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RESUME
Depuis plusieurs années, I'armement d’agents bigleg est considéré un probléme
pour les agences de sécurité. Ces dernieres exigsrrocédés alternatifs afin de manipuler

des échantillons médico-légaux qui pourraient @rgaminés par des armes biologiques.

Dans cette étude, deux méthodes d’extraction d’ADinuelle et automatisée,
furent comparées pour leurs habilités de retires agents biologiques, mais aussi leurs
efficacités et consistances lors de I'extractiodctiantillons contaminés avec des bactéries,
spores et toxines. Les agents biologiques furealyaés a partir de I'ADN purifié afin d’en
assurer une décontamination complete, ainsi quedfier leurs effets durant le processus
d’isolation de I'ADN humain. Les résultats déemongér#t que l'incubation d’échantillons
dans une solution de lyse cellulaire élimina lestér@es et les toxines. Par contre, une étape
additionnelle de filtration de 0.22 um fut nécessaiour retirer les spores bactériens. Les
échantillons de sang et de cellules épithélialesahdrerent une réduction et/ou dégradation
de 'ADN lorsqu’exposé a certaines bactéries. Lecpssus d’extraction automatisé serait
préférable, par rapport au processus manuel, golgril’ADN humain contaminé par des

armes biologiques.

ABSTRACT
The use of biological agents as potential weapass been a concern of security
agencies for many years. Security agencies re@lieenative field protocols for handling
forensic samples that could be contaminated wittogical weapons.

In this study, manual and automated DNA extractiaese compared for the ability
to remove biological agents and for their effeatiess and consistency when samples were
contaminated with bacteria, spores or toxins. RliDNA was evaluated for the absence of
the agents, and for the effects of the process hanisolated human DNA. Results
demonstrated that incubation of samples in a gmslislsolution eliminated bacteria and
toxins, but an additional 0.22 um filtration ste@svnecessary to successfully remove
bacterial spores. Blood and buccal swab samplessexiito some bacteria showed DNA loss
and/or degradation. The automated extraction proeedvould be preferable over the

manual protocol to isolate human DNA contaminatéti Wiological weapons.
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Biological warfare

In current times, the increasing threat of biotesma has lead security agencies to
prepare more for encountering biological and chahieapons at crime scenes. Pathogenic
biological weapons have been used for centuriedidperse illness in humans, animals or
plants and to propagate chaos in order to gainradegic or tactical advantage over an
adversary (Ghosat al, 2009; Kendalkt al, 2008). Over the years, a large number of lethal
and non-lethal biological agents have been employeduding protozoa, fungi, bacteria,
protists, viruses, and toxins derived from micr@migms and plants (Weinstein & Alibek,
2003). One of the most recent and well-known ug$es lmological weapon is the scattering
of Bacillus anthracisspores in a powder form through the United Stétk3) mail system.
The twenty-two isolated cases of anthrax generatefmous expense and resulted in an
high security alert for the country, and were sgstid in generating fear and panic in the
population (Ghoslet al, 2009; Kendalkt al, 2008; Weinstein & Alibek, 2003).

The application of biological weapons against a ytajion and their interests,
including crops, livestock, and wildlife, is notnavel concept. In fact, there are numerous
references throughout history describing the udaabgical agents. Ancient scriptures from
the fifth century before Christ (BC) revealed tistythian archers plunged their arrows in
decomposing bodies or in blood mixed with manuretiict contaminated wounds on their
enemies (Goslet al, 2002; Kendallet al, 2008). In the same century, there were also
plentiful accounts of the use of plant toxins, wvaspand other poisonous substances applied
to arrows or water supplies to create biologicahpans (Kendalet al, 2008; Mangold &
Goldberg, 1999; Riedel, 2004). During the sieg€affa by the Tartars in the Middle Ages,
plague-infected cadavers with bubonie(sinia pestiswere flung over the castle walls
using catapults. It has been speculated that #usctmay have been responsible for the
advent of the Black Death in Europe (Gadhal, 2002; Kendallet al, 2008; Mangold &
Goldberg, 1999; Perry & Fetherston, 1997; RiedéD4 Wheelis, 2002)Variola major,
also known as smallpox, has been used throughatoripias a very effective biological
weapon. During the French Indian War, the BritisBtributed smallpox-contaminated

blankets to immuno-naive Native Americans loyalthe French, with the expectation of




causing an epidemic of smallpox and decimating tthefences (Christopher & Ruoff, 1997;
Goshet al, 2002; Riedel, 2004).

Prior to World War 1, biological agents were noilipéd in a systematic way, but
with advances in the field of microbiology and thevelopment of modern technologies, it
became possible to manufacture significant quastibf various agents and potentially
disperse them over large areas. For example, dologd War |, Germany pursued a
biological warfare program witBacillus anthracis(anthrax),Pseudomonas pseudomallei
(glanders)Vibrio cholerae(cholera) andrersinia pestigplague), but there is no evidence of
its application (Goslet al, 2002; Kendalkt al, 2008; Riedel, 2004). Nevertheless, because
of the large use of chemical weapons in this waternational diplomatic efforts (Geneva
Protocol) prohibited the proliferation and use oéapons of mass destruction, which
included biological warfare agents. Unfortunatelg,verification process of compliance was
addressed (Christopher & Ruoff, 1997; Geslal, 2002; Kendalkt al, 2008; Riedel, 2004).

During World War II, Japanese forces operated aesdxological warfare research
facility (unit 731) which carried out human expeents. They exposed prisoners of war to
plague, anthrax, syphilis, and other agents asqddtieir program to develop and observe
the diseases (Williams & Wallace, 1989; Riedel,4£00n response to suspected biological
weapons programs in other countries, the US, Uriegdom (UK) and Canada initiated
their own biological warfare development prograntgch resulted in the weaponization of
tularemia, anthrax, rinderpest, brucella and botut toxin. The mass production of these
pathogens was instituted, and there were planadorporate these agents into bombs for
distribution in enemy territories (Bryden, 1989;|lti et al, 2001; Riedel, 2004).

In the years after the World Wars, the developnodrihe biological warfare agents
for offensive application was shifted to researadr flefensive purposes. From the
development of vaccines to the vulnerability ofestto aerosolized agents, the researchers
were preparing against imminent attacks (Geslal, 2002; Kendallet al, 2008; Riedel,
2004). Public safety issues were raised internatiprbecause of unproven allegations
reported in newspapers of propagation of biologaggnts by bioterrorists (Riedel, 2004).




As of 1972, many countries signed a treaty thathipited the development, production,
acquisition, transfer, stockpiling, and usage of hiological weapon. The rationale behind
this treaty discussed during the Biological WeapGnavention (BWC), currently signed by
171 countries, was to supplement the 1925 Genesadad (UNOG, 2010). However, many
countries still pursue research into defence otegtmn against biological warfare agents,
which are not prohibited by the BWC (Gosthal, 2002; Kendalkt al, 2008; Riedel, 2004).

Since the BWC, large scale production of biologieaapons has been limited.
However, numerous incidents against individualsmall groups involving biological agents
have been recorded, largely associated with tstrattacks (Gosket al, 2002; Kendallet
al., 2008; Riedel, 2004). Henceforth, the use of lgmal agents shifted from focus on war
to bioterrorism. Historical bioterrorism events atwing the use of biological warfare agents
have been classified and divided into three categoterrorist events, criminal events, and
state-sponsored assassination (Tucker, 1999). &esiigation of the Aum Shinrikyo, a
Japanese apocalyptic cult, initiated after the ldedttwelve people in the Tokyo subway
system by means of sarin gas was considered ais¢mttack. This lead to the discovery of
previous unsuccessful biological attacks with aglieed anthrax and botulinum toxin in
Japan (Hendersaet al, 2002; Kendalkt al, 2008; Riedel, 2004; Tucker, 1999).

In 2001, five letters containinBacillus anthracisspores were sent from Trenton,
New Jersey, to government buildings and news neghéers in the US. Twenty-two anthrax
cases resulting from these attacks were confirmesbispected, with eleven of these cases
being authenticated as inhalational anthrax resulin five deaths. Eleven cases were
identified as cutaneous anthrax (Hendersbal, 2002; Riedel, 2004; Weinstein & Alibek,
2003). It was reported that one letter addresseSettator Daschle contained two grams of
powder containing between 100 billion to one willispores per gram (Hendersenal,
2002). The anthrax attack of 2001 has heightenextaras about the feasibility of large-

scale aerosol biological weapons attacks by testrgroups (Hendersaet al, 2002).

It is important that we understand the characiessand logistics of biological
weapons in order to shield the population from dn@rism threats and actions. Agencies




need to anticipate the type of biological weapaat ttould be used, how and where it could
be dispersed and find the best way to prevent gamdgpossible harm to the population. In a

worst case scenario, the containment and deconagionnof the site(s) would be required.

Characteristics of biological warfare agents

The ideal biological weapon has low visibility, higpotency, accessibility, low
production costs and can easily be delivered througy a target population. Biological
agents chosen by terrorist as weapons are typifmallyd in nature, which make them cheap
and easy to obtain. Potential agents are easyot® gnd produce in large quantities without
significant technological resources (Kendllal, 2008). The minor difficulty of developing
a pathogen for a biological attack resides in ittgi a way to spread the biological agent
without degrading its infectivity or toxicity. Biogjical agents can be dispersed through air
(i.e., aerosol generator), or through the water faood supply (Langford, 2004). Terrorists
may also choose biological agents that are difficmldetect and where illness may not be

apparent for several hours to several days afeedigpersement (CDC, 2010).

In North America, biological agents have been dididnto three risk categories
depending on how easily they can be spread, therigewf the iliness, or the death they
cause (CDC, 2010). Category A represents the agetiishe greatest threat to public and
national security. These agents may be rapidlystraited from person-to-person and require
special public preparedness to prevent this sprBadic and social disruption would be
created due to the high death rates (CDC, 2010;skshb al., 2009; Rotzet al, 2002;
Weinstein & Alibek, 2003). Category B biologicaleads, labelled as a moderate threat to
community residents, are the second highest pyi@iid necessitate specific laboratory
capacity and enhanced disease monitoring. Theskessre illness and low death rates of
these biological agents nonetheless promote fda€(Q010; Ghoslet al.,2009; Rotzt al,
2002; Weinstein & Alibek, 2003). The last categd@ategory C, has the potential to become
a major threat with the help of engineered modiftces for mass distribution inside a
targeted population. These emerging pathogensaaily available and produced, and spread

and have the potential for high morbidity and midstaates and major health impacts (CDC,
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2010; Ghostet al.,2009; Rotzet al, 2002; Weinstein & Alibek, 2003). Table 1 lists mya
infectious agents that have potential to be dewsl@s biological agents.

TABLE 1 Biological pathogens identified by US Centers forDisease Control and
Prevention as likely to have been weaponized anddily to be used as biological
terrorism threat agents (courtesy of Kendallet al, 2008).

Threat Type of

Category | Microorganism Natural Occurrence

Biological agents

Ebola virus Virus Anthroponosis*

Lassa fever virus Virus Anthroponosis

Marburg virus Virus Anthroponosis

Rift Valley fever virus Virus Zoonosis**— may be vector-borne
Variola major Virus Anthroponosis

West Nile virus Virus Zoonosis — primarily vector-borne
Yellow Fever virus Virus Zoonosis — primarily vector-borng

Bacillus anthracis
Brucella
Burkholderia mallei
Coxiella burnetti
Francisella tularensis

Bacterium Zoonosis — may be vector-borne

Bacterium Zoonosis — may be vector-borne

Bacterium Z00Nnosis

Bacterium Zoonosis — may be vector-borne

Bacterium Zoonosis — may be vector-borne
Rickettsia prowazekii Bacterium Zoonosis — primarily vector-born
Yersinia pestis Bacterium Zoonosis — primarily vector-born

*An infectious disease that is spread from humanstanimals.

**An infectious disease that is spread from animal$o people.

(4%
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Most of the highest risk agents are viruses. Vsuse a diverse class of infectious
agents, varying in size and morphology, complexiyst range, and pathologic effect on
their hosts. Because of the very wide range ofadisg and pathologies attributed to viruses,
and because there is little that can be done trfere with the growth of viruses, many
viruses are ideally suited for use as biologicatolessm agents (Kendalkt al, 2008).
However, one drawback to viruses is the additioeehnical manipulations required to grow
and purify a suitable quantity to obtain the deakiedfect. Viruses, in contrast to bacterial
pathogens, multiply only in living cells and ardlyudependent on the abilities of the host
cells (Murrayet al, 2009). Of the hundreds of viruses causing humarades, viruses
associated with hemorrhagic fevers are considergdrithreats. Ebola and Marburg are two
of the eighteen different viruses that cause Meinorrhagic fever (VHF) in humans and

other primates (Kendalet al, 2008). The Russian biological warfare program has




weaponized the Marburg virus, a Category A biolafithreat agent, and Iraq is also
believed to have attempted weaponization of bothld&bnd Marburg viruses. Any sporadic
outbreak of these diseases on any continent dtherAfrica would be highly considered for
a bioterrorist attack (Weinstein & Alibek, 2003)h& smallpox virus is another Category A
biological threat agent. Smallpox is a highly cgmas and often fatal infectious disease
(CDC, 2010; Rotzt al, 2002). Smallpox was eradicated with worldwide ocraation, but
the virus is still available for research and bgpal weapon development (CDC, 2010;
Kendallet al, 2008; Weinstein & Alibek, 2003).

Many of the risk group A and risk group B agents laacteria (Table 1). Bacteria are
unicellular, prokaryotic microorganisms that possesll walls. Their chromosomes are
composed of DNA. They are capable of reproducimy vapidly, via cell division, and they
have no reliance on other cells for growth. Sometdya, for exampldacillus anthracis
are known to be able to store their DNA inside arspas protection from environment
dangers such as heat, chemicals and ultraviolet (@hristopher & Ruoff, 1997; Kendadt
al., 2008).

One example of a bacterium known to be used asladital weapon igrancisella
tularensiswhich produces the disease tularemia. Tularemia @tentially serious illness
that occurs naturally in North America, Europe, &sia. This Category A biological threat
agent is transmitted in a number of ways, includiivgct contact with bodily fluids from an
infected animal host, through the feeding of agplods, inhalation of aerosolized bacteria in
water droplets, as well as through ingestion oftaavnated food or water, but infection is
not spreadable from person-to-person (Kendllal, 2008; CDC, 2010; Weinstein &
Alibek, 2003).Francisella tularensiscan survive for weeks at low temperatures in moist
environments (Murragt al, 2009). In addition to its environmental stabilitije bacterium
is considered a likely agent for bioterrorism besgait can easily be aerosolized to enhance
inhalation exposure. An infective dose may be as & 10 to 50 bacteria (CDC, 2010;
Kendall et al, 2008; Weinstein & Alibek, 2003). Other bacteria these risk group
categories includBacillus anthracisBrucella Coxiella burnettiandYersinia pestis.
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A third group of agents with potential for use asldgical weapons are toxins.
Biological toxins are poisonous substances, gelyepabteins, produced or derived from
living organisms, such as bacteria, cyanobactduiagi, and some species of plants and
aguatic organisms, that cause diseases or othditately responses in humans and other
animals (Kendalkt al, 2008). Biological toxins that have been consideveapons or threat
agents include staphylococcal enterotoxin B (SBBjulinum toxin A (BoNT/A), ricin, and
various mycotoxins (CDC, 2010; Langford, 2004; lepeter & Parker, 1999). Each toxin
has a unique effect, but in general, toxins arealslpof entering human cells and they
generally disrupt protein production or functiod®xins, being small particles, are easily
dispersed in the environment by droplet aerosatimadistributed in water or food supplies

or in concentrated pellets as described in theioilg examples:

In 1978, the “Umbrella Assassination” incident ugethodified umbrella containing
a ricin-filled pellet which was injected into theurnalist Georgi Markov’s thigh. He died in
the hospital three days later. Another example tixén with the potential of being used as
biological weapon is the paralytic poison saxitoxiBaxitoxin, located commonly in
shellfish, is produced by two marine dinoflagel&at€onyaulax catenelland Gonyaulax
tamarensis but is also produced by a cyanobacteAaabaena circinalis Its toxicity,
ranging from 0.3 to 1.0 mg/person, is even moreteaduaerosolized and inhaled. The
median lethal dose (Ld9 of saxitoxin, the dose that will kill half of egped individuals, is
2 pg/kg. The mechanism behind the paralytic symptasnthe blocking of the sodium
channel of nerve cells, preventing normal celldlamction. Supportive care is the only

treatment available (Langford, 2004).

Forensic identification

In the past twenty years, bioterrorism preparedreasd response offices were
established in the Centers for Disease Control Rrevention (CDC) and at the Public
Health Agency of Canada (PHAC) to increase the dfpao act against biological
terrorism. Both agencies have been mandategptovide overall public health preparation

by planning, improving surveillance and epidemiadogapabilities, developing rapid




laboratory diagnostics, enhancing communicationd anedical therapeutics stockpiling
(Rotzet al.,2002).

Since an escalation in bioterrorism has been notethe last ten years, military
personnel and scientific teams have been designatbd responsible for the protection of
the population, while chemical, biological, radigical and nuclear (CBRN) response teams,
developed by government agencies, have been plaée to manage and investigate these
events (Kendallet al., 2008; Wilkinsonet al., 2007). For this purpose, equipment and
techniques were developed to rapidly gather evile@ bioterrorism scene to process and
reconstruct the events and to aid in identifying plerpetrators (Hoilet al.,2010).

Typical crime scene evidence, such as latent fprges, documents, electronic data,
DNA, hair and fibres, are collected during the istigation of a crime scene (Hoiét al.,
2010; RCMP, 2010; Wilkinsomt al., 2007). While fingerprints remain one of the most
frequent and critical pieces of evidence, human DédRected from biological samples, is
an important tool in the identification of the critp. Samples for the purposes of DNA
isolation include blood, semen, saliva, and alaedrDNA within latent fingerprints (Hoile
et al., 2010; RCMP, 2010; Wilkinsoet al., 2007). Generally, following the collection of
biological evidence, the samples are sent to thengic laboratory. However, for dealing
with samples related to a bioterrorism attack, firensic facilities may not be equipped to
handle potentially contaminated samples (Haleal., 2010; Wilkinsonet al., 2007).
Nonetheless, the contaminated samples will evegthalve to be removed from the crime
scene, since the required equipment for DNA typmaot mobile. Therefore, to safely
transfer these samples from the contaminated csoene to the forensic laboratories,

various decontamination methods must be used terehe area and the samples safe.

DNA analysis
DNA proof of identity was used by the Royal Canadidounted Police (RCMP) for

the first time in Canadian history in 1989 for asspect who was denying allegations of a
sexual assault victim. As the years progressed, Dd#ant provisions were added to the

Canadian Criminal Code for the purpose of forenBiNA analysis during criminal




investigations. Collected DNA evidence is processteitie RCMP and compared through the
National DNA Data Bank (NDDB) to help the criminalvestigator identify the responsible
for violent crimes (RCMP, 2010). In order to obtaand interpret profiles of possible
criminals, human samples must undergo various depsolate and process DNA in a
forensic laboratory. These consist of (1) the isotaof DNA from samples collected at the
crime scene, (2) quantification of the DNA, (3) difigation of specific regions on the
human chromosomes, and analysis of the amplified Did (4) comparison with possible
suspects whose DNA has been stored in the NDDBhose/ DNA has been collected as part
of the investigation.

1) ISOLATION OF DNA. Concentrated pure human DNA can be obtained mgusrious
extraction methods. The fundamental principles NADextraction consist of exposing DNA
by breaking the cell outer membrane and nuclews) deparating DNA from proteins and
lipids with alcohol plus detergent and optionalypteases. Manual DNA extraction using
standard organic solvents such as phenol-chlorofertie basic method (Kishoet al.,
2006; Reimannet al., 2007). This time-consuming protocol is not suigalfbr high-
throughput DNA laboratories. In addition, the pregzenvolves toxic materials, such as a
buffered phenol-chloroform isoamyl alcohol solutiaand multiple steps such as alcohol
precipitation and centrifugation (Applied Biosys®m2010; Kishoreet al., 2006;
Sensabaugh & Blake, 1993). Another available metifagktraction is the use of a chelating
resin with high affinity for polyvalent metal ion3his resin binds metal ions on polar
cellular components, such as DNA. The basic préoteedo denature DNA into single-
stranded DNA by boiling the samples in a resin otuand then separating the resin bound
to DNA from the rest of the mixture by centrifugati Separation of DNA using resin has
been improved through the use of magnets. Resitaicmg magnetic beads can isolate
purified DNA by applying a magnetic field (Greenspo% Ban, 2002). DNA is then washed
and eventually eluted off the resin by heating imeution buffer (Applied Biosystems,
2010; Baileyet al.,2003). The resin can accommodate a pre-deternmradmum quantity
of DNA and becomes saturated when an excess ofleddiA is present. This technique,
with some variable pre-treatment steps, can effelgtiisolate DNA from a variety of
substances and sources even when samples are gwtimwith materials, such as soill
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(Bailey et al.,2003; Komonsket al.,2004; Sebastianelét al.,2008). The advantage of this
procedure is that it prevents the degradation oARddused by high temperatures and low
ionic solutions simply by covering the DNA molecsilavith chelating metal ions. The
affinity of the chelating resin can be increasethwhe additions of ions, such as?€ain?*,
and Md" (Applied Biosystems, 2010).

Because forensic laboratories are experiencingnereased demand to process DNA
samples due to the successful application of DNAArielogy in examining evidence from a
wider variety of crimes, significant case backldgsve been generated at various law
enforcement agencies such as the RCMP (Montgiedik, 2005). To meet the legal demands
of this type of identification, and the technicapacts of the process such as adequate DNA
guantity, as well as obtain adequate purity to gotee high-quality results in subsequent
analyses, the RCMP uses the DNA IQ™ system (Promedeere all components required
for the magnetic bead extraction have been incatpdrinto a liquid handling platform that
allows for complete automation of the procedureil@eet al., 2003; Frégeaet al.2010;
Crouseet al., 2005; Komonskiet al., 2004; Reimanret al., 2007). An automated DNA
extraction liquid handling robotic workstation mist able to process all relevant forensic
biological material and repeatedly produce extchdBNA that is comparable to DNA
extracted using existing forensic standard prowcol terms of quality and quantity
(Anslingeret al.,2005).

Another automated system is the Advanced EZ1® BlmmRovorkstation (Qiagen),
which is a compact, desktop instrument for theastion of nucleic acids from one to six
samples (Sebastianedt al.,2008; Barkham, 2006; Nagt al., 2005). The instrument uses
similar silica-based technology as DNA IQ™, in agrgtion with pre-sealed, disposable
trays containing all the necessary reagents fametion (Nagyet al.,2005). Post-lysis, the
extraction time is approximately twenty minutes.eTAdvanced EZ1® BioRobot also
requires little manual input other than specifyihg expected quantity of DNA extracted and
the elution volume, since all forensic protocols pre-programmed onto the operating card
(Investigator Card). Previous RCMP coop work tezrperiments demonstrated that the
Advanced EZ1® BioRobot was able to extract DNA franvariety of biological materials
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(e.g., blood, saliva, trace, chewing gum and citarbutts) on different substrates (e.g.,
swab, plastic, paper and glass). However, improwenveas necessary to match the
consistently high standards required in forendiotatories for contaminated samples (Jason
Timbers - unpublished results). In order to optenthe DNA vyield during extraction and
purification, carrier RNA (cRNA) was added in theseperiments to low-blood dilution
samples before extraction, as suggested by varmuthors (Kishoreet al., 2006;
Sebastianellet al.,2008).

2) DNA QUANTIFICATION. After isolation, DNA must be quantified. There amany
different ways to quantify DNA and each method hasadvantages and disadvantages. A
very simple method is measuring DNA by absorbarstegua spectrophotometer at 260 nm.
An optical density (OD) of 1.0 corresponds to aaamiration of 40 pg/mL, but free RNA
and nucleotides present in the solution could kalserease the DNA concentration. DNA
purity is determined by the ratio of values at 260 over 280 nm. Protein impurities are
present if the 260/280 ratio is higher than 1.8tt(i¥mi et al., 2000). Another method
previously used by forensic laboratories is slait ljuantification for single- and double-
stranded DNA. The principle of this technique cetssbf probing DNA trapped on a nylon
membrane with a human DNA specific probe. Afteresalywashes, chemiluminescence on
the probes is detected in the DNA samples and coedp@ a set of standards. Slot blot
guantification can detect as little as 10 to 2@pHPNA (Butler, 2005).

The newest technology for specifically quantifyimgman DNA in a sample involves
the use of quantitative real-time polymerase cheaction (qQPCR) where amplified DNA is
detected by means of a fluorochrome. Measures wbrdscence during qPCR are
proportional to the amount of starting DNA. Measuoeats are taken during every cycle of
amplification of the targeted DNA. In order to qtibsnthe DNA, the data obtained during
the exponential phase (geometric) of amplificatismg fluorescent primers are compared to
a standard curve. The human DNA concentration & gblution is calculated using the
crossing point (Cp), which is determined when thgplification curve crosses a selected
threshold value. Non-specific amplifications arealeated by checking the melting
temperature of each amplified product. The DNA difigation kit used by the RCMP is
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based on this approach. This kit targets a 62 bdsan on chromosome 5p15.33 and can
qguantify DNA in a range from 0.023 ng/uL to morenh50 ng/uL (Applied Biosystem,
2010; RCMP, 2010).

In order to proceed with the next steps in idecdiion, the DNA must be of
reasonable quality (low degree of degradation) podty (minimized polymerase chain
reaction (PCR) inhibitory factors), and of sufficiequantity (Alonscet al, 2004; Applied
Biosystems, 2010; Klinet al, 2005). Low amounts of DNA could lead to gaps iINAD
profiles (allele dropouts), which refer to the tmé to detect an allele within a sample or
failure to amplify an allele during PCR, which ceesult in the misinterpretation of DNA
profiles. Too much DNA could produce a high fluaesce background, an increase in
strand slippage or stutter effects (Aloretoal, 2004; Klineet al, 2005). These problems
could result in the inability to identify culprithe minimum amount of DNA required by
the RCMP to proceed to amplification is 0.250 ngli& et al, 2005; personal

communication with Chantal Frégeau, RCMP).

3) DNA AMPLIFICATION AND ANALYSIS OF AMPLIFIED FRAGMEN TS. After
guantification, the DNA is subjected to amplifieatiof chromosomal regions established as
being appropriate for distinguishing one individéram another. The quantification results
and the amplified DNA play an important role in theality and specificity of the PCR
amplification. Various components added to the #mation mix of the PCR have been
reported to improve specificity and increase tluelity of the amplification process. For
instance, the addition of KCI, Mgions and decreasing the pH, increase the speyificitl
fidelity of amplification by protecting DNA strandsgainst heat-induced cleavage. Also,
amplification inhibitors can be removed with thedaidn of bovine serum albumin (BSA)
(Applied Biosystems, 2010; Marguet & Forterre, 1998nsabaugh & Blake, 1993).

The process of human DNA identification consistscofmparing DNA profiles
generated from biological samples collected airaescene to a reference sample, generally
blood or buccal sample from the suspect, or congprgyenotypes in the NDDB. Although
it was demonstrated during the human genome prtfjat©9.9 % of human DNA sequences

—
[EEY
w

| S—



are the same in every person, enough of the DNdifierent to distinguish one individual
from another. These different DNA regions are hyghériable and are unlikely to show
similar profile patterns between individuals duriDilA analysis, except for monozygotic

twins (Carroll & Ciaffa, 2007). Forensic identifit@n focuses on these areas of variability.

There are many techniques developed over the yegyerform DNA analysis, for
example restriction fragment length polymorphisniIi(R), PCR analysis or short tandem
repeats (STR) analysis. Mitochondrial DNA analymisy-chromosome analysis are used to
examine the DNA that cannot be analyzed by othehrigues (BERIS, 2009). RFLP
analysis uses restriction endonuclease digestans Southern blot analysis. The technique
is executed only with large quantities of biologdjioaaterial, and DNA degradation would
greatly affect the analysis. Briefly, variable I&mg of DNA fragments created during the
enzymatic digestion of the samples are hybridizeth vselected DNA probes for
identification. The fundamental principles for P@Ralysis are the same as RFLP. However,
smaller and degraded DNA samples are able to béfeddBERIS, 2009).

STR analysis is used to evaluate specific loci mitiuclear DNA where repeats of
two to five bases exist (Applied Biosystems, 20MNriability in the number of repeats
within these loci can be used to distinguish omividual from another. Typically each STR
allele will be shared by five to twenty percentimdividuals, but by examining several STR
regions, the analysis will be more discriminatidgpglied Biosystems, 2010). The RCMP
uses a standard of nine specific STR regions. Tiag/sis of human STR loci is based on the
lengths of PCR amplified products, which are deteeth by the number of repetitions at
each locus. PCR products can be analyzed in agslabbrmat or by capillary electrophoresis
(CE). The AmpFSTR® Profiler Plus® PCR Amplification kit is a flemscent PCR kit for
human STR identification used by the RCMP. Thechkittains the required components for
PCR and nine pairs of primers specific to tetram&TR regions for human identification,
plus two gender determining region (amelogeninb(@2) (Applied Biosystems, 2010). The
resulting PCR products are resolved by CE, and cermially available software
automatically analyzes the collected data. The agesmprobability of identification of an
individual using 13 STR loci is 1 in 82 billion (Aped Biosystems, 2010).
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TABLE 2 Chromosomal location, allele size and dye label @ach of the STR tetrameric

locus and gender determining region used in the AnFISTR® Profiler Plus®

PCR Amplification kit manufactured by Applied Biosystems. (Courtesy of

Applied Biosystems, 2010).

Locus Chromosome location| Size range (base pair) Dye label
D3S1358 3p 114-142 5-FAM
vWa 12p12-pter 157-197 5-FAM
FGA 4928 219-267 5-FAM
D8S1179 8 128-168 JOE
D21S11 21 189-243 JOE
D18S51 18g21.3 273-341 JOE
D5S818 5021-31 135-171 NED
D13S317 13g22-31 206-234 NED
D7S820 7911.21-22 258-294 NED
Amelogenin (X) p22.1-22.3 107 JOE
Amelogenin (Y) pl1l.2 113 JOE

Effects of biological contaminants on DNA isolatiorand analysis

Contamination is a major problem for the forensmmmunity, particularly with
DNA typing of human DNA. Dirt, fire debris and maorganisms are but a few of the
contaminating factors found in crime scenes. Initadd to the issues of contamination,
biological evidence is usually scarce and contatimgafactors may contribute to DNA
degradation. Luckily, PCR-based methods have allotie analysis of very small DNA

guantities, but contamination could still be a peof during amplification of the DNA.

Some biological evidence samples yield DNA thateifsactory to amplification on
first pass. The inhibition can be due to the presesf polymerase inhibitors. Those enzyme-
based interfering inhibitors can be found in pigiseof blood stains (free heme), cigarette

butts (tobacco tars) and clothing (indigo dyesiui&ensabaugh & Blake, 1993).

Small degraded fragments of DNA or the loss of gnexftial larger alleles during the
amplification of human DNA could result in the logEimportant genetic information that
could potentially be used in forensic investigatibhe DNA repair process from hydrolysis,
oxidation and nonenzymatic methylation is s@enivo, but may play an important role in

decaying biological samples at a crime scene bydmg) mutations in the genetic material
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(Fattorini et al, 2000; Kobilinsky, 1992; Lindahl, 1993). Howevepost-mortem
investigations have revealed that time plays a miale in the degradation of DNA due to
spontaneous base modification, strand scission daplirination (Fattoriniet al., 2000;
Kobilinsky, 1992; Sensabaugh & Blake, 1993). Esshithg degradation by integrating
controls during DNA typing is important (SensabaughBlake, 1993). Contact with a
surface (fabric, flooring, solil, etc.), exposurdigiting, temperature, humidity and chemical
or biological contaminants are contributing facttrat limit the chemical stability of DNA
(Kobilinsky, 1992; Sensabaugh & Blake, 1993).

Biological evidence may come into contact with @as chemicals that effect human
DNA. Organic solvents such as alcohol, gasoline @dedning fluids seem to cause little or
no damage to DNA, which is good, since ethanol lay important role in washing steps
during the extraction of DNA. Acids and alkalis, ¢ime other hand, generate chemical
modifications of DNA bases. Formaldehyde gas, detass, bleach and hydrogen peroxide
vapour (HPV) are used to decontaminate crime scem@smminated with biological warfare
agents, but they induce damage to the DNA. The danm reflected in a concentration-
dependent manner, except for hydrogen peroxidehwhas a stronger damaging effect at
lower concentration (Kobilinsky, 1992; SensabaugBl&ke, 1993).

When microorganisms are present during DNA extoactihe eluted mixture will
contain human and microbial DNA. Indeed, primerghim kit are designed to amplify human
DNA loci specifically and function even in the peese of microorganisms in the samples.
The eluted human DNA should generate suitable yiefl amplified DNA for analysis
(Kupfer et al., 1999). However, PCR inhibition or allele dropob&sve been seen in DNA
samples containing common vaginal microorganisnth asCandida albicansAmerican
type culture collection (ATCC)Gardnerella vaginalis(clinical isolate) andBacteroides
fragilis ATCC, which interfered with the reliability of PCBased systems (Lienert &
Fowler, 1992). Human STR kits tested for the abitd amplify regions from microbial
DNA demonstrated no reactivity in human primersrifigeez-Rodrigueet al., 1996; Webb
et al.,1993). However, it was shown in one study thatrati@al DNA could be the source of

an extra nonspecific amplification band observe@nvh specific locus typing (D1S80) was
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carried out from forensic biological sample contaatéd by six of the thirty microorganisms
used, which wer&orynebacterium spATCC, Streptococcus sanguisTCC, Micrococcus
luteus ATCC, Klebsiella pneumoniaéATCC, and two strains oPseudomonas stutzeri
(Fernadez-Rodriguezt al., 1996). It is known that microbial contamination thwi
Staphylococcus epidermiSandida valida Escherichia coliandBacillus subtiliscan induce
strand scission in human DNA as a result of miabbucleases, but such samples may still
provide acceptable DNA vyields and profiles if hunsgecific primers are used (Fattoreti
al., 2000; Kobilinsky, 1992; Sensabaugh & Blake, 19%), while there is some evidence
that contamination with specific microorganisms cdfect the isolation and analysis of
human DNA for forensic purposes, the effects of ynather microorganisms and potential

biological weapons, such as toxins, on human DNAuaknown.

Crime scene potentially contaminated with biologichweapons

In addition to the issue of DNA degradation duetlte presence of contaminating
microorganisms, investigators must also be concermith the potential dangers of
contaminating materials. There are no standard rdaconation procedures established to
date to deal with crime scenes where microbes aner diological weapons might exist.
When a site is known to contain potentially dedalylogical agents, decontamination of the
entire area with selected chemicals seems to becah@mon choice to rapidly remove
potential danger for the investigating teams and tiopulation. The cost of such
decontamination is substantial ($ 23 million to a@®aminate the Hart Senate Office
building in the US during the 2001 anthrax attacksit is necessary to reinstate the services
(Hendersoret al., 2002). Chemicals, such as formaldehyde gas, datesgbleach and HPV
are effective, but these reagents degrade humdraaierial DNA samples, as mentioned

previously (Hoileet al.,2010).

Another technique used to remove infectious thrirata a crime scene would be to
irradiate the entire area, though this method mass nwell-concealed biological agents.
However, moving materials from the contaminatec anto a “safe zone”, such as a mobile
laboratory, would guarantee direct contact to iaBdn. Bacterial spores are the most
resistant of biological agents, so the gamma dos@éctivating them is therefore of great

——

]
171



importance. However, the quantity of gamma raysilireq to eradicate the infectivity of
spores may also reduce the quantity of DNA recal/@rmile et al.,2010). Currently, postal
services in the US sterilize mail with electron4me@E-beam) irradiation to prevent another
anthrax attack, but the application of this typeraddiation on buccal cells has been shown
to reduce the yield and quality of DNA by compromgslonger DNA fragments, rendering
the amplification of the whole-genome unfeasiblet & partial analysis possible (Castie
al., 2003).

The approach of retrieving human biological samglem a crime scene and then
decontaminating them prior or during analysis lsvant from a forensic perspective. There
are various methods of decontaminating forensidenge and multiple methods may be
necessary for decontaminating different agents. riAfigm the previously discussed
chemical and irradiation methods, there is alscsyay decontamination. Physical methods
consist of thermal decontamination, filtration eparation of contaminated samples. When
samples are to be collected for isolation of hud&A, thermal decontamination involving
heat-inactivation of the biological agent is naagiical since boiling or autoclaving for long
periods of time may destroy human DNA. Another @ptis filtration or separation, which is
unable to inactivate the biological agents, but M@atain larger agents, such as bacteria and
spores, although viruses and toxins would passigiroSuch a method has been proposed to
decontaminate human DNA extracted from blood (ssevi), where a 0.22 um filter step

was included at the end of the purification prodétsuse, 2007).

This work was carried out as part of collaboratietween the PHAC laboratory and
the RCMP laboratory, and the protocol was testechoman samples contaminated with
Francisella tularensis, Yersinia pestasd spores ddacillus anthracisResults demonstrated
that the use of high temperature, 56 °C and 95dtGhirty minutes during DNA extraction
could not guarantee complete inactivation of comtatmg vegetative bacteria or spores in
various human biological samples. However, in 2&53es, filtration before or after DNA
extraction was completed to remove the infectivity the selected pathogens without
damaging human DNA. Filtration of samples after DRtraction was judged to be the

superior method because there was less reductiothenamounts of isolated DNA.
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Furthermore, this protocol would require less hengdbf samples prior to DNA extraction,
which should reduce the possible cross-contaminatibth DNA from a technician during
the manipulation of the contaminated samples (Ha2G@7). Many aspects of the proposed
protocol were not analysed in detail. For instarice effect of the lysis buffer and proteinase
K alone on the selected pathogens, the abilitylitoiate infectivity when higher numbers
of microbes or bacterial spores were used, thecteffe other types of biological weapons,
such as toxins, on human DNA isolation, and thditgbof the extraction process to
inactivate these agents, the effects of prolonggmbsure to biological weapons on human
DNA, and the incorporation of an automated extoacprocess to the proposed methodology
of DNA isolation at a contaminated crime scene. réftge, new pathogens along with
previously studied biological agents were chosemxtend the research of the effects of

contamination with microbes and toxins on human Dbl#ation.

It was clear at the beginning of this project thawould be impossible to analyse
every biological agent a terrorist could possiliyase. Originally, the plan was to include
three bacteria that fell into Category A. Howeuérhecame clear that acquiring all these
agents would be extremely difficult. Hence, it vaeided to use surrogate organisms and to

include a new category of agents, i.e. toxins.

PSEUDOMONAS AERUGINOSA & STAPHYLOCOCCUS AUREUSPseudomonas
aeruginosa a Gram-negative aerobic rod, is a bacterium ¢chases disease in animals and
humans alike. Its natural habitat is in soil andemabut it may also be found on skin and
artificial apparatuses. This bacterium is known itsr ability to survive and grow in the
environment with minimal nutrientStaphylococcus aureus a Gram-positive, facultative
anaerobic coccus that is a commensal of humans.bHgterium is associated with local skin
lesions, but can cause systemic dise@&ghylococcus aureggoduces many toxins, one of

which is a major cause of food poisoning (Presebdl.,2003).

YERSINIA PSEUDOTUBERCULOSIS.There are fifteen species in the gen(ersinig
which are Gram-negative and non-spore-forming coacidli, but only three forms are
pathogenic to mammals, including humans. They &fersinia pestis, Yersinia
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pseudotuberculosiand Yersinia enterocoliticaZhou & Yang, 2009). Of thesé/ersinia
pestisis the bacteria most likely to be developed asododical weapon (Kendalet al,
2008; Perry & Fetherston, 199%)ersinia pesti€an be easily retrieved from nature, as it is
present in small rodents and soil. The World Heé&tiganization reports 1,000 to 3,000
cases of plague, mostly bubonic form, worldwidergweear (CDC, 2010). There are three
types of plague: bubonic, septicemic and pneumohie bubonic plague symptoms are
generally characterized by the presence of swellirtge lymph nodes of the armpits, neck,
or groins. These swellings are known as buboesitidddlly, bubonic plague is associated
with headaches, abdominal pain, bloody diarrheavamditing. Bubonic plague symptoms
can rapidly progress to septicemic plague symptevhgsh are fever, rapid heart rate, severe
headache, vomiting, delirium and death. Symptomspoéumonic plague are fever,
weakness, and rapidly developing pneumonia withtekes of breath, chest pain, cough,
and sometimes bloody or watery sputum (CDC, 20Enddrsoret al, 2002). Without early
treatment, pneumonic plague usually leads to ratpy failure, shock, and rapid death.
There is a 70 to 100 % mortality rate for pneumguague (Zhou & Yang, 2009). To reduce
the risk of death, antibiotics must be given witlh hours of the first symptoms (CDC,
2010).

Depending on environmental conditions during thattecing of this biological
weapon, the pathogen could survive for up to ong hothe atmosphere, even though it is
easily destroyed by sunlight and drying, and desadle¢he soil (CDC, 2010; Zhou & Yang,
2009). After one to six days of an aerosol attgmkeumonic plague would be observed
(CDC, 2010; Hendersoet al, 2002; Weinstein & Alibek, 2003). This acute irtfea can be
transmitted from person-to-person, and so can dpvadely because the symptoms are
delayed (CDC, 2010; Hendersenal, 2002; Weinstein & Alibek, 2003).

Due to difficulties acquiringYersinia pestis it was decided thatYersinia
pseudotuberculosisould serve as a surrogate. Based on sequencesignée divergence of
Yersinia enterocoliticafrom Yersinia pestisand Yersinia pseudotuberculosisccurred
between 41 to 186 million years ago, whered®rsinia pestis and Yersinia
pseudotuberculosiare thought to have diverged about 1,500 to 20y@@0®s ago (Achtman
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et al, 1999; Zhou & Yang, 2009). In fac¥ersinia pestids a clone that evolved from
Yersinia pseudotuberculosishortly before the first known pandemic of humdagpe
(Achtmanet al, 1999).Yersinia pestifhias developed specialized strategies for virulence
hosts and transmission by flea-vectors, and marthexfe determinants are harboured in the
genome ofYersinia pseudotuberculogiatchamet al, 1999) Thirteen per cent of the genes
in Yersinia pseudotuberculogisnd to be inhibited itYersinia pestigAtchmanet al, 1999).
Only two chromosomal regions seem to be specifi¢disinia pestisthe regionsvhich code
for the virulence and transmission by fleas (Zhou Y&ng, 2009). Through lateral
acquisition, Yersinia pestishas also obtained two unique virulence plasmid<;RiP and
pMT1. The pPCP1 plasmid is essential for bubonit pmmary pneumonic plague, because
it encodes a plasminogen activator that promotesdtisemination of peripheral infection
(Zhou & Yang, 2009). pMT1 is essential for blockiplgagocytosis by means of a capsule-
like antigen, called F1 antigen, activated only\8@t°C; the optimal growth temperature of
Yersinia pestiss 26 °C. pMT1 also encodes a murine toxin whatilitates the survival of
the bacteria in the flea gut by promoting the piiun and activity of the phospholipase D
(Zhou & Yang, 2009).

As described above, the evolution oYersinia pestis from Yersinia
pseudotuberculosishanged the symptoms and vectors of the diseat#hdo majority of the
mechanisms were left unaltered. The mild diseassezhbyYersinia pseudotuberculoss
transmitted through a food-borne route. Typical gioms include fever and right-side
abdominal pain. In rare cases, the disease may &kurs conditions, joint stiffness and pain,
or spread of bacteraemia (Zhou & Yang, 2009). Aatib treatment is used to cure the
infection. The LBy of Yersinia pseudotuberculosimjected intravenously in micés
10 Colony Forming Units (CFU) and this is compagatd the infectious dose dfersinia

pestisin mice(Zhou & Yang, 2009).

BACILLUS ANTHRACIS. Bacillus anthracigs a large encapsulated Gram-positive bacteria
with aerobic capacity and no motility. This pathoigebacterium is responsible for the
disease known as anthrax, also named as the chatisease and black bane (Fouet &
Mock, 2006; Ghostet al, 2009, Hendersoet al, 2002; Kendallet al, 2008; Plomp &
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Malkin, 2009; Weinstein & Alibek, 2003). It is thysnamed because of the painless black
ulcers with a swelled rim that appear on the sRipproximately 20,000 cases of endemic
anthrax in animals and humans occur annually inymragions of the world, such as Asia,
Africa, South America and Australia (Henderseinal, 2002). Under unfavorable growth
conditions, such as high temperature or depletionutrients, Bacillus anthracishas the
ability to produce spores (CDC, 2010). Once theddmns are favourable for growth and
reproduction, the spore can develop into an adbve (i.e., vegetative bacteria) (Ghosh
al., 2009; Kendallet al, 2008).Bacillus anthracisspores can survive for decades in the
environment and are resistant to heat, microwaaed, ultraviolet light (Hendersoet al,
2002; Weinstein & Alibek, 2003). In addition, ardiRrspores can survive days to weeks in
the air (Weinstein & Alibek, 2003). The spore isvered by a loose-fitting layer called the
exosporium (Plomp & Malkin, 2009), which gives thgore a size of approximately 1 pum
(Hendersoret al, 2002). During the germination and growth of aathspore within a low
iron medium, for example in soil, the spores secmatierophores (Wilsoet al, 2010).
Siderophores are ferric ion specific chelating agémat scavenge iron from the environment
to provide nutriments to the pathogen (Neilands95)9 The siderophores produced are
petrobactins, which are required during early ititetg and bacillibactins, which are required
during the late stages of infection Bécillus anthraciWilson et al, 2010). The spores or
its vegetative form grow well on ordinary laboratenedia at 37 °C, and germinate in an
environment rich in amino acids, nucleosides angage, such as a host cell (Hendersbn
al.,, 2002). Vegetative bacteria have poor survivalsiolgt of an animal or human host
(Hendersoret al, 2002).

Bacillus anthracisspores can readily be dispersed in a populatioa.di$ease can be
initiated with only a few spores, but 8,000 to TMGpores are required to make exposure
fatal (CDC, 2010). As depicted in Figure 1, aftez exposure of a host Racillus anthracis
spores, macrophages will phagocytose the sporesewthey will germinate and proliferate
into the vegetative form of the bacterium (Kendatllal, 2008; Hendersort al, 2002;
Weinstein & Alibek, 2008). The bacteria will theacape the macrophage by cytolysis and
spread the toxic components inside the cell. Thalemnce factors oBacillus anthracis
consist of an antiphagocytic polyb-glutamate capsule and two toxins, which are
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responsible for toxemia and septicemia (Fouet & M@0O06; Ghoslet al, 2009 Weinstein

& Alibek, 2008). The two toxins are delivered insithe eukaryotic cells where binding of
the protective antigen (PA) takes place on therarttoxin receptor (ATR) in the cell wall
(Fouet & Mock, 2006; Hendersaat al, 2002). A complex created by a protease will emabl
the delivery of the lethal factor (LF), a zinc prase, and the edema factor (EF), an adenylate
cyclase, into the cell (Fouet & Mock, 2006; Ghoshal, 2009; Kendallet al, 2008;
Hendersoret al, 2002). LF is the most dangerous protein of the, tvecause one of its main
functions is to block the immune response of thdyb@endall et al, 2008). Anthrax
disease caused by the active or spore fornBadillus anthracisis divided into three
categories: cutaneous anthrax, gastrointestingl §&hrax and inhalational anthrax (CDC,
2010; Ghostlet al, 2009, Hendersoat al, 2002; Kendalkt al, 2008; Weinstein & Alibek,
2003). Epidemics of zoonotic anthrax disease acasionally seen in herbivores and can be
transmitted to humans through the handling of tivels or the consumption of animal
products, but it is not transmissible from persoipérson (CDC, 2010; Ghost al, 2009;
Hendersoret al, 2002; Kendallet al, 2008). The first symptom appearing within days of
exposure to cutaneous anthrax is a small sorediéhatlops into a blister. The blister then
develops into a painless skin ulcer with a blagaan the center (CDC, 2010; Kendetlal,
2008). If not treated, cutaneous anthrax can leateath, with a mortality rate of up to 20 %
(CDC, 2010; Ghoskt al, 2009; Hendersoat al, 2002). Eating contaminated flesh can lead
to Gl anthrax. Symptoms appear three to five déigs aonsumption and vary from nausea,
loss of appetite, bloody diarrhoea, and fever fedld by bad stomach pain. If not properly
treated, death may occur with a fatality rate ot@50 % (Ghoslet al, 2009; Hendersoat

al., 2002; Weinstein & Alibek, 2003). The infamous uggion of anthrax comes from the
high mortality rate of the inhalational form of tkikésease, which can be as high as 80 %
(Ghoshet al, 2009; Hendersost al, 2002). It appears from reported cases that symgpto
may not be evident for up to two months after expegCDC, 2010; Kenda#t al, 2008;
Hendersoret al, 2002). Inhalational anthrax symptoms resemblkei-¢ike illness with sore
throat, fever, tiredness, shortness of breathnamstcle aches (CDC, 2010). It is important to
note that the mortality rates in humans vary witfietent strains ofBacillus anthracis
(Kendallet al, 2008).
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FIGURE 1:  Virulence factors of a bacterial spore ofBacillus anthracisafter being inhaled,
ingested, or touched by a mammalian host (courtessf Hendersonet al, 2002).
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A recombinant protective antigen vaccine, knowrthes anthrax vaccine absorbed
(AVA), is available for prevention of the disease tlesignated personnel, such as
veterinarians, that are significantly at high riskanthrax exposure. The Sterne strain of
Bacillus anthracisis attenuated and has also been used to createcmeaOtherwise,
prompt treatment using antibiotics over a periodb0fdays is administered to prevent the
late germination of inhaled spores. However, susoéshe treatment is dependent upon the
exposure dosage and the route of infection (CDT@Q2Ghostet al, 2009; Hendersoet al,
2002; Kendalkt al, 2008).

BOTULINUM TOXIN A. Historically, BONT/A was the first microbial toxisubstance to
be licensed for medical use. A diluted versionhaf toxin is used to treat cervical torticollis,
chronic neck pain and various dystonias, migrastke and traumatic brain injury (Ghosh
et al, 2009; Hendersoset al., 2002; Shukla & Sharma, 2005). However, BONT/A lsoa
known as a category A biological weapon that caasesiscle-paralyzing disease, botulism
(CDC, 2010; Kendalét al.,2008). Botulinum toxin A is a major threat to sigi because it
is easy to produce, transport, disperse, and desnamadonged intensive care of the victims
(Ghoshet al.,2009; Hendersoat al.,2002). As little as one gram could kill 1 millipeople

if dispersed via aerosolization, which makes BoNTi#& most poisonous substance known
to man (Carteet al.,2009; CDC, 2010; Ghostt al.,2009; Kendalkt al.,2008; Sebaihiat
al., 2007; Shukla & Sharma, 2005).

Clostridium bacteria are Gram-positive anaerobicillbavhich some are able to
produce these series of toxins, and have theyahiliform spores tolerant to boiling (Ghosh
et al.,2009; Hendersoat al.,2002; Weinstein & Alibek, 2003). These soil-dwedjibacteria
are easy to isolate from their natural habitat (et al.,2009; Hendersoet al.,2002). In
an oxygen-deprived environment, such as preseraeded food,Clostridium botulinum
spores can germinate and produce toxins (Gheishl., 2009; Hendersoret al., 2002;
Weinstein & Alibek, 2003).

The disease caused BYostridium botulinums the result of the action of botulinum

toxins. There are seven antigenic forms of the lbatm toxin that are classified as type A to

——
N
(&)

| —



G based on lack of cross-neutralization, but oolyrfof them can cause human disease:
toxin A, 54 % of disease; toxin E, 27 %; toxin B %; & toxin F, 2 % (Cateet al.,2009;
DasGupta, 2006; Ghogdt al., 2009; Kendalkt al.,2008; Hendersost al.,2002; Shukla &
Sharma, 2002; Sebaih&t al., 2007). The others (C, D, & G) have been reportedare
cases in humans, but usually affect other mammadssame fishes (Ghosét al., 2009;
Kendall et al., 2008; Shukla & Sharma, 2005). Bacteria within @lestridium botulinum
species are classified into groups based on thHéyabi the organism to digest complex
proteins. Group Clostridium botulinunstrains produce botulinum toxins A, B or F; Group
Il strains generate type B, E or F toxins; Grougsifains produce type C or D, whilst Group
IV strains will produce only type G toxin (Sebaileal.,2007).

The botulinum toxins are produced as two polypeptahains; a heavy chain
(100 kDa) linked to the light chain (50 kDa) byiagie disulfide bridge (DasGupta, 2006;
Hendersonet al., 2002; Shukla & Sharma, 2005). The heavy chainulsdwided into a
binding domain, which irreversibly binds to cellrfaice receptors and a translocation
domain, which mediates the transport of the ligidic domain across the cell membrane
(Shukla & Sharma, 2005). The light chain is a zmclopeptidase that contains a catalytic
domain that cleaves a specific protein (SNARE) oesfble for the transport of the
neurotransmitter, acetylcholine, within cells priorits release. Lack of acetylcholine results
in sagging muscle paralysis (DasGupta, 2006; Gledshl., 2009; Kendallet al., 2008;
Hendersoret al.,2002; Shukla & Sharma, 2005; Weinstein & AlibeR03). The enzymatic
proteolytic characteristics @lostridium botulinunbacterial toxins, also produced by unique
strains ofClostridium baratiiand Clostridium butyricu,are responsible for their potency
(Hendersonret al., 2002). The effects of botulinum toxin observedtie neuromuscular

junction can be seen in Figure 2.
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FIGURE 2:  Normal neurotransmission of acetylcholineinside the neuromuscular junction
(A) and the mechanism of action of botulinum toxinA when exposed to the
motor nerve terminus (B) (Courtesy of Hendersoret al.,2002).
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There are 140 cases of botulism annually in the(Kkhdallet al., 2008), and these
occur from three different routes of exposure, wetais wounds, Gl and inhalation. Skin
contact with the toxin would not cause botulism ¢&iet al.,2009; Hendersoat al.,2002),
and wound botulism caused by BoNT/A, and in sonponed cases by BoTN/B, occurs
only when the pathogen enters a deep wound (CD);2Bhukla & Sharma, 2005). Food-
borne botulism in infant occurs from consumptiorcohtaminated water or food stocks, and
in these cases, the pathogen will colonize ther&iktand secrete the neurotoxins BoONT/A
and BoNT/B (CDC, 2010; Kendakt al., 2008; Shukla & Sharma, 2005; Weinstein &
Alibek, 2003). Inhalational botulism, which is mdi#tely to be selected by bioterrorist, is
caused by the spreading of the bacterial sporegmsolization of purified toxins into the
respiratory system (Ghogt al., 2009; Kendalkt al.,2008; Hendersoet al.,2002; Shukal
& Sharma, 2005; Weinstein & Alibek, 2003).

Once BONT/A is absorbed via a wound or the mucttganeurotoxin spreads via the
bloodstream, and will result in neurological symm$y such as blurred vision and speech,
and paralysis of skeletal muscle with normal mefuaktion (CDC, 2010; Ghoshkt al.,
2009; Hendersoret al., 2002; Weinstein & Alibek, 2003). Symptoms will nif@st
themselves within 12 to 72 hours after exposuriéctoxin, and, if not treated, progressive
weakness and paralysis of the respiratory organkidead to death (CDC, 2010; Ghosh
al., 2009; Hendersoat al.,2002; Kendalkt al.,2008; Weinstein & Alibek, 2003)

A botulism outbreak can be treated with antitoXirdétected rapidly. The passive
immunization by these neutralizing antibodies resgiitimely administration in order to
decrease further damage, however once the tokiauad to the target cells in the body, the
treatment is ineffective (Ghostt al., 2009; Kendallet al., 2008; Hendersoet al., 2002;
Shukal & Sharma, 2005; Weinstein & Alibek, 2003)pSortive care, such as gastric lavage
and activated charcoal may aid the recovery oep&iwith food-borne botulism (Weinstein
& Alibek, 2003). When water or food stocks are thlouto be contaminated, they should be
heated at 85 °C for at least five minutes to ivaté the toxins (Ghosket al., 2009;
Hendersoret al.,2002).
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As mentioned previously, BONT/A, by weight, is st toxic substance known to
man, with a LIy of only 0.001 pg/kg when aerosolized, which measdittle as 30 to
100 ng of the neurotoxin can be fatal (Cageal.,2009; Kendallet al.,2008; Hendersoat
al., 2002; Weinstein & Alibek, 2003). However, the itoxs light sensitive and is not
resistant to extreme temperature and humidity, whan lead to the degradation of the toxin
(Hendersoret al.,2002).

STAPHYLOCOCCAL ENTEROTOXIN B. Staphylococcus aureus the second most
common bacterial cause of food poisoning. Thisdraan is a facultative anaerobic, Gram-
positive coagulase-positive coccus that producdssanretes a broad range of exotoxins that
play a part in colonization and disease in mammaliasts (Dinget al., 2000; Robertet

al., 2000; Weinstein & Alibek, 2003). Most of these teios are enzymes and cytotoxins,
such as hemolysins, nucleases, proteases, lipgagasiyonidase and collagenase, and their
purpose is to acquire nutrients for bacterial gloy lysing local host cells (Dinget al.,
2000). Within this group, staphylococcal enterotsx{SEA, SEB, SED, etc.) and toxic
shock syndrome toxin-1 (TSST-1), act as pyrogemkint superantigens (PTSAgs) (Dinges
et al.,2000; Kendalkt al.,2008; Robertgt al.,2000). Of these, SEB has been classified as a
category B biological weapon, and so was chosethfsrstudy (CDC, 2010; Kendadt al.,
2008).

SEB is encoded within a pathogenicity island teateigulated via three mechanisms:
through a gene regulatoar@), a staphylococcal accessory gene regulatar),(and the
catabolite repression system (Dingasal., 2000). After transcription and translation, the
exoprotein is cleaved into a small, mature, ungdytated polypeptide molecule with a
molecular weight of 28 kDa (Dinged al., 2000; Kendalkt al.,2008; Robert®t al., 2000).
The ellipsoid shape of SEB is generated by theirioplof two domains, A and B, via a
disulfide bridge. This structure, which can witlmtaboiling, renders the protein stable
(Dingeset al., 2000; Robert®t al., 2000). The shape also enables the polypeptideoss c
epithelial cell membranes and interact with theestinal intraepithelial lymphocytes.
Thereafter, SEB will bind to the Vchains of the T-cell receptor (TCR) on CD4 or CD8
cells and the major histocompatibility complex (MH€ass Il molecule, resulting in the
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production of activated T-cells, interferonlFN ) and cytotoxic activity (Robertst al.,
2000).

After one to six hours, immunostimulation againste tconsumed toxin of
Staphylococcus aureuwill induce food poisoning symptoms such as acagH-limited
gastroenteritis, vomiting, abdominal pain, and rthea (Robertgt al., 2000; Kendallkt al.,
2008; Weinstein & Alibek, 2003). Inhalation of SEBhich is a more likely way of using it
as a biological weapon, can result in minor respigasymptoms that can last for one or two
weeks (Kendallet al., 2008; Weinstein & Alibek, 2003). The infective @o®f the
aerosolized SEB is 0.03 pg/kg, while thesggwhen consumed is approximately 1.7 mg/kg
(Dingeset al.,2000; Ghoslet al.,2009; Kendalkt al.,2008; Robertgt al.,2008; Rusnalet
al., 2004.). Supportive care is the only availablettremt. Presumably, SEB illnesses could
generate septic shock and death if consumed/inhalddgh doses (Kendakt al., 2008;
Weinstein & Alibek, 2003).

RICIN. Castor plantgRicinus communjsproduce castor beans, which contain a protein,
ricin that is highly toxic when consumed (Barregsal, 2009; CDC, 2010; Kenda#t al,
2008; Shyuet al, 2002; Weinstein & Alibek, 2003). Approximately ®dillion metric tons

of castor beans are collected annually to prodaséoc oil. Ricin, a toxalbumin, is available
in large quantities worldwide due to the productidrtastor oil. The straightforward process
to isolate the ricin protein broadens the poteritalthe use of ricin as a biological weapon
(Barneset al., 2009; Kendallet al., 2008). This category B cytotoxin can be readily
distributed to any population by means of inhakatimjection or ingestion (Kendadit al.,
2008; Ghoshet al., 2009; Weinstein & Alibek, 2003). Upon entering thedy, the
incubation period is six to eight hours before stongs appear (CDC, 2010; Weinstein &
Alibek, 2003). Ingestion of ricin result in vormg and bloody diarrhea, and within several
days organ failure and death (CDC, 201; Kendalkl., 2008). Symptoms of inhalation are
respiratory distress, due to pulmonary edema, heaaating and low blood pressure, which
could eventually lead to the collapsing of the wiatory system, shock and death (CDC,
2010; Kendallet al., 2008; Weinstein & Alibek, 2003). Death from rigooisoning could
take place within 36 to 72 hours post-exposure (CZI10; Ghoslet al.,2009; Weinstein &
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Alibek, 2003). The L[, of aerosolized or injected ricin toxin ranges fr@mo 5 pg/kg
(Barneset al.,2009; Ghoslet al.,2009; Shywet al.,2002).

The observed symptoms of ricin poisoning are causedhe toxin’s capacity to
inhibit protein synthesis through inactivation dketribosome (Barnest al., 2009; CDC,
2010; Leshinet al., 2010 Weinstein & Alibek, 2003). Fifteen hundredasomes can be
inactivated by a single ricin molecule (Kendal al., 2008). Ricin is produced as two
subunits of equal size, the A & B chains, which larked by a disulfide bond. (Barnesal.,
2009, Kendallet al., 2008, Shyuwet al., 2002). The bridge between the two subunits is not
essential for the A chain activity, but is necegdar entry into the cell, and therefore for
toxicity (Barneset al., 2009;). The B chain, which has lectin propertiess the ability to
bind to galactosyl residues on the cell surface, iarresponsible for cell entry of the toxin
via endocytosis (Barnest al., 2009; Leshiret al., 2010; Shyuet al., 2002). Prevention of
toxicity can be achieved by inactivating the toain/0 °C, the temperature at which the ricin
protein irreversibly unfolds (Barnes al.,2009; CDC, 2010). If exposed to ricin, there is no
treatment, but if the patient survives after fivaysl on supportive care, the chances for
survival increase (CDC, 2010; Kendatlal.,2008; Weinstein & Alibek, 2003).

Ricin toxoid can be generated by heating, treatmegtoxin with chemicals or genetic
recombination. The treatments render the proteiss dlangerous to humans by weakening or
suppressing the toxicity, while other immunologrogerties are maintained. Such proteins
are used in the development of vaccines. As theisitign of ricin for use in experiments
completed as part of the thesis proved difficutigl @ue to the high toxicity of this protein, a
recombinant ricin toxoid that had been inactivdigdhe addition of extra amino acids in the

linker chain was substituted.

——
w
|_\

| —



Purpose
The purpose of this research project was to furttiearacterize and improve a

preliminary protocol for removal of bacterial agem@ind toxins from samples prior to DNA
analysis, which would generate DNA of adequate tiyaand quality to meet RCMP
standards for human identification based on DNA.

Hypotheses
The main hypothesis of the project was that a stahgrotocol for DNA extraction

would denature toxins and bacteria. Consequengypttotocol previously developed for
elimination of infectious bacteria from biologicgamples during extraction of human DNA,
is adequate for removal of infectious material, luding bacterial spores, without

compromising human DNA samples.

A second hypothesis was that the use of a smatitiminstrument and automated
protocols, in a field situation, would provide heghand more consistent DNA vyields

compared to manual protocol.

Objectives

The project can be divided into four objectives:

1. To confirm that a preliminary protocol developed fbhe removal of infectious
bacteria from human biological samples by using.22 Qum filter after DNA
extraction can eliminate or inactivate all infeaso material using higher
concentrations of bacteria than previously tested.

2. To determine if a standard DNA extraction protogdehatures toxins.
3. To compare the quantity and quality of DNA extrdctesing two silica-coated
magnetic bead extraction methods: an automatedticolsgstem and a manual

extraction using an existing RCMP protocol.

4. To determine if prolonged exposure of biologicahpées to live bacteria or toxins
will affect DNA vyields.
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CHAPTER Il
MATERIALS & METHODS




Bacteria

Frozen stock oPseudomonas aeruginoATCC 15442) an®taphylococcus aureus
(ATCC 6538) were donated by Dr. Syed Sattar from Wmiversity of Ottawa [Department
of Biochemistry, Microbiology and Immunolog@ttawa, Ontario, CanadaA freeze-dried
culture of Yersinia pseudotuberculosiwas purchased from the ATTC (ATCC 11960)
[Manassas, Virginia, USThe avirulentBacillus anthracisSterne strain (34F2) was kindly
provided, in the spore format only, by Mr. Denisfraaboise from the PHACQttawa,
Ontario, Canad@ The virulent form ofBacillus anthracis(bovine) (NML 03-0191) was
obtained from the National Microbiology LaboratofNML) [Winnipeg, Manitoba,
Canadj.

To prepare stocks d?Pseudomonasnd Staphylococcudacteria, 1 mL of thawed
bacteria was added to 100 mL of tryptic soy brdi8g) which was prepared following the
manufacturer's recipe (30 g/L)Bp Difco™; Sparks, Maryland, US Cultures were
incubated on a shaker overnight at 37 °C. Stocke wakquoted with glycerol 50 % (1 mL)
and stored at -80 °C. A fresh overnight culture waxculated from a frozen stock for
subsequent experiments. Féersinia pseudotuberculosithe entire pellet was rehydrated
with 1 mL of TSB. The aliquot was transferred iftanL of TSB, thoroughly mixed, and
several drops were inoculated onto tryptic soy ad@A) plates, which were prepared
following the manufacturer’s recipe (40 g/LBIp Difco™]. The agar plates were incubated
at 37 °C for 48 hours and then colonies were iradedl into broth, incubated, aliquoted and
stored in the same fashion as described above.

A rapid assay to determine the concentration oktadtye bacteria was to compare
bacterial absorbance at a wavelength of 600 nm théhog of CFU. For each hour, within a
period of 24 hours, the growth of the bacteria wasked by serially diluting the bacteria in
TSB. At each point in time, including time zeroet®D at a wavelength of 600 nm was
measured using a spectrophotometer. The blankwasd SB. After measurements, 100 pL
of the aliquots (x3/bacteria) were plated on TSAl deft for an overnight incubation at
37 °C. Colonies were then observed and countedteBacper millilitre were then

determined following the universal formula:
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The OD values equivalent to numbers of CFU coulhthe determined from a graphic of
log CFU versus OD. These graphs were used in qubsé experiments to determine the

guantity of bacteria added to the sample.

To generate stocks of spores fr@acillus anthracisa protocol from the NML was
followed. Briefly, Bacillus anthracisqtNML 03-0083) was inoculated into a 250 mL flask
containing 1:10 Columbia broth (CB). Media was pmegl from powdered medidBD
Difco™] at 35 g/L in sterile water where manganese swpMnSQ) was added to a final
concentration of 0.1 mM. The flask was incubated7a®C for 72 hours on an orbital shaker
at 150 to 200 cycles/minute. The bacterial cellseweelletted by centrifugation (20 minutes,
4150 xg, 4 °C) and washed three times with 50 mLstefile water. After the last
centrifugation, the pellet was resuspended in 10 ohlLsterile water. This suspension
contained both vegetative bacteria and spores. tdege bacteria were heat-inactivated by
incubation at 80 °C for ten minutes. The remairsolgition of spores was plated on TSA and
incubated overnight to determine the spore couhtso{ony = 1 spore) and then the stocks
were adjusted to a concentration of TIFU/mL. Even though, many spores or vegetative
bacteria could be counted in one colony. Finalljguats were stored at 4 °C. For
experiments conducted at PHAC, stocks of sporesbleat prepared by PHAC personnel
and were adjusted to the appropriate quantity’ @0d 18 spores/sample) prior to

experiments.

All work with infectiousBacillus anthraciswas carried out in containment level 3
(CL3) laboratories at the PHAC or at the Universaf Ottawa. At the end of the
experiments, representative aliquots of 100 pL tf BNA samples extracted from
contaminated biological samples and half the volwhextracted samples (50 pL) were
incubated for one week on TSA to ensure no resithiacttivity prior to removal from the
CL3 laboratory for further analysis. To exit the Llaboratory, DNA sample tubes were

wrapped in paper towel previously soaked in ble§2h% sodium hypochlorite) for
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ten minutes. DNA sample tubes were then placed seaed box as specified by CL3
standard operating procedures (SOP).

Toxins

BoNT/A (Sigma B8776) and SEB (Sigma S4881) wereclpased from Sigma-
Aldrich Canada Ltd. Qakville, Ontario, Canada Both toxins were hydrated with sterile
water to yield stocks of 1 mg/mL. The toxin solasowere stored at 4 °C based on

manufacturer's recommendations.

Rather than work with ricin, a toxoid was kindlyopided by CangenéWinnipeg,
Manitoba, Canadp This toxoid (TST 10088) is a modified form otin which has lost its
toxicity due to the addition of an extra covalemkér between the A and B chains.
Therefore, this modification prevents the toxoidnfr properly functioning, but does not
prevent it from being recognized by antibodiesitinr The stock received from Cangene
(0.86 mg/mL) was diluted to a concentration of 3@dmL and stored at 4 °C.

SDS-PAGE

For electrophoresis of proteins, 12.5 % sodium dgldsulphate polyacrylamide gel
electrophoresis (SDS-PAGE) was used, and electreptsowas carried out as per LaemmlLi
(LaemmLi, 1970). Gels were run at 100 V for onéven hours in a standard running buffer
(pH 8.8).

Samples were mixed with 2X LaemmLi sample buffel28 M of Tris, pH 6.8, 4 %
SDS, 10 % -mercaptoethanol, 20 % glycerol, and 0.004 % brdmeapl blue) and boiled
for a minute, prior to loading. Gels were fixed4®:;, HO:Methanol (MeOH):acetic acid)
and stained with Coomassie blue (one tablet of R2&€ diluted in 1 L of fixative solution)
[Fisher,Ottawa, Ontario, Canada After mixing, the Coomassie Blue solution wasefied
to remove excess particles. Gels were destainege@sssary, in a mixture of water, glacial
acetic acid and MeOH (7:1:2). Molecular weight neagk were included in every gel
(PageRuler™ Prestained Protein Ladder Plus SM1FElnentas Canada In&urlington,
Ontario, Canadé
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ELISA
Enzyme-linked immunoadsorbent assays (ELISA) weropmed with commercial
kits specific for the detection of BoONT/A and riciiBioThreat Alert® ELISA Kits)

[Tetracore®Rockville, Maryland, UB Kits came with wells pre-coated with antibodfes

the respective toxin, plus control wells withoutptae antibodies. Briefly, plates were
blocked with blocking buffer overnight at 37 °C ¢ skim milk powder in phosphate
buffered saline (PBS) with 0.1 % Tween-20 (PBSTJ eashed four times with PBST prior
to adding varying dilutions of samples to be testedtandard curve of the toxin alone and
toxin mixed with blood was included in all assags, were negative controls of blocking
buffer alone. Aliquots (100 pL) of toxin solutiom aegative controls were added to each
well. Plates were incubated at 37 °C for one houheé dark and then washed four times with
PBST. The conjugated antibody was added as pan#mafacturer’s directions. Plates were
then incubated for another hour at 37 °C. Findlyg peroxidase substrate (100 pL) was
freshly mixed and added to each well. After a fimmubation at 37 °C for thirty minutes,
plates were read by an ELISA microplate reader TBIoEL311 SL,Winooski, Vermont,
US§ at a wavelength of 405 nm.

Sample preparation

Before each experiment, working surfaces were daotsinated with 70 % ethanol.
Samples were manipulated with sterile forceps whigre decontaminated using 80 %
ethanol before and after each use, to prevent-cassmination. While working with DNA
samples, a surgical mask and latex gloves were woprevent any contamination of the
samples with self DNA.

Blood from two anonymous donors at the RCMP wasegarsly provided in a BD
vacutainer® vial with anti-coagulate (5.4 mg of Ethylenediaminetetraacetic acid (EDTA))
for each set of experiments. Blood was refrigerated °C and used for a maximum period
of one week. Prior to its use, the blood was shd&efifteen minutes. Blood dilutions were
prepared in PBS to generate aliquots of 10 uL c¢oimig the equivalent of 0.1 to 10 pL of
neat blood. Blood was applied to Puritan meticatilgt cotton-tipped applicator and left to
air-dry in a close sterile Petri dish for one hdtpithelial cells from the inside cheeks of a
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donor were collected via a buccal swab, which vegrelried for an hour in the same fashion
as blood. Bacteria, spores or toxins were addedhiious amounts to the blood and buccal
swabs. The volume of bacteria and spores neverdrde100 pL (1Opathogen/samples),
whilst volume of toxins never exceeded 10 pL. Reilfgy the application, the contaminated
swabs were left to dry and then incubated at roemperature for varying times, ranging
from one day to one week, prior to isolation of iImDNA.

Control samples for each set of experiments (12rotsnper biological agent) were
prepared simultaneously to the blood and buccalpkzsnFor extraction negative controls
and confirm that bacterial DNA would not produceedéable results, three swabs containing
the relevant biological agent without any tracehoiman DNA were prepared. Positive
controls were whole blood samples (10 pL) on swaitisout any added biological agents,
also prepared in triplicate. For PCR negative adstand ensure no contamination of the
PCR reagents and consumables, three empty staniple tubes and three blank swabs
dipped in PBS were included. Once samples and asnivere ready for DNA extraction,
they were placed in sterile 2 mL screw-cap tubesl(BDNA Investigation kit, [Qiagen,
Mississauga, Ontario, CanafJaand refrigerated at 4 °C prior to extractioncept for the
time-exposure experimentation samples, which waceibated at room temperature for

various periods of time up to one week.

Cell lysis
DNA was extracted from samples using commercialilable kits with some

modifications, including the use of the RCMP lysigfer (100 mN NaCl, 10 mM Tris-HCl,
pH 8.0, 10 mM EDTA, 0.5 % sarkosyl and 40 mM dithieitol (DTT)) for cell lysis.
Prepared swabs were incubated overnight at 56 8213 mL of the lysis buffer to which
Proteinase K [Qiagen] was added to make a finateotmation of 1.2 mg/mL. Swabs were
then placed in a spin basket (Spin-eZe™ basketcp-Inc.,Spring Park, Minnesota, US
and centrifuged at 9,300 xg for five minutes inartb collect liquid. The spin baskets and
swabs were then discarded and cRNA [Qiagen] wasddd all samples at a final
concentration of 1 pug/uL. In some experiments, samgere split into two fractions of
approximately 150 pL prior to extraction to redtice number of samples to process.
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DNA extraction

Manual extractions were carried out using the DNA™ kit purchased from
Promegafadison, Wisconsin, JSDNA IQ™ resin (12 L/aliquots) was added to each of
the samples. The tubes were briefly vortexed to tfiméxresin with the DNA and left at room
temperature for at least five minutes. DNA 1IQ™ Isy8iuffer (700 L/sample) [Promega]
was then added, and samples were incubated at teroperature for fifteen minutes while
being mixed by vortexing, every minute. After inatibn, the sample tubes were pulse-spun
for twenty seconds. The samples were then plaoea imagnetic separator stand to attract
the resin. The resin was washed twice with DNA IQNagnetic Bead Wash
(200 L/sample) [Promega] and samples were spun, vortareldreturned to the magnetic
separator stand for ninety seconds. The washes eagefully discarded without disturbing
the resin. The tubes were left for ten minuteoabr temperature with the lids open to allow
for residual wash solution, containing alcool, W@ orate prior to the addition of DNA IQ™
Elution Buffer (100 L) [Promega]. The samples were vortexed, spun acubated at 65 °C
for eight minutes twice. The isolated DNA in theitedn buffer was transferred to a clean

1.5 mL sterile tube.

Automated DNA extractions were carried out usihg tobotic workstation EZ1®
Advanced [Qiagen]. Cartridges containing all neagsseagents (i.e. lysis buffer, elution
buffer, resin, etc.), filtered tips and tip holdevgere provided in the EZ1® DNA
Investigation Kits [Qiagen]. These were placed ithte EZ1® Advanced workstation along
with the sample tubes. Then, the DNA purificationgram automatically proceeded for an
approximate time of twenty minutes, resulting itireal volume of 100 L of DNA from
each sample in Tris-EDTA buffer. After the remowil the eluates, the instrument was

cleaned with 70 % ethanol and decontaminated witheaty minute ultraviolet light sweep.

In experiments where manual and automated extrasdenples were filtered, as a
final step, the samples were passed through a Iodify Durapore® polyvinylidene
fluoride (PVDF) 0.22 um membrane by centrifugatias specified by the manufacturer
(Ultrafree®-MC centrifugal filter) [Millipore Billerica, Massachussetts, U$alf of each of
the filtered sample (50 uL) during DNA quantity agaality experiments was tested for the
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presence of contamination with bacteria, spore®xins. The remainder of the sample was
stored at -20 °C until DNA typing analysis. Duriting first testing of the protocol, the entire

volume (100 L) was tested during for each step of the extragpimtocol.

DNA quantification

DNA quantification, PCR amplification, and CE wectarried out at the RCMP
Forensic Laboratory in Ottawa. DNA was quantifiesing theQuantifiler® Human DNA
Quantificationkit (Applied Biosystems,Hoster City, CaliforniaUS)]). This kit detects only
human DNA in samples using gPCR with fluorescenetedtion. Briefly, theQuantifiler®
Human DNA Quantificationreaction mix (12.5 L/aliquot) and provided primers
(10 L/aliquot) were placed into the wells of a 96-wplate. Extracted DNA samples
(2.5 L/aliquot) were added to their respective wellgdsult in a total volume of 25L in
each well. A standard curve using control DNA sigiblby the RCMP (K566, [Promega],
40 ng/uL) was included on every plate. If quanéfion was not carried out immediately,
plates were stored at room temperature in the d#ige being sealed with MicroAmp®
Optical Adhesive Film [Applied Biosystems]. Othesej plates were centrifuged at
4,000 rpm for four minutes to remove bubbles frtva wells and were inserted into the 7500
RT-PCR system [Applied Biosystems] to provide raadocorrelated to the amounts of

human specific DNA in each well based on the stahdarve.

DNA amplification and preparation of amplified prod ucts

To proceed to the amplification step, the quantitypNA should be equal or more
than 0.250 ng. When samples needed concentratiogitade™ PCR Centrifugal Filter
Devices [Millipore] were used following the protdcoutlined in the corresponding user
guide, except that an & volume was used to recover DNA from the membunatieer than
20 L in order to truly concentrate DNA and obtain mmaxim DNA quantity for
amplification. Samples were diluted or concentragedthat each well contained a total of
0.5 ng of target DNA. To detect the pattern of SmRhe DNA samples, the AmpFTR™
Profiler Plus kit was used [Applied Biosystems].eT$upplied PCR Reaction Mix (5.1),
Profiler Plus Primer Set (3.0L) and AmpliTaq Gold™ DNA Polymerase (0.3) were

added to each well of the 96-well plate as recontedrby the manufacturer. For each
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sample, 6 L of DNA was added for a final reaction volume & 1L. Negative controls
wells were filled with Filtered Autoclave DistilleFAD) water and positive controls were
filled with a standard DNA (Gm 9947) from the Ptefi Plus Kit [Applied Biosystems].
MicroAmp™ Amplification Adhesive Film [Applied Biostems] was secured over the
wells and the plates were placed in thermocycleiRdsearch PTC-208{. Bruno, Québec,
Canadg or Bio-Rad C1000Mississauga, OntarioCanadd) and covered with a jelly mat.
Amplification was completed using the following tipg parameters: 95 °C, eleven minutes
followed with 28 cycles of denaturation for 60 seds at 94 °C, annealing of primers for 90
seconds at 59 °C and extension for 90 seconds &t.72 final extension at 60 °C for 75
minutes followed by an overnight incubation at rommperature was also included. The 96-

well plates were stored at -20 °C until ready t@abalyzed using CE.

Amplified products were prepared robotically forafysis on the 3100 CE unit using
the Tecan Freedom EVO® liquid handling workstati@®can Group Ltd., Nlannedorf,
Switzerlang). Plates were centrifuged at 4,000 rpm for fivénumes. HiDi Formamide
(20 L) and the internal standard GeneScan™ 500 ROX™' (D) [Applied Biosystems]
were loaded into each well of a 96-well CE platel &25 L of appropriate amplified
product was added. AmEBETR™ Profiler Plus Allelic Ladders (0.75L) [Applied
Biosystems] were included on each plate. Prioracherun, the tips of the liquid handling
system were cleaned with 70 % ethanol and a pmgetéist was performed to ensure that the
instrument was dispensing accurately. CE plate® weated at 95 °C for five minutes and
cooled at 4 °C for three minutes, centrifuged, theaded onto the CE 3130X Genetic
Analysis instrument [Applied Biosystems] followilRICMP procedures to derive the sizes of
the amplified products. After each run, the instemtntips were cleaned with bleach solution
(2 % sodium hypochlorite).

Interpretation of capillary electrophoresis results
Results were interpreted by RCMP NDDB DNA AnalyBeggy Philion, using

Genescan v.3.7 and Genotyper® v.3.7 software paskdépplied Biosystems]. The
GeneScan™ 500 ROX™ internal standards were useg&be a standard curve from which

was extrapolated the size of each amplified STRnfients. Genotyper converts estimated
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size into allele designation using AmMPHFR™ Profiler Plus Allelic Ladders. The
electropherograms produced by the CE were analgsddtermine the number of repeats in
the selected STR from the amplified human DNA. NBIER loci on various regions of
human chromosomes are routinely included in amalgsthe RCMP: D3S1358, vWa, FGA,
D8S1179, D21S11, D18S51, D5S818 and D13S317 andBZw/$Table 2). The gender
determining region (amelogenin) is included to detee the gender of the donor of the
biological sample. The quality of the DNA profilesgas assessed by examining the slope of
the profiles, which is indicative of DNA degradaticor PCR inhibition. Slope was
determined by dividing the area of the peak (horgomg) or peak averages (heterozygous)
of the shortest STR locus (D3S1358) to the lar§@®R locus (D18S51). A positive DNA
control, provided in the AmPBTR™ Profiler Plus kit [Applied Biosystems], andi@gative

control were included for each analysed CE plate.

Statistical Analysis

For each experiment, various volumes of blood (0,D.5 pL and 1.0 pL) from two
donors were run in parallel, each divided into montaminated and contaminated samples.
The entire set was run in duplicate. Buccal swabsewveollected from one donor and were
divided into contaminated and non-contaminated $ssnpand were prepared in
guadruplicate. Every experiment was repeated &t ldgiee times. Results from all three
experiments were pooled for statistical analysexfggmed with Microsoft Office Excel
2007 software. Standard deviations (STDEV) wereutated for each set of extraction
samples. A two tail paired Student T-test was peréal to compare results from the
different extraction methods. If the p-value watobe0.05, the variations between samples
were considered significant, and if the p-value ved®ve 0.05 the variations between

samples were not considered significant.
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CHAPTER I
RESULTS




The overall goal of the project was to further euderize the proposed methodology
for removal or inactivation of bacteria and spofesn biological human samples. This
included testing of the protocol to remove toximantamination in biological samples

without compromising the quantity and quality ofiran DNA.

Preliminary experiments

The project was designed to include the compar&foDNA extraction using Kits,
designated as manual and automated, from two diffemanufacturers. In both cases, all
reagents for DNA extraction are provided and magrniatads are used to isolate DNA. It
was suggested that samples in early stage of theegs could be harmonized to limit the
number of samples. Currently, the RCMP uses a fspduiuffer for the lysis of cells
contained in collected biological samples using ariant of the manual system.
Consequently, it was decided to test the performawicthis buffer with the automated
system. The experiment consisted of comparing tlantity and quality of extracted DNA
with the automated protocol using the RCMP lysi$fdsuor the buffer provided with the
automated kit, called G2 [Qiagen]. As a control, MMas extracted using the manual
protocol [Promega] using only the RCMP lysis buff€his buffer was prepared by mixing
100 mM NacCl, 10 mM Tris HCI (pH 8.0), 10 mM EDTA,50% sarkosyl and 40 mM DTT.
The G2 buffer formulation was 800 mM Guanidium clde-HCI, 30 mM Tris-HCI
(pH 8.0), 30 mM EDTA (pH 8.0), 5 % Tween-20 and 5T4ton-X100. Proteinase K
(8.7 puL) was added to both buffers to result imalfconcentration of 1.2 mg/mL.

DNA extraction was performed in two trials, as alpninary experiment, from
varying volumes of blood (0.01 pL to 50 pL) appliedto cotton swabs and buccal swabs
obtained from two different donors, and was settaumave parallel duplicate samples for
each extraction method. All samples were suspendethe desired lysis buffer with
proteinase K and incubated overnight at 56 °Crpa®NA extraction.

The resulting DNA samples were quantified and shecess of STR analysis was
used as a measure of DNA integrity. Figure 3 shthesstandard curve of DNA guantity
used to calculate the amount of DNA in samples.lgpes of -3.3 indicates 100 % PCR
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amplification efficiency for the assay, and thevlue measures the closeness of fit between
the standard curve regression line and the datagyavith 1.00 being a perfect fit. The mean
amounts of DNA isolated from four samples usingedént buffers with the automated
system are shown in Table 3A. For all volumes afoldl and buccal swabs, except for
0.01 L blood with the G2 buffer, the automated systeeldgd amounts of human DNA
equal or above the threshold of 0.250 ng (minimumownt needed to proceed with
analysis), regardless of the buffer used. Surgiginthe amount of DNA was greater for
samples processed with the RCMP buffer, comparedet@s2 buffer, with the exception of
the smallest volume of blood (0.1) and buccal swabs. No statistical differencesewer
observed between samples extracted with eitheebuil samples were processed for STR
profile development. When analyzing the succesSTR detection with DNA isolated by
the robot in either buffer, the DNA purified wittheg RCMP lysis buffer showed better
profile results (22 out of 24 samples), comparethéoG2 buffer (20 out of 24 samples). The
results are displayed as the number of samplediggela complete STR profile out of the
sample size of 4 (Table 3A, column labelled comgueS TR profiles). Based on the DNA
extraction results, it was decided to use the RA#B buffer, which will be henceforth

referred to as lysis buffer, in all experiments.

In these preliminary experiments, comparison ofrtfaual extraction to automated
DNA extraction indicated that the amounts of DNA&Igied by the latter were greater for all
samples (Table 3B). Significant statistical diffetes were observed for all types of samples.
The automated process also resulted in less dagmadd DNA, as shown by fewer partial
profiles numbers and a greater number of completediles, 22 out of 24 samples,
compared to the manual extraction where only 13a6#4 samples were successful. This
difference might be due to variations in the com@ion of magnetic beads that capture the
DNA in the two kits, but also could be due to &la¢ accuracy in the manual kit, which is

dependent on the skill of the person carrying batwork.

It was noted during these preliminary experimetizgt the 10 and 50 pL blood
volumes were too concentrated and required sigmificlilution to achieve DNA collection

during amplification. The same was needed for thechl swab samples. It was also found
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that the volume of 0.01 pL vyielded inconsistentulss with DNA quantities that were
generally close to or below the RCMP threshold @50 ng. For this reason, the standard
volumes of blood used in all further experimentsev@.1 pL, 0.5 uL and 1 pL. Buccal
swabs were kept as part of the analysis to diweteé type of DNA samples, even though

the results were inconsistent.

FIGURE 3 Standard curve for DNA quantification. Cy: threshold cycle of a specified
amplification plot that occurs when the fluorescentsignal increases beyond the
value of the threshold setting. DNA concentration anged from 32 ng/uL to
0.0156 ng/uL.
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TABLE 3 Effect of various lysis buffers (RCMP and G2) cordining proteinase K on
amounts of DNA isolated (ng) and amplification sucess using manual and
automated DNA extraction methods.

A) Comparison of DNA extraction using two buffers (RCMP and G2) plus the addition of
proteinase K (1.2 mg/mL) with the automated protocb

AUTOMATED AUTOMATED
Average DNA | Completed Average DNA | Completed
Sample Buffer quantity STR Buffer quantity STR
(ng £ STDEV) profiles (ng + STDEV) | profiles
Blood G2 | 218.1+126.9 4/4 RCMP 4889+ 771 4/4
(50 pL)
Blood G2 | 537+11.4 4l4 RCMP|  90.4 + 10.6 4l4
(10 uL)
Blood G2 4.18 + 1.50 3/4 RCMP|  7.38 + 4.63 4/4
(1 pL)
Blood G2 | 065+0.18 3/4 RCMP|  1.75+0.23 414
(0.1 pL)
Blood
©.01 ul) G2 0.20 +0.10 2/4 RCMP | 0.25+0.08 2/4
Buccal swab| o, | 557941080 4l4 RCMPA  186.8+108.9 414
(unknown)

Bold red = amount below the threshold of 0.250 ng; p = paidl profile. (n=4).

B) Comparison of two extraction methods (manual and a@mated) with the chosen lysis

buffer (RCMP).
MANUAL AUTOMATED
Average DNA | Completed Average DNA | Completed
Sample Buffer quantity STR Buffer quantity STR
(ng) profiles (ng) profiles
Blood 3/4
RCMP 3.70 £ 0.58 RCMP 4889+ 77.1 4/4
(50 pL) (1p)
Blood | pemp | 0.70+ 0.68 3/4 RCMP|  90.4 +10.8 4/4
(10 pL)
8":1?_‘; RCMP| 0.38+0.28 414 RCMP|  7.38 +4.63 414
Blood 0/4
RCMP 0.23+0.03 RCMP 1.75+£0.23 4/4
(0.1 pL) (1p)
Blood
(0.01 pL) RCMP 0.15+0.10 1/4 RCMP 0.25+£0.08 2/4
Buccal swab| poyp | 133+ 16.8 2/4 RCMP | 186.8+108.9 4/4
unknown) (2p)

Bold red = amount below the threshold of 0.250 ng; p = padl profile. (n=4).
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Establishment of extraction method

Based on the preliminary experiments, the followprgtocol was generated for
subsequent experiments (Figure 4). Blood samptes fvo donors were diluted to produce
samples of 0.1 pL (10 pL of 1:100 blood dilutio@)5 pL (10 pL of 1:20 blood dilution) and
1 pL (10 pL of 1:10 blood dilution). Duplicate salepfrom each donor were placed directly
on a sterile cotton swab and left to air-dry ontaile Petri dish with a DNA contamination-
free surface for an hour, resulting in a total wklve samples. As buccal swabs were
collected from only one donor, four rather than tveplicates of a single dilution were
generated. For each set of experiments, there werecontaminated samples and
contaminated samples, established with the addiiod00 pL of the bacterial agent or
10 pL of a toxin prior to the drying step. In akperiments, the following controls were
included: two negative controls (blank swabs), alswith the selected biological agent but
no human sample, and whole blood swabs withoutacoimation. After drying, swabs were
placed in sterile tubes, and lysis buffer (341.3 phd 50 mg/mL of Proteinase K (8.7 uL)
were added. Tubes were incubated overnight at 56ah@ then the lysate sample was
separated from the swab by centrifugation (9,300 ainutes) through a spin basket. The
swab was then discarded and ¢/ L cRNA was added to each lysate. Equal volumes
(150 pL) were then processed by the manual or aatesmmethod in most experiments.
Finally, DNA eluates were passed through a 0.22 filter by centrifugation prior to
guantification and STR profile development as désd (Hause, 2007).
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FIGURE 4 Proposed methodologies for contaminated DNA extraitn and purification
using modified protocols from manual or automated INA extraction.
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Confirmation of loss of infectivity

Human DNA samples must be free of material thattha potential to be harmful to
forensic analysts in order to be processed in @nfic laboratory. The first objective of this
project was to confirm whether the preliminary paul developed for the removal of
infectious bacteria and spores by the addition fitration step after the extraction of DNA
could eliminate or inactivate selected infectioustenial. It had been shown that the
integration of a filtration step to the DNA extriet procedure currently used in forensic
laboratories yielded safe DNA suitable for humaaofiping (Hause, 2007). However, it was
not established whether the filter was really these of the removal of the selected bacteria,
which wereBacillus subtilis Staphylococcus aureu®seudomonas aerugingsBacillus
anthracis Yersinia pestisand Francisella tularensis The completed experiments showed
that incubation at temperatures as high as 95 &l ¢cwt guarantee complete inactivation of
bacteria and spores, but it is unclear if the oiteps in the DNA extraction process could
reduce or remove the presence of these pathogens.

The various steps in the DNA extraction process degsigned to denature and
eliminate proteins. Hence, it seemed likely thatedtivity of bacteria could be lost
throughout the procedure. To test this, experimemte prepared as described below with
the intention to determine at which step of theawmtion the infectivity was reduced or lost.
For these experiments, 1 pL blood samples wereapeepon cotton swabs, as previously
described, and then Bacteria or 19spores were added to the swabs and were dried. Thi
amount was chosen to test a higher concentratidracteria than had previously been used
(Hause, 2007). In addition, higher numbers of sparebacteria may be mimic what might
be expected in a situation where large amounts adtelbia or spores were being
manufactured in a bioterrorist's laboratory. Forgew®tive bacteria,Pseudomonas
aeruginosa Staphylococcus aureusnd Yersinia pseudotuberculosisvere chosen as
representative Gram-negative and Gram-positiveebacty ersinia pseudotuberculosigas
used as a surrogate féersinia pestisFor the examination of bacterial spores, twoirssraf
Bacillus anthracisvere used. The Sterne strain is of low virulendaiJerhe bovine strain is

highly virulent.
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It was necessary to prepare stocks to be useckémlirsy blood and buccal samples.
Growth curves for vegetative bacteria were esthbtls which would allow for the
assessment of infectious CFU from the OD measureate®00 nm. For this purpose, the
OD of samples taken at hourly intervals was plotigdinst CFU of the same samples to
generate a growth curve for a future seeding use. résults are shown in Figure 5 for
Staphylococcus aureum Figure 6 folPseudomonas aeruginosad in Figure 7 folersinia
pseudotuberculosisThe amount of vegetative bacteria added to thepka swabs was

calculated using these growth curves to obtainnaouat of 18 bacteria per sample.

——

]
511



FIGURE 5 Growth of Staphylococcus aureusluring the first 48 hours of culture of in
tryptic soy broth at 37 °C. (n=3). Doted line = almrbance values (ORyy) base on

the number of counted colonies in a logarithmic famat (Log CFU/mL); Black
line = exponential growth.
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FIGURE 6 Growth of Pseudomonas aeruginosduring the first 48 hours of culture in
tryptic soy broth at 37 °C. (n=3). Doted line = almrbance values (Oyy) base on
the number of counted colonies in a logarithmic famat (Log CFU/mL); Black
line = exponential growth.
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FIGURE 7 Growth of Yersinia pseudotuberculos during the first 72 hours of culture in
tryptic soy broth at 37 °C. (n=3). Dotéd line = absorbance values (GCg0) base
on the number of counted colonies in a logarithmidormat (Log CFU/mL);
Black line = exponential growth
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To determine at which stage(s) of the DNA extractfiootocol the samples were safe
for processing, whole samples (100 uL) were te&tedhe presence of the contaminant at
the following stages: 1) after the overnight lyats56 °C in buffer with proteinase K; 2) at
the end of the DNA extraction but before filtrati®) at the end of the DNA extraction but
after filtration. In addition, swabs were testeteafncubation at 56 °C in PBS (without lysis
buffer), when filtration was carried out prior toNB extraction, and when filters were

compromised.

As can been seen in Table 4, all three bacteria wessdily inactivated during the
first step of the extraction process, which wagwagrnight incubation at 56 °C in lysis buffer
plus proteinase K. Furthermore, it was revealed tiv@ overnight incubation at 56 °C was
enough to eliminate infectiouStaphylococcus aurewend Pseudomonas aeruginogeom
samples, but was not enough for one sample congedwithYersinia pseudotuberculosis
For samples that underwent the DNA extraction vatid without filtration, no growth was
observed out of the eighteen samples following Dbbjpture. In previous experiments,
filtration before incubation at 56 °C failed to rewe infectious material from one out of nine
samples (Hause, 2007). However, subsequent exaamnat the filter indicated that the
filter had been damaged during pipetting (Haus®720Indeed, deliberate damage to the

filter before incubation resulted in growth of séimples (9 samples).

TABLE 4 Loss of infectivity of Staphylococcus aureys Pseudomonas aeruginosaand
Yersinia pseudotuberculosiat various stages of the DNA extraction process.

Staphylococcus Pseudomonas Yersinia
aureus aeruginosa pseudotuberculosis
(CFU)* (CFU)* (CFU)*
Positive growth control 150/ 150/ 150 | 150/ 150/ 150 | 150/ 150/ 150
After O/N freeze (aliquot) 150/ 150/ 150 | 150/ 150/ 150 | 150/ 150/ 150
O/N incubation at 56 °C 0/0/0 0/0/0 4/®/
O/N cell lysis at 56 °C 0/0/0 0/0/0 0/0/
DNA capture 0/0/0 0/0/0 0/0/0
After filtration 0/0/0 0/0/0 0/0/0
Filtration before incubation 0/0/0 0/0/0 150**/0/0
Tampered filter before incubatign 145/133/139 421142/ 150 150/ 146/ 150

0 = no growth; O/N = overnight. (n=3).
*Assessed by plating aliquots in triplicate on TS/Aplates after indicated treatment.
** Eilter was damaged during pipetting.
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Spores were expected to be more resistant to heatha lysis buffers, based on the
known resistance of spores to extreme conditiond, feom previous work (Hause, 2007).
Spores from twadBacillus anthracisstrains were applied to human biological sampies i
order to obtain 1D spores per sample, and infectivity was assesseith #ise previous
experiments. The results in Table 5 show that anbation at 56 °C alone had a small effect
on the number of infectious spores, but an incobat the presence of the lysis buffer with
proteinase K reduced the number of spores presgnapproximately four-fold when
compared with heat alone. A further growth reductiof approximately ten-fold was
observed for samples that underwent the completé RBEpture. However, growth of
Bacillus anthraciswas still observed in all twelve samples after ¢l&raction process. No
growth was observed before and after filtratiomhia twelve samples exposed to both strains
of Bacillus anthracis Therefore, the final filtration step was necegstr remove all
infectious spores in these samples. To prove thates were captured by the filters, the
filters were placed in TSB to allow growth and ravéhe presence of infectio®acillus
anthracis. Thus, it was concluded that when forensic samples acontaminated with
unknown infectious agents, the filtration step ssemntial to ensure the elimination of spores

prior to the analysis of the DNA. The filtratioreptwas kept for all subsequent experiments.

TABLE 5 Loss of infectivity of Bacillus anthracis spores at various stages of the DNA

extraction process.

Bacillus anthracis Bacillus anthracis
Sterne strain NML 03-0191
(CFU)* (CFU)*
Positive growth control 150/ 150/ 150 150/ 150/ 150
After O/N freeze (aliquot) ND 150/ 150/ 150
O/N incubation at 56 °C ND 124 /109/131
O/N cell lysis at 56 °C 45 /34 [ 37 31/42/]32
DNA capture 4/4/3 3/413
After filtration 0/0/0 0/0/0
Filtration before incubation ND 0/0/0
Tampered filter before incubatign ND 150/ 150/ 150

0 = no growth; O/N = overnight; ND = not done. (n=R
*Assessed by plating aliquots in triplicate on TS/Aplates after indicated treatment.
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Verification of toxin denaturation

Toxins are biological poisons that generally amalsé molecules, such as lipids,
peptides or proteins. Therefore, the filtrationpsteould not be efficient at trapping the
toxins. However, as toxins are mostly proteinacemubpid in nature, the incorporation of
detergent (SDS, DTT and sarkosyl) and proteinase tke lysis buffer should inactivate or
degrade toxins prior to DNA extraction. To confitims, the presence of various toxins
seeded into human samples was verified at varitages during the DNA extraction
process. For these experiments, the approach vasjtmt blood samples of 1 pL onto three
cotton swabs for samples to be treated with heaiea{56 °C) or with lysis buffer, proteinase
K and heat. Immediately after an hour of air-dryit§ pL of a designated toxin dose were
added to the swab, and dried for an additional .hboxins were added to samples at a range
of concentrations that would be toxic or lethalitalividuals handling the samples, as
determined from the L. This range varied for each toxin. A set of sampleat had been
seeded with a single dose of toxin, and have babmited to the complete DNA capture

and filtration were also included.

The first toxin tested was BoNT/A. The gPfor BoNT/A is 0.001 pg/kg when
aerosolized, and 1 pg/kg when ingested. For anageeperson, the dose that would Kill
50 % of adults exposed by the aerosolized toxinldvtne approximately 80 ng, and over
60 ug by ingestion. Blood samples were contaminatigal quantities of the toxin ranging
from 0.05 to 50 pg. Samples were incubated ovetragh6 °C in the absence or presence of
the lysis buffer plus Proteinase K, then assayedhe presence of the toxin. Because the
amount of toxin used in the experiments was asdsW0 ng, BONT/A was assayed using a
commercial ELISA kit capable of detecting quanstes low as 0.1 ng. Six filtered samples
that had originally contained 1 pg of the toxin ahét had undergone complete DNA

capture were also tested for the presence of #ie.to

The absorbance values for samples with varioustdigsnof the toxin are presented
in Table 6. The Plus/Minus (+/-) ELISA format usasositive row of capture antibody
above a negative row of normal, same species attib®he minus result can be subtracted
from the plus result to produce a value that shoefiéct specific reactivity. The cut-off for
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positivity in this assay, as suggested by the nemtufer, is determined by adding three
times the standard deviation to the mean of thatnegcontrol well containing no antigen,
then adding 0.150 to this value. The standardec(iiaxin alone) was a positive control for
the ELISA, and was used to determine the absolud@tity of toxin detected after extraction

treatments, as shown in Figure 8.

The amount of detectable BONT/A in blood decreaseshmples incubated at 56 °C
in the presence of detergent and proteinase K belwsvLD;, value, which would not be
toxic to anyone. However, the negative controlsdue set the threshold for the assay
created an unexpectedly high background, and threrene cannot make clear conclusions

about whether or not toxic doses would still bespre in the samples.

It was not clear from these observations whetherndxin was degraded during the
overnight incubation to the extent that the sampleslld be safe for analysis. Further
extraction steps seemed to demonstrate an additredaction below the LB (DNA
capture), but again a high background nullifiedsthassumptions. The presence of blood in
this assay interfered with the specificity of th€l&A and the detection of BoNT/A.
Subsequently, the results obtained in Figure 8 wer@nclusive even though the absorbance
obtained for some samples was very low and simdathe absorbance obtained in the
blanks, which corresponded to the limit of detetid the ELISA kit (1 to 2 ng/mL).
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TABLE 6 ELISA detection of botulinum toxin A in seeded blod samples at various steps
in DNA extraction.
1 2 3 4 5 6 7 8 9 10 11 12
Toxin
added | 50.0 | 25.0 | 125 | 6.25 | 3.13 | 156 | 0.78 | 0.39 | 0.19 | 0.10 | 0.05 | 0.00
(Hg)
Standard Curve (Toxin alone)
+ 0,320 | 0,318| 0,340 0,322 0,266 0,296 0,260 0,153 170,1 0,094 | 0,069 0,054
- 0,198 | 0,184| 0,162 0,152 0,233 0,164 0,112 0,078 53,1 0,096 | 0,067 0,053
Diff. | 0,122 | 0,134| 0178 0,170 0,033 0,132 0,148 0,075 000,0 0,000 | 0,002] 0,001
Toxin mixed with blood (Untreated)
+ 0,274 | 0287| 0,261 0,281 0249 0,207 0,178 0,142 18,1 0,110 | 0,060/ 0,021
- 0,369 | 0,436| 0,346 0,394 0500 0,389 0,383 0,385 450,1 0,131 | 0,059 0,027
Diff. | 0,000 | 0,000/ 0,000 0,000 0,000 0,000 0,000 0,000 000,0 0,000 | 0,001 0,00Q
Toxin
added | 50.0 | 25.0 | 125 | 6.25 | 3.13 | 156 | 50.0 | 25.0 | 125 | 6.25 | 3.13 | 1.56
(Hg)
Heat 56 °C Lysis Buffer + Proteinase K + 56 °C
+ 0,243 | 0,297| 0,246 0,216 0,241 0,239 0,144 0,179 400,1 0,080 | 0,030/ 0,000
- 0,225 | 0,301| 0,238 0,190 0232 0,338 0,128 0,118 140,1 0,080 | 0,010/ 0,000
Diff. | 0,018 | 0,000/ 0,008 0,026 0,000 0,000 0,016 0,061 260,0 0,000 | 0,020, 0,00Q
Toxin
added | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
(Hg)
DNA Capture Negative controls
+ 0,026 | 0,027| 0,013 0,014 0064 0,035 0,083 0,011 7400 0,065 | 0,021| 0,011
- 0,088 | 0,077| 0,014 0,012 0061 0,039 0,081 0,011 7200 0,098 | 0,021| 0,013
Diff. | 0,000 | 0,000 0,000 0,002 0,008 0,000 0,002 0,000 020,0 0,000 | 0,000/ 0,00Q

Numbers represent OD values at 405 nm. (+) = weltoated with capture antibody; (-) = wells
coated with non specific antibody (background); Dif. = difference between the positive row and
the negative row; Negative controls = wells with ntoxoid added. (n=1).
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FIGURE 8 Measured amount of botulinum toxin A based on thestandard curve

and the absorbance obtained at 405 nm with the speephotometer
determined by ELISA. Standard Curve = toxin alone; Untreated =
Toxin mixed with blood without treatment; Heat = Toxin mixed with
blood incubated at 56 °C alone; Lysis Buffer + pratinase K + Heat =
toxin mixed with blood incubated at 56 °C with lyss buffer and

proteinase K; DNA capture = extracted DNA with toxn. (n=1).
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The second toxin in the study was the SEB. Theolf®r SEB is 0.03 pg/kg for
aerosol exposure (Dingest al., 2000; Kendallet al., 2008; Robertset al., 2000), and
1.7 mg/kg for oral ingestion (Rusnak et al., 20@#grefore, doses of SEB ranging from
0.001 to 10 pg were chosen. These larger amountslikely to be detected by SDS-PAGE,
as the detection limit of Coomassie staining isortegd to be 50 to 100 ng
(EverythingBio.com, 2007). Serial dilutions of ttexin were subjected to a 12.5 % SDS-
PAGE, and stained. As shown in Figure 9, which shawesults from one of three
experiments, only the largest quantities of SEBufj0and 1 pg, were clearly visible at the
expected size of 28 kDa although a faint band wasemt for the 0.1 pg quantity. Amounts
of blood used in the previous experiments were thixegh the toxin to observe the effect of
detection and degradation after incubation in ¢gdis buffer. Blood mixed with toxin
showed a smear of proteins, with a large band leigib28 kDa, which could be the toxin, or
a mix of toxin and blood proteins. Incubation irsify buffer overnight at 56 °C with
proteinase K eliminated all proteins in the sampiegh no indication of the continued
presence of toxin. The same results were foundl ithi@e experiments. Thus, these results
show that amounts of SEB as high as 10 pg are dedrduring the lysis phase of DNA
extraction. Any residual SEB undetected by the Cassie staining would be below the
toxic dose.
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FIGURE 9

Elimination of staphylococcal enterotoxin B by inabating at 56 °C in
lysis buffer and proteinase K, as detected by Coorsaie blue after
12.5 % SDS-PAGE. Sensitivity of Coomassie Blue = 5@ 100 ng;
MWM = Molecular weight markers; SEB = toxin alone dluted in sterile
water; SEB + Heat = SEB mixed with 10 pL blood, ingbated overnight
at 56 °C in buffer as indicated. Results are repremtative of three
experiments (n=3).
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The third toxin that was chosen was ricin. Thesd.Bf ricin for humans when
aerosolized is 2.7 pg/kg, which corresponds to sedof approximately 216 pg for an
average person of 80 kg. Because of the restristi@equisition of this toxin, it was decided
to substitute a ricin toxoid in these experimeAtssbefore, blood samples were contaminated
with varying quantities of the ricin toxoid rangifigom 0.1 to 100.0 pg. The amount of
toxoid available for these experiments was limitadd the toxoid quantities added to the
samples are below the lethal dose. At various stgpaples were tested for the presence of
the toxoid, including samples seeded with 3 pgogbid, based on LE, which underwent
the full DNA capture process. An ELISA kit was dabie for the detection of ricin. As the
toxoid had only two amino acid differences in thkér compared to ricin, it was expected
that this kit would also detect the toxoid. LikeetBLISA for BONT/A, this is a capture kit
with control wells that have a non-specific antipadternating with rows containing a ricin-
specific antibody. Ricin specific reactivity is danined by subtracting the OD values of the
negative wells from the positive wells. The thrddhor positivity was determined to be an

absorbance of 0.513 as described above.

As shown in Table 7 that for the standard curvetoxdin alone, or toxin in the
presence of blood, there was ricin specific re@gtivas indicated by the OD values in the
rows labelled as “Difference”. Based on the staddamrve of toxoid in blood, the limit of
detection of the assay is below 0.1 pug. As revealeBligure 10, the incubation at 56 °C
alone or with the lysis buffer with proteinase kgdeded the toxoid to levels below the 4D
During the lysis treatment of the toxoid, the absoice of toxoid was lowered from the
guantity measured at 100 pg to the absorbance meshati 0.4 pg (12 samples) (Table 7).
Similar results were observed with heat only (12ngl@s). Based on the literature,
prevention of toxicity of ricin can be achieved activating the toxin at 70 °C; the
temperature at which the ricin protein irreversibhyffolds (Barne®t al.,2009; CDC, 2010).
Since this is a recombinant ricin toxoid containgygra amino acids in the linker between
the two subunits, the temperature needed to iretetithe protein could have been lowered.
It is important to note that a simple overnight thieeatment at 56 °C in sterile water might
not inactivate the actual toxin. Additional stepshe DNA extraction process did not further
reduce the amounts of toxoid. The decrease in basoe from some of the samples could
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be explained by the fact that during the processutdmation of DNA isolation, some of the
lysate was left behind, along with the toxic protelhe absorbance was high compared to

the proposed limit of detection of the commercibIFA kit for ricin (30 to 40 pg).

Based on the literature, degradation by the deme¢rgied the proteinase K during an
overnight incubation at 56 °C has been shown tativete the toxicity of the studied
proteins (Dale & von Schantz, 2007). Indeed, prate¢ K is a broad-spectrum serine
protease with a carboxyl group of aliphatic andr@atic amino acid as its predominant site
of cleavage (Qiagen, 2009). Therefore, the DNAaotion methodology does not need to be

modified to deal with the presence of toxins.
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TABLE 7 ELISA detection of recombinant ricin toxoid in seeled blood samples at various
steps in DNA extraction.

1 2 3 4 5 6 7 8 9 10 11 12

Toxoid
added | 100.0| 500 | 250 | 125 | 63 | 3.1 | 16 | 08 | 04 | 02 | 01 | 0.0
(19)

Standard Curve (Toxoid alone)

+ 2,645 | 2,660 2,590 2,530 2860 2,570 2,330 2,480 001,6 0,790| 0,630| 0,427

0,753 | 0,730 0,870 0,990 0,470 0,440 1,000 1,470 501,440,630| 0,080 0,406

Diff. 1,892 | 1930 1,720 1540 2390 2,130 1,330 1,010 500)10,160| 0,550 0,014

Toxoid mixed with blood (Untreated)

+ 2,406 | 3,040, 2,690 2,600 2620 2,200 2,040 2,50 802,01,310| 0,570 0,300

- 1553 | 1,450 1,350 1,520 1,630 1,430 1,50 1,270 501,20,740| 0,690, 0,119

Diff. 0,853 | 1,590f 1340 1,08) 0990 0,720 0,540 1,480 300,80,570| 0,000; 0,181

Toxoid
added | 1000 | 50.0 | 25.0 | 125 | 6.3 3.1 | 1000 | 50.0 | 25.0 | 125 | 6.3 3.1

(19)

Heat 56 °C Lysis Buffer + Proteinase K + 56 °C

+ 0,956 | 1,460f 1,250 1,200 1,390 1,1%0 1,090 1,110 601,00,360| 0,170 0,247

- 0,761| 0920, 1,179 1,180 1,160 1,260 1,250 0,880 501,3 0,120| 0,230 0,143

Diff. 0,195| 0,540, 0,080 0,000 0,230 0,000 0,000 0,230 000,0 0,240| 0,000[ 0,099

Toxoid
added 3.0 3.0 3.0 3.0 3.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0

(1))

DNA Capture

Z

egative controls

+ 0,938 | 0,500, 0,930 1,100 1,350 1,00 1,090 ,280 101,0 1,050 0,340 0,799

0,760 | 0,370| 0,780 1,010 0,95 0,910 0,900 ,020 500,8 0,866 | 0,280 0,645

=

Diff. 0,178 | 0,130/ 0,150 0,090 0,400 0,160 0,190 ,260 600/1 0,184 | 0,060 0,154

Numbers represent OD values at 405 nm. (+) = weltoated with capture antibody; (-) = wells
coated with non specific antibody (background); Dif. = difference between the positive row and
the negative row; Negative controls = wells with ntoxoid added. (n=1).
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FIGURE 10 Measured amount of recombinant ricin toxoid basedn the standard

curve and the absorbance obtained at 405 nm with &
spectrophotometer determined by ELISA. Standard Cuve = toxoid
alone; Untreated = Toxoid mixed with blood withouttreatment; Heat =
Toxoid mixed with blood incubated at 56 °C alone; ksis Buffer +
proteinase K + Heat = toxoid mixed with blood inculated at 56 °C with
lysis buffer and proteinase K; DNA capture = extrated DNA with
toxoid. 50LDspwas too high to illustrate compare to the rest oftte data.
(n=1).
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To summarize the findings, early steps in the steghdDNA extraction methods
eliminated infectious bacteria and degraded somxagp but bacterial spores survived.
Hence, a final filtration step is necessary to emsemoval of infectious material. These

results are summarized in Table 8.

TABLE 8 Fate of spores, bacteria and toxins duringthe various steps of DNA isolation

using the manual and automated extraction technique

Bacillus Yersinia Staphylococcal Botulinum | Ricin
anthracis | pseudotuberculosis enterotoxin B| toxin A | Toxoid
Positive growth control | +++ +++ +++ +++ +++
After h(?gél?(c::;banon o+ + ND (9) X
Cell lysis ++ X X (?) (?)
DNA capture +
After filtration X

Detection of biological agents was done by growthsaay on TSA for bacterial spores and
vegetative bacteria and by SDS-PAGE or ELISA for tgins. Experiments were repeated 3
times. X = biological agent has been degraded ofirainated; (?) uncertain; + = varying
guantities from large amounts (+++) to small amourg (+) of the selected pathogen based on
previous tables.
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Manual versus automated extraction

The third objective of the thesis was to compaeeghantity and quality of the DNA
extracted using two distinct methods, either mamrahutomated DNA extraction. The
efficiency of the techniques were first comparedthe absence of contamination with
selected biological agents, and then in the presehthe agents. The following experiments
were also designed to determine the effects oketlgents on DNA yields and human STR
profile development. The earliest experiments,irigsthe use of the two lysis buffers to
extract DNA from uncontaminated blood, suggested tite automated system was better by
providing more DNA (Table 3B), and this has alserbsuggested by others (Bailetyal,
2003). However, it has been shown that differentagtion kits can influence the recovery
rates of DNA (Hoileet al., 2010). Furthermore, the persistence of matertads inhibit
magnetic bead DNA extraction may require that sas\pke processed by phenol-chloroform
DNA extraction which further decreases overall psxcefficiency (Barkham, 2006; Nagly
al., 2005; Pooret al.,2009). Additionally, when comparing methods, afliation in DNA
yields may be observed between donors, since tleiais of white blood cells in a control

volume of blood may differ. Therefore, the standdegliation may vary between trials.

For all these reasons, the comparison of the maamdhlautomated methods needed
to be repeated. Blood from two donors was preptyambtain duplicate samples from each
of three volumes of blood ranging from 0.1 to 10 (tdtal of 4 samples per volume). Buccal
swab samples were taken from a single donor, bu Wirided into four aliquots. All sets
of samples were set-up in parallel for extractismng the manual or automated systems. All
experiments were repeated three times to give 2 fofl each volume of blood or saliva
extracted by each method. In parallel, series aipdas were also established containing
10° bacteria per sample, or 10 uL of a single dosh@felected toxin. Positive controls and
negative controls as described previously wereugexd. All samples were air-dried, then
incubated in the lysis buffer with proteinase K iight at 56 °C in a water bath. The
remainder of the DNA extraction was carried outlescribed previously for the manual and
the automated methods. The final eluates contaiDiNg were quantified and analyzed at
the RCMP forensic laboratory. The human DNA qugntias determined by calculating the
average quantity of DNA (ng) isolated between denora final volume (100 puL) of elution
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buffer. See Appendix A for quantification standatdves. Finally, STR analysis was carried
out after half of the sample was tested for baakgmowth during the safety assessment.

The results of DNA extraction from uncontaminatachples in three experiments are
shown in Table 9. It appeared that the automaté&@&ion was more reliable and consistent,
as larger amounts of DNA were obtained. The yigldee more than tenfold-higher with the
automated method as compared to manual extraatidhe first three experiments. The
differences in amounts of DNA in the first experimhgvere all statistically significant, while
in the second experiment, the only significantediéhce was seen in saliva samples, and the
third experiment, differences between methods wetesignificant. DNA extracted by the
automated method had more success in profiling esetpto manual extraction. A higher
number of completed STR profiles across all theggeements, 73 out of 128 samples, was
obtained for automated extractions compared too23pteted profiles out of 128 samples for
the manual extractions (Table 9). However, in #terlexperiments, presented in Table 10, it
was observed that the amounts of DNA extracted taedcompleted STR profile quality
were comparable between manual (103 out of 144 lesnand automated methods (84 out
of 144 samples). In these experiments, amountd\# Bolated were equivalent for the two
methods between each of the volumes of blood, leu¢ still lower in samples extracted by
the manual method (average of ten-fold) for thenamkn quantity of epithelial cells in the
buccal swab, and these differences were signifit@nthe fifth and the sixth experiments.
Buccal swabs are inconsistent in the number o @alllected, compared to known amounts
of blood, although as already noted, the numbeeb$ in a given volume of blood can also

vary considerably.

Based on these experiments, it can be concluddgdibamanual method was less
consistent than the automated, but with practiee gfficacy of the manual method improved
to a point where the DNA yields equalled those ioleid using the automated protocol.
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TABLE 9 First evaluation of the manual extraction versus lte automated extraction by
comparing the quantity and quality of human DNA extacted from
uncontaminated blood and buccal swab samples for the trials.

Manual extraction Automated extraction
Average_DNA Completed STR Average_DNA Completed STR
Samples quantity rofiles quantity rofiles
(ng + STDEV) P (ng + STDEV) P
First DNA extractions
Blood
(1) 0.365 + 0.252 0/8 1.726 + 0.614 7/8
0.844 + 0.328 (4p) 2.688 + 1.060 (1p)
(C???lclj_) 0.073 + 0.114 0/8 0.000 + 0.000 4/8
' 1.317 + 0.997 (2p) 0.582 + 0.093 (1p)
(g'f‘;?_) 0.092 + 0.108 1/8 0.633 + 0.955 6/8
' 1.503 + 1.496 (2p) 0.268 + 0.192 (2p)
B(‘lj‘;]‘f(f]'osv‘y:;b 8.655 + 6.456 3/8 44.95 + 6.556 4/8
11.46 + 2.285 (2p) 155.3 + 52.58 (4p)
Second DNA extractions
Blood 0.191 £ 0.197 5.089 + 4.776 10/12
(1 L) 0.415 + 0.159 0/12 4,931 + 1.626 (1p)
0.296 + 0.360 3.236 + 1.425
Blood 0.103 + 0.063 1.521+1.106 7112
(0.5 L) 0.204 + 0.183 0/12 2.778 + 1.556 (1p)
0.273 £ 0.140 1.451 + 0.607 P
Blood 0.053 + 0.039 0.149 + 0.154
(0.1 pL) 0.192 + 0.098 0/12 0.385+ 0.135 0/12
0.096 £ 0.111 0.246 + 0.167
Buccal swab 2.394 £ 1.502 68.43 £ 39.06
(unknown) 0.909 + 0.506 7/12 71.50 £ 15.12 12/12
1.681 + 0.687 67.65 + 23.28
Third DNA extractions
Blood 91.03 + 81.39 9.575 + 3.632
(1 ul) 1.575 + 0.829 %ﬁ 4.800 + 0.616 er)z
25.25 + 12.84 P 8.050 + 2.525 P
Blood 13.17 + 18.93 4.625 + 0.854
(0.5 ul) 0.605 + 0.420 %ﬁ 3.325 + 1.132 %1?
5.050 + 3.436 P 0.940 + 1.310 P
Blood 10.52 + 15.79 1.675 + 0.359
(0.1 pL) 1.455 + 2.430 ?{% 0.898 + 0.482 A(lili
2.175 + 2.334 P 0.345 + 0.222 P
Buccal swab 83.75+73.84 6/12 7325+ 293.1
(unknown) 47.00 £ 33.06 (1p) 597.5 + 288.1 8/12
616.8 + 618.8 1173 + 130.5

DNA quantification are expressed as the average yiefrom two or three independent experiments, each
done with duplicate samples from each of two donorgn=12). Bold red = DNA amount below the
threshold of 0.250 ng. Numbers for DNA integrity reoresent the complete STR profiles of all extracted
samples. (p) = Partial profile.
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TABLE 10 Second evaluation of the manual extraction versuke automated extraction by
comparing the quantity and quality of human DNA extacted from

uncontaminated blood and buccal swab samples for the trials.

Manual extraction Automated extraction
Average_DNA Completed STR Average_DNA Completed STR
Samples quantity ofiles quantity rofiles
(ng + STDEV) P (ng + STDEV) P
Fourth DNA extractions
Blood 0.211 + 0.115 1.643 + 1.030 412
(1 L) 1.150 + 0.296 8/12 1.230 + 0.350 )
0.310 + 0.188 1.950 + 0.854 P
Blood 0.270 + 0.091 1.238 + 1.328 8/l
(0.5 pL) 1.625 + 0.350 5/12 0.540 + 0.128 1)
0.220 + 0.146 1.110 + 0.229 P
Blood 0.150 + 0.236 0.193 + 0.030
(0.1 pL) 0.144 + 0.061 ?{% 0.223 + 0.086 81?
0.348 + 0.212 P 0.169 + 0.110 P
Buccal swab 2.675+1.132 107.8 £ 75.94
(unknown) 114.3 + 39.31 9/12 88.50 + 37.05 12/12
19.00 + 4.690 312.5 + 55.00
Fifth DNA extractions
Blood 0.556 + 0.271 2.325 + 0.597 1112
(1 L) 1.514 + 2.132 11/12 2.423 + 0.537 1p)
2.320 + 4.515 4.908 + 1.435 P
Blood 0.705 + 1.014 8/10 1.210 + 0.196
(0.5 pL) 0.361 + 0.346 (10) 0.956 + 0.398 5/12
0.427 + 0.316 46.44 + 89.045
Blood 1.433 + 1.788 0.170 + 0.087
0.1 L) 0.291 + 0.249 Z% 0.262 + 0.219 ((){1")3
0.099 + 0.117 P 0.625 + 0.253 P
Buccal swab 10.54 + 3.623 176.6 + 71.85
(unknown) 23.40 + 9.156 12/12 323.3+121.6 12/12
11.96 + 8.648 217.1+ 147.1
Sixth DNA extractions
Blood 1.180 + 0.787 1.675 + 0.320
(1 ul) 0.715 + 0.452 1(2/ 1)2 1.025 + 0.481 %1?
4.820 + 8.790 P 1.303 + 0.467 P
Blood 0.895 + 0.822 0.958 + 0.169 212
(0.5 pL) 0.503 + 0.401 8/12 0.983 + 0.021 )
0.275 + 0.091 0.825 + 0.304
Blood 0.285 + 0.054 0.313+ 0.171 Ulo
(0.1 pL) 0.383 + 0.126 7/12 0.508 + 0.470 20
0.334 + 0.166 0.425 + 0.373 P
Buccal swab 166.0 + 87.47 625.0 £ 114.7
(unknown) 161.8 + 69.42 12/12 337.5 + 95.35 12/12
139.5 + 101.2 510.0 + 115.8

DNA quantification are expressed as the average yiefrom three independent experiments, each done
with duplicate samples from each of two donors (n=2). Bold red = DNA amount below the threshold of
0.250 ng. Numbers for DNA integrity represent the emplete STR profiles of all extracted samples.
(p) = Partial profile.
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Effect of short-term exposure to bacteria and toxis on DNA extraction

As mentioned previously, the two extraction methodse compared to each other
also using contaminated human samples. Blood ardabusamples were prepared as
described above with the additionP$eudomonas aerugingséersinia pseudotuberculosis

spores oBacillus anthracisor toxins, BONT/A, SEB or ricin toxoid.

In these experiments, comparisons were made bettiheemethods when samples
were contaminated, and also between uncontamiratddcontaminated samples. As with
the uncontaminated samples, with each experimenplated, the differences in DNA yields
and DNA integrity were less marked between the rahand the automated systems. In
Table 11, representing the earliest experimentntiraber of completed STR profiles with
DNA isolated by the manual extraction (1 out of glnples) was lower than with DNA
isolated using the automated version (11 out afat@ples). The lack of STR profiles for the
manually isolated DNA is likely related to the nuentof samples that did not meet the
0.250ng threshold, although DNA yields were nottistigally different for the blood
samples. Additionally, amounts of DNA from buccalabs extracted by the manual and
automated systems were statistically differentis e€xperiment. In Table 12, the number of
completed STR profiles were similar between the umhextraction (21 out of 48 samples)
and the automated extraction (28 out of 48 sampkas)l all samples met the RCMP
threshold for DNA vyield. Statistical analysis releshthat differences in DNA yield obtained
between extraction methods were significant for @h pL blood volume and the buccal
swab samples. Similar results were observed inelaB) Table 14, Table 15 and Table 16.

In the final experiment, the DNA isolated with theanual method was as good as
DNA isolated by the automated method using both smess of quantity and quality
(Table 17).

When DNA vyields and DNA integrity were examined ¢ontaminated samples
compared to uncontaminated samples, the presenesenidomonas aeruginosaemed to
have a negative effect on DNA even with the autechatystem where yields were generally
above the threshold (Table 11). When comparingXN@ yields from uncontaminated and
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contaminated samples extracted by the automatedoahetwo volumes of blood, 1 puL and
0.1 pL, and buccal swabs were statistically diffiérevith reduced amounts of DNA in
samples that had been contaminated with the bact&urthermore, the numbers of
completed profiles for uncontaminated samples (IR $rofiles) were higher than the
contaminated samples (11 STR profiles). The deer@athe DNA vyield could have been
due to the fact that bacterial DNA preferentiallpnded to the magnetic beads thus

competing with human DNA, and therefore reducirggdmounts of isolated human DNA.

When samples were contaminated wiflbrsinia pseudotuberculosishere was a
significant increase in the amounts of isolated Dbk all blood samples that were
contaminated compared to uncontaminated samplesievty, the number of completed
STR profiles was similar between uncontaminatedpéesn(23 completed STR profiles) and
contaminated samples (28 completed STR profiles)codtaminated samples had more
partial profiles (5 partial profiles) compared b tcontaminated samples (2 partial profiles).

In summaryPseudomonas aeruginobkad negative effects on the DNA quantity and
quality, whilstYersinia pseudotuberculosigd significant effects on DNA quantity in the
smaller volumes of blood, but the DNA could be ssstully interpreted via STR profiling.

These results suggest that various vegetative fimttave different effects on human DNA.

For blood and buccal swab samples contaminated Bathllus anthracispores, the
results demonstrated very few effects of the pmeserf spores on the DNA vyield and
integrity (Tables 13 and 14). When comparing theADhelds from uncontaminated versus
contaminated samples extracted using the autonpatembdure, no significant differences
were observed. The number of completed STR profdeshe contaminated samples were
similar (70 out of 80 samples) compared to theij@®fin the absence dacillus spores
(68 out of 80 samples). Therefore, the short teresence of spores did not negatively affect

the extraction of human DNA.
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TABLE 11 Quantity and quality of human DNA from uncontaminated samples and
contaminated samples withPseudomonas aeruginosd 0’ bacteria/sample) The
samples were subjected to either extraction methdwr three trials.

Manual extraction Automated extraction
Average_DNA Completed STR Average'DNA Completed STR
Samples guantity rofiles quantity rofiles
(ng + STDEV) P (ng + STDEV) P
Uncontaminated Samples
Blood 0.191 + 0.197 5.089 + 4.776 10/12
(1 pL) 0.415 + 0.159 0/12 4931+ 1.626 (1p)
0.296 + 0.360 3.236 + 1.425 P
Blood 0.103 £ 0.063 1.521 £ 1.106 7/12
(0.5 L) 0.204 £ 0.183 0/12 2.778 + 1.556 (1p)
0.273 + 0.140 1.451 + 0.607 P
Blood 0.053 + 0.039 0.149 + 0.154
(0.1 pL) 0.192 + 0.098 0/12 0.385 + 0.135 0/12
0.096 + 0.111 0.246 + 0.167
Buccal swab 2.394 + 1.502 68.43 + 39.06
(unknown) 0.909 £ 0.506 7112 71.50 £ 15.12 12/12
1.681 + 0.687 67.65 + 23.28
Contaminated Samples
Blood 0.056 + 0.092 1.521 +1.106
(1 L) 0.313+0.231 0/12 1.579 £ 0.703 1/12
0.165 + 0.190 0.168 + 0.155
Blood 0.219 + 0.254 1.263 + 1.887
(0.5 pL) 0.103 £ 0.153 0/12 0.959 + 0.205 1/12
0.058 + 0.066 0.367 + 0.492
Blood 0.011 + 0.004 0.079 £ 0.096
(0.1 pL) 0.104 +£0.084 0/12 0.312 + 0.197 0/12
0.093 + 0.168 0.127 £ 0.108
Buccal swab 0.579 £ 0.457 14.57 £ 17.20
(unknown) 0.909 + 0.506 1/12 28.14 + 6.788 9/12
0.537 + 0.267 17.50 £ 12.73
Negative Controls
Blank 1/3
(no DNA) 0.000 + 0.000 0.000 + 0.000 0/3

Contamination

DNA quantification are expressed as the average Yitfrom three independent experiments,
each done with duplicate samples from each of twoodors (n=12).Bold red = DNA amount
below the threshold of 0.250 ng. Numbers for DNA tegrity represent the complete STR
profiles of all extracted samples. (p) = Patrtial pofile.
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TABLE 12 Quantity and quality of human DNA from uncontaminated samples and
contaminated samples withYersinia pseudotuberculosi§l0° bacteria/sample).
The samples were subjected to either extraction mebd for three trials.
Manual extraction Automated extraction
Average_DNA Completed STR Average_DNA Completed STR
Samples quantity : quantity :
profiles profiles
(ng) (ng)
Uncontaminated Samples
Blood 91.03 + 81.39 9.575 + 3.632
(1 ul) 1.575 + 0.829 %ﬁ 4.800 + 0.616 ‘Zl")z
25.25 + 12.84 P 8.050 + 2.525 P
Blood 13.17 + 18.93 4.625 + 0.854
(0.5 L) 0.605 + 0.420 %ﬁ 3.325 + 1.132 ?41")2
5.050 + 3.436 P 0.940 + 1.310 P
Blood 10.52 + 15.79 1.675 + 0.359
0.1 L) 1.455 + 2.430 ?ﬁ 0.898 + 0.482 ?ﬁ
2.175 + 2.334 P 0.345 + 0.222 P
Buccal swab 83.75+73.84 6/12 7325+ 293.1
(unknown) 47.00 + 33.06 (1p) 597.5 + 288.1 8/12
616.8 + 618.8 1173 + 130.5
Contaminated Samples
Blood 187.4 +212.3 33.00 + 2.708
(1 L) 2.950 + 2.596 2/12 33.25+ 15.52 10/12
2.325 + 2.995 18.250 + 2.062
Blood 27.85 + 32.50 19,00 + 4.320
(0.5 uL) 2.110 + 3.407 6/12 10.38 +5.915 8/12
2.144 + 3.393 1.038 + 0.838
Blood 1.815 + 2.060 5.100 + 2.865
(0.1 pL) 2.114 + 3.209 %% 5.975 + 5.456 %{%
2.299 + 2.852 P 6.725 + 9.519 P
Buccal swab 117.0+ 1123 635.0+£ 1034 8/12
(unknown) 474.3 £ 483.0 8/12 1150 + 493.3 (1p)
289.0 + 295.6 877.5+578.3 P
Negative Controls
Blank
(no DNA) 0.106 + 0.122 0/3 0.082 + 0.080 0/3

DNA quantification are expressed as the average Yitfrom three independent experiments,
each done with duplicate samples from each of twoodors (n=12).Bold red = DNA amount
below the threshold of 0.250 ng. Numbers for DNA tegrity represent the complete STR
profiles of all extracted samples. (p) = Patrtial pofile.
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TABLE 13 Quantity and quality of human DNA from uncontaminated samples and
contaminated samples withBacillus anthracisSterne strain (10 spores/sample).
The samples were subjected to either extraction mebd for three trials.
Manual extraction Automated extraction
Average_DNA Completed STR Average_DNA Completed STR
Samples quantity profiles quantity profiles
(ng £ STDEV) (ng £ STDEV)
Uncontaminated Samples
8'0?3' 0.365 + 0.252 0/8 1.726 + 0.614 7/8
H 0.844 + 0.328 (4p) 2.688 + 1.060 (1p)
(glé)o?_) 0.073+£0.114 0/8 0.000 + 0.000 4/8
~ H 1.317 + 0.997 (2p) 0.582 + 0.093 (1p)
(g'foclj_) 0.092 + 0.108 1/8 0.633 + 0.955 6/8
-+ H 1.503 + 1.496 (2p) 0.268 + 0.192 (2p)
B(‘lj‘;]‘f(i'osv‘y:;b 8.655 + 6.456 3/8 44.95 + 6.556 4/8
11.46 + 2.285 (2p) 155.3 + 52.58 (4p)
Contaminated Samples
{51'0?3' 0.088 + 0.107 28 1.077 + 0.477 7/8
H 0.380 £ 0.111 (1p) 2.376 +1.057 (1p)
Blood
0.145 + 0.098 0.134 + 0.268
(05 L) 0.616 + 0.340 2/8 0.484 + 0.409 6/8
((I)Blfoclj_) 0.062 + 0.086 0/8 0.065 + 0.131 4/8
—H 0.745 + 0.237 (1p) 0.000 + 0.000 (4p)
B(l‘jﬁﬁﬁ'of,v"rvs‘b 4.165 + 1.358 1/8 54.44 + 35.55 6/8
8.046 + 4.635 (Ap) 107.6 + 25.67 (2p)
Negative Controls
Blank
(no DNA) 0.000 + 0.000 0/2 0.000 + 0.000 0/2

DNA quantification are expressed as the average Yiefrom two independent experiments, each
done with duplicate samples from each of two donorg=8). Bold red = DNA amount below the
threshold of 0.250 ng. Numbers for DNA integrity r@resent the complete STR profiles of all
extracted samples. (p) = Partial profile.
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TABLE 14

contaminated

samples

anthracis

virulent

Quantity and quality of human DNA from uncontaminated samples and
with  Bacillus

strain

(10° spores/sample). The samples were subjected to eitrextraction method for
three trials.

Manual extraction

Automated extraction

Average DNA

Completed STR

Average DNA

Completed STR

Samples (ngqr%r]F:tDyEV) profiles (ngqraéq?[t)yEV) profiles
Uncontaminated Samples
Blood 1.638 + 0.737 11/12 5.265 + 1.804
(2 pL) 0.441 + 0.511 (1p) 3.845 + 2.403 12/12
27.76 + 54.83 P 4.813 + 3.349
Blood 0.624 £ 0.273 1.204 + 0.188
(0.5 L) 0.000 = 0.000 7é12 0.751 + 0.272 1%_/12
0.177 + 0.160 (5p) 1.190 + 0.476 (1p)
Blood 0.422 +0.281 6/12 0.459 + 0.542
(0.1 pL) 0.174 £ 0.243 (5p) 0.258 + 0.313 12/12
42.89 + 85.74 P 0.436 + 0.424
Buccal swab 27.90 + 13.36 273.9 + 44,96
(unknown) 8.824+2.734 12/12 187.8 + 63.11 12/12
22.78 + 28.47 213.4 +134.2
Contaminated Samples
Blood 3.826 + 3.188 11/12 2.348 + 0.320
(1 pL) 0.165 + 0.238 (1p) 5.311 + 1.632 12/12
0.881 + 0.594 P 6.564 + 2.943
Blood 2.730 + 4.099 8/12 0.378 + 0.165
(0.5 pL) 0.108 + 0.134 (ap) 0.064 + 0.228 12/12
0.170 + 0.188 P 1.573 + 0.807
Blood 0.982 + 0.608 1/12 0.480 + 0.347
(0.1 pL) 0.000 = 0.000 (6p) 0.487 + 0.324 11/12
0.208 + 0.168 P 0.736 + 0.360
Buccal swab 18.36 + 12.29 11/12 176.1 + 13.87
(unknown) 11.47 £ 5.727 (1p) 190.8 + 38.12 12/12
20.94 + 18.74 P 220.6 + 168.2
Negative Controls
Blank
(no DNA) 0.240 £ 0.210 0/3 0.152 + 0.122 0/3

DNA quantification are expressed as the average Yitfrom three independent experiments,
each done with duplicate samples from each of twoodors (n=12).Bold red = DNA amount
below the threshold of 0.250 ng. Numbers for DNA tegrity represent the complete STR
profiles of all extracted samples. (p) = Partial pofile.
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The toxins BONT/A, SEB and ricin toxoid also hadeftects on DNA isolation from
blood and buccal swab (Table 15, Table 16 and ThbleFive contaminated blood samples,
three for BONT/A and two for SEB, were below theaqtity threshold of 0.250 ng, but a
Student T-test revealed no significant differentceshe quantity of isolated DNA and the
number of completed STR profiles when the resultsafl toxins were pooled: 84 out of 144

uncontaminated samples compared to 88 out of 1dtagonated samples.

The results of these experiments confirm the caeoty that the automated system is
no better for DNA isolation when compared to thenoad, as long as the individual carrying
out the latter is experienced. It was also condutieat the presence d¥seudomonas
aeruginosahad some negative effect on the DNA yield or tegedopment of full human
STR profiles, andYersinia pestisdemonstrated an increased in DNA quantity. Some
variations were noted in all samples contaminatétl Wiological agents. However, other
bacteria, bacterial spores or toxins that werestedid not compromise the DNA extraction

procedures to an extent that affected DNA profiling
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TABLE 15 Quantity and quality of human DNA from uncontaminated samples and
contaminated samples with botulinum toxin A (1 pg/ample). The samples were
subjected to either extraction method for three trals.

Manual extraction Automated extraction
Average_DNA Completed STR Average_DNA Completed STR
Samples quantity rofiles quantity rofiles
(ng + STDEV) P (ng + STDEV) P
Uncontaminated Samples
Blood 0.211+0.115 1.643 +1.030 4112
(1 L) 1.150 + 0.296 8/12 1.230 + 0.350 2p)
0.310 + 0.188 1.950 + 0.854 P
Blood 0.270 £ 0.091 1.238 + 1.328 8/12
(0.5 uL) 1.625 £ 0.350 5/12 0.540 + 0.128 1
0.220 + 0.146 1.110 + 0.229 (1p)
Blood 0.150 + 0.236 0.193 £ 0.030
(0.1 pL) 0.144 + 0.061 ?{% 0.223 + 0.086 81?
0.348 + 0.212 P 0.169 + 0.110 P
Buccal swab 2.675+1.132 107.8 + 75.94
(unknown) 114.3 + 39.31 9/12 88.50 + 37.05 12/12
19.00 + 4.690 312.5 + 55.00
Contaminated Samples
Blood 0.223 £ 0.059 2.650 £ 0.777
(1 pL) 1.983 £ 0.916 ?{% 1.985 + 0.960 5(3{1?
1.025 + 0.577 P 2.100 + 0.483 P
Blood 0.177 £ 0.243 1.190 + 0.612 7112
(0.5 L) 1.200 £ 0.216 9/12 0.613 + 0.038 (1p)
0.288 + 0.145 1.450 + 0.580 P
Blood 0.638 £1.175 0.122 £ 0.080
(0.1 pL) 1.068 £ 0.944 ?ﬁj 0.121 + 0.097 ?{S
0.086 + 0.073 0.182 £ 0.132
Buccal swab 7.550 £ 3.379 2175+ 35.94
(unknown) 167.5 + 38.62 ?é% 150.0 + 31.62 1&’ 1)2
29.40 + 25.87 P 100.8 + 34.19 P
Negative Controls
Blank
(no DNA) 0.000 + 0.000 0/3 0.000 + 0.000 0/3

DNA quantification are expressed as the average Yitfrom three independent experiments,
each done with duplicate samples from each of twoodors (n=12).Bold red = DNA amount
below the threshold of 0.250 ng. Numbers for DNA tegrity represent the complete STR
profiles of all extracted samples. (p) = Patrtial pofile.
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TABLE 16 Quantity and quality of human DNA from uncontaminated samples and
contaminated samples with staphylococcocal enterotm B (1 pug/sample). The
samples were subjected to either extraction methdwr three trials.

Manual extraction Automated extraction
Average_DNA Completed STR Average_DNA Completed STR
Samples quantity rofiles quantity rofiles
(ng + STDEV) P (ng + STDEV) P
Uncontaminated Samples
Blood 0.556 + 0.271 2.325 + 0.597 11/12
(1 L) 1.514 £ 2.132 11/12 2.423 £ 0.537 (1p)
2.320 + 4.515 4908 + 1.435 P
Blood 0.705+ 1.014 8/12 1.210+ 0.196
(0.5 uL) 0.361 + 0.346 (1p) 0.956 + 0.398 5/12
0.427 + 0.316 b 46.44 + 89.045
Blood 1.433+1.788 0.170 + 0.087
0.1 L) 0.291 + 0.249 Zg 0.262 + 0.219 ?ﬁj
0.099 + 0.117 0.625 + 0.253
Buccal swab 10.54 + 3.623 176.6 + 71.85
(unknown) 23.40 + 9.156 12/12 323.3+121.6 12/12
11.96 + 8.648 217.1+147.1
Contaminated Samples
Blood 0.393 + 0.260 10/12 2.588 + 0.312
(1 pL) 0.396 + 0.404 (1p) 2.458 + 0.727 11/12
1.554 + 2.418 3.770 + 2.106
Blood 0.112 + 0.093 1.350 + 0.185
(0.5 L) 1.219+2.101 10/12 0.905 + 0.543 5/12
0.499 + 0.265 1.147 + 0.152
Blood 0.064 + 0.099 9/12 0.092 + 0.054
(0.1 pL) 0.314 £ 0.135 (1p) 0.190 + 0.072 3/12
0.453 + 0.905 0.254 + 0.133
Buccal swab 5.153 £ 4.572 8/12 167.6 £ 198.6
(unknown) 6.975 £ 4.141 2p) 205.3+107.0 12/12
8.930 + 2.946 b 137.4+137.4
Negative Controls
Blank
(no DNA) 0.067 £ 0.115 0/3 0.033 £ 0.029 0/3

DNA quantification are expressed as the average Yitfrom three independent experiments,
each done with duplicate samples from each of twoodors (n=12).Bold red = DNA amount
below the threshold of 0.250 ng. Numbers for DNA tegrity represent the complete STR
profiles of all extracted samples. (p) = Patrtial pofile.
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TABLE 17 Quantity and quality of human DNA from uncontaminated samples and
contaminated samples with recombinant ricin toxoid (3 pg/sample). The
samples were subjected to either extraction methdwr three trials.

Manual extraction Automated extraction
Average_DNA Completed STR Average_DNA Completed STR
Samples quantity rofiles quantity rofiles
(ng + STDEV) P (ng + STDEV) P
Uncontaminated Samples
Blood 1.180 £ 0.787 1.675 +0.320
(1 ul) 0.715 + 0.452 1(3/ 1)2 1.025 +0.481 %1:)2
4.820 + 8.790 P 1.303 + 0.467 P
Blood 0.895 + 0.822 0.958 + 0.169 3/12
(0.5 uL) 0.503 + 0.401 8/12 0.983 + 0.021 5
0.275 + 0.091 0.825 + 0.304 (2p)
Blood 0.285 + 0.054 0.313+0.171 1/12
(0.1 pL) 0.383+0.126 7112 0.508 + 0.470 2p)
0.334 % 0.166 0.425 + 0.373 P
Buccal swab 166.0 £ 87.47 625.0 + 114.7
(unknown) 161.8 + 69.42 12/12 337.5+95.35 12/12
139.5+101.2 510.0 + 115.8
Contaminated Samples
Blood 2.575 + 1.457 1.775 + 0.672
(1 L) 0.708 £ 0.614 10/12 1.448 + 0.425 8/12
0.385+ 0.119 1.680 + 0.864
Blood 0.803 + 0.594 0.993 + 0.671
(0.5 L) 0.480 + 0.482 ?{% 0.970 + 0.214 ‘(léli
0.267 + 0.140 P 0.424 + 0.406 P
Blood 0.488 + 0.438 4/12 0.538 + 0.128
(0.1 pL) 0.193 £ 0.015 2p) 0.445 + 0.265 3/12
0.191 + 0.154 0.283 + 0.105
Buccal swab 555.0 £ 326.6 592.5+ 145.7
(unknown) 119.8 £ 36.06 12/12 455.0 + 86.60 12/12
79.75 + 49.94 575.0 + 136.3
Negative Controls
Blank
(no DNA) 0.071 + 0.000 0/3 0.026 + 0.023 0/3

DNA quantification are expressed as the average Yitfrom three independent experiments,
each done with duplicate samples from each of twoodors (n=12).Bold red = DNA amount
below the threshold of 0.250 ng. Numbers for DNA tegrity represent the complete STR
profiles of all extracted samples. (p) = Patrtial pofile.
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Despite the conclusion, the use of an automatedhadeis highly recommended
during an investigation when one has unknown ansohsample, or when staff may not be
experienced with manual DNA extraction. Additioyallhe automated system involves less
handling of samples that may still contain spof@se possible concern with the automated
system is contamination of the chamber during titeaetion process. To confirm that the
instrument and accessories used for the manudleoawtomated procedure did not spread
the spores in the atmosphere, their exterior atetior were swabbed with a cotton swab
dipped in TSB and plated on TSA (data not showhg magnet block used for the manual
extraction revealed the presence of spores. Thikldee related to the amounts of transfer
done by the technician during the procedure. Therex and interior of the automated
extraction robot was free of spores, which is ndrsiiece the extraction steps are carried out
inside a sealed tip. The used tips and the re#teofysis solution were placed in TSB, and

revealed the presence of some spores (5 of 6 sanple

Effect of long-term exposure to bacteria and toxin®n DNA extraction

Although the robot was not consistently more eéintithan the manual method, it
was determined that automated DNA extraction prdidmore reliable results.
Consequently, to complete the fourth objectiveydhk automated protocol was used. The
final objective consisted of determining if prol@tgexposure of biological samples to live
bacteria, bacterial spores or toxins would affée DNA yield. First, an experiment was
completed to determine if an ambient environmentiddave an effect on DNA of non-
contaminated blood and buccal swab samples incdilfateone week. Table 18 shows that
no statistical differences were observed in the Di#ds and DNA integrity when samples
were held at room temperature for up to one weél po extraction. At this point, non-
contaminated samples should have been added toegpehiment to compare the effects of
prolonged exposure to contamination. However, @lyositive control, referred as “aged
blood”, was included in all subsequent experimaista control for the effects of prolonged

incubation of uncontaminated blood for seven dai@ po DNA extraction.
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TABLE 18 Quantity and quality of human DNA extracted from samples incubated at room

temperature.
Samples Aver(?]%e+lel}lSE<q\;)Jantlty Completed STR profiles
DAY 1
Blood 4528 1 2,090 10/12
(1 L) 4.185 + 1.462 (2p)
(0.5 uL) 1.960 + 0.378 (3p)
21.94 + 41.18
Blood 0.626 + 0.133 1/12
(0.1 pL) 1.118 + 0.839
1925 * 68.19
Bucia' swab 262.3 + 96.04 11/12
(unknown) 367.0 + 65.96
DAY 3
12.52 + 2.543
Bl'o?_d 20.38 + 8.562 12/12
(1 L) 20.73 + 6.443
8.050 + 3.909
Blood
10.09 + 4.012 11/12
(0.5 uL) 8.560 + 6.635
(0.1 L) 3.395 + 3.665 (2p)
Buccal swab 4718'872 : Sé% 9/12
(unknown) 146.9 + 99.63
DAY 7
23.25 + 4.535
Bl'o?_d 20.68 + 4.219 12/12
(1 L) 36.78 + 9.807
0.758 + 2.634
Blood
9.563 + 4.809 11/12
(0.5 uL) 12.72 + 4.692
2.343 + 0.493
Blood 3.355 + 2.592 8/12
(0.1 uL) 8.140 + 10.91
Buccal swab ;gg'g f gz;g 9/12
(unknown) 189.4 + 143.5 (2p)
CONTROLS (7 days exposure
Biological agents alone (19 N/A N/A
Aged blood (1 pL) 10.93 + 2.200 3/3
Negative (Blank) 0.000 + 0.000 0/3

DNA quantification are expressed as the average Yitfrom three independent experiments,
each done with duplicate samples from each of twoodors (n=12).Bold red = DNA amount
below the threshold of 0.250 ng. Numbers for DNA tegrity represent the complete STR
profiles of all extracted samples. (p) = Patrtial pofile.
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To determine the effect of longer periods of expedo bacteria, spores or toxins on
DNA in samples, blood from two donors and buccalssvfrom one donor were seeded with
10° bacteria in 100 pL, or 10 pL of a selected dos®wihs. Analysis was done for samples
contaminated withYersinia pseudotuberculosiBacillus anthracisspores, BONT/A, SEB
and ricin toxoid. Contaminated samples and contnase placed in sterile tubes and air-
dried, then incubated at room temperature for ¢imee or seven days before DNA was
extracted and analyzed for quantity and quality.ofimts of DNA and development of full
STR profiles were compared across days of expdeueach agent. To determine if bacteria
or toxins were still present in the blood afteresedays at room temperature, an experiment
was performed (data not shown). The presence efdacteria and spores was demonstrated
by plating samples that had been incubated forrselays on TSA. Toxin was not found
using the detection methods described previousBe Bppendix B for quantification

standard curves. See Appendix C for example of ¢eteg STR profiles.

There was a two-fold reduction in the DNA yield frahe 1uL volume of blood
contaminated withYersinia pseudotuberculosist day one relative to the “aged blood”
control (Table 19). Further reductions in DNA yieldhich were statistically significant,
were observed in the 1 pL and 0.5 pL volumes obdlbetween day one and day three, and
between all samples of day one and day seven.heocdntaminated buccal swab samples,
the DNA yields between day three and day seven wigréficantly reduced. Nevertheless,
the amounts of DNA harvested from all samples warHicient to proceed with DNA
analysis, and the presenceYarsinia pseudotuberculodisr up to seven days did not affect
the quality of DNA isolates as compared to DNA &imin at day one. Analysis revealed that
the completed STR profiles were lower for day oh@ @ut of 48 profiles) compared to day
three (31 out of 48 samples) and day seven (3®8fod8 samples). DNA isolated at day one
resulted in more partial STR profiles. With thessults included, the total interpretable

profiles at day one were 37, not significantly erént than at other times.
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TABLE 19 Quantity and quality of human DNA from blood and buccal swab samples

exposed toYersinia pseudotuberculosier variable times.

Sample Aver(?]%e+2l_\lr§E<q\;)Jantlty Completed STR profiles
DAY 1
Blood 4225 + 5860 42
(1pL) 24.50 + 6.758 (7p)
(0.5 pL) 12.75 + 2.872 (8p)
(0.1 pL) 2.850 + 0.777 (2p)
Buccal swab 825.0 5 2290 112
(unknown) 440.0 + 74.83 (1p)
DAY 3
Blood 1168+ 6.760 1112
(1 uL) 10.025 + 4.964
Blood 42752 2.300 o2
(0.5 pL) 5.500 + 2.317 (1p)
Blood 1095 & 0.381 42
(0.1 pL) 1.750 + 0.493 (1p)
365.0 + 151.8
ko)
DAY 7
Blood 14452 1744 11/12
(1 L) 4515 + 2.784
Blood 4450 2.496 e
(0.5 L) 4.225 + 1.926 (2p)
Blood 1226 1 0.310 312
(0.1 pL) 1.308 + 0.509
132.5 + 23.63
ko)
CONTROLS (7 days exposure
Biological agents alone (19 3.011 £ 2.767 0/3
Aged blood (1 L) 77.00 + 55.22 3/3
Negative (Blank) 0.783 + 1.068 0/3

Samples were seeded with 1®acteria. DNA quantification are expressed as thewverage yield

from three independent experiments, each done witlluplicate samples from each of two
donors (n=12).Bold red = DNA amount below the threshold of 0.250 ng. Nundss for DNA

integrity represent the complete STR profiles of dlextracted samples. (p) = Partial profile.
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The presence oBacillus spores, resulted in no reduction of amounts of DNA
compared to the uncontaminated “aged blood” corgeshples (Table 20). Compared to
DNA isolated from samples contaminated with oth&rabes, a higher number of samples
fell below the recommended threshold of DNA yiaddoroceed with DNA analysis. But the
yields, even in the control samples, were much cedicompared to other experiments, so
perhaps it is not the spores but just the normaktran from experiment to experiment.
Longer incubation periods with spores had no furteifect on DNA quantity, but the
number of completed profiles (out of 48 profilegclined over the one week period, from 22

at day one, 21 at day three, and 12 at day seven.

The amounts of DNA isolated from the buccal swabstaminated with BoNT/A
were significantly lower at day three and day seeempared to day one of incubation
(Table 21), while for the ricin toxoid, there wase significant difference between the
samples (Table 22). Overall, the presence of BoN®fAricin toxoid in samples for
increasing time resulted in only small changeshiea amounts of DNA isolated or in the

number of completed profiles.

For SEB, there was no decline in the DNA yieldsrdiree, but there were variations
between samples (Table 23). Also, the seven dagsmdsure resulted in some degradation
of DNA compared to one day exposure, as measurethéyhumber of completed STR
profiles. After seven days, the number of comple&d@dR profiles was reduced for all blood
samples and buccal swabs, as compared to sampldsated for the first and third day.

In summary, exposure to some biological agentsaed the amount of DNA after
only three days of incubation. These factors arthefutmost importance when dealing with
a crime scene involving biological weapons. Themfdhe extraction of contaminated
human biological samples should be done prior teethldays of exposure if possible to

reduce the loss of DNA, therefore, decreasing tiace of DNA degradation.
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TABLE 20 Quantity and quality of human DNA from blood and buccal swab samples

exposed to spores dBacillus anthracisvirulent strain for variable times.

Samples Aver(?]%e+2|_\lr§E<q\;)1antlty Completed STR profiles
DAY 1
0.431 + 0.530
Ei'o‘?_d 2.988 + 3.531 10/12
(1 uL) 0.312 + 0.210
0.115 + 0.139
g"é’o?_ 1.023 + 1.810 2/12
(0.5 uL) 0.083 + 0.096
0.000 £ 0.000
(I)3Ifoc|i_ 0.000 + 0.000 0/12
(0.1 uL) 0.094 + 0.188
41.42 + 30.26
Buccal swab 67.76 + 56.19 10/12
(unknown) 17.75 + 35.50
DAY 3
0.611 + 0.499
Ei'o‘?_d 0.273 + 0.234 10/12
(1 ub) 0.263 + 0.416
0.306 * 0.357
(I)Blgo?_ 0.087 + 0.102 3/12
(0.5 uL) 0.158 + 0.315
0.269  0.407
g"fo‘lj_ 0.071 + 0.085 0/12
(0.1 uL) 0.000 + 0.000
1501 + 18.17
Buccal swab 18.73 + 14.50 8/12
(unknown) 75.76 + 39.02
DAY 7
1.754 + 1.538
Ei'o‘?_d 7.773 + 9.536 12/12
(1 uL) 2.820 + 2.956
0.269 * 0.432
(')3';’0?_ 1.149 + 1.466 0/12
(0.5uL) 0.676 + 1.353
0.140 £ 0.280
g"fo‘lj_ 0.054 + 0.107 0/12
(0.1uL) 0.333 + 0.385
15.06 + 11.71
Buccal swab 12.58 + 15.33 0/12
(unknown) 12.75 + 3.951
CONTROLS (7 days exposure
Biological agents alone (19 0.000 * 0.000 0/3
Aged blood (1 pL) 1.177 £ 1.038 3/3
Negative (Blank) 0.000 + 0.000 0/3

Samples were seeded with 1@pores. DNA quantification are expressed as the aage yield
from three independent experiments, each done witlluplicate samples from each of two
donors (n=12).Bold red = DNA amount below the threshold of 0.250 ng. Nundss for DNA
integrity represent the complete STR profiles of dlextracted samples. (p) = Partial profile.
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TABLE 21 Quantity and quality of human DNA from blood and buccal swab samples
exposed to botulinum toxin A for variable times.

Samples Aver(?]%e+2|_\lr§E<q\;)Jantlty Completed STR profiles
DAY 1
16.50 + 4.655
Bl'o‘?_d 19.50 + 10.47 12/12
(1 L) 13.75 + 3.403
6.750 + 2.897
Blood
8.275 + 2.597 12/12
(0.5 L) 7.550 + 1.377
Blood S 6/12
(0.1 L) 1.550 + 0.480 (1p)
4875+ 143.9
Bucia' swab 2475+ 9.574 11/12
(unknown) 312.5 +110.9
DAY 3
(1 ul) 12.3342.724 (2p)
Blood 800 2 a0 11/12
(0.5 uL) 5.650 + 2.439 (1p)
Blood o e 1/12
(0.1 L) 1.068 + 0.441 (3p)
207.5+ 1223
Buccal swab 407.5 + 68.50 12/12
(unknown) 196.8 + 119.0
DAY 7
11.80 + 3.930
Bl'o?_d 15.38 + 5.121 12/12
(1 uL) 20.78 £15.39
9.075 « 3.298
Blood
4.575 + 1.706 12/12
(0.5 L) 6.825 + 1.072
Blood AR 0/12
(0.1 L) 1.070 + 0.286 (6p)
1295 + 95.64
BUC‘;"’" swab 170.3 + 133.8 12/12
(unknown) 255.5 + 154.2
CONTROLS (7 days exposure
Toxin alone (1 pL) 540.7 + 917.5 0/3
Aged blood (1 pL) 7.967 + 1.498 3/3
Negative (Blank) 0.395 + 0.533 0/3

Samples were seeded with 1 pug. DNA quantificationr@ expressed as the average yield from
three independent experiments, each done with duglite samples from each of two donors
(n=12).Bold red = DNA amount below the threshold of 0.250 ng. Nundss for DNA integrity
represent the complete STR profiles of all extracttsamples. (p) = Partial profile.
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TABLE 22 Quantity and quality of human DNA from blood and buccal swab samples

exposed to the recombinant ricin toxoid for variabé times.

Samples Aver(?]%e+2|_\lr§E<q\;)Jantlty Completed STR profiles
DAY 1
18.50 + 9.469
Bl'o‘?_d 10.78 + 2.956 12/12
(1 L) 10.38 + 4.507
Blood S T 11/12
(0.5 uL) 3.900 + 1.254 (1p)
(0.1 uL) 0.790 + 0.422 (2p)
175.0 = 34.16
Bucia' swab 222.5 + 100.8 12/12
(unknown) 152.3 + 59.44
DAY 3
11.95 + 4.001
Bl'o?_d 17.25 + 8.461 12/12
(1 L) 14.33 + 4.888
Blood POy 11/12
(0.5 uL) 5.425 + 2.877 (1p)
Blood o 2/12
(0.1 L) 0.545 + 0.197 (p)
Buccal swab 11927,:_;500 +i1690'1251 11/12
(unknown) 147.5 + 28.72 (1p)
DAY 7
15.25 + 4.425
Bl'o?_d 20.00 + 2.309 12/12
(1 L) 15.95 + 5.900
7.250  1.949
Blood
6.850 + 1.271 12/12
(0.5 uL) 7.050 + 1.794
0.768 + 0.118
g"fo?_ 0.763 + 0.299 3/12
(0.1 uL) 0.571 + 0.495
Buccal swab ﬁgg f iib&; 11/12
(unknown) 370.0 + 224.7 (1p)
CONTROLS (7 days exposure
Toxoid alone (3 pg) 17.39+29.12 0/3
Aged blood (1 pL) 10.03 £ 2.581 3/3
Negative (Blank) 0.074 £ 0.127 0/3

Samples were seeded with 3 pug. DNA quantificationr@ expressed as the average yield from
three independent experiments, each done with duglite samples from each of two donors
(n=12).Bold red = DNA amount below the threshold of 0.250 ng. Nundss for DNA integrity
represent the complete STR profiles of all extracttsamples. (p) = Partial profile.
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TABLE 23 Quantity and quality of human DNA samples exposedto staphylococcal

enterotoxin B on blood and buccal swab samples feariable times.

Samples Aver(?]%e+2|_\lr§E<q\;)Jantlty Completed STR profiles
DAY 1
32.83+ 19.11
'31'0?_0' 5480 + 1.111 11/12
(1 L) 3.673 + 0.109
Blood eI 8/12
(0.5 pL) 2.720 + 1.721 (1p)
1.254 + 1.058
(‘)3'130?_ 1.463 + 0.328 0/12
(0.1 uL) 0.987 + 0.710
126.1 + 55.60
Bucia' swab 343.0 + 69.59 12/12
(unknown) 659.8 + 92.61
DAY 3
16.55 + 2.649
'31'0?_0' 20.75 + 5.368 12/12
(L ub) 10.51 + 3.882
9.990 + 1.077
(')3|5°°‘|7'_ 9.063 + 1.840 12/12
(0.5 uL) 26.60 + 42.75
(0.1 uL) 2433 + 0.989 (4p)
71.73 * 26.83
Buccal swab 551.5 + 67.58 12/12
(unknown) 85.48 + 50.77
DAY 7
15.72 + 16.21
'31'0?_0' 12.59 + 8.387 6/12
(L ub) 7.847 £ 12.15
Blood %gg * ;;gf 5/12
(0.5 pL) 6.385 + 7.455 (2p)
Blood e g 0/12
(0.1 pL) 0.510 + 0.866 (1p)
Buccal swab 269142 f ;3'32 6/12
(unknown) 113.8 +224.1 (1p)
CONTROLS (7 days exposure
Toxin alone (1 pg) 0.000 + 0.000 0/3
Aged blood (1 pL) 6.372+5.618 3/3
Negative (Blank) 0.000 + 0.000 0/3

Samples were seeded with 1 pug. DNA quantificationr@ expressed as the average yield from
three independent experiments, each done with duglite samples from each of two donors
(n=12).Bold red = DNA amount below the threshold of 0.250 ng. Nundss for DNA integrity
represent the complete STR profiles of all extracttsamples. (p) = Partial profile.
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CHAPTER IV

Discussion




The recent upsurges in terrorist threats throughthw@ world have pressed
governments, police and security agencies to peefoarany type of attack including the use
of biological agents. Terrorists are becoming mswphisticated in their use of biological
agents. Bioterrorists may select specific biologagents based on the capability to produce
them on a large scale, ease of dispersement, aedt@b for widespread damage prior to
detection (CDC, 2010). Indeed, spread of some bickb agents could go undetected for
weeks or months, as they are odourless and ingisiblen dispersed, making it increasing

difficult to correlate cases of illness to the apéaissemination (Henderson, 2002).

As a result of the potential for possible attackthvbiological weapons, security
agencies must be prepared to collect and procesen®e, such as biological samples
(DNA) from sites contaminated with these agentsdémtify the culprits (Hoileet al.,2010;
Wilkinson et al., 2007). To obtain and safely transport evidencenfeocontaminated crime
scene to a forensic laboratory, law enforcementnhe@gs, such as the RCMP, require
alternative field protocols for handling such speens. The removal of infectious or toxic
contamination would have to be conducted withouhgammising the integrity of human
DNA.

The general goal of this work was to establishCSor the decontamination and
extraction of human DNA contaminated with unknowioldgical agents recovered at a
crime scene, in order for forensic institutes tfelyaanalyze the collected evidence. The
following objectives were established: 1) to camfithat the protocol previously developed
for the removal of infectious bacteria and sporesmifhuman biological samples was able to
eliminate or inactivate larger quantities of infeas material, 2) to determine if the DNA
extraction procedure denatures toxins, 3) to complae quantity and quality of extracted
human DNA to determine which extraction protocolammal or automated, would be
preferable during the investigation of a crime &eantaminated with biological weapons,
4) and since biological weapons may be undetecedrf undetermined period of time, the
effects of immediate and prolonged exposure ofgichl samples to live bacteria, spores or

toxins on quantity and quality of human DNA weraemned.
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Confirmation of loss or inactivation of pathogens/xins

Since DNA extraction requires the presence of & lpsiffer and proteinase K to
break the cell membranes, it was assumed thataaetteatment combined with the buffer
and proteinase K would inactivate bacterial cdbst not spores. Spores can survive for
decades in the ambient environment and are resigiameat, microwaves, and ultraviolet
light (Hendersoret al, 2002; Weinstein & Alibek, 2003). The original Wwoto develop a
protocol had shown that infectious material wagaly eliminated in samples seeded with
Staphylococcus aureuprior to the filtration step, which suggested thmtcteria were
destroyed by the extraction process. Subsequentiygs shown thaStaphylococcus aureus
seeded into samples were being killed during aythminute incubation in lysis buffer
(n = 40), but spores were not (n = 20) (Hause, R0B7the original study, quantities of
bacteria and spores were seeded into samples gargim 16 to 10 pathogens per sample.
Therefore, the first objective of this project wasconfirm that the original methodology of
extracting DNA would remove larger numbers of camtaating bacteria and spores, and to

establish the effects of each step of the DNA ekiva process on infectivity.

It was found that an overnight incubation at 561#G@he presence of the lysis buffer
with proteinase K did remove all infectivity fromaraples contaminated with the three tested
bacteria Staphylococcus aurepBseudomonas aerugingsandY ersinia pseudotuberculosis
(n =9). It was also shown that these bacteria \Wegely sensitive to the incubation at 56 °C
alone (8 out of 9 samples), although one sampletaoginated with Yersinia
pseudotuberculosiemained infectious due to a damaged filter.

Loss of infectivity of bacterial spores was alseessed at various stages of the
extraction process using spores from two strairBazillus anthracis Bacterial spores were
seeded into samples at doses ranging frof (@03 training) to 18 spores per sample. As
expected, the incubation overnight at 56 °C in phesence of the cell lysis buffer and
proteinase K did not eliminate growth B&cillus anthracisspores in any of the samples
(n = 9), but the DNA extraction step did reduce tlenber of infectious spores by 71 %
relative to the incubation at 56 °C in PBS alonewgver, the quantity of infectious spores
was still too large to conclude that the sampleseveafe for manipulation without further
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steps to remove the spores (Kendatllal, 2008; Hendersomt al, 2002; Weinstein &
Alibek, 2008).

These results are consistent with those of Haud@7j2who showed witlB. subtilis
spores that an incubation at 56 °C in lysis bufésulted in only a partial reduction of spore
germination, while incubation at higher temperat(®8 °C) in the lysis buffer removed
detectable infectivity in 39 out of 40 samples. Hwer, proteinase K is inactivated by
incubation at 70 °C for fifteen minutes (Qiagen,020) so incubation at the higher
temperature would need to be completed prior toatdition of the proteinase K, thus
prolonging the extraction procedure. Additionatlye to the different types of samples to be
analyzed the temperature in the original protocakwhanged by the RCMP to®6to
reduce the difficulty of working with sample, suah chewing gum and cigarette filters, at
high temperatures. Therefore, the temperatureemtbthodology was kept at 56 °C. Based
on the resistance of spores to the conditions ptedering DNA extraction, the step of
passing samples through the 0.22 um filter wasgweg and shown to be effective (Hause,
2007). In all of the experiments conducted withtbaal spores in this thesis (300 samples in
total), filtration of the extracted DNA resulted the absence of any infectious spores, as
detected by absence of growth on TSA. Thus, theetxdn and filtration steps are adequate

and required to eliminate up to®lifacteria or spores.

As previously mentioned, the number of bacteria spdres added to the samples
were increased to 1 reflect a possible production capacity of a duiairist. However, the
number of pathogens found in a blood spot or saaraple picked up at a crime scene could
be as large as ¥dpathogens per sample. Therefore, a larger quantipathogens could
interfere with the proposed methodology. The filised could at one point be saturated and
become clogged, which might result in lower DNAIg&e The ruptured bacteria could
prevent human DNA from passing through the filtergs or spores could go through a
damage filter and contaminate the samples. Thexgéogrowth assay should always be done
after filtration to ensure that the unknown biolejiagent is indeed removed from human

DNA sample before proceeding with the DNA analysis.
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There are other bacterial agents with the potettidde used as biological weapons
that have not been tested for removal in the podtdtowever, it is expected that all bacteria
and spores would be eliminated because they afigssssimilar features. The cell walls of
bacteria are generally composed of a layer of geptycan, phospholipids,
lipopolysaccharides (Presceit al.,2003). In the RCMP extraction protocol, the incudoat
period should degrade bacterial cell wall membrafidése detergent present in the lysis
buffer removes the lipids from the membrane, wthike added proteinase K will degrade the
proteins. Based on the demonstrated results,asssmed that any types of microorganisms
containing lipids and proteins, such as protozoagifand protists, will be degraded during
the incubation period (Weinstein & Alibek, 2003)hel size range for protozoa is 1 to
300 pum, whilst for fungi it is 5 to 50 um and forofist it is 2 to 20 um (Prescodt al.,
2003). Therefore, the 0.22 um filtration step adtitethe extractions process should remove
these microorganisms if not previously destroyeawgrnight incubation at 56 °C with lysis
buffer and proteinase K.

Since human DNA is able to pass through the 0.22fijtem, it is only natural to
assume that proteins will do the same. Thereftwe fitter would not be able to physically
remove the toxins selected for this project. Howewbe presence of detergent and
proteinase K during an incubation period shouldtivate the toxins (Dale & van Schantz,
2007). Using various techniques to detect the pseof toxins, it was shown that
incubation in the lysis buffer with the presencepadteinase K was sufficient to reduce the
amounts of SEB toxin to safe levels for manipulatamd DNA analysis. However, for the
other agents, the results were not as clear. feori¢cin toxoid, the amount of toxoid detected
was below 200 ng, well below a dose that would dectfor the average adult, but both
ELISA assays carried out were not as sensitiveepsrted by the manufacturer, and there
was considerable variation in OD values betweentidal samples or within the standard
curves. The lack of sensitivity in the ricin assegs likely related to the high background in
the negative wells. This high background and flattan in the absorbance values could be
related to the wash method, which was not as rigo@s might occur with an automated
plate washer, and the incubation time period ofhsas Indeed, like the manual DNA
extraction, more experience may be required wighkiks in order to obtain optimal results.
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In addition to a lack of sensitivity, as determirfeain the standard curve, the ELISA
assay for BoNT/A was not specific, and the reattiobserved was related to total protein.
This reactivity did decline markedly after inculmatiin lysis buffer and proteinase K.
However, because of the non-specific reactivityyas not possible to rule out the presence
of the toxin in the samples. One possibility foe tiigh reactivity in these samples is that the
ELISA was detecting fragments of the toxin even mipartially degraded. If this was the
case, Coomassie staining would not have been pedsibthe detection of BONT/A, since
the limit of detection was below the lethal dosetlué toxin. Therefore, another detection
technique should have been considered, such a silgining, a LBy assay with mice, a
Bradford toxin assay or a Western blot.

As for bacteria, the amount tested of the toxinlddave been larger to reflect more
a concentration that could have been found in comated human samples in a situation of
a bioterrorist attack. Though unlikely, the amouatscontaminating proteins could have
saturated the quantity of proteinase K (1.2 mg/mLthe lysis solution. A possible solution
would be to increase the amount of proteinase Kedddr other proteinase, when dealing

with unknown biological samples to ensure totalrddgtion of toxins.

Previous experimentation on contaminated blood wittemical weapons was
initiated to observe the effect on DNA extractidghwas revealed that the RCMP DNA
extraction process was also sufficient to neutealiee chemical weapons (Wilkinsen al.,
2007). Therefore, the first step of the standardAD&ktraction protocol is efficient at
removing chemicals and most biological contamin&ois1 human biological samples, but a
filtration step is necessary when handling samplastaminated with unknown agents to

ensure removal of spores.

It is crucial to note that not all types of biologl agents were tested. Previously, it
was determined that the detergent and proteingsegent in the lysis buffer would degrade
lipids and proteins, respectively (Dale & von Sdizar2007). Therefore, the lipid toxins,
such asMycobacterium ulcerantoxin (Georgeet al, 1998) should also be degraded by the

process to a point that is below the lethal dodend with other possible lipid or protein
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toxins, there are also viruses that could be used fbioterrorist attack. Since the size of
viruses is 1/100th the size of bacteria, it is amyural to assume that the filter will not retain
viruses (Prescott al.,2003). The content of viruses is usually protediga capsid and/or
an envelope (Prescat al.,2003). Many of the viruses with potential as biadadyweapons,
such as Ebola virus, Lassa fever virus, MarburgsyiRift Valley fever virus, West Nile
virus and Yellow Fever virus, are enveloped virugésndallet al, 2008). Virus envelopes
are mainly composed of lipids and proteins (Presstaal.,2003). Therefore, components in
the RCMP lysis buffer, such as SDS, NaCl, Tris-HEDTA, sarkosyl and DTT, and
proteinase K, will degrade the lipid membrane, Itesy in the loss of infectivity by
preventing early steps of virus binding and entitg ithe host cells. Additionally, an increase
in temperature or pH reduction of the buffer coaldomatically denature the viruses (De
Filippi et al, 1997). Thus, an additional step, such as theass in temperature to 95 °C for
thirty minutes prior to the addition of proteindsecould contribute to the inactivation of the

viruses.

Viruses without an envelope possess a haked capatdis mainly composed of
proteins (Prescotet al., 2003). Examples of non-enveloped viruses are hHepaivirus,
poliovirus, norovirus, rotavirus and human papillonmus. Generally, non-enveloped viruses
are more resistant to extreme conditions, suchkpsseire to solvents, detergents, acids and
extreme temperatures (Robegtsal, 1994). Therefore, a harsher technique could bd ts
denature or eliminate these viruses. An exampla pfethod for inactivation of both non-
enveloped and enveloped viruses is the use ofi@dar Certain biocides, such as alcohols,
chlorine compounds, glutaraldehyde, peracetic gai@nol ozone or metallic salts, which
could be add to the proposed methodology for theoxel of virus infectivity (Robertst al,
1994; Russelkt al., 2004). Extraction methods using phenol-chlorofosmamyl alcohol
mixture or guanidinium thiocyanate acid are knowrdénature viruses (Tsat al, 1995).
There is also the use of a more physical appraaceduce viruses, such as a copper chelate
affinity chromatography to physically remove thenthnion-exchange chromatography for
enveloped (reduction of 6.5 log) and for non-enpebb viruses (reduction of 4.0 log)
(Robertset al, 1994).
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Comparison of extraction methods

The literature and the removal of the selected ogichl agents from human
biological samples allowed to proceed to the thipjective: to investigate which of the two
methods, manual or automated, would be preferableextract human DNAIn situ.
Experiments were set-up so that the efficiency h& techniques was compared in the
absence and presence of the selected biologicatsagend to determine if the presence of
contaminants would affect the efficiency of eitheethod. It must be noted that when
comparing DNA across samples within an experimarituctuation in the DNA vyield may
be observed between the two donors, since the nuaflvehite blood cells may differ in a
particular volume of blood. Also, there will be iaion in the DNA isolated from samples
collected from the same donor on different daysréfore, the differences between methods

were compared within the same experiment.

The early experiments with uncontaminated and com@ted samples, it appeared
that the automated extraction performed better tharmanual extraction, as determined by
the significant difference in the average quantifyhuman DNA isolated as well as the
completed STR profiles. It is known that differemtraction techniques can influence the
recovery rates of DNA (Hoilet al, 2010; Zhouet al, 1996). Factors that might contribute
to the differences in the recovery rates are sasipks the concentration of the sample that a
method can process, the formulation and/or the pthelysis buffers, the method of DNA
isolation, as well as the interaction of DNA witarficles, such as magnetic beads (Zkbu
al., 1996). The differences between manual and autmh&ttraction described in this thesis
could have been due to differences in the amountsagnetic beads used in each kit; the
automated system includes higher amounts of beddgy(et al, 2005). However, it was
observed in the later experiments that the amaooinBNA extracted and the profile quality
were comparable between manual and automated ngethb$ suggested that in the hands
of an experienced individual, the manual methodctbe as efficient as the robot. The same
trend in improved performance was also observed thi¢é robot. The number of successful
profiles in the earliest experiments was not asdgee in the subsequent experiments.
Therefore, an experienced person in the forendoré&ory could obtain more accurate

results.
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The automated version may be more appropriate tf@ammanual extraction if the
work is proceeding on site, especially when workingh dangerous biological agents
(Bailey et al, 2003), because it requires less handling of sasnipy workers, it reduces the
amount of time of extraction and gives more cossistresults from an inexperienced

worker.

The presence of bacteria, spores or toxins in hush@od or saliva had no effects on

the capacity to extract DNA using either of the inoels.

Effects of Exposure to Biological Agents on Human BA

To determine if bacteria or toxins had an immedieteect on human DNA or
interfered with the extraction or STR analysis, theantity and results of analysis were
compared between uncontaminated samples and sasgglded with bacterRseudomonas
aeruginosa Yersinia pseudotuberculosispores from two strains &acillus anthracis and

three toxins, which were dried and immediately &stied.

No differences had previously been observed in D&iracted after immediate
contamination with other vegetative bacteria, s@ashBacillus subtilis Staphylococcus
aureus Yersinia pestiandFrancisella tularensigHause, 2007)Similarly, the presence of
most of the agents used in experiments describdfierpresent thesis had no significant
effect on the yields of DNA or the DNA integrity,nen present for short time periods. The
smallest blood dilutions (0.1 pL) contaminated waih toxins were the only exception as
they showed reduced integrity of isolated DNA. lstinstance, because of the borderline
amounts of DNA expected in such a low volume obblathe reduced quantity and quality
of human DNA could be associated with damage géserduring the centrifugal filtration,
as it was previously demonstrated that the filidralightly lower the quantity (loss of 10 to
20 %), but not the quality (Hause, 2007).

Results from studies presented in the thesis diodstrate thatPseudomonas
aeruginosahad a more negative effect on the amounts of DNfaied compared to other
biological agents. In particular, there was a fioket reduction in the amount of DNA
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isolated from 1 pL blood, an average of two-folduetion for the rest of the blood volumes
and epithelial cells (buccal swab) seeded with Hasterium compared to uncontaminated
samples, and the number of samples with succeS3l analysis was also reduced. It was
noted that in all three trials with this bacteriuthe lysates obtained after the overnight
incubation were extremely viscous unlike any of dtfger samples. The thick viscosity of the
solution could have clogged the tips during extoeacprocess. This phenomenon could have
been generated from a combination of fragments badterial products, such as
polysaccharides. Additionally, avirulent and vimiefactors of the bacteria could have
degraded the human DNA. The bacterial exoenzymeUExnay have participated in the
loss of DNA, since this toxin degrades the plasneairane of eukaryotic cells, including
white blood cells (Bendeat al, 2003; Prescott al.,2003).

There are other factors that could reduce the amotimsolated human DNA in
extracted samples. When bacteria are present, ggethare is saturation of the silica-coated
magnetic beads with bacterial DNA instead of hurB&A, but this should have no direct
effects on DNA integrity, since the amplificatioage specific to human genetic materials
(Applied Biosystems, 2010; Frégeaial.,2010; Sensabaugh & Blake, 1993). However, low
amounts of DNA could lead to allele dropouts resgltin the misinterpretations of DNA
profiles, such as differences in homozygote an@rbeygote alleles (Alonset al, 2004;
Kline et al, 2005). Variation in the profile integrity coultba have been due to the presence
of contaminants, such as small bacterial cell delthat could have interfered with the
amplification process. Finally, poorly executedragtion and fragment analysis techniques
could have led to the low amounts of isolated DN ghe poorly obtained STR profiles. If
bacterial controls with no blood revealed the pneseof small quantities of DNA in the
sample below the accepted DNA threshold for PCR.@50 ng), the quantities observed
would represent background noise. Therefore, nbaceination or cross-contamination was
observed for these sets of samples. As well, pgmised during quantification could have
bonded non-specifically to bacterial DNA due to faptimal annealing temperatures or
primer dimerisation, thus providing misleading qufecation result, which was previously
seen withYersinia pestisand Francisella tularensis(Applied Biosystems, 2010; Hause,
2007). A low annealing temperature would resulpiimers annealing a sequence other than
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the true target, but it was not observed in anymasy whilst a high annealing temperature
would yield low amounts of DNA. The former, whichowdd have happened with
Pseudomonas aeruginosaamples, can lead to nonspecific amplification awdl

consequently reduce the yield of the desired produc

Part of the fourth objective was to examine thee@H of prolonged exposure of
biological samples to live bacteria, spores orriexon the quantity and quality of DNA
obtained by extraction. Uncontaminated sampleshatad at room temperature for up to one
week prior to DNA analysis displayed no significadggradation in DNA compared to
samples processed immediately. This was not unégbesince the RCMP and police
services isolate DNA from samples that are muclerotdan one week on a routine basis.
The original plan was to compare the trend obsewitlin contaminated samples to these
results. At this point, it was recognized that tbgperimental design was flawed.
Uncontaminated samples should have been set-up imoubated in parallel to the
contaminated samples to make the comparison mdre. vidditionally, samples should
have been created to compare the effects of pesdédgradation between day zero and day
one. However, comparison between the three seleletgsl permitted one to conclude some
general observations with the help of theLluncontaminated blood control, labelled “aged
blood".

For every biological agent, a total of 144 sampleste tested. Selected biological
agents were able to survive in blood during the kwv@eubation (data not shown).
Obviously, spores would have survived for decadtenflersoret al, 2002; Weinstein &
Alibek, 2003). Nevertheless, none of the samplesieg with spores or bacteria contained
infectious material after filtration following exction. Samples contaminated wilersinia
pseudotuberculosisevealed some loss of DNA after the third day>qdasure, compared to
day one, and to the “aged blood” control, but noawgh to prevent or affect STR analysis.
For samples exposed tBacillus spores, the amounts of DNA were often below the
recommended threshold to proceed. However, bechasamount of DNA isolated from the
positive control of “aged blood” incubated withagntamination was relatively the same as

the contaminated samples, the presence of therlzapores might not have played a role
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in the low amounts of human DNA isolated in thespeeiments. Evidently, bacterial spores
could have adhered to the magnetic beads priounosan DNA. Therefore, the amounts of
human DNA isolated would have been reduced. Thigdcalso explain the slight difference

between the “aged blood” control and the contansthaamples.

The toxins used in these experiments were notipated to have direct effects on
DNA, but they could have detrimental effects on thability of cells within the human
samples, which in turn would reduce DNA yields. Ttweger exposure to BoONT/A or ricin
toxoid had no effect on the amounts of DNA isolabedn the number of completed STR
profiles as compared to the “aged blood” contrélewever, because the toxoid does not
have the biological effect of ricin, which inhibggotein synthesis, there is still a possibility
that the toxin could affect DNA yields and integrit contaminating blood or epithelial cells
from a buccal swab. Therefore, to further charamtethe effects of ricin on human DNA,
the authentic toxin should be used. For SEB, sedays of exposure resulted in some
degradation of DNA compared to the first day. legtingly, on the seventh day of exposure,
the reduction in the number of completed STR pesfivas significant. SEB is an enzyme
secreted bystaphylococcus aurewduring the invasion of the host to acquire nutsefor
bacterial growth by lysing local host cells (Dinggsal.,2000; Kendalkt al.,2008; Roberts
et al., 2000). The cytotoxic function of SEB could lead dogan failure, and some
degradation in human DNA based on the above lilezatAs clearly demonstrated with the

SEB toxin, DNA degradation is not necessarily asged with reduction in DNA quantity.

While these results show limited effects of prged exposure to bacteria, spores or
toxins on the efficacy of human DNA extraction, ¢en incubation times in the ambient
environment or in different conditions could havengrated different results. Indeed, native
DNA does degrade to smaller fragments. The process be influenced with time by
environmental factors, such as sunlight and tentpexaAn increase in temperature could
spontaneously damage DNA by the dissociation @nsis, whilst low temperatures would
not affect DNA. Exposure to UV-light could generagse modification, such as pyrimidine
dimers, and cross-linking between DNA strands toteans, whilst aging by itself could
cause base modification, strand scission and degdion (Kobilinsky, 1992; Sensabaugh &
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Blake, 1993). Additionally, DNA degradation wasd#p apparent in the smaller volumes of
blood, which might imply that this particular volenof blood (0.1 pL) is unreliable for
detection of profiles, since the amounts of whitold cells vary significantly from sample

to sample.

Future directions

Generally, it is accepted that automated extracsbould be more efficient and
consistent for the extraction of human DNA, whatahe conditions. The use of automation
reduces error due to the reduction of human maaijm, while being able to extract a
larger number of samples. Currently, the standardDINA extraction at the RCMP and
similar agencies is to use automation for varigges of samples. However, some samples,
for instance cigarettes butts and chewing gumectdd from crime scenes require additional
preparation (removal of substrate) or extractionho@ (phenol-chloroform). The fact is that
various buffers or technique applications mightngeathe quantity of isolated DNA. Also,
these types of changes might affect the numbeowipteted STR profiles from the collected
evidence. Therefore, various automated extractstiosild be tested to understand which of
these techniques would be more efficient to incellaaitd extract samples, taken from a crime
scene contaminated with biological weapons, to ceduhe possible exposure to

environmental bacteria.

During the validation of the developed methodolagjgtinct observations were made
on the effects of different vegetative bacteriatéaal spores and toxins on their inactivation
or elimination. For this reason, it would be beaiefi to test other species of biological
agents. Also, filter saturation or clogging was abserved with the quantity used during the
experiments. However, a higher concentration o@gens could lead to a decontamination
failure. Additionally, there are more than bactebacterial spores, and toxin which could be
used for biological weapons. Therefore, protozaagf, protists and viruses should be taken
into consideration to determine if the developedhoé would eliminate or inactivate these
types of agents. Various effects on the human DNekewobserved with different types of
bacteria and toxins. The effect of prolonged exppsaf human samples to pathogens was

examined, but not with all types of microbial pajeas and toxins.
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Incubation, extraction and analysis of the samplese done in a timely fashion. It
would be interesting to investigate the effectspoflonged exposure time, storage and
shipping conditions on various sample types, With gresence of contamination, to evaluate
if it would be more beneficial to process the saspht the crime scene or in a contained

laboratory.

Conclusions

The method originally proposed by Hause (2007) wa$idated. Indeed, the
extraction method proposed is a good alternativeatalle and extract samples contaminated
with as many as fMacteria or spores, or a range of the median letbsé¢ of the toxins.
Overnight heat treatment at 56 °C in the preserice kysis buffer and proteinase K is
sufficient to inactivate or remove most of the stdd pathogens. However, the added
filtration step after the extraction of the contaated samples is necessary to remove
bacterial spores. The extraction process cleartgahstrated that a total of 1,400 samples
contaminated with three different bacteria, twes sdtspores, and some toxins were safe for
further analysis. Assays with BONT/A and ricin takavere inconclusive, but the literature

supports that DNA extraction eliminates lipids gmdteins.

The experiments demonstrated that an automatedgatowould be preferable to
isolate human DNA contaminated with biological welagp because of its efficiency and
consistency demonstrated throughout this projeenidl extraction is a good alternative to
extract DNA, if one is proficient at it. Robotic texction would also decrease contact with
the contaminated samples, rendering the environrsafér for the manipulator. Some
reduction in the amounts of DNA was noted betwesoontaminated and contaminated
samples, which would indicate that the isolatio®dfA using magnetic beads is not specific
to human DNA or its association with the degradatid human DNA by pathogens. To
confirm the safety of the samples, plating out ohfA or a biological assay should be

carried out to ensure that the unknown pathogews baen removed.
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Finally, exposing human biological samples to tekected pathogens does increase
the chance of degradation. Some pathogens, suebgasative bacteria, had a greater effect
on the isolated quantity of DNA, than the DNA intiggitself, whilst toxins had effects on
human DNA degradation, but not on the quantity. fdslts of experiments examining the
effects of bacterial spores on the quantity andityuaf human DNA for prolonged exposure
were inconclusive because of a poor extractionlte$tom the control samples. In brief,
after seven days of exposure to the pathogens, swegative effects were apparent.
Therefore, to obtain optimal amounts of DNA as wai good STR profiles, it is
recommended to collect and extract samples as asqguossible to reduce the chances of
DNA degradation or the loss of genetic materialiclwlwould lead to a lack of amplification,

and to the reduction of interpretable profiles.

The main hypothesis of this research was to inyatst a standard protocol for
extracting DNA which could possibly denature toxbmcteria, and eliminate infectious
bacterial spores from biological samples duringastion of human DNA. This process
should be done without compromising the human DMAthe samples using adequate
measures for the removal of infectious materiatjuding bacterial spores. Based on the
following model (Figure 11), a small robotic instrant would provide higher and more

consistent yields of DNA in a field situation.
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APPENDIX A

STANDARD CURVES for QUANTIFCATION of
MANUAL vs. AUTOMATED SAMPLES
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Trial 1

Trial 2

Trial 3

FIGURE A1 Standard curve for DNA quantification of contaminaed samples with
Pseudomonas aeruginos&+: threshold cycle of a specified amplification plot
that occurs when the fluorescent signal increasesepond the value of the

threshold setting.
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Trial 1

Trial 2

Trial 3

FIGURE A2 Standard curve for DNA quantification of contaminated samples withYersinia
pseudotuberculosisCt: threshold cycle of a specified amplification plotthat
occurs when the fluorescent signal increases beyotige value of the threshold

setting.
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Automated extraction (BioRobot EZ1® Advanced)

Manual extraction (DNA 1Q System™)

FIGURE A3 Standard curve for DNA quantification of contaminated samples with spores of
Bacillus anthracissterne strain. C+: threshold cycle of a specified amplification
plot that occurs when the fluorescent signal increses beyond the value of the

threshold setting.
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Trial 1

Trial 2

Trial 3

FIGURE A4 Standard curve for DNA quantification of contaminated samples with spores of
Bacillus anthracis virulant strain. C;: threshold cycle of a specified
amplification plot that occurs when the fluorescentsignal increases beyond the

value of the threshold setting.
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Trial 1

Trial 2

Trial 3

FIGURE A5 Standard curve for DNA quantification of contaminaed samples with
botulinum toxin A. C+: threshold cycle of a specified amplification plotthat
occurs when the fluorescent signal increases beyotige value of the threshold

setting.
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Trial 1

Trial 2

Trial 3

FIGURE A6 Standard curve for DNA quantification of contaminaed samples with
Staphylococcocal enterotoxin B. € threshold cycle of a specified amplification
plot that occurs when the fluorescent signal increses beyond the value of the

threshold setting.
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Trial 1

Trial 2

Trial 3

FIGURE A7 Standard curve for DNA quantification of contaminated samples with the
recombinant ricin toxoid. Cy: threshold cycle of a specified amplification plot
that occurs when the fluorescent signal increasesepond the value of the

threshold setting.
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APPENDIX B

STANDARD CURVES for LONG TERM
EXPOSURE to BACTERIA and TOXINS
on DNA EXTRACTION
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Trial 1

Trial 2

Trial 3

FIGURE B1 Standard curve for DNA quantification of the prolonged exposure of ambient
environment to blood and saliva samples. £ threshold cycle of a specified
amplification plot that occurs when the fluorescentsignal increases beyond the
value of the threshold setting.
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Expo 1

Expo 2

FIGURE B2 Standard curve for DNA quantification of the prolonged exposure ofYersinia
pseudotuberculosito blood and saliva samples. € threshold cycle of a specified
amplification plot that occurs when the fluorescentsignal increases beyond the

value of the threshold setting.
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Expo 1

Expo 2

FIGURE B3 Standard curve for DNA quantification of the prolonged exposure of spores of
Bacillus anthracis virulent strain to blood and saliva samples. &: threshold
cycle of a specified amplification plot that occursvhen the fluorescent signal
increases beyond the value of the threshold setting
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Expo 1

Expo 2

FIGURE B4 Standard curve for DNA quantification of the prolonged exposure of botulinum
toxin A to blood and saliva samples. € threshold cycle of a specified
amplification plot that occurs when the fluorescentsignal increases beyond the

value of the threshold setting.
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Trial 1

Trial 2

Trial 3

FIGURE B5 Standard curve for DNA quantification of the prolonged exposure of
staphylococcal enterotoxin B to blood and saliva saples. G: threshold cycle of
a specified amplification plot that occurs when theéluorescent signal increases
beyond the value of the threshold setting.
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Expo 1

Expo 2

FIGURE B6 Standard curve for DNA quantification of the prolonged exposure of the
recombinant ricin toxoid to blood and saliva sample. G;: threshold cycle of a
specified amplification plot that occurs when the ltiorescent signal increases
beyond the value of the threshold setting.
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APPENDIX C

COMPLETED STR PROFILES OBTAINED by
CAPILLARY ELECTROPHORESIS
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FIGURE C1

Electropherogram obtained by capillary electrophoesis of a blood sample from
a male donor (green line) contaminated wittBacillus anthracisspores. Stutter
effects are visible in the blue line (first line). The smallest and largest
heterozygous STR (D8/D13) are highlighted in orangdnternal standards are
represented at the bottom of the electropherogranréd line).
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FIGURE C2

Electropherogram obtained by capillary electrophoesis of a buccal swab
sample from a female donor (green line) contaminatewith Bacillus anthracis
spores. Stutter effects are visible (blue line). T smallest and largest
heterozygous STR (D8/D13) are highlighted in orangeA homozygous STR is
represented by a single peak (yellow line). Interdastandards are represented at

the bottom of the electropherogram (red line).
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