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The disturbance of oxidative phosphorylation 
and the breakdown of ATP in spleen tissue after irradiation 

Dur ing  the  l as t  few years  severa l  b iochemica l  changes  h a v e  been repor ted  in spleen p repa ra t ions  
af ter  t o t a l  b o d y  X- i r r ad ia t ion .  A m o n g  these  a depress ion of the  o x i d a t i v e  p h o s p h o r y l a t i o n  of i sola ted 
m i t o c h o n d r i a  has  been obse rved  in va r ious  l abora to r i e s  (POTTER AND BETHEL 1, 2VIAXWELL AND 
A S H W E L L  2, VAN BEKKUM et al.a).  The m e c h a n i s m  of th is  d i s t u rbance  seems to deserve  fu r the r  invest i -  
ga t ion  in view of the  essent ia l  r61e of the  o x i d a t i v e  p h o s p h o r y l a t i o n  in the  energy  m e t a b o l i s m  ot 
the  cell. The ques t ion  has  arisen, w he the r  the  decreased o x i d a t i v e  p h o s p h o r y l a t i o n  m i g h t  be re la ted  
to  the  increase  of ATP b r e a k d o w n  (to be referred to  as ATP-ase ac t iv i ty ) ,  t h a t  has  been found to 
occur in  spleen homogena te s  af ter  t o t a l  body  i r r ad ia t ion  (ASHWELL AND HICKMAN 4, DUBOIS AND 
PETERSENS). MAXWELL et aL  e conc luded  t h a t  this  could not  be the  case, because the  decreased 
p h o s p h o r y l a t i o n  has  been obse rved  in the  presence of NaF.  However ,  when compar ing  the ox ida t i ve  
p h o s p h o r y l a t i o n  wi th  and w i t h o u t  N a F  (o.oo6 M) in the  reac t ion  sys tem,  we found a s igni f icant ly  
g rea te r  i r r ad i a t i on  effect in the  absence of N a F  (VAN BEKKUM et a l . %  F u r t h e r m o r e  the a m o u n t  
of N a F  employed  by  MAXWELL AND ASnWELL 2 leaves  a smal l  p a r t  of the  ATP-ase  a c t i v i t y  of r a t  
spleen homogena t e s  in tac t ,  t he  r e m a i n i n g  a c t i v i t y  being rough ly  p ropor t iona l  to the va lues  ob t a ined  
in the  absence  of N a F  (Table I). Therefore  add i t i ona l  i n fo rma t ion  on a possible re la t ion  be tween  
the  increased ATP-ase  a c t i v i t y  and  the depress ion of o x i d a t i v e  phospho ry l a t i on  has  been sought .  

T A B L E  I 

THE EFFECT OF ~N~aV ON ATP-ASE ACTIVITY OF RAT SPLEEN HOMOGENATES* 

/~ tool phosphate ]orraed/mg N 

Control :4 hours a[ter 11oo r 
total hody X-irradiation 

CaCI~, no N a F  11. 4 20. 3 
NaF,  no CaC12 2. 3 7.3 

* Reac t ion  m i x t u r e :  ba rb i t a lbuf fe r  pH  7.4: o .oi  M ;  CaC12:0.003 Y/ or N a F :  O.Ol 5 51; ATP:  
o.oo 5 M ;  2 %  r a t  spleen h o m o g e n a t e  in 0.25 M sucrose:  0. 5 ml ;  t o t a l  vo lume  1. 5 ml. I n c u b a t i o n  
a t  38° C in a i r  for 15 min. 

T A B L E  I I  

OXIDATIVE PHOSPHORYLATION AND ATP-AsE AGTIVITY OF ISOLATED MOUSE SPLEEN MITOCHONDRIA. 
EFFECT OF TOTAL BODY X IRRADIATION* 

Oxidative phosphorylation A TP-ase 
phosphate uptake phosphate/ormation 

in l, moiling N in $zmol/mg N 

1. Controls  30-5 39-5 
4 h a f te r  ilOO r t2.~ 32.7 

2. Controls  44.0 
4 h a f te r  1too r 32.6 

3. Controls  32.9 29.7 
24 h af ter  IlOO r 2.6 32.0 

* Methods  of i r r ad ia t ion ,  of i so la t ion  of the  m i toc hond r i a  and  the  d e t e r m i n a t i o n  of ox ida t i ve  
p h o s p h o r y l a t i o n  h a v e  been descr ibed (VAN BEI~KU~a et a l e ) .  

Reac t ion  m i x t u r e  used for the  e s t i m a t i o n  of ATP-ase  a c t i v i t y :  ba rb i t a lbuf fe r  p H  7.4: o .oi  M ;  
CaCl~: o.oo 3 M ;  ATP:  o.oo 5 M ;  m i t o c h o n d r i a l  suspens ion  con t a in ing  o.1oo--o.20o mg  N / m l  in o.25 M 
sucrose:  o. 3 ml ;  t o t a l  vo lume  1. 5 mL I n c u b a t i o n  2o m i n u t e s  a t  38o C in  air. 

I n  e x p e r i m e n t  no. 2 CaC12 was  rep laced  b y  MgCI~ o.oo 7 M and  p h o s p h a t e  buffer p H  7.4: 
o.0o2 M in order  to  i m i t a t e  condi t ions  used in  the  d e t e r m i n a t i o n  of the  o x i d a t i v e  phosphory l a t i on .  

The va lues  in the  Table  r ep resen t  means  of dup l i ca t e  e s t i ma t i ons  made  on p repa ra t i ons  of 
the  pooled spleen t i ssue  from 4-6  mice. 
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The rise of .VFP-ase a c t i v i t y  could be reproduced  a t  24 hours af ter  i r rad ia t ion  (i Loo r of X-rays)  
w i th  both ra t  and  mouse spleen homogenates ,  bu t  a t  2 and  4 hours  af ter  i r rad ia t ion  norlual  ATP-ase 
values  were encountered .  In  s imi lar  e xpe r im e n t s  a t  4 hours af ter  i r r ad ia t ion  a severe depression 
of o x i d a t i v e  phosphory l a t i on  of isolated spleen mi tochondr ia  was a lways  present  and a t  -' hours 
a decrease is a l r eady  appa ren t .  

In add i t ion  ATP-ase  a c t i v i t y  and  ox ida t i ve  phosphory l a t i on  have  been es t in la ted  in samples  
of the same ba t ch  of mouse  spleen in i tochondr ia .  Table  I I  shows t h a t  normal  ATP-ase ac t ix i t i e s  
were found in m i tochond r i a  t h a t  exh ib i t ed  a s l larp  decrease of p h o s p h o r y l a t i n g  capac i ty .  The la t t e r  
effect can c lear ly  not  be exp la ined  as being secondary  to an increase of ATP b r e a k d o w n  and it  
seems probab le  t h a t  d i t t e ren t  mechanisn l s  are invo lved  in the  p roduc t ion  of the two phenomena .  

The techn ica l  ass i s tance  of Miss H. TH. M. NIEI7WERKERK and Miss E. VERI3EEK is g ra te fu l ly  
acknowledged .  
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Preliminary note on X-ray diffraction studies with the tails 
of spermatozoa of silver salmon (Oncorhynchus kisutch)* 

Dur ing  a n  elect ron microscope s t u d y  of s i lver  sa lmon spe rma t ozoa  I i t  was  found t h a t  the  ra t io  
of ta i l  fibril l ength  to d i a m e t e r  was be tween  75o: 1 and  lOOO: 1. h i  the subs t ruc tu re s  of the fibrils 
the ra t io  was a p p r o x i m a t e l y  5ooo: 1. The d i a m e t e r  of the  l a t t e r  falls be tween  5 ° A and lOO A. The 
high ra t ios  sugges ted  the  exis tence  of a wel l -ordered s t ruc tu r e  and, as a result ,  the  p resen t  X- ray  
diffract ion s t u d y  was  unde r t aken .  

Materials and methods 
Milt  was s t r ipped  from m a t u r e  s i lver  sahnon  and  placed ill a flask w i th in  an iced wa te r  jacket .  

The spe rma tozoa  were k e p t  a t  a t e m p e r a t u r e  of o to I ° C  and  sub jec ted  for t h i r t y  minu te s  to 
u l t r ason ic  v ib r a t i ons  (15. 5 kc) from a m a g n e t o s t r i c t i o n - t y p e  gene ra to r  which had  an o u t p u t  of 
IOO w a t t s  a t  i ts  r e s o n a n t  f requency**.  The ta i l s  were b roken  from the  heads  and  in to  severa l  pieces. 
Only  an occasional  i n t a c t  t a i l  could be seen. The heads,  however ,  did not  appea r  to have  been dis- 
i n t e g r a t e d  by  the  v ib ra t ions .  

Al iquo t s  of the  t r e a t e d  sperm were d i lu ted  i : 1  wi th  t ap  wa te r  ( to ta l  ha rdness  19.8 p.p.m.), 
wi th  MICHAELIS' ve rona l - ace t a t e  buffer 2, or w i th  s a t u r a t e d  aqueous  picric  acid, and  cen t r i fuged  
a t  o ~ to ~°C for t w e n t y  m inu t e s  a t  a p p r o x i m a t e l y  45oo r.p.m. The heads  se t t l ed  more r ap id ly  
t h a n  the  ta i l s  so t h a t  the  l a t t e r  formed a t r a n s l u c e n t  l aye r  on the  surface of the  opaque  cream- 
colored heads  in the  b o t t o m  of the  cent r i fuge  tube.  The ta i ls  were p ipe t t ed  from the heads  and  re- 
suspended  in the  same t y p e  of solut ion used previously .  The cen t r i fuga t ion- re - suspens ion  process 
was then  repea ted  th rough  four cycles wi th  t a p  wa te r  being used the  las t  two t imes.  In  this  way  
dif f ract ion p ic tu res  of the  buffer or the picr ic  acid were avoided.  Af ter  the  final re-suspension in 
wa te r  the  m i x t u r e  of ta i l s  was pudd led  on glass p la tes  which  had  p rev ious ly  been t r e a t ed  wi th  
sil icone*** and qu ick  frozen wi th  carbon d ioxide  snow. Freeze d ry ing  was  accompl i shed  in vacuo. 

The dr ied  samples  were pressed in to  rods or cu t  in to  smal l  rec tangles  and  s t acked  toge the r  
to  give a sample  of sufficient size for X - r a y  diffract ion.  P h o t o g r a p h s  were ob t a ined  us ing a low-angle  

* This repor t  is based on work  per formed under  Con t r ac t  No. AT(45-1)54o  wi th  the  Atomic  
E n e r g y  Commission.  

** The u l t rason ic  genera to r  was des igned and  bui l t  by  the Dept .  of Phys io logy  and Biophysics ,  
School of Medicine, Un ive r s i ty  of Wash ing ton ,  and  was p laced  a t  our d isposal  by  Dr. STANLEY 
H. BENNETT, Dept .  of A n a t o m y ,  Unive r s i ty  of Wash ing ton .  

*** Desicote,  Beckmazl  I n s t r u m e n t s  Inc.,  Pasadena ,  California.  


