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Abstract

Agarases are important glycoside hydrolases that are generally classified into
hydrolase families 16, 50 and 86. Agarses are found to degrade agarose to
frequently generate neoagarobiose, neoagarotetraose, or neoagarohexaose as the main
products. In this study, we identified agar degrading bacteria Saccharophagus spp.
from the sea water sample collected from Jeju Island marine environment. Two beta
agarase genes were cloned from Saccharophagus sp. by LA-PCR and respective
sequences were named as agaY1l and agaY?2, respectively. The agaY1l and agaY?2
consist of 1908, 2334 bp open reading frames encoding 636 and 778 amino acids,
respectively. The predicted molecular mass of the agaYl, agaY2 were 69 kDa and
88 kDa, respectively. AgaY1l exhibited characteristic GH16-[3-agarase domain and
carbohydrate binding module. In contrast agaY2 showed characteristic GH42-83
-agarase domain. ClustalW pair-wise comparison results revealed that agaY1 and
agaY?2 have only 12% amino acid identity.

The agaY! and agaY2 recombinant agarases were purified using pMAL™ protein
fusion and purification system. Purified recombinant agaY1 and agaY2 agarases were
used to hydrolyse the agar and resulted products were determined by thin layer
chromatography (TLC). Results revealed that agaY1 could degrade agar mainly in
totetraose and some hexaose components. Incontrast, agaY2 could not able to degrade
agar, however it could only degrade the tetraose and hexaoses. Therefore, based on
the sequence and functional characterization agaY1 and agaY2 could be classified
into beta agarase I and II, respectively. Recombinant agaY1 showed specific activity
5 Ulug. To further functional characterization of purified agaY1l, we performed the
enzymatic activity assay at different temperature and pH conditions. Results showed
that agaY1l optimum temperature and thermal stability at 55 °C and 40°C,
respectively. Also, it has optimum pH at 7.5. Additionally, responses on the
enzymatic activity were evaluated using different metal ions. Results revealed that

Fe” have higher effect on the activity than K" ‘while Cu™ had not shown any
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effect on agarase activity. Finally, two agarase genes cloned from Saccharophagus
spp. have shown ability to hydrolysis agarose and other neoagarohexaose,

neoagarotetraose.
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¥ B-D-galactose ¢} 1—44% o2 AZAFH 36-anhydro-a-L-galactose”} 1t
3Fo] &3l linear chain®] t(Duckworth et al., 1970). 0|23 3o A&
o 9 <= agaraseol] ¢|ste] dojui=d], agarase™= F= 3| Alvto A b
Ax o) At} (g A -4 1998). Agarasers ¥Hg 7] Zo] 7] % 3&}o] a-agarase
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3}o] agarooligosaccharideE® TF=+% &4 5 a-agarase, 3-14 linkages & 7}

3] 3}e] neoagarooligosaccharideE® "=+ &4 F Bragarsedt &3 W, B

—agaraser= UHA] B-agarase I, B-agarase IIZ Yt (Belas et al, 1989). B
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neoagarobiaose’= AJdsl7] %= Sttf AwbA <l B-agarase II& agaroseE 3l sh
o] neoagarohexaose®} neoagarotetraoseE T= A S, endo- ¢ exo-lytic
activity® 529l 7}4 neoagarobiose® % AA gt (Morrice et al., 1983;
Groleau et al., 1977). vw}A 9o 2 g-agarolytic hydrolasei= neoagarobioseS
3 8l>] monosaccharide?! D-galactose®} 3,6-anhydro-L-galctosesS A4 gt}
B %Ak Belas et al., 1989, Morrice et al., 1983, Duckworth et al., 1970;
Day et al, 1977). 2] 7}A¢] B-agaraseE°| Vibrio sp. AP-2 (Aoki et al
1990), Pseudomonas sp. W7 (Ha et al. 1997), Pseudoalteromonas gracilis B9
(Schroeder et al. 2003), Bacillus cereus ASK202 (Kim et al. 1999), Zobellia
galactanivorans Dsij (Allouch et al. 2003)2} Microbulbifer sp. JAMB-A94
(Ohta et al. 2004) o 2FYH AL SAo] A HJAoH, ofnj=il AL
A= wel B-agarase & glycoside hydrolase(GH)-16, GH-50, GH-86° =
w7 ¥ tHOhta et al. 2004). 9] o4l A Hel 7] xste] GH family®
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19 1. Enzymology of agar digestion (from Belas, 1989)

s 2452 U foldingo] olFolAH, A4 7] =3 A skA W

agarasev #< GH grouptt ©%sk 7138 5olAd& HItH(Allouch, 2003).
=

GH-16 familyt agarose®} agarose Alo|ES &3

A A s e Allouch et al., 2003). GH-16 group< “polyspecific” family©]t}. o]

&} A neoagarotetraoseE T =

GH-16 group®l *X3%H+= JZAELS  keratan-sulfate, B-1.3-glucan, mixed
linkage B1.3, xyloglucan, ZL2] 1. agaroses ¢ Thekal 7|45 714 Halsls &
AER o]FoAHYH(Allouch et al, 2003). a-agarase system< alterominas
agarlyticus strain GJ1B (Hassairi et al., 2001), Agarivorans sp. JAMB-AIl
(Ohta et al, 2005)o 4] R il x=ojHt} S B-agarased] 2lste] wald 4HE

< neoagarooligosaccharide, a—agarase®ll o] & =3l 2ES

agarooligosaccharide® &E# Rt} S Alghe] At = Asagihel ¢



af A E A F7] wEol dddom AMREA i, dF FUZHEY FUHE
AAAIZI L AW FH2HEY HAUFs A2A7= 7les 7HAL Ao a
—agarase®]| ¢]3sle] A A EH = agarooligosaccharide:= apoptosis %= &4, 39
gd (Kato, 2000), stvfele]~ &4 &Akst €4 (Chen et al., 2005; Kato, 2000),
W x4 g4 (Yoshizawa et al, 1995), d&dd=27] &4, dd5 &4 55 7}
Acta Bawolz] i, B-agaraseo] o]@] A A% = neoagarooligosaccharide:=
M A (Kono et al, 1989), d4kst &4 S 7AW, neoagarobiose™ H.5
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9] agarase?d F7IMES 45, EAHS EA5AT. M do] 9r¥ X agarase
2 2 vectord] pMAL-c2x9 pET-16< o] &3le] @& cell E coli BL21S
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II. s 2 94

o=2HY MxT, AT, FHIFEEES AP st H sl
31X & ¥ seawater agar (SWA;E a2t 1.5 % 2 agar) wiAo] 100 ul®
T gk 3 30°C oA 375 AxF wikstaith wigE o FoFolA T Fa S
Ae vdedE Jgs ddsidn. 3 23 S Role #FE-S Marine
agar plate (MA, Difco)oll ¥ &stAt}t. sl ¥H 5 Saccharophagus sp. strain
AG21 e2 91 3t

1-2. 88 TF9 genomic DNA +# 2

2 ¥ Saccharophagus sp. AG21 55 Marine brothell 0.3%¢] 3xS 7}
3 A 4 meoll HF3ke] 30ColA 180 rpm S & shakingsltA A 36 A7+ vl kst

of, F7te Ho] A3 EaE wjrhbA wjFe AT Bl ¥ S E-tubeol] ¥ o]
4000 rpmoll A 10#7F A &2 5te] pelletS =3 3tal QIAamp DNA Mini Kit
(Qiagen, Germany)< ©]83}4] genomic DNAE #& &t} #23 genomic
DNA®] &%= Spectrophotometer (Bio-RAD, England)S ©]&3}2] 260 nmol A

optical densitys =74 3t3th.

1-3. 16S rRNA €71 A& #4

Saccharophagus sp. AG21 strain®.Z5F #2]d genomic DNAS F3 o2 3}
3l Universal 16s rRNA primer A 2Fste] z}z}eo] v A E-of )3k 16S rRNA A<
S PCRES %3] FZAZATY. PCR WS¢ & volumes 50 w® 3 om oF 1
©g®l genomic DNAZE template® s} 100 pmole/xl %2 16s-27F primer
B'-AGA GTT TGA TCM TGG CTC AG-3'), 16s-1492R (5'-TAC GGY
TAC CTT GTT ACG ACT T-3') primerg 77 1 w® #H7}skal 2.5 mMe)



dNTP 4 ¢ 10X Ex Tag polymerase buffer, 3 Unit®] Ex Taq DNA
polymerase (Takara, Japan)E <3} th WH-g %712 % denaturation 94C
o] A 5% 13], denaturation 94Col A 30%, annealing 50Co| A 30%, extension
72Co A 18 30% 7S 303 wHESE L, wpx|2 extension= 72TCol A 587

HES-3F . WhS AHES 1% agarose gelol A A 719 F35te] st 47

Lo

ZZ+ 3 AHES PCR purification kit(bioneer, Korea)<S ©]-83le] A1 ¢
719D 245 oF s ekl @192 7= NCBI databasecl] 5 =%

FAANDE} nastol A HY .

Aol olsf AG21°] Saccharophagus < °.% 88 % 1L, Saccharophagus
degradans®} 7}4 =& FAIEE B saccharophagus degradans 2-40 9
agarase A€ oA AgaB agarse (accession number : CP000282)3} agab0A
(accession number : AY653535)& ©]-&3}o] degenerated PCR primerE A 2}s}
1 degenerate PCR & 33ttt WS =4 B8 ¥ Saccharophagus sp.
AG21=2 58 E3 ¥ genomic DNA 1 ¢} 10X Ex tag buffer 5 w, dANTP
mixture(2.5mM) 4 uf, forward primer 1 f, reverse primer 1 02} Ex taqg
polymerase (Takara, Japan) 0.25 xS % 7}slil nuclease free waterES 37.75 wl
H7tsle] total volumes 50 ul=2 23 FATH HES 272 94 °ColA 57 HbS-

13], denaturation 94°C 30%, annealing 55°C 30%, extension 72°C 4+ 30% 9]

=
oo

S 303 WHE 9, mEAE extension 72°ColA] 5 #3F ¥k it PCR

=
oo

% PCR productE 1 % agarose geloll 7|9 %3te] &elsta, 7] A4

1%

S 38U, AFEE primer & (F 1.)°] %713kt Degenerate PCRE
e AES vtgoe=z o ¢l Kok JyF AdS ¢)7] #15te] internal

sequence primer(¥.2)E A Z 3tal o] & o]&3te] PCRS S35ttt ¥ %

M

1
o

AL Saccharophagus sp. AG21Z%4H F8 ¥ genomic DNA 1 w9} 10X Ex

taq buffer 5 ul, dNTP mixture(25mM) 4 u, forward primer 1 ul, reverse



primer 1 w09} Ex taqg polymerase (Takara, Japan) 0.25 @S % 7}3}al nuclease
free waterE 37.75 w 3738t total volumes 50 pl= 9r3 F=Ach ¥bS A
2 94 °ColA 5% Wrg 13], denaturation 94°C 30%, annealing 55°C 30%,
extension 72°C 4% 30%9] WSS 303 HHE 31913, vhA]9 extension 72°Cel

A 5 #7k wg ahed

primer sequence object
agaY1-d-F 5'= ATG AAA ACC ACC AAA TGC G -3' agaYl partial sequencing
agaY1-d-R 5'- TTA GTT GCT AAG CGT GAA N -3' agaY1 partial sequencing
agaY2-d-F 5'- CGA TAA GCA GTT GGA TGT TAG -3' agaY2 partial sequencing
agaY2-d-R 5'- TTA CTC GCC AAA ACG TN -3' agaY2 partial sequencing

3% 1. Degenerate PCR primer

primer sequence object
agaY1-I-F 5'-ATG GTG CCT ACG TAA CTG CTG TCT-3' agaY1 internal sequencing
agaY1-I-F 5'-ACC GCT CAA CAG AAA CGT GGT TTG-3' agaY1l internal sequencing
agaY2-I-F 5'-AGG CAT ATA AGT TCG CCG CTA CGA-3' agaYl internal sequencing
agaY2-1I-R 5'-TTG CGC TTT GGT TGG GCT ATC TTC-3' agaYl internal sequencing

¥ 2. UF MEES ¥317] Y3 internal sequencing primer

2-2. A FFE A9 23 Saccharophagus sp. AG219 genomic DNA ¢ d&t

AgaraseE coding3dli= 72 AFe] 5w 3wl IS EQlslr] 9lshe]
LA PCRS 8% 9@ AE4LE AG2IEHEH 2% genomic DNAZ vt
3t AG21Z2 %€ #89 genomic DNA 30 plol] 10X BamH I buffer 5 u,
Agta s BamH 1 3 wE #H7lsta 7552 AA volume 50 e 9%+ £
37°C water bath oA 3A|7F Hb-GAlA Ak 3FH T 3 genomic DNA 30 xl
o] 10X EcoR I buffer 5 pf, #1g& 4 BamH I 3 w& 7tstal SHF2 A



volume 50 wlE Bt F 919 22 WP g vhg AlA dd sk Zhzbe] wt

5 WE H7F ¥ 1375 wel A7k
ethanolS #7}ste] -20°Coll A 60% =<F ®x 3 & 4 °C 13000 rpm °A] 10
B2 94 28 3 A Z7bE 70% ethanolS A &@ldhar fAEE 3 3 A

Z ANFHoew, 20 e ZFFol elution s+l

S A& 3 M sodium acetate (pH 5.2)

2-3. Cassette ligation

BamH I¥} EcoR I Agtasrz duw AG219 genomic DNA®] Sau3 1A
cassette (5’'HO-GTA CAT ATT GTC GTT AGA ACG CGT AAT ACG
ACT CAC TAT AGG GA-3', 3-CAT GTA TAA CAG CAA TCT TGC
GCA TTA TGC TGA GTG ATA TCC CTC TAG-OH 5)¥ EcoR I casstte
(5'HO-GTA CAT ATT GTC GTT AGA ACG CGT AAT ACG ACT CAC
TAT AGG GAG AG-3', 3'-CAT GTA TAA CAG CAA TCT TGC GCA
TTA TGC TGA GTG ATA TCC CTC TCT TAA-OH5)& #3237 913}t
A genomic DNA 75 ol Z+2}2] cassette 2.5 ul, ligation mixture 10 u0
(takara)E F7Fste] 20°Cel Al 1A1zF HbgA| AT HES AFEe] 3M  sodium
acetate (pH 5.2) 2 W= H7F & 50 plo] A7FE dESS #H71sle] -20°Cel A

60 &<t WA g F 4 °C 13000 rpm oA 10#%F €4 Festal, oAl 27k

70% olet=S Aglsta AR 3 & dx AlFHeW, 5 e FTFTl elution
SFTh

2-4. LA PCR & # % primer A&

LA-PCRoA] 5 H9]o] FZ Ao+ forward primer®. LA PCR kit (Takara,
Japan)2] Cl primere} C2 primerE AF&3} 1L, reverse primer= Degenerate
PCRo| ¢J3lo] wad HEAMES vlegro 2 GSP1 (Gene Specific Primer 1),
GSP2 (gene specific primer2)E A #3sto] AL£39 0. AR ¥ primer+= (3 3.)
of Yetidet. 3599 % Ao degenerate PCRO a4 ¥ra]zl F-E A
g5 dvygow AZFI GSPl, GSP2E forward primer® 3Fo] ARE3Q) 1,

reverse primer% Cl primer2} C2 primerE AF-&3FS3 T}



2-5. 1°" LA PCR

2+ 7} 2] cassette©] ligation® DNA 1 wlE S 335 wol 343te] DNA
solutions THEO] o] & 94°Coll A 103t denaturation AZ T DNA solution®l]
10X LA buffer I (Mg® plus)5u0, ANT Pmixture (2.5mM) 8uf, primer C1 1,
GSP1(3% 3.) 19 LA tag DNA polymerase (Takara, Japan) 05 wE #7}sk
Gk WES 271S 94 °CollA 1#4WHS-2 13], denaturation 94°C 30%, annealing
55°C 30%, extension 72°C 4+ 30%<9 ®WHSS 303 ®HHE 3F9a, wpx|9t
extension 72°CollAl 5 &3+ ¥§ 3Fth. PCR ®HEg & PCR product®= 1 %

agarose geldl 7] &3to] &35t}

2-6. 2"° LA PCR

I PCR product 1 wol 555 335 ul, 10X LA buffer T (Mg”'plus) 5 s,
dNTP mixture (25 mM) 8 wl, C2 primer 1 ¢, GSP2(3% 3.) 1 ul¢} LA taqg
DNA polymerase (Takara, Japan) 0.5 ulE % 7}sl4] total volume 50 W7} &%=
= 39t g 2718 # X% denaturation 94 °C 2% 13], denaturation 94°C 30
%, annealing 55°C 30%, extension 72°C 4% 30%¢] Hk3S 303] whE s}%lar
upx] 9 extension 72°CollA] 5 #37F WS- 3}ith. PCR WFS $ PCR productis 1
% agarose gel°ll A7]d-s3ste] &Ittt &<l ¥ agaraseE codingsti= PCR
product¥ gel purification kit (Bioneet, Korea)S ©]-&38to] A#| adct. AAH
PCR product 3 ul, pGEM-T easy vector (Promega, USA) 1 ol ligation
mix(Takara, Japan)g F7}ste] 4ColA 12417+ W+ AlA  ligationd} S L,
ligation 2F% 10 w9} E. coli DH5a competent cell 100 wl&} &3slo] oS-
308 Wxslar 42TCol A 18 30%7F heat shockS Fo] d2 H3S &9, 1
m¢e] LB brotholl A wj¢F %

ampicillin® 7hell =wsla, 3 Fgs Adsdn. AdEE 3 FH=S ampicillin

vjoFel 70 ulZE Selection plate (IPTG, X-gal,

o] H7}¥l LB brothel innoculationstil 37CoA 12413 #1¥ & plasmid mini



primer sequence object
agaY1l-5-1 5'-AAT CCA CCC AGC TCA ACC AGC ATA-3' agaYl 5' GSP1
agaY1-5-2 5'-TGC CGA TTA CAC CAT TAC GGT TGC-3' agaY1l 5' GSP2
agaY1-3-1 5'-CAA ACC ACG TTT CTG TTG AGC GGT-3' agaY1l 3' GSP1
agaY1-3-2 5'-CAG GGC CAA GCC AAG CAT TGA TAA-3' agaY1l 3' GSP2
agaY2-5-1 5'-TCG TAG CGG CGA ACT TAT ATG CCT-3' agaY2 5' GSP1
agaY2-5-2 5'=-GCC ATC AAG AGG TGT TGT TCG CAA-3' agaY2 5' GSP2
agaY2-3-1 5'-AAC GGT GCG TTG GAT TCT GGT TTG-3' agaY2 3' GSP1
agaY2-3-2 5'-GGA AAT ACG TCG TTC GGC TGC AAA-3' agaY2 3' GSP2
C1 primer 5'-GTA CAT ATT GTC GTT AGA ACG CGT AAT cassette primer 1
ACG ACT TCA-3'
C2 primer 5'-CGT TAG AAC GCG TAA TAC GAC TCA CTA TAG cassette primer 2
GGA GA-3'

3 3. LA PCR primer
3. Cloniong< 43} Saccharophagus AG219] agarase 73 A2l PCR

AgaYl2 Nde I Algtas Ad H AHES x9St forward primer
agaY1-E-F (5-GAG AGA CAT ATG GCA GAT TGG GAT GGC ATT
CC-3)¥ BamH I¢] A4 A<ge ¥33+ reverse primer agaYl-E-R (5-
GAG AGA GGA TCC TTA GTT GCT AAG CGT GAA CTT ATC TAG
G-3)S A#EA Y. AgaY2:E BamH 1 #A|gtas Ao Ko IS £330+
forward primer agaY2-E-F (5'-GAG AGA GGA TCC GAT AAA GAC GAG
CCG CAA GCG ATA-3)¢% Xba I A g4 dAd FYgE xgse
agaY2-E-R (5'-GAG AGA TCT AGA TTA TTG CTC GCC AAA ACG
TCG AC-3')2 #Al#atit.

1 pg® genomic DNAE template® 3} 20 pmole/ul %2 08-237 primer,
08-238 primerE Z}7zF 1 WA #HA7bskar 25 mMe ANTP 6 wlet 10X Ex Tag
Buffer 5 pf, 0.25 0 ¢ Ex Tag DNA polymeraseE &£3%tslal SHTFE o] &3

o 50 e volume®® PCRWES AASAE. PCR w2 PTC-150
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MinicyclerE ©]& % % denaturation 94TCoA 5,
denaturation 94 C o 4] 30%, annealing 45Coll A 30%, extension 72Co|A 2%¥3+

S 303 WHEE A, mEAlY extensione 72TColA 587 ¥kl Sith. PCR

ol

product= 1% agarose gelollA 7] &3te]  EQIstal  gel purification

kit(bioneer, Korea)E ©]83Fo] AAsIATt. AFEH primere (3 4.9 37|38k
At
primer sequence object

agaY1-E-F | 8'-GAG AGA CAT ATG GCA GAT TGG GAT GGC ATT | agaYl cloning into
CE; 3! pET-16b

agaY1-E-R | 5'-GAG AGA GGA TCC TTA GTT GCT AAG CGT GAA | agaYl cloning into
CTT ATC TAG G-3' pET-16b

agaY2-E-F 5'-GAG AGA GGA TCC GAT AAA GAC GAG CCG CAA | agaY2 cloning into
GCG ATA-3 pMAL-c2x

agaY2-E-R | 5'-GAG AGA TCT AGA TTA TTG CTC GCC AAA ACG | agaYZ2 cloning into
TCG AC-3' pMAL-c2x

¥ 4. agaYl, agaY2Z expression vector®] cloning 3}7] 93+ primer

4. AgarasefZ 29 cloning
Agarase?] cloningS $lste] Td$L vector®+= pMAL-c2x (NEB, England) %}
pET-16b (Novagen, USA)E A}-&3t312 M, cloningS ¢lste] E. coli DH5a0l
transformation¥®  plasmid extraction= 3}al, E coli BL21°] t}A
transformation=  sF¢] HHAA AT AA ¥ agaYl PCR producte} pET-16b
vector(Novagen, Germany) & 72t 40 pg, BamH I buffer 5 w0 3 w9
BamH I, BSA(100X) 05 @& H7F 3 & A &S 50 w= 2= & 30T
o Al 3A|ZFEeE WFS A AT WES-o] By 3 1% agarose geldl A7) Ede] <
3] digestion®] T +=A] &<lstar PCR purification kit (Bioneer, Korea)& 9]
g3t AA AL, 50 ©e nuclease free waterel elution &t ZHH A
pET-16b9} agaY1l agarase coding +73AF 42 wlE 5 el NEB buffer 4 ¢ 3
el Nde 1& Ejste] 37TColAl 3Azb&E<t wES Azl F CIP (Calf

_10_
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R

—_—

Intestinal Alkaline Phosphatase, NEB, England) & @&l 37Col A 143t
< A7 & Ad®E DNATE 1% agarose gelol A7]|dE53ste] &2ldt T Gel
Purification Kit (Bioneer, Korea)< 7}*i1 GA|stAth. dd¥E pET-16b2} PCR
2FE2 DNA ligation kit <Mighty mix> (Takara, Japan)S A}-&3}e] ligation
33tk pET-16b& 2 wl, insert DNA 3 pl® S ¥ il ligation mixture 5 ulES
A7tetel AA 9b-E volumes 10 pwb= 3Fo] 24CelAl 1 AlZE&<t ligation WHE
S WPt edct. E-tubed] AAE agaY29 pMAL-c2x(NEB, England)E z+7;
415 pg, BamH I buffer 5 woF 3 el BamH I (Takara, Japan), BSA(100X)
05 ws H7F & F AA volumes 50 w2 9rE T F 30ColA 3A7HE<E wh
SAIAT BEgo] &

F¢lE=A &elstar PCR purification kit(Bioneer, Korea)S ©]&3to] A A& 12,

W 2 1% agarose geldl A7) F3ste] 3| digestion©]

50 w09 nuclease free watere] elution 3FATh A2 pMAL-c2x(NEB,
England) ¢} agaY?2 coding 38 A 37 S 5 el 10X M bufferet BSA10X) 5
pl, 123 3 p0e] Xba I (Takara, Japan)S &§3ke] 37Col A 3A s wHs-
S A7 & Add DNA+ 1% agarose gelol H7]|FE3ste] &2ldt T Gel
Purification Kit (Bioneer, Korea)2 7}#1 AASAE. dvtd pMAL-c2x9}t
agarase -4 A+ DNA ligation kit <Mighty mix> (Takara, Japan)E A}-&3}<]

ligation &} %3t}

4-1. Transformaion
Ligation 2H=2 E. coli DH5a®l transformation 3}%1 2™ transformation Z}74
S E coli DH5a competent cell 55 plol ligation AF% 5 S &3tslo] A5
Al 3043F WA S 42T A 90%7F heat shockE Fo ThA] Ao 283
2 sttt ool Luria broth (LB) 1 méE 3 7bske] 37CoA 1 Az vt
Gl

oM HeE Ad9ste] ampicilline] 5] 3= LB brothell B <shaivh. v <l

_ﬁ
o
O

o

ampicilline] £ ¢+ LB plateo] E=2alar 124)7F v ksl vjekeg s

o,

el

)

O
ftlo

15 ml e-tubeol] %7 % Plasmid mini Extraction kit (bioneer, Korea)S ©]&
3 wjgFE celle] plasmid DNAE #2393 ol & thA] H&E celldl E coli

BL21 (Novagen, Germany) competent cell ?F© 2 transformation &}o] 37Tl

_11_



A dbag wfek & oGS MElEte] ampicilline] £919E LB broth 4 mlol] H=

5. E.colidlA dHEAELS LT A

Nz agaY1lS E.coli BL21°| A IPTG(Isopropyl-B-D-Thiogalactopyranoside)
£ HFTEE 03 mMeo] HES Hrlsta, 10CAAA LS F% stk 3 ml
o] A% agaYlel E9UE Ecoli BL219 wlSAS 100 w02 ampicillin®]
7}F¢l Luria broth (LB)ol HF3le, 37CaA 180 rpmSo & shakingdl™ A
optical density”} 600 nm3}go A 0.80] HEE vjd & IPTGE 0.3 mMeo] ¥
L5 F7bstal, o wAl 10Tl A 1641 wjFete] b Iels =36
Atk AgaYl A=F FHAE i3
rpmol Al 2037 YA F AT AS A A, 5 me His bind kite] Binding

buffer (Novagen, Germany)ell pellet= Al F+ AIFaL, o]& -20ToA] ¥A] H

=]
i
ol

rr
i
@)

Q.
i

=2
["_8{.:
>
Y
=
0%
12
filo
D~
3
D>
(@)
o
(@)

Aot HaE Q%3 agaYlS Histidine tagy fusiond @ za= uba s
agaY]l agarasei= His'Bind kit = ©]&3lo] A A kAT A Z3 agaY2 agarase
= E.coli BL21& ] &3} o4 IPTG(Isopropyl-B-D-Thiogalactopyranoside) =
HFEE 03 mMo|] HES Hristal, 10CoA ARAS F%= ATk 3 mle]
AZF agaY2e]l EUE Ecoli BL219] wlddS 100 w2 ampicillin(100
mg/mD¥ 10 mMo] H %5 glucose(HEEE 02%)E %713 Luria broth(LB)
of HE3}e], 37CoA 180 rpme = shakingdl®A] optical density”} 600 nm}
Feo A 080 HEE HiYg & IPTGE 03 Mo] HEE H7ksta, ol thA] 1
0TCelA 15A1ZHEF vl Fake] Tl A S fFrskith. AgaYl Ax=d A
C

4000 rpmeoll A 20-=3F A2

i

X35l E colis A A Z] wjokdS 47

il

S NS A AL, 5 mle] column buffer (Tris—-HCl, pH 7.4, NaClol pellet
| 26 AL, o= 20TAA WA m#AsAT. wdE AFF agaY2:

o

ftlo
N

maltose binding protein®} fusion® AR HWHE agaY2 agarase= pMAL
Protein Fusion and Purification System(NEB, England)& ©]-&3to] AHAl
=

_12_



6. SDS-PAGE
AgaY13¥} agaY29] AMzxg @S S sty Ay g

Zshar i

o Z+zF 200 plo] AIEES RS % 10%2] polyacrylamide geloll 4] SDS-PAGE

rulo
:‘o

= $3Y3}A ). Protein Molecular Weight Marker (Takara, Japan)& ©]-83}¢]

wde] A4S el s

7. FHRENELY 4 =3

Agarase 42 DNSH S o] &3l =A 3}

2

t}. DNS ¥ 35-dinitrosalicylic
acid method (Miller et al., 1959)° we} LIS S WHOZ o] Fo|H
t}. DNS solution2 3,5-dinitrosalicyclic acid 0.25 g¥ sodium potasuim tetrate
75 g= 50 me 2 M NaOH &o] =<l & dH:0E °o]-&ste] dA 539 & 250
mlE2 2F FA 190 ue 1% agarose(Cambrex, USA) €A 3} 10 pel AA%
agarases 412 A5 42°C oAl 1023F ¥b3 AlZ 3L, 1 ml® DNS solutions
A7vske] 100°C 101 7k REE3ke] 575 nme| HAelM FF=E 1]
1 e TeTh

Oft

g

e
ol

7-1. FH 2=
AAE agaYlel &xo wE IdHES FAHS SAHSAY. A EHBAS =

437 A% £F 1A &

2
o
fru

2
ftlo
ol
ol
N
X
g
ol
o
B
(@)
@
4
v
D>
(e
@
N,
D)
@]
i
e
i
o
fr
o%
i
ol
ol
K

7-2. GAA
AAE agaYlel €@ HAAS SASH7] f1s8ke] 40T, 45C, 28]l 50Tl A Al
PR 0%, 307, 60, 90

e
—_
[\
(@]
A
o
b
o
>
Py
o
N
>
o
i

fe

E A A

A agaYl 10 W= agarose 1 %7F E3%o A= 10 mM Tris Cl buffer (pH
6591 718N 190 woll F7Fstar 42Tl 1587 ¥k3-AA DNSHoe=z 33

_13_
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GAE Z7he] agarase®] A pH 3 pHel W& & ss &dstr] 918t
o FHE TS =AY Y3t 71d gHo 7 50 mM citrate-phosphate buffer
(pH 45, 5.0, 55, 6.0, 652 50 mM phosphate buffer (pH 7.0, 7.5, 8.0, 8.5, 9.0)
S o] & 3o 1%9 agarose €4S WEI, ZZo 71A &9 190 wl o AAE

agaYl 10 plE A7F38ke] 42CoA 1557 vE3Al7 DNS Heog 33 HalsS

5% o &%

BAAA Z7zte] agarased TFEol2dd wWE IHEHSS Felstz] Yeto],
CaClz, CuSOs, EDTA, FeSOs; KCI, MgSOs; MnClz 2 NaClZ A}&3}3it}.
agarose 1%(w/v)7} Z35 o] ¢l%& 10 mM Tris Cl buffer(pH 6.5)°1 7] Z+z+

o F%e 2mMel FEE EFHL Qe 7124 190 pol ztztel FAE &

M

2 10 = HA7Vste] 42Co A 1587 e A1A DNSHOE 33 Eijss =
3193 T}

o

8. Thin layer chromatography < 3 &3] &€ &9l

AAE Az A<l agaY1¥ agaY?2 agarased EA4 EAS 9319 thin
layer chromatography (TLCO)E S8kt 1% agarose (Cambrex, USA),
hexanitol (sigma, USA), neoagarotetraosesS ¥33f+= 10 mM Tris Cl buffer
(pH 6.5)° agaY13¥} agaY2 agarases RES-A|A Al7be] mpE 3l FFS g9l
stk A7) wtata gulE gy ] & W= n-butanol, acetic acid ¥ EFHFE

2:1:1 (n-butanol : acetic acid : water)= &33t EgHS A&l o, WS4

(il
rlo
N}
=
=)
1x
M
N
ol
ol
32
&
il
=
s
[t
r
%
=
Q
Q
@,
[@))
(@)
=5
Q
—t
(@)
=
@
(@)
i
)
(@)
=
8
Q
=]
=
i
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2. Agarase Alg€ &4

Saccharophagus sp. AG21Z4-E cloning® agaY1S coding 3= F4# A4

rlo

A Zo] 1908 base pair= 63671¢] o}n Ak o35 3sta vl AgaY1e
A ¢F 69 kDa o2, pH 429 S1AS 7FA2 Atk 199 ofw =4t
20W  olw =Xk (ala—ala)Alo]e] A

peptide(Z¥ 5)E 7FA 3L A A TH(SignalP 3.0 servers ©]&). NCBI conserved

M

il

7FA = 1978 obm|:=4Fe]  signal

-domain database search program ©]83}¢] agaY1el oflvn=Ait AES FA
3l A3} glycosyl hydrolase family 16 (GH 16) domain (53-321)2 7}FAaL A%
i, ¥ 789 carbohydrate binding module(382-488, 504-636)< 7FA 1L 3l th.
NCBI¢ BlastP program= ©°]&3le]  FAF ©@wlzd XgS FolH gk,
saccharophagus degradans 2-402] B-agarase 19l Agal6B (accession number :
AAT6E7062)2} 883%<2 &S HAI, Microbulbifer agarilyticus ©]
agaA3(accession numuber: BAE06228)°} 79 %, Pseudomonas sp. NDI137<]
agarase (accession numuber: BAD88713)%} 52%°] HF&AdS HIow, BT

GH 16 domain¥} 27}A] 9] carbohydrate binding domaing 7}FA aL Ut}

signal
pe];itlde GH 16ldoma1n C]l3M6 C]l3M6
agaYl [l 5588800000000 MY NAY

2% 3. agaYle ©uld q49 =4

Saccharophagus sp. AG21Z5-H cloning® agaY2< coding 3l= F+dA= #
A Zo] 2334 base pair = 778 M ¢] o =AMS ¢otF EEar 9tk 23W ofn| =
A3} 249 olm] Ak Afolof A AwtE = 23749 olm|w=Ato g o] F o] signal
peptide7t =131, agaY29] A oF 88 kDa &=, pH 52 ¢ T8
7FA a1 A A} Glycosyl hydrolase family 42 (GH 42) domain (490-657)& 714
3l 931, saccharophagus degradans®] agarse agab0A (accession number :

ABDS80438)2} 96%, Pseudoalteromonas atlantica T6C2] agarase(unpublished,

_16_



accession nember ABG41155)%2} 61%°] FEAS  EAt Agab0A%t
Pseudoalteromonas atlantica T6C2] agarase 93+ GH 42 domaineS 7}A 3L 9l

o B-agarase® LHA A

signal
pe];itlde GH 4% domain
PLALLLEEEEEEEEEEEEEEEE
agaY2 [l

2% 4. agaY2e] @A 49

J{m
oX,
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ATGAAAACCACCAAATGCGCCCTAGCTGCGCTCTTCTTCAGTACCCCTCTTATGGCCGCA
M KTTKCALAALFFSTPLMAA
GATTGGGATGGCATTCCTGTCCCAGCGGACCCAGGGAATGGCAACACCTGGGAGCTACAG
bwobdbGIl PVPADPGNGNTMWETLAQ
TCCCTTTCTGACGATTTTAATTATGTAGCCCCAGCTAACGGCATTCCTGTCCCAGCGGAC
SLSDDFNYVAPANGI PVPAD
CCAGGGAATGGCAACACCTGGGAGCTACAGTCCCTTTCTGACGATTTTAATTATGTAGCC
PGNGNTWELQSLSDDFNYVA
CCAGCTAACGGCAAAAGCACCACGTTCTATAGTCGCTGGAGCGAAGGCTTTATCAATGCT
PANGKSTTFY SRWSEGTF I NA
TGGCTTGGCCCTGGCCAAACCGAATACTACGCCCCCAACTCGTCAGTAGAGGGTGGCAAC
WLGPGAQTEYYAPNSSVEGS® GN
TTAGTGATTAAAGCCACTCGCAAGCCCGGCACAACCCAAATCTATGCAGGTGCAATTCAC
LVIKATRKPGTTQI!IYAGAIH
TCCAAAGAAAGTGTTACTTACCCTTTGTATATGGAAGCGCGCACCAAAATTACTAACCTC
SKESVTYPLYMEARTIKTITNL
ACCCTCGCCAACGCATTTTGGCTACTAAGCTCAGATTCCACCGAAGAGATTGATGTGCTG
TLANAFWLLSSDS STETETIDVL
GAGTCTTACGGTAGCGACCGCTCAACAGAAACGTGGTTTGACGAGCGCCTACATTTAAGC
ESYGSDRSTETWEFDTERTLHLS
CACCACGTTTTTATCCGCCAGCCTTTTCAAGACTACCAACCAAAAGATGCAGGTAGCTGG
HHVF I RQPFQDYQPKDAGSW
TACCCCAACCCCGATGGCGGCACTTGGCGCGACCAATTTTTCCGTATAGGTGTTTATTGG
YPNPDGGTWRDOQFFRI GV YW
ATAGACCCATGGACATTGGAGTATTACGTGAATGGCGAATTAGTACGCACCGTAAGCGGC
I'DPWTLEYYVNGELVRTWVSG
CCAGAAATGATTGACCCGTACGGTTACACCAACGGCACAGGCCTAAGTAAACCCATGCAG
PEMIDPYGYTNGTG GLSKPWMAQ
GTTATTTTTGATGCAGAGCATCAGCCTTGGCGCGACGAGCAAGGTACTGCCCCACCCACC
V:ilPe F DAEHQPWRDEQGTAPPT
GACGCTGAGCTAGCCGACTCGAGTCGCAATCAATTCTTAGTTGACTGGGTACGATTCTAC
bAELADSSRNQFLVDWVYVRTEY
AAACCCGTGGCAAACAACAATGGTGGCGGCGACCCTGGCAACGGTGGTAATCCAGATAAT
KPVANNNGGGDFPGNGSGNFPTDN
GGCAATGGTGGCAACCCTGATAATGGCAGCAGTGGCGATACAGTAGTGGTAGAAATGGCC
GNGGNPDNGSSGDTVVVEMA
AACTTCTCTTCCACAGGTAAAGAAGGCTCTGCAGTTGCAGGCGACACTTTCACAGGCTTC
NFSSTGKEGSAV AGDTFTGF
AACCCCAGCGGCGCCAACAACATCAACTACAACACCCTAGGGGATTGGGCAGACTACACG
NPSGANNINYNTLGDWADYT
GTGAACTTCCCCGCTGCCGGTAATTACACCGTAAACCTAATTGCTGCCTCGCCGGTTACA
VNFPAAGNYTVNLI AASPVT
TCTGGGCTGGGTGCAGATATTTTGGTAGACAGCAGTTACGTAGGCACCATACCTGTTAGC
SGLGADI LVDSSYVGT I PVS
AGCACCGGAGCTTGGGAGATATACAACACCTTTAGTTTGCCCAGCTCGATTTATATCGCA
STGAWEITYNTFSLPSS I Y I A
AGCGCAGGCAATCATACTATTCGCGTACAAAGCTCCGGCGGCAGCGCTTGGCAGTGGAAC
SAGNHTI RVQSSGEGESAWAQWN
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320
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GGCGACGAACTTCGCTTTACCCAAACAGATGCGGATACAGGCACCAATCCACCCAGCTCA
GDELRFTQTDADTGTNPPSS
ACCAGCATAACGGTTGAAGCAGAAAGCTTTAACGCGGTGGGCGGCACCTTTAGCGATGAT
TSI TVEAESFNAVGGTTFSDD
CAAGCTCAACCTGCTAGCGTTTACACCGTTAGCGGCAACACTGCCATTAACTACGTAAAC
QAQPASVYTVSGNTAINYVN
CAAGGCGATTATGCCGACTACACCATTACGGTTGCCCAAGTGGGTACCTACACCATTAGC
QGDYADYT I TVAQVGTYTI S
TATCAAGCTGGCAGTGGCGTAACAGGTGGCAGCATTGAGTTTTTAGTAAATGAAAACGGC
YQAGSGVTGGS I EFLVNENSEG
AGCTGGAGCAGCAAAACCGTTACCGCCGTACCAAACCAAGGTTGGGATAACTTCCAACCC
SWSSKTVTAVPNQGWDNTFA QP
CTAAACGGAGGCAGCGTTTACCTAAGCGCAGGCACCCACCAAGTTCGTTTACACGGCGCG
LNGGSVYLSAGTHAQVRLHGA
GGCAGTAACAACTGGCAGTGGAACCTAGATAAGTTCACGCTTAGCAAC
GSNNWQ@WNLDIKTFEFTL SN

1500
480
1560
500
1620
520
1680
540
1740
560
1800
580
1860
600
1908
616

7138 5. Saccharophagus sp. AG21 agaY1 agarase 34 2 ojm] =2t A
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ATGACAAAATTCTCAATTAAGAAAATACTGGCCTGTGTTTGTATCGCCACTTTAATTAAT

MTKFSIT KKITLACVYCIT ATL N
GCTTGTGCGGATAAAGACGAGCCGCAAGCGATAGCTTCCCAGTCTAGTGCCGAAGAGGGC
AACADKDEPQAI ASQSSAETESG
GCCCTCGACAATGTGGTATTAGCAAACATGTTGTGGGATTTTGATTCGGGTGACGTTACG
ALDNVVLANMLWDFDSGDUVT
CCTGCAATCCAAACCGAAAATACGACTGTGAAGTTCGTGCCCAATTCTTCCGGGCGGGCT
PAIT QTENTTVKTFVPNSSGRA
TTGGAGGTAGAGCTACAAACTCAATCGCATTACTCTGCCAACTTAACCTTTGCCGCCGAT
LEVELQTQSHYSANLTTFAATPD
GCGCCTTGGGACTGGAGCGGGCTAGGGAATTTTGCATTCGCTTTGGATATTGCTAACCCC
APWDWSGLGNFAFALDI ANFP
AAGCCAACATCTGTTTATTTGCATGTGGTTGCTACAGACAGCCATGGCAAAGAGCGTAAA
KPTSVYLHVV ATDS SHGEKTETRK
CGTGCCATTGCAATACCAGGTAATTCCAGTGGTACATATTATTATGAGCTAAAGGGGCCT
RAI AI'PGNSSGTYYYELTZKTEGTP®P
GACGACGGTGTTGAAACCGGTATTCGCTCTAACCCGCCAAGTTGGAACAGTGACTATCAG
bbGVETGIRSNPPSWNSTDYAQ
AGTATGATTTATCGCTGGGGCGATAAGCAGTTGGATGTTAGCTCACTAAAAAGCATTGCT
SMIT YRWGDI KA QLDVSSLKZ S I A
TTTACAGTAACCGGCGTACTTGAAAATAAAACACTTATTCTCGATAACGTACGTTTAATT
FTVTGVLENKTLTILDNVRLI
CAGCCTAAATCTATAGATGAAAACTACCTTAAAGGGCTGGTGGATGAGTTCGGTCAAAAC
QPKSI DENYLIKGLVDETFS GA QN
GATAAATTAGAATTTGTTAACAAGGTTCAATCTGTTGAGCAATTGCGTAAGTTATCGGAA
DK LEFVNKYVYVQSVEQLRIKTLSE
GAAGAGCAAGCGCAGTTGCGAACAACACCTCTTGATGGCCGCTCCAAATTTGGTGGATGG
EEQAQLRTTPLDG GRS SKTF®G® GW
GCAGAGGGGCCGAAGCTTGAAGCGACAGGGTATTTTCGTACGCAAAAAGTTAACGGCAAA
AMEGPKLEATGYTFRTAQKVNS® GK
TGGGCGTTGGTTGACCCGAGTGGTTATTTATTTTTCTCTACCGGTATTGCTAACGTTCGC
WALVDPSGYLFFSTGTI ANVR
TTAGCAAACACTTCTACTATAACTGGCTACGATTTCGATCAGTCTAAAATCCCTCAGCGT
LANTST I TGYDFDQQSK I P QR
CAACCTGGTGATTTAACACCTGAAGATTCTCTAGGGCTTAACCGTGCGCCGGATGCAGCC
QPGDLTPEDS SLGLNRAPDAA
CTACCCACAAGGCATATAAGTTCGCCGCTACGAGCTGAAATGTTCACTTGGTTACCTAAA
LPTRHI® S PCSR AJE=MIE TRV ISP K
TATGATGAGCCGCTAGGACTTAACTTTGGCTACCGACGCGAAGTGCATACAGGGGCCATT
YDEPLGLNTFGYRREVHTGAI
GAACGGGGGGAGACGTTCAGCTTTTATCGTGCAAACCTACAGCGAAAATACGGCATAAGT
ERGETFSFYRANLAOQRKYG G I S
GACGAAGCGGCATTGATGGAAAAATGGCGAGAAACCACTGTGAATCGTATGCTTTCTTGG
DEAALMEKWRETTVNRMLSW
GGGTTCACCTCATTTGGTAATTGGATTGACCCCGCCTATTATCAAATGGACCGTATTCCA
GFTSFGNWIDPAYYQMDRTIP
TACTTTGCGAATGGTTGGATTATTGGAAACTTTAAAACAGTAAGCAGTGGCAATGATTAT
Y FANGWI I GNFKTVSSGNDY
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TGGAGCCCGTTGCCAGATCCATTCGACCCGCTATTTAAAGAGCGCGCGTATATTACTGCA 1500
wsPLPDPFDPLFKERAYITA 500
GAGCAAATTGGCCGTGAGGTTAAAAATAACCCTTGGTGTGTGGGTGTTTTTATCGATAAC 1560
EQI GREVKNNPWCV GV F I DN 520
GAAAAAAGTTGGGGGCAAGAAGGGGCTGTACAAACGCAGTACGGAATTGTGATTAACACT 1620
EKSWGQEGAVQTQYGI V I NT 540
CTTAGCCACGCAGCTGAAGATAGCCCAACCAAAGCGCAATTTGTAATGCTTATGCAGCAA 1680
LSHAAEDSPTKAQFVMLMAQAQ 560
AAATATGGGGATATTACCGAACTAAATCGCGCTTGGAATATTGAGCTAAACAGTTGGCAA 1740
KYGDI TELNRAWNTIELNSWA Q 580
GAATTTGCTAATGGTGTTGCTCTAACCCAATTTAGCGATGTCGTGGTTGCCGACCTCTCT 1800
EFANGV Ayl T%Q F S DEVAVEVEA D L S 600
ATTATGTTGGAGCACTACGCCGGCCAATATTTTAAAATTGTACGCGAAGCAGTTAAACAT 1860
I M LEHYAGQYFKI VREAVKH 620
TATTTACCAAACCATATGTACCTTGGCGCTCGCTTTGCAGATTGGGGGATGACACCGGAA 1920
YLPNHMYLGARFADWGMT®PE 640
ATACGTCGTTCGGCTGCAAAATATGCCGATGTTGTAAGTTACAACTATTACAAAGAAGGC 1980
Il R RS AAKYADVVSYNYYKESG 660
GTTAGTAATAAATTCTGGCACTTCTTAGAGGAGTTAGATAAGCCCAGCATTATAGGAGAA 2040
VSNKFWHFLETELDIKTPSI I GE 680
TTCCATAACGGTGCGTTGGATTCTGGTTTGCTAAACCCCGGTGTAGTACACGCAAGCTCG 2100
FHNGALDSGLLNPGVVHASS 700
CAAGCTGATCGCGGTAAAAAATATGCTGAGTATATGAATAGCGTGATAGATAACCCGTAT 2160
Q ADRGKKYAEYMNSV I DNPY 720
TTTGTTGGAGCCCATTGGTTTCAGTATATTGATTCGCCACTTACCGGTCGTGCTTACGAT 2220
FVGAHWFQY I DSPLTGRAYD 740
GGTGAAAACTATAATATTGGTTTTGTGAGTATTGCGGATATCCCTTACACCCCGCTTGTA 2280
GENYNIGFVYS I ADIPYTZPLYV 760
GAGGCTGCGCGAGAAGTAAATAAAGCACTATATAGTCGACGTTTTGGCGAGTAA 2334
EAAREVNKALY SRRTFGENQ 778

19 6. Saccharophagus sp. AG21 agaY2 agarase®] 3MAF @ oln]w=AF A g
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3. AAZF dNF agaYl # agaY2e 2H& 3} AA
A %3 agaY1E pET-16b vectorZ ©|&38lte] E. coli BL21olA @A Z )
d¥l SwAde SDS-PAGEE &3t &l &, (299 o Yeuislch

inductions 3}7] A3} induction$¢] @ AS v WEARS W inductionF-o E

A Z3 agaY2:= pMAL-c2x vectorE ©]83to] E coli BL21o A && A AT}
SDS-PAGEE &sto] @dd awas &2l st oh(1d 10). AA $ol °F 130
kDa¢] 5ol d@WAd bandEe &< & F AT AgaY2e] A2 88 kDaol
™ pMAL-c2x°] ¢]%F maltose binding protein® A= 425 kDa®l ==
fusion®l @ Aol Fxt7F 130.5 kDaol F&at= duldoe] AAld As & &

T AT
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kDa

97.2
66.4

- N!;/(b

M: Protein marker

ILEZ Before inductiof E. coli BL21
. After induction with 10 mM IPTG at 10 C ours
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<«—— 130 kDa

19 8. AgaY2 SDS-PAGE

M: Protein marker

Lanel @ Before induction of E. coli BL21

Lane2 : After induction with 10 mM IPTG at 10 C for 15 hours

Lane3 : Purified recombinant agaY?2
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4., Enzyme assay

4-1. AF 2=

AAE agarase®] HA WEE 2L E SRlst7] fE ohgd 2EWSAA a4
FAS =43 A= (29 11) o YERHRITE 1% agarose ¥} agaraseS 3] 4]
ate] 40°Cell Al 70C7HA 5T kAo 2 158 §<k ¥ § DNS Moz #4&
golalth 40CH¥E 55C7HA &0l AL S7FatslaL 55ColA M £2 &
Ae HeEdRen, 60CHEHE A GAdo] daste] 70ToA = ofFd S %
A @ge Aew UEH

_1[}1'

e

120
80

60 / \\

40 \

20

40°C 415°C 50°C 55°C 60°C B85°C 70°C

19 9. agaYl 9 &%o & A FALS JeRd 1=
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4-2. 44

A FolE & LGS 54 43 45T ¢ 50TCoA = 3087 w435 &4

120

AN
\

Relatively activity
[\ %] iy o [as]
= = = =
//
L~

0 -
0 min 30 min 60 min 90 min 120 min

—+40°C T 4h°C — 50°C

a9 10. AgaYl o 4 <tAAS vEld g =
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4-3. ¥4 pH

AgaY1e] #H# 2 pHel W& HEs s Felstr] sk, TN
=A37] 3 712 gdo2 50 mM acetic acid buffer (pH 4.5-6.5), 50 mM
phosphate buffer (pH 7-9)& ©]&3%t}. AgaY1e] & 2 pHel W& g

52 =HE agaYl 10 pwlE agarose 1%(w/v)7F E3HEo] 9= 10mM

ofr

=]
RS

i

Tris Cl buffer 95 s} Z7 pHE A3 pHE ) 9B wes =343 714 &
A7rste] 42Tl 1583 ws Aoz FHEH S SAHslen, 1 Ax
= (2" 1200 YeEpideh 2" 7ol HERd vt
7594 b =& 24d& YER iy pH 59 p
c}.

4

an

120

100 /\

[

Relatively activity
(ap]
=

.
=

20

0 T T T T T T T T 1
pHS pHbb5 pH6 pH65 pHY pHY5 pHS8 pH85 pHY9

a9 11, pHell W& agaY1el gdl &4 ¥WeE veld =
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AgaY1e] J&ol e THEN S A fske], CaCl, CuSO,
EDTA, FeSO,; KCIl, MgSO; MnCl, ZnSOs ¥ NaClE A}-&3Fsith. Agarose
1%(w/v)7} E3&5 o] 9+ 10mM Tris Cl buffer(pH 65)° zFzte] F4£5 2
mMe] T2 ¥l = 7| 2L 190 ulell agaYl 10 WS H7Fshe] 43T
ANA REGAIA FHEAN TS SAsReH, 1 AAE (2 14)°] HEhfAH
7% 13, o e vkel o], Cu¥'E AU S wWlE agaYlel @A sl
A #FAE A gokrh Mn™+, Zn® 18|31 EDTAE A7} 9L w= agaYld)
o] FoHor Fadts Ao yelyr Mgh9 Ca”' s H7lede we
agaYl 4o gl 2 W3l glo] Ca” A7 A =27 719 23S Uehygl
o} NaCl, K' Fe"'8 2 mM& #7H8t & o, £ o2 agaYle]l &Ae] 7t
He 295 YJEddY Na' 3 K'2 34 %9 &4 F71E YeEdded, FeSO,
£ 2mM= F7PetS W, 7HE = oH, F&ol2s AHYstA &

o HIFTRT 41%9 A Z7) o HA 23 stelAlY agaYld

rlo
]
oX,
ftlo

H

2

il

LHERU]
specific activitys= 83 Unit/ug® = Y EFGE

32
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160

140

120

100

80 -

60 -

40 4

20 A
0 T T T T T T T T T

Relatively activity (%)

Mone 2mM 2 mh 2 mM 2mM ZmMEKC 2mM 2 mM 2 m 2mM
CaClz  CuSC4 EDTA Fes04 MgS04  MnCl2 MaCl ZnS0o4

a9 12 F50] 0 wWE agaYle &4 W3}
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5. A9 agarase?d E3 dHd £

A H agarased w3 WES TLCE o]&3ste #AsAt. AgaYld 1%9
agarose 123l 1%9] neoagarohexanitol®} Z}z} db-g A7l & TLCE 33t
ok AgaYl2 (29 15)0A Hole= Z ¥ o] 10 WS AlAS di, agaroses
233t  neoagarohexaose®} neoagarotetraoseES A3} 3L, neoagarohexanitol
£ agaY1¥d vHE AAES e EeEHA Fe As 3@ T AAT AgaYes=
neoagarotetraose ~12] il neoagarohexanitol@} Z}7} w8 A7l & TLCE 33}
ATl neoagarotetraose?t agaY2E WHS A[HES uwl, Alzko] Al uje}
neoagarotetraose®] ¥ H2 FoEWA neoagarobioseE A= AHo] #E
= 1 th. neoagarohexanitol?} agaY2E WH3 A1Z S W& neoagarohexanitol®]
=" A neoagarobiose®} neoagarotetraosesS HAFE Aol BEIHJ I,
neoagarotetraose2} neoagarohexobitol@} WS A|ZA S uwW] X5 neoagarobiose2}

=
=
neoagarotetraoseAlolo & WME7F A= AS #A#A & ¢ QST
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1 2 3 4 5 7 8
D-gal .
S e S99y
NAB H

9 10 11 12

13 14

15 16

19 13. AgaY1le] #3&4HE TLC
Lane 1, 9 : D-galactose

Lane 2, 10 : NA2 and NA4
Lane 3, 11 @ NA6

lane 4-8 : agarose + aga¥Yl (10, 20, 30, 60 min)
lane 12-16 : NA6 + agaYl (10, 20, 30, 60 min)
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NA2
D-gal

NA4
NA6

=
13 14, AgaY?2 %‘Liﬁ’t% TLC

Lane 1, 9 alactose

Lane 2, 10 NAZ and NA4

Lane 3, H"i‘-. NA6

lane 4-8 : NA4 + agaY2 (10, 20, 30, 60 min)
ane-.LZ}16 : NA6 + agaY2 (10, 20, 30, 60 min)
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B dATHRAES Heols #FE 2 d3ler, 16S

it

B
rRNAM ES #4383 A3 Saccharophagus degradanst 99% FAMAES Hol:=
Saccharophagus %22 Y&t o] 5 Saccharophagus sp. AG21= ™
3ttt Saccharophagus degradans 2-409] agarase XA A LS nlgow
primerE A #tstal LA-PCRS 39] Saccharophagus sp. AG21=Z%4-E  agarase
= coding dtE= AR agaY1l¥ agaY2E cloning3dlith. AgaY1$}l agaY2:
Saccharophagus degradans 2-402] agarase agal6B, agab0A <} 217 83%<%}
96%2] As5AdS YEFWNAY. agaYl¥ FAMSE saccharophagus degradans 2-40
3} Microbulbifer agarilyticus®] B-agarase 1% 714 =& FA=E YERHA L,
Ml 7FA o] EARSF GH 16 domain® + 709 carbohydrate binding modules
ZFA AL Atk AgaY2et 7HE =S FAREE Xl saccharophagus degradans
2-402] agab0A®} Pseudoalteromonas atlantica T6C2] agarase(unpublished,
accession nember : ABG41155)¢} 71 =2 FAIEES How, A 7kx] 9
agarase®F GH-42 domaine 7F#a Atk AgaYld} agaY2ve &EF
Saccharophagus sp. AG21 256 W &HE = agarase®z 5 47 A
wsked Btth, F EAZEe oAk MELR oF 12 %9 dEsAde Holed 1
A, T EATEY] gk ApolE Ko, 49 V|eH A9 I thE FeE A
Z+E Atk AgaY1ld agaY2E 27 pET-16b2F pMAL-c2x expression vector®l
cloning 3Fil E. coli BL21°|A ddAA 715 AA sFFTH AAlE agaYlsS
SDS-PAGEE &3} #z&S &<l sttt AgaYl2 pET-16 vectorg Al-&-3}
o] histidine?} fusionA]#A ®W&A]|A ¢F 71 kDa(his - tag 5 kDa+ aga¥Y1l 66 kDa)

o @A A4 & 5 Ak ANV A3 B@ A Fol B@Y @

2ah

X
|
I
£
[
!
T
o,
4

[e]
A=

o
o

T 4 Aen, gAd duds

ol

2o Aol @A R ggaYlol AAE AL ol & & ATt AgaY2 HA

SDS-PAGEEZ %3}¢] maltose binding protein® fusion® 130 kDa(matose

=

binding protein 42.5+agaY2 83 kDa)9] agaYl agarase’} HAAH HES &2l &
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T AAY. AAY FIHA ] agaraseE  3,6-dinitirosalicylic acid method %=
enzyme assays 3ot th. AgaY1l 3,6- dinitirosalicylic acid methodel
enzyme assay°ll Al activityE <1 & 5 ATk AAE agaYlS 40CHH 6
5C 7HA 245 yetdidlen, 55TdA 7HE =2 SA4S 7HHe Aoz e
Yok 7 &do] F& 55TColA = detg Aol BHA UEstow 40TeA BA4
o] 120744 A HE As e #F & AUk agaYls pH 750004 7HE
£ 45 Bglon Cu2+, Mn2+, Zn” 59 FHol29 EAsAME 94
ol @A Pas UEhIth 53 CusO4el EA AN E ol 2ol
LEREA] R okth kA g4 AS|AIQ) EDTAS &4 dtellAE oF 20% A=<
g FAE 1Yo v NaClyk KCL 28] 31 FeS048] EA] sholl A= 30740 %
Aro Aol ZF7lE = Z23E YeEWRJTE  Thin layer chromatography S ©]
435k v oy B4 A agaY19] neoagarotetraose ¢} neoagarohexaose’} T£
AAAENS o &dtvk. (Morrice et al., 1983)= PB-agarase [& F=
neoagarotetraose(NA4)E A A 847+ neoagarohexaose(NA6)e} H T}t & T
I 224 AAE B stk (Belas et al, 1983 )= B-agarase= GHI6,
GH50, GH80 domaine 7FAa vtz Hi 3kal Ut} AgaYl HF GHI6
domaine 7FA 3 9o oljnl ¥&Z B-agarase [9A & & A= 2714 type
9] carbohydrate binding modules 7}A 3 At} AgaY1lS B-1,4-linkageE AF
2311 neoagarotetraose®} neoagarohexaose® AAstE= Ao wE Holw,
neoagarohexaosev wallatA] X3ttt oln] HilE otE  (B-agarse [ 70|
T2 neoagarotetraoses FAJSIHA F7FH S = neoagarohexaose®= FA 3=
2O 2 Hol B-agarse [0 2 AZLET WhH agaY2E AWEAQl B-agarase’} 2zt
+ GH 16, GH 50, GH 80 domain< 7FA|al A €%kth AgaY2E 1% agarose
o} 1% agarE w3l &5 A=A emzyme assayE TSI A T ol FH A E
LEFUA] g9kl (Morrice et al., 1983) B-agarase I+ B-agarasec] 2]&] ©]
n] Z# X neoagarohexaose®t neoagarotetraoses w33} neoagarobioseES ¥
Astctar ®aslar QrH(Sugano et al, 1994). AgaY2ZE neoagarotetraose,
neoagarohexaose “12]3l agar®} WHE 3to] TLCE &E38te] T sl dEHS &<

gk A3 agaY2v  agarg  waAllskAlE XEAAIYE neoagarotetraose @t
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neoagarohexaose®} Whg Al S wf, Algte] Aol we} neoagarotetraoset
neoagarohexaose® %ol Hat Fol WA Hth A @9l do] AdHS #
2 3 F Ay HFAH O 2= neoagarotetraose?} neoagarohexaoset 97 3]
3= o] neoagarobiose’t A E s #HF T F AAT AgaY2el| 95}t
neoagarohexaoseS w35l S W], neoagarotetraose®t neoagarobiose’} =¥ &
AEWA A= neoagarobiose’} FAAAEZR AAEHE AESE & 5 AU

agaY2+ GH42 domains 7FA32 0t GH-42 domain<e B-galactosidase”}

Iy
ro

F group® = lactose &3l = 7FA3L A=A lactoseE 3 @ H o}
B x| okt olgdt AnE vle o2 agaY1S B-agarase [[Y Ao E Ho]
1}, B-agarase 1o digt A= Ho] o]Fo]x oy B-agarase 1o ofjgh
HuE ofzx wx  gdrt A HiE B-agarase ¥ Pseudomonas
atlantica(Morrice et al., 1983), agarivorans JAMB-A1l (Murphy, 1998), Vibrio
AP-2(Aoki et al., 1990), Vibrio JT0107(Morrice, 1993) oAl ¥rax Aol T},

A F7FA] B3l B-agarase I[& oP7f22~E F3 & ¥ olyg} neoagarotetose

o B-14 A¥s A3 o2 M neoagarobioses ATl vFs| oL ). ShX|uk
o] =& T3 A7} o]Fo]H agaY2E 7]Ee] My B-agarase 19}
2] agar®t agaroseE  wEleA = X3 S™,  neoagarotetraose<}

neoagarohexaoseE 318l 9] neoagarobioseE FASIATE. o= 7] Rud
agarase?} @2 M =Z§ YH Q| B-agarase® AlE H T Neoagarobiose= HH 4
3}, vl g3} (Kobayashi et al., 1997) Sol #Hold A4S zZt=tly H1 31
Atk AA7EA] B-agarase Mo th3h A7k wlH|8l7] wjZoll, o] A oA s
2 agaY2+t agarE st = AW B-agarase II typeo] HE5adel vE3
ol g%5o] & neoagarobioseE st BAEHN SFEAFA Y §&ol

71T E
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V. 8o E

27 AEHE S48t TAESER oprtR A9 op7lR Adow A
o] At} Agarose= 12324302 AAH B-D-galactose ¢ 1—>44350 =2
¥ 3,6-anhydro-a-L-galactose”} ¥H&E-3}e] EA|3F+= linear chain®|t}. ©]#
3t Fd o m AR 93 Bl agaraseo] ¢dte] Uolulid|, agarase: FE
% Altoll A AR )XW agaraser= WkS 7| Fo] 7] %3E}o] a-agarase$t B
—agarase?t 7 749 5 o2 F5F HW, oa-1,3-linkagesE 7t 3l 3o
agarooligosaccharide® W=+& S4 5 a-agarase, B-14 linkages & 7} &3
3} neoagarooligosaccharide® W=t& &4 % B-agarsedti =M, B-agarase
= UA] B-agarase I, B-agarase II= ¥t} o] =X += Sachharophagus
sp. AG21E 38 5 7}A 9] agarase agaY1¥ agaY2ZE cloning 3t E.coli BL21
oA AT AT skl A AFE FEFY FHALHSAH S dE= o
TE B399, 16S rRNA 4S8 5319 Saccharophagus sp. AG21%= 3}
Aok AG21Z25H F 709 agarase Al agaY1¥} agaY2e] A EiA &
of A AMES BEY agaYlS 1908 bpe nucelotide® 636702 ofr| :=2k-S-
G 8tstr, 69 kDaol #AFE 7FAa 9lew pH 429 SHHEE 7HAI 99

o} oln] HI¥E B-agarase IS4 594 BEa¥ glycoside hydrolase family 16

ol
-

domains 7FA 1L o™ 2709 carbohydrate binding moduleS 7}FA| i 4t}
agaY2+= Z A 4o 2334 base paire] necleotide® ©]Fo] A Qo 778712 o}
e be dagstal AT A 88 kDaZ pH 529 SAHES 7HA AL 9l
At 5 e agarase FZAAQ agaY1l¥ agaYS 2tz pET-16b¢t pMAL

vectorel cloning il E. coli BL21¢] ¥d A ~®lS o] &3lo] A xg dzS
% 3z, AAFIY.  AAY  AFZFT  agaYlS  agarE a5

20
=
™

neoagarotetrase®?} neoagarohexaoseE AAdle], M IEA oA Ui
—agarase [9] 543 dHAsl= Z23}E YeERN AT, AgaY2+= tE B-agarse II
Etle] Huy G453 E e agardt agaroseE w3 & 5 gllon

neoagarotetraose®} neoagarohexaoseE 7+ 3l 319 neoagarobioseE 3 A sk
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B-agarase II9] 545 YeATE AgaY19 agaris] €45 DNSHE ©
of =AUt AgaYle FHAH2Ei 55CoIH, 40TolA 45Tt 5

Hg A S UERIY. H3 pHE 752 $ACA b AEE 248 Uy
o, Na®, K'o]&2 &4 oA 30% o2 &Aool Z7F= %, Fe2+
| o] EAst A= 40%0]7de] EAdo] FtEAT oY AFAE wEoR
agaY1el #HZA z7A3slol A sepecific activityE 413 23} 85 U/ug? specific

activity S YEF AT}

o rlr
off
ol

i
rlo

oJ
=

o

o

)
o £
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