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ABSTRACT
The anterior end of the mammalian sperm nucleus is 

covered by a thin, double-layered membranous sac that 
contains hydrolytic enzymes including acrosin, 
hyaluronidase, esterases and acid hydrolases. These enzymes, 
which are involved in the initial phase of fertilization, 
are activated and released during the acrosome reaction.
This exposure of the acrosomal contents occurs not only 
during fertilization, but also during sperm death.

Acrosome-reacted sperm cells were selected from thawed, 
cryopreserved samples of bovine spermatozoa using rabbit 
antibodies to bovine acrosine and goat anti-rabbit 
immunoglobulin-coated magnetic beads. The selection process 
was monitored by staining with fluorescence isothiocynate- 
beads coupled to anti-rabbit immunoglobins (FITC-IgG), Fura- 
red (FRED) and propidium iodide (PI). The spermatozoa were 
diluted in Tyrode salt solution and stained with FRED, anti- 
bovine acrosome, fluorescence labeled anti-rabbit IgG. An 
inhibitor, benzamidine, was used in all samples to control 
proteolysis, while ionophore A233187 was used in control 
samples to induce the acrosome reaction. Flow cytometric 
analysis revealed three distinct populations; dead cells 
stained only with PI and two acrosome-reacted populations 
stained with FITC-IgG and either FRED or PI. The acrosome- 
reacted spermatozoa were selected by exposing the samples to 
a magnet (5 min). Magnetic beads, when coupled to anti
bodies, were useful for selecting a specific sperm
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population. Magnetic beads, when coupled to specific 
antibodies, proved to be effective in selecting acrosome 
reacted spermatozoa.
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INTRODUCTION AND LITERATURE REVIEW
In developmental biology there has always been an 

interest in the male gamete of mammals. The male has the 
capacity to produce millions of sperm which, theoretically,

£ all have the ability to fertilize a female's egg. Although
the sperm cell is small and relatively limited in function, 
it is an essential part of fertilization.

There have been many experiments to try to distinguish 
certain populations of sperm cells. Different populations 
of sperm can be distinguished by the use of fluorescent 
stain and flow cytometric analysis. The different 
populations can consist of sperm whose membrane integrity 
has been altered in some way or sperm that are just dead. 
Basically dyes are used to assess the populations of 
spermatozoal function. There are many kinds of fluorescent 
dyes which can be used to distinguish a specific population. 
This is done by emitting specific fluorescent wave lengths. 
Fluorophores have essentially eliminated the problem of not 
being able to observe spermatozoa in opaque media such as 
milk (Van Demark et al., 1959). Fluorescently stained sperm 
cells are evaluated with no interference from fat globules 
or other non-staining extraneous material.

Early on, experimenters wanted to use these dyes to 
evaluate sperm populations. A deoxyribonucleic acid (DNA) 
specific fluorescent dye acriflavine-feulgen was used as a 
possible method to classify bovine spermatozoa as either 
morphologically normal or abnormal (Benaron et al., 1982).
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The DNA specific stain acridine orange was determined to be 
effective for detecting changes in testicular cell 
populations and chromatic structure of sperm cells 
(Ballachey et al., 1986). The fluorescent stain, Hoechst

0 33342, effectively differentiates motile and non-motile
bovine spermatozoa (Keeler et al., 1983). Specific 
combinations of fluorescent stains can provide important 
information on spermatozoal mobility. Bishop (1957) 
utilized primulin and rhodamine 6 to differentiate between 
live and dead spermatozoa. Garner et al. (1986) treated 
bull sperm cells with the non-fluorescent membrane-permeate 
Fluorophore 6-carboxyl fluorescein diaretate (CFDA), which 
undergoes hydrolysis of the intracellular ester bonds to 
become fluorescent and membrane impermeate. Cells were 
counterstained with the membrane impermeate nucleic acid 
specific fluorophore Propidium Iodide (PI). This staining 
combination was able to distinguish between various 
subpopulations within a given sample and was highly 
correlated with other methods of measuring seminal quality.

Although there have been other experiments to 
distinguish different cell populations, our research was 
unique in the fact that we set out to physically separate a 
distinct population(Fig.1. p.9). In our research and 
experimentation, we utilized fluorescent dyes to distinguish 
distinct sperm populations. With the aid of a flow 
cytometer we were able to follow each step of the experiment 
and see if our results were what we had expected. Besides
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the use of fluorescent beads to distinguish between the 
different populations we also utilized rabbit anti- 
immunoglobin (IgG) - coated magnetic beads to separate a 
distinct population of sperm cells.

One of the dyes used was Fura-red (FRED), which is a
calcium stain for intracellular calcium. FRED will stain
live cells because of its ability to cross intact membrane 
and bind to calcium ions in the sperm cell. This will stain 
the entire sperm cell a dull red. FRED was originally 
described by R. Marines, E. Katercropoulos and K. Muihead in 
U.S. patent #4,849,362 which is exclusively licensed to
Molecular Probes.

A second dye used was propidium iodide (PI), which is a 
DNA-specific fluorophore. PI binds by intercalation to
double stranded nucleic acids. It binds both
Deoxyribonuleic acid (DNA) & ribonucleic acid (RNA) and is 
membrane impermeable. Thus, we used the PI to bind to the 
nuclei of degenerate or dead spermatozoa. Viable cells, or 
at least sperm with intact membranes, are not stained by the 
PI. Like FRED, PI also emits red fluorescence, but it is 
much more intense and is easily distinguished from the live 
FRED stained sperm.

In addition to these dyes, the desired population of 
sperm cells (acrosome reacted) was monitored by staining 
with fluorescein isothiocynate beads coupled to rabbit anti- 
immunoglobins (FITC-IgG). These FITC-IgG beads are specific 
to anti-bovine which are also specific to bovine acrosine.
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These emit a green fluorescent color which allows one to 
tell which sperm are acrosome reacted. Garner et al.,
(1975) reported that acrosine, a trypsin-like protease, was 
localized in the acrosome of bovine spermatozoa by an 
indirect immuno-fluorescence technique. Anti-acrosine 
immunoglobin was obtained from a rabbit immunized with 
highly purified bovine acrosine. On the basis of this we 
concluded that acrosome reacted sperm cells could be seen by 
the use of this indirect immuno-fluorescence(Fig.2. pg.10).

Another essential material used was Tyrodes media which 
is composed of calcium chloride, magnesium chloride, 
magnesium sulfate, sodium bicarbonate, sodium chloride, 
sodium phosphate dibasic, sodium phosphate monobasic, 
glucose, and phenol red. The pH is 7.7+/- 0.3 with 
osmolality (MOsm/KgH20). Benzamidine, an inhibitor, was 
added to all sperm samples to control proteolysis.
Ionophore A23157 was used to induce the acrosome reaction 
for positive control samples.

Deriving the experimental design and observation of 
results were accomplished by microscopic observation and use 
of a flow cytometer.

Flow cytometry is a process in which a single file of 
cells or other biological particles passes in a fluid stream 
by a sensor or sensors which measure the physical or
chemical characteristics of the individual cells or
particles. This technology is used for determining the 
heterogeneity between cell population (Shapiro, 1985). A
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typical flow cytometer system (Horan and Wheeless, 1977) 
utilizes a laminar sheath-flow technique to confine cells to 
the center of its flow stream and to reduce clogging. Gas 
pressure pushes the cells into a flow chamber where they are

* mixed with the sheath fluid and illuminated by a light
source. A filter which is placed in front of the 
observation point allows only specific wavelengths through 
to excite the cells. The measurements are recorded in the
flow chamber where optics placed 90° to the incident beam 
collect the fluorescence on the excited cells. Optics limit 
the light reaching the detector to some portion of the 
emission spectrum of the fluorescent material being
measured. This is usually done with filters which absorb or 
reflect light outside the wavelength of interest. If the 
wrong filters are used, signals thought to be due to
cellular fluorescence are in fact due to filtered
fluorescence. The level of fluorescence is detected by 
photomultiplier tubes which convert light of specific 
wavelengths to electrical pulses which can be used for 
analysis.

The analyzer employed was the Becton-Dickison FACS 
Analyzer. This is a mercury based analyzer (Shapiro, 1985).
It measures fluorescence in two wavelength ranges with dual

t
photomultiplier tubes. Stained cells are excited by a 100 
watt mercury arc lamp which uses an ellipsoidal collector to 
maximize the amount of available light. These excited cells 
transmit light at a specific wavelength through the dichroic
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mirror. This mirror reflects undesired wavelengths and the 
emission filters absorb the undesired wavelengths. 
Fluorescent emission is collected with a specifically 
designed, long working distance, glycerin-immersed lens of

• high numerical aperture. When the illuminating beam
intersects the stream of cells a surge goes through all 
filters and mirrors. This light is then measured by the two 
photomultiplier tubes which convert fluorescent light to an 
electrical pulse for quantification. The FACS Analyzer can 
be adapted to estimate the cell size through light scatter 
and electronic volume measurements (Shapiro, 1985). Light 
scatter works on the idea that cell volume is directly 
proportional to the intensity of light scattered at small 
angles from the light source exciting the cell.

Flow cytometric analysis can provide rapid and precise 
determination of the heterogametic condition between cell 
populations and quantification of the number of cells in a 
homogenous population of cells. The FACS Analyzer precisely 
quantifies the fluorescently stained sperm cells to provide 
information that may be valuable in estimating the viability 
and potential fertilizing capacity of cryopreserved bovine 
spermatozoa (Shapiro, 1985).

We used the flow cytometer to verify the presence of 
the distinct populations of dead cells and also to estimate 
the number of cells in each population.

The antirabbit-immunoglobin (IgG)-coated magnetic beads 
function the same as the FITC-IgG beads except they can be
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used to physically separate the acrosome reacted sperm 
population(Fig.3. p.ll). This was a major part of our 
research and experimentation.

Genetically engineered, transgenic animals are expected 
9 to become a multi-billion dollar industry within the next 10

to 20 years (Lavitrano et al., 1989). Presently many 
laboratories are working to produce transgenic animals to be 
used in various experiments and as a source of products that 
can be used by humans. The Genetics Institute and Taft 
University are currently developing transgenic sheep to 
produce tissue plasminogen activator (TPA). The TPA is 
secreted in the milk of sheep (Clark et al., 1989). The TPA 
can be used to decrease the severity of damage inflected by 
heart attacks. To date transgenic animals have only been 
developed by direct injection of a cloned gene into the 
fertilized egg (Palmiter and Brinster, 1985). This has 
proven to be expensive and inefficient. Dr. Duane Garner of 
the University of Nevada is currently involved in a research 
project where he is trying to use sperm as vectors for the 
production of transgenic animals. The goal is to introduce 
new genes into the sperm cells either by electroportion or 
by liposomal fusion. Sperm cells which have the new DNA are
at a disadvantage to fertilize an egg because of the extra

t DNA baggage. In order to assure that fertilization is 
completed by the genetically altered sperm Dr. Garner hopes 
to inseminate the animals only with this altered sperm 
population. Elimination of the acrosome reacted sperm
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population which have no chance of fertilizing the egg is a 
primary goal. The purpose of this study was to devise a 
method of separation of this distinct population.
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ACROSOME-REACTED SPERM STAINED WITH FITC BEADS

Figure 1. Acrosome-reacted bovine sperm indirectly stained 
with antibodies to acrosin which was raised in rabbits. The 
presence of the anti-acrosin immunoglobulin that reacted 
with the exposed acrosin was established by secondarily 
staining with goat anti-rabbit IgG FITC beads. The sperm 
were counterstained with propidium iodide (PI) and Fura-RED 
(FRED). The FRED stained was not evident on sperm that had 
lost their membrane integrity such as acrosome-reacted 
sperm. The green fluorescent beads are seen covering the 
anterior portion of the sperm head that is covered by the 
acrosome.

♦
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INTACT AND ACROSOME-REACTED SPERMATOZA.
Treated with anti-acrosin and labeled with FITC and anti-IgG 
beads

FRED-IgG PI-IgG

b
FRED-Intact

Figure 2. Illustration of the four expected fluorescent 
populations of bovine sperm stained with a combination of 
propidium iodide (PI), Fura-Red (FRED) and then
immunologically stained for acrosin with rabbit anti-acrosin 
and goat anti-rabbit IgG FITC beads. The FRED staining was 
evident for sperm that had not lost their membrane or 
acrosomal integrity (FRED-Intact). Those sperm that had 
undergone an acrosome reaction before cell death stained 
with FITC beads as well as with FRED but not with PI (FRED- 
IgG). Acrosome-reacted sperm stained with both PI and FITC 
beads when the acrosomal matrix remained attached. Denuded 
sperm, however, stained with PI only. The green fluorescent 
beads were noted only on the anterior portion of the sperm 
head where the acrosome is located.
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EXPERIMENTAL COMPONENTS FOR MAGNETIC SELECTION
IgG-MAG
Iron Oxide Particles

Neodymium Iron 
Magnet

Anti-bovine Acrosin Anti-IgA FITC beads

FITC -LABELED MAGNETIC COMPLEX

Figure 3. Experimental components and the principle of 
magnetic selection of acrosome-reacted sperm. Anti-acrosin, 
raised against purified bovine acrosin in rabbits, was used 
to identify those sperm cells that had undergone the 
acrosome reaction. The acrosome reaction exposes the 
acrosomal contents which are mainly acrosin. These
acrosome-reacted cells can be isolated from the suspension 
by using a two step process. The sperm are treated with an 
antibody specific for acrosin and then this primary antibody 
is bound to anti-rabbit immunoglobulin (IgG-MAG) coated onto 
iron oxide particles and FITC -anti-IgG beads. This 
magnetic antibody complex was then used to isolate the 
acrosome-reacted sperm from the sperm suspension using a 
Neodymium iron magnet.
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MATERIALS AND METHODS
Determination of PI Concentrations.

In order to determine the final protocol for the
immunomagnetic separation of acrosome reacted bovine 

0 spermatozoa our first goal was determining the proper
concentrations of PI to FRED which would give two 
discernible populations of sperm. One population is the 
live sperm (FRED stained) and the other is dead (acrosome 
reacted) sperm (PI stained). The relative proportion of 
sperm in each population is determined by guadrant analysis. 
Samples:

Nine samples of cryopreserved bovine sperm, three for 
each experimental level of PI, plus two for calibration. The
standard for calibration included one FRED alone and one PT
alone. All 11 samples are pooled and then divided into 11 - 
1.5 ml aliguots. Each PI concentration sample except for 
the calibration samples contain the following reagents:

0.5 ml Tyrodes solution
0.5 ml Tyrodes solution containing 50 Mm benzamidine 
0.5 ml thawed cryopreserved bull sperm (1 straw)
0.6 ul FRED
PI Levels - 4.0, 6.0 or 8.0 ul, one for each samplew
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Protocol for processing PI samples:

Place 0.5 ml Tyrodes, 0.5 ml Tyrodes plus benzamidine 
in a 1.5 ml conical propylene tube and warm to 37.5° C.
Thaw 1 straw cryopreserved bovine sperm at 37.5° C for 

4 1 minute.
Add contents of the straw to the tube.
Add 0.8 ul of FRED.
Incubate for 1 hour and 15 minutes at 37.5° C. in water 
bath.
Add 4.0, 6.0 and 8.0 ul of PI respectively to each of 3 
tubes, each incubate for another 15 minutes.
Add 75 ul sample to 1 ml sheath fluid. Run on flow 
cytometry using FITC/phycothrin filter set and collect 
data on 10,000 sperm cells.

Determination of benzamidine concentration.
Benzamidine is used as an inhibitor of acrosine

proteolysis. It was essential to determine the level of 
benzamidine necessary for prevention of acrosine proteolysis 
without being toxic. Nine samples of cryopreserved bovine 
samples, three for each experimental level of benzamidine, 
plus two for calibration. The standards for calibration 
included one FRED alone and one PI alone. All 11 samples are 
pooled and then subdivided into 11 - 1.5 ml aliquots. Each 
sample, except for the calibration samples, contain the 
following reagents:

0.5 ml Tyrodes solution
0.5 ml Tyrodes solution containing 25, 60 and 100 Mm
benzamidine
0.5 ml thawed cryopreserved bull sperm (1 straw)
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0.8 ul FRED
8.0 ul PI
10.0 ul anti-bovine acrosine
20.0 ul FITC-bead labeled rabbit anti-IgG

£ Protocol for processing benzamidine samples:
Place 0.5 ml Tyrodes, 0.5 ml Tyrodes plus benzamidine, 
three, one at each level, in 1.5 ml conical 
polypropylene tubes and warm to 37.5° C.
Thaw 1 straw cryopreserved bovine sperm at 37.5° C for 
1 minute.
Add contents of the straw to each tube.
Add 0.8 ul of FRED and 10.0 ul anti-bovine acrosome.
Incubate for 1 hour and add 20.0 ul FITC-bead labeled 
rabbit anti-IgG.
Incubate for another 15 minutes at 37.5° C in water 
bath. Analyze sperm for motility. Record percentage 
of progressively motile sperm.
Add 8.0 ul of PI and after 15 minutes incubation at 
37.5° C remove 75 ul and add to 1 ml sheath fluid.
After the previously mentioned 15 minute incubation 
period has elapsed, pipet the remaining sperm not used 
in the motility analysis.
Flush intact sperm from filter and prepare for 
analysis. Add 75 ul sample to 1 ml sheath fluid.
Run the prefilter sample just after removal and while 
the remaining is being filtered on flow cytometry using 
FITC/phycoethrin filter set collecting data on 10,000 
sperm.
Run the post filter sample on flow cytometry using 
FITC/phycoethrin filter set collecting data on 10,000

9 sperm.
Analyze filter sperm for motility - record percentage 
of progressively motile sperm.

Benzamidine concentrations were run a second time,
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using 5, 10, 15mM and a third time using 5, 10, 15, 25mM.

Determination of effects of different benzamidine
concentrations on sperm motility.

This was to determine by microscopic observation how
different levels of benzamidine effected sperm motility.
Reagents: 0.25 ml Tyrodes solution

0.25 ml Tyrodes solution containing 5, 10, 15, 25, 
60 and 100 Mm benzamidine
0.25 ml thawed cryopreserved bull sperm

Protocol for determining effects of benzamidine:
Place 0.25 ml Tyrodes and 0.25 ml benzamidine solution 
in 1.5 ml conical tubes and warm to 37.5° C.
Thaw and pool 0.5 ml straw cryopreserved bull semen in 
water bath for one minute. Gently mix semen and 
pipette 0.25 ml aliquot into conical tubes containing 
the varying levels of benzamidine.
Immediately after mixing sperm with benzamidine, assess 
motility by microscopic analysis.
Examine for motility of all samples 0.5 and 3.5 hours 
later.
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Determination of interaction between FITC-bead labeled anti
rabbit IgG and magnetic bead labeled anti-rabbit IgG.
Samples:

Ten samples of cryopreserved bovine spermatozoa, five 
with A23187 and five without, plus two for calibration. The
standard for calibration included one FRED alone and one PI
alone. All ten samples are pooled and then subdivided into 
12 - 1.5 ml aliquots. Each sample, except for the 
calibration samples, contain the following reagents:

0.5 ml Tyrodes solution
0.5 ml Tyrodes solution containing 15 Mm benzamidine 
0.5 ml thawed cryopreserved bull sperm (1 straw)
0.8 ul FRED
10.0 ul anti-bovine acrosine
0 - 20.0 ul FITC-bead labeled rabbit anti-IgG 
0 - 100.0 ul magnetic bead rabbit anti-IgG
8.0 ul PI
30.0 ul of 2 Mm A23167 in anhydrous DMSO (Dimethyl 
sulfoxide)

Protocol for determining interaction between beads.
Place 0.5 ml Tyrodes, 0.5 ml Tyrodes plus benzamidine 
1.5 ml conical polypropylene tubes and warmed to 37.5°
C in a warm bath.
Thaw 1 straw cryopreserved bovine sperm at 37.5° C for 
1 minute.
Add contents of the straw to each tube.
Add 0.8 ul of FRED and 10.0 ul anti-bovine acrosome.
Incubate for 30 minutes and add 30.0 ul A23187 to one- 
half the tubes.
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Incubate for another 30 minutes and add rabbit anti-IgG 
to tubes, half with FITC-labeled beads and the other 
half with magnetic bound IgG.

IqG Beads IcrG-Macf Sample Sample
A23187 -0- 30 ul
20 ul -0- Tube 1 Tube 1A
15 ul 25 ul Tube 2 Tube 2A
10 Ul 50 ul Tube 3 Tube 3A
5 ul 75 ul Tube 4 Tube 4A
-0- 100 ul Tube 5 Tube 5A

Add 8.0 ul of PI.
After 15 minutes incubation at 37.5° C remove 75 ul 
from each sample and add to 1.0 ml sheath fluid.
After the previously mentioned 15 minute incubation 
period has elapsed, pipet the remaining into a Quick- 
snap column (thin) containing 1.0 ml of Tyrodes and mix 
gently.
Apply magnets for five minutes and flush non-bound 
sperm from the column with filter keeping the level 
(Tyrodes) above the level of the immuno-magnetically 
selected sperm.
Run the flushed sample (non-magnetic) on flow cytometry 
using FITC/phycoethrin filter set collecting data on 
10,000 sperm.
Run the immunomagnetically retained sample on flow 
cytometry using FITC/phycoethrin filter set collecting 
data on 10,000 sperm.
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RESULTS
Determination of PI concentration.

For each level of PI that was tested (4.0, 6.0 and 8.0 
ul) along with 0.6 ul FRED on the flow cytometer there were 
two described populations of sperm seen. The two
populations were live sperm (FRED stained) and the other was 
dead sperm (PI stained). After viewing each guadrant 
analysis for each level it was almost indistinguishable. 
Therefore in the final protocol it was decided that 8.0 ul
PI would be used.
Determination of benzamidine concentration.

This experiment's purpose was to find which level of 
benzamidine adeguately inhibited proteolysis without being 
toxic to sperm.

Figure four, page 20, shows the actual percentages of 
cells in each guadrant at different levels of benzamidine. 
Each quadrant represents a different population of cells. 
Quadrant one represents dead sperm cells, yet the acrosome 
is intact. Quadrant two represents the live sperm 
population, also with intact acrosomes. Quadrant three 
represents dead sperm cells, acrosome-reacted. Quadrant 
four represents the living sperm, acrosome reacted. This

f shows that benzamidine concentrations above 15mM is toxic to
sperm.

Figure five, page 21, is a graphic representation of 
the data from Figure four. Figure five shows that levels

18



above 15 Mm are toxic to the sperm. Above 15mM the 
population in quadrant one begins to rise. This population 
includes dead acrosome intact sperm and dead acrosome 
denuded sperm. The population of quadrant three which are

9 acrosome-reacted sperm, drops at levels above 15mM. This
leads us to believe that higher levels of benzamidine favor 
sperm that have stripped acrosomes. This also shows that
certain levels of benzamidine above 25mM cause excessive
death rates in whole sperm populations.

Each sample was also checked for motility by
microscopic observation. The motility checks were done at 
definite time intervals. Figure six, page 22, shows that 
level of benzamidine above 15 Mm significantly lower sperm 
motility.

*
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Quadrant Analysis of Benzamidine Toxicity

Figure 4 PRE-FILTER
25 mM 25 mM

5 mM 10 mM 15 mM 1st 2nd 60 mM 100 mM

1 22.66 24.86 27.28 32.67 30.46 27.77 36.34
Q1 2 24.18 30.98 32.66 29.53 34.47 32.71 34.93

3 25.89 27.98 26.15 28.62 33.88 31.25 29.58
Mean 24.24 27.94 28.70 30.27 32.94 30.58 33.62

1 19.32 19.11 17.54 22.61 21.10 8.84 3.13
Q2 2 18.19 18.70 19.85 17.95 20.11 13.95 3.59

3 18.65 21.46 20.37 19.55 19.08 17.21 6.15
Mean 18.72 19.76 19.25 20.04 20.10 13.33 4.29

1 50.51 47.58 47.18 41.72 44.55 62.51 58.66
Q3 2 49.54 46.75 42.88 48.95 44.07 51.92 61.11

3 47.51 44.12 48.96 48.56 44.25 49.23 62.98
Mean 49.19 46.15 46.34 46.41 44.29 54.55 60.92

1 7.51 8.45 8.00 3.00 3.89 0.88 1.87
Q4 2 8.09 3.57 4.61 3.57 1.35 1.42 0.37

3 7.95 6.44 4.52 3.27 2.79 2.31 1.29
Mean 7.85 6.15 5.71 3.28 2.68 1.54 1.18

POST-FILTER

5 mM
25 mM 25 mM

10 mM 15 mM 1st 2nd 60 mM 100 mM

1 13.54 6.62 2.91 5.28 9.31 4.20 4.47
Q1 2 19.74 6.11 6.25 5.49 11.64 3.49 4.86

3 8.91 4.57 8.65 6.41 7.99 3.57 5.61
Mean 14.06 5.77 5.94 5.73 9.65 3.75 4.98

1 5.37 0.87 0.38 1.78 0.91 1.15 0.99
Q2 2 7.42 0.74 1.27 1.58 1.66 1.22 1.52

3 0.76 0.73 0.49 2.16 0.77 1.39 1.52
Mean? 4.52 0.78 0.71 1.84 1.11 1.25 1.34

1 77.35 91.04 95.93 92.26 88.59 94.22 92.70
Q3 2 66.84 92.31 91.24 92.01 85.33 95.00 92.93

3 89.07 93.78 89.90 90.12 90.46 94.63 92.12
Mean 77.75 92.38 92.36 91.46 88.13 94.62 92.58

1 3.74 1.47 0.78 0.68 1.19 0.43 1.84
Q4 2 6.00 0.84 1.24 0.92 1.37 0.29 0.69

3. . 1.26 0.92 0.96 1.31 0.78 0.41 0.75
Mean 3.67 1.08 0.99 0.97 1.11 0.38 1.09
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PERCENTAGE OF SPERM CELLS PER QUADRANT DIE TO VARYING LEVELS 
OF BENZAMIDINE

1M
5

<£

□ O1 * 02 o 03 A Q4

Figure 5. Illustrates percentage of sperm cells per quadrant 
due to varying levels of benzamidine. Quadrants one and 
three represent dead cells (PI) and (PI+FITC). Quadrants 
two and four represent live cells (FRED) and (FRED+FITC).

21



? ’ **

Fi
gu
re
 6

 Shows
 tha

t sp
er

m
 m

ot
ili

ty
, as

se
ss

ed
 by

 m
ic

ro
sc

op
ic

 ob
se

rv
at

io
n,

 dro
ps

 no
tic

ea
bl

y 
at

 Be
nz

am
id

in
e c

on
ce

nt
ra

tio
n le

ve
ls a

bo
ve

 15 
m

M
.

22



Determination of the interaction between FITC-bead labeled
anti-rabbit IqG and magnetic-bead found anti-rabbit IqG.

This tested the feasibility of immuno-magnetic 
selection of acrosome reacted bovine spermatozoa. The 
different proportions of FITC to magnetic beads were used in 
order to observe the different populations on the flow 
cytometer and to tell if the magnetic separation of the 
desired population of sperm cells was possible. Figure 
seven, page 25, shows that indeed the distinct population of 
acrosome reacted cells does exist. At higher concentrations 
of FITC-beads, the desired population is more evident
because there is more fluorescence to detect. As the FITC
to magnetic bead proportion changes the magnetic beads 
increase in number and the population become less evident on 
the flow cytometer print-outs. This is not because the 
population ceases to exist but because the FITC beads which 
the flow cytometer monitors are decreasing in number. In 
the extreme situation of 0 ul FITC and 100 ul magnetic beads 
there is no representation of the population but it still 
exists. When A23187 is present the population of acrosome 
reacted cells is larger because the acrosome reaction is 
induced. Figure eight, page 26, shows that when the magnetic 
selected samples are run on the flow cytometer, the acrosome 
reacted spermatozoa are still observed when there are FITC 
labeled beads present. When there is 0 ul of FITC-beads the 
desired population does not show on the flow cytometer 
print-outs. Unlike the pre-filter samples, here the
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population is not present because it was separated by the 
magnetic separation process. This shows that Immuno- 
magnetic selection of acrosome reacted bovine spermatozoa is 
possible. The flow cytometer print-out of the magnetic 
separation, for cells not labeled gives more evidence that 
the process worked. The desired population is again seen 
when FITC beads are present. This is because the pass 
through in the flow cytometer is not affected by the 
magnetic separation. When FITC-beads are not present, the 
population does not show because of lack of green 
fluorescence. This population, as shown earlier, isn't 
present because of the magnetic separation.
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Figure 7. Illustration of the interaction between sperm 
treated with rabbit anti-bovine acrosin and then secondarily 
bound to varying levels of anti-rabbit immunoglobulins 
labeled with FITC beads or (IgG)-coated magnetic beads. The 
treatment levels were 20, 15, 10, 5 and 0 ul for the FITC 
beads and 0, 25, 50, 75, lOOul for the (IgG)-coated magnetic 
beads. The combinations examined by flow cytometry were 
F20M0 (A) , F15M25 (B) , F10M50 (C), F5M75 (D) and F0M100 (E) . 
The sperm were stained using a combination of propidium 
iodide (PI), Fura-Red (FRED), IgG-FITC and/or IgG-MAG. The 
proportion of sperm within each of 8 categories (F), as 
quantified by flow cytometric analyses, shows a progressive 
decrease in labeling of the acrosome-reacted sperm by IgG- 
FITC (Sperm populations 3 through 8) and an increase in 
(IgG)-coated magnetic beads bound to sperm (Sperm
populations 1 and 2).
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Figure 8. Dot plots of cryopreserved bovine sperm that had 
been thawed and polled before being stained and analyzed for 
green and red fluorescence by flow cytometry. The sperm were 
fluorescently stained singularly or using a combination of 
propidium iodide (PI), Fura-Red (FRED), rabbit ant-bovine 
acrosin coupled with FITC anti-rabbit IgG. The dot plots 
show sperm that were stained with anti-acrosin plus PI (A), 
FRED (B) , PI,FRED and (IgG-mag) (C), PI, FRED, (IgG-mag) and 
FITC anti-IgG-coated beads (IgG-FITC) (D). Plots E through 
F, which demonstrate selection, contained PI, FRED, IgG-FITC 
and IgG-mag. Samples of sperm are shown before application 
of the Neodymium iron magnet (E). Those cells pulled by 
magnetic selection and washed with additional medium are 
shown (F) as well as those cells remaining after an
additional application of the magnet directly to the sample 
tube for 2 min just before and during flow analysis (G). The 
cells that passed on through the column during washing are 
shown also (H).
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DISCUSSION AND CONCLUSIONS

This experiment is one which has not been tried before 
in any other laboratory. Therefore there is no comparison 
with other experiments. Our results clearly show that 
selection of the desired population is possible. Dr. Duane 
Garner ran this experiment about 2.5 months after I had left 
the laboratory. The data he received from the flow cytometer 
was not as promising as the first run. After further review, 
it was realized that the FITC bead labeled anti-rabbit IgG 
had gone bad. We have decided that besides using fresh 
reagents our results might be better if freshly collected 
sperm were used. Hopefully with these modifications, more 
reproducible results can be attained.

Immediate application of immunomagnetic selection of 
acrosome-reacted spermatozoa in the business of producing 
transgenic animals is not possible because exact situations 
to which this can be applied have not yet been hypothesized. 
With further development, such as using fresh samples and 
reagents, a protocol in which expected results are achieved 
everytime can be attained. This could be a promising tool to 
be used to separate out the acrosome-reacted sperm that can

£ only hinder the desired outcome of the production of a
transgenic animal.

27



LITERATURE CITED
Ballachey, B.E., M.L. Miller, C.K. Jost, P.P. Everson,

1986. Flow Cytometry evaluation of testicular and sperm 
cells obtained from bulls. J Anim Sci 63:995-1004.

Benaron, D.D., J.W. Gray, B.L. Gledhill, Lakes, A.J.
Wyrobek, I.T. Young, 1982. Quantification of mammalian 
sperm morphology by spit-scan-flow cytometry. Cytometry 
Vol. 2 No. 5.

Bishop, M.W.H., 1952. Differentiation between living and 
dead spermatozoa by fluorescence microscopy. Nature 
179:308.

Clark, A.J., M. Bessos, J.O. Bishop, P. Brown, S. Harris, R. 
Lathe, M. McClenahan, C. Prouse, J.P. Simmons, C.B.A. 
Whitelaw, I. Wilmut. Expression of human anti
hemophilic factor IX in the milk of transgenic sheep. 
Bio/Technology 7:487-492. 1989.

Garner, D.L., D. Pinkel, L.A. Johnson, N.M. Pace, 1986. 
Assessment of spermatozoal function using dead 
fluorescent staining and flow cytometric analysis. Biol 
Reprod 34:127-38.

Garner, D.L., M.P. Easton, M.E. Manson, M.A. Doane, 1975. 
Immunofluorescent localization of bovine acrosine. J 
Exp Zoology Vol. 191 No. 1 127-31.

Horan, P.K., L.L. Wheeless, Jr., 1977. Quantitative single 
cell analysis and sorting. Sci. 198:149-57.

Keeler, K.D., N.M. Mackenzie, D.W. Dresser, 1983. Flow
microfluormetric analysis of living spermatozoa stained 
with Hoechst 33342. J Reprod Fert 68:205-12.

Lavitrano, M., A. Camaioni, V.M. Fazio, S. Polci, M.G. 
Farace, C. Spadatora. Sperm cells a vectors for 
introducing foreign DNA into eggs: Genetic 
transformation of mice. Cell 57:717-723. 1989.

Palriter, R.D., R.L. Brinster. Transgenic mice. Cell 41:343- 
345. 1985.

Shapiro, H.M., 1985. How a Flow Cytometer Works. In:
Practical Flow Cytometry. Alan R. Liss Inc., New York, 
NY. p 22-59

VanDemark, N.L., Estergreen, V.L., Jr., R. Schoir, D.E. 
Kuhlman, 1959. The use of fluorescent dyes for 
observing bovine spermatozoa in opaque media. J Daily 
Sci 1314:19.

28


