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1. Introduction 

Peste des petits ruminants (PPR) or plague of small ruminants is a highly contagious and 

infectious viral disease of domestic and wild small ruminants. It is in one of the animal 

diseases which have to be notified to the World Organization for Animal Health (OIE) due to 

its high contagious nature and capacity for rapid spread. Peste des petits ruminants virus 

(PPRV) causes an acute disease when introduced into a new area resulting in deaths 

accompanied by high morbidity (90%) and mortality rates (50-80%) among susceptible 

animals. Therefore, it has an influence on small ruminants production and a major economic 

impact directly affecting the poor farmers, the main keepers of small ruminants in affected 

developing countries.  

PPR initially emerged in the Ivory Coast (Cote d’Ivore) in West-Africa in 1942. After its first 

description in West Africa the disease continued to spread aggressively towards central and 

East-Africa till it becomes endemic in most of Africa, the Middle East, the Arabian Peninsula 

and most of Asia, in addition to Turkey where it poses a threat for a possible future spread 

into Europe.  

The causative agent, peste des petits ruminants (PPR) virus, is classified as a member of the 

morbillivirus genus in the Paramyxovirinae subfamily of the Paramyxoviridae family in the 

order Mononegavirales. PPRV has an enveloped, single-stranded negative-sense RNA 

genome which is 15,948 nucleotides long. The genome consists of six transcription units 

encoding six structural and two nonstructural proteins: the nucleoprotein (N), the 

phosphoprotein (P) encodes also C and V nonstructural proteins, the matrix protein (M), the 

large protein or polymerase (L) in addition to two envelope glycoproteins: the fusion (F) and 

the haemagglutinin (H).  

Only one serotype of PPRV is recognized, however, phylogenetic analysis based on partial 

sequence comparison of either the nucleoprotein (N), the fusion (F) or the haemagglutinin (H) 

genes assorted all available PPRV strains into four genetic lineages designated as I, II, III and 

IV. Lineages I and II were restricted to west and central Africa whereas Lineage III are 

present in East-Africa in addition to Arabian Peninsula. Lineage IV was known to be confined 

to Asia, Middle East and Turkey, however, recently it has been introduced into new locations 

in Africa. Nowadays PPR is regarded as an emerging disease.  
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PPR was initially described as a severe disease of goats whereas it appears with less severity 

in sheep. In addition several reports described the existence of the disease in some wild small 

ruminants and camels, however, their role in the transmission and epidemiology of the disease 

needs more clarification. The acute disease in sheep and goats is characterized clinically by 

pyrexia, mucopurulent ocular and nasal discharges, erosive stomatitis, conjunctivitis, diarrhea 

and pneumonia. The virus affects mainly the digestive and the respiratory tracts thus can be 

excreted in all body secretions, so direct contact between PPR infected and susceptible 

animals is the most likely route for PPRV to be transmitted. Indirect transmission through 

contaminated animal stuffs might also be involved in virus transmission.  

Despite the availability of an effective live attenuated vaccine for PPR control for more than 

25 years, the disease continues to spread aggressively into new locations which might be a 

consequence of rinderpest (RP) eradication. Following the announcement for the successful 

global eradication of RP in 2011, as the first eradicated animal disease, some scientists 

proposed PPR to be the second candidate disease for eradication programs depending on its 

unique serotype, specific host range with no presence of a carrier, the short infectious period 

without a persistent infection and the restricted means of transmission. By now the need for 

recombinant vaccines for PPRV would arise in order to differentiate infected from vaccinated 

animals (DIVA). Additionally, development of sensitive and specific diagnostic tests based 

on recombinant expressed proteins that would minimize handling of the live virus with the 

commence of surveillance and eradication programs. 

 

1.1. Aims of the study 

Haemagglutinin (H) and fusion (F) surface glycoproteins of PPRV are essential for 

establishment of viral infection permitting viral entry into the cytoplasm of the host cell where 

viral replication takes place. Due to their position and function, PPRV-H and -F are the target 

of the host immune response by inducing protective immunity following viral infection. 

Neutralizing antibodies in response to PPRV infection are directed against H and F envelope 

glycoproteins whereas the majority of them are directed particularly against the H. Therefore, 

H and F of PPRV can be regarded as important tools for establishment of novel diagnostic 

assays for PPRV where recombinant expressed H and F viral proteins would be of valuable 
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importance for the future diagnosis of PPRV besides minimizing the risk of handling the live 

virus.  

This study was designed and performed to achieve the following goals: 

1. Determination and sequence analyses of the ORFs for F and H from the virulent field 

isolate PPRV Kurdistan 2011 to compare F and H from two different lineages and to 

perform comparative phylogenetic analyses for sequences of the surface glycoproteins of 

PPRV Kurdistan strain 2011 for epidemiological studies of the disease.   

2. Since the available monoclonal antibodies directed against H and F surface glycoproteins 

of PPRV in world reference laboratories for PPR failed to demonstrate the expression of 

the respective proteins by both immunoblotting and immunoprecipitation, monospecific 

sera against H and F should be raised in rabbits for demonstrating expression of the 

respective proteins by PPRV as well as by recombinant constructs and for analyses of 

intracellular transport and maturation of the glycoproteins by both immunoblotting and 

immunoprecipitation assays. 

3. Generation of BHV-1 recombinants, pseudotyped with the respective surface glycoproteins 

to be used as tools for establishment of neutralization tests for PPRV which could be 

carried out under conditions of Biosafety Level 2 (BSL2) laboratories instead of BSL3. 
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2. Review of Literature 

2.1. Peste des petits ruminants (PPR)  

2.1.1. Disease synonyms 

Peste des petits ruminants (PPR) or plaque of small ruminants is indicative to the clinical 

resemblance of rinderpest “peste bovine” or “cattle plaque”. The disease was given a French 

name due to its initial appearance in West African French colonies (Gargadennec and 

Lalanne, 1942). Similar syndromes describing a typical disease in small ruminants were 

previously reported in West African countries which were named according to the 

accompanied clinical signs. These synonyms include: “kata” which means catarrhal used 

locally for a pseudo-rinderpest of goats recognized firstly in Western Nigeria (Whitney et al., 

1967), stomatitis-pneumoentritis complex (SPC) (Johnson and Ritchie, 1968; Nduaka and 

Ihemelandu, 1973), goat plague, pest of small ruminants, rinderpest like disease or syndrome 

pseudo-rinderpest of small ruminants (Johnson and Ritchie, 1968; Durtnell and Eid, 1973), 

contagious pustular stomatitis and contagious vulvovaginitis (Wosu, 1994). However, peste 

des petits ruminants (PPR) is considered by the World Organization for Animal Health (OIE) 

and FAO as the official name of the disease. 

 

2.1.2. Historical background of PPR 

Peste des petits ruminants (PPR) is a disease of African origin with a history going back to the 

beginning of the 1940th where it was initially recognized in the Ivory Coast (Cote d’Ivoire) in 

West Africa (Gargadennec and Lalanne, 1942). The virus caused a disease in sheep and goats 

which is typical to rinderpest (RP) despite the fact that it infects only small ruminants without 

transmission to in-contact cattle. Due to the clinical picture, at the beginning scientists 

thought it is a variant of rinderpest virus (RPV) which had become fully adapted to small 

ruminants (Gargadennec and Lalanne, 1942; Mornet et al., 1956) until the causative virus 

PPRV “peste des petits ruminants virus” was firstly isolated in Senegal in 1962 (Gilbert and 

Monnier, 1962). Later, PPRV was identified as a closely related but distinct from RPV (Gibbs 

et al., 1979) although the two viruses share some biological properties. PPRV has been 

identified as distinct from RPV on the basis of reciprocal cross-neutralization, pathogenicity 

and degree of cross protection between RPV and PPRV (Gibbs et al., 1979). Additionally, 
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PPRV was differentiated biochemically from RPV based on the apparent molecular weight of 

the nucleoprotein (N) gene (Diallo et al., 1987). 

 

2.1.3. Classification of PPRV 

2.1.3.1. Classification of Paramyxoviridae family 

The family Paramyxoviridae is clustered into the order Mononegavirales along with 

Rhabdoviridae, Filoviridae and Bornaviridae families. Members of the order 

Mononegavirales possess single strand negative sense RNA genome with a similar gene 

order, the same strategies of gene expression and viral replication besides sharing 

phylogenetic relationships. Viruses within the Mononegavirales were placed into four 

different families due to differences in their genome size, nucleocapsid structure, virion size 

and morphology, site of viral replication and transcription, manner and extent of mRNA 

processing, tissue specificity, host range and pathogenic potential in their respective hosts 

(Lamb and Parks, 2007; MacLachlan and Dubovi, 2011).  

The Paramyxoviridae family is buildup of Paramyxovirinae and Pneumovirinae subfamilies, 

the former one constitutes of seven genera namely: Aquaparamyxovirus, Avulavirus, 

Ferlavirus, Henipavirus, Morbillivirus, Respirovirus and Rubulavirus whereas the latter 

contains two genera Pneumovirus and Metapneumovirus (Fig. 1.) (ICTV, 2013). The 

Paramyxoviridae family includes several viruses known as a cause of  devastating humans 

and animal diseases such as RP, PPR, Canine distemper, Measles, Mumps, Newcastle disease 

in addition to zoonotic pathogens like Hendra and Nipah viruses (Lamb and Parks, 2007) 

(Table 1.).  

 

2.1.3.2. Classification of Morbillivirus genus 

Peste des petits ruminants virus (PPRV) is classified within the genus morbillivirus in the 

subfamily Paramyxovirinae in the family Paramyxoviridae (Gibbs et al., 1979). Members of 

the Morbillivirus genus are rinderpest virus (RPV) of cattle and buffaloes, peste des petits 

ruminants virus (PPRV) of domestic and wild small ruminants, the measles virus (MV) of 

humans which is considered the type virus of the genus, canine distemper virus (CDV) of 

domestic and wild carnivores, phocine distemper virus (PDV) of seals, Cetacean morbillivirus 
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(CMV) which include dolphin (DMV) and porpoise (PMV) morbilliviruses of aquatic 

mammals (Fig. 1.) (Gibbs et al., 1979; Diallo, 1990; Barrett et al., 1993; Visser et al., 1993; 

Barrett and Rima, 2002; Kennedy et al., 1988; Domingo et al., 1990; ICTV, 2013).  

Morbillivirus genus with its short form “morbilli” is derived from the Latin word (morbus) 

which means plaque. Morbilliviruses include a closely related group of human and animal 

pathogenic viruses of highly significance (Gibbs et al., 1979; Barrett, 1987). Morbilliviruses 

generally cause severe generalized diseases accompanied either by respiratory or central 

nervous system signs in the target host. MV, CDV, RPV and PPRV are considered the most 

extensively studied morbilliviruses at the molecular level (Barrett et al., 2006).  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 1. Classification of peste des petits ruminants virus (PPRV) in the Morbillivirus genus, 
Paramyxovirinae subfamily in Paramyxoviridae family in the order Mononegavirales. 
Classification was based on the ICTV Virus Taxonomy (ICTV, 2013).  
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Table 1. Classification of Paramyxoviridae family based on the ICTV Virus Taxonomy 
(ICTV, 2013). The family is subdivided into two subfamilies: Paramyxovirinae and 
Pneumovirinae. Paramyxovirinae is composed of seven genera: Aquaparamyxovirus, 
Avulavirus, Ferlavirus, Henipavirus, Morbillivirus, Respirovirus and Rubulavirus. 
Pneumovirinae is composed of two genera: Pneumovirus and Metapneumovirus. Diseases 
caused by Paramyxoviruses were mentioned according to its respective host. 

Subfamily Genus Animal or humans 
virus 

Host Disease 

Paramyxo-
virinae 

Aquaparamyxo-
virus 

Atlantic salmon 
paramyxovirus 
(ASPV) 

Fish  Proliferative gill 
inflammation  

    
Avulavirus Newcastle disease 

virus (avian 
paramyxovirus-1) 

Domestic and 
wild fowl 

Respiratory and 
neurological 
disease 

Avian 
paramyxoviruses 2-
9 

Domestic and 
wild fowl 

Respiratory disease 

    
Ferlavirus Fer-de-Lance 

paramyxovirus 
Snakes Fatal disease 

    
Henipavirus Hendra virus Bats, horses, 

humans 
Severe respiratory 
disease 

Nipah virus Bats, pigs, 
humans 

Encephalitis 

    
Morbillivirus Canine distemper 

virus 
Carnivora 
species 

Severe generalized 
disease and central 
nervous system 
signs 

Cetacean 
morbillivirus 

Dolphins, 
porpoises 

Severe respiratory 
and generalized 
disease 

Measles virus Humans Measles, severe 
systemic disease 
with respiratory 
and central nervous 
system signs 

Peste des petits 
ruminants virus 

Sheep, goats, 
wild small 
ruminants, 
camels 

Severe generalized 
disease similar to 
RP 

Phocine distemper 
virus 

Seals and sea 
lions 

Severe generalized 
and respiratory 
system disease 

Rinderpest  Cattle, wild 
ruminants 

Severe generalized 
disease     

Respirovirus Bovine 
parainfluenza virus 
3 

Cattle, sheep 
and other 
mammals 

Respiratory disease 



Review of Literature 
 

8 
 

Human 
parainfluenza 
viruses 1 and 3 

Humans Respiratory disease 

Sendai virus 
(murine 
parainfluenza virus 
1) 

Mice, rats, 
rabbits 

Respiratory disease 

Simian virus 10 Monkeys Respiratory disease     
Rubulavirus Human 

parainfluenza 
viruses 2 and 4 

Humans Respiratory disease 

Mapuera virus Bats Unknown 
Mumps virus Humans Parotitis 
Parainfluenza virus 
5 (formerly simian 
virus 5) 

Dogs, pigs, 
monkeys 

Respiratory disease 

Simian virus 41 Monkeys Respiratory disease 
Porcine rubulavirus 
(La-Piedad-
Michoacan-Mexico 
virus) 

Pigs Encephalitis, 
reproductive 
failure, corneal 
opacity      

Pneumovirinae 
        

Pneumovirus Bovine respiratory 
syncytial virus 

Cattle, sheep, 
goats 

Respiratory disease 

Human respiratory 
syncytial virus 

Humans Respiratory disease 

Murine pneumonia 
virus 

Mice Respiratory disease 

    
Metapneumo-
virus 

Avian 
metapneumovirus 

Turkey, chicken Severe respiratory 
disease in turkeys.  
Swollen head 
syndrome in 
chickens 

Human 
metapneumovirus 

Humans Respiratory disease 

 
 

2.1.4. Virion properties 

PPR virions are enveloped pleomorphic particles generally spherical or ovoid however 

sometimes filamentous particles were observed (Fig. 2.) (Durojaiye et al., 1985). This size 

variation might be due to the different number of nucleocapsids incorporated into the viral 

particles. Negative staining electron microscopy of PPRV indicates that the intact viral 

particle measured from 150 to 700 nm with a mean diameter of 500 nm. In addition, the 

measurement of the lipoprotein viral envelope ranges from 8.5-14.5 nm in thickness whereas 

the surface glycoproteins spikes range from 8-15 nm in length (Fig. 2.) (Bourdin and Laurent-
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Vautier, 1967; Gibbs et al., 1979; Durojaiye et al., 1985; Diallo, 1990). The core of the 

particle contains a herring-bone shaped helically symmetrical nucleocapsid structure which is 

formed of the single-stranded negative sense genomic RNA, wrapped by the nucleoprotein 

(N) then associated with two viral proteins: the phosphoprotein (P) and the large polymerase 

(L). The ribonucleoprotein strands have a thickness of 14-23 nm (Durojaiye et al., 1985). 

Further, the morphology and ultrastructure features of PPRV were typical to that of other 

morbilliviruses and Paramyxoviruses indicating that its genome is RNA (Plowright et al., 

1962; Bourdin and Laurent-Vautier, 1967; Gibbs et al., 1979). 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 2. The virion of peste des petits ruminants virus (PPRV) as it appears under Electron 
Microscope. The pleomorphic viral particle showing the internal helical nucleocapsid 
structure, the viral envelope with the surface glycoprotein spikes (Photo was provided by 
Rajnish Kaushik, at the Department of Microbiology and Cell Biology, Indian Institute of 
Science, Bangalore, India In: The Big Picture Book of Viruses: Paramyxoviridae 
(http://www.virology.net/Big_Virology/BVRNApara.html). 

 
2.1.5. Viral replication 

All members of the Paramyxoviridae family share the replication strategy (Fig. 3). 

Paramyxoviruses infection in cell culture causes lytic infection to achieve high titres of the 

virus which, however, frequently requires serial passages for adaptation of the virus. 

Paramyxoviruses replicate in the cytoplasm of infected cells which usually leads to formation 

of syncytia mediated by the fusion protein. Additionally, Paramyxovirus infection is 

accompanied by presence of characteristic acidophilic intracytoplasmic and intranuclear 
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inclusion bodies in infected cells which are composed of excess ribo-nucleoprotein (RNA-N) 

complexes (Murphy et al., 1999; Samal, 2008; MacLachlan and Dubovi, 2011).  

The initial step of the viral replication cycle is the attachment of virions via their attachment 

haemagglutinin protein to CD46, CD150 (SLAM) or ovine Nectin-4 receptors on the host cell 

membrane (Renukaradhya et al., 2002; Pawar et al., 2008; Birch et al., 2013). Subsequently, 

the fusion (F) protein mediates fusion of the viral envelope with the plasma membrane of the 

host cell which occurs at physiologic pH. Fusion results in release of the viral nucleocapsid 

into the cytoplasm where transcription occurs. The released nucleocapsid carrying the 

associated (N, P and L) proteins uses its RNA-dependent RNA polymerase (RdRp) or 

transcriptase (L) for initial transcription of the viral RNA into mRNA which occurs 

independent from viral protein synthesis. The polymerase complex initiates transcription for 

each separate gene in a linear, consecutive discontinuous manner starting from the 3’end 

(leader) of the genome and resulting in synthesis of 6-8 mRNAs which are capped and 

polyadenylated at the 5’ and 3’ends, respectively. The quantity of the transcribed mRNAs 

decreases in the 3’ to 5’end direction yielding the most mRNAs for the N protein and the least 

for the L protein. The mRNA transcription units are translated into the corresponding 

proteins. Of note, the mRNA specific for P gene encodes also the V and C nonstructural 

proteins, translated by ribosomal frameshifting (Mahapatra et al., 2003; MacLachlan and 

Dubovi, 2011).   

Afterwards, a promoter sequence at the 3’end of the genome is transcribed and when the 

concentration of the N protein reaches higher levels it binds to the newly produced RNA 

chain, thereby inhibiting termination and reinitiation transcription of the separate genes which 

leads to synthesis of a complete positive-sense anti-genome strand which is associated with 

the N protein and serves as a template for synthesis of the negative-sense genome strand 

(Kolakofsky et al., 2004). Subsequently, the newly synthesized genomic RNA strand initiates 

a second phase for mRNA synthesis enable to amplify viral protein production. The P protein 

plays an essential role in viral replication via its C-terminal segment which binds to the L 

protein and then the P-L complex associates with the viral RNA-N protein complex forming 

the essential transcription unit of the virus. It is assumed that the N-terminal part of the P 

protein binds to the newly synthesized N protein allowing synthesis of the genomic RNA 

from the positive-sense anti-genome template. The nonstructural proteins might be 
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responsible for regulating the levels of RNA synthesis. Following that, all viral proteins (N-P-

C-V-M-L) are translated on ribosomes of the cytoplasm whereas translation and further 

modification of H and F glycoproteins occur on ribosomes of the ER before they are 

transported as patches to the host-cell plasma membrane via the Golgi network (Barrett et al., 

2006; Munir et al., 2013). Assembly of the mature virion at the plasma membrane is mediated 

by the M protein where N, P and L proteins are associated with the viral RNA genome 

underneath the M protein. Release of the mature virion via budding occurs after it acquires it 

is envelope, derived from the host cell membrane followed by embedding of the surface 

glycoproteins H and F (Scheid and Choppin, 1974; MacLachlan and Dubovi, 2011).  

 

 

Fig. 3. Replication cycle of a typical paramyxoviruses, measles virus as example for 
replication: 1) Viral attachment to cellular receptors via H protein. 2) Fusion of the viral 
envelope with the host cell plasma membrane mediated by F protein leading to release of 
ribonucleocapsid into the cytoplasm and used as the genomic template. 3) Transcription of the 
(-) strand viral RNA into several mRNAs and a positive-sense RNA template, which is further 
used to create the negative-sense RNA. 4) Translation of viral proteins in the cytoplasm and 
on the rough ER (viral membrane proteins: H and F). 5) Assembly and budding of progeny 
virions at the plasma membrane where it acquires the envelope. 6) Release of the progeny 
virions (Moss and Griffin, 2006). 
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2.1.6. Genome organization and proteins 

The genome of PPRV is a linear, non-segmented, single-stranded RNA molecule with 

negative polarity. The RNA genome serves as a template for transcription and replication and 

has a size of 15,948 nucleotides (nt) in length being the largest one among morbilliviruses 

(Murphy et al., 1999; Bailey et al., 2005; Barrett et al., 2006). PPRV has untranslated 

sequences located at the two extremities of the genome. The former one is the genome 

promoter (GP) or leader which is 52 nt located at the 3´end of the genome in a stretch of 107 

nt (1-107 nt) which contain also the 3`UTR of the N gene. The latter, the antigenome 

promoter (AGP) or trailer is 37 nt situated at the 5´end of the genome in a stretch of 107 nt 

(15840-15948 nt). Both GP and AGP are separated by AGG trinucleotides from the 3´end of 

the N gene and 5´end of the L gene, respectively (Bailey et al., 2005; Chard et al., 2008). The 

GP and AGP are responsible for the synthesis of positive and negative sense RNA and are 

thus identified as the viral transcription and replication promoters (Lamb and Parks, 2007; 

Chard et al., 2008).  

The genome consists of six contiguous, non-overlapping transcription units or genes encoding 

six structural proteins namely the nucleoprotein (N), the phosphoprotein (P), the matrix 

protein (M), the large protein (L) or polymerase in addition to the fusion (F) and the 

haemagglutinin (H) surface glycoproteins arranged in the order of 3´-N-P/C/V-M-F-H-L-5´ 

(Fig. 4 & 5) (Haffar et al., 1999; Bailey et al., 2005; Chard et al., 2008). The genome has two 

nonstructural proteins (C and V). The genomic RNA has to be transcribed by its own RNA-

dependent RNA-polymerase (RdRp) into at least six mRNAs translated separately into the 

respective six structural proteins while C and V non-structural proteins are encoded by 

overlapping open reading frames (ORFs) by co-transcriptional RNA editing from the P 

transcription unit (Mahapatra et al., 2003; Bailey et al., 2005; Barrett et al., 2006; Chard et al., 

2008). Genes are separated by non-coding intergenic sequences (IGS) which is three 

nucleotides in length. The IGS is usually GAA trinucleotides conserved at all gene junctions 

except of H-L junction where it is replaced by GAU (Diallo, 1990; Bailey et al., 2005; Barrett 

et al., 2006). The nucleoprotein (N) is permanently wrapped around the viral genomic RNA 

forming the ribonucleocapsid (RNP) complex by association with the phosphoprotein (P) and 

the polymerase or large (L) protein. The complex is also designated as the viral minimum 

replicative unit (Bailey et al., 2007). The phosphoprotein is the co-factor of L protein (RdRp). 
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The main role of the phosphoprotein is to mediate N and L interaction (Barrett et al., 2006). 

The matrix protein (M) is an internal envelope associated protein that serves as a bridge 

between the nucleocapsid and the external glycoproteins. It is essential for assembly and 

budding of virions from the infected cell surface (Peeples, 1991). PPRV particles, genome 

organization and encoded ORFs of PPRV are illustrated in Fig. 4 and 5, respectively.  

 

 
 

Fig. 4. A schematic diagram of a PPRV viral particle. The nucleoprotein (N) is associated 
with the viral RNA forming the ribonucleocapsid which is in turn linked with the 
phosphprotein (P) and large polymerase (L/RdRp) protein. The matrix (M) protein is located 
below the viral envelope whereas the ectodomains of the haemagglutinin (H) and the fusion 
(F) protein form the spikes at the surface of the envelope. Scheme from "ViralZone, SIB 
Swiss Institute of Bioinformatics", 2011 (http://viralzone.expasy.org/all_by_species/86.html). 
 

 

Fig. 5. Representation of the genome organization and encoded ORFs of PPRV. The PPRV 
genome is a linear, single-stranded, negative-sense RNA with a length of 15,948 nt. At the 
3`end and 5`end are the 52 nt genome promoter or trailer and the 37 nt antigenome promoter 



Review of Literature 
 

14 
 

or leader, respectively. The six transcription units encode the structural proteins are separated 
by non-coding intergenic sequences (IGS) indicated by light grey and which is usually a GAA 
triplet and conserved at all gene junctions except of H-L junction where it is GAU. The C and 
V nonstructural proteins are contained in the P-ORF and translated by ribosomal 
frameshifting. 

 
2.1.6.1. Viral surface glycoproteins of PPRV 

PPRV has integral viral surface glycoproteins, the haemagglutinin (H) and the fusion protein 

(F), which protrude as external spikes.  

 

2.1.6.1.1. The haemagglutinin (H) protein  

The haemagglutinin (H) is the major surface glycoprotein of PPRV. The H protein initiates 

viral infection by enabling attachment to receptors on the host cell membrane, specifically 

CD46, SLAM (signaling lymphocyte activation molecule, known also as CD150) which is 

found on the lymphocytes; macrophages and dendritic cells (Pawar et al., 2008), and ovine 

Nectin-4 (Birch et al., 2013).   

H of PPRV can cause haemagglutination of chicken and pigs erythrocytes (RBCs) (Wosu, 

1985), a characteristic property that is missing for H of rinderpest virus (RPV). Therefore, HA 

and HI enable antigenic and serologic differentiation between PPRV and RPV (Wosu, 1985; 

Wosu, 1991; Ramachandra et al., 1993; Ezeibe et al., 2004; Osman et al., 2008). In addition 

and in contrast to other Morbilliviruses, H of PPRV exhibits neuraminidase and 

haemadsorption activities, which led to the proposal to name it HN instead of H (Seth and 

Shaila, 2001). The neuraminidase mediates cleavage of sialic acid residues from the 

carbohydrate moieties of glycoproteins (Scheid and Choppin, 1974). 

The size of the open reading frame (ORF) for haemagglutinin (H) protein of PPRV is 1827 nt 

(excluding the stop codon) in length, situated at position 7326-9155 nt of the genome and 

which encodes a protein of 609 amino acids (aa) with a predicted apparent molecular weight 

size (MW) of 68 KDa (Lamb and Parks, 2007; Bailey et al., 2005; Dhar et al., 2006). The 

most characteristic features of the H-gene ORF is the presence of a long hydrophobic domain, 

the membrane anchor of this class II glycoprotein, from amino acid 35 to amino acid 58 

within the N-region of H (Barrett et al., 2006). The conserved C-terminal segment of H 

consists of 204 aa (392-595 aa) which is applied in recent phylogenetic studies for lineage 
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identification of different PPRV strains through performing phylogenetic analysis of aligned 

sequences (Fig. 6) (Kaul, 2004; Balamurugan et al., 2010; Senthil Kumar et al., 2014). 

Translation of H takes place in the rough endoplasmic reticulum (RER) followed by folding 

and oligomerization to form the correct structure. The precursor protein is then transported to 

the Golgi apparatus and finally to the cell membrane before it is embedded into the envelope 

of the newly synthesized virions (Barrett et al., 2006; MacLachlan and Dubovi, 2011). During 

transport H is glycosylated in the lumen of the ER by addition of asparagine (N)-linked 

oligosaccharides side chains. H has potential sites for N-linked glycosylation at amino acids 

172-175; amino acids 215-218; amino acids 279-282 and amino acids 395-398. Six conserved 

residues at positions (Y529, D530, R533, F552, Y553 and P554) are essential for H-SLAM 

receptor interactions (Chard et al., 2008; Balamurugan et al., 2010). Interestingly, the number 

of the oligosaccharides side chains influence the antigenicity and the virulence of the virus. 

The H protein is the less conserved gene among morbilliviruses, for instance H protein of 

PPRV and RPV exhibit only 50% identity. This sequence divergence might define the target 

cell receptors and in turn is the main determinant of specifying the target host (Barrett et al., 

2006; Chard et al., 2008).  

 

 

Fig. 6. A schematic diagram representing the structure of PPRV haemagglutinin protein. The 
protein consists of 609 aa and contains the signal peptide (1-34 aa), the membrane anchor (35-
58 aa) located near the N-terminus and the ectodomain with the conserved C-terminal region 
(392-595 aa) which is used for PPRV lineage identification. 
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2.1.6.1.2. The fusion protein (F) 

The F is the minor surface glycoprotein of PPRV. Its basic function is to enable the virus to 

penetrate the cell membrane which results in release of the ribonucleocapsid into the 

cytoplasm, the site of viral replication (Seth and Shaila, 2001). Following attachment of the 

viral envelope with the host cell membrane mediated by H protein, F then initiates fusion of 

the viral envelope with the host cell membrane at neutral pH and thus introduces the virus into 

the cell. Moreover, throughout the course of the infection the newly synthesized F protein 

mediates cell-cell fusion, forming syncytia and leading to viral spread into the host without 

necessity for the complete viral particle (Diallo, 1990; Lamb, 1993). Interestingly, F of PPRV 

can mediate fusion without the need for H which acts as fusion promoter for most 

paramyxoviruses although presence of H enhances the F-mediated fusion activity (Seth and 

Shaila, 2001). Additionally, purified F of PPRV induces hemolysis which is indicative for cell 

fusion activity (Devireddy et al., 1999).  

The size of the F gene of PPRV is 2321 nucleotides (nt), which starts at nt 4893 of the 

genome (Meyer and Diallo, 1995; Chard et al., 2008). The ORF of F is 1638 nt (excluding the 

stop codon) and located between nt 5526 and nt 7166 of the genome, and encodes a protein of 

546 amino acids (aa) with a deduced molecular weight size (MW) of 59,310 KDa (Meyer and 

Diallo, 1995; Lamb and Parks, 2007; Bailey et al., 2005; Dhar et al., 2006). Analyses of the 

amino acid sequences of all PPRV strains showed that the F represents the most conserved 

sequence among all PPRV isolates and even among morbilliviruses (Lamb and Parks, 2007; 

Chard et al., 2008). Therefore, the F protein gene might be responsible for the cross protection 

between members of the genus and especially between PPRV and RPV (Chard et al., 2008).  

Prior the 5’ end of the F ORF is a long stretch of 548 nt which is rich in G and C residues and 

constitutes the 5’ untranslated region (5’UTR). The 5’UTR of the F gene is specific to PPRV 

and nonconserved among morbilliviruses. The 5’UTR contains 4 ATG codons between nt 489 

and nt 549 of which the last one at nt 549 is the translation initiation codon for F. The 5’UTR 

is believed to promote translation of the F mRNA (Meyer and Diallo, 1995).  

From the primary translation product the signal peptide is removed after translocation into the 

ER resulting in the inactive precursor to whom N- and O-linked carbohydrates were added 

during transport into the trans-Golgi network where F0 is cleaved by the cellular protease 

furin which is required for the membrane fusion activity of F. This proteolytic cleavage is 
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essential for infectivity, virulence and pathogenesis of all paramyxoviruses (Watanabe et al., 

1995a). The F0 cleavage site RRTRR, situated at aa positions 104-108 is conserved among 

PPRV strains (Meyer and Diallo, 1995). F0 is cleaved into the 89 aa F2 and the 438 aa F1. The 

two subunits remain linked by two disulphide bonds. The deduced apparent molecular masses 

are 60 kDa for F0, 48 kDa for F1 and 9.8 kDa for F2 (Fig. 7.) (Scheid and Chopin, 1977). F1 

possess a highly conserved N-terminal domain which mediates cell fusion through the 

conserved hydrophobic fusion domain whereas its conserved C-terminal region is probably 

required for interactions between M and F proteins (Scheid and Chopin, 1977; Meyer and 

Diallo, 1995; Lamb and Parks, 2007; Chard et al., 2008). F0 is highly conserved among 

morbilliviruses except of two variable hydrophobic domains. One of them is the signal 

peptide (aa 1- aa 19), which ends at the conserved motive QIHW. This domain directs the 

protein into the rough endoplasmic reticulum (RER), the site of translation, and is 

subsequently removed during or after translocation of the ectodomain into the ER by the 

cellular signal peptidase. The other variable hydrophobic domain which is situated between aa 

485 and aa 517 nt near the C-terminus contains the membrane anchor (aa 485- aa 502) of the 

F (Fig. 7.) (Dhar et al., 2006). The last 15 aa of F are proposed to interact with the M protein 

which forms the inner coat of the viral envelope and thus participates in viral budding during 

the assembly and replication process (Dhar et al., 2006). The orientation of the C-terminus on 

the cytoplasmic side of the membrane and the extracellular N-terminus classifies F as a type I 

glycoprotein (Barrett et al., 2006). A conserved leucine zipper or zinc finger domain (459-480 

aa) exists just before the membrane anchor and is believed to be important for oligomerization 

of the homotrimeric F molecule. F is glycosylated by cellular enzymes and this process is 

crucial for protein transport to the cell surface, maintaining the fusogenic activity as well as 

the optimum conformation of the F2 subunit (Barrett et al., 2006). There are three 

glycosylation sites G1 (aa 25- aa 27), G2 (aa 57- aa 59) and G3 (aa 63- aa 65) which are 

conserved among morbilliviruses (Meyer and Diallo, 1995). The nonconserved sequence of 

the signal peptide and the membrane anchor of the F gene among morbilliviruses might 

determine their different host specificities (Meyer and Diallo, 1995). 
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Fig. 7. A schematic diagram representing the structure of PPRV fusion protein. The primary 
translation product is composed of 546 aa. The furin cleavage site is situated between aa 104 
and aa 108 and cleaves F0 into F2 89 aa (20-108 aa) “the shorter polypeptide” and F1 438 aa 
(109-546 aa) “the longest polypeptide” which are linked by two disulphide bonds. The signal 
peptide (1-19 aa) and the membrane anchor (485-502 aa) are indicated. 
 

 

2.1.6.1.3. Haemagglutinin (H) and fusion (F) surface glycoproteins of PPRV and 

their role in infection and immunity  

As mentioned above, the interaction of the envelope glycoproteins H and F of PPRV leads to 

establishment of the infection by enabling entry of the virus into the cell. This process is 

accomplished via attachment of the viral particle to receptors in the cell membrane mediated 

by the H followed by fusion of the virus envelope with the cell plasma membrane mediated 

by the F (Lamb and Parks, 2007). Owing to its location and function, H and F glycoproteins 

are the main targets for the host immune response and stimulate strong immunity providing 

protection in infected as well as in vaccinated animals (Diallo et al., 2002; Berhe et al., 2003). 

Therefore, host immunity in response to PPRV infection is directed against both envelope 

glycoproteins. Of note, most neutralizing antibodies following PPRV infection are directed 

particularly against the H protein (Diallo, 1990; Diallo et al., 2007; Chen et al., 2010).  
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2.1.7. Epidemiology of PPR  

PPR was initially described in the Ivory Coast (Cote D’Ivoire) in West-Africa (Gargadennec 

and Lalanne, 1942). It started to expand rapidly to other West African countries then 

continued to spread towards Central and East-Africa. Subsequently, PPR was disseminated 

outside Africa into Asia and further to Turkey. The disease is now endemic in nearly most of 

African countries excluding countries in the south of Tanzania and Angola, in all Arabian-

Peninsula and all Middle-Eastern countries, in a wide belt of Asia including central, southern 

and south-eastern countries. Within the European continent PPR is currently present only in 

Turkey (Banyard et al., 2010; Kwiatek et al., 2011; OIE, 2013; Albina et al., 2013; Libeau et 

al., 2014). 

 

2.1.7.1. Lineage identification of PPRV  

PPRV has only one recognized serotype. Based on nucleotide sequence alignment of a partial 

sequence of F or N all viral strains in the world were assigned to one of four distinct genetic 

lineages (I, II, III and IV). The conserved sequences that are usually applied for genetic 

identification of different PPRV lineages consists of 351 nt (nt 1233- nt 1583) of the N-ORF 

(Couacy-Hymann et al., 2002; Kwiatek et al., 2007), 322 nt (nt 254- nt 575 ) of the F-ORF 

(Forsyth and Barrett, 1995; Shaila et al., 1996; Dhar et al., 2002; Ozkul et al., 2002), as 

recently established for phylogenetic analyses, the 612 nt conserved C-terminal region (nt 

1174 - nt 1785) of the H-ORF. The last approach, however is not yet extensively used (Kaul, 

2004; Balamurugan et al., 2010).  

Genetic differentiation of PPRV strains of distinct geographical origin was performed using 

reverse-transcription polymerase chain reaction (RT-PCR) for cDNA synthesis and PCR 

amplification of the targeted sequences within the ORFs of either N, F or H using the 

respective specific primers and followed by DNA sequencing and phylogenetic analyses. 

Phylogenetic analyses for the partial sequence of the N-ORF reflects small variations between 

PPRV strains and assigned isolates perfectly to the respective geographical origins. 

Comparison with the variations yielded from F-/H- and N-ORFs (Diallo et al., 2007; Kwiatek 

et al., 2007; Kerur et al., 2008) revealed that clustering of isolates belong to lineage I and II 

groups were reversed. This is the only difference between the N-gene and F-gene/H-gene 



Review of Literature 
 

20 
 

clustering. The PPRV lineage numbering (I-IV) corresponds with the direction of the 

historical spread of the disease from West and central Africa (lineage I and II) and to East 

Africa and Arabian Peninsula (lineage III) and the Middle-East, Asia and Turkey (lineage IV) 

(Banyard et al., 2010; Kwiatek et al., 2011; OIE, 2013; Albina et al., 2013; Libeau et al., 

2014). Therefore both lineage I and II include PPRV isolates confined to West and Central 

Africa, Lineage I isolates were from Senegal, Ivory-Coast, Burkina Faso, Guinea and Guinea-

Bissau while lineage II contains isolates from Nigeria, Ghana and Mali in addition to recent 

isolates from Senegal and Congo. Lineage III is predominant in East-African countries such 

as Sudan, Eriteria, Ethiopia, Somalia, Uganda, Kenya and Tanzania. Existence of lineage III 

in the Arabian Peninsula was reported for Yemen, UAE, Qatar and Oman. There is a unique 

evidence of lineage III in Tamil Nadu in Southern India (PPRV India/TN/92) within lineage 

IV zone. Lastly, lineage IV seems to predominate in Asia, the Indian subcontinent, the Middle 

East, Arabian Peninsula and Turkey. However recent outbreaks confirmed new incursion of 

lineage IV into new locations in North Africa as is the case in Morocco, Algeria and Tunisia 

beside central Africa as in Angola and Democratic Republic of the Congo. Recently, co-

existence of lineage IV with either African lineages II or III were reported in Sudan, Nigeria, 

Cameroon and Central African Republic. The existence of lineages ΙΙΙ in the Arabian 

Peninsula and the new incursion of lineage ΙV into new locations in Africa are likely due to 

animal import (Banyard et al., 2010; Kwiatek et al., 2011; OIE, 2013; Albina et al., 2013; 

Libeau et al., 2014). The lineages classification serves as a potent epidemiological and 

descriptive tool explaining the spread of the disease rather than its pathogenicity. PPRV 

lineages are important for monitoring of the virus and tracing the origin of outbreaks. 

Construction of a PPR vaccine should consider the use of the similar lineage prevalent in the 

region to avoid introduction of another lineage. Therefore, lineage identification is a 

prerequisite for PPR seroepidemiology and control (Sen et al., 2010). Worldwide geographic 

distribution and lineage identification of PPRV is demonstrated in Fig. 8.  
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Fig. 8. Map depicting the worldwide cumulative distribution of the four lineages (I-IV) of 
peste des petits ruminants virus (PPRV) based on partial sequence data of the nucleoprotein 
(N) ORF. Countries reporting at least one PPRV lineage are colored according to the 
identified lineages. Background color and colored slanting bars represent the last identified 
lineage in the country. The pink color indicates serological evidence of PPRV antibodies. The 
grey color indicates missing information or disease was never reported (Libeau et al., 2014). 

 
 
2.1.8. Diagnosis of PPR 

For confirming diagnosis of PPR, several diagnostic techniques were applied that vary widely 

depending on the available facilities and techniques adopted. Virus isolation in cell culture 

can also be performed although it is time consuming because it requires 2-3 weeks and virus 

recovery is not always successful. Primary lamb (LK) or goat kidney (GK) and African green 

monkey kidney (Vero) cell cultures have been used for a long time for isolation and 
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propagation of PPRV (Hamdy et al., 1976; Taylor and Abegunde, 1979; Durojaiye et al., 

1983). Now, genetically modified monkey CV1 cells expressing sheep/goat SLAM has an 

increased sensitivity for virus isolation (Adombi et al., 2011). Virus isolation or growth in cell 

culture can be confirmed by observing the cytopathic effect (cpe) in the days following 

infection of a monolayer culture with suspected material by virus neutralization or by 

molecular techniques (Singh et al., 2009). 

Detection of PPRV antigens can be performed using an immunocapture ELISA (IC-ELISA) 

(Libeau et al., 1994), counter immunoelectrophoresis (CIEP) (Durojaiye et al., 1983; 

Majiyagbe et al., 1984; Osman et al., 2008) or agar gel immunodiffusion (AGID) (FAO, 

1996; Osman et al., 2008). IC-ELISA and CIEP assays can distinguish between PPRV and 

RPV. The AGID test cannot differentiate these two viruses. This test is simple and cheap but 

less sensitive and may not be able to detect small quantities of viral antigens in milder forms 

of PPR. Additionally, PPRV antigens can be detected using haemagglutination tests 

(Ramachandran et al., 1993; Ezeibe et al, 2004; Ezeibe et al., 2008; Osman et al., 2008), latex 

agglutination tests (Keerti et al., 2009), immunofluorescence (Sumption et al., 1998) and 

immunoperoxidase staining (IP). Immunohistochemistry (IHC) (Bundza et al., 1988) can also 

be used on conjunctival smears and tissue samples collected at necropsy. 

Detection of antibodies to PPRV is generally carried out using competitive ELISAs (C-

ELISA) based on monoclonal antibodies (MAbs) against the N or H proteins (Libeau and 

Lefevre, 1990; Saliki et al., 1993; Anderson and McKay, 1994; Libeau et al., 1992; Libeau et 

al., 1995; Singh et al., 2004; Choi et al., 2005; OIE, 2013) and virus neutralization tests 

(Rossiter et al., 1985; OIE, 2013) which are recommended by the OIE.  

Molecular detection of PPRV in reference laboratories is based on standard RT-PCR assays 

and subsequent sequence and phylogenetic analyses for lineage identification of new virus 

isolates (Couacy-Hymann et al., 2002; Forsyth and Barrett, 1995), a real-time RT-PCR assay 

based on sequence of the N protein gene (Bao et al., 2008; Kwiatek et al., 2010; Batten et al., 

2011) and loop-mediated isothermal amplification techniques (Wei et al., 2009; Li et al., 

2010). 
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3. Materials and Methods 

3.1. Materials 

3.1.1. Plasmids 

3.1.1.1. Plasmids containing the ORFs coding for PPRV-H and -F 

Plasmid H.PC: contains the cDNA ORF coding for the H protein of PPRV Nigeria 75/1 

vaccine strain cloned into pC1-neo vector. 

Plasmid F.PC: contains the cDNA ORF coding for the F protein of PPRV Nigeria 75/1 

vaccine strain cloned into pC1-neo vector. 

Both plasmids were kindly provided by Geneviève Libeau and Emmanuel Albina, Reference 

laboratory of PPRV, CIRAD-Institute, Montpellier, France. 

 

3.1.1.2. Cloning vectors 

3.1.1.2.1. Basic Cloning vectors 

pSP73 vector: a cloning vector that contains a large and unique (MCS) with a wide range of 

restriction sites in addition to SP6 and T7 RNA polymerase promoters providing greater 

versatility in cloning and transcription of RNA in vitro (Promega, USA). 

 

3.1.1.2.2. Expression vectors 

pMal™-p2X vector: an E. coli plasmid vector designed for recombinant protein expression 

and purification using the pMAL™ protein fusion and purification system (New England 

Biolabs). It contains MCS site which allow genetic fusion of the E. coli maltose binding 

protein (MBP)-encoded by the malE gene- to the N-terminus of a target protein. MBP has 

affinity for amylose which allows purification of the fusion protein. 

pCAGGS vector: an eukaryotic expression vector for transient expression of proteins in 

mammalian cells (Niwa et al., 1991) under control of human cytomegalovirus immediate 

early (HCMVie) enhancer and beta-actin promoter. Kindly provided by Stefan Finke, IMVZ, 

FLI. 
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3.1.1.2.3. Bovine herpesvirus 1 (BHV-1) transfer vectors   

promE: transfer and expression vector which contains the bovine herpesvirus-1 (BHV-1) 

glycoprotein D gene followed by the murine cytomegalovirus early-1 (MCMVe1) promoter 

for transgene expression (Kühnle et al., 1996).   

pie-gB-apa-neu: transfer vector that contains a modified ORF for glycoprotein B (gB) and 

enables insertion of ORFs upstream from the codons for the gB furin cleavage site (Keil et al., 

2005).  

piegB02Fu-H5Vietnam: transfer and expression plasmid that contains the ORF encoding the 

HA1 subunit of influenza virus H5N1 (Vietnam) integrated into gB BHV-1 (Keil et al., 2010).  

BHV-1/gB2FuGFP-1/PiegB2FuGFP-1: transfer and expression plasmid, encodes the ORF for 

the green fluorescent protein (GFP) integrated into the gB ORF (Keil et al., 2005). 

All BHV-1 Transfer plasmids were provided by Günther Keil, IMVZ, FLI. 

 

3.1.1.3. Plasmids used as markers for DNA transfection 

pe-GFP-N1: encodes GFP. Expression is under the control of the HCMVie promoter 

(Clontech).  

pie-1-cas-Red: provided by Günther Keil, encodes the red fluorescent protein (RFP). 

Expression is under the control of the MCMVie1 promoter.  

promE-GFP:  provided by Günther Keil, encodes GFP. Expression is under the control of the 

MCMVe1 promoter. 

 

3.1.2. Enzymes 

3.1.2.1. PCR and cloning enzymes with respective buffers 

Enzyme name Company 

Fast start Taq DNA Polymerase & 10X Taq buffer Roche 

KOD Hot Start DNA Polymerase & 10X KOD buffer Novagen 

Phusion® High-Fidelity DNA polymerase & 5X 

Phusion HF buffer 

New England Biolabs 

Klenow New England Biolabs 

10X TA buffer for Klenow FLI 
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T4 PNK & PNK buffer New England Biolabs 

T4 DNA Ligase Roche 

 

3.1.2.2. Restriction enzymes and buffers 

Enzyme name Cut Site Company 

AfeI 5' AGC�GCT 3' 

3' TCG
�
CGA 5' 

Sib-Enzyme 

AflII 5' C�TTAAG 3' 

3' GAATT
�
C 5' 

New England Biolabs 

AscI 5' GG�CGCGCC 3' 

3' CCGCGC
�
GG 5' 

New England Biolabs 

BgLII 5' A�GATCT 3' 

3' TCTAG
�
A 5' 

New England Biolabs 

EcoRI 5' G�AATTC 3' 

3' CTTAA
�
G 5'  

New England Biolabs 

HindIII 5' A�AGCTT 3' 

3' TTCGA
�
A 5' 

New England Biolabs 

NcoI 5'’ C�CATGG 3' 

3' GGTAC
�
C 5' 

New England Biolabs 

NotI 5' GC�GGCCGC 3' 

3' CGCCGG
�
CG 5' 

New England Biolabs 

MfeI 5' C�AATTG 3' 

3' GTTAA
�
C 5' 

New England Biolabs 

PstI 5' CTGCA�G 3'  

3' G
�
ACGTC 5' 

New England Biolabs 

SmaI 5' CCC�GGG 3' 

3' GGG
�
CCC 5' 

New England Biolabs 

SphI 5' GCATG�C 3' 

3' C
�
GTACG 5' 

New England Biolabs 

XbaI 5' T�CTAGA 3' 

3' AGATC
�
T 3' 

New England Biolabs 

XhoI 5' C�TCGAG 3' 

3' GAGCT
�
C 5' 

New England Biolabs 

Buffer 1, 2, 3, 4 New England Biolabs 

Bovine serum albumin (BSA)  New England Biolabs 



Materials and Methods  
 

26 
 

3.1.3. PCR and sequencing primers 

Oligonucleotides were dissolved in sterile ultrapure water to a final concentration of 1 

nmol/µl for PCR. Primers for cDNA synthesis were further diluted to 10, 20, 25 pmol/µl. 

Primers for DNA sequencing were diluted to 5 pmol/µl. 

Oligonucleotide primers specific for H and F genes of PPRV were designed according to the 

respective sequences [GenBank accession no. X74443.2 for PPRV Nigeria 75/1 vaccine strain 

(lineage I) and accession no. AJ849636.2 for PPRV Turkey 2000 strain (lineage IV)].  

 

Table 2. Primers for amplification and sequencing of ORFs for PPRV-H and PPRV-F genes 

Primer Name Sequence 5' to 3' Tm Company 

PPRV-Horf + TAGAAGCTTAAGGCCACCATGGCTGCACA

AAGGGAAAGGATC 

55°C Eurofins MWG Operon 

PPRV-Horf - ATCAAGCTTGCATGCGGCCGCTCAGACTG

GATTACATGTTACCTC 

55°C Eurofins MWG Operon 

PPRV-H ORF+  AACTTAGGACGAAAGGTCAATCACCATG 55°C Eurofins MWG Operon 

PPRV-upH+ CAAAGTCGTACGTGAGATCACTGTAG 55°C Eurofins MWG Operon 

PPRV-downH- GTTTGTGACAATAGGGCTATCTAGATG 55°C Eurofins MWG Operon 

PPRV-H620+ AGAGCTTACGCTGACCCTGATG 55°C Eurofins MWG Operon 

PPRV-H840+ GAGTGATGACTATCGGAGCTGTC 55°C Eurofins MWG Operon 

PPRV-H995+ CAACCTAGCTGGGCCTACTCTAG 55°C Eurofins MWG Operon 

PPRV-H1496+ CGAGGTCGTTGTCATGTTCCTATAG 55°C Eurofins MWG Operon 

PPRV-Hab169+ TAATCTAGAGGAGCAGGAGCAGGGATCAG

GCTTCACCGAGCCAC 

55°C Eurofins MWG Operon 

PPRV-Hab588- TAGAAGCTTAAGCTCCTGCTCCAGCTCTTG

TTACTGTCCTGCCGAG 

55°C Eurofins MWG Operon 

PPRV-Hab1188- TAGAAGCTTAAGCTCCTGCTCCGCCATTGC

AAAATGAAGGAGGTC 

55°C Eurofins MWG Operon 

PPRV-Hab1827- TAGAAGCTTAAGCTCCTGCTCCGACTGGAT

TACATGTTACCTCTATAC 

55°C Eurofins MWG Operon 

CIRAD HP46+ CGCACAAAGGGAAAGGATCAATG 55°C Eurofins MWG Operon 

CIRAD HP47- CTGATGCCGACTTCATCACC 55°C Eurofins MWG Operon 

02FuPPRV-H56+ TAAGGCGCGCCAGGGAGCAGGGATCAGGC

TTCACCGAGCCACCGTTG 

60°C Eurofins MWG Operon 

02FuPPRV-H196- TAAGGCGCGCCCGAGCTCTTGTTACTGTCC

TGCCGAG 

60°C Eurofins MWG Operon 

02FuPPRV-H389- TAAGGCGCGCCCGTCGAGTCTTGCATGCTT

CCACCAGAC  

60°C Eurofins MWG Operon 

02FuPPRV-H609- TAAGGCGCGCCCGGACTGGATTACATGTT

ACCTCTATAC 

60°C Eurofins MWG Operon 
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PPRV-Forf + TAGAGATCTGCCACCATGACACGGGTCGC

AACCTTAG 

55°C Eurofins MWG Operon 

PPRV-Forf - ATCAGATCTGCATGCGGCCGCTACAGTGAT

CTCACGTACGAC 

55°C Eurofins MWG Operon 

PPRV-F ORF+  GCACATCCATATATAAACATCATG 55°C Eurofins MWG Operon 

Fpla+ GCACATCCATATATAAGATCTAACATCATG 60°C Eurofins MWG Operon 

PPRV-upF+ GCAGCCGAGCCGCAGCTCCCCAGAAGAGG

ACACCCC 

55°C Eurofins MWG Operon 

PPRV-downF- GACCTTTCGTCCTAAGTTTTGTTTGATGAC 55°C Eurofins MWG Operon 

PPRV-F1238+ CTACTAACTGTTATAGCCTC 55°C Eurofins MWG Operon 

PPRV-F1455- CCCTTTAACAGTCTTCAGTATCTG 55°C Eurofins MWG Operon 

PPRV-Fab103+  TAATCTAGAGGAGCAGGAGCAGGAAGTGC

CAGCTACAAGGTGATGAC 

55°C Eurofins MWG Operon 

PPRV-Fab336- TAGAAGCTTAAGCTCCTGCTCCAGCTCCGA

CAAAACGGCGGGTCCTG 

55°C Eurofins MWG Operon 

PPRV-Fab1174+ TAATCTAGAGGAGCAGGAGCAAAGTGTTA

CACAACGGAGACAGTTATC 

55°C Eurofins MWG Operon 

PPRV-Fab1470- TAGAAGCTTAAGCTCCTGCTCCGCCACTGA

AAGGTACCCCTTTAACAG 

55°C Eurofins MWG Operon 

CIRAD F1AB+ ATGCTCTGTCAGTGATAACC 55°C Eurofins MWG Operon 

CIRAD F2AB- TTATGGACAGAAGGGACAAG 55°C Eurofins MWG Operon 

02FuPPRV-F35+ TAAGGCGCGCCAGGGAGCAGGGAGTGCCA

GCTACAAGGTGATG 

60°C Eurofins MWG Operon 

02FuPPRV-F112- TAAGGCGCGCCCGAGCTCCGACAAAACGG

CGGGTCCTG 

60°C Eurofins MWG Operon 

02FuPPRV-F485- TAAGGCGCGCCCGCCCTTTAACAGTCTTCA

GTATCTGGTC 

60°C Eurofins MWG Operon 

Denotes: - ATG: start codon for ORFs is marked red.     

- Restriction sites are underlined and marked grey.  

Table 3. Primers for sequencing of plasmid vectors 

Primer Name Sequence 5' to 3' Tm Company 

PCRgB9 TGAGAATTCAGCTGTACCTGCAGGAGCTG

G 

55°C MWG Biotech 

PCRgB10 TAGTCTAGACCAGGCGGCTGAACATGGTG

T 

55°C MWG Biotech 

pSP73-SP6+ GTCGTTAGAACGCGGCTA 55°C MWG Biotech 

pSP73-T7up- CCCAATACGCAAACCGCCTCTC 55°C Operon 

UL31+ GACAAGCTTGGCCACCATGTCTGACCGCG

GGGAGCGCCGCCGAGCTAG 

60°C Operon 

UL31- ATCAAGCTTCACGCCGGCGGCGCAAAGTC

GTCAAACGCTGCGTACAGACGTCGGTATTC 

60°C Operon 

e1cas+ TCGCGGTAGATTACGTGCCCA 65°C MWG Biotech 
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gDpolyA- TCTTCGCTATGGTGGCGAGG 65°C MWG Biotech 

MCMVe1intern+ CAAGCCGGAGCGGATCCTAGGCTC 63°C Eurofins MWG Operon 

pMal CCGCCAGCGGTCGTCAGACTG 65°C MWG Biotech 

pCAGGS-Pl+ CCTACAGCTCCTGGGCAACGTGCTG 65° Eurofins MWG Operon 

pCAGGS-Pl- TAGCCAGAAGTCAGATGCTCAAG 55°C Eurofins MWG Operon 

 

3.1.4. Markers: DNA and Protein Markers 

1 kb DNA Ladder Invitrogen 

BenchMark™ Pre-stained Protein Ladder Invitrogen 

BenchMark™ Protein Ladder Invitrogen 

 

3.1.5. Bacteria  

Bacteria were cultured overnight in LB medium containing the appropriate antibiotic at 37°C 

in a shaking incubator or on LB plates at 30°C in a heating cabinet. The following bacterial 

cells were used in this study: 

C600 competent E.coli: genotype F- supE44 thi-1 thr-1 leuB6 LacY1 tonA21 Lambda- hsdR-

hsdM+ (FLI). C600 E.coli cells were used for plasmid amplification.  

E.coli host K12 TB1: genotype F- ara ∆(lac-proAB) [φ80dlac ∆(lacZ)M15] rpsL(StrR) thi 

hsdR (New England BioLabs).  

PANSORBIN® Cells (Calbiochem): Heat-killed, formalin-fixed Staphylococcus aureus cells 

that have a coat of protein A (Kessler, 1975; Kessler, 1976). Pansorbin cells were supplied as 

a 10% homogeneous, milky suspension of Staphy. aureus cells in PBS containing 0.1% 

NaN3, pH 7.2 (Calbiochem).  

 

3.1.6. Reference Viruses 

3.1.6.1. Peste des petits ruminants virus (PPRV) 

PPRV Nigerian 75/1 vaccine strain which is a live attenuated cell culture vaccine (Diallo et 

al., 1989), the vaccine strain was classified in PPRV lineage I group and kindly supplied by 

Geneviève Libeau, Reference laboratory of PPRV, CIRAD-Institute, Montpellier, France. 

PPRV Iraqian strain Kurdistan 2011 was isolated from the nasal swabs of infected wild goats 

“Capra aegagrus” from Kurdistan region, Iraq (Wernike et al., 2014) and kindly provided by 
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Michael Eschbaumer, IVD, FLI. The virus strain, as deduced from a partial sequence of the 

nucleoprotein (N) gene belongs to PPRV lineage 4 (Hoffmann et al., 2012).  

 

3.1.6.2. BHV strains and recombinants 

BHV-1 wild-type strain Schönböken and the gB-negative mutants gB¯ -GKD (BHV-1) and 

gB¯ -N569 (BHV-5) were provided by Günther Keil, IMVZ, FLI. 

 

3.1.6.3. Baculoviruses 

Baculo-Golgi-GFP (Bac-Golgi), Baculo-ER-GFP (Bac-ER), Baculo-PM-GFP (Bac-PM), 

Baculo-Mitochondria-GFP (Bac-Mito): recombinant baculoviruses, expressing GFP-tagged 

proteins associated with the Golgi apparatus, the endoplasmic reticulum, the plasma 

membrane and the mitochondria, respectively. The Organelle Lights™ baculoviruses were 

originally obtained from Invitrogen (Darmstadt, Germany). 

 

3.1.7. Cell Culture 

3.1.7.1. Mammalian Cell Lines 

Cell lines were provided by Matthias Lenk, the Collection of Cell Lines in Veterinary 

Medicine (CCLV-RIE), FLI, Insel-Riems, Germany. 

Mammalian cells were grown and maintained at 37°C in a humidified atmosphere in a cell 

culture incubator containing 5% CO2. The following cell lines were used in this study:  

Madin-Darby bovine kidney (MDBK) cell line established from the epithelial renal tissue of 

an adult steer (Bos primigenius taurus) (Madin and Darby, 1958). It is bovine viral diarrhea 

virus (BVDV) free (Bolin et al., 1994). MDBK cells were originally provided by Alfred 

Metzler, Zürich, Swizerland. 

MT-9 cell line expresses BHV-1 gB and BunD cells express BHV-1 gD and gB. Both cell 

lines were originally provided by Günther Keil, IMVZ, FLI. 

Rabbit Kidney 13 (RK13) cell line originated from kidneys of a five-week-old rabbit 

“Oryctolagus cuniculus” (Beale et al., 1963).  

Human Embryonic Kidney 293T (HEK293T) cell line generated by transformation of cultures 

of normal human embryonic kidney cells with sheared adenovirus 5 DNA (Graham et al., 
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1977). The HEK293T cell line, originally referred as 293tsA1609neo, is a highly transfectable 

derivative of HEK293 cells that contains the SV40 large T-antigen therefore is competent to 

replicate vectors carrying the SV40 region of replication (DuBridge et al., 1987).  

Bovine pharyngeal (Kop-R) (CCLV-RIE 244) cell line is a permanent cell line generated from 

pharyngeal tissue of a newborn calf.  

Vero cells are lineages of cells isolated from kidney epithelial cells extracted from an African 

green monkey (Chlorocebus sp.; formerly called Cercopithecus aethiops) (Yasumura and 

Kawakita, 1963). Since it is interferon-deficient; unlike normal mammalian cells, Vero cells 

are used as host cells for growing viruses. Vero cells were kindly provided by Emmanuel 

Albina, CIRAD, Montpellier, France.  

Vero/dog-SLAM cells are Vero cell clone stably expressing the canine SLAM (signaling 

lymphocyte activation molecule) molecule (Vero/DogSLAMtag), cells were generated by 

transfecting Vero cells with pCXN2 and pCAGDogSLAMtag (Seki et al., 2003). Vero/dog-

SLAM cells were originally provided by Tom Barrett, Pirbright, UK.  

 

3.1.7.2. Cell Culture medium 

Medium  Cell line/ Purpose 

Dulbecco’s modified Eagle medium (DMEM)  MDBK, MT9 and BunD cells 

DMEM free of FCS and antibiotics  DNA Transfection 

Double concentrated DMEM without phenol red,  

free of FCS and antibiotics 

Production of BHV-1 plaques  

Methyl-cellulose medium Virus Titration 

ZB5 medium  RK13 cells, HEK293T cells, Vero 

cells, Vero/dog-SLAM cells 

ZB21 medium  Kop-R (L244) cells 

 

3.1.7.3. Cell culture reagents 

Dulbecco`s Modified Eagle’s Medium (DMEM) Gibco BRL 

Minimum essential medium (MEM) Gibco, Invitrogen  

MEM Eagle (Hank's salts)  Sigma 

MEM (Earles' salts)  Gibco/ Invitrogen 

Methyl cellulose Sigma-Aldrich 
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Fetal bovine/calf serum (FCS) PAA Laboratories 

Trypsin 250 Difco® 

L-Glutamine Serva 

L-Methionin  Roth 

Nonessential amino acids (NEA)  Biochrom 

Na-pyruvate  Merck 

4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) Sigma-Aldrich 

 

3.1.8. Antibiotics 

Antibiotic name Company 

Penicillin/Streptomycin   Biochrom AG 

Penicillin G Grünenthal Pharma AG 

Ampicillin Serva 

Streptomycin sulphate Serva 

Tetracyclin hydrochloride Sigma-Aldrich 

 
3.1.9. Antibodies 

3.1.9.1. Primary antibodies 

3.1.9.1.1. Antibodies specific for PPRV-H and PPRV-F proteins 

Rabbit monosecific anti-PPRV-H (438 and 436/4 sera) and anti-PPRV-F (444 and 431/4 

sera) sera, antisera directed against PPRV-H and PPRV-F were generated in this study. 

CIRAD antibodies were kindly provided by Geneviève Libeau and Emmanuel Albina, 

CIRAD-Institute, Montpellier, France, including: 

anti-PPRV-H MAb (named H-2/3), anti-PPRV-F MAb (named F-2/4-9) and CIRAD PPRV 

positive and negative goat polyclonal antisera.  

 

3.1.9.1.2. Antibodies specific for BHV-1 

anti-gB-NH2 MAb 42/18/7  (Keil et al., 2005) monoclonal antibodies against the NH2-subunit 

of glycoprotein B (gB) of BHV-1. Provided by Günther Keil. 

anti-gB-COOH rabbit serum rabbit antiserum against the COOH-subunit of glycoprotein B 

(gB) of BHV-1 (Keil et al., 2005). Provided by Günther Keil 
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anti-vacc-AIV-H5 rabbit serum rabbit antiserum against H5 subunit of the haemagglutinin 

(HA) protein of avian influenza virus (AIV)-Vietnam (Pavlova et al., 2009). Provided by 

Günther Keil. 

anti-GFP (CO12 EF.Jg GFP final) rabbit serum. Provided by Günther Keil.  

 

3.1.9.2. Secondary antibodies 

3.1.9.2.1. Antibodies labeled with fluorescent dye  

Alexa Fluor®488 goat anti rabbit IgG (H+L) (Molecular Probes-Invitrogen) - Green 

Alexa Fluor®488 goat anti mouse IgG (H+L) (Molecular Probes-Invitrogen) - Green 

Alexa Fluor®594 goat anti rabbit IgG (H+L) (Molecular Probes-Invitrogen) - Orange-Red  

Alexa Fluor®594 goat anti mouse IgG (H+L) (Molecular Probes-Invitrogen) - Red 

Alexa Fluor®568 goat anti mouse IgG (H+L) (Molecular Probes-Invitrogen) - Orange-Red 

 

3.1.9.2.2. Peroxidase conjugated antibodies (PO) 

Peroxidase-conjugated affinipure F(ab’)2 fragment goat anti rabbit IgG (H+L) (anti-rabbit 

PO) (Jackson ImmunoResearch Laboratories, USA).  

Peroxidase-conjugated affinipure goat anti mouse IgG (anti-mouse PO) (Dianova) 

 

3.1.10. Adjuvants 

Freund’s complete and Freund’s incomplete adjuvants (Sigma-Aldrich). 

 

3.1.11. Animals 

Chinchilla Bastard rabbits (Experimental Animal Facilities FLI). 

 

3.1.12. Kits 

Kit Name Company 
35S Methionine-label Hartmann Analytic GmbH 

Amylose Resin High Flow  New England Biolabs 

Automated fluorescent DNA sequencing technology  Perkin Elmer, Applied 

Biosystems (ABI) 
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BigDye Terminator Cycle Sequencing kit Applied Biosystems 

Maltose  Sigma 

Omniscript Reverse Transcription kit Qiagen, Germany 

Pansorbin cells (suspension of Staphylococcus aureus cells) Calbiochem 

Phophatase, alkaline (AP)  Roche 

Plasmid Midi Kit    Qiagen 

pMalTM Protein Fusion and Purification System  New England Biolabs 

QIAamp Viral RNA Mini Kit Qiagen, Germany 

SigmaSpin post reaction purification columns Sigma-Aldrich 

Stratagene Mammalian DNA Transfection Kit Roche 

Super Signal West Pico Chemiluminescent Substrate Thermo Scientific 

 

3.1.13. Chemicals and reagents 

Name Company 

2-Mercaptoethanol MP Biomedicals LLC 

2-Propanol Roth 

Acrylamide 2X Krist Roth 

Adenosine 5’-triphosphate (ATP)  Sigma 

Agar bacterial grade ICN Biomedicals 

Albumin, chicken egg (Ovalbumin) Sigma 

Ammoniumperoxodisulphate (AP) Roth 

Bacto®Tryptone Gibco BRL 

Betain Sigma 

Bluo Gal (halogenated indolyl-β-galactoside)  Invitrogen 

Bromophenol blue Serva 

BSA NEB 

Buytric acid Roth 

Calcium Chloride (CaCl2) Roth 

Chloroform/Trichlormethan Roth 

Citric acid monohydrate Merck 

Complement 1, guinea pig Günther Keil 

Coomassie® Brilliant Blue R 250 Serva 

DABCO Roth 

Dimethyl sulphoxide (DMSO) Merck 

Disodium hydrogen monophosphate (Na2HPO4x2H2O)  Roth 

Ditheothreitol (DTT) Roche 
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Name Company 

dNTPs  Promega 

Ethanol Roth 

Ethidium Bromide Sigma 

Ethylene diamine tetra-acetic acid (EDTA)-free acid Roth 

Ethylene glycol tetra-acetic acid (EGTA) Serva 

Formaldehyde 37%   Merck 

GenElute LPA (Linear PolyAcrylamide) Sigma-Aldrich 

Glacial acetic acid Roth 

Glucose Roth  

Glycerin Roth 

Glycerol Roth 

Glycin Roth 

Hydrochloric acid 37% Roth 

Imidazole Merck 

Isoamyle alcohol Roth 

Isopropyl-β-D-thiogalactopyranoside (IPTG) Boehringer GmbH  

Lactalbumin hydrolysate Difco 

Ligase dilution buffer Roche 

Lysozyme Sigma 

Magnesium Acetate Roth 

Magnesium Chloride (MgCl2) Roth 

Magnesium Sulphate (MgSO4) Merck 

Methanol Roth 

Mowiol 4-88  Roth 

N’, N’-Methylen-bis acrylamide 2X Krist Roth 

Paraformaldehyde (PFA)   Merck 

Phenol       Roth 

Phenol red Serva 

Phosphonoacetic acid  PAA 

Polyethyleneimmine (PEI) Sigma-Aldrich  

Poly-L-Lysine solution Sigma-Aldrich 

Potassium Acetate Roth 

Potassium Chloride (KCL) Roth 

Potassium dihydrogen phosphate (KH2PO4)  Roth 

Potassium phosphate Merck 
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Name Company 

Proteinase K Roche 

Proteinase K, recombinant PCR grade Roche 

Ribonuclease A (RNaseA) Sigma 

Seakem ME-agarose FMC 

Select Peptone 140 Gibco BRL 

Serdolit® MB Serva 

Skimmed milk powder Hobby baecker 

Sodium Acetate Roth 

Sodium Azide (NaN3) Roth 

Sodium bicarbonate (NaHCO3) Roth 

Sodium Chloride (NaCl) Roth 

Sodium dihydrogen phosphate (Na2HPO4 x2H2O)  Roth 

Sodium dihydrogen phosphate (NaH2PO4) Roth 

Sodium dodecyl sulphate (SDS) Roth 

Sodium hydroxide (NaOH) Roth 

Sodium lauroyl sarcosinate (sarcosyl) Serva 

Succrose (D+ Saccharose)  Roth 

Tetramethylethyl-enediammine (Temed) Roth 

Triton X100 Serva 

Tween 20 Sigma 

Ultrapure Agarose Electrophoresis grade Gibco BRL 

Ultrapure™ Tris Invitrogen 

Yeast Extract Difco 

 

3.1.14. Disposables 

Name Company 

Desmanol® Industrial Pure disinfection Schülke 

Perform® advanced alcohol EP disinfection Schülke 

Mikrozid® AF liquid/ Mikrozid® sensitive liquid Schülke 

25 cm2, 75 cm2, 150cm2 Cell culture flasks Corning® Flask 

Cell culture cluster, flat bottom: 6, 24, 48, 96 well  plates Corning Incorporated 

Costar® 

Sterile disposable Pipettes: 2, 5, 10, 25 ml Costar® 

Pipette tips  Eppendorf 

Pipette filter tips for PCR Nerbe plus 
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Name Company 

0.5 ml, 1.5 ml and 2 ml tubes Eppendorf 

15 ml (120x17mm) PP sterile tubes Sarstedt 

50 ml (114x28mm) PP sterile tubes Sarstedt 

5 ml and 14 ml PP Tube sterile Greiner bio-one GmbH 

Ultra centrifugation tubes  Beckman  

Clear screw test tube with black cap for bacterial culture - 

Sterile 90 x 16 mm plastic petri dishes & covers  - 

Folded filter paper 125 mm (MN 615 ¼) MN 

Parafilm PM-996  Pechiney Plastic Packaging 

Protran® nitrocellulose transfer membrane 0.2 µm Schleicher & Schuell/ 

Whatman® 

Millex®-GP 0.22 µµ filter Unit Millipore corporation 

Millex®-VV 0.1 µµ filter Unit  Millipore corporation 

Stericup vacuum driven disposable filtration system, 

Millipore Express™Plus 0.1 µµ, 0.22µµ membrane  

Millipore corporation 

Syrings Dispomed 

30 ml Corex tube  Beckman 

Glass ware  Simax/ Duran 

Plastic ware  Vitlab/ Brand 

Hand gloves latex powder free Medimex  

Hand gloves Eco Nitrile PF 250  ecoShield™ 

10 ml columns with 35 µm filter pore size  MoBiTec GmbH, Germany 

Vivaspin 2 sample concentrator   Sartorius 

 

3.1.15. Equipments, instruments and devices 

Name Company 

Microscopes 

Inverted Laboratory Microscope Leica 

ECLIPSE Ti/Ti-S Fluorescence microscope with digital 

sight DS-US3 camera  

Nikon, Japan 

Fluorescence microscope Nikon, Japan 

Laser Confocal microscopy system TCS SP5 L2  Leica 

Incubators 

Water Jacketed CO2 Incubator for cell culture Forma Scientific 

CO2 Incubator Innova CO-170 for insect cell culture New Brunswick Scientific 
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Name Company 

Incubator for bacteria Heraeus 

Shaking Incubator MAXQ 8000 for bacteria Thermo Scientific 

Laminar Airflow Workstation class II  Thermo Scientific 

PCR UV Airclean Workstation LTF Laboratories  

Thermal cycler Eppendorf 

Mastercycler Gradient Eppendorf 

Sequencer LI-COR GENE READER 4200    MWG 

3130 Genetic Analyzer Applied Biosystems 

Centrifuges 

Optima™ LE-80K Ultracentrifuge + SW32 Rotor Beckman Coulter® 

Optima™ MAX-XP tabletop Ultracentrifuge + TLA-55 

rotor 

Beckman Coulter® 

J2-HS centrifuge + JA-17 Rotor Beckman Coulter® 

Heraeus Multifuge IS-R refrigerated centrifuge  Thermo Electron 

Corporation 

Table refrigerated centrifuge 5415/ 5417 R/ 5430 R Eppendorf 

Table refrigerated microplate centrifuge Rotina 420 R Hettich 

Minifuge 2 Heraeus Christ 

WIFUG lab centrifuge WIFUG 

Mini Centrifuge LMS 

Agarose Gel and SDS-PAGE 

Mini-PROTEAN® Tetra Cell BioRad 

Mini-PROTEAN® Tetra System BioRad 

Trans-Blot® SD Semi-Dry Transfer Cell  BioRad 

Versa Doc™ Imaging system 4000 MP BioRad 

Molecular Imager® Gel Doc™ XRT BioRad 

Agarose gel electrophoresis apparatus  FLI, Insel-Riems 

2301 MacrodriveI Electrophoresis power supply LKB Bromma 

Electrophoresis power supply EPS 3500/ EPS 3501 Pharmaica Biotech 

Power Pac 200 power supply  BioRad 

PowerPac™ Basic power supply BioRad 

UV transilluminator with Monitor Herolab / B&W monitor 

UV transilluminator  Fotodyne Incorporated 

Drygel Sr. Slab Gel Dryer Model SE1160 Hoefer® Scientific 

Phosphoimager FLA-3000 Scanner Fujifilm  
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Name Company 

BAS Cassette 2325 Imaging Plates (IP) Fujifilm  

IP Eraser Raytest 

Equipments for general use 

Precision Balances TE3102S Sartorius 

Analytical Balance  Sartorius  

Microwave Siemens 

Sonifier® 450 (Ultrasonic water bath)  Branson  

Thermostatic Circulator 2219 MultiTemp II  LKB Bromma 

Thermostat 5320  Eppendorf 

Thermostat plus Eppendorf 

Thermomixer 5436 Eppendorf 

Thermomixer comfort Eppendorf 

Thermomixer compact Eppendorf 

Mixer 5432 (Strong mixing) Eppendorf 

Vortex Heidolph, Bachofer 

Magnetic Stirrer MR 2000 Heidolph  

Magnetic Stirrer MR Hei-Standard Heidolph  

Overhead Stirrer/Shaker REAX2 Heidolph 

Red Rotor Shaker PR70-230V  Hoefer 

Rocking Shaker Duomax 1030 Heidolph 

Titramax 1000 Vibrating Microplate Shaker combined with 

Titramax 1000 incubator system  

Heidolph 

Microprocessor pH Meter WTW 

Biophotometer + DPU-414 Thermal printer Eppendorf 

DU® 640 Spectrophotometer + Epson lQ-870 ESC P2™ Beckman 

Light lamb for plaque counting FLI 

Vacuum System BVC 21 NT Vacuubrand  

Water bath GFL 

Liquid Nitrogen container - 

Safety Bunsen Burner + Methane gas Fireboy  

Microtube boxes GLW® 

Tube and micro-tube racks FLI, Insel-Riems 

Single Channel Pipettes adjustable volume  Gilson 

Single Channel Pipettes Eppendorf Reference®/Research® 

adjustable volume 
Eppendorf 
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Name Company 

Easy pet® pipette filler/dispenser Eppendorf 

Research® (8-12) Multi-channel pipette  Eppendorf  

Research® pro Electronic Pipettes  Eppendorf  

Multi-dispenser pipette Eppendorf 

ELISA Reader  Tecan Spectra  

Millipore Milli Q Advantage A10 Millipore 

Refrigerator Liebherr 

Freezer Liebherr 

Ultra low temperature Freezer  New Brunswick Scientific 

 

3.1.16. Software and websites 

Agarose gel photo analysis   

Gel Doc XR+ in Quantity one 1-D analysis software version 4.6.9 - BioRad 

WB photo analysis   

Versa Doc in Quantity one 1-D analysis software version 4.6.9 - BioRad 

IIF images   

NIS Elements Imaging Software version 4.0 - Nikon 

LAS AF version 2.6.3 8173 for Confocal Imaging - Lecia 

RIP images   

BASReader control for FujiFilm FLA 3000 Scanner version 3.14 - Raytest 

AIDA (Advanced Image Data Analyzer) version 4.19.029 - Raytest 

Sequence and phylogenetic analysis 

BLAST (Basic Local Alignment Search Tool): http://blast.ncbi.nlm.nih.gov/ 

X-Win32 (version 8.1.1222 - StarNet Communication Corporation). 

Wisconsin Package (Version 1.11, Accelrys “GCG/Genetics Computer Group”, San 

Diego, CA). 

Geneious® version 6.1.2 (2005-2013) - Biomatters Ltd. 

ClustalW multiple alignment program: http://www.ebi.ac.uk/Tools/msa/clustalw2/ 

BioEdit “biological sequence alignment editor” version 7.1.7 - (Hall, 1999). 

MEGA5 (Molecular Evolutionary Genetics Analysis) - (Tamura et al., 2011). 

Sequence Submission 

GenBank® NIH genetic sequence database: http://www.ncbi.nlm.nih.gov/genbank/ 

Sequin DNA Sequence Submission and Update Tool version 12.30-NCBI, NLM, NIH. 
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Literature review 

NCBI (National centre for biotechnology information): http://www.ncbi.nlm.nih.gov/ 

PubMed: http://www.ncbi.nlm.nih.gov/pubmed/. 

Friedrich-Loeffler-Institute (FLI) online library: http://www.fli.bund.de/ 

Access to Global Online Research in Agriculture (AGORA)-FAO:  

http://www.aginternetwork.org/en/ 

Wikipedia the Free Encyclopedia: http://en.wikipedia.org/wiki/Main_Page 

 

3.1.17. Buffers and solutions 

Cell culture medium and buffers 

Glutamine for cell culture 
L-Glutamine    10 g 
dH2O     200 ml  

- Suspend in 56°C water bath.  
- Sterilize by filtration using 0.2 µm filter, distribute in 3.5 ml aliquots and freeze at -20°C. 
 
1X DMEM culture medium 

DMEM + Glucose   13.45 g 
NaHCO3    2.2 g 
dH2O     950 g 

- Stir for 5 min at RT. 
- Sterilize by filtration through a 0.22 µm GP express plus membrane filter unit (Millipore).  
- Just before use add: 

Penicillin/Streptomycin  10 ml  
Glutamine     7 ml  
FCS     100 ml (10%)  

- Store at 40C. 
 
2X DMEM culture medium 

DMEM + Glucose  26.9 g 
NaHCO3    4.4 g 
dH2O     950 g 

- Stir for 5 min at RT. 
- Sterilize by filtration through a 0.22 µm GP express plus membrane filter unit (Millipore).  
 
Methyl-cellulose medium-5% FBS 

Methyl cellulose   3.75 g 
dH2O     250 ml 

- Autoclave and stir overnight at RT then add: 
2X DMEM    225 ml 
Glutamin    3.5 ml 
FCS     25 ml 
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Penicillin/Streptomycin  5 ml 
- Mix by stirring, store at 4°C. 
 
ZB5 medium-10% FBS 

MEM Eagle (Hank's salts)  5.32 g 
MEM (Earles' salts)   4.76 g  
NaHCO 3   1.25 g 
NEA     10 ml 
Na-pyruvate    120 mg 
dH2O up to   900 ml 
FCS     100 ml  
Penicillin/Streptomycin  10 ml 

- pH 7.2, store at 4°C. 
 
ZB21 medium-10% FBS 

MEM Eagle (Hank's salts)  10.63 g 
NaHCO3    0.85 g  
dH2O up to   900 ml 
FCS     100 ml  
Penicillin/Streptomycin 10 ml  

- pH 7.2, store at 4°C. 
 
Penicillin/Streptomycin solution (Biochrom AG) 

Penicillin/Streptomycin  1 ml  
Cell culture medium   100 ml 

- End concentration in medium is 100 U/ml of penicillin, 100 µg/ml of streptomycin. 
 
Trypsine versine solution 

NaCL     8 g 
KCl     0.2 g 
Na2HPO4x2H2O   1.15 g 
KH2PO4    0.2 g 
Trypsin    2.5 g 
EDTA     1.25 g 
Phenol red   16 g 
dH2O up to   1000 ml 

- pH 7.2-7.4, filter using 0.2 µm then 0.1 mµ filters. 
 
Citrate buffer, pH 3.0 

Citric acid monohydrate  4.2 g 
KCl     0.375 g 
NaCl     3.94 g 
dH2O     500 µl 

- Adjust pH to 3.0 with 5 M NaOH, autoclave for 30-60 min, store at 40C. 
 
Phosphonoacetic acid (PAA) 50 mg/ml 

Phosphonoacetic acid   2.5 g  
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dH2O     50 ml 
- Adjust pH 7.0 with 5M NaOH (~ 7 ml), filter using 0.2 µµ filter and store at -20°C. 
 
10X Phosphate buffered saline- (PBS-) 

NaCl     80 g 
KCl     2 g 
Na2HPO4 x2H2O   11.5 g 
Or Na2HPO4 x12H2O   23.1 g 
KH2PO4    2 g 
dH2O up to   1000 ml 

- For cell culture use, sterilize by autoclave. 
 
1X Phosphate buffered saline+ (PBS+) 

NaCl     8 g 
KCl     0.2 g 
Na2HPO4 x2H2O   1.15 g 
Or Na2HPO4 x12H2O  2.31 g 
KH2PO4    0.2 g 
MgCl x6H2O (hydrous)  0.213 g  

                      (If anhydrous 0.1 g was used)  
CaCl x2H2O (hydrous)  0.132 g                          

                      (If anhydrous 0.1 g was used)   
dH2O up to   1000 ml 

- Adjust pH to 7.2-7.4 with NaOH or HCl. Sterilize by autoclave. 
 
Solutions for transfection and transduction 

Polyethylenimine (PEI) 1 µg/ml solution 
Polyethylenimine   0.1 g 
dH2O     100 ml 

- Adjust to pH 7.2 with 2N HCl then sterilize with 0.22 µm filter.  
- Distribute in aliquots and store stock at -700C. “During working, store PEI aliquot at 40C”. 
 
1 M Hepes 

Hepes     238 g 
PBS     1000 ml 

- Adjust pH as desire, sterilize by filtration. 
- End concentration in medium: 25 mM. 
 
Glycerol shock solution for transfection 

pure glycerol (87%)  125g/100 ml  
2X Hepes    250 ml  
dH2O up to    150 ml 

- Autoclave and store at 40C. 
 
1 M Butyrate solution 

Butyric acid    8.8 g  
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dH2O up to    100 ml 
 
Buffers for cloning 

5 M Betain 
Betain     1.35 g  
dH2O     700 µl 

- Mix by Vortex. 
 
60 mM Ethylene glycol tetra-acetic acid (EGTA), pH 7.0 

EGTA     2.3 g 
dH2O     100 ml 

- Adjust to pH 7.0 by addition of 5M NaOH.  
 
0.5 M Ethylene diamine tetra-acetic acid (EDTA), pH 7.5 

EDTA     14.61 g  
dH2O     100 ml  

- Adjust to pH 7.5 by addition of 5M NaOH. 
 
10X Tris acetate (TA), pH 7.9 

Tris     4 g 
K-Acetate    6.48 g 
Mg-Acetate    2.14 g 
dH2O add to    90 ml 

- Adjust pH to 7.9 with HCl. 
- Distribute as 9 ml aliquots and to each 9 ml solution add 

BSA (10 mg/ml)   1 ml  
1M DTT    50 µl 

- Store at -20°C. 
 
RNaseA 10 mg/ml  

2 M Tris, pH 7.5   50 µl  
5 M NaCl    30 µl 
dH2O     9.92 ml 

- Incubate for 15 min at 100°C. Leave to cool at RT. Distribute in 500 µl aliquots and store at 
-20°C. 
  
Proteinase-K  

1 M Tris, pH 7.5   200 µl 
5 M NaCl    40 µl 
0.5 M EDTA    40 µl 
10% SDS    1000 µl 
dH2O     18.72 ml 

- Add 100 µg Proteinase-K per 1 ml solution. Incubate 1 h at 37°C. Distribute in 500 µl 
aliquots and store at -20°C. 
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CIAA (Chloroform/Isoamylalcohol) (24:1 v/v) 
Chloroform    96 ml 
Isoamylalcohol   4 ml 

 
10% SDS solution 

Sodium dodecyl sulphate  10 g  
dH2O     100 ml 

 
Tris-EDTA (TE), pH 7.5  

Tris     6.06 g 
EDTA     1.86 g 
dH2O add to   500 ml  

- Adjust pH to 7.5 with HCl. 
 
1 M Tris HCl, pH 7.4 

Tris base    12.1 g  
dH2O     100 ml 

- Adjust to pH 7.4 with HCl. 
 
3 M NaOAc solution, pH 7.0 

Sodium acetate   24.6 g  
dH2O     100 ml 

- Adjust to pH 7.0 with glacial acetic acid. 
 
Ligation buffers 

dNTPs  
100 mM dNTPs, dilute 1:10 in sterile 10 mM Tris, pH 7.5. 

 
ATP 10 mM 

ATP     30.26 mg  
dH2O    5 ml  

Adjust pH 6.5-8.5 by addition of 5 M NaOH. Store at -20°C. 
 
Dithiotreitone (DTT) 100 mM 

DTT     154.3 mg  
dH2O    10 ml  

- Store at -20°C. 
 
BSA  
- Stock solution 50 mg/ml, Dilute 1:100 in dH2O (end concentration 500 µg/ml). Store at -
20°C. 
 
Ligase dilution buffer  

1 M Tris, pH 7.5   40 µl 
0.5 M EDTA, pH 8   4 µl 
100 mM DTT    100 µl 
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10 µg/ml BSA   100 µl 
1 M KCl    120 µl 
Glucose, pH 7.6   1000 µl 
dH2O    636 µl 

- Distribute in 100 µl volume, store at -20°C. 
 
Agarose gel electrophoresis buffers 

50X Tris Acetate (TA) (DNA-gel buffer) 
Tris     484.4 g 
Sodium Acetatex3H2O  68 g 
or Sodium Acetate   41 g 
EDTA    29.2 g 
dH2O add to    1400 mL 

- Adjust pH to 7.8 with HCl then add dH2O to 2 L.  
 
0.6% Agarose gel 

Agarose Gel    0.6 g 
dH2O     100 ml 

Melt by boiling in a microwave oven, cool at 56°C in a water bath then add 
 Ethidium bromide (10 mg/ml)1 µl 
 50X TA buffer   2 ml 

 
Electrophoresis buffer for agarose gel 

50X TA buffer   20 ml 
Ethidium bromide (10 mg/ml)10 µl  
dH2O add to    1000 ml 

 
DNA loading buffer  

40% sucrose    40 g 
0.05% bromophenol blue  10 ml 

  1 mM EDTA, pH 7.0   200 µl 
0.1% SDS    1 ml 
dH2O     100 ml 

 
1 Kbp DNA marker  

1 Kb Ladder (1 µg/µl)  30 µl 
10X TA buffer   40 µl 
dH2O     330 ml 
DNA loading buffer   100 µl 

- Incubate 10 min at 56°C, distribute in 100 µl aliquots and freeze at -20°C 
 
Transformation buffers 

LB medium 
Tryptone    10 g 
Yeast Extract    5 g 
NaCl     8 g 
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dH2O add to    1000 ml 
- Sterilize by autoclave then cool in water bath to 56°C and by stirring. 
- Add 2 ml of Ampicillin. 
 
LB++ medium 

LB-Medium    1 ml 
1 M KCl    10 µl 
2 M MgSO4    10 µl 

 
LB-Ampicillin agar  

Tryptone    10 g 
Yeast Extract    5 g 
NaCl     8 g 
Bacterial Agar   15 g 
dH2O add to    1000 ml 

- Sterilize by autoclave, and then cool in water bath to 56°C and by stirring. 
- Add 2 ml of Ampicillin/1 L. 
- Distribute in petri dishes, leave to cool and store at RT for 2 days then at 4°C. 
 
LB-rich medium  

Tryptone    10 g 
Yeast Extract    5 g 
NaCl     5 g 
dH2O add to    1000 ml 

- Sterilize by autoclave, then cool in a water bath to 56°C, then add 
1 M Glucose)   10 ml 

 
CaCl2 buffer 

1 M CaCl2    3 ml 
Glycerol    7.5 ml 
0.5 M PIPES, pH 7.5   1 ml 
dH2O add to    50 ml 
 

Antibiotics solutions for bacteria 

Ampicillin (stock solution 50 mg/ml) in H2O 
Ampicillin    5 g 
dH2O     100 ml  

- Adjust pH to 7.3 by addition of HCl, sterilize by filtration. 
- For medium and plates used at 100 µg/ml end concentration (for 1 L = 2 ml).  
 
Tetracycline (stock solution 10 mg/ml) 

Tetracycline    1 g 
50% Ethanol    100 ml 

- Sterilize by filtration, store at -20°C. 
- For medium and plates used at 10 µg/ml end concentration (for 1 L = I ml). 
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Streptomycin (stock solution 10 mg/ml)  
Streptomycin    1 g 
dH2O     100 ml  

- Sterilize by filtration, store at -20°C. 
- For medium and plates used at 50 µg/ml end concentration (for 1 L = 5 ml). 
 
Buffers for isolation of DNA 

Tris-EDTA-Sodium chloride (TEN) Buffer, pH 8.0  
1M Tris, pH 8.0   1 ml  
0.5M EDTA, pH 8.0   2 ml 
5M NaCl    3 ml 
dH2O up to   100 ml 

  
20% Sarcosyl (C15H28NNaO3) solution 

Sodium lauroyl sarcosinate  20 g  
dH2O up to   100 ml 

 
Stock Solutions for IIF 

3% Paraformaldehyde (PFA) 
Paraformaldehyde   3 g 
PBS-     100 ml 

- Mix by moderate stirring under heat at 56°C, cool and aliquote, store at -20°C. 
 
3.7% Formaldehyde 

37% Formaldehyde   10 ml 
PBS-     90 ml  

- Store at 4°C, warm at 37°C water bath before use. 
 
10% Triton X100 

Triton X100    10 g 
 dH2O     100 ml  

- Mix and stir at RT.  
 
10% Sodium azide (NaN3) 

Sodium azide    10 g 
dH2O     100 ml 

 
Mowiol (mounting solution) 

Mowiol    2.4 g 
Glycerin    6.0 g 
dH2O     6.0 ml 

Vortex, incubate overnight at RT. 
Tris-HCl, pH 8.5   12.0 ml 

Incubate 10 min in water bath at 50°C, vortex. 
DABCO    1 g 
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Leave to dissolve, centrifuge for 15 min at 7500 rpm, distribute in 1 ml aliquots and freeze at 
-20°C. 
 
Stock Solutions for SDS-PAGE and WB 

4X Protein sample buffer (2+1) 
Sucrose    40 g 
SDS     12 g 
4X Upper Tris   12.5 ml 
Bromomphenolblue   5 ml 
dH2O add to    100 ml 

- For protein samples, add 2-4% of Β-Mercaptoethanol. 
 
30% Acrylamide and 0.8% Bisacrylamide stock solution 

Acrylamide    150 g 
Bisacrylamide    4 g 
dH2O add to    500 mL 

- Mix then add 4-8 g Serdolit (Ion). 
- Mix for 30 min at RT then filter using filter papers. 
- Cover the bottle with aluminum foil and store at 4°C. 
 
Lower Tris 4X Stock solution for SDS protein gel 

Tris     181.7 g  
SDS     4 g  
dH2O add to   1000 ml 

- Adjust pH to 8.8 by addition of conc. HCl. Store at 4°C.  
 
Upper Tris 4X Stock solution for SDS protein gel 

Tris-HCl, pH 6.8  60.6 g 
SDS powder   4 g 
dH2O add to   1000 ml 

-  Adjust pH to 6.8 by addition of conc. HCl. Store at 4°C.  
 
10% Ammoniumperoxodisulphate (AP)  

AP    0.1 g 
dH2O     1 ml 

 
10X Running Buffer for SDS-PAGE 

Tris     30 g 
Glycin     144 g 
SDS     10 g 
dH2O add to    1000 ml 

 
Transfer Buffer for semi-dry WB 

Tris     3.02 g 
Glycin     14.4 g 
SDS     1 g 
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Methanol    200 ml 
dH2O add to    1000 ml 

 
WB wash buffer I (PBST 0.3%) 

PBS-    500 ml 
Tween 20    1.5 ml     

 
WB wash buffer II (PBST 0.1%) 

PBS-     500 ml 
Tween 20    0.5 ml  
 

Power strip buffer 
Glycine   7.5 g 
SDS    5 g 
dH2O add to   500 ml 

- Adjust pH to 2.0 with conc. HCl. 
 
Stock Solutions for RIP 

1X RITA Lysis Buffer 
2 M Tris-HCl, pH 7.5  2.5 ml  
5 M NaCl   15 ml 
Na-deoxycholate   5 g 
10% SDS    5 ml 
Methionine   150 mg 
Ovalbumin Grade V  500 mg 
10% NaN3    1 ml 
100 mM PMSF in Ethanol 5 ml 
20%NP40   5 ml 
dH2O    500 ml 

 
100 mM PMSF solution 

PMSF     1.74 g 
Ethanol anhydrous (EtOH)  100 ml 

 
20% NP40 solution 

Nonidet P-40    20 g  
dH2O     100 ml 

  
VSB Buffer, pH 7.8 

60 mM Tris   7.29 g 
10 mM KCL   0.75 g 
5 mM EDTA   1.86 g 

- Adjust pH to 7.8. Store at 4°C.  
 
30% Sucrose in VSB buffer 

D-Sucrose    30 g  
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VSB Buffer pH 7.8   100 ml  
-  Store at 4°C. 
 
Protein staining solutions 

2% Comassie blue stain 
Methanol    200 ml 
Glacial acetic acid   50 ml 
Coomassie blue stain   1 g 
dH2O     250 ml 

 
Destaining solution 

Methanol    200 ml 
Glacial acetic acid   50 ml 
dH2O     250 ml 

 
Stock Solutions for MBP-fusion protein purification 

1 M or (20%) Glucose 
Glucose    20 g  
dH2O add to    100 ml 

- Sterilize by filtration through a 0.22 µµ filter. Store at 4°C. 
 
SOC medium 

SOA     10 ml  
1 M MgSO4    100 µl  
1 M MgCl2    100 µl      
1 M Glucose    20 µl 

 
1 M Isopropyl-beta-D-thiogalactopyranoside (IPTG) 

IPTG     1.19 g 
dH2O    10 ml 

- Sterilize by filtration through a 0.22 µm (micron) filter. Store in 1 ml Aliquot at -20°C. 
 
5X Buffer-C 

Tris-HCL, pH 7.5   10 ml    
5 M NaCl    20 ml    
1 M DDT    0.5 ml   
0.5 M EDTA, pH 7.5   1 ml     
dH2O add to    100 ml 

- Sterilize by autoclave and store at 4°C for 24h. 
- Prepare 1X Buffer-C using sterile H2O.  
 
Elution Buffer 
 5X Buffer-C    2 ml  
 0.1 M Maltose   1 ml  
 dH2O     7 ml  
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3.2. Methods 

3.2.1. Amplification of DNA target gene (insert) 

3.2.1.1. Polymerase chain reaction (PCR) 

PCR cycles were carried out in a Thermal cycler or Mastercycler Gradient (Eppendorf) using 

different enzymes for amplification. The composition of the 100 µl standard PCR mixtures 

and the cycling conditions were as follow:  

 
PCR Taq-polymerase (Roche) 

Standard mixture Cycling conditions  

10 ng/µl DNA template 9 µl Initial heating: 95°C, Hold  

10X Taq-buffer   10 µl Polymerase activation: 95°C/ 5 min  

5M Betain    10 µl Denaturation: 95°C/ 30 sec    

40   

cycles 

DMSO    5 µl Annealing: 51-65°C / 45 sec 

25 pmol/µl Forward Primer  2.5 µl Extension: 72°C/ 2 min (1 min/1 Kb)  

25 pmol/µl Reverse Primer  2.5 µl Final extension: 72°C/ 7 min  

10 mM dNTPs  2 µl  Hold 20°C  

25 mM MgCl2   2 µl    

Fast start Taq DNA Polymerase 0.5 µl   

dH2O add to    100 µl   

 
PCR KOD-polymerase (Novagen) 

Standard mixture Cycling conditions 

10 ng/µl DNA template 1 µl Initial heating: 95°C, Hold  

10X KOD-buffer  10 µl Polymerase activation: 95°C / 2 min  

2 mM dNTPs   10 µl  Denaturation: 95°C / 20 sec    

 40 

cycles 

25 mM MgSO4 6 µl Annealing: 51-65°C / 20 sec 

25 pmol/µl Forward Primer  2.5 µl Extension: 70°C/40 sec (20 sec/1Kb)  

25 pmol/µl Reverse Primer  2.5 µl Final extension: 70°C / 1:30 min  

KOD Hot Start DNA Polymerase 2 µl Termination of PCR reaction: 20°C  

dH2O up to    100 µl   

 
A negative control where DNA was replaced by dH2O was included. Firstly, a gradient PCR 

reaction performed with different annealing temperatures ranging from 51-65°C to determine 

the optimal temperature for DNA annealing, then DNA fragments were amplified using the 

optimum annealing temperature determined by the gradient PCR reaction. To analyze the size 
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of PCR amplicon, 3 µl were mixed with 2 µl DNA loading buffer, size separated by 0.6% 

agarose gel electrophoresis and DNA was stained with ethidium bromide.  

 

3.2.1.2. Reverse-transcriptase polymerase chain reaction (RT-PCR) 

RT-PCR is one of many variants of PCR and is commonly used in molecular biology for 

reverse transcription of the RNA of interest to create its complementary DNA (cDNA) 

through the use of reverse transcriptase (RT). Subsequently, the newly synthesized cDNA is 

amplified using traditional PCR. 

 

3.2.1.2.1. Reverse-transcriptase (RT) for complementary DNA (cDNA) synthesis  

Following RNA extraction, complementary DNA (cDNA) was synthesized from RNA by 

performing reverse transcriptase reaction (RT) using specific primers. RT-PCR was carried 

out using Omniscript Reverse Transcription kit for first strand-cDNA synthesis and two-tube 

RT-PCR (Qiagen, Germany) as per manufacturer’s protocol. Firstly, cDNA was synthesized 

in one step reverse transcription (RT) reaction performed at 37°C for 1 h/60 min. The 

standard RT reaction mixture and the condition were as follows: 

 
Reverse transcriptase (RT)/ cDNA synthesis 

Standard mixture Cycling conditions 

RNA 4 µl  

 

Reverse 

transcription (RT): 

60 min/ 37°C 

 

 

 

1 cycle 

10X RT-buffer  2 µl 

5 mM dNTPs 2 µl 

RNase inhibitor 1 µl 

20 pmol/µl Reverse primer 1 µl  

Omniscript Reverse Transcriptase (RT) 1 µl 

dH2O up to 20 µl 

 
The RT reaction included a negative control which contained 4 µl dH2O instead of RNA. 

Synthesized cDNA was kept on ice for immediate use or freezed at -20°C. 

Subsequently, PCR from synthesized cDNA was carried out using Phusion® High-Fidelity 

DNA polymerase (New England Biolabs). The standard PCR reaction mixture and the cycling 

conditions were as follows: 



Materials and Methods  
 

53 
 

PCR Phusion-polymerase 

Standard mixture Cycling conditions 

cDNA 1-5 µl Initial heating: 98°C, Hold  

5X HF-buffer   10 µl RT inactivation: 98°C/ 30 sec   

10 pmol/µl Forward Primer  1.2 µl Denaturation: 98°C / 10 sec    

35 

cycles 

10 pmol/µl Reverse Primer  1.2 µl Annealing: 60°C / 45 sec 

10 mM dNTPs  1 µl  Extension: 72°C / 3 min  

Phusion high-fidelity DNA polymerase 0.5 µl Final extension: 72°C / 10 min  

dH2O up to    60 µl Hold 8°C  

 
As a negative control cDNA was replaced by dH2O in the PCR reaction mixture. The size of 

PCR amplicons was visualized by size separation of 5 µl reaction volume by 0.6% agarose gel 

electrophoresis. 

 

3.2.2. Molecular DNA cloning 

DNA cloning was performed following the standard cloning protocol described previously by 

Sambrook and Russell (2001). 

 

3.2.2.1. DNA cleavage by restriction enzymes 

5 µg of plasmid DNA was digested using 2 U per 1 µg DNA of the appropriate restriction 

enzyme in 50 µl final volume including 5 µl 10X reaction buffer (NEB). Cleavage reaction 

was performed by incubating the mixture at 37°C for 2-3 hours. To control DNA cleavage, 1-

3 µl was added to 2 µl DNA loading buffer then size separated by 0.6% agarose gel 

electrophoresis. The main purpose of plasmid DNA cleavage was to create a DNA fragments 

with known ends for further experimentation. 

 

3.2.2.2. Dephosphorylation of 5' ends of the DNA plasmid vector   

The cleaved plasmid vector was dephosphorylated by alkaline phosphatase which removes 

the phosphate groups from the 5' ends of DNA. Dephosphorylation prevents self ligation of 

the vector. The phosphorylation reaction was performed in 250 µl final volume consisting of 

47-49 µl of the vector DNA, 200 µl of TE buffer, 1 µl (20 U) of alkaline calf intestinal 
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phosphatase (CIP) and 25 µl of 10X dephosphorylation buffer. The reaction started by initial 

incubation for 30 min at 37°C then followed by a second incubation for 30 min at 56°C with 

additional 1 µl (20 U) of CIP. The phosphatase enzyme was inactivated by addition of 50 µl 

of 60 mM ethylene glycol tetra-acetic acid (EGTA, pH 7.0) then heating for 15 min at 65°C 

followed by addition of 30 µl 10% SDS and 1 µl Proteinase K (10 µg/ml) and incubation for 

30 min at 56°C.  

 

3.2.2.3. Converting 5'-3' or 3'-5' sticky-ends to blunt ends 

Sticky 5'-3' and 3'-5' (or overhanging) ends of DNA fragments were converted to blunt ends 

with Klenow DNA polymerase. For 5` overhangs, the reaction was carried out in 50 µl final 

volume including: 47 µl of DNA dissolved in 1X TA buffer , 1 µl Klenow enzyme and 2 µl of 

10 mM dNTPs then the mixture was incubated at 25°C for 30 min. For 3’ overhangs, the 

reaction was started without dNTPs. After 10 seconds dNTPs were added and the reaction 

was continued as before. Finally, the Klenow polymerase was inactivated by addition of 1 µl 

of 0.5 M EDTA (pH 7.5) or heating at 70°C for 10 min.  

 

3.2.2.4. Purification and extraction of DNA by phenol/chlorophorm-

isoamylalcohol/ethanol (PCE)  

This method of purification was applied for dephosphorylated plasmid vector DNA and for 

PCR amplicons. The sample volume was increased to 360 µl by addition of TE (Tris-EDTA) 

buffer (pH 7.5). An equal volume of saturated phenol was added to the DNA and vortexed, 

the mixture was then centrifuged at 14000 rpm for 2 min at 20ºC and the aqueous phase was 

transferred to new tube. 1 ml of a mixture of 50% phenol and 50% chloroform/ 

isoamylalcohol (24:1) was added to the aqueous phase in new tube, vortexed and centrifuged 

as before. 1 ml of chloropform/isoamylalcohol (24:1) was added to the aqueous phase in new 

tube, vortexed and centrifuged as before. The DNA in the aqueous phase was precipitated 

after addition of 4 µl linear polyacrylamide (LPA) (2.5 µg/ml), 0.1 volumes of 3M Na-acetate 

(pH 7.0) with 2.5-3 volumes of 100% ethanol. The mixture was then incubated at -70ºC for 30 

min then centrifuged at 14000 rpm for 15 min at 20ºC. The supernatant was poured off and 

the DNA pellet was rinsed with 70% ethanol and dried at 56ºC. DNA was resuspended in 50 
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µl TE buffer (pH 7.5) at 37ºC. Alternatively, pellet was dissolved in 47-48 µl of 1X restriction 

buffer or 1X TA prior to restriction enzyme cleavage or Klenow treatment.  

 

3.2.2.5. Purification of DNA fragments from agarose gel 

40 µl of DNA loading buffer without bromophenol blue was added to DNA prior to 

separation on 0.6% agarose gel at 60V for 12 h or 135V for 2-2.5 h. Agarose gel bands 

containing DNA fragments were visualized by aid of an UV-transilluminator at 366 nm. 

Bands were cut out using a clean, surgical scalpel blade and smashed with a glass stick, then 

mixed with the same volume of phenol and frozen in liquid nitrogen. The frozen mixture was 

centrifuged at 14000 rpm for 30 min at 20ºC. The aqueous phase was transferred into new 

tube before 1 ml of chloroform/isoamylalcohol (24:1) was added, vortexed and centrifuged at 

14000 rpm for 2 min at 20ºC. The DNA in the aqueous phase was precipitated after addition 

of 4 µl linear polyacrylamide (LPA) (2.5 µg/ml), 0.1 volumes of 3M Na-acetate (pH 7.0) with 

2.5-3 volumes of 100% ethanol. The mixture was then incubated at -70ºC for 30 min, 

centrifuged at 14000 rpm for 15 min at 20ºC. The supernatant was poured off and the pellet 

was rinsed with 70% ethanol, dried at 56ºC and resuspended in 50 µl TE buffer (pH 7.5) at 

37ºC. 3 µl of the isolated DNA was added to 2 µl DNA loading buffer with bromophenol blue 

and size separated by 0.6% agarose gel electrophoresis (90V, 25 min). 

 

3.2.2.6. Ligation of DNA insert with dephosphorylated vector 

Depending on whether 5'-3' and 3'-5' DNA ends resulted from restriction cleavage, two 

approaches of ligation were utilized: sticky-end or blunt-end ligation. In sticky-end ligation 

the vector and the insert were added in 1:1 ratio whereas in blunt-end ligation the vector and 

the insert were utilized about 1:3 ratios.  

5 µl (~ 0.2 µg) of the dephosphorylated vector was ligated with 5-7 µl (sticky-end ligation) or 

10-15 µl (blunt-end ligation) of the purified insert. DNA ligation was performed in 50 µl final 

volume which contained 5 µl of 10 mM ATP, 5 µl of 100 mM DTT, 5 µl of 10X TA buffer, 5 

µl of 500 µg/µl BSA. For sticky-end DNA ligation, T4 DNA Ligase (Roche) was diluted 1:10 

in ligase dilution buffer then 1 µl containing 0.1 U was added to the mixture. In blunt-end 

DNA ligation 1 µl/1 U of T4 DNA Ligase was used for the reaction. As a ligation control, the 
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same mixture without the insert DNA was prepared. Ligation conditions were as follows: 

incubation for 5 minutes at 37°C followed by 60 min at RT and an overnight incubation at 

4°C. DNA ligation was controlled by size separation of 5 µl of the ligation reaction mixed 

with 2.5 µl DNA loading buffer on 0.6% agarose gels (90V, 25-40 min).  

 

3.2.2.7. Cloning of small amounts of PCR products 

This approach utilized blunt-end ligation, without restriction cleavage, of the PCR products 

into the vector. 10 µl of a PCR reaction was mixed with 2 µl of DNA loading buffer without 

bromophenol blue and loaded on a 0.6% agarose gel. After 40 min at 90V the DNA fragment 

with the correct size, visualized using an UV transilluminator, was excised using a scalpel 

blade, weighted then squashed using a glass rod. The volume was adjusted to 300 µl with TE 

buffer (Tris-EDTA, pH 7.5) and 300 µl of saturated phenol was added, vortexed, freezed in 

liquid nitrogen then centrifuged for 25 min at 14000 rpm at RT. The aqueous phase was 

transferred into a new 1.5 ml Eppendorf tube, 1 ml of chloroform/isoamylalcohol (24:1) 

solution was added, vortexed, and centrifuged for 2 min at 14000 rpm at RT. The aqueous 

phase was transferred into a new 1.5 ml Eppendorf tube, weighted and the volume was 

adjusted to 355 µl by addition of TE. For DNA precipitation, 5 µl  linear polyaccrylamide 

(LPA) (2.5 µg/ml), 40 µl of 3M Na-Acetate (pH 7.0) and 1 ml of 100% ethanol were added, 

mixed and incubated for 30-45 min in -70°C. The DNA was pelleted by centrifugation for 15 

min at 14000 rpm at RT, ethanol was removed and the pellet was washed with 1 ml of 70% 

ethanol and centrifuged for 5-10 min at 14000 rpm at RT. The pellet was dried at 56°C and 

resuspended in 28 µl of 1X TA buffer. For generation of blunt ends, 1 µl of Klenow enzyme 

was added to the DNA, mixed well and centrifuged shortly. 1 µl of 10 mM dNTPs was added 

and the reaction was incubated for 30 min at 25°C. Subsequently, 5' ends were 

phosphorylated using polynucleotide kinase (PNK) by addition of 10 µl of 10X PNK buffer, 1 

µl of PNK , 60 µl of dH2O and 2 µl of 10 mM ATP. The reaction was performed by 

incubation for 1 h at 37°C followed by 15 min at 65°C. Afterwards 200 µl of TE buffer was 

added and PCE was performed. The aqueous phase after the chloroform/isoamylalcohol 

extraction was transferred into a new tube and 0.1-0.3 pMol of dephosphorylated vector, 360 

µl of TE buffer, 40 µl of 3M Na-Acetate (pH 7.0) and 1 ml of 100% ethanol were added. 

After 30 min incubation at -70°C the DNA was pelleted by centrifugation for 15 min at 14000 
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rpm at RT. The ethanol was removed and the pellet was washed with 1 ml of 70% ethanol, 

dried and resuspended in 33 µl of 1X TA buffer. 3 µl were analyzed by 0.6% agarose gel 

electrophoresis. The residual 30 µl were used in 50 µl standard blunt-end ligation reaction  

after addition of 2 µl of dH2O, 2 µl of 10X TA buffer, 5 µl of 10 mM ATP, 5 µl of 100 mM 

DTT, 5 µl of 500 µg/µl BSA, 1 µl/1 U of undiluted ligase. Ligation was controlled as 

described before.  

 

3.2.2.8. Transformation of ligation reactions into E.coli strain C600 bacteria 

10 µl (stickey-end) or 15-20 µl (blunt-end) of DNA ligation mixture or ligation control were 

transferred into an empty 1.5 ml Eppendorf tube and kept on ice. Competent C600 E. coli, 

stored at -70ºC, were thawed rapidly and 50 µl containing 5x106 cells, were added gently. 

After incubation on ice for 20 min, the mixtures were heated to 42ºC for 2 min and finally 

cooled on ice for 5 min. 200 µl of LB++ medium containing 10 mM KCl and 20 mM MgSO4 

were added and the transformation mixture was incubated at 37ºC for 1 h and then spread on 

ampicillin containing LB-agar in 10 cm Petri dishes and incubated overnight at 30ºC. 

 

3.2.2.9. Plasmid DNA minipreparation 

Solution I    Solution II      Solution III 
100 mM EDTA, pH 8.0 (10 ml) 2N NaOH  (100 µl)    Sodium Acetate (24.6 g) 
2 M Tris-HCl, pH 8.0   (1.25 ml)  10% SDS   (100 µl)    dH2O    (100 ml) 
50 M Glucose    (0.9 g)  dH2O add to  (1000 µl)          - Adjust to pH 4.8 with  
dH2O add to   (100 ml)     - Prepare fresh just before use.      glacial acetic acid. 
- Add 2 mg/ml lysozyme just before use. 
 
To propagate plasmid-containing bacteria for analysis of contained DNA, single colonies 

were picked and transferred into 3 ml of LB medium containing 100 µg/µl of Ampicillin in 

black-cap tubes. Tubes were incubated overnight at 37ºC and 200 rpm in a shaking incubator. 

1 ml of the overnight culture was transferred into 1.5 ml Eppendorf tube, centrifuged at 7000 

rpm for 1 min and the supernatant was removed by aspiration. The pellet was loosened by 

shaking vigorously and 100 µl of solution I was added and the bacteria were resuspended by 

shaking vigorously at RT. 100 µl of solution II were added and the suspension was mixed 

well by shaking at RT for few minutes. Afterwards, 150 µl of solution III (3 M NaOAc 

solution, pH 4.8) was added to the mixture and the suspension was gently swirled several 
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times and subsequently incubated on ice for 20-60 min. The suspension was centrifuged for 5 

min at RT and 14000 rpm for pelleting cell debris and chromosomal DNA. The supernatant 

was poured into a new 1.5 ml Eppendorf tube, 1 ml of 100% cold ethanol was added and the 

tube was incubated for 15-30 min at -70ºC. The plasmid DNA was pelleted by centrifugation 

for 15 min at RT and 14000 rpm, washed by addition of 1 ml of 70% ethanol then dried at 

56ºC for about 30 min. 40 µl TE buffer (pH 7.5) containing 10 µg/ml RNaseA was added and 

the DNA was resuspended by shaking at 1000 rpm for 5 min at 56ºC then for 1 h at 37ºC.  

In order to identify the seeked DNA clones in which the DNA insert with the right size is 

integrated into the plasmid vector in the right orientation, 10 µl of plasmid DNA was cleaved 

with an appropriate restriction enzyme in 25 µl final reaction volume. Correct clones were 

identified after size separation on 0.6% agarose gels.  

 

3.2.2.10. Plasmid DNA purification using Qiagen-Midi kit 

For large scale plasmid purification, 1 µl of the respective plasmid DNA minipreparation was 

transformed into E.coli C600. Transformation was performed as described above and the 

entire mixture was added to 50 ml of LB medium containing 100 µl Ampicillin (final 

concentration of 100 µg/ml) in an Erlenmeyer glass flask and incubated overnight at 37ºC 

with shaking at 200 rpm. Purification of the plasmid DNA from bacterial culture was 

performed as described in the Qiagen Plasmid Midi Kit manual. The purified plasmid DNA 

was diluted 1:100 or 1:20 in dH2O and the concentration and purity was determined by 

spectrophotometry. The DNA was regarded as pure at a 260 nm/280 nm ratio of 1.8 -2.0. The 

concentration was calculated from the equation 1 OD260nm = 50 µg/ml To verify the identity of 

the DNA, 0.5 µg of the plasmid DNA was cleaved using an appropriate restriction enzyme in 

25 µl final volume and checked for the correct fragment pattern by 0.6% agarose gel 

electrophoresis.  

 

3.2.3. Agarose gel electrophoresis for DNA 

Agarose gel electrophoresis was applied to analyse purity and correct size of DNA fragments 

generated by PCR, by restriction enzyme cleavage of plasmid DNA, or by purification of 

DNA after PCE. Normally, 0.6% agarose gel was prepared by dissolving 0.6 g of ultrapure 
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agarose in 98 ml of deionized water, melted by boiling in a microwave oven and cooled in a 

water bath at 56°C. After that 2 ml of 50X TA buffer and 1 µl of 10 mg/ml ethidium bromide 

was added to the gel, mixed well, poured into a horizontal gel electrophoresis apparatus and 

left to solidify at RT for 30 min. The gel was covered by 1X TA gel running buffer containing 

ethidium bromide. DNA samples (up to 25 µl) were mixed with 1/5 volume of DNA loading 

buffer and pipetted into pockets formed near the cathode by an appropriate comb. A size 

marker, a 1 kbp DNA ladder was loaded along with the samples. Separation of DNA occurred 

at 90V for 25-40 min when mini- or midi sized gel apparatuses were used while large gel 

devices required separation at 60-135V for 2-12 h. DNA fragments were visualized by an UV 

transilluminator at 256 nm wave length or at 366 nm wave length for isolation of DNA 

fragments from agarose gels for further purification. 

 

3.2.4. DNA Sequencing using ABI-Sequencer kit 

To verify the correct nucleotide sequence of cloned DNA or purified PCR fragments, DNA 

sequencing performed using automated fluorescent DNA sequencing technology (ABI). DNA 

sequencing reactions were performed following BigDye® Terminator Cycle Sequencing kit 

manual.  

The standard sequencing mixture consisted of: 

0.03 pmol DNA  x µl 

5X BigDye® Sequencing buffer  1 µl 

5 pmol/µl Sequencing primer 1 µl 

BigDye® Mix (contain dNTPs and polymerase) 2 µl 

dH2O up to  10 µl 

Sequencing cycling conditions were:  

Pre-denaturation:   96°C / I min  

Denaturation:        96°C / 15 sec  

 30 Cycles Annealing:            55-69°C / 15 sec 

Extension:             60°C / 3 min           

Termination of sequencing reaction: 20°C  

Clean-up of sequencing reactions was performed using SigmaSpin post reaction purification 

columns as per manufacturer’s protocol. Cleaned sequencing product was analyzed using 

3130 Genetic Analyzer by the sequencing laboratory of the FLI, Insel-Riems. 
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3.2.4.1. Sequence analyses and generation of phylogenetic trees 

Nucleotide sequences were analyzed using GCG software version 1.11 (Accelrys Inc., San 

Diego, CA). Sequences of the entire ORFs for H and F of PPRV were assembled from 

overlapping sequenced fragments using Geneious® 6.1.2 (2005-2013 Biomatters Ltd.). The 

nucleotide (nt) and amino acid (aa) sequences of the ORFs for H and F of PPRV Kurdistan 

2011 strain (accession no. KF648288.1 and KF648287.1) were compared to corresponding 

sequences of other PPRV strains using nucleotide BLAST and protein BLAST (Basic Local 

Alignment Search Tool), respectively. Nucleotide sequences of the respective ORFs of H and 

F were aligned with sequences of other PPRV isolates retrieved from NCBI GenBank 

database using ClustalW multiple alignment program provided by MEGA5 program. 

Comparative amino acid (aa) sequence analyses of aligned sequences of all PPR viruses were 

performed using BioEdit “biological sequence alignment editor” program version 7.1.7 (Hall, 

1999). 

Phylogenetic analyses was performed based on the complete and partial nucleotide sequences 

of the ORFs of H and F genes of PPRV using the MEGA5 (Molecular Evolutionary Genetics 

Analysis) program (Tamura et al., 2011). Phylogenetic neighbour-joining trees were 

generated with the Maximum composite Likelihood substitution statistical model and 

pairwise deletion of gaps. Bootstrap method was employed by analysing 1000 replicates to 

test the branching whereas clusters supported by bootstrap values >70 shown at nodes. 

 

3.2.5. Extraction of Nucleic acids 

3.2.5.1. Extraction of DNA 

3.2.5.1.1. Extraction of whole cell DNA from BHV-1 or BHV-1 gB¯  mutants 

infected cells by salt-precipitation 

MDBK cells in 6 well cell culture plate were infected with BHV-1 or BHV-1 gB̄ mutants at 

an MOI of 5. After incubation for 2 h at 37°C the inoculum was removed and 1 ml per well of 

DMEM containing 10% FCS and antibiotics was added. At 20-24 h.p.i., cells were washed 

once with PBS- and 0.5 ml of TEN, 10 µl of 10% SDS and 10 µl of 10 mg/ml RNaseA were 

added. The lysed cultures were incubated for 1 h at 37°C, gently transferred into a 1.5 ml 

Eppendorf tube and further incubated for 1 h at 56°C after addition of 10 µl of 10 mg/ml 
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Proteinase K. Thereafter 0.2 ml of saturated NaCl solution in water were added, the tubes 

were gently agitated and centrifuged for 20 min at 14000 rpm at 20°C. Supernatants were 

poured into 4 ml snap-cap tubes and overlaid with 2 ml of 100% ethanol. The tubes were 

gently inverted until the DNA precipitated. The floating DNA-precipitates were collected 

using a pipette with a yellow pipette tip. The DNA- pellet was placed into a 1.5 ml Eppendorf 

tube and left to dry at 56°C. 200 µl of TE buffer (pH 7.5) were added to the DNA pellet and 

resuspended for 2-4 h at 56°C and overnight at 4°C. DNA concentration was determined 

using absorbance at 260 nm. 

 

3.2.5.1.2. Extraction of viral DNA from BHV-1 infected cell culture supernatant 

using PCE 

In order to identify if the correct sequence of the entire ORFs for PPRV-H and PPRV-F 

glycoprotein genes were integrated into BHV-1 (promE) recombinants, DNA was extracted 

from stock viruses using Sarcosyl then the DNA from viral particles was amplified by PCR 

prior to sequencing. 

Viral DNA was extracted using 435 µl of infected cell culture supernatant by addition of 5 µl 

of 1 M Tris-HCL (pH 7.5), 10 µl of 0.5 M EDTA (pH 7.5), 50 µl of 20% Sarcosyl and 10 µl 

of 10 mg/ml RNaseA followed by incubation for 1 h at 37°C. Then 10 µl of 10 mg/ml 

Proteinase K was added to the DNA mixture and incubated for additional 1 h at 56°C. DNA 

was purified using PCE method as described earlier and finally pellet was resuspended in 30 

µl TE buffer (pH 7.5) at 37°C. DNA concentration and purity were determined using a 

spectrophotometer at 260 and 280 nm. 

 

3.2.5.2. Extraction of RNA from PPRV infected Vero cell culture supernatant 

Confluent monolayer of Vero cells in cell culture plates were infected with PPRV strains at an 

MOI of 0.1, subsequently cells were supplemented with ZB5 medium containing 10% FCS 

and antibiotics and incubated at 37°C in a cell culture incubator in a humidified atmosphere at 

5% CO2 till viral Cpe reached 80-100% of the confluent monolayer at 6 days post infection 

then the virus in the supernatant was harvested.  
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Afterwards 140 µl of infected cell culture supernatant was used for RNA extraction. Viral 

RNA was purified from infected cell culture supernatant following the Spin protocol for 

purification of viral RNA as described by QIAamp Viral RNA Mini Kit (Qiagen). RNA were 

kept on ice for immediate use or stored at 4°C.  

 

3.2.5.3. Determination of the concentration of nucleic acids (DNA/RNA) 

Determination of the concentrations and the purity of nucleic acids were performed by 

measurement of UV absorbance at 260 nm and 280 nm using a spectrophotometer. The 

concentration of the nucleic acids was calculated following the formula: 

DNA concentration = dilution factor * OD260 * 50 µg/ml 

RNA concentration = dilution factor * OD260 * 40 µg/ml 

(1 OD260 is equal to 50 µg/ml for double-stranded DNA and 40 µg/ml for RNA). Furthermore, 

the OD260/OD280 ratio is an indication for the purity of the nucleic acid.  

For pure nucleic acids the value should be 1.8 to 2.0. Lower ratios indicate contamination of 

the nucleic acid with e.g. phenol or protein.  

 

3.2.6. Cell culture, virus propagation and titration 

3.2.6.1. Cultivation of mammalian cells 

MDBK, MT9, BunD, Kop-R, HEK293T, Vero and Vero/Dog-SLAM cells were grown in 

T75 cell culture flask that contain about 1x107cells. Cultures were normally cultivated twice 

per week by trypsinization as follows: old medium was removed from T75 cell culture flask 

by aspiration and 3 ml of trypsin solution was added. Cells were, depending on the cell type, 

incubated at 37°C for 10-20 min. After cells have detached 5 ml of the appropriate growth 

medium were added and cells were transferred into 4 ml tubes and subsequently pelleted by 

centrifugation for 2 min at 1000 rpm at RT. Appropriate medium was added to the cell pellet 

and cells were seeded at the desired ratio into wanted culture vessels and incubated in a 

humidified atmosphere at 37°C in presence of 5% CO2. 
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Table 4. Cultivation rate, medium and growth conditions for different cell lines 

Cell line 
Cell culture 

medium 

FCS 

Percentage 

Subculture 

frequency 

Subculture 

Split ratio 

Split ratio for 

experiment* 

MDBK DMEM 10% 3-4 days 1:4 to 1:6 1:4 

MT-9 DMEM 10% 3-4 days 1:4 to 1:6 1:4 

BunD DMEM 10% 3-4 days 1:4 to 1:6 1:4 

RK13 ZB5 10% 3-4 days 1:4 to 1:6 1:3 

HEK293T ZB5 10% 3-4 days 1:4 to 1:6 1:2 

Kop-R ZB5 10% 3-4 days 1:3 1:1.5/ 1:2 

Vero ZB5 10% 3-4 days 1:4 to 1:6 1:3 

Vero/dog-

SLAM 
ZB5 10% 3-4 days 1:4 to 1:6 1:3 

*Experiment = infection, viral propagation and titration, transfection, transduction. 

 

3.2.6.2. Propagation and titration of reference and generated virus stocks 

3.2.6.2.1. Peste des petits ruminants virus 

3.2.6.2.1.1. Propagation of reference PPRV 

PPRV strains were propagated in confluent monolayer of Vero cells supplemented with ZB5 

medium containing 10% FCS and antibiotics, cells were infected with the virus at an MOI of 

0.1 for 6 days till viral cpe involve 80-100% of the cell monolayer. Cultures were harvested 

and stored at -70°C. 

 

3.2.6.2.1.2. Titration of reference PPRV 

Titration of PPRV was carried out in confluent monolayer of Vero cells in 24 well cell culture 

plates. Titration was performed by preparing serial 10-fold dilutions of the virus in ZB5 

medium followed by addition of 100 µl of each dilution to 2 wells of 24 well cell culture 

plate. After incubation at 37°C the inoculum was replaced by semi-solid, methyl cellulose-

containing medium. Plates were incubated for 6 days at 37°C and 5% CO2. PPRV-induced 
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foci were counted in wells that contained up to 100 individual plaques. The titres were 

determined according to the following equation:   

Plaque Titre (PFU/ml) = P / d x V  

where   PFU: plaque forming units 

P: average no of plaques  

d: dilution factor 

V: volume of the diluted virus added to the well = 0.1 ml 

 

3.2.6.2.2. BHV-1 and BHV-1 gB¯  mutant 

3.2.6.2.2.1. Propagation of BHV-1 and BHV-1 gB¯  mutant in cell culture 

Confluent monolayer of MDBK cells in T75 cell culture flask were infected with BHV-1 at 

an MOI of 0.1-1.0 PFU/cell. Infected cells were then incubated for 3 days at 37°C until most 

of the infected cells were detached. Cultures were aliquoted into 1.5 ml Eppendorf tubes and 

stored at -70°C. The BHV-1 gB¯  mutant was propagated on gB-expressing cell lines MDBK, 

BunD or MT9 accordingly. 

 

3.2.6.2.2.2. Titration of BHV-1 and gB¯  mutant 

The titre of BHV-1 or BHV-1 gB¯  mutant was determined based on the number of plaques 

produced by infectious virions and the viral titer is expressed as plaque forming units per ml 

(PFU/ml). Titration of BHV-1 was achieved by performing the plaque assay in confluent 

monolayers of MDBK, MT9 or BunD cells in 24 well cell culture plates. Serial 10-fold 

dilutions of the virus were prepared in DMEM medium followed by addition of 100 µl of 

each dilution to 2 parallel wells of the plate. Plates were incubated for 1-2 h at 37°C. 

Afterwards, the inoculum was removed and the infected cells were overlaid with 1 ml of 

methylcellulose-containing semisolid medium and incubated further. Methylcellulose 

prevents the passive movement of extracellular virus progeny during long time incubation. 2-

3 days later plaques were counted under the microscope in the wells that contained up to 100 

individual plaques to minimize error. Viral titre (PFU/ml) was calculated from the average 

value of the counted plaques according to the following formula:  

Plaque Titre (PFU/ml) =  P / d x V  
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where   PFU: plaque forming units 

P: average no of plaques  

d: dilution factor 

V: volume of the diluted virus added to the well = 0.1 ml 

 

3.2.7. Transferring genetic material “DNA” into the cell 

3.2.7.1. DNA introduction into cells by transfection  

For performing DNA transfection experiments cells should be seeded 20-24 hours before 

transfection. As a general rule, DMEM medium free of FCS and antibiotics was used for 

preparation of the transfection mixtures and incubation of the mixture with the cells during 

the specified time required for the transfection process, after that transfection inoculum was 

removed and cells were maintained with normal culture medium containing 2-10% FCS and 

antibiotics.  

 

3.2.7.1.1. DNA transfection using polyethylenimine (PEI)  

Polyethylenimine condenses DNA into positively charged particles, which bind to anionic cell 

surface residues and are brought into the cell via endocytosis. Transfection of the cells with 

plasmid DNA using PEI was basically applied for transient expression of a target gene for    

indirect immunofluorescence (IIF), western blotting (WB) and radioimmunoprecipitation 

(RIP) assays.  

PEI transfection was carried out on a confluent cell monolayer in cell culture plate or flask. A 

specific amount of the DNA was added to DMEM medium free of FCS and antibiotics in an 

1.5 ml Eppendorf tube, vortexed and incubated for 5 min at 25°C. Double amount of PEI was 

added to DMEM medium free of FCS and antibiotics in an 1.5 ml Eppendorf tube, vortexed 

and incubated for 5 min at 25°C. Subsequently, an equal volume of the PEI mixture was 

added to an equal volume of DNA mixture, vortexed and then incubated for 15 min at 25°C. 

Medium was removed from the cells and a specific amount of DMEM medium free of FCS 

and antibiotics was added prior to addition of the transfection mix. Plate or flask was gently 

shacked to distribute the mixture in the entire well and then incubated for 3-4 h at 37°C in a 

humidified incubator. After that, transfection mixture was removed and cells were maintained 
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with DMEM medium or ZB5 medium supplemented with 10% FCS and antibiotics for 24-72 

h depending on the purpose of the transfection 

 

Table 5. Amount/ratio of DNA, PEI and medium mixture required for PEI transfection 
protocol in different cell culture plates and flasks. 

Cell culture 

vessels 

DNA-DMEM 

medium mixture 

PEI-DMEM 

medium mixture 

DNA-PEI 

transfection 

mixture 

DMEM 

medium for 

transfection DNA DMEM PEI DMEM 

24 well plate 0.625 

µg/well 

50 

µl/well 

1.25 

µg/well 

50 

µl/well 

100 µl/well 150 µl/well 

6 well plate 2.5 

µg/well 

200 

µl/well 

5 

µg/well 

200 

µl/well 

400 µl/well 600 µl/well 

T75 flask 25 µg 2 ml 50 µg 2 ml 4 ml 6 ml 

T150 flask 50 µg 4 ml 100 µg 4 ml 8 ml 12 ml 

* DMEM free of FCS and antibiotics was used throughout the transfection protocol.  

 

3.2.7.1.2. DNA transfection using mammalian DNA transfection Kit (Stratagene) 

for virus generation 

This transfection method was basically applied for generation of BHV-1 and BHV-1 

glycoprotein B (gB-fusion) recombinant viruses. The principal of the mammalian DNA 

transfection Kit protocol is based on calcium phosphate precipitation of DNA. Transfection 

was performed in 6 well cell culture plates containing confluent monolayers of Kop-R or 

MDBK cells. 

Cells were transfected with a mixture of 5 µg of the appropriate recombination plasmid and 1 

µg of purified viral DNA prepared in sterile water to a final volume of 75 µl. 8.3 µl of 

solution I was added to the DNA and vortexed. Subsequently, 83.3 µl of solution II was added 

dropwise to the mixture, vortexed gently and incubated for 10-20 min at 25°C. Prior to 

addition of the transfection mixture, old medium in the plate was replaced by 2 ml/well fresh 

medium, the mixture was gently dropped onto the cells accompanied by gentle agitation of 

the culture to distribute the mixture. Transfected cultures were incubated for 4 h at 37°C in a 
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cell culture incubator, the inoculum was removed and a glycerol shock to enhance the 

transfection efficiency was performed as follows: cells were washed with 3 ml/well of 

DMEM medium (free of FCS and antibiotics) then 1 ml of glycerol shock solution was added 

for 2 min. Cells were washed twice with 3 ml/well DMEM medium. Finally, cells were 

maintained with 3 ml of the appropriate medium supplemented with 10% FCS and antibiotics 

and incubated at 37°C in a cell culture incubator for 3 days until plaques formed. Cultures 

were then frozen at -70°C.  

 

3.2.7.2. DNA introduction into mammalian cells by transduction with 

baculoviruses 

Confluent monolayers of mammalian cells (Kop-R or RK13) in 6 well cell culture plates were 

washed twice with PBS+. Baculoviruses were added at an MOI of 10 in a final volume of 1 

ml in PBS+ per well. Plate was incubated at 26°C for 30 min with shaking at 300 rpm in a 

plate shaker. Then plates were centrifuged for 1 h at 26°C and 600 g using a microplate rotor 

in a Rotina 420 R (Hettich) centrifuge. The inoculum was removed and 2 ml DMEM 

containing 5 mM butyrate were added per well. Cells were incubated at 37°C for 24 or 48 

hours post transduction (h.p.t.) and harvested according to the intended analyses.  

 

3.2.8. Generation of BHV-1 (promE) and BHV-1 Glycoprotein B (gB) recombinant 

viruses 

3.2.8.1. Cotransfection with recombinant plasmids for virus generation  

Transfection for generation of recombinant viruses was performed using the Stratagene 

Mammalian DNA Transfection kit as per manufacturer’s protocol. Confluent monolayers of 

Kop-R or MDBK cells in 6 well cell culture plates were cotransfected with 5 µg of respective 

recombination plasmids and 1 µg purified BHV-1 or gB¯-BHV-1 DNA. Cultures were 

incubated with the transfection inoculum for 4 hours at 37°C, treated with glycerol shock 

solution and maintained with DMEM medium for 3-4 days. Transfected cultures were then 

harvested and stored at -70°C.  
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3.2.8.2. Plaque purification of recombinant BHV-1 

Production of BHV-1 plaques was performed in confluent monolayer of MDBK cells in 6 

well cell culture plates. The transfected cultures were thawed and sonicated for 20 sec at 40W. 

10-fold serial dilutions (10-1 to 10-6) were prepared in 500 µl DMEM medium containing 10% 

FCS and antibiotics. Medium in the plates was replaced by 500 µl fresh DMEM per well and 

100 µl of each dilution was added to one well and incubated for 2 hours at 37°C. The 

inoculum was removed and cells were overlaid with 3 ml Bluo-gal 0.6% agarose overlay for 

3-4 days. Cells from plaques that did not stain blue were marked under a light microscope 

picked by aspiration using 1 ml pipette, and suspended into 500 µl medium and sonicated for 

20 sec at 40W (Branson Sonifier 450). Medium from confluent MDBK cells in 6 well plates 

seeded 24 h before was replaced by 500 µl DMEM. 450 µl, 45 µl and 5 µl of the sonicated 

plaques in a final volume of 1 ml per well were added to each 3 wells. Cultures were 

incubated for 1-4 h at 37°C. Then the inoculum was removed and cells were maintained with 

2 ml per well of methylcellulose medium and incubated for 3-4 days for development of 

plaques. Plaques were picked as described above and the procedure was repeated until 

homogeneity of the recombinant viruses.  

Virus stock was prepared from highly purified plaques and stored at -70°C. Viral titration was 

performed as described previously for BHV-1 viruses by preparing 10-fold serial dilution of 

the virus into DMED medium and inoculation of 100 µl/well of each dilution into 2 wells of 

24 well cell culture plate containing MDBK cells which were incubated for 1-2 h at 37°C. 

Afterwards cells were overlaid with 1 ml of semisolid methyl-cellulose medium. 3 days later 

formed viral plaques were counted and viral titre was estimated as PFU/µl. 

 

3.2.8.3. Preparation of blue-gal-agarose overlay  

The Blue-gal-agarose overlay consisted of 1.2% Seakem agarose in water warmed to 42°C by 

incubating in a water bath for at least 1 h after melting in a microwave oven. 10 ml of 2-fold 

concentrated DMEM without phenol red was added into a 50 ml plastic tube and warmed to 

42°C by incubation in a water bath for 1 h. 6 µg of Blue-gal suspended in 100 µl of DMSO 

and 10 ml of the agarose was added to the prewarmed medium and mixed thoroughly. The 

overlay solution was kept at 42°C until use.   
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3.2.8.4. Citrate treatment for inactivation of non-penetrated BHV-1  

To inactivate non penetrated BHV-1 virions, infected cells cultures were treated with citrate 

buffer (pH 3.0) by replacing the inoculum with an appropriate amount of the low pH buffer 

for exactly 1-2 min at RT. Cell cultures were then washed with DMEM free of FCS and 

antibiotics and finally further incubated with normal cell culture medium at 37°C.  

 

3.2.9. Indirect immunofluorescence (IIF) assay  

For IIF medium was removed from the cells and cultures were washed twice with PBS-. After 

fixation with 3% paraformaldehyde (PFA) solution in PBS- for 20 min at RT or 3.7% 

formaldehyde (FA) solution in PBS- for 10 min at RT. Cell membranes were permeabilized 

by addition of Triton X100 at a final concentration of 0.1-0.2% for 10 min. Cells were washed 

thrice with PBS- buffer containing 5-10% fetal calf serum (FCS) and incubated with the 

appropriate dilution of the primary antibody for 1 h at 25°C with continuous shaking at 300 

rpm. The antibody solution was removed and cells were washed thrice with PBS- for 10 min. 

Subsequently, cells were incubated with 1:1000 dilution of the appropriate anti-species 

antibody labeled with an Alexa Fluor® fluorescent dye for 1 h in the dark at 25°C with 

shaking. After three washes with PBS- for 10 min, bound antibodies were visualized by 

fluorescence microscopy using NIS Elements imaging software (Nikon). 

  

3.2.9.1. Confocal laser scanning microscopy 

Cells were grown on glass coverslips placed into 24 well cell culture plates. IIF was 

performed as described above. Coverslips were retrieved carefully and dried at room 

temperature. 7-10 µl Moviol mounting media was used for adhesion of the cover slip onto a 

glass slide. Bound antibodies were visualized by confocal laser scanning microscopy system 

using LAS AF software for confocal imaging (Leica). 

 

3.2.9.2. Poly-L-Lysine treatment of cell culture plates 

Since some cell lines attach only loosely to cell culture substrate, in order to fix the cells to 

the surface of the cell culture flasks and plates were incubated with poly-L-lysine diluted 
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1:100 in sterile pure water for 30 min to enable better adherence when necessary. After 

treatment, poly-L-lysine was aspirated and materials were left to dry before addition of cells. 

 

3.2.10. Virus neutralization assays for PPRV 

Samples (approximately 100 PFU) of PPRV Nigeria 75/1 vaccine strain were incubated with 

serial dilutions of the respective sera and monoclonal antibodies in a final volume of 100 µl of 

cell culture medium with or without 5% normal rabbit serum as a source of complement, and 

plated onto VeroMontpellier cells for 1 h at 37°C. The cultures were overlaid with semisolid 

medium 2 h later, and plaques were counted 2-3 days after infection. The percent 

neutralization-resistant infectivity was calculated from the results with controls incubated 

without antibody. 

 

3.2.11. SDS-Polyacrylamide gel electrophoresis (SDS-PAGE) 

           Separating gel SDS-10% PAGE                    3% Collecting/Stacking gel 
30 AA/ 0.8% bis    (4.8 ml)   30 AA/ 0.8% bis  (1.5 ml) 
4X Lower Tris, pH 8.8 (3.75 ml)   4X Upper Tris, pH 6.8(2.5 ml) 
dH2O     (6.45 ml)   dH2O    (6 ml) 
AP 10%    (30 µl)   AP 10%   (30 µl) 
Temed      (15 µl)   Temed    (30 µl) 

 
Separation of proteins according to its apparent molecular weight mass (KDa) was performed 

by SDS-10%PAGE. Gels were prepared as two discontinuous gel layers composed of a 10% 

acrylamide lower separating gel and a 3% acrylamide upper stacking gel containing wells for 

loading of samples.  

Gels were placed into Mini-PROTEAN® tetra cell (BioRad) and covered with running buffer. 

Protein separation was performed at 100-200 constant voltage for 45-120 min. For apparent 

molecular mass detrermination, 6 µl BenchMark™ pre-stained protein ladder or 

BenchMark™ protein ladder was also loaded. For sample preparation, cells were washed 

twice with PBS- and lysed in sodium dodecyl sulphate (SDS) protein sample buffer. Cell 

lysates were sonicated in a Branson 450 Sonifier ultrasonic water bath for 20 seconds at 40 W 

to shear genomic DNA. 20-25 µl of protein sample were mixed or not with 0.8-1 µl (4%) of 

2-mercaptoethanol as a reducing agent, depending on the question addressed. Samples were 

usually denatured by heating for 5 min at 65-85°C.   
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3.2.11.1. Coomassie blue staining of proteins  

For staining of proteins, gels were incubated for 30 min in fixer (10% acetic acid/ 50% 

methanol in water) with 0.2% Coomassie brilliant blue, rinsed once with dH2O and incubated 

in fixer until the gel matrix was destained.   

  

3.2.11.2. Transfer of proteins after SDS-PAGE to nitrocellulose membranes 

Separated proteins were transferred from gels onto 0.2 µm nitrocellulose membranes 

(Schleicher & Schuell/Whatman®) by electroblotting using a Trans-Blot® SD Semi-Dry 

Transfer Cell (BioRad), as recommended by the supplier. Transfer was performed at 20 V for 

45 min. Semi-dry transfer was performed by soaking 10 pieces of Whatman 3 MM Filter 

papers, SDS-PAGE Gel and the Nitrocellulose membrane in Western blotting semi-dry 

transfer buffer and mounted as shown in the scheme:  

Cathode (-) 

1. 5X  Whatman 3 MM Filter papers 

2. SDS-gel  

3. Nitrocellulose membrane 

4. 5X  Whatman 3 MM Filter papers 

Anode (+) 

 

3.2.11.3. Western blotting & Chemiluminescence detection 

After western transfer membranes were washed once in PBS-. Nonspecific binding of 

proteins in membranes was then blocked by incubation at RT for 1 h with gentle shaking or 

overnight at 4°C in a PBS- solution containing 6% skimmed milk powder (nonfat dry milk). 

Thereafter, blots were washed once for 15 min with PBS- containing 0.3% Tween 20 and then 

twice each for 5 min with PBS- containing 0.1% Tween 20. Washing was performed at RT 

with gentle shaking. Transferred proteins were probed with an appropriate primary antibodies 

diluted in 0.1% Tween 20 in PBS- containing 0.6% skimmed milk powder. The membranes 

were incubated for 1-2 h at RT or overnight at 4°C with gentle shaking. Membranes were 

washed as described before. Bound antibodies were labeled by incubation with an appropriate 

peroxidase-conjugated anti-species antibody “diluted 1:20.000 in PBS- containing 0.1% 
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Tween 20 for 1 h at RT with gentle shaking. Membranes were washed as before. Detected 

proteins were visualized by incubation with a mixture of equal volumes of Super Signal West 

Pico chemiluminescent substrate and Super Signal West Pico stable peroxidase solution 

(Thermo Scientific) for 5 min at RT with continuous shaking. Images were captured and 

analyzed using VersaDoc™ Imaging System 4000 MP (BioRad). 

 

3.2.11.4. Stripping of WB membrane 

To re-use the membranes for detection of additional proteins, membranes were washed for 5 

min each with PBS- containing 0.1% Tween 20, incubated twice for each 10 min with 

stripping buffer. Finally, membranes were washed twice each for 5 min with PBS- containing 

0.1% Tween 20 and once with PBS- containing 0.3% Tween 20. Membranes were stored at 

4°C or used again immediately. 

 

3.2.12. Pulse/chase radioimmunoprecipitation (RIP) assay  

Confluent monolayer in 24 well cell culture plates were infected, transfected or transduced as 

indicated in the respective figure legend. Cells were washed once with 1 ml of PBS- and pulse 

labelled for 30 min with 92 µci/ml [35S]methionine in methionine-free medium, washed with 

PBS- and incubated with normal cell culture medium. Cells were lysed at different times 

points after the pulse in 500 µl of 1X RITA lysis buffer and transferred into 1.5 ml Eppendorf 

ultracentrifuge tubes. Cell lysates were sonicated in an ultrasonic water bath for 20 seconds at 

40 W and incubated for 30 min on ice and sonicated again as before. Cell debris was 

sedimented by centrifugation at 40000 rpm for 30 min at 4°C in Beckman-Coulter TLA 55 

Rotor in an OptimaTM MAX-UP Ultracentrifuge (Beckman Coulter). The supernatants were 

collected in 1.5 ml Eppendorf tubes and used immediately or stored at -20°C for further use. 

200 µl cell lysate were mixed with an appropriate amount of specific antibody and incubated 

for 1 h at 25°C and 1 h on ice. After centrifugation for 30 min at 14000 rpm and 4°C the 

supernatants were mixed with 20 µl of washed “Pansorbin” cells (Calbiochem) and incubated 

for 30 min on ice to allow binding of the Staphylococcus aureus protein A with the antibody-

antigen complex which was then pelleted by centrifugation for 2 min at 14000 rpm at RT. The 

pellets were washed 4 times with 1X RITA by centrifugation for 20 seconds at 14000 rpm at 



Materials and Methods  
 

73 
 

RT. After the 4th wash pellets were resuspended in 500 µl 1X RITA and transferred slowly 

over 500 µl of 30% Sucrose in VSB buffer and then centrifuged for 2 min at 14000 rpm. 

Pellets were resuspended in 50 µl protein loading buffer by strong shaking for 5 min, then 

heated at 56°C for 5 min, centrifuged at 14000 rpm for 2 min and finally the supernatants 

were transferred into new tubes. Precipitated proteins were size separated by SDS-10%PAGE. 

Gels were fixed with 10% acetic acid in 50% methanol/ 40% dH2O for 30 min, transferred to 

Whatman 3 mm paper and dried at 80°C for 1 h using a Drygel Sr. Slab Gel Dryer (Hoefer® 

Scientific). Labelled proteins were visualized after exposure of the dried gels to imaging plate 

using a phosphoimager FLA-3000 Scanner (FujiFilm) provided with BASReader control and 

AIDA (Advanced Image Data Analyzer) software (Raytest). 

 

3.2.13. Expression and purification of maltose binding protein (MBP)-fusion proteins by 

pMal-PPRV-H/-F 

3.2.13.1. Preparation of E.coli TB1 bacteria competent cells 

For the preparation of competent E.coli K12 TB1 bacteria, 200 µl of a fresh overnight culture 

in LB medium containing 50 µg/ml streptomycin was added to 20 ml LB medium with 50 

µg/ml streptomycin and incubated at 37°C for 90 min in a shaking incubator MAXQ 8000 

(Thermo Scientific). The culture was centrifuged for 15 min at 3000 rpm and 4°C, the pellet 

was resuspended in 20 ml ice-cold 0.1 M CaCl2 and incubated on ice for 30-60 min. After 

centrifugation for 15 min at 1700 rpm and 4°C the pellet was resuspended in 500 µl ice-cold 

0.1 m CaCl2 and incubated on ice for 60 min and used immediately. 

 

3.2.13.2. Expression of MBP-fusion proteins in E.coli TB1 

Expression of proteins fused to maltose binding proteins was induced in competent E. coli 

TB1. 100 µl competent TB1 Bacteria were transformed with 1 µg of the respective pMal 

plasmid DNA. After transformation 200 µl of SOC medium was added and the culture was 

shaked at 300 rpm and 37°C for 30 min. 50 µl of the culture was added to 5 ml LB medium 

containing 100 µg/ml ampicillin and incubated overnight at 37°C and 200 rpm in a shaking 

incubator MAXQ 8000. For the Induction of fusion protein expression, 1 ml of overnight 
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culture was added to 50 ml LB-Rich ampicillin medium containing 2% glucose and incubated 

at 37°C by shaking at 200 rpm for 2-2.5 h until the OD at 600 nm reached 0.5.  

30 µl of 1 M isopropyl β-D-1-thiogalactopyranoside (IPTG) was added and the cultures were 

further incubated at 37°C for 4.5 h. 1 ml aliquots were collected at hourly intervals into 1.5 ml 

Eppendorf tubes, pelleted by centrifugation for 1 min at 7000 rpm and 4°C and used to 

monitor expression kinetics of the respective fusion proteins by SDS-10%PAGE and 

Coomassie brilliant blue staining. The residual cultures were collected in 50 ml tubes, 

centrifuged for 15 min at 3000 rpm and 4°C and the pellet was stored at -20°C until fusion 

protein purification.  

 

3.2.13.3. Purification of MBP-fusion proteins  

All purification steps were performed on ice or at 4°C. Bacterial pellets were thawed on ice 

and resuspended by addition of 5 ml of resuspension buffer-C. The suspensions were 

sonicated three times for 30 seconds using 50% pulsed duty cycle at 4°C in an ultrasonic 

water bath. The lysed bacteria were centrifuged for 30 min at 20,000 rpm and 4°C in an 

Optima™ LE-80K Ultracentrifuge (Beckman Coulter®). The supernatants were mixed with 4 

ml of Amylose Resin High Flow (NEB), continuously agitated using an overhead shaker 

REAX2 for 30 min at 4°C followed by washing five times using buffer-C and centrifugation 

for 2 min at 800 rpm and 4°C. The supernatants were discarded each time and replaced by 

fresh buffer-C. Amylose resin with bound MBP-fusion proteins was finally resuspended in 5 

ml of buffer-C and poured into 10 ml columns with 35 µm filter pore size (MoBiTec, GmbH). 

Fusion proteins were recovered with consecutive addition of 1.5 ml elution buffer composed 

of 0.01 M maltose in buffer-C and fractions were stored at -20°C. 

 

3.2.13.4. Concentration of eluted fusion proteins by centrifugation 

The fractions containing the respective fusion proteins were thawed, pooled and proteins were 

concentrated by centrifugation for 10 minutes at 3000 rpm and 4°C in Vivaspin 2 sample 

concentrator with a semipermeable membrane with 10,000 molecular weight cut-off value 

(MWCO) (Sartorius).  
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The concentrations of the purified MBP-fusion proteins were estimated by rating the band 

intensities after SDS-10%PAGE and Coomassie-blue staining of 5 µl and 20 µl of the 

concentrated MBP-fusion proteins in parallel to 1.25 µg, 2.5 µg, 5 µg and 10 µg of bovine 

serum albumin (NEB).   

 

3.2.13.5. Immunization of rabbits with MBP-fusion proteins for generation of 

PPRV-H and PPRV-F monospecific antisera 

Monospecific sera directed against PPRV-H and PPRV-F were generated by subcutaneous 

immunization of rabbits with 0.8 or 1 mg purified fusion protein in 500 µl PBS- and equal 

volume of Freund’s complete adjuvants for the first injection and Freund’s incomplete 

adjuvants for the four booster immunizations performed at monthly intervals. Blood was 

collected four weeks after the last booster immunization and kept overnight at 4°C. Sera were 

separated from the cruor by centrifugation at 3000 rpm for 5 min, inactivated at 56°C for 30 

min and finally stored in aliquots at -20°C. Immunization and bleeding of rabbits were 

performed by the animal experimentation unit of the FLI. 
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The sequence data for the complete nucleotide sequences of the haemagglutinin (H) and 

fusion (F) genes of PPRV strain Kurdistan 2011 were submitted to NCBI GenBank 

database under accession numbers KF648288.1 and KF648287.1, respectively.  
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4.1. Abstract 

Severe outbreaks of peste des petits ruminants virus (PPRV) occurred recently in wild goats 

in the Kurdistan region in Iraq. Based on a partial sequence of the nucleoprotein gene the 

causative virus, named PPRV Kurdistan 2011, was classified as PPRV lineage IV genotype. 

For further characterization, the ORFs coding for the haemagglutinin (H) and fusion (F) 

protein of PPRV Kurdistan 2011 were amplified from infected-cell RNA by RT-PCR. 

Sequencing of the ORFs revealed sizes of 1827 nucleotides (nt) for the H-ORF and 1638 nt 

for the F-ORF.  

Comparative sequence analyses performed for the entire H- and F- ORFs of Kurdistan 2011 

with respective sequences of PPRV isolates showed the highest homology with PPRV lineage 

IV isolates represented by Turkey 2000 which is also reflected by comparative amino acid 

analyses. Phylogenetic analyses performed based on partial and complete nucleotide 

sequences of both H- and F-ORFs clustered Kurdistan 2011 within PPRV lineage IV. 

 

4.2. Introduction     

Peste des petits ruminants (PPR) is a highly contagious viral disease of small ruminants and is 

regarded as the most important fatal disease in these species. When associated with other 

diseases morbidity rates can reach 100% and mortality rates range from 50% up to 90% 

(Losos, 1986; Kitching, 1988; OIE, 2013) leading to enormous economic problems in 

endemic developing countries. PPR is caused by peste des petits ruminants virus (PPRV), a 

member of the morbillivirus genus of the paramyxoviridae family (Gibbs et al., 1979). PPRV 

shares antigenic and immunogenic properties with the closely related rinderpest virus (RPV) 

of cattle (Hamdy et al., 1975; Taylor, 1979). Animals infected with either viruses show a 

similar clinical disease although PPR symptoms are more severe and animals develop cross 

protective immune responses (Kaukarbayevich, 2009). 

PPR is predominantly a disease of goats and sheep (Lefevre and Diallo, 1990). Fatal PPRV 

infections in wild small ruminants such as gazelles (Gazella dorcas); ibex (Capra ibex 

nubiana); gemsbok (Oryx gazella) and laristan wild sheep (ovis orientalis laristanica) in the 

Arabian Gulf area and Saudia Arabia (Furley et al., 1987; Abu Elzein et al., 2004) have been 

reported, however, their role in the transmission and epidemiology of the disease remains 

unclear (Bao et al., 2011). Cattle and buffalos are known to be subclinically infected with 
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PPRV (Anderson and Mckay, 1994; Govindarajan et al., 1997). Recently, several fatal PPR 

outbreaks, characterized mainly by respiratory distress were reported in camels in Ethiopia 

and Sudan (Roger et al., 2000; Roger et al., 2001; Khalafalla et al., 2010). Direct contact 

between PPRV infected and susceptible animals is the most likely the route for transmission 

(Lefevre and Diallo, 1990). The virus affects mainly the digestive and the respiratory tracts 

and thus can be excreted in all body secretions (Ezeibe et al., 2008). Contaminated animal 

stuffs, scarce hygiene and insufficient biosecurity measures further support virus 

dissemination.  

The single-stranded, non-segmented, negative-sense RNA genome of PPRV is 15,948 

nucleotides (nt) in length. The genome consists of six non overlapping transcription units 

which encode six structural and two nonstructural proteins: the nucleoprotein (N), the 

phosphoprotein, the matrix protein, the RNA-polymerase and two glycoproteins: the fusion 

protein (F) and the haemagglutinin (H) (Bailey et al., 2005; Chard et al., 2008). The C and V 

nonstructural proteins originate from the phosphoprotein ORF by ribosomal frameshifting 

(Mahapatra et al., 2003). F and H are viral envelope glycoproteins, H mediates attachment of 

the viral particle to specific receptors in the cell membrane followed by fusion of the viral 

envelope with the cell plasma membrane via the F protein.  

Up to date, only one PPRV serotype exists. However, different viral strains were genetically 

assorted into 4 lineages (I-IV). For many years phylogenetic analyses for PPRV lineage 

identification was based mainly on partial sequences of the F- (Forsyth and Barrett, 1995; 

Ozkul et al., 2002) or N-ORFs (Couacy-Hymann et al., 2002; Kwiatek et al., 2007). Kaul et 

al. (2004) used a conserved region coding for amino acids 392-595 of H for lineage 

identification. The H-gene based phylogenetic analyses revealed many subclusters which 

divide strains of similar origin (Kaul, 2004; Balamurugan et al., 2010; Senthil Kumar et al., 

2014). This classification approach is a potent epidemiological and descriptive tool explaining 

the spread of the disease. Lineages I and II were restricted to west and central Africa whereas 

lineage III is present in east-Africa in addition to parts of Asia. Lineage IV was known to be 

restricted to Asia, Middle-East, Arabian Peninsula and Turkey, however, recent outbreaks 

were due to a new incursion of lineage IV into different locations in North, East and Middle 

Africa (Banyard et al., 2010; Kwiatek et al., 2011).  
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In 2010 and 2011 fatal outbreaks of PPRV were reported in Iraq among wild goats (bezoar 

ibex, Capra aegagrus) in Barzan city which is located in the Kurdistan region in the North-

East of Iraq near the Turkish border. PPRV was confirmed by RT-PCR and virus isolation 

from nasal swabs. Despite the fact that domestic animals in Iraq were regularly vaccinated 

with PPRV Nigeria 75/1 vaccine strain, a partial sequence of the N-gene assigned Kurdistan 

2011 into PPRV lineage IV strains (Hoffmann et al., 2012) which were endemic in countries 

bordering on Iraq (Jordan, Iran, Saudia Arabia, and Turkey).   

A study conducted targeting the newly circulating PPRV Kurdistan 2011 virulent isolate and 

aiming for sequencing of the complete haemagglutinin (H) and the fusion (F) glycoproteins 

genes of the virus in an initial attempt to characterize surface glycoproteins of this strain and 

to ascertain its relationship with other existing peste des petits ruminant viruses focusing on 

lineage IV strains.  

 

4.3. Materials and Methods 

4.3.1. Virus and cells 

PPRV strain Kurdistan 2011, isolated from nasal swabs of infected wild goats “Capra 

aegagrus” from Kurdistan region, Iraq (Wernike et al., 2014), kindly provided by Michael 

Eschbaumer (IVD, FLI, Insel Riems) was propagated on Vero/dog-SLAM cells (kindly 

provided by Tom Barrett, Pirbright, UK) in a 1:1 mixture of Minimum essential medium 

[MEM Eagle (Hank's salts) (Sigma) and MEM (Earle’s salts)] supplemented with 10% fetal 

calf serum.  

 

4.3.2. RNA extraction and RT-PCR 

Viral RNA was purified from infected cell culture supernatant using the “QIAamp Viral RNA 

Mini  Kit” following the spin protocol as recommended by the supplier (Qiagen, Germany). 

Complementary DNAs (cDNA) encoding the ORFs of F and H protein genes of PPRV were 

synthesized from RNA using the “Omniscript Reverse Transcription” kit for first strand 

cDNA synthesis (Qiagen, Germany) and the appropriate primers following the manufacturer’s 

protocol. Primers (Eurofins MWG Operon, Germany) were designed according to the 

respective gene sequences of lineage IV PPRV strain Turkey 2000 (GenBank accession No. 
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AJ849636.2). Primers were listed in Table. 6. Subsequently the cDNAs were used for PCR 

with either PPRV-H/-F ORF reverse/forward primers or PPRV-H/-F up/down primers and 0.5 

µl of Phusion® High-Fidelity DNA polymerase (New England Biolabs). The PCR cycling 

conditions were: RT inactivation at 98°C for 30 sec, followed by 35 cycles of amplification: 

denaturation for 10 sec at 98°C, annealing at 60°C for 45 sec, extension at 72°C for 3 min, 

termination of PCR reaction by heating at 72°C for 10 min. Correct sizes of the amplicons 

was controlled by 0.6% agarose gel electrophoresis. The PCR products with lengths of 1827 

nt, 1638 nt, 2212 nt, 2038 nt were named PPRV-H, PPRV-F, PPRV-H up/down, and PPRV-F 

up/down, respectively. 

 

4.3.3. Plasmids 

The amplicons for the full length H- and F- ORFs were 5’- phosporylated with polynucleotide 

kinase and inserted into the SmaI-cleaved cloning vector pSP73 following standard 

procedures (Sambrook and Russell, 2001). The resulting plasmids were designated pSP73-

PPRV-H, pSP73-PPRV-F, pSP73-PPRV-H up/down and pSP73-PPRV-F up/down. Four 

clones of each plasmid were sequenced using pSP73 specific primers pSP73-SP6, pSP73-T7 

and primers PPRV-H840+ and PPRV-CIRAD F1AB+ (Table 6). Sequencing reactions were 

performed following the protocol for the BigDye Terminator Cycle Sequencing kit (Applied 

Biosystems). Sequencing reactions were cleaned using SigmaSpin post reaction purification 

columns (Sigma-Aldrich) and analysed using a 3130 Genetic Analyzer (Applied Biosystems). 

Nucleotide sequences were anaylsed using GCG software version 1.11 (Accelrys Inc., San 

Diego, CA).  

 

4.3.4. Sequence alignment and phylogenetic analyses 

The nucleotide (nt) and amino acid (aa) sequences for H- and F- ORFs of PPRV Kurdistan 

2011 strain were compared to the corresponding sequences of other PPRV strains using 

nucleotide BLAST and protein BLAST, respectively (http://blast.ncbi.nlm.nih.gov/). To 

elucidate the relationship between the H- and F- ORFs of Kurdistan 2011 and other PPRV 

isolates, the nucleotide (nt) sequences of the H- and F- ORFs of the PPRV Kurdistan 2011 

isolate were aligned with the respective sequences of other PPRV isolates retrieved from the 

NCBI GenBank database using the ClustalW multiple alignment program 
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(http://www.ebi.ac.uk/Tools/msa/clustalw2/) provided by the MEGA5 program (Tamura et 

al., 2011). Comparative amino acid (aa) sequence analyses of the aligned protein sequences 

were performed using the BioEdit “biological sequence alignment editor” program version 

7.1.7 (Hall, 1999).    

A phylogenetic analyses was conducted based on the complete and partial nucleotide 

sequences of H- and F- ORFs using the MEGA5 program. The analyses was performed using 

neighbor-joining method with the maximum composite likelihood substitution statistical 

model. The bootstrap method was employed for analysing 1000 replicates to test the 

branching whereas clusters were supported by bootstrap values > 70 shown at node.   

 

4.4. Results 

Sequencing revealed that the H and F ORFs of PPRV Kurdistan 2011 strain consist of 1827 

and 1638 nucleotides (nt) (excluding the stop codons) und thus encode proteins of 609 and 

546 amino acids (aa), respectively. These sizes are identical with those of PPRV reference 

strains (Bailey et al., 2005; Dhar et al., 2006) and thus do not contain insertions or deletions 

as has been reported for the Indian Revati 2005 strain (accession no. EU344743.1) in which 

the F-ORF is one codon shorter. Nucleotide sequences of the full length ORFs for H and F 

genes of PPRV Kurdistan strain 2011 were deposited in the GenBank database (accession 

numbers KF648288.1 and KF648287.1). 

 

4.4.1. Sequence analyses of the PPRV H- and F- ORFs 

Comparative nucleotide sequence alignment of PPRV Kurdistan 2011 strain H- and F-ORFs 

with respective sequences of PPRV isolates available in the GenBank database revealed 98% 

identity for both ORFs with the corresponding ORFs of Turkey 2000 followed by slightly 

lower identities to other lineage IV strains. Lineage I strains represented by Nigeria (75/1; 

75/1 vaccine and 76/1) strains had considerably less homologies with only 92% for H-ORF 

and 93% sequence identity for F-ORF. Lineage II strains represented by Ivory Coast 1989 

showed the least sequence identity of 89% for both ORFs (Tables 7 and 8). Comparable 

results were obtained from comparative amino acid sequence alignment of both ORFs (Tables 

7 and 8).  
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Alignment of the corresponding amino acid sequences revealed the same ranking. Of note, 8 

of the 10 amino acid exchanges between H-ORF of Turkey 2000 and Kurdistan 2011 are 

conservative whereas the majority of the 57 substitutions between Kurdistan 2011 and Ivory 

Coast 1989 is not (supplementary materials Fig. S1 and S2).  

 

4.4.2. Phylogenetic analyses for PPRV lineage identification   

Phylogenetic analyses were performed based on the complete (1827 nt) and partial (612 nt) 

nucleotide sequences of the H-gene for different PPRV strains retrieved from NCBI GenBank 

database. Since there is no data available for the full length H-ORF for PPRV lineage III 

strains in the database, no viruses of this lineage were included in the analyses. Obviously, 

Kurdistan 2011 strain aligned in lineage IV along with Turkey 2000 strain with a bootstrap 

value of 99. The complete H-gene tree showed that PPR viruses of lineage IV were 

distributed into four different subclusters or subgroups as previously mentioned 

(Balamurugan et al., 2010; Munir et al., 2012). The first subcluster consists of Indian strains, 

the second composed of Chinese strains, the third one includes only Morocco 2008 strain and 

the fourth subcluster contain Kurdistan 2011 and Turkey 2000 (Fig. 9A).  

Additionally, a partial phylogenetic analyses was performed for H-gene for PPRV lineage 

identification based mainly on a conserved region encoding the C-terminal region of H which 

consists of 612 nt (nt 1174 to nt 1785). The phylogenetic tree based on the partial H-gene 

nucleotide sequence revealed the same result as achieved with the full H-ORF sequence and 

clustered Kurdistan 2011 strain into lineage IV group in the same subcluster with Turkey 

2000 strain with a bootstrap value of 95 (Fig. 9C).  

Generally, phylogenetic analyses based on either the complete or partial sequences of the H-

gene clustered PPRV Kurdistan 2011 within PPRV lineage IV strains and in the same 

sucluster along with Turkey 2000.   

Phylogenetic analyses for F-ORF were conducted using the full length (1638 nt) and partial 

length (322 nt) nucleotide sequences of the F-gene ORF for different PPRV strains available 

in NCBI GenBank database. Since there is no available sequence data for the complete F-

ORF for lineage III viruses, the F-gene complete ORF phylogenetic tree follows the same 

manner of the H-gene complete tree where lineage III is missing. As stated before, 

phylogenetic tree based on the full length F-ORF appears similar to the one obtained from the 
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full length H-ORF where Kurdistan 2011 is clustered in PPRV lineage IV and into the 

subcluster that contain Turkey 2000 strain with a bootstrap value of 99 (Fig. 9B).  

Sequencing of the partial F-gene for lineage identification is the mostly used approach for 

diagnosis and epidemiology of PPRV. Therefore, a phylogenetic tree was generated based on 

the partial F-gene ORF sequence 322 nt (254-575 nt) or 108 aa (85-192 aa). Lineage IV is 

comprised of many subclusters as previously reported (Kerur et al., 2008). PPRV Kurdistan 

2011 strain aligned within lineage IV group and closer to Qatar/37/10-02 isolate and within 

the same subcluster together with Egypt/2009, Egypt/111/2009, Kurdistan/2012 and 

Kurdistan/2/2012 strains (Fig. 9D). 

In conclusion phylogenetic analyses based on either the complete or partial sequences of the 

F-gene confirmed the findings that PPRV Kurdistan 2011 isolate is clustered within PPRV 

lineage IV.  

 

4.5. Discussion 

Sequencing the ORFs encoding the H and F viral envelope glycoproteins of PPRV Kurdistan 

2011 strain yielded ORFs of 1827 (H) and 1638 (F) nucleotides (nt) encoding polypeptides of 

609 and 546 amino acids (aa), respectively. These sizes are typical for most PPRV reference 

strains (Bailey et al., 2005; Dhar et al., 2006). An exception is the Indian Revati 2005 strain 

whose F-ORF is one codon shorter. 

To elucidate the relationship of the virulent PPRV strain Kurdistan 2011 to other PPRV 

isolates, the nucleotide and deduced amino acid sequences of the open reading frames 

encoding H and F were compared to the corresponding sequences of PPRV strains deposited 

in GenBank using NCBI nucleotide BLAST and protein BLAST, respectively. Since there is 

no available data showing sequences of the entire open reading frames (ORFs) of H and F for 

PPRV isolate from Iraq, this is the first report describing these full length ORFs for an Iraqian 

PPRV strain. Concerning the PPRV F-ORF, only partial sequences were available for Iraqian 

isolates clustering them in lineage IV (Banyard et al., 2010; Baron et al., 2011).  

The phylogeny performed so far for PPRV lineage identification based mainly on F-gene and 

the N-terminal of the N-gene. In recent years, a similar approach had been established based 

on a conserved region of the C-terminal region of the H-gene consisting of 612 nt (1174-1785 

nt) which proved its suitability for epidemiological studies (Kaul, 2004). The new strategy 
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was initially applied for comparative analyses of PPRV strains of Indian origin along with 

PPRV lineage I and II strains. The H-gene based alignment showed internal subclusters 

within lineage IV strains (Balamurugan et al., 2010). The phylogenetic trees based on the 

complete or partial H-ORF nucleotide sequences clustered Kurdistan 2011 strain in PPRV 

lineage IV group in the same subcluster with Turkey 2000 strain with a bootstrap value of 99 

and 95, respectively. This result is in agreement with previous phylogenetic study based on 

the partial nucleoprotein (N) gene sequence (351 nt) of Kurdistan 2011 strain (Hoffmann et 

al., 2012).  

In conclusion, phylogenetic analyses of PPRV taking in account the entire F- and H- ORFs 

showed the established clusters representing the known lineages of the virus and classifying 

isolates from the same origin in one subcluster within the same lineage. Partial H-ORF based 

phylogenetic tree as well showed the similar lineage divisions and the distributions of 

different isolates is almost in the same way except for Indian/WB/2001/G strain which 

surprisingly appeared closely related to Chinese strains rather than to Indian strains. 

Conversely, partial F-ORF based phylogenetic tree showed the four lineages of the virus, 

however, the distribution of different strains within the same subcluster to some extent 

doesn’t relate to its original geographic location. This probably might be due to the conserved 

sequence of the F gene. Thus, N-ORF appears to be more advantageous than the F-ORF based 

phylogenetic analyses in assigning different PPRV strains to its geographical origin when 

both were used in phylogenetic studies for PPRV lineage identification (Diallo et al., 2007; 

Kwiatek et al., 2007; Kerur et al., 2008; Senthil Kumar et al., 2014).  
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Table 6. Primers used for cDNA synthesis, RT-PCR amplification and sequencing of PPRV-
H/-F genes. 

Primer Name Sequence 5’ to 3’ Synthesized 

cDNA 
Expected 

ORF Size 

PPRV-H ORF+ (fr)  AACTTAGGACGAAAGGTCAATCACCA

TG 
H-ORF 1827 nt 

PPRV- Horf– (rev) ATCAAGCTTGCATGCGGCCGCTCAGA

CTGGATTACATGTTACCTC 

PPRV-upH+ (fr) CAAAGTCGTACGTGAGATCACTGTAG 
up/down H 2212 nt 

PPRV-downH– (rev) GTTTGTGACAATAGGGCTATCTAGATG 

PPRV-F ORF+ (fr) GCACATCCATATATAAACATCATG  

F-ORF 1638 nt PPRV-Forf– (rev) ATCAGATCTGCATGCGGCCGCTACAG

TGATCTCACGTACGAC 

PPRV-upF+ (fr) GCAGCCGAGCCGCAGCTCCCCAGAAG

AGGACACCCC 
up/down F 2038 nt 

PPRV-downF– (rev) GACCTTTCGTCCTAAGTTTTGTTTGAT

GAC 

pSP73-SP6 (fr) GTCGTTAGAACGCGGCTA 

pSP73-T7up (rev) CCCAATACGCAAACCGCCTCTC 

PPRV-H840+ (fr) GAGTGATGACTATAGGAGCTGTC 

PPRV-CIRAD 

F1AB+ (fr) 

ATGCTCTGTCAGTGATAACC 
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Table 7. Comparative sequence analyses of the H-gene ORF of Kurdistan 2011 to other 
PPRV strains in the NCBI GenBank database shows percentages of identities on the nt and aa 
levels. H-gene nucleotide (nt) and amino acid (aa) sequence comparison were performed 
using NCBI BLAST nucleotide or NCBI BLAST protein, respectively. 

PPRV Strain Lineage nt. Level Accession No. aa Level Accession No. 

Turkey/2000 IV  98% AJ849636.2 98% CAH61258.2 

China/Tibet/Bharal/2008 IV  97% JX217850.1 98% AFR66766.1 

China/Tibet/2007 IV  97% JF939201.1 98% AEH25644.1 

China/Tibet/2007-01 IV  97% EU364809.1 98% ABY71271.1 

China/Tibet/Geg/2007-30 IV  97% FJ905304.1 98% ACQ44671.1 

China/Tibet/x11/2007 IV  97% GQ184301.1 98% ADJ05525.1 

India/Guj/2007    IV  97% JN632535.1 97% AEX61013.1 

India/Revati/2005    IV  97% EU344744.1 97% ABY61988.1 

India/Jhansi/2003    IV  97% EU344741.1 97% ABY61986.1 

India/Bhopal/2003 IV  97% FJ750563.1 97% ACN62119.1 

India/Sungri/1996 IV  97% AY560591.3 97% AAS68031.1 

Morocco/2008      IV  96% KC594074.1 97% AGG09146.1 

Nigeria/1976/1 I 92% EU267274.1 93% ABX75312.1 

Nigeria/1975/1  I 92% HQ197753.1 93% ADX95995.1 

Nigeria/1975/1 vaccine I 92% X74443.2 93% CAJ01700.1 

Ivory Coast/1989 II  89% EU267273.1 91% ABX75304.1 
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Table 8. Comparative sequence analyses of the F-gene ORF of Kurdistan 2011 to other PPRV 
strains in the NCBI GenBank database shows percentages of identities on the nt and aa levels. 
F-gene nucleotide (nt) and amino acid (aa) sequence comparison were performed using NCBI 
BLAST nucleotide or NCBI BLAST protein, respectively. 

PPRV Strain Lineage nt. Level Accession No. aa Level Accession No. 

Turkey/2000 IV  98% AJ849636.2 99% CAH61257.1 

India/Jhansi/2003 IV  98% EU344740.1 99% ACV31219.1 

India/Bhopal/2003 IV  98% FJ750562.1 99% ACN62118.1 

India/Guj/2007 IV  98% JN632534.1 99% AEX61012.1 

India/Revati/2006 IV  98% GQ410435.1 99% ACV31220.1 

India/Revati/2005 IV  98% EU344743.1 99% − 

India/Sungri/1996 IV  98% AY560591.3 98% AAS68030.1 

China/Tibet/Bharal/2008 IV  97% JX217850.1 99% AFR66765.1 

China/Tibet/x11/2007 IV  97% GQ184302.1 99% ADJ05518.1 

China/Tibet/2007 IV  97% JF939201.1 99% AEH25643.1 

China/Tibet/2007-01 IV  97% EU364809.1 98% ABY71270.1 

China/Tibet/Geg/2007-30 IV  97% FJ905304.1 98% ACQ44670.1 

Morocco/2008 IV  97% KC594074.1 98% AGG09145.1 

Nigeria/1976/1 I 93% EU267274.1 97% ABX75311.1 

Nigeria/1975/1 I 93% HQ197753.1 96% ADX95994.1 

Nigeria/1975/1 vaccine I 93% X74443.2 96% CAJ01699.1 

Ivory Coast/1989 II  89% EU267273.1 94% ABX75303.1 
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Figures 

 

 
 

 

Fig. 9. Phylogenetic analyses for lineage identification was performed for the complete and 
partial nucleotide sequences of H- and F- ORFs of PPRV using MEGA5 (Molecular 
Evolutionary Genetics Analysis) program where two phylogenetic neighbor-joining trees 
were generated for the respective ORF genes showing bootstrap values >70. Neighbor-joining 
phylogenetic trees constructed based on: A) the complete nucleotide sequence of the H-gene 
ORF (1827 nt). B) the complete nucleotide sequence of the F-gene ORF (1638 nt). C) the 
partial nucleotide sequence of the H-gene ORF (658 nt: 550-1208 nt) used for PPRV lineage 
identification. D) the partial nucleotide sequence of the F-gene ORF (322 nt: 254-575 nt) used 
for PPRV lineage identification. Phylogenetic trees based on the complete H- and F- ORFs 
represent only three genetic lineages of PPRV (I, II and IV) whereas phylogenetic trees based 
on the partial H- and F- ORFs represent the four known genetic lineages of PPRV (I, II, III 
and IV). 
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China/Tibet/x11/2007     .......... .......... ...E...... .......... .......... ....K..... ..........   
India/Guj/2007           .......... .......... ...E...... .......... ........Q. .......... ..........     
India/Revati/2005        .......... .......... ...E...... .......... ........Q. .......... ..........   
India/Jhansi/2003        .......... .......... ...E...... .......... ........Q. .......... ..........   
India/Bhopal/2003        .......... .......... ...E...... .......... ........Q. .......... ..........   
India/Sungri/1996        .......... .......... ...E...... .......... ........Q. .......... ..........   
Morocco/2008             ........D. ....G..... ...E...... .......... .......... ......RS.. .........I   
Nigeria/1976/1           .......... .......... ..VE.....S ..R.EM.RL. .......... ......Q... ..........   
Nigeria/1975/1           .......... .......... ..VE.....S ..R.ER.RL. .......... ......Q... ..........   
Nigeria/1975/1_vaccine   .......... .......... ..VE.....S ..R.ER.RL. .......... ......Q... ..........   
Ivory_Coast/ICV1989      .......... .........D ...E.....S ..R.RR..L. ......S... .A....Q... .....L.... 
   

                G2                  G3 
                                 220        230        240        250        260        270        280             
                         ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
Iraq/Kurdistan/2011      EMKHNVSSVF TVVEEGLFGR TYTVWRSDAR DPSTDLGIGH FLRVFEIGLV RDLGLGPPVF HMTNYLTVNM   
Turkey/2000              .......... .......... .......... .......... .......... .......... ..........   
China/Bharal/2008        .......... .......... .......... .......... .........I .......... ..........   
China/Tibet/2007         .......... .......... .......... .......... .........I .......... ..........   
China/Tibet/2007-01      .......... .......... .......... .......... .........I .......... ..........   
China/Tibet/Geg/2007-30  .......... .......... .......... .......... .........I .......... ..........   
China/Tibet/x11/2007     .......... .......... .......... .......... .........I .......... ..........   
India/Guj/2007           .......... .......... .......... .....P.... .......... .......... ..........   
India/Revati/2005        .......... .......... .......... .....P.... .......... .......... ..........   
India/Jhansi/2003        .......... .......... .......... .....P.... .......... ........A. ..........   
India/Bhopal/2003        .......... .......... .......... .....P.... .......... .......... ..........   
India/Sungri/1996        .......... .......... .......... .....P.... .......... .......... ..........   
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Morocco/2008             .......... .......... ......F... .......... .......... .......... ..........   
Nigeria/1976/1           .......... .......... ........TG K...SP.... .......... ...E..A.I. ..........   
Nigeria/1975/1           .......... .......... ........TG K...SP.... .......... ...E..A.I. ..........   
Nigeria/1975/1_vaccine   .I........ .......... ........TG K...SP.... .......... ...E..A.I. ..........   
Ivory_Coast/ICV1989      ...N...... .......... ..I...P.VG N..I.S.A.. .......... ......A..L ....H.A...   

               G3 
                                 290        300        310        320        330        340        350             
                         ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
Iraq/Kurdistan/2011      SDDYRRCLLA VGELKLTALC TSSETVTLSE RGVPKREPLV VVILNLAGPT LGGELYSVLP TSDPMVEKLY   
Turkey/2000              .......... .......... S.......G. .......... .......... .......... ...L......   
China/Bharal/2008        .......... .......... .......... ..A....... .......... .......... ...L......   
China/Tibet/2007         .......... .......... .......... ..A....... .......... .......... ...L......   
China/Tibet/2007-01      .......... .......... .......... ..A....... .......... .......... ...L......   
China/Tibet/Geg/2007-30  .......... .......... .......... ..A....... .......... .......... ...L......   
China/Tibet/x11/2007     .......... .......... .......... ..A....... .......... .......... ...L......   
India/Guj/2007           .......... .......... .......... ......K... .......... .......... ...L......   
India/Revati/2005        .......... .......... .......... ......K... .......... .......... ...L......   
India/Jhansi/2003        .......... .......... .......... ......K... .......... .......... ...L......   
India/Bhopal/2003        .......... .......... .......... ......K... .......... .......... ...L......   
India/Sungri/1996        .......... .......... .......... ......K... .......... .......... ...L......   
Morocco/2008             .......... .......... .......... .......... .......... .......... ...L......   
Nigeria/1976/1           .....S.... .......... .P........ ..I....... .......... .......... ...L......   
Nigeria/1975/1           .....S.... .......... .P........ S......... .......... .......... .T..T.....   
Nigeria/1975/1_vaccine   .....S.... .......... .P........ S......... .......... .......... .T..T.....   
Ivory_Coast/ICV1989      ..G..S.... ......A... .P........ .......... .......... .......... ...LT....H   
 

                                                           C-terminal domain used for lineage identification 
                             G4 
                                 360        370        380        390        400        410        420             
                         ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
Iraq/Kurdistan/2011      LSSHRGIIKD DEANWVVPST DVRDLQNKGE CLVEACKTRP PSFCNGTGSG PWSEGRIPAY GVIRVSLDLA   
Turkey/2000              .......... .......... .......... .......... .......... .......... ..........   
China/Bharal/2008        .......... .......... .......... .......... .......... .......... ..........   
China/Tibet/2007         .......... .......... .......... .......... .......... .......... ..........   
China/Tibet/2007-01      .......... .......... .......... .......... .......... .......... ..........   
China/Tibet/Geg/2007-30  .......... .......... .......... .......... .......... .......... ..........   
China/Tibet/x11/2007     .......... .......... .......... .......... .......... .......... ..........   
India/Guj/2007           .......... .......... .......... .......... .......... .......... ........S.   
India/Revati/2005        .......... .......... .......... .......... .......... .......... ........S.   
India/Jhansi/2003        .......... .......... .......... .......... .......... .......... ........S.   
India/Bhopal/2003        .......... .......... .......... .......... .......... .......... ........S.   
India/Sungri/1996        .......... .......... .......... .......... .......... .......... .......NS.   
Morocco/2008             ......V... .......... .......... .......... .......... .......... ..........   
Nigeria/1976/1           .......... N......... .......... .......... ........I. .......... ..........   
Nigeria/1975/1           .......... N......... .......... .......... ........I. .......... ..........   
Nigeria/1975/1_vaccine   .......... N......... .......... .......... ........I. .......... ..........   
Ivory_Coast/ICV1989      .......... N......... .......... .......... ........V. .......... ..........   
 
                                 430        440        450        460        470        480        490             
                         ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
Iraq/Kurdistan/2011      SDPDVVITSV FGPLIPHLSG MDLYNNPFSG AVWLAVPPYE QSFLGMINTI GFPNRAEVMP HILTTEIRGP   
Turkey/2000              ...G...... .......... .........R .......... .......... .......... ..........   
China/Bharal/2008        .......... .......... .........R .I........ .......... .......... ..........   
China/Tibet/2007         .......... .......... .........R .I........ .......... .......... ..........   
China/Tibet/2007-01      .......... .......... .........R .I........ .......... .......... ..........   
China/Tibet/Geg/2007-30  .......... .......... .........R .I........ .......... .......... ..........   
China/Tibet/x11/2007     .......... .......... .........R .I........ .......... .......... ..........   
India/Guj/2007           ...G...... .......... .........R .......... .......... .......... ..........   
India/Revati/2005        ...G...... .......... .........R .......... .......... .......... ..........   
India/Jhansi/2003        ...G...... .......... .........R .......... .......... .......... ..........   
India/Bhopal/2003        ...G...... .......... .........R .......... .......... .......... ..........   
India/Sungri/1996        ...G...... .......... .........R .......... .......... .......... ..........   
Morocco/2008             ...G...... .......... .........R D......... .........V .......... ..........   
Nigeria/1976/1           ...G...... .......... .........R .A........ .......... ...D.V.... ..........   
Nigeria/1975/1           ...G...... .......... .........R .A........ .......... ...D...... ..........   
Nigeria/1975/1_vaccine   ...G...... .......... .........R .A........ .......... ...D...... ..........   
Ivory_Coast/ICV1989      ....I..... .......... .........S .......... .......... .L........ .......K..   
 
                                 500        510        520        530        540        550        560             
                         ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
Iraq/Kurdistan/2011      RSRCHVPIEL SRRVDDDIKI GSNMVILPTM DLRYITATYD VSRSEHAIVY YIYDTGRSSS YFYPVRLNFK   
Turkey/2000              .G........ .......... .........I .......... .......... .......... ..........   
China/Bharal/2008        .G........ .......... .......... .......... .......... .......... ..........   
China/Tibet/2007         .G........ .......... .......... .......... .......... .......... ..........   
China/Tibet/2007-01      .G........ X......... .......... .......... .X........ .......... ..........   
China/Tibet/Geg/2007-30  .G........ .......... .......... .......... .......... .......... ..........   
China/Tibet/x11/2007     .G........ .......... .......... .......... .......... .......... ..........   
India/Guj/2007           .G........ .......... .......... .......... ...R...... ......L... .Y........   
India/Revati/2005        .G........ .......... .......... .......... ...R...... ......L... .Y........   
India/Jhansi/2003        .G........ .......... .......... .......... ...R...... ......L... .Y........   
India/Bhopal/2003        .G........ .......... .......... .......... ...R...... ......L... .Y........   
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India/Sungri/1996        .G........ .......... .......... .......... ...R...... ......L... .Y........   
Morocco/2008             .G........ .......... .......... .......... .......... .......... ..........   
Nigeria/1976/1           .G...I.... ...I...... .....V...K .......... .......... .......... .........R   
Nigeria/1975/1           .G........ .S.I...... .....V...K .......... .......... .......... .........R   
Nigeria/1975/1_vaccine   .G........ .S.I...... .....V...K .......... .......... .......... .........R   
Ivory_Coast/ICV1989      .G........ ...I...... .....V...K ..K....... .......... .......... ....A.....   

         C-terminal domain used for lineage identification 
                                 570        580        590        600        610         
                         ....|....| ....|....| ....|....| ....|....| ....|....|  
 
Iraq/Kurdistan/2011      GNPLSLRIEC FPWRHKVWCY HDCLIYNTVT DEEVHTRGLT GIEVTCNPV*   
Turkey/2000              .......... .......... ........I. .......... .........*   
China/Bharal/2008        .......... .......... ........I. .......... .........*   
China/Tibet/2007         .......... .......... ........I. .......... .........*   
China/Tibet/2007-01      .......... .......... ........I. .......... .........*   
China/Tibet/Geg/2007-30  .......... .......... ........I. .......... .........*   
China/Tibet/x11/2007     .......... .......... ........I. .......... .........*   
India/Guj/2007           .......... .......... ........I. .......... .........*   
India/Revati/2005        .......... .......... ........I. .......... .........*   
India/Jhansi/2003        .......... .......... ........I. .......... ......IQS*   
India/Bhopal/2003        .......... .......... ........I. .......... ..K......*   
India/Sungri/1996        .......... .......... ........I. .......... .........*   
Morocco/2008             .......... .......... ........I. .......... .........*   
Nigeria/1976/1           .......... ...Y...... ........I. N....M.... .........*   
Nigeria/1975/1           .......... ...Y...... ........I. N......... .........*   
Nigeria/1975/1_vaccine   .......... ...Y...... ........I. N......... .........*   
Ivory_Coast/ICV1989      .......... ...H...... ........I. N....K...I .......SA*   

 
Fig. S1. Comparative analyses of the amino acid sequence encoded by the H ORF of PPRV Kurdistan 2011 with 
PPRV strains retrieved from NCBI GenBank database aligned using ClustalW and BioEdit programs. Dots (.) 
denote identical amino acids, letters in grey indicate similar amino acids, colored letters mark non-conservative 
amino acid differences and (x) tags missing amino acids. The amino acids representing the N-terminal proximal 
membrane anchor (amino acids 35-58) are underlined as are the amino acids 392-595 in the carboxy terminal 
region which are used for PPRV lineage identification. Potential sites for asparagine (N)-linked glycosylation 
[G1 (amino acids 172-175), G2 (amino acids 215-218), G3 (amino acids 279-282) and G4 (amino acids 395-
398)]. Six conserved residues for H-SLAM receptor binding at positions (Y529, D530, R533, F552, Y553 and 
P554).  
 
 
                    
       Signal Peptide   G1                     G2         G3                                                      
                                  10         20         30         40         50         60         70                    
                         ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
Iraq/Kurdistan/2011      MTRVAILTFL FLFPNAVACQ IHWGNLSKIG IVGTGSANYK VMTRPSHQTL VIKLMPNITA IDNCTKSEIA   
Turkey/2000              .......... .......... .......... .......S.. .......... .......... ..........   
India/Jhansi/2003        .......... Y......... .......... .......S.. .......... .......... ..........   
India/Bhopal/2003        .......... Y......... .......... .......S.. .......... .......... ..........   
India/Guj/2007           .......... Y......... .......... .......S.. .......... .......... ..........   
India/Revati/2006        .......... Y......... .......... .......S.. .......... .......... ..........   
India/Revati/2005        .......... Y......... .......... .......S.. .......... .......... ..........   
India/Sungri/1996        .......... Y......... .......... .......S.. .......... .......... ..........   
China/Tibet/Bharal/2008  .......... ..L..V.... .......... .......S.. .......... .......... .N........   
China/Tibet/2007         .......... ..L..V.... .......... .......S.. .......... .......... .N........   
China/Tibet/2007-01      .......... ..L..V.... .......... .......S.. .......... .......... .N........   
China/Tibet/Geg/2007-30  .......... ..L..V.... .......... .......S.. .......... .......... .N........   
China/Tibet/x11/2007     .......... ..L..V.... .......... .......S.. .......... .......... .N........   
Morocco/2008             .......... ..SL..I... .......... .......S.. .......... .......... ..........   
Nigeria/1976/1           .....T.V.. .....T.... .......... .......S.. .......... .......... .........S   
Nigeria/1975/1           .....T.V.. .....T.T.. .......... .......S.. .......... .......... .........S   
Nigeria/1975/1_vaccine   .....T.V.. .....T.T.. .......... .......S.. .......... .......... .........S   
Ivory_Coast/ICV1989      ..TIPT.K.. .FS.ITI... .......... .......S.R ....QA.... .......... .........S   
 

                  F0 Cleavage Site 
                                  80         90        100        110        120        130        140               
                         ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
Iraq/Kurdistan/2011      EYKRLLITVL KPVEDALSVI TKNVRPIQTL TPGRRTRRFA GAVLAGVALG VATAAQITAG VALHQSLMNS   
Turkey/2000              .......... .......... .......... .......... .......... .......... ..........   
India/Jhansi/2003        .......... .......... .......... .......... .......... .......... ..........   
India/Bhopal/2003        .......... .......... .......... .......... .......... .......... ..........   
India/Guj/2007           .......... .......... .......... .......... .......... .......... ..........   
India/Revati/2006        .......... .......... .......... .......... .......... .......... ..........   
India/Revati/2005        .......... .......... .......... .......... .......... .......... ..........   
India/Sungri/1996        .......... .......... .......... .......... .......... .......... ..........   
China/Tibet/Bharal/2008  .......... .......... .......... .......... .......... .......... ..........   
China/Tibet/2007         .......... .......... .......... .......... .......... .......... ..........   
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China/Tibet/2007-01      .......... .......... .......... .......... .......... .......... ..........   
China/Tibet/Geg/2007-30  .......... .......... .......... .......... .......... .......... ..........   
China/Tibet/x11/2007     .......... .......... .......... .......... .......... .......... ..........   
Morocco/2008             .......... .......... .......... .......... .......... .......... ..........   
Nigeria/1976/1           .......... .......... .......... .......... .......... .......... ..........   
Nigeria/1975/1           .......... .......... .......... .........V .......... .......... ..........   
Nigeria/1975/1_vaccine   .......... .......... .......... .........V .......... .......... ..........   
Ivory_Coast/ICV1989      .......... .......... ....K..... .......... .......... .......... ..........   
 
                                 150        160        170        180        190        200        210             
                         ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
Iraq/Kurdistan/2011      QAIESLKTSL EKSNQAIEEI RLANKETILA VQGVQDYINN ELVPSVHRMS CELVGHKLGL KLLRYYTEIL   
Turkey/2000              .......... .......... .......... .......... .......... .......... ..........   
India/Jhansi/2003        .......... .......... .......... .......... .......... .......... ..........   
India/Bhopal/2003        .......... .......... .......... .......... .......... .......... ..........   
India/Guj/2007           .......... .......... .......... .......... .......... .......... ..........   
India/Revati/2006        .......... .......... .......... .......... .......... .......... ..........   
India/Revati/2005        .......... .......... .......... .......... .......... .......... ..X.......   
India/Sungri/1996        .......... .......... .......... .......... .......... .......... ........T.   
China/Tibet/Bharal/2008  .......... .......... .......... .......... .......... .......... ..........   
China/Tibet/2007         .......... .......... .......... .......... .......... .......... ..........   
China/Tibet/2007-01      .......... .......... .......... .......... .......... .......... ..........   
China/Tibet/Geg/2007-30  .......... .......... .......... .......... .......... .......... ..........   
China/Tibet/x11/2007     .......... .......... .......... .......... .......... .......... ..........   
Morocco/2008             .......... .......... .......... ...I...... .......... .......... ..........   
Nigeria/1976/1           .......... .......... .......... .......... .......... ........S. ..........   
Nigeria/1975/1           .......... .......... .......... .......... .......... ........S. ..........   
Nigeria/1975/1_vaccine   .......... .......... .......... .......... .......... ........S. ..........   
Ivory_Coast/ICV1989      .......... .......... .......V.. .........S .......K.. ........S. ..........   
 
                                 220        230        240        250        260        270        280             
                         ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
Iraq/Kurdistan/2011      SIFGPSLRDP IAAEISIQAL SYALGGDINK ILDKLGYSGG DFLAILESKG IKARVTYVDT RDYFIILSIA   
Turkey/2000              .......... .......... .........R .......... .......... .......... ..........   
India/Jhansi/2003        .......... .......... .......... .......... .......... .......... ..........   
India/Bhopal/2003        .......... .......... .......... .......... .......... .......... ..........   
India/Guj/2007           .......... .......... .......... .......... .......... .......E.. ..........   
India/Revati/2006        .......... .......... .......... .......... .......... .......... ..........   
India/Revati/2005        ...XX..... .......... .......... .......... .......... .......... ..........   
India/Sungri/1996        .......... .......... .......... .......... .......... .......... ..........   
China/Tibet/Bharal/2008  .......... .......... .......... .......... .......... .......... ..........   
China/Tibet/2007         .......... .......... .......... .......... .......... .......... ..........   
China/Tibet/2007-01      .......... .......... .......... .......... .......... .......... ..........   
China/Tibet/Geg/2007-30  .......... .......... .......... .......... .......... .......... ..........   
China/Tibet/x11/2007     .......... .......... .......... .......... .......... .......... ..........   
Morocco/2008             .......... .......... .......... .......... .......... .......... ..........   
Nigeria/1976/1           .......... .......... .......... .......... .......... .......... ..........   
Nigeria/1975/1           .......... .......... .......... .......... .......... .......... ..........   
Nigeria/1975/1_vaccine   .......... .......... .......... .......... .......... .......... ..........   
Ivory_Coast/ICV1989      .......... .......... .......... .........E .......... .......... ..........   
 
                                 290        300        310        320        330        340        350             
                         ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
Iraq/Kurdistan/2011      YPTLSEIKGV IVHKIEAITY NIGAQEWYTT VPKYVATQGY LISNFDETSC VFTPEGTVCS QNALYPMSPL   
Turkey/2000              .......... .......... .......... I......... .......... ....D..... ..........   
India/Jhansi/2003        .......... .......... .......... I......... .......... .......... ..........   
India/Bhopal/2003        .......... .......... .......... I......... .......... .......... ..........   
India/Guj/2007           .......... .......... .......... I......... .......... .......... ..........   
India/Revati/2006        .......... .......... .......... I......... .......... .......... ..........   
India/Revati/2005        .......... .......... .......... I......... .......... .......... ..........   
India/Sungri/1996        .......... ........S. ...T...... I......... .......... .......... ..........   
China/Tibet/Bharal/2008  .......... .......... .......... I......... .......... .......... ..........   
China/Tibet/2007         .......... .......... .......... I......... .......... .......... ..........   
China/Tibet/2007-01      .......... .......... .......... I......... .......... .......... ..........   
China/Tibet/Geg/2007-30  .......... .......... .......... I......... .......... .......... ..........   
China/Tibet/x11/2007     .......... .......... .......... I......... .......... .......... ..........   
Morocco/2008             .......... .......... .......... I......... .......... .......... ..........   
Nigeria/1976/1           .......... ........S. .......... I......... .......... .......... ..........   
Nigeria/1975/1           .......... ........S. .......... I.R....... .......... .......... ..........   
Nigeria/1975/1_vaccine   .......... ........S. .......... I.R....... .......... .......... ..........   
Ivory_Coast/ICV1989      .......... ........S. .......... I......... .......... .......... ..........   
 
                                 360        370        380        390        400        410        420             
                         ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
Iraq/Kurdistan/2011      LQECFRGSTK SCARTLVSGT ISNRFILSKG NLIANCASVL CKCYTTETVI SQDPDKLLTV VASDKCPVVE   
Turkey/2000              .....Q.... .......... .......... .......... .......... .......... ..........   
India/Jhansi/2003        .......... .......... .......... .......... .......... .......... ..........   
India/Bhopal/2003        .......... .......... .......... .......... .......... .......... ..........   
India/Guj/2007           .......... .......... .......... .......... .......... .......... ..........   
India/Revati/2006        .......... .......... .......... .......... .......... .......... ..........   
India/Revati/2005        .......... .......... .......... .......... .......... .......... ..........   
India/Sungri/1996        .......... .......... .G........ .......... .......... .......... ..........   
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China/Tibet/Bharal/2008  .......... .......... .......... .......... .......... .......... ..........   
China/Tibet/2007         .......... .......... .......... .......... .......... .......... ..........   
China/Tibet/2007-01      .......... .......... .......... .......... .......... .......... ..........   
China/Tibet/Geg/2007-30  .......... .......... .......... .......... .......... .......... ..........   
China/Tibet/x11/2007     .......... .......... .......... .......... .......... .......... ..........   
Morocco/2008             .......... .......... .......... .......... .......... .......... ..........   
Nigeria/1976/1           .......... .......... T......... .......... .......... N......... I.........   
Nigeria/1975/1           .......... .......... T......... .......... .......... N......... I.........   
Nigeria/1975/1_vaccine   .......... .......... T......... .......... .......... N......... I.........   
Ivory_Coast/ICV1989      .......... .......... T......... .......... .......... .......... I....W....   
 

            Leucine Zipper                         
                                 430        440        450        460        470        480        490             
                         ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
Iraq/Kurdistan/2011      VDGVTIQVGS REYPDSVYLH KIDLGPAISL EKLDVGTNLG NAVTRLENAK ELLDASDQIL KTVKGVPFGG   
Turkey/2000              .......... .......... .......... .......... .......... .......... ..........   
India/Jhansi/2003        .......... .......... .......... .......... .......... .......... ..........   
India/Bhopal/2003        .......... .......... .......... .......... .......... .......... ..........   
India/Guj/2007           .......... .......... .......... .......... .V........ .......... ..........   
India/Revati/2006        .......... .......... .......... .......... .......... .......... ..........   
India/Revati/2005        .......... .......... .......... .......... .......... .......... ..........   
India/Sungri/1996        .......... .......... .......... .......... .......... .......... ..........   
China/Tibet/Bharal/2008  .......... .......... .......... .......... .......... .......... .....A....   
China/Tibet/2007         .......... .......... .......... .......... .......... .......... .....A....   
China/Tibet/2007-01      .......... .......... .......... .......... .......... .......... .....A.L..   
China/Tibet/Geg/2007-30  .......... .......... .......... .......... .......... .......... .....A.L..   
China/Tibet/x11/2007     .......... .......... .......... .......... .......... .......... .....A....   
Morocco/2008             .......... .......... .......... .......... .......... .......... ...N......   
Nigeria/1976/1           .......... .......... .......... .......... .......... .......... ........S.   
Nigeria/1975/1           .......... .......... E......... .......... .......... .......... ........S.   
Nigeria/1975/1_vaccine   .......... .......... E......... .......... .......... .......... ........S.   
Ivory_Coast/ICV1989      .......... .......... .......... .......... .......... .......... .......L..   
 

                           Membrane anchor 
                                 500        510        520        530        540                 
                         ....|....| ....|....| ....|....| ....|....| ....|....| ....|.. 
Iraq/Kurdistan/2011      NMYIALATCI GVSLGLVTLI CCCKGRCKNK EVPISKINPG LKPDLTGTSK SYVRSL*  
Turkey/2000              .......A.. .......... .......... .......... .......... ......*  
India/Jhansi/2003        .......A.. .......... .......... .I........ .......... ......*  
India/Bhopal/2003        .......A.. .......... .......... .I........ .......... ......*  
India/Guj/2007           .......A.. .......... .......... .I........ .......... ......*  
India/Revati/2006        .......A.. .......... .......... .I........ .......... ......*  
India/Revati/2005        .......A.. .......... .......... .I........ .......... ......*  
India/Sungri/1996        .......A.. .......... .......... .I........ .......... ......*  
China/Tibet/Bharal/2008  .......A.. .......... .......... .I........ .......... ......*  
China/Tibet/2007         .......A.. .......... .......... .I........ .......... ......*  
China/Tibet/2007-01      .......A.. .......... .......... .I........ .......... ......*  
China/Tibet/Geg/2007-30  .......A.. .......... .......... .I........ .......... ......*  
China/Tibet/x11/2007     .......A.. .......... .......... .I........ .......... ......*  
Morocco/2008             .......A.. .......... .......... .I........ .......... ......*  
Nigeria/1976/1           .......A.. .......... .......... .I.A...... .......... ......*  
Nigeria/1975/1           .I.....A.. .......... .......R.. .I.A...... .......... ......*  
Nigeria/1975/1_vaccine   .I.....A.. .......... .......R.. .I.A...... .......... ......*  
Ivory_Coast/ICV1989      .L..G..A.. .......... .......R.. .I.T...... .......... ......*  
 

 
Fig. S2. Comparative sequence analyses of the amino acid sequence encoded by the F ORF of PPRV Kurdistan 
2011 with PPRV strains retrieved from NCBI GenBank database aligned using ClustalW and BioEdit programs. 
Dots (.) denote identical amino acids, letters in grey indicate similar amino acids, colored letters mark non-
conservative amino acid differences and (x) tags missing amino acids. The amino acids representing the N-
terminal signal peptide (aa 1-19), three conserved glycosylation sites [G1 (aa 25-27), G2 (aa 57-59) and G3 (aa 
63-65)], the F0 cleavage site (aa 104-108), the conserved leucine zipper/zinc finger domain (aa 459-480), and the 
non-conserved domain at the C-terminus (aa 485-518) which contains the hydrophobic membrane anchor 
domain (485-502 aa). The conserved region of the F-gene sequence which is often used for lineage identification 
for different PPRV strains consists of 108 aa (85-192 aa). 
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5.1. Abstract 

PPRV, a member of the Paramyxoviridae family expresses two membrane glycoproteins, the 

haemagglutinin (H) and the fusion (F) protein which are involved in initiation of the viral 

infection and in membrane fusion processes leading to the induction of syncytia in PPRV 

infected cell cultures which, however, were not observed in VeroMontpellier cells after infection 

with the vaccine strain PPRV Nigeria 75/1. Monospecific sera, raised in rabbits against 

bacterial fusion proteins proved to be suitable for indirect immunofluorescence, 

immunoblotting and immunoprecipitation and thus were used to further characterize PPRV 

Nigeria 75/1 F and H expression and maturation in infected VeroMontpellier cells. The results 

suggest that F does not mature efficiently - if at all - during intracellular transport which can 

explain the inability for detectable syncytia formation in these cells. This impotence may, 

however, be of advantage for virus yield because achievable final titers were 100 fold lower 

in syncytia-forming Vero/dog-SLAM cells.  

 

5.2. Introduction 

Peste des petits ruminants (PPR) - known also as goat plague or pseudo-Rinderpest of small 

ruminants - is a highly contagious disease, notifiable to the World Organization for Animal 

Health (OIE, 2013). PPR initially emerged as a fatal disease leading to high mortalities in 

sheep and goats in Ivory-coast (Cote D’Ivore) in West-Africa in 1942 (Gargadennec and 

Lalanne, 1942). The causative agent “peste des petits ruminants virus” (PPRV) is classified as 

a member of the genus Morbillivirus in the family Paramyxoviridae along with rinderpest 

virus (Gibbs et al., 1979). The disease affects domestic and wild small ruminants and camels 

(Lefevre and Diallo, 1990; Furley et al., 1987; Abu Elzein et al., 2004; Roger et al., 2001; 

Khalafalla et al., 2010). Devastating epidemics of PPRV occurred in Africa and Asia. 

Outbreaks in North Africa, the Middle East and Turkey pose a threat for introduction into 

Europe (Banyard et al., 2010; Kwiatek et al., 2011; Albina et al., 2013; Libeau et al., 2014). 

Emergence of PPR was reported in Africa and Asia following the global eradication of the 

closely related rinderpest in 2011. PPR is a fast spreading disease characterized by a 

morbidity reaching 90% and even more in acute cases and a mortality ranging between 50% 

and 80% (Losos, 1986; Kitching, 1988).  
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The RNA genome of PPRV is non-segmented, single stranded of negative polarity and 15.948 

nucleotides (nts) long. The genome consists of six non overlapping transcription units 

encoding six structural proteins (Bailey et al., 2005; Chard et al., 2008). In addition, two 

nonstructural proteins (C and V) are found in infected cells which derive from the P protein 

transcription unit by RNA editing (Mahapatra et al., 2003). Only one PPRV serotype exists, 

however, different strains from epidemiological point of view were further clustered into four 

genetic lineages (I, II, III and IV) according to differences either in a partial sequence of F- 

(Forsyth and Barrett, 1995; Shaila et al., 1996; Dhar et al., 2002; Ozkul et al., 2002), N- 

(Couacy-Hymann et al., 2002; Kwiatek et al., 2007) or H- (Kaul, 2004; Balamurugan et al., 

2010) genes.  

The haemagglutinin (H) and the fusion protein (F) are glycoproteins integrated in the viral 

envelope. H promotes attachment of the virus to the host cells and, in addition, possesses 

neuraminidase and haemagglutination activity for red blood cells (Seth and Shaila, 2001; 

Wosu, 1985), a characteristic that is missing for H of RPV. Therefore, HA and HI tests are 

performed as cheap, rapid and easy diagnostic methods for differentiation between PPRV and 

RPV (Wosu, 1991; Ezeibe et al., 2004; Osman et al., 2008). The open reading frame (ORF) 

encoding H of PPRV is 1827 nucleotides long and encodes a protein of 609 amino acids (aa) 

with a predicted apparent molecular mass of 68 KDa (Bailey et al., 2005; Dhar et al., 2006). F 

mediates fusion of the viral envelope with the host cell plasma membrane allowing 

penetration of the virus and thus release of the ribonucleocapsid into the cytoplasm where 

replication takes place (Seth and Shaila, 2001). Expression of wild type virion F also mediates 

fusion between infected and adjacent cells resulting in syncytia and thus enables viral spread 

within the host without need for complete viral particles (Lamb, 1993). In addition, purified F 

protein of PPRV can cause hemolysis (Devireddy et al., 1999). The ORF encoding F is 1638 
bases and the 546 aa primary sequence has a predicted apparent molecular mass of about 60 

KDa (Bailey et al., 2005; Dhar et al., 2006). F is synthesized as F0, a fusion-inactive precursor 

which after intracellular transport is cleaved by host cell trypsin-like proteases into F1 (438 

amino acids) and F2 (89 amino acids) subunits which are covalently linked by two disulphide 

bonds. This cleavage is regarded to be essential for the virus to become fusogenic and thus 

infectious. F1 possesses a highly conserved N-terminal segment which mediates cell fusion 

whereas the conserved C-terminal region is proposed to mediate interactions between M and 
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F proteins (Scheid and Choppin, 1977; Meyer and Diallo, 1995; Chard et al., 2008). The 

interaction of H and F with the host cell membrane mediates initiation of the infection. Both 

H and F are involved in the induction of a strong protective antibody and cell mediated 

immune response. Of note, neutralizing antibodies are directed mainly against H (Diallo et al., 

2007; Chen et al., 2010).  

Since cleavage of paramyxovirus F0 is known to be essential for fusogenicity and thus for 

infectious replication which results in induction of syncytia in infected cell cultures, it was 

surprising that experiments to analyze efficacy of shRNA against PPRV (Nizamani et al., 

2011) revealed that PPRV induced plaques in VeroMontpellier cells did not contain detectable 

syncytia (see also Fig.1).  

Here we present analyses of the expression and intracellular maturation of PPRV Nigeria 75/1 

vaccine strain F and H in VeroMontpellier cells using newly generated monospecific antisera 

against both glycoproteins which proved to be suitable for application in immunoblotting and 

immunoprecipitation assays. The results indicate that F, in contrast to H, matures at most 

inefficient during intracellular transport which might explain the inability for detectable 

syncytia formation in VeroMontpellier cells. 

 

5.3. Results 

Due to the lack of antibodies against PPRV F and H that are reactive in Western blots and/or 

immunoprecipitation to analyse e.g. kinetics of expression or intracellular transport of the 

glycoproteins and limited availability of F- and H- specific monoclonal antibodies suitable 

only for indirect immunofluorescence, partial open reading frames (ORFs) of F and H of 

PPRV Nigeria 75/1 were cloned in-frame with the maltose binding protein (MBP) ORF into 

the bacterial expression vector pMal-p2X. Selection of the ORF segments was based on in-

silico analyses of hydrophilicity, surface probability and antigenic index of the respective 

deduced amino acid sequences using GCG program peptidestructure (Genetics Computer 

Group (GCG), Wisconsin Package, Version 10.3).  

After induction of fusion protein expression in E.coli using multiple constructs, only pMal-

PPRV-H57-396 (K19 to D132), pMal-PPRV-H57-609 (K19 to L203), and pMal-PPRV-F392-490 

(V131 to D164) yielded detectable amounts of the respective MBP-fusion proteins. Since pMal-

PPRV-H57-396 and pMal-PPRV-H57-609 encoded proteins were unstable, which resulted in 
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only low amounts of purified full length fusion proteins (data not shown), purifications of 

both were pooled and used for the immunization of two rabbits as was done with the purified 

pMal-PPRV-F392-490 protein. 

To test for the reactivity of the resulting antisera, Vero cells were infected with PPRV Nigeria 

75/1 or vaccinia virus WR as a control. Infected cultures were fixed after development of 

plaques, permeabilized and incubated with the rabbit sera spiked with mouse monoclonal 

antibodies against PPRV-F (α-F-2/4-9) or PPRV-H (α-H-2/3). The result, shown in Fig. 10A, 

demonstrated that the rabbit sera did not bind to vaccinia virus infected VeroMontpellier cells but 

reacted specifically with PPRV infected cells and indicated that sera α-PPRV-F #444 and α-

PPRV-H #438 yielded slightly better fluorescence intensities than their respective pairs and 

thus were preferred in further experiments. To elucidate whether antibodies in the polyclonal 

sera bind to their target proteins on the surface of infected cells, cultures with PPRV induced 

plaques were fixed only. Fig. 10B shows that the epitopes for α-PPRV-F #444 and α-PPRV-

H #438 are exposed on the surface of PPRV infected cells and suggests that both sera 

recognize correctly transported mature F and H, respectively, as do monoclonal antibodies α-

H-2/3 and α-F-2/4-9. Of note, induction of syncytia by PPRV Nigeria 75/1 in Vero cells as 

has been described by Seth and Shaila (2001) and Mahapatra et al. (2006) was again not 

observed in infected VeroMontpellier cell cultures (Fig. 10). That PPRV Nigeria 75/1 possesses 

the capacity for syncytium formation in Vero cells, however, is demonstrated by infection of 

Vero/dog-SLAM cell cultures (von Messling et al., 2003) with PPRV Nigeria 75/1 in which 

large syncytia had developed at 48 h p.i. which were comparable in size to syncytia induced 

by PPRV Kurdistan 2011, used as a control (Fig. 11). 

Although the epitopes recognized by the monospecific sera were displayed on the surface of 

PPRV Nigeria 75/1 infected cells, virus neutralization assays, plated on VeroMontpellier cells 

without and with guinea pig complement, gave no indication for virus neutralization by all 

monospecific rabbit sera whereas monoclonal antibody H-2/3 and a serum from a PPRV-

infected goat, included as controls, neutralized PPRV to 50% at dilutions of 1:3000 and 

1:10000 with complement and 1:400 and 1:1000 without complement, respectively. 

Uninfected goat control serum and monoclonal antibody F-2/4-9 did not neutralize PPRV in 

absence or presence of complement (data not shown).  
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Protein specificity of the monospecific sera was proven by their binding to the respective 

target proteins in RK13 cells transfected with expression plasmids for PPRV Nigeria 75/1 and 

PPRV Kurdistan 2011 F (pCAGGS-FN and pCAGGS-FK) and H (pCAGGS-HN and 

pCAGGS-HK) (Fig. 12). Again, no evidence for formation of syncytia was found, 

independent of expression of F alone or after homo- or heterotypic co-expression of F and H 

(the latter is not shown) which is also in contrast to Seth and Shaila (2001) who reported 

PPRV F mediated cell-cell fusion in CV-1 cells.  

To find an explanation for the lack of detectable syncytium formation, intracellular 

maturation and transport of F and H was monitored in pulse/chase experiments which 

revealed that the F precursor molecule (pF) exhibits an apparent molecular mass of 62 kDa 

(Fig. 13A, lane 2). The F precursor becomes converted into a 64 kDa form during the 150 

minutes chase period, indicating that pF reaches the Golgi apparatus where N-glycans are 

converted from the mannose-rich to the complex form and/or O-glycans are added resulting in 

uncleaved F0. However, cleavage into the F1 and F2 subunits in the trans-Golgi network 

(TGN) seems not to occur efficiently because conversion of F0 into faster migrating proteins 

is not apparent (Fig. 13A). This conclusion is supported by the absence of the subunits after 

long-time labeling which results in a more diffusely migrating fusion protein form (Fig. 13A, 

lane 8). In contrast, conversion of the 82 kDa precursor of H (pH) to the mature 85 kDa form, 

which is still incomplete after 150 min chase (Fig. 13B, lane 7) appears completely converted 

into the mature 85 kDa haemagglutinin in the sample metabolically labeled from 36 to 120 h 

p.i. (Fig. 12B, lane 8). In conclusion, the pulse/chase experiments suggest that H matures 

from a 82 kDa precursor form to the 85 kDa mature glycoprotein whereas the 62 kDa pF is 

converted into the 64 kDa F0 which, however, appears to remain uncleaved. Since cleavage of 

paramyxoviral F0 proteins is regarded to be essential for membrane fusion activity, F0 

cleavage deficiency in VeroMontpellier cells can be causative for the absence of syncytia after 

infection with PPRV Nigeria 75/1 or after transient expression mediated by transfected 

plasmids as shown in Figs. 10 and 12, respectively.  

The conclusion that F0 is not cleaved to an unequivocally detectable degree or is even not 

cleaved at all during PPRV Nigeria 75/1 replication in VeroMontpellier cells was supported by 

monitoring the kinetics of F and H expression from 18 h p.i until 5 days after infection using 

α-PPRV-F#444 or α-PPRV-H#438. As can be seen in Fig. 14, antibodies in both sera are also 



Manuscript-2 
 
 
 

103 
 

reactive efficiently in Western blots and detect F and H only at 48 hours after infection. The 

respective signals increase in abundance slowly until 120 h p.i. suggesting a relatively slow 

productive replication. Fig. 14A demonstrates that there is no evidence for cleavage of F0 

even at 5 days p.i. after low MOI infection. Expression of H follows a comparable kinetics 

(Fig. 14B). In addition, slower migrating proteins with about twice the size of each F or H 

become detectable by α-PPRV-F#444 and α-PPRV-H#438, respectively, at about 96 h p.i. 

These slower migrating forms, which can also be seen appearing in Fig. 13 but are not 

detectable in Western blots analyzing transient expression of F and H in RK13 cells 

transfected with plasmids delivering F and H genes from PPRV Nigeria 75/1 and Kurdistan 

2011 strains (Fig. 15). Thus, the formation of the antisera-reactive high molecular weight 

proteins may be time dependent or may need expression of additional viral functions. In lane 

4 in Fig. 15 showing α-PPRV-F#444-reactive proteins from PPRV infected VeroMontpellier cells 

a minor protein band appears below the predominant F0 signal. The apparent molecular mass 

of the corresponding protein is around 48 kDa and thus may represent the F1 subunit (Herbert 

et al., 2014; Rahman et al., 2003). This protein may be, however, also a degradation product 

of F0.  

 

5.4. Discussion 

PPRV F and H are integral membrane proteins and appear as spikes on the surface of virions. 

They are pivotal for initiation of the infection for which H performs attachment to the target 

cell and F mediates fusion of the viral and cellular membranes. In contrast to other 

morbilliviruses, PPRV F alone is capable to induce cell fusion (Seth and Shaila, 2001; 

reviewed in Kumar et al., 2014). The only N-glycosylated F precursor F0 is cleaved by furin 

at the consensus cleavage site R-R-T-R-R where R stands for arginine, and T for threonine. 

Cleavage of F0 is regarded as essential for virus infectivity and membrane fusion (reviewed in 

Kumar et al., 2014) which in Vero cells infected with PPRV Nigeria 75/1 or in CV-1 cells 

transfected with F-encoding expression plasmids results in formation of syncytia (Mahapatra 

et al., 2006; Seth and Shaila, 2001). Since syncytium formation in VeroMontpellier cell cultures 

was not observed after infection with PPRV Nigeria 75/1 although the virus grew to titers up 

to 5x106 TCID50/ml which is more than 100 fold higher as achieved by Mahapatra et al. 

(2006), we addressed the question whether processing of F and/or H might be involved in this 
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apparently specific feature of VeroMontpellier cells. H was included in the analyses because for 

some paramyxoviruses presence of the attachment glycoprotein is beneficial or even 

necessary for induction of membrane fusion. Since available monoclonal antibodies F-2/4-9 

and H-2/3 were suitable for detection of F and H by indirect immunofluorescence within and 

on the surface of PPRV-infected cells but failed to recognize the respective glycoproteins in 

western blots and immunoprecipitation assays, monospecific sera were raised in rabbits which 

proved to bind to their target proteins in the applications mentioned above. Although indirect 

immunofluorescence experiments demonstrated that the epitopes recognized by the sera are, 

as expected from their respective positions in the proteins, exposed on the outside of the cell 

membrane, all sera did not exhibit virus neutralization activity in absence or presence of 

complement. Such a result is not unusual and may be due to inaccessibility of the epitopes in 

the viral envelope. Specificity of the polyclonal rabbit sera was demonstrated by their 

reactivity with transiently expressed F and H from PPRV Nigeria 75/1 vaccine strain and the 

wild type Kurdistan 2011 isolate. Again, neither F-expression of either strain alone nor homo- 

or hetero-expression of F and H revealed evidence for syncytium formation. Since 

intracellular transport of glycoproteins can be followed by pulse/chase experiments using 

[14C]-labeled (Schlesinger and Schlesinger, 1972) or [35S]-labeled (König et al., 2004) amino 

acids, maturation of F and H in PPRV infected VeroMontpellier cells was monitored after a 60 

minutes pulse with [35S]-methionine. As expected for a type II integral membrane protein, the 

H precursor molecules with an apparent molecular mass of 82 kDa was modified during 

intracellular transport to the probably 85 kDa apparent molecular mass mature protein. 

Surprisingly, the putative 62 kda F precursor molecules was modified to the 64 kDa F0 which, 

however, was apparently not cleaved into the expected 48 kDa F1 (Herbert et al., 2014; 

Rahman et al., 2003) during the chase period or after long time labeling (Fig. 13) which 

suggest that F maturation is impaired with regard to cleavage in PPRV Nigeria 75/1 infected 

cells. This interpretation is supported by the analyses of the apparent molecular masses of F 

expressed in the time course of an infection (Fig. 14) or after transient expression (Fig. 15) 

which did not reveal unequivocal presence of the F0 cleavage product.  

In summary, we showed that PPRV Nigeria 75/1 is at least not efficiently cleaved in 

VeroMontpellier cells which coincides with the absence of detectable syncytium formation 

despite development of plaques after low MOI inoculation and a complete CPE around 6 days 
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after infection with an MOI of 0.2 to 0.5. Whether the observed phenotype  - productive virus 

infection in absence of syncytia - is correlated to Nectin-4 expression mediated entry of PPRV 

Nigeria 75/1 grown on VeroMontpellier cells as has been described by Birch et al. (2013) for 

infection of sheep kidney epithelial cells with PPRV Ivory Coast 1989 strain needs to be 

elucidated. 

 

5.5. Conclusions 

We describe use of new monospecific rabbit sera directed against PPRV F and H for analyses 

of intracellular transport and maturation of PPRV Nigeria 75/1 vaccine strain F and H 

proteins in infected VeroMontpellier cells by indirect immunofluorescence, western blotting and 

immunoprecipitation. The results demonstrate that F, in contrast to H, appears to be at least 

insufficiently processed. Neither pulse/chase experiments nor long time kinetics provided 

evidence that F0 is significantly cleaved into F1 and F2, a step regarded as essential for F 

mediated membrane fusion. Consequently, no syncytia were seen in PPRV Nigeria 75/1 

infected VeroMontpellier cells whereas large syncytia developed 24 h to 48 h p.i. in PPRV 

Nigeria 75/1 infected Vero/dog-SLAM cells. Thus, failure to efficiently cleave F and form 

syncytia is due to specifics of VeroMontpellier cells. 

 

5.6. Materials and methods 

5.6.1. Virus strains and cells 

The vaccine strain PPRV Nigeria 75/1, lineage I (Diallo et al., 1989) was kindly provided by 

Geneviève Libeau and Emmanuel Albina (CIRAD, Montpellier, France). PPRV Kurdistan 

2011, a virulent lineage IV strain, isolated recently from wild goats “Capra aegagrus” from 

Kurdistan region in Iraq (Hoffmann et al., 2012; Wernike et al., 2014) was kindly provided by 

Michael Eschbaumer (FLI, Insel Riems).  

VeroMontpellier cells (kindly provided by Emmanuel Albina, CIRAD, Montpellier, France) and 

Vero/dog-SLAM cells (kindly provided by Tom Barrett, Pirbright, UK) were maintained in a 

1:1 mixture of Minimum essential medium [MEM Eagle (Hank's salts) (Sigma) and MEM 

(Earle’s salts)] supplemented with 10% fetal calf serum. 
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5.6.2. Plasmids and antibodies 

Plasmids H.PC and F.PC which contained the ORFs encoding H and F of PPRV Nigeria 75/1, 

monoclonal antibodies directed against H (named H-2/3) and F (named F-2/4-9) and PPRV 

antibody positive and negative goat sera were kindly provided by Geneviève Libeau and 

Emmanuel Albina (CIRAD Montpellier, France).  

Cloning of cDNA encompassing the ORFs for F and H of PPRV Nigeria 75/1 and Kurdistan 

2011 into plasmid vector pSP73 is described elsewhere (Osman et al., submitted). All cloning 

procedures for expression of fusion proteins in bacteria were done following standard 

procedures (Sambrook and Russell, 2001). 

Selected fragments from the H and F ORFs encoding amino acids 57-396 and 57-609 of H 

and amino acids 392-490 of F were amplified using primer pairs listed in Table 9. Amplicons 

were cleaved with HindIII or HindIII and XbaI (see Table 9) and integrated in frame to the 

maltose binding protein (MBP) ORF contained in plasmid pMal-p2X (New England Biolabs, 

Dreieich, Germany) digested with the respective enzymes. Correct sequences of the resulting 

plasmids pMal-PPRV-H57-396, pMal-PPRV-H57-609, and pMal-PPRV-F392-490 were 

determined using primers pMal+ and PPRV-H620+ (Table 9). Expression and purification of 

the MBP fusion proteins was performed as recommended by New England Biolabs (pMAL™ 

Protein Fusion & Purification System, www.neb.com). 

For transient expression experiments the ORFs encoding H and F of PPRV Nigeria 75/1 and 

Kurdistan 2011 strains were excised from the respective pSP73 based plasmids with HindIII 

and BglII, respectively, blunt ended using Klenow DNA polymerase and integrated into 

expression vector pCAGGS (Niwa et al., 1991), blunt ended after cleavage with EcoRI. The 

resulting plasmids were named pCAGGS-PPRV-HN(Nigeria 75/1) and -HK(Kurdistan 2011), and  

pCAGGS-PPRV-FN  and -FK, respectively. 

 

5.6.3. Preparation of PPRV-H and PPRV-F antisera in rabbits 

Purified fusion proteins Mal-PPRV-F392-490 and pooled Mal-PPRV-H57-396 and Mal-

PPRV-H57-609 were used for the immunization of 2 rabbits each with 1.0 mg of PPRV-F or 

0.8 mg of PPRV-H pool purified fusion proteins, respectively, dissolved in 1000 µl PBS- and 

mixed with an equal volume of Freund’s complete adjuvants for the first injection. Rabbits 

were boostered 4 times in 4 weeks intervals with the same amount of antigen, mixed with 
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Freund’s incomplete adjuvants. The animals were exsanguinated and serum was collected 

after centrifugation of the blood at 3000 rpm for 5 min, inactivated at 56°C for 30 min and 

stored in aliquots at -20°C. 

 

5.6.4. Virus neutralization assays 

Samples (approximately 100 PFU) of the PPRV Nigeria 75/1 vaccine strain were incubated 

with serial dilutions of the respective sera and monoclonal antibodies in a final volume of 100 

µl of cell culture medium with or without 5% normal rabbit serum as a source of complement, 

and plated onto VeroMontpellier cells after 1 h at 37°C. The cultures were overlaid with semisolid 

medium 2 h later, and plaques were counted 2-3 days after infection. The percent 

neutralization-resistant infectivity was calculated from the results with controls incubated 

without antibody. 

 

5.6.5. SDS-PAGE and Western blotting  

Bacterial and eukaryotic cell pellets were resuspended in protein sample buffer and sonicated 

3 times for 20 seconds at 40 W in a Branson ultrasonic water bath. ß-mercaptoethanol was 

added to 4% end concentration. After incubation at 85°C for 10 minutes, proteins were 

separated by sodium dodecyl sulfate-10%polyacrylamide gel electrophoresis (SDS-

10%PAGE) and transferred to nitrocellulose membranes using a Trans-Blot® SD Semi-Dry 

Transfer Cell (Bio-Rad) at 20V for 45 min. Membranes were incubated in PBS-/6% skimmed 

milk powder for 1 h at room temperature and probed with 1:5000 dilutions of anti-PPRV-H or 

anti-PPRV-F in PBS- containing 0.1% Tween 20 and 0.6% skimmed milk powder for 1-2 h at 

RT or overnight at 4°C. Bound antibodies were visualized by incubation with peroxidase-

conjugated affinipure F(ab’)2 fragment goat anti-rabbit IgG (H+L) (Jackson ImmunoResearch 

Laboratories, USA) diluted 1:20000 in PBS- containing 0.1% Tween 20 for 1 h followed by 3 

washing steps with PBS- containing 3% and 1% Tween 20 and incubation with Super Signal 

West Pico Chemiluminescent Substrate and Super Signal West Pico Stable Peroxidase 

Solution (Thermo scientific, USA). Images were recorded and analyzed using VersaDoc™ 

Imaging System 4000 MP (Bio-Rad). 
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5.6.6. Transient expression of PPRV-H and PPRV-F in mammalian cells 

RK13 and HEK293T cells were seeded into 24- or 6-well cell culture plates (Corning, USA) 

and transfected with 0.625 or 2.5 µg expression plasmid per well, respectively, using 

polyethyleneimine (PEI) transfection as described (Bauer et al., 2014; Osman et al., 

submitted).  

 

5.6.7. Indirect immunofluorescence (IIF) assay  

For indirect immunofluorescence (IIF) cells were fixed with 3.7% formaldehyde in PBS- for 

10 min and permeabilized using 0.2% Triton X100 for 10 min then washed twice with PBS- 

containing 10% FCS. Fixed cells were incubated with appropriate dilutions of antisera for 1 h 

at room temperature followed by washing thrice with PBS- for 5 minutes. Bound antibodies 

were visualized with 1:1000 diluted Alexa Fluor®488 or Alexa Fluor®568 conjugated anti-

species IgG and fluorescence microscopy (Nikon T100 fluorescence microscope with CCD 

camera and NIS software) after incubation for 1 h at room temperature and 3 times washing 

with PBS- each for 5 minutes.  

 

5.6.8. Pulse-chase metabolic labeling and radioimmunoprecipitation 

VeroMontpellier cells in 6-well cell culture plates were infected with PPRV Nigeria 75/1 for 36 h. 

HEK293T cells in 24-well cell culture plate were transfected with 0.625 µg/well of pCAGGS-

PPRV-HN/K or pCAGGS-PPRV-FN/K for 18-20 h. Cells were pulse labelled for 60 min with 

92 µci/ml [35S]methionine in methionine-free medium and then chased in normal cell culture 

medium for the times indicated. Cells were then lysed at different times post 

infection/transfection in 500 µl of 1X Rita lysis buffer (10 mM Tris, 150 mM NaCl, 1% Na-

desoxycholate, 1% SDS, 2 mM Methionin, 1 mg/ml Ov.alb. Grade V, 0.02% NaN3, 1 mM 

PMSF and 1% NP40). Cell lysates were sonicated at 40 W for 20 seconds, incubated for 30 

min on ice and sonicated again. Cell debris was pelleted by centrifugation at 40000 rpm for 

30 min at 4°C using a Beckman-Coulter TLA 55 Rotor. Supernatants were collected in new 

tubes. 200 µl cell lysate was mixed with 10 µl of α-PPRV-H or α-PPRV-F and incubated at 

25°C for 1 h and then on ice for 60 min. After centrifugation at 14000 rpm in an Eppendorf 

R5430 centrifuge for 30 min at 4°C. Supernatants were mixed with 25 µl Staph. Aureus cells 
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(Pansorbin, Calbiochem) and incubated for 30 min on ice. Samples were washed 4 times by 

centrifugation at 14000 rpm for 20 seconds. Pellets, resuspended in 500 µl 1X RITA, were 

centrifuged through 500 µl of 30% Sucrose at 14000 rpm for 2 min. Pellets were resuspended 

in 50 µl SDS-PAGE protein buffer, heated at 56°C for 5 min then centrifuged at 14000 rpm 

for 2 min. 25 µl of the supernatants were mixed with 0.75 µl mercaptoethanol and proteins 

were separated by SDS-10% PAGE along with 7 µl of BenchMark™ pre-stained protein 

Marker (Invitrogen). Gels were fixed, dried at 80°C for 1 h and exposed to image plate (Fuji 

BAS Cassette 2325 Imaging Plates, Raytest, Germany). Labeled proteins were visualized 

using a Fuji FLA-3000 Scanner.  
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Table 9. Primers used for PCR amplification of partial PPRV-H and -F ORFs and sequencing. 

Primer Name Sequence 5’ to 3’ 

PPRV-H57+  (for) (XbaI) taatctagaggagcaggagcagggatcaggcttcaccgagccac 

PPRV-H396- (rev) (HindIII) tagaagcttaagctcctgctccgccattgcaaaatgaaggaggtc 

PPRV-H609- (rev) (HindIII) tagaagcttaagctcctgctccgactggattacatgttacctctatac 

PPRV-F392+ (for) (XbaI) taatctagaggagcaggagcaaagtgttacacaacggagacagttatc 

PPRV-F490- (rev) (HindIII) tagaagcttaagctcctgctccgccactgaaaggtacccctttaacag 

pMal+ ccgccagcggtcgtcagactg 

PPRV-H620+ (for) agagcttacgctgaccctgatg 

    for: 5’�3’ primer orientation in ORF; rev: 3’�5’ primer orientation in ORF 
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Figures 
 

 

Fig. 10. The rabbit sera directed against MBP-PPRV-F and MBP-PPRV-H fusion proteins 
detect their target antigens in PPRV infected VeroMontpellier cells. VeroMontpellier cells in 24-well 
cell culture plates were infected with appropriately diluted PPRV Nigeria 75/1 vaccine strain 
or vaccinia virus strain WR as noted. After development of plaques, cells were fixed with 
3.7% formaldehyde and permeabilized with 0.2% Triton X100 (A) or fixed with 3.7 % 
formaldehyde only (B).  A) Cultures were incubated with the indicated 1:1000 diluted rabbit 
sera spiked with monoclonal antibodies F-2/4-9 (rabbit sera α-PPRV-F #431 and #444) or H-
2/3 (rabbit sera α-PPRV-H #436 and #638). B) Cultures were incubated with 1:1000 diluted 
rabbit sera or monoclonal antibodies F-2/4-9 and H-2/3 as indicated. Bound antibodies were 
labeled with Alexa Fluor®488 goat α-rabbit IgG (green fluorescence) and Alexa Fluor®568 
goat α-mouse IgG (red fluorescence). Fluorescing cells were photographed, pictured and 
finished using a Nikon T100 fluorescence microscope with CCD camera and NIS software, 
respectively. 
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Fig. 11. PPRV Nigeria 75/1 is competent to induce syncytium formation in Vero cells. 
Vero/dog-SLAM cells were infected with PPRV Nigeria 75/1 vaccine strain (left) and PPRV 
Kurdistan 2011 virulent strain (right) at appropriate dilutions. Cultures were photographed at 
48 h p.i. using a Nikon T100 microscope with CCD camera and NIS software. Red arrows 
point to representative syncytia. 
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Fig. 12. The rabbit sera recognize their target proteins from PPRV Nigeria 75/1 vaccine strain 
and PPRV Kurdistan 2011 in transiently transfected cells. RK13 cells in 24-well plates were 
transfected with pCAGGS-PPRV-H

N
 (A), pCAGGS-PPRV-H

K
 (B), pCAGGS-PPRV-F

N
 (D), 

pCAGGS-PPRV-F
K
 (E) or were not transfected (C, F). Cells were fixed and permeabilized 28 

hours after transfection and incubated with 1:1000 diluted α-PPRV-H #438 (A-C) or α-PPRV-
F #444 (D-F). Bound antibodies were labeled with Alexa Fluor®488 goat α-rabbit IgG. 
Fluorescing cells were photographed, pictured and finished using a Nikon T100 fluorescence 
microscope with CCD camera and NIS software, respectively. 
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Fig. 13. Intracellular maturation of PPRV F and H. VeroMontpellier cells in 24-well plates were 
infected with PPRV Nigeria 75/1 vaccine strain at an MOI of 0.1. At 36 h p.i. cell culture 
medium was replaced by 125 µl methionine-free culture medium supplemented with 1mCi 
[35]S-methionine per ml. Label was removed 1 h later and cells were washed twice and 
further incubated with normal cell culture medium for 0 min (lanes 2), 15 min (lanes 3), 30 
min (lanes 4), 60 min  (lanes 5), 90 min (lanes 6) 150 min (lanes 7). As controls, noninfected 
cells were labeled for 1h and chased for 150 min before lysis (lanes 1) or infected cells 
labeled from 36 h p.i. until 120 h p.i. with 125 µCi [35]S-methionine per ml (lanes 8). Cell 
lysates were incubated with α-PPRV-F #444 (A) or α-PPRV-H #438 (B) and 
immunoprecipitated proteins were separated by SDS-12.5% PAGE. The positions of the 
putative F precursor (pF), the uncleaved fusion protein (F0) and the precursor and mature 
form of the haemagglutinin (pH and H, respectively) are shown as well as the respective 
apparent molecular masses in kilo Dalton (kDa). 
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Fig. 14. Time course of F and H expression in PPRV infected VeroMontpellier cells.  
VeroMontpellier cells in 24-well plates were infected with PPRV Nigeria 75/1 vaccine strain at 
an MOI of 0.1 or left uninfected (lanes 1). Cells were harvested at 18 h p.i. (lanes 2), 48 h. p.i. 
lanes 3, 72 h p.i. (lanes 4), 96 h p.i. (lanes 5), and 120 h p.i. (lanes 6). Lysed-cell proteins 
were separated by SDS-10%PAGE and transferred to nitrocellulose membranes. Filters were 
probed with 1:5000 dilutions of the α-PPRV-F #444 (panel A) or the α-PPRV-H #438 (panel 
B) serum. The positions of F0 of the fusion protein and the haemagglutinin (H) are shown on 
the left of the corresponding panel. 
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Fig. 15. The high molecular mass α-PPRV-F #444 and α-PPRV-H #438-reactive proteins are 
not detectable after transient expression of the glycoproteins. VeroMontpellier cells in 24-well 
plates were infected with PPRV Nigeria 75/1 at an MOI of 0.1 for 5 days with PPRV Nigeria 
75/1 vaccine strain (lanes 4 and 5) or left uninfected (lanes 3 and 6). RK13 cells were 
transfected with pCAGGS-PPRV-FN (lane 1), pCAGGS-PPRV-FK (lane 2), pCAGGS-PPRV-
HN (lane 7), or pCAGGS-PPRV-HK and harvested 48 h after transfection Lysed cell proteins 
were separated by SDS-10%PAGE and transferred to nitrocellulose membranes. Filters were 
probed with 1:5000 dilutions of α-PPRV-F #444 (panel A) or α-PPRV-H #438 (panel B) 
serum. The positions of F0 and H are indicated. 
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6.1. Abstract 

Peste des petits ruminants is an emerging, often fatal viral disease of domestic and wild small 

ruminants caused by peste des petits ruminants virus. The haemagglutinin and the fusion 

protein are viral envelope glycoproteins and essential for the infection process and both 

induce a protective immune response in infected or vaccinated animals. Attempts to generate 

pseudotyped bovine herpesvirus 1 recombinants by integration of expression cassettes for 

PPRV-H and PPRV-F into the herpesviral genome or generate pseudotyped BHV-1 by 

genetically fusing relevant parts of both PPRV glycoproteins to the amino-terminal subunit of 

glycoprotein B, approaches that had been successful for heterologous viral membrane 

glycoproteins in the past, failed repeatedly. We therefore analyzed at which intracellular stage 

generation of viable BHV-1 hybrid-gB recombinants might be inhibited. Results obtained 

from transient protein expression experiments revealed that, dependent on the fusion protein, 

transport of the hybrid glycoproteins beyond the endoplasmic reticulum is impeded. Thus, 

expression of heterologous glycoproteins using BHV-1 interferes more than expected from 

published experience with BHV-1 gB transport and consequently with virus replication. 

 

6.2. Introduction 

Peste des petits ruminants (PPR), is the most destructive and economically important disease 

of domestic and wild small ruminants and is caused by peste des petits ruminants virus 

(PPRV), a member of the Morbillivirus genus in the Paramyxoviridae family (Gibbs et al., 

1979). It is one of the animal diseases which have to be notified to the World Organization for 

Animal Health (OIE) due to its highly contagious nature and capacity for rapid spread (OIE, 

2013). After its initial appearance in Ivory-coast (Cote D’Ivore) in West-Africa (Gargadennec 

and Lalanne, 1942), the disease spread aggressively into new countries until it became 

endemic in most areas of Africa, the Middle East, most of Asia and Turkey (Banyard et al., 

2010; Albina et al., 2013; Libeau et al., 2014). PPRV is known to infect mainly sheep and 

goats however outbreaks of the disease were reported in some wild small ruminants as well as 

in camels (Furley et al., 1987; Lefevre and Diallo, 1990; Abu Elzein et al., 2004; Roger et al., 

2000; Roger et al., 2001; Khalafalla et al., 2010). The linear, non-segmented, single-stranded 

negative sense RNA genome of PPRV is 15.948 nucleotides (nt) in length and contains six 

nonoverlapping transcription units encoding six structural proteins namely: the nucleoprotein 
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(N), the phosphoprotein (P), the matrix protein (M), the large protein or polymerase (L), the 

fusion protein (F) and the haemagglutinin (H), the last two being virion membrane 

glycoproteins (Bailey et al., 2005; Chard et al., 2008). In addition, the P protein transcription 

unit encodes the C and V nonstructural proteins (Mahapatra et al., 2003). Up to now only one 

serotype is recognized. However, four genetic lineages (I, II, III and IV) are present, defined 

by differences either in partial sequences of F- (Forsyth and Barrett, 1995; Shaila et al., 1996; 

Dhar et al., 2002; Ozkul et al., 2002), N- (Couacy-Hymann et al., 2002; Kwiatek et al., 2007) 

or H- open reading frames (Kaul, 2004; Balamurugan et al., 2010). 

The H protein, a type II membrane glycoprotein, promotes binding and attachment of the 

virus to the host cell receptor. It exhibits neuraminidase and haemadsorption activity (Seth 

and Shaila, 2001). The F protein, a type I membrane glycoprotein, mediates fusion of the viral 

envelope with the host cell membrane leading to virus penetration into the host cell and 

induces cell-cell fusion enabling viral spread within the host (Seth and Shaila, 2001). Owing 

to their location in virions, surface glycoproteins of PPRV are the main target of the host 

immune response thus inducing both cell mediated and humoral immunity. Neutralizing 

antibodies in response to PPRV infection are directed predominantly against H but also F-

specific neutralizing antibodies are raised (Diallo et al., 2007; Chen et al., 2010). In contrast 

to H, F is highly conserved among morbilliviruses. H might play a significant role in 

determining the host range whereas F is believed to be important in providing cross protection 

between members of the genus especially between PPRV and rinderpest virus and vice versa 

(Chard et al., 2008). The open reading frames (ORFs) coding for H and F of PPRV are 1827 

and 1638 nt long and encode proteins of 609 and 546 amino acids (aa) with predicted 

molecular masses for the primary translation products of 68 and 60 kDa, respectively (Bailey 

et al., 2005; Dhar et al., 2006). 

Bovine herpesvirus-1 (BHV-1), a member of the Varicellovirus genus of the 

Alphaherpesvirinae subfamily in the Herpesviridae family has a double-stranded DNA 

genome of 136 kbp and is a common vector for the expression of heterologous proteins 

(reviewed in Brun et al., 2008). A major component of the envelope of BHV-1 virions is 

glycoprotein B (gB) which is essential for virus penetration into the host cell and direct cell-

to-cell spread and thus for infectious virus replication. Virions lacking gB are non-infectious 

(Schröder and Keil, 1999). After removal of the signal peptide during translocation into the 
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endoplasmic reticulum, mannose-rich N-glycans are added to yield the 117 kDa apparent 

molecular mass gB precursor. In the Golgi apparatus the N-glycans are converted to the 

complex form and O-glycans are added resulting in the 130 kDa gB which, after transport into 

the trans-Golgi network, is cleaved by furin (Fig. 16) into the amino- and carboxy terminal 

subunits with 72 kDa and 55 kDa apparent molecular masses (Lawrence et al., 1986; van 

Drunen Littel-van den Hurk and Babiuk, 1986). The subunits remain covalently linked by 

disulfide bonds (Fig. 16). Cleavage, which occurs after the consensus sequence for furin 

cleavage RARR504 (Misra et al., 1988; Whitbeck et al., 1988), however, is not required for 

gB-function (Kopp et al., 1994). Several applications using gB of BHV-1 as transporter to 

display heterologous (glyco) polypeptides have been described. Even large polypeptides like 

GFP (Keil et al., 2005; Keil, 2009) or the avian influenza HA1 (H5) subunit (Keil et al., 2010) 

can be genetically fused to the NH2-subunit of gB without destroying gB function. 

Recombinant virions containing the HA1-gB fusion protein in their envelopes are susceptible 

to neutralization by H5 specific antibodies (Keil et al., 2010).  

To pseudotype BHV-1 with PPRV H and F epitopes displayed on the envelope of 

recombinant virions, domains of different lengths of PPRV-H and -F were genetically fused 

to the NH2-subunit of gB. However, attempts to rescue infectious virus expressing the 

respective fusion proteins were not successful. Here we report experiments to spot reasons for 

the apparent interference of the PPRV domains with gB function and provide evidence that 

intracellular transport and processing of the hybrid glycoproteins is inhibited. 

 

6.3. Materials and methods 

6.3.1. Cells and viruses 

Madin-Darby bovine kidney (MDBK) cell line, originally established from the epithelial renal 

tissue of an adult steer (Bos primigenius taurus) was kindly provided by Alfred Metzler 

(Zürich, Swizerland). BunD cells are transgenic MDBK cells that express BHV-1 gD and gB 

(Günther Keil, unpublished). Bovine pharyngeal cell line Kop-R (CCLV-RIE 244), a 

permanent cell line generated from pharyngeal tissue of a newborn calf, human embryonic 

kidney 293T (HEK293T) cells (Graham et al., 1977) and rabbit kidney cell line 13 (RK13), 

originated from kidneys of a five-week-old rabbit (Oryctolagus cuniculus) were kindly 

provided by the Collection of Cell Lines in Veterinary Medicine, FLI, Insel Riems, Germany. 
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Cells were maintained in Eagle’s minimum essential medium (MEM), supplemented with 

10% fetal calf serum (FCS), 2.4 mM L-glutamine, 100 U/ml of penicillin, 100 µg/ml of 

streptomycin and grown at 37°C in a humidified atmosphere in a cell culture incubator 

containing 5% CO2.  

The gB-negative mutant gB¯ -GKD (BHV-1) was described previously (Keil et al., 2005). The 

gB¯ -mutant N569 (BHV-5) with BHV-5 N569 as parent strain was prepared accordingly 

(Günther Keil, unpublished). The Organelle Lights™ baculoviruses were obtained from 

Invitrogen (Darmstadt, Germany). 

 

6.3.2. Construction of plasmids 

Plasmids pSP73-PPRV-H and pSP73-PPRV-F contain the full length ORFs coding for H and 

F of PPRV Nigeria 75/1 vaccine strain (Diallo et al., 1989; GenBank accession no.  

X74443.2) were used for PCR amplification of segments from the ORFs of PPRV-H or 

PPRV-F. Respective primer pairs (Eurofins, Ebersbach, Germany) are given in Table 10. 

From the H ORF 3 segments were amplified encoding PPRV-H amino acids 56 to 196 

(primers 02FuPPRV-H56+ and 02FuPPRV-H196-), amino acids 56 to 389 (primers 

02FuPPRV-H56+ and 02FuPPRV-H389-) and amino acids 56 to 609 (primers 02FuPPRV-

H56+ and 02FuPPRV-H609-). 

From the F ORF 2 segments were amplified encoding PPRV-F amino acids 35 to 112 

(primers 02FuPPRV-F35+ and 02FuPPRV-F112-) and amino acids 35 to 485 (primers 

02FuPPRV-F35+ and 02FuPPRV-F485-). PCR reactions were performed in 100 µl reaction 

mixture containing 10 µl of 10X KOD buffer, 1 µl of 10 ng/µl plasmid DNA, 2.5 µl of 25 

pmol/µl of each of the forward and reverse primers, 10 µl of 2 mM dNTPs mix, 6 µl of 25 

mM MgSO4 and 2 µl KOD Hot Start DNA Polymerase (Novagen). The cycling conditions 

were: polymerase activation at 95°C for 2 minutes followed by 40 cycles DNA denaturation 

at 95°C for 20 seconds, annealing with a temperature gradient from 51-65°C for 20 seconds, 

extension at 70°C for 35 to 40 seconds. Final extension at 70°C for 1.5 minutes. Amplicons 

were purified after agarose gel electrophoresis. 

For genetic fusion of the PPRV sequences with BHV-1 gB, the expression plasmid vector pie-

gB-apa-neu (Keil et al. 2005) was digested with AscI and used for integration of the AscI-

cleaved amplicons following established procedures (Sambrook and Russell, 2001). Plasmid 
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clones with the correct orientation were selected by restriction enzyme digestion purified 

using the Qiagen plasmid purification midi kit following the manufacturer’s protocol (Qiagen, 

Hilden, Germany). Resulting plasmids containing codons for amino acids H56-H196, H56-

H389, and H56-H609 and F35-112, and F35-485 were named piegB02Fu-PPRV-H1, ~-H2, ~-

H3, and ~-F1 and ~-F2, respectively. Correct sequence insertion was verified using primers 

PCRgB9+, PPRV-H620+, PPRV-H840+, PPRV-H1496+, PPRV-F1455- (see table 10) by the 

DNA sequencing unit of the FLI. 

Plasmids piegB2FuGFP-1 and piegB02Fu-H5-Vietnam have been described previously (Keil 

et al., 2005; Keil et al., 2010).  

 

6.3.3. Antibodies 

Monospecific anti-PPRV-H and anti-PPRV-F rabbit sera directed against H and F domains 

containing bacterial fusion proteins of PPRV will be described elsewhere (Osman et al., 

manuscript in preparation). Monoclonal antibody (MAb) 42/18/7 directed against 

glycoprotein B (gB) of BHV-1, the α-gB-COOH rabbit serum directed against the gB COOH-

subunit and the α-H5 rabbit serum were described previously (Keil et al., 2005; Pavlova et al., 

2009).  

 

6.3.4. Transfection of cells for transient protein expression  

RK13, Kop-R and HEK293T cells were seeded in 24-, 12- or 6 well cell culture plates and 

transfected with 0.625, 1.25 or 2.5 µg plasmid DNA/well, respectively, using polyethylene-

imine (PEI) as described recently (Bauer et al., 2014). Briefly, DNA and PEI were mixed at a 

1:2 ratio in 100, 200 or 400 µl medium without antibiotics and incubated for 20 min at room 

temperature. Immediately before the transfection mixture was added to the cells, culture 

medium was replaced by fresh medium. Transfected cultures were incubated for 3-4 hours at 

37˚C in a humidified CO2 incubator and the inoculum was replaced by normal cell culture 

medium and transfected cells were incubated for 24-26 h at 37˚C in a humidified CO2 

incubator. 
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6.3.5. Baculovirus Transduction 

Confluent monolayers of RK13 cells, grown on coverslips in 12 well cell culture plates, were 

washed twice with PBS+. Centrifugation enhanced transduction with the indicated 

recombinant baculoviruses (Organelle Lights™, Invitrogen) was performed as described 

previously (Keil et al., 2009). After transduction the inoculum was replaced by normal cell 

culture medium containing 5 mM butyrate and cultures were incubated in a humidified CO2 

incubator at 37°C.  

 

6.3.6. Indirect immunofluorescence (IIF) assay 

For indirect immunofluorescence RK13 cells in 24 well plates, for confocal laser scan 

microscopy grown on coverslips, were transfected and fixed at the times indicated in the 

figure legends using 3.7% formaldehyde in PBS- for 10 minutes, then permeabilized with 

0.1% Triton X-100 for 5 minutes. To prevent nonspecific antibody binding, cells were washed 

twice for 10 min with PBS- containing 10% FCS. Subsequently, fixed cells were stained with 

1:1000 dilutions of monospecific anti-PPRV-H or anti-PPRV-F rabbit sera, 1:100 dilution of 

anti-gB-NH2 MAb or 1:1000 dilution of anti-gB-COOH or 1: 1000 dilution of anti-H5 rabbit 

serum. Cells were incubated with primary antibodies for 1 hour at room temperature, washed 

three times for 5 min with PBS- at room temperature and incubated for 1 h with 1:1000 

diluted Alexa Fluor®594 goat anti rabbit IgG (H+L) or Alexa Fluor®568 goat anti mouse 

IgG (H+L), respectively. After 3 washes with PBS, fluorescence was recorded with a Leica 

SP5 confocal laser scan microscope. All images were acquired with an oil immersion HCX 

PL APO 63x/1.40-0.60 objective and a R 9624 photomultiplier detector. To analyze 

intracellular localization, serial z-sections from the surface to the bottom of the cells were 

recorded, and representative optical reconstructions of those cells were examined. Brightness 

and contrast were slightly modified using ImageJ software. 

 

6.3.7. Pulse /chase experiment and radioimmunoprecipitation 

Transfected HEK293T and RK13 cells were pulse labelled for 30 min with 92 µci/ml 

[35S]methionine in methionine-free medium and then chased for the times given in Fig. 17 

with normal cell culture medium.Cells were lysed and incubated with α-PPRV-H, α-PPRV-F 
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or α-gB-COOH. Immunoprecipitation was performed as described previously (Fehler et al., 

1992) and precipitated proteins were analyzed by SDS-10%PAGE. Labeled proteins were 

visualized using a FUJ FLA-3000 Scanner.  

 

6.3.8. BHV-1 gB- virus rescue experiments 

Kop-R cells were transfected with the indicated gB-expression plasmids, superinfected with 

gB¯ -GKD (BHV-1) or gB¯ -N569 (BHV-5) mutants at an MOI of 1.0 at 24 h p.tr. After 2 h 

non penetrated virions were inactivated with citrate buffer pH 3.0 (Rauh et al., 1991). Cultures 

were further incubated for 4-5 days, harvested, freeze/thawed once and titrated on BunD cells 

- a BHV-1 gB-expressing cells - to detect phenotypically complemented virions.  

 

6.4. Results 

Attempts to pseudotype BHV-1 with the full length open reading frames (ORFs) encoding H 

and F surface glycoproteins of PPRV by insertion of respective expression cassettes into the 

viral genome failed repeatedly (unpublished results). Therefore an alternative strategy to 

pseudotype BHV-1 was tried which is based on the fusion of proteins or polypeptides at the 

gB furin cleavage site (Fig. 16) to the NH2-subunit of BHV-1 gB which, after transport as 

cargo by gB to cellular and viral membranes are exposed to the outside of cells and 

recombinant virions which are generated by cotransfection of a plasmid encoding the 

respective gB fusion protein and genomic DNA of gB¯ BHV-1. Since gB is essential for 

BHV-1, infectious progeny must contain hybrid gB expressing viruses – provided the 

respective gB variants is functional. This approach has been applied successfully for several 

polypeptides and proteins (Keil et al., 2005; Keil et al., 2010). Thus, DNA segments coding 

for parts of PPR-H and -F were integrated into the coding region for the furin cleavage site of 

BHV-1 gB which resulted in plasmids piegB02Fu-PPRV-H1/-H2/-H3 and piegB02Fu-PPRV-

F1/-F2 (Fig. 16). Selection criteria for the respective fragments were based on in-silico 

analyses of predicted hydrophilicity, antigenic index and surface probability using the 

Wisconsin Package Version 10.3, Genetics Computer Group (Madison Wisconsin) 

“peptidestructure” program. 

To demonstrate expression of the hybrid gB-PPRV proteins, the respective plasmids in which 

the modified gB ORFs are under transcriptional control of the murine cytomegalovirus 
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immediate early 1 enhancer/promoter region (Keil et al., 2005), were transfected into RK13 or 

HEK293T cells. Cultures were fixed at 24 h after transfection. Expression of all gB-variants 

was detected by conventional fluorescence microscopy using α-gB-COOH and Alexa488 

coupled α-rabbit antibodies (data not shown). 

To generate pseudotyped BHV-1 recombinants, MDBK and Kop-R cells were cotransfected 

with gB¯ -BHV-1 DNA and the respective plasmids encoding the gB-PPRV hybrid proteins or 

plasmid piegB2FuGFP-1 which expresses a functional gB containing the whole GFP fused to 

the gB-NH2 subunit (Keil et al., 2005), as positive control. Although in all attempts done on 

MDBK and Kop-R cells gB2FuGFP-expressing, infectious BHV-1 recombinants could be 

rescued, none of the PPRV-F and PPRV-H gB hybrids led to generation of infectious virus. 

These results indicated that all these gB-fusion proteins were likely not functional. To find 

clues for this unexpected result, intracellular maturation of the gB variants was analyzed by 

pulse/chase experiments using RK13 cells transfected with plasmids encoding wild type gB, 

functional gB02Fu-H5 with influenza HA1 fused to the NH2 subunit of gB (Keil et al., 2010), 

and the PPRV-F and PPRV-H gB hybrids. At 20 h.p.tr., cells were pulse labelled for 30 min 

with 92 µci/ml [35S]methionine in methionine-free medium and then chased for the times 

given in Fig. 17. Labelled proteins were immunoprecipitated from cell lysates using the α-gB-

COOH serum. As is shown in Fig. 17A, the precursor molecule of wild type gB expressed by 

piegB migrates with an apparent molecular mass of 117 kDa. After transport through the 

Golgi apparatus, were O-linked carbohydrates are added, to the trans-Golgi, cleavage by furin 

yields the 72 kDa NH2 terminal subunit and the 55 kDa carboxy terminal subunit. The latter is 

also generated by furin cleavage of gB02Fu-H5 (Fig. 17B) whereas migration of the NH2-H5 

subunit and the uncleaved precursor molecule corresponds to the reported 115 kDa and 160 

kDa, respectively (Keil et al., 2010). In contrast, the pulse/chase kinetics for all PPRV-F and 

PPRV-H gB fusion proteins did not provide evidence for correct cleavage (Fig. 17C-G) 

rendering unimpeded transport questionable. From cells transfected with piegB02Fu-PPRV-

F2, piegB02Fu-PPRV-H1, -H2 and -H3, high molecular weight proteins were precipitated by 

the α-gB-COOH serum which correspond to the expected sizes of uncleaved precursor 

molecules (Fig. 17D, F, G). It remains, however, to be clarified whether they represent fully 

or partially glycosylated forms. For gB02Fu-PPRV-F1 unequivocal assign of signals to a gB-

fusion protein form is difficult since the protein with a size of the expected gB-NH2-F1 fusion 
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protein size appears in absence of a corresponding uncleaved precursor molecule. Thus it is 

unlikely that this polypeptide represents a cleavage product of gB02Fu-PPRV-F1. 

Comparable results were obtained by pulse/chase experiments using transfected HEK293T 

cells (data not shown).  

Since all gB-PPRV fusion proteins appeared to be improperly processed, expression of the 

gB-fusion proteins in transfected RK13 cells was monitored by indirect immunofluorescence 

and laser scanning microscopy (LSM). Fig. 18A shows that intracellular localization of wild 

type gB and gB02Fu-H5, included as controls, are present in vesicular structures in all cellular 

compartments and also in the cell membrane, indicating default expression which is in 

agreement with the results from the pulse/chase experiment. gB02Fu-PPRV-H2 showed a 

similar intracellular localization but obviously no plasma membrane (PM) localization. In 

contrast, gB02Fu-PPRV-H1, gB02Fu-PPRV-H3 and gB02Fu-PPRV-F2 fusion proteins were 

predominantly associated with net-like and sometimes vesicular structures which indicated 

that these proteins probably are restricted to the endoplasmic reticulum (ER). Consequently, 

there is no PM localization confirming the results obtained so far that these fusion proteins are 

not transported correctly. gB02Fu-PPRV-F1 showed no specific localization and seems to be 

weakly expressed. To analyze the intracellular localization of the gB-fusion proteins in more 

detail, RK13 cells were transduced with recombinant baculoviruses expressing GFP-tagged 

endoplasmic reticulum (ER), Golgi apparatus (Golgi), plasma membrane (PM) and, as a 

control, mitochondria (Mito) associated proteins. Transduced cells were then transfected with 

the plasmids encoding the gB-PPRV hybrid proteins and, as controls, wt gB and gB02Fu-H5. 

From Fig. 18B it is evident that wt gB, gB02Fu-H5 and gB02Fu-PPRV-H2 are located in the 

Golgi and the plasma membrane. In contrast, gB02Fu-PPRV-H1/-H3/-F2 appeared to be 

retained in the ER. gB02Fu-PPRV-F1 is barely detectable and thus a clear colocalization with 

any of the included cellular compartments was not found. For the positive control plasmids-

encoded gB variants and gB02Fu-PPRV-H1/-H3/-F1 and -F2 these results are in agreement 

with the previous conclusions, whereas gB02Fu-PPRV-H2 appears to reach the cell 

membrane under these expression conditions. Western Blot analyses from piegB02Fu-PPRV-

H2 transfected cells respectively, however, did not provide evidence for cleavage by furin 

(data not shown). 
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This interpretation was supported by transient complementation experiments in which the 

plasmid-expressed gB-variants were tested for their ability to phenotypically complement the 

defect in gB̄-BHV-1. For these experiments gB¯-BHV-5 (N569) was included. BHV-5 

(N569) is closely related to BHV-1 and both genome sequences and protein sequences are 

highly conserved (Delhon et al., 2003). RK13 cells were transfected with plasmids piegB, pie-

gB02Fu-H5, piegB02Fu-PPRV-H2 and -H3, and piegB02Fu-PPRV-F2. After 24 h cells were 

superinfected with either gB¯ -BHV-1 or gB¯ -BHV-5 (N569) grown on wt gB expressing 

complementing cells (Keil et al., 2005). Five days later, cultures were harvested and viruses 

were titrated on BunD cells, a wt gB expressing cell line. Since only virions which had 

acquired a functional gB from the transfected RK13 cells are able to enter these cells and to 

form plaques, the plaque count correlates with functional activity. This experiment was 

repeated 4 times. For better comparison, in each experiment the rescue efficiency for wt gB 

was set to 100% and the plaque counts converted accordingly. The results of the rescue 

experiments are shown in Fig. 19 revealed that proteins encoded by gB02Fu-PPRV-H3 and 

gB02Fu-PPRV-F2 are clearly not functional whereas complementation achieved by gB02Fu-

PPRV-H2 suggested that the encoded protein might have retained residual biologic activity. 

gB02Fu-PPRV-HI behave similar to H3 because of that was not included in the virus rescue 

experiment. Due to the hardly detectable expression of gB02Fu-PPRV-F1 the respective 

plasmid was not included. Surprisingly, the reduced rescue efficacy of gB02Fu-H5 in the 

complementation assays also indicated that fusion of HA1 to gB in gB02Fu-H5 may interfere 

with function and that BHV-1 seems to be more affected than BHV-5.  

  

6.5. Discussion 

In recent years, pseudotyping of BSL2 viruses with neutralizing antibodies-inducing virion 

proteins of BSL3 or BSL4 viruses has become a convenient method to perform e.g. virus 

neutralization assays under BSL2 conditions for pathogens grouped into a higher safety level 

(Kaku et al., 2012; Ray et al., 2010; Wright et al., 2009). 

Since it had been shown before that BHV-1 recombinants expressing envelope glycoproteins 

of bovine respiratory syncytial virus and bovine viral diarrhea virus in their envelopes are 

neutralized by sera specific for the respective heterologous antigen (Kühnle et al., 1996; 

Kühnle et al., 1998; Kweon et al., 1999; Schmitt et al., 1999; Wang et al., 2003), it was 
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tempting to generate PPRV-F and -H glycoprotein-pseudotyped recombinants by integration 

of respective expression cassettes into the BHV-1 genome. Although regularly successful in 

the past with a number of viral and nonviral proteins (Kit et al., 1992; Otsuka et al., 1996; 

Raggo et al., 1996; Raggo et al., 2000; Taylor et al., 1998; Höhle et al, 2005), attempts to 

express the PPRV glycoproteins by BHV-1 failed. Therefore an alternative approach was 

chosen which has also been successful before. This approach uses BHV-1 gB, an essential, 

furin cleaved, envelope glycoprotein of BHV-1 whose NH2 subunit can be genetically fused 

with a heterologous protein sequence that is transported as cargo to the cellular membranes 

and incorporated into virus particles which can be neutralized by cargo-specific antibodies 

(Keil et al., 2005; Keil et al., 2010). However, none of the fusion proteins between gB and 

different fragments of PPRV-F and PPRV-H appeared to be functional since all attempts to 

rescue gB-negative BHV-1 in cis or gB̄ -BHV-1 and gB̄-BHV-5 in trans failed repeatedly. In 

the latter experiments, it appeared that gB02Fu-PPRV-H2 might have retained some 

biological activity for complementation of gB¯-BHV-1 and gB̄-BHV-5. This residual 

activity, however, was not sufficient to rescue stable recombinants expressing gB02Fu-PPRV-

H2.  

To obtain hints for the loss of function of the gB-PPRV-F and -H fusion proteins, intracellular 

transport and localization were analyzed in comparison to wt-gB and gB02Fu-H5, transiently 

expressed by plasmid DNA transfection. Pulse/chase experiments to elucidate correct 

transport and claevage by furin of the gB variants revealed that only the positive control 

proteins wt-gB and gB02Fu-H5 were transported into the TGN where they were cleaved. 

These were also the sole proteins that efficiently complemented in trans the entry defect of 

gB-negative virions in the transient complementation assays which also revealed that 

gB02Fu-H5 is less capable in this respect which is in good accordance with previous data 

which showed that fusion of HA1 to gB-NH2 interferes marginally with recombinant virus 

entry into cells and subsequent direct spreading from cell to cell (Keil et al., 2010). Aside 

from that, the transient complementation assays suggested that gB02Fu-PPRV-H2 might have 

retained residual biologic activity (Fig. 19) although there was no detectable cleavage of the 

precursor molecules. One explanation might be that processing of gB02Fu-PPRV-H2 is slow 

and thus escapes recognition, but might be sufficient to yield enough functional hybrid protein 

during the 5 d incubation phase in the transfected cells to enable low level complementation. 
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This interpretation is also in accordance with the results of the colocalization experiments 

which indicated that gB02Fu-PPRV-H2 localizes to both the Golgi apparatus and the cell 

membrane whereas the other hybrid proteins were retained in the ER. Alternatively gB02Fu-

PPRV-H2 might enable entry of virus particles containing this protein into target cells but the 

function of gB for direct spreading is impeded. Such a recombinant might have escaped 

detection. 

In contrast to previous experience with BVH-1 as vector for expression of heterologous 

glycoproteins from integrated expression cassettes or fused to the amino terminal subunit of 

gB, expression of the PPRV glycoproteins F and H and domains thereof were not compatible 

with infectious BHV-1 replication. At least for the hybrid gB proteins maturation and 

intracellular transport of the essential gB was inhibited which apparently interfered with the 

generation of infectious progeny. Whether this explanation also applies for the genome-

integrated expression cassette mediated expression of F and H needs to be clarified. 
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Table 10. Primers used for PCR amplification and sequencing. The AscI recognition sequence 
used for integration of the PPRV sequences into the gB ORF is shown in italics, nucleotides 
corresponding to the gB sequence are given in capital letters and PPRV-derived sequences are 
typed in lower case letters. 

Primer Name Sequence 5’ to 3’ 

02FuPPRV-H56+ taaGGCGCGCCAGGGAGCAgggatcaggcttcaccgagccaccgttg 

02FuPPRV-H196- taaGGCGCGCCCGagctcttgttactgtcctgccgag 

02FuPPRV-H389- taaGGCGCGCCCGtcgagtcttgcatgcttccaccagac 

02FuPPRV-H609- taaGGCGCGCCCGgactggattacatgttacctctatac 

02FuPPRV-F35+ taaGGCGCGCCAGGGAGCAgggagtgccagctacaaggtgatg 

02FuPPRV-F112- taaGGCGCGCCCGagctccgacaaaacggcgggtcctg 

02FuPPRV-F485- taaGGCGCGCCCGccctttaacagtcttcagtatctggtc 

PCRgB9+ TGAGAATTCAGCTGTACCTGCAGGAGCTGG 

PPRV-H620+ agagcttacgctgaccctgatg 

PPRV-H840+ gagtgatgactatcggagctgtc 

PPRV-H1496+ cgaggtcgttgtcatgttcctatag 

PPRV-F1455- ccctttaacagtcttcagtatctg 
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Figures 

 

 

 

 

 

 

Fig. 16. Construction of the BHV-1 gB-PPRV hybrid proteins. A) Scheme of wild type gB. 
The signal peptide (green), the amino (NH2) terminal subunit, the carboxy (COOH) terminal 
subunit which contains the membrane anchor domain (red), and the furin cleavage site (FCS) 
are indicated. B) The amino acid sequence around the furin cleavage site is given in one letter 
code. The sequence for furin cleavage is underlined. C) Composition of the hybrid gB amino 
acid sequence around the furin cleavage site. The replacement of R504 by Q is indicated in 
red. The translocated furin cleavage site is given in red italics.  
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Fig. 17. Maturation of the gB-PPRV hybrid proteins is impaired. RK13 cells were transfected 
with piegB02Fu-PPRV-F1 (C) piegB02Fu-PPRV-F2 (D) piegB02Fu-PPRV-H1 (E) 
piegB02Fu-PPRV-H2 (F) and piegB02Fu-PPRV-H3 (G) or, as controls, wild type gB-
expressing piegB (A) and HA1-expressing piegB02Fu-H5 (B). Cells were pulse labelled for 
30 min with [35S]methionine in methionine-free medium and then chased with normal cell 
culture medium for the times indicated. Labelled proteins were immunoprecipitated using the 
α-gB-COOH serum, separated by SDS-10%PAGE and visualized with a FUJI FLA-3000 
Scanner after exposure for 3 weeks to appropriate imaging plates. Positions of the precursor 
forms (pgB…), the amino-terminal NH2 subunit of wt-gB and gB-NH2-H5 and their carboxy-
terminal subunits are indicated. Apparent molecular masses are given in kDa. 
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Fig. 18. The amino acid sequences fused to the NH2-subunit of gB influences intracellular 
localization. A) RK13 cells, seeded in 24 well cell culture plates, were transfected with the 
indicated plasmids. Cells were fixed at 26 h.p.tr. and stained with 1:1000 dilutions of 
monospecific anti-PPRV-H (piegB02Fu-PPRV-H1/-H2/-H3) or anti-PPRV-F (piegB02FugB-
PPRV-F1/-F2) sera, 1:1000 diluted α-gB-COOH serum (pie-gB) or 1:1000 dilution of α-
H5(AIV) rabbit serum (piegB02Fu-H5). Bound antibodies were visualized using Alexa 
Fluor®594 goat anti rabbit IgG (H+L) and laser scanning confocal microscopy. B) 
Intracellular transport and colocalization of gB-PPRV hybrid proteins with cellular 
organelles. RK13 cells were transduced with baculoviruses that express GFP-labeled proteins 
specific for the trans-Golgi network (Bac-Golgi), the endoplasmic reticulum (Bac-ER), the 
plasma membrane (Bac-PM), or as a control, mitochondria (Bac-Mito) at an MOI of 10 and 
subsequently transfected with the indicated plasmids using PEI. At 26 h.p.tr. cells were fixed, 
permeabilized and IIF was performed with α-gB-COOH, α-H5 (AIV), α-PPRV-H or α-PPRV-
F sera, respectively. Bound antibodies were visualized using Alexa Fluor®594 goat anti 
rabbit IgG (H+L) (red). Localization of the respective proteins and GFP autofluorescence was 
recorded by laser scanning confocal microscopy system using LAS AF software for Confocal 
Imaging. 
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Fig. 19. The capacity of hybrid gB to complement BHV-gB¯ in trans is influenced by the 
amino acid sequences fused to the NH2-subunit of gB. Kop-R cells were transfected with the 
indicated gB-expression plasmids and superinfected with gB¯ -GKD (BHV-1) or gB¯ -N569 
(BHV-5) at an MOI of 1.0 at 24 h p.tr. Non penetrated virions were inactivated with citrate 
buffer pH (3.0) 2 h later and cultures were further incubated for 4 to 5 days, harvested, 
freeze/thawed once and titrated on complementing BHV-1 gB-expressing cells. Plaques were 
counted 4 days later. For each of the 4 independent experiments, titres achieved with piegB 
and BHV1gB̄-GKD and BHV5gB̄-N569 were set to 100% and percentages of 
complementation by the hybrid gB molecules were calculated accordingly.  
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7. General Discussion 

 
7.1. Significance and current situation of peste des petits ruminants (PPR) 

Peste des petits ruminants (PPR) is a highly contagious, widespread and transboundary viral 

disease of domestic and wild small ruminants. PPR mostly appears as an acute disease that is 

characterized mainly by clinical signs including pyrexia, erosive stomatitis, conjunctivitis, 

gastroenteritis, diarrhea and pneumonia (Taylor, 1984). The clinical disease caused by PPR is 

similar to rinderpest (RP) - another member of morbillivirus genus - infection of cattle. The 

clinical similarities between the two diseases are considered mainly in diagnosis where most 

assays basically are directed to differentiate between the two closely related morbilliviruses. 

Despite the relatively short history of the disease which goes back to 1940th and due to its 

highly morbidities and mortalities, PPR now is considered as the main threatening disease that 

is a limiting factor for small ruminant industry in developing countries in Africa, Middle-East 

and Asia, where PPR is endemic. In the last 10 years, a huge expansion of PPR epidemics 

appeared towards North and South Africa and in Asia covering new locations where it has 

never been reported before (OIE, 2013). The disease expansion coincides with a change 

occurred in the former distribution of the known PPRV lineages as it is obvious by the recent 

incursion of Asian lineage IV into Africa and coexistence of two different lineages within the 

same African country (Kwiatek et al., 2011). Appearance of recent epidemics of PPR might 

be attributed to the improvement of advanced diagnostics that specifically recognize PPRV 

and differentiate it from other similar clinically diseases. Or it might be due to the absence of 

RP which leads to lack of the cross immunity in small ruminants acquired by directly 

contacting diseased or vaccinated cattle (Baron et al., 2011). By now, PPR is recognized as a 

disease which attracts attention of experts for PPR and animal diseases who proposed it as the 

next animal disease to be eradicated following RP (Baron et al., 2011). Recently, the world 

organization for animal health (OIE) announced on setting future plans for a global control 

strategy for eradication of PPR similar to what had done before for RP (OIE, 2014) which 

necessitates development of recombinant based diagnostic assays that would asses in 

diagnosis and limit handling of the live virus.  
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7.2. Envelope glycoproteins of peste des petits ruminants (PPR) and their role in viral 

infection and immunity  

From the six structural proteins of PPRV, haemagglutinin (H) and fusion protein (F) represent 

the two viral envelope glycoproteins of PPRV which are positioned as spikes protruding on 

the surface of the viral particle. Hence their external position enables them to directly interact 

with the host cell plasma membrane for initiation of viral infection process (Lamb and Parks, 

2007) which is performed in two consecutive steps. The initial step is binding of the viral 

particle to the host cell which is accomplished via attachment of the H spikes, a type II 

glycoprotein, with specific receptors on the host cell plasma membrane known as CD46, 

SLAM [signaling lymphocyte activation molecule] known as CD150 and ovine Nectin-4 

(Pawar et al., 2008; Birch et al., 2013). The final step is fusion of the viral envelope with the 

host cell membrane at neutral pH which is mediated by F, a type I glycoprotein, leading to 

virus penetration and delivery of the ribonucleocapsid into the cytoplasm of the host cell - the 

site for viral multiplication (Seth and Shaila, 2001). In contrast to other morbilliviruses and 

paramyxoviruses in which H acts as fusion promoter, the fusion function mediated by F 

protein of PPRV can occurs without presence of H (Seth and Shaila, 2001; reviewed in 

Kumar et al., 2014). Newly synthesized fusion proteins during viral replication are accounted 

for cell-cell fusion which results in virus spread within the host and appearance of syncytia 

(Lamb, 1993). The less conserved sequence of the morbilliviruses H gene might be a 

determinant of their specific host range upon infection (Chard et al., 2008). In contrast, the 

conserved sequence of the morbilliviruses F gene might be responsible of their shared cross 

protection especially between closely related viruses such as PPRV and RPV (Chard et al., 

2008).  

Since surface glycoproteins of PPRV are accountable for initiation of viral infection and 

induction of the protective cell mediated and humoral immune response in infected and 

vaccinated animals (Berhe et al., 2003; Diallo et al., 2007; Chen et al., 2010), H and F are 

considered as the major target viral components for establishment of recombinant based 

diagnostics assays for PPRV. Most of the diagnostic assays applied for the diagnosis of PPRV 

require handling of the live virus which might pose a source for further spread of viral 

infection especially in developing countries where most laboratories lack proper biosecurity 

measures.  
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In this study I will highlight the results obtained by using different viral and non-viral 

expression systems in which the ORFs encoding H and F of PPRV were integrated, followed 

by the analyses of expression of the respective proteins which are intended to be used as tools 

for establishment of recombinant based diagnostic assays for diagnosis of PPRV under low 

level biosecurity conditions.  

 

7.3. Sequencing of the full length open reading frames (ORFs) encoding the 

haemagglutinin (H) and fusion (F) proteins of PPRV (Manuscript-1) 

To find out if there is variation between lineages of PPRV, two different strains of PPRV that 

belong to different genetic lineages were used. One is the PPRV Nigeria 75/1 vaccine strain 

which belongs to African lineage I (Diallo et al., 1989). PPRV Nigeria 75/1 vaccine strain is 

frequently used for in vitro studies. The other one is the virulent PPRV strain Kurdistan 2011, 

isolated from Iraq in the Middle-East and assigned to lineage IV (Hoffmann et al., 2012; 

Wernike et al., 2014).  

Sequencing of the haemagglutinin (PPRV H-ORF) envelope glycoprotein of both PPRV 

strains revealed an open reading frame (ORF) of 1827 nt (excluding the stopcodon) in lengths 

which encodes a protein of 609 amino acids (aa) with a predicted apparent molecular weight 

mass of 68 KDa. Additionally, sequencing of the fusion (F) protein of PPRV of both strains 

revealed an ORF of 1638 nt (without the stop codon) with the coding capacity for a protein of 

546 aa with a predicted apparent molecular weight mass of 60 KDa. These sizes are typical 

for all PPRV strains (Bailey et al., 2005; Dhar et al., 2006) except that of Indian Revati 2005 

strain whose F-ORF is missing one codon. Sequences of PPRV-H and PPRV-F ORFs of 

PPRV Nigeria 75/1 vaccine strain were 100% identical to the respective published sequences 

(NCBI GenBank accession no. X74443.2, Bailey et al., 2005). The sequence data for the 

complete nucleotide sequence of the haemagglutinin (H) and fusion (F) genes of PPRV strain 

Kurdistan 2011 was submitted to NCBI GenBank database (accession numbers KF648288.1 

and KF648287.1, respectively). With regard to PPRV strain Kurdistan 2011, these sequences 

are the first publicly available full length ORFs of H and F for a PPRV isolate from Iraq. 
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7.3.1. Comparative sequence analyses of the haemagglutinin and fusion ORFs of PPRV 

Kurdistan strain 2011 (Manuscript-1) 

The relationship of PPRV Kurdistan 2011 strain with other PPRV stains were analysed using 

comparative nucleotide and deduced amino acid sequence analyses for the full length H- and 

F- ORFs of PPRV Kurdistan strain 2011 with the corresponding sequences of other PPRV 

strains available in the GenBank database. The results revealed the highest degree of 

homology with PPRV lineage IV group represented by Turkey 2000, China, India and 

Morocco 2008 strains whereas the less homology was found with PPRV lineage II group 

represented by Ivory Coast/1989 strain. In detail the F-ORF showed sequence homologies of 

98-97% (nt) and 99-98% (aa) whereas the less conserved H-ORF yielded slightly slower 

homologies of 98-96% and 98-97% on the nt and aa levels, respectively. For both full length 

ORFs the strongest relationship of Kurdistan 2011 was with Turkey 2000. 

 

7.3.2. Phylogenetic analyses using the haemagglutinin and fusion ORFs of PPRV 

Kurdistan strain 2011 for lineage identification (Manuscript-1) 

Genetically different PPRV strains were assorted into four different lineages (I, II, III and IV) 

numbered according to the direction of the historical spread of the disease starting from West 

Africa and ending in Asia. The first two lineages (I and II) were restricted to West and Central 

Africa whereas the third is present in East-Africa and parts of Asia. Lineage IV, previously 

known to include strains which circulate in an area covering the Middle-East, Asia, Arabian 

Peninsula and Turkey, in the last years unexpectedly emerged in Africa. PPRV lineage 

identification which is beneficial for epidemiological studies thus supports detection of  the 

exact origin of the strains and spread of the disease (Banyard et al., 2010; Kwiatek et al., 

2011; OIE, 2013; De Nardi et al., 2012; Albina et al., 2013; Libeau et al., 2014). Partial 

nucleotide sequence comparison using a 322 nt (254-575 nt) conserved region of the F-gene 

ORF (Forsyth and Barrett, 1995; Shaila et al., 1996; Dhar et al., 2002; Ozkul et al., 2002) or 

351 nt (1233-1583 nt) of the N-gene ORF (Couacy-Hymann et al., 2002; Kwiatek et al., 

2007) clustered different strains into the four genetic lineages of PPRV. An approach based 

on 612 nt (1174-1785 nt) of the H-gene ORF (Kaul, 2004; Balamurugan et al., 2010; Senthil 

Kumar et al., 2014) was also applied for lineage identification although not yet widely used.  



General Discussion 
 

139 
 

In the present study, phylogenetic analyses performed for PPRV Kurdistan strain 2011 based 

on nucleotide sequences of both the partial H-ORF (612 nt), the complete H-ORF (1827 nt) 

and the complete nucleotide sequences of the F-ORF (1638 nt) clustered the respective strain 

into PPRV lineage IV group along in the same subcluster with Turkey 2000 strain. 

Comparable results were obtained using phylogenetic analyses based on the partial nucleotide 

sequences of F-ORF (322 nt) although Kurdistan strain 2011 is apparently closer to Qatar, 

Egypt and Kurdistan 2012 strains. These findings were as expected due to circulation of 

PPRV lineage IV in the surrounding region of the Middle-East, Turkey and massive extension 

into Asia. In conclusion, phylogenetic analyses shown here support thus far the unique report 

based on partial nucleotide sequence of the N-ORF that assigned this strain to PPRV lineage 

IV (Hoffmann et al., 2012). The full length H and F -ORF sequences based phylogenetic 

analyses are thus useful for general lineage identification. However, using partial H and F -

ORFs based lineage classification strains were further distributed into subclusters 

corresponding with their identical geographic origin (Balamurugan et al., 2010). In addition, 

the results suggest that the partial H-ORF based phylogenetic analyses appears more efficient 

for epidemiological studies compared with F-ORF as stated earlier (Kaul, 2004). This 

conclusion is in agreement with reports which showed that N-gene based phylogenetic 

analyses is more suitable than F-gene for lineage identification of PPRV (Diallo et al., 2007; 

Kwiatek et al., 2007; Kerur et al., 2008; Senthil Kumar et al., 2014).  

 

7.4. Expression of PPRV haemagglutinin (H) and fusion (F) proteins 

7.4.1. Expression of H and F surface glycoproteins of PPRV by several transfer vectors 

Due to the absence of PPRV in Europe, except of Turkey, it is considered as one of the highly 

pathogenic viruses which require enhanced biosafety level 3 or 4 (BSL) containment areas for 

handling. This study is aimed to generate recombinant viruses/constructs where the two 

immunogenic surface glycoproteins “H and F” of PPRV were integrated either as full or 

partial ORFs into different expression vector systems. The expressed PPRV-H and -F proteins 

were intended to be used as tools for establishment of recombinant technology based novel 

diagnostic assays for PPRV that would eliminate usage and handling of the live virus.  
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7.4.2. Generation of monospecific rabbit sera against PPRV H and F proteins 

(Manuscript-2) 

Monoclonal antibodies (MAbs) directed against specific epitopes of PPRV H/ F/ N proteins 

were previously used in ELISAs for detection of viral antigens and antibodies (Anderson et 

al., 1991; Saliki et al., 1993; Anderson and Mckay, 1994; Singh et al., 2004). However, the 

available anti-H-MAb (H-2/3) and anti-F-MAb (F-2/4-9) directed against H and F proteins of 

PPRV were suitable only for immunofluorescence but failed to recognize the respective 

glycoproteins in western blots and immunoprecipitation assays. This necessitated generation 

of alternative antibodies that are reactive in Western blots and/or immunoprecipitation to 

analyse e.g. kinetics of expression or intracellular transport of the glycoproteins. Therefore 

sera against H and F proteins of PPRV were raised in rabbits using bacterial expressed MBP-

fusion proteins. The gained rabbit raised monospecific anti-PPRV-H and anti-PPRV-F sera 

bind to their target proteins and proved suitable for application in indirect 

immunofluorescence, immunoblotting and immunoprecipitation assays that could be a 

promising tool for further diagnosis of PPRV particularly for recombinant based diagnostics 

assays. Therefore, the specific anti-PPRV-H and anti-PPRV-F sera were further used to 

characterize and analyze expression and maturation of PPRV-H and -F proteins by 

recombinant constructs. Specificity of the polyclonal rabbit sera was demonstrated by their 

reactivity with transiently expressed H and F from PPRV Nigeria 75/1 vaccine strain and the 

wild type Kurdistan 2011 isolate. 

 

7.4.3. Analyses of PPRV Nigeria 75/1 vaccine strain H and F protein expression and 

maturation in VeroMontpellier  cells (Manuscript-2) 

Monospecific anti-PPRV-H/-F rabbit sera were used to further characterize PPRV Nigeria 

75/1 F and H expression and maturation in infected VeroMontpellier cells. Syncytia formation is 

recognized as the main characteristic features of PPRV infection of cell culture resulted from 

fusion (F) protein mediated cell-cell fusion. However, syncytia were not observed in 

VeroMontpellier cells after infection with the vaccine strain PPRV Nigeria 75/1. The results 

suggest that F, in contrast to H, does not mature efficiently - if at all - during intracellular 

transport which can explain the inability for detectable syncytia formation in these cells. This 
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impotence may, however, be of advantage for virus yield because achievable final titers were 

100 fold lower in syncytia-forming Vero/dog-SLAM cells.  

F is synthesized as F0, a fusion-inactive precursor which after intracellular transport is cleaved 

by host cell trypsin-like proteases into F1 (438 amino acids) and F2 (89 amino acids) subunits 

which are covalently linked by two disulphide bonds. In contrast to other morbilliviruses, 

PPRV F alone is capable to induce cell fusion (Seth and Shaila, 2001; reviewed in Kumar et 

al., 2014). The only N-glycosylated F precursor F0 is cleaved by furin at the consensus 

cleavage site R-R-T-R-R where R stands for arginine, and T for threonine. Cleavage of F0 is 

regarded as essential for virus infectivity and membrane fusion (reviewed in Kumar et al., 

2014) which in Vero cells infected with PPRV Nigeria 75/1 or in CV-1 cells transfected with 

F-encoding expression plasmids results in formation of syncytia (Mahapatra et al., 2006; Seth 

and Shaila, 2001). Since syncytium formation in VeroMontpellier cell cultures was not observed 

after infection with PPRV Nigeria 75/1 although the virus grew to titers up to 5x106 

TCID50/ml which is more than 100 fold higher as achieved by Mahapatra et al. (2006), we 

addressed the question whether processing of F and/or H might be involved in this apparently 

specific feature of VeroMontpellier cells. H was included in the analyses because for some 

paramyxoviruses presence of the attachment glycoprotein is beneficial or even necessary for 

induction of membrane fusion.  

Again, neither F-expression of either strain alone nor homo- or hetero-expression of F and H 

revealed evidence for syncytium formation. Since intracellular transport of glycoproteins can 

be followed by pulse/chase experiments using [14C]-labeled (Schlesinger and Schlesinger, 

1972) or [35S]-labeled (König et al., 2004) amino acids, maturation of F and H in PPRV 

infected VeroMontpellier cells was monitored after a 60 minutes pulse with [35S]-methionine. As 

expected for a type II integral membrane protein, the H precursor molecules with an apparent 

molecular mass of 82 kDa was modified during intracellular transport to the probably 85 kDa 

apparent molecular mass mature protein. Surprisingly, the putative 62 kda F precursor 

molecules was modified to the 64 kDa F0 which, however, was apparently not cleaved into 

the expected 48 kDa F1 (Herbert et al., 2014; Rahman et al., 2003) during the chase period or 

after long time labeling which suggest that F maturation is impaired with regard to cleavage 

in PPRV Nigeria 75/1 infected cells. This interpretation is supported by the analyses of the 
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apparent molecular masses of F expressed in the time course of an infection or after transient 

expression which did not reveal unequivocal presence of the F0 cleavage product.  

In summary, the data showed that PPRV Nigeria 75/1 is at least not efficiently cleaved in 

VeroMontpellier cells which coincides with the absence of detectable syncytium formation 

despite development of plaques after low MOI inoculation and a complete CPE around 6 days 

after infection with an MOI of 0.2 to 0.5. Whether the observed phenotype  - productive virus 

infection in absence of syncytia - is correlated to Nectin-4 expression mediated entry of PPRV 

Nigeria 75/1 grown on VeroMontpellier cells as has been described by Birch et al. (2013) for 

infection of sheep kidney epithelial cells with PPRV Ivory Coast 1989 strain needs to be 

elucidated. 

 

7.4.4. Expression of PPRV H and F by pCAGGS eukaryotic expression vector 

(Manuscript-2) 

The recombinant plasmids pCAGGS-PPRV-FN(Nigeria 75/1) and -FK(Kurdistan 2011), and pCAGGS-

PPRV-HN and -HK which contain the H- and F- ORFs from PPRV Nigeria 75/1 vaccine strain 

(lineage 1) and PPRV Kurdistan 2011 virulent strain (lineage IV) integrated into the 

eukaryotic pCAGGS expression vectors for protein expression into vertebrate cells in an 

attempt to achieve expression of great amount of PPRV proteins using a non-viral expression 

vector. Although expression of high levels of the respective proteins could be achieved in 

RK13 and HEK293T cells transfected with the mentioned expression plasmids as 

demonstrated by IIF, WB and RIP using anti-PPRV-H and anti-PPRV-F rabbit sera, again no 

evidence for formation of syncytia was found, independent of expression of F alone or after 

homo- or heterotypic co-expression of F and H (the latter is not shown) which is also in 

contrast to Seth and Shaila (2001) who reported PPRV F mediated cell-cell fusion in CV-1 

cells.  

 

7.4.5. Genetic fusion of PPRV H and F with the NH2-subunit of glycoprotein B (gB) of 

BHV-1 (Manuscript-3)               

In recent years, pseudotyping of BSL2 viruses with neutralizing antibodies-inducing virion 

proteins of BSL3 or BSL4 viruses has become a convenient method to perform e.g. virus 

neutralization assays under BSL2 conditions for pathogens grouped into a higher safety level 
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(Kaku et al., 2012; Ray et al., 2010; Wright et al., 2009). Since it had been shown before that 

BHV-1 recombinants expressing envelope glycoproteins of bovine respiratory syncytial virus 

and bovine viral diarrhea virus in their envelopes are neutralized by sera specific for the 

respective heterologous antigen (Kühnle et al., 1996; Kühnle et al., 1998; Kweon et al., 1999; 

Schmitt et al., 1999; Wang et al., 2003), it was tempting to generate PPRV-F and -H 

glycoprotein-pseudotyped recombinants by integration of respective expression cassettes into 

the BHV-1 genome. Although regularly successful in the past with a number of viral and 

nonviral proteins (Kit et al., 1992; Otsuka et al., 1996; Raggo et al., 1996; Raggo et al., 2000; 

Taylor et al., 1998; Höhle et al, 2005), attempts to express the PPRV glycoproteins by BHV-1 

failed.  

Therefore an alternative approach uses BHV-1 gB, an essential, furin cleaved, envelope 

glycoprotein of BHV-1 whose NH2 subunit can be genetically fused with a heterologous 

protein sequence that is transported as cargo to the cellular membranes and incorporated into 

virus particles which can be neutralized by cargo-specific antibodies (Keil et al., 2005; Keil et 

al., 2010) was chosen which has also been successful before. Attempts to generate 

pseudotyped BHV-1 by genetically fusing relevant parts of both PPRV-F and PPRV-H 

glycoproteins to the amino-terminal subunit of glycoprotein B failed repeatedly. Analyses for 

intracellular localization of BHV-1 hybrid-gB recombinants revealed that, dependent on the 

fusion protein, transport of the hybrid glycoproteins beyond the endoplasmic reticulum is 

impeded. Thus, expression of heterologous glycoproteins using BHV-1 interferes more than 

expected from published experience with BHV-1 gB transport and consequently with virus 

replication. 

In the latter experiments, it appeared that gB02Fu-PPRV-H2 might have retained some 

biological activity for complementation of gB¯-BHV-1 and gB̄-BHV-5. This residual 

activity, however, was not sufficient to rescue stable recombinants expressing gB02Fu-PPRV-

H2.  

To obtain hints for the loss of function of the gB-PPRV-F and -H fusion proteins, intracellular 

transport and localization were analyzed in comparison to wt-gB and gB02Fu-H5, transiently 

expressed by plasmid DNA transfection. Pulse/chase experiments to elucidate correct 

transport and claevage by furin of the gB variants revealed that only the positive control 

proteins wt-gB and gB02Fu-H5 were transported into the TGN where they were cleaved. 



General Discussion 
 

144 
 

These were also the sole proteins that efficiently complemented in trans the entry defect of 

gB-negative virions in the transient complementation assays which also revealed that 

gB02Fu-H5 is less capable in this respect which is in good accordance with previous data 

which showed that fusion of HA1 to gB-NH2 interferes marginally with recombinant virus 

entry into cells and subsequent direct spreading from cell to cell (Keil et al., 2010). Aside 

from that, the transient complementation assays suggested that gB02Fu-PPRV-H2 might have 

retained residual biologic activity although there was no detectable cleavage of the precursor 

molecules. One explanation might be that processing of gB02Fu-PPRV-H2 is slow and thus 

escapes recognition, but might be sufficient to yield enough functional hybrid protein during 

the 5 d incubation phase in the transfected cells to enable low level complementation. This 

interpretation is also in accordance with the results of the colocalization experiments which 

indicated that gB02Fu-PPRV-H2 localizes to both the Golgi apparatus and the cell membrane 

whereas the other hybrid proteins were retained in the ER. Alternatively gB02Fu-PPRV-H2 

might enable entry of virus particles containing this protein into target cells but the function 

of gB for direct spreading is impeded. Such a recombinant might have escaped detection. 

In contrast to previous experience with BVH-1 as vector for expression of heterologous 

glycoproteins from integrated expression cassettes or fused to the amino terminal subunit of 

gB, expression of the PPRV glycoproteins F and H and domains therefore were not 

compatible with infectious BHV-1 replication. At least for the hybrid gB proteins maturation 

and intracellular transport of the essential gB was inhibited which apparently interfered with 

the generation of infectious progeny. Whether this explanation also applies for the genome-

integrated expression cassette mediated expression of F and H needs to be clarified. 

 

 

 

 

 

 

 

 



General Discussion 
 

145 
 

7.5. Conclusion  

 

� The full length haemagglutinin (H) and fusion (F) genes ORFs of PPRV strain Kurdistan 

2011 were sequenced as an initial attempt to characterize surface glycoproteins of PPRV 

isolate from Iraq. The nucleotide sequences data were submitted to NCBI GenBank 

database under accession numbers KF648288.1 for H gene and KF648287.1 for F gene.  

� Phylogenetic analyses performed for PPRV strain Kurdistan 2011 based on the entire and 

partial ORFs for H and F genes aligned it into PPRV lineage IV cluster. 

� Monospecific sera against PPRV-H and PPRV-F raised in rabbits could demonstrate 

transiently expressed H and F proteins from PPRV Nigeria 75/1 vaccine strain and the 

wild type Kurdistan 2011 isolate.  

� Sera proved suitable for application in indirect immunofluorescence, immunoblotting and 

immunoprecipitation.  

� The newly generated rabbit sera against PPRV H and F proteins would be promising tools 

for diagnosis of PPRV. 

� Analyses of the expression and intracellular maturation of PPRV Nigeria 75/1 vaccine 

strain F and H in infected VeroMontpellier reveals undetectable syncytia formation which 

might be a result from inefficient maturation of F during intracellular transport.  

� BHV-1 and glycoprotein B (gB) of BHV-1 viral vectors failed to direct expression of 

PPRV-H and PPRV-F either as full or partial length proteins due to interference of PPRV 

expression cassettes with BHV-1 replication which lead to failure in their intracellular 

processing and transport.  

� Attempts for expression of H and F proteins of PPRV as full length proteins by 

recombinant plasmids pCAGGS-PPRV-FN(Nigeria 75/1) and -FK(Kurdistan 2011), and pCAGGS-

PPRV-HN and -HK from PPRV Nigeria 75/1 vaccine strain (lineage I) and PPRV 

Kurdistan 2011 virulent strain (lineage IV) proved efficient for achieving high levels of 

the respective proteins in transfected cells. 
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7.6. Recommendations 

 

� The recombinant plasmids pCAGGS-PPRV-FN(Nigeria 75/1) and -FK(Kurdistan 2011), and 

pCAGGS-PPRV-HN and -HK which contain the H- and F- ORFs from PPRV Nigeria 75/1 

vaccine strain (lineage I) and PPRV Kurdistan 2011 virulent strain (lineage IV) integrated 

into the eukaryotic pCAGGS expression vectors - can be used for establishment of 

recombinant based diagnostic assays for PPRV.  

� Co-expression of PPRV-H and -F might enhance the expression ability of these proteins. 

� Integration of M protein (PPRV-M) as a co-factor could strength the expression of PPRV-

H and -F. 

� Shift to another expression vector could be also of benefit as has been shown recently for 

PPRV-H and -F Adenovirus recombinants. 
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9. Summary 

Nussieba Ahmed Osman Elhag  

“Expression studies of peste des petits ruminants virus (PPRV) haemagglutinin and 

fusion envelope glycoproteins”  

 

Peste des petits ruminants (PPR) is a highly contagious and infectious viral disease of 

domestic and wild small ruminants. It is one of the diseases notifiable to the World 

Organization for Animal Health (OIE). Due to its high morbidity and mortality rates the 

disease has an economic impact and influence on small animal industry in developing 

countries where it is endemic. PPR is caused by peste des petits ruminants virus (PPRV) a 

member of the morbillivirus genus in the Paramyxovirinae subfamily of the Paramyxoviridae 

family in the order Mononegavirales. PPRV has two surface glycoproteins: the 

haemagglutinin (H) and fusion protein (F) that appear as spikes on the viral envelope. Viral 

surface glycoproteins are essential for entry into the cytoplasm, a process accomplished by 

attachment via H and fusion of the viral envelope with the host cell membrane via F. PPRV-F 

mediated cell-cell fusion leads to syncytia formation, a characteristic observed in PPRV 

infected cell cultures, leading to virus spread from cell to cell. The interaction of H and F 

surface glycoproteins of PPRV with the host cell surface is accountable for initiation of viral 

infection process and therefore being the main target for inducing a strong protective immune 

response in infected and vaccinated animals represents by neutralizing antibodies. Due to 

their position and function, H and F surface glycoproteins of PPRV would be considered as 

suitable candidates for the establishment of recombinant technology based novel diagnostic 

assays.  

Sequences of the full length open reading frames (ORFs) encoding the H and F of PPRV 

Nigeria 75/1 vaccine strain (lineage I) and the virulent isolate PPRV Kurdistan strain 2011 

(lineage IV) revealed genes of 1827 and 1638 nucleotides (nt) in length (excluding the stop 

codon) which thus encode proteins of 609 and 546 amino acids (aa) with apparent molecular 

masses of 68 KDa and 60 KDa, respectively. Nucleotide sequences of the ORFs encoding H 

and F of PPRV strain Kurdistan 2011 were submitted to GenBank database (accession 

numbers KF648288.1 and KF648287.1, respectively). Comparative nucleotide sequence 
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analyses performed for the entire H- and F- ORFs and amino acid sequences of Kurdistan 

2011 with the respective sequences of PPRV isolates available in GenBank revealed the 

highest degree of homology with PPRV lineage IV strains represented by Turkey 2000. 

Phylogenetic neighbor-joining trees generated based on either the full length (1827 nt) or the 

partial 612 nt (1174-1785 nt) nucleotide sequences of the H-ORF and the full length (1638 nt) 

or the partial 322 nt (254-575 nt) nucleotide sequences of the F-ORF clustered Kurdistan 

2011 strain in PPRV lineage IV genotype.  

To overcome the failure of available H and F monoclonal antibodies (MAbs) to demonstrate 

expression and further maturation of the aforementioned proteins by PPRV and recombinant 

constructs using immunoprecipitation and immunoblotting, partial ORFs encoding H and F 

proteins of PPRV - selected based on their deduced hydrophobic profile - were fused in frame 

to the maltose binding protein (MBP) ORF of bacterial expression vector pMal-p2X and 

expressed in E.coli TB1 bacteria. Monospecific sera directed against both PPRV proteins 

were raised in rabbits against the respective purified fusion proteins. The respective sera 

proved to be suitable for use in indirect immunofluorescence, immunoblotting and 

immunoprecipitation assays. 

Infection of VeroMontpellier cell cultures with PPRV Nigeria 75/1 vaccine strain did not lead to 

the development of syncytia. Analyses of the expression and intracellular maturation using 

the monospecific sera revealed that H was expressed and, as expected, modified. In contrast, 

maturation of F appeared to be at least inefficient which can explain the absence of syncytia 

in infected VeroMontpellier cell cultures. This property may, however, be of advantage for virus 

yield because achievable final titers were 100 fold lower in syncytia-forming Vero/dog-

SLAM cells. 

To achieve ectopic expression of H and F surface glycoproteins of PPRV, several approaches 

have been attempted to integrate the entire or partial open reading frames (ORFs) for H and F 

of PPRV Nigeria 75/1 vaccine strain into vectors.  

All attempts to express the PPRV surface glycoproteins by recombinant bovine herpesvirus 1 

(BHV-1) from entirely from an own expression cassette or of parts after genetic fusion to the 

amino terminal subunit of the essential glycoprotein B (gB) were without success. Transient 

expression and complementation experiments to clarify the cause for the incompatibility of 
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the expression of PPRV protein expression with infectious BHV-1 replication indicated that F 

and H and the used domains therefore interfered with intracellular transport of gB and thus 

precluded generation of BHV-1 recombinants. 

Since the immediate early enhancer/promoter elements, frequently used to direct 

overexpression of target proteins, proved to be inapplicable for sufficient expression of PPRV 

F and H, expression plasmid pCAGGS was tested for suitability. In this plasmid a hybrid 

enhancer/promoter element (human cytomegalovirus enhancer, chicken ß actin gene 

promoter) controls transcription of the target sequences. The respective ORFs encoding the 

membrane glycoproteins of Nigeria 75/1 vaccine strain and field isolate Kurdistan 2011 were 

integrated into pCAGGS and their expression was analyzed after transfection using the 

monospecific sera. The results showed that the respective proteins were expressed in 

reasonable amounts and integrated into the cell membranes of the transfected cells, providing 

the prerequisite for future work to develop novel diagnostic tools based on PPRV F and H. 
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10. Zusammenfassung 

Nussieba Ahmed Osman Elhag 

“Studien zur Expression die Hüllproteine Hämagglutinin und Fusionsprotein des Virus 

der Pest der kleinen Wiederkäuer (peste des petits ruminants virus, PPRV)” 

 

Pest der kleinen Wiederkäuer (PPR) ist eine hoch infektiöse und sich gegenwärtig stark 

ausbreitende virale Erkrankung der kleinen Haus- und Wildwiederkäuer. Es ist eine der 

meldepflichtigen Krankheiten des Internationalen Tierseuchenamts (OIE). Aufgrund seiner 

sehr hohen Morbidität und Mortalität hat diese Tierseuche dramatische wirtschaftliche 

Auswirkungen auf die landwirtschaftliche Haltung kleiner Wiederkäuer in 

Entwicklungsländern, in denen sie endemisch ist. PPR wird verursacht durch das Virus der 

Pest der kleinen Wiederkäuer (PPRV), einem Mitglied der Gattung Morbillivirus in der 

Unterfamilie Paramyxovirinae der Familie Paramyxoviridae in der Ordnung 

Mononegavirales. PPRV hat zwei Oberflächenglykoproteine: das Hämagglutinin (H) und das 

Fusionsprotein (F), die in der viralen Hülle als Spikes erscheinen. Diese 

Oberflächenglykoproteine führen durch Anheftung über H und anschließender F-vermittelter 

Fusion der viralen Hülle mit der Wirtszellmembran zum Eindringen des Virus in die Zielzelle. 

PPRV-F vermittelnde Zell-Zell Fusion führt zur Bildung von Synzytien, ein Merkmal bei 

PPRV infizierten Zellkulturen, das es dem Virus ermöglicht sich direkt von Zelle zu Zelle 

auszubreiten. Somit sind H und F die wichtigsten Angriffspunkte für eine schützende 

Immunantwort in infizierten und geimpften Tieren durch neutralisierende Antikörper. 

Aufgrund ihrer Lage und Funktion sind H und F gute Kandidaten für die Entwicklung 

neuartiger diagnostischer Tests auf Basis rekombinanter Biotechnologie. 

Die Sequenzierung der gesamten offenen Leserahmen (ORFs) von H und F des Impfstammes 

PPRV Nigeria 75/1 (Linie I) und des virulenten Feldisolates PPRV Kurdistan Stamm 2011 

(Linie IV) ergab Längen von 1827 beziehungsweise 1638 Nukleotiden (nt) (ohne die 

jeweiligen Stopcodons), die folglich für Proteine von 609 und 546 Aminosäuren (aa) mit 

einem abgeleiteten Molekulargewicht von 68 kDa und 60 kDa kodieren. Die 

Nukleotidsequenzen H- und F-ORFs des PPRV-Stammes Kurdistan 2011 wurden in die 

GenBank eingestellt (Zugriffsnummern KF648288.1 beziehungsweise KF648287.1). 
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Vergleichende Aminosäuren- (aa) und Nukleotidsequenzanalysen (nt), durchgeführt mit den 

jeweiligen vollständigen Sequenzen mit den entsprechenden Sequenzen in Genbank ergab den 

höchsten Gad an Homologie mit PPRV Linie IV Stämme, vertreten durch die PPRV Turkey 

2000. Phylogenetische Neighbor-joining Tree Analysen, erzeugt entweder auf der Basis der 

vollen Länge (1827 nt) oder teilweiser 612 nt (1174-1785 nt) Nukleotidsequenzen des H-ORF 

beziehungsweise der vollen Länge (1638 nt) oder der teilweise 322 nt (254-575 nt) 

Nukleotidsequenzen des F-ORF, ordneten  Kurdistan 2011 dem Linie  IV Genotyp zu. 

Die zur Verfügung stehenden monoklonalen Antikörper (MAK) gegen F und H waren nicht 

geeignet, Expression und Reifung der genannten Proteine zu untersuchen, da diese weder im 

Immunoblots noch in der Immunpräzipitation einsetzbar waren. Daher wurden Segmente der 

ORFs, ausgewählt auf Grund der Hydrophobizitätsprofile ihrer kodierten 

Aminosäuresequenz, in-frame an den ORF für das Maltose-Bindungsprotein im Plasmid 

pMal-p2X fusioniert und in E.coli TB1 exprimiert. Monospezifische Seren gegen gereinigte 

Fusionsproteine wurden in Kaninchen hergestellt. Die jeweiligen Seren erkannten spezifisch 

die zugehörigen Zielproteine in indirekten Immunfluoreszenz, Immunoblots und 

Immunpräzipitation-Assays.  

In VeroMontpellier-Zellen entstanden nach Infektion mit dem PPRV Nigeria 75/1 Impfstamm 

keine Synzytien. Die Analysen der Expression und der intrazellulären Reifung mit Hilfe der 

monospezifischen Antikörper ergaben, daß H wie erwartet exprimiert und modifiziert wurde. 

Im Gegensatz dazu schien die Reifung von F sehr ineffizient zu erfolgen was das Fehlen der 

Synzytien Bildung in infizierten VeroMontpellier Zellen erklären kann. Diese Eigenschaft könnte 

jedoch von Vorteil für die Virusausbeute sein da die erreichten Titer in infizierten 

VeroMontpellier Kulturen ca 100-fach höher sind als in Synzytien bildenden Vero/dog-SLAM 

Zellen. 

Für die ektopische Expression von H und F wurden verschiedene Ansätze versucht, welche 

die Integration der gesamten oder partieller offener Leserahmen (ORFs) für H und F von 

PPRV Nigeria 75/1 in verschieden Vektoren umfassten. 

Alle Versuche die PPRV-Oberflächenglykoproteine durch das bovine Herpesvirus 1 (BHV-1) 

mittels einer eigenen Expressionskassette als Ganzes oder in Teilen genetisch fusioniert an die 

aminoterminale Untereinheit des essentielle Glycoprotein B (gB), waren erfolglos. Transiente 
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Expressions und Komplementationsanalysen zur Klärung der Ursache(n) der Inkompatibilität 

der PPRV Proteinexpression mit infektiöser BHV-1 Replikation ließen darauf Schließen, daß 

F und H  mit dem intrazellulären Transport von gB interferieren und dadurch die Entstehung 

von BHV-1 Rekombinanten unmöglich.  

Da sich die zur Überexpression von Proteinen häufig verwendeten immediate early 

Enhancer/Promotor Elemente des murinen und humanen Cytomegalovirus als nicht geeignet 

für eine deutliche Expression von PPRV F und H erwiesen hatten, wurde, das 

Expressionsplasmid pCAGGS auf Tauglichkeit geprüft. In diesem Plasmid kontrolliert ein 

Hybrid Enhancer/Promotor Element (Enhancer vom humanes Cytomegalovirus, Promotor 

vom Hühner ß-Aktin Gen) die Transkription des Ziel-ORF. Die jeweiligen ORFs der 

Membranglycoproteine der Stämme Nigeria 75/1 Impfstamm und Kurdistan 2011 wurden in 

pCAGGS integriert und deren Expression nach transienter Expression mit Hilfe der 

monospezifischen Seren analysiert. Die Ergebnisse zeigten, daß die jeweiligen Proteine in 

signifikanten Mengen synthetisiert und in die Zellmembranen eingelagert werden. Damit 

wurde die Voraussetzung geschaffen,  in zukünftigen  Arbeiten neuartige, auf der ektopischen 

Expression von PPRV F und H basierende, Diagnostika zu entwickeln. 
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