PN KBRS KB

B R

pil

(3

g

N
N
A

NN

2008 7% 2 J



AFED F4g EF At H459
MBS 54 24 2L 5§

EEHB FF X%
&k OON IR

e HE HLEBT o= I

p=11)
|

20089 2 &

Ok IS EE MY 3
A0
VSR

—

EINKER: KB

20084  2H



Analysis of Characteristics and Application of
Bacteria in Coastal Sediment at aquaculture

Wastewater Effluence area on Je—ju Island.

Tae-Won Jang
(Supervised by professor Moon-Soo Heo)

A THESIS SUBMITTED IN PARTITAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF SCIENCE

Department of Aquatic Life Medicine
GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY

Feb. 2008



Hr

2!

=
=

Summary

)

A

AL S S S

FYY EFe oY FHEA

.

!

[=o]
K
iz

000, & At T S 47 .

3) =2 (SS)

N
[N}

BLA]
A

9 MARYH TP 2

=

o

% =5

N
Y

s
=0
7K

™

N
[aN]

22

23

3) 16S rRNAE 97|41 <A

24

-45

45

s

=0
7K

™

-45

N

45

X
_ZTI

i)

—



3) Prptease activity S oo 45
4) TPFEE] TR BE] W RS 2 e 46
5 thdEs] mAEe] S5 AR ZA 46
6) AMYIASE ACHVIEY 28 oo 46
) AREG MAE Ba] W RSS2 e 47
) AAEF] mAEL &5 AR =R 47
9) Lipase actiVity 7 oo 47
10) BElTFe Ased EA BAM 43
2 AT D uR ... A e R M o T 50
P T AW e, Q. S0 N 70
A 3 iz y eSS, NS RANN 77



Summary

Aquaculture activities are undergoing a rapid expansion in many parts of
the world, inducing an increasing interest and concern for their potential
impact on coastal marine environments with important management
implications. As a result of this rapidly increasing production, aquaculture
activities might affect the coastal environment in a variety of ways.
Generally, aquaculture impact has been determined in terms of water
column and sediment alterations, as well as changes in the
physico—chemical characteristics and structural properties of the biological
components, and comparing the impacted area with a control site (Carss,
1990). It has been previously demonstrated that organic inputs associated
to fish feeding has a substantial impact on the nutrient load in coastal
areas (Beveridge, 1984; Gowan and Bradbury, 1987). Also fish cultivation
produces large biodeposits of pseuisland-faeces and faeces ( Grenz, 1989),
affecting the quality and quantity of POM available for benthic organisms,
and influencing the nutrient recycling (Baudinet and Kaspar 1993) and
inducing changes on sedimentary organic matter and on associated infaunal
community. In addition ,biodeposits stimulate microbial biomass and
productivity. In marine sediments benthic bacterial biomass is channelled
through protozoan and meiofaunal grazing to higher trophic levels.
Bacteriological monitoring is of great importance especially in aquaculture,
in fact areas suitable for productive purposes must possess optimal quality
levels (Caruso and Del Negro et al, 1993). Consequentially, is important
monitoring and controls of microbiological parameters.

Coastal sediments of aquaculture wastewater enffluence area were
collected at Seoungsan, Wimi, Pyoseon and Daejeoung on Jeju from July to

December 2006. Bacterial distribution plate count samples were investigated



by wviable cell count and species analysis. The cell number of YM agar
was 1.3~3.7<10‘CFU/mL in Seoungsan, 1.9~6.3x10‘CFU/mL in Pyoseon,
1.9~2.7x10'CFU/mL in Wimi, 1.2~5.1x10'CFU/mL in Daejoung. R2A agar
was 3.5x10'~1.54x10° in Seoungsan, 1.4x10'~2.3x10°CFU/mL in Pyoseon,
1.3x10°~5.6x10°CFU/mL in Wimi, 1.4x10’~4.5x10'CFU/mL in Daejoung.
MA agar was 45x10"~15%10°CFU/mL  in Seoungsan, 1.72x10"~
1.62x10°CFU/mL in Pyoseon, 1.5x10'~8.0x10° CFU/mL in Wimi, 3.4x10"~
9.8x10°CFU/mL in Daejoung. NA agar was 9.3x10°~8.4x10'CFU/mL in
Seoungsan, 2.2x10"~6.4x10°CFU/mL in Pyoseon, 2.4x10'~5.1x10°CFU/mL
in  Wimi, 2.2x10'~9.5%10°CFU/mL  in Daejoung. Bacterial distribution
showed that 12  strains, bacillus  spp.(2strains),  Staphylococcus
spp.(2strains),  Streptomyces  sp.(1strain),  Micrococcus  sp.(1strain),
Roseovarius  sp.(Istrain), Acinetobacteria  sp.(1strain), Enterobacter
sp.(Istrain), Psuislandalteromonas spp.(2strains), Tenabaculum sp.(1strain)
in seoungsan. Pyoseon area distributed that 19 strains, Shwanella
spp.(2strain), Vibrio spp.(1strain), Krokinobacter sp.(1strain),
Brevundimonas  sp.(Istrain),  Erythrobacter  sp.(1strain), Jannaschia
sp.(Istrain),  Micrococcus  sp.(Istrain),  Streptomyces  spp.(3strains),
Paenibacillus sp.(1strain), Bacillus spp.(7strains). Wimi area distributed that
12 strains, Staphylococcus sp.(1strain), Salinicoccus sp.(1strain), Bacillus
sp.(Istrain), Streptomyces sp.(1strain), Dietzia sp.(1strain), Micrococcus
sp.(Istrain), Vibrio sp.(I1strain), Alterromonas sp.(1strain), Shewanella
sp.(1strain), Roseovarius sp.(1strain), Tenacibaculum sp.(1strain), Muricauda
sp.(Istrain). Daejoung area distributed that 12 strains, Bacillus
spp.(4strains), Salinicoccus sp.(1strain), Streptomyces sp.(1strain), Vibrio
sp.(1strain), Pseuislandalteromonas spp.(4strains), Tenacibaculum

sp.(1strain).
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o= olgd MAE e 545 w#el= Aol vig Tasit
Proteaset™ &=, A&, WAL & dFE AWAL] Ax oty vhox 25
W, ke AYA 985 sk T3 Zholth Protease= 24 F-9lolA

Z23t= 7]5 7|9 93] serine protease, metal protease(metalloprotease),
aspartic protease, cysteine protease 5o % TFEE AW 2E pHel| u)
acid protease, neutral protease, alkaline protease® +F¥ tHChun. et al.,
2002).
AR A AF, FREHEAY dFEes AAste FHAJIS AEY
of Fz¥ cell-envelope proteinaseo] <JdiA EaEo] oz 7px A7) 9
peptideZ THEO X1 o] E 9] transport systemo] old|A] AEZ = o]FH T
S, AIEY peptidaseEol oA HEafEo] o]&H i Bl ¥ At (Exterkate,
1984; Pritchard et. al., 1993; Smid et. al., 1995, Tan et. al., 1993; Lee et
al., 2002).
AgAHoZ F83 proteaser= WA, Bacillus, %0 % thdd nyERE
FE 2R, HZde MEE ety B84 ol Bt proteaseE AF
HH o R 01%5}71 8 s A welEan Ao
(Godfrey et. al., 1996).
Lipase+<= O}“%ﬂ*ﬂig] 72 dd2Headds 7IeEast
M ES Yt== & Aot} (Jaeger, et. al., 1999). Lipased] 7]
Eafjol X7k wk& o] wep A o]e]o] thiFgt JdAH =S E
= 2% 0}‘43} Oﬂ/\EﬂE ﬂé‘ﬂgl% Eg o
155

S

fr
"
i
P
o
e
il
o

olft = _% ¥

ox %O ol

et A7 o] Fol M th(Jaeger and Eggert, 2002;

Reetz, 2002). 53] Burkholderia cepacia(formerly Psudomonas cepacia)”’} A

2ol lipasew T84 E 3 v48A SAAAM 4% 2484 S YERY o
biocatalyst® A ¢] o] &7t5Ad o] ZthE il A tHOtero et. al., 2005).
Glucose g9 starch= 7H 4 ol 8= AEAY w©HFIERA

amylasex ©]#] 3t starchE® #alslE= T4 olth. Amylase:™ a-amylase, f3
—amylase, glucoamylase®} isoamylase®(Gerrenwood et. al., 1962; Whwlan
1965, Wayne 1965) ZA &% 4 d+=d a-amylase(endo-amylase)+
amylosett amylopectin®] a-1423%S F2=Z 785t dextring 34



31l a—amylase®] AlZA <l #Zgo] 23] maltose, maltotriose, maltotetraose
59| oligosaccharideE @43 5 glucose$t maltose® alsh= Eaolth B
-amylase(exo—amylase)= starch®] H| &4 TFOoZHE maltose ©=E
ZhrEdlste SAEA o 1,62%S EXFstE A dextring A
Gluconamylase= starchell 2}&3}o] amylose®} amylopectin®] a-14, a-1,6
AS 7FEE5te] glucoseE A= 93a4olH, isoamylases starch
9] a-16 AN 283= T Aot} (John et. al, 1963; Kung et. al, 1953;
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Fig 1. A map showing the sampling station on Jeju island.
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Fig.11. Salinity change of aquaculture waste water at different

sampling time on Jeju island.
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Fig.13. Temperature change of aquaculture waste water at different
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9.8x10°CFU/mL &2 =2 MAF B¥xE B
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A5, e AL 2 wre Aol 9o FAAG] A 64x10°
CFU/mL, ¢vA9l A$ 51x10° CFU/mL, hAAL A< 95<10°
CFU/mLe® 714 =& AAGF 2XE ngou A A9 84x10
CFU/mL2.& 849
A5 F 893 99l T we
AtE e, 42719 1147 129+
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Fig. 18. Bacterial cell count of coastal sediment at aquaculture

wastewater effluence area on YM from July 2006 to December 2006.
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Fig. 19. Bacterial cell count of coastal sediment at aquaculture

wastewater effluence area on R2A from July 2006 to December 2006.
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Fig. 20. Bacterial cell count of coastal sediment at aquaculture

wastewater effluence area on MA from July 2006 to December 2006.
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Fig. 21. Bacterial cell count of coastal sediment at aquaculture

wastewater effluence area on NA from July 2006 to December 2006.
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Fig. 22. Vertical distribution of bacteria in coastal sediment at

aquaculture wastewater effluence area at Seongsan, Jeju island(R2A).
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Fig.23. Vertical distribution of bacteria in coastal sediment at

aquaculture wastewater effluence area at Seongsan, Jeju island(NA).
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Fig.24. Vertical distribution of bacteria in coastal sediment at

aquaculture wastewater effluence area at Seongsan, Jeju island(MA).
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Fig.26. Vertical distribution of bacteria in coastal sediment
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at aquaculture wastewater effluence area at Pyoseon, Jeju island(R2A).
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Fig.27. Vertical distribution of bacteria in coastal sediment

at aquaculture wastewater effluence area at Pyoseon, Jeju island(NA).
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Fig.28. Vertical distribution of bacteria in coastal sediment

at aquaculture wastewater effluence area at Pyoseon, Jeju island(MA).
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Fig.29. Vertical distribution of bacteria in coastal sediment

at aquaculture wastewater effluence area at Pyoseon, Jeju island(YM).
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Fig.30. Vertical distribution of bacteria in coastal sediment

o g

at aquaculture wastewater effluence area at Wimi, Jeju island(R2A).
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Fig.31. Vertical distribution of bacteria in coastal sediment

at aquaculture wastewater effluence area at Wimi, Jeju island(NA).
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Fig.32. Vertical distribution of bacteria in coastal sediment

at aquaculture wastewater effluence area at Wimi, Jeju island(MA).
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Fig.33. Vertical distribution of bacteria in coastal sediment

at aquaculture wastewater effluence area at Wimi, Jeju island(YM)
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Fig. 34. Vertical distribution of bacteria in coastal sediment at

aquaculture wastewater effluence area at Daejeoung, Jeju island(R2A).
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Fig. 35. Vertical distribution of bacteria in coastal sediment at

aquaculture wastewater effluence area at Daejeoung, Jeju island(NA).
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Fig. 36. Vertical distribution of bacteria in coastal sediment at

& 8

aquaculture wastewater effluence area at Daejeoung, Jeju island(MA).
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Fig. 37. Vertical distribution of bacteria in coastal sediment at

aquaculture wastewater effluence area at Daejeoung, Jeju island(YM).
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3) 165 IRNAZ 714 A R4S o 88 nAaE 4 14

i

AEe] Fol #HAd AFAldl= Fejshs, =84, AT, AEx15H4
MNEES] 534 18 & &3l EFstodor vk 53] vA=9 £ FdH
ALl AT Al F JAIAAEE A 2] V2GS F8% v, mAE
o AF dATTY FAME Tl S FAHAAE FESHA o vAE
T ATFE MAEY g 2 FHY Fx ol do] wg T8F 9T
= st HZdde PR A YA AE ot Fo ERT S ¥
obstar Qtf. ol Y EAAFGTEFTS A 2Qle] JFgFS wx o
Aol B5F 7199 Database3}l”7} 23 Hof| 7]Qlskc}

BEAAGEFSE AdFe EFUHS ribosomes TAsE RNA F3xb

(5S, 16S % 23S rRNA), @S A= [F2 A2 DNA (recA, gyrB,
FF3lt} o] & ribosomeS TA 3+ RNA

(RNA)9 7148 & 93 BE3r 1314 FaAdAY d725H 4

Ay BF 7|Fo] HAFEHJA oW =3 16S rRNAE codingdtE DNA 7]
MEE SARES AT A& 54 AT /7oA w9 F&83 By
o2 #8531 g9lor o3t 16S rRNA F3AS o] &3 W FHoza =
RE Ao EA8 1 FHdA ALl variable region® conserved region©]
EAst #EFY FARAE FGF £ Qo 53] 199749 V|Eo=E of
3600F 2] 52l 97| Lol Databasedt Ho] i w2 £ %2 Database9
3 o] o]Folx mA el o] FAg frestt

A Ao EFetelAe] T AHoe ek A (FHETA, A 54
) Hol= MAES Hd, 16S rRNA gene f71A 4 7F 97% o] A}

A (Stackebrandt & Goebel, 1994), Genomic species:
Genome 7t 70 % ©]4¢] FAIEE Kol Ho (Wayne et al, 19979 7 ¢
It o2 FUFSE AT

2= Aol 20061 77129 A4l A, |, i A e wiEs A
ek BAZA EEE AT =
ol Estel oF 130dTE AHEst
| 98] F=%F genomic DNAS PCRS £3a Z%3s19tt. 9oz PCRAHE
T 494 714 (700 basepair) °©]/de] @7|Ado] gx
NCBI BLAST Z2Za3l& o] &ste] Asds &2l
T Aol o] &3t

Aol wjEs Aot HAISCAME 9 FHTol FlEer

N

f
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Bacillus spp., Staphylococcus spp., Streptomyces alibidoflavus, Micrococcus
luteus, Roseovarius crassostreae, Acinetobacter junii, FEnterobacter
intermedius, Pseudoalteromonas spp., Tenacibaculum aestuarii ©] )t}

Bacillus sp. group®l+= Bacillus pumilus, Bacillus subtilis® 221 % o™
B g7l A BEEY B, f714 dad T AEA BES ARA
Ed=2 Fdsie 939 @4 N, PE A A(Kim, 1993)st= Ao=2 d# Mo
Pseudoalteromonas  sp. group®l+= P.mariniglutinosa, P. pzsczczda
P flavipulchra7} &A= A1 B, & Fol A4 & - A&5Fd A4 EZ
S BEjsle % EaA= 1007 ol F7]ES 9]
Hafjol  @olstel  HEtHF Ao f{F&sHA o]
Streptomyces albidoflavus®] 73 %-
o9, &das, 7714 ok x4
2 8 Ae

1 9] %d%oii -9 st ol 2
(BIO-P)°l| ©]&% 3= Actinetobacter junii, |WH3I} ZZFHAAA HAx=
o] cellulose, agar, chitin¥} < L&A E2& HEasts Aoz HI
Tenacibaculum aestuarii, A% =S 42 Al7]3 Trichloroethylene}
HEAAd fFrIstRES EEal(Kim. 1997)3te Aoz I A

Micrococcus luteus, W A%< Enterobacter intermedius, Roseovarius

E#ﬂl{
(il

oo i

e oo ofo

B o

=% >{E

g B o

fo o2 oo

I I
x B o

AURNDURESSS

& 2

M o

*wr o N

>i
o

ol

O o = A oox

omd

crasso, Staphylococcus arlettae, Staphylococcus haemolyticus 5°) A& 5
t}.

AR wiEF Ad HAZAAE 10709 Tl FAHAoH
Bacillus  spp., Streptomyces spp., Shewanella spp., Vibrio spp.,
Krokinobacter genikus, Brevundimonas vesicularis, Erythrobacter vulgaris,
Jannaschia cystaugens, Micrococcus luteus, Paenibacillus sp. ©] 21t}

Vibrio sp.©= 8ol AEste] sl 55 Mo HolA 583 AAE A
A sli=  AMirEFolY  Bacillus sp. groupolE B.cereus, B.thuringiensis,
B.horikoshii, B. megaterium, B.aquimaris, B.malacitensis, B.pumilus,
B.icheniformis® &<l % At} Shewanella sp. group®l+= Shewanella
colwelliana, Shewanella pneumatophori 7} &l glon oty 2 H”\V‘qu
Ao §&5 S Histe Aoz ¥ Y. Brevundimonas vesicularis®] 73
g el gHrd #Hao AHgeel ¢ Adoem Iy 1 ﬂoﬂ
Streptomyces  sp. group®|  Streptomyces  sodiiphilus, Streptomyces

ginsengisoli, Streptomyces glomeroaurantiacus <} Krokinobacter genikus,
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Erythrobacter vulgaris, Jannaschia cystaugens, Micrococcus luteus,
Paenibacillus sp.5°] %% AT},

AujA el At wiES HAZAAE MARFE A= sl o] A
S A (Song, 1999)sF+=t] &3ttt 42 Alteromonas litorea,
Vibrio spp. Staphylococcus sohnii, Bacillus baekryungensis, Salinicoccus
roseus, Streptomyces roseochromogenus, Dietzia maris, Micrococcus
luteus, Shewanella pacifica, Roseovarius pelophilus, Tenacibaculum
gallaicum, Muricauda aquimarinas ©] 78522 YEGT

AR Ae] Ak wiESF HAZFo|ME Bacillus spp. group®l Bacillus
polyfermenticus, Bacillus subtilis, Bacillus horikoshii, Bacillus megaterium
°} Pseudoalteromonas Sp. group®! P.spongiae, P.haloplanktis,
P.byunsanensis, P.mariniglutino’t &1¥low, = o= Vibrio spp.,
Salinicoccus marinus, Streptomyces olivaceus, Tenacibaculum mesophilum

o $AFOR Ve
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100 [Baciﬂns pumilus
100 Bacillus subtilis

Staphylococcus arlettae
; L= .
100 = Staphylococeus haemoly ticeus
Streptomyees albidoflavus
10 b—uw Mierocoeens lnteus

Roseorvarius erassostredae

Acinetobacter junii
Enterobacter intermedins

X Pseudoalteromonas ilavipulehra
_muE-Pseudoaltemmonas marinigintinosa

Tenacibaenhun aestuarii

005

Fig. 38. Phyolgenetic tree based on 16S rDNA sequences comparing
1solated strains from Seongsan coastal sediment, Jeju—do. DNA distance

were established by using the neighbor-joining method.
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100 —Shewanella colwelliana
100 |

Shewanella pneumatophori

95

Vibrio sp.
9 Krokinobaeter genikus

Brevundimonas vesicularis
w| [ Erythrebaecter vulgaris

e Jannaschia eystangens
Mierocoecus lutens

Streptomyces sodiiphilns
100 -I—_Sl‘reptomymx ginsengisoli
&7 —Streptomyeces glomeroaurantiacus

100

Paenibacillus sp.

—— Bacillus eereus

y —— Bacillus horikoshii
99

100

—— Bacillus megaterinum

3 Bacillus aquimaris
R Bacillus malacitensis
ST‘EBMJ'HM pumilus

66 Bacillus lieheniformis

—
00s

Fig. 39. Phyolgenetic tree based on 16S rDNA sequences comparing
isolated strains from Pyoseon costal sediment, Jeju—do. DNA distance

were established by using the neighbor-joining method.
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74 [~ Staphylococcns cohnii

100 ke Salinicocens roseus

97 —  Bacillus baekryungensis
Streptomyces
56 100 _‘—lh'clfzfa maris
90— Mlierococeus lutens

Vibrio sp.

100 Alteromonas litorea

— Shewanella pacifica

100 Roseovarius pelophilus
Tenacibaculum gallaicum
100 Muricanda agquimarina
— |
005

Fig. 40. Phyolgenetic tree based on 16S rDNA sequences comparing
1solated strain from Wimi coastal sediment. DNA distance were

established by using the neighbor-joining method.
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100 rBacillus polyfermenticus
9% Bacillus subtilis

——Bacillus horikoshii

3} b Bxecilles mmegateriem

%

Salinicocens marinus

Streptomyces solivaceus

Vibrio sp.

—— Psudoalteromeonas spongiae

P Psudoalteromeonas haloplanktis
1

" Psudoalteromonas byunsanensis

{3 b—=Psnudoalteromonas mariniglutine

Tenacibaculum mesophilum

0,05

Fig. 41. Phyolgenetic tree based on 16S rDNA sequences comparing
1solated strains from Daejeoung coastal sediment. DNA distance were

established by using the neighbor—joining method.
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1 HE U
FAA NES At HAZNN FHRAL Bete] R MATL o] 8]
271e] A B

DG el MAE Be 9 Bas 24

E2 Wd BHairE A e vFS 2T HHoR Aok EHFA
2 2000 & o] &5t @A Hals 54 Ayl o] &35t
BoA% ol g skim milk agar YA (skim milk 5g/L, bacto tryptone

10g/L, yeast extract 5g/L, bacto agar 15g/L)E WHird|l+S o] &3to] A Z3%+
T, 2t Zte] RBEld #FS WFelE ol &3t =Wl 25T E 48X MY
3to], extracellular proteaseo <3l Esl=o] ¥ T3 (Clear zone or
halo)& Hole #FE FEsle] & AT o] &3t Fg 2 39 2y
S 93l "irE glycerol stock solutione Alg&3sle] WE mHAsgow, 2

2 extracellular protease?] &4 FA= 9] skim milk B Aol A Alt] vk
StHA A3 AF&3FS o

(OBl |

AWE FF5 MB broth(Difco, USA)o wiF 5 2z} zte] A zigid =z wj %k
e ]

=
sto] RYFEAE o] %, 660nme A HFEE St

A ¥ = MB broth(Difco, USA)o|] wjF & A
12,000rpmol A 33 LA E2fdto] dsds 2aAaq 0w AR
w28 T protease &AL Anson WHES WIsIo =

Ins., 1990). =, & Ao 71AZ Azocaseing 50Tl A 10%7F WA 7] a1,
044M TCAE #H7bstoe] Rbg& BAAZ F A4EY F Folin A %S 7t
T arAA A 660nmell M FHEE 1

==
] =
| 1% &< 1pg9 tyrosines AT W& luite =2 st T
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= Tl e} -
TolE ol §3ste] =slal, 25TCTE 4821 i gst & wiAo] IM8 =& dS
Hojrey] Hio] 7pgERajE o] FwW3k(Clear zone or halo)& HolE #F=
w2 ste] B Ao o] &Frh. I B Aol HIS sl Wid
glycerol stock solutiong AF&3ste] Wes Ry om AL AEd s
GAFAE 93] 1% soluble starch7} A 7FEl NAujA] oA At wjgEsHA
Ao o] &35t
5 &3 P =252l A% =4
AHE 55 MB broth(Difco, USA)o| weF & ZF ZFo] A7t 2 w|Qf
e ImLE A3 EFFEAE &, 660nmoA FFEE S5 T

6) Amylase activity =74

AEE 75 MB broth(Difco, USA)el wld 5, Atz wjdd s
12,000rpmeoll A 31F Al g st deds ZaAaHo R AFGSHAH
% 779 amylase 84 1% soluble starch 0.1mLel] Z& A9 0.1mL
5 ¥aL 37CelA 531 vh&AIZl 5= A E sl d S DNSH(Miller, 1959)=
HEP3te] 700nmol A FFEANA FallsS 43T
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7 AARE AE e % Edlle 53

22 AF FHELE WAt TF S 28T HHOE A HAZA &
g ¥ 2000 & o) gstd AA e A
2= AE B 1% 8B 29 0.001% Rhodamin B(Slgma USA)E A7}
3l NA(Nutrient Agar, Difco)®l A S " al+S o] &ate] A =3 & 7719
HEE #FS WagolE ol &ste] mwdstal, 25Tl 48A1%F v

Zo Agd F2Y FH @AM Z(plaque)S 33}% Ein

o3

8) x]zﬂdoH u]xg ] _Eﬂeﬂ X] A ;'2_24

MB broth(Difco, USA)ell ¥l & 2z} Zto] A|ZtiE =2 w| <
q

=
= =
0% ImLE Fote] RAFEAE o4, 660nmolH YFEE ek

9) lipase activity =%

AEE 755 MB broth(Difco, USA)o] ®iY & A7t s wjgds
12,000rpmell Al 33t A E e eto] Feds £aiHer ALgsilen, 7]
A3 AsHE p-nitrophenol(pNP)o] & 4o 93] Faus 4SS F3x9 W3
2 =43} microplate assay W (Ryu et. al., 2006) .2 =73} t}.
Microplate assay+ p-nitrophenyl-ester(pNP-ester)S 7| 2 &2 A}-&

¥+  p-nitrophenol®] %<& v‘f—ﬂﬂ‘:ﬁlé‘ o] &3k 405nmol A9 TH % =71
o7 =AATY. 4o FAE a9 100ule] 18 ot 1ugd tyrosines
At = Quite 2 &9t
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10) #e@7e] YoeH 54 B

BT A 54 BAE 3%Z KOHE o] &3te toladsAS
3l % BiologAHBiolog Inc., USA)2] GN2(Table 1), GP2 Plate(Table 2)& ©]
gatel 957k e 1ol g Heolde A@stglem, #4992  MicroLog™
system(release 4.05) program= ©] &3} %t}

T4 B8%¥ 775 BUGM(Biolog Inc., USA) AFHE|R| o] HF 3l 30Tl
A 48417 Hjek 3 & FEslo] EFEA(Biolog 21907, USA)E o] &3lo] #5
et A7 GPe B 20%, GNO| 4§ 52~59%7F HE=s =43 F
GP29} GN2 Micro plate®] z} wellell 150uL2 HE3F & 30T A 2447+ i
¥ 5T BPAS A= wellS Yoz A

olw] &erole Nacl 150g, MgCl - 6H,0 51g, KCl 3.7¢S ZF 912mLdl s
=91 MCS stock solution(Noble and Gow, 1998)S =F<= 108 A3 &
A atsto] AR5
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Table 1. Parameter of biochemical

characteristics by GP2 Micro Plate.

Ad AZ A3 Ad A5 Al AT A A9 A0 Al Al2
Water a-Cyclodextrin | B-Cyclodextrin | Dextrin Glycogen Inulin Mannan Tween 40 Tween 80 N-Acetyl-D- N-Acetyl-B-D- | Amygdalin
Glucosamine Mannosamine
B1 B2 B3 B4 B5 B BT B& B9 B10 B11 B12
L-Arabinose D-Arabitol Arbutin D-Cellobiose D-Fructose L-Fucose D-Galactose D-Galacturonic | Gentichiose D-Gluconic a-D-Glucose m-Inesitol
Acid Acid
c1 cz C3 c4 Ch Ca Cc7 ca c9 c10 c11 c12
o-D-Lactose Lactulose Maltose Maltotriose D-Mannitol D-Mannose D-Melezitose D-Melibiose a-Methyl-D- B-Methyl-D- 3-Methyl ct-Methyl-D-
Galactoside Galactoside Glucose Glucoside
D1 o2 D3 D4 D5 D& D7 Da D9 D10 D14 D12
B-Methyl-D- c-Methyl-D- Palatinose D-Psicose D-Raffinose L-Rhamnose D-Ribose Salicin Sedoheptulogan | D-Sorbitol Stachyose Sucrose
Glucoside Mannoside
E1 E2 E3 E4 ES EG E7 Ed E9 E10 E11 E12
D-Tagatose D-Trehalose Turanose Kylitol D-Xylose Acetic Acid o- B- - p-Hydroxy- - o-
Hydroxybutyric |Hydroxybutyric |Hydroxybutyric | Phenylacetic Ketoglutaric Ketovaleric
Acid Acid Acid Acid Acid Acid
F1 F2 F3 F4 F5 Fi F7 F& Fa F10 F11 F12
Lactamide D-Lactic Acid L-Lactic D-Malic L-Malic Pyruvatic Acid | Succinic Acid | Propionic Pyruvic Succinamic Succinic N-Acetyl-L-
Methyl Ester Acid Acid Acid Methyl Ester Mono-methy Acid Acid Acid Acid Glutamic
Ester Acid
1 G2 G3 G4 G5 GG GT (=11 Ga G10 G11 G12
L-Alaninamide |D-Alanine L-Alanine L-Alanyl- L-Asparagine L-Glutamic Glycyl-L- L-Pyroglutamic |L-Serine Putrescine 2,3-Butanediol | Glycerol
Glycine Acid Glutamic Acid
Acid
H1 H2 H3 H4 H5 H& HT Ha HY H10 H11 H1i2
Adenosine 2" -Deoxy Inosine Thymidine Uridine Adenosine-5'- Thymidine-5"- Uridine-5"- D-Fructose-6- e-D-Glucose- D-Glucose- D-L-a-Glyceral
Adenosine Monophosphate | Monophosphate| Monophosphate| Phosphate 1-Phosphate 6-Phosphate Phosphate
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.
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Fig.42. Photos of protease producing bacteria by using skim milk agar plates.
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Fig. 43. Effect of temperature in Marine broth medium
on the cell growth of SK-2..
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Fig. 43. Effect of temperature in Marine broth medium
on the cell growth of SK-125..
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3hr Bhr 12hr 24hr 48hr 72hr 96hr
Time(hr)

Fig. 44. Effect of temperature on bacterial growth and activity SK-2 produced
enzyme by the 96hr culture in Marine Broth.
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Fig. 45. Effect of temperature on bacterial growth and activity SK-125
produced enzyme by the 96hr culture in Marine Broth.

_53_



Table 2. Biochemical characteristics of

isolation strain tested by BIOLOG(SK-2)

Al Al A4 AS Ag AT AR A3 A0 Al Ai2
Water a-Cyclodesxtrin  |p-Cyoledextrin  |Dextrin Glycogen Imulin Mannan Tween 40 Tween 80 M-Acetyi-p-D- | Amygdalin
Glucosamine |Mannosamine
+ T T T 2=
ED B2 B3 B4 BS = B7 B8 B9 Ly - E T Bl Bi2
L-Arabinose D-Arabstod Arbastin D-Cellobiose D-Fructose L Fucaose D-Galactose D-Galacturonic | Gentiobiose D-Gluconic a-D-Glucose m-nositol
Acid Acid
[H] [+] [ [ [ CE Cc7 [+] c10 C11 c12
=-D-Lactose Lactulose Maltose Maltotriose D=Mannitol Ci-Mannose D-bleleritose D-Melibicse a-Methyl -D- BE-Methy-D- 3-Methyl a-Mathyl-D-
Galactoside Galactoside Glueose Glucoside
[+]] (1] 03 D4 DS [ o7 [+7] [aF] (W R[] [+ [i]H
B-Mathyl -0 a-Methyl-D- Palatinose D-Fsicoses D-Raffinoss L -Rhamnose D-Ribose Salicin Sedoheptulos.an | D-5orbitol Stachyose Sucrose
Glucoside Mannoside
E1 E2 E3 Ed ES E& ET EB E3 E10 E1 El12
D-Tagatose D-Trehalose Turanose Xl it D-Xylose Picatice Acid - B- * =~ -
Hydrosybutyric |Hydrosybutyric | Hydrosybutyric | Phenylacetic  (Metoglutaric Ketovaleric
+ + Acid cid Acid Acid Acid i +
F1 F2 F3 F4 F3 F& F7 Fa F3 F10 F11 Fi2
Lactamide D-Laetic Acid  |L-Lactic D-Malic L-Malic Pyruwatic Acid | Succinic Acid |Propionic Pyruvie Succinamic Suecinic N-Acetyl-L-
Methyl Ester Acid Acad Acid Methyl Ester Mang-methyd Acid Agid Acid Acid Glutamsc
Gl G2 G3 G4 G3 [£]] Gr [ET] 58 G10 G1 G12
L-Alaminamide |D-Alanine L-Alanine L-Alanyl - L-Asparagine |L-Glutamic Glyeyd- L- L-Pyrogiutamic |L-Serine Putrescine 2. 3-Butanediol | Glycerol
Glycine Acid Glutamic BAcid
+ + Acid
H1 HZ H3 H4 H3 HE H7 HE — H3 H10 H11 H12
Adenosine 2 Deoxy Inosine Thymidine Uridine Adenosine-5- | Thymidine-5- | Undine-5"- D-Fructose-6- a-D-Glusose- |D-Glucose- DL -w-Glyserol
Adenosine Monophosphate) Monophos phate| Mon opho sphate| Fhosphate 1-Fhosphate G-Fhosphate Fhosphate
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Table 3. Biochemical characteristics of isolation strain tested by BIOLOG(SK-125)

Al A2 Al A4 AS AG AT AR A A0 Al A2
Water a-Cyclodestnn  |p-Cycledexirin  |Dextnin Glycogen Inulin Mannan Tween 40 Tween 80 M-Acetyl-§-D- n
Glucosamine |Mannosamine
B1 B2 g3 B4 [-H] Bt v Be B10 B11 B12
L-Arabinose D-Arabited Arbatin D-Cellobiose D-Fructose L-Fucose D-Galactose D-Galacturonic | Gentiobiose D-Gluconic a-D-Glucose rmHinosital
Acid Acid
[H] [#] [=] C4 (o] CB c7 [¥] cs c10 C11 c12
a-D-Lactose Lactulose Maltose Maltotriose D-Mannitol O-Mannose D-Melezitose D-Melibicse a-Methyd -0- B-Methy-D- 3-Methyl a-Methyl-D-
Galastosids Galactoside Glueoce Glusasids
[+]] (1] 03 D4 [+ 1] o7 []] o] R[] [+1E] biZ
B-Matihgl -0 a-Methyl-0- Palatinose D-Psicose D-Raffinose L -Rhamnose D-Ribose Salicin Sedoheptulos.an| D-Sorbitol Stachyose Sucrose
Glusoside Mannosice
E1 E2 E3 Ed ES E& Er EB =] E1D E11 El12
D-Tagatose D-Trehalose Turanose Xylitol D-Xylose Pcetic Acid a- B- * =- -
Hydrowybutyric |Hydrosybutyric | Hydresybutyric | Phenylacetic  |Hetoglutanc Ketovaleric
+ Acid Acid Acid Acid Acid Acid
Fi F2 F3 Fd F3 F& FT F8 F3 F10 Fi1 Fi2
Lactarmide D-Laetic Acid |L-Lactic D-Malic L-Maliz Pyruvatic Acid | Succinic Acid | Propionic Pyruvic Succinamiz Sueeinic M-Acety-L-
Methyl Ester Bcid Acid Acid Methyl Ester Mong-methyd Acid Acid Acid Bcid Glutarmsc
+ Ester Acad
(&1 Ga [£E] [T [EE] =6 GT GE S G0 11 G2
L-Alaninamide |D-Alanine L-Alanine L-Alanyl - L-Asparagine |L-Glutamic Glyeyd- L- L-Pyroglutamic |L-Serine Putrescine 2.3-Butanediol | Glycerol
Gilycine i Glutamic Acid
+ + B +
H1 H2 H3 L. Ha HE 1 HT HE Ha H10 H11 H12
Adenosine & -Deaxy Inosine Thymidine Undine Adenosine-3- | Thymidine-5-  |Undine-5"- D-Fructose-6- a-D-Glucose- |D-Glucose- DL -m-Glyserol
Adenosine Monophosphate| Monophos phate | Monophosphate| Phosphate 1-Phosphate G-Fhosphate Phosphate
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Fig.46. Photos of protease producing bacteria by using skim milk agar plates.
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Fig. 47. Effect of temperature in Marine broth medium
on the cell growth of ST-63.

MR oo

Relative Cell Growth
1 e
P o o O

(=]
ra

24 hr
Time(hr)

480 Fehr ggmr

Fig. 48. Effect of temperature in Marine broth medium
on the cell growth of ST-140..
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Fig. 49. Effect of temperature in Marine broth medium
on the cell growth of ST-194.
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Fig. 50. Effect of temperature on bacterial growth and activity ST-63
produced enzyme by the 96hr culture in Marine Broth.
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Fig. 51. Effect of temperature on bacterial growth and activity ST-140
produced enzyme by the 96hr culture in Marine Broth.
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Fig. 52. Effect of temperature on bacterial growth and activity ST-194
produced enzyme by the 96hr culture in Marine Broth.
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Table 4. Biochemical characteristics of isolation strain tested by BIOLOG (ST-63)

Al Al Al AL AS AE AT AE A0 Al A2
‘Water w-Cyclodextrnin  |p-Cyclodexdrin | Dextrin Glycogen Inulin Mannan Tween 40 Tween 80 M-Acetyl-p-D- | Amygdalin
Glucosamine | Mannosamine
B1 B2 [:X] B4 B85 =] B7 1] B9 B10 B11 Bi12
L-Arabinose D-Arabital Acrbustin D-Cellobiose  |D-Fructose LFucase D-Galactose E;‘:;Iauturmic- Gentiobi ose mmﬂumiﬁ w-D-Glucose mHnositol
[H] [%] [=] C4 [+] (¥ ] c7 [=:] [¥:] C10 (S]] c12
=-D-Lactose Lactulose Maltose Maltotriose D-Mannitol D-Mannose O-Medezitose D-Melibiocse a-Methyl -D- B-Methyl-D- S-Methyl a-Methyl-D-
Galasteside Galastaside Glueose Glusaside
[+]] [aF] [F] D4 [*H] 313 o7 [+1] [«F] o0 D1 [1]F]
B-Maiind -0- a-Methyl-D- Palatinose D-Psicose D-Raffinose L-Rhamnose D-Ribose Salicin Sedoheptulos.an| D-Sorbitol Stachyose Sucrose
Glucoside Mannoside
E1 E2 E3 Ed ES EE& ET EB E3 E10 E11 E12
D-Tagatose D-Trehaloce Turanoce Xlitod D-Xylose Pcefic Acid - g T -- -
Hydrosybutyric |Hydromybutwic | Hydrosybutyric | Phenylacetic  |Hetoglutaric Hetovaleric
+ + Acid Acid Acid Acid Acid Acid +
F1 F2 F3i F4 F3 F& Fr Fa F3 F10 F11 F12
Lactamide D-Laetic Acid | L-Lactic D-rlalic L-Malic Pyruwvatic Acid | Suecinic Acid | Propionic Pyruvie Succinamic Sueceinic N-Acety-L-
Methyl Ester Acid Acid Agid Methyl Ester Mana-methyl Acid Acid Acid Acid Glutamss
= G2 [£5] G G5 GE GT GE [ G10 Gl [c3F]
L-Alaninamide |D-Alanine L-Alanine L-Alanyl- L-Asparagine |L-Glutamic Glyeyd- L- L-Pyroglutamic | L-Serine Putrescine 2. 3-Butanedial | Glycerol
Gilycine Acid Glutamic Acid
+ + Acid
i 5] 3} A5 e A7 U [ EE 2 ATz
Adenosine & Deoxy nosine Thymidine Undine Adenosine-5- | Thymidine-5-  |Undine-5"- D-Fructose-&- a-D-Glucose- |D-Glucose- DL -m-Glyserol
Adenosine Monophosphate| Monophos phate | Mon opho sphate| Phosphate 1-Phos phate &-Phosphate Fhosphate




Table 5. Biochemical characteristics of isolation strain tested by BIOLOG (ST-140)

Al A2 Al Al AS AE AT AB AS A0 ATl A2
Water w-Cyclodestrin |g-Cyclodexdrin | Dextrin Glycogen Inulin Mannan Tween 40 Tween 80 MN-Acetyl-D- M-Acetyl-g-D- in
Glucosamine | Mannosamine
=1 B2 [:2] B4 8s B& B7 B8 B9 B10 Bl B12
L-Arabinose D-Arabitol Arbastin D-Cellobiose D-Fructose LFucase D-Galactose D-Galacturonic | Gentiobiose D-Gluconic =-0-Glucose mHnositol
Acid Acid
(] [#] C3 C4 CS [+ c7 [¥] [] c10 (S]] Cc12
=-D-Lactose Lactulose Maltose Maltotriose D-Manmnitol D-Mannose D-Melezitose D-Melibiose w-Methyl -D- B-Methyl-D- 3-Methyl w-Methyl-D-
Galactoside Galactoside Glucose Glucaside
[+]] [1F] 03 D4 5] [a7] o7 [ ] %] 010 [*Tf! [1]H]
p-Methyl-D- a-Methyl-D- Palatinose D-Psicose D-Raffinose L-Rhamnose D-Ribose Salicin Sedoheptulos an | D-Sorbitol Stachyose Sucrose
Glucoside Mannoside
E1 E2 E3 Ed ES E& ET EB B E10 E1 E12
D-Tagatose D-Trehalose Turanose Xlitol D-Xylose Acetic Acid . B r - o
Hydrasybutyric |Hydrosybutyric |Hydresybutyric | Phemdacetic | Ketoglutaric Ketovaleric
+ + Acid Acid Acid Acid Acid Acid +
F1 F2 F3 F4 F5 F& Fr Fa F3 F10 F11 F12
Lactamide D-Lactic Acid  |L-Lactic D-Malic L-Malic Pyruvatic Acid | Suceinic Acid  |Propionic Pyruwic Succinamic Suceinic N-Acetyl-L-
Methyl Ester Acid Acid Acid Methyl Ester Mong-methyl  |Acid Acid Acid Bcid Glutarmec
1= + |
G1 G2 G3 34 [cE] [£1] GF GE =] G10 G G12
L-Alaninamide | D-Alanine L-Alanine L-Alany - L-Asparagine |L-Glutamic Ghyeyl- L- L-Pyroglutamic |L-Serine Putrescine 2.3-Butanediol | Glycerol
Glyzine Acid Glutamic Acid
+ + K +
H1 HZ H3 H4 HS HE H7 Ha H10 H11 Hi2
Adencsine 2'-Deaxy nosine Thymidine Unidine Adenosine-5- | Thymidine-5-  |Undine-3"- D-Fructose-§- | w-D-Glucose- |D-Glucose- D-L-m-Glycerol
Adencsine Monophosphate| Monophos phate| Mon opho sphate| Phosphaie 1-Fhosphate G-Phosphate Fhosphate

Table 6. Biochemical characteristics of isolation strain tested by BIOLOG (ST-194)
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Al Al Al Al AS A% AT Al Ad A0 ATl A2
Water w-Cyclodextnn |g-Cyclodexdrin  (Dextrin Glycogen Inulin Mannan Tween 40 Tween 80 MN-Acetyl-D- M-Acetyi-p-D- | Amygdalin
Glucosamine | Mannosami ne
B B2 B3 B4 B3 B¢ B7 B8 B9 B10 B11 B12
L-Arabinose D-Arabitol Arbastin D-Cellobiose  |D-Fructose L-Fucase D-Galactose D-Galacturonic | Gentiobi ose D-Glueonic a-D-Glucose mHinositol
Acid Acid
[H] c2 c3 Cc4 =] C& c7 [=] (%] (R[] S]] c12
a-D-Lactose Lactulose Maltose Maltotriose D-Mannitol D-Mannose D-Melezitose  (D-Melibiose a-Methyl -D- B-Math-D- 3-Methyl a-Methyl-D-
Galacteside Galactoside Glucose Glusaside
[1]] D2 D3 D4 DS [3]] D7 D8 7] D10 D Di2
B-Mathyl-D- a-Methyl-D- Falatinose D-Psicose D-Raffinose L-Rhamnose D-Ribose Salicin Sedoheptulosan| D-Sorbitol Stachyose Sucrose
Glusoside Mannoside
E1l E2 E3 Ed ES E6 Er E& =] E10 E11 E1z
D-Tagatose D-Trehalose Turanose Xl ifol D-Xylose Acetic Acid -- B r p-Hydroey- - -
Hydramybutyric |Hydroxgbutyric |Hydrembutyric |Phemiacetic  Ketoglutaric | Ketovaleric
+ + Aoid Acid Acid Acid Acid Acid
Fi F2 Fi F4 F3 F& F7 Fi F3 F10 Fi1 Fi2
Lactamide D-Laetic Acid  [L-Lactie D-Malic L-Malic Pyruvatie Acid | Suecinic Acid  |Propionie Pyruvie Suecinamic Suceinic N-Acetd-L-
Methyl Ester Acid Acad Acid Metivd Ester Mono-methyd  |Acid Acid Acd Acid Glutamec
+ Ester Acid
Gl [E5] G4 [EE] £ G GE & G10 Gl G12
L-Alaninamide |D-Alanine L-Alanine L-Alanyl - L-Asparagine |L-Glutamic Glyeyt- L- L-Pyroglutamic | L-Serine Putrescine 2.3-Butanedial | Glyoarol
Glycine Acid Glutamic Acid
Acid
Hi HZ H3 H4 HS HE H7 HE H3 H10 H11 Hi2
Adenosine 2-Deaxy Inosine Thymidine Undine Adenosine-5- | Thymidine-5-  [Undine-5'- D-Fructose-6- a-D-Glugose- |D-Glucose- D-L-m-Glycerol
Adenosine Monophosphate| Monophos phate | Monopho sphate| Phosph ate 1-Phosphate  |&-FPhosphate Phosphate
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Fig. 53. Effect of temperature in Marine broth medium
on the cell growth of LI-68.

Fig. 54. Effect of temperature in Marine broth medium
on the cell growth of LI-80.
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Fig. 55. Effect of temperature on bacterial growth and activity LI-68 produced
enzyme by the 96hr culture in Marine Broth.
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Fig. 56. Effect of temperature on bacterial growth and activity LI-80 produced

enzyme by the 96hr culture in Marine Broth.

_67_



Table 7. Biochemical characteristics of isolation strain tested by BIOLOG (LI-68)

Al Al Al Al AS AG AT AB A3 A0 ATl A2
Water a-Cyclodestrin |p-Cycledexdrin  |Dextrin Glycogen Inulin Mannan Tween 40 Tween 80 N-Acety-D- M-Acetyl-p-D- | Amygdalin
Glucosamine  |Mannosamine
Ell B2 B3 B4 BS B& B7 BE B9 B10 Bl Bi2
L-Arabinose D-Arabitol Arbastin D-Cellobiose  |D-Fructose L-Fucase D-Galactose D-Galacturonic | Gentiobi ose D-Glueonic &-D-Glucose mHnositol
Acid Acid
(] %] 3 C4 =] [¥] C7 [=] (=] C10 [S]] c12
=-D-Lactose Lactulose Maltose Maltotriose D=Mannitol D-Mannose D-Medezitose  |D-Melibiose a-Methyl -D- B-Methy-D- I-Methyl a-Methyl-D-
Galactoside Galactoside Glucose Glusoside
[1]] 7] D3 D4 DS D& o7 (1] D9 [i51] D11 Di2
B-Meathyl-0- a-Methy-D- Palatinose D-Psicose D=-Raffinose L-Rhamnose D-Ribose Salicin Sedoheptulos an | D-Sorbitol Stachyose Sucrose
Glugoside Mannoside
E1 E2 E3 Ed ES |E6 ET EB BES E10 E11 E1z
D-Tagatoce D-Trehaloce Turanoce Xifitod D-Xylose Acetiz Acid a- B T+ =- -
Hydrambutyric |Hydroggbutyric |Hydrombutyric | Phenfacetic  [Ketoglutane | Ketovalenic
+ + Acid Acid Acid Acid Acid Acid
F1 F2 F3 F4 F3 F& F7 Fa F3 F10 F11 Fi12
Lactamide D-Laetic Acid  |L-Lactic D-Malie L-Maliz Pyruvatie Aeid | Suseinic Acid  |Propianic Pyruvie Sueesinamiz Sueeinie N-Azetyd-L-
Methyl Ester Acid Acid Acid Methyl Ester Mono-methy  |Acid Acid Acid Acid Glutamec
+ Ester Acid
[£]] a3 [cT] [cE [T GT GE [T G10 G G112
L-Alaninamide | D-Alanine L-Alanine L-Alanyl - L-Asparagine |L-Glutamic Glyeyd- L- L-Pyroglutamic |L-Serine Putrescine 2.3-Butanedial | Glyserol
Glycine Acid Glutamic Acid
Acid
H HZ2 H3 H4 HS HE H7 HE H1l H11 H12
Adenosine 2 -Deaxy Inosine Thymidine Unidine Adenosine-3- | Thyidine-5-  |Undine-5"- D-Fructose-& a-D-Glucose- |D-Glucose- DL -os-Glyserol
Adenosine Monophosphate| Monophos phate | Mon opho sphate| Phosphate 1-Phosphate  |6-Phosphate Fhosphate
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Table 8. Biochemical characteristics of isolation strain tested by BIOLOG (LLI-80)
Al A2 Al AL AS AG AT AB Ad AT A1l A2
Water s-Cyclodextnn |g-Cyclodexirin  |Dextnin Glycogen Inulin Mannan Tween 400 Tween 80 N-Acetyl-D- MN-Acetyi-p-D- | Amygdalin
Glucosamine  |Mannosamine
B B2 B3 B4 B3 B& Bi [:1] B9 B10 B11 B12
L-Arabinose D-Arabitol Arbatin D-Cellobiose  |D-Fructose L-Fucase D-Galactose E-ﬂ};lzcturmin Gentiobi ose D;_‘.:Iiumia w-D-Glucose mHinositol
ci
[¥] c2 [=] Cc4 CS C6 ci C8 [w] c10 C11 Cc12
a-D-Lactose Lactulose Maitose Maltotricrse D-Manmnitol D-Mannose D-Melezitose | D-Melibiose a-Methyl -0- B-Meth-D- 3-Methyl a-Methyl-D-
Galazteside Galactoside Glueose Glusasids
[1]] D2 D3 D4 DS [1]] D7 D8 7] [VEL] Dii Di2
B-Mathyl-D- a-Methyl-D- Falatinose D-Psicose D-Raffinose L-Rhamnose D-Ribose Salicin Sedoheptulos.an| D-Sorbitol Stachyose Sucrose
Glusoside Mannoside
E1 E2 E3 Ed ES Ef ET EB E3 E10 Ei Et2
D-Tagatose D-Trehalose Turanose Xlitol D-Xyloze Acefic Acid - B + - -
Hydrembutyric |Hydrespbutyic | Hydrembutyric |Phenyacetic  [Ketoglutaric | Hetovaleric
+ + Acid + Acid Acid Acad Acid Acid +
F1 F2 F3 Fd F3 F& FT Fi s F10 F11 Fi2
Lactamide D-Laetic Acid | L-Lactic D-Malic L-Malic Pyruvatic Acid | Suesinic Aeid |Propioniz Pyruvie Succinamic Sueeinie MN-Acetyl-L-
Methyl Ester Acid Acad Acid Methyl Ester Mo Acid Acad Acad Acid mla'ric
G1 [c7] G2 Gd G3 [cT] GT G8 ] G10 G111 G12
L-Alaninamide | D-Alanine L-Alanine L-Alanyl - L-Asparagine  |L-Glutamic Glyeyl- L- L-Pyrogiutamic | L-Serine Putreseine 2 -Butanediol | Glycerol
Glycine Acid Glutamic Acid
ci
H1 HZ H3 H4 Ha HE Hi H8 H3 H1D H11 H12
Adenosine 2-Deoxy Inosine Thymidine Undine Adenosine-3- | Thyidine-5-  |Undine-5"- D-Fructose-&- a-D-Glucose- |D-Glucose- D-L-m-Glyserol
Adenosine Monophosphate| Monophos phate| Mon opho sphate| Phosphate 1-Phosphate  |&-Phosphate Phosphate
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9% @k o)k 2o B4 WEd VABES £ BP0 FYHE 4T 2984

of TZFatA Hb-g-$Hh(Brock, 1997).

AFE Ade] PG W A 4302 thro] 20061 TERE 20061 12
g ool ZAN A, EA, 0], AL wE Ak HHF vy AAF
& stotat A3k, YMuAS AS gaAde) WEs dgk HHze A4S 7, 89

& JMAF7F 25~2.0x10" CFU/mL & BXE Ho|thr} 99 1.4x10°CFU/mL
I

o 4 we AAGT REE 2 F 1090 F43 gasts 4L wvh E

AA e wjEa At HAZF mAE £x e 2HZAY 943 WEs
wolx ergkort 8¥e] 63x10°CFU/mL ¢ 7bg =& A4 BEE Veoe
Aoz vehwth gnAge] wEs A9

Vg ge NAF B2 Bdd oig A9 g 999 51x10'CFU/mLL 2
7 = A EEES B o YM Agarol A e mAE B¥XE BA Ax
A A G A 84 999 7 B AAFTE HPow, 1193 12€9d & 529]
d4ste A79 2EY AR AASF BEEXE FF3] ot FHE B

=3

R2A Agar(Difco) ] 74§, A ] &5 At
Z= 999 68x10°CFU/mLe 2 7} =7 Jeyton, %
& At §A 39 mAEY X g1 A4 A9
2.3x10° CFU/mL, 45x10" CFU/mL, 56x10°CFU/mL ©.= 714 %e AAFE
Bk AR diAdX G mjEF A<k 4359 A5 o0& A9y g8 1€
129 mAE A7 STtete AL =2 YEYH
Marine Agar(MA; Difco) iAo vl FEH5FGA TS A G wjE&4 A
o A =9 A9 89 154x10°CFU/mL = 7 B AAS FAdo] duwke
o, BRG] W& Ak HHZe 49 999 23x10°CFU/mLeE Mg =
A AAE A=A agda et ggAg 2% 99 8.0x10°CFU/mL,
9.8x10°CFU/mL o & %<& JjAlF EXE HS)

AdbA 7 v 9Fol] o] &%= Nutrient Agar(NA; Difco)oll A A&k dwk A9 7
@ AAkS AeE oowte] A GeA 99 FAA G AL 64x10° CFU/mL,
Auix el 49 51x10° CFU/mL, A 99 45 95x10° CFU/mLo.Z 7}
B o Aatel A9 84x10" CFU/mLO® 89 =2 i
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3% KOVAX-SYRINGE(KOREA VACCINE CO. LTD)°l =
HE HAHA=SE 7+ 7o) "WyrE Marine Agar(MA; Difco)d} A1 ¢ Nutrient
Agar(NA; Difco)u] A, R2A Agar(Difco)¥f#] 28]32 YM Agar(Difco) 8} =]l Z+

7zt 243 JeaE ATt MAITE SASRew 1 Ay, ARG wE
G et A2 A9 %59 0~lecmolE YMulA AW 15x10" CFU/mL A
A X7 degon, R2AMANAE 2~3em TRl A 1.03x10° CFU/mLE
M e AAGY BEXE Bt NAmAo|AE  4~5cm TF7Fel A 5.8x107

CFU/mL® 7}V =& /AT £X& vedon MAwWA S 4% 6~7cm T-1F
ol A 1.24x10° CFU/mLZ 714 B2 AA5Fe] A4S Bt
EAA AL vjEs At HAFT AS A= dog HEFS 0~1em
TN E mAEe] BEEAS R2AHIAE A 93 NAWA 2 MAwWA] 8]
YMu A A ZF ZF 2.6x10° CFU/mL, 2.5x10" CFU/mL, 5.7x10" CFU/mL<] 7§ A
Fo YA wmgon, R2AMA S 49 8~9cm T-ZHellA 3.6x10" CFU/mLe] 7}
F we MAS FAdo] yERT MAWI A 9] H$ 5~6ecm 73 7~8m T3+
o A 1.49x10° CFU/mL, 1.41x10° CFU/mL® 7}4 B< MA$+e B¥X s HYrh
W 9~10cm 1A= LA G 3 s A NAF EE7F GERVA] st
A ge] &S A<t HAF A tE A9 Gy BE s oA [
Bo] Byt vehgon R2AMA S S 13x10° CFU/mL, NAWj= 9] 7#$-
1.2x10" CFU/mLe] 7}#] 27}, MAwA 2] 4¢ 35x10° CFU/mL 81 YM
=9 A9-oE 1.9x10" CFU/mL®] 7HA £E7F 0~1lem T3l A UERSTH &
3 MA®|A 9] A9 1~8mdl ¢]2+= F3to] ZuF A ZE7} OlTOV% A

S5 ¢ F A agn &9 9~10cm TFAAME A4 B A3 Zol
7o 2XE A8 F At

AA Dol ¢ R2AWA A 3tZ9 9~10cm T3l A 7.6x10° CFU/mL9)
MAG EX2E F20 & F dRen, NAs A A= £5U 1~4demF-27HA4 1L
E QA BEEXE o & £ Ao MAWA Y A% 6cm 7+7F 10cm 3¢
S AT e BE pFrelA AASe] BExE F9 & F glder, 5em 3t
AM 7HE ¥ e RIS e
olg) gt Zol¥ wAEo WEo Aol YAF wiESF A g At Fxo
ol A <Acte] ZANW £F 5 TN EEH A Holo oA Y
A el Aoz AlsEw, i nAE 2x7t 833 ol ZoldA
FNE B 5 U9 ndE 5o dojd Aoz AmHd
A o] A wES At HHF nAEY EEE ZANE A7, A
Ao wiEF A HAITAAME 9N ATl AN S Bacillus spp.,

Staphylococcus  spp., Streptomyces alibidoflavus, Micrococcus luteus,

Roseovarius crassostreae, Acinetobacter junii, Enterobacter intermedius,

_75_



Pseudoalteromonas spp., Tenacibaculum aestuarii % YEFSEO ™ A9
e Ak HAIAME= 10709 3 Fol &A= e™  Bacillus  spp.,
Streptomyces spp., Shewanella spp., Vibrio spp., Krokinobacter genikus,
Brevundimonas vesicularis, Erythrobacter vulgaris, Jannaschia cystaugens,
Micrococcus luteus, Paenibacillus sp. ©|$t}.

n e At wiES HAZo\ M= Alteromonas litorea, Vibrio spp.
Staphylococcus  sohnii, Bacillus  baekryungensis, Salinicoccus  roseus,
Streptomyces  roseochromogenus, Dietzia maris, Micrococcus luteus,
Shewanella pacifica, FRoseovarius pelophilus, Tenacibaculum gallaicum,
Muricauda aquimarinas©] -HEo = Uetgton, tigx<fe] Atk wiE+
A Zo| = Bacillus spp. group®! Bacillus polyfermenticus, Bacillus subtilis,
Bacillus horikoshii, Bacillus megaterium <t Pseudoalteromonas sp. group$!
P.spongiae, P.haloplanktis, P.byunsanensis, P.mariniglutino’} &= lom 1
Qo=  Vibrio spp., Salinicoccus marinus, Streptomyces  olivaceus,
Tenacibaculum mesophilum ©] 5 & 902 e

FAE MEF A HASNA TR EAE T FYE PAES ]85t
F718 BalsS FAS A3}, protease activitye] 79 SK-2¢ SK-1257F &4
o] Hojut Aow ZAIHAOHW, amylase activitye] A%, ST-63, ST-140,
ST-1940° 4 =4 YEst e lipase activity2] -9 LI-687 LI-80°] &2 &4
gAE Bole ASE FAHIH

i
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