A2 T OB % IR SEETRBENEEANFHIES T 2695
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn Dec. 25, 2020, 36(12): 2695-2706
DOI: 10.13345/j.cjb.200366 ©2020 Chin J Biotech, All rights reserved

- WEMAENFE TR -
ZEE Hd, kR IRFHE, HEAFT, TERNFRBIEESESREDF
AR P A AR, VAR AR F @ R e L) MEA T &, AXTASE AR
W 2569 X AEATF PR RAT R, TH A B — R I\ b F) ) KA Ae LB S 3 % MUAR R A
RS AT e BRI, EHFE R A RAAF AR B A LR
SR A 10 &R, £ Metab Eng 5 #17) £ & SCI £ X 30 & 4%, WA A+4) 137,

FAFIA 6 A,

I#u, FR. FLF

bR b TR Akl 4 5H AR, dbat 100029

FRU, R, BIEZE. AT R AL R LR B . A=) TR SA4R, 2020, 36(12): 2695-2706.
Wang MR, Xi W, Li ZJ. Analysis of the genome sequencing data of the Marinobacterium genus. Chin J Biotech, 2020, 36(12): 2695-2706.

B B RAMEBREAT 1997 FAR, £4508 18AMMF, L F L0AMCTRELRAFIINE. LT &4
T HAATH B A AR, FERBORAIR . K Iz ANE by BB R A 5 B ARG B M T AR = A T & 3 R B 280 A SR
BATT o4, RRAIN, BHAATHBAA ZEGBBM IR ZRBIEE, 2 ABAVAER. TR EETE B
AAT A SR 1 B AR RS2 20 oy B8 B & R B 0 S AR AR ), RO BB, T A JL B3 0 TR AR o BB 6 AR i

A E B oA 5 ARG IEIRIRR, K. RE AR T BT o KR 9B AL L AT R Z B, oy AT 7 LR 12
MR A 3-8 T =8, ARR LT o ) 45 F FLIR A2 T F A A BB A= CBLARBE A, KB 280 A BB S AT AR T 5t il &
A B RAHAFAE 4 IAIR, IR IZ B AR TR RS o BB & A A i o A AR T R B 3R T @ — R B TR

D ORAME G, ABM, WA, RELEH®RE, FERLEY

Analysis of the genome sequencing data of the
Marinobacterium genus

Mengru Wang, Wei Xi, and Zhengjun Li
College of Life Science and Technology, Beijing University of Chemical Technology, Beijing 100029, China
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so far, 10 of which have published whole-genome sequencing data. This article summarizes the characteristics of
Marinobacterium genus and analyzes the genome sequencing data related to the carbon source utilization,
polyhydroxyalkanoate metabolism, and aromatic compounds degradation. The Marinobacterium species possess the complete
glycolysis pathway and tricarboxylic acid cycle, yet lack genes involved in xylose utilization. All strains of the
Marinobacterium genus contain the genes encoding for the type I and type III polyhydroxyalkanoate synthases, suggesting
that the genus may have ability of polyhydroxyalkanoate accumulation. The Marinobacterium species contain the degradation
pathways of aromatic compounds. Benzene, phenol and benzoic acid can be degraded into catechol via different enzymes,
subsequently catechol is converted to 3-ketoadipate through the ortho-cleavage pathway. Alternatively, catechol can be
degraded into pyruvate and acetyl-CoA. The analysis of genome sequencing data of the Marinobacterium genus provides
in-depth understanding of the metabolic characteristics, indicating that the genus may have certain applications in the synthesis

of polyhydroxyalkanoate and the removal of marine aromatic compounds.

Keywords: Marinobacterium, genome, sequence, polyhydroxyalkanoate, aromatic compounds
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Fig. 1 Neighbor-joining tree based on 16S rRNA ge

Marinobacterium genus and some other related taxa. Escher
GenBank accession numbers were in the parentheses after

Escherichia coli ATCC 117737 {(X80723)

ne sequences showing the phylogenetic relationships of the
ichia coli ATCC 11775" (X80725) was used as the outgroup. The
bacterial names. Numbers at the branch ends are the bootstrap

values based on 1 000 replicates. The scale bar indicates the number of nucleotide substitution per site.
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Fig. 2 Phylogenetic tree of the PHA synthases from the Marinobacterium genus and related taxa using amino acid sequence.
The GenBank accession numbers were in the parentheses after bacterial names. Numbers at the branch ends are the bootstrap

values based on 1 000 replicates. The scale bar indicates the number of amino acid substitution per site.

http://journals.im.ac.cn/cjbcn

Burkholderia sp. USM (ALLJ83999) >Class | PhaC

Class 1l PhaC

> Class Il PhaC



2703

M #iE 53

ST ERNEERA]

m &

E

‘sisATeue owouds Ay} y3noiy) dqereAe douanbas ou 1y N ‘pepIwio sI urens ayj Suneorpur 3e) snooj ay3 jo ed xigoad oy

VN 0S10TSY VN $0£9010S¥ SOITISY  SL800I0SM  S9EIISY STEI0SY 95eU930IPAYSP IPAYSP[EIRIY

VN SST0TSY VN 00€9010S¥ 091T1SY 0880010S¥ 09€T 1Sy 0Z€10SYy ose[Op[E 2)LIo[BAOX0-7-AXOIPAY-{

VN SY10CSd VN 01€9010S¥ OLITISY 0L80010S¥ 0LETTSY 0rE10SY ose)eIPATY oye0ud-p-juedoxo-g

VN 0910CSY VN $679010Sd SSITISY G880010SY SSETTSY GEEIOSY  9SB[AX0QIEdp 9)BOIPIUIXAY-E-0X0-T

VN S910TSd VN 0629010Sd OSTTISY 0680010S¥ 0SETTSY 0€€T10SYd ESERIOIERSIEEO) DO EXOMY

aseua3oIpAysp

VN 0¥10TSYd VN 02€9010Sd SLITISY S980010SY SLETISY SYEI0SY 9pAyap[EIWas O1U0oNWAXOIPAY-Z

VN 0210ZSY VN  $9€9010Sd 0LOTTSH 0980010Sd SCETISY 08€10SY aseULSAXOIP-¢°T [0YdRle)

S8LEOSY 09870Sd 0L91C10Sd VN VN VN VN VN aseu0)oe[-[0ud djedipeoxo-¢

SISEISYd 0LETTSY 08¥9010Sd VN VN VN VN VN 9sBIOWOSI0[0Kd 2)EU0dNA

0ISEISY SOCTISY S8¥9010Sd VN VN VN VN VN SRHIENORIS{] ST ORI A]

SOSEISY 09€T 1S 06¥79010S¥ VN VN VN VN VN aseUASAXOIp-°[ [0YdRe)
025018 029605 0IS9010Sd  S611010Sd 061T1SYd VN S6EIISY 0vE81SY
SISOISY S960Sd S0S9010Sd  06¥1010SY S6ITISY VN 0071 1S SEESISY
0[SOSy 0€960Sd 0059010Sd  S81010SA 00CT1SYd VN SOVIISY 0€€81SY

S0SOTSY $€960Sd S6v9010Sd  0871010SY SOCIISY VN OISy STESISY 9seULSAXOIp-7°| AjeozUdg
SCroISd SCTL60SY VN 08€9010S¥ 080T ISY 0$80010Sd SYCIISYd $6090Sd
02018y 0€L60SY VN  $8€9010Sd S80IISY S¥80010SY 0SCITSY 060905
SIYOISY SEL60SY VN 06€9010S¥ 06011SY 0¥80010S¥ SSTITSY $8090Sd
0I¥01SY 0¥L60SYd VN $6€9010SY S60TTSY S€800T0SY 09CI 1Sy 08090S¥
SOvOTSd SYL60SYT VN 00¥9010S¥ 00ITTSY 0€80010S¥ SOCITSY SL090SY

00701 Sy 0SL60SY VN S0¥9010S¥ SOTTISY SZ80010SY 0LTITSY 0L090S¥ ose[AX0IpAY [oudyd

01-8SLS 9ESLTONVd CC88INSA SYSECNSA 98SLTINSA S6CONSA LTOLINSA 9CSTINSA
naonysov W wnpunfoid W wnpydoziys py app4op] W wnpydopy o nyosvuuv( p  1421uUDIs py  2Sua13.023 dueu SWAZug

SNUAS wn14239vqouLppy AY) Ul Spunoduiod dHLUWOIE JO UOIIEPERISIP 0) PAJL[II SOWAZUI Jo sTe) SNIO[ YL, S dqe],

T AEHEE XA G U EL P EEHFE ¥

cjb@im.ac.cn

=

B: 010-64807509



2704 ISSN 1000-3061 CN 11-1998/Q A4 T #2244 Chin J Biotech

Bfie, AHOCIE N DISE R SR E AR AE . AR
F 2 T A B A A AR TR Wy s 7% R Pl 2R
-1, 2- WD 4R A0 A AR R — Wy, ABOK B
H AR W 2Lk AR Ry 3-F . R, B el
W S A A A ik A TR IR R 2 TR A 17 T 24
WARALEE 4 AN ARIE Ty 1,2-XUMA G . BibE
PR B S ALt . FBRR PN R S AL A 3- O R
WP B it 5 3-8 C R T DL — 28 Sl A 456
o IR FIRR N BRI A, TEA =R
5 I8 1 0 SR AL o D57 DRF 24 3 48 A 5 41 0K — 1)
2,3- WU . 2-F8 BRI ER 1 I G . 4- R
ELE R A AT 7 N, R SRR I R A
NERER AN RGBS A, TRk A = RRIRIG I AL
YA , [F) VT 40 B9 Neptunomonas J& t 4 75
T WAL SR e A, ABTE 1 iy 1) 57 7 24
PR e R s b, AT LR A AT
7 T 2L ) o7 W 240 i A, 7 TR B R H RIS
WIAFAERT, A& IR AR REAs [ Ik & 45 R 1 A
VA T TR LR 1 05 B AL W W ik fie 0 e 53
— SIS .

3 &%

ARG TBAEMTHEBCEER 18 M E
FRRFAE, XA 10 A 5¢ i DR 2R 0 1y 14 25030 ik
57000 BFRas AT, A M im0 & h
RFRILNG MR IR & UM FI R A R DY, SR
JE T RE R A REFLNGNIR IR 5 A T, RSk
3 1 AR g AL R T i A TR
A BT R BB AR IR (R B 26 AF T A SRR IR 17
PRG5BS AR o S5 b, ik DR 4 0 P i
Bridc W, g A AT 1 I HAT WA 07 & AL & i
FHOCHEZE, SARTR . R AR P IR 2 22 4 —
My b e R e AR R AR, HAT TR PE IR P
fif 57 A AL IR RE . ABEFEINER T Xk A AT
B Ja i DR LRI R IATR R iR s 1 SR R IS
WR IR AR R D7 7 IR Ak 45 W 175 3 LS5 D T B9

http://journals.im.ac.cn/cjbcn

INASEESC I he- 2

REFERENCES

[1] Zhang S, Zhang CS, Tian XP, et al. The study of
diversities of marine microbes in China. Bull Chin
Acad Sci, 2010, 25(6): 651-658 (in Chinese).

SRAE, kAR, WM, & P EEEREY 2R
PERFSE. o EPRRERBEBE T, 2010, 25(6): 651-658.

[2] Wen X, Zhou SL, Yang XJ, et al. Research progress
on polysaccharide-degrading enzymes from marine
microorganism. Biotechnol Bull, 2016, 32(11): 38-46
(in Chinese).

E, B M, O ERUE Y 20
ity 1 WF 5 0F R . AR W BOR GE iz, 2016, 32(11):
38-46.

[3] Fan ML, Yu BY, Gu JF. Research advances of the
antibiotics substances of marine microorganisms.
World Notes Antibiot, 2014, 35(4): 145-148 (in
Chinese).

BEASFR, R, By, A PR )
BT HEE. EAMEZ: HiA RS, 2014, 35(4):
145-148.

[4] Ding YJ, Ding MD, Zhang JD, et al. Quorum sensing
in marine microorganisms. Bull Sci Technol, 2019,
35(6): 1-6 (in Chinese).

THERR, TSP, SKAERR, SF. ETERCEY T RRE
. RH L, 2019, 35(6): 1-6.

[5] Gonzalez JM, Mayer F, Moran MA,

Microbulbifer hydrolyticus gen. nov., sp. nov., and

et al.

Marinobacterium georgiense gen. nov., sp. nov., two
marine bacteria from a lignin-rich pulp mill waste
enrichment community. Int J Syst Evol Microbiol,
1997, 47(2): 369-376.

[6] Meynet P, Head IM, Werner D, et al. Re-evaluation
of dioxygenase gene phylogeny for the development
and validation of

a quantitative assay for

environmental aromatic

FEMS Microbiol Ecol, 2015, 91(6): fiv049.

hydrocarbon degraders.



PR ESENERNERANFRIEST 2705

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

Baumann P, Bowditch RD, Baumann L, et al.
Taxonomy of marine Pseudomonas species: P. stanieri
sp nov.; P. perfectomarina sp. nov., nom. rev.; P. nautica:
and P. doudorofii. Int J Syst Evol Microbiol, 1983,
33(4): 857-865.

Bowditch RD, Baumann L, Baumann P. Description
of Oceanospirillum kriegii sp. nov. and O. jannaschii
sp. nov. and assignment of two species of
Alteromonas to this genus as O. commune comb. nov.
and O. vagum comb. nov. Curr Microbiol, 1984,
10(4): 221-229.

Satomi M, Kimura B, Hamada T, et al. Phylogenetic
study of the genus Oceanospirillum based on 16S rRNA
and gyrB genes: emended description of the genus
Oceanospirillum, description of Pseudospirillum gen.
nov., Oceanobacter gen. nov. and Terasakiella gen.
nov. and transfer of Oceanospirillum jannaschii and
Marinobacterium as

Pseudomonas stanieri to

Marinobacterium jannaschii comb. nov. and
Marinobacterium stanieri comb. nov. Int J Syst Evol
Microbiol, 2002, 52(3): 739-747.

Chang HW, Nam YD, Kwon HY, et al
Marinobacterium halophilum sp. nov., a marine
bacterium isolated from the Yellow Sea. Int J Syst
Evol Microbiol, 2007, 57(1): 77-80.

Kim H, Choo YJ, Song J, et al. Marinobacterium
litorale sp. nov. in the order Oceanospirillales. Int J
Syst Evol Microbiol, 2007, 57(7): 1659-1662.

Kim YG, Jin YA, Hwang CY, et al. Marinobacterium
rhizophilum sp. nov., isolated from the rhizosphere of
the coastal tidal-flat plant Suaeda japonica. Int J Syst
Evol Microbiol, 2008, 58(1): 164-167.

Kim H, Oh HM, Yang SJ, et al. Marinobacterium
marisflavi sp. nov., isolated from a costal seawater.
Curr Microbiol, 2009, 58(5): 511-515.

Kim SJ, Park SJ, Yoon DN, et al. Marinobacterium
maritimum sp. nov., a marine bacterium isolated from
Arctic sediment. Int J Syst Evol Microbiol, 2009,

59(12): 3030-3034.

&: 010-64807509

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

Huo YY, Xu XW, Cao Y, et al. Marinobacterium

nitratireducens sp. nov. and Marinobacterium
sediminicola sp. nov., isolated from marine sediment.
Int J Syst Evol Microbiol, 2009, 59(5): 1173-1178.
Kim JM, Lee SH, Jung JY, et al. Marinobacterium
lutimaris sp. nov., isolated from a tidal flat. Int J Syst
Evol Microbiol, 2010, 60(8): 1828-1831.

Chimetto LA, Cleenwerck I, M, et al.

Marinobacterium coralli sp. nov., isolated from

Brocchi

mucus of coral (Mussismilia hispida). Int J Syst Evol
Microbiol, 2011, 61(1): 60-64.

Alfaro-Espinoza G, Ullrich MS. Marinobacterium
mangrovicola sp. nov., a marine nitrogen-fixing
bacterium isolated from mangrove roots of
Rhizophora mangle. Int J Syst Evol Microbiol, 2014,
64(12): 3988-3993.

Park S, Jung YT, Kim S, et al. Marinobacterium
aestuariivivens sp. nov., isolated from a tidal flat. Int
J Syst Evol Microbiol, 2016, 66(4): 1718-1723.
Hwang CY, Yoon SJ, Lee I, et al. Marinobacterium
profundum sp. nov., a marine bacterium from
deep-sea sediment. Int J Syst Evol Microbiol, 2016,
66(3): 1561-1566.

Han SB, Wang RJ, Yu XY, et al. Marinobacterium
zhoushanense  sp.
seawater. Int J Syst Evol Microbiol, 2016, 66(9):
3437-3442.

Bae SS, Jung J, Chung D, et al. Marinobacterium

nov., isolated from surface

aestuarii sp. nov., a benzene-degrading marine
bacterium isolated from estuary sediment. Int J Syst
Evol Microbiol, 2018, 68(2): 651-656.

Kang JY, Kim MJ, Chun J, et al. Marinobacterium
boryeongense sp. nov., isolated from seawater. Int J
Syst Evol Microbiol, 2019, 69(2): 493-497.

Che XM, Situ W, Yu LS, et al. Application
perspectives of polyhydroxyalkanoates. Chin J
Biotech, 2018, 34(10): 1531-1542 (in Chinese).
My, wIFET, RN, SE. RESIENR IR I N
FHIEEE. A9 T FE~44, 2018, 34(10): 1531-1542.

B<: cjb@im.ac.cn



2706 ISSN 1000-3061 CN 11-1998/Q :# 1.#22%#k ChinJ Biotech

[25]

[26]

[27]

[28]

Li ZJ, Wei XX, Chen GQ. Microbial cell factories for
production of polyhydroxyalkanoates. Chin J
Biotech, 2010, 26(10): 1426-1435 (in Chinese).
PIEZE, BRAE, FRER. A4 RRIARN BRI Y
MAYMET) . A TR%W, 2010, 26(10):
1426-1435.

Zhang MY, Li YH, Zhan YL, et al. Research
advances in biosynthesis of polyhydroxyalkanoates
(PHAS) by halophilic bacteria. Biotechnol Bull, 2019,
35(6): 172-177 (in Chinese).

skAERL, AR, oo, 5. R AT G R
FILNG T RR TR (PHAS) MR oE k. 2B+ A
R, 2019, 35(6): 172-177.

Kumar S, Stecher G, Tamura K. MEGA7: Molecular
evolutionary genetics analysis version 7.0 for bigger
datasets. Mol Biol Evol, 2016, 33(7): 1870-1874.
Daigneault B, Vilarino M, Rajput S, et al. 79 CRISPR
editing in  bovine

gene zygotes—mutation

confirmation by integration of protein expression and

http://journals.im.ac.cn/cjbcn

[29]

[30]

[31]

(32]

DNA sequencing analyses. Reprod Fert Dev, 2019,

31(1): 165.

Choi SY, Park SJ, Kim WJ, et al. One-step
fermentative production of poly(lactate-co-glycolate)
from carbohydrates in Escherichia coli. Nat

Biotechnol, 2016, 34(4): 435-440.

Taguchi S, Yamada M, Matsumoto K, et al. A
microbial factory for lactate-based polyestersusing a
lactate-polymerizing enzyme. Proc Natl Acad Sci
USA, 2008, 105(45): 17323-17327.

Pu N, Li W, Li ZJ. Complete genome sequence of
Neptunomonas concharum JCM17730": an acetate
assimilating bacterium isolated from a dead ark clam.
Mar Genom, 2020, 53: 100754.

Cao B, Geng AL, Loh KC. Induction of ortho- and
meta-cleavage pathways in Pseudomonas in
biodegradation of high benzoate concentration: MS
identification of catabolic enzymes. Appl Microbiol

Biotechnol, 2008, 81(1): 99-107.
(B339 RN TY)



