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Abstract

The agar-degrading bacterium was isolated from Taitung, Taiwan. After
biochemical tests and 16S rDNA sequencing, we found the agar-degrading
bacterium was a bacillus, gram-negative, mobile, aerobic, catalase and
oxidase positive, didn't produce H,S and Indole.

This bacterium was identified as Alcaligenes sp. strain Yen (AY744384).

Strain Yen was grown at RT for 48 hr in C-10 broth with shaking(150
rpm). After removing the cell debries, crude enzyme was collected, and then
proceeded to separation and purification. First step was to concentrate and
dialyse the crude enzyme, and to purify it, and yielded a solution with
157.33 U/mg(purified 2.19 fold), and production rate was 54.61%. Then
Sephadex G-100 chromatographs was used to final purify Yen-agarase. The
results showed its specific activity was 406.44 U/mg(purified 5.66 fold), and
7.96% production rate.

The optimum pH for Yen-agarase [ was found to be 7.0-8.0. The
optimum temperature for Yen-agarase I was 35°C, but approximately 50%
of the enzyme activity was inactivated in 30 minutes under 55°C . Estimation
of the molecular mass by SDS-PAGE was 101 kDa. The best substrate
specificity activities of Yen-agarase toward high-melting-point agarose were

D-galactose. Yen-agarase did not have the capability to degrade ¢
-carrageenan and x -carrageenan. The agarose water solution was used to

carry on experiments, and solved outcome launched on thin-layer
chromatography( TLC). By judging the dissolved carbohydrates produced
by neoagarooligosaccharidase, we could relize the enzyme functional

position was 3 -1,4 band, so, the enzyme as 3 type.
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A ¥ (agar)* L3 fq 0 4 & d % % % ( Rhodophyceae )& 5f #5-B~
Nend P REA S 0 B R e R ERE A F A A0 o p R
A 8 F EE A R SRS R o P Y % (agarose) & H
AR AEES S 0 Hied i - @ B EAF ] Ml e3,6-% 0k 2o U
(4-O-linked 3,6-anhydro-B-L- galactopyranose) 2 1,34 & e+ ¢ L 5 4%
(3-O-linkeda-D- galactopyranose) °

% A& 1902 # > Gran 7 &% IR & K2 ¥ e % o (3 0 2002) -
T A e I EfE & U LV R pR (agarase ) B oan g X R ARV R R
agarose 1% H3V A 3 X3 0 - 5 o-FEfe(o-agarase ) ¥ - 5 P-
¥ % f=(B-agarase ) & & 3F o a-agarase € (% 3¢ X2 o-(1-3)éE
B0 9TA 2 BFEA Y H G E % pE(agarooligosacchardies ) > B-agarase €
fEw e B2 Be(lod) 42 (8% 5942 BREAPALL AR
% ( neoagarooligosaccharidase )

( Hosoda et al., 2003; Kang et al., 2003; Sugano et al., 1993b ) -

L= v

JIEAFp s REFEERERE ] WAL P REE R
Flm@2 & FHFEELfop B 0 1991) 0 ® ATiF % - #& (neoagarobiose )
£ % B Rae 4 1 2 3 B16 murine melanoma cells % ¢ % % ( Kobayashi
etal., 1997 ) ¥ ¢ > ATEFEAMHETE T B A REM > doifoa i 3
( Porphyra yezoensis) 2. % B~ % p& > ' [P-agarase 4 f#{s > TR F 2%

fo 71§ E v fm %8 75 14 ( Yoshizawa et al., 1995 ) - ;x4 ( Gracilaria

verrucosa ) -kia 1 % g B-agarase ¥ f%is 0 E fl ] R E % & 4
& g



it * ( Yoshizawa et al., 1996 ) - ¢ * Arthrobacter sp. S-22 #t & [-agarase
b fR % E 5 BE( porphyran )fé 0 #7 {8 37/¥ % » #E( neoagarotetraose ) ~ Fu i
% #&( sulphated oligosaccharide ) ~ &= i* » #&( sulphated tetrasaccharide ) ~
% fr it = #%(sulphated disaccharide )% % pE & 5 "% ] UL FEE AR R
5. 4 (Osumietal., 1998) - 2001 # Kong ¢3R4 7 302 ¥ ¥ EfEE
EAE A > TR E RN m RS > FP I 7 Ao AXERE S R
TUEBAMAOLE BN e RN EEBEORY X 0 dolm e s i
( Carlsson and Malmgqvist,1977; Solursh, 1991 )~DNA ¢4 #t( Couto et al.,
1989; Kamiunten, 1995; Osoegawa et al., 1998; She, 2003; Shizuya and
Kouros-Mehr, 2001; Singh et al., 2003 )~ & #f & 2 & %8 <% (¥( Araki et al,,
1998a; Chen and Chiang, 1994 ) ~ g & J& sm %2 & #2( Gray etal., 1995 )% -
iPii*éiﬁﬁﬁiﬂ%m—ﬁiﬁﬁﬁﬁﬁﬁ%ﬂﬁﬁi
AL fRER D AP REFARTMEATD E.coli ¢ AR AWF
ERS R PN FT LR Y SIS SR R Y LA
e B AFETIIETNE & ,T%ﬂ\? % % Alcaligenes sp. Strain Yen
A RFFRHC LRI - OIREAEMTEG AL L
ﬁ%ﬁﬁwé#fﬂ%ﬂW%é%%rﬁﬁwﬁﬁﬂﬁmméﬂ’%¥
F - 0 REER AR R R .
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L F RNII P N R kA ER 0 B 2 G LA e
R AR e SR A NS AR - B o O S e
2@ gheh- o § B R e B W X @ 5l ande AL X ¥ (Ha
etal, 1997 ) & Ei 4 BAF T3 PRE G M E mR RESPEV 2 5 2= B
% 7% ( Chlorophyceae ) ~ # & ( Phaecophyceae )fr ‘= % ( Rhodophyceae ) > i
P US Pharmacopoeia % 3§ cha & » ¥ % &% Rhodophyceae iz B %
B TEBD ORI vengEd d v d Ik F ¢ 0 H -
Mk S Rk SRk kA AL e E 2 304k i A 80
Z_ oK B "Jg%}‘iﬁf'}#ﬁi%ﬁ’i AR I RN R d ¢ AR
AR LT EAA E RB - Ash A R B HR G RATTPRE A IR
H.2 & Gellstate o 516 % iF B M9 "5 MpF > il S L eni? X E €
MFHP L FEARNPAT R GEE o A BT HL S Gel I state
(% »2005) -
FE(agar)* L g0 AR FJEREY FBEI] 0 B R mE EEGDS
AR EFhi &4 0 & 1902 # > Gran 7 A H IR § K fRE R e

(BF > 2002 ) > ipi Fo7A i 0 enfig & i AL ¥ fF(agarase ) o i E E -

31’(-

BIPEN LRSS SREDHE B FEXNET0% A RIS 4L L
1 & G i F (agaropectin )fo ¥ fLE R - fifpig 0 ¢ A EA SRS
A S 0 B 15345 i B-D-galactose frl—4dt e

3,6-anhydro-a-L-galactose 2 3 B & @ & hE 488 & F ("éko ) fafbix
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£ FRRA o v H P B G AA TR 0 B e b AF SR Al

FRELT o~ § OB BPERCD BRPE S ATHE S 0 L v anim BRIl g AR
7 1 % ( Duckworth and Yaphe,1971; Ohta, Y. et al.,2004 )(*i45%= ) °
SEEREA A rf]’}%& A &)

Swartz and Gordon #. 1959 & = /}?c #adpd o 5% 1902# Gran
C AN E A fRIEFE A X w0 S #E T 5 Bacillus gelaticus o popt 2
é’?ﬂﬁ%ﬂ@Wﬁ%ﬁ%ﬁ%&ﬁﬁﬁﬁﬁﬁﬁ%m’%
Achromobacter ~ Agarbacterium ~ Alteromonas ~ Cytophaga -
Pseudoalteromonas ~ Pseudoalteromonas~ Vibrio( Leon et al. 1992; Zhong,Z
etal. 2001 ) - Veraetal. 3% 1998 #:n i d 3t % & F /X f | 2~ '
R ST e A G IR R S RS R R B
Hmsmih ool d AFFPRARSIIVS LAY ILFAEKE PR
Boles 3375 a2 80k s ok ® 23 A H W RBY o

AEELVREEL RS BERO- fA-RfEFEZ > Allouch et al.
2003 » 3 & A F PR E* 255540 00 PE A oK f# P ( glycoside hydrolases
GH)(Z > 2005) izt ¥ Fev B4 HEFE® 80 27 4 4
- % a-F % fs(o-agarase ) > ¥ — & [B-iF % fi=( B-agarase )EF 5 5F o
o-agarase € (% 3¢ X2 o (153) % AL EBEASH X
EFEFEOMEFEREAS LR R E 3,6-anhydro-L-galactose 7% A



(residue )% 2538 R 24 e D-L 54 $E( D-galactose ) ( Hosoda et al., 2003;
Kang et al., 2003; Sugano et al., 1993b; Young et al., 1978 ) - B-agarase ¢
Er a0 MR Bu(lod) 42 E% S9AS RREAS AL ATEYE
B MATEEEREAS LB R L D-galactose @ 2EiB R A
3,6-anhydro-L- galactose( Hosodaet al., 2003; Kang et al., 2003; Sugano et
al., 1993b) -

A pERAA T fl’ﬁ PR 4ot R EEEM A e fitit A

W P 5 E P Bl(clearzone ) A 4 B IEE R 2ORFEN A o

T EREEIEY S22 KfEA SR
fer 412 kjz g
P EERERfREAE A2 GVKEAF A R 24P o A EAEKfE
FFLRNAP ZATERER  ATER e B2 >
(neoagarohexaose ) o g4 4 A 4 L fAEX e 4 7 RAA R > P A Epvy
FEPEFE-MH 2 RTFEFTRE- ARAZL T - RE RS
(Hosodaetal.,2003 ) @ P i 3 o R f2EF cnie® 4] » 7 7 #5371

-\\1—
%«t

fmeni®r % 4 F_F 1k 4 Pseudoalteromonas atlantica ATCC19292 2
Alteromonas agarlyticus strain GJ1B -

Ped ot AR E PRI Pagarase 20 B AFFEAE
Pseudomonas atlantica ATCC 19292 ¥z ¢t B-agarase T #* »M/% 3
B-(1—4) 48 > A2 - kFFTEEEPE > A LEEFEATEEERPE L2
f# ( neoagarotetraose hydrolase )& 4 > & fé$ B> 2T e 4t - & ¥
B imie i Feny 11 A ¢h2r B-iE 3 f(exo P-agarase 1) » ¥ 12 #-370F %

R e B(104) S KfRTE > A A2 ATER B RSATER



= WL e B o R AT ¥ R K 2 5 ((o-neoagarobiose hydrolase )
A4 > TITH NITEF - 0 k{435 D-galactose v
3,6-anhydro-L-galactose % # 47 &+ ‘w%e fFF chf% % X #4| * ( Hosoda et
al., 2003 ) -

Alteromonas agarlyticus strain GJ1B 3% * #+4]> & - Alteromonas
agarlyticus strain GJIB 7 7 @ fdfi¥ % o-garase fr B-2 ' 4 H ps
( B-galactosidase ) » a-garase ¥ #-iF oK f# = ¥ & b ( agaro-
oligosaccharide )H & -] A ¥ 5 F % w $& > m [P-galactosidase iF* »+ /%
BB R B A F X = pE(agarotriose ) (Veraetal., 1998) -
AP EMEFHEARD DEBFFE 0 U(2006)H-3% % K 2478 A
P IR hotitdr e o

42 A F@FLXFHFREPE
Alteromonas sp. E-1 e B AlF s m 2K « AR & &
( k-carrageenan ) ~ & f&4r ( sodium alginate ) ( Kirimura et al., 1999 ) ;
Pseudomonas sp. PT-5 &% g fis K f2i¥ ¥ ~ sk /&2 % ¥ ( porphyran )
BEENE R MBI E R E AT 30 A48 A4 32-37% &
RAk o A kfENER G AL 20% BRE - RE KR < AREF S )
AR & & - P aHEI (gum Arabic galactan ) ( Yamaura et al., 1991 ) ;
Pseudomonas vesicularis MA103 sz s 1T K2 02% EE 4~ 5%
BLE R MG BB E AT tA2 B REEA Y S 182
170 ~ 67 mmole min/ mg (f& » 2006 ) ; Vibiro sp. JTO107 3 f &
A EpEEE R R A s « Ay A AR & JE ~ RFL4T (Suganoetal,
1993,1995) o d m A7 FIRP w0 © frﬁ—j:ﬁ#“”iﬂ ESA S R BN



A~ AR & Fe > RPRAN 0 e F NURFRIEENE - B EGVEERE S K
5 BRI A -

I ~EFpE2 4
1 &4 pH &

WO A Y gk FERERGE T EARZ pH B2 FHC KM
(2006) EIAP eI o 2R A AT ARG EY RS F B
25CH60°C2 FF» 2 e g g (7% pH B2 X 4pk » % A h
FEps2bif pH ® 5 pH6.5~7.5 22/ o
52 ~3 &

Vera et al. (1998) 1345 = P‘Jev‘ e A R RTINS Y
-3 s A~ F & A& 50kDa 2T > 4o Pseudoalteromonas altantica
ATCC19292 ( Morrice et al., 1983a) f= Pseudomonas sp. PT-5 ( Yamaura
etal., 1991 )#7 & F % pe2 » + & % 5 31kDa > @ Pseudoalteromonas
antarcticaN-1 ( Veraetal,, 1998 )t & X ¥ fs & 3+ £ R % 33kDa- % =
MRl E &+ & 3 50kDa 22 100 kDa 2. fF > 4rAlteromonas sp. C-1
(Leonetal., 1992) *%pfss + & 5 52kDa> @ Pseudomonas sp. W7
(Haetal, 1997 ) =i g s~ + £ % 59kDa - Pseudoalteromonas
atlantica T6¢c ( Belasetal., 1988) R4 & » + & 5 55kDa «xZ g ps o %
KPR A A F £ <3 100kDa e g fF > 4eVibrio sp. JT107 ( Sugano et
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al., 1993a) #r& #%pF > »+ & 5 105kDa- 1998# Veraetal. 51 ic
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53 &K+

d 3 5 A FF AR AR PR 0 Haetal (1997) 325 ”J
feif 8 g 44 (NaCl )7 4 iFFaasfio ¥ 7o %m"]‘%c His &4
F+ et BERL ¢t FTA R R 2 R 4o Alteromonas
sp. C-1 #TA ¥ s wRER M3 0.1 M pFo EZEps B ¢ Pri] o
FHB 0.1M £BBER P> €5 {FenEEpFiad(Leonetal,
1992) - @ Pseudomonas sp. PT-5 #7 & ti¥ ¥ a4k Zn' ~ Cu®" ~ Co®" ~
Fe’" 4c AP" % & 33 #r4]( Yamaura et al., 1991 ) - Pseudomonas sp.
W7 ¢ B-agarase = 0.9 M % 40T &1+ ¢ 3 4 > Pseudomonas atlantic
e17 B-neoagarotetraose hydrolase ~ neoagarobiose hydrolase 4 %] v
0.05-020 M ~ 0.10M k& ™ » EFEps i & 5 4 (Haetal, 1997)
74 0.002M 3 CaCly, = 0.005M =7 MgCl, # #%& 8 iF11.2%
( Morrice et al., 1983a) ; 1 mM Hg*" ¥ 2 % > #r4] Vibrio sp.PO-303 i
agarase-a - agarase-b ~ agarase-c 1712 1 mM A" 2 EDTA % Vibrio
sp. PO-303 ¢ agarase-c 7 5 crdri|»x% - it ¥ agarase-a ~ agarase-b i
At AT & B P (Arakietal., 1998) © i 4 2mM Mn*" ~ Cu®" -
Zn*" ~ Fe*' fe Hg™" + % >#r4] Alteromonas sp. E-1 ¢ B-agarase ¢

& 1 ( Kirimura et al., 1999) -
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6.1 Zipkde Tk

BATIURET AN RRY R0 F o v FARBRY B[R
oo € FIAR Y BAER RTED B o T A Rk 0 B oo Aiphde
A AT 0 BT RA LR AR kA T 0 R FAERMIA
RIS O S I oAU BN S R gE Y S AR T
EAH R AR TR R T 0 Y e TR e g
BKFTE kR G 40 ~60 % ( Yamauraetal., 1991) ~ 70 % ( Potin et
al., 1993 ; Sugano etal., 1994 ) ~ 75 % (Aokietal., 1990 ; Leonetal.,
1992 ; Veraet al., 1998 )~ 80 % ( Duckworth and Turvey, 1969 ; Araki et al.,
1998 ) ~ 60 ~ 80 % ( Kirimura et al., 1999 )~ 90 % ( Morrice et al., 1983a ;
Sugano et al., 1993 ) o

6.2 3+ LR IT2

BPF LT DR TP LN DT AR T A AW
FHEMF I LR VERREFL RS R ARSI HEE A
Threhe G 0 2 HBHF REZD 0 3 ERB G o Fod B ¥ A
FEEE A FIP R RR D F0 B B RER KES o A R
NaCl ;% ¥ e irpeh pH - @ # 30 FenT imeeanzgh ko
FPRB R NRY T BERDEE )I“}T?r' BELATE R 0
i}é}i‘.%&@% o B EEEF ¢ i3 L4k K W 4c™ I DEAE-Toyopearl

b

650M ( Araki et al., 1998 ; Kirimura et al., 1999 ) ~ Mono Q ( Araki et al.,
1998 ; Kirimura et al.,1999 ; Potin et al., 1993 ; Sugano et al., 1994 ) ~
QAE-Toyopearl column ( Sugano et al., 1994 )~DEAE-cellulose( Leon et al.,



1992 ; Vera et al., 1998 ) ~ DEAE-Sepharose CL-6B( Morrice et al., 1983a ;
Kimetal., 1999 ) ~ DEAE-Fractogel 650 M( Aoki etal., 1990 ) -

6.3 WALER 175

BB RAEFTE 0 RS TAF RS RS SRS T ol Ao
FEPRIF RN T AT T AT BB K
FUBEL I ERAR RS o AT ERET Y TR E RS AeT
Sephacryl S-100HR (F& > 2006 ) ~ Superose 12 ( Sugano et al., 1994 ) -
Superdax 200 ( Sugano et al., 1994 ) ~ Sephadex G-75( Leon et al., 1992 ;
Veraetal., 1998 ) ~ Sephadex G-100 ( Morrice et al., 1983a ) ~ Sephadex
G-200 ( Duckworth and Turvey, 1969 ; Malmgqvist et al., 1978 ; Sugano et
al., 1994 ; Kirimura et al.,1999 ) ~ Fractogel HW-55 column ( Duckworth and
Turvey, 1969 ) ~ Toyopearl-HW 50S ( Aoki et al., 1990 ~ Yamaura et al.,
1991)

4 RAvt 4k 4702
Sepharose "R/ HEL A R M T AL BIEFEEL 0§ 4
o5 AT A 0 A YEE PR 7 Rl T
Sepharose CL-6B (ft » 2006 ~ Aoki et al., 1990 ; Potin et al., 1993 ) ~ divinyl
sulphone ( DVS )-Sepharose 4B ( Malmgqvist et al., 1978 ) -
A-8010G(Hydroxyapatite) ( Malmqvist et al., 1978 ; Morrice et al., 1983a. ;
Sugano et al., 1994 ; Yamaura et al., 1991 )
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S ~EFRBAFZ AT
70 EEokfzA 2 EE

HEORRAL 2 EE VR EORE ek E S B OREA EE -
Fe ~ dhokfza & B4% a(1,3) 42 ( Araki, 1956 ) » #7r1 KR A 2
% £ 1/ agarobiose & & M BHDEME FEEOKFLR AU B(1,4)
gl ST UTET a(1,3) g TR E GVRRA Y A & £
neoagarobiose = & i L FI DX EAEAANEE F o 1FH 4]0 7
%iwk’%uﬁ%¢ﬁé%w&#%¢ﬂé%i~%%%%ﬂofﬂ
LR - M T R R EREA AT vk fRE Y o
W F BRI B A 4 B 2 A F (Suzuki, H. et
al., 2003 )

7.2 % % % #7:% ( Thin-layer chromatography, TLC ) ( Ohta et al., 2004 )
BFAY RAIEE - REAh3 E > 27 g > s i

FokfRA L BB - ¥ LB F EEKEAY BT K KT

PR ERRY CEFKBAFEEFRERRER A ROE B
H A

A
RS

kR AR B RAed A R AR ERE R R foiR
A o B RE BT @k A .

A
She
_p

7.3 B *%it & 49 & 4772 (High performance Liquid Chromatography >
HPLC)
HPLC  TLC { &ac > ¥ P #fik® vk f2A 4 (Veraet
al, 1998 )o ¥ HPLC + ¥ 1% jki o 4§ >3- 8 MM B2 Kz a4 £ o

11



NS EFERRAS LR

SAEREARERTTENEEEREL Y MRS kXL 2 dr
FlampFd £ EEFPEE-AfoP B 0 1991) » ¥ neoagarobiose & F iRt
4 12 % 3% B16 murine melanoma cells % v »< % ( Kobayashi et al.,

1997 ) -

YA ET H 7 AEAR F pESE 72 (heparin )EE 0 £ F Fos R
B s om AN R R M P eh= H Py T (Nodaetal., 1989 ) - 4%
Hijikia fusiforme ch#t -k 5 B4 @ 4 BELFcn?n A B F 7 W &% B
mPe e 4 & 0 45 % & Beell (Osumietal., 1998 ) o # 7 3 312

Pseudomonas atlantica # # z. B AlF g fe-RfFiFoa ¥ FF 2 BpE-k
B RAPHMNAEFEEDERE R TR BEFRY P A F
Wz HEkBREF RSB ErEwe2 f % * ( Yoshizawa et al.,

1995) - % F(Porphra ) g ix g as-Kf29r@ 2 KRR 5BV {8 FIRE
'ﬁ% TEEFeESCRBREE AR RBREEINLS > KA EEE
¥ B3 M FrERFAREZ (F* (Osumietal., 1998 ) o

=

&

82 L kv £ 2 4B

B EEFOKBB LA RS BkRE a5 E T I L
B A0 ST 0 S s A A R RS
A 'R R g P2 AR (Vahouny , 1987 ; Roberfroid , 1993 ) o
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X LD

" & & ¢h e Carlsson and Malmgqyvist (1977) 3 & 1 - f&3 2
%%,%éﬂﬁﬁ%%;»@%m%,ﬂwgﬁﬁg@@a%g@m,
%A G e ((glioma cells )en® % F
L RN RN e e A= T g A fad pE Eak) S I B e T v
## $5 T+ B AcéL ( scanning electron microscopy,
SEM)XEU,T_ A ARSE 2 £ G ?ﬁ# TR R K R 4
AGEFFEARILE LA Fehd e L@ P i &% & o Solursh (1991)
PEn o I XA R e e & B o ongt B %2 (chondrocytes ) e

9.2 DNA & RNA 43
f1 EERF R w fOE EEMM ) 5 DNA & RNA ¥ £ (Potier et
al., 1992 ; Gnirke et al., 1993 ; Osoegawa et al., 1998 ) -

BAE R 2 TR eny iF

RS EN ) EEE N S SRS RS L T
o AR A B AR TR ER R o L LR 2
TRHGEITRIE - BATHAER Y R
Binimie f b B AR TR o MRS R A TR T k2 B R
£ € & e Araki et al., 1998a) - Chenetal. % 1994# & » f]* & f

A
%
[N
A
)
<y
n
—
G
_g..
3
s}
g
it
bt
‘}Q:
F_&
\‘b\
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Pseudomonas atlantica = (-agarase £2 H is enfiZ 2 oih a2 fis
( Cellulase ) R-10 ~ Macerozyme ¥ Abalone enzyme % > $F7 X% -
i % (cellulose ) ~ » B PE (xylan) ~ % % 7 pE2 Rff e EFF 2 5 7
{7 L f29 % o % 3 Pseudomonas atlantica *1 A B-agarase ¥% ¥ % %
Yl AR RRT %Y B EEEE G RS DR FE o A g
Pseudomonas atlantica *7# p-agarase J2{s T4 4 chjgesf/m 2 BAE -
BHE R RILE SRR A TR T R R AFESF o
FI* EF v 7 enjEsE 0 4o Gracilaria ( Araki et al.,1998a ) -
Grateloupia ( Chen and Chiang, 1994 )& & & it % - &2 2 = 4 FH I
FRAFET

9.4 F & Flwie o M

Gray etal. (1995) 45 &1 @ ** H fR4mdcngd & 2 @l L 220 ki & -
P T ¥ Ao - thE G R B > A G - £ P
2 @ g do g R ( flow cytometers ) ¥ * Sk 1d PIiE g cndwre o 2§ A
A H g7 ke (microdroplets )& & FF A ac BBl > @ ¥ A
RN A g B A R F I RO T 2 R RR & RS e ST A iR
oo #7110 Grayetal. #1995 pFEf % — FAH 37> w0 49 iR 3 T 5L
WA P 8- S FXE L H - gk f B E wie T E R * secretion

capture andreporter web (SCRW) 5 & & p i ihfd & B fm %2 7 4 b 2 4

KT I o BFT LGRS 0 FE ¢ W O f £ B o e A S )
o Aot BB R M P32 o 23t flow

23

cytometers Rk F X E A KfREBwE P BST # Y X FEEA RV E

FRpEIEENTTRE B T kg £ o
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95 R A RERLERE S &
Fg gy B R R T 2 K R A FRE 5

Sy’

FrEF e

#& ~ sulfated oligosaccharide - sulfated tetrasaccharide ~ sulfated

disaccharide %3R4 » Ak & X K43 Iﬁ,;ﬁf_ F M M /Pinrz‘_g ) i 2

* (Osumietal., 1998) - ® /& & i5d A Ep-KfRis2 5% 705 B

KAME AR FE AT EE I F o AU E ek g aE EE

HA4c T REA 2 QI F 0 Z " K "2 R ( Vahouny , 1987;

Roberfroid, 1993 ) o 12 7 2 X FprKfda > Vi v M EEH A G

A
a & o

Feh EEAE GG RE AR
F
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16S rDNA

B 7 4 Alcaligenes sp. Strain Yen

A 4

¥z 700 mL C-10 % % A& 1%

¢ E Y2 Ak 0 »t RT ~ 150 rpm 4%
% 48 hro

\ 4

EEEEREE (& 4°C ™ 10000 rpm

w30 min B~ FiR) 0 20~80 %Ak %
LA BB R

A 4
Sephadex G-100 *} %8 ¥ 1148 g 1 P
ez et Bz B L3N

> 3 kg o

/4 EFER S \ /1 =g et A1 \

PR 2.f5% 84 8
AFHIE 3. a4 4 2 45 3t

DH e e
]
# R

/.\19391%93.[\31_‘1
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SRR L TR

-~ BRai

Bradford reagent ~ Protein marker (Bio-Rad Laboratories)
SDS-PAGE(Pierce)

Millipore Amicon Ultra-30(millipore)

Agarose (Bio-Rad Laboratories, Sigma)

Difco™ agar,Granulated (BD,Difco)

Agar A(Bio basic INC.)

Agar power (Osaka)

Standard methods agar (PCA-D,Biomerieux)
Coomassie brilliant blue R-250 , CBR (Sigma)
Bromphenol blue sultone, BPB (Sigma)
Calcium chloride, CaCl2 (Sigma)
3,5-Dinitrosalicylic acid (DNSA) (Sigma)
1.3-Dihydroxynaphthalene(Sigma)

D-galactose (Sigma)

Seaniless Cellulose Tubing(Wako,Small size 24)

S REEKA

-80°C /% & 1 (freezer) (Leguci, Revco,U.S.A)

0.2 um syringe filters (25 mm; Pall Corp., Ann Arrbor, MI, U.S.A.;Pall)
& kB3 (spectrophotometer) (He A ios- 5, Lnicam, Tokyo,Japan;
Shimadzu)

128 K% 1§ (general purpose bath) (Firstek,Model-B403L)

17



178 ¥ 7 32 % 48 (orbital shaking incubator) (S300R, Firstek)
MR B iR 3w 1 (high-speed refrigerated centrifuge) (Himac CR
229,Hitachi, Tokyo, Japan; Hitachi)

¥ d & (peristaltic pump)

# "% (gel) (Sephadex G-100, Bio-Rad)

w71 (electrophpretic unit) (Bio-Rad Laboratories)

% RERE (power supply) (Bio-Rad Laboratories)

; ”ﬁ%ﬁ"iﬁ% » 2007)
AL FET
% 5K F 2 FIks&{ MicroScan-AS4 ficd ¥ p #0 A2 4T R E
AT FAE

3.2 ## 16S rDNA 4 47 (# ° 2007)

A3LATH A 1 EFT L ATHE B Atk Yen 2 DNAig 7 PCR %+
Atk Yen 2 16SIDNATE{T 2R > TR A7 S5 5 2 AR 7L & #
FEF P S (NCBI) FREEZGF W 350 EFIBRITO SoFM -

v~k Rl kL R
4.1 3% Ape ¥l

4.1.1 Ftk Yen ##2 £33 % 3 (C-10 broth)pH 7.5
HEPES(N-2-hydroxyethyl- piperazine-N-2-ethanesulfonic acid) 1.2 g/L
MgSO4,7H,0 0.25 g/L
K,HPO, 0.05 g/L

18



Ca(NO,),4H,0 0.025 g/L

KNO, 1.0 g/lL
Na,-EDTA (Na,-ethylenediaminetetraacetic acid) 0.01 g/L
Fe,(SO,);6H,0 0.004 g/L
agar (Dfico) 2 g/l

412 Atk S3PY A#M2 Lt A
4 1.5% 0 agar *t C-10broth A& H pH 3 7.5 3% 121
C PRpE 15 ~4 -

f

4.2 FBRF ¢
B ONF S E A Y2 v AFEPr nE R Alcaligenes sp. Strain
Yen Fth Yen **HEFERBZA P FE YR R ot R g o
#- Alcaligenes sp. strain Yen >+ 7 0.2% agar 2 100 mL C-10 broth> % %
BT 150pm RFER A 0§ R FRLOD600nm #£1.0-1.28F > &

Wi R AR FRL Z e R A M (glycerol) T E P o BFREH B
1:7TREEZE >3 A4C A2 s EE-20CEFIRA2]FF

4 -80 CrkfaB~ 1 %73 ‘ﬁ;}ﬁﬁ ? » 37 CwE > @ % 100 mL C-10
broth 2% ™ ~150rpm #=F3E % > 3 448 P > L B2mL Firs
FAIAT C-10 B £24/ ) FF > L fApF o
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FRET R
6.1 XFpsz2 24 A&

3 500mL 2 A8 K A 0 ¥ F 1%k Yen(Z:E o 150 pm)
¥ %48/ PF o Fik 4 (4 °C > 10000 rppm > 30 min )z & F Fig o FoFR
1 20~80 % Frfh4EiTk 0 UK 2 30 B R % %50 mM Tris-HCI buffer
(pH7.0)" - A2 50 mM Tris-HCI buffer ( pH 7.0 )i% 724 | pFis » (& *
0.45 um syringe filters g7 fe v T #7i# 2372 75 Yen fui¥fps

B e

o

6.2 A F v B M B E
6.2.1 &R RMEFEE SR € fE 3 S 2 ( Miller, 1959 )

AEREF AT RS S A EP 09mL 7 F 0.2 % agarose Sodium
phosphate buffer (pH 7.5 ) » £ {4 & **35C-kip ¢ Smin - 40 » fFiR i
¥ 20 100l e FiRdR R £323 0 2 e 35C kst F &30
min > B~3 = W4~ 1.0mL 9 DNS %z (378~ 10g 9
3,5-dinitrosalicylic acid ~ 16 g NaOH % 300 g K-Na tarutrate “c %1% f#
o TMMHI LOL - &E* 2 H RO BT > & F & 100C A -kip?
FE Smin ¥ HFEZ R B AED TR > B A kKR IIN546
nm & TPl E o U7 kR 7 D-galactose i&{7 DNS % & &
J& > riz 2 D-galactose 2 #R%8Fd & > ¥ R-AEZ & ¢ 27 D-galactose 1%

By b U RKAEE 2 B o

6.2.2 = H =2 & (Leonetal,1992)

A EEE - Hr(lunit)d iR B s CF BN AL

20



1 umole X F‘#Ecnfz% £ 1 unit= 1 pmole galactose equivalent/min

6.2.3 F-v F «n¥ ¥ (Bradford, 1976 ) (i * # & = 0.05-50 ug/mL)
Pif g B2tk M2 Aok FE 3 200 ul 0 f 4e ~ 1000 pL
e11 Bio-Rad %4 #|(dyereagent) > ;2 £353 F J&s Smin > 1 hrp Bl & A &
595 nm sk g o 32 2 5 F-9 (‘bovine seriumalbumin, BSA') i

B dd B REEEY SO 5D R AP R RS 3 TR

6.3 L EREL A B 1
6.3.1 "} %88 % % +7( Sephadex G-100 )
i3 2y (2007 )R R iE e A 472 02 0 KB 1.0x60cm E L0
500 mL % =% /% Sodium phosphate buffer ( pH 7.5 )*+4°C 7k $8 7w i% i
e {é o #& % 11 Sodium phosphate buffer (pH 7.5 )i » g & &2 45 0.2
mL > & F| 2 el SmL TR E RS AN > nE 5 2+ & 30kDa

MWCO 2 Az ik SFd < # 3 (7 R 4H2 H17 -

6.4 FEFpv2 4 i PFRIGE(E > 2005)
6.4.1 &+ £ hFL
55 (2007 e iz M F H AR * 420 % SDS R IR T A
( SDS-polyacrylamide gel electrophoresis ) 2. = ;2 & 47 - §|* bio-rad

SDS—PAGE ’F%_/‘_EFE‘;,}’E‘.{; /,;\-3- :lé_ fE'_;'.; .

6.4.2 SDS-PAGE 1L % &

21



5 % /% %% (5 X Running buffer )(# /% 4: » 0.1 % SDS)

Tris base 54.5 g/L
EDTA-2Na 144 g/L
Boric acid 6 g/L

4e-k 800mL i3 /%> 2 NaOH # pH % 84 {45 4c-k 2 1000 mL >
FREG R TR AR B

2 ® % 5 % %% (2 X Sample buffer ) ( SDS reducing buffer )

0.5 M Tris-HCI ( pH 6.8 ) 1.0 mL
Glycerol 2.0 mL
10 % SDS 4.0 mL
2-B-mercatoethanol 0.4 mL
0.1 % ( w/ v ) Bromophenol blue 1.0 mL
Distilled water 1.6 mL

a4 CoR*pa R FHRA 1:1RER

CBR %%
#-400 mL 7 methanol 4c » 400 mL &k £ 4c ~ 100 mL acetic acid
R E383 15 > 4~ 10 g Coomassie blue R250 » 4 -k & #8# 1L -
TR R
B

#- dH,O -~ ethyl alcohol ~ aceticacid 14 7221 v Glfe &

6.4.3 SDS-PAGE 4 ¥ # it % 2

#-E FAs 2 sample buffer 21 :1 2 &1 > »% 100C4c#t 5 min >

22



A Erts B~ 30 uL i~ & &H o 14 Tris-Boric acid SDS buffer &
running buffer - £ 12 60 volt & &g+ 30 min > £ 12120 volt i& 7 7 &
90 min - 2 Coomassie btilliant blue R-250 Z &% ¢ 1 X » & AL %43

A 4hr T2 F0 FHRESCI > ZZII0pL ) W REH LT E o

6.5 Native PAGE 4 7

Native-PAGE + 1z¥? SDS-PAGE #pF ek 272 &d SDS iJZ -
2 ORREE SR 4o r SDS o gt 2 fh R e R AL e
B-mercatoethanol &2 » & §_ Native-PAGE ¥ 7 4c » g ZH] 5> 4 7 4c

6.6 XEFEILLEE A
A * 7 4r B-mercaptoethanol 2 7 4 #t 2 > #-§5 = SDS-PAGE
#& Native PAGE - # * Tris-HCl buffer (pH 7.0) 7#%5=x » 22 & 5 3
=g B ##30rpm > # X304 45 o 2 {8 ¥ PAGE P~d1 i3+ Soft agar
(0.5% agarose in Tris-HCl buffer ) » *x % 35°C » 22 &3/ BF > Bxd1 @ #
Todine reagent (0.05M L, in 0.12MKI) %4 » 10~ 4ais LR E% -

= ~ RF4F R $2(Allouch et al.,, 2004 )

> BB F B % 2. high-melting-point agarose ~ low-melting-point
agarose ~ agar(Agar power,Difco,PCH-D,Agar A ) ~ sodium alginate ~ ¢ -
BAFfrr-R&EFFTHFF > VREFEF 0.1mL(I0U/mL) 7 F 3
AT HEM 09mL > 2B RABREE BRI T2 3 2 RIEEE SR -
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A~ Bag e pH ®( B4 # > 2007)
Bl EPEE 2 B (8% pHo 9T % g B3 Rde™ £ o RT3 72
> B~ 0.1 mL(10 U/mL) 2. fs %4 » § 7 I pH (@3 3k 2 A F 7

0.9mL » %7 R Zypfs & BRI TS 2RI S -

Buffer (50 mM) pH Value
Citrate-Na,HPO, buffer 3.0 40 5.0
Tris-HCI buffer 6.0 65 70 75
Sodium phosphate buffer | 7.0 7.5 8.5
Phosphate buffer 8.0 8.5
Glycine-NaOH 9.0 10.0

i ~pH E% T (24 1 > 2007)

> WP~ 0.1mL(10U/mL) 2 &% 50mM % pH ©(3.0 ~
40+50-6.0~7.0~75~8.0-~85~9.0~10.0)0.9mL = =5 %R &
323 o3 4C TEEs 24hr {6 > P& pH EefiEE i B REREE

V= b I A IR E -l i I i

B if 1T % 8 & ( Suzukietal., 2003 )

#- 0.9 mL 0.2% ¢ low-melting-point agarose % 0.2%
high-melting-point agarose » 4 & % * % & 8 B 20°C ~ 25°C ~ 30C -~
35C ~40C ~45C ~50C ~55C ~60C*™ Fp# Smin-> # H & E R T
fmis o £ 4 r 0.1mL(I0U/mL) 2. 222 R £323 > R:BRBEZ ST

Bl T2 R pIEE R R
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Bl Yen A X Fpr a2 FRE R T aJY 304482 FE 2 A a1 0 f#

# Yen 2 e FpskRAKE S5 10U/mML e X Epes w Af R
20~25~30~35~40+-45-~50~60 T I 30 4480 Ris kB RERE
AR T R RIEEA G EMS

Y .
12.1 4T3 e 9 Lietal., 2003)
A AEHET ER 0+0.05~0.1+02-0.8-1.0~3.0~5.0~10.0~20.0 ~
100.0mM A 54 » & H 9 R E395 (5 0 4o~ BfEE 10 U/ML > k51

RITERIF M -

12.2 ~ 4p 33 1 48( Lietal., 2003 )
3 ARAEF ER 02050~ 100 ~ 200 ~ 400 ~ 600 ~ 800 ~ 1,000 mM
> Blde » AAE PR £33 88 0 b » FEEF10U/ML 0 R E MR 2 RIE

123 2 # & Bag3 £ B g B > 2006)

EpHS kR H AR kR S AR (TR0 2006) 0 £ R HE K
| 1/10 B4r# % 3] 10 BhL B > 2 a3 chh BER A W4t
oo A RRRZ £ BT A Bt r 02% AT 09mL o i&E

HApEE od 3t ST ER AR < > &1 ITmM ek

W
R
&
ey
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BT R E £ BT HE LR RS b r AR 10U/ML > &

MR FE RE M e

L = - f%$% # 4 & (Michaelis-Menten )(Sugano et al., 1994 )

ik pr 0.1 mL(10 U/mL)4 %] & 0.9 mL 0.2% low-melting-point
agarose % high-melting-point agarose (A F)kE & 5 0.5-1~1.5-2~25~
30g/L TR 304480 RS R R R PR ATRR BRSO
o> XAI* EE R F R IR A TRA s R BB R d
Michaelis-Menten = ##3;% & Km % Vmax o

Lw s okjEA A (TLC)

# & 0 0.5mL 0.2 % agarose 22 0.5 mL 10 U/mL e ¥ 3 fiz & 38 4

4

o

Wi AR o A %5 30min~ 60 min~ 5 hr-24 hr Bl A 2 R R

Ik

14.1 ~ TLC £ +7-kf# A 4 ( Kirimura et. al., 1999 )

B
plate 5 silica gel 60
E B & 5 n-butanol-acetic acid- water (2: 1: 1)
% ¢ | 5= naphthoresorcinol
( 0.2g naphthoresorcinol+ 100 mL ethanol + 10 mL H;PO, )
= 52

#- silicagel 60 3L*» s & @ % ek ] > LA F AN 0 BRI
A3 r b 2R B R TLC ¥R A LRGFER ¥

S gAY RS AMES > A £ D110 CEHEIZI0N & o
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- Y3 § kg =2
‘l N n‘P % —E— F

- ~ Yen FfEFET

AR ST Rk @E D - REEA AR 2 AN
AAEL OB - X GALEIGRUINET  CEFERAFEH o FE D
Wi AR RARPORT (W= ) F e Ad FEERT L AP E
(®l-=) -

Sld @A VPRERFIR QLEE L i#’ﬁ?]; E g AAEE ?]’ v Ao
it ~ Ei@d 4 ~ 45§ -~ catalase ~ oxidase 2 & F B2 * A&rit & (H,S)
fr Indole = 4~ ¥ FZ ¥ % 4 27 Alcaligenes sp. 7 97.4% #p 124+
(#- )

YR vxfbsl3 0 245 PCR 2+ Ftk Yen 2 16StDNA & 7
PCR AfF EL3T7 8 1 ¥ 793/ > TAAEZIRS S RBle > 23
B B 7 4~ #3730 ¢ < (National Center for Biotechnology
Information, NCBI ) F#2 2 i& {7 16S tDNA R 7|+t 0 & % 3 BT
Alcaligenes sp.ON5 5 100 % r4p 2 & > NCBI 223k #-0 ik & &

Alcaligenes sp. Strain Yen( Bl= ) °

fi 4 chid i
[N Bl
#-i5F & -80°C P HR( Alcaligenes sp. Strain Yen )*+ 7 100 mL
C-10 & 4248 05% © FMFR - #FLFET Y 150rpm i
EiRT 4 48hr B FFEER 0 X2 4C T 10000 rpm i i g
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30min f5 > fc B bR 0 Ads 20~80% FEfRACT TS £ LR S0
mM Tris-HCI buffer ( pH 7.0 ) i3 itk 4~ 02 50 mM Tris-HCI buffer
(pH 7.0 )% 4724 ] pF{s > & *  0.45 um syringe filters g 7 i3 39 F 4L
2 s fe %% % ( Yen-agarases ) » H B F &t 4ok - o1 0 H B AR
2 600mL> % 3v 5% 1920mg - % agarase &1+ 5 1377.12U/mL >
LWk 100% 0 wiE L 7173 UMmg » L A Bk 1o

2. Sephadex G-100 %3 %% % & +7
%—#Eﬁj%% (P'Z /% ‘fﬁlg ’ 1E— f’r SephadeXG 100 Ly ’Eﬁﬁ/@% *q— ’ "( ‘i ﬁ:rr

1:»

Bk i F a4 0.lmL BHlAT 02mL o e F R A
HF o BB RN A S SmL B Fd & 5 027mg 4 agarase &
i 109.74 U/mL > vt E4E 5 40644 U /mg > i s 566 i > w
NeF 5 796 % (drk =) o

i (2006) f1%* k% ~ DE-52 3t ht*5 2 3% & 47 Aeromonas
salmonicida MAEF108 » # {# #|2_ agarase ‘" /51 % 1069.46 unit/mg ~
B LI 2% wied 2 13.32 % Suzuki et al.(2003)41 # Frds
#Hkiz ~ DEAE-Toyopearl 650S #t+ £#%q < 3% & 47( 0.13-0.40 M
NaCl )~ Sephadex G-150 % Superdex 200 *}4%8:%/m & +7 % i Bacillus sp.
MKO03 > & 3]2_ B-agarase H % 3¢ & 5 0.0609 mg-~ %=1 % 0.98 unit ~
LAl L 142 unit/mg s Bt R AL 120 B~ 2 woyed D 7.0% 0 d 0
AF SR EHIERE IR E RGBS - B R 5
RPN ST EA LA RINCEE A (D /I?%}ffl WIS o 1TE fj‘uiffﬂ

SB-k 2. Yen-agarases fFitH AV FMZ B A H 2 373

o
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= s AR B

1. g;

s

—

#- Yen-agarase 4~20 % SDS-PAGE 7. /4 5% CBR %4 ~ 2 % ¢d
SUE EP ARG > BER TG el BRAoBle T o HA S EAH
%% %) 101 kDa » Native-PAGE #1247 Mg i % ip ® i d 25

PRIV g REsF 2 Y HHkDa’#F"éﬂ%f§%W>B
20~80 % Eif ¥ o & * B R ik % 2 4 SDS-PAGE k4% 4+ & (Vera

etal, 1998) * & dri + § < ] hj-vd FEFYME/RZ FE AT

Fens S R4l B RE R R R s 3 R A
EFH > FILEEET a0 LS (B > RIAFRLA RN
b+ & a2 (Aokietal,1990b ;5 [ > 2006) °

Vera et al. (1998) ’}‘747‘; )*%r‘ AxpEsFE L) XS
Ko w - aAFE A S0kDa T o &SR A A FE A 50

2 100kDa 2. & » % = 5P 5 &~ F & <> 100kDa ¥ % fs o

IH

Vibrio sp. JT01074 <+ & 107 KDa ( Sugano et al., 1993a) ; Vibrio sp.
PO-303 enzyme B 4 + # 115 KDa ( Araki et al., 1998 ) ; Pseudomonas sp.
enzyme I & + & 210 KDa ( Malmqvist,1978 ) ; Alteromonas agarlyticus
GJIB » + & 360 KDa (Potinetal.,1993) ¢ 35fc & F % 717 2. X % f=

o &g %) o

2. AFHER
A7 fe ek BBl 2 Yen-agarases (PR B AF R 0 H iR %
4o = “7F 0§ A F & high-melting-point agarose ~ low-melting-point

agarose ~ aga(Difco ~ Agar power ~ Agar A ~ PCH-D agar) ~ &4 FFH 4
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BV A4 ApE 3T 51.45-42.60~30.72~24.84~32.68~24.78 % 9.28 umole
D-galactose > @ § A B & t1-carrageenan fr K-carrageenan F¥ISA

20 BEor Yen-agarases # v A fRE A4 fRiE P F a4 M I AR R

T

Vibiro sp. JT0O107 =~ B-agarase 0107 ~ B-agarase 0072 #& % -K f% - »
-~ A-Bu & e - R fL4p( sodium alginate ) ( Sugano et al.,1993a) ;
Alteromonas sp. E-1 ¢ B-agarase & ;%K% k-A % & ~ Bepadp
(Kirimura et al., 1999) -

dY PRI o E R KR R CR e
4 > £ ¥ -Kf% agar ~ high-melting-point agarose > # § & £2 #1718 2_ %% %%
B o d TR W Y AR S i AR R R R 0 e

Yen-agarase 4!’”}5 PLATH T AT - HEEI I 0T LR KRR S o

3. i i¥* pH &

AP R L EER A B pH @b S0mM R 2 FOREME S
/| (citrate-Na2HPO4 buffer pH 3.0-5.0 ; Tris-HCI buffer pH 6.0-7.5 ; Sodium
phosphate buffer 7.5-8.5 ; phosphate buffer pH 8.0-8.5 ; glycine-NaOH pH
9.0-10.0) > % % 4-Bl =~ #777 > Yen-agarases H Boif (T# if it 4 %] 3
Sodium phosphate buffer 7.5-8.5 ¢ phosphate buffer pH 8.0-8.5 - d *+ %
BWpR AR ET AR BF FE A it pH EA
R E s Fptd R E M KR 0 5)4c Sodium phosphate buffer
& pH85pF & T "5 4% o

<~ ML gpe2 g pH % pH 6.5-7.5 2 FF -

Alteromonas agarlyticus GJ1B ¢ a-agarase H #&:if pH & 7 7.2 (Potin
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etal., 1993) ; Pseudomonas sp. W7 fiB-agarase H &if pH & 5 7.8 (Ha
etal., 1997) ; Alteromonas sp. E-1 &7 B-agarase H & i pH & 5 7.5
(Kirimura et al., 1999) ; Bacillus cereus ASK202 = B-agarase H & if pH
7 % 7.0 (Kimetal., 1999) ; Bacillus sp. MKO03 ¢ B-agarase H #if pH
& % 7.6 (Suzukietal.,2003) % > 257 7 % % & T Yen-agarase 7v% % ik
BABTF b pH &> &P % v gt pH B2 TR Ty b 12

SO R RS R T T B 0 T LR iR

AP X B2 EE R 50mM A F pH B(3.0-10.0 )i #e3
i% > & %] & Ependofftube # R £353 » 3 4C Tk 24hr 582
pH &R Pl B iR WA FEEZL <) B B R ARl T o
Yen-agarase & pH3.0 T A 3# 45§ > >t pH7.5-8.5> &1L 580 %
U2 ApHEM e pH AT 9.0 P A A E A BT 920 % e
. pH < *3pF > FHF T A 0 k3t R F]¥ i Yen-agarase it 7
¥ o &5 His agarase 73 MIEGEE* pH E7A 4p & 02 pH
Bt TR A el R e

Vibiro sp. AP-2 % 4°C #7% 20hr» H &% %7 pH lﬁ.%"%] &
4.0-9.0 (Aokietal., 1990b) ; Vibrio sp.PO-303 ¢iagarase-a ~ agarase-b -
agarase-c = 4Ci§F 24hr & > &% Tsh pH B FA S 5 5.0-8.0 -
4.0-10 ~ %2 5-9 (Arakietal.,1998b) ; P. vesicularis MA103 <7 agarase I
A4C %5 24hr {88 pH @[> 7 pFo Bikmrde 4 - & pH &

5 40 PFo A 24 o

2
(%
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5. B i B R

# pH &5 7.2 2 0.2% <= low-melting-point agarose % 0.2%
high-melting-point agarose > 4 %] % ** & & f&E & 20C ~25C ~30C ~
37°C ~45°C ~50°C ~55C ~60°C*¥ 74 Smin- ¢ H 28 B T (s »
Rher FEMFFRREDF PIEHEE oB]~ #7770 Yen-agarases 1Y
high-melting-point agarose % A B P2 & iv* F & 5 35C » @ 1M
low-melting-point agarose = A B P2 i (7% R L 40T ©

P g ILAE E AT B T RAR L 25~60 C 2B 0 3 R EK
A2 EREBAE (% B A S Apk o Vibrio sp. JTO107 &if i+ % 8

v

%30°C (Sugano etal., 1993a ) ; Cytophaga flevensis #if i* ;8 & 52 35
‘C (van der Meulen and Harder, 1975) ; Vibrio sp. PO-303 enzyme C

( Araki et al., 1998 ) ~ Pseudomonas sp. enzyme I #if (¥ #* ;8 & 7 38°C

( Malmgqvist, 1978 ) ; Pseudomonas atlantica ( Morrice et al.,1983a ) -
Alteromonas sp. E-1 ( Kirimura et al., 1999 ) ~ Bacillus cereus ASK202
(Kimetal., 1999 ) ~ Vibrio harveyi FLB-17 & it * 8 B 5 40C

( Fukasawa and Kobayashi, 1987 ) » H % %358 A2 % S 58502 -

6. R
e

- .ri_
FEEER 20C ~25C ~300C ~35C ~40C ~45C ~50C -~

A}

‘-h\t

55C ~60°C *® » & % 30min A 458 0 B2 H B doBl4 T oo
Yen-agarases ** 4C THEZZEMET R > A & 35C L ¥ 30 min
gk 50% FEM o R E AT LERRVEEFETERAIAS

XA

& > R ¥]¥ it Yen-agarase i 7% &_> & 7 H i agarase 3 f 0 143 %
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B35 7 i Fehia) o

Vibiro sp.AP-2 & 45°C i¥%* 15min MmafFh kaEit» A
60Cit* 15min ¢ & 2 50% &2 (Aokietal, 1990b) ;
Alteromonas sp. C-1 =7 [-agarase % 30°C ™M T g B 1% | hr# fi%
M %> @ 35C £% 20min ¢ P &4 50% @i (Leon
etal., 1992) ; Vibiro sp. JT0107 #» [S-agarase 0107 #40°C i* 120
min fEE A FEMEE 90% 0 & 60°CIF* 15min> % > & £ SE 1%
(Sugano et al., 1993a) ; Vibrio sp. JT0107 ¢ -NASO hydrolase # 30°C
£% 120min 7 € & 4 F4 0 AQE 35C 8% ¢ &brde 2 F > iF
40°C &% ¢ Pii & £ 514 (Sugano et al., 1994) ; Vibrio sp.PO-303
agarase-a ~ agarase-b ~ agarase-c & 60°C % 10min> H jp¥F 14 5]
% 25~80-~3%(Araki et al., 1998b); Alteromonas sp. E-1 7 [3-agarase
40C ™ T e B iF* 30min fE 2 &% % (Kirimuraetal., 1999) ; P,
vesicularis MA103 agarase I & 40C &% 10 ~ 45 ¢ & % 55%:/%
oAz S0C TE% g = 2 & ol (PR > 2006) ° d ¥ R A0
AR AR RREA - TFETP LRI AL AFHREHF

BYLAp RS o

7. 4T AT

% 4T ars kR 0-100mM ¥ Yen-agarases &g B H 5% e
Bl 57 o Gt ATAE S R R ARG PR R R e 0§ AT AZIE20
mM FF o B € Peid 340 (6.10% ~ 6.46% ~ 7.00% ~ 8.61% ~ 9.74% -
18.67% ~33.02% ~34.9% ~94.78 %2 100.00%) - 2%zt Yen-agarases

GATHEF 7 RGBT S MARE o d JLF Ao A F O
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Yen-agarases %% o

0.002 M CaCl, ¢ #i 4= Pseudomonas atlantica = B-agarase II 20%
=1 (Morrice et al., 1983a) ; § 4 Z 100 mM NaCl ~ 5 mM CaCl, 14
4+ T > ¢ ¢ Alteromonas agarlyticus GJ1B 7 a-agarase & 15 1/27%
1+ (Potin etal., 1993 )

8. 433

7 4 kR 0-1000mM # MAEF108-agarases & 14 8 H
ZHAcB - Ao ”‘&'?'o] eap B R RARB PFH BN FE M 4w
100.00% ~ 80.00% ~ 93.35% ~ 83.46% ~ 87.21% ~ 61.02% ~ 63.83% -~
37.64% ~ 2 31.23% - &5t Yen-agarases pépdg3 2 £AXF TR T B
BARL 0 ®  frdl e g o

d 30 A R PR DR AR 2w F) 0 Haetal. (1997)
o5 i B ehg 14T R 40 F RS L - Pseudomonas sp. W7 <h
B-agarase 7= 0.9 M NaCl T /&4 ¢ 3 4 » Pseudomonas atlantica ¢
B-neoagarotetraose hydrolase ~ neoagarobiose hydrolase 4 %] {+0.05- 0.20
M~0.10M BERT » FEpsiE ¢4 (Haetal,1997); & 2mM
KCI~NaCl~ EDTA(Ethylenediamine tetraacetic acid) ¢ @ Alteromonas sp.
E-1 ¢ B-agarase #f+4c— & /&% CaCl,~ MgCl, » MnSO, ~ CuCl, ~ FeSOy
ZnCl, ~ HgCl, ¢ #r4]8 E 1 > AgNO; Fr] 5 30> E 1 (Kirimura et al.,
1999)8r A F 23 * F & RFIT a A MFRT K p 3 jEE IR
ST E RPN U
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LR SRCEY g T4

e ER M H AARY kR A AR B R R T
110 B4cd 3 5] 10 Bend Bo#pt 2 kR 2 £ B4 & B4 » (F3
R o R REE R R AR L e N gk o
WL ARWIERLREL > & ImM ER TS VRE £ HES
WE g A2 %40k v o 243 ¥ Yen-agarases ?K”ﬁ * e A2
Boede g 8 Btk o M- BRIV > 7 1 mM MnCl, % ZnCl,
FRER AoE Ik A u G 127.77% 2 111.01% 0 & & kR CoCl,
gl H E R ER ML 61.67% °

AR R SRR ot BERE HML P TR FFEIG A RO

5 0.005 M MgCl, ¢ 3+ Pseudomonas atlantica - B-agarase II 20%
&1 (Morrice et al., 1983a) ; 0.1 mM Cu’’ ~ Zn™" ~ Co’" ~ Fe*" 4r Al
3+ ¢ = 2Fr4] Pseudomonas sp. PT-5 agaraseii= + (Yamaura et
al.,1991) ; Na"~ K"~ Mg*" ~ Fe*" ~ St*" ~ Zn*" ~ Cs*" ~ Co”" ~ Cu®" ~ Hg*" %
4+ ¥ P.vesicularis MA103 =¥ ¥ agarase &ML E 5 % FARR i
FrgiF* o v agarase]l F & F5mM h Ca’ AP B AR
2006) -

z ~ % # 4 §(Km - Vmax)

P~ Yen-agarase 4 %]/ high and low-melting-point agarose > #
T g @ 5 g B i3 Bl (Lineweaver-Burk plot ) » 5w §F > o
Michalis-Menten = #23% 4 %] ¥ 14 high-melting-point agarose = # &
P> Km 5 2.76g/L> Vmax % 68.03 g mole min ' (Bl-+ =) 1
low-melting-point agarose = A& # P > Km & 1.54g/L> Vmax &% 36.9
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rmole min (Bl =) 57 Yen-agarase % low-melting-point agarose

# high-melting-point agarose A 5 Rfr4 3 o

I ~EFp2 L fRE P aniF

" E K K 472 TLC kA~ 45 Yen- agarases 2 -Kf#A 4 (B -+ )o 3
BrAFppEE At s: 10U/ mL > &2 0.2 % agarose *t35C T o & 4|
T% 0512524 /| PE2-KfRAP o A FPvdDis 2 5 R
* Ly BEG silicagel 60 oo RRSEFER o B £Ash jT o @ H
FEHMES L £33 110 C Hfakss 10 ~ 48 -

R KRRk fRA St AEF BB L K fRAS
Ak e | NE OB o S % ¥ 8 > Yen —agarase fE ¥ fiF ¥ agarose
i A2 KRR LR AATEE OB ATEF e B 4
BEREZ o d WEEELG ATERE FP 2 BIEFRREEE L
KfFA P2 2 R4 o P R BF M2 EEAF R H X EAR 2 KfEA P K
¥ %~ o Arthrobacter sp. S-22 ( Osumi et al., 1998 ) -~ Pseudomonas
atlantica ( Groleau and Yaphe, 1977 ) ~ Cytophaga flevensis ( van der
Meulen and Harder, 1976 ) ~ Vibrio sp. AP-2 enzyme ( Aoki et al.,
1990b ) ~ Vibrio sp. AP-2 enzyme B ( Aoki et al., 1990a ) ~ Alteromonas
sp. E-1 (Kirimura etal., 1999 )2 FAthiFE F e Kf2iE g1 & 2 4 2 #7%
¥ B4 o Cytophaga flevensis ( van der Meulen and Harder, 1975) ~
Vibrio sp. PO-303 enzyme B ( Araki et al., 1998 ) ~ Vibrio sp. JT0107
(Suganoetal., 1993a )2 FRFFF-RFFEF IR AL S ATEF e 42
% FTiE % EEE o Pseudoalteromonas atlantica N-1 ( Vera et al., 1998 ) ~

Vibrio sp. PO-303 enzyme A (Arakietal., 1998 ) 2 FthiFFae-kfzix g
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AR AP EATEE S BE ATEE v 8 o Alteromonas agarlyticus GJ1B
(Potinetal., 1993 ) 2 FHRFE s k2 %1 & A4 5 agarotetraose
% 1 3% = & ( agarotriose ) » Bacillus cereus ASK202 ( Kim et al., 1999 )
ZAREERREF AR AL ZATEF AR ATEF e B AR
#& o Vibrio sp. JT0O107 (Sugano etal., 1994 ) 2 FthiF Fpr-kjizid i &
A+ 5 %% T #E(agaropentaose )~ agarotriose ~ i¥ 3 gE4E % D -galactose °
Vibrio sp.PO-303 enzyme C ( Araki et al., 1998 ) 2 pthiE F fs-K 2
AE AR AP L ATIEE N BE(neoagarooctaose ) % FTIE R LR
( neoagarodecaose ) - Cytophaga flevensis ( van der Meulen and Harder,
1975) ~ Pseudomonas atlantica ( Day and Yaphe, 1975 )2 & ¥ ¥ fs -k
[ & 2% 5 D-—galactose % 3,6-%-K-LA| L 5u4t
( 3,6-anhydro-L-galactose ) °
d **Potinetal (1993 ) 4p M4k X Eps 5 7 oform> 37 ¢ & 2
BRao Tl RR AR ERITFE Bk T B-EARY
e ¢ B R BB R T L R E] ol AR S
ARG I SR &ﬁ#% Pode r B-2 FUE R AR ORI D] sk kg
B

Bodekd A AL poform (X ERE > 4okt F A AR
FRps L7 Pform AR BEFIRT 7 3 S Nip*r P-form
R o d ST MARRIAR Yen ¥ it i P-agarase o F & M AEif ok
f2A 2 244 Pl Z & 2k Bde NMR ~ HPLC 4 45 4 i /2 2

}—a')ffﬂ = fﬂ ’ T‘f ’}1— }g,‘]’ﬁ, ;Fl. fxﬁéj}ﬁi'lmlﬂlﬁﬁqlqu %3_‘\. o
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1. ¥k ﬁ”ﬁz% 1715 2. Yen-agarases 5 Sephadex G-100 » ‘54 8] &
40644 U/mg > #Hi* Bdcs B 5 5.66 B > wieF A 85 7.96% -

2. Yen-agarases 14 high-melting-point agarose = A& B PR /EEE & > 2 3
7 it & f# ( -Carrageenan ~ k -Carrageenan > & §_§r¥ 12 4 & Jefadp o

3. Yen-agarase I H &g iv* pH & 7 7.5-85 trimde|2HRE T 7 =47

B iEr 4 5 B F* B R 5 35C 0 2 high-melting-point agarose
= AEFPE o Km 5 2.76g/L> Vmax % 68.03 wmole min” ; ™
low-melting-point agarose % zA & ¥ > Km % 1.54g/L>Vmax % 36.9
pmole min" > 37+ Yen-agarase ¥ low-melting-point agarose #
high-melting-point agarose 17k F A fr4 § -

4. Yen- agaraseé SAvATAE T R R ARG PR H S FH A T&'? s e g A
ERABRFFHEMEFE M B A4S 7 ERE OEFRT ER
AZL o G Pl e

5. Agarose 5 Yen-agarases4~ fZ{s > 1 & S ATIE R w o~ ATEE BB
Lk > & 5 ATE ¥ R HESE{o Pseudomonas atlantica ATCC 19292
B-agarase &I Fjth2 #8447k fRAE AT AR 10 o

6.3V P48 F Bk Yen ¥ it & P-agarase °
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AN

% /R % 22005 - Alterococcus FE vz A FEE B A 4T o 42 L 1 B

A ¥ Lk o

MmZE = 2006 - Aeromonas salmonicida MAEF108 Ftk 7 & i¥ 3§ fis e

B R gF e MR E AR A RHE ML HzT o

Ph% 2007 3 EREEABFATIFHZFR M S84 6

FB L e o

BEEA 2002 4 A REELS AR B EEFL RBFT o f 2

S ¥ el R

#& 7=p5 ° 2005 - Alterococcus agarolyticus S3PY % Cellvibrio sp. AGIW

ZEFRAMAY oA AL B S A L% o

"ABA~PBAG 1991 F2 4 FTHEOL A2 LAN* o N FH A4
TYREA YT A MY 049:28-32 0
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Bl- ~Yen & C-10 AR £ A » 22 R THA2X 2 HEE
Fig. 1. Colony morphology of Yen, followed by incubation 2 days at RT
in C-10 plate.
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Bl= ~Yen & C-10 A2 2 A > A3 E T8 A2X > 1+ &
i ST S e
Fig. 2. Assay of agarase activity by iodine reagent, followed by incubation 2

days at RT in C-10 plate.
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CTGGCTCAGATTGAACGCTAGCGGGATGCCTTACACATGCAAGTCGAACG
GCAGCACGGACTTCGGTCTGGTGGCGAGTGGCGAACGGGTGAGTAATGTATCGGA
ACGTGCCCAGTAGCGGGGGATAACTACGCGAAAGCGTAGCTAATACCGCATACGC
CCTACGGGGGAAAGCAGGGGATCGCAAGACCTTGCACTATTGGAGCGGCCGATAT
CGGATTAGCTAGTTGGTGGGGTAACGGCTCACCAAGGCGACGATCCGTAGCTGGT
TTGAGAGGACGACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGG
AGGCAGCAGTGGGGAATTTTGGACAATGGGGGAAACCCTGATCCAGCCATCCCGC
GTGTGCGATGAAGGCCTTCGGGTTGTAAAGCACTTTTGGCAGGAAAGAAACGTC
GCGGGTTAATACCCCGCGGAACTGACGGTACCTGCAGAATAAGCACCGGCTAACT
ACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTAATCGGAATTACTGG
GCGTAAAGCGTGCGCAGGCGGTTCGGAAAGAAAGATGTGAAATCCCAGAGCTTA
ACTTTGGAACTGCATTTTTAACTACCGAGCTAGAGTGTGTCAGAGGGAGGTGGAA
TTCCGCGTGTAGCAGTGAAATGCGTAGATATGCGGAGGAACACCGATGGCGAAGG
CAGCCTCCTGGGATAACACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAG
GATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTAGCTGTTGGGGCCT
TCGGGCCTTGGTAGCGCAGCTAACGCGTGAAGTTGACCGCCTGGGGAGTACGGTC
GCAAGATTAAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGGTGGATGATG
TGGATTAATTCGATGCAACGCGAAAAACCTTAYCTACCCTTGACATGTCTGGAATT
CCGAAGAGATTTGGAAGTGCTCGCAAGAGAACCGGAACACAGGTGCTGCATGGC
TGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCC
TTGTCATTAGTTGCTACGAAAGGGCACTCTAATGAGACTGCCGGTGACAAACCGG
AGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATGGGTAGGGCTTCACAC
GTCATACAATGGTCGGGACAGAGGGTCGCCAACCCGCGAGGGGGAGCCAATCCC
AGAAACCCGATCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGA
ATCGCTAGTAATCGCGGATCAGCATGTCGCGGTGAATACGTTCCCGGGTCTTGTAC
ACACCGCCCGTCACACCATGGGAGTGGGTTTTACCAGAAGTAGTTAGCCTAACCG
TAAGGGGGGCGATTACCACGGTAGGATTCATGACTGGGGTGAAGTCGTAACAAGG
TAGCCGTATCGGAAGGTGTGGCTGGATCA

Bl= -~ Yen 2 16SrDNA E 7| 2 5 % % (1 > 2006)
Fig. 3. 16S rDNA sequence of Yen
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211,806

121,020

100,216

Bz ~ Yen 2. %3 ps CBR %¢

Fig. 4. SDS-PAGE CBR staining of agarase fromYen.
(Yen 2 /X% fs > % i Lane 4 30pul fepE2/% > 2 120V B
i 17 4~20 % SDS-PAGE % /& » 2 Coomassie btilliant blue R-250
ABAI 1 X > £ rARERARE 4hr T8 Fo FRES(GIE
% 10 uL )+ # > M:mark ; Lane 1:Sephadex G-100 "} %8 ¢ {118 /g ¥
)
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Bl7 ~ Yen z /%3 p*s Native-PAGE %+ %

Fig. 5. Native-PAGE activity staining of agarase fromYen.
(Yen z_jeix3ps = i3 Lane 4v 30pul fepxd% > 2 120V 7
B2 {7 4~20 % SDS-PAGE % Native page® 7 » 7 AP 5 i
MBS o AR i 5% softagar 0 35 CKF B3 ) i R
RiETEML o+ Bl 5 SDS-PAGECBR %94 ; RIA > M:
standards ; Lane A ~ B:Sephadex G-100 "} %8 ¢ {11/ » 1* ; BB >
M: standards ; Lane 1~:0~20 % ; Lane 1~:0~20 % ; Lane 2~:20~40 % ;
Lane 3~:40~60 % ; Lane 4~:60~80 % ; Lane 5~:80~100 % &= fk4%4
it ; Lane 6 ~ 7:Sephadex G-100 "% %8 ¥ +1iB g 4 i)
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Bl= ~ Yen-agarases %% fr % ffF » endif (7% pH i@ o

Fig. 6. Optimum pH of Yen-agarases in various buffer solutions.
(& %P~ SUmML 244> 272k pH BEEIRLZAT? >
50 mM citrate-Na,HPO, buffer, pH 3.0-5.0; 50 mM Tris-HCI buffer,
pH 6.0-7.5; 50 mM Sodium phosphate buffer pH 7.5-8.5; 50 mM
phosphate buffer, pH 8.0-8.5; 50 mM glycine-NaOH buffer, pH
9.0-10.0. > #%35C F & 30minfé » gz RpERE & 5 1B 2
23R RRERE o)
Each point represents the average of three experiments.

Activity at zero time was taken as 100% activity.
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Bl- ~pH &% Yen-agarases 2. % Z_{+ o

Fig. 7. Effect of pH on the stability of Yen-agarases.
(# %P SUmL 2 %% 50mM 7 F pH &
citrate-Na,HPO, buffer, pH 3.0-5.0; Tris-HCI buffer, pH 6.0-7.5;
Sodium phosphate buffer pH 7.5-8.0; phosphate buffer, pH 8.5;
glycine-NaOH buffer, pH 9.0-10.0 ;2 /%R £353 » »* 4C T k3
24hr t6 > B~% pH EipEE iR e 02% AR & 35C F BT
30min & > RBRBREF SR T D ZRIEZEE )
Each point represents the average of three experiments.

Activity at zero time was taken as 100% activity.
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Relative activity (%)
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B] ~ ~ Yen-agarases s if F JEE R

Fig. 8. Optimum temperature of Yen-agarases.
(¥ 0.2% ¢H low-melting-point agarose f= high-melting-point
agarose > 4~ W ¥ T & K RE AR 200C ~25C ~30C ~37C ~45C ~
50C ~55C~60C*" » £ 4 » SUmL fé2 R &3 > F i 30
min & 0 ZBRRAEFEF BRI G ZRIFEE B )
Each point represents the average of three experiments.

Activity at zero time was taken as 100% activity.
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Bl4 ~ Yen-agarases ¥F B 48 24~ 47

Relative activity (%)

Fig. 9. Thermostability of Yen-agarases.
(#- Yen-agarases e /X% fs 7 F R R T 2 30min 2 fit % A
FEM 0+ Yen-agarases AR E v E R A S K SUMmML > F
B 20~25~30-35~40~45-50~55~60C T L 30 min > &
iR R AR SR T ERIEBER GES )
Each point represents the average of three experiments.

Activity at zero time was taken as 100% activity.
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Fig. 10. Effect of CaCl, concentration to Yen-agarases on their activities.

(% F 4T85 35 R0-100 mMA %4 ~ 02% A FF R £3595 (&

fer BpER SUML AR 35C F T 30min {0 xE R

VERE & SR T2 2 2 RIAER S o)

Each point represents the average of three experiments.

Activity at zero time was taken as 100% activity.

60




100 —— Yen-agarase
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40

Relative activity (%)

20
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Bl -~ # @ RRHEEEPmEEZEE-

Fig. 11. Effect of NaCl concentration on Yen-agarases on their activities.
(* P43+ kR 0-~20-~50- 100~ 200 ~ 400 ~ 600 ~ 800 ~ 1,000
mM A Bjde » 02% REP R EHF S04 r £EE SUML &
35C F BT 30min f4- B RAEREE SR T2 S 2 RIEEE S
M)
Each point represents the average of three experiments.

Activity at zero time was taken as 100% activity.
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Km = 2.76 (g/L)
Vmax = 68.03 umole min

0.12 r

1/V (umole min‘l)

1/[S] (g/L)

Bl-- = ~ Yen &} f#=¥ high-melting-point agarose %% 2_
Lineweaver-Burk [§]
Fig. 12. Lineweaver-Burk plot of Yen- agarases using high-melting-point
agarose as substrate.

(Yen- agarases kR A E = X 10U/mL o & X gpes B ixsg
(ZF)ERE 051 ~1.5~ 2~ 25g/L & F B304 48 > R ik
BREAEE AR R AR B REAL B L TR R
@ 5 Tl F Km 7~ Vmax o (B3 glL; #3(V) ¥

I Y . -1
i~ % umole min™~ )
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Km=1.54 (g/L)

Vmax=36. 90 umole min '

1/V (umole min ")

1 0.5 0 0.5 ] 15 2 2.5
1/[S] (g/L)

Bl-- = ~ Yen & =2 low-melting-point agarose it % 2_
Lineweaver-Burk [
Fig. 13. Lineweaver-Burk plot of Yen- agarases using low-melting-point
agarose as substrate.

(Yen- agarases JE R # A =% 10U/mL - & XFpss o X
(XF)ERE 051 ~1.5~ 2~ 25g/L & F B304 48 > R ik
BRBEREZEER T2 2RBRABEALE NI TERZF
@ F g TE F Km foVmax & - (Ei=i g/L; #F(V) H

FET |
i~ % umole min™~ )
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B2 ~ 2 TLC & 47 Yen- agarases "Kj# /X g 4E2 Kf3 A4 P

Fig. 14. Thin layer chromatography of the products of agarose hydrolysis by
Yen-agarases

( NA2 : neoagarobiose ; NA6 : neoagarohexaose ; G : galactose °
lane2 ~5% jk & 5U/mL #Yen-agarases®? 0.2 % agarose *>"35
CT o AuiE*05 1524 P2 RfERA P o

M : mark ; S : galactose ; Lane 1 : 0.5 hr; Lane 2 1 hr ; Lane 3 :
Shr; Lane4 : 24 hr)
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#.— ~ Alcaligenes sp. strain Yen # it 34

Table 1. Biochemical characterization of Alcaligenes sp. strain Yen.

Characteristic tested Result Characteristic tested Result
Motility m Ornithine -
Glucose ) Tryptophan Deaminase -
S Esculin -

ucrose -
Sorbitol i V(') ges-Proskauer -
Raffinose - Citrate
Malonate
Rhamnose -

. o-Nitrophenyl-beta-D-Galactopyranoside -

Arabinose -
. Tartrate +
Inosttol - .
. Acetamide +
Adonitol & e
Melibi Cetrimide +
elibiose -
OF Glucose -
i +
Oxidase Penicillin S
Urea Z Kanamycin S
Hydrogen Sulfide - Colistin R
Indole - Nitrofurantoin S
Lysine - Tobramycin S
Arginine - Nitrate +
Symbols: +,positive reaction ; -,negative reaction; m,motile; S:susceptible;
Riresistible
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Table 2. Summary of the purification of Yen-agarases

Procedure Volume |Total Total Specific |Purificati |[Recovery

(mL) Protein |Activity |Activity |on (%)
(mg) (U/mL") |(U/mg) |(fold)

Supernatant 600 19.20 1377.12  |71.73 1 100

(NH4)2S04 50 14.90 890.35 59.75 0.83 64.62

fractionation

(0~80% saturation)

dialysis 20 4.78 752.05 157.33 2.19 54.61

0.45 ¢ m filtration |15 2.64 358.12 136.65 1.91 26.20

Sephadex G-100 gel |5 0.27 109.74 406.44 5.66 7.96

filtration

' 1 unit (U)/mL = 1 pmole D-galactose equivalent /min/mL.
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% = ~ Yen-agarases ¥4 f& 5 2 A THE M

Table 2. Substrate specificity of Yen-agarases against nine polysaccharides

Yen-agarases

Substrate
High-melting-point agarose 51.45'
Low-melting-point agarose 42.60
Difco agar 30.72
Agar power 24.84
Agar A 32.68
PCH-D agar 24.78
Sodium alginate 9.28

2
¢ -Carrageenan ---

r -Carrageenan ---

' umole D-galactose equivalent/min/mL.
?: Could not be determined.
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Table 3. Effect of metal ions on the tolerance of Yen-agarases

Metal ions 0.1 X' 1X 10X 1 mM
None 100 100 100 100
KCl 120.24 101.02 82.43 127.72

MgCl, 89.06 98.87 110.12 99.05
SrCl, 106.37 106.73 105.88 102.97
MnCl, 120.01 127.77 122.52 151.13
ZnCl, 100.17 111.02 130.65 128.95
CoCl, 110.46 112.86 85.83 61.67
CuCl, 95.07 120.20 DD 118.20
HgCl, 100.20 110.20 112.45 96.06
FeCl, 98.97 115.25 121.47 112.02

" X =KCI: 10.00 mM; MgCl,: 4.90 mM; SrCl,: 0.09 mM; MnCl,:

1.60 mM; ZnCl,: 0.45 mM; CuCl,: 4.00 mM; HgCl,: 6.00 pM; CoCl,: 16.00
pM;FeCls: 1.30 mM.

The activity was measured using 10 U/mL of the enzyme to the 0.2%

substrate which containing prior metal ions at 35°C for 30 min.Each point

represents the average of three experiments.

Activity without added metal ions was taken as 100% activity.
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Appendix 1. The gelling mechanism of agarose (% ,2005)
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@: the position cleaved by acid.
@ : the position cleaved by enzymes.
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4k - Agarose - agaropectin =z & 5 4£( Araki, 1956; Anderson
and Rees, 1965)
Appendix 2. The structure of (A) agarose (B) agaropectin
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Appendix 3. The list of agarase-producing microorganisms, agarases
types and their isolation sources

Bacterium Strain Enzyme Isolation Reference
Number types source
Aeromonas Aga06, Agarase' marine X > 1999
salmonicida Aga08, environments
MAEF108
Alterococcus ADTI -5 agarase hot spring | Shieh and Jean, 1998
agarolyticus
Alteromonas GJ1B a -agarase marine Potin et al., 1993;
agarlyticus environments | Hassairi et al., 2001
Alteromonas sp. E-1 [3 -agarase soil Kirimura et al., 1999
Alteromonas sp. BR6/3 agarase soil Shome et al., 2000
Alteromonas sp. C-1 /3 -agarase marine Leon et al., 1992
environments
Arthrobacter sp. S-22 agarase seaweed Osumi et al., 1997
Bacillus cereus ASK202 [3 -agarase marine Kim et al., 1999
environments
Bacillus sp. MKO03 a -NAOS soil Suzuki et al., 2002
hydrolase
Bacillus sp. MKO03 [3 -agarase soil Suzuki et al., 2003
Cytophaga NCMBI1327 | [§-agarase marine Duckworth and
environments Turvey, 1969
Cytophaga diffluens agarase seaweed |Nikolaeva et al., 1999
Cytophaga flevensis [3-agarase | freshwater | van der Meulen and
lakes Harder, 1975
Cytophaga flevensis NABase | freshwater | van der Meulen and
NATase lakes Harder, 1976
Microbulbifer 2-40 a -agarase, | seaweed Whitehead et al.,
degradans [3 -agarase 2001
Microscilla sp. PRE1 agarase marine Zhong et al., 2001;
sediment Ensor et al., 1999
Microscilla sp. SB1-4 agarase marine Naganuma et al.,
sediment 1993
Paenibacillus agarase soil Hosoda et al., 2003
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Pasteurella SCC21 agarase marine X > 1999
pneumotropica environments
Pseudoalteromonas N-1 [3 -agarase marine Veraet al., 1998
antarctica environments
Pseudoalteromonas| KMM157, agarase mussels Ivanova et al., 1998
citrea 188, 280, 327
Pseudoalteromonas B9 [3 -agarase seaweed |Schroeder et al., 2003
gracilis
Pseudomonas B-NAT marine Groleau and
atlantica hydrolase |environments Yaphe, 1977
Pseudomonas /3 -agarase marine Morrice et al., 1983a
atlantica environments
Pseudomonas NAB marine Day and Yaphe, 1975
atlantica Hydrolase |environments
Pseudomonas [3 -agarase seaweed | Araki and Arai, 1954
kytoensis
Pseudomonas sp. [ -agarase | wastewater Malmgvist, 1978
laboratories
Pseudomonas sp. PT-5 agarase seaweed | Yamaura etal., 1991
Pseudomonas sp. SK38 [ -agarase | seaweed Kang et al., 2003;
Ryu, et al., 2001
Pseudomonas sp. W7 /3 -agarase marine Haetal., 1997
environments
Pseudomonas B05, B10, agarase marine X > 1999
vesicularis MA103, environments
MAEF103,
YBC12
Shewanella KMM3299, agarase sea water | Ivanovaetal., 2001
japonica sp. nov. KM3300
Streptomyces A3(2) /3 -agarase marine Hodgson and Chater,
coelicolor environments 1981
Streptomyces NB3443 agarase marine Stanier, 1942
coelicolor environments
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Streptomyces KS3-5 agarase marine Wu and Chen, 1995
toxytricini environments
Vibrio /3 -agarase seaweed Ishimatsu, 1953
agarliguefaciens
Vibrio harvryi FLB-17 agarase marine Fukasawa and
environments| Kobayashi, 1987
Vibrio sp. AP-2 [3 -agarase marine Aoki et al., 1990a, b
environments
Vibrio sp. LX-3 agarase soil Lietal., 2003
Vibrio sp. PO-303 agarase marine Araki et al., 1998
environments
Vibrio sp. JT0107 a -NAOS seaweed Sugano et al., 1994
hydrolase
Vibrio sp. JT0107 3 -agarase | seaweed Sugano et al., 1993a
Zobellia 3 -agarase Allouch et al., 2003
galactanivorans
Dsij

1: Agarase: means still not purification and characterization; NABase: neoagaro-biase; NAB hydrolase:
neoagaro-biose hydrolase; NATase: neoagaro-tetraase; /5-NAT hydrolase: /3 -neoagaro-tetraose

hydrolase; & -NAOS hydrolase: «a -neoagarooligosaccharide hydrolase.
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Appendix 4. The oligosaccharides derived from various substrates by
the degradation of microbial agarases

Bacterium Enzyme Substances Products Reference
Arthrobacter sp. Agarase' Neo- neoagarobiose [Osumi et al.,
S-22 agarotetraose 1997
Alteromonas a -agarase | Agarooligo- | agarotetraose or | Potinetal.,
Agarlyticus(GJ1B) saccharides agarotriose 1993
Alteromonas sp. 3 -agarase agarose and neoagarobiose | Kirimura et
E-1 neoagarooligo- al., 1999
saccharides
Bacillus cereus 3 -agarase agarose neoagarohexaose, | Kimet al.,
ASK202 neoagarotetraose 1999
and neoagarobiose
Bacillus sp. a -NAOS Neo- agaropentaose and | Suzuki et
MKO03 hydrolase | agarohexaose D-galactose al.,2002
Neo- agarotriose and
agarotetraose D-galactose
neoagarobiose | D-galactose and
3,6-anhydro-
Lgalactose
Bacillus sp. 3 -agarase agarose neoagarohexaose, | Suzuki et
MKO03 neoagarotetraose al.,2003
and neoagarobiose
Neo- neoagarotetraose
agarohexaose | and neoagarobiose
Cytophaga 3 -agarase agarose neoagarotetraose van der
flevensis and Meulen and
neoagarobiose |Harder,1975
Cytophaga NAB Neo- neoagarobiose van der
flevensis agarotetraose Meulen and
Harder,1976
Cytophaga NAT neoagarobiose | D-galactose and van der
flevensis 3,6-anhydro- Meulen and
Lgalactose Harder,1976
P. Antarctica 3 -agarase agar Neoagarohexaose, | Vera et al.,
strain N-1 neoagarotetraose 1998
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Pseudomonas NAB neoagarobiose | D-galactose and | Day and
atlantica hydrolase 3,6-anhydro- |Yaphe, 1975
Lgalactose
Pseudomonas B-NAT  |neoagarotetraose,| neoagarobiose |Groleau and
atlantica hydrolase |neoagarohexaose, Yaphe, 1977
neoagarooctaose
Pseudomonas 5 -agarase I | neoagarohexaose | neoagarotetraose,| Morrice et
atlantica neoagarobiose | al., 1983c
neoagarotetraose | neoagarobiose
3 -agarase I
neoagarohexaose,| neoagarobiose
neoagarotetraose
Pseudomonas 5 -agarase I | neoagarooctaose | neoagarotetraose | Malmqpvist,
Sp- neoagarotetraose | neoagarobiose 1978
3 -agarase Ib | neoagarooctaose | neoagarotetraose
Vibrio sp. AP-2 5 -agarase |neoagarooligosac| neoagarobiose | Aoki etal.,
charides and 1990a
neoagarotetraose
Vibrio sp. AP-2 | /3-agarase-a Neoagaro- neoagarotetraose | Aoki et al.,
oligosaccharides 1990b
/3 -agarase-b Neoagaro- neoagarobiose
oligosaccharides
3 -agarase-c Neoagaro- neoagarotetraose
oligosaccharides
Vibrio sp. agarase-a agarose neoagarohexaose | Araki et al.,
PO-303 and 1998b
neoagarotetraose
agarase-b neoagarotetraose
and
neoagarobiose
agarase-c neoagarooctaose
and
neoagarodecaose
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Vibrio sp. strain 3 -agarase agarose neoagarotetraose| Sugano et al.,
JT0107 and 1993a
neoagarobiose
Vibrio sp. strain a-NAOS Agaro- agaropentaose, | Sugano et al.,
JTO107 hydrolase |oligosaccharides| agarotriose, 1994
agarobiose and
D-galactose
': Refer to Appendix 2.
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Appendix 5. The biochemical properties of agarases
Enzyme Bacterium  |Molecular Optimum Optimum  |Reference
types weight pH temperature
(C)
Agarase' | Arthrobacter | I | 28 kDa 6.0 60 Osumi et al.,
sp. S-22 1I 42 kDa 5.0 50 1997
Cytophaga 7.2 28 Nikolaeva et
diffluens al.,1999
Pseudomonas 42.7kDa| 6.0-6.2 26 751999
vesicularis
MA103
Vibrio harvryi 50 kDa 6.0 40 Fukasawa
FLB-17 and
Kobayashi,
1987
a -agarase | Alteromonas 360 kDa 7.2 45 Potin et al.,
agarlyticus 1993
GJ1B
a-NAOS | Bacillus sp. 320 kDa 6.1 30 Suzuki et al.,
hydrolase MKO03 2002
Vibrio sp. 84 kDa 7.7 30 Suzuki et al.,
strain 1994
JT0107
3 -agarase | Alteromonas 82 kDa 7.5 40 Kirimura et
sp. E-1 al., 1999
Alteromonas 52 kDa 6.5 40 Leonetal.,
sp. strain 1992
C-1
Bacillus 90 kDa 7.0 40 Kim et al.,
cereus 1999
ASK202
Bacillus sp. 92 kDa 7.6 40 Suzuki et al.,
MKO03 2003
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5 -agarase | Cytophaga --- 7.2 --- Duckworth and
NCMB 1327 Turvey, 1969
Pseudo- 33 kDa 7.0 30 Vera et al., 1998
alteromonas
antarctica
Pseudomonas 31 kDa 7.0 40 Morrice et al.,
atlantica 1983a
Pseudomonas 5.0 40 Araki and Arai,
kytoensis 1954
Pseudomonas| Ilb | 63 kDa 6.7 43 Yamaura et al.,
sp. PT-5 1991
Pseudomonas 31 kDa 6.5 30 Yamaura et al.,
sp. PT-5 1991
Pseudomonas 59 kDa 7.8 20-40 | Haetal., 1997
sp. W7
Vibrio sp. a 34 kDa 6.5 45 Aokietal.,
AP-2 b 20 kDa 5.5 45 1990a
18 kDa 7.0 45
Vibrio sp. 20 kDa 5.5 45 Aoki et al.,
AP-2 1990b
Vibrio sp. 107 kDa 8.0 30 Sugano et al.,
strain JT0107 1993a
Vibrio sp. a |[87.5kDa 6.0 45 Araki et al.,
PO-303 b | 115kDa 6.5 55 1998b
c 57 k Da 8.0 38
NABase Cytophaga --- 6.7 25 van der Meulen
flevensis and
Harder,1976
NAB Pseudomonas 10 kDa 8.0 Day and Yaphe,
hydrolase atlantica 1975
NATase Cytophaga --- 7.0 25 van der Meulen
flevensis and
Harder, 1976
[3-NAT | Pseudomonas --- 8.0 --- Groleau and
hydrolase atlantica Yaphe, 1977
! Refer to Appendix 2.
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Metal lon Conc. Metal lon Conc.
Type Type
K" 10 mM Cs" 64 uM
Mg*" 4.9 mM Sr** 0.09 mM
Mn®* 1.6 mM Zn®' 0.45 mM
Cu* 4 mM Hg™* 6 pM
Co™" 16 pM Fe* 1.30 mM
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