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into an Rf  11 band for 106 ~.g and Rf  23 for 212 vg. 
Abdomina l  pro te in  resolved an Rf  23 band  from 50 ~g 
applied and 33 for 100 vg, 57 for 200 ~g and 66 for 300 ~g. 
These abdomina l  bands i l lus t ra ted a s ignif icant  increase 
in mobi l i ty  as compared  to the  o ther  extracts .  Delet ion 
of the  Tr i ton  f rom the  gels resul ted in a f ragmenta t ion  of 
the  major  fract ion (Figure 2a). 

E lec t rophore ted  an tenna l  ex t rac ts  in 3, 5 and 7% 
acrylamide  gels, conta ining 0.6% Tr i ton  X-100, are 
i l lus t ra ted in Figure  2b. As the  acry lamide  concent ra t ion  
was reduced, the  Rf  value  of the  maior  band was only 
s l ight ly increased;  however,  the  dens i ty  of this  band was 
progressively reduced, while the  dens i ty  of a protein-  
aceous band  at  the  glycine front  was progressively 
increased. 100 ~g of an tenna l  ex t rac t  resolved into an 
Rf  26 band wi th  the  3% acrylamide,  21 wi th  the  5% 
and 19 wi th  the  7 %. 

Under  the  above conditions,  T r i ton  X-100 aggregated,  
and mainta ined,  most  of the solubilized proteins  in one 
heterogeneous fraction.  The  sieving effects of the  different  
acrylamide  concentra t ions  remained  high. This  indicated 
a cross-linked prote inaceous structure,  wi th  subuni t  
break-off  running at  the  glycine front.  

Electrophoresis  of 0.6% Tr i ton  X-100 in 0.9% NaCI 
solubilized ext rac ts  in p H  7.1 gels (with or wi thou t  

Tr i ton  incorporat ion) and p H  7.1 reservoir  buffers resolved 
several prote inaceous  fractions.  E m p l o y m e n t  of different  
acry lamide  concentra t ions  produced dis t inct ive  s ieving 
effects on cer ta in  of these e lee t rophore ted  bands (Figure 
2 @  When  the  radioIabel l ing exper iments  of FRRI<OVlCt~ 
and IXTORRIS 4 were repeated,  except  at  p H  7.1, label was 
incorpora ted  into band  Rf  81 in 3.5% acrylamide,  bands  
Rf  77 and 56 in 7% acry lamide  and band  Rf  21 in 14% 
acry lamide  (Figure 2 c) 7. These observat ions  demons t ra ted  
an apparen t  sieving act ion by  the  denser aqrylamide gels 
on the  proteins  b inding the  labelled feeding inhibi tor ,  
menadione14C. 

Resuspension of pellets  in different  concentra t ions  of 
Tr i ton  X-100 resulted in a l tered prote in  solubilization. 
Fol in  analysis ~ and electrophoresis  of samples indicated 
tha t  a 1% solut ion of Tr i ton  in 0.9% MaC1 solubilized 
less t han  1/2, and a 5% solution solubil ized less t han  1/4 
as m u c h  prote in  as did the  0.6% Tr i ton  extract ion.  

SDS electrophoresis  has  become an established means  
for the  de te rmina t ion  of pro te in  molecular  weightsS; 
however ,  addi t ion  of SDS to our  obta ined  prote inaceous 
extracts ,  as yet,  has produced  no banding wi th  SDS 
electrophoresis.  

Al though  Tr i ton  X-100 is commonly  employed  in the  
solubil izat ion of pe l le t -bound proteins,  our f indings 
i l lustrated and emphasized cer ta in  effects which Tr i ton  
can have  on prote in  solubi l izat ion and fract ionat ion.  
Expe r imen t a l  parameters  regarding Tr i ton  t r e a t m e n t  and 
use must  he  accura te ly  def ined and control led to  insure 
reproducible,  meaningful  results  9. 

Resumen. Un agregado de protefnas  solubilizadas en 
Tr i ton  X-100 fue resuelto como una  banda  por  electro- 
forests a u n  p H  de 8.5. E n  un p H  de 7.1 estas fracciones 
no demues t ran  el efecto de agregacidn. So lamente  electro- 
forests con Tris/glicina como amor t iguador  y concentra-  
ciones del de tergente  menor  de 0.6% dieron resuttados. 
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Fig. 2. Electrophoreted Triton-solubilized antenna1 proteins a) in gel 
not containing Trition X-100, pit  8.5 ; b) on different concentrations 
of aeryiamide, pH 8.5; and c) in different concentrations of acrylami- 
de, pH 7.1. 

6 0 .  i7[. LOWRY, N. J. ROSEBROUGH, A. L. FARR and R, J. RANDALL, 
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Occurrence  of Vesic les  in Rabbit  Semina l  P l a s m a  

The  fertil izing capac i ty  of rabb i t  spermatozoa  recovered 
f rom the  uterus  of a doe is inhibi ted  by a fast  sediment ing 
component  in seminal  p lasma f rom in tac t  and vasec- 
tomized  bucks tha t  was isolated recent ly  following 
centr i fugat ion on sucrose densi ty  gradients  1. R a b b i t  
seminal  p lasma had been previous ly  pos tu la ted  to pos- 
sess a factor  of macromolecular  dimensions capable  of 
revers ibly  blocking sperm ferti l izing capacity,  when i t  
was observed u l t racent r i fugat ion  removed  decapac i ta t ion  
ac t iv i ty  in a few hours 2. This  repor t  shows the  inhibi tor  
f ract ion consists of numerous  small  vesicles and, in 

addit ion,  t h a t  another  rapid ly  sediment ing  seminal  
p lasma fract ion of higher  densi ty  also contains  vesicles. 

Seminal  p lasma was collected wi th  an art if icial  vagina  
f rom bucks of mixed  strains, hav ing  p roven  fert i l i ty.  
Fresh semen samples wi th  good sperm mot i l i ty  were 
centr i fuged at  1000•  for 30 rain and the  seminal  
p lasma aspirated.  Rap id ly  sediment ing components  were 
recovered f rom this  f luid by  employing  discontinuous 

1 B. K. DAvis, Proc. hath. Acad. Sci. USA 58, 951 (1971). 
J. IV[. BXl)~ORI) and .h~. C. C~A~, Am. J. Physiol. 202, 179 (1962). 
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d e n s i t y  g r ad i en t s  c o n t a i n i n g  layers  of 20, 40 a n d  60 or 
80% (w/v) sucrose w i t h  0.15 2VI KC1 a n d  0.01 M Tris, 
p H  7.4. Af te r  c e n t r i f u g a t i o n  a t  25,000 r p m  for 9 h in a 
Spinco SW 27 ro to r  a t  5 ~ t h e  ceilulose n i t r a t e  cen t r i fuge  
t u b e  c o n t a i n i n g  t h e  sucrose  d e n s i t y  g r a d i e n t  p r e p a r a t i o n  
was p u n c t u r e d  a t  t he  base  a n d  1 m l  f r ac t ions  col lected in 
t e s t  t ubes  below. The  a b s o r b a n c e  of these  f r ac t ions  a t  
270 n m  was d e t e r m i n e d  in a B e c k m a n  D U  spec t ropho to -  
meter .  F r a c t i o n s  co r r e spond ing  to peaks  were pooled  a n d  
d ia lyzed  in Visk ing  t u b e s  aga ins t  a p p r o x i m a t e l y  1000 
vols. buf fer  (0.15 M KC1, 0.01 M Tris, p H  7.4). The  2 
r ap id ly  s e d i m e n t i n g  f rac t ions  o b t a i n e d  were s e d i m e n t e d  
a t  168,000 •  for 2.5 h in  a t i t a n i u m  50 ro to r  (Spinco).  
E n o u g h  m a t e r i a l  was  cen t r i fuged  to  fo rm a v is ib le  pel le t  
(d iamete r  > 0.3 cm) a t  t he  base  of a cen t r i fuge  tube .  The  
pel le t  was  f ixed i m m e d i a t e l y  w i t h  2% OsO~, s u b s e q u e n t l y  
e m b e d d e d  in E p o n  (Ladd  Indus t r ies ) ,  sec t ioned  w i t h  a 
glass b l ade  mic ro tome ,  s t a ined  b y  20% u r a n y l a c e t a t e  
and  0.5% lead c i t r a t e  a n d  f ina l ly  e x a m i n e d  in a Zeiss 
e lec t ron  microscope  (model  E M  9S2). Sect ions  were also 
p r e p a r e d  of s p e r m a t o z o a  f lushed f rom the  c a u d a  epidi-  
dymis  of a b u c k  b y  m e d i u m  199 (Difco) a n d  t h e n  sedi- 
m e n t e d  a t  1 2 , 0 0 0 x g  for 10 ra in  in  a Sorval l  RCB2  
cen t r i fuge  a t  5 ~ to fo rm a spe rm cell pellet .  

F a s t  s e d i m e n t i n g  en t i t i e s  in  r a b b i t  s emina l  p l a s m a  are 
a r re s t ed  in t he  dens i t y  g r a d i e n t  shown  b y  F igure  1 a t  
the  40 and  60% sucrose zones. 2 v i s ib ly  c loudy  b a n d s  can  
be  seen and  t h e y  are d e s i g n a t e d  F r  I a n d  I I .  SeminaI  
p l a s m a  r e m a i n i n g  a t  t h e  t o p  of t h e  g r a d i e n t  (above  t h e  

20~o sucrose zone) is n o t  t u rb id .  F r ac t i ons  I an d  I I  h a d  
dens i t ies  of 1.20 a n d  1.16 g /cm a, respect ively ,  in a l inear  
2 0 - 6 0 %  (w/v) sucrose g rad ien t ,  cen t r i fuged  a t  25,000 r p m  
in an  S W  27 ro to r  for 48 h a t  5~ f rac t ion  dens i t i es  were 
m e a s u r e d  w i t h  a r e f r a c t o m e t e r  (Bausch  a n d  Lomb) .  
Schl ie ren  p a t t e r n s  obse rved  for F r  I a n d  1t in  an  a n a l y t i c a l  
u l t r acen t r i fuge  (Spinco, mode l  E), ope ra t ed  a t  33,450 r p m  
a t  20~ showed single peaks  w i th  m e a n  s e d i m e n t a t i o n  
coeff icients  of 250S for F r  I an d  85S for F r  I I .  

E l ec t ron  m i c r o g r a p h s  of sect ions  cu t  a f te r  s e d i m e n t a t i o n  
of F r  I an d  I I  revea l  t h e m  to  cons is t  of n u m e r o u s  small ,  
r o u n d  vesicles (Figure 2). A t r i l a m i n a r  m e m b r a n e  
b o u n d a r y  can  be  seen t h a t  is e s t i m a t e d  to  be  83 A th ick .  
F r a c t i o n  I vesicles h ad  a m e a n  cross-sect ional  d i a m e t e r  
of 607 A a n d  F r  I I  h a d  a d i a m e t e r  of 509 A, based  on 
samples  of nea r ly  300 vesicles each. A b o u t  10~o of t h e  
vesicles in  each  p r e p a r a t i o n  h a d  u n u s u a l l y  large d i ame te r s  
( >  800 it)  a n d  aggrega t ion  d u r i n g  s e d i m e n t a t i o n  could 
h a v e  c o n t r i b u t e d  to  t he i r  presence.  The  m e a n  vesicle 
d i ame te r s  yield spher ica l  vo lumes  of a b o u t  1.2 • 10 -1~ 
a n d  0.7 X 10 -16 cm a. Vesicle sizes cor re la te  b r o a d l y  w i t h  
t he i r  r a t e  of s e d i m e n t a t i o n  a n d  are  cons i s t en t  w i t h  
'molecu la r  we igh t '  va lues  of severa l  mi l l ion da l tons .  I t  
m a y  be  e s t i m a t e d  t h a t  r a b b i t  s emina l  p l a s m a  h a s  ap-  
p r o x i m a t e l y  10 a4 ves ic les /ml ;  t h e y  are e v i d e n t l y  more  
n u m e r o u s  t h a n  s p e r m a t o z o a  in semen by  severa l  orders  
of m a g n i t u d e .  

A p e a k  co r r e spond ing  to  F r  I I  was  n o t  o b ; e r v e d  in 
sch l ie ren  p a t t e r n s  fo rmed  d u r i n g  u l t r a c e n t r i f u g a t i o n  of 
c a u d a  e p i d i d y m a l  f luid (di lu ted 1:3 w i t h  m e d i u m  199), 
in c o n t r a s t  F r  I occurred  a t  an  e s t i m a t e d  c o n c e n t r a t i o n  
of 2 mg/ml .  F igure  3 shows an  e p i d i d y m a l  s p e r m a t o z o a  
w i t h  F r  I- l ike vesicles on i ts  surface. The i r  p resence  on  
t h e  spe rm cell is associa ted  w i t h  t h e  loss of m e m b r a n e s  
(Figure 3). Conce ivab ly  these  vesicles are fo rmed  f rom 
s p e r m a t o z o a n  m e m b r a n e s  d u r i n g  spe rm cell b r e a k d o w n  
in t h e  ep id idymis .  F r  I vesicles were found  to be v i r t u a l l y  
a b s e n t  f rom r a b b i t  test is .  Since F r  I I  vesicles are p r e s en t  
in s emina l  p l a s m a  f rom v as ec t o mi zed  male  r abb i t s ,  t h e y  
are clear ly of n o n - s p e r m a t o z o a n ,  p o s t - e p i d i d y m a l  origin.  
These  vesicles are p re sen t  in t h e  seminaI  vesicle an d  m a y  
arise f rom it. 

Semina l  p l a s m a  f rom bul l  an d  man ,  in  a d d i t i o n  to  t h a t  
f rom rabb i t s ,  h a v e  2 classes of vesicIes t h a t  are a r r e s t ed  
b y  40 a n d  60~o sucrose zones in d i s con t inuous  d en s i t y  
g r ad i en t s  s e d i m e n t e d  unde r '  t h e  cond i t ions  descr ibed.  
Semina l  p l a s m a  f rom these  3 species are k n o w n  to 
d ecap ac i t a t e  r a b b i t  spe rm o b t a i n e d  f rom the  u te rus  of a 
doe a. Moreover,  F r  I I  was  p rev ious ly  iden t i f i ed  as pos-  
sessing d e c a p a c i t a t i o n  a c t i v i t y  1. P a r t i c i p a t i o n  of vesicles 
in  d e c a p a c i t a t i o n  suggests  i t  m a y  be  a m e m b r a n e  asso- 
c ia ted  p h e n o m e n o n .  H o w  these  vesicles serve  to  s tab i l ize  
t h e  spe rm cell p l a s m a  m e m b r a n e  a n d  p r e v e n t  pre-  
fe r t i l i za t ion  ves icu la t ion  in t h e  ac rosomal  region 4 is a 
sub jec t  of c u r r e n t  i n t e r e s t  5. 

Zusammen/assung. Es k o n n t e  gezeigt  werden,  dass  die 
2 schnel l  s ed i men t i e r en d e  K o m p o n e n t e n ,  isol iert  aus  
K an i n ch en s amen f l i i s s i g k e i t  y o n  ve r sch i edenen  Zonen  
eines u n t e r b r o c h e n e n  Suc roseg rad i en t en  in e l ek t ronen-  

Fig. 1. Shows location of bands of rapidly sedimeniing components 
in rabbit seminal plasma on a discontinuous sucrose density gradient 
following ultraeentrifugation. Seminal plasma (10 ml) was pipetted 
on top of the density gradient that contained zones of 3 ml 60% 
sucrose, 9 ml 40% sucrose and 10 ml 20% sucrose in 0.15M KC1 and 
0.01 M Tris, pH 7.4, and then centrifuged. Fractions I and II appear 
as cloudy bands that are arrested by the 40 and 60% sucrose zones 
at the locations indicated. 

M. C. CHANG, Nature, Lond. 179, 258 (1958). 
4 C. BARROS, J. M. BEDFORD, L. E. FRANKLIN and C. R. AUST:N, J. 

Cell Biol. 34, CI (1967). 
5 Results contained in this communication were presented at a Na- 

tional Institutes of Health workshop, Bestheda, ~aryland, USA, 
January 12, 1973. The electron micrographs were kindly prepared 
by Mr. K. BEDIGIAN. Financial support was received from N.I.H. 
Contract No. I-HD-3-2781. 
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Fig. 3, An electron micrograph of an 
epididymal spermatozoon showing Fr 
I-like vesicles. 

Fig. 2. Electron micrographs from ultraeentrifugal sediments of isolated rabbit  seminal plasma fractions. These preparations were fixed in 
OsO 4 and stained with uranylacetate and lead citrate, a) Fr. I, b) Fr II. 
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mikroskopischen  A u f n a h m e n  vesikul~re S t ruk tu ren  dar- 
stellen. Die langsamer  sed imen t i e rende  K o m p o n e n t e  
(85S) h a t  einen kle ineren Durchmesse r  (507 A) und  ist 
weniger  d ich t  (1.16 g /cm 3) als die schnel ler  sed iment ie -  
rende  K o m p o n e n t e  mi t  e inem durchschn i t t l i chen  Durch-  
messer  yon 609 A_ und  einer  Dich te  yon  1.20 g/cm 3. Die 
Dekapaz i t a t i onsak t iv i t g t  in Samenfl i iss igkei t  k o m m t  
be iden  zu und  n ich t  nur  w i t  bis j e t z t  a n g e n o m m e n  wurde,  

der  85S K o m p o n e n t e .  Zwei verschiedene  Ves ike l typen  
wurden  auch in der  Samenfl i iss igkei t  yon  Mensch und  
Stier  gefunden.  

B. K. DAvis 

The Worcester Foundation/or Experimental Biology, 
222 2VIaple Avenue Shrewsbury (Massachusetts 
07545, USA), 78 June 7973. 

Developmental Pattern of the Serotonin Synthesizing Enzyme in the Brain 
of Postnatally Malnourished Rats 

Study  of the  me tabo l i sm of bra in  biogenic amines  in 
animals  malnour i shed  f rom b i r th  represents  an oppor tun i -  
t y  to evalua te  the  effects  of ma lnu t r i t i on  on a b iochemical  
p a r a m e t e r  closely re la ted  to neuronal  func t ion  dur ing  
deve lopmen t  and  ma tu r i t y .  5 - H y d r o x y - t r y p t a m i n e  (5-HT) 
acts  in the  bra in  as a n e u r o t r a n s m i t t e r  and  seems to 
pa r t i c ipa te  in t he  in tegra t ion  and control  of psycho-  
emot iona l  behav iour  *-6. We have  therefore  cons idered  
i t  of impor t ance  to s t u d y  the  me tabo l i sm  of 5-HT in t he  
bra in  of no rma l  and  malnour i shed  developing rats .  The 
ac t iv i ty  of t he  bra in  enzyme  5 - H y d r o x y r t y p t o p h a n e -  
Decarboxylase  (5-HTPD) which  synthes izes  5-HT was 
measured  as well as the  concen t ra t ion  of th is  amine.  The 
results  will be out l ined  here. 

Methods. Albino rats ,  or iginal ly Wis t a r  strain,  were 
malnour i shed  f rom b i r t h  w i th  t he  m e t h o d  used by  
W I D D O W S O N  and K E N N E D Y  7. Newborn  ra ts  were re- 
d i s t r ibu ted  wi th in  12 h of b i r t h  in to  l i t ters  of 6 and  16 per  
mother ,  t he  former  were considered controls  and  the  
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Activity of 5-Hydroxytryptophane-decarboxylase in the brain of 
rats malnourished from birth and normal controls. Each point repre- 
sents the mean activity from 3 to 14 samples, from at least 3 different 
litters • S.E. The enzyme activity is expressed as ~xg of 5-HT/g of 
wet weight/1 h. 

l a t t e r  malnour ished.  On day  21 the  young  were separa ted  
f rom the  m o t h e r  in indiv idual  cages and  fed Pur ina  chow 
ad l ib i tum (control  group) or 50% of the  normal  caloric 
r equ i remen t s  (malnour ished group). -Water was offered ad 
l ib i tum to all animals.  Body  and bra in  weight  curves 
were de t e rmined  in b o t h  groups. Animals  were killed by  
decap i t a t ion  on days,  5, 12, 21, and  30, the  bra in  was 
dissected (cerebellum, p inea l  and  o l fac tory  bulbs  were 
no t  included),  weighed,  and  homogenized  in 0.25 3/I 
cold sucrose or 0.1 N HC1. For  the  e s t ima t ion  of 5 -HTPD-  
ac t iv i ty  the  m e t h o d  of KUNTZMAN et al. s, was used. For  
measur ing  serotonin  concent ra t ion ,  the  m e t h o d  descr ibed 
by  SIqYDER et al. 9 was employed.  

Results and discussion. Defici ts  in body  and  bra in  
weight  in malnour i shed  animals  were, a t  30 days  of age, 
of the  order  of 40% and 15% respec t ive ly  as compared  
wi th  the  controls .  The deve lopmen ta l  curve of the  ac t iv i ty  
of 5 -HTPD in the  whole  bra in  of ra t s  f rom b o t h  groups 
s tudied  is shown in the  Figure.  In  the  contro l  group tile 
enzyme curve shows a decrease in ac t iv i ty  be tween  b i r th  
and the  5th day, increasing the rea f t e r  up to the  21st day,  
w i th  a lower ra te  of increase be tween  days  21 and 30. 
5 -HTPD ac t iv i ty  in the  bra in  of malnour i shed  ra ts  
showed a t e n d e n c y  to  be lower t h a n  in controls ,  be ing 
s ignif icant ly  lower on day  21 (p < 0.05), calcula ted on tile 
basis of d ry  weigh t  (Table I). The decrease in enzyme 
ac t iv i ty  observed on the  5th day  in t he  controls  was 
observed on the  12 d a y  in t he  bra in  of ma lnour i shed  

1 K. FuxE, Acts physiol, scand. 64, Suppl. 247, 39 (1965). 
.2 A. DAHLSTR6M and K. FvxE, Acta physiol, scand. 62, Suppl. 232, 

1 (1958). 
3 j.  j .  SCHILDKRAUT and S. S. KETY, Science 156, 21 (1967). 
4 N. KARKI, R. KUNTZMAN , 13. B. BRODIE and J. Neurochem. 9, 53 

(1962). 
5 D. F. BOGDANSKI, H. WEISSBACH and J. UDENFRIEND, J. Neuro- 

chem. 7, 272 (1957). 
B. B. BROmE, S. SPECTOR and P. A. SHORE, Pharmac. Rev. 17,548 
(1959). 

7 E. M. WIDDOWSON and G. C. lf2~ENNEDY~ Proc. R. Soc. B, 756, 96 
(1962). 

8 R. KUNTZMAN, P. A. SHORE, D. F. BOGDANSKI a n d  B. B. BRODIE, 
J. Neurochem; 6, 226 (1961). 
S. H. SNVDER, J. AX~LROD and M. SwinG, Biochem. Pharmac. 14, 
a31 (1965). 

Table I. Activity of 5-Hydroxytryptophane-Decarboxylase (~zg of 
5-HT/g dry weight[I h d- S.E.I 

Age 12 days 21 days �9 
Normals 553.9~ 62.4 1061 ::[=90.4 
Malnourished 369.8:t=126.9 821.7~=_65.2 
�9 p 0.05. 

Table fI. IVfean concentrations of 5-Hydroxytryptamine, ng/g wet 
weight, in the brain of Normal (N) and Malnourished (M) rats ~ S.E. 

Age in days 
0 5 12 21 Adults 

N 345~7.7  138~=20.0 277=[:: 10.7 352-4-42.0 523:~33.1 
M -- 151-4- 12.6 345=1-30.2 307-4-66.2 -- 


