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Molecular weight of proteins in bovine and bubaline sperm fractions 
—a corlparative study 
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Preliminary gel filtration studies 
by sephadex G-200 were carried out 
insoluble proteins extracted from head, 
midpiece and tail fractions of bovine 
and bubaline spermatozoa. This was 
for determining the molecular weights 
of protein components present in them. 
Bovine and bubaline sperm head, mid-
piece and tail showed 8, 6, 8 and 5, 8 
and 6 protein peaks, respectively. 
These peaks were found reproducible 
and therefore were not affected by 
protein diversity factor. Their appro-
ximate molecular weights were in the 
range of ?1,000 to 7,000 MW. Majority 
of the fractions had similar molecular 
weight range in bovine and bubaline 
sperm head. In both the species, 
sperm tail showed same range of 
molecular weight for all the fractions 
obtained. In midpiece the molecular 
weight ranges showed appreciable 
variation. 

The exact role of proteins present 
in spermatozoa as such and in fract—
ionated sperm head, midpiece. and tail 
is not fully understood. The paucity 
of published account revealed that not 
much work has been done. In various 
species of animals some work is 
carried out regarding molecular weight 

of sperm protein fractions obtained 
(Lessley and Brown, 19?5; Lizana et al. 
1981; Yuan and Wortham,1981; Edwards 
et al. 1981; Hirao et al. 1986 and Ayya-
giri et al. 198?). 

In the present investigation, Sepah-
dex G-200 column chromatography 
results of soluble proteins in bovine 
and bubaline sperm head, midpiece 
and tail were compared in the pre= 
liminary experiment. The findings of 
same are being reported in this com-
munication. 

Materials and Methods 

i) Semen collection 
Semen samples were obtained from 

three bovine and three bubaline bulls. 
The process of semen collection was 
performed by artificial vagina using 
split ejaculation technique once in a 
week in succession. From each bovine 
and bubaline bull, nine semen samples 
were collected. A period of nine 
weeks was required for the .whole 
process of semen collection. From 
each bull 3-6 ml semen was. collected. 
For the experiment, 2 ml .semen was 
used, which was processed 2 hours 
after its collection. 
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Table 1. Percentage of proteins eluted 
in various peaks after sepha 
dex G-200 column chromato-
graphy of disintegrated 
bubaline and bovine sperm 
fractions 

Percentage of protein 
Peak Bubaline Bovine 

number bull bull 

Disintegrated 1 
sperm head 

Disintegrated 
sperm 
midpiece 

Disintegrated 
sperm tail 

30.12 18.95 

2 12.69 18.26 
3 21.09 10.29 
4 21.22 11.11 
5 14.85 12.59 
6 - 9.02 
7 - 9.65 
8 - 10.20 
1 20.35 15.26 

2 9.87 11.09 
3 9.90 17.38 
4 13.31 19.33 
5 13.36 23.25 
6 12.35 13.70 
7 10.39 -
8 10.43 -
1 22.39 16.26 

2 14.66 13.98 
3 16.37 11.27 
4 15.94 14.32 
5 18.26 10.87 
6 12.34 13.14 
7 - 10.40 
8 - 9.72 

ii) Separation of spermatozoa and 
seminal plasma 
Freshly collected 2 ml semen was 

centrifuged in a refrigerated centri-
fuge at 4"C at 2800 xg for 10 minutes. 
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Sperm pack and seminal plasma were 
obtained. Sperm pack was washed 
three times with glass distilled water 
and then fractionated into head, mid-
piece and tail. 

iii) Fractionation of spermatozoa 
Sperm pack was fractionated into 

head, midpiece and tail employing 
density gradient method as described 
by Rajput and Srivastava (1976). Sperm 
pack was diluted 3 times with distilled 
water. It was transferred to a 5 ml 
beaker which was surrounded by 
crushed ice in a petri plate. This was 
done to avoid overheating and dena-
turation of proteins. Ultrasonicationwos 
done using Vibronics Ultrasonicator 
(Model VPL-P1) for 30 seconds at a 
frequency of 25 kilocycles/second. The 
sonication was done again for 30 
seconds after an interval of 30 second. 
The sonication was repeated so that 
maximum proteins associated were 
liberated. A density gradient of 
sucrose was prepared by layering 
lml each of 50%, 40%. 30~ and 20% of 
sucrose, in the ascending order in the 
centrifuge tube (29 mm x 116 mm). The 
sonicated sperm pack was layered 
on the top of sucrose gradient and 
centrifuged at 1050 xg for 8 minutes. 
After, centrifugation head appeared in 
the sediment. Other two distinct layers 
were also obtained. These top and 
middle layers were composed of tail 
and midpiece, respectively and were 
aspirated with Pasteur pipette. 

The disintegrated sperm head, 
midpiece and tail as obtained above 
were subjected to experimentation. 
The protein components present in 
them were determined by sephadex 
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G-200 column chromatography method 
of Majumdar et al. 1970. 

Sephadex G-200 column chromato-
graphy 
Preparation of column: 

The dry sephadex G-200 was 
allowed to swell in glass distilled water 
for 2 days at room temperature. Dry 
sephadex 30-40 ml/g was used as bed 
volume. The swollen gel was allowed 
to settle and the excess water was 
removed until a fairly thick slurry was 
formed. Air bubbles were removed 
by stirring the moistened sephadex 
with long solid glass rod. With the 
help of eluant buffer, the gel was then 
washed 3-4 times. The eluant buffer 
used was 0.02 M phosphate buffer, pH 
7.0. The eluant buffer was allowed to 
drain until the surface of buffer came 
in level with gel surface. The 
flow rate was adjusted to 0.4 ml/minute. 
One ml of soluble protein from soni-
catedsperm fraction was applied care-
fully on the top of the bed. After the 
sample had drained into the bed, the gel 
surface and column wall in contact with 
the sample was washed with a small 
amount of eluant buffer. The column 
was now filled with buffer. During 
the entire experimentation, drying of 
the bed was avoided by constant 
supply of buffer. 

~Issay: 

Two to three column volumes of 
eluant were passed through the 
column in order to stabilize and equili-
brate the gel bed. About 40-50 fract-
ions of eluant in 2m1 volume each, were 
collected.- In these fractions, protein 
estimation was done by the colorimetric 
method of Lowry et al. 1951. 

Determination of molecular weight: 

To standardise the column for mole-
cular weight determination, samples of 
cytochrome' C', bovine serum albumin, 
trypsin and protamine (Sigma Chemi-
cal Co., USA) were chromatographed 
under the identical conditions. These 
standard proteins have the molecular 
weights of 13,000, 71,000, 21,500 and 
2,000 respectively. The elution volumes 
determined were plotted .against the 
logarithm of molecular weight and 
standard curve was obtained. The 
molecular weights of soluble proteins 
from bovine and bubaline sperm 
head, midpiece and tail were deter-
mined from the standard curve. 

Results 
The results cf sephadex G-200 

column chromatography experiment 
conducted on soluble proteins from 
sonicated sperm head, midpiece and 
tail fractions of bovine and bubaline 
bull are presented in Tables 1 and 2. 
Table 1 depicts the quantity of protein 
eluted in each peak in bovine and 
bubaline bull sperm fractions. 
Table 2 will reveal the range of 
approximate molecular weight obtain-
ed for each protein peak in both the 
species. 

Perusal of Table 1 revealed five 
protein peaks in disintegrated head of 
bubaline bull, while in bovine bull 
there were 8 peaks, but the quantity 
of protein eluted in peaks was greater 
than that of bovine bull. In disintegra-
ted sperm midpiece, 8 and 6 protein 
peaks in bubaline and bovine bulls, 
respectively were observed, but 
bovine bull showed higher percentage 
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of eluted proteins as compared to 
bubaline bull. ~ Bovine and bubaline 
bull disintegrated sperm tail showed 
8 and 6 protein peaks, respectively. 
The bubaline_ species was found to be 
rich in the eluted proteins than the 
bovines. 

From the Table 2. it can be visual-
ised that a similar pattern of approxi_ 
mate molecular weight range has 
been followed in 1st, 4th and 5th 
peak in disintegrated sperm head of 
both bovine and bubaline bull. In 
disintegrated sperm midpiece, 1st, 2nd 
and 4th peak had same trend for mole-
cular weight range in both the species. 
Rest of the peaks showed a different 
trend. Similar pattern of molecular 
weight range was observed in.ah the 
peaks in disintegrated sperm tail of 
bovine and bubaline bulls. 

Discussion 
The molecular weights for the pro-

teins present in sonicated sperm frac-
tions of bovine bubaline bull were 
estimated by sephadex: G-200 column 
chromatography. The range of appro-
ximate molecuiar weight was Z1;CG0-
'I,00. The comparative study revealed 
8 proteins in bovine as against 5 types 
of proteins in bubaline. This differ-
ence may be attributed to species 
variation. It is also likely that bubaline 
sperm head protein fraction could not 
be broken down to other components 
of low molecular weights as has been 
readily achieved in case of bovine 
sperm head proteins. 

The sperm midpiece in bovines 
yielded 6 protein fractions and in case 
of buffaloes 8 protein fractions were 
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obtained. It appears that more number 
of protein fractions in bubaline sperm 
midpiece are suggestive of more enzy-
micand.biochemical activity as comp-
ared to bovines. This is due to the 
fact that more enzymic activity is found 
in midpiece fraction of the sperm 
(Mohri et al. 1965). It is also suspected 
that high enzymic activity in midpiece 
in bubaline bull indicates more agility 
of sperms as compared to bovines. 
It will be worthwhile that these expla-
nations are substantiated by experi-
mental probing. 

The proteins obtained in disinte-
grated sperm tail in case of bovines 
and bubalines p r a c t i c a 11 y fall 
within .the similar molecular weight 
range. On the basis of these protein 
fractions, which rr~ay have role in tail 
movement and locomotion, it maybe 
said that bovine sperms may be more 
motile as compared to b u f f a 10 
sperms. 

Needless to say that these proteins 
are not without biological activities 
required for sperm production, sperm 
maturation, sperm capacitation, fertili-
zation and similar other purposes. 

At this point, we have no hesitation 
in speculating that with the help of 
various substrates the relevant enzym-
es can be pinpointed as associated 
with such functions already described. 
The critical and further - analytical 
studies will throw more light on such 
facets about which we hardly have any 
information. Needless to say that a 
deeper probe is therefore imperative, 
the findings . of which might lend 
support for the speculations already 
mentioned. 
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Table 2. Ranges of approximate molecular weight of protein peaks of 
bubaline and bovine sperm fractions obtained in sephadex G-200 
column chromatography 

Peak number Bubaline bull Bovine bull 

Disintegrated sperm head 1 

2 
3 
4 
5 
6 
7 
8 

Disintegrated sperm 1 
midpiece 

2 
3 
4 
5 
6 
7 
8 

Disintegrated sperm tail 1 
2 
3 
4 
5 
6 
7 
8 

71, 000-50, 000 
50,C00-40,000 
40,000-30,000 
30, 000 — 20,000 
30,000-20, 000 

71,000-50,000 

50,000-40,000 
50,000-40,000 
40, 000-30, 000 
40,000-30,000 
30, 000-20, 000 
30,000-20,000 
20,000— 7,000 
71,000-50,000 
50,000— 40,000 
40,000-30,000 
40,000-30,000 
30,000-20,000 
20,000— 7,000 

71, 000-50,000 
40, 000— 30, 000 
40,000-30,000 
30,000-20,000 
30,000-20,000 
20,000—• 7,000 
20,000— 7,000 
20,000— 7,000 
71,000-50,000 

50,000-40,000 
40,000-30,000 
40,000-30,000 
20,000— 7,000 
20,000-- 7,000 

71,000-50,000 
50, 000 —40,000 
40,000-30,000 
40,000-30,000 
30, 000-20, 000 
20,000— 7,000 
20,000— 7,000 
20,000— 7,000 
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