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Synthesis of Nuclear Proteins in Ram Spermatids 

The S t a p u t  m e t h o d  by  veloci ty  s ed imen ta t i on  a t  uni t  
g r av i ty  allows the  useful separa t ion  of spe rma t ids  L Using 
th is  t echn ique  we have  inves t iga ted  the  synthes is  of the  
nuclear  p ro te ins  in r am spermat ids .  R a m  germ cells were 
pulse-labelled wi th  5 amino-ac ids  and  processed concur-  
ren t ly  b y  q u a n t i t a t i v e  au to rad iog raphy  and  sed imen ta -  
t ion at  1 g to de t e rmine  the  pa t t e rn s  of incorpora t ion  in to  
the  nuclear  p ro te ins  as a func t ion  of spe rma t id  ma t u r a -  
tion. 

Materials a~d methods. I m m e d i a t e l y  af ter  cas t ra t ion ,  
small  f r agment s  of r a m  test is  were incuba ted  a t  30-32~ 
in 10 ml  of p h o s p h a t e  buffered  saline conta in ing  0.1% 
glucose (PBSG) for 27 or 45 min  wi th  one of the  following 
amino-ac ids :  L-arginine-3l-I, L-lysine-SH, L-leucine-~H, DC- 
t ryptophan-~PI  : 10 ~zCi/ml, L-cysteine-35S and DL- 
cysteine-Z4C : 1 ~Ci/ml. Two incubat ions  were carr ied out  
s imul taneously ,  one wi th  :L00 ~g/ml cyc loheximide  added  
10 or 15 min  before add ing  the  labelled amino-acid,  t he  
o the r  w i thou t  the  inhibi tor .  Suspensions  of tes t is  cetts 
were p repa red  by  the  t ryps in  m e t h o d  ~ in the  presence  of 
100 ~g/ml cycloheximide.  An a l t e rna t ive  procedure ,  

10. 
x 

E 6. 

2. 

~ O"'O- ~OI 

/ J  

i i i 4 

15 

,10 o 

% 

.5 E 
e n  

O 

Incubation time (h )  

Fig. 1. Kinetics of 14C-leucine uptake (�9 and incorporation into 
total proteins (0) in ram germ ceils. Variation of the concentration 
of cells in the labelling medium (ZX). 2 • 10 ~ germ cells mechanically 
isolated. Incubation in 20 ml of PBSG plus 0.5 ~zCi/ml, at 31~ At 
various times, 1 ml samples were trypsinized in the presence of 100 
~zg/ml cyeloheximide. Cells were collected free of cellular fragments by 
low speed eentrifugation on 0.5% FicolI in PBS. The total radio- 
activity and the TCA-insoluble radioactivity were determined (see 
methods) (cpm x 104). Ceil counts were performed with a Coulter 
Counter. 3 rams; average curves. 

t ryps in iza t ion ,  was  pe r fo rmed  dur ing the  last  21 rain of the  
labelling. Test is  cells were sepa ra ted  by  veloci ty  sedimen-  
t a t i on  at  un i t  g rav i ty  1. W h e n  ent i re  cells were unde r  
cons idera t ion  A2s 0 was de t e rmined  for every  f ract ion 1. 
When  nuclei  were s tudied,  t h e y  were p repa red  in every  
f rac t ion  wi th  ce t r imide  ~ and coun ted  for t o t a l  number .  

To measure  the  incorpora t ion  of the  amino-acids ,  t he  
cells or nuclei of every  f ract ion were washed  wi th  cold 
P B S  and resuspended  in cold 10% TCA (20 rain a t  4~ 
The prec ip i ta tes  were washed  wi th  5 % TCA, dissolved in 
1 M N a O H  by  hea t ing  a t  37~ for 20 rain, neut ra l ized  
wi th  1 M HC1, re -prec ip i ta ted  wi th  10% TCA and  washed  
wi th  5% TCA before being dissolved in 0.3 ml  1 M N a O H  
for count ing  of radioact iv i ty .  The TCA solutions conta ined  
the  unlabelled amino acid a t  a concen t ra t ion  1000 t imes  
t h a t  of the  labelled amino acid in the  incuba t ion  medium.  
W h e n  35S or 14C-cysteine was used, t he  prec ip i ta tes  were 
ex t r ac t ed  wi th  chloroform and me t h an o l  and  wi th  TCA at  
90 ~ Af te r  s imilar  incuba t ions  w i t h  ~H-arginine or ~sS- 
cysteine,  bu t  a t  0 ~ the  acid-insoluble rad ioac t iv i ty  was 
2 and  2.5% of t h a t  measured  a t  30-32~ In  some experi-  
men t s  (Figure 2), t he  cells or nuclei  of every  f rac t ion were 
collected on W h a t m a n  GF/A fil ters and t r ea t ed  according 
to LEE and DIXON a. 

Al iquots  of labelled cell suspensions  were  washed  twice 
a t  4~ wi th  Pt3S (containing 1000 t imes  the  unlabel led 
amino-acid) ,  smeared  onto  ge la t in-coated  slides, t hen  
af ter  15 rain f ixat ion by  formol  vapor ,  t h e y  were washed  
for 20 min a t  2 ~ wi th  5% TCA plus t he  unlabel led amino-  
acid ( •  1000) and processed Ior quan t i t a t i ve  au toradio-  
g r ap h y  as descr ibed before4. 

Results and discussiorz. U n d e r  our  condi t ions  of pulse- 
labelling, up t ake  and  incorpora t ion  of 14C-leucine by  r am 
germ cells proceeded a t  a l inear ra te  and the  cell concen-  
t r a t ion  remained  co n s t an t  for a t  least  2.5 h (Figure 1). 
W h e n  r a m  germ cells were labelled in vivo (Figure 2), the  
p a t t e rn s  of incorpora t ion  into t he  pro te ins  of tes t is  cells 
were s imilar  to  those  observed  af ter  pulse-Iabell ing 
excep t  in magni tude .  These facts  enable  us to  consider  t he  
da t a  ob ta ined  af ter  pulse-label l ing as indica t ive  of the  

1 1~r LOIR and M. LANNEAU, Expl Cell Res. 83, 319 (1974). 
M. Lore and A. WYROBEK, Expl Cell Res. 75, 261 (1972). 

3 I. P. LEE and P. L. Dixon, ToMe. appl. Pharmae. 23, 20 (1972). 
M. LOlR, Annls. Biol. anim. Bioehim. Biophys. 72, 411 (1972). 

Distribution of spermatids at different stages of maturation6, in percentage of nuclei (average ~ S D), as a function of sedimentation velocity 
after 4 h of sedimentation in a non-linear Fieoll gradient 

Sedimentation velocity 
(ram/h) 

Classes of spermatids 
Stages of spermatid maturation 

L + M  N O P 
1-8a + 8b 9 12a 12b-13 14-S 

3.5-4.8 88 :k 4.5 7 • 2 1 ~ 0.9 1 =~z 0.6 
2.35-3.5 55 -E 11 25 i 6 12 i 3 5 ~ 1.5 
1.2 -2.35 4~= 2 43 ~= 4 34 • 3 15 ~ 4 
0.45-1.2 13 -t- 2 30 i 5.5 56 :lz 4 

Mean of 6 experiments. 
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Fig. 2. Incorporation of aH-leucine and aH-Lysine in cellular and 
nuclear proteins of ram testis cells as a function of sedimentation 
velocity. Cells were labelled by 3 methods. 1 h in vivo labelling 6 
(12 ~tCi/g testis, ~ )  ; 27 min in vitro labelling before trypsinization 
( . . . .  ), and simultaneously with trypsinization ( - - ) .  
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Fig. 3. Incorporation of 5 labelled amino-acids into the nuclear 
proteins of ranl spermatids as a function of the sedimentation 
velocity (left) and as a function of steps of spermatid maturation as 
seen by autoradiography (right). Cells were pulse-labelled for 27 rain 
(A) and for 45 min (B) before trypsinization. For spermatid classes 
L-P, see Table. Each curve (left and right) is the average for 2 or 4 
r a n i s .  

in si tu metabo l i sm of t he  germ ceils. W h e t h e r  pulse- 
labelling proceeded before or concomi tan t ly  w i th  t ryp -  
s inizat ion (Figure 2), the  p a t t e r n s  of incorpora t ion  into 
t he  prote ins  of spe rmat ids  did no t  differ s ignii icantly,  
excep t  in magni tude ,  th is  being in ag reemen t  wi th  the  
observa t ions  of TSAN et  al. 5. 

P a t t e r n s  of incorpora t ion  of the  5 amino acids into the  
nuclear  pro te ins  of spe rma t ids  pulse-labelled for 27 and 
45 rain are shown in Figure 3. Cycloheximide was found 
to  inhibi t  these  incorpora t ions  by  90-98%.  The dis t r ibu-  
t ion of var ious  classes of spe rmat ids  s as a funct ion of 
the  sed imen ta t ion  veloci ty  (SV) is r epor ted  in the  Table.  
The var ia t ions  in amino acid incorpora t ion  be tween  4.8 
and 0.45 m m / h  are similar to  those  dur ing spermiogenesis  
as seen by  au to rad iography .  However ,  small  var ia t ions  
which  concern spe rma t ids  8 b -12  a, are less a p p a r e n t  be- 
tween  1.2 and 3.5 ram/h,  where  mos t  of these  cells sedi- 
ment ,  t h a n  on autoradiographs .  This is due to the  broad  
d i s t r ibu t ion  of spe rma t ids  12b-13.  Our resul ts  conf i rm 
and  complete ,  for shor t  labelling t imes,  our previous 
observa t ions  ~, 7. I t  appears  t h a t  round  spe rmat ids  
synthes ize  main ly  non-h i s tone  prote ins  since t h e y  are 
t r y p t o p h a n - r i c h  and  cys te in-modera te ly- r ich .  Appear -  
ance in spe rmat ids  12b-13 of the  basic sperm-specif ic  
nucleoprotein,  arginine, cys te ine-r ich and  lysine, t r y p to -  
phan-poor  is p receded  by  the  synthes is  in spe rma t ids  
9 -12a  of protein(s) which  are acid-soluble 4, arginine and 
lysine-rich, t r y p t o p h a n  and cysteine-poor .  3 pro te ins  wi th  
similar character is t ics  have  been isolated f rom t r o u t  
spe rma t ids  s and  1 f rom ra t  spe rma t ids  ~. In  ram a~ 
several  basic pro te ins  are p resen t  in nuclei  of spe rma t ids  
9-12. Studies  are in progress  to  e lucidate  which  of these  
prote ins  resul t  f rom the  synthes is  t h a t  our da t a  demon-  
s t rate .  

Rdsumd. La synth~se des protdines  nucldaires dans  les 
spermat ides  de bdlier a dr6 6tudi6e aprgs marquage  avec 
5 acides amin6s triti6s, soft pa r  comptage  g scint i l la t ion 
liquide aprgs s6parat ion des spe rma t ides  par  s6dimenta-  
t ion g 1 g, soft par  au toradiographie .  Les spe rmat ides  
rondes  syn th6 t i sen t  essent ie l lement  des prot6ines  non-  
histories. La synth~se de la nuc l6opro t f ine  spdcifique du 
spermatozoide  dans  les spe rmat ides  allong~es est  pr6c6d6e 
par  celle de protgine(s) de t y p e  historic. 
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