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Identification and Phylogenetic Analysis Based on gyrB and luxA of Photobacterium PB-P3.9
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Abstract: Photobacterium strain named PB-P3.9 was isolated from pork by streak plate method. Phylogenetic analysis based
on the gyrB and luxA genes was performed. This strain was identified as Photobacterium phosphoreum according to its biological
properties and sequence analysis. The gyrB and luxA genes revealed 99% and 98% homology when compared with standard strains.
Phylogenetic tree construction based on the standard gyrB and luxA gene sequences published in GenBank was carried out using
MEGAA4.1 software package by neighbor-joining method. The results showed that this strain had the highest similarity with the
standard strain NCIMB1279. Based on their similarities in phylogenetic tree and the growth conditions, it is possible that the
isolated strain comes from a marine deep-sea fish such as NCIMB1279, NCIMB1275, NCIMB7 or ATCC11040T, or a middle-
level seawater plankton.
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P GE It R 6l B 53 28 5 5 e 1 AR R AE R AR B AR
PR sz g oM FERE, 20 el 70 EAR LISK, (b2 Hr Fl
B8 5y B gl N0 e oy 28, B4 R0 R 2 LS B T
(DNA. RNA Fl#E A ) MF5), 4 550 A FAE R
LR, E AN RN R BE RIS LA S RO A 12
A SZIG AU 1 gyrB KL AT TuxA JER, IR, Bl e
FIEASF NCBI M3k (http://blast.ncbi.nlm.nih.gov) 4T
Blast R I, HMERGZKEN, WMNEREA Lo
B — R BN PB-3.9 HEAT a4 5w S FRIE AT
b gyrB JEDA D P8 DUE KBRS, S 4N B DNA {2 i
Wil (1) B WAL A7 . gyrB HEH P A K4y 1.2~1.4kb, -
K% g 5 100 JT 424k 0.7%~0.8%, L 16S rDNA
[14F 5000 Jj4EAR4E 1% (di B BEp,  HAN R AEIKT- 4%
¥, JEmAr/e T &R, WETHENRERE
Sy BT DR (R BE SR, 3 A SR 1 38 T Rk W 5 Y )l
S5 Tl S5 T B REAR T, Tux JE DR b 6 4 R — 2y
AR, X Tux o DRIBEAT [R5 1 LR mT DA 5 58 o vy A
W I HE R

1 MHELETE

11 w5

PRI B I RO TR A TALRE: it (B b R A ) 43 9
53], B4 PB-P3.9,

NP2 DNA #2 B0 & KRR R (A6 R)
HIRAT; PCRikHAE. DNA Marker. 514 LilgsE
TAY TREEAR MRS AR AR ; DNA HER K EDEGR
FE MR RA T RV A RR R
SRR Ay M A
12 {5

LS55 %A il RFERHAAARA A LR
RS BB JEM-1230 ZUE S B BilE:  HAH T
Mot Ds-fil RG22 8488 HA Nikon A#]; PL
203 RUHL RSP E AR - FEA 2 A F]; 101-1 AU H
PEEATIRAE RSB A R A 7] s HWS-150
TR IE R4S LIRS SR AR A s HVE-50
4 8 3 v K R HZA Hiayama 2 #; &AL,
PCRAX %[ Eppendorf A#); HH-2%0 B iE /K4 1L
TN IR T RS G A R A W . WD-9403C U440
FER A DYY-TIT-6B B fa i fam t kA dbstil
ANTAXEET T DNA N F i LA T A TR S
AR 2 ] 5E B
13 Tk
131 RIGANRE 5y 35 4k

G, PRIURE S B ROGSEAT, BeR
WITT 2R (R A SRR 77 3 |, 18 ClEE R 7%, 18~

24h JERPARCE TR, BRUROGRTE, PRI 2k
afift, FEMEAL, SlER IR0 RO A0 i A B IR 4t
132 RIGHWR AW E R ko B

HLE Bh e (B R R R T 2S00, SRR AR 5O Wi B
S 0 25 FEAXHT 1 43 BT BAR OG22 MR i eT . 2 QA
RO R WSS L S R R S . R B S 5
Al S0 DA S AEAS RIS - pH A G Al T A5 4 1
RREEFR, 6P R BE AR R AR AR M AT R T
133 RIGCHE M H T 5%

1331  DNA ik hl %

W3 P TR (1R RG 97 18~24h, Bl 2~3mL 4
R, F5BIE R 2] DNA $2HGRF St i LD %
B, 14 PCR I DNA Bt .

1332  gyrB R B L0

s 1, 5" -GAAGTTATCATGACGGTACTTC-3' ;
NS, 5 -AGCGTACGAATGTGAGAACC-3' .,

SNVAAZBOUL): 5ul 10 X Ex buffer. 5u L 2mmolL
dNTP. 2uL 100pumol/L 5[#). 5uL DNA. 2uL Ex
Taq DNA &, 3uL 25mmol/L MgClz. 26 L ddHz0.

PCR ¥ #f#)%: 95°CAEH 2min; 94°C 20s. 48°C
15s, 72°C 90s, 35 AMEH: 72°CHEfF 7min. PCR
P DNA B vk PR S alifh s, ik BilgA T
W) TR AR MR S5 A7 B2 =1
1333  luxA FERY 1500 5
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N5 14): 5 -TCAGAACCATTCGCTTCAAATCCAAC-3' .

RVAKZGBOUL): 5ul 10 X Exbuffer. 5uL 2mmol/L
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1335  gyrB. luxA K RLEKE HHT

M NCBI GenBank #2872 % 6 A AR HE 1
Pk gyrB. luxA SEF P, KHIGA ER: (neighbor-
joining) ¥E4> Bk gyrB A luxA () & 88k B wussl, )
AT I 53 B8 RO AH B S AR HE B RR IR SR K &R
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ARG R 2%~3%. 4K pH {HuH 5~8.5. 5 (A
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Beijerinck 1889, 401)MHRriEHiA—%. KoL4lw PB-
P3.9 A4k Mo 4 R AW E R LR 1, 5 RO
JE(Photobacterium) & G40 B 11 7r REFEREAT LU, K
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B1 R4 PB-P3.9 Mgkt
Fig.1 Pure culture of strain PB-P3.9

B2 RGHE PB-P3.0 BEKE MR
Fig.2 Grames staining of strain PB-P3.9

Bl 3 ROGHHE PB-P3.9 B 51 Ju 64 Jy (X 50000)
Fig.3 Electron micrographs of negatively stained strain
PB-P3.9 (X 50000)

F1 RIGHFEE(Photobacterium) & 64 & i 4 38 A AL 5

Table 1 Physiological and biochemical properties of Photobacterium
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B4 RIGHH PB-P3.9 3LRMA MBI (X 40)
Fig.4 Confocal laser scanning micrograph of strain PB-P3.9 (X 40)
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Fig.5 Bioluminescence spectrum of living cells of strain PB-P3.9

468.27

T CHRE

LR A BTSN WA B ROG(K 4). £ 24h 3557
FIHE W, 3000r/min B0 3min, L8 EWEWR, w0
3%NaCl s R, 7R AR5, Fil4c A T (20°C)
F LS55 %6 I 5E v v A ) ROl , R LR



XY LR

86iltl=

2011, Vol. 32, No. 15 223

300~700nm, 3 SE 1500nm/min. FHEEE R ok
REP A 468nm, i s 68nm(& 5), LSRG
FETRT I 66 1S5 VAR AR
23 ROGHIWI > T E

FH U553 450 1.0% IS IR B IR (AL LB G (1), X
gyrB. luxA BEPI4 14 ™ M /E vk ki, 180V A3 e ML)k
Mk 40min, G B B i RGOS, e YT
H IR %417 eI, F DINVA J e H ik [ e 3 ) & [l H 1)
FX . HREFERZE LA TAY TR AR NS AR A
W7o Tl gyrB K4 K 1200bp, luxA JE 4K
690bp. gyrB. luxA JEBH 747 HIEEACE NCBI W i
(http://blast.ncbi.nlm.nih.gov) 4T Blast # & LL X}, LLxt
GEIRERH, KON PB-P3.9 ¥k gyrB FE K 51 5 bR ME R
¥k P.phosphoreum NCIMB(1279. 188. 1275. 7. 395).
P.phosphoreum FS-(2.2. 2.1, 4.1, 5.1, 5.2, 2.3).
P.phosphoreum AK-3 #J4 99% H/Z 74N . luxA FE
X FF 515 P.phosphoreum NCIMB(1279. 1275. 7. 395).
P.phosphoreum FS-(2.2, 2.1, 3.1, 4.2, 5.1, 5.2),
P.phosphoreum ATCC 11040 %4 98% I FEA A . 2
“EF 43 GenBank, 3R1HKRGANTE PB-P3.9 1] gyrB kA
B JF261184. luxA FER & %5 JF261183.
24 gyrB. luxA KRG K E 20T

T4 NCBI GenBank s [ b & OGH b J@ Fr v B bk
f gyrB. luxA FER e, g R4k & # 1K) gyrB
EAFRF 4, i/ #kk PB-P3.9 5 7 4K H GenBank
PIAHRFAN (K 2) . I RGEK B W luxA #1187 41,
F045 53 B Pk PB-P3.9 5 7 4K H GenBank (ARG FHI(K 2).
KH MEGA4.1 A kAL IEHE (neighbor- joining)ik sy
SR E gyrB Al luxA RS R M (& 6. 7). gyrB JE
HT TuxA K& D8 BT A g 1R R B 45 R — 3, 4> B kK PB-P3.9
O wE PR R CH E(Photobacterium
phosphoreum) 2l —#%, I 54K P.phosphoreum
NCIMB1279 1 fili 4 K R .

R2 RAHERFEER

Table 2 Details of standard Photobacterium strains

Btk BRI luxA 5585 gyrBESES R
NCIMB1279 symbiotic with deep-sea fishes EF415627.1 EF415526.1 2007
NCIMB1275 symbiotic with deep-sea fishes EF415624.1 EF415523.1 2007
ATCC51760 symbiotic with deep-sea fishes AY4558781 2009
ATCC35080 symbiotic with deep-sea fishes EF415629.1 EF415508.1 2007

NCIMB844 symbiotic with deep-sea fishes AY341064.2 2007
NCIMB12839 acropomahanadai light organ AY849528.1 2007
NCIMB13481 spoiled cod fillet AY8494791 2007

NCIMB70 symbiotic with deep-sea fishes EF415619.1 EF415518.1 2007
ATCC11040 symbiotic with deep-sea fishes DQ988873.2 AY4558751 2009

PB-P3.9 frozenpork JF261183 JF261184 2011

64 :Photobacterium phosphoreum strain NCIMB1279

69 '[—PB-P3.9
— 100! ppotobacterium phosphoreum strain NCIMB1275
- Photobacterium phosphoreum strain ATCC11040
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100-Photobacterium iliopiscarium strain NCIMB13481
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100'Photobacterium kishitanii strain NCIMB70

—
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Fig.6 Phylogenetic tree based on the gyrB sequence

75 |Photobacterium kishitanii strain NCIMB70
100 {lphotobacterium kishitanii strain NCIMB12839
Photobacterium kishitanii strain ATCC35080
Photobacterium phosphoreum strain ATCC11040
Photobacterium phosphoreum strain NCIMB1275
36 PB-P3.9
35photobacterium phoreum strain NCIMB1279
—
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40[‘ Photobacterium kishitanii strain NCIMB844
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Fig.7 Phylogenetic tree based on the luxA sequence
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fE, W gyrB AN ER A g AR IAL, LT [ A A
THIHTFPEAL A DNA P 81IR] LUR AR 2 AR S i AN 5 e
FIERIF A, AL gyrB kN7 B4 X 43 A4 5 Al
WL ST, RS A gntd D] 16S rDNA FA B
GrHRAR, DALIE P 3 TR bl ) 1) DR AN g e 20200 fgif 4,



224 2011, Vol. 32, No. 15

=T

il =

X LR

Dauga®7E R H gyrB it K Lb 8 T & R HEnterobacteriaceae)
AN R G R RN AL, 55 16S rRNAALE, gyrB
Fe B BB T T I N B 1) 5% SR A EE By i o I AR
QyrB KL DR 7 41 T K 2 48 K NI S 4 T 2 G i 7 i 4 21
TN, RS K R
(identification and classification of bacteria, ICB)"', 1]
PO gyrB JE A AR, 55 4h lux BE AR A ke 4
AR — R A AR B, ) LR AT [P B T DLt 25 4 vy
B P 4 (VR P . gy rB . TuxA FER 41 LX) DL R &5
RN, IR - —, FS P R,
A DAVER 2558 RO AN ) R g s JlaL gyrB. luxA 2k
KRG E T, BeffiE ROGAMBE MR Z KRR, JF
AE Sk 3 32 5 Aol R) 7K P S0 140 B

2% UM

[1] DUNLAP P V, KITA-TSUKAMOTO K. Luminous bacteria in the
prokaryotes: a handbook on the biology of bacteria[M]. 3rd ed. New
York: Springer, 2006: 863-892.

[21 RO, MR, AR RotalE SEFES R ERIIMI. db5t: hE
b R A, 2009.

Bl  HEZEIHELRA R, KT AR 53 87 5k g 22 22 R B KR
Sr A ITIEIMY. 4 R bt REREE R AL, 2002: 729-736.

[4] KASAI H, WATANABE K, GASTEIGE R, et al. Construction of the
gyrB database for the identification and classification of bacteria[J].
Genome Inform Ser Workshop Genome Inform, 1998(9): 13-21.

B]  %edR, SHIEUK, 1550, 25 gyrB DI 2E 40 B 4 2K R o 1
[3]. YEPE AR 244R, 2010, 22(4): 18-20.

[6]  Zikily, £/NIF, Bilts, 45, (LiehE(gyrase)B V. LAy HE X gyrB 114
T BT G B (R N 3], A 42741, 2008, 48(5): 701-706.

[71 LADUC M T, SATOMI M, AGATA N, et al. gyrB as a phylogenetic
discriminator for members of the Bacillus anthraciscereus thuringiensis
group[J]. Microbiol Meth, 2004, 56(3): 383-394.

[8]  OK3F, e, AU, 55, T IEWIROGAN T K 43 8 5 E B AL B LS 9],
RN 2440 BARFLRR, 2008(4): 58-63.

[O1  ARSUA, 2 I, MIURE. W RGN i A AR ROk 9. e
11, 1986, 7(1): 127-131.

[10] AKE R E, HAM N E. A1 %2 T M]. S ERPE B A
YIRS IO AR 58 T BHIRAL, ¥ dbnt: BR¥ H A,
1984: 488-490.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

AST J C, CLEENWERCK |, ENGELBEEN K, et al. Photobacterium
kishitanii sp. nov., a luminous marine bacterium symbiotic with deep-
sea fishes[J]. International Journal of Systematic and Evolutionary
Microbiology, 2007, 57: 2073-2078.

DUNLAP P V, AST J C. Genomic and phylogenetic characterization of
luminous bacteria symbiotic with the deep-sea fish Chlorophthalmus
albatrossis(Aulopiformes: Chlorophthalmidae)[J]. Applied and Envi-
ronmental Microbiology, 2005, 71(2): 930-939.

AST J C, DUNLAP P V. Phylogenetic resolution and habitat specificity
of members of the Photobacterium phosphoreum species group[J].
Environmental Microbiology, 2005, 7(10): 1641-1654.

AST J C, DUNLAP P V. Phylogenetic analysis of the lux operon
distinguishes two evolutionarily distinct clades of Photobacterium
leiognathi[J]. Arch Microbiol, 2004, 181: 352-361.

KAEDING A J, AST J C, PEARCE M M, et al. Phylogenetic diversity
and cosymbiosis in the bioluminescent symbioses of “*Photobacterium
mandapamensis'[J]. Applied and Environmental Microbiology, 2007,
73(10): 3173-3182.

BUDSBERG K J, WIMPEE C F, BRADDOCK J F. Isolation and
identification of Photobacterium phosphoreum from an unexpected
niche: migrating salmon[J]. Appl Environ Microbiol, 2003, 69(11):
6938-6942.

RUBY E G, GREENBERG E P, HASTINGS J W. Planktonic marine
luminous bacteria: species distribution in the water column[J]. Applied
and Environmental Microbiology, 1980, 39(2): 302-306.

WARD D W, WELLER R, BASTESON M M. 16S rRNA sequences
reveal numerous uncultured microorganisms in a natural community[J].
Nature, 1990, 345: 63-65.

WANG Liting, LEE F, TAI Chunju, et al. Comparison of gyrB gene
sequences, 16S rRNA gene sequences and DNA-DNA hybridization in
the Bacillus subtilis group[J]. Int J Syst Evol Micr, 2007, 57: 1846-
1850.

SUSUMU Y, MINORU W, KUMIKO K T, et al. Photobacterium
aquimaris sp. nov., a luminous marine bacterium isolated from seawater
[J]. International Journal of Systematic and Evolutionary Microbiology,
2009, 59: 1438-1442.

CHIUHH, CHOU H H, JEAN W D, et al. Isolation and characterization
of marine luminous bacteria from shallow coastal waters of Taiwan[J]. J
Microbiol Immunol Infect, 2007, 40: 14-23.

DAUGA C. Evolution of the gyrB gene and the molecular phylogeny of
enterobacteriaceae: a model molecular systematic studies[J]. Interna-
tional Journal of Systematic and Evolutionary Microbiology, 2002, 52
(2): 531-547.



