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time of fertilization 

M. Shyla ja  a n d  H. S. Seshadr i  1 

Department  o f  Postgraduate Studies and Research in Biochemistry,  University o f  Mysore ,  Manasagangotri ,  M y s o r e -  
570006 (India),  6 April  1984 

Summary .  Glycos idases  l ike s ial idase,  f l -ga lac tos idase ,  a - L - f u c o s i d a s e ,  N-ace ty l  h e x o s a m i n i d a s e  a n d  p r o t e a s e s  were  
de tec ted  in t o a d  testis.  N e u r a m i n i c  acid a ldo lase  ac t iv i ty  was  a lso  de tec ted .  T h e  e n z y m e  act ivi t ies  were  f o u n d  to v a r y  
as p r o d u c t i o n  o f  s p e r m a t o z o a  var ied .  Al l  enzymes ,  excep t  N - a c e t y l  g l u c o s a m i n i d a s e ,  were  s h o w n  to  dec rease  a f t e r  
i n j ec t ion  o f  t o a d  p i t u i t a ry  ex t r ac t  a n d  they  were  a lso f o u n d  to  be  a b s e n t  f r o m  testis  c o n t a i n i n g  n o  s p e r m a t o z o a .  T h e  
g lycos idases  were  f o u n d  to  act  o n  t o a d  o v i d u c t  jel ly a n d  they  m a y  t h e r e f o r e  be  i n v o l v e d  in the  d e g r a d a t i o n  o f  the  je l ly  
a f t e r  fe r t i l i za t ion ,  i n t o  smal l e r  bits,  wh ich  m a y  be  ut i l ized as  n u t r i e n t s  by  the  fer t i l ized zygote.  
Key  words. Bufo melanostictus; glycos idases ;  test is ;  p i t u i t a r y  ex t r ac t ;  f e r t i l i za t ion ;  ov iduc t  jelly. 
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Toad oviduct produces jelly which envelops the eggs as 
they pass through it. Jelly has long been known to be 
essential for the fertilization of eggs t4,23,27. It is a glycopro- 
tein containing N-acetyl galactosamine, N-acetyl gluco- 
samine, fucose, galactose and N-acetyl neuraminic acid 
in its carbohydrate moiety. The oligosaccharide moiety is 
linked to protein through an alkali-labile bond, between 
serine/threonine of the peptide and N-acetyl-galac- 
tosamine of the carbohydrate moiety. A partial structure 
of this glycoprotein has been proposed by Seshadri and 
Reddy 22. It is well known that the testis of many animals 
contain glycosidases 2~ Although reports are available 
on acetylcholine esterase ~3, ATPase ~2 and ,5,3-fi-hydro- 
xysteroid dehydrogenase ~8 activity in amphibian testis, 
no information is available on glycosidases. It was there- 
fore of interest to investigate the enzymes of toad testis 
which may be involved in the degradation of jelly after 
fertilization. This study was also undertaken with a view 
to using the enzymes as tools in elucidating the structure 
of toad jelly glycoprotein. The present study reports the 
presence of the following enzyme activities; neuramin- 
idase; fi-galactosidase, a-L-fucosidase, hexosaminidases, 
proteases, N-acetyl neuraminic acid aldolase and possi- 
bly oligosaccharidases, in toad testis. 

Materials and methods 

Testes were collected from four groups of experimental 
toads, which were collected from their natural habitat, 
after anesthetizing the animals with ether. Histological 
studies were carried out for the selection of the following 
groups. A) during the breeding season with motile sper- 
matozoa, B) during the nonbreeding season with motile 
spermatozoa, C) same as group B, but after 24 h of 
injection of toad pituitary extract (pituitaries collected 
from five toads, weighing approximately 50 mg, were 
homogenized in 1.0 ml of holtfreter's solution 27 and cen- 
trifuged at 3000 rpm for 3 min. The whole supernatant 
was injected at once i.p. to each toad. After 24 h, animals 
were sacrificed and testes were collected), D) during the 
nonbreeding season without motile spermatozoa. 
Toad jelly was prepared according to Srinivasulu Reddy 
et al. 27. Rice lectin was isolated as reported by Indrava- 
thamma and Seshadri". 
Chemicals. L-Fucose, N-acetyl neuraminic acid and thio- 
barbituric acid were obtained from BDH Ltd, England. 
N-acetyl-D-glucosamine was from Koch Light Labora- 
tories, England. N-acetyl-D-galactosamine, paranitro- 
phenyl (PNP)-~-L-fucopyranoside, PNP-fl-D-galac- 
topyranoside, PNP-N-acetyl-fl-D-glucosaminide, PNP- 
N-acetyl-fl-D-galactopyranoside, castor bean lectin, 
Type II, lactate dehydrogenase were from Sigma Chemi- 
cal Company, USA. Other chemicals used were of analy- 
tical grade, bought from commercial sources. All the 
solvents were distilled before use. Dialysis tubing (Cat. 
No. 3787H47) was purchased form Arthus H. Thomas 
Co., USA. 
a) Assay of toad testis enzymes. Testes collected from 
groups A and D were homogenized in  distilled water, 
centrifuged at 3000 rpm for 2 h at 4~ and the super- 
natant was dialyzed overnight. The dialyzed extracts 
were again centrifuged and the supernatants analyzed for 

enzyme activities using both toad jelly and PNP sugar 
substrates. When toad jelly was used as a substrate, incu- 
bation was carried out in dialysis tubing at 37 ~ Dialyz- 
ates obtained after 30 min and 90 min of incubation were 
evaporated to dryness and analyzed for the presence of 
various constituents of jelly by paper chromatography 27. 
Sugars were located by alkaline silver nitrate treatment, 
sialic acid was visualized by the method of Warren and 
hexosamines were detected by the Ehrlich reagent, as 
described in a previous paper 27. Spots corresponding to 
all of the sugars present in toad jelly were detected, and 
also three spots with low mobility probably correspond- 
ing to oligosaccharides (OS~, OS2, and OS3). 
b) Characterization of oligosaccharides, OS1, OS2 and 
OS3. Low mol. wt oligosaccharides released after 30 min 
of incubation were isolated after paper chromatography. 
Constituent sugars present in OS~, OS2 and OS3 were 
detected by testing their cross reactivity in agglutination 
tests using rice lectin (specific for N-acetyl-glucosamine) 
and castor bean lectin type II (specific for galactose) as 
described by Lis and Sharon jr. 
OS~ and OS2 fractions were hydrolyzed with 1 N H2SO 4 
for 4 h at 100~ The neutral sugars and amino sugars 
were separated using Dowex 50 and Dowex 2 columns 
according to Simkin et al)L Sugars in the neutral fraction 
of OSt and OS2 were estimated by the Nelson-Somogyi 
method. Hexosamines were estimated using the Ehrlich 
reagent 27. Sugar constituents present in neutral fractions 
of OSj and OS2 were also identified by paper chromato- 
graphy. 
OS3 was not studied, as it was not available in sufficient 
amounts. 
Dialyzates obtained after 90 min of incubation were also 
analyzed for amino acids by two-dimensional paper 
chromatography and spots were developed by the ninhy- 
drin reagent 3~ 
c) Colorimetric methods for assay of toad testis enzymes 
from group A to group C. Sialidase activity was checked 
using toad jelly glycoprotein as the substrate, by estimat- 
ing free sialic acid before and after incubation by the 
method of AminoffL 
Neuraminic acid aldolase activity was detected using 
neuraminic acid as the substrate, by coupling the py- 
ruvate formed to an LDH and NADH system, as de- 
scribed by Comb and RosemanL Galactosidase, fucosi- 
dase, N-acetyl-galactosaminidase and N-acety- 
lglucosaminidase assays were performed using appro- 
priate PNP substrates as described by Tausif and Balasu- 
bramanian 29. 
In one set of experiments, about 50 mg of toad jelly 
glycoprotein was incubated in a dialysis tube with 10 mg 
protein of crude testis extract. The reaction was carried 
out in the presence of toluene at 37 ~ and was followed 
by withdrawing aliquots of 1 ml at regular intervals from 
the digestion mixture. The latter were heated for 3 min in 
a boiling water bath and the release of hexosamine was 
estimated by the method of Reissig et alJ 9. A control 
experiment was set up in parallel. 

Results 

a) Assay of testis enzymes in groups A and D. Three 
oligosaccharide spots OS~-OS3 were detected after 30 min 



Experientia 41 (1985), Birkh/iuser Verlag, CHM010 Basel/Switzerland 

of  incubation.  Galactose,  fucose and N-acetyl  hexo- 
samines were located on paper  after 90 min of  incubat ion 
in group A (figs 1A, 1B, 2). In group D, neither oligosac- 
charides nor  free sugars were detected. 
b) Composi t ion  of  oligosaccharides OS1-OS3. Inhibi t ion 
of  agglut inat ion by rice lectin was observed only with 
OS3. Castor  bean lectin activity was inhibited only by 
OS~. No  inhibit ion could be observed for either of  the 
lectins with OS> Positive reactions for both  neutral  and 
amino sugars were obtained with all the three oligosac- 
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charides (OSl, OS 2 and OS3). Neutral  sugars present in 
OS1 and OS2 are shown in figure 3. 
c) Color imetr ic  enzyme assays. In groups A and B, an 
increase in free sialic acid was observed in the sample 
incubated for a short  per iod (45 min) with toad  jelly in 
presence of  testis extract,  whereas a decrease in sialic acid 
was observed after pro longed incubat ion (2 h). In  group 
D, release of  sialic acid was not  observed. When  a crude 
testis extract from group A animals was incubated with 
sialic acid, the coupled react ion with L D H  gave a de- 

Galactose 

Fucose 

Figure 1A. Paper chromatography of the dialyz- 
ate obtained after 30 min of incubation of toad 
jelly with toad testis extract. Solvent system: 
butanol/pyridine/water (6/4/3) (v/v). Detection 
agent: alkaline silver nitrate. 

N-acetyl 
glucosamine 

30 min 
incubation 

Galactose 

Fucose 

N-acetyl 
glucosamine ~ 

Figure 1B. Paper chromatography of the dialyz- 
ate obtained alter 90 min of incubation of toad 
jelly with toad testis extract. Solvent system: 
butanol/pyridine/water (6/4/3) (v/v). Detection 
agent: alkaline silver nitrate. 

90 min 
incubation ~ 

A 
N-acetyl 
neuraminicacid 

Sample 

B 
N-acetyl 
neuramincacid 

Figure 2. Paper chromatography of N-acetyl 
neuraminic acid. Solvent systems: A butyl 
acetate/acetic acid/water (3/2/1) (v/v); B buta- 
nol/propanol/0.1 N HC1 (1/2/1) (v/v). Detection 
agent: by the method of Warren (see text). 

Sample 
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Figure 3. Paper chromatography of neutral sug- 
ars of OSl and OS 2. Solvent system: butanol/py- 
ridine/water (6/4/3) (v/v). Detection agent: al- 
kaline silver nitrate. 

0.8 

E 

0.6 _.o 

0.4 

" 5 ~  0.2 
0 to 

0 

Time 

Figure 5. Ehrlich's reagent color during the incubation of jelly with toad 
testis extract (see text for details). 

Figure 4. Two-dimensional paper chromatography of amino acids, after 
incubating jelly with toad testis extract. Solvent systems: 1st direction: 
butanol/acetic/water (4/1/5) (v/v); 2rid direction: phenol saturated with 
water. Detection agent: ninhydrin (see text). 

Enzyme activities in testes collected from different groups of toads 
Enzymes ~moles of PNP released/rag 

protein/h 
Group A* Group B* Group C* 

3-Galactosidase 6.05(3) 6.05(3) 3.1(2) 
~-L-Fucosidase 4.00(3) 3.94(3) 1.2(2) 
N-Acetyl-fl -D-Galactosaminidase 6.50(3) 6.35(3) 3.2(2) 
N-Acetyl-fl -D-Glucosaminidase 8.50(4) 8.58(3) 25.53(3) 
Numerals in parentheses indicate the number of experiments. * See text 
for details. 

crease in absorpt ion  at 340 nm. N o  such change was 
observed in group D animals.  The results of  colorimetric 
assays for other enzymes in groups A - C  using PNP-sug-  
ars, are shown in the table. As shown in figure 5, an 
increase in color  of  Ehrlich reagent was also observed in 
the al iquots removed from the nondialyzable port ion,  as 
t ime increased from 1 to 24 h. 

Discussion 

The present studies demonstra te  the presence of  oligosac- 
charidases which could cleave the carbohydra te  group of  
jelly glycoprotein to give at least three oligosaccharides,  
after short  periods o f  incubation,  as shown in figure 1A. 

OS1 was found to contain galactose, fucose and N-acetyl  
galactosamine while OS2 contains only fucose and N- 
acetyl galactosamine.  Both neutral  sugars and hexo- 
samines were present in OS3. Since each oligosaccharide 
fraction differs from others in its composi t ion,  it is possi- 
ble that  there are oligosaccharidases which cleave at  dif- 
ferent posi t ions o f  the oligosaccharide chain. 
Absence of  free neutral  and  amino sugars after 30 min of  
incubat ion and the presence of  all these jelly constituents 
after 90 min of  incubat ion indicates the successive act ion 
of  several glycosidases, namely neuraminidase,  fl-galac- 
tosidase and o~-L-fucosidase, N-acetyl  glucosaminidase 
and N-acetyl  galactosaminidase on jelly glycoprotein.  
The presence o f  all these activities was also confirmed by 
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colorimetric assays using PNP sugars as substrates (ta- 
ble). 
The increase in free sialic acid content in the incubated 
sample is accounted for by the presence of sialidase in the 
testis extract. It was found to be absent in group D. 
Decrease in sialic acid content after prolonged incubation 
in the sample, suggests the possible presence of an en- 
zyme which cleaves sialic acid. This was confirmed by the 
identification of neuraminic acid aldolase, which cleaved 
sialic acid to pyruvate and N-acetyl-D-mannosamine. 
The results presented in figure 5 indicate the presence of 
an enzyme which cleaves the bond between a peptide and 
an N-acetyl galactosamine in carbohydrate chain. A 
similar type of increase was observed by Seshadri and 
Reddy 22, after treatment of jelly with sodium hydroxide 
and sodium borohydride. Oligosaccharides from the na- 
tive jelly glycoprotein with N-acetyl galactosamine resi- 
dues at the reducing end, attached to a peptide moiety, 
have in fact been isolated after sodium hydroxide and 
sodium borohydride treatment, purified and analyzed by 
us 24. This enzyme may be similar to Endo-H activity, with 
respect to N-glycosidically linked glycoproteins 28, 3~. Fur- 
ther work to isolate and purify this enzyme is in progress. 
Release of all the amino acids present in jelly, as observed 
in the experiment illustrated in figure 4, indicates the 
presence of proteases. 
The possibility that the activity of glycosidases may be 
synchronized with the reproductive periods in toads was 
indicated by the studies of these activities in the testes 
obtained under different conditions, as described in the 
table. 
It has been reported that 'Spermatozoa remain active in 
the testis of frog throughout the entire period of hiber- 
nation and are liberated only under the influence of sex 
stimulating hormones during the early spring '21. Our 
findings are consistent with the above statement and 
show that there is a synchronization between the various 
enzyme activities and the presence or absence of sperma- 
tozoa in testis. There was no change in specific activity of 
enzymes in testis of group A and group B. Group C testis 
were almost devoid of motile sperms and a decrease in 
enzyme activity was noticed. However, N-acetyl glucosa- 
minidase activity increases, for which no explanation can 
be offered at present. 
Sialidase and neuramine acid aldolase activities appeared 
to decrease in testes of group C and were found to be 
absent in group D. (Srinivasa Rangan and Seshadri, un- 
published; Keshava Kurnar and Seshadri, unpublished). 
The presence of neuraminic acid aldolase has been re- 
ported earlier in microorganisms 5,7, and in mammalian 
brain tissues 3. However, there are no reports of its pres- 
ence in the reproductive organs of amphibians. The pres- 
ence of sialic acid has been reported in reproductive or- 
gans of various animals 6,9. We have also found sialic acid 
in toad testis. Hence, it is interesting to note the presence 
of both sialidase and neuraminic acid aldolase activities 
and their changes in different groups. The significance of 
this finding is under study in our laboratory. 
Presence of enzyme activities in testis with spermatozoa 
and absence of these in testis without spermatozoa indi- 
cate, though not directly, that these jelly-degrading en- 
zymes (glycosidases and proteases) play a role at the time 
of fertilization. They may be instrumental in cleaving the 

large molecular weight jelly into smaller bits. This could 
be the mechanism of cleavage of jelly layers in toads, 
which helps the embryo to escape from the jelly at the 
time of hatching. The studies suggest that dissolution of 
jelly layers is not merely by a combination of osmotic 
forces and the elongation of the embryo as described by 
Kobayashi 15 and Carroll 4, but that an enzymatic mecha- 
nism is also involved in the degradation. Although the 
interaction of sperm and jelly has been described, its 
exact mechanism is not clear. Despite the knowledge of 
the chemical nature of the jelly layers at the time of 
fertilization33,57, the fate of the jelly after fertilization is 
not fully understood. Experiments were undertaken by 
Hedrick to study the role of jelly ~~ and investigate its 
utilization as an energy source during development. Re- 
sults obtained were not consistent with earlier finding 17, 
and Hedrick suggested that jelly is not utilized as a nu- 
trient. This point could not be proved, owing to experi- 
mental limitations. 
The present experimental results enable suggestions to be 
made about the mechanism of cleavage of the jelly and its 
fate after fertilization. The testis enzymes may act on jelly 
and, as reported by Umbert and Hedrick 32, hatching en- 
zyme detected in the embryo may be involved in the 
process of dissolution of the fertilization envelope, pro- 
viding contact of the embryo with the degraded jelly 
constituents, and thus assisting the absorption of the jelly 
constituents for embryonic development. This suggestion 
is not consistent with the finding of Hedrick 9 but it sup- 
ports the suggestion of Nace et al. ~7 that, in R.pipiens, 
macromolecules secreted by the upper portion of the 
oviduct enter the oocyte. When a more complete under- 
standing of these enzyme properties has been reached, it 
will be possible to investigate the exact physiological role 
played by the enzymes using studies of the incorporation 
of jelly constituents into the oocyte, in the presence and 
absence of these enzymes. These studies may also give 
validity to the proteolytic hypothesis mentioned by Gus- 
seck 8. 
The presence of sialidase may also be significant as it may 
be involved in the mechanism of blockage of polyspermy 
and initiation of jelly degradation. Removal of sialic acid 
inhibits fertilization 27 and also decreases the swelling ca- 
pacity of jelly. After fertilization, it is possible that siali- 
dase which accompanies the spermatozoa removes sialic 
acid and enables other glycosidases to remove other car- 
bohydrates by sequential degradation, and thus helps the 
fertilized zygote to hatch out. 
An investigation designed to increase our understanding 
of the mechanism of action, control of activity and im- 
portance of these enzymes during the hatching process is 
in progress. 
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A redox cycling model  for the action of  fl-adrenoceptor agonists ~' 2 
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Friedrich Miescher-Insti tut ,  P .O.  B o x  2543, C H - 4 0 0 2  Basel  (Switzer land) ,  10 December  1984 

Summary .  A cyclic redox  m e c h a n i s m  for  the ac t ion  o f  f l - ad renocep to r  agonis ts  is p roposed .  It  has  the fo l lowing 
features:  a) f l - ad renocep to r  agonis ts  act by ' r educ t ive  ac t iva t ion '  o f  the r -  ad r enocep to r  (R);  b) the redox  state o f  R is 
rec iprocal ly  coup led  to the redox  state o f  the guan ine  nucleot ide  b ind ing  pro te in  (G);  c) b ind ing  of  G T P  to G reverses 
the agonis t - induced  a l te ra t ion  o f  the redox  states o f  R and  G ;  d) accord ing  to a specific vers ion  o f  the m o d e l  the 
ac t iva t ion  process  involves  a disulf ide- thiol  in te rchange  reac t ion  which  leads to a GTP- reve r t ib l e  cross- l inking o f  R 
and  G by a disulf ide bond.  The  way  in which  desensi t izat ion events  m a y  interfere  wi th  the p r o p o s e d  redox cycle is 
discussed. 
Key  words, f l - A d r e n o c e p t o r ;  guan ine  nuc leo t ide  b inding  pro te in ;  r edox  cycle;  disulf ide-thiol  in te rchange;  desensi- 
t izat ion.  

Introduction 

The  ca techo lamines  (adrenal ine,  noradrena l ine ,  do-  
pamine)  represent  an  i m p o r t a n t  class o f  neuro t rans -  
mi t ters  and  h o r m o n e s  in the an imal  k i n g d o m  and  in man.  
The i r  phys io logica l  and  b iochemica l  effects are qui te  di- 

verse and  of ten oppos i te  (e.g. vasocons t r i c t ion  or  vasodi -  
la t ion,  depo la r i za t ion  or  hyperpo la r iza t ion ,  s t imula t ion  
o r  inh ib i t ion  o f  adenyla te  cyclase). Fu r the rmore ,  phar -  
maco log ica l  and b iochemica l  research has  revealed the 
existence o f  at least  six subtypes o f  ca techo lamine  recep-  
tors:  two  a - a d r e n o c e p t o r s  (as and ~2) 9' lS, 75, two f l -adreno-  


