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BB TIEG AR SN Z RV Ue, AWFETIL, SRR (U IY) sk
/& PEIIRISEOREI M RSS2 R LT, Z ki & AAiE: & ORSE 2 ]
MY DT & & BT E T o1,

HERRE L7 FECRE> T, T4 S AD BHUIBEHEZENIE (U7 27 2 2) ZRR U
WZ, PSRBTV L& 25, JuliiEESio —>ov—7 244l -1, 2),
TS EE 5 OMAEHTAESIRIVEIT 25 U7 RS /AR EILF-1 DATRRD B,
-2 PR A R & 2o Tz, Mz % A F/UENT Lz & Z A, F-1 O -2 ORERED
FEANX1, 3, 6-0Cal, 1, 3, 4-Gal, 1, 3 - Gal @ 3TEIHTH D Z EDBASMNITIe o7z,
FUT, BI%D A F AL & U LT3, 1, 3, 6 — Gal @ C 4 ITHiBEED RS &
LTS Z EMASINC IR oTz, -1 & F-2 ORXDEVL, 1, 3-Gal DR TH o7z,

I ENIRWER AR S 200 -2 TIE L, 3 - Gal OEDS  EENCRORCEBTHY . £
DI L BSMAEYEIIRWER 2R S RWERO—D>Th 5 L& 2 bz, NR HDPTORER, A
SWHEIY a fB DK TH D Z L MHEETE 1=, TUZ, DU b OBl ikEEENEE & i Ag

BAEPIEWER Z Rt Uiz & 2 A, T-1 & F-2 JEhuisdkesit s deotz, Eio, P11
TRz 1 0 2 U MAFHEWEMMET Uiz, 6o T, AN IS
R LT CTHEETHD Z LN HNTRoT,

AW L0 . WEIETWER 2 A9 5700 2 vibsehul IR E S g & 4
WENE & OBMEDI HANETE T2, BaltDWIZE) S IEHTEZISRAEA B4y b LTz A
PIRGHNADSEE- L CUND 2 E R BN TWND, F 2T, ARSI & PN
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1. WEEER

TR &S W ORI BIE T CAR L TV SHREEEEET. B i v B A
B ZE L TWBI20, FRAEEEYESEERRD ) — MEAWEIES L CEREN
Tnd, ey BEZEURT DTHURTIL. ARYEEESEE CLT. ) »AEsE
ELUTHIALTHBY, BETIHERARSEN E L TEE SN TS,

WIFBIRE Sl BRI S EN TN D IMIRERE - BARICIERT 2 AEEEEIcOWN
THFEE T T&Ele. TORR. M/IMREEEREWE D, MeEmEESR Y, FkEE
SR> O SRR Uk, B3, AMEOBRIEEC L D, FUnikEEE S e
IR Z RV LIRS L7, mEFESIT. BREOMED 55 LN mEHE U 5E
KT PWAUDRE - BEEEIICD. BERREERE. )Y Fnl %< OReEL -
SBEELTWBZENS, MESHEHIHMEORRII R CEARICIThI TS, I
EFEIGWERER T DIRESSEAT. 7O 525 9 RS IF) 210, 2 L TRA
DERWHUIEAS I DA TH D, LnL, TN SURESEED MES A IE e RikE
WIS NS NTWZV, Tz, TS SEE S OMEIC OV THIFEASKE
RIENTNRN, TIT AFETIEL BADBRWH USRI 5 7 & ~ &g A
B ETOBSE - OBETHSMNIT S 2 2Bl LT,

2. WEThHIE
IEFTENGWERZE T 2URESE (HS5 0% ) #EFH2 )V (Codium cylindricum)
NERELT D, TUT, AFIUEHH. FTHIR. NMR Ik D2fb2Eg a2 gEl. 1k
S SRR ERSIC DWW TR L 7,

2.1, IMEFTAENRZ OB
TRIGELIE LT F IRV (Codium cylindricum) Z¥HFREL. 1 0 BEDORZKEMI S
FERRZHIH Uz, RIS OOBRIC L O REYEkE, ltiks Uiz, Z Otk
% DEAE—A A IO DI 57 4 — FIVABICEODE L, T3 )\ ekl
IR MR E B 2E 5 Z &0 5, FUiKEEER 25 @ Lz, 5
WEREEERIL. 74 7V )7 2 & h O E D ERW TIREEEREIEEE (SANCLOT
ST, =HHMER) THEIE Uiz, HEL/-FUREBEESEL. WL O0—2 75— MNEESHK
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Bhic & D EEERERT B LT GC-MS (QP-5000, &) 1K D HE R ERIE L7
SiEQTIIREREYE (APTT) DWW TIE. EXE M S EHEEEHER (=
ZEA L CmikeEEEEEE CRlE L7z,

22. Inviro IWEFERIE

FH 3 )\ ek M e A O B AEWERIL. £ & U TIENEMROER
WRIEZEIC L 2D TH D ENIN LR TWSIEN S, b MIENEMaEA
in vitro ‘ERERRETIN EER L. £ MIERERIEE b & WEERIREESR I E P B
& (human umbilical vein endothelial cells, HUVEC) % HuMedia EG2 (Z7S5RD) T2
M5 5 AREEE L bOREA Lz, 9 6 7 n)UEET L — MCEIBRERES ) WAK
(Chemicon International, Inc.) %5 Opl X, COz 1 >Fa—%F —h T IUEE
H7=, HUVEC % 1X10° cells/ml 12725 & 512, B4 DBEDIEESSEE =T HuMedia EG2
R TIREL U, — OHIIIRRER 100 Wl EFEEREEES)VEICIA. COz 1 >F 2
Re—H—HT 12 BEREE L7z, HUVEC OERIRIIELEMEE T T oY IVAA T
AWTEELE, F—7%a Ea—r—icBL, BV 7 MK DBRSIVERDR

SEPIEL., HBiRET LIz,

2.3 G IHRIZ E ORISR
A D ATF AL, NaOH-I— RAFIVRIC K DfTo7z. AFIU bERE
U 7L A OB (TFA) TIKSRL. 7EF I GCMS (QP-5000, BE) 1L
Bl Lz, EERETHDH S 7 M —ADIHEEIL D-H5 7 b —ABUKRERE
FATREE Ui, FT-IR WERERINEEIC L D JIR-SPX60 TRIEL . NMR i 'H. "C,
- HMQC % JNM-ECA400 12 & DEIE L7z,

24 BRI S REDEYITETE
A ) —)—EEREIC & D IR ORI EZ R e, Bk L 7z 2O TUIIREEERS
1o & I B AEHIRIWER Z_bi L 7= 5 RIC K DIRET L7

3. EERfER
@353 ) (Codium cylindricum) H5 MEFANGWER 283 HFuliREBZE
I T RN R T o T, En. FISEICHIET DA EYREIEIC BT
HIEEERR LTz,

3.1 B AR E DR E
FUR G ETE M % FeZlciiase 1 2 )V (Codium cylindricum) 1> SHUMREEZE R
g7, ) ABICBWTHIMREEEEN DO —r & L TCRIVZOT, EATE
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HL Tz TINAETHBN THIMERREEEN = DO —2 L L TEI-0T. BHFE
% F-1, EnTFEAlZ F2 &L7%z (Fig 1. F-1 & F2 OFUMKEEWER & a4
FER 2R L7z & 25, TUMREETEIEY F-1 0BT EAY0N 57> (Table
D. —F. MEFEMFWERIZOWTIE F-1 OACRDH SN, F2 ICIEREERE S h
1oz (Fig 2). MESIEKICH T IF O THDH I EMD, TOBEDE D EYFEN
DEIEN SO TNEHDEEZ SN,

32. AN S 7 5 > s

FHIIERATZ 5 > Fl, 2 ZAFIUEF U=, Fi=, BRI L= BDIcOn
TORIRICAFIUDT Uiz TORERE Table 2 ICE &7, F-1 & F2 OEE Foi
BRI 1,3,6-Gal, 1,3,4-Gal, 1,3 -Gal D 3BEDREICLDEBREINTNSZ &, 1,3,
6 - Gal D C 4 [TIBEEIES L TND I ETh D, MEBEEDESIEBICEL T, FILIR
BIEDREREBFEURNC EHWERTET- (Fig3), I, BMICIIDINAIC4A & C6
ICHBEEDES LIz 1, 3 - Gal bdH D I N, —F, ASmEWE. F212d 1, 3-
Ga BN ETH D, 2B, INSH T 5 AIHh SF—F U TRHSNS 3,6 - anhydro
WIFEL T oTz. Eiz, NUKGRL TESI= Gal % D-H S50 h— 2 BiksEEe
RITTRGE R LA, ZRWRPKRRGEZI=. £/, NMR 12X 2040 52
HZD 5 NLAHEE LI T b—AN BRI NTNS LR T (Fg 4). Mk
DRERINS. TS0 5 > OEFHIACEHEEL Fig 5 1R @Y Th5 SHERX hi-,

33 LFEE L YR
EFBE L AEWIENE S ORBES RS Lz, £ FiREOE I & FUik Bk,

TUT, MEFEHGIER & OBFEIC DWW TR U=, F-1 RO F2 Bk 55
Z EIR KD I H UG A% Uiz (Table 1), F7*. F-1 OMEEAEMEER
BEFBRILICE DR Ue (Fg 2). W0 T. T4 )V skl iR E S5 o At
IRBEEDNBEE TH D ZENASNERS T, Tz, Bl IMESEMEWER 2683 5
DN, F2 IZIERNEMARRD SIVZN o722 EMN D, MEHAENEWERICIZL, 3 - Gal O
BINDIR NI IS ENNETH B EEZ 5=,

4. E&

WIFBIERE SV, WEFEEAMHOBIERIIZNIC & D ikET 7 2 )| sk ik geE 21
MEFEMFHERAND D Z EEHESNTLIRE LT, M ED Mg ENEvER
(CDONWTOHEEFITEZADIZL, FEEBIRE 5 DHEIREdkE L THIEIDHDTH
Do AW TIL, TOLREOFEMMFHEE & AEYNENE & OMEBIC DWW TRET U758,
AR CFABEZ \IITATE =, RSP D-H 57 b= ek L. M
ELIZZRETHHIEDAS N EixoTz, Fiz. FUiREENEE & &S EHIEWER O
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MBI, B WAE Ch D 2 L bEASH 3o T, ASHEQMERT MRS
LT, SRR L5 MEROERIFRERET 5 Z EOWEFEORTUIC L D
LT TNBD, TOATHEEE LT, MERRICHIT 5 BERTEOEREEE
T2 L BHDTHDEHERINTW ., FH ) VERFUIIREEESEIT 5 7 5
S THBHIEND, TOEMNTE L CIEFECEE M EEE R THL T =3
D OMEEIREAEA S, UL, ALIFY—3WB—-A50 b FERHTS
T FHIVEBRH S Y AL aiEEDHTRIES LA T h—AZFETNT &,
2 U TR L & D MERRBEERE5S ZEhbn s, HLrFr— 31dEZE
17k DHSEREER RN EEZ 5z, {60 T, ASHEICE 2 MEFAEMGIREEIR
RIEOVEFFEIC L 2 bDTHD EEZ 5N,

SHOFE

ST AEIEWER 278 3 DL & U G SO TRWH EN/=FH 2 )VEBR
HS55 5 DEEENTFAS N ET2o T, L L, TOEREICOWNT I
FUARTOFDGETH B, Eiz. BEOHZE & mEFTE ISR 5k
L= IR S LT D Z EDB AN Eixo el a5 2! Y MmEFAERIE
A B IR 5 B PIEHIE DM AT 270 &S MEIT 2 C
LHEETH D, WESEEISIE. B REAIE U TERR. (Ui, B
RTEES EhNTETWAA, B, SERIRE (BSE) FIRETEMERN/tY
LS5 OfEEME L THEEINTWS, MESIEEOFRIREZAS NI
FBIEickD. TORRAENEE S EAYIFENG Y.
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Fig 1 Gel filtration of anticoagulant polysaccharide from C. cylindricum
on Sephacryl S-400 (2.4 cm X 95 cm).

Table 1 Anticoagulant activity of C. cylindricum anticoagulants and
their desulfated forms. The final concentrations of the polysaccharides
were 10 pg/ml.

APTT (sec)
Control 30.9
F-1 195.4
Desulfated F-1 31.1
F-2 90.5
Desulfated F-2 31.1
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Control F-1 (10 pg/ml) F-2 (10 pg/ml)

" Desulfated F-1 Desulfated F-2
(30 pg/ml) (30 pg/ml)

Yy

i

Fig 2 Effect of the galactans on in vitro angiogenesis assay (HUVEC tube formation).

Table 2 Linkage analysis of C. cylindricum galactans.

mol %
F-1 F-2
Deduced linkage - Native Desulfated  Native Desulfated

Galp

1,3,4,6- 37 0 22 2
1,3,6- 2 23 0 14
1,3,4- 49 43 61 41
1,3- 10 26 17 43
Others 2 8 0 0

-341-



16

SAMPLE H

705.83
L 2 e g
770,11
\l\\x“WU -842.75 ~ s\./\.H.\/ 842.75
060 X

1000
!
i
i
1
i
/
1000

s

- 1216.88

14

~
o
=
E
—
3
m
Q
]
o=l
g= L g= <
= w R =t o0
7 o 3 Uy
& ! & Q :
-] . o H
3 .:-1378.81 3 m ;
m - 1411.65 m .w
< ! p < '
= | RAAL E 5 H
i o m i m (] i
M o .
| 0 H
~ . ; ) o
" -1831.50 - 1620.57 m .
., B ,
I i
s \\.._E.g s w ;
2 i 2 2
< ;
T S |
Yy L : i _ :
z nw ' = H
H ! 3
. - lg -1 R=| 5 HU
E 2 2 8 ® R 2 2 B H 3 R . 2E _ &
o i it | H
JONV.LLIWSNVHL IONVLLIWSNYYL [e) ' ] ! w
] H mw | k4
fy £t . .;1:.,...i..izmlx...:ﬂ.s:: !
aoL oon 06 000
o Ocr £ wopn 2od mand 1 & i

-342-

Fig 4 HMQC spectrum of antiangiogenic galactan (F-1)
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Fig 5 Structure of the sulfated galactan of C. cylindricum.
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Structural analysis of antiangiogenic algal polysaccharide,
and the relationship between the structure and biological function

Kiminori Matsubara, Masaharu Mori

Departments of Nutritional Science and Nursing, Okayama Prefectural University
Summary

Angiogenesis is forming new blood vessels from existing blood vessel and has an important
role in physiological processes. In addition, angiogenesis is involved in several pathological
conditions, including tumor growth and metastasis, atherosclerosis and diabetic retinopathy.
Inhibitory agents for angiogenesis are very useful to prevent such diseases. Some sulfated
polysaccharides are potent antiangiogenic agents. Marine algae have been recognized as
valuable resource of sulfated polysaccharides and some of them have strong anticoagulant
activity. However, there are few reports on their antiangiogenic effect. We found the
activity of anticoagulant polysaccharides from a marine green alga, Codium cylindricum.
The anticoagulant was sulfated galactan. The fraction was separated into two fractions, F-1
and F-2, on gel filtration. F-1 had both anticoagulant and antiangiogenic activities, however
F-2 had only anticoagulant activity. Linkage analysis of the polysaccharides revealed that
the polysaccharides were composed of 3, 6 -, 3, 4 -, and 3 - galactosyl residues, and 3, 6 -
galactosyl residue was sulfated. They had no 3, 6 - anhydro galactosyl residue. F-2 had
higher amount of 3 - galactosyl residue than F-1. Thus, F-1 had more complex structure
than F-2, and this difference would affect their antiangiogenic activity. Desulfated F-1 and
F-2 lost the anticoagulant activity, and the antiangiogenic activity of desulfated F-1 also
disappeared. Therefore, the sulfate modification is critical to exert their biological activities.
In this study, we clearly demonstrate the relationship between the structure of

antiangiogenic polysaccharide and its activity.
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