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Abstract

Forensic DNA analysis on sexual assault evidence requires the separation of the victim
and assailants DNA. For vaginal swabs where a large number of victims cells
(epithelial cells) are present compared to the small number of the male assailants cells
this can be problematic. There are a variety of methods that can achieve this separation
and the most commonly used at present is differential lysis or variations upon this
method. These methods tend to be long and tedious with results often relying on the
operators’ expertise and experience. Immunomagnetic beads have been used in various
other areas of the scientific community for separation of cells from various mixtures
and the use of immunomagnetic beads for separation of sperm cells form cellular
mixtures can potentially be used as an improvement upon current methods of
separation. Antibodies have been tested for the use of forensically applied magnetic
bead separation however there has been little testing beyond proof that it works.
Optimisation of the procedure and testing on more realistic samples need to be
conducted.

Background

Data presented by the Australian Bureau of Statistics indicates that the number of
sexual assault victims has increased by 3.3% from 2013 to a five year high in 2014,
with the majority (83%) of victims being women (Australian bureau of statistics,
2015). Just like any other major case forensics aims to help in the investigative
process, through the collection of evidence and determination of fact. Following the
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allegation of sexual assault, detection of spermatozoa can aid in proving a sexual
encounter occurred and subsequent DNA analysis can aid in identifying the
perpetrator (Astrup et al,, 2012). In sexual assault cases the most common form of
evidence is vaginal swabs. If penetration occurred, swabs will likely contain majorities
of epithelial cells from the victim but also some sperm cells from the assailant. The
swab samples can be analysed and cells extracted for DNA profiling with the goal of
producing a profile of the assailant, that can be used in investigations. The
requirement for such profiling is that the sperm cells need to be separated from the
epithelial cells or a mixed profile will be produced. At the present, the choices
available for processing swabs obtained from sexual assault cases that contain a
mixture of female and male cellular material (and hence DNA) include; differential
lysis (Gill et al,, 1985, Yoshida et al,, 1995), laser capture microdissection (Anslinger et
al, 2006, Di Martino et al, 2004) and Y-chromosome short tandem repeat (Y-STR,
Roewer, 2004, Purps, et al,l 2014) just to name a few. The goal of these processes is
to create a single DNA profile of only the male assailant, which given the
circumstances has proven to be difficult due to the male DNA material (sperm cells)
being vastly out numbered by the female components (vaginal epithelial cells).

Current methods

Differential lysis, first established by Gill et al, (1985) and modified forms of this
process (Wiegard, et al, 1992, Yoshida et al,, 1995), are the most commonly used
methods in crime laboratories to achieve separation of male sperm cells from female
epithelial cells. The process has been term differential lysis, as the non-sperm cells
6

present are selectively lysed first with detergents and proteinase K. The sperm cells
remain intact due to more resistant proteins that are present in the sperm head. The
sperm cells are then pelleted using a centrifuge, the resulting supernatant consisting
of the cell debris and the victims DNA which is removed and the pellet washed. After
multiple washes the sperm cells are lysed to release the male DNA, from here
subsequent DNA profiling can be carried out with the goal of creating a single DNA
profile of the male assailant, which can be used in a criminal investigation. This
method of sperm isolation is tedious, is difficult to automate due to the many washes
that are needed and can result in sperm loss or incomplete digestion/removal of the
females’ cells resulting in a mixed profile. This has lead to the development of other
methods such as Y-STR profiling and laser micro dissection. Y-STR DNA profiling does
not require sperm isolation as it only constructs a profile based on markers present
on the Y chromosome (Roewer 2004, Purps et al, 2014). While the profile resulting
from a Y-STR can narrow the suspect pool, it is limited in its usefulness because all
members of a paternal lineage will share the same profile. Laser micro dissection is
another method that does not require the series of washes, instead the sperm cells
are fluorescently labelled and physically cut out of the sample with a laser (Anslinger
et al, 2006, Di Martino et al, 2004). Studies have shown that in order to get a good
profile, approximately 30 sperm cells must be cut from the sample for DNA extraction
and profiling. Further, since you are only cutting out the sperm cells it is guaranteed
to yield a single profile. The downfall of this method is that specialised equipment and
capable operators are required so usually it cannot be fully automated. However,
Vanderwoestyne et al, (2007) have managed automated the process of detecting
sperm using a fluorescent label ready for laser micro dissection.
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Two kit-based methods to isolate sperm from cellular mixtures containing epithelial
cells have been developed, the Erase Sperm Isolation Kit (PTC Labs) and Differex™
(Promega). The aim of both these kits is to remove the multiple washes that are
needed in differential lysis. Differex™ utilises an organic buffer that has a higher
density than the aqueous lysis solution allowing for physical separation of the sperm
cell pellets and the solution containing the victims DNA (Garvin et al,, 2012). The
Differex™ system has been compared to differential lysis, proving to be just as
efficient on mixtures of female epithelial cells and sperm cells (Tsukada et al, 2006).
However, the study utilised samples with a relatively high amount of sperm, which
may confound the results produced. Regardless, the Differex™ system has largely
replaced differential lysis as the standard procedure to isolate sperm from cellular
mixtures in laboratories around the world (Garvin et al, 2012). The other method, the
Erase Sperm Isolation Kit (Erase) follows the original differential lysis method closer
than Differex™, but without a series of washes of the pelleted sperm. Using the Erase
Kit, the female epithelial cells are still lysed first and the supernatant removed.
Instead of the subsequent washes the kit uses a solution of nucleases, while
simultaneously inhibiting the nuclease and lysis of the sperm cells to free the DNA
(Garvin et al, 2012). This is done in a single solution and therefore makes the process
quicker than differential lysis. In a study conducted by Garvin et al, (2012), the Erase
Kit was compared with the international laboratories standard method of sperm
isolation for DNA analysis (differential lysis or Differex™). The study used mock
samples of sperm and epithelial cell mixtures with a varying sperm count and applied
each method of extracting the male DNA fraction, producing a DNA profile. The
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results from the study are shown in table 1 and indicate that the Erase Kit produced
DNA profiles of equal or higher quality than that of the laboratories standard working
procedure.

Table 1: Results from study conducted by Garvin et al comparing international laboratories standard method of
sperm isolation to the Erase Sperm Isolation Kit for varying sperm cell concentrations.

The aforementioned study puts emphasis on isolation of sperm cells in mixed
samples being a difficult task and often results in profiles that may not be forensically
useful to the investigation. Differential lysis, a method that originated about 30 years
ago, even in modified forms still requires a high number of sperm to be present for
useful profiles. With the Erase Sperm Isolation Kit, higher quality profiles can be
produced from samples with a lower sperm count and hence be more useful to
criminal investigations. However, partial and mixed profiles can still occur, so
research into new forms of sperm isolation for forensic casework would certainly be
beneficial.
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Magnetic Bead Separations

Currently Immunomagnetic Beads have a variety of uses throughout the scientific
community, including immunoassays for detection and quantification of proteins
(Song et al, 2014, Wang et al,, 2014), Peptidome profiling of serum and urine (Ying et
al, 2013, Fan et al, 2012, Fiedler et al, 2007) and sperm purification for human
infertility (Paasch et al, 2003, Grunewald et al, 2001, Glander et al, 2002). Studies on
human infertility and immunomagnetic bead separation are of the most significance.
These studies have used magnetic beads to separate apoptotic sperm cells from nonapoptotic cells, to then analyse the apoptotic fraction of cells to find markers
indicating that the cell will not function as necessary. This process indicated markers
for infertility present on the sperm cells (Paasch et al,, 2003, Glander et al,, 2002).
All the infertility studies using magnetic bead separation focus on apoptotic sperm
cells as there is a known compound, phosphatidylserine, which becomes present on
the outer leaflet of the plasma membrane. This compound has a strong affinity for a
compound called annexin V, which is a component in the cellular membranes of
macrophages and other phagocytic cells (Paasch et al,, 2003, Grunewald et al,, 2001,
Glander et al,, 2002). Annexin V bound to the magnetic beads forms the basis for
extraction of the apoptotic sperm cells from the solutions. It has been shown that
after magnetic bead separation of apoptotic sperm cells from cryopreserved
samples, the resulting solution had been purified so that more non-apoptotic sperm
cells were present. This was carried out through analysis of both solutions for early
markers of apoptosis and the results of this analysis indicate a significant difference
for apoptotic cells before and after the magnetic bead separation, that is a higher
10

concentration was present prior to separation (Grunewald et al, 2001). The next
logical step was to determine if samples purified by this approach would significantly
increase fertility rates in couples undergoing assisted reproductive therapies (ARTs).
Sheikhi et al, (2013) conducted a study with this aim, using a total of 74 couples split
into test and control groups where both groups underwent intra-cytoplasmic sperm
injection (ICSI) procedures. The test group had magnetic bead separation of
apoptotic sperm cells prior to ICSI while the control group did not. The results from
this study indicate that using the magnetic bead separation of the apoptotic sperm
cells prior to ICSI increases the fertilisation rate.

To establish a similar method in a forensic context, the magnetic beads will need to
bind to healthy sperm and not sperm in the early stages of apoptosis. Therefore,
proteins present on the surface of the sperm will be the most logical targets. Using
the basis of immunology, antibodies for a specific protein located on the cellular
surface can be bound to the magnetic beads and separation of the sperm cells can
theoretically be achieved when a magnet is applied to the solution. Given the
successful results with this method when applied to apoptotic cells, the main
concern will be finding a suitable target protein on the surface of the healthy sperm
cells.

Antigen-Antibody Reactions

From an immunological perspective antibodies are part of the adaptive immune
system. Aiding in identifying, inactivating and marking antigens for destruction
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(Marieb and Hoehn, 2010). The immune system is complex, consists of many key
factors and therefore only a section of the adaptive immune system will be discussed
further. Humoral immunity (antibody-mediated immunity) is provided by antibodies
present within the bodies ‘humors’ (fluids), where by these antibodies bind primarily
to bacteria, bacterial toxins and to free viruses (Marieb and Hoehn, 2010). Substances
that mobilise the adaptive immune system are referred to as antigens. Most antigens
are large complex molecules that are not normally present within the body and the
immune system recognises them as ‘non-self’. However, they can be any foreign
molecule. The ability for a molecule to act as an antigen depends on its size and
complexity as only certain parts of an antigen are immunogenic, these are called
antigenic determinants. Free antibodies can bind to these site in the same manner
that enzymes bind to a substrate (Marieb and Hoehn, 2010). The interaction between
complementary shapes allows numerous contacts between amino acids at the
binding sites of both molecules, resulting in many hydrogen bonds, electrostatic
interactions and van der Waals interactions, combining to give strong and specific
binding. (Berg et al 2012).

Under normal circumstances an individual’s immune system does not attack its own
cells as they are dotted with a huge variety of protein molecules which the immune
systems recognises as ‘self-antigens’ (Marieb and Hoehn, 2010). An individual’s selfantigens are not foreign or antigenic. However, when present in another person may
be antigenic, that is cause an immune response in that person and be targeted by
antibodies i.e. transfusion reactions and graft rejections (Marieb and Hoehn, 2010).
Expanding on this idea gives the basis for potential selection of sperm cells. Using an
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antibody that is specific for a protein located solely on a sperm cell selective
separation could be achieved.

Immunomagnetic Bead Approaches In Forensic Scenarios

Immunomagnetic bead approaches similar to those used to remove apoptotic sperm
cells from solutions in infertility cases have been modified and applied to forensic
research in isolating sperm cells from mixed cellular solutions, like those found in
sexual assault cases. The aim of the procedures is to separate the sperm cells from a
cellular mixture of female epithelial cells, so that DNA profiling can be conducted on
the sperm to produce a profile of solely the male contributor. As stated above, the
targets are healthy sperm cells and therefore a different approach will need to be
considered. An immunological based approach was undertaken and will be discussed
shortly, using antigen-antibody reactions to bind the sperm cells to the magnetic
beads. The antigen targets are proteins present on the surface of the sperm cells
while appropriate antibodies will be attached to magnetic beads. Multiple studies
have been carried out, each using different antibodies to bind the sperm cells to the
magnetic bead to achieve separation and will be discussed shortly.

Methodology Used

The basis of the methodology used by all studies using magnetic beads to separate
sperm cells form epithelial cellular mixtures follow the same basic principle. The
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simulated samples are prepared using diluted semen samples and buccal epithelial
cells in one of two ways; buccal swabs loaded with diluted sperm cells (Grosjean and
Castella, 2015) or epithelial cells eluted from the swab, followed with aliquots of
both mixed together (Anslinger et al,, 2008, Eisenberg, 2002, Li et al,, 2014, Zhao et
al,, 2016). Samples were made up at varying concentrations but all consisted of a
constant female epithelial cell/mL (usually 104 cells/mL) and a varying sperm cell/mL
concentration ranging from 105 to 101 cells/mL in some studies. The chosen
antibodies are incubated with the magnetic beads chosen to carry out the separation
and then subsequently added to cellular mixtures contains epithelial and sperm cells.
A magnet is applied to the solution and the cells are pelleted, washed, the magnet
removed and the cells eluted. The eluted cells are then used for DNA profiling
following manufactures instructions for the chosen DNA profiling kit.

Studies conducted used varying methods to determine binding of the antibody prior
to use of magnetic bead separation; optical microscopy (Zhao et al, 2016)
immunohistology (Anslinger et al, 2008) and immunofluorescences (Li et al, 2014). It
is an important step to determine the binding of the antibody prior to further
experimentation. If it is shown that an antibody does not bind successfully to the
sperm cells then the rest of the experiment becomes moot. If the antibody is unable
to bind to the sperm cells, then an antibody-magnetic bead complex wont be able to
either. This predetermination of antibody binding can also shed light on the location
at which the antibody binds which can have significant outcomes that will be
discussed. These methods can also be used as a quick, easy and inexpensive way to
test some antibodies or different factors of the experimentation that does not
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require DNA profiles to be produced. For example, if the aim of experiment is to
determine elution or drying and storing effect on the structure of the protein for
antibody binding, these methods can be used. This will form the basis of
experimentation to be carried out, as drying swabs prior to cell elution and the effect
on antibody binding will be addressed.

Different Antibodies Used for Separation

One of the first studies in this area was conducted in 2002 and was a proof of
concept that used several different antibodies for proteins on the surface of the
sperm cells. In this study antibodies MHS-10, NUH-2 and HS-21 were used and
successful results were obtained (Eisenberg 2002). This study used differing
concentration of 5000, 1000, 500 and 100 sperms cells mixed with 104 vaginal cells in
0.5 ml of buffer solution. At these concentrations it was possible to obtain full
profiles in samples that contained 5000 sperm cells, partial profiles from solution
with 500 sperm cells and no profiles were obtained from the solution that had only
100 sperm cells. The success of the magnetic bead separation can be noted through
the profiles that have been reported by Eisenberg (2002) and it shows that the
concept behind this separation method works.

Following the work of Eisenberg (2002) multiple studies have been conducted
through the years, all trialling different antibodies for different proteins present on
the surface of sperm cells. Anslinger et al, (2008) used antibodies for the testicular
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isoform of the angiotensin-converting enzyme (tACE). Samples containing 105 -101
sperm cells were added to 1 ml of buccal cell solutions. Immunohistochemical
staining on samples indicated that the antibodies chosen bound to the post
acrosomal region, that is the neck and mid piece of the sperm. Therefore, the
general goal of the experiment should be achievable. DNA profiling of the solution
separated by magnetic extraction produced different qualities of profiles depending
on the concentration of sperm cells present. As expected the samples with a higher
sperm count produced profiles of at least a major male component. Samples
containing 105 sperm cells yielded DNA profiles with the major contributor being
male and depending on concentration sample between 104 and 103 showed equally
mixed or profiles with a major female component. Sample below 103 sperm cells
showed no male portion and possessed only alleles from the female contributor
present (Anslinger et al, 2008).

In the study by Anslinger et al, (2008) samples were made up in solutions and for
immunohistochemical staining involved smears to be made for analysis. The smears
were dehydrated and fixed which showed a problem that must be overcome with
better selection of target proteins. In the smears it can be seen where the antibody
complex binds to the sperm cells, which is in the post acrosomal region (Figure 1A
and B). Due to the nature of the smears, some of the sperm cells become damaged
or loose their tail section and are present in the solution as just the headpiece
(Figure 1C).
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Figure 1: Immunoistochemical staining of testicular ACE on sperm cells; (A) intact sperm, (B) sperm head
disconnecting from tail and mid piece, (C) sperm head by itself. (image taken from Anslinger et al, 2008

This is a problem as all of the nuclear genetic information required for standard DNA
profiling is present in the nucleus of the sperm cell, which is located in the head.
Therefore if the target protein is not present on the head of the sperm it can be
possible for a loss of genetic information required for DNA profiling in some
scenarios, for example in normal forensic cases where the swab is dried prior to
storage.

The success of immunomagnetic bead separation of sperm cells for DNA profiling
relies on the availability of antibodies that bind to target proteins located on the
sperm heads. With this fact in mind subsequent studies were carried out using
different target proteins, one such study conducted used antibodies against the
MOSPD3 protein (Li et al, 2014). This protein, unlike tACE used previously, is
abundantly distributed on the entire surface of the sperm cell, that is the head, neck,
mid piece and flagella (tail). Making it more suitable for the used of immunomagnetic
bead separations. This is apparent through the immunofluorescent testing that was
conduced prior to the magnetic bead separation. Li et al, (2014) fixed solutions of
17

sperm cells or buccal epithelial cells onto a slide and the MOSPD3 antibody was
incubated on the slide. The primary antibody (MOSPD3) was detected using a
fluorescently tagged secondary antibody. The nuclei were counter stained using 4,6diamidino-2-phenylindole (DAPI) and the slides were then visualised using a
fluorescent microscope. The images from fluorescent microscopy indicate that the
MOSPD3 antibody binds to the entire surface of the sperm cells (Figure 2).

Figure 2: Visulisation of MOSPD3 binding to sperm cells; (A) sperm cells as seen under light microscopy, (B) DAPI
stained nuclei, (C) MOSPD3 stained sperm cells, (D) compostie image of B and C. (Image taken from Li et al,
2014).

This study used similar concentration ranges as present by Anslinger (2008) (tACE
antibodies). However, using antibodies for the MOSPD3 protein, DNA profiles of
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higher quality could be produced. Using samples with 105, 104, and 103 sperm cells
present the number of STR loci successfully amplified was recorded in Table 2.

Table 2: Number of STR loci successfully amplified from different cell mixtures using the MOSPD3 antibody
(table taken from Li et al, 2014)

The DNA profiles generated using the MOSPD3 protein were all complete and single
sourced for samples that had 104 or greater sperm cells present and in samples that
had 103 sperm cells present partial profiles were obtained with 60% of the sample
returning 13/16 or less of the loci tested (Li et al, 2014). This shows a marked
improvement on the analysis done using tACE antibodies as even at higher
concentrations profiles were produced where the major contributor was male,
eluding that there was still a female minor component. However, this can be
accounted for by slight variations in the extraction methods. For example in the
method conducted by Li et al, (2014) using MOSPD3 antibodies there was an extra
wash of the cells while applied to the magnet. This extra wash could have taken away
the last traces of the female epithelial cells left in the solution resulting in the higher
quality profiles.
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The most recent study conducted on immunomagnetic bead separation of sperm
cells from mixtures, happens to also show the most success as seen by high quality
DNA profiles being produced. This study was conducted using four different
antibodies targeting four different proteins on the sperm cells surface (PH-20,
ADAM2, SP-10 and JLP) and of these proteins, antibodies for the PH-20 protein
showed to be the most sensitive for sperm cells in a mixed solution (Zhao et al,
2016). Using antibodies for PH-20, excellent sensitivity for the sperm cells was
achieved as solutions that contained between 105 and 103 cells/mL all produced
successful single sourced profiles (Table 3). Where as the other three antibodies
tested were only able to produce profiles at concentrations of 104 cells/mL and
greater, which is comparable to the previous studies using tACE (Anslinger et al,
2008) and MOSPD3 (Li et al, 2014).

Table 3: Comparison of the sensitivity of four different antibodies in capturing sperm. (table taken from Zhoa et
al, 2016)

Similarly to previous studies Zhao et al, (2016) first encountered mixed profiles with
the major component being male even though no epithelial cells were
microscopically present. It was hypothesised that during the experiment and
manipulation, the female epithelial cells may have been damage and lysed thus
freeing their genetic information into the solution, which may have inadvertently
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been attached to the magnetic beads. The hypothesis was confirmed when they
treated the magnetic bead/ sperm cell complex with DNase-1 resulting in single
sourced profiles. This gives insight into future possibilities for optimisation of the
magnetic bead procedure.

It is believed that the one important reason for the satisfactory result of the PH-20
antibodies is due to their localisation on the sperm head. As stated, all of the
forensically usefully genetic information is contained in the nucleus of the cell, which
is only present in the sperm head. If the antibody binds to anywhere else besides the
head it is possible that genetic information can be lost as sperm cells can lose their
tail and mid piece. This can be the case for one previous study, which used antibodies
for the tACE protein (Anslinger et al,, 2008). It was shown that the protein was
present in the post acrosmal region, that is the mid piece and tail and when these
sections are not present the antibody does not bind (Figure 1). The antibody for the
PH-20 protein has been shown through microscopy to bind to both fully intact sperm
(Figure 3A) and to sperm heads that lack the mid piece and tail (Figure 3B). This was
likely one of the factors contributing to the greater sensitivity compared to the other
antibodies already tested, which either did not bind to the head of the sperm (Figure
1, tACE) or bound all over the sperm cell surface and not abundantly on the sperm
head (Figure 2, MOSPD3).
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Figure 3: Optical microscopy of sperm cells captured by anti-PH-20 immunomagnetic beads, (A) intact sperm
cells bound to the magnetic beads, (B) sperm cells lacking tail and mid piece bound to immunomagnetic beads.
(Image taken from Zhao et al, 2016).

Antibody-Magnetic Bead Binding

There are many ways in which the antibodies can be attached to the magnetic beads;
use of a secondary antigen-antibody reaction (Anslinger et al, 2008), biotin-avidin
reaction (Li et al, 2014) or amide (covalent) bonding of the antibody (Zhao et al,
2016). Primary-secondary antibody and biotin-avidin coupling of the antibody to the
magnetic bead share general similarities as they both have an intermediate binding
reaction (Figure 4). For example, using the biotin-avidin method, the antibody
22

attaching to the sperm sample is biotinylted and the magnetic bead is coated with
avidin and when introduced into the same solution the biotin and avidin bind to
create the antibody magnetic bead complex (Li et al, 2014). Similarly the primary
antibody attaches itself to the sperm cell and the secondary antibody is attached to
the magnetic beads. Once in solution together, through antigen-antibody reaction the
magnetic bead complex is created (Anslinger et al, 2008).

Biotinylated
Antibody

Avidin coated
magnetic bead
Sperm cell magnetic
bead complex via
biotin-avidin binding

Primary
antibody

Secondary antibody coated
magnetic bead

Sperm cell magnetic
bead complex via
primary-secondary
antibody reaction

Figure 4: Schematic representation of biotin-avidin binding and primary-secondary antibody reactions linking
sperm cells to magnetic beads.

There have been no studies directly comparing these methods of attachment.
However, biotin-avidin reactions and amide bonding of the antibody do boast greater
binding characteristics. Biotin-avidin binding is one of the strongest known noncovalent biological interactions and hence shows improved sensitivity due to signal
amplification, higher stability and lower unspecific biding (Lesaicherre et al, 2002,
23

Langer et al, 2000). Direct binding to the magnetic bead via amide bonds also shows
to be a stable and inseparable complex during the experimentation and as such
successful results were obtained when this method was used (Zhao et al, 2016).
However as previously stated, no direct comparison of these have been tested which
leaves room for optimisation of the procedure to determine if any one particular
binding method works more efficiently.

Sampling

In all of the studies conducted, simulated sample solutions were made using cells
eluted from buccal epithelial swabs and diluted sperm samples. Only two studies
tested samples that had been stored and or dried indicating that this method could
work in real life forensic scenarios. In the study testing antibodies against the
MOSPD3 protein, fifty-two dried vaginal swabs samples from rape cases were tested
with swabs being preserved for one, three or ten days (Li et al, 2014). Both cotton
and flocked swabs were used to collect these samples by trained medical
professionals and all tested positive for prostate-specific antigen in a preliminary
presumptive test. From these swabs all cells were eluted and went through magnetic
bead separation, collection and where subsequently used for DNA profiling.
Comparison of the successful DNA profiles obtained from the differing storage
periods and swab types indicated that swabs that had been stored for longer, had a
lower chance of having a successful profiles. Cotton swabs also had a lower chance of
producing a successful profile (Table 4). The lower percentage of DNA profile being
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produced from samples that had been stored longer is indicative of sperm cells losing
their tails and mid region in aged samples and due to MOSPD3 binding mainly to the
tail region of the sperm cell. The storage time may also have an affect on the protein
structure of the antibody target thus making the protein unrecognisable to the
antibody and inhibiting the binding potential. The other study utilised a much longer
store time, up to six months, and used antibodies targeted to the CD52 protein on
the sperm cells (Grosjean and Castella, 2015). Following the general trend of
magnetic bead separation procedures, the authors stated that fully usable DNA
profiles were obtained from fresh samples and buccal swabs that had been loaded
with highly PBS-diluted sperm. There is also mention of an ongoing study using postcoital vaginal samples that suggest the use of magnetic bead separations can be
applied to real samples. The lack of presented data makes comparison of this study
to other studies conducted difficult, as factors such as concentration of the sample
and samples size are not present. However, it cannot be excluded as it does indicate
that even after prolonged storage time successful DNA profiles can be obtained. The
one major draw back of samples used in the study is that the sperm samples are
diluted and hence stored after mixture with a PBS buffer. The PBS buffer will aid in
maintaining the integrity of the sperm cells and may have been a factor in the
successful results, in casework examples the sperm cells maybe become more
damaged. These studies into the effect of drying and storing samples shows that
even after prolonged storage periods, a successful profile is still obtainable and the
sooner extraction can take place the better-quality the profile produced.
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Cotton swabs have been used for many years in forensic casework as means for
collection of a wide range of evidence types evidence. Sterile cotton swabs are
employed to collect DNA evidence and are used in sexual assault cases for vaginal
swabbing. It has been noted that elution of cells from cotton swabs can be
troublesome and cell recovery is less than optimum, however there are different
methods that can be employed to increase cell elution from cotton swabs (Voorhees
et al, 2006, Norris et al, 2007). These studies were conducted in the same lab but
were carried out as a progression to increase upon normal elution methods, as
enhanced elution of cells from a swab will be beneficial regardless of the
downstream process (Voorhees et al, 2006). For sexual assault cases where the
sperm needs to be separated from the rest of the cellular mixture, elution of the cells
takes place in a buffer solution or the solution used for separation, for example if
differential lysis is being used the elution will be carried out using the differential lysis
buffer (which contains detergent and proteinase K). At first an enzymatic approach
was tested to further increase elution of sperm cells and an increased in sperm cell
recovery was observed when compared to a normal buffer solution but was
comparable to the use of differential lysis buffer (Voorhees et al, 2006). In the later
study a chemical method was tested to further increase elution of sperm cells, the
cellulase method previously tested was combined with a detergent (Norris et al,
2007). Combining the enzymatic digestion with a detergent increased the sperm cell
recovery beyond that of the differential lysis buffer and Norris et al (2007) conclude
that the detergent in the differential lysis buffer was responsible to the sperm cell
recovery. The effect of proteinase K on sperm cell elution was investigated
simultaneously by Norris et al (2007) and it was indicated that the presence of
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proteinase K lowered the recovery of sperm cells. These finding can play a roll in the
optimisation of future separation methods as if a higher number of sperm can be
released from the swab there will be a greater chance of producing a successful
profile.

Advantages of Immunomagnetic Beads

The most currently used methods for separation of sperm cells and vaginal epithelial
cells in forensic sexual assault casework include differential lysis in modified forms
(Roewer, 2004), laser micro dissection (LCM, Di Martino et al, 2004) and kit based
extraction (Garvin et al,, 2012). There are other methods available however they are
not as commonly used in forensic laboratories. Immunomagnetic bead separation of
sperm cells has distinct advantages over these current methods procedurally and in
sensitivity for sperm cells. Procedurally, the current methods are long and tedious
with multiple wash and centrifuge steps, which requires excessive handling of the
sample. The incubations for these methods are also time consuming with multiple
being long hours and/or overnight. The kit based methods that are somewhat based
on the differential lysis procedure do make the overall procedure quicker but there is
still the need for multiple washes and lots of sample handling (Garvin et al, 2012).
The immunomagnetic methods are significantly quicker and require fewer washes,
reducing the amount of sample handling that is required and subsequently lowering
the risk of contamination by the operator. The success of differential lysis and more
so LCM procedures relies heavily on the expertise and experience of the operator
however, with fewer and easier steps in the immunomagnetic methods and the
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lower cost compared to LCM immunomagnetic beads can be a replacement for both
methods (Li et al, 2014).
The sensitivity for sperm cells is also greatly improved upon using an
immunomagnetic method for separation. The sensitivity for sperm using antibodies
for the PH-20 protein was compared to that of differential lysis in solution of fixed
concentrations, 105 epithelial cells/mL and 103 sperm cells/mL (Zhao et al, 2016). At
these concentrations sperm cells were separated using the respective methods and
DNA profiles were constructed. Using the PH-20 antibodies attached to magnetic
beads, 18 out of 20 profiles produced were single-sourced from the male donor and
the other two were mixed profiles (Table 4). On the other hand using the differential
lysis method, only one of the 20 profiles produced was single-sourced from the male
donor, the rest were mixed profiles (Table 4). It is apparent that immunomagnetic
based methods have a greater sensitivity for sperm cells and can separate sperm cells
at lower concentration than the currently used differential lysis methods.

Table 4: Comparison of immunomagnetic bead separation using antibody for the PH-20 protein and the
differential lysis method. (table taken from Zhao et al, 2016)
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Aims of The Experiment

The majority of samples used in the studies presented are simulated samples made
from aliquots of buccal epithelial cells eluted from a swab and diluted semen samples
(Anslinger et al, 2008, Eisenberg, 2002, Li et al, 2014, Zhao et al, 2016). There has
been very limited testing of cellular mixtures on swabs that have been dried and
stored for the purpose of immunomagnetic bead separation. Therefore, the aims for
this research are as follows:

1. To determine the antibody binding potential of anti-PH-20 antibodies in
samples that have been dried via immunofluorescent microscopy.

2. To produce DNA profiles of solutions obtained after immunomagnetic
separation using anti-PH-20 coated magnetic beads.

Due to time constraints it is likely only the first aim will be achievable. However,
this research will attempt to show that if the antibody can bind to the sperm cells
after drying and a storage period, supported by previous work present in the
literature, then sperm cell separation will likely be an achievable outcome based on
this antibody binding (Zhao et al, 2016).
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Conclusion

For sexual assault cases sample are taken that can contain a cellular mixture of
epithelial cells from a female victim and sperm cells from a male assailant. The goal
for forensic scientists is to obtain a DNA profile that can be useful to the investigative
process, that is a DNA profile of the male portion of the cellular mixture. This is
difficult due to the overwhelming amount of female cells present compared to the
male cells. This is potentially overcome by separating the cell types so that a DNA
profile can be conducted on the male portion of the mixture only. Currently there are
a number of techniques that can be used to achieve this. The most commonly used
method being differential lysis or variations of that procedure (Gill et al, 1985,
Yoshida et al, 1995). However, there are many more that can be used and even some
still being researched. These methods are time consuming and tedious with multiple
long incubations and centrifugation steps. The results yielded often rely on the
expertise and experience of the operator due to magnitude of sample handling and
general skill required for the procedures (Li et al, 2014). Research into
immunomagnetic beads for separation of sperm cells has begun and so far has
revealed IMB separation to be quicker and easier than the current methods
employed. Prior to the magnetic bead separation, determination of antibody binding
was conducted via various means of microscopy. This immunomagnetic separation of
sperm cells also shows a greater sensitivity for the sperm cells, as high quality profiles
can be obtained at lower levels of sperm present when compared to the currently
used methods (Li et al, 2014, Zhao et al, 2016). From the studies, very suitable
antibodies have been identified for the use of immunomagnetic bead separation with
30

antibodies for PH-20 being the most sensitive for sperm cells (Zhao et al, 2016). The
process has only thus far been shown to successfully separate sperm cells from
cellular mixtures. The process still requires refining and optimising, therefore further
studies need to be conducted into real world samples. The effects of dried and stored
samples on the efficacy of antigen binding have only had limited studies conducted
on them. This will form the basis of this research using immunofluorescent
microscopy to determine if antibodies will continue to bind effectively after samples
have been dried.
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Abstract
In sexual assault cases the most common evidence gathered comes in the form of vaginal
epithelial swabs. These swabs contain cells from both the female (victim) and male
(assailant), however the majority of cells present will be epithelial cells from the female and
few sperm cells form the male. To produce a DNA profile usable for the investigation
separation of the cell types is required otherwise a mixed profile will be produced. There are
at current a few methods that can achieve this separation, these include; differential lysis,
laser capture microdissection and two kit based methods. These methods however do not
completely separate the cell types and result in mixed profiles with a major male
component, on top of this these methods are also long and tedious to perform.
Immunomagnetic bead separation techniques are being adapted from other scientific field
to be used in the forensic field to separate sperm cells from mixed substrates. This study
tested if the Hyaluronidase PH-20 (SPAM1) antibody will bind to the sperm cells in samples
that have been dried and stored for a short period of time. Fluorescently tagged antibodies
were incubated with cellular mixtures on microscope slides and visualized using a
fluorescent microscope. It was observed that binding of the antibodies was successful in
sperm cells in all samples tested. The SPAM1 antibody appears to be a suitable for selection
of sperm cells and could further be linked with magnetic beads to test separation and DNA
profiling in samples the resemble casework scenarios.

Keywords
Sexual Assault, Sperm Separation, Immunomagnetic Beads, SPAM1, Antibodies
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Introduction
Data presented by the Australian Bureau of Statistics indicates that the number of sexual
assault victims has increased by 3.3%, from 2013 to a five year high in 2014 and the majority
(83%) of victims being women (Australian bureau of statistics, 2015). Just like any other
major case forensics aims to help in the investigative process though the collection of
evidence and determination of fact. Following the allegation of sexual assault detection of
spermatozoa can aid in proving that a sexual encounter occurred and subsequent DNA
analysis can aid in identifying a perpetrator (Astrup et al, 2012). In sexual assault cases the
most common form of evidence are vaginal swabs, which, if penetration occurred, will
likely, contain majority of epithelial cells from the victim and some sperm cells from the
assailant. The swab samples can be analysed and cells extracted for the purpose of DNA
profiling with the goal of producing a profile of the assailant that can be used in the
investigation. The requirement for such profiling is that the sperm cells need to be
separated from the epithelial cells or a mixed profile will be produced. At present there are
choices available for processing swabs obtained from sexual assault cases that contain a
mixture of female and male cellular material (and hence DNA) including; differential lysis
(Gill et al, 1985, Yoshida et al, 1995), laser capture microdissection (Anslinger et al 2006, Di
Martino et al 2004). The goal of these processes is to create a single DNA profile of only the
male assailant, and given the circumstances this is difficult due the male DNA material
(sperm cells) being vastly outnumbered by the female component (vaginal epithelial cells).

Current Methods of Separation
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The most commonly used method to achieve this follows a protocol set by Gill et al 1985,
which has been termed differential lysis and modified forms of this process are still
(Wiegard et al 1992, Yoshida et al 1995). The process has been termed differential lysis as
the non-sperm cells present are selectively lysed first with detergents and proteinase K
while the sperm cells remain intact due to more resistant proteins present in the sperm
head. After washing the sperm cells are then chemically lysed to gain access to the nuclear
DNA and subsequent DNA extraction and profiling techniques are used to produce a profile
to be used in the investigation. This method of sperm isolation is tedious and difficult to
automate due to the many washes that are needed and can result in sperm loss or
incomplete digestion/ removal of the females’ cells resulting in a mixed profile. This has lead
to the development of other methods such as Y-STR profiling and laser micro dissection. YSTR DNA profiling does not require that the sperm be isolated as it is only constructs a
profile based on markers present on the Y chromosome (Roewer 2004, Purps et al 2014).
The profile resulting from a Y-STR can narrow the suspect pool but as the profile for all
member of a paternal lineage will be the same the usefulness of this analysis is limited.
Laser micro dissection is another method that does require the series of washes, instead the
sperm/ male cells are fluorescently labelled and they are physically cut out of a prepared
slide with a laser (Anslinger et al 2006, Di Martino et al 2004). The downfall of this method is
that specialized equipment and capable operators are required to produce the DNA profile.
Two kit-based methods to isolate sperm from cellular mixtures containing epithelial cells
have been developed, the Erase Sperm Isolation Kit (PTC Labs) and Differex™ (Promega).
The aim of both these kits are to remove the multiple washes that are needed in differential
lysis. Differex™ utilizes an organic buffer that has a higher density than the aqueous lysis
solution allowing for physical separation of the sperm cell pellet and the solution containing
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the victims DNA (Garvin et al 2012) whereas the Erase Sperm Isolation Kit (Erase) follows
differential lysis more closely but combines a few steps to eliminate some of the washes
required. Both kits show improvement over the original differential lysis procedure and are
used in forensic laboratories around the world (Garvin et al 2012).

Immunomagnetic Bead Approaches

Currently Immunomagnetic Beads (IMB) have a variety of uses throughout the scientific
community, including immunoassay for detection and quantification of proteins (Song et al
2014, Wang et al 2014), peptidome profiling of serum and urine (Ying et al 2013, Fan et al
2012, Fiedler et al 2007) and sperm purification for human infertility (Paasch et al 2003,
Grunewald et al 2001, Glander et al 2002). Of the most significance are the studies on
human infertility and IMB separation. These studies have used magnetic beads to separate
apoptotic sperm cells from non-apoptotic to then analyze the apoptotic fraction of cells to
find markers indicating that the cell will not function as necessary, hence markers on the
sperm for infertility (Paasch et al 2003, Glander et al 2002). All the infertility studies using
magnetic bead separation focus on apoptotic sperm cells as there is a known compound,
phosphatidylserine, which becomes present on the outer leaflet of the plasma membrane.
This compound has a strong affinity for a compound called annexin V, which is a
component in the cellular membranes of macrophages and other phagocytic cells (Paasch
et al 2003, Grunewald et al 2001, Glander et al 2002). With annexin V bound to the
magnetic bead it can be introduced into the solution and bind to apoptotic sperm cells and
with the addition of a magnet they can be separated. It has been shown that after
magnetic bead separation of apoptotic sperm cells from cryopreserved samples that the
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resulting solution had been purified for non-apoptotic sperm cells. This forms the basis for
adapting IMB separations for a forensic use. To establish this method in a forensic scenario
the magnetic beads will need to bind to healthy sperm and not apoptotic sperm cells.
Proteins present on the surface of the sperm will be the most logical targets. Therefore
using the basis of immunology, antibodies for a specific protein located on the cellular
surface can be bound to the magnetic bead and separation of the sperm cells can
theoretically be achieved when a magnet is applied to the solution. Given the successful
results when this method is applied to apoptotic cells the main concern will be finding a
suitable target protein on the cells surface.

Studies have already been conducted into IMB separation being used in a forensic scenario
and the main hurdle that needs to be overcome is the selection of a suitable antibody. Many
antibodies have already been tested; MHS-10, NUH-2 and HS-21 (Eisenberg 2002), testicular
isoform of the angiotensin-converting enzyme (tACE) (Anslinger et al 2008), anti-MOSPD3 (Li
et al 2014), PH-20, ADAM2, SP-10 and JLP (Zhao et al 2016) and AKAP3 (Xu et al 2016). In all
of these studies similar conclusions have been drawn the main one being that the protein
target for the antibody should be located on the head of the sperm cell. This is because the
nuclear DNA, that is require to construct a DNA profile, is located within the sperm head
and if the target of the antibody is located on any other region the chances of creating a
sole male DNA profile decreases. All the studies conducted in using IMB separation for
forensic application have used magnetic beads for separation and constructed a DNA
profiles to gain their results, however all studies also did a screen to ensure that the
antibodies bound to the sperm cells prior to DNA analysis. Some studies fluorescently
tagged the antibodies and visualized the biding using fluorescent microscopy (Xu et al 2016,

43

Li et al 2014). This concept forms the basis of the experimentation carried out in this study
(Figure 1).

Sperm cell
(nucleus in blue)

Primary
antibody

Fluorescently
tagged secondary
antibody

Sperm cell –
fluorescently tagged
antibody complex via
primary-secondary
antibody reaction

Figure 1: Schematic representation of primary and fluorescently tagged secondary antibody binding to form complexes
with sperm cells.

Swab samples will be collected, dried and stored for a pre-determined period of time. The
cells will subsequently be mounted on a microscope slide where they will be incubated with
the antibodies that have been fluorescently tagged. The slides will be viewed with a
fluorescent microscope to determine if binding of the antibodies was successful and hence
further studies can be conducted using the chosen antibody (SPAM1).
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Material and Methods
Samples Preparation

All samples were collected from individuals who have provided written consent or are
conducting the experimentation. Individuals were made aware of the uses for their
particular contributed sample and any questions or queries were answered prior to
collection. Serological screening was conducted on the individual supplying semen samples
to ensure safety of all people involved with manipulating samples.

Female Buccal epithelial cells were collected via a 0.9% saline mouth rinse where the saline
solution was held in the subjects’ mouth for a minimum of 30 seconds and at least 20
“swishes”. An aliquot of this solution was mixed with the collected semen sample to create
the cellular mixture to be used throughout the experimentation.

Semen samples were collected and within an hour of collection an aliquot of the samples
was diluted 100x in 0.9% saline solution and remainder was stored in a freezer. This diluted
semen samples were mixed 1:1 with the buccal epithelial solution to create the cellular
mixture used throughout the procedure. The solution was separated into smaller quantifies
and stored in a freezer until they were required.
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100µl of the cellular mixture solutions were pipetted onto sterile cotton swabs, air dried
and subsequently stored in a dry, room temperature environment. This was repeated
several times to obtain various storage times (Fresh, one, two and three days stored) and
for each storage period duplicate swabs were made.

Table 1: Samples produced during experiment, slides made for each sample; fresh to three days stored and each dilution
using a different fixation method.

Mixed Cell Samples
Storage Time
Fresh
1 day
2 days
3 days
Sperm Only Samples

Dilution

4% Paraformaldehyde
1:10
1:100
1:1000

Fixation Method
Heat Fix
1:10
1:100
1:1000

Air Dry
1:10
1:100
1:1000

Concentration Determination

To determine and check concentration of sperm cells present in the cellular mixture were at
a suitable level (103-106 cells/mL) an aliquot was heat fixed to a microscope slide and
stained using the Christmas Tree Method (Houck and Siegel, 2011). stained sperm cells were
counted per field of view using bright field microscopy. If the concentration was not within
the above stated range then the solution was adjusted accordingly and this section was
repeated.
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Immunofluorescence

For the swab samples containing the cellular mixture 30µl of sterile phosphate buffered
saline (PBS) solution was added to a clean microscope slide and the swab was extensively
rolled though the saline to dislodge cellular material. The contents of the slide were
subsequently air dried, fixed (using paraformaldehyde) and had the antibodies bound in
same fashion as in a previous study (Xu et al 2016). In summary of this method the samples
where air dried and fixed with 4% paraformaldehyde (Sigma-Aldrich). After washing, the
sample were incubated using 10% normal Goat Serum (Thermo-Fisher Scientific) as per
manufacturer’s instructions. The samples were then incubated for approximately one to
two hours with the primary antibody (SPAM1 Polyclonal Antibody, Invitrogen) and
subsequently the secondary antibody (Goat anti-Rabbit IgG (H+L) Highly Cross-Adsorbed
Secondary Antibody, Alexa Fluor® 488 conjugate, Invitrogen) both of which were diluted in
10% normal goat serum to recommended working concentrations as specified by the
manufacturer (1:1000 and 5µg/mL respectively). After these incubations, the nuclei were
counter stained with 4’,6-Diamidino-2-Phenylindole, Dilactate (DAPI, Invitrogenä) and after
the DAPI staining the coverslips were mounted using ProLongä Diamond Antifade
Mountant (Invitrogenä).

Fresh semen only control samples were also dried, fixed and stained. Neat, 1:10, 1:100 and
1:1000 samples were used and 3 different fixative methods were tested, paraformaldehyde
fixation, heat fixing and air drying. 5µL of each dilution was deposited onto a clean
microscope slide where it was dried and fix then subsequent incubations as stated above.
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All slides were examined under a fluorescent microscope using the following filters;
•

Nuclei stained with DAPI were visualized using a filter with and excitation wave
length of 330-385nm (Mirror Unit: U-MWU2, Olympus)

•

Alexa Fluor 488 tagged antibodies were visualized using a Fluorescein isothiocyanate
(FITC) filter.

Results

Visualization of both cells types present were achieved through the use of fluorescent
microscopy. Nuclei stained with DAPI appeared as a blue color and the fluorescently tagged
antibodies were visualised as a green color. The cellular mixture slides where visualized first
and both epithelial and sperm cells can be seen (Figure 2). The Epithelial cells are apparent
as a larger fluorescent area with a brighter spot in the middle while apparent sperm cells are
seen as smaller bright dots (Figure 2). Intact sperm cells are seen as this small bright dot
with a sliver of florescence attached to the end (Figure 3) while apparent sperm cells that
have lost the tail region appear as singular bright dots (Figure 4).
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Sperm Cell

Epithelial
Cells

a

b

c
Figure 2: "Fresh" dried samples, no storage. sperm and epithelial cells present. a) DAPI stained nuclei b) fluorescently
tagged antibodies c) combination of a and b.

Sperm Cell

a

b

c
Figure 3: Cell mix dried and stored for three days, whole sperm cells apparent. a) DAPI stained nuclei b) fluorescently
tagged antibodies c) combination of a and b.
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Sperm Cell

a

b

c
Figure 4: Cell mix dried and stored for three days, sperm cells without tail region apparent. a) DAPI stained nuclei b)
fluorescently tagged antibodies c) combination of a and b.

Further images of the control samples (Sperm only samples exposed to different fixation
methods) and images from the different storage periods can be located in Appendix 1.

Discussion

Through fluorescent microscopy it was possible to visualize both sperm and epithelial cells
present in the cellular mixture samples. Both cell types are present in all samples tested
indicating that even after swab samples have been dried and stored for a short period of
time the proteins on the surface can still be targeted for use in antibody binding. The
SPAM1 antibody appears to be a suitable choice as binding can be seen to occur mainly
around the sperm head. As Zhao et al (2016) discussed in a previous study successful STR
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genotyping requires nuclear DNA as a template and that all of the nuclear DNA for a sperm
cell is contained within the head section. Therefore having an antibody that targets proteins
on this section of the sperm will increase the chances of obtaining a full DNA profile of the
male contributor. The suitability of the SPAM1 antibody is further made apparent as sperm
cells that have appeared to have lost the tail region still show antibody binding (Figure 5).
This indicates that the SPAM1 antibody can still be useful in samples where the sperm cells
degradation has begun. The SPAM1 antibody is not only localized to the sperm head, in
some samples the sperm cells still appear to have its tail attached and limited binding of the
antibody can be seen in this region (Figure 3 and 4). This should indicate a higher sensitivity
for the sperm cells in fresher samples that still contain sperm cells that are fully intact and
this is evident from previous work by Zhao et al (2016) where full male profiles are
produced from in samples with a relatively low amount of male cells present compared to
female cells.

The fixative used during slide preparation appears to have had no effect on the ability of the
antibodies to bind to the sperm. This is made apparent through the sperm only solutions
that were exposed to different fixative methods, 4% paraformaldehyde, heat fixing and air
drying. All of these samples appear to show intact sperm with the antibodies bound (Appen
dix 1 Figures 3, 4 and 5, paraformaldehyde, heat fixing and air drying respectively) as well as
apparent binding of the antibody complex can be seen on the tail region of the sperm cells
in these fresh samples, which as stated above may improve sensitivity in fresh samples.

From the microscopy it is apparent that the antibodies have shown some non-specific
binding, that is when using the filter specific for the antibodies, green fluorescence can be
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seen in areas where no cells are apparent as wells as epithelial cells producing the green
fluorescence of the antibodies (Figure 3 and Figure 2 respectively). The likely cause of the
fluorescence occurring where no cells are located can be attributed to a problem in the
procedure. Inadequate washing of the slides would have left traces of either antibody
behind, that is if the primary antibody is not washed off properly it will be present for the
secondary antibody to bind to and if the secondary antibody is inadequately washed off it
will persist and produce fluorescence. As for the antibody fluorescence being produced
from epithelial cells I hypothesize that the secondary antibody may be binding directly to
the epithelial cells. As it is only the secondary antibody conjugated with the fluorophore the
binding of the primary antibody is not required to produce a fluorescence, if this hypothesis
is correct. Subsequent testing will need to be conducted to test this hypothesis, however in
a previous study using the same primary antibody, magnetic bead separation was achieved
and DNA profiling showed sole male profiles (Zhao et al 2016). This indicates that epithelial
cells were not binding to the SPAM1 antibody used, it is however important to note that in
the study conducted by Zhao et al (2016) the antibody was linked to the carboxylic group of
the magnetic bead thus eliminating the need for a secondary antibody. In future studies
where this antibody may be coupled with a magnetic bead a different system should be
looked at to form the antibody-magnetic bead complex, such as direct linking (Zhao et al
2016) or biotin-avidin binding (Li et al 2014), as this may overcome the problem of
secondary antibodies binding directly to other cell types.

This study at present is limited in the regard that only a qualitative analysis was conducted,
that is only the presence of sperm cells with the antibody complex bound was tested and a
concentration of these sperm cells was never to be calculated. The reasoning behind this
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was twofold; due to the type of swab being used and the method of eluting cells onto the
slide, a true representation of the cellular components concentrations would not be
obtained. Firstly the elution of the cells from the swab was determined due to the method
of mounting the cells on a slide, that is PBS saline on the slide and rolling the swab through
the saline. In a normal scenario, DNA extraction and profiling, elution will take place in a
tube and will be much more thorough to increase the amount of possible DNA to be
collected. As for the swab being used, a sterile cotton swab was used during this study
however flocked swabs are becoming more prevalent. The open fiber structure of a flocked
swab aids in the elution of cells as well as increasing the number of intact cells that are
eluted (Li et al 2014). As this was only a preliminary study to show that binding of the
antibody will occur in a more real-life situation the methods used were deemed appropriate
and now that it has been shown to bind in dried samples further testing can be conducted.

As stated this is a preliminary study to show that binding of the antibody will still occur in
dried and stored samples. However due to time constraints only a short time period was
investigated, three days. Further investigation will need to be conducted to show that even
after a longer storage time the antibody will still bind to the target protein. If it is shown
that antibody biding is successful even after long storage times this potential method of
sperm cell separation can be incredibly useful. Due to backlogs in forensic laboratories
(Pratt et al 2006) and as the current methods for the separation of sperm cells are long,
tedious and require experienced operators (Garvin et al 2012) a method that is quick and
easy will make a difference in casework for both current cases and cases that have not been
solved. Magnetic bead separation of sperm cells from cellular mixture could be a step to
making separations much quicker and easier. As demonstrated in previous work by Zhao et
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al (2016) the SPAM1 antibody can be linked to magnetic beads to achieve separation in
simulated samples and furthermore from the work presented here the same antibody still
binds to sperm cells in samples that have been dried and stored. From here the SPAM1
antibody can be linked to magnetic beads to test proper separation is samples that closer
resemble casework samples dried, stored and eventually post coital. If success in future
experimentations magnetic bead separations can prove very useful as they are relatively
quick and easy to be conducted while still producing high quality DNA profiles.

Conclusion

In summary binding of the SPAM1 primary antibody appeared to be successful in samples
that have been dried and stored for a short period of time. The SPAM1 antibody also
appears to be a suitable choice of antibody as it binds to the head of the sperm cells and
therefore capture the regions which contains all of the nuclear DNA. Moving forward with
testing, longer storage times should be looked as it is possible that the protein targets may
eventually degrade. The SPAM1 antibody should be linked to magnetic beads for separation
of cells followed by DNA profiling and tested on samples that closer resemble forensic
casework. If future testing proves successful magnetic separation of sperm cells from
mixtures may become useful as a relatively quick and easy method to replace the current
methods that are long and tedious.
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Appendix 1: Supplement Images

Sperm Cell

a

b

c
Figure 1: Cell mix samples dried and stored for one day, sperm cell apparent. a) DAPI stained nuclei b) fluorescently
tagged antibodies c) combination of a and b.
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Sperm Cells

a

b

c
Figure 2: Cell mixture dried and stored for two days, Sperm cells apparent. a) DAPI stained nuclei b) fluorescently tagged
antibodies c) combination of a and b.

a

b

c
Figure 3: Sperm cells only, paraformaldehyde fixation (1:1000 dilution). a) DAPI stained nuclei b) fluorescently
antibodies c) combination of a and b.
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a
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c
Figure 4: Sperm cells only, heat fixed (1:1000 dilution). a) DAPI stained nuclei b) fluorescently antibodies c) combination
of a and b.

a

b

c
Figure 5: Sperm cells only, air dried on slide. (1:1000 dilution). a) DAPI stained nuclei b) fluorescently antibodies c)
combination of a and b.
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