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Table II. Response's of honey bees to either 1% nitrobenzene vs. Nujol Table III. Responses of honey bees to 1% nitrobenzene vs. 1% 
or 1% nitrobenzene-d 6 vs. Nujol when conditioned to 1% nitrobenzene nitrobenzene-d 5 when conditioned to 1% nitrobenzene 

Time test Time for 50 bees Bees responding Bees responding Time test Time for 50 bees Bees responding Bees responding 
began (h) to land (min) to nitrobenzene to nitrobenzene- began (h) to land (min) to nitrobenzene to nitrobenzene- 

(%) ' d~ (%) (%) d5 (%) 

09.52 5.5 68 09.04 4.5 54 46 
10.26 5 56 09.55 4.5 52 48 
11.15 6 70 10.50 5 46 54 
11.52 5.5 64 11.34 5 42 58 
13.24 6.5 62 13.02 3.5 54 46 
14.10 4 62 13.41 4.5 54 46 
14.51 4 48 14.30 5 56 44 
15.34 5.5 66 15.11 8.5 46 54 
Mean 62 62 Mean 51 " 49 

peaks  assignable to  - N O  2 were shif ted by  interact ions .  
Thus,  aside f rom some s imi lar i ty  in the  peaks  assigned to  
-NO~ s t re tch ing  near  1525 and 1350 cm -1, the  spec t ra  of 
n i t robenzene  and n i t robenzene-d  s have  no peaks  in 
common;  

A b ioassay  t h a t  utilizes honey  bees, Apis melli]era L. 7, 
was employed.  Bees were condi t ioned  for 6 h to associate 
the  odor of 1 ~o chemical  in mineral  oil wi th  the  avai labi l i ty  
of 30% sucrose solution. Test  scents  were p u t  onto  fi l ter  
pape r  in each of 6 beakers  5 cm below the  a roma  por ts  of 
a t e s t  a rena  t h a t  ro t a t ed  at  1/3 rpm.  A meta l  screen was 
placed over  each por t  and changed af ter  a bee had  landed 
to reduce the  p robab i l i ty  t h a t  bee odor influenced the  
select ion of an a roma por t  by  the  bees s. The results  of a t  
least  4 tes ts  (50 visi ts  per  test) were used to calculate a 
pooled chi square  value which  de t e rmined  the  s ta t is t ica l  
s ignificance of-our results.  

Results. W h e n  bees were al lowed to choose be tween  1% 
n i t robenzene  and  1% benza ldehyde ,  bo th  odors descr ibed a 
as ' b i t t e r  a lmond ' ,  the  results  (Table I) showed conclusively 
t h a t  bees d is t inguished be tween  these  2 similar  compounds  
wi th  73.5% of the  bees respond ing  to benza ldehyde  
(P  < 0.01). 

W h e n  bees were condi t ioned  to n i t robenzene  and were 
al lowed to  choose be tween  n i t robenzene  vs. control  or 
n i t robenzene-ds  vs. control ,  the  higher  number s  of bees 
vis i t ing scented  beakers  (Table II) were highly  s ignif icant  
( P  < 0.01), Al though  n i t robenzene  vapor  can be poisonous 
to  some animals  and  benza ldehyde  is somet imes  used as a 
bee repellent ,  t he  condi t ioned  bees did use t he  a romas  to 
f ind sugar solution. The minu tes  elapsed in each tes t  
before 50 bees landed did no t  indicate  any  delay in 
response  to  the  deu te ra t ed  c o m p o u n d  as compared  wi th  
the  undeu te ra ted .  Thus,  bees condi t ioned  to  n i t robenzene  
r e sponded  ident ical ly  to b o t h  isotopic analogs. 

In  a more  cri t ical  compar ison  the  bees chose be tween  
3 beakers  t h a t  con ta ined  1% n i t robenzene  and 3 t h a t  
con ta ined  1% n i t robenzene-d  5. The resul ts  fu r the r  
suppor t  the  con ten t ion  t h a t  condi t ioned  bees did no t  
d is t inguish  n i t robenzene  f rom n i t robenzene-d  5 (Table I f  I). 

Discussion. Presen t  indica t ions  are t h a t  the receptor  
cells for olfact ion in honey  bees, like those in melon flies 
and ants ,  do no t  allow the  insect  to d is t inguish isotopic 
analogs of cer ta in  odorous chemicals.  Such f indings 
a u g m e n t  o the r  resul ts  based  on odor  differences in 
enan tomers  9 to  suppor t  a concep t  t h a t  electronic s t ruc tu re  
and force fields are involved in odor discr iminat ion.  

Zusammen/assung. Honigbienen,  Apis melli/era L., 
wurden  dressiert ,  Zuckers i rup an Stellen zu sammeln  die 
mi t  Ni t robenzol  mark ie r t  waren.  W e n n  Ni t robenzol  oder  
Nitrobenzol-d~ zur Auswahl  s tanden,  k o n n t en  die Bienen 
n ich t  zwischen diesen Analogen unterscheiden.  Dieses 
Ergebnis  s t i m m t  init  der  ~be r l egung  iiberein, dass  die 
Chemorezep to rmechan i smen  mi t  E l e k t r o n e n m u s t e r n  oder  
-effekten zusammenh/ ingen  und n ich t  auf Oszillations- 
und Rota t ions f requenz ,  D i p o l m o m e n t  oder  anderen  
Masseneffekten an Molekiilen beruhen.  
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P l a s m a  P r e - a - l i p o p r o t e i n s  i n  E t h i o n i n e  I n d u c e d  F a t t y  L i v e r  i n  R a t s  

I t  is well known  t h a t  e th ionine  interferes  wi th  t he  
syn thes i s  of fl-, pre-fl- and ~-l ipoprotein in the  l iver l-a. 
No effect  of e th ionine  on pre-e- l ipoprote in ,  however ,  has  
been repor ted ,  i n  the  p resen t  communica t i on  a very  
specific effect  on pre-e- l ipopro te in  syn thes i s  in the  l iver 
by  e th ionine  t r e a t m e n t  is repor ted.  

Female  ra t s  of Wis ta r  s train,  hav ing  a mean  weight  of 
200 g, were used. All ra t s  were fed on a diet  rich in carbo-  
h y d ra t e s  for 24 h toge ther  wi th  dr inking wa te r  enr iched 
wi th  20% D-glucose. The animals  were t hen  fas ted for 
24 h and given e th ionine  inject ions i.p., 4 in ject ions  of 
50 mg each 2. The fas t ing  control  ra ts  received 0.9% NaC1 
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Lipoprotein electropherograms of rat plasma. N, normal fasting 
control animals; E, rats with ethionine induced fatty liver; 1, fi-lipo- 
protein; 2, Prefl-lipoprotein; 3, ~-lipoprotein; 4, Pre-cc-lipoprotein. 

in ject ions  only. After  t he  infusions,  the  animals  were 
given only dr inking wa te r  w i t h o u t  glucose. 24 h later,  the  
ra t s  were exsanguina ted  by  hea r t  punc tu re  (under  e ther  
narcosis). 

The l iver was r emoved  for macroscopica l  and  micro- 
scopial invest igat ions .  A f u h n i n a n t  f a t t y  l iver was 
developed in the  e th ionine  t r ea t ed  rats,  ev idenced macro- 
scopically by  an increase in liver weigh t  and  a yel low 
appearance  and verif ied by  microscopy af ter  Sudan  
staining.  

L ipopro te in  e lect rophoresis  was pe r fo rmed  on 1% 
agarose gel as recent ly  r epor ted  ~. Analyses  of p l a sma  
t r iglycer ides  were pe r fo rmed  according to  LAIJR~LL 5 and 
p lasmacholes te ro l  was de t e rmined  according to CARR and 
DREKTER~. The homogen iza t ion  of l iver t issue and deter-  
ruinat ion of l iver l ipids were carr ied out  according to  
FoLc~I et  slY. P l a sma  free f a t t y  acids were de t e rmined  by  
a micro m e t h o d  of DOLE and  M~EINERTZ s. 

In  control  animals  the  pre-e-Lp showed a heavy  up take  
of fat  s ta in  (Figure) ind ica t ing  t h a t  p re -~-LP is an impor-  
t a n t  t r anspo r t  vehicle for l ipids in ra t  p lasma.  E th ion ine  
t r e a t m e n t  p roduced  a specific lowering of the  p re -~-LP 
level in p l a s ma  (Figure). The reason for th is  is still unclear  
and  has to  be fu r the r  inves t iga ted .  

I t  has  been previous ly  suggested t h a t  pre-c~-LP is a 
genuine l ipoprote in  carrying main ly  lysoleci thin and 
small  amoun t s  of neut ra l  lipids, p r e sumab ly  t r iglycer ides  9. 
Others,  however ,  r epor ted  t h a t  the  p r e - e - L P  is ident ical  
w i th  the  a l b u m i n - F F A  complex  ~~ n. Tile specific reduc-  
t ion in p r e - e - L P  level (Figure) by  e th ionine  t r e a t m e n t  
d e m o n s t r a t e d  in th is  s tudy,  canno t  be re la ted  to  a 
decrease in the  a l b u m i n - F F A  complex,  since the  F F A  
level was found to be increased in the  same animals.  This  
observa t ion  agrees w i th  the  previous  r epor t  9 t h a t  the  
pre~e-LP (densi ty  > 1.21) is a genuine l ipopro te in  and no t  
ident ical  wi th  the  a lbumin  F F A  complex.  Since F F A  are 
bound  to a lbumin  in the  per iphera l  adipose tissue, t he  
reduc t ion  in the  pre-m-LP canno t  be re la ted to reduced  
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Effect of ethionine on plasma and liver.lipids 

Treatment Cholesterol 

Plasma Liver 
(mg/100 ml) (mg/tissue) b 

Triglycerides Free fatty acids Total protein 

Plasma Liver Plasma Plasma 
(mg/100 ml) (mg/g tissue) b QxEquiv./1) (g/100 ml) 

None Controis 47.0 4.0 

Ethionine 14.0 5.7 

89.0 26.0 633 i 41~ 5.2 

32.0 74.0 741 -E 124a 5.0 

One standard deviation, b Wet weight. 
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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 .  
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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 .  

W. GAMBLE 6 

Pectin methylesterase activity in developing cacao fruit 

Stage ~moles Methoxyl/mg protein 

Biochemistry Department, University o/ Science and 
Technology, Kumasi (Ghana), 78 August 7972. 

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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