US 20160289666A1

12) Patent Application Publication (o) Pub. No.: US 2016/0289666 A1

a9y United States

Spooner et al.

43) Pub. Date: Oct, 6, 2016

(54) METHODS AND KITS FOR CAPTURING
SPERM NUCLEIC ACIDS

(71)  Applicant: GENERAL ELECTRIC COMPANY,
Schenectady, NY (US)

(72) Inventors: Patrick McCoy Spooner, Albany, NY
(US); Peter James Tatnell, Caerphilly
(GB); Jeffrey Kenneth Horton, Vale of
Glamorgan (GB); John Richard
Nelson, Clifton Park, NY (US);
Michael John Gerdes, Albany, NY
(US); Suzana Kiel, Gottingen (DE);
Ralf Lenigk, Niskayuna, NY (US);
Alexander Schenk, Dassel (DE); Wei
Sun, Gottingen (DE)

(21) Appl. No.: 15/150,806
(22) Filed: May 10, 2016

Related U.S. Application Data

(63) Continuation-in-part of application No. 14/672,358,
filed on Mar. 30, 2015.

(30) Foreign Application Priority Data

Mar. 30, 2016 (EP) ccooveveee. PCT/EP2016/056854

Publication Classification

(51) Int. CL
CI2N 15/10 (2006.01)
C12Q 1/68 (2006.01)
GOIN 27/447 (2006.01)
GOIN 33/53 (2006.01)
(52) US.CL

CPC ...... CI2N 15/1013 (2013.01); GOIN 33/5308
(2013.01); CI2N 15/101 (2013.01); C12Q

1/6876 (2013.01); C12Q 1/6804 (2013.01);

GOIN 27/44747 (2013.01); GOIN 27/44743
(2013.01)

(57) ABSTRACT

The invention generally relates to methods and kits for
capturing sperm nucleic acids from or in a biological
sample. In one embodiment the method the method com-
prises, contacting the sample with a lysis solution, having a
protamine-DNA complex, to lyse the cell and applying a
protamine-specific antibody. This results in the protamine-
specific antibody binding to the protamine-DNA to form a
complex which may be captured, purified, or detected. Also
provided are kits for carrying out the disclosed methods.
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METHODS AND KITS FOR CAPTURING
SPERM NUCLEIC ACIDS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part of pend-
ing U.S. patent application Ser. No. 14/672,358 filed Mar.
30, 2015 and PCT Application Serial No. EP2016/056854
filed Mar. 30, 2016. Both of which are incorporated herein
by reference.

BACKGROUND

[0002] Sample recovered from a sexual assaulted victim is
typically a mixture of different cell types including epithelial
cells, erythrocytes, white blood cells, various vaginal flora
(such as Lactobacillus), sperm cells and bacterial, viral or
fungal contaminants. Samples of sexual assaults including
but not limited to buccal assault or anal assault may further
comprise buccal epithelial cells, buccal flora, intestinal
epithelial cells, colon epithelial cells, or other bacterial cells
as part of the female components. Capture and detection of
sperm DNA from a sample, such as a sexual assault sample
are primary requirements for applications, such as forensic
applications or diagnostic applications.

[0003] Different technologies have been developed to cap-
ture and/or detect sperm DNA from a sample, which
includes: DNA finger printing to distinguish male DNA
using Y chromosome probes, restriction fragment length
polymorphism (RFLP) or variable number tandem repeats
(VNTR) to determine specific patterns of sperm DNA.
Nuclear and cytoplasmic stains may also help to identify a
sperm cell, however the staining method relies on the intact
shape of the sperm cells, which may not be obtained when
present in a sexual assault sample. These methods are
complex as they require multiple steps and require signifi-
cant amount of starting DNA. To achieve desired concen-
tration of starting DNA, variety of techniques have been
developed, which may include amplification of target DNA.
In amplification, contaminating species may also get ampli-
fied and the amplification based detection lacks the speci-
ficity for detecting cell source of the amplified DNA. These
applications are typically preceded by separation and puri-
fication of target DNA from unwanted nucleic acids and
contaminants to reduce interference in downstream applica-
tions and to achieve desired result. However, the traditional
purification or separation methods and the associated tech-
niques are complex, time and labor intensive. Further often
a sample is compromised or degraded after a set period of
time, for example is relationship to a sperm sample, often 3
to 5 days after ejaculation.

[0004] In sperm cells, the histone proteins found in
somatic cells are replaced in large part by protamine (PRM
1 and PRM 2), and allow further DNA condensation during
sperm maturation. Protamine is uniquely expressed in
human sperm relative to other cells in the body and serves
as a highly specific factor associated with the DNA in sperm
cells. The presence of protamine is highly conserved across
species.

[0005] Chromatin immunoprecipitation (ChIP) is a well-
established method for isolating specific DNA through affin-
ity capture of associated proteins. Traditionally ChIP has
been used for transcription factor mapping to active gene
promoter regions, and more recently has been adapted for
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analysis of the epigenome of both DNA and associated
histone proteins and their respective modifications. ChIPhas
been used for isolation of protamine DNA complexes,
however, ChIP has never been used for purifying sperm
specific DNA from a sample comprising different types of
cells.

[0006] A simplified method for isolating assailant DNA,
specifically DNA from sperm cells, from a sample com-
posed of victim’s cells and assailant’s cells in mixed sexual
assault casework samples for subsequent analysis is highly
desirable.

BRIEF DESCRIPTION

[0007] The invention generally relates to methods and kits
for capturing sperm nucleic acids from a biological sample.
In certain embodiments, the biological sample may be
affixed to a solid support. In other embodiments, the bio-
logical sample may be from sperm three or more days post
ejaculation.

[0008] In one embodiment a method of capturing a sperm
deoxyribonucleic acid (DNA) from a biological sample
comprising at least a sperm cell or a sperm cell lysate is
provided. The method comprises contacting a lysis solution
with the biological sample, where the lysis solution com-
prises a protamine-DNA complex resulting in a lysed sperm
cell, and applying at least a protamine-specific antibody to
the lysed sperm cell, wherein the protamine-specific anti-
body binds to the protamine-DNA complex of the lysed
sperm cell to form an antibody-protamine-DNA complex.
The method further comprises capturing the antibody-
protamine-DNA complex, and optionally, detecting the
sperm DNA from the captured antibody-protamine-DNA
complex.

[0009] In another embodiment, a method of capturing
sperm deoxyribonucleic acid (DNA) in a biological sample
is provided. The method comprises providing a biological
sample comprising at least a sperm cell, a partially lysed
sperm cell or a sperm cell lysate, wherein the sperm cell,
partially lysed sperm cell or sperm cell lysate comprises a
protamine-DNA complex and contacting the sample with a
lysis solution to lyse the sperm cell or partially lysed sperm
cell. The method further comprises applying at least a
protamine-specific antibody to the lysed sperm cell to form
an antibody-protamine-DNA complex, capturing the anti-
body-protamine-DNA complex by adding a capturing agent,
and optionally, detecting the sperm DNA from the captured
antibody-protamine-DNA complex by a DNA amplification
reaction.

[0010] In another embodiment, a method of purifying
deoxyribonucleic acid (DNA) from a biological sample is
provided. The method comprises, providing a sample com-
prising a protamine-DNA complex, applying at least a
protamine-specific antibody to the protamine-DNA complex
to form an antibody-protamine-DNA complex, and captur-
ing the antibody-protamine-DNA complex using a capturing
agent. The method than provides for purifying DNA from
the captured antibody-protamine-DNA complex.

[0011] Also provided, in another embodiment, is a kit for
capturing a sperm deoxyribonucleic acid (DNA) in a bio-
logical sample affixed to a solid substrate, comprising a
protamine specific antibody, a capture agent, and lysis buffer
for the purpose of capturing sperm nucleic acids.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a flow chart illustrating the method, in
accordance with an example of an embodiment of the
invention.

[0013] FIG. 2 is a graph showing percent cell lysis with
different cell-lysis reagents under different conditions, in
accordance with one example of an embodiment of the
invention.

[0014] FIG. 3 is a bar graph illustrating DNA yield after
pull-down assay under different conditions in accordance
with an example of an embodiment of the invention.
[0015] FIG. 4 is a bar graph showing sodium dodecyl
sulfate (SDS) sequestration under different conditions in
accordance with another example of an embodiment of the
invention.

[0016] FIG.5is a DNA gel electrophoresis image showing
results of sonication of sperm genomic material. Sperm
chromatin can be sheared using mechanical forces such as
sonication.

[0017] FIG. 6is a DNA gel electrophoresis image showing
the migration of DNA smaller than 10 kilobases under
lateral flow.

[0018] FIG. 7 DNA is a DNA gel electrophoresis image
showing the migration of DNA of size ranges from 8.3 to
48.5 kilobases under lateral flow.

[0019] FIG. 8is a DNA gel electrophoresis image showing
the migration of DNA greater than 48.5 kilobases under
lateral flow.

[0020] FIG. 9 is an image of a Western blot showing
fixation effect on the sample after pull-down assay under
different conditions in accordance with an example of an
embodiment of the invention.

[0021] FIG. 10 is a DNA gel electrophoresis image show-
ing fixation effect on the DNA sample recovered from the
pull-down assay under different conditions in accordance
with an example of an embodiment of the invention.
[0022] FIG. 11 is a bar graph showing differential capture
of sperm DNA from a sample comprising different cell types
in accordance with another example of an embodiment of
the invention.

[0023] FIG. 12 is a graph showing improved DNA yield
when doing direct lysis (as in Sperm DNA Capture) vs.
isolation of cells from substrate prior to lysis (as in differ-
ential extraction)

[0024] FIG. 13 is a DNA gel electrophoresis image show-
ing results of treating genomic material from epithelial cells
and sperm cells (lower) with micrococcal nuclease.

[0025] FIG. 14 is a DNA gel electrophoresis image show-
ing results of treating genomic material from sperm cells
(lower) with micrococcal nuclease.

[0026] FIG. 15 is a graft showing results of sperm DNA
capture from samples taken 9 day post coitus.

DETAILED DESCRIPTION

[0027] Various embodiments provide suitable methods for
capture of target nucleic acids, such as sperm deoxyribo-
nucleic acid (sperm DNA) from a biological sample com-
prising non-target nucleic acids, unwanted contaminants.
The methods may also include detection and analysis of the
target nucleic acid. The target nucleic acids are separated
from the biological sample by chromatin immune precipi-
tation (ChIP) as a protein-DNA complex, followed by cap-
turing the protein-DNA complex using capturing agent.
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Finally, the target nucleic acid is isolated from the captured
complex and, in certain embodiments, followed by detec-
tion.

[0028] To more clearly and concisely describe the subject
matter of the claimed invention, the following definitions are
provided for specific terms, which are used in the following
description and the appended claims. Throughout the speci-
fication, exemplification of specific terms should be consid-
ered as non-limiting examples.

[0029] The singular forms “a”, “an” and “the” include
plural referents unless the context clearly dictates otherwise.
Approximating language, as used herein throughout the
specification and claims, may be applied to modify any
quantitative representation that could permissibly vary with-
out resulting in a change in the basic function to which it is
related. Accordingly, a value modified by a term such as
“about” is not to be limited to the precise value specified. In
some instances, the approximating language may corre-
spond to the precision of an instrument for measuring the
value. Where necessary, ranges have been supplied, and
those ranges are inclusive of all sub-ranges there between.
[0030] The term “nucleic acid” as referred to herein com-
prises all forms of DNA (e.g. genomic DNA, mtDNA) or
RNA (mRNA, tRNA, rRNA, small RNA, siRNA, miRNA,
non-coding RNA, animal RNA, plant RNA, viral RNA or
bacterial RNA), as well as recombinant RNA and DNA
molecules or analogues of DNA or RNA generated using
nucleotide analogues. The nucleic acids may be single
stranded or double stranded. The nucleic acids may include
the coding or non-coding strands. The term also comprises
fragments of nucleic acids, such as naturally occurring RNA
or DNA which may be recovered using the extraction
methods disclosed. Nucleic acid may also refer to a portion
of a nucleic acid (e.g., RNA or DNA).

[0031] Captured nucleic acids, such as sperm DNA may
be single-stranded, or double-stranded. Molecular weights
of captured sperm DNA are also not limited, and as such in
certain embodiments, may be optional in a range from
several base pairs (bp) to several mega base pair (Mbp).
[0032] As used herein, the term “sperm DNA” refers to a
DNA specifically found in male semen sample contributed
by the sperm cells. The sperm DNA sequence is of male
origin that is desired to be captured by an antibody. The
sperm DNA is desired to be detected from a sample com-
prising multiple cells and contaminants and additionally be
amplified in an amplification reaction for further analysis.
The sperm DNA may be obtained from a biological sample,
such as a bodily fluid (e.g., semen) and affixed to a solid
substrate.

[0033] In certain embodiments, the biological sample is
affixed to the solid substrate by obtaining the sample for
forensic testing such as processing using a rape kit. As such
the substrate may comprise, but not be limited to, cellulose
material or nitrocellulose, polyester, natural or non-natural
fibers. The substrate may be in form of a swab used to collect
oral, vaginal or anal samples. The substrate may also be
from an acquired piece of clothing, such as denim, cotton,
polyester, nylon, or other fabrics which may be deemed to be
contaminated with a sperm sample. Still in other embodi-
ments, the substrate may be glass fiber or quartz based.
[0034] The sperm DNA may be obtained from any mate-
rial or biological sample that is contaminated with or con-
tains the sperm DNA, for example fabric, leather, or a tissue,
acell, a cell lysate, a forensic sample, an ancient sample, or
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a vaginal swab contaminated with the sperm DNA. The
biological sample that contains, or is suspected to contain
sperm DNA which is obtained from a human origin.
[0035] A “template nucleic acid” is defined as a DNA
which may be amplified. For example, the template DNA is
a sperm DNA captured from a forensic sample. The sperm
DNA may be amplified by a DNA polymerase in a DNA
amplification reaction to produce amplification products of
sperm DNA.

[0036] As used herein, the term “capturing agent” refers to
a reagent, protein, peptide or nucleic acid that has an affinity
towards the protamine specific antibody, which is further
bound in a protamine-DNA complex. In some embodiments,
the capturing agent is pre-coupled with the primary anti-
body, which is referred to herein as protamine specific
antibody, before apply to the sample. The capturing agent
may also be added separately to the sample comprising
antibody-protamine-DNA complex. For example, the cap-
turing agent has affinity for “antibody-protamine-DNA com-
plex”.

[0037] As used herein the ANTP mixture refers to a
mixture deoxyribonucleotide triphosphates, where N is a
random nucleotide including any of A, C, G, or T/U.
[0038] As used herein, “primer”, or “primer sequence”
refers to a short linear oligonucleotide that hybridizes to a
target nucleic acid sequence (e.g., a deoxyribonucleic acid
(DNA)) to prime a nucleic acid amplification reaction. The
primer may be a ribonucleic acid (RNA) oligonucleotide, a
DNA oligonucleotide, or a chimeric sequence. The primer
may contain natural, synthetic, or modified nucleotides.
Both the upper and lower limits of the length of the primer
are empirically determined. The lower limit on primer length
is the minimum length that is required to form a stable
duplex upon hybridization with the target nucleic acid under
nucleic acid amplification reaction conditions. Very short
primers (usually less than 3-4 nucleotides long) do not form
thermodynamically stable duplexes with target nucleic acids
under such hybridization conditions. The upper limit is often
determined by the possibility of having a duplex formation
in a region other than the pre-determined nucleic acids
sequences in the target nucleic acids. As a non-limiting
example, suitable primer lengths are often in the range of
about 4 to about 40 nucleotides long. A primer may also be
used to capture a nucleic acid sequence.

[0039] As used herein, the terms “amplification”, “nucleic
acid amplification”, or “amplifying” refer to the production
of multiple copies of a nucleic acid template, or the pro-
duction of multiple nucleic acid sequence copies that are
complementary to the nucleic acid template.

[0040] As used herein, the term “DNA polymerase” refers
to an enzyme that synthesizes a DNA strand de novo using
anucleic acid strand as a template. DNA polymerase uses an
existing DNA or RNA as the template for DNA synthesis
and catalyzes the polymerization of deoxyribonucleotides
alongside the template strand, which it reads. The newly
synthesized DNA strand is complementary to the template
strand. DNA polymerase can add free nucleotides only to the
3'-hydroxyl end of the newly forming strand. It synthesizes
oligonucleotides via transfer of a nucleoside monophosphate
from a deoxyribonucleotide triphosphate (ANTP) to the
3'-hydroxyl group of a growing oligonucleotide chain. This
results in elongation of the new strand in a 5'—3' direction.
Since DNA polymerase can only add a nucleotide onto a
pre-existing 3'-OH group, to begin a DNA synthesis reac-
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tion, the DNA polymerase needs a primer to which it can add
the first nucleotide. Suitable primers comprise oligonucle-
otides of RNA or DNA or nucleotide analogs. The DNA
polymerases may be a naturally occurring DNA polymerases
or a variant of natural enzyme having the above-mentioned
activity. For example, it may include a DNA polymerase
having a strand displacement activity, a DNA polymerase
lacking 5'—=3' exonuclease activity, a DNA polymerase
having a reverse transcriptase activity, or a DNA polymerase
having an exonuclease activity.

[0041] The term, “reducing agents” as referred to herein
include any chemical species that provides electrons to
another chemical species. A variety of reducing agents are
known in the art. Examples of reducing agents include
dithiothreitol (DTT), 2-mercaptoethanol (2-ME), and tris
(2-carboxyethyl) phosphine (TCEP). Moreover, any combi-
nation of these or other reducing agents may be used. In
particular embodiments, the reducing agent is DTT.

[0042] The term “amplification buffer” as used herein
includes, but is not limited to, 2-Amino-2-hydroxymethyl-
propane-1,3-diol (Tris), 2-(N-morpholino) ethanesulfonic
acid (MES), 3-(N-morpholino)propanesulfonic  acid
(MOPS), citrate buffers, 4-(2-hydroxyethyl)-1-pipera-
zineethanesulfonic acid (HEPES), and phosphate buffers.
The amplification buffer further includes, for example, Tris-
HCI, diammonium sulphate, monovalent cation (such as
KCl), divalent cation (such as MgSQO,,) or Tween®20. This
list of potential buffers is for illustrative purposes only. The
pH of the buffer is typically titrated in the range of 6 to 8.
In some embodiments, the buffer comprises ANTPs, BSA or
combination thereof.

[0043] The term “separate, separating or separation” used
herein indicates the act or action to isolate or purify target
nucleic acids, such as sperm DNA from non-target nucleic
acid and/or unwanted contaminants of a sample solution.
[0044] The term “biological sample” is intended to include
a variety of physiological or clinical biological sources that
include nucleic acids, specifically sperm DNA. Such sources
include, without limitation, tissues, including biopsy mate-
rials and aspirates; body fluids such as urine, sputum, semen,
secretions and aspirates bacterial cells; and any other source
in which DNA may be in. The term “biological sample” is
interchangeably used herein as “sample”. The sample may
be a sexual assault forensics sample, which may have
nucleic acids from more than one donor. The sexual assault
sample may comprise cells from both victim and assailant.
The sample may comprise epithelial cells or epithelial DNA,
sperm cells or sperm DNA, bacterial cell or viral cell
contaminants, microorganisms or combinations thereof.
[0045] The “biological sample comprising at least one
sperm cell” is used in a broad sense and intended to include
at least a sperm cell, partially lysed sperm cells or sperm cell
lysate. In case of sperm cell lysate, the sperm cells are lysed
and the cell extract may be present in the sample. In some
embodiments, the sample contains sperm head, sperm tail,
sperm chromatin, intact sperm cell or combinations thereof.
The lysed sperm cell or partially lysed sperm cell is gener-
ally present in an old sample. The sample solution is a
solution comprising sperm cells, sperm cell components or
sperm cell extracts which comprise either or both of DNA
and RNA, dissolved, suspended, mixed or otherwise
included therein.

[0046] As used herein, the term “lysis solution” refers to
a solution that is able to lyse the sperm cells. Generally the
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sperm heads are rich in disulphide bonds and therefore are
resistant to traditional lysis. The lysis solution used herein
comprises reducing agents and detergents. The lysis solution
may comprise dithiothreitol (DTT), tris(2-carboxyethyl)
phosphine (TCEP) or combination thereof. The lysis solu-
tion may further comprise a detergent selected from sodium
dodecylsulphate (SDS). In some embodiments, the presence
of SDS shows rapid lysis of the sperm cells, epithelial cells
or other different cell types.

[0047] One or more embodiments of a method of captur-
ing a sperm DNA from a biological sample are provided. In
these embodiments, the method comprises contacting a lysis
solution with the biological sample comprising at least a
sperm cell or a sperm cell lysate, wherein the sperm cell is
lysed in contact with the lysis solution. The sperm cell or
sperm cell lysate generally comprises a protamine-DNA
complex. On lysis of the sperm cells, the protamine-DNA
complex is extracted out from the sperm cells. In these
embodiments, the method further comprises applying at
least a protamine-specific antibody to the lysed sperm cell
(or sperm cell lysate). The protamine-specific antibody
binds to the protamine-DNA complex extracted from the
lysed sperm cell to form an antibody-protamine-DNA com-
plex. The protamine specific antibody is interchangeably
used herein as a “primary antibody”. The method further
comprises capturing the antibody-protamine-DNA complex
and detecting the sperm DNA from the captured antibody-
protamine-DNA complex.

[0048] FIG. 1 illustrates different method steps encom-
passing cell lysis, treatment to remove or neutralize excess
lysis solution, followed by adding and incubating antibody
with the cell lysate to form an antibody-protamine-DNA
complex, followed by purification of antibody-protamine-
DNA complex using capturing agents, such as secondary
antibody or beads. The captured antibody-protamine-DNA
complex may be washed, in some embodiments; the cap-
tured antibody-protamine-DNA complex is washed repeat-
edly. The sperm DNA is recovered from the capturing agent
by incubating with an ion-exchange resin and the recovered
sperm DNA is ready for amplification.

[0049] In some embodiments of the method, a lysis solu-
tion is added to the sample comprising at least a sperm cell
or a sperm cell lysate, wherein the sperm cell or sperm cell
lysate comprises a protamine-DNA complex. As noted, the
sample may comprise at least a sperm cell, a partially lysed
sperm cell or a sperm cell lysate. The live sperm cells or
partially lysed sperm cells may be lysed completely by using
the lysis solution. The cells are lysed when they are con-
tacted with the lysis solution (or lysis reagents) to extract
nucleic acids (sperm DNA) from the sperm cells. In an
example of a method, the lysis solution comprises chao-
tropic substances, detergents and/or other lysis reagents.

[0050] The term “lysis solution” may interchangeably be
used herein as “lysis reagent”. As noted, the lysis solution
may comprise chaotropic substances or chaotropes. The
examples of chaotropic substances include, but are not
limited to, guanidinium hydrochloride, guanidinium chlo-
ride, guanidinium isothiocyanate/thiocyanate, sodium thio-
cyanate, sodium perchlorate, sodium iodide, potassium
iodide, urea, and/or any combination thereof. A typical
anionic chaotropic series, shown in order of decreasing
chaotropic ~ strength, includes: CCL,COO~, CNS-,
CF,CO0, Cl0,, I, CH,COO07, Br™, CI', or CHO,". The
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lysis solution may include chaotropic substances in concen-
trations of from 0.1 M to 10 M, or from 1 M to 10 M.
[0051] In some embodiments, the lysis solution also
includes a sufficient amount of buffer. The examples of
buffers for use in the lysis solution include tris-(hydroxym-
ethyl) aminomethane hydrochloride (Tris-HCI), sodium
phosphate, sodium acetate, sodium tetraborate-boric acid
and glycine-sodium hydroxide.

[0052] In some embodiments, the lysis solution may also
include a non-ionic surfactant, a cationic surfactant, an
anionic surfactant, an amphoteric surfactant, and/or any
combination thereof. Exemplary nonionic surfactants
include, but are not limited to, t-octylphenoxypolyethoxy-
ethanol (TRITON X-100™), (octylphenoxy)polyethoxy-
ethanol (IGEPAL™ CA-630/NP-40), triethyleneglycol
monolauryl ether (BRIJ™ 30), sorbitari monolaurate
(SPANT™ 20), or the polysorbate family of chemicals, such
as polysorbate 20 (i.e., TWEEN™ 20), TWEEN™ 40,
TWEEN™ 60 and TWEEN™ 80 (Sigma-Aldrich, St. Louis,
Mo.). Examples of cationic surfactants include cetyltrimeth-
ylammonium bromide, dodecyltrimethylammonium chlo-
ride, tetradecyltrimethylammonium chloride and cetylpyri-
dinium chloride. The concentration of the surfactant in the
lysis solution could vary slightly among the different sur-
factants and depending on the components in the biological
sample to be lysed. In some embodiments, the concentration
of the surfactant is in a range of from about 0.01% to about
20% by weight.

[0053] The lysis solution may comprise a reducing agent,
a detergent or combination thereof. In some embodiments,
the lysis solution comprises a reducing agent selected from
dithiothreitol (DTT), tris(2-carboxyethyl)phosphine (TCEP)
or combination thereof. In one embodiment, the lysis solu-
tion comprises DTT. The lysis solution may comprise 40
mM DTT. In some embodiments, the lysis solution com-
prises an ionic detergent selected from sodium dodecylsul-
phate (SDS), sodium lauryl sulfate (SLS) or Sodium lauroyl
sarcosinate (sarkosyl). The lysis solution may comprise
0.5% to 2% SDS. The lysis solution may comprise 0.5% to
2% SLS. The lysis solution may comprise 0.5% to 2%
sarkosyl. In one embodiment, the lysis solution comprises
40 mM DTT. 0.5% to 2% sodium dodecyl sulfate (SDS) or
combinations thereof.

[0054] The sperm cell heads are rich in disulfide bonds
and thereby resistant to traditional lysis. The lysis solution
may enable rapid lysis of the sperm cells, wherein the lysis
solution comprises detergent such as SDS and/or reducing
agent, such as DTT. In some embodiments, the presence of
SDS in a lysis solution shows rapid lysis of the sperm cells,
epithelial cells or other different cell types. A standard
histone-DNA complex is generally disrupted by SDS treat-
ment. The lysis solution comprising DTT and TCEP was
also used to determine the desired reducing agent and
optimum lysis conditions (FIG. 2). The addition of DTT to
a lysis solution containing SDS showed rapid lysis (in less
than 5 min) of sperm cells (FIG. 2). Though the sperm cells
were lysed by the lysis solution with SDS, however, sur-
prisingly the protamine-DNA complex was not affected by
the use of the same lysis solution, which is an unexpected
result, as shown in FIG. 3. In the same experiment, the
stabilization of protein-DNA complex was also determined
using a fixation reagent, which is typically used for ChIP
process. FIG. 3 established the fact that fixation condition is
not required for immunoprecipitation of protamine-DNA
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complex. FIG. 3 further illustrates that the protamine-DNA
interaction remains intact and unaffected after repeated
washing of the captured antibody-protamine-DNA complex
with a buffer containing SDS, which is an unexpected result.
The interaction of protamine and DNA is strong enough to
withstand SDS treatment, which provides the opportunity to
use SDS for sperm cell lysis without disturbing the extracted
protamine-DNA interaction.

[0055] The antibody-binding and nucleic acid amplifica-
tion reaction may be affected by one or more inhibitors or
contaminants. The contaminants may result from cell lysis,
such as cell-debris or other cellular organelle, or the con-
taminants may be present in the added reagent, such as lysis
solution. The contaminants may have inhibitory effect on the
downstream processes and need to be removed or neutral-
ized. In some embodiments, the contaminants are removed
by washing. In another embodiment, the effect of contami-
nants is neutralized by adding a reagent. In one embodiment,
the excess lysis solution comprising detergent is removed by
adding one or more reagents.

[0056] In one or more embodiments, the washing step is
employed to remove the lysis solution (lysis reagents) from
the sample. In some embodiments, the lysis solution com-
prises SDS, which has an inhibitory effect on the down-
stream application of antibody binding to the protamine-
DNA complex. The SDS also interferes in the amplification
reactions using DNA polymerase. In these embodiments, the
SDS of the lysis solution is required to be eliminated prior
to proceed with an antibody binding and an amplification
reaction.

[0057] In some embodiments, the method further com-
prises removing or sequestering the excess lysis solution
from a mixture of the sample and the lysis solution after
complete lysis of sperm cells. In these embodiments, the
excess lysis solution is removed or sequestered prior to
applying the protamine-specific antibody to the sample. A
mixture forms after adding a lysis solution to the sample, is
referred to herein as “post-lysis solution”. The post lysis
solution generally comprises lysed cells, cell extracts, cell
debris, excess lysis solution, excess detergent and other
contaminants.

[0058] In some embodiments, the removal of excess lysis
solution from the post-lysis solution may be achieved by
alcohol precipitation of nucleic acids present in the post-
lysis solution followed by washing the precipitate. The
washed precipitated nucleic acid may be reconstituted to a
nucleic acid solution using a buffer. The nucleic acid solu-
tion may be incubated with a protamine-specific primary
antibody for antibody binding to the protamine-DNA com-
plex.

[0059] In some embodiments, the detergent of the excess
lysis solution is sequestered from the post-lysis solution. In
some embodiments, the method further comprises applying
a sequestration agent after cell lysis to sequester excess
detergent present in the post lysis solution, prior to applying
a protamine-specific antibody to the post lysis solution
comprising lysed sperm cells. In some embodiments, the
sequestration agent comprises ligand-activated core beads
coated with size exclusion shell, alpha-cyclodextrin, size
exclusion resin or combinations thereof. The example of
ligand-activated core beads coated with size exclusion shell
is Capto™ core beads (GE HealthCare Life Sciences, Pis-
cataway, N.J.). In these embodiments, the detergent, such as
SDS of the lysis solution may be specifically sequestered
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using different sequestration agents, such as Capto™ core
beads, alpha-cyclodextrin, size exclusion resin or combina-
tions thereof. The size exclusion resin may include sephadex
G-50, which may be used for sequestering detergent from
the post lysis solution. The post lysis solution after seques-
tration of excess lysis reagent, such as SDS, is referred to
herein as “detergent-free sample solution”. The term “deter-
gent-free sample solution” refers to substantial removal of
the detergent from the solution or the removal is sufficient to
bring levels of detergent (SDS) below inhibitory concentra-
tions. The addition of Capto™ core 700 beads to sequester
the SDS was sufficient to bring levels of detergent (SDS)
below inhibitory concentrations, as shown in FIG. 4.
[0060] The lysis of sperm cell results in extraction of the
protamine-DNA complex present in the sperm cells. The
protamine-DNA complex is the target for protamine specific
antibody followed by isolation and in certain embodiments,
detection of sperm DNA from the protamine-DNA complex.
Protamine is small, arginine-rich (basic) nuclear protein that
mediates normal sperm head condensation and DNA stabi-
lization. The protamine is uniquely expressed in human
sperm relative to other cells in the body and as such provides
a highly specific factor associated with the DNA found in
sperm cells. Typically humans have two or more different
protamines, such as protamine 1 (PRM1) and protamine 2
(PRM2). The human protamine 1 gene encodes a 51 amino
acid protein and the human protamine 2 gene encodes a 102
amino acid protein. The major proportion of sperm DNA in
human is bound to protamines and only a small proportion
of DNA bound to histones. Protamine eventually replaces
histone late in the haploid phase of spermatogenesis. In
matured sperm cells, the DNA forms a complex with
protamine, which is referred to herein as a “protamine-DNA
complex”. The objective of the present method is to capture
and separate sperm DNA from the protamine-DNA complex
present in the detergent-free sample-solution, which also
comprises epithelial cells, other different cell types or cell
lysates.

[0061] As noted, the method further comprises applying at
least a protamine-specific antibody to the detergent-free
sample-solution comprising lysed sperm cell. The term
“applying” may include, contacting or disposing at least a
protamine-specific antibody to the lysed sperm cell using a
tube, swab, pipette, catheter, syringe, conduit, an automatic
injector, or using any other applicable ways/tools. In some
embodiments, the protamine-specific antibody may be
poured onto the lysed sperm cell.

[0062] The detergent-free sample-solution comprising
lysed sperm cell, wherein the lysed sperm cell or sperm cell
lysate comprises protamine-DNA complex. The protamine
used as an antigen for an antigen-antibody interaction,
wherein the antibody employed herein is a protamine-
specific antibody (primary antibody). The protamine specific
antibody has an affinity for a protein “protamine” and binds
to protamine when protamine-specific antibody and
protamine are in contact. The protamine-specific antibody,
in one or more embodiments, binds to the protamine of the
“protamine-DNA complex” extracted from the lysed sperm
cell. In these embodiments, the protamine-specific antibody
forms an “antibody-protamine-DNA complex”.

[0063] In some embodiments, the detergent-free sample-
solution comprising lysed sperm cell and the protamine-
specific antibody needs to be incubated for some time, such
as, for 1 hr to 5 hrs under certain conditions to achieve
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maximum protamine-antibody binding. The protamine-spe-
cific antibody may bind to the protamine-DNA complex
during incubation at a temperature in a range from about 4°
C. to about 37° C. The protamine-specific antibody may
bind to the protamine-DNA complex during incubation at 4°
C. for a time period in a range from about 10 minutes to
about 4 hrs. In some embodiments, the protamine-specific
antibody may bind to the protamine-DNA complex during
incubation at 4° C. for a time period in a range from about
10 minutes to about 30 mins; in a range from about 10
minutes to about 1 hr; in a range from about 10 mins to about
2 hrs; in a range from about 10 mins to about 3 hrs. In some
embodiments, the protamine-specific antibody may bind to
the protamine-DNA complex during incubation at room
temperature for a time period in a range from about 10
minutes to about 30 mins; in a range from about 10 mins to
about 1 hr; in a range from about 10 mins to about 3 hrs.

[0064] In one or more embodiments, the method further
comprises capturing the antibody-protamine-DNA complex,
wherein the capturing is achieved by using a capturing
agent. The capturing agent captures the antibody-protamine-
DNA complex present in the detergent-free sample-solution.
The term “capture” may include, but is not limited to,
physical interaction of the antibody-protamine-DNA com-
plex with the capturing agent, or chemical interaction of the
antibody-protamine-DNA complex with the capturing agent.
The capturing agent may comprise a secondary antibody,
agarose beads, magnetic beads, paramagnetic beads, protein
A, streptavidin, sephadex beads, glass beads or combina-
tions thereof. In one embodiment, the capturing agent is a
secondary antibody specific to the protamine-specific anti-
body, wherein the protamine-specific antibody serves as a
primary antibody. In one example, protein-A conjugated
sepharose CL-4B beads (GE Healthcare) are used to affinity
purify the antibody-protamine-DNA complex. In this
example, the protein A binds to the antibody present in the
antibody-protamine-DNA complex. In another example,
goat-anti-rabbit IgG conjugated magnetic beads are used to
affinity purify the rabbit anti-protamine IgG-protamine-
DNA complex, wherein the goat-anti-rabbit IgG functions as
a secondary antibody with respect to the rabbit anti-
protamine IgG primary antibody.

[0065] In some embodiments, the capturing agent is pre-
coupled with the protamine-specific antibody. In these
embodiments, the antibody and capturing agent are coupled
together before the antibody is applied to the sperm cell
lysate (or lysed sperm cell). The term “couple” refers to a
physical attachment, chemical attachment, bonding or cross-
linking between the capturing agent and the antibody. The
antibody and capturing agent may be coupled by a covalent
interaction. The functional groups, such as primary amines,
sulthydryl groups and carbohydrates are generally available
for antibody modification, for example, labeling, crosslink-
ing or covalent binding.

[0066] The protamine specific antibody, which is inter-
changeably used herein as “primary antibody” may be
labeled with a reagent that may be detected easily. In some
embodiments, the antibody added to the sample is labelled
with a detectable moiety, which may include but is not
limited to, an affinity tag, a dye, an enzyme substrate, or a
magnetic probe. For example, reagents with maleimide or
iodoacetyl groups are effective for sulthydryl-directed con-
jugation. Different biotin, fluorescent and enzyme labeling
reagents are available which are pre-activated with the
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maleimide group. In one example, the biotin-conjugated
primary antibody is captured by using streptavidin beads. In
an illustrative embodiment, the affinity probe is biotin,
which is relatively small (244.3 Daltons) ligand and may be
conjugated to many proteins and other molecules with
minimum alteration of its biological activity. In another
embodiment, the biotin tag may be used to facilitate detec-
tion using a biotin-binding protein that is conjugated to an
enzyme, fluorophore or other reporter molecule. An opti-
mized biotin-to-probe ratio may greatly increase the signal
output of a detection system, which provides adequate signal
for detection system. The biotin-bound protamine-DNA
complex may be purified by centrifugation or physical
separation from the sample solution. In another embodi-
ment, the magnetic beads conjugated to anti-protamine 1gG
is used to capture the protamine-DNA complex. The mag-
netic bead-bound protamine-DNA complex is then purified
from the solution under magnetic field, wherein the mag-
netic bead-bound and unbound components are separated. In
these embodiments, the capturing agents, such as magnetic
beads are pre-coupled to the antibody.

[0067] In some other embodiments, the capturing of the
antibody-protamine-DNA complex is achieved by adding a
capturing agent to the detergent-free sample-solution com-
prising antibody-protamine-DNA complex. In these
embodiments, the capturing agent binds to the protamine-
specific antibody. As noted, the capturing agents, such as,
secondary antibody, agarose beads, magnetic beads, para-
magnetic beads, protein A, streptavidin, sephadex beads,
glass beads or combinations of two or more of these may be
added to the primary antibody (protamine specific anti-
body)-bound protamine-DNA complex present in the deter-
gent-free sample-solution. The capturing agents have affin-
ity for protamine specific primary antibody and bind to the
antibody-protamine-DNA complex. The capturing agent-
bound antibody-protamine-DNA complex is referred to
herein, as “captured-antibody-protamine-DNA complex”.
[0068] In another embodiment samples which are typi-
cally collected in a window of up to five days post-inter-
course, can now be collected up to nine days. This is
achievable due to the nature of the assay which acts on
protamine bound DNA and not intact sperm or sperm heads.
Male DNA has been detected in a similar time frame using
Y-chromosome specific detection PCR based assays.
[0069] In some other embodiments, the capturing of the
protamine-DNA complex is achieved by flowing the deter-
gent-free sample-solution comprising protamine-DNA com-
plex through a capturing agent such as a lateral flow strip or
affinity column. In these embodiments, the protamine-spe-
cific antibody is bound to the capturing agent. The capturing
agent with the bound protamine specific primary antibody
has affinity for the protamine-DNA complex and binds the
antibody-protamine-DNA complex. The capturing agent-
bound antibody-protamine-DNA complex is referred to
herein, as “captured-antibody-protamine-DNA complex”.
Optionally, the protamine-DNA complex may be sheared
mechanically or enzymatically, prior to flowing through a
capturing agent, such as lateral flow strip or affinity column.
An example of shearing prior to flowing through a capturing
agent shown in FIG. 5. FIG. 5 is the results of shearing
sperm DNA using mechanical forces. DNA can be sheared
to different sizes by changing the sonication protocol.
[0070] Itis known in the art that the molecular weight of
DNA may alter its ability to flow through capturing agents
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such as lateral flow strips or affinity columns as demon-
strated in FIGS. 6, 7, and 8. FIG. 6 is a DNA gel electro-
phoresis image showing the migration of DNA smaller than
10 kilobases under lateral flow compared to FIG. 7 which is
a DNA gel electrophoresis image, showing the migration of
DNA of size ranges from 8.3 to 48.5 kilobases under lateral
flow. Further FIG. 8 is a DNA gel electrophoresis image
showing the migration of DNA greater than 48.5 kilobases
under lateral flow. FIGS. 6, 7, 8, clearly demonstrate the
difference in flow based on DNA size.

[0071] In some embodiments, the captured-antibody-
protamine-DNA complex is washed to remove unbound
material and to purify the sperm DNA. In some other
embodiments, the method further comprises incubating the
captured-antibody-protamine-DNA complex in an ion
exchange resin to release and purify the sperm DNA from
the captured antibody-protamine-DNA complex. In some
embodiments, the captured-antibody-protamine-DNA com-
plex is incubated with the ion exchange resin at 95° C. for
at least 10 minutes to release the nucleic acids from the
complex. In one embodiment, the captured-antibody-
protamine-DNA complex is incubated with the ion exchange
resin at 95° C. for about 15 minutes to release the nucleic
acids from the complex.

[0072] The sperm DNA is captured followed by detection
using, for example, detection probes. The capturing agent
may comprise a detection probe, or the detection probe may
separately be added during, prior or on completion of the
purification of the sperm DNA. In one or more embodi-
ments, the detection probe is a reporter moiety, wherein the
reporter moiety is coupled to the protamine-specific anti-
body. In these embodiments, the detection of the reporter
moiety indicates the presence of sperm DNA in the sample.
The reporter moiety may comprise a chromophore moiety, a
fluorescent moiety, a phosphorescence moiety, an affinity
probe, a magnetic probe, a paramagnetic probe, a metallic
probe or combinations thereof.

[0073] The “detection probe” may detect the sperm DNA
using one or more detection method. The detection probes
may include, but are not limited to, gold particles, antisense
oligomer, pyrophosphate, phosphatase, biotin-streptavidin
beads, antibody, fluorescence resonance energy transfer
(FRET) probes, horseradish peroxidase (HRP) probes and
luciferase. The antisense oligomers may comprise of natural
nucleotides or nucleotide analogs. The oligonucleotides may
be labeled with FRET probes, such as fluorescein, Cy3,
Cy5.5, and BIODPY®. In some embodiments, the sperm
DNA may be detected by southern blot. The sperm DNA,
which is captured and separated, may be detected by colo-
rimetric detection method, chemical, thermal, electrical, pH,
luminescence or fluorescence based detection method.
[0074] The detection probe may comprise a primary detec-
tion probe, a secondary detection probe or a combination
thereof. The method further comprises detecting the sperm
DNA by using a primary detection probe. In some embodi-
ments, the capturing agent comprises a primary detection
probe. The primary detection probe may further comprise a
binding moiety such as a biotin or an antibody, a streptavi-
din, a gold particle or combinations thereof. In different
embodiments, the primary detection probe may be coupled
to different molecules, substrate, or may be added separately.
[0075] In some embodiments, the method further com-
prises applying a secondary detection probe to the sample
solution, wherein the sample already comprises a primary
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detection probe. In these embodiments, the secondary detec-
tion probe binds to the primary detection probe, wherein the
primary detection probe previously bound to the antibody-
protamine-DNA complex. The primary detection probe or
secondary detection probe may comprise a chromophore
moiety, a fluorescent moiety, a phosphorescence moiety, an
affinity probe, a magnetic probe, a paramagnetic probe or
combinations thereof.

[0076] In some embodiments, the detection of the sperm
DNA is achieved by one or more amplification reactions of
the sperm DNA. The method of detection further comprises
analyzing the amplified DNA. In amplification reaction, the
sperm DNA, isolated from the protamine-DNA complex of
the sperm cell sample, is used herein as a template DNA.
The amplified sperm DNA may further be analyzed for
downstream applications. The detection process may
include different forensic analysis of the amplified DNA to
identify the assailant.

[0077] In one or more embodiments, the sperm DNA is
subjected to a nucleic acid amplification reaction that ampli-
fies the sperm DNA present in the sample to form the
amplification product or amplicon. The terms “amplification
reagent” and “amplification reagent solution” are inter-
changeably used hereinafter. The amplification reagent com-
prises a mixture of dNTP’s, oligomer (primer), enzyme(s)
including polymerase and amplification buffer. In some
embodiments, the amplification reaction mixture starts
amplification in the presence of the amplification buffer
when in contact with the template nucleic acids, which is
sperm DNA isolated from protamine-DNA complex. The
amplification reagents may also comprise modified nucleo-
tides.

[0078] The sperm DNA may be amplified by using a
standard polymerase chain reaction (PCR). In some embodi-
ments, the recovered sperm DNA from the captured anti-
body-protamine-DNA complex is first quantify using a
gPCR. In some embodiments, the quantified sperm DNA is
then subjected to a multiplex PCR for short tandem repeat
(STR) analysis. In some embodiments, the amplification
occurs to amplify sperm DNA by an isothermal amplifica-
tion reaction. The isothermal amplification may include, but
is not limited to; rolling circle amplification (RCA), multiple
displacement amplification (MDA), helicase dependent
amplification (HDA), ping pong amplification, cross prim-
ing amplification (CPA), recombinase polymerase amplifi-
cation (RPA), loop mediated isothermal amplification
(LAMP) and strand displacement amplification (SDA).

[0079] As noted, the sample comprises at least a sperm
cell, lysed sperm cell or sperm cell extract, wherein the
sample further comprises epithelial cells, somatic cells,
blood cells or combinations thereof. The sample may be a
biological sample, which is procured from physiological or
clinical biological sources that comprise sperm cells. In one
or more embodiments, the sample is selected from a bio-
logical sample, a forensic sample, or a biopsy sample. One
or more specific examples may include, but is not limited to,
a swab, and a semen sample. In some embodiments, the
sample may include, but is not limited to, clothing, linen,
fabric, or leather that is contaminated with the sperm cells or
sperm DNA.

[0080] A kit is also provided that contains the needed
reagents for performing the method of capturing sperm
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nucleic acid. In one embodiment, the kit comprises a
protamine specific antibody, a capture agent, and a lysis
buffer.

[0081] In still other embodiments, the capture agent may
be a lateral flow strip, a magnetic bead, agarose beads, or an
affinity column.

[0082] In certain embodiments, the kit may further com-
prise a sequestration agent after cell lysis to sequester excess
detergent present in the post lysis solution, prior to applying
a protamine-specific antibody to the post lysis solution
comprising lysed sperm cells. In some embodiments, the
sequestration agent comprises ligand-activated core beads
coated with size exclusion shell, alpha-cyclodextrin, size
exclusion resin or combinations thereof. The example of
ligand-activated core beads coated with size exclusion shell
is Capto™ core beads.

[0083] In certain embodiments, a reducing agent, a deter-
gent, or a combination thereof may be included. A variety of
reducing agents are known in the art. Examples of reducing
agents include dithiothreitol (DTT), 2-mercaptoethanol
(2-ME), and tris (2-carboxyethyl) phosphine (TCEP). More-
over, any combination of these or other reducing agents may
be used. In particular embodiments, the reducing agent is
DTT. In certain embodiments, the detergent may be sodium
dodecylsulphate (SDS).

[0084] The kit may be especially useful when used in part
of a forensic analysis work flow such as in a crime lab.
[0085] The following examples are included to provide
additional guidance to those of ordinary skill in the art in
practicing the claimed invention. These examples do not
limit the invention as defined in the appended claims.

EXAMPLES
Example 1

Determination of Optimal Cell Lysis Process for
Sperm Cells

[0086] A lysis solution was added to the sample solution
comprising sperm cells or sperm cell lysate. The lysis
solution was added and incubated for 1 hr at 37° C. and the
process was monitored for 1 hr. Traditional cell lysis for
ChIP process employs EZ-Zyme lysis buffer (Millipore,
US). Sperm cell heads are rich in disulphide bonds, which
make them resistant to traditional lysis using EZ-Zyme lysis
buffer. To determine the appropriate lysis solution for sperm
cells, a series of lysis solutions was tested.

[0087] Alysis solution with DTT and a lysis solution with
TCEP were used and the lysis data were compared to
determine the better lysis solution for the sperm cells. The
lysis process was subjected with pre-fixation (+Fix) or
without fixation (-Fix) condition. The fixation is typically
performed to stabilize the protein-DNA complex in ChIP
process using a reagent, such as formalin. Different lysis
conditions were used, including EZ-Zyme lysis buffer (Mil-
lipore, US), lysis buffer with DTT under pre-fixation con-
dition, lysis buffer with DTT without fixation condition,
lysis buffer with TCEP under pre-fixation condition and lysis
buffer with TCEP without fixation condition (as shown in
FIG. 2).

[0088] Efficient lysis was observed with all reducing con-
ditions relative to traditional lysis for ChIP, however, the
most rapid lysis was achieved with DTT and with no fixation
condition. The addition of DTT to a lysis buffer containing

Oct. 6, 2016

SDS showed rapid lysis of sperm cells in less than 5 minutes,
as shown in FIG. 2. The lysis buffer used for rapid lysis was
comprised of 40 mM dithiothreitol (DTT) and 2% sodium
dodecyl sulfate (SDS).

Example 2

SDS Sequestration from the Sample Solution

[0089] The SDS, due to its inhibitory effect on antibody
binding and DNA polymerases functionality, was seques-
tered prior to proceed with the next step of antibody incu-
bation and binding. Usually Capto™ core ligand binds to
small (less than 700 kda) negatively charged molecules over
a wide range of pH and salt concentration. Capto™ core 700
(GE Healthcare Life Sciences, Piscataway, N.J.) was used to
sequester the SDS molecules and it was proved to be
effective in packed bed format. The post lysis solution (a
mixture of sample and lysis solution) was mixed with
Capto™ core 700 in a 1:1 ratio. The Capto™ core 700 was
added to the post lysis solution and was incubated at room
temperature for 15 minutes to ensure complete binding of
the SDS molecules by Capto™ core 700 beads. After
binding the SDS molecules to the beads, the beads were
separated from the post lysis solution. SDS concentration
was measured using Stains-All dye (Sigma) SDS quantifi-
cation assay. For all conditions, the addition of Capto™ core
700 beads to sequester the SDS was suflicient to bring levels
of detergent (SDS) below inhibitory concentrations, as
shown in FIG. 4.

[0090] For this experiment, different samples were pre-
pared to determine the effect of sequestration agent, such as
Capto™ core 700. The control sample comprised of TNE
buffer (10 mM Tris pH 8, 100 mM NaCl, and 0.1 mM
EDTA) with 0.25% (w/v) of SDS, wherein the sequestration
agent Capto™ core 700 was not added. For three test
samples, sequestration was done with the sequestration
agent Capto™ core 700 in presence of EZ-Zyme lysis buffer
(Millipore), TNE with 0.25% (w/v) of SDS and 40 mM
DTT, TNE with 0.25% (w/v) of SDS and 40 mM TCEP.
Bach of the three experimental lysis conditions (test
samples) were done in the presence of 1% formalin (+Fix)
or no formalin (-Fix), as shown in FIG. 4. FIG. 4 further
illustrates the results after treatment with equal volume of
Capto™ core 700 beads, wherein the SDS concentration was
reduced significantly. It was determined that after seques-
tration, the concentration of SDS substantially decreased
and reached below the inhibitor concentration for DNA
amplification.

Example 3

Effect of Fixation on Immunoprecipitation

[0091] Formalin fixation is an essential component of
conventional ChIP protocol due to the relatively weak
interactions of some protein-DNA complexes. The results of
cell lysis and DNA sequestration for protamine-DNA com-
plex showed that neither the inclusion nor the exclusion of
sample fixation has any direct effect on the process (FIGS.
2 and 4). The effect of formalin fixation was determined on
the interaction of protamine and DNA in protamine-DNA
complex during immunoprecipitation or capturing using a
capturing agent.
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Immunoprecipitation

[0092] The antibody pull-down assay was performed with
Protein A (Life Technologies), Biotin binder (Life Technolo-
gies), and Kilobase binder (Life Technologies), wherein the
experiments were performed on samples prepared in the
presence or absence of fixation agent. The yield of DNA was
determined from the immunoprecipitation reactions of pull-
down assay. Roughly 17,500 cells were used for this experi-
ment. The cells were either fixed in 1% formalin (+Fix) or
no formalin (-Fix). The cells with fixation or without
fixation, were incubated with 1 microgram protamine 2
(PRM2) polyclonal antibody (Bioss Inc, US) for the Protien
A condition, or biotin conjugated PRM?2 polyclonal antibody
(Bioss Inc, US) for the Biotin Binder and Kilobase Binder
conditions. All samples were incubated at 4° C. for 4 hours
in incubation buffer with crowding agent to form antibody-
protamine-DNA complex for immunoprecipitation. The
incubation buffer with crowding agent comprises 0.001%
SDS (s/v), 1.67 mM Tris pH8, 0.11% Triton X-100, 0.12
mM EDTA, 16.7 mM NaCl, 8% Dextran 100 kDa (w/v).

Magnetic Bead Based Antibody Pull-Down Assay

[0093] Three varieties of functionalized magnetic beads
were used to capture the antibody-protamine-DNA complex.
Beads functionalized with Protein A (Life Technologies),
and two different beads functionalized with streptavidin,
Biotin binder (Life Technologies), and Kilobase binder (Life
Technologies) were used according to manufacturer’s
instructions using a DynaMag™.-2 Magnet (Life Technolo-
gies) magnetic microcentrifuge tube stand. The captured
antibody-protamine-DNA complex (by the application of
magnetic beads) was washed five times prior to DNA
recovery from the captured antibody-protamine-DNA com-
plex. The captured antibody-protamine-DNA complex was
washed sequentially in buffers comprised of 0.01% SDS
(w/v), 20 mM Tris pH 8, 1% Triton X-100, 2 mM EDTA,
and 500 mM NaCl, 0.01% SDS (w/v), then a second buffer
comprised of 20 mM Tris pHS8, 1% Triton X-100, 2 mM
EDTA 150 mM NaCl, then a third buffer comprised of 250
mM LiCl, 10 mM Tris pHS, 1% NP-40, | mM EDTA, 1%
Deoxy-cholate, followed by two more washes in 10 mM
Tris, pH 8 and 1 mM EDTA. The captured antibody-
protamine-DNA complex was then heated to 95° C. for 10
minutes in 10% (w/v) Chelex Resin (Biorad) to release the
DNA from the complex. The DNA release from the anti-
body-protamine-DNA complex is suitable for downstream
amplification and was analyzed using Quantifiler Human
(ABI) and Quantifiler Y (ABI) kits.

Quantitative Analysis of Recovered Sperm DNA

[0094] Recovered DNA vyield was quantified using the
Quantifiler Human Kit (ABI) for total DNA and Quantifiler
Y kit (ABI) for male specific DNA using manufacturer’s
directions. Since only male specific sperm DNA was used as
a sample for this experiment, the use of two quantification
methods Quantifiler Human and Quantifilier Y, resulted in a
quantification of comparable DNA. The results in FIG. 3
shows the yield of both total DNA (human) and male
specific DNA (Y) was higher when fixation was eliminated
in all three sets, such as for Protein A, Biotin binder and
Kilobase binder. This experiment again established the fact
that, while fixation for immunoprecipitation of protamine-
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DNA complex was performed and the sperm DNA was
selectively purified, fixation was not required.

[0095] The captured antibody-protamine-DNA complex
was washed several times with a buffer composition con-
taining SDS before releasing the DNA. However, the
protamine-DNA interaction remains intact and unaffected by
SDS treatment, which is an unexpected finding. The inter-
action of protamine and DNA is strong enough to withstand
SDS treatment. This suggests the protocol can be utilized for
samples that have either been fixed or not fixed, increasing
the sample type that can be used with this protocol.

Qualitative  Analysis  of  Antibody-Protamine-DNA
Complex: Western Blot Analysis

[0096] The same antibody-protamine-DNA complex
samples from the above experiment were subjected to West-
ern blot (FIG. 9) and agarose gel electrophoresis (FIG. 10)
for qualitative analysis. The pull-down assay was designed
with Protein A, Biotin Binder and Kilobase Binder, as
described above. The precipitate was collected from each set
after antibody pull-down assay with fixation and without
fixation, and the precipitate was subjected to Western blot
analysis. The antibody-protamine-DNA complex samples
were analyzed on a 4-12% Bis-Tris Protein gradient gel
(Invitrogen). The protein from the gel was transferred to a
nitrocellulose membrane using a Trans-BlotSD Semi-Dry
Transfer Cell (Biorad) according to manufacturer’s direc-
tions.

[0097] After transfer, the nitrocellulose membrane was
washed with 25 ml TBS (137 mM Sodium Chloride, 20 mM
Tris, supplied at pH 7.6.) for 5 minutes at room temperature.
The nitrocellulose membrane was incubated in 25 ml of
blocking buffer (TBS with 5% non-fat dry milk) for 1 hr at
room temperature. The membrane was then washed three
times for 5 minutes each with 15 ml of TBST (137 mM
Sodium Chloride, 20 mM Tris, 0.1% Tween-20, supplied at
pH 7.6). The nitrocellulose membrane was then incubated
with a donkey anti-rabbit Cy3 labeled secondary antibody
(Jackson Immuno-Research) in 10 ml TBST with gentle
agitation for overnight at 4° C. The nitrocellulose membrane
was washed for three times for 5 minutes each with 15 ml
of TBST. The nitrocellulose membrane was then allowed to
dry prior to visualization using Typhoon FLA 9500 (GE
Healthcare) according to manufacturer’s instructions. FIG. 9
is an image of the blot, which shows bands with same
intensity for the samples under fixation or no-fixation con-
ditions. Protein A shows highest efficiency for antibody
pull-down assay. Efficient capture of the antibody-
protamine-DNA complex in all conditions regardless of
fixation was also established by this experiment. The anti-
body-pull down was not affected by eliminating the fixation
step.

[0098] Qualitative Analysis of Antibody-Protamine-DNA
Complex: Agarose Gel Electrophoresis

[0099] 20 ng DNA samples from the above pull-down
assay (FIG. 3) as quantified using a Picogreen assay (Life
Technologies) were loaded onto a 1% agarose gel to visually
confirm the recovery of DNA and to assess the size of the
DNA. The image of DNA gel, FIG. 10, shows that the DNA
samples recovered from different sets of pull-down assay
treated without fixation, were not degraded as compared to
the DNA samples recovered from different sets of pull-down
assay treated with fixation conditions. Generally, DNA
degrades when DNA is subjected to formalin fixation. As
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protamine-DNA interaction is comparatively stronger than
histone-DNA interaction, the fixation step may not be
required for immunoprecipitation of protamine-DNA com-
plex. The removal of fixation step saves time and down-
stream reverse-cross-linking before purification.

Example 4

Differential Capture of Sperm DNA from a Sample
Comprising Female Epithelial Cells

[0100] A sample comprising both sperm cells and female
epithelial cells was used for this experiment. Two different
samples containing sperm/epithelial cell mixtures were
tested in the experiment, in both conditions there were
30,000 sperm cells used while the number of epithelial cells
was 100,000 in one sample and 1,000,000 in the other
sample. In one control set, only sperm cells were tested and
in another control set, only epithelial cells were tested. All
samples were prepared with the same workflow that includes
rapid lysis using THE w/ SDS, excess SDS removal using
CaptoCore beads, antibody incubation using crowding
agents to form antibody-protamine-DNA complex followed
by repeated washing, incubation with Chelex resin to release
DNA, and amplification of released DNA using Quantifiler
kits (ABI) as previously described. The DNA vyield results
from this experiment where the samples were composed of
both sperm and epithelial cells are shown in FIG. 11.
[0101] Differential capture was able to reduce unusable
67:1 female epithelial cells to sperm cells ratio (142:1 DNA
ratio) to 2:1. The drastic reduction in DNA template ratio
enables the possibility of subtracting the female signature
from the profile. STR profile was also generated from the
mixed samples (data not shown). Differential capture
enables specific capture of sperm DNA from a mixture of
completely lysed female epithelial cells and sperm cells.

Direct Lysis of Sample on Swab or Substrate

[0102] DNA from replicate quarter swab cuttings from the
same swab were prepared using the sperm DNA capture
method using direct lysis on the swab cutting and differential
extraction method whereby the cells on the swab cutting are
isolated prior to lysis. Isolated DNA was analyzed using
Quantifiler Human and Quantifiler Y quantification Kkits,
DNA yield results presented in FIG. 12. Due to sperm DNA
capture methodology enabling direct lysis on the swab
material higher yields are achieved.

DNA Molecular Weight Alters Migration Under Lateral
Flow

[0103] DNA sizing ladders were spotted onto lateral flow
strips composed of nitrocellulose and subjected to lateral
flow conditions using a buffer composed of 10 mM Tris pH
8 and 0.1 mM EDTA. Lateral flow happened over the length
from the origin location where the DNA sizing ladders
where spotted to the end of the strip, comprising 35 milli-
meters. Upon the completion of lateral flow 6 millimeter
sections of the strip were cut from the origin to the end of
the strip. Fach 6 millimeter cutting was placed into the well
of an agarose gel and electrophoresed to determine the
location of DNA of different sizes along the lateral flow
strip. Results for DNA of molecular weight ranging from
500 base pairs to 10 kilobase pairs are presented in FIG. 6.
Results for DNA of molecular weight ranging from 8.3
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kilobase pairs to 48.52 kilobase pairs are presented in FIG.
7. Results for DNA of molecular weights greater than 48.5
kilobase pairs to 10 kilobase pairs are presented in FIG. §.
The migration of DNA under lateral flow conditions is
altered depending on the molecular weight of the DNA

Shearing of Nucleic Acid

[0104] Protamine DNA complex present in sperm cells is
resistant to DNA shearing using enzymatic digestion, but
can be sheared using mechanical forces. FIG. 13 shows the
results of nuclease digestion of epithelial DNA and sperm
DNA using micrococcal nuclease. DNA in epithelial cells is
not bound to protamine and is susceptible to digesting with
micrococcal nuclease. In replicate reactions the epithelial
and sperm DNA were treated with six difference levels of
micrococcal nuclease, ranging from zero units to four unites
of nuclease. Each condition was incubated at 37° C. for 30
minutes. The micrococcal nuclease treated DNA was elec-
trophoresed in a 1% agarose gel for 45 minutes at 110 volts,
stained with SYBR Gold and visualized on a Typhoon
scanner. The nucleic acids from epithelial cells are rapidly
degraded by nuclease digestion while the sperm DNA
protamine complex protects the nucleic acids from degra-
dation. FIG. 14 shows the results of shearing using a Covaris
Ultrasonicator per suppliers guidelines to shear sperm DNA
protamine complexes using mechanical forces. It is known
that DNA molecular weight alters its ability to migrate under
lateral flow and the ability to modify the molecular weight
may be critical is some embodiments.

9 Day Post Coitus Samples

[0105] Sperm DNA capture enables the specific capture of
sperm DNA from a mixture out to a time window of nine
days after intercourse. Sperm specific DNA capture after
nine days using sperm DNA capture method is shown in
FIG. 15. Sperm DNA Capture will separate sperm DNA
from a mixer after intact sperm heads are no longer present.
As such, the results illustrate the increased time window in
recovery and analysis using the method. The method pro-
vides for collection, and subsequent analysis, for a signifi-
cant period of time after ejaculation. In certain embodi-
ments, biological sample may be acquired three or more
days post ejaculation, with positive results. This may be due
in part in that, while there may no longer be intact sperm
cells, the method captures the sperm DNA which is present
for a longer duration compared to sperm head.

[0106] While the disclosure has been illustrated and
described in typical embodiments, it is not intended to be
limited to the details shown, since various modifications and
substitutions may be made without departing in any way
from the spirit of the present disclosure. As such, further
modifications and equivalents of the disclosure herein dis-
closed may occur to persons skilled in the art using no more
than routine experimentation, and all such modifications and
equivalents are believed to be within the spirit and scope of
the disclosure as defined by the following claims.

What is claimed is:

1. A method of capturing a sperm deoxyribonucleic acid
(DNA) from a biological sample, comprising:

contacting a lysis solution with the biological sample,
where the biological sample comprises at least a sperm
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cell or a sperm cell lysate, and the lysis solution
comprises a protamine-DNA complex resulting in a
lysed sperm cell;

applying at least a protamine-specific antibody to the

lysed sperm cell, wherein the protamine-specific anti-
body binds to the protamine-DNA complex of the lysed
sperm cell to form an antibody-protamine-DNA com-
plex;

capturing the antibody-protamine-DNA complex; and

optionally, detecting the sperm DNA from the captured

antibody-protamine-DNA complex.

2. The method of claim 1, further comprising removing or
sequestering the lysis solution prior to applying the
protamine-specific antibody.

3. The method of claim 1, wherein the lysis solution
comprises a reducing agent, a detergent or combination
thereof.

4. The method of claim 3, wherein the lysis solution
comprises a reducing agent selected from dithiothreitol
(DTT), tris(2-carboxyethyl)phosphine (TCEP) or combina-
tion thereof.

5. The method of claim 3, wherein the lysis solution
comptises a detergent selected from sodium dodecyl sulfate
(SDS), sodium lauryl sulfate (SLS) or sarkosyl.

6. The method of claim 3, wherein the lysis solution
comprises 40 mM dithiothreitol (DTT), 0.5% to 2% sodium
dodecyl sulfate (SDS) or combinations thereof.

7. The method of claim 3, further comprising applying a
sequestration agent after cell lysis to sequester detergent
prior to applying the protamine-specific antibody to the
lysed sperm cell.

8. The method of claim 7, wherein the sequestration agent
comprises ligand-activated core beads coated with size
exclusion shell, alpha-cyclodextrin, size exclusion resin or
combinations thereof.

9. The method of claim 1, wherein the protamine-specific
antibody binds to the protamine-nucleic acid complex dur-
ing incubation in a range from about 4° C. to about 37° C.

10. The method of claim 1, wherein the protamine-
specific antibody binds to the protamine-nucleic acid com-
plex during incubation for a time in a range from about 10
minutes to 4 hrs.

11. The method of claim 1, wherein the capturing of the
antibody-protamine-DNA complex is achieved by a captur-
ing agent.

12. The method of claim 11, wherein the capturing of the
antibody-protamine-DNA complex is achieved by pre-cou-
pling the capturing agent with the protamine-specific anti-
body or by separately adding the capturing agent such that
the capturing agent binds to the protamine-specific antibody.

13. The method of claim 11, wherein the capturing agent
comprises a secondary antibody, agarose beads, paramag-
netic beads, protein A, streptavidin, sephadex, glass bead,
cellulose, nitrocellulose, quartz, a lateral flow strip or com-
binations thereof.

14. The method of claim 13, wherein the capturing agent
is a secondary antibody specific to the protamine-specific
antibody.

15. The method of claim 11, wherein the captured anti-
body-protamine-DNA complex is washed to remove
unbound material while retaining the protamine-DNA com-
plex.
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16. The method of claim 15, further comprising incubat-
ing the captured antibody-protamine-DNA complex in an
ion exchange resin.

17. The method of claim 16, wherein the captured anti-
body-protamine-DNA complex is incubated at about 95° C.
for at least about 10 minutes.

18. The method of claim 1, wherein a reporter moiety is
coupled to the protamine-specific antibody and wherein the
detection of the reporter moiety indicates the presence of
sperm DNA in the sample.

19. The method of claim 18, wherein the reporter moiety
comprises a chromophore moiety, a fluorescent moiety, a
phosphorescence moiety, an affinity probe, a magnetic
probe, a paramagnetic probe, a metallic probe or combina-
tions thereof.

20. The method of claim 1, wherein the detection of the
sperm DNA comprises one or more amplification reactions
of the sperm DNA.

21. The method of claim 20, further comprising analyzing
the amplified DNA.

22. The method of claim 1, wherein the biological sample
further comprises epithelial cells, somatic cells, blood cells,
or combinations thereof.

23. The method of claim 1, wherein the biological sample
is selected from a forensic sample comprising sperm cells.

24. The method of claim 1, wherein the biological sample
is affixed to a solid substrate.

25. The method of claim 1, wherein biological sample is
acquired at least three days post ejaculation.

26. A method of capturing sperm deoxyribonucleic acid
(DNA) in a biological sample, comprising:

providing the biological sample comprising at least a

sperm cell, a partially lysed sperm cell or a sperm cell
lysate, wherein the sperm cell, partially lysed sperm
cell or sperm cell lysate comprises a protamine-DNA
complex;

contacting a lysis solution to the sample to lyse the sperm

cell or partially lysed sperm cell;

applying at least a protamine-specific antibody to the

lysed sperm cell, wherein the protamine-specific anti-
body binds to the protamine-DNA complex of the lysed
sperm cell to form an antibody-protamine-DNA com-
plex;

capturing the antibody-protamine-DNA complex by add-

ing a capturing agent; and

optionally, detecting the sperm DNA from the captured

antibody-protamine-DNA complex by a DNA amplifi-
cation reaction.

27. The method of claim 26, wherein the biological
sample is affixed to a solid substrate.

28. The method of claim 26 wherein the biological sample
is acquired at least three days post ejaculation.

29. A method of purifying deoxyribonucleic acid (DNA)
from a biological sample, comprising:

providing the sample comprising a protamine-DNA com-

plex;

applying at least a protamine-specific antibody to the

protamine-DNA complex to form an antibody-
protamine-DNA complex;

capturing the antibody-protamine-DNA complex using a

capturing agent; and

purifying DNA from the captured antibody-protamine-

DNA complex.
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30. The method of claim 29 wherein the biological sample
is affixed to a solid substrate.

31. A method of claim one wherein the biological sample
is acquired at least three days post ejaculation.

32. A kit for capturing a sperm deoxyribonucleic acid
(DNA) in a biological sample comprising:

a protamine specific antibody;

a capture agent; and

lysis buffer.

33. The kit of claim 32 wherein the capturing agent
comprises a lateral flow strip, a magnetic bead, agarose
beads or an affinity column.

34. The kit of claim 33 wherein the capturing agent is a
lateral flow strip.

35. The kit of claim 32 further comprising a sequestration
agent.

36. The kit of claim 35 wherein the sequestration agent
comprises ligand-activated core beads coated with size
exclusion shell, alpha-cyclodextrin, size exclusion resin or
combinations thereof.

37. The kit of claim 32 further comprising at least one of
a reducing agent, a detergent, or a combination thereof.
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