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AArgFo] oF 3,600 ton(of 509194 e o231 e HlwA F

T AT a8y, AR A o] A SlolAe HA AFY of 65 ATl GETHE
AjEo] g A8 AMgFold B, giRREE WX = ¥

o, o]g 3 IHL o] &3 &7 L (oligosaccharides)e ©Fo| glycosided Tl
d TEE 2710 (EAFE 300~20007F) S ARl digh FHolH, FAHTY F =
Al homooligosaccharides®} heterooligosaccharides® FREHT} 53], AL 1nd 542 A

zE4, SA TR, wuiAdEd, AN 4T I Y, ANFIAT SHJAAE

o
e
Sl
H
2%

Z&ete s, FURAAT S48 53 FFE, IS aHE 2 e A%
&, Hold @, GAE SAAA 28, A8 S8, & 240l T4 7154
o= sl esd 2 A AGS FAste e Pgske vleHd By 7
o} AFH=AFE, oefrzAl, SAF BEA, AF B4 NEA, 59 FF A so2
AHEE Atk B0, A 5o =R AEe] FHI A g ad=Es Sk
2t 715 YT sart vid Foksta leH, MEE Vs &8sy Aed A o
ol & ol &% TdT AF NI BF AT AFAAE FAHLE &) JYHT ok FH
2 A 2ast JheRefel g dHgangs A Hy, A bR A 448
FHenFE I afo nigRloly Frid Fol i gdyHo SYnge] VA # &
84 ATl FAVE Hol dHEHuT YAHS AMAE LA T el By «
3 Ao dHA QU oY, FAtFRAEAE 4T A EZREH AAHA=H ol
w3t A= Pseudomonas sp., Vibrio sp., Cytophage sp., Actinomyces sp. °] R o]xi ¢}
o olE PIAEEL dFEo] AR vAER olFoiA glon, AR HFH nAE o
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M e, 7tES sl AT AES velle § ol §8F Edojgta Busin
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2. 399 7l 89

o
st 3HH o) JhrRsfo) o] AolR+= neoagaro £Ej11F e EAlo] #a] T. Kono 52 vi$
o 2l = Bajsles 859 A
ATt Agar B AT 1902 d9] H.H.
ojth. 1950t Agar EalAT &) disl, 12l agar)
TEAT, FXY ERTAH A7, WA ATE AFez s JAPHUA HRYA o2
I 3tk W. Yaphe % }

.&
g
o
2
-
rir

Off
K

L Pseudomonas atlanticaZ ¥ 3 F79 & agar®sjasrs &3
Bastgoh T. Araki 52 Pseudomonas gyotensisZ H-E neoagaroblosee A4k U= agar
MEaLS BABFYe Vibrio sp.o| A% FALSE agar B3l aAE 2] @ nirl ok 53] o
Boldo] A7 YEL 24 ¢4 AdodA A4 8 BRE Y §F 558 Bxolth
YA A S 2 bacteria, actinomycetesFolA] LAY E Ri%E Qv Pseudomonas sp.ol| A<
A7E 53] ®ol Hol otk © ot} Streptomyces coelicolor 52 v]AEol|A] agarase genes
cloningale] DNA €@ 7[H] ¥, amino acid sequencingS %5 vl A-$% Ut} o|Eo] Hilgh

Mz

agar ¥3| At A P-agarase, neoagarotetrose hydrolase, neoagarobiose hydrolaseZ &

Aot B-agarasex= *]& agaroseol] EAZES AlATIE enzymel EA] neoagarohexosett
neoagarotetrose(O-3,6-anhydro-a-L-galactopyranosyl(1—3)-O-p-D-galacto-pyranosyl(1—4)-O-3,6-
anhydro-a-L-galactopyranosyl(1—3)-D-galactose) & FALHEZ ATt Neoagarotetroses
neoagarotetrose hydrolase2] Z}8-off 2sjA Fo] 923} B-linkageo] Aol Uoji} neoag
-arobiose(O-3,6-anhydro-a-L-galactopyranosyl(1—3)-D-galactose) & W 3tEt}. o]2A Ha=o] o
B7A e 7158 ZASE oligode 71eAe AAER AFEEHOIAH, A A Al Ah
ZHE polymer?] AL HFHo| W= A27]9 FFHoE 7FE S A= Aot

19954, Y E-2] Suganos-& %9 Vibriod 0 2 X E] B-agaraseE E st FAS Fole Wy
thate} ARIIR e 53] o] EAE neoagarotetroseineoagarobioseE AJ4H3l 31, alginate ¥
carageenans-< #3512 &y M-S RaFle T2 FS FAI A agaraseAHS JYR A7)
Ao g AaHy 73t 548 2 o] d&slee Agio] ¥ o2 dddrh
E3h EFESE L2 de I 2 O Aol B AFe 49 Takararlrt of
AR ES AR JYgHn on, A JEE FH3n Jon, A FHE
FE ol 83t vge T2 F st FHLYIFGS

Adstel AdFol) itk I 99
B

F A &Has
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OFHRENEAE o] &3 I LT AP A 100
process 9 AF 4 ®H
o714 Jh R Hol 9% R 100
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A1d A &
FHLADFS 7154 AL AFFARAY AHE AAZ AL AAAE FARTE B
29 nge] tfggatel BEHo, e HHdE FUHOE ALE bsd BAEHRAY T

B, 713("@8)2 AMEE 3 179 52 HE S8, & £ agarased] FHH T A7} A

AR Q. AwHoz g HE wBe] JAste HANORE FHLYNIE BF
ad8EgE B

o2 s d ¢ gloeEg 31 589 agarased] FRI} AAF FAA=Z FolU
Aol M agarases AAFslE PIAE, Bacillus cereuss 7| %3le] agaraseo] AibAd FAALS A &3
1A AT gF AFHeR 9] AEHI e AWl UT cloningd 3 FARIYE o]
&3t agarase a1 YA #F LS FEIFAT

A EddoldoezeE wAEY ddtedes A4 (ultraviolte light), MNNG  (1-methyl-3-nitro-

1-nitroso-guanidine), &% 5 ZdHoll= EMS(ethyl methane sulfonate) 5o} 714 E2 AM&Hial
shgol we W ohje} Rae 4 pUFoR o

HolE FEAA, U8R 4Ee A5 A A7)
o2 &eA vk

Ao FYLHE 9 EmoE o R J49] gened cloningste] tiEREd A]A"loA WY
Fe A 84E dojdie WHE Wol AxHT o

B @7 A = agarased] WFAYLNES EHoF, ExFASE 7|HE o]&st] 3 WA, agarase
Ay TF Bacillus cereus ASK202E EWo] A|AA agarase 31 4 ZAWO|AE Az,
SHOATL Atete agaraseE B - AAStd 1 EA4E dA¥siddth agln 5 OMAE,
Bacillus cereus ASK2022R-¥] agarase geneS cloningdle] E. colid Ao thzrdtd Al2~glg o] &3}
o] agarase®] T FAILHE A|E3t AJ4HE agarased] EAS A7)
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A 24 Qs Dy
1. EdWo] {uto] o]3 agarase 31 A FF9] A

7} SAMo) #F9) AW

27ke] 22004 SAW 1—3— FEAZ F FAS G5stel A wMAE HoA, D

RAMAG] Erste] 25TolA 287 MFBT. WA, FA ARE] 9% ol el A
Hoz FEuge WPew SAWE FUAL. I

o=
colonyE F&92 Adste] dapd #WFolz A mAuAd £ T FNPYE colony =

AN ok
o i o2
oo ok

N

€ vlaste] ARAdol B2 @FE 13 A8, AEE FFE AF wIeie) dARAAL A
dss SASH, FAol w3 Aol FHold FFE 24 ATk Hd¥E FFE 58 o
el Al e AAWA A58 FARNES NS A S AY, o] FFe
T gl s AEC

L HAw Gz

A {3, Bacillus cereus ASK202-M79] A uku] =]l pH 7.8, NaCl H% 3.0 B(W/V),
agar 5% 05 %(w/v), yeast extract 0.3 %(w/v)7} g8 WA F& A2 2
5C el A HHO}%}U% HFALE 37193 N2xARRA TR F5dade gL = ok,

T
I g, dag, 9, FH0LTL o) AEFoTH FFYVEA, WY EL AEFHQ
o,
o B29 Be 2 44

T F) o2 HE] BAE agaraseE AAEF7] 9314 wlkol-S 10,000xg oA 1087F PAR
Hatel, Al weld FEde FAAzsYT $2dx9 9wFe 10mM  sodium
phosphate buffer, pH 785 o]&38l9 2447t R4S gslgon X8 zaidd s
ol AZnEIYHE 35tYtt. DEAE Sepharose CL-6B matrixZ columndl] Z213te] 10
mM sodium phosphate buffer, pH 7.82 283 AAs =

00-1.0 M NaCl 842 o]&3le H2E 424700 £29 a4%e 72 2ol 10 mM
sodium phosphate buffer, pH 7.8 %%0 AA T FAe G4 FHAHZE F, &

H

AAzxHE &4 50 mM NaClo] 238 £ 98] :o]m HPLC (High Performance

off
A
BN
o
B
12
tlo
IIIO{I
Y
o
o

Liquid Chromato- graphy, Pharmacia, Sweden)Z A}§-3}o Superose 6HR 10/30 columne.
2 AT 24 AR vuAFe FFE AB0 nmeld SRYL, FABAL
Somogyi-Nelson methodel] 93] =35y 28)a, AAY AsE SDS-PAGE (12% gel)
A EAFE ZARIH T
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2}, Agarase®] 4813 A FA}
1) HAex 2 AAA
A8 HAFHere AAY &4 (025 unit/ml) §9& 01%9) agarose £ 1.3 mldj
H7hstel 30~50T 744 ©EE WA NA 087 B 0 BB AL o
o dFS AT 25 B 5AEAS 7 2mol UAT At HAR &
< 14 IS AT RN FAsAT-

2

(2 JA pH 2 <IAA
714& st AME O pHY 43894 AAY §4F FAvste 40T A 4087
%"VJ + 5284 mAE pHY 9FE FHsch &3, N2 2 pHe 9% &9
1 % agaroseE ¢l 714499 1.3 mol AP &A(0.25 unit/ml) §A4L H7tste] A
A T AEEAY BAL ZHFoTN 1 AL Folstart

(B) 7149 5|4
BagM7¢] 7]d Holdg dotwr] 93] thygdt polysaccharidesE 71d=2 3o 10 mM
citric acid-sodium citrate buffer, pH 5.601 4 &4 ¥H8-& 233t}

@ AAE 5429 ke 2 Vinax
BAE BagM7e] thd agarosed] 7@ F3dHE =33 Z}E Lineweaver-Burk plotd
ey AT}

(5) Detergent?] <33
B4g/do ek detergento] 9GS A}o}7] H8iA 2+ detergentE 1 %(v/v)7F HEE
Exode] Frhsle] Aol 087 WAD F Bao) WEVHS SHHAT.

6) AsA 2 dF

Agarase?] &4 F4lol #HA3E ofn:=ibSs FQ1sHr] 9Ete @] 7bA] chemicale] HF
F57F 05mM, 1.0 mM, 5 mM, 10 mMe] =A HsjAE aigoe] H7}sted 30T 30
A RbEAI 3 O AEEAS SR

B AfAE= cysteineS FAAIF)E= AA¢] 3-lodoacetic acid, NEM (N-ethylmaleimide)
o} serine Z7]E $24]3l= TLCK (N-a-p-tosyl-L-lysine-chloromethyl ketone), TPCK (N-tosyl

[‘-{Eo

-L-phenylalanine chloromethyl ketone), Antipain hydrochloride, PMSF (phenylmethyl-
sulfonyl fluoride)& A}-8-3}%t}h Metallo Aa#lE #-83}= 1,10-phenanthroline ¥} aspartic

acid Z+715 2|3l pepstain A, cysteine, serineS FE 02 FASHE leupeptin® AHE-3tG T}
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BEHo| 2 AL ol AEAE ke AFfAEE fEsts A 2 ¢ dens

aao] thF FHojee] FFE dotry) Astd AF FEHlRE 1 mM FEE 10 mM

citric acid-sodium citrate buffer, pH 560 =<1 T8 &AE H7}std 30CelA 3087HS
q

BAR F FEol 250 agarase B AT FFS FE a4BHE AN FAsg:

(8) Chemical®] <3k

Ao ek chemicale] G3S YolrR 7] ¢ste] Z+E chemicalg #HZEF %7} 1mMo)
HES aihgqo Hrisle 30T, 308 Bk HXF T a4 2E S =AY

©) BAA GG
Eog U3 FAAY IFS Bohur) skl 4% BAAE SmMo] HES Hhd
F 30ToA 3087 B FAshe] REBYL 2 YA

(10) oprlre ¥ xQ o] 24

A2 @UYL 10CAA 2443 B 6 N HC §0)4] 2 7A58el% & F PicoTag

Free Amino Acid analysis columng A}23}o] ojmical BAS y3lgcy 4 dyide 3
Ashe olmlxat Sk EA9 BEAFL 71202 st} 7} ofu)iAl peak WA HZEE] Aa
st T

(11) TLCE o] &g g 4

AR |nde] disjd vEazetE ) 9)(Thin-layer chromatography, TLO)E o] &3]
A8t ol ARESE AT MerckAlY] Kieselgel 60 plateE AM&3tHom, H7&uje
n-butanol, acetic acid, water® 2:1:19] RIuFE A AVR-3l Tk AT ethanolic
sulphuric acid (375 ml of ethanol plus 100 ml of conc. sulphuric acid) A]2F& #2]ste] A
ZA &, e &

b 7rER & i

R

1 0.2 %(w/v) naphthoresorcinol solutiong E=¥3F & 110Co)A] 10&
ta&gng AL gy

rot

2. Gene cloningS- o] &3t agarase 31 A&+ FF9] A

Agarase®] LAY HFE WLl o] Bl el o3 agarase 1AL FF A
A3} FA)ol] Y35 Bacillus cereus ASK202¢] agarase geneS cloning3la] E. colio| A W& A7
= 2435 Pt

7}. E. colidll A 2] agarase i1 &

ANzxzH plasmid A 2Fol] ARS-® pUCL9 vectorZE agarase?] i Y-S FE3 & Qorm
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PCRE ©o]&3}o] pBA4l1oA] agarase ¥HE codingdlil U+ open reading frame 2.3kbE

=
SE35l9 FE3t T7 promoterE zHe pET28a(+)E o] &3y E. colidlA 313d AHS 433}
R

L1}, T7 promoterE o] 83t agaraseo] 31 W@ o g48H3F 54 XA}
ZFHEZ T7 RNA polymeraseE 7FA|1 9+ E. coli BL21(DE3)ol] A Eo] A2 LdHAHEH
pEBA1S transformation A]Zt}.

3. E. colif 2] agarase 3t W&

A3 plasmid A Zrol] AF8-F pUCI9 vector2+ agarase?] thaF S 28 4 gigle=
2 PCRE ©] &3l pBA41o|A] agarase THE codingd}i $l+ open reading frame 2.3kbE %
%3lo] ¥ F T/ promoters ZHe pET28a(t)E o83k E colid]A 1 28 43¢ 331

o},

4. T7 promoterE ©|-8 3t agaraseo] 1 Fd L G433 54 XA}
&M EE T7 RNA polymeraseE 7}A 1L Q& E. coli BL21(DE3)o] Aj o] A Z3F 234

pEBA1-S- transformation A)Z]t}.

weps, B ArAdME %o AN SHEIHEL ALY Ago] Fobd T F(Bacillus
cereus ASK202-M7, E. coli BL21(DE3)/pEBA1)S o] &3l JFHEFELE Uiz, B
g - A TFE Agstgon, A4¥94 79 a9 50L Jar fermentorE ©]-&-3to] g
AR s AN TFo WiGFEAE 7IZE Sl IS § Uv FHPNEL WA} FHE
et ot

6. AL T AIS AT A W3V AE

2 a7dMe Ve AEHIFY A SUE AT st e dHRHaLY
NASRE A=str st SRR W A Bt AR E8 Jled §
2YaFe A& ANE A aHsE PPN HFF TS E AF, P8I

RS AR, TeA S SR dFAE A% V245 E A A



k

=
Qerel wye s 71Ad FAS FHAA Fhste WS Y A, A A IS
AEE 529 24L dAA/D, TEE BSRL AuA ol o] AF 2 EARoD

HHE oY@ EAE A Hste nvE FHNFE AxRs] AP Ry

A

9. AL F thFA29] process 7|t

FHLITTE AR FRAN AHEFY] AsiME Pl st FHL
AL 3171998 lab scale AFAHAE 7%2 3ol o] AL T £ Y= 30
pilot-plant 385 dA s, AALE HESA A

-
b m
oZ
il
(=
oo

A3A dan g nF

1. EdWo] {3t 2% agarase 32 AAA #F9] Jut

EdMolFo Ay

AT F Bacillus cereus ASK2020| tha] z2]X 3 MNNGE A g dtAv} ampicillin g8 &
gl A TAMAY colony7t ZA YehE FFE 1AHoR A¥F o, 4¥8 #F
S 471 AddolA dAujsty aisAdHS vlwsld 23H082 EHAWFE MHE Y
o FAAEE T agarase itz A AEE v B, AFdEo] 95%A 9% Z7}

s
Al TF e 7 2 B 120% 7 FUMEeH, e AMEEY =3

e & 14 A

AM AdE wF7F v w2 WA F, agarase A5 FF BT o Hod Aoz A
HAG B w5 g A9l o] agarase BibEol U & #FE ¥ F AU

# d¥AME MNNG Ao o3 ddtE MNNG79 35 HFHeg H8sly ddF

=
<= W Bacillus cereus ASK202-M70.2 W3l on, A¥E F3o| agarase AAHS 9

¢ A ded s Au Rt
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2 e e L K =i
& pH 738, NaCl 5% 3.0 %(w/v),
e A F& HFdo 2
5Cell Al Fst] 17& AAEE gAY, eNdd 4 axddE s S0 (Fig 1). @
Z7Vely] AFEHE 12417 A FRE Zr)sby] AFEY gi4E 717}
Uil 243 A% BT F JJEHXM] sgsithrt O]—‘T— HahEPen, AL
7] 271%E A3 FUskr]) AEste 36417 A § HaA)
o o AbeEe s 9} Hias] 2 o, Fa ArkEko] 03mg/mlo 2 02mg/mAY A
Fo s 159 7t S74e Ao® el on agarases tiFF4 7] 27INVEH AAE A
dEFERYG AAA7)7E FEAD A2 vt o] HHxzAso 9] agarase BatHE
AaFrr oF 878} F7FE 1450units/ / 2 agarase AA4tso] Hojd Zoz Yeht} £ &4
2 o83 o 7kA) S8 Bopdl Ui 2 BFEBL YL Ao ARH .

m4>
S

o 5t ¥ 2 A
okl o 2R WAe agarase® AASHY] YA WAL 10,000xg oA 1083 QAR
giete], Tt EelE AFAE FADXIAYG FEdxd" A2 10mM  sodium
phosphate buffer, pH 7.8 o]&3}o] 24A17F XS Psigeoeny F4HE =28
ol ARunEIHHE Pt DEAE Sepharose CL-6B matrixE columnol] %‘
mM sodium phosphate buffer, pH 7.82 FE3] A3 F F=F ZE4LNE FFHA|7] 05
me/ml o] &5 FUAY HFE&NS sampled] 3u] ZTeiRY FHEHA ¥ @¥ds AAT
% 0010 M NaCl €92 ojg3te] aAZ 223190} (Fig. 2). 21 A7 021 M(fraction #
221-237)37} 0.56 M(fraction # (310~325)2] NaCl 5% K-ZoA] agarase FA4& Ad F Y
protein peak’} £& 5o}, &&5% FANS Zt7 UO} 10 mM sodium phosphate buffer, pH
78 @ZAH =ML @stAch 021 M NaCl 2Zojx e peakE [ o] 81, 056 M
NaCl 2ZA 829 peakE et Hulsiy, Zzte] gs) £Ms 548 F2032% 3, 5
dA7xd E4F 50 mM NaCle] 238 5Y 589 3ol HPLC (High Performance
Liquid Chromato-graphy, Pharmacia, Sweden)E& A}8-3}le] Superose 6HR 10/30 column®
2 AAstE et HPLC AHA] @A G A peak oA AL 7IAE FEd @A peakE
b d 5 gl ey, HolAE agarase A4S 7HA= 9Y peakE & 4 ATH

o] @M A3 F5ste] SDS-PAGE (12% gel)S AAIgH A3, oF 41,000 Da fJx|ollA ©d &
Z bandE &9e + AU} (Fig. 3).

Bacillus cereus ASK202-M7¢] AJ2+sl= agarase?] AA|GA = Table 1] Uelith. &2
148 % Hov, AAEE 2069 HE Z7}ste], HFZHOE 6 units/mge] specific activityS
A HAH agaraseS E& & AT o] agaraseS BagM7z} Wt}

o

O

o) _9:
=

2

>

2%
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2}. SDS-PAGES o] &3 484 =4
SDS-PAGE A “gollx] #z] - A E agarased] #HA =

-PGAEE AA3tgth Ae SDSE Wi Uubdel wyow xzskn, YAF AE Sxsample
buffers H71et H €& 718tA &3 )2 SDS-PAGEE AAF ¥, AL ZFH5o) A Hs
3l petri dishol] HE3}A H 3 08% agar® overlayste] 12417 &

O Agarased] 9|3} E3j® agare iodinewt AFT & glo] ML YehiA %1 £

L o g e AF S o838t o] plateo] iodine §H& FoJH W agarase T4 o]
A= @A BRI Ao JMEA ke AoE Jehgth T olaned AWM A9 %5
g+ lane2 commasie brillient blue®2 g4&}1, 3t lane petri disho]A] EARNFEAIZ] F %
gele M2 AAA s 2 A7, £ - A9 @Y bands} ELTAo] Uehd Fo] Mz
BAAAE s AT 5 A} (Fig. 4).

A Bacillus cereus ASK2022 58 9 whio s 2a - A agarase, 90,000 daltons =
Z19h vin g w Ak o]dte] =7)9] agaraser} £ - A HAT. AFF7F P Hlcagarase S
SDS-PAGE &51&, subunit® 7AE A & Ao Yehgesz, 90,000 daltons o] JRE
of WolHA 2 =719 agaraser} At olHTne ALRHA @3, 9 FF7 T JHA o)
9] agarase® At Wi domw, Edwol Ao o8 F=2 AMAEE agarased] EF 7}
HEtE Aoz F53 B 4 AATh Sugano 59 Hao| o8t Pseudomonas sp. ALY
T W} F2 YASe agarase?] FRH7F etk BuEQ3, Yaphe 59 AT}
o&}¥ Pseudomonas 59 @F 5 37}A] o|A+¢] agaraseE AJAbeti Uvim Riuslin gom =z,
T Bacillus cereus ASK202%= F 7}#] ©o]49] agaraseZ AJabstn, Edwio] fido] o)
2 A4tE £ agarase] FH7F WalH YT =8 2 £ glth
oj%-o HAFME ¥l - FAE Fhe 54F 5L A JFFAM F2 AN H
AW agarases} Blul AEIFT]

it
oX,
o

N g L
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Fig. 1. Time course on the agarase production by Bacillus cereus ASK202-M7
(pH 7.8, 25°C and 180 rpm).
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Fig. 2. Chromatogram of DEAE Sepharose CL-6B column chromatography.
The column (50X250mm) was equilibrated with 10mM sodium
phosphate buffer, pH 7.8. The enzyme was eluted with a linear gradient of

0 - 1 M NaCl and every fractions were collected.
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Fig. 3. SDS-polyacrylamide gel electrophoresis of the
purified agarase from Bacillus cereus ASK202-M?7.
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Table 1. Summary of the purification steps of agarase from the culture supernatant
of Bacillus cereus ASK202-M7 (BagM7).

L T?tél Tota'l op e.d.ﬁc Yield  Purification
Purification step activity protein activity (%) (fold)
(V) (me) (U/ mg)
Crude enzyme 1450 2,900 0.50 100.0 1.00
Dialyzed sample 988 1,200 0.82 62.2 1.52
DEAE Sepharose CL-6B
Peak [ 20 242 0.09 14 0.17
Peak 1 504 250 2.02 348 4.07
Superose 6 HR 10/30 (HPLC) 215 21 10.24 14.8 20.69
(BagM?7)
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Fig. 4. The native SDS-PAGE of the purified agarase from Bacillus cereus ASK202-M7
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v}, Agarase®] 43813 EA XA}
O HH 2= AAFA
8 - ZAE BagM79] HAGAHLEE Lolny] Y& 20~60C 747 2z LEEE 54AY

e Z4F A, Fig. 5042} 2o 0T AWBHS AAE Ao btk oAe
A TF F¥ agarased] HAH FALEI 0CYH AF} e AR o)
B0 284S HESH] 98l 10mM sodium phosphate buffer, pH 7.89] BagM7

0.25units/ me S H7}sle] 10, 20, 30, 40, 50ColA AAGAZF Hx3 & A= a4 FAHL
Somogyi-Nelson WS o] 83l =gtk 1 23}, 40TCo|A 2427 WXl FATA
of of 50%% "olyou, 30T E 80 AZt7kA] 100%2] @Ao] HAETIF 15047k
50%2 "o (Fig. 6). AT+ #2 agarase’} 50T AAE 24A7F & 83%9) &4 AL
TR Aol wEhH e e X Aol @o] "ol Aoz vehgth ),
4T liquid FH2 23 o] BAGAE I FAo] f#AHE Aoz veht ¥ R
hek =2 AAHYS BHYTh

2 #H3# pH HAA

BagM79] 252z &4 pHE xA189ch pH 3.6~56< 10 mM citric acid-sodium citrate
buffer, pH 58~80 + 10 mM sodium phosphate buffer, pH 7.0~9.02 10mM Tris-HCl
buffer, pH 8.0~10.6-2 10 mM boric acid-NaOH buffer, pH 10.0~12.02 10mM sodium
phosphate-NaOH buffer, pH 12.0~13.02 10mM KCI-NaOH bufferE A}t 0.1 %(w/v)
agarose 7| d&H& =31 1.3mloll BagM7 agaraseS H7}sle] 30CoA E4284L 233 2
7} Fig. 79149} 2] pH 5.6, 10 mM citric acid-sodium citrate bufferoj ] Ho] &AL Jeh
WAt @l9] agarase”} pH 78904 HA 248 vepd Ao wishd 493 AdF%o=
71012 Aol

w7 pH MR Az $EE0] HASAL WS 4T 24 BAD F 717
AL bt Bao IE FAFS =T =N EYA Y BagM7 agarase?] pH A
Aol diste] Golr Aty 1 A3} Fig. 8049t o] pH 5.0~9.0 74x2] WA 100% FHA
BAo] AR pH 49) 214, pH 128 A7IHANE Fhol Aol 0% ol £
He Ao veht ofe] pH ¥9lol td RAR4e AL BAL & AT

et

Ao

() 7149 54

BagM79] 71d Eold& dolry] 98] thAdd polysaccharidesE 7]&A 2 3to] 10 mM
citric acid-sodium citrate buffer, pH 5.69 4 & A ¥F-$-S 33 A, Table 29} Zo] §4E
BABE7] A ZEANL agarose, agard] wiEt] Hold Ei%S 1E)1, alginate,
cellulose, A-, K-, 1- carrageenan, starch, dextrano] tha X+ ¢ 5~20 % AX Y Hfs

YERA A 28jvh, F A ¥ agarase?] 79 alginate, cellulose, carrageenan, starch, dextran
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Fig. 5. Effects of the temperature on the BagM7 agarase activity. Enzyme activity

was measured at various temperatures in 50mM Na-phosphate buffer, pH 7.8
for 30min, respectively.
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Fig. 6. Stability of the agarase activity at various temperature.
Enzyme was standed at various temperatures for several hours

in 50mM Na-phosphate buffer, pH 7.8 for 40min, respectively.
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Fig. 7. Effects of pH on the agarase activity with various buffer

solution. The agarase reaction was carried out various pHs for
. o
30min at 30 C.

——®—— 10mM citric acid-sodium citrate buffer (3.6-5.6)

""" O 10mM sodium phosphate buffer (5.8-8.0)
———%——  10mM Tris-HCI buffer (7.0-9.0)
— —<r— - 10mM boric acid-NaOH buffer (8.0-10.6)
— % — 10mM sodium phosphate-NaOH buffer (10.0-12.0)
— —=— 10mM KCI-NaOH buffer (12.0-13.0)
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Fig. 8. Effects of pH on the agarase stability. The agarase reaction
was carried out at 4°C for 24 hr in various pHs and the remaining
activity was measured at each pHs.
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Table 2. Substrate specificity of the supernatant and the purified BagM7
agarase from Bacillus cereus ASK202-M7.

Relative activity (%)

Substrate :
Supernatant Purified agarase (BagM7)

Agarose 100.0 100.0
Agar 85.0 80.0
Cellulose 22.6 -
Alginate 20.1 -
t— Carrageenan 21.5 -
A— Carrageenan 11.5 ~
x~ Carrageenan 23.8 -
Starch 20.0 -
Dextran 5.3 -
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o dsiME A 2ilse Jelyx WO, @A) agarose, agard]l WA 7]A Eo]Ay
= BT o] A7 zrg BagM7-2 agar, agarosed] utj3)] Eo]zlo = U838l 348
\21=4

o

@ BAE 549 kan 2 Vi

AAH BagM79)] o3t agarose®] 7]@ 38 ZAH3 AHAE Lineweaver-Burk plot=Z
YERH AT (Fig. 9). ©] plot2 2 2&% Michaelis constant (ki) 2 028 mg/m¢ Fom,
Vimax 842 37.09 mg/ml - ming) Ro2 FAHYr}y. A7z o) agarase?] kn 2 041 mg/
e RO, Vi@he 348 mg/mé - min g8 Rol wishW Ha-d Aol W =3 &
a0 HHBAHE Y= 898 71 =713 Hoz [2a20s 4=

(5) Detergent®} <3}

2284 g detergento] Q3o ZAFeL7) 984 ZHE detergentE 1 %(v/V)7} EHEE
asdo] Hrbstel o)A 308 WA & F4 9 FEGHE SH3Y Y (Table 3). 2
27, ZE detergentEol s HAgAdo] ke we Ao g Uelgdon, 53] triton-X100
= AoE YEEY. SDSE A g
TF o agarases}t thE FAjoln).

©) AsiAel Jat
BagM7 Agaraseo] 4 F4lo #efal ofuliite FHelsis] Slako] aje] 74x) slsbaa)x)
= AREste EAgA ] A rs =3 &t 7} chemicald] HZ %57} 05mM, 1.0 mM,
SmM, 10 mMe] A HaiAlg T2gdo] Frbsted 30T A 3057 AR & 1 e
84S ZAT Ao Table 439 2t}

Ha AARE cysteine2 AR T = A8)AQ) 3-lodoacetic acid, NEM (N-ethylmaleimide)
9} serine Z7]& 4213 TLCK (N—a-p-tosyl-L-lysine-chloromethyl ketone), TPCK (N-tosyl
-L-phenylalanine  chloromethyl ketone), Antipain hydrochloride, PMSF (phenylmethyl-
sulfonyl fluoride)E A}-8-3l9t}. Metallo A A2 2831 1,10-phenanthroline 3} aspartic
acid #7118 £Ase= pepstain A, cysteine, serine® FEOF 42 5= leupepting- A}-8-3}
Aot B g4 BagM79¢] cysteine, serinei} metallo G4 AsAo) o) AsHE Aow B
oF GATAR cysteined} serineo] Ex|st= Ao 7 Al @t} 12, aspartic acid %
A M ofEY PJers wx] Qoo BAEARL 0 aspartic acid 7} ZEA]8}]
B Zlog oo o]y et 2 3}= metallo modifier?l phenanthroline$} serine T2

AL TPCKel| ojsf Xk A W 475 o)) agarased} The S4jo]).
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Fig. 9. Lineweaver-Bulk plot for determining kn of BagM7 agarase
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Table 3. Effects of detergents on the BagM7 agarase activity.

Detergents ( 1%, v/v ) Residual activity ( % )
None 100.0

Tween 40 68.0

Tween 80 38.0

SDS 23.0

Triton X—100 0

Tween 20 0

SDS : Sodium dodecyl sulfate

Tween 20 : Polyoxyethylene sorbitan monolaurate
Tween 40 : Polyoxyethylene sorbitan monopalmitate
Tween 80 : Polyoxyethylene sorbitan momooleate
Triton X-100 : Oxtylphenoxy polyethoxy ethanol
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FHolee Hawrgd doiN A5AE =

: A7} @ F Yeonz
BagM7¢l] thdt F&o]L9] 3 dolr 7]

9stal 2tE 2%0]L£S 1 mM FE2 10 mM
= 7

citric acid-sodium citrate buffer, pH 5.69] =<l 7}t 30 C°ﬂ A 3083HE
X5 & FEolEo] a4 A rAe 9 IE g4L8AS RAMEY AT 2

I Table 53 Zgtth. Li', Ca”’, Na', Mg™ ol& 52 &xol #4& 10~20% B= F7}
A7Ne Aoz Jehgon), K'Y, Cu*, Zn™, F's A9 848 37 Asr e ALz 1}
etk 53], 973 S0 agarased] FAL 63%4 wIZAAHYE ZnTe mutant
BagM?7 agarase®] @48 As|A7|E ol A7t vtk

(8) Chemical®e] < 3F

52240 0@ chemicald] G Folus] Asjo] 7% chemical® HF FE7} ImMo]
HEE gagde Artsle 30T, 308 EoF B B gho AE S =AY 1
A3}, chelating agent?] EDTAC] ] aagAlo] 10% AE A3NEUNSH, urea?) sodium
azideol] Wsjrx= B0 23]y Fr7lEe Ao FE UET (Table 6).

(9 A I

H718 & 30 COM 3023k FF WA AE
-mercaptoethanoldl] thsjd= AAAo] 150% F71HF o™, cysteined] th3iA= 90% i
St Ao VEskoTabled)

10) obu)agh 24 24

BagM7 AgaraseZ 110TC oA 24A17F %<k 6 N HCl &40l A 2 7583 & 3+ & Pico-Tag
Free Amino Acid analysis columng A}&3}loe] ofmiaAl 48 QP &4 @S +
Qe ohmlwy St Ghd PARE AFozste] 2t ofulnal peak AHHIZIE AN
St Th (Table 8). 71 ZAx}, A4 olujiAkl Asx(Aspartic acid + Asparagine), Glx(Glutamic
acid + Glutamine)e] Z}z} 12.7%, 10.3%E 2 A)slPom, FTAo}r] =41 Glycine, Alanine,
Valine, Threonine®] 3$}&Fo| vl % & Ao 2 rvepudth

(11) TLCE o] &3 Lo »A

Agarose, neoagarohexaose, neoagarotetraoseE 7| @& A}83le] BagM7 &4 9 ®REEAME
TLCE o|g3te] Hstgnh olm AH4® ¥FEAT product®e] RS Fig 100] Uheh
WAtk Neoagarobiose (DP2), neoagarotetraose(DP4), neoagarohexaose(DP6)8] Regke] 0.53,
0.40, 0272 e}y o, galactoser= neoagarobioseo] ®]& ¥A}FFo] zA|vh, ASHE wz] &
T BAR Regho] 04622 @A gt}

L.
=
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Table 4. Effects of inhibitors on the BagM?7 agarase activity.

Inhibitors Modifi.cation Residual activity(%)
region 5mM 10mM
None 100 100
3—Iodoacetic acid Cysteine 39 87
NEM Cysteine 90 92
1,10—phenanthroline {metallo) 61 32
PMSF Serine 89 89
TPCK Serine 71 72
TLCK Serine 36 97
0.5mM 1.0mM
Antipain hydrochloride Serine 74 75
Pepstatin A Aspartic acid 103 32
Leupeptin Cysteine, Serine 105 110

NEM: N-ethylmaleimide, TPCK: N-tosyl-L-phenylalanine chloromethyl ketone,
TLCK: N-g-p-tosyl-L-lysine chloromethyl ketone, PMSF: Phenylmethyl-sulfonyl fluoride
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Table 5. Effects of various metal ions on the BagM7 agarase activity

Metal ions (1mM) Residual activity (%)
None 100
LiCl 121
CaCly 113
NaCl " 110
MgCl» 108
MnS0, 90
SnCly 86
CuS0,4 24
K:Cr0y 24
Zn(NOs) 22
FeCly 13
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Table 6. Effects of chemicals on the BagM7 agarase activity.

Chemicals ( 1mM ) Residual activity ( % )
None 100.0
Sodium Azide 110.0
Urea 112.0
EDTA 90.0

Table 7. Effects of reducing agents on the BagM7 agarase activity.

Reducing agents ( 5mM ) Residual activity ( % )
None 100.0
B—mercapto ethanol 250.0
Sodium citrate 97.0
Sodium sulfate 93.0
Cysteine 11.0
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Table 8. Amino acid compositions of the purified BagM7 agarase, BagM7.

Amino acid Content (%)
Asx 12.7
Glx 10.3
Gly 8.7
Ala 6.5
Val 6.2
Thr 5.9
Lys 5.8
Ser 4.9
Pro 4.5

Amino acid Content (%)
Leu 4.2
Ile 3.5
Phe 2.8
Arg 2.2
His 1.4
Cys 0.3
Tyr 0.1
Met 0.1
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Fig. 10. TLC analysis of the enzymatic hydrolysis products from agarose (1),
neoagarohexaose (2) and neoagarotetraose (3). Sample taken at 10 min were
analyzed by TLC. Lane a, galactose; b, neoagarobiose; c, neoagarotetraose;
d, neoagarohexaose represents the standard sugars.

1 P-agarase

Neoagarotetraose

CH,OH

o CH,OH o
HO o, o H HO o I3
OH HHO OH nHo CHIOH),
H (] H OH
OH OH

B-agarase

Neoagarobiose
CHOH

(o]
HO 0, O
gH HHC Lo,
H OH
OH 1a-agarase

D-Galactose 3,6-Anhydro-L-Galactose
CHOH (e}

HO O0H HO
HO
FH H2™ cHoH),
OH

OH

Fig. 11. The structures of neoagarooligosaccharides. Neoagarobiose is

cleaved at the 1—3 linkage by a-agarase to produce D-galactose and
3,6-anhydro-L-galactose.
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Agarosed 7|ZE ARgEte] 10870 wh3AZl B, 2 4, 650 AdHNeH F A
4302 VER AT (Fig. 10, lane 1), ¥H3-A17Hg AFA71A Raldo] BF 2902
A Neoagarohexaose= 237 49° 2 REIFH= AHAoZ Yelgtern (Fig. 10, lane 2)
neoagarotetraosew= 222 HE-FH UG (Fig. 10, lane 3).

2

xR
<
oo

Neoagarobioser= BI&dA WS 71A& 36-anhydro-L-galactoses} YA Ths 7pAlE
D-galactose’} adgo g2 AZAE o] 9o, neoagarotetraose?} neoagarohexaose® ©|¥ 2%

27} AR T 27, 3/ AAW Fxo|T (Fig. 11).

Ao 98] neoagarohexaose$} neoagarotetraose®] aZ3to] AW  galactose(DP1)<}
triose(DP3) o] A= ojop 3hu}, TLC A¥ 2, 4 F o]¢le] 72 WAHHA Hdgensg, &
28 84 BagM7& BAJTE A2 = P-agarase ¥ AE FEHT 5 AMUTH

2. Gene cloning-& ©] &3} agaraseo] W AALA] #F9] 7t

Agarase2] I AJAA FFE U] glol EAwMo] fbo] 93t agarase 31 Ay FF9
A b3 FaA)o QT3 Bacillus cereus ASK2029) agarase geneg cloningdla] E. colio A] 43
Al 485 P

7}. Agarase fAA2] cloning
Bacillus cereus ASK2022 %8| E#¥ @M (chromosomal) DNAE HindlllZ F45 FistH
o™, multicopy plasmid¢! pUCI9% HindllIZ restriction 3Gl o] T FAAEY ligation
mixtureZ E. coli ]M830} & 2 A ZH(transformation)3} Aty FAAFHA E. coli ]M83-Z ampicill
-in, X-gal, IPTG7} #7+9 LB 31 gau) A (LAXD o] T@ste], 37ColA 16A17F vl 3Rt
3 A A 8kA (transformant)= W *, vector?] ampicillin resistance @ XA}ol] 23] X-gal# IPTG
2 2834 25 Yehtes 8 colonyz 13" oz 2dsdch 12 A¥E 21,000 7 7}
colonyE lysozymeg {3} soft agarg overlaydte] 37ColA 12413 vEEAlA cell W F
9] enzymed Htoz {FEA1Z1 F, Gran's iodine solution (0.05 M lodine in 012 M
21" u) VelE clear zonesS FHISIAY. o] A o)A
iodine solution®l] & A W3S Hole 119 colonyE FHEHo g HAEET 4 YUY
(Fig. 12). o] FAAZA = soft agarE A ]s}7] A& colony Fol FHI Fho] e}
ek o}, chloroform} lysozyme® 2 cell wallg 333 Fol= F4o] Yeves Aoz #F
HAow, o]AL AAE agaraseZ E. coli7} intracellular sited] FHA]7|= HOZ AlgH o]
A ZAolt}. o] Bacillus cereus ASK202 #F9] agarase 1A A Z g
plasmid DNAE pBA41o]a} sttt}

Potassium lodide)& ¥o} 3k o]
q

m\m
N
A
ki
¥0
fr

1}. Agarase § AR A7MA AR D 2
pBA41 A Z% plasmidE Hindlll restriction enzyme®. & Ze}HSEg uf, 2.7 kbe] vector
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pUC19¢} 3.07kb A =9 insert fragmentE 7}A 1 e Ao 2 et} (Fig 13). o| AL o
] A AFEALE o]REe FaE A, pBA419] 3.07kb <] DNA(badl) Woll= BamHI
17), EcoRI 370, Kpnl 378, Ndel 27§, Pstl 17, Smal 278, Sac 1 478, Xbal 17] R A 3ta A<l
A B 23 Aok
o] Al #9E Sanger 59 dideoxynucleotide termination method# sequencings 3 X
o} pBA419] badl §73 A9 nucleotide®} A 714 $-]l5 % amino acid sequences Fig. 14
of Yeh At 695 positiono] e ATG 7HAl codon® ZRE AJZHEo] 2979 position?]
TAAZ FA5 = F 228470 9] open reading frameg 7}A 1 94glom, £ 37] 833 kDag ==
A= 76109 amino acid residue2 TAEO AUTh o]RL AFFoM Ha - ZAW
agaraseZ} 90 kDa, SdHo[ 7oA 22 - HA B agarase’} 41 kDagd A7 otE Aol
Promoter+ transcriptiono] A|x}= wj RNA polymerase’} 212]5+E DNA A4He] EA A7) w)
< Ad FHolth. gdwtg o2 promoter?] -10 region transcription initiation siteZ3E] 7
base upstreamo] &zttt U4z At} Bacillusol A Ru®E t}oksk transcription signalol]
B8 datag wlwsle 437 TATAATS 22 consensus sequenceS A% 4= glom
ol2§ sequencet E. coli¢} % SAMT promoter 12| -10 consensus sequence
(O-TAtAAT-3)9} FUSIATE Agarase fr@Ate] A9 A& AANA 2AE AFsAE B
AR, computer £4-& F3}o] agarase FFAY 5Tt EAstE DNA g7 ujdo A 7}
3 promoter #9185 FAGS W Fig. 143 go] ¥Z 710]7 35 (-CCTGCGACTT-)$} -10
(TAATCAATA-)9] consensus sequence®} FA}8F @rimide AT 4 YUk 28}
Buttner 59 Hilo X9} o], agarase @ FF o AHE:o| Fa3t
Al shtel promoterE 7}A|R) kil (Streptomyces coelicolor A3(2) TFE dagA agarase gene
o thale] FHojx 47) o]l RNA polymerase binding site?} il 13|51 Qo)) thaeo
promoter& 7} 7hsAo] FRIIER o] Fof APXE A8 E4L T WP 143
o] a3ty AlgH o] R}
RNA polymerase”} transcriptiong A]2}8}d templateE we} o]53}e terminator sequence
o =g WA HH4L A% hAHSZ termination A HEE Ao palindromic
sequence® ¥ 33t 1o o] palindrome2 R AYE Fiu EASE inverted repeat
sequence® -5 o] itk RNA “JoA inverted repeat sequenced]X &A%+ hairping)
dee RNAY F4& =FAY 934 s, RNAE B 23 72 stz 7] n&d
hairping ¥hdthil terminationo] Uojrbs A WHe olut} Stem-loop FE ¥ nuclease TAL
Zh W x] 9kv] wjEol translation] exonuclease Z5-E mRNAZ HE3JE 7152 xUr RNA
4

28-S Za2AA mRNAY #7712 AFRA)AZET. Terminationd RNA polymerase”}

=} O =] 1— = 1 P
qe& v aav O

terminationA] X ZfactorE ¥R & Sl=7}ol] we} rho-dependent termination} rho-independent
termination® 2 tFolX| =] o & 2] prokaryotic 4-32}2] rho-independent termination= 4-8

Aol U Srol] GC7} 553} inverted repeat sequenceE ztil glth.
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Fig. 12. Photograph of the strain containing the recombinant plasmid DNA carrying
agarase gene of Bacillus cereus ASK202 (Agar plate was treated with soft agar after
the cell was crushed). A, E. coli JM83/pUC19(control); B, E. coli JM83/pBA41

kb
23.13
9.42
6.56 P
436 =P
232
203

Fig. 13. Agarose gel electrophoresis of the recombinant plasmid DNA carrying agarase
gene of Bacillus cereus ASK202. M, Marker( DNA digested by HindlIll); A, pUC19 plasmid
DNA digested by Hindlll; B, pBA41 plasmid DNA digested by HindIIl
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Rho-dependent termination= 53] GC rich 397} gl3 U7} A&HE 29971 Qo pBA41
o] insert f-2te] 3 Wk downstreamo] transcription terminator 2 & ZHA3 Ay}, UAA
stop codon®l| A} 17 base pair Ho]Zl 2998-3026 baseol inverted repeat (IR) sequence’} )3}
il e Ao AFHAY (Fig. 15)(Fig. 149 3ddhe] £ wy) By o] IR sequence 29
base F oA BbaseE Alolo] Fi1 11 base’} pairingS 3t ARNTHT mispairing). ©] IR
sequence’} A3} secondary structureo] AGZHS AXFE A -18.40 kcal/ molE Hlw &
2 #e YEAATh 2822 pBA4194 codingdli 9lE agarase= Rho-independent
terminationg FY3}= Aow F23 5 g

3 AH9] translation initiatione translation T&o] FFL F= a9l
FATH ST Atole A4F translationd] YolA EEQ Aolrp Ue
¥ mRNA¢}el A3 a8 wel A4 HE}. Ribosomal binding site(RBS)+ initiation codon¥}
Shine-dalgaruo(SD) sequence A}o]¢] spacer@ A% o] 9lth Translationo] &0 Z 74X
HeH 16s r RNAY 3’9ol SD sequence®} mRNAQ] 5 gk Alojo] AR AJo] Eolob st
th E. coli 16s rRNA2] 3'T¢+e] sequencer 3-AUUCCUCCACUAG-5 0|1, B. subtilis®] 7
% 3-UCUUUCCUCCACUAG-5©|t}. Translation initiation codoni RBS sequence Alol&=
2~15 nucleotideo]iZ 9 nucleotide ¥ = FLo] HuE JaEA Yok Agarase Ba41l9]
initiation codond AUGH 11, ©& Bacillus #2812 SD sequence®} HImA] A HE SD
sequence== AUG initiation codon®] 7 bp upstreamol] &A= 5-TGGGAG-3o]gti ==
ThFig. 14). o] SD sequencet: Bacillus subtilis®] consensus sequence?l 5-AAGGAG-3,

<9 sttoltt. Gram
o]

o]+ 30s ribosome

18]l gram positive TF ) Streptomyces coelicolorol] E A= dagA agarase gene2] RBS
5-AACGAG-¥' S} §-AH5t9ich.

B, badl geneol| A= 2979 position®] UAA stop codon ©]9oE 3 Tgk o2 2986
positionof] 4} UAG, 2992 positiono] A} UGA stop codono] 91&zoz ZAdti Qe Ao=
FZ 5 A} Sugano §9 B9k o] celle] AR F23d F sFxe Az g2 agarase’}
AR WollM A&z AALe] EAs, FAd translationo] ZAFHE oz Kol
badl gene Z% o] agarase® coding 31 Yve FAAL EA) NSAE HAT & goms

Foz v AFsolAct I opes ARF oA,

t}. Codon usage +-4]

HEE FF AEAS] FA4 VWGt A4EYT, ofveAe AAEHE codong)
A9 el FAeHe 2 vehta) gethe o] ¥a Mtk Codon usaged] B354 Fo o
g Solds HolAmt 2o ST Aol uet =
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AAGCTTGCCGCCGCCGGTACCAATATCCAGCACCGCCTTGCAGTGCGCTACCCGC
TGCGCCATAGCCCGCCGGGCGGCCTGAATCTGCCC 90
CAGCATCGAGACATCAAACCCCGTGATATAGCCTCGGGATATCTGGCTAGAATAG
TTGCCGTTAGGCAGGTTATGAAACTCCTGCAGCGC 180
ATATTTAGGGATGTCGGCAAACAATGGGTCACTGCTATCCACTTGCACCTTTTGCG
GTTTACCCAACACCAGGCGCGCAAACITAAGCAG 270
CCCCGCAACACTCCTAAAACAAAGACGGTCAGCCCACGTCTCGGGCAAGCTCAG
GTTAACCCAATCGGGCACGTTCGGGTCTGTCATAAC 360
GGGGGGTTGGGTTGTCGAGCGTATATCGCTGGTCATAGGGCCATTTCACTAACGTT
TATGGCGCACAGGATAAAAGTCTIGGGCATAAAAA. ... 450........
AGCCAGCCGTCGCCGCCATTTCGCATCTTTCAACATTATTAAATTGCATACGTATT
CAACCTCACTGCATACGTATACATCTTGGCCITG 540
CCCCTAGGCGCGACCTATGTTGTCTGGCAGTGCCGAGTTAAACCAATAAAGATCA
TCGCCATCGCCTAAGGCGATTAGCGTTCGGCATTA 630

GCAGGCCCCACCTGCGACTTCTTTITGATGCACCCACATAATCAATAACCAAAC

505 | TCACACATGAAAGCTATTGCCCTGCCCGCAA 720
35 -10 M K A I
ALPAT 9

CACCTAAACGGCTTAAGCAAAAAACCTTTACGCGCCTACCTTTITAAACAGTTCGT
GGGCGCCGCCGCGCTTACGCTGGCGGCACAGTCAT 810
PKRLIKOQZKTT FTRLPFKOQFVGAAATL
T L AAQSS 39

CCTACGCTGGCACCGCGTTTGTGCACTTATTTGAGTGGAGCTGGAACGACATAGC
CGATGAGTGCGAAAACTTTCTCGGTCCCAAGGGCT 900

Y AGT AFVHTILTFEWSWNUDTIADETCEN
F L GPIKGF 69

TTGATGCGGTACAAATATCACCGCCCACCGAACACGTCAAAGGCCAGCAGTGGT
GGACGCGTTATCAGCCTATCACCTACCAAAATTTAA 990
DAVQISPPTEHVEKGOQQWWTTZRYGOQFP
I TYQNTLT 9

CCAGCCGCAGCGGCACTGAAGCCGAACTCCAAAGCATGATCAACCGCTGCCACA
GTGCCGGTGTAAAAATTTACGCCGATATAGTCGTCA 1080
SRSGTEAELQSMINIRCHSAGVYVIKTIY
A D1V V N 129

ACCAGATGGCCAATCATTTAGTCGAAGGCAATTACCGGTGTCGACGGGACTTGGTG
GGCACCGCGCGATTACCCCGAATTTAGCACGCAAG 1170
OQOMANMHLVYVEGNYGVDGTWWATPTRD
Y PEF ST QD 15

ACTTTCACCCCGGCTGCGCCACCGATTACTCGGACGCAAACTCTGTATGGAGCTG
TGACTTAAGCGGTATGCCCGATCTAGATCACAGCC 1260

FHPGCATDYSDANSVWSCCDTLSGM
P DL DHS Q 18

AACCCTATGTGCGCGATACCGTCGCCAACTACTTAACGCGCCTCACCAATATGGG
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CGTTGATGGCTTCCGCATCGACGCGGCGAAACATA 1350
PYVRDTVANYLTIRTLTNMMGVDGTFER
I1 DA AKHM 219

TGCCACCGTCCGACATTAATGGCTTTTTACAAGCCGCCGGTAACCCCTGGGTATTT
TTAGAGGTGATTGGTGCTGGCGGTGAAGCTCCAG 1440
PPSDINGFLOQAAGNPWVF FLEVIG
A G GEAPE 209

AGATCCAACCTGCCAACTACACCTACTTAGGCGCTGTTACTGAGTTTAGCTACGG
CCCGGCACTGGCCGGCAACTTTAATGGTCAAATTA 1530

I QPANYTYLGAVTETFSYGPALAG
N FNGOQTIK 2719

AACATTTATTAGAGCTTGGCCCAAACTGGGGCTTACTGCCCTCAGCCGATGCCTTA
GTATTTGTCGATAACCACGACCGCGAGCGCGGCC 1620
HLLELGPNWGLLPSADALVZEFEFVDN
H DR ER G H 309

ACGGTGGCGGCGGTAATTTATTTTACAAAGATGGCGCCAAGTACAACTTGGCCAA
TGTTTTTATGTTGGCCTACCCATACCGGTATCCCA 1710
GGGGNLTFYKDGAKYNLANVTFMTLA
Y PY R Y P K 339

AAATCATGTTCCGGGTACCAAGTTTGATGAAAACCACTTCAAGCGGCACCCGACA
TAGGCCCGCTGCCCCCGGCGGTTGTGACGCCAACG 1800

I' M FRVPSLMIEKTTSSGTIRHTRPAATP
G G CDANG 369

GCTGGGTATGTCAACACCGCTGGGGCAACATCGCCAATATGGTGGGTTTTAGAAA
TTACACCGTGGACGCCTGGAGCCTTGATAATCAAG 1890

WVCQHIRWGNTIANMMVGEFRNYTVD
A W S L DNOQV 39

TGGTGATTAACGATAACGCCATTGCCTTTGGGCGCGGCGACAAAGGCTTTGTGGT
GATCAACAACGGTCAAAGCAGCGTTAACCAAACCC 1980
VINDNAIAFGRGDIE KGT FVVINNGQ
S SV NOQTL 42

TCTACACCGGCATGCCCGCCGGTGACTATTGCGATATCTTGCGTGCTGATGATGAA
TGCAGCGGTACCAACATCAGTGTCGACAACAACG 2070

Y TGMPAGDYO CDILRADDTET CSGTN
I SV DNNG 45

GCTTTGCCAGCTTTAGCGTCGGCCCTGAATCAGCGTCAGCCATTCATGGCGGCGCC
CGGCCCAGCGTGAGCAATCAACTTCCGGTCGCGA 2160
FASFSVGPESASAIHGGATRPSVYVSN
QL PV A I 489

TTATCGAGGGCGCCCCCGAGACGCTAGAAACAGGTAGCCAAGTAACCCTCAGTG
GCGTTAACTCGTACGATAGTGACGGCAGTATTGTCA 2250
'''EGAPETLETGSOQVTLSGVNSYTDS
D G S1I1 VS 519
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GCTACTTATGGAGCACCGGTGCCACCACATCAAACATTACCGCCACGCTGGACAA
TCCCGGCACCGCTACCTTTAGCTTAACCGTAACCG 2340
YLWSTGATTSNITATLDNPGTAT
F SL TV T D 549

ACAACCAGGGCGCCACTGACAGCCGAGAGGTAAGTATTCAGGTGGGAGGCGATG
AGCTAATCAGTAACTTTGATGCGCTCTACTTTCGCG 2430

NQGATDSREVSIQVGGDETLTISNF
DALY FRG 59

GTACGCCCAACGGCIGGGCCGCCAGTCCCATGACGTTGGTCGACGATCACACCTG
GCAATTAGACGTTCAGTTTGACGGCCAAGCCAACC 2520
TPNGWAASPMTLVDDHTWOQTLUDV
Q FDGQANQ 609

AGCGCTTTAAGTTTGATTTAGCCGGCGATTGGAGCCAAAACTATGGCGACAACAA
CACCCCTGACGGCGTGCTGGACAGTAACGGCGATG 2610

R FKFDLAGDWSOQNYGDNNTUPDGYV
L DSNGD D 639

ACATCAACACCAATGTGATTGGTCAGTACCGCGTGCAAGTAAACGACGCCGAGC
TAAGTTACAGCATCAACTCATTGGCCGCAGGCTTTA 2700

I NTNVIGQYRVYV QVNDAELSYSINS
L AAGF N 669

ACAGCAATTGGGACGGTGTTTACGTGCGTGGCACCTTTAACAACTGGAGCTGCAC
GGCAATGAATTTAACCGCCGATAATACCTGGAGTG 2790

S NWDGVYVRGTFNNWSCTAMNL
T A DNTW S V 69

TCAATGTCACGCTCGACGGCGCCGCCGGTCAGCGTTATAAGTTTGACCGCTACTGT
GATTGGTCCACCAACTACGGCGATAACAATAGCG 2880
NVTLDGAAGQRYZ KT FDRYCDWSTN
Y GD NNSD 729

ATGGCATACTCGATAGCACGGGCAATGACGTTGTCGATGGCCGAACCGGTAACGT
CACCTTGCAAGTAAACGACAACAACTTGTCTTACC 2970
GILDSTGNDVVDGRTGNVTLAOQVN
D NNULSY R 75

GCGCCCTGTAAGCCTTAGCACTGAGACAAAAACCGTCGGCGACCCCGGCGGTTTT
TITATGTCGACGCTTTACGGCTGAAGCTT 3056
A L * * *
761

Fig. 14. Nucleotide and deduced amino acid sequences of the agarase gene(ba4l).
The HindIl sites(AAGCTT) are thinly lined below the nucleotide sequences.
Putative -10 and -35 sequence for the promoter are underlined. The potential
ribosomal binding site(TGGGAG) is indicated with the closed box. The signal
sequence predicted is indicated by the dashed underline.
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Fig 15. Predicted secondary structure of the
transcription termination site in 3" end of ba4l
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Ba4l agarase f+#2}2] codon usageE #HEZ A3}, Table 9o viehd nie} Zdo] dF9 of
o= Ako]  QlojA  codon HEFALS HYEU, Threonine ACC, Asparaging AAC,
Phenylalanine2 UUU, Alanined GCC, Glycine2 GGC, Serine2 AGC, Proline2 CCC,
Tyrosine® UAC, Glutamine® CAA, Arginined CGCE &2 AR&3ta Utk Bacillus
cereus ASK202 F-@}9] agarase®] codon usage= host celld] E. coli®} Zi¥} wlmsha
Asparagin - AAC, Glycine - GGC, Tyrosine - UAC2] 50| v AoE e ST

2} ofuj:= it A B4

DNA <7 ®wezxE 243 olnxit AL BEME AxZ Table 109] vehA R
AbA] olml=Ate] Fteky Alanineo} L F

A} olm=Ate} gheko] @e ulw, Histidine, Methionine, Cysteine 52 gf3F0] A2 FHo=

e T

Asx(Aspartic acid, Asparagine), Glycine2} -2

v}l. Hydropathy #2{

Hydrophobic signal region2 protein®] £u]o] glojA H4=2<Ql domaino|t}. v Eo] 44k
she AlEe] Bu gwlgde giRE precursor FElE FAHI N-2de hydrophobicgt
signal peptideo] 23] AZ9E =33t} Signal peptide= 20~407]9] ofn|=ito g FAdH
o] 213l basic amino-terminus, hydrophobic core, processing siteZ o[Fo{x Ut} Signal
peptide NZ'@oli= Histidin, arginine 5 1~37§¢] basic amino acid7} EA)st=dH 24 R
Aol $°]2& W membrane lipid®] head group® FA717 AL st ALZ FA3a
2t}l. Valine, Leucine % 10~207]2] 444 o}w|:=Ak3 Glycine, Proline 5 1~27§¢] helix
destabilizing o}wji=ito 2 FXA o] 9l hydrophobic core= membrane lipid=29] partition
3} bilayes spanningdl] #odsle AoF F=H 3 Sl

ol EUlg AHHEW Bad4l agaraset= N-terminal F$jo 36702 amino acid FE Y
hydrophobic 3 potential signal sequence’} U= ALZ o= A tH(Met-Lys-Ala-lle-Ala-
Leu-Pro-Ala-Thr-Pro-Lys-Arg-Leu-Lys-GIn-Lys-Thr-Phe-Thr-Arg-Leu-Pro-Phe-Lys-GIn-Phe-Val-
Gly-Ala-Ala-Ala-Leu-Thr-Leu-Ala-Ala) (Fig. 14¢} ----- W BR). o] signal sequence N-ZHh
of FAEE W Lysineo] FEA3t1 UAow  helix destabilizing ©}v]x=3FQl  Proline}
Glycineo] £7+53t 47) #A 35l hydrophobic core7} A4 E0o] e AL #AT 5 S

Ba412] amino acid sequence®] hydropathic index® Fig. 160] e} ATt Hydropathic
index= Kyte9} Doolittle®] ®W-S wlstt}l. N-terminal region2 hydrophobic 4&-& il ]
om, o] signal sequence®E A 93+ N-terminal FE3} C-terminal ¥ (region I, 37~200%
A ofmi=il; region V, 600~761A A o}v]=4H)& hydrophilicdt A42-&, 1 Uw x|, ZA 3§
Az FEEHE 7Fd domaing region 11(201~320H % o}m]i=Ah), region II(321~430 A
ofuli=2h), 1931 region IV(431~599 5] o}wm|=ah) hydrophobicdt 43 -& A% th

b

e
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Table 9. Codon usage for agarase gene from pBA41(Bacillus cereus ASK202).

Codon—Amino acid—Number of codons

UUU-Phe
UUC—Phe
UUA-Leu
UUG-Leu

CUU-Leun
CUC—Leu
CUA-Leu
CUG—Leu

AUU-Tle
AUC—lle
AUA-Tle
AUG—Met

GUU—Val
GUC—Val
GUA—-Val
GUG—Val

29
3
18

N A &)

13
13

12

16

12
16

UCU-Ser
UCC—Ser
UCA-Ser
UCG—Ser

CCU-Pro
CCC—Pro
CCA-Pro
CCG—Pro

ACU-Thr -

ACC—-Thr
ACA—"Thr
ACG—Thr

GCU—-Ala
GCC—Ala
GCA—-Ala
GCG—Ala

2

3
8
2
18

32

12

43

UAU-Tyr
UAC-Tyr
UAA-Stop
UAG—Stop

CAU-His
CAC~His
CAA-Gin
CAG—Gln

AAU—-Asn
AAC—Asn
AAA-Lys
AAG-Lys

GAU-Asp
GAC—Asp
GAA-Glu
GAG—-Glu

6
25
1

20
11

20
44
12

30
30
10
13

UGU-Cys
UGC—-Cys
UGA-Stop
UGG—Urp

CGU—Arg
CGC—-Arg
CGA—-Arg
CGG—Arg

AGU—Ser
AGC—Ser
AGA-Arg
AGG—Arg

GGU-Gly
GGC-Gly
GGA—Gly
GGG-Gly

4
6

12
29

22
50
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Table 10. Amino acid compositions of the BA41.

Amino acid Content (%)
Gly 9.8
Ala 3.8
Asn 8.4
Asp 7.9
Ser 7.4
Val 6.8
Thr 6.8
Leu 6.8
Pro 4.5
Phe 4.2
lle 4.1
Tyr 4.1
Gln 4.1
Arg 3.8
Glu 3.0
Lys 2.2
His 1.8
Met 1.6
Cys 1.3
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Fig. 16. Kyte-Doolittle hydropathic analysis of agarase deduced from pBA41
I and V regions describe the hydrophilic domains, and II ~1IV regions do

the hydrophobic domains.
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o] 3} hydropathic SAEL& A 23 S. coelicolortd P. atlantica®] hydropathic 573 3}
A3 Agolt). o]2ld A AL enzyme? foldingo]r} catalyzingd] of® F8§ IS
o2 At HojAlE Aol

W, offt

=
&

v}, Bad412] amino acid W]l

Ba419] amion acid sequenceZ oln] W} H ojz] 7}R| agarase S} Hlw3| RAUTE A7}
] 48 olg] agarasedtE AEAo] Qe MEF proteino]ey, ¥ 714 agarasedt=
wcto] hydrophilicdt 487 71ed 2 /9 region® g FEF = hydrophobicdt 44&
= hydrophathic 429 A4S YelAth Sugano 5o Bi1g Vibrio sp.ojA AirE=
agarase01072 THE agarase 3 FA} 8ol glou, S coelicolor A3} P. atlantica &
agarase activity o] TS = A Z AEHE FQ F 9ol ths] homologyE Hol= A
o2 Vet olgdt AFE agarased] 33 ZFQ FATE W] 4TS F AoE AlE
A

o] 9] Ba4l agarase®] A} sequenceE T}E polysaccharide 3 &40 A2 B3|
K ko homologye v Ao 2 AHEACt

8 op

3. E. colio] A} 9] agarase?] w3

Az plasmid A|=pol] ARE-E pUC19 VectorEL agarased] W@ AL FET & glolem
Z PCRE ©]-838}e] pBA41o] A agarase S codingdtil %+ open reading frame 2.3 kbE
ZE35lo] 433 T7 promoterE zHE pET28a(+)E ol&3le] E. colidlA 31 Iy AFE 43
skt

7}. Agarase2] W3 plasmide] #AF

pBA419] restriction map2 712 3sldRd, A33}A agarase coding FEE FEAELE F
& restricion enzymeo] {loeE® do g N-Zho) BamHI restriction site9} C-ZHhol
HindIll restriction enzyme site® Z7}dto] 2}z o}3} 2L primerE A28}

-N oo

5 GAC GGA TCC ATG AAA GCT ATT GCC CTG C (nt 690-707)BamH 1

-C g

5 AGC AAG CIT GTIT TTT GTC TCA GTG CTA AG (nt 3982-3003)Hind Il

Primer& W& w] N 2ol BamHI, 28] C 2ol Hindll A3 G4 A4 F9&
HA71g o2, PCRo| 93] FZFH FAAS L3 vectord pET28a(+)9] T7 promoter 3}
subcloning & of 2¥lE Wako g AJHEE ¥t} (Fig. 17).

%3k primers} 2.3 kbe] agarase fragment’} ¥H+% 3.07 kbo] pBA41S template® S}
PCR& 35 &, 08% agarose gelo|lA] 7195E st 2.3 kb fAx7 SHANSS &
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A8k aL (Fig. 18), QIA kitE |83l gelol A DNAE elution 3tt}h 183, T7 promoter
£ Hshe pET28a(+)%3d 9 Eo| agarase FHAE cloning 3l7] 93] pET28a(+)& Hind
e} BamH1 0.2 o]F Adsta CIP He §F Fd3 AP a4z A3 YHEF 16T
A} cohesive ligationg HA13tQth. E. coli BL2I(DE3)d] FAAZste] Rzt FAAIA=
8 agarase A7 Eo e AZFY plasmidE sl ony (Fig. 18), ©] recombinant

plasmid & pEBAle} ™ sttt

4. T7 promoterE ©]83 agaraseo] W@

“FAHEE T7 RNA polymeraseS 7}A 3L Q& E. coli BL21(DE3)o] A2 o] |z wha g
pEBA1<S transformation AJZith MAFSE = agarased] RERIYRES AE3tA Hohslr] Y5k
plate’}ol] colonyE wjFa}led lysozymeo] 3H¥ soft agarE A 2]3}A] &L colony (Fig. 19-1)
FHNe TR Fo] My FAHRA &okor}, lysozymeo® A EHLS e AL (Fig
19-2) pEBA1 plasmid& 35t colony $9o & #o] FAHE AL AT = YJ =
g AAudet FAE sonication 3+ AHAA T intracellular HEo] 96% o]4} wiREQ]
agarase’} EAJStAL = A2 et} (Table 11).

o] colony & 37Co|A LK vjA|oA ASA71thr} 550nmoA] EF 57 0.69] =D3l89S
m IPTGE A% %% ImM %2 H713l9] induction 83 1417 1A 0.2 sampling 3+
TAE d4EE 90t o] TAE sonication ste] A BE$ & goluble B AL 12%
SDS-PAGE 3t} o4 == F-9o] 2% bandE <183 o1 (Fig. 20), induction 5A] 7}
o]% agarasew HUJAYLS Ktk o] E coli BL21(DE3)/pEBA1o]A AJ2lE]E= @A Badl
Ehu N-U 7970 34709 ojuxite] o dd® Fx4H, o]A-L pET28a(+) vectors]
T7 promoter o] AZAE o] JYe AE Fg - FA T |l 37 Yo Rl
P78, B AP His - TagE o] &3] YAEL B - FAArE L8 agaraseS
His - binding kitE ©]-&3t #2] HA 27, dd bandE AL F AT 14 v gH S
A2 ste] dojd FAE sonication 31 1280unit7} WAH oW HFHo 2 R - AR
® f4E 12.8unit/mge] specific activityE 7}A|1, o] agarase® Ebalo # W 3lgit} (Table
12). o]u} o] agaraseo] W& E. coli ]M83/pBA419]] Hlste] 70M] A= Z7}3F ot}
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BarmH) Hirdlll

Hindli

Fig. 17. Construction of expression plasmid pEBAT.

kb
23.13
9.42
6.56
4.36
2.32
2.03

Fig. 18. Agarose gel electrophoresis of the recombinant plasmid DNA carrying
the 2.3kb PCR fragment. M, Marker(DNA digested by Hindlll); A, PCR product
of pBA41; B, pEBA1 plasmid DNA digested by BamH 1 and Hindlll
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Fig. 19. Comparison of the agarase activity extracellular with intracellular site from the
E.coli BL21(DE3) containing recombinant plasmid on the agar plate. The plate of No. 1
was extracellular agarase activity and the plate of No. 2 was treated with soft agar after
the cell was crushed. A, E. coli BL21(DE3)/pET28a(+)(control); B, E. coli BL21(DE3)/pEBA1

Table 11. Localization of agarase in E. coliBL21(DE3) containing pEBA1.

Agarase activity

Localization (%)
Extracellular fraction 2
Periplasmic fraction 2
Cytoplasmic fraction 96
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kDa
97.4
66.2
297
40.0 =B
31.0

21.5 "B

b—Purified Ebal

Fig. 20. SDS-polyacrylamide gel electrophoresis of the purified agarase
Ebal. M, Molecular marker; 1, E. coli BL21(DE3)/pET28a(+); 2, E. coli
BL21(DE3)/pEBA1; 3, purified agarase Ebal
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5. 9 agaraseo] EAJxA}

7t HF 259} kAR

w2 - A E Ebale] HABAHLEE Yolry] 98 20~60T 744 2 LE¥2 FAZHL

S A3, Fig. 210149} o] 40THA HABAHS 7tAE Aog Yehgt.

ane 2EAS HESY] 98l 10mM sodium phosphate buffer, pH 7.8¢] Ebal

0.25units/ &  F7Fste] 10, 20, 30, 40, 50Co)A 24A7 W3 & A= 74 FAHLS

Somogyi-Nelson WH& o]&sta] ZH3gch. 1 A, 10~40T WY JHE 24A7F x5}
= a4 8ol 100% FAHJo S0TAME 2447 & GA8A ] 50%7tEF ATH=

Aoz et (Fig. 21).

Y. XA pH ¢} 444

Ebale] HA &4 pHE =AMEIATH pH 36~56S 10 mM citric acid - sodium citrate
buffer, pH 58~80 + 10 mM sodium phosphate buffer, pH 7.0~9.02 10mM Tris-HCl
buffer, pH 8.0~10.62 10 mM boric acid-NaOH buffer, pH 10.0~12.0& 10mM sodium
phosphate-NaOH buffer, pH 12.0~13.0& 10mM KCI-NaOH bufferS A}g-3te] 01 %(w/ V)
agarose 7| HE NS =2l 13mlol]l E4E FUISIY 30CoA A4S =33 A Fig. 22
A2} o] pH 5.6, 10 mM citric acid - sodium citrate buffersj x| Htj A< [BRSRNI LR s
ES, 77 pH H2 Az 43890 F4898 Hrlste] 4TOA 2443 WA F 713
BAS Hrpsted mAR9 AE S FYFoEN YA Ebale) pH A M}
LotB gt 1 A Fig. 2301419} 7o) pH 4.0~9.0 7}R19] Mool 100% &AL Ao
AR om pH 39 44, pH 129 Q74N E &hol Aol 95% o4 F=E A
S 2 WEY By pH ®iste] dig 549 Aol ¥3L A 5 ATh o]F 9 AP
A= pH 5.69] 10 mM citric acid - sodium citrate buffer2 A}-&3}gt}.

O

&2

. Adel oy

Ebalg] 7]d EolAL dolr 7] 93 I:} Fsk po lysaccharldes 71" 2 3t 10 mM citric
acid - sodium citrate buffer, pH 5.60|A &4 ¥F$-S 338t A}, agarose, agar °©]¢je] T3
o WS EelstA Eaklom, agarose Wt} agard] thel ©f ®S &E RIS A3
Ak (Table 13).
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Table 12. Summary of the purification steps of agarase from the culture supernatant of
E. coli BL21(DE3)/pEBA1.

e T?ta}I Tota} Spe.a.flc Yield Purification
Purification step activity protein activity (%) (fold)
) (mg) (U/ me)
Crude enzyme 1280 1400 091 100.0 1.00
His - Tag
purification kit 256 20 128 20.0 14.06
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Fig. 21. Effects of temperature on agarase activity and stability
The enzyme activity was measured at various temperatures
in 10mM Sodium-acetic acid buffer, pH 5.6 for 30min.
For the measurment of temperature stability, the enzyme was
preincubted at various temperature for 24hr.

—®— activity

-G stability

110
100 -
O
O °
90 B O E%&v
80 V\V

x

60 L L . 1 L § DU R | ) 1 L
2 4 6 8 10 12 14

Relative activity (%)

pH
Fig. 22. Effects of pH on the agarase activity with various buffer
solution. The agarase reaction was carried out various pHs for
30min at 40 C.

—®——  10mM citric acid-sodium citrate buffer (3.6-5.6)

"""" O 10mM sodium phosphate buffer (5.8-8.0)
——-%¥~——  10mM Tris-HCI buffer (7.0-9.0)

— ==~ 10mM boric acid-NaOH buffer (8§.0-10.6)

— - —  10mM sodium phosphate-NaOH buffer (10.0-12.0)
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Fig. 23. Effects of pH on the agarase stability. The agarase reaction
was carride out at 4°C for 24hr in various pHs and the remaining

activity was measured at each pHs.
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2 AAD 8§59 kn 2 Viax

§A @ Ebale] tigh agare] 712 388 =43 HA}E Lineweaver-Burk plot® VERIY
Ch(Fig. 24). o] ploto2HE k& ® Michaelis constant (kn) 2 0071 mg/m¢ FoH,
Va8 737 mg/ml - minQl Aoz ATt H &4 FHAEVams T agarase
BT FdE AT mutante] agaraseql BagM7BthE 9kzF Az3 X5 JehQxH 973
©] agarase®} BagM7 agarase H.T}E kngho] @R wrolr] 7]|AR3}l2o] 953 Zomz ALY
Hog S8 & Aoz Amdth

v}, Detergento] <3}

aagAdd g detergento] JaFE xAlE7] 9JF|A ZE detergentS 1%(v/v)7t H=ES
And Hrbste] 40Tl 3087 WX F G40 FEFAHL 248t (Table 14). 2
A, B detergentEol] tha] Aol P&Fe W= Aoz egyon, £3] Tween 807

SDSE H29 BHE A3 Asdshe Aoz yehyoh

ul. A s}l F3F
Ebale] &4 T4 #oste opnats 37 Y8t o 7HA g5 AS A3}
o A8 ANFEE =AstYth 2z chemical?] HE %7 05mM, 1.0 mM, 5 mM,
10 mMo] A AsjAIE T4 LA Hrisle] 40TolA 3083 A7 £ 1 3= BAS
5743 dabs Table 159 2tk 8822 E BgaM73} FA5HAl AL-g-ach
3-lodoacetic acid, NEM (N-ethylmaleimide), leupeptin® & cysteine #7]Z }
chemicale] H7be] Slshxt Fael GAol AHF A YoM, aspartic acidF FAsht
Pepstain Ad]] Jsjre o] 40% A Uth Serine =21A¢1 PMSF  (phenylmethyl-
sulfonyl fluoride), TPCK (N-tosyl-L-pheny- alanine chloromethyl ketone)®} Antipain
hydrochloride= &4 &4 ofd FdFe FA @ggert, TLCK  (N-a-p-tosyl-L-
lysinechloromethyl ketone):= 23|8] &4 AL Z7IAI7)E Aoz veyd 181,
metalloprotease®] &4 = A AdA)7)E= chemical?l 1,10-phenanthrolinex= 23] Ebal2]
S 0% A= F/MIIE Aoz YeEut odd AR ALY FARYA
cysteineo] F 83 Q&L 5}, aspartic acid® EATA 2R A5t Yo}, serinee
A8 AR ZBo] EASIA L=ty =4 Iy TLCKY 1,10-phenanth
rolinephenan?®] H7}2Z &40 @Ao] 200% o]A 2 HAdo disids F=d sjxo)
olElfrE, ¢og ¢ Zo v A7/ Basia ArEoA)

Y
i
ol

>
Ir rr

=k
of o
%)
=
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Table 13. Substrate specificity of the Ebal.

Substrate Relative activity(%)
Agar 100.0
Agarose 73.0
Cellulose -

Alginate -

v— Carrageenan
A— Carrageenan
k— Carrageenan
Dextran

Starch

_66_



1/V (ml min/mg)
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Fig. 24. Lineweaver-Bulk plot for determining km of Ebal agarase
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Table 14. Effects of detergents on the Ebal agarase activity.

Detergents ( 1%, v/v ) Residual activity ( % )
None 100.0
Tween 20 86.0
Tween 40 73.2
Triton X—100 58.5
SDS 36.0
Tween 80 1.6

SDS : Sodium dodecyl sulfate

Tween 20 : Polyoxyethylene sorbitan monolaurate
Tween 40 : Polyoxyethylene sorbitan monopalmitate
Tween 80 : Polyoxyethylene sorbitan momooleate
Triton X-100 : Oxtylphenoxy polyethoxy ethanol

Table 15. Effects of inhibitors on the Ebal agarase activity.

Inhibitors Modiﬁ.cation - Residual activity(%)
regon 5mM 10mM
None 100 100
3-lodoacetic acid Cysteine 22.9 20.0
NEM Cysteine 0 0
1,10-phenanthroline (metallo) 388.0 255.0
PMSF Serine 100 100
TPCK Serine 100 100
TLCK Serine 316.9 -
0.5mM 1.0mM
Antipain hydrochloride Serine 1109 100
Pepstatin A Aspartic acid 57.9 62.2
Leupeptin Cysteine, Serine 0 0

NEM: N-ethylmaleimide,

PMSF: Phenylmethyl-sulfonyl fluoride,

TPCK: N-tosyl-L-phenylalanine chloromethyl ketone,
TLCK: N-a-p-tosyl-L-lysine chloromethyl ketone
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FEHolee AWl YolN HEHE wE ANFEE Adshe A I 4 Ydene
Bael de FHolee 9% Uohny] st 2% FHlLe 1 mM FER 10 mM
citric acid-sodium citrate buffer, pH 5.69]] U 82F FUEste] 40TolA 3083He |
AR F FH0l 20| agarase A FIAE JFS IE HIBHS Al 4T A
= Table 163} 2t} Fe™, Mn™'& 549 AL 100% 7+ Z7ARoU UH A Cu®, Zn®,
Ca™, Li, Na', sn™, K" 52 &xo @4 A3 AN AeE Yeyth gRRo
F4olo] Ebal The] B4L AajA gD

mlﬁ
e e, m[o o2 l‘
2,

o}. Chemical®} 93k

BAFEA Eﬂd chemical®] F3S dolH7] 9ste] zZ}F chemicalS HE FE7} 1mMo]
HES a8 Hrbstel 40T, 308 T WA F m2o IE FHE 2AIYY 1
A3, Chelatmg agentdl EDTA®] ] a4LBAo] 100% A3 AT Yon, ureash
sodium azideol| tfsfjre= ztz} 25%, 53% GAdo] 7HAaEE Ao g Vel Ebale chemical o]
el M7e &2 wdEch (Table 17).

FAA ) FFS dofny) 9)atd Z+E FHUAE SmMo] HEEZ HULE 3
=

40Tl 3083 &<t WA st &AL AP 1 A, B-mercaptoethanolol] oj i
Me Sagido] 300% F7HE1on, sodium sulfate, sodium citrate, cysteineo]] thajrE 9
3] d8EE A2 yehstth (Table 18).

M9l BRNHE 5ol WEe) 554

=E 273E 4% 2E9 AAe g 33

GAE Ha gt FagEe] 2 < V&2 AA Az 9E F 20 ~
60 %E AAEZ oW FPol= Azu| g QojAH MAE AIEL o @e blgo] =T
TE FE2 Fol7] HEiME TR ddo] Fastn FA ALESE A= wjoko]
B NFES A48 AGUlN AelY & e, 4T 592 A% olo} I,

ste] Ao A GRS AL Y FLo] molm W (Bacillus cereus ASK202-M7, E. coli
BL21(DE3)/pEBAl)& ©] &3l AR ELE NP, B - AAstes 24 AYsgo
AE4d 79 FE2 12L Jar fermentors o] &3te] FABSNEA AN FFo WA
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Table 16. Effects of various metal ions on the Ebal agarase activity.

Metal ions (1mM) Residual activity (%)
None 100
FeCl, 205.5
MnSOy 180.9
MgCl, 82.5
CuSO, 21.8
Zn(NOs), 9.3
CaCl, 49
KoCrOs 0
LiCl 0
Nadl 0
SnCl, 0
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Table 17. Effects of chemicals on the Ebal agarase activity.

Chemicals ( TmM ) Residual activity ( % )
None 100.0

Urea 749

Sodium Azide 44.8

EDTA : 0

Table 18. Effects of reducing agents on the Ebal agarase activity.

Reducing agents ( 5mM ) Residual activity { % )
None 100.0
B-mercapto ethanol 4071
Sodium sulfate 9.8

Sodium citrate 93
Cysteine 0
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AE £37o] 10 ton?] v E FF7]2 working volume 7 tonl & 14 VA ES

11x107 unitd] HAE HFPAE 5 3ok B, AR MFdAN FAS AAs7] 5]

A2 &%l 2 ton/hel “éE]E}?J A& AR 78 AMEET MG FE5de IFE=71(C)
ZFo] 1 ton/ho)al &2 0] 10tono 2 A& N 30 %(v/v) &

T At w58 BH"J"E}%— 2 T IgH (2 ton/day) (D)E AHE3H EoES 29

S

s Ay
nRu g 2ol g sEAT) ol %EA B0% a2 A8F S5 233 3
=]

(E. coli BL21(DE3)/pEBAl)e &AW o|dF(Bacillus cereus ASK202-M7)o| uls] A-&AJzto]
50% @EEthE Fol glon, £ AR A48T HlaF tdste] oAl o Agst
t}. 1Y, agarase R E AMEHE PTG/ SAEAo|nz IPTGE WAE 4 e A
& fFEA e Aol Basith (A MNE 9E).

7. #ALe DT AN AT H: W) AR

2 APgME V54 AL AN FUE AW shtel PPz FARSELe
1R e st wPE PRAELe v SH Bt RAbHAC =@, 7154 3
2ol A% PN A9 nAHY PRI A2 AFY w2W3/E AL, $9stn
TS AR, V5 BALANTY YAFAALS A A2ARE AN AT

bell 4] B2lste] Hold @Bl e Ad oz ld S| FAT Bacillus cereus
ASK202E A}g3te] O wiH e 2 RE FAE AAT £

Wk dERde  Millipore Co.(Massachusetts, USA)9| 39| o] 7 7X](PREP [/ ScaleTM -TFF
catridge, 30 kDa)S o]85lo] REAAsPOn, Ry HARAEALE 10mM MOPS
AZ8 A (3-(N-Morpholino)propanesulfonic acid, pH 7.0)2.2 F43le FAHAZE P3Th

£
F BANEY FEAE FALYTLFS AN AF SARHE2 D] ALE3

AL A A AL e HA2ERS] Na-alginate, chitosan (Sigma Chemical Co., USA),
A T B AQl PVA(polyvinylalcohol, Sigma Chemical Co., USA)E A}8-3le) Zbz} vl= e
o) 1AY BT AzNAT.

Na-Alginate : 3 %(w/v) Na-alginate &< 5 mlo] agarase£<} 5 ml (1 unit)E H7}std &

& A F, o] EFAL 1.0 %(w/v) CaCl-&9 100 mldl] syringe(24Gx1")E AF-&3te] A31A]
A 143 M=E AT A2E 233 E4E 280nmo| A FFEr} 00] E Wj7bx] AlH
shof 4T HBAN AP A§3ATHFg 26).
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Fig. 25. Process for the producing agaro oligosaccharides
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Chitosan : Chitosan 0.3 g& 0.5 %(w/v) glutamic acid, 10 mlo] Wi &3] A%l ¥, agarase
£ 5 ml(l unit)$} £33 & o]E 2N NaOHe| 2 a}ste] 3143} agaraseE A2 ch
PVA : MOPS buffer 5 mioll PVA 0.6 g& #H7}sle] 719, WZHA7] &, agarase &9 5 mi(1
unit) & EFSAT EFEAS HAFHAYLE FE I 2 mm)d ¥of 20TAM 24
Tha, 2423 Zofl iAo, 527 5H8S AA vEg T 143} agaraseE A|E
slelh o2 AW =Arlz Avsiel B Ao AL

th 248} v=9 AV Ax

1A wEg gogd argz Az $ste] Fig 279 e FAE ARSI
Na-alginate®} ZFA RN T3elS peristaltic pumpE o] &3lo] AzE 1A} YR
ZEANIEA ZHOZRE 05 - 40 kgf/em® - G H S B/ g3 wME £xg INE
FEAH22ZM Needle EX2o W22 FAH8 AXA <} Gxo EFHS FAANESAA
CaCl, &0 AT olme] FAEE v Zrle TF 2% wudes, 48
50 7§¢] Hl=E F23}o] Vernier caliper(Fowler, China)el] ¢&] BF A4S =330

ot 233t AAA Y A 2 HHs%

st ase] A E AT AAAY HA oiME dFEAHez diE o&HA A=
Na-alginate, chitosan, PVAE W oz HESHH A& 98 F5¢ Na-alginate(1.0,
2.0, 3.0, 40 %), chitosan(L5, 2.0, 25, 3.0 %), PVA(S, 10, 12, 14%)E o]&at] 2 Hl= 3}
Y AAE Az F, A7 13 a4 MR AdEL 848 BAMIAY O A,
BEZE Yehl A gstoy ondd ZAspE R ¥ Na-alginate, chitosan, PVAE 2z} 3,
25,12 %8l sEelA A% we AuEs: $4E FAFAG. FH, 7 ANAY AABE
Ax g3 Ao %"* S vl - AEZ Ay, 3 %(w/v) Na-alginateE A XA Z o] &3H S
o] Tt AAAEG & i B4 Yepd S o § AATHFig 28). wHebA, o] F A
e 3 %b(w/v) Na—algmate% o] &3l A3} FAHE=E A ZFHT
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Fig. 26. Schematic diagram of a process for calcium-alginate bead preparation
1, Enzyme solution; 2, Na-alginate solution; 3, Peristaltic pump; 4, Calcium
chloride solution; 5, Syringe; 6, Washing with distilled buffer; 7, Storage in
buffer solution.

Fig. 27. Schematic diagram of the bead formationsetup with the dropping method.
1, Air outlet; 2, Air flow meter; 3, Syringe; 4, Control cock; 5, Silicon tube ($1 mm)
6, Peristaltic pump; 7, Mixed solution; 8. Air compressor; 9, Gelling solution.

h_75_



120 1 —®— Na-alginate(3%)
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Fig. 28. Comparison of the relative activity of immobilized agarase
on various matrix of Na-alginate, PVA and chitosan. Enzyme

reaction was carried out in 0.1 %(w/v) agar and 10 mM MOPS
buffer, pH 7.0 at 40 C.
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06 mme] H=g Azt HJou, e Frides Astd 7R Aol FAHA @1 &
A H4A AEHAo R AP Algstrlde 2R Ao FAHUT W, o
22 AA o Ax® nY3} B NEE o|R3le, TUF W ZAS M A
3 AREE A THFig. 30). 1 A, A AL vz AV Z85E i

HFom, H=9 A7} 4 2208 mm) H$o) AFEo) A =L How Vehgrh 1y

o
o]

=]
-1
A= F 7ol RAATE FAsdn Bep, ABEL Th AW Foze 1
el

A W71 7, &4 58 1yt olF HHdrME 24 mm
‘] =]

1

32 gith uleba, Na-alginate &%
31). Na-alginate®] &7} Z7}3o] oig} Bl=o
H

-
rir
)
A
i_:“
o,
Hir
flo
i)
ox,
lo
fru
ro
o
2
4
ok
o
=
i
N
oftt
oX,
i
>
52
20,
bl
=
oo
o
12
of¥
2
X
f
El

ol s Al B)EE ARE dedth 39, 2 TR nse) 2 PE
o AFES Wil - PEF AW, AT JoIAE thr B FLe ngoy
N Mg we A Z2BAGS Y. meA, nEse 7

st
olF o HFE 3 %(w/v)sE2 Na-alginateZ o] 843 wA3 G4 v=

_77__



Bead diameter (inm)

Conversion rate (%)

3.0

25

2.0

0.0 ¥———-

I SO

0 1 2 3 4 5
Air pressure ( kgf/ cm? G)
Fig.29. Effect of air pressure on the bead size.

The formation condition was carried out in 3%(w/v) Na-
alginate and 1% (w/v) CaCl, at4C.
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Fig. 30. Effect of bead sizes on the conversion rate of
immobilized agarases. Conversion rate was measured
at 40 C for 40min in 1% (w/v) agar substrate containing
10mM MOPS buffer, pH 7.0.

,_78_



Jelly Strength (g cm)

—&— Strength

1200 | —O— Relative activity (%)
- 100
1000
-8 &£
800 | 2
2
60 3
600 | | 3
o
2
400 | 140 3
=4
200 + - 20
O i T 1 1 ‘J 0
0 i 2 3 4 5
Na-alginate concentration (%, w/v)
Fig. 31. Effect of matrix concentrations on jelly
strength and enzyme activity. The used bead was
formed in 1%(w/v) CaCl, and 10mM MOPS bufter,
pH7.0at4 C.
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Fig. 32. Effect of CaCl, concentrations on jelly strength.

The used bead was formed in 3%(w/v) Na-alginate and
10mM MOPS bufter, pH 7.0 at 4 C.
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—O— Immobilized enzyme
~—®— Free enzyme
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Fig. 33. Effect of temperature on the free and immobitized
agarase activity.

Enzyme reaction solution in 10mM MOPS buffer, pH 7.0,
was incubated for 30min at various temperatures.
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100 | .
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2
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Fig. 34. Effect of pH on the free and immobilized
agarase activity.

Free and immobilized agarase was incubated at 4 C
for 24h in 10mM MOPS buffer, A fter incubation,
enzyme reaction was carried out at 40 C for 30min
and then the relative activity was measured.
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Production of reducing sugar (A, )

2.0 | —®— Free enzyme
—O— Immobilized enzyme

1.6 I

1.2 1

08 F

0.4 ’-

0.0 N S 1 1 1

0 2 4 6 8 10

Time (h)

Fig. 35. Comparison of the reducing sugar production
between free enzyme and immobilized agarase.

Enzyme reaction was carried out in 10mM MOPS buffer,
pH 7.0 and 0.1%(w/v) agar at 40 C.
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Agarooligosaccharides (mg/ml)

10

Time (h)

Fig. 36. Production of agarooligosaccharides under

the optimal reaction condition in a batch reactor.

Enzyme reaction was carried out at 40 C in 0.1%(w/v)
agar and 10mM MOPS buffer, pH 7.0.

Symbols:® |, Total agarooligosaccharides; B DP4(agaro
tetraose); O , DP 2(agarobiose); [, Agar
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Fig.37. Lineweaver-Burk plot for determining K
and Vimax 0f the free and immobilized agarase.
Simbols: @, Free agarase; (O, immobilized agarase
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Fig. 38. Schematic diagram of the Packed-Bed Reactor.
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Table 19. The effect of reactor sizes for the continuous production of

agarooligosaccharides.

Reactor size

(H/D, cm) Bed volume He{ght—to— Productivity#
’ diameter
, (ml) : (mg/h)

Height Diameter ratio
14.0 1.0 14.0 18.1

7.0 1.4 5.0 16.1

11.0
4.8 1.7 2.8 12.1
3.2 2.1 1.5 7.3

* The reaction condition was 24ml/h, 40°C, 2unit immobilized enzyme.
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Fig. 39. Effect of flow rate and substrate concentration on
the continuous production of agarooligosaccharides.

@, 1 g/ agar substrate; O, 2 g/l agar substrate.

The reaction was performed with 10mM MOPS buffer
pH 7.0 at 40 C.

1.0 : —

0.0 1 L 1 L ‘ L 1 I R
0 10 20 30 40 50 60 70 80

Operation time (h)

Fig. 40. Continuous production of the immobilized agarase.
The reactor was operated at flow rate of 24 mi/hr at 40 C using
1g/L agar solution.

~_89_



(HPLO)E o] &3l B3k d3}2 Fig. 429 et} Agarobiose, agarotetraose, “12]3l,
agarohexaose7} A4tEH 1 9] T2 RS ASHA Fpornz B HAPdA AHES 1233

4 SN d&H oz AtEe AR £E T2 FHLYNTYE FUsA

AL W AIZbe] e A4 g e sEe] £4vs)
A&How ANE @VLYNYL AEz

HRREAN, FAHSIe] Fig 43.9] Jep Ao
WHSFol AaEE gEluge F2 DPA%olglam DP6R, DP2Rk AAHRoM whEA]

7 100743 DP4, 6, 2% £02 JFF AP & 5 AUk 1Bh o] FolE DP2R] AE
A ghgkedl ol Wl B Ead wfo] thi gad AR Alrseluh

FHLYNFE HFHNEY] 9T 712HA F22ZA PBR 7S tFoz dA&2) F
Z ddste] YusE WEY ¥ v PEF AHE Table 209 ehiQh 247129
FTHFS A be FHguG PAFe nuy fAk FERelqont, e
9d nYREL AWV E AHEIAS W BTk 71EFFE 48 mi/h(D : 436 h)AA
230 7k S7Fe 417 mg/hel @A Tl AEE AAFAL, ol Aelsfe] PBR
FAHE WY AFE SRR B 71 FRFE IO dRLge
Aol A Fgd Aog AmEE dxolt.

9. IFE/A AHES AT FA 7149 s

A oz 14 e SANA Sade wEe T A, FH A F4eH
HEE 59 FAL AL, LFE HeES A Fo Yo /HE E BAFoR A
A 04 %olde] 71A FEAME W71 AW B Agst AYFAYL FidAs] 5o 2

i
| dojves dxAd 84 WA
&

L.
I
it
‘:o{t
oo
iz
olo
2
X
rlr
(i
n
N
i}
2
&
Ot:O i
(o]

IFF AWM 121TC, 127

3 & 1
T, Aeo® AR Qe A A FANIL, o

2 @
2 24 F5H, oS BEWE Ake WA & Yong A7d 24T i W
Z£

_90._



e e e wide
ABCT 2 3 45 ¢
Fig. 41. TLC analysis of enzymatic hydrolytes from agar.
A, agarobiose; B, agarotetraose; C, neoagarohexaose; 1, 2h;
2, 4h; 3, 8h; 4, 12h; 5, 16h; 6, 20h reaction. Operating condition
were performed with an initial agar substrate concentration of

1 g/l at 40C and 10mM MOPS buffer, pH 7.0.

Lok

Fig. 42. HPLC pattern of the agarooligosaccharides produced by
the enzymatic hydrolysis of agar. A, DP6; B, DP 4; C, DP 2; DPs

refer to degrees of polymerization of the products.
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Fig. 43. Sugar composition of the agarooligosaccharides
produced by Packed-Bed Reactor using immobilized
agarase. Flow rate 24 ml/h, 0.1%(w/v) agar, 10mM MOPS
buffer pH 7.0 at 40 C.

_92_



Table 20 Effect of multi Pack-Bed Reactor setup on production of agarooligosaccharides.

12 0.881 1.09 10.6
24 0.879 218 211
36 0.858 3.27 30.9
48 0.868 4.36 417
60 0.696 5.45 41.8

_93_



. g8} dhdgel w50 WE 9F

20 %(w/v) FHog Axd AP FHL 72+ FHED, 3, 5 10, 15, 20, 25 g/100mh2
Jb5le] ShRBE A B s e HArbEe] Skt vl ste,
AR e FdBFe HEFgeg Frkstgd oy, 20g o H Ade Aol A visd
7ol YEhtth oF 15 g/100ml (15 %) 43t AL A4S ot 4 zd02 Jeggd
(Fig, 45).

=

&

iz
olo
>
o)
2
N
i,
i
>
oo

. 84 50 4E 9%
Azw dAzke] ksl FHH(15 g/100ml)o)] thete] ME & w29 FHRHNE4(01, 05
, 2,3, 5,10, 20 units)$} ¥F3AA 7|AF 49 HHu &S 2AMIATH

I A, Artee AR aas v Fvtd vEste AgHe @dTEFe SUHEHN LA
HES 20A12F o)l 2 unit o]} EAE HUbsW, 1 *34}%94 F7F A FEHAA de
o7 YeEigt. 822 15 %9 71dd 2 unite] a4 5
9] SHLEuFo] MaEo] AFLo] 80 %2 WS FHAS] WL AFHES ?i% g AU (Fig.

MBS uh2 3 2 v} 718 9 (Thin-Layer Chromatography)

ol-&3te] EAFHTE AHE LYuIy XFE FHEYIY R ¢S vy 2y, whe
olte] gElage] AHHAeU, 543 B
% Aoz vehsthFig. 47).

3 = ¢43 ‘Hﬁ:% T 019511:} o] WHL AAAA}
AAAA BAsA EE F F ed ArEE 489 FE FHANAE SolsH
god 2702 VHe] FRE FY & dvhe ARl Atk HSe] I EAE HIHAT)
A g3 w@wed] HE T I AANE B URiez wIAZl AR A &

AA Bxe HAge H7hskA Geolw "Hube & Aol A 4, vk ¥ AdHe
G2 FAS I AA S ¥ 3785 g/LoEM y|EWR] o AF 225
g/Luth oF 168W F7HES SQlstgthTable 21). o|¢tzo] g AL stste] AY43A
o ARgFre N 7€ TS AT FHeA NEAZ] MHETGE § & FE A
712e A Thesiilen Ao AT A Fo) e uiE, Aste] EAMHE AT
2 e Foiel A olupAgezA A At T R A 1998 F dd= 2%

£ 2499

_94_



&t

=sx

(CHE &)

il

]

(20%(w/v), 121C, 1.2atm)

3

[

(T2l

olt

[

=2
[=]

ol
&)
)
0
M~

Gl
Al

0l
ol
)
I
10

o0

T~
w1 o0

EE
I

3

+ di
, BAI2¢

S
4cC

e

Fig. 44. Schematic diagram of the cubic agar formation process with high concentrated agar gel

A95_



—®— 1g hexahedra agar gel
—| —O— 3g hexahedra agar gel
24 |} —»— 5g hexahedra agar gel
—— 10g hexahedra agar ge!
—&— 15g hexahedra agar gel
20 | —0O— 20g hexahedra agar ge!l
—&— 25g hexahedra agar gel

Reducing sugar(umol/ml)

0 Y I 2
1 3 5 7
Time(hr)

Fig. 45. Effect of substrate amount on the agarooligosaccharides
production under 20%(w/v) hexahedra agar as substrate,
40°C, 10mM MOPS buffer, pH 7.0, 50mlL
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Fig. 46. Effect of enzyme concentrations on the agarooligosaccharides
production under 20%(w/v) hexahedra agar as substrate, 40C,
10mM MOPS buffer, pH 7.0.
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Fig. 47. TLC analysis of enzymatic hydrolytes from hexahedra agar
A, Neoagrobiose; B, Neoagarotetraose; C, Neo-agarohexaose;

1, 1 hr reaction; 2, 2 hr reaction; 3, 5 hr reaction
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(#h 719 e Hggude) A=z
gAY TESA] 7FEM e ®, hot plateZ o] 23 wE/IEW 3} microwave oven e
&, 245-GHz microwaves, 700W)S ©|&3t microwave irradiation methodZ z}z} A A8}

of FHEHYnT HHEE vlms o



. ddeeagde 34
(1) 52ax49 93 vy
ozl e A bR WS ES XM, 2, 5, 7, 10%)2 FH]ste] 300 mg A &-7]

79 § $4dzs0 BALAnY 2L 35

e

@ AZagAzd 9@ B

oAatE e AR WEES 75~80T=E2  FAAZ FEFZ(EYELA  SB-650,

Tokyo Rikakikai Co. Ltd., Japan)®} 3SAAFFW7|(EYELA, Tokyo Rikakikai Co. Ltd,

Japan), aspirator(EYELA A-33, Tokyo Rikakikai Co. Ltd., Japan)& o|&3}ld g F35

AT ol3E BuE st deEe] EFAIA stirringsHA 24AHES AHE F

045 im Teflon membrane filter(Gelman Sciences, Inc)& oJFHA|F 3, o]AE 80CE A
# dry oven WA 1hget AXAIA FHLnd BLS 35340

AT WS Wele v o] FREHel Yonz, duHez of

A% F5D 20 BE PAES AANREE Hgo] D5t Tt FaIE A
G JE1) A el obd AR A58 713

gebi, B AFANE e ANA ¢n FAAE D ATUPARE ©

A A A

b

35
_g{_f,
£
PN
.
fijo

7h TLCOl o)t 74

AdE dHdEelagde FALE BN &3 ZviEd9(Thin layer chromatography,
TLC) 4oz 1At TLC # A& silica gel 60 F254 glass plate(Merck Co., German)
E AMHo g AMEEg 3, H/fEwlEE n-butanol, acetic acid, waterE 1.8:1:19] ®l(v/v)Z
E3st AL AHgstgch stdgday 892 AMAZl ARHE ethanold sulfuric acidE
1153082 E33 HEA G R ﬂaﬁ'_ Z, 110CAA 15870 d2AA D] AES
A5t

t}. NMRoJ 2|3 #4

AR dHeduFe] FXE EA43517] 98t NMR (nuclear magnetization resonance)
AP S P, A7 50 mge DO £3)A)74 NMR sample tube (5x178mm, ARMAR)¢j
He %, 400 Mg FT-NMR Spectrometer (FEOL, Japan)E o]8-3 "H-NMR —rj,% E3lo
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th. HPLCo 9|3t £4
Add FHEYnFe AHFEALS  Aminex HPX-42A  (78mmx300mm, Biorad, Co.,
USA) columne] &g HPLC(High Performance Liquid Chromatography; Pharmacia,
LKB, Sweden)& ©]&3tH 2w, o] w ALR¥ detectory RI-4(Refractive Index, HP 1047A,
Germany) it} ©] o column &5+ 80CE &4, o]TAoTE 242 Zas (18megaohm
cem)E AHESIAR, 42 08ml/mino 2 st} B3 FHgE T B

TA O 2= galactose, agarobiose, agarotetraose, agarohexaose(Sigma Co., USA)S A}&-3}4ith.

FRLR F, 7108 L W38 F9 AYFE Phenolsulfuric acid o) 93] =
Ao & AE 89 02 WE test tubeo] 3t 5 %(v/v) phenol €< 02 WE H7}3h
mE koo Htste = xa MEgwreS AYPA T AA e

oA A £, 490nmell A FFEE AT F, I fdo=z F

u. g4 F 54
FHFFES F, 71889 2 whegol Fo] AUPF L Somogyi-Nelson Holl ofs) =73}
At 7 AR &9S 02

103 7tgstal, 2% EoA 583k YzhA AT o H*%Q‘J ol Nelson /\l 0
of E3A17) the, eppendorf tubed] ztzb &AM 287F YA EE)A)A 510nm0ﬂ/‘1 5%
EE SAT ¥, galactose §H0 2 % AFF A3 viaste FYFHS AMsA

ox
N
>
nd
0=
oL
ME,
iih
&
2
k=)
L)
i)
(o0}

7t NFARTHL o 3 A%
500 me levelo]q AAG 23 ZAFRIYOREH e ANE Bz RIYNTIES

24 1% o} (Fig. 51).
U A8 dHgende) A

@
HFALZA ofs) AdE FHLYuF TR BAE & AWM wArAE

A3

g

TLC ¥ HPLC #
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1. Preparation of substrates (agar 10% (w/v))
2. 1
3. Solution of substrates by heating {15min in microwave oven)
4. |
5. Addition of acetic acid (1.5N)
6. |
7. Hydrolysis
8. (Stir—heating: 3h, Microwave irradiation: 70min)
9. |
10.Filtration
11. ]
12.Separation of agarooligosaccharides
13.(Freezed drying method, Vacuum drying method)
14.]

15.Powder of agarooligosaccharides

Fig. 50. Producing process of agarooligosaccharides using acetic acid hydrolysis
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7. AL uFo FJHIA g

FHEYnTY FFFHE SHs] YA AHEE WYY FF2E Bacillus  cereus
(KCTC 1012), Listeria monocytogens (KCTC 3710), Staphylococcus aureus (ATCC 12595), Salmo
-nella typhimurium (KCTC 1925) & 25% 9 A3FWa)gF 4%7 FX| T Streptococcus mutans
(KCTC 3065) 59] & 5%o0]t}.

@ AW & AT

FALANTY FUFEAT WG FABHL AN A9 AgE @RI
Bifidobacterium infantis (KCTC 3127), Bifidobacterium bifidium (KCTC 3440), Lactobacillus acido
-philus (KCTC 3145), Lactobacillus delbrueckil subsp. bulgaricus (KCTC 3635) & 4% o]t}

. #5e] WFSA

(1) BAR FF) WA D wjuy

B TFe TR wt AL Wi A FFs 7 24 g 2. Bacillus
cereus(KCTC  1012), Salmonella typhimurium (KCTC1925)2] 7-¢- TSB (Tryptic Soy Broth),
Staphylococcus  aureus (ATCC 12595)¢] 749 Micrococcus Medium, Listeria monocytogens
(KCTC3710), Streptococcus mutans (KCTC3065)¢] -9~ BHIA (Brain Heart Infusion Agarn)E
ARESEAT 2851, A6 AM-E 2E 394 TFE, 10 ml test tubed] 4 md A B 1
2 A Fskal 37 C, 180 rpmoll A 18~24x17F Zeujekst oL, 100 m¢ Az ZetA~= e 20
me HA Aol Aujdd 1 %(v/v)E 23 HEE T 37 T, 180 rpm&] ZZ 0 Z shaking
incubator Wolj A 18~24 AJ7}F =z elu) <k} 4}

o9 AW 8 Al wgxa

(1) w Fup A

W 8 AT FH wel AsE W wixe FR9 1 A4S ged 2o
Bifidobacterium infantis (KCTC 3127)9] 7% Bifidobacterium Medium, Bifidobacterium bifidium
(KCTC 3440), Lactobacillus acidophilus (KCTC3145), Lactobacillus delbrueckil subsp. bulgaricus
(KCTC 3635)9] 74-9- Lactobacilli MRS BrothE& A}-8-3}c}.

(2) viFiy

Ao AHE REE A 48 ATe, KCTCERE Rgwre #3290 Ba-S 100 p A+
STk 20 me AA iR 12} HEF&ka 37C, 180 rpmollA] 24~48A17F A Ehu] okt T,
100 me 2zt EFohza Ul 20 me AA A o] AuigN 1 b(v/v)E 23 HE
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180 rpm<] Z7A 0 & shaking incubator Wjo| 4 24~48A)7F A ekl k3t AT

% FABHY 299

MA@l Wy edgeintel gFAe 24y 93| semisolid agarS ol8F agar
diffusion H& A&tk 4 39 wjkdo]l 630nmolx FF= oF 027} HAS w, test
tube Woll 40~45C=2 FAAZ] 4 m2] semisolid agar(¥] X brothell agar 0.3 %(w/v) 7'97})
#iZlel 0.5 %(v/v) AEeS FATAFIuA ) =LAt o7l FHEHRT §YL
=(04, 0.7, 1.0, 3.0, 5.0 %(w/v)Z FFAlZ] paper disk(8 mm, Advantec Toyo, Japan)& 7{
g F, 37CAAM 2447F vkt At 24417 & AAEE FFsFon, HExToeEe 9T
T2 (04, 07, 1.0, 3.0, 5.0 %(w/v)) 28 88 AL}

BAEART B FhT) AT FABAE SAS Ao, A AT 24 AFAd @
AL 1P $EH(02, 05 1.0, 20, 3.0, 4.0, 5.0 %(w/v)E H7}std vl T 630nmol| A
FYEE 295 FALUNTL YA 2o da2TH Y= vwstac
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NF-1
FILTER

i)

h NDR-}
DRYER
é
- g
—J '
T0
; BIOLOGICAL
NR-1 NT-1 NEV-1 NP-2 TREATMENT
REACTOR ION EXCHANGER EVAPORATOR cz—:mmrug,\b
PUM
NP-1 NT-1 NT-2 NTR-1
“EC'PRP%CB?J'NG RECEIVER WATER TANK CRYSTALYZER

Fig. 51. The process of mass production.
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A3d A 2 aF

1. Ao FHol & AL ndo Ax

7h A%t Zh syl 9% Ax
okxboll 93 R AP dojA AL AL 1.0 N9 Fakn dat g4 7

Az A AHFE &4 1 %(w/v)E ZH2F #7bste 1A 7 B¢ 100T A wgk7Este] 78
e AT &, Lo FFAE TLCE o] &3t &4 O}Oiq(Flg 52). ¥ 7§ EF e &
Golo] Mzo] AstA AP on, TLC ¥4 Az Fglo| LEHE 2, 4, 6TF°] A

el 28 1 ok *3*45421%:% 2
A 9g AxHYAN Pt

sl
AJ . dFoly FAEo] g AHHA

£ 4 =2
A g Azr ZeiEo &jugd AF

e Aase A
02 JEstuA T 3

o

. ok ARyl 9 A=

Z2 F% 01, 1.0, 50N &9 2zt 05, 1.0 %(w/v)e] 34 71AS H71ste] 100CAA =
W7 st A ZheRsiAZ o A1ZFE (10, 20, 30, 40, 50min, 1, 2, 3, 4h)& sampling$t ¥ TLC

Z o] g3l A5 T(Fig. 53, 54). T FEE 05%w/v)Z 1A sA ¥heA17]14E, 0.1 N9
749 WS 3A1ZF o] RE ML IF(2, 4, 69 Rf=056, 0.44, 0.31)o] AAEAZ, 1.0 N9
74 wkg 508 o|ZRE L1, 4, 69; Rf=0.56, 0.44, 0.31)c] FA UM, 50 N2
73 408 o]FHE HHLFIFQ, 4, 63; Ri=056, 0.44, 0.31)0] FAE L} 6k-3 3A)7F o]t
A BAE(Rf 0.78)0] AES AT 5 Utk FH FEE 1.0 %(w/v)o.F 1A uH-E
AI71E 01 N9 739 9§ 3X7 o] 3R E P (2 4 69 Rf=056, 0.44, 0.31)o] A
93, 1.0 N9 A9 uh2 2417k o] FHE FALa] 132, 4, 6% R=056, 0.44, 0.31)0] A
HA ot 3t o] o= FAFEC] AAHACH, 5.0 No| 5 40% o]FRE FHLUT

(2, 4, 6F; Ri=056, 0.4, 031)0] WA=} uhg 247t o] abel 4] BAME(RE 0.78)0] Thar A

Fig. 552 FHAREL, AAH@A, G4, P& o o8 7A5Ea8 dagange 4
Aobg W golth opel Xt 9@ ASEayel o3 Yaw FALYRY
£ 2y aad oo 4N FRLHRYH A9 1% HHY LYNIAL FH9
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3. 24& o] 8¢ dFLHnFY HAYMNxA JE

7t HA 718 sx9 44

Fig. 56 24 ¥52 10 N2 2431, 7128 38S S92 4, 6, 8, 10, 15 %(w/v)2
H7rste ZhEs] Al71EA AIZFE(1~4h)E samplingdle] TLCE S AA)g diol). A4k
Fe HAWZE 59 F de HAdA HF VA =E dFstde, 15 %9 % -5-(Fig. 55F) A
91 '"i—ﬁﬂﬂ QX] Fobal FARER O #Aste S U & AN B=F 10 % oY &

F71d Fag 83k %ein dHE v mole AAE ©ANA
= 25}7417} lol, HH 71z £ 10 % (w/v) (Fig. 56E)& ZAA3tYrt

oA 23 v 24

Fig. 57& 7]1”Ql 39 FEE 10 %(w/v)o. 2 1Ay, 4SS F5ER(05 10, 15 3.0,
50 N)2 H71g & Zlsaliste] TLC 248 AA18 Z2F°lth 50 N & sxdMs vF &
& EATE dojut B ThrEdl woh oA R Sl 9es It He AL @
28 $ Ygder 15 N3t 3.0 N9 A% H£g BfPes ngenz, FA4HS 1esh
15 N2 ZAsc}

9. 7t el o2 dH & nde] Ay v

Hot plateo] <]3F mut7}9H g vlola gy APH-E o]&dte FHHS &A1, AL
aFe A AeE AuE 2, beiRs F Y Y EE nud o

AS A7 B9, wwk 7FERUS 4AZL mlolaR g ZAPEE 70RC] ZEle ALw JEgH
(Fig. 58). mjola &3} FAMH S o] & i ] o
ol X AQdx, 22 A g Ee oyt &oldnt o|HY mlelazs x

e vl 7 B3fsol Hold AE & & doy, FAATAHA &Y A5l volaz
3 2APEE Aoy Ve A ddEVsett ddE o] o3 AL

< 7hete wRbER S AR

[U?L'
o
—o
=
olo
2
N
2
i
A
"
)
=
olo
ol

2. 713 AAD] {57 %E v

AR ARSE e i A 24X s SRS S8 Tl 233 AFshe A

ANG A4l A e AS, NHEESE TLC 242 vwstglthFig. 59). FHL U

e FE2FAN F2T qPFolnz Lo FFol v woh FHS = 233 A A3

AAE MRS A9 o2 G488 134 AAL 5 Jdow, 7heddodan d4d
KR

A~
T
g F eSS AAAE & A} =T AL vhERsiyg AAZ
o)
2R

ﬂllﬂl
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Fig. 52. TLC analysis of acetic acid hydrolysates from agar using strong acids.
1: Galactose; 2: Biose; 3: Tetraose; 4: Hexaose; A: Hydrolysates from

sulfuric acid (1.0N) hydrolysis of agar, B: Hydrolysates from hydrochloric

acid (1.0N) hydrolysis of agar

23X 48

Fig. 53. TLC analysis of acetic acid (0.1, 1.0, 5.0 N) hydrolysates from agar (0.5 %(w/v)).

(A) Hydrolysates from 0.1 N acetic acid hydrolysis of 0.5 %(w/v) agar G: Galactose (R¢ = 0.54);

1: 10, 2: 20, 3: 30, 4: 40, 5: 50 min; 6: 1, 7: 2, 8 3, 9: 4 hr (B) Hydrolysates from 1.0N acetic acid
hydrolysis of 0.5%(w/v) agar G: Galactose (R¢ = 0.54); 1: 10, 2: 30, 3: 40, 4 50min; 5: 1, 6: 2, 7: 3,
8: 4hr (C) Hydrolysates from 5.0 N acetic acid hydrolysis of 0.5 %(w/v) agar G: Galactose (R; =
0.54); 1: 10, 2: 20, 3: 30, 4: 40, 5: 50min, 6: 1, 7: 2, 8 3, 9:4hr
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Fig. 54. TLC analysis of acetic acid (0.1, 1.0, 5.0 N) hydrolysates from agar(1.0 %(w/v).

(A) Hydrolysates from 0.1 N acetic acid hydrolysis of 1.0 %(w/v) agar G: Galactose Re =

0.54); 1: 20, 2: 30, 3: 40, 4: 50 min; 5: 1, 6: 2, 7: 3, 8 4hr (B) from 1.0 N acetic acid hydrolysis
of 1.0 %(w/v) agar G: Galactose (Rf = 0.54); 1: 10, 2: 30, 3: 40, 4 50 min; 5: 1, 6: 2, 7: 3, 8: 4hr
(O Hydrolysates from 5.0 N acetic acid hydrolysis of 1.0 %(w/v) agar G: Galactose (Rf = 0.54);
1: 10, 2: 20, 3: 30, 4: 40, 5: 50min; 6: 1, 7: 2, 8 3, 9: 4hr

Liag &
1 [+ e sl H*gean
§lenars & M- et
* L0l 4 Ml das e nenu
-+ ﬁ%”gﬁg 1 % . B g{“‘ﬂ-ﬁ
o i
l2 54D

Fig. 55. Comparison of TLC analysis of strong acids hydrolysates, enzymatic hydrolysates
and acetic acid hydrolysates from agar. 1: Galactose; 2: Biose; 3: Tetraose; 4: Hexose;

A: Hydrolysates from sulfuric acid (1.0 N) hydrolysis of agar B: Hydrolysates from
hydrochloric acid (1.0 N) hydrolysis of agar C: Hydrolysates from enzymatic hydrolysis
of agar D: Hydrolysates from acetic acid (1.5 N) hydrolysis of agar
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Fig. 56. TLC analysis of acetic acid (1.0N) hydrolysates from agar (2.0, 4.0, 6.0, 8.0, 10.0,
15.0% (w/v)) at several reaction times. (A) Agar 2.0% (w/v) (G: Galactose; 1: 1.5hr; 2: 2.0hr
3: 25hr, 4: 3.0hr; 5: 3.5hr; 6: 4.0hr) (B) Agar 4.0% (w/v) (G: Galactose; 1: 1.0hr; 2: 2.0hr;

3: 2.5hr) (C) Agar 6.0% (w/v) (G: Galactose; 1: 1.0hr; 2: 1.5hr; 3: 2.0hr, 4: 2.5hr; 5: 3.0hr;

6: 3.5hr; 7: 4.0hr) (D)Agar 8.0% (w/v) (G: Galactose; 1: 1.0hr, 2: 2.0hr; 3: 2.5hr; 4: 3.0hr ;

5: 3.5hr) (E) Agar 10% (w/v) (G: Galactose; 1: 1.5hr; 2: 2.0hr; 3: 2.5hr, 4: 3.0hr; 5: 3.5hr)

(F) Agar 15% (w/v) (G: Galactose; 1: Biose (R=0.43); 2: Tetraose (R=0.23) 3: Hexaose
(R=0.12); 4: 1.5hr, 5: 5.0hr, 6: 25hr 7: 3.0hr; 8 3.5hr)
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Fig. 57. TLC analysis of acetic acid (0.5, 1.0, 1.5, 3.0, 5.0 N) hydrolysates from
agar 10.0 % (w/v)) at several reaction times. 1. Galactose (R=0.39); 2: Biose
(R=0.43); 3: Tetraose (R=0.23); 4: Hexaose (R=0.12); A: 0.5 N acetic acid;

B: 1.0 N acetic acid; C: 1.5 N acetic acid; D: 3.0 N acetic acid; E: 5.0 acetic acid

- — i%?m Bsz
- RED

Fig. 58. Comparison of TLC analysis of acetic acid (1.5 N) hydrolysates from agar.
A: Biose (Rf=0.50); B: Tetraose (Rf=0.33); C: Hexaose (Rf=0.22); D: Hydrolysates

using microwave irradiation method (80min); E: Hydrolysates using stir-heation
method (3.5hr)
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Fig. 59. Comparison of TLC analysis of acetic acid hydrolysates from washed agar
{A) and non-washed agar (B) (agar 10.0% (w/v), acetic acid 1.0N, reaction times:
15, 2.0, 25, 3.0, 35hr).
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4. A udol Fu Aol viX= 9% I

E
oF
e
ox
-
-iN

1T FABHNE =387 980 Bacillus cereus (KCTC 1012), Listeria monocy
-togens (KCTC 3710), Staphylococcus aureus(ATCC 12595), Salmonella typhimurium (KCTC

1925) 5 AF5 4 EZH|T 4279 =XH Streptococcus mutans (KCTC 3065) 5 & 5% 9]
WY F5E Aesan.

2 Al & Al

FHEANILTY AUfFEAT NS FHNEHYL ZA87] 913k Bifidobacterium  infantis
(KCTC 3127), Bifidobacterium bifidium (KCTC 3440), Lactobacillus acidophilus (KCTC 3145),
Lactobacillus delbrueckil subsp. bulgaricus (KCTC 3635) & F 4% #FE AR H-

U BAA 5o Wz

(1) uf kulj =)

MY FF) FH meb AR MG A FR) 2 A4S Table 23-269 2k
Bacillus  cereus (KCTC 1012), Salmonellatyp himurium (KCTC ‘1925)94 4§ TSB (Tryptic
Soy Broth) (Table 24), Staphylococcus aureus (ATCC 12595)2] A< Micrococcus Medium

(Table 25), Listeria monocytogens (KCTC 3710), Streptococcus mutans (KCTC 3065)e] 7<%
BHIA (Brain Heart Infusion Agar) (Table 26)& A}-2-3}9lt}.

(2) v <FHH

AEol AMSE E WUA TFE, 10 mitest tube W) 4 mAA MR o] 13 HZA)H 37C,
180 rpmofl A 18~24A12F A gujF3 v, 100meArz ZSeb2= o] 20 meo) A u) <)o = uj ok
A1 %v/v)E 22 HEF F 37T, 180 rpme] ZAOF 18~244)7 Aehu) ksl
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Table 23. List of strains and media used for antimicrobial experiments

Strains

Media

Bacillus cereus

KCTC 1012

Salmonella typhimurium

TSA
KCTC 1925

Staphylococcus aureus

ATCC 12595 Micrococcus medium

Listeria monocytogens

KCTC 3710

Streptococcus mutans

BHIA
KCTC 3065

Table 24. Composition of tryptic soy broth (TSB)

Tryptic soy broth

Components (TSB)
Trytone 170 g
Soytone 30 g
Dextrose 25 g
Na(l 50 g
K;HPO, 25 ¢
Distilled water 1.0 L
pH 74

- 130 -



Table 25. Composition of Micrococcus medium

Components Micrococcus medium
Peptone 50 g
Yeast extract 30 g
Beef extract 15 g
Glucose 10 g
Agar 150 g
Distilled water 1.0 L
pH 7.4

Table 26. Composition of brain heart infusion agar (BHIA)

Brain heart infusion agar

Components (BHIA)

Calf brains, Infusion from 200.00 g
Beef heart 250.00 g
Proteose peptone 10.00 g
Dextrose 200 g
NaCl 500 g
Na,HPO, 250 g
Agar 15.00 g
Distilled water 1.00 L

pH 74
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o AU #8& A wIFxd

(1) ¥R Al

Al F& Ao FHA wet AR vt wiAe] FH9 2 242 Table 27299 e}
WAt} Bifidobacterium infantis (KCTC 3127)2] 739~ Bifidobacterium Medium (Table 28), Bif
idobacterium bifidium (KCTC 3440), Lactobacillus acidophilus(KCTC 3145), Lactobacillus delbrue
-ckil subsp. bulgaricus (KCTC 3635)¢] 739~ Lactobacilli MRS Broth (Table 29)E A}-&-3} .

Aol AH4E RE AU 48 AFL, KCTCZRE 2% we 739 2ihe 100423
gtxzo] 20mA AR o 13} HEFSt 37T, 180rpmoll A 24~48A17t Mgl o, 100
Azt Fehas ol 20meA A A AujFy 1%(v/v)E 22 HFYF F 37T, 180rpme} =
A0 24~48A)17v A k) kY o)

o

ek A 3 Aldel] dd I 24 F

ol digt dREHue] FEHE A 943 semisolid agars &% TH
‘?j(agar diffusion method)& A3}t 2+ #F9 wldAo] 630nmolA FF=7F <F 0.
HAE u, test tube Wol 40~45CE #FAA1Z] 4 mle] semisolid agar (7]E¥j=]ol] agar
03 %/ A7 WAl 05 %(v/v) AES] FATADBNAN =RAHCh o B
LY f9& 504, 07, 1.0, 3.0, 50 %w/v)E FFA7 paper disk (8 mm,
Advantec Tokyo, Japan)E AXA]7) 1 37 Col A 24X 7F w3 F, 1 ARXNES SASA
WA T Bacillus cereus (KCTC 1012), Listeria monocytogens (KCTC 3710), Staphylococcus
aureus (ATCC 12595), Streptococcus mutans (KCTC 3065), Salmonella typhimurium (KCTC
1925) & 5% dl3] IHHAHE o] L3 JF&AA HAEFAA= Fig. 609} 2. Bacillus cereus
(KCTC 1012), Streptococcus mutans (KCTC 3065), Salmonella typhimurium (KCTC 1925) &

o taiMe= 07 %9 FHEHLFTE FA7S o AXNE] A7|7F 10~ 12mmz FTEYE
Hyor, 10 % olgeXe AAEY Av|7} 12~28mmoE v & FAEHE BT
Listeria monocytogens (KCTC 3710), Staphylococcus aureus(ATCC 12595) 5 2% disjr=
w2 dEA4e YeEhiAE Fo, 1.0% ojFo &R JUke A9 2 AAEY =
717} 10-13 mmz FEFBA0] 2AFE AT %+ YA 2 @Fo) fF AT P L
Z7 3t} Table 309 Yehy Atk

o
o
23

N
-

7
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Table 27. List of strains, media and sources for useful intestinal bacteria

Strains Media Sources
Bifidobacterium Bifidobacterium from infant
] ] KCTC 3127 . . .
infantis media intestine
Bifidobacterium from adult

. KCTC 3440 R
brfidium intestine
Lactobacillus Lactobacilli from human

cropact KCTC 3145 actopaciti o
acidophilus MRS broth mntestine
Lactobacillus )

. from bulgarian
delbrueckil KCTC 3635
. yoghourt
subsp. bulgaricus

Table 28. Composition of Bifidobacterium medium

Components Bifidobacterium medium
Yeast extract 50 g
Peptone 30 g
Tryptone 15 g
Casitone 10 g
Glucose 200 g
Tween 80 2.0 md
Dilute tomato juice 10 L
pH 6.8
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Table 29. Composition of Lactobacilli MRS broth

Components Lactobacilli MRS broth
Proteose peptone 1000 ¢
Beef extract 10.00 g
Yeast extract 500 g
Dextrose 20.00 g
Sorbitan monooleate complex 1.00 g
Ammonium citrate 200 g
CH;COONa 500 g
MgSOy 010 g
MnSOy 005¢g
Na;HPO4 200 g
Distilled water 1.00 L
pH 6.5
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Fig. 60. Antimicrobial activity of agarooligosaccharides to several pathogens.
A: Bacillus cereus (KCTC 1012); B:Listeriamonocy togens (KCTC 3710);

C: Staphylococcus aureus (ATCC 12595); D: Streptococcus mutans (KCTC
3065); E: Salmonellatyp himurium (KCTC 1925) a: 0.4 % agarooligosaccharides
b: 0.7 % agarooligosaccharides; c: 1.0 % agarooligosaccharides; d: 3.0 %

agarooligosaccharides; e: 5.0 % agarooligosaccharides
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Table 30. Antimicrobial activity of agarooligosaccharides against several pathogens

.

’\ Strain Clear Zone (mm)
B. cereu S. S. L. S.

*A.O. Content(%) ) ° typimurium | mutans | monocytogens | aureus |

0.4 - - - - -

0.7 - - - - -

1.0 12 10 13 - -

3.0 18 16 18 12 11

5.0 23 19 23 15 13

* A.O. : Agarooligosaccharides
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Preparation of substrates (agar 10% (w/v))

l

Solution of substrates by heating (15min in microwave oven)

l
Addition of acetic acid (1.5N)

!
Hydrolysis (Stir-heating: 3h, Microwave irradiation: 70min)

l

Filtration

|

Separation of agarooligosaccharides
(Freezed drying method, Vacuum drying method)
l

Powder of agarooligosaccharides

Fig. 66. Producing process of agarooligosaccharides using acetic acid hydrolysis
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Fig. 67. The reactor for mass-production of agarooligosaccharides from agar
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Preparation of substrates (agar 10 % (w/v))

{

Solution of substrates by heating (15min in microwave oven)
{
Addition of acetic acid (1.5 N)
l
Hydrolysis
(Stir-heating: 3h, Microwave irradiation: 70 min)
l
Filtration
l
Separation of agarooligosaccharides
(Freezed drying method, Vacuum drying method)
l

Powder of agarooligosaccharides
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Fig. 72. Dryer
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AFFAR AP AFSE - WA P71 & EA DAY
A as Bnaag

L ARistol digk ik A8y

32PA%(2003. 8. - 2004. 7) V)& NS FHLe)F A processe] AT Ak process
o A% 4 Hetd FUHE T Jdrh 20043 %= AAH processES A ZE] A|AES A
Abstal AFAQA Huld EUT Aot

(2004*3)
- B AT7AR oAl dAE FA LY A4 918 200L pilot plant A7),
- ARFE I5E /W
- ALY nGo] e iR Fu
- A8 ZIdAI gk 99 53 20049 7€ 199
: 98, Ideamar Co. Ltd¢] Ishihara thZo|Al9} 4% #A&H =9 v},
- Hg g BAA T A
;2004 12€olE AHQAEA L 2 WA GRS X9 wo} 80E / A A 7RO 2HEd
dH] (1 ton pilot plant)E 833 A3 <.
-3 % Adu g2RAY

(20053)
- AR 80E /
- B g ge BuAY

12005 7€l 2008 / @ A F29 pilot plantE F7} dulg A3,

7} TLCE o] 83 e uge] B4

Agar, agarose, neoagarohexaose, neoagarotetraose®2Y-E] Bacillus cereus ASK 2027]— A4kt

B RdEEsd o dHLURTY BAGEES FAAAY (Fig 1). BRAAY 252 &
A 20 unit/mlE 01%(w/v)e z 7|Agole] Hrlated 40CoA 1087+ WAzl &, TLCE
J A, Lelngd A4S FAGAT 2T ANHE LY REFALITF R,
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, FYE 2, FHE 4 283, 235 6 o] 72 HAHES FAstArH(Table 1).

z
&l
rok
i
_VJ‘

3o T Fe) maeh 4N WA A HFH AANEAEENE TR 29 &7
el A4EE HAsPT (Fig 2). W, 13 AF FEE MHNT Y BFEFQ

neoagarobiosew 3|52 ¥ 22 Bacillus cereus ASK2027} A Abs}i= agarase= B-14 ZAFTH
b

it
Ao g Bisis Aoz solxgn)

i} HPLCE o] §8 @i gal o] i
271 TLC &4 AL88 g aifs] YAgEo disted HPLCE ©] &
A (Aminex HPX-42A column; flow rate 0.8 ml/min; ©|BAL &5 57/
HFeAAEEME SEE 49 o] APHALH, 1 Hilx FF al
ol AAHAY (Fig. 3). Webd, TR/E 24692 BaFe e 324, 630, 936 o 18T
olE 2T 1Ze YAHEL ZHZ 74%, 18%, 8% oAUtk E3h, LHONA vERA upel Ho] F
= 2,04, 69 2PnTS AT UE QRS AY HEol HA &Sl wgt FE FAE
Z2E2 §9L ol8% 2N Aol AsTe Hdstdth @Y, AHLATT U
TLC ¥ HPLC #4 AA}2HE 7| Hud agarase®t 71 E5AS HHEI 2y,
Bacillus cereus ASK2027} A§AbsteE EAFE P-agarase -5 F<lsiioh

o2t
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Fig. 1. TLC analysis of enzymatic hydrolysis products from agarose
(1), neoagarohexaose (2) and neoagarotetraose (3). Sample taken at
10 min were analyzed by TLC. Lane a, galactose; b, neoagarobiose;

¢, neoagrotetraose; d, neoagarohexaose represents the standard sugars

- 165 -



Table 1. Comparison of agarooligosaccharides obtained by agarase’

hydrolysis from agar, neoagarooligosaccharides.

Substrate Oligosaccharide Degre?s O.f R{
polymerization

Standard Neoagarohexaose 6 0.27
Neoagarotetraose 4 0.40
Neoagarobiose 2 0.53

Galactose 0.46

A Product 1 0.54
Product 2 0.39

Product 3 0.27

B Product 1 0.54
Product 2 0.40

C Product 1 0.54
Product 2 0.40

® Thin-layer chromatography was perform on glass plates
containing silica gel 60
® Solvent is n-butanol-acetic acid-water (211, v/v/v)

A : agar, B : neoagarohexaose, C : neoagarotetraose

~ 166 -



« #
[

-9
-~
v i
[7%)
N

Fig. 2. TLC analysis of enzymatic hydrolysis products from agarose(1),
neoagarohexaose(2), neoagarotetraose(3), neoagarobiose (4). Sample
taken at 24h were analyzed by TLC. Lane a, galactose; b, neoagarobiose

¢, neoagarotetraose; d, neoagarohexaose represents standard sugars.

- 167 -



e s
A
a
34
£
g
i
o
5
(A) B)
)\ . A
0 5 10 5 10 15 20
Time(min)

Fig. 3. HPLC pattern of the agarooligosaccharides produced by the enzymatic
hydrolysis of agar. DPs refer to degrees of polymerization of the products.
(A), Standard of agarooligosaccharides; (B), Agar hydrolyzates.
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Fig. 4. FT-IR spectrum of neoagarooligosaccharides produced by B-agarase.
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Fig. 5. 'TH-NMR spectrum of agarooligosaccharides produced
by acetic acid hydrolysis(A) and enzymatic hydrolysis(B).
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3.9 FFA ARSE Bsol BF B4 A

A1Ad Ads 2By

1. A5 2 A

71d2A AHEE i (agar-agar)2 () MSC (7 2sla, 2 GA)elA AZwsta,
HABHSY 71dEA AH8E agarose, AAEE FHLIuTFY BHS st AHgd
neoagarobiose, neoagarotetraose, neoagarohexaose, sodium-alginatex= Sigma Chemical
Co.(St. Louis, USA)9] S3AIokS A8l Ra® sjdxd AT Bacillus sp. 53
APT kits ARE3tH A, FA492 (Spectra/por, MWCO: 12,000~14,000, Texas, USA)E A&
dRor, 2 9 AHgE RE AGE EF 3L BASL Aok AHgstdth

FHEH ALY - FAE Y A FE3 zmgviEgdfald $X2 AFLE  Sepharose
CL-6B, Sephadex G-100 ~12]3 Superose 6HR 10/30 7ZA-& Pharmacia Co.(Uppssala,
Sweden)ZH-8 T{JslFon, BExg gxETe Promega Co. (Madison, USA)¢] Mid-range
protein molecular weight markers (MW  97,400~14,400 Da)E A&3l¥ct H& 039
e g el A= Millipore Co.o A& (Massachusetts, USA)S AF&3l3a, o]
o] FEjehe ExpEF A (molecular weight cut-offf MWCO) 7} Z+zh 10,000 183
30,000Da2] A& AR&stT).

HPLCH X 24+ Bio-Rad Co. (Richmond, USA)¢] Aminex HPX-42A carbohydrate
column(300x7.8 mm)e] ¥ Pharmacia Co.(Uppssala, Sweden)?] LBK-LCC 2252 =
<, FEHE FE7IRI detector)Z &= Hewlett Packed A}e] HP1047A %29, 18]3l integra
-tor= Pharmacia Co.9] LKB 2221 integratorE z}z} A}-&3}4t}. UV-spectrophotometer+=
Ultrospec 3000 (Uppssala, Sweden) 2dl-S AFE-3}9a, FT-IRS Bruker IFS 66 =@, o}u]
=2F #4715 Applied Biosystems Co. (USA) 2d-& ztzt A1-8314

O

2 v AENYE 2 jAxA
FlFS 93 MEEAEME 1LY AFEMF (FHS5 149 NaCl 230 g KCl 0.7 g,
MgCl, - 6H20 10.6 g, CaCl 1.1 g, NaSOs 39 g NaHCO; 0.2 g (NHg),SOs 1.0 g KHPO,
0.01 g Tris-base 605 g& 7}, pH 7.8) ol bacto peptone 5 g yeast extract 1 g ferric
citrate 0.1 g ammonium nitrate 0.0016 g, disodium phosphate 0.008 go] H7}d 7]&EH]Z|
= Argstgl
TR AZE Z2eRe] - 15 B(w/v)S H7HE VDA RAE ALgslgoen, &
ARG 92 AR ARAAA 03 %(w/v) FH| BB W nAHe A

o]

= 2 o
of AMg3tAth el FFEE ) AMEH sx2Fe 2A Hste dud dFsFol 6413t
ot WAL, WA W FN S g E QlFele] 108 FAste] dA A B yhul o)
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SRS F 30T WGTINA 72402 Bk FAMG AT dHRLARINANN dojn 2%
REFFE 10 ml test tubeo] FAMIAo] 14 HEshiL, 25T, 48417 AwWF & g, o
AR 50 mlE FH3 250 ml AHzE flaske] Aujokey 1 %(V/V)E 23 HZE:I} F 25T,

shaking incubatore] 4] 180 rpm © 2 36A13F ok 31}

3. Ao YF
i FRZ o] i dere UV spectrophotometer(Ultrospec 3000, Pharmacia Co., Sweden)E&
o]-&3%F 280 nmo|A e FFE Z=A3 Bradford methodd] <& Falgorn, RFEAZ =

Bovine serum albumin (Boehringer Mannheim Co., Germany)& A}-&3} {0}

4. 8484 F3
PR EAe RESAMESQ #FYFe 48 Somogyi-Nelsong 0.2 33k 01 %(w/v)

o] agarose’} E3HE 7]d8(10 mM Na-phosphate buffer, pH 7502 #7149 3sln, 4
0CAAA AT g2 r;z zE2E02 7k 3083 WA T 0L, g

R F, Aeog WzkA)A, arsenomolybdate A)2FS 7S}
a1, 12,000 rpm°ﬂ/‘1 28 AR 4FAY FFEE 510 nmolX FAstHAA. oW, &
¥ Inmol9] galactoseE A2+ e G429 %S 1 unit® A3}

1
Fom, AFHAHFHOF galactoseE AL TH

1L 3 Faas 4dss Ad AFAAY ¥8 2 5F

7} dF9 ¥4
FEvE Ads Y AyFaeA g 15%, AY 10%, 2F RTS APstd dA
M EANER AMEStgh AYE Z4F ARE Table 704 A& wpeh o] 7]
MMM (Modified marine medium)E o83} 25T, 9641 7HE< A wd Al7|HA F
A #FE o 47, oF 3500 #FEE 13 BYdden o F 3 FHwAE
AM7lE SR Fe] Hold 8FFE 23 g 23 A9
= Z3gE Z]Eui A A ZhzE 25°C, 180rpm, 48A)7F R ek ok
q

tilo

o ok off
it

o 2

2y

Somogyi-Nelson Wl 9z Aoz H, FARINSS

HH AR ol P Hold #FE AEEe] o] @FE marine bacterium ASK202
(Agarase Sinji Korea)= wWw el 18|31 marine bacterium ASK 202759 #Hojd 3HH
B3%e 15%w/v) SRPAu A Aol 25T, 484)7F FHMF T U= §F A=)
o Belgmel ez A=At (Fig. 1).
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Fig. 1. Degradation of agar medium plate by marine bacterium ASK202

The inoculated agar medium was incubated at 25°C for 48 h..
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r-{rz

FARsnse] 22 - 4A L AN

A Emaol pel 2 34

Tl o g Ry AHALE agaraseg AAE7] Al vl gd-g 8,000rpmo A 2083 AHE
2ete], wigA=A S AAZ3I[Y. FAAZE @iz 10mM  sodium phosphate
buffer, pH 7.8% ABo AT R4S YT FAE 9@ TaEAA HHA o8 3
2rtEOAE P3}¥th. DEAE Sepharose CL-6B matrixE columnd] F33ed 10 mM
sodium phosphate buffer, pH 7.82 Z4¥3] A&3 ¥ ¥ 24N PSS Tl &3
AR EY FUF 938 olgeted FHHA e WAL AAT F 00-10 M
NaCl &85 ol &3ty ELE Festdlth 2 234 015 M Fxolate] NaCl & osf &
e A agaraseEFo| EEHdoew, &4 S o} 10 mM sodium phosphate
buffer, pH 7.8 ¢4Zdgx TS P3gr). £ 425 FAARS &, 54429 34
E 50 mM NaCle] X233dH Fd 4F8&Yd =<9 F HPLC (High Performance Liquid
Chromatography, Pharmacia, Sweden)E& A}-&3}¢] Superose 6HR 10/30 columndl] =3} A
A FHLA 5aAE HFTHoZ AASNAY 1 A9 FAE HAE HPLCAAA @Y peakE
A o] el Al Bacillus cereus ASK 2027} AAabsle B gro FAGA=
Table 1o YehfAth & 278 % Hon, AAEE 3154 A= Fristd, HFHoz
3,780 unit/mg$] specific activityE A A A ® agaraseS 4L 4 Aot

=3, A" aidwAde] thdle] SDS-polyacrylamide gel 7|52 33 Axto] <o3fA]
= 9} 90,000 daltons 9]0l A @Y bande] Tl AAL Fd 4 YAt (Fig. 2).

. FAE 549 Kn 2 Vi

FA B agaraseo] gt agarosee] 7|A 3 H S =43 ANE Lineweaver-Burk plot2 1}
el AT} (Fig. 3). o] plotZ2 %8 4&%" Michaelis constant (Kw) ZHe 041 mg/ml ow,
Viaxfk-2 348 mg/ml - min¢l Ao & 39 Hivh

J]N'
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Table 1. Summary of the purification steps of agarase from the culture supernatant

of Bacillus cereus ASK202.

. Total Fotal opecific - viold  Purification

Purification step activity protein activity (%) (fold)
(U) (me) (U/mg)

Crude enzyme 125,000 1029.0 120 100.0 1.0
Dialyzed sample 68,000 89.7 760 54.7 6.3
DEAE Sepharose
CL-6B 36,000 11.3 3,250 29.5 27.1
Superose 6 HR
10/30 (HPLC) 34,000 9.2 3,780 27.8 31.5

Fig. 2. SDS-Polyacrylamied gel electrophoresis of purified agarase from Bacillus cereus ASK202.

The purified enzyme was subjected to electrophoresis on a 12% polyacrylamide gel in R-250.
Lane 1, Markers(Phosphorylase B, 97kDa; Bovine serum albumin, 66kDa; Glutamate dehydro
-genase, 55kDa; Ovalbumin, 42kDa; Aldolase, 40kDa; Carbonic anhydrase, 31kDa) were used as

standards for molecular mass determination. Lane 2, Purified agarase, 90kDa.
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FHREAaL 5LFH SA=A

7t AA 259 AN

Bacillus cereus ASK2027} A§4be}e=  agarase?] &4 FAY HHLEE dolny] 93|
20~50C 7hA] zt =R A4A8AHS =33 A Fig 401M9k o] 40TAN HYEAL
ehl e

AhY LRSS HESZ SlE 7 LxdA 2447 WA s RAEFLBHE
Somogyi-Nelson *H-& o]&-3to] ZA3IHA ;. 10mM sodium phosphate buffer, pH 7.8 ol
ot 0.1%(w/v) agarose 89 1.3ml, agarase 0.005unit/200p0E H7}ale} 4°C, 207C, 30T, 40C,
50CelM AR (Fig. 5). 2 A3 50ToA 244 A8 & dEa4 F4L 533 2
I of 83%9 AAEAE FAShE AR Hol o] Eat do i ¢tAAo] ta Hold A
27 RAZH

o

4. HAur$ pH ¢ HAA

Bacillus cereus ASK2027} AJ4bsl= agarase?] #AWEE-o] o] HZF pHE =AM Th pH
3~7& 10 mM citric acid-sodium citrate buffer, pH 58~8.0 ¥+ 10 mM sodium phosph
-ate buffer, pH 8.0~10.6-2 10 mM glycine-NaOH buffer& A}83ta] 0.1%(w/v) agarose 7|
ALN 13mo] FHESH AL 0005 unit/2000E H7}sle] 40CAA G2BAHS =338 2
¥} Fig. 694 ¢} o] pH 78414 Ho) &4 YehfA

TS, 7 pHER A3 9580 a2890S Hrbste] 40T A 2447 X8 & ah
o pH P94S ZARY A3, Hae FEBAE FHFOZA sk 2 A Fig. 7]
At 2ol pH 50-100 74X 9] Melolxel L) Aol HelE YT,

. 714 5olA
B340 71d BoldE dolry] 98] thak3l polysaccharidess 7] @Z dte] 10 mM sodium
phosphate buffer, pH 7804 &4 Wh3-& a3t A3} Table 2] veld A Zo] 45
A7 A FFAE o] &3 Aol agar, agarosed] thsle] Hojd EexS TiEla
alginate, cellulose, A-, k-, 1- carrageenano] W3jx& °F 20~40% F=9 E3ix<S e
o a2ey, FAAE bR a4 S alginate, cellulose, carrageenan o thajre #3 B
Mes UeEhHA Fnom, ©Z A agar, agarosed] thafjrut 712 EojAS HHPT) o] ARE
L1y

2 F39Y. 293, g FEAE o83y E}O‘ﬂ 716t 712 gk Eele> vl
1,6

4 Y
TFEFE TP 2A&9 al6 AFS Hal3lE debranching enzyme® U2 A
H
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Fig. 4. Effect of temperature on the agarase activity enzyme

activity was measured at various temperatures in 10 mM

MOPS buffer, pH 7.0 for 40 min, respectively.
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Fig. 5. Stability of the agarase activity at various temperature.

Enzyme activity was measured at various temperatures in 10 mM

sodium phosphate buffer, pH 7.8 for 40 min, respectively.
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Fig. 6. Effect of pH on the agarase activity with various buffer solution
The buffers used: O, 10 mM citric acid-sodium citrate buffer(pH 3.0 to
7.0); @, 10 mM sodium phosphate buffer(pH 5.8 to 8.0); [, 10 mM
Tris-HCI buffer(pH 7.0 to 9.0), and M, 10 mM glycine-NaOH buffer(pH

8.0 to 10.6). The agarase reaction was carried out various pHs for 30

min at 40C.
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Fig. 7. Effect of pH on the agarase stability. The buffers used:

O, 10 mM citric acid-sodium citrate buffer(pH 3.0 t07.0); @, 10
mM sodium phosphate buffer(pH 5.8 to 8.0); [}, 10 mM Tris-HCl
buffer(pH 7.0 to 9.0), and W, 10 mM glycine-NaOH buffer(pH 8.0
to 10.6). The agarase reaction was carried out at 4 C for 24 h in

various pHs and the remaining activity was measured at pH 7.8.
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Table 2. Substrate specificity of the supernatant and the purified
agarase from Bacillus cereus ASK202.

Substrate Supernatant (%)  Purified agarase (%)
Agar 100.0 100.0
Agarose 76.7 97.6
Alginate 272 -
Cellulose 244 -
1- Carrageenan 25.6 -
A- Carrageenan 41.9 -
k- Carrageenan 27.9 -
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2}. Detergent®] <3

AAEA gt AFe ZAE] YalA ZHE detergent®E 1 %(v/v)7} HEE G I
7bete g2l A 3083 X} F are REZAE A SHHT (Table 3). 7 A3} SDSH
ZHAle BAgAo] TS & 4 AU, Tween 2004+ ELBAo] & 70 % BT F7}s)
A HYTh o]= detergentol] 9JFlA 7]1A9 L3 Z7ksA JeEhd AsE Agd
. 23, Tween 40, Tween 800 A= AUl oz Fia8A4o] 7AsE AL WYl

rir

a

ul. XA JF

529 @40 nAE AA Jee 247 Ashd HE =7} 05mM, 10 mM, 5
mM, 10 mMo] HA ANAE AAaE o Hrlste] 40ColAM 4087 WA & 2 FE
24s 54 A8+ Table 43 2o}

a4 AAZE cysteine proteaseo)] 2§38} 3-lodoacetic acid, NEM (N-ethylmaleimide) %}
serine protease®)] 2}-8-3}= TLCK (N-a-p-tosyl-L-lysine-chloromethyl ketone), TPCK (N-tosyl-
L-phenylalanine chloromethyl ketone), Antipain, PMSF(phenylmethyl sulfonyl fluoride)& A}
33 vh.  Metalloprotease A8}z 2+  1,10-phenanthroline®  asparticprotease  #] 3] 4| 2 &
pepstain AE AH§-819] 2.1, cysteine, serineprotease ¢ FF A& A= leupepting_— o]t
o A A At ExTBAAE A A B AP AL8E U AL E Metallo protease
E A 3)sl= 1,10-phenanthrolineo] 93§ <k7t A 3242 Hl9ro o, serineo] 834 A '3H
st TPCKel 723 AalE Rt webA] Bacillus cereus ASK2027} AAshs SHA RS aih
serineA|d o] §49 Ao=Z F=Hu}

vl g&o] 29 94
q2ao] gk F&olo g g dopry] 9ste ZE F&Holed 1 mM FEE 01%
agaroseE X3 10mM sodium phosphate, pH 7.8 &9 13m¢o) 0.005unit/200p BEAE
A7bste] 40T A 1A+ WA 3 T metal ionSo] SHARNES A plHE A3k &
€ 2484 E Al SA43 Ade Table 53 2t 8484 KCrO,3 SnCly o A
= A% AsE ugtor}l, MnCl, FeCls, MgCl,, CaCl, LiClolM+= ¢7ke]l AsjE wkstth 1
23, Zn(NOs), oM E ok 63 % E9 FA2BAH F+ad7F 99t Manachini & Ca”*7}
Ao ks 2 ZAZAY Fvtd] 9L Fuda BA 3921, Rhaman $2 Ca®*3} Zn™
L8NS HFeAgn RastRa, Ahn 5 9w Ra] 84 A8)A¢l puromycin 3
] M & Wttty Hasyo) 1,
Cowan# Daniel2 Ca®'7} me4 wld BEejare] 8284 27t =24 9L nAga
B 3131551, Murphy 52 Azt 23§24 metalloprotease”t A3jA EA)A) Ca™'9} Zn™'S A7)
T thal Hastgoh webd, &0l aARkg] glojA]

=

=
A5HE e ANAES Fets A=)

of)

Er



Table 3. Effect of detergents on the agarase activity.

Detergents ( 1%, v/v ) Residual activity { % )
None 100
Tween 20 172
SDS 100
Tween 40 62
Tween 80 15
Triton X-100 0

SDS : Sodium dodecyl sulfate

Tween 20 : Polyoxyethylene sorbitan monolaurate
Tween 40 : Polyoxyethylene sorbitan monopalmitate
Tween 80 : Polyoxyethylene sorbitan momooleate

Triton X-100 : Oxtylphenoxy polyethoxy ethanol
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Table 4. Effects of inhibitors on the agarase activity.

Residual activity(%)

Inhibitors Amino acid

5mM 10mM
None 100 100
3-Iodoacetic acid Cysteine 100 100
NEM Cysteine 100 100
1,10-phenanthroline metallo protease 93 77
PMSF Serine 100 100
TPCK Serine 76 57
TLCK Serine 100 100

0.5mM 1.0mM
Antipain hydrochloride Serine 100 100
Pepstatin A Aspartic acid 100 100
Leupeptin Cysteine, Serine 100 100

NEM: N-ethylmaleimide,

PMSEF: Phenylmethyl-sulfony! fluoride,

TPCK: N-tosyl-L-phenylalanine chloromethyl ketone,
TLCK: N-a-p-tosyl-L-lysine chloromethyl ketone
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A ofwlegt 24 A

A4 ¢AEE 110CoA A 2427 53 6 N HCl &HdlA & 732 g

Free Amino Acid analysis columng A}-83}e] ofm|i=t B8 P3P a4 dwds ¢
Aste oAt St Bad) BARE AFozald 7 obuliedt peak AAHIZIE A2bal
St (Table 6). FARAELS] AA obulegt 24 % Asp, Clush T AAolulest g
o Arg, Hissh 2& @74 o}umw ol wla| ERkow Asp, Glu, Gly FFol dA 3
ZFell 50 %oldg AP H3F protein conformationd] FIFL FE cysteine FEFol
0.63%, proline 3t#2 3.94% ATt ol 7|&e| M 31¥Pseudomonas sp. Strain PT-52] 7-$-
aspartic acid (asparagine X3%)7} 15.8%, alanine 12% 1|3, serine 7.8%%°o.H,

Pico-Tag

o

b

—

<

Pseudomonas-like  bacteriumolA|¥= aspartic acid (asparagine X3)= 11.1% 183,
serine 13.5%<1 Ao 2 Ru¥E AF wlusty & o, ojujxit Aol HF T} agarasedl
Aoz FRH.

oh. N-2t¢t ofn| =3t A 52l

AAE @WAS SDS-PAGEE 356ta1 PVDF membrane®. & electrotransferdt & Coomas
-sie Brilliant Blue®Z {A3lHth G4 E bandZHE gwaAS F335l9 automatic Edman
degradation 0 & N-=h H919] ojmcit MEe B4 39Tt (Table 7). £4F olmx
Ak A E2 Ala-Glu-Gly-Iso-Thr-Lys-Asp-Phe-Asn-Alagl Aoz Felxdrt. o] dxpE V)&
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Table 5. Effect of various metal ions on the agarase activity

Reagents Relative activity (%)
None 100
Zn(NOs), 163
NaCl 103
LiCl 95
MgCl, 87
CaCl 76
MnCl, 70
FeCl 63
CuSO4 54
SnCl, 26
K2CrO7 19

The agarase activity was measured in the presence

of final concentration of metal ion of 1mM.,

Table 6. Amino acid composition of the purified agarase.

Amino acid Content (%)
Asp 17.55
Gly 15.39
Glu 13.69
Ala 8.18
Ser 6.68
Val 6.42
Thr 598
Leu 551
Pro 3.94

lle 3.74
Trp 293
Phe 2.83
Arg 2.00
Lys 1.57
His 1.45
Tyr 1.16
Cys 0.63

Cys2 0.30
Met 0.04
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Table 7. Comparison of N-terminal amino acid sequences of the purified agarases.

agarases  N-terminal sequences references

agarase Ala-Glu-Gly-Iso-Thr-Lys-Asp-Phe-Asn-Ala This study

pSW3 Met-Lys-Arg-Ala-Phe-lle-Met-Val-Leu-Asp Kong et al., 1997
agrA Thr-Thr-Glu-Val-Val-Val-Asn-Leu-Asn-Val Belas, 1989

dagA Ala-Asp-Leu-Glu-Trp-Glu-Gln-Tyr-Pro-Val Buttner et al., 1987
AgaA Ala-Thr-Leu-Tyr-Thr-Ser-Phe-Glu-Glu-Ala Sugano et al., 1993
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