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Abstract

African Swine Fever is a highly contagious, lethal, and economically devasting infectious disease
that affects bush pigs, warthogs, domestic pigs, and wild boars. ASF is present in Africa, eastern and
western Europe, Asia, and Sardinia, where it is endemic since 1978. The etiological agent of ASF is
the African Swine Fever Virus (ASFV), a large, enveloped virus assembled by an icosahedral structure
containing a double-strand DNA genome. The lack of a vaccine limits the options to control the
disease. For this reason, it is important the development of a vaccine capable of infecting and inducing
a long last immunity as well as avoiding the arise of side effects and the risk of possible recombination
with the wild type virus to eradicate the disease. Therefore, the main goal of the present project is the
development of a DISC vaccine specific for ASFV Sardinian isolates. Vaccines’ production requires
the development of suitable continuous porcine cell lines genetically stable to support viral
replication. The natural target cells for ASFV are cells derived from monocytes, in particular
macrophages. At present, there are not monocyte/macrophage continuous cell lines permissive to
virus replication. In the natural host, ASFV replicates in endothelial cells as well. This work showed
the development of an immortalized Porcine Aortic Endothelial Cell (iPAEC) line using E6-E7
oncogenes derived from OaPV3 ovine papillomavirus. This allowed us to obtain a suitable continuous
cell line derived from porcine that may be used to develop a DISC vaccine. Analysis on iPAEC cells
showed that they are capable to support viral replication revealing a highly susceptibility to ASFV
infection. In addition, the production of a DISC vaccine requires the deletion of selected ASFV genes.
This project showed the design of synthetical target late genes and their expression in Cos-1 cell lines.
The presented work allowed us to set up a strategy to develop helper cell lines expressing mutagenized
genes and capable to support replication of defective viruses. The methodology here described

represents a new suitable tool for vaccines development.

Roberta Piredda
Development of suitable tools to produce a DISC vaccine to control African Swine Fever
PhD School in Life Sciences and Biotechnologies
University of Sassari



1. Introduction

1.1 African swine fever: a general overview

African swine fever (ASF) is one of the most important infectious and hemorrhagic diseases that
affects both domestic and wild suids and it must be notified to the World Organization of Animal
Health (OIE) to immediate restrictions on pigs and pork trade. For this reason, ASF is considered an
economically devasting disease. ASF is present in many African, eastern, and central European
countries, Asia, and Sardinia. The etiological agent of ASF is the ASF virus (4ASFV), a DNA virus
which is one of the two members of the family Asfarviridae. ASF was described for the first time in
1921 in Kenya (Montgomery, 1921) and since then it has spread rapidly to other African countries.
From Africa ASFV escaped in 1957 to reach Portugal by contaminated waste containing infected pig
products used to feed pigs. After this invasion, which was rapidly controlled, ASFV re-entered
Portugal in 1960 spreading to the whole Iberian Peninsula, where it persisted for more than 30 years
(Arias and Sanchez-Vizcaino, 2002). During this period, ASF'V spreads sporadically to other countries
in Europe and America. ASF has been eradicated from all these countries except from Sardinia, where
it is endemic since 1978 after its spread from Iberian Peninsula by contaminated waste (Sanchez-
Vizcaino and Arias, 2012, Costard et al., 2013). Sardinia is the only Italian region in which ASF is
endemic, and this is due, probably, to socio-economics influences, to prevalent free-range livestock
and to the high number of wild boars circulating in the region. In 1994 ASF started to spread from
the African continent to west African countries and some islands that were free of the disease. The
spread was probably due to a combination of factors including increasing pigs’ production on the
continent, the presence of asymptomatic pigs that could act as reservoirs to spread the virus, and
globalization. These factors combined with the economic crisis of the present century could be the
origin of the virus spread to eastern Europe (Penrith and Vosloo, 2009; Sanchez-Vizcaino et al.,
2013). In fact, in 2007 ASFV entered Georgia via contaminated food used for pigs alimentation and
from that moment it spreads rapidly affecting neighboring countries such as Armenia, Azerbaijan and
the Russian Federation where ASFV affects both domestic pigs and wild boars and has spread to the
north and west. In 2012 the first outbreaks were registered in Ukraine and in Belarus in 2013
(Sanchez-Vizcaino et al., 2013). ASF continued to spread reaching the European Union frontiers in
Roberta Piredda
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2014, when several wild boars were found dead in Lithuania and Poland. Since then, several cases
have been reported in Estonia and Latvia and over and over in Lithuania and Poland (OIE, 2014), and
this devasting disease continues to be reported in 16 countries (during 2020-2021). The critical
situation of ASF in east and central Europe raises a serious risk to other EU countries, which could
suffer the severe consequences of trade restrictions, as has already happened with Russian Federation
bans. Despite that, two European countries have reported eradication of the disease, such as Czech
Republic (April 2018) and Belgium (March 2020). In August 2018, the virus has reached China,
representing the first appearance of ASF in Asia. Since then, the disease continued to spread in the
Region, affecting 16 countries in 2021. In September 2019, ASF occurred for the first time in Oceania,
followed by Papua New Guinea (March 2020), and in July 2021 the virus reappeared in the Americas
after an absence of almost 40 years, first in Dominican Republic and later in Haiti (OIE, 2021) (Figure
1). Recently, in January 2022, ASF appeared in different Italian regions, such as Piemonte, Liguria

and Campania.

Figure 1 ASF distribution in 2020-2021 (OIE, 2021)

The main routes for ASF spread involve the transport of infected animals and infected products that

could be imported illegally or may involve the transport of wastes containing contaminated pig
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products. Other sources of infection are related to contaminated objects, including livestock vehicles
or infected materials. In addition, natural ranging of wild boars is one of the most serious problems
for the European Union due to the proximity to affected territories, as demonstrated by the recent
cases detected at EU frontiers. Other important causes for ASFV transmission are infected ticks
because the virus can also be transmitted by arthropods, or airborne transmission, even though at a
local level, and should be potential sources for ASF infection in distant countries that are disease-
free. ASF is principally characterized by the presence of hemorrhagic lesions of skin and internal
organs of the infected animals, even though clinical signs could be different depending on different
property as, for example, the virulence of the viral isolate, the route and dose of infection and the host
characteristics. Therefore, every animal that present fever in a high-risk area, should be tested for
ASF. ASFV strains are usually classified as high, moderate, and low virulent (Pan and Hess, 1984).
High virulent strains are usually responsible for the per-acute (pigs dead land 4 days post infection)
and acute forms (animals dead 3 and 8 dpi) of the disease, characterized by a mortality rate of the
100% of the infected animals, while moderate virulent strains are involved in the acute and sub-acute
forms (animals die after 20 dpi). Chronic, or asymptomatic, ASF has been associated with infection
by moderate-to-low virulence isolates (Mebus and Dardiri, 1979; McVicar, 1984), which were only
described in Spain, Portugal, and the Dominican Republic when ASF infection was endemic. In this
form the majority of the infected animals survives becoming asymptomatic carrier of ASF. No
vaccine is available to prevent virus infection, for this reason, prevention is based on avoiding
introduction of the disease. The main control measures are to monitor the entry of pigs and pig
products and to forbid the use of waste for feeding pigs. Especially food waste from infected areas
must be incinerated and never used to feed pigs (Sanchez-Vizcaino and Arias, 2012). An important
risk for ASF-free territories near affected areas is the contact between wild boars and domestic pigs.
It is also important separating domestic free-ranging pigs from wild boars, as well as increasing
biosecurity by fencing pig farms. Another important measure to control the disease is the presence of
an early detection strategy that includes raising consciousness between veterinarians and farmers by
providing them with updated information on risks. The control measures for ASF are based on rapid
detection and diagnosis, culling animals in infected holdings, and forbidding movements of pigs and
pig-derived products in affected areas. It is also necessary to investigate the involvement of wild boars

and ticks in disease appearance (Sanchez-Vizcaino et al., 2014). All these control measures are
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difficult to apply in Sardinia where there is a high number of wild boars that live in close contact with
domestic pig populations, supporting virus spread. The only effective weapon capable to counteract
virus spread would be the development of an effective and safe vaccine, that is still not available. In
2017, the European Commission for health and food safety, has elaborated a document containing
the guideline to work together to create a vaccine against ASFV (Blueprint and Roadmap on the
possible development of a vaccine for African Swine Fever prepared by the African Swine Fever EU

Reference Laboratory on Commission Request).

1.1.1 Epidemiology

The natural hosts of ASFV are African sylvatic suids such as bush pigs (Potamochoerus porcus and
P. larvatus) and warthogs (genus Phacochoerus). Nevertheless, also wild boars and domestic pigs
are susceptible to virus infection. On the other hand, different soft ticks species (genus Ornithodoros)
constitute viral vectors, where the virus can survive for more than five years (Oleaga-Perez et al.,
1990). In general, wild boars are more resistant to ASFV infection than domestic pigs, albeit they
show a similar pathology and epidemiology (Sdnchez-Vizcaino, 2006). Normally, sylvatic suids do
not exhibit clinical evidence acting as a reservoir of virus in Africa (De Tray, 1957). In this area ASF
is characterized by low virus levels into tissue and by a low or not observed viremia (Plowright,
1981). Based on that, they are not able to support virus transmission by direct contact and/or through
soft ticks (Jori e Bastos, 2009). However, transmission occurs in newborn warthogs with high level
of viremia (Thomson, 1985). For this reason, warthogs role is essential for the sylvatic cycle of ASFV,
supporting the persistence of the disease into the entire Continent and bringing about serious obstacles
to ASF eradication. On the other hand, in west Africa sylvatic suids and soft ticks play only a minimal
role, since the virus spread is due especially to illegal trade of suids and infected pig products (Penrith
e Vosloo, 2009). Based on the presence of reservoir animals, soft ticks, and their interaction with
domestic suids, five possible epidemiological situations have been described. The most ancient
scenario describes virus transmission in eastern and southern Africa, where sylvatic swine and soft
ticks (species O. Moubata) act as a virus reservoir. In fact, ASFV transmission in domestic pigs is
due, principally, to infected ticks and by the ingestion of warthog flesh with an acute infection

(Wilkinson, 1986). The second scenario describes the typical situation that is present in west Africa.

Roberta Piredda
Development of suitable tools to produce a DISC vaccine to control African Swine Fever
PhD School in Life Sciences and Biotechnologies
University of Sassari



In this area, transmission occurs via direct contact between domestic pigs or via indirect contact
between swine and infected products, without soft ticks’ involvement. In addition, the lack of
veterinary services and the concealment of animals at the first stage of pathology, encourages virus
spread in the country, and in neighboring regions (Beltran-Alcrudo et al., 2009). The third situation
appeared in the period 1960-1995, when the disease was present in the Iberian Peninsula. Domestic
pigs and wild boars contracted the disease that was principally transmitted via contact between
animals and infected pork flesh. In this situation, also soft ticks O. erraticus played an important role
in ASFV transmission. For this reason, the simultaneous participation of infected wild boars and soft
ticks has made the eradication of ASF difficult, especially for the existence of free-range livestock in
which O. erraticus was the major cause of the disease re-emerge (Boinas et al., 2011). Despite that,
ASF eradication occurred thanks to specific programs of disease control, which involved anti-tick
antibodies detection in wild boars, the disposal of carcasses or the isolation of animals in the areas
where ticks were present (Arias e Sanchez-Vizcaino, 2002b). A similar situation occurred for the
fourth scenario, during the disease spread in Central and South America (1968-1980). In these
countries ASFV infected only domestic pigs, with no virus reservoirs, supporting an early eradication
of the disease. (Simeon-Negrin e Frias- Lepoureau, 2002, Lyra, 2006). The last situation is currently
happening in Russia region and Trans-Caucasian countries where ASF affects domestic pigs (79,8%),
due to the movement of infected animals and their products, and wild boars (20,2%), due to direct
contact with domestic pigs (OIE, 2011a; efsa, 2010a). No ticks involvement was registered (EFS4,
2010a).

1.1.2 ASF clinical signs

ASF is a hemorrhagic disease that shows typical hemorrhagic lesions in the per-acute form and acute
form but not in the sub-acute, chronical, and asymptomatic forms. Different clinical signs characterize
the disease, and they depend on the strain virulence, host, viral load, and route of infection. In acute
forms, clinical signs resemble those of other hemorrhagic diseases, such as Classical Swine Fever,

Salmonellosis or Red Fever. For this reason, a laboratory diagnosis is necessary to confirm ASF.
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Per-acute form

It is produced by high virulent strains, and it is characterized by high fever (41-42°C), lack of appetite,
lethargy, tachypnea, and acute hyperemia. Death occurs within 1-4 days from the onset of clinical

signs, without any organ lesions.

Acute form

Animals present a high fever (40-42°C), lack of appetite, lethargy, apathy, an early leucopenia due to
a lymphocytopenia and a monocytopenia, and they tend to gather. A dramatic pulmonary oedema is
present with an impaired respiratory function. The infected swine present a cutaneous erythema,
especially in the ears area, tail, distal ends, chest, abdomen, and perineal area (Figure 2, A). Tiny
necrotic clusters and subcutaneous hematomas are also described. (Figure 2, B-C). Other clinical
signs that have been described are a serous rhinal drainage, epistaxis, vomit, abdomen pain,
constipation or diarrhea that is initially mucoid but may rapidly evolve in hemorrhagic. In pregnant
sow abortion may occurs. Approximately 90-100% of swine dead within the first week, showing
lather around snout and jaws. Splenomegaly and diffused petechiae are also observed in several

organs.

RLAD.C

Figure 2 Clinical signs in ASF acute form. Imagine A shows the presence of cutaneous erythema. Pictures B and C show the presence
of necrotic clusters and subcutaneous hematomas (Sanchez-Vizcaino et al., 2015).
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Sub-acute form

Clinical signs are the same as the acute form but less pronounced, although vascular modifications
are more intense. Swine dead within 7-20 days from the onset of the clinical signs, with a mortality
rate of 30-70%. Surviving animals recover after 3-4 weeks, though they may eliminate virus until 6

weeks after infection.

Chronical form

This form is caused by low virulence strains, and it has been described only in some region
characterized by the endemic presence of the virus, such as Spain, Portugal, and Dominican Republic.
Nevertheless, it has not been described in Africa and Sardinia, where the virus has been present for a
long time. This form is characterized by the persistence of cutaneous necrotic lesions, growth rate,
weight loss, respiratory signs, abortion, and a low mortality rate. Vascular lesions are also present

caused by secondary bacterial infections (Sanchez-Vizcaino et al., 2015).
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1.2 African Swine Fever Virus

African Swine Fever Virus (ASFV) was discovered in 1921 in Kenya (Montgomery, 1921). ASFV is
a large, enveloped, icosahedral double-stranded DNA virus with a linear genome that varies in size
from 170 to 190 kbp depending on the strain, and contains terminal inverted repeats and covalently
closed terminals (Sogo et al., 1984, Gonzdlez et al., 1986, Tulman et al., 2009, Rodriguez et al.,
2012). 1t is the only know arbovirus with a DNA genome (deoxyvirus) and one of the two recognized
members of the family Asfarviridae, genus Asfavirus. In fact, recently another member relating to
this family has been discovered, the Abalone Asfa-Like Virus (AbALV) (Matsuyama et al., 2020).
ASFV infects tissue macrophages, blood monocytes and specific lineages of reticular, polymorphs,
and megakaryocytic cells (Casal et al., 1984; Wilkinson, 1989), while some virus replication has been
described in endothelial cells (Wilkinson and Wardley, 1978), hepatocytes (Sierra et al., 1987), renal
cells (Gomez-Villamandos et al., 1995) and neutrophils (Carrasco et al., 1996). ASFV also replicates
in soft ticks of the genus Ornithodoros, which act as virus reservoirs. These ticks are involved in the
epidemiological cycle of ASF in eastern and southern Africa (Ornithodoros moubata) and in the
Iberian Peninsula (Ornithodoros erraticus). Other Ornithodoros spp. have been demonstrated to be
susceptible to ASF infection (European Food Safety Authority, EFSA, 2010). ASFV is extremely
resistant at pH and temperature variations, and it can remain infective for 100 days in the environment,
18 days at room temperature, and 7 days at 4° C. ASFV genome encodes for 151-167 open reading
frames (ORF) that are densely distributed, separated by short intergenic regions. The virus particle
contains more than 50 structural proteins that are immunogenic. At least six of the major ASFV
structural proteins (p150, p37, p35, p34, pl5, and pl4) are synthesized as polyprotein precursors
(pp220 and pp62), which is an unusual feature in a DNA virus. The viral architecture consists of a
nucleoid that contains virus genome surrounded by the core shell, and it is organized in proteins layer.
It is wrapped by an inner lipid envelope, an icosahedral capsid formed by protein subunits, and an
outer lipid envelope. ASFV morphogenesis takes place in cytoplasmic areas, the viral factories (VFs),
where occurs viral DNA replication. The VFs contain abundant membrane-like structures, which
represent the first morphological evidence of virus assembly. By assembling the exterior capsid layer,

viral membranes cover the core material obtaining a polyhedral shape (Germdn Andrés, 2017).
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1.2.1 Structure and morphogenesis of ASFV particle

The ASFV particle has an icosahedral morphology with an average diameter of 200 nm and is
composed by several concentric layers: an internal core formed by the nucleoid containing DNA,
coated by a thick protein layer named core shell, an inner lipid envelope surrounding the core and the
capsid, which is the outermost layer of the intracellular virions (Carrascosa et al., 1984, Andres et
al., 1997). The extracellular virions possess an outer envelope originated from the plasma membrane
(Breese and DeBoer, 1966). The virions also contain the transcriptional enzymes for the synthesis,
capping and polyadenylation of early RNA (Salas, 1999). There are 19 genes that are known to
encode for structural proteins (Figure 3) and their localization in the different domains of the virus

particle has been identified (Yanez et al., 1995, Dixon et al., 2012).

Cc
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Figure 3 Localization of different ASFV structural proteins in ASFV particle (Salas and Andres, 2012)

The outer envelope of extracellular virus is plasma membrane like, and p12, that is necessary for virus
attachment, is localized into this structure (Carrascosa et al., 1993). In this region there was found
another virus protein, virus homologue of cellular CD2 (pE402R) (Dixon et al., 2012), mediating
hemadsorption of infected cells (rosette formation) (Rodriguez et al., 1993). p72, encoded by gene
B646L, is the major component of the icosahedral capsid (Garcia-Escudero et al., 1998) and it takes

up approximately one third of the virus particle mass. Another component of the capsid is pE120R
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involved in the transport of mature virions from the VFs to plasma membrane (4Andres et al., 20017).
Into the capsid is found another important structural protein, p49, encoded by gene B438L, that is
responsible for vertices assembly. The inner envelope is derived from the endoplasmic reticulum, and
it contains different membrane proteins, such as p54, pl17 and pE248R. The core shell is a thick
protein layer of approximately 30 nm that is an independent domain of the virus core surrounding the
central nucleoid (Andres et al., 1997, 2002). Its major components are the cleaved products of
polyproteins pp220 and pp62 (Li and Hochstrasser, 1999; Andres et al., 2001a). The nucleoid is an
electrodense structure of 80 nm containing the viral genome (Andres et al., 1997) and nucleoproteins
such as the DNA-binding protein p10 (Munoz et al., 1993, Andres et al., 2002b) and protein pA104R
(Borca et al., 1996, Andres et al., 2002b), which is similar to the histone-like proteins of bacteria.
The nucleoid also contains the enzymes necessary for the synthesis and modification of early RNAs
that includes the multi-subunit RNA polymerase, poly A polymerase, capping enzymes and early
transcription factors (Salas, 1999, Salas and German Andres, 2002). ASFV enters host cells by
clathrine-mediated endocytosis or by micropinocytosis (Figure 4). Once inside the endosome,
because of its acid environment, ASFV loses his capsid establishing into the cytoplasm to replicate.
The ASFV particles are assembled into the VFs that are located close to the cell nucleus and the
microtubule organizing center (MTOC). Extracellular ASFV particles have an outer envelope derived

from plasmatic membrane, and an inner envelope originating from ER-membranes.

Endocytosis

Early endosome

late
Dynamin

Capsid
Disassembly
H+
Clathrin e Fusion

Macropinocytosis Uncoating

Naked

Budding

Figure 4 Afiican swine fever virus infectious cycle. ASFV can enter swine macrophages by clathrin-mediated endocytosis and actin-
driven micropinocytosis (Galindo and Alonso, 2017).
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During the morphogenesis process there is a gradual increase in the size of the VFs occupying the
cytoplasm that became larger (Brookes et al., 1996, Sala and Andrés, 2013). In this area the lack of
cellular organelles is observed, and VFs were cover by the ER membranes and rolled up in a shell
assembled with vimentin. The first step of ASFV particles morphogenesis (Figure 5) is the
accumulation within the VFs of viral membranes, which are the precursors of the inner envelope. The
second step is capsid formation that occurs with a process requiring ATP and Calcium (Cobbold et
al., 2000, Salas and Andres, 2013). The capsid is a layer with a hexagonal pattern that represents its
surface, instead their vertices have a pentagonal pattern (Carrascosa et al., 1984, Salas and Andres,
2013). p72 is the major capsid component, but its assembly is also due by pB602L, a non-structural
protein that is necessary for p72 folding (Cobbold et al., 2001, Epifano et al., 2006, Salas and Andres,
2013) and by p49, a minor capsid component involved in vertices formation (Epifano et al., 2006b,
Salas and Andres, 2013). Together with the capsid assembly, the core shell is formed. The last step
in morphogenesis process is the nucleoid development. There are evidences that pronucleoids are
first pre-formed in the VFs and then are encapsidated onto the empty particles through a single vertex
(Brookes et al., 1996, 1998, Salas and Andres, 2013). Once the ASFV particles are mature, they exit
from the host cells releasing extracellular virions surrounded by the outer envelope (Breese and

DeBoer, 1966, Salas and Andres, 2013).

Nucleus

Recruitment of mitochondria

Figure S Model of ASFV assembly (Salas and Andres, 2012)
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1.3 ASFV Genome and its replication
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Figure 6 Structure of ASFV particle, including his genomic DNA (https://viralzone.expasy.org/12, Swiss Institute of Bioinformatics,
2008)

The ASFV genome is a linear double-stranded DNA molecule of approximately 170-193 kbp (Yanez
et al., 1995; Chapman et al., 2008, de Villiers et al., 2010) that encodes for 151-167 proteins.
Differences in genome length and genes number are due to gain or loss of multigene families (MGF)
expressed by the virus. There are some smaller length variations due to a divergence in number of
short tandem repeats either within genes or intergenic regions (Figure 7) (Dixon et al., 1990, Lubisi
et al., 2007). The complete genome sequence of the tissue culture adapted BA71V was the first to be
determined, and from that several other virus strains have been sequenced (approximately 200
different strains). Genes were named based on EcoRI restriction enzyme digestion, gene orientation
(Left or Right), and number of amino acids of encoded proteins. Recently, a new nomenclature was
proposed for multigene family according to their family name and their position into the genome
(Chapman et al., 2008). Upstream of each gene there is a short sequence that contain the promoter
which is recognized by the viral RNA polymerase complex. The genome termini are cross-linked and
are present in two forms that are inverted and complimentary to each other. Their structure resembles
that of Poxvirus genomes although the sequences are different. The ASFV genome consists of an

average of approximately 61-62% A + T nucleotides (Yanez et al., 1995).
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Figure 7 Organization of ASFV isolate Georgia 2007/1 genome. The colored arrows indicate Open reading frames (ORFs)

(Dixon et al., 2013).

ASFV DNA replication took place in VFs. This process requires enzymes that are expressed

immediately after virus entrance into the cytoplasm by partially uncoated core particles. Early

transcription utilizes enzymes packaged in the core and encoded by virus (Kuznar et al., 1980b; Salas

etal., 1983, Dixon et al., 2012). An early stage of DNA replication occurs also in the nucleus, and it

took place at 6 h post-infection and declines to almost zero by 12 hpi (Tabares and Sanchezbotija,

1979; Garciabeato et al., 1992b; Rojo et al., 1999, Dixon et al, 2012). Genome fragments synthetized

in the nucleus are relatively short and do not reach higher molecular weight or genome length

fragments, quite the opposite, short fragments generated during cytoplasmatic DNA synthesis may

reach higher molecular weight fragments. In the nucleus viral DNA is located close to the nuclear

membrane. The role of the early nuclear phase of DNA replication is unknown. It has been postulated

that the nucleus may provide transcripts or other factors required for virus replication. The similarities

in ASFV genome structure to that of Poxviruses indicates that ASFV may have a replication model

similar to that of vaccinia virus (Moyer and Graves, 1981, Baroudy et al., 1982; Dixon et al., 2012).
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1.4 Genotype classification of ASFV

The phylogenetic analysis of B646L gene, that encode the major capsid protein p72, E183L gene, that
encode the envelope protein p54, and the central variable region (CVR) of the B602L gene, has been
used to classify ASFV into 23 genotypes (from I to XXIII). All genotypes are present in eastern and
southern Africa where the sylvatic cycle, involving warthogs and soft ticks of the Ornithodoros
moubtata species, is present (Lubisi et al., 2005, 2007, Boshoff et al., 2007). Analysis of isolates
circulating in domestic pigs identified that genotype I spread through central and western Africa and
then spread to Portugal in 1957 and 1960, and from there to other European countries, such as
Sardinia, the Caribbean Island and Brazil (Dixon and Wilkinson, 1988, Lubisi et al., 2005, 2007, Nix
et al., 2006; Gallardo et al., 2011b; Dixon et al., 2012). Until recently, genotype I was the only one
found in central and western Africa, but genotype IX has now been identified in Republic of Congo
(Gallardo et al., 2011b; Dixon et al., 2013). Genotype Il is one of the genotypes circulating in south-
eastern Africa in pigs in Mozambique and Zambia and has also been introduced to Madagascar
(1998), Mauritius, Georgia and in the Caucasus (Rowlands et al., 2008, Lubisi et al., 2009, Chapman
et al., 2011; Dixon et al., 2012). From Georgia ASF has spread to neighboring countries including
the Russian Federation, Armenia, Azerbaijan, and Ukraine. Currently, complete genome sequences

are available only for 6 of the 23 p72 genotypes (Dixon et al., 2012).

1.4.1 Sardinian ASFYV isolates

All Sardinian ASFV isolates are members of p72 genotype I and IA, but they have shown minor
genetic variations in two different regions of the genome, within the B602L and EP402R genes
(Giammarioli et al., 2011, Sanna et al., 2017). A 6-amino acid repeat at the C-terminus of the CD2v
protein, and 13 tetrameric repeats in the B602L ORF have been lost in 1990 by Sardinian ASFV
isolates. Based on these characteristics, the isolates were placed into two temporally different
subgroup: the first includes isolates identified during 1978-1990 period, and the second that consists
of all isolates from 1990 until today. The first sequenced Sardinian ASFV isolate is the 47/Ss/08,
found in 2008 in Sassari area, and it is similar to Spanish strain. Its genome is made up of 184,638

nucleotides and with a GC content of 38.5% (Granberg et al., 2016). Beyond that, other ASF'V strains

Roberta Piredda
Development of suitable tools to produce a DISC vaccine to control African Swine Fever
PhD School in Life Sciences and Biotechnologies
University of Sassari

15



have been collected in Sardinia during the endemic period (1978-2014) (Table 1), and all the isolates

show a high genomic stability (Torresi et al., 2020). Among them, the complete genome was

sequenced also for another isolate, virus 26544/0G10, collected in 2010 in Nuoro territory. Its

genome is 182,906 bp long with an average of 38.6% GC content and contains 164 ORFs (Bacciu et

al., 2016).

Development of suitable tools to produce a DISC vaccine to control African Swine Fever
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Virus
designation

56/Ca/78

57/Ca/79

139/Nu/81

140/0r/85

85/Ca/85

141/Nu/90

142/Nu/95

60/Nu/97

26/5s/04

72407/Ss/05

47/5s/08

26544/0G10

97/0t/12

22653/Ca/14

Year

1978

1979

1981

1985

1985

1990

1995

1997

2004

2005

2008

2010

2012

2014

Province

Cagliari

Cagliari

Nuoro

Oristano

Cagliari

Nuoro

Nuoro

Nuoro

Sassari

Sassari

Sassari

Nuoro

Olbia-

Tempio

Cagliari

Host species
Domestic pig (Sus
scrofa domesticus)

Domestic pig (Sus
scrofa domesticus)

Domestic pig (Sus
scrofa domesticus)

Domestic pig (Sus
scrofa domesticus)

Domestic pig (Sus
scrofa domesticus)

Domestic pig (Sus
scrofa domesticus)

Domestic pig (Sus
scrofa domesticus)

Domestic pig (Sus
scrofa domesticus)

Domestic pig (Sus
scrofa domesticus)

Wild boar (Sus
scrofa)

Domestic pig (Sus
scrofa domesticus)

Domestic pig (Sus
scrofa domesticus)

Domestic pig (Sus
scrofa domesticus)

Domestic pig (Sus
scrofa domesticus)

Roberta Piredda

University of Sassari

GenBank
accession no.

MN270969

MN270970

MN270971

MN270972

MN270973

MN270974

MN270975

MN270976

MN270977

MN270978

KX354450

KM102979

MN270979

MN270980

Table 1 ASFV Sardinian isolates until 2014 (Torresi et al., 2020)
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1.5 Similarities between ASFV and other virus families

ASFV is a member of the Asfarviridae family. The Asfarviridae represents a family inside the
nucleocytoplasmic large DNA virus (NCLDV) superfamily, which is composed of a monophyletic
class of viruses that infect a wide range of eukaryotic hosts. Both families have in common part of
their replication cycle in the cytoplasm, even though the NCLDV is independent from the nucleus. It
probably means that they should encode conserved proteins that mediate most processes essential for
virus replication and transcription (Iyer et al., 2001, 2006). First virus families proposed in the
NCLDYV included the Asfarviridae and the Poxviridae in which different members infect insects,
reptiles, birds, and mammals; the Iridoviridae which infects insects and cold-blooded vertebrates; the
Phycodnaviridae which infects algae (Iyer et al., 2001). After that, the NCLDV were expanded to
other newly discovered virus families including the Mimiviridae and Marseillevirus which infect
acanthamoeba and the Ascoviridae which infects insects, especially Noctuids. Comparing the genome
sequences of different NCLDV families were identified 9 genes that were present in all families and
a variety of others that were present in more than one family, producing a map of about 40 genes that
originate from a putative common ancestor. As expected, the NCLDV superfamily shares additional
genes that are not present in other large DNA virus families, such as a Superfamily 3 helicase fused
to DNA primase, a packaging ATPase and a disulphide oxidoreductase involved in morphogenesis.
As well as individual NCLDV virus families encode unique genes earned to facilitate replication in
particular environmental niches (Iyer et al., 2006, Koonin et al., 2009; Koonin and Yutin, 2010; Yutin
et al, 2009). Metagenomic sequencing projects of virus fractions from different environmental
niches, have identified gene fragments that share high sequence similarity with a variety of genes,
including hallmark genes of the Asfarviridae family. In addition, the Heterocapsa circularisquama
DNA virus (HcDNAYV), that infects marine dinoflagellates, encodes a DNA polymerase B similar to
that of ASFV, suggesting that it may be more closely related to the Asfarviridae than to the
Phycodnaviridae as was originally believed. Recently, a new virus closely related to Asfarviridae
family has been discovered, and it was named Abalone Asfa-Like Virus (AbALV), the putative
causative agent of abalone amyotrophia. This new virus shares approximately 58 proteins with the
NCLDYV family (with 47 of them shared with ASFV) (Matsuyama et al., 2020), and for this it has been

proposed as a new member of the Asfarviridae family.
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1.6 ASFV late genes selected for the project

Different ASF'V genes have been selected for the present study, such as B438L, B119L, B318L, B962L
and E120R. All these genes are expressed late during ASFV infection, encoding, therefore, for their
late proteins. B962L OREF is the last of four overlapping genes (B438L, B119L and B318L (Figure 8))

in a genome region encoding for capsid proteins (p72, p49), their folding and post-translational

modifications.
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Figure 8 ASFV isolate 47/Ss/2008 complete genome indicating ORFs B962L, B318L, B119L, B438L (NCBI, KX354450 key access
number)

The B438L ORF encodes for pB438L composed of 438 amino acids with a predicted molecular mass
of 49,3 kDa (Galindo et al., 2000), which is expressed at late times pi. pB438L, also called p49, is
localized at the VF and contains a cell attachment RGD (Arg-Gly—Asp) motif (Yanez et al., 1995).
During the infection, p49 is associated with membranes acting as an integral membrane protein, and
it is able to form disulfide-linked homo- or heterooligomers in the virus particle. It has been shown
that, in the absence of p49, aberrant tubular structures without icosahedral morphology are generated
(Epifano et al., 20006) (Figure 9). For this reason, it has been suggested that p49 is necessary for the

generation of the capsid vertices, and it is essential for ASF'V infectivity.
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Figure 9 Representation of structures generated in presence (A) or absence (B, C) of p49. (A) Normal icosahedral particle. (B)
Longitudinal section of a tubular particle. (C) Cross section of a tubular particle (left) and a bilobulate structure (right). c indicates the
capsid, ie is the inner envelope, cs the core shell and n is the nucleoid (Epifano et al., 2006).

The B119L ORF encodes a 119-amino-acid protein of 14 kDa that conserves the PCXXC active-site
motif and several residues that participate in FAD (Flavin Adenine Dinucleotide) binding in Alrp and
Ervlp (Gross et al., 2002). It has been shown that pB119L is a flavoprotein member of the Erv1p/Alrp
family, and it is considered as a nonstructural protein localized at VF and expressed at a late stage in
ASVF-infected macrophages, and it is necessary for correct virus assembly (Lewis et al., 2000).
pB119L is a FAD-linked sulfhydryl oxidase, which is present in infected cells especially in an
oxidized state containing a disulfide bond and forms noncovalent dimers. In addition, it has been
supposed that ASFV B119L gene is also involved in virus morphogenesis, because its deletion from

the virus genome powerfully affects virions maturation and virus production in infected macrophages

(Rodriguez et al., 2020) (Figure 10).
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Figure 10 Macrophages infected with an ASFV wild type (A and C) and with an ASFV strain with B119L deletion. The imagines B
and D show the presence of virus particle with acentric nucleoids (ACN) that is arranged over two vertices of the icosahedral shell,
despite the imagines A and B where virus particles have a normal appearance (Rodriguez et al., 2020).

The B318L ORF encodes a polypeptide with a predicted molecular weight of 35,904 localized into
cytoplasmic viral assembly site. It is a gene expressed at a late stage of virus infection that encodes
for a late protein, pB318L, an ASFV trans-prenyltransferase, and it is classified as a putative class II1
membrane protein. Until today, ASFV B318L is the only viral prenyltransferase gene that has been
identified, thought it has properties that are quite the opposite from those described for the FFP
(Farnesyl Pyrophosphate) synthase or GGPP (Geranylgeranyl Pyrophosphate) synthase involved in
the synthesis of the prenyl donors for protein prenylation. As pB318L is associated with viral
membranes precursors derived from the ER, it has been supposed that it may be involved in the
synthesis of ubiquinone prenyl chain to produce an extra amount of this compound and this could be
necessary to protect virus membranes and its DNA against oxidation to prevent cell death by
apoptosis of the infected cell (Alejo et al., 1999). B962L ORF is located in the central region of the
ASFV genome and encodes for a putative DNA helicase of 962 amino acids, with a molecular mass
of 109,6 kDa (Yanez et al., 1993). B962L is expressed late during ASF'V infection, after the start point
of viral DNA replication. pB962L contains amino acid motifs that are characteristics of helicases
superfamily II, and it is able to form hexameric structures with a ring shape form and a modified

AAA" core involved in DNA binding or protein-protein interaction (Singleton et al., 2007). Until
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today no function has been associated to ASFV B962L, and it has been supposed that ASF'V pB962
key role is the viral DNA packaging inside the icosahedral capsid during replication final stages

(Figure 11), but additional data would be necessary to support such a proposal (Yanez et al., 1993,

Brookes et al., 1998).

Cytoplasm membrane

. Virus factory

Empty [ Intermediates " Full
nucleoid
O’%:mﬁbran '. DNA @P‘ @ @ core shell
N icosahedron
forming icosahedral
icosahedron closure

increasing DNA-protein core condensation

Figure 11 Model of DNA packaging and ASFV particle assembly in the VF (Brookes et al., 1998)

ORF E120R encodes for a protein of 120 amino acids characterized by a molecular mass of 14,5 KDa
and with hydrophilic and acid properties. pE120R, named also pl4.5, is a structural protein
synthesized at a late phase of the viral infectious cycle after the beginning of DNA replication
recruiting during capsid formation. In vitro analysis revealed that pE120R interacts with p72 (4Andrés
et al., 2001), and this elucidates the external localization of that protein in the virus particle. In
addition, this protein interacts with DNA, and it was described as a DNA-binding protein. These
characteristic properties suggested that pE120R may be involved in condensation or encapsidation of
the viral DNA (Martinez-Pomares et al., 1996). A consecutive study by Andrés et al. in 2001 using
a recombinant virus lacking £/20R gene has shown that pE120R in necessary for virus egress and its
expression is important for intracellular particles transport to the plasma membrane (Figure 12)

(Andreés et al., 2001).

Roberta Piredda
Development of suitable tools to produce a DISC vaccine to control African Swine Fever
PhD School in Life Sciences and Biotechnologies
University of Sassari

21



Figure 12 Role of pE120R in intracellular particles transport. Imagine A shows as, in the presence of the protein, viral particles move
from VF to plasma membrane; instead, imagine B shows as, in pE120R absence, particles are assembled in the VF, but they cannot be
transported (Andrés et al., 2001).

A more recent study has revealed that £/20R can afford to suppress the host antiviral response via
the inhibition of IFN-B production. In fact, the protein interacts with interferon regulatory factor 3
(IRF3), a key transcription factor that is important for type I IFN induction and is essential for genes
expression in different innate immune response stages (Canivet et al., 2018, Liu Huisheng et al.,
2021). Therefore, pE120R interferes with IRF3 recruitment to TBK1 (TANK-binding kinase 1)
decreasing interferon production though suppressing IRF3 phosphorylation. The present study has
shown a novel system used by ASFV to elude the host antiviral response, and E/20R could be

considered as a new target in ASF'V vaccines development (Liu Huisheng et al., 2021).
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1.7 Clustered Regularly Interspaced Short Palindromic Repeats/Cas9
technology

Clustered Regularly Interspaced Short Palindromic Repeat (CRISPR)-Cas9 is an RNA-guided gene-
editing platform that make use of an endonuclease (Cas9) and a synthetic guide RNA (sgRNA) to
introduce a double strand break at a specific location within the genome (Figure 13). The CRISPR
system is a prokaryotic adaptive immune system that uses the RNA-guided DNA nuclease Cas9 to
silence viral nucleic acid and it has been shown to act as a gene editing tool in various organisms
including mammalian cells. CRISPR technology consists of a short non-coding guide RNA (gRNA)
made up of a target complementary CRISPR RNA (crRNA) and an auxiliary transactivating crRNA
(tracrRNA). Basically, the crRNA defines Cas9 genomic target, while the tractrRNA acts as a scaffold
to connect the crRNA to Cas9 and actively contributing to the conversion of mature crRNA from pre-
crRNA derived from CRISPR arrays. The gRNA is able to guide the Cas9 endonuclease to a specific
genomic locus through base pairing between the crRNA sequence and the target sequence and cleaves
the DNA to create a double-strand break. The gRNA is made through a fusion of the natural crRNA
and tracrRNA components and it is required for Cas9 to specifically bind and cleave a target DNA
sequence. gRNA contains a 18-20 base variable sequence that can be changed to target any DNA
sequence that is located immediately upstream of a PAM (Protospacer Adjacent Motif), a short DNA
fragment of approximately 3-5 nucleotides (5’-NGG-3’) that is required as a signal to bind Cas9
endonuclease (Ran et al., 2013).

Genomic locus --

Target(20bp) y PAM

5’ . .AATGGGGAGGACATCGATGTCACCTCCAATGACTAGGGTGGGCAACCAC. . 37
DNA target PEELEEEETTETTEIN FLEIV T
3" . .TTACCCCTCCTGTAGCTACAGTGGAGGTTACTGATCCCACCCETTGGTG. . 5
TECEETELTEEEET
5’ JGTCACCTCCAATGACTAGGGGUUYUAGAGCUAG 5

LY 1
sgRNA BUUCAACUAUUGCCUGAUCGGAAUAAAALY CGAUA™

Y GAA
AAAGUGGCACCGA

MRS
3\ UUUUUUCGUGGCU Cas9

Figure 13 Schematic representation of CRISPR-Cas9 system (Ran et al., 2013).
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1.8 Papillomaviruses and their transforming properties

In the present project we decided to use a protocol that was previously described by our research team
to immortalize Primary Lamb Keratinocytes (PLK-1) (Tore et al., 2019), using oncogenes £6 and E7
deriving from two ovine papillomaviruses, OaPV3 and OaPV4. Papillomaviruses are known to
possess the ability to transform cells inducing their immortalization. For example, the first
immortalized cell line, HeLa (epithelial cells from cervical carcinoma), has been naturally
immortalized thanks to the presence of HPV18 papillomavirus. Since the HeLa cells have been
discovered, other cell lines have been immortalized using that system, and today we know that tumors
transforming properties may be used to immortalize different primary cells and develop new stable
and continuous cell lines. Papillomaviruses (PVs) are icosahedral double-stranded DNA virus.
Usually, they infect skins and mucous squamous stratified epithelium of different vertebrates, in
which they may cause cellular proliferation or persist asymptomatically. PVs are extremely species-
specific, and the majority of them were identified in human. However, the direct link between PVs
and neoplasia was discovered for the first time in animal papillomavirus, especially in cottontail rabbit
papillomavirus (CRPV), bovine papillomaviruses (BPVs), and canine oral papillomavirus (COPYV)
(Campo, 2002). Most of PVs do not have any role in tumor progression and they are in healthy skin
and mucosae located (McMillan, 2006). Different studies suggested that these viruses are extremely
capable to adapt themself to the host environment, and they are controlled by the immune system
with a limited virions production (Doorbar, 2016). A recent study has shown FcaPV2 genes
expression in oral and cutaneous SCC (Squamous Cellular Carcinoma), and E6 and E7 proteins
transforming properties through pRB and p53 interaction, suggesting that virus may have an
important role in SCC develop in feline species (Altamura G. et al., 2016). E6 ed E7 are the most
important oncoproteins in papillomaviruses that are able to evade DNA reparation processes and

apoptosis (Tommasino, 2017), causing cellular transformation and immortalization.
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Transforming properties of E6

E6 cutaneous oncoproteins role in cells transformation is still not clear. Several studies suggested that
their first function is p53 inactivation through indirect manner. Its inactivation is really recurring
during tumor develop, and it have a key role in viruses caused transformation. For example, the E6
oncoprotein of different beta-HPV and BPV1 bound LXXL motif of the Mastermind-like I(MAMLI1),
that is a core component of the canonical Notch signaling pathway (Brimer et al., 2012). In
keratinocyte cells, the Notch signaling pathway has a crucial role during cell cycle arrest and
differentiation, and its inactivation due to E6 oncoprotein may support viral life (Rangarajan et al.,

2001).

Transforming properties of E7

E7 oncoproteins in HPV have the capability to bound protein pRb through LxCxE motif located into
CR2 region (Sullivan CS, et al., 2002; Ahuja D, et al., 2005; DeCaprio JA, et al. 2009). pRb is a
tumor suppressor factor involved in cell cycle control allowing the progression into G1/s phase. In
quiescent cells, pRb is linked to E2F family transcriptional factors inhibiting them. pRB
phosphorylation due to cyclin-dipendet kinasy (CDK) activity causes the interruption of pRb-E2F
complex, leading to activate E2F transcriptional factors (Tommasino, 2014). pRb degradation and the
consequently transcriptional activation by E2F are two key mechanisms by which viruses may

preserve the DNA synthesis in differentiated epithelial cells (McLaughlin-Drubin e Munger, 2009).
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2. Aim of the project

The present project is part of a collaboration between Institute of Infectious Diseases and Virology
of the Department of Veterinary Medicine of University of Sassari, Istituto Zooprofillattico
Sperimentale della Sardegna G. Pegreffi (Sassari), Institute of Molecular Biology Severo Ochoa of
Madrid and Istituto Zooprofilattico Sperimentale Umbria e Marche (Perugia).

The lack of a vaccine limits the options to control the disease, for this reason it is extremely important
the development of a vaccine capable of infecting and inducing a long last immunity as well as
avoiding the risk of possible recombination with the wild type circulating virus in order to eradicate
the disease. Therefore, the main goal of the project is the development of a DISC (Disabled Infectious
Single Cycle) vaccine specific for ASF'V Sardinian isolates. To carry out the aim, different objectives

have been set up:

e Immortalization of Porcine Aortic Endothelial Cells (PAEC) by ovine
papillomaviruses (OaPV3 and OaPV4) oncoproteins £6 and E7.

e Evaluation of the stability of ASFV Sardinian isolates cultivated on iPAEC cells and
their susceptibility to virus infection.

e Design of different synthetic ASFV selected late genes.

e Stable expression of mutagenized ASFV genes in Cos-1 and iPAEC cell lines.

e Establishment of a cellular platform expressing different ASFV late proteins using

CRISPR-Cas9 system to produce helper cells utilized to develop DISC vaccines.
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3. Materials and methods

3.1 Immortalization of Porcine Aortic Endothelial cells

This step of the project was carried out in our laboratory of Veterinary Virology and Infectious
Diseases of University of Sassari. Vaccine production require the development of suitable continuous
cell lines genetically stable to support viral replication. It is important that such cell lines originate
from naturally host species and from tissues involved in infection. The natural target cells for ASFV
are cells derived from monocytes, in particular macrophages, primary cell lines difficult to obtain and
to cultivate as does not exist a monocyte/macrophage continuous cell line capable to sustain virus
replication. In the natural host, ASFV replicates in endothelial cells as well. For this reason, in this
study primary Porcine Aortic Endothelial Cells (PAECs) have been set up and then their
immortalization was performed. To this aim an immortalization tool that use £6 and E7 oncogenes

derived from different ovine papilloma virus, OapV3 and OaPV4, was applied.

3.1.1 Porcine Aortic Endothelial cells isolation

Primary Porcine Aortic Endothelial Cells (PAECs) were isolated thanks to a collaboration with
Istituto di Clinica Ostetrica (Department of Veterinary Medicine, University of Sassari). Cells were
collected from porcine aorta (10-14 cm of length) during slaughter process, according to animal
welfare protocols. The aorta was washed in PBS (Dulbecco Phosphate Buffer Saline) without calcium
and magnesium, supplemented with 1% penicillin/streptomycin (Euroclone) and 2,5 pg/ml of
amphotericin B (Euroclone), to remove the residual blood. All the collateral arteries and an aorta end
were closed with surgical suture thread (Ethicon-Somerville, Bridgewater, NJ) to obtain an aortic

closed duct (Figure 14). The vessel cavity was filled with two different enzymatic solution.

Collagenase

The first method utilized 20 ml of collagenase H type 1 solution (0,1% in Dulbecco’s Modified Eagle
Medium, DMEM) and 1% Penicillin/Streptomycin. Then, the aorta was incubated at 37°C for 8-10
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minutes, and later the enzymatic solution was harvested and deactivated by an equal volume of
Porcine Endothelial Cell Growth Medium (Cell Application), centrifugated at 1200 rpm for 5 minutes
at RT. The obtained cellular pellet was washed in sterile PBS, resuspended in cell medium, and cells

were cultured in T25 tissue culture flask.

Dispase

The second method utilized 20 ml of dispase solution (25 U/ml in Dulbecco’s Modified Eagle
Medium, DMEM) with 1% Penicillin/Streptomycin. The aorta was incubated in enzymatic solution
for 5-6 minutes at 37°C, then the suspension was collected and deactivated with an equal volume of
cell medium, centrifugated at 1200 rpm for 5 minutes at RT, as described before. Cellular pellet was

resuspended and cultured in T25 flask.

Figure 14 PAEC isolation procedure. A: porcine aorta; B: occlusion of the aorta extremity; C: collateral arteries closed by surgical
suture thread.

3.1.2 Cell Culture

Porcine Aortic Endothelial Cells (PAEC) were cultured in Porcine EC Growth Medium (Cell
Applications) supplemented with 20% of Fetal Bovine Serum (FBS) (Euroclone) and 1 pl/ml of
amphotericin B (Euroclone). Phoenix cells are renal embryonal cells derived from human and

immortalized by Ela adenovirus. They are usually employed to generate retroviral particles thanks
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to their high capacity of being transfected. Phoenix cells were cultured in Dulbecco's Modified Eagle's
Medium (DMEM) (Euroclone) supplemented with 10% of FBS, 100 units/mL penicillin, 100pg/mL
streptomycin (Euroclone), 1% of L-glutamine (Euroclone) and 1 pl/ml of amphotericin B. Cos-1 cells
derive from fibroblasts of green monkey (Cercopithecus aethiops) kidney, transformed with SV40
virus. They were cultured in DMEM supplemented with 5% of FBS, 2mM L-glutamine, 100U/ml of
gentamycin (Euroclone) and 0,4 mM of non-essential amino acids (Sigma). Cells were incubated at

37 °C with 5% of CO> in a humidified air (95%).

3.1.3 Plasmid design

For the project we employed two vectors developed before in our laboratory by our team, pLXSN +
OaPV3_E6E7 and pLXSN + OaPV4 _EG6E7 expressing, respectively, genes E6-E7 of OaPV3 ovine
papillomavirus 3 strain (Figure 15) and genes E6-E7 of OaPV4 ovine papillomavirus 4 strain (Figure

16). All plasmids used have been created with Snapgene® software (GSL Biotech LLC).

B BamHI

pLXSN+0aPV3_EGE7
6522 bp

INSERT
FRAGMENT

Replace Insert
EcoRI(1470) — BamHI (1486) EcoRI(3) — BamHI (667)

EcoRI BamHI

OaPV3_EGE7
674Bp

PLXSN
5874 bp

Figure 15 pLXSN + OaPV3 EGE7
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—— EcoORI

" BamHI

pLXSN+OaPV4_EGE7
6516 bp

INSERT
FRAGMENT

Replace Insert
EcoRI(1470) — BamHI (1486) EcoRI(3) — BamHI (661)

_— EcoRI EcoRI BamHI
BamHI

0aPV4_EGE7
668 bp

PLXSN
5874 bp

Figure 16 pLXSN + OaPV4_EGE7

3.1.4 Transfection of Phoenix cells

Phoenix cells were transfected using Calphos Mammalian Transfection kit (Clontech). Cells are
seeded in 10 cm dishes the day before in order to have 50-70% of cell confluence prior to use. Before
starting transfection, the old medium was removed from Phoenix cell cultures, and 5 ml of fresh
complete DMEM supplemented with 5 pl of 25mM Cloraquine (25 pM as final concentration) were
added. In the meantime, transfection solutions were prepared in 15 ml tubes (10 pg plasmid DNA +
ddH20 up to 440ul, 62 ul of CaCl> 2M, 500 ul of HBS2X dropwise) using three different vectors:

e pLXSN + OaPV3 EGE7

e pLXSN + OaPV4 _EGE7

e Empty pLXSN (used as a control)
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Plasmid suspensions were added to cells dropwise and homogenously and incubated overnight. 24-
hours after transfection medium was removed from cells and they were washed twice with PBS before
adding 5ml of fresh complete DMEM. After 48- and 72-hours post infection (pi), medium of the
Phoenix dishes (the supernatant contains retroviral particles) was collected and filtered through 0.2

um filter twice. 5 pg/pl of PolyBren was added into each 5 ml retroviral suspension.

3.1.5 Infection of PAEC cell line

Primary Porcine Aortic Endothelial cells were seeded in 10 cm plates two days before infection. Old
medium was removed from PAEC, and filtered retrovirus suspension was added to. 3-hours pi
retroviral suspension was removed from the cells and fresh medium was replaced (Porcine EC

Growth Medium).

3.1.6 Selection of transduced cells

Selection of transduced cells was started 24 hpi. Cells were splitted according to cell confluence and
fresh medium supplemented with 0,7 mg/ml of G418 selective antibiotic was added. Selection was

continued until death of control cells (not-infected PAEC).

3.1.7 Immunofluorescence

PAEC characterization was carried out using CD31 antibody. It is also known as Pecam-1 (Platelets
Endothelial Cell Adhesion Molecule-1), and it is a specific endothelial marker expressed into cell
junctions. 3,5x10° Porcine Aortic Endothelial Cells were seeded in SPL Cell Culture borosilicate
chamber slides (Euroclone) and let grow until 70-80% of confluence was reached. Afterwards, cells
were washed twice with 1X PBS and fixed in 4% paraformaldehyde (PFA) at RT for 10 minutes.
Fixed cells were incubated with 2% BSA (Bovine Serum Albumin, Sigma) in PBS for 30 min in a
humid chamber. Primary antibody mouse-anti-pig CD31 was diluted 1:100 in 1% PBS/BSA and
incubated with cells o/n at 4°C. Two or more washes with 1X PBS were performed before incubation
with secondary antibody Donkey anti-Mouse IgG (H+L) Highly Cross-Adsorbed Secondary
Antibody, Alexa Fluor 647 (fuchsia) or Alexa Fluor 488 (green) (Biorad) diluted 1:400 in 1% PBS
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for 1 hour in the dark at RT. Two washes with 1X PBS were performed before incubation with DAPI
(1pg/mL in milliQ) for 1 min. Cells were washed other two times before slide assembly in a
ProLongTM Gold Antifade kit (Thermo Fisher Scientific) and analyze with confocal laser scanning

microscope Leica SP5 associated with a Leica LAS AF Lite software for pictures acquisition.

3.1.8 RNA extraction from immortalized Porcine Aortic Endothelial Cells

RNA was extracted from iPAEC (immortalized Porcine Aortic Endothelial Cells) pellet using the
RNeasy Mini Kit (Qiagen), following vendor’s recommendations. RNA was treated by using the
DNA-free™ DNase Treatment and Removal Reagents kit (Ambion), and retrotranscribed using the

GoScript™ ReverseTranscription System (Promega), following manufacturer’s instructions.

3.1.9 RT-PCR

cDNA of E6E7 expressing iPAEC was used for RT-PCR to check E6-E7 gene transcription. RT-PCR

was performed with HotStarTaqg DNA Polymerase (Qiagen) according to following conditions.
Primers

e 0aPV3 E6E7 EcoRIF (5 GAGAATTCATGGAGGGAAGCCCTCGTAC 3°)
e 0aPV3 E6E7 BamHIstopR (5> AAGGATCCCTATGCAGCACACGGCGGAC 3°)
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Component Volume Final Concentration
10X PCR buffer 2,5 uL 1X
10 mM dNTP Mix 0,5 puL 200 uM
10 uM Primer Forward 0,75 uL 0,3 uM
10 uM Primer Reverse 0,75 uL 0,3 uM
cDNA 1 uL
HotStarTaq DNA Polymerase (5U/ 0,125 uL 0,625 U
pl)

dd H20 19,375 uL

PCR profile

Initial activation step 94°C 15°

Denaturation 94°C 30’

Annealing 60°C 307 L 33 cyeles

Extension 72°C 30’

Final extension 72°C 10'

PCR fragments were analyzed by agarose gel and purified with the DNA Clean & concentrator™

Kit (Zymo Research), according to manufacturer instructions. Purified samples were sequenced by

BMR genomics (Padova).

3.1.10 Agarose gel electrophoresis

Agarose gels were prepared using a microwave to dissolve the agarose powder in 1X TAE buffer

according to desired percentage. After boiling, GelRed® (Biotium) or GelGreen® (Biotium) was

added to final 1X concentration and mixed. GelRed® (Biotium) was used for analytical visualization

while GelGreen® (Biotium) was used for excision and purification of DNA fragments. The melted

agarose was poured into a gel casting tray containing a comb. When solidified, the gel was placed in
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the running chamber filled with 1X TAE buffer. DNA samples supplemented with loading buffer
were loaded into wells together with 1kb plus DNA ladder (Invitrogen). Agarose gel electrophoresis

was performed at 80V, and DNA was visualized with the GelDoc Ez® system (Biorad).

3.2 iPAEC infection with Sardinian ASFV isolates and evaluation of their

susceptibility.

This step has been developed in collaboration with the Istituto Zooprofilattico Sperimentale della

Sardegna G. Pegrefti (Sassari).

3.2.1 Primary cultures of porcine macrophages

Primary macrophages were isolated from peripheral blood samples derived from healthy swine of
approximately 4-12 months old come from Azienda Sperimentale di Surigheddu (Sassari), a property
of Istituto Sperimentale Zooprofilattico della Sardegna. Selected animals have been periodically
checked in order to verify the absence of ASFV infection, according to animals’ welfare protocols.
Blood was collected and supplemented with heparin (100 U/ml), then was processed to set up
macrophage cultures, according to Malmquist test (Malmquist et al., 1960). Blood was centrifugate
at 700g for 30 minutes at 4°C, and serum was stored at 4°C to add it to macrophages culture medium,
instead red blood cells were diluted in PBS 1/10 and stored at 4°C. Buffy coat was removed and
incubated for 10 minutes at RT in hemolysis sample, and centrifugated at 700g for 10 minutes at 4°C.
This step was carried out three times to obtain a cell pellet without red blood cells, and it was washed
in PBS. Cells were counted using trypan blue (Sigma) to verify their viability and resuspended in
RPMI (Roswell Park Memorial Institute)-164 medium (Euroclone) supplemented with 100 U/ml
penicillin, 100 pg/ml streptomycin, 20% of autologous serum, seeded into 96-multiwell-plate or in
T25 flasks at 37°C with 5% of CO; in a humidified atmosphere for 48 hours to allow
monocyte/macrophages to attach. Once they are attached to the plate, they may be used to cultivate

viruses.
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3.2.2 ASFV isolates

For the project two ASFV isolates were selected, the high virulent Sardinian isolate 2008 (47/Ss/08)
isolated in the region of Sassari, and an attenuated isolate NH/P68 isolated in Portugal in 1968. Both
viruses belong to Genotype I, and Sardinian isolate has hemo-adsorbing ability while NH/P68 not
(Gallardo et al; 2009; Franzoni et al;2017). Both ASFV isolates were amplified in vitro using
macrophage cultures. Macrophages were inoculated with 0.5 ml of each virus and incubated for 2
hours at 37°C. Then, culture medium supplemented with 1% of erythrocyte diluted 1/10 in PBS was
added only to hemo-adsorbing virus (2008). After 3 days of incubation at 37°C, flasks were freezed
and unfreezed for three times at -80°C, and then supernatant was collected, centrifugated at 3000g

for 15 minutes and stored at -80°C.

3.2.3 Virus titration

Virus titration was realized on porcine monocyte/macrophage with serial dilutions of the isolates. 5
days pi the viral titer was calculated based on hemo-adsorbing properties for 2008 isolate or by direct
immunofluorescence for NH/P68. The hemo-adsorbing event was estimated calculating the formed
rosette, that happen when erythrocytes stick to the infected macrophage. Otherwise, the viral titer of
NH/P68 isolate was evaluated via direct immunofluorescence, using a polyclonal antibody anti-p72
conjugated with a fluorochrome (supplied by Istituto Zooprofilattico of Perugia). Medium was
removed and macrophages washed three times with PBS and fixed with a EtOH/methanol solution
for 15 minutes at 4°C. Fixed cells were incubated for 1 hour with the antibody diluted 1:200 in PBS
and then analyzed by fluorescent microscope (Axiovert 200, Zeiss, Germany). Viral titer was

established using Spearman—Kérber formula to calculate the 50% endpoint by serial dilution.

3.2.4 Infection of COS-1 and iPAEC cells with ASFV isolates

Cos-1 and iPAEC cells were mock infected or infected with isolates 2008 and NH/P68 with different
MOI (Multiplicity of infection): 3, 1 and 0.2. After 1 hour and half of incubation, viruses were
removed, and cells were washed with PBS and culture medium was replaced. Cells were stopped at

2-, 4-, 24-, 48-, 72- and 96-hours pi. Experiments with MOI 1 and 3 were carried out in triplicate,
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while experiments with MOI 0.2 in duplicate. At a later time, cells pellet and supernatant were
collected. Supernatant was centrifugated for 5 minutes at 2000 rpm and stored at -80°C, while cellular

pellet was stored in RNA later or fixed.

3.2.5 Flow cytometry assay

Cellular pellet collected before was fixed using Leucoperm (solution A), following manufacturer’s
instruction (Bio-Rad Antibodies). Then, cells were permeabilized using Leucoperm (solution B),
following manufacturer’s instruction. Subsequently, cells were washed with PBS, and incubated with
antibody anti-p72-coniugated-FITC (clone 18BG3, Ingenasa, Madrid, Spain) for 30 minutes in the
dark at RT. Then, cells were washed twice with PBS, centrifugated at 800g and resuspended in PBS
supplemented with 2mM EDTA in specific tubes and analyzed by FACS Celesta (BD Biosciences).
Analysis of data was performed using BD FACS Diva Software/BD (Biosciences). Gates for late

ASFV protein p72 were set using mock-infected controls.

3.2.6 DNA extraction and Real-Time PCR

DNA was extracted from cellular pellet (viral intracellular DNA) and supernatant (viral extracellular
DNA) of Cos-1 and iPAEC cells at 2h, 4h, 24h, 48h, 72h e 96h pi and from their mock-infected
controls. For DNA extraction the PCR Template Preparation Kit (Roche) was used with an automatic
extractor, the MagMax™ Express 96 (Applied Biosistem) following manufacturer’s instructions.
Real-Time PCR was performed using a protocol described by OIE handbook (OIE, 2012; King et al.,
2014) shown in the table. The protocol utilizes a TagMan probe FAM marked that is specific to the
OREF encoding for protein p72, situated between nucleotide 267- 291 of the ASF'V" sequence presents
in Gene Bank (accession number AY578692). The probe is located inside the region between primers
RealPSAs (5 CTG CTC ATG GTA TCA ATC TTA TCG 3’) and RealPSAa (5> GTA ACC ACA
AGA TCR GCC GT 3°). After amplification, a threshold cycle (CT) value was assigned to each PCR

reaction, and the analysis was evaluated using ACt = Ct (sample) — Ct (mock) formula.
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Component Final concentration

Primer sense 50 pmol
Primer anti-sense 50 pmol
probe 5 pmol
TagMan® master mix (Applied biosystem) Ix

Nuclease-free-water

DNA template 3ul

3.3 Establishment of a cellular platform expressing different ASFV late proteins
using CRISPR-Cas9 system to produce helper cells to develop DISC vaccines.

This project step was carried out in our department (Veterinary Infectious Diseases and Virology),
and it should have been continued at the Institute of Molecular Biology Severo Ochoa of Madrid, but

unfortunately due to pandemic situation, it was not possible.

3.3.1 Design of selected late ASFV genes

Different late genes were selected to the aim of the project, such as B438L, B119L, B318L, B962L
and E120R (Figure 17, 19, 21). Nucleotide sequences of the genes were got from gene bank (NCBI),
and they belong to 47/5s/08 ASFV Sardinian isolate (KX354450 key access number) or 26544/0G10
ASFV Sardinian isolate (KM102979 key access number). Subsequently, selected gene nucleotide
sequences were mutagenized in order to delete PAMs on both strands (NGG/CCN), since they are
required as a signal to bind Cas9 endonuclease in CRISPR-Cas9 technology. PAMs were removed
changing only a nucleotide in the sequence without any amino acid variation (Figure 18, 20, 22). This
step is necessary to develop helper cells, stable cell lines that will express mutagenized genes. Cells
will be infected with ASFV Sardinian isolates in which will applicated CRISPR-Cas9 system to

interrupt a viral gene without interrupt the mutagenized one integrated into cell line. By this way,
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defective viral particles will be produced, and they will be able to survive and infect without replicate

(methodology to design a DISC vaccine).

B962L

>KM102979.1 ASFv 26544/0G10 from Italy, B962L

ATGGGAAAACCGACTTTATTGGAGCCTGGTCATCTCTATAACGTGCCCG CTGAG CACAAGAATG ATGTTCCTATTCATTACATCATCACGT
GGATAAAACAACGTCTCCCGGAGTTTGGAGGGGCCATTCCAACCTCCCTCGCAGACCGGGTG CTCATTATAAAGTCACGCACTGGATCC
GGAAAATCCACGGCCCTGCCCGTACACGTGTTCAG AATTCTGAGAAATGAAAACACGCATTCTTTCCAAAAATACTTGGGACGCTCGGT
TATTTGTACCCAG CCAAGAGTCCTAACCGCAGTGACCCTCG CCAAAGACATCGGCGCCTCAACCCACTACCCCGACATGATATTAGGCCA
AACAGTGGGCTACCAGACGAAGCCTCTGACGGAAAAACCCAATCGGGGCCTTAT CTATGCAACCGCGGGGGTTCTGTTGGCGCAGCTA
CATACAATGACGG ATG ATGAGATAG CTTCCCGCTATG CCTTTATGATTATAGATGAGGCCCATG AGCGAGCCCTAGGCATCGACCTTATGC
TCATGTATATTAAAAGTATGCTTCAGCGCATG TTGCAAAGAGGAAGCATAGGGGCGCTGCGTATTCCCTTTGTAATTT TAACCTCCGCCAC
CATTGATACCCATAAATACTCAACCTATTTTGGTATCGGAAAAG AAAACATTATTTIGGTGGAAGGACGACAGTACGGTGTGGAAACCCA
CTGGCCGCTGTATAACACCAACAACTACATTAAGACCGCCTGCGAAACGGCTCTCACTATTCATAAAGAAAACATTCATGATCGTCCCACG
GAAGCAGATATTTTAATTTTCATG CCCGGTATGG CTG AAATACGCTT CCTTTCGATGTTGCTGAATAATGCAAATATGGACCTTGCCAAAG
AAAAGCTGCCGTTAATGTTG ATTTTGCCGATCGATAGT/GAGGCGATTGCGCAGGAAAATGAGGCCTACCTTGGCCTGAAAGCGGAAAT
TAAGAATCTGTGGGTGAAAAAT CCCTTAACCGCTAAAG TGGAAAAACCTTTAAGAAGGGTCATTGTTTCCACGGTTGTTGCGGAAACGG
GCCTTACCATTGAAACG CTGAAGTACGTCATAGATCCCGGGTGGAACAGAAGCATTGAAACCTACTACCCTGAATGGGCGGGAGGGCT
CATTACGCGCCCCGCGGCTCAAAGCCGTATCGAGCAAAGAAAGGGACGCGTAGGGAGAGTATTTCCTGGGCACTTTTACCCGCTTTAC
ACAAAACACGTCTTTGAGCAAATACCAGCG CAGCAGTATCCTGAAAT CATTACGGAAGGCCCTGGGGCCATTTTTCTTAG CATTGTCGTA
GAAACGATTAAAAAAAATAAGG AAGGCGTGTTTAAGGCAGAGGAGATTGATATG CTGGATCCTCCCCCCACGGATGCGCTGGCATCAG
CCATTGAGCGAGCCATTGTGGCAGGCCTTTTAACCAGAGGAGAAAAAGGTCTTCAACTCACGCAGCTCGGAGACATTGCCTCTCGCTTT
TCGTTTTTATCTATAGAAGAAGCGCGCATGTG CTTTTCGGGTTATTTCTGG CAAG CCGCCATTTCTGACATTG CAACCATCCTAGCCGTCG
TGTCTGTTGCGGACAAAAAACTTACG AATCTATTGGACAGTAAACAACGGAACGGAGCTATG CTTG CTGAAGCGGTTTTGGCAGG CATT
CCGCCGTTTCTACAAAATATTGACAATGCTTACACCAACATCCATCTTCTATTGGCAGATGATCTTTTGGAGGGGCTCTTTATTTTTGAAGG
CTTCCAACATG CCATCGTATACT TTATCAATAATAAGGTTAATAATGTAG CTAAACAT CTTCGCGAATGGTGCGAAAAAAAAATGCTAAAAT
ATTCTTCTATGGTGCAGATTTTGGCGCGCCGCGAAGATATT TTAAACGAG CTGGCCATTG TAGGATTGAACCCCTTCCACCAATGGCAAA
ACCGCTTGGCCTCCGCCAATG CAGAAACCTTTTTAAAACGTGTTTGTACTTTGAAACAG TG TATGTATGAG GCATACCG CCTTAATTGTTT
CTGCTACGACAAACATAGGCTTCTTTATACTGGAAGAAATGGAATACACTTTTCTTACCACGATGCGGTGATTAAAAATCCTTCGTGCATT
GTAACGCCTAGGATTATGCTATCTCCCG TTTCTAAACAGTATATGGAATGGAGATTAGAGCCAAGCTTTGTGTCCGTCCTCGATGGATTCG
TAAACGTGGACATAAACTTTCTTTCGCCACGTCAGGAAATTCCAAATATTTTGGGAGGCGTCGAGGACGAAGAGGAGGAGCCCCCTCT
CCCCATTCAGGTATTTTTACATAAATACG TAAAGACCCATTTTCACTTCTCCGGGAAAT CCTTTAAAGAG TTGAAAATGAAGCCTAGTCAG
ATGATTAAGTTTCCCGAAACAACCTTAAT CAACATGATTCCCGATATACCTAAAAACGTGGTG CAAACCTACTTGGAAATAAATGTTTGTC
ATCAATACTCGTTTAAGCGTCTCATTTATTGTGAAACG TTTTATACCG ATATGGACG ATGTCCAG CATGAAAACTCTGTGGAG CTCATAGG
GTTACCTATGGCGGCGCATCATCTTACG ATAAACG ATTTTAACAAGCTTTACCATCTGTTG AAACCTGATGGTTTTCTTATCG TGTATGACC
TTCATAAAGGTCAGGAAGCCTTCTGGCTTCACAGCCTGCAGGACGCG CTTGGGCACCATACTATTCG TAGAGACATGGATTTCCATACCA
TCCCCGAATGGGAAACCATATTTAAAGAATGCGGATTCACACCGATTTTTAGTAAACAGCCTTCGGAGCACGAACTGTTCATCGTATTTAA
AAAATAA

Figure 17 B962L gene sequence.
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>KM102979.1ASFv 26544/0G10 from Italy, B962L

1 ATG GGA AARA CCG ACT TTA TTG GAG CCT GGT CAT CTC TAT AAC GIG 45
1 Met Gly Lys Pro Thr Leu Leu Glu Pro Gly His Leu Tyr Asn Val 15

46 CCC GCT GAG CAC AAG AAT GAT GTT CCT ATT CAT TAC ATC AT
16 Pro Ala Glu His Lys Asn Asp Val Pro Ile His Tyr Ile

R

Q

ACG 20
Ihr 30

Ile

91 TGG ATA AARA CAA CGT CIC CCG GAG TIT GGA GGG GCC ATT CCA ACC 135

31 Irp Ile Lys Gln Arg Leu Pro Glu Phe Gly Gly Ala Ile Pro Ihr 45
GGA

136 TICC CIC GCA GAI CGG GIG CTIC ATT ATA AAG TCA CGC ACT ICC 180
46 Ser Leu Ala Asp Arg Val Leu Ile Ile Lys Ser Arg Ihr Gly Ser 60

181 GGA AAA TCC ACG GCC CTG CCC GTA CAC GTIG TTC AGJ ATE CTIG AGA 225
61 Gly Lys Ser Thr Ala Leu Pro Val His Val FPhe Arg Ile Leu Arg 75

226 AAT GAA AAC ACG CAT TCT TTC CAA AAA TAC TTIG GGA CGC TCG GIT 270
76 Asn Glu Asn Thr His Ser Phe Gln Lys Tyr Leu Gly Arg Ser Val Q0

271 ATT TGT ACC CAG CCA AGA GIC CTA ACC GCA GIG ACC CIC GCC AAA 315
91 Ile Cys Thr Gln Pro Arg Val Leu Thr Ala Val Thr Leu Ala Lys 105

316 GAC ATC GGC GCC TCA ACC CAC TAC CCC GAC AIG ATA TTA GGC CAA 380
106 Asp Ile Gly Ala Ser Thr His Tyr Pro Asp Met Ile Leu Gly Gln 120

361 ACA GTG GGC TAI CAG ACG AAG CCT CTG ACG GAAR RRR CCC AAT CGG 408
121 Ihr Val Gly Tyr Gln Thr Lys Pro Leu Ihr Glu Lys Prc Asn Arg 135

406 GGC CTIT ATC TAT GCA ACC GCG GGG GIT CIG TIG GCG CAG CTA CAT 450
136 Gly Leu Ile Tyr Ala Thr Ala Gly Val Leu Leu Ala Gln Leu His 150

451 ACA ATG ACG GAT GAT GAG ATA GCT TCC CGC TAT GCC TTIT AIG AIT 495

e

151 Ihr Met Thr Asp Asp Glu Ile Ala Ser Arqg Tvr Ala Phe Met Ile 165

Figure 18 B962L mutagenized gene sequence (954 bp). Some A were changed in C, some T were changed in C, a G was
changed in A and a C was changed in T.

Roberta Piredda
Development of suitable tools to produce a DISC vaccine to control African Swine Fever
PhD School in Life Sciences and Biotechnologies
University of Sassari



>KM10297% ASFV 26544/0G10 from Italy, B318L-B119L
AAGGACCATTCCCTGCGGGGAGACAACTCAGC-TTGCATCTCATCTATATCTCCATCATTGTAGTTCTTAT
TATTATTTTAATATCCTATACGCGCAAACCTAAGTATTTTAGAATCACAGCTCCGCGTAGTGTCGCGCTTTTT
CATGGAATACATCCACTGAATCCTAAAAATTATAAAACCTTTAGTAAAGAGTTTGAGACCATCTTAAACAATG
CTATTGAAGATGGGGACTTTAAGGGACAACTAACAGAGCCTTGCTCTTACGCTCTAAGAGGTGGGAAGTATAT
CCGTCCCATTATCCTGATGGAAATTGTTCGGGCCTGTCAGTTGCAACATTCCTTTGGGGCGCCTATTTATCCG
GCAGAGGCTGCCCTAGCAGTGGAGTACTTTCACGTAGCTTCTTTGATTATCGACGATATGCCCTCCTTTGACA
ACGATGTGAAGCGGCGAAATAAAGATACAGTGTGGGCCCGCTTTGGCGTAGCCAAGGCGCAGATGAGCGCTCT
GGCGCTAACCATGCAAGGATTTCAAAACATTTGCCGGCAAATCGACTGGATTAAGGAACACTGTCCAAGGTTT
CCGGATCCCAACCAACTGGGAGCGCTGCTGTGTACCTTTGTAAGCCACTCTCTAAACAGCGCGGGTTCCGGTC
AGTTAGTAGACACTCCAGAAAAAACCATTCCCTTTTTTAAGATCGCGTTTATTATGGGCTGGGTTTTGGGCAC
AGGAACGATTGAAGACATTGGGATGATTGAAAGGGCTGCCCACTGTTTTGGACATGCCTTTCAGTTAGCGGAT
GACATTAAGGACCATGACACAGATACTGGCTGGAATTACGCCAAAATACATGGAAAACAAAAAACATTTGACG
ATGTGGCGCAATCCCTTCAAGAGTGCAAAAAAATTCTCCATGGAAAAAAAATATTTACCTCTATATGGAATGA
GATTTTTCAAAAGGTTATAAATGTTGCATTGGGGACC-ATACTGGCGATCCTTGCATCTATATGCTATCTT
TTTTTCAGACGCTCCTAGCTGGAAAGAAAAATATGAAGCCATCCAATGGATACTGAACTTTATCGAGTCTCTG
CCATGCACCAGGTGTCAGCACCACGCCTTTTCGTATCTTACAAAAAATCCCTTGACATTAAACAACTCGGAGG
ACTTTCAGTACTGGACCTTCGCGTTCCATAACAACGTAAATAACCGGCTTAATAAAAAAATAATTTCTTGGTC
AGAGTATAAAAATATTTATGAACAATCAATCCTTAAAACAATAGAATATGGGAAAACCGACTTTATTGGAGCC
TGGTCATCTCTATAACGTGCCCGCTGAGCACAAGAATGATGTTCCTATTCAT

Figure 19 B318L-B119L gene sequence (1318 bp)

>dePAM B318L-B119L 0OG10
ACgaattcAGCATEgTGCATCTCATCTATATCTCTATCATTGTAGTTCTTATTATTATTTTAATATCITATAC
GCGCAAA-AAGTATTTTAGAATCACAGCT-CGTAGTGTCGCGCTTTTTCAT-ATACAiCTGAAT
TiAAATTATAAAACTTTTAGTAAAGAGTTTGA TCTTAAACAATGCTATTGAAGATEBEEGACTTTA
AGEEBCAACTAACAGAGEBETGCTCTTACGCTCTAAG GTATATCCGTEBBATTATCCTGATGGA
AATTGTTCGAGCTTGTCAGTTGCAACATTCTTTTEBEGCG TTTATEBEGCAGAGGCTGCTCTAGCAGTG
GAGTACTTTCACGTAGCTTCTTTGATTATCGACGATATGEBEETCT TTTGACAACGATGTGAAGCGACGAAATA
AAGATACAGTGEGEGCICGCTT TEBEGTAGCTAAGGCGCAGATGAGCGCTCTGGCGCTAACCATGC TT
TCAAAACATTTGCCGACAAATCGAC TTAAGGAACACTGT GATTTEEEGATEEEAACCAACTG
GCGCTGCTGTGTACTTTTGTAAGCCACTCTCTAAACAGCGCGEERTCTEBECAGTTAGTAGACACTEBEGAAA
AAACTATTEEET TTTTTAAGATCGCGTTTATTATGEBETGGGTTTTG CABBEACGATTGAAGACATTER
BATGATTGAAAGAGCTGCTCACTGTTTTEEBCATGCT TTTCAGT TAGCGGATGACAT TAAGGACCATGACACA
GATACTEEETGGAATTACGCTAAAATACAT CAAAAAACATTTGACGATGTGGCGCAATCTCTTCAAG
AGTGCAAAAAAATTCTCCATEEEAAAAAAATATTTACTTCTATABGEAATGAGATTT TTCAAAAGGTTATAAA
TGTTGCATTGGGGACCTAAATACTGGCGATCTTTGCATCTATATGCTATCTTTTTTTCAGACGCTCCTAGCTG
GAAAGAAAAATATGAAGCTATCCAATGGATACTGAACTTTATCGAGTCTCTGCCATGCACTAGATGTCAGCAC
CACGCTTTTTCGTATCTTACAAAAAATCCCTTGACATTAAACAACTCGGAAGACTTTCAGTACTGGACTTTCG
CGTTCCATAACAACGTAAATAATCGACTTAATAAAAAAATAATTTCTTGGTCAGAGTATAAAAATATTTATGA
ACAATCAATTCTTAAAACAATAGAATATGGGAAAACTGACTTTATTGGAGCTTGGTCATCTCTATAARACtCY
agTT

Figure 20 B318L-B119L mutagenized sequence. B318L and B119L overlap and probably they are transcribed together. All G
were changed in A, and C in T. Possible PAMs sequence are highlighted.
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>gi|723633498|gb|KM262845.1]:153635-154031 African swine fever wvirus
strain NHV, complete gencme
GTATTGTTATAGTGATGGCAGATTTTAATTCTCCAATCCAGTATTTGAAAGAAGATTCGAGGGACCGGACCTC
TATAGGTTCTCTAGAATACGATGAAAATTCCGACACGATTATACCGAGCTTCGCAGCAGGCTTGGAAGACTTT
GAACCCATTCCCAGCCCTACCACATCAACTTCCCTGTATTCACAATTGACCCACAACATGGAAAAAATCGCGG
AGGAAGAGGATATTAATTTTCTACACGATACTAGGGAGTTTACTTCACTGGTCCCCGATGAGGCAGACAATAA
ACCGGAAGATGACGAAGAAAGCGGTGCAAAACCTAAAAAGAAAAANCGTTTGTTTCCAAAATTAAGCTCGCAT
AAATCGAAGTAAAAATTGAAGCGAAAAAAANG

Figure 21 E120R gene sequence (365 bp)

>KM262845.1:153649-154011 African swine fever virus strain NHV, complete

genome
1 ATG GCA GAT TTT AAT TCT CCA ATC CAG TAT TTG AAA GAA GAT TCG 45
1 Met Ala Asp Phe Asn Ser Pro Ile Gln Tyr Leu Lys Glu Asp Ser 15

46 AGG GALC CGG ACC TCT ATA GGT TCT CTA GAA TAC GAT GAA AAT TCC 90
16 Arg Asp Arg Thr Ser Ile Gly Ser Leu Glu Tyr Asp Glu Asn Ser 30

91 GAC ACG ATT ATA CCG AGC TTC GCA GCA GGC TTG GAA GAC TTT GAA 135
31 Asp Thr TIle Ile Pro Ser Phe Ala Ala Gly Leu Glu Asp Phe Glu 45

136 CCC ATT CCC AGC CCT ACC ACA TCA ACT TCC CTG TAT TCA CAA TTG 180
46 Pro Ile Pro Ser Pro Thr Thr Ser Thr Ser Leu Tyr Ser Gln Leu 60

181 ACC CAC AAC ATG GAA AAA ATC GCG GAG GAA GAG GAT ATT AAT TTT 225
61 Thr His Asn Met Glu Lys Ile Ala Glu Glu Glu Asp Ile Asn Phe 75

226 CTA CAC GAT ACT AGG GAG TTT ACT TCA CTG GTC CCC GAT GAG GCA 270
76 Leu His Asp Thr Arg Glu Phe Thr Ser Leu Val Pro Asp Glu Ala 90

271 GAC AAT AAA CCG GAA GAT GAC GAA GAA AGC GGT GCA AAA CCT AAA 315
91 Asp Asn Lys Pro Glu Asp Asp Glu Glu Ser Gly Ala Lys Pro Lys 105

316 AAG AAA AAA CGT TTG TTT CCA AAA TTA AGC TCG CAT AAA TCG AAG 360
106 Lys Lys Lys Arg Leu Phe Pro Lys Leu Ser Ser His Lys Ser Lys 120

361 TAA 363
121 End 121

A
T

Figure 22 E120R mutagenized gene sequence. G nucleotides were changed in A and Cin T.

Once mutagenized genes were designed, they were insert into pEX-4128 vector and synthetized by

Eurofin Genomics (Germany), including enzymatic cut sites and Kozac sequence (A/G NN ATG G).
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B962L enzymatic cute sites:
e gaatcc: EcoRI 5’ cut site

e ctcgag: Xhol 3’ cut site

B318L-B119L enzymatic cute sites:
e gaattc: EcoRI 5’ cut site

e ctcgag: Xhol 3’ cut site

E120R enzymatic cut sites:
e gaattc: EcoRI 5’ cut site

e ggatgc: BamHI 3’ cut site

3.3.2 Transformation of One ShotTM TOP10™ chemically competent E. coli cells with
PEX-A128 + dePAM genes constructs

PEX-A128 + dePAM genes were used to transform One Shot " TOP10 chemically competent E.
coli (Invitrogen) cells. 1 pl of each plasmid (20 ng/ul) was added in a vial containing competent E.
coli cells. pUC19 vector was used as a positive control. Cell vials were incubated on ice for 30
minutes, and then they were undergone to thermic shock at 42°C for 30 seconds and immediately
replaced on ice for 5 minutes. 250 pl of S.O.C. medium was added in each vial, and samples were
incubated at 37°C, 250 rpm, for 1 hour to allow cells antibiotic expression. Transformed cells were
seeded in LB (Luria Bertani) agar plates (Tryptone 10g, Yeast extract Sg, NaCl 10g, bacteriological
agar 10g, dH20 up to 1L) containing 100 pg/ml of ampicillin. Plates were incubated at 37°C o/n. The
day after, colonies were collected from each plate and placed in 3,5 ml of liquid LB (Tryptone 10g,
Yeast extract 5g, NaCl 10g, dH20 up to 1L) containing ampicillin (100 pg/ml) and incubated o/n at
37°C and 220 rpm.
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3.3.3 Extraction of plasmids

Small-scale and large-scale preparations of plasmid DNA were performed with Zyppy™ Plasmid

™

Miniprep Kit (Zymo Research) and Zymopure Plasmid Maxiprep Kit (Zymo Research)

respectively, according to manufacturer’s instructions.

3.3.4 Engzymatic digestions

The obtained plasmid preparations were digested with their specific digestion enzymes. All digestions
were performed with NEB restriction enzymes (New England Biolabs). Samples were incubated at

37°C for 2 hours.
Digestion mixture for pEX-A128 + dePAM _B962L

(20000U/ml) EcoRI HF (high fidelity): 0,3 pl
(20000U/ml) Xhol HF: 0,3 pl

10X cutsmart buffer: 3 pl

Plasmid DNA (500 ng)

H>O: up to 30 ul

Digestion mixture for pEX-A128 + dePAM B318L-B119L
(20000U/ml) EcoRI HF: 0,3 ul

(20000U/ml) Xhol HF: 0,3 pl

10X cutsmart buffer: 3 pl

Plasmid DNA (500 ng)

H>O: up to 30 ul
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Digestion mixture for pEX-A128 + dePAM _E120R
(20000U/ml) EcoRI HF: 0,3 ul

(20000U/ml) BamHI HF: 0,3 pl

10X cutsmart buffer: 3 pl

Plasmid DNA (500 ng)

H>O: up to 30 ul

Digested products were analyzed by gel agarose electrophoresis supplemented with 1X GelRed®

(Biotium), and to confirm them maxiprep digested products were sequenced by BMR Genomics.

3.3.5 Transfer of dePAM genes from pEX-A128 to pLXSN vector

This step is necessary as the pLXSN vector is used to transform Phoenix cells that will be used next

to produce retroviral particles expressing mutagenized genes.
3.3.5.1 Plasmids enzymatic digestion

Plasmids (pEX-A128 + dePAMgenes and pLXSN) were digested with their specific enzymes, as
described before, and incubated at 37°C for 2 hours. Digested products (pLXSN vector and dePAM
genes) were analyzed by gel agarose supplemented with 1X GelGreen® (Biotium), visualized and
excised from the gel under visible blue light in order to prevent mutations. After excision, DNA gel
fragments were purified from gel using Zymoclean™ Gel DNA Recovery Kit (Zymo Research),

according to manufacturer’s instructions.
3.3.5.2 Plasmid dephosphorylation and ligation

PLXSN vector was dephosphorylated to avoid plasmid closing using Rapid DNA Dephos & Ligation
KIT (Roche), as described below.
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Component
Vector DNA

rAPid Alkaline Phosphatase

buffer 10 X

rAPid Alkaline Phosphatase

ddH20

Volume
Xl

2 ul

1l

Up to 20 pl

Final concentration
Uptol pg

1X

1U

Reactions were incubated at 37°C for 1 hour and then phosphatase was inactivated at 75°C for 2

minutes. The dephosphorylation mixture was used in the following ligation reaction with a ratio of

1:3 (vector/insert).

Component
Vector DNA

Insert DNA

DNA dilution buffer

ddH,O

Mix thoroughly and add:

T4 DNA Ligation Buffer 2 X

T4 DNA ligase

Volume
Xl
Xl
2 ul

Up to 10 pl

10 pl

1l

Final concentration
50 ng
150 ng

10 X

1X

5U

Reactions were incubated at 16°C o/n. The ligation mixtures were used for bacterial transformation

of TOP10 chemically competent E. coli (pLXSN + dePAMgenes).
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3.3.6 Plasmids design

All plasmids were created with Snapgene® software (GSL Biotech LLC)

Retroviral vectors for dePAM genes expression in Cos-1 cells

Xhol

pLXSMN + dePAMB318L_B119L
7171 bp

=

INSERT

Replace
IFRAGMENT |-+

EcoRI (1470) — ¥hol (1481)

TJECDRI
~ ¥hol

pLXSN
5874 bp

[nsert
EcoRI (3) — Xhol (1311)

EcoRI Xhol

dePAM B2318L_B119L
1318 bp

Figure 23 pLXSN + dePAM B318L-BI119L
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pLXSN + dePAMB962L

6511 bp
INSERT
Replace Insert
FRAGMENT|Fcor] (1470) — Xhol (1481) EcoRI (1) — Xhol (249)

EcoRI Xhol

- EcoRI
“ ¥Xhol

dePAMBO2L
954 bp

Figure 24 pLXSN + dePAM B962L
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—— EcoRI

pLXSN APAMs E120R DG10 like
6227 bases

INSERT]

[FRAGMENT| Replace Insert

EcoRI (1470) — BamHI (1488) EcoRI (1) — BamHI (370)

EcoRI BamHI

E120R deltaPAMs 0G10 like
375 bases

pLXSN
5874 bases

Figure 25 pLXSN + dePAM E120R
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3.3.7 Transformation of One ShotTM TOP10™ chemically competent E. coli cells,

plasmids extraction and enzymatic digestions

The obtained constructs were used to transform One Shot™ TOP10™ chemically competent E. coli
cells, as described in paragraph 3.3.2. Once cells were transformed, Small-scale and large-scale
preparations of plasmid DNA were performed with Zyppy™ Plasmid Miniprep Kit (Zymo Research)
and Zymopure ™ Plasmid Maxiprep Kit (zymo Research) respectively, according to manufacturer’s
instructions. Subsequently, the obtained miniprep and maxiprep of our constructs were digested with
their specific enzyme (see paragraph 3.3.4) in order to verify the presence of inserted genes. Reactions
were analyzed by agarose gel electrophoresis. Then, plasmids maxiprep were sequenced by BMR

genomics.

3.3.8 Transfection of Phoenix cells

Phoenix cells were transfected using Calphos Mammalian Transfection kit (Clontech) as described

in paragraph 3.1.4. Transfection solutions were prepared in 15 ml tubes using different vectors:

e pLXSN + dePAM B318L BI19L
e pLXSN + dePAM B962L
e pLXSN + dePAM EI120R

e Empty pLXSN (used as a control)

3.3.9 Cos-1 cells infection with retroviral particles

Cos-1 cells were seeded in 10 cm plates two days before infection. Old medium was removed, and
filtered retrovirus suspensions were added to. 3 hpi retroviral suspensions were removed from cells

and fresh medium was replaced (complete DMEM).
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3.3.10 Selection of transduced cells

Selection of transduced cells was started 24 hpi. Cells were splitted according to cell confluence and
fresh medium supplemented with 750 pg/ml of G418 selective antibiotic was added. Selection was

continued until death of control cells.

3.3.11 RNA extraction from Cos-1 cells and RT-PCR

RNA was extracted from Cos-1 cellular pellet using the RNeasy Mini Kit (Qiagen), following
vendor’s recommendations. RNA was treated with the DNA-free™ DNase Treatment and Removal
Reagents kit (Ambion) and retrotranscribed using the GoScript™ ReverseTranscription System
(Promega) or the AffinityScript Multi Temperature cDNA Synthesis Kit (Agilent technologies),
following manufacturer’s instruction. cDNAs from Cos-1 cells expressing £/20R and B318L-B119L
genes were analyzed by RT-PCR to check genes transcription. RT-PCR was performed with Taq

DNA polymerasis Kit (Qiagen) according to following conditions.

Components volume Final concentration
10 X CoralLoad buffer 5l 1X
10 mM dNTPs 1 ul 200 uM of each ANTP
10 uM Primer F 1,5 pl 0,2 uM
10 uM Primer R 1,5 pl 0,2 uM
Taq polimerase 0,25 pl 1,25U
DNA Xl 100-150 ng
HOMQ Up to 50 pul
Primers

e B318L-BI119L EcoRI F (5’ACGAATTCAGCATGGTGCATCTCATCTATATCTCC 3°)

e B318L-B119 Xhol R (5’AACTCGAGTTATAGAGATGACCAGGCTCCAATAAAG 3’)
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e EI20R BamHI F (§CCGGATCCGCAGATTTTAATTCTCCAATC 3°)

e EI120R EcoRI R (5’GCGAATTCTTACTTCGATTTATGCGAGC 3°)

PCR profile
Initial activation step 94°C 3’
Denaturation 94°C 20°>
Annealing 55°C 20’} 30 cycles
Extension 72°C 202
Final extension 72°C 10'

PCR products were analyzed by agarose gel electrophoresis and purified with the DNA Clean &
concentrator™ Kit (Zymo Research), according to manufacturer’s instructions. Samples were

sequenced by BMR genomics.

3.3.12 Total proteins extraction from Cos-1 cultured cells

Cell pellet was resuspended in IP Lysis buffer (20 mM Tris-HCI pH 8.0, 200mM NaCl, ImM EDTA
pH 8.0, 0,5% NP-40, Pierce EDTA-Free Protease Inhibitor Tablet) (Thermo Scientific) and incubated
on ice for 30 minutes. After centrifugation at 10000 rpm for 10 minutes at 4°C, supernatant was
transferred in a new tube. Proteins’ quantification of supernatant was carried out using Pierce BCA
protein assay kit (Thermo Scientific). Equal amounts of protein extracts were loaded onto SDS-PAGE

and subjected to Western immunoblotting.

3.3.13 SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE)

Proteins were resolved in 10% SDS polyacrylamide gel. Before loading onto gel, proteins were
dissolved in 4X Laemmli buffer (8% SDS, 40% Glycerol 99%, 10% B-Mercaptoethanol, 240 mM
Tris-HCI pH 6.8, 0,04% Bromophenol blue) and boiled at 95°C for 5-10 min to allow denaturation.
Electrophoresis was performed in a Mini-PROTEAN® Tetra Cell system (Bio- Rad) in SDS Running
buffer (Trizma base 25mM, Glycin 250mM, SDS 1%) for approximately 2 hours at 140V. After
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running, proteins were subjected to Western blot or directly visualized by staining with Commassie

SimplyBlue™ SafeStain (Invitrogen Life Technologies).

Separating gel 10% 6 ml Stacking gel 2ml
e 2.4 mldH,Oml e 1,4mldH,O
e 2 ml30% Acrylamide mix e 0,33 ml 30% Acrylamide mix
e 1,6ml1,5M Tris (pH 8.8) e 0,250 ml 1,0 M Tris (pH 6.8)
e 0,06 ml 10% SDS e 0,02 ml 10% SDS
e 0,06 ml 10% APS e 0,02 ml 10% APS
e 0,003 ml TEMED e 0,002 ml TEMED

3.3.14 Western immunoblotting

After SDS-PAGE, proteins were transferred to a nitrocellulose membrane with Mini Trans- Blot® 3
cell (Bio-Rad). Gels and membranes were equilibrated in transfer buffer 1X (Western blot buffer 10X
(Trizma base 25mM, Glycin 192mM, dH20), Methanol and dH20) and placed between three pieces
of filter paper (3MM Whatmann paper). Blotting was performed at 250 mA for one hour at 4°C and
membranes were incubated with 5% blocking solution (5% skim milk in PBS-tween 0,05%) for one
hour at RT under gentle shacking. After that, membranes were incubated with the primary antibody
diluted in 5% blocking solution under gentle shacking at 4°C o/n. After incubation, membranes were
washed 3 times for 5-10 minutes with PBS-T (PBS 1X, 0,05% Tween 20) and then incubated with
the secondary antibody HRP- conjugated (dilution from 1:2000 to 1:50000 in 5% blocking solution)
under gentle agitation at RT for 1 hour. After washes, membranes were developed with Clarity ECL
Substrate (50% solution A + 50% solution B) (Bio-Rad), and chemiluminescence was acquired with

The ChemiDoc XRS+ System (Bio-Rad). B-Actin antibody was used as a control.
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Antibodies

e Anti pE120R monospecific rabbit polyclonal serum (Andrés et al., 2001) 1:500

e [B-Actin Antibody (Santa Cruz biotechnology) 1:500

e Secondary anti-rabbit HRP (Southern Biotech) 1:50000

e Secondary anti-mouse HRP (southern Biotech) 1:20000

3.3.15 Immunocytochemistry

3,5x10° Cos-1 transduced cells were seeded in SPL Cell Culture borosilicate chamber slides
(Euroclone) and let grow until 70-80% of confluence was reached. Cells were fixed in methanol for
15 minutes at 4°C and washed three times with PBS-T. Subsequently, cells were blocked for
endogenous peroxidase with Dako REAL Peroxidase-Blocking Solution (S2023, Dako, Glostrup,
DK) for 1 hour, then washed three times in PBS-T, and incubated in 2% BSA for one hour. Then,
nonspecific binding was blocked with 2.5% normal horse serum (ImmPRESS reagent kit,Vector
Labs) for 1 hour. Cells were washed three times in PBS-T and incubated with primary antibody anti-
pE120R 1:50 o/n at 4°C. Cells were washed in PBS-T and incubated with secondary anti-rabbit
antibody (MP-7500, ImmPRESS reagent kit, Vector Laboratories) for 30 minutes at RT. 3,3’-
Diaminobenzidine (DAB) (ImmPACT DAB, Vector Laboratories) was used as chromogen.

3.4 Production of GST-pE120R protein

3.4.1 EI20R gene amplification and cloning into pGEX-2T

cDNA from Cos-1 cells transduced with pLXSN + dePAM_ E120R vector was used as a template to
amplify E120R ORF.
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Primers

e EI120R F BamHI (5 CCGGATCCGCAGATTTTAATTCTCCAATC 3’) (Invitrogen)
e EI20R R EcoRI (5 GCGAATTCTTACTTCGATTTATGCGAGC 3’) (invitrogen)

PCR was carried out using the Taq DNA Polymerase kit (Qiagen) as described below.

Components volume Final concentration
10 X coralLoad buffer 5l 1X
10 mM dNTPs 1 ul 200 uM of each ANTP
10 uM Primer F 1,5 pl 0,2 uM
10 uM Primer R 1,5 pl 0,2 uM
Taq polimerase 0,25 ul 1,25U
DNA Xl 100-150 ng
HOMQ Up to 50 pul
PCR profile
Initial activation step 94°C 3’
Denaturation 94°C 20°>
Annealing 550207k 30 cycles
Extension 72°C 202
Final extension 72°C 10'

Amplified products were analyzed by agarose gel supplemented with GelRed ™ (BIOTIUM) and
purified with DNA Clean & concentrator™ Kit (Zymo Research).
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3.4.2 Enzymatic Digestions of pGEX-2T vector and PCR purified product

To insert dePAM_E120R gene inside pGEX-2T vector were both digested with BamHI and EcoRI

enzyme (New England Biolab). Samples were incubated at 37°C for 2 hours.

Digestion mixture for dePAM_E120R amplified product:

(20000U/ml) BamHI HF 0,5 ul
(20000U/ml) EcoRI HF 0,5 ul

10X cutsmart 4,5 ul
DNA (60 ng/ul) 35ul
H,O 4,5 ul

Digestion mixture for pGEX-2T plasmid:

(20000U/ml) BamHI HF 0,5 ul
(20000U/ml) EcoRI HF 0,5 ul

10X cutsmart 4,5 ul
DNA (2ug) 5ul
H>O 34,5 ul

The digested amplify was purified with the DNA Clean & concentrator™ Kit (Zymo Research),

instead the digested vector was analyzed by agarose gel supplemented with GelGreen ™ (BIOTIUM)

and purified by gel excision with Zymoclean™ Gel DNA Recovery Kit (Zymo Research).

3.4.3 Plasmid dephosphorylation and ligation

pGEX-2T vector was dephosphorylated using Rapid DNA Dephos & Ligation KIT (Roche), as
described in paragraph 3.3.5.1. Subsequently, dephosphorylated pGex-2T and the digested and
purified dePAM_E120R product were ligated (see paragraph 3.3.5.2).
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3.4.4 Transformation of One ShotTM StbI3™ chemically competent E. coli (invitrogen)
using pGEX-2T + dePAM_E120R

5 ul of ligation mixture were added in each One Shot™ Stb13™ cell vial. pUC19 vector was used as
control DNA. Samples were incubated on ice for 30 minutes, then shocked at 42°C for 2 minutes and
incubated 5 minutes on ice. 250 pl of S.0.C. medium was added, and cells were incubated at 37°C at
200 rpm for 1 hour. Transformed cells were seeded in LB Agar plates supplemented with ampicillin
(100 pg/ml) and incubated o/n at 37°C. The day after, several colonies were collected and
resuspended il LB supplemented with ampicillin, then incubated o/n at 37°C, 200 rpm. After
incubation, plasmid extraction was performed usig Zippy™ Plasmid miniprep Kit (Zymo Research).
The obtained miniprep preparations were digested to verify insert presence and sequenced by BMR

genomics.

3.4.5 BL21 transformation using TransformAid Bacterial Transformation Kit

Non-competent BL21 Codon plus E. coli cells were transformed with pGEX-2T + dePAM_E120R by
using the TransformAid Bacterial Transformation Kit (Thermo Fisher Scientific) and following
vendor’s recommendations. Once plasmid extraction was performed and plasmid digestion confirmed

the presence of the dePAM gene, BL21 transformed cells were used to protein induction.

3.4.6 GST fusion protein expression

Single transformed colonies were grown o/n at 37°C in 3 ml of LB medium supplemented with 100
pg/ml of ampicillin and 34 pg/ml of chloramphenicol. The day after, two 1ml aliquots were collected
and resuspended into two separate tubes containing 10 ml of LB supplemented with 100 pg/ml of
ampicillin and 34 pg/ml of chloramphenicol. Samples were incubated at 30°C for 3 hours under
shaking. At this point, the expression of fusion protein was induced by adding isopropylthio-3-
galactoside (UltraPure IPTG-Invitrogen) to a final concentration of 0,1 mM. 1 ml aliquots were
collected every hour for 6 hours, splitting pellet from supernatant by centrifugation at 4000 rpm for

10 min. Correct expression of recombinant protein was verified by SDS-PAGE before purification.
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3.4.7 GST fusion protein purification

For bacterial lysis and protein purification, a bacterial pellet was resuspended in 1 ml of NETN buffer
supplemented with protease inhibitors. Resuspended bacteria were lysed by sonication on ice (4
cycles of 20 sec with 5 sec ON and 5 sec OFF, 50%-70% power) avoiding foam and overheating. The
insoluble bacterial debris were removed by centrifugation at 10000 rpm for 10 minutes at 4°C.
Supernatant was filtered through a sterile 0.45 um filter to obtain a clear bacterial extract. Fusion
protein was then purified through incubation of lysed bacterial extracts with 75ul of Glutathione
Sepharose 4B (GE Healthcare). Glutathione beads were previously washed three times with cold
NETN buffer containing 0,5% skim milk. After each washing, beads were collected by centrifugation
at 800 rpm for 2 min. Mixtures of bacterial extract and beads were incubated for 1 to 3 hours rocking
at 4°C. After incubation, beads were recovered by centrifugation, washed 5 times with cold NETN
buffer and stored at -20°C. 10 pl of bead-immobilized recombinant protein was loaded onto SDS-

PAGE to verify purification.

3.5 Engineering of pLXSN and pLXSN +dePAM EI120R vectors

This step has been necessary to develop new vectors containing puromycin antibiotics resistance
cassette unlike the G418 resistance that is normally included into pLXSN vector. In fact, as they
contain geneticin antibiotic resistance gene they cannot be used to transduce our iPAEC cells since
they were immortalized with a plasmid (pLXSN + OaPV3 EG6E7) containing the same antibiotic

resistance gene that, for this reason, is integrated into their genome.

3.5.1 Digestion of pLXSN and pLXSN + dePAM_E120R vectors

Two different reactions of digestion were performed. In the first reaction vectors were digested with

HindIII-HF enzyme (New England Biolabs). Once digested, vectors were analyzed with gel agarose

supplemented with GelGreen™ (BIOTIUM) and purified from gel with Zymoclean ™ Gel DNA

Recovery Kit (Zymo Research), according to manufacturer’s instructions. Purified plasmids were
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digested with NgoMIV enzyme (New England Biolabs), analyzed by agarose gel electrophoresis, and
purified as described before.

3.5.2 Puromycin gene amplification from Lenti-CRISPR-V2 plasmid
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Figure 26 LentiCRISPR-V2 vector with puromycin resistance gene

Amplification was performed using Lenti-CRISPR-V2 plasmid as a DNA template using the

Accutag™ LA DNA Polymerase kit (Sigma), as described below.

Primers

PuroHindFor (5> AGAAGCTTATGACCGAGTACAAGCCCACGGTG 3°)
PuroNgoMIVRev (5 TAAGCCGGCTCAGGCACCGGGCTTGCGG 3
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Components volume Final concentration
10 X Accutaq LA buffer 5l 1X
10 mM dNTPs 2,5ul 500 uM of each ANTP
10 uM Primer F 1 ul 600 nM
10 uM Primer R 1 ul 600 nM
Taq polimerase 0,5 pl 0,05 U/ul
DNA Xl 100-150 ng
HOMQ Up to 50 pul
PCR profile
Initial activation step 98°C 30>
Denaturation 94°C 15°>
Annealing 65°C 30”1 30 cycles
Extension 68°C 502
Final extension 68°C 10'

concentrator™ Kit (Zymo Research), digested with HindIII and NgoMIV enzymes and purified.
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3.5.3 Dephosphorylation and ligation

pLXSN and pLXSN+dePAM EI120R vectors were dephosphorylated to avoid plasmid closing using
Rapid DNA Dephos & Ligation KIT (Roche), as described in paragraph 3.3.5.1. Subsequently, the
reaction of ligation between dephosphorylated plasmids and digested and purified puromycin

resistance gene was performed (see paragraph 3.3.5.1).

3.5.4 Plasmids design

Plasmids were created with Snapgene® software (GSL Biotech LLC).

Retroviral vectors for dePAM genes expression in iPAEC

" HindI
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“\
INSERT Repl I t
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" HindIII | PuroR >
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pLXSN
5874 bases

Figure 27 pLXSN + Puro vector
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Figure 28 pLXSN + dePAM_EI120R +Puro vector
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3.5.5 Amplification of pLXSN + Puro and pLXSN + dePAM EI120R + Puro plasmids to

confirm puromycin resistance gene presence

Amplification of the obtained plasmids was performed using Accutaq ™ LA DNA Polymerase kit
(Sigma), as described before (see paragraph 3.5.2)

3.5.6 Phoenix transfection

Phoenix cells were transfected using Calphos Mammalian Transfection kit (Clontech) as described

in paragraph 3.1.4. Transfection solutions were prepared in 15 ml tubes using different vectors:
e pLXSN + Puro
o pLXSN + dePAM EI120R + Puro

e Empty pLXSN (used as a control)

3.5.7iPAEC infection and selection

iIPAEC cells were seeded in 10 cm plates two days before infection. Old medium was removed from
PAEC immortalized, and filtered retrovirus suspensions was added to. 3 hours post infection
retroviral suspensions were removed from the cells and fresh medium was replaced. Selection of
transduced cells was started 24 hours post infection. Cells were splitted according to cell confluence

and fresh medium supplemented with 0,7 pg/ml of Puromycin selective antibiotic was added.
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4. Results

4.1 Primary Porcine Aortic Endothelial Cells isolation and characterization

Primary Porcine Aortic Endothelial cells were collected from porcine aorta using two different
enzymatic solutions. The use of dispase enzymatic solution allowed to obtain a numerically high but
heterogeneous cell population. Microscope analysis showed a percentage of 30-40% of smooth
muscular cells and fibroblasts (Figure 29 D), with a majority of fibroblasts found in cells monolayer.
In contrast, the use of collagenase enzymatic solution allowed to obtain a most homogeneous cell
population constitute prevalently of Porcine Aortic Endothelial Cells (95%) (Figure 29C).
Immediately after cells isolation, PAEC showed a spherical morphology (Figure 29A-B), but after
24-48 hours they acquired their typical phenotype, shaping in cobblestone-like structures. After 60-
72 hours cultured primary cells started their exponential growth phase.

Figure 29 Primary Porcine Aortic Endothelial Cells (PAEC). A-B: primary PAEC immediately after isolation. C: PAEC isolated with
collagenase solution. D: PAEC isolated with dispase solution.
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Characterization of primary PAEC was performed by immunofluorescence using CD31 (Pecam-1)
specific endothelial marker (Figure 30). The analysis was carried out with confocal laser scanning
microscope Leica SP5 associated with a Leica LAS AF Lite software for pictures acquisition, and it

highlighted a high positivity to CD31 marker (96% of cells), especially in their cell junctions.

Figure 30 Immunofluorescence of primary PAEC showing CD31 expression. In green is shown CD31 signal in cell junctions, while
in blue are indicated cells nuclei marked with DAPL
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4.2 Immortalization and characterization of Porcine Aortic Endothelial Cells

Porcine Aortic Endothelial Cells were transduced with two different retroviral vectors: pLXSN +
OaPV3_E6E7 and pLXSN + OaPV4_E6E7. pLXSN empty vector was used as a negative control. The
reaction of infection was performed in duplicate in 6-weel-plates. Cells antibiotic selection was
performed with 0,7 mg/ml of G418 for approximately 35 days, though negative control (empty
PpLXSN) stopped proliferating early after selection. Unfortunately, we were able to obtain PAEC
immortalization only using the retroviral vector pLXSN + OaPV3 _EG6E?7, cause cells transduced with
PLXSN + OaPV4_EG6E7 showed senescence signals and cellular suffering and died after one week of
antibiotic selection (data not showed). After transduction with pLXSN + OaPV3 E6ET7 and selection,
PAECs expressing OaPV3 oncogenes (Figure 31B-C) showed the same morphology of mock cells
(Figure 31A). Cell morphology was evaluated also after frequent steps of freezing and unfreezing to

evaluate cell resistance. This showed that cells were still able to proliferate (Figure 31D).

Figure 31 Morphology of transduced iPAECs. A-B iPAECs immortalized with pLXSN + OaPV3-EG6E7. C Mock. D iPAECs
morphology after unfreezing.
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According to current data, the cell growth profile demonstrates that E6E7 expression of OaPV3 has
determined a significative increase of Porcine Aortic Endothelial Cells lifespan, as showed in the
table below (table 2). In fact, iPAECs transduced with the empty retroviral vector stopped
proliferating early after infection: PAEC + pLXSN died at PD 5.

Retrovirus N° of population doublings in iPAEC cells.
pLXSN + OaPV3-E6E7 PD 35
Empty pLXSN Dead at PD 5

Table 2 Population doubling levels in Porcine Aortic Endothelial cells transduced with the indicated recombinant retroviruses. Data
referred to ongoing experiments and are updated to current results.

Graph (Figure 32) of iPAEC cell lines represents the number of population doublings (PDs) at the
specified times after infection with the different recombinant retroviruses. PD levels were calculated

as described above.

14
12

10

PD level

6 —&— 0aPV3-E6E7

4 Yl Empty pLXSN

0 10 20 30 40
Days post infection

Figure 32 Growth curve of transduced iPAECs. PD level indicates the number of times cells have double since their retroviral
transduction.

Population doubling time (PD time) (number of days it took each culture to reach 80-90% confluence)
of iPAEC expressing E6E7 was significantly statistically shorter compared to mock cells (pLXSN).

Moreover, iPAEC manifested the shortest time length and the higher proliferative activity (Figure
33).
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Figure 33 Time length between post-selection passages of transduced iPAECs.

EG6E7 gene expression was also evaluated. RNA was extracted from transduced cells, retrotranscribed
in cDNA and utilized as template for RT-PCR to evaluate gene expression using specific primers.
Analysis confirmed E6E7 expression in transduced iPAECs (Figure 34). Amplicons shown a 100%

similarity with E6E7 gene, confirming cells immortalization.

Figure 34 Agarose gel: RT-PCR of iPAEC transduced with OaPV3-EGE7 showing EGE7 genes expression. 1: 1Kb Dna Ladder. 2:
cDNA of iPAEC. 3: No-retrotrascribed control. 4: pLXSN + OaPV3-E6E7 used as a positive control. 5: H,O
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Characterization of iPAEC was performed by indirect immunofluorescence looking for the presence

of endothelial specific marker CD31 (Figure 35). Experiment was performed in triplicate.

DAPI Autofluorescenza CD31 MERGE

Figure 35 Immunofluorescence analysis of iPAEC showing CD31 endothelial specific marker.

Chamber slide

4.3 Evaluation of iPAEC susceptibility to ASFV infection

Transduced Porcine Aortic Endothelial cells were mock-infected or infected with a virulent Sardinian
ASFV isolate, 2008 (47/Ss/08), and an attenuated isolate, NH/P68 (from Portugal). Cells were infected
at different MOI (1, 2 and 0.2) end stopped after 2-, 4-, 24-, 48-, 72-, 96-hours. A control experiment
with Cos-1 cells was performed. Cos-1 are susceptible to different ASFV isolates, and they are
commonly used to study virus production. Experiments with MOI 1 and 3 were carried out in
triplicate while experiments with MOI 0.2 in duplicate. iPAECs infected with MOI 1 and 3 were
stopped after 2-, 24-, 48-, 72-hours and, before that, their morphology was evaluated by microscope
at 72-hours pi (Figure 36). The analysis showed that the high virulent isolate, virus 2008, killed
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iIPAEC cells (Figure 36A) compared with NH/P68 strain (Figure 36B). This is due because NH/P68

1s an attenuated isolate.

2008 ASFYV high virulent isolate in iPAEC 72 hpi
i »; 33 q Yoz

Mock | MOI MOI 3
NH7P68 ASFV low virulent isolate in iPAEC 72 hpi

Mock MOI 1 MOI 3

Figure 36 Morphology evaluation of infected iPAECs. A: iPAEC infected with high virulent 4ASFV isolate (2008). B: iPAEC infected
with low virulent ASFV isolate (NH/P6S).

The qPCR analysis on the DNA extracted from infected cells supernatant with MOI 1 and 3 showed
that the total production of both isolates inside iPAEC was quite the same of the Cos-1 cells, with a

virus replication increase at 24-hours pi, while the quantity was stable in the next hours (Figure 37).

Roberta Piredda
Development of suitable tools to produce a DISC vaccine to control African Swine Fever
PhD Course in Life Sciences and Biotechnologies
University of Sassari

72
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Figure 37 Real-Time PCR analysis on cell pellet and supernatant of infected cells with MOI 1 and 3.

Otherwise, experiments carried out with MOI 0.2 were stopped after 2-, 4-, 24-, 48-, 72- and 96-hours
pi. gPCR analysis showed that the total kinetic of virus 2008 production inside iPAEC cells (pellet)
is highest, revealing an increase of virus replication after 24-hours, while virus quantity remains stable

in the next hours. Instead, the quantity of viral particles found in cell supernatant showed an increase
after 4- and 48-hours (Figure 38).
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Figure 38 Real-Time PCR analysis on cell pellet and supernatant of iPAECs infected with 2008 strain and with MOI 0.2.
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The cytofluorimetric analysis to quantify levels of intracellular p72 virus protein was performed on

cellular pellet derived from iPAECs infected with MOI 3 and stopped after 72-hours pi. The analysis

showed that iPAEC cells were highly susceptible to virus infection with both ASFV isolates (2008

and NH/P68) compared to Cos-1 cells (Figure 39-40). Indeed, as showed in cells morphology
analysis, iPAECs infected with the two isolates were died at 72h pi.

p72 - FITC

Development of suitable tools to produce a DISC vaccine to control African Swine Fever

p72 expression in iPAEC cell pellet
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Figure 39 FACS analysis of infected iPAEC with MOI 3 showing p72 levels
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p72 expression in Cos-1 cell pellet
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Figure 40 FACS analysis of infected cells with MOI 3 showing p72 levels.

4.4 Evaluation of isolates titer after their passage on iPAEC cells

iPAEC cells supernatant at 72-hours pi with MOI 3 was titled on monocytes/macrophages cells.
Supernatants collected from infected iPAEC were seeded and titled on monocyte/macrophage cells
(back titration). An average title of 10 ->!* was measured in iPAEC cells supernatant infected with
2008 isolate, and an average title of 10 “*%% in iPAEC cells supernatant infected with NH/P68 isolate
using Spearman—Kérber formula to calculate the 50% endpoint. For 2008 ASFV isolate analysis was
performed according with its hemo-adsorbing properties, by adding 1% of erythrocyte to

macrophages culture evaluating rosette formation (Figure 41).

Roberta Piredda
Development of suitable tools to produce a DISC vaccine to control African Swine Fever

PhD Course in Life Sciences and Biotechnologies 7>

University of Sassari



Figure 41 Rosette developed on macrophage cultured cells.

For NH/P68 ASFV isolate titration was calculated by direct immunofluorescence using an Anti-PSA-
Coniugate FITC antibody, since this isolate does not present hemo-adsorbing properties (data not

showed).

4.5 Expression of different selected ASFV late genes in Cos-1 cells

Selected ASFV late genes (B318L-B119L, B962L and E120R) were mutagenized in order to remove
PAM sequences to avoid Cas9 bond. dePAMs genes were synthetized from Eurofins and included
into pEX-A128 vector. Subsequently, dePAM genes were successfully cloned into pLXSN retroviral
vector (Figure 42).

Figure 42 Agarose gel: analytical digestion of pLXSN + dePAM genes. 1: 1 kb plus DNA ladder. 2: pLXSN + dePAM B318L-BI119L.
3: not digested. 4: pLXSN + dePAM B962L.S: pLXSN + dePAM_E120R. 6: not digested.

After transfection of Phoenix cells with retroviral constructs, Cos-1 cells were infected with

recombinant retroviral particles collected from Phoenix supernatant and selected with G418 selective
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antibiotic. We were able to obtain Cos-1 expressing dePAM B318L-B119L gene and Cos-1
expressing dePAM EI20R gene. Unfortunately, Cos-1 infected with pLXSN + dePAM B962L died
early after transduction. PCR was performed with specific primers using cDNAs from transduced

Cos-1 as templates (Figure 43).

Figure 43 Agarose gel: RT-PCR confirming genes expression in COS-1 cells. 1: 1Kb plus DNA ladder. 2: empty pLXSN. 3: pLXSN +
dePAM B318L-BI119L (1318 bp) (72h). 4: not retrotranscribed. 5: H20. 6: 1 Kb plus DNA ladder. 7: empty pLXSN. 8: pLXSN
+dePAM_E120R (365 bp) (48 h). 9: pLXSN +dePAM E120R (365 bp) (72 h). 10: not retrotranscribed.

PCR products were sequenced by BMR genomics. Amplicons shown a 100% similarity with B3/8L-
BI119L and E120R mutagenized genes, confirming the specificity of transcribed mRNAs. In addition,
Cos-1 cells expressing dePAM EJ20R gene were tested by western immunoblotting analysis.

Proteins were extracted from Cos-1 cell pellet and submitted to Western Blot with specific antibody

(Figure 44).

Roberta Piredda
Development of suitable tools to produce a DISC vaccine to control African Swine Fever
PhD Course in Life Sciences and Biotechnologies
University of Sassari

77
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Figure 44 Western Immunoblotting: pE120R (14.5 kb) expression in transduced COS-1. Normalization was performed using [-actin.

Cos-1 transduced cells with pLXSN +dePAM E120R were tested also by immunocytochemistry to
better understand pE120R localization and its functions (Figure 45).

Cos-1CT(-) Cos-1-dePAM_E120R

-
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Figure 45 Immunocytochemistry: pE120R localization in Cos-1 transduced cells.

The immunocytochemistry analysis showed a high aspecific signal in negative control (Cos-1
transduced with empty pLXSN), while Cos-1 expressing pE120R showed, as expected, a positive
signal localized into cytoplasm and/or at nuclei border. It is necessary to repeat the analysis to obtain

a clearer data.
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4.6 GST fusion protein expression and purification

dePAM EI20R gene was amplified from pLXSN vector and successfully cloned into pGEX-2T

bacterial expression vector in order to generate GST fusion protein (Figure 46).

Figure 46 Agarose gel: analytical digestion of pGEX-2T + dePAM EI120R. 1: 1Kb plus DNA ladder. 2: digested pGEX-2T +
dePAM_EI120R. 3: not digested.

BL21 Codon plus E. coli were transformed with the plasmid mentioned above and induced with IPTG.
The correct expression of GST fusion protein was checked on SDS-PAGE before purification (Figure
47). BL21 E. coli transformed with Mycoplasma MAG 5040 protein were used as a positive control.

It is a nuclease MgCl> dependent, tested before in our laboratory.

E120R rmag5040 EI20R
M T0O TI T2 T3 T4 T5 T6 TO TI M T0O TI T2 T3 T4

55kDal

35kDa

Figure 47 SDS-Page: pE120R expression (from T0 to T6). B121+rmag5040 used as a positive control.
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The GST-pE10R fusion protein (25kDa GST molecular weight + 14.5kDa pE120R molecular weight)
reaches its highest expression after induction at 30°C at T4. GST fusion protein was purified using
glutathione beads and purification was checked through SDS-PAGE. In order to estimate the amount

of purified protein, a BSA curve was included in the running gel (Figure 48)

M 1 2 3 4 M 5 6 7 8 9 10
—— '— —
-—— _—
70kDa (- -— - -
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—
-—— o
35kDa . '
! f — |
b - &

Figure 48 SDS-Page: GST fusion protein purification. 1: BSA 20 ng/ul; 2: BSA 100 ng/ul; 3: BSA 200 ng/pl; 4: unbound; 5: P1; 6:
P2;7: P3; 8: P4; 9: P5; 10: P6. (P= portion of eluted protein).

The highest amount of GST fusion protein during purification process is revealed in the eluted portion

3 (P3).
4.7 Expression of different selected ASFV late genes in iPAEC

PLXSN and pLXSN + dePAM E120R, were mutagenized in order to cut out their geneticin antibiotic
resistance cassette to insert puromycin antibiotic resistance. This step is necessary to transduce
iPAEC cells with dePAM genes selected before since they were immortalized using a vector (pLXSN
+ OaPV3 _EGE7) containing geneticin, antibiotic resistance gene that is integrated into iPAEC
genome. Puromycin resistance gene was amplified from Lenti-CRISPR-V2 plasmid and successfully

cloned into pLXSN and pLXSN + dePAM EI120R (Figure 49).
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Figure 49 Agarose gel: amplification of puromycin resistance gene and analytical digestion of pLXSN + Puro and pLXSN +
dePAM_EI20R + Puro. 1: 1Kb plus DNA Ladder. 2: negative control. 3: Puromycin resistance gene (612 bp). 4: digested pLXSN +
Puro. 5: not digested. 6: digested pLXSN + dePAM_EI120R + Puro. 7: not digested.

Puromycin resistance gene cloning into indicated vectors was also confirmed by its successfully
amplification from designed vectors (Figure 50). Amplicons were sequenced revealing a 100%

similarity with puromycin resistance gene.

1 2 3 4

Figure 50 Agarose gel: Amplification of puromycin resistance gene cloning into vectors. 1: 1 Kb plus DNA Ladder. 2: pLXSN +
Puromycin resistance gene. 3: pLXSN + dePAM_EI120R + Puromycin resistance gene. 4: positive control (Lenti-CRISPR-V2 vector).

iPAEC cells were transduced with the obtained vectors, but unfortunately, they died after one week
of antibiotic selection. This is probably due to a mutation inside the designed vectors that was not
revealed before their employment to infect cells, although plasmids were sequenced before their use,
without observing inconsistencies. It is probably that during geneticin resistance gene excision was
accidentally cut a portion of pLXSN promoter that did not allow puromycin resistance expression in
cells. For this reason, at the moment we are considering changing pLXSN promoter with another
deriving from pCMV vector to allow puromycin resistance gene expression (experiments are still in

progress).
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5. Discussion

African swine fever (ASF) is one of the most important viral diseases of bush pigs (Potamochoerus
porcus and P. larvatus), warthogs (genus Phacochoerus), domestic pigs and wild boars, transmitted
by African Swine Fever Virus (ASFV) (Sanchez-Cordon P.J et al., 2019). ASF is highly contagious
and lethal, and it is considered an economically devasting disease representing the most serious
damage for world pork industries (Dan Murtaugh et al., 2019). Until today, a vaccine against ASFV’
does not exist and the only weapons to limit its spread are a prompt disease individuation followed
by a rapid laboratory diagnosis and stamping out of animals. For forty years, different strategies have
been implemented to develop a possible vaccine, but virus complexity and its ability to evade host
immune system hampered its setting up (Sanchez-Vizcaino, et al., 2006; 2015). Indeed, inactivated
vaccines proved to be not effective (Alejo et al, 2018), while vaccines created with naturally
attenuated virus (Blome et al., 2014) or live attenuated virus (LAV) (Gallardo et al., 2019) arise
important side effects and protect only from isolates derived from the same genotype. Recently,
vaccines obtained by deletion of specific genes or by subunit vaccine were developed (Ramirez-
Medina et al., 2019). An important issue in vaccines development is the identification of ASF'V genes
involved in virulence and the characterization of the viral mechanisms used to elude host immune
system. Therefore, the lack of a vaccine limits the options to control the disease and for this reason it
is extremely important the development of a vaccine capable of infecting and inducing a long last
immunity as well as avoiding the risk of possible recombination with the wild type circulating virus.
The principal aim of this project was the development of a DISC (Disabled Infectious Single Cycle)
vaccine specific for ASFV Sardinian isolates. A DISC vaccine is developed through deletion of target
genes to prevent viral replication, resulting in a defective strain unable to replicate in the natural host.
This kind of vaccine combines the efficacy of LAV vaccines with the security of inactivated vaccines
and could be a good compromise to satisfy vaccine requirements. Vaccines production require the
development of suitable continuous cell lines genetically stable to support viral replication. It is
important that such cell lines originate from natural host species and from tissues involved in
infection, since it has been observed that virus adapting to cell lines derived from different species
caused undesired modifications and mutations. In addition, the use of cell lines derived from primates,
such as Cos-1 cells, may lead to virus adaptation to primates. The natural target cells for ASFV are
cells derived from monocytes, in particular macrophages. At present, monocyte/macrophage

continuous cell lines permissive to virus replication do not exist.
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In the natural host, ASF'V replicates in endothelial cells as well. For this reason, in this study primary
Porcine Aortic Endothelial Cells (PAECs) cultures were developed. PAECs were isolated using two
different enzymatic solution, dispase and collagenase, showing that PAECs isolated with collagenase
solution showed a most homogeneous cell population prevalently represented by endothelial cells
(95%). PAEC cells were characterized by the presence of CD31 marker, which is highly expressed
in endothelial cell junctions. We tried to immortalize PAEC cells using £6 and E7 oncogenes derived
from OaPV3 and OaPV4 ovine papillomavirus. The transduction was carried out using two different
retroviral vectors, pLXSN + OaPV3 E6E7 and pLXSN + OaPV4_EG6E7. Unfortunately, we were able
to obtain a stable continuous cell line of Porcine Aortic Endothelial Cells (iPAEC) only with OaPV3
genes. Cells transduced with pLXSN + OaPV4 EG6E7 showed senescence and cellular suffering dying
after one week of antibiotic selection. This was probably due since OaPV3 is a most virulent strain
that is able to transform endothelial cells causing SCC, while OaPV4 induces only fibropapillomas.
Once a stable cell line was obtained, we test their ability to support virus replication. To that aim, we
infected iPAECs with two different ASFV isolates, 2008 and NH/P68, with different MOI. This
allowed to verify iPAECs capability to sustain virus replication showing that the high virulent strain,
2008, was able to kill our cells when infected with MOI 1 and 3. In order to verify the capability to
enhance viral titer we infected cells using a lower number of viruses (MOI=0.2). qPCR analysis of
infected cells with MOI 1 and 3 showed that the kinetic of total virus production in iPAEC cells is
quite the same as the Cos-1 cells, revealing an increase at 24-hours pi, while virus quantity was stable
during next hours. Instead, when used a MOI of 0.2, qPCR analysis displayed that the kinetic of virus
2008 production inside iPAEC was highest, revealing an increase of virus replication after 24-hours.
FACS analysis as well revealed that iPAECs were high susceptible to both virus using MOI 3, in fact
ASFV isolates killed the cells, as showed in cell morphology analysis. As described before, the
production of a DISC vaccine requires the deletion of selected ASFV genes. To this aim, different
target late genes were selected (B962L, B438L, B318L, B119L and E120R), because of their crucial
role during viral particles assembling and budding. Selected genes were mutagenized in order to
delete PAM sequences that are necessary to bind Cas9 in CRISPR technology. Defective viruses can
replicate only in suitable helper cell lines expressing mutagenized ASFV genes. The helper cell lines
represent the cellular substrate in which can be applicated CRISPR-Cas9 technology to interrupt
specific late genes. Once genes were mutagenized, they were transduced in Cos-1 cells, in order to
test our designed procedure before utilizing it in iPAECs. We were able to obtain Cos-1 stable cell

lines expressing B318L-B119L and E120R genes, as showed by RT-PCR analysis and sequencing of
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amplicons. Immunoblotting and immunocytochemistry experiments on Cos-1 expressing
dePAM_FEI120R gene confirmed its expression. Unfortunately, a high aspecific signal was detected
that did not allow to show satisfactorily its expression and location (Figure 44-45). For this reason,
we decided to express E/20R-GST fusion protein in E. coli managing to obtain the recombinant
protein to be used to produce more specific antibodies. Unfortunately, due to pandemic situation we
were not able to carry on successive experiments. Another thing that absolutely should be done, is
the production of specific antibodies to reveal the presence of the selected late proteins, as they are
not present available. Furthermore, it is essential to obtain cell lines expressing other selected genes
in order to have a more complete cell platform in which delete different genes to arise the efficiency
of the projected vaccine. As mentioned earlier, designed procedure may be used in iPAEC cells, and
to this aim we projected new vectors in order to express the chosen genes into the obtained cell line.
This was necessary since vectors used in Cos-1 cells contain G418 antibiotic resistance that cannot
be used in iPAEC, as they have already integrated in their genome this resistance because of the
immortalization process. We were able to acquire new vectors containing puromycin resistance
cassette, and ready to use to genes expression in iPAEC. Unfortunately, after several attempts, it was
impossible to select cells with puromycin resistance. In conclusion, we obtained a stable and
continuous Porcine Aortic Endothelial cell line that may be used as a cell platform to develop helper
cells expressing different dePAM ASFV genes and that will be used to produce a DISC vaccine
against Sardinian isolates. Further analyses are clearly required to verify if ASF'V Sardinian isolates
needed to adapt to the new cell line. For this reason, it would be necessary implement virus cultures
on the new cell line checking the viral titer obtained. It would be also necessary to confirm isolates
genetic stability after their passage on iPAEC by Next Generation Sequencing in order to evaluate
the presence of undesired mutations. Finally, we will proceed to DISC vaccine production using our
strategy and, subsequently, developing a DIVA test that allow to differentiate between vaccinated

animals and those naturally infected.
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6. Conclusion

In Sardinia African Swine Fever has been endemic since 1978 and the lack of a suitable vaccine limits
the option to control the disease producing devasting effects on Sardinian economy due to commercial
limitations. In addition, the high number of wild boars circulating in the region constitutes a serious
problem in ASF control. For this reason, the development of a vaccine is necessary to eradicate Africa
Swine Fever Virus. Until today, attempts to develop an effective and safe vaccine did not have
success. This project was aimed to identify a novel strategy to achieve a DISC vaccine able to protect
against Genotype I of ASF'V, as this is the only circulating in Sardinia region. It is extremely important
that vaccines are based on the circulating genotype to avoid recombination between different
genotypes, for this reason the project make use of a Sardinian isolated, 2008 virus (47/Ss/08).
Furthermore, until today a stable and continuous swine derived cell line able to support ASF'V growth
did not exist. The virus can be isolated and cultivated on monocytes/macrophages, primary cell lines
that are difficult to obtain and to cultivate as a continuous macrophages cell line does not exist.
Moreover, the employment of primary macrophages in vaccine production is an expensive procedure
and would be impossible to use for veterinary applications. Considering that, we may assert that
iPAEC developed in this project represents a suitable cellular substrate for DISC vaccine
development and production. In addition, the study of genes mutagenized by PAMs sequences
removal in this project may provide further clarifications on their role during infection, as their
biological functions are still unknown. The methodology developed in this research may lay the basis
to develop a vaccine not only against Genotype I but also against all 23 genotypes. Once inoculated,
the virus is not able to express the interrupted gene, for this reason its relating protein can be used as
a DIVA test. In fact, vaccinated animals should not produce antibodies against it, unlike animals
naturally infected with the wild type virus. Concluding, the immortalized Porcine Aortic Endothelial
Cell line here developed represents an important tool to produce a DISC vaccine and until today, is
the only stable and continuous porcine cell line developed that may be used to cultivate African Swine

Fever Virus.
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