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ca lc ium c o n t e n t  d e t e r m i n e d  b y  a t o m i c  a b s o r p t i o n  
spec t rome t ry .  The  Tab le  shows t he  va lues  co r re spond ing  
to  10 expe r imen t s .  The  increas ing  cel lular  ca lc ium c o n t e n t  
(Table) ind ica tes  t h a t  u n d e r  these  e x p e r i m e n t a l  cond i t ions  
t he  v a r i a t i o n  of t h e  ex t r ace l lu l a r  Ca 2 + c o n c e n t r a t i o n  seems 
to  af fec t  t h e  f lux  of Ca 2+ in to  t he  cells, a n d  t h a t  i t  is 
v e r y  l ikely t h a t  t he  change  in t he  in t r ace l lu la r  ca lc ium 
m i g h t  be  i nvo lved  in the  obse rved  inh ib i t i on  of phos-  
phol ip id  synthes is .  

8 This work has been supported by the Ministerium ftir Wissen- 
sehaft und Forsehung des Landes Nordrhein-WesffaIen. 

Summary. High  ex t race l lu la r  c o n c e n t r a t i o n  of Ca 2+ 
inh ib i t s  t h e  i nco rpo ra t i on  of ~2p in to  t h e  cel lular  phos-  
phol ip ids .  This  effect  is more  s ign i f ican t  in neop las t i c  
t h a n  in n o r m a l  cells, a n d  i t  is a c c o m p a n i e d  b y  an  increase  
of the  p e r c e n t u a l  i n c o r p o r a t i o n  in to  t h e  lec i th in  f rac t ion .  
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The Composition and Utilization of Lipids and the 
the Germination of Lupinus Seeds 

The  g lyoxyla te  cycle p rov ides  a m e c h a n i s m  for t h e  
convers ion  of fa t s  in to  sugars  in  endospe rms ,  w h i c h  are  
pa r t i cu l a r l y  r ich  in l ipids 1-a. R e c e n t l y  we rusted *, 5 t h a t  
seeds of Lupinus cu l t iva r s  (in d ico ty ledons  the seed con-  
t a in s  t h e  e m b r y o  t h a t  consis ts  of an  axis,  t he  hypoco ty l ,  
bea r ing  2 coty ledons) ,  a p p a r e n t l y  free o f e n d o s p e r m ,  are  
pa r t i cu l a r l y  r ich  in  l ipids in t he  cotyledons.  Fo r  th i s  

"reason we p r e p a r e d  a n  oil a n d  inves t i ga t ed  t he  compos i t i on  
of t he  l ipid classes f rom 0 t i m e  to  t he  24 th  day  of ge rmina-  
t ion.  The  presence  a n d  o p e r a t i v i t y  of t he  two key  enzymes  
of t he  g lyoxy la t e  cycle, i soc i t ra te  lyase  a n d  m a l a t e  
syn thase ,  were also d e m o n s t r a t e d .  

Seed germination. Seeds of Lupinus cu l t iva r s  ( the 
biological  ma te r i a l s  were a b o u t  1-year-old) were germi-  
n a t e d  on d a m p e n e d  p a p e r  in  Pe t r i  dishes w i t h  dis t i l led  
w a t e r  a t  r oom t e m p e r a t u r e  in  dif fused day l igh t .  T h e  
e x p e r i m e n t a l  pe r iod  was f rom October  1 to  May  30. 

Lipids extraction and assay. The  e x t r a c t i o n  of l ipid 
m a t e r i a l  was  o b t a i n e d  b y  t he  m e t h o d  of FOLCH et  al. 6. 
The  t o t a l  l ipids were  d e t e r m i n e d  b y  weighing  2. The  oil 
was o b t a i n e d  f rom g r o u n d  Lupinus cu l t iva r s  seeds b y  
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Fig. 1. Triglyeeride content from 0 time to the 24th day of germina- 
tion. The values are expressed as mg per cotyledon. In the inset, the 
log of the triglyeeride content is reported against the time of germina- 

t i o n .  

Operativity of the Glyoxylate Cycle During 

c o n t i n u o u s  so lven t  e x t r a c t i o n  w i t h  n -hexane  for 24 h 
in a Soxh le t  a p p a r a t u s .  T h e  oil f rom seeds wh ich  h a d  
been  g e r m i n a t i n g  for  10 days  was o b t a i n e d  b y  t h e  same  
me t h o d .  T h e  f a t t y  acids compos i t i on  of t h e  whole  oil was  
i n v e s t i g a t e d  b y  GLC of t h e  m e t h y l  esters.  Mass spec t r a  
were also pe r fo rmed  to conf i rm these  f indings,  w i t h  Pe rk in -  
E l m e r  i n s t r u m e n t  Model  270 S a t  70 eV. Fo r  t h e  s e p a r a t i o n  
of t h e  l ipid classes, we used TLC on silica gel, as descr ibed 
b y  ~IALiNS a n d  MANGOLD 7. T h e  t r ig lycer ide  f rac t ion  was 
scraped  f rom the  p la te ,  e lu ted  w i t h  e thy l  e the r  and  
ana lyzed  for f a t t y  acids compos i t i on  b y  gas- l iquid chro-  
m a t o g r a p h y  of t h e  m e t h y l  esters.  The  analys is  was car-  
r ied  ou t  a t  170~ on a c o l u m n  2.5 m in length,  3.4 m m  
i.d. packed  w i t h  15% d i e t h y l e n e  glycol  succ ina te  on  80 
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Fig. 3. TLC of the lipid classes. A) and C) CHCIa~eOH extraction 
at 0 time and the 10th day of Germination. t3) and D) Hexane 
extraction (oil) at 0 time and the 10th day of germination. 

Table I. Total lipids content from 0 time to the 24th day of germina- 
tion 

Days of germination 

0 4 8 12 14 16 20 24 
Lipids (rag) 53 32 28 30 10 11 8 9 

The lipid values are expressed in rag per cotyledon. 
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Table II. Percentage of total fatty acids (hexane extraction) and fatty acids of the triglyceride fraction (CHC13-MeOH extraction) at 0 time 
and at the 10th day of germination 

Acids 0 time 10th day 

Fatty acid content (%) Fatty acid content (%) Fatty acid content (%) Fatty acid content (%) 
(hexane extraction by Soxhlet) (CHC13-MeOH extraction) (hexane extraction by Soxhlet) (CHCIs-MeOH extraction) 

Palmitic 10.45 6.6 7.78 7.77 
Palmitoleic 0.3 traces traces traces 
Stearic 1.76 1.2 1.1 0.67 
Oleic 48.2 54.46 48.96 49.84 
Lilmleic 9.9 13.70 22.09 25.61 
C : 20 0.92 traces 1.15 traces 
C:18 + C:20- 16.18 17.31 14.08 14.35 
C : 22 7.63 4.06 3.68 1.27 
C:22- 4.11 2.06 1.06 0.48 
C : 24 0.55 traces traces traces 

to 90 mesh  A n a k r o m  ABS.  Areas  under  the  peaks  were 
calculated by  t r i angu la t ion  to  de te rmine  the  percentage  
of f a t t y  acids. The to ta l  t r ig lycer ide  con ten t  was deter-  
mined  wi th  respect  to an in ternal  s t anda rd  of t r ipa lmi t in .  

Prepam, t ion o/ enzyme exlrac! and  assays. The enzymat i c  
ex t rac t s  were p repa red  by the  m e t h o d  of VINCENZlNI et  
al. s. The isoci t ra te  lyase and mala te  syn thase  act ivi t ies  
were assayed at  25~ wi th  cont inuous  opt ical  method% 
sl ight ly  modif ied by  us 10. 

Reagents. Tween 80 and mercap toe thano l  were pur-  
chased f rom Fluka  A.G. Buchs.  Subs t ra tes  were f rom 
Boehringer ,  Mannheim.  Tris, E D T A  and all o ther  prod-  
ucts  were ob ta ined  f rom Merck. 

Results  and discussion. The p h o t o g r a p h  (Figure 3) 
shows the  TI,C of the  lipid ex t r ac t  at  0 t ime of germina-  
t ion (A and B) and on the  10th day  of germina t ion  (C and 
D); B and D, oil composi t ion,  A and C CHCla-MeOH 
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Fig. 2a) Malate synthase activity from 0 time to the 24th day of 
germination. The enzymatic activities are expressed as {zmoles of 
substrate transformed per nfin per cotyledon, b) Isocitrate lyase 
activity from 0 time to the 24th day of germination. The enzymatic 
activities are expressed as ~zlnoles of substrate transformed per rain 
per cotyledon. 

composi t ion.  The exper iments  show t h a t  the  qua l i t a t ive  
compos i t ion  is the  same. Beginning at  t he  t op  of the  
p h o t o g r a p h  and reading downward ,  we note  sterol  esters, 
t r iglyeerides,  free f a t t y  acids, sterols and diglycerides and  
phosphol ipids .  Quan t i t a t ive  differences in the  t r iglycer ide 
con ten t  are ev iden t  be tween 0 t ime  and  10th d a y  of 
germina t ion  for b o t h  ex t rac t ion  procedures  used (Figure 
1). Table I shows the  to ta l  l ipids levels f rom 0 t ime  to  
the  24th day of germina t ion ;  there  is an ev iden t  lipid 
catabol ism.  The t r ig lycer ide  con ten t  of the  seeds dur ing  
the  same inves t iga ted  per iod is r epor ted  in Figure  1; 
there  is an ev iden t  hyperbol ic  outline, as in a f irst  order  
reaction,  i n  fact, repor t ing  the  log of the  t r iglycer ide 
level value versus the  days  of germinat ion,  we ob ta ined  a 
s t r a igh t  line, as can be seen in the  inset. The  t /2 is 6 days  
and the  k (velocity co n s t an t  of the  reaction) is 0.115 
days  -1 

Table II  shows the  percentages  of the  to ta l  f a t t y  acids 
in t he  oil a t  0 t ime and af ter  10 days  of germinat ion .  As 
can be seen, a parallel  inves t iga t ion  pe r fo rmed  on the  
CHC13-MeOH ex t rac t  of the  seeds at  the  same period of 
germina t ion  does no t  show signif icant  var ia t ion  in the  
percentages .  On the  o ther  hand ,  some q u a n t i t a t i v e  dif- 
ferences (part icular ly for Cls:~ C2~:o and C2~:1 ) were found  
by compar ing  the  percentages  of the  to ta l  f a t t y  acid 
con ten t  a t  0 t ime  and  at  the  10th day  of germinat ion .  
The C~s:2 percen tage  doubles and  the  percentages  of 
C22:0 and  C~2:1 decrease abou t  7 t imes.  The oil m a y  be 
suggested for possible a l imen ta ry  use because of its 
equi l ibrate  composi t ion  in u n s a t u r a t e d  f a t t y  acids and  
because of the  low concen t ra t ion  of erucic acid. All the  
f a t t y  acid me t h y l  esters  were identif ied,  no t  only by  
their  r e t en t ion  t imes  bu t  by  the i r  mass  spectra .  The  
ident i f ica t ion was pe r fo rmed  b y  compar i son  wi th  pure  
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standards. Mass spectra data were particularly useful to 
identify the peaks corresponding to the Cls:s and C20:1 
unresolved in our gas chromatographic conditions, and 
the minor component C2z:1. In the first case the MS of the 
unresolved chromatographic peak showed the presence 
of both the parent peaks of Cls:3 and C~0:1 at m/e 292, and 
324 respectively. The peaks at m/e 292 (M-32), m/e 236 
(M-56) and 223 (M-69) for Cls:3 and at m/e 292 (M-32), 
rn/e 250 (M-74) and m/e 208 (M-116) for C20:i were also 
observed. C~2:1 was identified by the parent peak occur- 
ring at m/e 352 and the characteristic peaks occurring at 
rn/e 320 (M-32), m/e 278 (M-74) and m/e 236 (M-116). 
Because the mass spectra of positional isomers, with 
double bond at position 6 : 7 or higher up in the chain are 
practically indistinguishable from those of methyl oleate, 
a comparison with GLC retention t ime with a pure 
standard of C22:1 was also performed to confirm our 
findings. 

Figures 2a and b show the isocitrate lyase and the 
malate synthase levels respectively during the observa- 
tion period. The key enzymes of the glyoxylate cycle 
increase together and reach their maximum at about the 
l l t h  day of germination. These data, compared with the 
results shown in Table I and in Figure 1, ~temonstrate 
that  the increase in enzyme levels corresponds to the 
days in which the lipid catabolism is more evident. 

To conclude, we demonstrated the presence and the 
operativity of the glyoxylate cycle in Lupinus seeds, and 
we confirmed the close correlation between this metabolic 
pathway and triglyceride catabolism. 

Summary. The levels of total  lipids and triglycerides 
were determined during germination of Lupinus seeds. 
The presence and operat ivi ty of the two key enzymes of 
the glyoxylate cycle, isocitrate lyase and malate synthase, 
were made clearly evident and correlated to lipid metab- 
olism. An oil, relatively free of erucic acid, was obtained 
from the seeds at 0 germination time. 

P. VANNI, M. T. VINCENZINI and 
F.  VINCIER111, 12 

Istituto di Chimica Biologica e di Chimica Farmaceutica 
dell' UniversitY, Viale Morgagni 50, 
1-50134 Firenze (Italy), 77 June 7975. 

1~ Research supported by grants from Ital ian C.N.R. and M.P.I. 
1~ Acknowledgment. We acknowledge the help of Ms. F. NEROZZI 

in some determinations. 

The Absence of an Inhibitory Effect of Metyrapone (2-methyl - l ,2-di  (3-pyridyl) propan-l-one)  
on Hepatic Microsomal Hydroxylation in Scurvy 

There is evidence tha t  the ability of the liver microsomal 
system to hydroxylate certain compounds is reduced 
in scurvy 1-3. 

DEGKWlTZ and STAUDINGER 8 have related the impaired 
hydroxylation of acetanilide in scurvy to a reduction 
in the cytochrome P-450 concentration. They pointed out 
that  this would not be inconsistent with an influence of 
asorbic acid on the biosynthesis of haem and in support 
of this they point out that  cytochrome b s too decreases 
in the microsomes of guinea-pigs deprived of ascorbic 
acid. FIELI)ING 4, in a similar type of experiment, also 
found a scurvy-induced reduction in the microsomal b 5 
but  found no evidence of a corresponding fall in the 
cytochrome P-450. 

An alternative, or complementary, possibility is that  
ascorbic acid influences the binding of t h e  enzyme to the 
substrate. Inhibitors such as Metyrapone act by inter- 
ference with this binding. An experiment was therefore 
designed to examine the effect of Metyrapone on the 
microsomal acetanilide-hydroxylating system from nor- 
mal and scorbutic guinea-pigs. 

Methods. 12 male Dunkin-Hartley guinea-pigs were 
given a semisynthetic scorbutogenic diet 5. 6 received a 
daily supplement of 5 mg ascorbic acid/! 00 g body-weight 
and 6 received no supplement. After 12 days the animals 
were killed by decapitation and exsanguination. Ascorbic 
acid concentrations were determined in 2 representative 
tissues, the spleen and adrenals 6. Liver microsomes were 
extracted in 3 volumes of ice-cold 1.10% potassium 
chloride solution followed by homogenization in a 
Potter-Elvehjem type homogenizer and centrifugation at 
9000 g at 0-4~ for 20 rain. The supernatant was centri- 
fuged at 38,000 g for 60 rain (MSE High Speed 18 
centrifuge) and the microsomal pellet washed and finally 
re-suspended in ice-cold 0.2M S6renson phosphate buffer 
(pH 7.4) to give a microsomal protein concentration of 
ca. 10 mg/ml. Liver microsomal protein was measured 

using the Folin-Ciocaltau reagent 7 and N-acetyl-p- 
aminophenol, the para-hydroxylated metabolite of 
acetanilide, by a modification of the method used by 
KRISCH and STAUDINGERS; no  interference by the 'X- 
product'  of KRATZ and STAUDINGER 9 was found. 

The hydroxylation incubation mixture contained 
2 ~zmoles nicotinamide adenine dinucleotide, 2 ~xmoles 
nicotinamide adenine dinucleotide phosphate, 2.5 [zmoles 
magnesium sulphate, 4 ~moles glucose-6-phosphate, 
20 ~zmoles nicotinamide, 0.2 ml 9000 g supernatant, 
1-2 mg microsomal protein and the appropriate substrate, 
in a volume of 1.2 mL All solutions were in 0.2 phosphate 
buffer, pH 7.4. Incubation was at 37 ~ and the reaction 
was stopped by the addition of 0.1 ml 20% trichloro- 
acetic acid. 

Results and comments. The concentrations of ascorbic 
acid in the spleen and adrenals respectively were 
1.7 =L 0.4 and 3.7 • 0.7 (rag/100 g fresh tissue) for the 
scorbutic animals and 11.9 ~z 1.2 and 41.7 • 6.5 for the 
control animals (mean values with standard errors). The 
influence of different Metyrapone concentrations on the 
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