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E x t r a c e l l u l a r  Ca .'.+ a n d  M g  z+ a nd  C e l l u l a r  M e t a b o l i s m  of  P h o s p h o l i p i d s  

The experimen~ml observa t ions  of several  au thors  
indicate  t h a t  Ca 2+ influences t he  morphology,  t h e  
phys io logy  and the  g rowth  of the  celD -5. In  the  p re sen t  
work, the  effects  of Ca ~+ and  Mg 2++ on the  me tabo l i sm  
of t he  cell phosphol ip ids  have  been  studied.  

6-7-day-old  Novikoff  h e p a t o m a  ascites g rowths  main-  
t a ined  by  weekly  t r a n s p l a n t a t i o n  in Ho lzman  rats ,  and  
liver ceils f rom norma l  animals  were used. The aseites 
ceils ob ta ined  f rom 3-animal groups were  washed  5 t imes  
wi th  cold saline, and  the  liver cells were obta ined ,  ac- 
cording to the  t echn ique  descr ibed elsewhere% The in- 
corpora t ion  of a2p was s tud ied  by  incuba t ion  of the  cells 
in a med ium containing,  0.9 g glucose, 6.5 g MAC1, 0.4 g 
KC1, 8.7 g H E P E S  (N-2-hydroxye thy lp iperaz in -N-2  
e thansul fonic  acid), 10 ml  100 x Minimal  Eagle  Vi tamins ,  
20 ml  50 • Minimal  Eagle  Amino Acids, 6 ml of 5% 
g lu tamine  and 500,000 U penicil l in dissolved in i 1 of 
dist i l led water ,  b rough t  to p H  7.4 wi th  2 N N a O H  and  
f i l tered t h rough  mill ipore m e m b r a n e  fil ter (0.2 am pore  
size). The concen t ra t ions  of Ca 2+ and Mg 2+ were ad jus t ed  
by  add i t ion  of the  required a m o u n t  of isotonic CaCI 2 and  
MgCl2 solutions.  In  each series of exper iments ,  ident ica l  
amoun t s  of cells suspended  in saline (10 to 20 mg of cell 
p ro te in  in each tube) were added  wi th  a final vo lume of 5 
ml. 250 ~Ci a~"P-orthophosphate in 5 Fg carr ier  phospho rus  
were added  to each tube,  and then  incuba ted  wi th  con- 
t inuous  shaking at  38~ for 6 h. Af ter  incuba t ion  0.1 
volume of 100% (w/v) t r ichloracet ic  acid solut ion was 
added  to each tube.  Af te r  s t and ing  ove rn igh t  a t  4~ 
cent r i fuged and washed  5 t imes  wi th  5% t r ichloracet ic  
acid, the  phosphol ip ids  were ex t rac ted  f rom the  res idual  
mater ia l  by means  of e thano l : ch lo ro form (1:1). An 
a l iquot  of the  ex t r ac t  was used for a2p m e a s u r e m e n t  in a 
l iquid scint i l la t ion counter .  The con ten t  of leci thin and  
cephal in  in the  ex t r ac t  was de te rmined  by  f rac t iona t ion  
on Alumina  co lumnsL  The residual mater ia l  a f te r  phos-  
phol ip id  ex t rac t ion  conta in ing  the  nucleic acids and  

phosphopr0 te ins  was  diges ted  wi th  1 N NaOH,  and  a2p 
coun ted  as descr ibed above.  

The Figure  shows the  resul ts  cor responding  to  7 series 
of expe r imen t s  w i th  ascites ceils and  5 series of experi-  
m e n t s  w i th  l iver ceils. T h e y  show t h a t  increasing con- 
cen t ra t ions  of Ca ~+ produce  a r emarkab le  inhib i t ion  of 
a2p incorpora t ion  in to  ascites cells phosphol ip ids .  Thus,  
wi th  a 0.05 M Ca ~+ this  up take  is only  1/5 (80% inhibi-  
t ion) of t h a t  cor responding  to  the  contro l  t ube  (wi thout  
Ca ~§ addit ion)  (Figure A). On the  cont rary ,  the  same 
concen t ra t ion  of Mg 2+ produces  only  a sl ight  inh ib i t ion  
(Figure B). The  a2P incorpora t ion  into liver phospho-  
lipids is no t  so grea t ly  af fec ted  by  a high concen t ra t ion  
of Ca 2+, and  a pla teau of abou t  40% inhib i t ion  was 
observed  for h igh  concen t ra t ions  (Figure C). As in t h e  
case of ascites cells, l iver cells are no t  s ignif icant ly  
inh ib i ted  by  Mg ~+ (Figure D). 

The a2p incorpora t ion  b y  the  res t  of p h o s p h o c o m p o u n d s  
(nucleic acids + phosphopro te ins )  is inhib i ted  to  a m u c h  
lower e x t e n t  t h a n  the  up take  by  phosphol ipids .  0.05 M 
Ca~+ decreases this  incorpora t ion  by  ascites cells and 
l iver cells in 38.5% and  11.9% respect ively.  Mg 2+ showed  
no effects on th is  uptake .  The ch roma tograph ic  analysis  
of the  a~P-labelled phosphol ip ids  indicates  t h a t  0.05 M 
Ca 2+ increases in 20-30% the  a~p incorpora t ion  in to  t he  
leci thin fract ion.  

The possible in ter ference  in the  metabo l i sm of P due 
to Ca ~+ prec ip i ta t ion  of p h o s p h a t e  ions, was tes ted  b y  
incuba t ion  in absence  of cells followed by  f i l t ra t ion t h r o u g h  
mill ipore fil ter (0.2 txm pore size). No signif icant  differences 
were observed be tween  the  contro l  and the o the r  tubes.  
In  addi t ion,  in order  to es tabl ish  if the  increasing Ca 2+ 
concen t ra t ion  affects  the  in t racel lular  calcium, ascites 
cells i ncuba ted  (under the  same exper imen ta l  condi t ions  
of the  expe r imen t s  wi th  Ca ~+ and  Mg ~+) wi th  d i f fe rent  
Ca 2+ concen t ra t ions  were washed  3 t imes  wi th  cold 
Ringer  solution,  d iges ted  in HCIO 4 + H N O  a, and the  
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Effects of extracellular Ca ~+ concentration on the intracellular 
content of calcium 

Ca 2+ concentration /~g Ca/rag cell protein 
(M) 

1 2 3 4 5 6 10 0.048 
Cation concentra t ion ,  M x 10 "2 0.024 

0.014 
Effects of Ca z+ and Mg ~+ concentration on a~p incorporation into 0.009 
phospholipids isolated from Novikoff hepatoma ascites and liver 0.0046 
cells (as % of the control assay). A) Ca 2+ in Novikoff ascites. I3} Mg ~+ 0.0023 
in Novikoff ascites. C) Ca 2+ in liver cells. D) Mg 2+ in liver cells. 
Mean value ~ SD corresponding to 7 experiments with ascites cells 
and 5 experiments with liver ceils. 

0.61 • 0.18 
0.22 ~ 0.05 
0.12 =L 0.02 
0.10 ~ 0.02 
0.09 -L 0.02 
0.09 i 0.02 

Mean value :~ SD of 10 experiments. 
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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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Innere Klinik und Polihlinik (Tumor/orschung), 
Klinikum der GHS Essen, Hu/elandstrasse 55, 
D-d300 Essen (German Federal Republic, BRD), 
27 May 7975. 

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. 


