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Effect  of!cadmium~_~ o n  ,~ tp~176176  . . . . . . . . .  s t ruc ture  and func t ion  in  ~ n o u s e / H v e r  

S. G a m u l i n ,  N .  Ca r  a n d  P .  N a r a n c s i k l  

Institute o/Pathological Physiology, Medical Faculty, University o/Zagreb, KiYpatideva 12, 
41000 Zagreb (Yugoslavia), 31 March 1977 

Summary. C a d m i u m  c h l o r i d e  i n j e c t e d  to  m i c e  (20 ~ m o l e s / k g )  p r o v o k e s  in  t h e  l i ve r s  a d e g r a d a t i o n  of  p o l y r i b o s o m e s  a n d  
d i m i n i s h e s  t h e i r  p r o t e i n  s y n t h e t i c  a b i l i t y  m e a s u r e d  in  v i t r o .  CdC12 a d d e d  in  a f i n a l  c o n c e n t r a t i o n s  b e t w e e n  30 a n d  
100 ~M to  t h e  p r o t e i n  s y n t h e t i c  ce l l - f ree  s y s t e m  d e r i v e d  f r o m  l i ve r s  of  c o n t r o l  m i c e  i n h i b i t s  i t s  a c t i v i t y .  

C a d m i u m  is b e c o m i n g  a n  i n c r e a s i n g l y  i m p o r t a n t  e n v i r o n -  
m e n t a l  t o x i c  a g e n t .  I t  p r o d u c e s  a w i d e  r a n g e  of  t o x i c  ef-  
f e c t s  ill m a n  a n d  a n i m a l  2-4. S o m e  e f f e c t s  of  c a d m i u m  o n  
p r o t e i n  a n d  n u c l e i c  a c i d  b i o s y n t h e s i s  h a v e  b e e n  d e s c r i b e d  
r e c e n t l y .  A f t e r  a d m i n i s t r a t i o n  of  c a d m i u m ,  c a d m i u m -  
b i n d i n g  p r o t e i n  a p p e a r s  in  t h e  c y t o s o l  of  r a t  l iver ,  a n d  i t  is 
p r o p o s e d  t h a t  c a d m i u m  i n d u c e s  i t s  s y n t h e s i s ,  s t i m u l a t i n g  
spec i f i c  m R N A  s y n t h e s i s  5, 8. A t  t h e  s a m e  t i m e ,  c a d m i u m  

i n h i b i t s  t e m p o r a r i l y  t h e  o v e r a l l  R N A - p o l y m e r a s e  a c t i v i t y  
a n d  d i m i n i s h e s  t h e  i n c o r p o r a t i o n  of  a r a d i o a c t i v e l y  la-  
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Fig. 1. Sedimentation pat tern of polyribosome fraction isolated from 
livers of a cadmium-treated and b control mice. The treated mice 
were injected i.p. with CdC12, 20 Exmoles/kg 1 h before killing. In 
three separate experiments similar results were obtained. 

b e l i e d  a m i n o a c i d  i n t o  l i ve r  p r o t e i n s  7. I n  p a r t i a l l y  h e p a -  
t e c t o m i z e d  r a t s ,  c a d m i u m  d e c r e a s e s  D N A  s y n t h e s i s  s. 
M o s t  c o n d i t i o n s  i n  w h i c h  t h e  r a t e  of  p r o t e i n  s y n t h e s i s  is 
d e c r e a s e d  a r e  a c c o m p a n i e d  b y  a d i s a g g r e g a t i o n  of  p o l y -  
r i b o s o m e s  a n d  b y  a n  i n c r e a s e  in  t h e  p r o p o r t i o n  of  m o n o -  
m e r i c  r i b o s o m e s  in  t h e  t o t a l  r i b o s o m a l  p o p u l a t i o n  of  t h e  
cell" .  I n  t h i s  p a p e r  we  s h a l l  p r e s e n t  a s i m i l a r  e f f ec t  p r o -  
v o k e d  b y  c a d m i u m  in  m o u s e  l iver .  
Materials and methods. M a l e  a l b i n o  m i c e  w e i g h i n g  2 5 - 3 0  g 
m a i n t a i n e d  o n  s t a n d a r d  ' P l i v a - Z a g r e b '  d i e t  a d  l i b i t u m  
w e r e  u s e d .  T h e  p o l y r i b o s o m e  f r a c t i o n  a n d  c y t o s o l  w e r e  
i s o l a t e d  f r o m  p o o l e d  l i ve r s  of  3 m i c e  a s  d e s c r i b e d  p r e -  
v i o u s l y  10 u s i n g  t h e  a - a m y l a s e  t r e a t m e n t  of  p o s t m i t o c h o n -  
d r i a l  s u p e r n a t a n t  for  i s o l a t i o n  of  p o l y r i b o s o m e s .  I n  t h e  
p r e s e n t  w o r k ,  ' B o e h r i n g e r '  ~ - a m y l a s e  w a s  u s e d .  
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Fig. 2. Effect of cadmium on protein synthesis in vitro. CdCl~ was 
added to cell-free systems derived from livers of control mice in the 
final concentrations indicated. The systems were incubated for 30 
min at 37 ~ The results are the means and SE of values obtained in 
three separate incubations. 

Protein synthesis in cell4ree systems derived from the livers of 
cadmium-treated and control mice 

Group Cell fraction 
Polyribosome Cytosol 

Incorporation of 14C- 
leueine into proteins 
cpm•  10-S/mg RNA 

1 Cadmium-treated Cadmium-treated 39.64 ~: 7.29* 
2 Cadmium-treated Control 43.31 :~ 5.90* 
3 Control Cadmium-treated 80.64 ~: 6.59 
4 Control Control 83.52 ~= 13.02 

The cell-free systems were composed from the cell fractions derived 
from livers of cadmium-treated or control mice. The mice were 
treated as described in figure 1. Cell-fractions were incubated for 30 
min in a system composed as described previously 9. Results are the 
means and SE of values obtained in 7 separate experiments; *indi- 
cates significant difference for Student 's  t-test with p < 0.05 be- 
tween a particular group and group 4. 
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To ana lyze  po ly r ibosome  s e d i m e n t a t i o n  p a t t e r n ,  a l iquo ts  
of po ly r ibosome  f r ac t ions  c o n t a i n i n g  approx .  0.05 mg  of 
R N A  were layered  Oil 14.5 ml  of 1 5 - 3 5 %  (w/w) convex  
sucrose d e n s i t y  g r a d i e n t  n .  Af te r  c en t r i f uga t i on  in a 
6 •  ml  M S E  swingou t  ro to r  for 4 h a t  4~ a n d  
110,000 x g  (ra~. 10.97 cm) t h e  g r ad i en t s  were d isplaced 
u p w a r d s  t h r o u g h  a P e r k i n - E l m e r  124 s p e c t r o p h o t o m e t e r  
a n d  e x t i n c t i o n  a t  260 n m  was c o n t i n u o u s l y  recorded.  
P r o t e i n  syn thes i s  in  a cell-free s y s t e m  was measu red  as 
descr ibed  p rev ious ly  1~ excep t  t h a t  cytosol  was  used 
(1.5 m g  of p ro t e in  pe r  0.5 ml  of i n c u b a t i o n  mix tu re )  in-  
s t ead  of p H  5 f rac t ion.  
Results and discussion. S e d i m e n t a t i o n  p a t t e r n  of t he  poly-  
r ibosome f rac t ion  der ived  f rom t he  l ivers  of mice ki l led 
1 h a f te r  i.p. i n j ec t ion  of 20 Fmoles /kg  c a d m i u m  chlor ide  
shows a h igh  increase  of t he  m o n o m e r i c  r ibosome p e a k  
a n d  a p a r t i a l  d i saggrega t ion  of h e a v y  po ly r ibosome  ag- 
grega tes  (figure 1). 
The  cell-free s y s t e m  composed  of po ly r ibosomes  and  cyto-  
sol i sola ted f rom the  l ivers  of c a d m i u m - t r e a t e d  mice ha s  a 
reduced  ab i l i t y  to  i nco r po r a t e  xaC-leucine in to  p ro t e in s  
( table).  The  cytosol  de r ived  f rom con t ro l  mice added  to  
t h e  cell-free s y s t e m  c o n t a i n i n g  po lyr ibosomes  p r e p a r e d  
f rom c a d m i u m - t r e a t e d  mice  d id  n o t  a l t e r  t h e  a c t i v i t y  of 

t he  sys tem.  Also t h e  cytosol  of c a d m i u m - t r e a t e d  mice did  
n o t  a f fec t  t h e  a c t i v i t y  of t he  po ly r ibosomes  de r ived  f rom 
con t ro l  an imals .  The  resu l t s  i nd i ca t e  t h a t  c a d m i u m  af- 
fects  t he  po ly r ibosome  f r ac t ion  r a t h e r  t h a n  t he  cytosol .  
C a d m i u m  chlor ide  a d d e d  to t he  cell-free s y s t e m  composed  
f rom po ly r ibosomes  a n d  t he  cy toso l  de r ived  f rom con t ro l  
mice in c o n c e n t r a t i o n s  b e t w e e n  30 and  100 FM decrease  
t he  ab i l i ty  of t he  s y s t e m  to i nco rpo ra t e  14C-leucine in to  
p ro t e in s  (figure 2). The  resu l t s  p r e sen t ed  ind ica t e  t h a t  
c a d m i u m  inh ib i t s  p r o t e i n  syn thes i s ,  a p p a r e n t l y  b y  pro-  
duc ing  a defec t  in  t h e  po ly r ibosome  f rac t ion ,  poss ib ly  
d a m a g i n g  e i the r  t h e  r ibosomes  or some r i b o s o m e - b o u n d  
fac to r  or fac tors  engaged  in p r o t e i n  syn thes i s .  I n  a d d i t i o n  
to t he  references  c i ted  5-8, the  descr ibed  effect  of c a d m i u m  
on  po ly r ibosome  s t r u c t u r e  a n d  f u n c t i o n  ind ica tes  a com- 
plex  effect  of th i s  tox ic  e l emen t  on  nucle ic  acid a n d  pro-  
t e i n  b iosyn thes i s .  More  de ta i l ed  s tud ies  of t he  e f fec t s  of 
c a d m i u m  on po ly r ibosome  s t r u c t u r e  a n d  func t i on  a n d  
R N A  b iosyn thes i s  could  lead to a b e t t e r  u n d e r s t a n d i n g  of 
t he  m e c h a n i s m  of c a d m i u m - p r o d u c e d  cell damage .  Th i s  
is t he  sub j ec t  of our  f u r t h e r  inves t iga t ions .  

11 H. Noll, in: Techniques in protein biosynthesis, vol. 2, p. 101. 
Academic Press, London and New York 1969. 

Mechanism of potassium deficiency-induced retardation of chlorophyll 
biosynthesis in Zea mays 

A. O. Lawanson ,  O. O. O t u s a n y a  a n d  D. A. Akomolede  

Biology Department, University o~ I/e, Ile-I/e (Nigeria), 10 September 1976 

Summary. P o t a s s i u m  def ic iency decreased  t he  f o r m a t i o n  of p r o t o c h l o r o p h y l l  a n d  r e t a r d e d  t he  r a t e  of t ra~nsformation 
of p r o t o c h l o r o p h y l l  to  ch lo rophy l l  in  maize  seedlings.  

The  r e t a r d a t i o n  of ch lo rophy l l  f o r m a t i o n  d u r i n g  po tas -  
s i um def ic iency is we l l -documented1 ,% b u t  t he  m e c h a -  
n i s m  of th i s  effect  is n o t  ful ly  u n d e r s t o o d  2,3. Such  a n  
effect  m a y  be due,  a m o n g s t  o t h e r  th ings ,  to  a decreased  
f o r m a t i o n  of p ro toch lo rophy l l ,  or to  a decreased  ra t e  of 
conve r s ion  of p r o t o c h l o r o p h y l l  to  ch lorophyl l .  In  t h i s  
repor t ,  i nves t i ga t i ons  are descr ibed  wh ich  were car r ied  
o u t  to  t e s t  these  hypo theses .  
Materials and methods. Seedl ings of Zea m a y s  Linn.  cv  
NS1  were ra ised  u n d e r  p o t a s s i u m  def ic iency a n d  ful l  

n u t r i e n t  regimes  as p rev ious ly  descr ibed  4. On t he  7 th  day,  
a n d  a t  i n t e rva l s  of 3 or  4 days  the rea f t e r ,  ch lorophyl l s  
were e x t r a c t e d  f r o m  shoots  h a r v e s t e d  a t  r a n d o m  f r o m  

1 E . J .  Hewit, in: Plant Physiology, A Treatise, vol. III, p. 137. 
Ed. F. C. Steward. Academic Press, New York and London 1963. 

2 H.J .  Evans and G. J. Sorger, A. Rev. P1. Physiol. 17, 47 (1966). 
3 B .F .  Burnham and J. Lascelles, Biochem. J. 87, 462 (1963). 
4 A.O. Lawanson, ]3.13. Akindele, P. ]3. Fasalojo and B. L. Akpe, 

Z. Pflanzenphysiol. 56, 251 (1972). 
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Fig. 1. Time-course of protochlorophyll formation in seedlings of 
Zea mays maintained under potassium deficiency (-K) and full 
nutrient (FN) conditions. SD varied between 0.1 and 0.5. 

1600 

= 1200 

_s 800 

~- 400 

o ~  0 
o ~ 

> -o -400 

"5---o 
. o -800 

-1200 
0 

~ - K  
i v  

% 
% 

12 I'8 days 
Time after commencement of feeding 
with nutrient solution 

Fig. 2. Rate of conversion of protochlorophyll to chlorophyll in 
S e e d l i n g s  of Zea mays maintained under potassium deficiency (-K) 
and full nutrient (FN) conditions. 


