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The l inear i ty  of this funct ion in the  range of degresr of po lymer iza t ion  D P  ~-~ IOO-XOOO 
can be seen in Fig, I .  The condit ions of the  viscosi ty  measu remen t s  were chosen be- 
cause of the following considerations.  In  Fig. 2 the  concent ra t ion  dependence  of 
a n u m b e r  of polylysine.  H B r  samples  in salt-free aqueous  solut ion is given. I t  has 
been d e m o n s t r a t e d  tha t  ex t rapo la t ion  of curves of this k ind to c = o in order  to 
obta in  intr insic viscosities is not  feasible s. The concent ra t ion  of i o/ /o was chosen so 
as to avoid  work ing  in the  s teep region of the  curve,  and  in the  absence of added  salt  
viscosi ty values of reasonable m a g n i t u d e  are ob ta ined  even for po lymers  of r a the r  
low molecular  weight  (DP = IOO). 

The  most  serious d r awback  of the second m e t h o d  lies in the  following pecul iar  
behavior  of poly-L-lysine.  HBr ,  which is as ye t  not  unders tood.  The  po lymer  when 
kept  at  - -15  ° shows comple te  s t ab i l i ty  of its viscosi ty propert ies .  However ,  a t  room 
t e m p e r a t u r e  certain changes  t ake  place which result  in viscosi ty  increases. Thus 
the va lue  of ~lsp (c--- ,o,) ~ 2.5 in wate r  of a f reshly p repared  sariiple rose to 4.6 af ter  
keeping it in a desiccator  a t  room t e m p e r a t u r e  for four months .  This change is not  
due to  an increase in molecular  weight  of the  sample ,  as can be seen f rom the  fact 
tha t  the  po lyca rbobenzoxy lys ine  p repara t ions  m a d e  f rom the  fresh and  f rom the  
aged mate r ia l  had  the  same viscosity.  I t  is therefore clear t h a t  if a polylys ine  sample  
has been kep t  under  unfavorab le  or u n k n o w n  condi t ions  for a considerable  length 
of t ime,  the  first procedure  ( recarbobenzoxyla t ion)  for the  d e t e r m i n a t i o n  of its degree 
of po lymer iza t ion  m u s t  be employed .  

This work was suppor t ed  b y  a research g ran t  (FG-Is-Io4-60)  f rom the  U.S. De- 
p a r t m e n t  of Agricul ture .  
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Mitochondr ia l  f o r m a t i o n  and hydrolysis of  adenosine t r iphosphate  
in the presence of  some ra re -ear th  ions 

The in t ravenous  injection of re la t ive ly  smal l  a m o u n t s  of soluble salts of l a n t h a n u m ,  
cer ium, p r a s e o d y m i u m ,  n e o d y m i u m ,  and s a m a r i u m  causes in some species of ex- 
perin-tental animals ,  af ter  a lag period of 2 or 3 days,  an ex tens ive  accumula t ion  of 
lipids in the liver 1-5. I t  is r emarkab l e  tha t  these l an than ide  ions produce  a large 
increase in t r iglycerides and a smal ler  rise of phospholipids  of the mi tochondr ia ,  in 
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c o n t r a s t  to  o t h e r  f a t t y - l i v e r - p r o d u c i n g  agents ,  which  do no t  s ign i f ican t ly  change  t h e  
m i t o c h o n d r i a l  l ipid c o n t e n t L  In  add i t ion  the  metabo l ic  changes  b l o u g h t  a b o u t  b y  
rare  e a r t h s  h a v e  become  of increased  in te res t  since some of these  subs tances  h a v e  
beep d e t e c t e d  as fission p r o d u c t s  of nuc lea r  reac t ions .  

Ear l i e r  s tud ies  of o x i d a t i v e  p h o s p h o ~ q a t i o n  in m i t o c h o n d r i a  i sola ted  f rom f a t t y  
l ivers a f t e r  La  a+ or P r  a+ a d m i n i s t r a t i o n  h a v e  shown es sen t i a l l y  u n a l t e r e d  P /O  ra t ios  
u n d e r  some cond i t i ons  b u t  in o t h e r  ca.qes a defini te  uncoup l ing  effect ~. I t  b e c a m e  of 
i n t e r e s t  the re fo re  to  i n v es t i g a t e  in more  de ta i l  w h e t h e r  t he  toxic  effect of ra re  ea r t h s  
a n d  t he  changes  in l iver  l ipid m e t a b o l i s m  are due to  an  a l t e r a t i o n  in A T P  m e t a b o l i s m  
in m i t o c h o n d r i a .  

E x p e r i m e n t s  i l l u s t r a t ed  in Tab le  I show t h a t  Pr  ~+ or  La  a+ ions up  to  a concen-  
t r a t i o n  of I-  IO -4 M a d d e d  d i r e c t h ,  i n  7,it,,o to  no rma l  r a t - l ive r  m i t o c h o n d r i a  have  no 
effect on r e sp i r a t i on  or phosphor3da t ion ,  wi th  e i the r  f l - h y d r o x y b u t y r a t e  or , , -keto- 
g l u t a r a t e  a.s s u b s t r a t e .  E v e n  a f t e r  a 3o-min p r e i n c u b a t i o n  of the  m i t o c h o n d r i a  wi th  
t h e  sa l t s  of these  rare  e a r t h s  (at 2 °) o x i d a t i v e  p h o s p h o r y l a t i o n  was  no t  affected.  T h e r e  
was some u n c o u p l i n g  w i th  t h e  h ighes t  La  a+ c o n c e n t r a t i o n  t e s t ed  b u t  t he  significance 
of th i s  f ind ing  is ques t i onab l e  because  t h e  l a n t h a n i d e  ions p r ec ip i t a t e  f rom the  m e d i u m  
a t  these  c o n c e n t r a t i o n s ,  p r e s u m a b l y  as the  phospha te s .  These  e x p e r i m e n t s  were 
ca r r i ed  out  in t h e  presence  as well as in the  absence  of E D T A  wi th  no essent ia l  
d i f ference in t he  findings.  T h e  d i s t r i b u t i o n  of t he  E D T A  complexes  of the  rare  e a r t h s  
w i th in  t he  b o d y  differs f rom t h a t  of the  s imple  sa l t s  7 a n d  it  a p p e a r e d  possible t h a t  
t he  s t a t e  of ion iza t ion  of t h e  rare  e a r t h s  could also affect t he i r  p e n e t r a t i o n  in to  mi to-  

T A B L E  I 

O X I D A T I V E  P H O S P H O R Y L A T I O N  I N  T H E  P R E S E N C E  O F  R A R E - E A R T H  I O N S  

T h e  s a m e  m i t o c h o n d r i a l  s u s p e n s i o n  w a s  u s e d  in  E x p t .  t .  O x i d a t i v e  p h o s p h o r y l a t i o n  w a s  de -  
t e r m i n e d  a s  r e p o r t e d  ear l ie r* .  T h e  i n c u b a t i o n  m e d i u m  w a s  s o m e w h a t  t u r b i d  w i t h  t h e  h i g h e s t  
c o n c e n t r a t i o n s  o f  t h e  r a r e  e a r t h s .  T h e i r  m o l a r  c o n c e n t r a t i o n s  w e r e  t h e r e f o r e  s m a l l e r  t h a n  i n d i c a t e d  
b e c a u s e  o f  p r e c i p i t a t i o n  o f  r a r e - e a r t h  p h o s p h a t e s .  E x p e r i m e n t s  w i t h  a n d  w i t h o u t  E D T A  g a v e  t h o  
s a m e  r e s u l t s .  I n  E x p t .  2 t h e  r a r e  e a r t h s  w e r e  g i v e n  i n t r a v e n o u s l y  t o  f e m a l e  r a t s  6 h b e f o r e  i s o l a t i o n  

o f  m i t o c h o n d r i a .  All  d a t a  g i v e  t y p i c a l  e x a m p l e s  o u t  o f  a n u m b e r  o f  s i m i l a r  e x p e r i m e n t s .  

- -  :10 Inhibitions of 
Expt. .S ubstrede ( patoms) i ' /0  . . . . . . . . . . . . . . .  

P]O Oa uptake 

x - k e t o g l u t a r e . t e  ~- m a l o n a t e "  4-4 3 .z  
fl- h y d r o x y b u t  y r a t e  3 .7  -' .~) - 

C o n c h .  ( m 3 1 ~  

o.5  x - k e t o g l u t a r a t e  + m a l o n a t e  4-3 3.2 o o 
0 .5  ~ - k e t o g l u t a r a t e  + m u l o n a t e  a . a  3 .0  ¢~ o 
o .  t ~ - k e t o g l u t a r a t e  + m a l o n a t e  4.4 3-z o o 
0..5 ~ - k e t o g l u t a r a t e  q- m a l o n a t e  4 .6  ,.(~ zo  o 
o . l  g - k e t o g l u t a x a t e  + m a l o n a t e  4 .4  3 . 2  o o 

0.2  f l - h v d r o x y b u t y r a t e  3.3 , . S  o t o  
3-7 - ' .6 o o 

C o n t r o l  

A d d i t  i o n s 

K N O  a 
Pr(NOa)a 

L a C I  a 

I n j e c t i o n s  

P r ( N O 3 ) . I  

L a C I  a 

m g l h g  

x o ~ - k e t o g l u t a r a t e  + m a l o n a t e  

l o  x - k e t o g l u t a r a t e  + m a l o n a t e  

.5-3 3-0 o 
5 -I 3-3 o 
5-3 Z.9 o 
4-3 3 .0  o 

" S e e  ref .  6. 

B i o c h i m .  B i o # h y s .  A c t a ,  6 0  ( I 9 6 3 )  3 9 0 - 4 o 2  



SHORT COMMUNICATIONS 4 0 1  

chondria.  Fur thermore  an especia l ly .pronounced liver damage  has been reported in 
some exper iments  wi th  the E D T A  complex of Nd ~+ (see ref. 8). 

In order to test  the possibili ty tha t  oxidat ive phosphoD-lation is impaired by  
the parenterat  adminis t ra t ion  of ian thanide  meta l  ions prior to manifes ta t ion of 
fa t ty  infil tration of the liver, the metabol i sm of rat- l iver  mi tochondr ia  was studied 
6 h after  the in t ravenous  injection of LaCI3 or Pr(NOs), .  LASZLO a al .  • have demon- 
s t ra ted  tha t  after  in t ravenous  injection the  max ima l  concentra t ion of rare ear ths  
in the liver is reached b y  4-6  h. However,  as shown in Table I, the  P/O ratios of the 
liver mi tochondr ia  isolated after such p re t r ea tmen t  were found to  be normal.  

BAMANN and coworkersg, 10 have suggested t ha t  the  toxic effects of rare-ear th  
i o n s  a r e  d u e  t o  t h e i r  a b i l i t y  t o  c a t a l y z e  n o n - e n z y m i c  h y d r o b ~ i s  o f  p h y s i o l o g i c a l l y  

i m p o r t a n t  p h o s p h a t e  e s t e r s  a n d  a n h y d r i d e s  s u c h  a s  A T P ,  s i n c e  l a n t h a n u m  h y d r o x i d e  

is k n o w n  t o  c a t a l y z e  h y d r o l y s i s  o f  p h o s p h a t e  e s t e r s  a t  h i g h e r  p H  v a l u e s .  T h e  e f f e c t s  

o f  t h e  r a r e - e a r t h  i o n s  o n  n o n - e n z y m i c  h y d r o l y s i s  o f  A T P  a t  p H  7 - 3 - 7 - 5  w e r e  t h e r e f o r e  

t e s t e d .  A s  s h o w n  i n  T a b l e  I I ,  L a  3+ h a s  i n s i g n i f i c a n t  a c t i v i t y  i n  c a t a l y z i n g  n o n - e n z y m i c  

h y d r o l y s i s  o f  A T P  a t  p h y s i o l o g i c a l  p H .  T h e  d a t a  i n  T a b l e  I I  a l s o  s h o w  t h a t  t h e  t r i v a l e n t  

i o n s  o f  t h e  r a r e  e a r t h s  t e s t e d  d o  n o t  s t i m u l a t e  t h e  e n z ~ a r t i c  s p l i t t i n g  o f  A T P  b y  

m i t o c h o n d r i a l  d i g i t o n i n  f r a g m e n t s .  T h i s  f i n d i n g  is  i n  a g r e e m e n t  w i t h  w o r k  o f  COOPER 

AND L E H N I N G E R  i t ,  w h o  s h o w e d  t h a t  o n l y  d i v a l e n t  i o n s  s u c h  a s  M g  2÷, M n  2+, C o  2+ 

a n d  F e  ~+ s t i m u l a t e  t h i s  A T P a s e  a c t i v i t y .  O f  t h e  m e t a l s  t e s t e d  i n  t h i s  s t u d y  o n l y  

s a m a r i u m  f o r m s  a d i v a l e n t  i , , n .  

T h e  u n c o u p l i n g  a c t i v i t v  i n  v i t r o  o f  c e r t a i n  s u b s t a n c e s  s u c h  a s  t h y r o x i n e  o r  C a  2+ 

is p r o b a b l y  p r i m a r i l y  d u e  t o  a n  a l t e r a t i o n  o f  m i t o c h o n d r : a l  s t r u c t u r e  r a t h e r  t h a n  a 

TABLE I I  

RATE OF NON-ENZYMIC AND ENZYMIC IIYDROLYSlS OF .~l P I~ 

THE PRESENCE OF R A R E - E A R T H  IO.'~S 

M i t o c h o n d r i a l  A T P a s e s  were  t e s t ed  w i th  d ig i t on in  f r a g m e n t s  of r a t* l ive r  m i t o c h o n d r i a  is, ~t a level  
of 50 p g  t o t a l  Iq/mi .  

D igitonin Pt 
Rare ,'aeth l'ginp. (o) Time (rain) pH fragm..~t.~ A~icwtow ATP(mM) iib~ate.d 

(m,~tc.s) 

22 30 7-5 q- - -  xo o.x 
37 3o-18o  7-3 -- o .z  m M  Mg ~- 60 o 
-'z 30 7.5 -- o.21 m M  M~ s+ 50 o 
-'2 3 ° 7-5 -- 3.o m M  Mg "~ 50 o 
•" 30 7.5 + o . t  i n ] I t  ~ i l g  ~ -  lo  0.6 
22 3o 7.5 + o.2 m M  Mg ~t+ ~o 0.9 
22 30 7-5 + o.s ~ Mg ~'" Io  2.8 
22 30 7.5 + o . l  2 ,4-d in i t ro-  Io 0.5 

p h e n o l  
0.04 m M  L a  a+ 2 30 7-5 -- - -  50 o 
o.2 mM La  B+ e2 30 7.5 -- - -  50 o 
0.2 m M  L a  a+ 37 3 o -18o  7-3 -- - -  6o o 
l .o  m M  L a  u+ 2 ' 2  3 0  7 - 5  - -  - -  5 0  O 

0.2 mM lC'r s+ 37 3 o - [ 8 o  7.3 -- - -  60 o 
o.2 m M  N d  a+ 37 3 o - ] 8 o  7.3 -- - -  60 o 
o.r  mM L a  3+ z z  30 7.5 + - -  t o  o 
t . o  mM L a  a+ ~.z~ 30 7-5 .-4- - -  lo  0.65 
I .o mM L a  a4 22 30 7.5 + o.2 m_'M Xlg=- to  0.97 
1.o rnM La  '~+ ''-- 30 7.5 .~-' o . i  m M  xo 0.4 

2 , 4 - d i n i t ~ p h e n o l  
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direct  a t t a c k  on the  p h o s p h o r y l a t i n g  enz3wneslZ, since these agen t s  cause mi tochondr ia l  
swelling. Accord ing ly  the  effect of the  r a re -ea r th  sal ts  on mi tochondr i a l  swelling ha~ 
also been tes ted .  The  *' ions . . . . . . . .  '-- r a r e -ea ru t  n~tvv o,,v. v e r y  . . . . .  ,~a,~'- a c t i v i t y  in p romot ing  wa te r  
u p t a k e  b y  mi tochondr ia ,  in compar i son  wi th  thyrox ine .  Since rathe,,- high concen- 
t r a t i ons  of the  rare  ea r th s  are  requ i red  to  give these  v e r y  small  effects, it appears  
unlikelw t h a t  th is  t y p e  of change  of mi tochondr ia l  s t ruc tu re  can be considered the  
cause of f a t t y  inf i l t ra t ion  in  rive. F u r t h e r m o r e  these  sl ight  swelling effects are p r o b a b l y  
non-specific, since t h e y  were also given b y  g a d o l i n i u m  and  ~etterbium salts,  which 
do not  produce  f a t t y  inf i l t ra t ion.  

T h e  uncoup l ing  of ox ida t ive  p h o s p h o r y l a t i o n  found in earlier e x p e r i m e n t s  wi th  
mi tochondr i a  isolated f rom f a t t y  livers a f te r  poisoning wi th  Pr  3+ (see ref. 6) thus  
seems to  represen t  the  consequence  r a t h e r  t han  the  cause of f a t t y  inf i l t ra t ion.  These 
earl ier  resul ts  m a y  be exp la ined  b y  the  wel l -known increase in the  s t ruc tu ra l  l ab i l i ty  
of m i t o c h o n d r i a  f rom f a t t y  livers6, ~3, which migh t  lead to an  increased d a m a g e  of 
these  m i t o c h o n d r i a  du r ing  the  isolat ion procedure  and  thus  to  low P/O ratios.  Also, 
an  increased  fo rmat ion  of endogenous  uncoupl ing  subs tances  l*, ~z by, these  l ipid-rich 
par t ic les  could be expected .  

The  d a t a  p re sen ted  in th is  pape r  thus  do not  suppor t  the  view t h a t  the  ions of 
La, Pr ,  Nd  a n d  Sm have  a direct  toxic  effect on the  syn thes i s  or b r e a k d o w n  of A T P  
in m i t o c h o n d r i a  and  some o ther  basis  for the i r  ac t ion  in caus ing f a t t y  inf i l t ra t ion  of 
l iver m i t o c h o n d r i a  m u s t  be sought .  
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