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Pea seed-borne mosaic virus (PSbMV) a member of the genus Potyvirus, can be 

transmitted by seeds and causes serious lost in the legume crop yields. Its genome is consisted 

of 3 peptidases – P1, HC-Pro and NIa. Interestingly only P1 peptidase localized on the N 

terminal part of the viral polyprotein still remains without any concrete function influencing 

viral infection. We have expressed truncated part of P1 (Δ33-143) for immunizing of rabbit to 

produce polyclonal antibody against P1. Using this antibody we have found, that P1 (42 kDa) 

can act in the truncated form (30 kDa) during viral infection. Its interacting partner is CI. 

Immunohistochemical localization of P1 in the protoplasts obtained from infected pea plant 

demonstrated localization of P1 in the cytoplasm as well as in the nucleus. We have described 

C2H2 zinc finger motif (ZnF), which is non-standard of that presented in the eukaryotic 

world. We demonstrate in silico predicted protein models of found ZnF. After identification 

of this ZnF we found P1 of other 6 viruses (4 Potyvirus, 2 Tritimovirus) which are containing 

it too. Predicted protein models are confirming canonical secondary structure of found ZnF. 

PSbMV isolates are differed into 4 pathotypes (P1, P2, P3 and P4). This differentiation 

was done due to the path of viral infection on the pea plants carrying genes of resistance sbm-1 

and sbm-2. Viral protein VPg was considered as matching gene of virulence. Viral determinant 

of virulence corresponding to the interaction with sbm-2 was mapped as P3-6K1 protein of 

PSbMV. We analyzed sequences of coding regions for VPg and P3- 6K1 Czech isolates of 

PSbMV to class found isolates to the pathotype group. Interestingly, we found that isolates 

are distributed into all three pathotypes with a slight difference in the sequence of PSB204CZ 

isolate. We have designed novel primers bordering coding region of interest. To confirm the 

results coming from the molecular experiments we made biological testing. 
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Abstrakt: 

Pea seed-borne mosaic virus (PSbMV; Virus mozaiky hrachu prenosný semenom) 

patrí do rodu Potyvirus, je prenosný semenom a spôsobuje vážne straty na úrode strukovín. 

Genóm tohto vírusu kóduje 3 peptidázy: P1, HC-Pro a NIa. Jedine P1 peptidáza (lokalizovaná 

na N terminálnom konci polyproteinu) však ostáva bez jasnej funkcie v priebehu vírusovej 

infekcie. Exprimovali sme skrátenú oblasť P1 (Δ33-143), ktorou sme následne imunizovali 

králika a vyrobili si tak vlastnú polyklonálnu protilátku proti tomuto peptidu. 

Imunoprecipitáciou z úplného lyzátu pripraveného z infikovanej rastliny hrachu sme zistili, že 

P1 (42 kDa) sa môže vyskytovať v priebehu infekcie v skrátenej forme (30 kDa). 

Pravdepodobný interakčný partner je vírusový CI. Ďalej sme P1 lokalizovali v protoplastoch 

infikovanej rastliny hrachu imunofluorescenčne a to v cytoplazme a v jadre. Popísali sme 

motív Cys2His2 zinkového prstu (C2H2 ZnF), ktorý je čiastočne podobný tomu 

vyskytujúcemu sa u eukryotov, kde bol popísaný. Následne sme navrhli model tohto ZnF v in 

silico podmienkach. Pokúsili sme sa nájsť homológiu tohto motívu i u iných Potyvírusov, čo 

sa nám podarilo, a to u ďalších 6 vírusov (4 Potyvírusov, 2 Tritimovírusov).  

Izoláty PSbMV sa rozdeľujú do 4 patotypov (P1, P2, P3 a P4). Takéto rozdelenie bolo 

rozhodnuté na základe priebehu vírusovej infekcie na rastlinách hrachu nesúcich gény rezistencie 

sbm-1 a sbm-2. Vírusová proteín VPg bol nájdený ako gén virulencie odpovedajúci rastlinnému 

génu smb-1. Vírusový determinant virulencie interagujúci s sbm-2 bol nájdený v oblasti P3-6K1. 

Cieľom našej práce bolo zaradiť izoláty PSbMV nájdené v Českej Republike do jednotlivých 

patotypov a to pomocou sekvenovania oblastí VPg a P3- 6K1. Sekvenčná analýza poukázala 

na distribúciu izolátov do troch patotypov. Ďalej sme postupovali v overení tohto výsledku 

pomocou biologický testov. 
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Abbreviations 
 
  
aa   amino acid 

bp   base pairs 

C2H2 ZnF  Cys2His2 Zinc finger 

DNA   deoxy-ribonucleic acid 

HC-Pro  Potyviral Helper component protein 

ICTV   International Committee on Taxonomy of Viruses  

IgG   Immunoglobulin G 

nt   nucleotides 

P1   Potyviral peptidase 

P3-6K1 Potyviral gene of virulence matching with sbm-2 plant gene of 

resistance 

PSbMV  Pea seed-borne mosaic virus 

PVY   Potato virus Y 

RNA   ribonucleic acid 

VPg   Potyviral protein covalently bound to the N terminus of viral RNA 

Potyviral gene of virulence matching with sbm-1 plant gene of 

resistance 

ZnF   Zinc finger 
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 1 Background 
 

The Potyviridae family (named after its type member Potato virus Y) is the largest of 

the 65 plant virus groups and families currently recognized (ICTV). Quality and activity 

explanation of viral proteins in this group, with more than about 100 different species in six 

gnera (López-Moya and García 2008; Berger et al. 2000) is nowadays in the middle of the 

scientific interest. However was offered to this topic over 30 years there remain still a lot of 

non-discovered properties connected with viral infectious cycle and its system spreading as 

well as identification of the “key” to the viral evolution resulting to the host specificity. 

Within the Potyviridae family, the following genera are recognized: Brambyvirus, Potyvirus, 

Rymovirus, Macluravirus, Ipomovirus and Tritimovirus. A seventh genus, Bymovirus, 

contains viruses with bipartite genomes. Recent attempts to expand the genera include 

Blackyvirus (Susaimuthu et al. 2008), Poacevirus (Tatineni et al. 2009) and Susmovirus (Xu 

et al. 2010).  

The viruses of this family cause significant losses in agricultural, pastoral, 

horticultural and ornamental crops (Ward and Shukla 1991). Virions are flexuous and rod-

shaped, 80 to 900 nm long and 11 to 15 nm wide (Fig.1A). The nucleocapsid is composed of 

around 2000 units of a single structural protein, surrounding one molecule of nucleic acid 

(Carrington and Dougherty 1988). A feature shared by all of the potyviruses is the induction 

of characteristic pinwheel or scroll-shaped inclusion bodies in the cytoplasm of infected cells 

(Fig.1B) (Edwardson 1974). The predominant way of transmission of potyviruses is through 

aphids. Other possible means of the virus’ spread are by mites and whiteflies. The genome is 

created by single-stranded RNA of positive sense, around 10 000 bp long. In most potyvirid 

species with a monopartite genome, their genomic sequence encodes nine multifunctional 

proteins plus the capsid protein.  
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Fig.1 Electron micrograph of potyvirid rod shaped virion (A) and 
characteristic pinwheel inclusion bodies in the cytoplasm of infected cells 
(B). Photo by JA García, Centro Nacional de Biotecnología-CSIC, Madrid, 
Spain  

 

 

 

Pea seed-borne mosaic virus (PSbMV) is economically important seed transmitted 

virus infecting pea plants (most cultivars of Pisum sativum), lentil, chickpea and broad bean. 

Infection by PSbMV belongs to the group of important legume diseases and causes stunting, 

downward rolling of leaflets, swelling of leaf veins (Fig.2) and delayed flowering as well as 

serious crop lost varying between 11-82% (Torok 2006).  The virus is transmitted by aphids 

in non-persistent manner and vertically through seeds (Hampton et al. 1973). The PSbMV 

genome, as well as most of the Potyviridae members, is composed from ssRNA of 

messenger-polarity. Size of genome varies according to isolate between 9342 and 10820 nt 

including a 3´-poly(A) tail and a virus-encoded protein (VPg) covalently bound on the 5´-end 

(Kekarainen et al. 1999, Oruetxebaria et al. 2001). Viral genome encodes one polyprotein, 

which is finally processed by its three proteases P1, HC-Pro and NIa (Dougherty and Semler, 

1993) to 9 non-structural and 1 capside protein (Fig.3). 

Fig.2 Symptoms of PSbMV virus infection on the pea plant (cultivar Merkur) presented by 
stunting, downward rolling of leaflets, swelling of leaf veins (right) in comparison to the 
healthy plant (left) (A) and serious crop lost varying between 11-82% compared to the yield 
from the healthy (left) and infected (right) pea plant (B). Photo by Dana Šafářová, Dept. of cell 
biology and genetics, UP Olomouc 
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PSbMV isolates are recognized as pathotypes P-1, P-2, and P-4 by their infection 

profiles on a panel of Pisum sativum lines (Alconero et al. 1986; Kasimor et al. 1997). 

Correspondingly, P. sativum lines can be divided into categories A, B, C, and D, depending 

on their susceptibility to the PSbMV pathotypes (Johansen et al. 2001). Category A lines are 

susceptible to all three pathotypes, category B lines are resistant to all three pathotypes, 

category C lines are resistant only to pathotype P-2, and category D lines are resistant to 

pathotypes P-1 and P-2. Thus, categories C and D are sufficient to differentiate the three 

known pathotypes. Resistance to PSbMV in P. sativum is inherited as single recessive genes, 

designated sbm-2 and sbm-1 in category C and D lines, respectively (Johansen et al. 2001; 

Provvidenti and Alconero 1988).  

 

Fig.3 Scheme of Potyviral proteins with signed proteolytical Cleavage of the 
proteins from the viral polyprotein. P1 pepteidase and HC-Pro cleaves itself out of 
the viral polyprotein. NIa-Pro cleaves itself from NIb and 6K2 (hell brown). As the 
last are released 6K1 from CI, NIa-Pro from VPg and CP (dark brown).  



Page | 11  
 

1.1 P1 peptidase 
 

P1 peptidase was the last of the three peptidases to have been identified as processing 

the potyviral polyprotein (Verchot et al. 1991). P1 peptidase, the first protein of the viral 

polyprotein, is the most divergent protein with regard to both length and amino acid sequence 

(Adams et al. 2005). Its size between potyviruses varies in 30-83 kDa. Its role in virus 

infection cycle has remained unclear. There are just hints regarding P1 successful adaptation 

of the potyviruses into a wide range of host species (Valli et al. 2007). P1 peptidase belongs 

to family serine-like peptidases and catalyses cleaving itself from viral helper component 

(HCPro; Mavankal and Rhoads 1991, Verchot et al. 1991, 1992). Highly conservative 

protease domain is identified in C-terminal part of coding region 143AA-END. Serine 

catalytic triad is composed of His-307, Asp-331 and Ser-348 (by P1 PSbMV isolate DPD1, 

GenBank NP734419) (Verchot et al. 1992). Specific motif surrounding putative active-site 

Ser residue (Gly-Xaa-Ser-Gly) is recognized by all examined potyviruses (Dougherty and 

Semler 1993). Mutational analysis knocking out Ser (bold in formula) led to proteolyticaly 

non-functional P1 proteinase (Verchot et al. 1995).  

In the microbial world, peptidases are not uncommon. Serine peptidases were found in 

various viruses (Rawlings and Barrett 1993). They have acquired their importance because of 

their functional involvement in the processing of proteins of viruses that cause certain fatal 

diseases such as AIDS and cancer. All virus-encoded proteases are endopeptidases. The 

mature protease is released by the autolysis of the precursor (Rao et al. 1998). Serine 

proteases are characterized by the presence of a serine group within their active site. The 

numerous examples of serine proteases among viruses suggest that they are vital to the 

organisms (Barret 1994). With the intent of preventing serious losses to several major crop 

plants, strong efforts continue into research on the viral 

Till present there have been done a lot of studies trying to explain P1 quality as well as 

its activity during viral infection. Due to the expanding study and conclusive overview I 

would like to refer the review Rohožková and Navrátil (2011; see Chapter 6.1: Research 

articles and reviews) in which we would like to offer comprehensive view on the P1 peptidase 

topic through viruses in family Potyviridae. 

In present, scientific groups offer high effort in decoding the true processes of viral 

proteins during infection, breaking the defense mechanism of host organism, cell as well as 

system spreading with focus on concrete host endogenous interacting proteins and molecular 
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pathways. We considered the P1 peptidase exploration as very useful not just in way for 

expanding known facts about plant viruses, but also with the wider application of those 

viruses concerning and affecting humans.  

 

 

1.2 VPg and P3-6K1 

PSbMV isolates are differed into 4 pathotypes (P1, P2, P3 and P4). This differentiation 

was done due to the path of viral infection on the pea plants carrying genes of resistance sbm-1 

and sbm-2 (Alconero 1986). Both genes are active on the level of active barring of virus local and 

systemic spread. Gene of resistance sbm-1 was identified as homolog of eukaryotic tranclational 

initiation factor (eIF4E) carrying few mutations and signed eIF(iso)4E (Gao et al. 2004). Viral 

protein VPg was considered as matching gene of virulence (Hjulsager et al. 2006). During viral 

infectious cycle has VPg role in a long-distance movement, cell-to-cell movement, and 

replication.  This protein is covalently bound to the 5´ end of viral RNA and acts as a primer 

for annealing of viral RNA replicase and other cell translational factors (Rajamäky and 

Valkonen 2009).  

Viral determinant of virulence corresponding to the interaction with sbm-1 was 

mapped as P3-6K1 protein of PSbMV (Johansen et al. 2001). The P3-6K1 cistron has been 

shown genetically to be strictly essential for productive potyvirus infection at the cellular 

level (Klein et al. 1994). However, a corresponding molecular function of the P3-6K1 gene 

product(s) still remains elusive (Urcuqui-Inchima et al. 2001). Our experiments were dealing 

with molecular and biological characterization of the PSbMV isolates obtained in the Czech 

Republic.  
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2 Aims of study 

We have focused our effort on the two different protein of PSbMV:  

1. P1 peptidase and expanding the present knowledge of novel proteomic, biochemical 

and evolutional data;  

2. Sequential and phylogenetic analysis of coding regions P3 and 6K1, which are 

interacting regions with the genes of resistance in host plants. 

 
 
2.1 P1 peptidase 
For discovering proteomic details about P1 peptidase of PSbMV we tried to fulfill these aims: 

- In vitro expression of P1 peptidase of PSbMV selected isolate and preparation of 

polyclonal antibody against it 

- Localization of P1 in infected pea plant protoplasts using immunohistochemical 

methods 

- Identification of proteins specifically interact with P1 peptidase during viral infection 

- Prediction of P1 peptidase active domains and in silico modeling of the secondary 

structure 

 

2.2 P3+6K1 and VpG coding regions interacting with the genes of resistance of 
host plant 
Second part of the study is dealing with phylogenetic analysis of VpG and P3+6K1 coding 

regions in PSbMV selected isolates and we tried to diversify the pathotype between Czech 

found isolates fulfilling following aims: 

- Sequential analysis of VPg and P3+6K1 coding region of 11 known isolates of 

PSbMV identified in Czech Republic 

- Diversification of isolates to their biological characteristics (pathotype) and 

confirmation of found data by biological testing on different pea cultivars. 
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2.1 P1 peptidase 
 

2.1.1 In vitro expression of P1 peptidase of PSbMV selected 
isolate and preparation of polyclonal antibody against it. 

For in vitro expression of P1 peptidase we tried 3 different strategies: 1. Expression of 

whole P1 protein, expressing of peptides; 2. Expression of peptides localized in the very 

variable N terminus (P1/I in position 15-98 aa) and in contrary short peptide localized in the 

middle of the conserved part of the P1 peptidase (P1/II in position 146-215 aa); 3. Expression 

of one peptide (110 aa) fulfilling criteria of surface display predicted to the secondary 

structure topology of P1 and immunogenicity of reached fragment. The third strategy was 

regarded as the most successful. Shortened peptide P1 Δ33-143 expressed in prokaryotic 

expression system pQE30. This peptide was further used for rabbit immunization with regard 

to production of polyclonal IgG.  

Produced antibody was further tested on WB of total cell lyzate prepared form infected 

pea plant. We have also immunoprecipitated P1 peptidase via this polyclonal antibody from 

infected plant lyzate. In both cases we have detected protein of 30 kDa. Protein sequencing 

confirmed that aa of it covers P1 coding region between 80-277 aa (further signed as ΔP1). 

We can suggest, that there is undergoing alternative splicing of P1 after its proteolytic 

cleavage from the viral polyprotein.  
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2.1.2 Localization of P1 in infected pea plant protoplasts by 
immunofluorescence 

We were able to detect P1 peptidase in WB from infected pea plant total cell lyzate. 

However we detected also non-specific interaction of this polyclonal antibody with Rubisco. 

This was maintained as problem for further localization of P1 in the cell, whereas non-specific 

interaction with Rubisco enables to identify specific localization pattern. To solve this 

problem we used specific antibody against Rubisco, which blocks epitopes possibly 

interacting with rabbit polyclonal immunoglobulin. Result was satisfying with obvious 

difference between non-blocked and blocked samples.  

 Localization of P1 in protoplasts isolated from infected pea plant using 

immunofluorescence after blocking Rubisco was successful. We detected this viral peptidase 

spread all over the cytoplasm but excluded from the cytoplasmic membrane and other 

membranous structures as endoplasmic reticulum and Golgi apparatus. Clearly positive 

localization was detected in the cell nucleus. We haven’t localized P1 in the intact plant 

tissues so we can’t say anything about localization of P1 in the interstitial spaces between the 

plant cells.   

 
 
 
 
 
2.1.3 Identification of protein specifically interact with P1 peptidase 

during viral infection  

To clarify the processes in which is 30kDa P1 peptidase involved we used method co-

immunoprecipitation which enables to pull down P1 peptidase and proteins interacting with it 

during infectious cycle. In comparison to the negative control with ΔP1 (30 kDa) we have 

precipitated viral CI protein (71 kDa) and other 48 kDa un-known protein.  Found interaction 

with CI can be explained by two suggested theories: 1) All viral proteins are synthesized near 

cytoplasmic inclusions; 2) Cytoplasmic inclusions are sites of potyviral RNA replication. P1-

CI can be expanded by the hypothesis of Verchot and Carrington (1995) that P1 peptidase 

could participate in virus replication or regulatory factor stimulating genome amplification.  
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2.1.4 Prediction of P1 peptidase active domains and in silico modeling 
of the secondary structure 

We analyzed aa sequence in region 1-277 which confirms the 30 kDa predicted size 

and analyzed it by SMART: Sequence analysis database (Schultz et al. 1998, Letunic et al. 

2009). There was predicted Zinc finger (ZnF) with the specific motif Cys2His2 (C2H2) 

localized in the N-terminal part of the ΔP1. This motif was in the P1 coding region organized 

in the formula C[32]-X2-C[35]-X3-F-X10-H[50]-X20-H[70]. C2H2 ZnF´s are the most 

common DNA-binding motifs found in eukaryotic transcription factors but importantly have 

also been identified in prokaryotes (Chou et al. 1998).  

To complete this novel found fact we prepared in silico models of entire ΔP1 with 

proper folding of the C2H2 ZnF cavity.  

 ZnF was in the Potyviruses predicted for the first time. Also Vali et al. (2007) has 

previously described some phylogenetically conserved Cys and His in the N-terminal part of a 

few Potyviral P1s without explanation of this phenomenon (see supplementary figures of Valli 

et al. 2007).  

We search for homology in the family Potyviridae and we found the same conserved 

motif in next 4 potyviruses (Pea seed-borne mosaic virus isolate DPD1, Onion yellow dwarf 

virus, Leek yellow stripe virus and Zucchini yellow mosaic virus) and 2 tritimoviruses (Brome 

streak mosaic virus and Oat necrotic mottle virus) (Table 1).  

Mention about C2H2 ZnF in P1 peptidase of virus in family Potyviridae was dedicated 

for the first time. We have found homologous motif in other members of this family. 

Furthermore we perform in silico prediction to confirm secondary structure of the ZnF cavity. 

Quality of this motif as well as confirmation of the secondary structure of this motif by 

crystallization requires further exploration. 

 

Tab. 1 Alignment of identified conserved C2H2 ZnF motifs (red box) in PSbMV isolates 204 and 
DPD1 and found P1 coding regions of other member of family Potyviridae. Numbers in front and 
behind the sequence are remarking the position of following aa in the sequence of each P1 
peptidase.  



 
 

2.2 VPg and P3-6K1 
 
 

2.2.1  Sequential analysis of VPg and P3+6K1 coding region of 11 
known isolates of PSbMV identified in Czech Republic 

We analyzed sequences of coding regions for VPg and P3- 6K1 Czech isolates of 

PSbMV to class found isolates to the pathotype group. Interestingly, we found that isolates 

are distributed into all three pathotypes with a slight difference in the sequence of PSB204CZ 

isolate. We have designed novel primers bordering coding region of interest. Amplified PCR 

products were sequenced and resulting sequences were aligned to the sequences of reference 

PSbMV isolates representing each pathotype in detail DPD1for P1 (GenBank No D10930), L1 

for P2 (GenBank No AJ252242) and NY for P4 (GenBank No X89997). To confirm the results 

coming from the molecular experiments we made biological testing.  

 
 
 
2.2.2 Diversification of isolates by biological testing on different pea 

cultivars. 

Results reached from sequential analysis were confirmed by biological testing on 

different pea cultivars. Surprisingly Czech isolates were distributed into two pathotypes, the 

P-1 (7 isolates) and P-4 (1 isolate) (for detailes see Chapter 6.1: Research articles and 

reviews; Šafářová et al. 2008).  
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3 Methods 
 
Detailed description of methods is listed in each publication. For reached results just standard 

laboratory methods were used if it is not mentioned below. 
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4 Conclusion  
 

We have successfully prepared rabbit polyclonal antibody against viral P1 peptidase. 

We found out that this viral protein is acting during infectious cycle in the truncated form (30 

kDa). During infectious cycle it is possibly interacting with viral CI protein and other un-

known 48 kDa protein.  For its activity found C2H2 ZnF can be crucial. We described this 

motif for the first time in the viral world. We have designed model of secondary structure 

confirming building the ZnF cavity. All of the mentioned results are novel found. Reached 

results are in detail described and prepared in the manuscript for publication Rohožková et al. 

2011 (see Chapter 6.1: Research articles and reviews). 

In the second part of the PhD thesis we assessed PSbMV isolates found in the Czech 

Republic into two groups of pathotypes- P1 and P2; regarding the results from molecular as 

well as biological experiments.  
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Abstract  

Background 

Pea seed-borne mosaic virus (PSbMV) a member of the genus Potyvirus, can be transmitted 

by seeds and causes serious lost in the legume crop yields. Its genome is consisted of 3 

peptidases – P1, HC-Pro and NIa. Interestingly only P1 peptidase localized on the N terminal 

part of the viral polyprotein still remains without any concrete function influencing viral 

infection. However P1 peptidase is characterized as the most variable protein (differing in the 

size as well as in the conserved motifs) all over the Potyviriadae proteins. We have found that 

this protein can act in the truncated form during viral infection and is consisting of originally 

described C2H2 zinc finger motif. This novel found qualities can help to clarify its true 

activity during viral infection. 

Results 

We have expressed truncated part of P1 (Δ33-143) for immunizing of rabbit to produce 

polyclonal antibody against P1. Using this antibody we have found, that P1 (42 kDa) can act 

in the truncated form (30 kDa) during viral infection. Its interacting partner can be CI and 

Rubisco. Immunohistochemical localization of P1 in the protoplasts obtained from infected 

pea plant demonstrated localization of P1 in the cytoplasm as well as in the nucleus. We have 

described C2H2 zinc finger motif (ZnF), which is non-standard of that presented in the 

eukaryotic world. We demonstrate in silico predicted protein models of found ZnF. 

Conclusions 

P1 peptidase is acting during infectious cycle in the truncated form in till present not 

described pathway. In its activity originally found C2H2 ZnF can be crucial. We described 

this motif for the first time in the viral world. After identification of this ZnF we found P1 of 

other 6 viruses (4 Potyvirus, 2 Tritimovirus) which are containing it too. Predicted protein 

models are confirming canonical secondary structure of found ZnF. 
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Background  

Pea seed born mosaic virus (PSbMV) is a member of genus Potyvirus, family Potyviridae. 

Infection by PSbMV belongs to the group of important legume diseases transmitted per seeds 

and causes mosaics, stunting and serious crop lost varying between 11-82% [1]. P1 protein of 

family Potyviridae is a serine peptidase localized at the N terminal part of viral genome 

cleaving HC-Pro and itself from the rest of polyprotein during the viral infection. More of the 

P1 peptidase quality was its RNA binding activity and enhancing quality of HC-Pro activity 

in silencing suppression [2, 3]. 

Peptidases are no uncommon in the microbial world. Their importance is in their 

involvement in the processing of viral proteins causing certain fatal diseases such as AIDS 

and cancer. There are serine, aspartic and cystein peptidase found in various viruses [4]. In 

this manner of studied problem focusing the study on the plant viral peptidases helps us not 

just safely investigate the problematic of viral peptidase affecting host plants but consequently 

apply found homology to understand the activity of RNA viruses; not only in the realm of 

plants, but also with the wider application of those viruses concerning and affecting humans.  

Till present real function of potyviral P1 peptidase still remains unclear without any 

significance of its influence to the infectious cycle of the virus. Here we suggest a novel 

biochemical qualities, sub-cellular localization and probable function dedicated from in silico 

analysis and modeling of this mysterious potyviral protein. 
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Methods 

Ethic statement 

All animals used in this study were housed in accordance with guidelines from legislative 

rules of the European Union, supervised by the control authority of the Czech Republic. 

 

Viral isolate and P1 peptidase 

P1 coding region has been used form PSbMV isolate PSB204CZ (GenBank No JN246531). 

This isolate was mechanically inoculated on host plant Pisum sativum cultivar Merkur. 

Inoculated plants have been kept in phyto-chamber with standard photoperiod (16h day/8h 

night)and temperature (22°C during the day and 18°C during the night). Positivity of viral 

transfer has been checked by ELISA test using monoclonal antibody against capsid protein 

(LOEWE Biochemica) after 14 days after inoculation. Isolation of total RNA has been 

provided by RNeasy Plant mini Kit (QIAGen) according to the manufacturer’s 

recommendations. We synthesized the cDNA using Robust I RT-PCR Kit (Finnzyme) due to 

manufacturer’s recommendations by primers bordering P1 coding region designed on the 

DPD1 sequence (Gene bank NP734419). Total P1 coding region was amplified with forward 

(5´-ATGTCAACACTAGTTTGC-3´) and reverse (5´-ATAGTGGTCAATTTGAAA-3´) 

primers using GoTaq DNA polymerase (Sigma). Reached P1 coding region sequence in 

length of 1141 bp was cloned into the pGem-T vector (Promega) and JM109 (Promega) 

competent cells have been transformed with this construct consequently. Coding region was 

checked by sequencing. Cycle sequencing reaction was provided using pUC/M13 forward and 

reverse primers (Promega) with annealing site in vector. For cycle sequencing reaction we 

used ABI BigDye v. 1.1 sequencing terminator kit (Applied Biosystems). Reached sequences 

was analyzed and completed by SeqManTM Software (DNA Star). 

 

Bacterial expression of P1 Δ33-143 peptide 

Short peptide P1 Δ33-143 was designed with software with surface display prediction with 

the highest probability of antigenicity within the whole P1 amino acid sequence. P1 Δ33-143 

coding region was amplified by forward  
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(5´-GAGCTCTGTACTCAGTGTGACATGG-3´) and revers  

(5´-GGTACCAGCTTTCCGCATGAAAA-3´) primers with linked restriction places SacI 

(forward) and KpnI (revers; both underlined in the sequence) for re-cloning into the bacterial 

expression vector pQE30 (QIAGen). Competent cells E. coli M15[pRep4] (QIAGen) was 

transformed with reached constructs. Cell culture cultivated in Luria-Bertain medium with 

addition of antibiotics ampiciline (100 mg.ml-1) and kanamycine (25 mg.ml-1) in exponential 

phase of growth was induced with isopropyl-1-thio-β-D-galactopyranozide to final 

concentration 1 mmol.l-1 and growth for additional 4 hours in 37°C. Then we prepared total 

cell lyzate by collecting the total amount of cells from medium by centrifugation (4000 x g; 

20 min). We disturbed the cells by repetitive freezing (-20°C) and thawing (room 

temperature) the pellet. We re-suspended the cells in lyzis buffer (50 mmol.l-1 

NaH2PO4.2H2O, 300 mmol.l-1 NaCl, 10 mmol.l-1 imidazole of pH 8.0). Into this suspension 

we added lyzozyme to final concentration 1 mg.ml-1 briefly shake and incubate the tubes in 

4°C for 1 hour. Then we sediment the cell debris by centrifugation (10 000 x g; 30 min) and 

use the supernatant. 

 

Protein purification and antibody production 

We have loaded 2 ml of total cell lyzate onto 0.5 cm thick 10% concentrated SDS-

polyacrylamide gel [5]. After separation we stained the gel (GelCode® Blue Stain Reagent, 

Thermo Scientific) and protein of the size 14 kDa was dissected. Gel slice was minced on the 

small peaces and inserted into dialysis tube (Spectra/Por, Spectrum Laboratorys) with 

molecular cut-off 6000-8000 Da. Electro elution environment was reached using dialysis 

buffer (50 mmol.l-1 NaH2PO4, 1% SDS) (protocol from Technical resource: Purify proteins 

from polyacrylamide gels. Pierce Biotechnology). Electro elution ran by 100 mA during 8 

hours in 4°C. We concentrated the protein from dialysis buffer using Microcon columns 

(Milipore) with molecular cut-off 10 000 Da. This method allows also de-salting the samples 

and decontaminating the SDS from samples further used for rabbit immunization. Purified 

protein solution was homogenized in Freud’s complete adjuvant.  Initiating volume 0.5 mg 

was applied intramuscularly two times in period of 7 days. Next 3 immunizing applications 

were given to rabbits as 0.2 mg of protein homogenate in Freud’s adjuvant intradermally in 14 

and 28 days. Last immunizing injection containing 0.5mg of purified protein was applied 42nd 

day from the start. Seven days past last immunization rabbits were bled. The produced rabbit 

polyclonal serum was preservated by sodium azide added to 0.02%. Isolation of rabbit IgG 
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was provided using Montage® Antibody Purification Kit (Milipore) due to the manufacturer’s 

recommendations. 

 

Protein amino acid sequencing 

Bands containing proteins of rights size to be analyzed were excised from Coomassie-stained 

SDS-PAGE gels. In-gel digestion by raffinose-modified trypsin was conducted according to a 

published protocol [6] with an additional reduction/alkylation (2-

mercaptoethanol/iodoacetamide) prior to the addition of protease [7]. MALDI matrix has been 

composed from α-Cyano-4-hydroxycinnamic acid (2 mg.ml-1) in 2.5% acetonitrile (v/v)/ 

trifluoroacetic acid (2:1, v/v) [8]. Volume of 5 l digest and equal volume of matrix solution 

were premixed in a test tube. Then 1 l of the mixture was pipetted on an MSP AnchorChip 

600/96 target (Bruker Daltonik) and allowed to dry at ambient temperature. Positive-ion mass 

spectra were measured in the reflectron mode on a Microflex LRF20 MALDI-TOF mass 

spectrometer (Bruker Daltonik) equipped with a microScout ion source and a 337-nm 

nitrogen laser. Mass spectra were accumulated from 100-200 shots at a laser repetition rate of 

10 Hz; the examined m/z range was 500-5,000. The instrument was calibrated externally using 

a mixture of peptide standards.  

The acquired spectra were processed by flexAnalysis 2.4 and Biotools 3.0 software 

(Bruker Daltonik). Database searches were done against protein sequence databases Swiss-

Prot (ver. 56.6) and NCBInr using the program Mascot Server 2.2 (Matrix Science, London, 

UK) installed on a local PC. Oxidation of methionine as an optional modification and one 

enzyme missed cleavage were chosen for all searches performed without taxonomic 

restriction; a mass tolerance of 150 ppm was allowed.  

 

 

Co-immunoprecipitation  

Leafs from negative and infected pea plant was minced in liquid nitrogen. Then we 

immediately add denaturating lysis buffer (50 mM Tris-HCl pH 8, 150 mM NaCl, 1% NP-40, 

0.5% sodium deoxycholate, 0.1% SDS) containing inhibitor of endogenous proteases 

(cOmplete, Mini, EDTA-free, Protease Inhibitor Cocktail, Roche) into the powder sample. 

Furthermore we sonicated the sample. We used rabbit immune serum or purified IgG as well 

for protein immunoprecipitation. Than we incubated the leaf lysate containg the antibody by 
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rotation overnight in 4°C. Consequently we add protein-A Sepharose beads in amount 

regarded by manufacturer and incubated the sample next 1 hour in 4°C. Afterward we discard 

the supernatant, washed twice the beads with the same lysis buffer and elute the precipitated 

protein by sample buffer (50 mM Tris-HCl pH 6.8, 2% SDS, 10% glycerol, 1% β-

mercaptoethanol, 12.5 mM EDTA, 0.02 % bromophenol blue) and boiling for 5 min. Isolated 

proteins were loaded on 10% concentrated SDS-polyacrylamide gel [5] and analyzed by 

MALDI-TOF. For immunodetection of precipitated P1 peptidase we transfer the proteins on 

nitrocellulose membrane (Amersham Bioscience). P1 peptidase was detected by immune 

serum or isolated IgG.  

 

In silico secondary structure modeling 

Secondary structure was computationally calculated from the 277 amino acid long P1 coding 

region (ΔP1). Using I-TASSER Online [9, 10], an internet service for protein structure and 

function predictions. 3D models are built based on multiple-threading alignments by 

LOMETS and iterative TASSER assembly simulations. Model display was provided by 

PyMOL (DeLano Scientific LLC 2006). 

 

Protoplast isolation and Immunocytochemistry 

Imunocytochemistry was provided on isolated and purified protoplasts from health and 

PSbMV virus infected pea plant. 100mg of leafs were chopped on small pieces and macerated 

in 27°C over night in enzyme solution (1% Cellulase Omozuka R-10 , 0.25% Macerozyme R-

10 (both Duchefa) diluted in protoplast washing medium) with gentle agitation. Separate have 

separated the protoplast by filtration using 0.45 µM nylon membrane. We left to sediment the 

protoplast by centrifugation (1000 x g; 10 min at 4°C). After removing the supernatant we 

resuspended the protoplasts in washing medium (0.2 mmol.l-1 KH2PO4, 1 mmol.l-1 KNO3, 10 

mmol.l-1 CaCl2 .2H2O, 1 mmol.l-1 MgCO4 .7H2O, 0.5 mol.l-1 mannitol pH 5,6). 60µl of fixing 

solution (1% paraformaldehyde, 0.2 mol.l-1 HEPES, 0.15% Triton X-100, protease inhibitors) 

was dropped directly on the cover slips. 20 µl aliquot of protoplasts was places on each slide 

and incubated for 2 hours in humid chamber. We rinsed the slides gently in injection water 

and let air dried. Cover slips were stored for 1 month in -80°C without lost of antigenicity. 

For immunocytochemical detection of P1 peptidase the protoplasts were blocked in 1% 
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bovine serum albumin. The samples were incubated with anti-P1 Δ33-143 polyclona antibody 

(1:100 dilution in PBS-T) and afterwards with secondary antibody Alexa Fluor® 555 donkey 

anti-rabbit IgG (Invitrogen). For blocking the signal coming from un-specific interaction of 

antibody with Rubisco we blocked the slides with 1% bovine serum albumin with diluted 

chicken polyclonal antibody against Rubisco (AbCam). Acquisition of pictures was done by 

the Leica DMI 6000 CS TCS SP5 Spectral Scanning Confocal System.  

 

Results and Discussions 

P1 33-143 bacterial expression and antibody production 

We have expressed in vitro P1 33-143 and after cutting the right band from the gel we electro-

eluted the protein into the phosphate buffer. P1 33-143 was purified from the phosphate saline 

buffer and afterwards used for immunization of the animal. We used immune rabbit serum as 

well as purified rabbit IgG against Δ33-143. We immunoprecipitate viral P1 from the lyzate 

of infected pea plant to check the specificity of produced antibody. Reached bands were 

analyzed by MALDI-TOF with surprising result. Antibody P1 Δ33-143 co-precipitated 

following proteins: CI viral protein (65 kDa), Rubisco (55 kDa), non-identified protein (45 

kDa) and 30 kDa protein (Fig.1). Sequence of this 30 kDa protein was found to cover coding 

region between 80-277 amiono acids (aa) of viral P1 peptidase (Fig.2). Found fragments are 

covering 49.8% of total P1 of PSbMV. Surprisingly 80-277 aa region size was predicted as 22 

kDa due to the amino acid sequence. For further in silico analyzis we used slightly expanded 

region 1-280 aa. Arbatova et al. reached similar result [11]. They co-localized P1 and CI via 

immunogold labeling on ultra-thin sections of tobacco plant infected by PVY. Rubisco was 

further identified as non-specifically bound protein precipitated also in the negative lyzate 

from healthy pea plant (Fig.1).  

 

P1 localization in infected pea plant protoplasts 

We performed the immunofluorescence using polyclonal rabbit antibody against P1 Δ33-143 

on the isolated protoplasts taken from the infected pea plant. Non-specific interaction of rabbit 
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IgG with plant Rubisco was detected as diffused signal spread all over the cytoplasm 

(Fig.3A). This diffused signal avoids the identification of P1 specific localization. For 

confirmation of P1 peptidase localization pattern we blocked fixed coverslips with plant 

protoplasts with diluted antibody against plant Rubisco. Blocking of non-specific interaction 

of P1 Δ33-143 to Rubisco was proven by western blot (Fig.3C) and used afterwards for 

immunofluorescence. Missing signal in compare to the non-blocked IgG immunofluorescence 

was identified as P1 specific localization pattern (Fig.3B). P1 obviously occupy cell 

cytoplasm excluding membranous structures (as Endoplasmic reticulum or Golgi apparatus) 

as well as cytoplasmic membrane. However we have detected clear signal in the cell nucleus 

(Fig.3B). We haven’t found in the P1 coding region any nuclear localization signal 

(unpublished data). To confirm concrete P1 nuclear localization or trafficking possibly via 

host protein requires more experiments.   

 

Alternative splicing and identification of ZnF 

P1 peptidase of PSbMV is 42 kDa protein according to its amino acid sequence. Size of the 

found protein presents the homology with this protein is about 12 kDa shorter. However 

precipitated 30 kDa protein has high homology within found short fragments spread between 

80-277 aa of P1 coding region. This fact led us to suggestion of alternative splicing of P1 

peptidase after its auto-cleavage from the viral polypeptide. However we did not find any 

alternative restriction places which could explain truncation of P1 regarding to found 

fragments or respecting final size 30 kDa.  

Moreover we used SMART: Sequence analysis database [12, 13] for prediction of 

active domains in truncated P1: ΔP1 (1-277) avoiding detection of serine peptidase domain 

specific for cleavage of P1 itself from the rest of viral polyprotein. In N-terminal part of 

defined amino acid sequence was surprisingly localized Cys2His2 Zinc finger motif (ZnF-

C2H2; SMART accession No SM00355). Identification was dedicated according to the E-

value near to the 1.22e+03 (Hidden Markov Model). ZnF in P1 was predicted in formula 

C[32]-X2-C[35]-X3-F-X10-H[50]-X20-H[70] regarding the positioning in P1 aa sequence. This 

motif mostly resembles the eukaryotic form of C2H2 ZnF. After identification of this P1 ZnF 

motif, we screened available potyviral P1 sequences. Interestingly we found a number of 

homologue in other potyviral P1s (Table.1). They are sharing aa sequence homology and each 

of them localizes this motif into the proximity of N-terminus.  

 



Page | 65  
 

In silico 3D molecule modeling 

Topology of possible alpha helices, beta-sheets and coils regions was in the whole amino acid 

sequence predicted by Protean (Lasergene DNASTAR®). This software has indicated 

probable regions with presence of alpha helix or beta sheet with intercalated coils. Due to this 

prediction we choose the sequence correlating with the MALDI covered motif, final size of in 

vivo found protein (30 kDA) and topology of the polypeptide. Consequently for the 3D 

structuring of P1 30 kDA we used aa sequence in region 1-277 with predicted size of 

polyprotein 30,5 kDa (Fig.4A). I-TASSER software [9, 10] modulated 5 possible models. We 

have picked Model No.4 with the lowest C-score (-3.59). C-score is a confidence score for 

estimating the quality of predicted models created by I-TASSER (calculating due to the 

significance of threading template alignments and the convergence parameters of the structure 

assembly simulations). Total molecule model has also confirmed position of the ZnF C2H2 

motif (Fig.4B).  

 

Conclusions  

P1 localizes to cytoplasm and nucleus too 

We detected P1 peptidase spread all over the cytoplasm using P1 Δ33-143 antibody. Confocal 

microscopy allows us to detect the presence of this protein very clearly in the nucleus too. 

However explanation of this presence has to be proved by further experiment, mainly 

precisely prepared co-immunoprecipitations from the nuclear fractions. We can suggest that 

this localization can be connected with P1s possible activity in overcoming of host defense 

mechanisms (P1/HC-Pro) or other function affecting expression of host genes during viral 

early infection and spreading as indirect stimulation of replication of viral RNA by 

suppression of host transcriptional activity [14]. Till present there was done localization 

experiment just once [11]. Immunogold localization confirmed that P1 is spread in the 

cytoplasm but is excluded from cell wall and plasmodesmata. Surprisingly they did not detect 

any significant signal in the cell nucleus.   
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P1 interacts with CI 

Possible interaction between P1 and CI was described also previously [11].  Explanation of 

this finding was a suggestion, that 1) all viral proteins are synthesized near cytoplasmic 

inclusions, which are usually associated with rough endoplasmic reticulum; 2) cytoplasmic 

inclusions are indeed sites of potyviral RNA replication. Mentioned interaction can be 

consistent with the hypothesis of Verchot and Carrington [14] that P1 peptidase could 

participate in virus replication acting in trans accessory or regulatory factor stimulating 

genome amplification - directly in the RNA replication process by interacting with enzymatic 

components of replication complexes or with RNA sequence as well as indirectly in genome 

amplification by stimulating translation of viral RNA [14]. Protocol used for preparation of 

protein lyzate, which sufficiently disrupts cytoplasmic inclusion and disaggregate most 

membranous structures because denaturizing conditions are supporting mostly the theory 

about RNA replication. Found ZnF motif, which possibly binds to RNA is complementing 

this opinion. Moreover P1 peptidase was found to bind ss and ds RNA (under in vitro 

conditions) as well as ss- but not dsDNA [15]. 

 

P1 acts in truncated form in vivo 

Identification of shortened P1 peptidase was newly described. What is the phenomenon of the 

truncation can be explained by the phylogeneticaly most variable part of P1 peptidase all over 

the potyviruses presented in the N terminal part of this protein. This theory support also fact, 

that 30 kDa is the size of the smallest P1 peptidase in this family.  

Viral proteins are multifunctional. P1 peptidase however till present not described in 

details is not an exception. Its peptidase activity cleaving itself form the rest of polyprotein is 

abundant for HC-Pro activity [16]. Mutation analysis and truncations of P1 peptidase showed 

that affecting the C-terminus is abolishing infectious activity of the virus whereas total 

deletion of most variable N terminal part has just little affect on the viral quality [17]. Crucial 

step in this point of view is releasing the P1 from the HC-Pro independently of the 

proteolytically cleaved site [16].  

 

P1 contains non-canonical C2H2 ZnF 

Recently, the first putative prokaryotic C2H2 ZnF domain has been identified in a 

transcriptional regulator (Ros protein) from Agrobacterium tumefaciens [18]. This suggests 
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that classical ZnF domain, previously thought to be exclusively confined to the eukaryotic 

organisms, could be widespread to the living kingdom from eukaryotic, both animal, plant, to 

prokaryotic. A single ZnF domain itself is not sufficient for high affinity binding to a specific 

DNA target sequence. Nevertheless there are some hints confirming that the single ZnF 

domain is capable of sequence-specific DNA binding when flanked by basic region [18, 19, 

20]. Bacterial ZnF contains three histidine residues and the 9 aa region between the second 

cystein and the first histidine is shorter than the canonical 12 aa spacer observed in eukaryotic 

ZnF. After identification of this P1 ZnF motif, we screened available potyviral P1 sequences. 

There has been found a number of homologue in other potyviral P1s (Table.1). They are 

sharing aa sequence homology and each of them localizes this motif into the proximity of N- 

terminus. Find conserved Cys and His residues were previously mentioned by Valli et al. 

([21]; supplement figures S5).  

However it is not possible to dedicate strict formula for localization of novel viral ZnF 

because the spacer between Cys and His varies in different P1. We suggest that P1 peptidase 

is containing some form of ZnF possibly detectable also in other viral proteins. To proclaim 

the real activity of this motif and its involvement in some regulative processes during viral 

infection, it has to be confirmed by further experiments. 
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Figures 

 

Figure 1  - Co-immunoprecipitation using P1 Δ33-143 from total cell 
lysate  
Figure legend text We co-immunoprecipitated ΔP1 (30 kDa), CI (45 kDa), Rubisco (55 kDa) 
and another un-known protein (45 kDa). We identified Rubisco also in the lyzate prepared 
from the healthy pea plant. We dedicate this interaction as non-specific.  
 
 
 
 

 

Figure 2  - Scheme of MALDI-TOF identified P1 fragments 
Co-immunoprecipitated protein of 30 kDa was analyzed by MALDI-TOF. We identified 
fragments covering P1 coding sequence in region 80-277, which covers 49,8% of P1. Red 
tilde represents peptide used for preparation of P1 Δ33-143 rabbit polyclonal antibody. 
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Figure 3  - P1 localization in infected protoplasts 
We localized P1 peptidase in protoplasts isolated from infected pea plant. We found Rubisco 
non-specifically interacting with rabbit polyclonal immunoglobulin (A). For blocking of this 
non-specificity we used polyclonal antibody against Rubisco. Further localization of P1 
peptidase (green) was dedicated specific (B). P1 was localized spread over the cytoplasm and 
clearly in the cell nucleus (B, detail). Blocking of non-specific interaction was proved also by 
western blot (C). Nuclear staining was performed by DAPI (red).  
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Figure 4  - In silico model of ΔP1 (30 kDa) and C2H2 ZnF 
We designed model of ΔP1 (30 kDa) from the sequence 1-277 aa of P1 coding region in in 
silico conditions showing presence of C2H2 ZnF aa (red) (A). Detailed view on the ZnF 
cavity is showing Cys2 (32, 35) and His2 (50, 70) orientation into the Zn (yellow) (B).  
 

Tables 

Table 1  - Alignment of C2H2 ZnF motif found in P1 coding region of 
different Potyviruses 
We identified conserved motif C2H2 ZnF in the P1 of PSbMV (isolate 204). We search for 
homology in the family Potyviridae and have found the same conserved motif in next 4 
potyviruses (Pea seed-borne mosaic virus isolate DPD1, Onion yellow dwarf virus, Leek 
yellow stripe virus and Zucchini yellow mosaic virus) and 2 tritimoviruses (Brome streak 
mosaic virus and Oat necrotic mottle virus). Numbers in front and behind the sequence are 
remarking the position of following aa in the sequence of each P1 peptidase. 
 

 

 

 

A B 
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génmi rezistencie hrachu  
 

Petrusová, J.  

Katedra buněčné biologie a genetiky, Přírodovědecká fakulta Univerzity Palackého, Šlechtitelů 

11, Olomouc 783 71, Česká republika, e-mail: jana_petrus@hotmail.com  

 

Abstrakt  

PSbMV je škodlivý, ekonomicky významný vírus (rod Potyvirus; čeľaď: Potyviridae) infikujúci 

rastliny hrachu (P. sativum L). Izoláty tohto vírusu boli na základe infekčného profilu na selekčnej 

rade rastlín hrachu zaradené do 4 skupín patotypov: P-1, P-2, P-3 a P-4. U P.sativum boli 

identifikované gény rezistencie označené ako sbm-1 a sbm-2, ktoré podľa doterajších zistení 

interagujú pomocou mediátorov s oblasťami VPg a P3+6K1 genómu PSbMV. Táto práca 

pojednáva o štúdiu variability oblasti VPg, interagujúcou s sbm-1 u vybraných izolátov a následné 

porovnanie nukleotidových sekvencií s referenčnými sekvenciami izolátov DPD1, L1, NEP1 a 

NY, ako zástupcov jednotlivých patotypov.  

 

Kľúčové slová  

Pea Seed-borne Mosaic Virus, VPg, sbm-1  

 

Úvod  

Pea seed-borne mosaic virus (PSbMV) je ekonomicky významný, semenom prenosný 

vírus (rod Potyvirus; čeľaď Potyviridae) infikujúci rastliny hrachu (Pisum sativum L.). Nositeľom 

genetickej informácie je pozitívna jednovláknová RNA o veľkosti 9,8 kb, zložená z kódujúcich 

oblastí pre 9 neštruktúrnych proteínov a 1 kapsidový protein (Schéma č. 1). Príznakmi ochorenia 

je zvinovanie listov (Obrázok č. 1), mozaika, deformácie úponkov a oneskorené kvitnutie. U tohto 

ochorenia sú závažné najmä straty na úrode u infikovaných rastlín, varírujúce od 11% do 82% v 

závislosti od kultivaru a izolátu vírusu (Torok, 2006).  

Izoláty PSbMV boli rozdelené do 4 patotypov P-1, P-2, P-3 a P-4. Toto rozdelenie 

prebiehalo na základe priebehu ochorenia na líniách hrachu nesúcich gény rezistencie označené 

ako sbm-1 a sbm-2 (Alconero, 1986). Oba gény rezistencie fungujú na úrovni špecifického 

zamedzenia lokálnej a systémovej infekcie vírusom PSbMV. Gén rezistencie sbm-1 sa javí ako 

homológ eukaryotického translačného iniciačného faktora nesúceho niekoľko mutácií, 

označeného aj ako eIF(iso)4E (Gao et al., 2004). Za odpovedajúci gén virulencie u PSbMV bola 

označená kódujúca oblasť VPg (Hjulsager et al., 2006).  
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VPg proteín je pri vírusovej infekcii multifunkčný. Jeho prítomnosť je nevyhnutná pri 

amplifikácii vírusového genómu, ako aj pri pohybe vírusovej častice medzi bunkami a v 

systémovej infekcii. VPg proteín je kovalentne naviazaný na 5´ konci genómovej RNA, kde slúži 

ako primer pre naviazanie vírusovej RNA replikázy a bunkových faktorov translácie RNA 

(Rajamäky and Valkonen, 2001).  

Identifikácie a štúdium interakcií VPg - sbm-1 a P3+6K1 - sbm-2 ako genetických na sebe 

nezávislých interakcií medzi PSbMV a P. sativum nám týmto umožňuje podať bližšie informácie 

o priebehu vírusovej infekcie vzhľadom k ich zaradeniu do patotypu (Hjulsager et al., 2006). 

Keďže experimenty týkajúce sa biologických vlastností izolátov, ale aj molekulovej 

charakteristiky oblasti P3+6K1 naďalej prebiehajú, uvádzame len čiastkové výsledky 

vyhodnotenia štúdia variability oblasti VPg genómu PSbMV u vybraných izolátov.  

 

 

Materiál a metódy  

 

Izoláty PSbMV  

 

Analizované boli izoláty vírusu PSbMV: PSB58CZ, PSB117CZ, PSB118CZ, PSB141CZ, 

PSB178CZ, PSB194CZ, PSB204CZ, PSB262CZ, PSB329CZ, PSBDCZ a PSBECZ, ktoré boli 

inokulované na hostiteľskej rastline P. sativum kultivar Merkur.  

PCR detekcia vírusu  

Totálna RNA z rastlinného materiálu bola vyizolovaná pomocou RNseasy Plant Mini Kit 

(Qiagen) podľa pokynov výrobcu. U všetkých vzoriek bola z RNA zrealizovaná RT-PCR 

pomocou Robust II (Finnzyme). Použité primery boli navrhnuté podľa sekvencie totálneho 

genómu vírusu PSbMV izolátu DPD1 (D10930). Ich sekvencia a lokalizácia v genóme bola 

nasledovná: PSbMV VPg For: 5´ TTTATGGCTAAGTGGAACGAACC 3´ lokalizovaný v oblasti 

5973-5995; PSbMV VPg Rev: 5´ GACCCCTGTGTTTGTTATTCTAC 3´ lokalizovaný v oblasti 

6668-6646. Dĺžka amplyfikátu bola potom 696 bp, pričom táto zahŕňala kódujúcu oblasť pre VPg 

protein o veľkosti 582 bp.  

 

Klonovanie a sekvenovanie  

 

PCR klonovaného úseku s použitím presahov bola zrealizovaná pomocou primerov M13, 

s anelačným miestom v klonovacom vektore. PCR produkty boli purifikované z agarózového gélu 

pomocou QIA Gel Extraction Kit (Qiagen). Produkt bol následne ligovaný do klonovacieho 
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vektora pGem-T (Promega) podľa inštrukcií výrobcu. Týmto konštruktom boli následne 

transformované kompetentné bunky E.coli JM109 (Promega). Klony boli sekvencované pomocou 

ABI BigDye v. 1.1 sequencing terminator kit (Applied Biosystems).  

Sekvenčná a fylogenetická analýza  

Získané sekvecie boli zložené pomocou SeqManTM softvéru (DNASTAR) a následne porovnané s 

odpovedajúcimi sekvenciami PSbMV izolátov dostupnými v GenBank pomocou MegAlign 

(DNASTAR) softvéru. Pre analýzu bola vybraná vlastná kódujúca oblasť pre VPg proteín o 

veľkosti 582 bp (nukleotidová pozícia 6009-6590 podľa DPD1). Za referenčné izoláty pre 

jednotlivé patotypy PSbMV boli použité nasledujúce nukleotidové sekvencie: P1 - DPD1 

(D10930), P2 – L1 (AJ252242), P3 – NEP1 (AJ311843) a P4 – NY (X89997). Výsledný multiple-

alignement bol použitý pre konštrukciu fylogenetického stromu pomocou Neighbor-joining 

metódy, v programe ClustalW. Získaný strom bol vizualizovaný pomocou programu TreeView 

(Page et al., 1996).  

 

Výsledky a diskusia  

 

U všetkých vybraných izolátov sme za použitia navrhnutých primerov získali PCR 

produkt o odpovedajúcej veľkosti 696 bp. Tieto boli následne úspešne osekvenované. 

Porovnaním nukleotidových sekvencií VPg kódujúcich oblastí vybraných izolátov PSbMV a 

referenčních izolátov, ako zástupcov jednotlivých biologických patotypov, došlo k ich 

preukáznemu rozdeleniu do troch skupín (Schéma č. 2).  

České izoláty sa na základe podobnosti rozdelili do troch skupín. Prvú skupinu tvoria 

izoláty PSB262CZ, PSBECZ, PSBDCZ, PSB118CZ, PSB117CZ a PSB141CZ, ktoré vykazujú 

podobnosť nukleotidových sekvencií s izolátom PSbMV DPD1 ako zástupcom patotypu P1. 

Izoláty PSB178CZ, PSB194CZ, PSB329CZ a PSB204CZ vykazujú príbuznosť so skupinou 1 a 

tvoria preukázne samostatnú skupinu 2. Izolát PSB58CZ je výrazne odlišný od ostatných českých 

izolátov a vykazuje podobnosť izolátom NY, ktorý predstavuje zástupcu patotypu P4, a spoločne 

tvora 3. skupinu. Typové izoláty ďalších patotypov P2 (L1) a P3 (NEP1) tvoria samostatné vetvy.  

VPg je chápaná ako oblasť virulencie v genómu PSbMV (Hjulsager et al, 2006) jej 

variabilita je v priamom vzťahu k priebehu vírusovej infekcie, má teda vplyv na biologické 

vlastnosti izolátu/patotypu. Preto na základe získaných výsledkov fylogenetickej analýzy môžme 

poukazovať na príslušnosť vybraných českých izolátov k patotypom P1, respektíve P4. Doteraz 

uskutočnené biologické testy toto zistenie potvrdzujú (Tabuľka č.1).  



Page | 77  
 

Tieto informácie pre nás môžu v budúcnosti predstavovať užitočný zdroj informácií v procese 

šľachtenia rezistentných odrôd rastlín hrachu voči PSbMV a ďalším vírusovým ochoreniam tejto 

úžitkovej rastliny.  

Táto práca bola financovaná z projektu MŠMT, MSM 6198959215.  

 

 

 
Schéma č. 1 Schematické znázornenie zloženia kódujúcich oblastí pozitívnej jednovláknovej RNA 

vírusu PSbMV.  

 

 

 

 
Obrázok č. 1A - porovnanie zdravej (ľavá) a infikovanej (pravá) rastliny hrachu s typickým 

príznakom zvinovania listov; B - porovnanie zdravého osiva (vľavo) a osiva infikovanej rastliny 

(vpravo) 
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Schéma č.2 Fylogenetický strom príbuznosti vybraných izolátov vírusu nukleotidových sekvencií 

kódujúcej oblasti VPg (Znázornené hodnoty bootstrap vyššie než ≥ 70%). 

 
Tabuľka č.1 Zaradenie českých izolátov PSbMV do patotypov podľa doteraz známych výsledkov 

porovnania sekvenčnej variability oblasti VPg a biologických testov. (P1 - patotyp P1; P4 - patotyp 

P4; ?-prebiehajúci experiment)  
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