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Summary 

Lizard epididymis produces large secretory granules (6 pm) which are dis- 
charged and mix with the spermatozoa. They consist of a dense central core 
and a peripheral vacuole. Central cores were prepared by two means: (1) homo- 
genization of epididymal cells then isolation of a granular fraction by centrifu- 
gation on a discontinuous sucrose density gradient as a final step, and (2) col- 
lection of epididymal fluid containing both granules and spermatozoa, and 
separation of these elements by several steps of low speed centrifugations and 
washings. Purity of the different fractions was checked by microscopy. After 
complete dissolution in Triton X-100 (2.5%), the fractions containing central 
cores were submitted to SDS-polyacrylamide gel 'e!ectrophoresis (15% acryl- 
amide bisacrylamide). When apparently free from surrounding material, the dis- 
solved central cores analyzed by electrophoresis showed only a main band 
representing a single protein (or a small group of proteins) of relative low 
mobility (molecular weight about 70 000). Other more mobile proteins have 
been identified in less purified fractions. They probably originate from the 
peripheral vacuole but this point is still under investigation. These two types of 
proteins do not originate from plasma or testis. Their androgen dependence is 
discussed. 

Introduction 

Epididymal secretions play an important part in the physiology of sperma- 
tozoa [1]. In Mammalia, certain epididymal secretions contain proteins [2,3, 
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4]. A glycoprotein has recently been isolated from the epididymal secretion of 
the rat [5]. Unlike in Mammalia, in which the secretions do not  take the form 
of structured granules [6], the epididymis of the viviparous lizard produces 
large amounts of voluminous secretory granules. These are discharged into the 
lumen of the tubules of the epididymis where they are mixed with sperma- 
tozoa. They contain a protein consti tuent [7,8], and a polysaccharide consti- 
tuent  [8]. These secretory granules proved themselves as a convenient material 
from which to isolate the protein or glycoprotein constituents in order to inves- 
tigate their effects on spermatozoa. 

In the epididymis of the viviparous lizard the intracytoplasmic secretory 
granules are made up of a central spherical core 6 pm in diameter and a peri- 
pheral vacuole bounded by a membrane [9,8]. After discharge, the central cores 
can be seen in the lumen of the epididymal tubules, while in the histological 
preparations the contents of the peripheral vacuoles seem to dissolve in the epi- 
didymal fluid. 

The work described here concerns the isolation of the central cores (a) by 
cell fractionation to separate granules still retained in the cytoplasm of the 
secreting cells, and (b) by fractionation of the epididymal fluid containing dis- 
charged granules. The isolated granules were analysed by electrophoresis in 
polyacrylamide gel. 

Materials and Methods 

Materials 
The animals (Lacerta vivipara Jacquin) were collected in the Massif Central 

(France) in April, May and June (their reproductive period) and killed within 
24 h after capture. In April, epididymes had swollen epithelia packed with 
secretory granules but the lumen of the tubules were empty (Fig. la) ,  although 
in May and June numerous granules were discharged in the lumen (Fig. lb).  
Each preparation was made from 20 adult animals. 

Preparation of  central cores 
The preparations were made in a 3 mM imidazole/0.3 M sucrose buffer at pH 

7.0. Each step was monitored by light or electron microscopy. A sample of 
each fraction was fixed using a method based on that  of Castle et al. [10]. Sec- 
tions of  3 pm thickness were examined under a light microscope after staining 
with toluidine blue. Ultrathin sections stained with uranyl acetate and lead 
citrate were examined under an electron microscope. Dissolution of granules 
was followed by light microscopy on unfixed smears stained with 1% aqueous 
eosin. 

1. Separation of  intracytoplasmic granules by cell fractionation. Epididymes 
from animals collected in April (Fig. la)  were cut with a razor blade in buffer. 
In each experiment about  I g of tissue was homogenized using a Dounce homo- 
genizer. After sedimentation under gravity, a first supernatant fraction was 
removed. The sediment was resuspended in the buffer, allowed to settle out  
again, and a second supernatant fraction removed and combined with the first. 
The combined fractions were centrifuged for 5 min at 50 X g to eliminate 
remaining intact cells and cell fragments. The supernatant fraction thus ob- 
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Fig. 1. (a) Tubu le  of  l izard ep id idymis  in April .  Epi thel ia l  cells axe tall and  c r o w d e d  wi th  n u m e r o u s  secre- 
to ry  granules  bu t  these l a t t e r . h a v e  no t  y e t  been  d ischarged.  Cent ra l  cores  are dense  spherical  bodies  
a l though  pe r iphe ra l  vacuo les  seem to be e m p t y .  Mater ia l  f r o m  the  per iphera l  vacuo le  and  l imi t ing  m e m -  
b rane  are only  p rese rved  in p r e p a r a t i o n s  for  e l ec t ron  m i c r o s c o p y  (magn i f i ca t i on  X400) .  (b)  Tu b u l e s  of  
l izard e p i d i d y m i s  in May.  The  l u m e n  of the  tubu le  con t a in s  n u m e r o u s  d ischarged  granules  whose  cen t ra l  
cores  are m i x e d  wi th  s p e r m a t o z o a .  Und i scha rged  granules  are  still p r e sen t  in the  c y t o p l a s m  ( × 4 0 0 ) .  (c) 
His tological  aspec t  of  a C 2 pel le t  ob t a ined  by  cel lular  f r ac t iona t ion .  Sec t ion  (3 /~m)  s ta ined  wi th  to lu id ine  
blue.  C o n t a m i n a t i o n  by  o t h e r  cel lular  organel les  is ve ry  l ow  ( × 1 0 0 0 ) .  (d)  Pellet  o b t a i n e d  f r o m  crude  epi- 
d i d y m a l  fluid con ta in ing  cen t ra l  cores  and  s p e r m a t o z o a .  Sec t ion  (3 p m )  s ta ined wi th  to lu id ine  b lue  
( × 1 0 0 0 ) .  (e) His tological  aspec t  of  a LC 3 f r ac t ion  ob t a ined  by  cen t r i fuga t ions  of  the  e p i d i d y m a l  fluid. 
Sec t ion  (3 /~m)  s ta ined wi th  to lu id ine  b lue .  This  granule-r ich  f r ac t i on  is i m p u r e ,  some  tails of sp e rma to -  
zoa  be ing  visible in the  sec t ion  (X1000) .  (f) His tological  aspec t  of  cen t ra l  cores  t r e a t ed  for  5 rain wi th  
2.5% T r i t o n  X-100.  S m e a r  s ta ined wi th  1% eosine.  Vacuoles  appea r  a t  the  pe r iphe ry  of  several  granules  
(XIO00). 

tained (So), was centrifuged at 3000 × g for 15 min and gave a supernatant S, 
and a pellet C~. C, was suspended in 1 ml of buffer and loaded onto a discon- 
tinuous sucrose gradient: four stacked layers of  0.8 ml 3 mM imidazole buffer 
pH 7.0 with 3, 2.5, 2.0 and 1.5 M sucrose, respectively. A 108 000 × g centri- 
fugation for 60 min gave five fractions which are called from the top to the 
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bottom: B~, B2, B3, B4 and C2. C2 was treated with 1% SDS and centrifuged 
(15 000 × g for 5 min). The resulting pellet of undissolved granules was called 
C~. 

2. Separation of discharged granules by fractionation of epididymal fluid. 
Epididymes from animals collected in May and June (Fig. lb) were roughly 
cut in buffer. The liquid obtained contained numerous central cores mixed 
with spermatozoa (Fig. ld),  but also some complete granules. After sedimen- 
tation under gravity, the supernatant fraction LS containing granules and sper- 
matozoa was centrifuged for 10 min at 700 ×g  giving a supernatant LS1 and 
a pellet LC~. The pellet LC~ was purified by two successive washes and cen- 
trifugations (700 × g for 10 min). The final pellet was called LC3. The super- 
natant LS2 was separated by a 15 000 × g centrifugation for 5 min, in a sper- 
matozoa fraction CLSI and a soluble fraction SLS1. 

Dissolution of  central cores 
Treatment with SDS (2% in Tris-HC1 buffer, pH 7.0) brought about only 

partial, though uniform, dissolution of the central cores, judging from the 
lowering of their affinity for eosin. Only Triton X-100 (2.5% final conch, in 
Tris-HCL buffer, pH 7.0) enabled the granules to be dissolved (during or fol- 
lowing treatment with SDS). Onset of vacuolisation was observed after 5 min 
(Fig. If) and complete dissolution after 20 min *. 

Electrophoresis 
This was performed in 15% acrylamide gel in Tris buffer, pH 8.8 (4.5% in 

concentration gel, 15% in migration gel). The characteristics of buffer, gel stock 
solutions and conditions of preparations are those given by Laemmli [11]. 
Migration at 3 mA/gel took about 7 h. After electrophoresis, the proteins were 
treated with the following mixture of stain and fixative: 0.25% Coomassie blue, 
50% methanol, 10% acetic acid for 2 h. The gels were destained with a solution 
of 4.5% (v/v) methanol/10% acetic acid/2.5% glycerol. After destaining, the 
absorbance of the gels was measured at 580 nm on a Vernon spectrophoto- 
meter. For comparison, parallel runs were carried out using reference solutions 
of proteins which had been subjected to the same treatment as the samples 
(cytochrome c, lactoglobulin, chymotrypsinogen, ovalbumin and bovine serum 
albumin (2 mg/ml)). 

Results 
% 

During cell fractionation, the nuclei had settled out in the first pellet. Frac- 
tion $I, BI andB2 contained no granules. Morphological criteria showed $I to 
be a microsomal fraction, BI to be a fraction of membrane vesicles and B2 to be 
a mitochondrial fraction. Fractions B3 and B4 contained a mixture of sper- 
matozoa, mitochondria and some central cores. Fraction C2 was rich in central 
cores, apparently uncontaminated with organelles (Fig. lc). 

* Since a~histochemical study had already shown the granules to contain proteins [7], the low solubility 

of the granules was surprising. Enzymic digestion was attempted in order to confirm the protein nature 
of the cores. Brief treatment (4--5 rain) with trypsin at room temperature brought about dissolution of 
the peripheral part of the central cores. 
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Fig. 2. A n a l y s i s  of  p r o t e i n  s e c r e t i o n s  in t he  l i za rd  b y  15% p o l y a c r y l a m i d e  gel e l e c t r o p h o r e s i s .  P r e p a r a t i o n  
o f  s a m p l e s  a n d  b u f f e r s  w a s  c a r r i e d  o u t  a c c o r d i n g  to  L a e m m l i  [ 1 1 ] .  R u n n i n g  c o n d i t i o n s  we re  3 m A / g e l  
fo r  7 h.  A b s o r b a n c e  s p e c t r a  o f  the  gels were  r e c o r d e d  o n  a V e r n o n  s p e c t r n p h o t o m e t e r  a t  5 8 0  n m .  The  
scale  a t  t he  b o t t o m  of  t he  f igure  i n d i c a t e s  t he  P a t t e r n '  o f  m i g r a t i o n  f o r  r e f e r e n c e  p r o t d i n s  o f  k n o w n  
m o l e c u l a r  we igh t s .  (a)  Pu r i f i ed  g r anu l e  f r a c t i o n  (C~)  o b t a i n e d  f r o m  w h o l e  cells  ( u n d i s c h a r g e d  g ranu les ) .  
2 .5% T r i t o n  X - l O 0 - s o l u b l e  p r o t e i n s .  (b)  P u r i f i e d  g r anu l e  f r a c t i o n  (LC 3) o b t a i n e d  f r o m  d i s c h a r g e d  m a t e -  
rial.  2% S D S  p lus  2 .5% T r i t o n  X - 1 0 0 - s o l u b l e  p r o t e i n s .  (c)  So lub l e  p r o t e i n s  o f  t e s t i c u l a r  f lu id :  s u p e r n a t a n t  
o b t a i n e d  a f t e r  a 5 r a in  15  0 0 0  × g c e n t r i f u g a t i o n  of  t he  t e s t i c u l a r  f lu id  ( tes t i s  r o u g h l y  f r a g m e n t e d  in  iml-  
dazo l e  b u f f e r ) .  (d)  So lub l e  p r o t e i n s  o f  e p i d i d y m a l  f lu id  SLS1 f r a c t i o n :  s u p e r n a t a n t  o b t a i n e d  a f t e r  a 5  
r a in  1 5  0 0 0  × g c e n t r i f u g a t i o n  o f  t he  e p i d i d y r a a l  f l u id  ( e p i d i d y m i s  r o u g h l y  f r a g m e n t e d  in  l m i d a z o l e  bu f -  
fer) .  

During fractionation of  the epididymal fluid, central cores had settled out  in 
fraction LC3. Fraction SLS1 contained the soluble part of  epididymal fluid, the 
pellet CLS1 contained spermatozoa. 

The pellet C~ completely dissolved in Triton X-100 was subjected to electro- 
phoresis. The simple profile in Fig. 2 a  was obtained. A main band appeared at 
R F 0.17 which could be due to a protein, or a tight group of  proteins of  high 
molecular weight (about  70 000 by comparison with reference proteins). The 
fraction LC3 obtained from discharged granules dissolved directly in SDS plus 
Triton X-100 and, analysed in the Laemmli system, gave a rather more complex 
profile (Fig. 2b). The.same band (R F 0.16) was found at the beginning of  the 
gel, and at the other  end of  the gel a group of  low molecular weight proteins 
(about  16 000 by comparison with reference proteins) was located. The frac- 
tion containing central cores obtained from the epididymal fluid could have 
been contaminated by proteins of  testicular origin (proteins from testicular 
fluid, e.g. of an ABP* type).  The possible presence of such proteins was checked 
as follows: testes collected at the same period were minced in imidazole/sucrose 
buffer  and centrifuged directly at 12 000 × g for 5 min; the supernatant liquid 
both treated and untreated with Triton X-100 underwent  electrophoresis, and 
a principal protein was separated at R F 0.27. Similarly a spermatozoa pellet 
(CLSI) was completely dissolved in 2% SDS and underwent  electrophoresis. 
Neither protein from testis nor from spermatozoa correlated with anything 
found in fraction LC3, thus contamination by testicular proteins is unlikely. 
The epididymal fluid used to prepare the fraction LC3 must  also contain a sig- 
nificant amount  of  peripheral vacuole constituents.  In order to locate these, 
the supernatant fraction, free of  visible structure, SLS~, was examined. The 
electrophorogram (Fig. 2d) showed two characteristic bands: a protein (or 

* ABP,  a n d r o g e n - b i n d i n g  p r o t e i n .  
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group) of  high molecular weight at R F 0.38 appeared to be of testicular origin; 
a group of  low molecular weight proteins included a main element at RF 0.88 
and a smaller band at R F 0.96. This same group of  low molecular weight pro- 
teins was also found to have contaminated certain preparations of  central cores 
obtained by cell fractionation (C2). It seems likely that  these are proteins from 
the peripheral vacuole. However, as these vacuoles have not  ye t  been isolated in 
pure state, and as certain plasma proteins migrate in the same region (unpub- 
lished results) this question remains open and will be the subject of  further 
work. 

Discussion 

Unlike in most  other  species, particularly in mammalia, the epididymis of 
the viviparous lizard produces structured secretory granules. They consist of  a 
highly insoluble compact  central core and a peripheral vacuole containing a 
polysaccharide (identified histochemically) which could be related to the 
glycoprotein recently identified in the rat epididymis [5]. Fractions containing 
the insoluble central core were prepared in different ways. Each preparation 
was analysed by electrophoresis in polyacrylamide gel in the presence of SDS. 
Another  system of SDS-polyacrylamide gel electrophoresis [12] gave the same 
results (unpublished), viz. a single band representing a protein or group of  pro- 
teins. Estimation of  the molecular weight ( 70000) ,  based on comparison with 
reference proteins in control experiments in two types of  gel [11,12] is only 
approximate according to criteria defined by Rodbard  and Chrambach [13].  
This protein or group of  proteins is neither a plasma protein, nor a protein of 
testicular origin (spermatozoal protein or protein from testicular fluid). Using 
other  methods  of  separation, it remains to be discovered, whether there is one 
or several protein(s) in the band. The protein secretions of rat epididymis are 
androgen-dependent [3], and the same is true of those of  the viviparous lizard 
[ 17]. However,  the principal protein(s) from a 20 000 X g supernatant fraction, 
prepared from an epididymal homogenate  which strongly incorporate(s) radio- 
active leucine [7],  are lighter and thus are not  identical to the protein solubil- 
ised from central cores unless they are their precursors. These light proteins do, 
however, seem to originate from the soluble parts of  the peripheral vacuole. 
This possibility is to be investigated in a further study. The timing of  the 
appearance of  granules, as monitored by microscopy,  leaves little doub t  as to 
their androgen-dependence [9,7]. The difficulties met  with when attempting to 
solubilize the protein of the central core explain perhaps why [3H]leucine- 
incorporation in such a protein has not  ye t  been clearly demonstrated.  The 
highly insoluble nature of  the central core of  the secretory granules make deter- 
mination of  its physiological role difficult. The accessory glands of  the genital 
tract of  Reptilia are different from those of  mammals. In Squamata (lizards 
and snakes) only two organs participate in sperm formation: (a) the epididy- 
mis, whose embryological origin suggests a role analogous to that  of  both the 
mammalian epididymis and the mammalian seminal vesicles, and (b) the sexual 
segment of  the kidney, which has been compared to the prostate [14].  How- 
ever, it is possible that  the insoluble granule cores of  the lizard epididymis have 
no homologue in the mammalian epididymis. 
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