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ABSTRACT. The viability of zebra mussel (Dreissena polymorpha) sperm and changes in the integrity of

its plasma membrane were examined using combined nucleic fluorescent stains SYBR-14 and

propidium iodide. Approximately 97 � 3% of the sperm in freshly ejaculated zebra mussel semen was

stained with SYBR-14 (potentially viable). A statistically significant decrease in plasma membrane

integrity was observed after 48 hours (8�C) when 42 � 11% of the sperm stained as viable. Semen stored

at room temperature (20�C) lost its plasma membrane integrity after 4 hours (0% viable). Motility

declined from 60 � 4% (0 time) to 30 � 3% after 24 hours. The percentage of sperm stained with SYBR-14

was not correlated with sperm motility or the fertility test.
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INTRODUCTION

The fluorescent stains SYBR-14 and propidium iodide (PI) have been demonstrated
to be valuable tools for assessing membrane integrity and cell viability in the sperm of
different species. SYBR-14 is a membrane-permeant stain that binds DNA of all the
sperm, while PI is a membrane-impermeant stain that binds DNA in those sperm with
leaky membranes (Garner et al. 1997). In other studies, the percentage of sperm stained
as live has been correlated with the percentage of motile cells for bulls, honeybees, and
porcine (Bochenek et. al. 1998, Chalah and Brillard 1998, Collins et al. 1999).

This paper proposes applying this technique for the first time as an indicator of

sperm viability in Dreissena polymorpha (zebra mussel), an invasive European fresh-

water bivalve with external fertilization and free swimming larvae (veliger). The ani-
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mals are of opposite sex and release gametes into the water where the eggs are
fertilized with sperm. One female can produce a few thousand oocytes; males ejacu-
late up to 106 spermatozoa ml-1 per cohort (Sprung 1987).

The objective of the present study was to apply fluorescent staining with
SYBR-14/PI in order to determine sperm viability and check for changes in sperm
plasma membrane integrity when it begins to lose motility.

MATERIAL AND METHODS

SEMEN AND EGG SAMPLES

The semen was obtained from nine males (from Lake Kortowo, Poland) following
hormonal stimulation with 0.5 mM serotonine (5HT,5-hydroxytryptamine, t = 15
min), which was applied externally in the surrounding fresh water (FW) (Sprung
1987) as described in Ram et al. (1993). The number of sperm per milliliter FW was
measured using a hemocytometer according to the standard method described by
Bielañski (1977). A concentration of 106-107 ml-1 was determined to be the best
method for staining. Eggs used in the fertility test were collected in a pooled sample
from a few females. A light microscope and a light/dark field were used to determine
sperm motility.

STAINING

The SYBR-14 stain was prepared in dimethyl sulphoxide (DMSO) at a concentra-

tion of 1mg ml-1. A working solution of SYBR-14 diluted 1:20 with DMSO was used
for staining the sperm. The PI stain was dissolved in distilled water at a concentration

of 4 mg ml-1. A 0.5 ml aliquot of sperm was stained with 2 �l of the working solution of

SYBR-14 and 1.5 �l of the PI stock solution. The samples were incubated at room tem-

perature (20�C) for 15 minutes before examination (Donoghue et al. 1995). The semen

were examined after incubation (0 time) and then after 24 and 48 h of storage at 8�C.
The spermatozoa that fluoresced bright green with SYBR-14 were classified as being
intact, while those stained red with PI were classified as damaged.

Two slides of samples were examined to determine the percentage of via-

ble/nonviable sperm using microscopy and the proper filter. In order to count the
live and dead sperm, the fluorescently stained sperm were photographed with an
Olympus epifluorescent microscope equipped with a camera and the proper filter.
For the quantitative assessment of plasma membrane integrity, at least 100 cells were
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Photo 1. Dreissena polymorpha sperm stained with SYBR-14 and propidium iodide: A) epifluorescence and
proper filter: spermatozoa that fluoresced bright green with SYBR-14 were classified as being intact,
while those stained red with PI were classified as damaged (with a loss of plasma membrane integrity),
B) fluorescence and phase contrast (sperm retained PI stain – abnormal and swollen, sperm retained
SYBR-14 – potentially viable, morphologically normal), bar – 10 �m.
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Fig. 1. Percentage of Dreissena polymorpha sperm stained with SYBR-14/PI and motility; a, b, c – statistically dif-
ferent values within all groups separately for motility, stained with SYBR-14 and stained with PI, P � 0.05.



counted in each 6 �l aliquot of stained samples. All of the preparations were analyzed
by the same person.

FERTILITY TEST

The fertilization ability of zebra mussel spermatozoa were examined in vitro

using fresh water (FW) as the medium. The sperm was mixed with oocytes at a ratio

of 1:1. After three hours of incubation at room temperature (20�C), the percentage of
fertilized eggs in all stages of development was determined and compared with the
viability and percentage of motile sperm. To avoid the erroneous identification of
weak-sperm fertilization ability that was actually caused by “old oocytes” (females
react later than males in response to 5-HT), fresh oocytes, obtained by synchronizing
the release of eggs with the spawning of males, were used in the experiment.

CHEMICALS

The chemicals used in the present experiment were purchased from Sigma Aldrich,
and the Live/Dead Sperm Viability Kit was purchased from Molecular Probes.

STATISTICAL ANALYSIS

The motion characteristics, fertility percentage, and fluorescent measurements of the

viability of the D. polymorpha sperm are presented as means � SEM. Differences among the
means were analyzed using one-way ANOVA, while the relation between the percentage

of motility and fertility was tested with the Tukey post-hoc test and linear regression.

RESULTS

ASSESSMENT OF VIABILITY IN SEMEN SAMPLES

The green/red SYBR-14/PI-stained sperm were bright and easily distinguished
when examined with a fluorescence microscope (Photo 1A). Vital sperm stained with
SYBR-14 (green) were considered to be morphologically normal; however, immotile
and dead sperm stained with PI were morphologically abnormal and swollen (red for
PI, Photo 1B). The changes from green to red began at the posterior part of the head
over the course of 30 seconds to one minute.

The motility for nine specimens varied from 40 - 80% with the concentration in the

range of 10.5 - 60 � 106 sperm ml-1 FW when viability/membrane integrity was 97 �

3% during the first 24 h (8�C). A statistically significant decrease in the number of cells
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stained as viable was observed after 48 h (8�C) at 42 � 11%. Consequently, the percent-

age of sperm stained with PI increased to 58 � 11% (Fig. 1). Statistical analysis showed
that the number of sperm with an undamaged cell membrane is not correlated with
the percentage of motile sperm at the initial time of the experiment and after storage.

A significant decrease in motility compared to initial motility (60 � 4%) was observed

after 24 hours – 30 � 4% (P � 0.001), whereas the percentage of sperm stained with

SYBR-14 was still almost 93 � 2%. The results from fresh semen examined at intervals

of 0, 1, and 2 days stored at 8�C are shown in Fig. 1. Semen stored at 20�C lost mem-

brane integrity after four hours when there were 0% live sperm expressed as the per-

centage stained with SYBR-14 (data not presented).

FERTILITY COMPARED TO VIABILITY

There was a significant correlation between the percentage of motility and fertil-

ity (R2 = 0.5, P � 0.05) (Fig. 2), but no correlation between the percentage of fertility

and viability (P � 0.05).
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Fig. 2. Correlation between percentage of Dreissena polymorpha sperm motility and fertility (n = 9, R2 = 0.5, P �

0.05).



DISCUSSION

Studies on the integrity of the sperm plasma membrane may be important for
evaluating the biological quality of semen, and the introduction of fluorescent DNA
stains opens up new possibilities for evaluating the use of fluorescent microscopy
(Bochenek et al. 1998). The change in SYBR-14 staining in relation to PI is evident
because when sperm die they lose their ability to resist the influx of the membrane
penetrating PI stain. It enters through pores in the nuclear membrane that are located
in the diverticulum, or membrane folds, of the posterior region of the sperm head
(Garner and Johnson 1995).

The motility of nine specimens of D. polymorpha varied from 40-80% when viabil-

ity/membrane integrity assessed with SYBR-14 was 97 � 3% (potentially viable) (Fig.
1). Until the twenty-fourth hour of the experiment, sperm stained with SYBR-14 rep-
resented the largest population. The change from green to red began at the posterior
portion of the sperm head, proceeded towards the anterior, and was complete within
one minute. Garner and Johnson (1995) observed the same activity in mammalian
sperm.

The current experiment shows that not all immotile sperm lose their membrane
integrity. Hong et al. (1988) compared human sperm motility with vitality and found
that many vital sperm were immotile. This author also emphasized that the persis-
tence of motility and the duration of vitality are not the same. Sperm may be vital but
not motile. Another explanation may be that the maintenance of plasma membrane
integrity in a media with a normal K+ and Na+ ratio needs a supply of intracellular
ATP. So membrane damage measured by fluorescent probes may indicate prior met-

abolic failure as well as a concomitant loss of vital intracellular metabolites (i.e. ade-

nine nucleotides) (Harrison and Vickers 1990).

There was a significant correlation in the semen of bulls, turkeys, boars, etc.
between the sperm stained with SYBR-14 and motility (Garner and Johnson 1995,
Garner et al. 1996). In the current study it was assumed that the SYBR-14/PI method
would be reliable and exchangeable with motility estimation, but it was proven that
the double-staining method using SYBR-14/PI is not good for examining this aspect
of sperm quality. Differences occurred between vital sperm stained with SYBR-14
and motility (Fig. 1). There was no correlation between these two parameters.

Vetter et al. (1998) commented that membrane integrity is a necessary, although
insufficient, criterion for predicting motility. However, Harrison and Vickers (1990)
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used carboxyfluorescein diacetate and propidium iodide to assess membrane integ-

rity in sperm populations from ram and boar and found that this technique appeared

to provide a more reliable estimation of the percentage of functional cells than did

motility estimations.

Changes in sperm quality – membrane integrity, etc. over time can provide valu-

able insight into reproductive biology, but the data shows the proportion of sperma-

tozoa stained with SYBR-14 is also not correlated with fertility. There was a

significant correlation for the percentage of fertilized eggs and percentage of motile

sperm (R2 = 0.5, P � 0.05, Fig. 2). This method cannot be used to evaluate semen qual-

ity with regard to the fertility aspect. Garner et al. (1997) reported that dual DNA

staining of spermatozoa can be used to identify the ability of bull sperm to success-

fully undergo cryopreservation, but that the assessment of viability did not accu-

rately measure fertility.

Zebra mussel sperm stored at 20�C rapidly became permeable to PI stain after

four hours from the time the sperm is obtained (0% of live sperm expressed as the per-

centage stained with SYBR-14, data not presented). The storage of sperm samples at

8�C preserved membrane integrity and motility. A significant decrease in membrane

integrity was observed after 48 hours when the percentage of PI-stained sperm

increased to 58 � 11%. A significant decrease in motility was observed after 24 h – 30 �

3% (P � 0.05), whereas the percentage of sperm stained with SYBR-14 was still almost

93 � 3% (Fig. 1). This demonstrated the sensitivity of the sperm plasma membrane to

temperature conditions.

The other explanation may be that the temperature of 8-12�C is best for zebra

mussel reproduction and rearing veligers (Sprung 1987, Borcherding 1991). The first

24 hours is probably the time when sperm are most likely to fertilize eggs in situ (after

24 h – 0% of recently obtained eggs were fertilized). It can be concluded that motility

is the most reliable parameter for describing the biological quality of zebra mussel

spermatozoa.

Dual DNA staining of Dreissena polymorpha spermatozoa can be used as an indica-

tor of membrane integrity, but it is not as accurate or effective for evaluating biologi-

cal or reproductive quality as it is with the major parameter – motility. The integrity of

the plasma membrane of zebra mussel sperm changes more slowly than motility and

sperm fertilizing ability.
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STRESZCZENIE

WYKORZYSTANIE METODY FLUORESCENCYJNEGO BARWIENIA DO
OKREŒLENIA PRZE¯YWALNOŒCI I ZMIAN W INTEGRALNOŒCI PLAZMOLEMY
PLEMNIKÓW RACICZNICY ZMIENNEJ (DREISSENA POLYMORPHA)

Zastosowano fluorescencyjn¹ metodê SYBR-14/jodek propydyny (tzw. metoda ¿ywe/martwe) w
celu okreœlenia zmian w integralnoœci plazmolemy plemników Dreissena polymorpha. W œwie¿o pozyska-
nym nasieniu odsetek plemników barwi¹cych siê jako ¿ywe (SYBR-14) wynosi³ 97 � 3% (rys. 1). Statystycz-
nie istotny spadek integralnoœci b³ony plazmatycznej stwierdzono po 48 h przechowywania w 8�C, pod-
czas gdy w temperaturze 20�C ju¿ po 4 h 100% plemników wybarwia³o siê jako martwe (jodek propydy-
ny). Nie stwierdzono zale¿noœci pomiêdzy odsetkiem plemników barwi¹cych siê jako ¿ywe a odsetkiem
plemników ruchliwych i procentem zap³odnionych komórek jajowych.
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