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AARITECHEAZETH Y, H<ho8, R mER PRl LT TE
720 WEEEIT, BHEHECER, WL T LR ED I X T IVITE R, B TITEERAM O—D2 &
LTET LN TS, AARTIIHSCRHRD HYERe 2R H L TWIREBIA BRI TEBY &
FIAEBTUERLS <, o ER LV Lnb, AERCHUEOER L L THbh T,
PRI ELRO—H & L THAIH SN TR Y . RFHIIEDE £ » - iisawE <
ol Z EBMERESNTVD, SHITIE, BUFT2REOHETHD THEE] THIY L
FToONTWDZ Enb, MEREITE D HEARANIL > THIRARNEL TH 722 L 2MA
Z5 [1],

MR Z DEEWIT K - T, SR, 1B, AREIC YT Hav, KETIC X D & ik
23 2 TREOWENSEBT L TND EBX LTSN, AFIZESI TV OIXEHEE
22 <, TR S0 FEREZ Wbl T b, BIRTIE, MEE A~ dh & LCTHIA
LT 7T TR, ZEOfELE LTHRIA L TR0 | KA MR A AW 72RO 5% 7)1
EB LOHOINEEMEIZEET 2780 [2], W02 525 2 L IZ K 5D REE
PEALIZBET 2058 [3]. & ITITALEEZ 470 ERBEMIC G- 2 5 & A & PR B OHIEAY AT
REEROTMNELHY [4 AT TR<SEMTHLAMENTE L2 LNET oD, £z,
WEse 2 3 A FPRBHIZE 2 DD fHA BTN TE Y [5]. WHEO /A AREM T A Bk o
T % N A REHMET D DITHER D EBREEA~OBEFE N DO RMLETFT T 5D,
E 5L, TA—h =R L bHEh, RIS S CO, & MEEEDMT D AL

(& TR - B4 5 2 & T COx JRHHBHIRS KOV —R =2 — b T/ EEREE



ZHoSTWD [6],

M, Frica 7 DA A, BEXZ 2 EOWBRIT T VIET & b ba & L7oEmE s
RoN5, ZHITBEEICEEN TS, TAXVEE, I7X—F 2, 7afxriklns
PERICEKR LTV D, 7R UBRITZE LR ORI Z R D, vmy TRO7 A 27 U — 4
INEBLI I EA~OFIRHIZE L TEBY [7, FT7AF BT NI O LE IS T BTV
T 27D NTA 7 772 EOTEMFMS S TWD [8], # 7 F—F 2 blA U LZEH.
HREAlE LTRIH SN TR Y, TR I V78R SIS TS 9], 7aA4 X

WCOWTIRIRIBEIZEE L B#T 5,



1-2. 7aAfFZAZo5nT

TaAA XX T a— A& ERERE L U, 2 < OREEENFEES LIZBEZIECTH Y | HEeo
FEIZL->TE T2 b=, Fou—2, voUoiphl blEsEs LTns, —ic,
FHELTT7 3 —=2AD 01,3 WA DHTOWME T 0-1,3 & o-1,4 FAEZ LAY KT
MR TH D, 2D DIEARELIMNT b LFiHpE 72 & 2 IBHICF B | B D 2 FF
SHELH DI, HEWITEME AT niiREZHETH D [10], S BIC, SR, IUHE
e, B IEIC K > TER SND 7 A X U OBV, gL/ N4 —2 | 1A X%
IR EOARFREIENE D Do, RN R E R d Z L@ Ttng [11,12],

TaA XX VB FIZA T = —FT DU T T RKFED Kylin HIZE>THD TR AAwH
(Fucus vesiculos)> & 38 « W& S [13], ZHUET 34 &2 BT 2 SCREII T E
THIML TS [14], 7 a4 XU BF ORI b, BT, B, REFER & OS5
MHZL OLEED, REICHESN TR, Lo AV AER [15]. FIRIEER [16].
PUEEMAER [17] & W ook x 2 A PEMERERE S HE STV D [18], EHiT, 7aAf X
RN EMIIC L CT AR = AFFEEITH) 2 E THBAEREZ R T Z ERRE SN
TWAIED [19], O TIZ 7 aAf Xz 7 ) avF—BIZ LRy ralb &80
DT R b=V AR EENNTRT ERRENTND [20, ZDOXH7%R, 7aA X 0ER
TEMEIL IRRIEE L CHMZR A R L, 7 aA X v Eosims Al & G b T
HELUTHET 27D DKM N OfThiIlt T s [21],

E72. 2019 FENBBITEICED FTHRAMRIITE Ro TV aFRanF U 1 L2 &7 a
A B AT D BRIROVEFIE BAT DIV T D, Kwon BIEA~/NY 20 ~XT Uilg, 7 aA
B 78 E OB FEED in vitro THAR a7 4 VADANRAL 7 BRI EFEG L
MREA~OREAZRET D Z L EZWLMNIC L [22), £L T, 734 XV BROE

RERB L OMRIEEM A 2 0 4 VARG Y 27 2 ARJRL . 7 1 /b ARG OFFRERR O



PIEZRB Z EMD, RBHIHBLPCERGLE LTORALTES 526 TWD 23],
DT K > TT7 a A X DL FREESCAEFIEMN R D 2 L3RR T2, &
AERLBEOFEICL > TRESERDIZENDN-TRY, FBEBIBITL 7 a7
GHBEEF 11K LT, #ICENIE, AXFTUE XY (Cladosiphon okamuranus) 3 X O
A7 (Nemacystus decipines) DMUOEBIHIZ LN TH LN T oA X o EHRENE N &0
D, T F 12T AFFTIERIHRTaq X A2 A T (Saccharina sculpera)
Hk~7 aA %, Uh A (Undaria pinnatifida) H3k7 24 % 2 QUEBPITIMEFEET= A0
T LT AT THRE T D) ITBT DHERIECMEER 72 & DR % £ LT b DIEN,
HAADTHRT a4 XU B bBILENE LS, ADTHRTZaA X AITT 7 F—
ADEGHBEMUIZHENTHOLNIZ W ENbnD [24],
FXFTUEXVZIZAREND 9 FIZHB2 5 =T 2 FFOMBEROTZEKRENTHY | &
-l oD L7 af XU EHRRENE N, 7 a4 F 0 OEBERFEE L TR
Va—AMLE N, EFEM RS S LTHRSNTWD, AXFTTEXZ IS~V HTF
H~VEFHIBT 2B E CMBIRAR 2 T MCAB L, AEEOEERE CHEH
LTS, 2D, AFFUEXZ IR Z LD, AKSOAHEE R & TE
S AL, FOEFERITEMR 2 7 M CDE D, X T UEXT OFFT THEAA T, $heb
HEERIR & DTN DHF R 2 ZIEMEIATE S EDL 2L NOMmED | BREE I8 S E2&
FEAEITIFIEIC AR B S5, BRI TIThiL, A% U T X7 1 0MIRICEE S - 285
FEAE LT Bk e JiEn s RAEERICRET 5. BIRIEEME S THHR X Z 100
A5 120 B#, #lR2Y 30 em [ Z EITHE LT B S hu, BRI 5 A TRILIRE, KR
WE L RDICHONTHE LIED 5, IR TEES N TWOLAF T UEX7 O 1 A
VIBRIZHEE D 3 AN D 5 A CRIEMZNZ 5 [25], AFF VTR MK aA ¥ O
13 1999 FEIZ R[] 51T & » THEELAHEIE AN FER S [26]. 2003 T H: N S 1347

VBRI HRKT A F e R RN DR EIE» O LR L, Zhaed]



AL TAFFTUERIHRT af X OER b EE e L2 [27],
—AD -1, 3 FEE DD K

L, 7a—R 65 1 HOEE T LT o BN a1, 2 FEia L

27, EHIZ

GENTWAZ LN ST
HIEMEE LTIE, a L 27 o— VKR TFER [29].

HTLV-1 72 7 ¢ L A& [31]. #

2009 FEICHEDICL T, AFFUERXIHRT 2/ ¥ i

ZOMEIE, 7=

ULHEIE A AT, 73— 2D 4 (LERFE DK 60%hiilR LN &
TTHEETHD (K 1-1) [26,
L, TEF AN
Stz (K1-2)[28], AFFTUERIHET aA X R4k
Helicobacter pylori 7Ex&HEIEM [30].
WUENR [32)78 ERkA 2l 3 7r ST b,

# 1-1. BFEWEHRED 7 a4 X G4 & [33]

1B EEkE Tad AR (g kg HoRTEE)
FXFUEXY 250
HARAX2T 40
U A A (A (A7) 80
ERY 250
~ay7 15
7T A 70

12, FHET A X ORBHE, WEEAR, B F A4 DT [24]

M FXFUEXT Bk HIAATTHE AT 7Tk
Taf XHHE (%) 7 aA X UNHTE (%) 7 aA XA (%)
7 a—2A 46.8 37.7 25.7
HZ7T =2 - 13 23.0
A= 8.7 2.5 0.7
~ /) —A - 1.8 0.6
T L) —A - <05 <0.5
Frma—A - 0.5 <0.5
i AR 16.0 33.2 29.0
AT A 5.7 7.2 7.9
& 77.2 84.2 86.9




1-1. AF%FUEX

NaO3SO o
Na0,SO o: \\2
H,coco © ' Qo

R =H or SOy
H:S0;=2:3

MR T a1 & v OREEREE- [26, 27]

H3C o~

H;,C

COONa
/ H
il GOCH, SO,Na $ONa 7]
4 4 4
—3) -a-L-Fucp- (1—3) -a-L-Fucp- (1—3) -a-L-Fucp- (1—3) -a-L-Fucp- (1—
2
T
a-D-GlcpA- (1

X 1-2. AT UEXTHKT a4 X OHERER-2 [28]



1-3. 7 aA XU DWW T

bt N OGNME BN FEOF AR ERO—>2L LT, b ARV H SR 2 s
TLIEND DL, ELOWETE MIPRAEFD AR L TE oD, BN THARKRSIEZ 5
fift s WINF 2 Z N TED, Lo L, MBsICIFERAEMMIITR N WEIENHET 5, £
LT, REOEBEOMEL LT, MERARHTEDDEAARANET) 2L —HORAT ¢
TREY BTV D, ZHUE, MERME SR o TWD RV T ¢ T UR0T T r— A RS R
G5, HARANDBNIZW D/ Bacteroides plebeius \Z /K VAGHE STz & RENTZT20TH
HEE, DOTOHARAPMAIN TV RVWEREZERTL2HENZ_OBEREEZ L6
LIEDOTIEROMNEEZEZ LTS [34], LU, ABKOHFIEIZ LY | HEEfEEikER o 72
WRICK AT b 13 A 2 AT, B0H ~ B0l ) CHR s i 0 i 03 e S 2 0 TR
WNEEZBNTWD [35], ZNHDOHFEIXTAX UL T I T I 0 ICERLTED,
bt MNERNIZB T 27 a4 XU fRICOVWTEER L TE LT, BUiliED 1 fiTho 7=
AL ATIBNME CIIafET 522 &N TET, AT SN E SR Tn5

— 7 WEEETIZIE T 3 A X B4R L L TOBIAEMN S FIE L TN\ D, T a X
AR A BT D HFZEIC DV TIEL 1959 MO T Yaphe HIZ L - THE Sz,
ZOWEIX, N T X T AR & U CHBESILE Pseudomonas J& 2 BRIS, IR
INCT ad XU ERE AT D E NI D Th o7z [36], BT, HEHELDO T NL—T
I IR TG T a X e iRERTIS%OIERTHEL, ZhE AN, H2A
ATHERT AL X EGMT DWEMEN DRI ) — = T BT o TR
Flavobacterium \ZJ& L. 16StDNA L3175 EERIZ A4 L7 Fucobacter marina SA-0082 %
WL 7=, ZORIZ. U AR Lessonia nigrescens ISR D 7 21 A F 2 b ERAYHIFIT 5 =
ERHESNTND [37], E/2EHGIL, SA-0082 #KLISMT Fucophilus fucoidanolyticus SI-

1234 [38]. Alteromonas SN-1009 [39] &4 L7277 a4 X i@k b HEEEL TV | i



R 1M E 9 F8 B Verrucomicrobia F1 &9 4 £ TIEE A EREBREEO R OB T 514
ETHD Z ENRENTWS, ZDO—JT, 2000 4FiC Bakunina 12X > T Cytophaga
J&. Alteromonas J&. Pseudoalteromonas JEMEN 7 2 A X 3fFfR 2 A9 2 Z L3P B )
SNz [40], LA, < ORFFEHE SIS X > T 7 a4 & U EHEENHRE S TWb [41],
TaA X BREOH HEE, BEHEY DRI HRE STV D T o Rk
ML ZDEELERD 7 aA X 2T DML TR 13 ITE DT,
INETCRKEHELDODII N =T TEAXFFTUVERI 7 a4 X 0 2&ILT HMAEY
Flavobacterium sp. F31, Luteolibacter algae H18 73 BB X 71TV 5 [42,43],  HRFlC HI8 BRI,
7T LEMEOIEEHEMEM TH Y, Toan=— 3O EETH o7, 16S rRNA L5
ST DFESE, 1-3 \Z/RT X 91T L. algae A5J-40 (AB331894-1)DELHI & fix b VWAL
(97%)% 7~ L. L.algaeH18 &% Siiz, HIZED 16StRNA BAIL, BEEIOD 7 2 A ¥ 5
RS A=) T & D Mariniflexile fucanivorans SW5T (AJ628046) & 70%. Fucobacter marina SA-0082
(AB057592) & 71%. Fucophilus fucoidanolyticus SI-1234 (AB073978) & 79%. Sphingomonas
paucimobilis PF-1 (AM237364) & 72%. Alteomonos sp. SN-1009 (AB544005)& 73%., % LT

Flavobacterium sp. F31 (AB544005) & 71%DFEPIMEN R Sv7z [43],
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Undaria pinnatifida

C. okamuranus
Acaudina molpadioides

C. okamuranus

Furukawa et al. (1992) [44]

Bakunina et al. (2002) [45]

Sakai et al. (2002) [37]
Sakai et al. (2003) [38]
Sakai et al. (2004) [39]
Descamps et al. (2006) [46]
Bae et al. (2007) [47]

Kim et al. (2008) [48]
Ohshiro et al. (2010) [42]
Chang et al. (2010) [49]
Ohshiro et al. (2012) [43]

Formosa algae KMM3553T F. evanescens Silchenko et al. (2013) [50]
Formosa haliotis MA1 Haliotis gigantea Tanaka et al.(2016) [51]
[Invertebrates]

Haliotis sp. F. gardneri Thanassi et al. (1967) [52]

Patinopecten yessoensis
Pecten maximus
Littorina kurila

Lambis sp.

Nemacytus decipieus
Ascophyllum nodosum
F. distichus

F. evanescens

Kitamura et al. (1992) [53]
Berteau et al. (2002) [54]
Bilan et al. (2005) [55]
Silchenko et al. (2014) [56]

[Fungi]

Dendryphiella arenaria TM94

Fusarium sp. LD8

F vesiculosus

F vesiculosus

Wu et al. (2011) [57]
Wu et al. (2011) [58]




Verrucomicrobiaceae bacterium CHC12
(FN554390-1)

Luteolibacter pohnpeiensis
(AB331895-1)

Verrucomicrobiaceae bacterium ONA9
(FN554388-1)

Luteolibacter algae
(AB331894-1)

—— Strain H18 (AB677319)

Haloferula sargassicola
(AB372857-1)

Haloferula harenae
(AB372852-1)

Haloferula helveola
(AB372855-1)

Verrucomicrobiaceae bacterium CHC8
(FN554389-1)

0.01 . Verrucomicrobium sp. IRVE
(FN689720-1)

1-3. L. algae H18 @ 16S rRNA FFIZ -3 < SRkt [43]
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1-4. 7 aA X 5ERERIZ OV T

T aA ZATFITR AT X DD, R Th 0 D okx G AERRED b TV 5
HEDOLT, EFERESBH TIRIZE A ERMES N TR, ZiUx, 7 aA ¥ OIERFR4E
SAHTH O ARMEZ BT 2 BERFRM AN RN ENBZ 6D [59], 7aA X
OYEFRBEF AT, T 7eb D & AFEMEOMBIME N RIZRBR & LT, A raEn k& <,
INORERE D RE— PR HT B D, T OMBIMEZ B 62N 5 72 iE, (BFHIAER L Y b
TCOMEEZ RFF LRBMED & 0 T VBRI R AN EE 2 HTEY [60]. 7aA 4
> oy FRBE SR T BT 2 SCERIZT M L T\ 2 [41],

T ad BUNREERIIEIL, TaA XV OE#HENMRT DT af X F BT a v H—
P BHOBIEEE BT 2 AN T 7 4 =B TR TFAVEERM T 27 T F 7 —E Lo
TR BIFAET D 2 ENAETOMRTH LIS TS [43,61], HTHEH LD
ST af X F—RIZBILTIE, 1967 4T Thanassi H7A%, WHKHEEMW CTH D Haliotus J&
(F~ ) ORFEER DS OREFIERICBAT DO T T, 7 a1 & 2 b it 2 5 S
T o-1,2-L-7 a3 Y P 2= FUTIKG RS D3R, 7 aA X T —EOFEEZHRE L
THEY [52]. 1979 FZF 7 U EHEET 25 6 7 a4 X —BDHFEENHERINTWD
[62], & BT, 1992 4FIZ1% Furukawa 512 &K - T, Vibrio J& SR G, 3O 7 a4 X —8
INHLBE S L7z [44],

& T, Henrissat 513 170,000 %88 2 % IR 22 5 OHEE K SRl SR ORCY % 2 b DRELSI
MPWEZE & 21T, 130 FEEE OB INK oy filssE 7 7 2 U — (glycoside hydrolase family; GH ~
7IV—) LLTHEHLTVD [63,64], ZOBMRSFICLD L, S TICHESNTND
7 24 ) —F (Fucoidanase, EC 3. 2. 1.211 X1 32.1.212) iXiF & A LA GH 107 7 7 2
V= EENTWD, RIS GH 107 7 7 2 U —ICHE SNz Dik, WG

Mariniflexile fucanivorans SW5T J 0 pBEtEH S /=7 24 #F—F MfFenA ThH D [65],
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Z O MfFenA [FHH 122 TR DITRR D, v X~ ZF (Pelvetia canaliculata) H1k~
A X RERENOA Y THERNE THMT 5 2 LRI TEY, Xk L T7 =
A ZFF—EMRBE DI n—=0 7 KIBE TORMBINTONIZ, ZOMmILE, 7
A FF—EEEFICBET AT X, GH 107 7 7 2 U —ICES A BRICBET 53
BRENT 8 Hd V. BERBEIE IR 12 AFET D, £/ LHFETIE GH107 77 2 U —721F T
72 GH 168 7 7 I U —Z SN HT- /e 7 a4 X —BBIB TR AIN TN D [66],
flZ b N OO T aAf FF—ERFEEINTNDN, £72 GH 77 IV =T8I T
WRNWHEDLHD [67], TNFETICHREINTND 7 a4 ¥ UKy LR OFEMIE 2 &

1-4 12”9,
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F 14, 7 aAf B NGy b S DS

Source Mode of T-optimum pH- pH- p! Inhibitors Activators Mr, References
action °C optimum stability kDa
[Bacteria]
Vibrio sp. No. 5 exo 38-45 6.0 4.0-9.0 5.80 Hg?",Fe*",Ag" Co*" (2 mM) 39.5 Furukawa et al. (1992) [44]
Pseudoalteromonas citrea KMM3296,
endo n.d. 6.5-7.0 n.d. n.d. n.d. n.d. n.d. Bakunina et al. (2002) [45]
KMM3298
Fucobacter marina SN-0082 endo 40 7.5 n.d. n.d. Ag',Zn* ,Cu** 0.4 M NaCl 67 Sakai et al. (2003) [68]
04 M NaCl,
Alteromonas sp. SN-1009 endo 30-35 6.5-8.0 n.d. n.d. Zn?*,Cu?* 100 Sakai et al. (2004) [39]
Ca2+
Mariniflexile fucanivorans SW5T endo 20-25 7.5 n.d. n.d. n.d. Ca®* 105 Colin et al. (2006) [65]
Mg*,Ca** 96
Formosa algae KM35537 endo n.d. 6.5-9.0 n.d. n.d. Zn?*,Cu?* Silchenko et al. (2013) [50]
Ba>
Sphingomonas paucimobilis PF-1 endo n.d. n.d. n.d. n.d. n.d. n.d. n.d. Kim et al. (2015) [69]
Luteolibacter algae H18 endo 40 7.3 5.5-8.5 n.d. Co?*Cu*, Mn?*" Ba?' Fe?* 100 Nagao et al. (2018) [67]
Zn2 Ca2" AP
Wenyingzhuangia fucanilytica CZ1127 endo 40 8.0 7.0-9.0 n.d. Cu®, Hg?", Ni** n.d. 48 Shen et al. (2020) [66]
Al3+’coz+cu2+
24-35 6.4-7.2 6.0-7.5 4.56 Ca?* Mg**
Wenyingzhuangia fucanilytica CZ1127 endo Fe** Mn?* Ni** 89 Zueva et al. (2020) [70]
24-40 6.0-6.8 6.0-7.8 4.86 Ba?*
prJr7 Sn2+
Ca? Zn?*
Formosa haliotis MA1 endo 37-40 8.0 5.0-9.0 n.d. n.d. 71 Vuillemin et al. (2020) [71]
Mn? N2+
Muricauda eckloniae DOKDO 007 T endo 30-37 7.0-8.0 6.0-8.0 n.d. divalent cations Ca?* 105 Tran et al. (2022) [72]
[Invertebrates]
Hg> Mn**Ag' 100-
Haliotis sp. endo 38 5.4 2.0-10.0 n.d. Mg? (0.01 M) Thanassi et al. (1967) [52]
(0.001 M) 200
Pecten maximus endo n.d. 5.5 n.d. 7.4 n.d. n.d. 85 Berteau et al. (2002) [54]
Littorina kurila endo n.d. 5.4 n.d. n.d. n.d. 0.2 M NaCl n.d. Bilan et al. (2005) [55]
Lambis sp. endo 45 5.0 n.d. n.d. Hg?", Zn**,Cu®' n.d. 50 Silchenko et al. (2014) [56]
[Fungi]
Dendryphiella arenaria TM94 endo 50 6.0 5.0-7.0 4.4 n.d. n.d. 180 Wu et al. (2011) [57]
Fusarium sp. LD8 endo 60 6.0 6.0 4.5 n.d. n.d. 64 Wu et al. (2011) [58]
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Jel L7z kD12, 7 aA Z P AFREORE 2 fe A BRIEM 247 L, RSO EIE S
ELTCOISABHIFHFINTWD, UL, 734 X OfEIL, MEREST £ F V0 &1,
NLERZRZETINA T, HFEE, SRS, MR OREN R 5700, &< BIEO L7723
REEHFE L CTE Y ZHMELORHAITH S Z L2 E OBl G| ARG & O
BIPEDFRINIHE AL TR, SRS CH D 7 a4 ¥ T3 L THHER T 2BER IOV T,
AR OFE 1-4 [RT LI, 731 & 2N 6 UM 2850 LRI B 2 W
TH25b 00, MEEEINT 57 & F i L OB I B 53 2 BRI BT 2 @i
BUIEERIZE EF D [73-76], RIZHOICR 5> TR WEER BHFEL TWDH EB X HND,
WoT, 7 ad XU fRICEG T DR Z HERAFE L, RN OAEREELFIHT 5 2
& T, BRI A R OTR A DA Y ThE BRERIL 2 R e W2 DA ) R ERLRIR 7R o R

Waid o ZENREL 0V, ZDT 3 F UG EMOBIEZRET 5 Z LIZL - T,

il

TR A X OREERENFREL 8D, SOITIX, 7 a4 XU REY O A PRTIEME 4
T2 Z &2k, Tadg FUomE L ARG L OFMBEMEZIH O NI T 52 LA FHRET
boHEZEZDBND,
EHBLDIN—TTIEAFFTUERY (C okamuranus) W7 a4 & OREETE AR
Ze| BEF A IOV TIRIA 352 L1280 BEREVE R S -Cm A Il E ) B OB 72 H L T\, BEIC,
WA D REHRE L CAX T UE R 7 aA X0 fif# L. algae HI8 ZHiffE L TR Y, HIS ¥k
MOAXFTIERXT T a4 X DT B F NIRRT D07 £ F RO T, 7aA4 4
YTTREFT—E) BT BLO, TaA X a0 ) ay REGENAD L EIET 5
endo UKy FALIEER LT, 7 aA ¥ —8) BIn FORELIT> TWD [67,73], € Dife
T HIBKKIZ T A & U offlss2 flaNICA L TR Y, 7 aA X &7 ¥ FALRISED

BRI TALSOEAEE Z D Z 2R LTV D,
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1-5. AL HHYES L OME R

AT, BEICRHE LTV L algae HIS IZNZ, HllAFTFT IR 7af Ly
O fiEE & U CHEE L7z Flavobacterium sp. SW 1D 7 aA X U fRBERBIG T3 L OBER &
HONCTHZEAHE LT, 2FOEKED O 7 aA X o iR A o N5
Z & T BRI R ORI D223 0 | RARDMERICE VR D 7 a4 X3 fREY
ERAST D ENTEIUL, 7 oA F U ORI B MR O B AN D L5
Ao D0, HIS KRB L SW MDOZ 7 AME#RE b &L BEE R ETOFR, BT
B, WS N E ORI A AR SO AR E LTz, #1012, SR HEBELT SW BRHIR
TafA RS — BB T ERETH7-0OI1C, HI8 HkT7aA¥ F—EBE B F1HHEb EITHEMED
EWVBR 2RI BRERFO/e—=0 T BLXO KM E COBER S _IEOEFE, L
TENOEEROFEMEZWONIL, FeZNETOHMATIX, —DOEKNERO 7 a4

VORGSR AT DRI R SN TWIE b DD [77]. EEFERE L e A BIX 20 o
7z, £ZC,HI8,SW KEHIZ GHI107 B L UVGHI68 IZJE LT\ 5 7 aA ¥ —EBila O
WA b S ATHFRMED ESWBISF AR, KGR ICED BRI OBER ORI BT
L7z,

AREEAGEm ST 7 BEIZ K O S %,

B1E TR Tl AFREOE R E LT, 7 aA ¥, 7 af 2 U aeiEMAeED,
ZLTCT aA F UG T 5ROV TR, EARGH IO BHIE X ORRIZ OV
Tk~

% 2 7 DE7ZICHIE S vz Flavobacterium sp. SW Bk & Luteolibacter algae H18 #k & O/
BRE L B AEPED IS TlX. AT UF X7 DAY & U TH7212 SW BRZ 208 L .
HIS Bk, SW kAL % 07 a4 & RIS & RRIR L LIEBA 0E T L, Zh

TNOEEDE T D8R DSHRU ST DIEE A5 Z LI2 kY WEKRO SN

15



AT R IVOENERRGE LTz,

% 3% [Flavobacterium sp. SW H¥K 7 a1 X7 —¥ OEia1FE, BEREH, Rt
W) TiE, HISKRER Y oA X7 —B a1 & b LI, SWERD ST/ MEHR L AHFEED =
WA fZ 7 a4 X —BEE & UTEIR L, RIBEIC X o B, HMEME B L OB
FOGEMERT 21T 272,

% 4 % [Flavobacterium sp. SW HK 2 O 7 a4 X —E OFMEMEH] i, GH107
BELO GHIR ICET 57 a4 T —BlIn FIHEHRE S &£I12. SW KOS/ L fE# XV FAIF
PEDOFWER T2 7 a4 X —B#la& UTEIR L, RIGEIC X o RFERE, IHMEMERS
K OBEFR O MHE R 21T - T2,

% 5 ®  [Luteolibacter algae H18 W3R 2 D7 2 A & —P OYpMEMEH] TiX. GH107
BLOGHIOS IZJET 57 A FF—EBliafiEHEi b LI, HISKRD T 7 LfEH L [
PEDOFWER T2 7 a4 X —B#la& UTEIR L, RIGEIC X 5 RFERE, IHMEMRRS
K OBEFR O MHE R 21T > T2,

% 6 ¥ [Luteolibacter algae H18 H3k 7 a4 X 27 7 X —E OFEHRL @1 [FE,
FRERHL, B Tk, XU R 7 ad B ORRBALG E kiS5 7 a4 &
YANT 7 A—REfEADIu~ N T T 4 =X VERL, HI8 RO T LMEBRNHA
WMRELFERR FAE L L TOMRBEFO7 n—= 7B X ORGE TOREEZ
VNI E DR, BEE O ERFT 21T o7,

%7 ' OTRER] Tl MAEMICE D 7 3, U BRI D D AIED E & A LT,
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H2E HFICHBEI W Flavobacterium sp. SW 1
& Luteolibacter algae H18 1k & DAEFT Rt L BER A PE
D Heigk

2-1.

=
aff

BIN—T T, AFFTUERY 7aA X0 E, L oalgae HIS # HEEL . Z OEKN
FIDAXFTUERY 7 a( L ONRICEE T 2EEHE S L OZ OBIS BT 208 %
fToTE7 [67,73], £DO—JFT, HISKRLSMZ b, AFTFTTERY 7 ag ¥ R T
HIEMHRHE SITNWD [38], ZOREKIIAFTUEXZZIFICE EEL T, ka2t
BHRD 7 a4 X Z BRI > THIRTE D T LAVRINTVND, 2D Z &iT, kx4
EEAT DT Al X ENRTE DMEMIERFEFAET L2 L2 RE LTS, £ T
AWFFE T, HIS RLMMIHT T2 A X F U ER Y 7 af XU 53l ORR (T 72, FiE T
IR, B DERN ORI D 7 a4 XU RERERRE T EH LN TE UL, BEEO
FPEICB L TIEIAWEI R Z b7 b L, 7 aA & 0 ORGSR & B3PS PR 2> 72
NHEMEEIND,

RETHE, AXFTUERY 7 af o2 B REFWRE T 25886 I A B TRE 2 )
EWERAE A ) —= 7 L, fFoNcHitkE HI8 BROBERE, Thbb, ka7 =
AL BLOWESH i RERE LIEAEBICOWTHERG Lz, S 512, il Eiko B
iR 2 W CRERBUG ATV, BT a4 X0 WES I 2 fEtEic >0 T b b

WL, 2 DOBEMRIBEET DR OUSHEZ I S M2 Lz,

17



2-2. MEHR X OFRTTIE

2-2-1. bl LUK

B AXRTUERY 7 a4 (SEA ALGA-F, BRREAHEEY O & T 50,558k, H
A) 1T AR S OHFFEIT KV N S AL H1E [78] 12X 0 MRASHIBED D E T b0 A
FFUERI POMHBI O LI bOEERA LIz, 7HEZ 7 a4 %0 HkS i
PEMIDE Lo B0 b5 SNTe b D& e, O, ABFZETHWZREEITWT 6 ik

mCH Y, LIEDOAGR L THARD ETOMES [FERTH 5,

2-2:2. AFRTURRXITaAf LU RREOR7 V—=27 WRIAE, HE%
F

FXFUERY 7 aA B BEEOAT V—=2 T, AFFUVER I 7a, X%
H—RFWE LT 0.5%E e A s (£ 2-1, 222, 2-3) Z AV, 30°C TR L2 HEE
PG 2TV, PR E Ty v an =—CR 5 £ THb 2/ 0 IR L7z, TS O—f%
FHCHWSND BRI U722y, 7 aA X U BNEAEMBR Th 5 2 & ik
OBERE LT, RO b0, SHITIL20L OWEKERT YA X 02um THIBLIZHED
T4 E = bR E L THWZ, SWER E AT 725 B V72 mk D 77/ 2 DNA I3 Promega
DNA Purification Kit Z VTR L, 275 7 AFFIMENTIZSNE L. DNA BlFIE #2157,
O HERED 168 IRNA % 22— K35 DNA BldiliZ, 2= "—% 17 F 4 ~—%HTH

i DNA % PCR g% . 15 5i7= DNA Wi Ofcs & ke LT,
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K 2-1. 7 aA oy fiR e BB B ik Ak

Fucoidan 5 g
KoHPO4 4 g
KH>PO4 0.5 g
(NH4)2S04 2 g
MgSO4-7H,0O 041 g
Metal sol. 10 mL
Vitamin mix. 1 mL
Total 1 L
7% 2-2. Metal solution FHAK
NaCl 1 g
CaCl, 2 g
FeSO4 0.5 g
ZnSO4 0.5 g
MnCl,-4H,O 0.5 g
CuSO4 005 ¢
NaMoO4+2H>0 0.1 g
Na,WO4+-2H,0 005 g
Total 1 L
3% 2-3. Vitamin mixture FHA¥
Biotin 100 mg
Thiamin-HCI (pH 8.0) 100 mg
Riboflavin 100 mg
Ca-Pantothenate 100 mg
Pyridoxal phosphate 100 mg
Nicotinamide 100 mg
Folic acid 100 mg
p-Aminobenzoic acid 20 mg
Vitamin B12 10 mg
Lipoic acid 10 mg
Total 1 L
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2-2-3. mElEKs v~ K727 4 — (HPLC)
TR TR 7 &R 2 VT HPLC 217> 7,
Pump : LC-10 AS LIQUID CHROMATOGRAPH (SHIMADZU Co.)
Detector : RID-10A (SHIMADZU Co.)
77 LB LOBEFEIX, LR TERY THDH, il 0.6 mL/min, 1> Y=V 3
1% 10 uL THPLC #{T~o 72,
Guard Column : TSK guardcolumn PWXL (TOSOH), ®6.0x40 mm
Column : TSK-gel GMPWx; (TOSOH) ®7.8x300 mm, TSK-gel G3000PWx;. (TOSOH) ®7.8x300
mm (7235, FFRIZE O 2V R O BESR BUGIT K D 53 R PER) D53 #T1d TSK-gel GMPWx & FHV72)
Mobil phase : 0.1 M NaNO3/H>O
715 LA —7" (SHIMADZU Co. CT0-10Avp) #% 71 ET TEMPARATURE : 40°C C{T - 72,
R #R DX E X MODE : Analytical mode, AUX RANGE : 2 T{T- 72,
FLdkET CDS Lite (Dell Inspiron 15 3000 2V —X x> kU — Office 1) O TIE. Ao —
TRESE 300 pV/mir, f/NEFE 50000 pVxsec, KU 7 & 0 puV/mir TIfTo 72,
TSK-gel GMPWxi. 71 7 A% WV 2854 1%, Pullulan (%% F- &% 5,000, 10,000, 20,000,
50,000, 100,000, 200,000, 400,000, 800,000) %% f&E~—A—& LT, K2-11Z=-TLD
53 VR AR A VERL U 7=, TSK-gel G3000PWx 77 7 A% iV 5454 1%, Polyethylene Glycol
(PEG) (457 1% 1,000, 1,500, 2,000, 4,000, 6,000, 8,150) %4y f&E~—HF—L LT, X

22T K ey T EMREREMH L,
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°.
13 + "‘.
12 s-..
= [ 2%
=11+ "o
£ *
10
y =-1.2647x + 28.205 “a
9 r R?=0.996
[
8 ] ]
10 12 14

Time (min)

2-1. TSK-gel GMPWx1. % F\ /=% HPLC fiifR

9.5

9 e

85 | e
-

8 | e

75 | "'0-..0

2 | y =-0.7456x + 19.137 " ...
2=0.9986 *

6.5 |

6 1 1 1
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Time (min)

2-2. TSK-gel G3000PWx, % f\ 7= FED HPLC f#&#r
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2-2-4. L. algae H18, Flavobacterium sp. SW DFE 4 73 R R TEAL

HI8 #k36 KON SW kA& 2-2-2 [ TR CAF T UE RS 7oA X ok H—RREPR L
L7258 A ST 30°C, 3 AMAMSEEZTo7cdb &, SHEOERDOR R 7 a( ¥ b
DUNIHEENE S B 2 B — R B & LT 0.5% N L7252 A A I #. 30°CT 3 H ]
& DB LTz, K58 ODeso ZWE L, /0578 (KUBOTA 3780, AF-5004Ch rotor, 8,000

rpm, 4°C, 15 min) Z17V 555 BiE % 2-2-3 O HFIEIZHE > TV A HPLCIZ L 0 7987 L=,

2-2-5. L. algae H18, Flavobacterium sp. SW O HERARRAH IR IZ L DAk~ 70 3 E 5
AT

HI8 BRB LN SW ¥ka A X T UERY 7 a4 X 2B —RERE LTeR BT
30°C, 3 HHRSE#A21ToTmb &, AXFTUEX7 7 a4 Z UsMT, SW RIS L Tl 2-
24 THEBRMRCEL IRy TT7aqyy 1570, TAF B IO LB Hil
T30°C,3 HI# (LB EHOYE13 1 M) 1538 Lo, B o058 (12,000 rpm, 4°C, 15
min) Z1T\, 55N 7-EHK%E 20 mM Tris-HCI buffer (pH 8.0) TRk, HFIAH: (Sonifier
450, Branson Instruments, Danbury, CT, USA) (Output 1, Duty Cycle 10, 1 minx3) 33 & OV [77
B (12,000 rpm, 4°C, 15min) Z17\, EiEZ EEfAahbR (LR, CEE) & L7, 10 D
BIROEI D 7 a4 XD WVITEES A B E LT 2% 25 X9 IiRL, f5oh
72 C.EE.3 X O 100 mM Tris-HCI buffer (pH 8.0) % & ¢e425: 100 pL OIS 2 FH#L L, 30°C

T—BREER S 2TV, FE 5% 2-2-3 O JFEICHE> TH IV A3l HPLC (2 X 0 458 L=,
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2-3. fER

2-3-1. FEIBEONTAFTFTUERY 7 a4 X ELEREORE
FXRTUEXT B L LIZBERICBEEERA S Div, SW R E AT 72 E kI

RNA f#HT OFER. Flavobacterium sp. & [RIE SiL7=, 728, Flavobacterium J&|% Bacteroides

P28 LT Y. Verrucomicrobia FHIZJE LT % L. algae & I3RFANTH 72 0 BiEL 7= HkE

ThoHLBEZLND,

2-3-2. L. algae H18, Flavobacterium sp. SW DFE 4 73 R R TEAL

T RHEORR D T 2 Z MRS 2 R E LTCRHT 3 B L& O
AHIE K23 DX DR o7z, HISKE, SWEEL bICAF T TERY 7 af &g T
ZRFICEB Liz—H, SWHIZ, X F TR 7a( X 2Tl ThHE7 7 a4
B, FIFTT70 TAXUBERERE Lo cb B<AEF Lz, K4 L% HPLC

ST LTS ZAM2-4 DX iR 720 SWHROABNRBDOONT-THET 7a( X,

TIFT T, TAXKUVEBERFPRIZ LG EI3EBT IV ZIEO GG i,
2
1.6
- 1.4
8 1.2
)]
o 1
0.8
0.6
0.4
0.2
0 [ . II I
5/ :) -) -) =)
5 G Gl %4’
N J‘ N SN SN S «§ é9
A ) /) A A? 2 & N
N ¥ %A ) .-) &
a & AY A Ay N
X A% 4
K ’9

X 2-3. &7 aA X B XOMFEMESHE 2 RFIR & L TR LIZBEO HIS B, SW KD AEFR
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7L P 300 eps 7 VX M 1000 cps
%] 2-4. H18 £k, SW ¥ & K HE & IR FEIR & L TEF S 728528 F1E O HPLC (2 X 504
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2-3-3. L. algae H18, Flavobacterium sp. SW O ARG IR IZ L DAk~ 72 3B 5y
i
FXRTUERRY 7 a4 X B—RFWE T D8RE MR TAET SH72 HI8 K, SW
D CEEZMWT, ka2 7 aA X OIS W2 W & U TR IS 21TV HPLC 7
FHC RV FM L7z & 2 A, HIS B, SW BRI bk x RIEEA R TE, 7 a1 X uicxt
THOMREIT HIS RO F @ -7z (X2-5), —FH, SWHIZ7 a4 X720 ThR< T I

T, TR UL TE . FRCT VX URBRITKRT D st & 0o T,

30000 35000

— &EH — &EH

25000 r— H B +H18%k C.F.E. 30000 |k EE+H18% C.F.E. |
_ 20000 HEB+SW# C.FE. 25000 BB +SWH: C.FE.
- 20000
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& 10000

10000
5000 5000 A
0 ot : '
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10 10
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FXFUERT T af K THATaf L
25000 25000
:§§+H18H<CFE =4

20000 | o aiFels 20000 | — EE+H18# C.F.E.
_ H+SWH#C.FE. HE+SWHk C.FE.
S 15000 15000
2
8 10000 | 10000 |

5000 \/\/\ 5000 M/\ |

0 kT e . . |
10 15 20 25 10 i 20 25
Retention time (min) Retention time (min)
R Taf R HIARXAaLTT7afF
25000 25000
— HBE — &8

20000 | — EEH+H18% C.F.E. 20000 r — EEH+H18% C.FE.
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35000 25000

30000 F 25 — &R
— HB+H18% C.FE. 20000 | — ZE+H18% C.FE.

_ 25000 HEB+SWik C.FE. EBE+SWHEC.FE.
S 20000 15000
515000 r 10000
o
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5000 ~ 5000
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Retention time (min) Retention time (min)
oy NaA F Uhilg FIFTv
35000 35000
— &H — &5
30000 30000
— REH+H18%k C.F.E. — R HE+H18% C.F.E.

_ 25000 HE+SW#k C.FE. 25000 | HE+SWH C.FE.
gzoooo 20000
® 15000 15000 |
o

10000 10000 |

5000 5000

0 A — _J\ L . 0 A-A_a_“_— =
10 12 14 186 18 20 22 24 26 10 15 20 25
Retention time (min) Retention time (min)
T IVX W2 300 cps 7 VX U 1000 cps

X 2-5. AFFUEXI 7a4 X o eRFRE L TELNZ HIS KRB LU SW £k CFE.ZH

VBT oA B ETITIEEE S A S b U 7B SR O HPLC ST

234, HAAaLTT7afF e RFRE LTH LIV Flavobacterium sp. SW
O FERRR R R I K D kA 7o B R

AEFICAH S SW BKIZ, 2-3-3 DFERBWT CRENA X T UEX T TaA( ¥
PSMZH TR 2T T af B AT 80 FIEEZA L TWD Z RSN, £tk
D 4 FE, SWHRICH TR 7 a4 F LRI T 2 BIn R RS Z L 2k~ 5,
ZIT. SWHEHIAAA L TT7 a4 X 2 H—RARE LTHEL, 5617 CFEZ
WCEBERPLZATVD, X FTUERT T af XU fRBFBRE LeGa L i Lz, K231
RT R AFTFTUVERY 7af o RFERETLHEILAT, AT Aa T T7ad

2 RBIFIC UT-AF TN VIR o7, 2L, SW RO BEBEHRA A X FUE X7 72
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A X ThBID, AXRFTERY 73 ¥ 2B LT 5 BRI IMERL Th 57 L
e,

HIRAALTT7al FrHHNFAFFIVERS 7af F o2 E—RHERE LTELR
72 CRE&ZHAWT, 6 FEOERDORR D 7 a4 ¥ w B L U CERRIGEIT o TR,
FRFUEXY 7 af XU RERE LTHRON CEETRAXFFTUERY | bV S,
HAA AL T AFTFEHRO T 2 o RTEIN, HIAaLT 7 a4 X kR

FP L LTHELN CEETIXEDEEICK L TH OMIEEIMENZ &3 ahodz (K 2-

6),
14000 12000
12000 | 10000
10000 |
“ 8000
.%, i
2 8000 t
2 6000
§ 6000 |
o
w000 | 4000
— 2000
0 . i i . . AV 0 E : ; 4 . ; i I
10 11 12 13 14 15 16 17 18 19 10 11 12 13 14 15 16 17 18 19
Retention time (min) Retention time (min)
FXFURRT T a K THATaf R
3000 9000
7000 | 8000 |-
6000 T8
£ 5000 | 6000 |- .
%4000 L |
5 4000 |
& 3000 |
3000 |
2000 |
2000 |
1000 F 1000 }
0 0 4—'/ . . N . A L L
10 ¢ 15 19 0 11 12 13 14 15 16 17 18 1t
Retention time (min) Retention time (min)
bR Z T ALK HAAaLTTaf K
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14000

12000 |
10000
5
® 8000 |
x
o 6000
o
4000 |
2000 |
0 . . B
10 11 12 13 14 15 16 17 18 19
Retention time (min) Retention time (min)
THET 7af B FAIRETaL K

F AXTUVERY 7af ZF oz —RFEPR L LTHLNA SWH CEE. + £54H
W AR T T af XA E—RBEPE L THE LT SWH CEE. + &5
& K IEH DI

B 2-6. X FTUVERY Taf X Fl3IHIA T T7a,lF ok RFRE L TR LR

SW ¥k C.F.E.Z F 755 KOS HE @ HPLC 74T

2-3-5. LB B:HICREFE L TS B 4L7e Flavobacterium sp. SW O HERA Al HH#R 12 X
HFXFUERXIBLIOT IR a0 T DR
LB 55 CEB L7 SWEKOD CEEL, I RXAav T 7af Xy AXFTUER7 7a4

F L BT LRN D E BT (K2-7),

14000 10000

— FXFIEXI734F2 | 9000 | — HAIAaLT7a145

_ AXRFIERITALTY | gooo | _ HTAALTIAE
+ LBIE&ESW#k C.FE. + LB ESW# C.FE.

12000 |

10000 7000
E
© gooo | 6000
- 5000 |
$ 6000 ¢ 4000 |
4000 | 3000
2000 |
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1000 |
0 . . . 0
10 12 14 16 18 10 12 14 16 18
Retention time (min) Retention time (min)

[X] 2-7. LB 55 CTE:#8 U7- SW £k C.F.E.Z W /=B KSR D HPLC 44T
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2-3-6. TIFTTr, TAXUMEIRFERE LTHE O Flavobacterium sp. SW
O TR Fh IR X Dk & 22 SR oy i

2-3-3 DFER LD SWERIZT 2T o F 721X 7 L F U8 300 eps, 1000 cps & frFEJR E LT

BCEXLIENgmolclzth, 71770, TOAFUEE 1000 cps & H— RSB E T 555
i CEEFE L72BRD SW BRD CRE. &2 FHW m BRI 21T - 72,

TIFT, TAXRUEREHE—RERE L THEONZ CRE(Z I 7 VEICFE. | 7
VX UEERE CEE. EFRT) ZHWT I IF T TAXF VB, X T UVEXI T7aLF
wHVE L U TR G ATV, HPLC o#r L7ofER. 737 VM CEEIXT 157 v,
TNFX, XT VRN T afZ o apffc&icn (X2-8), 7/vF B CEE. (371
XUMEBHE DR TE, 37T bOOIREDNMTELIN, AFXF TV T7a( K

FETE RN LS o1 (K 2-9),

8000 12000
— ZEFIv — FNLX_E
7000 [ =7 o :
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X 2-8. 7 X7 85 C.FE. 2 7= %35 ik @ HPLC 04T
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Peak height
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Rl | AR FIEXHTAAHY
kgl
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LSRN AX T UERY 7 a2 B Ay & U CHEEL 7 Flavobacterium sp
SW#kIZ, 77CIZ, ALK ARFTUERY 7 ag XU EbHMAEY & U THBES LTV L
algae HIS R L LI T2 & | BERAFER D ONTHBFRIC K 2 7 a4 X 230w &3 DT
ZHEKTT 2 AR B DRI TRES B2 D Z LB LN o7, EEEFFEICE L
TIiE, SWHRIZABER CH 5 7 a4 X U LIMIMRICE ENTWDHENE, 733770 T
FrmbiRFRE LTHHAARETH Y, HIS #FRE VD bEMTE DKFRD L /X— KU —H
BETHDLZ ENDhotz (M 2-3), 2D LT, RUT oA ¥ U BsAEMDRINTE,
MEEDIZINORR S RIS R TE DEK S . BBRIVEPIRE SN OWERNFET 52 &
EEWT D, TO—J, HERICL D 0ERICON T, AXF TR Ta XU kR
FRE L TEERELEZEAS, MEKROAEFTIZZER U THLIZrb 6T (K2-3), bz
FABEFR I, HI8 BRDJ7AY SW ERICEE AT & T figis s < (X 2-5), &y ki
WERBUCFEMDNZ < Ao, 7072, T TICHEINTWD HI8 Rk kA XU EX 7 7
A B MK FALEESE Fetlld (34X T VTR 7af B PN T a4 X izxt LTEE
N EGIRIEEZ RS2 [67] 2D, AXTUVER 7af4 XNk oTRRL 7 aA
AR DR FALBER BRI HBBLI N TWD L& Z ORBIEIZ OV
TIHEIRA R =D, 73, X 2-5 OFERIUGIK Z 38T L7z HPLC ¢ — k Tl Retention
time 20~22 SHCRE e — 2 B B, X 2-4 OR5EEHK Lg% /98T L7z HPLC ¥+ — R C
IR SRRV, ZAVUSEEE USRI L7 Tris-HCL RO B —27 Th v | IR | BEHRIK
SR A 53 HT L7z HPLC % — MZIZBE L THA LN D, £z, IR E o LT2BE, A7
RO LN EITHRIMN LI 2O E— 27 1XTFTHER L T DHOIZx L, BERKLEDEA T,
Retention time 15~20 5320 i) & b 5 ©— 7 B3RO B D, TIUFIRERIROG AL
SIREEMIDE OB IEON D O TE < R D DI L, RGOS E, & HRE
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DRI NTACEM % S BITRET DR USRIV T —RNRETH D Z LR HERE S,
ZORER. 25 FEYA XOGREM PR SR TIRGET 2 b0 EE 2 b,
RFWE L THIA 2T Taf X EHNTHLNE SW kD CFE 23 A2
TAf FAMERSEILE A M2-6 ITRT LI, 7aA X OoRITR LT, &RIZ
WARHTTAA 2T T af X ARG FACEESE Swiun2 12 X DR Ffb 32— L RE &R
o T\, ZOZ D, SWHKRIIH I AT 7 ad X &0 - BT DRSS
GFEAELTEWVDIR, TRETIA LT Taf Z Ao THRBAS T2 &
SND, EDO—FH AXTUERXY 7 aA( X DoifRREEIEF1E SW HKRICEB W TH A F
VERY 7 a4 X AL DB, HISFRIZ E TIE2W b DD B 6 7R BERTEE & F 6l
LTV DD, RICHIBATD, 5%, TNENO S REREIRF OFRBLA T =X 1

DFFRANLETH D EBEZ TN D,
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%5 3 E  Flavobacterium sp. SW H¥ 7 a4 ¥} —+%
DECFEE. BRERS., FEEH

3-1. ##

]

BEEICRIT D 7 aAf X OfEIL, R & /e FEICIRET 2 [79]. HCThAF )
TERATHKT A XL NZONTIE, D7 a4 X AIR NN T B FLVERE
TWDZEDNFHETHD [28,80,81], U7 NV—7TiX L algae HIS 06, A FFTERY
Taf B DT v FNIEENEES ST T v F T —F¥ Fud664[73] BLW, AFFUEX7 7
2 A &% endo BUTARSy FALT 5 7 A ¥ —E Fetl14[67] % FLH L. #EM72 g 2 BEIC
ToTW5b, £/o. TG 2 SORFFHZ B TIEFE T, HIS HRIZ T =1 A & o 53 iRl 38 & Ml
NIZHL TR, 7aA L DT ¥ F/AULSUEDBRITIRDG FALSUG S Z 5 Z L 9VR S
ALTWD [43], 2D X D7 2 BEREDOBERIISIC L > TT7 a4 XN fSind LD Hk
DHREBNII2ND, MOAFFT T EX T HRT a4 X EMEREDIZ BN T S RERD K
IS Z D FREMENR B 2 b D, T T 2 BN LI HIBRE TR R 24X FUEXT 7
aA X BACHAEY . Flavobacterium sp. SW BRIZDOWT S ) MMEFHRAZBH G20 L, SW B
WHT 57 a2 —8lE 7% i3 2 & HIS BRIC L D15 TR & o ki FER
DFMEREZAT S Z&IC LT, ZOZ LI B 0MiEREZN D Z LIk - T, #
IRH T A B UGEN AR5 LS REE D B AT,

ARETIE, SWEEDZ /7 MEHZ © &2 HIS BRH K fotl14 LORRIERRZITV, 7244
FT—BBIEFEREL. AEREDOT I VBRI ZIRE LT, EHIT, Zr—=v7 BLO

KIGE TOBERS > /3 7 HOAPE, B L ERIVEE ORFEIRE 2 32t L 7=,
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3-2. MEH LSRRI IE

3-2-1. BERMINLT B F LA T UEXT 7 a4 Z Ol

Nagao 5 [73] D HEESEIL, BERERICHT BT b L7 a4 X 2% L7=, 500
mL B =B —IZ, 025%A4FFUEXT 7 aA %> 100 mM Tris-HCI buffer (pH 8.0) | A5
L7z 7 & F /U LiEFR (Fud664) 0.05 mg/mL 7 o428 400 mL OSSR 2 fiH L. 30°C, 1 H |
BB GE T -T2, 3 H, & 512 Fud664 % 203 mg Wshi L., 30°C, 1 H, BERUGSEIT - T,
ZD%, S0mL 2—=27FITB L, Ut —HF—/3SAT 80°C, 10 min B 21T -7z, El
B, 30 (14,000 rpm, 30 min) L., 500 mL & —% —{Z E{&F & UL L7,

3 O EEFE SR Z . VIVA FLOW 50 (Sartorius, UK) % VN THJ 40 mL & THARE L.
1L OZR KR L TENT LTz, BITH%OY TV EBFEER L, Znahi7 £t ¥
FURRITaf4 B L, 1gDAFFTIERT Taf B RNG 1 gDRLT EF L

kAT TR 7al X RN T,

3-2-2.  Flavobacterium sp. SW HR 7 A X —EB BT DEEPE

Y 7 b7 =7 insilico MolecularCloning (In Silico Biology, Inc., Yokohama, Japan) % i T,
AR THRLNTZ SWHED K77 7 ADNAE#Z S &2, L algae HI8 k7214
— BB T fetl14[67] ¢ DNA BB EFH FEIED @ OG- 2 R BE L. B OB 1% swict

AT,

34



3-2-3. VU FNESIERIBR LT X NI e a— KT D swiet DT T A~ —i%
7135 L OV PCR HE1E

Swict O 7 F/Vidsl % SignalP (2K VKRR L, HEED T 7T ARSI 2R Lz 2 237
B a— K5 swfet % pCold I X7 X —|ZHlAIATe 7280, 3 3-11Z/RT L 912 EcoR 1, Sal 1
PRRREAN E FF e T T A ~— &G LT,

F 32 ([RTHLAR CROGIE 2 85U4% . PrimeSTAR HS (TAKARA Bio.) % VT PCR #4iig
%17 o7, PCRIFIEDBEDOEVERG, HRIGOIRER L OBUSH L, 98 °CC 1 43 fm
B, 30 A 7L (98°CT 10 BV, 55°CT SR, BLWN72°CT23458) TiroT-,
55172 PCR FEM% QIAquick PCR Purification kit (QIAGEN) % FlW TR HRIL 7=,

7 3-1. swfct VR O 7 Z A ~—Ed5

_ TATCAGGAATTCATGCAAAAGAGTTTACCCCCT
Forward primer e
EcoRIGEREEL
GCTCGCGTCGACATTATCCAAAGGCATAGAAAAT

Reverse primer oy 2oy e
SallFB L

3% 3-2. PCR HEME O SRR

Strain SW DNA 5 uL
10 mM Forward primer 1 uL
10 mM Reverse primer 1 uL
PrimeSTAR HS 25 uL
Sterilized water 18 uL
Total 50 uL
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3-2-4.  HIRREESRHAL

A vP— b, BHEHARZ Z—pCold 1 133 3-3 (/R THEL CHUMNK Z ifith . 37°CT—
Wl REE R L 21T o 7, HilBREER I LR IL, FEICIENT T r— A7 )VEKRIKE) & 910
L %47\, NucleoSpin® Gel and PCR Clean-up Kit (TAKARA Bio.) # W CfED 7' 1 k22—
JVIZHE> THI DNA ZFE8 L 72,

# 3-3. HilFREERHLIZ 31T D BOG TR

DNA fragment or Plasmid DNA 34 pL
EcoR I (TaKaRa Bio.) 1 pL
Sal 1 (TaKaRa Bio.) 1 ne
10 x H buffer 4 ne
Total 40 pL

3-2-5. TAT—var, BHEER, 77 A3 NHEE

I FREE SR TH Ltk D AR T & X2 # — % DNA Ligation Kit <Mighty Mix> (TaKaRa Bio.) %
W, 16°C,30min 7 A 7' —3 a > Lz, £0#%, BoNizT4 47— a iRz HWTE
coli BL21 (DH5a)DIEE & 21T\, s LEER THAMICHW SRS LB FHlc 7
B U Y (Amp) ZHEIREEAN 100 pg/mL (27225 K D IZHIN L7 LB + Amp B5HUICHER L 72,
Ellan=—%¥ vy 77 v 7L, LB+Amp E5#iC 37°C, —Hth%# % . Plasmid EasyPure kit
(TaKaRa Bio.L) Z W CfHEDOZ 0 b a2 — /WIHEW 77 A X RELEEZ L, EcoR 1, Sal 1 Cifil
IREEREL TV, T —ABEREKE T oY — FBELFFASH TV D 0RETT

277,

3-2-6. E. coli BL21(DE3)/pCold Uswfet \Z & 5 BH & o 237 E DA FER T

A P — FAIE LA SN Tz pCold Uswfet T, E. coli BL21 (DE3) % & L,
LB +Amp. 7 L — MI&AG, 37°CTBElEEZ1T o7, B LT L — bDanm =—& KR
£ 100 pg/mL @ Amp. % & T LB AL 5 mL 1I2>F L 9 UAlE L. 37°C T BipikE®E %
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1Tolz, ED%, IR 100 pg/mL O Amp. % 5 EeIRIRETHE S mL 12 1%F L, 37°C,5h Z
EOREREAT o7, FEARIR D ODgoo 23 0.5 FREEIZ /R 072 & 2 A TKIKIZ L o TRHBAIL
30 min FFE L7205, IPTG Z#&IRE I mM IZ72 5 X D IZIRINL, 15°CT—RHriE S H B2 L
7o, B A Ay EE (12,000 tpm, 2 min, 4 °C) L7-#%. 55N 7-HE{A% 20 mM Tris-HCI
buffer (pH 8.0) 400 pL THEE#E L, HF M (Output 1, Duty Cycle 10, 1 minx3), 3z [>57 B
(12,000 rpm, 4°C, 15 min) Z17\>, RiE A w[EtERE S & L7, PRI, 20 mM Tris-HCI buffer

(pH 8.0) 100 pL CH&¥E L 7=, B L7=H > 7 /L% SDS-PAGE |Z CTHER L 7=,

3-2-7. A URNTEREOTEE

Ho R LT Bio-Rad D707 AL T v AETERL, REKT S BaRLi-7 a7
T oA 3 mL ZRRERE IS TEL., BB 60 pL ZFRN, 15 min IR TG . 284N AT
YEEFF (SHIMADZU, UV-1700) % HAVNT 595 nm O RO AHIE LT [82], £7-. 0.1~0.8

mg/mL DFEAET V7 I AR IV TER LT RIS K0 2 B RS2 B LT,

3-2-8. SDSAUT 7 UNT I K7 VEXIKE) (SDS-PAGE)

SDS-PAGE E&IKENT, TEH A 2=AF 7 ELKIKEN (ATTO, AE-6500, Japan) % fV\C7
JUNVTIRGT IV B0%7 ZUNVTINGEIR) ZAERLT-, Yo7 v d SDS ALBERRfE K2 1:1 OFIS
THNZ., 100°CT 3 min BYLFLATT 72D % SDS FHaEHA# L L7z, Tris/glycine/SDS #E ik %
T I=AT7 1 HUTHE 130V TR 2h ERIKENZAT 72, KBNS O 7 VI, 50% A 2 ) —)L
0%FERRICIRIR L T2/ —~ > —T VU T R 7 —G250 TR+ 5 Licky 2oy
BNy Faaifb L, 30% A % 7 —-10%HE it L, o SE7c [83], Zo VBT
T~ —H—I2i%, Zo/3E~—%— (CLEARLY Protein Ladder (Unstained), TAKARA Bio.) %

)= LAY
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3-2-9. His-trap % HV 72 Swict DK H

E. coli BL21(DE3)/pCold Uswfct D¥s#E % 1 L A7 — /L TITV, &N TBRIE) D FE R %
M U, E AR O TSy 14 mL 24572, % O a5y 2 13 mL HV N C His-trap
(5 mL. cytiva, Sweden) (2 & HEEERER 21T -7, Buffer X 300 mM NaCl, 50 mM Tris-HCI
buffer (pH 8.0) (Z 20, 50, 100, 200, 500 mM, 1 M O A I ¥ V' — L& Eiet O % iz, 20 mM
A I X — )L EETe buffer CHEEHAL LT T LMMZAEVERI S ZT 774 L, 20 mM A 2 &
V' — )V % G ¢e buffer 1% 50 mL., Z DOMLD buffer (X 25 mL 3723t L. 5 mL 3 2% L7 H5y
% SDS-PAGE TCHEiB L7,

13 BT KBS 4 . VIVASPIN (Sartorius) 2 JHVNTiAE - Bt L7z, VIVASPIN [ZH5H
B35 2 Afu, 1m0 (3,000 rpm, 4°C,30min) L. &N 72 < 7272 5 #7212 50 mM Tris-HCl
buffer (pH 8.0) &1 2 THOSE L (3,000 rpm, 4°C, 30 min) L7z, > 73 1 AR/
HETHRYVIEL A IFXY—VERY R\ 5oy 7 L% SDS-PAGE THERE L 7=,

Flo. ZOEMEY TNV ERNNTE N HREOEREZIT ST,

3-2-10. /L Ail HPLC (& X 5 BESRTEPERIE

H BIl% 8 n DI BDHER T & 72 E. coli BL21(DE3)/pCold I/swfet C.FE.3 % W 3RS L
7o Swfct 12, FKIBE 2% DA X FTUERT 7 af X HHEIRT B F b+ T E XY
TaA X EHE L L, 100 mM Tris-HCI buffer (pH 8.0) % & e 45 100 pL OFEFR KGR %
FWT, 30°C, —BeBERSZ21T 72, 80°C, 5 min ZVLERSE . 13,0478 (13,000 rpm, 10 min)

TN, 2-2-3 O FIEIZHEWA L A3 HPLC 12 X A0 21T - 7=,

3-2-11. Somogyi-Nelson £ k& % Swict DEEZHE L FHIFEMEE DSt
IR LI T 2 F ALY 21 4 2 B 2 L, EOREARIEE % WA RE T

% Z LR TX D Somogyi-Nelson £ [84] % HUN T, Swict CEESRE G S W 721 DR T R Wil
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FEARRM L, BERIEMEZ ERWICHIE Uiz, 723, AU CRERIGE 2 & BTG 3~ 2 %
AL 3HTEREZITV, =T — =D — 7 3Kl & f/IME S L7z, Somogyi-Nelson % T
%, EREE (R 3-4, #3-5) & Nelson i3 (3 3-6) Z 7z, @Fk3ED (a) 3L 100 uL &
(b) 3L 2.5 mL DIRATRZFR L 7=1%. Z 2725 100 uL £RBL L, BESERUSHE 100 pL % &
B, WIS+ (100°C)T 10 min OB 21T o7, ZD%AM L, Nelson 33K 100 pL %
IREMZ, 20 min IR CHE L=, £ LT, TOEKEE 2.5mL @ MilliQ THR L7214, Asso
TWSEEZRE LTz, MERIZ05 ~ 3mM D L-7 a—Z2 & H W TER L7z (K 3-1),

K 3-4. GRAIE (a) IR
15% HFREESR(I1) HAKF) 15 g
Total 100 mL

7% 3-5. GEtEE (b) FRIAAL
KRR Y — A 12.5

g
WAREST NY L) o LKFIY 125 g
174177/ & el VRN 10 ¢
KRR Y — & 100 ¢
Total 500 mL

% 3-6. Nelson RS A%

LEV TT UMY =T AIKFIY 625 g
[0 /& S Al RS ov/ @ 117 075 g
0073 105 g
Total 250 mL
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25 [ y=0.9246x-0.3108 ¢.®
5 | RE=09935 4
g o
B15 | p
< g4 )
05 »*
. .
0 | | |
0 1 2 3 4

7a—XRE(mM)

3-1. Somogyi-Nelson {EIZ 81T 5 L-7 22— A DR &#R

3-2-12. FEJERE OBES

7% 3-7 [Z/R L7248 200 uL DOFEFE OG22 AV T, 10, 20, 25, 30, 35, 40, 45, 50, 60, 70°C T
10 min A > F = X— h ULEEEUGE, 80°C, 5 min BMLER AT - 7=, % ORISR A A
C Somogyi-Nelson VEIZ XV | X 3-1 DML EKIC, BT BT /bAXFUEXT 734
B AT DIRT AR & JIE U Swict O R 2 Gt L7z,

# 3-7. Swict DR SUSHALAL (EWEIEE, B\« pH Z2EPERETR)

Swict 0.05 mg/mL

U > Buffer (pH 7.7) 50 mM

BT 2T MeAXFTUERT T7a,x 2 %
3-2-13. BV EVEDRET

Swifct (0.05 mg/mL) % 10, 15, 20, 25, 30, 35, 40, 45, 50°C T 30 min 7 LA > F 22—k L7
%, 2 3-7TITR LTo48 200 uL OFEE SR % VT, 40°C, 10 min A > % = ~— k LS

B, 80°C, 5 min BMLERAAT o 7=, & OEESRSUGNK % T Somogyi-Nelson 112 & D |
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3-1 OBREBRAE I T 2 F A X F TR RT 7 a  Zonb AL B me R4 HE

L Swfct OEVZZEME & /it L,

3-2-14. i pH OFRET

7 3-8 |Z/8 Lo 120 pL @ pH A3 E 72 DB R SUNE 2 IV T, 40°C, 5 min A > F =2
— N UBERS4, 80°C, 5 min BV 21T 572, & OEEFRE RIS % VT Somogyi-Nelson
EIZLY, H3-1 ORERE IS, BT BT AT IERXT 7 a4 X0 nBEL DRI
K2 E L Swict DF# pH 2 #at L7,

7 3-8. Swict OFEFR SUNEALAL (i pH FFTR)

Swict 0.09 mg/mL
U > 1% buffer (pH 5.0 ~ pH 8.0) 100 mM

7R 7 £/NaOH buffer (pH 8.5 ~ pH 10.0) 100 mM
NaHPO4/NaOH buffer (pH 11.0 ~ pH 11.5) 100 mM
BT 2T MeAXFT IR Ta Xy 2 %

3-2-15. pH ZEME DG

0.09 mg/ml @ Swfct 12 mL |Z pH 3.5 ~ pH 10.5 @ 500 mM buffer 2 6 mL 71 L. 30 min 7’
LA V¥ a~—h L%, £3-7TIOR LR 120 uL OFERISHEZ AV T, 40°C, 10 min
A F aX— b LEEE S, 80°C, 5 min BVLHL 21T > 72, & OFEHRBUSK 2 FW T
Somogyi-Nelson (L2 L 0 | X 3-1 OfEME IS, BT EF b A X FUER T 7af X

BT 538 AR 2 JIE L Swict D pH ZEMEZET L7z,

3-2-16. @A A4, PHEH « F L — FEINTEMIC RIE T 5

BERTEVEIC R 2 MAT @@ A A2 IHEA - % L — NS OW TR L, BERMUSHR

i

W A8 OEE 2 TmM & L, 2% W7 B F b AFF Uy 7a( K,
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0.09 mg/mL Swfct, 50 mM U fig buffer (pH 7.5) % & e 28 120 L OFEEUSIK A VT,
40°C, 5 min A > F = X— § LEEE G4, 80°C, 5 min VLB 21T > 72, & OBEEMIGNK &
VT Somogyi-Nelson {EIC &L 0 | X 3-1 OfEfEa BKiC, Wy e FfbAxFUEXT 7

A Z DAL LB AR ZHE L, LB Swict (232 B2 e Lz,

3-2-17. FEERr B ORF
BIRDRR D7 34 20 8 D WITHEEESHE T2 Swict DIEFMEEZRE LTz, 734 &
K 2%, MBLEVEZRED A1 0.5%, 0.09 mg/mL Swfct, 50 mM U > 2 buffer (pH 7.5) %5
Te4E 120 pL OFEEE ISR % AV T, 40°C, 5min A > 3 23— | LEEFE 0. 80°C, 5 min
BV A 4T - 72, % OFEHE NG % VT Somogyi-Nelson 512KV | X 3-1 ORE#R % KL

« HEEN G AU DEITTRm & E L Swict O SE R M2 s Lz,

32-18. S m~ b 7T 74— XD Swiet D4y EHIE

Superdex 200 HR 10/30 (GE Healthcare : X~ F{&F&E, 24 mL) &7 7 AICHWZ, 7~ b
77 7 4 —IX. AKTA pure 25 (GE Healthcare) % H\\TIT- 7=, &HEERIZ, 50 mM Tris-HCI
(pH 8.0) & 500 mM NaCl % & ¢e Buffer # V72, Jiti 0.2 mL/min CTE#L L7240 T A1
500 uL OFEFHEEFRZT 774 L, EMREHEIC K> T Lic, # VB RS —h
—{Z1%, BlueDextran (Mw : 2,000,000), Thyroglobulin (Mw : 669,000), Ferritin (Mw : 440,000),
Aldolase (Mw : 158,000), Conalbumin (Mw : 75,000), Ovalbumin (Mw : 44,000) % &&e Gel
Filtration Calibration Kit HMW (GE Healthcare. Co.) % f\ 7z, ZiH~— —ORHEEEN
5 32 ORREARE (Ko ml=—0.135 x In(53 1) + 1.8813, Kuy = (RHIAFE — PEBRIAAE) / (X

v MEFE-HEIRIARE)) ZER L. ZAUTEES& Swiet Dy FREAF I LTz,
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0.5
045 r
04 r
0.35 |- ..
0.3 )
8025
02 + y=-0.135In(x)+1.8813 ~
0.15 r
0.1 r
0.05 )
0 1
10,000 100,000 1,000,000
molecular weight (in log scale)

3-2. “VABIa~ 757 4 —IZ LB EORER

3-2-19. Swict (& X % FE /iR [R5

SOSREEISCEER OB EZ AR T HZ LI2L 0, Swit W7 B F /b AXFUEXT 7
aA Xk ENTET S RT D h % HPLC Column (TSKgel GMPWxq) (2 XV @EHEAIZHED
720 2% T EFNALA X F UEXT 7 a4 Z 2 100mM U B2 buffer (pH 7.5) % & o5
WRIZ Swict (4.5 mg/mL) % 100 uL A1 L., 30°C, 7 days RS &2 T T2, 2D & X, 3,
7 HEBICHAEOEEZ RN LT, X 2-1 OREHREER L T E— 2712810 0 FEW D5y
FEARE LTz, BRI, TSKgel GMPWxL D43 BT 1,000 ~ 8,000,000 Mw Tdh %,
Z DG & ST 5 728, TSKgel GMPWxr & Y (K43 HPLC column (TSKgel
G3000PWx1) IZH 7 774 L, X 2-2 DMEMEHEH L TEE— 7128 2 0MED D51

BEZHE L7, TSKgel G3000PWx D47 H i 1% 40,000 Mw LA F T 5,
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3-3. fEH

3-3-1.  Flavobacterium sp. SW K 7 24 X —E8BIx T swiet IZOWT

H18 #RHIR D fetll4 EHI GNP LB F 4 —D SW HRICAIT Z &8 T&E, 20
BART% swict & L7z, SignalP Z FHWTHENT L7z & 2 A, Swict O N Kb 25 7% H O
Ala £ THHLNRY 7 FNVESITH D Z L2V (X 3-3) LEZDOT, swiet O 5SKE»5
75bp HIbR L7277 A ~—%& %G L . PCR HiIE L 72, X 3-4 |Z Swict O I/ RS % ~T,
7. L. algae H18 KD 7 2 A X AXSFAUEESR Fetl14 & 07 X BEELH OFE [FEIPEIE 40%
Th-o7 (K 3-5),

AETICHESNTWND 7 a1 Z ARG LR ITT~T GH107 H 5V ME GH168 7 7
TU =B L TS0, Swict (X GHI07 (2@ 2 4 FEOZ X7 EH DT X/ WRELHI O
RIPEIL 25%LL T EFEFITIRW 2, GHI07 IZIZR S EE X bs (X 3-6), £72., Swict
L GHI68 128§ 5 7 a4 #F—+E FunA [66] 1370 FEDENKE < MIEMEHEN TE 7

Mmolzlzh, ZTH L BHFMENMENEEZ BN D,

SignalP-5.0 prediction (Gram-negative): Sequence
SP(Sec/SPI) —
TAT(Tat/SPI} ==
LIPO(Sec/SPII )
=
OTHER
08
'
-
a |
énq 1
2
|
MTKITPIRLIVIFFFTTVLFSGAQAQKSLPPSFWNNVADYTFNYFPESLKNGTDFHIQTNTHFLAFDYAN
| 55555555555555555555S5S555CANXNAAAXAAAAXXNAAXAXAXAXAXA XN XX XXX XX XXX XXX XXX XX
40
Protein sequence

3-3. SignalP (2 & % Swict D 7 F )VERSI DR 5
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MTKITPIRLIVIFFFTTVLFSGAQAQKSLPPSFWNNVADYTFMY
FPESLKNGTDFHIQTNTHFLAFDYANLNLKDLRLIDKPLAEEKA
VRQNLDFLPLKLNQDLLKISMVYKGQEYKLTKGASKPSECMLI
ESGKFFQRRNIINLKFEEGAPNVNTALEVVSWADRISFVLKVD
SKENLEPIILNMECKFPTKYATQILKDKNAILSLDKNNNGFMYQ
SLATIKSNTKGVLVSNEFKSKEKQQLELIIIPVNSFDKKEVINPV
TYNPIEIKAHQLNPISKVLTIDFDPIY GWHKINLANDLKDKNAIE
NVNIVLENKSNQPETVRLNFNKEKVNAITGISAIIRDIDNNPTGL
PIQLSKNWHNEVDVEFKGPWYRGLTMLTIPAKTKIEFVYTSVN
AYWGELPAASHSQLCLAGWGKSWGNNQLWEQSAIGAFGESI
CYEPDGGQAQTMITDQRPLMVESTDPAVKKPTKWGWTGNV
GGADFFRFYNEKGVKMDIKRIKTFHKKSCPNLTEVTYAGVTPK
NEGSYELTTSIYRSDDYVRGIYKIKLNVEDTLKFSRLAIVQIGSQ
TYSYTSDKKFAFGDENGLIEEWNTQWGGNQYKKTALKTNGN
RPWISLHDNVNQKPKEWGTAACRGVIVKKWNAVIAGKVTPPE
FSEFGVNIHSTKSSLVEINVPNEVKMLLPGDYIEAEIEQIILPSS
YESYYGPNVLFKSALKENANSWQLVYREALGNTLKVSASVGE
VLHKFPVVIKANENNEATVVIEGGIGYVPITITGIKDYKKFNINIY
KNGKKINVNQEVHGKDYWQTDYNSTTRTWDITFSMPLDN

3-4. Swfct O T I J FEEA)

1 ——-mg F‘PZT PKLEALGAALVLS PLKAAEVSELMFLEE] TWAQGFPQVVIERPWLR S HYSMIL|
1 MTRITIRLIVIg—— FETTVFSCAQKSL PP SFWNNVA, YFPESLK-——NTDF——HiRORgN THE LAF LK DI
88 GEVA SAPP-] P LG T\F\ KWTRYDGP RV EEIER et JL
77 RLID PLPE QNLD ~—SKESEC MM REERKIFFORRNT IN J’\ \F 1 1
177 AQFERLGLIMRAKPGERALAGGEASFGRIGGGFGE \PSLDTE QFTLGFWAFIPRNY SHQDGASPWLVE@NRNEARDGNYG 266
162 s DI S FVIRKY ————————————————— —————— ILNME————————————— = 159
2

67 MLLRQGKLEARLNIGGGKDGQEVVNSSSDVKRERWNHMAMSYDGEVLRI FLNGKNVGEKK IGRVRKPGADPLVFGRRAMSRISGEYVFRGA 356
190 ——————m PTKYATQILKIKNA ST, ——— ——— ————————————————— | INGFMYQ—— 218

357 MDEIQYFDKALDPKLIGRMAMRPGESLPRARKPAHAWAFKVDGASSETMPMEDWEKNA EJR SWS LPDGP_RV PD 46
21— AT TESNTEK VIV S - ——— ————— 2 43
447 N EAPETS|HISVEV S| KDQGGE T****** .Pg NGVRAQAPANGDEND! TDRV \FPD 29
244 \F\ KKEVINIQVTYNP IIMTKAHQLNIZT SKVLT ID) AN- ————-——DLKDEN EI SNQP| 326
530 SGIQSpNNe A0 el i I SERIDEESGVYR| GSTTMLELVISYGH Ig ¢l
327 N —VNAISNETSFAT Tiz8T Lol S isF v DVE — FK]| LKTE [YF VY TSVNAY) 414
62 0 —Lfes S 5 SICY Q NGG———- SNV GGADF FRE |3RAGC e saw Ny e)
15 WGKS Vi ORIAT Gl CY 5 STDPAV PT Spfeler N PN YN KigVKMD IKRIK]
2 HG JF V——Gl RH M JS Y EAMD) W GG =
VTPKN EL HVRGLY e DTL Lfele G
TEPIVMD GSHFGGHEL :‘ S ASAWMA E.T RADFEVE ey 575
4 I KTRLETN NVNQEPEEW—| VIR S/ TP PEF 5] VEIN IE 52
TP ENI AL KD G *\7 IQTSGGAIMETL
SYYGPNANY KENA oL \7 [KANENNERT VVIE KD 2
970 ND--GVELLVDESHPT.——DeSiiEleNy FDPVS gPGKTPGJ\LLAPKP 1025
773 YKKFNINIYKN BB O ¥V HGE D (YN STT RERID TRYE S Mg DN———— —— —————— 820

3-5. Swfct & Fetll4 O 7 I/ FRELHI D i
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Swfct 25 —  AQAQRSLPBSF FMY-FP—ESLENGT— 53

Fdal 23 = ISYRIPGGDINYSGSHVA 52
Fda2 57 EPEPEVEPEPEVEPEPEVEPEPEVEPEPEDIRASOMO-CHWCISFRISGGDISONESHVN 115
FcnA 23 ———FHRVEARQ——VPDENQ LPMR—GALGMIW-LP—ERTFNGN—-IE 61
FFA2 27 ———— LHMVQAQONFVPDED] [R—GSLELIW-LP—ENNYNGN-IE 68
SWfCt 54 ——DFHIQINTHFLAFD! LRLIDKE. —AVRONLDFLP 97
Fdal 53 EYNVRAAVEQISAIPGLEWVOI —GASGDRFIV —NPLSEPNSINDLYD 109
Fdaz 116 EYQVAPAVEQIAAT N—GAFGDRFIVEVE —NPNSAPNSSADLFD 172

FcnA 62 GIRIDDFLTQIEDIRTVDYVOQL SPNIFSPTHVAPHPITRMSTLWOGDTDANGDPINLVA 121

FFA2 69 GVSIEDFLTQIQHLKTVDFV PYIYSPVHTAPHPE PDGKPINLVV 128
Swict o LEKLNQD—LLKISMVYKGQEYKLTRGASKPS ESGRFFQRRNIINLKFEEGAPNVN 155
Fdal 110 PTLPGRDLFEQLALAFKARGIRVVAYIATQG KHGAENSMDEDDSITD——CRK 162
Fda? 173 PALPGDDLFEQIALGLOARGIKVVAYIATOG RHGAERSMDFDDSIVDESDGSACK 231
FcnA 122 PRESVDDPLLSWLRALRAAGLRTEIYVNSYN— ARIPEDTQADYPDVSARWMEWCD 177
FFAZ 129 PRASAPDPFLGWLRATIKAAGLKTEVYVNSAN—LI#-FWEAFGTPISEFPDFSERWRAYCD 185
Swict 56 TALEVVSWADRISFVLEVDSE———ENLEPIILNMEC——KF —— 196
Fdal 163 SSKPLVIDLDTQVYCSANMNRWRDYVLEQYPSTSLYRSFELAMVNIVETLS: STIDG 222
Fda2 232 SSREVVSDPDTQVYCSANMNRWRDYVLQQYPSTSLHHSFQLGLVNIVETLS IDG 291
FcnA 178 TNTEAQAFINSQTYHEGN———GRRKYMFCYAEF———ILRE DLIDA 222
FFA2 186 TDPTMQAFIESQPYHRDGVND—DRREYMFCYAEF—VLRE DLIDA 233
Swfct o9 — QTR RNATLSLDRNNNGFMYQSLATIKSNTRGVLVSNEFKSKEKQQLE 245

Fdal 223 WWEDH———— SELLHARALAGNNDAAVAFN———EGDEVP 258
Fdaz 292 WWEDH SIYGHY YNLLPDARRAGNSNAAVSLN LEGDIF- 327
Fcna 223 WCEDSADNVMEDE DPASEDVNDORIYQAFADACHAGNPNARTAFNNSVGDREGNPE— 2681
FFAZ 234 W AAH N STGDIDTQRVFQAFADACHACNPDAATTENNGIGDRDSDPEV 292

SWfCt 46 LIIIPVNSFDERREVINPVIYN EIRAHQLNPISEVLTIDFDPIYGWHRIN—LANDL 301

Fdal 259 LVNNP——— ETLDDYTEGI TPIGSEVSSDDE——NLPMLISIEATLDGILIGSG 306
Fda2 328 LSNNP————EVMEDFIGG! TPIARVVSSDDT——NLPMLTATENAPNGIFIGTG 375
FcnA 282 —TSA——  TLFDDYTIFG! GHMVVP-EALYTYNADLVVFMOTRNGYAFRDDT 331
FFA2 293 PYVIP—— SLFEDYKFEG! GHMVEPRDPLYIVNFGICEYMRDINGHPYINDD 345

4 3-6. Swfct & GH107 7 7 X U —|ZJ@ 7 2RO N Rfik o7 X/ BRACS| Lk
Swfct: LC697043, Fdal: fucoidanase from Alteromonas sp.; AAO00508.1 [85], Fda2:

fucoidanase from Alteromonas sp.; AAO00509.1 [85], FenA: fucoidanase from Mariniflexile

fucanivorans SWS5; CAI47003 [65], FFA2: fucoidanase from Formosa algae KMM3553;

WP 057784219 [86]
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3-3-2.  E. coli BL21 (DE3)/pCold Uswfct O ¥t

HHED PCR BT ZHME L, 6 Z2HWT pColdl IZT7 A F—a v L& 2 A, swfct

Dra—=2 TN

RTE 7=, AT, E coliBL21 (DE3) % FWT swfet DR B & et L=

fi . E. coliBL21 (DE3)/pCold Uswfet 12 X ¥ | AI¥EMEH 431 Swict & [/ U4y & (F9 90 kDa)

EHTDLH NI ENEREESNTODLONMHERTE (K 3-7, L—29), 2B, K 3-

7 VEEE 2 R T U 72Uy E. coli BL21(DE3)/pET-21a/swfct \IZ DWW T OFEFRZ/R LTV 523, H

HEGAF DB Lo 72720 K LR,
kba M 12 34 56 78 910M

100—

80_—

—100

. W
' = —380

-

3-7.SDS-PAGE |2 £ % E. coli BL21(DE3)/pCold I/swfct D5 Bkt
M: A Xv—T1—

1:

© 0 9 N U B W N
G I N S B I O B I o

_coli BL21(DE3)/pET-21a _Ei¥

. coli BL21(DE3)/pET-21a 1L

. coli BL21(DE3)/pCold I _|-i#%

_ coli BL21(DE3)/pCold I JLJE

. coli BL21(DE3)/pET-21a/swfet 37°C L1
. coli BL21(DE3)/pET-21a/swfct 37°C 1L
. coli BL21(DE3)/pET-21a/swfct 15°C _EiE
. coli BL21(DE3)/pET-21a/swfct 15°C 1L
. coli BL21(DE3)/pCold Uswfct ki

10 : E. coli BL21(DE3)/pCold Iswfct LB
Swifct : 90 kDa
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3-3-3.  His-trap Z H\ 7= Swict O F5E
His-trap |2 & 2EEFREROFES, 100mM ~ 200mM A X &Y' — L& & T buffer TH WX
NTEBEH L, ZG OBy 40mL 24D TR - IR EER T oo L 2 A, X 3-8

WRT LD R 2 Sml AR CTEx . X U X EREIT 13,1 mgml THoTz,

M 1 2 3
kDa
150
M: A Xvw—T—
100 1 : E. coli BL21(DE3)/pColdI C.EE. (7.5 ug)
80 & - S 2. E coli BL21(DE3)/pColdl/swfct C.F.E. (25 pg)
onu 3 KEHE D Swict (1.6 pg)
60
: —
e

3-8. KM% Swfct @ SDS-PAGE #if5 %

3-3-4. E. coli BL21(DE3)/pCold I/swfct C.F.E. D215 MR

swiet Z3BLT DM KGEEE L TR b CREZHWTHERISZITo7, £D
FER, BT 2T A X T UERY 7 af XU EHRBEICT 5 L B 0785 1-k2s HPLC
VMR TE (K 3-9), — ., AXTFTUERI Taf X BB L LEHA TR,
Retention Time (Z A L3 HNTZD T, T M Tldd 2 BMED TLSUSITH#ET L T 5 &5
Z btz (K 3-10), FEREEEZ O CHRBROIEER RS-0 T, 7T b4 x7

UERY 7 af Z o e B L LU ATV, BRI RRE 2 4 U 5% o R & E

Hﬂiﬂﬂ

THZLICLVRET S LTl
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10 1.2 1I4 1]6 18
Retention time (min)
# : E.coli BL21(DE3) / pCold I /swfct CFE. + 7 v FIWALAFFUE Ry 7 af X
F& T v F LA T U T af XD
B3-9. W7 BF/AbAFFTUEXY 7 a2 E & L2 E. coli BL21(DE3)/pCold

Uswfet B2k C.EE. & W BEFR UG D HPLC F v — MR

14000

12000 ¢

10000

8000

6000

Peak Height

4000 t

2000

0

10 12 14 16 18
Retention Time (min)
# @ E.coli BL21(DE3)/ pCold I /swfct CEE.+ A% F U EXT 7aA{ X
B AXFT U T7a4E DR
B4 3-10. AFFUERY 7 aA X2 HE L LIz E. coli BL21(DE3)/pCold Uswyct

i3k CFE.# W BEE S % @ HPLC 7+ — MR
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3-3-5.  EEIRE ORE!

FARLE CEER UG, BRI E S THEOE TR IMRE 2 F I U, MEEE 725 2 &

W2V 7 aAf ZF—8 Swict OFBIREZ e L7z, MEtoREE, Swict ORI 40°C

(X 3-11) THdLEZ BN,

Relative activity (%)

110
100
90
80
70
60
50
40
30
20
10
0

10 20 25 30 35 40 45 50 60 70
Reaction temperature (°C)

%] 3-11. Swfct O = @ iR &

3-3-6. AN ENMEDOREFT

BIRETREZEL LA o F a_X— F LTEBRICEERIS TV, BRI ES W TR

TEAR R & B L

FIHEM: 2 22 D 2 &2 & 0 Swict OB EM 2 et Lz, T OfEH X

D . Swict 1% 25°CE TLETH DN, 30°CT 30 HRILET 5 & BRARTEMEITRI 5012 £ T

VI LT ENghot (K3-12)

Relative activity (%)

100 @
80
60 |
40 |

20 ¢

0

10 15 20 25 30 35 40 45 50
Reaction temperature (°C)

[X] 3-12. Swfct DEZE &M
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3-3-7. i pH OfEt
% pH TEEE UG, MEMRICIE SO TR OE TRRREZF N L, MiEtEes 25 2 &
(2K Y Swict OF# pH MGt L7z, ORI D Swict OFE pH 1L pH 7.3 THDHZ &

oo te (M 3-13)

120 +

100

Qo
o
T

Relative activity (%
o)
o

40
20 -
0 1 1 Ll

4 6 8 10 12

pH

[X] 3-13. Swfct O % pH

e : U [ Buffer m : 7~ V% Buffer A : Na,HPO4/NaOH Buffer

3-3-8.  pH ZEMDOKGT

% pH THER A 7 LA U F aX— b LEERICEEKISEITV, RERICE SO TR OE T
RURIRE 2 U, M2 25 Z 12 kD Swict O pH ZEMEZ KRt Lz, ZORRE X
V. Swict IXpH6.0~pH84 THEETH D Z N yhoTz (K 3-14), £7-, BMSISEKMAT
T ARBEROBT B F /MbA X T VTR 7 aA( X Zxtd % i1, 2.63  mmol/min/mg

LR b,
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120

100 r

(e} (@]
o o
T T

LN
o
T

relative activity (%)

N
o o
i\;

pH
3-14. Swfct @ pH Z2 &M

e : U [ Buffer m : 7~ V% Buffer A : Na,HPO4/NaOH Buffer

3-3-9. &EA AU BIEMEIC I TR

BOGHRIZ 1 mM &BEA 42 28I LTRSS EATV, BRERICIE- SV TR DR TR
IR A HH L, HHXHEMEE 2D Z L2 &Y Swict OD&BA TN KA EERFI LT, Z
DOFER LV, Swict 1L Co*'. Ni2'IZ LV O MNICEERIFEMENBN L, Cu?', Zn*, Ag'lC L D%

PERREN R oz (¥ 3-15),

140

120
100 ¢
80 r B

60 r

Relative activity (%)

40 |

20

o

S FEFFFEEFTTFSEFES
3-15. &JEA A DS Swict DIEMEIC K IE 32
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3-3-10. BHFEA] - % L— RAIDEMEC RIT T8

BOSHIZ 1 mM DO FLERZ RN L TREROGS 2TV, BEERIZ DWW TR O TR b
WEZEH L, HEEE 25 2 LI LD Swict OFREAR], ¥ 1 — NI X 2B KRG L
7oo ZOREFE D Swict |X PCMB, DTNB TIEPEDIR FAN R S 4L, TEPE~0 SH £ DB 5-
DR L7 (K 3-16),

120

100

Relative activity (%)
()]
o

3-3-11. FEERr RIEORRFT

BIRDORILD 7 af X077 af X PUNDZHE 2 W TEERRISZITV, BRERRICEE
DSWTHEOBEITCARIRE ZFH U FEHEMEZ 55 2 L1280 Swict DIEERFRMEZET L
“o ZORER LY SwictiZBLT B F LA X T TER Y 7 a g XAk HRERENE L
TETFNIEERTLAXTFTUER 7af Z RN Z  THEIRRO T a4 X T

2T T UEEICLIEGA. DT RET RO LSRR S (K 3-17),
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120

-
<o o
o o

Relative activity (%)
()]
o

40
20
0 | - |
) ) ) ) ) & ) o o o
J N I N g jg“‘ X o N oF
A A Ve A 0 p pA X § &
N P A A o o0 g &
N < ) £ X s ! / i)
Qgﬁx\/ﬁ ’(/\ A4 ’}) /d,\\l 4\\J ,q]‘?‘

%] 3-17. Swfct O F&E Ky F ke

3-3-12. FuAmra~ K757 40— KD Swict D4y EHIE
4

Swfct 7 VA7 o~ 777 4 —=ZL 0o L. K32 DBRERIZESHNTHFES

BT 5L, HFEIE82kDa THY . Swict iTE /) ~—ThHDHZ Lo 7- (K 3-18),

60
50 r v
540 |

I
E30

o

(=]
o

<20 r

10
X .

0 10 20 30

Elution volume (mL)

3-18. TSI u= NI T T 4 —IZ XKD Swict D5y F-EE
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3-3-13. Swict (2 X 2 HE Sy iR AR

RRFEIS L2 | BER AR ERIML CTH, W7 e F A FFUVEX I 7a4 X0
RO — A TR 6oz (K 3-19), £/o, HFE—27IFEFE2 o, K 2-
1 @ TSKgel GMPWx Dt & b & AR b Doy 82 F U7 kER. Swict (37
TFMMEAFTUEXT 7 aA Z o80Tk L. 2§85 32,000, 1,600 O3 EEM D
FRLTWD Z En3yinotz, AEIDSH7% T Retention time 16.5 min Z /73 (E—27 @), 47
T8 1,600 DFEME TORRICE EFE o7z, LvL, 0F & 1,600 (2D T LO5HR
S+ (1,000 ~ 8,000,000 Mw) (1ZiiW\ 7w, IELKHETE T RWVWEZZ HND,
ASETHWTE 2 NVAiH T 5, TSKgel GMPWx Tl 2,000 Fiifé & F87E S 5 45 fRRE
MOy FENEL Gl TE WD, 432 40,000 LA T & TSKgel GMPWx £ 0
{57 &1 0> TSKgel G3000PWxi & W TH D THtr4 5 Z LT LT,

7 HEBOG S 72% 7 % TSKgel G3000PWxL (27 774 L. o8 L= (X 3-20), £
— 7 ZFEGEOT, K22 OMERE S LI, RS HtOsFREREE L, £ORAE,
Swict (ZWLT B F b A FF VRS 7 af F o 2801k L., ZOBED T REOWE L%

F95HDOD, 778K 5,000, 2,800 ([ZAHY T DM EMNAE L 5 Z EMHLMNZR T,
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14000

10000

6000

Peak height

4000

2000

8000

[ EERERM
12000

0 min
—1HH
——2HH

3HH

. —7HH

- 5L : TSKgel GMPW xL
- 7 EEEE : 1,000~8,000,000

10

11

12 13 14 15 16 17
Retention time (min)

(v —74+E] D55,000 232,000 31,600

3-19. UG - BB B4 2 % 7o 856 O TSKgel GMPWx, % Hv 72

12000

10000 t

Peak height

2000 r

8000

6000 t

4000 r

Swfct I L2 7 aAf & DSt/ 3% — v D45HT

- HS5.L - TSKgel G3000PW y,
- S EEE - 500-40,000

R7tEFILiE
AXFOEXHTaA4E Y

7HE R

12 13 14 15 16
Retention time (min)

(& —270nrE] 42,000 @31,000 7,200 @5,000 & 2,800

3-20. [ - BEFE S A 2 % 12356 D TSKgel G3000PWxL # 7z

Swict IZ& 27 aA & DR/ — 2 D5 HT
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ARFETIE, HllcAXFTUERT 7 a4 X0 L Lok LT Flavobacterium sp. SW
MOAXRFT VTR T a4 X ORGSR E S 5 7 a4 X —BlEEF2 /LT
72O, BRCA X T UER Y T af Z o nfE & L TR BTV Loalgae HI8 IR = A
S —VInT fetll4 & OFREPERREZITH) ZLI2E 0, 7aA X —BBET swiet & H
H U7z, swiet DRBRH 21T > 72 fE . E. coli BL21(DE3)/pCold Uswfet O AIEMEE 4312 B #
Z N EOEENERER S, ToEMaitiEz Wiyt F b7 a4 20 %
HEE LTSRS EITo T8 2 A, 7V Al HPLC 12 X 0 1K TBIGTERS R STz,

FEiPA RO S THIR_72 L 212, HI8 HRIZAXFTVEXRY 7af X o npfsihsd
BE. W7 & FIACBOS DBITARD FACBOS P Z 5 2 L 2B LTV D [42], ZDHH &
LT, HIB¥RHIR T A #F—F Fetlld 1 TRARDAF T UVER I 7a(4 2 LY T &
FMMEENTAFR T VR Taf4 Z ok REREE L L TRELOMAITo TR, R
ROZERIIT BTN L DR ENEZ 2 HD [67]. Flavobacterium sp. SW 3K ~7 =
A ZF—E Swict IZBW T H AR RR GO, X FTUERY 7 a( ¥ gk
MAEMITIE LT, 7 F LSS ZAT T2 T a4 X o - &b L Tnbd Z &
HE SN D, LonL7eds b, Swict 2 W CTRIFHRBER IS 21T > THM 320 ICALND X
N, RE D FEDOICEMPFIEL TWD, Tk, 7EFVEBEREL Tbedk, 7L
7 v UEEOSARBEEFEIZL Y | E8HA WIS Swict NIRRT DT o L HER S
N5,

Fctl14 & Swict 12 EH 6 63 T BN ERIR X 2258 T, L 112 kDa & 90 kDa &
2o TG, LIEMEZE 95 & . Fetl14 1% 3.18 U/mg protein, Swfct % 2.63 U/mg protein &
o TEBY IEFERILTH D, LrL, REROAXFTUEXS 7 af B NIx4 iR

B0 WTeFIALA T UERXT T a Xl OIEMIZHART, Fetll4 134 50% OiE M
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ZoR L7228 [67]. Swict 1340 20% LAavR S 9, Swict X7 & F VIO ARREE OB 10
ZTHZENBZOND, IEENERD2BHZT IV BEIOBLENOEX D L, OO
A OARFMETH 40% TH DA, C REmFEIIZ I 1 D AFEPEA N RinfE O FEMEL D b
< (X 3-5), 2D & 5 A FERFRMEDOEVIIN KEERIC L > TAEL A Z N EZ LD,

R CHib_7=n3, A ETICHE SN TS endo HITT aAf XL w2 3fRT 57 24 X
—BDIZLALIELGHIO?T 77 T U —IZJ& L, &, GHI68 7 7 I U — IS NLDBEE D
RS TWD, 2023 44 A OBIR R TIL, GH 107 7 7 2V —1% 34 FHOBE D3 58k
S, £ O BRFFFF R 2 s JOUTIRIE i 12 FEOF 14 FEIC OV TRIS 7 OB RE
DRI TS, GH168 7 7 X U —X 50 FHOBE A1 B8RS, 20955 1 FEHOM®
5T ULBSBEDMIEI S T\ ey, GH 107 7 7 2 U —IZJB T DR I2IE, 225 hric kAl
L LTT ARG W, 293 (TR IR E L C e A F VU2 RpE 0 @i & LA
E S [12,871.GH 107 7 7 X U —IZJ& T 2 MR R L OMFEME S BRI Em W 2 L 2ME 2 D,
LoxL, B7—T7 MR L7z Swict 1%, GH107 38 XUV GH168 & OFHFEINEIX Ehvd 25% LA
TER<, BRI A RN 2 LT TERY,

Z 512, SWISS-MODEL (SWISS-MODEL, https://www.expasy.org)<°
AlphaFold2(https:/colab.research.google.com/github/sokrypton/ColabFold/blob/main/
AlphaFold2.ipynb) % HV T 3 WICHEED LG TR 21T o 722, fERITE o

Tole®, Swict (I WENK I fRRER TH D RN EZ b D,
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% 4% Flavobacterium sp. SW HEFE 2 D7 a4 X
F—¥ DRt

4-1. #&

]

EAFRET A XU B LML > CHEA L7 30 X4 ) ShEE, ERRA
WELTHREENZWREEMZFELAEDE TV D [88,89], TD7=H, T TIZT7 oA & Ul
i & L Chk 2 e B RetE R i OB A BN R 238 0 HS LTV 228 [90], @ F&7 34
H AT EFBELZFH B ALY TV DH oD, BIRESEM L L TCOMEMIZNEEE 72> T
Wb, —J, 7aA XA ) AFEOFTREGELE LT, T aA X —EBR EDT aAf X ofiEEE
FNERBSNTBY R EZHW T =7 a X4 ) TfEZEA L, OREIEMEER
DfFRZEITS 2 & T, EFEME LTOMERICHIfF 2> &£ TE 5 [10,70,91],

P R DT — X _X— A TdH 5 CAZy (ww.cazy.org) (2T [63,64]. HIERE S
TV 7aA X F—EBDIFEAEITGH 107 721X GH 168 77 I U —lIZHH I TnDH 2
LT TN, BERTEEDRHA LN R > TS b DAEFK 4-1 1R LTZ, GH 107 7 7
U D TSN DOIX, WEVEMIE Mariniflexile fucanivorans SW5 75 FLH S 7z
MfFecnA TH 5 [65], LU, Z1LE D bIEICRFFIH#R CIEdH 573, Takayama & [85] IZ&
> THFLEVERM R Alteromonas sp. SN-1009 2> 5 7 a4 X —Bi&(n 1 fdal, fda2 HFEH ST
W%, Fdal, Fda2 ZBr< GH107 7 7 S U—IZJB L CW b 7 af X+ —Eik, 7a1xro
o-1,4 7'V 32 RSS2 BB U L (EC 3.2.1.212), Fdal, Fda2 83X O'GH 168 7 7 2 V
—IZHEEND FunA TlE7 a4 Z 0D o-1,3 7V 3 RS 2RO 5 (EC
32.1211), L2rL, BRAFICIIZHESHEHEZ AT 57 a4 X UDF(E L, #ix 7efEiElc

FeRER T aA ZT—BREEAFET D EEZXA DN TN D, 1272, 7 34 F 53Rz O
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FITELELERER LT, BIEETIEERLEINL TV DLDIXIZADDTINTHY [72]. 5E
BRSO T D B I ONWTRIZ E A ED D> TR WORBRTH 2,

Zueva b [70] X° Trang & [92] 1% 1 DOWEKPER D7 a4 ¥ —BE2 AT 52 L2l
HBLTWD, L L, ZRHDT7 a4 X —EBIEE2TGHI07 77 I —IZ/LTW\5H I &
MmH, WhIET A YA AORTHEEO 7 a4 £ —BEFA—OBHERF L TND LB 2
bID, EDO—J7, Sichert HIX, 1 DOHEKKN T a4 X LU BROT-DIZE L OEERDBES L
TWD EHELTWDD [77]. 2 DEEFZ IOV TEEMZRMATIZE STV, 3§ 3 3
Tl Flavobacterium sp. SW 3T, GH 107, GH 168 7 7 X U —DOWFHIZH B /20, A
X FUERT 7 aA X ARG FbEEFE Swict DFEMIZRfigtT 21T -7z, L2>L SW kI, GH
107 £721XGH 168 7 7 IV — L RO H D 7 a4 ¥ F—EBE2 /T LR H D, €2

T, SWHNOE 41 ITRTEERO 7 a4 FF—B L RO S WGBS FED ZRIRL, £

OMEZRE 5 Z LT L,

#4-1.GH107 »DWNIGH168 77 X U —IZ@ T A7 a4 X —+F

B RY B [Espy = FRRIEE (724 %) Mw(kDa) GH Family
Fdal Alteromonas sp. HIAAaT 88
Fda2 Alteromonas sp. HIAAaT 95
MfFcnA Mariniflexile fucanivorans SW5 b /NwH 105
FFA2 Formosa algae KMM 3553 ENv X 101
P19DFcnA  Psychromonas sp. SW19D FAUXxE, vars 45
P5AFcnA  Psychromonas sp. SW5A FTAURE, vars 45 107
FWfl1 Wenyingzhuangia fucanilytica CZ1127 b~ Z TAED 88
FW12 Wenyingzhuangia fucanilytica CZ1127 e~ X THED 98
Fhfl Formosa haliotis [N 122
Fhf2 Formosa haliotis [N 100
Mef2 Muricauda eckloniae b X AT T harz 113
FunA Wenyingzhuangia fucanilytica CZ1127 F~= 48 168
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4-2. MBS L OFRTTIE

4-2-1.  Flavobacterium sp. SW HIKE 2 D7 a1 #F—BEE T OHEK

Y7 b7 =7 in silico MolecularCloning % FV T, SW £k K< 7 ~ 4~ 7 2 DNA [H#)
5 . GHI07 BT % 7 A X F—BWUE T (mffend [65], fdal [85], fda2 [85], {42 [86], PSAfenA
[87]) BLNGHI6S [ZBT 57 A ¥ F—BIET (fund [66]) %3 4-1 HBINL, Zh

baxb ElTswiet LITRRALFE2 D7 a4 X —BBIEFOWRKEI T2,

4-2-2. T T4 ~—DixXz

T aA X —BREFERR LICRER, ik 2 X912 @-3-1 58) 5 SOMEMED R

BETRRNE SN, 209 b, swien2 LA T BB TFOR, 7a—=27 BEO

SEHRRL, TEPERHM A 1T - 72, Swfen2 D3 7 F LS % SignalP IC X W R L, HEE D 7
TSN YR LT & XV B a— R % swfen2 % pET-21a X7 Z —|ZHAIAT T2 8
K 421" T KL 9IT Nde 1, Sal 1 BRI 2 FFIo T T A ~—%ikaF L7z, PCR RO

DEVERIS, MRS OIRE R X OBUGK L, 98°CT 1 /0 MINEME, 30 ¥ 7 /L (98°C
T 10 B, 55°CT 5 M. BLW72°CT 2 4y 45 B) TiTo7=, 557z PCR W%
QIAquick PCR Purification kit Z FiV N CRERLL 72,

< 4-2. swien2 VEWRH O 7 Z A ~—fd 5

GGCCAGCATATGGAAGCACAATATATATGGTAT
Nde 1 FRFREL
GGCCGCGTCGACTTCTTTTACAAATTTAAAAAGA
Sal 1 FBFREBAL

Forward primer

Reverse primer
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4-2-3. DNA FEBr LMz KIBEIZ L HEEE X R B OEENG, BeiE
DNA %4 5 EEFE, T7hbb, B, 77 A3 NEEE, §IREEEM L. 7147 —
g VBT AERTER LN, KIGEIC X DR X7 B OEERTFNCE T 5 Eh

3553 EICRM L HTIEL R L TH 5.

4-2-4. VA HPLC % V72 E. coli BL21(DE3)/pET-21a/swfen2 C.F.E. DOEEFR
TR

H B9l% & nF DI B HERR T & 72 E. coli BL21(DE3)/pET-21a/swfen2 C.EE. [ZHIREE 2%
DAXFTUERY 7aA X, 32-1 CHREMT BT /MbAXFTUVEX I 7a( Xy b
WET HEZ 7aAA L ENR BT AL H Y THAT AL L FFUXET Al X,
Fvavag gy HIAarTTaf X0 8 HEOT a4 X EENEREEE L
100 mM Tris-HCI1 (pH 8.0) % & Tp425: 100 L OFEFE SR E AV T, 30°C, —BREERE G %
1To72, £ LT, 80°C,5min BSLELL, 15.040HE (13,000 rppm, 10 min) 21TV, 2-2-3 DF{E

IZHEVWA L Al HPLC |12 M AT T,

4-2-5. Carbohydrate-Polyacrylamide Gel Electrophoresis (C-PAGE) (Z X % Swfcen2
DEEA LT HIMEE ORFS
7 aA FF =BT D E RN RO ORF TR L LTI 0138 3 =
FCHE D Somogyi-Nelson 15 TdH 573, Swien2 DA TIE T a4 &0 & it S8 T HiE R
DUFRERN R B Ieinote, £z, V7 —BIEMO TRt A2 AUE L, BEOGIKZ 232 nm O
W R TWNEREZITo 7o, BEORAEIZ L ZZ{LITR N0 o7 (FERITFLHE L 722
V), & Z T, C-PAGE[93] L IEIEN 5 J51E T Swien2 O 7 A #4532 @ VERICHERR L 7=,
C-PAGE (I, fiFR L2 Mg L L THRHOZ &L TRICHEB L7 aA XD X 5 L%,

pHHMETFIZBW T T RBIIKG LT-BEIEOZEAFIH L= o8 51k TH 5,C-PAGE Tl

62



W D SDS-PAGE & 37 VOMB #7253 4-3,4-4 (\Z538E7 V(30%)., IRME7 1V (5.7%)
1 AAERR T BBE O/ E T, BRUKER, TV T T —TT =4 L OWE % Yl
T5HL MRS L ZAICARAT BAGIEREZFI TE 5, VYL~ 7 AT
=AY T 7 (ATTO, AE-6410) ZHWTH NV EER L, %IRRT UGN ZE 4 (53R LIz fiE SR
FOGHE 16 pL I 50% A 7 1 — AR % 4 pL A TRA L. U =/UIZT 774 L1z, 200V,
2 h ERIKEN Z 1TV, 0.5%0 Alcian blue % & T YAk CHEFTIZ T 45 min YA L7z,

7% 4-3. C-PAGE 4587 VAHRK

50% Acrylamide+1% Piperazine diacrylamide 3.6 mL
10 mM EDTA+250 mM Tris-HCI (pH 8.7) 1.2 mL
1% Ammonium persulfate 0.3 mL
TEMED 0.015 mL
H>,O 0.9 mL
Total 6 mL

# 4-4. C-PAGE JE#E /7 VLR

50% Acrylamide+1% Piperazine diacrylamide 0.23 mL
10 mM EDTA+250 mM Tris-HCI (pH 8.7) 0.4 mL
1% Ammonium persulfate 0.1 mL
TEMED 0.015 mL
H,O 1.27 mL
Total 2 mL

4-2-6. BEEFFRIREMEE OB

IR, pH NEEFRIEIE, REMICKIFTHER LT, &BA A4, WEANEEICLE

S

I

TR LR DB, 3-2-12 ~ 3-2-16 ([C¥EL T HEEZ AW, 72720, AE L LTI,
2% TAAaTTa K EHLE L TIE 1.50mg/mL @ Swfen2, FEEHRIZIX 100 mM Tris-
HCl buffer (pH 8.0) Z i/ L. C-PAGE TREFRIEMEZ TN L7-, £/, E@EIRE, pH Ot
DOEIL, VA HPLC T el L7,
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4-2-7.  FEEFRMEORRET

FIRD IR D 7 a4 B NT%T 5 Swien2 OFEME A RE L1z, 2% K7 24 #2 1.50
mg/mL Swfen2, 100 mM Tris-HCI buffer (pH 8.0) % & #e42 5 30 pL OEEFR UG Z FV T,
40°C, 30 min A ¥ =2 X— h LEERUGE, 80°C, S min BVLHL A 1T o 72, & ORISR %
FWT, C-PAGE IZ LY Swfen2 ORERFRMEAMET L, NV RBRRALNTZE D& T LA

HPLC Column (TSKgel GMPWx1) (27 7T A L, HF+E&E{LOHEREIT- T,

4-2-8. Swfen2 [CX D H TA LT T aA B Lo RO

Q%I TAA LT T a4 1.50 mg/mL Swien2, 100 mM Tris-HCI buffer (pH 8.0) D#H AL
D48 50 uL DR UG Z . 40°CT 5, 30, 60, 120, 300 min 33 E V24 h A > F 2X— kL
B SOG4 . 80°C, 5 min BVLHE AT > 7=, Z OEEHR LK Z VT, C-PAGE IZ £ ¥ Swien2
WZRDHIA AT T a BRIl BT RN ELDOMERZIT T, D& &, Tdays ¥

FPOS ST PUSK ST 774 L, AR L7z,

4-2-9. Swfcn2 O FE /3 EBE R

TSKgel GMPWxq. D47 Ei#iFHIE 1,000 ~ 8,000,000 Mw T 5 728, BEE R D5y fREY)

Oy TR AZFEICHNT T 51213, DEFHEEZ K0S T2 T DTS D RER D T2, T
T, RISFECHEREORMELAZERETH 2 LICED | Swien2 WA TA T T7afx
BIOAFTUIRET A Z 0 ENET 5T 2% /7 E#EM 40,000 Mw LU HPLC
Column TSKgel G3000PWxi {2 & 0 EMERIICHED DTz, 2% W T AT 7 af4 X B8LUOF
FUFETaA X 100 mM Y >R buffer (pH 7.5) % &TeSOMRIZ, 1 HEEIZ Swict (3.74
mg/mL) ZHML, 7 H B Swict ORHKIEEN 14.8 mg/mL L7325 X H BRI E21T-

7o X 2-1. 222 ODMEBREZHEH L T/ E—212BIT D 0MEMDOS 42 HE LT,
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4-2-10. Swict, Swfen2 % [l 5NN L 7= 356 0 B 45 fiF

SW BECRWZ SN 7 a4 ZF—+8 Swict B8E O Swen2 ZFRIFFRINT 2 Z &2k > C
EGMN S HIEES L, LVESTIERRLNDDOTIERNNEE X, 2% T A
TT7aAA T FAFTXRET AL X BDWVEMT B FMEAFFT TR 7 af Z 0z,
4.5 mg/mL Swfct 7213 5.2 mg/mL Swfen2 72132 DM G ZHIM L, 100 mM U > fi# buffer
(pH 7.5) # & o425 100 pL CEERIGEIT o7z, £7o. HIS BEdH H WL SW KD CFE. %
FAWTBERMOGE S FEM Lz, TNENO CEREIL, 222 IR LIZAF T VTR 7a( K
VEHRERE LI E TR L2 E IR DR L 7o, BESEIEZ 40°C, 30 min A > 3 =X
— b LEER RS, 80°C, 5 min BMLEL 24T o 7=, Z ORISR Z AW, KEOOit%E 7

JL A HPLC 12 X 0 9ot 21T - 7,
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4-3. FE5

4-3-1.  Flavobacterium sp. SW HIKE 2 D7 a4 X —EBBIFIZTDOWT

4-2-1 \ZFeHk L72BEm o 5 fifEO 7 a4 X —EB#ia 07 2/ BRESNIZR LT, SW
D77 ) 2 DNA 5D & FRPEIRIR 21T o 72 . MfFenA, PSAFenA, FunA O 7 X/ FRRECS ]
B EICEBE L OIZOWT, HEPEDEW ORF 28 5 DR-20 - 72, MfFenA O7 2/
RECS %2 S IO o2 b D% swienl, PSAFenA O 7 X/ BEESIZ L2250 o7
D% swfen2, FunA O7T 2 BRES % & 2RO o 7o b D% swiunl, swfun2, swfun3 & 4
L, 7a—=u 7 LR AT 7o, BBISFEYOREEE 451077,

L2sU. swienl, swhun2, swfun3 137 0 —=" 7 %475 Z L W TEF, swhml 134 30 'E
DHEPEITMERR STy BERIEMEDR L D72 o 772 KU W TTEZ VX7 E
DAFER L OBERTEED MR S 7z Swien2 [ZESEE V-, K 4-1 12 Swien2 ©7 2/ g
Bi% %~ L, #1272 572 PSAFenA & Swfen2 O 7 X BEECSI & el L= b 0% [} 4-2 12" L
77

7% 4-5. SW Bk D 7 o A X —Vtliis +FEEY DS

Homology with

EffiiEfs 7 GHfamily  Molecular weight (kDa)
MfFcnA, PSAFcnA or FunA (%)

swfenl 107 88 76
swfen2 107 69 53
swfunl 168 45 72
swfun2 168 44 57
swfun3 168 42 32
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MEAQYIWYENSSNTANIVFNSATRGTFTTNVSNPETSGINTNA
TVSKFVRDGQTSPTIQFTLPKPITNLSSYTISLKAYTSIKTTDLN
TQNSRIRVYFRNSTIGASSNIYKQLNFSAGETWESFSFNFDGT
VIPSDVALAGGYNQIMIGFASGDTTGLTSTYYIDTISGSTIQLVA
NAAFLSGSWGVRFNLPGGYYLDNESSSNWVAGVQQIVDNLP
AVGHVMTNFTHPAHGYYYTLRDNPYVDVASEIHPAMVPSLEN
EKIILDIINVLKNSGKKVILYINGGGPSNIQGSSDATEAAITVAWK
NYCDTKFGGDQALGWRTLARGYFERFKGLADGYWVDNLSTL
NAAEVAPFIAMIREVDPNVAIATNLDKSYLVDSNGNQIKVDSDG
INDPDPTDYNVFFLEANDPYMDFTAGHPTPLGQGAPPNSWAY
EEFTFPLITQNPWSSYNGSKQTLKHYFIPIREQWSVARAALVF
EVEQAYRFVRTFTDVGATLTWSTTITGGAITPDEMTIMKEINNR
MLQSPKPNYIPYARPEGAYLVGETLSVKSNILEENILLLFPNPV
KQSFQLSRDIDSGIIYSLTGQKILEFNSNQVSYDVSGLVDGIYV
LKTISSNGQGHLFKFVKE

4-1. Swfen2 O 7 X FRECH

FcnA l e ] MLISYTVL EV-- 18
Swfcn2 1 MEAQYIWYENSSNTANIVFNSATRGTFTTNVSNPETSGINTNATRYSK TEPTIQF 60
FcnA I e o e s e e e e e e 18
Swfcn2 61 TLPKPITNLSSYTISLKAYTSIKTTDLNTQNSRIRVYFRNSTIGASSNIYKQLNFSAGET 120

FcnA R TEAT - W 43
Swfcn2 121 WESFSFNEDGTVIPSDVALAGGYNQIMIGFASGDT TISGST F 180
FcnA 44 M IT GGY V SSNWeAGH T
Swfcn2 ele N 5

103
239

FcnA
Swfcn2

¥ G
RALE ILYIEN D--- 159
GKK YN IQGS TERA 299
FcnA , G “ N
Swfcn2

FcnA 219 s LT YLY IVKHVV TNERSINNRN el (/)
Swfcn2 360 E FFLEANDPpIN 3N €310
FcnA 4

Swfcn2 I

FcnA
Swfcn2

FcnA
Swfcn2

Fonh: 403 sssssmsmes s 403
swfcn2 600 GLVDGIYVLKTISSNGQGHLEKEV 625

4-2. Swfen2 & P5AFcnA O7 2 J BEECH D Lrig
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4-3-2. E. coli BL21 (DE3)/pET-21a/swfcn2 D3EHMRTF L OBk 5L

E. coliBL21 (DE3) % T swfen2 OFRBLZ IR LToRER, 200C TR T 52 &2k » T
E. coli BL21 (DE3)/pET-21a/swfcn2 O a[¥EPERI731Z Swien2 & Al Uy & (F) 69 kDa) ZA79
HHEURTENEBEEEISN TS Z PRI (M43, L—22), £, 1L O
W HFHE L7z CFE. % His-trap (2 XV BERRR L72F5 5, 100 mM ~ 200 mM A X &>
— /L% ETe buffer THMY VX7 BB L2720, 2D OS5y 55 mL &40 THik -
B E R T o 72, ZORE, K43 DL —2 31TRT & 5 7 ksipssE 2 2 mL il © & |

H XY BRI 5.53 mg/ml ThHhoTo,

kba M 1 2 3

so— @ = |
- -
60—
-
&
-l

4-3. #5Ht% Swicn2 @ SDS-PAGE &%
M: A Xv—T—
1: E. coli BL21(DE3)/pET-21a C.F.E. (7.4 ng)
2 : E. coli BL21(DE3)/pET-21a/swfcn2 C.F.E. (20 pg)
3 k5% O Swien2 (5.5 pg)
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4-3-3. )L AE HPLC IZ X 5 E. coli BL21(DE3)/pET-21a/swfcn2 C.F.E. OEEETE
PR E
H BB SR &R T ORBIHER TX 72 E. coli BL21(DE3)/pET-21a Uswfen2 CFE.Z AT 4-
24 TRLIESHHD 7 a4 X w B L LTeBR IS Z1T o T, T ORGSR, Swien2 (34 2
AT T a4 X B LG EIEH O RIES LR TE, A UXFET a4
WX LT HARS IR TR DT (K 4-4), TNLISND 7 21 X%t LTRSS
FALTEEDRRBD BV o 7o (K 4-5), 7o, WEAD/NY — 2 4-3-1 TR, BZ
X7 B DFEBUSTER S VT D EEFRIEPEIL R S 72 o 72 Swiunl #BEEFE & L THWZRERT
BV Swien2 & DHIZDTZOIRIRFIT R LTc, £io, BERIEMEZ EERNCFHNT 5 72 DIZH
3 Tk~ 72 Somogyi-Nelson VAT K % & o ARl B O W E 2 78 A 72 23, HPLC TIR5r 1k
DR BT SOSHE T HIEITC R DAERUTFE D b oTo, £ 2T, BERLFRIME 23~
BB, BEFRIEME AT 5 Hik e LCBEMO 7 a4 > —8 TR A S Tn 5
[86] C-PAGE #1795 Z &IlZ L7,
10000 10000

9000 f 9000
8000 8000 }
7000 f 7000 }
6000 | 6000 F
5000 f 5000 |
4000 4000 +
3000 f 2000 F
2000 f 2000 |
1000

1000

Peak height

0 11 12 13 14 15 1.8 17 18 0" : . . * ;
o 0 11 12 13 14 15 16 17 18
Retention time (min)

Retention time (min)
HARAaLyTT7afR FAUXET AL X
# 1 E.coli BL21(DE3)/pET-21a/swfcn2 C.EE. + & 3/H
# : E.coli BL21(DE3)/pET-21a/swfunl C.FE. + %&3/E
F& @ K FE D A

4-4. E.coli BL21(DE3)/pET-2la/swfen2 K CEEZ VN, T A a7 7adf X F720%

A TR T a, XU EFE L UT-BEE R D HPLC 5 E
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14000 10000
9000
12000
8000
10000 7000
S so00 | 6000 |
2 5000
4
$ 6000 | 4000 +
o
4000 | 3000
2000
2000 f 1000 F
—
0 1 L 1 1 1 1 I 0 L . . + . .
0 11 12 13 14 15 16 17 18 0w o1 2 1’ 1 B 1 17 1B
Retention time (min) Retention time (min)
FXFURRT T al KF BT EF AT TR Taf X
10000 12000
8000 L 10000 F
- 8000
5 6000 f
'
< 6000 |
$ 4000
4000
0 N 12 13 14 15 16 17 18 10 11 12 13 14 15 16 17 18
Retention time (min) Retention time (min)
TAHET TAL K bR X Taf B
12000 9000
8000
10000
7000
. 8000 6000
)
s 5000
< 6000
B 4000
& 4000 3000
2000
2000
1000
0 1 1 L 1 1 1 1 0 1 1 A 1 1 1 1
10 11 12 13 14 15 16 17 18 0 1 12 13 14 15 16 17 18
Reteintion time (min) Retention time (min)
TAAT AR Fvazaf KX

% : E.coli BL21(DE3)/pET-2la/swfen2 C.FE. + & JLE

% : E.coli BL21(DE3)/pET-21a/swfunl C.F.E. + £ 3'H

& HIEEDO S

X 4-5. =DM 7 aA ¥ & HE L Ui E.coli BL21(DE3)/pET-21a/swfen2 H13E C.F.E. 2 v

72 W35 RO 1% 0 HPLC it 5
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4-3-4.  FiEiRE O

DIRE KSHIEE 3 2 D CRER LRI\ C W TR 2 N 2 7, BIREE CRER RN T: . C-
PAGE 5 X OV /L Al HPLC (2 L ¥ Swfen2 OE@IRE Z et Liz, ZOFE LD, Swien2
DFEFEIRIEIL 45~50°0CTH D Z E Ny moiz (K 4-6, X 4-7)

Temperature (°C)
- 20 2530 354045 50 55 60 65 70

4-6. Swfcn2 O i (3% — | LB B BEIRAN)

10000
9000 | apon
8000 |~ 40°C
7000 r 45°C

§6000 + — 50°C

$ 4000
3000
2000
1000

0

10 12 14 16 18
Retention time (min)

4-7. Swfen2 OFIRFE BT B Ui D HPLC #ib 5
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4-3-5. BNVZEMEORRGET
FILE CBEFR 2 30 7 LA v 2 — MME, BEERLETTV., C-PAGE (2L Y Swfen2

DOBLTENEZE ST LTz, FEE. Swien2 12 40°CETRETH D Z LN -o7= (X 4-8),

Temperature (°C)

- 10 20 25 30 35 4045 50 55 60 70

4-8. Swfen2 OEZEEM:

4-3-6. T pH OGS
% pH CEEFR UG, C-PAGE 3 LUV /LA HPLC (2L Y Swfen2 OZE pH it L

Too ZORERI Y Swien2 OEW pH (X pH 6.0 TH D Z LN yo-oiz (X149, X 4-10),

pH
o wouw
N O oOw ow O 1V OWo v 5 o
. Y . = . . . . P . —
LD T F DWW OO M~ I~ 000D O «— v —
I~ @K O O v < =
s

4-9 -Swfen2 D pH
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20000 | -
— pH 5.5
pH 6.0

15000

ght

10000

Peak hei

5000

10 11 12 13 14 15 16 17 18
Retention time (min)

4-10. Swfen2 D% pH FIZE I DEER UG D HPLC #5H

4-3-7. pH ZEMEDOMRFT
% pH T30 fEERZ 7 LA VX a— M, BERSUSEITV, C-PAGE (2 X D Swfen2

O pH ZEMEEMGT LTz, ZOfER, Swien2 | pH 5.5 ~ 9.5 THEETH D Z Ny noT-

(%] 4-11),
pH
oW o w
. . s 8 0 s S . —
1M W00 O O M~ M~ OO0 O v «—

e &

4-11. Swfen2 @ pH 22 EME
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4-3-8. &JEA A DNEVED FIT R
B ROSIRIC 1 mM &4 @A 4 2 8N L CEE R, C-PAGE |2 LY Swfen2 D4 )&

A FANCKDHEERFT L, ZORES, Swien2 1% Zn> TIEMELEN R Sz (X 4-12),

lons

- C K* MgZ*Ba?*CaZ*APP* Fe**Fe?* CuZ*MnZ*Co?*Ni2* Zn?*Na* Ag*

B S -

4-12. &JEA A >3 Swien2 (2 KIF T %% (C : Control)

4-3-9.  PHEAI - F L— MEIDNEMEIC RIZ T8
F 8 SOSIRIZ 1 mM O BRERI 2N L CREE 21TV, C-PAGE (2 LY Swfen2 DFH.
EH - X L— MANC K DEEZRT Lz, ORI Y., Swien2 [ZREEH] « &1 — MAlO

WREEZZ TN LR 0otz (K 4-13),
Inhibitor and Chelator
-C 1234567 8 9

—_

: EDTA

: 8-Quinolinol

: N-Bromosuccinimide

: 2,2’-Bipyridine

: 1,10-Phenanthroline

: Diethyldithiocarbamate

: p-Chloromercuri benzoic acid

: N-Ethylmaleimide

© 0 9 N n B~ W

: 5,5’-Dithiobis (2-nitrobenzoic acid)
4-13. PHLEH] - F L— FAIA Swien2 DOIEMIC KIE 4 5
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4-3-10. SEERFRMEORRES

BIRDEI2 57 2 Z 07 a4 & LIS OLHE 2 M TR RIS 21TV, C-PAGE (2 X
D Swfen2 OB RIEZRFT Lz, TORBREIY, Swien2 I3V T A a7 7 a4 X320
T7<, 433 OFERLFER, A4 TXFET a4 XAk L THIRG HEIEEEZ A LTV D
ZENGrole (K4-14), £Z T, IEER R LN 2 DOH T VA VAl HPLC 127
TIATDHE BEMGHIHRO Y — 7 OBEE)D | E.coliBL21(DE3)/pET-21a/swfen2 C.FE.
ZHWTZEER S (X 4-4) EREE, Swien2 (I T A>T 7 a4 XAk L TR0 ERRE

W< Z EnbooTtz (K 4-15),

Fucoidan

1 23 45 6 78 9 10 11121314 15 16

———"

4-14. KHE 7 a A X NZxT 5 Swien2 DALy bIEME

l: I AavyT7asygy 9: eNNvwHFTaAfL K
2: HARAary 77 af K + Swien2 10: /XX 7 a4 X +Swfen2
3: AFFUERRT Taf K 11: A UvFET7aA( K
4: AXFUERRXT 7 a4 K + Swlen2 12: A TFET7aA X +Swicen2
5: BT T LA FFIER s Ta4 Xy 13 U AT a4 X
6: M7 BT /MMbAFFTIERI 7aA4 Xy 14: U AT aA X +Swien2
+ Swfcn2 15: F~avag g
T THhEI Taf L 16: F~=a7aA X +Swfcn2

8: THETV7aA KX +Swfen2
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10000

10000

9000 9000 |
8000 8000 |
7000 | 7000 |
5 6000 | 6000
E 5000 5000 |
& 4000 1 4000 |
3000 | 3000 |
2000 | 2000 |
1000 1000 |

0 0 ) ) )

10 12 14 16 18 10 12 14 16 18
Retention time (min) Retention time (min)
HIAaLTTa 4R FAUFRETaAL K

H &7 a4 X + Swien2
& T7af B DI
X 4-15. WA AT 7 a4 X o F3A4vx®T7 a4 X028 E LT

Swfen2 % F 7= SR % O HPLC F % — M AER

4-3-11. SwEen2 IZ L AN T A a7 7 aA XU RORRRZAL
HIAA2LT T a4 XD Swien2 (2 X DB UG HERF A L %2 C-PAGE |2 & 0§l L 7=

&AL MUSEBNEWIE SR TAEBHEIT L TV D Z 830 o T2 (X 4-16),

Time

e e £E ¢
E E o o &8 8 g ©
O 1 ® ©® + ® N I~

™ .
- .

[X] 4-16. SWfen2 IZ LD H TR a7 7 a( X 5ROl
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4-3-12. Swfen2 (T & % FEE A5 R IR A

BEHOBRIEIRMPERMS 2T 2 A, HIAar T 7af4 4 BLOLAY
FET7AA L DEL L HIEG T Y — B BIE R b o T (1K 4-17, X 4-18),
Fo. BHE—7ICFE T EOF, K2-2 D TSKgel G3000PWx DR Z & LIRS Fkm o
NTEEZEHUER, Swien2 37T A a7 7aq B 280 b L, 18K 4,800,
1,400 ([ZAHY 9~ 2 3 fRFEM DS ERR L TN D Z Lotz (M 4-17), T D& x| BRI
DE—7 DX VBEESHEDOE—7 QD5 FRER¥E L 7o TWD DI, /B 2 JlE
LTCWDEDALPELTNWDIDELEEZ LD,

Swien2 |34 AT XET a4 X ATBWTHIRG UG E R L, @0 FEOWE bR
THHOD, 5FEF 13,000, 5,000, 1,500 (ZFYS T B MPEDNE LD Z & LI

o7z (X 4-18),

25000
C 0 min
20000 } — 1 day
2 days
£ 15000 | 3 days
2 — 7 days
>
® 10000 }
o
5000 } @
0 _AJ

10 15 20 25
Retention time (min)

[ —2 18] 54,000 (GrHE#EIFSS) 259,000 (rEFEFHA) 04,800 @1,400
X 4-17. JOSWEH « BER B 5 A 2 7255 O TSKgel G3000PWx1 % V7= Swfen2 12X 5

HARAALT T af B DIRGy AL 2 — 4547
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18000

16000 | 0 min
14000 — 1day
2 days

© 10000 | — 7 days
8000 }
[0}]
& 6000 |

4000 |

2000 } i

0 L 1]
10 15 20 25

Retention time (min)

[t —20p+&] 155,000 (GrEFEEFESS)  ©21,000 313,000 @5,000 ©1,500
X 4-18. SRR « IR B4 2 2 72556 D TSKgel G3000PWx1 % iV 7= Swfen2 12X 5

FHAUXETT aA K DIRGGFALE = DT

4-3-13. Swict, Swfen2 & [ G IR L 724556 O B 51 fig

ST Swict, Swfen2 Z [l RN L 7= & & DIRE S fE L . SW d 5\ X HI8 £k C.FE.IC
& B RO HPLC DM ORER A L7z b 2 A, WA Aar T 7 a4 X Tk Swit,
Swien2 Z W RN L TH ML T H =2 DI T a2 A MFIK 1553 Th
0. FELOMMEESND Z L3 o7 (4-19), LaL, SWEE CEE.ZHWzEIZ
MU DA FRICRR Y 9% ©— 2 (T T Swien2 2RI LIZ & E DOF R, B — 27 BNETH
IV 7 FLTEBY, HMEEINTHNDZ R ghote (K4-19), A4 TVXFETaf X
I LA, SWEK C.EE. & Swfen2 ORI TR FLEAWICEWNIH Y A bh
mhoTe (K4-20), £72. Swict B3R RTRERT B F /LA X T UER I Taf X %
B L2568 Tl Swien2 23N L CTHEE S SAMEES N D Z Lidh o7 (M 4-
21), 2B, FH2ETHLS K LA, SWHE HISKROD CEEAC L D7 a4 X Doy fi% bt
g5 &L (X 4-19, 420 23T K DI, B BN HIS ¥k C.EEAC K B4 RIEMED J7 3 E
ZENOLND,
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25000

20000

Peak height

10000

5000

0

15000

1

20000
— H&E 18000 | — HH
— HE+H18% C.FE. 16000 | — §§+gmct2
14000 +owicn
HE+SWH# C.FE. 14000 3 Mo S

S

AN

L
20

25

Retention time (min)

20 25
Retention time (min)

15

4-19. HI AT 7af X 28 LT SW £kH K CFE. £ 721 Swfct, Swfen2 % H

25000

20000

Peak height

15000

VN ISR SO P2 @D HPLC #i

20000
— &5 18000 | - H&
o= §E+H18ﬁ CF.E 16000 } — %E"‘S\Nfct
HBE+SWHkE C.FE. [ 14000 HE+Swfcn2
12000 H B +Swfct+Swfcn2

\_\__

| |
| |

|\

20

25

Retention time (min)

15

20
Retention time (min)

25

420 AU T T aA X EFE L LT SW EkHEK CFE. £721% Swfct, Swfen2 & v

4-21.

7B 1% D HPLC i R

20000 f -

15000

Peak height

5000

— BB +Swfct

HEH

EHE+Swfcn2
EHH+Swct+Swfcn2

—1

1

20 25

Retention time (min)

W7 B F AL T a4 X &I & LT Swict, Swfen2 % FV 7= 35 )i % @ HPLC
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AT T, BEICH 52 LT\ 5 Flavobacterium sp. SW O K7 7 N7 ) Kz S &

« BERIOD T oA o iR SRR T ANE LT D GH 107 2> BRI O s O B SR R 1
EEIRL, #iicle”7 aAf X —8BIaT swen2 Z R U=, L algae HIS Ak 7 24 XV
K57 FALBESE Fetl14 [67] 38 L OVE 3 ®atdkd SW HkHI K 7 =21 & ARGy TLEESR Swict 13
FXTUVERY T af Z o e lBE U THRa T o0, Swlen2 [ZA T AT T7a(z
OMET D Z Lot E72, Fetlld & Swict (34X FTUVEXT 7aAf X Lso7
AAFEIEEANEDIRT D EIXTERVA, Swien2 IZH T AT T a4 X215 T
AT VXRET AL X b 0THZENRFEETH -T2, —J7, Swien2 & FHFEIMEDF W
7 a4 X —EP5AFenA[87] b, HIAaLyTT7afZ At uxTTal L khy
fE 5, ZhbH7af @ inTing, a-1,3 A T7 a—AFENFEE L TEY ., o
EEE AT D8RS GH107 77 I U —ReF D 225 fD T AT FUEEB LN 293 ird b
AF Vv aGRER S L TRLADE TS, Fo, SWHRISAX T UEX Y 7a( X
FH—RFERE LGS, K2-51ORLZEOIC, AXFTUEXZLIMNT, HTAaT
ZIELDET MO T a4 USRS AEFET DT LMD, swien2 & swiet 1A X T D
TR T af L ALY REIFFCHEBLL TV D LRSS, 2EBRTHLS L LN, =
NS REFRB S T OFRBUMERE OIS LEE L b b,

Swien2 (3, BEFRPUGSOEEITIZHE O BT ARIFOWFHEN L 54113, Fetl14 X° Swiet & 2725
PUSHRAR B Z D, GH 107 77 X U —IZB T 2R OTEMRIEIR, 0 EFHT LD
7k [68] OmEXVKENE [50,86] (& U EPERYIZEHN S Av, T AR OBEREXE STV
RN, TOEWNE, EE UTHERESND 7 a4 X2 ORISR BER OWF#EIC L - TR
5 EITERLTWS, & L<IE, Fetll4 & Swict iX endo B TiX722 <, 2L A exo MIT

HEZGIW L TV DD ZEDOREITCKImPFERHE SN TWNDDO TRV EHEEIND,
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% 5EF Luteolibacter algae H18 HEFE 2 D7 a4 X
F—¥ DRt

5-1. %%

]

% 3 BWIZE\ T, Flavobacterium sp. SW D K5 7 7 ) MMEWHND L. algae H18 34
FURRXY T ag B ARGy AUEESE Fetl14 [67] EMREWED @7 a4 X —BE 51 swiet
ERML, X T UERT 7 ag XAk U TRR R RGN Z R T Z E 26 L
Too ETo. BAEIIEBWTIE GH107 7 7 X U —IZE T % P5AFenA L MFEIMEDEWT =2 A
K —EBBIET swien2 7 SW NG R L, Swien2 [ZH T A ar 7 7 af X B IO A
UXET A X NIKT D OMRIENE A AT H L AR L, 2O EnG | WERD T a4
B U RENCIE, FHICKT U CRERMED B e B R S HERRAFE L T D 2 E DRI S,
Sichert & [77] 28, “1 DOWKEN T a4 X 3RO T=DIZ% < DEERENREE L T\ bbb
RTNDHZ LI L TORERMELFZ D, —H, & 2 EOMELS, L algae HI B LT
Flavobacterium sp. SW [ TOEERFER & ONTHIBESE 12 L DYETESHE S5 5 itk
g2 & MEDOMTRESERD ZENHALNLRoT, KT, AXTTVEXI 7 a4
Bk RFEPE UTHAE L, 45 DAV HIEESR Tl HIS BRD 74 SW RRIC H R TH RS MEA
MR SO T aA XU BT L EBNARETH T, 2O b, HISKRITA ¥
TERY 7 af o RFRE LTHEETHZLICL T, BEHORRD 7 a7 K5
FALBER B PRI END Z L RR AR ENT,

AETIL, FHAETOT T 0 —F % LoalgaeHIS IZXH LTHER L, FT77 M7/ LER
775 GH 107 £721X GH 168 7 7 X U —/n HAHFEIMED @O BIs 7 23R L, Fetl14 & (357

57 af ZF =BT OHEITo I,
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5-2. Mk LOERERITIA

5-2-1. L. algae HI8 HKEE 2 D7 a4 X —V&ia+ DR

Y7 R =7 in silico MolecularCloning % FV T, HI8 #£®D KZ 7 K%/ 1 DNA H#HH
5. 4-2-1 [ZFE# L7 GH107 3LV GHI68 2B 5 7 a4 ¥ —Vilfa &b &2, HIS
BRIk 7 oA X —BBIE T fetll4 [67]) LR DE 2 07 af X —BEGTORREE

1TV, R &z B iEfiEE R a1 s 1% hi8fdal & 24T 7=,

5-2-2. TIA~—DORE

H18fdal D 7 F/VELS % SignalP (2K WK L, HEES 7T S Z PR Lz 2 R
B a— K45 hi8fdal % pET-21a X7 Z —THIAIAT 28D, 3 5-1 (R & 91 BamH 1,
Hind 1 G8FEAN 2 F5 78T T4 ~v—Zi&at L7z, PCR ¥R DEEOENERUS, RIS D
IR I XL OBUGKERIE, 98 °CT 1 g, 30 -1 7 /L (98 °CT 10 #[#, 60 °CT 5%
i, BLUT72°CT34r 50 ) TITo7, #Hi17- PCR FEY% QIAquick PCR Purification kit
ZHAWTRERLT,

% 5-1. h18fdal EWEH D7 Z A ~—FlH

ATAGGATCCATGTCCGGAAAATGGGGCATC
BamH 1 FBF%EHAL

GCGAAGCTTGGGTTTGATTGCGATGGTGATC
Hind W 58F&EHAL

Forward primer

Reverse primer

5-2-3. DNA EBr, Az KIGEIC X DEEE 2 7 B oEpEfm), iR
DNA %4 ) EBRHE, T70bb, BER, 77 A I NHEEE HIREEREL, 74147 —
Ta VBT A ERGIER DN, KIBEIC X DR Y X7 E DA PERFNCEET 5 FEBR

35 3 FICRM LI TEL R L TH D,
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5-2-4.  hi8fdal O C KImEIRA KBS W7 hi8fda2 D7 v—=27
Hi18fdal & GHI107 (28T %7 2 A X ) —E Fdal [85] £ DT T A A ha L o7 fEiR,

H18fdal ® N KD 533 FH (Arg) £ TOT X/ BEECSIA, Fdal O -2 GHI107 [ZHEAY
AL EREERENZ EBA BN E o7, [X5-112 Fdal & H18fdal D KA A %
AL LK ERT, 728, Fdal DT =2 G KA A NHED HLEHICIIRETH D &
INTWD, & Z CHI8fdal ® N K¥unt 533 FH £ T% 22— K95 DNA ESI % hi8fda2
Lt L, /7 e—=u T E T o0, K527 T A ~—ikala " L, PCR ¥R DS DENER
I AR RIS ORER L OBUSE I, 98 °CT 1 43BmEd, 30 %1 7 /L (98 °CT 10 B
. 60°CT S, BLWT72°CT 14340 F) TIToT,

# 5-2. hi8fda2 ¥WERN D7 A ~ —BS

ATAGGATCCATGTCCGGAAAATGGGGCATC
BamH 1 G855

Forward primer

GCGAAGCTTCCGGTCGTCCACAAACCG

Reverse primer e ey L
Hind I 3RFHBAL

24 422 624 813
1 1 1 ]

ST GH107

1 533 1265

H18fda1 GH107 hypothetical protein

1 533
| I

H18fda2 GH107

O OTFIARTF R

m%ﬁ{uo) P EE

5-1.Fdal & H18fdal ® N A A #E=K

YGRAA Y
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5-2-5. )V A5 HPLC % HV 72 E. coli BL21(DE3)/pET-21a/h18fdal 33 . ONE. coli
BL21(DE3)/pET-21a/h18fda2 C.F.E. OE#HEIEVEMGY

H B R8s - O R BINHEFR T & 72 E. coli BL21(DE3)/pET-21a/h18fdal ¥ X Y E. coli
BL21(DE3)/pET-21a/h18fda2 C.F.E. |ZHIRIE 2% DA X FTERy 7 a4 X THEY 72
AB ENRXIETALBE L TNAT ARy X IFRETAA X FvaTdafy
V. HIRAAUTTaf XD TEEO T a4 X ERENEE L L, 100 mM Tris-HCI
buffer (pH 8.0) % & e 100 pL DOFEEHESUNE 2 FIV T, 30°C, —BEFR OS2 T 272, £
L. 80°C, 5 min ZVLERE | 50 0EfE (12,000 rpm, 10 min) Z4TVN,  2-2-6 D FIEIZHEWT

JL A3 HPLC 12 X B MIEE1T - 7=,

5-2-6. C-PAGE % i\ 7= H18fdal, HI18fda2 OEEH(LFMIMEE DORFt
IREE, pH SEERTEME, LEMRIZ KT THER LN, @A 4, ERDTEMEICKIE
TREZHETT OBRIE, 4-2-6 ITEUTHiEZ AW, 72720, BEE LT 2% T A=
YT T a s BEFEE L TE 0.2 mg/mL @ H18fdal, H18fda2, FEMEEIZIE 50 mM Tris-HCI

buffer (pH 8.0) % L. C-PAGE TE£FZIHM: % 74fh L 7=,

5-2-7. BB Ry RMEOREEY

BIRDEIR D 7 a4 X & D WITIRFEMEZHE 6T % HI8fdal, H18fda2 DIEMEZ Gt L
Too 73 KT 2%, WEEMESFEOS AT 1%, 0.09 mg/mL H18fdal, H18fda2, 50 mM Tris-
HCl buffer (pH 8.0) % & de4xk 30 L OEEERISIE Z AV T, 30°C, 60 min A > % 2 ~X— |
USRS, 80°C, S min BB A 1T o 7=, % O MUNK % AT, C-PAGE IZ X 0 %

AOIER R RET LT,
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5-2-8. HI8fdal, HI18fda2 IZ LD H A A T T 7 aAf X3ROl

2% H A AT 7 a4 0.2mg/mL HI8fdal, H18fda2, 50 mM Tris-HCI buffer (pH 8.0)
DR D A5 50 uL OFEE G %, 30°CT 5, 10, 15, 30, 45, 60, 90, 120, 180 min 3 L TF 24
h A >3 2_X— b LEEZ UG, 80°C, 5 min BVULHL 21T > 70, £ DOEFFEMUGIKZ AW T, C-
PAGE |2 X ¥ HI18fdal, HI8fda2 |k 2 H A RA LT 7 a4 XU nfRIZE T 5RO

G %‘?TT’) 71:_0

5-2-9. HI18fdal, Swfen2 % [f 7N L 7456 O FEE /iR

5% 4 T TR &7 Flavobacterium sp. SW H3K 7 24 X ) —F Swien2 8 LW, AETH,
H &7z Loalgae HIS k7 a4 ¥ —R HI8fdal (I T AT 7 a4 F ottt oxx
T A Z T D RGN0l T T, HARXA AT T af B EIIAS
UXET A X2 Swien2 3 XUV HI8fdal DR HF A IRIMNT 52 & T, HEOX LR
O FRARHE DM T oA, 2-3-3 IR T HIS BE £ 7213 SW KD C.FE. 2RI L7 & 5 2 EMR RS
D DIRREZAT > T2,

2%DHTRA AT T AL X EIF AT FRET AKX 0.6 mg/mL HI8fdal 35K
Swfen2, 100 mM Tris-HCI buffer (pH 8.0) % & dr4t 100 pL OfESE SN % VT, 30°C,
—WhA 2% 2 _X— N LRSS, 80°C, 5 min BMLEEA#1T - 7=, 2 OSSR Z VT,
HEE D RZ 7V Ail HPLC IZX Y i &7 o7, £lo, HARA AT 7 a( X UBEHRK

Jini 1% TSKgel G3000PWxp A4 LT & & 72 2484 FAIEHERTAT 21T - 7=,
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5-3.

5-3-1. L. algae HIS KD 2 D7 oA X —Vi&s+ hi8fdal \ZO\T

4-2-1 |CFEH LB S RO 7 a A X —8 BB O7 2/ BESNICK LT, HI8 £
D77 7 2 DNA fE#H HAFEMEERR 21T - 7ok R, Fdal, FunA 7 3/ BRI % & & ICHRR
L7z b DIZHOWT, MFEPEDEVY ORF 23 3 DR 272 - 72, Fdal D7 FRESEE S 7o
DoTeb DI hiSfdal, FunA D7 BERLAIZH LI BOD>TcbDIE hi8funl, h18fun2 Lt L,
rm—= LR B AT o, BRI FEMOREE K 53 17T,

U2xU. hi8funl, h18fun2 (34 2 /X7 B OAPEIIMER STy, BERIGMEN L e o
72728, RSB W T A VR 7B OAEFER X OBEETR ISR ST hisfdal (ZHE
RAEW, X522 HI8fdal 7 X / Welidd %~ L, Fdal & H18fdal ©7 I / FEEdsI %
EG L=t D &K 5-3 1Rk Uiz, F72, 5-2-4 TITo 7z, hiSfdal O C RKumfEg % K8 S H 7=
hi8fda2 O7T X J EEECHI %X 5-4 (IZ/k L, Fdal & H18fda2 7 2/ FRECHIZ LI L= b D%
5-5 1R L7,

# 5-3.HIS ¥kth o 7 oA ¥ — P Eklig s 1 rEY D15

A& s+ GH family  Molecular weight (kDa) ~ Homology with Fdal or FunA (%)

hi8fdal 107 131 44
hi8funl 168 40 37
h18fun2 168 42 30
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Fdal
H18fdal

Fdal
Hl8fdal

Fdal
H18fdal

Fdal
H18fdal

Fdal
H18fdal

Fdal
Hl9fdal

Fdal
H18fdal

Fdal
Hl8fdal

Fdal
H18fdal

Fdal
H18fdal

Fdal
H18fdal

Fdal
H18fdal

Fdal
H18fdal

MSGKWGIGWRFNADNKTEIANWNVANTVAQVKAIPGVTYVLF
NLSDAAHGDAYIAPHSVLTAITPAATPNNDRDLFLEMATAFQAE
GIKVIAYVATQGPAMLKHGAEKAFDSVEVSPGVYWTSQAMDNW
EAYVLSEYGNTTVETYKQAFAEVIIDEYAARYGTLIDGWWFDHS
GLGNIPLLHDTVTAHNPNVVIAFNQGQKIPLTNNNPDYEDYTFG
HPTPVANAPASTQQNLPMLTSIEATPDGFFDDAGRKSLGHMFM
PMGETWNSGAIVWTVAQAADWQERCLKAGGAWTWNVDVAP
SSSSLRADTVAFMNDVIAEMAQPNTAPAFSLSNIAGGTVTMNT
AYSGSLAGLATDADAHTLSFTKATGPDWLNVADDGTLSGTPDN
FAVGMNRFLIVVSDGHGDIDLAELEIYVQNDLGTGKAYLKLPFS
DLRPNLSAGSIYGLGLSDPNVSMTVAADGNDAVMSLSISNQNF
DGIGGSNDTLSWDVRVKGYSGGSYTLNGNNSAAQLGASVPV
GMIDNEFGVSGTDLRFVDDRESIRYSVENVVLTTDAVATAQFD
GFDGLWATAGSYVLGTGPGGLESKTLAANGELSLSAATVLTLTS
TGKERLRDLDGDFTIYPNNAPYFVASSIQVNGTEGIAFSDTLAN
LAAAATDPDGDPLTYSKAAGPAWLTVAGDGTLSGTPGAADVGL
NTFTIRVEDPSDATDSLVVKVSVDPSTPPAAPTGLSALANISKV
DLDWSDNSESDLDSYTVYRSTTSGSGYSAIASGLSSSDYTDTS
VTNHTVYYYVVTASNIHDKESAMSNEVSARPGFVASVADSEVA
VLGSVSGAFANMNASDNTYQTITEVVNGGTSALEHKWVFNVA
SAELATFYVEAFRSANAEGDDMVFAYSTDGVNYTDMVTVTKTA
DDDTAQYFALPSGTSGTVYVRLMDANRVGGNTQLDSVSIDQLL
IIAEESTVAPSIAAAPSPADTATNVEVNALLSWTAGHQSGSHDV
YFGTTPSPAFQGNQSGTSFNPGVLAGNTTYYWAVDEVNNSGT
TTGNLWSFTTADTTPGFVASGGISSGSGTITPALPAGLASGDILL
LFVETANQAVSISNPNGGTWAEVSGSPQGTGTAAASSSTRLTA
FWSRYNGTQGNPTVSDSGDHQIARMIAIRGAAASGNPWNVTA
GGIESSPDTSASIPGVTTTVPNTLVVVAVAGSLPDANGTANFSG
WSNPNLTGLTERTDDTRNPGNGGALGIATGTKATAGATGNTAA
THASSAVKGMITIAIKP

5-2. H18fdal ®7 I/ AL

1 MEIRNVCRSAVLLGLMSLNTYAETRADW PGGDINYSGSH ol ! S4017 ehiN i P TEVE] saESSTNDLYDP 110
== - ADN-—--KTET T Di 1S VLT AT A TN - —————— 71

A SMEEDDSITDCRS SRELVTDLDTORYC SHSLYRSFE: -fveTLs: T 219

2 VEVSP STV -ETYROQFAE VI DEY! T 163

1GSE Vi vl 329

§ I 271

330 B R T -~ - = = = = = = == = = e N-mmmmmmmmm e en 3s8
272 W R DVAPSSSSLRA.D'I‘VAH-WDVIAEMAQPNTAPAFSLSNIAGG’]‘VTMNTAYSGSLAxE‘ DAHTLSFTEATGPDWLNVADDGTLSG 381

111 TLP
72

220 |
164

359

DEE R e 18R - ERTEENRGE R HMNL GDTAYEDS] 408
382 TPDNFAVGMNRFLIVVSDGHGDIDLAELEIYVON Vi LEFSDLRPNLSAGS IYGLG: VAADGNDAVSEI. SHSNENFDGT DTLSWEVRIFGH 451
209 a-—-@VEEAR- - EVASETEDDR-—------ eyl -———--————— SEE-n MR IE GDIIDWG 468
492 SGGS AAQLGASVPVGMIDNEFGVSGTDL “EESIRYS TDAVATAQ! Fl WATAGSYVLGTG ES GE. TVLTL- 598
469 5| ILE-——— e e s e R e N TLNEDOWHHIAVVAS] ----I 520
599 15 = IYPNNAPYFVASSIQVNGTEGIAFSDTLANLARRATDPDGDPLTYSE WLTVAGDS GAASVGLNTETIRVERESDRIDSLVY 706
521 vl VLETVAV————-- STTFNr-WLGGNT QI[N -~ ~T[8RT DEVLVHDRALDESET SE-----ADLD: DV STEY 604
707 V|gPSTPPARPTGLSALANT SEV DLW SIS ESDL{NS YV YRSTTS AIASEESSSDYTDTSVINATVYY HDE ARPGIVASVADSE]Y 816
605 TD-NETYBRHGTNRGA-——————— 178v oz rNsNEY SLDGVD—————————————— & ———NpLEDSCfeREgMEroNSERS Rl — EEv g ————- €74
817 AVLGEVSEAFANMNASDNTYQTITE STSRLERR ASAELATFYVEAFRSAN VFAYSTDG DMT VR TADDTACHFAT SETVYVRIMD 926
675 ————-———— e AR REVMARIT R~~~ === == e oo seagTly-——— 5—-—--] svolEe 706
527 ANRVGGNTQLDSVSIDQLLIIAEESTVAPSI PADTATNVEVNALLSJTAGHEQSGSHDVYFGTTPSPAFQGNOS 1 GNTTYYAVDE GTT 1036

707 YEVRLENGALRLDIT] | HIR- == === === === mm == m = m i m e v T-- 751
1037 WSFTTADTTPGFVAS] SESGTMTPALPAGLASGDILLLFVETANQAVSISN VSGSPOGTGTARASSSTRLTAFWSRYNGTQGNPTVSD) TR 1146
E R RLYVDEVLETA ATIOfR LY - -] sE@vITGST ---EMDDFITHQF FEVENSARL-—--—--—---- - 814
1147 IRGARASGNEWNVTA ESSP PGVTITV! LVVVAV] LP) GT; SNPNLTGLTERTDD! PGNGG ATGTEKATAGATGNTAATHASSAVE 1256

814 —------oo 814

1257 GMITIAIRP 1265

5-3. H18fdal & Fdal ®7 3 J BEECH| D L
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MSGKWGIGWRFNADNKTEIANWNVANTVAQVKAIPGVT
YVLFNLSDAAHGDAYIAPHSVLTAITPAATPNNDRDLFLEM
ATAFQAEGIKVIAYVATQGPAMLKHGAEKAFDSVEVSPGV
WTSQAMDNWEAYVLSEYGNTTVETYKQAFAEVIIDEYAA
RYGTLIDGWWFDHSGLGNIPLLHDTVTAHNPNVVIAFNQ
GQKIPLTNNNPDYEDYTFGHPTPVANAPASTQQNLPMLT
SIEATPDGFFDDAGRKSLGHMFMPMGETWNSGAIVWTV
AQAADWQERCLKAGGAWTWNVDVAPSSSSLRADTVAF
MNDVIAEMAQPNTAPAFSLSNIAGGTVTMNTAYSGSLAGL
ATDADAHTLSFTKATGPDWLNVADDGTLSGTPDNFAVGM
NRFLIVVSDGHGDIDLAELEIYVQNDLGTGKAYLKLPFSDL
RPNLSAGSIYGLGLSDPNVSMTVAADGNDAVMSLSISNQ
NFDGIGGSNDTLSWDVRVKGYSGGSYTLNGNNSAAQLG
ASVPVGMIDNEFGVSGTDLRFVDDR

5-4. H18fda2 7 I/ FRALA

tFdalB 1 MRIRNVCRSAVLLGLMSLNTYAETFKADWI ST PGGDINYSGSHVEE Y 13 FWGOIRIITNGE 80
Hl8fda2 1l ———————————— | ADN----KTE IR | @ VT DA 48
tFdalB 81 s TEVE S INDLYDPTLPG QLEN AFim GIEVHAYMATQGP RHG.
H18fda2 49 H SVLT TN -~ = === ===~ LA INA F 823G LIV A Y AT OGP
tFdalB 161 CRSSKPLVTDLDTCAYYC] SPSLYRSFELEMVN-VETLSL )GWW
Hl8fda2 113 -————-—- VEVSP T| El V-ETYK AE DEY. IDG C
NiA FNIBGIRE Il S AN L PML TS TEATH LTGSEDDVGEV 318
e} ANAP el NT.PMLTSIEATE FDD. E—-| 1 261

tFdalB 320 L IN AN eI - — — ———————————————————————————————————————————— — 351
H1B8fda2 262 ! el NV DVAPSSSSLRADTVAFMNDVIAEMAQPNTAPAFSLSNIAGGTVTMN 341

—————— 112

tFdalB 240 ALEG
H18fda2 184 VTI

tFdalB 352 --———---—- N———————— D 265
H1B8fda2 342 TAYSGSLAGIATMADAHTLSFTRATGPDWLNVADDGTLSGTPDNFAVGMNRFLIVVSDGHGDIDLAELEIYVQND 421

tFdalB 366 MR- 1R~ E sMNLOERDGDTAYEDS A 415
H18fda2 422 PFSDLRENLSAGSIYGLGL 3TV AL DGNDAVIEEILS FDGIGEENDTLIRV GGS 501

tFdalB 416 f——-———————————m————— ] T 423
HlB8fda2 502 NSAAQLGASVPVGMIDNEFGVSGTDL - 533

5-5.H18fda2 & Fdal O7 3 J BEECH| D L
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5-3-2.  E. coli BL21 (DE3)/pET-21a/h18fdal, E. coli BL21 (DE3)/pET-21a/h18fda2 ©
FEURTT L ORER R

E. coli BL21 (DE3) Z T, pET X7 ¥ —\Zi#ifE Uiz hiSfdal, hi8fda2 DF I & gt L
T2 R, 20°C TOH:# T E. coli BL21 (DE3)/pET-21a/hi18fdal, E. coli BL21 (DE3)/pET-
21a/h18fda2 O AT EEMEE 53 H18fdal & [F] U4yF=& (K9 131kDa), H18fda2 &[] Uor+F=& (K
56kDa) (T DX NI EN VIR0V NLAEREIIN TS Z ERER I (X 5-6),
1 L ORFE)»HMEL L 72 CFE. % His-trap (2 X VW BERER L ZF . 50 mM ~ 200 mM
A XY =N EET buffer THRIX VX7 ENEM LT27cd, 2 Olisy 2540 TR -
TR EEAT 072, FER. K 5-6 IR T X O ZiEER L 2 mL $ ol c& | KT

H18fdal 3 X N HI8fda2 D & /X7 HIRFEIZZNZ 4L, 0.61 mg/ml, 0.58 mg/ml Th -7,

M 1 2 3 M 4 5 ©6

kDa kDa
150 —
100 _

—_—

——a—

—

-

-

5-6. FEHUtk H18fdal, H18fda2 ® SDS-PAGE i 4
M: VA X=w—T—

1 : E. coli BL21(DE3)/pET-21a C.F.E. (7.4 nug)

2 : E. coli BL21(DE3)/pET-21a/h18fdal C.F.E. (18.2 ug)
3 K58 o H18fdal (6.0 pg)

4 : E. coli BL21(DE3)/pET-21a C.F.E. (7.4 nug)

5: E. coli BL21(DE3)/pET-21a/h18fda2 C.F.E. (19.4 ng)
6 : K55 > H18fda2 (2.5 pg)
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5-3-3. 7V A HPLC (2 X % E. coli BL2I(DE3)/pET-21a/hi8fdal, E. coli
BL21(DE3)/pET-21a/h18fda2 C.F.E. DOEEHIHVERIE

H B SE 8 s DR B MR T & 7= E. coli BL21 (DE3)/pET-21a/hi8fdal, E. coli BL21

(DE3)/pET-21a/h18fda2 C.FE.Z T 5-2-5 T/RL7Z THSEO 7 a4 X o 2 E & LR

BOSEATo 72, ZOfEF, H18fda, H18fda2 1A A 27 7 a4 X o & HEIZ LIegAa1E

B S0 RME D AL HERR CTE . AU T T a4 XN L TH b TS FIETENGR

o (K 5-7). ENLSDO T a1 X2 ATk LTRSS FATEMED GRS B vz o 7

(4-3-3 LRBRD/RNZ — 2 DT DIEMENFEO BRI o T2 T — X TR S 72\,
1 10

0

8 — &5 + H18fda1l g — &5 + H18fda2
= 7 7
>
£ 6 6
£ 5 5
g 4 -

2 2

1 1

0 0

10 12 14 16 18 10 12 14 16 18
retention time (min) retention time (min)
HIAaryT7af R

10 10

8 — H® + H18fda1 — E & + H18fda2
—~ 7 7
E 6 6
2 5 5
S ¢ ‘
=y 3 3

2 2

1 1

0 0

10 12 14 16 18 10 11 12 13 14 15 16 17 18

. . . tention ti
retention time (min) retention time (min)

FAIXET ALK
5-7. E.coli BL21(DE3)/pET-21a/h18fdal, E.coli BL21(DE3)/pET-21a/h18fda2 C.F.E.% i\, #
TR T 7 aA X FREZA T IXETaA X EHELE LTEREKISHED

HPLC #i 5



5-3-4.  FiEIREOMRF

VLK, H18fdal, H18fda2 DEEFRALFAHIMEEIZ DUV T, Swien2 [AIEE, C-PAGE TaFfi L 7=,
FARE TR UG, C-PAGE 12 XV HI8fdal, H18fda2 O IR A4 7T L7z, ZORER K
., EH5HEMIREIL30~35°CTHD I ENnotz (K5-8),

Temperature (°C) Temperature (°C)
- 10 20 25 30 354045 50 55 60 70 - 10 20 25 30 354045 50 55 60 70

s

= e

[4 5-8. H18fdal (XI75), H18fda2 (B47) DEEIRE (3% — | LEEHEHEIRN)

5-3-5. BN EVEDOREET
FARE T30 L EZ 7 LA o F 2 X— MMEBEENGZ1TV, C-PAGE (2 X ¥ H18fdal,
H18fda2 DN EM Z Mt Lz, ZORER LY, EHE 58 35°CETEETHD Z ENDho

7= (X4 5-9),

Temperature (°C) Temperature (°C)
- 10 20 25 30 354045 50 55 60 70 - 10 20 25 30 354045 50 55 60 70

[ 5-9. H18fdal (XI75), H18fda2 (47) D=EmEIRE (3¢ — |LREHEHEIRN)
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5-3-6. i pH OfREt
% pH CTEEFZE UG, C-PAGE (2 X Y HI18fdal, HI8fda2 D= pH it L7z, Z OfEHR
X v . H18fdal DE pH I% pH 8.5, H18fda2 O =Ej pH I pH7.5 TH D Z o712 (K

5-10, 5-11)

5-10. H18fdal O %5 pH (3% — [XE% 35 BRI

5-11. H18fda2 O =i pH (3% — [ LEESRE JEHSN)
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5-3-7.  pH ZZEME OGS
% pH T30 R %Z 7 LA % 2 _X— Mg, BERLC 21TV, C-PAGE (2 X Y HI8fdal,
H18fda2 @ pH ZEM Z et L1z, ZOFEF LV, H18fdal /X pH 7.0 ~ 10.0 TEETH Y |
H18fda2 X pH 7.5~ 10.0 TEETH D Z BN yhnoTz (K 5-12, 5-13),
pH

< 0
NN~

10.0
10.5
11.0
15

QWQo wow S v Qwn
<+ W0 WO © W W o O

5-12. H18fdal @ pH /&M (3% — | LEEFE HEAIN)

pH
o 0 o w
O HLOoOWwW O W O Ww O 1N O W .
' . . 4 . O O ~— ~—
<t T O W O© O M~ M~ 00 00O O «— — —

5-13. H18fda2 @ pH ZEME (3% — [ LEEFE HEAIN)
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5-3-8. LB A A DNEMIC RIE T R

FEFR SOGNRIZ 1 mM S4B A A 3N L ClER UG . C-PAGE |2 & Y H18fdal, H18fda2
DBEA TN K DB MF LT, ZOREE, H18fdal IX Ag', Mg? C, HI8fda2 I Ag",
Mg?t, Fe*  CIEMERRE N R b 7e (X 5-14, 5-15),

lons
- C K Na* Nit Ag* Lit Co?*Ca?* - C Cu®*Zn?*Mg2*MnZ* Fe2*Ba2tAl**Fe3*

———

X 5-14. &)@ A A3 H18fdal IZXIFTREE Gk —IIBERERIMN, Cld=v hbr—)

lons
- C K* Na* Ni* Ag*Li* Co**Ca** - C Cu*Zn**Mg**Mn? Fe*Ba**Al**Fe®

4 5-15. @)@ A A > 7% H18fda2 (T IET 52 (x —IIMEFEIR, ClTd=v hr—))
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5-3-9.  AFEPHEAIDTEMEIC KIT T2

B SR SOBRIZ 1 mM DA BRLEFAIZ RN L TSRS 217, C-PAGE (2L Y Hl8fdal,
H18fda2 DLEH - F L — AN X D BZRHE Lz, ZOMRLD, EB6bFL—M0
LTI NZED o7 (M 5-16, 5-17) , LAL p-Chloromercuri benzoic acid Z1IUH&

% SH LEANC I HIEMEFIT RN,

- C1234567 839

: EDTA

: 8-Quinolinol

: N-Bromosuccinimide

: 2,2°-Bipyridine

: 1,10-Phenanthroline

: Diethyldithiocarbamate

: p-Chloromercuri benzoic acid

: N-Ethylmaleimide

O© 0 3 O O K~ W N =

: 5,5°-Dithiobis (2-nitrobenzoic
acid)

5-16. FHEHA] « % L— N2 H18fdal DVEMEIC KIF 22

- C123456789

:EDTA

: 8-Quinolinol

: N-Bromosuccinimide

: 2,2°-Bipyridine

: 1,10-Phenanthroline

: Diethyldithiocarbamate

: p-Chloromercuri benzoic acid

: N-Ethylmaleimide

O 0 3 N N B~ W N -

: 5,5’-Dithiobis (2-nitrobenzoic
acid)

5-17. PTREA] - % L — M H18fda2 DIEMEIZ R IF I 2%
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5-3-10. AE R RYEOHET

BIRDRIR D 7 a4 o7 a4 7 LSO LHE 2 IV CEER UG 21TV, C-PAGE 12 &
Y H18fdal, H18fda2 DELE R A MG LT, ZORRLD Ebb b I AT T aA
FUTT TR, 5-33 DfR LA, A4V FET 34 F AT LTHIERD HUEE LA
LTWDZ ENghotz (X5-18, 5-19),

Fucoidan |: HaArarvTTag iy

1 2 3 4 5 6 7 8 9 10 11 12 2:HFA=rT77aA Xy +Hisfdal
- 28] AR UEXY T AL F

w

 AXFUERY T aA ¥ +Hisfdal
ceRNw X Taf B

D NN H T a4 +Hl8fdal
COAAT AL F

: UM AT aA Y +HIsfdal

A ATRETaAL K

10: AT FET7 a4 ¥ +HI8fdal
I: THEI 734X

O 0 3 N »n b

12: 7HhE7 7aA X +HI8fdal

5-18. KFhE 7 A X x4 5 H18fdal DKy FAbIEME

—_

. T TaAf K
Fucoidan

 THEY 7 a4 X +HI8fda2
SRS FTaf K

12 3 45 6 7 8 9 10 111

BN X T aA X +HI8fda2
AT AarTTaf B
HIAarT T ad K +HIsfda2
OB AT AL B

: DAAT aA K +HI8fda2
CARFUERRs T By

10: A% FTEXYZ 7aA % +Hisfda2
I: A vXET7a(5

12: AFUFET a4 X +HIsfda2

5-19. KFE 7 2 A ¥ k95 H18fda2 DRy FAbiEE

O 9 N B W
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5-3-11. H18fdal, H18fda2 IZ L A H TR a7 7 a A B RO
HARX a7 7aq %0 Hl8fdal, H18fda2 |2 X A BEE NSRRI % C-PAGE (2L Y

P L7 & 2 A BUOSKHNAREWE EERS FAEDET LTS Z Lo Tz (M 5-20),

Time Time
E E E EE E E E £ g O E E E E E E € E g g ©
o v O LW o Ww O o o o - o O W o .muL O O oo v
- - M < © O N © - - MO < © OO N ©

5-20. H18fdal (XI/2), H18fda2 (XA) I LD H T A LT 7 af B LoD
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5-3-12. H18fdal, Swfcn2 Z i N L 7= & & O FE 53R

H18fdal & 72 1% Swfen2 % B ClESR UG S W 72854 [A U HPLC /3% — VU 3 L B ALTZ A3,
WMERMT D HIA LT T7af By FFTVXRETaAL X E606 IR0 T
{ER RSN (K521, [K5-22), Z2DOZ b, 2 0OBROE T HIERA SN D
TEMBRONT, HAA AT T af X UBERKSKE TSKgel G3000PWx (27 77 A
L. &FE—21ZFE &2 2T, K22 OE#HREZ b &SmO E AR U7,

535559 7000, 5000 (ZFH ST D S MEBED B ER L TWD Z R o7 (K5-23),

1

Bl

AR T Taf B DR

23

I AT T a4 X + H18fdal

IR T T af X + Swien2

-

i

AR AT Taf B

height (mV)
O=-NWAOON®OO

14 16 18 + H18fdal + Swifcn2

retention time (min)
X 5-21. HARAXaLTT7af R 28 L LTHI8fdal, Swfen2 £ 7-1%F DOl J7 & V-

FER % D HPLC #i 5

[
o

HF . oAAUIFETaAaL DR

B A FvXxET7a/ 4 +

H18fdal

height (mV)
o - N w = (%) [«2} ~ [} (o]

JK . AATXET 3L + Swlen2

10 11 12 13 14 15 16 17
retention time (min)

i o AAURET ALK

+ H18fdal + Swfcn?2
X 5-22. AU XET7a( X2 E L L CHI8fdal, Swfen2 F 721X DOl )7 2 A - f#s=

st D HPLC #ik 5
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w
(5}

S
T

IR A T Taf B DI

cHIARAaAT T af X + Swlen2

5

N
o

JK: HIAaryTT7afFZy +

! ®
: / @\ H18fdal

5 4
o e o S — . fEAarTTafF
8

4
6 8 10 12 14 16 1

height (mV)
e

retention time (min)

+ H18fdal + Swfcn2
[#% v —2705F&] 57,000 (S HE#EFHZ)  @7000 @ 5000

5-23. TSKgel G3000PWx. % V7= H18fdal, Swfen2 E 721X Z Dl F 2N Lz 2 A =2

VT T aA X DIRG AL E — DT
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ARE T, LoalgaeHI8 D KT 7 N7 ) MMEHRZ S L2, GH107 B3 X 'GH 168 7 7

Y = BHEEED BV EER S AR L, Fetll4 LIZRR 5 7 a( ¥ —B#lE+f
hi8fdal ZHFE L., 7 v —=0 7 K ORMBHR AT o7, 4 FITENTSW KL Hn
rFEnET ag X —F Swien2, AEICBWTRWE &N 7 a4 45—+ Hisfdal (&
HLobHIAAAL T T aAf B BIORAFUXRET aAf X ERRTE DI NN
7o THVET, GH107 77 IV — LHHFEED @ T a4 X —8 % 6 —FEkE I 2 fiE A
HENTZZ E1EH 7278 [12,92]. Swict & Swfen2 £ 7213 Fetl14 & H18fdal @ X 9 72 48[A]
PEDESRRD 7 a4 ZF—ERE—EHERPIZ 2 BELH SN Z LITHE ShTuni
WV 4EDOBETHIRARIZN, H8 b AF T IERXY 7o X e B—kFBRE L
B AXTUERILUSNDT a4 X 5fRlEREZEET D2 LD (X 2-5), hi8fdal &
fetll4d bAXTFTUERT T7af Z Ak VRFHCEHE L TV D LHfEg S h, T bE#EE
BT ORBEREDOANLE L o b,

HAAALTE, EE e e ar TRORMAOMRTH Y . ZOAEFIFALEE )
WOHIRIZR 50T 5, dE) 6 OEEFEAEE > D OB S & 28723 2 IR bV 72 HEHg o
K10 A= AL ED & ZAITAEFT HMmDRa 7 THY | M0 B3RO & DFHET
bbH, HAAALTIE, aryTORTH 7 aAf X 28 BIZEH, b 23— % FRL
BETDHF-TaAxy IrrsusgrEateU-7aA Xy W77 h—RAExET G-7 2
A KO 3 FEEHOALFEREE DA LN TV D (K5-24) [39, 94, 95], 5-3-12 IZ8B\W\ T,
Swfen2 & Hi8fdal ZFIRFICININT 2 &, HAA T 7af X BT A UFET a4
Z o DEGFALDMBEE S D Z &3 biroTz, £ 2T, Swien2 & HI8fdal D7 T A A b
{79 & (K5-25), W& E s GH107 7 7 X U —Fef O EZ R H G e T 528,

EEROFFEMEILE THIRLS . MRS FEICO RERENRD D720, BT OB R
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% 6 E  Luteolibacter algae H18 H¥ 7 2 A ¥ L A )V
77 2 —EBORH, BETRE. BERD. feRE
BA

=
]

6-1.

TaAZ 3T a— ATHRBEEPIN LB LR TH Y . TaA X RA TS
W& A WA BRYE PR AR LI K D BERNR R E W E STV D [96,97], iT4-, Silchenko oI,
WELEVERNE Wenyingzhuangia fucanilytica CZ1127 726 e X~ X3k 7 A ¥ 2 % endo U ¢
LMK D7 a4 ZF T —EBB L OBE L ERET 2R ALV T 7 2 —B 2 i L,
E NS HZHRT aA X OERHEE ML, SO fEE R A AL EIEIREI IR i LT
T ad X UFERORMEL L OREEIT-T [74. B2, BohizT7 aA X Uik sy
W TE AN 6 U CTAEBEVERHMIi 21T o 72 & 2 A, Wileth 2 bt S ¥ 2Ry vk >
A F AR TRLUED 7 a1 X O RHLBAMIAOTEIEZ KT S &5 2 L avbiro
Too —HRHNZ 7 A X NI AR T LT DVEBEENR KIS N E SN TWD DKL [98].
3k U7z Silchenko & OFa3C Tld, BERANTARS AL L7e TN ABEMENR T R o T LR &
NTW5, 2OXHIZ, 7aA X OB L - THFEOmMIBILE & ZAR 72 AR EDH
BRI r—Ab B | A% IOROIBEED VLI L SNTWD, £lo, 7 aA ¥ o
WZBADDEER B RTE HMNT R TRV 6% <. BRI EEERIZE > TITHRE S
TWBHBIR 3 HTHY [74, 75, 76]. Livh 2 b OWE CTIXERRRER L O ER&IX Thh T
(AYAJAN

FimChbik_im Lk 2ic, EHODOIN—T TEIAFTIVEXIHKT a4 X &R 1L

RAEPLE L THM T DA 2 B L, 7 24 X U 0BG T 28R TS VT
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MoeaED T D, % 5SETEE T, L algae H18 3 X W Flavobacterium sp. SW /35 7 A 4
Y DIRG FACSOGS Z 9% 7 2 A X —BIZ DWW TR TE TR Y . LLANCIE HI8 #ih
H7ad X ORT B F LRI E M-S 57 7857 —8 [73] IV THEAE LT
%o LWL ZIE T, MBS E T2 7 a4 X o 27 7 2 —8BIE R L TiEunieds
Sl I T, KETII HIS RO 7 aAf X AV T 7 X —8 %, BEEGIT X > CligifEd
LR EET HZLIcky, Brxnrsu~ 7T 7 0 —&HAVT HI8 B HAFHRIL .

BFROT X BREANERE LT, £ LT, HISKKD KT 7 h7F ) AMERE RIS, 7aA 7
ANT 7 B—BRIETERHEL, 7 0—=r 7 BLOKIBE COMEE Y 7 BOAE, B

FEFERIMEE ORI EL FEE L, BREIT- 7,
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6-2. MBI L OFERTTIE

6-2-1. L. algae H18 DK ERF#H ¥ L OV C.FE. 0L
QIR LTEHIEICKY X FUER Taf X BB —RFRE LT L algae HI8 %

%L, CRE A8l L7,

6-2-2. AF v~ N7T 74— K DRI E R

15,000 rpm, 10 min 320> 53 BV LD ARHH) 2 B BRUAN T2 [l 58 St D5 7 L 2Bl I2 20 30
fEmIRL, 2D 7% MILLEXGV Filter Unit 0.22 pm Z W CAHl%, A4 7u~hro>7
4=k L=, R 7L LC-10 Ai (SHIMADZU) . ¥ H 2813 %8 & A5 8 B 1 H 25
(SHIMADXU, CDD-10A SP), #7703 SI-90 4E (4.0 mm x 250 mm, Shodex) % V>, 1.8 mM %
NI A + 1.7 mM REBKFET N LZEREREL, JiE 1 mU/min TITo72, BEMRIE, 12

ppm, 30 ppm, 60 ppm @ NaySO4 & HVNTIERK L 7=,

6-2-3. U T LPRBRIC X D Wil AL O E

#BH7K 100 ml (2 Gelatin 0.5 g Z /M2 CTHRYMAZ—F—TEMEL, 4°C, 4 h I HILT7=H &, BaCl,
0.5 g ZIINL, FFUN4°C, 6 h % HIL T BaClo- Gelatin s A FHRLL 72, 15,000 rpm, 10 min 1.0
SYBEIC KO R 2 B IR\ =B B3 DH 7771 100 pl & BaCly- Gelatin 74838 700 pl Z27R4
L. =il T 1 h pUSSEIzdh &, FA IR (SHIMADZU, UV-2600) % iV T 500 nm
DOWLIEREZRE LT, BiEfRE, 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 0.75, 1.0 mg/ml ¢ Na,SO4 ZHEYEjE &
U THERRLT2(1X 6-1), 6-2-2, 6-2-3 DL TEERTEMNEZ ERT 255G, 1 ==y NMNZ 1 nmol Dt

fe% 1 min H7-VICEES R &L L CTER LT,
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1.4

1.2

1 L
0.8 r

ODSOO

04
. y = 1.8994x
02 F .~ R? = 0.9988

0 1 1 1
0.00 0.20 0.40 0.60 0.80

SO, (mg/ml)

6-1. U LIREREEIC 31T 5 BaSO4 DF iR

6-2-4. DEAE-Sepharose FF 71 7 AT X 5 B kg i

20 L DEGEIE D HFAHL L 7= HI8 ¥k C.FE. (¥ v /X7 B & 1318 mg) % 20 mM Tris-HCl buffer
(pH 7.7) T Ff#i{k L 7= DEAE-Sepharose FF 4 7 A (#tl§& 200 mL, 50x3.0 cm) (27 77 A
L7z, WiEI 2.5 mL/min, Z3EH A X% 10 mL [ZF%E L 72, 20 mM Tris-HCI buffer (pH 7.7)
T4, 0.1,0.2,0.3,0.4,0.5 MNaCl % & T 20 mM Tris-HCl buffer (pH 7.7) CIaH 247> 72,

280 nm DOWINZ AT HE P ONWT ANV T 7 Z —BIEMEIE 2TV, {EMEES 207,

6-2-5.  Phenyl-TOYOPEARL 650M | & % %35 k5
2.0 M NH4Cl1 % & ¢p 20 mM Tris-HCI buffer (pH 7.7) {Zxf L C—H#ud#T L 72 DEAE-Sepharose
IZBWTO0IMBEU02MNaCl THH L7-Es A2 — DI LT 7L (#0737 B & 480

mg) % . [A#KD Ny 77— CTEHMi{k L 7= Phenyl-TOYOPEARL 650M (#ff5 & 50 mL,
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12.5x3.0cm) 127 77 4 L, ¥ediE 2.5 mL/min, 5341 X% 3mL IZRE LTz, [FFAD
Ny 7 7 =T, 2.0,1.5,1.0,0.5 M NH4Cl % & T 20 mM Tris-HCl buffer (pH 7.7) CTi&H
217577, 280nm DOWIZ AT HEZITHONWT AT 7 X —PIEMERIE 24T\, i&TEE Sy
ZHDT=, . Phenyl-TOYOPEARL 7 A X 25U IZ(NHY):S04 Z A IV D 28,
B2 SO S B TR FE O lelfE % B BT 5 72 O(NH4)S0s Z NS Z N TE T, Z0fb

DIZ NH4Cl Z VT D,

6-2-6. Resource Q 77 7 AT X B HEHL

6-2-5 T#3 5417 Phenyl-TOYOPEARL 2.0 M ¥4y (# > 737 E & 82 mg) % Vivaspin
Turbol5 (Sartorius) % AV T, 20 mM Tris-HCI buffer (pH 7.7) (2 K 2 MG ALER & JEfEALER &
RRFIZAT o 72, [AREAR D /X > 7 7 —Cfli{l L 7= Resource Q (B lF & 6 mL, 3.9x2.2 cm) (27
7T A L, FEEIE 1.5 mL/min, 43HE{iHA X% 3 mLIZF%E L72, 20 mM Tris-HCI buffer (pH
7.7) TUEHR, 77V MEEEZ OM 2D 0.25MNaCl IZFRE L, AKTA ¥ AT A% N
T EIT> 72, 280 nm OWIREHTHK 7 77 2 2 AATHOWTHEMEREZITV, EMEm
EEDT, S DT, ARETHONTE R (¥ o/ 7 B & 1.5mg) & FEROEME
T, VIV MBEEZ01IM M5 018 MNaCl ICRRE L TH 5 —EfTn, iEERR 6D

By 2 OME DT,

6-2-7. N K7 X/ BRECAIENT

SDS-PAGE D7 /L35 PVDF A~ LRI EZGZE 57208, 7y T 4 U TR A
WIE (300 mM Tris-HCl buffer (pH 7.0), 5% A % /—/V), B (25 mM Tris-HCI buffer (pH
7.0), 5% A%/ —/\), C¥AHE (25 mM Tris-HCI buffer (pH 7.0), 40 mM 6-7 3/~ H ik,
5%A % ) —)V) B 7=, SDS-PAGE D4 /L L [A UH A XD PVDF A > 7 L (Millipore,

Immobilon) % 100% A % / —/WIZ 20 IR L7-th, 70y 7 ¢ » 7K B IZL, 30 min
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DLEgRE S Lz, FAVERIUTA XOAE 6 BABE L., v v T 0 V7R AT 2 K,

BIZ1#, CIZ3#., FM10miniz L7z, 70 vT 4V ZRIEA IR LTZ 2 D A% ~ 5
VAT 7 —4EE (ATTO, AE-6675) O FESEMARO FIZHEE LTc, 71y T 1 » JIHK B I
RLIEAME | BZO EICHEEL, ZO AT VU E#iE, 7ay 7 0V 7RIEB &
DETS Uiz, B 7V & UkEh L7z SDS-PAGE D7 V& —W7 v v T 4 > 7RI
BIZIRLIE, AT LACHE, vy T 4 73K C IR LT 3 DA A LICFEE
L7ce Z2RZHLOSTLOWEEL, o T7uy T4 V7K C #0&Eb LT, b
TUAT y —AEEOE LD, FEEMR Z FICARICEE S, 100 mA EEFOEE
FMET4°C, 2h, BBEL, TOBALCTLUEZROVHL, 7=~ =7V U T T
— et (Qeik I3 O SDS-PAGE L [RI L) % 10min 1T- 7=, KIZ, i#i% O SDS-PAGE &
ISR D B2 D (A& ) —v g = 9:1) THEBEL, AT LrETAIKAIL
DTN LT, BONR Ry 2 —TEVH L BERE 7 a7 A v o— 7 = A il

JE1E (PPSQ-31A Protein Sequencer, Shimadzu) CHEAT 21T - 7,

6-2-8. T A ~v—DikE
fsutl07 & 44510 72 B BER IS % pColdI X7 ¥ —THlA AT =, 3 6-1 IR T XL D
\Z Nde L, Hind 11 G8FKELS 2 £F 128 CT 77 A ~—Z ki L7z, PCR MIROERDOZEMERER, il
RIOSOIRE R L OBOSHF L, 98°CT 1 43 HINEA R, 30 %1 7 /L (98 °CT 10 #fH, 55°C
Sy, BENT2°CT 2 4y) TiTo 72, 55417 PCR % QIAquick PCR Purification kit
ZHWTHERL,

K 6-1. fsurl07 HEH O 77 A ~—FlF

CGTAGCATATGAAAGACAAAACCACCCT
Nde 1 FBEBAT

GCGAAGCTTTCAAACCAGTGGAATGG
Hind I 387047

Forward primer

Reverse primer
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6-2-9. DNA EBr . fHAHx KIBEIC X HDEEE X7 B O A FEMET, BEFE K
DNA %5 EBFikE, T7hbb, WEEM, 75 2 3 FEEE HIRERENL, 7445
— a3 VBT A ER B HONT, KIBEIC L AREE X LR B OAFERFT, His-trap |C

K DR ERICEIT 2RI 3 RIS LI FEL R TH %,

6-2-10. FEFETEVERIE

H HIB% R8s DI BN HER T & 72 E. coli BL21(DE3)/pCold 1/fsut107 C.F.E.2> %\ N 3k 5
L7z Fsutl07 Zf%s & L, KIBE 2% A X T UERX7 7af F 28 E L, 100 mM Tris-
HCI buffer (pH 8.0) Z & de4a 100 pl OFEFE UGN 2 VT 30°C, —BRER S 21T 272,
80°C, 5 min ZLERFE . =043 (13,000 rppm, 10 min) 24TV, 6-2-2 iLd#idA A4 7 n~ 7
T 74— & 6-2-3 SO U ATRBEIC X o CUFBERTELIEE 2 HE LTz, 7k, ek

DFE TIIHAAR D DEBEE T BERTEEZTIE LT,

6-2-11. FEiEIRE OBE!

# 62 |ZR L7428 150 uL OFERSUGK 2 FHWTL 20, 25, 30, 35, 40, 45, 50, 55, 60, 70, 75,
80°CT 30 min A > F =~— h LEER UG, 80°C, 5 min B AT > 7o, £ OB UGIK
ZNU T AREAEIC K VK 6-1 OMBIRE RIS, AX T UERT T a4 X unbEU Bk
BB 20178 L, Fsutl07 OFMEIRE Z i L7z,

# 6-2. Fsut107 OFER BN (B, BN ENERETIY)

Fsut107 0.37 mg/mL
Tris-HCI Buffer (pH 8.0) 100 mM
FXFUERT Taf F 2 %
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6-2-12. BVEZEMED MY

Fsutl07 (0.37 mg/mL) % 25, 30, 35, 40, 45, 50, 55°CT 30 min 7L 1 > % 2_— h L7214,
# 6-2 | TR L7245 150 pL DOEFFR SO 2 AV T 30°C, 4h A 3 22— b LEERSUGTR
80°C, 5 min BMLHZAT o7, ZDOBERPINHKEZ Y U DIRBAEIZ LV K 6-1 O i & K
o, AXTUERT 7 af 2 nbAE T DRI 2 JE L. Fsutl07 OBV E M % i

L7,

6-2-13. 3@ pH OFRFT

# 6-3 | TR L7cAE 150 pL OEER S Z VT, 30°C, 4 min A > F 2~ — h LR
JE#% ., 80°C, 5 min BMLER A AT o 72, £ OEEFLUGK Z /3 U 7 LAILEIEIC XV [X 6-1 DRt
BN AXRTUERXY 7 a4 X b4 U HIERERFEEE 21 7E L. Fsutl07 O X pH %
Mt Uiz,

# 6-3. Fsut107 OFEESUNALRL (FE16 pH HFTHF)

Fsut107 0.37 mg/mL
HERR/BER%E Na Buffer (pH 4.5 ~ pH 5.0) 100 mM

or MES Buffer (pH 5.5 ~ pH 7.0) 100 mM

or Tris-HCI Buffer (pH 7.5 ~ pH 8.5) 100 mM

or 7~ 7 [§#%/NaOH Buffer (pH 9.0 ~ pH 10.0) 100 mM
W7 EF LA F TR Ta, K 2 %

6-2-14. @JEA A HEA - 5 L— FFIDNEIEIC KIT T E

ST

&

B RIETEBA A HEA - X L— IOV THRET L7z, BERKGR
WG 2 EACAEMOEE 2 I1mM & L.2%A4FFUE XY 7 aA % 037 mg/mLFsutl07,
100 mM Tris-HCI buffer (pH 8.0) % & o4 150 pL OEEFE ik & VT, 30°C, 10 min

V¥ a_— LR, 80°C, 5 min BVLIR 21T o7, ZOBESEISKREZ N 7 AT0E
EICE VK 6-1 OMERAE RIS, X T UERXT 7 a4 X b4 U D EHERIEIEE 2 0 E
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L. BLEO Fsutl07 |12k A B L2 ME LT,

6-2-15. LBk BN O Bias

BIRD T2 5 7 A 20 8 B WITHFHEESPE 9% Fsutl07 OIFPEZ G L7z, 7 2o
B 2%, MEEEMES BT 0.5%, 0.37 mg/mL Fsutl07. 100 mM Tris-HCl buffer (pH 8.0) % &
Te B 100 pL OEEE SR 2 AV T, 40°C, S5min A > % 2 X— | LEER G, 80°C, 5 min
BULHL 24T o 7o, £ ORISR Z N Y 7 DIEBIAIZ X0 X 6-1 DRz 12, EE» D
A U 2 BT AR 2 IE L. Fsutl07 OSBRI 2 it L7,

Fo. NTIRBEIZHT DBERTEME 29 2B81X, 1 mM p-nitrophenyl sulfate & % M3 p-
nitrophenyl phosphate, 0.37 mg/ml Fsut107, 20 mM Tris-HCI buffer (pH 8.0), 1 mM CaCl, & %
WL FeCl & 2 \WMEE BRI O4 % 1 mL OFEFEIGKE VT, 30°C, 60 min A & F =
N— N UEER OO, 410 nm OWROLEZRIET 5 Z &1 L 0 iERET 2 p-nitrophenol DR
%W E L7z, p-nitrophenol DIREARL 1~10mM OFFH TIERK L7z (7 — X RS20, B

FIEYE 1 unit 13 1 432 1 mmol @ p-nitrophenol Z e S & DG & & EFR LT,
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6-3. S

6-3-1. L. algae H18 KEL:# & CFE.OREHE TR
HI8 #ROBEFEIK 20L 725 62.6 g DIRFEIK G H AL, 1318mg DX /37 B %G ie C.FE.

AL 7=,

6-3-2. DEAE-Sepharose FF 77 7 L2 L DB RS T

C.F.E.% 20 mM Tris-HCI buffer (pH 7.7) (Zxt L CiZEHr%. DEAE-Sepharose FF %7 7 AIZ7
7T A Uiz, % NaClIRJE T U7cilisy & BNt BERTEMERE 2 06 L 72/ R. 0.1,0.2
M NaCl & H 532 38 TIEED R & 4L, Fraction No.191~246, No. 336~366 % [R[IY L 7=

(M 62, [463) ,

3.5 1
3T — NaCl(M) | os
25 ¢ [ 1 0.7
o | 106 g
& 1053
< L5 r 1 04 Z
I 1 03

1 0.2
0.5 H
1 0.1
0 1 1 1 1 1 1 0

0 100 200 300 400 500 600 700
Fraction No.

6-2. DEAE-Sepharose FF 7 7 L7 v~ ~ 77 7 ¢ — Tyl L7-
TafA B ANT 7 A= DIRH N Z—
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35.00

30.00

25.00

20.00

& (ppm)

£l

15.00

LY

¥ 10.00

5.00

0.00 J o
&%Q

o oéo. 5\0. 0%0. \°°O 3
i 3 i i° > i

R <

6-3. DEAE-Sepharose 43 HIVAHR T I 2 3Rt B 25 1 78 il S

6-3-3.  Phenyl-TOYOPEARL 650M | . % [i% 35 k5l

DEAE-Sepharose 0.1, 0.2 M & H# 43 % 2.0 M NH4Cl % & T 20 mM Tris-HCI buffer (pH 7.7)
(2% LC—BEi#ENT#%. Phenyl-TOYOPEARL 1 7 MMZT 77 A Uiz, 45 NHyClJEE TR L
Ty 2 RN, BESRTETEIIE 24T o 7o fE H. £ O Fraction No.lZ38U T HBERTEIEDN W &
niginodz, Ziud, NHCl BIEHEEZFHE L THD DO TN EE X Hil, & NHCl
ECIEH SN ESZ2ED, b % 20 mM Tris-HCl buffer (pH 7.7) (2% L CHEMT 24772
b&, BRIEEREEZITo 72, ZOREE. 2.0 M NH4Cl A E /7 12 B8V THEES B S 7z

DT, Fraction No. 8~37 Z[HlIX L7z (X 6-4, [X 6-5) .
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BB ER R (mg/mL)

2 25

1.8 | /} A
280

1.6 — NH,CI (M) 12

14 F

12 F 1155
< by o

08 F 11 Z

06 F

04 105

02 t k

0 0

0 100 200 300
Fraction No.

6-4. Phenyl-TOYOPEARL # 7 L7 v~ 757 4 — oL
TaAfA B UANT 7 A —EDRH /N Z—

0.400

0.350 r
0.300 r
0.250 +
0.200 +
0.150 +
0.100 +

0.050 + .
Fraction No. Fraction No. Fraction No. Fraction No.  Negative

8~37 90~114 115~130 214~238 Control

6-5. Phenyl-TOYOPEARL 43 VAR 2 I 2 e e i 28 1 7 s S
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6-3-4. Resource Q 71 7 AT X DR
Phenyl-TOYOPEARL 2.0 M NH4Cl % tH#i53 % . Vivaspin spin Turbol5 (Sartorius) % /]
VN, 20 mM Tris-HCl buffer (pH 7.7) & & 2 HEALER & JRAFALEEH . Resource Q 771 7 AIZT
FA L7z, OM 75 0.25 M NaCl iR TUSH U780 22 (RN A%, BESRTE PRI AE 2247 - 7o
2. Fraction No. 19~20 (ZEERTEMED L H 472 (4 6-6), Resource Q W7 L/ wvu~ ~7 57
A —%DT7 T 7 a T SDS-PAGE 73T 24T\ (K 6-7). 7 A & o ik s
& SDS-PAGE Difii R Le T AN, BERIEMEDOTR S & SDS-PAGE IZB T DR ED /N R

DRIV —F L2 oTlod, BN REFFET 5 2 &Ik nroTo,

0.300
0.250 r Fraction No. 20
2
g} 0.200 r
% 0.150
K \Fraction No. 19
i 0.100
2
]
by 0.050 |
0.000 : : : ' -
9 15 21 27 33 39
Fraction No.

6-6. Resource Q 73 (1 [8] H) ¥HRIT K 2 BRI IEA I BE ) kG 2R
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M 12 34 M2 3 4 5

kDa

M: YA X~—T1—

1 : Phenyl-TOYOPEARL
Sy

: Fraction No. 18

: Fraction No. 19

: Fraction No. 20

: Fraction No. 21

80

50
40

30

wm R~ W

<] 6-7. Resource Q # 7 L v~ 777 4— (1FIH) THEILZT T2 2 a L d SDS-

PAGE 7 5

Z D7, 1[I H® Resource Q 7 7 LgHI#% D Fractionl9 & 20 2 F Lo, FHOWLHE « 2
MM, NaCl D7 T V= RMEEEZ 0.1 M~0.18 M & #iA < 5%7E L. 2 [51H ¢ Resource
QW7 LK DREMAEAT Tz, WHI LIS\ Z RN, BERIEIERIE 21T - 7o/ R,
Fraction No. 15~16 IZEERTEMEN L H 472 (X 6-8), 2 [A1H O Resource Q # 7 A7 v~ K7
T 7 4—%D7 TV a i HANTSDS-PAGE T Z17\ (X1 6-9), 7 =2A X ikl
&7 & SDS-PAGE OfE SR A~ 5 & 50kDa fHEICRFAE DN RRR N2 &b, 2

DN REYIDH LN KT 2/ BRES 2 RE LT,
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0.30

025 r

0.20

E (mg/mL.)

0.15

14
0.10

ﬁ%ﬁ thgﬁj

0.05

Fraction No. 16

Fraction No. 15

0.00

13 18 23

28 33 38

Fraction No.

6-8. Resource Q 73] (2 [E] H) ¥HRIT K 2 Rt i FE ) s 2R

ka M1 23 45 6 7 M

kDa

—

100+~
700 =~

55 1 W

45

pE————

VAR
j“ N
w70
55
45

N N A WD~

L 100 M:¥AAY—I—
:HI8 ¥k C.FE.

: Fraction No. 12

: Fraction No. 13

: Fraction No. 14

: Fraction No. 15

: Fraction No. 16

: Fraction No. 17

X 6-9.2 [E|H 23517 5 Resource Q # 7 L/ a~ NI 77 4 —THBELT7T7 7 ard

SDS-PAGE # 5
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6-3-5. FEHEEROT I WBELAIFRNT

K HUl%s% % SDS-PAGE D7 /L5 PVDF JRICERE. L, a7 A v — 7 o AfRirikE
Tx R U fRIEIC K 2 N R T 2/ BRELS| OFFMT 21T - 72 k555, ADPRIVSLKD &\ 9 fid
RGBT, fi#drY 7 b in silico MolecularCloning % i\ C H B s+ % [F7E L 725G 5.
FTTITHLNZLTWSL HKD KT 7 7 A RICZON Kig7 X/ Wehdd 2 = — R4
%5 ORF Z WL, £OERKIL1512bp, 2— FT5X /"7 HDs1 581X 554 kDa Th -
7z (B 6-10), Z 2T, RHS#/2 ORF &R % fsutl07 L #5925 Z & & L, PCR ¥E L7z,
2B, futl07 Ba— KT 57 2 7 EEELHIIZK L T BLAST B 21T o 7o & 2 A, HIEMEDN &
WHURTBEDLZLIIT NIRRT 72 —FBIZET %5 PhoD 77 IV —ThH U, ZTOEJK
T4 TR HDIGIBE72 > 72 (5% 6-4),

MKDKTTLSDPSECHLLDGTTSRRRFLISTGTFVAGLA
AGSAFAADPRIVSLKDAHKGSLEIDLRIMNQYETQPQ
EVQDFYVACREALTGPDPDTALAGVCKKFGRNKVGG
PLLGDLTTTSVAVWVNLPEADKIDVEVTPKAGGSAAK
YSSKDTERFHSVLCEGLSPDTHYVYRISDSQGRDLG
GGEFATAPEALSEKPFKIAFGTCYHKVGMYRPELMKLI
RERNNRSMLVLGDSAVDGRRDDFGLIQSDYLLRNLS
PHWQRLAAHVPVSATWDDHDYYGDDTSGTLTNGKK
PINVDGLRQAWRKNWNNPERDVEREGIYFSTRIGPV
QHIALDTRSCRVNLERGKLNSFLGAEQMTWLKEQIAE
STAPFILLSSGTMWTDYISDGKDSWGTWDTEGREEIF
QAIDAKADTKVILLSGDRHGARGFAIPRPGGKKIYEFE
AATLGGVPGPGPFGEDRSAQLFGLPSNSWAFGEFTF
RSSNGAPEATFRLLNERGEELETIPLV

6-10. H18 ¥EHI3E Fsutl07 O 7 2/ FREA A
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¥ 6-4.

Fsut107 @ BLAST # 5

R avA

PER (PR )

FRIFIPE (%)

PhoD-like protein

PhoD family protein

PhoD family protein
Metallophosphoesterase family protein
PhoD family protein

PhoD-like phosphatase

PhoD family protein

PhoD family protein

PhoD family protein

PhoD family protein

Rhodopirellula sp.
Rhodopirellula sp.
Pontiella desulfatans
Pontiella desulfatans
Rhodopirellula rubra
Planctomycetes bacterium
Planctomycetes bacterium
Rhodopirellula  solitaria
Draconibacterium sp.

Verrucomicrobiaceae bacterium

71
71
69
67
67
63
63
56
45
45
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6-3-6. fsutl07 DFBURFT & W3R K il

HAEYE D PCR WA ZH#lE L, pColdlIZT A 7 —a v LItk A, fsutl0)7 D7 n—=
T IMERR T&X 72, E. coliBL21(DE3) % T fsutl07 O3EH A gt U= R, aliatEm 451
Fsutl07 &R U8 (K 554 kDa) 28T 54 VNV EREREINTONDONHERTET-

(% 6-11, L —272), £7c His-Trap ([ LV REREERELZHD Z LB TE (K 6-11, L—23),

e —

M: A A~v—T1—

1: E. coli BL21 (DE3)/pCold I (68 ng)

2 : E. coli BL21 (DE3)/pCold 1I/fsut107 (40 pg)
3 FEH% D Fsutl07 (5 pg)

-1
!
{ .
A
g
.
{
3
'
3y

e il AR N g aw T T
o iy —
o

6-11. F551%% Fsutl07 @ SDS-PAGE i 5

6-3-7.  Fsutl07 OEERTENERE

E. coli BL21(DE3)/pCold I/fsut107 % 5548 L T3 H A7z CFE.& 5 W IR L 72 Fsutl07 %
HAWTAHXFTIER 7aA X oz B E U C—BBRICEITV, AN U AREIEE
A A u~x T T 7 4 =LK DIEDHER AT o T2, ZORR, EBHDHIEZIBNT

b AXFTERXT T a KX OGNl LR TE (X 6-12, 6-13), NV 7 A
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TEEYE Tl 4.3 mM OOt AY . A A7~ 7T 7 ¢ —TIiE 2.2 mM DORilE O EEE
RO BTz, B B FHMEERFNC BV TIEIANY AR EA WS Z L & L,
T2, ZOKSKE%E HPLC o L CHLIEOE— 7 1B kTR ond (F—X iR LTk

V), Fsutl07 (2 5 2 E#OUIWEHT v £ & 2 bz,

=& (mM)
N w AN (@)

Jltﬁﬁ}:

VR

T

EEFY [EENEFI)I

%] 6-12. 7SV w7 ApbEE 2 V- Fsut107 235 S5 ORI e 5 ) ik

— XD AR} e b o gt

ww et bonat-d » N
gl FERERM
=T Jiw TR 7ns I

a9 a8

0% QD80

o084 oms

a0 baast' —

—anzs- -apis

=030+ 0080

1an [} %3 134 s (3.7} o 142 e HE LYy 150 ny 152 na "e (1) ng "z LLE) "5 " .o

i

X 6-13. £ A7 a~ ~7TF 7 ¢ —% - Fsutl07 BESE RS 14 OO WEBE R Fa T BE 1 ik 5
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BB CRERFUGHE . MBI DV ClBERIAIR £ 4 FH L. Fsutl07 O iRE 2 1%
At L7z, BEtofEE, Fsutl07 OFE MR L 45°C (X 6-14) THo7-,
120
100
80
60
40
20

0 ! ! ! | !
20 30 40 50 60 70 80

Reaction temperature (°C)

Relative activity (%)

%] 6-14. Fsut107 =38 i e

6-3-9. BZEMEORGET

FRE CTREHR 2 30 07 LA ¥ 2 _— N LI BRICEER RIS TV, RERIZIEES)
TR E 2 B L. Fsutl07 OBV EMN A MG LT, ZORR LY. Fsutl07 i 30°C
FCLETH DA, 35°CT 30 /3 LELS 2 & FRAFEMEITRI I E TR T 5 2 L3y

ot (K 6-15),

120
§100
2 80
=
g 60
g
z 40
20

0 1 1 1 1 1
25 30 35 40 45 50 55

Reaction temperature (°C)

[X] 6-15. Fsut107 DA EME
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6-3-10. FiE pH OFET
% pH CTHERIUGH . MBI IE SO CRRERIEI S 2 5 L, Fsutl07 O pH %

L7z, ZOERL Y, Fsutlo7 OFE#E pH 1 pH 8.5 THDH Z Lo 7- (X 6-16)
120
100
80 |-
60 |-
40 +
20 -

0 LT,

2 3 4 5 6 7 8 9 10 11 12
pH

6-16. Fsut107 O %5 pH

Relative activity (%)

6-3-11. @J&EA A > DNETEIC BT 58

BUSHIZ 1 mM BB A A 2 Z IR L TEER UG Z ATV, BE I DWW TR hT R R
FEzRH L, Fsutl)7 O&RA AN L 28 Lz, ZORE, Fsutl07 1% Ca* & B
SEBBA AT X VIEEDRRE S (K 6-17),
3.0
2.5
2.0
1.5
1.0
0.5

0
A A A Y A A A A A

i B A B o (mIVI )

iy

6-17. &)@ A A4 Fsutl07 OIEMEIC KIET

L
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6-3-12. PHLEA] - F L — MANCRIFT A

BOSHIZ 1 mM DO ERZ RN L TRERSOG 2TV, BERI D W ClEEERT IR
ZEM L, Fsutl07 OFEES, L — MK 2HEEZHFI LIz, ZofER LY, EDTA I
KOO NRIEEEN RO L, Fsutl07 38R A 40 DRESEEST L LR INnT

(X 6-18),

05

plizd i JlLMfEE(mM )
o ~ @

AN A
Q () o o z\?‘ @
S N S N O &
N S & & <
o 2 & &
e 9% & O
ak N RS
,\Q'Q xb\
N =)
Q\

X 6-18. FHEA] « & L— A1 Fsutl07 O KT 32

6-3-13. JEE R AL DORRFT

BIRDORILD 7 af X7 af X PSNDEHE 2 W TEERRISZATV, BRI
SUNTUEHERRIRIR 2 F I U, Fsutl07 OEERFRELZRF LTz, ZORREY, FF%FU
TR T a4 B AK L TR BEWVEEEZ R LN, Pv AT VT E BIREN 518
BAFUXREFHROT a4 X KT DM LEE RO BN, AFFTUVEXT 7oA

FUBRHEL Lim L 20 65%RETH 7 (I 6-19),
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6-19. Fsut107 o /2 K5 F

# 6-4 |28 L72 BLAST MEEDOFER, Fsutl07 17 VAV ARA T 7 # —BIZ@E O R %
HLTWEDOT, AT 7 2 —PIEMIC VWSS A THEY p-nitrophenyl sulfate 7213 T72
<, p-nitrophenyl phosphate & H\ N7z fEFE S Z T o7, o, BERIOR AT 7 2 —BI3EME
WAl A T A BERT D EORENRH-T20DT [99,100], Ca?t & FeX OIRMEhE LG L
72o ZDFER. Fsutl07 I% p-nitrophenyl sulfate (254 HEEFIEMEIT R REMoT2—F . p-
nitrophenyl phosphate (213 21EMEZ R L7z, & 612, @8 AN TIX p-nitrophenyl phosphate
WX T DR LR BV o 7o h3, Ca¥ &I L 72FEIZ 0.145 units/mg, Fe? 2 i L 72 B

(2. 0.0622 units/mg OFEFRIEMEZ R L7z,
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ARFE T, L algae HIS RO ERN S | AL OIEREZHET 5 Z LIV AF T UE
Ry 7 ad XU BRBEERORBMETN, 727 N7 MMERE b LICT7 a2 AL
77 X —EBBIEA utl07 DV v—=2 7B I OKGE TORER X X EOAE, BERL
FHIEE DB EZ T o7, BB, INETIE T aAf X AN T 7 2 —BIZHET 5
L3 BIEI STV DY [74, 75, 76], WEBERTEAFL 2 E B AOIZIIE U CRER LR 2 fig A
L7 GBI, E7o, BREWZ SICAEI R L7z Fsutl07 1%, A% FUEX7 72
AZTEFTRIAFTVFET AL X ATH L THIEREZRA L W e, T4 UFET a4
K DALEEREE LR STV B A [101]. ZDOEFUIHA ST/ > Ty, A4
UXET aA B OILEEER, AX T U T af B bR ThD EIFEEZSLWN
23, Fsutl07 2RI LEEEIEEZ A L TWD 2 &b IE & U CRlilk S 2 iR L L
TWs EHEESh D,

AR ORI 21T 5 &, K 6-4 O XS ITHFEMED EWZ L 87 BDIF & A L3l
PR O PhoD 7 7 X U — 2SN OB R T o7, PhoD EINXT VA VRAT 7 4
—EBO—FETHY ., VBT AT NS ENKIET 2METHD, TVAVRAT 7
B —BIX3DOKREHRT 7 I U —IZ/HE S 4, PhoD OAfLIZ PhoA ° PhoX 7 7 X U — b fF
f£9 % [100,102], PhoD 7 7 X U —ODOF#E LT, RAKRE/ AT T7—E L L TOIEME
FRFOZ LR, TEMEIC Ca? £/ IL Fe? A BRTH 2 3BTV D[99, 100], Fsutl07
EESTEROT a4 X TiElel RS FEO N TEE )L TUEEFM AT &, p-
nitrophenyl sulfate |Z%f L ClIa < BEETEME A /R & 72572 —77, p-nitrophenyl phosphate (2
KU THHERIEEZA L, 612, Ca¥E7IT FeX 2 IR L2 T AUTEENE L T3 b
Rl

Fsutl07 134 F T UERX T 7 aAf ZUnbiilkk a2 Z LN TE 508, ZO®RITA
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XFTUERT T af AT DMBEEEOR 20%F2ETT &9, HI8 BRoD MM fafh ik 23
R C X DRI DO BT, Pz (F—Z IR LTV, ZiuE, HIS
RS exo Bl FE 72 1% endo AL 7 2 A & Loy fiREESR CENEE A U TSR E THMR - BT D
BX. Fsutl07 LSO 7 a1 7 L Bk LR FET H 2 L 2R LT Y, HISKKS / A&
DNA HIZIXE 2, F3IDT7aAf XU AVT 7 X —VBlIETE2HT 5 RIS, Mz
T, TEHEFNELI N v U fin EONAREFIC L O B LA EE S 252 b
BB, INOLEMBSED 2 & CTHMIMME LA L2 L BN, 5% 2

NS DIREEZAT D MEN D D,
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BTE KBS

ABFZETIE, AREFT-ICHEE L =A% T UE X7 7 a4 X G MY Flavobacterium
sp. SW B LN, FH DV /V—T7THiD>THHEE L 72 Luteolibacter algae H18 FIZRD 7 a1 &
VOREERIZ OV, A FRIER KORMEE, BRI EHMEE OFME A 1T o 72,

%5 2 3 ClE. Flavobacterium sp. SW 38 X O L. algae H18 DEEFF 72 65 ONT, HIEEEIC X
D7 A X wIT LD LT DUELHN T 2 A D ik 217 - 72, SW BRIZ 2B T
BB 7 A Z TS TR MEBRHROMOZHE S RFIF L L TR TS HISKRE D &
ETEDLRFEFRD L N— M) —DNEEThoTo, L2L, WEKEAXFTIVEX S 7a( X
AR RBERE LTHRE L TEONIOHMBEREZ AV S &, HI8 BRDTTAY SW HRIZEHE~
TH SN FRIEVENRIRLS | Fliae D7 aA B2 OSRES N R ST,

F 3BT, SWHENOAF T UERY 7 aAf X0 ORSTALI R % i3~ 2 Fif-7e 7 =
A FF—EBEFEZ LN T 72O HISRHKR 7 2 A X —BBAR T fet114 & OFARMERR
ZITHZLICLY ., swiet ZRH L, 7 u—=0 7B I ORMERIEL, BEEAE O %
WEEATo Tz, M7 B TF AT a4 X A2k T % Swict DETEMEIL 2.63 U/mg protein T
V. Fctl14 @ 3.18 U/mg protein & L2 LIZIER U THH N, KROAFFUEX T 72
A ZATKET DIEPEIZBI L TIEL Fetl14 1349 50% OIEMEIZ R LT Swict 13549 20% LAVR S
T Swict (X7 B FNVEDNKIEEOREL L V2T 52 EnBEx b5, MERICETS
FARPEDS C RIRFEIRIC IV TEW D, 20 & 9 22 EREPE O T N RIS REKIC & -
THELDLZENEZILND,

FAEELE S ETE, MO 7 af AT —BlEETOIFEAENET D GH 107 £721%
GH 168 7 7 X U —/» bAHFEMED @ VR B T2 IR L, SWHKE HIS¥RDO KT 7 R 7
L DNA iz b & 12, SW B2 O3 swien2, HI8 ¥R IX hi8fdal Z HIHL, 7 v —=1
7B LORMIHL, BRI FIMEE ORBIREZIT o 1o, ZORER, EHOLOMEHR S A A X
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AT T A F VBRI OA A TRET A XAk U COEEEE R LT, £70, mBER %
BELTHIAA T 7af Z U EITAFTRET a4 F K L THRRISEITD &
IREANIHARD LR TEMEESND Z ERNbhoTe, HIAarT7af XL
TEF-7a4 7y, U-7aA Xy, G-7aA X0 3 BEEOEFHEERHLNICINTE
D, MEERLIRAT D52 LI Lo TR FHEMRES D FIKR & LT, 2 DOBEROHLER
RIS Z D 3 FEEHO T aA XD ENINIRRTH L Z b, B D RED D
ELDHbDEHRINT,

¥ 6T TIE, HISKROHEENS 7 af AL T 7 =P O ETo12b &, FT7
N7 BEHES EICT7aA X ANT 7 X =BG foutl07 AL, 7a—=7%8
FOREMEREL, BF PRI E ORI E 21T o 72, Fsutl07 OHIEMEIT/ NS A% T U
EBRY T A X UPHET DEREEE DR 20%FRE LT X T iRno s, Lo LB
WZ LD, ABERIIAXTUVERX 7af T ThEAFUIFETaA( Z X LT
BIEEZALTWDLZ L, MR Z1TO L ANV T 7 2 —B LT )T —varanido
TiX72<, PhoD 7 7 2 U —IZHFHENDEFR TH Y | p-nitrophenyl sulfate (Zxf L TiE4a<
fgRIEME 2R & 72y 7= — 57, p-nitrophenyl phosphate (2%} L CEEE Z2iEMEZ2 A L T =
REML, SBREIDRDOIPRENDKLIELEZ BN, 6-1 THIE_/ToL T, 7aA XA
N7 7 Z—BIZOWTOREITFEAERNZD, RKBEREZ AL &7 a4/ 2102
B Dl IEOKE 2 ATy =1 LTHITH 5,
SETOWEMENS, 7aA X N7 A X F =BT TEF T —EB, ATy ¥ —F
I EEAEDED I LI Ko T, TEF A LRBE RO A O ) AfE 7T
bR bR W2 OF U ThE, BRI 2 FFc e Wiliae OF ) TER 8 a2
LT ENARBE R | ZOWEERET D LICLY ., 7 aA X OMEEKR RS O B R
HMEZHONCT L2 L TE, SHITERT aA X ZRERIIT R L TAER LTk 4 7ot

DT A Z R OEREE AT T2 2 LIk, Tas X oG L APEEE O
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MREAMEZBIONCT 2 2 ENARETH D EEXBND, ZHEOEERIMRIL, ZHED TN
FARLERSL DR EICBNTANTH L EEAXABNLIN, FEELERBE OO, 45
%, ZHEOHEIE & AEBNENE & OFBIEICHOWTHERDNENLETH D LEZBNLD, ik
2y KBIRBAFT VRS 7 24 0 OMBABOTEILRA~O 8 L 72 % Z & 2 HifF

ERAR
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Fucoidans are hetero-sulfated polysaccharides that are widely distributed in brown algae and have been extensively
studied for their various biological activities. The structure—function relationship of fucoidans remains unclear but can
be studied using fucoidan-degrading enzymes (fucoidanases). Here, we isolated and identified Flavobacterium sp. SW as
a microbial strain that can grow on fucoidan from Cladosiphon okamuranus as the sole carbon source. Genomic analysis
of this strain revealed the presence of two genes, swfct and swfcn2, that are homologous to fct114 from Luteolibacter
algae H18 and fcnA from Psychromonas sp. SW5A, respectively. The gene products were produced in Escherichia coli and
showed significantly different specificities for fucoidan. Swfct catalyzed the degradation of deacetylated fucoidan from
C. okamuranus, and Swfcn2 degraded fucoidans from Saccharina sculpera and Macrocystis pyrifera. The general prop-
erties of Swfct were examined by measuring the amounts of reducing ends produced by the enzymatic reaction, and the
enzyme properties of Swfcn2 were evaluated by carbohydrate-polyacrylamide gel electrophoresis. Our findings indicate
that one microbial strain can harbor genes encoding two different types of fucoidanases.

© 2022, The Society for Biotechnology, Japan. All rights reserved.
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Fucoidan is an anionic polysaccharide produced by brown algae,
and is characterized by fucose and sulfated fucose moieties as its
main constituent sugars, as well as xylose, mannose, uronic acid,
and acetyl groups. Fucoidan has a wide variety of beneficial phys-
iological activities for humans, such as anticoagulant, anti-diabetic,
antiviral, and antitumor effects, and is therefore attracting atten-
tion as a health food material (1—4). The chemical structure of
fucoidan is extremely diverse, with the composition and binding
modes of the monosaccharides and the content of sulfate groups
differing among algal species (5), making it difficult to elucidate the
relationship between fucoidan’s structure and its bioactivity. This
relationship can be clarified by treating fucoidan with enzymes.

Many microbial enzymes that degrade fucoidan to lower mo-
lecular weight compounds have been reported. The first reported
example was an enzyme from Mariniflexile fucanivorans SW5,
which degrades fucoidan from Pelvetia canaliculata. The gene
encoding this enzyme, mffcnA, was cloned (6), and Sakai et al. (7,8)
investigated enzymes from two types of marine bacteria that can
degrade Saccharina sculpera fucoidan. Recently, Silchenko et al. (9)
isolated and characterized the enzyme fucoidanase (FFA) from the
marine bacterium Formosa algae KMM3553. FAA degrades fucoidan
from Fucus evanescens. Silchenko et al. (10) also cloned the gene ffa2
from the KMM3553 genome and revealed the biochemical char-
acteristics of the gene product. MfFcnA and FFA2 are classified into

* Corresponding author.
E-mail address: ohshiro@bio.tottori-u.ac.jp (T. Ohshiro).
¥ The first two authors contributed equally to this work.

glycoside hydrolase family 107 (GH107) of the carbohydrate-active
enzymes (CAZy) based on their amino acid sequence. Sequence
information led to the identification of two fucoidanase genes (fwf1
and fwf2) from Wenyingzhuangia fucanilytica CZ1127" and one gene
(fhf1) from Formosa haliotis, and their gene products belonging to
GH107 were also examined (11,12). More recently, the novel
fucoidanase gene funA was identified via transcriptomics in
W. fucanilytica CZ1127". The gene product (FunA) is a novel
carbohydrate-degrading enzyme that not to the GH107 family but
to the GH168 family (13).

We previously isolated two bacterial strains, Flavobacterium sp.
F31 (14) and Luteolibacter algae H18 (15), that grow on fucoidan
derived from Cladosiphon okamuranus (16) as the sole carbon
source. The enzymes involved in the degradation of this fucoidan,
namely, fucoidan deacetylase (Fud) and fucoidanase (Fct114), were
purified from the H18 strain. The genes were identified from the
genomic information, expression was confirmed in Escherichia coli,
and various properties of the enzymes were clarified (17,18). Since
Fct114 is more active towards deacetylated fucoidan from
C. okamuranus than to native fucoidan (18), fucoidan may be con-
verted to a degradation intermediate susceptible to Fct114 by the
action of Fud in fucoidan degradation by this strain. Furthermore,
although most fucoidanases reported to date can be classified into
either the GH107 or GH168 family, as described above, Fct114
cannot be assigned to any GH family based on its amino acid
sequence (18).

In this study, we isolated another Flavobacterium sp. called the
SW strain, that can degrade fucoidan from C. okamuranus. First, we
searched for genes encoding proteins similar to Fct114, or that are
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highly homologous to the GH107 or GH168 families, in the genomic
DNA of the SW strain. The identified candidate genes were cloned
and expressed in E. coli. Two protein products, called Swfct and
Swfcn2, exhibited fucoidan-degrading activities similar to those of
Fct114 and the GH107 family. The substrate specificities of Swfct
and Swfcn2 were different: the former catalyzed the degradation of
fucoidans from C. okamuranus and the latter fucoidan from
S. sculpera. The enzymatic properties of Swfct and Swfcn2 were
estimated by measuring the reducing ends generated by the
enzyme reaction for Swfct, and by carbohydrate-polyacrylamide gel
electrophoresis (C-PAGE) for Swfcn2.

MATERIALS AND METHODS

Materials The high-molecular-weight fucoidan (SEA ALGA-F, Marine
Products Kimuraya, Co., Ltd., Sakaiminato, Japan) used in this study was prepared
from C. okamuranus using the method of Kawamoto et al. (19). Fucoidan from
S. sculpera was obtained from Takara Bio (Kusatsu, Japan). Deacetylated fucoidan
was prepared using fucoidan deacetylase as described previously (18). Other
fucoidans were purchased from Sigma—Aldrich (St. Louis, MO, USA).

Isolation and identification of the SW strain  The fucoidan-degrading
microbial strain was isolated using a previously reported procedure (15).
Enrichment cultures were done using medium containing fucoidan from
C. okamuranus as the sole carbon source. Whole DNA was prepared from cells of
the isolated SW strain, and the DNA coding 16 S rRNA was amplified by PCR using
the universal primers 27f (5'-AGAGTTTGATCCTGGCTCAG-3’) and 1525r (5'-
AAAGGAGGTGATCCAGCC-3'). The amplified DNA fragment was purified using a
QIAquick Gel Extraction Kit (Qiagen, Hilden, Germany) and then sequenced using
universal 16 S rDNA primers. The sequence obtained was compared against those
deposited in the DNA Data Bank of Japan and was identified as belonging to the
SW strain.

Identifying the genes involved in fucoidan degradation in the SW
strain  The entire nucleotide sequence of the draft genome of the SW strain
was determined (HiSeq 2500, Illumina Inc., San Diego, CA, USA). Genes presumed to
be involved in fucoidan degradation were searched using an in silico molecular
cloning software package (In Silico Biology, Inc., Yokohama, Japan) based on the
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fct114 sequence (LC378584) of L. algae H18; fucoidanase gene (mffcnA, fcnA, ffA2, and
fdal) sequences (CAI47003, AYF59291, WP_057784219.1, and AA000508.1)
belonging to the GH107 family of M. fucanivorans SW5, Psychromonas sp. SW5A,
F. algae KMM3553, and Alteromonas sp. SN-1009; and a fucoidanase gene (funA)
sequence (ANW96599) belonging to the GH168 family of W. fucanilytica CZ1127".

Cloning and expression of the fucoidanase genes  Before cloning the target
genes swfct and swfcn2, the signal peptides were predicted using SignalP. For swfct, a
DNA fragment encoding the protein following the signal peptide was amplified with
PCR using the forward primer TATCAGGAATTCATGCAAAAGAGTTTACCCCCT (the
EcoRI restriction site is shown in bold) and the reverse primer GCTCGCGTCGA-
CATTATCCAAAGGCATAGAAAAT (the Sall restriction site is shown in bold). For
swfcn2, the sequence of the forward primer was GGCCAGCATATGGAAGCACAATA-
TATATGGTAT (the Ndel restriction site is shown in bold) and the sequence of the
reverse primer was GGCCGCGTCGACTTCTTTTACAAATTTAAAAAGA (the Sall restric-
tion site is shown in bold). PCR was performed with PrimeSTAR Max DNA poly-
merase (Takara Bio): the PCR mixture was heated at 98 °C for 2 min and then
subjected to 30 cycles of amplification (98 °C for 10 s and 68 °C for 3 min). The
resultant swfct fragment and pColdl plasmid vector were digested using EcoRI and
Sall, the swfcn2 fragment and pET-21a plasmid vector were digested using Ndel and
Sall, and then the fragments were ligated to construct pColdl/swfct and pET-21a/
swfcn2, respectively. Both plasmids were introduced into E. coli BL21 (DE3).

The recombinant E. coli strain harboring pColdl/swfct was cultured in LB me-
dium with 100 pg/ml ampicillin. The medium was agitated at 200 strokes/min for
5 h at 37 °C, rapidly cooled to 15 °C; then, 1 mM IPTG was added and the cells were
cultured for 24 h. The recombinant E. coli strain harboring pET-21a/swfcn2 was
cultivated in the same manner except that the cells were cultured at 20 °C after the
addition of IPTG. The cultured cells were harvested by centrifugation (10,000 x g,
30 min), suspended in 20 mM Tris—HCI buffer (pH 8.0), and disrupted using an
ultra-oscillator at 20 kHz (Sonifier 450, Branson Instruments, Danbury, CT, USA).
After centrifugation (15,000 x g, 30 min), the supernatant was used as the cell-free
extract.

Purification of fucoidanases and SDS-PAGE analysis  Cell-free extracts
prepared from 1 L of culture broth were applied to a His-Trap HP column (1.6 x
2.5 cm, Cytiva, Uppsala, Sweden) equilibrated with 50 mM Tris—HCI buffer (pH 8.0)
containing 300 mM NaCl and 20 mM imidazole. Unbound proteins were removed
thoroughly with the same buffer, and then with 50 mM imidazole. The target
proteins were eluted with 50 mM Tris—HCl buffer (pH 8.0) containing 300 mM
NaCl and 100 mM imidazole. The eluted fractions were collected, concentrated,
and desalted by ultrafiltration using a Vivaspin turbo 15 centrifugal concentrator
(Sartorius, Gottingen, Germany).

Fctll4 1 ——-u FPIT KLPALGAALVLS T LKAAEVSELMPLP WAQGFPQVVD HYSMILTEA 87

Swict 1 IVIg---——-—-- QKSLPPSFWNNV, FPESLK---N DF--H THFLAF@YAN 76

Fctll4 88 GPVA SAPP- LGIT KWTRYDGPRINVER BKGDVTG] C 176
Swect 7 RLID QNLDF - SKP SECMRT 39 PRRNTINKIY- -FEGar- 161
Fctlld 177 AQPERLGLIAAKPGEKALAGGEAS FGKIGGGFG PSLDTEQFTLGFHAFIPRNYSHQDGASPWL BRNRNEARDGNYG 266
Swict 162 S SEVIKV= == = = == —m mm mm mm mm— == — S N T T LNME ~ == == == —— —m —m —m—m = —— B e 189
Fctll4 267 MLLRQGKLEARLNIGGGKDGQVVNSSSDVKRERWNHBAMSYDGEVLR IFLNGKNVGEKKI GRVRKPGADPLVEGRRABSMSGHYVFRGA 356
1 L T ) P — TKYATQILKEKNA THSL ~= == == == === == == e e i e e e e e e NGEMYQ-- 218
Fctll4 357 MDEIQYFDKALDPKLIGRMAMRPGESLPAAKPAHAWAFKVDGASSETMPMEDWKN. WSLPDGARWADG 446
SWECT 219 mmmmmmmmmmmmmmmmmmm e I ATTKENTKGVIV S - - - —- 243
Fctlld 447 W EAPET S SVKVSBKDQGGERG/T -- - —- GVFAQAPANGD KL TDR 529
Swict 244 KKEVI SKVLTIDWPI YieWik Igi I N- —— —— —— DLKD SNQ 326
Fctlld 530 scros CERPEESGVYR STTRLELVISYGH 1§ 619
Swict 327 g DVE- TKIEVYTSVNAYQEFL 414
Fctlld 620 —-—- E GES D IAHSAMORRYLE 701
Swict 415 WGKS Q Fg PT IKRIKYFHKY 504
Fctlld 702 HG sERV--G GE 789
Swict 505 SC YAEVTPKN s 593
Fctlld 790 NTERTEPIVMD GSHFGGHKLMERW VIRS| A ADFVP 879
Swict 594 KTALKTN NVNQKPKEW-§TA PEFS IH VEI P 82
Fctlld 880 T KD IQTSGGARFTL AS 969
Swict 3 BET s KANEN KD 772
Fctll4d 970 ND--GVELLVD, QAGKIPGVNLQPKP 1025
Swict 773 YKKENINI YKNEKI NVNOE 0] GIsenN ST TR0 T P4 SMILDN ——— —— —— —— ——— 820

FIG. 1. Alignments of the amino acid sequences of fucoidanases from L. algae H18 (Fct114) and Flavobacterium sp. SW (Swfct). A bold line above the Fct114 sequence indicates the

region of Lam-G like domain in Fct114.
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SDS-PAGE was performed by the method of Laemmli (20) using a 12.5% gel for
separation. Protein bands were visualized by staining with Coomassie Brilliant Blue
G-250 dissolved in 50% methanol-10% acetic acid, and destained in 30% methanol-
10% acetic acid. CLEARLY Protein Ladder molecular weight marker (Takara Bio)
was used as calibration proteins.

Enzyme assay The enzyme reaction mixtures contained enzyme, 2% sub-
strate and 100 mM Tris—HCl buffer (pH 8.0), typically in a total volume of 100 pl. The
solution was incubated at 30 °C during the reaction and heated at 85 °C for 5 min to
stop the reaction. After centrifugation to remove the precipitate (12,000 x g, 5 min),
the supernatant was injected onto an HPLC system and analyzed as described
previously (18). The HPLC system was equipped with an RID10A refractive
detector (Shimadzu, Kyoto, Japan), and a size-exclusion TSKgel GMPWYy; column
(7.8 mm x 300 mm, Tosoh, Tokyo, Japan). The mobile phase was 0.1 M sodium
nitrate and a flow rate was 0.6 ml/min. The enzymatic properties of Swfct were
investigated by measuring the amount of reducing ends released from
deacetylated fucoidan, as described previously (18). Reducing sugars were
quantified by measuring the absorbance at 660 nm using a copper reagent with
according to Nelson’s method (21). Fucose was used for the calibration line. The
enzymatic properties of Swfcn2 were estimated by C-PAGE as described
previously (10) with modification. An aliquot after the enzyme reaction (4 pl) was
mixed with 4 pl of loading buffer containing 10% sucrose, 0.4 mM EDTA, and
10 mM Tris—HCl (pH 8.7) and applied onto a stacking gel comprising 5.7%
acrylamide, 0.11% piperazine diacrylamide, 2 mM EDTA, and 50 mM Tris—HCI (pH
8.7). The sample was electrophoresed through a separating gel 1 mm thick and
7 cm long comprising 30% acrylamide, 0.6% piperazine diacrylamide, 2 mM EDTA,
and 50 mM Tris—HCl (pH 8.7) for 2 h at 200 V and then stained in 0.5% Alcian
blue 8GX in 2% acetic acid for 45 min and rinsed with distilled water.

RESULTS

Isolation and identification of the SW strain We used the
algae C. okamuranus as the screening source and isolated the SW
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strain by growing in a medium containing fucoidan from
C. okamuranus as the sole carbon source. Sequence analysis of the
DNA coding 16 S rRNA showed that the sequence of the SW strain
(accession no. LC697042) had the highest similarity (99%) with that
of Flavobacterium sp. F31 (AB544005). Thus, the SW strain was
identified as Flavobacterium sp.

Search for fucoidanase genes in the SW strain and
comparison of fucoidanase amino acid sequences We
searched the sequence of SW strain for genes encoding proteins
similar to proteins belonging to the GH107 or GH168 families, in
addition to Fct114. The gene designated as swfct (accession no.
LC697043) was identified as a homologous gene of fct114 and the
gene designated as swfcn2 (accession no. LC697044) was identified
as encoding a protein belonging to the GH107 family, based on the
sequence of fcnA from Psychromonas sp. SW5A. The genes swfct and
swfcn2 comprise 2460 and 1878 bp, and encode 93 kDa and 69 kDa
proteins, respectively. The amino acid sequence homology between
Swfct and Fct114 was 40%, and their alignment is shown in Fig. 1.
The amino acid sequence homology between Swfcn2 and FcnA
was 53%, and their alignment is shown in Fig. 2.

Expression of swfct and swfcn2, confirmation of enzyme
activity, and enzyme purification A signal peptide composed
of 25 amino acids was encoded in swfct. The protein with the signal
peptide could not be heterologously produced in E. coli and thus we
produced the protein without the signal peptide. The recombinant
E. coli strains harboring pColdl/swfct and pET-21a/swfcn2 were
cultured at 15 °C and 20 °C to produce the target enzyme proteins,
respectively. Both recombinant proteins were overproduced in the

FcnA T T MLISYTVLYGCESSEDEV-- 18
Swfcn2 1 MEAQYIWYENSSNTANIVENSATRGTFTTNVSNPETSGINTNATYSK THPTIQF 60
FcnA | e e e e e e e e e e e e e T e e e e 18
Swfcn2 61 TLPKPITNLSSYTISLKAYTSIKTTDLNTQNSRIRVYFRNSTIGASSNIYKQLNFSAGET 120

FcnA 19 ——— e ESENT DS TEATGHMEY—-IJASW 43

Swfcn2 121 WESFSENFDGTVIPSDVALAGGYNQIMIGFASGDTHNGLNST TISGSTHOLV. F 180
FcnA 44 L TQRVDEEIKINDNS Gk L YT L 103
Swfcn2 181 LS FNLPEedy GYe GH]| YY| 239
FcnA 104 ER D--- 159
Swfcn2 240 LKNS| L IQGSSEATERAR 299
FcnA 160 218
Swfcn2 300 359
FcnA 219 s LT HME'T YLY] S IVKHVVTNEpIn N * . § 278
Swfcn2 360 E S QI i T FFLEANDPRuID MY € § 419
FcnA 279 jane T W S S \yHe] 338
Swfcn2 420 (g S QT | 3 e 479
FcnA 339 398
Swfcn2 480 539
FcnA 399 402
Swfcn2 540 599
FcnA 403 - - 403
Swfcn2 600 GLVDGIYVLKTISSNGQGHLFKEV 625

FIG. 2. Alignments of the amino acid sequences of fucoidanases from Psychromonas sp. SW5A (Fcn) and Flavobacterium sp. SW (Swfcn2). Asterisks indicate the catalytic amino acid

residues proposed by three-dimensional structure analysis (22).
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cell-free extracts, and their molecular weights were approximately
90 and 70 kDa (Fig. 3, lanes 2 and 5). Examination of their
enzymatic activities using various fucoidans as substrates showed
that Swfct and Swfcn2 utilized deacetylated fucoidan from
C. okamuranus and fucoidan from S. sculpera as good substrates,
respectively (Fig. 4A and B). Highly purified enzymes were
obtained using an affinity column packed with Ni-Sepharose
(Fig. 3, lanes 3 and 6).

Enzymatic properties of Swfct The enzymatic properties of
Swfct were investigated by measuring the amounts of reducing
ends released from deacetylated fucoidan, as previously reported
(18). Purified Swfct generated 2.63 pmol reducing sugars per min
per mg-enzyme protein using 2% deacetylated fucoidan from
C. okamuranus. The optimal temperature and pH were 40 °C
(Fig. 5A) and pH 7.3 (Fig. 5C). The enzyme retained more than
80% activity after incubation at 25 °C for 30 min but enzyme
activity was lost above 35 °C (Fig. 5B). The enzyme showed
stability at pH 6-—8.5 after incubation at 30 °C for 30 min
(Fig. 5D). Enzyme activities were significantly inhibited in the
presence of Cu®*, Zn?>*, and Ag®. Conducting the enzyme
reactions using various fucoidans as substrates resulted in a small
amount of reducing sugar released from fucoidans from
C. okamuranus, Fucus vesiculosus, and Sargassum horneri. When
the activity for deacetylated fucoidan was 100, the relative
activity for each of the three normal fucoidans was 17, 8, and 7. A
decrease in the molecular weight of fucoidan from C. okamuranus
was observed by HPLC (Fig. 4C) but not for the other two
fucoidans. When the enzyme reaction was done using the
purified Swfct and the deacetylated fucoidan from C. okamuranus
as a substrate, the result of HPLC analysis was almost the same as
that when the cell-free extracts was used as shown in Fig. 4A.
This indicated the degradation pattern by Swfct differs on the
presence or absence of the acetyl group of fucoidan.
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Enzymatic properties of Swfcn2  We initially attempted to
examine the enzymatic properties of Swfcn2 by measuring
reducing sugars but could not detect any and thus we evaluated
activity qualitatively using C-PAGE, previously used by another
group to measure fucoidanase activity (10). A decrease in the
molecular weight of fucoidan from S. sculpera in the enzyme
reaction mixture was observed on acrylamide gels. Fig. 6 shows
the optimal temperature and pH, and the stability of the enzyme
toward temperature and pH. The optimal temperature and pH
were 45—50 °C (Fig. 6A) and pH 6.0 (Fig. 6C). The enzyme
remained stable below 40 °C (Fig. 6B) and at pH 5.5—-9.5 (Fig. 6D)
after incubation for 30 min. Activity was significantly inhibited in
the presence of Zn>*. The use of various fucoidans as substrates,
followed by HPLC analysis, showed that the molecular weight of
fucoidan from Macrocystis pyrifera was reduced (Fig. 4D) in
addition to that from S. sculpera. When the enzyme reaction was
done using the purified Swfcn2 and the fucoidan from S. sculpera
as a substrate, the result of HPLC analysis was almost the same as
that when the cell-free extracts was used as shown in Fig, 4C.
Enzymatic properties of Swfct and Swfcn2 are shown in Table 1,
and both of enzymes were monomeric proteins.

Examination of algal polysaccharides as sole carbon sources
for strains SW and H18 We cultivated Flavobacterium sp. SW
and L. algae H18 with five types of fucoidan, or with laminarin or
alginic acid, each as the sole carbon source in a synthetic medium
previously used (15). As shown in Table 2, Flavobacterium sp. SW
grew well on fucoidans from C. okamuranus and S. horneri, and on
alginic acid and laminarin. Little growth was observed on
fucoidans from M. pyrifera and S. sculpera. Fucoidans from
Undaria pinnatifida and E evanescens were not utilized as carbon
sources. In contrast, L. algae H18 grew well only on fucoidan from
C. okamuranus, little growth was observed on fucoidans from
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FIG. 3. SDS-PAGE of the fucoidanases Swfct and Swfcn2. Lane M, marker proteins; lane 1, cell-free extract (7.5 ug) of E. coli BL21 (DE3)/pCold I; lane 2, cell-free extract (25 pg) of E. coli
BL21 (DE3)/pCold I/swfct; lane 3, purified Swfct (1.6 pg); lane 4, cell-free extract (7.4 ug) of E. coli BL21 (DE3)/pET-21a; lane 5, cell-free extract (20 pg) of E. coli BL21 (DE3)/pET-21a/

swfcn2; lane 6, purified Swfcn2 (5.5 pg).
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FIG. 4. HPLC elution patterns after the enzyme reactions. The solid lines and dashed lines show the elution patterns with or without enzyme. (A) The reaction mixture contained 2%
deacetylated fucoidan from C. okamuranus and the cell-free extract of E. coli pColdl/swfct. The enzyme reaction was run for 24 h. (B) The reaction mixture contained 2% fucoidan
from S. sculpera and the cell-free extract of E. coli pET-21a/swfcn2. The enzyme reaction was run for 24 h. (C) The reaction mixture contained 2% fucoidan from C. okamuranus and
purified Swfct. The enzyme reaction was run for 15 min. (D) The reaction mixture contained 2% fucoidan from M. pyrifera and purified Swfcn2. The enzyme reaction was run for

30 min.

S. horneri and S. sculpera, and no growth was detected on the other
algal polysaccharides tested.

DISCUSSION

Most fucoidan degrading enzymes, called fucoidanases, are
classified as belonging to the GH107 family. Currently 27 genes are
classified in this family, of which the functions of six have been
clarified. The family GH168 was created in 2020 to encompass other
fucoidan-degrading enzymes. However, the amino acid sequence of
fucoidanase Fct114 from our isolated L. algae H18 is not homologous
to members of either the GH107 or GH168 family. In this study, we
isolated Flavobacterium sp. SW, which can grow using fucoidan
from C. okamuranus as the sole carbon source. A search of the SW
strain genome for genes similar to fct114 or genes encoding proteins
belonging to the GH107 or GH168 families identified swfct and
swfcn2, which have high homology with fct114 and GH107 family
members, respectively.

Fct114 and Swfct are relatively large enzymes, with masses of 112
and 90 kDa, respectively. Deacetylated fucoidan from C. okamuranus
was the best substrate for both enzymes. The specific activities of
Fct114 and Swfct were 3.18 and 2.63 umol reducing sugars formed
per min per mg-enzyme protein, respectively, and were considered
to be almost the same. Other enzymatic properties were similar.
However, the activities against normal fucoidan were different,
Fct114 showed about 50% activity towards normal fucoidan as
compared to deacetylated fucoidan (18), while Swfct had only one-
third of Fct114’s activity. This means that Fct114 is more active for
normal fucoidan than Swfct. Amino acid sequence alignment of
Fct114 and Swfct (Fig. 1) showed that the homology of the C-terminal

regions is higher than those of the N-terminal regions, so the dif-
ference in substrate specificity may be due to the N-terminal regions.
When searching conservative protein domains in Fct114 and Swfct by
the software, PROSITE (EXPASy - PROSITE), Lam-G like domain was
found in the N-terminal region of Fct114 from residues 228 to 370,
and Swfct did not have such a domain. Although the function of Lam-
G like domain has not been clarified, it is possible that the domain
influences the difference in substrate specificity between Fct 114 and
Swfct. Furthermore, we attempted to predict the three-dimensional
structures of the two enzymes but no appropriate template was
identified by SWISS-MODEL software (SWISS-MODEL, https://www.
expasy.org) and no predicted structure was obtained by AlphaFold2
software (https://colab.research.google.com/github/sokrypton/
ColabFold/blob/main/AlphaFold2.ipynb). These facts may suggest
that the structures of Fct114 and Swfct may be novel.

Detailed structural analyses are available for fucoidanases
belonging to the GH107 family, including MfFcnA from
M. fucanivorans SW5 and FcnA from Psychromonas sp. SW5A (22).
We identified Swfcn2 based on the sequence of FcnA. Although the
molecular weight of Swfcn2 is larger than that of FcnA, the amino
acid sequences of both enzymes are similar (Fig. 2), and the pro-
posed catalytic amino acid residues of the GH107 enzyme, D% and
H*7 are conserved in Swfcn2. FcnA catalyzes the degradation of
fucoidan from M. pyrifera but not from C. okamuranus (22), and ex-
hibits limited activity towards fucoidan from Saccharina japonica; its
activity for fucoidan from S. sculpera has not been assessed (22). This
trend in substrate specificity is the same as that of Swfcn2, sug-
gesting that Swfcn2 and FcnA have similar enzymatic properties.

The enzyme activity of Swfct in comparison to Fct114 was
evaluated by measuring the amount of reducing sugar ends
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FIG. 5. Effects of temperature and pH on Swfct activity and stability. Enzyme reactions were carried out using 2% deacetylated fucoidan and purified Swfct for 10 min at 40 °C in
50 mM potassium-phosphate buffer (pH 7.7), except that the reaction temperature (A) or the reaction buffer (C) was varied. (A) Enzyme activities were measured at the indicated
temperature. (B) Enzyme activities were measured after the purified enzyme was preincubated for 30 min at the indicated temperature in 20 mM Tris—HCl buffer (pH 7.4). (C)
Enzyme activities were measured in buffers of various pH. (D) Enzyme activities were measured after the purified enzyme was preincubated for 30 min at the indicated pH in
20 mM Tris—HCl buffer (pH 7.4). (C, D) The buffers used were potassium phosphate (circles), borate-NaOH (squares), and NaHCO;—NaOH (triangles).

released during the enzyme reaction but no reducing sugars could
be detected using Swfnc2. We therefore qualitatively evaluated
activity by C-PAGE, used previously to investigate fucoidanases
belonging to the GH107 family (9—12,21). The HPLC results of the
Swfct and Swfcn2 reaction mixtures are shown in Fig. 4. The
Swfcn2 mixture provided a peak corresponding to 20,000 Da
(Fig. 4B), which is much lower than that of the fucoidan substrate
(160,000 Da). In contrast, the Swfct reaction mixture provided a
peak with a slightly lower molecular weight than that of the sub-
strate, and a peak at 4100 Da (Fig. 4A), which is much lower than
that of the fucoidan substrate (150,000 Da). Thus, high molecular
weight compounds remained in the Swfct reaction mixture but not
in the Swfcn2 mixture. Reducing end sugars were observed when
using Swfct, suggesting that Swfct catalyzes an exo-reaction and
substantial amounts of glycoside bonds might be cleaved. On the
contrary, since Swfcn2 catalyzes an endo-reaction, it is presumed
that the amounts of reduced sugar formed is small. However,
source of the peak at 4100 Da in the Swfct reaction mixture remains
unclear. A peak at the same position was also detected in the
enzymatic reaction using the purified enzyme, and it is certain that
the peak was not derived from impurities in the cell-free extracts.

Table 2 shows the algal polysaccharides utilized by strains SW
and H18. Although both fucoidan-degrading bacterial strains were
isolated using the same method, the bacteria grew on different
polysaccharide carbon sources. Strain H18 grew vigorously only on
fucoidan from C. okamuranus whereas strain SW grew well on
fucoidan from S. horneri and C. okamuranus, and on alginic acid and
laminarin. Thus, strain SW can utilize a wider variety of

polysaccharides than can strain H18. Although the chemical
structure of fucoidan is unclear in detail, it has been shown that
there are differences in the glycoside linkages between fucose
residues among brown algae with different orders (23). In order
Fucales such as S. horneri, fucoidan is composed of alternating a-
(1—4) and a-(1-3) linked fucose backbone. On the contrary, in or-
ders Chodariales such as C. okamuranus and Laminariales such as
M. pyrifera and S. sculpera, fucoidan is composed of only a-(1-3)
linked fucose backbone. Since the strain SW can grow using
fucoidan from S. horneri as a carbon source, it is considered that it
has another fucoidan-degrading enzyme different from Swfct. In
addition, although strain SW carries a fucoidan-degrading gene, its
growth on fucoidans from S. sculpera and M. pyrifera as sole carbon
sources was slower than that of C. okamuranus. This suggests that
the promoter activity of the SW gene may be weak, but we did not
measure the expression level of the gene and so the reason remains
unclear.

Sichert et al. (24) reported that Lentimonas sp. CC4 can utilize six
kinds of fucoidan as carbon sources, and used proteomics analysis
to show that each fucoidan is catalyzed by hundreds of copies of
fucoidanases. They identified or predicted multiple operons with
unique combinations of different enzymes for a high diversity of
fucoidan structures, and suggested that the diverse operon
arrangement and specific regulation may target different structure
motifs (24). SW strain was isolated as a microorganism that grows
on fucoidan from C. okamuranus as a sole carbon source and has
two different genes: one involved in the degradation of fucoidans
from C. okamuranus, and one for fucoidan from S. sculpera.
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FIG. 6. Effects of temperature and pH on Swfctn2 activity and stability. Enzyme reactions were carried out using 2% fucoidan from S. sculpera and purified Swfcn2 for 30 min at 40 °C
in 100 mM Tris—HCI buffer (pH 8.0), except that the reaction temperature (A) or the reaction buffer (C) was varied. (A) Enzyme activities were measured at the indicated tem-
perature. (B) Enzyme activities were measured after the purified enzyme was preincubated for 30 min at the indicated temperature in 20 mM Tris—HCI buffer (pH 7.4). (C) Enzyme
activities were measured in buffers of various pH. (D) Enzyme activities were measured after the purified enzyme was preincubated for 30 min at the indicated pH in 20 mM
Tris—HCl buffer (pH 7.4). (C, D) Acetate buffers were used at pH 3.5—5, MES buffers were used at pH 5.5—7, Tris—HCl buffers were used at pH 7.5—8.5, borate-NaOH buffers were used

at pH 9-10, and bicarbonate-NaOH buffers were used at pH 3.5—5.

TABLE 1. Comparison of enzyme properties of two fucoidanases, Swfct and Swfcn2.

Swfct Swfcn2
Molecular weight 20 70
Optimal temp. (°C) 40 45-50
Optimal pH 73 6.0
Thermal stability® 25 40
pH stability® 6—8.5 5.5-9.5
Substrate specificity C. okamuranus® S. sculpera®

M. pyrifera®

Reducing end formation + -
Inhibition by metal ions Cu?t, Zn?t, Ag* Zn%*

¢ Remaining activities were estimated after incubation for 30 min at each tem-
perature and pH.
b Algae from which fucoidan was derived.

TABLE 2. Effects of algal polysaccharides on the growth of Flavobacterim sp. SW and

L. algae H18
Growth (ODggo)

Polysaccharide SW H18
C. okamuranus® 1.31 £ 0.02 1.56 + 0.01
F. evanescens® N.D. N.D.
M. pyrifera® 0.173 £ 0.013 0.146 + 0.016
S. sculpera® 0.231 + 0.001 0.309 + 0.030
S. horneri® 0.970 £+ 0.015 0.363 + 0.019
U. pinnatifida® N.D. 0.195 + 0.002

1.33 £ 0.01 N.D.
Laminarin 1.77 £ 0.02 0.131 + 0.016

Each strain was cultivated at 30°C for 3 d in the medium previously reported (15),
and each polysaccharide was added to 2%. N.D., not detected.
2 Algae from which fucoidan was derived.

Moreover, SW strain grew well using fucoidan from S. horneri, and
on alginic acid and laminarin. The degrading enzyme system in SW
strain can thus likely degrade various marine polysaccharides in
addition to fucoidan. We will investigate the enzymes involved in
the degradation in the future. In addition, we will use the enzymes
found in the SW strain to lower the molecular weight of fucoidan
and examine the biological activity of the reduced molecular
weight products.
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