
15. 12. 1971 Specialia 1461 

T h e  P r e s e n c e  of  S p e c i f i c  P r o t e i n s ,  i n  the  A b s e n c e  of m a n y  S e r u m  P r o t e i n s ,  in  the  Rat  S e m l n t f e r o u s  
T u b u l e  F lu id  

Seminiferous tubules  of t he  tes t is  secrete fluid which 
carries t he  spermatozoa  out  of the  test is  and into the  
epididymis .  Resen t  studies have  shown t h a t  this  f luid is 
un ique  in m a n y  respects,  due to the  exis tence of a 
barr ier  mechan i sm in t he  walls of the  seminiferous tubules ,  
which  p reven t s  t he  e n t r y  of var ious  endogenous and 
admin is te red  substances  1. Recen t  s tudies on re te  test is  
f luid proteins,  based ma in ly  on the  r am fluid ob ta ined  
by  the  ca the te r  imp lan t a t i on  t echn ique  = , suggest  t h a t  
all  the  ind iv idual  se rum prote ins  are present  in the  rete  
test is  fluid, bu t  in much  lower concentra t ions .  JOHNSON 
and SETCHELL 3 found a specific pro te in  in r am fe te  test is  
fluid. This  pro te in  migra ted  be tween  e l  and  x~ globul in 
in cellulose ace ta te  electrophoresis .  The  exis tence of a 
pro te in  smal ler  t h a n  albumin,  w i th  a molecular  weight  
be tween  20,000 and 30,000 has also been repor ted  4. Since 
cellulose ace ta te  electrophoresis  provides  only a re la t ive  
low level  resolution,  i t  was deemed desirable  to inves t iga te  
the  composi t ion  of tes t icular  fluids using a s tep grad ien t  
po lyac ry lamide  gel system. 

Mater ia l  and  methods. Fluids  col lected f rom the  ra t  
seminiferous tubules  and f rom the  re te  test is  were subject-  
ed to  e lec t rophore t ic  separa t ion  using a step gradient ,  
f la t  bed acry lamide  gel sys tem recomended  by  the  manu-  
fac turer  of t he  sys tem s. This  sys tem util izes a 0 .75M 
Tr i s - su l fa te  p H  9.0 separa t ing  gel buffer  wi th  the  concen- 
t r a t ion  of ac ry lamide  a t  t he  origin being 4 .5% and in- 
creasing in steps to 6%, 8%, and 12%. Bo th  upper  and 
lower buffer  t anks  were fil led wi th  0 .065M p H  9.0 Tris-  
bora te  buffer.  Samples  ranging in size f rom 0.5 to 1.0 ~1 
were absorbed on to  cellulose ace ta t e  paper  s t r ips  measur-  
ing 2 X 3 ram. The  str ips  con ta in ing  the  samples  were 
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Fig. 1. Electrophoretic protein pattern of a) rat serum, b) fete testis 
fluid and c) seminiferous tubule fluid on the same acrylamide gel 
plate. 

placed on the  surface of the  4.5% gel and a 12% acryla-  
mide  gel cap was pressed against  the  upper  surface of 
sample  conta in ing  strips. The  gel cap is made  up of the  
same composi t ion  as the  12% acry lamide  por t ion  of the  
running  gel, excep t  t h a t  the  buffer  concen t ra t ion  is one- 
half  of t he  running  gel. Cons tan t  power  for t he  electro-  
phore t ic  separa t ion  is p rov ided  by means  of a pulsed 
cons tan t  power  supply  in which the  ini t ial  pulse ra te  is 
75 pulses/sec. The  pulse ra te  is increased 75 pulses/sec a t  
5 min  in terva ls  unt i l  300 pulses /min is reached.  The  
capac i tance  is set a t  1.0 ix-farad and the  vo l tage  a t  280 
volts.  The  to ta l  elapsed t i m e  for the  run is 45 min.  The  
gel is r emoved  and f ixed in 12% tr ichloro-acet ic  acid for 
30 min.  Af te r  r insing the  gel slab 5 or  6 t imes  in t a p  
water ,  i t  is placed in a 0 . 2 0 ~  aqueous  solut ion of Coo- 
massie Blue for 1 h a t  37°C. The  gel is then  r insed in 
several  changes of 10% acetic acid unt i l  no more dye  is 
being ex t rac ted .  

The  fe te  test is  fluid was col lected by  l igat ing the  efferent  
duc ts  and punc tu r ing  the  d i la ted  rete  tes t is  12, 24 or  48 h 
later,  f rom 4, 8 and 6 animals,  respect ively .  Samples  
ot free-flow p r imary  secretion of the  seminiferous tubules  
were ob ta ined  f rom 8 animals  under  pen toba rb i tone  
anaes thes ia  th rough  an incision in the  tun ica  a lbuginea,  
where one of t he  p ro t rud ing  seminiferous tubules  was 
mic ropunc tu red  wi th  a glass capi l lary  wi th  an ou te r  t ip  
d iamete r  of 20-30 ixm. 2 to 4 samples  ot t ubu la r  fluid, t aken  
f rom the  same testis, 0.2-0.5 ixl each, were poooled to 
make  1 sample  for electrophoresis.  Fo r  comparison,  
samples  of ra t  se rum and in t ra tes t icu lar  l y m p h  were 
studied.  The  l a t t e r  was obta ined  wi th  a glass capi l la ry  
placed be tween  unper fora ted  seminiferous  tubules.  

Resul ts  and  discussion. Serum and in t ra tes t icu la r  l y m p h  
proved  to have  a h igh ly  s imilar  pa t t e rn  of pro te in  bands  
excep t  for the  sl ight  p redominance  of fast  mov ing  proteins  
in the  l y m p h  (Figure  2). A to t a l  of 21 separa te  bands  
were ident i f iable  in the  se rum (Figures 1 and 3), a l though  
some of t h e m  (bands 1, 3, 8, 14)were  weak and  no t  a lways  
seen. The  prote ins  of t he  tubu le  fluid revea led  a to t a l  of 
23 bands  (band 4 only  occasional  and weak).  9 bands~ all  
weakly  stained, were ident ical  e lec t rophore t ica l ly  wi th  
serum proteins.  Band  27 was a strong, intense band 
bo th  in serum and in rete  test is  fluid, bu t  in tubu le  fluid 
it  was a weak ly  s ta ined double t  (27a and 27b in F igure  3). 
2 d is t inc t  groups were typ ica l  of tubu le  fluid. One of 
t h e m  consisted oi 6 bands,  3 of which were r emarkab ly  
strong, m o v i n g  in f ront  of the  fastest  m o v i n g  a lbumin  
fract ion of serum (bands 29 to 34). These were t hough t  
to be equ iva len t  to the  smal l  prote in  found in the  ram 
rete  test is  f luid 4. Another  charac ter i s t ic  group of bands  
showed in te rmedia te  mobi l i ty .  T h e y  appeared  as 3 th in  
b u t  s t rong  bands  (bands 17, 18 and  19). T h e  rest  of the  
non-serum prote in  bands  were weaker  and main ly  slow 
moving.  
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Fig. 2. Comparison of protein pattern of a) rete testis fluid 48 h after 
efferent duct ligature, b) serum, c) intratesticular lymph, d) fete tes- 
tis fluid 24 h after efferent duct ligature. Protein staining in fete tes- 
tis fluid after 48 h ligature is very weak. 
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Fig. 3. Diagrammatic presentation of the protein bands seen in step 
gradient acrylamide gel electrophoresis and the numbering used in the 
text. S, serum; Ts, serum protein bands seen in the seminiferous tu- 
bule fluid; Rs, serum protein bands seen in the fete testis fluid; 
R ~ ,  protein bands specific to the rete testis fluid (e.g., those not 
seen in the serum) ;Rto,, total pattern of the rete testis fluid; Trot, to- 
tal protein band pattern of the seminiferous tubule fluid; T,peo, bands 
specific to the tubule fluid (e.g., not seen in the serum). Very weak or 
inconstant bands are drawn with dotted lines. 

Proteins from rete testis fluid appear to be a mixture  
of the proteins from the seminiferous tubule fluid and some 
serum proteins. Except  for one inconstant band (No.10), 
all the other fete fluid bands were visible either in the 
tubule fluid or in serum. There were some weak bands 
(No. 21, 31 and 32) which were found in tubule fluid but  
never in rete testis fluid. All the serum bands visible in 
the tubule fluid were seen also in rete testis fluid, but  
bands 27a and 27b especially were constantly much 
stronger in the latter. The serum band No. 5 was seen in 
rete testis fluid although not in tubule fluid. 

The electrophoretic pat tern of the fluid was vir tually 
identical ai ter  12 and 24 h ligature. Removal  of sper- 
matozoa by centrifugation did not  influence the pattern, 
either. At  48 h, the intensity of protein staining was 
markedly decreased (Figure 2). 

The use of micropuncture technique together with high 
resolution electrophoresis has made it  possible to demon- 
strate the originality of the protein constituents of 
seminiferous tubule fluid and the very small contribution 
of plasma proteins to the milieu of the tubules. In contrast  
to the considerable amounts of serum protein in fete 
testis fluid, there were very small amounts  of serum 
protein in tubule fluid, although the same, fast-moving 
serum bands were seen in both fluids. Although a differ- 
ence in the serum contribution to the constituents of these 
fluids is more quant i ta t ive  than qualitative, this obser- 
vation emphasizes the fact that  samples of rete testis 
fluid cannot be used as representatives of the composition 
of the pr imary secretion of the seminiferous tubules. 
This is already suggested by the observations of TUCK et 
al. e on the differences in the ionic composition of the 
seminiferous tubule fluid versus rete testis fluid in the rat. 
Various other observations, such as better permeabil i ty to 
dyes of the fete testis ~ and the involvement  of the fete 
testis before the rest of the organ in experimental  allergic 
orchitis s, suggest tha t  rete testis is the weak point of the 
testicular barrier system, or may even be outside it. The 
presence of numerous microvilli  and cytoplasmic vesicles 
in the cells lining the rete is consistent with the concept 
of fluid transport  in this region*. The evidence of resorp- 
tion, and especially the early disapperance of a few specific 
tubular protein bands in fete testis fluid, is highly interest- 
ing as regards the possible existence of ' inhibing' in this 
fluid 1, x0 There is some indirect evidence to suggest tha t  
such a feedback of information on the intensity of 
spermatogenesis exists and tha t  it would most logically 
happen through resorption of the testicular fluid 10, lz. 

The pat tern of proteins was remarkably uniform in 
different samples of tubule fluid. This is not incompatible 
with the view tha t  Sertoli cells are responsible for se- 
cretion of the tubule fluid 1.. These cells are the only ones 
within the epithelium which might  be related to transport  
functions 13. The interesting questions of whether protein 
pat tern is at  all influenced by different stages of the 
cycle of the seminiferous epithelium, or whether fete 
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la M. NIE~I and M. KOR~ANO, J. Reprod. FertiL 10, 49 (1965). 



15. 12. 1971 Speeialia 1463 

tes t i s  f lu id  is ab le  to  c o n t a m i n a t e  t h e  t u b u l a r  p r o t e i n  
p a t t e r n  due  to  ref lux,  as sugges ted  r e c e n t l y  b y  TUCK et  
al.  ~4 o n  t h e  bas i s  of ionic  c o n c e n t r a t i o n s  of t h e  f luids,  
will need  f u r t h e r  e x p e r i m e n t a t i o n .  

Zusammen/assung: Die Fl i i s s igke i t  in  den  Hodenkan/~l -  
c h e n  e n t h i e l t  m e h r e r e  P ro te ine ,  d ie  i m  S e r u m  ode r  in  
de r  H o d e n l y m p h e  n i c h t  nachwe i s l i ch  waxen. N u r  y o n  
e in igen  de r  S e r u m p r o t e i n e  waxen in  de r  Fl f iss igkei t  d e r  
Hodenkan i~ lchen  s chwache  e l ek t ropho re t i s che  B ~ n d e r  zu 
sehen.  
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La localisation extra-embryonnaire des cellules germlnales chez l'embryon de L6zard vtvlpare (Lacerta 
vivipara Jacquin) 

Des recherches  desc r ip t i ve s  o n t  c o n d u i t  ~ s i t ue r  les 
gonocy tes  du  IAzaxd v iv ipaxe  d a n s  u n  c ro i s san t  ex t r a -  
e m b r y o n n a i r e  pos t6 r i eu r  qu i  e m b r a s s e  d i r e c t e m e n t  l ' ex-  
t r 6 m i t 6  c a u d a l e  de  l ' e m b r y o n  1-3. Ce t t e  loca l i sa t ion  a 6t6 
en  p a r t i e  conf i rm~e ~ x p ~ r i m e n t a l e m e n t  4 p a r  a b l a t i o n  
ch i ru rg ica le  du  c ro i s s an t  e x t r a - e m b r y o n n a i r e ,  suppos6  
c o n t e n i r  les gonocytes ,  chez  des  e m b r y o n s  de 6 pa i res  de 
somi t e s  (stat ic 19 de  la  t a b l e  de  d 6 v e l o p p e m e n t  de  ce L6- 
zaxd ~). Le  h o m b r e  de  gonocy tes  c o n t e n u  d a n s  les cr6tes  
g6ni ta les  des  e m b r y o n s  op6r6s 6 ta f t  s i g n i f i c a t i v e m e n t  in-  
I & i e u r  A celui  des  t 6 m o i n s  ma i s  il r e s t a i t  en  m o y e n n e  de  
l ' o rd re  de  20. Ce r~su l t a t  p o u v a i t  t e n i r  au  fa i r  que  des  
gonocy tes  a v a i e n t  d6jA p6n6t r6  d a n s  les t i s sus  e m b r y o n -  
na i re s  au  m o m e n t  de l ' i n t e r v e n t i o n  chi rurgica le .  Nous  
a v o n s  d o n c  r enouve l6  l ' exp6r ience  d ' u n e  p a r t  ~ des  s t ades  
de  d 6 v e l o p p e m e n t  p lu s  pr6coces  p o u r  v&i f i e r  ce t t e  in t e r -  
p r 6 t a t i o n ,  d ' a u t r e  p a r t  A u n  s t ade  p lus  gg6 p o u r  pr~ciser  
quel le  p6r iode  les cellules ge rmina l e s  o n t  e n v a h i  l ' em-  
b r y o n .  

Matdriel e¢ mdthodes. Les  femel les  g e s t a n t e s  o n t  6t6 
sacrif i6es p a r  d 6 c a p i t a t i o n  d a n s  les 2 A 3 jours  s u i v a n t  la  
cap tu re .  I m m 6 d i a t e m e n t  apr~s  le sacrifice,  les u t6 rus  son t  
diss~qu6s e t  p laces  d a n s  d u  l iqu ide  phys io log ique  de  Ty-  
rode  st6rile.  Les  oeufs  s o n t  e x t r a i t s  des  u t6 rus  e t  mis  e n  
a t t e n t e  d a n s  u n  n o u v e a u  b a i n  de T y r o d e  s t&ile .  C h a q u e  
ceuf es t  ensu i t e  d6pos6 d a n s  une  coupel le  d o n t  le fond  de  
p a r a f f i n e  es t  c reus6 d ' u n e  p e t i t e  loge;  ce t t e  coupel le  es t  
r emp l i e  de  Tyrode .  L'ceuf,  d6bar rass~  de  ses m e m b r a n e s  
coquil l i~re e t  v i t e l l ine  A l ' a ide  de p inces  f ines es t  immob i l i -  
s~ darts la p e t i t e  loge, l ' e m b r y o n  face ~. l ' o p & a t e u r .  Le  te r -  
r i to i r e  e x t r a - e m b r y o n n a i r e  suppos6  c o n t e n i r  les gono-  
cytes ,  d ' ap r~s  l ' 6 t u d e  h i s to tog ique  d ' e m b r y o n s  n o r m a u x  
(Figures  1 e t  2), es t  d6coup6 A l ' a ide  de  c i seaux  Pascheff -  
Wol f f  e t  ex t i rp6  avec  des  p inces  f ines.  Le  v i t e l lus  de  l 'ceuf 
e s t  assez c o n s i s t a n t  p o u r  n e  p a s  s '6couler  en  l ' a b s e n c e  des  
m e m b r a n e s  e t  l ' e m b r y o n  es t  donc  laiss6 en  p lace  su r  son  

1 2 

Fig. I. Representation sch6matique d'un embryon au stade 15. 
Fig. 2. Representation sch~matique d'un embryon au stade 20. Pour 
tes figures 1 et 2 la zone extra-emblTonnalre supprim~e est indiqu~e 
en hachures. 
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