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E N Z Y M E  D I S T R I B U T I O N  IN F R A G M E N T E D  B U L L  SPERMATOZOA 

II. SUCCINIC DEHYDROGENASE AND CYTOCHROME OXIDASE* 

by  

L E O N A R D  N E L S O N  

Department o/Physiology, University o/ Nebraska, Lincoln, Nebraska (U.S.d.) 

The enzyme succinic dehydrogenase occupies a pivotal position in intermediary 
metabolism, whereby oxidation of pyruvate and its precursors is performed by electron 
mediation through the fumarate-succinate and cytochromes-O 2 systems 1. Succinic 
dehydrogenase has been found in whole washed bull sperm by the Thunberg technique; 
and malonate, as well as cyanide and azide, reversibly inhibits both motility and 
respiration of the bull spermL Cytochrome oxidase activity of disintegrated bull sperm 
fractions was demonstrated manometrically also, using paraphenylenediamine 3. Direct 
evidence for the presence of the cytochromes in the sperm of boar, man, ram and bull has 
been obtained spectroscopically, following vitrification of the spermatozoa in liquid air a. 
The energy requirements for the maintenance of sperm activity can be obtained either 
from oxidation of intracellular substances such as phospholipids or from glycolytic 
processes5; or from fructolysis of the seminal plasma fructose 6. Adenosine triphosphate, 
formed via the oxidative phosphorylations, presumably provides the necessary link 
between fructolysis and motility:. Not only is ATP a constituent of the mammalian 
sperm cellS, s, but a decrease in the ATP content of ejaculated sperm almost invariably 
coincides with impairment of motility 9. 

Apyrase is located in the flagellar fraction of the bull spermatozoon, as reported in 
the preceding paper of this series 1°. If the dehydrogenation of succinate is a means of 
replenishing the energy stores for sperm motility, it would be pertinent to ascertain 
whether the energy-rich products of cellular oxidation may be produced at or near the 
site of the motile apparatus. These investigations seek, by assays on the separated 
morphological components, to determine the distribution of the succinate oxidizing 
system in the bull spermatozoon. 

MATERIAL AND METHODS 

Pooled e j acu la t ed  bull  s emen**  was  washed  and  homogenized .  A por t ion  of t he  h o m o g e n a t e  
des igna ted  " S t a n d a r d  P repa ra t i on  (S-P)"  was set  as ide in t he  cold, and  t he  ba lance  was  f rac t iona ted  
by  differential  cen t r i fuga t ion  into heads ,  midpieces  and  tai l  f r agmen t s ,  as p rev ious ly  descr ibed 1°. The  

* F r o m  a d i sse r ta t ion  p resen ted  to the  G r a d u a t e  College of the  Un ive r s i t y  of Minneso ta ,  in par t ia l  
fu l f i l lment  of the  r e q u i r e m e n t s  for t he  t?h. D. degree in the  D e p a r t m e n t  of Zoology. 

** The  s e m e n  was ob ta ined  t h r o u g h  t he  generous  coopera t ion  of the  Artificial I n s e m i n a t i o n  Projec t  
and  the  Da i ry  H u s b a n d r y  D e p a r t m e n t  of t he  College of ' \gr icul ture ,  Un ive r s i t y  of Nebraska .  
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S t a n d a r d  P repa ra t i on  and  each  of t he  f rac t ions  was  t h e n  s u s p e n d e d  in 5 or  IO ml  dist i l led water ,  
depend ing  on t he  init ial  q u a n t i t y  of t he  washed  packed  sperm.  An a l iquo t  of  each of these  suspens ions  
was saved  for the  c y t o c h r o m e  oxidase  a s s a y s - - c a r r i e d  ou t  concur ren t ly .  

Succinic dehydrogenase 

The  e n z y m e  as says  were carr ied ou t  on t h e  c rude  aqueous  suspens ions  accord ing  to a spec t ro-  
p h o t o m e t r i c  m e t h o d  n .  T he  r e a c t a n t s  were mi xed  in corex c u v e t t e s  of  I cm  optical  pa th .  The  reac t ion  
mix tu re ,  of to ta l  v o l u m e  of 3 ml, cons i s ted  of t he  following c o m p o n e n t s  (in final concen t ra t ions )  
added  to the  c u v e t t e  in the  ind ica ted  sequence :  Na  succ ina te  (Merck) 0.033 ~r, o. i  ml  sample ,  NaCN 
o.ooi  36 r, c y t o c h r o m e  c (General  Biochemicals ,  Inc.  ; a s s u m i n g  a molecu la r  we igh t  of 14,ooo ) 1.2. IO -~ 
M,  p h o s p h a t e  buffer  0.043 3I,  p H  7.4 (all t he  r e agen t s  were dissolved in the  buffer).  The  sample  was 
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Fig. I. Reduct ion of ferr icytochrome c by  
bull  s p e r m  f rac t ions  and  s t a n d a r d  p repa ra -  
t ion.  Cuve t t e  c o n t e n t s  : Na - succ ina t e  3.3" I o -2 
M, NaCN IO -3 M,  c y t o c h r o m e  c 1.2- io  -5 M, 
p h o s p h a t e  buffer  4 . 3 - i o  -~ ,~/ p i t  7.4, o.I ml 
sample .  To ta l  v o l u m e  3.o ml. I n c u b a t e d  3 

min ,  24 ° C. 

m i xed  wi th  t he  succ ina te  in t he  c u v e t t e  by  la teral  
ag i ta t ion ,  and  af ter  2 m i n u t e s  i ncuba t i on  a t  r oom 
t e m p e r a t u r e ,  t he  cyan ide  was  added  followed by  
t he  c y t o c h r o m e  c. The  reac t ion  was  in i t ia ted  (zero 
t ime) by  invers ion  of the  c u v e t t e  to m ix  t he  reac t -  
an ts .  The  cuve t t e  was i m m e d i a t e l y  t r ans fe r red  to t he  
B e c k m a n  s p e c t r o p h o t o m e t e r  (with photomul t ip l ie r )  
where  t h e  r educ t ion  of c y t o c h r o m e  c was followed 
by  obse rv ing  t he  increase  in ex t inc t ion  a t  a wave  
l eng th  of 550 m/~, and  a sli t  w id th  of 0.005 ram. 
R ead ings  were t a k e n  every  3 ° seconds  for 3 minu te s ,  
a t  which  t ime  t he  add i t ion  of a few c rys ta l s  of s o d i u m  
hydrosul f i te  to the  cuve t t e  comple ted  the  r educ t ion  
of the  c y t o c h r o m e  c. 

U n d e r  these  condi t ions ,  t he  r educ t ion  of cy to -  
ch rome  c by  bull  spe rm  h o m o g e n a t e s  and  f rac t ions  
appear s  to follow the  course  of a first order  reac- 
t ion. If the  opt ical  dens i t y  (O. D.) of t he  reac t ion  
m i x t u r e  a t  a n y  t ime  is s u b t r a c t e d  f rom t h a t  of the  
comple t e ly  reduced  sample ,  and  the  l oga r i t hm of 
th is  difference is p lo t ted  aga ins t  t ime,  t he  slope 
of the  line is a m e a s u r e  of t he  mola r  drop in con-  
cen t r a t i on  of oxidized c y t o c h r o m e  c per  un i t  t ime,  
and  is p ropor t iona l  to the  e n z y m e  ac t iv i ty  (see 
Fig. i). The  concen t r a t ion  of oxidized c y t o c h r o m e  c 
is ca lcu la ted  according to HORECKER AND H E P P E L  1~. 
Specific e n z y m e  ac t iv i ty  is expressed  as z] log [ferri- 
c y t o c h r o m e  c] per  m i n u t e  per  mi l l ig ram of n i t rogen  
(es t imated  by  the  microkje ldah l  m e t h o d  of MA AND 
ZUAZAGAla); the  n i t rogen  c o n t e n t  of t he  samples  
r anged  f rom O.Ol to o.I mg.  

Cytochrome oxidase 
Aliquots  of t he  s p e r m  samples  p repared  for the  succinic  dehyd rogenase  a s says  were c o n c o m i t a n t l y  

ana lyzed  for c y t o c h r o m e  ox idase  ac t iv i ty  by  a s imi lar  s p e c t r o p h o t o m e t r i c  m e t h o d  14. 30 ml  of a 
1. 7. lO -5 M solu t ion  of c y t o c h r o m e  c (in 0.03 M p h o s p h a t e  buffer,  p H  7.4) was  reduced  by  the  
add i t ion  of o . i  ml  f resh ly  p repared  1.2 M N a H S O  s. Excess  SO 2 was  r emoved  by  aerat ion.  2.8 ml  of 
th is  reduced  c y t o c h r o m e  c was p ipe t t ed  in to  a corex cuve t t e  and  the  reac t ion  in i t ia ted  on addi t ion  of 
o.I ml  s ample  and  mi x i ng  by  invers ion  of t he  cuve t te .  Read ings  were t a k e n  i m m e d i a t e l y  and  every  30 
seconds  for 3 m inu t e s .  T he  ox ida t ion  of c y t o c h r o m e  c was  followed by  m e a s u r i n g  t he  ra te  of decrease  
in ex t inc t ion  a t  55 ° m/z (slit w i d t h  0.oo 5 ram).  A t  t he  end  of t he  3 minu t e s ,  a few crys ta l s  of K-  
ferr icyanid~ were added  to comple te  t h e  ox ida t ion  of t he  c y t o c h r o m e  c and  two m i n u t e s  la te r  t he  
ex t inc t ion  was  d e t e r m i n e d  again.  All e x p e r i m e n t s  were c o n d u c t e d  a t  r oom t e m p e r a t u r e  (24°-25 ° C.). 

RESULTS 

A l l  a s s a y s  w e r e  p e r f o r m e d  w i t h i n  a f e w  h o u r s  a f t e r  t h e  s e m e n  w a s  c o l l e c t e d .  I n d i -  

v i d u a l  e x p e r i m e n t s  w e r e  r u n  s e p a r a t e l y  o n  a n u m b e r  o f  d i f f e r e n t  s a m p l e s  o b t a i n e d  o n  

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

s p e c i m e n  ( w h i c h  m a y  b e  a r e f l e c t i o n  o f  t h e  v a r i a t i o n  o f  " s e m e n  q u a l i t y " ) ,  s t i l l  a h i g h  
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degree of consis tency can be perceived when the values  of the respect ive fract ions of 
a given day ' s  work  are re la ted  to one another .  

S u c c i n i c  d e h y d r o g e n a s e  

E x a m i n a t i o n  of Fig.  I reveals  t ha t  the  succinic dehydrogenase  ac t i v i t y  of the  heads  
is nil and  t ha t  the  ac t i v i t y  of the  f lagellar  components ,  midpieces  and ta i ls  is cons iderably  
grea te r  t han  t ha t  of the  t o t a l  homogena te  (S tandard  prepara t ion) .  The fact t ha t  in two of 
the  cases c i ted  in Table  I, the re  was no enzymic  ac t iv i ty  in the  head  f ract ion and some 
degree of a c t i v i t y  in heads  der ived  from o ther  specimens,  m a y  be a t t r i b u t e d  to var ia t ion  
in the  degree of con tamina t ion  b y  the o ther  components  of the  spermatozoa .  By far the  
grea tes t  amoun t ,  and  in some cases all, of the  succinic dehydrogenase  ac t i v i t y  is to be 
found in the  f lagellar  components .  

TABLE I 

S U C C l N I C  D E H Y D R O G E N A S E  A C T I V I T Y  OF TAIL ,  M I D P I E C E  A N D  H E A D  F R A C T I O N S  

A N D  S T A N D A R D  P R E P A R A T I O N  

Reaction mixture, 3 ml: sodium succinate o.o33 31, sodium cyanide o.ooi M, cytochrome c ~.2. io -5 
M, phosphate buffer (pH 7.4) 0.043 M, sample o.I ml. Readings every 3 ° seconds for 3 minutes in 
Beckman Spectrophotometer with photomultiplier, slit width 0.005 ram, wavelength 55 ° m/~. 

Temperature 24-25 ° C. 

Rate 
~l log []erricytoehrome c],'minute;[raction 

FraAtion S P T M H 

Ave. 

Sample 
I[I5 4.6 13.7 6.9 o.o 
I/I7 4.5 19.6 9.1 1.9 
i[2i 8.8 11. 5 3.6 o.o 
1/24 2.8 45.4 12.1 3.0 
1/26 7.7 22. 4 12.2 2. 7 

5.7 22. 5 8.8 1. 5 

Note: In samples I]I5, I/I7, 1121, sodium succinate was added to the diluted sample two 
minutes prior to the initiation of the experiment; while in samples 1/24 and 1126, the succinate was 
added to the preparations immediately after centrifugal fractionation of the homogenate, and these 

samples were stored at 4 ° C for 2-3 hours prior to the beginning of the assay. 

I t  is ev iden t  from the  d a t a  p resen ted  in Table  I I  (detai led analys is  of in fo rmat ion  in 
Sample  @ I  of Table  I), t h a t  the  t a i l  f ract ion,  conta in ing  34% of the  to ta l  n i t rogen 
accounts  for 58 % of the  t o t a l  original  a c t i v i t y  (65 % the a c t i v i t y  recovered),  while the  
midpieces,  conta in ing  I2  % of the  sperm ni t rogen,  conta in  31% of the  original  ac t iv i ty  
(35% of the  a c t i v i t y  recovered) ;  the  heads  on the o ther  hand,  con ta in  no ac t iv i ty  
a l though over  half  of the  n i t rogen is to be found in th is  fract ion.  

If  the  q u a n t i t y  of suspension added  to the  rest  of the  components  of t i le react ion 
mix tu re  is var ied ,  i t  is a p p a r e n t  t ha t  the  ra te  of r educ t ion  of cy tochrome c is propor-  
t iona l  to the  enzyme concent ra t ion .  E x a m i n a t i o n  of Fig.  2 shows t ha t  the  s t ra igh t  line 
m a y  be e x t r a p o l a t e d  back  to the  origin, ind ica t ing  t ha t  a t  zero enzyme concent ra t ion  
there  is no significant r educ t ion  of cy tochrome c. This  suggests  tha t ,  under  the  condi t ions  
of the  exper iment ,  the  assay  being comple ted  in three  minutes ,  the  cyanide  does not  
cause any  measurab le  reduct ion  of fe r r icy tochrome c. 

Re#rences  p. 5o i .  



VOL. 1 6  (i955) ENZYME DISTRIBUTION IN BULL SPERMATOZOA II 4 9 7  

T A B L E  I I  

SUCCINIC DEHYDROGENASE ACTIVITY OF TAIL, MIDPIECE AND HEAD FRACTIONS 
AND STANDARD PREPARATION 

E x p e r i m e n t a l  condi t ions  a nd  procedure  same  as in  Table  I. (This t ab l e  r econs t ruc t ed  f rom d a t a  of 
s ample  x~i p re sen ted  in Table  I ;  m o s t  comple te  i n fo rma t ion  was ava i l ab le  on recovery  of m a t e r i a l  in 

th i s  sample.)  

I'reparation 

N Succinic dehydrogenase activity 

d log []erri- 
mg % o/ total cytochrome c]' total original % of tofal 

min,'mg nitrogen activity activity 

Tota l  t I. 5 I oo 2.o 4 23.3 I oo 

S - P  2. 3 2o 2.o 4 4.6 2o 

Tai ls  3.89 34 3.5 o 13.6 58 
Mid 's  1.45 I2 5.oo 7.2 31 
Heads  6.6o 52 o.o o.o o 

Recove ry  I I. 14 98 2o.8 89 

0.35 

"4 0.30 

ca 
0.25 

E 0.2o 

-J 0.15 
,q 

0.10 

0.05 

o d, 0:2 o'~ o'~ o'5 
ml Tail suspension 

Fig. 2. Effect  of v a r y i n g  the  concen t r a t i on  of 
ta i l  suspension.  Cuve t t e  con t en t s :  Na-succ ina te  
3.3" lO-3 M, NaCN' i o  -a M, cy toch rome  c 1.2. i o  5 
M p h o s p h a t e  buffer 4.3" lO-2 M p H  7.4, o . i  to 
0. 5 ml  sample  (0.22 mg N/ml) .  To ta l  vo lume  3.0 

ml. I n c u b a t e d  8 min,  25 ° C. 

o,o  

!oo  
-3 0.40 

o \ 
o=Homogenote 0.1 ml , 

030 Cytochrome C 1.2 X10-S M x ~  
" NO $uccinate3.3 x 10-2M 

NO£NI.0xIO-aM 
x=SomP O.S above + ~ o  

0.20 No-Molonate 3.3x 10-2M \ 

i i i i i 

0"1%0 50 90 120 150 180 
Time (seconds) 

Fig. 3- Effect  of m a l o n a t e  on r educ t ion  of ferri- 
c y t o c h r o m e  c by  s t a n d a r d  p r e p a r a t i o n :  Na-suc-  
c ina te  3.3" IO 2 M, NaCN lO -8 M, c y t o c h r o m e  
c 1.2. i o  -s M, p h o s p h a t e  buffer 4.3 '  lO-2 M p H  
7.4, o.I ml sample.  To ta l  vo lume  3.0 ml. Incu-  
ba t ed  3 rain, 25 ° C. O - -  con t ro l :  no addi t ions .  

x - -  plus  N a - m a l o n a t e  3.3' IO-Z M. 

This spectrophotometric method measures the rate of reduction of cytochrome r 
with succinate acting as the electron donor, and with the dissociation of the hydrogen 
to the phosphate buffer of the medium. Competitive inhibition by  malonate has been 
regarded as a specific indication that  succinic dehydrogenase is one of the constituents 
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of the system. Fig. 3 i l lustrates the effect of the addi t ion of malonate  in a final concen- 
t ra t ion  of o.oo3 21I to a s t andard  preparat ion.  In  this concentrat ion,  equimolar  with tha t  
of the succinate,  the inhib i t ion  is complete. 

Cytochrome oxidase 

The oxidat ion of ferrocytochrome c likewise appeared to follow the course of a first 
order reaction. The optical densi ty of the completely oxidized sample was subtracted 
from the O.D. at a given time. In  this 1.,/0 
case, the slope of the line is a measure 
of the molar  decrease in concent ra t ion  
of ferrocytochrome c per uni t  time, and ~ wo 
is proport ional  to the oxidase act ivi ty.  _ 

~, age Enzyme  ac t iv i ty  is expressed as A log 
[ferrocytochrome c] per minu te  per & 

mill igram of nitrogen. ~ 0.ec 
F r o m ' t h e  graph (Fig. 4) and  the 

da ta  assembled in Tables I I I  and  IV, it 
is apparen t  tha t  most, if not  all, of the 0.70 

oxidase ac t iv i ty  resides in the tai l  and  
midpiece fractions. While the concen- 

0.60 
t r a t ion  of the enzyme on a ni t rogen 
basis is near ly  equal (5.2o and  6.2I 
ac t iv i ty  uni ts  per mg N respectively), o.5o 
the total  enzyme conten t  of the tail  
fraction, 2o.2 ac t iv i ty  units ,  is some- 
what  over twice the midpiece conten t  
of 9.o uni ts  (see Table IV). Thus the 
tail  fraction accounts for about  75°.0 
and  the midpiece fraction accounts  for 

0 5tandocd preparahan 
[] Head 

o .~ Nidpiece x 
z ~  x Tail 

30 60 90 120 150 l~fl 
T~me (seconds) 

Fig. 4. Oxidation of ferrocytochrome c by bull 
sperm fractions and standard preparation. Cuvette 
contents: cytochrome c 1.6. lO -5 3,I, phosphate 
buffer 2.9.1o 2]~./ pH 7-4, o.i ml sample. Total 

volume 2.9 ml. Incubated 3 rain, 24 ° C. 

near ly  25% of the recovered cytochrome oxidase act ivi ty.  Comparison with the 

TABLE III  

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

S T A N D A R D  P R E P A R A T I O N S  

Reaction mixture, 2.9 ml: cytoehrome c 1.6. lO -5 31 in phosphate buffer (pH 7.4) 0.029 M, sample 
o. I ml. Readings every 3 ° seconds for 3 minutes in Beckman Spectrophotometer with photomultiplier, 

slit width 0.005 ram, wavelength 55 ° ml,. Temperature 24-25 ° C. 

Rate 
A log []errocytochrome c]/minute/[raction 

Fraction S - P T M H 

Sample @ 
i / i  5 6.98 20.2 9.0 0.25 
1/17 5.9 15.6 7.1 o.o 
I/2I 8.3 26.3 3-5 o.o 
1124 5.2 9.7 2.5 o.o 
1/26 2.65 9.8 2. 4 o.o 

Ave. 5.8 16.3 4.9 0.05 
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TABLE IV 

C Y T O C H R O M E  O X l D A S E  A C T I V I T Y  OF T A I L ,  M I D P I E C E  A N D  H E A D  F R A C T I O N S  A N D  

S T A N D A R D  P R E P A R A T I O N  

Experimental conditions and procedure same as in Table III. (This table reconstructed from data 
of sample :~:i presented in Table III; most complete information available on recovery of material in 

this sample.) 

N Cytochrome oxidase activity 

Preparation A log [lerro- 
mg % o[ total cytockrome c]/ total original %, o] total 

min/mg nitrogen activity activity 

Total I 1.5 IOO 3.04 34.90 IOO 

S-P 2.3 2o 3.o4 6.98 2o 

Tails 3.89 34 5.2o 20.2 58 
Mid's 1.45 12 6.21 9.0 26 
Heads 6.60 52 o.o4 0.25 0. 7 
Recovery i i. 14 98 29.45 84.7 

--~ 0 9C 

0.80 

k 

0.7C 

,q 

0.66 

0.50 

0.46 

0.3C 

succinic dehydrogenase  ac t iv i ty  in Table  I (69% and z7% of the recovered  ac t i v i t y  for 

× Confroh Cyto X c ~  
O No Cyam'de ÷ £ytochrome C+S-P x~" x 

3 60 0 120 150 fSO 
Time (seconds) 

Fig. 5. Effect of cyanide on oxidation of ferro- 
cytochrome c by standard preparation: cyto- 
chrome c 1.6- lO -5 M, phosphate buffer 2.9" Io -2 
iV/, pH 7.4, o.i ml sample. Total volume 2.9 ml. 
Incubated 3 min, 24 ° C. × - - c o n t r o l :  no ad- 

ditions. © - -  plus NaCN lO -8 M. 

tai l  and midpiece fractions respectively) 

reveals a ve ry  close paral lel ism in the dis- 

t r ibut ion  of these two enzymes in the bull 

spermatozoon.  

An abundance  of evidence has accu- 

mula ted  in the l i te ra ture  indica t ive  of the 

cy tochrome invo lvemen t  in sperm respira- 

t ion, so tha t  while it  cannot  be assumed 

conclusively tha t  any respirat ion of bio- 

logical mater ia l  inhibi ted  by  cyanide is 

cy tochrome-media ted  (c[. BROWN AND 
GODDARD15), still  cyanide inhibi t ion m a y  

be taken  as corroborat ive  evidence.  The  

spec t rophotometr ic  me thod  has here been 

employed  to measure the enzymic oxi- 

dat ion of fer rocytochrome c, no other  

cytochrome-oxidiz ing agents having  been 

added to the react ion mix tu re  except  at 

the te rminat ion  of each exper iment .  Fig. 

5 i l lustrates  the complete  inhibi t ion of 

the react ion on addi t ion of Io  -3 M NaCN 

to s tandard  sperm homogenate  suspen- 
sions. 

DISCUSSION 

I t  is clear from the results presented  here t h a t  tile succinate  oxidizing enzyme 

system of the bull spermatozoon is concent ra ted  in the  flagellar components  in cont ras t  
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to the deficiency of the head fraction in this respect. Why the activity of the heads with 
respect to succinic dehydrogenase and cytochrome oxidase was so low, was not ascer- 
tained. But, by virtue of the distribution of these enzymes, the intracellnlar systems 
responsible for the oxidation of succinate coincide morphologically with the apparatus 
which, converting chemical into mechanical energy, is responsible for sperm motility 1°. 

The predominant concentration of the cytochrome-oxidizing system in the tails and 
midpieces confirms the manometric observations of ZlTTLE AND ZITIN 3. This distribution 
is probably correlated with differences in functions of the spermatozoan structures. 
Cytochemical studies on ram spermatozoa show that  the heads are not mere metabolically 
inert sacs of chromatin TM, although analysis of fish sperm nuclei indicates that  nucleo- 
protamine is the only protein presenW. However, in the case of nuclei of other cell types, 
the deficiency in cytochrome oxidase and succinic dehydrogenase has been interpreted as 
meaning that the entire Krebs cycle is lacking, and hence this important step for the 
generation of high energy phosphate cannot be operating TM. Furthermore, "there is little 
evidence that  the nucleus contributes significantly to the current activities of the cell" 
according to MAZlA TM. Under the conditions of the experiments reported here and in the 
previous paper of this series 1° it appears that the head of the sperm is enzymically 
inactive toward adenosinetriphosphate, succinate and ferrocytochrome c. The associa- 
tion of the cytochrome system and succinic dehydrogenase with the midpieces and tail 
fractions, parts of the energy-requiring "organ" of locomotion, is not unexpected. Such 
an association of the cytochromes with the most active components of an organism has 
repeatedly been emphasized. A sheath of mitochondrial origin comprises the bulk of the 
midpiece, the helical coils apparently corresponding to the mitochondrial sheath sur- 
rounding the axial fiber which runs down the entire length of the tail ~°. The work of 
SCHNEIDER AND HOGEBOOM 21 demonstrating the greatest portion of cytochrome oxidase 
and succinoxidase in the mitochondrial fraction of liver and kidney, is thus extended 
to the corresponding components of the spermatozoon. The possibility has been es- 
tablished for the formation of ATP at the site of the structural system peculiarly adapted 
for the channeling of the chemical energy into motile activity. 
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S U M M A R Y  

i. Homogen ized  bull  spe rm was s epa ra t ed  in to  head,  midpiece  and  tail  f ract ions  by  differential  
cen t r i fuga t ion .  

2. On  a n i t rogen  basis  t he  yields were 52 %, ~2 % and  34 % for t he  respect ive  fract ions.  
3. Succinic d e h y d r o g e n a s e  ac t iv i ty  of t he  ta i ls  a m o u n t e d  to 69 % and  of t he  midpieces  abou t  

27 % of t he  to ta l  recovered  ac t iv i ty .  
4. Malona te  comple t e ly  inh ib i t s  t he  e n z y m e  ac t iv i ty .  
5. Ox ida t ion  of c y t o c h r o m e  c paral lels  the  d i s t r ibu t ion  of the  succinic  dehydrogenase  (75 % in 

t he  tai l  f ract ion,  25 % in t he  midpiece  fraction).  
6. Cyan ide  comple t e ly  inh ib i t s  c y t o c h r o m e  c oxidat ion.  
7- The  h e a d  f rac t ion  was re la t ive ly  iner t  w i th  respec t  to the  two enzymes .  
8. The  e n z y m e  d i s t r ibu t ion  is re la ted  to apy rase  d i s t r ibu t ion  in t he  spe rmatozoon .  
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Rt~SUMI ~" _ 

I. Du  spe rme  de t a u r e a u  homog6n6is6 a 6t6 f rac t ionn6 en tBtes, pi6ces in te rm6dia i res  et  flagelles 
pa r  cen t r i fuga t ion  diff6rentielle. 

2. D 'apr~s  les t ene u r s  en  azote,  les r e n d e m e n t s  son t  r e s p e c t i v e m e n t  de 52 %, 12 % et  34 %- 
3. L ' ac t iv i t6  succ inod6shydras ique  des flagelles repr6sente  69 %, et  celle des pi~ces in term6dia i res ,  

env i ron  27 % de l ' ac t iv i t6  to ta le  ob tenue .  
4. La  m a l o n a t e  inhibe  c o m p l ~ t e m e n t  l ' ac t iv i t6  e n z y m a t i q u e .  
5. L ' o x y d a t i o n  du  c y t o c h r o m e  c var ie  para l l~ lement  ~ la d i s t r ibu t ion  de la succ inod6shydrase  

(75 % dans  les flagelles, 25 o//o dans  les pi~ces in term6diai res) .  
6. Le cyanu re  inhibe  t o t a l e m e n t  l ' o x y d a t i o n  du c y t o c h r o m e  c. 
7. L ' ac t iv i t6  des deux  e n z y m e s  dans  les tBtes es t  t rbs faible. 
8. La  d i s t r ibu t ion  des e n z y m e s  es t  en r a p p o r t  a v e c l a  d i s t r ibu t ion  de l ' apyrase  dans  le s p e r m a -  

tozo~de. 

Z U S A M M E N F A S S U N G  

t. S t i e r s p e r m a h o m o g e n a t  wurde  du rch  differentielles Zent r i fug ieren  in eine Kopf-,  eine Mittel-  
tell- u n d  eine Schwanz f r ak t i on  zerlegt.  

2. Als A u s b e u t e n  der  jeweil igen F rak t i onen  wurden ,  au f  den Gesamts t i cks to f f  bezogen,  52 %, 
12 % u n d  34 % gefunden .  

3. Die Succ inodehydraseak t iv i tX t  der Schwanz f r ak t ion  wurde  auf  6 9 % ,  die der  Mit tel tei l -  
f rak t ion  auf  27 % der  G e s a m t a k t i v i t ~ t  festgelegt .  

4. Ma lona t  inhib ier t  die A k t i v i t a t  dieses E n z y m e s  vo l l kommen .  
5- O x y d a t i o n  des C y t o c h r o m s  c s t i m m t  init  der Ver te i lung  der  Succ inodehydrase  vbllig iiberein 

(75 % in der  Schwanzf rak t ion ,  25 O//o in der  Mit te l te i l f rakt ion) .  
6. Cyan id  inh ib ie r t  die O x y d a t i o n  des C y t o c h r o m s  c vo l l kommen .  
7. Die Kopf f r ak t ion  erwies sich, in Bezug  auf  diese be iden e n z y m a t i s c h e n  Akt iv i t~ ten ,  als wenig  

wi rksam.  
8. Die Ver te i lung  dieser E n z y m e  in den  S p e r m a t o z o e n  s t i m m t  mi t  der  Ver te i lung  der  A p y r a s e  

fiberein. 
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