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Incubation time Incubation media 

Minutes Hours Ringer's solution Testicular supernatant 

Summer 0 -- 91.5 4- 2.7 81.6 ~ 4.9 
15 -- 16.0 ~- 10.9 40.2 -b 13.1 
30 -- 0.5 4- 0.4 3.3 i 2.2 

Winter -- 0 99.3 4- 0.5 97.8 4- 0.9 
--  1 98.0 i 1.7 62.8 4- 19.1 
--  2 100.0 4- 0.3 ~ 58.0 4- 7.8 
--  4 94.8 4- 2.2 ~ 27.3 • 20.3 

Sperm concentration was 106 spermatozoa/m1 in the incubation medium and 105 spermatozoa/ml in the insemination medium (10% Ringer's 
solution). Results represent the mean 4- standard error (N = 8 in summer and 4 in winter. Each experiment was carried out with different 
animals. ~ p < 0.05. For the remaining results differences are not significant. 

Materials and methods. Bu]o arenarum (Hensel) oocytes  
were ob ta ined  by  in jec t ing  one fresh ~ or p reserved  6 
homologous  hypophys i s  to the  female. Sperm suspensions  
were ob ta ined  by  mincing tes tes  in 10% a m p h i b i a n  
Ringer ' s  solut ion wi thou t  b ica rbona te  or cell-free tes t is  
homogena tes .  Sperm suspens ion  concen t ra t ions  were 
s t anda rd ized  by nephe lome t ry : .  

To ob ta in  a cell-free tes t is  homogena te ,  a spe rm 
suspension ob ta ined  in 10% Ringer ' s  solut ion of abou t  
2 • 10 T spe rm /m l  was cen t r i fuga ted  at  6,000 g dur ing  
20 m i n  at  0 ~ 

In  order  to es t imate  the  fert i l izing capaci ty ,  fer t i l izat ion 
ra te  was measured  by  insemina t ing  tile oocyte  s t r ings in 
10% Ringer ' s  solut ion dur ing  15 rain, before immers ing  
t h e m  in 0.1% sodium lauryl  sulfate solut ion for 5 sec, 
which  insures t he  block of fer t i l izat ion w i thou t  affect ing 
the  oocytes  s 

Results and discussion. W h e n  Bu[o arenarum oocytes  
were insemina ted  with f reshly  p repa red  spe rm suspensions,  
a h igh f requency  of fer t i l iza t ion was obta ined,  i r respect ive  
of t he  season of t he  year  (Table, incuba t ion  in Ringer ' s  a t  
t ime  zero). W h e n  spe rmatozoa  were incuba ted  in Ringer ' s  
solut ion at  d i f ferent  in tervals  of t ime,  however ,  the i r  
fert i l izing capac i ty  was found  to drop  off fas ter  in su mmer  
t h a n  in winter .  
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The results  of the  expe r imen t s  carr ied out  to inves t iga te  
whe the r  cell-free tes tes  homogena te  had  any  influence on 
the  fert i l izing capac i ty  of spe rma tozoa  are also given in 
the  Table.  In  summer ,  no s ignif icant  effect  was not iced.  
In  winter ,  however,  spe rma tozoa  incuba ted  in the  test ic-  
ular p repa ra t ion  exhib i ted  a lower fer t i l izat ion ra te  t h a n  
those  incuba ted  in Ringer ' s  solution.  At  present ,  we do no t  
know the  mean ing  of th is  effect. This loss of ferti l izing 
abi l i ty  m i g h t  reflect  only some damage  suffered by  the  
cells as a resul t  of incuba t ion  under  th is  artificial  con- 
dit ion.  Acrosomic pro te inase  conta ined  in cell-free tes t is  
p repara t ions  9 m a y  be a good cand ida te  to  account  for th is  
dele terous  effect  on spermatozoa .  I t  is also possible t h a t  
th is  effect  was due to  the  act ion of some inhib i tor  p resen t  
in t he  test is ,  p ro tec t ing  spe rma tozoa  agains t  a p r e m a t u r e  
loss of the i r  fert i l izing capaci ty .  Fur the r ,  th is  in te rpre ta -  
t ion  allows us to  explain  t he  difference observed  be tween  
the  fert i l izing life of spe rm in s u mmer  and  win te r  seasons. 
The inhibi tor ,  being m u c h  more  act ive  dur ing winter ,  
would be capable  of ex tend ing  the  l imit  of ferti le life of 
spe rm even when  suspended  in Ringer ' s  solution. 

The seasonal  var ia t ion  in the  decline of ferti l izing 
capac i ty  of spe rm here repor ted,  besides i ts  theore t ica l  
interest ,  deserves  to  be t aken  into account  in fu ture  
researchs abou t  fer t i l izat ion and  spe rm metabo l i sm 
among  Amphib ia .  

Resumen. La capac idad  f ecundan te  de los esperma-  
tozoides de Bu/o arenarum decae mAs rApidamente  en 
verano q u e e n  invierno.  Ello p robab l emen te  sea debido a 
la presencia,  du ran te  el invierno,  de factores tes t iculares  
de proteccidn.  
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S t i m u l a t i o n  o f  M g 2 + - D e p e n d e n t  E n d o n u c l e a s e  A c t i v i t y  o f  R a t  T e s t i s  N u c l e i  o n  I n c u b a t i o n  
w i t h  N A D  + i n  v i t r o  

Iso la ted  nuclei  and ch roma t in  f rom m a m m a l i a n  
t issue possessed p o l y  (adenosine d i p h o s p h a t e  ribose) 
syn the t a se  ac t iv i ty  which  t rans fe rs  the  A D P - R i b  moie ty  
of N A n  to  form a po lymer  1, 2. Paral le led wi th  the  forma-  
t ion of poly  (ADP-Rib)  t he  t e m p l a t e  for DNA synthes i s  

of ra t  l iver c h r o m a t i n  was inh ib i ted  ~, resul t ing f rom a 
block of the  Ca 2+, Mg2+-dependent  endonuclease  ac t iv i ty  4. 
The p resen t  s t u d y  was u n d e r t a k e n  to  de te rmine  the  effect  
of poly  (ADP-Rib)  fo rma t ion  on the  endonuclease  
act ivi t ies  of r a t  tes t is  nuclei  and  chromat in ,  
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Mater ials  and methods. Adul t  young  male ra t s  (150 g) 
and i m m a t u r e  ra ts  (18 days) were ob ta ined  f rom H o l t z m a n  
Co., Madison, Wis., and  killed by  decapi ta t ion .  The tes tes  
were excised and the  t un i c s  a lbuginea incised. P repa ra t ion  
of nuclei and  ch roma t in  f rom ra t  tes t is  and  the  assay 
sys tems  for the  de t e rmina t i on  of the  t emp la t e  ac t iv i ty  
t r ea t ed  wi th  and w i thou t  NAD were descr ibed in previous  
reportsS, 6. To ex t r ac t  the  endonuclease  f rom nuclei, 
appropr i a t e  amoun t s  of isolated nuclei f rom ra t  tes t is  
were cent r i fuged at  1000 g for 15 mill. The sed imen t  was 
resuspended  in 10 ml  of a med ium conta in ing  75 m M  
Tris-HC1 (pH 7.4), 5 m M  MgC12, 2 m2FI 2-mercapto-  
e thanol  and wi th  or w i thou t  5 m M  NAD+ for 30 rain a t  
25 ~ The mix tu re  was centr i fuged at  10,000 g for 15 min.  

Table I. Poly(adenosine diphosphate ribose) synthetase activity of 
rat  testis chromatin 

Chromatin PoIy(ADP-Rib) synthetase activity~ 

18 days 720 
Adult 254 

Incorporation of [aH~ADP-Rib in epm/10 ~.g DNA/15 min. 

Table II. Effect of various nucleotides on endonuclease activity of 
rat  testis nuclei 

The sed imen t  was resuspended  in 3.2 ml of a m e d i u m  
conta in ing  30% glycerol, 50 m M  Tris-HC1 (pH 8.0), 
1 m M  EDTA,  2 m M  2-mercap toe thanol .  To the  suspen-  
sion 0.4 ml  of 3.5 M NaC1 and  0.4 ml  of 250 m M  E D T A  
were added.  The mi x t u r e  was cent r i fuged and al lowed to  
s t and  in the  cold overn igh t  and  cent r i fuged at  10,000 g 
for 15 min.  The s u p e r n a t a n t  was dia lyzed agains t  5 1 of a 
m e d i u m  conta in ing  30% glycerol, 2 m M  2-mercapto-  
e thanol ,  50 m M  Tris-HC1 (pH 8.0), 1 m M  EDTA.  The 
r e t e n t a t e  was cent r i fuged and  s u p e r n a t a n t  assayed for 
endonuclease  ac t iv i ty .  

Methods  of p repa ra t ion  of [aH~DNA from E. colt K38, 
[SH~ DNA gel and  the  assay sys tems  for the  d e t e rmi n a t i on  
of Ca 2+, Mg2+-dependent  and Mg2+-dependent  endo-  
nuclease were descr ibed in previous  repor t s  7,s. The 
endonuelease  assay mix tu re s  were i ncuba ted  at  37 ~ for 
15, 30 and  60 min.  The reac t ion  was s topped  by  placing 
the  tubes  in ice and  by  the  add i t ion  of 200 ~1 of 20 m M  
E D T A  (pH 8.0). The mix tu re  was cent r i fuged a t  1000 g 
for 2 min.  Rad ioac t i v i t y  in 200 ~zl of the  s u p e r n a t a n t  was 
measured  in a Packa rd  Liquid  Scint i l la t ion Spec t romete r  
wi th  t he  use of Aquasol  as scinti l lator.  

P ro te in  and  D N A  were de t e rmined  by  the  me t h o ds  of 
LOWRY et  al. 9 and  BURTON 10, respect ively .  Assay for 
poly  (ADP-Rib)  syn the t a se  ac t iv i ty  was descr ibed in a 
previous  r epo r t  5. 

Results  and discussion. Po ly (ADP-Rib )  syn the t a se  
ac t iv i ty  in ch roma t in  p repa red  f rom i m m a t u r e  ra t  
tes t is  was h igher  t h a n  t h a t  associa ted wi th  adul t  r a t  tes t is  
ch roma t in  (Table I). Since the  t e m p l a t e  for D N A  synthes i s  

Nucleotides added Endonuclease activities 

(5 mM) Alkaline Acid 

counts/min % counts/min % 

control 15,500 100 1,600 100 

+ NAD + 1,600 10 13,750 853 
+ Nieotinamide 13,120 82 1,380 86 
+ AMP 16,320 102 1,560 98 
+ ADP 16,480 103 1,550 97 
+ ADP-Rib 13,760 86 1,520 95 
+ AcetyI-NAD 18,720 117 2,160 135 

Isolated nuclei containing 100 ~xg of DNA obtained from adult male 
testis were incubated with each nucleotide for 30 rain at 25 ~ and 
assayed for endonuclease activity. The values for endonuelease 
activity were obtained after 60 rain of incubation at 37~ and 
expressed as cpm/100 [xg of nuclear DNA. 
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Fig. 1. Effect of ADP-ribosylation on the activation of the 
template of ehromatin obtained from adult and immature 
rat testis for DNA synthesis. 
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Fig. 2. Effect of ADP-ribosylation on the 
activities of Ca ~+, Mg2+-dependent (A) and 
~g2+-dependent endonuclease (B) of adult 
rat testis nuclei. 

of r a t  l iver  nuclei  a n d  c h r o m a t i n  t r e a t e d  w i t h  N A D +  was 
inhibi ted% the  effect  of p o l y ( A D P - R i b )  on  t he  t e m p l a t e  
a c t i v i t y  was inves t iga ted .  Ca "2+ was added  to t he  r eac t ion  
m i x t u r e  to  a c t i v a t e  t he  t e m p l a t e  (Figure  1). T he  t e m p l a t e  
of c h r o m a t i n  i n c u b a t e d  w i t h  NAD+ was m a r k e d l y  
suppressed  c o m p a r e d  to  t h a t  of u n t r e a t e d  c h r o m a t i n  
(Figure  1). Th i s  f i nd ing  is in a g r e e m e n t  w i t h  the  resu l t  
o b t a i n e d  w i t h  r a t  l iver  nuclei% However ,  t h e  t e m p l a t e  
a c t i v i t y  of i m m a t u r e  r a t  tes t i s  c h r o m a t i n  i n c u b a t e d  
w i t h  N A D +  was n o t  suppressed  (Figure  1). T he  basis  for  
t h e  obse rved  differences  in  t e m p l a t e  a c t i v i t y  b e t w e e n  
adu l t  a n d  i m m a t u r e  r a t  tes t i s  c h r o m a t i n  t r e a t e d  w i t h  
NAD+ is no t  known.  

Since i t  was d e m o n s t r a t e d  t h a t  Ca e+, Mg2+-dependent  
endonuc lease  can  a c t i v a t e  t h e  t e m p l a t e  of r a t  l iver  nuclei  
for  D N A  syn thes i s  in v i t ro  4, t he  inf luence  of p o l y ( A D P -  
Rib)  on  endonuc lease  ac t iv i t i e s  of r a t  t e s t i s  nucle i  was  
inves t iga ted .  The  i so la ted  a d u l t  r a t  t e s t i s  nuclei  possessed 
h igh  acid a n d  a lka l ine  endonuc lease  ac t iv i t i e s  (Figure 2). 
P r e i n c u b a t i o n  of t he  i so la ted  t es t i s  nuclei  w i t h  N A D +  
affec ted  a n  i n h i b i t i o n  of t he  Ca 2+, Mg2+-dependent  
endonuc lease  a c t i v i t y  (Figure 2). The  f ind ing  is in agree- 
m e n t  w i t h  t h e  resu2t o b t a i n e d  w i t h  r a t  l iver  nucleiT, l t  
I n  con t ras t ,  p r e i n c u b a t i o n  of i so la ted  a d u l t  r a t  t e s t i s  
nucle i  w i t h  NAD+ resu l t ed  in a s t i m u l a t i o n  of Mg 2+- 
d e p e n d e n t  acid endonuc lease  a c t i v i t y  (Figure  2). 
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To e s t ab l i sh  t h a t  t he  obse rved  s t i m u l a t i o n  of t he  acid 
endonuc lease  a c t i v i t y  b y  N A D +  t r e a t m e n t  was  due  to  
p o l y ( A D P - R i b )  f o r m a t i o n  a n d  no t  to  a d i rec t  effect  of t he  
nuc leo t ide  on  t h e  enzymic  ac t iv i ty ,  o t h e r  nuc leo t ides  
were t e s t ed  for t h e i r  c apac i t y  to  inf luence  endonuc lease  
a c t i v i t y  (Table  II) .  Only  N A D +  which  fo rmed  p o l y ( A D P -  
Rib)  was s t i m u l a t o r y  while  nuc leo t ides  wh ich  were n o t  
s u b s t r a t e s  for p o l y ( A D P - R i b )  s y n t h e t a s e  did  no t  inf luence  
acid endonuc lease  a c t i v i t y  (Table  II) .  The  p r e sen t  resu l t s  
sugges t  t h a t  t h e  s t i m u l a t o r y  effect  of N A D +  is d e p e n d e n t  
u p o n  i ts  conve r s ion  to  p o l y ( A D P - R i b ) .  

In  a p rev ious  s t u d y  i t  was  d e m o n s t r a t e d  t h a t  t h e  D N A  
po lymerase  b o u n d  to r a t  l iver  c h r o m a t i n  was easi ly  
d issocia ted  on  i n c u b a t i o n  of c h r o m a t i n  w i t h  NAD+% 
A l t h o u g h  t he  molecu la r  m e c h a n i s m  of t he  i n t e r a c t i o n  of 
enzymes  w i t h  c h r o m a t i n  is n o t  known,  p o l y ( A D P - R i b )  
f o r m a t i o n  m i g h t  a l t e r  t he  s t r u c t u r e  a n d / o r  e lec t ros ta t i c  
cha rge  of c h r o m a t i n  and  nucle i  a n d  inf luence  t h e  in te r -  
ac t ion  of acid endonuc lease  a n d  D N A  po lymerase  w i t h  
nuc leopro te ins .  I n  a p rev ious  s t u d y  i t  was  d e m o n s t r a t e d  
t h a t  A D P - r i b o s y l a t i o n  of Mg~+-dependent  endonuc lease  
of r a t  l iver  d id  no t  occur, sugges t ing  t h a t  t he  effect  of 
p o l y ( A D P - R i b )  f o r m a t i o n  on  t he  e n z y m e  is p r o b a b l y  
ind i r ec t  11. 

Zusammen/assung. I n k u b a t i o n  yon  iso l ier ten  R a t t e n -  
h o d e n z e l l k e r n e n  m i t  N i k o t i n a m i d a d e n i n d i n u k l e o t i d  in- 
duz ie r te  die B i l dung  yon  Po lyadenos ind ip t lo spha t r i bose ,  
eine H e m m u n g  der  Ca 2+, Mg2+-abhgngigen,  a lka l i schen  
E n d o n u k l e a s e  und  pa radoxe rwe i se  eine S t imu la t i on  de r  
Mg2+-abhiingigen,  s au ren  Endonuk lea se .  
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Glucose Consumption by Early and Late-Passage 
Growth and Stationary Phase 

Cul tu red  h u m a n  f ib rob las t s  are now  used ex t ens ive ly  
to s t u d y  h e r e d i t a r y  disorders1,  ~ and  since these  cells 
h a v e  a f in i te  r ep l i ca t ive  capac i ty ,  t h e y  are also useful  for 
research  on  biological  ag ing3-L Ea r l i e r  work  Oil carbo-  
h y d r a t e  m e t a b o l i s m  has  shown  t h a t  whi le  h u m a n - f i b r o -  
b la s t s  c an  ut i l ize  a v a r i e t y  of hexoses,  t h e y  h a v e  a pref-  
erence  for glucose s w h i c h  is deg raded  p r e d o m i n a n t l y  to  

Diploid Human Fibroblasts During 

lactate~,  s0 a n d  COs, the  l a t t e r  occur r ing  m a i n l y  v ia  t he  
pen to se  pathway11,1% In  p rev ious  s tud ies  on  glucose 
o x i d a t i o n  11 we were u n a b l e  to  f ind  differences be tween  
n o r m a l  s t r a ins  a t  ea r ly-passage  a n d  those  der ived  f rom 
ind iv idua l s  w i t h  d iabe tes  mel l i tus ,  an  a g e - d e p e n d e n t  
d i sorder  of c a r b o h y d r a t e  m e t a b o l i s m  la. However ,  since 
d iabe t i c  cu l tu res  h a v e  a decreased  g r o w t h  capac i t y  4, 14-16 


