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The interact ion between horse liver a lcoho l dehydrogenase ( A D H ) and aporphine a lkaloids 
has been studied by kinetic and fluorescence m e t h o d s . The aporphine a lkaloids inhibit A D H . 
The inhibitory effect depends o n the pos i t ion and type of the substituents in the aporphine 
nucleus. A p o r h e i n e s h o w s the strongest b inding t o the enzyme, and that irrespective of the 
configuration of the molecule . T h e dissoc iat ion constant of the c o m p l e x enzyme-aporphe ine 
is 2 0 — 2 5 n m o l 1 ~ ' . The results indicate that the aporphine alkaloids bind to the active center 
of a lcoho l dehydrogenase with stechiometry 1 : 1 . 

I soquinol ine a lkaloids include a series of biologically active c o m p o u n d s which have 

found pract ica l a p p l i c a t i o n ' " ' . O n e of the ways h o w to clarify the fundamenta l 

mechan i sm of their biological activity is t o s tudy the in teract ions of these alkaloids 

with the b iopolymers . The pu rpose of o u r work has been to s tudy the in terac t ion 

between apo rph ine a lkaloids* a n d horse liver a lcohol dehydrogenase ( A D H ) . O u r 

da t a were c o m p a r e d wi th those ob ta ined from studies of the b ind ing of berber ine 

a l k a l o i d s ' " ' . Evidence has been prov ided tha t berber ine a lkaloids b ind to the exten­

sive h y d r o p h o b i c d o m a i n of the active center of the enzyme, they have an inhibi tory 

effect on its activity, and dur ing b ind ing t o the b iopo lymer they change their opt ical 

proper t ies , especially the fluorescence'. 

EXPERIMENTAL 

Materials. Horse liver A D H was isolated and characterized as previously described*. A part 
o f this e n z y m e was obta ined from Boehringer. The commerc ia l e n z y m e was dialyzed against 
a s o d i u m phosphate buffer of p H 7, / OT prior t o use. T h e e n z y m e concentrat ion has been given 

* Part L X X X I I in the series Iso lat ion and Chemistry of the Alkalo ids from S o m e Plants 
of the G e n u s Papaver; Part L X X X I : Planta M e d i c a 41, 119 (1981). 
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as the molar concentrat ion of the active centers. The coenzyme N A D and N A D H were supphed 
by Boehringer, A D P by Reanal , o-phenanthrol ine by Lachema, chloroprothixene by F a r m a k o n , 
and ethylberberine was prepared and characterized as previously described*' ' . The aporphine 
alkaloids were m a d e available from the col lect ions of the Institute of Med. Chemistry ( O l o m o u c ) . 

Spectrometric and kinetic measurements were carried out on a Cary 118 spectrophotometer 
in a s o d i u m phosphate buffer of p H 7, / 0 1 at 25°C. The inhibit ion was est imated with the help 
of double reciprocal plots (reciprocal reaction velocity vs reciprocal N A D or ethanol concentra­
t ions) , the effect of the other inhibitors was determined according to Yonetani and Theore l l '" . 

Fluorescence and f luorescence-polarizing measurements were carried out on an A m i n c o -
- B o w m a n spectrofluorometer (equipped with a polarizing adapter). The polarization (P) was 
calculated according to the relation: 

P = 
lyy — Gly 

/ vv + G/v 
G = 

where I is the intensity of the hght, the indexes V and H are symbols for the pos i t ions of the 
excitat ion and the emiss ion polarizer (vertical and horizontal , respectively), and G stands for the 
correct ion factor. The relative quantity of the b o u n d hgand to the enzyme (x) was calculated 
according to the r e l a t i o n " : 

.X = 1 -1-
( P / P , - 1) f / F Q 

1 - Pn /P^ 

TABLE I 

Inhibit ion of a lcohol dehydrogenase with aporphine alkaloids. Measured in sod ium-phosphate 
buffer at p H 6 0 ( / 0 0 5 ) , C C H J C H O 2 m m o l 1 " \ %A.DII 0 1 m m o l l ~ \ C^DH 0 1 Itmol 1 " ' . IQ^ 
designates the concentrat ion of the inhibitor which causes a decrease in the initial rate to one 
half 

Substitution 

C ( l ) C(2) ^ ( 9 ) C ( i o ) C ( i i ) 
Hmol 1 ' 

( - l - ) -Aporheine ( / ) OCH2O H H H 95 

(—)-Aporhe ine ( / ) 95 

(—)-Nucipher ine ( / / ) OCH3 OCH3 H H H 400 

( - t - ) -Domest ine ( / / / ) OCH3 O C H 3 OCH2O H 300 

( - l - ) -Glaucine ( I V ) OCH3 OCH3 OCH3 OCH3 H 680 

( - ) - G l a u c i n e ( I V ) 650 

( - f ) - B u l b o c a p n i n e ( K ) OCH2O H OCH3 O H 850 

( - f ) - Isocorydine ( V I ) OCH3 OCH3 H OCH3 O H > 1 000 

( - l - ) - M e c a m b r o h n e ( F / / ) OCH2O H O H H > 1 000 

(-f ) - I s o t h e b a i n e ( F / / / ) OCH3 OCH3 H H OCH3 > 1 000 

C o l l e c t i o n C z e c h o s l o v a k C h e m . C o m m u n . [ V o l . 47] [1982] 



2 9 8 Walterova , Kovaf , Preininger, S imanek : 

R E S U L T S A N D D I S C U S S I O N 

The apo rph ine a lkaloids inhibi t A D H weakly up to fairly s trongly, some of t hem 
do n o t inhibi t the activity of the enzyme pract ical ly a t all (Table 1). If c o m p a r e d 
with the effect of the berber ine alkaloids on this e n z y m e ' , their effect is somewha t 
weaker . As in the berber ine a lkaloids , the inhib i tory effect depends on the p o s h i o n 
a n d type of the subst i tuents in the a p o r p h i n e nucleus . A considerable increase in the 
affinity to the enzyme can be seen in c o m p o u n d s having a methylenedioxy g r o u p 
on r ing A vs c o m p o u n d s wi th methoxyl g roups (aporhe ine (/) vs nuc ipher ine ( / / ) , 
bu lbocapn ine (V) vs i socorydine ( F / ) ) or in those having the methylenedioxy g r o u p 
o n r ing D (domest ine ( / / / ) vs glaucine (IV) and nucipher ine ( / / ) ) . The firmer binding 

/- vm 

t o the enzyme can be accoun ted for by an en la rgement of the p l a na r po r t i on of the 
molecule (rings A a n d D ) , a n d by an increase in the dipole m o m e n t of the molecule 
of the l igand, respectively. T h e presence of a hydroxyl g r o u p on r ing D decreases 
the inhib i tory activity if c o m p a r e d with t h a t of the unsubs t i tu ted r ing D ( m e c a m b r o -
line (VII) vs aporhe ine (/)) , which m a y be due to an unrequ i red ionizat ion of the 
hydroxyl g roup . I t appea r s t h a t subs t i tu t ion a t C ( , i ) of the r ing D is unfavourab le 
for the in terac t ion with A D H . 

The A D H inhibi t ion depends o n the con fo rma t ion of the a p o r p h i n e system. 
According t o the U V , ' H - N M R spectra a n d the opt ical ro ta to ry d a t a , the a lkalo ids 
subs t i tu ted in the pos i t ions 11 or 10, 11 possess a rigid con fo rma t ion which c o m ­
pared to derivatives with an unsubs t i tu ted r ing D or with subst i tuents in the pos i t ions 
9, 10 is character ized by a greater deflection of the apo rph ine system from p l a n a r i t y " . 
Thus , we explain the weakening of the in te rac t ions with the enzyme in bu lbocapn ine 
( F ) , i socorydine ( F / ) and i so theba ine {VIII). The configurat ion of the apo rph ine 
system has pract ical ly no effect o n the inh ib i to ry p o w e r (Table I ) . The b inding A D H 
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where P and F are the values of the polarizat ion and the fluorescence of the l igand in the pre­
sence of the enzyme. P ^ is the polar izat ion of the hgand complete ly b o u n d to the enzyme, PQ and 
FQ are the values of the polar izat ion a n d the fluorescence of the free l igand. The polarizat ion 
titration data were processed according t o Scatchard '^ . 
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site for aporph ines is obviously n o n - p l a n a r bu t it is flexible enough to al low the 
b ind ing of bo th non -p l ana r enan t iomers . 

The s trongest A D H inhibi tor of the tested aporph ine alkaloids is aporhe ine ( / ) . 
The inhibi tory power of aporhe ine (/) depends on the p H of the med ium; it is s t ronger 
in the acidic region (under p H 5-5, the values / 0 . 5 a re c. 7 0 n m o l l ~ ' ) and weaker 
in the alkal ine region (above p H 7, the / 0 . 5 reaches values of c. 1 7 0 n m o l l ~ ' ) . 
This finding is in agreement with the pK value of aporheine** (6-12) and it indicates 
a firmer b inding of the cat ionic form of the alkaloid to A D H . A similar p h e n o m e n o n 
was observed in connec t ion with the b ind ing of o ther cationic A D H inhibi tors , 
e.g. ch lo rop ro th ixene ' ^ and acridine orange*. 

The in terpre ta t ion of the results of kinet ic studies of the inhibit ion of aporhe ine (/) 
is difficult in view of the complexity of the mechanism of the react ion catalyzed 
by A D H . At low e thanol concent ra t ions , the A D H is governed by the T h e o r e l l -
- C h a n c e m e c h a n i s m ' * (the format ion of the A D H - e t h a n o l complex is kinetically 
negligible). Since in our measurements comparat ively high e thanol concent ra t ions 
have been used (Table I I , where for e t h a n o l ' ^ equals 590 jamol 1~'), there are no t 
fulfilled the condi t ions for the validity of the Theore l l -Chance mechanism but more 
likely for the mechanism of "preferred p a t h w a y " " ' ' ' * . F o r the relatively high N A D 
concent ra t ions , the inhibi tory cons tan ts calculated from double reciprocal plots 
for var iable e thanol concent ra t ions can be interpreted in such a m a n n e r tha t 
fairly cor responds to the dissociation cons tan t for the dissociation of the inhibi tor 
from the complex e n z y m e - N A D H - i n h i b i t o r , whereas K-^^ roughly reflects the dis­
sociat ion cons tan t of the e n z y m e - N A D ~ i n h i b i t o r complex. At a variable N A D 
concent ra t ion , the value K,i reflects the interact ion of the inhibi tor with the e n z y m e -

TABLE I I 

Inhibitory behaviour of aporheine ( / ) to a lcohol dehydrogenase at p H 7-0. c^por^^ine 0, 30, and 
100 irmol r ' , c ^ p n 0-05 irmol 1~ ' . /^ii and K^^ are mean values of the inhibitory constants of the 
intercept and the s lope determined on the basis of the double reciprocal plots 

Variable 
concentrat ion 

m m o l 1 ~ ' 

Fixed 
concentrat ion 

mmol 1 ~ ' 

Type 
of inhibition jimol 1 ' Hmol 1 ~ ' 

Ethanol N A D compet i t ive- 54 21 

( 0 - 5 - 5 0 ) (0-31) -noncompet i t ive 

N A D ethanol noncompet i t ive 111 111 

( 0 - 0 2 - 0 4 ) (3) 

N A D ethanol acompet i t ive 55 - > o o 

( 0 - 0 2 - 0 4 ) (10) 
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- N A D H complex. T h e K^^ cons tan t can be in terpre ted in dependence on the fixed 
e thano l concent ra t ion . At a high e thanol concen t ra t ion , K^^ character izes par t icular ly 
the b ind ing of the inhib i tor t o the enzyme-et l ianol complex, at a low e thano l con­
cent ra t ion , t he value K,^ also significantly reflects the ability of the binding of the 
inhib i tor t o the free enzyme. 

The results of the kinetics of A D H inhibi t ion with aporhe ine (/) show (Table II) 
tha t in the presence of N A D the b ind ing of aporhe ine to A D H is stabilized. This 
finding is suppor t ed by the fact t ha t the K^^ value is low for the var iable e thanol 
concen t ra t ion if c o m p a r e d with the K;; values which character ize the b inding of a p o ­
rheine t o the A D H - N A D H complex . O n the other ha nd , the b inding of e thano l 
to the enzyme inhibits the in terac t ion of aporhe ine with A D H as is shown by the 
value at h igh fixed e thanol concen t ra t ions for the var iable N A D concent ra t ion 
(jKjs oo). The compet i t ive behav iour of aporhe ine vs e thano l is consistent with 
the fact t h a t aporhe ine acts as a to ta l inhibi tor . Since for e thano l in a concent ra t ion 
of 3 m m o l l " ' a n d for the var iable N A D concent ra t ion , the K,, value can be de­
te rmined (Table I I ) , it is obvious tha t a b inary A D H - a p o r h e i n e complex is also 
formed. However , this value c a n n o t be in terpre ted as a dissociat ion cons tan t of this 
b inary complex because the interference of the A D H - e t h a n o l complex is t oo s t rong. 

2-50 

FIG. 1 

A D P Effect ( m m o i r ' ) o n A D H inhibit ion 
with aporheine . S o d i u m - p h o s p h a t e buffer 
of p H 7-0 ( / 0-1), CcHjCHO 0 1 m m o l 1 " ' , 
CjsjADH ' 'Ol m m o l 1 ~ ' . V initial reaction rate 
in relative units; Cgporheine ^ 0- ^ 30, 3 100, 
and 4 2 0 0 n m o l l ~ ' 

FIG. 2 

Effect of o-phenanthrol ine ( n m o l P ' ) o n 
A D H inhibit ion with aporheine. The experi­
mental condi t ions are identical with those 
in Fig. 1 

C o l l e c t i o n C z e c h o s l o v a k C h e m . C o m m u n . [ V o l . 47] [1982] 
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F o r a closer character iza t ion of the in terac t ion between aporph ine a lkaloids a n d 

A D H , the effect of o ther k n o w n inhib i tors of this enzyme on the aporhe ine b ind ing 

(/) has been studied. The in te rac t ion between aporhe ine and the enzyme is stabilized 

by the presence of A D P (Fig. 1). Thus , the a s sumpt ion is confirmed tha t the apo r ­

phine alkaloids d o not b ind t o the b ind ing site for the coenzyme and its f ragments 

a n d tha t the coenzyme and its f ragments favourably influence the interact ion between 

aporhe ine a n d A D H . The apo rph ine alkaloids do n o t b ind directly to zinc in the 

active A D H center bu t evidently n o t t o o far f rom it. This results f rom the m u t u a l 

FIG. 3 

Effect of 13-ethylberberine ( n m o l l " ' ) on 
A D H inhibit ion with aporheine. The experi­
mental condi t ions are identical with those 
in Fig. 1 

A D H 

FIG. 4 

Changes in the intensity of fluorescence 
(F, O ) and in the polarizat ion of fluorescence 
( P , • ) during increasing A D H concentra­
t ion ( n m o l l " ' ) in the medium. Sodium¬ 
-phosphate buff'er of p H 7 - 0 ( / 0 - 1 ) , Caporheine 
4 - 7 i J . m o i r ' ; A „ . 3 2 0 n m and 3 7 0 n m 

FIG. 5 

Processing of polarization titration data ac­
cording t o Scatchard. T h e experimental 
condi t ions are identical with those in Fig. 4 . 
The relative quantity of aporheine bound 
to the enzyme {x), Mf indicates the con­
centration o f free e n z y m e subunits in (Jmol . 
. 1 " " ' ; the value of the dissociat ion constant 
(negative reciprocal s lope of the obta ined 
curve) equals 21 n m o l P ' ; the molar binding 
ratio o f the act ive center o f the e n z y m e t o 
aporheine (the intercept of the axis x) is 
equal to 0 - 8 9 

C o l l e c t i o n Czec t ios lovak Chem. C o m m u n . [ V o l . 47] [1982] 
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effect of aporhe ine a n d o-phenanthro l ine (zinc chelat ing agent) (Fig. 2). D u r i n g the 
b ind ing of these two inhib i tors to A D H there occurs a slight labil izat ion of the cor­
re spond ing complexes which con ta in b o t h s imul taneously b o u n d c o m p o u n d s . 
Aporhe ine (/) a n d 13-ethylberberine are mutua l ly compet i t ive a n d the ob ta ined 
s t ra ight lines t ake a paral le l course (Fig. 3). A similar dependence is to be seen in the 
presence of ch lo ropro th ixene . Tlie berber ine a lkaloids a n d the p s y c h o p h a r m a c a 
of ch loropro th ixene type b ind t o the extensive h y d r o p h o b i c A D H subs t ra te site 
("act ive site p o c k e t " ) t o occupy t w o very close b inding s i t e s ' " ' ' ' * . Consequent ly , 
the aporhe ine a lkaloids are in all p robabi l i ty b o u n d to the same site of the enzyme. 

T h e fluorescence measurement s have shown tha t when aporhe ine (/) b inds to A D H 
it comes to a slight increase in the intensi ty of the fluorescence of aporhe ine (Fig. 4). 
A similar p h e n o m e n o n is observed in h y d r o p h o b i c solvents . The b inding site of A D H 
for a p o r p h i n e a lkaloids is in agreement wi th the assumed h y d r o p h o b i c na tu re . 
O n the basis of the graphical t r ea tmen t of the da t a of polar iz ing t i t ra t ion (Sca tchard ' s 
D i a g r a m — Fig. 5, p lo t accord ing t o Eisenthal a n d C o r n i s h - B o w d e n " ) , the value 
of the dissociat ion cons tan t of the b inary complex A D H - a p o r h e i n e has been de­
t e rmined as 20 — 25 i - i m o l l " ' , a n d tha t of the s techiometry of in terac t ion between 
apo rhe ine a n d the active center of the enzyme app roaches the value 1-0. This is in agree­
m e n t wi th the a s sumed existence of one b ind ing site for apo rph ine a lkaloids in the 
active A D H center . The value of the dissociat ion cons tan ts of the b inary complex 
app roaches values of the inhibi t ion cons tan t s given in Tab le I I . 

The measu remen t s of the polar iza t ion of fluorescence provide confi rmatory evi­
dence for the stabil izat ion of the A D H - a p o r h e i n e complex in the presence of the 
coenzyme. Addi t ion of N A D to the mixture of A D H a n d aporhe ine in unsa tu ra t ed 
concen t ra t ions of the enzyme brings a b o u t a further increase in polar iza t ion . A similar 
s tabihzing N A D effect on the b ind ing to the enzyme has also been observed in o the r 
l igands which are b o u n d to the subs t ra te A D H d o m a i n , e.g. in a u r a m i n e O ( ref . ' ' ' ' ^° ) 
c h l o r o p r o t h i x e n e " , a n d acr idine orange*. 
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