) -lacZ, J7i%
513180 5N« 2,
1.4 LUENEAME—RRE KHZ AN E

P B A= B C58. Aatud546 L K C-Aatud546
X 3 FERHELE MG/L Pl i =X A2k, 28 °C
BB ISR 36 ho HEE LR A PRELATE T T 5 mL
MG/L HiARR; 33, 28 °C . 200 r/min ¥ % 24
14 h, #RJ5 4 500 r/min 2.0 3 min YEEFIR, HG
FKIG VR 2-3 IR E R HE W ODgoo 2
1.0, B 1 mL R 100 mL XFR7H) AB-HEREG
Fidkrr, 28°C, 200 r/min }5372) 60 h, BiFEia)e;
Ah B 1R, I ODgoo BH, HEFLEAFRM,
1.5 DUXEEFPERSE)LRER AR
A LN E

IR 1.4 5 5 SRR, 4 500 r/min 2
O 3 min WK, H AB-JCHRIE G U IS
Ve 2-3 WG, B ODgoo VR 1.0 4353
BT mL RV EEFRRHTEERY 100 mL AB-X R 56
FH2(5 mmol/L)Fl AB-Jit JLASFR (10 mmol/L) 5 i
WS, HMEIRE 3N EEY, AR 4 h B
FE, B R LS R

P4 actamicro@im.ac.cn, 7 010-64807516

S amds30

The schematic diagram of in situ insertion of lacZ in the downstream of atu4549.

1.6 B-FFEEHEEMENE

¥ C58-Prm4546-lacZ. Aatu4546-Prm4546-
lacZ . C58-4549-lacZ . Aatu4546-4549-lacZ .
C58-Prm4547-lacZ. Aatu4546-Prm4547-lacZ VA
Jo F R G5 G A SR 3 B TC G 7 9 R TR RR FE 5
A M BHTPER MG/L P EiGfl, 2 PR
W% T MG/L AR #7239, 28 °C. 200 r/min
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Figure 2 Cell growth of Agrobacterium tumefaciens
strains on AB medium with different sole carbon
sources. A: The growth curves of C58, Aatu4546, and
C- Aatu4546 strains using 15 mmol/L sucrose as the
sole carbon source; B: The growth curves of C58,
Aatu4546, and C- Aatu4546 strains using 5 mmol/L
p-hydroxybenzoic acid as the sole carbon source;
C: The growth curves of C58, Aatu4546, and
C- Aatu4546 strains with 10 mmol/L protocatechuic

acid as the sole carbon source.
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Figure 3 The effect of atu4546 on its own promoter
activity was evaluated based on the lacZ reporter
gene. C58 and Aatu4546 grew in AB-arabinose (Ara)
medium. 10 mmol/L protocatechuic acid (PCA) and
15 mmol/L adipic acid (AA) were added to AB-
arabinose (Ara) medium, respectively. The data
displayed is the average of three independent
experiments. The error line represents the standard
deviation of the mean. ****: P<(.000 1; ***: P<(0.001.
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Figure 4 The regulatory effect of atu4546 on the
downstream gene pcalJF was evaluated based on the
lacZ reporter gene. C58 and Aatu4546 grew in AB-
arabinose (Ara) medium. 10 mmol/L protocatechuic
acid (PCA) and 5 mmol/L p-hydroxybenzoic acid
(4-HBA) were added to AB-arabinose (Ara) medium,
respectively. The data displayed is the average of
three independent experiments. The error line
represents the standard deviation of the mean. ****:
P<0.000 1.
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Figure 5 Effect of atu4546 on the activity of atu4547 promoter by changing the transcription factor binding site.
A: The B-galactosidase activity of pCB301-Prm4547-lacZ in C58 and Aatu4546; B: The B-galactosidase activity
in C58 and Aatu4546 after removal of TFBS on pCB301-Prm4547-lacZ; C: The B-galactosidase activity in C58
and Aatu4546 after replacing the TFBS on pCB301-Prm4547-lacZ with an unrelated sequence. All strains grew
in AB-arabinose (Ara) medium. Protocatechuic acid (PCA), p-hydroxybenzoic acid (4-HBA), and adipic acid
(AA) were added to AB-arabinose (Ara) medium as inducers, respectively. The data displayed is the average of
three independent experiments. The error line represents the standard deviation of the mean. ****: P<(0.000 1; *:
P<0.05; ns: Not significant.
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Figure 6 Effect of atu4546 on the pathogenicity of Agrobacterium tumefaciens. A: Tumors after 4 weeks of

Tl

infection with carrot stems; B: Tumors after 4 weeks of infection with the leaves of kalanchoe; C: Tumor weights
after infecting the carrot stems for 4 weeks; D: Tumor weight after infecting the leaves of kalanchoe for 4 weeks;
E: The number of colonies in tumors on carrots infected by 4. tumefaciens strains after 4 weeks; F: The number
of colonies in tumors from kalanchoe leaves infected by A. tumefaciens strains after 4 weeks. The data displayed
is the average of three independent experiments. The error line represents the standard deviation of the mean.
*F*%: P<0.000 1; **: P<0.01; ns: Not significant.
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