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Nucleotide Sequence of the phnR Gene Encoding Rieske-Type Ferredoxin from Pseudomonas
sp. Strain DJ77. Sungje Kim, Yong-Chjun Park, Chi-Kyung Kim, Jai-Yun Lim, Ki-Sung Lee',
Kyung-Hee Min’ and Young-Chang Kim*. Schoo! of Life Sciences, Chungbuk National Univ-
ersity, Cheongju 361-763, Korea, 'Department of Biology, Pai-Chai University, Taejon 302-735,
Koreaq, *Department of Biology, Sookmyung Womens University, Seoul 140-742, Korea —One of
the three components of the phenanthrene dioxygenase which is required for conversion of phenan-
threne to cis-phenanthrene dihydrodiol, Rieske-type ferredoxin encoded by phnR has been cloned and
sequenced from Pseudomonas sp. strain DJ77. The gene phnR is positioned at the downstream of
phnQ encoding 2,3-dihydroxybiphenyl 1,2-dioxygenase. The PhnR ferredoxin contains 108 amino acids
with a Mr of 11,355. The deduced amino acid sequence of the PhaR ferredoxin is 35-79% identical
to those of homologous ferredoxins encoded by various genes.
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Fig. 1. Oxidation of polyaromatic hydrocarbon to cis-form
dihydrodiol by ring-hydroxylating dioxygenase multienzyme
complex.

Structural gene for ferredoxin component of phenanthrene diox-
ygenase of Pseudomonas sp. strain DJ77 is phnR. Electrons
from NAD(P)H are transferred to ISP by reductase and fer-
redoxin. ISP then catalyzes the addition of molecular oxygen to
the aromatic nucleus to form cis-form dihydrodiol. ox, oxidized;
red, reduced.
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Fig. 2. Physical and genetic map of recombinant plasmid
pUPXS and its derivatives.

Abbreviations: A, Aatll; B, Bglll; C, Clal; E, EcoRI;, Ev,
EcoRV; H, Hindlll; P, Pstl; S, Sall; Ps, Pspl406l; X, Xhol.

Strains or plasmids Descriptions Sources

Strains
Pseudomonas sp. DI77 Growing with phenanthrene, 4-chlorobiphenyl and benzoate 13
E. coli XL1-Blue supEA4hsdR1TrecAlendA1gyrAd6thirelAl A (lac proAB) '

F[proAB lacllacZ A M15Tn10(tet)]

Plasmids Stratagene
pBluescript SK(+) Ap', multiple cloning site in lacZa 16
pHENBI10G 10 kb BglIl fragment from DI77 inserted into SK(+) %G
pUPXS5 5 kb Xhol fragment from DJ77 phage library inserted into SK(+) 7
pUPXS5001 1.3 kb EcoRI-Sall fragment of pUPXS in SK(+) This work
pUPX5007 1.9 kb Xhol-Sall fragment of pUPXS in SK(+) #
pUPXS5008A 0.9 kb EcoRI-EcoRV fragment of pUPXS5 in SK(+) "
pUPXS5008B As above but with the mnsert in reverse orentation #
pUPX5009 0.5 kb EcoRV-Sall fragment of pUPXS in SK(+) "
pUPX5013 1.5 kb EcolRV-Xhol fragment of pUPXS5 in SK(+) 16
pUPXS5015 0.9 kb Aatll-Sall fragment of pUPXS5 in SK(+) 7




Pseudomonas 2| FerredoxinsZ 2} ZBls5l= phnR 78N A} 369

o} Grlujd ) obmiz4bafed & DNASIS/PROSIS(Hi- 5 TTCCGCTGCTOTGACAATCTICGTETAAATCAATTCTTGACAGGAAAACAACCCCATCAT 60
tachi V7.06)& AHS-sled &A43tsdct. multiple align- PhoR ;
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CATCGAGTCTCCGTTCCATOGCEECTCOTTCOACATCAAGACCOOCECAGCCARGECCTT 300
1 ECPFHGEGSPFDIKTESEAAEKA AT

Rieske-Type ferredoxin =& Xt phnR2| £|XI TCCCTGCCAAGTEOCEATCRCATCCTATCOBGTCOAAATCEAGGATEETTOGETCTGCAT 360
ferredoxin A2} 1|5 ZA3}7) $3t] pUPX PCQVAIASTYPVETILITEDGEHWVYCI

s N CACGAAGCCCGARGGAGCAGCCTOATGEGCCTTCCCACCCTTGAGCAGATGCAGTTTCAS 420
o] AFAALRCF vlgFo R of7] 714 subcloned A T K PEG A A =

_’%_h 9 1] 3 "..*t:‘_..' 2 ) i % 1l . . 1 1
kit Fig. 2014 = vl 2ol phnRE A H.(16) Fig. 3. Nucleotide sequence of the phnR gene encoding Rieske

oA B 9 phnQS] TRl HASESL 91 type ferredoxin component of phenanthrene dioxygenase

SR from Pseudomonas sp. strain DJ77 (GenBank accession num-
ber U92479).

A putative ribosome binding site is underlined. The amino acid

phnR JFEAR] 15 sequences deduced from the nucleotide sequence are shown in

AR (16)04] o]&-% pUPX5001, pUPX5013, pUPX one-letter code, and asterisks indicate stop codon.

Table 2. Homology of the deduced amino acid sequence of PhnR and the sequences of 25 ferredoxin reductases of dioxygenase
systems

% ldentity with

Ferredoxin
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
1 PhnR 100 79.2 46.7 46,7 46.7 47.1 45.6 423 457 434 47.7 50.7 43.4 42.1 43.8 34.8 34.8 39.1 39.1 38.0 42.9 382 38.2 39.8 39.8 38.8
2 Ferre 100 489 489 48,9 456 46.6 44,7 423 44,0 494 52.2 44.0 45.3 44.0 34,7 347 36.8 39.8 39.1 43,7 37.6 37.6 39.8 30.8 404
3 DoxA 100 100 100 90.4 94.2 90.4 344 37.6 73.8 67.0 35.6 36.4 35.6 37.0 35.9 40.2 40.2 36.9 42.6 43.7 43.7 44.7 44.7 379
4 NdoA 100 100 90.4 94.2 904 344 37.6 738 67.0 356 364 356 37.0359 402 40.2 369 42.6 43.7 43.7 447 447 379
5 NahAb 100 90.4 94.2 90.4 34.4 37.6 73.8 67.0 35.6 36.4 35.6 37.0 35.9 40.2 40.2 36.9 42.6 43.7 43,7 447 447 379
6 PahAZ2 100 92.3 894 3523647677709 354 343 343352341413 41340942.643.143.1 435435379
7 NahAb 160 96.2 35.8 37.4 738 67.0 354 354 347 36.2 35.1 41.7 41.7 385 40.6 43.1 43.1 429 42.9 36.1
8 PahAb 100 374 364 72.8 650354343 343 36,3 352435 43,5 398 40.8 43.1 43.142.6 43.6 347
9 BphA3 100 569 38.7 36,7 54.9 57.6 6(.2 59.2 592 548 54.8 5339419 402 40.2 51.6 51.9 51.0
10 BedB 100 38.0 38.0 94.4 94.3 86.9 65.4 66.3 56.1 56.1 62.9 41.5 40.6 400.6 57.9 538.9 551
1 NtdAb 100 78.8 37.0 36.0 36.0 34.7 33.7 43.2 43.2 40.9 40.6 41.6 41.6 44.6 44.6 39.1
12 DntAb 100 37.0 36.0 37.0 40.5 39.2 36.8 36.8 387356 41.6 41.6 37.6 37.6 355
13 TodB 100 98.1 88.8 68.3 67.3 50.8 59.8 58.2 42.1 40.6 40.6 55.1 56.1 55.1
14 BnzC 100 88.7 69.5 68.4 576 57.6 57.7 41.5 394 39.4 58.2 59.2 60.2
15 TcbAc 100 68.3 67.3 58.1 58.1 598 44.9 43.3 43.3 594 60.4 533
16 TpbA3 100 98.1 5435435290427 52.152.1486 495514
17 BphA3 100 53.3 53.3 53.9 42.7 53.1 53.1 49.5 505 52.4
18 BphF 100 100 72.9 455 454 454 77.1 78.0 74.3
1G¢ BphA3 100 72.9 455 454454 77.1 78.0 743
20 BphA3 100 505 475475 72.0 729 688
21 CmtAd 100 45.4 45.4 48.5 49.5 439
22 Orf106 100 100 47.4 48.5 40.6
23 BphF 100 47.4 48.5 40.6
24 IpbA3 100 99.1 69.7
25 CumA3 100 70.6
26 BphF 100

2 From Sphingomonas BN6 (unpublished [GenBank accession number U65001]). 3 From Pseudomonas sp. strain C18 (19). 4 From Pseudomonas
sp. strain NCIB9816 (20). § From Pseudomonas sp. strain NCIB9816 (21). 6 From P. aeruginosa strain PaK1 (unpublished [GenBank accession
number D84146]). 7 From P. putida G7 (22). 8 From P. putida OUS82 (22). 9 From Rhodococcus globerulus P6 (23). 10 From P. putida M1.2
(24). 11 From Psdudomonas sp. strain J842 (25). 12 From Burkholderia sp. DNT (26). 13 From P. putida F1 (27). 14 From P. putida BE-81 (28).
15 From Pseudomonas sp. P51 (29, 30), 31). 16 From Rhodococcus erythropolis BD2 (unpublished [GenBank accession number U24277]}. 17
From Rhodococcus sp. RHA1 (32). 18 From Burkholderia cepacia LB400 (33). 19 From P. pseudoaicaligenes KF7G7 {34). 20 From Pseudomonas
sp. KKS102 (35, 36, 37). 21 From P. putida F1 (38). 22 From E. cofi K-12 Kohara clone #431 (unpublished [GenBank accession number D
G0884]). 23 From E. coli K-12 MB1655 (unpublished [GenBank accession number U000S6]). 24 From Pseudomonas sp. JR1 (39). 25 From P. flu-
orescens P01 (400). 26 From Comamonas testosteroni B-356 (41).
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pUPX5008B, pUPX5009 5-2] ¢32] subclones ©]£43}

o] phnR 3 A7} HR]K}E 2= A|¥5 sequencingd} PhnRC| &1 HIL?} Vs

Art. Fig. 394 B AAH 412 phnRe NAFZE phnRe] 3714 d-E blastx s &3l 4% 2 s
ATGS 2 FEE TGAE 7H4 327 bpE o]F°1% open  Ao] U= L2 B4 7 257 o8] 71| o& o+

reading frame(ORF)o|t}, 2l & A3 ¢ = Y7 ==
7144 (5" -AGGA-3' )+ ©] ORF2] "fA| FE0 2 4E
13 bp &l Ea13}sic). o] ORFS] G+C &8 57.29%%2

2| F7 Al Pseudomonas sp. DJ7790 4] 9481 catechol 2,3-
dioxygenase %A+ phnE(57.4%, 15)2} 2-hydroxymu-

conic semialdehyde hydrolase +H2} phnD(60.5%,

£l 934l ring-hydroxylating dioxygenase®] fer-
redoxin®]|glt}. o]FllA 7H 2 el e A2
Sphingomonas BN62] naphthalenesulfonic acid dioxy-
genase?] ferredoxin %4 A (unpublished [GenBank
accession number U65001])ZA] o}l Ak H]L

g9l e o 79292 wlaA Fetol 28l Pseudomonas

submitted), 712|131 phnF(67.1%, submitted) 53 8] sp. strain C18%] DoxA (19), Pseudomonas sp. strain
SHAVE 2F I aFeldet. o] ORFellA #53%k o}v] NCIB9816<] NdoA(20)2} NahAb(21) 3= 46.7%%]

AR 10870elw elge] shasteta gle AL &

AsAdel sldek bell o928 ferredoxin®] oFrliAkA]

consensus sequence CYXHXXXX

1 PhnR  ~-=rm=eme | 51
2 Ferre  --—=-——=- '_ 51
3 DoxA  -——=——- 3 51
4 NdoA =~ -—=-—-—- i 51
5 Nahdb  ~———---—- A 51
& PahA2 -~———e—- NLE 21
7 NahAb  --—--we- " 51
8 Pahdb  -——»——=~ 3 51
9 BphA3  -——r--oe—e 3 19
10 BedB =~ ---r-eemeo TS 49
11 Ntddb -~—--——--- L 51
12 DntAb  ———=———- ARDEVPRGRRDRHQYRRQ-GDCLYEVAG TS 51
13 TodB =~ -——=wr——=- RQGDLPPGEMQRYEGGP-EPVMVCNVDGE T8 49
14 BnzC  -——-—--e——— RQSDLPPGEMQRYEGGP-EPYMVCNVDGDFFAVQDTS 48
15 TchbAde == RGSDLPPGEMQRHEGGP-EPVMVCNVDGEFFAVQDT & 49
16 IpbA3  -—-———m—-- SSGDLAPGEMLRFEEGP-EPILVCNVGGEFFATQDTS 45
17 BphA3  ———-=————— P-EPILVCNVGGEFFATQDTS 49
i8 Bphf¥  -——v-mm- G-TSVAIFNVDGELFATQDRS 49
19 BphA3 - ---rmomw——e G-TSVAIFNVDGELFATQDRY 49
20 BphA3  ———w-——-— -MTFTKACSVDEVPPGEALQVSHDA-QKYAIFNVDGEFFATQDQS 49
21 CmtAd  MINIIETVDLTIDLVGLCATDDVAEGEILRYKLPSGHALAIYCVNGEFFATDDI 60
22 Orfl06 ~~—w=m—=m- NRIYACPVADVPEGE--ALRIDTSPVIALFNVGGEFYAINDRS 48
23 BphF =~ -———-——m—- MNRIYACPVADVPEGE--ALRIDTSPVIALFNVGGEFYAINDRSSRK 48
24 IPbA3  —---=---=—- MTFSKVCEVSDVPVGDALQVESKG~EAVAIFNVDGELFATQERQTS 49
25 CupA3  -—-——-mm-m- MTFSKVCEVSDVPVGDALQVESKG~EAVAIFNVDGELFATQDR 8Ty 45
26 BphF  -—-—r~m——~ MGFTRVCSLSEVPRQERRRVESGDwKAVAIFNEEEBLFATQDRﬁ 5 49
XXXAXXXXXXXXXCXXH
1 PhnR LTDGYQDGDI~-IEQPFRbEGSFDIKTGAAKAFPCQVAIASYPVEIEDG KPEGAA-- 108
2 Ferre LIDGYQDGGI-IEQPFEGGSFDIATGAAKAFPCQVAIKTYPVRIEDE QLEGLA-- 108
3 DoxA MSDGYLEGRE-IEQPLENGRFDVCTGKALCAPVTIQNIXTYPVKIENL LS———m—m 104
4 NdocA MSDGYLEGRE~IEQPLEOGRFDVCTGKALCAPVTONIXTYPVKIENLRVYMIDLS~~———~ 104
5 NahAb MSDGYLEGRE-IESPLEOGRFDVCTGKALCAPVTQNIKTYPVKIENLRVMIDLS-~~~-~ 104
6 PahA2 MSDGFLEGRE-IESPLERNGRFDVCTGRALCAPVTONIXKTYPVKIEGOQRVMIDLS~————- 104
7 NahAb MSDGYLEGRE-IESPLELNGRFDVCTGRALCAPVTENIKTYAVKIENL 107
8 PahAb MSDGYLEGRE-IENPLERGRFDVCTSRALCAPVTENIKTYAVKIENLRVMIDLS-———~- 104
9 BphA3  LADG-YLDGDVVERSLEWAKFCVRTGAVEALPAAVPLRTYAVTIENG 108
10 BedB LSEG-YLDGDVVEN GKFCVRTGKVKALPACKPIKVYPIKIEGD 107
11 NtdAbh LSDGFLEGRE-IESPLERGRFDVCTGKALCTPLTQDIKTYPVKIENMRVMLEKLD--—-~~ 104
12 DntAb  MSDGFLEGRE-IESPLERNGRFDVCTGEKALCTPLTQDIKTYPYKIENMRVMLKLD ~———--~ 104
13 TodB LSDG-YLDGDIVEMTLEFGKFCVRTGKVKALPACKPIKVFPIKVEGD DNGELK~ 107
14 BnzC LSDG-YLDGDIVERTLEFGKFCVRTGKVKALPACKPIKVFPIKVEGDEVHVDLDNGELK~ 106
15 TchAc LSDG-YLDGGVVEMTLEFGXFCVRTGKVKALPACKPLKVFPIKVEGGDVHVDLDAGEVK- 107
16 IpbA3 LSDG-YLEDDVVESTLEgWAKFCVRTGKAKALPACLPLRTFVYKLEGDDVLVDLEGGYTIT- 107
17 BphA3  LSEG-YLEDDVVEQTLEWAKFCVRTGKAKALPACVPLRTFVVKLEGDDVLVDLEGGVIT- 107
18 BphF LSDGGYLEGDVVESSLGMGKFCVRTGKVESPPPCEALKIFPIRIEDN FEAGYLAP 109
19 BphA3  LSDGGYLEGDVVESY GKFCVRTGKVKSPPPCEALXIFPIRIEDN 109
20 BphA3 LSEGGYLDGDVVESSL@MGKFCVRTGKVKSPPPCEPLKVYPIRIEGR 109
21 CmtAd  LSEDGSLDGYEVERSWEREFGRFDIRTGHACAMPCEHPLRSWPVTVEGG 118
22 Orf106 MSEGYLEDDATVESPLGH LTTYPVHVEGG 106
23 BphF MSEGYLE] LTTYPVHVEGG 106
24 IpbA3  LSEGGYLEGDIVE LKIYPIRIDGS 109
25 CumA3  LSEGGYLE LKIYPIRIDGS 109
26 BphF LEIFPIRFEGD 109

Fig. 4. Alignment of the deduced amino acid sequence of PhnR with the sequences of Rieske-type ferredoxin component of the
ring-hydroxylating dioxygenases from the various sources.

Identicai and similar amino acids are indicated by asterisks and dots, respectively. The consensus sequences of the motif involved in
binding to the Rieske-type [2Fe-2S] cluster are shown above the amino acid sequences. The amino acid residues which match with the
consensus sequences are in shaded (cf. Note in legend of Table 2).
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Fig. 5. Dendrogram showing the levels of homology between
the amino acid sequences of different Rieske-type ferredoxin
component of aromatic ring-hydroxylating dioxygenases.

The dendrogram was constructed with the ClustalV program (cf.
Note in legend of Table 2).
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