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SUMMARY

I. Title

Utilization of genetic resources and procurement of marine microbial diversity

II. Objective and Significance

Final Goal : Procurement of genetic resources from marine microorganisms that
inhabit in marine biofilm, analysis of their function and usefulness,

and development of technique for practical use

Objective of the first step: Procurement of genetic resource from marine

microorganisms and analysis of their function

« Isolation & preservation of marine microorganisms from marine biofilm
« Procurement of genetic resources from culturable microorganism and analysis

of their usefulness

« Isolation of genetic resources from unculturable microorganisms

Microorganisms can adhere to natural or artificial surfaces, and form sessile
multicellular communities known as biofilms. In marine environment, biofilms cover
most of solid surfaces such as rocks, ships, loops, marine animals, algae, etc. of
subtidal and intertidal regions. Although biofilms consist of microbial cells such as
bacteria, fungi, algae and protozoa, species composition or micro-environment of
biofilm have not been well studied until now. Marine biofilm is a good model for

study of microbial diversity and procurement of genetic resource. Furthermore,
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marine biofilm is an industrial implement for aquaculture of shellfishes and alga
and for antifouling study. Therefore, we need to develop "Core Technology" for
marine microbial diversity (1) to use marine microorganisms in industry, and (2) to

preserve diversity of marine microorganism.

M. Contents and Scope

1. Isolation and preservation of marine microorganisms from
marine biofilm
o Sample collection
o Isolation and pure culture

o Preservation in deep-freezer

2. Analysis of marine biofilm forming process
o Succession of marine microorganisms in marine biofilm
- installation of acrylic coupons
- Analysis of total number of bacteria and vialble heterotrophic bacteria,
extracellular enzyme activities (EEA) and metabolic diversity
o Diversity analysis of marine microorganisms in marine biofilm
- Anlaysis of change in species composition using T-RFLP method

- Analysis of compositional changes of cultured bacteria from initial phase

of biofilm formation
o Studies on regulation factors of biofilm formation
- Analysis of interaction between microorganisms has different
characteristics during biofilm formation
- Selection of standard marine-biofilm forming bacteria based on cell
surface hydrophobicity, attachment ability and production of quorum

sensing signal

_16_



3. Diversity analysis of culturable marine microorganisms from
marine biofilm
o Sequence analysis of bacterial isolates
o Systematic composition of bacterial isolates

o Phylogenetic analysis of bacterial isolates

4. Usefulness of bacterial isolates
o Analysis of attachment ability
o Analysis of cell surface hydrophobicity
o Analysis of production of EPS (extracellular polysaccharide)
o Development of mutants producing EPS (extracellular polysaccharide)

- Development of Hahella chejuensis colorless mutants

Optimum condition of EPS production

Analysis of emulsifying stability of EPS

1

Analysis of characterization of p-m10356

Analysis of rheological properties of EPS

o Algicidal effect of marine bacterial pigment

1

Isolation of pigment from Hahella chejuensis

1

Analysis of algicidal effect

Analysis of pigment characterization

1

On situ test for the field test in algicidal effect

5. Isolation of genetic resources from marine microorganism
o Development of DNA extraction method from microorganisms producing
extracellular materials
o Construction of genomic DNA library of Hahella chejuensis

o Construction of BAC library of unculturable biofilm microorganisms

_1’7‘.



IV. Results

1. Isolation and preservation of marine microorganisms from
marine biofilm
Various microbial strains were isolated from marine biofilm formed on coastal
region and stored under deep freezing condition. Total 1,525 strains of bacteria and
607 strains of cyanobacteria were isolated and stored. The sources were as follows;
339 bacteria isolated from acrylic surfaces, 216 bacteria and 4 cyanobacteria isolated
from glass surfaces, 970 bacteria isolated form natural biofilm and 603 cyanobacteria
isolated from natural biofilm. Many of the isolates could produce high molecular

weight EPS and/or high values of cell surface hydrophobicity or attachment ability.

2. Analysis of process of marine biofilm formation
A. Fluctuation of microbial communities in biofilm matrix during early
stage of biofilm formation and seasonal progress
To evaluate the initial process of biofilm formation in seawater and procuring
microbial resources from biofilm matrix, we investigated the changes of bacterial
number and extracellular enzyme activities for 10 months after emerging acrylic
surfaces in seawater. The numbers and activities of bacteria in biofilm matrix
showed exponential growth after 3 to 4 days of adaptation. Although the thickness
of biofilm increased with the maturation and settlement of higher organisms in

biofilm matrix, bacterial numbers and activities in biofilm matrix only showed

seasonal fluctuation.

B. Succession of microbial community in biofilm matrix
Succession of microbial community in biofilm matrix was investigated with the
T-RFLP fingerprinting method of 165 rDNA fragments during the formation of
biofilm. Although the diversity index was not showing significant difference, the

richness of T-RFs increased markedly after 3 days of biofilm formation. Cluster
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analysis revealed that microbial community structure was absolutely different
between microorganisms before attachment and after attachment. The community
structure changed with the progress of biofilm maturation and diversity was
decreased after 2 months of exposure in seawater. During the early phase of
biofilm formation, CFB group bacteria and v-proteobacteria group bacteria were
major constituents of cultivated bacteria within one day and success to strains

belonging to a-proteobacteria.

C. Studies on regulation factors of biofilm formation

Among the selected strains, strain showing high value of cell surface
hydrophobicity attached faster than other strains, has high attachment ability or low
values of two characteristics. Attachment ability might play to stabilization of
biofilm structure. Various controlling factors will studied further. Besides the
regulation factors, selection of standard marine-biofilm forming strains were
conducted. Based on cell surface hydrophobicity, attachment ability and frequency
of appearance, 3 strains belonging to Psychroserpens, 2 strains belong to
Pseudoalteromonas, 4 strains belonging to Erythrobacter, 3 strains belonging to
Bacillus and unidentified strain 13644 were selected as candidature of standard
strains, One Roseobacter species, 3 Brevibacterium strains and one Micrococcus

species also selected.

3. Diversity of biofilm forming bacteria

Biofilm forming bacteria were isolated from the early phase of biofilm
formation and maturated biofilm and their phylogenetic properties were investigated
in order to procure standard bacterial strains for biofilm control studies. Sampling
was done at 6 different seashore area of Korean Peninsula. The results of partial
sequence of 165 rDNA revealed that 76 isolates from early phase of biofilm
formation could be assigned to 26 known genera which have been reported
widespread in marine environment. Among the analyzed, proportion of each

phylogenetic group was as following; 32.0% of a-Proteobacteria, 26.7% of v
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-Proteobacteria, 26.7% of Gram positive bacteria and 14.7% of CFB group bacteria.
Bacterial isolates from mature biofilm also showed high diversity. 164 analyzed
isolates composed 68.9% of Proteobacteria, 9.8% of CFB group, 85% of low GC
Gram positive bacteria, and 12.8% of Actinobacteria. They were assigned to 36
genera and about half of the isolates had been reported previously as uncultured
or unidentified in GenBank database. Bacteria belonging to genus Erythrobacter,
Roseobacter Pseudoalteromonas and Psychroserpenswere detected more than 3
different sampling areas. As any bacterial genus was detected in all sampling areas,

standard strains will vary with geographical variation.

4. Utilization of marine biofilm-forming microorganisms
A. Screening of valuable bacteria from isolates
The bacterial isolates showing high values of cell surface hydrophobicity,
attachment ability and/or EPS producibility were pre-selected from the about 2,000
isolated strains. The selected were as follows; 12 strains showing more than 50% of
cell surface hydrophobicity, 9 strains showing more than 10 of attachment ability,
and 6 strains producing high amounts of EPS. They will be investigated more and

developed as new materials for industrial application.

B. Development of Hahella chejuensis colorless mutant producing
exopolysaccharides

By treatment of mutagen EMS with Hahella chejuensis, a colorless mutant, strain
m10356 was selected, which produced white exopolysaccharide. The p-m10356
produced by ml0356 maintains emulsifying stability by 244 hr. The optimum
productivity for p-m10356 is 19.2 g/ #. The p-m10356 had a molecular weight of 1.39
x 10° daltons, and was characterized as a heterpolysaccharide of glucose, galactose and
galacturonic acid (molar ratio, 1:1:1.1). The rheological properties of p-m10356 had been
studied. The intrinsic viscosity of p-m10356 was 68.1 and 58.5 g/dl by Huggins equation

and Kraemer equation. Aqueous dispersions of p-KG03 at the concentrations 0.1 -1.0%
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(w/w) showed marked shear-thinning properties as Power-Law behavior. In aqueous
dispersions of 1.0% (w/w) p-m10356, consistency index (K) and flow behavior index (n)

were 407 and 0.75, respectively. And p-KG03 was stable to pH and salts (NaCl and CaCly).

C. Algicidal effect of pigment from marine bacteria
Red pigment (RP10356; Rf 0.88; dark red) produced by Hahella chejuensis
96CJ10356 killed microalgae such as Cochlodinium polykrikoides, Gyrodinium impudicum
and Heterosigma akashiwo that induce red tide. Algicidal effect of RP10356 was much
greater than previously reported algicide, phlorotannin. In filed test, RP10356 also

have algicidal effect aginst C. polykrikoides.

5. Isolation and procurement of genetic resource of marine
microorganisms
A. Development of DNA extraction method from microorganism
producing extracellular materials
Marine bacteria producing extracellular materials is difficult to isolate DNA,
because extracellular materials such as polysaccharides, glycoproteins, and
lipopolysaccharides can interfere with the DNA extraction process by absorbing the
DNA. Furthermore, the polysaccharides co-precipitate with the DNA during the
extraction procedures, which leads to problems, such as poor yields and subsequent
interference with restriction endonuclease digestion. The successful application of
molecular techniques relies on the effective recovery of DNA from samples.
Therefore, a reproducible, simple, and rapid protocol for DNA extraction is essential
for molecular studies on these marine bacteria. We developed a simple method for
extracting DNA from the marine bacteria The extracted DNA is of high quality and
suitable for molecular analyses, such as PCR, restriction enzyme digestion, genomic
DNA blot hybridization, and genomic DNA library construction. We used this
method to extract genomic DNA from several other marine bacteria. Our method is
a reproducible, simple, and rapid technique for routine DNA extractions from

marine bacteria. Furthermore, the low cost of this method makes it attractive for
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large-scale studies.

B. Construction of genomic DNA library of Hahella chejuensis
The average size of 10 kb DNA fragment was inserted into ZAP Express vector
(Stratagene). Total size of genomic DNA library of Hahella chejuensis was 1.8 X 10°
Mb. Twelve clones divided into 3 polysaccharide-producing genes from this library

was cloned and to be analyzed further.

C. Construction of BAC library of unculturable biofilm bacteria (50Mb)

We isolated large size of DNA (> 20 kb) from marine biofilm formed on
acrylic coupons for 7 days. The isolated DNA was incerted in Fosmid vector, and
we constructed Fosmid library containing 50 Mb unculturable biofilm

microorganism.

V. Application of this research

The marine bacteria isolated from marine biofilm will be offered to scientist
and industry. They can be used to screen useful materials, test for antifouling
agents, genomic study. Papers on new species candidates will be submitted to
international microbial systematics journals.

Studies on microbial succession, dominant species, regulation of attachment of
biofilm bacteria can be applied to aquaculture of algae and shellfish and to
development of antifouling agent by selection of standard bacteria for antifouling
test.

In the second step of this project, we are going to develop microorganisms to
produce novel biomaterials. We also develop red-tide killing pigment from Hahella

chejuensis and transformed bacteria for mass production of the pigment.
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Table 1-1. Core technology for studies on marine microbial diversity.
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7128 Az A E FEAY 33 WellA BAEH FEE oL 59 &
e FAste T 9T o welr EPSdl st ddd AEUE e
Aol BEFolm vl Bl AARA BF ZAME HE] JhsstA
o AEYL 2 PE FHAAE FAeY =& t}. stH o2 EPSAHA A=
n g E o8 AEU Aol Asjdrte BRiux Jth (Table 2-1, Cammarota and
Sant'Anna Jr., 1998; Brown and Gilbert, 1993). &, #3A4& (& 4
ANA AFste ThEFe olFe FE AELS FASL
PSe] ghe Zgsith EPS AL A

o

g e

1

oN

R
o

o
AN

)
ol EPSS] 7)oz ¥ & 8

& Az A PlaEe] YA SHo

AEAIAE A4RT. 4B 74 BAY AES) dRFE 4
o] §4 % AT U AT AR BPS BUo] Yo 42T Yt B
LEE:

Fol wte AASAC Be 9P weo
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Table 2-1. Proposed effects of microbial EPS.

Function

Relevance

Adhesion to surface

Aggregation of bacterial
cells formation of flocs
and biofilms

Cell — cell recognition

Structural elements of
biofilms

Protective barrier

Retention of water

Sorption of exogenous
organic compounds

Sorption of inorganic ions

Enzymatic activities

Interaction of
polysaccharides with
enzymes

Initial step in colonization of inert and tissue surfaces,
accumulation of bacteria on nutrient-rich surfaces in oligotrophic
environments

Bridging between cells and inorganic particles trapped from the
environment, immobilization of mixed bacterial population, basis
for development of high cell densities, generation of a medium
for communication processes, cause for biofouling and
biocorrosion events

Symbiotic relationships with plants or animals, initiation of
pathogenic processes

Mediation of mechanical stability of biofilms (frequently in
conjunction with multivalent cations), determination of the shape
of EPS structure (capsule, slime, sheath)

Resistance to nonspecific and specific host defenses (complement
— mediated killing, phagocytosis, antibody response, free radical
generation), resistance to certain biocides including disinfectants
and antibiotics, protection of cyanobacterial nitrogenase from
harmful effects

Prevention of desiccation under water-deficient conditions

Scavenging and accumulation of nutrients from the environment,
sorption of xenobiotics (detoxification)

Accumulation of toxic metal ions (detoxification), promotion of
polysaccharide gel formation, mineral formation

Digestion of exogenous macromolecules for nutrient acquisition,
release of biofilm cells by degradation of structural EPS of the
biofilm

Accumulation / retention and stabilization of secreted enzymes
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aylarde, 1991; Costerton et al.,, 1987; Bass et al,

r
)

IR
[}
0
»)
=
2
0

1998). @ w@7], s, Ak XA L g e 3 A F ASHA WFEE

w8 wol

= ath E=3 o gRoboA] A Wel ojad Auh oFF Fol Aule] HETro] 3
% it} (Costerton et al., 1987). o]o] we} WyE24&
2 vlgol 2rsy glon BT Yo 29 9
3 e AdFZo] AP Urt (Little 1984; Geesey and White, 1990; Melo, 1992
Allison et al, 1998). A AT7F APHD e FH Foke 95, AT Eolold
nERoz H&AeTAYN FHY T FAAAN AHE AEA AT B A
271 gwrs] AsEs ok xR e A A7l Pseudomanas aeruginosalt
Streptococcus mutans 52| 7% AEL A #Ase FHAAY 9, AET 3 Ao
o thAlgg o] W3, signaling mechanism (quorum sensing) 5°] F3A FFEolA
A7H YL AER o5, X5 Fopire HET MY 3 HAdGH #8E AT
7F &3] A= Qtt (Geoffrey et al., 2001; De Kievit et al, 2001; Heydorn et

al, 2002). olof ukEl FFolME I FPYNFEL vIFET AL WAEEY BT 3
Hog Mube nE3 Fu|Se BA S sk AAF syt dojua AT ofA
7t2) A2 FA 9 ole odAle} BHEP ATARE AT Holtk (Allison et 4l,

1998; Stickler 1999, Davey & O’'Toole 2000; Leonard 2000; Beech et al., 2001).

A3H "AE FAA A7 &F

A QA ook 4] B4, Y 2 O ARIHAPeM LRT¢ EA XYL S
AS9 AFe 2L Ao Jdsn vk FARG itk wAEe Bg, AR T
TEZERTE A Fe AJo)ze] §AAE /AR gloH, olAL FAA AT A



22 nAZo] e 74 & vigeld o9} e ofE wlE DOEojA = 199434
TS §44 J3A 2 (Microbial Genome Program; MGP)g FH3ata thefgh vl A

ar
B ATE FYstel grh MARS B AR 27 2 B

T} o] wWiEo] g AXIA A7 EAE(Wellcome Trust)= Sanger Pathogen

Programme< %3] Ak/te Zxe HUF FHAAS BAstn slen ¥dd w3

A Atz FH(Pathogen Consortium)S TAISte] oz 4d o ZE W

RE H3A 97F FEIAGE AFS WSt de AHoln.

7% d3A YW E ] genome projects 206 FFo diste F

, 71020019 49 SR griMdol wEH QHYEL F 45 TFE ATl 9
5

Z= Qo] 36 oYk 1§ 2002 29 1 A= £ 70 TSR

TR

TATel 13 FF, vl golrt 57 FFolAth 20039 dA AT G Ee] Lk

it ofx

QAYEL F 144 FFE, o|F mAe] 17 FFoli we oyt 127 58 #
A gt} (witintegratedgenomics.com/GOLD/index.cgi?want=

Published+Complete+Genomes).

U Qe §AA 28 dTE Adean Jde JIFe2ZE u=F AUAAL (DOE),
ONR (Office of Naval Research), NIDCR (National Institute of Dental and
Craniofacial Research), DARPA (Defense Advanced Research Projects Agency), NSF
(National Science Foundation), NIAID (National Institute of Allergy and Infectious
Diseases), OBER (Office of Biological and Environmental Research), USDA (United
States Department of Agriculture), THRAY (NIH)o.2 7p¢ thdsit. osp B
2 Wz71Ygel Diversa Corporation (San Diego, CA), Molecular Dynamics
(Sunnyvale, CA), Integrated Genomics Inc. (Chicago, IL), Dairy Management, Inc,
Merck Genome Research Institute (West Point, PA) SolM% A& 22 A7
AzAo g ALsy Y= AAolth AT 2% European Uniont} European &

Canadian Consortiumo|A] TEoZ 7= A z+ FolA HxFA d+4=
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Fasta ok g Aek3Ale AA EF2E(Wellcome Trust)e I3 AA
A A2 (Sanger Genome Center)?] Sanger Pathogen Programme£ B3 Alef7idt
S EXE A4 18%9 BdT FAAE £43 3 A o|Welx= MAFF (Ministry of

Agriculture, Fisheries and Food), BBSRC (Biotechnology and Biological Sciences

Research Council)$} 7+& AR 7177} Beowulf Genomics &2 7[gFelM v AFE 3
33

A AFE Adsta Yok TFEE FE AT FIA A7 JFAL FAE
slow vldE {34 A

Ministry of Lower Saxony, BYK Gulden, BMBF (Bundes Ministerium fir Bildung

= Institut Pasteur$} MENRTo| A x| 93l3 o). 549

und Forschung), BASF, @& = NWO (Netherlands Organization for Scientific
Research), ®7]o] Region Wallonne, 2¢dl SSF (Swedish Foundation for Strategic
Research) SolME w8 fAA) AT7E A A3t ok 2Htel] dvrle Hzpd
o] & FAPESP (The State of Sao Paulo Research Foundation)ell X, o}Ajote U
NITE (National Institute of Technology and Evaluation)® %= CNCBD, Chinese
Ministry of Public Health SolA Z7}Hoz m4E fAA AFE Ads Adoh
dEL HIH, FAA, T8, B84 2 5449 FoHer dA B 2dds 74

A ATE FAsPon dFE AYGuAEL AA GrIME EAS S5T dEoln-
ARA 7AZETD ofyel §3 T o], ool T A AA 40000 A A1l
AAAAY ol A, $-vtels 200298 E 21C ZEF o] A7/MEAd HAE §
& TGS Fol 20129742 S 9o ke nAE 1059 FXA

EANS BEEE @3 A7E APstm Yok o] A7 oln HEAZE H4A
%ol Paenibacillus polymyxa E681, #&3 AZegotadiel Hx &4
M AE §HA S Hahella chejuensis 96CJ10356, 7 X9 3 &< Leuconostoc citreum
KM209] $AA %S 94§ Aeo|thhttp://genepool. pdrcrekr/gem). ©]F
Hahella chejuensisi= 3t FATY o]TF WMAL7E AF vlgtzoA £ A& )&
ol ot} olgtelx Azt FAA 715AT AFATAA Aol AdH #Ho] A&

RoZ 4 A Helicobacter pylorid] 4AAE BA3IQal vfazde] ¢ag& Hads

o1 Zymomonas mobilis®] A A7) MES HF3AT
HAUAE FAA AT AFogE AFAA EF nAT 10F, AT 13F9 8
G| E ] R BAFHAE, §3) nATE 48 @FTdM E9E dFsSE
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22 24 o871} e FEECIATHE 22)

AT Fo  Methanococcus  jannaschii, Pyrococcus horikoshii, Aeropyrum pernix,
Pyrococcus abyssi, Pyrobaculum aerophilums A DFTolx Fejd 1Al
Archaeoglobus fulgiduse T-& @744 #3FES FAAIE DATLR SR A
27} el 33 92X Japan Marine Science and Technology Centero] A+ 413l
Ao X AR E Alkaliphilic extremophiles?) Bacillus halodurans®) AA) G714 ES EA 8
331 TIGReN A theel] Wb sl AlarQl Caulobacter crescentus®] AAH @718
vtk AT AL @4 f28 fAd A7 F2 BdEs AFE FdHieH
sju| g2 e 10%0] BTt Aquifex aeolicus VFS, Bacillus  halodurans C-125,
Oceanobacillus iheyensis HTE831128]31  Thermotoga maritima MSB87F =3t S Ur| A=
olfn URlAE F2 B e dAToIAT 3 WA4 AT & 359
A7l Bl gEAEd oFdE v AdURm olFW wevl L

Vibrio vulnificus CMCP6% 3] tt.

o

L

463__



Table 2-2. List of marine microorganisms whose whole genome

sequencing was finished.

Organism (glli;‘) Description
ARCHAEA
* Aeropyrum pernix k1 1?266925()17 Marine aerobic hyperthermophilic Crenarchaeon
Marine hyperthermophilic Euryarchaeon;
* Archaeoglobus fulgidus DSM4304 2178 kb Sulphate reducer found in hydrothermal
¢ (2493) envgronment Y
* Hualobacterium sp. NRC-1 ?'?zlgséjb Extreme halophile Euryarchaeon
* Methanococcus jannaschii 1664 kb Autotrophic Euryarchaeon isolated from a
DSM2661 (1750) deep-sea thermal vent
: 1694 kb Marine hyperthermophilic Euryarchaeon isolated
* Methanopyrus kandleri AV19 (1691) from ta 2,000-m-deep "black smoker" chimney

500 kb Marine hyperthermophilic symbiotic

* Nanoarchaeum equitans
Nanoarchaeon

* Pyrobaculum aerophilum IM2 2222 kb Marine hyperthermophilic Crenarchaeon growing

(2587) optimally at 100°C

* ; 1765 kb Marine Euryarchaeon isolated from a hot spring
Pyrococcus abyssi GES (1765) situated deep-sea

% : 1908 kb Marine heterotrophic Euryarchaeon growing
Pyrococcus furiosus DSM 3638 (2065) optimally at 1OOPC

* Toshii 1738 kb Marine hyperthermophilic Euryarchaeon isolated
Pyrococcus hortkoshit OT3 (1979) from the hydrothermal vent

BACTERIA

* ; : 1551 kb . . s .
Aguifex aeolicus VF5 (1544) Aquificae, Marine hyperthermophilic bacterium

* Bacillus halodurans C-125 4%23661<)b Alkaliphilic deep-sea extremophiles

* ; ; : 3630 kb Gram+ deep-sea extremely halotolerant and
Oceanobacillus iheyensis HTE831 (3496) alkaliphilic species y

* P 1751 kb Planctomycetes, marine, aerobic, heterotrophic
Pirellula sp.1 (1884) representative of the order

* Prochlorococcus marinus 6397 kb Marine cyanobacteria, the most abundant

CCMP1375 (S5120) (5615) photosynthetic organisms on Earth

* ; 2400 kb Marine cyanobacteria, the most abundant
Prochlorococcus marinus MIT9313 (2400) photosynithetic organisms on Earth

* Prochlorococcus marinus subsp. 1657 kb Marine cyanobacteria, the most abundant

pastoris CCMP1378 (MED4) (1700) photosynthetic organisms on Earth

A%igg;gglslgoonezdensis MR-1 4?299311()1) v-proteobacterium metal ion-reducing bacterium

Marine cyanobacteria, unicellular,
* Synechococcus sp. WH8102 2400 kb photoautotrophic, facultative
glucose-heterotrophic bacteria

1860 kb Thermotoga hyperthermophilic eubacteria

* Thermotoga maritima MSB8 (187 isolated from “geothermal heated marine
7) sediment

* Vibrio parahaemolyticus RIMD 5165 kb Y-proteobacterium pathogen causing food-borne
2210633 (4832) gastroenteritis
* Vibrio vulnificus CMCP6 5211 kb y-proteobacterium pathogen causing primary
(KOREA) (5028) septicemia and wound infections
* Vibyi ; 5211 kb y-proteobacterium pathogen causing liver

Vibrio vulnificus Yj016 (5028) functiona! disorders or chronic liver diseases
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Table

2-2. Continued.

Organism

Publication
(Date)

Database

ARCHAEA

* Aeropyrum pernix K1

DNA Research 6:83-101
(1999. 4. 30)

www.bjo.nite.go.jp:8080/ dogan/MicroTop?
GENOME _[D=ape_G1

* Archaeoglobus fulgidus
DSM4304 ’

Nature 390:364-370 (1997.
11. 27)

www.tigr.org/ tigr-scripts/ CMR2/Genome
Page3.spl?database=gaf

* Halobacterium sp. NRC-1

PNAS 97:12176-12181 (2000.
10. 24)

zdna.micro.umass.edu/haloweb

* Methanococcus jannaschii
DSM2661

Science 273:1058-1073 (1996.
9. 28)

www.tigr.org/ tigr-scripts/ CMR2/Genome
Page3.spl?database=arg

* Methanopyrus kandleri AV19

PNAS 99:4644-4649  (2002.
4. 2)

www. tigr.org/ tigr-scripts/ CMR2/Genome
Page3.spl?database=ntmk01

* Nanoarchaeum equitans

PNAS (2003. 10. 13)

* Pyrobaculum aerophilum IM2

PNAS 99:984-989 (2002. 1.
22) .

www.ncbi.nlm.nih.gov/cgi-bin/Entrez/fra
mik?db=Genome&gi=227

* Pyrococcus abyssi GES

Unpublished (2002. 2. 13)

www.genoscope.cns.fr/Pab

* Pyrococcus furiosus DSM
3638

Meth. Enzymol. 330:134-157
(2002. 2. 12)

www .ncbi.nlm.nih.gov/entrez/viewer.fcgi?
val=AE009950

* Pyrococcus horikoshii OT3

DNA Research 5:55-76 (1998.
4. 30)

www.bjo.nite.go.jp

BACTERIA

* Aquifex aeolicus VF5

Nature 392:353-358 (1998. 3.
26)

wit.mcs.anl.gov/WIT/CGl/ org.cgi?compar
e=&user=&org=AA

* Bacillus halodurans C-125

Extremophiles 4: 99-108
(2000. 4. 10)

www jamstec.go.jp/ genomebase/micrHom
e_bha.htm]

* Oceanobacillus iheyensis
HTE831

NAR30, 3927-3935 (2002. 9.
7)

www.jamstec.go.jp/ genomebase/micrHom
e_obihtml

* Pirellula sp.1

PNAS 100:8298-303 (2003. 7.
8)

www.micro-genomes.mpg.de/ pirellula/

* Prochlorococcus marinus
CCMP1375 (55120)

PNAS 100:10020-5 (2003. 8.
13)

www.sb-roscoff.fr/ Phyto/Pro55120/

* Prochlorococcus marinus
MIT9313

Nature 424:1042-7 (2003. 8.
13)

www jgi.doe.gov/JGI_microbial/html/pro
chlorococcus/ prochlo_homepage.html

* Prochlorococcus marinus
subsp. pastoris CCMP1378

(MED4)

Nature 424:1042-7 (2003. 8.
13)

www jgi.doe.gov/JGI_microbial /html/pro
chlorococcus/ prochlo_homepage.html

* Shewanella oneidensis MR-1
ATCC700550

Nature Biotechnol.
20:1118-23 (2002. 10. 7)

www.tigr.org/ tigr-scripts/ CMR2/Genome
Page3.spl?database=gsp

* Synechococcus sp. WH8102

Nature 424:1037-42 (2003. 8.
13)

columba.ebi.ac.uk:8765/ ext-genequiz/geno
mes/cy9709/index.html

* Thermotoga maritima MSB8

Nature 399:323-329 (1999. 5.
27)

www.tigr.org/tigr-scripts/ CMR2/Genome
Page3.spl?database=btm

* Vibrio parahaemolyticus
RIMD 2210633

Lancet 361:743-9 (2003. 3. 1)

genome.gen-info.osaka-u.acjp/ bacteria/vp
ara/

* Vibrio vulnificus CMCP6
{(KOREA)

Unpublished {2002. 12. 23)

www.ncbinlmnih.gov/genomes/framik.c
gi?db=Genome&gi=269

* Vibrio vulnificus YJ016

Unpublished (2003)

genome.nhri.org.tw/VV/index.php
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Table 3-1. Components of media for isolating marine microorganisms.

Media
DZobell Zobell SZobell
Component
Glucose 20¢g
peptone 5¢g 05 g 5¢g
yeast extract 1l¢g 01 g lg
FePOq 001 g 001 g 001 g
aged sea water 750 m¢ 750 mé 750 mf
distilled water 250 mt 250 mé 250 m
pH 7.2 72 72
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20% glycerol &4

AR

FTh 2004 49, A

&

s

FSth (Figs 3-1, 3-2; Table 3-2). &4 & ¢

S

AYe 3n

12+

wFe A
g gt whet
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AR A E el A A
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090752 2

_’71_



Fig 3-1. Sampling sites in this study
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Fig 3-2. Marine biofilms formed on various marine architectures
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Table 3-2. Origin of isolated strains

East Sea South Sea Yellow Sea
: Sum
Middle South East West  South Middle

Natural Bacteria 49 52 373 222 222 52 970
biofilm Cyanobacteria 6 156 322 119 603

Acrylic .
Bacteria 62 29 200 13 25 10 339

surface

Glass Bacteria 216 216
surface  Cyanobacteria 4 4
Sum 111 87 729 557 366 282 2132
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A2 A AFAEL JA AR FZ AE 54 dst

sjopEat @Ae UL olFstn AEL A4 Boste midE AdS
grsly] gsled RARL 1049 3 AAF F AERES Tk At A=
279 LS a484e 2 A7 3YS VFoR ATF % AZY a4l
378 Wslge Folstgch JEgo] 448 Fole nTAEEC] T del = A
2o 239 dRAH FAde A ARAG AdFst A EhEde Add
TRE HAT

b AEw g4 34 2UgygS A% 2P 1 2 2
Azur 84 g W AFE 20019 109 AdEE AAA FEE] d=ed
A9 AT Lo) AAE AFE FoldA FastATh (Fig. 3-3). 7] &Y F4
6, 12, 24, 48, 72, 96, 120 A7+ 2 144 AR ARE A3

A o A7rdslz #2357 sty 2A€3 6712 1071EAe ARE A

Azt BAstgry. 229 AXAV)Y £ W 18T, FET 32% Heler o
2 A)7)e] "8} 84 U inorganic nutrient?] ¥E7} & Aoz RIHUCH B2y

2 A AR FAe BT TmAEAG:

m; ~
>

o4

N

v 2 AX 2 AsA3

27 y|AZ ALEY o2 Y FE (25m x 75m x 1mm)e APl AEEZ] Aej IN
HCIZ 24 A7FEer Helsle] Ewo] 2& 47128 413 AAsAeH A% 248
33 2842 o W ZA HAL @38 Aol W F 75T dry-ovenof 124k o4

3
AZAAY (Lee ef al, 1999). Fig. 340 A B A7 2ol AAd ofad FE2 10
AR otzd Tdo) nAFAA EHwo] HFFFe] AWe] HEF 4 F 1.5me] A
satglth A E ojad FooA FES It 5 W AEY ¥4 AFAT
o MAESS B, BESN AT FHo2 o83
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Fig. 3-3. Scene of experimental buoy system in South Sea Institute
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Coupon Holder

A . N
} Acrylic Coupon i
55 mm |
|
& b 7, o mm |

/ /\\ 75 m

355 mm
' }Q« 105 mm b

Fig. 3-4. Scheme of acrylic holder & slides
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% AE AAY
AHD AEL ABE FH whet Fig 359 schemed me} A2istsich 4z
B9 g 7rersl AWetw thes 2ok olst 9@ 5 A At olad =9

o AAD AEY 9Te] L partideS < AANGG. F AFF FHL AW A=
1

2}. £A# 4 (Total bacteria number)

1% formaline o] TAH o}z 8 FTEL sonic bath (Brason 8210)¢] 4] 30%4]
73] sonicationdle] ofmZ Y™ FEo] RFH A7 BAAMATY (Lee et al 1999).
Sonication & ] ©}t} 1% formalino] 718 A3} 314 50 mE MALE HolF3le
o] sonicationo] BY AlEE 500 ml bottled] Ztth olEHA PR AR F cell
densityo] web 02~500 m¢E 3 3to] black polycarbonate filter paper (& = 0.2 m,
nucleopore)d]] o3 FZA1z71 1 me] DAPI (5 mg/ ¢, 2,4-diamdino -phenyl-indol)
gAoz QM3 T ¥BF0| A (Axioplan, Carl Zeiss, Germany)stell A 1000u] <]
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Sampling

!

Remove adsorbed particles or bacteria using sterilized seawater

[

v v v
Frozen Fix with Scrapped into
formalin Seawater
| ! ' v
TRELP Total bacteria| | Substrate || Culturable|i Extracellular
number utilization|| Bacteria ||enzyme activity

!

Isolation of Bacteria

v

|
v

RFLP
typing

Attachment
ability

L

'

Hydrophobicity

i

Y

Selection of strains

Fig. 3-5. Procedures for analysis of marine biofilm
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ul. & g% AlF (Colony forming unit)

A Azl HBANA FHIE biofilm slurryE B 52 AE AT § ZoBell
2216e AR S] 100 WX HE3t] 25T 597 vi%3F FH agar platec] FdH
AF S AFeA) o] F Fept e JAGES dIdFFE A 2 | 71A 3
2} streak HAL AR £ BUSAo &4 B8 I#F5L 20% glycerol £ 9]

H

H7bE ZoBell 2216e YA vl Aol HEsio 70T FF

o3

e,
EY

b, Alx9] §4 A4 (Extracellualr Enzyme Activity)

o}y TES $HE MBS wAAste AE2A ALY aminopeptidase, P
-D-glucosidase$} phophatase?] #4& 33l th (Hoppe, 1993). Biofilm slurryE
950 & 187§2] 96well Masterblock (1 me)oll HEF & ztzt 3702] wello] FFE22
2 FX% 3 7179 71AE (Leu-MCA, MUF-B-D-glucosidase, MUF-phophatse)& |
F %% 25 100 pndo] HEE AASGT. A2olA wigstAA Wi 719k 34
o2 100 pANe] A5 E 3t glycine-ammonia &9 (pH 10.5) 200 & 3 7}ste]
pHE =4 F o2 Microplate® #3357 (Fluoroscan Ascent, Labsystem)® 3%
58 2Asgt. A8 dBS 4T gt MCARZ 7 JF4E Fol F=At

o §-5-91c.

A 7NE ol g TEA
A7z 8549 okad FEA ¥RY 4B ATEY AUH 54 gota)

913 Biologitel Microlog GN plateE o]&3dte] AEHFA Mol 718 ol& T+dA

il

& ZAstgck. A A AANA FE8]FE biofilm slurryE 73314 10~20837F &E0]
Z o 7 wello] 100 w8 FFat Ao 743 wiFatdn. Mol €d ¥ «

oz WAvE Fosle 71238y FH 540 mmollA] microplate reader (THERMO
Max, Molecular Devices)& o]&3l O.D. %<& 434
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2. 4743
bl Aew 4 By a7
ol =EAIZ otmd FEE AZPERE Stk Fig 369X Be upeh 2
°f 3UAA = ofAY FEAM HETS §Uo2 BET & A 4GATH §
OR AFY e AR AEge] AFsAey UiE o|FHHe 2THE] o
48 Aevel 2 = o]F LFTAEL VLA F2 49
& AR ol mAEZE AU 6708 Adle JFEA A7 e, bryozoa

%1—

Al A9t bryozoa Fo] ot2E BWHE HE AR 4%

. F4T 4 (Total bacteria number)

ol FZ TWdx o] HEF 1Y oo 1.85x105 cells/crte] Aol H2
stk 2zt 3Y Aol 3.49x105cells/cn 0.2 1Yol 3 AfololE AF Z7}3 =T
azxer 39 olFHE AF£AHQ FUME B 6dANE 9.73x106cells/ ciGE 2 A
At olF AELY AR I 54UA o= 4.28x108cells/ o2 Z7he S
on 674, 1070 Foll= 544 FAIG FFo AFFE BAY (Fig. 3-7). Lee et
al. (1999)& FYPFHEEL 3|50 =SAHLS A 39 Fe 3.91x106cells/crie] A do]

2 Hustgoen Choi et al. (1996)2 dHdA 64 {9 o}ad F
S =SANAE w, 77 4.0~10.7x107 celis/ 2} 15.8~46.4x105 cells/cne] A 1fo)
2

FAY Aow Histe g AdsiFodMe 27l AEY A S5 AHd BAQ
of fALGt Aoz dAdtdEh e/, 1049 §<¢ sl =240 ofmad FEAME
@ AX o], v, wprhulet AF F2] 5 A BEEC] THYEY olE 1TAE

[e]

A FAetE v Se] Erigogs B9 BAY AFSr 248 R
2 gt oy e, 10888 Aade 209A vlastd & =
% Ae BREAe] Watsl ole] wlE FANY YW= Fo| oladEWAte o
27 qEd e FAEG &H 7] 643ty Ad #SEHE
5 3~499) AHS7)Zre] ARF Aoz )
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Fig. 3-6. Photograph of biofilm formed on acrylic surface
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Fig. 3-7. Total bacterial number on acrylic surface at each sampling

time
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t}. 4l 9%7bs AlAF (colony forming unit)

olzd FEo BAE wiok sl NTFSE 19 ojuldl 8.22x10° CFU/arol o™
Z AT oRVIAE 1-39 Alolole F33 W3lE RolA fskt) (Fig. 3-8). 44
o]Z XMl Z7tE Bl 6UM 4.28x10° CFU/crs Z713lgom 540 3.63x10°
CFU/erE Z718tdth & Algs9 widrts Adde 27 gdd A 2ol A
T RFe 2% 1Y o] #e 7IHES o] AYHAN 3d 52 497 A
NE AR F ALFA S/ BYuh FATd dE wigATTs 044~440%
o] M &g Yo AFF7 vge) Frlte AFS B YETGY A G
AMogAde] F7h7t ddE sle R Azad.

a

HES &4 = 9ulA B #oIstE &4<l aminopeptides 42 1~4Y AF
ole 1.996~2.395 nmol/cuf/hr A}o]ojA] fluctuationS RSl & AFHo =z F7h3td 6
Asje] 97.881 nmol/cr/hre] & ZA4S RYPTh (Fig. 3-9). 2y 549 o|F =
aminopeptidase &4 W37l A9 Qe Aoz E o HEute] A& wmg 2 9
o] A& 7154E AARRITh p-D-Glucosidase 34712 AEA oldte] ¥ &
Ae Bl & FAS) Z7tsted 69 soll 9423 nuol/coi/hre] 4L BFom A4F A
Al 54gAo] 3148 nmol/cri/hr2 AL AW NEHFHA FrE B4tk B
-D-Glucosidase®] W& @42 HEUYIA gaiEo] 271 AEY LA g4
fogMe FaAol A %] W Aoz F59ct Phosphatases A5 3YF
05 nmol/cy/hrij o] AL WOl & 49 o]|F x|5H3 Z71E R 6UA ol 167.86
nmol/cr'/hre] %8 A& Xt} Phosphatase 42 S44AlE 93543 nmol/cr
/hr2 Vg Ee 842 2 Yt Phosphatase®] o 4 AEY U4 Iatbgol
B9 AR 8oz FEF e AAMETE AT AEe 543
]

J]w

¢

3o} vt 2 71A e FF wg 3~4U7e] HAV|IE HATh B4
FHQA ZFrle AT F7he dASAD dHog dHE FAHAT
activity7} Al 298] E428A Y AFF F7i7ld ZA F7ekEd HE AW | AE

ool Qg G2 G AT BAE A F7He Aoz AZEd,
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vh. 713 o]l & 4 FA

ko] z+e B¢l GN microplate®] i OD.zhe A7 zte] we}l 0.034 (64171),
0025 (12A17h), 0100 (24A17Y), 0145 (48A17H), 0.172 (72A17}), 0.192 (96A1%), 0.491
(120A17h), 0497 (144X70 2 Z7bstgeh 7] 1973 OD.E WE &3 S7M e
U ol% 4d7tA e AFs, AEe Ao wselAg riirtAZ ZAVE B 713
oyt A ¢ AL wyste Aoz AAEG. BAR MR 4-5d Aol
OD.2te] FA4% F715 Ho] Aased 849 Frhel Mg 712 o859 F7HE
Fstdch 6AR e 5UA} FAS 39 OD.FE Bor 54dAdls 07358 7]
Aolg 7t gutelA F7tetanh ol &8 7A9 5 1Y 2474, 29 3370, 39 4
o 3870, 59 777K, 69 79= 5U olF FASA FrkstArh o]8&® 71AE x7)d
F2 @538, 714 ot Sollen Hi nEAEAF ester-bond7t e 3
FE T AURez olfo]l o NAESR &St duiHen 3dAd=
amide, aromatic compounds, alcohol Al %9 EZEL o] &3ttt (Table 3-3). 42 #)
7HA ol &HE 714 Wt FoEoY FHOE ol&HE VAN FFE £FH
HEs Bol YT A5t ol & 3dAS) 4U ] AET mAETH S AFAE °
& A% 2 Uest AAS 3d4d o8R8 38 713 F 1A 4448 o
A HRen] 12 FHE 297 )85 &9 7Aootk a2y 54
RE 7148 ol&dte Aoz vggow 2Y, 6718 Folx o]&72

o] BEAol Z7l7F AU FAH @53EF ofv|:=ate] A xV|5H o]&e] 7}
Asd L& 7120 o]4d Wi {714k YF, amides B amineZ|F

S
S e vt e Anz ¥

(L

o

3 m A
B AFERE 59 F7kel gt 71delgd PR FUEIAC Y dHeE 2710
ogfE Flde FR/F AL WHOEH 27 4FT W ATz AsE WY
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Table 3-3. Used number of substrates on Microlog GN2 plate

Day 1/4 ] 1 2 3 4 | 5 6 54 {170
Polymers (5) 4 2 11 4 5] 5 5 5
CH & deriv. (28) 6 101 11] 13] 12| 25| 26| 27| 28
Methylesters (2) 1 1 1 21 2 21 2
Carboxylic acid (24) 3 1 7 8 8 151 17 171 20
Brominated (1) 1 1) 1
Amides (3) 1 2 2 1 2
AA & deriv. (20) 7l 8l 12| 12| 10/ 19] 19| 19] 20
Aromatics (4) ol 20 4| 4| 4| 4
Amines (3) 11 2 2
Alcohols (2) 1 11 1 1] 2
Phosphorylated (3) 2, 2] 3| 3
Total (95) 16| 24| 33 38, 38| 77 79| 82| 89
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1.1. T-RAFLP ¥l 7128 AdLRe 4213}

7h 23 =

-3

3}

Aol =EA okmd HW REAE YET W uPES] 165 IDNAES HEX
(Hexachlorofluorescin) 33E2A% XX ¥ primerE o]&38to FFAZl & T-RFLP
(Terminal Restriction Fragment Length Polymorphism) #4313 (Liu et al, 1997, §

T FAT L, 1999)2 o] &3te] At Ao e TRTx HkE AT

}. DNA extraction
HA DNA FZ& 18] 70% ethanol2 Fa® Z=E o3 d FEo| £o] Ue A
g FAHA A scrappingdte] 2 ml microtubeol] Yo @it} Tubed] buffer
(artificial sea water; 045 M NaCl, 0.011 M KCl, 0.007 M Na,HCO3) 1 m¢E H7}3k
® 12,000xgel| A 2087 94 Ee5sich. Scrapping BT W% otaY FET L 50 m
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conical tubeol] buffer 45 m9} &7 @3 sonic bathell A 3024 63 (F 3¥) 253
g stk Tubed| X £ol=F AAZ & A4AFE (4000xg 208)AA &5

& AAsYT. HAWEL scrappingdt AlE9b @A Fopx] 2xTENSE& (100 mM
Tris-HCL. 40 mM sodium EDTA, 200 mM sodium chloride) 1 m¢-& Y2 4ol F3
t}. Glass bead (150~212 gm, Sigma) 500 mgS ¥ I 3%t bead-beating (3110BX,
BioSpec Products Inc.)& AA|sHth #dbo] £H g 15000xgdl A 108704 A
e gARYstT HAZ2AS ANZE tubed] FZth AEFAH FF phenol
chloroform : isoamylalcohol (25 : 24 : 1)&o4g Yol HPstA EFS th3 15000xg
oA 2087 A4AE A et AEE tubeo] &7 F3Uch Tubed] 3M
sodium acetate (pH 5.2)9} isopropanolS ztz} &9 0.1, 18]2] H &2 Yo F3
th. -220CAlA 2417t WAt DNAE FAAZ1 & 15000xgofl Al 2087 422 A
AEAe AASET. A AAE) E&H humic acidg AAs7] 948 FHAE2 50
4 TE buffer (20 mM TrisHCl, 1 mM EDTA, pH 80)s] =% ©h& PVPP

«1ov

2

(polyvinylpolypyrrolidone; Sigma) microspin columng % #A]Zt} (Lee ef. al., 1998).
PVPP column®] A%z ®Wge ohda ol ¢ Aefe] PVPPE 3 N HCl §do=
AHe G =842 $3] QFHstn tha] 10 mM Tris-HCL (pH 8.0) buffer2 4|3}
A}k pH 800] HEE ZA e PVPP slurryE atEd (121C, 15%)3 A= Micro
Bio-Spin columno] @ ¥ PVPP BZ 1 s 3 A7 12,000><g°ﬂ/~1 1 80 42
M AAES ¢FAE AASHAT Columng HZE tubeo] &3 thg 4
Z AL columnol] B 12,000xgel] A 287+ AAE 2 3te] humic acid7} AAE {A&
stk At 08% otEzA A £x 2 Fe FASAT

¢

4

t}. PCR (Polymerase Chain Reaction)

SAA ZZoe= FPFEAT FAP HEX2/F (Giovannoni, 1991) % HEX-
Arch-21F (DeLong, 1992)¢} 1518R3# Arch958R (Table 3-4)Z A2} ]g] (PE Applied
Biosystems)3le] Algat@ch PCR £271& 1 x Taq buffer, 0.2 mM dNTPs, 5%
DMSO, 0.1% BSA, primer 0.2 yM, Tag DNA polymerase (Takara, Japan) 0.5 unit,
Template DNA ¢} 10~100 ngo. 8 3ttt #g ¥ 50 W&Fo 2 ;L Z=Z7 B
d 2400 (PE Applied Biosystems, Foster City, CA 94404)& o] 83t H4TC
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Table 3-4. Sequences of primers used for bacterial and archaeal 16S rDNA

analysis
Target*
Primer Specificity Sequence(5'-3")
position
27F Bacterial 5-AGA GTT TGA TCM TGG CTC AG-¥ 8-27

1522R  Bacterial 5-AAG GAG GTG ATC CAN CCR CA-¥ 1541-1522

21F Achaeal 5-TTC CGG TTG ATC CYG CCG GA-¥ 2-21

958R Achaeal 5-CCA CAG GTG GTC ATC GAG AGA TC-3® 980-958

* Sequence position of E.coli
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ol A SEZF WHE F 94TAM 18, 55TellA 18, 72CellAM 2802 3535 WHERS &
72Cel A 78zF o ¥$ ARG dFERE 548 PCR AHE2 PCR Preps. DNA
Purification System (Promega Corp.)& A&-3te] AASFRI, HFT FoE 50 w2 3
Rtk AAEY PCRAES 497IMEE AR Se Agr &4 Hhal (GCG'C, Promega
Corp)o2 H%F 3 20 w2 s A3t

g daA AP B4

PCR #H2& 3 M sodium acetate (pH 4.6)9} 95 % ethanolS o] &3ty FHAZ
% loadingg & (deionized foramideloading dye:standard (Rox 2500; ABI) =
20:2:1) 3 wo] %9k ¥PEAE AW DNA standarde] Lol 37, 94, 109, 116,
172, 186, 222, 233, 238, 269, 361, 470, 536, 827 bpct. o] EgAL & Ho4Fm 9
5ColA 2 B3h Zu3le] denaturer]7] b deolA M#EATH T-RFLPE gele
45 % polyacrylamide gel2 At&-3gct. Gel 8o 10<xTBE buffer 5 mi#
LongRanger (BMA, Rockland, ME) gel solution 5 m& %7}3lth. Urea X7} 6 M
o] § %= total volumeS 50 m{Z B35} membrane filter (pore size 0.2 um)E ©]
3t deYE ¥ 108A 1583 48 =& AMEsto] 712§ &d3] AAsta 10
% APS (ammonjum persulfate) 250 YA TEMED (N,N,N",N’
-tetramethylethylenediamine) 35 ;& 71¥7} A71x &A HArisld EFAAG &3
o] ¢ & 50 m¢ FAME o]&3te] gel boarde] resing A F 24|7F 0EL FE
2 39t Gelo] Zod AFG7IAEAX ABI 377 (Applied Biosystems Instrument)
o gel board2 A& &1 1xTBE loading bufferE FAAZ o™ Al8& 7] A 30&
7t pre rung 35t gele] S &Qidt & oA FHIE denatured sample 2.0
WE loadingdlil GS Run 36D-2400 A0 2 4A17 AAAIZAG A7 €d F
GeneScan software (ABIL version 2.1)& ©]&3}e] standarde} ¥]wste oo HHEY
A7NE BASHTE Peak detection &AL Green 80, Red 500.2 3tH 2w Local
Southern MethodE o]-&3}lef djolg] EE 900 A 10,000747] EA3t %t

12. A& wMFAT TxA4Ust 2 DGGEE ol && vAE ¥3 A

ol#R AT
AR NPBEY Aol H4 AFAA R &
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20044 490] ANE A2 4EFA Holgy ATE 20014 108] A2

PR ATEHE BT AAA FEFY FFAEATYE FAA TR AA
A8 FoldM FHsdT (Fig. 3-3). 271 AE% 34 HAHAM ndE F=

4 wskg sebaly] 95t 6, 12 At HFBAR 104742 ok ddel 44 4

oz AR et FU KAALHL NS PAH WA 5

z

=44
23 71dZ2 AMEE olzd & (150mm x 210mp x 1mm)2 A 28o)A 7]&d A

i)

SUY PHow MANS AN T ALFAT (Lee et al, 1999). AHAH o}=Y

B4 2044 FEol NANA FAR] HFYF] Fuol HEE F4 o 1mel /)

wm
vialo] A ZF4 St AFHE A8 Fdo] DNAE FE53AY v|AdE BAA L
Z 8 3 ok

o ugE WG 2L 2o

M viald] MFHE AELY ARE G HFE A& FMT F ZoBel

& Bt @Y FFE g2 9 uw 71X ZoBell 2216e 3+H v 2ol 3x} streak #HAH &
ARG o] F FErt HE FHES AT FE Hd @ 4 7X] 3F streak HAA &
A 2E FFEL 165 IDNAZS ZEZA)7)7] Yl 9% well
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Fig. 3-10. Preparation of Acryl surface and pre-treatment and harvest

of produced biofilm
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2. 2 AT 16S (DNA T%, 47144 #4 2 Ao A4 24

wj ok sl Ao} 165 rDNAE PCR primer 27F (5-AGA GIT TGA TCM TGG CTC
AG-3)9} 1522R (5-AAG GAG GIT ATC CAN CCR CA-3)% #&3}e] direct PCR
we £35led ZEZAZTh. High pure PCR product Purification Kit (Roche,
Germany)Z AAT H 4 @47142L AX3IE restriction enzyme Hhmalo 2 A2 H
RFLP patterng Blidle] 2} Aztdi@s ©E patterng 29 FF5E AEsA
AEE F=E ABI PRISM 3100 Genetic Analyzer (Applied Biosystems, USA)E |7l
ANFe BAstgnt ol 27F (5-AGA GIT TGA TCM TGG CTC AG-3)9} 518R
(5-GTA TTA CCG CGG CIG CIG G-3)E sequencing primers Abe-shgch B A
ALea A7 e Lol 362 - 484 bpollen HarAolw 451 bpoldth d7IME
o) A% BAe NCBIY Advanced BLAST search program$& AMgstth &4

ANNGZRE FEA0] B 52 AL ofF Fo AvY 2FRYE A

. ARGANZZYEH F DNA 53
DGGE W& oj&3te] AEe vjyge Heol#ge w437 Asted A
zoogny & DNAZ F3sdch AAdLE  ol8sd 23 whadt
Freezethawing #4-2 AX ¥ g #4471 $ DNAE FE38¢ch DNA 29 &
Aot BAL Lee et al. (2003)7 E ByAe] A 118 AA3] F5H3H. DNA
2z due AVFERAS AA FAstgth 32 ¥ DNAE DGGE #4 A7hA 4
EAHE BRESHT

A2

L

D
o=

i

Ay
il

o
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2.1. T-RFLP i & o] &3t AET v g A7

7}. 16S rDNA T

A7EE Bedt ofmY FENA FEF DNA F582 1
BaE AMES ZAF 008 pg/aroldt Hom, 54Y olF 9 Alge
o AAT (Fig. 3-11). AR 3Fsle FE3
Eubacterial primer Hex-27F¢} 1518R-& ]85} PCR ¥H&& 433 41 2zt 9A4Y
A okmd FEI 2T E AME-H ] A bacterial SSU rDNA % 165 DNA
* SEY Ao #|Fsh= 15kbe) bandE HAJEAT RE olmd FEA
Archaeal specific primerE A3l ZZ 3 archaeal 16S rDNAs X Eo| 3 F3l=
900 bp Z7]9] bandE AT 4= AU} (Figs 3-12, 3-13).

N

Al ZFoll A 1444 ZHo]
26~1 pg/crH S W

FF=do] HAH

f
)
Z
>
e
o=

x

Az
tlo
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1 2 3 4 5 6 7T 8 89 10 1

Fig. 3-11. Total DNA extracted from nine coupons and seawater control.
Lane 1 contains Hind IlI-digested lamda DNA molecular size markers

Lanes: 2, 12 hr; 3, 24 hr; 4, 48 hr; 5, 72 hr; 6, 96 hr; 7, 120 hr;
8, 144 hr; 9, 66 days; 10, 170 days; 11, seawater (control).
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1 23 45678910 1112

2kb ~»
1 kb-»

Fig. 3-12. Amplification of bacterial 165 rDNAs from total DNAs of biofilm
coupons.
(Lane 1 contains DNA molecular size marker. Lanes: 2, 12 hr; 3, 24 hr;
4, 48 hr; 5, 72 hr; 6, 96 hr; 7, 120 hr; 8, 144 hr; 9, 66 days; 10, 170 days;

11, seawater (control); 12, negative control)
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12345678 9101112

1 kb —»

Fig. 3-13. Amplification of archaeal 16S rDNAs from total DNAs of biofilm

coupons
(Lane 1 contains DNA molecular size markers. Lanes: 2, 12 hr; 3, 24
hr; 4, 48 hr; 5, 72 hr; 6, 96 hr; 7, 120 hr; 8, 144 hr; 9, 66 days; 10, 170

days; 11, seawater (control); 12, negative control.
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s 4

BHe o] &A1 717t uhg) automatic DNA sequencer-‘ﬂ AEAE
Al A bacteria®] ZEAFAA-L 19~567)7} 74"51"* on A ToAdEAY 2
ol= 37~813 bpdATt (Fig. 3-14). 728 TRE % 5% ol4ke] &S Hol: T-RFe
M&e 425~546%AT} (Table 3-5). 60 bpel “E”?_rxﬂ #4W S 7}A = bacteriaz} A
T-RFZ 138~334%2 %2 W$2 725U zs & #leL 29 T-RFFE 201
bpel T-RFE 7HA& Alde 3dso 341 bpE 71'2]‘{: e 4dAdd HESH A

520, 673 bpe] T-RFE 7HA& AFL 7] 237 Sutd vluy £2 v&2 FEH
Ak 367 bpel T-RFE 71AE £ 27 BF7lo & vH&S RIoy 4Usdi
B 3243 1423 F 6dAods HAEHA ¥yt 210, 374, 376 bpe T-RFE 7IA|=

ATE A A3¢S Hgoy 219 IdnE ZAEHATGE Hola zolE Byt
564 bpe] T-RFE 7}AE A9 ALAE 27 3957 ASHUL o5 AFEL
u} Bl

E2AHA A2 4 oA FANHAY, HAVH] Ro] ff o FEEA X F
Y 7HsAlo] Utk 514 bpe T-RFE Role £ 249 %7] 337 A 71705¢ A
EHH O HEE 7] FFV)Y Fyo) AOFoR & Ae® Hop 27| AEH ¥
Ao 223 AT & AT =AE) 82, 203, 343 bpe] T-RFE Hol:s AFL %
7l B2le] Fulo] Joidog ulgo] 2vlatged 2, 649 FolE £& WEL &
ABtA/ o] ATEY AfdE AET HAAHA AFd FaF S FUE A

FA3HE o Mol 60 bpe T-
Te A=) 313 o5 ;_\319:]4 7

3
]
i

(i

AGol, g T AT EC] AT o]Fx $HI}= A2 ol JHd FAR
o] % HAHE HolAY XL AAAM FHHYSA EAste Aoz AAHAG 3
H oA ZEHADA 35709 AT group F 1370 group2 A EToA] HEHA o
o 107} grou P”* 6?4}1177}11 AL BEHAG olgt e AFde M T ¢

7‘3

AEE Hole ATFT F g¥wo] 4EHME $HHA AAE AAFHH 4
MNe 88 F9 Hg= % n RS FAHA 94TE YA L AAMEh
Mg, ANLEAZ 71dX HdEHe T-RFsy 7} 2

destste e e RAoy 108 tA T-RFse] 7t F7hetm o
+3%te T-RFE JeltA] @kt o9} 2& Axes AETL R w3 ¢
AFol HUA F&o] FEFa g tdd THY vAEEC] ME A AY
Ee AFE Hol7] g Aew Agd

=2
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Table 3-5. Summary of bacterial T-RFs from seawater and biofilm formed on

acrylic surface.

No. of Size Percentage of Size of Major (5%<)

T-RFs  Distribution 1% < 5%< T-RFs (bp)
Seawater 35 37~675 929 54.6 60, 62, 345, 513, 514, 569
1st day 36 37 ~586 94.9 43.7 60, 95, 367, 548
2nd day 33 37 ~586 93.6 448 60, 367, 564, 571
3rd day 51 37~813 87.8 48.7 60, 343, 367, 569, 571, 573
4th day 52 37~716 84.5 44.8 60, 343, 514, 571
5th day 49 37~716 85.1 42.5 60, 343, 514, 521
6th day 56 37~813 86.3 46.8 60, 201, 203, 514, 521
2 month 35 37~716 81.7 64.7 60, 82, 201, 203, 343, 513
6 month 19 37~574 97.5 69.0 60, 203, 343, 513, 571
10 month 50 35~548 98.66 1144 40, 57
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Rae s4o] =&AZ A7) Beh Achaes) T-RFse 2-18747 A&
(Fig. 3-15; Table 3-6). &% T-RFY Zol& 36~530 bpth 4ol A archaeal +3
2 8709 T-RFsE& HPom 1 I7]& 52~483 bpith ©] 5 F8 4 T-RFs9] HI &S
R (9.3%), 336 (44.1%), 337 (36.1%) and 483 bp (81%) = WA} 977%E A8
Ack. dlsold AZH T-RFs 2 Ak (306, 308, 469, 483 bp)e MEuo A HZ 5 x|
e g AR (336 & 337 bp)= HEL I 27 F43] 1 Hgo] FOE
o] 6 olFol HEH A Wt} wrhE 36, 90, 325, 354 & 357 bpe] T-RFE 1o
© archae group2 AEutollA AfRo] HEFHI] AFF oy 36 bpE Ho|= archae
el 6d olF HEHA &Uth Archae F 173, 324, 326, 358 & 361 bpE Hole
group e 3~4YARE AZEH7| AZerRom 36, 52, 62, 326, 358 bpe] T-RFS 0|
i+ archaex A 717HE F3 AEFH U o] 5 326 bpe] T-RFE Hol+= achaed Hl&
2 36.6~746% = FA archaecr At vl&o] Wi Etoh 336, 337 bpel T-RF
Ao g wlFo] Hop AER oA BA

ol ol71x] X AL doiHez BF T EPS AHTH, 4FE Fo] HelAe
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Fig. 3-15. Archaeal T-RFLP generated from Hha I digests and its distribution

pattern of T-RFs on acrylic surface.
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Table 3-6. Summary of archaeal T-RFs from seawater and biofilm formed on

acrylic surface.

No. of Size Percentage of  Size of Major (5%<)
T-RFs  Distribution 1% < 5%< T-RFs (bp)
Seawater 8 52 ~483 97.7 97.7 326, 336, 337, 483
1st day 16 36~477 99.4 71.4 36, 62, 326, 336, 354
2nd day 14 36~361 98.5 81.7 36, 325, 326, 337
3rd day 10 36~477 99.5 810 36, 326
4th day 18 36~391 94.5 89.0 62, 326, 356, 358
5th day 14 36~530 95.1 91.0 62, 326, 356, 358
6th day 14 36~361 95.4 90.0 62, 324, 326, 356, 358
2 month 10 36 ~358 974 919 36, 324, 326
6 month 11 36~361 97.8 921 36, 324, 326
10 month 2 - 100 100 50, 326
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3] T-RF: & o] njAl BT st E etk Moyer ef al. 1996, Liu
et al. 1997, Moeseneder et al. 2001). Q22X AF= FZd AA3e 8F HAA ¥
Aete archaead] clone 19702 B43% dAxt AFdaA Hmu 102 98 A9 =EF
326 bpe] T-RFE R G2} sequencing Zi}oll A o] cloneo] wj¢ ThFgh archaea
groups©. 2 U ol X E ALz Vet (Lee et al, 2003). wfetr 2 HA3AARA T 3
Ag QyEuto] EAjste 326 bpe T-RFE XH.olE archaeal groupo] ZA-¢ol% =f% o
Fg FEZREH FALANE 7HsAe] EAFT webA T-RFLP #HH & o835t v
AEo) ¥y WaE AT Ay oY AFEAE o]83te AW WelE 2AE

=]

T-RFLP ZAzto] 7]Z3te) FARAS AAs) Bd sfet A& Agaefgde F
glo] TR HEYL YoNE 7zt @ custer7t YHAE AoE UEHT
(Fig. 3-16). 1-34 =2 vIAE FAY 4~6UA ) MAE TFS AZ & Aoz Y
Bhgter 2, 67145 AFTRE 27 A% AuFdAE rEHs A AT
& Aok T-RFse] SdddalA AT 5 ddd AAE 10/ Aluaege 4=
gte] oljzl %7) dlFe AR EARE e FATERE EAY e TEE
FA2og 3s7] S bacterias} archaed] T-RFsE FAlo ol&dte] A&
Ax Tt oln archaed] &L Uwtzel Aufol] H[Fo] bacteria®] 1/102 7} 3}
At 6NLAAAY vAE THTERE bacteriatto g HALAG AT Bt F
43 AAE B AT (Fig. 3-17).
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Fig. 3-16. Dendrogram of community relatedness of biofilm forming
bacteria based on Spearman coefficient. Comparison of

T-RFLP fingerprinting was conducted with WPGMA method.
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Fig. 3-17. Dendrogram of community relatedness of biofilm
forming microbial community (bacteria + achaea)
based on Spearman coefficient. Comparison of
T-RFLP  fingerprinting was conducted with
WPGMA method.
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Jyrx o2 T-RELP ¥ie 4FA 2a¥ozE dAF AW Aoz a4 ¢
o $4Z o2 TRFLP £4£ Ss|HE PCRE o3 I SERA e AAA He
T

Fz== A Fo] RNAO| slZste 471494 copyE 27 t2A AYsd o] Ao
of WeldE Y gFe signale & FolE HeolA "ok whAM T-RFLP ¥ie=
W E 7z 75 AESA 2 5 wFd E FF3te
A% vl 5 A La glojor o (FFEYATE, 1999). ¥lF T-RELP i
o] MBS ANE AL AR/ sl FAZE AAT T-RFLP ¥Ho=
Qo FATLZ ARE DGGE wWyoz 92 A3 (Moeseneder ef al. 1999),

o
ol
e
2
o
>
>
o
N,
i}

group-specific RNA probeE ol g8t A7 (Gonzélez et al. 2000) = cloned o]
rDNA sequenceZd 413t 23 (Luidemann et al. 2000)9}= Wi A FAS Aoz H
159} derA sigol e ATz 4B FAo be TR A A
A A2 W NE Az we FATEY GAE 5 Ade AE% 4 1
g A E FHTET Hals AL F BojFEr B Af A nEn o
RGN AFBANNE 25202 EASA ATTe] 2HW ABEAN o 4
ALt Wl 2o 1R PAS ZYsvE ste JoE A4HHA O ARR =
71 BN E nAECGS ol HFET

zo) Wae met AETe 473 A nEAE] YT ¥ FA T AF
599 2o o3 4T A BL AoF A4dH

18
olft
S
o
i

2R AR F 642 1247 1 100-47]}1] % %4755 IR FH
Mol A 380 AA 272FFE Felstint (Table 37). @aAbd AT & R ¥
3 guAD qFsEE g9 2o g RE FFE dF2E RFLP typings

dr

Asle 2EFZE WA T F 2667 5] Uls] 165 rtDNA partial sequence S

- 109 -



Table. 3-7. Summary of strain isolation from initial phase of biofilm

formation.

No. per surface
No. of Isolated No. of analyzed
(CFU/cri or ml)
Seawater 96 8900 22
6 hr 96 1300 20
12 hr 51 700 11
1 day 97 1400 40
2 day 138 1900 19
3 day 76 1800 17
4 day 54 7700 18
5 day 41 9500 8
6 day 78 11400 18
7 day 119 | 7000 25
8 day 58 72000 14
9 day 132 132000 26
10 day 24 - 12
4 day Seawater 88 7300 14
8 day Seawater 88 7400 9
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S P PERE S
WY U E Holwpy ATHAIM 2B vdEe] FTzAe T ¥ 387
2ot Group® 3 AHHW  Erythrobacter longusE Y53}  a-proteobacterium 21,
Alteromonas macleoidiS B8] E3F  yv-proteobacterium 20%, gram <M 3531 CFB
groupoll 43 9%Fo] A} o] F CFB groupd 5% & Xt 7%0] o} A7A

snd v gl A% MAEE F990 gon $Y0 #73] BuA %S stainE

L

£ FAEE B PUBFE 7EoIQeH EFFe 165 DNA 97149 £4e
obRelsE o ge ol AT vl4Ee] frE oz sluEt. % AT B

ol Baw nmAEe £XAS XMW Planococus carotinivorans % a

———

2

=

-proteobacterium 4%, Alteromonas macleodii 5 Vv-proteobacterium 6% 9]0 gram ¢4
1% 3} CFB group®] A3t wlAE 33Fo] &d3HAT (Table 3-9). o}3H HHAA HAE

Be G4 T A5old BeE Fo pHL 2RYOR gEA dgAD

-proteobacteriumel] &3lE WA Eo] ok 68%, v-proteobacteriume] &3t w]AE o
14% 92w CFB group 13%, gram FAMFo] 5% vl&S XA SATH (Fig. 3-18).
olAte] REHZL Fof L9t #|A glo] AWHEHOZ a-proteobacteriumo] AYE-2ho

HFATE 5 +HEFE AASEL AeE el 3lew o= Dang & Lovell (2000)
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Table 3-8. List of strains isolated from early phase of biofilm formed on

acrylic surface

Class Genus Class Genus
Erythrobacter longus Alteromonas macleodii
Jannaschia helgolandensis Glaciecola punicea
Oceanibulbus indoliflex Marinomonas pontii
Octadecabacter antarcticus Marinomonas protea
Paracoccus carotinifaciens Neptunomonas naphthovorans
Roseobacter gallaeciensis Pseudoalteromonas agrovorans
Roseobacter sp. PRLIST06 Pseudoalteromonas bacteriolytica
Roseobacter sp. KAT10 Pseudoalteromonas carrageenovora
a-pro Roseobacter sp. MED26 v-pro Pseudoalteromonas citrea
teoba Roseobacter sp SCB28 teoba Pseudoalteromonas distincta
| Ruegeria gelatinovorans Pseudoalteromonas marina
cteria cteria
Ruegeria meteori Psychrobacter glacincola
Sphingomonas flavimaris Psychrobacter okhotskensis
Staleya guttiformis Shewanella baltica
Staleya sp. LM-10 Vibrio gallicus
Sulfitobacter dubius Vibrio splendidus
Sulfitobacter mediterraneus Vibrio tasmaniensis
Sulfitobacter pontiacus
Sulfitobacter sp. ARCTIC-P49
unidentified strain 2
Bacillus megaterium Cellulophaga baltica
Planococus maritimus Flavobacterium sp. 5N-3
GP Plantibacter agrosticola CFB | Polaribacter irgensi
Polaribacter sp. MED18
CFB group New species 5

- 112 -



Table 3-9. List of bacterial strains isolated from seawater environment

during the period of biofilm succession experiment

Class | Genus Class Genus
Roseobacter gallaeciensis Alteromonas macleodii
Planococus carotinivorans Glaciecola mesophilus
a-prot . . y-prot ok
P Staleya guttiformis P Pseudoalteromonas bacteriolytica
(New species)
eobact ] ] eobact o
Sulfitobacter mediterraneus Pseudoalteromonas distincta
eria eria
Pseudoalteromonas marina
Vibrio splendidus
GP | Bacillus macroides CFB | CFB group New strain 3
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Alteromonas group 21%
Pseudoalteromonas group17%

Alpha-protecobacteria
68%

{ Sulfitobacter group 26%

Gamma-proteobacteria
14%

Marinomonas group 24%

{ Vibrio group 33%
Psychrobacter group 19%

Pofaribacter group 21%

CFB Phylum 13% { Gelidibacter group 16%
Cytophaga group 11%

- Gram+ low GC 5%

Fig. 3-18. Composition of cultivated bacteria during the initial phase

biofilm formation.
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L= B I 2 T I I I o
AR AETAN B3 HF F RLP typeo wgt A¥E FFE9 partial
165 rDNA G71M<E& E4stdch d7IME #4& 4
@) 153359 B0l S4aHUT §40] 45 #F FEXE By 27] s
Ae BMol A8 87F £ aproteobacterium 3, v-proteobacterium 3, CFB groupd}
low GC gram positive bacteria7} Ztzb 1734 HEHUT. olol dtaf ofzddo] 3

©

AE AENAME 6A R v-proteobacteriumol] &8k TFUF 1605 F 8= A

kS x|t o CFB groupel &3t ATE 6@FE 2 HESE BT} o=
B Fgo =EAZ 1Y Fole FuiFoe=z CFB groupe] HEo] Fil «a

proteobacteria®) W&ol F7bsHeth RABE sl =EAZ 2-59 Aol E )
o g yproteobacteriumol]l &3t Aol HlEo] O 5~9Y Alojole a
-proteobacteria®] V| &0] v-proteobacteriumB T FolH T Ao g4ud ¥F T F7IA
Qo 45Ae] HUG FEWS WP ol Aol WE TURE BT Aoe
a8 3-199F oy, WA Psychrobacter okhostskensis, Flexibacter sp., Cytophaga sp.
41-DBG2 52| CFB group ME3H Vibrio splendidus, Pseudoalteromonas carrageenovora
Ps. marina, Alteromonas macleodii 52| v-proteobacterium group, SUlfitobacter pontiacus$}
2 aproteobacteria group®] Mol ZE7o) RFAs: o] F CFB groupd AldEL
BE 27] olFole HEHA AUAdY. Z7l ofmd HRA BARAI #F T V.
splendidusE A £} 3t proteobacteria group] MTEL A7

Ao eh} ofF @FS0l 27 42 Ay FHAA A

r\l
o my
N
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)
r
e
ot
ol
i
ir

S H
Marinomonas pontii &S Z7] A€ A Fukio ¥ F AL FEdHUeH
Staleya guttiformis, Neptunomonas naphthovorans &2 %
S HAge olnl F4E AR AEA FRAAAY T JUHOT ST 2}
A FEE0] WA ARNIN FAFFE 4497 WEA Aoz F2a0 g
ATl BF7E dRdn FA vAE Lo Hol#FE& DGGEWHo= 24T
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Fig. 3-19. Graphic illustration of cultured bacterial succession during the initial

phase of biofilm formation on acrylic surface in seawater.
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x]] 4 A »“o(};ﬁ%ul ] A u])LBE vq,o(;l:/(-] X)k}

FEAL BENHE TS WAEY F Ogdd 2 TFLE ESAste Alds A
Qa7 fAste] BaAg@o] 3dUe] AAE HyELAA EHH AT F 76 TF 165
fDNA d71xd E24 A3} Proteobacteria 60.5%, CFB group 14.5%, low GC Gram
positive bacteria 184%, Actinobacteria 6.6%2 A& RYth. Ao Iy & F -
A gs g FEHor ¥ T wAHA Yol AEIMAY 7R
goste Aage] sy &4 54 ug gENe AR ARG 76 dF T
33%7F AFAA v HAAY nEAY Fog gdHgen 2dAe] AY ¥4 ¢
TE Bl Yol AlFog Byg Ao JHch FH T - A - FEit 6329 ¢k
HrTRE o AdHoz FAE AEFRN 2AE A 164 FFE WELE
DNA @714 ¥4 ZAx} Proteobacteria 68.9%, CFB group 9.8%, low GC Gram

-

Ol

positive bacteria 8.5%, Actinobacteria 12.8%¢] A& Rt 4" AT F 3674
oz RRHNOH 73 F57} vFH 2 uldHA FUW FolojA
2 Bag Aol yAgd el nprtAZ A7 AHd] FFOE
A9om Ao wel ndE FRA XolE Rt Erythrobacter <5, Roseobacter
&, Pseudoalteromonas 4| &38te #F7h vlnd He AgdA dsA. metA

e 5% B Aol wel Z4y) g EFe] dFe] dddn

roz AZo

T

HO

T aF

M
fir

Sy

th
I
o)

1 ojed, 294

DR A wmE AT Ad Bigste HIA FHS 4 5 e, o
A& A Eakbiofilm)ol2tir 3ttt (Dalton and March, 1998). s|F&AA = wAE
AEYro] b et xthY sige] 2wy F2, wiy o, s gl =
g0 ¥HL 91 Utk AEDLS FAse gREY dEols AES nEA 22
S 3A3eith (Lawrence et al, 1991). o A xe] wEA B2RAL nAEdA FIFAEES
A5 AT BAL ATt (Wimpenny, 2000). AlXe] &2}
B4 52 RE GUERAY F54E 290 AEgs BulE 529 848 FAA

713 TAZERE ujPES HisteE A% 3ch (Wolfaardt et al, 1998; Decho,
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AEE A 27|BRd #oste A e edE AdYEde EAste AT
Nttt FASS AR I FAS ATAt 670 A Al
A AT AELS Zobell WA o] zEste] sy ES FsAT (Fig. 3-20), 165
rDNAE= PCR primer 27F (5-AGA GIT TGA TCM TGG CTC AG-3)¢} 1522R
(5-AAG GAG GIT ATC CAN CCR CA-3)E #&3le] ZZstgon], High pure
PCR product Purification Kit (Roche, Germany)Z A A3 ¥ ABI PRISM 3100
Genetic Analyzer (Applied Biosystems, USA)E g7 |X LS BA3IJct. olu 27F
(5-AGA GTIT TGA TCM TGG CTIC AG-3)¢} 518R (5-GTA TTA CCG CGG CTG

lo,
k)
og
oX
o
o
2
r—{n:

CTG G-3)E sequencing primer2 A}&-8lgth Ao AM&3 7 Qe Zole 362
- 484 bpolglem HHAole 451 bpoldnh. @ZIME FA £42 NCBI9
Advanced BLAST search program At&3tgow, fd@A7 22 & A¥Esy
CLUSTAL X (Thompson et al, 1997)& A 43t § PHYDIT (Chun, 1995)0. 2 2x}+4%
2 3235w PHYLIP (Felsenstein, 1993)0.2 AERAS Fasidr. oy
neighbor-joining WH & A&t A Th (Saitou & Nei, 1987).
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Fig. 3-21. Number of culturable bacteria on acrylic surface from each

sampling site.
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Table 3-10. Nearlist neighbour of the isolates from acrylic surfaces emerged

in seawater for 3 days based on 16S rDNA partial sequence.

Phy(l}iiir;eUC Genus Kangreung | Pohang Yeosu Incheon Sum
Low GC Gram szci{lzs sp 1(97.3) 3(99.8-100)
.. | Virgibacillus sp. 4(99.8~100) 9
Positive bacteria Staphylococcus 5. 1 (998)
Micrococcus sp. 1(99.8)
Actinobacteria | Brevibacterivm sp. 1(99.2) 2(983-985) | S
Kocuria sp. 1(%.1)
Cytophaga sp. 207.1972) | 1(998)
Cellulophaga sp. 2 (100)
CEBgow | Golidibacier sp. 3(94.6-96.1) 9
Tenacibaculum sp. 1{96.9)
Agrobacterium sp. 1 (54.6)
FErythrobacter sp. 1(99.2) 2(994)
Roseobacter sp. 2 (96.1-96.8) 1(97.6)
a-Proteobacteria | Ruegeria sp. 1(98.5) 7
Octadecanobacter sp. 1 (98.5)
Sphingomonas sp. 1(96.9)
Staleya sp. 1(98.1)
Sudfitobacter sp. 6(98.1~100)
Alteromonas sp. 2(93.3~100) 1(99.4)
Pseudoalteromonas sp. | 2(99.6~100) 5(100)
.| Halomonas sp. 1(99.8)
yProteobacteria | b\ ceriumsp. 2(96.3-96.6) 15
Psychrobacter sp. 1(99.2)
Vibrio splendidus 1(99.4)
Sum 19 22 5 9 S5
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y=Proteobacteria
27.3%

Actinobactetia
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Fig. 3-22. Composition of bacteria isolated from acrylic surface emerged

in seawater for 3 days.
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Fig 3237326l Reld #4ES dEAd FEL gowpdE Fol
phylogenetic treeE 1t} Z} #F9 EAE &LsstA

of e wF F F LEF) Ul BASAY Fig 3-23). o] F 4%l high GC

&3} ol WA gram positive

gram positive groupoll &3} =8| Micrococcus$t Brevibacterium, KocuriaZsoll &8t Al
FE7 golx Al Micrococcusd| &3t AMlgoze XA 2 E PHIZGY o+
7} AEAAG o] FFE M luteusSt 99.8%9 L FAIEE R YT Micrococcuse E
oy} AEA R dr] BRIt AToE uiEgd B WE Yo A
dg7d F Ao Aoz AU BFAA #HH KRI6EY TF= Kocuria
rhizophillas} 93.75%2] FAFEE Ho] AFPAEY 7H54ES ERAT A £2
IC13540 F39t XatoA Bal® PHI3Z69 TFE Brevibacterium 339 &35 vl
PHI3369 T2 A% B. epidermidis® 99.4%9] FFALEE BQl wiH ICI3540 g5+ o
2 #Fsh 90% uiwte] fAME BATh o #F 9A AFoRAM9 Theddol &
Ro 7 ANFHAT. B epidermidis= HEA ] HF o)A AL FAHJA ™ cyclic alcohol
7} ketones 3} 2L RalslE Aoz LHAY

Low GC gram positive bacterias™ F 2 Bacillus 4ol %3t dTFEoIUNSH
Staphylococcus?  FF7F ZFHYUT. Zxo A FEl®d MPI3606ETE S warnerist
100%9) $AIEE R ATh Staphylococcus®] 73-$-o| %= Micrococcus$t AV 524 Hol
= Aoz G Yt Bacillusd: L Virgibacillus% 2.2 &A" o
fusiformis), MP13610 (B. subtilisy T5E 718 o5 =L HA=E 2 ¥
PH13384 (B. simplex), PH13358 (Virgibacillus picturae), PH13375 (B. oleronius) X
KRI3655 #F¥& Bacillusd T8 #FE3E 4dez ¥ fFAEE 24 AF

7ve/dol =Rk
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Escherichia coli

Micrococcus lylae
FAE,PH 13389
Micrococcus luteus

| IC13540
—] Brevibacterium linens
P ~—— Brevibacterium iodinum
' PH13369
i “ Brevibacterium epidermidis
— Kocuria kristinae
-1 KR13669

— Kocuria varians
~ Bacillus fusiformis

PH13399

 Staphylococcus epidermidis

‘——1 Staphylococcus warneri
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i
|
__NH_#V_‘{ ———— KR13655
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e
l

0

acillus subtilis

PH13375

L — Bacillus oleronius

Bacillus sporothermodurans

Virgibacillus picturae
(ﬂh_[:§;~f PH13368
; Bacillus firmus
E Bacillus simplex
0.1 PH13384

Fig. 3-23. Phylogenetic position of isolated bacteria from acrylic surfaces
belonging to gram positive group based on partial sequence of

16S rDNA fragments.

- 126 -



9‘_[_3
rie
_g
rlo

CFB groupol] & Cytophaga$} Tenacibaculum, Gelidibacters:oll 43} %0,
SAETE 2o FFES A3 73S dA o F phylogenetic treeE Z1¥ T} (Fig. 3-24).

o] & C Wtica® 100%9 FAEE B2l PHI3402 79} G. mesophilus$} 91.94%9]
AFEE B2l KRI3650 ¥#F& A3 AFEL & dFEH 90% njrte] ¥ fA}
& Ho] BeldF 5 CFB groupd] £3lE AldEc] AFY 7HsAol it

= s
a-proteobacterial 43 MTE T FAIEI 2 TFES
© & phylogenetic analysisZ A&tk (Fig. 3-25). &2 ¥F52 Sphingomonas™ <}
Rhodobacteriai} o] 23} & F2E5 ) oW Sphingomonasitol] 43+ M #F+ S adhaesiva
(PH13393)$} Erythrobacter longus (YS13437) 2 E. citreus (YS13604)%} % & A&
Q). Rhodobacter®-ol) 243+ 10 dFE= Al 75 Jannaschia helgolandensis
(KR13622)} o} Paracoccus kocurii  (KR13671), Octadecabacter arcticus (KR13679,
KR13621), Sulfitobacter pontiacus (KR13627), Roseobacter litolaris (KR13626), Ruegeria
gelatinovorans (YS13442) 2 Roseobacter gallaeciensis (YS13439) 53 Bl & At
44 B9tk o] 2 YS13439, KR13679, IC13537 52 #55 7|F o579 fAMdol ¥
2 #Hol| 4314w PHI3393, KR13621, KR13626, YS13442 5% 97%w|Rte] FALLEE
Atk a-proteobacteriadl 43 AFEL URE A IBA, 53 H24ANA de &
T aE FEo|H Erpthrobacters: Atz o] F Y o
y-proteobacteria®l] 48 @F T FAIRN} =& dFE AT 9FF
zR=sA o x2 #Bolst A o5 WFE Alteromonas¥t, VibrioZ}, Halomonas®} ‘}l
Moraxella®}o)) Z3t= Aoz s} (Fig. 3-26). Alteromonas3oll £ AldE
PH13381, PHI3401, KRI13639, KRI13666 = MP13599 %o
Pseudoalteromonas?: 3¢ Cowellia%: o) &35+ ¢}, Pseudoalteromonas%o| &3 35S 4
A o7 KR13639 FF9 FAETF W& (94.02%)0)0 ot EaloA g
2 P. carrageenovora®t 98% ©]/39 & {AIEE B, W
Cowelliad; T TFE BT ¥o §AlE (944, 9523%)5 B AFozMg 7hsidol
=9kl Vibrio#tol TFEL V. splendidus (PH13396) 2 Photobacterium leiognati
(YS13444)s} AujAog =2 JAIEE B Y. Halomonas#}ol 43k ICI3659% H.
Bndom Moraxellaste) F FF (KRI3654, MP13605)E
PsychrobacterZ:o| &89 oy Adld oz $AE/] ¥ W P glacincola 3 P.
frigidicola} = 95% wRre] ¥ FAILEE Ro AFoZA JhgAdol 2 AL=

b,

Oft

ZF = 2v7v P.atlantica 2

venusta =2 FAIEE
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Thermotoga

Cytophaga latercula
PH13386
———— PH13400
KR13633
’[:— Tenacibaculum maritinum

— 1C13534

[ L Tenacibaculum mesophilum

PH13402
Cytophaga Iytica
————— KR13634

Cytophaga marinoflava

KR13650
Gelidibacter algens
0.1 Gelidibacter mesophilus

Fig. 3-24. Phylogenetic position of isolated bacteria from acrylic surfaces
belonging to CFB group based on partial sequence of 165
rDNA fragments.
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- - Bacillus subtilis
—— Erythrobacter longus

" r YS13437

H u Ezythrobacter citreus

— T — MP136
— Sphmgomonas paucimobilis
| PH13393
g Sphingomonas adhaesiva
e 1C13537 )
1 T L — ———— Pseudorhodobacter ferrugineum
I Paracoccus alcaliphilus
T KR13671
—-——~ Paracoccus koculrii
[~ KR13652 ) ]
| Jannaschia helgolandensis
i J~* KR13622
Hg’; [ KR13679
1 i KR13621
1 L Octadecabacter arcticus
]' —— Roseobacter shippagan
|
|

1

~— Sulfitobacter pontiacus
- KR13627

L} Lulf itobacter mediterraneus

———

—_

Staleya guttiformis
Roseobacter litoralis
g KR13626
~~~~~~ - YS§13439
1y Roseobacter gallaeciensis
‘u[ — Ruegeria algicola
| ———— Ruegeria atlantica
Ltﬂ Ruegeria gelatinovorans
0.1 b YS513442

T

Fig. 3-25. Phylogenetic position of isolated bacteria from acrylic surfaces
belonging to a-proteobacteria based on partial sequence of 16S
rDNA fragments.
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- Bacillus subtilis
— Alteromonas macleodii
—— Pseudoalteromonas citrea
r PH13401
——— KR13639
i Pseudoalteromonas carrageenovora
L% Pseudoalteromonas haloplanktis

i

1

ROV

PH13381
Pseudoalteromonas atlantica
MP13599
————— KR13666
____ Colwellia maris
— Vibrio cholerae

Photobacterium phosphorium
L Photobacterium leiognati

L——— YS13444

. PH13396
o Vibrio splendidus
Halomonas salina

| Vﬂ—ﬂ{ Halomonas aquamaris
| i { 1C13539

Halomonas venusta
L“,‘\" J-—~——— Psychrobacter frigidicola

— MP13605
. KR13654
0.1 Psychrobacter glacincola

|
l

N

F
|

1
=
|

—

i

Fig. 3-26. Phylogenetic position of isolated bacteria from acrylic surfaces
belonging to y-proteobacteria based on partial sequence of 16S
rDNA fragments.
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. AAREE EAGE AE R

g AT Led AgPigBe og 159 $89ch (Table 3-11)
a-Proteobacteria

of aFel &dte= w4 TF7F iF BAdA B sdngEolAnt #F
131099} 13216 A& SFFolA Bel® Citromicrobium bathyomarinumet 99% o] A}
AEAE BRgoen, 13268 9 7dFE AFe| oA Eel®  Erythrobacter citreus$}

9749% ~ 99.76% <] AFEAHAS HAG. 13292 9 4 dF= MY ulAEQ Ruegeria

atlantica 97.97% ~ 100%2} 73%7/3& BHTh 13239% JFsolr @ Sulfitobacter
pontiacuset 97.11% 9] 4&5A4S B AT

2 @7edAM YT #F Fole 49d &8 7ol s

Je TFZ UM
13733%= Efute)2]o}l Paracoccus carotinifaciens 100% 5418 Rl o] #F=
astaxanthing @Adste Aoz delx=d (Tsubokura et al, 1999), %27} &2k

137335 odlx] A F2UE A3 astaxanthing AT Ao 2 7=
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Table 3-11. Classification of isolated bacteria from 6 nearshore area of Korean Peninsula

based on 165 rDNA partial sequence

Phylogenetic group

Genus

Kangreung

Pohang

Yeosu

Mokpo

Pyunsan

Incheon

Sum

Low GC Gram
positive bacteria

Bacilius
Microbacterium
Staphyllococcus

14

Actinobacteria

Arthrobacter
Brevibacterium
Nocardia
Tsukamurella

—_ o

21

CFB group

Cellulophaga
Cytophaga
Flexibacter
Psychroserpens
Tenacibaculum
Zobellia

16

a-Proteobacteria

Agrobacterium
Azospirillum
Erythrobacter
Hyphomonas
Ochrobactrum
Octadecanobacter
Paracoccus
Mesorhizobium
Rhizobium
Roseobacter
Ruegeria
Sphingomonas
Stapia
Sulfitobacter
Unidentified

—— = O

[FOR N

68

y-Proteobacteria

Alcanivorax
Alteromonas
Glaciecola
Halomonas
Pseudoalteromonas
Pseudomonas
Shewanella
Stenotrophomonas
Vibrio

Unidentified

45

Sum

16

32

31

51

25

164
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w3 2SS nAET o FHEYT 13236 £ 4 FFE  Roseobacter
gallaeciensis S+ 955% ~ 96.45%, 13266 R. litoralis®} 94.72%9) F54E& Bol AFL
2 ZAF et olste 132937} R. atlantica®t 96.31%, 131397} Sphingopyxis terrae2}

94.15% 2] AEAEL Bo AFog FHLY

v-Proteobacteria
of gl &3he o wFvE A% BAENA EE s Fr ol 13300
e Adl dFFA EEEded geRE wEste Ao J2 Alteromonas

M

alvinellaeS} 98.41% HEA4< BT 13302 & 27FE Az 24 s5dA Ed
Pseudoalteromonas piscicida <} 100% 4F5AS HHATH (Venkateswaran et al., 2003).

136879} 13684+ 3| &2 HF2 H 3

ol

38

}e s Fu A B P. agarovorans$t 100% 35S B
T} (Romanenko et al, 2003). 13264:= sjF v A& P. haloplanktisst 100% 45785
Rt} 137239 137195 el oA a9 Shewanella baltica®} 100% FE4L R

t} (Ziemke et al, 1998). 13218 ¢ 714+8 E sl sUv| &Rl Vibrio algainolyticus

e/

9l 100% A4S Egcth 13281 SUujBEQ V. campbellii®} 98.69%2] 4543&
Bon], 133105 V. harveyis} 98.94%¢] AEA4<S BT} 137059 13706 F53
A Be® V. parahaemolyticust 100% 7354 RATH (West et al., 1986). 137021
9 13732 =AM SAdA BE®" V. pomeroyi 9+ 99.71%9 A4S RA
(Thompson et al., 2003). 39, 13294= =)o) AW & Yo7l HATW V. tubiashii <}
98.92% 9] FEHE RA

o] AFBGME A2 vldEo] tF SFRFHFT. 13234v  Pseudoalteromonas

porphyrae, P. citrea, P. gracilis, and P. haloplanktis ¢+ Z}Z} 94.0%, 93.27%, 9227%,

it}

o,

o

922%2 HEAL Bo AFoF FAHEAT 132955 V. nereis} 96.77%, 13238% 4t

o] WAL §u3tE V. shilois} 9408% 9 AFAL B AFoz FAHHIAL

CFB group bacteria

o] 18L& FHYnAEo] Be Aoz Ay Yo} @F 13731 FFED wiEFol
A 2219 Cytophaga latercula®} 97.97%2] 454& B At (Nakagawa and Yamasato,
1993). 13685 ¢ 57 F+ AN BB Tenacibaculum mesophilum} 99.71% 2| &%
AL BY} (Suzuki et al, 2001).
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o] AFBJAME AN2L vlHEol ZFy=Ed, 132239 13117 Muricauda
aquimarina, M. flavescens, X M. ruestringensis <} z}z} 92.22% ~ 96.66% 2] AEAIS
Bol AFow =) 132955 V. nereis$t 96.77%, 13238% A& o) WsldtS &
Wl V. shilois} 94.08% 9 AEAL Ho AFoz FAHFJT 132379 13261+
Cytophagad; TF ST} 76.85% ~ 86.73%2] W& 454 B A&Koz FAHHUG.

High GC, Gram positive bacteria

o] 18-S EY wXFo] 3w Folth wF 137109 13720¢ 7I§LE 29
B Axuolx ReHn g@ies Bl de ReE I Arthrobacter
nicotianae$t 97.40%2) AEAL Rt} (Radwan et al, 2001). 137299} 13730= x| =]
A Be8)% Brevibacterium casei®} 100% <] AEAS B Gt (Brennan et al., 2002). 13686
9} 13689 cyclic alcohols#} ketonesd ¥#eldles Zo=E ¢l Brevibacterium
epidermidis?} 99.13% 9] 4534 Rt} (Brzostowicz et al, 2002). 131572 Apghof A
228 Corynebacterium propinquumt 99.32%2) 4&4S B4rh. 131119 13219« E
of whg|g)o}el Microbacterium luteolume} 9% o148 AFAL Bt 13106+ FA
Walol T H83F Micrococcus luteus®t 99.55% 9] AFA-& HYth 1326971 #
So] wmylgwWol B3 Kocuria rhizophilas} 96.21%9] AFA<S Holi, 131967}
Microbacterium luteolumS; 94.93%9] A4S R AlFog FAHHIC

Low GC, Gram positive bacteria

o] 1Fol &8t WHEY Bacillus #F= AFo2 FAHHJUT. 13280% Bacillus
pumilus$} 885%2 &AL, 13278 B. firmuset 93.29% <] AEAL BT 13279
B. benzoevorans®} 94.59%9) A% AL, 13215 B. marisflavis} 94.36%2] 45/4& HIU
t}. 131288 $-Euel AMselx 28" B. agquimarisst 98.09%9 FEAHS RIS
13214 Sauel Wzl AT gA 29 B. baekryungensis R B. hwajinpoensis$}
96.85%2] AEAL RAT. TF 113148 ol&eo] dAoA] EE| ¥  Halobacillus
karajensis$} 97.58% 9] ‘& & Bt} 13168% Staphylococcus aureus$t 100% 734535
Ba, 13274 227098 YOoE S epidermidis$t 98.69%< FEAS BRI
13306 BEoA B8 S. equorums} 100% 4FA-S Rt 137172 FAA A4
WA St. haemolyticus$} 9% 2] 35L& Rt (Tabe et al., 2001).

l

O
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A5 42 HFRET A vAEL ol &

7b. AX 59
BATH (Bacterial Adherence To Hydrocarbon)g -2 o]&3ste AX B¥W &F4&
=239t (Rosenberg et al, 1980). @Y Fog ¥gdd FFES ZoBell 2216e A A
A (25 m)oll FYF OD. (0.02)2 HEE A 25C wrt sjdrid A 347 v kst
th 397t wjgE TAe] wigrde PRz (4,000xg, 102X A AAsL FATE
3]48to] phosphate buffered saline (PBS, pH 72)Z 13 AH3 AT 7]
phosphate buffer 3 w3} triton X-100 1 m¢2 H7}ste} 1 % Z3HA wwtsty &
Aot A4S FUaA HolEE AT o] £AS A4 (4,000xg, 102)A1A triton
X-1002 AMAsHo™ thAl 3 mie] phosphate bufferit& H7}sle] 7epA wgrg H
A28 (4,000xg, 102)A# bufferg& AAstATH AH #AFL 33 o4 viE 53
Ao} Triton X-1008 A3 A AHA 7l T thA] phosphate bufferg H7tste HF F
HE 3 2 243} FH 680 molA OD. (7N@S FHAHSHY. N-hexadecane
(Sigma, USA) 200 wE FH7iste] 183 A8A wwtetch 208 &<t A8E BAA
A3 0 o) A 680mol Ay OD. (37)ae =A% 27 0D 7] OD.
wE vlusty &44E ANstAT

Hydrophobicity(%) = {1 - ( firal O.D. / initial O.D. )] x 100

i}, 2 3A>= (Attachment ability)

-2 96well microplated] ¥z FFES WY & F

_‘}‘4_1,

a5 crystal

=
violeto g @AMt Z=Ae gt (Fig. 3-24, Loo et al, 2000). &8 TFE ZoBell
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W16 AR Ao TA3 OD.Z 7t welld] 100 % HE3tAch 25T A 397t ul
¥ ¥ 650 molH EFEE =AU (Fig. 3-27). 23 Zh welle FBdE 33 F
Fel S A ASETh 65C ovenoll A 1083F 7x2A1Z)

1% crystal violet 200 & Z7}ste] 408 F<F AT FFe) JMAjeks
2 =255 33 o)A A FE T 7} welld] 100% ethanol 200 & F7}éte] F-24A

=i
o
il
2.
fo
o
2
X
atas
[
ot
X
=
o]

ﬁiwil

of @MF crystal violetS %34T Microplate readers o] 83} 540 mmoll M %
A3t cell growthe} ¥lusle] ¥25S AxtetAth

S

Attachment ability = (650 nm &3 %/540 nmn 3 =)

t}. RFLP typing
Aul FFZo] RFLP typingg 18 #43E3 PCRe Al 38 ydel W% ¥
o)slA =8E4T. PCRS E35te] dolzl 168 tDNASH PCR ¥Hg-9) (0.1% BSA 1 g,
DW 3 pi)oll 4 @712 A2ty Aadte= Ag &4 (Haelll; restiction site; GG-CC)
02 unite %1 10xbuffer C (Promega, USA) 1 (E Yol & & F ¥Ws F39& 10
W2 3] 37TCo|A 12A17H5eE b A7t} 2% agarose gele] PCR 4& 5~10 s
HEste] 247 2 A79FE (50 W)AZH oM size makerZ DNA Molecular Weight

A

01

Marker XIII (Roche, USA)S A&-38tgth Gele EtBro| 1A1ZF F¢F A7 B =8
Zeof) e AIZFEor @MA)AH UV Iluminator (Vilber Lourmat, Cedex, France)=Z

DNA bandE #1319 2 RFLP typed FE&%ch

2. EPS A4t

Ak FFEE5 0] EPS AIAME-S ZoBell 2216e | wix|of] wjkdt F AAE= EPSY
Fo 2 =A3%T). 40 me] ZoBell 2216e A WjA|7} £ Abzt Eekx= (250 me)el
At FZo] FA o] OD. 0.01¥ HEE HEslm 49 F< 25T shaking incubator
(121 rpm)ol A wiekstdTh wige] B AJ2EL AR (6,000 xg, 208)MA T
o} ekl e Baslgnh. 34" TAE HWFF sodium phosphate buffer (pH 7.2)F ©]
g8l 33 ol AAFY. A AAY wMIFAHY AHNE EFYF F FAY
(D0655, Sigma, USA)S o] &3l E2& FHS 287 FAste] wjdddl EAst=
qe AASE A % 03%7} HEE CPC (cetylpyridinium chloride)E Z7Ht o

(]

- 136 -



302 AAR WAL TS A A4 BAA JWEL H4aAT (Staneck

djo

and Robert, 1974). A Eo) 0.4 M NaClg H7tsle tha] 59 & 328 SH5d &

Astel 0.4 M NaCle AAsHA. S48 Algd 28 EF 9 100% ethanols H 7}t

4TAA 24N BAAMAHT. JHREES Al dAEE (5,000xg, 20)A1A 3|58 T3
Z

65C ovenol| Al 24A17F Fet 8 & AAAZ & A
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Fig.

3-27. Attachment properties measured

96well microplate
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with crystal violets on



o

s 12 #5

S

12F8 A%

BN

_g}

st (Fig. 3-28). 13 A#g} 2

2 JEhd o 13127, 13139, 13148, 13154

[e)

FF7H 1 FFRLH 3 FFt 50% o4

= O
Hde AA

1

[e]
w

X

o7 ZAHE AT 13106

Al

7

13106 (87.5%)°11o™ 80% o
}

o 2448 BHT (Table 3-12). thE 54 @5+ 30% 7l
Hol=

F=
70% o]

=z .
Ko
=

B

ol

7b v F 717 AelA el met gk

- 139 -
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=
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Table 3-12. Cell surface hydrophobic properties of isolated microorganisms

after 5 days of incubation.

Number Hydrophobicity (%) Number Hydrophobicity (%)
13106 85.3 13139 59
13107 - 13140 1.3
13108 16.1 13141 1.2
13109 - 13142 2.6
13110 - 13143 18.7
13111 39 13144 845
13112 33 13145 28.6
13113 71 13146 76.5
13114 - 13147 52.4
13115 30.2 13148 0.6
13116 04 13149 0.9
13117 - 13150 74.0
13118 - 13151 2.6
13119 - 13152 -
13120 13.0 13153 2.7
13121 - 13154 -
13122 30.2 13155 35.1
13123 2.7 13156 -
13124 18.6 13157 54.7
13125 18.5 13158 83.3
13126 66.3 13159 8.5
13127 - 13160 41
13128 344 13161 45.0
13129 12.0 13162 7.9
13130 324 13163 13.0
13131 26.4 13164 8.4
13132 - 13165 36.0
13133 28.4 13166 -
13134 27.2 13167 849
13135 56.3 13168 18.6
13136 50 13169 39.1
13137 875 13170 28.8
13138 77.0 13171 31.0

- : not determined
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(%)

Strain

Fig. 3-28. Cell surface hydrophobicity of isolated strains after 3 days

of incubation.
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1}, 24 (Attachment ability)

MicroplateE o] &35t} 2] TFF 2638 oz RALE ZAE 29 032~
18.92 (B 7.13)F viehydth (Table 3-13). 2 #F % 13156°] 18.922 microplate©]
gt BFAdo] g 943 Aoz Yehdt Aol $4% 131062 131565 T W

2 15169 BAAL nYo dd #FEDH vaste E 0 ¥
Aoz AR ew 13117, 13120, 13124, 13133, 13141, 131549} 13165% #1727+ 11.56,
12.46, 1249, 13.42, 10.09, 1146, 12.399} 11.19¢] oz A #FEY Hod FIHR
O 2o BRANS XE Aoz etk AEEHe &4Ac] £ 13106, 131549
131568 AR ZAME B B4 yehigloy of 3 #3& AT 2eiol

s 13127, 131399} 131485 43 Az W B34S Bt &40 7
Aol Ee MYESo MEA AEL Ao FoF 4TS Ik DAANE F=
QAT el FFSL 13106, 131549 131562 = U} W& AAS7E FrehE

A - 2AH dFe FAD AFEE ARED.
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Table 3-13. Attachment properties of isolated bacteria measured

on 96well microplate.

) Attachment ) Attachment

Strain . Strain ]
(final/initial) (final/initial)

13106 15.16 13137 7.89
13108 3.49 13140 3.86
13109 1.19 13141 11.46
13113 1.02 13147 0.86
13117 11.56 13149 3.66
13120 12.46 13153 2.79
13122 6.02 13154 12.38
13124 12.49 13155 6.26
13126 9.09 13156 18.92
13127 0.99 13161 2.82
13128 0.32 13164 9.76
13132 6.20 13165 11.19
13133 10.09
13135 3.56
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t}. RFLP type % 5 A&

yEu z7)d R FFE5 §AA AolE HWsy) st RFLP typingS
25 49712 AR AF &4 (HalllE o] &de] Y dF59 165
DNA @714 28 @e) geldolr BAste ® A 177k49) M2 & RELP types
22T & YAG (Fig 3-29). EFMAAFPES 53 713 ER P2 FashA &3

= aas 2937 Yot PR BEsel $2F 4¥L s ansE A A

Euwe A5AY Rago] $48 FF Z RFLP typed) wet 2543 FA40l
23 13106 (254 665%; F3A 15.16), A5A40] Hold 13154 (2578 53.7%; Bz
A 1239), BHAJo] $53 13156 (254, 51.6%; ¥4, 18.92)% Urkx<l E4& B
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MOTOBRIGTITI2II U I B 102021 22 23 24 2524 27 2% 29 30 31 328&'341&43&@

5

Fig. 3-29. RFLP pattern analysis of strains isolated at early phase of
biofilm formation after digested with Haelll.
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zb A FEo] AEE ART 712 W By gHEsted Fagh AzeRsiE
el HXE9] 5 (Extracellular Polysaccharide; EPS) A4t&F& ZAbst o A
A QAAZANA 47+l #FE OD. 028 @30} ZoBell 216e wiAo] HFF F 4
A7t weralglth QAR B4 By AH AR 8 F EPS 4TS 13106
o] 218 mg/mE 74 =Tk (Fig. 3-30). 13156 1.28 mg/mée] EPS gatd & HAS
o] 13154% 0.99 mg/mée] EPSE A4S TH 13132+ 041 mg/mlE 7+ W& EPSAI4t
TS 2ok

oi

2
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= 1.5
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2 0.5
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O L

13156 13154 13106 13132
strain

Fig. 3-30. Production of total EPS by the selected strains cultivated on
ZoBell 2216e medium.
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FH3E AL p-galactosidase FA7F LHHEE FHA ZFE  reporter strain
Agrobacterium tumefaciens NTLA(pCF218)(pCF372) w57} ¥elAdd ot &4 vk 4+
B-galactosidase &ATAS UYEfERY R 2RE 15T} Reporter strain®] f
-galactosidase W& ojFE W% 2447 F & V|EE X-galo] =X E ZoBell
2216e WA M 1 cm A2 BFF9} T streak sho] wF & o) X-gald
8 2oz colonyrt AL He Aoz FAAUT 2 S4ol ®A vhehd @F
165 IDNA #0714 23 AHoz Pyashl 2Eae 27

ERTES

Mz

b
i
fifr
2 ol

[e] o
S R i

ol g & ZASIglon B Hla Azl mE AAFT T T2 WSS A8

otk A% AeHa By 19 3-313 2.
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Selected strains

4

Optimal growth condition, Substrate utilize test

Single strain — 1 Mixed Culture

Product of total EPS

T-RFLP Biomass

Fig. 3-31. Procedures for anlysis of interaction among selected strains
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1) 45 5%
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EE I3

(2) A 759 H4 Y& =1
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Asta 33k FHS 53 o) AAEA wiokxe] ofad FEL AT EHE ¥

- 151 -



100 CollA] 3023 el BEAATE WlAIZE 217} 6, 12, 24, 48, 72, 96X (T2 3
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FF 24 W3} AER 850 ofad FES A2A viEelA s e s A
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1
QB 1645 0] BF F 2AAGe] RF BUsE F 2R ek olsh L A3

3 TR 3 o] F FAA
Aol 2L FFEL 13 FRE AdEQT Add FRITE
Psychroserpens%ol 43 134413 13605, 13650, Pseudo— alteromonas% °ll
&= 133817 13380, Erythrobacter&el 43He 13405, 13603, 13604, 13613,
Bacillus%o) 48 13384, 13385, 13611 2lo] $30] =HA && FFEA 136445
XAk o AAMEeA A BRI} (A JERGT Roseobacterdol %ok
135383} Brevibacterium%2) 13369, 13540, 13541% AAsth. o $el
Micrococcus:9) 133897 % B2 3} AEEW £5Ado] BF ol FRAFE ATF

st

rir

b
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Table 3-14. Cell surface hydrophobicities of strains isolated from acrylic surface emerged in

seawater for 3 days.

Number | Hydrophobicity(%)! Number | Hydrophobicity(%) Number | Hydrophobicity(%)
13362 - 13404 12 13612 31
13363 - 13405 - 13613 12
13368 - 13435 - 13614 9
13369 96 13436 - 13615 16
13371 - 13437 3 13618 12
13375 3 13440 - 13624 -
13376 1 13441 58 13626 -
13377 - 13442 - 13631 -
13378 39 13444 - 13632 -
13379 - 13534 - 13636 22
13380 - 13535 - 13637 5
13381 92 13536 56 13641 6
13382 - 13537 19 13644 6
13383 1 13538 88 13647 28
13384 - 13539 5 13649 8
13385 12 13540 51 13650 67
13386 - 13541 59 13651 -
13387 - 13542 9 13652 14
13388 13 13599 - 13653 -
13389 43 13600 - 13654 3
13390 - 13602 16 13657 -
13391 - 13603 - 13665 2
13392 - 13604 22 13667 -
13393 19 13605 - 13668 -
13399 - 13606 - 13671 -
13400 3 13608 - 13676 -
13401 - 13610 - 13678 -
13402 - 13611 44 13681 -
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Table 3-15. Attachment ability of strains isolated from acrylic surface emerged in seawater for 3

days.

Number| Attachment ability| Number | Attachment ability | Number Attachment ability
13362 1.020 13404 1.170 13612 0.199
13363 1.750 13405 2175 13613 2.040
13368 0.586 13435 0.722 13614 0.737
13369 0.393 13436 0.897 13615 1.856
13371 1.235 13437 0.601 13618 1.540
13375 0.769 13440 0.717 13624 1.366
13376 1.260 13441 0.338 13626 0.683
13377 0.994 13442 0.903 13631 2.035
13378 0.942 13444 3.567 13632 1.099
13379 2.799 13534 0.980 13636 1.361
13380 2.937 13535 1.006 13637 0.398
13381 0.775 13536 0.534 13641 0.888
13382 0.432 13537 1.197 13644 3.840
13383 0.510 13538 0.348 13647 2.130
13384 3.017 13539 0.193 13649 1.052
13385 3.380 13540 0.246 13650 1.889
13386 3.809 13541 0.690 13651 0.453
13387 0.751 13542 0.352 13652 0.203
13388 2.041 13599 0.420 13653 1.754
13389 3.971 13600 2.564 13654 2.526
13390 0.503 13602 1.382 13657 0.798
13391 0.730 13603 2112 13665 1.186
13392 1.350 13604 2,144 13667 0.624
13393 0.320 13605 2.099 13668 1.828
13399 0.290 13606 0.341 13671 0.485
13400 0.633 13608 1.227 13676 0.880
13401 0.456 13610 2.215 13678 1.268
13402 1.648 13611 0.341 13681 1.482
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Fig. 3-32. Comparison of attachment ability and cell surface hydrophobicity of tested

strains.
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(1) 16S rDNA sequence°]l 713t A% #F T4
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A2 Balgdo]l ©43 13106, 254 T 22A £ 3 /P RE 4% 131548
131563 AFA 3 Bado] B o2 131328 et AdddE 4

712 2-S GenBank H|o]E] H|o]A~ % RDP database®} Hlw. 3t A} 13106 Micrococcus

359 16SDNA &

luteus S+ 98.2%, 131322 Silicibacter lacuscaerulensSt 97.8%, 131542 Erythrobacter citreus2}
97.6%2] 71D FAIEE UERIT 13156 Erythrobacter longus$} 98.3% 2] FAIEE
UebAth 131062 A § 3N A FFES @-Proteobacterell £ LH 131063
high GC gram positive group®ll 2381tk 2+ 3 9] phylogenetic position Fig. 3-33] e}
Wt
(2 A #3o HA A x4

2% ; Aty 4 FFEL OD. 0.028 Zobell 2216e AAu Aol HEd & a5 wf
F HA ex AL ZASAY Wik %A Fe] FREE FHT A 13106 2
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RE FF9 HFH dexe 3%A0 (Fig. 3-35).
pH ; IN NaOHS$} HCIS o] &3}e] ZoBelli|x]¢] pHE 2A3te] Ad #F5°
A7 pHE ZAFstglth 131569 A$-EpH 944 OD. 02762 A XA %ol A ye
yon 13132, 131069} 131549 ZA-$-E pH 804 ztzh O.D. 0248, 0.102, 02452 HiL

AAL Ueldt (Fig. 3-36). 13154 pH 6~8e4 I& METALE Holn 131562
pH 89X % ¥& AEAFE RATH

o]Atel Aol Al 13106, 13132, 13154 % 13156 FF9] HA A0 L &&= 25T
14, d%5 25~3%, pH 7~89 Ao Uehgth old uet EFu IS xho=
2% 25C, 9% 28 %3 pH 73% ZAstm o zAAMY 4AFAE FHSAS
(Fig. 3-37).
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13154
759

637 Erypthrobacter citreus RE10F/45 [AF227259]

978 Erythrobacter longus OCh101 [L01786]

13156
966

Silicibacter lacuscaerulens 1TI-1157 [U77644]

823
1000 Silicibacter pomeroyi DSS-10 [AF434674]

|_. 13132

Micrococcus luteus HN2-11 [AF057289)

1000

978 13106

L Bacillus subtilis NCDO 1769 [X60646]

Escherichia coli ATCC 11775T [X80725]

0.1

Fig. 3-33. Rooted neighbour-joining tree based on 16S rDNA sequence data
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Fig. 3-34. Effect of temperature on the cell growth of selected 4 strains
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Fig. 3-35. Effect of salinity on cell growth of selected 4 strains
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Fig. 3-36. Effect of pH on cell growth of selected 4 strains
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Fig. 3-37. Growth curve of selected 4 strains on ZoBell 2216¢ broth

(Temperature, 25 C pH, 7.3; salinity, 2.8%).
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Table 3-16. Utilization of substrates by selected 4 strains

13106 13132 13154 13156

Dextrin +
Tween 40 ++ ++ ++ ++
Tween 80 + ++ ++ ++
a-D-glucose +
Maltose + + +
D-mannitol +
D-sorbitol +
Sucrose +
D-trehalose + +
Turanose ++
Xylitol +
Methyl pyruvate ++ ++ ++
mono-Methyl succinate + + +
D-glucuronic acid +
a-hydroxy butyric acid + ++
b-hydroxy butyric acid +
g-hydroxy butyric acid T+
p-hydroxy phenylacetic acid + ++ ++
ltaconic acid + B
a-keto butyric acid + ++ +
a-keto glutaric acid +
a-keto valeric acid + ++
D,L-lactic acid ++ + |
Propionic acid ++
D-saccharic acid +
Sebacic acid ++
Succinic acid + +
Succinamic acid +
Glucuron amide +
D-alanine +
L-asparagine +
L-glutamic acid + +
glycyl-L-glutamic acid +
L-histidine +
L-leucine + j
L-ornithine +
L-phenylalanine +t ++ |
L-pyroglutamic acid + ++
L-serine +
L-threonine +
D,L-carnithine +
g-amino butyric acid +

Urocanic acid + ++ ++

Inosine + *

Uridine + +

Thymidine +

Putrescine ++ + =t

2-amino ethanol + +
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3 =3 "M B3 F A7 Biomass W3}
OD.7} 0.060] HE& HES F 4847 59 6417 A 02 wjGFd s} of=md F
22 34t AT AAEE A8 AY (Fig. 3-38). £ Wi #4 § FFE=
A3 W] Wo TAE 18417 o) FRE F3I FUEAE Hele Wi ofad
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Fig. 3-38. Increase of bacterial biomass on acrylic surface during the mixed-culture

of selected strains
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@ =% % 39 T 29 =4 A
Aggre] ERuLRd F

T-RFe] ZolZ =4 B A3 4 47)(GCGOE IAsE AT &4 Hul &2
AeA 2 A4S oA AR Hol 72 bp (13156), 76 bp (13154), 176 bp (13106)}
347 bp (13132)¢) Aoz yehgtom Al 23T 1~2 bpe] AW LAM <53
JdxetE AFE YA WY 6A1 A s B cell FEE Ads) oW T-RFE
A28 @9row 1247 o]F 131067 13154¢] 33t 176 bpet 76 bp =7]¢]
T-RFs7} &5 et (Fig. 3-39). A& ¥ T-RFso] WAuI&S BW 13154 T571 63.8%,
13106 F37} 362%2 A 3FQT) vbE 131567 13132¢) 8 F3k= 71 bpst 347 bp9

T-RF: AEH R 29ty vk 24X 780 = 13106 @371 A WA 6563%F AHA|
3] wlgo] =713k ubd 12A]7HAle] EL H| 8-S Hold 13154 #F< 314%= 1
HZo] ZhAstgl WioF 48A17 A o) 13106759} 13154, 13156 T3] T-RFs7} A&

Hdon oy AE ASE 13156 T} 323%2 VAL ARG 24A A ] B
go] AoAoZ 2oy 13154% 383%, 2 v &S RJW 13106 #F= 285%E A
Astach W 722200 13132 TF7E AEE] AFSFAeY 3.6%E W HES
A 8kaTh 7241 7H R 13156, 13154, 13106 3o siFsteE T-RFse Zh2h 47%, 36.5%
o} 588%2 Ao A3 13106 2 13154 FF7) olmY BWAA XA
Bl go] & Aoz Yeiwth 1A BHdA A48 AE2e 4y A deoH FF

agAol FosA ZAgale Aoz AZgn Utk (van Loosdrech, 1987). &

Ao e THET g HEY FAA 27 B FasA FAEste 248 &
3 )

)2 7 lag phase® BT} ole) Anz 2
A5 FAAE AEED 2547 2240|

2Hgo] B
ATRFEEE FR) A8 Ao ARET 27 4B FAT BAs A
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SET A54S FAAE BAFE A2 PVCH Addus FE BAY vgEe
2 vwstge o 712 ®wo] hydrophobicd PVCel ©f B-& F9] mlEo] #&
B AM7F Utk (Helke et al, 1993; Sommer ef al., 1999). &3 Helke et al. (1993)

~

Sommer et al. (1999), Djordjevic et al. (2002) & 1A ZTH FAdHE AEH2 o
A ARFrIe AT X gow 93]y wAEY] F4 (motility) MEe W
714 (extracellular polymeric substance) 5o] ME FAo] F8F 247 2EIT
31 sbgth Allison ef al. (1998)% EPSe] zAlxt Aike AET A x7j6 712 &4
of el 71Ae S 2 adolg At ey B A= EPS
yakel Qake Hrlsh izt X @b EPSAAE T &4, FRFo] AR I sk
AE 1o ol" Aol WA ZEsa ofd EAo] UFel F&t=A Bl of
& o). ohgk EPS AjatEo] b =& 13106 #5571 13154 5ol Hls] =4
7}

b= Ao E E o) EPS A x7] HF o)lF FET AN ¢
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Fig. 3-39. Changes of Representative T-RFs of selected 4 strains
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A7 A AEXS i AN EQAWF Ax

~ Hahella chejuensis 24 WolF ml0356 7%
sstwele] nikASl WHEe M EAEBAS dAste g 4249 34 1
] al

olste) Bgol BAT R A, HHY FF 52

pm]
=
f2 Agsete Ao e nea 240 BUHD Ack et FAEA
=

|
Arol AAEA o= gk
oA MEHAH 1Ex 2o =7 uAlE (French, 1989), 41& (Cabib, 1987), &

2
E (Sutherland, 1983)5 <] hAt#HA-S Esle AFA Ha dow e A EAA

A AFA Fol AN glon, 53 nE F9) BFRY o5 FEAE 12
AUHT o AF mE A4 2R AA0gRY g 34 nia 2A%e g

EAY ALdEAL 7HA T Qo] A AFRAE nERAZAG o] &IV & Hew W
I3 o (Calvert, 1980), HAEo] AAdE OFFY AFe 194094
Leuconostoc mesenteridosol] 213 AAEE dextrano] & ZFAZ AME-H
A& 2, o] xanthan gum, pullulan® ©]&Ao] 7} o8 vl Wd A77t
28w o] gt} (Brierly et al, 1985).

d2ie 99s fF5ago] glucoside Aol 9dte] FAHE @527 AEA
AFEZ AAA Mg FRsA EAse A nEACH mAEe] Aise o
FHE AEdAL 75 et 371 a2 EReed, g29 3 duAde A
FE2AZ o]g5E poly-B-hydrobutylrate (PHB) T glycogens ol AXW o+

(intercelluar  polysaccharide), A|E®e] FAAES] FeAd Gram FHTY
lipopolysaccharide, teichoic acid, B-glucan 2 #H7} AAFstE glucans o] AEZTXEE
ol2x TZUYR (structure polysaccharide), 1 ¢ Th@dHF7F Axddz EvlisHe 3

BE dEge 9Bz 1 FH F4e FA4AY FFEZAN AEZFAY WA
Bulgle MEYTPFE (extracellular poysaccharide)Z o|E EF& WA EC 2]
AREE 1, 2 2 dAERZ 28R doh oF 53] WAE /A

Lo

_?r_g.t' A M AL o

i
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Fol o] mAEo] MAEE HELTIFH (extracellular polysaccharide : EPS)$} o
29 fede AESA nEA (biopolymen)E A uEA FEZ AHEstE e
A7 AP 1 otk (Margaritis et al., 1985).

]2 gl EPSE AR A (biopolymer)Z A Geesey (1982)& EPSE ‘v
AE ZAS FAS =Y AFEHE AEAY A F5 712Ae} a1, Charaklis
& Welderer (1989)= ‘M E Y &7 A2 42T U= nAEHR & 25
o] Mz &, A3t do] W3 dojdryal stH T (Characklis & Welderer,
1989). EPS: extracellular polysaccharide, exopolysaccharide, exopolymerZ & %3}/
AHEE T gich WA E-E EPSHlel] FlEo] A ET(biofilm)oll X AFAE st
AE3A @k EPS ke A A mAEY gyt EAHC2 ole A, achaeas
o] YANEHL 2F, dFH 2 AAYBME AHETh HEH] FHLe EdH
£ AARAN ELRY oleld &7 F7), B JF, ESH ¥7159 HEFH
Me AT (Costerton et al., 1995; Flemming, 1996). ES7 B9 ZAAHNA ¥
Aee AegdiedA dedie /3 Bdon, JdAAE e 54 =4
= oiigdy 4t humic acidge] o8 FeE EA T (Neu, 1996). EPSE v]AE
o MEe BeF ol BAL YEUY EPSE Faod FHdw 189 4FE P4
A71E A8g shed ot A4EEout bacteriophages 0 ZHE Rz el g

Magel 2% Aol BAR FAo] el w7 B PPl yEEAe
Agsim, BAWN SHEANY T4 oL ARYEL INRE T AL
B} mel EPSo] elatel 4 Aguhe Aol slo] AFe whel BFHoln
WAge] AARAY Bed ZANNE AEo| V5eA ¥ HAETS o9l e
AEo] M2 FABAE FAs=Y =& FU (Sutherland, 1972; Wilkinson, 1958;
Brown et al.,, 1993) (Table 3-17).

Ageholt vl4E, EPS, grlele, APARA, $19F 5o YA 7
Heu, 53 EPSE 3497 72ES 9451 A% fAEE AHEssel slu At
£ Hoz MAEe EPSH Felsel ZlAEde] ngstach meby EPSe /el 8
Aol 2AHE AR WAEAE TS0l nAu| A EC] B HIT F = A
9zke] AAE VED Yvrdoz AEUh) EPSE A F71EY 50 ~ 90%E AHA
St} (Christensen et al., 1990; Nielsen, et al., 1997).

O

=
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Table 3-17. Proposed effects of biofilm due to microbial exopolysaccharides.

Function Relevance

Adhesion to surfaces Initial step in colonization of inert and tissue surface,
accumulation of bacteria on nutrient-rich surfaces in
oligotrophic environments

idging betw 11 d i i ticles t d
Aggregation of bacterial cells, Bridging be .een cells an mfnTgar‘uc par 1c.es rappe
X o from the environment, immobilization of mixed bac-
formation of flocs and biofilms i . . .
terial populations, basis for development of high cell
densities, generation of a medium for communication

processes, cause for biofouling and biocorrosion events

Cell-cell recognition Symbiotic relationships with plants or animals, initia-

tion of pathogenic processes

Structural elements of biofilms Mediation of mechanical stability of biofilms (fre-
quently in conjunction with multivalent cations),
determination of the shape of EPS structure (capsule,
slime, sheath)

Protective barrier Resistance to nonspecific and specific host defenses
(complement- mediated killing, phagocytosis, antibody
response, free radical generation), resistance to certain
biocides including disinfectants and antibiotics, protec-
tion of cyanobacterial nitrogenase from harmful effects

of oxygen

Retention of water Prevention of desiccation under water-deficient condi-
tions

Sorption of exogenous Scavenging and accumulation of nutrients from the

organic compounds environment, sorption of xenobiotics (detoxification)

Sorption of inorganic ions Accumulation of toxic metal ions (detoxification),
promotion of polysaccharide gel formation, mineral
formation

Enzymatic activities. Digestion of exogenous macromolecules for nutrient

acquisition, release of biofilm cells by degradation of
structural EPS of the biofilm

Interaction of polysaccharides Accumulation/retention and stabilization of secreted
with enzymes Enzymes
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o, ke AEzeoeie Ee 9 57t golstth meA, o3 vjdE U
z= FHol A Ayt 2dd) FAHT o, 53, nAEY A
ugFE dE A AL Zoogloea sp.o] A+E}= zooglan, Psedomonas sp., Vibrio
fisheri, Cyanothece sp. 2 Altermonas macleodii 52258 A4t8 AZghdw/7E A
o, 3= Aotolq AEAUITHFE st YA EZ 4R AL 2 E Zoogloea
sp. KCCM 10036 (4 5, 1998) A%2 11 47} %2 &t}

Hahella chejuensis 96CJ10356 w5 (KCTC 2396=IMSNU 11157) 199611 114, A
FrolA PR AL A vAER aFSAHY T UHoen, olgL thEY
A E T FF (exopolysaccharide) = Z M4 (red pigment)E AAHETh (Lee et al,
2001). 96CJ10356 #F= e AWML A4 FF2 Yud AXA0TFE A4
a7 AARE BAZ A3 AZIGRFIRY 4829 27t b FAL @
F2 Adstazt AxgAdel gl QW] #5E EMSE Aty fEste] F4x
Hahella chejuensis 96CJ103562] o] m10356 0. 2 78] A X FHE Aitel] oo
Hyslazt ko

iy

1 o]E4, 494 AI¢H
7h EdWoF Az
H. chejuensis 96CJ103562] FM 4 Wo|F HrwrHe v 2tk 96CJ10356%

STN 44 uj=) (Table 3-18)o)x 1Yzt 25T, 120rpmeE wigst & wjdd 0.1ml-E
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STN laujAe]l H7tsted 33 AAstn 10me] SIN AAujzd] 2M EMS

(Ethylmetane sulfonate)E Z7}ste] 1 Alzk <k 25C A ¥t Na2s203&8 HF

6%7k A=s Hrleke] WeE FANAT. of F 3000 22O R4 Lelste] vy

29 32351 o] thA] STN dAuAZ 6 - 108 3AE T o|F 0.1mlE STN A
+

iAo Eud o F4E vAE AGS fAo g BET F A2FA o] o|FolAA

g Az 239
AEZATGHFE Atz 93 HAAmA e 24& Asted Ho chejuensis m10356&
ol&5te] MELTUZFE A3 AT HA AL =4 5719 ez =
Abat ek AulEe m103562 ZoBell s &uljx] (Table 3-19)0] =23l 25CoA 3Y
7b wlokal gk, A" el A loopE o] &3te] 20mee] ZoBell HAjujx|o] HF3}e
25T, 150rpmojl 4] 48417+ Hehul ok 3Gt

i

AT 3 29 dgd 100 wE ANEF (pH 7.0) 0.2 33) A FH3te] AL
dgHE AAT F EJJ=A (UV-VIS 2401PC, Japan)E ©]&3te] FH= (A660)E
A5 3 AEGT AFAE FPsA Ade e FASAT AxUTFH
2 wjdae 4% (10000xg, 158)3te] TAE AAst, FAZE AAL Gl
2uf 9 oS vhste] tRRE AR F oAl dAEE] (5,000 xg 15 #)st A
A OFRE G5t o1 sFd PR @& AASY] fste F4%

AxgFA (pH 7.0 2% 24k FA5t] 42 AA ¥ Anthron ¥HE o83t

]

A
o

75, 100, 150m0e] ZoBell AMjAE @i, ml0356 FF 10% (w/v)& HEF F,
120rpm, 25C 8] 2R 2 3947 AWl T ATHFH pml0sses] YA 2AE)
A3, o9 2AL T 5 (200008 2RO LEE 25T, 2% pHE 72 dith
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Table 3-18. The compositions of STN media

Compositions ZoBell2216e
Sucrose 20 g/ ¢
Trytone 10 g/ ¢
NaCl 10 g/ ¢
MgSO4 5g/4
CaCl, 1g/?
KH,PO, 0.083 g/ ¢
KoHPO, 0.067 g/ ¢
FeCl3 0.005 g/ ¢
MnCl, 0.001 g/ ¢
NaMoOq 0.001 g/ ¢
ZnCl, 0.001 g/ ¢
distilled water 1,000 ml
pH 7.0
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Table 3-19. The compositions of SZoBell media

Compositions SZoBell
glucose 20 g/ ¢
peptone 5¢g/4
yeast extract 1g/?
FePO, 0.01 g/ ¢
aged sea water 750 ml
distilled water 250 ml
Bacto-agar 1.5%

pH 72
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g9 100m AzZtZalaze] ZoBell vlx 20E 7]F02 @49l xylose,
fructose, glucose, lactose, galactose @ sucroseE ztzt 1.0% (w/v) B=& FH7lstal,
ml0356 FF& 25 =F%7F H=E HEste, 120rpm, 25T 2HLoZ 33Uz A&
NEZF 2 AxATIF A4E AT pml03562] kel At

W 5 )
sucrose® & #FS ztzr 1, 25, 5, 7.5, 100, 20.0% (w/v)e] FE=F Hrista,

M
rir

ml0356 #55 25%7F S 58 HEse], 120rpm, 25C 2] 2H o2 33U A& wjgst
F OAZAE 2 AZYgTGIFY BRE 2AEET Aade /712299 yeast
extract, pepton, tryptone, malt extract, soytoned} F7]ZA¢< NHiNO; NaNOs,
NHCl, (NHy):HPO; 5< z}z} 05%% #7bslil, ml0356 g5F 25 SH%7F HES
HEate], 120rpm, 25C Y ZA0 7 33Uzt A wjdd & AX
o] AL =AY Ay Aade vl (C/N ratio)s gadd Zade HE
z}zt 0.05, 0.1, 059 B &2 H7}3lx, ml0356 F55 2.5 FZF%7t o

120rpm, 25°C2) 2702 397 Ag wdd T AzAF 9 AXATITHY A4e
zAbs T s 2 u)EgAse 29049l KHPO, 0.083g 2 K.HPO; 0.067g,
P22 A NaCl 1%, MgSOs 5%, CaCl, 0.07%, ¥ FA2 2y FeCly - 6H0 0.005
g/1, MnCl, - 4H,O 0.001 g/1, Na;MoO, 0.001 g/1, ZnCl, 0.001 g/l 59} Hzle 1 5
(2000)¢] =L o] &-3tPTh I p-ml0356 IS A HA EB-L sucrose 7.5%,
tyrptone 0.35%, KH,POq4 0.083 g/ ¢ 2 KHPO,; 0.067 g/ ¢, NaCl 10%, MgSOsE 5%,
CaCI2 0.1%, FeCls - 6HO 0.005 g/ ¢, MnCl, - 4HO 0.001 g/ ¢, Na;MoOs 0.001 g/
2, ZnClL 0001 g/ ¢ 2 ZHFE FAvisted HE £%o] 1,000 M7t HES b,
pH 7, &% 25C, HE%F 25%9 %oz Az #lx AL £ LdHdAMe
“M-m10356”o]gt W aH L, 47 M-ml0356S p-m10356 A4t HA wjx] zHo=Z
&9t} (Table 3-20).

50 3EA Hlks|E o]43le] M-ml0356 Hlxo)|A] 24A17t s E FFE 34

working volumed] 25% HFato]l #FE wigsta FA 4%, AdFHF A dTH
o Feds @ pHel WMats zAMEIGTh oln] MjYLEE 25T, 200 rpmol A

ENEL 15 vwvmo E AAS
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Table 3-20. The compositions of M-m10356 media

Compositions ZoBell2216e
Sucrose 75 g/ ¢
Trytone 35¢g/ ¢
NaCl 10 g/ ¢
Mg50; 5 g/ ¢
CaClz 1g/#¢
KH,PO4 0.083 g/ ¢
KHPO, 0.067 g/ ¢
FeCly 0.005 g/ ¢
MnCl, 0.001 g/ ¢
NazMOO4 0.001 g/ ﬂ
ZnCl, 0.001 g/ ¢
distilled water 1,000 mf
pH 7.0
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o EAdolF7 At EPS 54 24
96CJ10356 M o]F m103560] MAbste A ELohFFo 5A4& 2AeH7] fsto], W
FoloZHE MAY HEIUTH, pmlodses £, AAG F EATE dFHF 24,
ATz, gnd g, g By, SaE, f30AT 2 B dete] AR AT

p-m103562} &) @ AAE 96CJ10356 WolF wigR S FHEFE 2v] 34

H 0%z ddEdd wAE 14 AAR F 4EAES o4 dsddre)
(Sorvall, USA)E o] &5}e] 12,000xgo] Al FAS 23 AAF wjekale] 26l s Fahe
100% cold ethanol B7bshe] 4ColM 20417 Wastel AMxel Oss A
AAE dHFE 70% cold ethanol® 23] AH&tx thr] =
HCZ F3 713, 4TAA 71E%9) 3u)e 34 Z=FE Ad&5H02 Hutstd VIVA
Flower (VF20P4, Satorius, USA)2 %413 & o]Z t}A] 28)¢9] 100% cold ethanol$
A7Vt 4T 2443 B RsHE AZATIHE AIANA dFHRE s 1
A BAol gad AIudie FAAxsd 2UgRoE FIAUL, ol AT
TFe AEe gdF Adagez su BAAGA AT =& p-ml03569]
g gdate] AEe R A% ¥ TREMS AT AANEE 7S BET =

g3 AAsAT 209 1 g& FH50 ol CPC (cetyl pyridinium chloride)&

du
-
2
4
rO
o
e
iy
[}
—
z

03%5A H713 F shakerZ 3083F A3 T F JAMAHAH. o] F JHd &
B2 A 9AEE 7] (Sorvall, USA)Z 9,000 x g& 2087 dARE st F5HS
AASL ARAEEL A 10% NaCle] &3t o|2 thA] 2812] 100% cold ethanol

2
>
PN
R
N
N,
o%
o
ol
bl
i)
oft

22 AAHAA ethanolE AAFT T YA
T 2857 Folm EAur (D655, Sigma, USA)d
NEla thA] 197 4T A 33 FHRIFE FAHE F 544
Z AT o] ¥ FAGRHE 2 54 azvEadAE AX FASA Sepadex
Sepharose 4B2 ZA# (15 x 75 cm)ol] 31 04M NaCl ¢F8&qd ARE =
AR =Ygt Y SELAL A8l 05m/ming] F&EoE £E3HT
Fraction collector (Eyela, Japan)& 2ml# H 2 3slo] FAo o] &3 th

p-m103569] Hejdta £ wasty] Aste] pml0356S 01%7F HEE FFHT
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o %2 I FTZAAZ3I, °]F °J&FFVE o]&3dtd gold coating$t F FALHAHA
v] 7 (Scanning Electron Microscopy, JSM-5410LV, JEOL, Tokyo, Japan)& ©]-8&3}<]
15,000 wj&d A W AF2E HFESATH

p-ml0356 TAZE A7 3te] FAEH BEH S0mgs A Zhewsiste TLC
2 2 2N5Ych p-ml0356L FASE Bdde 2T 7195 7] (3DCE, Hewlett
Packard, USA)S o] &3le] o} 7oz B3ttt

1. Water : Distilled water for HPCE (Hewlett-Packard)

2. Capillary Electrophoresis instrument : HP3D CE (Hewlett-Packard)
equipped with a diode array detection (DAD) system

3. Electrophoretic conditions : Untreated fused silica column 57 cm (total

length) x 50 ym i.d, 75 mM morpholine, pH 5.0, 24kV, 20T

Injection : Pressure injection of 5 seconds (50 mbar)

Detection : Absorption at 350 nm

Polarity : Negative

N s o

Current : 150 mA

B 242 p-ml0356 0.1% TFF F89 1mS Sepadex 4BE o] &% A o3}
Ay AZvlEIYRHE o] 43le FFERR HAETD (EAF 2 mDa, 500 kDa, 70
kDa : Sigma, USA)3} p-m103569] &% A7t H]$} log-scale®] ¥AtF#e] BAE X
g=doz pAFE BRI,

Edo] ZAAZRE tE P WY AF EF wgs devled, 224
sle g9 Z7te2 FHPD pml03s6e] R EA4S AR 8k AAl o
drsE EAXS ZAE] Y8t AlxRPFALE EFA] (differential  scanning

calorimeter)®] 7%, p-m10356 5.0mge ¥& ¥ B3I ANEE ¥R F& W=7

¢

rE
2]

ofl
o

=
e

7] DSC4 (Perkin-Elmer, USA)E o]&3lo] £ 15CH 25 & &2{7tdA 25T
A 250CAX TR 3 2 FEHE E%E A A
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p-ml0356& APA ] MHFHA EFZA fujo] it &=+ p-ml0356 1 mgS
formaldehyde, 10N NaOH, 5N HCl, formic acid, benzene, acetone, DMSO,
chloroform, ether, ethanol, methanol @ Z#4 S g3ty B84 2 &34 3
S Wro] AT

p-ml03569] EAZALE 9ot EAQASTE FAEIAT, dEi &dde dAgsEs
(shear rate)o] W3}el tis] H= (vi
a2 FAe FElE Bol AT Ae3H
o] F7t wet FUbete FHY FHoR AE tE 3§

o
=
[¢]
=
w
3

Z
ile
kv
Su)

L =
fr

4
2

o
ogl

o
rr

R
L

A

off
H
2
1o
ok
il
oX
(&
1]
rr
e
5
=
|O%)
&

2 01, 025, 05, 0.75 2 1.0% (w/v) 5]
H3ElE Fo] Aodgrd WE AdgES Ao

st p-ml03569] 1% dd# 484& o]&3std 10, 25 40,
=2 gWA TERe 24 BAG F o] BT GIR

pHel 93 EAM3te p-ml0356 1.0% 58NS pH 204 pH 124}o] 2 2z} pHY
HxzE R EAUSLE AT

¥ (NaCl, CaCly)el]l 93t E4WM3}= p-ml0356 thdF2 1% &Ho z4zte] &
0.25, 0.5, 1.0, 20%¢] =52 Haste Acs e was umstgch

X Bads 1A Fo Wgsle E44ES FA37] Yste] p-m10356& 60T,
80°C, 100C 2 121Col Ztzt A a3k & 25T 2 thA] WA A w3alsle 849 EX
< XA T

p-ml103569] At&- PATFEO HAS #A}Y] Astd wE& &99 A= [0
£ Cannon-Fenske ZA|# HEAZE A3t Huggins W84 2 Karemer W3 20|
3 IFHEE SAHIIAG

<}
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7h BT Ax
A EATIEF o AA o] -3+ Hakella chejuensis 96CJj10356] 0.01 M, 0.1 M, 0.2
M, 05 M EMSE zt7} Ha st A7 156 5F 9 mutantE: &H T 5 YUt (Table
3-21). EMSel| 9J3le] fx® wolF mlAE He Fig 3-407 2tk EMSE A std

B ALY FAWlE AN A FA7A TFR N2WsE Hel FYo

1~ o

‘

(Fig. 3-40), 1 F)A] ml0356<% ¥E)&tych B9 7 AaA WHolFE 53 o4
aAu A A F 4de FAL ZE A (UV-VIS 2401PC,
Japan)E o]-§-3fte] A Ao Aiko] o]FolAA] Gre AL FUstArth ool A}
Z5¥ H.chejuensis 96CJ1035601 4] M4 HolF2 Edwold EMSE X 3ld §X&,
Wl 20039 4¢Y 309A4E &=

>
=3
2
ol
il
2,
2
3
o
QL
K

AL
o
o

Adst g3, o] dFE5 H.chejuensis m10356.2.

Ly 2
AEFstATA ] ALY 7Este], e 5 KCTC10324BPE F-of @3k oh
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Table 3-21. Mutants list of exopolysaccharide-producing marine bacteria Hahella
chejuensis.
Number  Description Number Description
001 White, mucoid, flat, smooth 035 Red; smooth; shining; umbonate
002 Grey-yellow, mucoid; convex 036 Dark purple; smooth; flat
003 Grey-yellow, mucoid, flat 037 Rough;
004 Grey-yellow, flat, 038 Red; entire; metal shining;flat
005 Similar to 002 039 Maroon; shining; flat
006 Purple-red; mucoid; raised, shining 040 Purple-red; smooth; flat; shining
007 Purple-red; mucoid; convex; metal shining 041 Light purple-red; smooth; flat
008 Purple-red; mucoid; flat; metal shining 042 Purple-red; rough; flat; shining
009 Purple-red; mucoid; flat; metal shining 043 Purple-red; convex; shining
010 Purple-red; metal shining; convex 044 Purple-red; convex
011 Purple-red; mucoid; convex 045 Maroon; flat; mucoid; rough
012 Light Purple-red; mucoid; convex 046 Grey-yellow, flat, smooth
013 Dark Purple-red; mucoid; convex 047 Purple-red; convex
014 Metal shining 048 Purple-red; flat; shining; rough; mucoid
015 Purple-red; flat; metal shining 049 Dark red; flat; rough; mucoid
016 Purple-red; mucoid; convex 050 Purple-red; flat; shining; smooth
017 Grey-yellow, flat, 051 Red; flat; moist
018 Dark Purple-red 052 Dark red; flat; metal shining
019 Purple-red; mucoid; convex 053 Purple-red; flat; metal shining; smooth; mucoid
020 Purple-red; flat; metal shining 054 Grey-yellow; flat; smooth; moist
021 Dark Purple-red 055 Purple-red; flat; smooth; moist
022 Purple-red; flat; shining 056 Purple-red; flat; smooth; moist; metal shining
023 Purple-red; smooth; shining 057 Red; metal shining;flat
024 Grey-yellow, flat, smooth 058 Light yellow; translucent; convex; mucoid
025 Purple-red; convex 059 Purple-red; flat; smooth
026 Grey-yellow, flat, smooth 060 Purple-red; flat; metal shining
027 Dark red; flat; metal shining 061 Light Purple-red; flat; smooth
028 Grey-purple; flat; 062 Dark Purple-red; flat; smooth
029 Purple-red; mucoid; convex 063 Light Purple-red; convex; rough
030 Dark red; flat; 064 Dark purple-red; flat; metal shining
031 Maroon convex 065 Dark purple-red; convex; shining
032 Grey-yellow, flat, smooth 066 Light Purple-red; flat; smooth
033 Grey-yellow, flat, smooth 067 Dark red; flat; rough; shining
034 Grey-yellow, flat, smooth 068 Dark purple-red; convex; mucoid
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Table 3-21. Continued

Number Description Number Description
069 Dark purple-red; convex; mucoid; shining 104 Grey-yellow; flat; smooth
070 Dark purple-red; raised; mucoid; shining 105 Grey-yellow; flat; smooth
071 Dark purple-red; convex; 106 Dark red; smooth; shining?
072 Light yellow-frey; flat; smooth; moist 107 Dark red; convex
073  Flat; rough 108 Dark red; flat; smooth
074 Dark purple-red; flat; mucoid; shining 109 Smooth
075 Yellow-grey; flat; rough 110 Purple-red; convex;
076 Light purple-red; flat; rough 111 Dark red; shining; rough
077 Dark purple-red; flat; metal shining 112 Dark red; flat; smooth; shining
078 Dark red; convex; mucoid 113 Dark red; convex
079 Maroon; raised; metal shining 114 Dark red; convex
080 Light purple-red; flat; rough 115 Black red; shining; flat; smooth
081 Dark purple-red; convex; mucoid 116 Dark red; convex
082 Dark purple-red; flat; shining 117 Maroon red; convex
083 Dark red; flat; smooth; metal shining 118 Dark red; flat; rough; shining?
084 Dark purple-red; flat; rough 119 Black red; flat; rough
085 Light purple-red; flat; rough 120 Purple-red; flat; umbonate
086 Yellow-grey; flat; smooth; mucoid; moist 121 Light purple-red; flat; smooth
087 Light purple-red; flat; smooth; mucoid; moist 122 Dark red; convex
088 Maroon; flat; moist; mucoid; 123 Black red; flat; smooth
089 Purple-red; flat; smooth; moist 124 Black red; flat; smooth; moist; mucoid
090 Purple-red; flat; smooth; shining 125 Dark red; mucoid; flat; shining?
091 Purple-red; flat; smooth; moist; muxoid 126 Dark red;
092 Dark purple-red; rough 127 Dark red; convex
093 Dark purple-red; smooth; mucoid; shining 128 Dark red
094 Dark purple-red; mucoid; rough 129 Purple-red; flat; rough
095 Light purple-red; smooth; mucoid; shining 130 Dark red; flat; rough
096 Grey-blue; convex; rough 131 Dark red; flat; rough
097 Grey-blue; flat; smooth 132 Dark red; flat; rough; metal shining
098 Purple-red; flat; metal shining 133 Purple-red; flat; rough
099 Dark purple-red; convex; shining? 134 Purple-red
100 Dark red; flat; rough 135 Purple-red
101 Dark purple-red flat; smooth; metal shining 136 Purple-red
102 Dark red; flat; metal shining 137 Metal shining
103  Similar to 102 138 Dark red
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Table 3-21. Continued

Number

Description

139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156

Grey-brown;

Metal shining

Flat

Dark red; flat; rough
Red;

Dark red; flat; smooth
Grey-yellow; flat
Grey-yellow; convex
Grey-yellow; flat
Grey-yellow; flat
Metal shining; flat
Metal shining; flat
Dark red; flat; rough
Grey-yellow; flat
Metal shining; flat
Metal shining; flat
Metal shining; flat
Metal shining; flat; smooth
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Aok

AT ATIRH AN 27HE 838 26N &5 25C, 2% pHE 78 1
T (2000)e] Aoz I, wiAY 2 HEF diste] ZANG B, 27 HETF
& p-m103569] AA-L 25% A 3.66g/ ¢ 02 p-ml03569] Aol 74 *z ATt
T3 5.0% JEHEF A, oA AFL 261 g/ 2 TA AFE] F EQT 2
w, 25% AEZe] A2 p-ml03562 Al A 366g/ ¢, TA AFe] AL 256 g/
/2 p-ml03569] A+ B FA Ago] BT Yzt (Fig 3-41). webA p-m10356
e g Gz 4Pl o] TR 44 2 FA Aol FRHE 2
A AR WM 7t ol RoR FH3te 20% FITFE p-ml03de L&

..1_4

AT 27 HEFes AASHAT vlAE AT hARIES el 3ol =71 HF
T2 EFRAE] Ao Fa3 @9lo] Hr} (Sarkar ef al., 1985). EFF ZetT )

Foll Ao HH wiA|Fe] FAtelA wjAFo] wE p-ml03569] AL 50 meollA
216g/ ¢ 2 p-ml03568] Qo] 7 dzatdm, T AL 25 molA 263 (A660),
AZE MEFHE 307 g/ 22 HFYFAA 717 & oA AFo] AFHJUY (Fig.
3-42). wtebM, 250 miS AAdEgA=9 A, 50 m WA FS p-ml10356 Aol HF
WA o2 AARHAT wetA vl FE7)9 v A Fe] dlQ)l working volume2 1/58
p-ml0356 Aitol HA wix] o AFSHTh webA p-ml03562) 250 mt A&}
234X HA p-ml03562] AAHS 23 classical methode] &3 <IA}= Table 3-22
9 .

p-m103562] HZAAPAS 3 ©@HAirYd Z2AL FASHZ] Y8t xylose, fructose,
glucose, lactose, galactose @ sucroseE Ztz} 1.0% (w/v) TE2 FH7Isle MEAR
2 AEATITHY BAAE A AHE Fig. 3439 Yo @249 A7
p-m103569] A4S xylose 2.16 g/ #, fructose 3.65 g/ ¢, glucose 4.28 g/ ¢, lactose
179 g/ £, galactose 0.6 5g/ ¢, sucrose 7.27 g/ ¢olew, I3 AFF L3 sucrose
467 g/ 222 Jvepbgtt wElA, sucroseE @AYo g AHHIIAT. FA A

_188_



= Ao A7ZhE Y, xylose, galactose, lactose SolM e T F hdF AAH SO
JofA oz Az p-ml103569] A ko] A TS sucrosed] FEE FARSHY] 98t
sucroseS Ztzt 1, 25, 5, 7.5, 10.0, 20.0% (w/v)9] =& Hrlste AXAZF L Ax
AtFHeol WAL AR A3E Fig. 3-44] JEHH A sucrose X278 p-m10356
o] AgL 75%NA 746 g/ ¢ 2 M EUTEH ERY AYAS A dadoewM 2
FHZL29 FHBEAVE JHF &3] AMEHE UYHU  xanthan gum ¥
galactoglucan®] AJ4tel] FEQLAE AR 27 AF7F Utk Souw T (1979)&
sucrose} glucose?] F%7} 40 g/ ¢ Y 7A-$] xanthan gume] F=&o] Fohi dHe
o, dtxo 2 WAE TgFF ANE A% #dad HF w2 AME #F] @ 1
0~80 g/ ¢ A=2 Haxo] g (Williams et al., 1978).

p-ml103562] HZAAE 9t AaxY x10E ZASHY] dlste friEidez
yeast exiract, pepton, tryptone, malt extract, soytoned} F-7]dA¢l NHNO;,
NaNOQs;, NH(Cl, (NHy).HPO, & Ztz} 05%8 H7tel AEAG 2 AxzeopdFe
A4S A AFHE Fig. 3459 depfiich. a9 A2 pml03s569] gL
tryptoneol| A} 536 g/ ¢ 2 7t F3sgon, TA AL yeast extract®] ¢ 2.03

b

g/ ¢ 71 Eon, 53] malt extractol|l = 202 g/ 4/ & F3 3 oA HFES
Atk wEbd, 05% tryptone?] ZA$- Yp/x = 59022 p-ml03569] Ay do] Szt
pHE tryptoneo] A Ao 9lo] 812 %7] pHEU 453t ®metA tryptones
Argoz APt Iwamuro 5 (1983)& Porodisculus pendulus z}zhe] o) A
T2 FHtel s tERH NS SUMAALY, 40 g/ ¢ <3| tryptone
7 Al O3F Aatel o ol FAAHA FueE Bugh v Atk

p-ml103569] HHANES AT @add] FA Y9 Hl (C/N ratio) A& £AH87]
dete] Badd ALY HE 27 005 0.1, 059 HEE FUIst AXAFT 2 A
ZgugRe A4S 2AE A"E Figo 3460 YEUATE C/N HIE 20¢0A
p-ml10356¢] AL 951 g/ 22 7F8 F3sg o, oA AL 5004 524 g/ ¢ &
744 =9t @A, C/N BE sucrose 7.5%¢} tryptone 0.35%<1 209 Z oA
Yp/x = 2.872 p-m103569] AAjo] 74 %5 dgGtt pHE tryptone2 7 A7 QL
o] 572 %7] pHET PolA T}
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Table 3-22. The physical conditions of p-m10356 production

Factors Conditions
media volume 50 md
inoculm volume 2.5%
temperature 25 C
initial pH 0.01 g/ ¢
flask volume 250 ml
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B eps (g/l)

= cell (g/)

dried cell & eps weight (g/!

25 50 75 100 150
volume of culture broth (ml)

Fig. 3-41. Effect of media volume on the production of p-m10356 and cell

growth.
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@ eps (9/1) cell (g/)

N W A~ O

—

dried cell & eps weight (g/l

o

1 25 5 7.5 10
inoculum size (%)

Fig. 3-42. Effect of inoculm size on the production of p-m10356 and cell

growth.
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(a/l)

O-2NWAROIOIN0W

dried cell & eps weight

Fig. 3-43. Effect of carbon sources on the production of p-m10356 and cell

growth.
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90 - B eps (g/l)
8.0
7.0
6.0
50
40
3.0
20
1.0
0.0

7 cell (g/)

dried cell & eps weight (g/l

1 2.5 5 7.5 10 20
Sucrose suppliment (%)

Fig. 3-44. Effect of sucrose concentrations on the production of p-m10356 and

cell growth.
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Fig. 3-45. Effect of nitrogen sources on the production of p-m10356 and cell

growth.
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Fig. 3-46. Effect of C/N ratios of the production of p-m10356 and cell

growth.
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l

-m10356¢] HHY S A ohFds B vFdae 238 A st F
71141 KH,POy 0.083 g & KoHPO, 0.067 g, o424 NaCl 1%, MgSOs 5%,
CaCl, 0.07%, v]ZFHAZE FeCl, - 6HO 0.005 g, MnCl - 4H,O 0.001 g NaxMoOq
0.001 g ZnCh 000lg 5¢ e T 5 (200008 ZHL ol&3tdch wehA
p-m10356 A4HE 23 HA ZZA-E sucrose 7.5%, tryptone 0.35%, KH.POs 0.083 g/
¢ % KoHPOs 0.067 g/ ¢, NaCl 10%, MgSOs= 5%, CaChe 01 %, FeCls - 6HO
0.005 g/ £, MnCl, - 4H0 0.001 g/ ¢, Na;MoOs 0.001 g/ ¢, ZnCl, 0.001 g/ ¢ & =
FrE Hrieted AHF §%0] 1,000 mio] HEFE 33, pH 7, &% 25T, HEHF 25%
of oz Azxgd WA S B THIAXNE “M-ml0356”°]g IR, &7
M-m10356-2 p-m10356 A4+t HZ wjx] 271422 dHT (Table 3-20).

5¢ 34 wWg71E ol &ste] M-ml0356 iAol A 24412 wiFE FFE 349
working volumeol] 25% &3}l FFE st FA49 AF, 03 F AL Od3F
o] =zt 9 pHel WsE ALY ofdf wig2EE 25To|%lal, 200 rpmei A
E71%E 15 vwwmme g At A7 At w2 p-ml10356 A4+ 2 HE Fig. 3-47

of Vet ek Azl gt uhel tdF kel Frkste Ae Eilew, W
F 72N Fole HAdAZE FA=HAT HAF A Aol widd oF 192g/ ¢ 9
Aol o Aol Ao, wid 72A7HA @A Aol Tkt e, 7243
olFole A F2ol ZAEAT olgd AL WYY e Evid 9w HA
of Fopo® & wig] AAVt v HEE FAFLEA AaMEo] A o
FoJR A @Gy WEeE FHHAh 5 AAtE p-m103569}t H.chejuensis 96CJ10356
wild types] @FFe) 2 oo A2PAS vlnd Ao Fig 3489 2th we}
X H.chejuensis 96CJ103562] EMSd] 93+ Edwo] Fxo ot FAio HAH
H.chejuensis 96CJ103560 4] A AFE] = EPS-RE A Ho] o]FojA A L p-ml0356
oze] Aol BT

FI

o}
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Fig. 3-47. Optimum condition for production of exopolysaccharide

p-m10356 produced by white mutant m10356.
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Fig. 3-48. White mutant of Huahella chejuensis 96C]J10356

A. wild type Hahella chejuensis 96CJ10356, B. white mutant m10356; C
exopolysaccharide p-10356 produced by wild type strain. D
exopolysaccharide p-m10356 produced by white mutant m10356.
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th. EdWolF7t Bikst= EPS 54

3t A% ; pml03569] ol &4 FALE fldte] #3 4T FALERE Table
3-23 g Fig. 3-499) Yehhch 05% &9 3 mol &5571F 2 e A7std &
3 T O/W (oil-in-water) §-4S zlzsigct dutdoz {FIAZ AMEHE
xanthan gum, gellan gum, sodium alginate, arabic gum % T&F p-ml10356-& 7}
o] v EtY-e W xanthan gume 244A|17H7H%] dgtE =g HAA FAHJL
o), p-m10356 W3t 244A17t74A] Aerd Awrt askAT FAHAT gellan gum
12742 A H PG d20] B F T, sodium alginate @ arabic gum2 HE
o] Yoju}A] erorom, H.chejuensis 96CJ103560] A A4t EPSR Ktk f312H4 5o
$53 Aoz 2AE UG deid O03F p-ml03562 EPS-R3} vp7bx2 #3F I
AzA e o] 7Hsdol e oz Atsdn

pmlsee] TR SAE ZASY Sistel, Wigdo 2R AHE AEeT
%, pml3s6S £, AAP F EAW, 9FF 24, vATE 99 ¥

, HE, 38T 2 EAC distd 2AS AT

ofr

ok

EPSRE ; p-ml03569] HFEstE 54& wFE7) Hstd FARAAWA
(Scanning Electron Microscopy, JSM-5410LV, JEOL, Tokyo, Japan)g ©]&3&to] 343}
Ao pml0356E 01%7F HER FHF XA F ARSI, o8 olTHVIE
°o]4-8te] gold coating® F FAHAEARAE o] 83te] 15000 W& PATFEE
T3 A:3}E Fig. 3-500) JeR T p-m103569] miMFRE FATRYA HeE £
Abs ATk

FZA ; pml0356 FAHZTE 2AME7) Yt FAE IR S0mgs b THrEs]
o] TLCE 2 B8 A= Fig 351 2 Fig 3-52904 #@" A7 ol p-ml0356
S FASE §939 FAEL FF3esd AFE2E YEFOH, EAR A7

%7](3DCE, Hewlett Packard, USA) £43 A3, & % ¥l(molar ratio)e W 1
:1:11 AEE 3F9] Fo| fAlg & FAHE FASte ALR Holf, HRFoR
Zegg2yite] & ez ZAMEUY
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Table 3-23. Emulsifying stability of p-m10356

Emulsification
Polysaccharides
12h 72h 9%h  144h  168h  244h
p-m10356 ++ + + + + +
EPS-R ++ ++ + - - -
Xanthan ++ ++ + + + +
Gellan + - - - - -
Sodium
alginate ) ) _ - ) —
Arabic gum - - - - - -
++, completely emulsified; +, Partially emulsified; - : separated.
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Fig. 3-49. The photograph of emulsifying stability of various polysaccharide
and p-m10356

A. p-m10356, B. xanthan gum, C. gellan gum, D. sodium alginate
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A00%

%,

C.05%, 10,000 ' 0. 0.5%, X2,000

Fig. 3-50. Ultra-mcrostructure of p-m10356 by Scanning Electron

Microscopy.
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“ s 2%

2 3 4 5 6 7

1

1: Arabinose, Glucuronic acid
2. Xylose, Glucose
3. p~M10358

4. Ribose, Galactose
5. Glucosamine

6. Galacturonic acid
7. Galactosamine

Fig. 3-51. TLC chromatogram of hydrolyzed of p-m10356
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1004

80+

60

Fig. 3-52. Capillary electrophoresis chromatogram of hydrolyzed of
p-m10356 for the monosaccharide analysis.

1. Water : Distilled water for HPCE (Hewlett-Packard)

2. Capillary Electrophoresis instrument : HP3D CE (Hewlett-Packard)
equipped with a diode array detection (DAD) system

3. Electrophoretic conditions : Untreated fused silica column 57 cm(total
length) x 50 um id, 75 mM morpholine, pH 5.0, 24kV, 20T

4. Injection : Pressure injection of 5 seconds (50 mbar)

5. Detection : Absorption at 350 nm

6. Polarity : Negative

7. Current : 150 mA
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EPS ¥x%F ; p-ml103562] EAF =32 p-ml0356 0.1% O-IHF F8d 1S
Sepadex 4BE o| &3 2 o1 HAY AZelEIHHAE ol&std REE
(22 2 mDa, 500 kDa, 70 kDa : Sigma, USA)# p-KG03¢] &% A
log-scale®] ®a}eate] AAS FFJFMoZ EAzS ZAT ZH#E Fig 3-539] et
WAt ZAS A7 p-ml03569] HAIEES 1.39x106 Dao g FAFH AT).

ARG 54 ; Bdo] ZFAZRE U2 Yy HgY A FF WIE 4o
e, 2814 H3le d9 FHo= o} p-m103569] E#3f
sty A x}FALE=A  (differential scanning calorimeter)9] 7-$-, p-m10356 5.0mgs
o ¥ B3sle ARE ¥A ¥ tx2T9 ¥4 DSCA4 (Perkin-Elmer, USA)E ©]
Sol £ 1508 & LA/EA BTAN 20TAA dgRel §4 ¢ F24
AHFS ZANE A3 p-ml03569] FE =T 125T Ath(Fig. 3-54).

o~
=
o

}:1:1

E4e 2487

oo df

fr

8% ; pml03562 ZPMe] M4 EFEA Suo] g GA=E FAG 2
BE Table 3-24¢] Vel ¥ & L4 5 =(formaldehyde), 10N NaOH, 5N HCl &
e galAdo] AT Fr18vel WA, olAE, DMSO, 22X &, JdHEZE, o

BAAS ; EAASF ZAFZ2T p-ml0356+= non-Newtonian fluid®2 Power-Low
modelo] &3 pseudoplasticdt BAS zteE Aoz FAIHEI S H(Fig. 3-55), fFAAL
2 p-ml0356 1.0%<] Z7] A& (consistency index; K)= 407.6, f+& A5 (flow
behavior index; n)& 0.75% th(Fig. 3-56).

o
K

I
op
2
2
rir
r)J
Jb

% (shear rate)2] W3lo] dis] HX (viscosity)e] W
32 HoFE ITH e uF i e FUE Ho|A¥ HFDEH (shear
stress)}S YJEHYE Ao el ddaLre Frld uwe F7iste Y FHe=2
M2 e FHE 2ok
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Fig. 3-53. Estimation of molecular weight of p-m10356 using Sephadose

4B gel chromatography.
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Fig. 3-54. Differential scanning calorimeter thermogram of p-m10356
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Table 3-24. Solubility test of p-m10356 in various solvents.

Solubility

Solvents " 7 -

formaldehyde o

formic acid o
benzene
acetone
DMSO

10N NaOH
5N HCI
chloroform
ether
ethanol
methanol
distilled water @

++ : very soluble, + : soluble, - : insoluble
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Fig. 3-55. Relationship between shear stress and shear rate of

p-m10356 1.0% solution.
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Fig. 3-56. Relationship between shear stress and shear rate of

p-m10356 1.0% solution for the consistency index (K)

and flow behavior index (1) analysis.
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So 93 ZAW3E p-ml0356< 0.1, 025, 0.5, 0.75 & 1.0%(w/v) T=9 &
dog 25CeAM Fr © g AE Fig.
3573 Zth AREErE F7hst] wel dadFo] FUHEHI, 9EF w9 I
gt Hgdez AP E Frlsignh oled AdeE B JEE Jlse ¥R

AAg dusted Be do) aFAdE RS RdFrh ol8d 73S hyperbolicdt

o
ff
N
2.
N
v
A
t
=2
=)
I
S
“’F‘
JE ){tn
tlo
JN
O_u

& galo] pseudoplasticdt 4@ zrE non-Newtonian £ of AFPHoz W

o}
dzE EAOo 2 p-ml03562 pseudoplasticd 4] 2S 2t non-Newtonian -8 9]
=

23 p-ml103569] 1% ThdH F8AL o]83te 10, 25, 40, 6
0C7HA A7 22 Seldr gdFe A4S #2T F oA 25T 3+
2 WA 24& 2AMe A9E Fig 3-58% #oh p-ml03562 257t &zt ot

zo] e Aol Zasded, olv T3t i vER M=ot
Zrgozx A7 ARz AYztaoh gy ga] BCTE 228 Aspzle o A4
%o 3t AYgHo tha] Zrstgded, ol¥d BEAHCE B of p-ml03569 9T
d g (reversible fluid)?) EAL 7HA Y= ALZ HIGL

pHel ojgt E/4uiste p-ml10356 1.0% 489S pH 20|14 pH 12Ate]2 Z} pH9
-59

WE7E oRRel 24Wste zAMY Abe Fig 3597 ) pHel wWste) me d
@G- gel Wale pH 2820 Adgdol =g gaste FAE oV 4 47
9l pH 126] 49 R eo] pH 7ofAe] Adgd Bty & AR Hol p-ml03se

ol tgHE pH A ¥eol 24 vinz gd 4L 7HAE Aoz By, drbH
Z B o] MAE TEFEYe] iR pHel o&ste B4l Mee A
o2 Biso] gt} (Heyn et al, 1974; Tako, et al., 1977). Ao FEE Role pH
Ag J1Eog e} pHL el e} oS F= =@ WA W WA
FAste GFFE AAS o83t AFoY g WdEx

Z olgHolX T o uE pmlo3ses] dFF k3 N2 & o] 7M.
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Fig. 3-57. Relationship between shear stress and shear rate of p-m10356

at different concentrations.
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Fig. 3-58. Relationship between shear stress and shear rate of p-m10356 by

heat treatment.
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Fig. 3-59. Relationship between shear stress and shear rate of p-m10356 at
different pH.
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% (NaCl, CaCl)s] °]& EAWsle p-ml0356 thdFel 1% S0 Zhzhe] 44

025, 05, 1.0, 20%¢l =2 AHste A wistE vud Ade Fig 360 2

Fig. 3-617 2tk NaCle] 7%, 025%]4 5.0%7-A19] NaCl& #7+& Foll A& NaCl

o AAF Roz ZAHUT CaCky] A, A AY w=o tistd AG&RL dA
st AT Aoz BT

A2 Bl o 4wzt 4,

=7h Sl o dd

& E
£ (reversible fluid)9] Eo] BHAHJG. T 2 Fof H

fo
=
(g
b
2
R
(o
i
ox

Z Aol A p-m10356-2

o] F78ke 71Y

olo

Aol 7

elal7] 918ty p-m10356S 60T, 80°C, 100C L 121Coll Z+zh X&) 2 T4
Yz A Walkste B4 548 AN dos Fig 3-62% 2t p-ml03562> 23 2
of o3t EAe] Wyt & oz ZAEUT

p-m103569] Al&-QlAFZY 5A4& #Aey] Y8ty HFL S99 1/HAE )&

Cannon-Fenske ZA|# HEA S AME3sle) Huggins W32 2 Karemer w2 9
S noHEs 2§ AA: Table 325 2 Fig. 3635 2Th p-ml03562] Huggins
WA Ao o3 RHHEE 681 dl/g E Karemer WG] 9§ 1{HHEE 588 d
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Fig. 3-60. Relationship between shear stress and shear rate of p-m10356

at different concentrations of NaCl.
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Fig. 3-61. Relationship between shear stress and shear rate of

p-m10356 at different concentrations of CaCl,.
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Fig. 3-62. Relationship between shear stress and shear rate of p-m10356



Table 3-25. Viscosity for the concentration of p-m10356 fluid calculated

by several equation at 25C.

concentration il Msp Nred r Rink
(g/d?) (se) () (de/g) () de/g)

0.1 407.2 10.9 11.9 109.4 24.8

0.08 309.4 8.1 9.1 100.9 27.6

0.05 18245 4.3 5.3 87.0 33.5

0.03 115.8 2.4 3.4 79.9 40.8

0.01 59.1 0.7 1.7 73.3 55.0

n(sec.) : solution viscosity, Nsp : specific viscosity, Nwed : reduced viscosi

, Ir
relative viscosity, Min : Inherent viscosity, N, : solvent viscosity(30.73 sec.
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A Huggins egation

120
2 110 ¢ y = 407.88x + 68.071
(/2]
S 100 - R®=0.9955
K%}
>
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60 \ L i ek
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B Kareamer equation
60 -
L 4
> 50 ¢t
2
R=ts *
230 ¢
[¢] *
S 20 y =—3124.46x + 53.306
B R?=0.9005
- 10
0 J . ; - ; -
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Fig. 3-63. Intrinsic viscosity of p-m10356 fluid calculated

by reduced viscosity equation.
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A8 A Axe 7 AGUYE A4 R 2= AE

~ Hahella chejuensis XM= 01 - 001 ppmoiAd 302 Hz2UAl H=xE
Cochlodinium polykrikoidesoll tst A= g 50| 95% O &gl

AAAEAe) HBY VAEFE Holite Tze) 13 YuREAe dTe 7
s glom, auldel Bl wa 2 U Atk aed 484 VAZ
SEE FASA FSANM, D4R AP

5 g4 st W2 ¥4 AHE FEste s EA

ofl

HZ Syt AN F2F (diatom)}t HEZF (dinofulagellate)ol] o &
Hz7h N wgste] A w3 @ FabrAe] digk Haivh Aok @5
Zafell A 19803 ] o] Aol A LAASEE @ 104 olst ey, 19854 ojF= vid

30 - 40718 A3t glo] 2 WANIET S EA o, HEfE dd 2ERF

Z o] 9tk (Park et al., 1998).
HAZ U ZejdA F2 @Asle X ZAE-L Heterocapsa, Heterosigma,

Procentrum, Gymnodinium, Cochlodinium $o.2 HEZ{F7} FF L o|Fi 3oH, o]
EL HEA BALS AN, Budd (FEFAATY, 19%). 53] 198236 HXE <
71 C. polykrikoides = 1990'3 £-¢ AR H2E dozlow, 19953 o|FZ &=

10,000 cells/m¢ o’¢¢] LRE HAz2 Fajds S 97 ot L2 At =
W A e oA A, BAHY 9FE vA olg AVIZ AxuHE Hid
&7 g HAzwA ALt AP A (Kim et al. 199%). wpepA 718 A7
E fAld AzAEC] TS WAER AE] dste] R T4 AAAE &
Bz W A77F YA ek
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Ao Ax71F4e F 7HAZE AHomed, dxAde] AxAEe] Hwo] FEe)
o HAZAPEL £x3E HE g 71AF (Imai et al, 1993) Az A Fo] A=
S AEZAR Fuiste HAZAEY PSS A, T §X3e FoZ gipEe] 4
ZA L olo xgE} o] AS FAA (Kawano et al., 1997), AEA2] &2 313 €
© (Sawayama et al., 1993), ©r# A (Baker and Herson, 1978) @ "ol EeHAd A X
oz z{Fo i UREY Az AF
T g AR A HA ool vebdth o]ej g ¥IEAIZMY] Aol Ed] @A HA
Hogz #A#As o glon, BEAMNAY Aolot B wet gt ExATE S A
ZEY g FYE sty Azxyt 2EHE dANA HiFTo] o2&

(Yoshinaga et al, 1995), €7 AzxFdL 7IAx1 e ATz RiudE T2

o)

tlo
ol
o

£ (Mitsutani et al., 1992) T2
]

Alteromonas, Cytophaga, Flavobaterium, Pseudoalteromonas, Saporospira 2 Vibrio® <A
o, olE AT HF ade A - HHoR Hoste Few B Hon
(Lovejoy et al, 1998). A=zAd& e $9 ZFHE A4 e 82T 5 doy,
Z} Aigeitt & SolFed AxWAE /NI en, Ruw dxMd F Cytophoga
sp.  EQFH  (Bacillariophyceae), HHEZF  (Raphydophyceae) 2L AR ZF
(Dinophyceae)dl]l Widt thekdr 2Ax2FEL 7FA3 dFo] Eu HYW (Imai et al,
1993). eyt Az AT Axrz 9 Axggd did A7 obA mldd, 424
2o g4 A Axe &% (Imi et al, 1993), A A ol <& AME (Imai et al,
1995) L Alexandrium catanellaol| M e} o] A MAolr] FAAAA 0 2] wujdA A
aflo)l 23 AlE (Sawayama et al, 1993) Fo] Bl EHo{lth

olg1gt AAF oo uAE fFeo WA HXEAR ol&dlH e AT Hi HA
k=, Hahella chejuensis 96CJ10356 #F (KCTC 2396=IMSNU 11157)& 1996'd 11

AFzor AP A& I MAER 2gSAYd &5 AFey, olge
theko] A YT} FFH (exopolysaccharide) & A M A2 (red pigment)S AY4HgTh (Lee
et al., 2001). o] Z MM L (RP10356)= AtAl ol gh& (acidic ethanol)oll ] H o) &F =7}
535 nm<Ql A8A MAZEA C. polykrikoides, Gyrodinium impudicum, Heterosigma
akashiwo, Alexandrium catenella, Procentrum micans 59 XYl HBZH tist A
z2EHE A3 A7, C. polykrikoides, G. impudicum R H. akashiwoo| X HZERE
Uetdle Aoz 2AE A

gebq B AWe Az ARER e AAALe SxEd, 440 2 @3

=
A

A
¢
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Algol Az thste] =9 sich

1. o]%?ﬂ‘ Mrﬂxl 7“3 u t‘ﬂj

H. chejuensis 96CJ10356 TE ZoBell 2216e TAMA o =@ate] 25ToA 34
7t wjeFstglal (Table 3-26), 759 AAu|Y-2 ZoBell 2216e A u) A} 10 mlol] H=F
ste] FehjekylolA 25C, 120 rpmo 2 2z v s (Fig. 3-64). X837} EA
2 95l WMol AL SZoBell HjAZ 1 2AL Table 3-260) Wb UTH
96CJ10356 H=5 14 A7Zaraad) 20%2 A7 Aol HFEd & 257, 120 rpme.
Z 397 wjekst ko] AWM LS IR =

|

AzEA] ZAFE 98] 96CJ10356 F v oAl MaE FE37] HI 2UL
Fig. 3-659} 2t} 96CJ10356 w3 thEel ALATFFE Aidste VA= ) IS
23ty g5t sl 126 I A oS

o228y OFHE AANZ A2E

(acidic ethanol)& 18] ¥o 2 7}t 3 FE7|2 1A AP pHE 322 ZA 3t
T 4CHA 4AZE BA st wjgFAozRE ORRFE AAFUT. GTHR AAL A
okl o AR 7] (Sovall RC5C, Duppon, USA)E 12,000xg, 30%-9] Ao A4E

_l

213131 GF/F (Whatmann, ¢47 mm, USA)2 ol33ld HEE AAT F = MAE F
et Az gFHAE FExAse I 2 AAS AT L7 AH0E
a2y (Silica gel 60, 0.040 -~ 0.063 mm, Merk, Germany)= AN gvres 22X FE
(CHCHo 2 28] FAT T ERAEAS olgatel AANLY FALE ZABAT.

RP103562] TLC (thin-layer chromatography)®4-& 4t olgh& (pH 3)ol %
2 ZZ2o]A RP103569] AA 9} BAzAL 2AEY A5te] 1 ugd A olee 1
=o] 227} 60F254S TLC W (Merck)ol] 5 w HAT ¥

2 (532) TN Z 10em AAAA EAs¢ch RP103569 &F33Fe A7l A
F42HEY BAL RPI0356 1 pg/mee] Ao ehs &A&

UV-VIS2401PC, Japan)E o]-43}4] 300 - 700 nm 3¢ HeldA Hd F3AE<
Z At} HPLC (high pressure liquid chromatography)i4]& 3

o
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Table 3-26. The compositions of ZoBell2216e and SZoBell media

Compositions ZoBell2216e SZoBell
glucose 20 g/ ¢
peptone 5¢g/? 5¢g/¢
yeast extract 1g/# 1g/e
FePO, 001 g/ 7¢ 0.01 g/ 2
aged sea water 750 md 750 md
distilled water 250 m{ 250 md
pH 7.2 7.2
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Fig. 3-64. The colony type of Hahella chejuensis 96CJ10356
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Culture Broth

}add, 1 vol. acidic ethanol

Mix vigorously for 10 min
l
Adjusted, pH 3
|
Centrifuge, 10,000xg, 30 min
!
Filtration with GF/F filter
| add, 1 vol. chloroform
Mix vigorously for 2 h
| add, 1 vol. water 2 times
Separation of layer
| Stand for 2 h
7 {

Chloroform layer water layer

| add, Dried sodium sulfate and stand for 20 min.

Filtration of Whatmann No.5 paper

{

Evaporation of chloroform layer
| add, silica gel to make loading sample
Silica column chromatography

| Elution solvent (chloroform -> ethyl acetate)

Fraction of RP10356 3 times

| add, dried sodium sulfate and stand for 20 min.

Evaporation of RP10356 fraction

i
Solute in acidic ethanol of RP10356 fraction

l
Prep TLC

| Seperation solvent (petroleum ether : Aceton : Methano!l = 5:3:2)
Prep of Rf 0.82 (bright pink)
|
Prep HPLC

i
Purified RP10356

Fig. 3-65. Purification process of RP10356.
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A A2 HP1050 A)28 (Hewlett Packard, USA)E o]&-3ted EA3ltt o] wf A&
& AYPL Ayt AP (YMC-Pack SIL, 250 x 4.6 mm, Japan)ol™ ofAE-HEE (9 :
1)g v 29 1.0 nt® §£%AA DAD-UV 7#%7]E (Hewlett Packard, USA) °]-&
3}a} 535nm, 300nm - 800nme] DADZE EAstch

RP103562] Az azte] AN o3y Zoh AHgE mAHERe F
2 g gATY AxATFHAA BF W, o9 mAzRe £ A7k 2

A AN AR B AT (Table 3-27). vlAl 5] w2 /2 WiAE o] &5l

98 2F wGAE dF LAY NES olEFAth 2/ AT FFXEA
(Hitachi, F-2000, Japan)& o]&3le ZA3tAv 2% Rugol & 1Aste] =xdAw|

7 (Zeiss, Axon-1000, Germany)-3 ©}]-&-3te] A st 225 2AE sl B
g8 222 M 2 RP10356S 0, 01, 1.0, 10, 50 2 100 xg/me F=& 1 x 103

AN
il
ft

cells/me2] C. polykrikoides, Gyrodinum impudicum, Heterosigma akashiwo, Alexandrium
catenella, Procentrum micans S92 HzZ4Ql 5% 0] n|A2F wlgFdo Hristal 30%, 1
N7h 2A7%, 24407 AT B AP TE 2% Rugol Sole] nAE ALHNA (Zeiss,
Axonl00, Germany)2 ©]&3la MEg&do] A

ALl SRR ATFE Al 2253 2ASHT

(34 1]

Az ET} (%) = x 100 (%)
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Table 3-27. Tested algicidal activity spectrum of red-tide species

Class Taxon Medium Strain Source
Cochlodinium polykrikoides f/2 - BKU'
Gyrodinium impudicum £/2 KG03 KORDI’
Dinophyceae
Procentrum micans f/2 - KORDI
Alexandrium catenella £/2 - KORDI
Raphidophyceae  Heterosigma akashiwo /2 - KORDI

1. BKU : Bu-Kung University,
2. KORDI : Korea Ocean Reserch & Development Institute.

- 229 -



Table 3-28. The compositions of f/2 media.

1. f/2 media

Compositions Concentrations
NaNOs 0.075 g
NaHzPO4 « Hy0 0.005 g
Na2510;3 + 9H0 0.030 ¢

f/2 metal solution 1w

f/2 vitamin solution 1 ml

aged sea water 1,000 m

2. f/2 metal solution

Compositions Concentrations(g/ £ )
MnCly - 4H0 0.18

ZnS04 - THO 0.022

CuS04 - 5H0 0.01

N82M004 N 2H20 0.007

CoCly - 6H0 0.01

FeCl, - 6H0 3.15

Nax~EDTA - 2H:0 4.35

3. f/2 vitamin solution

Compositions Concentrations
vitamin B12 1 ug

biotin 1 g
thamine-HCl1 200 mg
distilled water 1,000 mé
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a9 o2 AXgeH o wsle

e
2} Al (growth inhibition), A2z} 3 H(swelling of
ZNEleE Ty A

AE °l

T3 RP10356S F=WHE A ¥ AIE
At AEFegwiste] B27Ee 4%
gre](edysis of armor)
= =%, =9 pH,
g3lgdon (& 2
AR o] 7

JZ o] 88 (lysis of cell), 239

}

cell), #|xE2
& olg3to] #FAH
RP103569] A Ahul =] ZAME 98te] RP103562] Adste] Q-5
Xt 2 HEF T 3 2L 31 5 (20009
5C, 2% pH 7, vl A% 25 ml, HFF 2.0%), ZoBell2216e v} A&
(glucose, sucrose, fructose, galactose), HA¢l (yeast extract, malt extract, peptone,
tryptone, 7] A4 ¢), C/Nv], o2 (MgSO4, CaCl2, KH2PO4) 5& =3 ¥
ste] MEAZ 2 RPI03569 Aarg AT ZAME AMAE o] 8ste 25°C
200 rpm 2 0.5 vvm¢] Zz7A 597k, 5L 384 vjks ste] 12 AN 2dE 24
stk Aol AREAe wgde 100 mM ik (pH 7)o 2 33 AH% §F
B339 57 (UV-VIS 2401PC, Japan)& o] &3le F3E (A660)E =g a, I F
2ol 02% CPC xg ¥ 70CoA 108 Hzlste] dFHFEZ A ASHL 100 mM k¢
Zd (pH 7)o.2 A HF th& 80TAA 5AzF Hdxstd A (dried cell weight)
< AT
RP103569] B4 =82 A on site 2PE 20034 8¢, ANEE 993 27 R
ASE 1T SFNM C polykrikoidesol] o Az T FAdL PR 53
stttk (Fig. 3-66). A E A 500 ¢ wFezol 200 M-S 7] FUSHA BFeim
NaxEo] 9o} C polykrikoides BEBAL FLAA FAsH7] A8t 05 vvme] air
g 333 H2FE £RTWVET 2B AdE IYHHAE 1AL Fo wEY
At (Fig. 3-67). 24 APFE RP10356 = A2E 001, 005 01 2 05 ug/
me =8 et 10, 30, 60 L 12083 A F HFE 2% Rugol & 1
ste] AxdNA & o]gdte] MELHo] HA Fe AXE FE AFs 27 HF A
B NESFE AFste 42548 ZAEIAT

Foold &
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Fig. 3-66. The photograph of red-tides area for the field test of algicidal
activity.
1. AAET Quaz 7F 2. AAYE AT 8£3¥49, 3. Cochlodinium
polykrikoides2] A zZ9HAY © r

A

- 232 -



Fig. 3-67. Field Algicidal effect test by red pigment ﬁsing reaction bottle

in situ. (1. working volumn : 200 ml; 2. air : 0.5 vvm)
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2. A&

AA o ehg (acid ethanol)ol]l 93t} FZg HM ZAMAE o]§3ly AZARE
A3 A3 Fig. 3-689F 2. Cochlodinium polykricoids= 0.1 pg/mé E%9 75, 30
Hol 38% olgen, 24Xzt A} F 721%0|ew, 1.0 ug/mt FEIA 30&]
63.8% olem, 2427t A F 987% HH e TEA 100 pg/ml FEAA 300l
91.3% =%, Axus|7} 71F A3 C polykricoids®] 7%, 0.1 pg/mb FZoldell Hx4
#7b Q' Ae2 AL, 53 £ Aae A vx4M 27 4EFO] +rd A

o2 AU Gyrodinium impudicum®] 73-%-, 0.1 ug/mb =2 7Z-F, 30%] 1.4%
olglon, 24X 7t AT} F 408%01Qe™, 1.0 ug/md XA 30%d] 287% oo,
24X 7y AT F 93.0%, HYHE 5 100 gg/ml FECA 308 60.6%=, C
polykrikoidesol] W3l ThA AxFdo] A3 AoFZ ZAME UG Heterosigma
akashiwo®] 79, 0.1 pg/ml = AL 3089 65% ojgon, 24Xzt A# F 788%
olgdem, 1.0 ug/ml SEolA] 3084 23.8% olgomn, 24A7t A F 963%, HiA
2 Fx 100 ug/ml EEoA 3080 464%% FAEUTE ol A. catenella R P
micans o Wateles BT Ho] g Aoz AT mEbM 96CJ10356 o
of 2 Mae FEYA ZANY 5 FFo detd N2 g dxEAE 7HAI UA
om, o] & C. polykricoids®l] st Azazrt wjg & Aoz FFHA H44
A% FE¥EzZ AYPsta v5E NG 2xagd o2 AXFd Hste =HI
A olgste #|AATE RP10356] T MEHejuste] #RVIEL AFAA
(growth inhibition), A|X2] & (swelling of cell), MxE2o] €& (lysis of cell), 9]l 9
et2] (edysis of armor)E 7|Fog ##F A& Fig 3-699 2t} 96CJ10356 w59
Z Ao AS, ZAMA #F F AxEHRE Jehle C polykrikoides, Gyrodinum
impudicum 2 Heterosigma akashiwo,®] He)¥ste A X Ho3 Axo §3o] Az
A0t (Fig. 3-69 1-3). 22V B2FH7t ZA 2& Alexandrium catenellas £} 39
g7} A Qo (Fig. 3-69 4A-4C), Procentrum micans= FEld W3} A Bk
t} (Fig. 3-69 5A-5C). 53], A. catenella= 937} HZEAHE FA2hA7E€ 22
"ok

4o
A
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Fig. 3-68. The algicidal effects of red pigment (crude) from Hahella chejuensis
96C0O10356.
A. Cochlodinium polykrikoides, B. Gyrodinum impudicum,
C. Heterosigma akashiwo, D. Alexandrium catenella,

E. Procentrum micans
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Fig. 3-69. The photography of algicidal effects for the red-tide 5 species
by crude red pigment from Hahella chejuensis 96CO10356.

1. Cochlodinium polykrikoides, 2. Gyrodinum impudicum, 3. Heterosigma

akashiwo, 4. Alexandrium catenella, 5. Procentrum micans
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w3 2 Aao] 93 AzxadgE x2S Ay, did v HxasE 4L

W AL AzaHst v 58 A C opolykricoidsel] thste] E2® 4749
23S oz Axans vug 4y, o) MR Fo RP10356%e] dx2a e
A3 YE AT ZAE AL, BElHE RP103567 A4 9] 308 X3 & AxEHRE
mme A3, 01 pg/me XA g T 308e] 2AMAE 3.83%, RP10356 100%
2 F7te A gty = FEAU EA5E RP103560] o3 dxa R ALoE A
9, RP103569] Az A wxo A¥ZA 0.001 ug/moll X A2 F 308 63.7%,
14z 953%¢9] Aza#E e AckFig. 3-70). EF RP10356¢] A, C
polykrikoides) X 5= Fig. 5A9+ 4T Fefd wolrl #AHo A4XxEFDAL = HYad
RP10356 Mol )3l Aoz ZAlHYow, 3] RP103569] A=xz-89 #A2 Fig
3-712 RP103569] carkell o8t} Z7] M%7} BEUA HX 3F AbeTx7E HojA™
A Azt 4As) EEa olE 7z AZe ALFHoE AEVE WSk, AER

]_
o] Yol HalA FAEAAM FPAYe] dojure Aoz AAHUT.

A EHE 2 FZEE o)A RP103569] HA S} EMxS A fistd 1 ugs
A et 1 mel] o] 2187} 60F254S TLC # (Merck)oll 5w AT &, AF
HE- ol E-HEe (5:32) EFHOR 10 AAAA £A4T 2HE = 194 Ul
th AMA, RENE 098 (¥ 341, 096 (o5& ), 0.88 (¥ ), 059 (%3
Ay 29] 4 fraction®] MAE A& & UG (Fig. 3-72). RP103569] FH& S 2A)
7] 959 RP10356 1 pg/mie] AR eE&g9s  #F3FF =7 (Shimadzu,
UV-VIS2401PC, Japan)E o}&3tc} 400 - 700 nm 3pge] HEoA Ad F334L
ZAlE A= Fig 3-73% 2ok FRB=Ao] o3 RP103569 HHFF =+ 535 nm
oldch WTAAE 91ste] wjFNo A AAoetea & Mol dFEY 3 AA
2 93ty A7t AYetE1 s (Silica gel 60, 0.040 - 0.063 mm, Merk, Germany)
Z27AL zAE An, A7) 220E AL E chloroformeZ % MAE F 5
TLCE AAS A}E Fig. 3-740] yehigich A7t #vtzaztae] oste] = 4
A2 HAAS A, zZt 2P 4] BYPog YrojHow, 4 82 TLC AR% &
A3tz vhe A, o]Fe A, yre HA g YA FME §EHO| olF ¥ A4
o] RP10356S £ al54t).

o

ok
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Fig. 3-70. Algicidal effect of RP10356 against Cochlodinium

polykrikoides.
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Fig. 3-71. Algicidal process of RP10356 with Cochlodinium polykrikoides
A :1. Normal cell , 2 - 4. Burst of chain, 5 - 6. Rounded Cell (E-F), 7 -
8. Expended Cell, 9- 10. Cell lyses
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+—Rf=0.98 (bright yellow)
Rf=0.96 (dark red)

<— Rf=0.88 (bright red)

= = «— Rf=0.59 (Blue)

= «— Rf=0

Fig. 3-72. TLC isolation of red pigment from Hahella chjuensis 96C0O10356
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Fig. 3-73. UV spectrum of RP10356
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0O +«—Rf=0.98 (bright yeliow)
8 O “TTRf=0.96 (dark red)
O O — Rf=0.88 (bright red)

® O  |«—Rf=0.59 (Blue)
1 2 3 4 5

Fig. 3-74. TLC isolation of RP10356 by silica chromatography
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AAH RP103562] HF AAZS 9ste] HP1050 A]~® (Hewlett Packard, USA)E
o] &3l BEAEHE: o] wf AN APL Ayl AW (YMC-Pack SIL, 250 x 4.6

2

m, Japan)o]® ol E-Were (9 : 1)& &2 B 1.0 ¥ &FA|A DAD-UV A
27)2 (Hewleit Packard, USA) ©]-8-3}4] 535 nm, 300nm - 800nm¢] DADE 243
A7E Fig. 3-759] e Ath RP10356-8 4712204 RP103562 7] Z3oA o
2 A]7H(retention time)o] 3.52 Eo]%len, 300 - 800 nmo| A& g =7 By

o alers
AL 1T F UMk
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Fig. 3-75. HPLC chromatogram of RP10356 from Hahella chjuensis
96C010356.
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z
AE slTE o2 RPI03562] H4xa9E FAF3a on VA AF 9 duddoes
HzAold Qlo] AFTEE ATV AT uldg oz Attt 2749 HxTA

o] C. polykrikoides == 7}Z} 1.5 x 10° cells/ml 2 1.2 x 10" cells/ml2 A HZH
Aol ol wARIZ zpo]7} ol 53] C. polykrikoidesol) 13 3= oj&e°] AH
Ao HAEAE It Hol otz olFe] A, BHlste HAAY HEFA ©
sto] 7R olfo] olrtule] A= o]l2 Ad ZFXY T FEo] st i
o9 HAE FEFLE NAF et dWFoR o FEAH OBHY =
Z7HE 4 Aok whElA RP103562 di Ul 84 9 R TS oA A
o] ole} C. polykrikoidesE &HAZozZA EH thFdFo A4S HasA717] 94
olth. A& v ZFoA C. polykrikoides, 1.5 x 10° cells/mfe] x40 RP10356<

v}

0.005, 0.01, 0.05 2 0.1 01 wg/m¢ %= Aelsba 10, 30, 60 2 12059 Azt A} F
AZEHE 0005 pg/molA 781, 887, 966 = 988%oln], 0.01 ug/mAAE 932,
96.8, 97.9 = 100%, 0.05 pg/meolAl= 981, 100, 100 ¥ 100, 0.1 pg/mANE EF
100% <] AzFEE Vel ok oA og RP103569] Zxa 7t 7IWddd
gk RP10356 ot HeAlztel]l Qlol Aza#rt o ¢33 ez dAHAJT (Fg.
3.77). T3 AAGE mAT £72Y FERFE 12 x 10° cells/mE FYF AR}
C. polykrikoides®] FX7} Egkom, olz 3t sjf9 HAo] &ud 43, U =
stty. £%22 AEE AXEHY FHE RPI0356, 244L, DEAEXZ dto] RP10356<-
0.01 2 01 gg/ml, 2M2E 01 2 1.0 ug/ml, AZAEE 001 2 01%= Z7A A7
=g3lA Azelet Az, 30247 zZhzh 715, 88.1, 385, 72.8, 94.8 ¢ 97.8%9]l AxF I}
2 JeuiQa, INAH T 2zt 981%, 99.2%, 84.8%, 96.8%, 97.8 X 99.8% % FA}
ek (Fig. 3-78). RP10356] 79, 30847l 9l AxAFA= 1.5 x 103 clles/me<]
Az49t 1.2 x 104 cells/m¢ ZZFste] Az ay njmoA 30873 Ao a5
7 739% 2 881% % AxEHAI} rasgort, 1A A Fe] o] 1001 2 99.2%
2 AY §AS A2 ETE YRS ol HES o EdEH U el Aol
RP1033569] Axa 35 1A B9 WolMe aA 98E XA e 22 Alsd
th 308 Aol Azaae] FihE tFFrE RP103563 C. polykrikoides#ol 5.2}
48 AA2NIE Aoz Holn, old Uidt A= RP103569] 2zx7]2to] Bk A+
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g3t AgEojol & oz Almdth g AAE IFste dx WFHAELE HEY
3 A3, 0.01%001 A 30% 2 1A1zbe] 948, 978% ] HZxAFAES Uehlol F5 dFH
£ AAATF o8 F A& Ao Erh

Hz4E o] 83 RP103569] Azd4de AN Y3td 34 &x8 Hzs (12
x 104 cells/md)oll 0.025 pg/mle] RP103562 #]ldta 1A17F At $ #AFgE A, A
2l 7] C. polykrikoides= §¥ =] stajd ME7} Ff3te] HlolAet HxF Aol
s AE7 geole dte]l #EE bk, vzt C polykrikoidese ©HEol Ewj
Hol nigtoz AAdste oE {AHJYY (Fig. 3-79). E£F RPOI3560] ot Adxz
Aol Z1WzFATE= g dio] ARHNE, AEe HaEA Fa btE2 dA8 A
71 448 dedA 85 = Aol

o
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Fig. 3-76. Red-tide Youngpo-Ri Gosung-Gun Kungsangnam-do,

Korea.
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100 | P =

_——/

-@- Control

€ - Ethanol 1%

-G~ RP10356 (p), 0.01 mg/L
~§-- RP10356 (p), 0.05 mg/L
- RP10356 (p), 0.1 mg/L

-8 - RP10356 (p), 0.5 mg/L

Agicidal effect (%)

Time (min)

Fig. 3-77. Algicidal effect of RP10356 in the res-tide sea-water by

Cochlodinium  polykrikoides ~ in ~ Gan-gu,  Yungduk-Gun
Kyungsang buk-do, Korea.
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Fig. 3-78. Algicidal effect of red-pigment in the res-tide sea-water by

Cochlodinium  polykrikoides in ~ Youngpo-Ri ~ Gosung-Gun

Kungsangnam-do, Korea.
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Fig. 3-79. The photography of algicidal pattern of Cochlodinium
polykrikoides by RP10356
1, 3, RP10356, 0.025 pg/mé; 2. 4, control
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Fig. 3-80. The photography of algicidal types of Cochlodinium polykrikoides by
RP10356. A. normal cell lyses, B. non-chain burst type.
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Hahella chejuensis 96CJ10356S o] 838t ZxEZQ RP103568 AAitstr] $E 3
2 AR e 2AL 7] W o g zAshgth RP103569] AjAbe] 8 75 &
2 8 2%, 2% pH, ¥WiAY H FEF T 44 &AL I T (200009 =4
S o] &3t 25C, pH 7, 25 ml 2 2.0% 3 3ttt &4 A2 E RP103562] A4 A]
23R 3102 (A539), A2 Q2 1953 (AS39), TEE Q= 2824 (AS39)E thx
9] ZoBell u] Ao X&) 1.864 (A539) Kt} Ze&tEQ X 1203 (AS39)E Adstie ¥&
stgch oA AL FABQRIE 121 (A660)E 74 St FAd HEE F
23920 £A20 s SoA] YEstYon, RP-103569) A+ st oA 23} H) 3
o] AAEE Aew AAHY, Z2RE o daE FAZY dFF YLF Sl Al
Aoz Azt WA, 25ILAE BAadow AEstyth RP103569] AY4tel
A =FZ2Y FEE A foted 2f3222F 242 01, 05, 1.0, 2.0, 5.0
FFB(w/v)el w28 FH7Fela, 96CJ10356 FAE 20 FH%7F HE=E HEsd,
120rpm, 25T ZHoZ g wiYs & AZTA4 2L RP103569] HA& 2AG 2
7, B A E RP103569) AL 5%cA 341 (AS39)E /M S35ttt

AAhPo 2 a8 FEE5 (yeast extract), &= (pepton), EHE (tryptone), Mo}

o]

=~

E (malt extract), #317] FZFE (beef extract) NHHLPOs (NHy)HPO, NH4CI,
NHNO; S ztzb 02 g/ ¢ % A7}sti, 96CJ10356 @5 2.0 F#%7t 958 HF s},
g w7l (120rpm, 30TC)o A wjeFet & AEAZZT RP103569] A5 AN 2
7, AA98 RP103569] WAL HEo] 370 (A539)e 2 RE AgT 2 =7 0019
(A539) Bt} salgom, Fal AL HE] 0713 (A0 2 FFdloen, A A
g oA FA Aire] EyTh pHE A A FolA] 6 - 78 Z7] pHET volxith

BAA7 AAYe HE (C/N ratio)2 ZoBell vjA|djA BAgo g 5% FF3
> 7oz HE ¥EE C/N H7 05 10, 20, 3.0, 50, 10028 FH7}35 %,
96CJ10356 #F 2.0 FZF%7} HEE HEst, 1 WYl (120rpm, 30T)ol A Wi <F
3 & AEZAAI RP103562] AL 2ZAME Ad, g@ado A299 B (C/N ratio)
¥ C/N, 594 3.79 (A539)2 7} <53 RP103569] AAjo] o] FolZth

271914t0 2 KH,PO, @ KH.POsE % 05,1, 2, 5 7, 10 mM 52 FH7lsla,
96CJ10356 A E 20 FF%7t HEE HE3}tY, 120rpm, 25T 27108 A& wjok
3 F AXgF P RPI03569] AAHL A Bde o5 £t KH2PO4 #
KH,POs2] 59 A2 oA 108 3)Ade] RP10356 AL 0.5 mMoA 052

to
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(A539)2 7} FE3dch T MgSOs 2 CaChE 247 05,1, 5 g/ ¢ v%2 7}
Sh31, 96CJ10356 FAE 2.0 ZFF%7 A5 HFste], 120 rpm, 25T P2 A
g wjoket & N EAF 2 RP103569] A4S AR Aoe o 2Tk MgSOs A
27 108 3]Alele] RP103569] AL 05% ol A Felr 058 (A539)2 A5
qom, FA AFL 0.6 (A0 T FAF Aol AFHUCE T CaCl2 A2
108] 3 Mo RP103562] AL 20% A 074 (A539)Z 717 dsstsnen, oA A
e 073 (A660)2 7} =e A Aol BAHAT. vlFdLe ZoBell ¥lA] 25m
7120 2 FeCls, CuSOs, MnCli, ZnSQs, CoClz - 6HO, NaMoOsE Z+z} 0.001 g/ £

fiju

wx 2 A7 s, 96CJ10356 FAE 2.0 %7 HE2 HE 8o, 120 rpm, 25T

z702 A9 WFE F AT P RPI0I69] WS RA AdE e 2tk
Zbzbe] wlakglzd 10M) 3|4l o] RP10356 A4S 539 nmelA FFEE FAHFRS
w FeCl; 0.02, CuSO4 0.09, MnCl; 0.37, ZnSOs 0.27, CoCl, - 6H0 0.68, NaMoO, 0.44
2 )z 003Xt MnCls, ZnSOs, CoCly - 6HO % NaMoOs A2} A] RP103562]
Aol glzERT Fsatgoen, 53] CoCl, - 6H:07F RP103562] A§1hg &8t A
oz zAE Y

wela] RP10356 A4S 93 #7 e 2732 5 T%%, AT 01 TF%,
KH,PO; 042 g/ £, KHPO, 034 g/ £, MgSOs 05 g/ £, CaCla 2.0 g/ £, CoClz -
6H,0 0.001 g/ ¢, MnCls, 0.001 g/ ¢, ZnSOs, 0.001 g/ £, NaMoOs 0.001 g/ ¢ ¥ %
o wnEe Hrbste] HE S3Fo] 1,000 myt HEE 83, pH 7, &&= 25T, AT
20 %ol Foz Axd HlA 2L B DN E “M-RP10356"0] 2t BB et 3L,
2}7] M-RP10356-& RP10356 A84t HA wjx] 202 dHth
5¢ 3% WY7IE ol&ste] M-11568 HjA A 24A7 wjFE AFE 349

working volumeol 2% HZF3ste] TFE W&t FA2 4% ¢ RP10356 A4+ %
pHel Wals zAStAth olw wWjewE 25T, 200 rpmolA E71F2S 15
ywmo g A3t A7 ATe] wE RP10356 A AFHE ohed 2ok s FAIzE
o] Aol Wl GFRH Mite] Zrhste AL HALH, MY 8143 Fole WA
7} SANQT HAEANA 209 mg/ £ Ho) RP103569] ko] Ao, wid
ABAAA TA Aol Zrtetg o), 74Nzt olFdE @A 4ol FasAT (Fig.
3.81). AAAAE PEAQ 2 hAL HBE wjEzAd wet GFd AFIETE o F
A B E FF RP10356 BAre] th A77F AaP=lojof & Aot
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Fig. 3-81. Production of RP10356 using 5L fermenter. A, photograph

of culture broth, B. time-course of RP10356 production
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A 9 A HJEYEAR L AAdsE dGuAE] HHI DNA

1. ol 2d, AgH HTEy
sl gEe GER AZ, BUud, 394 5o g AEs] AEAe G4

gtog Az FE& wia Jtt (Lee and Ellis 1990, Leppard 1995, Tamaru et al.
1995, Ellis et al. 1997, Horikoshi 1999, Ascencio et al. 2000, Sabra et al. 2001). °]¥
AEe BAL #3319 A (stabilizers), W3EA (gelling agents), & A (adhesives),
%24 (thickening agents), 34| (emulsifying agents), 34 (flocculants) & 28§
Ht} (Maier and Soberon-Chavez, 2000). | Fr| 4 &2 AEAEDS A= FAA
o =o FFYo] At} (Takeyama et al. 1997, Miyamoto et al. 1998, Reynolds et al.
2000, Yernool et al. 2000). o]& HAAE &3yl AsiMe =43 DNAZL g3}
th a2y oggEy gud, 928 DNA 28E wWalE 4 3t} (Volossiouk et
al., 1995). £3] t}gdF+= DNASH 7 Hzste DNAE 23 F Adai Ay
Zrolr gy 7= =< waislr|= sttd (Nair ef al, 1999). A AEZEAS P4t
st HEMAEAA Sestm v Holn Wz DNAE F23hs Wie /MYsidd
ot 2 ApdAE AHRE FFE AZAYPH (extracellular polysaccharides, EPS)
& 43} Hahella chejuensis (Ko et al. 2000, Lee et al. 2001)9} &3} & Aol A A

il

mlo

8t A5} Streptomyces sp. (Park et al., 2000), Skeletonema costatum, Thalasiossiara sp.,
Gymnodinium sanguineum, Cochlodinium polykrikoides 2z F& vHZFE Holz Al
9 @A 3Ad3te Cytophaga sp. (Sohn, 2000)¢] At

B2 P ABS A wgsel EAYBHHY ATE +PaA & W of
d guRe 2o 2ulggo] st BE Asjste A7 o && HAA HUG
oJulz ol A& DNA purification kitt} E%olA DNAE Edhe 49§ kits A
JqguE RH YBEIE S5 5 12 DNAS 5% % ¢
A7) WE B AFAdrE AEEAL AME AYUPERFE HHS
DNAE FZ3he A2 S Mdsan o ¥y %*2Z3% DNAE PCR, PFGE,
154 A2, genomic DNA blot hybridization, @ genomic DNA library 7% %59
2AYERHY AT 90 AP FA DNAZ A0k

op
e
filo
2
X

<

2
(-4 1
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METZ 353 § otapgol A ofd] Aid Ya AEZE vhdstdth 7]l 20 m

DNA lysis solution (0.05 M Tris, pH 7.6 NaCl, 0.05 M EDTA, 2% SDS, 0.2%

<
el

1M
PVP, 0.1% B-mercapto ethanol)& ¥x & HojF H Ao A 3087 WAl H
4,000 rpmoll A 587 fARE st ATl 5 me phenol& Y3l & 4o|F
T}A] 5 mi chloroform& @i & 4101 %, 4,000 rpmo A 1087 QAR 3 F

ox o

¢

a9 wol thA] phenol, chloroformx & & 3 Fch. o|FA M de AT

2

0.6 volume® isopropanolg Wil 5E3t AF&oA Hh&A
A7 5 8,000 rpmollA 108 QR 3t DNAES 3439t 348 DNA
pellet% 70% et Em RolFE FH 7] FoA & |3 100 g TE buffer

N
)
2z
>
Ul
rx
)
)
(o
ull
e
2

=T

2o o] 23] 3 5 spectrophotometer (UV-2401PC, Shimadzu)& A g o+ Al
Favey 2EZ So] B&EAH AMEE AT 4T RASFHAT

Z=2Z3} EcoRI, Xhol, Hindlll59 ATFEALE Ao®E DNAZRZIS 10 cmo]/d9]
0.7% Agarose gelolAl 25VE 5AIZE o] A 719953 F Southern blotting 3Gt
Transfer ¥ membraneS UVE 587 XAt DNAE membraned]] TAHAIZ & 2
A7ZF o] @@l 5] 42TE pre-heating® hybridization buffer (Gold buffer 20 ml, 0.5
M NaCl 058 g, 5% Block reagent 1 g ; ECL)ol ¥ 1A &< pre-hybridizationgt
t}& probeE ¥ hybridization oven (VS-9500H Vision)o| A ¥HA) vk A1 Z T AHS-
= buffers W& 20 ml 5xSSCE washing 3 ¥, primary washing buffer2 ¥ i,
2xSSCE % W washing3dt 2 E7]& A% Holyal detection reagento] 1#3t ®whg
A7l & ¢+Ad| A Film (Hyper film ECL, Amersham)e]l 7H33&t3{th.

o] DNA ZZWWH< o] 48 A%, 40 ml WANN FFE HF MFE A wid
S 3,000 rpmo 2 YAEY s AEE 5T F FAAREA A HAie ¥
NI E vpgstgct. ol 7)o} 20 mie) DNA lysis solution (0.05 M Tris, pH 7.6, 0.1 M
NaCl, 0.05 M EDTA, 2% SDS, 0.2% PVP, 0.1% B-mercapto ethanol)S ¥i & 4
Z 5] Aeo|a 3087 WSAAT o §9L 4,000 rpmolA 582 AHED] AT
}JS o] 5 ml phenol& o] & 419F H TAl 5 ml chloroform<& Y1 & 4ol
3, 4,000 rpmo A 1083 A& & H 45qs %o} thA] phenol, chloroform #
z]

& =9k o]Z2A A 4L AEAd 0.6 volume?] Isopropanol& i 5&3t

O>’

e
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O>'

Feoja] wHEAlH DNAE Aoz HAAZ FH 8000 rpmolx 10#3F AAEF
}e] DNAZ 3|5:3190k  3]4® DNA pellete 70% oleh2 2 AojFE 5 37 Tl
A & 2Ela 100 gl TE buffer B8 SFH50) 59 &3] 3 £ spectrophotometer &
A o 4TAA Eash

=23 DNAY £52 393l7] 98t 712t EcoRl, Xhol, Hindlll 9 A|§&
A2 37CHA 247 B¢ 2Eld H IxTAE 42888 A48t 0.7% agarose geldl
A 50 VE A71Y9F st AdaELR A9E AFE U0

3 2% DNAE w4Z9] 165 1DNAJA wl-¢ REZ< primer 27F (5-AGA

Ol

H

GTIT TGA TCM TGG CTC AG-3)9} 1522R (5AAG GAG GTIG ATC CAN CCR
CA-3)& o]&3te] PCR Wi o2 165 tDNA HE& FZ3ch FFHd DNA d9
& 1% agarose gelollA] 100 V2 A71Q% st A71E AT

#2%% DNA¥E EcoRl, Xhol, Sall, Pst1 %9 AgaLz A #H 07%
agarose gelol Al 20 VE 7A1Zk o] H7]9%F § 5 nitrocellulose membrane®. 2 A
o]A)Ztl. DNAY} Hol® membraned UVl 583 %27 DNAE membraneo] I
AANZY H 2A7F ol ZEl:, herring sperm DNA (200pg/ml)E H7}st 10ml
formamide hybridization buffer (KPL)Z 1A%} X9} pre-hybridizationdt %, ©| 2o
o] probeE @i hybridization oven (VS-9500H Vision)o| Al WA} wH-&-AIZ T A&H
buffers= B8] 3 membrane washing &0z Aol thd, 4ol DNA detector
hybridizaton kit (KPL)E ©]-&3}¢] Film (Medical X-ray film blue, AGFA)°l 7333
t}.

2. 472

o] W o Z A260 / A280 ratior} 1.7 ~ 2.0%1 42 o] DNAE ulE.3la] Bajg o
ATt (Fig. 3-82). £2ld DNAS Hi F&0] Hahella chejuensis o] 2% 1.86 mg/g
(wt), Streptomyces sp.2] 7% 118 mg/g (wt), Cytophaga spe] 73 0
o]alt}. o] wpHo & Bl DNAE PFGEZ #7|d% AL o EAF 70 kb | &
Az Z A7Ig9ct (Fig. 3-83). T3k o] DNAZE 165 DNAE PCR Z=E 2 3% 7
o oa" =79l band’t Ugoen, ATFEA HElFd F genomic DNA blot
hybridizationg 43 Z$-ol% H&3 band7} UM F &AL 7)o FEI 42
¢] DNA¢l Aoz 3elslgrt (Figs 3-84, 85). o] DNAZ Genomic DNA library=
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=3lgon, o2 s|%u| W EQ Alteromonas sp., Bacillus subtilis, Candidatus camponotii,

Cellulomonas sp., Vibrio sp., Xanthobacter autotrophicus, Oscilatoria sp. S A= DNAE

olt

%3t v} Ut} (data not shown).

o] We B HAS Hasstd ol westy Aldke] HA 28Ho EE
AL 347 olulel A & Yok E A AndM AEE vhste] ke A
282 2434318 (Volossiouk et al, 1995), AU nucleases] AL GAAZI

4y

X

tlo

Me

t} (Rauhut and Klug, 1999). Guanidine isothiocyanatel} sonication, bead-beating =

= lysozyme A T Zg WES AHE-EHA or7] wEo] DNA fragmentationg 3
423 3Ht (Krsek and Wellington, 1999; Niemi et al., 2001). ¥rolug}t CTAB,
guanidine isothiocyanate, proteinase K 59| 7} A|%F& AH8-8HA] 971 u Fof H-§
o] A steh
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Fig. 3-82. Total DNA extracted from Hahella chejuensis (H), the Streptomyces sp.
(S), and the Cytophaga sp. (C) on a 0.7% agarose gel. M, HindIIl
digested Lamda DNA size marker (in kb).
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Fig. 3-83. PFGE analysis of DNA from the Cytophaga sp. (C). M, HindIII
digested Lamda DNA size marker (in kb).
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Fig. 3-84. PCR amplification of thel6S rDNA fragments from the extracted DNA
as the template. Ethidium bromide-stained PCR products were readily
detected following electrophoresis of the samples on a 1.0% agarose
gel. A partial (1.5-kb) 16S rDNA fragment was amplified from Hahella
chejuensis (H), the Streptomyces sp. (S), and the Cytophaga sp. (C). The

control reaction did not contain template DNA (Co).
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Fig. 3-85. Genomic Southern blot hybridization of Hahella chejuensis
using the 16S rDNA probe. H.chejuensis DNA was digested
with Ps (P), Sall (S), HindIIl (H), and EcoRI (E). HindIII
digested Lamda DNA size marker (in kb) was used for the
ladder.
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A 10 2 29 Y AE Hahella chejuensis® genomic

DNA library +=

B ATNE AF vlEE std M BEd A& Aeln &= A7l 2
AT APP Ho] germz NEE FAAE THAT JbsAel ¥ Hahella
chejuensis® 292 43l genomic DNA libraryS FE5l3 AR gATN
S #gstaA etk

1. o]%:ﬁ, /Jz;l;q ;g:r.a lg

Hahella chejuensis®] genomic DNA library A|22> ZAP Express predigested
vector kit (Stratagene, US)E o]&3to] 4 stdth (Fig. 3-86). Host cellZ4
XL1-Blue MRF celle AF2-3l9T} LB-tetracycline agar wWj=|ol wi<kste]l d4d€ @<
colonyS 0.2% maltose-10 mM MgSOs 7} £3% LBul Ao HFatHAth 37CelA 54
7 EQ woks 5 QAEE & AL pellete FFE 10 mM MgSO4 §-9d
ODe=0.5 H =2 3 4sted Ag A7tA] 4T B3

H.chejuensis®] genomic DNAE EcoRIC.Z partial digestion A%l - 0.7% agarose
gelo] ] A7199E3ha 10 kb o]4+o] DNA HHE& A3te] DNA ligationo] AH8-3t5
t}. olw 70T o) R¥Eo] 9 packaging extractet FH|E ligation DNAE 7|37}
ANA BEE e FH, 2CAA 1Azt 308 B wgAFAh W8 ¥, SM bufferst
chloroform d7}3}3 spin downg &te} phage’t X8H 454 RS MEL tubeE
$A 2 A4F @A 4TAA BAssith

Packaging ligation product® sx=¥® 3|4% packaged reaction 1 pfeh XL1-
Blue MRF' cell 200 @& A& F 37CoA 1587 WgARATH I tF NZY top
agar 2-3 mi, 0.5 M IPTG 154, 250 mg/mé X-gal 50 uE & 41 NZY agar plate
o Be & wjokslar}. Plaquest 6-8A1%F 73 ¥ UEl% o™ overnight -, color T

| 7453k o] libraryE o83t} amplify libraryE AFstHoh. A48 34w
] packaged reaction 100 4} host cells 600 & 2 e 5 37 C, 15 & 89k3-A)7]
1 NZY top agar 65 m3} 410jA] spreading 3t} 6-8 A7t & plateo] 8-10 me9]
SM buffer® @1 4Col| A plaquesE & d=€AZl § st
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Fig. 3-86. Map of the ZAP Express vector
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2. 4v4%

Genomic DNA library®] 7% Hd 37| 10 kbe DNA -8 ZAP Express
vector (Stratagene)ol] 4}¢isted 1.8 X 10° Mb =719 libraryE 7=ttt ojuf &4
] recombinant plaques= @249l background plaques®] 3807 FEol=Z F59]

¥

Z& library2 Q15 Qth B libraryys 3] O@dF tAMRE 549 §FAAE &

fate Ao BRETA o
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2
T
[
i)
=
el
o
o
oft
|
o
2
e
(i
o
o
2
M
v

o B QA3 w4 u|AlE<¢l Hakella chejuensisi| A A X<
B3l o] f#AAEL 7|Eo MXY gEF oA

‘?T
ARED FEARS RGon clusterS A3 Qo) Hahella chejuensis®] MES 143

LoolER, A8 Ao

ZHE|JA G A o8] £ Hahella chejuensis®] #3774 4 ZA{E EAE
PrimerE A&3& 5 PCRE ZE3F 5 pGEM-T Easy vectorol] 44dstalct (Fig. 3-87,
88, 89).

2. 444

AA 42 kbl AR clusters A e #HE 4de H A pGEMT
Easy/EPS 1, pGEM-T Easy/EPS 2, pGEM-T Easy/EPS 3% %3ttt pGEM-T
Easy/EPS 1= 38%¥ 447149 FAAE Xgsta it (Fig. 3-90, 91, 92, 93, 94, 95)
pGEM-T Fasy/EPS 2% 45, 46, 48 (Fig. 3-96, 97, 98), pGEM-T Easy/EPS 3% 50, 51,
52 @42 w3stn ot (Fig 399, 100, 101), ZF 12749 FAAE F2YsA0
H o]F 9 7t AXS tFF FAo Bodss FAARE FHHUG (Table 3-29).
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Fig. 3-87. Map of pGEM-T Easy/EPS 1.
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Fig. 3-88. Map of pGEM-T Easy/EPS 2.
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Fig. 3-89. Map of pGEM-T Easy/EPS 3.
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Table 3-29. Exopolysaccharide-producing genes cloned in this study.

Lenth

denti
iD The closest gene name (Species) (amino Identity
. (%)
acid)
HC030701 38 Exopol.ysacch_aride biosynthesis protein 339 32.0
- (Actinobacillus pleuropneumoniae)
HC030701_39 Glycosyltransferase (Thermobifida fusca) 325 27.9
HC030701_40 Hypothetical protein 45
HCO030701_41 Glycosyltransferase (Desulfovibrio desulfuricans) 343 326
HC030701_42 Hypothetical protein 224
HCO030701 44 Lipid A core - O-antigen ligase (Pseudomonas 413 32.8
- fluorescens)
HC030701_45 Glycosyltransferase (Pseudomonas fluorescens) 374 50.4
HC030701 46 Glycosyltransferase (Pseudomonas fluorescens) 620 373
HC030701 48 UD.P-gluco's‘e 6-dehydrogenase (Azotobacter 426 791
- vinelandii)
HC030701_50 Hypothetical protein 428
HC030701 51 Polysaccharide export-related protein (Vibrio 142 50.7
- cholerae)
HC030701_52 Exopolysaccharide biosynthesis protein (Vibrio 762 357

cholerae)

- 270 -



1 ATG GAG CCG CAT CAG ACA TCG CTT CAA GAA GGC TGG CGT AGC GCC GGG CCA GCA AGC AGC

M E P H @ T 8 L Q@Q E 6 W R 8 A G P A S S

61 GGA GAG CAA GTA ATG GGA CAC ATC ATG GAG TCA ACC GGA ATC AAT TCA ATG CAA CCC AAC

6 E Q V M 6 H I M E S T 6 I N s M Q@ P X

121 (GG GCG CGC TGG CGC GAG CTG AAG GAA CAG TTG CTG CTA ACC TTC AGT CCC ARA TIG CGT

R A R W R E L K E @ L L L T F 8 P K L R

181 GGT AAA AAA GTIC GIC TAT CIG GAT TAT CCG CTG CAC TTG AAT CTG 6GC GAC CTG CTG ATC

¢ XK kK Vv vV Yy L b Y P L H L N L 6 D L L I

241 TAC AAA GGC ACG CTG ACA CTG CTT GAG GAG CTA GGC GCG CAA GTG GAA ATG AGC TIC TCC
Yy ¥ ¢ T L T L L E E L 6 A @ V E M 8§ F S

301 ACC AGC AAC GCA GAC CGT TTC TIC CGBC ACG CGC ATT CCG GAG GAT TGG 6T6 CIG TIG TTA
T S N & D R F F R T R I P E D W VvV L L L

361 CAT GGC GGG GGC AAT TTC GGC GAT ATC TAC AGC ATT CAT CAG GCG CTG CGG GAA AAA GTA
H 6 G 6 N F 6 p I Y s I H @ A L R E K V

421 ATA AAG CAC TTC CCC AAC AAT CCT ATC CTC ATC ATG CCG CAG TCT GIG CAC TIT AAT GAG
i1 XK H F P N N P I L. I ¥ P Q@ S V H F N E

481 CCG GAG ACG TTC CTG CAA AAC TGC TCC CTG TAC CGG GAG CAC AAG AAC CTIC AAG ATG TAT
P E T F L Q@ N ¢ 8 L Y R E H K N L K M ¥

541 GTG CGC GAC CAG GAG TCT TTT AAC TTC ATG TCG CAG GCA TTG ACG CCG GAA CAA CTIG CIT
vV R D Q E 8§ F N F M 8§ @ A L T P E Q@ L L

601 ATG GCT CCG GAT ATG GCC ACC ATG CTG ATC GAT GAA TGG ACC TGS CCG CAA CAA ATG CCC
M A P D M A T M L I D E W T W P @ Q@ M P

661 GAG CGC ACC CTG ATG TTC CGT CGC AAA GAC TGC GAA TCC GTA TCC GGG GCC GAC GCG GIG
E R T L M F R R K b ¢ E 8§ VvV S 6 A D A V

721 GAG GAC G6CC TTC GAC TGG AAC TCC CTG TAC ACG TCC ATG GAC ATG AAA AAG TTT CGC CTC
E D A F D R N 8 L Y T S M D M X K F R L

781 TTC AAC CGC GTG TCA GGA TTG GAA CGC AAG CAC GAT ATC AAT CIG TTC ACT TCA CCG CTG
F N R Vv s 6 L E R K H p I N L F T S P L

841 TGG GTG CGC TTC AGC AAT GCG CTS ATC AAT AGA GCG GIG AAC TIC TAT CAG AAT TAC GGA
W v R F § ¥ A L I N R A V N F Y Q N Y G

901 CAG GTIC GAT ACG GAT CGT CTG CAT GGC 6C6 ATA CTG GCT CIG CTC TTG GGC AAG TCC GTG
@ vV B T B R L H 6 A I L aA L L L 6 K § V

961 CTT TTA TCA GAT AAC TGT TAC AAC AAA ATC GAC CGC TAT ATG CGT TGT TGG CTG GIG TAA
L L $S D N C Y N XK I DR Y M R C W L VvV =

Fig. 3-90. Nucleotide and deduced amino acid sequences of HC030701_38.
Putative open reading frame (ORF) is shown below the nucleotide
sequence in one letter symbol of amino acids. Nucleotide numbers
are on the left side and the amino acid numbers are on the right

side. Putative termination codon is marked by asterisks (¥).
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1 GIG GAC ATA ACC ATA CTA TCC TGG GAT CGG CTG GAA GAC ACC AAA GCC GCG ATC GCC AGC
v D I T I L 8 W D R L E D T XK A A I A §
GCA CTG ACG CAR ACC GGC GTG GAG CTA CGC GTA ATC GTT GTG GAT CAG 6GT TCC AAG CCT
A L T @ T 6 Vv E L R V I Vv vV D a 6 s K P
121 GAG AGC CTG AAT CAA CTG CG6C GCA TTC TGC CGC CAA TAT CCG AAC GTG GAT CTG GTT TGC

E S L N @ L R A F ¢C R QY P NV DL VC
181 AAC GTT AAC AAC CTG GBC GTT CCC GGC GGG CGC AAC CAG GCC GCT TTT CAG GGT AAC GGC
N vV N N L 6 vV P G 6 R N Q@ A A F Q@ 6 N G
241 GAC TAT ATC GTC €CA TTG GAC AAC GAC GCG GAG TTC ATC GAC GAG CGC CAA ATC GCC AAT
p Y I Vv A L D N D A E F I D E R @ I A XN
301 GCC GTG GAA ATC ATG GAG CGA CAG AGA GAT CTC GCC GCC ATC GGC TTC CGC ATT TTG CGC
A v E I M E R @Q R D L A a I 6 F R I L R
361 TTT GGC ACA CGT TGC GAA GAC CIG AGC AGC TGG AGC TAT ACG CAG AAC GCC CAT GAA TGG
F 6 T R ¢C E D L § § W s Y T Q@ N A H E W
421 GGC GAA AAG CCT TTC TAC ACR ACG CAT TTC GIC GGC GCC GGC CAT ATG ATT CGC CGC AGC
¢ E K P F Y T T H F V 6 A 6 H M I R R §
481 GIC TTC GAT CAG 6TG AAC GGC TAT GAC GAT TCG CTG TIC TIC CTG CAG GAA GAG GCG GAG
v F D @ VvV N 68 Y D D S L F F L @ E E A E
541 CTIG TCA CGC AAG CTG ATC AAC TGC GGC TAC AAA ATC CGC TAT TCG .CCA GAA GIG GIG ATC
L S R X L I N c¢c 6 Y K I R Y S p E V V I
601 GGC CAC AAA GIC GCA GCG GAG CGA CGG GIC AAT TGG AAC GGA CCG CGC T6G CGC TTT CAT
G H K Vv A A E R R V N W N 6 P R W R F H
661 GTA CGC AAC CGT TIC TAT ATG GAC GTT AAA TTC AGA ACG CCT TTC 6CC TCT TT6 TGC CTG
v R N R F Y M D Vv X F R T P F a 8 L C L
721 GGC ACA ATG CTC ACC TTG TAC AAA GGC TTC CGC GCC GGA CTG ATT CTT GAC TCC ACC ATC
¢ T M L T L Y X 6 F R A 6 L I L D 8 T I
781 GGG TTC ATG CAG GGG CTA GGC ATG CTT CCA CAG GCC ATC GCC TCC TGG AAG TTG CCC GGC
6 F M Q 6 L 6 M L P Q A I A S5 ®w K L P G
841 GTC GCC TCT ACG CCG GCT TCC AAA GCC TAC ATC GCC TCC TGT TCT CAG AAC AAA GGC GIT
v 2 § T P A S K A Y I A S8 C s Q@ N K 6 V
901 TCT CGA TGG AGC CGC ATC AGA CAT CGC TTC AAG AAG GCT GGC GTA GCG CCG GGC CAG CAA
S R W S R I R H R F K K a 6 V A P 6 Q@ Q
961 GCA GCG GAG AGC AAG TAA
A A E S X =

[5))
F

Fig. 3-91. Nucleotide and deduced amino acid sequences of HC030701_39.
Putative open reading frame (ORF) is shown below the nucleotide
sequence in one letter symbol of amino acids. Nucleotide numbers
are on the left side and the amino acid numbers are on the right

side. Putative termination codon is marked by asterisks (¥).

- 272 -



1 TTG AAC GTG GAG ATG ACG CAT CGA AGC CAA CAA AAG CAA ATC AGC GTA GAG ARA CCT GAT
L ¥ V E M T H R 8§ @ @ kK @ 1 8 VvV E K P D
61 ATA CGG AAT GCC TGC AAA AAG GCC TTT CCG CTT AAA CAT TIT AGA CAA CCT CAC ACC ATG
I R N A C XK X a2 F P L X H F R Q@ P H T M
121 GAG CTG GGC GAC TTA TGA
E L 6 D L =x

Fig. 3-92. Nucleotide and deduced amino acid sequences of HC030701_40.
Putative open reading frame (ORF) is shown below the nucleotide
sequence in one letter symbol of amino acids. Nucleotide numbers are
on the left side and the amino acid numbers are on the right side.

Putative termination codon is marked by asterisks (¥).
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1 GIG ACA ACA GCA AAC TCC GAC ATG ACC GCA GAA GCS CCA TTA GTC TCC GTT ATC ATG CCC
v T T A N S D M T A E A P L V S5 V I M P
61 GIC TAT AAC CGG GAG AAA ACG GIT GCC CAG GCG ATA GAG AGC GTIG CTG GCG CAA ACC T1C
v Y N R E X T vV A o A I E 8 vV L & a T F
121 GCC GAC TTT GAA TTA ATA GTG GIC GAC GAC GGT TCT ACA GAC CGC TCG GCG GAA ATC GIC
A D F E L I VvV V D D G s T D R s A E IV
181 AAC GGG TTT ACG CAA GAT GCG CGC GTG CGC TAC CGC CTG CAG GAA AAT TCC 8GC (GG CCT
N 6 F T @ D A R V R Y R L @ E N S8 6 R P
241 TCC CTC GCC CGC AAC AGC GBC CTG AAA TTG GCG CGT GGA CAG TGG GIG GCG TIT CIC GAT
S L A R N S 6 L X L A R G Q@ W v a F L D
301 TCC GAT GAC CGC TGG ACG CCG GCC AAA TTG GAG CGA CAA ATT GCA TTA TTG GAG CAA TGC
s D D R W T P A XK L E R Q@ I A L L E Q@ C
361 GCG GCG CAA GGC GTC AGC CTG GAC CTG GTG ATC AGC GAC TAT GAG GIC ATG GAA AAT GAC
A A Q 6 V 8 L D L V I 8 b Y E VvV M E N D
421 GIC CTG AAG CAT CCG TCC TTC TTC AAA GCC TAT AAC GTT AAC CAG CGC TTG GCG GCG GCT
vV L K H P s F F XK A Y N V N Q R L A A A
481 GIC GAG CAC ACT TTT CCA GAC GGC TGG ACT TAT CGC CAG CGT CCA TIC CTG CAA GCG CTC
v E H T F P D 6 W T Y R @ R P F L @ A L
541 TAT GGC CIG GGT TTC GCC GCC ACC CAG GCG GTG CTG GTG CGC AGA TCG CTA TTG GAG CGG
Yy ¢ L 6 F A A T Q@ A Vv L Vv R R s L L E R
601 GTC GGC GGC TIT GAT AGC GAG CTA GIG TIC GCC GAA GAC AAC GAC CTT TGG ATG ACC ATC
vV ¢ ¢ F D 8 E L V F A E D N D L W M T I
661 TCC GAG CAA GGC CGC GTT GGC TGC TCC AAA GGC ATC GCC TAC ACC TAC GTG CAT CAT GGC
S E Q G R V 6 ¢C S kXK 6 I A Y T Y VvV H H &
721 GAC AAT ATC ACC AGT GTT AAG TCA GAC CGG TTT TAC ACC GAC ACC ATC AAC GTG CTG TIC
p N I T S Vv K 8 D R F Y T D T I N V L F
781 AAG CAT CTG GCC ACC GCC AGG AAG TTA GGG GTG CCG ATG GAG CCC CTG AAA GAA AGA TAC
¥ 4 L A T A R XK L 66 Vv P M E P L K E R ¥
841 GCC AAC TAC TAC TTA TCG CTG TGC CGC AAC AGA CTG CGC GAG CAG CGC TGG AAA GAG GCG
A N Y Y L S L ¢ R N R L R E Q@ R W K E A
901 GCT TCG GCC TTT TAC AGC GGC TTG CCA GGG CTG ACC AGT AAA CGC AAC TGG AAA ATG ACC
A S A F Y 8 6 L P 6 L T S K R N W K M T
961 GCG CGC ATT GGA GTC ACT GCA CTG CAA AGT TTG ACG ACG AAA CGC GGG CGB CGG GCG GCB
A R I 6 vV T A L @ 8 L T T K R G R R A A
1021 CAG CTG AGT TGA
Q L 8§ =

Fig. 3-93. Nucleotide and deduced amino acid sequences of HCO030701_41.
Putative open reading frame (ORF) is shown below the nucleotide
sequence in one letter symbol of amino acids. Nucleotide numbers
are on the left side and the amino acid numbers are on the right

side. Putative termination codon is marked by asterisks (*).
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1 ATG 6TC TCA CAT GAA TTC AAA TGC ATT TTT ATC CAT ATC CCC ARA TGC GCC GGC ACC AGC
M vV S H E F XK ¢ 1 F I H I P X ¢ A 6 T S
61 ATT GAA AGC GCT TTG GGA CAT CTT GAC GGA TAC CAG GGA CGC AAT GGC CAG GAC CAC AGA
i1 E S A L G H L D 6 Y @Q G R N G Q@ D H R
121 TCA ATC AGG CTG ATG GCG AAG CCBG CGA CTT AGT CTG CGC GCG CTC ACA TCC AAR GCG CGC
§ I R L M &2 K P R L 8 L R & L T S K A R
181 CIG CTG GAC ATC GCG CGC AGC GTG AGG CAC CAG CGC CGC AGC GAC ATG AAC CCA AAA AAC
L L DI A R S V R H Q@ R R S D M N P K XN
241 AAA ATC ACC GTT TCC GAC GAG CAG TAT AAA AAC TAC TTT AAG TTC ACC TTIC GIT CGA AAC
XK 1 T v $S$ D E @ Y X N Y F XK F T F V R N
301 CCC TGG 6CG CB86 GCT TAC TCC ATG TAC AAG AAC GTC ATT CGC GAC GAA GCC CAT AAA CeC
P W A R A Y S M Y X N V I R D E A H K R
361 ACT TTC GGC ATT GAA GGC GAC ATG TCT TTC AAA GAC TTC ATG CAC GCC TTC GCC GGA AAA
T F 6 I E 6 D M 8 F X D F M H A F A G K
421 GGC ATG CTG CGC CCA CAA ACC TAT TGG ATC AAG GAC GAC AAC GGC GAC ATC TCC CIC GAC
6 M L R P @ T Y W I X D D N 6 D I 8 L D
481 TAC GTC GGC CGC TTT GAA AAC CTG GAA GCG GAT TTC AAG GAA GCC TGT CAG CGC ATG GGC
Yy v 8 R F E N L E A D F K E A C Q R M ©
541 GCT CAA CAC ATT GAG CTA CCT CAC AAA ATC AAG GGC GAC GGG GAA GAT TAT CGA CAG TAT
A Q@ H I E L P H K I X 6 p 6 E D Y R Q Y
601 TAC GAC GAG GAA ACC AGA CAG TTG GTG AGT CGG ATA TAC AAG GAC GAG ATC GAT TAC TIT
Yy b E E T R Q L. v S R I Y XK D E I D Y F
661 GGC TAC ACG TIT TAA
G Y T F =

Fig. 3-94. Nucleotide and deduced amino acid sequences of HC030701_42.
Putative open reading frame (ORF) is shown below the nucleotide
sequence in one letter symbol of amino acids. Nucleotide numbers

are on the left side and the amino acid numbers are on the right

side. Putative termination codon is marked by asterisks (¥).
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1 ATG TCG TTC CTG ACC GGA CTG GTG TCT GGA GGC GGC AGA AGC GGC CAT 6GC GGT GCG GAA
M s F L T 6 L Vv 8 6 6 6 R S 6 H 6 6 A E
61 ATG ATC GCA GAG TCC GCC AGC GGC AAC ATG GTG C6C CAG CTG GTG GGT CIC AGC ATA CTG
M I A E S A S 6 N M V R Q L v 6 L 8 I L
121 GCC ATA GGC GGT TAT TIC GTG CT@ CAT TTG CGC GAC CGC TCC CTG G6C ACC TTC 616 TCC
A 1 6 6 Y F Vv L H L R D R S L 6 T F V §
CGT CAT ATT TAC TSG CTG ATA TTG CTC GGC TAT ATC GIG CIG TCG ATT CTA TG6 TCG GTT
R H I Y w L I L L 66 Y I v L 8 I L W 8§V
241 GAA CCC GGC GTA TCA GTG CGC CGC ATC ATC AGC CTT ATG ATC GTC TIT GIG 6CG GCG CTG
E P 6 V S V R R I I S8 L M I v F V A A L
301 GCG CTG TTG CAG GAG TAC ACA CCG GAA TAC CTG CTC AGC CTC ATC GCG AGA ATT CTG GGC
A L L @ E Y T p E ¥ L L s L I A R I L G
361 TGEC GCC GCC ATC GCC GGG TTG ATA TAC GCG GTG ATT TCT CCC CAA AAC GGC TTT ATT CAA
¢ A A I A 6 L I Y a VvV I S8 P @ N 6 F I Q
421 GGC GGA CTIG CGG GAA GGC GCG CTG CTG GGC ATC TTC AGC GAC AAA AAC GCA G6C GCC C6T
6 6 L R E 6 A L L ¢ I F s B K ¥ A G A R
481 TGC TAC GIC TAC GCC CIC ATG ACC TTC TAC 66C CTG CGT ATG TAT GAG AGC AGA CAG GAC
¢c Y Vv Y A L M T F Y 6 L R MM Y E 8§ R QD
541 AAA ATT TTA ATC GGC GGC CIG GTG BCG GCG ATT ATT CTG AGT AAT TCA GCC ACC GCG CTG
K I L I 6 6 L vV A A I I L S ¥ S A T A L
601 GCC ATG GTG TTT GGG GGC ATG GGC CTG ACC ACC ATC TIC AAC GGC AGC CGG GIG AIC GGT
A M V F 6 6 4 6 L T T I F N 6 8 R V I 6
661 AAC TCC CAG AAG ACA TTT AAC CGT CTT AIC GTG GTG ACG ATG GGC CTG TIG ATT GGC GCC
N $ @ XK T F ¥ R L I VvV v T M ¢ L L I 6 A
721 GTA CTG GCT AAC TAC TTC TAT GAA TTG ATT CTA CTG TCT CTG GGA CGC GAT CCA TCG CTG
v L A N Y F Y E L I L L s L 68 R D P § L
781 ACC AAC CGC ACC ATC ATC TGG GAG CTA TTA GGA CCC AGT CTG GAT GAC CGC CCC ACT CTC
T ¥ R T I 1 W E L L 6 P s L D D R P T L
841 GGC TAC GGA TAC GGC GCA TTC TGG GCC AGC GTC TAT GTA GAG TCG TTC GTC AAA GTC TGG
6 Y 6 Y 6 A F W A s vV Y vV E s F vV K V ¥
901 GGG TIC ATC GGC AAC GCA CAT AGC GGA TAT GTT GAG ACG CGC CTC AAC GBC GGT TAC GIC
6 F I 6 N A H S 6 Y V E T R L N 6 6 Y V
961 GGG CTG GTC ATT TTG ATC BCC ACC TIC GTG AT6 TCT TTC TGG C6C ATC GCC CGC GCT TIC
¢ L v I L I A T F V M 8 F W R I A R A F
1021 ACC TIC CAC CCT GAG TCA TCC GTG TTC GCA TTA ATG GCG AGC ATT CTG CTIG ATT CAG GCG
T F H P E S S v F A L M a s I L L I Q@ A
1081 GCG GTT AAC TAT ATC GGT TTC ATC ATC CCG AAC CAC GIG AGC TTC GAC ATG TTT ATG TTC
A V N Y I 6 F I 1 P N H V S F D M F M F
1141 TCG ATC ATT GIC GTC GTG GCG GGC AAG TAT GGG CTT TCG CGA GAA CIC TCG CCC ACT CCG
s 1 I vV vV vV A 6 ¥ Y 6 L s R E L s ¢ T P
1201 CTG TAC GAA GTG CAG CCG GAC CCA GCG GAG GCG CGC GCA TGA
L Y E VvV @ P D P A E A R A =

b
Q
Fa

Fig. 3-95. Nucleotide and deduced amino acid sequences of HC030701_44.
Putative open reading frame (ORF) is shown below the nucleotide
sequence in one letter symbol of amino acids. Nucleotide numbers
are on the left side and the amino acid numbers are on the right

side. Putative termination codon is marked by asterisks (¥).
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1 ATG AAG ACC CAA AGC GTA GCC ATC GTC CIG CAT GAT CTA AGG GGC GGC GGC GCT GAA AAA
M ¥ T @ S v A I v L H D L R 66 6 6 A E X
61 ATG ATG GTG CGG CTC GCC AAT GCT CTG GCG GAG CAG AAT ACG GCC GTA ACC ATG GTT CTA
M MM vV R L A N A L A E Q@ N T A V T ¥ V L
121 CIG ACC GAG GGC GGC GTC AAC AAG GCG GAB CTG TCC TCA GCA GTG AAG CTIG GTG GAG CTC
L T E 6 N K A E L S S A V K L V E L
181 GGC TCC CCG CGC ACC CTG AGC TCC 6TG CCC AGG CTG GCG GCC TAC CTG CGC GAG GCT CAG
6 § P R T S s v P R L A A Y L R E A Q
241 CCA GAT AGA ATT CTA TCC GCG TTG ACC CAC GTC AAC GTG GCG GCC GCT CIC GCC TGC GCC
P D R I L S A L T H V N V A A A L A C A
301 ATG ACA GGC ATG TTG CGC CGT CTIG GTG GTG AGC GAG CGC AAC ACC TAC TCA CTG GAT AAA
M T 6 M L R R L vV V S E R N T Y s L D KX
361 AAG GTC AAC ACT GGT GCG GTG ATG AAA TTIC ACC TAC TGG CTG GCG CCC AGG ATT TAT CGC
K v N T & A V M K F T ¥ W L A P R I Y R
421 CGT CTG CCG AAC CCT GTC ATC GCA GIC TCC GGA GGC GIC GCC CGC GAC TIG GTT GAG ACA
R L P N P Vv I A V 8 G 6 V A R D L V E T
481 GAG TCT CTG CGC CCC AAG GAC ATT GTC GTC GCA CCC AAC CCG GTA TTG ACC GCC AAA GTA
E § L R P XK D I Vv V A P N P V L T A K V
541 CIT ACA ATG ATG GAT GAG CCC GCC AGT CAC CCA TGG TTA CAA GAC CCG GCT ACA CGT GIG
L T M M D E P A § H P W L @ D P A T R V
601 GTG GTC GCG GTT GGA CGA CTIC AGC CAT CAA ARA GGA TTC GAC ACG CIT ATC CGC 6CC TIC
V V A vV 6 R L S H @ X 6 F D T L I R A F
661 GCA CAG GTT GCG GAC ATA CCG AAC CTG AGA CTG GTC ATA TTC GGT GAA GGT GAG TTA CGC
A Q vV A D I P N L R L v I F 6 E 6 E L R
721 GAA GAG TTG AGC GCG CTT GIC AGC CAG CTG CAA TTG ACG GAA AGA GTC GAT CTG CCC GGT
E E L S A L V 8 @ L @ L T E R V D L P G
781 TAC GCC GCC AAC CCT TTG GCT GAG ATG AAA GCG GCG GAC CTG TTT GTA CIG TCT TCG CGG
Yy A A N P L A E M K A A D L F V L 8 8§ R
841 TTT GAA GGA AGC CCT AAC GIC CTG GIG GAA GCC ATG GCT ACA GGC GIT CCT GIC CTG GCG
F E G S P N V L v E A M A T 6 V P V L A
901 ACC AAT TGC CCT TCC GGG CCG GAT GAA ATT CTG GAC CAG GGA CGC TTG GCG CCA CTG GTG
T N ¢C P S 6 P D E I L D Q@ 6 R L A P LV
961 CCA GTG GAT AAC GIC AAC GCC ATG GCG CAG GCG TTA CGC CAA TGC ATG GAG CAA CCC AGC
P V D N vV N A M A Q A L R Q@ C M E Q@ P S
1021 GAC AAC GCT GAA TTG AAA AAT CGG GCT GAT CGC TAT CGC GAC BCC CTA TCC GCT CAA GCC
D N 2 E L K N R A D R Y R D A L S A Q A
1081 TAC AGT GCG GTA TTA AAC GGT TCT GTC ACT G6TC TGG GGG CGC TGA
Yy s A V L N 6 8 V T V W 6 R =

-3 <3
G

[

Fig. 3-96. Nucleotide and deduced amino acid sequences of HC030701_45.
Putative open reading frame (ORF) is shown below the nucleotide
sequence in one letter symbol of amino acids. Nucleotide numbers
are on the left side and the amino acid numbers are on the right

side. Putative termination codon is marked by asterisks (¥).

- 277 -



1 ATG CTT AAC GAA GCC ACA ACC ACC AAC GIC GGC GGA ATC AAG ACC AGT TGT CTC GAC CGC
M L N E A T T T ¥ v 6 6 1 XK T s ¢ L D R
61 AAA CAG CTC GCG TTG CTG GTG GGG GAA ATC TGC CAA AAC TAT ACT CCG GAC CAG TCG GCG
¥ @ L A L L Vv 6 E I C Q@ N ¥ T P D Q S A
121 TTT TTG ATT TTC TCC TCT AAT GGG CAG GCG ATC TCA TTG G6CG GGC TCA GAT CCC GCC TAC
F L 1 F S S N 6 Q A I S L A G s D P A Y
181 CTT GAA CTG ATG AAT AAC GTC GAT CIG GIG CAC GCG GAC GGA CAA AGC GTA GTG ACT TIG
L E L M N N VvV D L V H & D 6 @ s v v T L
241 TCG CGC TGG TIC TCA GAG CGA CCT ATC GCT GAG CGC TCG GCC ACC ACT GAC ATG ATT CAC
S R W F S E R P I A E R 8 A T T D M I H
301 GAC ATC CCC GTT CAC TAC GCC CCA ACT CTG AMA CAT TIC TIT TTG GGC GGC CTG AAG GAC
D I P V H Y A P T L XK H F F L 6 G L X D
361 GTT GTG GAG CAG GCG GCG AAA ATC TAC AGC GAT ACT TAC GCC AAT GCA GAA ATC GIG GGC
vV Vv E Q A A X I Y § D T Y A N A E I vV 6
421 GTA CGC GAC GGA TAT TTT TCG GCG GCG GAT GAG TTG AAC RIC GIG GAG GAA ATC AAC CAG
v R D G Y F S A A D E L N I V E E I N Q
481 TCC GGC GCA GAC GTA CIT TGG GTA GGT CIG GGC AAA CCC AAA GAA CAG GAA TTC TGC ATC
S @ a b V L W V 6 L 6 kK P XK E Q@ E F C 1
541 (GC CAC AAA GAC AAG TTG AAA GIG CCG GTG GTG ATC AGC TGC GGC GGC TGC TAC AAC TTT
R H K D K L X v P v v I s € 6 G C Yy N F
601 TTA ACC GGA CAC TAT AAA AGA GCG CCG GRA TGG GTG CAG AAC AAC GGT CTG GAA TGG GIG
L T 6 H ¥ K R A P E W V Q@ N N G L E W ¥V
661 CAC CGC ATG GIC CTC AAT CCA CGC AAA CTG TIC TGG CGT TAC TTG ATC ACT AAT CCT CAT
H R M vV L N P R XK L F w R Y L I T N P H
721 ACG ATT TAT CTG GCC TAT AAA AAC CGC TAC CGC GGC GAC AGA GAT ACG GAA AGC AAG AAA
T I Y L A Y X N R Y R 6 D R D T E s K K
981 GTG CTG TTT CTG CTG AAG ACG TTC TCC AAA GGC GGT GGC GIG GRA CGT GTA TCC GCG AAT
vV L F L L K T F S8 kK 6 6 6 V E R ¥ S A N
841 CTG GCC ACC AGT TTG AAA GCG CAG GGA TAC GAT CCC GAG TIT TAT GTIG TTC TTT TCC AAA
L A T S L X A @ 6 Y D P E F Y V F F 8§ KX
901 GAA GAG GAC ATC AGT CAA TIG CGC CAG GAC TGG CCG GIT ACT TTG GTT GAG CCA AGC CGT
E E D I S @ L R @ D W P Vv T L V E P S R
061 AAG AGC CCA CIT AAA CTT ATC AGT GAG TTT TIG AGA TTG CGC CGT CAT GTG AAG AAC AAT
K s p L K L I 8 E F L R L R R H V K N XN
1021 CGT ATT GGC GIC GIC ATC TCA TCA AAA GAG ACA GCC AAC CTG ATC AGC CTG GIC TCC CTC
R I € vV vV I 8§ S XK E T A N L I § L vV S8 L
1081 ATS TTT TTG CCG GGG GTC ATG AAG TTG TIC ACC CGT CAC TGC G6CT TTT GAC GTC TCA GAC
M F L P 6 V M X L F T R H C A F D vV § D
1141 CAA AAG CTG 6CC CCG CGT AGC ATC AAA GCG CTG TAT GGC ATG TAC GCG CTG ACC CGC ACC
Q@ K L A P R S I X A L Y G M Y A L T R T
1201 CGC ATC GTT ACG GTC TCT GAA GAT CIT GCG CAC CAR ATC RAG GCG TTC CTG CCC TAT AAC
R 1 v T V S E D L A H Q I K A F L P Y N
1261 CGT AAC AAG GIC GTA GCG CGG GCC AAC CCG ATT ATT GAT GRA CGC ATC TTC ACT CTG GCG
R N XK VvV V A R A N P I I D E R I F T L A
1321 CAA GAG TCC GCG CCG ATT CAG GGC GAC TAT CTC TGC GCA GIG GGC AGA CTG TGT GAG CAG
Q@ £E $ A P I Q@ 6 D Y L C A V 6 R L ¢ E Q
1381 AAA GGC TIC GAC TIG CTG TIG GAC GCG TAC AAA CAG 6CG CIG ACG CTA CAG CCT GCG CIG
K ¢ F D L L L D A Y X @ A L T L @ P A L
1441 CCA AAG CTG GIT AIC GTA GGA GAC GGC GAT GAT CGC GCC GCG TTG GAG ARA CAA GCC GCC
P X L Vv I v 6 b 6 D D R A A L E K Q@ A A
1501 GAC CTC GGC TTG ACT GAC AMA GTG ATT TIC TAT GEC TIC ACT CCC AAT CCG TAC GCG ATC
b L 6 L T D K v I F Y 6 F T P N P Y A I
1561 ATC AAG CAC GCC AGA CTC TIT GIC ATG TCC TCC CGC CAT GAA GGC TTG CCG ACT GCG TIG
1 £K H A R L F v M s S R H E 6 L P T A L
1621 GTG GAA GCC ATC GCC CIT GGC GIG CCA GTG GTT TCC AGC GAC TGC GAA ACG GGT CCT CGT
v E A I A L 6 Vv P VvV V 8§ S D C E T G P R
1681 GAA TIG CTG GAC AAC GGC CGT TAC GGC GGA CTG 6CG CCG AAC CAG AAC CCA GCC GCA TIG
E L L D N 6 R Y 6 6 L A P N Q N P A A L
1741 GCG CAG 6CC ATT GTC GAC AAC CTG ACG ACC CCC AIC GCG CCA GAG GCG GAA GCG GTG AGC
A @ A I Vv D N L T T P I A P E A E A V S5
1801 AAA TAC CGT TAC G6CC GAC GCC 6CC GAC GCT TAC AIC RAG CTG TTC GGA GAG CGG ATG GCA
XK Y R Y A D a A D A ¥ I K L F G E R ¥ A
1861 TGA
®

Fig. 3-97. Nucleotide and deduced amino acid sequences of HC030701_46.
Putative open reading frame (ORF) is shown below the nucleotide
sequence in one letter symbol of amino acids. Nucleotide numbers
are on the left side and the amino acid numbers are on the right

side. Putative termination codon is marked by asterisks (¥).
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1 TTG AAA GTA ACA GTA TTT GGA ATC GGT TAT GTA GGC CTT GTT CAG GCG GCC GTA CTT GCC
L X v T vV F 6 1 6 Y vV 6 L V Q@ A A V L A
61 GAT GTC GGA CAC GAT GTA ATG TGC GTC GAT GTC GAT GAG GCG AAA GTC GAG AGC CTG AAG
D Vv 6 H b vV M ¢ v D vV p E A K V E S8 L K
121 AAG GGG ATC ATT CCA ATT TAC GAA CCC GGC CTG ACG CCT ATT GTA GAA GCT AAC TIT GAA
K ¢ I 1 P I Y E P 6 L T P I V E A N F E
181 TCG GGC CGG CIC AAG TTT ACG ACT GAC GCC AAG CTG GGC GTC GAG CAT GCT GAA ATT CAG
s 6 R L X F T T D A X L 66 V E H A E I Q
241 TIC ATC GCC GTA GGC ACG CCT CCG GAT GAA GAC GGC TCC GCC GAC CTT AAG TAC GIG CIG
F I A Vv 6 T P P D E D 6 S A D L X Y V L
301 GGC GTC GCC GCC ACT ATC GCC AGT TAC ATG ACT GCG CCA AAG CTG GTC ATC AAC AAG AGC
6 v A A T I A S Y M T A P X L VvV I N K S
361 ACC GTT CCT GTC GBC ACT GCG GAC AAA GIG CGC GCC GCC ATC GCC GCA AAA TTA AGC GAG
T Vv P V 6 T A D K V R A A I A A X L S E
421 CGC GGC GAA AGC ATC GAT TTT GAC GTC GCC TCC AAC CCA GAG TTC CTG AAA GAA GGC GCG
R 6 E § I D F B vV A S N P E F L K E 6 A
481 BGCG STC ACC GAT TGT ATG AAA CCT GAC CGT ATC GTT GTT GGC TCC GAA AAC CCG GCC TCC
AV T D C M XK P D R I vV V 6 8 E N P A S
541 GTA GAA AAG CTG CGT GAA CTC TAC GCG CCG TTT AAT CGC AAT CAC GAC CGT ATG AIT GTT
v E K L R E L Y A P F N R N H D R M I V
601 ATG GAC GTA CGC TCA GCG GAA CTG ACA AAA TAC GCC GCC AAC TGC ATG CTG GCG ACG AAA
M D VvV R S A E L T X Y A A N C M L & T K
661 ATC AGC TTC ATG AAT GAA ATC GCC AAC CTG GCG GAG AAG CTC GGT GCG GAT ATT GAG AAC
1 §S F 4 N E I A N L A E K L G A D I E N
721 GTA CGC AAG GGC ATC GGC TCC GAC CCA CBT ATC GGC TAC CAC TTC ATC TAT CCC GGC TGT
Y R K 6 I 6 §$ p P R I 6 Y H F I Y P G C
781 GGA TAC GGC GGT TCC TGC TTC CCG AAAR GAC GTG CAA GCA ATG GTT CGC GCT GCA GAC AGC
6 Y 8 6 §$ ¢ F P K D V Q A ¥ V R B A D S
841 ATT GAT TTC GAC GCG CAA TTG CTG AAG GCG GTG GAG TCG GTT AAC TAT CGC CAG AAA GRA
1 D F D A Q L L XK A V E S8 VvV N Y R Q kK E
901 ACG TTG TTC AAA AAA GTC AGC GCT TAT TTT GAC CAC AAA CTG GAA GGC AAA ACC ATC GCG
T L F X X vV S B Y F P H X L E 6 X T I A
961 TIG TGG GGA TTG TCC TTC AAG CCC AAT ACC GAC GAT ATG CGT GAA GCT TCC AGT CGC GIG
L W 6 L S F K p N T D D M R E A S8 S8 R V
1021 TIG ATG GAA GCT TIG TGG CGC GTC CBC GCG AAA GTIC CGC GCA TAT GAC CCG GRA GCC ATG
L M E A L W R V R A kK V R A Y D P E A ¥
1081 GAA GAA ACC CAG CGT ATT TAC GGC GCC CGC GAC GAC CTG TCG CTG GIC GGC ACC AAA GAG
E E T @ R I Y ¢ A R D D L 8 L V 6 T K E
1141 TCC GCA CTG CAC GAC GCC GAC GCG CTG GIT ATC TGT ACG GAA TGG AAG TCT TIC CGC GCG
S A L H D A D A L V I ¢ T E W K S8 F R A
1201 GCG GAT TTT GCA ATG ATC AAG CAA ACA TTG CGA ACC CCG GTG ATT TCC ACG GTA GAA ATT
A D F A M I X @ T L R T P Vv I 8 T V E I
1261 TAT ACG ATC CTG AAG CTG TGA
Yy T I L K L =

Fig. 3-98. Nucleotide and deduced amino acid sequences of HC030701_48.
Putative open reading frame (ORF) is shown below the nucleotide
sequence in one letter symbol of amino acids. Nucleotide numbers
are on the left side and the amino acid numbers are on the right

side. Putative termination codon is marked by asterisks (*).
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1 ATG ACA GTT GGC GGT AGT ACC AAA TCT AAA CTT CTT TIT AAC TTT AAC AAG CAT ATT ARA
M T Vv 6 6 8 T K 8 K L L F N F N K H I KX
61 AAA ACA ATC CGC GEC CAT CGC GGT GAG CTT CGT ATT TTG GCT GCA TGC GTC GCC GCT TIG
K T I R 6 H R 6 E L R I L A A C V A A L
121 GEC GGC TCT TCA GCG TGG GCG GCT 6C6 GAA CCC TTIT TCT TTC TCC GCC GGG CCG GTC AAT
6 6 S S A W A A A E P F S F S A 6 P V N
181 GIT TAC CCT CAG GTG AAA GTC GAG GAA AAA TAT AAC GAC AAT ATC TAC TTG CAG AAA GAT
v Y P Q Vv K V E E K ¥ N D N I Y L Q@ K D
241 GAC AAG AAA GAG TCG TTT GTC ACC ATC GTT TCC ACC GGC GIG ACT TTG GAA GCG CIG AAG
D XK K E § F v T I v s T 6 v T L E A L K
301 GGC GAT GAC AGT TAT TAT CTG GGA TAC AAG CTG AGT TCG GGA AGC TAC GCC AGC GCC CAT
¢ p D S Y Y L 6 ¥ K L 8 s &6 8 Y A 8 A H
361 ACT GAC GAC TAT ATC GAT CAC TTC GTIC AAC GGT AAG GCG TTC TGG ACG CTG AAT CAC CGC
T p D Y I D H F V N 6 X A F W T L N H R
421 AAC ACG CTG GAG CTG CTT GGC CGC TTT GAG GCA GGG CAT GAG GAT CGC GBC ACC GGC ATC
N T L E L L 6 R F E A 6 H E D R 6 T 6 I
481 AAG CAG GGT CCG GAT GTT GCG CCG CTG GAG GAT CTC ATT GAG TAC GAT C6C TCC GCC GCC
K @ 6 P D V A P L E D L I E Y D R S8 A A
541 GCG TTA ACC TAC ACT TTC GGT TCC AAG ACC TCC GAT GGG CGC CTG ACG CTA AAG CTG GGT
A4 L T vy T F 86 S ¥ T s D 6 R L T L X L &
601 GGC GCG CAG ACT GAG TAC ACC AAT CAA CGT GAC GAG ACC CGT CTG CGT GAT CGT CGC ACT
G A Q@ T E ¥ T N @ R D ET R L R D R R T
661 CTC GAA ACC GGC GTC GGC TTT TAC TGG CGG GIG GGG AAC AAG ACC 6GT CTG GIG TTG GAT
L E T 6 V 6 F Y W R V 6 N K T 6 L V L D
721 GTG TCG CGG ACG CAC ACG GAT TAC ATG AAT GAC CCG TCT CCT TCG GAC 6GC 6CC GGC GGC
v S R T H T D Y M N D P 8 P S D 6 A G G
781 AGT AAA GAC AGT GAC TAT TAC AAG TTC CTC GCC GGG ATT TCA TGG GCG GCG ACG GAC ATT
s XK Db § D Y Y X F L A 6 I 8 W a A T D I
841 ACC AAG GCC ACC TTT AAA GTT GGT CGC GCG GAA AAG CGT TTT GAC GAC GAG AGC CGC GAA
T X A T F K ¥ 6 R A E X R F D D E 8 R E
901 GAT TTT TCC GGC GCC AGC TGG GAA ACT ATT GTC GAC TGG GCT TTG AAG CCC TAT TCC AAG
D F S 6 A S W E T I v D W A L X P ¥ 8§ K
961 CTG CGT TIT ACG GTA GAA CGC AGC GCT GAG GAA TCC TAC GGA AGA GGC GAC TTC ATC GAT
L R F T Vv E R S A E E s Y ¢ R 6 D F I D
1021 GCG AAG CAA GTA GGC GCT TCC TGG ACG CAC AAC TGG AAC GAT CGG ATT ACG AGC AAG GTC
A X @ V 6 A S W T H N W N D R I T § K V
1081 GGA TAC AAC TGS ACC CGC GAT GTG TAC GAA AAT GAC CCG GAG TCT CGT AAG GAC GAT ACG
& Y N W T R D V Y E N D P E S R K D D T
1141 TCC GAA GCG ACG CTG GCG TTG GAT TAC GCA TTC AGG GAA TGG TTG AAC GIC GGC GCG TCA
S E A T L A L D Y A F R E W L N V 6 & S8
1201 TGG AAC TTT AAA GAC CGT GAT TCA ACA TTG GAC AGC TAT TCE CAT ACA CGC AAT CIG GCG
# N F X D R DS T L D S Y s H T R N L A
1261 ACC ATA TAT GIT AAT GCA GGG TIT TAA
T I Yy VvV N A 6 F =

Fig. 3-99. Nucleotide and deduced amino acid sequences of HC030701_50.
Putative open reading frame (ORF) is shown below the nucleotide
sequence in one letter symbol of amino acids. Nucleotide numbers
are on the left side and the amino acid numbers are on the right

side. Putative termination codon is marked by asterisks (*).
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61
121
181
241
301
361

421

Fig. 3-100.

GTG CGT GTT CAA GTG TAT GGC GAA AGC GAC CTIG ACG CTG GAG GCG CGG CTC ACC GAT GCA
vV R vV ¢ Vv ¥y 6 E s D L T L E A R L T D A
GGC ACG GTC TCG TAT CCC TTT CTG GGG GAG ATT AAA GTG CIT GGT TTG ACG GIG AGC CGG
6 T v 8 Yy Pp F L 6 E I K Vv L 6 L T VvV S R
TTG CAG GAG CTG ATT GCG AAT GGT TTG AGG GAC GGG TAT TTG GTC GAC CCC ARA GIC AGC
L @ E L I A N 6 L R D G Y L V D P K V S
GTC ACT ATA TTG GAA TAC AGG AAG TTT TTT ATT AAT GGC GAA GTA AAG AAT CCG GGC GGT
v T I L E Y R X F F I N 6 E V K N P G &
TTT TCC TAT CAG CCT GGC TTG ACC GTG CGT AAG GCT GCG TCA TTA GCT GGC GGT TIC ACC
F s Yy @ P 6 L T vV R X A A S L A G 6 F T
AAC CGBC GCA AAC AAG AAC AAG ATT TTT ATC ATT TCC GAA AAC GAT CCG AAT CAA ACC CAG
N R A N K N K I F I I 8 E N D P N Q@ T Q
CGT CCT GCG GAC CAG AGC ACT CGC ATA CAT CCA GGG GAC ATT ATT ATT GIG GAA GAG AGT
R P A D Q@ S T R I ®# P 6 D I T I V¥V E E S
TTC TTT TAA

F F =

Nucleotide and deduced amino acid sequences of HC030701_51.
Putative open reading frame (ORF) is shown below the nucleotide
sequence in one letter symbol of amino acids. Nucleotide numbers
are on the left side and the amino acid numbers are on the right

side. Putative termination codon is marked by asterisks ().
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1 ATG GAT AAC TTA AGA TCA ACG CCG CCG CGA CAT CTG GCG GAC ACG CCC GGC GAC AAA GAG
M D N L R S T P P R H L A D T P G D K E 20

61 ATC ATC GAT CTT CGA CGT TAT TGG AAC GCT ATT CTT GAA TAC AAG TGG GGC ATC GTG TIT
1 1 D L R R Y W N A I L E Y XK W 6 1 v F 40

121 TIG GTC TTG CTG GCG GGA GGC CTC GGC TAT GTG GCG CTG ARG TAC ATC AAA CCG ATG TAT
L v L L A 6 6 L 6 Y vV A L X y I K P M Y 60

181 CAG GCG ACC ACC ACC GTG TTG ATT GAA AAC AAC CAG CCC AAA GTT AIC AAT ATT CAG GAT
@ A T T T V L I E N N Q P XK VvV I N I Q D 80

241 GIT TAT GGC CTG AAC AGC AAC AAT CAG GAA TAT CTG CAA ACC CAA TAC GAG ATT CTG CGT
v Y 8 L N S N N @ E Y L Q@ T @ Y E I L R 100

301 TCC CGC AGT CTG GCT GAA GAA GTG GTG ACG CGG CTG GAG TTG GIC AAT ATG CCT GAG TTT
s R S L A E E vV v T R L E L VvV N M P E F 120

361 GAT CCA TTC CGC CAA AAG GCC TTC AAC TGG AAA GAA TGG GIT CCG CTG GAG CAG ATT GAG
D P F R Q XK A F N W X E w v P L E Q I E 140

421 TCT GTG TGG CCG TTT GAG CCG GAG ATG CTIC GAT TTC CTG CGT ATC AAT AAA AAG CCG CIT
S VvV W P F E P E M L D F L R I N K K P L 160

481 TCT GAA AAG GCT AAG TTT GAA GCG GTA GTC GBC ATC TIT ATG TCG CGG TIG ACG ATT GAT
S E K A K F E A Vv v g I F ¥ s R L T 1 D 180

541 CCG GTG CGC AAC ACG CAA TTG GTT AAA GTT CGC TTT GAC GCC AGA GAC CCG ARA CTG GCG
P V R ¥ T @ L v K v R F D A R D P K L A 200

601 GCG CTG ATC TCC AAC GCC ACG GCG ACG CAG TTT ATA GAA AGC CAT CTG 6CG GCG ARA ATG
A4 L I S N A T A T Q@ F I E S8 H L A A K N 220

661 GCG CTG ACA GAG AAG GCC ACC ATG TGG CTG GGA GAG AGC CTG GAA GGG CTG CGT GAA AAA
A4 L T E K A T M W L 6 E s L E 6 L R E K 240

721 CTG CGT GAA TCA GAG AAG CGC CTG CAG GAA TTC CGC GAA GCG GAG AAG CTG GIG GAT GIC
L R E S E X R L @ E F R E A E kXK L Vv D ¥ 260

781 AAA GGG GTT AAA ACC CTG AAT GCG GAA GAG CTG TCC AAG CTG ACC GAG CGT AAT GTG GAA
K 6 v K T L N A E E L S K L T E R N ¥ E 280

841 GCG CGC CGC GIG CGT ATG GAA GCC GCC AAC GTA TAT CAG CAG ATG ACG ATC TTT GGC GAA
A R R V R M E A A N V Y @ Q@ M T I F & E 300

901 ACG CCG CCC CCT GAA TAT CTG TIG GAG CIG CCG GCG ATT CTG GAA AAC CCG CTG GTG CGC
T P P P E Y L L E L P & I L E N P L V R 320

961 TCT CTG AAG GAG AGG CAG GAC GAT GCG CAG CGT AAA GTG GAT GAA TTG AGC AAA CGT TAC
s L K E R @ D D A Q R K V D E L 8 K R ¥ 340

1021 GGT GAG AAG CAT CCT AAA ATG ATT TCT GCG ATG 6CG GAG CIG AAG TCC ATC AAG TCA GAG
6 E K H P K M I S A M A E L K S I K § E 360

1081 TTG GAA ACG CAG TTG CAG CGC GCC GCA AGG GGG ATT GAG TCC GCC TAC AAG ATT TCT GIG
L £E T Q L @ R A A R 6 I E S8 A Y K I S8 vV 380

1141 GAG AAT GAG CGT TCC ATC GCC AGA CAG CTT GAC CAG GCG AAG AAT AGT TIG CAG GGC GTA
E N E R S I A R Q L D Q@ A X N S L Q & vV 400

1201 AAC AGG AAG GAA TTC CAG TTG CGT GAG CTG GAA AGA GAG GTT GAG ACC AAC CGT AAG CIT
N R K E F @ L R E L E R E v E T N R K L 420

1261 TAT GAC CTG TTT ATG TCC CGC GCC AAA GAG ACG CAT GAA GC6 ACG GGG TIG CAA GCG GCG
Yy p L F M S R A K E T H E A T 6 L Q A A 440

1321 CAT GCG CGT ATC ATC GAT TCT GCG ATT CCT GGG GGT TCA CCC TAC AAG CCA AAT AAA AGA
i A R I 1 D S A I P G G 8 P Y K P N K R 460

1381 ATG ATT TIC CTG ATG TTG ATC ATG GCT 6GC TIT GGG TTG GGT ATC GIG CGC GCT TTC ATC
M 1 F L M L I M A G F 6 L 6 I V R A F I 480

1441 CGC GAC GCA CTG GAT AAC ACT ATT CGC AGC ACG GCT GAT ATT GAG GAR AAA TTC CGT TIG
R D A L D N T I R S T A D I E E K F R L 500

1501 CCT GTG CTT GGT CTG CTC CCG CTA GTG AAA AGC AAG AMA TCA AAG GCG GCT TTT GAA GGC
P Vv L 6 L L P L V K S K K 8 K AR A F E G 520

Fig. 3-101. Nucleotide and deduced amino acid sequences of HC030701_52.
Putative open reading frame (ORF) is shown below the nucleotide
sequence in one letter symbol of amino acids. Nucleotide numbers
are on the left side and the amino acid numbers are on the right

side. Putative termination codon is marked by asterisks (*).
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1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281

Fig. 3-101. Continued

TTC CT6 TCC TCA ATG CAT AGC CAC TIT

F L 8§
ATA CTG TCA
I L S
GAA GGT AAA
E 6 K
CTG TIG ATA
L L 1
GAT ACT CCG
D T P
CGT CTC AAT
R L N
GAG ATG ATT
E M I
CGC ATC ATT
R I 1
TAT TCC GAT
Yy § D
AAA GGC ATC
K 6 1
ATA GAT GIG
I D V
TAT CCG CIC
Yy P L
GGA GTG TAG
G Vv =

S
CGG
R
ACC
T
GAC
D
GGA

G

GGC
G
TCC
S
ATT
I
GCG
A
ARA
K
6CG
A
AAA
K

M H S H F
GTG GAT CAG CCC TAT
vV D Q@ P ¥
ACA GTA GCG TIG AAC
T v A L N
GGC GAT AIG CGT CGC
G b M R R
TIG TCG GAT CIG GTC
L 8§ D L V
ACT AAG GCC aGC GTA
T X A s V
AGT AAC CGT TTT CAC
S N R F H
GAC TCT GGG CCC ACC
D 8 6 P T
GTG GTG TAC ATC AIC
v v Y I 1
CGT CTG CGC GAA GIT
R L R E V
RAG CGT AAG AAT CAG
K R K N Q
GAG AGC GGC GTT ACT
E S 6 Vv T

GCG
AAA
CTG
L
TCT
S
GCC
A
CTG
L
CTG
L
CAG
Q
AAA
K
ARC
N
CAT
H

GCA
A

GAG TCC ATT
E S 1
GTT ATT CTG
v I L
GCG GAA GCG
A E A
ATG CTG GCC
M L A
GGT ACG GCE
G T A
ACG GCG GGA
T A G
GIG TTG GCG
v L A
GCG GIG AGT
A VvV S
TCG GAA GAT
s E D
GCC AAT CIT
A N L
GAA TAT AIT
E Y I
GCG AAA ACC
A K T
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CGC AGT CTG CGC ACC
R 8§ L R T
GTIG ACT TCC ACC GIT
v T 8 T V
TTG GGG CAG ACT GRA
L 6 Q@ T E
AAG TCG ATT GGG CIG
K 8§ I 6 L
GAA GTG GAG CAC TGC
E VvV E H
ACT CAG CCC AGC
T Q P
GTG CTG AAG
v L K
GAT TCG TTG
D 8 L V L
ACG CCA GCG CCG CTG
T P A P L
GTG GGA 6CG GTIG CTG
v 6 A VvV L
CAT TAC TCT TCC TAC
H Y S8 8§ Y
AAA CGC CGG GTT GAG
K R R V E

c
AAT
N
ceC
R
TTA

S
AAG
K

GIG

AGC TTG

S L 540
CC6 GGA

P G 560
AAA GTG

K V 580
CCG CT6

P L 600
CTG CAC

L H 620
CCe TIG

P L 640
TAT GAT

Y D 660
TCC TCT

S S 680
ATT CAG

I Q 700
AAC CAG

N Q 72
RAC ACC

N T 740
CCA ACC

P T 760
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Fig. 3-102. Photograph of an acrylic plates setting as artificial

substrata for marine biofilm fomation.
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(D)

Fig. 3-103. DNA extraction and construction of fosmid library from marine
biofilm. Extraction of biofilm DNA by grinding (A), size selection of
end-repaired DNA on 1% LMP agrose (B), elution of end-repaired

DNA (C), and restriction treatment of plamids (D).

- 286 -



I 2 Fotolle] 7L

a

00

gl
oK

-
or

o 7

13

|

ol
ke

O

E

AT

H2d

0
s

ﬂ.

30

o 17 2

H 3
A4 H

meiSote] 2ol JlofE

- 287 -






ofol o J|o &=

BK

e
ol

B

:'1

A1l A

!

Mo
w

grata, o9 A

o
=
3 484 2A QL HEAE AR

AR 4

oF

NE
- o
KT B ow L h
e ® o o B2 o7
oy = o oo Fom g A
o v _
S - o oB =y ) £ L
) SO S T .
T - R - — =) 0 <0
vA
&) 2w oo M om owo m o
S fE3 oz o2 ia B
MM &) 00 G0 olo B ajo do O I
= o = o® ok D & o ® U B
a m oy s
%0 W Mnnm .W w = )
= S o G
OW Le] O e
J\u .ﬂlﬂ_% . N e HW N EE
Q._O = H;é .ﬂA!I —_ ‘mﬂ [ —
s = K K
o SRS oW o om
T T 6 O_H OW TR W._ _E
ca W T
TH o i
Jo ™ <]
= n@o &F e ™
= o oo wi
o g T 7T
ek ™
oy ™ 112 B U o o
> T o N 5%
~ ) < e iz <
m. 0 09 Z..* =0 N
I < _ﬂron ie] — ...r_l 0 0
S X T - X m X
= ,w' ° o o T oM © M oon
T B B o = ™ Mo @

- 289 -



A A 5®

e
o
™
n_i ﬁi_/ﬂa
o ~
W W
L) B o W
sl N
TN X =
W | T R A
Tlw w3 R
M S
wny%na%yﬂ%
J.wl_xﬂ.xﬁaf ﬂl%% b
I I BN
RWH%O%OW%WH_EHNO
Gl mowr1@¢¢_ﬂm
W A L S
AR 3 A
WmﬂogonnMomﬁArnEmm
T F oo =R OK R
B TR E Lo ©
e« P E|TZ i
Gl . oo o, W
g B N o R ik
“MOMMOJ._/IHE ﬂﬂ.._._l“.wﬂo.‘i
T s o A
%ﬂwwuowﬁmwa
=TT T TEE
i OW'. »
g = i o
T3 T
- - & M_W‘\

- 290 -



¥

AL N 2 89

‘:ﬁ‘

=

* Hahella®] genomic DNA library#

n| A& 2] genomic DNA

=
O

« v 7t

(3¥)

=
"_Ir

libarary

=
=

| BAC library

g
pid

<| OoF

i

wj o

4 #FE 5712 cluster?]

L

i)
el

e
!l

i)

g

c W FIts o
c AETHY uYE

L

A7) 5%

il

ol

wir

T
oF

- W FE7} V1B

w

P

3
T
ok

-\

ﬁo
B

o
=i

oy

o} 7] % 7

i

(2001) | = m e S Fu] P E o)

]_
(2002:3)

(200313)

- 291 -




&

Hrke] 2y

SR Z 230l 1500 a5 23 g4
e TS
BE @z 49 2a o AR g0l 4F
iy
By A7) 10 kbe] DNA HHE ZAP Express

zd S grdE
Hahella®]  gene
DNA library

% oy

vector (Stratagene)ol] 43t 1.8 X 10° Mb =279
genomic DNA library g 753}

Ao oAdE
B A7) 4o

=]
=

Hahella chejuensis

J_:[’_
F A4 BAvolF A

=2

Hakella chejuensis B0 953 Azxgo] ¥4

Hol A84H HzAAE NET 7Hed F

3%9] genomic
DNA library +

% ol

s ¥m) & Bacillus sp. Brevibacterium sp. Cytophaga
sp. Erythrobacter sp. Psedoalteromonas sp.g 5% o

BAC library +

o

Ag7|A(taZE o8] YA FHE 4
Buk g 23 =Z7)7F 20 kb oA = DNAE F
%3}l fosmid #WE] o] ligation ¥ packagingA|# E.
wliE o] g3le HldE7 vAEY HEAT olB
a8 7%

- 292 -




By o W " | TE
= Mo o — R .
z © | 2
L,wm = oy T R x°
W < T oz T | g o
oy B = = = do ww oF
o RO N = = ok | T K
do — - N[ X W
ﬂN_l ¥ 5 ~ = ‘m.ﬁ
oo v B Gl NG - o
= b 2 |0 T 50 A
7o of W S o Em = H o g = e
N o B 3 %0 o0 W E N Y
W T = 63 T gjo <~ we o ay o} s 7 =
ok 2 of R L = W 7 %
T *d =rI|g2E B |z IO
™ N ~ do % B |2 F I L ok a0 W T -
4 < N = w oF o
BE 03 = Fa Mo w B el
deFEd | Laemd 8w gl 2 oy 48 3 5
B R EREaT AR s e BT o T2 om oo
B o g X EE AT Toa w = oy ¥ H
HEcE|ATEZYT EEZs rEal L g F B E
X _..M K Jol [an) HT ) T O ‘_WO mAnO .X.._ ZT S8} |SA] H.TI o o
TR S e S T T W Zo
3 CH g ® o T 2w b |
ﬂr_l " o EW E.E mo ,.:0 _ K OW ﬂﬂ: *3 O
S - JHL = _.E —— K ] w
r K N ) ~ = .mno o LS _ iiz| RN
o o Eo = i o i we =90 Mo oF Bk ..mﬂ.unH o rﬂ._ W
~ = o o 4 B E o e N =
o AT ar o i e LR 3 T
o o = w Al T 2ok ]
= ® -
o = o mK
mﬁ o = o 2y
HHT qu st .Iﬁ
2+ B ~ T ow P N
= b Ho = To T N FH oo
A EST = % ok K ~ ok
it 3 Mo

- 293 -




A3 A dNEEN A
& TleEs . a
B IEE L shza | sass | eEAA | weus
o 012 #9
A Zi$(040)5?141%94 Al WiEe) A IR A (S| Al
=
12}
dx 2 2 |2]3]s
(01)
23}
rehs 2 2 3158 [8|119
(02)
3%}
foh 101 11124974 |11
(03)
12
FA 21113 6 | 6 |@4H |17 8 |25
1)
1. 53%4/5%
o = 9] = g | o0 | o
E X = =0 o Z0]13 ©
;’11 () = 0'1}“ =3 E"LZ} SsHVe FLLE lﬂi ‘;j_,'oéj
L (stdEl AlFAA A 96CJ10356 T L .
jj::—f ANsHe Addre) 4237 9 ol iﬁ% 33229%%36 2008. 5.9
ST |2mE RPI0356S AAEHE WY STE
AZITRRE Busie Fax 3
g (det AFAN2 %856 WolF| ATEAY| 102003 | o0 o g
A3 iml0356 P o]ZHE AEUFEEl dF7d | 0029537 T
At WY
g |shde AFdNs ) AxEs @Rs|Y| PCI/KRO| 00 o o
W & 7HE AuNA FE PCTEY | @79 | 04/000072) T T

- 2% -




2. EEAA/F
R _ e RER=lR= 1 g B
=A% At | weAn ee| YT AL
Morphological ~ diversity of marine |u) A5 2 1 5 233
microorganisms on  ditferent  isolation “Eiﬂ’ ﬂ]“ 8o of 2002. 2002 {EU_V‘!EQM
media o|54, o]FF |Microbiology | 41 | 40:161-165 | (3+%)
N . ARNHBAT 2002 2002 KIsTI
APNE ALY 75 3 2GAA  [olFF a}j ° 5 | wm | @
[solation  and  identification  of A o] &AF . N
biofilm-forming marine bacteria on glass g }EQ ! O} 7§ 5 ournal of 2002. 2002 |3=0AE
surface emerged on the seawater in|°°° P &Y e 4. 715 | 40260-266 B
DaeHo Dike, western side of Korea oY, ol Fw o8y (%)
A simple method for DNA extraction|ey e 7+ o [Journal of .
from marine bacteria that produce o!v 0'07‘332‘(1 Microbiologic 2002 2008 Elze;eé
extracellular materials Liv G, °]-3+ al Methods 711 | 52245250 | (IFRE)
Optimal conditions for the production of ) . )
sulfated  polysaccharide by  marine| %33, 7142 |Biomolecular| 2002 2003 Elsevier
rég(;galga Gyrodinium  impudicum strain | o} | &, o) §-Z |Engineering | 1231 A= | (Mdan)
qEAe B9 B8 2989 Dlang ole o s S
2515 el g0 Bue Bas 3o |ToL CIFFUAAVAA 200, | A0 ) A
A oy A fapct 421 | 8210224 | (3=
ol I 1717 5 o EE
Culture and Identification of }1;:_?] ; ; é}_ Journal of 2003. 2003 |F=opE
bacteria from marine biofilms ot fﬂ’ or%:% Microbiology | 11.30 | 14183188 | (3=
Antiviral  effects  of  sulfated|,; 4 VA 5] . .
exopolysaccharide  from  marine :}?ﬁ ig}’ f’;i‘ Il\s/‘larme 2003. 2004 ?/prlmger
) . . . . oM &, 9]F 2 |Biotechnolo 61795 erlag
microalga Gyrodinium impudicum ol 7dl, 0|52 9.29 17-2 (£ )
strain KGO3 ! o &Y B
Ol A3 14 A} -
2147] Al Rl EAre o) ;};é]g' fi;i?‘i oy | 2008|2003 | A
2 bt A, 5 Gl g 39
22 ua SEERE 01 2003,78-83 | digtyl)
Diversity of symbiotic archaeal oleof ol F| .
commutx}lfities 1}r/1 marine sponges ol %7, wg;} %ﬁg}gﬁcﬁurllagr 20%31‘07' 20 588?304 (Slfggi)
from Korea o]lAF ! =
Ke
. . o . ol g , 170 A y R
Isolation and identification of }1;53 %Z‘ﬁé Engineering | 5004 o7 59047{ BIEN
bacteria from marine biofilms NE = materials ik
= (2004)
Changes of biofilm - forming bacterial |7, A |Marine 2004 Springer
iclcl)nsgu‘i’r:tteyr on acrylic surface emerged 0|94, o|F2 |Biotechnology 2004 gz Y%erozi)g
Simultaneous progress of community |g@44, wWAH : Springer
structure and Ii‘)acterial activity during oi] i %' ;% %]?‘ﬂ I\A/[ciluzzl)t;c' A 2003. . Verlag
the early phase of biofilm formation on| '™ = [VICTODL m R o
acrylic surface in seawater o} ¥4 Ecology (5%)
Rheological properties of emulsifier| 23, 4R 1sevi
EPS-R g;)roduc%d by marine bacterium [QtA]E, o}&EA} Carbohydrate| 2005. =9 Flsevier
A vt Polymer 5. (g g=)
Hahella chejuensis uFA olx g =
Effect of nutrient components on|BAE, WA of General 2003, Microbial.
theproduction of exopolysaccharide by|°]874, T3 jand Applied =3 |Res. Found
marine bacterium Hahella chejuensis kA= Microbiology | 5 Q)
Physicochemical and Rheological B .
Properties of Novel Emulsifier, p-11568 |48 %, 7143, Carbohydrate | 1, =g Elsevier
Produced by Marine Bacterium Altrermonas QY8 &, ©]Z3 |Polymer ’ h MagdE)
sp. strain 005511568

- 29 -




1y

F3E 2}

il

WE AL

(=)

d Al

The properties of exopolysaccharide p-CY36

38, AR, AE,

EU Project Workshop

produced bt marine cyanobacterium oj87 o|F3 Analysis of Single Cells in the | 2002.04.19
Chroococcus sp. 0055-CY36 A%, Marine Phytoplankton (54)
Bacterial number and extracellular enzyme N sio}
activities of biofilm on acrylic surface in sea | @747, vlAH, o)|Z & A 43 O}A}OFE}] °° 2002.04.23
ater sagzes (72
Biofilm-forming bacteria on glasses exposed | #/AA, AW °|AH, A 43} o}Ajo}-e)FH et 02,0423
in sea water ol % w AN EF 83 (1) -
Number and metabolic activity of Int. Symposium on the Genetics
biofilm-forming bacteria on acrylic surface in| @7, WA &, o|TF of Industrial Microorganisms 2002.07.01
sea water GIM) (F=)
Chitinase-producing marine bacteria from o4, 2738, £A8| Int. Symposium on the GIM 2002.07.01
Cheju Island o= (Hga=) o
Biofilm formation by bacteria on acrylic ANA, A4, o]ey 2002 §Hu) Al 2-8}3) | 2002102
surface in seawater o)A ¥, o] & Z2Aeg3] (HEHTR) S
Sustainable use of marine microorganisms  |°|%-7, °|AA, AMNA, 2002 FH=u] 883 2002.10.22
olgw FAGEds (WTUR) o
Optimal conditions fro the production of 2 | 5 = 1ax olas . . _—
sulfated polysaccharide by the marine =8 7"}_°7‘(1' AAE | Marine BIo.teclfmoIogy.‘Basms and 2003.02.25
) . . olEF Applications (3¢}

microalage Gyrodinium impudicum KG03
Diversity of culturable bacteria from early | @717, olf73, #A& 2003 F=UAA B3 2003.05.02
phase of biofilm formation 7AEY, 13 FAgEd3] (AR e
Seasonal progress of biofilm-forming bacteria | AAA, o147, SAE | 2003 o] 4 E - T3] S3.06.76
on acrylic surface in seawater Z7A3, 0|7 (&= o
Novel exopolysaccharide from marine A3, AAA, vFA] 2003 20| ANE - A28 005.06.26
biofilm-forming microorganism ol3dA, MM E, o]T 2 (=) -
Culturable Bacteria Isolated from Natural (ol §74, @474, £33 2003 2o Ps - AF 233 2003.06.26
Marine Biofilms 2EQ, BHAY, oFF (e ) 06.
Hahella chejuensis pigments killing red-tide {933, AR, 97A| 2003 0|2 - FF 333 B0626
microalgae @y, IE 0T (o gral =) 0.
Exopolysaccharide from colorless mutant of |9}43, ZAA, w74 . N

r I s 1 AE . A 23]
Hahella chejuensis strain 96CJ10356 qay, HaE, oga| WP ﬁL:: ffﬂ ;’ IR 1 0626

R Yin, o532 (A=)

Changes of Biofilm-Forming Bacterial bl 3 o . .
Community Composition on Acrylic 3%‘1?’ AR, %7, MéggfeerBeﬁ)cfeec?‘g;l—(;gy 2003.09.23
Surface Emerged in Seawater " =
Algicidal effect of Red Pigment from
the Marine Bacterium Hahella 433, A44, ¥3,| Marine Biotechnology 2008.09.25
chejuensis strain 96CJ10356 on QHAE, ojdA, 0|3 F Conference (J¥) e
Red-tide Microalgae
A novel sulfated polysaccharide
derived from the marine microalgae [4A%, ZAA, 943, . .
Gyrodinium impudicum strain KG03  |GAE, 0|84, EAS, Még‘;‘feerzfcteecgg’)gy 2003.09.25
with immunostimulating activity in o)z F

vitro

- 296 -




Interaction of biofilm-forming bacteria

: o uhA g, A7, e, 2003 SEmA e AR
(fi;l;;r;gti (;(ge early phase of biofilm REE o820 (B0 2003.10.25
Draft genome sequence of Hahella
chejuensis KCTC 2396, an extracellular A8, A4, o] 44,| 2003 A=mQ eI A% 2003.10.25
polysaccharide-producing, algicidal o7 9 x¢1 ZA3&u3 (H3R=) e
marine bacterium
Diversity of marine bacteria isolated |B774, °l7, 7ag, 2003 ASM Biofilm 2003.11.05
from early phase of biofilm formation | %73l %AE ol¥+w Conference (F41}th) e
International Women's
Microbial diversity of marine biofilm |o]{7, AANA, o7 conference on 2003.11.15
BIEN-Technology (H&%=)
Novel emulsifier from marine AR, ARA, vFA, International Women's
microorganism AT, o]F 2 conference on 2003.11.15
it - BIEN-Technology (W] 8t%1)
International Symposium for
Culture and identification of bacteria [o|&-74, AAA, 2733 Marine Biodiversity & 2004.02.19
from marine biofilms A d, ol FF Conservation Ecology :
(EEED)
Isolation of Actinomycetes Associated o International Meeting of the
with Marine Sponge Hymeniacidon ;I}-mfhﬂ;%__jvﬁ w. Microbiological Society of | 2004.05.13
perleve & i Korea ()89 3))
Mutagenesis of Hahella chejuensis
96CJ10356 using EMS & o _ International Meeting of the
Characterization of the jgg’ IO'{" 7%:‘3’ :]] gg’ Microbiological Society of | 2004.05.13
Exopolysaccharide Produced by a e B 2T = Korea (Th3H=%)
Mutant Strain J

- 297



S Py

3

o AETl A4

7

I

S EELEE I

_g]

I8

stReH, o

3

AH Folo] 7w Ado o Jjdx

AHo=Z 2

[¢]

FAAAS Fu

4 A

o

fi
jpred

oy

ol

or

3|

2 A7Ael

ottt

oA

ol thA Tl wet sl

No

Ho

A

NzrEe] HRYYGT ARET. 20028 TEEoAFoR AzE TYE

A &8s MEARE]

Al

o, 4

d

gl

22t vl

.

b mRAAA B3

Yoz ABHLE A
k<)

AU g

=

=
PSS
=

A
g

o AgEel Y By E
ok

BANS d7E F

3 ol A

kil

U A 2 AgA #d a7l

zéul

L
T

o
=

F oA
b =) 4

)
il

©

LA o
AANA 7z Arz FdLE F

H

S

4

o)

Alojut obA Fiole Y=

AT T A8 ATHH, 28A oA
G v AE Jde] &84 o Holoh
A& I

FHAGo 2 HAT Aot AN

A=

o]
T

=
T

B

Ax &3 2

=]
R

- 298 -



B o} RN I
« Solx £94 « http:/ /mamidikordirekr -
CREER, M S PDF U2 AF
cA7polnd AuAE AT Ug, BY A7AR 5
Qo YEGHY, nUEed, 88 59 32 web site 42
AEAE P A - SAAR: 9} 19, A4 3 7
59 =
285 L21C V4% ZEEoAdRdl AAE ARAAEHS 99 13
A uAEE B A7A0] Bela Hahella chejuensisrt A5 0] A3
RN Al APTIRAIEA G SRR Fel B A1FATY 4T
T, AT EF RAVIEELE
L A JENYS] EES B9 S Uuld R ek AuAT B AR
)n P OPES 3E AU agel UE AR AT
Sulole HUE AT gl t 71
C@YAEAE ARG Ans SnAEa 2ol
-8
csge] QTR - TEE] DA ANTENEAIAD 18 ATABALY AT
o REAE 99 2 AR 29919

c 7 A9 o B Ea AT SPARTHATAN Y Meifang
Jin, Wei Zhang Lot S $4B e EAT AF

- % A% FOY Rue Cheling & - 33d#AA aFAges 29

« 23 75¢] Institute of Plasma Physics®] Yin Ruochun ¥HARE APEC
A9 Post doctorZ f-&-FAAF Ao &4

workshop, seminar
2 DEHE 5T
71€89, VISR
5 A% A2YF
=
°

< APECOlA Agstn 2 A& sgdigels 7/jd¥ ‘International
Training Course on Marine Pharmacology, Chemical Products of
Seaweeds & cultural Technology of Seaweeds’e] 4] 3t & uku| A&
o) ol 4Rl tje AR % 7% BT

« AWl A} 7€ EU Project Workshop ’Analysis of Single Cells in
the Marine Phytoplankton’ #4}- sj¥ulAzF £2] widel g 7le
STIASS

- 2Pl ARAHnATA B 17), 27), 371914 HErAE
A o 29

cFOE - 4

A &3¢ joint symposiumE:

ol

%3] 2003

- 299 -







o A e}
o 7“ul
&1 Al 2

A1 H
H 24

El

0i0
o

- 301 -






W

0{0
ol

ol
=)
[\

T 7

gl

A 5 &

J—

=

~
o
%o

4

il 2t [ i
T 2 i
& s B4 1z
tlo - . a
EE \_Q. B ] < .._,m_n o
s g L. A W N B
= - % )
R o | Hw T N % - h
70 pr w %0 ol o - o of ™
S 1 T P S (- A
ol - RO | Mmooy N o = T ox
— ] —_ o >~ T
S TE R e WS % 7 N %0 g
< Z T T OB Ty w_w | T el ® 5 F
\E ﬂ».b ﬂAﬁ w%o o X &o AL, ~— TR = \mmu
R S I O I )
®™r T [y o Aﬂ - X0 T < (22
l — n ;
0 Wﬁ mnﬁ s W mﬁ mﬂ\ mnﬁ @ @u B =%
o PEIRN S W ox I A GRS
T N ol o 0§ % 8 | oo h
I O T P T o i
i _¢_omomomg%rc%c§%wﬂar
e S Il BT - TV R = Ml & oW o9
=) IR H S I~ T " 20
O N R T Am e A
= Zo 20 Z o m|w® oWom 9 = W X om0 ® X
= N P B R R o x = = &
.
X
o onmo 3
ok ° " E
ohy BT s ; "
| = i X Gl mﬁ b
T 2 N Ey T L
G R - %o B
= Br| T B w = 2
S T B 5N o T

- 303 -



s

L= 1N
P

21327 FE W §HA

%

Ho

dA e & AFA A

4qr

Ak AR ELNA o Fof AT vdES

A

&

W

o

tod 288 AYo]

S

gge) £58 9

EoohaR A, AXE

A= 5 Al

g u

i

to] BRI BA A4S v AE Adel 28

o A olth. Hahella chejuensis vl A

T

oy

N E e &8 Aot

o
e
g
0

12 i A ER
2 ZA v

tdel Al&ol Hahella chejuensis7}y 73 = At}. Hahella chejuensis

3]

2:5-_]__

_(1)4

21C " E ZEEAIGDAA vA

25
2y

=3

Hx

te] 20 G EZME

3]

ntet oA &2

=
T

t3lo] By

Fh e} 7% frdA dF Tl 28E AT

7IME ARe

fo=]
54

- 304 -



H 6 &

H1H
H2H
H 3 H
H o4 H

o prlwapHoll M & et

ol 2] otshyj =8 &

APEC 2001 s M ==2i2td

AWI 34

obAlofef = oF o 2t 2F 3t3E] (APMBC 2002)
Marine Biotechnology : Basics and

Applications 3t&l (MBBA 2003)

A 5 A KOSEN A= ¥4

A 6 @ ASM Conference on Biofilm

- 305 -






A6z odpgab™olA =& et
sieutstyl=d

A 13 APEC 2001 s|4AEZTAHNA

2001 109 9wy 23U F3F HEsSuistelAd ‘Marine Pharmacology,
Chemical Products of Seaweeds and Cultural Technology of Seaweeds' &= A F S
2 71898 APEC 2001 slGA2EAAA olf4 A7 M. AFBE
= opag Ao gsng wd AEe FHd wE g FAE gFod e

woF

A QAT RE Azl QoA B, F

ey, gucel, gAel WA, 3
2 wa 5 3 137 eblA 2718 33%(APEC #7HA 21, UNESCO #7h7t 12
Wyl wES B3 22 WA AEF FA% o4 AFE HAY F AN

H
=
rt:]
i
M
fﬁ
fu)
H
re
[y
=
>
o
o
=]
1=}
gé
>
o
2
_%

Zol Wee Fz 9 AT AP B Aoz FFY HFPE AT v

ol #MZFH, vlAZFH, WAE FFol, Y, AE, AAF
100005 olael Nz HFEL & ok 2FlA 01 - 0.2% ol o] FXAL
z 2Egu 293 AFHE 24 YUy FFMAT AFAAE 2
300708 E38]7F 1969-1999d Atelel &L=} gtk ol Fel

A% guZag, gFERE dehle 3sERe] Adso] AgsiEe lead 3%
£ o] &H

Il
A7F MEE I e Folth

11}{1:!
A
A
of
e
ol
2
2
1

s10] %, AEAH, wpolel2 7

-

- 307 -



o}
Y

A4 2

ok
=

7heb71d, 3,

A
.

3|

=7 Fd FEEd=E

3
L i

A z=FIE 7)ol &

oyl 23 Hgel, SR,

=z
nE

o &=

5

o

al

]

[e]

]

& %

o

fucoidan,

kainic acid,

Z]

ok
=l

il

A

d

laminine, domoic acid, phenolic acid % iodotyrosine &<

a3

el

ot
o
N

Bo] 9JoFZ o @Al 0|8 7HA7t

=
=

3} 2},

2 Avud v

=7 o8 A%

3l

~X
o

e

N
"

27,000-30,000%0]1, o}x ZF=o] 9,000-10,000

ot
24

Fe A

}‘\l,

3
AA GzE YAFLS 8,000-10000E0] 7 FHe 5008 Aardch FHbride] AA 4

ZAN B

Al

1,600-2,000=

R

o]

16,000

Qo
| —

Bl
c

N
w

P

i

mh

LI

3 FFE A AAHE

=
[¢]

b 487t

S

ol

)

8 ¥, o, HREos WA A%

7}A

=
-3

A

o
.

Aol G2

2 Ahztct ol AwEo] ol &H Ytk

u
=

kil

Hi
o

o

o

BN

©

Ign A ok A AxFAAM AR

e}

wK

25 80c A

b ged, @4 2 deA Qe

igd

A T

i

B A N AF,

A AE T2 AR AE

AN FE

s

3x
=

|

2 A

I

2H

!

o

- 308 -



o] ottt ZZAA AEFI} oL oz ALEHE AL od@ GAE FpAI oA &
AW ME B AME XN5d7] A9 RReYHeR HxRE AR Sk 218
U A8 24848 A 24 Adsd dgd, 2adsts,

sres Ze AUBHEREC EHuHn Yt olEd F& gHEA=RE

hyperpiesia, hyperglycemia, hyperlipoidemia, sterol 74, anti-bacteria % anti-virus,

g2 A terpenoid, #H&E

anti-tumor =] U }.

4. 5EAE HIHA
AZxBE 90%, vue, vlEY ¢ 5280l TRV Wi TEAIR FEHE
AzA 7187 B4 £t AST F ok @A J AAHLE xR ¥
AL 500008024 1 F =Z4¢ol7t 20,0008 A3t glo] Al

AZboltk, a2 gole SEALE olf B dAgel dist] oW AAE JHHA Sle
28

2
=
i3
o
e
™
ok
+
39
{o
;a
M
o
o
N
o
ofj
WE
R
L

W

l
N
=
_O'Ll‘
)
Ho
>
E}{H
=)
B
2

olstl® 7, Wle, TAlEl, SRR, mA § o8 B AER %
4 gl W A7 A BB Agee B olgds aFad ¥ AL
55 239 2% ol AU FAE AT 5 94k A= A2 LT B3

Akzge AAFUSAN A7 eFAAY NEeTAE F2 Ye AAJelged,
AF AERA AHES 109 74X o4 sty ANk =@ F=aAGUE AP

- 309 -



A Z 35 A} Seabeaudl e HFAHE A
Fo7} 9= 7180 MY HFNEIFFEL wuisty AN AAAHA AAEE 7L

AR Qe WLHZTHAIME DI sz gFFS 2=, THE 5& AASS

2]
§9% A9t A% gHoz BLe AL HWE F AAAT FHAF i okAL
].

w5 704 ool =FFoloM 80

=
zps B2d Suee APeME sz Fd Blste de AFAEe
92 97 Be 48 /8% IA 2F R0l Aevigd ER BAL BF FF

om 2AE AASe A9 FojAlel FACIUW A% okAMTh APEC H7b FolA

WelA 7 A RlE 4B, AEFe olge] R ATV BAY 3F SANM A
7} 29HA0R 88 gesin ol QE BPel B4 A% e okdEel Wk
oo AdgozE P FATLE PES okl A AlA K
2 714 LHYE Qin SongtAE W HA AF 53 selsim oz 3FATE
S5 A% A HAad Aol
A ATAE RS SE FAdl B gesty dvet FAAG A7l Jug <

AT

ot
£
N
=
oft
o
L
rﬂ
r~111

N
o
riu
3
Jo
o,
o
El
m.?_l:
4
%0
o
M
ko)
e
o
c

]

3

A 24 AWI 934

o] & uAlE 20024 4% 14YRE 23U7A =Y Alfred Wegener Institute for
Polar and Marine Research (AWDolA 7A€ EU =ikel] FAstgich o/l A3
& EU AIMS (Automatic Identification for Microbial Systems)¢} EU PICODIV
(Monitoring Biodiversity of Picophytoplakton in Marine Waters)?] A Y& o} 713
H¢len FAE ‘Analysis of Single Cells in the Marine Phytoplankton’ o] $1t}. ¥

- 310 -



¥ J12E vl 2R A% FAY ALe 94 ALHE flow cytometry,
artificial neural network, 18] molecular probe 71¥ 2] 7|12 H& e} & HHE Hj
®
[e]

Ha wd 3" A AtE

it

1. Alfred Wegener Institute for Polar and Marine Research (AWI)

ol IS MAYY dzE= wAY dAFiE F AT AF FAE AT
Y T A7AE S AWL (opu)a FEY. AWI= ‘diF°
ATE A dxy = # A (Alfred L. Wegener, 1880-1930)F 7133} o] Ex)0]
Aed, dzd= wAYE 2009 &L ol A drleds o

?.
ol Felgt A 19309 29V E FF =7 A4S Hd A Id77EE /88

it
%

gt AeAE JFHe2 ATstae e o @5 €%
714! ‘Neumayer’ ¢} 85 77122l 'Koldewey' & B3t 11, ¢ AEF71A7}
A= King George/dell Y9x5t o}=Z &l Ejy} Jubany’' 7 4¢f ‘Dallmann’ A4
3l Qlth. m&F Postdamol] X8 A& A, List/Syltol]l ¢1X]3F Wadden Sea Station,
Helgoland Biological Institute (BAH)7} Y Addl o8] 951 Atk AWIE= 3
A7 ‘Polastern’¥ B3], MY, AFs) F9 #bE FHIE ‘Heincke’, ‘Mya’,
‘Uthoern’ 59 A74E& F8) A AA gy SAdA BHAT d7A45E FH8
I A

AWI BZ& E R 319 ‘Friedrich-Hustedt- Arbeitsplatz fur Diatomeenkunde’s= A
A HdY #AZ2EF TEFAOZ BFEAQ Dr Friedrich Hustedt (1886-1968)0] H A 4=
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3%, T, 5Y, 292, YRS, 0%, d2dd 59 WA 2% 47 AFL %
ofsti, Bk mAlE AFAAA Fstn de WA 27 OFF 4T

FatAaok € A3 E T PlAH 2RE WE

flow cytometry¢}, @viZ % HAFEHE A3 A7 ANEE AY EA% 8T &
AE artificial neural network (ANN) 7%, Z18]3l in situ hybridizationg ©]-& 3}
G ARE WE AT gl FAHET 4 UE molecular probe V&S F5 Ao &
Adeta & 4 vk =3 v fge] A 2/ FgAES Wy 9 dgdTY
S HASHOE 4Ustn HA AF T gofsin ¢og FFIATE T AT

ke BlEE A% 2 F3elen 8 4 Utk

3. Flow cytometry

Flow cytometryt= MX Te 04 AE FH e

d FAE 7bsdtt. Flow cytometrye £ A3t @ A E3 £oF A wl+#
BHASA o] &H ded, A2 vl 2F EFA o WHES HEHn Aok vlA
2HE 352, AIUY, Jt2E=o= F AA FFELS FRska oA B3 4
Aozt Az #3 gl dF NEE TF B4E & Utk o HaAdE Tl
flow cytometry7} X587k A 7]} FFED 24& 2AZ AN 2372
T4 ARA EFAHoR of&Ho fEA wWiE & AT =T Felisa A= e
sthol] A A ANz Uk vlA 2FH 2AHE A5t % VA @
3ol HZ 2o FEF F A& in situ flow cytometryd] B3I HRE AL 5 AN

£

Flow cytometryo]l 33 du|R& HAEdY EHFIHA F 5L Axste 47
9t flow cytometryE 3 23 vA Z2F AT Uz HE PCRE o|§3+9
IDNAE FZ¢ Ave vle TV 2 s A%l flow cytometryZ| ¥ ol AlFE#
A AFE B8t AEAA 2 E44A & 2L O vobrt F Adge AF

2 B4 B0l 7bsaA 2 Aolehn 2R2YA dFd Bk
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4. Artificial neural network (ANN)
ANNE input data7} Zt= JEE 3143} clustering 3 ZHAFE QS o

Fol WejE BEaty o8 +UHAA Wgolth ANNS 2

g FH3for she=d, olvl HZR AEQ  Gymnodinium mikimotoi®}  Alexandrium
tamarense, A3} -2 I FHAHES Fa FA YA Coccolithophorids 5& AFES 2
4 F e F54 o Ak ANNS o] &8 Fe|EFee doz 713 maxn
G FEF THoR AEFE Aol 2y A4 B85 YsiAE FH 97

AEANY BRI AFE Zaades) @ 9 ol AN F5ATI 2aw A

5. Molecular probe

Molecular probe= FZ 5 BEHFT

M
o

TEE 4 9+ rDNA oligonucleotide&

-]

Aste mAERE wE AU FAske Wt o W EFelA A4

&t " (Phylogenetic Taxonomy)oll A|Z A E g7 B ESHS HE

ool AIAAAME A 2R/ ¥ ERTAM AT F 3

= tDNA g33 1DNA AA @718 FolA &3d H2g Folo A% JRE ¢
9

—

< T UM 8 ohlg 5 BRILAMT HdEe did e A E o] 8¢ FISH
& He d& 4 JAh Molecular probedr 7ge &

_\'f?_r
g ol&ste foE SfFRFH P AL ol mA 2Fe o] 7he¥ DNA

Mz gol ZF = Aute] HXH in situ flow cytometryol] F3 #u|F & HE

stel Aol AAezr FHFAQ HolHE £33 F ANN 7oz 2 & e 3

HtHog v 27E AT EFsH, 44 @724 = DNA chipe g #4 3=

A 27E MRS BEsA 2 AeE JdEth dY uA 2759 AT B
k

=
=
F g A RUHEE ¢ oo Az ud B4 91 e $eug
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X% AlF3] 7AEsior & Arleolzta st

Al 38 olrolEHIHY FHFAEFs] (APMBC 2002)

n] 2 slebo] (BEEEF)AA 2002. 4. 21 - 4. 29 Eot BHEAF S} 3T o] FF
Bhate} AN A7do] Tt
37115 vF 9B AW Haruko Takeyama m4=9} Thi} dRojrje] A

g7 47 W] 4@ F8E 455AG. olLeole] Paola Pedroni WAIZHE 4
) QoA B B4R 3 AT OBRE YAsHE flUE0 0P oY AT

ARE QdFstden FFATY AZARnT distd FTS ZASIE Aok
CalBioMarine Technologies 2}A}¢] Dominik Medola BtAle}l &7 sjFFAn|AE o
U4 A g S8l Bt Egstgoy FANAE BUH Tl tistd o2 A
HE IFE53H(Y. MarBeC programel] Fojstar §l AM "rAlEHEE MarBec
programo] A1 2] microalgae @Y 2 tiAlRE ATEIES AEgen AF A
WAL AT RS RS vAEF Y A FrAZA Tl g Alvy
€ LEI}2 st

ofrlol-el B} YR EFE s} FHst shoto] tigtelM HHHE A 43} ofA
ol-e <} AU EFT I J(APMBO)= obrjol-el <} el 7t ATHA
T HIAETTET T F2A, #BNETY, AxFTE, HFH
E A 2 A 59 HobdA H2 A7 2 dFFF A5E € 7 Ue A
t}. APMBC 2002 &3]+ Ea 2001@ AFAARolRey 91lg8 =z Adto vl &
Aol A wet AHA 7 & whd AVIHEAT 1 A T2 JFET I3 Y%
ARA7E 2A E2AERLH o 3o uiE vlu AT BN JAFBHL
U Diversa $o| £33t Jv 73 (M go] oAU v E] g JHu e
71€ Aol MAERAN A7EY) T T VYT Y FERE gtk
ol g3 HHARFE F4HLE T dFAY F2 ERHNOH FEFHo=
4, A 59 A7AFAVE HXHAC SHAEAE S FR B FARAL ol
71 A7 AR Az Ux 2 A5 £3E A8 B gedod FAHsn ey

A%, FRYE, v

L
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o] Ar|Ex Dyt BRI} FAEA AT TAE HE YA AT £FL
mrdoz fudst ¢V dde =45 vk AF d7AEY A 14

2 d3te ZAF A Qe ATASL AF HAdste) ATFTFE sty LR
M 2o anE A Aoz MZARACD. 37] APMBC d&3oE 2003354 YR

A IMBCS} 3HA MAE o Aolct. APMBC ©EO0 2 3l A Hu 7EE I3 ¥HY
T Won vl g4A AFAnEe] wxE Zow ydHn

Al 4 A Marine Biotechnology : Basics and Applica-
tions 33 (MBBA 2003)

259} Qg F Ao} (vheEtAThdA)el A 2003, 2. 23 - 3.2 B AR A=
AF(Industrial session, brain storm)o]] ©]&3F BFAI7} Foq 34T

59 #22o] tighe] P. Fleck vhal, doj@da-Ae&w =22 dshe] T. Koenig ¥1A}
2 g oA EF g 2 AEATER dPddHed A s FEE nBSA
t}. W= )ste] R. Hill, CalBioMarine Technologies # A}l Dominik Medola t
®olA}l, vlolx wiste] W. Mueller W<, Fx3#4%d ojd Eagdvay W
Zhang 359t &7 SlFETACIYE OFg B4 2 S8 Bt EYsRed T4
e By Sol diste] o3 YRE HS5sPch W. Zhang BFE 3374 F
ZHEd dE st radA MHHEE
AL Adstgoer AYrAETEY B4 BHsd 49 F olfF A FE2F
B 2 EaAe] FFAFATI HE 5 F AFETY FAHYD TFEATE A
#7112 sty =9 dR=z3-5t823 thste] G, AntranikianWFo Al FA] w4
B gFASRE 98 Agd vl AHEY 2 oy §
g AEE g5 Hd A SmAz
Blackburn #Fate} 374 AR oAz Fe] did A7 F EAATE AT B dT7E
oko] &3 Aol P ARE YEIAch Add -3 FAFHLZ A
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e AP ® SAMS(The Scottish Association for Marine Science)ol]l <38(w] A|ut
3] 4d¥Y¥@ ECMB(Europian Center of Marine biotechnology)2l AFNE @3 I
Oliver HFA}st 3t ECMB9} KORDIS] MOUE 233}7]2] elstdry. ECMBZo] A
= Fx labE AT gL 23 glow J@Fe $US 53 & 98 dEIA

A E 24 SFAREetE dFe] MOU AZe 712 sk

7 FE wEHden LEHo 4A, 4d 9 dA7Frt FRANG. 1209 &
120 2 1}%0] brain storm3t A7} ¢ academic IEFE =& FEEZY 283}

= e AdAsle 1A PRasel M AFsdm A=k 2 vl
A academic group® companyE ¢Z#|F+= ECMB(Europian Center of Marine
biotechnology)¢ho] MOUE *3Z5te] KORDIS] £5&Ug A7 AFHES FE3E 4

2
4 o golth. KORDIAE MBC2003e] We A7zl 4t Sdd ARNFL
& 9lg Aoz JdEch

Al 5 4 KOSEN A 2824 - 214719 s A4 F

- Marine Biotechnology in the Twenty-first Century Problems, Promise, and

Products Committee on Marine Biotechnology, NRC -
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1. E°i7H9
AT XHAY 70%E i € witke SARG U 2 R MAAE A
stx ok e 714 13 AE AEE d7AE 18T & QAW g A2
HHo 2 F4 200 m7hA], oJH A$E 1,000 m o]FAAE &8 & Utk with)

A3 e AEE SARG dgstth dA7A ¢ BB FFe §44EC]

PERT WA, BRI FAUAG e HFamily)% 2(Ordens) £AL Y
Aol o Bk vl A HHAD Qe AFY FE A% S Qos], 2 che
4o AAE AFE B etk W WADNE UFY YESF AAES Fn e

vith 21718 4otz feldAl YN EL oA 282 F AN

2. A F AEAA HAE =72

u o] Aok — ANEA(New Bioproduct)

HiThE 300,000 F5/ ol4Fe] FAE] MAstE Xolnt olF 3] dF sF=
oA olu] 12,000FF olde] ME L stEAe] FEHY o, Aok $8 EFAEC] A
weln Qo G 1-3). g AEo] Ailde FA EAL QgFd &, dEE
W S Ho A Eel® Fgupolel2A acyclovirst AZT, 89| Ara-C, ¥ FHAA F
2" FAAA  cephalosporinFo]l Utk FElBs]  Ase dF 4%

o

Pseudopterogorgonia elisabethaeo| A &8 3]G 4| pseudopterosink o 1 5 A Z A}
£ 37ts wgid). sk AsolA el hydroxyapitite® Aol A AAoiy A7
o AM8-3t=F FDAOA 3718 Wttt

& EAZ ARY £Zo] A wAA R AsAY FAE viEse] U@
dFeAc g FA7F ALBod 84 9 g2 AEds 28 F As Ao 4
iAo Maste AEEY FRAV B4 gEd, of AN okF, € AR
2 g AP Zavl APE Ao JgHL o 53] B34 1%% gEHe AET
o] #4HA HYF WA EL AEZo
EAS o837 YiME ARAE gAY ALE DZATNA 3 VDS F
Fale s Adsel g} AAALE A&KH R o] ]3] AAMAME A=
stroz gAY, 9d AES wKFA)eAY AED YAl #E8d /AR
g 2439 tE AEA AL 5 Utk
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X1 AEste Y A2 A
Aag 38 FHA
ook g
Ara-A (acyclovir) Antiviral drug (herpes Marine sponge, Cryptotethya cryta
infections)

Ara-C (cytosar-U, cytarabine)

2} £
Okadaic acid

Manoalide
Aequorin

Green fluorescent protein
(GFP)

A4
Vent and Deep Vent DNA

polymerase (New England
BioLabs)

g 2EA

Formulaid (Martek
Biosciences)

ZES

Phycoerythrin

e |
Resilience (Este Lauder)

Anticancer drug (leukemia and

non-Hodgkin's lymphoma)

Phosphatase inhibitor
Phospholipase A2 inhibitor

Bioluminescent calcium
indicator

Reporter gene

Polymerase chain reaction
enzyme

Fatty acids used as additive in

infant formula nutritional
supplement Pigment

Conjugated antibodies used in
ELISAs and flow cytometry

"Marine extract" additive

Marine sponge, Cryptotethya cryta

Dinoflagellate
Marine sponge, Luffariella variabilis

Bioluminescent jellyfish, dequora
victoria

Bioluminescent jellyfish, dequora
victoria

Deep-sea hydrothermal vent
bacterium

Marine microalga

Red algae

Caribbean gorgonian,
Pseudopterogorgia elisabethae

SOURCE: Adapted from Pomponi (1999).
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Marine Source Drug Organism Current Status
Sponge Discodermolide Discodermia dissoluta g(c))vzr:iesr Phase I trials in 2002; licensed to
. . . Licensed to PharmaMar S.A.;in advanced
Isohomo-halichondrin B Lissodendoryx sp. preclinical trials
. . Synthetic derivative licensed to Novartis; in
Bengamide Jaspis sp. clinical trials
. . Derivatives to enter clinical trials in 2002;
Hemiasterlins A & B Cymbastella sp. licensed to Wyeth-Ayerst
Girolline Pseudaxinyssa cantharella Licensedto Rhone Poulenc
In Phase I/II clinical trials in U.S./ Europe;
Bryozoan Bryostatin 1 Bugula neritina U.S. National Cancer Institute (NCI) sponsored
trials
Sea hare Dolastatin 10 Dolabella auricularia g?;sse I clinical trials in U.S; NCI sponsored
. . . . g . Licensed to PharmaMar S.A.; in Phase 11
Tunicate Ecteinascidin 743 Ecteinascidia turbinata clinical trials in Europe and in U.S.
1 g . In Phase II clinical trials; licensed to
Aplidine Aplidium albicans PharmaMar S.A.
Isogranulatimide Didemnum granulatum Licensed to Kinetik, Canada
. . In Phase I clinical trials; licensed to
Gastropod Kahalalide F Elysia rubefescens PharmaMar S.A.
Actinomycete  Thiocoraline Micromonospora marina Licensed to PharmaMar S.A.; in advanced

preclinical trials

SOURCE: Data from David J. Newman, National Cancer Institute, Natural Products Branch, Frederick, Md.

#3850 &E A g HAdE
Marine Source Compounds Potential Uses Reference

Sponge Trachycladus
Sponge Aka

Cyanobacterium Lyngbya
Sponge

Sea whip
Pseudopterogorgia

Sponge Ircinia

Fungus Acremonium
Fungus Acremonium
Natural source

Hydroid

Ascidian
Microorganisms

Natural source
Crinoid

Fungus Phoma
Sponge Cymbastela
Xetospongia, Agelas

Onnamide F atode worm

Kynureninase inhibitors
Serotonin sulfate

Hermitamides A, B
Axisonitrile-3

Pseudopteroxazole

Cheilanthane sesterterpenoids

Oxepinamide
Fumiquinazoline
Polycyclic acridines

Tridentatol A

Lamellarin alpha 20-sulfate
Cyclic depsipeptide
Sansalvemide A
Makaluvamines

Gymnochrome D
Phomactins

Diterpenes and others

Xestospongine B, sceptrine,
age

Antifungal, antinem

Neuroprotectants for use in
AIDS-dementia and stroke

Anticancer
AntiTuberculosis
AntiTuberculosis

Kinase inhibitors, multiple
uses

Antiinflammatory
Antifungal

Drug resistant lung cancer
Antioxidant inhibits LDL

lipid peroxidation (superior to

vitamin E)
AntiHIV virus

AntiPox virus (MCV)

Anticancer
Antidengue virus

Antagonist of platelet
activating factor

Antimalarial

Cystic fibrosis, impotence,
Alzheimer's, cancer

Vuong et al., 2001
Feng et al., 2000

Tan et al., 2000
Knig et al., 2000

Rodriguez et al., 1999

Buchanan et al., 2001

Belofsky et ai., 2000
Belofsky et al., 2000
Stanslas et al., 2000

Johnson et al., 1999

Reddy et al., 1999
Hwang et al., 1999

Matsumoto et al., 1999
Laille et al., 1998

Sugano et al., 1996
Wright et al., 1996
Vassas et al., 1996
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W 3lo] ) Z(indicator species)o] ¥rg-slE 7)oy, FE8EA 9 ANS fdde A
2, gAA 29 Blol He MEE fAxY 24 §& FAHA ARAM & T
ok WA Aol digh WaAs sgsted 2o oA ZAES dAst=HE
SAA ARy @42 F ok w2 slg T FRFAT wiFE HA
AR B3 V1T A A 2

A, wEwe 2 Be A AEde Be %o tdTd T vAEC] 4 it

FAHE Aokl 2L HAFER S sted Tgol 8 Aotk

o AE eAA £421994d AlAE o]F, wF oy XA (Department of Energy,
DOE)9] WAl & A% 3 g7 (Microbial Genome Program)o] 7]Z |7} Ho] FA35}
A Z748ka Uk ANAE ARZEH A2 FAAY BAUALE L6t B9

& Bolold e 2R B & AUTh £ HAAARE el FAAA gL &

32
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AA7E 43 wol kit

= opge 4 Qe Hotel AN AAsE mAaEe] dusel gt
DOE: #@AA FHAFE olsistr] Aal e ©AY A7E ofae AYe
o

itk (1) @A BYAE oNTFF gAY BA% A 715 A
%

- 321 -



o mE RopolN A =xo] B Rolth

A W AEH FAAY
ge Ao 230l AP MATAA AL, dree A% VAT WY
of 94 et o AT AAsY] Asted A BF AFIA WA DNAE F&
3o Q7MY BAS ARSTHANEY RAAW. BNY PINGE NxE 5
FAAE 229 T VEANB, MFHA g ABolN FAT B

=
= =
SAY & Uk o WHE MAHA g EPATIA FYAS vude B

DNA Microarray

Microarray 71%& 07 FEold ofm Ago] 5P Wkl o|PA wgshe

AE AFste 21E BASE 7]&olth. DNA microarrays, 3~ i Ae @
42 gtsssts DNA 2742 #8 gol=y Jug o 22 agd 729
Was 5 P32 5" ANF EAF S AA FAA EH FEe N

)
microarray2 Hl@E 4 itk webd o] WL ¥4 ZUHY, =43l Aok )
o) ZAEe =72 FLY 4 Utk E®I FAAYE A I YEE VELE G
= Qe §AF £39 oS wms=dE DNA microarray’} 82 4 ot
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Asto] TAAQ VAR BlYS QAT 87 wgd A udEY HE, MEL
ArE ot WY BEe Ay, #49 AEA T oFsied Bag T8

4nE e & 9L ol

3. wA v

g delle NEE =A1F 7137 U 9 E 2R
JqAEH AED, 47 FHAY AR AdE FAH &¥ F= A oS AWE
vitkel] A += gtk AAZ AY e 7hedE sl

e B Y AL FEFoE Fg AW vitke 29 HYh

_b' :‘o

r
N

A6 A nIFujAEss] AEU EWHss (ASM Biofilm

Conference)

Aeh (EFohel A 2003. 11. 1 - 11 6 Atojol W@ &3)o) AR A0l
Fogstgat. 9 3= vEv|AESts e R8s o drs JiHE= vg7] 39
24 AgL AE A7Eves FAHE 5553 g Avdzde 4600
o A7} A3t AT AAR A7 FoAES WSS AT FHAL AT EIE
o) ¢ chkst e 9%, X oje, otn 5 g BA FolE T4 F 3t st Aol A
o MET A W 2, JFAYNTA FY, AuAd g AET B R Aorle T A=
ot gE g R AT Eoo M #E g S| FAsAY VI FAde2E vl= EE
iofilm technology center ] Bill Costerton ¥FA}7} biofilm ] &g of] #3F i &
S HEIPen olF £ 7149 23724 2 FFEE} 30009 A 8 posterTE7} AU
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o) conference’s TR} k] FHAEO] TWE Fobol A AN S £5Y 5 A=
Y session® 2 AP o™ HAFTAE F4 02 evening sessionS AP3e FH L1
gl 1S 3 27|79 exhibition? Confocal Microscope A&7 T
workshop& M52 FAS YT 3o e 28 W& ' AEHY 729 715, deY
o EXRAEY HYEY AelH 24, n5AES B AL, ' FPEA,
Ao BB o BT P4 Tog o] A £ conferenced] X HAT = 3
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29 A8 o 2 & Confocal Microscope$} fluorescence-tagged cell (GFP A&7 44 B) <
o] &g biofilm A ¥ ZHE o HAFstE ol 1xF et F% DNA
microarray W& 83 FAHE TEAA Y 2ol 4 T k] AFH o HE HlE
S 59 A7/ AP H 1 U-e-S Bl F A0} Confocal microscoped] -9 o= A= #3174
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microarray 7| 1 &

Ao 9 Fol FEEA AT Uk Evening sessiong F3 A= SAGE

(Serial Analysis of Gene Expression), MPSS (Massive Parallel Signature Sequencing) %5 3
FRATE 24N E 2ARE F Ao 2T ARAV EH o2 4A G5

2 BAFE B ARISS WY 5 QAT B HFHEL A d7E AV FANE

Z719A0 ooz & FAvt ol Fold A T A% FAHE A
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A - o] - MBE - &8 19%. F=A%S {5 Cochlodinium¥ 2 LA 7}
HA A 23] AFEE 2 AZRY, FPFANEY. 2324

stode) - A RS - S9E - ADel - DRE - o] DAL 1998 AT AEAT
g 1. §3 A2 E Cochlodinium polykrikoides A+Z X Micrococcus sp. LG-12)
Hajo} A=xEA. ] Korean Fish. Soc. 31, 767-773.

FIAFATA. 1999, ABAALGEAY (-RFLP)S o] &3 sjFHA2e] ARTA
BEA, slata) kA 4R 1A BSPE 98731-00-1186-3.

Allison, D.G,, C. Sanlose, A. Jaspe, and P. Gilbert. 1998. Extracellular products as
mediators of the formation and detachment of Psuedomonas fluorescence biofilms.
FEMS Microbial. Ecol. 167, 179-184.

Ascencio, F., T.R. Hirst, and T. Wadstrom. 2000. Production and secretion of
collagen-binding proteins from Aeromonas veronii. ]. Appl. Microbiol. 89, 607-616.

Baker, KH., and D.S. Herson. 1978. Interaction between the diatom Thalassiosira
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Environ. Microbiol. 35, 791-796.
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North Sea o0il production facilities using continuous- Flow appartus.
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