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Abstract:

Bats are uniqgue mammals since they are able to fly and due to their crucial ecosystem roles,
they are designated as keystone species. However, in many parts of the world, it is difficult to
study bats due to the existence of protective legislation caysbeibthreatened status.
Consequently, bat endoparasite studies are limited and even less is known about the bat
immune system. To address this paucity of knowledge, this study was conducted using 99
pipistrellebats Pipistrellus pipistrellusn=93 and. pygmaeus=6 bats) that were obtained
opportunistically from the Greater Manchester and Lancashire region between September
2005 and September 2008. These bats were infected with several species of helminths and

protozoan parasites as previously ddmaxt{Lord, 2010; Dodd et al., 2014).

Thedata within this thesidescribes further characterisation of the protozoan infections in
this pipistrellepopulation through development of P@Rsed molecular typing tools. This
approach has allowed the molnudifferentiation betweefirypanosoma dionisandT.
vespertilionisinfections, confirmed that all eimerian infections were causdeifgria
rioarribaensisand also confirmed th&artonellasp. infection is most likely to be nen
zoonotic. In additionCryptosporidiumsp.andBorrelia sp. infection data is presented; the
former being the first report in a Ulkat. Analysis of the infection profiles with respect to bat
genotyping datéDodd et al., 2014shows that the parasites are randomly distributed with the
exception of thé. rioarribaensisnfections which appear to cluster in a qudpulation of

pipistrelles that are genetically more homogeneous.

Since Dll-like receptors (TLRs) are an important element of the mammalian innate
immune system, a PCR strategy was developed to isolate TLR4 and TLR2 genes from the
pipistrellebats (n=59). The TLR4 sequences were highly variable at the amino acid level
(haplotypes, n=42), and a phylogenetic analysis of the protein sequences showed that they

clustered into 7 major groups. Analysis of infection profiles in these bats showed that two
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TLR4 clusters appeared to correlate with susceptibility to trypanosomes (cluater 6
Toxoplasma gondicluster 3). In addition, bats in TLR4 cluster 6 had a significantly

reduced helminth burden. The TLR2 sequences were more conserved at the amino acid level
(haplotypes, n=5); however, 7 bats were heterozygous at the TLR2 |latirgeamstingly,

these correlated with a significantly reduced helminth burden.

Overall, this thesis highlights the difficulty of studying bat endoparasites and this is often
confounded by the lack, or absence, of parasitic material to assist developing mdlasethr
tools. Despite this difficulty, interesting data have been gesttraith respect to the
pipistrelle genetics, including Telike receptor variations, and eimerian, trypanosomhe,

gondiiand helminth infection profiles, and this is worthy of fignt detailed investigations.

Xiii



1.1 General overview:

Bats (Chiropteramost likely evolved from a shrelike animal that climbed trees
(Richardson, 2002and they are part of the superorder Laurasiatheria, forming a sister group
to the Fereuungulai@sagkogeorga, Parker, Stupka, Cotton, & Rossiter, 20R8ts have
become the most diverse, abundant and geographically dispersed order amongst the class
Mammalia. Indeed ahe estimated 4600 species of mammals, 925 species are bats (20%)
and in the UK, there are 18 species of bat, of which 17 are known to breed (Gedier,
Childs, Field, Holmes, & Schountz, 2Q@at Conservation Trust, 2013). There are two
suborders: the Yinpterochiroptera (megabats aimbidphoid microbats) and the
Yangochiroptera (all remaining microbats) and these separated approximately 64 million
years agqTeeling et al., 2005 Bats are unique mammals since they are the only ones that
can truly fly and this has facilitated them forming colonies almost everywhere irotlee w
except for Antartica and some isolated Oceanic islands. Not surprisingly, the tropics have the
greatest variety of bat species; for example, 175 species are present in Indonesia, and Central

and South America are home to approximately-thirel of al bat species.

As bats have important roles in many environments they are designated as keystone
speciegKunz, Braun de Torrez, Bauer, Lobova, & Fleming, 2Méhr et al., 2011Scott,
McLaren, Jones, & Harris, 201L0dndeed, some plants depend in part, or wholly, on bats to
pollinate their flowers or spread their seeds and insectivorous bats help to control insect
populations by eating them. For example, a common pipistrelle can eat up 000
insects in a single nigliKunz et al., 201;1Mehr et al., 201,1Scott et al., 2010 Due to such
ecosystem roles, in the UK and other countries, bats act as an 'indicator' species since any
significant changes in bat populations cancatk changes to other aspects of biodiversity

(Mehr et al., 2011Scott et al., 2010



Given thisimportance, bats are protected by legislation in many areas of the world. This
provides bats some protection against threats such as habitat loss and pesticides (Bat
Conservation Trust, 2013). However, it also means that the study of bats and theumfect

agents that they are host to, including parasites, is difficult.

1.2 Pipistrelle bats:

In the UK, all bats (Table 1.1) are insectivorous and the most numerous spegestislius

pipistrellus the common pipistrelle, which has become a€lapted to urbanized
environments where it is often found roostingiavices around the outside of houses and
buildings Although worldwide there are many species of pipistrelléRiahardson, 2002

in the UK there is just three species; the common pipistrelle, the soprano pipiBtrelle (
pygm& us) and t he N&tnthusii Morphblogical giffererttiati@n loflthese (
pipistrelle species is not trivial and indeed: thrmer two were only recognized as separate
species following studies on their biology in the fRP0Os(Barratt, Deaville, Burland, &
Bruford, 1997 Jones & Van Parijs, 199Rark, Altringham, & Jones, 1996 The common
and soprano pipistrelles (Figure 1.1) are most readily distinguished with the use of a bat
detector sineP. pipistrellusecholocates at 45 kHz while pygmaeuscholocates at 55 kHz

(Bat Conservation Trust, 2013

Table 1.1: UK bat speci€Bat Conservation Trust, 2013)

UK bat species General comments Numbers in UK
Alcathoe bats Confirmed asresident No dat a
(Myotis alcathog in 2002; looks similar

to whiskered and
Brandt s b

Barbastelle bats A rare and distinctive | 5000

(Barbastella species with a pudike | (Harris, Morris,

barbastellu$ face and a large, wide | Wray, & Yalden,
ears 1995

Bechstei nds|OneoftherarespeciefNo dat a
(Myotis bechsteinji found in England and
South east Wales




Brown long eared bats

Has sensitive hearing

245,000

(Plecotus auritus due to a very large ear| (Harris et al.,
1995
Brandt 6s b a| Similarto whiskered | 30,000
(Myotis brandti) bat species, being (Harris et al.,
separated as distinct | 1995
species in 1970
Common pipistrelle The most common 2,430,000

(Pipistrellus pipistrelluy

species in the UK,
weigh around 5 g

(Battersby, 200p

Daubentonds|Known as 0/|560,000
(Myotisdaubentoni , can pray on insects | (Harris et al.,
from the water surface| 1995
by using their large fee
or tall
Greater horseshoe bat | Has a unique >6600
(Rhinolophus horseshoeshaped (Battersby, 200p
ferrumequinur noseleaf

Grey longeared bat
(Plecotus austriacys

Slightly larger than the
brown longeared bats,
has a dark face

50,000
(Battersby, 200p

Leislerds b|Known a-s 0] Nodata
(Nyctalus leisler) armed bats

Lesser horseshoe bat | Can cover the body No data
(Rhinolophus completely with its
hipposideroy wings while resting

Nat husi us©d Classed as a resident | 16,000

(Pipistrellus nathus)i

1997

(Battersby, 200p

Nattereros

Can fly slowly since it

148,000

(Myotis natteren) has broad wings (Harris et al.,
1999
Noctule bat The biggest bats in the 50,000
(Nyctalus noctula UK, can fly in straight | (Harris et al.,
line, high and fast sinc{ 1995
it has long narrow
wings
Serotine bats Has broad wings and | 15,0®
(Eptesicus serotinyis leisurely flapping flight| (Harris et al.,
1995
Soprano pipistrelle bat | Similar to the common| 1,300,000

(Pipistrellus pygmaeQs

pipistrelle but
differentiated by its
high frequency
echolocation calls

(Battersby, 2006




Whiskered bat Smaller than the 64,000(Harris et
(Myotis mystacinys Brandt éds b|al, 1995
the same shaggy fur

Greater mouseeared bat | Declared extinct in No data
(Myotis myoti} 1990 but a solitary
individual has been
hibernating in southern
England since 2002

Pipistrellus pygmaeus Pipistrellus pipistrellus

Figure 1.1: The soprano (left) and common (right) pipistréBes Conservation Trust, 2013

Pipistrelle bats have adapted to live in proximity to humans and this had proven to be
successful in terms of their survival. Indegdthe UK, modern houses have become
common places for pipistrelles to roost in during the summer and to hibernateuightbuio

the winter.

A study by Racey et al. (2005) found that there was a significant pattern of genetic isolation
by distance in European bats, includigpipistrellusandP. pygmaeussuggesting that

mating might occur before the autumn migration.ddiaon, there were differences in the
genetic population structure between different colonies of the pipistfRibey et al., 2007

A subpopulation (n=71) of the. pipistrellusbats studied in this thesis were genotyped

using eleven ggmorphic loci and the data indicated that the majority of the specimens



(n=59) were most likely derived from a large interbreeding group and the remainder (n=12)

were of a mixed genotype origipodd et al., 2014

The average life m of a pipistrelle in Europe is 12 yeé&hober & Grimmberger, 1989
Although pipistrelles are widely distributed across the UK and Europe, their population has
declined in the 20century, mainly due to agricultural intensification. Nonetheless, a study
by Wickramasinghe et al. (2003eported that the main bat specan both conventional and

organic farms are the common and soprano pipistrelles

1.2.1: Summary of work done on the South Lancashire bat set:

* Bat samples were screened for gresencef helminths using classical and molecular

approacheglord et al, 2012)

* Bat samples were screened for the presence of protozoan par&sipesiosomesp,
Eimeriasp, Babesiavesperuginiglord, 2010), and oxoplasma gond{iDodd et al, 2012)

using molecular approach.

* Bat samples were screened foe fhresence ddartonellainfectionsusing molecular

approach(Lord, 2010)

* Hostgenotypes were done using eleyatymorphicloci (Dodd et al, 2012)

1.3 Threats to Bats

1.3.1 Anthropogenic:

Bat populations have decreased due to habitat loss andeled pesticides and preservatives
in timber and homes where many roost (Bat Conservation Trust, 2013). Different bat
species, including the pipistrelles, roost in buildings and they are in danger due to human
activities such as building works #BConsevation Trust, 2013)Agricultural intensification

is also a major cause of the decline of many bat populations because of the high level use of



agrochemicals on many farrfiickramasinghe, Harris, Jones, & Vaughan, 2008
addition, bats are being killed in increasing numbers due to the increasing installation of wind

turbines(Cryan, 201).

Climate change is likely to be a major cause of bat stress and hence population reduction. For
example, in the previous 15 years, about @0 flying foxes in Australia, the biggest bats in

the world, were affected by heat stress during the summer months, when the daytime
temperature increased to more than #0QNVelbergen, Klose, Markus, & Eby, 200&or

batsthat rely on nectar fruits, the extreme weather caused changes in plant flowering and this
put them the bats under additional stress by creating problems with their food sources

(Welbergen et al., 2008

A number of studies have also focused on the effect of bat exposure to heavy metals such as
mercury, lead and cadmium as these elements are readily transferred through insectivore food
chains(Walker, Simpson, Rockett, Wienburg, & Shore, 200@deed, toxic metals are
bioaccumulated by insectivorous mammals and since accumuliaarorrelates with age,

bat populations are at risk of toxicity; however, there have been few studies carried out in
bats(Walker et al., 200)7 In the UK, quantifiable levels of renal mercury, lead and cadmium
were reported in 272 bats from Sotrest England. In pipistrelle bats, levels of toxic metals
(Cd, Pb) and trace metals (Cu, Zn) have recently beenndieed in multiple tissues of 193
pipistrelle bats using IGRIS (Hernout et al., 2006 The data showed that 21% of the bat
population contained residues of at least one metal in sufficiently high concentration to elicit
a toxic effect and hence metal contamination should be considered an emvitalnstressor

that has major impact on bat populatigHgrnout et al., 2016



1.3.2 Natural:
A major reason for the recent decline of large numbers of bats is the emergence of White

Nose Syndrome (WNS). This fungal disease has caused the death of at least 1 million bats in
North America since 200@-oley, Clifford, Castle, Cryan, & Ostfel@011). The fungus

grows on the faces and wings of infected bats and causes physiological perturbations,
including the wateelectrolyte balance and altered torpor during hiberndiRaeder et al.,

2012 Warnecke et al., 20)2 Indeed, in some hibernation sites in the US, bat numbers have
declined between 837% since 2006 when the disease was initially ident{i&éehert et al.,

2009. The fungus associated with White Nose SyndrdPsepdogymnoascus destructans
(formerly Geomyces destructan$as also been found in some European bats. The presence
of the disease has been confirmed in six European courtreesce, Hungary, Switzerland

and Slovakia (12 location(s) per country), Germany (8 sites) and in the Czech Republic (23
sites)(Puechmaille et al., 20)2In the UK, thee is a need to raise awareness of WNS among
wildlife workers and cavers in order to identify and respond to any positive cases quickly. As
such, a pilot project is currently in progress in the UK to check bats for possible White Nose
Syndrome infectionsBat Conservation Trust, 2013). The first case of this disease was
confirmed in the UK in July 2013, which was in a hibernation site in South East England (Bat

Conservation Trust, 2013).

Another major natural threat to bats is predation by cats. Batsezapturedand eaten by
cats, or escape with injury which may subsequently lead to death. Indeed, in a recent study on
the causes of death in European bats, 15% of all bat mortality in Germany was documented

as a direct consequence of cat predattorstin Mihldorfer et al., 201)1

1.3.2.1 Viral infection:

In European bats, adenovirus (&land the European bat lyssavirus (EBL)Avere

documented as the cause of mortality for 1.2% of bahdesudied in German¥Kristin



Muhldorfer et al., 20101 Moreover, the fact that bats are carriers of lyssaviruses is a cause of
concern for the general public. Indeed, in the UK, two bat workers have died of rabies
infection following Daubentonds bat bites

type 2(Fooks et al., 2003

1.3.2.2 Bacterial infection:

Bacterial infections werdocumented as the cause of mortality in 12.5% of European bats
surveyed posinortem in GermanyKristin Muhldorfer et al., 2011 Moreover, there was a
strong correlation between the predominant bacterRasteurellaspp., and cat predation.

Other bacteria noted in the bats inclu@dmonella enterigeStaphylococcus aureand
Escherichia coli.As most of the bacterial spesieere classified as opportunistic pathogens,

it is likely that the bats that succumbed to these infections were most likely also suffering due

to injury and/or a compromised immune sysi{@ristin Muhldorfer et al., 2011

Although arthropod transmitted bacteria suclBagonellaspp.andBorrelia spp. commonly
infect bats, it appears that most infections are relatively well tolef@mttcannon, Wynn
Owen, Simpson, & Birtles, 200&vans, Bown, Timofte, Simpson, & Birtles, 20069
Muhldorfer, 2013. Nonetheless, theseports highlight the potential that bats may play in
acting as a disease reservoir for other wildlife, domestic animals and potentially, humans

(D'Auria et al., 201p

1.3.2.3 Parasite infection:

Bats are host to many different helminth and protozoan infections, some of which can cause
harm; for examplehe piroplasmBabesiavesperuginisis reported to cause splenomegaly, a
reduction in haemoglobin level, and elevated reticulocyte |€Rel&ardner & Molyneux,

1987. Also, severe intémal trematode infection, disseminated nematode infection and renal
coccidiosis can cause death to bats; albeit, the numbers reported in the German bat post
mortem study are relatively low (0.5% of total deaf8)stin Muhldorfer et al., 2011 As
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such most parasites appear to be well tolerated by bats which indicates a long established

association between the host and the para${testin Mihldorfer et al., 201)1

1.4 Bats as reservoir of zoonotic disease:

Unlike other mammals, bats appear to harbour many viruses without appearing to suffer
detrimental health effect&or example, Hendrand Nipah viruses which have high mortality
rates in other mammals, including humans, are tolerated by\badleton et al., 2007
Williamson, Hooper, Selleck, Westbury, & Slocombe, 2000e reasons for this toleration
are uncl ear ; thlg@04),suggestdd th& the abilityeof bats to fly, which is
not exhibited by any other mammals, might play an important role in te&istence of bats
and virusesasf evEmhe fMmfylpioghtesi s proposes t hat
high emperature experienced during flight might act as an adjuvant of the bat immune
system, providing bats a selective force against virulence and hence allowing them to control
viral infections(O6 S h e a e)t An alternative &&@sdn4or the ability of batdaterate
different infections without being il the ce evolutionwhich means that the ancient origin

of batsdeduced for certain infection such asipemirus and lyssaviruses sugggbsa long

history of cospeciations (Calisher et al, 2008)is longhistory of infectionmight play an
important role in the cexistence of bats and viruses. Another alternasivee immune

system of bats that seeftashave better abilitin infections recognitiomvhich help bat to be
tolerant of many infection agenf3espite little known about the immune system in bats, the
study byZhou et al., (2016showed thatIFNJ genes were able -to indu
stimulated genes linked to antiviral activity and so timayy be crucial to bats ability to

tolerate viral infection§Zhou et al., 2016 The interferon regulatory factor 7 (IRF7), a key
regulator of IFN responses, was also found to be constitutively expressed in a range of
immune and noiimmune cells oP. alectoand activated by doublgtranded RNAZhou et

al., 201).



Indeedthere are many different viruses that can inbats including SARS, Ebola,
Nipah, Hendra, Rabies and related lyssaviruses, that can be highly pathogenic when
transmitted from bats to other mammals, including hunj@asisher et al., 20Q6Table 1.2).
European Bat Lyssavirus (EBLV) is responsible for rabies and the most common type present
in European bats is type(Calisher et al., 2006Unlike classical rabies, the bat virus rarely
infects animals other than bgBrookes et al., 20Q%Calisher et al., 20Q0G&nd &ross Europe,
700 bats have been confirmed to be infected with lyssaidmengual, Bourhy, Lopez

Roig, & SerraCobo, 2007 Calisher et al., 2006

In the UK,European Bat Lyssavirus has been rarely detected; after a comprehensive
screening programme (n=11,500), only 14 bats
confirmed positivg Johnson et al., 20)6FurthermoreThe Veterinary Laboratories Agency
has screened more than0B8(bats over the past 20 years and reported only 6 bats infected
with EBLV (Johnson et al., 2018ats Conservation Trust, 2013). These infected bats were
again Daubentonds and 4tybpeyTheWdA leas neveffidemiied d wi t
any rabies virus infection in pipistrelle bats, which are the most common species in the UK
(Johnson et al., 2018atsConservation Trust, 2013). Given the apparent low prevalence of
EBLV in UK bats, it is perhaps surprising that any UK rabies cases duehorain
transmission have occurred. However, as documented above (1.3.2.1), two bat volunteer
workers have died fblo wi n g D a u b(leooks et al.02003nd hereesmembers of
the public must takerpcautions if they are involved in occupations that involve working

with this species of bat.

With respect to bacterial infectiorBartonellaspp. andBorrelia spp. are of potential
zoonotic concern since they can infect bats and possibly transmit to humans via biting
arthropod vectors. Recently, a study of bats in France and Spain show@drtbaella

infections were present in approximately 9% of examinedisgens, including the species
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nathusii N. noctula M. daubentoniiandM. mystacinugStuckey et al., 20)7 The

Bartonellasp. detected in these bats clustered together with the zoonotic ghecies
mayotmonensigStuckey et al., 2007 Borrelia infections in bats are poorly described;
however, the autopsy of a pipistrelle bat from the UK showed that the specimen was likely to
have died from borreliosis andat the bacterium was closely related to known human
pathogenidBorrelia species responsible for causing relapsing fever in hufiaass et al.,

2009).

With respect to parasites, there is increasingesdd emerging that bats act as reservoirs for
transmission of botfirypanosoma&ruzi (Hodo et al., 2016andLeishmaniaspp.(de Oliveira

et al., 2015Kassahun et al., 20} fections to humans.

Tablel.2: Examples of viral zoonotic pathogens in bats

Zoonotic pathogen | Bat species Country Reference
Rabies Brazilian bat Sao Paule (Castilho et al., 2016
Brazil
Rabies Daubent o] UK (R. F. Johnson &tl., 2016
Nipah Pteropusbat Australia (Calisher et al., 2006
(Flying fox)
Nipah Pteropus Malaysia (Calisher et al., 2006

vampyrus & P.
hypomelanus
Ebola gaire Ebola) | Hypsignathus Central African| (Calisher et al., 20Q64assanin et al.

monstrosus, Republic, West| 2016

Epomops Africa

franqueti,

Myonycteris

torquata(Fruit

bats)
Hendra Pteropus bat Australia (McMichael et al., 2017
Coronavirus Korean bat Korea (Kim et al., 201%
Coronavirus Pteropushat Australia (C. Smith et al., 2016
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Tablel.3: Examples dfacterial zoonotic pathogens in bats

Zoonotic pathogen | Bat species Country Reference
Bartonella P. nathusijN. | France and (Stuckey et al., 2017
noctula M. Spain
daubentonii
andM.
mystacinus
Borrelia pipistrelle bat UK (Evans et al,2009)

1.5 Bat Parasites

1.5.1 Helminths:
The majority of the studies have shown that bats are infected with a plethora of helminths

including trematodes, cestodes, anthatdeg Esteban, Oltra Ferrero, & Ma®ma, 1990
Marshall & Miller, 1979 Nahhas, Yang, & Uch, 2005The limited reports of
acanthocephalsn infections in bé#snales, 200)7is suggestive that for many hosts, these are

likely to be accidental, or paratenic infectig@bson & McCarthy, 1987

Although gastrointestinal helminths are generally not considered pathogenic, thegvane kn
to have an important role in influencing the host immune status and might affect the overall

health status of an individual anin{dMaizels & Yazdanbahksh, 2003.

1.5.1.1 Trematodes:
Most studies have shown that trematodes are the most common class of helminth in the bat

gastrointestinal tract (Table 3.@Ricci, 199%, Shimalov, Demyanchik, & Demyanchik,

20(). Trematode eggs exit the mammalian host in the faeces and whédratbkythe

resulting miracidium infect a snail host. After a period of development in the snail, cercariae
are shed into the water and these develop into encysted metacercariae (infective stage) in a
second intermediate host; for bat infections, this istriikely to be insect larvae. As such,

the bat will subsequently become infected once the insect larvae mature into adults that then

become part of the bat diet.
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Many different trematode species have been reported in bats. For example, the study by
Shimalov, Demyanchik, & Demyanchikk002) reportedllasogonoporu amphoraeformisin
in Myotis nattereri, Lecithodendrium linstom M. daubentoniiandPlagiorchisspp andP.
vespertilionisin E. serotinusandM. daubentonii Trematodes isolated from the

gastrointestinal tracts of different pipistrellat are highlighted in Table 1.4

1.5.1.2 Tapeworms:

Cestode eggs exit the host in the faeces and then can infect another host via direct ingestion,
or, the eggs may develop in the environment into editaw larval stages. The latter can be
eaten by intermediate hosts whereupon the parasite develops into a procercoid larva.
Following ingestion by a further intermediate host, the parasite develops into the infective
(plerocercoid) stage which then infette definitive host via the ingestion route. For bats,

the precise route of tapeworm infection is not described though it is most likely to involve

ingestion of infected insects.

Several studies have reported tapeworm infections in differespbates. For example, the
study by Shimalov et al., (2002) described isolatioWarnpirolepis skrjabinarianérom five
infectedEptesicus serotinusats. A more recent study reporiéampirolepis balsadn a
Myotis myotidat from GermanyFrank et al., 2005 TheVampirolepisapeworm has also

been reported in a numbef pipistrelle bats (Table 1.4

1.5.1.3 Nematodes:

Nematode lifecycles can be either direct, involving ingestion of eggs, or skin penetration by

infective larvae, or indirect and require transmission of infective larvae by biting insects.
Precise lifecycle details of bat nematodes are unknown. An el@aofma direct lifecycle

bat infective nematode is the strongyhMblinostrongylus alatusrecorded at high intensity
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in Myotisbats(Frank et al., 2015 The bat onchocercid filarial nematddéomosa

chiropterorum isolated from miniopterid bats, is an example of an indirectiitde bat

infective nematodéJunker et al., 2009 Pipistrelle bats can be infected with nematodes

transmitted by both direct and indirect rout€alfle 1.4.

Tablel.4 Summary of helminth infections of pipistrelle bafshe Table was generated by

searching the HodRarasite Database at The Natural History Museum, Lo(f@ison,
Bray, & Harris, 2005

Parasite group | Genus Species Host Locality Reference
Acanthocephalang Macracanthorhynchus| hirudinaceus Pipistrellus | Europe (Lanza, 1999
kuhli
Cestodes Hymenolepis acuta Pipistrellus | Freshwater | (Nama, 199p
& Terrestrial
- no area
specified
Hymenolepis pipistrelli Pipistrellus | Spain + (Botella,
pipistrellus, | Andalusia, Sanchez, &
P. kuhli Iraq Esteban,
1993 J
Guillermo
Esteban,
Amengual, &
Cobo, 2001
Nama, 199D
Hymenolepis sandgroundi Pipistrellus | Ethiopian (Nama, 199p
nanus Region,
Zimbabwe
Staphylocystis syrdariensis P. USSR (CIS), | (Lanza, 1999
pipistrellus, | Uzbekistan
P.
pipistrellus
bactrianus
Vampirolepis acuta Pipistrellus | Europe (Lanza, 1999
nathusii,
P.
pipistrellus
Vampirolepis magnirost P. Armenia (Lanza, 1999
ellata pipistrellus
Vampirolepis molani P. kuhli Iraq (Sawada,
1990
Vampirolepis skrjabinariana | P. European (Lanza, 1999
pipistrellus, | USSR (CIS)
P. kuhli, P.
nathusii
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Vampirolepis urawaensiss Pipistrellus | Japan, (Sawada,
abramus Taiwan 1990
Raillietina sp. P. kuhli, Iraq (Lanza, 1999
Pipistrellus
kuHi
ikhwanius
Nematodes Litomosa beshkovi P. nathusii | Bulgaria (Lanza, 1999
Litomosa filaria P. kuhli Europe (Lanza, 1999
Litomosa ottavianii P. Spain + (Botella et al.,
pipistrellus | Andalusia 1993 Lanza,
1999
Thelandros alatus P. kuhli Iraq (Lanza, 1999
Physaloptera brevivaginata | P. kuhli Algeria, Iraq | (Lanza, 1999
Physaloptera myotis P. nathusii | Europe (Lanza, 1999
Physaloptera sp. P. Hungary (Lanza, 1999
pipistrellus
Pseudophysaloptea sp. P. kuhli Iraq (HASSAN,
SALIH, &
ABDULLAH,
1993 Lanza,
1999
Longibucca eptesica Pipistrellus | Virginia (Measures,
subflavus 1999
Seuratum Mucronatum P. Europe (Lanza, 1999
pipistrellus
Agamospirura sp. P. Europe, (Lanza, 1999
pipistrellus | Ukraine,
incl.
Moldavia
Ascarops strongylna P. Europe (Lanza, 1999
pipistrellus
Physocephalus sexalatus P. kuhli, P. | Europe (Lanza, 1999
nathusii, P.
pipistrellus
Spirocerca lupi P. kuhli Europe (Lanza, 1999
Capillaria italica P. Europe (Lanza, 1999
pipistrellus
Capillaria neopulchra P. nathusii | Europe (Lanza, 1999
Capillaria palmata P. subflavus| Louisiana (Lotz & Font,
199])
Capillaria pipistrelli Pipistrellus | Japan (Lanza, 1999
javanicus
abramus
Capillaria romana P. Europe (Lanza, 1999
pipistrellus
Molinostrongylus alatus P. Europe (Lanza, 1999
pipistrellus
Molinostrongylus rhinolophi P. Paleactic (Lanza, 1999
pipistrellus | Region
Molinostrongylus skrjabini P. Palearctic (Lanza, 1999
pipistrellus | Region,
European
USSR (CIS)
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Molinostrorgylus vespertilionis P. nathusii, | Europe, (GENOV,
P. European Stoykova
pipistrellus | USSR (CIS), | Hajinikolova,
Hungary, &
Ukraine, MESZEROS,
incl. 1992 Lanza,
Moldavia, 1999
Bulgaria Matskasi,
Mészéros,
Murai, &
Gubanyi,
1996 V.
Tkach &
Sharpilo,
1988
Trematodes Anchitrema Sanguineum P. kuhli Freshwater | (Lanza, 1999
& Terrestrial
- no area
specified
Brachylaima aristotelis P. Europe (Lanza, 1999
pipistrellus
Heterophyes Heterophyes P. kuhli Southern (Lanza, 1999
Yemen
Acanthatrium eptesici P. subflavus| Indiana (Pistole,
1988
Acanthatrium pipistrelli P. subflavus| Indiana, (Lotz & Font,
Louisiana, 1997, Pistole,
Minnesota 1988
Allassogonoporus amphoraef P. kuhli Ukraine, (V. Tkach,
ormis incl. 200Q V. V.
Moldavia Tkach,
Littlewood,
Olson,
Kinsella, &
Swiderski,
2003
Allassogonoporus marginalis P. subflavus| Indiana (Pistole,
1988
Lecithodendrium duboisi P. abramus | China (Qu & Gong,
1992
Lecithodendrium granulosum P. kuhli, P. | Italy, (Ricci, 19952
nathusii, P. | Europe,
pipistrellus, | European
Pipistrellus | USSR (CIS),
savii Ukraine,
Hungary
Lecithodendrium linstowi P. kuhli, P. | China, (Botella et al.,
nathusii, P. | Ukraine, 1993 Qu &
pipistrellus, | incl. Gong, 1992
P. abramus | Moldavia, Ricci, 19952
Italy,
European
USSR
(CIS)Europe,
Spain +
Andalusia,
Hungary
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Lecithodendrium longitudinalle | P. abramus | China (Qu & Gong,
1999
Lecithodendrium macrostomum | P.abramus | China (Qu & Gong,
1999
Lecithodendrium microrchle P. abramus | China (Qu & Gong,
1992
Lecithodendrium multiglandum | P. abramus | China (Qu & Gong,
1992
Lecithodendrium mystacini P. Spain + (Botella et al.,
pipistrellus | Andalusia 1993
Lecithodendrium petalinum P.abramus | China (Qu & Gong,
1992
Lecithodendrium rohdei P. abramus | China (Qu & Gong,
1999
Lecithodendrium rysavy P. kuhli, P. | USSR (CIS),| (Lanza, 1999
nathusii, P. | Ukraine,
pipistrellus | incl.
Moldavia,
Lecithodendrium semen P. abramus | China (Qu & Gong,
1999
Lecithodendrium shanghaiense | P. abramus | China (Qué& Gong,
1992
Lecithodendrium sinense P. abramus | China (Qu & Gong,
1992
Lecithodendrium skrjabini P. nathusii | European (Lanza, 1999
USSR (CIS),
Georgia
Lecithodendrium spathulatum P. abramus | China (Qu & Gong,
1992
Lecithoporus macralaimus P. kuhli, P. | European (Lanza, 1999
nathusii USSR (CIS)
Limatulum oklahomense | P. subflavus| Louisiana (Lotz & Font,
Macy 199))
Mesodendrium macrostomum | P. abramus | Japan (Shimazu,
1923 1995
Mesodendrium spathulatumm | P. abramus | Japan (Shimazu,
1923 1995
Ochoterenatrema breckenridgei | P. subflavus| Indiana (Pistole,
1989
Ochoterenatrema diminutum P. subflavus| Indiana, (Lotz & Font,
Louisiana 1991, Pistole,
1989
Ochoterenatrema labda P. subflavus| Louisiana (Guzman
Cornejo,
GarciaPrieto,
PérezPonce
de Leon, &
Morales
Malacara,
2003 Lotz &
Font, 199])
Ophiosacculus mehelyi P. Europe (Lanza, 1999
pipistrellus
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Parabascus duboisi P. Ukraine, (Lanza, 1999
pipistrellus | incl.
Moldavia,
Europe
Parabascus lepidotus P. kuhli, P. | European (Lanza, 1999
nathusii, P. | USSR (CIS), | V. Tkach,
pipistrellus | Ukraine, 2000
incl.
Moldavia,
Europe
Parabascus semisqua P. kthli, P. | Ukraine, (Botella et al.,
mosus nathusii, P. | incl. 1993 V.
pipistrellus | Moldavia, Tkach, 2000
Europe, V. V. Tkach
Spain + et al., 2003
Andalusia
Paralecitrodendrium | singularium P. subflavus| Indiana (Pistole,
1988
Prosthodendrium ascidia P. kuhli, P. | European (Botela et al.,
nathusii, P. | USSR (CIS),| 1993
pipistrellus | Europe,
Spain +
Andalusia,
Hungary
Prosthodendrium chilostomum P. kuhli, P. | Europe, (V. Tkach,
nathusii, P. | European 2000
pipistrellus | USSR (CIS),
Ukraine,
incl.
Moldavia,
Hungary
Prosthodendrium ilei P. nathusii, | Ukraine, (V. Tkach &
P. incl. Sharpilo,
pipistrellus | Moldavia, 19838
Europe
Prosthodendrium longiforme P. kuhli, P. | Ukraine, (Qu & Gong,
abramus incl. 199; V.
Moldavia, Tkach, 2000
China
Prosthodendrium megacotyle Pipistrell- Japan, (Lanza, 1999
us Europe
javanicus ,
P.
pipistrell-us
Prosthodendrium mehrai P. abramus | China (Qu & Gong,
1992
Prosthodendrium ovimagnosum | P. abramus | China (Qu & Gong,
1992
Prosthodendrium travassosi P. kuhli, P. | European (Lanza, 1999
nathusii USSR (CIS)
Prosthodendrium glandulosum P. kuhli Freshwater | (Lanza, 1999
& Terrestrial
- no area
specified
Prosthodendrium nyctali P. Kazakstan, | (Lanza, 1999
pipistrellus | USSR (CIS)
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Prosthodendrium skrjabini P.nathusii | USSR (CIS) | (Lanza, 1999
Prosthodendrium gerhardi Pipistrellus | India (GANDHI,
dormeri 1989
Prosthodendrium longiforme P. kuhli Europe (Lanza, 1999
Prosthodendrium macnabi Pipistrellus | India (GANDHI,
mimus 1989
mimus
Prosthodendrium minus P. kuhli India (Lanza, 1999
Prosthodendrium mizellei P. mimus India (GANDHI,
mimus 1989
Prosthodendrium parvouterus P. nathusii, | Europe (Lanza, 1999
P.
pipistrellus
Prosthodendrium pyramidum P. kuhli Egypt, (Lanza, 1999
Southern
Yemen
Prosthodendrium urna P. kuhli Freshwater | (Lanza, 1999
& Terrestrial
- no area
specified
Pycnoporus heteropaus P. kuhli, P. | ltaly, (Ricci, 1995a
savii, P. Ukraine, V. Tkach,
pipistrellus | incl. 200Q V. V.
Moldavia, Tkach et al.,
Spain + 2003
Andalusia,
Hungary
Pycnoporus macrolaimus P. kuhli Ukraine, (V. Tkach,
incl. 2000
Moldavia
Pycnoporus mansouri P. kuhli Egypt (Lanza, 1999
Pycnoporus megacotyle P. kuhli Ukraine, (V. Tkach,
incl. 200Q V. V.
Moldavia Tkach et al.,
2003
Pycnoporus skarbilovichi P.abramus | China (Lanza, 1999
Pycnoporus transversus P. abramus | Japan (Shimazu,
1923 1995
Pycnoporus macrolaimus P. nathusii, | Europe (Lanza, 1999
(Lecithoporus) P.
pipistrellus
P. kuhli
Pycnoporus acetabulatus P. Spain + (Botella et al.,
pipistrellus | Andalusia, 1993
P. kuhli Hungary, Sharpilo &
Ukraine, Iskova, 1989
incl.
Moldavia,
Palearctic
Region
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Pycnoporus heteroporus P. Spain + (Botella et al.,
pipistrellus | Andalusia, 1993
P. kuhli Hungary, Sharpilo &
Ukraine, Iskova, 1989
incl.
Moldavia,
Palearctic
Region
Mesotretes peregrinus P. Spain + (Botella et al.,
pipistrellus | Andalusia, 1993
Europe
Plagiorchis koreanus Ogatg P. Ukraine, (V. Tkach,
pipistrellus | incl. 2000
P. kuhli Moldavia,
Europe
Plagiorchis micracanthos | Pipistrellus | Nevada, (Alberta.
hesperus, | Nebraska Alberta
Pipistrellus Agriculture,
subflavus Development,
subflavus &
KENNEDY,
1988
Plagiorchis muelleri P. Ukraine, (V. Tkach,
pipistrellus | incl. 2000
Moldavia
Plagiorchis vespertilionis P. Ukraine, (Pistole, 1988
pipistrellus | incl. Ricci, 19953
P. kuhli,P. | Moldavia,
subflavus, | European
P. nathusii | USSR (CIS),
Italy,
Indiana,
Freshwater
& Terrestrial
- no area
specified
Plagiorchis pipistrelli-cola | Pipistrellus | Freshwater | (Ricci, 19953
mimus & Terrestrial
- no area
specified
Urotrema scabridum P. subflavus| Louisiana, (Guzméan
braun Freshwater | Cornejo et al.,
& Terrestrial | 2003 Lotz &
- no area Font, 199])
specified
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1.5.1.4 UK Helminths:

The study conducted at The University of Salford on the population of Lancashire pipistrelles

analysed further in this thesis showed 68 out of 90 bats (76% prevalence) were infected with
at least 1 species of helmintbord, Parker, Parker, & Brooks, 2012\l the helminths were
digeneartrematodes and 5 species were found in the 68 infected speclmeitodendrium
linstowi (80.4%),L. spathulatun{19.6%),Prosthodendrium sg35.3%),Plagiorchis
koreamug29.4) andPycnoporus heteopor9.8%). Statistical modelling of the data from

the study showed there was no difference in overall prevalence between the sexes but
interestingly, the male bat infections appeared to be more aggregated than that of females,
and also less abundant. Thatistical modelling also showed that there was a significant
increase in prevalence and abundance throughout the period from September 2005 to
September 2009, indicating that environmental factors can be important in regulating

infections( Lord, 201Q.

1.5.2 Protozoa:

Protozoa are microscopic codled organisms that can be freing or parasitic in nature.

They can infect humans and animals and the infection levels vary from asymptomatic to life
threatening; virulence is dependent upon the species and also, théFsmainel, 2013

There are several types of protozoan parasite that can infect bats such as the haematozoa
PolychromophilusTrypanosomandBabesia and also, gastrointestinal parasites such as

Eimeria
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1.5.2.1 Coccidia:

Coccidiosis is a parasitic infection of the intestinal tract caused by coccidian protozoans from

the generd&imeria, Isospora ToxoplasmaCryptosporidium andSarcosystigDuszynski,

Scott, Aragon, Leach, & Perr§999. The disease is transmitted between animals either by
ingestion of infected faeces, or infected tissue. Most of the cases are asymptomatic; however,
young or immunocompromised animals might have severe symptoms, indiiigirigea

which can escale to deatliDuszynski et al., 1999Coccidia can infect different animals,
including humans, birds, and livestock and infections are species specific. Coccidiosis is an
economically important disease of cattle, sheep, goat, pigs, poultry, and rabbits in which the

intestine, the liver and the kidneys (renal coccidiosis) can be affected.

Bats appear to be a host for multiple species of eimerian parasites. The study by Duszynski
(1999), found that 29 out of 404 individual bats, representing 20 different species, were
infected with eimerians, including 6 new spediesszynski et al., 1999A number of other

bat parasitstudies, from the Middle East and also North America, have also reported bat
eimerian infectiongAlyousif, Al-Dakhil, & Al-Shawa, 1999McAllister, Burt, Seville, &

Robison, 2011McAllister, Seville, & Roehrs2012. More recently, Cryptosporidium

parasites have been isolated freptesicus fuscus the USA and a pipistrelle bat from

Czech RepubligcKv 8| et). al ., 2015

Toxoplasma gondis another coccidian parasite that has recently been detected in bats. Two
bat species, the insectivoroM®lossus molossuand the haematophagous common vampire
batDesmodus rotundusvere shown to be infected By gondiiin Brazil and the parasites

were isolated and genotyped with a set of FRFR.P markergCabral et al., 2013 A study

in China of 626 bats, representing 10 different species, showel tpandiiwas detected in

bats at a prevalence of 6.1(%%ang et al., 204
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1.5.2.2 Kinetoplastids:

Kinetoplastids are a group of flagellate parasites which are responsible for different diseases

in humans, other animals and even plants. The kinetoplastids include trypanosomes and
Leishmania which are human pathogens causing devastating health imaiictsitide
human African trypanosomiasis, Chagas disease and leishm48iasig et al., 2008

A number of different trypanosomatids and Leishmania species have been detected in
bats, includingparasites highly related to the causative agent of Chagas disease,
Trypanosoma cruzdesignated genotype TcBMarcili et al., 2009 Pinto, Kalko,
Cottontail, Wellinghausen, & Cottdail, 2013. Moreover, study of a human cruzi
infection has confirmed that it was comprised of a mixed infection ithuzidiscrete
typing unit | and thd. cruziof bat origin, TcBa{Ramirez et al., 2034 Recent studies have
also confirmed thdteishmania infantupnil. amazonensi@e Oliveira et al., 20)5andL.
mexicana(BerzunzaCruz et al., 201pare present in a range of bat species. Such studies
clearly highlight that bats may act as important reservoirs of zoonotic infection by

kinetoplastids.

1.5.2.2.1: Trypanosoma:

There are three types of stercorarian trypanosomes that can infeth®datsrpetosoma,
SchizotrypanumandMegatrypanun{ Gardner, 1986Molyneux, 199). The majority of bat
infections are caused [8chizotrypanurandMegatrypanunandCimex is the only known
vector of these parasit@8lolyneux, 199). TheSchizotrypanunare considered to be the

most interesting because of morphological similaritytigpanosoma cruzvhich infects
humans. Howevern vitro study of theSchizotrypanurns restricted due their lack of

infectivity to common laboratory animaslolyneux, 199).

Recently, Hamiltoret al.(2012) proposed the bat seeding hypothesis which argued that the

common ancestor of the cruziclade was a bat trypanosome and that these bat
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trypanosomes diversified and became geographically widespread due to host migration.
Various trypanosomes withthis group independently switched from bats to terrestrial
mammals to initiate seeding of the terrestrial lineage of the anceéstmalziclade

(Hamilton, Teixeira, & Stevens, 2012

1.5.2.2.1.1 Schizotrypanum:
The data from Hoare (1972), showed that®xatizotrypanunsubgenus of Trypanosoia

can be differentiated from. cruziif large numbers of parasites are examined but if small
numbers are examined, it cannot provide the basis for distinguishing between these parasites.
Schizotrypanunrypomastigotes are C or Shaped in blood smears and usually have a large
terminal, or sb-terminal kinetoplast that can prevent the pointed end from being detected in
stained preparations. The parasites have a free flagellum and the undulating membrane is
usually not conspicuous. Also, the nucleus is usually found midway along the body of th
organism. The length of bat trypanosomes i244im(Hoare, 1972 The description of two

bat trypanosomegd,. hedrickiandT. myotj were explained by Bower and Woo in 1981. This
description can apply to bloodstream forms of chronic irdectiith bat trypanosomes.

Bower and Woo (1981), found that there are long slender trypomastigotes, which are present
in the blood of the infected baiBower & Woo, 1981 They found trypomastigotes of
hedrickiandT. myotiapproximately 15 days post infection by inoculation of culture forms.

The slender forms have an elongated nucleus, a free flagellum and a kinetoplasis which
distant from the posterior end. The same forms were found in individuals with acute infection

of T. cruzi(Brener, 1969Howells & Chiari, 197%.

Amastigotes off . dionisii, T. hedrickj andT. myotiin culture are similar to amastigotes
of T. cruziwhich are spherical and about 3 pum in diameter. Epimastigotes of these three
parasite species vary in shape and size when observed in blood agar, or insect tissue culture

medium. Bower and Woo (1981) stated that distinguishing betWeaionisii T. myotj T.
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hedricki andT. vespertilionican be done by measuring the size of epimastigbtes;
vespertilioniss large in blood agar culture. Also, the distance between the nucleus and
kinetoplast is greater in. vespertilionighan the other three speciesagther feature is the
yellow-green pigments, which can be foundlinmyotj T. hedrickiandT. dionisiiwhen
these are grown in blood agar media, whereas this is not found wiéspertilionis.
However, these pigments can be seen when the parasitgsarein medium 199

containing foetal calf seruid. Baker, Miles, Godfrey, & Barrett, 1978

Metacyclic stages of b&chizotrypanunare also important in species identification.
Trypanosoma dionisiisually develops dimorphic metacyclic forms; thesey be short
broad, or long thin formsyhen the parasite is maintained in blood agar cultures. In contrast,
T. vespertilionigdevelops only short broad metacyclic trypomastigotes and these forms are
usually with a terminal, or sub terminal kinetoplasthedrickiandT. myotihave the same
metacyclic forms which are long and tt{th Baker & Thompson, 197R. Gardner &

Molyneux, 1988a

1.5.2.2.1.2 Megatrypanum:

There are two types of bitegatrypanunthat were defined by Hoare (1972):

megadermaandT. heybergi TheT. megadermakinetoplast is usually near the posterior

end and it is narrow and the nucleus fills the central part of the body. In contrast, parasites of
T. heybergare broader and the kinetoplast and nucleus are positioned close together. There
are differentMegatrypanumthat have been described suciamegadermawhich

measures 41.2 pum in length. incertummeasures 25.8 uni,, magnusmeasures 27.5 um,

andT. lizaemeasures 2d@5 um in length(BandyopadhyayRay, & Dasguptal982 Deane,
Sarjeant, & Fernandez, 19Marinkelle, 1979. However, there have been few studies on

the biology ofMegatrypanunspecies of bats. Indeed, no dividing stages. aficertumwere

found when a bat was euthanised three days after infectiomwitikertum(Deane et al.,
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1978 R. Gardner & Molyneux, 1988IMarinkelle, 1979. Another study failed to reveal any
dividing trypanosomes of. pessoawhich is aT. heybergilike trypanosoméR. Gardner &

Molyneux, 1988bMolyneux, 199).

1.5.2.3 UK Bat Protozoa:

A small number of classical parasitological studies have confirmed that UK bats are infected
with haematozoa, including trypanosom@syesperuginiand thehaemosporidian
Polychromophilus murinugsee references within Lord and Brooks, 2014). The most

extensive bat parasite study conducted in the UK was carried out at The University of Salford
in the 19804491 bats, representing 12 species) and many haematozoan parasites were
recordedR. A. Gardner, 1986 The most prevalent haematozoan,$chizotrypanumwas
detected in approximately 35% of pipistrelles examined and also, in several other bat species
(R. Gardner & Molyneux, 1988b The MegatrypanunT,. incertum was also detected in
pipistrelles; most of which were capturedm AberdeenshiréR. Gardner & Molyneux,

19880. Gametocytes of the haemosporidisitychromophilus murinuszere found irone

third of Myotis daubentonibats and the parasite was recorded in the wingless blood sucking
Nycteribiid fly which likely explains the restricted host rariBe Gardner, Molyneux, &

Stebbings, 1987 The piroplasnBabesia vesperuginigas noted in the blood of pipistrelles
andM. mystacinuand thesdats exhibited high reticulocyte counts, lowered haemoglobin
levels and splenomegaliR. Gardner et al., 198R. A. Gardner, 1986 A veterinary

pathology study of 245 UK bats has also confirmed that severe babesiosis can, in rare cases,
result in bat mortalitySimpson, 2000 The vector oB. vesperuginiss reported as the soft

tick, Argas vespertilionigR. Gardner & Molyneux, 1988b

Oneof the few molecular studies carried out on UK bat haemoparasites used a PCR based
strategy to confirm the presenceBfvesperuginisT. dionisiiand the haemobacterium

Bartonellaspp. in a number of bat species, including pipistrelles, from SouthBkgkind
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(Concannon et al., 20p5More recently, a molecular study of bat trypanosomes in southern
England confirmed thak. dionisiiwas most prevalent; indeed, only a singlevespertilionis
infection was reported and this was iN.anoctulabat exhibiting ar. dionisiiT.vespertilonis
mixed infection(Hamilton, Cruickshank, Stevens, Teixeira, & Mathews, 20Edrther

genetic examination of the3e dionisiiparasites confirmed that they included new
genotypesT. dionisiigroup A was present in pipistrelletband was identical to previously
described trypanosomes; howeverdionisiigroup B (New 1) was reported in Serotine and
Whiskered bats and. dionisiigroup B (New 2) was isolated from Noctule b@giamilton,
Cruickshank, et al., 20)2Since theT. dionsii group B genotypes were genetically closer to
South American strains @f. dionisiithan they were td. dionisiigroup A, Hamilton et al.
(2012 proposed that ancient bat movements are most likely to be responsible for the
observed dispersal of these trypanosomes. Indeed, such ancient bat movements are most
likely a major contributor to the bat seeding hypothesis proposed to explain the examjutio

history of T. cruzi(Hamilton, Teixeira, et al., 20}2

An extensive study of bats from Lancashirecently carried out at Salford University, has
confirmed the presence of trypanosontesjesperuginisBartonellasp.,Eimeriasp.( Lord,
2010 andT. gondii(Dodd et al., 201/in pipistrelles. Since this bat population was the

subject of this thesis work, further details of these infections will be presented in Chapter 3.
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1.6 The Mammalianlmmune System: an overview

The mammalian immune system is a remarkable complex of different biochemical processes
to ensure an efficient recognition and destruction of pathogen threats to host viability
(Dunkelberger & Song, 2010 Mammals have evolved humoral (antibedgdiated) and

cellular defense networK&lajnik & Kasahara, 20)Ghat together provide an adaptive

immune response to assist the innate immune system in protecting against irnaisigens
(Medzhitov, 200Y. The key features of the adaptive and innate immune systems are

highlighted in Table 1.4.

Tablel.5 Summary of the key differences between innate and adaptive immunity

Innate immunity Adaptive immunity

Physical and chemical barriers, phagocytic B cells, which mature into antibody secreting
leukocytes, dendritic cells, natural killer cells, | plasma cells.

and plasma proteins (cotement). T cells, which mature into-Relper and cytotoxic
T cells.
Always present. Normally silent until activated.

Recognises any foreign pathogens: bacteria, | Recognises highly specific antigens.
viruses, fungi, and parasites.

Fast response time. Slow response time: can take veeks.

No memory cells. Memory cells facitate a more rapid response
upon reexposure.

1.6.1 General innate immune system features:

The innate immune response is an evolutionary ancient system that gives multicellular
organisms a quick and immediate defense against different pathogens without requiring prior
exposure to these pathogéMale, Brostoff, Routh, & Roitt, 2013/asselon & Detmers,

2002. The importance of the innate immune system is to recognize different structures that

are present in large group of microorganisms, to activate a suitable mechanism tckiapidly

these microorganisms, and then, to activate and orientate the adaptive immune response
through lymphocyte expansigMale et al., 2013Medzhitov & Janeway200Q. The innate

i mmune system is activated af t barrieraangiat hogen
provides a nospecific response to a wide range of pathogstade et al., 2013Medzhitov

& Janeway 200Q. The innate immune response is complex and consists of biochemical and
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cellular pathways which have the ability to recognize a pathogen, actively remove it and then
to activate the adaptive immune response. One of the important elements of the innate
immune response is transmembrane molecules that interact with microbrasorgand

signal to the intracellular compartment that a cellular response is re(Maézlet al., 2013
Medzhitov & Janeway200Q. Furthermore, the innate immune system recognizes the
pathogen by detecting markers on them, which triggers the searésmnaling molecules

that attract other immune cells to try to fight the infection.

Phagocytes are a type of innate immune cell that ingests and degrades pathogens by
expressing receptors that are able to detect pathogen associated moleteutes RAMPS).
PAMPs are molecules that are absent from vertebrates but they are found in microorganisms
(Male et al., 2013Medzhitov & Janeway, 2000Toll-like receptors (TLRsS), which are a
family of pattern recognition receptors that interact with PAlVdre really important since
they play a vital role in pathogen sensing and act as the first line of defense against infections.
TLRs are located at the surface of the innate immune cells, or within the endosomes inside
cells, and they recognize differddpAMPs. Upon recognition, TLRs dimerise and this
initiates a biochemical cascade to alert other cells to the presence of a péihalgest al.,
2013 Medzhitov & Janeway200Q. Indeed, TLR interaction with PAMPS results in
signaling events that activate genes that produce cytokines, such as tumor necrosis factor
(TNF-U) i nt e r |-6eandkinterfesons((INA) forisecretion from dendritic cells,
macrophages, mast cells, areltrophils(Male et al., 2013Medzhitov & Janeway, 2000
Cytokines are shottved but they can act on multiple cellular targets to assist defense against
the infection. For example, macrophages secrete@NFwh i ch acts on vascul
facilitate ertry of complement and antibodies into tissues to attack an infectidhdL. as si st s
immune cells exiting the blood and entering tissues and also, it activates lymphocyte cells

and IL-6 activates lymphocytes and promotes antibody produ(¥ate et al., 2013
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Medzhitov & Janeway2000. In addition, interferons are particularly important in limiting
the spread of certain viral infections. IRIN ane lafFN secreted by infec

O i s r el eas #daperkwslls (A (Malevetat.,, @0dB T

1.6.1.1 Toltlike receptors (TLRS):

Toll-like receptors (TLRs) are a group of receptor proteins that have a major role in the innate

immune respons@etea, Brown, Kullberg, & Gow, 2008n a process called pattern
recognition, they have the ability to detect pathogen molecules by binding to pathogen
asseiated molecular patterns (PAMR§)asselon & Detmers, 20D2TLRs are found in a
variety of different cells including dendritic cells, monocytesytrophils andnacrophages

(Figure 1.2)Netea et al., @08).
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Figurel.2: Tollike receptors associated with different innate immune responséitetEa
et al., 2008
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There are at least 10 different TLR genes in mammalian species; for example, humans have
10 (TLRs 210) and mice have 12 (TLRs9land TLRs 11, 12 and 1®lopkins &

Sriskandan, 2005 The majority of TLRs exist as homodimers; however, TLR2 maw for
heterodimers with TLR 1 or @cClure & Massari, 2014 Each TLR has a specific ligand,
location and outcome and it has evolved to be able to detect a specific type of infection
(Figure 1.3). In additiorthe TLR may require accessory molecules to function; for example,
TLR4 requires ligand binding protein (LBP), myeloid differentiation preg{iMD-2) and

CD-14 to assist it binding to bacterial lipopolysacchatMeClure & Massari, 2014

TLRs 1, 2, 6, and 10, reside on plasma membranes and have the ability to detect components
of microbial cell walls and membranes such as lipoproteins and peptidoglycans. TLR4 and
TLR5 are also localised to the plasma membrane and recognise bacteridy$pogioaride

(LPS) and flagellin respectively. In contrast, TLR9 is localised within the cell and detects
bacterial DNA. TLRs 3, 7, 8 and 11 are also intracellular, being expressed within endosomal
and lysosomal compartmer{tdopkins & Sriskandan, 2005 With the exception of TLR3,

all TLRs require Myeloid Differentiation Factor (MyD88) for signalling. For TLRs 4 and 2,

not only is MyD88 neded but also, the cooperation of Mal (MyR&&aptorlike)/ TIRAP

(TIR domainrcontaining Adaptor Protein) is required for signalliMrClure & Massari,

2014). This ultimately leads to activation of NdB and mitogen activated protein kinases
(MAPKSs) and then production of inflammatory cytokines and chemokines, mucins, defensins
and typell IFNs (McClure & Massari, 2014 The endosomal associated TLRs 7, 8 and 9 are
also able to promote tyddFN production via the TNF receptor associated factor protein
TRAF3 (McClure & Massari, 2014 A MyD88-independent pathway is triggered by TLRs 3
and 4 and also, potentially by TLR2 (McClure & Massari, 2014). For TLRs 3 and 4, this
involves signalling via the TIRomaincontaining adaptor protein inducing interfefon

(TRIF), with the TLR4 pathway also requiring activation of TRAM (TRérated adaptor
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molecule) (McClure & Massari, 2014). The MyD88&lependent pathway leads to not only
production of inflammatory ediators, mucins, defensins and typ&-Ns, but also, typd

IFNs and I:10 (McClure & Massari, 2014With regard to parasitic infections, different
TLRs are involved in recognitions of parasitic infections and activating the immune system.
For examplestudy ofLeishmania majomfection in TLR4 knockout mice has shown that
TLR4 activates iINOSiiiducible nitric oxide syntha¥evhich leads to NO synthesis and
parasite deatfKropf et al., 2004 T. cruziglycosylphosphatidylinositol (GPI) anchors have
been shown to be potent and effective initiators of TLR2 expression in Chinese hamster
ovary cells transfected with TLR2 (Campos et al., 20Rhptherstudyshowed the

importance of TLR9 in visceral leishmiasis through NK cells activation. TLR9 is required
for NK activation and this really important in the production oflR_ by DCs which leads to
good prognosi§Schleicher et al., 2007 In T. gondiiinfections, TLR2 and TLR4 might play
an important role of the acute gondiiinfection (Peng et al, 2@). Other studies showed

that TLR9 play an important role the parasite recognition and also might play an important
role incongenitatoxoplasma infectioiWucicka, Wilczynski, & Nowakowska, 2013).
Application of liveSchistosoma mansolairvae, or soluble preparations derived from these
larvae, to macrophages has shown that cytokine production is dependent upon activation of
TLR4 (Jenkins, Hewitson, Ferr&ernard, & Mountford, 2005 Schistosomal
lysophosphatidylsare has also been shown to activate dendritic cells via Higtfaling

and this may contribute faolarisationof the immune response, via expansion-of T
regulatory cells, to elicit the fibrotic, tissue destructive liver pathology associated with this

paraite (Layland, Rad, Wagner, & Da Costa, 200dn der Kleij et al., 2002
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Figure 1.3: TLRs 47 and TLR9 and their potential target3apan Science and Technology
Agency, 200%.

Many different studies have shown the importance of TLRs. For example, a polymorphism of
TLR2 (G2258A), can dowanegulate the inflammatory response to bacterial components and
this correlates with an increase in the susceptibility to TB, especially in AschEuropean
individuals(Y. Zhang et al., 201)31In contrast, a TLR6 polymorphism (C745T) has been

shown to correlate with a reduced risk of TB infec{i@mang et al., 2013

1.6.2 The bat immune system:

Bats have the basic cellular components of the mammalian immune system: B cells, T cells,
macrophages, lymphocytes, neutrophils, eosinophils, basophitteaddtic cell§ Baker,
Schountz, & Wang, 201®arkar & Chakravarty, 199Turmelle, Jackson, Green,

McCracken, & Rupprecht, 20L.However, detailed studies of the bat immune system are
relatively few compared to those of humans and atfenmals such as rodents and hence
much is still to be understood about how bats interact with infectious agents. With the
notable exception of White Nose Syndrome, bats appear to tolerate many infections and this

has | ed tasf dVver G fabginggraposedthat argues that the increased
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metabolism and high temperature experienced during flight may act as an adjuvant of the bat
immune system to help control infectiof@®6 S h e a e)t Indaed, .genont @nhlysis of

the Australian black flying fo¥teropus alect@and the vespertilioniMyotis davidiihas

provided evidence for positive selection on genes involved in DNA damage and repair (eg.
p53, LIG4 and BRCA2) and innate immunity (eg. IL18, BN Il FNAR1 and | RAK4
support to the proposal that evolution of flight has shaped the bat genaltssmtolerance

to viral infectiong( Zhang et al., 2013 The genome study also revealed that relative to
humans, bats have lost (i) the PYHIN locus thamportant for sensing microbial DNA and
forming inflammasomes, (ii) killer cell lectilike receptors and killer cell immunoglobuin

like receptors, both associated with NK cells and (iii) genes of the leukocyte receptor
complex inP. alectohave failedo expand, as observed for humans and Misdavidii

(Zhang et al., 2013 This data clearly indicates that intriguing differences have occurred
following separation of the Yinpterochiroptera from the Yangochiroptera and also between

bats and other mammals that could have profound implications for immunity.

Studies on a number of bat species show that the immunoglobulins IgM, Ig&ndgA
multiple diversified IgG subclasses are expressed and that IgD expression may be restricted
to insectivorous batsButler et al., 201l Further analysis of immunoglobulin genes has
revealed that in the pteropid bBt,alectg the antigen binding site of the variable region of
the heavy chain is unusually rich in arginine and alanine residues whilst also having a lower
proportion of tyrosines relative to other mammals; such differences may alter the antibody
antigen binthg characteristic6Baker et al., 2013 It is likely that maternal I1gG is
transferred to bat offspring trappéacentally(Philbey et al., 2008and also via the trans
mammary routé Butler & Kehrli, 2009. The study of maternal antibodies to Hendra virus
in a population oP. alectoshowed that they had a hdife of 52 days and provided

immunity to the pups for approxirtedy 8.5 monis (Epstein et al., 2013
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The ability to culture immortalized cell lines fraf alecto(Crameri et al., 2009 has

established this bat species as a model system to investigate immunological responses in bats.
Since interferons are pivotal to a rapid innate immune regpionrmammals, these have been
investigated in some detail in tRe alectosystem. Type IFNs have been shown to be
differentially expressed iR. alectoand upregulated upon viral challendgbou et al.,

201]). In contrast, typd IFNs were not upregulated following viral challen@élsou et al.,

201]). The typel IFN family in P. alectois contracted relative to other mammals; however,

three ofthetypd IFN-U genes appeared to be constitutiwv
and not affected by viral infectiq@hou et al., 2016 Interestingly, these Il genes wer e
able to induce a subset of IFtimulated genes linked to antiviral activity and so they may be
crucial to bats ability to tolerate viral infect®(Zhou et al., 2016 The interferon regulatory

factor 7 (IRF7), a key regulator of IFN responses, was also found to be constitutively

expresed in a range of immune and Aammune cells oP. alectoand activated by double

stranded RNAZhou et al., 201)1 Use of siRNA technology to knockdown IRF7Rn

alectokidney cells resulted in enhanced viral replication, confirming the importance of IRF7

in the innate antiviral response in baBone marrowderive dendritic cells and macrophages

have recently been successfully isolated and culturedPraarecto(Zhou et al., 2016and

this should now facilitate more detailed investigations of how the bat adaptive immune

system responds to challenges. These approaches will complement geateranalyses

being carried out on several bat species. For example, the major histocditypatitnplex

(MHC) I locus ofP. alectoandEptesicus fuscusas been studied and the data reveals that bat
MHC-1 genes have an unusual insertion within their peptide binding grooves which may
impact the efficiency and diversity of antigen presentatiohdells and hence contribute to

control of viral replicatior{ Ng et al., 201§ The transcriptome &. alectois also being

investigated and this has revealed insight into the expression of approximately 500 immune
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genes representative of both the innate alaghtive system@apenfuss et al., 2002The
advances made with establishing cell lineR.irmlectohave facilitated the establishment of

cell lines from a number of other spec{Bgesold et al., 201, 1Eckerle et al., 2014He et al.,

2014 Mourya et al., 2018includingMyotis myotigHe et al., 2013 TheM. myotisbrain

derived cell line has allowed a detailed analysis of lyssavirus infection in a natural reservoir
host and revealed that the pattern recognition receptorsl Rit@ MDAS are highly

upregulated following rabies infection, which is indicative of an IFN resp@tset al.,

2014).

With regard to immunology studies in other bat species, Stockmaier et al. (2015) tried to
understand the acupdase immune reaction to a standard lipopolysaccharide challenge in
Pal | as 0s Molssusimbldssysand tound that challenged bats, in stark contrast to
other mammals, showed no leucocytosis or fever responses. The reasons for this unusual
finding remain speculative but might be related to a potential-totdeetween bat gene
families that reduce metabolic stresses associated with flight and genes involved in immune
responsegStockmaier, Dechmann, Page, & O'Mara, Q0For exampleM. molossu§ LR4
haplotypes may exishat have lowered affinity for LPS and hence may either reduce, or

eliminate a fever respse(Stockmaier et al., 2015

Bats have a complement system that can be readily assessed by assaying plasma proteins
for microbicidal activity( Baker et al., 2013 Assessment of the complement system of
hibernating little brown batdJ. lucifugus at sites affected by White Nose Syndrome
highlighted how the bat immune response can be impacted by both hibernation and also, by
exposure td’seudogymnoascus destructaihe causative agent of WNBloore et al.,

2011). The bats complement activity was shown to be greatest aggmastraegative
bacteria Escherichia coli than a granpositive bacteriagtaphylococcus aureuand to be

least effective against a funguSandida albicans(Moore et al., 2011 Furthermore, bats
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hibernating at WN&ffected sites shveed significantly elevated complement activities
againstEscherichia colandStaphylococcus aureasd significantly lowered complement
activity against the funguSandida albicansvhen compared to bats hibernating at sites not
affected by WNSMoore et al., 201)1 Interestingly, the microbicidal responses varied
significantly across the hibernation period; however, the observed patt&ndali differed

to that forS. aureugMoore et al., 2011). The body condition of thes, as measured by

body mass index (BMI) was significantly reduced across the hibernation period in bats at
WNS-affected sites compared to the unaffected sites (Moore et al., 2011). Moreover, at the
WNS-affected sites, BMI was significantly higher chgiearly hibernation compared to later
stages and there was a significant and positive association between microbicidal activity of
the plasma again&. coliandC. albicansand the BMI during the late hibernatiperiod

(Moore et al., 2011).

M. lucifugusbats from WNSaffected sites also showed significantly elevated leukocyte
levels and significantly lowered £ and antioxidant levels (Moore at al., 2013). Upon
transcript analysis of lung tissuefn destructansnfectedM. lucifugusit was sulsequently
shown that transcripts for the antimicrobial peptide cathelicidin, was significantly elevated,
indicating a specific immune response to the fur{@apinet al., 2014 Moreover, the
cytokines TNFU , -10 dnd I1-23 were also significantly elevated in the fungdécted
bats, suggesting that a defense response involvingB\dikd Th2 may be initiated (Rapin et

a., 2014).
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1.6.2.1 Bat TLRs:

A TLR gene study was carried outfnalectoand the data confirmed that this bat has the

same set of TLR (TLR10) genes as huma(Sowled et al., 201)1 Comparison of the data

to the draft genome data of the related pterdpidampyrus confirmed that the latter also
contained the same complement of TLR genes and that the majority were located within a
single exon (Cowled et al., 2011). Analysing the-sgnonymous to synonymous nucleotide
substitutions of th®. alectoTLRs tothose in the human, cow and mouse genomes showed
that there was weak negative selection upon the genes and hence likely evolutionary selection
to conserve binding specificities (Cowled et al., 2011). Expression of viral sensing TLRs 3,
7, 8, and 9 was aiysed in ten tissues from wikl alectobats and the data showed TLR3

was strongly expressed in liver, TLRs 7, 8 and 9 were strongly expressed in peripheral blood
mononuclear cells and TLRs 8 and 9 were strongly expressed in the spleen (Cowled et al.,
2011). The brain, kidneys and heart expressed low levels of the four TLRs (Cowled et al.,
2011). The transcriptome study by Papenfuss et al. (2012) confirmed that all 10 TR.Rs of
alectowere indeed expressed in the tissues/cells analysed: the splegin,ngdes and

peripheral blood leukocytes.

TLRs 3, 7 and 9 have also been analysed in the fruRbtasettus leschenaultiand the data
revealed that TLR3 was expressed highly in the liver whilst TLR 7 and 9 was most highly

expressed ithe spleerflha et al., 201D
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1.7 Study Aims/Hypothesis:

Bats appear able to tolerate high levels of many infectious agents, including parasites.

However, given the difficulties associated with studying bats, there are not surprisingly few
endoparasite studies in these hosts. Bat immunology is also relatveely pnderstood
compared to other mammals and most studies have focused upon interactions between hosts
and viruses. To this end, work in this thesis is aimed at providing a comprehensive
description of protozoan and bacterial infections in a populafigipistrelle bats from
Lancashire that have already been vgélidied; particularly at the level of helminth
infections(Lord et al., 2012 The resulting infection data will then be analysed with respect
to the host genetics; firstly by profiling the infections with respect to host genotype data
generatedn an earlier studgDodd et al., 2014and secondly, by investigating the innate
immune system of these bats. With respect to this, isolation and sequencing of pipistrelle
TLR genes (TLR2 and TLR4) will be carried out with a view taelating parasite infection
profiles to any TLR haplotypes. The study hypothesis is that host genetics, including innate
immunity genes, are likely to influence infection outcomes and hence TLR gene variations
will be olserved in the bat populatioBiventhe opportunistic sampling of hosts from the

wild and hence multiple associated confounding factors, it is difficult to predict whether, or
not, there might be a link between TLR haplotype and parasite infection profile.
Nonetheless, the study will addsabe hypothesis that a correlation might exist between the

observed bat parasite infection profiles and particular TLR variants.
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Materials and Methods

2.1 Bioinformatics and Primer design

2.1.1 Microparasites:

GenBank datahttp://www.ncbi.nlm.nih.goy/was analysed for b&hizotrypanunDNA
sequences arteimeriaspp. in order to design suitable primers for PCR based diagnosis of
bat infections. The oligonucleotide sequences are shown in Table 2.1. A set of primers were
desgned for distinguishing betwedn dionisiiandT. vespertilionisising a nested PCR
approach. These primer sequences were based upon the 18S rRNA trypanosome primers used
by Lord (2010). In addition, two new sets of primers were designed based uposthe 18
rRNA gene sequences of trypanosomes to differentiate befivekonisiiandT.
vespertilionisusing a nested PCR approach. PCR primers were also designed to amplify
dionisii GAPDH gene in order to subype this parasite using semiested PCR approh.

Another set of oligonucleotide primers were designed based upon the 18S rRNA gene of
Eimeriaspp. in order to screen the bats for this coccidian infection. A further set of
oligonucleotide primers were used to screen the baSrigrtosporidiumspp. by targeting

the 18srRNA gene of this coccidian parasite. Two oligonucleotide primer sets were used to
screen the bats f@artonellaspp. andBorrelia spp infections based upon the citrate
synthasedItA) and 16S rRNA genes respectively of thesadrga using a single round PCR

strategy.

For primer design, all the sequences were aligned using Clustal W

(http://www.ebi.ac.uk/Tools/msa/clustal@nd regions of high conservation were scruédiz

closely for primer design with the exception of the trypanosomes, were sequence differences
were utilised for primer design. All oligonucleotide sequences were checked using Primer3

(http://primer3.ut.e€) in orde to ensure minimal design parametetsch includeannealing

temperaturandGC levels were met.
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Table 2.1: Parasite and bacterial oligonucleotide primers.

Organism Target Forward primer sequene@ad name Reverse primer sequenard name Product Ref
gene size
TVF: TVR: ( Lord,
T. vespertilionis 18S 5'CGTCACACTTCCACGTGTGTCA3' | 5 TTAAAGGCCTCCGCTGGAA3Z' 312bp 2010
rRNA
T. dionisii 18S TryF: TryR: 402 bp
rRNA 5'CTAAGGCGCAATGGTTTAGTCC@' | 55GCGACGCGTGAAGATGGE!
T. dionisii GAPDH | GAPF: GAPR: 525 bp
5'ATATGAACACGGACGCGGAGT3' 5'CGCGCCAGTCCTTCAACG'
GAPRn: 355 bp
5'CTGGGGTTGTACTCATGGTGG
Eimeriaspp. 18S EimF: EimR: 1500 bp (Lord,
rRNA 5'CATAGTAACCGAACGGATCGC3 5'CTTCCTTGCGTTAGACACGG' 2010
EimFn: EimRn:
5’AACGGGGAATTAGGGTTCGA3' 5'CCCCAGAACCCAGAGACTTR' 753 bp
Cryptosporidiunmspp. 18S F2: R2: 600 bp (Ryan et
rRNA 5 @ACATATCATTC AAG TTTCTG 5 &€TG AAG GAGTAA GGA ACA al., 2003
ACC-3 6 ACC-3 &
F1: R1:
5 @ CTATC AGC TTT AGA CGG TAG | 5-dCT AAG AAT TTCACC TCT GAC
G306 TG-
30
Bartonellaspp. citrate 781F: 1137R: 400 bp (Birtles &
synthase | 5GGGGACCAGCTCATGGTGG3' 5’ AATGCAAAAAGAACAGTAAACA3Z! ngglt'
gene 443F: Norman,
(gltA) 5GCTATGTCTGCATTCTATCA3! ?:ggg%
Greene, &
Krause,
1995
Borrelia spp. 16S BorF: BorR: 120 bp (Sokhna
rRNA 5-NGCCTTTAAAGCTTCGCTTGTAG | 5-BCCTCCCGTAGGAGTCTG& N;j StO?.lS

3 Nj
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2.1.2: TLRs

A similar approach was adopted for designing of PCR primers to ar®plgipistrellus

TLR4 and TLR2 genes. GenBank data within NC&td://www.ncbi.nlm.nih.gow/and

Ensembl fittp://www.ensembl.org/index.htjnivas analysed for any chiropteran TLR4 and

TLR2 gene sequences and these extracted and TLR4 and TLR2 gene alignments wetre carrie

out using Clustal Whttp://www.ebi.ac.uk/Tools/msa/clusta)o/Regions of high

conservation were scrutinized closely for PCR primer design and then primer sequences

(Table 2.2) were validated ugj Primer3 Ittp:/primer3.ut.eg/to ensure minimal criteria

which includeannealingemperature an@C levels,were met.

Table2.2: Primer sequences for PCR amplification of pipistiélR4andTLR2genes.

Target | Forward primer sequenaad name Reverse primer sequenard name Estimated
gene product
size
TLR4 | TLR4F: TLR4R:
5CTTGAGTTTCTAGATCTCAGTAS' 5AAAGTCTCTGTAGTGAAGGC3! 1000 bp
TLR4 | TLR4-2F: TLR4-2 R: 1114 bp
5’AATTGCCAGCCATTTTCAAGAC3'
5'GGAAACCCTATCCAGAGTTTAGGE!
TLR2 | TLR2F: TLR2R: 1100bp
V*
5 ATGCCACATGCTTTGTGHA 5TCCAGGTAGGTCTTGGTGTB
TLR2 | TLR2Fn: TLR2RnN: 500 bp
5'CTGAGAGATACTCATTTGGA 5 CTTCTCCAGTTTCTTCTAACS
TLR2 | TLR2gapF: TLR2gapR: 400 bp
5GAGACATTAACAATACGGAGGS' 5GTTCAAATACTTCATCCTTTCTG3'

* Designed by Arianne Lovey (MSc student, Universitysafford

The Smart programme was used to make gene models from the pipistrelle TLR4 and TLR2

sequenceshftp://smart.embheidelberg.dg/ Predicted glycosylation sites were determined

using theGlycoEP predictofhttp://www.imtech.res.in/raghava/glycoep/submit.htniMega

6 (http://www.megasoftware.ngétwas used for creating phylogenetic tre@igterent
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methods were used to construct different triskesghbour Joining tree Minimum- Evolution

tree, and UPGMA tredBootstrapmethod for was selected for all the trees with 500
replicationg’commonly used in many studies). Alse distance model was usedhuoild the

tree. This was used to measure the distance between the sequences (commonly used in many
studies). Two outcomef @ach tree type was produced, one without outgroup and the other

one with outgroup.

2.2 DNA Extraction:

DNA extraction was carried out using a spin column protocol (Isolate 11 Genomic DNA Kit,

Bioline). Briefly, 25 mg of bat tissue, or organ (e.g. hespleen or intestine according to the
parasite being investigated), was cut into small pieces with a sterile scalpel blade and placed
into a 1.5 ml microcentrifuge tube. 180ul of lysis buffer GL and 20l of Proteinase K was
added to the sample and lyasiswas allowed to proceed at’86for 1-3 hours. The sample

was vortexed for 15 seconds then 200ul of G3 buffer was added, and the sample was
vortexed thoroughly and incubated for 10 minutes &C7@10pl of absolute ethanol was

then added and the samplas vortexed and transferred into an isolate Il spin column placed
in a 2 ml collection tube anzentrifuged for 1 minute at 11.6 Xgisher Scientific/AccuSpin
Microl7). The collection tube was discarded and the isolate 1l column was placed into a new
collection tube. 500ul of GW1 buffer was added to the column and then it was centrifuged
for 1 minuteat 11.6xg (Fisher Scientific/AcaSpin Microl17). The collection tube was

discarded and the isolate 1l column was placed into another collection tube and 600pl of
GW2 buffer was added and centrifuged for a further 1 minuté.&ixg (Fisher
Scientific/AccuSpin Microl7). Again, the colléah tube was discarded and the isolate |l
column was placed into a clean 1.5 microcentrifuge tube. 100ul of AE buffer was pipetted

onto the membrane directly, and after incubation for 1 minute at room temperature, it was
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centrifuged for 1 minute dtl.6 xg (Fisher Scientific/AccuSpin Microl7) to elute the purified

DNA. The eluted DNA was stored &0°C until required for further analysis.

2.3 Polymerase Chain Reaction (PCR):

2.3.1Schizotrypanum Eimeria, and Cryptosporidium PCRS:

The PCR parameters wkto detectl. dionisii T. vespertilionisCryptosporidiumsgp. and

Eimeriaspp. DNA from the bat tissuesresummarigd in Table 2.3.

2.3.2: Bartonella and Borrelia PCRs:
The PCR parameters used to deBattonellaspp. andorrelia spp. DNA aresummarigd

in Table 2.3The only exception compared to the protozoan PCReisse of 2x MyTaq

Red mix (Bbline) for the bacterial PCRs.

2.3.3TLR4and TLR2 PCRs:
The PCR parameters used to depggistrelle TLR4 and TLR2 genesesummarigd in

Table2.3.

2.3.8 PCR optimisation:
All the PCRs were optimised with respect to temperature arfd ddgcentration in order to

improve target quantity and specificity. Essentially a temperature gradient was set up a cross
the thermocycler plate in order to determine the optimal primer annealing temperature and
then a dilution series of Mgwas employedh order to further enhance the recovery of PCR

product.
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Table 2.3: PCR cycling parameters utilised for microparasite and TLR gene amplifications.

Primer Target | M | Prime | Taq Initial Denaturat| Annealin | Extension(Time/ | No. | Final
(50
combinations gene mM) rs (10 | polymer | denaturati| ion g Temp) of extension
pmol/ | ase (5 on (Time/Te | (Time/Te cycl | (Time/Te
ul) units/pl) | (Time/Te | mp) mp) es mp)
(Bioline | mp)
)
TvF/TVR 18SrR | 25 | 25 0.5ul 5 min/ 94 | 30 sec/ 30 sec/ 30 sec/ 72C 35 10min/
NA Wl AC 94 AC 66 AC 72AC
TryF/TryR 18SrR | 25 | 25 0.5 pl 5 min/ 94 | 30 sec/ 30 sec/ 30 sec/ 72C 35 10min/
NA Wl A 94 AC 61AC 72C
EimF/EimR 18SIR | 25 | 25 1.25ul | 5min/ 94 | 30 sec/ 30 sec/ 50 sec/ 72C 35 10min/
EimFn/EimRn NA pl ul iC 94 iC 64 iC 72 iC
F2/R2 18SrR | 25 | 2.0 0.5 pl 5 min/ 94 | 30 sec/ 30 sec/ 30 sec/ 72C 45 7min/ 72
F1/R1 NA pl ul C 94 /C 56 AC C
443F/1137R citrate | My | 1.0 Myred | 5min/ 94 | 10 sec/ 20 sec/ 50 sec/ 72C 35 10min/
781F/1137R synthas| red | pl tag mix | AC 95AC 50AC 72 C
egene | taq
(gltA) mix
BorF/BorR 16SrR | My | 1.0 Myred | 5min/ 94 | 30 sec/ 30 sec/ 30 sec/ 72C 35 10min/
NA e | Wl taq mix | AC 94iC | s51AC 72/C
taq
mix
TLR4F/TLR4AR | TLR4 15 | 25 0.5 pl 5 min/ 94 | 30 sec/ 30 sec/ 60 sec/ 72C 35 10min/
H1 |l iC 94 /C 54 AC 72 iC
TLR4-2F/TLR4 | TLR4 | 15 | 25 0.5 ul 5 min/ 94 | 30 sec/ 30 sec/ 80 sec/ 72C 35 10min/
2R H1 |l AC 24 AC 58 AC 72KC
TLR2-2F/TLR2 | TLR2 15 | 25 0.5 pl 5 min/ 94 | 30 sec/ 30 sec/ 60 sec/ 72C 35 10min/
2R H1 |l AC LYY o 534C 72KC
TLR2Fn/TLR2R | TLR2 15 | 25 0.5ul 5 min/ 94 | 30 sec/ 30 sec/ 30 sec/ 72C 35 10min/
n W1l A 94AC 53AC 724C
TLR2gapF/TLR
2gaPR

* All PCRs were carried out using the MultiGene OptiMax (Labnet International Inc.)

2.4 Agarose gel lectrophoresis:

1% (w/v), or 2% (w/v), agarose gels (Bioline) were prepared to check the specificity of the
PCR end product. To prepare a 1% gel, 0.3 g of agarose was placed in a 250 ml conical flask
and 30 ml of 1x TBE buffer (Bioline) was added and then the mixturdeated in a

microwave oven for 30 s at maximum power. The mixture was then swirled and heated for a
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further 30 s to ensure that all the agarose powder had dissolved. The melted agarose was then
placed onto a shaker and allowed to cool to approximatéy. 9hen, 30ul of Gel Red

(Biotium) was added, the mixture was gently swirled and the gel then poured into the gel
casting tray using casting dams and a comb. After solidification the gel was then placed into
the electrophoresis tank, covered with 1x TBEdy(Bioline) and the casting dams and

comb were removed. Samples were prepared (10ul of santpleof loading dye (Bioline)

and carefully aliquoted into the wells of the gel. Electrophoresis was allowed to proceed at 70
volts and after an appropriaterd of time, the DNA was visualised using the UV

transilluminator (SynGene). All gel images were saved as tiff files.

2.5DNA concentration/purity :

Recovery of all DNA (bat and purified PCR products) was assessed with the NanoDrop
spectrophotometdiThermoFisher Scientific). The Nanodrop was blanked using distilled
water. 1ul of the DNA was then added and absorbance readings at 260 nm and 280 nm were
recorded. Also, an estimate of the purity of the DNA was determined using the ratio of the

A260/A28) readings.

2.6 pGEM-T Easy vector cloning of PCR products
5ul of 2x Rapid Ligation Buffer, 1ul of pPGEM Easy vector (Promega), 1ul of T4 DNA

Ligase and 2pl of PCR product were mixed and incubated for 1 hour at room temperature.

After 1 hour, 100ul oE.colic 0o mp e t e ndelect, siVel efficieqdy) (Bioline) was added

to the pGEMT easy reaction mix and the tube was incubated on ice for 30 minutes. The tube

was then placed into a water bath aiClsor 45 s and then placed again on ice for 2 minutes

900ul of LB broth (Sigma&Aldrich) was added and the cells were shaken at 200 rpm for 1

hour at 37C. The cells were subsequently spread, using a sterilised spreader, onto LB agar

pl ates containing 1O0Aldrigh). Imadditor, 10gbhl00ndViIRTGi n  ( S

(filter sterilised) (Bioline) and 40ul of 200mg/ml-al (in DMSO) (Promega) were also
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spread onto the surface of the LB agar plate. Plates were inverted and incubaf€d at 37
overnight. White colonies were subsequently picked and growatiorsary phase in order to

be further analysed by plasmid mini prep and restriction enzyme digestion.

2.7 Plasmid mini prep:

Plasmid mini preps were carried out to evaluate the white coloniesuégj)the spin
column protocol (Isolate Plasmid MiniKit) (Bioline). Briefly, 1-5 ml of stationary phask.
coli culture was pelleted for 30 s&0D00x g (Fisher ScientificAccuSpin Micro17) 25Qul of
resuspensiobuffer P1 was added and the cell pellet wasuspended by gentle pipetting.
250ul of lysis buffer P2was added to the sample anded by gently inverting the tube&
times. The sample was then incubated at room temperature for 5 minutes, or until the lysate
appeared cleaBOOpI of neutralizingouffer P3 was then addezhd mixed thoroughlyyb
inverting the tube @ times. After centrifugation for 5 minutesldt.6 g (Fisher Scientific/
AccuSpin Microl7theclear supernatant was transfernet an isolate Iplasmid mini prep
spin columnwhich was themlaced in a 2 ml collection tube aoentrifuged for 1 minute at
11.6 xg(Fisher ScientificAccuSpin Microl7). The collection tube was discarded and the
column was placed into a new collection tube. 500 \Wfl buffer was added to the column
and then it was centrifuged for 1 minutelat6 g (Fisher ScientificAccuSpin Microl7).

The collection tube wasgaindiscarded and the column placed into anotiodiection tube.
600ul of RV2 buffer was added arde column was thecentrifuged for a further 1 minute
at11.6 xg (Fisher ScientificAccuSpin Microl7).The column was placed intccallection

tube and centrifuged for 2 minuteslat6 »g (Fisher ScientificAccuSpin Microl7)o

remove residual ethanol’he column was theplaced into aterile1.5ml microcentrfuge
tube and Bpl of elutionbuffer was piptted directly onto the membrantter incubation for

1 minute at room temperatutbe samplavas centrifuged for 1 minute &1.6 xg (Fisher
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Scientific/AccuSpin Microl7) to elute the purified DNAThe plasmid DNA was stored-at

20°C unti required for further analysis.

2.8 Restrictionenzyme dgestion:

To check for successful cloning of PCR products in the padEdasy plasmid the purified
plasmids were subjected to restriction enzyme digestion (New England Biolabs). {lhe 20
reaction mkture consisted of 2.4l 10x Buffer 3.1, 0.5ul Ncd (10 unitsfal), 1.0ul plasmid
DNA and 16.5u1 H20O. The reaction mixture was incubated &tG¥or 1 hour and then

prepared for analysis by agarose gel electrophoresis.

2.9 DNA sequencing:

PCR products were purified using spin column technology, according to the manufacturer's
instructions (Isolate 1l PCR and gel kit, Bioline). The concentration of DNA was measured
using the NanoDrop spectrophotometer (2.5) and if necessary, it was adpistp@CR

grade water to the recommended concentration for DNA sequence analysis (Source
BioScience). When possible, both forward and reverse primer sequencing was carried out and
if required, any conflict was resolved by repeating the sequencing reddtitre sequences

were done directly from the purified PCR products of the pipistrelle bats samples except the
first T. vespertilionisequence which was done from cloned products due to the lack of the

genomic DNA provided from Prof. Patrick Hamilton (Mersity of Exeter).

All DNA sequencing was carried out by Source BioScience and the data were analysed by

Finch TV (http://officialsite.pp.ua/?p=295849aligned by Clustal W

(http://www.ebi.ac.uk/Tools/msa/clustalpand further analysed using Blast tools

(https://blast.nchi.nlm.nih.gov/Blast.cgi?PAGE TYPE=BlastSeatolcheck for other

highly similar sequences.
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2.10Host/Parasite data
Host and known parasite data for the pipistrelles were extracted from Lord (2010).

Moreover, the final known locatiortd the bat specimens (Lord, 2010) were uploaded to

Google mapshttps://www.google.co.uk/maps/@53.5009882676135,14r Additionally,

the pipistrelle genotyping data was extradredn Dodd et al. (2014).

2.11 Statistics:
Statistical analyses of the data were carried out using Minitab 16 (licensed to The University

of Salford).Different tests were used to evaluate the significant of the data such as Fisher
exact test, Chisquare test, anetést.P-value wasused to check the significant of the data

for these testptvalue< 0.05considerssignificant).

2.12 ethical reviews:

All the ethical reviews were done before this project when the samples first acquired by

Jennifer Lord.
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3. Results:Infection Data

A recent study of 100 pipistrelle bat. (pipistrellusandP. pygmaeus opportunistically
sampledwherethe batswhere found either dead severelyinjuredand thereuthanisedby

the South Lancashire Bat Conservation Grdugm sites aross North West England (South
Lancashire/Greater Manchester), showed that they were infected with a plethora of digenean
trematodegsee Chapter 1, section 1.5.1(4)rd, 2010 Lord et al., 201pand protozoang

Lord, 2010.

In the molecular based analysis carried out by Lord (2010), 37 of the pipistrelle bats (37%)
were confirmed infected with trypanosomes and the majority of these (n=29) were designated
asT. dionisii(Jennifer S Lord, 2000 However, absence ofTa dionisiipositive control in

the Lord (2010) study nams that this species designation remains questionable. Additional
analysis confirmed that 23 % of the pipistrelle bats were positive by P(Bli@sia
vesperuginis19% were infected witkimeriasp, and two bats were infected with the
haemobacteriurBartonellasp.( Lord, 201Q. The spleen sizes of thi& vesperuginis

infected adult bats were significantly greater than the spleens of the uninfectékbaifer
Slord, 2010, as noted elsewhe(&ardner et al., 1987 Further gatistical analyses

confirmed that there were no significantfeliences in the prevalencesTofpanosomapp.,

B. vesperuginisr Eimeriasp. with respect to host sex, age and year of colledtlarrd,

2010.

The Lancashire bat collection was also screened for the presehcgaofdiiusing highly
sensitive andpecific SAG1PCR detection and the prevalence was reported as 10%; this was
the first, and to date only report, Bf gondiiin British batsDodd et al., 2014 Furthermore,

a subpopulation of the pipistrellesere genotyped using eleven polymorphic microsatellite
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loci and the data showed that 83% of the bats were derived from one interbreeding population
whilst the remaining 17% had mixed origins (Dodd et2014). There appeared to be no

correlation betweethe bat genotype and the gondiiinfection status (Dodd et al., 2014).

Based on the previous ddfodd et al., 2014)Jennifer S Lord, 201Q.ord et al., 201D, the

aims of this component of the thesis are to address the following unresolved areas: (i) to
determineSchizotrypanurspecies identity in the pipistrelles by developing a reliable PCR
strategy that is able to discriminate betw@&edionisiiandT. vespertilionis(ii) to confirm

the species identity of all 19 eimerian infections in the pipistrelle population, (iii) to develop a
PCR screening approach based uporBimtonellacitrate synthase gene to determine the
species of this bacterium in thipistrelles, (iv) to develop PCR screening approach for
detectingCryptosporidiunmspp., and (vBorrelia infections in the bat population and (vi) to
analyse the parasite infection profiles with respect to host genotype data. A)msal{i

provide a moe detailed picture of the protozoan and bacterial infections within the pipistrelle
bats. Aim (vi) will allow the significance of the host genotype in conferring

resistance/susceptibility to infection to be addressed.
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3.1: B- tubulin PCR for DNA validity:

1000bp

100bp

50bp

Figure3.1 Agarose gel (1%) showing pipistrelle battBbulin PCR 1, 50bp Hyperladder; 2,

negative controlH20); 3,bat DNA samples extracted from heart (bat codes: SA606)

Figure3.2 Agarose gel (1%) showing pipistrelle battBbulin PCR.1, 1kb Hyperladder;
2,4,6, negative control$16O); 3,5,7 bat DNA samples extracted from heart (bat codes:
JL65Q P605 SP677
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1000bp

600bp

200bp

Figure3.3 Agarose gel (1%) showing pipistrelle battBbulin PCR.1, 1kb Hyperladder; 2,
negative contro{H20); 3-6, bat DNA samples extracted from heart (bat co8€852,

SP682, JL71pP

1000bp

100bp

50bp

Figure3.4: Agarose gel (1%) showing pipistretbat B- tubulin PCR .1, 50bp Hyperladder; 2,

negative control20); 3,bat DNA samples extracted from heart (bat co8&49
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After the DNA extraction, random samples were selected to check the integrity of the DNA
using the Btubulin primers. As the gel shows (Figure3314), all the samples from
pipistrelle bats were successfully produced a P&Rluctat the expected sizeqQ0 bp) with

the B tubulin primers which means the DNA is good to use for further analysis.

3.2 Bat trypanosomes

3.21 The Schizotrypanum

Primers were designed for distinguishing betw€&edionisiiandT. vespertilionigising a

nested PCR approach that targeted the 18S rRNA gene of these trypanlsorde201Q.

Panel A:

T.vesp 1 GTCATATGCTTGTTTCAAGGFEIAGCCATGCATGCCTCAGAATCACTGCATTGCAGGAA 60
L T

T.dion 1 GTCATATGCTTGTTTCAAGGACTTAGCCATGCATGCCTCAGAATCACTGCATTGCAGGAA 60

PanelB:

T.vesp 956 CAGTGTGACAAGCGGCCGGGTGCGICT-T-TCG G G CCTF- G G G G- GGGACGCA 1002

T.dion 958 CAGTGTGA CAAGCGGCTGGGTGATATCCACACACCTTCACTGCGTGITGGCACA 1017

T.vesp 1003 CTCGTCGCCTTTGTCGGAAATCCGCGCCGGCTGCGGCTGIGTGACACTTCCACGTAN62

T.dion 1018 CTCGTCGCCTTTGGGGGAAATCCG-- TG- GG GG- TGT CGACGGATT--- C- G 1062

T.vesp 1063 TGTCALACGCGCCCTGCCTGCGCCTTCCGGCAACTCACGGCATCCAGGAATGAAGGAGGG 1122

11 T
T.dion 1063 - GTCCCATCTTCAGGST CGCCTTCCTCAACTCACGGCATCCAGGAATGAAGGAGGG 1119

Panel C
T.vesp 1361 ATCAATTTACGTGCATATTCTTTACGGTCCCCGE TTCCAGCGGAGGCCTTUOGGGA 1419

T.dion 1360 AATAATTTACGTGCATATTCTTT TTGGTCCTCIICTTAGC GCGTGGGCCTTTBAGGA 1418
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Panel D:
T.vesp 2140 AAAGTTCACCGATATTTCTT CAATAGAGGAAGCAAAAGTEZLT9

TR
T.dion 2139 AAAGTTCACCGATATTTCTTCAATAGAGGAAGCAAAAGTC 2178
Figure 3.5 Clustal W alignment fodifferent regions of the Schizotrypanum 18S rRNA gene
sequences extracted from NCBI GenBahkdionisii(gi|4468750} T. vespertilioniggi:
|4468779} Panels A & D: Green highlights generic primer binding sites (TgF and TgR),
Panels B & C: red shows tAe dionisiiprimer binding sites (TdF and TdR) and purple
represents thé&. vespertilionigprimer binding sites. Additional primers were designedrfor
dionisii and their annealing sites are shown in Panel B & C using brown and blue colouration.

The full sequence alignment can be obtained from Appendix 1.

3.2.2 Schizotrypanum PCRs:

The specificity of theschizotrypanurprimers was assessed using purified genomic DNA
extracted fronT. dionisiiandT. vespertilionigkindly provided by Dr. Patrick Hamilton,
University of Exeter). The PCR was carried out as described (2.3.1) and the products

subjected to agarogel electrphoresis (Figure 3)6
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dPRI yPRI VPRI dPRI

Figure 3.6 Agarose gel (1%) showing tAe dionisiiandT. vespertilionisl8S rRNA PCR
products. 1, 100bp hyperladder; 2 andT, dionisiigenomic DNA target; 4 and 5,
vespertilionisgenomic DNA target. &' indicates primers designed to be specificTor
dionisii; vPR!indicates primers designed to be specificTfovespertilionisFootnote primer
annealing was S€.

Based on the published 18S rRNA sequences and the expected primer binding sites, the
anticipated sizes of PCR products TordionisiiandT. vesgrtilionis were 332bp and 312bp
respectivelyThe agarose gel (Figure 3€howed that th&. vespertilioniPCRmight be
specificbecause there was a product of the expected size (laneléhere was absence of
product of this size when amplification was attempted using tkespertilioniprimers with
T. dionisiitarget DNA (lane 3).Although there was strong mulband(non specific)when
the PCR was attempted using thevespertiliors primers with the T. dionisii target DNA
(lane 3),none ofthe bands were at the expected product size and this then resolved by

optimaisiting the temperature atiee MgCl2 asshownbelow (section3.2.3). TheT.
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vespertilionisPCR product was cloned into the pGHMeasy plasmid and subsequent DNA
sequence analysis confirmed that it was 100% identical {o.thespertilionisLl8S rRNA
gene sequence deposit in GenBahl(009166.1) (Figure 3.& Table 3.1) Due to lack ofT.
vespetilionis genomic DNA, this plasmid was subsequently used a§.tkiespertilionis
positive control for PCRs attempting to discriminate betw&ehmzotrypanunnfections in

the bats.

Although theT. dionisiiprimer set produced a PCR prodatthe expecte size (Figure 3.6
lane 2), this product was also observed when the primers were uséd wespertilionis
DNA (lane 5). As such, the3e dionisiiprimers were considered not to be specific and hence

they were not used to screen bat samples.

T.vesp GACGCACTCGTCGCCTTTGTCGGA 24
AJ009166.1 TGACAAGCGGCCGGGTGCTCTTTCCCCCTTCGGGGGGACGCACTCGTCGCCTTTGTCGGA 1020

T.vesp AATCCGCGCC GGCTGCGGCTGTGTGCGTCACACTTCCACGTGTGTCACACGCGCCCTGC@4
AJ009166.1 AATCCGCGCCGGCTGCGGCTGTGTGCGTCACACTTCCACGTGTGTCACACGCGCCCTGCC 1080

T.vesp TGCGCCTTCCGGCAACTCACGGCATCCAGGAATGAAGGAGGGTAGTTCGGGGGAGAAQGT
AJ009166.1 TGCGCCTTCCGGCAACTCACGGCATCCAGGAATGAAGGAGGGTAGTTCGGGGGAGAACGT 1140

T.vesp ACTGGTGCGTCAGAG GTGAAATTCTTAGACCGCACCAAGACGAACTACAGCGAAGGCATT 204
AJ009166.1 ACTGGTGCGTCAGAGGTGAAATTCTTAGACCGCACCAAGACGAACTACAGCGAAGGCATT 1200

T.vesp CTTCAAGGATACCTTCCTCAATCAAGAACC AAAGTGTGGGGATCGAAGATGATTAGAGAC 264
AJ009166.1 CTTCAAGGATACCTTCCTCAATCAAGAACCAAAGTGTGGGGATCGAAGATGATTAGAGAC 1260

T.vesp CATTGTAGTCCACACTGCAAACGATGACACCCATGAATTGGGGAGTTTTGGTCGTTAGG 324
AJ009166.1 CATTGTAGTCCACACTGCAAACGATGACACCCATGAATTGGGGAGTTTTTGGTCGTTAGG 1320

T.vesp CGAGGTCGGGTTCATCTCGCTCCTCGTCTCGCCAATGAATATCAATTTACGTGCATATTC 384
AJ009166.1 CGAGGTCGGGTTCATCTCGCTCCTCGTCTCGCCAATGAATATCAATTTACGTGCATATTC 1380

T.vesp TTTACGGTCCCCGCTTTCCAGCGGAGGCCTTTAACGGGAATATCCTCAGCACGTTATCTG 444
AJ009166.1 TTTACGGTCCCCGCTTTCCAGCGGAGGCCTTTAACGGGAATATCCTCAGCACGTTATCT®440

T.vesp ACTTCTTCACGCGAAAGCTTTGAGGTTACAG 475
AJ009166.1 ACTTCTTCACGCGAAAGCTTTGAGGTTACAGTCTCAGGGGGGAGTACGTTCGCAAGAGTIS00

Figure 3.7 Clustal W alignment of the sequence of the 18S rRNA PCR product derived from
T. vespertilionisgenomic DNA with theT. vespertilionisl8S rRNA sequence deposited in
GenBank(AJ009166.).
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Table 3.1: BlastN summary data for thevespertilionisl8S rRNA PCR product.

Highly similar sequence | Max Total Query |E Iden GenBank

score |score |cover |value Accession
number

Trypanosoma vespertilionis | 857 857 100% | 0.0 100% | AJO09166.1

18S rRNA gene, isolateP14

Trypanosoma conorhirii8S | 693 693 94% 4e163 | 91% KP899113.1

ribosomal RNA gene, partial

sequence

3.23 PCR optimisations using thel. vespertilionisl8S rRNA plasmid construct:

Prior to screening bat samples, Thevespertilionigrimer set was optimised to improve the

recovery of specific PCR product. The optimisation was carried out using the Gy

plasmid construct containing the 18S rRNA fragment due to latk wéspertilioniggenomic

DNA.

3.23.1 Temperature gradient:

The effect of temperature on the performance offtheespertilioniPCR was assessed

between 6@8684C. The M@* concentration was set at 1.5 mM throughout this temperature

optimisation as recommended by the manufacturer.
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60 62 64 66 6860 62 64 66 68°C

400bp

200bp

Figure 3.8 Agarose gel (1%) showing temperature gradognimisationof the T.
vespertilionis primers between 80 and 68°C. 1, 1kb hyperladder; 26, T. vespertilionis
18S rRNA plasmid DNA target witli. vespertilionigprimers used at the incremental
annealing temperatures showri; I1, T. dionisiigenomic DNA target witfT. vespertilionis

primers used at the incremental annealing temperatures shown.

From the above (Figure 3,8t appeared that 86 (lane 5) was the optimal temperature
for PCR amplification of &. vespertilionisLl8S rRNA PCR product. Although there was a
PCR product with th&. dionisiigenomic DNA controls (lanes 1), this consistently
appeared as a doublet and hence was distinguishable frdmuégpertilionispecific

product.

3.23.2MQqCI 2 optimization:

To further optimize thd'. vespertilionigeaction, PCRs were carried out in the presence of a

MgCl> concentration gradient that ranged from-Q.% mM.
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12 3 4 5 6 7 8 9 10 11 12

400bp

200bp

Figure 3.9 Agarose gel (1%) showing MgCtibtimisationof the T. vespertilionis PCR1,
1kb hyperladder; 2 6, T. vespertilionisLl8S rRNA plasmid DNA target witf. vespertilionis
primers at incremental (0.25 mN¥)gCl> concentrations between 0.5 and 1.5 mM)11Z, T.
dionisii genomic DNA target witfT. vespertilionigprimers at incremental (0.25 mN¥)gCl»
concentrations between 0.5 and 1.5 mM; lane 12, 1kb hyperladibetnoe: the primer

annealing temperature was kept at a constdi@ && all reactions.

As shown above (Figure 3,3he optimal Mg* concentration foPCR amplification of
theT. vespertilionisl8S rRNA gene was 1.5 mM (lane @nportantly, thecombination of
66°C primer annealing with 1.5 mM Mgalso enhanced the specificity of the primers since

no product was produced with tledionisiigenomic DNA using these conditions (lanell).
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dPRI VPRI VPRI dPRI

600bp

400bp

200bp

Figure 3.10 Agarose gel (1%) confirming the specificity of thevespertilionisl8S rRNA
PCR at theptimisedcycling conditions (660C primer annealing & 1.5 mM Mg2+) using
genomic DNA targetsl, 1kb hyperladder; 2 and B, dionisiiDNA target; 4 and 5T.
vespertilionisDNA target. dR'indicates primers designed to be specificfodionisii v°R!
indicates primers designed to be specificffovespertilionis.

To further confirm the specificity of the optimis&dvespertilionigeaction, the PCRs were
repeated using the optimal cycling conditions WitlvespertilionisandT. dionisiigenomic
DNAs (Figure 3.1 The expected 312bp vespertilionigproduct wagproduced specifically
with T. vespertilioniggenomic DNA (lane 4). As observed previouslyg{ie 3.9, no PCR
product was generated using thevespertilionigrimers withT. dionisiigenomic DNA (lane
3). TheT. vespertilioniCR product was sequendedconfirm reaction specificity and the
results were asrpviously documented (Figure 3&/Table 3.1). Repeated attempts to
optimise the specificity of th&. dionisiiprimer set proved unsuccessful and hence primer re

design was undertaken (see sec8@0).
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3.24 Screening Bat Samples with th&. vespertilionisPrimers

1 2 3 4 5 6 7 8 9 10

300bp
200bp

100bp

Figure 3.11A): A representative agarose (1%) gel image showing analy3is of
vespertilionisl8S rRNA PCR products derived from bat heart DNA samfles00bp
hyperladder; 210, bat DNA samples extracted from heart; 11, +ve conlralgspertilionis
18S rRNA PCR product cloned into the pGHMEasy plasmid). Positive reactions have
occurred in lanes 2, 4, 6, and 9 (bat codes: SA606, JL658, S679, JL709).
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1 2 3 4 5 6 7 8 9 10 1213 14 15 16

400bp

200bp

Figure 3.11B): A representative agarose (1%) gel image showing analy3$is of
vespertilionisl8S rRNA PCR products derived from bat spleen DNA samp)eikb
hyperladder; 215, bat DNA samples extracted from spleen; 16, +ve contralgspertilionis
PCR product cloned into the pGEMHasy plasmid). Positive reactions have occurred in
lanes 8 and 10 (bat codes: SA606, JL709).

Bat heart and spleen DNAmples were screened using the optimiBedespertilioniPCR
conditions and 4 samples were positiveTfovespertilionisnfection as shown (Figure 3.11
(A), lanes 2, 4, 6, 9 & Figure 3.1(B), lanes 8, 10). Two of the samples were positive for
both batheart and spleen DNA targets (codes: SA606, JL709). The other two bats (codes:
JL658, S679) were only diagnosed as positive by screening bat heart DNA. The PCR

products were purified and DNA sesncing was performed (Figure 3)12
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AJ009151.1 CTCGTCGCCTTTGGGGGAAATCCGTGGCGCTGTCG---=---=----- ACGGACT 1059

SAG606 GCGTCACACTTCCACGTG 18

AJ009166.1 CTCGTCGCCTTTGTCGGAAATCCGCGCCGGCTGCGGCTGTGTGCGTCACACTTCCACKEES
*

AJ009151.1 TCGGTCCCATCTTCACGCGTCGCCTTCCCTCAACTCACGGCATCCAGGAATGAAGGAGGG 1119

SA606 TGTCACACGCG TCCTGCCTGCGCCTTCCGGCAACTCACGGCATCCAGGAATGAAGGAGGS

AJ009166.1 TGTCACACGCG CCCTGCCTGCGCCTTCCGGCAACTCACGGCATCCAGGAATGAAGGAGETZ2

* * * *  *

AJ009151.1 TAGTTCGGGGGAGAACGTACTGGTGCGTCABGGTGAAATTCTTAGACCGCACCAAGACG 1179
SA606 TAGTTCGGGGGAGAACGTACTGGTGCGTCAGAGGTGAAATTCTTAGACTGCACCAAGACG 138

AJ009166.1 TAGTTCGGGGGAGAACGTACTGGTGCGTCAGAGGTGAAATTCTTAGACCGCACCAAGACG 1182

*kkkkk kkkkkkkkkkk

AJ009151.1 AACTACAGCGAAGGCATTCTTCAAGGATACCTTCCTCAATCAAGAACCAAAGTGTGGGGA 1239
SA606 AACTACAGCGAAGGCATTCTTCAAGGATACCTTCCTCAATCAAGAACCAAAGTGTGGGGA 198

AJ009166.1 AACTACAGCGAAGGCATTCTTCAAGGATACCTTCCTCAATCAAGAACCAAAGTGTGGGIZA2

AJ009151.1 TCGAAGATGATTAGAGACCATTGTAGTCCACACTGCAAACGATGACACCCATGAATTGGG 1299
SA606 TCGAAGATGATTAG AGACCATTGTAGTCCACACTGCAAACGATGACACCCATGAATTGG@58

AJ009166.1 TCGAAGATGATTAGAGACCATTGTAGTCCACACTGCAAACGATGACACCCATGAATTGGG 1302

AJ009151.1 GAGTTTTTGGTCGTTTAGGCGTGGTCGGGETCACCCCGCTCCTCGTCTCGCCAATGAATG 1359
SA606 GAGTTTTTGGTCGTTA T- GCGAGGTCGGGTTCATCTCGCTCCTCGTCTCGCCAATGAAT 316

AJ009166.1 GAGTTTTTGGTCGTTA G GCGAGGTCGGGTTCATCTCGCTCCTCGTCTCGCCAATGAAT 1360

Fkk * Kkkkk Fkkkkkkkkkkkkkkkkkk
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AJ009151.1  AATAATTTACGTGCATATTCTTTTTGGTCCTCGTTCTTACGCGTGGGCCTTTAACGGGAA 1419
SA606 ATCAATTTACGTGCATATTCTTTACGGTCCCCGCTTTCCAGCGGAGGCCTTTAAEL-- 371

AJ009166.1 ATCAATTTACGTGCATATTCTTTACGGTCCCCGCTTTCCAGCG&GCCTTTAACGGGAA 1420

*  kkkkkkkkkkkkkkkkkkkk kkhkkk kk *k *k  Kkkk khkkkkkkkkk

Figure 3.12Clustal W alignment of a representativevespertilionisLl8S rRNA PCR
product derived from bat specimen SA606 withdionisii(AJ0O09151.1) and. vespertilionis
(AJ009166.1118S rRNA sequences extracted from NCBI GenBank

Table 3.2: BlastN summary data for thevespertilionisl8S rRNA PCR product.

Highly similar sequence | Max Total Query |E Iden GenBank
score |score |cover |value Accession
number
Trypanosoma vespertilionis | 669 669 100% | 0.0 99% AJ009166.1

18S rRNA gene, isolate P14

Trypanosoma conorhirli8S | 586 586 94% 1e163 | 97% KP899113.1
ribosomal RNA gene, partial
sequence

Trypanosoma dionisit8S | 507 507 89% 2e-147 | 90% AJ009151.1
rRNA gene, isolate P3

The sequence of all four PCR products (derived from bats: SA606, JL658, SP679, and
JL709) were identical to each other and most similar to the 18S rRNAvekpertilionis

isolate P14Stevens, Noyes, Dover, & Gibson, 199%owever, the pipistrelle derived 18S

rRNA sequences were not 100% identical to the GenBank deposit (Table 3.2); two nucleotide

changes were noted at positions 1074 and bifThe P14 isolate (Figure 3)12

3.25 Trypanosoma dionisiPCR primer re-design:

The lack ofT. dionisiiandT. vespertilionisDNA sequences deposited in GenBank precluded

the targeting of other genes f8chizotrypanurspecies identification and hence additiohal
dionisii 18S rRNA primers were designed in an attempt to improve the specificity of the

analysis usig the nested PCR approach.
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AJ009166.1 TTCGTAGTTGAATTGTGGGCCTTCGAGGCGCAATGGTTTAGTCCCGTCCACTTCGGATTG 716
AJ009151.1 TTCGTAGTTGAATTGTGGGCCT CTAAGGCGCAATGGTTTAGTATCCACTTCGGATTG 718

*k%k *kkkkkkkkkk

AJ009166.1 GTGACCCATGCCCTTGAGGTCCGTGAACACTCAGAAACAAAAAACACGGGAGTGGTACCT 776
AJ009151.1 GTGACCCATGCCCTTGTGGTCCGTGAACACTCAGAAACAAAAAACACGGGAGTGGTACCC 778

AJ009166.1 TT - CTGATTTCCGCATGTCATGCATGCCAGGGGGCGCCCGTGATTTTTTACTGTGACTAR35

AJ009151.1 TTTCTGATTCTCGCATGTCATGCATGCCAGGGGGCGCCCGIATTTTTACTGTGACTAA 837
**%

AJ009166.1 AAAAGTGTGACCAAAGCAGTCATTCGACTTGAATTAGAAAGCATGGGATAACAAAGGAGEB95

AJ009151.1 AAAAGTGTGACCAAAGCAGTCATTCGACTTGAATTAGAAAGCATGGGATAACAAAGGAGC 897

AJ009166.1 AGCCTATGGGCCACCG TTTCGGCTTTTGTTGGTTTTAAAAGTCCATTGGAGATTATGGGG 955
AJ009151.1 AGCCTATGGGCCACCGTTTCGGCTTTTGTTGGTTTTAAAAGTCCATTGGAGATTATGGGG 957

AJ009166.1 CAGTGTGACAAGCGGCCGGGTGCTCTTTCCCCTTCGGGGGGACGEA------- 1002
AJ009151.1 CAGTGTGACAAGCGGCTGGGTGATGATATCCCACACACCTTCACTGCGTGTTGTGGCACA 1017

dkkkkkkkkkkkkkkk kkkkk * Kk kkk K *%

AJ009166.1 CTCGTCGCCTTTGTCGGAAATCCGCGCCGGCTGCGGCTGTGTGCGTCACACTTCCACGIWSB2
AJ009151.1 CTCGTCGCCTTTGGGGGAAATCCGTGGCGCTGTCBA-------------- CGGACT 1059

* kk kk

AJ009166.1 TGTCACACGCGCCC TGCCTGCGCCTTCCGGCAACTCACGGCATCCAGGAATGAAGGAGGGL122
AJO009151.1 TCGGT CCCATCTTCACGCGTITCCCTCAACTCACGGCATCCAGGAATGAAGGAGGG 1119

* %

Figure 3.13Clustd W alignment for a region of the Schizotrypanum 18S rRNA genes
extracted from NCBI GenBanK. dionisii(AJ009151.) andT. vespertilionigAJ009166.).
Red text shows the€. dionisiiprimer binding sites (TrypF and TrypR). The full sequence

alignment can be obtained from Appendix 1.

FN599058.1 - ACTGCCATGGCGTTGACGGGAGCGGGGGATTAGGGTTCGATTCCGEAGAGGGA
AJ009166.1 GTAGTGGACTGCCATGGCGTTGACGGGAGCGGGGGATTAGGGTTCGATTCCGCEHEAGG
AJ009151.1 GTAGTGGACTGCCATGGCGTTGACGGGAGCGGGGGATTAGGGTTCGATTCCGGAGAGEGGA
AJ009152.1 GTAGTGGACTGCCATGGCGTTGACGGGAGCGGGGGATTAGGGTTCGATTCCGGAGAGGGA

FN599058. 1 GCCTGAGAAATAGCTACCACTTCTACGGAGGGCAGCAGGCGCGCAAATTGCCCAATETCA
AJ009166.1 GCCTGAGAAATAGCTACCACTTCTACGGAGGGCAGCAGGCGCGCAAATTGCCCAATGTCA
AJ009151.1 GCCTGAGAAATAGCTACCACTTCTACGGAGGGCAGCAGGCGCGCAAATTGCCCAAZITIICA
AJ009152.1 GCCTGAGAAATAGCTACCACTTCTACGGAGGGCAGCAGGCGCGCAAATTGCE@TAATGTCA

FN599058.1  AAAAAACACGATGAGGCAGCGAAAAGAAATAGAGCCGACAGTGCTTTTGCATTGTCGBTT
AJ009166.1 AAAAAAAACGATGAGGCAGCGAAAAGAAATAGAGCCGACAGTGBTTGTCGTTI36

AJ009151.1 AAAAAAAACGATGAGGCAGCGAAAAGAAATAGAGCCGACAGTGCTTTTGCATTGTCE3BIT
AJ009152.1  AAAAAAAACGATGAGGCAGCGAAAAGAAATAGAGCCGACAGTGCTTTTGCATTGTCE3BIT

FN599058.1 TCAATGGGGGATATTTAAACCCATCCAAAATCGAGTAACAATTGGAGGACAAGTCTGEITG
AJ009166.1 TCAATGGGGGATATTTAAACCCATCCAAAATCGAGTAACAATTGGAGGACAAGTCTGEd G
AJ009151.1 TCAATGGGGGATATTTAAACCCATCCAAAATCGAGTAACAATTGGAGGACAAGTCTGESIG
AJ009152.1 TCAATGGGGGATATTTAAACCCATCCAAAATCGAGTAACAATTGGAGGACAAGTCTGEI G

FN599058.1 @ CCAGCACCCGCGGTAATTCCAGCTCCAAAAGCGTATATTAATGEITGCTGTTAAAGES3
AJ009166.1 CCAGCACCCGCGGTAATTCCAGCTCCAAAAGCGTATATTAATGCTGTTGCTGTTAARBEG
AJ009151.1 CCAGCACCCGCGGTAATTCCAGCTCCAAAAGCGTATATTAATGCTGTTGCTGTTAARBEG
AJ009152.1 CCAGCACCCGCGGTAATTCCAGCTCCAAAAGCGTATATTAATGCTGTTGCTGTTAARGS
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TTCGTAGTTGAATTGTGGGCCTCTA TAAGGCGCAATGGTTTAGTBTCCACTTCGGASB3
TTCGTAGTTGAATTGTGGGCCTT -- CGAGGCGCAATGGTTTAGTCCCGTCCACTTCBGAT
TTCGTAGTTGAATTGTGGGCCT C- TAAGGCGCAATGGTTTAGTATCCACTTCGGAMG
TTCGTAGTTGAATTGTGGGCCTC -- TAAGGCGCAATGGTTTAGTBTCCACTTCGGAMG6

TGGTGACCCATGCCCTTGTGGTCCGTGAACACTCAGAAACAAGAAACACGGGHAGTGGTAC
TGGTGACCCATGCCCTTGAGGTCCGTGAACACTCAGAAACAAAAAACACGGGAGTGEAAC
TGGTGACCCATGCCCTTGTGGTCCGTGAACACTCAGAAACAAAAAACACGGGAGTGEFAC
TGGTGACCCATGC CCTTGTGGTCCGTGAACACTCAGAAACAAAAAACACGGGAGTBGTAC

CCTTTCTGATTTTCGCATGTCATGCATGCCAGGGGGCGCCCGRTTTTTACTGTGACH?2
CTTT - CTGATTTCCGCATGTCATGCATBGGGGGCGCCCGTGATTTTTTACTGTE&SCT
CCTTTCTGATTCTCGCATGTCATGCATGCCAGGGGGCGCCCEATTTTTACTGTGAGBS
CCTTTCTGATTCTCGCATGTCATGCATGCCAGGGGGCGCCCGATTTTTACTGTGAGEBS

* k% *  kkkkkkkkkkkkkk

AAAAAAGTGTGACCAAAGCAGTCATTCGACTTGAATTAGAAAGCATGGGATAACAAAGGA
AAAAAAGTGTGACCAAAGCAGTCATTCGACTTGAATTAGAAAGCATGGGATAACAARSEA
AAAAAAGTGTGACCAAAGCAGTCATTCGACTTGAATTAGAAAGCATGGGATAAC/AHESS5

AAAAAAGTGTGACCAAAGCAGTCATTCGACTTGAATTAGAAAGCATGGGATAACAAARSEA

GCAGCCTATGGGCCACCGTTTCGGCTTTTGTTGGTTTTAAAAGTCCATTGGAGATTAYEG
GCAGCCTATGGGCCACCGTTTCGGCTTTTGTTGGTTTTAAAAGTCCATTGGAGATTABAG
GCAGCCTATGGGCCACCGTTTCGGCTTTTGTTGGTTTTAAAAGTCCATTGGAGATTABEG
GCAGCCTATGGGCCACCGTTTCGGCTTTTGTTGGTTTTAAAAGTCCATTGGAGATTABEG

GGCAGTGTGACAAGCGGCTGGGTGATGATATCCCACACAACACACCTTCACTGCGBRZTTT
GGCAGTGTGACAAGCGGCCGGGTGCTCTTTCCCCCTTCGGGGGGASGEA- 1002
GGCAGTGTGACA AGCGGCTGGGTGATGATATCCCACACACCTTCACTSGSTG 1007
GGCAGTGTGACAAGCGGCTGGGTGATGATATCCCACACACCTTCACTGGG—TG 1007

Fhkkkkkkkkkkkkkkkk kkkkk * Kk kkk Kk

TTGTGTGGCACACTCGTCGCCTTTGGGGGAAATTCGTGGCGEFG---------- 696
------------ CTCGTCGCCTTTGTCGGAAATCCGCGCCGGCTGCGGCTGTGIWOGTCA
- TTGTGGCACACTCGTCGCCTTTGGGGGAAATCCGTGGCGEFGTFECGA 1053
- TTGTGGCACACTCGTCGCCTTTGGGGGAAABGOGLTGTCGA-------- 1053

*kkkkkkkkkkkk kkhkkkkk *kk k k%

TTGACACGGACTTCGGTCCCATCTTCACGCGTCGCCTTCCTTCAACTCACGGCATCGAGG

CACTTCCACGTGTGTCA CACGCGCCCTGCCTGCBICCGGCAACTCACICCAGE110
------ CGGACTTCGETCATCTTCACGCGTWITCCCTCAACTCACGGCATCCAB
------ CGGACTTCG@CCATCTTCACGCGTC(EU' CCCTCAACTCACGGCATCCALG

* kK * K

AATGAAGGAGGGTAGTTCGGGGGAGAACGTACTGGTGCGTCAGAGGTGAAATTCTIKEGAC

AATGAAGGAGGGTAGTTCGGGGGAGAACGTACTGGTGCGTCAGAGGTGAAATTCTIARAC

AATGAAGGAGGGTAGTTCGGGGGAGAACGTACTGGTGCGTCAGAGGTGAAATTCTIAGIAC
AATGAAGGAGGGTAGTTCGGGGGAGAACGTACTGGTGCGTCAGAGGTGAAATTEITTAGAC

CGCACCAAGACGAACTACAGCGAAGGCATTCTTCAAGGATACCTTCCTCAATCAAGRACC
CGCACCAAGA CGAACTACAGCGAAGGCATTCTTCAAGGATACCTTCCTCAATCARIZAACC
CGCACCAAGACGAACTACAGCGAAGGCATTCTTCAAGGATACCTTCCTCAATCAAGRZTC
CGCACCAAGACGAACTACAGCGAAGGCATTCTTCAAGGATACCTTCCTCAATCAAGRZTC

*kkkkkkkkkkkkkkkkkkk

AAAGTGTGGGGATCGAAGATGATTAGAGACCATTGTAGTCCACACTGCAAACGAT@ERBAC
AAAGTGTGGGGATCGAAGATGATTAGAGACCATTGTAGTCCACACTGCAAACGATGIROAC
AAAGTGTGGGGATCGAAGATGATTAGAGACCATTGAGTCCACACTGCAAACGATGALCZEZ

AAAGTGTGGGGATCGAAGATGATTAGAGACCATTGTAGTCCACACTGCAAACGATGHIBAC

CCATGAATTGGGGAGTTTTTGGTCGTTTAGGCGTGGTCGGGTTTACGCTCCATCGTED6

CCATGAATTGGGGAGTTTTTGGTCGTTA - GGCGAGGTCGGGTTCATCTCGCTCGTA348
CCATGAATTGGGGAGTTTTTGGTCGTTTAGGCGTGGTCGGGTTCACCCCGCTCGTA346
CCATGAATTGGGGAGTTTTTGGTCGTTTAGGCGTGGTCGGGTTCACCCCGCTCGTA346

*kkk * k kkkk Kk kkkkk

TCGCCAATGAATGAATAATTTACGTGCATATTCTTTTTGGTCCTCGTTTATTTTTTTTADS6
TCGCCAATGAAT - ATCAATTTACGTGCATATTCTTTACGGTCGEEG  CTTTCCAL400
TCGCCAATGAATGAATAATTTACGTGCATATTCTTTTTGGTCCTCG---- TTCTTAC1399
TCGCCAATGAATGAATAATTTACGTGCATATTCTTTTTGGTCCTCG----- TTCTTAC1399

dkkkkkkk kkkkk kk
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GCGTGGGCCTTTAACGGGAATATCCTCAGCACGTTATCTGACTTCTTTACGCGARAGCTT
GCGGAGGCCTTTAACGGGAATATCCTCAGCACGTTATCTGACTTCTTCACGCGAAAGIBOT
GCGTGGGCCTTTAACGGGAATATCCTCAGCACGTTATCTGACTTCTTCACGCGAAAGSBT
GCGTGGGCCT TTAACGGGAATATCCTCAGCACGTTATCTGACTTCTTCACGCGAMEBCTT

*kk

TGAGGTTACAGTCTCAGGGGGGAGTACGTTCGCAAGAGTGAAACTTAAAGAAATTGATEG
TGAGGTTACAGTCTCAGGGGGGAGTACGTTCGCAAGAGTGAAACTTAAAGAAATTGRE2GG

TGAGGTTACAGTCTCAGGGGGGAGTACGTTCGCAAGAGTGAAACTTAAAGAAATTGI1IGG
TGAGGTTACAGTCTCAGGGGGGAGTACGTTCGCAAGAGTGAAACTTAAAGAAATTGISIGG

AATGGCACCACAAGACGTGGAGCGTGCGGTTTAATTTGACTCAACACGGGGAACTIZAEC
AATGGCACCACAAGACGTGGAGCGTGCGGTTTAATTTGACTCAACACGGGGAACTIBARGC
AATGGCACCACAAGACGTGGAGCGTGCGGTTTAATTTGACTCAACSG&EAACTTTACISG79

AATGGCACCACAAGACGTGGAGCGTGCGGTTTAATTTGACTCAACACGGGGAACTTIEAEGC

AGATCCGGACAGGGTGAGGATTGACAGATTGAGTGTTCTTTCTCGATCCCCTGAATIZGEG
AGATCCGGACAGGGTGAGGATTGACAGATTGAGTGTTCTTTCTCGATCCCCTGAATEEEUG
AGATCCGGACAGGGTGAGGATTGACAGATTGAGTGTTCTTTCTCGATCCCCTGAATEE3YG
AGATCCGGACAGGGTGAGGATTGACAGATTGAGTGTTCTTTCTCGATCCCCTGAATEE3YG

GTGCATGGCCGCTTTTGGTCGGTGGAGTGATTTGTTTGGTTGATTCCGTCAACGGAGEAG

GTGCATGGCCGCTTTTGGTCGGTGGAGTGATTTGTTTGGTTGATTCCGTCAACGGATBAG
GTGCATGGCCGCTTTTGGTCGGTGGAGTGATTTGTTTGGTTGATTCCGTCAAGGERACGAG

GTGCATGGCCGCTTTTGGTCGGTGGAGTGATTTGTTTGGTTGATTCCGTCAACGGAIBSAG

ATCCAAGCTGCC CAGTAGGATTCAGAATTGCCCATAGGATAGCAATCCCTTCCGEGGTT
ATCCAAGCTGCCCAGTAGGATTCAGAATTGCCCATAGGATAGCAATCCCTTCCGCGIGU T
ATCCAAGCTGCCCAGTAGGATTCAGAATTGCCCATAGGATAGCAATCCCTTCCGCGLFGI T
ATCCAAGCTGCCCAGTAGGATT CAGAATTGCCCATAGGATAGCAATCCCTTCCGCGEOTT

TTACCCAAGGGGGGGCGGTATTCGTTTGT 1445
TTACCCAAGGGGGGGCGGTATTCGTTTGTATCCTTOCTGCGGGATTCCTTGTTTCGQERD
TTACCCAAGGGGGGGCGGTATTCGTTTGTATCCTTCTCTGCGGGATTCCTTGTTTTGEIZC
TTACCCAAGGGGGGGCGGTATTCGTTTGTATCCTTCTCTGCGGGATTCCTTGTTTTGEIZC

Figure3.14 Clustal W alignment for a region of the Schizotrypanum 18S rRNA genes
extracted from NCBI GenBanK. dionisii(AJO09151.1/ FN599058.1/ AJ009152.1) and T
vespertilionis (AJ009166.1)Red text shows th€. dionisiiprimer binding sites (TrypF and

TrypR).

After aligningthe other two sequences for thedionisiithe primer sites were checked, it

appeared no differencégtwea the sequences @f dionisiiand the primers were the sites

were the beddites to dsignprimers from since it has the most variability to distinguish

between the tw&chizotrypanunspecies.

Due to the lack of. dionisiigenomic DNA, it was not possible to establish an optimised set

of PCR cycling parameters for the n@wdionisiiprimers. Consequently, bat heart and
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spleen DNA samples were screened by PCR using the predicted Primer3 optimal annealing

temperature (6C). The expected. dionisii1l8S rRNAPCR product size was 402bp.

1 2 3 4 5 6 7 89

Figure 3.15A): A representative agarose (1%) gel image showing analy3isdbnisii18S
rRNA PCR products derived from bat heart DNAs100bp hyperladder:&, bat DNA
samples extracted from heart (bat codes: SP670, SP677, PB601, JL650, FP751, JL714,
P605); 9, negative control DNA&t code: SA606; confirmed positive fbrvespertilionig
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Figure 3.15B): A representative agarose (1%) gel image showing analy$isdobnisii18S

rRNA PCR products derived from bat spleen DNAslkb hyperladder; 2, negative control

(bat code: SA606;0nfirmed positive fofl. vespertilioni¥ 3-13, bat DNA samples erdcted

from spleen (bat codes: PB601, JL650, FP751, JL714, SP670, JL708, SP677, JL627, P605,
JL648, JL652); 14, 1kb hyperladder.

When comparing the heart and spleen PCRs, 90% of the bat samples (n=9) were positive
for both heart and spleen infegtio The remaining . dionisiiinfection (n=1) was determined
on the basis of a positive PCR amplification frjust bat heart DNA (Figure 3.15(/8)).
The PCR products were purified and following DNA sequencing, all were identical to each
other and to th&8S rRNA ofT. dionisiiisolate P3Stevens et al., 1999Figure 3.16%

Table 3.3).

CLUSTAL O(1.2.1) multiple sequence alignment

AJ009166.1 TTCGTAGTTGAATTGTGGGCCTTCGAGGCGCAATGGTTTAGTCCCGTCCACTTCGGATTG 716

P605 e TCTAAGGCGCAATGGTTTAGTCCCATCCACTTCGGATTG 39

AJ009151.1 TTCGTAGTTGAATTGTGGGCCTCTAAGGCGCAATGGTTTAGTCCCATCCACTTCGGATTG 718
*

AJ009166.1 GTGACCCATGCCCTTGAGGTCCGTGAACACTCAGAAACAAAAAACACGGGAGTGGTACCT 776
P605 GTGACC CATGCCCTTGTGGTCCGTGAACACTCAGAAACAAAAAACACGGGAGTGGTACCO9
AJ009151.1 GTGACCCATGCCCTTGTGGTCCGTGAACACTCAGAAACAAAAAACACGGGAGTGGTACCC 778
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AJ009166.1 TT - CTGATTTCCGCATGTCATAGCCAGGGGGCGCCCGTGATTTTTTACTGTGACTAA 835

P605 TTTCTGATTCTCGCATGTCATGCATGCCAGGGGGCGCCCGT- GATTTTTACTGTGACTAA 158
AJ009151.1 TTTCTGATTCTCGCATGTCATGCATGCCAGGGGGCGCCCEIATTTTTACTGTGACTAA 837
*%k *kkkk  kkkkkkkkkkkkkkkk

AJ009166.1 AAAAGTGTGACCAAAGCAGTCATTCGACTTGAATTAGAAAGCATGGGATAACAAAGGAGC 895
P605 AAAAGTGTGACCAAAGCAGTCATTCGACTTGAATTAGAAAGCATGGGATAACAAAGGAGC 218
AJ009151.1 AAAAGTGTGACCAAAGCAGTCATTCGACTTGAATTAGAAAGCATGGGATAACAAAGGAGEBI7

AJ009166.1 AGCCTATGGGCCACCGTTTCGGCTTTTGTTGGTTTTAAAAGTCCATTGGAGATTATGGGG 955
P605 AGCCTATGGGCCACCG TTTCGGCTTTTGTTGGTTTTAAAAGTCCATTGGAGATTATGGGG 278
AJ009151.1 AGCCTATGGGCCACCGTTTCGGCTTTTGTTGGTTTTAAAAGTCCATTGGAGATTATGGGG 957

AJ009166.1 CAGTGTGACAAGCGGCCGGGTGCTCTTTCCCCCTTCGGGGGGACGCACTCGTCGCCTTINGS
P605 CAGTGTGACAAGCGGCTGGGTGATGATATCCCACACACCTTCACTGCGTGTTGTGGCACA 338
AJ009151.1 CAGTGTGACAAGCGGCTGGGTGATGATATCCCACACACCTTCACTGCGTGTTGTGGCACA 1017

Fkkkkkkkkkk dkkkk kkkkk k Kk kkk Kk *%

AJ009166.1 TCGGAAATCCGCGCCGGCTGCGGCTGTGTGCGTCACACTTCCACGTGTGTCACACGCGCC 1075
P605 CTCGTCGCCTTTGGGGGAAATCCGTGGCGCTGTCGACGGACTTCGGTCCCATCTTCACGC 398
AJ009151.1 CTCGTCGCCTTTGGGGGAAATCCGTGGCGCTGTCGACGGACTTCGGTCCCATCTTCACGC 1077

* *% *%

AJ009166.1 CTGCCTGCGCCTTCCGGCAACTCACGGCATCCAGGAATGAAGGABGGTCGGGRG 1135
P605 [cpyolcToT 403
AJ009151.1 GTCGCCTTCCCTCAACTCACGGCATCCAGGAATGAAGGAGGGTAGTTCGGGGGAGAACGT 1137

Figure 3.16 Clustal W alignment of a representativedionisiil8S rRNA PCR product
derived from bat specimen P605 with thedionisii(AJ009151.1) and . vespertilionis

(AJ009166.1) 18S rRNA sequences deposited in NCBI GenBank

Table 3.3: BlastN summary data for thedionisii1l8S rRNA PCR product derived from

pipistrelle P605.

Highly similar sequence | Max Total Query |E Iden GenBank

score |score |cover |value Accession
number

Trypanosoma dionisit8S rRNA | 745 745 100% 0.0 100% AJ009151.1

gene, isolate P3

Trypanosoma dionistulture 723 723 100% 0.0 99% FJ001667.2

collection TCC/USP:495 18S

ribosomal RNA gene, complete

sequence

Trypanosoma vespertilionk8S | 508 508 85% 5e-148 91% AJ009166.1

rRNA gene, isolate P14
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Another set of PCR primergere designed foF. dionisiisubtyping using a serested

PCR approach that targeted the GAPDH gene of this bat trypanosome.

0i|313209097|emb|FN599054. 1]
0i|313209103|emb|FN599056. 1]
0i|313209100[emb|FN599055. 1]

0i|313209097|emb|FN599054. 1]
0i|313209103|emb|FN599056. 1]
0i|313209100[emb|FN599055. 1]

0i[313209097]emb|FN5
0i|313209103|emb|FN599056.1]
0i|313209100]emb|FN599055.1]

0i|313209097|emb|FN599054. 1|
0i|313209103]emb|FN599056.1]
0i|313209100]emb|FN599055.1]

gi |313209097|emb|FN599054.1]
0i|313209103|emb|FN599056.1]
0i|313209100[emb|FN599055.1]

0i|313209097|emb|FN599054. 1|
0i[313209103]emb|FN599056. 1]
0i[313209100]emb|FN599055.1]

0i|313209097|emb|FN599054. 1|
0i[313209103]emb|FN599056. 1]
0i[313209100]emb|FN5

0i|313209097|emb|FN599054. 1
0i|313209103|emb|FN599056.1]
0i|313209100|emb|FN599055.1]

0i|313209097|emb|FN599054. 1|
0i|313209103|emb|FN599056.1]
0i|313209100|emb|FN599055.1]

0i|313209097|emb|FN599054. 1|
0i[313209103]emb|FN599056. 1]
0i[313209100]emb|FN599055.1]

99054.1|

99055.1]

GGTCGATATGAACACGGACGCGGAGTATTTTGCATACCA39
ACGTCGTGGCGGTGGTCGATATGAACACGGACGCGGAGTACTTTGCGTAGBEA
GGAGATTGACGTCGTGGCGGTGGTCG ATATGAACACGGACGCGGATITMGCGTACCA 60

Fkkkk kkkkk

GCTGCGCTACGACACCGTGCACGGCAAGTTCAAGTACACGGTGACGACGGCGAAGAGCAA 99
GATGCGTTACGACACCGTGCATGG TAAGTTCAAGTACACGGTGACGACGACGAAGAGCAALL2
GATGCGTTACGACACCGTGCATGGTAAGTTCAAGTACACGGTGACGACGACGAAGAGCAA 120

* kkkk *k

CCCCTCCGTGACTAAGGACGACACACTCGTGGTGAATGGCCACCGCATTCTGTGCGTGAA 159
CCTCTCCGTGGCGAAGGATGACACACTTGTGGTGAATGGCCATCGCATTCTGTGCGTGAA 172
CCTCTCCGTGGCGAAGGATGACACACTTGTGGTGAATGGCCATCGCATTCTGTGCGTGAA 180

*k

* kkkkk

GGCGCAGCGCAACCCGGCGGATCTCCCGTGGGGCAAGCTTGGTGTGGAGTATGTAATTGA 219
GGCGCA GCGCAATCCGGCGGATCTCCCGTGGGGCAAGCTTGGTGTGGAGTATGTAATIEZA
GGCGCAGCGCAATCCGGCGGATCTCCCGTGGGGCAAGCTTGGTGTGGAGTATGTAATTGA 240

GTCAACGGGTCTGTTCACTGCCAAGGTGGCGGCGGAGGGCCACCTGCGTGGCGGTGCACG 279
GTCAACAGGCCTGTTCACTGCCAAGACGGCGGCGGAGGGCCACCTGCGCGGCGGTGCACG 292
GTCAACAGGCCTGTTCACTGCCAAGA CGGCGGCGGAGGGCCACTTGCGCGGCGGTGCAGBO

*kkFkk Kk *kkk

GAAGGTCATCATCAGCGCGCCCGCCTCTGGTGGCGCCAAGACACTCGTGATGGGCGTGAA 339
GAAGGTCATCATCAGCGCCCCCGCCTCTGGTGGCGCCAAGACACTCGTGATGGGCGTGAA 352
GAAGGTCATCATCAGCGCCCCCGCCTCTGGTGGCGCCAAGACACTCGTGATGGGCGTGAA 360

Fhkkk kK I Ih*KFFIA*K *hkKk

CCACCATGAGTACAACCCTBAGCACCACGTGGTCTCGAACGCGTCATGCACGACCAA99
CCACCATGAGTACAACCCCAGTGAGCACCATGTGGTGTCGAACGCGTCGTGCACGACCAA 412

CCACCATGAGTACAACCCCAGTGAGCACCATGTGGTGTCGAACGCGTCGTGCACGACCAA420
TTGTCTTGCGCCCATTGTGCATGTCCTGGTGAAGGAGGGCTTTGGCGIGCAGACCGGCCT 459
TTGTCTTGCGCCCATTGTGCATGTTCTGGTGAAGGAGGGCTTTGGCGTGCAGACCGGCCT 472
TTGTCTTGCGCCCATTGTGCATGTCCTGGTGAAGGAGGGCTTTGGCGTGCAGACCGGCCT 480
CATGACGACGATCCACTCGTACACGGCAACACAAAAGACGGTGGACGGCGTGTCGTTGAA 519

CATGACGACGATCCACTCGTACACGGCAACACAGAAGACGGTGGATGGTGTGTCGTTGAA
CATGACGACGATCCACTCGTACACGGCAACACAGAAGACGGTGGATGGTGTEIGTTGAA

532
540

GGACTGGCGGGGGTCGTGCGGCTGCGGTGAACATCATTCCAAGCACGACTGGTGCGRE
GGACTGGCGCGGCGGTCGTGCGGCTGCGGTGAACATCATTCCGAGCACGACTGGTGCGGC 592
GGACTGGCGCGGCGGTCGTGCGGCTGCGGCGAACATCATTCCGAGCACGACTGGTGCGGC 600

Figure 3.17 Clustal W sequence alignment of a region offthdionisiiGAPDH gene
extracted from NCBI GenBanK. dionisiiA (FN599054.}, T. dionisiiB (FN599056.), T.
dionisii B (FN599055.). Red textshows theT. dionisiiprimer binding sites (GAPF, GAPR
and GAPRn). The full sequence alignment can be obtained from Appendix 1
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Again, due to the lack of. dionisiigenomic DNA, it was not possibte establish an
optimised set of PCR cycling parameters forthdionisiiGAPDH primers. Consequently,
bat heart and spleen DNA samples were screened by PCR using the predicted Primer3

optimal annealing temperature {&0.

400b

200b

Figure 3.18A): A representative agarose (1%) gel image showing analy3isdadnisii
GAPDH PCR products derived from bat spleen DNIsLkb hyperladder; 2, negative
control (bat code: SA60@pnfirmed positive foil. vespertilioni}, 3-11, bat DNA samples
extracted from spleen (bat codes: PB601, JL650, FP751, JL714, SP670, B, JL648,
JL654) 12, 1kb hyperladder
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Figure 3.18B): A representative agarose (1%) gel image showing analy$isdidnisii

GAPDH PCR products derived from bat heart samdle$00bp hyperladder;-25, bat

DNA samples extracted from heart (bat codes: JH802, PB601, JL650, FP751, JL714, SP670,
SP677P605, JL648, JL654, SP649, JL648, F711, JLEIR)negative control (bat code:
SA606;confirmed positive fofl. vespertilionik

The expected PCR product of 355bp was produced in a total of 33 samples; this included the
10 that were positive withhe 18S'RNA primers (Figure 3.1&, B)). As observed for the

18S rRNA PCR approach, approximately 90% offhdionisiiinfections (n=30) were

determined on the basis of PCR product amplification from both heart and spleen DNA

targets and the remainder (n=33n& derived from just bat heart DNA samples.

All the PCR products were purified and DNA sequencing was carried out. The resulting data
confirmed that 26 GAPDH PCR products were identical to each other and to the GAPDH
gene ofT. dionisiistrain Z3126 T. dionisiiA) (Hamilton, Cruickshank, et al., 201Lgigure

3.19& Table 3.4). Unfortunately, it was not possible to recover good quality GAPDH
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sequence data from a small number of the bats (codes: JL627, JL651, JL652, JL708, JL654,

JL640, GH606) and hence thedionisiistrain type for these infections remains unknown.

CLUSTAL 0O(1.2.3) multiple sequence alignment

JL654 ---- TATATGAACACGGACGCGGAGTATTTTGCATACCAGCTGCGCTACGACACCGTGCAG
FN599054.1 GGTCGATATGAACACGGACGCGGAGTATTTTGCATACCAGCTGCGCTACGACACCGTGCA 60

JL654 CGGCAAGTTCAAGTACACGGTGACGACGGCGAAGAGCAACCCCTCCGTGACTAAGGACGA 116
FN599054.1 CGGCAAGTTCAAGTACACGGTGACGACGGCGAAGAGCAACCCCTCCGTGACTAAGGACGA 120

JL654 CACACTCGTGGTGAATGGCCACCGCATTCTGTGCGTGAAGGCGCAGCGCAACCCGGCGGA 176
FN599054.1 CACACTCGTGGTGAATGGCCACCGCATTCTGTGCGTGAAGGCGCAGCGCAACCCGGCGGA 180

JL654 TCTCCCGTGGGGCAAGCTTGGTGTGGAGTATGTAATTGAGTCAACGGGTCTGTTCACTGC 236
FN599054.1 TCTCCCGTGGGGCAAGCTTGGTGTGGAGTATGTAATTGAGTCAACGGGTCTGTTCACTGC 240

JL654 CAAGGTGGCGGCGGAGGGCCACCTGCGTGGCGGTGCACGGAAGGTCATCATCAGCGCGCC 296
FN599054.1 CAAGGTGGCGGCGGAGGGCCACCTGCGTGGCGGTGCACGGAAGGTCATCATCAGCGCGCC300

JL654 CGCCTCTGGTGGCGCCAAGACACTCGTGATGGGCGTGAACCACCATGAGTACAACCCCAG 356
FN599054.1 CGCCTCTGGTGGCGCCAAGACACTCGTGATGGGCGTGAACCACCATGAGTACAACCCCAG 360

Figure 3.19Clustal W algnment of a representative T. dionisii GAPDH PCR product
derived from bat specimen JL654 with a fragment of the GAPDH geneTraionisiistrain
Z3126 (GenBank accession number FN599054.1)

Table 3.4: BlastN summary data for thedionisiiGAPDH PCR product derived from
pipistrelle JL654

Highly similar sequence Max Total Query | E Iden GenBank
score score cover value Accession
number
Trypanosoma dionispartial gapdh 656 656 100% 0.0 100% FN599054.1

gene for glyceraldehyde phosphate
dehydrogenase, strain 23126

Trypanosoma dionisilycosomal 656 656 100% 0.0 100% FJ649494.1
glyceraldehyde3-phosphate
dehydrogenase (QGAPDH) gene,
partial cds

Trypanosoma dionispartial gapdh 545 545 99% 2e151 94% FN599056.1
gene for glyceraldehyde phosphate
dehydrogenase, isolate gnash

Trypanosoma dionispartial gapdh 540 540 99% 2e151 94% FN599055.1
gene for glyceraldehyde phosphate
dehydrogenase, isolate x842
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3.3Bat Eimeria:

The Lord (2010) study showed that 19 pipistrelle bats were infected with eimerian parasites
and DNA sequence data for one 18S rRNA derived PCR product was reported to be 99.8%
identical toE. rioarribaensis The other 18 eimerian parasite PCR products were not purified
and sequenced. Therefore, to gain further insight into the pipistrelle eimerian infection, 18S
rRNA PCR amplifications were repeated on purified bat intestinal DNA samples. The
expected PCR pduct of 800 bp was amplified in the 19 pipistrelles documented by Lord
(2010) as being infected wittimeriasp. (Figure 20). Moreover, samples reported as
eimerianfree by Lord (2010), were also screened by PCR to confirm that they were indeed
negatie (lanes 2, 3). All the eimerian 18S rRNA PCR products were purified, DNA
sequencing was performed and the resulting data was aligned with other eimerian 18S rRNA

sequences extracted from GenBank (FegBl21& Table 3.5).
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Figure 3.20 Analysis of bakimerian18S rRNA PCR products by agarose (1.0%) gel
electrophoresisl, 1kb hyperladder;-3, negative control bats shown previouslgr{nifer S

Lord, 2010) to not be infected witeimeriasp. (codes: JL645, JL705):64 representative bat
samples (SP852, SP682, JL719) with primers designed to be specific for eimerian 18S rRNA
PCR amplification; 7, 1kb hyperladder.

CLUSTAL 2.1 multiple sequence alignment

Q993645.1 CGGGGAATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAR8GA
JL7i9 0 e TTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACAB3TAAGGA
AF307877.1 CGGGGAATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCAC2AICTAAGGA

*kkk *% *% F*kkkkkkkkkkkkk *% *%

JQ993645.1 AGGCAGCAGGCGCGCAAATTACCCAATGAAAACAGTTTCGAGGTAGTGACGAGAABIAAC
JL719 AGGCAGCAGGCGCGCAAATTACCCAATGAAAACAGTTTCGAGGTAGTGACGAGABAATAAC
AF307877.1 AGGCAGCAGGCGCGCAAATTACCCAATGAAAACAGTTTCGAGGTAGTGACGAGAAAZIBAC

JQ993645.1  AATACAGGGCATTTTA TGCTCTGTAATTGGAATGATGGGAATGTAAAACCCTCTCASBAGT
JL719 AATACAGGGCATTTTATGCTCTGTAATTGGAATGATGGGAATGTAAAACCCTCTCAGAQT3
AF307877.1  AATACAGGGCATTTTATGCTCTGTAATTGGAATGATGGGAATGTAAAACCCTCTCAGKGT

* *% *% *kkkkkkkk *kkk *% *% F*kkkkk

JQ993645.1 AACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGHYIAT
JL719 AACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGTGZ2T
AF307877.1 AACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTGCRCCAATAGTGTARO

JQ993645.1 ATTAGAGTTGTTGCAGTTAAAAAGCTCGTAGTTGGATTTCTGTCGTGGTCATCCGGBA8C
JL719 ATTAGAGTTGTTGCAGTTAAAAAGCTCGTAGTTGGATTTCTGTCGTGGTCATCCGGTARE3
AF307877.1  ATTAGAGTTGTTGCAGTTAAAAAGCTCGTAGTTGGATTTCTGTCGTGGTCATCCGGHBAAC
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JQ993645.1 GCCCGTATGGGTGTGCACCTGGTTTGACCTCGGCTTTCTTCCGGTAGCCTTCCGCEBBITC
JL719 GCCCGTATGGGTGTGCACCTGGTTTGACCTCGGCTTTCTTCCGGTAGCCTTCB3I3CGCTTC
AF307877.1 GCCCGTATGGGTGTGCACCTGGTTTGACCTCGGCTTTCTTCCGGTAGCCTTCCGCEB&UTC

JQ993645.1 ACTGCGTGGTT GGTGTTCCGGAACTTTTACTTTGAGAAAAATAGAGTGTTTCAAGOAGGC
JL719 ATTGCGTGGTTGGTGTTCCGGAACTTTTACTTTGAGAAAAATAGAGTGTTTCAAGCAGAET3
AF307877.1 ATTGCGTGGTTGGTGTTCCGGAACTTTTACTTTGAGAAAAATAGAGTGTTTCAAGCAGRGC

*

JQ993645.1 TTGTCGCCCTGAATACTTCAGCATGGAATAATAAGATAGGACCTTGGTTCTATTTTGTI&E
JL719 TTGTCGCCCTGAATACTTCAGCATGGAATAATAAGATAGGACCTTGGTTCTATTTTGTT&73
AF307877.1 TTGTCGCCCTGAATACTTCAGCATGGAATAATAAGATAGERCCTTGGTTCTATTTTGT1A80

JQ993645.1  GTTTCTAGGACCAAGGTAATGATTAATAGGGACAGTTGGGGGCATTCGTATTTAACSBEIC
JL719 GTTTCTAGGACCAAGGTAATGATTAATAGGGACAGTTGGGGGCATTCGTATTTAAGTCS33
AF307877.1  GTTTCTAGGACCAAGGTAATGATTAATAGGGACAGTTGGGGGCATTCGTATTTAACSB&IC

*kkk *kkk

JQ993645.1 AGAGGTGAAATTCTTAGATTTGTTAAAGACGAACTACTGCGAAAGCATTTGCCAAGGBAREG
JL719 AGAGGTGAAATTCTTAGATTTGTTAAAGACGAACTACTGCGAAAGCATTTGCCAFEEGATG
AF307877.1 AGAGGTGAAATTCTTAGATTTGTTAAAGACGAACTACTGCGAAAGCATTTGCCAAGGATG

JQ993645.1 TTTTCATTAATCAAGAACGACAGTAGGGGGTTTGAAGACGATTAGATACCGTCEZBAATCT
JL719 TTTTCATTAATCAAGAACGACAGTAGGGGGTTTGAAGACGATTAGATACCGTCGTAAT®H3
AF307877.1  TTTTCATTAATCAAGAACGACAGTAGGGGGTTTGAAGACGATTAGATACCGTCGTAABAT

*kkk

JQ993645.1 CTACCATAAACTATGCCGACTAGAGATAGGGAAACGCCTACCTTGGCTTCTCCTGC2E@CT
JL719 CTACCATAAACTATGCCGACTAGAGATAGGGAAATGCCTACCTTGGCTTCTCCTGCACTI3
AF307877.1 CTACCATAAACTATGCCGACTAGAGATAGGGAAATGCCTACCTTGGCTTCTCCTGCAQZOT

JQ993645.1 CATGAGAAATCAAAGTCTCTGGGTTCTGGGGGGAGTATGGTCGCAAGGCTGAAACTUBAA
JL719 CATGAGAAATCAAAGTCTCTGGGTTCTGGGG --rmeeeee moemcmccmcemcnna 744
AF307877.1 CATGAGAAATCAAAGTCTCTGGGTTCTGGGGGGAGTATGGTCGCAAGGCTGAAACTUBARA

Figure 3.21 Clustal W sequence alignment of a representativeitrarian18S rRNA PCR
product derived from bat specimé&h719 withfragments of the 18S rRNA gene frdin
rioarribaensis(AF307877.1)andE. cahirinensissolate NFSJQ993645.1) extracted from
NCBI GenBank
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Table 3.5: BlastN summary data for the pipistrell@erian18S rRNA PCR products

Highly similar sequence | Max Total Query | E Iden GenBank

score |score |cover |value Accession
number

Eimeria rioarribaensisl8S | 1375 1375 100% | 0.0 100% | AF307877.1

ribosom& RNA gene,

partial sequence

Eimeria cahirinensis 1363 1363 100% | 0.0 99% JQ993645.1

isolate NFS 18S ribosomg

RNA gene, partial

sequence

The resulting sequence data confirmed that all 19 PCR products were identical to each other

and also, were 100% identical to the 18S rRNA ofioarribaensis

3.4Bat Cryptosporidium:

At initiation of this study, no bat cryptosporidiunfection had been reportéa any of the
pipistrelle bats sample pan@8iven that bats are host to the coccidiameriaspp., it seemed
reasonable to propose that they may also harbour cryptospopdiasites. As such, the
Lancashire pipistrelle collection was screenedfoyptosporidiunspp., using a PCR
approach that targeted the parasite 18S rRNA gene. To develop this diagnostic approach,
Cryptosporidium ubiquiturgenomic DNA was used as a positicontrol (kindly provided by
Eljelani Salim, PhD student, University of Salford). The expected PCR product of 600 bp
was amplified from 14 out of 92 (¥ pipistrelle bats (Figure 3.22I'he PCR products were
purified, DNA sequencing performed, and theulting data was aligned with other

Cryptosporidiumspp. 18S rRNA sequences available in GenBank (Fig@@&3Table 3.6).
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Figure 3.22 Analysis of baCryptosporidiunspp. 18S rRNA PCR products by agarose
(1.0%) gel electrophoresi$, 1kb hyperladder;-2, representative bat samples (codes:

S682, F745, F802, JL714, F721, C802, F546, S680 respectively) with primers designed to
be specific for th&€ryptosporidiumspp. BS rRNA gene; 10, positive contrd (

ubiquitum); 11, negative control (#D); 12, 1kb hyperladder.

CLUSTAL O (1.2.3) multiple sequence alignment

F546 TCCTATCA 8

KR819168.1 TCATAATAACTTTACGGATCACATTTTTTGTGACATATCATTCAAGTTTCTGACCTATCA 60
*kkkkkk

F546 GCTTTAGACGGTAGGGTATTGGCCTACCGTGGCAATGACGGGTAACGGGGAATTAGGGTT 68

KR819168.1 GCTTTAGACGGTAGGGTA TTGGCCTACCGTGGCAATGACGGGTAACGGGGAATTAGGGTT 120

F546 CGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCAGGCGCGC 128
KR819168.1 CGATTCCGGAGAGGGAGCCTGAGAAACGGCTABCATCTAAGGAAGGCAGCAGGCGCGC 180

F546 AAATTACCCAATCCTAATACAGGGAGGTAGTGACAAGAAATAACAATACAGGACTTTAAA 188

KR819168.1  AAATTACCCAATCCTAATACAGGGAGGTAGTGACAAGAAATAACAATEBIRNCTTTAA 239
*

F546 CAGTTTTGTAATTGGAATGAGTTAAGTATAAACCCCTTTACAAGTATCAATTGGAGGGCA 248

KR819168.1 CAGTTTTGTAATTGGAATGAGTTAAGTATAAACCCCTTTACAAGTATCAATTGGAGGGCA 299

F546 AGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTGCA 308
KR819168.1 AGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTGCA 359

F546 GTTAAAAAGCTCGTAGTTGGATTTCTGTTAATAGTTTATATATAATGTCTCGTACATTTA 368
KR819168.1  GTTAAAAAGCTCGTAGTTGGATTTCTGTTAATAGTTTATATATAATGTCTCGTACATTTA 419
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F546 TATAATATTAACATAATTCATATTACTATTTTTTATAGTATATGAAACTTTACTTTGAGA 428
KR819168.1 TATAATATTAACATAATTCATATTACTATT -- TTTAGTATATGAAACTTTACTTTGAGA 476
*

F546 AAATTAGAGTGCTTAAAGCAGGCTATAGCCTTGAATACTTCAGCATGGAATAATATTAAA 488
KR819168.1  AAATTAGAGTGCTTAAAGCAGGCTATTGCCTTGAATACTTCAGCATGGAATAATATTAAA 536

F546 GATTTTTATCTTTCTTATTGGTTCTAAGATAGAAATAATGATTAATAGGGACAGTTGGGG 548
KR819168.1  GATTTTTATCTTTCTTATTGGTTCTAAGATAGAAATAATGATTAATAGGGACAGTTGGGG 596

F546 GCATTTGTATTTAACAGTCAGAGGTGAAATTCTTAAAA  —---mmmmmmmmmeeeee- 586
KR819168.1  GCATTTGTATTTAACAGTTAGAGGTGAAATTCTTAGATTTGTTAAAGACAAACTAGTGCG 656
*

Figure 323: Clustal W sequence alignment of a representativE€iygtosporidiuml8S

rRNA PCR product derived from an intestinal DNA preparation from bat specimen F546
with the18S rRNA sequence from Cryptosporidium sp. bat genotype 1V isolate 13973CZ
(KR819168.).

Table 3.6: BlastN summary data for gyptosporidiuml8S rRNA PCR products derived
from pipistrelle bat F546

Highly similar sequence | Max Total Query | E Iden GenBank
score |score |cover |value Accession
number

Cryptosporidiumsp.bat 1038 1038 100% | 0.0 99% KR819168.1
genotype IV isolate
13973CZ small subunit
ribosomal RNA gene,
partial sequence

Cryptosporidium canis 990 990 99% 0.0 97% KU608308.1
isolate CHF8 18S
ribosomal RNA gene,
partial sequence

All 14 pipistrelle 18S rRNA PCR products were identical to each other and most similar to

the 18S rRNA ofCryptosporidium spbat genotype IV isolate 13973GKv 8|1 et ). al . , 2
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3.5Bat bacterial infections

3.5.1 Bartonella:

To further characterize the tvigartonellainfections in the South Lancashire bat collection
described by Lord (2010) using a 16S rRNA gene targeting approach, a PCR was developed
using primers specific for tHgartonellacitrate synthase genBldgrman et al., 1995 After
successful amplification of the expected 400 bp PCR product fromBhet@nellainfected

bats (codes: JL726 and SP817), the PCR products (Figidbewgre purified and DNA
sequencing performed. The resulting data (Figurg) 3vas aligned with otheBartonella

citrate synthase gene sequences deposited in GenBank. A random selection of bat samples
reported by Lord (2010) as not infected witartonellawere also screened by PCR and the

data confirmed the negative infection statfithese samples.

400bp

200bp

Figure 3.24 Analysis of the baBartonellacitrate synthase (gItA) PCR products by agarose
(1%) gel electrophoresid-2, bat samples (J726, SP817)4 3negative controls (purified
DNA from bats JL613 and JL706 shown by Lord (2010) to be uninfecteBaitionellg; 5,
1kb hyperladder
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CLUSTAL O (1.2.3) multiple sequence alignment

J726 GGGACCAGCTCATGGTGGAGCCAATGAAGCATGCCTAAAGATGCTACAAGAAATAGGTBIC
AJ871614.1 e AGCCAATGAAGCATGCCTAAAGATGCTACAAGAAATAEGGTTC
KF003137.1 -memememmmmmeeee AGCCAATGAAGCATGCCTAAAGBTACAAGAAATAGGTEIE

J726 CGTTAAGAGAATTCCTGAATTCATTGCACGTGCAAAAGATAAAAATGATCCTTTCCGCCT20
AJB871614.1 CGTTAAGAGAATTCCTGAATTCATTGCACGTGCAAAAGATAAAAATGATCCTTTIOZGCCT
KF003137.1 CGTTAAGAGAATTCCTCAATTCATTGCACGTGCAAAAGATAAAAATGATCCTTTCCGTRZT

J726 CATGGGCTTTGGTCAT CGAGTCTATAAAAATTATGACCCACGTGCAAAAATCATGTEACA
AJ871614.1 CATGGGCTTTGGTCATCGAGTCTATAAAAATTATGACCCACGTGCAAAAATCATGCAKA
KF003137.1 GATGGGCTTTGGTCATCGAGTCTATAAAAATTATGACCCACGTGCAAAAATCATGCARLZA

J726 AACCTGCCATGATGTTTTAAAAGAACTAAATATTCAAGATGATTTGCTTCTTGACATCGC240
AJ871614.1 AACCTGCCATGATGTTTTAAAAGAACTAAATATTCAAGATGATTTGCTTCTTGACATCZZC
KF003137.1 AACCTGCCATGATGTTTTAAAAGAACTAAATATTCAAGATGATCGCTTCTTGACATC@R22

J726 TATAGAGCTTGAGAAAATCGCTTTAAATGATGAATATTTTGTTGAGAAAAAGCTTTATCC300
AJ871614.1  TATAGAGCTTGAGAAAATCGCTTTAAATGATGAATATTTTGTTGAGAAAAAGCTTTATER2
KF003137.1 TATAGAACTTGAGAAAATCGCCTTAAATGATGAATATTTTGTTGAGAAAAAGCTTTATZBR

J726 GAATGTTGATTTCTATTCTGGCATTACATTAAAAGCTCTAGGCTTTCCAACTGAAATGTT360
AJ871614.1 GAATGTTGATTTCTATTCTGGCATTACATTAAAAGCTCTAGGCTTTCCAAGTGATISS
KF003137.1 AAATGTTGATTTCTATTCTGGCATTACATTAAAAGCTCTAGGCTTTCCAACCGAAA 338

* *kk * * * * * *k kkkk

J726 TACTGTTCTTTTTGCATAA 379
AJ871614.1 = —emeemeeeeeeeee- 338
KF003137.1 e 338

Figure 3.25Clustal W sequence alignment of the Battonellacitrate synthas PCR

product derived from bat specimen J726 with partial citrate synthase gene sequences from an
unculturedBartonellasp. (isolate M207YAJ871614.1) andn wnculturedBartonellasp.

clone NB1.2 KF003137.1)
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Table 3.7: BlastN summary data for tBartonellagltA PCR products

Highly similar sequence | Max Total Query | E Iden GenBank

score |score |cover |value Accession
number

Uncultural Bartonella sp. | 625 625 89% 0.0 100% | AJ871614.1

partial gltA gene for citrate

synthase, isolate M207

UnculturedBartonella sp. | 580 580 89% 0.0 98% KF003137.1

clone NB1.2 citrate

synthase (gltA) gene,

partial cds

Both of the pipistrellederivedBartonellacitrate synthase DNA sequences were identical to
each other and also, Bartonellasp. isolate M207, an uncultured isolate derived from a

British bat(Concannon et al., 20D5

3.5.2 Borrelia:

To screen foBorreliainfections in the South Lancashire bat collection, PCR was performed

on the 16S rRNA gene usifprreliaspecific primers. A positive controB6rrelia

borgdorferi sensu strictoulture) was kindly provided by Jessica Hall (PhD student,
University of Salford). One out of 100 bat spleen samples (bat code: JL709) amplified the
expected 120 bp PCR product thats indicative of 8orreliainfection (Figure 3.8). The

PCR product was sequenced and the resulting data was analysed with respect to other

Borreliaspp 16S rRNA sequences deposited in GenBank (Figurd.3.2

84


http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_84617389
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_84617389
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_84617389

125bp

25bp

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Figure 3.26 Analysis of baBorrelial6S rRNA PCR products by agarose gel (2.0%)
electrophoresisl, 25bphyperladder; 216, bat spleen DNA samples; 17, positive cor(gol

borgdorferi sensu strictoulture; 18, negative control (ED); 19, 25bp hyperladder

CLUSTAL 2.1 multiple sequence alignment

JL709

KF395229.1

KF395228.1

FJ868583.1

D@169888.1

CP005851.2

TAAGTAGCCGGCCTGAGAGGGTGAACGGTCACACTGGAACTGAGATACGGTCGAGACTCC

TAAGTAGCCGGCCTGAGAGGGTGAACGGTCACACTGGAACTGAGATACGGTCRIAGACTCC

TAAGTAGCCGGCCTGAGAGGGTGAACGGTCACACTGGAACTGAGATACGGTCCAGACTCC 234

TAAGTAGCCGGCCTGAGAGGGTGAACGGTCACACTGGAACTGAGATACGGTCCAGACTCC 265

TAAGTAGCCGGCCTGAGAGGGTGAACGGTCACACTGGAACTGAGATACGGTCCAGACTCC 272

TAAGTAACCGGCCTGAGAGGGTGAACGGTCACACTGGAACTGAGATACGGTCCAGACTCC 330
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JL709 TACGGGAGGCA 108

KF395229.1 TACGGGAGGCA 252
KF395228.1 TACGGGAGGCA 245
FJ868583.1 TACGGGAGGCA 276
DQ469888.1 TACGGGAGGCA 283
KU672548.1 TACGGGAGGCA 341

*kkkkkkkkkk

Figure 3.27 Clustal W sequence alignment of the Batrelia 16S rRNA PCR product

derived from bat specimelL709 with partial 16S rRNA sequences extracted from GenBank
as follows:Borrelia sp. F3 (KF395229.1Borreliasp. F17 (KF395228.1Borrelia sp. CPB1
(FJ868583.), B. afzeliistrain Mng 3602 (DQ469888.1) aid garinii strain Ip6322
(KU672548.1).

Table 3.8: BlastN summary data for fBerrelia 16S rRNA PCR product

Highly similar seuence | Max Total Query | E Iden GenBank
score |score |cover |value accession
number
Borrelia sp.F3 16S 132 132 91% 9e28 |100% | KF395229.1

ribosomal RNA gene,
partial sequence

Borrelia sp.F17 16S 132 132 91% 9e28 | 100% | KF395228.1
ribosomal RNA gene,
partial sequence

Borrelia sp.CPB1 16S 132 132 91% 9e28 | 100% | FJ868583.1
ribosomal RNA gene,
partial sequence

Borrelia afzeliistrain Mng | 132 132 91% 9e28 | 100% | DQ469888.1
3602 16S ribosomal RNA
gene, partial sequee

Borrelia garinii strain 132 132 91% 9e28 |100% | DQ469880.1
Tom 2903 16S ribsomal
RNA gene, partial
sequence

Borrelia afzeliigene for 132 132 91% 9e28 | 100% | AB0354061
16S rRNA, patrtial
sequence, strain:U001

Borrelia garinii gene for | 132 132 91% 9e28 |100% | AB035392.1
16S rRNA, patrtial
sequence, strain:F641

Borrelia garinii gene for | 132 132 91% 9e28 |100% | AB035391.1
16S rRNA, patrtial
sequence, strain:F548

86


http://www.ncbi.nlm.nih.gov/nucleotide/256568110?report=genbank&log$=nucltop&blast_rank=3&RID=FJYM5S9K014
http://www.ncbi.nlm.nih.gov/nucleotide/256568110?report=genbank&log$=nucltop&blast_rank=3&RID=FJYM5S9K014
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_586919174
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_586919174
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_586919174
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_586919173
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_586919173
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_586919173
http://www.ncbi.nlm.nih.gov/nucleotide/586919173?report=genbank&log$=nucltop&blast_rank=2&RID=FJYM5S9K014
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_256568110
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_256568110
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_256568110
http://www.ncbi.nlm.nih.gov/nucleotide/256568110?report=genbank&log$=nucltop&blast_rank=3&RID=FJYM5S9K014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_94467879
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_94467879
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_94467879
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_94467879
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_11527590
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_11527590
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_11527590
https://www.ncbi.nlm.nih.gov/nucleotide/11527590?report=genbank&log$=nucltop&blast_rank=6&RID=KE3WEUBE015
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_11527576
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_11527576
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_11527576
https://www.ncbi.nlm.nih.gov/nucleotide/11527576?report=genbank&log$=nucltop&blast_rank=7&RID=KE3WEUBE015
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_11527575
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_11527575
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_11527575
https://www.ncbi.nlm.nih.gov/nucleotide/11527575?report=genbank&log$=nucltop&blast_rank=8&RID=KE3WEUBE015

The sequence analysis showed that the pipistrelle deBiwedliainfection was 100%
identical to eight 16S rRNABorreliasequences deposited in GenBank; one of these was
derived from an isolate (CPB1) responsible for causing fatal borreliosis in a British bat

(Evans et al., 2009

3.6 Further analyses of the pipistrelle protozoan and bacterial infections

The protozoan and bacterial infiects presented above (sections-3.4), and also, data for
the piroplasnBabesia vesperugin{gennifer S.ord, 2010) and oxoplasma gond{Dodd et
al., 2014), are summarised at the individual bat level in the table below (Table 3.9).

Table 3.9 Summary of the 70 protozoan and bacterial infections of the Lancashire pipistrelle

bats Footnote single infection (red), double infections (black), triple infections (purple),
guadruple infections (orange), gabate@adg!| e i nf
et al, 2014) (brown).

Batcode | T.v T.d Eimeria | Bartonellasp. | Cryptosporidiunsp. | Borreliasp. | B. vesperuginis Toxoplasma
rioarrib (Jennifer Sord, gondii
-aensis 2010) (Dodd et al,
2014)
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Batcode | T.v T.d Eimeria | Bartonellasp. | Cryptosporidiunsp. | Borreliasp. | B. vesperuginis Toxoplasma
rioarrib (Lord, 2010) gondii

-aensis (Dodd et al,
2014)




Bat code

JL651

Eimeria
rioarrib

-aensis

Bartonellasp.

Cryptosporidiunsp.

Borrelia sp.

B. vesperuginis
(Lord, 2010)

Toxoplasma

gondii
(Dodd et al,
2014)

JL652

JL648 | + _ _ _ _ + _
JLez27 | + _ _ _ _ + _
FP711| + _ _ _ _ + _
SP668| _ + _ _ _ + _
JL719 | _ + _ _ _ + _
SP852| _ + _ _ _ + _
SP655| _ + _ _ _ + _
Cs610| + + _ _ _ _ _
SA606 | + +

FP744| + _ _ + _ _ _
SP684| + _ _ + _ _ _
SP681| _ + _ + _ _ _
JL726 | + _ + _ _ _ _
FP802 + T




In total, the molecular diagnostic approach undertaken confirmed that 70 of the 99 pipistrelles
(prevalence = 70.7%) were infected with a microparasite (Table 3.9). These infections were
significantly more likely to be due to a protozoan parasite (totebpoans detected = 100)

than with theBacteriaBartonellaandBorrelia (total detected = 3). Furthermore, the bats
appeared to be more commonly infected with blood protozoans (total detected trypanosomes
and piroplasms = 60) than with coccidian parasites (total detected = 40). The most prevalent
protozoan in the bats wds dionisiiand this was observed approximateliirBes more

frequently than the related vespertilions.

Previous genotyping work on the pipistrelles had shown that the majority of the bats were
from one interbreeding population and the remainder afengxed origin (Dodd et al.,

2014). When analysing the infection data at the level of these two popul&Bonfgcted

bats were representative of the single interbreeding population (Table 3.1 iafetted
individuals were of mixed genetic ong(Table 3.11). Not surprisingly given the respective
numbers of bats in the two populations, a greater variety of infections, including multiple co
infections, were observed in the single interbreeding group (Table 3 h6)two most
commonly encounted parasites responsible for single infections in the single interbreeding
group of batsT. dionisiiandB. vesperuginiswere also found to be the most common
combination representative of a double infection (Table 3.10). Interestingly, the coccidian
parasitesEimeriaandCryptosporidiumwere more often found as a component of-a co
infection than as single infections within the single interbreeding group of bats; this appeared
to not be the case with the other protozoans (Table 3.10). Also of possibleas the
observed infection profile within the mixed genotype group of batEimeriaparasites

were observed within this population and also, equal numbé@rsdabnisii, B. vesperuginis

andCryptosporidiunsingle infections were observed (Tabl@13. Given the relative
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numbers of bats in the two populations§8and n42), it appears that the mixed genotype
group has an oveepresentation of single piroplasm adyptosporidiuninfections

compared to the single interbreeding population of bats.

Table 3.10: Infection profiles within the single interbreeding population of pipistrelles

Infection load Number of samples Infection profile

Single infection 37 bats 62%) T. dionisit 16 bats

T. vespertilionis2 bats
Eimeria 6 bats
Cryptosporidium4 bats
B. vesperuginis/ bats
Toxoplasma2 bats

Double infections 16 bats 22%) T. dionisii+ B.
vesperuginisb bats
Eimeriat B. vesperuginis
4 bats

T. dionisit Eimeria 1 bat
T. vespertilionis Eimeria
1 bat

T. dionisit
Cryptosporidium 2 bats
Eimeriat+
Cryptosporidium 1 bat

T. dionisit Bartonella 1
bat

Toxoplasma B.
vesperuginisl bat

Triple infections 4 bats(5%) Cryptosporidium+
Eimeria+ T. dionisii 2
bats

T. dionisiit Bartonella+
Eimeria 1 bat
Cryptosporidium+
Eimeria+ B.vesperuginis
1 bat

1 bat(1%) Cryptosporidium+
Toxoplasma+ T. dionisii+
B. vesperuginis

Quintuple infections 1 bat (%) Cryptosporidium+
Eimeria+ T. dionisii+ B.
vesperuginis+ Toxoplasm
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Table 3.11: Infectiomprofiles within the mixed genotype pipistrelles

Infection load Number of samples Infection profile

Single infection 8 bats T. dionisit 2 bats
Cryptosporidium 2 bats
B. vesperuginis2 bats
Toxoplasma2 bat

Double infections 2 bats T. dionisii+ Vesperuginis1l
bat
T. vespertilionis- Borrelia:
1 bat

3.6.1 Infections and the environment

The locations where the bats were found/recoveser@ extracted from the Lord (2010)

study and plotted (Appendix 2). This analysis showed that the bat infections appeared to be
scattered across South Lancashire and Greater Manchester and hence geographic location had
limited, if any, impact upon the sbrved infection profiles. Furthermore, bats lacking a
microparasite infection were also dispersed across the study area, again, indicative of the
environment having limited, if any, impact upon infection status.

The trypanosome and coccidian infectaata was also analysed with respect to the season of
host acquisition. This analysis showed there was no statistical significance to the seasonal
infection data for th&@. dionisii, T. vespertilioniskE. rioarribaensisandCryptosporidium

infections (Table 3.12).
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Table 3.12: Seasonal protozoan infection profiles in the Batgnote:Winter: DecFeb;

Spring: Mar May; Summer: JunréAug; Autumn: SeptNov.

Spring Summer Autumn Winter & p-value
T. vespertilionis 0 1.6% (1/66) 13%(3/23) 0 > 0.05
T. dionisii 27% (3/11) 30.3% (20/66) | 43.5% (10/23) | O > 0.05
Cryptosporidium 27% (3/11) 6% (4/66) 26% (6/23) 0 > 0.05
E. rioarribaensis 9% (1/11) 13.68% (9/66) 3% (9/23) 0 > 0.05
Total (infected +non | 11 66 23 0
infected)

3.6.2. Infections and host factors:

The trypanosome and coccidian infection data was analysed with respect to host gender and
age. Regarding gender, the majority of the infected bats were male (n=46); however, there
was no statistical significance between prewvegeof infection between the sexes (Table
3.13).when the total male and female were checked, the majority of the pipistrelles were
male (n= 62) whereas themainingwas femals (n= 37) which reflect to the ratio of the

infected pipistrelle showed the rodty of the infectegipistrellesweremales.With respect

to host age, the majority of the infected bats were adults and there was no statistical
significance between th@evalence oinfectionbetweerthese adults and the juvenile

pipistrelles (Table 34).

Table 3.13: Gender profiles of the pipistrelle infectidf@otnote Baby pipistrelles were
excluded from this age analysis.

Gender Male Female & p-value
Total 46 21 > 0.05
T. vespertilionis | 6.5% 4.7% > 0.05
T. dionisii 47.8% 21.7% > 0.05
Cryptosporidium| 15% 28.5% > 0.05
E. rioarribaensis| 30% 19% > 0.05
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Table 3.14: Age profiles of the pipistrelle infections

Age group Adult Juvenile Baby & p-value
(adult/juvenile)

T. vespertilionis | 7.4% 0 0 > 0.05

T. dionisii 46.2% 53.8% 33.3% > 0.05

Cryptosporidium| 18.5% 23% 33.3% > 0.05

E. rioarribaensis| 27.7% 23% 33.3% > 0.05

Total 54 13 3 > 0.05

3.6.2.1 Infections and host genotype:

The potential influence of host genetic background upon infection outcome was noted earlier

(Tables 3.10 and 3.11) and hence the bat genotype data, determined from microsatellite

analysis of 11 polymorphic loci (Dodd et al. 2014), was analysed with rdspeatasite

infections.

Interestingly, when the bats that showed no protozoan and helminth infections were analysed

with respect to genotype, all these rinfected bats were from the single interbreeding

population. However, when analysed statisticallgere was no significant correlation

between the host genotype and the parfigiestatus of the batp-yalue = 0.055).
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Figure 3.28 Thepopulation structure of the pipistrelles (Dodd et al, 2014) highlighting the

nortrinfected (protozoan and helminth) individuéded text below:)

1 =CS/06/10, 2 = CS/08/01, 3 = CS/08/82; CS/08/A 5 = FP/05/46, 6 = FP/07/11, 7 = FP/07/82;
FP/07/139 = FP/07/21, 10 = FP/07/3¥]1 = FP/07/4212 = FP/07/44, 13 = FP/07/45, 14 = FP/07/47, 15 =
FP/07/51, 16 = FP/08/02, 17 = GH/06/08,= GH/07/0919 = GH/07/1020 = JH/07/0121 = JH/08/02, 22 =
JL/06/12, 23 = JL/06/124 = JL/06/1525 = JL/06/2426 = JL/06/2G 27= JL/06/27, 28 = JL/06/28, 29 =
JL/06/40,30 = JL/06/4231 = JL/06/45, 32 = JL/06/47, 33 = JL/06/54, 34 = JL/06/56, 35 = JL/06/59, 36 =
JL/07/04, 37 = JL/07/07, 38 = JL/07/08, 39 = JL/07/09, 40 = JL/07/10, 41 = JL/07/11, 42 = JL/07/12, 43 =
JL/07/14, 44 = JL/07/18, 45 = JL/07/285 = JL/07/2547 = MD/08/0248 = MH/08/02 49 = PB/06/01, 50 =
PB/06/02, 51 = PH/06/04, 52 = PH/06/05, 53 = SA/06H356> SA/06/0755 = SA/07/U, 56 = SP/06/49, 57 =
SP/06/55, 58 = SP/06/68, 59 = SP/06/70, 60 = SP/06/72, 61 = SP/06/77, 62 = SP/06/79, 63 = SP/06/80, 64 =
SP/06/81, 65 = SP/06/826 = SP/06/8367 = SP/06/8468 = SP/08/1669 = SP/08/17, 70 = SP/08/18, 71 =
SP/08/19.

Footnote the single interbreeding group is represented bydestiginatedetween the arrows
and the mixed population is represented by batside the arrows
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When analysing the eimerian infections with respect to the bat genotype data (R2gure 3.
was noted that all the infected bats were from the single interbreeding population and this

correlation was statistically significafg-value=.02).

TheT. dionisii CryptosporidiumandB. vesperuginignfection profiles did not correlate with

the bat genotype datp-¢alues > 0.05) (Appendi). Furthermore, when all double

protozoan infections (18 bats) and myltotozoan infections (6 bats) were also analysed

with respect to host genotype, agaio,statistically significant correlations were observed (
values > 0.05). Finally, with respect to the helminth infection data reported by Lord (2010),
all five species of trematodes were also analysed with respect to the bat genotype data and

again, no gnificant correlations were noteg-¢alues > 0.05).
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+ ++ ++ ++ + + + +++ + ++

Figure 3.29 The population structure of the pipistrelles (Dodd et al, 2014) highlighting.the

rioarribaensisinfections(red text below)

1 = CS/06/102 = CS/08/013 = CS/08/024 = CS/08/A, 5 = FP/05/46, 6 = FP/07/11, 7 = FP/07/12, 8 =
FP/07/13, 9 = FP/07/21, 10 = FP/07/37, 11 = FP/07/42, 12 = FP/AB44EP/07/4514 = FP/07/47, 15 =
FP/07/51, 16 = FP/08/02, 17 = GH/06/06, 18 = GH/07/09, 19 = GH/07/10, 20 = JH/07/01HZ18#2, 22 =
JL/06/12, 23 = JL/06/1R4 = JL/06/1525 = JL/06/24 26 = JLI06/26, 27= JL/06/228 = JL/06/2§29 =
JL/06/40, 30 = JL/06/42, 31 = JL/06/4%, = JL/06/47 33 = JL/06/5434 = JL/06/5635 = JL/06/59, 36 =
JL/07/04, 37 = JL/07/07, 38 = 17/08, 39 = JL/07/09, 40 = JL/07/10, 41 = JL/07/11, 42 = JL/07/12, 43 =
JL/07/14, 44 = JL/07/1815 = JL/07/2346 = JL/07/25, 47 = MD/08/02, 48 = MH/08/02, 49 = PB/06/01, 50 =
PB/06/02, 51 = PH/06/042 = PH/06/0553 = SA/06/05, 54 = SA/06/07, 55 = SA/U, 56 = SP/06/4%7 =
SP/06/5558 = SP/06/6859 = SP/06/70, 60 = SP/06/72, 61 = SP/06/77, 62 = SP/M79SP/06/8064 =
SP/06/8165 = SP/06/8266 = SP/06/83, 67 = SP/06/84, 68 = SP/08¢86; SP/08/1,770 = SP/08/1871 =
SP/08/19

Footnote the single interbreeding group is represented bydesiginated between the
arrows and the mixed population is represented by bats outside the.arrows
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3.7 Discussion

The molecular diagnostic data presented in this Chapter provides an extension to earlier
studies on protozoans and helminths in the pipistrelle population from North West England
(Dodd et al., 2014Lord, 2010 Lord et al., 2012 As a consequence, the data offers the
opportunity to begin to address the parasite community composition and potential roles that

the environment and host genetics might have in shapengltberved infection profiles.

3.7.1 Trypanosome Schizotrypanuny:

Upon initiation of this study, data in the Lord (2010) thesis showed that 37 bats were infected
with trypanosomes. At least 30 of these infections were proposed to beTduakotuisii;

however, lack of positive control DNAs fdr. dionisiiandT. vespertilioniglid not allow

absolute confirmation of the Schizotrypanum infections in the(daisd, 2010.

Unfortunately, no archived cultures Bf dionisiiandT. vespertilionigexist and given the

protected status of British bats, it was beyond the scope of this thesis to acquire bat blood and
attempt to establish cultures. However, acquisition of a small amount of genomic DNAs

from Dr Patrick Hamilton (University of Exeter) allowed attempts at optimisation of an 18S
rRNA PCR approach that was discriminatory betwEedionisiiandT. vespertiliors. It was
apparent from the recovery of PCR products that the detection rate was greater for both
species of trypanosome when bat heart DNA preparations were screened compared to bat
spleen DNA preparations. This most likely reflects that the bat hesd Qreater capacity to

hold residual blood than the capillary network of the spleen. As such, a lack of PCR product
derived from spleen DNA, when a product has been generated from a heart DNA preparation,
is likely to indicate that the limits of PCR det®n using the spleen have been breached.
Sequencing the 18S rRNA PCR products confirmed that 4 trypanosome infections were due

to T. vespertilionisalbeit, two nucleotide variations were consistently observed relative to
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the 18S rRNA sequence of tfievespertilionisP14 isolate derived from a pipistrelle bat in
England( Baker, 1974Stevens et al., 1999Given tha there are no furthér. vespertilionis
sequences deposited in GenBank, it is not possible to comment further on these nucleotide
variations. Sequencing tfe dionisii18S rRNA PCR products confirmed that they were
identical to theT. dionisiiP3 isolate derived frora pipistrelle bat from EnglandBaker &
Thompson, 197]Stevens et al., 1999 However, the number of bats confirmed to be

infected withT. dionisiiwas less than anticipated based upon the Lord (2010) study and
hence an alteative strategy, using a semested approach to target PCR amplification of the
T. dionisiiglyceraldehyde phosphate dehydrogenase (GAPDH) gene was undertaken. This
approach not only confirmed the TOdionisiiinfections based upon the 18S rRNA PCR
strategy but it extended the detectionlofdionisiito a total of 33 bats. Moreover, the

majority of the PCR products (=79%) produced good quality sequence data that confirmed
that thesd'. dionisiiinfections were identical to the P3 isolélle Baker & Thompson, 1971
Hamilton, Cruickshank, et al., 20jl&nd also, the Z3126 isolate derived from a soprano
pipistrelle from Wytham, Oxfordshirfgdamilton, Cruiclshank, et al., 2032 Interestingly,

none of the GAPDH sequence data provided evidence for the presé@natiafisiistrain B

in the pipistrelles.T. dionisiistrain B, a representative South American strain, was recently
discovered in Noctule, Seme and Whiskered bats in the UK but was not reported present in
26 pipistrelle specimenglamilton, Cruickshank, et al., 2012SinceT. dionisii strain A, the
representative European strain that includes isolates P3 and Z3126, was the only sequence
type confirmed in the South Lancashire pipistrelles, then this data, in conjunction with the
Hamilton et al., (2012) report, may indicate some hastifipity associated with thé.

dionisii strains and pipistrelle bats.
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Overall, the trypanosome infected bats reported in this thesis using the combination of 18S
rRNA and GAPDH PCR approaches was identical tortlypanosomapp. infections

reportedoy Lord (2010) using only the 18S rRNA strategy. At 37% prevalence, the
trypanosome infections in the South Lancashire pipistrelles (including 3 soprano pipistrelles)
is approximately the same as that reported (35%) by Gardner (1986) following blood smear
inspections of 20€. pipistrellusspecimens sampled from across the UK. However, this
prevalence data differs remarkably to the sifAgldionisiiinfection in 36 Cornish pipistrelles
examined by Concannon et al. (2005) using a PCR diagnostic assaydbttd the 18S

rRNA gene. This difference may be partly explained by contrasting PCR performances.
However, it more likely reflects a difference in transmission dynamics between these two
areas of the UK. Such differences could be explored by fusthdies of the bats and the
known intermediate host responsible for trypanosome transmi€dioex pipistrelli

(Gardner & Molyneux, 1988a

SinceT. dionisiiinfections in the South Lancashire pipistrelles were observed approximately
8-times more frequently thah vespertilionisit is likely that transmission of the former

species is favoured. However, data in the literature to support this is sparséciiseve

study by Gardner (1986) document&chizotrypanunmfections and did not distinguish
betweenT. dionisiiandT. vespertilionis Much earlier reports provide data dn
vespertilionignfections occurring more frequently th@ndionisii(see Lord& Brooks,

2014); however, relatively few hosts are examined. The most recent analysis though
documented 16 trypanosome infections in 4 species of UK bats, including pipistrelles, and 15
of these were reported &sdionisiiand only 1 ag. vespertilions (Hamilton, Cruickshank,

et al., 2012 Interestingly, thd. vespertilionisnfection was described in a Noctule bat that

was also infected witfi. dionisii(Hamilton, Cruickshank, et al., 2012Given that very few
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bats have been confirmed with vespeitionis infections it is not surprising that co
infections with both trypanosome species are rare and this is indeed corroborated by the
infection data within this thesis.

When the trypanosome infections were analysed with respect to the season of host
acquisition, it showed no statistical significance to the seasonal infection dataTor the
dionisii andT. vespertilionisnfections. Moreoverthere was no significant calation

between the bat genotype and whether, or not, the specimen was infected with trypanosomes.

3.7.2 Eimeria:

The eimerian infection in 19 South Lancashire bats reported by Lord (2010) was based upon
PCR amplification of the 18S rRNA gene. iSequent DNA sequencing was only performed
on one PCR product and it was shown to be 99.8% identical to the 18S rRNA @ene of
rioarribaensis an eimerian parasite previously reported to infect myotid bats from North
America(Duszynski et al., 199%Zhao, Duszynski, & Loker, 2001 PCR screening carried

out in this thesis confirntethe eimerian infection status of the South Lancashire bats
described by Lord (2010). Moreover, all eimerian 18S rRNA PCR products were subjected
to DNA sequencing and the data confirmed that all the sequences were ideiiical to
rioarribaensis As suchthe one nucleotide difference between the South Lancashire bat
derived eimerian 18S rRNA product and thaEofioarribaensisreported by Lord (2010)

must have been a PCR or sequencing artefact. To our knowledge, the data constitutes the
first record & an eimerian parasite in British bats and indeed, the first record of an eimerian

in a common, or soprano pipistrelle.

With regard to seasonal effect, the data showed high prevalence in autumn and summer

which reflect to the conditiothat is needetbr the oocyst to develop such as high humidity
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The infectedbatsare expected to biefectedfor severaldayswhich mightpreclude the

identificationof seasonal effect

On analyzing the eimerian infection data with respect to host genotype it was apparent that all
the infected hosts were from the single interbreeding populaltifmmeover, this infection

profile was statistically significant and hence indicative of bais fthe mixed genotype

population having a degree of resistance to eimerian infection. This is further supported by
the lack of evidence of an environmental affect since the bats lacking eimerian infection were
geographically dispersed across the studjoreand therefore presumably as exposed to the

risk of acquiring an infection as the rest of the population.

Not surprisingly, there is no published study on the host genetics-Birhatiaspp.

interactions. Given the problems encountered in the poultry industry with coccidiosis and the
knowledge that different breeds of chicken display differences in resistance/susceptibility to
eimerian parasitesBumstead, Bumstead, Rothwell, & Tomley, 19%umstead & Millard,

1987 Emara et al., 2002Johnson & Edgar, 1986then some insight can be gainediro

avian immunogenomic studigdf particular interest is the quantitative trait loci (QTL)

analysis of an F2 cross carried out in chickens wittenellaresistant angusceptible lines
(Pinardvan der Laan et al., 2009The resulting QTL data highlighted a number of

candidate genes that may provide resistané&e tenela infection in chickens, including

innate immunity (TLR7) and inflammatory response géRasardvan der Laan et al., 2009

3.7.3 Cryptosporidium:

There have been few studies @ryptosporidiunspp. in bat§Dubey, Hamir, Sonn, &
Topper, 1998K v § | e t ; Morgan et al2 199K ang et al., 20LZiegler, Wale,
Schaaf, Chang, & Mohammed, 20@hnd hence the role of bats in parasite transmission is

largely unknown. However, the detection of the hnnméectiveC. parvumandC. murisin
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myotid bat§K v § | e t ; Zahkdi, Papatifi, Jién, Robertson, & Ryan, JCGigl
common pipistrellegK v § | e t ) rasks.the poddibilitppthat bats may act as importa

reservoirs ofcryptosporidiunspp. and hence this is worthy of further study.

The molecular data presented in this chapter presents the first evidence that UK bats are
infected withCryptosporidiunsp. Based upon the 18S rRNA sequence data, the parasite was
most closely related to@ryptosporidiunsp. bat genotype IV isolate derived from common

pipistrelles studies in the Czech Repulpkcv § | et)al ., 2015

There appeared to be no significant associatiddrgptosporidiunmsp. infection in the South
Lancashire pipistrelles with environmental or host parameters. The anfeletta does
however show that bats infected wihyptosporidiunsp. are often also infected wiih
rioarribaensis(6/15, 40%) which may indicate a common route of infection for these two

coccidians

3.7.4 Bacterial infections:

TheBartonellasp. infection reported by Lord (2010) in 2 bats was based upon PCR
amplification of the 1623S rRNA internal transcribed spacer (ITS) region; one amplicon
was sequenced and it appeared to cluster closely with radsotiated@artonellaspp.
However,the absence of a bassociatedartonellaspp. ITS sequence in the phylogram
precluded a more detailed analysis. As such, to further describe theBartaellasp.
infections the bacterial citrate synthase gene was PCR amplified and the resultuajsorod
were sequenced. The data showed that thBdy&bnellacitrate synthase sequences were
identical to the citrate synthase sequence from an uncuBamtdnellasp. that had been
isolated from a Cornish pipistrel{€oncannon et al., 20D5As proposed by Concannon et
al., (2005), based upon a phylogenyBaftonellaspp. citrate synthase sequences, including

those derived from the Cornish bats, the data in this chapter supports the proposal that bat
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associatedartonellasp. are all closely associated with the bat host and may form strains of

the same species.

The low prevalence dartonellasp. in the South Lancashire pipistrelles contrasts with the
18% prevalence (18/491) of bartonellae reported in the extensive study of UK bats carried out
in the 19804 Gardner et al., 1987Gardner, 1986 However, it is similar to the 8%

Bartonellasp. infection rate reported in the Cornish l{@tsncannon et al., 2005

The molecular data in this chapter also confirm Bwatelia sp. 5 present in UK bats, as

noted in an earlier report describing fatal borreliosis in a female pipistrelle from Cornwall
(Evans et al., 2009 Indeed, the 16S rRNA gene fragment data from the South Lancashire
pipistrelle was identical to the 16S rRNA sequence deposited froBotinelia sp. isolate

derived from the Cornispipistrelle(Evans et al., 2009 As notedEvans et al., 2009the

Cornish bat deriveBorrelia sp. was closely related to ottgorrelia spp. krown to cause
relapsing fever in Africa and Asia and hence bats may act as a reservoir of spirochetes that
are potentially of public health concern. Unfortunately, the sequence data generated from the
South Lancashire bat was of insufficient length to legreater insight since the fragment

was also identical to oth&orrelia sp. isolates from questing Gulf Coast ti¢kee et al.,

2014 and also, td. garinii andB. afzeliiisolates; these species are known to cause human
Lyme borreliosigNadelman & Wormser, 199®icken et al., 199&Richter, Schlee,

Allgower, & Matuschka, 2004 As such, it would be worthwhile carrying out a more

detailed analysis of thBorrelia sp. infection described in the adult maleigigelle acquired

from Tattington, Greater Manchestelthough this specimen died in captivity, there was no
evidence to suggest that the death was due to borreliosis (personal communication, Jennifer

S. Lord).
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3.7.5 Coinfections:

Based on the gengting data carried out on a subset the bat population (n=71) (Dodd et al.,
2014), the majority of the bats were from one interbreeding group (n=59) and the remainder
were designated as being of mixed origin (n=12). Given the numbers representative of the
two populations, it is not surprising that a greater variety of infections were found in the
single interbreeding group. As such, it is not possible to state that the mixed genotype bat
group has a greater level of resistance to parasite infections theingteeinterbreeding

group. There does not appear to be any strong evidence for negative interactions between
any of the parasites. The coccidi@ggioarribaensisandCryptosporidiumsp. were often
components of a emfection and this may reflect ththey are commonly found to -@xist

in the environment; quite possibly the roost environment.
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4. Pipistrelle Toll-like receptors (TLRS): TLR2 and TLRA4:

Toll-like receptors (TLRs) play an important role in the outcome of parasite infections in
vertebrate hosts. For example, studyefshmania majr infection in TLR4 knockout mice

has shown that TLR4 activates iNO8ducible nitric oxide synthay&hich leads to NO
synthesis and parasite deglopf et al., 2002 T. cruzi glycosylphosphatidylinositol (GPI)
anchors have been shown to be potent and effective initiators of TLR2 expression in Chinese
hamster ovary cells transfected with TLR2 (Campos et al., 2001). Moreover, macrophages
from TLR2 knockout mice were unalie respond td. cruziGPI anchors via the network of
cytokine expression observed with control macrophé@ampos et al., 2001TLR2

knockout mice study has also highlighted the importance of TLR2 in defence dgainst
gondiiinfection since the TLR2eficient animals died 8 days pésfection with an avirulent
strain of the parasit@Mun et al., 2008 The levels of expression of TLR2 and TLR4 have
also been assessed in the brains of mice infecteddw@#hthamoebapp. and the resulting

data cofirmed that these TLRs are highly expressed in neurons, glial cells, and endothelial
cells within the neocortex 2 days pastection (Wojtkowiak-Giera et al., 2016 Perhaps

most interestingly with respect to human infections with a parasite, a study of monocyte
expression in children from Malawi reported that TLR2 and TLR4 expression levels were

significantly lower in severe malaria cases compared to control g(blgpslala eal., 2016.

As illustrated above, it is becoming increasingly clear that TLR2 and TLR4 have important
roles in protection of mammals against parasite infection. Howéwerole of these TLRs

in bats is less well understood; indeed, there is goesee data currently available for TLR2

or TLR4 from a pipistrelle bat. As such, the main aim of this chapter of the thesis is to use a

PCRbased strategy to isolate pipistrelle TLR2 and TLR4 gene sequences. This gene
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isolation strategy will that act asplatform for further analyses, in Chapter 5, of TLR2 and

TLR4 gene variation in the population of South Lancashire bats.

4.1 The P. pipistrelleTLR 4 gene

4.1.1 Bioinformatics:

Given the absence of a published, or unpublished, TLR4 gene sequengépistralle bats,

the TLR4 genes from other bat species were obtained from GenBank and aligned in order to
facilitate PCR primer design to conserved regions (Figure 4.1). The full length TLR4 gene in
bats was approximately 2.5 kb; however, dubigi levels of species variation at the 5' and

3' ends of the gene, it was not possible to design PCR primers to amplify tdead

pipistrelle TLR4 gene. Instead, a set of PCR primers were designed to allow amplification of
two overlapping PCR product$l(R4 F- TLR4 R and TLR4 2F TLR4 2R) which were
anticipated to yield approximately 2 kb of no®elpipistrelus TLR4 gene sequence (Figure

4.1).

TLR4-2F

N
14

085. CACAG CTTCTCCAACTTCTCAGBFGCAGGTGCTGGATTTATCCAGGTG 448
CACAGCTTCTCCAACTTCTCAGAACTGCAGGTGCTGGATTTATCCAGGTG 448
CACAGCTTCTCCAACTTCTCAGAACTGCAGGTGCTGGATTTATCCAGGTG 448
CACAGCTTCTCCAACTTCTCAGAACTGCAGGTGCTGGATTTATCCAGGTG 260
CATAT CTTCTCCAACTTCTCAGRPGCAGGTGCTGGATTTATCTAGGTG 376

*k K Fkkkk
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TGAAATTCAGAAGATTGAAGATGATGCATATCAAGGCCTAAAGCATCTCT 498
TGAAATTCAGAAGGTTGAAGATGATGCATATCAAGGCCTAA  AGCATCTCT 498
TGAAATTCAGAAGATTGAAGACGATGCATATCAAGGCCTAAAGCATCTCT 498
TGAAATTCAGAAGATTGAAGATGATGCATATCAAGGCCTAAAACATCTCT 310
TGAAATTGAGATGATTGAAGATGATGCATATGAGGGTCTAAACCATCTCT 426

*kk * * Kk kkkkok dokokkkkok

CCATCTTGATATTGACAGGAAACCC TATCCAGAGTTTAGCCCCGGGAGCC 548
CCATCTTGATATTGACAGGAAACCCTATCCAGAGTTTAGCCCCGGGAGCC 548
CCATCTTGATATTGACAGGAAACCCTATCCAGAGTTTAGCCCCTGGAGCC 548
CCATCTTG ATATTGACAGGAAACCCTATCCAGAGTTTAGCCCCAGGAGCC 360
CCACCTTGGTATTGACA GGAAACCCTATCCAGAGTTTEBTGGGAGCC 476

Kkk dokkk Fkkkkk

TTTTCTGGACTGCCAAGTTTACAGACACTGGTGGCTGTGGAGACAAACCT 598
TTTTCTGGACTGCCAAGTTTACAGACACTGGTGGCTGTGGAGACAAACCT 598
TTTTCTGGACTGCCAAGTTTACAGACACTGGTGGCTGTGGAGACAAACCT 598

TTTTCTGGACTACCAAGTTTACAGACACTGGTGGCTGTGGAGACAAACCT 410
TTTTCTGGACTATCAAGTTTACAGACACTGGTGGCTGTGGAGATAAACCT 526

Fkkdokk

AGCATCACTAGAGGACTTCCCCATCAGACATCTGAAAACCTTGAAGGAGC 648
AGCATCGCTAGAGGACTTCCCCATCAGACATCTGAAAACCTTGAAGGAGC 648
AGCATCGCTAGAGGACTTCCCCATCAGACATCTGAAAACCTTGAAGGAGC 648
AGCCTCTCTAGAGGACTTCCCCATCACACATCTGAAATCCTTGAAGGAGC 460
AGTGTCTCTAGAGGACTTCCCCATTGGACACCTGAAAACCTTGAAGGAGC 576

Kk kk kkkkkkkkkkkkkkkkk  kkk dkkkkk kkkkkkkkkkkk
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TTAATGTGGCTCACAATCTAATTGATTCCTTCAAGTTACCGGACTATTTT 698

TTAATGTGGCTCACAATCTAATTGATTCCTTCAAGTTACCG GACTATTTT 698

TTAATGTGGCTCACAATCTAATTGATTCCTTCAAGTTACCGGACTATTTT 698

TTAATGTGGCTCACAATCTAATCGATTCCTTCAAGTTACCGAACTATTTT 510

TTAATGTGGCTCACAATCTTATTG ATTCCTTCAAGTTACCTGAATATTTT 626
*k

* kkkkkk

TCTAACCTGCCTAACCTGGAGCACTTGGATCTTTCCAATAACAAGATCCG 748
TCTAACCTGC CTAACCTGGAGCACTTGGATCTTTCCAATAACAAGATCCG 748
TCTAACCTGCCTAACCTGGAGCACTTGGATCTTTCCAATAACAAGATCCG 748
TCTAACCTGCCTAACCTGGAGCACTTGGACCTTTCCAATAATAAGATTCG 560
TCTAACCTGTCCGACCTGGAGCACTTAGACCTTTCCAATAACAAGATCCA 676
* *k

Fkkokk K

CAATATTTACCATGAAGACTTGCAGGTTTTACATCAAATGCCCTCATTCA 798
CAATATTTACCATGAAGACTTGCAGGTTTTACATCAAATGCCTTCATTCA 798
CAATATTTACCATGAAGACTTGCAGGTTTTACATCAAATGCCCTCATTCA 798
AAATATTTACCATGAAGACTTGCAGGTTTTACATCAAA TGCCCTCATTCA 610
AACTATTTGTCATAAAGACCTACAGGTTCTACATCAAATGCCCCCATCCA 726

* kkkkk kkk kdokkk k kkkkdok dkkkkkkkkkkdkk  dkk Kk

AACTCTCCTTAGACCTGTCCCTCA ACCCTTTAGACTTTATTCAACCAGGT 848
AACTCTCCTTAGACCTGTCCCTCAACCCTTTAGACTTTATTCAACCAGGT 848
AACTCTCCTTAGACCTGTCCCTCAACCCTTTAGACTTTATTCAACCAGGT 848
AACTCTC TTTAGACCTGTCCCTCAACCCTTTAGACTTTATCCAACCAGGT 660
AACTCTCTTTAGACTTGTCCCTGAACCCTTTAGACTTCATCCAACGAGGT 776

Fkkkhk *k kkkk Kkkk

GCCTTTGAAAAAATTAAGCTCCATGAACTGACTTTGAGAAGTAATTTTGA 898
GCCTTTGAAAAAATTAAGCTCCATGAACTGACTTTGAGAAGTAATTTTGA 898
GCCTTTGAAAAAATTAAGCTCCATGAACTGACTTTGAGAAGTAATTTTGA 898
GCCTTTGAAAAAATTAAGCTCCATGAACTGACTTTGAGAAGTAATTTTGA 710
GCCTTTAAAGAAATTAAGCTCCATGAACTAACTTTGAGAAGTAATTTTAA 826

*kkFkk Kk *

TAGTGCAGAGGTCATGAAAACGTGTATTCAAGGTCTGGCTGGTTTAAAGA 948
TAGTCCAGAGGTCATGAAAATGTGTATTCAAGGTCTGGCTGGTTTAAAGA 948
TAGTCCAGAGGTCATGAAAATGTGTATTCAAGGTCTGGCTGGTTTAAAGA 948
TAGTGCAGAGGTCATGAAAACGTTTATTCAAGGTCTGGCAGGTTTAAAGA 760
CAGTACAGATGTAATGAAAACTTGTGTTCAAGGCCTCGCTGGC TTAAAAA 876

Fkk dkokk Kk okkkkokk Kk kkkokkkk Rk kk kk kkkokk %

TCAATCGGTTGATTCTGGGAGAATTTAAAAATGAAAGAACCATAGTAAAC 998
TCAATCGGTTGATTCTGGGAGAATTTAAA AATGAAAGAAACTTAGTAAAC 998
TCAATCGGTTGATTCTGGGAGAATTTAAAAATGAAAGAACCTTAGTAAAC 998
TCAAACGGCTGATTCTGGGAGAATTTAAAAATGAAAGGATCTTAGTAAAC 810
TCAATCGTTTGG TTCTAGGAGAATTTAAAAATGAAAGAGCCATAAAACAT 926

Fhkk kk kk kkkk kkkkkkkkkkkkkkkkAkkk ok kK ok Kk

TTCAACAAATCTGCCCTGGAGGGTCTGTGCAATTTGACCATTGAAGAATT 1048
TTCAACAAATCTGCCCTGGAGGGTCTGTGCAATTTGACCATTGAAGAATT 1048
TTCAACAATTCTGCCCTGGAGGGTCTGTGCAATTTGACCATTGAAGAATT 1048
TTGGACAAATCTGCCCTGGAGGAACTGTGTAATTTGACCATTGAAGAATT 860
TTTGACAAATCTGCCATGGAGGGACTGTGCAATTTGACCATTGACGAATT 976

Kk kkkk kkkkkk kkkkkk  kkkkk kkkkkkkkkkkkdk kkkkk

CCGGATAGCACACTTCGATGAGTTTCCAGGGGATGATCTTG GCTTTTTAA 1098
CCGGATAGCACACTTCGATGAGTTTCCAGGGGATGATCTTGGCTTTTTAA 1098
CCGGATAGCACGCTTCAATGAGTTTCCAGGGGATGATCTTGGCTTTTTAA 1098
CCGGATAGCACACTTCCAAGA CTTTCCAGAGGATTACCTTGGCTTTTTAA 910
CCGGATGACATACTTCGATGACTTCTCAGAGGATGTTATTAACTTTTTTA 1026

Khkkkkk kk kkkk ok kk kk kkk kkkk kk kkkkkk ok

ATTGTT TGCCAGAGGCTTCTACAATATCTCTTATGGGTCTGTATTTAGAC 1148
ATTGTTTGGCAGATGCTTCTACAATATCTCTTGTGAGTCTATATTTAGAT 1148
ATTGTTTGGCAGATGCTTCTACAATATCTCTTGTGAGTCTATATTTAGAC 1148
ATTGTTTGGCAGATGCTTCTGCAATATCTCTGGTGAGTCTGAATATAGAC 960
ATTGTTTGGCAAATGTTTCTACAATTTCTCTGGTGGGTCTGTATTTAAAC 1076

Fhkkkkkk kk kK kkkok dokkk kkkkk  kk kkdok kk kk ok

GAGCTAAAAATCTTTCCAAAAGGTTTCAAATGGCAATACTTAAATTTGTC 1198
GAGCTAAAAATCTTTCCAAAAGGTTTCAAATGGCAATACTTAAATTTGTC 1198
AAGCTAAAAATCTTTCTAGAAGATTTCAAATGGCAATACTTAA AATTGTC 1198
AGGCTAGAAAGCCTTCCAAAAGGTTTCAAATGGCAATACTTAAACTTGAC 1010
AGGCTAGAAGTCCTTTCTAAAGATTTCAAATGGCAACACTTAAAACTGAC 1126

dkkk kk ok kk kkk kdokkkkkokkkkkk dokkkkkk kk %
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TAAATGTATATTTGAACATTTTCCTACATTGGAGCTTACCTTTCTCAAGC 1248
TAAATGTATATTTGAACATTTTCCTACATTGGAGCTTACCTTTCTCAAGC 1248
TAAATGTAAATTTGAACATTTTCCTACATTGGACCTTACCTTTCTCAAGC 1248
TAATTGTAAATTTGAACATTTTCCTACATTGGAGCTTACCTTTCTCAAGC 1060
TAATTCTAAATTTGATCATTTTCCCAGGTTGGAACTTGACTCTCTCAAAA 1176

Kk Kk kK kkkkkk kkkkkkhkk k kkkkk kkk  kk khkkkk

AGTTTGTTTTCACTGCCAACAAAGGTATTACCACTTTTACTAAAGTTAAT 1298
AGTTTGTTTTCACTGCCAACAAAGGTATTACCACTTTTACTGAAGTTAAT 1298
AGTTCATTTTCACTGCCAACAAAGGTATTACCACTTTTACTGAAGTTAAT 1298
AGTTTGTTTTCACTGACAACAAAGGTATTACCACTT TTACTGAAGTTAAT 1110
AGTTGGTTTTCACTGCCAACAGGGGTATGAGCACTTTTACTGAAGTTAAA 1226

Khkk  kkkkkkkdk kkk *k kkkkk K kkkkkkkkokk kokkkkkk

TLRAF

CTACCAAACTTGAGTTTCTAGATCTCAGNAAATGGCTTGAGTTACAIS48
CTACCAAACCTTGAGTTTCTAGATCTCAGTAGAAATGGCTTGAGTTTCAA 1348
CTACCAAACCTTGAGTTTCTAGATCTCAGTAGAAAT GGCTTGAGTTTCAA 1348
CTAAGAAACCTTGAGTTTCTAGATCTCAGTAGTAATGGCTTGAGTTTCAA 1160
CTACCAAAACTTGAGTTTCTAGATCTCAGTAGAAATAGTTTGAGTTTCAA 1276

kkk  kkk kkkkkkk *kk K *kk

GTCTTGCTGCTCTCACCGTGATTTTGGGACAACCCAACTGAAACACTTAA 1398
GTCCTGCTGCTCTCACCGTGATTTTGGGACAACCCGACTGAAACACTTAG 1398
GTCCTGCTGCTCTCACCGTGATTTTGGGACAACCCGACTGAAACACTTAG 1398
GTCTTGCTGCTCTCACCGTGATTTTGGGACAACCCAACTGAAACACTTAA 1210
GAGTTGCTGTTCTCGCACTTTTTGGGGGACAACTAGACTGAAACACTTAG 1326

k kkkkk kkkk kK kK kkkkkkkk  kkkkkkkkkkkdk

ATCTGAGCTTCAATAATATTATTATCATGACTTCAAACTTCTTGGGCTTA 1448
ATCTGAGCTTCAATAATATTATTATCATGACTTCAAACTTCTTGGGCTTA 1448
ATCTGAGTTTCAATAATATTATTATCATGACTTCGAACTTCTTGGACTTA 1448
ATCTGAGCTTCAATAGTATTATTACCATGACTTCAAACTTCGTGGGCTTA 1260
ATCTGAGCTTTAATGATGTTATTACCATGAGCTCAAACTCCTTGGGCTTA 1376

Fhkkkkk kk kkk Kk kkdokkk kkkkk kk kkkok K ook dokkk

GAGCAACTAGAACGTCTGGATTTCCAGCATTCCACTCTGAAACAGGCCAG 1498
GAGCAACTAGAACATCTGGATTTCCAGCATTCCACTCTGAAACAGGCCAG 1498
GAGCAACTAGAACATCTGGATTTCCAGCATTCCACTCTGAAACAGGCCAG 1498
GAGCAACTAGAACGACTGGATTTCCAGCATTCCACTTTGAAACAGGCCAG 1310
GAGCAACTAAAATATCTGGATTTCCAGCATTCCAATTTGAAACAGGCCAG 1426

TGATTTTTCAGTATTCCTCTCACTCAAAAATCTCCTTTAC CTTGATATCT 1548
TGATTTTTCAGTATTCCTCTCACTCAAAAATCTCCTTTACCTTGATATCT 1548
TGATTTTTCAGTATTCCTCTCACTCAAAAATCTCCTTTACCTTGATATCT 1548
TACTTTTTCAATATTCCTCT CACTCAAAAACCTCCTTTACCTTGATATCT 1360
TGATTTTTCGGTATTCCTATCACTCAAAAACCTACTTTACCTTGATATTT 1476

* kkkkkk *k *

CTTA CACTAACACCAAGATTGTCTTCCTGCGCATCTTTGATGGCTTGATC 1598
CTTACACTAACACCAAGATTGTCTTCCTGGGCATCTTTGATGGCTTGATC 1598
CTTACACTAACACCAAGATTGTCTTCCTGGGCATCTTTGATGGCTTGATC 1598
CTTACACTAACATCCAGATTGTCTTCAAGGGCATCTTTGATGGCTTGATC 1410
CTTATACTCGCATCCGAATCATCTTCCATGGCATCTTTGACGGCTTGTTC 1526

Khkkk kkk kk ok kk kkkkk kkkkkkkkkk kkkkkk Kk

TLR4-2R

. ]
AGCCTCCAA CTTTTCAGGATGCACTCQ647
AGCCTCCAAGTCTTGAAAATGGCTGGCAATTCTTTTCAGGATGCACTCC - 1647
AGCCTCCAAGTCTTGAAAATGGCTGGCAATTCTTTTCAGGATGCACTCC - 1647
AGCCTCCAAGTCTTGAAAATGGCTGGCAATTCCTTTCAGGATGCATTCC - 1459

AGCCTCGAAGTCTTGAAAATGGCTGGCAATTCTTTT

Fkkkkk * kkk

CAGGACAACTCCG 1575

TTCCAAATATCTTCAGAGATCTGACTCAGTTGACTGAACTGGACCTCTCT 1697
TCCCAAATATCTTCAGAGA TCTGACTCAGTTGACTGACCTGGACCTCTCT 1697
TCCCAAATATCTTCAGAGACCTGACTCAGTTGACTGTCCTGGACCTCTCT 1697
TTCCAAATGTCTTCAGAGATCTGACTCAGTTGACTATCCTGGACCTCTCT 1509
TTCCAAATATCTTCAAAGCGCTGACTAACTTAACCTTCCTGGACCTCTCT 1625

* kkkkkk kkkkkk kk  KkkhAE Kk kk kk kkkkkkkkkkkk
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gi|558135472|ref]XM_006091085.
0i|554578862|ref|XM_005880935.
0i|584056807|ref|XM_006772885.
0i|641721271|ref[XM_008152116.
0i|588480441|ref|[NM_001290172.

gi|558135472|ref]XM_006091085.
0i|554578862|ref|XM_005880935.
0i|584056807|ref|XM_006772885.
gi|641721271|ref|XM_008152116.
gi|588480441|ref|[NM_001290172.

0i[558135472|ref[XM_006091085.
0i[554578862|ref[XM_005880935.
0i[584056807|ref[XM_006772885.
01641721271 |reflXM_008152116.
0i/588480441 |ref|INM_001290172.

efXM_005880935.

refXM_008152116.

001290172.

|XM_008152116.

CAGTGTCAACTGGAACGGGTGTCCCAGGAGGCATTTGGCTCACTCCTTAG 1747
CAGTGTCAACTGGAACAGGTGTCCCAGGAGGCATTTGGCTCACTCCTTAG 1747
CAGTGTCAACTAGAACGGGTGTCCCAGGAGGCATTTGGCTCACTCCTTAG 1747
CAGTGTCAATTGGAACAGGTGTCTCCGGAGGCATTCAGCTCACTCCTTAG 1559
AATTGCCAGCTAGAACGAGTGTCCCAGGCGGCATTTGGCTCACTCGTTAA 1675

*kk kk Kk kkkk  kkkkk Kk kk kkkkkk  kkkkkkkk kkk

ACTCCAGGTGCTAAATATGAGTCACAACCACCT CTTGTCCTTGGATATGC 1797
ACTCCAGGTGCTAAATATGAGTCACAATCACCTCTTGTCCTTGGATATGC 1797
ACTCCAGGTGCTAAATATGAGTCACAACCACCTCTTGTCCTTGGATATGC 1797
ACTCGAGGTGCTA AATATGAGTCACAACCACCTCTTGTCCTTGGATATGC 1609
ACTTAAGTCACTAAATATGAGTCACAACCACCTTTTATCCTTGGATCTAT 1725

*kk Kk Fkkkk kk *

TTCCTTTTAAAAATCTSG TCTCTCCGGGTTCTAGACTGTAGTTTTAAC 1844
TTCCTTATAAAAATCTC --- TCTCTCCGGGTTCTAGATTGCAGTTTTAAC 1844
TTCCTTATAAAAATCTC --- TCTCTCCGGGTTCTAGACTGCAGTTTTAAC 1844

TTCCTTACAAAAATCTC -—-- CCTCTCTCGGTTCTAGACTGCAGTTTTAAC 1656
TTCCTTATAAACTTCCCCACTCTCTCCAGGATCTGGACTGCAGTTTTAAT 1775

kkkkkk Kk kk ok kkkkk kk kkk kk kk kkkkkkrk

CGTATAGTGGCCGCCAATGGGCAGGAACTACAGCATTTTCCAAGCAATGT 1894
CGTATAGTGGCCGCCAATGGGCAGGAACTACAACATTTTCCAAGCAATGT 1894
CGTATAGTGGCCGCCAATGGGCAGGAACTACAA CATTTTCCAAGCAATGT 1894
CGTATAGTGGCCGCCAATGGGCAGGAACTACAGCATTTTCCAAGCAATGT 1706
CGCATAGTGGCCTCCAATAGGCAAGAACTACAGCATTTTCCAAGTAATCT 1825

*k

Fkkkk Fkkk Kkk K

AACTTCCTTAAACCTGAACCAGAATAACTTTGCTTGTGTTTGTGAACACA 1944
AACTTCCTTAAATCTGACCCAGAATAACTTTGCTTGTGTT TGTGAACACA 1944
AACTTCCTTAAATCTGACCCAGAATAACTTTGCTTGTGTTTGTGAACACA 1944
AACTTCCTTACATCTGACCCAGAATGACTTTGCTTGTGTTTGTGAACACA 1756
AACTTCCTTAAATCTCACTG GGAATGACTTTGCTTGCATTTGTGAACACC 1875

Fhkdkkkkkk Kk kk ok dkkk kkkkkkkkkk  kkkkokkkkdokk

TGCGCTTCCTGCAGTGGGTCCAGGATCACAGGCACATCTTGGTGGGAGCT 1994

TGCG CTTCCTGCAGTGGGTCCAGGATCACAGGCGCATCTTGGTGGGAGCT 1994
TGCGTTTCCTGCAGTGGGTCCAAGATCACAGGCGCATCTTGGTGGGCGCT 1994
TGCGTTTCCTGCAGTGGGTCCAGGACCACAGGAGCATCTTGGTGGGAGCT 1806
AGAGTTTTCTGCAGTGGGTCAAGGACCACAGGCACCTCTTGGTGGGAGTT 1925

* ok kk kkkkkkkkkkkk Kk okk kkkkkk ok kkkkkkkkhkk Kk ok

GAACACATGATGTGTGAGAAACCTTTAGCTATGCAGGGTGTGCCTGTGCT 2044
GAACACATGATGTGTGAGAAACCTTTAGCTATGCAGGGTGTGCCTGTGCT 2044
GAACACATGATGTGTGAGAAACCTTTAGCTATGCAGGGCGTGCCTGTGCT 2044
GAACACATGATGTGTAAGACACCTTTAGCTATGCAGGGTG TGCCTGTGCT 1856
ACACAAATGGTGTGTGTGAAACCTTTAGATATGCAGGGTGTGCCTGTACT 1975

Fkk kkk Kkkkk kk *k

CAGTTTTAGAAATGCCACCTGCCAGATGAGCAAAACTATCATTAGTGTGT 2094
CAGTTTTAGAAATGCCACCTGCCAGATGAGCAAAACTATCATTAGTGTGT 2094
CAGTTTTAGAAATGCCACCTGCCAGATGAGCAAAACTATCATTAGTGCGT 2094
CAGTTTTAGAAACACCACCTGCCAGATGAACAAAACTGTCATTAGTGTGT 1906
CAGTTTTAGAAATGCCACCTGTCCGATGAGCAAGACTGTCATTAGTGTGT 2025

Fhkdkkkdokkkk  Fkkkkokk Kk dokkkk kkok dokk dokkkiokkkk kok

CAGTTCTCTCAGTACTCGTGGTATCTGTAGCCGCAGTTCTGGTCTACAAG 2144
CAGTTCTCTCAGTACTCGTGGTATCTGTAGCCGCAGTTCTGGTCTACAAG 2144
CAGTTCTCTCAGTACTCGTGGTCTCTGTAGCCGTAG  TTCTGGTCTACAAG 2144
CCGTTCTCTCAGTACTCGTGGTATCTGTGGCTGCAGTTCTGGTCTACAAG 1956
CGGTTCTCACTGTGCTTGTGGTATCTGTGGTAGCAGTTCTGGTTTATAAG 2075

* kkkkkk Kk kk kk Fkkkk kkkkk kK kkkkkkkkk Kk kkk

TTCTATTTCCACCTGATGCTTCTGGCTGGCTGCAAAAAGTATGGCAAAGG 2194
TTCTACTTCCACCTGATGCTTCTGGCTGGCTGCAAAAAGTATGGCAAAGG 2194
TTCTATTTCCACCTGATGCTTCTGGCTGGCTGCAAAAAATATGGCAAAGG 2194
TTCTATTTCCACCTGATGCTTCTGGCTGGCTGCAAAAGGTACAGCAAAGG 2006
TTCTATTTCCACCTGATGCTTCTTGCTGGCTGCAAAAAGTATGGCAGAGG 2125

Kkkkk *k kkk kkk

GGAAAGCACCTACGATGCCTTTGTCATCTACTCCAGCCATGATGAGGACT 2244
GGAAAGCACCTACGATGCCTTTGTCATCTACTCCAGCCATGATGAGGACT 2244
GGAAAGCACCTACGATGCCTTTGTCATCTACTCCAGCCATGATGAGGACT 2244
GGACAGCACTTATGATGCCTTTGTCATCTACTCCAGCCACGATGAGGACT 2056
TGAAAGCACCTATGATGCCTTTGTTATTTACTCAAG CCAGGATGAGGACT 2175

Kk kkkkk kk kkkkkkkkkk Kk khkkk kkkkk kkkkkhhkrk

110



0i|558135472|ref|[XM_006091085. GGGTGAGGAATGAGTTGGTGAAGAACTTGGAGGAGGGAGTCCCCCCCTTT 2294
0i|554578862|ref|[XM_005880935. GGGTGAGGAATGAGTT GGTGAAGAACTTGGAGGAGGGGGTCCCCCCCTTT 2294
0i|584056807|ref|[XM_006772885. GGGTGAGGAATGAGTTGGTGAAGAACTTGGAGGAGGGGGTACCCCCTTTT 2294
0i|641721271|ref|[XM_008152116. GGGTGAGGAATGAGTTGGTAAAGAACTTGGAGGAGGGGGTACCCCCCTTT 2106
0i|588480441|ref[NM_001290172. GGGTGAGGAATGAGTTGGTAAAGAACTTGGAGGAGGGGGTGCCCCCCTTT 2225

Fkkkkkkkkkkkkkkkk Kk Fhkkkkkkkkkkkkkhk *k kkkkk kkk

0i|558135472|ref|[XM_006091085.  CAGCTCTGCCTTCACTACAGAGACTTTATCCCTGGTGTGGCCATTGCTGC 2344
0i|554578862|ref|[XM_005880935.  CAGCTCTGCCTTCACTACAGAGACTTTATCCCTGGCGTGGCCATTGCTGC 2344
0i|584056807|ref|XM_006772885.  CAGCTCTGCCTTCACTACAGAGACTTTATCCCTGGCGTGGCCATTGCTGC 2344
0i|641721271|ref|[XM_008152116.  CAGCTCTGCCTTCACTACAGAGACTTTATCCCTGGC  GTGGCCATTGCTGC 2156
0i|588480441|ref[NM_001290172.  CAGCTCT GCCTTCACTACAGAGACATTCCTGGTGTGGCCATTGCTGC 2275

TLR4R

. ]
Figure4.1: Clustal W sequence alignment of laR4sequenceg)i|55813547PTLR4of
Myotis lucifugusmRNA, gi|554578862TLR4of Myotis brandtimRNA, gi|58405680F7
TLR4of Myotisdavidii mRNA, gi|588480441TLR4of Pteropus alectonRNA,
0i[641721271TLR4of Eptesicus fuscunRNA. Note: The full sequence alignment can be
obtained from the Appendix 1. Highly conserved regiatiissedfor primer design are
highlighted with arrowsT he i ntrons are expected Mo be
brandtii annotated TLR4 sequence.
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412TLR4PCR:
The ability of the TLR4 PCR primers to amplify a PCR product of the expected size was

assessed using pipistrelle spleen DNA samples as shown below (Figures 4.2 and 4.3).

1000bp

400bp

Figure 4.2: A representative agarose gel (1%) showing PCR products derive®l from
pipistrellususing the TLR4 F/R primer combinatiah. 1kbhyperladder; 2, negative control
(H20); 312, bat DNA samples (codes: S682, JH701, G704, J706, J711, F745, C801, F801,
SP817, S846); 13, 1kb hyperladdeootnote:primer annealing temperature wasG4and

2.5¢ Mg?*" was used in the PCR.

The TLR4 F/Rprimercombination generated a PCR product of the expected size (1014bp)
for 59 of the bat specimeiiBigure4.2). In addition, the TLR2F/R primer combination also
produceda PCR product of the expected size (1226bp»9 of the bat specimeliBigure

4.3).
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1500bp
1000bp

600bp

Figure 4.3: A representative agarose gel (1%) showing PCR products derive®l from
pipistrellususing the TLR42F/R primer combinatiarl, 1kb hyperladder;-2, bat DNA

samples (codes: S682, JH701, F745, G704, C801, SP817, S846, F801); 10, negative control
(H20); 11, 1kb hyperladdeFootnote:primer annealing temperature wasG&nd 25 ¢ |

Mg?* was used in the PCR.

In total, 590f the bat specimens produced TLR4 PCR amplification prodimcesach primer

setand these were purifiedequenced and the resulting data was manually assembled into

one contiguous TLR4 sequence for further analysikere is any PCR problem that was
encountered with any of the products, the PCR will be repeated for a second time to solve the
problem andd make sure a right product was\plified One of the sequences, derived from
theP. pipistrellus(individual S818) and a further sequence fienpygmaeu§J649),were

aligned and compared with TLR4 sequences from other bat species (Figure 4.4). The
resulting data confirmed the PCR strategy for isolation of the pipistrelle TLR4 gene was
successful and the. pipistrelusandP. pygmaeusequences were highly simi] being 98%
identical to each other. With respect to TLR4 sequences from other bats, the BlastN analysis

showed that th®. pipistrellusTLR4 sequence was more highly conserved than that of

113



pygmaeusnd also, for both pipistrelles, the TLR4 gene segas showed more homology,
as expected, to the vespertilionids than to the fruiPbatecto(Tables 4.1 and 4.2).
Repeated attempts were made to try and ofitaiRd PCR products from the remaining 36
bats. However, despifrifying more DNA andalso,changing the PCR conditions
proved impossible to generate any further products that were visible by agarose gel
electrophoresis.

CLUSTAL O(1.2.4) multiple sequence alignment

$818 @ e GAGTTTANCCCCNGGANNFTTTCTGACTATNAGTTTA 37
J649 0
XM_008152116.1 TTGACAGGAAACCCTATCCAGAGTTTAGCCCCAGGAGCCTTTTCTGGACTACCAAGTTTIB1
XM_005880935.2 TTGA CAGGAAACCCTATCCAGAGTTTAGCCCCGGGAGCCTTTTCTGGACTGCCAAGIOTTA

S818 CAGNCCTGGGTGGC - TGGGGAGCCAACCTAGCATCTCTAGAGGACTTCCCCATGGCNGAC
Je49 e ---- G TGTAAGANAAAATTANTGTCTCTTAGGGACTTCCCCATGGCAGAT
XM_008152116.1 CAGACACTGGTGGCTGTGGAGACAAACCTAGCCTCTCTAGAGGACTICCCATCACAC 439
XM_005880935.2 CAGACACTGGTGGCTGTGGAGACAAACCTAGCATCGCTAGAGGACTLCCATCAGAC 658

*k kk  kk kk  kkkkkk kk * %

S818 ATCTGTAATCCTTGAAGGAGCTTAATGTGGCTCACAATCTAATCGATTCCTTCAAGTTAC 156
J649 ANNTTAATCCCTTGATAGAGCTTAATGTGGCTCACAATCTAATCGATTCCTTCAAGTTAC 106
XM_008152116.1 ATCTGAAATCCTTGA AGGAGCTTAATGTGGCTCACAATCTAATCGATTCCTTCAAGT ARG
XM_005880935.2 ATCTGAAAACCTTGAAGGAGCTTAATGTGGCTCACAATCTAATTGATTCCTTCAAGTTAT18

* *x % * *

S818 CGGACTATTTTTCTAACCT GCCTAACCTGGAACACTTGGACCTTTCTAATAATAAGATZDS

J649 CGGACTATTTTTCTAACCTGCCTAACCTGGAACACTTGGACCTTTCTAATAATAAGATTC 166

XM_008152116.1 CGAACTATTTTTCTAACCTGCCTAACCTGGAGCACTTGGACCTTTCCAATAATAAGATTG59

XM_005880935.2 CGGACTATTTTTCTAACCTGCCTAACCTGGAGCACTTGGATCTTTCCAATAACAAGABCC
*k * * K*kkkk kkkkk kkkkk x

S818 GAAAAATTTACCATGAAGACTTGCAGGTTTTACATCAAATGCCCTCATTCAAACTCTCTT 276

J649 GAAA AATTTACCATGAAGACTTGCAGGTTTTACATCAAATGCCCTCATTCAAACTCTZZET

XM_008152116.1 GAAATATTTACCATGAAGACTTGCAGGTTTTACATCAAATGCCCTCATTCAAACTCTCTT619
XM_005880935.2 GCAATATTTACCATGAAGACTTGCAGGTTTTACATCAAATGCCTTCATTCAAACTCTCCT838

* k% * * *

S818 TAGACCTGTCCCTCAACCCTTTAGACTTTATCCAACCAGGTGCCTTTGAAAAAATTAAGC 336
J649 TAGACCTGTCCCTCAACCCTTTAGACTTTATCCAACCAGGTGCCTTTGAAAAAATTAAGC 286
XM_008152116.1 TAGACCTGT CCCTCAACCCTTTAGACTTTATCCAACCAGGTGCCTTTGAAAAAATTABLEC
XM_005880935.2 TAGACCTGTCCCTCAACCCTTTAGACTTTATTCAACCAGGTGCCTTTGAAAAAATTAAGB98

*kkkkk *% *kkkkkkkkkkhkkkk *kkkkkk *kkkkkkkkkkkkrkk

S818 TCCATGAACTGACTTTGAGAAGTAATTTTGATAGTAAAAAGGTCATGAAAACATGTAIEC
J649 TCCATGAACTGACTTTGAGAAGTAATTTTGATAGTAAAAAGGTCATGAAAACATGTATTC 346
XM_008152116.1 TCCATGAACTGACTTTGAGAAGTAATTTTGATAGTGCAGAGGTCATGAAAACGTTTATTT39
XM_005880935.2 T CCATGAACTGACTTTGAGAAGTAATTTTGATAGTCCAGAGGTCATGAAAATGTGTISBIC

* * kkkkk
S818 AAGGTCTGGCAGGTTTAAAGATCAATCGGCTGATTCTAGGAGAATTTAAAAATGAAAGGA 456
J649 AAGGT CTGGCAGGTTTAAAGATCAATCGGCTGATTCTAGGAGAATTTAAAAATGAAAGGSA

XM_008152116.1 AAGGTCTGGCAGGTTTAAAGATCAAACGGCTGATTCTGGGAGAATTTAAAAATGAAAGGAY
XM_005880935.2 AAGGTCTGGCTGGTTTAAAGATCAATCGGTTGATTCTGGGAGAATTTAAAAATGAAAGARO18

*kk *
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S818 ACTTAGTAGACTTGGACAAATCTGCCCTGGAGGAACTGTGCAACTTGACCATTGATGAAT 516
J649 ACTTAGTAGACTTGGACAAATCTGCCCTGGAGGAACTGTGCAACTTGACCATTGATGAAT 466
XM_008152116.1 TCTTAGTAAACTTGGACAAATCTGCCCTGGAGGAACTGTGTAATTTGACCATTGAAGAABS9
XM_005880935.2 ACTTAGTAAACTTCAACAAATCTGCCCTGGAGGGTCTGTGCAATTTGACCATTGAAGAATO78

*kkk kkhkkk kk kkkkkkkkkkk kkkk

S818 TCCGGATAGCACACTTCCAAGACTTTCCAGAGGATTGCCGTGGCTTTTTAAATTGBZEGG
J649 TCCGGATAGCACACTTCCAAGACTTTCCAGAGGATTGCCGTGGCTTTTTAAATTGTCTGG 526
XM_008152116.1 TCCGGATAGCACACTTCCAAGACTTTCCAGAGGATTACCTTGGCTTTTTAAATTGTTTG®19
XM_005880935.2 TCCGGATAGCACACTTCGATGAGTTTCCAGGGGATGATCTTGGCTTTTTAAATTGTTTGG138

* k% k*kkk Kk kkkkkkkkkkkkkkkk kkk

S818 CAGATGCTTCTGCAGTATCTCTGATGAGTCTGAAAATAGGCAGGCTAGAAAGCCTTCCAA 636
J649 CAGATGCTTCTGCAGTATCTCTGATGAGTCTGAAAATAGGCAGGCTAGAAAGCCTIEECAA
XM_008152116.1 CAGATGCTTCTGCAATATCTCTGGTGAGTCTGAATATAGACAGGCTAGAAAGCCTTCCAIV9
XM_005880935.2 CAGATGCTTCTACAATATCTCTTGTGAGTCTATATTTAGATGAGCTAAAAATCTTTCCAA 1198

* * kkk kkkk kkk k kkkkkk

S818 CAGGTTTCAAATGGCAGTACTTAAAATTGTCTAATTGTAAATTTCAAGATTTCCCTACAT 696
J649 CAGGTTTCAAATGGCAGTACTTAAAATTGTCTAATTGTAAATTTCAAGATTTCCCTACAT 646
XM_008152116.1 AAGGTTTCAAATGGCAATACTTAAACTTGACTAATTGTAAATTTGAACATTTTCCTATISD

XM_005880935.2 AAG GTTTCAAATG GCAATACTTAAATTTGTCTAAATGTATATTTGAACATTTTCCTACAT 1258

* kkk kkkk kkkk khkkk kk kkkk kkkkkkk

S818 TGGAGCTTACCTTTCTCAAGCAATTTATTTTCACTGCCAACAAAGTTATTAACCACTBBT

J649 TGGAGCTTACCTTTCTCAAGCAATTTATTTTCACTGCCAACAAAGTTATTAACCACTTTT 706

XM_008152116.1 TGGAGCTTACCTTTCTCAAGCAGTTTGTTTTCACTGACAACAAAGGTATTACCACTT 1097

XM_005880935.2 TG GAG CTTACCTTTCTCAAG CAGTTTG TTTTCACTGCCAACAAAGGTATFACGTACTL316
* *kk k% * *k kkkkk * *%

S818 AACTAAACTTAATCTAAGAAACCTTGAGTTTCTAGATCTCAGTAGAAAATGGCTTGAGTT 816

J649 AACTAAACTTAATCTAAGAAACCTTGAGTTTCTAGATCTCAGTAGAAAATGGCTTGARGS T

XM_008152116.1 TACTGAAGTTAATCTAAGAAACCTTGAGTTTCTAGATCTCAGTAGRATGGCTTGAGTT 1156
XM_005880935.2 TACTGAAGTTAATCTACCAAACCTTGAGTTTCTAGATCTCAGTAG/AATGGCTTGAGTT 1375

*kk kk kkkkkkk *khkkkk *% *kk *kkkkk

S818 TCAAGTCTTGCTGCTCTGACCGTGATTTTGGGACAACCCGACTGAAACACTTAGATCTGA 876
J649 TCAAGTCTTGCTGCTCTGACCGTGATTTTGGGACAACCCGACTGAAACACTTAGATCTGA 826
XM_008152116.1 TC AAGTCTTGCTGCTCTCACCGTGATTTTGGGACAACCCAACTGAAACACTTAAATIZIGA
XM_005880935.2 TCAAGTCCTGCTGCTCTCACCGTGATTTTGGGACAACCCGACTGAAACACTTAGATCTGIMSS

S818 GCTT CAATAGTATTATTACCAATGACTTCAAACTTTCGTGGGCTTAGAGCAAAATA®BAC
J649 GCTTCAATAGTATTAATACCAATGACTTCAAACTTTCATGGGCTTAAGAGCAAATAGAAC 886

XM_008152116.1  GCTTCAATAGTATTATTACCATGACTTCAAACTT --- CGTGGGCTTAGAGCAACTAGAAQ?273
XM_005880935.2 GCTT CAATAATATTATTATCATGACTTCAAAGTTCTTGGGCTTAGAGCAACTAGAACL492

*kkkkkkkk kkkkk k% k% * k% * ** % *% kkkkkk

S818 ATCTGGATTTCCAGCATTCCACTTTGAGACAGGCCAGTACTTTTTCAGTATTCCTCTCAC 996

J649 ATCTGGA TTTCCAGCATTCCACTTTGAGACAGGCCAGTACTTTTTCAGTATTCCTCTE4C
XM_008152116.1  GACTGGATTTCCAGCATTCCACTTTGAAACAGGCCAGTACTTTTTCAATATTCCTCTCAC333
XM_005880935.2 ATCTG GATTTCCAG CATTCCACTCTGAAACAGG CCAGTGATTTTTCAGTATTCCTCTCACI.552

*kk *

S818 TCAAAAACCTCCTTTACCTTGATATCTCTTACACTGACATCAAGATTGTCTTCCAGGGCA 1056
J649 TCGAAAACCTCCTTTACCTTGATATCTCTTACACTGACATCAAATTTGTCTTCCAGGGCA 1006
XM_008152116.1  TCAAAAACCTCCTTTACCTTGATATCTCTTACACTAACATCCAGATTGTCTTCAAGGGCAL393
XM_005880935.2 TCAAAAATCTCCTTTACCTTGATATCTCTTACACTAACAC CAAGATTGTCTTCCTGGGCA1612

*%k kkkk * kkk k ok kkkkkkkk kkkkk

S818 TCTTTGATGGCTTGATCAGCCTCCAAGTCTTAAAAATTGGCTGGCAATTCCTTTCCAGGA 1116
J649 TCTTTGATGGCTTGATCAGCCTCCAAGTCTTAAAAATGGCTGGCAATTCCTTTTCAGGAT 1066
XM_008152116.1 TCTTTGATGGCTTGATCAGCCTCCAAGTCTTGAAAATGGCTGGOW TCCTTTCAGGAT 1452
XM_005880935.2 TCTTTGATGGCTTGATCAGCCTCCAAGTCTTGAAAATGGCTGGON TCTTTTCAGGAT 1671

*kkkk kK * Kk kkkk *
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S818 TGCATTCCTCCAAATATTTTCAGAGATCTGACTCAGTTGACTGTCCTGGACCTCTCTCAG 1176

J649 GCATTCCTTCCAAATATTTTCAGAGATCTGACTCAGTTGACTGTCCTGGACCTCTCTCAG 1126

XM_008152116.1 GCATTCCTTCCAAATGTCTTCAGAGATCTGACTCAGTTGACTATCCTGGACCTCTCTCA®S12

XM_005880935.2 GCACTCCTCCCAAATATCTTCAGAGATCTGACTCAGTTGACTGACCTGGACCTCTCTCALF31
* % *

S818 TGTCAACTGGAACAGGTGTCCCCAGAGGCATTCGGCTCACTCCTTAGACTCCAGGTGCTA 1236

J649 TGTCAACTGGAACAGGTGTCCCCAGAGGCATTCGGCTCACTCCTTAGACTCCAGGTGCTA 1186

XM_008152116.1 TGTCAATTGGAACAGGTGTCTCCGGAGGCATTCAGCTCACTCCTTAGACTCGAGGTGCI?/2

XM_005880935.2 TGTCAACTGGAACAGGTGTCCCAGGAGGCATTTGGCTCACTCCTTAGACTCCAGGTGCTA1
*

S818 AATATGAGTCACAACCACCTCTTGTCCTTGGATATGCTTCCTTATAAAAATCTCTCTCTC 1296
J649 AATATGAGTCACAACCACCTCTTGTCCTTGGATATGCTTCCTTATAAAAATCTCTCTCTC 1246
XM_008152116.1  AATATGAGTCACAACCACCTCTTGTCCTTGGATATGCTTCCTTACAAAAATCTCCCTCTCL632
XM_005880935.2 AATATGAGTCACAATCACCTCTTGTCCTTGGATATGCTTCCTTATAAAAATCTCTCTCTC 1851

* *kk * *kkkk

S818 TGGCTTCTAGACTACAGTTTTAACCGTATAGTGGCCGCCAATGGGCAGGAACTACAGCAT 1356
J649 TGGCTTCTAGACTACAGTTTTAACCGTATAGTGGCCGCCAATGGGCAGGAACTACAGCAT 1306
XM_008152116.1 TCGGTTCTAGACTGCAGTTTTAACCGTATAGTGGCCGCCAATGGGCAGGAACTACAGCAG92
XM_005880935.2 CGGGTTCTAGATTGCAGTTTTAACCGTATAGTGGCCGCCAATGGGCAGGAACTACAACAQ’l 1

* * * k% * * * * *k*k

S818 ATTCCAAGCAATGTAACTTCGTTAAATCTGACCCAGAATGACTTTGCTTGTGTTTGTGAA 1416
J649 ATTCCAAGCAATGTAACTTCGTTAAATCTGACCCAGAATGACTTTGCTTGTGTTTGTGAA 1366
XM_008152116.1  TTTCCAAGCAATGTAACTTCCTTACATCTGACCCAGAATGACTTTGCTTGTGTTTGTGAAL752
XM_005880935.2 TTTCCAAG CAATGTAACTTCCTTAAATCTGACCCAGAATAACTTTGCTTGTGTTTGTGAA1971

* kkk * * % *

S818 CACATGTGTTTCCTGCAGTGGGTCCAGGACCACAGGCGCATCTTGGTGGGAGCTGAACAC 1476
J649 CACATGCGTTTCTTGCAGTGGGTCCAGGACCACAGGCGCATCTTGGTGGGAGCTGAACAC 1426
XM_008152116.1 CACATGCGTTTCCTGCAGTGGGTCCAGGACCACAGGAGCATCTTGGTGGGAGCTGAATAL2
XM_005880935.2 CACATGCGCTTCCTGCAGTGGGTCCAGGATCACAGGCGCATCTTGGTGGGAGCTGAAQ@S].

* * k kkk * *% * * *kk *kk * *%

S818 ATGATGTGTAAGACACCGTTAGCTATGCAGGGTGTGCCTGTGCTCAGTTTTAGAAAACAC 1536
J649 ATGATGTGTAAGACACCGTTAGCTATGCAGGGTGTGCCTGTGCTCAGTTTTAGAAAACAC 1486
XM_008152116.1 ATGATGTGTAAGACACCTTTAGCTATGCAGGGTGTGCCTGTGCTCAGTTTTAGEMNC 1871
XM_005880935.2 ATGATGTGTGAGAAACCTTTAGCTATGCAGGGTGTGCCTGTGCTCAGTTTTA(N{BC 2090

K*kkkkkkkk kkk kkk * *k*k *

S818 CACCTGCCAGATGAACAAAACTGTCATTAGTGTGTCAGTTCTCTCAGTACTCATAGTATC 1596
J649 CACCTGCCAGATGAACAAAACTGTCATTAGTGTGTCAGTTCTCTCAGTACTCATAGTATC 1546
XM_008152116.1  CACCTGCCAGATGAACAAAACTGTCATTAGTGTGTCCGTTCTCTCAGTACTCGTGGTATO31
XM_005880935.2 CACCTGCCAGATGAG CAAAACTATCATTAGTGTGTCAGTTCTCTCAGTACTCGTGGTATQZI.SO

*%k k kkkkk

S818 TGTGGCTGCAGTTCTGGTCTACAAGTTCTATTTCCACCTGATGCTTCTGGCTGGCTGCAG 1656
J649 TGTGGCTGCAGTTCTGGTCTACAAGTTCTATTTCCACCTGATGCTTCTGGCTGGCTGCAG 1606
XM_008152116.1 TGTGGCTGCAGTTCTGGTCTACAAGTTCTATTTCCACCTGATGCTTCTGGCTGGCTGCAM91
XM_005880935.2 TGTAGCCGCAGTTCTGGTCTACAAGTTCTACTTCCACCTGATGCTTCTGGCTGGCTG CRR10

*k%k k% *

S818 AAAGGTACGGCAAAGGGGACAGCATGTACGATGCCTTTGTCATCTACTCCAAGCCATGAT 1716
J649 AAAGGTACGGCAAAGGGGACAGCATGTACGATGCCTTTGTCATCTACTCCAGCCCATGAT 1666
XM_008152116.1  AAGGT - ACAGCAAAGGGGACAGCACTTATGATGCCTTTGTCATCTACTCCAGCCABBI G
XM_005880935.2  AAAGT - ATGGCAAAGGGGAAAGCACCTACGATGCCTTTGTCATCTACTCCAGCCA"ZZQ\!FG

*%k * % *kkk k% * %

S818 GAGGACTGGGTTGAGGAATGAGTTGGTGAAGAACTTGGAGGAGGGGGTNCCCCCCTTTTN 1776
J649 GAGGACTGGGGTGAGGAATGAGTTNGTGAANANNTTGGAGGAGGGGGTACCCCCCTTTCA 1726
XM_008152116.1 -- AGGACTGGGTGAGGAATGAGTTGGTAAAGAACTTGGAGGAGGGGGTACCCCCOUBTCA
XM_005880935.2 -- AGGACTGGGTGAGGAATGAGTTGGTGAAGAACTTGGAGGAGGGGGTCCCCC@BZITTCA

* *%k *k kk *
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S818 NNCTCTGCCTTCACTACA 1794
J649 GCTCNTGCCTTCACTACAANAAAACT 1752
XM_008152116.1 GCTCTGCCTT - CACTACAGAGACTTTATCCCTGGCGTGGCCATTGCTGCCAACATCRIGT
XM_005880935.2 GCTCTGCCTT -CACTACAGAGACTTTATCCCTGGCGTGGCCATTGCTGCCAACATCARI8E

* * kkkkkkk

Figure 4.4 Clustal Wsequencalignment ofTLR4PCR products derived from ofe
pipistrellusbat (code: S818), orfe. pygmaeubat (code: J649) witlLR4gene sequences
from Eptesicus fuscusXM_008152116.1) anMyotis brandtii(XM_005880935.2

Table 4.1: BlastN summary data for theR4gene product derived frof. pipistrellus

Highly similar Max Total | Query | E Iden GenBank
sequence score |score |cover |value accession numbe

Eptesicus fuscusll- | 2680 | 2680 |100% | 0.0 94% | XM_008152116.1
like receptor 4
(TLR4), mRNA

Myotis brandtiitoll- 2453 | 2453 |100% | 0.0 91% | XM_005880935.2
like receptor 4
(TLR4), mRNA

Myotis lucifugudoll- | 2414 | 2414 |100% | 0.0 91% | XM_006091085.2
like receptor 4
(TLR4), mRNA

Myotis davidiitoll like | 2399 | 2399 | 100% | 0.0 91% | XM_015569901.1
receptor 4 (TLR4),
MRNA

Pteropus alectaoll 1504 | 1504 |100% |O0.0 82% | NM_001290172.1
like receptor 4
(TLR4), mRNA

Table 4.2: BlastN summary data for fhieR4gene product derived frof. pygmaes.

Highly similar Max Total | Query | E Iden | GenBank
sequence score |score |cover |value accession numbe

Eptesicus fuscusll- | 2569 | 2569 |100% | 0.0 91% | XM_008152116.1
like receptor 4
(TLR4), mRNA

Myotis brandtiitoll- 2350 | 2350 |100% |0.0 88% | XM_005880935.2
like receptor 4
(TLR4), mRNA

Myotis lucifugudoll- | 2316 | 2316 |100% | 0.0 88% | XM_006091085.2
like receptor 4
(TLR4), mRNA

Myotis davidiitoll like | 2294 | 2294 | 100% | 0.0 88% | XM_015569901.1
receptor 4 (TLR4),
MRNA

Pteropus alectdoll 1476 | 1479 |100% |O0.0 80% | NM_001290172.1
like receptor 4
(TLR4), mRNA
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https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_940739454
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The translated nucleotide sequences of the pipistrelle TeRdsgwere aligned with TLR4

protein sequence frolptesicus fuscu® reveal high levels of conservation (Figure 4.5).
Indeed, the common and soprano pipistrelle TLR4 protein sequences were 95% identical to
each other and the predictedglycosylation sites were conserved between the

vespertilionids. As predicted ks upon nucleotide conservation, the common pipistrelle
TLR4 protein sequence was slightly more conserved relative to the TLR4 sequences of other

bats than that of the soprano pipistrelle (Tables 4.3 and 4.4).

CLUSTAL O(1.2.4) multiple sequence alignment

J649 0
S818 0
XP_008150338.1 MRLTRLAGTLLPAMAFLSCLRPESWDPCVQVVPNVTYQCMELNLYTIPDNIPTTTKNLDL 60

J649 0
S818 EFXPXX 6
XP_008150338.1 SFNPLRHLGSHSFSNFSELQVLDLSRCEIQKIEDDAYQGLKHLSILILTGNPIQSLAPGA 120

Jeé49 e VRXNXCLLGTSPWQIXKSLIELNVAHNLIDSFKLPDYFSNLPNLEHLD48
S818 FSDY- XFTXLGGWGANLASLEDFPIXHLKSLKELNVAHNLIDSFKLPDYFSNLPNLEHLB5
XP_008150338.1 FSGLPSLQTLVAVETNLASLEDFPITHLKSLKELNVAHNLIDSFKLPNYFSNLPNLEHLD 180

* *x % *kk * * *kk *

J649 LSNNKIRKIYHEDLQVLHQMPSFKLSLDLSLNPLDFIQPGAFEKIKLHELTLRSNFDSKKLO8
S818 LSNNKIRKIYHEDLQVLHQMPSFKLSLDLSLNPLDFIQPGAFEKIKLHELTLRSNFDSKK 125
XP_008150338.1  LSNNKIRNIYHEDLQVLHQMPSFKLSLDLSLNPLDFIQPGAFEKIKLHELTLRSNFDSAE 240

J649 VMKTCIQGLAGLKINRLILGEFKNERNLDDLDKSALEELC NLTIDEFRIAHFQDFPEDCR 168
S818 VMKTCIQGLAGLKINRLILGEFKNERNLDDLDKSALEELC NLTIDEFRIAHFQDFPEDCR 185
XP_008150338.1 VMK TFIQGLAGLKIKRLILGEFKNERILVNLDKSALEELNLTIEEFRIAHFQDFPEDYL 300

*kkk ********* kkkkkkkkkkk * vkkkkkkkkkkkk . *% *%

J649 GFLNCLADASAVSLMSLKIGRLESLPTGFKWQYLKLSNCKFQDFPTLELTFLKQFIFTAN 228
S818 GFLNCLA DASAVSLMSLKIGRLESLPTGFKWQYLKLSNCKFQDFPTLELTFLKQFIFTAIR45
XP_008150338.1  GFLNCLADASAISLVSLNIDRLESLPKGFKWQYLNLTNCKFEHFPTLELTFLKQFVFTDN 360

vkkeokkek skekkkke k% k

J649 KVITTFTKLNLRNLEFLDLSRNGLSFKSCCSDRDFGTTRLKHLDLSFIVLHDMFKLSWAI88
S818 KVITTFTKLNLRNLEFLDLSRNGLSFKSCCSDRDFGTTRLKHLDLSFNSIITMTSNFVGL 305
XP_008150338.1 KGITTFTEVNLRNLEFLDLSSNGLSFKSCCSHRDFGTTQLKHLNLSFNSIITMTSNFVGL 420

* ***** **** *** - %

J649 ESKENIWISSIPLEDRPVLFQSSHSLKTSFTLISLTLTSRFVFQGIFDGLISLQVLKMAG 348
S818 EQIEHLDFQHSTLERQASTFSVFLSLKNLLYLDISYTDIKIVFQGIFDGLISLQVLKMAG 365
XP_008150338.1 EQLER LDFQHSTLKQASTFSIFLSLKNLLYLDISYTNIQIVFKGIFDGLISLQVLKMAG 479

* ko * *** -k ** kkkkkkkkkkkkkkkk
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J649 NSFQDAFLPNIFRDLTQLTVLDLSQCQLEQVSPEAFGSLLRLQVL NMSHNHLLSLDMLPY 408
S818 NSFQDA FLPNIFRDLTQLTVLDLSQCQLEQVSPEAFGSLLRLQVISHNHLLSLDMLPY 425
XP_008150338.1 NSFQDAFLPNVFRDLTQLTILDLSQCQLEQVSPEAFSSLLRLEVL NMSHNHLLSLDMLPY 539

Kkkkke *

J649 K NLSLWLLDYSFNRIVAANGQELQHIPSVTSINLTQNDFACVCEHMRFLQWVQDHRRIL468

S818 K NLSLWLLDYSFNRIVAANGQELQHIRSTSLNLTONDFACVCEHMCFLQWVQDHRRIL485

XP_008150338.1 K NLPLSVLDCSFNRIVAANGQELQHRRGTSLHLTQNDFACVCEHMRFLQWVQDHRSIL599
. . *%

*kk Kk k%

J649 VGAEHMMCKTPLAMQGVPVLSFR NTTCQMKTVISVSVLSVLIVSVAAVLVYKFYFHLML 528
S818 VGAEHMMCKTPLAMQGVPVLSFR NTTCOMKTVISVSVLSVLIVSVAAVLVYKFYFHLML 545
XP_008150338.1 VGAEHMMCKTPLAMQGVPVLSFR NTTCQMKTVISVSVLSVLVVSVAAVLVYKFYFHLML 659

J649 LAGCRKKVRQRGQHVRCLCHLLQPHGMNEDWGEEEVVENXGGGGTPLSAXAFTTXK---- 584
S818 LAGCRRKVYGKGDSMYDAFVIYSSHGHDEDWVRNELVKNLEEGXPPFXXi-PSL 598
XP_008150338.1 LAGCKR -- YSKGDSTYDAFVIYSS HDEDWVRNELVKNLEEGVPPFQLCLHYRDFIPGV15
****:: * . :*** *** * *:

J649 584
S818 598
XP_008150338.1  AIAANIIQEGFHKSRKVIVVVSQHFIQSRWCIFEYEIAQTWQFLSSHAGIIFIVLQKVEK 775
J649 584
S818 598
XP_008150338.1 SLLRQQVELYRLLSRNTYLEWEDSALGRHIFWRRLRKALLDGKPWSPEGTVDAEVSG@BET
J649 584

S818 598

XP_008150338.1 MTSF 839

Figure 4.5: Clustal W sequence alignmenTbR4amino acid sequences from dhe
pipistrellusbat (code: S818), orfe. pygmaeubat (code: J649) arteptesicus fuscus
XP_008150338.1Predicted Nglycosylation sites are shown in red font.
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Table 4.3: BlastP summary data for TieR4gene product derived froR. pipistrellus

Highly similar sequence| Max Total Query |E Iden GenBank

score |score |cover |value accession
number

toll-like receptor 4 994 994 100% | 0.0 89% XP_008150338.1

[Eptesicus fusciis

toll-like receptor 4 {lyotis | 962 962 100% | 0.0 87% XP_005880997.1

brandtii]

toll-like receptor 4 {lyotis | 952 952 100% | 0.0 86% XP_015425387.]

davidii]

toll-like receptor 4 lyotis | 941 941 100% | 0.0 85% XP_006091147.]

lucifugug

toll-like receptor 4 809 809 100% | 0.0 74% NP_001277101.]

precursor Pteropusalectd

Table 4.4: BlastP summary data for ieR4gene product derived froR. pygmaeus

Highly similar sequence| Max Total Query | E Iden GenBank

score |score |cover |value accession
number

toll-like receptor 4 816 816 100% | 0.0 86% | XP_008150338.]

[Eptesicus fusclis

toll-like receptor 4 lyotis | 793 793 100% | 0.0 84% XP_005880997.1

brandtii]

toll-like receptor 4yotis | 784 784 100% | 0.0 83% XP_015425387.]

davidii]

toll-like receptor 4Myotis | 774 774 100% | 0.0 82% XP_006091147.1

lucifugug

toll-like receptor 4 650 650 100% | 0.0 70% NP_001277101.1

precursor Pteropusalectd
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https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_987963977
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Figure 4.6: Domain structures of teR4protein fromE. fuscugabove) andP. pipistrellus
(code: S818) (belowYhe blue block represents the transmembrane domain and TIR is the
cytoplasmic Toll/Il-IR domain.Footnote P. pygmaeugécode: J649) has thameTLR4

domain structure as shown f@rpipistrellus

Comparing the domain models for the pipistrelle BnéuscusTLR4 proteins revealed, as
expected, based upon positioning of the PCR primers, that the pipistrelle protein lacked the
cytoplasmic Toll/IL-IR domain and also, a number of the leucine rich repeats associated with

the extracellular domain (Figure 4.6).
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4.2 The pipistrelle TLR2:
An attempt was made to PCR amplify the gene encoding TLR2 in the pipistrelle bats.

Oligonucleotide primers were designed using a similar strategy to that presented for the
amplification of the pipistrelle TLR4 gene atids allowed some preliminary sequence data

to be generated at t he DAriammedovey{MStdtudentpi pi st r
University of Salfordl. This preliminary sequence data was then used to design further

overlapping oligonucleotide primef6LR2Fn/TLR2Rn, TLR2.2F/TLR2.2Rnd
TLR2gapF/TLR2gapR(Figure 4.7) to allow the majority of the pipistrelle TLR2 gene to be

PCR amplified (Figures 4-8.10).

\
700 1200 1600 2400bp
Figure 4.7: PCR primer combinations and binding sites used to amplify the pipiEtieke
gene.Footnote primer combinations used to amplgyoductswere as follows1 (TLR2F/
TLR2R), 2 (TLR2.2F/TLR2.2R)3 (TLR2Fn/TLR2RnN)and 4 (TLR2gapF/TLR2gapR]}-3
were designed birianne Lovey (MSc student, University of Salfordl}+ blue; 2 =red; 3 =

green ad 4 = black
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400bp

200bp

Figure 4.8: Representative agarose (1%) gel image showing PCR amplificatiodPof the
pipistrellusTLR2gene fragment (500bp) derived from primers TLR2Fn/ TLR2Rn
(combination 3 in Figure 4.7).-@, bat samples (bat codes: JL628, JL647, FP737, S607,
J707, SA7?); 7, negative controlAB); 8, 1kb hyperladder.
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1 2 3 45 6 7 8 9 10 11 12 13 14 1516 17

1500bp
1000bp

400bp

Figure 4.9: Representative agarose (1%) gel image showing PCR amplificaion of
pipistrellusTLR2gene fragment (1200bp) derived from primers TLR2.2F/TLR2.2R
(combination 2 in Figure 4.7). 1, 1kb hyperladdef;5? bat samples; 16, negative control

(H20); 17, 1kb hyperladder. Positive samples are shown in lanes 7, 8 and 9 (corresponding to
bats JL628, JL647, FP737 respectiveRgotnote 24 PCR TLR2.2F/TLR2.2R products were
generated in this thesis work and 35 were produced by Arianne Lovey (MSc student,

University of Salford).
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400bp

200bp

Figure 4.10: Representative agarose (1%) gel image showing PCR amplificaion of
pipistrellusTLR2gene fragments (400bp) derived from primers TLR2gapF/TLR2gapR
(combination 4 in Figure 4.7). 1, 1kb hyperladde6, bat samples (codes: JI628, JL647,
FP737, SA607, J707); 7, negative controb(; 8, 1kb hyperladder.

In total, PCR products were successfully amplified from 59 bats for each primer combination.
All PCR products were purified, DN#equencing was performed and the resulting data was
manually assembled into one contiguous TLR2 sequence, based upon the overlapping
regions, for further analysis. The TLR2 gene sequence fror® gpipistrellus(code:S818)

and oneP. pygmaeugcode: J64Pwere aligned with other vespertilionid bat TLR2 gene
sequences and the resulting data confirmed that the pipistrelle TLR2 gene isolation strategy
had been successful. Indeed, the common and soprano TLR2 gene sequences were almost

identical to each othg? nucleotids differences wereapparent at positian1620 and 653 of
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the pipistrelle sequences, and they were highly conserved to the TLR2 gene sequences from

other bats (Figure 4.11 and Table 4.5).

CLUSTAL O(1.2.4) multiple sequence alignment

S818
J649
XM_008144148.1
XM_014543903.1

S818
J649

XM_008144148.1
XM_014543903.1

S818
J649
XM_008144148.1
XM_014543903.1

S818
J649

XM_008144148.1
XM_014543903.1

S818
J649
XM_008144148.1
XM_014543903.1

S818
J649

XM_008144148.1
XM_014543903.1

S818
J649
XM_008144148.1
XM_014543903.1

S818
J649

XM_008144148.1
XM_014543903.1

5818
J649

XM_(D8144148.1
XM_014543903.1

S818
J649
XM_008144148.1
XM_014543903.1

S818
J649
XM_008144148.1
XM_014543903.1

0
0
0
AACATTCAGTAATGAAATAAAGGTATAAGGATTAGTAAAGGGAAATAAAACCATCACCHEA
0
- 0
0
GCTGCTGATATGATTGTATACATAGGAAAATGTTTTTTTTTAAACCTACAAACTATGGAA 120
0
0

0
TTACTAAGTTAGTTCAGCAAGGTTGCTCAATGCATGGTAAATGTATACAATATGCTCTCA 180

0

0
TCACGGGACGATGCCACA 18
ACCACAATCACTCACTTGAGCCTCTTTTATTTGTAGGTTGAATCACGGGACCATGCCALZA

TGGGGACCGTAATCAGCCTGTTCAAGGAAGGGGCCCR7
TGGGGACCGTAATCAGCTTGAAGGAAGGGGCCCN 37
TGCTTTGTGGACAGCGTGGGTCTTGGGGAGCGTAATCAGCCTGTTCGAGGAAGGGGCCCE8
TGCTTTGTGGACACTGTGGGTCTTGGGGACCGTCATCAGCCTGTTCAAGGAAGGGGCCCG00

Kk

TGATCAGGCH TTCG CTCTGACTTGTGACCCCACGGGGGTCTGCGATGGCCACTCCAAE
TGATCAGGCH TTC CTCTGACTTGTGACCCCACGGGGGTCTGCGATGGCCACTCCAB
TGATCAGGC T--- TCTCCTCTGACTTGTGACCCCACTGGGGTCTGCGATGGCCACGCCAES
TGATCAGGCT -~ TCTTCTCTGACTTGTGACCCCACTGGGATCTGCGATGGCCACTCCAZG7

*kk *kk *kkk

ATCTTTAATCTCCATCCCCTCAGGGCTCACGGCAACTGTGACGAGCCTCGACCTGTCTHA

ATCTTTAATCTCCATCCCCTCAGGGCTCABGSGISTGACGAGCCTCGACCTGTCCAA 154
ATCTTTAATCTCCATCCCCTCCGGGCTCATGGCAACTGTGAAGAGCCTCGACCTGTCCAA 195
A TCTTTAATCTCCATCCCCTCAGGGCTCATGGCAACTGTAAAGAGCCTCGACCTGTCEAA

CAACAAGATCGCCTATGTCAGCAACAGCGACCTGCGGATGTGTGTGAACCTCAGGGRILT

CAACAGATCGCCTATGTCAGCAACAGCGACCTGCGGATGTGTGTGAACCTCAGGGCI1A
CAACAAGATCGCCTACGTCAGCAACAGTGACCTGCGGATGTGTGTGAACCTCAAGGCTCT255
CAACAAGATCACCTATGTCAGCAACAGCGACCTGCGGATGTGTGTGAACCTCAAGGCTCT 477

*kkk

GAGGCTGGGATCCAATAGCATTGACACGATAGAGGAAGATTCCTTTTTCTCCCTGGGETAG

GAGGCTGGGATCCAATAGCATTGACACGSTHHMSATTCCTTTTTCTCCCTGGGGAG 274
GAGGCTGGGATCCAATAGCATTGACACGATAGAGGAAGATTCCTTTTTCTCCCTGGGGAG 315
GAGGCTGGGATCCAATAACATTGACACGATAGAGGAAGATTCCTTTTTCTCCCTGGGGAG 537

TCTTGAACATTTGGACTTATCCTATAATCACTTAGCTAATTTATCAGCCTCCTGGTTCAE34
TCTTGAACATTTGGACTTATCCTATAATCABGTTAATTTATCAGCCTCCTGGTTCAG 334
TCTTGAACATTTGGACTTATCCTATAATCACTTATCTATTTTATCAGCCTCCTGGTTCAG 375
TCTGGAACATTTGGACTTATCCTATAATCTCTTACCTAATTTATCAGCCTCCTGGTTCAG 597

*kk *kkk kkk

GCCTCTTACTTCCTTGAACGTCTTAAACTTATTGGGAAACCCTTACAAAACACTTGGGAM
GCCTCTTACTTCCTTGAACGTCTTAAACTIRGEAAACCCTTACAAAACACTTGGGAA 394
GCCCCTTACTTCCTTGAACTTCTTAAACTTACTGGGAAACCCTTACAAAACACTTGGGAA 435
GCCCCTGACTTCCTTGAACTTCTTAAACTTACTGGGAAACCCTTACAAAACACTCGGGAA 657

*kk kk *kkkk
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S818
J649
XM_008144148.1
XM_014543903.1

S818
J649
XM_008144148.1
XM_014543903.1

S818
J649
XM_008144148.1
XM_014543903.1

S818
J649
XM_008144148.1
XM_014543903.1

S818
J649
XM_008144148.1
XM_014543903.1

S818
J649
XM_008144148.1
XM_014543903.1

5818
J649

XM_008144148.1
XM_014543903.1

S818
J649
XM_008144148.1
XM_014543903.1

S818
J649

XM_008144148.1
XM_014543903.1

S818
J649
XM_008144148.1
XM_014543903.1

S818
J649

XM_008144148.1
XM 014543903.1

S818
J649
XM_008144148.1
XM_014543903.1

AACACCTCTTTTTTCTCATCTCACCAAATTGCGAATCCTAAAAGTAGGACATAGTTACGEB4
AACACCTCTTTTTTCTCATCTCACCAAATTAETECTAAAAGTAGGACATAGTTACCT 454
AACATCTCTTTTTTCTCATCTCACCAAGCTGCGAATCCTAAAAGTAGGACATAGTTACCA 495
AACATCTCTTTTTTCTCATCTCACCAACTTGCGAATCCTAAAAGTAGGACATAGTTACCA 717

*kkk khkkkkhkhkhkhkhkkhkkhkxhx

CTTCACTGAAATTCAGGAAAAGGATTTTGTTGGGCTAACTTTTCTCAAAGAGCTTGAGAT4
CTTCACTGAAATTCAGGAAAAGGATTTTGGGIBACTTTTCTCAAAGAGCTTGAGAT 514
CTTCACTGAAATTCAGGAAAAGGATTTTGTGGGGCTAACGTTTCTTAAGGAGCTTGAGAT 555
CTTCACTGAAATTCAGGAAAAGGATTTTGTTGGGCTGACTGTTCTTAAGGAACTTGAGAT 777

*kkkk kk  kkkk kk kk kkkkkkkk

CGATGCTTCCAATCTCCAGAAGTATGCGCCTAGGAGTTTGAAGGTGATTCAGAACATEAL
CGATGCTTCCAATCTCCAGAAGTATGCGCEABGI TGAAGGTGATTCAGAACATCAG 574
TGATGCTTCCAATCTCCAGAAGTATGCGCCAAGGAGTTTGAAGTTGATTCAGAACATCAG 615
TGATGCTTCCAATCTCCAGAAGTATGGGGCAAACAGTTTGAAGGTGATTCAGAACATCAG 837

CCACCTGATCCTTCACATGAAGCAGCCCACTTTCTTGATGAAGATTTCTGAGGATCTTd#

CCACCTGATCCTTCACATGAAGCAGCCCAOMIIATGAAGATTTCTGAGGATCTTTT 634

CCACCTGATCCTTCGGGTGAAGCAGCCTACTTTCTTGCTGGAGATTTCTGTAGATCTTTT 675

CCACCTGATCCTTCATATGAAGCAGCCTGCTTTCTTGCCGGAGATTTTTGTAGATCTTGT 897
* *% *

AAGTTCCTTGGGACATTTGGAACTGAGAGATACTCATTTGGACAATTTCCATTTTTCAAAS
AAGTTCCTTGGGACATTTGGAACTGAGAGAIAIT TGGACAATTTCCATTTTTCAAA 694
AAGTTCCTTGGGACATTTGGAACTGAGAGATACTCATTTGGACACTTTCCATTTTTCAAT 735
AAGTTCCTTGGAACATTTGGAACTGAGAGATACTCGTTTGGGCACTTTCCGTTTTTCAAA 957

Fkkkk kk kkkkk kkkkkkkk

AGTATCCACCAATGAAACCAAGACCATTAAAAAGTTCACCTTTAGAAATGTGAAGATCARA

AGTATCCACCAATGAAACCAAGACCATTAGARBACCTTTAGAAATGTGAAGATCAC 754
AGTATCCACCAATGAAACCAAGACAATTAAAAAGTTCACCTTTAGAAATGTGAAAATCAC 795
AGTATCCACCAATGAAACCAAGACAATTAAAAAGTTCACCTTTAGAAATGTGGAAATCAC 1017

* kkkkk

AGATGAAGGTTTTAATGAAATGGTGAAACTGTTGAATCATGTTTCTGAAATATTAGATGEIL4

AGATGAAGGTTTTAATGAAATGGTGAAACBBATCATGTTTCTGAAATATTAGATGT 814
GGATGAAGGTTTTAACGAAATGGTGAAACTGCTGAATTATGTTTCTGAAATCGTAGATGT 855
GGATGAAAGTTTTAATGAGATGGTGAGACTGTTGAATTATGGTTCTGACATATTAGATGT 1077

Fkkk Kkkkk kkk kkkkkk kk  kkkkkkk

GGAATTTGATAGCTGCACCCTCAATGGAATTGGTGATTTTGACATAACTGTTATGGACH @A
GGAATTTGATAGCTGCACCCTCAATGGAATIGST TTGACATAACTGTTATGGACAC 874
GGAATTTGATAGCTGCACCCTCAATGGAATTGGTGATTTTGACACAACTGCTATGGACAC 915
GGAGTTTGATAGCTGCACCCTTGATGGAGTTGGTGATTTTGAGC CTGCTATGGACAC 1134

Kk Fkkkk *kk

AAATAAAGATATAAGTAAAATAGAGACATTAACAATACGGAGGTTGTATATTCCAAATTI34S

AAATAAAGATATAAGTAAAATAGAGACAT RMIACGGAGGTTGTATATTCCAAATTT 934
AAATAAAGATATAAGTAAAATACAGACATTAACAATACGGAGGTTGTATATTCCATATTT 975
1194

AAATAAAGATGTCAGTAAAATAGAGACATTAACAATACGGAGGTTGTATATTCCACATTT
*

*kkk

TTACTCATTTTATGATCTGAGCAGTTTATATTCACTTACTGGAACAGTTAAGAGAATCAZ4

TTACTCATTTTATGATCTGAGCAGTTTATAATCTTACTGGAACAGTTAAGAGAATCAC 994
TTACTTATTTTCTGATCTGAGCAGTTTATATTCACTTACTGGAACAGTTAAAAGAATCAC 1035
TTACTCATTTTATGATCTGAGGAGTTTATATTCACTTACTGGAACAGTTAAAAGAATCAC 1254

Kkkkk kkkkk

GATAGAAAGCAGTAAGGTTTTCCTAGTTCCTTGTTCACTTTCGCAACACTTAAAATCATIDS4

GATAGAAAGCAGTAAGGTTTTCCTAGTTCCITSTTTTCGCAACACTTAAAATCATT 1054
AATAGAAAGCAGTAAGGTTTTCCTAGTTCCTTGTTCACTTTCGCAACACTTAAAATCATT 1095
AATAGAAAACAGTAAGGTTTTCCTAGTTCCTTGTTTACTTTCGCAACACTTAAAATCATT 1314

AGAATATTTGGACCTCAATGGCAACTTAATAGTTGAAAACTCATTGACAAACGCAGCCIA4
AGAATATTTGGACCTCAATGGCAACTTAATEBRRACTCATTGACAAACGCAGCCTG 1114
AGAATATTTGGACCTCAGTGGCAACTTGATAGTTGAAAACTTATTGAAAAACGCAGCCTG 1155
GGAATATTTGGACCTCAGTGGCAACTTAATAGTGGAAAACTCATTGAAAAACGCAGCCTG 1374

*kkkk *kkkk
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AATCATGAGAATCAGCAGAAATACAATAAATACTTTCTCCAAGGAGCAACTTGATTCTTT

TCAAAAACTGAAGACTTTGGAAGCTGGCAGCAACAATTTCATCTGTTCCTGTGAATTCCT

TGAGTATGCCTGGCCCTCCCTGCAAACCTTAATCTTGAGGCAGAATCATCTGAGGTCEGIA

TGAGTATGCCTGGCCCTCCCTGCAAACCTTAGRGGCAGAATCATCTGAGGTCGTT 1174

TGAGTATGCCTGGCCCTCCCTGCAAACCTTAATCTTAAGGCAGAATCATTTGAGGTCGTT 1215

TGAGTATGCCTGGCCCTCCCTGCAAACCTTAATTTTAAGGCAGAATCATTTGAGATCGTT 1434
*k

Kkkk kkkkk

AGAAGAAACTGGAGAAGTTTTGCTTACTCTGAAAAACCTGACTAACCTTGATATCAGCH284
AGAAGAAACTGGAGAAGTTTTGCTTACTCTANABTGACTAACCTTGATATCAGCAA 1234
AGAAAAAACTGGAGAAATTTTGCTTACTCTGAAAAGTCTGACTAACCTTGATATCAGCAA 1275
AGAACAAACCGGAGAAACTTTGCTTACTCTGAAAAGTCTGACTAACCTTGATATCAGTAA 1494

*kkk kkkk *k

GAATAATTTCCATCCTATATCTAAAACTTGTCAGTGGCCAGAAAGGATGAAGTATTTGAR94
GAATAATTTCCATCCTATATCTAAAACTTGTBAGCCAGAAAGGATGAAGTATTTGAA 1294
GAATAATTTCCACCCTATATCTAAAACTTGTCAGTGGCCAGAAAGGATGAAATGTTTGAA 1335
GAATAATTTCCATCCTATATCTAAAACTTGTCAGTGGCCAGAAAAGATGACATGTTTGAA 1554

Kkkkk Kk

CTTATCCAATACAAGAATACAGAGTTTAACCAAATGCATTCCTCAGACGCTGGAAGTTI354
CTTATCCAATACAAGAATACAGAGTTTAACCEBRATTCCTCAGACGCTGGAAGTTTT 1354
CTTATCCAATACAAGAATACAGAGTTTAACCAAATGCATTCCTCAGACACTGGAAGTTTT 1395
CTTATCCAGTACAAGAATACAGAGTTTAACCAAATGCATTCCTCAGAAACTGGAAATTTT 1614

Fkkk

AGATGTTAGCAATAATAGCCTCAGTTCGTTTTCGTTGACTATGCCACAACTCAGAGAATTLA

AGATGTTAGCAATAATAGCCTCAGTTCGTTTTGABCTATGCCACAACTCAGAGAACT 1414

GGATGTTAGCAATAACAGCCTCAGTTCCTTTTCGTTGACTCTGCCACAACTCAGAGAACT 1455

AGATGTTAGCAACAACAGCCTCAGTTCGTTTTCGTTGACGATGCCACAACTCAGAGAACT 1674
*%

TTATATTTCCGGAAATAGGTTGAAGACTCTACCAGATGCCTCCTCCTTACCCATGTTACA74
TTATATTTCCGGAAATAGGTTGAAGACTCTEATSCCTCCTCCTTACCCATGTTACT 1474
TTATATTTCCGGAAATAAGTTGAAGACTCTACCAGATGCCTCCTCCTTACCCATGTTACT 1515
TTATATTTCCGGAAATAAGTTGAAGACTCTACCAGATGCTTCCTCCTTACCCATGTTACT 1734

CGTCATGAGAATCAGCAGAAATACAATAAATACGTTCTCTAAGGAGCAACTTGATTCGISB4

CGTCATGAGAATCAGCAGAAATACAATAAATACETRAGGAGCAACTTGATTCGTT 1534

1575

AGTCATGAGAATCAGCAGAAATACAATAAATACTTTCTCTAAGGAGCAACTTGATTCTTT 1794
*%

*kkkk

TAAAAAACTGAAGACTTTGGAAGCTGGCAGCAACAGTTTCATCTGTTCCTGCGAATTCKED4
TAAAAAACTGAAGACTTTGGAAGCTGGCAGGNAT CATCTGTTCCTGCGAATTCCT 1594
TAAAACATTGAAGACTTTGGAAGCTGGCAGCAACAATTTCATCTGTTCCTGTGAATTCCT 1635
1854

* kkk k

GTCCTTTACTCAGGGGCAGCAAGCACTGGCCCAAGTCCTGGTCGACTGGCCAGAAAAEGDHA

GTCCTTTACTCAGGGGCAGCAAGGSCCCABTCCTGGTCGACTGGCCAGAAAAC 1654
GTCCTTTACTCAGGGGCACCAAGCCCTGGCCCAAGTCCTGACCGACTGGCCAGAACACTALE9S
GTCCTTCACTCAGGGGCAGCCAGCACTGGCCCAAGTCCTGATCGACTGGCCAGAAAACTAL914

dkkkkk kkkkkkkkkkk k kkk *

CCTGTGCGATTCCCCATCCCATGTGCGGGGCCAGCGGGTGCAAGACACTCACCTCTCRET

CCTGTGCGATTCCCCATCCCATGTGCGGGGCCAGCR®&ATACACACCTCTCGGT 1714
CCTGTGTGATTCTCCATCCCATGTGCGGGGCCAGCGGGTGCGGGACACTCATCTCTCGGA755
CCTGTGTGATTCTCCATCCCATGTGCGGGGCCAGCGGGTGCAGGACACTCATCTCTCGGA974

*kkkk

TTCTGAGTGCCACAGGGTGGCTGTGGTGTCTGCTGTGTGCTGTGCCCTTTTCCTGCTGAF
TTCTGAGTGCCACAGGGTGGCTGTGGTGTGTGTECTGTGCCCTTTTCCTGCTGAT 1774
TTCTGAGTGCCACAGGGTGGCTGTGGTGTCTGCCGTATGCTGTGCCCTTTTCCTGCTGAT 1815
TTCTGAGTGCCACAGGGTGGCTCTGGTGTCTGCCGTATGCTGTGCCCTTTTCCTGCTGAT 2034

CCTGCTCACTGGGGTTCTGTGCCACCGTTTCCATGGCCTGTGGTACATGAAGATGATIZBES
CCTGCTCACTGGGGTTCTGTGCCACCGTTBIXITGTGGTACATGAAGATGATGTG 1834
CCTGCTCGCTGGGGTTCTGTGCCACCGTTTCCATGGCCTGTGGTACATGAAAATGATGTG 1875
CCTGCTCGCTGGGGTTCTGTGCCACCGTTTCCATGGCCTGTGGTACATGAAAATGATGTG 2094

GGCCTGGCTCCAGGCCAAAAGGAAGCCCAGGAGAGCCCCCCCGAGGGACCTCAGTIB®IGA
GGCCTGGCTCCAGGCCAAAAGGAAGCCCAGGAGAGCCCCGAOUGABGTTACGA 1894
GGCCTGGCTCCAGGCCAAAAGGAAGCCCAGGAGAGCCCCCCAGAGGGACCTCTGTTATGHO35
GGCCTGGCTTCAGGCCAAAAGGAAGCCCAAGCGAGCCCCCCAGAGGGACCTCTGTTATGA154
*

*kkk Kk
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CGCCTTTGTGTCTTACAGCGAGCAGGATTCCCACTGGGTGGAGAACCTGATGGTCCAGEA

CGCCTTTGTGTCTTACAGCGAGCAGGATTAGGAET GGAGAACCTGATGGTCCAGGA 1954
CGCCTTTGTGTCTTACAGTGAGCAGGACTCCCACTGGGTGGAGAACCTGATGGTCCAGGAL995
CGCCTTTGTGTCTTACAGTGAGCAGGATTCCCACTGGGTGGAGAACCTGATGGTCCAGGA2214

GCTGGAGCACTTCGACCCTCCCTTCAAGCTGTGTCTTCATAAGCGGGACTTTGTTCC2WAE
GCTGGAGCACTTCGACCCTCCCTTCAAGCTDETGATAAGCGGGACTTTGTTCCCGG 2014
GCTGGAGCACTTCAACCCTCCCTTTAAGCTGTGTCTTCATAAGCGGGACTTCGTTCCTGG 2055
GCTGGAGCACTTCAACCCTCCCTTTAAGCTGTGTCTTCATAAGCGGGACTTTGTTCCTGG 2274

*kkkk kk

CAAGTGGATTATTGACAATATCATCGACTCCATCGAAAAGAGCCACAAAACCATCTTCIT4
CAAGTGGATTATTGACAATATCATCGACTCCATCGAAAAGAGCCACAAAACCATCTTCIT4
CAAATGGATTATTGACAATATCATTGACTCCATCGAAAAGAGCCACAAAACCATCTTCGT 2115
CAAATGGATTATTGACAACATCATTGACTCCATCGAAAAGAGCCACAAAACCATCTTCGT 2334

Kk Fkkkk

GCTTTCCGAGAACTCGTGAAGA 2096
GCTTTCCGAGAACTCGTGAAGA------ 2096
GCTTTCCGAGAACTTTGTGAAGAGCGAGTGGTGCAAGTACGAGCTGGACTTCTCTCATTT 2175
GCTTTCCGAGAACTTTGTGAAGAGCGAGTGGTGCAAGTACGAACTGGACTTCTCCCATTT 2394

Fkkkkkkkkkkkkk *

2096
2096
TCGCCTCTTTGATGAGAACGATGATGCTGCCATCCTCGTTCTGCTGGAGCCCCTGGAGAA2235
TCGCCTCTTTGATGAGAACAACGATGCCGCCATTCTCGTTCTGCTGGAGCCCCTGGAGAA2454

2096
2096
GAAGGCCATTCCCCAGCGTTTCTGTAAGCTGCGCAAGATCATGAACACCAAGACCTACCT 2295
GAAGGCCATTCCCCAGCGTTTCTGTAAGCTGCGCAAGATCATGAACACCAAGACCTACCT 2514

2096
2096
GGAGTGGCCCACTGATGAAACTCAGCAGGAGGGGTTCTGGTTCAATTTGAGAACTGCAAT2355
GGAGTGGCCCACTGATGAAACCCAGCAGGAGGGGTTCTGGTTAAATTTGAGAACTGCAAT2574

2096

e 2096
AAAGTCCTAAGTTCCTTCATTAAAGGCCAGTCTTGGACTS 2395
AAAGTCCTAAGATCCTTCATTAAAGGTCAGTCTTAGACTGGT 2616

Figure 4.11: Clustal W alignment of ti€ R2gene sequences derived frémpipistrellus
(code: S818) anB. pygmaeugcode: J649) with th&€ LR2ZmRNA sequences frofa. fuscus
(XM_008144148.1) and M. brandtii (XM_014543903 Hyotnote Arianne Lovey (MSc
student, University of Salford) was responsibledtirthe pipistrelle sequence data between

1-700 bp and also, 35 bat sequences between22@Mp.
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Table 4.5 BlastN summary data for tid.R2gene derived fron®. pipistrellus(code: S818).
Footnote the BlastN data for the. pygmaeugcode: J649YLR2gene was identical to that
shown below.

Highly similar Max Total | Query | E lden Gen bank #
sequence score |score |cover |value
Eptesicus fuscusll- 3264 | 3264 100% | 0.0 95% XM_008144148.1

like receptor 2 (TLRR,

MRNA

Myotis brandtiitoll-like | 3107 | 3107 | 100% | 0.0 93% | XM_014543903.1
receptor 2 (TLR2

MRNA

Myotis lucifugudoll- 3079 |3079 |100% |0.0 93% | XM_014456089.1
like receptor 2 (TLR2),

MRNA

Myotis davidiitoll like | 3007 | 3007 |100% |0.0 93% | XM_006770106.2
receptor 2 (TLR2),

MRNA

Pteropus alectaoll like | 2239 | 2239 | 100% | 0.0 86% XM_006906255.2
receptor 2 (TLR2),

MRNA

Not surprisingly given the above, the translated nucleotide sequences of the pipistrelle TLR2
genes were almost identical; the two nucleotide change resulted in an amino acid change at
position 541 and 553 of the protein sequences (Figure 4.12). TheeghipisLR2 amino

acid sequences were highly similar to the TLR2 proteirtis ddiscusandM. brandtii (Table

4.6). The predicted Ndlycosylation sites in thE. fuscusTLR2 protein were conserved in
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the pipistrelles; in addition, a further twodllycosyhtion sites were predicted in the

pipistrelle proteins (Figure 4.12).

CLUSTAL O(1.2.4) multiple sequence alignment
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XGTVISLFKEGAXDQAFPLTCDPTGVCDGHSRSLISIPSGLTATVTSLDL 50
XGTVISLFKEGAXDQAFPLTEOIGVCDGHSRSLISIPSGLTATVTSLDL 50
MPHALWTAWVLGSVISLFEEGAPDQASPLTCDPTGVCDGHARSLISIPSGLMATVKSLDL 60

*kk *kk kkkk

SNNKIAYVSNSDLRMCVNLRALRLGSNSIDTIEEDSFFSLGSLEHLDLSYNHEASW 110
SNNKIAYVSNSDLRMCVNLRALRLGSNSIDTIEEDSFFSLGSLEHLDLSYNHEASW 110

SNNKIAYVSNSDLRMCVNLKALRLGSNSIDTIEEDSFFSLGSLEHLDLSYNHLS| LSASW 120

-« kkkkk

FRPLTSLNVLNLLGNPYKTLGKTPLFSHLTKLRILKVGHSYLFTEIQEKDFVGLTFLKEL 170
FRPLTSLNVLNLLGNPYKTLGKTPLFSHLTKILRVGHSYLFTEIQEKDFVGLTFLKEL 170
FRPLTSLNFLN LLGNPYKTLGKTSLFSHLTKLRILKVGHSYHFTEIQEKDFVGLTFLKEL 180

EIDASNLQKYAPRSLKVIQISHLILHMKQPTFLMKISEDLLSSLGHLELRDTHLDNFHF 230

EIDASNLQKYAPRSLKVIQISHLILHMKQPTH.MKISEDLLSSLGHLELRDTHLDNFHF 230

EIDASNLQKYAPRSLKLIQ NISHLILRVKQPTFLLEISVDLLSSLGHLELRDTHLDTFHF 240
. . cokk

*kk

SKVSTNETKTIKKFTFRNVKITDEGFNEMVKLLNHVSEILDVEFDSCTLNGIGDFDITVM 290
SKVSTNETKTIKKFTFRNVKITDEGFNEMVKLLNHVSEILDVEFDSCTLNGIGDFDITVM 290

SIVST NETKTIKKFTFRNVKITDEGFNEMVKLLNYVSEIVDVEFDSCTLNGIGDFDTTAM 300
* *

kkkke *

DTNKDISKIETLTIRRLYIPNFYSFYDLSSLYSLTGTVKRITIESSKVFLVPCSLSQHLK 350
DTNKDISKIETLTIRRLYIPNFYSFYDLSSLYS TGTVKRITIESSKVFLVPCSLSQHLK 350

DTNKDISKIQTLTIRRLYIPYFYLFSDLSSLYSLTGTVKRITIESSKVFLVPCSLSQHLK 360
. *k %
SLEYLDLSGNLIVENSLTNAACEYAWPSLQTLILRQNHLRSLEETGEVLINLIKILDI 410
SLEYLDLSGNLIVENSLTNAACEYAWPSLQTLILRQNHLRSLEETGEVLNLIKILDI 410
SLEYLDLSGNLIVENLLKNAACEYAWPSLQTLILRQNHLRSLEKTGEILLTLK SLTNLDI 420
*

ckkk e kkkkk

SKNNFHPISKTCQWPERMKYENTRIQSLTKCIPQTLEVLDVSNSLSSFSLTMPQLR 470
SKNNFHPISKTCQWPERMKYENTRIQSLTKCIPQTLEVLDVSNSLSSFSLTMPQLR 470
SKNNFHPISKTCQWPERMKCL NLSNTRIQSLTKCIPQTLEVLDVSNSLSSFSLTLPQLR 480

ckkkk

ELYISGNRLKTLPDASSLPMLLVMRISRNTINTFSKEQLDSFKKLKTLEAGSNSFICSCE 530
ELYISGNRLKTLPDASSLPMLLVMRISRNTINFBKEQLDSFKKLKTLEAGSNSFICSCE 530
ELYISGNKLKTLPDASSLPMLLIMRISRNTINTFSKEQLDSFKTLKTLEAGSNNFICSCE 540

FLSFTQGQQALAQVLVDWPENYLCDSPSHVRGQRVQDTHLSVSECHRVAVVSAVCCALFA0
FLSFTQGQQWAQVLYDWPENYDSPSHVRGRYQDTHLSVSECHRVAVVSAVCCALFL 590
FLSFTQGHQALAQVLTDWPEHYLCDSPSHVRGQRVRDTHLSASECHRVAVVSAVCCALFL 600

*kkkkkk kk *kkk kkkkek ~kkkkk

LILLTGVLCHRFHGLWYMKMMWAWLQAKRKPRRAPPRDLSYDAFVSYSEQDSHWVENBBY
LILLTGVLCHRFHGLWYMKMMWAWLQAKRMHARDLSYDAFVSYSEQDSHWVENLMV 650
LILLAGVLCHRFHGLWYMKMMWAWLQAKRKPRRAPQRDLCYDAFVSYSEQDSHWVENLMV 660

*kkk. *k%

QELEHFDPPFKLCLHKRDFVPGKWIIDNIIDSIEKSHKTIFVLSENS:---------- 698
QELEHFDPPFKLCLHKRDFVPGKWIIDNIIDEKSHKTIFVLSENS R--------- 698

QELEHFNPPFKLCLHKRDFVPGKWIIDNIIDSIEKSHKTIFVLSENFVKSEWCKYELDFS 720
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Figure 4.12: Clustal W alignment of ti€R2amino acid sequences frd pipistrellus
(code: S818) anB. pygmaeugcode: J649) with th&LR2protein fromE. fuscus
XP_008142370.1Footnote Predicted Nglycosylation sites are highlighted in emboldened

red font.

Table 4.6: BlastP summary data for fiecR2amino acid sequence derived frém
pipistrellus(code: S818)Footnote the BlastP data for tHe. pygmaeugcode: J649YLR2
sequence was identical to that shown below

Highly similar Max Total | Query | E Iden Gen bank #
sequence score |score |cover |value

toll-like receptor 2 1301 1301 100% | 0.0 93% XP_008142370.1
[Eptesicus fusciis

toll-like receptor 2 1257 1257 100% | 0.0 90% XP_014399389.1
[Myotis brandti]

toll-like receptor 2 1236 1236 100% | 0.0 90% XP_006081868.1
[Myotis lucifugu$

toll-like receptor 2 1233 1233 100% | 0.0 89% XP_006770169.2
[Myotis davidi]

toll-like receptor 2 1134 | 1134 |100% |0.0 81% XP_006906317.1
precursor Pteropus

alectd
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Unfortunately, due to | ack of conservat.
the different bat species, it was not possible to isolate the full TLR2 gene sequence for the
common and soprano pipistrelles. Nonetheless, based upon a funabioaah dnalysishe
pipistrelle proteins showed high conservation withEhéuscuslT'LR2 protein, lacking only

the cytoplasmic Toll/IEIR domain and also, one leucine rich repeat associated with the

extracellular domaiFigure 4.13).
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Figure 4.13: Domain structures of theR2protein fromkE. fuscugabove) andP. pipistrellus
(code: S818) (below) he blue block represents the transmembrane domain and TIR is the
cytoplasmic Toll/Il-IR domain.Footnote P. pygmaeugcode: J649) has treameTLR2

domain structure as shown ferpipistrellus
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Discussion

The aim of this chapter was to characterise pipistrelle genes encoding TLR2 and TLR4 by

using a PCRbased approach. Given the absence of a pipistrelle genome sequence, or
publications on pipistrelle TLRs, the approach was dependent upon aligning TLR&Egjue

from a small number of vespertilionid bats and the fruitthatlectoin order to design PCR

primers to evolutionary conserved regions. As a result, it was not possible to provide full

gene sequence data for pi pidst3réelrleegi TolnRs2 oa n d |

were less well conserved between the bat species.

Nonetheless, the gene isolation approach proved successful and allowed isolation of both

TLR4 and TLR2 gene sequences from the common and the soprano pipistrelles.

Fortuitously, both pipistrelle TLRs appeared to lack intron sequeste® the introns are
expected to be at the 56 and 36 ends of the
these two regions due to lack of conservation between the bat species tawthesggons

The predicted introns were basedsaarching thél. brandtiiannotatedyenomefor TLR4

and TLR2 mRNA sequenceagichindicates that this myotid batintroasr e | ocat ed at
ans 306 afthedliRagenssAs noted in the literature, bats have smaller genomes than

other mammalgSeim et al., 201,3]. D. Smith & Gregory, 200%nd this may reflect

evolutionary events associatetth metabolism and flightHughes & Hughes, 1995

The common and soprano pipistrelle TLR2 and TLR4 sequences were most similar to each
other and they were also highly similar to the other vespertilionid TLR4 an@ TLR
sequences. Inspection of the TLR4 sequence showed that one internal PCR primer binding
site (TLR4F) was 100% conserved with the pipistrelle sequences whilst the other-gR)R4
showed 7/23 (30%) mismatches. It is not possible to comment on the atizseof the

external PCR primer binding sites. However, it is quite likely that even though sequences of
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high conservation between the bat species were used to design PCR primers, the pipistrelle
sequences at the primer binding regions may not haveab&@d% match. Indeed,

variability of the pipistrelle TLR4 sequences between individual bats (Chapter 5) and
specifically, at the PCR primer binding sites, probably explains the failure to amplify TLR4
PCR products from 36 of the 95 (38%) bats. Althoughtipistrelle TLR2 is more

conserved than TLR4 to other bat sequences, a similar explanation of TLR2 gene variability
at the PCR primer binding sites is the likely explanation for a failure to amplify TLR2 PCR

products from these bats.

Assuming that theipistrelle TLR sequences are most similar to thode dfiscusas

indicated by Blast analysis, then the gene isolation approach has revealed approximately 71%
of the pipistrelle TLR4 gene and 89% of the pipistrelle TLR2 gene. Importantly, for both
pipistrelle TLRs, the sequences encompass the majority of the external domains, including

the leucinerich regions, involved in interactions with pathogen associated molecular patterns
(Ng & Xavier, 201). Predicted Nglycosylation sites, also potentially involved in

recognition of pathogen associated molecular patterns, were also conserved between TLR4 of
the pipistrelles ané. fuscusTLR4. In addition, the pipistrelle TLR2 proteins appeared to

have two additional Mjlycosylation sites relative to the big brown bat TLR2.

In conclusion, a PCiRased gene isolation strategy has allowed isolation and sequence
characterisation of largedgments of th®. pipistrellusandP. pygmaeu3LR2 and TLR4

genes. This strategy forms the basis for sequencing the pipistrelle TLR2 and TLR4 genes in
the majority of the South Lancashire bat population under study. The data describing TLR2
and TLR4 gea variations in the bat population, that then allows an attempt to correlate

parasite infection profiles to TLR haplotypes, is presented in Chapter 5.
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5. TLR gene variations and parasite infection profiles

5.1 TLR2 and TLR4: roles in helminth infedions:

Analysis of cytokine responses in ex vivo monocytes derived from African children exposed
to gastrointestinal nematode infection has highlighted the role that these parasites may have
in modulating innate immune responses to pathogktkson et al., 20060ther work has

even highlighted the role of parasite endosymbionts; for example, the major Wolbachia
surface protein (WSP) of filarial nematode endosymbionts is able to initiatataon of

TLR2 and TLR4 expression using a reporter gene assay with transfected human embryonic
kidney 293 (HEK293) cellBrattig et al., 2004 Moreover, WSP stimulates an inflammatory
immune response in murine macrophages and dendritic cells (DCs), again through TLR4 and

TLR2, as confirmed by using mouse mutai@sattig et al., 2004

Major excretorysecretory (ES) products of helminths arewn to influence
immunomodulatory outcomes to infection and-&5Sof the rodent filarial nematode
Acanthocheilonema vitedms been shown, using mouse mutants, to activate a MyD88
dependent TLR4ignallingpathway that leads to suppression of macrophadelandritic

cell responsefGoodridge et al., 2005 Interestingly, it appears that TLR4 may act via a
novel mechanism that might involve another TLR and possibly, suppression of MyD88 to

other TLRs(Goodridge et al., 2005

Application of liveSchistosoma mansolairvae, or soluble preparations derived from these
larvae, to macrophages has shown that cytokine production is dependent upon activation of
TLR4 (Jenkins, Hewitson, Ferr&ernard, & Mountford, 2005 Schistosomal

lysophosphatidylserine has also been shown to activate dendritic cells viasijraRing
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and this may contribute fmolarisationof the immune response, via expansion-of T
regulatory cells, to elicit the fibrotic, tissue destructive liver pathology associated with this
parasitgLayland, Rad, Wagner, & Da Costa, 200@n der Kleijj et al., 2002 Indeed, bone
marrowderived macrophages from mice wihmansonegginduced pulmonary

granulomas have a greater response to TLR2 and TLR3 activation than contr@lasiie

Raymond, Coelho, Kunkel, & Hogaboam, 2p08

A study of the rat tapeworidymenolepis diminuthas revealed high expression of TLR4
and TLR2 in the rodent colon and jejunurd @ays postnfection(Kosik-Bogacka et al.,
2012. This up regulation of TLR2 and TLR4 expression may be important in the
pathomechanism of hymenolepidosis and hence is worthy of further(gtasik-Bogacka et

al., 2012,

Mouse mutants have been used to examine the role of TLHRsigmosomoides polygyrus
infection. Interestingly, MyD88 mutants showed increased immunity folygyrus

infection whereas, TLR2, TLR4, TLR5, and TLR9 mutants were unable to exhibit enhanced
expulsion ofH. polygyrus(Reynolds et al., 2034The systemic response to the related
nematodeH. bakeri was also assessed in cultured splenocytes derived from infected mouse
strains and the data showed an upregulation of TLR2, TLR4 and-ideiéated cytokine
responses in a manner that was strain and parasite exposure depEnfleng et al., 2013
Further study of innate immune responses in the wood maApsdemus sylvaticushowed
through statistical modelling, that a signiit@mount of TLR2 variation in the natural
population over time could be explained by exposure to and hence the transmission dynamics
of H. polygyrusand also, the pinwori8yphacia stromand the digenean fluk&rachylaima

recurva( Friberg et al., 2013 Importantly, the latter study was carried out on a natural
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population and there is an increased need, as argued elsewhere (Friberg et al., 2010; Pederson
& Babayan, 2011), to investigate immunologicalp@sses in natural populations to
complement laboratoflgased investigationsFriberg, Bradley, & Jackson, 201Pedersen &

Babayan, 2011

Based on the growing recognition that TLR2 and TLR4 have important roles in helminth
(above) and protozoan (see section 4.1) infections the aims of this chapter are: (i) to
characterise the TLR2 and TLRéquence variation across the pipistrelle population and (ii)
to analysehe TLR4 and TLR2 amino acid changes with respect to the known parasite

infection poofiles in the pipistrelle bats.
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5.2TLRA4:

5.2.1 Sequence analysis:

After using the PChbased strategy to isolate 59 individual pipistrelle TLR4 sequences
(Chapter 4)the DNA (Figure 5.1) and translated amino acid (Figure 5.2) sequerces
alignedusing Clustal W. The DNA sequences showed that there were 42 TLR4 haplotypes at
the gene level and this translated into 42 different protein sequédihese haplotypesere
identified from the phylogenetitee;each different branch was countedaghaplotype,

which showed 42 haplotypes are present within the TLR4 sequences.

multiple sequence alignment:

S818 - GAGTTTANCCCCNGGANNTTTTCTGACTATNAGTTTACAGNCCTG 45
S819 CANTG 5

J628 0

S817 e TCAGAGTTTAGCCCCNGNNNTTTTCTGACTNTNANNTNCAGAC 43
S815  ~mmemeememmmenee- TCAGAGTTTAGCCCCNGNNNTTTTCTGACTNTNANNTNCAGAC 43
J649 0

J656 TGGACTANTCAANGTTTACAGACNN 25

S818 GGTGGCTGGGGAGGE AACCTAGCATCTCTAGAGGACTTCCCCATGGCNGACATCTGTA 103
S819 NGNGGNTGNGAGAGA AACCTAGCATCCNTAGAGGACTTCCCCATGGCAGACATATGAA 63
J628 TAGGGACTTGANCCATGGCAGGNTGTAAAA 30

S817 TGGGGTGGGTGGGGGACAACCTAGCKITAGAGGACTTCCCCATGGCAGACATCTGAA 103
S815 TGGGGTGGGTGGGGGACAACCTAGCATCTCTAGAGGACTTCCCCATGGCAGACATCTGAA 103
J649 - GTGTAAGANAAAATTANTGTCTCTTAGGGACTTCCCCATGGCAGATANNTTAA 53
J656 NGGTGGCNGGGGAAGAAGAACTGGTGGCTCTTAGGGACTTCGCCATGGCAGTAAAGTAAA 85

* *kkkkk * *

S818 ATCCTTGAAGGAGCTTAATGTGGCTCACAATCTAATCGATTCCTTCAAGTTACCGGACTA 163
S819 ATCCTTGATGGAACTTAATGTGGCTCACAATCTAATCGATTCCTTCAAGTTACCGGACTA 123
J628 ATCCNTGTTAGAGCTTAATGTGGCTCACAATCTAATCGATTCCTTCAAGTTACCGGACTA 90
S817 ATCCTTGAAGGAGCTTAATGTGGCTCACAATCTAATCGATTCCTTCAAGTTACCGGACTA 163
S815 ATCCTTGAAGGAGCTTAATGTGGCTCACAATCTAATCGATTCCTTCAAGTTACCGGACTA 163
J649 TCCCTTGATAGAGCTTAATGTGGCT@MATCTAATCGATTCCTTCAAGTTACCGGACTA 113
J656 TCCCTTGATAGAGCTTAATGTGGCTCACAATCTAATCGATTCCTTCAAGTTACCGGACTA 145

kk  kk kkkkkkkkkkkkkkkhhkkkkkhhkkkhhkkhhkkhkkkhhkkkhkkkkk

S818 TTTTTCTAACCTGCCTAACCTGGAACACTTGGACCTTTCTAATAATAAGATTCGAAAAAT 223
S819 TTTTTCTCACCTGCCTAACCGGGAACTATTGGACCTTTCTAATAATAAGATTCGAAAAAT 183
J628 TTTTTCTAACCTGCCTAACCTGGAACACTTGGACCTTTCTAATAATAAGATTCGAAAAAT 150
S817 TTTTTCTAACCTGCCTAACCTGGAACACTTGGACCTTTCTAATAATAAGATTCGAAAAAT 223
S815 TTTTTCTAACCTGCCTAACCTGGAACACTGIACCTTTCTAATAATAAGATTCGAAAAAT 223

J649 TTTTTCTAACCTGCCTAACCTGGAACACTTGGACCTTTCTAATAATAAGATTCGAAAAAT 173
J656 TTTTTCTAACCTGCCTAACCTGGAACACTTGGACCTTTCTAATAATAAGATTCGAAAAAT 205

kkkkkhkk kkkkkkkkhkkkhk kkhkkk kkkkkkkhkkkhkkhhkkhkkkkkkkkkkhkkkk
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