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Lessons from the Sea: Genome Sequence of an Algicidal Marine Bacterium Hahella chehuensis. Jeong,
Haeyoung, Sung Ho Yoon, Hong Kum Lee!, Tae Kwang Oh?, and Jihyun F. Kim*. Systems Microbiology
Research Center, Korea Research Institute of Bioscience and Biotechnology (KRIBB), PO Box 115, Daejeon 305-
600, Korea, 'Korea Polar Research Institute, Korea Ocean Research and Development (KORDI), PO Box 29,
Ansan 425-600, Korea, 221C Frontier Microbial Genomics and Applications Center, KRIBB — Harmful algal
blooms (HABs or red tides), caused by uncontrolled proliferation of marine phytoplankton, impose a severe
environmental problem and occasionally threaten even public health. We sequenced the genome of an EPS-
producing marine bacterium Hahella chejuensis that produces a red pigment with the lytic activity against red-
tide dinoflagellates at parts per billion level. H. chejuensis is the first sequenced species among algicidal bac-
teria as well as in the order Oceanospirillales. Sequence analysis indicated a distant relationship to the
Pseudomonas group. Its 7.2-megabase genome encodes basic metabolic functions and a large number of pro-
teins involved in regulation or transport. One of the prominent features of the H. chejuensis genome is a mul-
titude of genes of functional equivalence or of possible foreign origin. A significant proportion (~23%) of the
genome appears to be of foreign origin, i.e. genomic islands, which encode genes for biosynthesis of
exopolysaccharides, toxins, polyketides or non-ribosomal peptides, iron utilization, motility, type III protein
secretion and pigment production. Molecular structure of the algicidal pigment was determined to be prodigi-
osin by LC-ESI-MS/MS and NMR analyses. The genomics-based research on H. chejuensis opens a new pos-
sibility for controlling algal blooms by exploiting biotic interactions in the natural environment and provides a
model in marine bioprospecting through genome research.
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Fig. 1. Hahella chejuensis KCTC 2396T and its algicidal pigment. A, colony appearance on BM agar plate. B, molecular structure of the
algicidal pigment, prodigiosin, produced by Hahella chejuensis. C, Tn5-mutants derived from recombinant E. coli cell harboring fosmid

clone (6F09-R4) with gene cluster for prodigiosin biosynthesis.
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Fig. 2. Circular map of the H. chejuensis chromosome. Major features of putative genomic islands are denoted at the blue patches on the
outermost circle. Dashed box is the type Il secretion system that does not overlap genomic islands. Circles 2 and 3 show CDSs transcribed
clockwise and counter-clockwise, respectively, which are color-coded according to the COG functional classes as designated in the inset.
Circles 4 and 5 denote rRNA genes and tRNA genes. Circles 6 and 7 are plots of G+C content and cumulative (G-C)/(G+C) deviation (>0,

yellow; <0, orange).
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Fig. 3. Venn diagram showing the distribution of orthologs
shared among Hahella chejuensis KCTC 2396T, Pseudomonas
aeruginosa PAO1, and Vibrio cholerae Ol biovar etor str.
N16961. Numbers of orthologs were predicted by reciprocal
BLASTP analysis (Expect value threshold: 1E-5).

4.8 Mb <3%jo] slAlF2] EPS AR T34 S &
2 Aoz Hao UGDE 18 m|AEelA capsular

polysaccharideZ A§AI8l= A 87} &= UDP-D-glucuronate
F ass 9y Bk G0 e A0 e ot

RUXED TYHO|S2E & S6
x

| A (Genomic islands)

HAE A A F 71s AR SHEEA, 4R 32
frat JEE sk AR & AESY A el &
F2 AR S s BEsH "9 skl 7
$= o9 ohelr F e WA= o W7z A
27} 715 S5 diAlS hssketa Qi v 5
ab g7l AR FAiAREe] F-838le] EAgl= -2 b
+ Zn|23- deo] obd 4= gich. FA|Fol = FoF -type ATP
synthesis, M5 A3HAl, 2 A|33 i Bu(type 1l
protein secretion)ol] Feidh= fFAAEo] FAA AN H
HAAH e 7 " 2R lom, B chiale] st A
d ZAN-g A A FAA] HellAe] EAlol 28 o
AlE o2 oz fEg]e.

aopy o]’ o] fAAlES SR
%-(horizontal gene transfer, HGT)Z £3ld 4% A2
G710 s FAAEe] s WA MEE A%

ol
o
o

dl



N djoefwe] e el NS A} g Hef FHAlEe
Zhol-SZ 2] e vbee]o} Al Ko} ATk vl R] 8 W& vl
T gkt B e S oA S 2SR
T2 vAEES] FAAV $EAEA ATE e F
Z B2 o]F0) AAZHE vk FF) FAEAC] /9
= fate] wIHEA dojuiar glow, o2t dAte] b]
AEe] A=A A3} d3s AR A E wS- F83 A
UFSR oAAR I qleH10]. E3] Z4F YAl AL
ZH= 973 le]ofe} A1F W] &8-S HGTS HEH
ol At & 4 ot Al ATRlel| A= A ALEE okl
ZF[111& o] &3led FH AL 471MF 54 (G+C content,
codon usage)e] A ol v Beoldt Fia) AEE
Mg B8l A3H oz 3 AAH 2N fdEG FAE
= FAHAEE Zob L, o|2E JHENY FdENE
7oz FA=EE 69 o FdAE(genomic islandys-S-
R, o) & 9 FAAE-E AA F2AL] oF 23%
E A=A} gl e, o, 54, non-ribosomal peptide,
HE (&TA), Al38 b Fu] Alxs] Az A4 55
AR Az ] e 258 fdE YR A
ol S & 4= sl mtelE]eabx] B {34, transposon,
insertion sequence element 5] Tl EF o] 9l th(Fig.
2.

53] o] IS e A WA Mol 4 AE
o AE3ted WA AS FYH W 7T A3 F
H] AJAELS ghe sl fA31A)F o] F ol glrks 7
olc}, 3A|F7} 2l WA AlFY 717} qh aepyd
ofd AEE FAR= L7 oFF] o olof il &
A QA= At BF AT el 2R A
olgh= EAo] HE AEol it Edxql A} Zr) 9l
o] FRIEAIE, o= A|38 En) AlxEla) 2 Ae] I
do] e A 2. o2 o AT TR Al T
ol A, ol F F8lA ofwsl 3t Aol leA] 94
FElE A IA o sl el Ak mEe] A
T AR Ao} EAA EIEo R E AAlS BEs)
Al A AL ke 7 AL oJHE AxE &
7} o E FHLE el 2ol 23 e R A
A - AF AR =AW - A E 2R

o[ ]
-

et

Olo

AB7H] A BT AT FAAE 8 B A
Abolehs o] Fwie] BAE ol HAA AR} TAe
UAME W2 M2 AT ABE ATk etk A<t
ZZ A A FA ] o] FiA7I7A] e ojujel o
Eol el Ad7b? 9@ FAA =Yolghe FAE 2
o E FAAE] vl F8F o] FA AL gleH,
AT A T HA of2F el W DME Al

GENOME OF AN ALGICIDAL MARINE BACTERIUM 5

Y Ao Aok oo sAFe] FAAZ B A
sha gz AL FHD AT A% A Al A

oni[12), Z2ElA] 9Ale] A Ewh ul A FA]
A s B FUE 489 elelch WA Q7o

Ae B 55 RS BT T, 53] ol A7 4%

8 A2 7314 e B8 e 88 el A
=A% W (bioprospecting)?] £ AREF & 5 ¢)2 7o)
o, 3 o] B2 9] HstalEe] AT S Zhar
A AEE A5 883l o] n|AEo] 7}2l Fg7-Ag
7VsAdE 7ol A8l Y Z1dE)] et

< 5ol vhed moA] gk EH WigkA] o
Az &Ao] A E BE). o33 o)y iLgo] Y
A & At A 29EA FYE Folse 2o
3] Aok ol 5] Az Al OF FoEAE
25 dojv}. et AlAl Az} A g vivel] s
FE BEg Z2x|eal, 2wk A S FlEls
o] Hx g2 E3h= AP 7Y 97 Aoels oy
g xfel & B 7P 7] sHAlF QFR2 A 34z
9] dAT7ollA @eil 7FeAdS vk gt Foll 715 ol H
ofHo] vlgjzol= o] daligl 8 o] 7iFe] o2 AE A
A FroprlA aAIF7) AR e AR FE TR
AZYyE AA HATE  USS ASE B do] UE
A A

#Atel 2

¥ A7 AWed 21Cz2 8o v RAA L)
/AR B ST AT S Al s s E

REFERENCES

1. Sellner, K. G and G J. Doucette. 2003. Harmful algal
blooms: causes, impacts and detection. J. Ind. Microbial.
Biotechnol. 30: 383-406.

2. Lam, C. W. Y. and K. C. Ho. 1989. Red tides in Tolo Harbor,
Hong Kong, pp. 49-50. In T. Okaichi, D. M. Anderson, and
T. Nemeto (eds.), Red Tides: Biology, Environmental Science
and Toxicology, Elsevier, New York.

3. Morris Jr., J. G 1999. Harmful algal blooms: an emerging
public health problem with possible links to human stress on
the environment. Ann. Rev. Energy. Environ. 24: 367-390.

4. Lee, H. K., J. Chun, E. Y. Moon, S. -H. Ko, D. -S. Lee, H. S.
Lee, and K. S. Bae. 2001. Hahella chejuensis gen, nov., sp.
nov., an extracellular-polysaccharide-producing marine
bacterium. /nt. J. Syst. Evol. Microbiol. 51: 661-666.

5.Yim J. H,, S. J. Kim, S. H. Aan, and H. K. Lee. 2004.
Physicochemical and rheological properties of a novel
emulsifier, EPS-R, produced by the marine bacterium
Habhella chejuensis. Biotechnol. Bioprocess. Eng. 9. 405-413.



6 JEONG etal.

6. Cerdefio, A. M., M. J. Bibb, and C. L. Challis. 2001.
Analysis of the prodiginine biosynthesis gene cluster of
Streptomyces coelicolor A3(2): new mechanism for chain
initiation and termination in modular multienzymes. Chem.
Biol. 8: 817-829.

7. Harris, A. K. P, N. R. Williamson, H. Slater, A. Cox, S.
Abbasi, I. Foulds et al. 2004. The Serratia gene cluster
encoding biosynthesis of the red antibiotic, prodigiosin,
shows species- and strain-dependent genome context
variation. Microbiology 150: 3547-3560.

8. Mayali, X. and F. Azam. 2004. Algicidal bacteria in the sea
and their impact on algal blooms. J. Eukaryot. Microbiol. 51:
139-144. :

9. Stover, C. K., X. Q. Pham, A. L. Erwin, S. D. Mizoguchi, P.

10.

11.

12.

Warrener, M. J. Hickey et al. 2000. Complete genome
sequence of Pseudomonas aeruginosa PAOI1, an
opportunistic pathogen. Nature 406: 959-964.
Brown, J. R. 2003. Ancient horizontal gene transfer. Nature
Reviews-Genetics 4: 121-132.
Yoon, S. H., C. -G Hur, H. -Y. Kang, Y. H. Kim, T. K. Oh,
and J. F. Kim. 2005. A computational approacth for
identifying pathogenecity islands in prokaryotic genomes.
BMC Bioinfo. 6: 184.
Jeong, H., J. H. Yim, C. Lee, S. -H. Choi, Y. K. Park, S. H,
Yoon et al. 2005. Genomic blueprint of Hahella chejuensis, a
marine microbe prodicing an algicidal agent. Nucl. Acids
Res. 33: 7066-7073.

(Received Mar. 2, 2006/Accepted Mar. 12, 2006)



