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Genetic Characterization of the Urease Gene Cluster in Photobacterium
sp. Strain HA-2 Isolated from Seawater

Tae-Ok Kim and Kwon-Sam Park*

Department of Food Science and Biotechnology, Kunsan National University, Gunsan 54150, Korea

In this study, we cloned and sequenced the 15,204-bp DNA region containing the gene cluster for urease production
from the chromosome of the environmental Photobacterium sp. strain HA-2. We identified 15 open reading frames
(ORFs) and the G+C content was 40.3%. The urease gene cluster of Photobacterium sp. strain HA-2 consisted of
seven genes, namely, ureDABCEF and ureG. There were five ORFs of urease genes in the opposite direction, which
were homologous to the nickel transport operons (nik) of Vibrio parahaemolyticus and Escherichia coli. The genetic
organization and sequences of the urease genes of Photobacterium sp. strain HA-2 resembled those found in Vibrio

fischeri and V. parahaemolyticus.
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Urease (urea amidohydrolase; EC 3.5.1.5)= 845 ¢4X
Uole} ojikeleta g Ballshs AAR A&, Ald, Hdt 2 2
= 5 thekst Ay A o] 2A3cHMobley et al., 1995). Al++<]
79 urease FHAS] G7IM G 1989W Proteus mirabilis
(Jones and Mobley, 1989)0l|A] *|-&-2.& dr&] 2l & t}okst A
ol A 211 & i thMulrooney and Hausinger, 1990; Labigne
et al., 1991; De Koning-Ward et al., 1994; Park et al., 2000;
Orth etal., 2006). YHH24] 0 & A4+ 2] urease= 77l o]+ 44
Az e} glom] faxe] Td e vl fAlslet
(Mobley et al., 1995). Ureasei= 424 9] T4 A& @
S -2 A (UreA, UreB 2 UreC)a} -2tk Zlof] Ni*
= o9k ol 2oke gidsh= B 20 A (UreD, UreE, UreF W
UreG)= Ldtt. 44 AlatofAl= 5014 2 urease 44
9] AAE 24d= AAER AT A Q] UreR (Nicholson et al.,
1993; Park et al., 2000) 2! A3z Y2 Ni*'& 2H5k= NixAZ}
UreH 59 Behlz e 1 w]o] QIti(Maeda et al., 1994;

Mobley et al., 1995). Urease A A}2] Er&of = & 712] 17
YZo| BaEo] Ql=t| Klebsiella acrogenese= ZAHo| A
BHE] A o)A ¥ = w(Macaluso et al., 1990), P. mirabilis?}
V. parahaemolyticus= 71421 @ 47} ZA 5= A o)A
o] F-= %™ (Nicholson et al., 1993; Park et al., 2000), Strep-
tococcus salivariuse= pHol| 2Jsl] WFalo] A Ft](Sissons et
al., 1990). Ala 7-219] urease= Aol 2, 7H 2 02 o]
Shotal B 115 o] QIti(Mobley et al., 1995; Coker et al., 2000;
Konieczna et al., 2012; Steyert et al., 2012; Feder et al., 2015).

Photobacterium damselae subsp. damselaeS A}2]52]
Ao g Aol Vibrio damselae®(Love et al., 1981), =
o Listonella® <v§o] W7 %4l 9w (MacDonell and Col-
well, 1985), &A= P. damselae subsp. damselae (Triiper and
De'Clari, 1997)% 5851 Qltt. o] w2 Aol 7 (ol 7t
A, T2 Fol, mulF 2 sfabE ), o F(dol) W 2f
F(ELH D AR SOl A4S sk Hed Aoz 4
24 Qlth(Botella et al., 2002). %] Pedersen et al., (2009)2]
A2t oJshd A NG FA A eI’ P. damselae
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subsp. damselae 167] -5+ % 157]] o5+ urease P O.2 T
%] 9] o, Botella et al. (2002)2 o] & oFA1 & ol A B3t P.
damselae subsp. damselae 717} w5+ % 45%+= urease %A
+FE HYE s ALAT7) 9low, P. damselae subsp.
damselae= urease DA} ureC-FAAE E-9-511L Q)= 1
P. damselae subsp. piscicida®l| A+ urease &4 2 -F-H A7} &
A51A) 97] ahizo] 57ke] 540l 4831 o] 48 4 olrke
B 1% QItk(Osorio et al., 2000).

2T e AR A 90 AF dllaroll Al urease Y43
252 welslol Alsiahd B4 9 168 rRNA 204 242
I} o] F& P. damselae subsp. damselae strain CCRC15428
2} 99.67% 45730l A= AoE HEA o] B #FE
Photobacterium sp. Strain HA-22 83519 9™, PCR assay
2 ureC 474 ARE Felel B7ARL Agsiant
(Kim et al., 2009). & A5Lol| 4= Photobacterium sp. Strain
HA-29] urease gene clusters Z351= 2F 15 kb2 DNA 4 <
& 22y U A714AL Al o SR §AEHH B4
& AEslor.

e

3

Mz W

ME #F, plasmid L Alef

FAA} 22} of| = Escherichia coli DH5a, DNA 9] cloning 2
subcloning $J3t plasmids= pUC119 vectors ARE-5}%itt.
PCR assay, cloning, ligation 5-2] 4-A%} &k A&-E &4
+ Takara (Japan)AF2] A2 AR5 2., plasmid DNAE=
QIAprep Spin Mini prep kit (Qiagen, USA) 4 agarose gelof|
4] DNA+ QIAEX II Gel Extraction Kit (Qiagen, USA)E A}
B8] =513t

H7IME 28 H =24

[L S |

DNAS 714 4¥ 2742 ABI310 sequencers (Applied Biosys-
tems, Foster City, CA, USA)S AF&3t0] A4l on], B
ol &= DNASIS MAX v3.03 2 13 (Hitachi Software, Tokyo,
Japany& ARESEITH 42 A4 AXS NCBI (http://
www.ncbi.nim.nih.gov/BLAST)E &3] A A5}

Digoxigenin (DIG)-labeling probe ZH|

ureC (Kim et al., 2009) --22}2] A}, 3153 49 DNA 22
& $J3t probe H]E primer+= BioneerAHDaejon, Korea)
o oJ|sle] AdslH 2™ DNA oligonucleotide= T3}
2t AR-8 probe, UP-F (5-TCAACAATAACCTGAGC-
GCCT-3")2} UP-R (5'-ATCAGATTTGCTTAACCATGG-3")
4l 3122 probe, Do-F (5-AGCAAGCCAAAATGGTAGA-
GA-3)2} Do-R (5-TGGAAGGTGAACGCTAATTCT-3").
PCR BH3-2- 95T oA 327t 4 W4 § 95T 30%, 55°C 30

=
rH
S~
>,

%, 72°C 302Z 303] HHE5lo] DNAS %3}kl A o}
2 DIG-labeling kit (Boehringer Mannheim, Germany)E Ak
45}0] A7]19] PCR 24 % annealing &=7F 5T %2 50T
ol 4] PCR HF3-2 A A]31¢] DIG-labeling probeE 2H4d 313 Tt

Southern bolt hybridization

22 glelo] ket ARbaAR ek A8 DNAL
0.8% agarose gel®]l applys}o] 1 x TBE buffer [0.09 M Tris-
borate, 2 mM EDTA (pH 8.0)]= AR&3}o] Z17]19% £ nylon
membrane (GeneScreen Plus, PerkinElmer, Inc. USA)ol| #
o]l tt. DNA+ GS Gene Linker UV chamber (Bio-Rad,
USA)Z 143} 21, hybridization 42 C 2] =30 A 315
HF A1 A]3}0] phosphatase-labeled anti-DIG monoclonal -]
(Boehringer Mannheim, Germany)2 H&3sl9on, 52
TQX-120 Automatic Film Processor[5%F Wtz A|AEHG]
= @Agsh

Znt W D
Photobacterium sp. Strain HA-22| urease gene

clustere| 224

Urease 2442 23521 91+ Photobacterium sp. Strain HA
-29] urease gene clusters Z35l+= DNAY S-S S2Y 317]
Hste] GAAIDNAE 1159] AlstaAZ A2t T urease?]
A o] A1 ureC probe (Kim et al., 2009)E A5}
o Southern blot hybridizations A A5}t 21 A3, Alsta
4~ BamHI, EcoRI, Kpnl, Sacl, Sall ¥ Xhol=2 23 DNA
= 0F 15 kb 0] 4+2] DNA 5h9| probe7} 1H-3-5%1 0.1, Bglll
4 Hincll£ #]2]3F DNAX oF 5.7 kb2] T o] probe”} BHS-
3}9ic}. wat, Hindlll, Psd 2 Xbal= Atist DNAL oF 1.0,
2.3 9 2.2 kb2 DNATHHO probe7} ¥H-3FATH AT} 1A
A]). Southern blot hybridization A} AH$t& Axof w2} DNA
o] Yt AX SR o] of FAY E= THHo| Aol a4
o] Hold 7 0 & et o] 223t 27|11 Bglll Y Hincll A|gt
AR et S e s SRS deskeitt a4
O & DNAE Asta 4 BelllE Aesto] pUCT19 vectorol] 4
A 4 E. coli DH50.0 &4 A3t clone &0l 4] ureC probe}
HH-2-3t clone (pTO 1)< E55+31th(Fig. 1). Cloned]] W& o]
8l plasmid DNAS] Z7]+&= ¢F 5.7 kbo|™ plasmid DNA9]
7G-S A7sto] & T A7IAEE of8sto] =2
probeE 2H/dsto] A X 9SS DNAS =953tk
& B SR A2l DNAE 22 7] fste] d44 DNA
= Hincll, HindIIl, Psd ¥ Xbal A|3ta A& Attslo] South-
ern blot hybridization §+ 21}, AR 9 9] probe+ 2F 8.5, 8.6,
8.5 % 6.0 kb2 ThHof ¥h-g-5}3] 0.1, 517 21 9] probe= °F
9.5,5.4,2.0 % 7.0 kb®] ©HH o W-g-5F A Th(A 1} v] A A). A+
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Fig. 1. Schematic representation in the region containing the ure-
ase gene cluster and open reading frame assignment.

2 51579 DNA 2298 A3Ha4 Xbal T 9] oF 6.0 kb
(pTO3) 2 7.0 kb (pTO2)2] DNAYHH-S 3235t clone E%
SIS tHFig. 1). 2 clone®] DNAE= 7249 Algtai A =E
2448t 5 pUCH19 vector®] sl At A 2] o] subcloning
35 DNA €714 85 2433t

Wik A DNAS] GC &F-2 40.3%=2 P, damselae subsp.
damselae 2] A DNA 2] GC 315F 40.6-41.4%2} /19 54
319 th(Thyssen et al., 2000).

ORFLS 19872] ofulicibo 2 74 El0] BAake of 225
kDao 2 34 & A5/ Al & A3t V. fischeri®| nikE
TR} 50.0%, V. parahaecmolyticus®] nikE -7 A2} 49.2%
9] AF54& e 2tk ORF2:= 23170 2] ofu] ik 2 14
Elo] gl o o AFEAEFLS 255 kDao|™ V. parahaemolyticus
| nikD2}40.0%2] /35735 LR 21t ORF3-2 26571 9] of
0]ieqko 2 G o] glom BAFRES 29.6 kDaolw V. para-
haemolyticus®| nikC®} 24.4%2] 4545 UelH, ORF4=
3247119 ofm|ieAko = S wof §lom] BAFRES 36.0 kDao|
W V. parahaemolyticus®] nikBS} 40.5%2] 4544 e
itk ORFSi= 5247} ofulicAto 2 L Elo] 9low] 2rje
2 58.8 kDao|™ V. parahaecmolyticus®] nikAL} 54.8%2] AF
419 Leb 91tk ORF10]4] ORFS71 57) ORFE 13 o
4 B 549t Alatell Al HalE o] Qli= ATP-binding cas-
sette (ABC) transporter?] operoni} --AFSt & e S LEF =1
ORF2 9 ORF1°]:= Walker 5] A|$FgF ATP-binding motif,

A (GX,GXGKS) ¥ B (DEX,LD)7} 2 2g} 9] %|of A5}
Q1 tH(Walker et al., 1982). webA ORF194] ORF57H#] 5
7He] ORF-L- urease gene cluster?} 2158 & ol ZA|sItt=
A1} E. coli, V. parahaemolyticus 2 V. fischeri®] nik operon
(Navarro et al., 1993; Park et al., 2000)2} A-54do] Sltt=

H7IME ZH 2 urease gene clusterse SXst
x Ex|

-1 /| O

DNA 7|4 Qo] A7g% 15,204-bp F o= 157]9] open
reading frame (ORF)o| ZA3}31t}. 157 ORFL] $%], 4
ob| e Ake] 4=, ofl At 9 AE/d A3} 52 Table 1] LE}

Table 1. Open reading frames (ORFs) identified in the region containing the urease gene cluster of environmental Photobacterium sp. strain
HA-2

position Homologous ORFs in database
ORF Gene No. of aa? - - —

5' 3 Accession no. % ldentity Note (origin)
1 nikE 783 190 198 EHN70902 50 NikE (V. fischeri)
2 nikD 1,471 779 231 BAB13781 40 NikD (V. parahaemolyticus)
3 nikC 2,255 1,461 265 WP_017222126 48 DppC (M. dasanensis)
4 nikB 3,227 2,255 324 BAB13783 40 NikB (V. parahaemolyticus)
5 nikA 4,779 3,208 524 BAB13784 55 NikA (V. parahaemolyticus)
6 ureD 5,300 6,145 282 Q03285 59 UreD (E. coli)
7 ureA 6,173 6472 100 WP 039033550 88 g,ﬁ&(ﬁhoez“)’a”e”a sp- EC-
8 ureB 6,485 6,796 104 KLU17508 77 UreB (P. mirabilis)
9 ureC 6,802 8,502 567 WP_023603684 90 UreC (A. logei)
10 ureE 8,523 8,978 152 WP_050550651 74 UreE (V. parahaemolyticus)
1 ureF 9,011 9,673 221 WP_023603686 69 UreF (A. logei)
12 ureG 9,689 10,306 206 WP_005499462 94 UreG (V. parahaemolyticus)
13 LysR 10,423 11,325 301 WP_021706754 58 LysR (V. proteolyticus)
14 membrane protein 12,223 13,152 310 WP_048897435 84 Membrane protein (P. swingsii)
15  sodium transporter 13,170 14,627 486 WP_045039969 80 SLC5sbd (P, iliopiscarium)

aa, amino acid(s).
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ol A s efFol A A== nickel iong S5h= nickel
transport system®| WPt A 2 28 8 7hgAdo] =rhar wet
&0 nik A= Y5

28271|9] ofm|ieibo & S E]o] §li= ORF62] EAHE232.1
kDa & = 7 & T} urease Y w5-2] UreD -3 4k} 4
5732 55% ol/feltt. ORF7+= 1007 8] ofw|ieAto = A &
o] Bx}eFS 11.1 kDa= urease %Al #F2] UreA2}t 80% ©]
Apo] - A2 L) oiet. ORFSS: 104749] ofu]1-AFo.
2 LA o] B}k 11.8 kDao|™ urease %A 52 UreB
o} 70% ol4He] AHE4S ek 2ic. ORFOL 5677 o
AR 8 S E| o] EAFES 61.1 kDaolw urease U 2]
UreC2} 85% o|AF9] =2 AsAdS UMW it K. aerogenes
UreC T 21 9] 134, 136 4 2494 217]of| ZA)|5}+= histidine
== nickel ion2 Ael= YR 2 A A 9low, UreA2] 97H
A histidine ZF7] 2 UreB2] 392} 414 histidine 27| = ure-
ase o] Fagt ATE sl= Ao R YA Qlrh(Park and
Hausinger, 1993). Photobacterium sp. Strain HA-22] UreCo]|
T 134, 136 9 246917 $]9] histidine 27|17} HZE] o] 9]
o, UreBolli= 41 9 439 %b7] & UreAoll:= 961974 %t7]9
histidine®] ¢|x|5}aL 1)tk E3F urease EAJH Qo] =451
£ ofuji At FEAEY(MVCHHLD) (Martin and Hausinger,
1992) Photobacterium sp. Strain HA-2 UreC TH§ 2 2] 317-
323 910l EA S AT

ORF10- 1527} ofu|leAbo & LA o] of At 16.8
kDao|m| th2 urease 4 79| UreE®} 67% o)/ A&
/3& thebi itk UreE Tl g o] C-Zetoll= polyhistidine %
717} &A1 polyhistidine Z+7]+= nickel ion=- bindings}-o
apoenzyme®]| nickel iong Ze}sl= &S sh= 2o ® U7
] Ql=d|(Mulrooney et al., 2005), Photobacterium sp. Strain
HA-29] UreE 2retof| = 47]) histidine 27]7} &35} o]
urease &/40] 73St P mirabilis 2 K. aerogenes E.t}= his-
tidine 27| =7} A& Ho|t}. o)A A Lof| 4] Photobacterium
sp. Strain HA-2+= V. parahaemolyticus AQ4673 w+5=0] H]3]
urease ZA o] wlj-$- LF-2-6|(Kim et al., 2009), ©]+= UreE C-&
o] ZA)51+= histidine ZH7]7} %] o] apoenzyme©]| nickel ion
& A%shs 59 ASHR Asf urease ZJo] W Ao 2
& 8 7Rs4o] Sleta Ty,

ORFIIE 22179] ofuliettom FAEo] dliEAze
25.0 kDao|™ T2 urease A w579 UreFe} 64% ©]AF9]
AHEAS LRIl ORF12S 206719 ofuj=Ako g J1A]
& o] o AHEAFRFS 22.4 kDao|H urease /g wt5-2] UreGeot
90% o/ =& AE/de eI thE ol A ' =
+ ATP/GTP binding site (Sriwanthana et al., 1993)7} Photo-
bacterium sp. Strain HA-22] UreG 19%10]| 4] 261 Z+7]of| =
Zxo] ¢J]it}. wtekA ORF12+ urease assembly TE+= nickel
ion 4F¢) Al TR E Fadl = S AR A A-EHaL 3=

Photobacterium sp. Strain HA-2

nikE nikC
nikD nikB

nikA ureD ureB ureE  ureG
ureA ureC ureF

V. fischeri(ES114)

nikE nikC
nikD nikB

nikA ureD ureB ureE  ureG
ureA ureC ureF

V. parahaemolyticus(RIMD2210633)

ureRnkE  nkC
nkD  nikB

nikA ureD  ureB ureE  ureG
ureA ureC ureF

Fig. 2. Comparison of genetic organization of urease gene cluster
between Photobacterium sp. strain HA-2, V. fischeri, and V. para-
haemolyticus.

AAFEHEE 30170 ofn|leAko 2 S Efo] FAfeFo] 33.8 kDagl
ORF 13- th=9] Vibrio <ol A Hilk]o] Qli= AAp ekl
A LysRi} AlsAdo| AME I}, P mirabilis Y V. parahae-
molyticus®l| A5+ urease?] AALRATH 210l UreRY} H
WP EAo] 231 g g o] mif- H7] o] UreRY 7hs
Ao gko Ao g wetEch ORFI4:= 31079 ofn|ilto g
T = o] EAF0] 32.7 kDao|w tha=&f gt =0l A H ik of ¢]
= el ATl AsAd o] A E| ST ORF15+= 486719 o]
L ARS 2 S E] o] o AR AFERS 52.5 kDao]™ sodium sym-
porter -AH2}F A5 d o] HME] ST}t ORF139]4 ORF157}
A 37K FA A= urease T/ Th= g A AL ke,
U A] urease B/} /o] Sl 1271 ORFE 3444
A& V. fischeri 2 V. parahaemolyticus®} --AFel S tH(Fig. 2).
SO 2 urease W FAIAF BEFE AAJsto] W -
A o Bof A7 M asieis wek,

Al AL

B 20159 % A ek Seakuteked 0] Bl
5 z]of| ofsto] Y= 9lom, ofof HARS BT
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