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b i n d i n g  be tween  F F A  and  a l b u m i n  because  of t he  l iver  
d a m a g e  induced.  

I n  accordance  w i t h  p rev ious  studies~-~, 12 t he  p l a s m a  
n e u t r a l  l ip ids  were decreased  in t he  e th ion ine  t r e a t e d  ra t s  
w i t h  a c o n c u r r e n t  increase  in l iver  l ipids  (Table).  P l a s m a  
free f a t t y  acids were, on  t he  o the r  h a n d ,  increased  com- 
p a r e d  to  con t ro l  an i m a l s  (Table).  The  increased  F F A  
level  m a y  be r e l a t ed  to the  e n h a n c e d  e lec t rophore t i c  
n m b i l i t y  of t he  c~-LP (Figure) obse rved  in t he  e th ion ine  
t r e a t e d  ra t s  1~, ~4. 

Since p r e - e - L P  m i g h t  ho ld  a s u b s t a n t i a l  p a r t  of t he  
p l a s m a  l ip id  a n d  is af fected b y  hepa t i c  as well  as nu t r i -  
t i ona l  and  h o r m o n a l  fac tors  ~5, 4, i t  m a y  p l a y  an  i m p o r t a n t  
role in  l ip id  m e t a b o l i s m  a n d  in ce r t a in  hype r l i pop ro t e in -  
emias.  

Zusammen/assung. N a c h  E t h i o n i n - B e h a n d l u n g  wird  im 
R a t t e n p l a s m a  eine R e d u k t i o n  des P re - a -L ipop ro t e in s  
festgestel l t .  

L. E. WlLLE a n d  E. WALAAS 

Institute/or Medical Biochemistry, 
University o/Oslo, 
Karl Johans gate 47, Oslo (Norway)i 9 October 7972. 

12 N. !vL PAPADOPOULOS, C. M. BLOOR and J. C. STANDEFER, J. appl. 
Physiol. 26, 760 (1961). 

18 S. t{OGA, D. L. HORWITZ and A. M. SCANU, J. Lipid Res. 70, 577 
(1969). 

14 1~. SCHAFRIR, J. elin. Invest. 37, 1775 (1958). 
15 j .  ~)YERBERG and N. HJORNE, Clin. chim. Acta 28, 203 (1970). 

T h e  P r e s e n c e  of Pec t in  M e t h y l e s t e r a s e  in Cacao  Pulp  

An essent ia l  f i rs t  s tage in t h e  p r e p a r a t i o n  of cacao 
beans  ior  t he  m a r k e t  is t he  f e r m e n t a t i o n  or cur ing  
process.  D u r i n g  t he  f e r m e n t a t i o n  of t he  pu lp  t he  sugars  
are c o n v e r t e d  in to  alcohol.  S imul taneous ly ,  t he  cells of 
t he  pu lp  are b r o k e n  down.  T he  so lu t ions  wh ich  arise f rom 
t h e  f e r m e n t a t i o n  are cal led ' sweat ings ' .  P r e s u m a b l y ,  
pec t ic  enzymes  are i nvo lved  in t h e  l a t t e r  process.  H y d r o -  
lysis of the  pu lp  as observed  d u r i n g  the  cur ing  process also 
occurs  w i t h  r ipe f ru i t  before  i t  is r e m o v e d  f rom t he  pod.  
Comple te  pec t in  hydro lys i s  b y  pec t inase  m u s t  be  p receded  
b y  dees te r i f i ca t ion  b y  pec t in  m e t hy l e s t e r a s e  1. Therefore ,  
i t  was  decided to t e s t  for t he  presence  of pec t in  m e t h y l -  
es terase  and  e s t ima te  i ts  a c t i v i t y  in  the  pu lp  a t  va r ious  
s tages  of r ipeness .  Pec t in  m e t hy l e s t e r a s e  a c t i v i t y  increased  
as t h e  f ru i t  r ipened,  sugges t ing  t h a t  t he  e n z y m e  a c t i v i t y  
is increased  a t  a s tage  w h e n  t h e  pu lp  is to  be r e m o v e d  and  
t he  cacao seeds exposed.  

Experimental. The  f ru i t  of cacao (Amazon)  was ex t r ac t -  
ed w i t h  0 . 5 N  sod ium a c e t a t e  p H  7.8 (200 ml  per  pod) 
o v e r n i g h t  in t h e  cold, r e m o v i n g  t he  pu lp  f rom t he  b e a n s  
b y  c u t t i n g  w i t h  a sha rp  scapula.  T he  pu lp  was r e m o v e d  
w i t h o u t  d a m a g i n g  t he  beans .  T he  e x t r a c t  o b t a i n e d  b y  
d e c a # t i n g  t he  m i x t u r e  and  l eav ing  t he  beans  beh ind ,  was 
cen t r i fuged  a t  12,100 • g in  a Sorval l  r e f r ige ra ted  cent r i -  
fuge. The  l a t t e r  s u p e r n a t a n t  was  t he  c rude  e n z y m e  
ex t rac t .  Inso lub le  pu lp  was discarded.  A c t i v i t y  was 
d e t e r m i n e d  b y  m a i n t a i n i n g  t he  p H  c o n s t a n t  b y  t i t r a t i n g  
w i t h  0 .02N N a O H  us ing  0.5% pec t in  (10.86% m e t h o x y l  
con ten t )  in  0 . 1 M  NaC1 as t h e  s u b s t r a t e  2. A u n i t  of pec t in  
m e t h y l e s t e r a s e  a c t i v i t y  was def ined as t h a t  r e m o v i n g  1 
~zmole of m e t h o x y l  groups  in 10 ra in  a t  25 ~ 

Pec t in  me thy l e s t e r a s e  was pa r t i a l l y  pur i f ied  b y  frac- 
t i o n a t i n g  w i t h  50% a m m o n i u m  sulfate.  The  a c t i v i t y  
a p p e a r e d  in the  p rec ip i t a t e  f ract ion,  wh ich  was redissolved  
in 0.5 M sod ium ace t a t e  a n d  t he  inso luble  m a t e r i a l r e m o v e d  

b y  cen t r i fug ing  a t  12,100 • g. P r o t e i n  c o n t e n t  was  de te r -  
m i n e d  b y  t he  s t a n d a r d  K j e h l d a h l  me thod .  The  e n z y m e  
was pur i f i ed  a b o u t  55-fold (specific a c t i v i t y  of t he  c rude  
e x t r a c t  was 6 ~moles m e t h o x y l / m g  p r o t e i n  a n d  of t he  am-  
m o n i u m  su l fa te  f r ac t ion  330 ~zmoles m e t h o x y l / m g  prote in) .  

Results and discussion. I n  y o u n g  cacao pu lp  (70-120 
days)  no pec t in  me thy l e s t e r a se  a c t i v i t y  was de tec ted .  
A c t i v i t y  a p p e a r e d  in t he  r ipe  f ru i t  a n d  increased  w i t h  
degree of r ipeness  (as e s t i m a t e d  b y  color of t he  pod),  
Table .  A t  p H  5.0 no  s ign i f ican t  a c t i v i t y  was obse rved ;  
w i t h  increas ing  p H  the  a c t i v i t y  was e levated .  1.2, 1.6, 3.3, 
1.5 and  2.6 ~znloles m e t h o x y l / m g  p r o t e i n  were re leased a t  
p H  6.0, 6.5, 7.0, 7.5, and  8.0 respec t ive ly .  A c t i v i t y  was 
g rea tes t  a t  p H  7.0, b u t  i t  is h a z a r d o u s  to  conc lude  t he  
l a t t e r  is a n  o p t i m u m  pH,  as KERTESZ a has  ind ica ted .  The  
a p p a r e n t  increase  a t  p H  8.0 m a y  be  due  to s u b s t r a t e  
i n s t a b i l i t y  a. The  presence  of pec t in  m e t h y l e s t e r a s e  in t h e  
pu lp  a n d  i ts  increase  w i t h  degree of r ipeness  suggests  t h a t  
i t  is i m p o r t a n t  in  t h e  in i t ia l  s tages  of r e m o v a l  of t he  pu lp  
f rom the  bean.  Pec t in  me thy l e s t e r a se  a c t i v i t y  ha s  been  
found  to increase  w i t h  r ipeness  in  b a n a n a  4 a n d  tomatoS.  
I t  appea r s  t h a t  t h e  e n z y m e  .is i n v o l v e d  in t he  r i pen ing  
process  in  cacao. I n  t he  case of t h e  cacao, i t s  a c t i v i t y  m a y  
be  i m p o r t a n t  in  d e t e r m i n i n g  t h  e q u a l i t y  of t he  bean .  
The  pect ic  s u b s t a n c e  c o n t e n t  is, u n d o u b t l y ,  of i m p o r t a n c e  
in d e t e r m i n i n g  t h e  t e x t u r e  of cocao m a d e  f rom the  beans .  
Pec t in  me thy l e s t e r a se  can  be  emp loyed  in t h e  process ing  
of o range  juice, t o m a t o  aspic, sa lads  and  puddings .  Thus ,  
the  e n z y m e  is p o t e n t i a l l y  a n d  economica l ly  i m p o r t a n t  
b y - p r o d u c t  of t he  cacao i n d u s t r y  in  Ghana .  

Zusammen/assung. Die P e k t i n - M e t h y l e s t e r a s e  wurde  
aus  Kakao f ruch t f l e i s ch  (Amazon)  isol ier t  u n d  tei lweise 
gereinigt ,  wobei  die Fe rmen tak t i v i t /~ t  s ich m i t  z u n e h m e n -  
der  Reife  der  K a k a o b o h n e  e rh6hte .  
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Pectin methylesterase activity in developing cacao fruit 

Stage ~moles Methoxyl/mg protein 

Biochemistry Department, University o/ Science and 
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70 days * 
90 days * 

120 days * 
Ripe (175 185 days) 

I (greenish yellow) 3.3 
II (yellow) 4.0 

III (redish orange) 13.0 

* No detectable activity when tested under standard assay condi- 
tions. 
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