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Summary. The fluorescent membrane marker, 1-anilinonaphthalene\x=req-\
8-sulphonate (ANS) was used to investigate the attachment of egg-yolk
to the plasma membranes of ram spermatozoa. The degree of fluores-
cence was assessed using a subjective scoring system. It was found that
egg yolk competes with ANS for sites on the plasma membrane. When
the diluent contained 10% egg yolk, no ANS could be detected on the
membranes. Egg yolk attached to the plasma membrane could be
removed by washing twice with a yolk-free diluent.

Loss of sperm motility in the presence of ANS was observed but some

spermatozoa remained motile after incubation at 37\s=deg\Cfor 15 min with
2 mm-ANS. Egg yolk protected spermatozoa against this loss of motility.
It is suggested that egg yolk protects spermatozoa during chilling and
freezing by its attachment to the sperm plasma membrane.

INTRODUCTION

Egg yolk has long been used as a protective agent in diluents during the chilling
and freezing ofspermatozoa but the nature of its protective action is not under¬
stood. Kampschmidt, Mayer & Herman (1953) claimed that the removal of
egg yolk from a diluent also removed all the protection against cold-shock
normally conferred by the egg yolk, thereby implying that protection was
external to the cell. Further indirect evidence for a plasma membrane action
came from the fact that the protective factor in egg yolk is a low-density
lipoprotein of high molecular weight (P. F. Watson & I. C. A. Martin, un¬

published data). Edelman & Millette (1971) demonstrated that a fluorescent
membrane marker, l-anilinonaphthalene-8-sulphonate (ANS) binds to the
sperm plasma membrane and Mercado & Rosado (1973) made use of this
property to investigate human spermatozoa. The experiments reported here
were designed to study the effects of egg yolk on membrane binding of ANS
and conclusions are presented about the nature of the interaction of egg yolk
and spermatozoa.
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MATERIALS AND METHODS
Ram semen was collected by electroejaculation (Blackshaw, 1954) and diluted
to a standard concentration of 5  IO7 spermatozoa/ml. The basic diluent was

a phosphate-buffered saline (8-5 g NaCl, 1-07 g anhydrous Na2HP04 and
0-39 g NaH2P04 . 2H20/1 distilled water) of pH 6-9 (PBS), containing egg
yolk and/or ANS. All dilutions and subsequent incubations were carried out at
37°C.

Smears of diluted semen were made on clean glass slides and air-dried.
The slides were examined under a fluorescence microscope (Zeiss Ultraphot)
equipped with BG38 and BG12 excitation filters and Nos. 65, 50 and 44 barrier
filters at a magnification of  640. The degree of fluorescence of spermatozoa
was scored subjectively using the following scoring system: 0, very weak or no

fluorescence; 1, weak fluorescence; 2, definite fluorescence; 3, intense fluores¬
cence. The slides were randomized before examination so that the observer
had no knowledge of the treatment or ejaculate from which a particular slide
was made.

Motility was estimated on a scale of 0 to 4 (Emmens, 1947) and the percentage
of motile spermatozoa was estimated to the nearest 10 % in a small drop of
diluted semen under a coverslip. Diluent changes and washing were achieved
by centrifuging the suspensions ofspermatozoa for 10 min at 1000 g to sediment
the cells. The supernatant was removed immediately and the fresh suspending
fluid was added.

In the analyses of variance, partitioning of treatment sums of squares was
carried out where appropriate using matrices of orthogonal polynomial
coefficients given by Fisher & Yates (1963). The terminology 'L', 'OJ and
'C, taken from Cochran & Cox (1957), indicates the linear regression (L),
the deviation from linearity or quadratic curvature (QJ and two opposing
deviations from linearity or the cubic curvature (C).

RESULTS
In the first experiment, ram semen was diluted in PBS containing egg yolk
(0, 0-2%, 1%, 5% or 25%, v/v). After incubation for 15 min, the egg yolk
diluents were removed and the spermatozoa were resuspended in PBS contain¬
ing 0-5 mM- or 1-0 mM-ANS. Smears from these dilutions were made from 0
to 120 min later. The experiment was thus a 2  5  5 split-plot factorial design.
The results and summary of the analysis of variance are shown in Table 1.

It is apparent that the concentration of ANS influenced the degree of fluo¬
rescence shown by the spermatozoa, 1 mM giving a greater fluorescence than
0-5 mM (P<0-001). The fluorescence was also related to the concentration of
egg yolk to which the spermatozoa had previously been exposed. The intensity
of fluorescence diminished as the egg-yolk content was increased (P<0-001),
and the significant quadratic component (P< 0-001) indicated that the re¬

sponse was not linear but was proportionately greater at the higher levels of
egg yolk. The interaction of ANS and egg yolk indicated that the middle levels
of egg yolk had a greater 'quenching' effect on the fluorescence with 0-5 mM-
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Table 1. Mean scores of fluorescence of ram spermatozoa with

ANS after contact with different levels of egg yolk
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Egg-yolk level (%)

0
0-2
10
5-0

250
Mean

Concentration
of ANS (mM)

0-5 1-0

Mean
score

2-57
2-53
2-37
203
0-90

Summary of analysis of variance

Source of variation

A. ANS concentration
B. Egg-yolk level

Egg yolk versus none
Levels (L)

(Q)
(C)

C. Ejaculates
AxB
AxBxC (Errori)
D. Incubation time
Pooled interactions of 'D' (Error II)

d.f.
1
4

1
1
1
1

2
4
8
4

116

Mean square

19-44
14-39
8-88

41 08
7-01
0-60
006
0-88
0-20
0-44
011

Variance ratio

97-20***
71-95***
44.44***

205-40***
35-05***

3 00
0-30
4-40*
1-82
400**

(L) linear regression, (Q_) quadratic curvature, (C) cubic curvature.
ANS = l-anilinonaphthalene-8-sulphonate.

*P<005; **P<0-01;***/><0-001.

ANS than with 1-0 mM-ANS (P<0-05). Significant differences were noted
between the periods of incubation with ANS (P<0-01) but no pattern was
evident. Fluorescence was most intense after incubation for 15 min.

The indication of a competition between ANS and egg yolk was further
investigated in Exp. 2. The experiment was a 42 factorial design with ANS
(0, 0-5 mM, 1 mM, or 2 mM) and egg yolk (0, 4%, 10% or 25%, v/v) included
in the diluting fluid. Smears and estimates of motility were made 15 min after the
semen had been added to the diluent. The fluorescence scores again indicated
greater intensity as the level of ANS was increased (Table 2). Fluorescence was

Table 2. Mean scores of fluorescence of ram

spermatozoa showing competition between ANS and
egg yolk

 Mean of three concentrations of ANS.
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I /No ANS

4 IO
Egg yolk (%)

_I
25 4 IO

Egg yolk(%)

Text-fig. 1. The percentage of motile ram spermatozoa and their motility after incuba¬
tion for 15 min in solutions of phosphate-buffered saline containing egg yolk and ANS.

diminished in the presence of 4% egg yolk, while 10% egg yolk entirely pre¬
vented the spermatozoa from fluorescing even with 2 mM-ANS.

Motility scores and the percentage of motile spermatozoa seen after incuba¬
tion for 15 min with ANS are shown in Text-fig. 1. Motility was affected by
ANS but its detrimental effect became progressively reduced in the presence
of increasing concentrations of egg yolk. A few motile spermatozoa were ob¬
served, however, in solutions of up to 2-0 mM-ANS even in the absence of egg
yolk. The analysis of variance (Table 3) demonstrated the significance of the

Table 3. Summary of analysis of data in Text-fig. 1

Source of variation

A. ANS concentration
ANS versus none
(L)(OJ

B. Egg-yolk level
Egg yolk versus none

(L)
(Q)

C. Ejaculates
AxB
AxC
BxC
AxBxC (Error)

Motility

d,f.

2
9
6
6

18

Mean
square

3-51
2-78
7-59
017
4-35

12-25
0-67
013
119
1-86
0-33
0-35
0-24

Variance
ratio

15-58***
11-53**
31-51***

0-71
1804***
50-83***

2-77
0-52
4-95*
7-72***
1-38
1-47

'. Motile

Mean
square

1380-6
1225-0
2604-2

312-5
1947-2
5625-0
204-2

12 5
131-3
749-1

45-1
28-5
16-4

Variance
ratio

83-98***
74-51***

158-40***
19-01***

118-44***
342-15***

12-42**
0-76
7-98**

45-56***
2-75*
1-73

(L) and (QJ—see Table 1.
* P<005; ** P<001; *** P<0-001.
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Interaction of eggyolk and ram spermatozoa 109
effect ofANS (P<0-01—motility; P<0-001—% motile) and egg yolk (P<0-001
—both scores). A strong linear component was shown for ANS in both scores

(P< 0-001) and the quadratic component was significant in the % motile
scores (P<0-001). There were no differences in the motility scores between the
egg-yolk concentrations, but the % motile scores demonstrated a linear dose-
related response (P<0-01). There were significant differences between rams
in the response of their ejaculates to the treatments and the interaction of ANS
and egg yolk was also highly significant (P< 0-001).

In Exp. 3, dilutions of ram spermatozoa were made in a 25 % (v/v) egg-
yolk solution and after incubation for periods up to 120 min, the spermatozoa
were washed three times in PBS. Samples were removed at each wash for
suspension in PBS containing 1 mM-ANS. Smears were made of these suspensions
15 min after the addition of ANS solution. The results of fluorescence are

presented in Table 4. The duration of contact with egg-yolk solution had no
effect on fluorescence. Washing significantly increased the fluorescence of
spermatozoa (P< 0-001); two washes were more effective than one (P< 0-001),
but further washing was ineffective.

Table 4. The effect of washing ram spermatozoa after
contact with egg yolk on scores of ANS fluorescence

No. of
washes

Duration of contact with egg
yolk solution (min)

15 30 60

Mean
score

Summary of analysis of variance

Source of variation d.f.
Mean
square

Variance
ratio

A. Contact time
B. Ejaculates
AxB (Errori)C. Washes

0 versus wash
1 versus 2 and 3
2 versus 3

AxBxC (Error II) 24

017
1-58
0-43

3818
105-63

8-45
0-15
0-26

0-40
3-67
1-65

146-85***
406-27***
32-50***
0-58

***P<0001.

DISCUSSION
Mercado & Rosado (1973) showed that the fluorescence of ANS bound to
human sperm plasma membranes was 48 times greater than the fluorescence
of ANS alone. Thus, in the experiments reported here in which the concentra¬
tion of ANS was raised from 0-5 mM to 2-0 mM, the increased intensity of
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fluorescence probably results from a greater number of binding sites being
occupied by ANS at the higher levels. Fluorescence was evenly distributed
over the entire surface of the spermatozoa. The application of a subjective
scoring system in these experiments provided a simple quantitative approach
to studying the binding of ANS to the plasma membranes of ram spermatozoa.

Experiments 1 and 2 indicated that as the egg-yolk content of a diluent
was increased, so the fluorescence with a given level of ANS decreased. This
effect was opposed by increasing concentrations of ANS. In other words, egg
yolk prevented ANS from binding to the plasma membrane probably by a

competitive binding principle, since the fluorescence depended on the relative
concentrations of ANS and egg yolk. Thus, it seems that egg yolk occupied
sites on the plasma membrane which would otherwise bind ANS and result in
fluorescence. This hypothesis is not inconsistent with the conclusions ofFlanagan
& Hesketh (1973) on the binding of ANS to lipid membranes.

Edelman & Millette (1971) noted an immediate loss of motility of sperma¬
tozoa in the presence of 1 mM-ANS and although this effect was seen to some

extent, a few spermatozoa were still slightly active 15 min after the addition
of 2-0 mM-ANS. At lower concentrations of ANS, only a partial loss of motility
occurred. In the presence of egg yolk, the effect was very much reduced
showing that egg yolk had a protective action. Since preliminary experiments
have indicated that bound ANS cannot easily be dislodged, it is assumed that
egg yolk acted by occupying binding sites for ANS on the cell membranes.

Experiment 3 demonstrated that the blocking of ANS fluorescence by egg
yolk is reversible. Once-washed spermatozoa nevertheless still showed a reduced
fluorescence. It is possible, however, that a sufficient trace of egg yolk remained
after the first wash to account for the reduction in fluorescence. Since ANS
fluoresces intensely only when it is bound to the membrane (Mercado & Rosado,
1973), it may be concluded that the remaining egg yolk was bound to the
membranes and occupied sites which otherwise would have been taken up by
ANS.

The present experiments substantiate the hypothesis that egg yolk acts by
'coating' the sperm plasma membrane, and it is this reversible attachment which
is probably responsible for the protective activity of egg yolk during chilling
and freezing (P. F. Watson & I. C. A. Martin, unpublished data). A better
understanding of the binding of ANS to membranes would further clarify the
nature of the action of egg yolk.
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