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Structure-Activity Relationships of Cardiotonic Steroids for the

Inhibition of Sodium- and Potassium-Dependent

Adenosine Triphosphatase

III. Dissociation Rate Constants of Various Enzyme-Cardiac Glycoside Complexes

Formed in the Presence of Sodium, Magnesium, and Adenosine Triphosphate
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\Oi)A, AT5UNdOIII’, ANIO \‘oto.-i, Sulzuko : Sfruo’turo’-mso’tivity ro’lmitioomoshoips oif c’moncliootoonic

sto’rooids to mm’t lit’ imiliil)it it oIl oil so ocliumss- amid PootmissiIlmil-dt’Po’tOdo’tuf modenoosino’ triphios-

tolumotmust’. I I I . l)issomo’imit ioon m’mifi’ o’ooiisfanfs ol va-riomus o’toz�’muio’--o’ai’dimuo’ glyc’osido’ o’ooni-

I ol o’xo’s It mt’nio’d! imi t ho’ jot’o’so’toc’o’ oil so mchiumss , mimmigno’siutiu , anc! mudeusoosimuo’ tniphoosphsate.
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‘[ho’ o!issoio’iafiomto t’ato’ o’oomistmitofs (/,‘�j) oil (‘aI’diat’ tiuoomuomglyc’oosido’-(Nmu -f- i�T+)_�&TPaso� o’oomn-

I )i 0 ‘XO ‘5 ft intuit of it i t lot’ Nmo+_ :#{176}�I g)+_A1” 1� svsfo’ns (f �‘l)t’ II t’oiflSl)lO’X ) u�o’ne do’f o’rnsimut’d l�’ o’nzy-
muott t i 0’ t155t1\’ molt o‘r chil itt it ito . ‘flit’ k,, vmol uo’ oof o’mio’hu (‘ardimlo’ glyo’o osido’-emizymiso’ c’onsspl cx thus

fo ot’nio ‘ci w’mis gro’a t 0 ‘r t humimut limit o l t Iso ‘ co otsiplo’x ft ormsmed imu f ho’ \ I g2+_ I � � syst o’mss (( ypo’ I I corn-

jolo’x ) , \Vhoo’m’o’mis t lot’ � vmoluo’s oil f\’loo’ I I o’oonplo’xo’s ivo’rc’ clo’jot’ndo’nf oonl�’ tom-i(lit’ sugmor nsoiet-y,

(lot’ /‘� v�oluo’s (if typo’ I o’oomuoiolo’xo’s ivo’t’o’ miffec’fo’d by 1)00(15 flit’ sto’m’ooid munch sugar issooiefies. For

o’mot’ohimto’glvo’oosiclo’--o’mizynst’ o’ommnplo’xo’s in w’hic’hu flit’ slogan miiomio’t\’ wmis thio’ stunt’, fist’ stability

0 of’ tv� oo’ I o’t mniplo’xo’s inct’o ‘aso’c! ito f Iso’ oorder : digifo oxigo’msin glvco osic!c’ < sf roopliamif hidimu glycoo-

siolo’ < c!igo oxigo’miimo gl\’co msic!o’ tutu! stro ophamttliiohiti glycosido’ < oouahmsgo’miin gl�’comsido’. If

t lot’ sto’romiol ioiooio’tv was flit’ stimno’, flit’ sttul)ilify imucro’mised ito flit’ omrtjo’t’: digifooxido’ � (‘o-cleoxy-

gl not osid!o ‘ * I’t�it’t msiclo ‘ < ( ‘m-tlo‘o ox�’gtolo osicho’ < rlomunimiosido’ . \ I o’t h\’ltuf ioomi oif t lit’ sugmur 3’-

lovtlromxvl gnomup t!(’(’VO’tlst’Ol stmul)ilif\’. ‘[ho’st’ cimitmu indic’mifo’ that imi tvj)o’ I o’ommsiplo’xo’s a sugar-

sjoo’t’iht’ sit(’(s) tool flit’ o’mozviioo’ binds (ho’ sugmtr nso)iefy mit flit’ 21-a- amid 3’-a or j3-hvclrtoxyl

gt’o olmjos l):t�’ huych’o mgo’n ho omit! (s ) , muicl tot fluc’ 5’-a-msseth�’l grooup by a luydm’ompliohio’ l)Ootid!. The

moo’tivmitio omo o’mot’ng-’0’ oof’ this c!issomc’imutiommi �vas tu�)�)m’ooximssafo’ly :30 ko’al-mssol �vith all flit’ t’mirdimio’

miioomiomglyo’oosiclo’s to’sfo’c!. Tloo’ chiffo’ro’mico’s its /t(j vmolcmo’s l)t’twt’t’fl typo’ I mimic! type II o’oornplc’xo’s

i I it lio’mit 0‘ f liii t t lit ‘ t � � a no ‘ c!ist imscf , � issibl’V 005 Ii result o ml o’oomiIt ornsaf it omimil c!ifft’i’o’ioces Ili t lie

sugar-spo’o’ifio’ sito’ tot’ tiso’ (Nmt+ .f K#{176})-ATPast’.

I N’]’RO)IOUt”II(ON’ IiitOtiv ltOl)O oI’afoom’io’s. F,xpo’i’imnents usimig radio-

. ‘ . ‘ - -- . ‘ ‘ ) active 000til)tliIi timid digooxiri (1-4) have es-
Itihtll)it-000ti tot (\mo� -f- h’)-.--\. I I most’ b�’ . ‘

. ‘ ‘ ‘ “ fahlishc’cl (limit mu c’murc!mmuc gl�’cooside-enzyme
t’tlt’(!ltiftotiit’ stt’m’toit!s limos ht’t’mi stui(hietl in . . . ‘

consplo’x is foormssed in flit’ prc’semuct’ of certain

‘l’hi is ovoork �v�s 5101)100 ort eol boy gran ts frotio t he 01 730) intl t he N at iotitil So’iemoce Fo oioridat ion

Not ioontol Inst itute o�f Neuroloogv and St rooke (NS (( B-12477) to I Or. Loowell l’. Hookin.
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ligan(ls. hut’ twom m-iioosf o’ffo’cfivd’ higmitud sys-

tern�� tore (lie \Ig2�-P� amid Xmu4-Mg#{176}�-ATP

sysft’miss (2). imuhuihitiommu oil (Nmi� + 1�+)-

ATPmose 1)\’ t’mordimuc glvctosido’s dooes muomt omc’o’ur

uiscler t’t1uilihniuisu or stc’ady-stmote c’oomo(!jt-ioon

( 5), and thtert’foore we \visho’cI too ro’-o’xmoniimio’

flue sfructurt’-acfivity r(’iationShiips oil ctur-

dimic glycooside imuhuihitioon b)\’ usseasutimig

asso oo’itufioon rate comusfauuts amid dissooo’itotio ott

rmu((’ c’omtssfamsfs imi flue prt’seno’e tof suifmul)lo’

higamicls. Sevo’ral siusuilar studio’s hutovo’ t’oon-

sidered dissoc’iat ion oil fist’ ooumil)muimi-o’mizvnue

cdoniplo’x (6-10).

Itt mu lro’vicius pmoper (11) flue c’ffo’o’ts oil

cardimoc msscomiooglycooside structure oomi flit’ mISso)-

ciatio)mi rmife comtistmumits of c’o)ussplo’xes fomrnio’cI

imi both flu’ ?slg2�-Pm amid Nmo�-i\Ig2�-A’[P

sysfenis werc’ repoorted. Tue mssscoc’itufiooto t’mote

comistant- u�’as soolo’lv depeiudetof c)ti flit’ momoture

of the steroid nsooio’fv oil the cardlimoc’ glyo’osidt’

itt eiflser systo’in. ‘[Ito’ disscocimstioon rmofo’ (‘Dli-

stanfs o:)f vario ous cmurdiac glyc’cosiole-etizyiuio

ccornplt’xes fornsed in the pro’sence o�of Mg2�

and P1 were do’petident on the uimoturt’ oof flit’

sugar nioiiefy oil flit’ cardiac glyo’oosido’, mimic!

evidemico’ W’tiS pro’so’muto’d (limit fist’ 3’-liyclnooxy!

and 5’-cm-usso’thiyl groups wo’ro’ 1)ooumod too to

sugar-s�)o’cific site oto the emszyisse (5).

This ptuper repoorfs (lie dissomcitotioomi rmote

constamits oil various cardiac mommiomglvc’oosicle-

(Na+ + K#{176})-ATPmose coissplt’xt’s ftonisso’cl in

f he Na+_i�s1 g2+_ATI) syst cuss . Ft or o’omuvemiio’mice

-��‘e refer (to flit’ cardiac glycosiclo’-(Ntu� +

K+)_ATPase couiiplo’x fomm’rned in flue Na#{176}-

j\Jg2+���) svsfeust as mu fyj)e I coompiex, moral

to that fonsied in flue Mg2+_P� system mis a

f-Y1)t’ II cconiplex. This mootatiooiu is flue sausse
as that cof Vmomi \Vinkle et al (9), who desig-

miafc’d sinsilmur ooumuhaimo-t’mizviiie o’on-iplexes mis

complexes 1 and II.

MATERIALS AN!) METISOI)S

All cardiac glyccosides, the emizyutie I)ro’Pti-

ratiomi (Nal-treated nsicrosonses from bec’f

braimu), amid the assay procedure used hi this

study �s’ere the same mis rc’ported previously

(5).

The usseflsood for deternsimuimig flit’ dissocitu-

tiomi rate cd)tistamutS was essentially thc’ smumuuo’

as used previously to determine the k�

values of type 11 cOmiil)ld’Xes, ex(’o’1ot io)r (lie

procedure loon fonusuitog flit’ comsiplt’x . Bet wo’eti

0.1 amid 0.6 ussg oil o’tszvmuse pro’pmormotio)mu u�’as

imio’ul)muto’d! imu mu fimoal vo olutiie oof 0.25 miii to mu-

fmunitig 0.1-0.6 /.LiI cmot’d!iao’ glyo’oosicio’, .50 mst�i

NmoCl, 2 uss�i \IgCi2 , 2 uri�i ,\.‘[P, timid 20 ni�i

iniid!muzoo!o’ H(’l houffo’m’, pIT 7.3. ��lfo’t’ 2-10 �o�in

(Ii imid’ul)tit it ito , t lit’ mt o’m’moctioomi I it ‘t �

glyo’ooside timid! o’mizvmne wmis stoojopod! by (lila-

(itoh with 5.0 i-ni oil 1 i-i-i:” Tnis-El)T.� (pH

7.3), mutid flit’ itOO’lii)mifititi\\.m-ISo’tititimouo’clitt

oot’oio’r to) uist’mtsut’o’ (Iso’ t!issomo’imifiommi mis c!e-

scnil)ed! pno’vioousl�’ (5),

‘�I�l�’l-it’ dissoocimof io ott t’mtto’ to mmist motifs ( /‘,i ) wo’re

o’mulculmofed exmso’t lv mis d!t’so’nilocd! loon tho’ t\’po’

I 1 c’t oiiiplt’xt’s l’t’l)t om’to’cl ln’o’vio ouslv (5).

IOE5U Li’s

I)ifJ’ei’ence l)ettt’eelo /1(1 ia/toes of’ t!Jpe I and II

(‘0)11 ple.o’es. Thso’ ro’o’o ovo’rv t ml o’mozyme mitt ivit-y

i’t’t miii 1)00th (Y1)t’ I totot! 1 1 t’oolu-lj)lo’xt’s ft ohio o\ved!

tit’st-oordt’r kimto’fics (I”ig. I ) . ‘I’hue sb opes oof

tho’so’ curvo’s ro’loro’so’mit fl-it’ tlissoo(’imititotl rate

otomistatuts ion flit’ c!esignmtfo’cl t’mtrciitio’ giyo’oi-

sicio’-o’tozyussc’ to mlnl)lt’Xt’s. If t’motu lit’ soon I tooth

1”ig. 1 timid Ttololo’ 1 thimot loon till 1 1 o’tordimoc

glycomsid’s iticltm(!o’ol ito tluis stitch’, thio’ 1,’,,

vmuluo’ t)i fist’ fYPO’ I o’o iliul)lO’X loom’ mi givo’mt

glyo’oosidt’ is gro’moto’m’ thmoto fhimof- oil (ho’ fy�oo’ II

0’t Omii�O!O’X.

LiTer’! of’ agl/J(’oloe moieties oil k,1 as a ,/‘uioe-

tiofl of teioipe’atin’e. .-\.s ro’po mrto’cl rom’o’vi� ouslv

(5) , flit’ /�‘,j vtolimes 0 ml t\’loo’ 1 1 coonsplc’xes wore

solely do’pemudc’mst omIt flit’ nmifure oil flue sugtor

nioio’tv tomid ivo’m’o’ mitof- moffc’cfo’d by tilfem’mtt it mmi

of flit’ stt’l’t)i(! li-it oio’t\’ (msglvo’omtoe) . In t lot’

ct-iso’ oil tyj�o’ I t’o oiriplt’xt’s, hioo\vever, t hue

sterooicl i-iitiit’fy mis ��o’ll mos flit’ sugmot’ unooio’tv ill-

fiuo’moc’o’c! (ho’ I’d Vmtltlt’ ( l”igs, 2 motiol 3) . hoe t’e-

suits o)l)failto’dI with twom rlumuisstoosic!es (I’ig. 2)

amid fhro’o’ chigifoxiclo’s (Fig. 3) shuoow thaf sfmo-

bi!ity imio’ro’miso’d!iii flit’ saint’ oot’dem’ mis flit’ �

vmuluc’s’ tot’ the miUhiil)O’m’ of hvolm’ooxvl groups iti

the s((’rooid! misooio’tv in o’oonsplo’xo’s o’oonttiimiimog

t Ito’ samise sugar nit on ‘t y.

L.ITe(’t of su�jao’ nioiot�j 0)0 /i’,j for Iy/)e I (‘0)1)0-

J)lexes as a Jo )ieti000 of tcm/)e)’atul’e. Digipm’o-

side is flue 4’-o’pimt’niolo’ oil chgittoxigemiimi 6-

dedoxyglucoosid!o’, motoci flit’ /�:,j vmolues (if thoo’se

(woo g!yo’oosid!o’s wore tihiuiomst (Ito’ stuusse (1”ig. 4).

Thc’ro’io ito’ mu (‘0 omofigurmot it mimi! cltattge itt (iso’ 4’-

1 Sino’e ctit’diao’ St et’oiols tio’e reversible inhihoi t oots

(12), the I:�o vtohioe is t lie K vtolioe ito thie asstoy

systeois.
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#{176}(‘:olo’toltotedft’oooii (Itol to tO’l)ott(’Ol hiteVi0000SlY (5).

Fto; . 1 . S/(Ibllit!/ (0,)’ t!/I)e I (100(1 tiipe II o.ottop!ej�’es

(If/er tloloitioto

I n t he o’ast’ 0 of t ho’ t vpo’ I to otioplex, enzytuie, 50
tout NtoCl, 2 mit MgCI2, 2 tiiit ATP, and 0.2 j.oiou

(‘tordotlo’ glyo’ooside �‘ere itit’tobmotetl foot’ 7-10 niiut tot

:3()D for ootototoajn or 25#{176}foot’ digitooxigenin n�omnoo-

4_iigi t 0 oxide . Thoe retio’t iooto �vtos st oopped by 20-fold

(hilottiOOti �vithi 1 oust ‘Ft’is-l’l )‘1’�� sooliotioti, titid
ctozvto�e itihiibit ioooo wtos deterniitietl at stoitable

i to I (‘rvtIls . I ti t lie o’tiso’ 0 of t hue type I I (‘0 otnplex , 1 noim

�#{176}1g(12tuod 1 tiiio Tris-piooosphtite were used instead

of NtiCI . \IgCl �, toot! A1’P, atid itoo’OOl)at i000i t itie

\�‘tis .“-7 tb �ti . ( )t bet’ (‘Ootitlit iootis were t he stine tos

(lO’s(’t’ihiP(l fo ot’ I hoe t � I (‘ootol)lex.

T�toLo-; 1

l)o.s.sooout itoto our O(000.S’tOlto t$ of 0(111(0015 (01 idiac

00000000/l!/(OSld(’ -(.Va+ 4 � ) -A 7’Poisc

(0000pl(J’OS (it 25#{176}

-. . k,1 oof t\l)C I k,1 (if type II
(1lvcosode .

. Comlolex coimj)lex

Oooal to 0

( �ootiv:oll:o t ooxiti

I )egl otoo ot’ lio’i to t o ox i to

I )igooxigo’loito tooootoooohigit

0oX tb’

IlelV(’t oo’oosiobe

I Oigitooxigctoito tiiootioo-

(bigotooxiole

( vtii:o ti to

IOmgijoroositbo’

I )igitooxigetuito 6.obeooxv-

glooo’o osooli’

Oobooroosoole 11

I )igitooxigetoiti-3-tet �
Iiyoboo olivt’totivl et lio’t

hr 1

25 30 35

Temperature (#{176}C)

Fit. 2. I)issoeialiooo 0(110 oooostoitol.s (h�) of 1!IPC I

rloaooo 000si(I(’-(oozijttoe (o)otopl(.ros at o(irtoots lenopera -

RHAMNOSE -0’

The strioct cure oof eao’hi ‘otiipound is shoown in the

folloowing:

Substi tu tioon

19-CH(),

19-CH2OI-1,
I -a-OH

1l-�)H

livdrooxvl grooup l)rool)al)l�’ cities muoof tiffo’ct

Alfhto ocmghi do’gluccocheiro of ooximo mimic! coon-

0.42 vallmufooximi mint’ 5’-o’pimers, flit’ chango’ itt the
0.48 .5’-ussethuyl grooup irooisi a (n so’nies) tom �3 (L

so’nies) ino’no’moso’cl tho’ � vttluo’ ( l’ig. 5).
0.44 Imu coomofrmist witlu type 11 coouiiplo’xo’s, Hi

0.e2 which flit’ /�(f oil degluccochso’inttooximi diffo’red
0. t6 otilv sliglsflv moons flit’ ‘Cd oil ho’lveficoosido’, the

0 SO 1�’�1 of fluo’ laffo’r wtis lmsrger (hsmulu (limit oil the
1 � lomrnio’r iii flit’ t� �t’ 1 coiuisplt’x (F’ig. 5). In- fluo’st� glvo’omsido’s tl�� 4’-hyclnooxyl gnoocmps mur#{176}

1 . 24 �Ii tij)j)tositt’ comtifigum’mutioimu, monc! flut’ro’ is ,-,i

-�_ moclditiootimol 2’-a-hivdrooxvl ito do’glucoocho’iro-

tooxito. Sitio’o’ fist’ o’oonfigurmifioon oil flue 4’-hy-
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‘The st rooo’t uoi’e oof eao’h cooiipoiond is shooi’ti ito t lie

foollomiving

Compound

Digitooxigenin t�ootio-

digitoxide (0)

Helvetio’ooside (�)

1)igooxigeto it-i tnomtito-

digitooxide (X)

19-CH(),

5-d-O11
19-CH3,

12-�3-( )1I
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20 25 30

Temperature (#{176}C)

Fiom . 3. I)issoeiatioto o’oile (‘onslatots (A’1) of I�Ipe I

(IifJitt)J.’ i(l(-otozq000e (ottOplexes (it o’ol)� i000S tooto p00(1 -

tures

.-\.gl�cone Substitution

1)igittoxi- 19�CH:o

genin

St roophan -

thidin
1)igoxi-

getiin

drooxyl grtou�) dooo’s motif appo’ar to affo’cf A’�,

as ro’poorto’d! al)ooVo’, flit’ dc’cro’aso’ imu h’d ito dc-

glucomchso’im’oofoximi mssmuy have bt’emi duo’ too flue

2’-a-hivclrt mxvl grooup.

Digitooxig(’msin list mmioodigicooxido’ timid tolmsioost

fit0’ Stiliit’ Io,i as chgitooxio’ -toimu 6-deooxyg!uo’oosido’

(Fig. 4). The structural diffo’ro’noo’s bo’fw’eo’n

t-li#{128}’so’t � 0 c’OilsipOOUti(!5 tort’ flit’ (‘0 omutigurafioooimil

cliatsgo’ oof the 3’-hiyc!rooxyl grooup muici au middi-

fioomial 2’-a-lsvdroxvl grooup iti digifoxigemoiti

6-dc’ooxyglucooside. Simio’o’ (Iso’ addifioomt oil (lie

2’-a-lovdrooxvl gro)up so’o’usied too imic’reast’ flit’

sttul)ility oil type I coomisplo’xes, changing flit’

3’-lovdrooxv! group irooni a(digifooxido’) fc)

(3 (6-do’o oxyglucoside) l)ro’stmussm-ol)l� decno’ases

stmui)ilitV.

As shuoowmu itt flit’ (‘must’ oil c’vusianimi vs. luelve-

tio’oosido’ (I’ig. 5) mimic! tidoorooside FT vs. digiprom-

sido’ (I’ig. 4), chuatugittg flue 3’-hu�’drox�’l

gromup too iiio’fiuooxvl imucro’mused flit’ /‘d value.

Tlut’ 3-fo’fraln’drompvnanvl o’then oof digifoxi-

go’mnro, w�liid’hi is c’ootusic!o’ned too le (lie 2 , 3 , 4-

f nid!o’o oxvpyrmimo iSidlo’ (to o luydrooxyl groups in

flit’ sugar) , hmid a highuo’r k�1 fhiamu oaloonoosidt’ H

(F’ig. 4). This diffo’ro’mice niighif ho’ duo’ too thuo’

2’-a-hi\’droxvl group oil odorosido’ H, tos do’-

sc’nihc’d muboove.

�c�t i’i’/oen ins aotjiatioii elieI’q/j of (/l,sso(’latio)o

of type I co))l/)1e�o’. ‘I’hio’ Arrliemoius mutt ivaf itoh

o’miergy oil flit’ dissoociafioot oil eao’h type I eoouut-

I)!t’X ioornst’d lilt’ 1 1 c’mordiac, glycosides was
c’alc’ultufed usimg flit’ timutmo shtoiwn in Figs.

2--S. Tho’st’ ro’sulfs tort’ shoowmi imu Tahlo’ 2, itt

ivliichi all vmoluo’s mom’o’mum’ooumicl 30 l�’mil/miioolo’.

l)150’USSION

The pro’st’tuf results c’oomico’nmuitug flit’ h’d val-

lid’S oil typo’ I d’tilTipld’Xt’S itidictute Signilic’totif

qumumififafivo’ timid tiutulitmufivo’ diffo’rences frooiuu

thsoso’ oil tyj)o’ 11 o’ooissplo’xo’s, tulthutoughu oomulv

5001550’ ojimmumofitmutivo’ c!iffo’m’o’tu’o’s wo’re looumid

in flit’ missoocimitiooti rmuto’ c’oomustmimufs betwo’o’n

ty�)(’ I toiid II ctiuiiplt’xes (1 1).
Qumum-ifittitivo’lv, tyj-oo’ I is less stable thumoti

typo’ II, mos sliti\VIO ilO flit’ 1 1 differo’nf candimoc

glycosido’-o’tozyusso’ coomiiplo’xo’s, ito agreo’miso’tit

w�it Is pno’vio musly ro’po orfo’d 0 mi)Set’VtitioomuS 0 mmi

flit’ toUtOi)tiiti-O’IiZVlsit’ o’tiiiiplt’x (6, 7) . Qumuli-

fmutivo’lv, fluent’ mint’ twom sahio’mit c!iffereno’o’s:

fist’ t’ffo’cts oil flit’ muglyc’ootio’ ussooic’ty 0010 Io! , momud

fist’ influo’mico’ ool fhso’ iumio’tioomimu! gnooups ooi flue

sugmit’ uiioiiety tot-i l)itu(litig (to the t’tizyiiit’.

lit fist’ t\V() so’ts oil’ vanioius o’mtrdiac glvco-

sic!o’s limivitug a- co oissiis ito sugar nit oit’fy (nhstinu-

noosido’s amid digifooxido’s), flit’ h’d values tof

(YPO’ I (‘oiliij)lt’XO’s wo’ro’ itiflueticed by the
tiafuro’ tol flit’ sterooid misooiefv. Tue ro’misoomi loon

(isis is motif tibvitius, i)Iit \� tiflt’r mu femifafive

explamimofiommi. \lto’m’ clilutiton (hut’ clissocimufiomti

c’ami ho’ sumsuusstirizo’d! tus foolloows:

Dissoocimofioott tmf (lit’ sugar issoiefy lnoins (lie



kd

40

3-0

2.0

I

I
it:

/
.,

I,
A’

I,
‘O

//
,‘ /

. /

,,
A’ /

#‘__ /
,

.,0

0

(#{149})Digitoxigenin monodigitoxide

� Digitoxigenin

(Ls) Digitoxigenin 6-deoxyglucoside

HO”�Z�”��” Digitoxigenin

(>0) Digiproside (Digitoxigenin fucoside)

� Digitoxigenin

3OC

t !JPO I di #{231}ji tOXiOJotO itO (/1!/l(oS 1(IO 010 Z !Itlo 0’ eo100 J)lo.l’(S (It VOL1? 00/8

ho’ given ��:‘�‘

20 25

Ic1
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(A) Digitoxigenin tefrohydropyranyl ether

� Digitoxigenin

A (cm) Odoroside H (Digitoxigeniro digitoloside)

I /
,c�
‘I

/
I

I

Temperature (#{176}C)

l’to;. 4. 1)o.s.sooiatooooo oft- (ooost(Ioo1,� (Ic1) of

I(ttO/)Ct(lt 0/los

stigmir-spt’t’ifit’ sift’:

El � ,Tt (1)

1�o’mim’m’momigo’noo’mit 0 ml t hit’ sugat’-s�oo’o’iIic site

ft’tmi-ii flit’ moctivo’ too (hut’ itimoefivo’ fomm’iii

I,.-�

;t��B (2)

Dissoc’imitioomo ool flit’ sto’m’oid! mnooio’tv fm’ouou

f Ito’ sterooid-spo’o’iiio sit o’

k.

lit -* I’� + I

li /i’:o is uiiuo’hi gm’o’molo’I’ thsmimt 1�’� toad /1_2 , a

sft’tidh’ sftute is o’sfmtblishio’c! imt 5(01) 1 , alit!

step 2 is flit’m’afo’-clo’to’rniimoitog5(0’!). ‘fhtis �vill

Digitoxigenin

CH3O

d[E] _ �_(lLLi� .

(it (It

- I”�.-�--- [L’I] (a)
-�i�+I’.2

Ii’ik:i
1O1

h’�1 + I”2

Ii, hoowever, booth reactitoti rmufes in steps 1

muti(l 2 art’ itic’m’o’ased-(huaf is, if 1:1 is not

i-iui�ic’hi greafo’r thmumi L2 ton k2-thuo’to steady

(3) states may 1)0’ t’sftoi)lishieti iti 1)00th stops 1 timid

2. Therelooro’

1B’ h’11�0 I’II J h’1k2 + I”-iI”:o+ k2!1’;0
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(0) Deglucocheirotoxin (Strophonthidin 6-deoxyguloside)
( Strophonthidin cymoroside)
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}‘iom . 5 . I) issoeioit ioto OUt( (0)00 .S’tU 00 t.s’ (Ic,1 ) of I //p( I st lO/)/0 01 to I/o 1 (1 0 tO (////C(oS 0 (/0 --000 Z //ttO 0 ((0000plo.ros (1 1 0(0 1 1(00/s

k1k�k3 FI’I

- ]�i;h�_2 + A’_1k3 + I”21”:o
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HO”�ZZ�”�” Strophanthidin

(A) Helveticoside OR

CStrophanthidin digitoxide)

R’H

( X ) Cymarin

titoperat ot�

and flit’ wlsoole nt’ao’fioomu rmofe is

d�:1

I’,’ = (I0’_iI#{236}’_�/h�)±I0_i±h2

Thu’refort’ (hit�’ �vhuoole reacticiti raft’ fooiloiivs hoot

Et1. (a) l)Uf Eq. (b) ; that is, the no’acfiomto raft’

of step 3 itufluemiceS ‘�“d

The aboovc’ kinetic explamuaticon suggo’sts

that the differt’mices itt Ad valuc’s ansoong (lie

various cmurcliac glyo’o isidt’-enzyuiso’ c(olsul)lexes

comttaitiimug (Ito’ stunso’ sugmur isioio’fy but diffo’r-

t’ttt steroid nsooio’fio’s musight l)e flue rc’su!f oof a

decro’ase ito f Iso’ disso ociat it in rat e o’otusf amif imu

step 3� tor of timo incm’o’ased raft’ in step 2. An

ilicro’miie ito flit’ moumsibo’r of hivdroxvl groiups iti

the sto’rooid uisooio’ty mulso ussight ro’d!uo’’ fluo’

(.) Convallatoxin ( Strophonthidin rhamnoside)

� Strophanthidin

dlisst)O’itifitOli raft’ of (ho’ sto’rooicl iisoio’tv lrooni

the sto’rooic!-spt’o’ifid’ site oil (ho’ (yJ)0’ I commit-

Plt’X. This (etuftutivo’ c’omiclusioomu shsoould 1)0’
fo’s(ecl i):u� oofho’r usso’thomds; for o’xauiiplo’, h)\’

( 1) �) uuut’misum’imig flue I#{236}’�ivmoluo’s oml ctiusipit’xt’s l)e-

fwo’emi (lie ro’spt’ctivo’ aglyo’ommses mind (hut’ en-

zyuuit’.

Thio’ imifluemtco’ oil (Ito’ sfo’noid! uuiooio’ties oil

flit’ t’murc!iao’ glyc’o�osic1es ton A’�1 valut’s oil type I

c’oimssplt’xes lutus usimide St uclio’s d)ti flue st rcmo( are-

mocfivifv ro’imifioonslups oil typo’ I commiuplt’xes

m-ist)I’o’ difficult fltamu omi flutist’ tof type 11 comisi-

iolexo’s. Nevo’rt-lie!c’ss, co mmiipani� ‘cito oil k(j values
foor g!ycomsicles c’oomstmuitoirog flue same aglycomie

muiay givo’ sousse imofomniumstioiri cotocertuitig the

St ruct uno’-act ivifv ro’lmo( it mtuships of flue sugar

usioic’tio’s. It is tissuiiio’tl (limit- the bimuditug ho’-

fivo’emo the sugmur issooio’ty oil the cardimoc glyco-

side tumid flue sugmor-spo’o’ific site comuflue enzyme

follows flit’ sani(’ sfnut’tunt’-activifv relafiommi-

ship imu 1)tofhi typo’s oil ctiiitplo’xt’s, o’vt’ti though



Glvc�side’

Activatioon energy

I’vpe I Ivpe II
complex complex’

kcozi mete

futic’tiomnmulgrooup, 2’-a-lsyc!rooxyh, � mublo’to

bitud too the emuzvusio’. This usuight ho’ o’xl)lained

li:o:o�’ti. hiffero’mtco’ imi (lit’ clistamuce bo’two’o’mt the

sugar i-istoiefy amd flit’ scmgar-spo’cific site;

i.o’., iumuc’fiootimul gnooups oil’ (Ito’ sugar ln(oio’fy in

flsc’ f�’po’ 1 o’toni�iolt’x lsimi\’ muoof ho’ as clost’ to) fhe

__________ sugmun-spt’cihc sift’ omo tho’ o’muzyusie mis tho’y are

iii flit’ f�’I)0’ II ctomiuplc’x.

29 22 Tluo’ tictivafioimo o’miet’gy oil dissooo’imufion in
29 22 t�’i)t’ I cO)miii)lt’xO’s did Iicif var�- sigluificamotly

28 22 lnoons 30 kcal/moole itt (lie so’nies oil cturdiac

nso)miooglycoosides; (Ito’ vmuluo’ fo)r typo’ II corn-
:31 20 plexes simiii!arly was approoximately 20 kcal/
.30 20 nsoile. As was (he cast’ icon type II complexes,

. ‘) these results suggest that- a coomiionmuuatio)mual

,3() ,,.() o’humimsgo’ oil the enzyuiie usuay be imivolvo’d in the

30 ‘)‘) dissociation of type I cconiplexes.

28 22 Iii o’ouuc’lusi(omi, flit’ smtliemsf fao’tomr in the
:33 22 c!iffc’ro’mio’e itt h’d 1)t’t\Vt’t’mi (�‘Pt’ I tumid typo’ II

:33 17 t’tiisiplt’xt’s nsay 1)0’ ti diffenemuct’ ito musomdo’ of

bindimig h(’fweemu flue sugar mciio’fy oil the
32 18 glyctosidle tulid a sugmir-sp(’d’ifio’ sift’ omi the

_�- t’I-izvlsso’, timid thus diffo’ro’nce nsa�’ be due ft) a

difft’no’no’e itt the c’onlfo)rnsafio)ms of flit’ sugar-

spo’cif�o’ sift’.

500 �V0IlA ANt) Y0l0;1

‘F.�tom.o-:2

,4etoo’atio, eooer(j!, of (/0.S’S’o)lO(lIlOtl of 0011(IlOi( 0000)00-

(////0(0�’1(/0 (.\�(I�’� -�- K� � -.4 II’(tSt o-otto pltxo’s

( )ioalitoi to

( ‘omtovmol I at omxi to

I )eglooo’oo’lieit’oot ooxiti

I )igooxigetiito oaoonoodigi t

ooxiole

Hel vet icoosidt’

I )igitooxigetiioi
digitoxide

I )igitooxigetoin 6-obeooxv-

glioo’ooside

i)igiprooside

Cym-iitorin

Odorooside 11

I )igit ooxigenito .3.tet ra-

hydrtopyrtitoyl et her

“ I )at a. previoooosly repo ot’teol (��i )

flit’ sfo’rooicl uisooio’fio’s oil’ (lit’ glyo’ooside in (lso’se

cconiplo’xo’s mirt’ muoof the smousso’. A coonspanisoomi

of ak’,, values loor vanitous stromj)limulifhidihu- aitd

digifoxigemuimu-glycoosido’s indictuto’s that flit’

3’-liydntoxvl mind 5 ‘-a-isst’fhsvl grooups (which

luad l)t’o’ti ��uggesfed tom l)ind! tom flit’ sugar-

specific site of flit’ emuzyuiio’ itt typo’ 11 cooni-

1)1(’X(’s) aisto stai)ihze fist’ typo’ 1 cooniplex, amid
that the 3’-cm-hsvdnoxvl grtoup has a gro’af en

affinity than flue 3’-8-hu\’droox\’l group. Ami

tidditiomsa! leatuno’ oil flit’ type I coomsiplexes

is that (-he 2’-a-liydrooxvl gromp bitids to) the

o’nzymo’. The hindimig befivo’t’is (ise 3’-hy-

drooxyl group amid flit’ emuzyusse itt type I

coonsplexes invo)!vc’s a liydnogt’mi boomud, as itt

f�’l)t� II, since tYI)e I o’onsplexc’s with 3’-
nsethoxylglycosides (cymsianimu amid oodooro oside

H) have less sfmibilitv thorn fiuoose with 3’-h�-

droxyl grdoups. The 2’-a-Iuvc!roxvl moral 5’-a-

methyl grooups oil flue sugmir miiooiety might

l)imid fo flit’ etuzvisso’ l)y Itydroogemi b)oomudimug amid

hydrophobic bcoiudimug, ro’specfivelv , but f he

o’vidence Icon this is wt’muk at flit’ moomsuemut.

Suite loin a giveli cmondituc g!ycoosido’ flit’ h’,1

vmolue of the f�’Pt’ I c’onupit’x � lmorgo’r fhati

that- oil typo’ II, tluo’ hoitudimug ho’fwo’o’mi the

sugar moiety and (lit’ t’muzymsse imu flue type I

c’oomnplex appeano’d loss sfmul)lo’ flumomi iti fist’

type I I conil)lo’x, molt lit ought tumi muddifioonal
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