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# ZE. [#7%) CueR HIiEEZAEXME XMAITH Y Cue FARNAL T ALEFAE, BAREKRE
(Acidovorax citrulli)¥ LA KPG8 RAE. [B 9] 58 HRRIREA T 49 cueR KB . 5475
G E OB R e, T AR —FIERE Cue AALEBHRRBBAMARE T OERAINSET L
o [FEYARMAEF 4 MEX@E T L2454 CueR H AR, & A AMIE LT F BT HRE
BR ] 49 CueR (AcCueR)5 KA 49 EcCueR. 4R 205 49 PaCueR. 7V 11K, 49 SeCueR. & £l
IRE 49 VcCueR Z @ #474M . Wi, T@mit e, R FFHMESN; AARRTHEBARE
FARAMEENLTIRE FC440 A cueR AR RER, FHHERTARARAREIANAK, RS
2R AR, [4R] BN E F4R R LI H 49 CueR A 3 AU R &5 5 AN H 49 CueR
& @ ¥ 2T HTH-MerR-SF 2 Kk, ZRLEM EEd o-Faefe LA A B M AR 5 A& & 45 AR
AcCueR TVA L BREBE F P A ATP B2(BP CopA). % 4R EALEE CueO F 4 ZAE, H copd BT
b AHELE—ANL CueR 460 @ kM), £4 Cu 3 RA L, RE Bk FC440(AcueR) A K 78 71 9 B8,
35, KRB HHELANA M FCA440(AcueR-cueR)4 A K AN T E. (441 BRRIRE F4) cueR
B 5 e ARMAI X, H AcCueR Z @ 5 XMATEFHE 7469 CueR A MG LEME bk, £
INRBRE VT 865 £ KA T KHATH 69 Cue 3048 2 4.
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Bioinformatics analysis and functional verification of copper
resistance gene cueR in Acidovorax citrulli
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Abstract: [Background] CueR is involved in transcription al regulation of Cue copper-resistant system in
model bacteria Escherichia coli. However, if a similar system is present in Acidovorax citrulli, a bacterial
plant pathogen, remains unclear. [Objective] Analyzing the cueR gene and its protein in Acidovorax citrulli
can facilitate the mechanism study of copper resistance for this destructive phytopathogen. [Methods]
AcCueR of Acidovorax citrulli was identified and compared with CueRs from four representative bacteria,
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i.e. EcCueR of E. coli, PaCueR of Pseudomonas aeruginosa, SeCueR of Salmonella and VcCueR of Vibrio
cholerae. The characteristics of the structure, physicochemical properties, subcellular localization, and
interaction proteins of these CueRs were analyzed by bioinformatics methods. The cueR gene mutant was
prepared through homologous recombination with Acidovorax citrulli strain FC440. The phenotypes of
copper resistance of wild type strain, cueR gene mutant, and gene functional complementary strain were also
assayed. [Results] Comparative sequence analysis of CueR proteins revealed that AcCueR and PaCueR have
the highest sequence similarity. All these five CueR proteins belong to HTH-MerR-SF super family. The
tertiary structure is mainly composed of alpha-helix and coiled-coil. The CueR proteins of different bacteria
are similar. AcCueR can interact with P-type ATPase (CopA) and multi-copper-oxidase (CueO) in
Acidovorax citrulli. In the promoter of copA, there is a typical palindrome motif that binds to CueR. When
challenged with Cu2+, the cueR mutated strain FC440(AcueR) exhibited a significantly reduced in growth.
Consistently, the growth capacity of the complementary strains completely recovered. [Conclusion] The
cueR gene contributes to its copper resistance in Acidovorax citrulli. The AcCueR protein has a similar
structure and function compared with CueR in E. coli and other bacteria. These results indicate that the Cue

copper-resistance system works in Acidovorax citrulli.

Keywords: Acidovorax citrulli, cueR gene, Copper resistance, Mutant, Bioinformatics

22 G RA MR A T —— P8 N & R 1 (Acidovorax
citrulli) VAT LA S B0 R 7 A A0 SR B
(bacterial fruit blotch, BFB). 1%/ % 7 e L e {R FR
5 AT DA PG I B DA B 3 S5 25 BHE 4 & A
TRBE ., ZEEE R e AT e A
(RS KM 2 o FEHE A2 — b KRB 2R, %
i Bl AL 2R 55 1 S TEAR 24 B RAGHE K .
TE—SEFG 5 TG NHL, i BFB SE & B L TE
50%# % 90%LL P AR IS, BEB
WA B DA TR A AL LR 2251
R PRE T FIRE I R T bk 2500 5 A
g , 3 2 BH H LA S5 51500 o0 S R BRI B 45
X BFB JEA TR, B4 ML, MBcA & BT
BFB R BT %E . I, B9z 4w i Pea pL
LUK IF R A 8851 BFB B8k . B it
AR

[N A RS DN LR R NS 2 € Gk 7/ =
S 2o R P R R A D i A5 5 kR
T, 3 A S DA J0HE 200 B PN ) A 5 B AR AE A BE R
AR e, S Y an s 2 — R 5 R e 25
HLA R4 4 B T AW S AN HED ). Cue REEREK
Fo FF B B A S A MHE R 2 — | FEAN TR A AR S
REEEM ., ZRGE A HF CueR 5 P

T4 ATP [ig(CopA)FIZ Hi S AL HE(CueO) I [A] 2 5 Hid
B R S a0 2013 AR SO IBFSEIESE
VE N RR T 28 P 7 ATP fiff(Aave-0034) 1%
AP PERTC! s 2014 AEZRR A SLIG AT B
LA BRI cueO (Aave-1810)J2 1% H T
HPERI I JEF U E MRS & AT LA
TEVG VB R Pl REAFAESEM Cue MOBTHH R 5E.
ARWFFELAC A5 1 R B SE AN Y CueR A2
B, A AE A5 5 T B v TR R 1 rh R 4
copA Fl cueO FEHFRIKH R T CueR, FFRHZAEN
BT IIRERRUE , BTN — PSP N PR I 126
Cue RGLIHLHIBL5E Beat; .
1 MBSk
11 SRIG#HY

ABFFEH R CueR 2 F1 432K A KW FF
(Escherichia coli) . ‘i 2% & 5. fd & (Pseudomonas
aeruginosa) . VI JECH (Salmonella enterica). FETHLIN
W (Vibrio cholerae) X V4 JNEFRTE FC440 (Acidovorax
citrulli FC440), HP#ZHHINEALRITIIHKA
7 NCBI GenBank (www.ncbi.nlm. nih.gov/genbank/)
(GE 1), WINETRIE FC440 st K81 A
HAZEI
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1.2 E¥R. FRRAE5 Eppendorf 5 &3 B0, FZSER22Y
AT BRI L BRI 2, 519 0% 3. #7; PCRAY, AWV TRROGE)VHRAF; Bk
1.3 FEAFIFOMNEE 1, TR —AEPRHE AR AR B TS,

Tag W§. EcoR 1. Hind 1T, FAY TR GRS ARA A SO, TrrgE
BV PR/ F]; T4 DNA ligase, FEER CH/RBHE(H  EAMRHEARA ) BURRE T 258, B
AT RA T AR ARG & . DNA Fokr @B WRHEA R A .
BBGAF] & & DNA Marker, FARA AR (L) 14 EFERIEFEH

AT Hik %, Sigma Arl; HAEARHY KMB [#E 75 (/L) : BB 20.0, BEMS
W 25 8 A AR A R A TR LS, BREREE 1.5, BifiE 15.0, I pH E 7.0,

F1 HAEP CueREHAMEKRER

Table 1 Basic information of CueR protein in bacteria

(= Yhza b BRAEEL 1 ID B
Protein ~ Description Species Numbers of Protein ID  Sources
residue
AcCueR MerR family transcriptional regulator  Acidovorax citrulli FC440 143 QDD67396  This study
EcCueR DNA-binding transcriptional regulator  Escherichia coli str. K-12 substr. MG1655" 135 NP-415020.1 [13]
CueR
PaCueR protein CueR Pseudomonas aeruginosa PAO1" 132 NP-253466.1 [14]
SeCueR Cu( I )-responsive transcriptional Salmonella enterica subsp. enterica 138 NP-459494.1 [15]
regulator Serovar Typhimurium str. LT2"
VcCueR MerR family transcriptional regulator  Vibrio cholera O1 biovar E1 Tor str. N16961T 139 NP-230621.1 [16]
TE: % A 8 44 5 F 44 098 B CueR H1.
Note: *: Proteins are named by initials of genus name and species name plus CueR protein.
*2 HRAER. R
Table 2 Bacterial strains, plasmid used in this study
AR . JFkE Strains, plasmids 4514 Characteristics SV Sources
Strains
Acidovorax citrulli strains
FC440 Amp"; Wild type Our lab
FC440(AcueR) Amp"; Kan"; FC440 mutant defective in cueR This study
FC440(AcueR-cueR) Amp"; Kan®; Gm"; FC440(AcueR) complemented with cueR gene expressed This study
by vector pPBBRIMCS-5
E. coli strains
Trans110 RpsL(Str®) thr leu thi-1 lacY galK galT are tonA tsx dan dem supE44A(lac-proAB) TIANGEN
Trans110(pBBRIMCS-5-cueR) Gm"; E. coli Trans110 strain containing vector pBBR 1MCS-5-cueR This study
S17-1 E. coli 294, thi RP4-2-Tc::Mu-Kan::Tn7 chromosomally integrated Our lab
S17-1(pK19mob2QHMB-TY)  Kan®; E. coli S17-1 strain containing vector pK19mob2QHMB-TY This study
Plasmids
pMD19-T Amp~; Cloning vector TaKaRa
pMD19-T-TY Amp®; pMDI19-T vector containing a 286-bp fragment with the cueR gene This study
pK19mob2QHMB Kan"; Suicide vector Our lab
pK19mob2QHMB-TY Kan"; pK19mob2QHMB vector containing a 286-bp fragment with the cueR gene This study
pBBRIMCS-5 Gm"; Expression vector Our lab
pBBRIMCS-5-cueR Gm"®; pPBBRIMCS-5 vector containing cueR gene; Used to complement FC440(AcueR) This study

T Amp®, Kan®, Gm"/ilfRRE N HERYME . RIRERIUEMPRE R

Note: Amp", Kan® and Gm® represent resistant to ampicillin, kanamycin, and tetracycline, respectively.
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*3 k54

Table 3 Primers used in this study

Primers name Primers sequence (5'—3") A Sources
cueR-F AACTGCAGGTCGATCCCGTGCCCATC (Pst 1) This study
cueR-R CGGAATTCGGCCCAGGTCGTCGATG (EcoR 1I) This study
cueR-QF CCAAGCTTTCCGGCATGGCACAGGC (Hind 1II) This study
cueR-QR CGGAATTCCGCACGGCGTTCAGTTCAC (EcoR 1) This study
AAC-1 GACCAGCCCACAACTGGGAC [17]

AAC-2 CTGCCGCACTCCAGCGA [17]

T MRIZRREEVIN AL

Note: The restriction enzyme cutting sites were underlined.

NB R 77 5(g/L): AW 5.0, £ AT 3.0,
# pH £ 7.0,

LB [H AR5 F7 5 (e/L) - R 10.0, BB 5.0,
SAL4h 10.0, Big 16.0, ¥ pH £ 7.0,

LB AR I 5 (g/L) : R 10.0, EERRY 5.0,
FALEN 10.0, ¥ pH = 7.0,

SOB K5 H(g/L): &Mk 10.0, EEERR 5.0,
A Ash 10.0, L 3.2, I pH 2= 7.0,

PO I E R T 7E KMB [ {415 77 3 Bl NB R 1A 55
FEHELHTF 28 °C, 220 /min FR{FR; KIAF e
LB {4 [4 {A 5 SOB 8 37 % F 37 °C.220 r/min
THEFR . ABETE PY IE R TA B A B B AT AR T
HRHMITAERKE N Amp 30 pg/mL, Kan
50 pg/mL, Gm 50 pg/mL. KT & 85 5%
A Z e Gm 20 pg/mL, Amp 100 pg/mL,
Kan 50 pg/mL,

1.5 SMEBFESN

XA MEGA 7.0 M #E#E LU, LIAR 3T 3%
(neighbor-joining) H i (bootstrap) 1 000 & LA Ak
Hoal % ¥ . N A SMART (http://smart.embl-
heidelberg.de/smart/set mode.cgi?’NORMAL=1) T. H.
BEAT PR ST 45 7 S 00 K 43 #r s FIJH ProtParam
(https://web.expasy.org/protparam/) I 2.4 #1251 11
AR RE P DA K SR g K P BT Al PSORT
(http://www.cbs.dtu.dk/services/TatP/) il Jill & 5 i 7]
AE W 40 i € 2 5 A AEZR 4R/ SWISS-MODEL
(https://swissmodel.expasy.org/)%} 5 Ff' CueR & i
17 3D [AJR AR ; W String (https:/string-db.org/)

s PERIN P N FRIE ' AcCueR 15 HAh 2
HBAHBEAEHCR . FIHTEL M SoftBerry
(http://linux1.softberry.com/) Tl 2 ;& CopA (1) A
RN TIFA.
1.6 RTAFNEFEIhaE B M= HRAY &
DIEFAE BRI A BLNZH DNA AR, 514
cueR-F/cueR-R (& 3)P 14153 cueR H:[H %) 300 bp
MR A B . PCR WA Z . 2xPrimer STAR GC
Buffer (Mg*") 10 pL, dNTPs (10 mmol/L) 1.6 uL, I,
THE5191(10 pmol/L)4% 1 uL, Bt DNA (0.03 mg/L)
1 uL, Primer STAR™HS DNA Polymerase (2.5 U/L)
0.2 uL, ddH,O #MZF 20 pL. PCR )i £544: 95 °C
5 min; 98 °C 10's, 68 °C 30 s, 30 PMfE¥H; 72 °C
10 min; 4 °C {7, i i, B E ARG
H A5k pK19mob2QHMB-TY . 3K FBUE 2448 13k
5 5L N % 78 T Bk FC440(AcueR) . 1 1 51 9
cueR-QF/cueR-QR (3 3)%rik H W B2 B HHE A
RAF, BIPA4FER 4 DNA Wi R4 T PCR 474,
PCR JZJWifAZ: 10xrTag DNA Buffer 2 uL, MgCl,
(25 mmol/L) 1.6 uL, dNTPs (10 mmol/L) 0.4 pL,
cueR-QF Fl cueR-QR (10 pmol/L)4% 1 pL, ik DNA
(0.03 mg/L) 1 pL, Primer STAR™HS DNA
Polymerase (2.5 U/L) 0.2 pL,ddH,O #f % 20 uL.PCR
RN & 95 °C 5 min; 95°C30s, 68°C30s,
30 MEFR; 72 °C 10 min, H R B 4H A A8 0T,
TeHHARN R B, Bp A RUNA . LR T RE b
B bR DL AR U B[R 2H DNA AR, 519
cueR-QF/cueR-QR ¥ 14 cueR FE[H 4K, PCR JZ i
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A% . 2xPrimer STAR GC Buffer (Mg*") 10 pL,
dNTPs (10 mmol/L) 1.6 uL, |, FiE5[4(10 pmol/L)
& 1 pL, fEAR DNA (0.03 mg/L) 1 pL, Primer
STAR™HS DNA Polymerase (2.5 U/L) 0.2 pL,
ddH,0 #hZ 20 uL., PCR W 4cf4: 95 °C 5 min;
98 °C 10's, 68 °C 1 min, 30 ME¥F; 72 °C 10 min;
4 °C fRff. LW, A0S0 RS B 3
fir 24 4 pPBBRIMCS-5-cueR; i3 BEEZAL BK %
BAKREE AR FC440(AcueR) A5 2 T AN R
FC440(AcueR-cueR).
1.7 #usREEAE

i NB 535 300K BF AR AL FC440 5878 Bk
FC440(AcueR) . H #b & #k FC440(AcueR-cueR)
28 °C.220 r/min 3557 12 h, B 4 °C .12 000 r/min
B0 5min, 2 B3, 0 ddH,0 R FE A ODeoo
05, WEERK 0.2 L #4EEE 1.75, 2.25,
2.75. 3.00, 3.15, 3.30 mmol/L CuSO4 iy KMB
SEAR E, F 28 °C Ki5% 48 h, BERE 12 h RER F.
BAWER/DEL 3R, RIGWIHITT 3 IREY
YEA,

2 HR54H
21 ZFIILERBEESH

MAHTE CueR 25 1574 HoXT 45 R (K 1)A]
DIE 5 AR 2 L0 7 4 HA e R AR L
P54 (5579 Helix-turn-helix (H-T-H) DNA 454
FEI¥ . M CueR B MR HrRM . THRER
B R SRR BA B (9 CueR 25 1A 3 41 AR A A
B AR RoR 5 R E P A RS
HTH-MerR 254935k (1& 2).
2.2 AcCueR EHBFFHED T

EFRHE AR BN GR 4): 5 PPN
AREMEE (<40 BB 5 >40 ARGE); HITIEK
PR3 R BN GUE(<0 7K 5 >0 HiK), L S Fh
CueR AR MR, H N 5id4h Met, Met
PR 5 48 B T4 A SRR ; BR EcCueR HR
PEE SN, fU4E AcCueR 78N 1 HAEE (34 Aik i
EH; W+ ERTLIE N, AcCueR A5k
FEHAB TR CueR K, HAhJLA CueR M5+
AT . A TR RE ST AR, s R R
5 F CueR & AL AH A7 £ B AR 5 B

Helix-turn-helix motif

VcCueR -~ MHLSRIAFLTSLTAKSTRLYEEKGLITPFLESESGYRTYTAGHVIDL 47

EcCueR

————————————— MHLSDVAFTTGLT SEATRFYEEEGLVTFFMESERGYRTYTAGHLHEL 47

SeCueR  —————————=——- MHISDVARETGLTSEATRFYEERGLYTFPLESENGYRTYTREHLNEL 47

AcCueR
PaCueR

VcCueR
EcCueR
SeCueR
AcCueR
PaCueR

MARAFEATTVVIEFVEIGT AAARAGYSORMYEHY EALGLLENVARTDSGY RQY TERDVHTL
————————————— MHLGEAMFESGLTPEMTRYYESTELLEP AGRSASGY RHYHENDLHTL

Lok * N * s ckkk sk oo vk

LITARCERVGFSLDECEAMLT LANDFHET S AR VEARAQERWQETSREISELTMIEQGLEE
TLLEQARQYGFHLEESGELYNLFRDFARHS ADVERRT LEEVAETERHTEELASMEDGLLA
TLLRAARYYGFHLEECGELYHLFHDFREHS ADVEFRTLEKYAETERHTSELGSHMEDGLLA
RFIRRARDLGFSMEETATLLGLYQDAREASREVERT AQAHT DDLGERT AAMAANOESTAL
AFTRRSEDLGFSLIEVGELLTLYQDRARAS ADVEAL AMGHYRELNRFTEELSTLEDTLAD

Dok Tk DDk DUk oIE xRk kg N DLkl Doonn %

VcCueR WIASCPGIRGEICFITERLEGHCCSHRETETE 139
EcCueR LaHACPGIDEADCFITERLSGCCHHEAG——— 135
SeCueR LAESCPGIDSADCFITINLSGCCHHERAEFER- 138
AcCueR L¥GCCAGDGEPICFILDOLAGYH-————————— 143
PaCueR LVEHCAGOHRFOCFILEDNLASGCCH-—————— 132

H ckk kdckk | Dk

E1 ARHEHR CueR EBZ FIILLRT

60
47

107
107
107
120
107

Figure 1 Multiple sequence alignment of CueR proteins

T SRR ZINAIER 2 — B0 RTINS —2, AARERTINERER; SRR Ee—8, FA— By it

M2 25 AR IS EIE MR P 9 28 3 oK ;. —Fn AR R IR X .

Note: *: The identical residues; :: The highly conserved residues; .: The conserved residues, while diverse residues are left blank. —: The

the non-homologous region.
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HTH
100 AcCueR MERR
PaCueR N}[Ig;IR
HTH
’7 EcCueR MERR
100
SeCueR N
{————-VcCueR R Coiled coil
—
0.20
2 ZBE CueR EHRFH UM RIRT LI
Figure 2 Phylogenetic analysis and domain architecture of CueR protein in bacteria
TE: MRRE IR, 0.20 R 4F 100 MZHRR/ 2SR A 20 A
Note: The scale bar indicates genetic distance, 0.20 indicates 20 differences per 100 nucleotides/amino acids.
*4 AEHE CueR EHEULMR. LHIEGL SR FHRKIESS T
Table 4 Physicochemical properties, subcellular location and hydrophobicity analysis of CueR proteins
HEEAR g3 Tt PESEHL HEARERE KRR N umEER RIZ i DAY
Proteins name Molecular weight (Da) Theoretical pI ~ Protein instability Average coefficient Amino acids of  Subcellular
index (U) of hydrophilicity the N-terminal ~ location
AcCueR 15 898.16 9.05 57.02 —0.352 Met -
EcCueR 15235.16 5.72 64.31 —0.579 Met =
PaCueR 15 015.06 7.73 54.10 —0.591 Met =
SeCueR 15 647.78 7.67 58.54 —0.685 Met =
VeCueR 15 693.06 8.78 47.75 —0.492 Met =

T - AT

Note: —: Any other location.

2.3 CueR EH 3D FEiREEDH
T B T f# CueR 2 FARIZEH , i 7ELR
{4 SWISS-MODEL X} 5 Ff CueR £ [13/£47 3D [H]
JRAERL(E 3), SR SR 5 CueR H P4
R — S E>30%, H 5 Fb CueR 4
iR 7 15 %6 34>90% , [FIVF AR AT 5 B R 100% (3% 5).
SIMTEE AP L. 5 CueR 25 A 1) R 2454

54

PaCueR

VcCueR

SeCueR

3 TRE4HE CueR ZEHH 3D 14 E
Figure 3 3D structure map of different CueR proteins

Bl o SEBERIJCHLN G IR AL, H34 A -
1 -12iE (helix-turn-helix, HTH)X s,
24 CueR BEEEBSR

XTPUNE R FCA440 R 41EHE /A /s -
AcCueR 5 CopA (P % ATP [if§) Fl1 2 4l A AL i CueO
ZBHAEAERR, X—45R 5 KAFF# EcCueR
EHNEAERRERERIA—B(E 4),

x5 TREME CueR EH=REHW LRSS REITMN
Table S Comparative analysis and quality evaluation
of tertiary structure of different CueR proteins

HE AR —EE EHEE R feg 9pie iy
Proteins name Identity Coverage Template JFEH)
%) (%) GMOE
AcCueR 33.59 90 4ual.1.B  0.63
EcCueR 100.00 100 4wlw.2.B  0.98
PaCueR 48.85 99 4wlw.2.B  0.81
SeCueR 91.79 97 4wlw.2. B 0.94
VcCueR 54.55 95 4wilw.2.B  0.81
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opA B —LexA pre

CueR ﬁ CueO
o7

4 CueR WIEEZHM
Figure 4 Prediction of CueR interacting proteins
@: A: AcCueR HAE®EM; B: EcCueR HAEE M.

Note: A: AcCueR interacting proteins; B: EcCueR interacting
proteins.

2.5 copA BERRBHFH

Ja B FEE S RNA REBHIEAER, M
SN G ST IR R MO B DNA JF1), 4
B HAG R 1) — SRR, AR SRR AL —10
X, =35 X LA Ke—10 F-35 [X 22 8] Sk 24 114 ] B
FEF (& 5)200F0 0] 3C 56 7 (palindrome  motif) 2%
RNA RAHETLIS-10 XA-35 X&5G Mtk
B2 KRBT H R ST, 35 K
(TTGACA)FI-10 [X (TATAAT) A% 55 A sp o
R K-12 B copd )7 8 F W55 & B
(B 6A)>P ) HIER EifE-10 XFI-35 X Z[#&
19 bp WIEIREFS, —35 XA 5/6 MIFF415 KT
B 8hF-35 X P4 —E(TTGACC Al TTGACA Lt
), —10 XY 172 P90 5 KB H 1 -10 X741 —
F(TAACCT Fl TATAAT H#); HAKINSZIGIESE
CueR 5 7] LA 5% Bt 21 bp #[8] SCE5H (B4 15k
B 40 & X . 5'-ACCTTCCN;GGAAGGT-3', i
kTR AT A 7 bp B9 T ICXFRFE 1 (the dyad
symmetrical sequence), N7/~ _JGXFFRITF1[E] 455,
FE, T RN A IR copA FEH G sk 2Rik
ARBEGEAHT TV RERRE S copd FEH L7
(K 6B), @I & F—10 X FI-35 X Z[AIfFAE
19 bp WIFFEF S, HEAKEN 19 bp (1804
PR kA & A X 8 5-TGACCTN;ATGTCA-3',
IREFRIT7RAEXTFRIEE) s 5 RIFFH K12 1 copA
BETFEIIME, H-35 KFA5E 4, —10 X
P HAFAE— RN R], 18] SCZ5 A8 A i — 0 X FR
P50 i AR LR 6 bp BRI LR AR,

+1  Franslational
=35 10 start point

TTGACA TATAAT |

T—Conserved—T

sequence

B 5 MEEE T
Figure S The model illustrating the elements of the
promoter of the bacterial gene!*"!

DNA

5-9 pr

A CueR operator

[ 35 l-10
TCTTGACCITCECCTTGCTGGAAGGTTTAACCTI TATCACA
AGLACTCG] AGGGGAACG:\%CTTCCM;{TTGGA-L%TAGTGT

B CueR operator

-35 [-10
CCITGACQITGCCATGAIGTCAGGGGTITAACGTIGCCGGE
GGRACTGHAACGGTACTACAGTCCCCAATTIGCACGGCCE

6 ARBREMAXMITE copd E2E LHFFIIFR
Figure 6 Upstream sequences of copA gene in A. citrulli
and E. coli

0 A KIGHFFH copd JA 3 T80 7oC); B: TN ETRE copd
R TFZLOITIE. —10 F1-35 KOFFI R HER SO 5 A
Sk AHUADRIC, Fe SR U0 O F 25 A Sk 0.

Note: A: Core elements of the promoter of copA in E. coli®%; B:
Core elements of the promoter of cop4 in Acidovorax citrulli.
The —10 and —35 sequences are in boxes, and the palindromic
sequence is marked with arrows and bold text, the
transcriptional start site is indicated by a bent arrow.

PONETRIH copd 3 FfAfe I 8 7)v s, Hik
MES KIGHFTE K12 1 copd JA 3= BEARRL, HED
JPE R RE CueR MIZ5 005
2.6 cueR EEARTHKEBEIFAKIIKG

¥ cueR FEDINTR 296 bp A BOE 5] B &
# 4K pK19mob2QHMB |, 3k 18 H 4H # 1k
pK19mob2QHMB-TY ; 3R FH XU 4 58 3 3R A S [N
5% 1Y T bk FC440(AcueR), 4 51% cueR-QF/
cueR-QR ¥ 4k JC LA 5] 458 bp A4 B9 H IS
e, R A B 4] DNA AT DAY 5 4R75, EW
H BN O 294l A %8728 o cueR £ [H (GenBank %
S5 MK726380) 4 K% #:5 #{& pBBRIMCS-5,
HISFELH AR pBBRIMCS-5-cueR. K HAGEL:
¥ A 31K pBBRIMCS-5-cueR % A
FC440(AcueR) H , 4k 15 % H b L7
FC440(AcueR-cueR). FRA A3 DR 58 A8 {4 Ko H AN

+1

+1
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e VN R 55 1) AAC-1/AAC-2 Kl
BIRAT 246 bp BUFESHE R B, UEBA PSR .
2.7 cueR BEERTHRREBENEKRIE M
F=E
oA R R B AR KR ORI LA (B 7),

RAFHBR FCA40(AcueR) W 4 It 30 47 8 & 1) UK
P, i A B 0 AR e T BH SR ek s, T R R
AN R FC440(AcueR-cueR)Z B8 55 Wy A= RUAHML, H
XTI TN 52 PR o BIFSEIESE cueR BEBH 5 PH INEE
PR T BT YA G

54

WG RBA, A I 7 A  4 Wk B BB v iy 4
. A A EIRASRERe TAlE A K 2 G H
, PR, A 28 i it 22 Rl 1 A R N 4 vk
(77 L0 R R A SR R CueR
P i ATP [i§(CopA)IZ4i LA CueOP L LAY
Cue RGXHE R MELPZ—, H
CueR X2 AL PN 4 2511 B g, B L R i) 25
FIKFRFHE, CueR fEi copd Fl cueO BY% 53R
ST Cu™ iz 2 Ji Jias I 9 F 44kl cu™ o iFsE
KIS F R T Cue RGEAYEL Ko vl ik
12 550, FEp9 N R b, 26 P AU ATP B AN
B4 AL CueO!"™ L 284 & PR, (HIX BTN JE N %%
SRR R o A 4 TR

W

3
-3

1.75 2.25 2.75 3.00 3.15 3.30 Cu? concentration (mmol/L)

L I B M OB OB N FC440 (WT)
. . . L B 8 & FC440(AcueR)
K B N FC440(AcueR-cueR)

B7 BARBRE cueR BERRTHRREEIEKRER
EIEFFE PR AR RE
Figure 7 The growth phenotype of Acidovorax citrulli
cueR gene mutants and complementary strains on
copper-containing media

W B RETHH 48h 5.

Note: Photos were taken at 48 h after inoculation.

R B, JEAZE s F-10 X F-35 X Z [l
B —BE7E 1520 bp, [EIEA 17 bp BFREIA A EE 5%
ReRf R, HAE-10 X H-35 KA 1
A LSS A B B SCHE T o i N 24 R B A i i
5T R B, MerR S 0% 4 @ i 10 2% 5 9815 Al (metal
responsive transcriptional regulator)f F F—25 )5
Bl F- AN ) sl T 4 JE P L R R S, X S Bl
T FRA EER—10 XA1-35 X, X ZE A
19-20 bp AYEIFEIFFIM, 15 X fa) 40 & — K A R
A RLZE A 1] SO R SR T MerR SR 1K
FFE K12 B CueR, HZEEALfi(copd HIEBIT)
REEA FIRFFAE, IF HLEE 5 0 o0 FR P 51 & 1%
ZeMEm . AR, SRR K-12 (Y copd
IR G ST H A, VENEB TR A copd FEH G 3+ 1
10 XAI-35 XJFHIBRFFA AL S 3 i FE
fEAN, i FR B H: (8] S Ty A — Jn X RR I 8 R
6 bp AEZEZEYEFA . AR A, ANFEHHE
HH I ] SRS T 1 e R A B 3 S A A
ZREME. W, EAEPIBIE LI, HKERE moR
Ja 8§ X e BRIF S R E SRR 6 bp TREEZH
i A H PR R B, BB R depR1 S
HFHAEESER 11 bp B9 —JTX FRIFHILH 5
FEPER LB, KHFFE K12 # Fis 151 8 bp
e B2t ) —Jex R r A . R oL, PR EER
copA Ja 3l [ ST B AR, B Z S0 FR)F
1% 6 bp HARZESZ:, FlReeWFhaIm 25, m
AcCueR 507 s 45 G KX copA W RTEAT e 2
— B SIS IE o 38 1 A E b LR R B
PR FR A CueR £ [ M H ALY FI CueR & FIFES
T, FHEEHAER FAEER, BB
B4y BARJE R MR T A, i — 2 5
AT

iy W RE s A ey ol E SR G g a s d |
JRIAZE B — AN EE, %8 A e A B D REVE
i/, HE BRSO AT LUK i i o o
BERO, FEAMSH, AcCueR 55 4 Fi CueR %
H3JJEF HTH-MerR-SF # K%, EATH—R &5+
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FEO . ARNFAS I AEAR LA A 58 4 Al [R], 3X 7T B
JE R AT AR R (FIx s 22 7T

NI B AT A AR A 2 DR, R S 2 s Y
Tiifie =2l T B A WSS A SR = R T L I
Ah, MerR ZZIG W 15 8 1 34 5 A 18 e -5 £ - 18 e
(helix-turn-helix, HTH)AJ DNA 455 751455, %
DNA Z54 5 9L 26 1B N-siit . ABFs
5 F CueR 25 &7 HTH T 45849318, 17 CueR
TEH 22 R AR T b B S R RS A FAY
KB, AR ) CueR W 4 A2 A5 A L R
FATERAIE, (A4 4% P B ATP fif(CopA). filln,
Martell %58 B, KIAFRH CueR T4
) R DR 5 i, AL 365 PN JE A 2 1) ATP 2 K] (copA)
R 5 22 4 SR AL B L R (cue ), X T Rl 5L BT = 4
A B F KA A Bk Quintana 255 &
B, FER AR I B, CueR JRFEHTHI LA copd
cusCBA . copZ1 . copZ2 Wyt 5335 ; Espariz 2512
WEFEIESE, V01T FQ TR P A I 52 AH SC2H 2 P Y ATP
fitf CopA FZHIEALEF CuiD (VIR EFFRN
CuiD) 3 A () B KM CueR Y% ; Marrero
IR R IR FLIR A 9 CopA H1 CueR (CueO 1
AV S S TR AR 2 F2, B copA
FERI R F IR 1E CueR UG . XEEWFEEER BN, T8
AR T CueR 2 5 PR YRR S LI W] GEAS
[l o ABFFR A EAERWN SR, KR
EcCueR 5 H CopA F1 CueO HA HAEXRFR, X5
AR g R oe a—8Y 5 RBFF AL, 7
JNETRTE AcCueR RESIZ 1) CopA Fl CueO k£
HAERFR; Tk — 5 (0 55 DR ER A R ) e kb
SEHGUESS . AEYE B IERBIN cueR R G
Eai S DO R 7S AT ) 1540 Sl W ek 7 RO E T K e
PR 5 V0 35 E 1 322 35 DL Sk P TN B R T ] M A DG R
o FHILHEN , AcCueR FIRWAHFT 55 TR Y CueR
HARPI T LR Re, 7ErNERE A X
AcCueR X} CopA Fll CueO MAE R w4 75 1 — 25
SEHRARTT

ABIFEXT cueR FEIN 1A= W15 B2 734 S Eheg
Kok, N iE— 2T AR TR R CueR 3 HJIEEA
PURBLHI BE%E T A .
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