Institut fur Tierwissenschaften, Abt. Tierzucht uhdrhaltung
der Rheinischen Friedrich — Wilhelms — Universigann

The prenatal expression of mMRNA and protein of the prion protein gene, PRNP,

in sheep

Inaugural-Dissertation

zur Erlangung des Grades
Doktor der Agrarwissenschaft

(Dr. agr.)

der
Hohen Landwirtschaftlichen Fakultat
der
Rheinischen Friedrich — Wilhelms — Universitat
Zzu Bonn
vorgelegt am 23. November 2006
von
Patama Thumdee

aus

Nakhon Ratchasima, Thailand



Diese Dissertation ist auf dem Hochschulschriftereseder ULB Bonn
http://hss.ulb.uni-bonn.de/diss_online elektronipabliziert

E-mail: diss-online@ulb.uni-bonn.de

© Universitats- und Landesbibliothek Bonn

Landwirtschaftliche Fakultat - Jahrgang 2007

D 98
Referent: Prof. Dr. K. Schellander
Korreferent: Prof. Dr. B. Schmitz

Tag der mindlichen Prufung: 23 Februar 2007



Dedicated to my beloved parents and all members of my family






Die pranatale Expression der mRNA und des Protemn Rrion-Proteingen PRNP
beim Schaf

Die Expression des Prion-Protein (PRNP) Gens wanaleden Ebenen mRNA und
Protein in den Geschlechtsorganen des weiblichehafScsowie verschiedenen
Geweben von Schafsféten unterschiedlicher Tréacétigstadien untersucht.
Reproduktive Organe wie Ovar, Eileiter, Endometriudyometrium und Karunkel
wurden wahrend dem ersten, dritten und funften Airgkeitsmonat beprobt. Im ersten
Monat der Entwicklung wurde der gesamte Fotus dpimeim zweimonatigen Fotus
wurden Proben von Gehirn, Kotyledonen, Herz, Da¥irere, Leber, Lunge und Muskel
entnommen. Bei den drei und funf Monate alten Fétenden zusatzlich Proben von
Ruckenmark und Gehirn entnommen. Die Schafe wurdehand ihrer PRNP
Genotypen in die Kategorien resistent gegen (RI19r aahfallig fur (R5) Scrapie
eingestuft. In beiden Genotypgruppen konnten dieti@askripte in allen Stadien und
allen untersuchten Geweben mit einer RT-PCR naciegew werden. Das Profil der
Genexpression der R1 und R5 Gruppen war ahnlich.M2egleich der reproduktiven
Organe zeigte das hochste Expressionslevel im IKalgewebe der Mutterschafe,
wahrend das Level im Gehirn hoch und in der LelsgrFeeten niedrig war. Zuséatzlich
wurde eine Real-Time RT-PCR in unreifen Oozytenifene Oozyten, in vivo
Embryonen zum Morulastadium und in einmonatigen ekRr6durchgefuhrt. Die
Ergebnisse zeigten, dass das relative Expressiamhstier PRNP mRNA in reifen
Oozyten und Embryonen im Morulastadium signifikargedriger war als in unreifen
Oozyten und einmonatigen Foten<Qp05). Fluoreszenz in situ Hybridisierung von
adulten Ovarien und einmonatigen Foten wies die ti@eskripte in Oozyten,
Granulosazellen, Thekazellen, Ovarrinde, Ovarmaudk Gelbkorpern der Ovarien und
im Gehirn, Wirbelsaule, Dermatom, Herz, Leber undrél der Feten beider Gruppen
nach. Eine Westernblot-Analyse zeigte die zu“Fd*respondierenden immunreaktiven
Banden in allen weiblichen Reproduktionsgewebemsbeavie in den einmonatigen
Foten. Das PfPwurde ebenfalls in allen Geweben des zweimonatigins gefunden.
Zusétzlich implizierte die immunohistochemischebfing die Lokalisation des Prfh
Gehirn, Herz und Niere des einmonatigen Fo6tus. Pa8" wurde in dieser
Untersuchung ebenfalls in beiden Gruppen in ded®umd im Mark des Ovars jedoch

nicht in Oozyten, Granulosazellen, Thekazellen Getbkdrpern nachgewiesen.



The prenatal expression of mMRNA and protein ofphen protein gene, PRNP,
in sheep

The expression of the prion protein gene both onNWRand protein levels were
investigated in ovine female reproductive organs ianvarious tissues of their foetuses
during the prenatal stage. Reproductive organs aschvary, oviduct, endometrium,
myometrium and caruncle were collected at tfe 3% and §' month of pregnancy.
Foetal tissues were the whole foetuses at 1 mohtage, brain, cotyledon, heart,
intestine, kidney, liver, lung and muscle of 2-nfentd foetuses. At 3 and 5 months of
age the spinal cord and spleen were added. Sheepcategorized as resistant (R1) or
high susceptible (R5) to scrapie according to tRENP genotype. In both genotype
groups, the gene transcript was detectable irtadles and all tissues examined by RT-
PCR. The gene expression profiles of R1 and R5pgravere similar. Comparisons
between reproductive organs demonstrated the Highgwession level in caruncle
tissue of ewes, whereas the level was high in aathlow in liver of their foetuses. In
addition, real-time RT-PCR was performed in immatoocytes, mature oocytes),
vivo embryos at morula stage and in 1-month-old fostuSke results showed that the
relative expression levels of PRNP mRNA in matuweytes and morula-stage embryos
were significantly lower than those in immature ytes and 1-month-old foetuses
(p<0.05). Fluorescent in situ hybridisation in adwtaones and 1-month-old foetuses
demonstrated the presence of the gene transcrgquaytes, granulosa cells, theca cells,
ovarian cortex, ovarian medulla and corpus lutuéth@ ovaries, and in brain, vertebral
column, dermatome, heart, liver and kidney of thetdses of both groups. Western blot
analyses revealed the immunoreactive bands comdsmp to PrP in all female
reproductive tissues as well as their foetusescit at the i month gestation. The
PrF” was also detected in all tissues of 2-month-oletifses. In addition,
immunohistochemical staining implicated localisatiaf PrP in brain, heart and kidney
of 1-month-old foetuses. The PrRvas also found in ovarian cortex and ovarian
medulla of the two groups however, it was undetdetan oocytes, granulosa cells,
theca cells and corpus luteum, in this study.
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Introduction 1

1 Introduction

Transmissible spongiform encephalopathies (TSEs) fatal neurodegenerative
disorders of the central nervous system (CNS) chbgeprions. Prion diseases include
bovine spongiform encephalopathy (BSE) in cattleragie in sheep and goats,
Creutzfeldt Jakob Disease, Gerstmann Strausslatr@yre, fatal familial insomnia,
Kuru and Alpers syndrome in humans. The primaryseanf these diseases is a post-
translational conformation change in a host-encockgtlilar prion protein (Pf® to

a proteinase-resistant form (BYP(Prusiner 1991). Various studies showed that mice
devoid of functional PRNP gene are resistant taggerand do not allow propagation of
the infectious agent (Brandner et al. 1996, Bueteral. 1993, Sailer et al. 1994,
Sakaguchi et al. 1996, 1995). Moreover, it has Emested that the absence of PrP
expression is not the cause of neuronal dysfunctimimals devoid of PfPare not
damaged by exogenous PfPand the amount of PrHs a rate-limiting step in the
development of the prion disease (DeArmond andifeug 996).

PRNP has been shown to be expressed at high lev€slS but also in many non-
neuronal tissues such as heart, skeletal musahg, mtestinal tract, spleen, testis,
ovary, lymphocytes, lymph nodes and some othernsrga rodents and ruminants
(Bendheim et al. 1992, Mabbott et al. 1997, McBrdial. 1992, Pammer et al. 1998).
PrP is a normal protein located on the exterior celiface and is attached to the
plasma membrane via a glycosylphosphatidylinogi®#l) anchor (Stahl et al. 1990).
This protein is believed to be involved in sevduactions in the cell such as protection
against antioxidant activity by regulating coppen concentration (Brown et al. 2001,
2002, Klamt et al. 2001) transduction of neuroprtite signals or even prevention of
apoptosis in retinal cells (Chiarini et al. 2008)though, it's precise function(s)
remains unclear.

Susceptibility to scrapie in sheep is influencedpiayymorphisms at codons 136, 154
and 171 of the PRNP gene (Tranulis 2002). The oRiR&IP genotypes were classified
into 5 risk groups according to the susceptibildythe disease; R1 genotype being the
resistant and R5 genotypes being high susceptibtbe disease (Erhardt et al. 2002).
Tuo et al. (2002) reported that accumulation of*PifPuterine-placental epithelial cells
in the placentome was influenced by the foetal PRRBIROtype and the pregnancy status

of scrapie-infected ewes.



Introduction 2

In natural TSE infections the gastrointestinal tiacconsidered to be the major route of
the infection (Andreoletti et al. 2000, Hadlow &t¥082, Pattison et al. 1972), and the
scrapie infectious prions diffused to sheep and goa hypothesized to originate from
placenta of infected ewes (Andreoletti et al. 20@&ktison et al. 1972, Tuo et al. 2001).
Oral and parental inoculation of PfResulted in 100% infection of the prion disease in
mice (Manolakou et al. 2001, Narang 1996, Naran@l20Epidemiology shows that
maternal vertical transmission of TSE is not of aripnce; however, embryo transfer
experiments performed in sheep provide contradictesults about the possibility of
this mode of infection including those providingpport for maternal vertical infection
(Foster et al. 1996) or those showing preventioneofical infection by embryo transfer
(Foote et al. 1993, Wang et al. 2002, 2001).

Since the expression of PRNP is a prerequisitéh®infection, studies on the temporo-
spatial expression of PRNP in foetal and materisalé during gestation can provide
further clues on the impact of maternal verticahtmission of TSE. Moreover, these
expression profiles contribute to the elucidatidnttee physiological function of the
protein. Therefore, the aims of this study were:

1) Quantitative expression profiling of the PRNFfgen R1 and R5 ovine immature
oocytes, mature oocytes aimdvivo preimplantation embryos using real-time PCR.

2) Semi-quantitative expression profiling of theNFRgene during prenatal stages in R1
and R5 ovine foetal and maternal tissues using BR-Eechnology.

3) Detection of PrPin R1 and R5 female reproductive tissues of eweb \@hole
foetuses at the®Imonth of pregnancy as well as various tissuesrabth-old foetuses
by western blot.

4) Detection and localisation of PRNP mRNA and PirPadult ovaries and 1-month-

old foetuses of both groups.
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2 Literature review

2.1 Prion diseases

Prion diseases or transmissible spongiform enceph#iies (TSEs) are fatal
neurodegenerative disorders of the central nengystem that occur in a number of
species. The clinical signs of these diseases armble but include progressive
dementia, cerebellar ataxia and behavioural diahebs. Gross neuropathology can
include reduced brain weight, cortical atrophy agmlargement of the ventricles
(reviewed in Moore and Melton 199 Histophatological changes of the brain comprise
a fine vacuolation termed spongiosis, reactive gharof astrocytes called gliosis, and
variable loss of neurons (reviewed in Brandnerl.e2@00). Widespread apoptosis has
been described in the brain of infected sheep, ramgk human and may be a major
mode of cell death (Fraser 1976).

Prion diseases are found in both animals and humelnoding bovine spongiform
encephalopathy (BSE) or mad cow disease in catil®nic wasting disease (CWD) in
elk and deer, transmissible mink encephalopathy EY M mink, feline spongiform
encephalopathy (FSE) in cat, puma, cheetah, oegldttiger, and ovine spongiform
encephalopathy (OSE) or scrapie in sheep and gbat.prion diseases in human are
Alpers syndrome, Kuru, fatal familial insomnia ([;FEerstmann—Straussler—Scheinker
syndrome (GSS), Creutzfeldt—Jakob disease (CJD)aanedw variety of Creutzfeldt—
Jakob disease (nv CJD) which is caused by the rnrasgn of BSE via dietary
exposure (Moore and Melton 1997, Will et al. 196Bable 1). The possibility that the
infectious agent of prion disease consists of yiatticles can be ruled out, since no
nucleic acid has been detected. The protein-onpptinesis has been formulated firstly
by Griffith (1967), and supported by additionalalaf Prusiner (1982) who coined the
term prions, composed from “proteinaceous infedtiparticle” to identify the agents
that cause a novel type of fatal brain diseases.lpothesis states that the infectious
prion protein is devoid of nucleic acid, and tharary cause of these diseases is a post-
translational conformation change in a host-encamididlar prion protein (P19 to the
diseasecausing isoform (PrB) (Prusiner 1991, 2004).



Table 1: Transmissible spongiform encephalopatifidapted from Moore and Melton 1997, Prusiner 12904)

Species Disease

Description Distribution

Sheep Scrapie

Field scrapie; infection in gendyicalsceptible sheep. Experimentally transmitted/NVorldwide
to sheep, goats, mice, hamsters and cattle (Gildds 2990, Okamoto et al. 2003). (1936)

Goat Scrapie Natural cases rare

Mink Transmissible mink Infection in farmed mink; source of infection prabascrapie infected offal. North America;
encephalopathy Experimentally transmitted to hamsters. Europe

Mule Chronic wasting Infection of farmed deer probably from scrapie eomnated feed. North America

Deer disease Experimentally transmitted to other deer.

Elk Chronic wasting Infection in farmed elk, probably derived from sueainfected feed.
disease

Cattle Bovine spongiform UK BSE epidemic mostly in Holstein Friesian daiattte; scrapie contamination of UK; Republic
encephalopathy feed. Experimentally transmitted to mice (Fraseaale1992), pigs (Ryder et al. of Ireland,;

2000), monkeys (Lasmezas et al. 2005, 1996) an#l (Riabinson et al. 1994). Europe

Domestic Infection with prion-contaminated bovine tissuesMBM in domestic cats. UK; Norway

cat Transmitted to mice (Fraser et al. 1994)

Cheetah Infection in a zoo specimen UK

Puma Infection in a zoo specimen UK

MBM: meat and bone meal

MB3IABI ainjelall]



Table 1: Transmissible spongiform encephalopatf@estinued, adapted from Moore and Melton 1997, Rniner 1994, 2004)
Species Disease Description Distribution
Human Sporadic CJD Sporadic: 1°16cidence; not associated with prion protein (RmRj}ations. Worldwide

Experimentally transmitted to chimpanzees, monkegts and mice

latrogenic CJD latrogenic: transmission followmgurosurgery, corneal transplant and dura matér graVorldwide

Familial CJD Familial: linked to mutations in pnigrotein; autosomal dominant, some have variablé&Vorldwide
penetrance

New variant CJD Unusual CJD variant in UK (10 &sand France (1 case) with early onset UK; France

(<42 years), unusual clinical presentation and ogathology.

Infection from bovine prions. Transmissibility todents not yet demonstrated.

Gerstmann- Familial disorder tightly linked to mutations iretiprion protein Worldwide
Scheinker-

Straussler Syndrom

Fatal familial Familial disorder linked to germline mutation ingr protein in association with a Worldwide
insomia common PrP polymorphism
Kuru Infection: Sporadic CJD spread and maintaimgdannibalism; endemic to a remote  Papua New

highland region of Papua New Guinea. Experimentadigsmitted to goats, primates anGuinea
rodents (1950)

MB3IABI ainjelall]
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2.2 Incubation time and transmission of prion diesa

When the titre of infectious prion reaches a aitithreshold, animals develop signs of
neurologic dysfunction. The time interval from indettion to clear signs of the disease
is referred to as the incubation period. The lemjtincubation period can be modified
by the dose of the infectious agent, the routenotilation, the level of PfPand
polymorphism in the sequence of Pi{Prusiner et al. 2004). Since the mean incubation
time for BSE is ~4-5 years, most cattle do not riestithe disease because they are
slaughtered between 2-3 years of age (Spongiforncefralopathy Advisory
Committee 1995). For the scrapie in sheep, thebaion period range from 3.5 — 23
months after intracerebral injection with a soumk scrapie known as SSBP/1
(Dickinson 1976).

2.2.1 Transmission of human prion diseases

The infection route of Kuru is composed of a comabion of consumption, ocular
exposure and skin exposure to the infected, unabakel cooked tissues of dead
patients at mortuary rituals of the Fore peoplePapua New Guinea (Spongiform
Encephalopathy Advisory Committee 1995). For th® G seems unlikely that the
disease is spread among humans by infection exicepihe cases of accidental
inoculations. Most of CJD cases are sporadic aadha result of a somatic mutation,
the spontaneous conversion of Pt&® PrP° or reduced clearance of low levels of BrP

that are normally present (Prusiner et al. 2004).

2.2.2 Transmission of BSE and scrapie

BSE in cattle appears to be transmitted througlteamate feeds containing ruminant-
derived meat and bone meal (MBM). The MBM is prepafrom the offal of sheep,
cattle, pigs and chicken as a high-protein nutrdlosupplement. The hydrocarbon-
solvent extraction method is used in the rendeahgffal results in MBM with much
higher fat content. This process allowed scrapiengrfrom sheep to survive rendering
and subsequently to be passed into cattle (Pruseteral. 2004, Spongiform

Encephalopathy Advisory Committee 1993)owever, an ability of the bovine
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gastrointestinal microbiota to degrade the infetigprions during digestion was
observed. Scherbel et al. (2006) demonstrated afttet incubation of the microbial
consortia collected from rumen and colon with briaomogenates of scrapie infected
hamsters for 20 hours, P¥Rvas digested up to immunochemically undetectahiels.
Especially polymyxin resistant (mainly gram-posiv bacteria expressed PBfP
degrading activity.

In sheep and goat, the natural route by which tidas agents are transmitted among
these species is unknown. However, in natural sgrape gastrointestinal tract is
considered to be the major route of infection (leadet al. 1982). Some investigations
have suggested that horizontal transmission ocotatly, and the scrapie infectious
prions diffused to sheep and goat are hypothes@edginate from placenta of infected
ewes (Andreoletti et al. 2000, Pattison et al. 191 et al. 2001). Nevertheless, there
is no evidence for vertical transmission or fonsmission through semen and embryos
(Wrathall 1997).

For experimentally transmission, scrapie and Bt k& transmitted through multiple
routes (Wrathall 1997). The disease was first tratted by intraocular inoculation
(Cuille and Chelle 1939, reviewed in Prusiner 20@4)d later by intracerebral
(Dickinson 1976, Renwick and Zlotnik 1965), orat&iner et al. 1985), subcutaneous
(Buyukmihci et al. 1985), intravenous (Kimberlindawalker 1989) and intragastrical,
intracardiac and intramuscular (Zhang et al. 20@fBctions. However, many of the
inoculated animals often failed to develop the asse (Dickinson and Stamp 1969,
Hadlow et al. 1980, 1982). Moreover, many studibswsed that different PRNP
genotypes of sheep influenced the incubation tine susceptibility to scrapie prions
inoculated, suggesting that the genetic backgrounfldience host permissiveness
(Bulgin et al. 2006, Goldmann et al. 1991a, Masieli al. 1992, O'Rourke et al. 1997).

2.2.3 Maternal —vertical transmission

Epidemiology shows that maternal vertical transiars®©f TSE is not of importance;
however, embryo transfer experiments performedeep provide contradictory results
about the possibility of this mode of infection lunting those providing support for
maternal vertical infection (Foster et al. 1996)tlmwse showing prevention of vertical
infection by embryo transfer (Foote et al. 1993, ng/aet al. 2002, 2001).
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Foster et al. (1996) examined the effect of waslihveggembryos and the viability of
highly susceptible offspring derived from scrapifeeted and uninfected donors. The
results showed that scrapie occurred in both washddunwashed embryos from both
groups of donor ewes. This is in contrast to thelytof Foote et al. (1993), who
measured scrapie transmission via the embryo bygusffspring from embryos of
scrapie-inoculated donors and scrapie-free redipjeand via the uterus by using
offspring from embryos of scrapie-free donors aadhgie-inoculated recipients taken
by cesarean section. The results showed that niotie scrapie-free donor/recipients,
including those gestating embryos from scrapieteted donors, and the offspring
from reciprocal cross, via embryo, or via the userdeveloped scrapie. These
investigations were supported by the studies itlec@iVrathall et al. 2002) and sheep
(Wang et al. 2002, 2001). The results reported éh@iryos collected from donors with
a high incidence of clinical or natural prion disealid not develop the diseases even
many embryos had the high risk genotype. In a stfdgxperimental BSE of Foster
et al. (2004), Cheviot ewes challenged orally vB®E cattle brain produced lambs of
various PRNP genotypes. Of 72 surviving to >30 rherdf age, 29 are of the most
susceptible PRNP genotype 168Q:7/A136Q171, the underscript numbers present the
order of amino acid) and born to mothers that warallenged with BSE. However,
none of the progeny have shown any signs of BS&ade From these studies it could
be concluded that prion diseases were not neittasmitted to offspring via the
embryo nor was the infective agent transmitted écipient animals during embryo
transfer procedures even when the offspring hagehtgh risk genotype. In addition,
since PrP° was detected in placenta from scrapie-infectedseiRace et al. 1998) and
oral inoculation is a major route of scrapie iniect by which lambs may be exposed to
scrapie by ingesting the transmissible agent duworgact with contaminated wool and

mammary gland of the dam (Tuo et al. 2001).
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2.3 Prion protein

2.3.1 Structure of prion protein

The mammalian PRNP encodes a protein of ~250 aatits (aa) that contains several
distinct domains, including an amino-terminal sigpaptide, a series of five peptide
repeats, a central hydrophobic segment and a cgitieoxinal hydrophobic region that
is a signal for addition of a glycosyl phosphatidgybsitol (GPI) anchor (Harris et al.
2004). The amino acid sequences of prion protei®)(fh human, cattle, sheep and
mouse with long and short incubation period fooprdisease are shown in Figure 1
and Figure 2. Codon and amino acid abbreviatioaskaown in appendix 1.

The human prion protein contains 253 aa (AAG2168Bje cattle and sheep prion
proteins contain 264 (CAA39368) and 256 (CAA04238) respectively. Mouse PrP
with long and short incubation time have the samaler of 254 aa (AAD41440 and
AAC02804, respectively). The amino acid sequendeprion protein in these four
species are quite similar especially when compargtgveen human and mouse (Figure
2), and cattle and sheep (Figure 1). Differenceshen sequence of prion protein in
mouse with long and short incubation time are assubion of leucine (L) to
phenylalanine (F) at codon 109, and threonine ¢§yaline (V) at codon 190. Between
human and mouse, the differentiation in prion grosequences consist of 26 aa was
observed, in which a deletion at codon 56, anchaertion of two amino acids between
codons 226 and 227 in mouse PrP sequence (residodber refer to the number of
human PrP). Comparison between bovine and ovirm giotein sequences shows an
insertion of eight amino acids in bovine PrP atawm®92-99, and substitution of serine
(S) -> threonine (T), serine (S) -> glycine (G)paagine (N) -> serine (S), tyrosine (Y)
-> histidine (H), and isoleucine (I) -> methioni(id) at codons 106, 108, 154, 166 and
216, respectively (residual number refer to the neinof bovine PrP).

The characteristic secondary structure elemengsiofn protein are three alpha helices,
with two small beta-sheets. From the human PrRctstre shown in Figure 3A, three
helices are shown as HA, HB and HC while two béieess are shown as S1 and S2,
and two N-linked polysaccharides are shown at éffpand center. HA is a short helix,
spanning residues 144-154, HB is a regular helansmg 173-194, and HC is longer.

The two glycosylation sites are asparagine 18lherHB, and asparagine 197 between
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HB and HC (human sequence). One disulfide bondasgnt in the protein connecting
the second and third helices via cysteinel79-ayst2i4 (Govaerts et al. 2004).

(A) (B)

Cu'*? Binding
Region

C-terminus \J‘ N-terminus "§?

Figure 3: Model of the C-terminus of human priootpim (A). Structure model of
PrP and PrF° (B)

2.3.2 Biochemical and biophysical differences betwBrP and PrF°

Pr is a normal cellular host-encoded glycoproteinnfbuin neuron system of
mammals. It is located on the exterior cell surfacwl is attached to the plasma
membrane via a GPI anchor (Stahl et al. 1990)>Hs&Pa modified isoform of PP
originated by a conformation change of Pduring a posttranslational process. This
modification is non genomic protein and causes Ti@Esimans and animals (Prusiner
1982).

Since both of PrPand Prf° have the same primary amino acid sequence anthsimi
N-linked carbohydrate side chain and GPI anchdremical differences between BrP
and PrB° are not found (Stahl et al. 1993). However, biocical and biophysical
differences between PrRind PrP° have been identified. Prs a non-infectious agent,
soluble in soft detergent and sensitive to pro&snié digestion. In contrast, Pfs an
infectious agent associated with prion diseasesciivity, insoluble in soft detergents

and resistant against digestion of proteinase K.redeer, infrared spectroscopy
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indicated that the secondary structure of“Reéntains approximately 42% alpha-helix
and 3% beta-sheet, whereas Pddntains 30% alpha-helix and 43% beta-sheet (Eigur
3B, Pan et al. 1993). In addition, while a tertiatyucture of PrP included a long
flexible N-terminal tail, three alpha-helix and twosmall anti-parallel
RB-strands that flank the first alpha-helix, a setistructure of Pr® has not yet been
obtained (Harris 1999).

2.3.3 Conversion of PfAnto PrP°

The mechanism of the conversion of B Pri° is not well understood. However,
cell-free conversion studies indicate that Pdygregates are able to convert Pirto

a protease-resistant PrP isoform (Bessen et ab,8cisko et al. 1996). In order to
explain the mechanism by which an infectious fofrRid® could induce the refolding of
native PrP molecules into the abnormal conformatibree distinct models have been
postulated: (i) the template-directed model (i template-assisted model and (iii) the
nucleation-polymerisation model (Figure 4). Thestfiand second models postulate an
interaction between exogenously introduced *Prnd endogenous PP and

a prevention of spontaneous conversion of‘RaRd Pri° by high energy barrier. The
first model (Figure 4A) suggests that Pforms a heterodimer with PrRand causes
PrP to undergo an induced conformational change thl yweP° (Prusiner 1991). The
template-assisted model (Figure 4B) states thatniruninfected cell, PfPwith wild
type sequence is likely to exist in equilibrium hvitts monomeric alpha-helical,
protease-sensitive state or bound to some otheteipsp such as protein X. The
conformation of PrPthat is bound to protein X is denoted PrP*. ThiB*protein X
complex will bind PrB°, thereby creating a replication-competent assenwiityen PrP*

is transformed into a nascent molecule of Brprotein X is released and a dimer of
PrP* remains. In this model, a fraction of infectiousP¥ dimers dissociates into
uninfectious monomers as the replication cycle @ed¢ while a majority of the dimers
accumulate in accord with the increase in prioer tihat occurs during the incubation
period (Prusiner 2004Yhe nucleation model (Figure 4C) proposes thaf Rril Pr°
are in equilibrium, strongly favouring PtPThe Pri¢is only stabilized when it adds
onto a crystal-like seed or aggregafePrP*. If a stable aggregate needs to consist

minimally of a substantialumber of Prf molecules, then its spontaneous formation
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would be a very rarevent. However, once a seed is present, monomeicaddould
ensue at a rapid rate. Fragmentation ofPirtreases the number of nuclei which can
recruit further PrP® and results in apparent replication of the ageati¢wed in
Weissmann 1999).

Heterodimer Infectious Amyloid, not essential . ;
dimer for replication Protenx
(B) 3 s
- —&*ﬂ—»“ »—
Infectious Amyloid
dimer
(<) Fragmentation into

infectious seed
Infectious
seed

s—s ¢ -8 <
Seed formation Recruitment of ‘

(very slow) monomeric
P1PSc (fast)

Amyloid

Figure 4: Hypothetical scheme for the conformatiocanversion of PrP into
PrP>°. The template-directed model (A), the templatéstémsce model (B) and the

nucleation-polymerisation model (C)
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2.3.4 Function of PfP

The precise function(s) of PrRemains unclear, but the localisation of Pdn the cell
surface would be consistent with roles in cell &ilbve and recognition, ligand uptake,
or transmembrane signalling. Defining the physiaabrole of Pri® may be relevant to
understanding the disease state, since the proi@yrfail to perform its normal function
when it is converted to the P¥HAsoform (Harris 1999). It has been shown that mice
homozygous for disrupted PRNP (PRNRleveloped and behaved normally for at least
7 months, and no immunological defects were appg@ueler et al. 1992). On the
other hand, some studies presented that PRNIRe revealed an alteration in circadian
activity rhythms and sleep patterns (Tobler etl@B7, 1996), abnormalities of synaptic
neurophysiology in the hippocampus (Colling etl®96, Whittington et al. 1995), loss
of Purkinje cells in the vast majority of cerebelfalia (Sakaguchi et al. 1996) and
a disturbance in latent learning and long-term nrymetention (Nishida et al. 1997).
However, other investigators did not observe certs#i these features (Herms et al.
1995, Lledo et al. 1996)

PrP has been suggested to be involved in severali@ingcin the cell, such as copper
metabolism, since PRNP-null mice display a reductio the copper content of
membrane-enriched brain extracts and synaptosoawidns, and a reduced activity of
copper/zinc superoxide dismutase (Brown et al. L98dditional possible functions of
the PrP are protection against oxidative stress by remgatopper ion concentration
(Brown et al. 2001, 2002, Klamt et al. 2001), tdungion of neuroprotective signals
and prevention of apoptosis function in retinaléChiarini et al. 2002). An additional
study on antiapoptotic function of Ptias done by Liang et al. (2006), who introduced
either the PrPor two pairs of RNAI into the gastric cancer dile. The results showed
that PrP slowed down apoptosis in transfected cells. Initand the apoptosis-related
protein Bcl-2 was upregulated, whereas Bax was degedated in the PfPtransfected
cells. These contrast the results in RNAi-trangéctcells that showed the
downregulated Bcl-2 and upregulated Bax. Thesdtsesuggested that Priight play

a role as an effective antiapoptotic protein throBgl-2-dependent apoptotic pathways

in gastric cancer cells.
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2.3.5 Role of PrPin prion diseases

According to the protein only hypothesis, PiiB a substrate for the infection of prion
diseases to start by the conversion of Ao PrP°. An important corollary to this
hypothesis is that an organism lacking Pehould be resistant to prion disease and
unable to propagate the infectious agent. To theés nany groups generated mice with
a targeted disruption of the PRNP gene. The resultsved thagafter challenged with
infectious prions, PRNP knockout mice were compjefgrotected against scrapie
disease and did not allow propagation of the imbeistagent (Bueler et al. 1993, Sailer
et al. 1994, Sakaguchi et al. 1996, 1995). Moreoaker grafting neural tissue with
PRNP over expression into the brain of PRNP-dedicieice followed by intracerebral
inoculation with scrapie prions, the grafts accumted high levels of Pr® and
infectivity, and developed the severe histopatholgchanges characteristic of scrapie,
whereas no pathological changes were seen in PRN&et tissue, not even in the
immediate vicinity of the grafts (Brander et al.989. In addition, heterozygous mice
with only one disrupted allele (PRK® showed partial resistance to scrapie infection
as manifested by prolonged incubation times of ~@8¢s compared to ~160 days in
Prnp’™ mice (Bueler et al. 1994). It has been showedien a Syrian hamster (SHa)
PrP transgene was introduced into PRRIBice by crossing them with transgenic
(SHaPrP) mice, the transgenic (SHaPrP) mice besaseeptible to SHa prions but not
to mouse prions (DeArmond and Prusiner 1996). Thaggest that the absence of PrP
expression is not the cause of neuronal dysfunctimimals devoid of PfPare not
damaged by exogenous PtPand the amount of PfAs a rate-limiting step in the

development of the prion disease.
2.3.6 Expression of PfP

PrP has been observed at high level in central nensysgem (CNS) and could be
detected in several non-neuronal tissues such @asrus epithelia of the skin and
upper gastrointestinal tract of human (Pammer .e1298), leukocytes, heart, skeletal
muscle, lung, intestinal tract, spleen, testis, rgvdymph nodes, Peyer's patches,
thymus, and pancreas of mice and cows (Bendheah #9092, McBride et al. 1992), as

well as on the surface of lymphocytes in humans eack (Mabbott et al. 1997).
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A prion protein isoform truncated at the C termihas been detected in ram (Ecroyd et
al. 2004), human and cattle mature sperm cellsk@&hat al. 1999), which retain only
the minimal components required for their uniqueaction. Horiuchi et al. (1995)
demonstrated the distribution of Brih sheep organs and showed that“PcBn be
detected in several tissues besides the brain asi@dpleen, lymph node, lung, heart,
kidney, skeletal muscle, uterus, adrenal glandetmhgland, intestine, proventriculus,
abomasum and mammary gland.

In brain, immunohistochemical studies have desdrdeomatic expression of Bri
neurons with no or only a minor signal in the ngirowhich is a network of
unmyelinated neuronal processes (axonal and dendnithin the gray matter of the
CNS. By electron microscopy, Priabelling in the neuropil was found on the plasma
membrane of dendrites, including spines, as welldasdritic transport vesicles,
endosomes, axolemma, axonal transport vesiclesrgmtin sheaths. In both neuronal
and glial cells, PrP was detected in the endoplasmic reticulum, Golginglex,
endosomes, uncoated transport vesicles and thex@laembrane, which are important

parts of the biosynthetic and endocytic pathwayiéwed in Harris et al. 2004).
2.3.7 Accumulation of Pri®

In natural scrapie, the gastrointestinal tractakelved to be the major route of infection.
The earliest accumulations of PfPare found in ileal Peyer's patch, tonsil,
retropharyngeal lymph nodes, mesenteric-portal lympodes, and intestine.
Accumulation of Prf in the enteric nervous tissue has been reportagpear later but
still in an early phase of the disease (Andreolettial. 2000, Hadlow et al. 1982,
Maignien et al. 1999). PrPalso aggregates in other tissues such as tingiody
macrophages (TBMs), follicular dendritic cells (FE)C distal jejunal lymph node,
medial retropharyngeal lymph node (RPLN), spleed placenta in sheep with both
clinical and nonclinical disease (Ersdal et al. 2Qteffrey et al. 2000, Race et al. 1998,
Schreuder et al. 1998, van Keulen et al. 1996). 8aréest traces of PTPin the brain
have been found in the autonomic myenteric nervplexus and in the nucleus
parasympathicus nervi X of the brain stem whennadiuinfected lambs are 9 months
old (Andreoletti et al. 2000). The scrapie prioeera to reach the spinal cord at the

same time since the PfRvas detected in the dorsal motor nucleus of thypiyand the
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intermediolateral column of the thoracic segmer&sr10 in naturally infected lambs at
the age of 10 months (van Keulen et al. 2000).

The presence of PtPin placentas from clinically scrapie-affected goand ewes was
demonstrated by mouse bioassays.>Paecumulation was detected in foetal chorion
from pregnant scrapie-incubating ewes. Interesfingfhe placenta from a scrapie-
incubating ewe can be found as Prpositive in its first gestation and negative ie th
following gestation (Andreoletti et al. 2002). Moker, Tuo et al. (2002) indicated that
accumulation of PrP is eliminated or reduced to undetectable levelsejroductive
and placental tissues if infected ewes are notrnameigor conceive conceptuses with
a resistant PRNP genotype.

2.4 The prion protein gene

2.4.1 Gene structure

The prion protein gene is located on the short afrahromosome 20 in human, the
syntenic region chromosome 2 in mouse (Prusined2@hd chromosome 13 in cattle
and sheep (Castiglioni et al. 1998, Schlapfer et1888). The gene structures of all
species are similar. All of them contain three esxamhich are separated by two large
introns, and the coding regions (CDS) of all areated on exon 3. The length of the

exons, introns and CDS of human, cattle, sheepramge PRNP are shown in Table 2

Table 2: Size (base pairs) of exons, introns ab& ©f human, cattle, sheep and
mouse PRNP
Species Exonl Exon2 Exon3 CDS Intron1l Intron 2
Humart 134 99 2,354 762 2,622 9,975
Cattle’ 53 98 4,091 795 2,436 13,552
Sheep 52 98 4,028 771 2,421 14,031
Mouse

- long incubation timé a7 98 2,009 765 2,190 11,127

- short incubation tinfe 47 98 2,153 765 2,190 17,733

Reference numbéf U29185, AJ298878°U67922,% U29187,> U29186
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2.4.2 Polymorphisms of human, cattle and mouse PRNP

In the human prion protein gene, a polymorphismcadon 129 encoding either
methionine (M) or valine appears to influence hurpaion disease expression in the
Caucasian population, not only in the inheritedrferbut also in the iatrogenic and
sporadic forms. Genotype frequencies for the cdizgh polymorphisms in Caucasians
are 12% VIV, 37% M/M and 51% M/V. In sixteen pat®(fifteen white and one black)
from United Kingdom, United States and France wathogenic CJD, eight (50%) were
VIV, five (31%) were M/M, and three (19%) were M/\Thus, a disproportionate
number of patients with iatrogenic CIJD were homozggfor valine at human PrP
codon 129. This contrasts to the frequency of thall¥le in the Japanese population
which is much lower and heterozygosity at codon KRfnhore frequent in Japanease
CJD patients (18%) than in the general populatibrere the polymorphisms are 0%
VIV, 92% M/M and 8% M/V (reviewed in Prusiner 1998yadsworth et al. (2004) also
reported that the generation of variant CJD indgamic mice required expression of
human prion protein with methionine 129; expressiérhuman PrP with valine 129
resulted in a distinct phenotype and persistenca bérrier to transmission of BSE-
derived prions on subpassage. In addition, the zggusity for methionine at codon
129 of the human PrP appears to influence the oofseteurological and hepatic
symptoms in patients with the copper storage desowtlilson disease as well (Merle
et al. 2006).

An insert of144 bp containing six octarepeats at codon 53 (&regeats are normally
present) was described in patients with CJD fromr fiamilies residing in southern
England. It has been demonstrated that inserts df 3, 6, 7, 8 or 9 octarepeats in
addition to the normal five are found in individuaith inherited CJD. Moreover,
a polymorphism resulting in substitution of glutae@E) -> lysine (K) at codon 219
has been reported in the Japanese (Shibuya €398) And Korean populations (Jeong
et al. 2005). The lysine at codon 219 seems liketydominant and protects against
CJD over the glutamine in both populations. In &ddj it seems that PfPis not
converted to PrP in the people carrying K/K genotype (reviewed mger 2004).
Many polymorphisms of bovine PRNP have been redateshown in Figure 5 (Sander
et al. 2004). The positions of 60 polymorphismsedigtd in German cattle are indicated

with respect to the PRNP reference sequence AJB98Bie nucleotide sequence
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variants detected in the coding region of the be\WRNP are a variation in the number
of octapeptide repeats and the substitution of ase A, C -> T and C->T at position
numbers 234, 339 and 576 of the coding region,ecsmly. For the octapeptide
repeats polymorphism, most cattle have five repebtd some have six repeats
(Goldmann et al. 1991b, Hunter et al. 1994) anches@ven repeats in Swiss brown
cattle (Schlapfer et al. 1999). The amino acid sagas of the octapeptide repeats are
Pro-His-Gly-Gly-Gly-Try-Gly-GIn or its longer vanmds Pro-GIn/His-Gly-Gly-Gly-Gly-
Try-Gly-GIn (see amino acid abbreviations in Appi@ntl). In contrast to human and
sheep, no bovine PRNP polymorphism associated ¢optfion disease has been
reported. An analysis of 370 cattle in Scotlandesded no difference between the
frequencies of the PRNP octapeptide repeats geemt{®/6, 6/5 and 5/5 repeats) in
healthy cattle and cattle with BSE (Hunter et a094). Eventhough significant
differences in allele frequencies for the 23 bgertisn/deletion (indel) and 12 bp indel
polymorphisms (Figure 5) were observed in comparibetween healthy and BSE
infected German cattle (Sander et al. 2004), tisifferences were not found in

Holstein cattle in Japan (Nakamitsu et al.2006).

23 bp Indel 12 bp Indel oclapeplide repeat 14 bp Indel

coding reglen Exon 3

1 kb
Figure 5: Diagram illustrating the genomic architee of the bovine PRNP.
(a) The positions of 60 polymorphisms detected amn@n cattle. (b) The three PRNP

exons are presented by black boxes; the proteimgadgion is shown as a hatched box

In mouse, classical genetic analysis of the comdfoME7 scrapie agent incubation
period identified the presence of a single geneoding two alleles; s7 for the one
which shortens the incubation time (180-200 days) @7 for the one which prolongs
the incubation time (300 days or more) (DeArmond Brusiner 1996, Dickinson et al.
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1968). It has been shown that these two allelese ham association to the
polymorphisms at codons 108 [leucine (L) -> phelaylane (F)] and 189 [threonine (T)
-> valine] of the murine PRNP. Threonine at cod@&®® 1s retained in mouse strains
carrying allele s7 but is absent in mice carrying pt codon 108, mice with short
incubation time encode leucine while mice with lomgcubation time encode
phenylalanine. The association between these twgmpophisms and incubation
period of prion disease in mice was supported bydBaet al. (2005) which presented
that both codons 108 and 189 control TSE incubdtior and that each polymorphism
plays a distinct role in the disease process.

2.4.3 Polymorphisms of ovine PRNP and associati@ttapie susceptibility

In sheep, within the PRNP coding sequence, seveoamorphisms have been
identified up to date as described in Table 3 (D@Set al. 2003, Lan et al. 2006,
Seabury and Derr 2003, Tranulis 2002). The polyrisrs at codons 136 [alanine (A)
or valine(V)], 154 [histidine (H) or arginine (Rfnd 171 [glutamine (Q), arginine or
histidine] of the ovine PRNP have been found tditkeed with phenotypic expression
differences of scrapie including incubation periolihical signs and pathology. On the
other hand, further polymorphisms are rare, and association between these
polymorphisms and any disease phenotype has bgemted (Tranulis 2002). The
presence of valine at codon 136 was detected mwsthatural scrapie-infected sheep
and is believed to be associated with high sudwéiptito scrapie and short survival
times. Whereas alanine at codon 136, which wasdanostly in healthy sheep of the
same flocks, is believed to be linked to resistamcmcubation times that span beyond
the lifetime of sheep (Hunter et al. 1996, 199349 aplanche et al. 1993, Tranulis
et al. 1999). The polymorphism at this positionegg, in addition, to be associated to
control the disease incidence and to modulate th®ubiation period even in
experimentally induced scrapie sheep (Goldmanh &081a, Maciulis et al. 1992).
Clouscard et al. (1995) and Tranulis et al. (199&nonstrated that the major genetic
factor controlling the susceptibility to naturalraoie in sheep is also represented by
glutamine at codon 171 of the PRNP. Even the PRINfe &ncoding valine at codon
136 confers a high risk of scrapie in many sheegeds, in some breeds i.e. Suffolk

breed, this allele is vanishingly rare. Hunterle{97) showed that in a single closed
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flock of Suffolk sheep in Scotland, scrapie occdrpgimarily in animals which were
homozygous for glutamine at codon 171, a genotyipielws significantly less frequent
in healthy flocks. Moreover, O'Rourke et al. (19prgsented that after being inoculated
orally with a scrapie agent into a Suffolk flock, sheep developing scrapie during the
observation period were homozygous for the gluteman codon 171, whereas all
homozygous for arginine and heterozygous remaineel ¢f scrapie. There was only
one homozygous for arginine at codon 171 diagnestdscrapie in Japan reported by
Ikeda et al. (1995).

The association between susceptibility to scraptéethe polymorphism at codon 154 is
unclear; however, there was evidence suggestirgatimestidine substitution at codon
154 enhances the resistance to scrapie (Elsen &0@9, Thorgeirsdottir et al. 1999,
Tranulis et al. 1999).

Table 3: Polymorphisms in the coding region of el #tRNP

Codon number Amino acid variant Codon number Andoial variant
85" G<>R 146 N<>S
101" Q<->R 151 R<->C
112 M<->T 154 R <->H
116’ A<->P 167 R<->S
127 G<>S 171 Q<>K
136° A<>T 17F Q<->RorH
136" A<->V 176 N <-> K
137 S<>A 180 H<->Y
13¢ M<->T 189 Q<->L
138’ S<>R 198 T<>S
141 L<->F 196 T<>S
143 H<->R 21% R<->Q

Lan et al. (2006Y, Tranulis (2002)7 Seabury and Derr (2003)DeSilva et al. (2003)
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2.4.4 Ovine PRNP genotypes and risk groups

From the three polymorphisms of ovine PRNP desdribbove, twelve alleles are
possible derivable, but only five alleles are comiyicseen. They are AdR154R171,
A136R154Q0171, A1zeRisaH171, ArzeHi54Q171 and VizeRis4Q171. The underscript numbers
present the order of amino acid, here after ARR,QARARH, AHQ and VRQ,
respectively (Belt et al. 1995, Tranulis 2002) nkttural scrapie flocks, the VRQ allele
was detected with high frequency in scrapie afttcieeep, whereas the ARR variant
was almost exclusively present in the healthy slddpe flock-mates and believed to
be associated with resistance to developing timécali signs of scrapie (Belt et al. 1995,
Goldmann et al. 1994, O'Doherty et al. 2002, Thiosgettir et al. 1999). A study of
Bossers et al. (1996) demonstrated that sheepawideast one AR allele (polymorphic
amino acids at codons 136 and 171 are indicated)ati develop scrapie.

For the rest of the alleles, ARH allele is likely be neutral, while the AHQ allele
decreased the risk of developing scrapie. The AH€eawas not found in scrapie-
affected animals in Icelandic sheep (Thorgeirsdettial. 1999, 2002, Tranulis 2002).
However, VRQ and ARR alleles act dominant over ARQ and ARH alleles. The
mechanisms by which the different PRNP alleles rdoute to differences in scrapie

susceptibility and incubation time are not clear.

Table 4: Ovine PRNP genotypes and risk groups doupto the polymorphisms
at codons 136, 154 and 171

Risk group Genotype
R1 ARR/ARR
R2 ARR/AHQ, AHQ/AHQ
R3 ARR/ARQ, ARR/ARH, ARQ/AHQ,
ARH/AHQ
R4 ARH/ARH, ARQ/ARH, ARQ/ARQ,

VRQ/ARR, VRQ/AHQ
R5 VRQI/ARQ, VRQ/ARH, VRQ/VRQ
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Based upon the common five alleles, fifteen genegypave been investigated (Table
4). These genotypes have been divided into fivé&k gsoups according to the
susceptibility to scrapie. The ARR/ARR genotypesKrgroup 1, R1) is classified as
resistant to scrapie group, while the VRQ/ARQ, VRRH and VRQ/VRQ genotypes
(risk group 5, R5) are classified into the highcgyible group (Erhardt et al. 2002).

2.4.5 Expression of PRNP mRNA

PRNP mRNA is predominantly expressed in many regioh the central nervous
system (CNS) of humans and animals (Han et al. ,20@6is et al. 1993, Kubosaki et
al. 2000, Manson et al. 1992, McLennan et al. 20@dhopad et al. 2003). In the brain,
the mMRNA was predominantly localised within pyraalidells of the hippocampus,
large neurons of the thalamus and neocortex, arldrifeicells of the cerebellum (Tanji
et al. 1995). In the septum, the levels of PRNRsicapts and choline acetyltransferase
were found to increase in parallel during developinieeviewed in Prusiner 2004).

In non-neuron tissues, PRNP mRNA was observed lieesp lymph nodes, thymus,
muscle, liver, kidney and lung of sheep and cdtidan et al. 2006, Tichopad et al.
2003), but unable to be detected in kidney and lofemice (Miele et al. 2003). The
gene transcript was also found in reproductiveuésssuch as caruncle, myometrium,
stratum longitudinale tunicae muscles and circldgers of muscular tunics of ewes
(Kubosaki et al. 2000), and in spermatogenic a#llmice (Fujisawa et al. 2004).

During embryogenesis, PRNP transcripts were foumddveloping brain and spinal
cord of embryonic day 13.5 as well as in ganglial aerves of the central and
peripheral nervous system of embryonic day 16.&ite. The gene transcript was also
detected in extra-embryonic tissues from day 6.8 enspecific non-neuronal cell
populations such as intestine, dental lamina, tboith and kidney of the 13.5 and 16.5
day embryos. However, no PRNP transcript could éteaded by days 6.5 and 9.5 of
mouse embryogenesis (Manson et al. 1992). This isontrast to the later study of
Miele et al. (2003), who represented the expressioRPRNP mRNA in developing
neurons of mice since days 8.5 to 9.5. In chickeRNA for a chicken PrP was
detected in the brain and spinal cord as earlyags6d(the earliest stage studied) and
was also found in dorsal root ganglia, retina, stite and heart of day 11 embryos
(Harris et al. 1993).
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3 Material and methods

This study was started with the PRNP genotypinghieep of various breeds according
to the reported polymorphisms at codons 136, 1841411 (Tranulis 2002). The sheep
were then classified into 5 risk groups as desdribeerhardt et al. (2002). A number of
resistant (R1) and high susceptible to scrapie @#s were selected and mated to ram
of the same risk group. PRNP mMRNA expression aimlygas performed in
preimplantation embryos by real time RT-PCR, iniaas reproductive tissues of
pregnant ewes and various tissues of their conseptaluring prenatal stage using
semiquantitative RT-PCR. Moreover, normal cellydgon protein (PrP) was detected
in reproductive tissues of pregnant ewes, 1-moidhf@etuses and various tissues of
2-month-old foetuses using western blotting. Lazlon of the gene transcript and the
protein was performed in adult ovaries and 1-maith-foetuses by in situ
hybridisation and immunohistochemistry, respectivel

3.1 Material
3.1.1 Animals and sampling

Sheep of various breeds were used for PRNP gematypiowever, after grouping and
selection, Black head and Bentheimer breed weré imsegene and protein expression
analyses. All of the Bentheimer sheep were R5 gpest whereas most of the Black
head sheep were R1 genotype. Immature oocytesrenabgytes and in vivo embryos
at morula stage were collected from specificalljected ewes using standard
techniques and subjected to RNA isolation as meatan 3.2.4.1. In addition, foetuses
and female reproductive organs such as ovary, otji@gmdometrium, myometrium and
caruncle were collected from R1 and R5 ewes at1the?™ 3° and %' month of
pregnancy (n = 2 from each group). The foetusehat?®, 3¢ and &' month were
separated into single organs of brain, cotyledpmas cord, heart, intestine, liver, lung,
muscle and spleen. The samples were snap frozkquid nitrogen and kept at -80°C
until used for RNA isolation (in 3.2.4.2), fluoreswe in situ hybridisation (in 3.2.9),
western blotting (in 3.2.10) and immunohistocheryig§n 3.2.11).
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3.1.2 Laboratory equipment

Amersham Biosciences (Buckinghamshire, UK):
Ultraspec 2100 pro spectrophotometer
Applied Biosystems (Foster City, CA, USA):
ABI Prism’ Sequence Detection System Instrument
BioRad (Munich, Germany):
Electrophoresis, Power Supply PAC 3000, Power Suiiti-Protrart’,
Trans-Blot SD Semi-Dry Transfer Cell
Carl-Roth (Karlsruhe, Germany):
Hellendahl jars, Rotilabo®-Probenréhrchen
Heraeus (Hanau, Germany):
Incubator (BB16)
Hermle (Wehingen, Germany):
Centrifuge
Leica (Nussloch, Germany):
Cryostat CM 3050 S
Li-cor Biotechnology (Lincoln, USA)
Li-cor autonated DNA sequencer (model 4200)
MJ Research (USA):
PCR thermal cycler (PTC 100)
Menzel-Glaser (Braunschweig, Germany):
SuperFrost Plus slide
Schleicher & Schuell BioScience (Dassel, Germany):

Nitrocellulose transfer membrane (Protfapore size 0.45 pm)
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3.1.3 Biological materials, reagents, kits and st
3.1.3.1 Biological materials

Applichem (Darmstadt, Germany):
50x Denhardt’s solution
Biomol (Hamburg, Germany):
Lambda DNAEco91l (BstE 1), Lambda DNAHindlll, Phenol
Biozym Diagnostik (Hessisch-Oldendorf, Germany):
Sequagel XR sequencing gel, Sequagel completernahgent
Fermentas (St. Leon-Rot, Germany):
PageRuler™ Unstained Protein Ladder, Ribonucl@éaggbonuclease T1
Invitrogen (Karlsruhe, Germany):
Dynal beads Oligo (dT)25
Kodak (Japan):
Autoradiography film (Kodak Biomax XAR film)
Merck Eurolab GmbH (Darmstadt, Germany)
Kaiser’s glycerol gelatine, Hematoxylin
MWG Biotech (Eberberg, Germany):
Oligonucleotide primers
Promega (Mannheim, Germany):
Random primer, RQ1 RNase-free Dnase and 10x RiMesdsuffer,
RNasirf Ribonuclease inhibitor inhibitor, DTT 0.5 M
Roche (Mannheim, Germany)
Fish sperm DNA, Horseradish peroxidase anti-digemin antibody
Roth (Karlsruhe, Germany):
Acetic acid, Agar-Agar, Ampicillin, Ammonium pergdisulfate, Boric
acid, 5-bromo-4-chloro-3-indol\fi-D-galactopyra-noside (X-gal),
Bromophenol blue, Chloroform, DEPC, Dimethyl sulfitex(DMSO), Di-
sodium hydrogen phosphate dihydrate f#\&0,*2H,0), dNTPs set,
Ethanol, Ethylenediamine tetra acetic acid di sodaalt, Ethidium
bromide, 37% Formaldehyde, Formamide, Glyceringrbighloric acid,
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Hydrogen peroxide (30%), Isoprog}dD-thiogalactoside (IPTG),
Korsolin” FF, Methanol, Mop, N,N’-dimethylformamide, Pepton,
Proteinase K, Sodium acetate, Sodium chloride, Bodii-hydrogen
phosphate, Sodium dodecyl sulfate (SDS), Sodiunndxyde, TEMED,
Tris, Tri-sodium-citrate*2HO, Xylene cyanol, Yeast extract

SERVA Electrophoresis GmbH (Heidelberg, Germany):
Acrylamide, Bisacrylamide

Sigma-Aldrich Chemie GmbH (Taufkirchen, Germany):
Acetic anhydrid, Acetone, Agarose, 3-amino-9-athghazole (AEC), 6-
aminohexanoic acid, Blue dextran, Dextran sulphate,
Dimethylformamide, Glycine, Guanidine hydrochloridigepal,
Isopropanol, Lithium chloride, 2-Mercaptoethanay&formaldehyde,
Polyvinyl pyrolidone (PVP), Ponceau S, Proteaséitdr cocktail, Tag
DNA polymerase and 10x Buffer, Triethanolamine, Reiagent, Tweéh
20, Yeast tRNA

Stratagene (Amsterdam, NL):

5a DH Escherichia coli competent cells
3.1.3.2 Kits

Amersham Biosciences (Buckinghamshire, UK):
ECL Plus Western Blotting Detection
Biozym Diagnostik (Hessisch-Oldendorf):
SequiTherm Excé&'ll DNA sequencing kit
Invitrogen (Karlsruhe, Germany):
Superscript” Il RNase HReverse Transcriptase
PerKin Elmer (Rodgau Juegesheim, Germany)
TSA™-Plus Fluorescein System
Promega (Mannheim, Germany):
pGEM-T vector
Qiagen (Hilden, Germany):
RNeasy Mini Kit
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Roche (Mannheim, Germany):
DIG RNA labelling kit
Santa Cruz Biotechnology (Heidelberg, Germany)
Mouse ABC Staining System
Sigma (Steinheim, Germany):
GenEluté" Plasmid Miniprep Kit
SYBR" Green JumpStdff Tag ReadyMiX™

3.1.3.3 Buffers and reagents

All solutions were prepared with deionised and deralised millipore water and pH
was adjusted with sodium hydroxide (NaOH) or hytitoac acid (HCI).

General reagents

DEPC-treated water: DEPC 1.001
Water added to 1,000.0tnl
Incubate overnight at 37°C and heat inactivate by
autoclaving

dd HO: Deionised millipore water

Autoclave (for in situ hybridisation)

10x PBS: NaCl 87.67
NaHPO,.2H,O 15.00¢
NaH,PO, 2.04 ¢
Water added to 1,000.060l

For in situ hybridisation, treat with 1 ml| DEP@g¢ubate

overnight at 37°C and heat inactivate by autoclgvin
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1x PBS: 10x PBS 100.0nl
Water added to 1,000.0ml
For in situ hybridisation, treat with 1 ml DEP@g¢ubate

overnight at 37°C and heat inactivate by autoclgvin

1x PBS-Tween (PBST): 1x PBS 999.50
Tweerf20 0.50 ml

Tris-HCI (1 M): Tris 121.14¢9
Water added to 1,000.0ml

Adjust pH to the required pH

EDTA (0.5 M, pH 8.0): Ethylendiamin tetra acetic acid

disodium salt 186.12 g
Water added to 1,000.00 ml
EDTA (5mM, pH 8.0) EDTA (0.5 M, pH 8.0) 10.0nl
Water added to 1,000.00 ml
DNA isolation
Digestion buffer: 9% NacCl 6.50nl
Tris (1 M, pH 7.5) 5.00ml
EDTA (0.5 M, pH 8.0) 0.20ml
SDS (10%) 1.00ml
Mercaptoethanol 2.00 ml
Proteinase K 10 mg/mi

Phenol-Chloroform 1/1 (viv)
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1x TE buffer:

RNA isolation

Binding buffer:

Washing buffer:

Protein isolation

Guanidine

hydrochloride (0.3 M):

4x Sample loading

buffer:

DNA electrophoresis

50x TAE:

Tris-HCI (1 M, pH 8.0)
EDTA (0.5 M, pH 8.0)
Water added to

Tris-HCI (1 M, pH 7.5)
Lithium chloride (5 M)
EDTA (5 mM, pH 8.0)
Water added to

Tris-HCI (1 M, pH 7.5)
Lithium chloride (5 M)
EDTA (5 mM, pH 8.0)
Water added to

Guanidine hydrochloride
95% Ethanol added to

Tris (1 M, pH 6.8)
SDS
2-Mercaptoethanol
Glycerine
Bromophenol blue
Water added to

Tris
Acetic acid
EDTA (0.5 M, pH 8.0)

0.50n|
0.10ml
50.00 ml

1.00ml
10.00ml
20.00ml
50.00 ml

0.5l
1.50ml
1.00ml

50.00 ml

1.48
50.00 ml

13.00
6.00g
10.0@n|

20.00m!
10.00ng

50.00 ml

242.00g
57.10ml
100.00ml

30
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10x TBE:

Blue dextran loading

buffer:

PAA loading buffer:

RNA electrophoresis

10x FA buffer (pH 7.0):

1.5% FA gel:

Water added to

Tris

Boric acid

EDTA (0.5 M, pH 8.0)
Water added to

Blue Dextran
EDTA (0.5 M, pH 8.0)
Water
Formamide

Formamide
NaOH
Bromophenol blue
Xylene cyanol
Water added to

MOPS
Sodium acetate
EDTA
Water added to

1.000.00 ml

108.00g
55.00g
40.00ml

1,000.00 ml

50.00q
50.0Qul

0.95ml
5.00 mi

47.50m|

0.40g
125.00ng
125.00mng
50.00 mi

41.8§
4.19

20.00 ml

1000.0nl

1 litre of 1x FA buffer containing 20 ml of 37%

formaldehyde

Agarose
10x FA buffer

DEPC-treated water added to

1.5Q
10.00ml
100.60

Boil for 3 to 5 min until agarose is completelgshlved,
add 5ul of Ethidium bromide and 1.8 ml of 37%

formaldehyde
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Protein electrophoresis

Anode buffer I:

Anode buffer II:

Cathode buffer:

Seperation gel (15%):

Stacking gel:

Tris-HCI (1 M, pH 10.4)
Methanol
Water added to

Tris-HCI (1 M, pH 10.4)
Methanol
Water added to

Tris-HCI (1 M, pH 9.4)
Methanol
6-aminohexanoic acid
Water added to

Acrylamide/Bis-acrylamide
[30%/0.8% (w/w)]

Tris-HCI (1 M, pH 8.8)
SDS (10%)

Water

Temed

APS (20%)

Acrylamide/Bis-acrylamide
[30%/0.8% (w/w)]
Tris-HCI (1 M, pH 6.8)
SDS (10%)
Water
Temed
APS (20%)

150.060l
50.00ml
500.00 ml

12.50nl
50.00ml
500.00 ml

12.50!
50.00ml
3.94

500.00 ml

7.50 ml

5.60ml
0.15ml
1.75ml
10.00pl
30.00 pl

1.50 ml

1.30ml
0.15ul
7.05ml
10.00ul
30.00 pl
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10x Running buffer:

0.2% Porceau S:

Cloning

Amplicillin:

IPTG solution (0.5 M):

LB-agar plate:

LB-broth:

Tris 30.3@
Glycine 144.00g
SDS 10.00g
Water added to 1,000.00 ml

Ponceau S 160
Acetic acid 50.00ml
Water added to 500.00 ml
Amplicillin 10.00 mg
Sterilized water 1.00 ml

IPTG 1.2@
Water added to 10.0enl
Filter-sterilize and store at -20°C

NaCl 8.0@q
Peptone 8.00y
Yeast extract 4.0Q
Agar-agar 12.00g
NaOH (1 N) 0.48ml
Water added to 800.0énl
Autoclave-sterilize
NaCl 8.00g
Peptone 8.00y
Yeast extract 4.0Q
NaOH (1 N) 0.48ml
Water added to 800.0én!

Autoclave-sterilize

33
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X-Gal working solution:

In situ hybridisation

50% Dextran sulphate:

70% DMF:

Hybridisation buffer:

NaCl (2.5 M):

X-Gal 50.00ng
N, N"-dimethyl-formamide 1.00ml
Store at -20°C.

Dextran sulphate 290
DEPC-treated O 2.50 mi
Leave to dissolve overnight. Adjust to 4.0 ml wEPC-
treated HO. Prepare always fresh in 25.0 ml measuring
cylinder one day prior to preparation of hybridisat
buffer

Dimethylformamide (DMF) 3.50nl
DEPC-treated O 1.50 ml

Prepare fresh

50% Dextran sulphate 4.08
NaCl (2.5 M) 1.20ml
Formamide, deionised 10.0Gl
20x SSC 2.00ml
Yeast tRNA (10 mg/ml) 0.40ml
50x Denhardt's solution 0.460l
Fish sperm DNA (10 mg/ml) 2.0onl

Mix thoroughly, wait until air bubbles have dis&payped,

and store 1 ml aliquots at -20°C

NaCl 14.61g
Water added to 100.0nl
Treat with 0.1% (100 pl) DEPC, incubate overnigiht

37°C and heat inactivate by autoclaving
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4% PFA (pH 7.3):

20x SSC (pH 7.0):

2X SSC:

0.1 M TEA buffer
(pH 8.0):

TNB blocking buffer:

TN buffer (pH 7.5):

TNT wash buffer:

Paraformaldehyde 10.60
1 x PBS added to 250.00l
Bring to 65°C under ventilation hood, add 5 pbad¥l
NaOH for solution to become clear, store protefitech

light and use within 2 weeks

NaCl 87.66
Tri-Na-citrate*2 HO 4412 g
Water added to 500.tnl

Treat with 1% (500 pl) DEPC. Incubate overnigh8atC

and heat inactivate by autoclaving

20x SSC 100.0ml
DEPC-treated water 900.00 ml
Triethanolamine 13.260l
DEPC-treated water added to 1,000000

Autoclave. Store at RT protected from light

Blocking reagent 0.59

TN buffer 100.00ml

Add blocking reagent slowly in small incrementsi'te
buffer while stirring, if necessary heat to 60°Gltssolve

completely. Store aliquots at -20°C

Tris 12.11g
NacCl 8.779
Water added to 1,000.00 ml

TN buffer 995.00n|

10% Tween 20 5.00 ml
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10% TweerP0: DEPC-treated ¥D 45.00 ml
Tweerf20 5.00 ml
Yeast tRNA (10 mg/ml): Yeast tRNA 25.06hg
DEPC-treated KD 2.50 ml

Dissolve by incubating on ice for at least 1 h.

Store aliquots at -20°C.

Immunohistochemistry

AEC stock solution: AEC 100.00ng

DMF 10.00 ml
Store at 4°C and protect from light

AEC substrate (10 ml):  AEC stock solution 0.5dl
Sodium acetate (50 mM, pH 5.0) 9.501
Sodium hydroxide (30%) 5.00 pl

Sodium acetate Sodium acetate 440

(50 mM, pH 5.0): Water added to 1000.0q

3.1.4 Sources of software and Internet facilities

ABI Prism’ Sequence Detection SystemApplied Biosystems (Foster City, USA)

Software

BLAST program http://www.ncbi.nlm.nih.gov/blast/

Image analysis program (version 4.10) Li-cor Batinology (Lincoln, USA)

Multiple sequence alignment http://prodes.toulansa.fr/multalin/
multalin.html

Primer Express Software version 2.0 Applied Biosystems (Foster City, USA)

SAS version 8.0 SAS Institute Inc. (Cary, NC)

Weight to Molar Quantity (for nucleotidehttp://www.molbiol.ru/eng/scripts/
01_07.html



Table 5: Details of primers used for amplificateomd sequencing

. o Position within | Product Annealing Accession
Genes Primer sequence (5°-3") .
ref sequence | size (bp)| temperature (°C) number
Ovine PRNP TCAGTGGAACAAGCCCAGTAAGC 22577 283 Touch down U67922
(external} GGTGGTGACTGTGTGTTGC 22859 64-58
Ovine PRNP AGCTGGAGCAGTGGTAGG 22637
_ 198 60 U67922
(internal) GTGATGTTGACACAGTCATGC 22814
_ CCAAGCTGAAGCATCTGTCTTCC 89
Ovine PRNP=¢ 131 58 NM_00100948
TCACTCCACATGGCCACAAAG 219
. CACCTCAAATCTAGGACGACTAGCC 210
Ovine H2& 117 60 AY074805
CGATGCATTTCCTGCCAATTC 326
GCGCGCAAATTACCCAC 89
18S-rRNA%* 159 54 AF176811
GCTGGAATTACCGCGGCT 247

2 The primer used for DNA amplification in genotygiprocedure’, The primer used for PRNP sequencing,

° The primer used for RT-PCRThe primer used for real time PCR

SpoyIoW pue [elafei

L€
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3.2 Methods

3.2.1 Primers design

All of the primers used in this study were desigi@dPCR amplification anth vitro
transcription using Primer Expré&sSoftware v2.0 (Applied Biosystems, Foster City,
CA, USA). Primer sequences, size of amplified paisiuannealing temperature and the

GenBank accession number are shown in Table 5.

3.2.2 PRNP genotyping

3.2.2.1 Blood sampling

To identify the PRNP genotype of ewes and ramanlLof blood was taken from the
jugular vein of the animal, kept in a tube contagn500 pl of 0.5 M EDTA as an
anticoagulant and chilled immediately on ice. Aftentrifugation of blood samples at
1,100 rpm for 30 min, the blood was separated ihjoa lower red blood cell phase,
2) a middle phase of white blood cells, and 3) bbudess upper aqueous phase of
plasma. The middle layer was transferred to a nenles 15 ml tube. Nine ml of
deionised and demineralised water was added teahmple and the mixture was then
mixed by inversion for 20 sec followed immediatbly adding 1 ml of 9% NaOH. The
mixture was centrifuged at 1,100 rpm for anothemii. Supernatant was discarded

and the pellet was used for DNA isolation.

3.2.2.2 DNA extraction from blood samples

Genomic DNA from blood samples of sheep was isdlatgsing standard
phenol/chloroform extraction method. All centriftiga steps were conducted at 12,000
X g. To the white blood cell pellet from previougs 0.7 ml of digestion buffer and
20 pl of proteinase K were added. The mixture washated at 50°C overnight at 100
rom in a shaking incubator. Complete pellet digestiresulted in a viscous
homogeneous solution. An equal volume of phenatdibrm was added and mixed

by several inversions. The sample was then cegadudor 10 min at room temperature.
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After centrifugation, the sample was separated:idfoa lower phenol-chloroform
phase, 2) an interphase of protein and 3) an upgaeous phase of DNA. The aqueous
phase was transferred into a 2.0 ml microcentrifugpe and washed by mixing with an
equal volume of chloroform to remove residual pheAéter centrifugation for another
10 min at room temperature, the DNA containing dljgeous phase was transferred to
a new 2.0 ml tube and precipitated by mixing withOlvolume of sodium acetate (3 M,
pH 8.5) and a double volume of isopropanol. Thetanxwas incubated overnight at -
20°C or 2 hours at -80°C followed by centrifugatifox 20 min at 4°C. Then, the
supernatant was drained and the pellet was wasliddOb ml of 75% ethanol to
remove excess salt. After centrifugation for anott@ min at 4°C, the DNA pellet was
briefly air dried and dissolved in 0.3 to 0.5 mllof TE buffer. The DNA concentration
was measured by the formula: 50 x absorbance ah@6R dilution factor. A value of
more than 1.5 of the absorbance 260/280 ratio atadjiity of high molecular weight
indicates a good quality of DNA. A working DNA stilbn was prepared by diluting
stock DNA with 1x TE buffer to the concentration5ff ng/ul. The stock DNA solution
was kept at -20°C and the working solution was leegt°C.

3.2.2.3 PCR amplification

The ovine PRNP was amplified using Ovine PRNP (ext¢ primers (Table 5). PCR
was performed by combining 2 ul of working DNA dibm and 18 ul of master mix
containing 2 pl of 10x PCR buffer, 0.5 pl of dNT@® pmol/ul), 0.5 ul of each primer
(20 pmol/ul) and 0.2 ul of Taq polymerase (5 upis/The thermal cycler PTC (MJ
Research Inc.) was used to run the PCR at 94°G fmin followed by 35 cycles of
94°C for 30 sec, 58°C for 30 sec and 72°C for 3f) adinal extension step was run at
72°C for 5 min. Five microlitre of the PCR prodweas electrophoresed on a 1.5%
agarose gel and UV-Transilluminator's documentdak fest of the PCR product was

kept at 4°C for the next step of sequencing.
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3.2.2.4 Sequencing

Direct DNA sequencing was employed to genotype BRNP polymorphisms as
previously described by using the SequiTherm EXEEWLl DNA Sequencing Kit
(Biozym Diagnostik, Germany) and LI-COR automatetlAD sequencer (LI-COR
Biotechnology, USA). The sequencing was performgaiye the termination method.
The primers used were fluorescent labelled prini@gne PRNP (internal) primers,
Table 5] which can be read by laser of the sequefk@@ each sample, four reactions
were performed; each reaction had one dideoxy otidke termination mix (ddATP,
ddTTP, ddCTP and ddGTP) which would terminate tlomgation reaction once the
nucleotide binds to the elongating strand. Eacbti@a consists of 1 ul of termination
mix and 2pl of premix solution [3.6ul of 3.5x Excel Il sequencing buffer, 0.25 pl of
forward primer (10 pmol/ul), 0.25 ul of reversemper (10 pmol/ul), 0.5 pl of Taq
polymerase (5 units/pl) and 38 of PCR product from step 3.2.2.3]. The reacticasw
run on a thermocycler at 94°C for 5 min followed2®/cycles of 94°C for 20 sec, 60°C
for 20 sec and 68°C for 20 sec. Immediately afteRP1.5 pl of stop buffer was added
and the product was stored at 2Q0till loading. The sequencing reactions were
denatured at 90°C for 5 min and immediately loadetb the 41 cm 6% Sequagel-XR
(Biozyme Diagnostik, GermahyElectrophoresis was performed on a LI-COR model
4200 automated DNA sequencer in 1x TBE buffer atC5050 W and 1500 V.
Sequence data was analysed by using the Image $\salyogram, version 4.10 (LI-
COR Biotechnology).

3.2.3 Oocytes anich vivo embryo collection

Ovaries and uteri were taken from specifically rdage/es at a specific time range. The
ovaries were removed and kept in 35°C warm 0.9%siplggical salt solution
supplemented with 0.5 ml Streptocombinger litre. Before aspiration of cumulus
oocyte complexes (COCs), the ovaries were washed mn70% ethanol followed by
two times of washing in 0.9% salt solution. The GOWere aspirated from follicles
using 5 ml syringe attached with 18G needle. Thiicke fluid was allowed to
precipitate for 15 min and the competent COCs wérked out using a glass pipet. For
the morula stage embryo collection, ewes were blaugd and the uteri were dissected
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at the uterotubal junction and the cervix. Bothrine® horns were divided at the
bifurcation and flushed with 40 to 50 ml of Phogghbuffer saline (PBS, 39°C) each.
After precipitation, the embryos were picked usenglass pipet. A total of 3 to 5
oocytes and single embryos were washed two timés RBS and treated with acidic
Tyrode pH 2.5 to 3 to dissolve the zona pellucilae zona free oocytes and embryos
were snap frozen in cryotubes containing 1.5 plysis buffer [0.8% Igepal, 1 U/ul
RNasin, 5 mM DTT], before storage at —80°C for filmther work of RNA isolation.

3.2.4 RNA isolation and cDNA synthesis

3.2.4.1 Oocytes and preimplantation embryos

RNA isolation

Three independent pools of each containing 15 tar2@ature oocytes or 3 embryos
were used for mRNA isolation using oligo (dT)25aatted magnetic beads following
the manufacturer’s instruction. Briefly, samplegsyisis buffer were mixed with the total
volume of 40 to 60 pl of binding buffer and incudxhtfor 5 min at 70°C to obtain
complete lysis of the sample. Twenty microlitreobfo(dT) magnetic bead suspension
was washed twice with double volume of binding bufénd resuspensed in 4 ul of
binding buffer before added to the samples. Theurexwas then incubated for 30 min
at room temperature and chilled on ice after ttep sintil finish. The hybridised mRNA
and oligo(dT) magnetic beads were washed threestimin 100 pl of washing buffer.
Finally, mMRNA samples were eluted in 11 pl of DEfP€ated water and heated at 90°C

for 4 min.

cDNA synthesis

The mMRNA samples were reverse transcribed in 2@adtion volume containing 1 pl
of oligo dT(12)N primer (where N = G, A or C), 1 pf random primer (500 ng/ul),
4 ul of 5x first strand buffer, 2.5 pl of 0.1 M DTT pl of each dNTPs (40 pmol/ul) and
RNase inhibitor, and 0.5 ul of SuperScript Il reseeitranscriptase (200 unit/pl). In

terms of the order of adding the reaction comp®emRNA, random primer and
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oligo(dT) primer were mixed and heated for 5 miry@tC. The mix was placed on ice
until the addition of the remaining reaction comgeis and then incubated for 90 min
at 42°C. The reaction was terminated by heat iwaiitin for 15 min at 70°C. The

cDNA solution was kept at -20°C until used for gengression analyses using real

time PCR technique.

3.2.4.2 Tissue samples

RNA isolation

Total RNA was isolated from tissue samples usindZTR.E Reagent following the
manufacturer’'s instruction. The tissue samplesestat —80°C were taken out just
before isolation. About 30 to 40 mg of tissue wasugd by using mortal and pestle,
and incubated with 1 ml of TRIZOL for 5 minutes r@om temperature to permit
complete dissociation of nucleoprotein complexee Tlear homogenate was then
mixed with 0.2 ml of chloroform and vigorously skeakby hand for 15 sec. After
centrifugation at 12,000 x g for 15 min atC4 the mixture was separated into:
1) a lower red phenol-chloroform phase, 2) a winterphase and 3) a colorless upper
aqueous phase containing RNA. The aqueous phaséraveterred to a fresh 2.0 ml
tube and the RNA was precipitated by adding 0.5ofrisopropanol. The sample was
then incubated at room temperature for 10 min amdrduged at 12,000 x g for 10 min
at £C. After centrifugation, the RNA precipitate becamasible as white pellet at the
bottom of the tube. The supernatant was drainedaodf the pellet was washed once
with 1 ml of 75% ethanol before being centrifuged 2,000 x g for 5 min at 4°C. The
ethanol supernatant was removed and the RNA peHstbriefly air dried for 5 to 10

min and dissolved with 2@l of DEPC-treated kD. The quality of RNA was checked
by running 2ul of total RNA in 1.5% FA gel.

DNase digestion and RNA purification
All good quality RNA samples were subjected to Dé&dgyestion to avoid the residual

DNA by mixing 20 ul of RNA extract with the premof 7.5 ul of deoxyribonuclease |
(RQ1 DNase), 4 pl of 10x RQ1 buffer, 1 pl of RNaskibitor and 7.5 pl of DEPC
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treated water. The mixture was incubated for 1 raau87°C. The digested RNA was
purified using RNeasy mini kit (Qiagen, Germany)ldeing the manufacturer’s
instruction. The quality of the RNA was checkedrbgning 2pl of total RNA in 1.5%
FA gel. The OD spectrometer value was taken tanedé the concentration of total
RNA by the formula: 40 x absorbance at 260 nm wtaih factor. A working RNA
solution was prepared by diluting stock RNA with BEtreated LD to the
concentration of 200 ng/pl. Both of stock and wgkRNA solution was kept at -80°C

for further use.
cDNA synthesis

One microgram of total RNA was reverse transcribsthg reverse transcriptase to
synthesize cDNA. Five microlitre of total RNA worlg solution and 1 pl of each oligo
dT(12)N (100 pmol/ul) and random primers (500 ngiuére added in a 0.2 ml PCR
tube. The mixture was incubated for 5 minutes 4C78nd then immediately chilled on
ice. Thirteen microlitre of the premix containinguftof 5x first strand buffer, 2.5 pl of
0.1 M DTT, 5 pl of dNTPs (10 pmol/ul) and 1 pl ohoh RNase inhibitor and
SuperScriptli™ reverse transcriptase (200 unit/pl) was mixed awdibated for 90
minutes at 42C followed by heat inactivation for 15 min at 70°The synthesized
cDNA was diluted with 15Ql of DEPC-treated kD and stored at —2Q for further

use.
3.2.5 Semiquantitative PCR

Polymerase chain reaction was used to quantifatheunt of gene transcript in sample
tissues. In this study the levels of 18S-rRNA traipé were used as an internal
standard. The appropriate cycle number of PCR wa®ptimised. Each cDNA source
was done in duplicate to control the reproducipibf results. Ovine PRNP PCR was
performed using Ovine PRNP primers, and 18S-rRNARR@s done using the 18S-
rRNA primers (Table 5). The thermo cycle conditioh ovine PRNP PCR was
programmed at 94°C for 5 min followed by 28 cyoté94°C for 30 sec, 58°C for 30
sec, 72°C for 30 sec and a final extension stefd€ for 5 min. The 18S-rRNA PCR
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was performed using cycles of 94°C for 5 min, 1b6ley of 94°C for 30 sec, 54°C for
30 sec and 72°C for 30 sec followed by a final esien step of 72°C for 5 min.

3.2.6 Plasmid DNA preparation

3.2.6.1 PCR amplification

The ovine PRNP, histone H2a and 18S-rRNA PCR fasmpid DNA preparation were

amplified by using Ovine PRNP, Ovine H2a and 188HARorimers, respectively, as

shown in Table 5. cDNA from adult brain was usedessplate for every reaction. The
PCR reaction was combined as described in ste@.3.2nd the thermo cycler was
programmed at 95°C for 5 min followed by 35 cyadésienaturing at 94°C for 30 sec,
annealing at temperatures as indicated in Tabler 3@ sec and extension at 72°C for
30 sec. Following the last cycle, a 5 min elongastep at 72°C was performed.

3.2.6.2 PCR product extraction

The PCR product was extracted from agrose gel usasic method base on phenol-
chloroform extraction. All the centrifugation stepsre carried out at 12,000 x g at 4°C.
Briefly, the PCR fragment was electrophoresed ditéds out from the 1.0% agarose
gel. The gel slice was frozen in a 1.5 ml microgérge tube for 30 min at -20°C and
chopped into small pieces. The gel was then hompgeérwith 0.5 ml of 1x TE buffer
by repeatedly forcing through a syringe and neefie extraction was carried out by
vigorously vortexing the gel solution with 0.6 mlf @henol-chloroform. By
centrifugation for 15 min, the mixture was sepatait#o a lower phenol-chloroform
phase, an interphase of precipitated protein, andp@er agueous phase containing the
PCR product. The agueous phase was taken to a tubsh shaken with an equal
volume of chloroform to remove possibly carried ophenol, and recentrifuged for
another 10 min. The clear aqueous phase was padenpiby gentle mixing with 50 pl
(or 1/10 volume) of sodium acetate solution (3 M, 23) and 1.5 ml of 100% ethanol
(or 2.5 volume). Precipitation was maximized bycplg at -20°C for 2 hour. The
precipitated PCR product was pelleted at 12,00Got @0 min at 4°C. The supernatant

was then removed and the pellet was washed withml.6f 70% ethanol to remove
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excess salt. The mixture was recentrifuged to rembg supernatant and then the pellet
was air dried briefly. Finally, the pellet was ggrdtissolved in 7 pl of ddpO.

3.2.6.3 Ligation

The pGEM-T Vector System | ligation kit was used. The ligatwas performed by
mixing 2.5 pl of 2x ligation buffer, 1.5 pl of gpurified PCR product, 0.5 pl of pGEM
vector (50 ng) and 0.5 ul of T4 DNA ligase (3 ufuty, and by an incubation for

2 hours at 20°C or overnight incubation at 4°C.

3.2.6.4 Competent cell preparation

Competent cells were prepared from stock bactériaoli strain DHm (Clontech).
Stock solution of bacteria was streaked on LB plaithout ampicillin and incubated
overnight at 37°C. A single colony was picked andculated in 50 ml of LB broth
(without ampicillin). Inoculums were shaken gendlyy 37°C approximately 6 hours,
during this OD was periodically measured to keep@D no more than 0.3. Then, the
cell culture was centrifuged at 5,000 x g for 10rat 4°C. The pellet was resuspended
in 25 ml of cold sterile 0.1 M CaCl and incubatead ioe for 20 min. The cells were
recentrifuged at 5,000 x g for 5 min at 4°C andchthesuspended in 5 ml of 0.1 M CacCl
containing 20% glycerol. The cell suspension wagiated into 1.5 ml microcentrifuge
tubes and stored at -80°C.

3.2.6.5 Transformation

Transformation was performed by combining 60 pdahpetent. coli cells DH% and

5 pl of ligation reaction in a 15 ml falcon tubedancubating on ice for 30 min. After
incubation, heat-shock was performed by placingttite for 90 sec in water bath at
exactly 42°C and immediately returning to ice biath2 min. Then, 0.7 ml of LB broth

was added to the reaction and the mixture was shbk@ rpm for 90 min at 37 °C.
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3.2.6.6 Clonning

Two LB-ampicillin plates were used for each ligaticolution. The plates were
prepared 30 min prior to use by spreading 20 |0.6fM IPTG and 20 pl of 50 mg/ml
X-Gal over the surface of LB-ampicillin plates with glass spreader. The bacteria
culture was then plated onto duplicate LB-ampitililates and incubated overnight
(~16 hours) at 37°C until colonies are visible. &ssful cloning of an insert in the
PGEM-T vectors interrupts the coding sequenc@-galactosidase, hence the vectors
with insert produce white colour colonies in plaéi@ving X-gal medium against blue
colony producing vectors which doesn’'t have ins€efigo white colonies and a blue
colony (negative control) were picked from eachtelan 30 pl of 1x PCR buffer.
During that time, 5 ml of LB-broth prepared with glgillin (5 pl/ml) in a 15 ml tube
was inoculated with each clone separately, whicls Veder used as a resource for
plasmid DNA isolation. The bacteria in 1x PCR bufieere lysed by heating for 15 min
at 95C. The colonies were screened for the insert bfopaing a PCR with primers
designed in the M13 promoter region of the vecliomenty microlitre of reaction
volume containing 10 pl of lysate, 1 pl of 10x lewff0.8 ul of dNTPs (10 pmol/ul),
0.4 pl of each primers (forward: 5 -ttgtaaaacgacggt3’, reverse: 5°-caggaaacagctatg
acc-3", concentration 10 pmol/ul) and 0.1 pl of Tmalymerase (5 units/ul) were
amplified in the PTC-100 thermal cycler for 35 @glof 95°C for 30 sec, 65°C for 30
sec and 70°C for 30sec followed by another 5 mmuofefinal extension at 70°C. The
products were electrophoresed in a 2% agarosé€imies were size fractionated on an
agarose gel. Clones with an insert have higher cotde weight fragments than the blue

clones.

3.2.6.7 Sequencing

The identity of inserts was confirmed by sequenci@gly colonies with right insert
sequences were used in the next step. The praddtiois step was similar as described
in 3.2.2.4. The sequencing was done using fluorédabelled primers with the help of
the SquiTherm EXCEL™ Il DNA Sequencing Kit and LI-COR automated DNA
sequencer. However, the primers used in this stepe vdesigned from SP6 (5'-
taaatccatgtgtatcttatg-3’) and T7 (5’-attatgctgctgatatatcccgcet-3') promoter regions of
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the pGEM-T vector and the templates were M13 PGRiyxts from the previous step
of cloning.

3.2.6.8 Plasmid DNA isolation

Plasmid DNA was isolated from the cultured E. aslls using GenEluf& Plasmid
mini kit (Sigma, Germany). Five mililitre of bactar culture was centrifuged at 12,000
x g for 1 min and the supernatant was discardetls @ere resuspended in 200 pl of
resuspension solution. Two hundred mililitre ofisysolution was added to lyse the
cells. The sample was then gently inverted for 8@otimes to mix them, until the
mixture became clear and viscous. The mixture weshated at room temperature for
exactly 2 min. Precipitation of cell debris was ddry adding 350 pl of neutralisation
binding buffer into lysed cells, and mixed by insien. The solution became cloudy and
developed a flocculent white precipitant. The tubese centrifuged for 10 min at
212,000 x g. The clear supernatant was transferme@GenElute miniprep binding
column and centrifuged &12,000 x g for 1 min. The flow-through was carefull
poured off from the tube and 750 ul of wash sohuti@as added to the column, and then
centrifuged at212,000 x g for another 1 min. The flow-through wdiscarded and
recentrifuged for 2 min without any additional waxhbuffer to remove excess ethanol.
The column was transferred to a fresh collectidseflb0 pl of elution solution was
added to the column followed by centrifugation=42,000 x g for 1 min. Size and
quality of plasmid DNA were checked by agarose gettrophoresis. Quantity and
guality were determined by spectrophotometer. Tdreentration of plasmid DNA was
measured by the formula: 50 x absorbance at 268 dition factor.

3.2.6.9 Plasmid serial dilutions

The copy number per microlitre of plasmid DNA wadcalated based on the size and
concentration. Serial dilutions were then prepdreth the concentration of 1o 10°
copies/ul. The isolated plasmid DNA and serial ttblus were stored at -20°C. These
DNA serial dilutions were used as template to gateethe standard curve during real
time PCR analysis.



Material and methods 48

3.2.7 Real time PCR

The quantification of PRNP mRNA in oocytes, preienghtion embryos, 1-month-old
foetuses as well as tissue samples with varyingresgmpn levels during semi-
guantitative PCR was done by real time quantitaf&R. PCR was conducted in an
ABI Prism 7000 SDS instrument using SYBBreen as a double-strand DNA-specific
fluorescent dye. Quantitative analyses of cDNA froatytes, embryos and 1-month-
old foetuses were performed in comparison to hestétRa (endogenous control)
(Robert et al. 2002), and were run in separateswdtlereas that of sample tissues were
compared to 18S-rRNA. Standard curves were gerteraseng serial dilutions of
plasmid DNA (18to 10° copies/pl). The PCR was performed in 20 pl reactiolume
containing 2 pl of cDNA, 10 pl of 2x SYB#&reen JumpStdff Tag ReadyMiX" with
internal reference dye for quantitative PCR (Signaad optimal levels of forward and
reverse primers. During each PCR reaction, sanfples the same cDNA source were
run in duplicate to control the reproducibility @fsults. Thermal cycle parameter were
programmed at 95°C for 10 min followed by 45 cyabdésienaturation at 95°C for 15
sec and 60°C for 60 sec. After the end of the ¢gsle, a dissociation curve was
generated by starting the fluorescence acquisiibB80°C and taking measurements
every 7 sec interval until the temperature read®C. Final quantitative analysis was
done using the relative standard curve method ad us Tesfaye et al. (2004) and
results were reported as the relative expressiogl mompared to the calibrator cDNA
after normalization of the transcript amount to ¢inelogenous control.

3.2.8 Statistical analysis

PRNP mRNA expression by real time PCR was analipasdd on the relative standard
curve method. The relative expression data werbyseth using the Statistical Analysis
System (SAS) version 8.0 software package. Diffegsnin mean values between
developmental stages were tested using ANOVA fadidvby a multiple pair wise

comparisons using t-test. Differences g60®5 were considered to be significant.
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3.2.9 PRNP mRNA localisation by fluorescent in $igdoridisation

To localise the PRNP mRNA in ovaries and 1-month{oletuses fluorescent in situ
hybridisation was performed on 7 to 10 um cryostdtions of snap frozen tissues.
A non-radioactive probe with a reporter moleculgodigenin (DIG) detected by the
indirect method with the help of tyramide signalpification (TSA) was applied in this
experiment including six main steps of (I) genenatof DIG-RNA probe, (ll) tissue
sectioning and fixation, (lll) pre-treatment, (IWybridisation of probe to the target
RNA, (V) posthybridisation washes and (VI) immungitzal detection of hybrids and

visualisation.

3.2.9.1 Generation of RNA probes

The RNA probes used for in situ hybridisation (ISkNere generated and
simultaneously labelled with DIG by in vitro tramgtion from cDNA template. The
cDNA template required for the probe synthesis ted of purified RT-PCR products
from ovine brain RNA. Two different templates wesgjuired allowing the separate
synthesis of antisense (as) and sense (s) proheswas achieved by extending one of
the two PRNP primers at its 5-end by the sequehtiee T7- or SP6-RNA-Polymerase
promoter as shown in Table 6. The PCR with the oPRbr and SP6+0PRNP_rev
primers led to the template for the antisense pramel with T7+oPRNP_for and
OoPRNP_rev primers led to the template for the s@msbe. Both antisense and sense
PCRs were programmed at 94°C for 5 min, 40 cycfe®46c for 30 sec, 60°C for 30
sec, 72°C for 1 min followed by a final extensidepsat 72°C for 5 min. PCR products
were assessed on a 2% agarose gel for quality memasnot. The subsequent
purification of the obtained PCR products providedtimal conditions for the
transcription reaction by removing contaminatiorispamers, buffers and enzymes,
using the QIAquick PCR purification kit (Qiagen)cacding to the manufacturer's
protocol. The concentration was measured by thadt: 50 x absorbance at 260 nm x
dilution factor. Finally, the PCR product was dddtto 100 ng/ul.

The in vitro transcription of the DNA template tcsigle-stranded RNA probe in the
presence of Dig labelled UTPs by the T7 and SP6 RidAmerase was carried out

according to the manufacturer's instructions of EH& RNA labelling kit (Roche,
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Germany). Ten microlitre of DNA template and 3 fiD&EPC-treated KD were added
in a 0.2 ml PCR tube and left at room temperatumé the addition of the Master Mix.
This Master mix was prepared at room temperatutie 2l of 10x Dig NTP labelling
mixture, 2ul of 10x transcription buffer, l of RNase inhibitor and 2l of T7 or SP6
RNA polymerase according to the promoter preseotedhe template. After gentle
mixing and brief centrifugation, the mixture wasubated for 2 hours at 37°C. The
reaction was stopped by addingu2of 0.2 M EDTA (pH 8.0). The probe was purified
to remove undesirable components of the transonptaction by precipitation in 2 ul
(0.1 volume) of 4 M LIiCl and 50 pl (2.5 volume) @D0% ice cold ethanol for
a minimum of 1 hour at -20°C. After centrifugatian> 12,000 x g for 15 min at 4°C,
the pellet was washed in 2@0of 70% ice cold ethanol and centrifuged for aeothO
min. The pellet was finally air dried and dissohiad?20 ul of DEPC-treated kD. The
quality of RNA probes was checked by running 2 fURBA plus 2 ul of PAA loading
buffer in a 1.5% FA gel. OD spectrometer values evéaken to estimate the
concentration of the probe by the formula: 40 xoabance at 260 nm x dilution factor.
A stock RNA probe was diluted in DEPC-treategDHo a working concentration of 50
ng/iul. Stock and working RNA probes were stored at €0°

Table 6: Ovine PRNP primers for generating templatquired for the probe
synthesis. Forward primer (for) extended by thepigmoter sequence and the standard
reverse primer (rev) was used to generate a DNAplam for ISH sense probe
synthesis. While normal forward primer and revegsmer extended by SP6 promoter

sequence were used to amplify DNA template forsanse probe synthesis.

Primer sequence Position within ~ Accession
ref. sequence number
oPRNP_for 5’-accaagctgaagcatctgtcttc-3’ 88
SP6+0PRNP_rey 5’-gatttaggtgacactatagaatggc NM_001009481

ttactgggcttgttcc-3’ -

T7+oPRNP_for | 5’-gtaatacgactcactatagggacca
agctgaagcatctgtcttc-3’ - NM_001009481
OPRNP_rev 5’-tggcttactgggcttgttcc-3’ 484
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3.2.9.2 Tissue sectioning and fixation

The tissue samples stored at -80°C were transfamedthe cryomicrotome for a
minimum of 3 hours to allow the sample to warm be tthamber temperature of
approximately -20°C. The specimen temperature G206 -25°C) and speed of
sectioning were pre-optimised for each kind ofuessSections of a thickness of 7 to 10
um were prepared at the optimal specimen temperafulea cutting angle of 2 to 3°,
and were placed on room temperature warm SupefFRiss slides (Menzel-Glaeser,
Germany). The slides were then immediately plagedhe quick freeze shelf (-45°C)
for the section to refreeze and then kept in aquied Hellendahl glass jar (Roth,
Germany) within the cryomicrotome until fixation.llAsteps of in situ hybridisation
were carried out in Hellendahl glass jars at roemgerature unless noted otherwise.
The sections were firstly fixed in 4% paraformalged (PFA) for 15 min to inhibit
cellular metabolism, deactivate lytic enzymes andogenous RNases, and to conserve
cellular morphology and nucleic acid integrity (Mband Cavalier 2000). The sections
were then washed twice with 1x PBS for 5 min eacid left in PBS until the next step
of pretreatment. Once the sections were immersethenfixation solution it was
important to ensure that the sections never drigddaring any subsequent steps until

the staining was completed.

3.2.9.3 Pretreatment of sections

The main aim of the pretreatments is to make tingetanucleic acid accessible to
a probe. This may include modifying or destroyingmirane and histone proteins,
improving signal/background ratio as well as denatuthe target nucleic acid and the
probe (Morel and Cavalier 2000). In this studyeatissue fixation, the sections were
incubated in an ascending alcohol series of 50%4, BD% and 100% ethanol for 5 min
each (prepared fresh in DEPC-treate®DH respectively. These steps were followed by
a descending alcohol series of 90%, 70%, 50% etHfandc min each, respectively
(reused the solutions from the ascending serid®. Sections were washed in 1x PBS
for 5 min, blocked in 0.6% #D, diluted in 1x PBS for 1 hour to quench an endogsno

peroxidase activity and then washed twice with BSFor 5 min each.
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The acetylation reaction was performed to reducekdraund by transforming the
reactive amine group (N¥) of proteins into a substituted amine group (-NB-CHs)
(Morel and Cavalier 2000). For this purpose thdiges were incubated in 0.1 M TEA
buffer plus 0.25% acetic anhydride for 10 min. Téadution was prepared just prior to
usage due to the instability of acetic anhydridealy, the samples were equilibrated in
2x SSC for 10 min.

3.2.9.4 Hybridisation of probe to the target RNA

The successful hybridisation is characterised leyftinmation of a stable and specific
anti-sense probe complimentary to the target nucheid. Factors for a successful
hybridisation are hybridisation buffer, hybridiati temperature, Naconcentration,
type and length of probe. The composition of thbkritysation buffer was based on the
protocol of Thielen (2006). In this experiment, thense probe served as negative
control, since its sequence is identical to thggamRNA and does not attach to the
target mMRNA. A section hybridised with the sensebpr was always prepared in
parallel to each section hybridised with the amigseprobe. In addition, different levels
of probe amounts were used to optimise the hylatidis procedure. The probe was
applied to the section as follows: after thawing finobe on ice, the RNA probes (sense
or antisense) were added to the hybridisation buffeyield a total volume of 100
ul/section and the concentration of 500 ng/ml. Wakition was mixed gently, exposed
for 5 min at 80°C to denature the RNA probe and timeemediately placed in ice to
preserve the denatured structure. Following thel fetep of pretreatment, the section
was placed horizontally in a humid chamber filledmDEPC-treated kO, carefully
overlaid with 10Qul of the hybridisation mixture and covered withlasg cover slip (24

mm x 24 mm) before being incubated overnight att52°

3.2.9.5 Posthybridisation washes

The aim of this step is to reduce background byoreng unbounded and unspecifically
bounded probe. This purpose can be achieved byatiomy temperature, salinity of
washing buffer, and RNase treatment. After the idygation step, the slips were rinsed

off by flushing 2x SSC between slip and slide. Thdes were washed twice in 2x SSC
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at 45°C for 10 min each, twice in a mixture betwémmamide and 2x SSC (ratio 1:1)
at 45°C for 10 and 20 min, respectively, and fyallashed twice in 0.2x SSC on an
orbital shaker at speed 100 rpm for 10 min at reemmperature. The sections were then
subjected to RNase digestion. Two different typleenzymes, RNase A and RNase T1
were used. The sections were incubated for 30 m8Y<C in the combination of bg

of RNase A and 50 U of RNase T1 per ml of 2x SSKidlén 2006) followed by three
times washing in 2x SSC on an orbital shaker aed@00 rpm for 10 min at room

temperature.
3.2.9.6 Immunological detection

TSA or tyramide signal amplification (fluorophorgsgem) was integrated into the
protocol. Tyramide is a phenolic compound that gmiestes after oxidation. This
technology uses HRP to catalyze the deposition d@fi@ophore-labelled tyramide
amplification reagent onto tissue sections surfathke reaction results in the deposition

of numerous fluorophore labels immediately adjaderthe immobilised HRP enzyme

(Figure 6).
&
POD labelled anti-DIG antibody/JE\ @ l

DIG labelled RNA probe DIG precipitate
I

MRNA

target mRNA

Figure 6: Hybrid detection system including tyraengignal amplification
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The TSA fluorophore system was carried out accgrdio the manufacturer's
instruction. Briefly, after posthybridisation washésee 3.2.9.5) the sections were
incubated in Tris-sodium (TN) buffer in a Hellentajass jar for 5 min. The slides
were placed horizontal in a humidity chamber armiloated with TN blocking buffer
(TNB) for 30 min. Next, the sections were incubateg@eroxidase conjugated anti-DIG
diluted 1:100 in TNB buffer (200 pl/section) forthbur and washed with three changes
of TN buffer plus 0.05% Tween 20 (TNT) on an orbghaker at speed 100 rpm for
5 min each. Then, the fluorescent solution was @ddethe sections. The developing
time was pre-optimised for each kind of tissue, i& fior the brain, and 10 min for
ovary and foetus. After another three times of wagim TNT buffer, the samples were
finally counterstained in 0.5 pg/ml of propidiumidd (diluted in TN buffer, 200
ul/section) for 15 min followed by three times wiaghin TNT buffer on an orbital
shaker at speed 100 rpm for 5 min each. A drop extd shield mounting media was
applied on the section; a glass cover slip was thlaned over and fixed with nail
polish. The staining of the sections was assesgéigit microscopy (Microscope DM
LB, Leica).

3.2.10 Detection of PfPexpression by western blotting

3.2.10.1 Protein extraction

Protein was extracted using TRIZOLE reagent follayihe manufacturer's instruction.
The tissue samples were taken out from storag8@&C-just before isolation. All

centrifugation steps were performed at 4°C. Twenfigramm of tissue was ground by
using mortal and pestle and incubated with 0.5 MIRIZOL for 5 minutes at room

temperature in a microcentrifuge tube. The cleandgenate was then mixed with 0.1
ml of chloroform, vigorously shaked by hand for 9&c and centrifuged at 12,000 x g
for 15 min. A colourless upper agueous phase wagetout and the DNA from the

interphase and organic phase was precipitated 8yn@d.50 ul of 100% ethanol. The
mixture was mixed by inversion, allowed to standZato 3 min at room temperature
and centrifuged at 2,000 x g for 5 min. The sup@mavas transferred to a new 2.0 ml
tube, 750 pl of isopropanal was then added andvatioto stand at room temperature

for 10 min followed by centrifugation at 12,000 X¥ay 10 min. The protein pellet was
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washed three times in 1 ml of 0.3 M guanidine hgttoride/95% ethanol solution.

During each wash, the sample was stored in wadkrdof 20 min at room temperature
and centrifuged at 7,500 x g for 5 min. After theee washes, 1 ml of 100% ethanol
was added and the mixture was allowed to stan®@omin and then centrifuged at
7,500 x g for another 5 min. Finally, the proteiasadried under a vacuum for 5 min
and dissolved in 200 pl of sample buffer containit¥$ protease inhibitor cocktail

followed by boiling for 5 min at 95°C and storingg-20°C.

3.2.10.2 SDS-PAGE gel preparation

SDS is an anionic detergent which denatures protéip wrapping around the
polypeptide backbone and confers a negative chartfee polypeptide in proportion to
its length. An appropriate concentrated SDS-PAGEwges used for the protein of
interest. For the prion protein of ~ 30 kDa, a 1&étylamide gel was prepared. Glass
plates were cleaned thoroughly using normal detergend distilled water. The
sandwich glass plates were introduced into the auigpece. It was confirmed that the
lower border of the glass plates were well aligaed fixed on the rubber piece.

The separation gel and stacking gel were preparéd. separation gel is used to
separate proteins into their respective sizes aligwharp bands to be seen, whereas the
stacking gel organizes proteins before they ehseparating gel. First, the separating
gel was prepared, quickly mixed and poured in 2wme of each sandwich plates and
the remaining space (1/4 volume) was filled witbpi®panol to ensure that no air
bubbles would be formed at the surface of the gelnd gel polymerization. The
isopropanol was poured off after polymerizatione tstacking gel was filled in the
remaining space of the sandwich plates and, finalytO well comb was inserted on the

top of the staking gel.
3.2.10.3 SDS-PAGE gel electrophoresis
One lit of 1x running buffer was prepared. Aftee thel was already polymerized, the

comb was removed; two support pieces of the galwmhmes were mounted with the

U-shape rubber piece and then put into a chamlber.upper reservoir was filled with
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running buffer and then 10 pl of each protein extti@as added in the prepared well.

The gel electrophoresis was run at 10 mA per ohégé.5 hours.
3.2.10.4 Transferring proteins to the membrane

Proteins were transferred into nitrocellulose tfansnembrane using the Trans-Blot
Semi-Dry transfer Cell. For each gel, one piecgaisfer membrane and nine pieces of
filter paper with the same size as the gel werpamed. Each of three pieces of the filter
paper were wetting in anode buffer |, anode buffesind cathode buffer, while the
transfer membrane was soaked in distilled wateterAthe electrophoresis, the whole
setup was dismounted, the stacking gel was disdaadeé the separation gel was moved
and placed on the transfer membrane. Filter pagmaked in anode buffer | were placed
on the anode plate of the blotter first followedthgse paper soaked in anode buffer IlI.
The transfer membrane and gel were removed fronervaatd placed on top of filter
paper stack followed by the paper in cathode biffegure 7). The cathode plate of the
blotter was placed on top of transfer stack. Theetof transfer was 1 hour using 100
mA per each gel (1.75mA/cih). After the transfer was completed, the blot rsmne
was washed with distilled water for 30 sec and sgbently stained with 0.2% ponceau
S to evaluate the transfer quality. The membrane than washed twice in PBST

(10 min/time) on an orbital shaker.

Cathode
Gel —, <«— Cathode buffer
Transfer membrang”’ =————=—=—=—=—==—— <«— Anode buffer ||
Anode ===———sSsSDCs=—x=" <«— Anode buffer |
Figure 7: Diagram of transferring system

3.2.10.5 Antibody incubation

To block non-specific sites, the membrane was iated in PBST containing 1%
polyvinylpyrolidone (PVP, Sigma) for 1 hour at rootemperature. The primary
antibody was prepared by diluting PrP monoclondibady 12F10 in 0.1% PVP
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(dilution 1:250, Spibio, Montigny le Bretonneux, afce). The membrane was
incubated with the primary antibody overnight aC45r for 1 hour at room temperature
followed by washing with six changes of PBST (1nhitine) at room temperature.

Horseradish peroxidase goat anti-mouse (JacksoruloResearch Laboratories, USA)
diluted 1:15,000 in 0.1% PVP in PBST was then addetie membrane and incubated
at room temperature for 1 hour. After incubatidre membrane was washed with six
changes of PBST (10 min/time). All incubations, ddimgs and washing steps were

done on an orbital shaker.

3.2.10.6 Protein visualisation

Immune complexes were detected using the ECL plest¥vh Blotting Detection
System and visualized using Kodak BioMax XAR filBriefly, the detection reagents
were removed from storage at 2 to 8°C and alloweelquilibrate to room temperature.
Solution A and B were mixed in a ratio 40:1. Theafi volume of detection reagent
required was 2 ml per membrane. The membrane \kas taut from the wash buffer
and placed protein side up on a clean surfaceniked detection reagent was applied
on the membrane and incubated for 5 min at roonpéeature. For chemiluminescent
detection, the membrane was placed on a fresh méwaran wrap placed in an
x-ray film cassette, wrapped up to gently removg am bubbles. In the dark room,
a sheet of autoradiography film was placed on fajp® membrane and exposed for the
appropriate time period of 1 to 5 min.

3.2.11 Protein localisation by immunohistochemistry

The cellular prion protein was localised in ovargg®sl 1-month-old foetuses using the
immunohistochemical technique with the help of aeebiotin complex to increase the
signal of the staining. Primary and secondary axligs used in this experiment were
the same as used in western blot analysis. Immatoaiemical staining was
performed on 5 to 7 pm cryostat sections of snapefn tissues. Sample sections were
placed on SuperFrdsplus slides and fixed in methanol and acetonéléand 1 min,
respectively, at -20°C. The sections were air-df@dl5 min and washed with three

changes of PBST. To quench an endogenous peroxidetbaty, sections were
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incubated in 0.3% D, in methanol for 30 min, washed twice with PBS dhdn
incubated in 1.5% goat normal serum in PBS for drhBndogenous biotin activity was
blocked by incubating the sections in egg whitéufdd 1:1 with ddHO) for 15 min
followed by washing with three changes of PBS. Phie antibody 12F10 diluted 1:200
in PBS was then applied on the sections and inedbfar 1 hour at room temperature
in an humidity chamber followed by three times wiaglwith PBST. To detect the PrP
antibody, sections were incubated in biotinylatedtganti-mouse 1gG (dilution 1:100)
for 30 min and washed with three changes of PBSidiAe-biotinylated horseradish
peroxidase was prepared 30 min prior to use follgwthe manufacturer's instruction.
This solution was added on the sections and alldwetiand for 30 min in the humidity
chamber. The immune complexes were then visuabyedcubating the samples with
AEC (3-amino-9-ethylcarbazole) substrate for 30 minuntil a desirable signal was
obtained. The samples were counterstained with tueylan for 5 sec and immediately
washed with several changes of deionise® HFinally, the samples were mounted
using glycerol gelatine and covered with a coveasglslip and the staining was

observed by light microscopy.
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4 Results

4.1 PRNP genotyping

So far, many polymorphisms have been identifiethenovine PRNP gene. Correlations
between those polymorphisms and the susceptildiitgcrapie have been analysed
resulting that the polymorphisms at codon 136, 45d 171 within exon 3 of the PRNP
gene are strongly linked to the variation in themdtypic expression of scrapie. Based
on the three polymorphisms twelve alleles can breveld, however, only five alleles

and fifteen genotypes, which can be divided inte fiisk groups according to scrapie

susceptibility, are commonly seen (Table 7 and 8).

Table 7: The PRNP genotype distribution in sheehefpresent study
_ Genotype Risk group
Risk group Genotype Number
frequency (%) frequency (%)
R1 ARR/ARR 74 22.84 22.84
ARR/AHQ 4 1.23
R2 1.54
AHQ/AHQ 1 0.31
ARR/ARQ 75 23.15
ARR/ARH 1 0.31
R3 29.63
ARQ/AHQ 20 6.17
ARH/AHQ 0 0.00
ARH/ARH 0 0.00
ARQ/ARH 8 2.47
R4 ARQ/ARQ 74 22.84 33.33
VRQ/ARR 19 5.86
VRQ/AHQ 7 2.16
VRQ/ARQ 34 10.49
R5 VRQ/ARH 2 0.62 12.04
VRQ/VRQ 3 0.93
Unknown ARQ/ARK 2 0.62 0.62

Total 324 100.0 100.0
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Table 8: Allele frequencies of PRNP based on tHgnporphisms at codons 136,
154 and 171 within exon 3

Allele Number Allele frequency (%)
ARR 247 38.12
ARQ 287 44.29
ARH 11 1.70
AHQ 33 5.09
VRQ 68 10.49
ARK 2 0.31

The objectives of this study were to investigatdNPRexpression during prenatal stages
and to compare the expression of the gene betweapis resistant animals and scrapie
susceptible animals. So, this study was start&R&P genotyping in sheep from some
commercial farms and the Frankenforst experimestédion of the University of Bonn.
DNA from blood samples of 324 sheep of various tise@ere sequenced using direct
sequencing PCR. The results presented that themage of R1, R2, R3, R4 and R5
sheep in this population were 22.8, 1.5, 29.6, 38 12.0%, respectively. The
frequency of ARR/ARQ, ARR/ARR and ARQ/ARQ genotypesre 23.2%, 22.9% and
22.9%, respectively, followed by VRQ/ARQ (10.5%)RA/AHQ (6.2%), VRQ/ARR
(5.9%), ARQ/ARH (2.5%) and VRQ/AHQ (2.2%). The nusnbof animals other
genotypes was less than 1.5% per group. ARH/AHQ ARH/ARH genotypes were
not found in this population. Moreover, of all 32éimals, 2 animals could not be
identified with their PRNP genotype (Table 7).

Allele frequencies were calculated from the idestifsheep showing that the frequency
of ARR, ARQ, ARH, AHQ, VRQ and ARK alleles were 3844.3, 1.7, 5.1, 10.5 and
3.1%, respectively, as shown in Table 8.

After genotyping, R1 and R5 ewes were selecteduidher studies. The final number
of ewes used in this experiment was 17; n=9 fogRLip and n=8 for R5 group. All the
R1 ewes were the Black head breed, whereas seves iaWR5 group were from the
Bentheimer breed and one of them was from the Bledd breed. PRNP sequencing

was performed to confirm the genotypes in the seteewes and their foetuses. Breeds
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and PRNP genotypes of the sheep used in this expetiare shown in Table 9. The
results showed that all the R1 ewes and foetusesl us this experiment were
ARR/ARR genotype. Two PRNP genotypes of ARQ/VRQ &RIQ/VRQ genotypes

were observed in the R5 group. All R5 ewes were ARRD) genotype whereas five R5
foetuses carried the ARQ/VRQ and three foetusetedathe VRQ/VRQ genotype. The
R1 ram used in this study was the Black head bregagh carried the ARR/ARR

genotype, and the R5 ram was from the Bentheimsedoand carried the VRQ/VRQ

genotype (data not shown).

Table 9: Breed and PRNP genotypes of sheep ugbsistudy
Month of Ewes Foetuses
Breeds
pregnancy Genotype Group Genotype Group
Black head ARR/ARR R1 ARR/ARR R1
Black head ARR/ARR R1 ARR/ARR R1
1% Black head ARR/ARR R1 ARR/ARR R1
Bentheimer ARQ/VRQ R5 ARQ/VRQ R5
Bentheimer ARQ/VRQ R5 ARQ/VRQ R5
Black head ARR/ARR R1 ARR/ARR R1
Black head ARR/ARR R1 ARR/ARR R1
2" Bentheimer ARQ/VRQ R5 VRQ/VRQ R5
Bentheimer ARQ/VRQ R5 ARQ/VRQ R5
Black head ARR/ARR R1 ARR/ARR R1
Black head ARR/ARR R1 ARR/ARR R1
3 Bentheimer  ARQ/VRQ R5 ARQ/VRQ R5
Black head ARQ/VRQ RS5 ARQ/VRQ RS
Black head ARR/ARR R1 ARR/ARR R1
Black head ARR/ARR R1 ARR/ARR R1
5 Bentheimer  ARQ/VRQ R5 VRQ/VRQ R5
Bentheimer ARQ/VRQ R5 VRQ/VRQ R5
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4.2 Expression of PRNP mRNA

4.2.1 Expression of PRNP transcripts in ovine pptamtation embryos

The gene expression between the two groups wastddteand compared using
quantitative real time PCR. This analysis was donemmature oocytes (n=2 per
group), mature oocytes (n=3 per groumyivo embryos at the morula stage (n=1 for
R1 group and n=3 for R5 group) and in 1-month-aldtfises (n=2 per group). The
results demonstrated that PRNP mRNA was detectelil stages.

After adjusting the relative expression level usithg level of R1 morula as the
calibrator, the relative abundance of R1 immatuoeytes, mature oocytes, morula-
stage embryos and 1-month-old foetuses were foandet90.7, 5.9, 1.0 and 122.3,
respectively. PRNP mRNA level in R1 mature oocyteswignificantly lower than the
levels in R1 immature oocyte and 1-month-old Rltdses (g0.05), whereas the
expression levels of the gene compared between tunen@ocytes and 1-month-old
stages were not significantly different (p>0.05).

In the R5 group, the relative mRNA abundance wahdst in 1-month-old foetuses,
followed by immature oocytes, morula stage embgms mature oocytes, respectively.
The relative abundance levels of PRNP mRNA wer&,52.1, 13.3 and 91.0 for R5
immature ooytes, mature oocytes, morula-stage emsband 1-month-old foetuses,
respectively. The level of transcript abundanceR& 1-month-old foetuses was
significantly higher than in the other stagesqj®5) of the same group. The transcript
abundance in immature oocytes was also signifigahijher than that ofn vivo
embryos and mature oocytes<(p05); however, no significant difference between
morula embryos and mature oocytes was observed(p)0

Compared within each stage between R1 and R5 grébpsesults showed that the
target gene expression in R1 group was higherithtlve R5 group at immature oocytes
and 1-month-old stages p.05), but no difference between these two groups w

observed at mature oocytes stage (p>0.05, Figure 8)
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Figure 8: Relative expression levels of PRNP mRNMivivo ovine immature oocytes
(IMO), mature oocytes (MO), morula-stage embryod aamonth-old foetuses. The
relative abundance of mRNA levels represents theuatnof mMRNA compared to the
calibrator (R1 morula stage embryo) which is set.tindividual bars show the mean +
standard error (SE). Values with different supegpss (A and B for R1 group, and a, b
and c for R5 group) are significantly different kit each group 0.05), whereas *

shows a significant difference between two groupghe@same stage<f.05).

4.2.2 Expression of PRNP transcripts in ovine piadrfaetuses

A semi-quantitative expression analysis of PRNP mARMNvarious tissues of 2-, 3- and
5-month-old foetuses of R1 and R5 groups showettthiegaPRNP mRNA was observed
at all stages and in all tissues of both groupsnéxad including brain, cotyledon, heatrt,
intestine, kidney, liver, lung and muscle of 2-nieotd foetuses (Figure 9), and
cerebrum, cerebellum, medulla oblongata, cotyledpmal cord, heart, intestine, liver,
lung, muscle and spleen of 3- and 5-month-old fegu(Figure 10 and 11). In this
study, 18S rRNA expression level was used as iatetandard.

The PRNP mRNA expression of each sample was idehi#fs relative expression level
compared to the level of 18S rRNA from the same ADBddurce. The gene expression

level was identified from the intensity of the P@Roduct band presented on agarose
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gel under the UV light. The results showed that l#rogtion of the 18S rRNA by RT-
PCR produces similar quantities of product fottiaBues investigated.

PRNP
R1
188 ——
PRNP - R5
1838 — —
Brain Cotyledon Heart Intestine Kidney Liver Lung Muscle Control
Figure 9: RT-PCR analysis of PRNP and 18S mRNA arious tissues of

2-month-old R1 and R5 foetuses. The negative cbné@ctions were done with no
template DNA

In 2-month-old foetuses, PRNP bands were strongdstain tissue of both R1 and R5
foetuses, resulting that PRNP mRNA abundance wgisekt in the brain tissue of the
foetuses. The PRNP levels were moderate in hedestine and lung, and were low in
kidney and liver of the two groups. Variation oetgene transcripts in cotyledons and
muscle, when compared between two independent sanmgil each group, were
observed. In both R1 and R5 groups, one cotyledompke showed similar expression
level as those of the brain (high level), wherdees dther one showed similar level as
kidney and liver (low level). In muscle tissue, asample represent similar expression
level as the levels in heart, intestine and lungdenate level) while the other one
presented low expression level as kidney and (iFgyure 9).

PRNP transcripts were observed in all R1 and Reafdissues studied at th& and &'
month after insemination as well. The results of/ROR are presented in Figure 10 and
Figure 11. Comparison between various tissues et3thmonth (B) of R1 foetuses
shows that the gene expression levels were higbemebrum, cerebellum, medulla
oblongata,cotyledon and spinal cord. The level(s) were maeena intestine, lung,
muscle and spleen, and was low in liver. A low esgion level of this transcript was
also found in the heart of an individual R1 foetushis stage, while the level of the
other foetus was moderate. At th® Bonth after insemination (C), the levels of the

gene transcripts could be divided into two groufigh expression levels were found in
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cerebrum, cerebellum, medulla oblongata, cotyledwma spinal cord, while the
moderate expression levels were detected in theofebe tissues. Comparing within
each tissue between these stages, the gene abaréegis in liver and spleen at thB 5
month were higher than those levels at tHer®nth. Whereas it seems to be unchanged

through the prenatal stage in the rest of theesgkigure 10)

| & |l 8 [ e ] & [ e ] 8 | e || 8 [€c | 8] c |
PRHP [ - g mpss I [—-§==y . e e o e Ty j
. -
| [ —
Contral Fostus Cergbrum Cerebellum  Medulla sbdsngata Cotyledon Spinal cord
| 8] e |l 8 | e 8 | cj e [ec]| e ]|]ci| 8 |c¢c]

PRI R ] s [ | [ [ s
185 1 i I 1 1

a Intesting Liwer Lung TEuscla Spleen

Figure 10: RT-PCR analysis of PRNP and 18S mRNA-month-old R1 foetuses
(A) and in various tissues of 3- (B) and 5-montd-¢C) R1 foetuses. The negative

control reactions were done with no template DNA

In 3-month-old R5 foetuses, the gene expressioeldewof various tissues can be
catagorised into 3 groups; high expression levalseeviound in cerebrum, cerebellum,
medulla oblongata, cotyledon and spinal cord, wthike levels in heart, intestine, lung
and muscle were moderate, and in liver and spleere wow. At the 5 month, the
results showed the same trend as those at'{hedhth. However, comparison within
each tissue between two stages of foetuses deratassthat PRNP expression levels in
cerebrum at the"5month were lower than that of th€ Bonth, whereas the level in the
medulla oblongata at thé"&nonth was higher than the level at tH& Bonth (Figure
11)

Comparisons within each tissue and each stage betiie two groups indicates that
the PRNP mRNA levels in the heart of R1 foetuseseM@ver than that of R5 foetuses

at the 3" month while the levels at thé"Bnonth were higher in R1 cerebrum and liver,
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and lower in R1 medulla oblongata as compared thitise in R5 foetuses (Figure 10

and Figure 11)
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Figure 11: RT-PCR analysis of PRNP and 18S mRNA-month-old R5 foetuses
(A) and in various tissues of 3- (B) and 5-montt-¢C) R5 foetuses. The negative

control reactions were done without template DNA

Following to the results of RT-PCR that showedati#hces of the gene abundance in
heart, liver and spleen of R1 foetuses, and inbrare, medulla oblongata, and spleen
of R5 foetuses, quantitative real time RT-PCR wadgomed to define the amount of
gene transcripts in cerebrum, medulla oblongatasthiver and spleen of both groups
using the level of 18S rRNA as an internal standdiite relative levels of PRNP
MRNA of each independent sample are shown in TabJevhile mean and standard
error of each group are shown in Figure 12.

In 3-month-old R1 foetuses, the relative abundaridbe gene transcript was highest in
cerebrum followed by medulla oblongata, spleenrthand liver, respectively. The
levels were 47.9, 41.4, 4.3, 2.2 and 5.5 for 3-tnanitl R1 cerebrum, medulla
oblongata, heart, liver and spleen samples, respéctin 5-month-old R1 foetuses, the
levels of PRNP transcript in the tissues mentioaledve were 35.1, 50.1, 7.0, 8.0 and
9.4, respectively. The levels in cerebrum and medublongata at this stage were also

higher than those of the rest of the tissues.
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Table 10: Relative abundance of PRNP mRNA (1@ foetal cerebrum, medulla
oblongata, heart, liver, and spleen of each indiaidat the % and %' month of

pregnancy
_ Relative abundance of PRNP mRNA
Tissue Stage Group
Animal 1 Animal 2
R1 57.33 38.54
3 month
R5 41.54 25.58
Cerebrum
R1 39.00 31.18
5 month
R5 20.88 28.32
R1 48.27 34.45
3 month
Medulla R5 22.28 41.87
oblongata R1 81.46 18.77
5 month
R5 78.48 56.04
R1 3.00 5.59
3 month
Heart R5 6.05 8.45
R1 8.40 5.53
5 month
R5 5.79 9.17
R1 2.08 2.22
3 month
) R5 2.24 2.45
Liver
R1 4.66 11.30
5 month
R5 3.38 1.67
R1 6.40 4.62
3 month
Spleen R5 3.20 5.37
R1 10.33 8.55
5 month

R5 10.41 4.98
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O 3-month-old R1 foetus
5-month-old R1 foetus
3-month-old R5 foetus
B 5-month-old R5 foetus

Relative expression level of PRNP mRNA

Cerebrum Medulla Heart Liver Spleen
oblongata

Tissue

Figure 12: Relative expression levels of PRNP mR(XA0°) in foetal tissues of
scrapie resistant (R1) and susceptible (R5) gratipise & and %" month of pregnancy.

Individual bars show the mean + SE (n=2 per group).

In R5 foetuses, the relative abundance of the PB&e was similar to those of the R1
foetuses. The gene expression levels in medullangiata and cerebrum were higher
than those in heart, liver and spleen. At then®nth of pregnancy, the levels of PRNP
transcript in the tissues mentioned above were, 324, 7.3, 2.4 and 4.3, respectively.
At the 8" month, the levels in R5 cerebrum, medulla obloaghaeart, liver and spleen
were found to be 24.6, 67.3, 7.5, 2.5 and 7.7 ectsely.

Comparing between R1 and R5 groups within eachdisd each stage, real time RT-
PCR analyses resulted in higher expression levBRMP gene in R1 cerebrum and R1
spleen at both stages of 3 and 5 months of age a@upo R5 cerebrum and R5 spleen,
respectively. The levels in the heart of R1 foesusere lower than those of R5 foetuses
at both stages. In medulla oblongata, the expnessicel of R1 foetuses at thé®3
month was higher than the level of R5 foetuses,abthe ' month, the level of R1
foetuses was lower than the level of R5 foetuséms@& results are opposite to the
results in liver that showed lower expression lefethe gene in R1 foetuses at tHe 3
month and higher expression level at tH rionth compared to the levels of R5

foetuses.
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Comparison between the different stages withinsdn®e group demonstrated that the
relative expression levels of PRNP mRNA in cerebaitrthe 3' month of both R1 and
R5 groups were higher than those at therfonth. The levels in the rest of the tissues

were lower at the"3month compared to levels at tH& Fonth.
4.2.3 Expression of PRNP transcripts in reprodeactikggans of ewes

The results of semi-quantitative RT-PCR in ovingrogluctive tissues revealed the
presence of the gene transcript in ovary, ovidectometrium, myometrium and
caruncle of R1 and R5 ewes at all stages (Figuranti3Figure 14). In this experiment,
the expression patterns of the two groups werdylikenilar. Compared within each
group, the highest expression level was found inurcde tissue at all stages
investigated, whereas the relative expression $e0EPRNP mRNA in ovary, oviduct,
endometrium and myometrium were lower and not bffie from each other. However,
the levels of the gene mMRNA abundance in R1 caeuselems to be unchanged
throughout the pregnancy period while it was inseeafrom the % month to the %
month, and decreased from th& ® the %' month in R5 caruncle. When compared
between R1 and R5 groups, the results showed ligaiexpression level of PRNP
transcript in caruncle tissue of R1 ewes was higen that of R5 ewes at thé thonth

of pregnancy, while it was lower at thd Bonth. Moreover, at the*nonth, one of the
sheep in R1 group showed higher expression levehdometrium compared to the R5
group, while the other one was similar to the Isvef the R5 group. The relative
abundance of the gene transcript in other tissues wot different compared between

R1 and R5 group.
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Figure 13: RT-PCR analysis of PRNP and 18S mRNAeproductive tissues of
scrapie resistant ewes at thd ) , 39 (B) and ' (C) month of pregnancy. The

negative control reactions were done with no tetedliNA
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Figure 14: RT-PCR analysis of PRNP and 18S mRNAeproductive tissues of
high susceptible ewes at th& gA), 3¢ (B) and %' (C) month of pregnancy. The

negative control reactions were done with no tetedlaNA

Real time PCR was carried out to quantify the arhooin PRNP transcripts in
endometrium of ewes at th& month of pregnancy, and in caruncle at tfie3f' and &
month of pregnancy with three replications using Y&NA as an internal standard.
The results of real time PCR supported the resitained by RT-PCR as shown in
Figure 15. Relative PRNP expression levels werg 26d 5.4 for R1 endometrium, and
10.2 and 13.3 for R5 endometrium. The levels ofd&duncle at the ] 39 and %'
month were 28.5 and 67.7, 35.8 and 48.1, and 24d028.6, respectively. While the
levels of R5 caruncle were 16.7 and 17.8, 47.44h8, and 16.3 and 41.1 at tH& &
and %" month of pregnancy, respectively. Mean and stahaaror of the relative
abundance of PRNP transcript in R1 and R5 endonmetait the 1 month of pregnancy
were 15.5 + 10.0 and 11.8 + 1.5, respectively. [Bvels in caruncle tissue of R1 and
R5 ewes were 48.1 + 19.6 and 17.2 + 0.6, 42.0 a60dl44.9 + 2.6, 26.3 + 2.3 and 28.7
+12.4 at the 1, 3% and 8" month, respectively.
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Figure 15: Relative expression levels of PRNP mRX20°) in endometrium and

caruncle of resistant (R1) and high susceptible @&es (n=2 per group).

4.3 Localisation of PRNP mRNA

The results of PRNP mRNA expression analyses shawedoresence of the gene
transcripts in the total RNA extracted from the Vehimetuses at 1 month of age and the
ovaries of ewes. However, ovaries comprise of ntgpgs of cells which are involved
in folliculogenesis such as follicular cells, gréosa cells, theca interna, theca externa,
cortical stroma or corpus luteum. So, in this sfdtlyorescent in situ hybridisation was
used as a tool for localisation of the gene mRNAvwary tissue and in 1-month-old
foetuses of R1 and R5 groups. RNA probes used i study were digoxigenin
labelled. After hybridisation, the hybrids were etded by anti-digoxigenin-POD
followed by the fluorescein TSA reagent. The nusled the cell was labelled with
propidiumiodide. Under the fluorescent microscadpe fluorescein signals were shown

in green while propidiumiodide was shown in red.
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4.3.1 Localisation of PRNP mRNA in 1-month-old fosts

PRNP transcripts were detected in various orgardsrmbnth-old R1 and R5 foetuses of
sheep. The fluorescent signals of PRNP mRNA hybwese detected in the brain
(Figure 16A and B), vertebral column (Figure 160 &), heart (Figure 16G and H),
liver (Figure 16J and K) and kidney (Figure 16M aN)l of R1 and R5 foetuses,
respectively. Signals were not found in the negatientrol sections of heart (Figure
161), liver (Figure 16L) and kidney (Figure 160)hish were hybridised with the sense
probe. Weak signals were detected in the contidlages of the brain (Figure 16C) and
vertebral column (Figure 16F); however, the samphwidised with antisense probe

displayed a higher signal above these background.

4.3.2 Localisation of PRNP mRNA in adult ovaries

In situ hybridisation of the PRNP mRNA was alsoedtdble in the ovary of both R1
and R5 groups. Signals were detected in granuleltaand theca cells (Figure 17A, E),
ovarian cortex (Figure 17B, F), ovarian medullag(ffe 17C, G) and corpus lutuem
(Figure 17D, H) of R1 and R5 ovaries, respectivélignals were not found in the

control sections hybridised with sense probe as/sho Figure 171, J, K and M.
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Figure 16: Fluorescent in situ hybridisation of FRMRNA with DIG labelled
RNA antisense (left and middle column) and senigt(icolumn) probes in 1-month-
old R1 (A, D, G, J and M) and R5 (B, E, H, K anddV)ne foetuses. PRNP transcripts,
which are shown in green or point with blue arrevere detected in brain (A and B),
vertebral column (D and E), heart (G and H), liggand K) and kidney (M and N) of

the foetuses compared to the control sections dfi @gan which are shown in the

same line
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Figure 17: Fluorescent in situ hybridisation of FRMRNA with DIG labelled RNA antisense (A-H) anchse (I-L) probes in R1 (A-D)
and R5 (E-H) ovaries collected at tHérhonth of pregnancy. PRNP transcripts, which & in green, were found in oocyte, granulosa
cells and theca cells (A and E) as well as in @radortex (B and F), ovarian medulla (C and G) emgpus luteum (D and H) compared to
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4.4 Expression of PfPwestern blot analysis

In order to study the PfRexpression in reproductive tissues of ewes andwariissues
of their foetuses, western blot analysis was peréar to detect PfRn the samples and
to compare the expression level of the protein betwsamples. According to the
results of MRNA expression analyses, female remtbdritissues obtained from ewes
at the ' month of pregnancy, the whole foetuses at thentinth and the foetal tissues
at the 2% month of embryogenesis were used to identify dcation of the PrPin each

tissue, and to compare the protein expression leetwe two groups.
4.4.1 Expression of Pffh ovine prenatal foetuses

To study the expression of PriR the ovine prenatal foetuses, western blot aigiyas
performed. The proteins extracted from whole pr@nfaetuses at 1 month of age and
from separated single organs of the foetuses abrithm of age were used to detect and
compare the expression level of the protein betwR&nand R5 groups. The results
showed that the immunoreactive bands corresportdirige Pr® were detected in all
samples examined. The expression patterns werdiffetent between the two groups.
The intensity of the PfPband at the expected molecular weight of ~33 kDa wa
strongest in liver compared to the other tissudg [Evel of the protein in brain was
high when compared to the levels in heart, intestkidney, lung and muscle. The
protein expression levels in heart, intestine, lang muscle were quiet similar. In this
study, PrP levels detected in cotyledon samples of both grouese very low, even

when a double volume of protein extract from tigsue was loaded (Figure 18).
4.4.2 Expression of Pffn reproductive organs of ewes

PrP° of ~33 kDa could be detected in all female repréigacorgans investigated
including ovary, oviduct, endometrium, myometriumdacaruncle. The prion protein
expression patterns of the two risk groups werdlainiThe intensity of the Pffbands

in endometrium, myometrium and caruncle tissue higher compared to those of
ovary and oviduct tissue. Moreover, the proteinelsvin ovary, endometrium,

myometrium and caruncle tissue were not differehienv compared in each tissue
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between R1 and R5 ewes, but it was higher in R8lumtithan that of R1 oviduct
(Figure 19).
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Figure 18: Representative western blot analysisPd¥ in ovine foetal tissues
showed the immunoreactive band corresponding toPtie in 1-month-old foetuses
and various tissues of 2-month-old foetuses of Rittand R5 groups. Negative control

membrane was devoid of the PrP MAb incubation
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Figure 19: Representative western blot analysisPd¥ in ovine reproductive
tissues showed the immunoreactive band correspgn@inPrP in ovary, oviduct,

endometrium, myometrium and caruncle of resist&i) (and high susceptible (R5)
ewes
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4.5 Localisation of PrP

As it has been done for PRNP mRNA localisation imohistochemistry was done to
localise Prin ovary tissue and in 1-month-old foetuses of lpthups. The technique
was optimised firstly using various regions of brain including cerebrum, cerebellum
and medulla oblongata, which served as positivdarabnin this study, the antigen-
antibody binding was visualised using HRP-AEC swist and the sample was
counterstained using haematoxylin. HRP-AEC substiatoduced red-rose colour
during the enzymatic reaction while haematoxylinduced blue colour on the nucleus
of the cell. As a result, PfRvas detected in every region of the brain examiféglre
20) with intense staining in the interface betwtenwhite and grey matter of cerebrum
and cerebellum of R1 (Figure 20 A, D) and R5 (Fg@0 B, E) groups. After
optimisation, immunohistochemistry was performedadult ovaries and 1-month-old
foetuses, while adult brain was stained in parakgpositive controls.
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Figure 20: Immunohistochemistry of the prion protevith PrP MAb 12F10 in
adult brain of sheep using HRP-AEC substrate wigotduces the red-rose colour
during the emzymatic reaction as a chromogen® Bsfown in red) was detected in the
gray matter of cerebrum, interface between the evhatter and the gray matter of
cerebellum and also in the medulla oblongata. @bstctions were devoid of specific
staining with the PrP MADb (data not shown)
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Figure 21: Immunohistochemistry of the prion protevith PrP MAb 12F10 in
ovine 1-month-old R1 (A, B and C) and R5 (D, E dfdfoetuses using HRP-AEC
substrate which produces the red-rose colour duthey emzymatic reaction as
a chromogen. Pf(shown in red) was detected in brain (A and DjrhéB and E) and
kidney (C and F). Immunostaining of the Pras not found in liver and dermatome
(E). Control sections were devoid of specific stagnwith the PrP MAb (G, H and )

4.5.1 Localisation of PfAn 1-month-old foetuses

Immunohistochemistry was done in snap-frozen sestiof 1-month-old R1 and R5
foetuses. The results presented Bnfbrain (Figure 21A, D), heart (Figure 21B, E) and
kidney (Figure 21C, F) of R1 and R5 foetuses, retpely, compared to the control
sections that were devoid of specific staining wtita PrP MADb of brain (Figure 21G),
heart (Figure 21H) and kidney (Figure 211). Undee tight microscope, the staining
was detected around the nucleus of the cells. ig1dkperiment, the intensity of the
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PrP staining was not different between R1 and R5 fa=tuShe staining was found to
be more intense in the heart of the foetuses thakdney and even in the brain. In

addition, Pr® was not detectable in the other organs of the f@stisuch as eye (data

not shown), liver or dermatome (Figure 21E).

Figure 22: Immunohistochemical localisation of Prid ovine ovaries (black
arrow). Strong staining was found in ovarien cor@xand D) and ovarian medulla (B
and E) of R1 and R5 ewes, respectively. RvBs not detected in the oocyte, granulosa
cells and theca cells of R5 animal (G) and in cerfuteum (C and F) of R1 and R5
ewes, respectively. Ovine brain was stained in llgras positive control for PfP
immunostaining (H). Control sections were devoidspgcific staining with the PrP
MAD (1)
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4.5.2 Localisation of PfAin adult ovaries

Immunohistochemical localisation was performed hie bvary of both R1 and R5
groups. The results in R1 and R5 ovaries were iffgrent; immunostaining of PfP
which is shown in red under the light microscopes @atectable in cortex (Figure 22A,
D) and medulla (Figure 22B, E) of R1 and R5 ovariespectively. The staining was
not seen in corpus luteum (Figure 22C, F) of bathugs, neither in oocyte, granulosa
and theca cells (Figure 22G) of R5 ovary in thigdgt Comparison of the expression
level of the protein between ovarian cortex andriavamedulla demonstrates the higher

immune complexes signal in ovarian medulla thahithaortex.
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5 Discussion

At the present, the precise molecular function wbrp protein gene is unclear. This
study was carried on the basis that the timing disttibution of prion protein mRNA

and the protein expression knowledge may lead ti@benderstanding of its function.
Semi-quantitative RT-PCR, quantitative real-time RPGind fluorescent in situ

hybridisation were used to characterise prion [motggeene (PRNP) expression and
location, while immunohistochemistry was used toestigate the location of the
protein in organs. According to previous studiesvdhg that polymorphisms at codons
136, 154 and 171 of the ovine PRNP associate toptlen disease susceptibility.

Animals carrying resistant (R1) or high suscept{iR&) genotypes were used.

5.1 Genotype and allele frequencies of the PRNP

The results of this study showed the genotype #akkdrequencies for different amino
acids at positions of 136, 154 and 171 of the PRNRrious breeds of sheep. At codon
136 alanine (A) and valine (V) were observed, atornl54 arginine (R) and histidine
(H) were observed, and at codon 171 glutamine @@gjnine and histidine were
commonly detected; two animals from a commerciatKl carried lysine (K) at the
codon 171. The genotype of these two animals wa®Q/ARK which is rare;

a classification in one of the risk groups is nosgble. As it has been the case for the
other sheep breeds, not all possible allelic ambiypic variants were observed. In this
study, six allelic variants and thirteen genotypese shown. Similar to Acutis et al.
(2004) and Gombojav et al. (2003), the allelic aariARK was observed besides the
other five common alleles of ARR, ARQ, ARH, AHQ aMiRQ in Italian Biellese
breed rams and Mongolian sheep; twenty-one aneelgenotypes were found in those
studies, respectively. From the previous studie&anh et al. (2004) and Tranulis et al.
(1999), five common allelic variants were seen iative healthy Spanish and
Norwegian sheep; nevertheless, only the ARQ, AHQ@ MRQ alleles and six
genotypes were shown in Icelandic sheep (Thorgettiscet al. 1999) (Table 11 and
Table 12.)
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Table 11: Frequencies of PRNP genotypes in shegpeopresent study and in
Icelandic, Norwegian, Italian, Mongolian and Sparskeep

Risk PRNP  Present Icelandic Norwegian Italian Mongolian Spanish

group genotype study sheep  sheep rant sheeff  sheep

R1I ARR/ARR 22.84 0.0 125 1.4 1.8 2.4
o, ARR/AHQ 12 0.0 6.3 0.7 0.4 1.4
AHQ/AHQ 0.3 0.2 0.8 0.2 0.0 0.0
ARR/ARQ 232 0.0 31.7 11.4 18.8 23.2
ARR/ARH 0.3 0.0 2.1 0.5 0.0 3.1
RS ARQ/AHQ 6.2 6.6 10.4 55 0.4 3.7
ARH/AHQ 0.0 0.0 0.0 0.4 0.4 0.0
ARH/ARH 0.0 0.0 0.0 0.2 1.8 0.4
ARQ/ARH 25 0.0 3.8 5.7 8.1 6.6
R4 ARQ/ARQ 228 7509 16.7 56.3 66.4 50.4
VRQ/ARR 5.9 0.0 46 1.2 0.4 15
VRQ/AHQ 2.2 0.7 1.3 0.3 0.0 0.2
VRQ/ARQ 105  16.0 8.3 9.9 1.1 5.7
R5 VRQ/ARH 0.6 0.0 0.0 0.7 0.0 1.0
VRQ/VRQ 0.9 0.7 1.7 0.7 0.0 0.5
ARQ/ARK 0.6 0.0 0.0 3.8 0.0 0.0
ARR/ARK 0.0 0.0 0.0 0.1 0.0 0.0
¢ ARHIARK 00 0.0 0.0 0.3 0.0 0.0
AHQ/ARK 0.0 0.0 0.0 0.3 0.0 0.0
VRQ/ARK 0.0 0.0 0.0 0.2 0.0 0.0
ARK/ARK 0.0 0.0 0.0 0.2 0.4 0.0
Total 100.0  100.0 100.0  100.0  100.0 100.0

Adapted from¥ Thorgeirsdottir et al. (1999% Tranulis et al. (1999’ Acutis et al.
(2004),* Gombojav et al. (2003}, Acin et al. (2004)
NC: Not classified
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Table 12: Frequencies of PRNP alleles in sheephef gresent study and in
Icelandic, Norwegian, Italian, Mongolian and Sparskeep

Present Icelandic Norwegian Italian Mongolian Spanish

PRNP allele study sheep  sheep rant sheeff  sheep
ARR 38.1 0.0 34.8 8.3 11.6 17.1
ARQ 44,3 87.2 43.8 74.4 80.6 69.6
ARH 1.7 0.0 2.9 3.8 6.1 5.6
AHQ 51 3.8 9.8 4.1 0.6 3.6
VRQ 10.5 9.0 8.8 6.8 0.7 4.2
ARK 0.3 0.0 0.0 2.5 0.4 0.0

Total 100.0 100.0 100.0 100.0 100.0 100.0

Adapted from? Thorgeirsdottir et al. (1999, Tranulis et al. (1999}, Acutis et al.
(2004),* Gombojav et al. (2003}, Acin et al. (2004)

The most frequent combination of the three codwonshis experiment was ARQ
(44.0%), and the high frequent genotypes of moran tl20% were ARR/ARQ,
ARQ/ARQ and ARR/ARR (23.2, 22.9 and 22.9%, respety). The animals with
ARR/ARQ or ARQ/ARQ are moderately susceptible tape, while the animals with
ARR/ARR seem to be resistant to scrapie, as wasrshy many studies with naturally
or experimentally infected sheep (Belt et al. 1985)Jdmann et al. 1994, O'Doherty
et al. 2002, O'Rourke et al. 1997, Thorgeirsdatial. 1999). Fortunately, while the
allelic variant ARR, which is associated to resis&@to scrapie, was represented at
a frequency of 38.0%, the frequency of the alleicant VRQ, which is known to carry
a high susceptibility, was represented at 11.0%hénexamined group of sheep. These
results are in agreement with several investigatiowhich showed the highest
frequency in ARQ allele followed by the ARR allefelcelandic (Thorgeirsdottir et al.
1999), Norwegian (Tranulis et al. 1999), ltalianc(is et al. 2004), Mongolian
(Gombojav et al. 2003) and Spanish sheep (Acin.€2094). The frequency of ARQ
allele ranges from 43.8 to 87.2%, and that of ARRH, AHQ and VRQ alleles range
from 0.0 to 38.1, 0.0 to 6.1, 0.6 to 9.8 and 0.Iadb%, respectively (Table 12).

The PRNP genotype frequencies in this study wese ial agreement with observations
made in four healthy major breeds of sheep in Ngrwaat showed the highest



Discussion 84

frequency in ARR/ARQ genotype followed by ARQ/AR@mptype. In contrast, the
ARQ/ARQ genotype was more frequent than the ARR/A&Epotype in Icelandic
sheep (scrapie-free regions and scrapie regiotadiar Biellese ram, healthy Spanish
and Mongolian sheep (Acin et al. 2004, Acutis et28l04, Gombojav et al. 2003,
Thorgeirsdottir et al. 1999, Tranulis et al. 190Bable 11).

The genetic data on the PRNP polymorphisms ofteptissibility of controlling natural
scrapie in sheep populations by selecting genotgpaying scrapie resistant alleles or
either by eliminating the PRNP genotypes carryiigi tsusceptible alleles in breeding
animals. Breeding programmes for animals carryegogypes that determine resistance
and the elimination of animals with the VRQ allelee already underway in many
European (EU) countries. An increase in ARR/ARRajgpe frequency was shown in
ovine animals from European Commission member stateghout United Kingdom,
UK) during the period of 2002 to 2005. ARR/ARR gegme frequencies in 2002, 2004
and 2005 were 14.0, 18.0 and 21.0%, respectivalyofiean Commission 2003, 2005,
2006).

In this experiment, sheep were grouped based odldlsification system mentioned in
Erhardt et al. (2002). This classification systendifferent from the NSP system used in
the UK as shown in Table 13 (European Commissi@#20

Table 13: The PRNP genotypes and risk groups irordaace with the NSP
classification system used in the United Kingdom

Risk group Genotype
NSP1 ARR/ARR
NSP2 ARR/ARQ, ARR/ARH, ARR/AHQ
NSP3 (ARQ/ARQ) ARQ/ARQ
NSP3 (others) AHQ/AHQ, ARH/ARH, ARQ/ARH, ARQ/AHQ,RH/AHQ
NSP4 ARR/VRQ

NSP5 VRQ/ARQ, VRQ/ARH, VRQ/AHQ, VRQ/VRQ
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Table 14:

PRNP genotypes frequencies in the examigmup of sheep in

accordance with the NSP classification system us#éoe United Kingdom

Risk group Genotype Nurr-1ber of Genotype Risk group (%)
animals  frequency (%)

NSP1 ARR/ARR 74 22.84 22.84
ARR/ARQ 75 23.15

NSP2 ARR/ARH 0.31 24.69
ARR/AHQ 4 1.23

NSP3 (ARQ/ARQ) ARQ/ARQ 74 22.84 22.84
AHQ/AHQ 1 0.31
ARH/ARH 0 0.00

NSP3 others ARQ/ARH 8 2.47 8.95
ARH/AHQ 0 0.00
ARQ/AHQ 20 6.17

NSP4 VRQ/ARR 19 5.86 5.86
VRQ/ARQ 34 10.49

NSPS VRQ/ARH 2 0.62 1420
VRQ/AHQ 7 2.16
VRQ/VRQ 3 0.93

Unknown ARQ/ARK 2 0.62 0.62

Total 324 100.00 100.00

The European Commission (2006) reported that, iD52@he frequencies of NSP1,
NSP2, NSP3 (ARQ/ARQ), NSP3 (others), NSP4 and NB$&& groups in 190,577
sheep from EU member states were 21.0, 37.0, 2600,2.0 and 4.0%, respectively.

After reclassification of PRNP genotypes in tharaxed sheep according to the NSP

system, the results showed that the frequenciesirippopulation were 22.8, 24.7, 22.8,
9.0, 5.9 and 14.2% for the NSP1, NSP2, NSP3 (AR@ARSP3 (others), NSP4 and
NSP5, respectively (Table 14). The NSP4 and NSBGpy in the population of this

study were more frequent compared to those repbstetliropean Commission (2006).
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The lower genotype frequency of NSP1 and highegueacy of NSP5 in our sheep
population as compared to the recently reportedagecin EU member states is due to
the requirement of sheep with high susceptibilignatypes of this study. The blood
samples were collected not randomly, but focusetherbreed which is known to carry
the high risk genotypes. After classification arglestion, the sheep used in this
experiment were Blackhead and Bentheimer breedsofAhe Bentheimer sheep used
in this study were R5 genotypes, whereas mosteBiackhead sheep carried the R1
genotype. The European Commission (2004) repohadthe ARR allele frequency of
the Blackhead breed is 70 to 79% and that of theti&emer breed is 0 to 9%.
According to these findings Blackheads are regaeged scrapie resistant breed and the

Bentheimer are regarded as a scrapie-susceptisbel br

5.2 PRNP mRNA expression in preimplantation embryos

This study is the first report of PRNP mRNA expressin ovine preimplantation
embryos. The quantitative gene expression leveilimnd R5 groups were in the same
trend showing that relative expression levels vggaificantly lower at mature oocyte
and morula stages compared to the levels at immatoicytes and 1-month-old stages.
However, comparison between R1 and R5 groups denates that PRNP mRNA
expression levels of R1 immature oocytes and 1-lmold foetuses were more
abundant than those of R5 group. The present sasutivine embryos showed the same
trend as the gene levels in bovine embryos; bowRNP transcript abundance
increased at zygote, was decreased along embrgenslopment and was elevated at
early foetal stage again (own unpublished datag iflereasing of PRNP transcript at
zygote stage could be due to sperm activity atteilifation, since PRNP mRNA was
found in spermatogenic cells of mice (Fujisawale2804). Moreover, a C-terminally
truncated isoform of PfPwas shown in bovine (Shaked et al. 1999) and officeoyd

et al. 2004) mature sperm by western immunoblotfifgs, sperm could be the source
of PRNP after fertilisation.

Maternal-zygotic transition (MZT) is a complex plemenon characterised by the
initiation of transcription in the embryo and theplacement of maternal mRNA with
embryonic mRNA (Vigneault et al. 2004). MZT compssa period of minor gene

activation in one-cell embryos, followed by a pdriof major gene activation in two-
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cell embryos in mice (Schultz 1993), occurs at4880- to 8000-cell stage Xenopus
(Etkin and Balcells 1985) and at the four- to eigbll stage in humans (reviewed in
Telford et al. 1990). The bovine MZT occurs at e to 16-cell stage, and is
characterized by a major onset of transcriptionjemminor transcription is observed as
early as the one-cell embryo (Memili and First 1098 switch from maternal to
embryonic genome control appears to occur at thie 86-cell stage in sheep embryos.
As in the cow embryo, a relatively constant pattefrprotein synthesis is observed
during the first three cell cycles (one-, two-, four-cell embryos), but a distinctly
different pattern is observed in 16-cell embryod anlater stages (reviewed in Telford
et al. 1990). Similar to those studies, it seenkglyi that the minor embryonic
transcription of the PRNP occurs at zygote stagievied by the major transcription
after blastocyst stage in cattle and sheep. Th@ies that PRNP might have role in

normal embryo development.
5.3 PRNP mRNA and PfRexpression in prenatal foetuses

In order to investigate the expression profile 8NP transcripts, prenatal stage whole
foetuses at the*1month of pregnancy and various tissues of 3- ammdoBth-old
foetuses were used. In addition and for scale emtimber of tissues examined, various
tissues of 2-month-old foetuses (R1 and R5 groupsdiding brain, cotyledon, heart,
intestine, kidney, liver, lung and muscle were atoito the experiment to identify the
activation of PRNP mRNA and protein in single orgauring this stage. The results
showed that PRNP mRNA was found in all tissues-widhth-old foetuses examined.

At the 3% and 8" month of pregnancy, the expression patterns af@#@RNP mRNA
showed a similar trend in R1 and R5 groups. Coreparof the levels in each tissue
between the "3 and &' month stages shows similar expression in the REprThese
results showed high expression levels of the PRNRNA1in cerebrum, cerebellum,
medulla oblongata, cotyledon and spinal cord, whilederate levels were detected in
lung, heart, intestine and muscle, and low expoeskivels were detected in liver and
spleen. This pattern was also similar to the pattérR1 foetuses at thé"5month of
pregnancy; nevertheless, it was different frompattern at the"8month which showed
the same level of the transcript abundance in ket spleen as in lung, heart, intestine

and muscle. The higher expression levels in nemexwal compared to those of the
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other tissues were in agreement with previous stu@Han et al. 2006, Harris et al.
1993, Manson et al. 1992, Kubosaki et al. 2000, &felan et al. 2001, Tichopad et al.
2003). On the other hand, in non-nerval tissues,résults in this study were not in
agreement with Han et al. (2006) and Ning et &08) that showed similar expression
level of the ovine and murine PRNP transcriptsiwverl as in heart, lung and spleen.
Moreover, Tichopad et al. (2003) showed a highemdance of bovine PRNP in liver
of adult cattle than in lung.

The ovine PRNP expression levels were stable tlnmauwigthe prenatal stage in most of
the foetal tissues investigated. However, the gdnendance levels were decreased in
cerebrum, and were increased from 3 to 5 monthagefin medulla oblongata, heart,
liver and spleen of both groups. Quantitative teak PCR was performed to quantify
the amount of the gene transcripts in these tisslies results by real time PCR
supported those results obtained by RT-PCR.

For the PrP expression, Amselgruber et al. (2005) presentadRr® was detected in
pancreas of bovine prenatal embryos ranging frotm 86 cm in crown-rump length.
The present study demonstrated, for the first tithat the PrPis expressed in brain,
cotyledon, heart, intestine, kidney, liver, lungdamuscle of ovine prenatal embryos
since the 2 month of embryogenesis. Since Pexpression levels in various tissues of
R1 and R5 foetuses were in the same trend, and a@sop within each tissue shows
similar level between the two groups, it could baauded that there is no relationship
between PRNP genotype and the tissue expressitmed®r® in prenatal foetuses at
this developing period.

PrP is a glycoprotein present at high level in theirbrét is also found in the heart,
kidney and lung at intermediate levels, but isdwitctable in the liver (Bendheim et al.
1992, Horiuchi et al. 1995). Moudjou et al. (208&ye revealed the presence of PirP
skeletal muscle, uterus, thymus, tongue and livleerathan in brain, heart and lung of
ewes. By a two-size enzyme immunometric assayatfdtudy, the lowest concentration
of PrP* was shown in the liver. PfRn brain was found to be between 564-16,000 fold
more abundant than in liver, and between 20-50 fioddle abundant than in the rest of
tissues mentioned (Moudjou et al. 2001). This preseudy supports previous studies
that PrP® was detectable at moderate level in heart, imeskidney, lung and muscle;
however, the level of PfRietected in liver was as high as in brain in audg. lkeda et

al. (1998) demonstrated that Prépression was negligible in normal liver tissbiet
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was found to increase dramatically in diseasedrdivassociated with stellate cell
activation. It is reported that activated stellegdls undergo metabolic alterations which
influence the production of nerve-related protednsh as N-CAM (Knittel et al. 1996)
or GFAP (Niki et al. 1996), respectively, in rakdoreover, Manson et al. (1992) have
suggested that PrPmay function as a neural cell receptor and dingctand/or
maintaining the architecture of the nervous systéherefore, the demonstration of
high PrP levels in brain and liver by western blot is cetent with these views.

Prion protein is a cell surface glycosylated protaiith two N-glycosylation sites;
therefore, forms of mature PtRor glycoforms are found with different degrees of
glycosylation. The glycoform signature of Prig the brain, as obtained with most anti-
PrP antibodies described in the literature, isenegal characterised by the presence of
three bands with decreasing intensity, represeritiegbi-, mono- and unglycosylated
isoform of PrP of ~33, 30 and 28 kDa, respectiy®pudjou et al. 2001). In this study,
PrP could be detected by loading protein extracts foonty 1 mg of tissue per lane of
almost all tissues except cotyledon. Therdactive bands detected in cotyledon tissue
of both groups were very weak and unclear. Dudésé results, western blot analysis
was done in addition in double concentration ot@roextracted from cotyledon of 2-,
3- and 5-month-old foetuses (R1 and R5 groups). fEselts clearly revealed the
existence of PrfPwith the molecular weight of ~ 30 kDa in cotyledofi3- and 5-
month-old R1 and R5 foetuses, and assured themuess PrP in the 2-month-old
foetuses (Figure 23). Interestingly, most of fo¢itdues examined produced mainly the
biglycosylated isoform, and minimally the monoglggtated isoform of PP
Nevertheless, the cotyledon of both R1 and R5 #mstuproduced only the
monoglycosylated isoform. These suggest that thE® Rn foetal cotyledon is
differentially glycosylated from other foetal ti®sy and could be involved in different
physiological functions of the protein.

The study of PrPexpression in prenatal foetuses established fiealetels of PrPin
some tissues were not related to the levels ofytmee transcript. At 2 months of age,
PRNP mRNA level(s) were high in brain and cotyledamnd low in liver. On the other
hand, the PrfPwas highly expressed in brain and liver, and wexy ow in cotyledon.
Liver is an organ which plays a major role in ddfioation, blood protein formation
and several metabolism functions. In the foetuspdblleaving the placenta via the

umbilical vein passes through the ductus venosasadhner veins of the foetal liver
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(Valadian and Porter 1977). Since PrRas found on peripheral blood mononuclear
cells (Halliday et al. 2005), the accumulation ofPin foetal liver might have resulted
from the circulation of PfPfrom its maternal placenta. Our finding suggestene that
organs, for which infectivity has been demonstrdtedin and intestine), contain more
PrP than tissues shown not to support infection (eutyh, heart, lung and muscle)
(Hadlow et al. 1982).

0kDa |, .ﬁm R1
235kDa —
on TR
25kDa —

2 month 3 month 5 month PBrain

Figure 23: Western blot analysis, revealing the immreactive bands of Prfn
foetal cotyledon of scrapie-resistant (R1) and hsgbceptibility (R5) groups at 2, 3 and
5 months of pregnancy. Protein extracts from 2 rhg@ach sample were loaded per

lane. The foetal brains were used as positive obntr
5.4 In situ analysis of PRNP mRNA and Péxpression in 1-month-old foetuses

Localisation of the mRNA and protein in tissuessimportant tool to understand the
function of target genes at the cellular level.the present study, fluorescent in situ
hybridisation and immunohistochemistry were usedaa®ol for localisation of the
PRNP transcript and the PtRespectively, in 1-month-old foetuses and ovaries

The results presented here demonstrate for thetifine that the ovine PRNP mRNA is
distributed not only in neural cells, but was atkgiected in many non-neural organs
such as dermatome, vertebral column, heart, lindrkédney of sheep foetuses since the
1 month of age. The in situ hybridisation signatrevdetected in the brain and liver of
control sections which were hybridised with sen$¢ARorobe as well; however, the
signals in the sections with antisense probe watensely labelled above the control
one. At this time of age, PfRwas localised in developing brain, heart and kjdne
These results correlate well with several studesahstrating a distribution of PRNP
MRNA in mouse and chicken foetuses during embryotévelopment. PRNP

transcripts were found in developing brain and apoord of embryonic day 13.5 as
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well as in ganglia and nerves of the central angperal nervous system of embryonic
day 16.5 in mice. The gene transcripts were al$ectkd in specific non-neuronal cell
populations such as intestine, dental lamina, tboith and kidney of the 13.5 and 16.5
day embryos, and in extra-embryonic tissues frognada. No PRNP transcript could be
detected in 6.5- or 9.5-day-old mouse embryos (Mdaret al. 1992). In contrast to the
study of Manson and co-workers, Miele et al. (200@sented the activation of PRNP
transcription since the day 8.5 and 9.5 of mousbrgogenesis. Eventhough the gene
transcript was not found at day 8.5, it was wideagrthroughout all regions of the
developing brain such as telencephalic, mesendepdradl metencephalic vesicles, and
the developing neural tube at day 9.5. During atrickmbryogenesis, the mRNA for
a chicken PRNP was found in the brain and spinal as early as embryonic day 6 (the
earliest stage examined). This transcript was distectable in dorsal root ganglia,
retina, aorta, gizzard, intestine and heart of gtic day 11 (Harris et al. 1993). The
expression levels of PRNP mRNA increased 8-foldvbeh days 1 to 42 of postnatal
development in mouse brains. The PH&vel has also increased over this period, most
significant from days 1 to 10 (Miele et al. 200BRNP mRNA and protein continue to
be expressed at high level in the central nervgsiem of adult animal (Bendheim et al.
1992, Han et al. 2006, Harris et al. 1993, Kubosdkal. 2000, Manson et al. 1992,
McBride et al. 1992, McLennan et al. 2001, Tichomadal. 2003). The mMRNA was
predominantly localised in the brain within pyraalictells of the hippocampus, large
neurons of the thalamus and neocortex and Purkelie of the cerebellum (Tanji et al.
1995). Furthermore, the regulation of PRNP mRNAreggion by nerve growth factor
(NGF) has been shown in a clonal cell line, PCl&céNion et al. 1988) and many
regions of postnatal mouse brain (Mobley et al.8)98he expression of PRNP mRNA
and PrP in developing brain and neural tube started at ehdy stage of foetal
development and its continued expression in adaihlbdemonstrate that PRNP might
be criticalto neuronal differentiation or survival during tevelopment of the central

and peripheral nervous system.
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5.5 PRNP mRNA and PfRexpression in reproductive tissues of ewes

The expression patterns of PRNP transcript in ayctive organs of R1 and R5 ewes
were not different at all stages studied. Comparigmong tissues within each group
displays the similar expression level of PRNP tcapsin ovary, oviduct, endometrium
and myometrium, whereas the highest level, as agyim brain (data not shown), was
found in caruncle of both groups. Between R1 andeR®&s within each stage, the
expression level of PRNP mRNA in ovary, oviductdemetrium and myometrium
were not different, while the levels in R1 carunafere higher than that in R5 caruncle
at the ¥ month of pregnancy. However, western blot analysigealed a similar
abundance of PfPin R1 and R5 caruncle, but higher abundant whenpawed to the
level in other tissues. Moreover, lower expressievels of PrP were detected in
oviduct as compared to ovary, endometrium and myoumne of both groups. The
ruminant placenta is classified as synepithelioeth@v¥Wooding and Flint 1994) and has
a cotyledonary organization in which both foetatl anaternal villi are discernible as
discrete structures (placentome) on the uterinéhepim. Intimate contact between
maternal and foetal tissue occurs only in the pimee (comprising the foetal
cotyledon and maternal caruncle), which is the nhagitly vascularized portion of the
placenta. This study also found that the ovine PRANRNA and PrP levels were
highest in caruncle compared to other tissues tigated. Moreover, the PrPwas
abundant at low level in the cotyledon of 2-monlth-fmetuses, while the levels were
high at the 8 and %" month of pregnancy. These results were in agreemvith
Kubosaki et al. (2000) who showed the stronger aggmf PRNP mRNA in sheep
caruncle than the signals in myometrium by in siybridisation. Similarly, Tuo et al.
(2001) showed higher expression level of Pi caruncular endometrium than in
intercaruncular endometrium, myometrium, oviduda amary by western blot analysis.
The results from this study suggest that the sipésgenta, caruncle especially, may be
an important organ for the conversion of Pr®® PrP° and also substantiate the
probability that placenta plays an important roleatural transmission of scrapie. Even
Onodera et al. (1993) displayed the undetectahlel lef PrP° in the placenta of
Corriedale and Suffolk sheep at th& and %" month of pregnancy, respectively,
a significant amount of scrapie agent has beemtswlfrom the placenta of pregnant

ewes by Race et al. (1998).
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The present study has demonstrated for the finsé tihat the PRNP transcript was
localised in oocytes, granulosa cells, theca celNgrian cortex, ovarian medulla and
corpus luteum. Interestingly, the PriRas detectable only in ovarian cortex and ovarian
medulla, but not in the oocyte, granulosa and tlvetla. In sheep, the ovum is released
from the ovary at estrus and reaches the uterosighrthe oviduct within 3 to 4 days.
The embryo will not hatch from the zona pelluciddiluit is in the uterus. Tuo et al.
(2001) and Hadlow et al. (1979) demonstrated tht,Put not the Pr¥, was present
in the ovary and oviduct. These findings provereent observations on the prevention
of TSE transmission (maternal-vertical) in bovimal avine preimplantation embryos
and foetuses using embryo transfer (Foote et &3,1Boster et al. 2004, Wang et al.
2002, 2001, Wrathall et al. 2002). The preventibthe TSE transmission by embryo
transfer procedures, which are neither transmittedffspring via the embryo nor to
recipient animals, even when the embryos are delfefrom the TSE-infected donors,
might have resulted from the lack of Brid oocytes, the protection of zona pellucida
and the lack of PrP in ovary and oviduct. In addition, the fact thaPPwas not
expressed in oocyte, granulosa and theca cellge@mgful for the use of reproduction
biotechnologies, which aim at the application césih cells (embryo transfer, in-vitro-
fertilisation/production). In the uterus of non-grant ewes, PfPwas shown in
caruncular endometrium and myometrium. The levehisf protein was increased in the
pregnant caruncular endometrium as compared tgpregnant one (Tuo et al. 2001).
Throughout the pregnancy period, PRNP mRNA expoeskivel was increased in the
caruncle. Moreover, both RT-PCR and western bladlyas revealed the higher
expression levels of the mRNA and protein in theucele than those of other tissues
studied. Since Pr® was detected only in caruncular endometrium artgtledonary
chorioallantoic of the placentome from pregnaneatéd ewes (Tuo et al. 2001), it
appears that PrPis present in tissue known to express high let#ré". In addition,
Pr” was not detectable in the amnion during pregngmeyod (Tuo et al. 2001);
therefore, the foetus might be separated from tE“fich placental tissues by the
PrP--free amnion.

The tissue distribution of PfAn sheep was first studied by Horiushi et al. @)99n
2001, Mohammed et al. displayed the presence df ifrBome additional tissues from
sheep with each ARR/ARQ, ARR/AHQ or ARQ/VRQ genagpUnfortunately, due to
the low number of sheep tested, the relationshiywden animal genotype for the PRNP
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locus and tissue expression of Préould not be determined. However, studies with
permissive cells expressing two different PRNPargs (ARR and VRQ) indicated that
cell biological properties of ovine PRNP can vaiytwnatural polymorphisms and raise
the possibility that differential interactions ofRRP variants with the cellular
machinery may contribute to permissiveness or t@si® to prion multiplication
(Sabuncu et aR005). Moreover, several studies demonstratedttigaaccumulation of
PrP>®in placenta of ewes is determined by the foetalPRenotype and the pregnancy
status of scrapie-infected ewes. The SPRas detected in placentomes of ewes with
171QQ conceptuses, but not in those with 171QReqainses or in non-pregnant uterus
of infected ewes (Andreoletti et al. 2002, Tuole2802). While the accumulation level
of PrP°in the uterus was decreased throughout the pregraeriod, it was increased
in the caruncle (Tuo et al. 2002). Br8 a primary substrate for the conformation
change of the PfPinto PrP% The amount of PfPis a rate-limiting step in the
development of the prion disease. This presentystibwed an effect the PRNP
variants on the gene expression level in carunaking the gestation period; PRNP
MRNA levels were increased in R5 caruncle, whikeims to be stable in R1 caruncle.
Nevertheless, no relationship between the geneamnsti and the normal protein
distribution was observed in the present studyeréstingly, all female reproductive
organs examined in this study showed only bandf@fbiglycosylated isoform. This
contrasts to previous studies that Préactive bands of either bi- or hyperglycosylated
isoformes were mostly found (lkada et al. 1998, Btamed et al. 2001, Pammer et al.
1998, Tuo et al. 2001).

In conclusion, knowledge about the switch-on peonbdhe prion protein gene both on
MRNA and protein levels during prenatal stage ofmmmalian embryos was not
available so far. In order to understand the mesharand function of PfPin
embryogenesis, this information is of a great inguaze. This study is the first to report
the expression of PRNP mRNA and Pdiuring prenatal stages of sheep. The relative
abundances of PRNP mRNA and protein have been datenh in various tissues of
prenatal embryos as well as reproductive tissuesves. The mRNA and protein were
found in many tissues of preimplantation stagetuf®s as early as 1 month of age, and
was detected in all tissues studied at tA® rBonth; however, the levels of those
activities were different between tissues. In 1-thesld foetuses, PRNP mRNA was

expressed in developing brain, heart, kidney, Jiwertebral column and dermatome,
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while the Pr was detectable only in the brain, heart and kidrggth mRNA and
protein were detected in all foetal tissues exathimeluding brain, cotyledon, heart,
intestine, kidney, liver, lung, muscle and spleieice at the % month (Table 15). With
the exception of the foetal cotyledon and livee kavels of PrP correlate well with the
relative mRNA expression levels in sheep tissuéss $tudy displayed that the mRNA
was high in cotyledon, but was low in liver of hetuses. In contrast, Privere found

at high level in liver but low level in cotyledomhese might be involved in the function
of PRNP gene. In female reproductive organs of maagewes, both PRNP mRNA and
PrP were found at similar level when compared betwaeary, oviduct, endometrium
and myometrium. The mRNA and the protein were hsgtad increased throughout
the gestation period in R5 caruncle. In addtior, skudies in R1 and R5 genotypes
sheep showed no relationship between PRNP genotmpéshe mRNA and protein
expression levels in the prenatal foetuses. Siheelgvels of PRNP mRNA in R5
caruncle were higher than that of R1 caruncle,RRNP genotype (according to the
polymorphisms at codons 136, 154 and 171) may haweffect on the gene expression
level in caruncle tissue of ewes.

In the present study, the expressions of PRNP drgms were observed as early as at
the preimplantation developmental stage. The levet increased immediately after
fertilisation compared to the oocyte stage in eafttwn unpublished data). These
suggest that the minor transcription activity ooprprotein occur at zygote stage, and
the Pr® might have role in normal embryo development. Tieease of the gene
transcript at zygote stage might have resulted fsperm activity, since a C-terminally
truncated PrPisoform was found in bovine (Shaked et al. 1998) avine (Ecroyd et
al. 2004) mature sperm by the western immunoblgittinus, sperm could be one source
of PRNP in the zygote. The PRNP mRNA expressiofiilprg should be performed in
some additional stages of ovine preimplantationrgogbto clarify the minor and major
embryonic activation of this gene. The protein esgion profiling in those
preimplantation embryos, and, moreover, silenchrgggene at zygote stage might give
us the clues to its physiological role. In additi®RNP expression both at mMRNA and
protein levels could be investigated in the earixges of before 1 month of age
vitro in order to define the exact timing and localisatof PRNP transcriptional and

translational activations during the prenatal stage



Table 15: PRNP mRNA and Prxpression in 1- 2- and 3-month-old foetuses
Month of age Brain| Cotyledon Spinal Heart| Intestine| Kidney| Livern Lung| Muscle | Spleen Vertebral Eyes
cord column
Ovine PRNP
-1 month + nd nd + nd + + nd nd nd + +
-2 months + + nd + + + + + + nd nd nd
-3 months + + + + + nd + + + + nd nd
Ovine PrP
-1 month + nd nd + nd + - nd nd nd - -
-2 months + + nd + + + + + + nd nd nd
+ present
- absent

ns = not done

UoISSnasIq
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6 Summary

This study was carried out with the main objecti{gsto determine whether the
polymorphisms at codons 136, 154 and 171 of PRNBslaffect the gene expression,
(ii) to observe the exact timing of PRNP transcaptl protein activation, and (iii) to
investigate the expression profile of the PRNPraimplantation embryos, reproductive
organs of ewes and various tissues of their fostdsging prenatal stage. To full fill
these objectives, sheep with scrapie resistancetymn (R1 group; ARR/ARR) and
high susceptible to scrapie genotypes (R5 groupQMRQ, VRQ/ARH, VRQ/VRQ)
were used as an animal model. The samples weretumgnand mature oocytes, morula
stage embryos, 1-month-old foetuses, various tsssueh as brain, cotyledon, spinal
cord, heart, intestine, liver, lung, muscle ancesplfrom 3- and 5-month-old foetuses
as well as ovary, oviduct, endometrium, myometriand caruncle from 1, 3 and 5
months pregnant ewes.

For experiments using real time PCR, mRNA has hselated using oligo (dT)25
attached magnetic beads from three independents maoitaining 15 to 20 immature
oocytes, or three members of each mature oocytemmiiryos. mRNA was reverse
transcribed to cDNA with oligo dT(12)N primer. Raahe RT-PCR was done using
those samples and 1-month-old foetuses (n=2). ébelts displayed expression of the
gene in all samples examined. The relative aburedasfcthe gene transcript as
compared to the level of the ovine Histone H2a Wwaker in immature oocytes and
1-month-old foetuses and lower in mature oocytes raorula stage embryos of both
groups (0.05). Significant effects of the PRNP genotypetiom mRNA level were
shown in immature oocytes and 1-month-old stagesdisated by the higher levels in
R1 samples than those of R5 samples.

To identify the gene transcript and to compare ¢lpression level among tissues,
stages and risk groups (n=2 for each), semi-qudiviit RT-PCR was performed by
using 18S-rRNA as an internal standard. Total RN&s wsolated from samples using
TRIZOLE reagent and then subjected to DNase digestrinally, 1 pg of total RNA
was reverse transcribed to cDNA with oligo dT(12MN random primers. The results
revealed that PRNP mRNA was detectable in all mateand foetal tissues throughout
the gestation. The gene mMRNA level was highesamrcle, whereas the levels, which

seem to be equal and stable during the gestatia@are ilow in ovary, oviduct,
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endometrium and myometrium. Interestingly, while thRNA level in R1 caruncle was
stable through the pregnancy period, the levelimsed from the®1to 39 months, and
decreased at thd"Bnonth in R5 caruncle. To confirm these changes,time PCR was
performed. The quantitative expression levels inaBRd R5 caruncle support the results
by RT-PCR. Mean and standard error in R1 carunckee £, 3¢ and %' months of
pregnancy were 48.1 £ 19.6, 42.0 = 6.1 and 26.33% i2spectively, and that of R5
caruncle were 17.2 £ 0.6, 44.9 + 2.6 and 28.7 & Ir2spectively.

In both R1 and R5 prenatal foetuses, PRNP trartdenels were high in spinal cord,
cotyledon and all regions of the brain such aslrera, cerebellum and medulla
oblongata. Moderate levels were found in heargsime, lung and muscle, and low
levels were observed in liver and spleen. The lewdhe gene transcript from 3 to 5
months of age was increased in spinal cord, bbtesta cerebellum, intestine, lung and
muscle of both groups. Interestingly, while thedlewas stable in R1 cerebrum and R1
medulla oblongata, it was changed through the tiestan those of R5 foetuses.
Moreover, a differentiation in the gene expresgattern between R1 and R5 foetuses
was observed in the heart, liver and spleen. Thexefreal time PCR was used to
guantify these differences. The results showedRRNP levels relative to the levels of
18S-rRNA in R1 cerebrum, medulla oblongata, hdar and spleen were 47.9, 41.4,
4.3, 2.2 and 5.5, respectively, at tH& rBonth of pregnancy, while 35.1, 50.1, 7.0, 8.0
and 9.4, respectively, at th& Bnonth. From real time PCR analysis results, insee
likely that PRNP expression level was decreasedutiir the pregnancy period in R1
foetal cerebrum, while it was increased in the oégtssues. Similar to R5 foetuses, at
the 3% month of pregnancy, PRNP mRNA relative abundaewel$ in cerebrum and
medulla oblongata were higher than those in héaetr, and spleen. The levels at this
stage were 32.1, 33.6, 7.3, 2.4 and 4.3, respégtidé the 5" month, the level in R5
medulla oblongata (67.3) was also higher than tladseerebrum (24.6), heart (7.5),
liver (2.5) and spleen (7.7).

Since the gene transcript was detected in alléssi 3-month-old foetuses, RT-PCR
was carried out in brain, cotyledon, heart, intestkidney, liver, lung and muscle of 2-
month-old foetuses of both groups. Results revelegresence of the gene transcripts
in all tissues investigated. The gene expressittenps were in the same trend as that of

3- and 5-month-old foetuses as indicated by thé legpression level in brain and
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cotyledon, moderate level in heart, intestine, &gdrlung and muscle, and low level in
liver.

Western blot was performed in reproductive tissafelsmonth pregnant ewes and those
tissues from 2-month-old foetuses to define whetherprion protein (P is activated
at this stage. The results displayed the immunctiseabands corresponding to the rP
in all tissues investigated of both groups. Inténgdy, while the PrP level in most
tissues correlated well with the level of PRNP seipt, the level of PfPin foetal
cotyledon was very low and the level in foetal liveas as high as that in brain.

As PRNP transcript and protein were detected inobtmold foetuses and ovaries,
fluorescent in situ hybridisation (FISH) and immubrmstochemistry (IHC) were
performed to localise the gene mRNA and proteispeetively, on these samples.
FISH was carried out on 7 to 10 um cryostat sestioinsnap frozen tissues. A non-
radioactive probe with a reporter molecule digorige(DIG) detected by indirect
method with the help of tyramide signal amplificati(TSA, fluorophore system) was
applied in this experiment. The control sectionbridised with sense RNA probe were
done in parallel. On the other hand, IHC was peréat on 5 to 7 um cryostat sections
with the help of avidin-biotin complex (ABC). Themmuno-complexes were visualised
using 3-amino-9-ethylcarbazole (AEC) substrate.tiBes devoid of specific staining
with the PrP antibody were used as control forlH@. Staining intensity is a function
of the enzyme activity and improved sensitivity da@ achieved by increasing the
number of enzyme molecules bound to the tissue. prkeipitation of the tyramide
(a phenolic compound) after oxidation and the rpldtibinding sites between the
tetravalent avidin and biotinylated antibodies (tduto the antigen) are ideal for
achieving this amplification. Both of FISH and IH@re pre-optimised in adult brains
which were done in parallel as positive controbtigh out the experiment. The results
showed that both of PRNP mRNA and Pwere localised in developing brain, heart
and kidney of 1-month-old foetuses of both growplsereas only the mRNA, but not
the Pr®, was found in liver, vertebral column and dermatoifhe gene transcript was
also localised in oocytes, granulosa and theca,calid dispersed in ovarian cortex,
medulla and corpus luteum. However, thePnas detected only in the ovarian cortex
and medulla of 1-month pregnant ovaries of botlugso

In conclusion, this study is the first report of MR mRNA and PrP expression in

ovine preimplantation embryos and prenatal foetusks levels of PRNP transcript in
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immature oocytes and 1-month-old foetuses wereifgigntly higher (®0.05) than
those in mature oocytes and morula stage embryuws.PRNP mRNA is activated in
brain, vertebral column, dermatome, heart, livat kidney as early as thé' inonth of
embryogenesis. At this time, PrAs produced in the brain, heart and kidney.
Furthermore, the protein activation in cotyledontestine, liver, lung and muscle occur
in between the 5L and 2 months of foetal development. Throughout the peEna
stages, the mRNA levels were high in spinal coatyledon and all regions of brain of
the foetuses. Moderate levels were shown in imestung and muscle, and low levels
were detected in liver and spleen. In reproduabirgans of ewes, high expression level
of the gene transcript was found in caruncle ofwshile the level in ovary, oviduct,
endometrium and myometrium were moderate. Withetkeeption in foetal cotyledon
and liver, the level of PfPcorrelates well with the relative mRNA expressievel in
sheep tissues. The results of this study revealedrielation between the reported
PRNP polymorphisms and the gene mRNA level in inumgabocytes and 1-month-old
stages. Moreover, it seems likely that these potpmems have an effect on the gene

expression level in caruncle of ewes.
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7 Zusammenfassung

Diese Untersuchung wurde mit den folgenden Haupmiyepunkten durchgefihrt (i)
zur Feststellung der Beeinflussung der Genexpnesses Polymorphismen an Codon
136, 154 und 171 des PRNP Genortes, (ii) zur Untérsng der zeitlichen Regulierung
der PRNP Transkripte und der Proteinaktivierung (mgl zur Untersuchung des
Expressionsprofils des PRNP in praimplantativen Bpod reproduktiven Geweben
von Mutterschafen und verschiedenen Geweben ihbeEnFwahrend der pranatalen
Stadien. Zur Untersuchung wurden Schafe mit Scrapgestenten Genotypen (R1
Gruppe; ARR/ARR) und fir Scrapie hoch anféllige Ggpen (R5 Gruppe;
VRQ/ARQ, VRQ/ARH, VRQ/VRQ) als Tiermodell verwendeAls Proben wurden
unreife und reife Oozyten, Embryonen im Morulasiadi einmonatige Foten,
verschiedene Gewebe wie Gehirn, Kotyledonen, Rimkek Herz, Darm, Leber,
Lunge, Muskel und Milz von drei- und finfmonatigeéaten ebenso wie Ovar, Eileiter,
Endometrium, Myometrium und Karunkel von Mutterdtéia im ersten, dritten und
funften Trachtigkeitsmonat verwendet.

Fiur die Experimente unter Verwendung der Real TR@GR wurde mRNA mit Oligo
(dT)25 angehefteten magnetischen Beads aus drbhéngigen Pools mit 15 bis 20
unreifen Oozyten, oder aus drei Teilen von jeddemeOozyte oder jedem Embryo,
isoliert. Die mMRNA wurde entgegengesetzt mit Oligd(12)N Primern zu cDNA
transkribiert. Die Real-Time RT-PCR wurde mit diederoben und den einmonatigen
Foten (n=2) durchgefuhrt. Die Ergebnisse zeigteme détxpression der Gene in allen
untersuchten Proben. Die relative Anwesenheit dart@nskripte war verglichen zum
Level des ovinen Histone H2a in unreifen Oozyted ammonatigen Foten hoher und
in reifen Oozyten und Embryonen im Morulastadiumidee Gruppen niedriger
(p<0,05). Signifikante Effekte des PRNP Genotyps auh dnRNA Level konnten, wie
durch das héhere Level in R1 Proben verglichendeit R5 Proben bereits angedeutet,
in den unreifen Oozyten und im Ein-Monats-Staditeneigt werden. Zur Identifikation
der Gentranskripte und zum Vergleich der Expresteéwel zwischen Geweben, Stadien
und Risikogruppen (jeweils n=2), wurde eine senargitative RT-PCR, unter
Verwendung von 18S-rRNA als internem Standard, liyetiihrt. Die gesamt-RNA
wurde mit TRIZOL Reagenz aus den Proben isoliertd win DNase Verdau

durchgefuhrt. Schlie3lich wurde 1 pg der gesamtdiA Rntgegengesetzt mit Oligo
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dT(12)N und Random-Primern zu cDNA transkribierasDErgebnis zeigte, dass die
PRNP mRNA in allen maternalen und fotalen Gewebeihrend der Trachtigkeit
detektierbar ist. Das mRNA Level des Gens war aohsi&n im Karunkel, wéhrend das
Level, welches scheinbar gleichbleibend und statilhrend der Trachtigkeit war, im
Eierstock, Eileiter, Endometrium und Myometrium drig war. Wahrend das mRNA
Level im R1 Karunkel wahrend der Trachtigkeit stalar, erhohte sich das Level
interessanterweise vom ersten bis zum dritten Maonat verringerte sich im funften
Monat im R5 Karunkel. Zur Bestéatigung dieser Vegmiigen wurde eine Real-Time
PCR durchgefuhrt. Die quantitativen Expressionsleme R1 und R5 Karunkeln
sicherten die Ergebnisse der RT-PCR ab. Die Duhchige und Standardfehler in R1
Karunkeln im ersten, dritten und funften Trachtigk®onat waren jeweils 48,1 + 19,6;
42,0 + 6,1 und 26,3 + 2,3 und in R5 Karunkeln jdsv&i7,2 + 0,6; 44,9 + 2,6 und 28,7
12,4.

In den beiden R1 und R5 pranatalen Foten warePEP Transkript-Level hoher im
Ruckenmark, Kotyledonen und allen Regionen desr@ghvie Cerebrum, Cerebellum
und Medulla oblongata. Mittlere Level wurden im EeDarm, Lunge und Muskel
gefunden, niedrige Level wurden in Leber und Mikstfestellt. Die Levels der
Gentranskripte im Ruckenmark stiegen wéahrend désrlon drei zu funf Monaten,
blieben jedoch in Cerebellum, Darm, Lunge und Muskeider Gruppen stabil.
Wahrend das Level im R1 Cerebrum und R1 Medullamgpta stabil war, veranderte
es sich wahrend der Gestation der R5 Foten. Weitevtirde eine Differenzierung der
Muster der Genexpression zwischen den R1 und RénFat Herz, Leber und Milz
gefunden. Daher wurde eine Real-Time PCR zur Qiiatung dieser Unterschiede
durchgefuhrt. Die Ergebnisse zeigten, dass die PR&RI relativ zu den Leveln der
18S-rRNA im R1 Cerebrum, Medulla oblongata, Herepér und Milz im dritten
Monat der Trachtigkeit jeweils 47,9; 41,4; 4,3; A 5,5 waren, wahrend sie wahrend
dem funften Monat der Trachtigkeit jeweils 35,1;50,0; 8,0 und 9,4 waren. Aus den
Ergebnissen der Real-Time PCR Analyse schien es das PRNP Expressionslevel
wahrend der Tréchtigkeitsperiode im R1 fotalen Gena verringert war, wahrend es
im restlichen Gewebe erhoht war. Ahnlich der ReRawahrend des dritten Monats der
Tréachtigkeit waren die Level der relativen Mengem BRNP mRNA in Cerebrum und
Medulla oblongata héher als die in Herz, Leber bitz. Die Level dieser Stadien

waren jeweils 32,1; 33,6; 7,3; 2,4 und 4,3. Im fénfMonat war das Level in R5
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Medulla oblongata (67,3) ebenfalls hoher als das Gerebrum (24,6), Herz (7,5),
Leber (2,5) und Milz (7,7).

Da das Gentranskript in allen Geweben des dreingeratFotus detektiert wurde,
wurde eine RT-PCR im Gehirn, Kotyledonen, Herz, aNiere, Leber, Lunge und
Muskel von zweimonatigen Foten beider Gruppen dyefithrt. Die Ergebnisse zeigten
die Prasenz der Gentranskripte in allen untersacl@eweben. Die Muster der
Genexpression waren im gleichen Trend wie die d&r dnd finfmonatigen Foten, wie
gezeigt durch hohere Expressionslevel in Gehirn Kiatyledonen, mittlere Level in
Herz, Darm, Niere, Lunge und Muskel sowie niedtiggel in der Leber.

Ein Westernblot wurde in den reproduktiven Gewetlenim ersten Monat trachtigen
Mutterschafe und der Gewebe der zweimonatigen Fitefreststellung, ob das Prion-
Protein (PrB) in diesen Stadien aktiviert ist, durchgefiihrte Brgebnisse stellten die
zu dem PrP korrespondierenden immunoreaktiven Banden in allatersuchten
Stadien in beiden Gruppen dar. Wahrend da$ PeRel in den meisten Geweben gut
mit dem Level der PRNP Transkripte korrelierte, was Level des PfPim fotalen
Kotyledon sehr niedrig und das Level in der fotaleter war ebenso hoch wie das im
Gehirn.

Aufgrund der Detektion von PRNP Transkript und Birotin einmonatigen Foéten und
in Ovarien, wurden fluoreszenz in situ HybridisreguFISH) und Immunohistochemie
(ICH) zur Lokalisation der mRNA und des Proteinss d8ens in diesen Proben
durchgefuhrt. FISH wurde in 7 bis 10 um Cryostatréiten von gefrorenem Gewebe
durchgefuhrt. Eine nicht-radioaktive Probe mit dédeportermolekil Digoxigenin
(DIG), detektiert durch eine indirekte Methode ntiilfe von Tyramide-Signal
Amplifikation (TSA), wurde in diesem Experiment awgandt. Die Kontrollschnitte
wurden mit sense RNA Proben parallel hybridisiatif der anderen Seite wurde eine
ICH auf 5 bis 7 um Cryostat-Schnitten mit Hilfe vAmidin-Biotin Komplexen (ABC)
durchgefuhrt. Die Immuno-Komplexe wurden mit 3-Ami@-Ethylcarbazole (AEC)
Substraten visualisiert. Die Schnitte ohne speshfis Farbung mit PrP Antikdrpern
wurden als Kontrolle fir die ICH verwendet. Die dnsitat der Farbung ist eine
Funktion der Enzymaktivitat und eine verbessertensiditat kann durch eine
Erh6hung der Anzahl von Enzymmolekilen, welche as Gewebe binden, erreicht
werden. Die Ausfallung der Tyramide (phenolischarfponenten) nach der Oxidation

und die multiplen Bindestellen zwischen den tetiewi@n Avidin und biotinylierten
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Antikorpern (binden zu dem Antigen) sind ideal éiz)s Erreichen dieser Amplifikation.
Beide, FISH und ICH, wurden in adulten Gehirnenaflar pra-optimiert und als
positive Kontrolle wahrend des Experiments verwénbée Ergebnisse zeigten, dass
beide PRNP mRNA und PrPim sich entwickelnden Gehirn, Herz und Niere der
einmonatigen Foten beider Gruppen lokalisiert simdhrend nur die mRNA jedoch
nicht das PrP in Leber, Wirbelsdule und Dermatom gefunden wurdkas
Gentranskript war ebenfalls in Oozyten, Granulaseé Thekazellen lokalisiert sowie in
der Ovarrinde, im Ovarmark und im Gelbkérper zwlén. Das PrPwurde jedoch nur
der Ovarrinde und Mark in den Ovarien der Tiere amten Trachtigkeitsmonat in
beiden Gruppen festgestellt.

Zusammenfassend kann man sagen, dass diese Uhtergumum ersten Mal die PRNP
mRNA und PrP Expression in ovinen Praimplantations-Embryoned prénatalen
Foten zeigt. Die Level der PRNP Transkripte in ifare Oozyten und einmonatigen
Foten waren signifikant hoher<{,05) als die in reifen Oozyten und Embryonen im
Morulastadium. Die PRNP mRNA ist im Gehirn, Wirlielge, Dermatom, Herz, Leber,
Lunge und Niere bereits wahrend des ersten Morat&hbryogenese aktiv. Zu dieser
Zeit wird PrP im Gehirn, Herz und Niere produziert. Dariiberhinarfolgt die
Proteinaktivierung in Kotyledonen, Darm, Leber, genund Muskel wahrend dem
ersten und zweiten Monats der fotalen EntwickliW@ihrend der pranatalen Stadien
sind die mRNA Level im Rickenmark, Kotyledonen watn Regionen des Gehirns
der F6ten hoch. Mittlere Level wurden im Darm, Langhd Muskel nachgewiesen und
niedrige Level wurden in Leber und Milz detektidrt.den Reproduktionsorganen der
Mutterschafe wurden hohe Expressionslevel im Kaeumler Mutterschafe gefunden,
wahrend die Level in Eierstock, Eileiter, Endometriund Myometrium mittel waren.
Mit Ausnahme des fotalen Kotyledon und der Leberdli@rten die Level des PrRjut
mit dem relativen mRNA Expressionslevel im Geweles &chafs. Die Ergebnisse
dieser Untersuchung ergaben eine Korrelation zwisclden gezeigten PRNP
Polymorphismen und dem mMRNA Level des Gens in temeiOozyten und
einmonatigen Stadien. Daruberhinaus, scheint es guiglich, dass diese
Polymorphismen einen Effekt auf das Level der Gpression im Karunkel der
Mutterschafe haben.
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9 Appendix
Appendix 1: Codon-amino acid abbreviations
Codon Full Name Abbreviation Abbreviation
(3 Letter) (1 Letter)
TTT Phenylalanine Phe F
TTC Phenylalanine Phe
TTA Leucine Leu L
TTG Leucine Leu L
TCT Serine Ser S
TCC Serine Ser S
TCA Serine Ser S
TCG Serine Ser S
TAT Tyrosine Tyr Y
TAC Tyrosine Tyr Y
TAA Termination (ochre) Ter X
TAG Termination (amber) Ter X
TGT Cysteine Cys C
TGC Cysteine Cys C
TGA Termination (opal or umber) Ter X
TGG Tryptophan Trp W
CTT Leucine Leu L
CTC Leucine Leu L
CTA Leucine Leu L
CTG Leucine Leu L
CCT Proline Pro P
CCC Proline Pro P
CCA Proline Pro P
CCG Proline Pro P
CAT Histidine His H
CAC Histidine His H
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Appendix 1: Codon-amino acid abbreviations (continued)

Codon Full Name Abbreviation Abbreviation
(3 Letter) (1 Letter)
CAA Glutamine GIn Q
CAG Glutamine GIn Q
CGT Arginine Arg R
CGC Arginine Arg R
CGA Arginine Arg R
CGG Arginine Arg R
ATT Isoleucine lle I
ATC Isoleucine lle I
ATA Isoleucine lle I
ATG Methionine Met M
ACT Threonine Thr T
ACC Threonine Thr T
ACA Threonine Thr T
ACG Threonine Thr T
AAT Asparagine Asn N
AAC Asparagine Asn N
AAA Lysine Lys K
AAG Lysine Lys K
AGT Serine Ser S
AGC Serine Ser S
AGA Arginine Arg R
AGG Arginine Arg R
GTT Valine val \Y,
GTC Valine val \%
GTA Valine val \Y,
GTG Valine val \Y,
GCT Alanine Ala A
GCC Alanine Ala A
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Appendix 1: Codon-amino acid abbreviations (continued)

Codon Full Name Abbreviation Abbreviation
(3 Letter) (1 Letter)

GCA Alanine Ala A
GCG Alanine Ala A
GAT Aspartate Asp D
GAC Aspartate Asp D
GAA Glutamate Glu E
GAG Glutamate Glu E
GGT Glycine Gly G
GGC Glycine Gly G
GGA Glycine Gly G
GGG Glycine Gly G

n/a Aspartate or Asparagine n/a B

n/a Glutamate or Glutamine n/a z
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Chonburi, 20210 Thailand
(+66) 0-3835-8137

(+66) 0-3834-1808-9

thumdee@yahoo.com

B.Sc. in Agriculture (Animale®ice)
Department of Animal Science, Faculty of Aghiate,
Chiang Mai University, Thailand

M.Sc. in Agriculture (Animale®ice)
Department of Animal Science, Faculty of Agricuéur
Chiang Mai University, Thailand

Ph.D student at the Institut@romal Science,
Animal Breeding and Husbandry Group,

University of Bonn, Germany

Animal development Offiekiang Mai, Thailand
Position: Lecturer
Department of Animal Science, Faculty of Agricuéur
Rajamangala University of Technology, Chonburi,
Thailand



