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Summary. The  effect  of f rangu lan ine ,  a cyc lopep t ide  a lkaloid  isola ted f rom Hovenia dulcis T h u n b . ,  on  m i t o c h o n d r i a l  
swell ing was s tudied .  F r a n g u l a n i n e  induced  m i t o c h o n d r i a l  swell ing in 0.15 M KC1 so lu t ion  a t  the  c o n c e n t r a t i o n  of 6.5 
[xM. The  a lka lo id  showed ion se lec t iv i ty  on  t he  i n d u c t i o n  of m i t o c h o n d r i a l  swelling. U p o n  add i t i on  of f r angu lan ine ,  
m i t o c h o n d r i a  u n d e r w e n t  swell ing in 0.15 M KC1 or RbC1 solu t ion  b u t  in  ne i t he r  NaC1 nor  LiC1 solut ion.  

Recen t ly ,  a cyc lopep t ide  a lka lo id  f r angu l an i ne  ha s  been  
i so la ted  f rom Hovenia dulcis (Rhamnaceae )  1. The  confor-  
m a t i o n  a n d  c rys t a l  s t r u c t u r e  of t he  a lka lo id  ha s  been  
r epo r t ed  p rev ious ly  ~, a (figure 1). H o w e v e r  i t s  b iochemica l  
p rope r t i e s  are  ye t  u n k n o w n .  The  s t r u c t u r e  is v e r y  sug- 
ges t ive  of a n  a f f in i ty  w i t h  a lkal i  m e t a l  ions.  I t  was  
the re fo re  expec t ed  t h a t  t h e  pep t ide  a lka lo id  m a y  fo rm a 
complex  w i t h  a lka l i  m e t a l  ions and  ac t  as an  ionophore  
in biological  or a r t i f ic ia l  model  m e m b r a n e s .  This  com- 
m u n i c a t i o n  deals  w i t h  t he  a f f in i ty  of f r angu l an i ne  w i t h  
a lkal i  m e t a l  ions. I n  order  to  s t u d y  t he  a f f in i ty  of t he  
a lka lo id  w i t h  a lkal i  m e t a l  ions, i nduc t i on  of m i t o c h o n d r i a l  
swell ing b y  f r a n g u l a n i n e  was obse rved  in 0.15 M RbC1, 
KC1, NaC1 or  LiC1 solut ion.  I so la t ed  r a t  l iver  m i t o c h o n d r i a  
unde rgo  swell ing w i t h  u p t a k e  of w a t e r  a n d  solutes  w h e n  
exposed to  va r ious  k inds  of uncoup l ing  a g e n t s ,  and  cyclo- 
pep t ide  an t ib io t i c s  such  as v a l i n o m y c i n  5, ~. 
M i t o c h o n d r i a  h a v e  been s h o w n  to undergo  ion-se lec t ive  
swell ing u p o n  a d d i t i o n  of pep t ide  an t ib io t i c s  such  as 
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Fig. 1. Chemical formula of frangulanine. 
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Fig. 2. Ion selective induction 0f mitoehondrial swelling by frangul- 
anine. 

v a l i n o m y c i n  and  g ramic id in  A s - L  F r a n g u l a n i n e  showed  
ion se lec t iv i ty  on  t he  i n d u c t i o n  of m i t o c h o n d r i a l  swelling. 
Materials and methods. F r a n g u l a n i n e  was isola ted f rom 
dr ied and  c rushed  roo t  b a r k  of Hovenia dulcis T h u n b . ,  b y  
the  m e t h o d  as r epo r t ed  p rev ious ly  1, and  was used as a 
so lu t ion  of d i m e t h y l f o r m a m i d e .  T r i s - ( h y d r o x y m e t h y l ) -  
a m i n o m e t h a n e  and  v a l i n o m y c i n  were p u r c h a s e d  f rom 
S igma  P h a r m a c e u t i c a l  Co. and  Boehr inger ,  M a n n h e i m ,  
respect ively .  O t h e r  r eagen t s  were of t he  p u r e s t  g rade  
commerc ia l ly  avai lable .  
R a t  l iver  m i t o c h o n d r i a  were p r e p a r e d  b y  the  m e t h o d  of 
Schne ider  s b y  us ing  a m e d i u m  c o n t a i n i n g  0.25 YI sucrose, 
0.5 mM E D T A ,  and  20 mM Tris-HC1, p H  7.4. Mi tochon-  
dr ia l  swell ing was obse rved  b y  t r ac ing  t he  decrease  Of 
a b s o r b a n c e  a t  520 n m  b y  us ing  H i t a c h i  Record ing  Spec- 
t r o p h o t o m e t e r  E P S - 3 T .  Mi tochondr i a l  p ro te in  was as- 
sayed  b y  t h e  m e t h o d  of L o w r y  e t  a l ) .  
Results and discussion. The  effect  of f r angu lan ine  on  
m i t o c h o n d r i a l  swell ing was s tud ied  in 0.15 M LiC1, NaC1, 
KC1 or RbC1 solut ion,  buf fe red  in each  case b y  20 m M  
Tris-HC1, p H  7.4. As shown  in f igure 2, in KCI or  RbC1 
solut ion,  f r angu l an ine  a t  6.5 [zM caused m a r k e d  decrease  
of t he  a b s o r b a n c e  a t  520 nm,  showing  t he  i n d u c t i o n  of 
t he  m i t o c h o n d r i a l  swelling. The  swell ing induced  a t  lower 
c o n c e n t r a t i o n  of f r angu lan ine  (4.0 [zM) was acce le ra ted  b y  
a d d i t i o n  of v a l i n o m y c i n  (2.5 [xM). I n  con t ras t ,  m i t o c h o n -  
dr ia  in  0.15 M NaC1 or  LiC1 so lu t ion  were shown  n o t  to  
swell b y  t he  a d d i t i o n  of t he  a lkaloid ,  even  a t  t he  h ighe r  
c o n c e n t r a t i o n  (13 ~xM). These  resu l t s  a p p a r e n t l y  ind ica te  
t h a t  f r a n g u l a n i n e  shows ion se lec t iv i ty  on  the  i n d u c t i o n  
of m i t o c h o n d r i a l  swelling. 
This  ion se lec t iv i ty  of t h e  a lkaloid  m i g h t  be caused b y  t h e  
f o r m a t i o n  of a complex  w i t h  K+ or R b  + and  ac t  as an  
ionophore  in t h e  m i t o c h o n d r i a l  inne r  m e m b r a n e s  as does 
va l i nomyc in .  I t  would  the re fore  be  of g rea t  i n t e r e s t  to  
i nves t iga t e  w h e t h e r  t he  f o r m a t i o n  of a complex  wi th  K + 
is closely r e l a t ed  w i t h  t he  biological  s ignif icance of t he  
a lkaloid  in p lan t s .  Since such  a lka lo id  c o m p o u n d  ha s  been  
k n o w n  to  be  chief ly  local ized in the  roo t  b a r k  of Hovenia 
dulcis, i t  is possible  t h a t  t he  a lka lo id  m a y  be invo lved  in 
the  a b s o r p t i o n  of n u t r i e n t s  f rom the  soils, especial ly  a lkal i  
m e t a l  ions. 
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