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Oxidative phosphorylation in sonic extracts of rat liver mitochondria 

Recent  reports  from other  laboratories 1-4 have described preparat ions  of f ragmented mammal ian  
mitochondria  exhibit ing phosphoryla t ion coupled to electron t ransport .  In  these reports, phos- 
phoryla t ion does not  appear  to have been successfully coupled to succinate oxidation and it 
has been emphasized tha t  phosphoryla t ion is effectively coupled to D P N H *  oxidation only when 
the lat ter  arises from part icle-bound D P N  and dehydrogenase. In  this communicat ion we wish 
to report  on some of the elementary properties of a mitochondrial  f ragment  prepara t ion differing 
in some respects from those previously described. This prepara t ion exhibits phosphoryla t ion  
coupled to the oxidation of succinate or D P N H  by oxygen with P : O  ratios somewhat  less than  
unity.  This prepara t ion also provides the first demonst ra t ion  of a definite Mg requirement  for 
the coupled phosphorylat ion.  

Mitochondria were prepared from rat  liver by the method of S C H N E I D E R  5, modified as 
previously described 6. After washing twice with sucrose, the mitochondria  were washed once 
with a o.o25M K F - o . o s o M  KPO 4 (pH 7.0) solution and resuspended in the same medium. 
They were then treated in a 9 KC Raytheon  sonic oscillator for one minute  and the suspension 
was centrifuged at  25,000 × g for 20 minutes.  The superna tan t  fluid was removed and recen- 
trifuged at  80,o00 X g for 3 ° minutes ;  the sedimented material  was then resuspended in the 
fluoride-phosphate solution after  pouring off the superna tan t  solution, recentrifuged at 80,000 × g 
and the washed pellet resuspended in the fluoride-phosphate solution. Oxygen uptakes  as reported 
here were measured with the Clark oxygen electrode**. Phosphate  uptake  was measured by the 
32p incorporation procedure of NIELSEN AND LEHNINGER 7. Conditions of incubation are given in 
Table I. 

TABLE I 

OXIDATIVE PIIOSPHORYLATION IN MITOCHONDRIAL FRAGMENTS 

Components Substr'~te &l~atoms oxygen A~moles Pi P'O 

Complete system * Succinate 0.470 o. 188 0.40 
Complete system* D P N H  0.465 o.241 0.52 
Complete system* + hexokinase Succinate 0-456 o.241 o.53 
Complete sys tem* + hexokinase D P N H  o.461 o.34o 0.74 
Complete sys tem * - -  ADP Succinate 0.465 o.oi 2 0.03 
Complete system* - -  ADP D P N H  0.470 o.o12 o.o 3 
Complete system* - -  MgCIz Succinate 0.456 O.Ol 5 0.03 
Complete sys tem * - -  MgCI~ D P N H  o.461 o. 021 o.o 5 
Complete system* + 2. i o - 4 M  dinitrophenol Succinate 0.474 o.ooo o.oo 
Complete system* + 2. I o - 4 M  dinitrophenol D P N H  o.461 0.009 0.02 
Complete sys tem* + 4.5" IO-41~//DPN+ r - O H  bu ty ra te  0.497 o.281 0.57 
Complete system* None o.oo 0.027 

* Test  sys tem (I.9 ml) contained 5/zmoles ADP, 6/*moles AMP, 50/zmoles glucose, 5 #moles 
KF,  io #moles Pi, p H  6. 5 (6.85. lO 7 c.p.m, asp), IO #moles MgC12 with succinate (2o #moles) as 
substrate ,  and 5/*moles MgC12 with D P N H  (5 #moles) or fl-OH butyra te  (DL) (20  /zmoles) as 
substrate ,  enzyme suspension (o.i86-o.372 mg N). Time, 3-5 min; temp.  24 ° C. 

The results given in the table show tha t  phosphoryla t ion  was associated with the oxidation of 
both  succinate and DPNH,  D P N H  giving somewhat  higher P : O  ratios. In  either case addition 
of hexokinase and glucose resulted in somewhat  higher efficiencies. The products  were identified 
chromatographical ly  as ATP (primarily) or hexose-6-phosphate.  

The table also shows tha t  in absence of subs t ra te  and phosphate  acceptor no significant 
amoun t s  of labelled ATP were observed. AMP did not  serve as an aceeptor. I t s  purpose in the 
incubation medium was to suppress the small am oun t  of adenylate kinase present  in the enzyme 
preparat ion.  Because of a po ten t  ATP-3~P i exchange reaction in the preparat ion,  any  ATP arising 
from the A D P  by  this process (adenylate kinase) became labelled in the absence of hexokinase. 

* The following abbreviat ions are used: ATP for adenosinetr iphosphate;  ADP for adenosine- 
diphosphate;  AMP for adenosine-5 ' -phosphate;  D P N  + for diphosphopyridine nucleotide; D P N H  
for reduced diphosphopyridine nucleotide; Pi for inorganic or thophosphate .  

* *  Obtained from Yellowsprings I n s t r u m e n t  Co., Yellowsprings, Ohio. 
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The  phospho ry l a t i on  a c c o m p a n y i n g  ox ida t ion  of e i ther  subs t r a t e  was  sens i t ive  to dini t ro-  
pheno l  as shown  in t he  table.  As in t he  work of TAPLEY et al. 8 on f r a g m e n t s  ob ta ined  by  d ig i tonin  
t r e a t m e n t  of mi tochondr ia ,  our  ma te r i a l  was  no t  sensi t ive  to t hy rox in .  

The  final suspens ion  of the  e n z y m e  m a y  be m a d e  in wa te r  r a the r  t h a n  in t he  fluoride- 
p h o s p h a t e  solut ion indica ted  above.  U n d e r  these  c i r cums tances  t he  p repa ra t i on  exhib i t s  a ve ry  
m a r k e d  dependence  on p h o s p h a t e  concent ra t ion .  The  table  indica tes  t h a t  Mg was  an  obl igate  
c o m p o n e n t  for t he  coupled phosphory la t ion .  Whi l e  Mg has  genera l ly  been a s s u m e d  to be essent ia l  
we believe th is  d e m o n s t r a t i o n  to  be t he  first definite evidence for it.  Different  levels of Mg were 
emp loyed  for the  two subs t ra t e s ,  however ,  t he  r e q u i r e m e n t  was  found  to be t he  s ame  in t he  two 
cases.  In  t he  absence  of Mg, no labell ing of a n y  sor t  occurred.  

A l t h o u g h  our  p repa ra t ions  have  f l -hydroxybu ty r i c  dehydrogenase ,  no ox ida t ion  of f l -hydroxy-  
b u t y r a t e  occurs  w i t h o u t  added  D P N  +, in which  case the  P : O  ra t ios  are s imilar  to those  obta ined  
wi th  D P N H  (see Table  I). 

Despi te  all a t t e m p t s  to improve  t he  efficiency of t he  prepara t ions ,  P : O  ra t ios  h igher  t h a n  
I have  neve r  been observed.  This  sugges t s  t h a t  only  one s tage  of phospho ry l a t i on  m a y  have  
been  opera t ing .  However ,  in ex tens ive  s tud ies  of t he  two processes  of electron t ransfer ,  f rom 
s u b s t r a t e  to  cy toch rome  c (ill presence of KCN) and  f rom asco rba t e - cy toch rome  c to oxygen,  
no phospho ry l a t i on  was  observed  in e i ther  react ion.  T he  n u m b e r  of func t ion ing  phospho ry l a t i on  
s tages  is therefore  i nde t e rmi na t e  a t  th i s  t ime.  Since added  cy toch rome  c increased oxygen  u p t a k e  
in t he  over-all  reac t ion  w i t h o u t  associa ted  p h o s p h a t e  u p t a k e  it  is possible t h a t  in t he  s tage  of 
cy toch rome  c reduct ion,  free cy t och rome  c m a y  h a v e  been  reac t ing  ou t  of s e q u e n c e - - b y - p a s s i n g  
t he  coupled process a t  th i s  level. 
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The enzymic synthesis of chitin by extracts of Neurospora crassa 

A par t i cu la te  e n z y m e  f rom Neurospora crassa, wild s t r a in  5297 A, p repared  by  homogen iza t ion  
of frozen mycel ia ,  in t r i s ( h y d r o x y m e t h y l ) a m i n o m e t h a n e  buffer  (Tris), p H  7.5, wi th  a T e n B r o e c k  
glass  t i ssue  homogenizer ,  followed by  collection of t he  ma te r i a l  s ed imen ted  be tween  2ooo × g 
and  I4O,OOO × g, h a s  been  found  to ca ta lyze  the  incorpora t ion  of the  N-ace ty lg lucosamine  
mo ie ty  (AG) of ur id ine  d iphospho-N-ace ty lg lucosamine  (UDPAG) in to  an  insoluble  po lysacchar ide  
fract ion.  Ne i the r  N-ace ty lg lucosamine -6 -phospha te  (AG-6-P), a m i x t u r e  of N-ace ty lg lucosamine-  
i - p h o s p h a t e  (AG-I-P) and  AG-6-P,  nor  free AG will replace U D P A G  in th i s  reac t ion  (Table I). 

The  s t ruc tu ra l  s imi lar i ty  of t he  p roduc t  to chi t in  is ind ica ted  by  the  following observa t ions .  
(a) W h e n  rad ioac t ive  po lysacchar ide  is p repared  enzymica l ly  f rom 14C glucosamine- label led  
U D P A G  and  t h e n  is ac id-hydrolyzed,  all of t he  rad ioac t iv i ty  is found  in t he  g lucosamine  isolated 
b y  c h r o m a t o g r a p h y  on Dowex-5 o b y  t he  procedure  of GARDELL 1. (b) AG f rom U D P A G  is in- 
corpora ted  as a un i t  into  t he  insoluble  polysacchar ide ,  as shown  by  t he  d a t a  in Table  I where  
t he  s ame  a m o u n t  of 14C was  incorpora ted  w h e t h e r  t he  U D P A G  was  labelled only  in the  g lucosamine  
cha in  or only  in the  ace ty l  group.  (c) W h e n  t he  insoluble 14C-labelled po lysacchar ide  is sub jec ted  
to par t ia l  acid hydro lys i s  followed by  r e m o v a l  of  t he  acid and  deionizat ion wi th  a mixed -bed  
resin (to r emove  a n y  deace ty la ted  ol igosaccharides) ,  a series of radioact ive ,  ace ty la ted  oligo- 
sacchar ides  r ema ins  in solution.  These  s u b s t a n c e s  can  be sepa ra ted  by  pape r  c h r o m a t o g r a p h y  
a n d  are found  to  include AG, N, N ' -d iace ty lch i tob iose  (using as a reference t he  crys ta l l ine  di- 
sacchar ide  p repared  f rom chi t in  by  the  m e t h o d  of ZILLIKEN et al.i), a n d  h igher  molecular  we igh t  


