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Cloning and Characterization of the Paraquat Resistance-Related Genes from Ochrobactrum anthropi
JW-2. Bae, Eun-Kyung', Hyo-Shin Lee!, Sung-Hye Won?, and Byung-Hyun Lee**. Department of Animal
Science and Biotechnology, Kyungpook National University, Daegu 702-701, Korea, 'Biotechnology Division,
Korea Forest Research Institute, Suwon 441-350, Korea, *Division of Animal Science and Technology, College of
Agriculture and Life Science, Gyeongsang National University, jinju 660-701, Korea — A 4,971 bp chromosomal
DNA fragment containing the pgrA4, paraquat resistance gene, was cloned from Ochrobactrum anthropi JW-2,
and the complete nucleotide sequence was determined. Nucleotide and deduced amino acid sequences of the
fragment revealed the presence of 4 complete ORFs (or/2, pgrd, orf3, orf4) and two incomplete ORFs (orf1,
orfd). Orfl, pgrA, orf4 and orf5 exists at the direct strand but orf2 and orf3 exists at the reverse complemen-
tary strand. Orfl which of incomplete sequences without start codon shares homology with ATP binding
region of the response regulator receiver. Orf2 shares high homology with members of the tetR family of tran-
scriptional repressor which have a helix-turn-helix (H-T-H) motif. Therefore, the orf2 is predicted as a tran-
scriptional repressor of pgrA4 and is designated as pqrR2. Orf3 shares high homology with the members of the
lysR family acting as a transcriptional activator which have both of a H-T-H motif at the N-terminal region
and substrate binding domain at the C-terminal region. Therefore, the orf3 is predicted as a transcriptional
activator of pgrA and is designated as pgrRI. Orf4 shows homology with the periplasmic substrate-binding
protein of amino acid ABC transporter. Orf5 which of incomplete sequences without stop codon revealed the
homology with the permeases protein of amino acid ABC transporter.
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O. anthropi JW-22= chromosomal DNA £&]¢] A8}
o Z249S 93 5373 JEE E coli IM109%}
pGEM-T easy vector(Promega, USA)E AF£3lch 0.
anthropi JW-29} E. coli= LB Wj=|el|A] 30°C%} 37°C2. 7
Zr wjekslsdct. Axg HEle] AiE 93ted LB wix]o
ampicilling HEEE 50 pg/mlo2 Arlslsich
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O. anthropi JW-2ZF-E] chromosomal DNA 22]&
Won 54 whi23]e] @} A A st el DNAY 2442
Sambrook 52} BH[12]& ©]8-3}%3, DNAL Agk &4
8] 2 ligation 52 A|23|ALe] x| A wlatc}. E. coli
IM1099] %7473k Hanahan®] # [4]e] wel AAI31A
t}. ZglAu]= DNAS] E2]o: Wizard miniprep kit
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Table 1. List of primers used in this study.
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$]8le] LA PCR in vitro cloning kit(Takara, Japan)Z A}
£3}935k. PCR 53-8 913} primer(Table 1)Y= 720 H12
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ug?] chromosomal DNAE- A3t& A Hindlll == Sa/lS2
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10 p1e] e 59t 5 ple) DNA §de 2.5 ple
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3HA AAIBIE . PCR $-FAHES 1.0% agarose gelell A
71945 oh gel2HE] elutiondled pGEM-T easy vector
o] 2938 c}h. DNA 971492 ALFexpress AutoRead
sequencing kit®} ALFexpress DNA sequencing system
(Pharmacia Biotech, Sweden)S A}8-3}e] dideoxy chain
termination B [13]12.2 AAsIch, G7|- G ofw| At
A]d 2] BA-L- Genetyx software(SDC Software Development,
Japan)®} FGENESB(Softberry, USA)Z AM&-&le] $3)3}9]
o}, AFEA 72 National Center for Biotechnology
Information ServerZ %3l BLAST program®2 4233}t
multiple sequence alignment= ClustalW program2 AR5}

et

Southern blot £4

5 ug® chormosomal DNAE- | 8} & 4 EcoRl, EcoRY,
Hindlll @ Salto 2. ¢bA3] 233t o8-, 0.8% agarose gel
o A7)°dE3}L capillary transfer W2 ©]8-3}od nylon

PCR primers Sequences
Cassette C1 5'-GTACATATTGTCGTTAGAACGCGTAATACGACTCA-3'
Cassette C2 5'-CGTTAGAACGCGTAATACGACTCACTATCGGGAGA-3'
P2-S1 5-GCTCTATCATCATTTCGGTGACAAGGAAGGG-3'
P2-S2 5'-TGGCAGGGGITTGTCGAAGAGAATAC-3'
P3-S1 5'-CTTCTCTCGAACCAGTCGAG-3'
P3-S2 5'-CATTGATTGTCAGCGTCGCT-3'
P4-S1 5'-GCAATCACCACAAAACTGCG-3

P4-S2

5'-ACAAGAGGAAGTCGGGAACA-3'
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Fig. 1. Structure of the 4.97 kb DNA fragment containing the paraquat resistance-related genes. (A) Restriction map of the 4.97 kb
fragment. The arrow indicates PCR primer used in this study. The solid bar indicates PCR amplified DNA fragment. Restriction site abbre-
viations are: A, Aval; B, BamHl; C, Clal; E, EcoRI; N, Ncol; H, HindllI; P, Pstl; S, Sall. (B) Open reading frames (ORFs) are shown as
arrows. The numbers indicate the nucleotide positions on the 4.97 kb chromosomal DNA fragment.

Table 2. Relevant features of the clone containing pgr4 deduced from DNA sequence.

ORF *Start/Stop Residues/MW Predicted functons

orfl /TGA? 91/10 Response regulator receiver

orf2 BOAGT/GTAY® 198/21.6 Transcription regulator-TetR family
pqrA 99 ATG/TAG?>¢ 410/43 Multi-drug resistance eftlux transporter
orf3 2264 AGT/GTA 319/35.6 Transcription regulator-LysR family

orf4 FOATG/TAAH 261/28.3 Bacterial periplasmic substrate-binding protein
orf5 LNATG/ 253/27.2 Amino acid ABC transporter, permease protein

*Numbers indicate the first and last nucleotide of the start and stop codons, respectively.
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AL el o, 53] Agrobacterium tumefaciens str.
C589] transcription regulator®} 77%2] &2 AFSAE vlehy
glc}. Conserved domain -+ A3} transcriptional repressor
Q] tetRollA WA S E= DNA-binding motif(TetR N)E
16~62 A7) el 7422 3l A= Jeptch(Fig. 2).
TetR AR tetracycline®] WHE<ll $ed3}= antiporter T
WA e FARQ rerd?] AALER A FHeF=1], rerd 2
operator DNA®Y| ZA%3}e] repressor® 7]%53. 21 287
oz AE YZ " 713E A8 tetR A A}
Aol] F2Ho|E do7 2 2A operatorE2HE] E2|FHo] ferd
o AL fEshs o2 ¥uHgia15). oeba ORF2
7} parA FFAARe] AALEA 9le] repressor2A] 2183 7
22 35 pgrR22. 3.

Pgra®) 38110l sisl= 2,485 bp FHNAE pgras]
coding Was} whefulero = 17§e] ket ORF(or3yt &
A&l 2™, pgra®l coding ¥ TL st WA= 174
o] $kA8E ORF(orfH)eh 1702 B8k ORF(orf5)7} A
3k

Orf32 322348 nellAl A12F8te] 226485 nellA 4
S5, 3190e) oflAre ® FAshe o4 274 36 kDa,
A 649 AL eI o= vl A
714 A}, ORF3 ©hA2 transcriptional regulatordl lysR
family S} ¥ A4S Yebhlglel. Conserved domain
B Asloll M= bacterial regulatory helix-turn-helix domain
(HTH_1)3} lysR substrate binding domain(LysR_substrate)

S Zbzt 15749 A7) 2} 86~308H Ak7)ed el A1 )
+ Aoz vehygukFig. 3). LysRS E coli K12¢14
diaminopimelate decarboxylase®] &Adell Teddl= Iysd
Azle] wheZA-e) ¢le] activatorBA AHEdh= 7Hoz B
=g EH18]. H-T-H motifs= lysR familyell &3F= n]dE&
29 transcriptional regulator¢] YCF30, RbcR ¥ CfxR
59 N-terminal regionell 354 2E EA5l= Ao B0
Hedehs, 19, 20]. LysR type2] H-T-H motif vlell b=
SA43714) Ala-Proo] A5 ke} Atsls ALE B
H%Ed ORF3 ThiAME 33 9 428 Z7)of| HEF o]
UE Ao Z et} =3} helix al®] Arg$} Lys3hz]7}
promoter sequence®] <lAlo] Fedl= #lo2 H TG =)
ORF3 THifAe M= 737} 164 Y 184 A7]el] REF ] Q]
= A2 et} s]. @elr ORF3-L pgrd2l promoter
g Agsled HALZA| FHoJ3d}= transcriptional
activator® 4o pgrRIZ 95353},

Orf#= 3360484 nellA A28 441584 nellA $2
=, 261712 oln|xAke® FAEE A EARF 28 kDa,
A4 5.86% WAS s Ao veidd A
A 73 ZH2} ORF4 A2 amino acid ABC transporter
2] periplasmic amino acid-binding protein® -2 A5AlS
Jehf ¢t} Conserved domain ¥4 Z 3}l = bacterial
periplasmic transport systemS -4} PBPb(bacterial
periplasmic substrate-binding protein)2] ¥-EAdo] LAH

et

TetR-N H-T-H
ParR2 MRKPRSEM | AETRTKLLAAGRKAFGNVGYAEASMDDF TASAGLTRGALYHHFGDKKGLLQ 60
Atud317 M- | AETRAKLLAAGRKAFGS | GYAEASMDDF TAGAGL TRGALYHHF GOKKGLLM 53
ScoparA M———————~AVDREOVLRSAATLLTRK——STATMDEVARAAGLSRATLHRHFAGRDALVR 50
. P e oL K ikk [ L ckkk ik IkIlkk D k!
ParR2 AV INE | DCEMAARLCM | SAKAPDRWQGFVEENTAY | EMALEPE | QR IMFRDGPAVFGDPS 120
Atud317 AVVAE | DAEMTKRLCD | SSSAETRWEGFVEENVGYVRMALEPE [ QR IMFRDGPAVLGDPS 113
ScoparA ALES-————LG I AECEAALAAARTDEGPAADAVRRLVREMEPSAALLAFLYTENQLFEGE 105
L LN kL LRk Lok M
ParR2 SWPSANGC | RT | TTGLDALRKDGV 1 VD | DPEAAARL | NAASS——AAAQWIANSDDPETTS 178
Atud317 RWPNANGC | SAVARSLSALKEEGT | GD | DPEACARF INAASS—TAAQWI ANSDOPETTS 171
ScoparA ———EQNEGWAR | DTGLTEFRRGQESGEFR | DLTPAWLTEALYGLLASGAWAVTEGRVARN 162
* . * 0 M LLox * * 1 .
ParR2 KRAVKAFRTFLEGLL IRQEK 198
Atud317 KRAVTSFRTFLEGLRIRKG- 190
ScoparA DFTHMIVELLLGGALRREEP 182

N * .

Fig. 2. Alignment of the deduced amino acid sequences of PqrR2 with TetR type regulatory proteins. The TetR-type helix-turn-heix
motif (TetR-N H-T-H) is marked in upline. Atu4317, transcriptional regulator of TetR family of Agrobacterium tumefaciens str. C58
(NP_534795); ScopqrA, putative negative regulator on pqrAB operon of Streptomyces coelicolor (AAG45949). Asterisks indicate identical
amino acids and dots indicate similar amino acids. Two dots has high similarity more than one dots. Sequences were aligned with the

Clustal W program.
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H-T-H_1
PgrR1 MSLHRPERLVWOLOWNLLRSFVY | AEVKS | TRAAERLNLKGPSVSNALRRLEDR I GARLV 60
CdoR M DLKDMRQFLAVAEERNF TRAAERLHMAGPPLSRQ | KALEDEMGAPLF 48
OxyR M -NIRDLEYLVALAEHRHFRRAADSCHVSOPTLSGQI RKLEDELGVMLL 48
. Likx L *kKk lokk Ix Dlokkk Dk Kk
ParR1 EﬁBKTHEE[TEVGKLLYEQS|DVFGA|soLPoLVRGVGDDVTGHVTlSVASHlvsplFDR 120
CdoR LRTPAGVEL TEAGQALLDEVPNLLHLVORAAERTRRAAQGL TGALDVG YGSGVLNV IPR 108
OxyR ERTSRKVLFTOAGLLLVEQARTVLREVKVLKEMASOOGEAMSGPLHI Gl IPTVGPYLLPO 108
* o, kI ok x ] FRTERE B
PqrR1 ALELFHEQHPRATLT INVSASTEVARLVREKRASFGLGLVSNROPALDYTMVYREFFGFF 180
CdoR VLSKFHAQRPEVR | ALHNL TKSEQLQALRERR | SVGFNRLVPPEPDLVVESVLREPLLVA 168
OxyR | | PMLHRAFPKLEMYLHEAQTHQLLAQLOSGKLDCA | LAMVKESEAF | EVPLFDEPMKLA 168
: Tk *, Lo Lo N . . . : * .
ParR1 CGPRHAMFGQSGLTLADLKGEPSVSFQTOH | ADALRPVALLRSEARLSPDVVGTSSSLEE 240
CdoR MHEAHPLAGRRQVGMADLDGLPM | LYPNEA | HGLAQEVAEAFRQEGVRLAVEQAAS——~ 224
OxyR | YGDHPHANRERVAMSDLSGEKLLMLEDG-—HCLROQAVGFCFOAGADEDTHFLET-— 222
* Dol ik % .
ParR1 VRRM1 | TGLG | GPLPLHVARAE | DDGLLWRLPPYDNPPA | OVF-L | HNPETNLNKAEKAM 299
CdoR VCAMVRAGVG | SVVNPLTALDYAASGLVVRRFS | AVPFTVSL | RPLHRPSSALVQAFSGH 284
OxyR LANMVAAGSG | TLLPALAVPPERKRDGVVYLPC IK-PEPRRT | GLVYRPGSPLRSAYEQL 281
*1 Ik kK L . * : MM
ParA1 LAGLKGL | ASTPLENR| YGD—~ 319
CdoR LOAGL-PKLVTSLDAILSSATTA 306

OxyR AEA | R-ARMDGHFDKVLKQAV— 301

Fig. 3. Alignment of the deduced amino acid sequences of PqrR1 with LysR type regulatory proteins. The helix-turn-helix_1 motif is
marked in upline. CdoR, lysR type regulatory protein of Comamonas sp. IST (AACT79916); OxyR, activator of hydrogen peroxide-induc-
ible genes in Erwinia chrysantemi (Q9X725).

ORF4 MEN——KFTGF | AAAAT AATAVFAVA-PAQADDLEK I KASGELK | AMSGQYPPENFVNEKN 57
AAY91633 MLTR-TLKGLLAASTVAAAALLCPA-AAQADDLQS tRESRE | RI AMSGQYSPFSFANEGN 58
ZP_01056970 MTTRRTLLKTTFAAGLALAATFTTANFAAAEELDQIKEDGY IR AMSGAYPPFNFYNDSN 60
* L0 *Dolk Tk Dk ok kDD kD [ lkkkkk ok Ak K k] %
ORF4 EVVGFDAS | GSATAERMQLKPQL | TTAWDG | VAGLRAGKFDTVVGSMT | TPEREKAVDFY 117
AAY91633 QIVGFDAS | SEALAQRLGVKVS IVTTPFDG | I AGLLAKKYDA | | ASMT I TPERLRAVDFY 118
ZP_01056970 EVVGFDPAVGAE | AKRMGVEVE | VTTAWDG | | GGLLANKYDA | VGSMS | TEERQQVVOFY 120
Dikdkokk DD lTkIkD 1L likk lkkkD kk ok kIkIlD kkIkk Kk [ hkkx
ORF4 GPYYHAGRAVFVKEDSAVQKLDDLKGKTLGVTLGETHEKWARSQGGWT I RTYKGLPELML 177
AAY91633 GPYYHAGRT | VWKEOSP | NSLADLKDVTVGVTL GDAHDKWARARGNLKVKTYKGLPEMLY 178
7P_01056970 GPYYTTKRA | FAKPGG— [ TSAAALGDAKVGLTLGETHEAWAREMG-YOVRTYKGLPELLL 178
LT T S X LkIkkklIkl Kkk % Dlkkkkokkk L
ORF4 ELNSGRVDA I VVDN | PVMVA | KETGQKVRKLDTPD | EGGSVAI G I A IRKNNPELKAAMOK 237
AAY91633 DLEAGRLDALVMDSVPVLVAVKETGQKVR | | TPPDSDGGVEGMG | ALRKNNPELKAAMQQ 238
ZP_01056970 ELEHGRVDVIVNDSIAAILAMKETGQDYVMIT-—DFETEEFGAGIAIRKGNPELAAAMQG 236
kL okklk Ik kL llklIkkkkk : * L L kRR IRk KKKk kkkk
ORF4 ALDE IMADGTYEK | SMQWVGSDIR 261
AAY91633 ALNOMLADGSYEK | SMKWIGKDIR 262
ZP_01056970 ALDAMMEDGTYLE | ANEWVGGDIR 260
khk D DL kkik kD IkIk kkk

Fig. 4. Alignment of the deduced amino acid sequences of ORF4 with periplasmic amino acid-binding proteins. AAY91633 and
ZP_01056970 are periplasmic amino acid-binding protein of amino aicd ABC transporter from Pseduomonas fluorescens Pf-5 (AAY91633)
and Roseobacter sp. MED193 (ZP_01056970), respectively. The substrate binding and membrane bound residues are marked in bold and
underlined, respectively.
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ORF5
AAY91632
ZP_01056969

ORF5
AAY91632
ZP_01056969

ORF5
AAYO1632
ZP_01056969

MDFALMORVLPFFLEAAWVTVQ | SALAL | LGLAVAA I LVAGRLSRSP | LRGLAAAYVSVF 60
MDLTL | QRTLPFFLEAAWVTVHVSLLALLLGLLVAIVLVAARLSGFFLLRCLARVY ISVF 60
MDYALMQRVFPFFLEAAWITILLSVLTAILGL | CAMLGTAARLSRFRVLRFLGAAYVSVF 60

* %k :*:**‘:********:*: Tk k. Lkkk * . .*‘*** kK *. .*:***
RGTPCLVALF ILYFGGPQ | GINLEPFAAGV | GLGLN | GAYMSES | RGA | QSVDRGQASEAA
RGTPCLVALFLLYFGGPQ I GLELEPFSAGY | GLGLN | AAYMAES | RGA | SNVDPGQVEAA
RGTPAL IQLF ILYFGGPQ | GI QLDAFEAGY | GLGYVNVGAYMTETMRGA| | SVDKGQGEAA
****'*:***:*********::*:_* *******:*:_***:*::**** '** *xk kkk
EAA loop
RS | GFGRGATMRFVVLPQAARLM I RPLGVNATALLKGSALVST | SVVELTYTAQRF | GST
RS | GFGKGQTLWL | TLPQTAKLM | RPLGVNAVAL IKGSALVST I SYVELSYTAQRF | SST

RTLGMSKWQAMRNY | LPQAMRLM [ RPLGVNLNTL IKSTALVAAISVVELTYTAQRY 1GST

120
120
120

180
180
180

SR SRR SR TT %

Lkkkkkkkkk

TRk lkkkllkkkhkkk  kkkAk Kk Kk
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Fig. 5. Alignment of the deduced amino acid sequences of ORFS with permease proteins. AAY91632 and ZP_01056969 are permease
protein of amino aicd ABC transporter from Pseudomonas fluorescens Pf-5 (AAY91632) and Roseobacter sp. MED193 (ZP_01056969),

respectively. EAA loop is marked in upline.
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5). Kerppola 5-[6] ] motif’} C-terminalZF-E] 100 o}
el A el X Efghela Harskglct. w3t
HisM, ArtM 2 ArtQ =l o] =7)7} o 55 2507) ol A
2747W A=) oju|:eAko g FAEo] gl HLR m|Fo[6,
19] 2 Agel A Eejgk ORFsS] wHi-e 39) A3 Adul
o] A& Aew FAFHYH.

O. anthropi JW-22] chromosomal DNA el £A]38l=
orf3(pgrRN orf4 A2 copy -5 #H1sH7] H 3}
Southern blot #A-& AAlslgvl. 0. anthropi TW-29]
chromosomal DNAZ A|gtEAZ As) o8 orf3 A4}
2] 0.6 kb SH7} orf#2] 0.6 kb THH-E ZH2 probeR AR
3}e] hybridizationd}gwH(Fig. 6). = A3}, o3 AFFEAS
EcoRl, Sall ¥ Hindlll2 A <t3l chromosomal DNA®] A
z+z} 2.7 kb, 10 kb ‘:?’-l 42 kb Z=7]ellA s positive
signats VeRel, 1213l orfhs A& Hindlll, EcoRI

0.5~

0.5—

Fig. 6. Southern blot analysis of orf3 (A) and orf4 (B) in O.
anthropi JW-2 chromosomal DNA. Chromosomal DNA (5 ug)
was digested with EcoRI (EI), EcoRV (EV), Hindlll (H) or Sail
(S). Numbers on the left are the length in kb of DNA size marker.
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