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D-glucose residue qmﬂﬁﬂu‘lﬂtﬂu 3,6-anhydro D-glucose residue
. i - £ -1 o v .
anlrnsidaemnetlatisionsdwitosan  dwiumsiug
Taseeomaedtit tinear (1—>3)-B-D-glucan Ineniliilasesiiadiu
. .83 Ly X 1 v v
epoxylated glucan. avvhWignueugnadmitasen lumaseiiudn
' R
manlAem epoxy group Willu glycerol group firerniy axwvhvigmi
X .l x 1 i
udinsenifagean® anramameasauae b matibeualas
. £
fi side chain 989 (1—3)-B-D-glucan backbone rdINaRannEIL
X
Wasan
annsdnmmsdiludiariioa q wuh lectins Wunga
o Y N . . . a L oAt e
ﬂ”ﬁ‘nﬂﬂﬂﬁﬂdlﬂ% dimeric, trimeric w38 tetrameric NWWUN
: 1%
Tanauszanms 12190 filamadi sznaudnenbnatstans 0-18%
mshlansafidiudmuszneululasssdie 1éun galactose, lactose
|3
way N-acetylgalactosamine uonaindt lectins VNTANALN
15enaudie fucose, raffinose, N-glycolyneuraminic acid Way
. A . Xy a £ a
N-acetyl-D-lactosamine %9 lectins waiamignimandainen

P , Yy Ay w Ly X £
NVIRINUATE LIW L?ﬁNﬁ‘S’NQNQNﬂM ONIMUMUBIAN ULRYONTAN

\fiufiwsawiad (cytotoxic activity)™” anfinamiilunauduudah

¥ d é a L4 d ] X 4
lectin fmulwiavhainyidicusagfiduiu doumaudohliaznan
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mauafiiu homodimeric protein ﬁﬁﬁmﬁﬂumqa 32 filamadiu
ﬁqwétﬂu mitogen BENNUTI INTIANINTONTEGUNN (3H]thymidine
g murine lymphocyte {fenadudushannlusyiumtiluans
(nM) lectin 'ﬁﬁmﬁmmsmﬁumsﬂﬂnmao interleukin-2 WaY inter-

[

. £ -
feron-y Joudnsliiiun lectin wderhafionmieiuaaniiguiu
v 4 1] ¥
wananil lectin Sesnsnduimaindmauzangadiiosen (umor
cell) innudndu submicromolar 1#andae (ICSO~0.35 pM)
é \l a1 ¢ X N o . v\l
anainenauilufwdiairedilasemiuinnnms?t lectin Whlsunm
134
fiumau protein translation Sovh Wigad bisansndaanailusiule
% ol v fw . . . . v = L o )
NRANNENAUDIY ribosome-inactivating activity muﬂm‘lwmmw

lectin Nniierhssnaendiugomevhamgaslslules (dbosome) dra

v
£ v

1ﬁm‘it’~ﬁfyLﬁUTGI‘IJENL‘D’aéMEMN tﬁ'aﬁnmqw%iiummstﬁm’wmuﬂm
maétﬁmanwudn mah [3H]thymidine Liwdmaét&mamzaﬂaq?;
seeumuidaduees lectin whviu 0.32 lalesluad (M) uaudla
AnwinrswAtvutiasas $180 mouse sarcoma wuhfienududu
89 lectin Tugh 032-08 Talasliens auBansnldeuastione
w08 wazmelu oytoplasm %3} vacuole ninalvny ualsile apoptotic
body et lectin nniarhedslisinavinWigadiin apoptosis
INMsfinm Iibosome-méctivating activity Ltazqwéﬁu&:}otau‘lﬁﬁ
cyclin-dependent kinase Wul lectin lssansadmi iAans
Wimualasle 7} #ieMIUINQYES cyclins A, D1 uay E athalsfiona
lectin H§BIONTLAUMTUNINGYBY cyclin kinase inhibitor 194 p21,
p27, p53 uas Rb Sarulnenssiuenudsdures lectin ¢
Souamalitiui lectin ‘lmﬁwﬂwmmmﬁuéy’onﬁr?iuﬁm'z'uvraé
wasanld Tﬂﬂmsﬁﬂmwmiw‘%tyLﬁu'[maqmaéﬂ‘am%f_j‘ G2/M

‘phase(m)

O-6 branched f-(1—3)-D-glucan (WG) Saiduuaudivef

, » a £ £y X
(antibody) firlautranSgnt Fuemldnaanidior Sqradwiiasan
L .
fansadfassriiafieanainiiorslosl¥asazarueeiisu
' £ L. ;
maneseLAYDeElY WG $9ufy bovine serum albumin (BSA) iila
2 oY L% 1 ) [ 2 5 . v
nesfussinfiguiuliunnsie uasfnnmsiiuds hepten @
UjfiRnmsenaznan (precipitation reaction) Yaduaufivodiy B-D-
a

glucan Il (1—>6)-linked uay branched (1—>3)-linked B-D-gluco-

oligosaccharides uama Wifwiueuduediminsnanidduees

non-reducing terminal glucosyl group UsnaNi WG gaasaiiia

duasiaeniu branched B-(1—>3)-D-glucan UaEWUTIAMAEIWY

a : ' X
nravadlaudivadidn glucan polv aleohol (WG polyol) feannau

oy w

Wanfifuiugnnsdudy WG polyol-BSA S1e1 polyol groups
side chain uasi (1—3)-linked glucose residue W main chain(w)
ndsnmsda WG Wurmymaaasmegesiios (intraperitoneal
P . l‘/ ) -l A!ll :
administration) {wm 12-23 42l wuh wa Sigradmudiosan
u mouse-implanted Sarcoma 180 weslmh i amymaaas
aiemeiene antibody-conjugated immunpadsorbent column
WU tumor-inhibiting factor AnagiuLuaadnt uaeh tumor-
oy ipens P % Ay v fu “ ’
inhibiting factor uTﬂiqammomuﬁuwuﬁnu glucan %52 glucan
. ) . R .. A a
conjugate PNUU antibody-conjugated affinity column 93
. . £y X
telemidmumstinnaiseangrsdmuitosenlidionna®®
a4 G Vo, o o v X
anfindanasdiuldi evhessnaudessdmuiasen
1 emitanin, polysaccharide polyol, lectin, (1 —3)-B-D-glucan uay
4 £4 ‘
0-6 branched f-(1—3)-D-glucan FsfinalnmIsangvisfiuanshe
tuly voit Sansdasfimsfnmneefermuiufimisumduuay

a -1
mmLﬂuwu'lu%axmwmmimmumﬂ

OnBchuaSo

Single-chained ribosome-inactivating protein (RIP) 17;5:1
ﬁwwﬁnhaqaﬂszuwm 29,000 Madiu uun‘lﬁmnﬂamﬁﬂmg lnes
maanazneulsiuseuanbuilendane (ammonium sulfate) way
ﬁﬂﬂsﬁuﬁwnmmu‘lﬁmuunviaéhumﬂﬁﬂ ion-exchange chromato-
graphy \nel¥ DEAE-cellulose mnityfuﬁ'quanaﬁ'lv”m%zjn‘ﬁ(mnﬁuﬁw
winile gel filtration 10l Superdex 76 Bemaafiuenlaiih volvarin
arwinilfignssudinmsdaensilusiululslulonmes  rabbit
reticulocyte lysate system ﬁ IC50 Wi 0.5 mTuTum%m Yl'ﬂml
widifwasiowanles N-glycosidase ﬁazamuﬁo‘%u (depurinated)
aanan RNA Tu rabbit reticulocyte lysate uaeislolé%y aniline
wdimalantdas RNA fragmént uaAY volvarin sansndhudi
mstwgaslslulandag deoxyribonuclease activity de
supercoiled SV-40 DNA duwalliannsndaenuilusaiule %
energuissiAdilagmasaiann volvarn YifuersmnTsnamss
Ieluowen

Volvatoxin A fudsfuenldanifians Ysznaudae
volvatoxin Al ('Emiin 50 filamadiu) ey volvatoxin A2 (ﬁmﬁn
24 Alamaciu) %9 volvatoxin A2 Sqnimlnfiadaauauan
uel volvatoxin A1 mmsna”msquwémmtﬁuﬁmiamé (cytotoxic

activity) 989 volvatoxin A2 16 fidemamensudsdn luard) senie
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volvatoxin A2/volvatoxin Al < 2 ZalaenIndiuda volvatoxin A1 diu
a1anlifiRy Ussnaudiunseesiily (ed ey volvatoxin A2)
dwaw 393 ¢ eewfiadidialsenauenegeas amphipathic alpha-
helix 4w 2 ¢ udlubuanalsifl heparin-binding site useh
volvatoxin A1 MaiedUasIRNAY volvatoxin A2 1# usilisnsngn
Fufuiaviugad (cell membrane) 19 aehalsfionat volvatoxin A1

' v o v o ' . v A w P
Limansodugameduiussnin volvatoxin A2 fuidauzadlé

1Y

fganamemnudndn (uad) sewin volvatoxin A2/volvatoxin
Al =2 1% ainms@insdae peptide competition assay ay
conjunction with pull-down experiment Way co-pull-down
experiment udaalvitiud volvatoxin Al Wag volvatoxin A2 819
Jufiuoglugueasssidedou (complex) mahmsduiwguiinaan
1UfA5enu89 volvatoxin A1 dmam 1 luana #i#l amphipathic
alpha-helix 2 § Uaw volvatoxin A2 414w 2 buana Fudachuana
Usenaudne amphipathic alpha-helix WNenaERREN TNMeRad
aqléh volvatoxin A1 mmmmnqumimﬁuv‘iﬁsiamé‘um
volvatoxin A2 ¢ Teerhunalnmsifinduasiidensendn volvatoxin
Al uag volvatoxin A2 danamndhedu Faduumamelumatamen
andierhafifiqrisdnisds (enticancer activity) vie Whuedhinieeiat)
sanandl fafimenudh volvatoxin A2 Ysenaudnensnasiiiu 199
uavdeun ion channel-forming toxin ﬁﬁiﬂwén‘lﬁ 2 WU fa
monoclinic (space group C2) uav tetragonal ﬁqﬂ‘éﬁua‘?«mﬂﬁﬁ'u
Tnesuomastoemelusiu®

o

(cardiotoxic protein) fuenlfaindiavhe fe LD vz

] 3
Volvatoxin A fe¥adulisaufidufudondsuiionala

1.23 fdndwdlanin dodaddasiomymacas MRy (toxin)
siafilinisanadou axgrinmaléfigamgil 100°c dunamm
20 wift volvatoxin A2 AERNGHANY volvatoxin A1 lumsudng
eaufiude Fodaneldainnisnas volvatoxin A2 iU corotoxin B
fienauiuRudenduailamalefinuldly Brazilian rattlesnake
Crotalus durrissus terificus uanmn‘ﬁ volvatoxin A2 u”quamqw‘é
yetmwinmaigashy W (1) matlaewuas eletrocardiogram
Totan ST wave WwavilAgmulas T wave (2) anenadulafin
(3) ividadanuauan (4) ¥l Ehrlich ascites tumor cells 1
* wazngamamela Tﬂuﬁna‘lnmiaanqw’éﬁvh‘lﬁuaa@uu‘laaaus”lqaaﬂ
91N sacroplasmic membrane athalsfiamn volvatoxin A2 el

. fo a o oy X n”d 4
uanevanansiiiiufueanduiiterila (cardiotoxin) wiedu &

volvatoxin A2 a¢laleansntiug Ca-ATPase wat Na/K-ATPase

activity 989 SR. Raising 989 [ Ca* | 16

andacnoudulaia
a 1 o £ . ‘[ a .
fnuawiniansigniananudulaiia (hypotensive
] v
activity) udninasasuazaned Wadsaaiadehraafion
Thurmmecammasniionm wrhssaiefinadamsiougasla
Taawzemasnimsalsmatndinbluhmesaonmesss salide
a - “ a - u1 o
niinadaiiaifisremasnidoauasiimany uasia lavasmumusemy
A o~ o~ J + L4 - o V
Foardamabienadulofinanas fieh ED_ wiviu 25 Radndu
Voo ¥ e o £ e T . v
ahwsinukaatmiingh Alan$) qwﬁammwmiawmmaﬁanmmu
v * )
snierhebfinasmstutisansvidameiulanfesesnannime
oA ) ‘ , ) | a
usiaviinadia chronotropic effect Way inotropic effect inaamdan
. Y ¥ £ ,
um Smmedhamaenidanuasatgnifutisthenmidu (antagonist)
gaslamdlsnfiu (serotonin), Ol-adrenoceptor, ketanserin UaY
. o 8§ 2 v Aa £ o P
phentolamine s nMavh Wamaiafifignsananudulafindans
N £ X , ' .
U‘SE{YIEmﬂ‘MI@&ﬂ‘?ﬁ% dialysis W&¢ liquid chromatography il
' Aa - £ v T a a% o T '
niuddshfignanansdulafiaiihindnluanasenig
¥
8,000-12,000 s shsmaniimieadauiasmisamatioshoenlmd
. v ' ia £ “ T a
trypsin squléh amdhénludorheifirsananasilafiouactos
Hlastulseilauasnoandeminaiiumeisilasaomaeiindeiy

Fslnfin®

nndaalAiaalnosoa
al + v dl\lw
ANEUTIYNARDIWER {(male Sprague-Dawley rat) viler3u
P . . d
MATINNIFUATIYY (semisynthetic diets) fitlsznaudie
Traanason 2% uay B-glucan type extracellular polysaccharide
s o % ' \
1%  fusnldnemsmanfilfmsdsadulssaafioneifiunas
saemSuamLanseiu 2 ¥fie WU extracellular polysaccharide
fuandrofuiianansndnilisedueny total cholesterol, LDL-
cholesterol Wat liver total cholesterol lu@5iasdainanasimanas
ua lsiftnasiarsdndured triacylglycerol, HDL-cholesterol Uat liver
.. V- S . aa X
total lipids 1ud%h Wit 526184 fecal neutral steroid avfithgetu u
4o _ , d .
anagfimsdusanyes fecal bile acid aslsiiAsuutas uaneh
extracellular polysaccharide vie 2 'ﬁﬁmﬁuun‘lﬁmmﬁulmaq

£ . -
LﬁﬂMoﬁqnﬁﬁﬂIﬂLﬂﬁtmﬂiﬂﬁ {(hypocholesterolemic activity) Tu
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rﬁﬂmﬂaaﬂ'lummiunagﬁlugﬂ‘um nucleoprotein wuldinn
huefasludariatiosh o wu du o uasanas dudu dphelsamd
(gout) mnmamNinIehnddngenn mmadahmelésune
- ala } 74 1) 14 € 1
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dine, ribose, deoxyribose Way phosphate 3 puriné WHnaEae
dalunanenfiunsnefn (uric acid) Fagngatudhgnisudlofiauda
[ 1 € o al a

gniueanansementlaaiy Tsmmmmmmnmwmm‘;ano‘lu

A o 8 va 3 2 v oA P
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monosodiumurate h synovial cavity viﬂﬁ%’aﬁmau 1IN uay

4 v oA a . 1
waaulwaen minnginavanmadaiunmuwnasnaretiulen
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mwmau‘hiﬁ hypoxanthine-guanine phosphorybosyl transferase
Ua¥ adenosine phosphoribosy! transferase aatfinaIniiaules
5-phosphorobosyl-1-pyrophosphate synthetase 1uﬂ§mm§\nﬁu‘lﬁ
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