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* Dept. of Applied Biclogical Chemistry, The University of Tokyo, Japan

ABSTRACT

Marine bacterial strain, highly effective agar degrading, was isolated from south sea of Korea and
was identified as Pseudomonas sp. This strain was named Halophilic Pseudomonas sp. W7 and accumu-
lated an extracellular agarase which showed a high level of enzyme activity in the presence of agar and
agarose. This extracellular agarase was purified by anion-exchange chromatography and gel filtration.
Purified agarase showed a single protein band upon sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis and its molecular weight was estimated to be about 89KDa. The agarase gene was cloned into
Escherichia coli JM83 using the plasmid vector pUC19. DNA fragments(3.7, 3.0Kb) of Hind M-digested
chromosomal DNA of Pseudomonas sp. W7 was inserted into the Hind I site of pUC19. Selected
transformants, E. coli JM83/pSW1 and E. coli JM83/pSW3, produced agarase and this agarase was ac-

cumulated in the cytoplasmic space.
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Fig. 1. Chemical structures of agarobiose and
neoagarobiose.

9] D, L-galactano & =¢o <gith(Fig.1)(2-5).
Agarosex 3}3tA - 48 shpgdo o3 aga-
robioseE FAYYE d= agaro oligosaccharide
9} neo agarobiosed TAYRSZE F+ neoagaro
oligosaccharide?} 72 %A oligosaccharide® £
ek o)=kA AAH A oligosaccharides HE-
w3l oigh oA zhgo] Astn, e R, &
saad MR FalEA don, A S8
ol Blmr|a o Holrh Ho FAE T
shdof f8 Algd iR, AT, AFSE
9 HolZe AHEE 4 e AdAE AYx 9l
of Axaxst wi¢ A =3 FuH
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# 408 ulgtel AlFL] ‘gl ‘A
of olo A 39 7|5 g ‘AANxzAHIF

zEe 715 AELAMEA - oligosaccharide
o] o]go] AA 7= Qlch. s, 74 TAH
oligosaccharide’= £ & 22l agarase?] zH&-o 2
8 grHo 2 HE AYitEofx]7] dFdl], 7|54 A
oligosaccharide®] A4te HMe FHold A&
2] agarase?] AJito] SAHo g o|Fojzjo} &
Ze7b ek AF7A Rad dHEMEL: S,
agarase= 0|y EZEE AFFE R 7] &, n]A
% SACE T AT E L Aabol Bt A
7b s o] Fojxn gle AAe|th(8). W.
Yaphe 5& Pseudomonas atlanticaZ¥-8 3E£F9
agaraseS w7131 (9), C. Araki & Pseudom-
onas kyotensis=¥-B| neoa-garobioseE A} W
agarases W7Ast=(10,11) 5, FA7iA &A
B3t E4 = bacteria(9,11,12), actinomy-
cetes(13) FoA Ho| dF=glom E3) Pseudom-
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onas sp.o| A @& 37} FaAch(9,12,14,15).

=g}t agarase?| tFAAS 93 gene?) cloning
o #3t dF= 1984 K. Kendall 5o Pseudom-
onas 49 FF2(15), 19873 M. J. Buttner 59|
Streptomyces coelicolor A3(2)7F2 Asdle] gk
th(17,18). zziv} ofAlzAlz &A oligo-saccha-
rides MAtsHE agaraseo] Y ATRIE 7Y
Sl AAolw, whekA 4 oligosaccharide ] 34
o Pikg 93 A7z AFg Aol

t2o], o]Ata} 7Z+e T4 EA 7 DNA clon-
ingoll AH-" UBEL AR SolM EEd
£ fae uAEEA, THo] dFo2lE A
Ackes AL 13T o, 2o} defsta BEAkgh siof
A0 HAestn dE AR 75E Ad FRE
sjof B AE shEdele A TR @A
BallsHoe] "yl FHofd sku|YEo] L3 EAE
Aoz A7 R

et 2 ool dfe iy IS £
st FHo] Holud agarased: A4t vAE
22l Y} T2, agarases] ik HT
g7 B4 zAEtgth w3, ol FFEFH
A4Hel agarased &2 - AA S 2 54 AR
3 FAlol|, agarase?] tjEFAAE- ZH 02 E. coli
2 0]&3} gene cloningg 3kt

Mt s

AE 2 P

ARE 2F F x|

o) Faere H3 e od, ohAjet
59 HEFE F4std 2 dFAL wiA el =ds}
2, 25°CollA 44 3k wioFsled, g g E8f
& Bl #FE LEEto A% ¥ & A A
L3bdeh. 59 AL fA8] HdMe AF
2 whE AFHui oA 17§ Gejet Al ulofale
aCo] ALl BRHoch.

F2 Wb o AHST WAZHE FRE 14
=% NaCl 4.0g, MgCl,-6H,0 10.6g, CaCl, 1.1g,
NaHCO; 0.2g, (NH,),SO, 1.0g, K;HPO, 0.01g,
Tris 6.05g/pH 7.52] qlZ&# o yeast extract 2g,
ferric citrate 0.1g, ammonium nitrate 0.0016g, di-
sodium phosphate 0.008go} ¥7}=l Z1& AR&31Y]
ok oA wfxjel AL 0.3% 9 TAHE Ak
E. coliz= %4 103 tryptone 10g, yeast ex-
tract bg, NaCl 5g& ¥#3t= LBufAo| A wloks}
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A}, A2 FAAE kA transformant & A4
37 YaAxe X-gal 254g/ml, IPTG 25ug/ml,
ampicillin 504g/mlo] 45 AHufxg AlL59
o). b wjokg AJokL Bactojit AlES AMS-slolo
o, buffer§ A|%E& Sigmajit AEL AH&3
et

oFe &3

54 FAHL Kadota®] whyol] <& #siqint
(8). ¥l Hae Bdu7(Carl Zeiss Jenane
-2)& AH3te] 1,0009) wigE Fastgic). A
2 EX7AR= rapid multi-test system<l AIP-
20E kit(Analytab product Inc.)E o}&3stgion,
54 72 in media®s} hanging drop¥-g-
y3kgick(19).

BHFAIZHO| W2 FFME, FAEM, E°| £y
< kst A 4r|7beleh FFEAIAE, uiok 4b
o] AYe FLBAT vkl A g 2R
Aok, FFAAAL Wk o ZRE FFE 660nmol
4 EAste] ZAlsklT, wiokdo R RE Relgh 4
T AU 12 AL 7AZA AH4E gAY
TRl #U2E AFFo 2N A5} u)
ofalle]l  AHr  Wells-Brookfield Viscometer
(model : TDV-2)& o83t &33}5ic)

Enzyme assay

0.05% 2] agarose 7|ALdA(pH 7.5, 10mM
Tris-HCl buffer)oll 4888 AHrlsted 30827
uh-S-A ek, ukg-olo Somogyirlekg #HrbEted 10
27 #ad &, Adegod WzHA#A, Arsenom-
olybdate *]e}& 247]-3}_1_, 14 ,000rpmof| 4] 287}
A 3t 4S9 FHEE 510nmoellA SAF ]'
9c}(20,21). 287, Agarase act1v1ty‘_ 1
mmol®]  galactose® A e 49 o]:%
1UnitE A 2Js}dct.

1= A%
T’:

T Al Mgt

wjoklz} 7+ A A A =9 chwlal ok Gilford
UV-spectrophotometer® ©]-&3F 280nmol|4}2] &
3% 2X3 Bradford methode| <& 35}¢]o v
(22), EFZAZLE bovine serum albuming A

3koict.
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2o HAx Y Ealekg ol ] ¢ste Sodi-
um Dodecyl Sulfate-polyacrylamide gel electro-
phoresis& 38} {t}. Protein-electrophoresis kit
BIO-RAD Mini II protein system& AM&3}ejo
™, 12%< SDS-polyacrylamide gel& A}$-3}4
t}. Gel 942 Coomassie Brilliant blue G-250<¢
A8-319] .21 (23), protein molecular marker@=
lysozyme(14.4KDa), trypsin inhibitor(21.5KDa),
bovine carbonic anhydrase(31.0KDa), ovalbumin
(45.0KDa), bovine serum albumin(66.2KDa),
phosphorylase b(97.4KDa) g A}&3}9ic}.

°| x|

ﬂ’ S 03%9 $3& &4 pH 759 A3
TBHZMM 25C, 247} wiekgr 3, 10 000rpmoﬂx1
1087 LA 450e Aol Abgstodct &
29 Ao 2 E}H WZHE o4 ES o] bl
& AP F, dAlEste] AEde vz,
pelletE 10mM Tris-HCl buffer(pH7.5)e] *of
5o bufferdls] FAslodct. 45 zogole
DEAE-Cellulose ion exchange chromatography
column(3.2 x20cm)€ E3}A)7c}h. Salt-gradient
+ NaClg o|&3tgon, 225 sdlg 7 frac
tionH=E Ro} FAFAEL Ad REuLe 2)EME
o] JAEE AAslE, o] £9¢ Sephadex G-200
gel chromatography column(2 x 130cm)& o] &3}
of A A A Zic).

Agarase2| gene cloning

L#FY chromosomal DNAL Alkaline meth-
odel s ¥-2]3lg2m(24), Plasmid DNAX Ish
-Horowicz §oll 93 alkaline-SDS-methodol| 2]
st} (25,26). Vector: pUC19(2.7kb,
Ap,, lacZ'*, multi-cloning site)&, host cell& E.
coli JM83(rK*, mK"*, araA (lac pro AB) rpsL, @
80lacZ AM15)& AH&3kgict. o #3F ¢ chromoso-
mal DNAE A& i Hind M & zédr%]-_g, plasmid
DNAE 5 348 9443 218 &, 5 DNAZ
T, ligaseZ ligation A]Zit}. o] ligation mixtures-
E. coli JM83l] Mandel and Higa$] CaClubsjo &
transformation A)71 3(27), A=uwR)o)] Td3}e]
Bl colonyd dalHo g AM=stz, (0.5N Io-
dme Lbg Tlete] Bg ?’é“# colony g o]xHA

2 £2I8ko] geneo Abgled & FHalalic}(28).
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M =ehEl CRHF0| MMehE agarase?] MAt0F

ANz2gH iAol Al agarased] AJatei
o #alA= Ao FE Agste] RS 7
okl ImlE YAEEF 2, 25% glutaralde-
hyde$} 1% osmium tetraoxide(0sO,)Z #A&
% o 1A3Fsted, pH 7.3 phosphate bufferZ 4
o] W & ol &S} oetg o|4s 247t ot
olo}2C zo] 23 LKB-Ultratome o 2 gf#| A2
2 FaAz2 Y3 Formvarcarbon ZE el 4]
ezl g Anry, g FEE Ay, cit
rate?} uranyl acetate® A& AAZ &, FJ5}
g}, Axdn|A4e JEOL 1200 EX O(TEM)S
AH8-3hodh.

23 9 33

5o 8 4 Y

o] S Tk Fehole] Axdg 1A TR
of =sted wokshe Foll F49 wWiAE A
st 2571 o] o) FAN & 2, Gram
(=)o), $EAE 7HAE 7+t o2 Bergey’s man-
ual of systematic bacteriologyo| &3] Pseudomo-
nas sp.2 FAHgom(Table 1), 2} A&7} F
A& 25ty FFEFH3|e st AR A
Halophilic Pseudomonas sp.%)o] &elgeo| £ 455
Halophilic Pseudomonas sp. W72 ==3}9ic]}.

of #F7} ¢4 92 Eu|sl agaraseol| 2J&A
colony F419] wjz|7} &AsHA ElEE ol #F
sglem(Fig. 2), AF7A 2% vjgdZo] uls}
i -‘?'—%HLC’I eks] Hold 71 o 4 Usich.
£ FFE 25CoA wiekstHA 47t} 75
23 H°k°—‘i AEHe] A, gAY A E
A3 AFE Fig. 3ol vepdisich. 75 AR
16A17HE AAakvloll Eo7kA 2447 A F 3
H2 Zrlslgoen, F48AL dierdA 443
Z7187] AlRbste) AA7|o A HAE ep sl
o} wjekde] e wjokx7ol= 233cp(TA 0.3
%)2 ¥ T Jeiget, 647 F 40cpE
579 bstent 2842 olFle =7} 4
Rastgch gebd oleld WEe FAY 24
FZRE B FF7} QAlstE agarase= polysacA
charide chain® UeHE Aoz AHolsis
exo typeo| ofua}, polysaccharide chain¢} #7}F
£ FAYAH o2 Adsls endo typeo Z T HT}
(15).

A o
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Fig. 2. Photograph of agarolytic bacterial(Pseu-
domonas sp. W7) colonies cultured at 25T
for 4 days.

Table 1. General characteristics of isolated ma-
rine bacterium W7.

Tests Results

a

Gram stain —
Motility +°
NO: production reduction to N2 gas -

" Indole production -

Acidification -
Arginine dehydrolase -
Urease -
Bglucosidase +
Protease -
Prgalactosidase +
Glucose assimilation -
Arabinose assimilation +
Mannose assimilation -
Mannitol assimilation -
N-acetyl-glucosamine assimilation -
Maltose assimilation +
Glucouate assimilation -
Caprate assimilation -
Adipate assimilation -
Malate assimilation -
Citrate assimilation -
Phenyl-acetate assimilation -
Cytochrome oxidase -

a :negative reaction, b: positive reaction

TH 2} MAED agarase?| Mitol| O|X[= HiX| =
Aol ot

Agar, agarose, starch, sucrose, glucose, fruc-
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Fig. 3. Production of the extracellular agarase
during the growth of Pseudomonassp. W1.
O absorbance at 669nm,

A Agarase acivity,

[J Apparent viscoity.

[ J

©)

40
1.0 OD at 280nm A —_
c Enzyme Actlvx'ty 0.3M E
S 084 i 30 3
g " : :
5 0.6 ? =
g i 20 5
] ' 2
'§ 0.4 ! o
2 i F0 g
< 0.2 ! N
' =
5]

0.0 -0

60 80 100 120 140 160 180

Fraction number

0 20 40

Fig. 4. Chromatography of the crude enzyme on
DEAE-cellulose ion exchange column.
Flow rate, Sml/hr; Elution volume, 10ml/
tube.

tose, lactose 53} Zo] BtAfl9] £575 delslge
7% Pseudomonas sp. W79 AZFA% 4 agarase
akel wlX= 43E ZARS}ltH(Table 2). Su-
crose?} starch® H7}5l94 Afde 74 9 &
271 483 AAER] dskm, fructosed) lactoseE
Wlade A%, 2o ARe olfel Hou
agaraset AJAHE 2] ¢ o2 Yl F9f A
23} agarase?] AAbel|l 9lejAl& agare} agarose
7} 7H HE8lge g, agaraser agart} aga-
rose 53 A tade EA tellA gakslofAs
Aoz ARuch

#ok A2l u| el Pseudomonas sp. W7L 5.9
A FFE EAHYe R o]l59 AR extracel-
lular agarase AJ4bs-ol] A= NaCle] Sxo] 3
& ZAEgich(Table 3). & FFE= wjx F9
NaCl 5% 7} Z7}3 el a2} extracellular agarase
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Table 2. Effects of carbon sources on the cell
growth and agarase activity.

Carbon source Cell number Agarase activity
(03%) (cells/ml X 109 (Units/ml)
Agar 7.7 620
Agarose 7.8 624
Glucose 5.4 9.8
Sucrose 28 103
Fructose 64 10.0
Lactose 74 9.5
Starch 3.5 14.0

Table 3. Effects of NaCl concentration on the
cell growth and agarase activity.

NaCl concentration|  Cell number Agarase activity
%) (cells/m1 X 10%) (Units/ml)
0 17 147
5.7 45.7
2 6.7 53.1
3 69 59.3
4 76 62.1
5 74 55.3
o] Aaked AA] Frbskelen, #4959 NaCl 3=
Boh 23 £ of 4%90M HAAE Byt

g9 22f-HH

Pseudomonas sp. W70] qAlsl= extracellular
agarase®] LA E s A, F wlokdozy
B dAlEegte] dojdl AFE ol djdte] DEAE-
Cellulose anion exchange chromatography& 4
Al A, 85494 59 NaCl 5=} 0.3Md A
Foll £ F-2(peak A)o] TAEAE Yelugl
o (Fig. 4), o] peak A ¥E(fraction number
135~165)& 2o}, t}A| Sephadex G-200 gel
chromatography & 3t activity2 7}x= F 7)
] peaks(B, C)& d<ith(Fig. 5). =&, 2o} ¥
2 E4 AL vehlEsE Peak C EE(fraction
number 23~32)¢]| thdle] DEAE-Cellulose ion
exchange columno 2 AAHAE 3 Az}, 54 &
A& AYe ©d peak DE Qojlilch(Fig. 6).
Peak D¥ 12% SDS-PAGEE %4 ®xjef
89KDa2] <t proteingle] #lx i (Fig. 7).
Table 40  Pseudomonas sp. W70] Aalsl=
agarase®] HAFHAF 7t FA ol 9leJA 9] specific
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Fig. 5. Gel chromatography on sephadex G-200.
Flow rate, 2ml/h; Elution volume, 2.5ml/
tube.
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Fig. 6. Chromatography of the enzyme on DEAE-
cellulose ion exchange colum. Flow rate,
Sml/hr; Elution volume, 10ml/tube.

activity, purification fold, purification yield 5&
vehlolet. 1€ B E agarase®] AT & ¢
F7} BAkslE agarased] BAS wiwd Ad, A
9] Zx)| 3lell A Pseudomonas atlanticaz} JAbsH W
= agarase?] specific activity7} 16.98 U/mge|x
(14), Pseudomonas sp. PT-5= 3.34 U/mg(12),
Vibrio sp. strain JT0107¢] 6.3U/mg(29) %<} 8]3}
o} Pseudomonas sp. W72} k& 48U/mge & o}&
]y Eo] AAE= F4E Bl specific activity7}
s 2 7o 2 Jepylth

wdlk, ¢ Ax=2Xe Pseudomonas sp. W72 F
7hA] o}4ke] &4:(peak B, CO)F AAbs| i &
o] ut&d Ak AAE B} C2 specific activity 7}
3.3,9.8U/mgaldl Bl B} CE 1: 12 4o 8k
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Fig. 7. Electrophoresis photograph of the purified

agarase from Pseudomonassp. W7

lane A :molecular marker
lysozyme, 14,400; trypsin inhibitor,
21,500; bovine carbonic anhydrase,
31,000; ovalbumin, 45,000; bovine
serum albumin, 66,200; phosphory-
lase b, 97,400

lane B:purifide agarase.

Table 4. Summary of the purification of agarase
from Pseudomonas sp. W7.

T
(U) (mg) (U/mg) tion fold (%)

Supernatant(2 £) 11994 8,000 14 10 100
Aceone o0 4300 19 13 785
precipitation
DEAE-Cellulose 9,259 2,100 44 30 775
Sephadex G-200
peak B 1995 6125 33 22 167
peak C 155 1575 98 65 130

DEAE-Cellulose 1440 30 480 320 121
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A B C D

—— 3.7Kb

i&o

2.7

Fig. 8 Agarose gel electorphoresis of recombi-

nant plasmid DNA carrying agarase gene
of Pseudomonassp. W7.
A, marker, B, pUC19 plasmid DNA digest-
ed by Hindlll; C, pSW1 plasmid DNA di-
gested by Hindlll; C, pSW3 plasmid DNA
digested by Hind|ll

A7) Az, Jehe specific activitys 14.7U/mg
o2 3 e A, 244 AT =& FoE e
wrh. o] 7742 agarit agarosed] ME B H
HE ddste 7|2e A3 gl e g 2e
€ 3= Zle® AlEHd. oy A= W
Mcleand| 2j#] WE ¥ Pseudomonas atiantica?} A
Abste AR o} 2 agarased E3H519E o, specif-
ic activity7} &4 velus AF dAHe e
velyit} (14,30).

Agarase2| gene cloning

Pseudomonas sp. W7 TOoEHE AigHe
agarase®] ojzFgALE 2o E agarase?] gene
cloningS #38le] E. coliol W3l A|zich $4, vec
tor DNAZ pUC19E A}&3}ed, Pseudomonas sp.
W72%8 E=2]38 chromosomal DNAS9} ligation
A7) & E. coli JM83| ¥AAZ A|Feon, YA
#5 2 12,00089 transformanto} t&ted 7 &
£2E (05N lodine £40o2 &lgt Az}, 2
o] agarase activity’} Jelydc}. o|F FFE
7+ E. coli JM83/pSW1, E. coli JM83/pSW3o|2}t
el om, 145 vector DNA®| Pseudomonas
sp. W7 chromosomal DNA7Z} A|=3% = 718 &<l
37] #]5to] agarose gel A7|dE& #slgct. 2

o

ox

ofl &L N
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Fig. 9. Photograph of E. coli containing the clned
agarase gene(treated with soft agar).
A, E. coli IM83/pUC(control); B, E. coli
IM83/pSW3; C, E. coli IM83/pSW1(B and
C are containing the recombinant plasmid
DNA carring agarase gene of Pseudomonas
sp. W7).

A7, pSW1(C)-& 3.7Kb, pSW3(D)& 3.0Kbg]
AHFAE 7R US-& galsksdck(Fig. 8). oA
& dFF Pseudomonas sp. W70} & ojAt9
agaraseZ A4lsts A ZEHT oo gue
coding 3}1. )+ agarase geneo| sk} oA} Zx)
g Zolgte dide Rg=Es ZEolth. E ocoli
JM83/pSW13} E. coli IM83/pSW3= 1 A2 =
iodine &l sl #FHE HAFA] ko), lyso-
zyme He)E st AZsto] Fele aelel A
& lodine g4 elo] £tk Bg YHehnz,
E. coli IM83/pSW13} E. coli IM83/pSW3= AE
Wl £ %= interacellular agaraseZ AJAls
Y Aoed A= (Fig. 9). Interacellular
agarase®] AAtAR-F ] Hste E coli
JM83/pUC199} E. coli JM83/pSW3e) izl A
A=A (TEM) #2e F&gdck. 2 Az Fig. 10
ol 4] yehd whep ze] pSW3(B)& AAH aga-
rase proteing- inclusion body HEZ & A]7]1
518 s,

& %

g o] dafetell A A Balso] Hold sk n|
AEL Eelsle] FAE A7 Pseudomonas £02
#gEgloem, & Ao o] #& Halophilic
Pseudomonas sp. W7o|g} HHsl¢lct. o] #3= 3
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(B)

Fig. 10. Transmission electron micrographs of E.
coli IM83. A, E. coli IM83/pUC19(control);
B, E. coli IM83/pSW3(containing recom-
binant plasmid DNA carrying agarase
gene of Pseudomonassp. W7).

Korean J. Biotechnol. Bioeng.

A Algos, FHY EA oM F& 24LEA
4 7}AX+= extracellular agaraseE AJAs| Wigich.
o] extracellular agarase® DEAE-Cellulose ani-
on exchange chromatography?} gel filtrationg
=23 AAsgen, AA = agarase= SDS-PAGE
£ 33 & 89KDa® EA3F& A+ single pro-
tein band%l& #alalgdct. &3 agarase?] ok
ARS- ¢3te] host cell E. coli JM833} vector
pUC19% o]83l gene clonings #sgdh.
Pseudomonas sp. W79 chromosomal DNAZ} At
gl 4F Fo|A agarase activityE vellj= E.
coli JM83/pSW13} E. coli JM83/pSW33E A3}
Adom, H74E AEAH o]52 77 3.7Kb, 3.0
Kb} chromosomal ©3H< AUz 9le-g &alsly
o). 4 agarase $8717} AHUE Wo| 2F(B)E
inclusion body ¥} interacellular agarases-

AIZ el AT glEol &l dict

A} A}

£ AT ALY A2 QA7 A (A
HF 92-24-00-14) 9 =)=}, ¥ 1994 &
§F VagetdT4 sdedTRAn LA
%..BSRI 94- 4410)] sjAx o]Fo}zlo, o]
of tigle] FA=F Y.

FaFd

1. K. Hayashi and K. Nonaka(1967), J. Food
Science and Technol., 14, 67.

2. MikE(1992), Hgetkas, Jr—sufbit, 125-
138.

3. C. Aaraka(1937), J. Chem. Soc. Japan, 58,
1362-1383.

4. E. G. V. Percival and J. C. Somerville(1937),
J. Chem. Soc., 1615-1619.

5. S. Hands and S. Peat(1938), Nature, 142,
797.

6. EHEE, EmARREA, HEFE, =iF8E=, Ik
i, FEES(1987), HARB L eilmERE,
777.

7. EFkEH (1988), Food Chemical., 4, 40.

8. H. Kadota(1951), Memoris of the college of sci-
ence, Kyoto university, 59, 54-57.

9. W. Yaphe(1957), Can. K. Microbiol., 3, 987.



Vol.11, No.1

10.

1L

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.
22.

23.

C. Araki and K. Arai(1956), Bull. Chem. Soc.
Japan, 29, 339-345.
C. Araki and K. Arai(1957), Bull. Chem. Soc.
Japan, 30, 287-293.
I. Yamamura, T. Matsumoto, M. Funatsu, H.
Shigeiri and T. Shibata(1991), Agric. Bio.

Chem., 55(10), 2531-2536.

R.Y. Stanier(1942), J. Bacteriol., 44, 555.

L. M. Morrice, M. W. Mclean, F. B.
Williamson and W. F. Long(1983), Eur. J.
Biochem., 135, 553-558.

M. Malmqvist(1978), Biochemica et Biophysica
Acta, 537, 31-43.

K. Kendall and J. Cullum(1984), Gene, 29,
315-321.

M. J. Bibb, G. H. Jones, R. joseph, M. J.
Buttner and J. M. Wand(1987), J. Gen
Microbiol., 133, 2089.

M. J. Buttner, I. M. Featnley and M. J. Bibb

(1987), Mol. Gen. Genet., 209, 101.

P. K. Noel and G. H. John(1984), “in Bergey’
s manual of systematic bacteriology” 1, Ed.
by F. U. Richard, Willams & Willkins, Lon-
don, 214-219.

M. Somogyi(1952), J. Biol. Chem., 195, 19.

S. Nelson(1944), J. Biol. Chem., 153, 375.

J. Preiss and G. Ashwell(1962), J. Biol
Chem., 237, 309-316.

F. Fairbanks, T. L. Sleck and D. F. H.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

45

Wallavh(1962), Biochem., 309, 209.

R. C. Caswell, P. Gacesa, K. E. Lutrett and
A. J. Weightman(1989), Gene, 75, 127-134.
D. Ish-Horowicz and J. F. Burke(1981), Nu-
cleic Acids Res., 9, 2989.

D. S. Holmes and M. Quigley(1981), Anal.
Biochem., 114, 193-197.

M. Mandel and A. Higa(1970), J. Mol. Biol.,
53, 159-162.

R. Y. Stanier(1942), J. Bacteriol., 44, 55-57.
A. Takahiko and A. Toshiyoshi(1990), Nippon
Suisan Gakkaishi, 56(5), 825-830.

L. M. Morrice, M. W. Mclean, F. B.
Williamson and W. F. Long(1983), Eur. J.
Biochem., 137, 149-154.

J. Y. Kong, B. H. Ryu, M. W. Chang, 1. S.

Kong and S. D. Ha(1993), The 1st Academic
plaza in international food Machinery Exhibi-
tion '93, Makuhari, Japan, 57.

S, TUAF, TAHE(1994), §FA]v| B EE

3} AN 3 =24, 190.

S. H. Hwang, S. D. Ha, J. D. Kim, S. K. Kim
and J. Y. Kong(1995), The 3rd Academic
plaza in international food Machinery Exhibi-
tion '95, Makuhari, Japan, 48.

J. Y. Kong, S. H. Hwang, B. J. Kim, S. D. Ha,
S. K. Kim and J. D. Kim(1995), The first
Asia-Pacific Marine Biotechnology Confer-
ence "95, Shimizu, Japan, 70-71.



