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Abstract:

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 Nla. 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 (A33-143) 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.

PSbMYV 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 prenosny semenom)
patri do rodu Potyvirus, je prenosny semenom a spdsobuje vazne straty na Urode strukovin.
Gendm tohto virusu kdduje 3 peptidazy: P1, HC-Pro a Nla. Jedine P1 peptidaza (lokalizovana
na N terminalnom konci polyproteinu) v3ak ostiva bez jasnej funkcie v priebehu virusovej
infekcie. Exprimovali sme skratent oblast’ P1 (A33-143), ktorou sme nasledne imunizovali
kralika a wvyrobili si tak vlastni polyklondlnu protilatku proti tomuto peptidu.
Imunoprecipitaciou z UpIného lyzatu pripraveného z infikovanej rastliny hrachu sme zistili, ze
P1 (42 kDa) sa moze vyskytovat v priebehu infekcie v skratenej forme (30 kDa).
Pravdepodobny interakény partner je virusovy CI. Dalej sme P1 lokalizovali v protoplastoch
infikovanej rastliny hrachu imunofluorescen¢ne a to v cytoplazme a v jadre. Popisali sme
motiv Cys2His2 zinkového prstu (C2H2 ZnF), ktory je Cd¢iastoéne podobny tomu
vyskytujlcemu sa u eukryotov, kde bol popisany. Néasledne sme navrhli model tohto ZnF v in
silico podmienkach. Pokusili sme sa najst’ homoldgiu tohto motivu i u inych Potyvirusov, ¢o
sa nam podarilo, a to u d’alsich 6 virusov (4 Potyvirusov, 2 Tritimovirusov).

Izolaty PSbMV sa rozdel'ujii do 4 patotypov (P1, P2, P3 a P4). Takéto rozdelenie bolo
rozhodnuté na zaklade priebehu virusovej infekcie na rastlinach hrachu nesdcich gény rezistencie
sbm-1 a sbm-2. Virusova protein VPg bol najdeny ako gén virulencie odpovedajuci rastlinnému
génu smb-1. Virusovy determinant virulencie interagujuci s sbm-2 bol najdeny v oblasti P3-6K1.
Ciel'om nasej prace bolo zaradit’ izolaty PSbMV néjdené v Ceskej Republike do jednotlivych
patotypov a to pomocou sekvenovania oblasti VPg a P3- 6K1. Sekven¢na analyza poukazala
na distribuciu izoldtov do troch patotypov. Dalej sme postupovali v overeni tohto vysledku
pomocou biologicky 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

19G 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 (L6pez-Moya and Garcia 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 Garcia, Centro Nacional de Biotecnologia-CSIC, Madrid,

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 Nla (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 Safiiova, Dept. of cell
biology and genetics, UP Olomouc
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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. Nla-Pro cleaves itself from NIb and 6K2 (hell brown). As the
last are released 6K1 from CI, Nla-Pro from VPg and CP (dark brown).

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).
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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 |
would like to refer the review RohoZkova and Navrétil (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 (elF4E) carrying few mutations and signed elF(iso)4E (Gao et al. 2004). Viral
protein VVPg 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 (Rajaméky 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 (P1/1 in position 15-98 aa) and in contrary short peptide localized in the
middle of the conserved part of the P1 peptidase (P1/1l 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 A33-143 expressed in prokaryotic
expression system pQE30. This peptide was further used for rabbit immunization with regard
to production of polyclonal 1gG.

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 AP1).
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 ldentification 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 AP1 (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-
Cl 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 AP1. This motif was in the P1 coding region organized
in the formula C[32]-X,-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 AP1 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.

25 DADGEYR®T----C&DMGFD 40 44 MARVNBICCDG 54 66 DPIMBILV-DSK 75 PSbMV DPD1
25 DADGEYR@T----CQ@DMGFD 40 44 MARVNEICCDG 54 66 DPIMEILV-DSK 75 PSbMV 204
28 DDAVHYH®T----— FAFE 43 47 MVRVNEDCDG 57 83 DVFREILANDNA 93 OYDV
77 WDDDVYE®T----TWSGAFQ 92 95 LDFKEBDCDE 104 161 APIIBRECQQEL 171 LYSV
128 IAAQLYM@®P---—-K®CSASD 143 147 YFDTNjNDSC 156 207 TV DVVQVY 217 BStMV
78 LAADVEVEG----MSRSSCA 93 89 RSSCABYRYF 98 98 FIEDEIFACEKL 108 ONMV
25 SNRVNIVPGHMAT@PPPKT 45 41 PPPKTBTYYR 50 47 TYYREBIESKKLM 57 ZYMV

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.
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2.2 VPgand P3-6K1

2.2.1 Sequential analysis of VPg and P3+6K1 coding region of 11
known isolates of PSbMYV 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; Safafova et al. 2008).



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.

Page | 18



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 Cl 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 Rohozkov4 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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GENETIC AND BIOLOGICAL DIVERSITY OF THE PEA SEED-BORNE
MOSAIC VIRUS ISOLATES OCCURRING IN CZECH REFPUBLIC

D. SAFAROVA ! M. NAVRATIL!, J. PETRUSOVA!, R. POKORNY?, Z. PIAKOVA®

Faculty of Sciences. Palacky Unversity. Olomoue. Skechiitzld 11, 783 71 Olomouc-Holie. Crech Fepuoblic: *Faculty of Asronomy.
blendel University of Agriculture and Foestry, Broo, Crech republic; "Fesearch Instituie for Fodder Crops,
Trubsko, Crech Republic

Recerwed November 26, 2007, accepred February 28, 2008

Summary. — Eight isolates of the Pea ssed-bome mosaic vims (PShAY) from the Crach Bepublic wene
studied mgarding their biological and molecular charactenstics. Moleoular characterization wsing ET-PCE
was done on the 5(MieriNIb-CP-UTEY region amplified vsing universal CPURFP9502 primer pair and the
newly designed PERESIZPSEY44. and PERERGVPSES44D primer pairs. mspactively. Sequential and
phy kepene e analysis of CP-UTRY mgion from all isolates showed that the available Crech and GenBank
PERRY izolates were distributed into 4 closiers in agresment with their diversification and according to their
biclogical charackristics (e, pathotype ). The mokecwlar data were confirmed by biological testing on differsnt
pea cultivars. The Crech isolates were disiribwied inko bwo pathotypes, the P-1 (7 isolates) and P-4 (1 isolate ).

Ry words: Pea ssed-bome mosaic vims; pathotypes: phylogenstic analysis; saquancing

Intreduc tion

PSEMY 1= a memberaf the family Poryviridae This virus
causes stunting, dowmward rolling of leaflets, swelling of
leaf veins, and delayed flowering of most cultiv ars of Pisim
sarivunt, Besides the pea. ather economically important haost
plants for PSBAY are lentil. chickpea, and broad bean. The
virus is transmitted in o non-persistent manner by aphids
and vertically through seeds (Hampton and Bink, 1975),
PSEMY was discoversd in former Czecheoslovakia (Musil,
19&6). but probably is distriboted worldwide due to
a disssmination from germplasm colkction, breeding lines,
and commercial cultivar seeds (Grimaald eral., 20040, The
resistance of pea to transmission of PSbMY was described
and four moessive rsistance genes wene identified allowing

E-mail: dana.safamya@wpol.c; fax: +4205-85634 905,
Abbreviations AMY = Alfalfa mosaic virus; BCMY = Bean
common mosaic vims:, PEMY-1 = Pea enation mosaic viros 1;
PEbMY = Pea seed-bome mosaic vims: CP = coat protein;
NIk = nuclear inclusion b protein; UTHE = wntranslaked region

the identification and grouping of viral isolotes into the
pathotypes. Standardized pathotypization was developed
bazzd on the reaction of the differential host pea genoty pes
(Alconero er al.. 1986 Hjulsager er all, 20021 The genc
sbme- I confers meistance to the pathotype P-1 epresented
by the pea isolates US or DPD; sbee-2 and shm-3 genes
confer msistance to the pathotype P-2 mpresned by the
lentil isolate L1 and sbm— gene confers resistance to the
pathoty pe P-4 represented by the pea izolates NY and S6
(Provvidenti and Alconerc, 1988; Johansen er af, 19910
The broad bean isolate WEP-1is considersd as the pathotype
P-3 based on its biclogical charactenzation (Hjulsager er
al., 20020, The P-1 pathotype seems to be prevalent in
Europe. Morth America. Auvstralia, Mew Zealand. Pakistan
and P-4 pathotype is found in Australio, Morth America,
and Pakistan (A loonero eral.. 1986; Timmerman er al., 1990;
Johansen er al.. 1991; Al and Randles. 1997) The
geographical distribotion of P2 and F3 pathoty pes is not
known. Both pathotypes are represented by unique members,
e.g P-3 is mpresemed by MEP-1 izolated from the seed
material originating from Mepal and P-2 i= represented by
isolate L1 from the germplasm accession (Alconero er al.,
1986; Hjulzager er al., 20020 Since the PSbMY is
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transmissible by seeds, this propagation matenal represents
an important ply tosanitary Tisk.

This study reports mokecular and biclogical charactenzanon
of the PSbMY i=olates obtained in Cazch Republic with
recognition of their pathoty pes,

Materials and Metheds

Virus solawes. The PShAY imolaks were oblained from mam-
rally-inf cied pea plants from three different localities SmiZice, Sum-
perk. and Troubsko (Table 1) during the year 200323005, The pre-
=mnce of the PEbAY in planis as well as the co-infection with Pea
cnation mosaic vinis 1 (PERMY-1L Alfalfa mosaic vins (ARY ),
and Bean common mosaic virus (BCWMY ) was confirmed by DA S-
ELISA (Loewe Biochemica). The PSBMY isolates were mechani-
cally transmitbed and rmaintained on the pea cultivar Merkur

ET-PCR. Total BNA was extracted from 530 mg of fresh pea
kraves using B Measy Plant blini KitiQiagen ) The reverse transcrip-
Lion was carred-out in two seps, intotal eaction volome of 40 pl.
The primer annealing mixture contained 5 pl of wial BENA,
04 prnold 1 aligo ¢T38 primer and deionized water in total volwmes
of 15 pl. The mixtore was denatored at 70°C for 5 mins and chil-
bzd on ice. The annealad mixture was completed with AMY BT 5x
buffer, 0.4 mmol/l ANTPs, 20 U ENasin® RNa=e Inhibitor (Pro-
megal, 51U AMY mverse ranscriptase (Promegal. and deionimed
waker. The BT was mn at 429 for 60 mins.

The twoovedapping fragments covering the 5 (Mier) MIb-CP-
UTEY mgion (1108 bp and 1115 bp lengths, meapectiveby § wene
obiained with the three different primer pair combinations. The
first fragment was amplified vsing the potyviral universal primer
pair FA502 and CPUP (van der %lugt and Bowwen, 19971 For
amplification of the second part of the region. the two combinati-
ons of newly designed primers. PSBEEIZ (5-TTGAGAAATA
CAOGGAAGC-Y) and PSBO440 (F-CATTATCTGTCTGAA
AGTTGG-Y ) or primer PSEEE0D (3 -ACAAAGTGAATTAGA
AAGGTA-Y) and PERSA4D, were used. The PCR conditions in-
volved pre-denaturation 94°C for 2 mins, 40 cycles of amplifica-
Lo (247 C for 80 secs, 52°C for o0 =ecs, and T2°C for o0 sacs),
and a final extension at 72°C for [0 minz. The PCR amplifications

were carred oot in mixtoe that consisted of 5 pl cDMA, RedTag
(1x) bufler. L5 mmol] MgOl, 0.625 mmol| dNTPs, 0.5 pmaoli]
=nse and antisense primer, 1 U BedTaq Pobymerase (Sigma), and
deionized water to the tomEl volume of 25 pl. The 5 pl of PCR
prosfucts wens analysed by 2% agarcee gel electrophoresis in
astandand manner.

Cloming ard seguerncing. The PCE products were punified
using a Gelextraction kit (Chagen i, cloned into 8 pGEM-T plasmid
and propagated in JMI09 cells (Promega). Thee clones of each
i=zolate wer sequenced using a BigDye v. L1 saquencing ermina-
tor kit and an ABT PRISM 31230 sequencer (both Applied Biosys-
emsl. The fragments were assemblad into the final contigs with
the SeqMan progmmm (Lasereene package, DNASTAR, Inc.

Phvlogerneac analsis Sequences were checked for homola-
gous saquences in GenBank, vsing the BLAST prosgram (A ltschol
ar al, 19900 and were aligned with corresponding ssquences of
other available PSBAY izolates. Multiple ssquence alignments of
muckotide and deducad amino acid sequences were usad for the
analysis of vanahility and the construction of a phylosenatic tree
uzing a neighbor-joining method ClosalW, The bootstrap option
was mum with 1000 re-samplings. The tree was visnalized by Tree-
Wiew program v Lel (Page, 1996)

Bwological wsang. For the pathobype determination, the pea
cultivars Fjomd, Mo, 8720 (P1 123586). Bonneville (PLAT1IET ), and
Sankia (PI 2697740 were used (Hjulsager e i, 2002 Seleced
PSbAY Geolaks were mechanicalty transmitied on the plants. For
mizchanical ransmission. | g of infected keaf tissue was grinded with
4ml of 10 mmol’] phosphake bufler (pH 800, supplemenied with
1% activatad chamcoal and Celike. The oblained homogenate was
rubbed onto o bodtom leaves of anexperimental plant 10 doys
after planting. The sympbomes were chserved atl one-week inkerval
and the syskemic infection was confinmed with DAS-ELISA

Resulis and Discussion

The occurmence of FSEMY on the pea plants was found
ineach of the studied growing locations SmrZice, Sumperk,
and Trowbsko in Crech Bepublic. The infected pea plants
manifested symptoms of leaf rolling, snting, mild mosaic,

Tahble L Characterization of PSAMY isolales according to their infectivity on the pea cultivars

Susceptibility of pea cultirars 1o infection

Izal ae

desi gration Locality Fjord Mo 8720 Bonpeville Sankia Pathoiy pe
Pl 193586 F1 471157 PI 2649774
PEESECE Emdice 5 E 3 8 P4
FEREUTCE Smetice g E 3 R’ Pl
FERESCE Smetice g E 3 R’ Pl
FEEICE Smiice 5 E 3 R Pl
FERITRCE Sum perk 5 E 3 R Pl
PEEICE Sum perk 5 E 3 R Pl
FEEDCE Troubsko g E 3 R’ P
PEEECE Troubsko 5 E 3 R Pl

3 = susceptible, B = msistani
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Fig 1

Phylogenetic tree of PERAY isolate s reconstructed from the 1106 bpoof the region S{MNteriNIh-CP-UTES
The scale bar represecis 001 muckotbde substinions per site. Onby the bootstrap values =70% ar shown

and vein cleanng, The infction with PSEAY was confirmed
by DAS-ELISA in all samples, In some cases, mixed
infections of PSHMY with PEMV-1 were found.

The eight PShMY isolates wers included in this study. All
of them were easily mechanically transmissible and wers
maintained on the pea cultivar Merwr, The first symptoms
of down-ralling leaveswere noticed 12 days after inoculation.
During the following two weeks the symptoms of veincleanng
and leaf yellow mosaic developed. The growth meduction,
previously described for WY i=olate (Johansen er al, 1996),
was typical for the infection by the PERB38CE isolate.

The S{MerMIb-CP-UTES region of analyzed isclates was
amplifizd vsing RT-PCE and all fragments were cloned and
mquenced. The amplification of the first fragment. using the
universal CPUF/PIS02 primer pair was successfulin all cases
Chn the other hand, the amplification of the beginning of the
CP gene using the newly designed primer pair PSBEES12/
PSBO440 gave the expected product at o kength of 629 bp
only for 7 of the B isolates. Because the PCE amplification
was negative inthe case ofthe isolare PRB38CE, the successtul
amplification of a similar fragment of this isolate required o
design ancther primer PSE3800 Afierwards, the amplicon
of o length of 641 bp was obtained using the PSBRENY
PSBO40 primer pair. The subsequent analysis of the cbtained

sequence showed that the isolate PSB3E3CYE lacked the
appropriate priming site of pomer PSBES12,

The full mquence of chosen segment was obtained for
each isolate and their classification as PSbMY was
confirmed by comparison with the PSbMY GenBank
mquences using the BLAST algonthm The szquences of
B tesied isolateswere deposied in GenBank under Ace. Moa:
EU293738 (PSBUTCL), EU293739 (PSBIISCZ).
EU2037a0 (PSBIHCE), EU2937al (PSBITECE),
EU203762 (PSB329CE). EU203763 (PSBDCE). EU2037e4
(PSBECE), and EU2037a5 (PSRSBCE).

Ptry lopenetic anabysis based on the 1106 bp long nuc leotide
mquences of S(NerMNI-CP-UTES rgion (position 8814
9919 nt according to the isolake DPD) showed distnbution of
the Czech isolaies into 3 significantly distant clusers (Fig. 10
The five Caech isolates (PSB117CZ, PSB141CZ, PSB11BCE.
PSBIDCE, and PSBECE) clustersd with the non-American
isclates DPFN. GER. MZ and PE9 in cluster 11 the bao Crech
isolotes (PEBITECE and PEB3I2OCE) formed cluster
2 togetherwith the Morth Amernicanisolates, The lent | isolate
(L1) formed the separate cluster 3. Only one of the Czech
isclates, PSBSECE belonged to cluster 4 together with the
isolates from Pakistan (NY) and Australia (56), Anabysis of
the shorter squence aocording to Andersen and Johansen
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Fig 2

Partisl amine scids sequence alignment of PFEHATY izolates
The fimt 80 deduced amino acids of the coat protedn are shown (posifon as 2695 3042 acoording 1o PSEMY isolats TP )

(1998), e.g. the vanable beginning of the CP gene with
o kength of 418 bp (position 8389-9306 nt in the isolate
DPD1) allowed the comparison of a larger number of
isolates and gave the same topology of the phylogenetic
tree with the same distribution of Czech isolates into
clusters. The 1zolate NEP-1, that could have been included
in the analysis thiz way, represented the fifth significant
cluster (data not shown),

The analysis of the deduced amino acids ssquences of
the CP gene showed the presence of typical parsimory
informative =ites and olso supported the previous
diversification. Discrete clusiers were characterized by the
highly conserved amino acids L, S for cluster 1, B 1
forcluster 2, N, . H, for cluster 3, and E. B A, for cluster
4(Fig. 2. In all cases, the DAG motif in position 39-61
was conserved, in agreement with the previously descnbed
position (Timmemman ev al., 1990,

The distribation of the isolates into the 4 clusters
cormresponded with the division of the PSbMY isolates into
pathoty pes according to their infection profile on P sanvim
cultivars. All previously charactenzed type isolates of
pathoty pes P-1 (DPD, TSy, P-2 (L1, P-3 (NEF1), and P-4
(M, 86) are members of the formed branches (e, groops).
Accordingly, the clessification of our isclates into pathaty pes
P-1 and P-4 con be assumed from the biological meating
performed on the pea cultivars Fjord, Mo, 87 200(PT 1935861,
Bonneville (FT 4711870, and Sankia (P 2697740, We notzd
that the pathotype-specific infection confirmed the
classification of the 7 Czech isolates PSeMY (PEB11TCE,
PSBINCE. PSE11ECE, PSEDCE, PSBECE. PSBITACE,
and PSB329CE) as pathotype P-1 and one isolate
(PEB38CE) as pathotype P-4 (Table 1),

Summing up. the molecular analysis of 5{MeriNIE-CP-
UTRS region of 8 Czech PSEMV isolates in agreement with
the hiclogical testing demonstrated their distribution into
two pathotypes P-1 and P4 According to our information,
the classification of the izolate PSBSBCE a= the pathotype
P-4 epresented the first detection of the PSEMY isolatewith
this characteristic in Europe.
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P1 peptidase — a mysterious protein of family Potyviridae
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The Potyviridae family, named afier its type member, Potato virmes ¥ (PVY), is the largest of the 65 plant vims groups
and families currently recognized. The coding region for PL peptidase is located at the very beginning of the viral
genome of the Gimily Potyvindae, Until recently P1 was thought of as serine peptidase with RMNA-binding activity
and with possible influence in cd Ho-cell viml spreading. This N-terminal protein, among all of the potyvinses, is
the most divergent protein: varving in length and in its amino acid sequence. Nevertheless, P1 peptidase in many
ways is still a mysterious viral protein. In this review, we would like to offer a comprehensive overview, discussing
the proteomic, biochemical and phylogenstic views of the PI pmtein.

[EothaBooma Jand Navaal M 20011 P11 pepiihse — o mysterions pastem ol Bl Pobarkbes, 0 Bioses, 36 1R9-200] D08 100100751 2005 5001 -24020-5

1. Introduction

The Potvviridas family [named afler its tvpe member,
FPotato viruy ¥ (PVY)] is the largest of the 65 plant virus
groups and families cumently recopnized (Virus taxonomy
list in 2009, ICTV). This family contains over 100 different
species in six gener (Berger ef all 2000; Lopez-Mova and
Garcia 2008). The viruses of this family cause sigificant
losses in agricultural, pastoml, hoicultural and omamental
crops (Ward and Shukla 19917, Within the Potyviridae
family, the following genera are recognized: Brambvirus,
Poryvirug, Rymovirns, Machuravirug, Ipomovines and Trit-
moviruy. A seventh penus, Semovirg, containg viruses with
bipartite genomes. Recent attempts to expand the gensra
melude Blackhwirus (Susaimuthu e of, 2008), Poacevirm
(Tatineni e af. 2006} and Susmovirus (Xu ef al. 2000).
Wirions are flexuous and rod-shaped, 80 to %00 nm long and
11 10 15 nm wide. The nucleocapsid is composed of around
2000 units of a single structural protein, surounding one

molecule of nucleic acid (Carington and Dougherty 1988).

A feature shared by all of the potvvinuses is the induction of
chamctaistic pimwhesl ar scroll-shaped inclusion bodies in
the cvtoplasm of infected cells (Edwardson 1974). The
predominant way of tmnsmission of potyviruses is thmough
aphids. Cither possible means of the virus” spread are by
mites and whiteflies. The genome is created by single-
stranded BENA of positive sense, around 10 000 bp long. In
most potyvind species with a monopartite genome, their
penomic sequence encodes mine multifunctiomal  proteins
plus the capsid protein, Each viral protein matures after its
protealvtic cleavage from the polyvprotein by nuclear
inclusion-a peptidase (Mla), helper component proteinase
(HC-Pro) and P peptidase. Nla and HC-Pro are multifunc-
tional proteing, containing a C-terminal protealytic domain
as well as an N-terminal domain, each of which plavs
different roles in the replication cvcle, Whether the
topalogical quality of Pl protease should be compared to
these is still not clear (Verchot eral, 1991

The coding region for Pl proleinase is located a the very
begimming of the viral genome. This terminal protein, among all

Keywords., (enetic diversity; Pl serine peptidase; Potyviridae; wiral infection

Abbreviations used: BCMNY, Bean common mosaic necrosis views; CL eylindrical inclusion; CMVY, Cucumber moszic virs, CVYV,
Cucumber veln yellowing virus; HC-Pro, helper component proteinase; MP, movement protein; WNla, nuclear inclusion-a peptidase;
MNBRF, Mational Biomedical Rescarch Foundation; PPV, Plum pox wrus; PSbMY, Pear seed-borne mosale Wrus; PV A, Potato viris A;
PWY, Potate virus ¥, PVX, Potate virws X, PYY, Potato vires ¥, SMV, Sopbean mosale virus; TEVY, Tobaceo etch virus; TuMY,
Turrip mosale wrews, TVMVY, Tabaoco vedn maotting vires, WMV, Watermadon mosale weas) YMV, Fam mosaie wris ) YTHS, yeast

two-hyhrid system; ZYMY, Zucchind yellow mosaie virus

hitp: fwwwias acin/jhiescl

J. Biosa, 36{1), March 2001, 189—20, © Indian Academy of Sciences 189

Page | 31



1990 Jana RohaZkova and Milan Navratil

of the potyviruses, is the most divergent protein: varying in
length (3-85) and in its amino acid sequence (NCBI Protein
Database). This mostly non-comservative pobvviral protein is
thought to have contributed to the successful adaptation of the
potyvinses intoa wide range of host species (Valli ef ad 2007).

With the accumulation of new information that has been
assembled about potyviral P1, it is now an appropriate time
to review the msearch progress on this protein. The aim of
this review is to offer a comprehensive overview, discussing
the proteomic, biochemical, and phylogenetic views of the
Pl protein. Additionallv, this review attempts to offer the
latest meseanch directions, following cument theories on the
function of the Pl protein.

1. Potvviral P1 protein: function and genetic diversity

[t was not very lomg ago when the molecular properties of
potyviruses wene a mystery. The first breakthrough was
achieved in 1986, when the complete genomic sequences of
two members of this group were reported — for Tobacoo efch
vires (TEV) (Allison & af 1986) and the Tobaoo vein
motling virs (TVMVY) (Domier ef el 19860, A year later, a
step closer to uncovering the mystery occumed. In order to
understand the functions of the potvviral pmeins, the
working group of Domier ef af. {1986) made use of the then
mewly determined nucleotide sequences of the ENAs of TEV
and TVMY, Subsequantly, the predicted amimo acid sequen-
ces of TVMV- and TEV-encoded proteins were compared
with the protein sequence bank of the National Biomedical
Research Foundation (NBRF). This study regarded as one of
the significant studies that dealt with protein similan tes
among the potyvimuses, After that came the useful achieve-
ment of dentifying the functional properies of each
genome’s coding region, which brought ¢DMNA clones of
three potyviruses: TVMY (Domier of al. 1989, Plum pox
virs (PPV) (Riechmann er af. 1990) and Zucchin vellow
mcaie virwg (ZY MY (Gal-On er af, 19917, The ability to
generate a vims infection from the cloned cDN A unlocked
the possibility of applying the techniques of genetic
enginesring, al the molecular level, into their hiology. The
experiments initially performed on the previously men-
tioned group of viruses allowed for the beginnings of direct
mutational tests and amalyses at specific coding regions of
the potyviruses, which had direct impact on both its
phenotype as well as the process of its pathogenesis,

At this time, we can recognize two different groups of
experiments dealing with the function of the PI protein, On
the one hand, there ane thoss trying to solve the real imetionof
Pl proteass in several pobyviruses: Plum par wvires (PPY)
(Salvador et af. 2008), Tobacco vein mottling vires {TVMVY)
(Brantley and Hunt 1993; Klein ef af. [994; Salvador et al,
H08), Cucumber vein vellowing vires (CVYV) (Valli e al,
2006, 2008), Sovbean mosaic virg (SMYV) (Gagarinova ef alf,
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2008), Pea seed-bome maosaic vires (PSBMY) {Apancio
et al 2005), Potato virus 4 (PVA) (Ments e o 199,
Eekarainen ef af. 2002), Potato virns F{PVV ) {Ometeebarria
and Valkonen 2000, Potato vires ¥ (PVY) {Arbatova
et al. 1998 Pehu er af. 1995}, Patato wvirus X (PVX)
(Wance er al. 1995; Pruss ef al. 1997, Yam masaic virus
(YMV) (Aleman-Verdaguer e af. 1997), Tobacco etch
virty (TEV) (Carrington and Dougherty 1988 Carmington
and Freed [1990; Verchot e al 1992, Werchot and
Camington 1995, b) and Twrwip mosaic vires (TubV)
(Soumounou and Lalibertg 1994, Omn the other hand, there
are thase experimeanis concemed with the sequance variability
of the Pl coding region in YMY (Aleman-Verdaguer ef af.
1T, PVA (Kekaminen e ol 1999, PVV (Ometebarria
et al. 2000), PVY (Tordo ef al 1995; Mukherjes of al. 2004),
EYMY (Les and Wong [998; Wisla ef al. 1993), TVMY
and TEV (Domier ef ol [987), within the group of
Potwwiruses (Rischmamn e af. 1992), within the Potvindae
family (Adams et af. 2005h; Valli e ol 2008), or among
several wiral families, including Potyviridae (Chare and
Holmes 2006), Thae has been a dedicaed effont on the
phylogenstic studies of PL. Intensive research during the
subsequent years led to a better understanding of the genomic
structure of the potyvirus expression, quality, as well as the
activity of specific viml proteins, Nevertheless, the PL protein
in many ways is still a mysterious viral protein, showing
drect evidence of havmg some mle in host mnge definition;
howeever, this is vet 1o be demanstrated.

3. Pl serine peptidase

Pl peptidase was the last of the three peptidases to have
been identified as processing the potyviral polyprotein
(Werchot er al. 19917 In the microbial word, peptidases are
nol uncommaon. Serine, aspartic and cysiein  peptidases
(althouzh not metallopeptidases) have been found in varous
wiruses { Raw lings and Barrett 1993, They have acquined their
importance becmse of their functiomal involvement in the
processing of proteins of virses that cause cerlin fatal
diseases such as AIDS and cancer, Consequantly, we have
taken this opporunity to consolidate information about the
progress in plant virus research as one of the crucial steps in
understanding the activity of ENA viruses, not only in the
realm of plants but also with the wider application of those
viruses conceming and affecting humans,

All virus-encoded proteases are endopeptidases. The
malure protease is released by the avtolvsis of the precursor
(Bao er o, 1998, Serine proteases are chametenzed by the
presence of a senne group within their active site. The
numerous examples of serine proteases among viroses
sugpest that they are vital to the organisms (Barret [994),
With the mtent of preventing serious losses to sevenl major
crop plants, strong efforts continue into research on the viral
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proteases, precisely because this portion of the wviral
infection still offers likely prospects for answers leading to
improvements in the defence mechanisms of the host plants,

The first research works dealing with the processing of
viral polypmoteins with proteases wens published between
1979 and 1990 (Komnt er af, 1979; Ghvsdasl er af, 1981
Franssen ef af. 1982; Nicklin er af, [986; Krausslich and
Wimmer [988; Wellink and van Kammen [988; Skalka
1989, Croszlan and Luftig 1990; Palmberz 1990; Strauss
and Strass [990), The reader is refemed to these articles for
additional specific information, and a summary of the earlier
work on this subject. OF the known potyviml profeinases,
Mla and HC-Pro were discoversd in their multifunctional
chamecteristics, The first N4emminal peptidase taking pard in
palyprotein processing (P11 protein) remains the last discov-
ered, without any clear elucidation as to its function during
wviral infection and propagation. As listed earlier, there have
been several interesting works that indirectly brought results
which might ultimately be linked to the explanation of P17
true activities,

3.1 Serine peptidave domain iy located ar the C-terminug
af PI

Verchol ef al {1991} were the firsl to mention Pl as a third
proteinase in the processing of the viral polyprotein, In a
wheat perm system, they had synthesized a polyprotein
containing the 35 kDa protzin and HC-Pro, Proteolysis
penerates products that msemble fully processed proteins,
Furthermaore, this protease was clasified as a senne-like
protease, All thendknown facts on Potvviridae were com-
piled in an extensive review (Dougherty and Semler [993),

Serine and senne-like peptidases are found in both
prokarvotic and eukarvotic organisms, and participats in a
wide spectrum of biological reactions. As a gmoup, these
enzvmes are chamcterized by the presence of an active site
damain that contains a reactive Ser. The active site also
comprises two additional amino acids, Asp and His, These
thres msidues make up a catalvtic tnad (for reviews, see
Fraut 1977; Bond and Butler 1987; Cruk ef al. 19874, b;
Higaki ef al. 1987; Spmng o al. 19870 The senne-like
peptidase domain in the PL coding region was wentified in
the C-terminal, highly conserved poriom for all serine
peptidases, associated with protealvtic activity and contain-
ing the Gly-Xaa-Ser-Gly motif (Barret [986). It has besn
wentified in all of the Potvwviridas family members
examined (Adams er ol 20052 Valli er o, 2007). The
comserved His and Asp residues are present upstream of the
putative active-site Ser residue (for precise positioning in
each virus, see Adams er o, 20052, Valli er of. 2007
further, their spacing is not typical of those observed in
other cellular serine proteases. In experiments invalving the
substitution of His or Ser in TEVY (within positions His-21 5

and Ser-256), the results of Verchol ef af . (1990 achieved
the elimination of proteolvtic activity,

32 Processing of potwiral Pf

The processing of the senne potease, out of HC-Pro and
polyprotein, is secured by a specific motif an the border of
P1/HC-Pra, Mavankal and Rhoads (1991, with research on
Tabaco vein motling virmy (TVMVY), brought the first
approaches in this research field of P 1, which meleased itsell
from HC-Pro as the N4emminal 34 kDa protein, These facts
have since been proven by the immunoprecipitation of
proteins with antibody against HC protein. With the specific
identification of the cleavape locatiom by the automated
Edman radiochemical degradation at positions Phe-256 amd
Ser-257 (of the TMY M polyprotein) confirmed its necessity
fior the proper functioning of HC-Pro in TMVM (Mavankal
and Rhoads 1991), Later, Verchot e af. (1992} comfirmed
this theory with the specification of Twr-36 and Ser-305
motif (of the TEV polyprotein) undergoing proteolysis with
supplementary His-303, In deletion tests with this specific
motif; they concluded that the expressed protein adjacent to
His-303 was unable to underzo proteolvsis, sugpeesting that
Tyr-304 was not essential for protein processing but only
fior substrate and'or protein activity, From this Onding arose
the hypothesis that the cleavage occurs between the Tyl
and Serd03, becanse the PL cleavage site position (Tyr-304)
is crucial for substrate recognition by seveml types of viral
and cellular proteases {Verchot er ol 1992,

As mentioned eadier, potwviral Pl proteinase is an M-
terminal product, derived Fom a genome-length polyprotein
cleaving itself from HC-Pro. Verchot and Carrington
{1995h) added a further contribution that this separation,
but not Pl's own, appears to be essential for wiral
infectivity, The relevance of P1 integrity for virus amplifi-
cation and movement fom cell to cell was assessed by
mutagenesis, Using the coding region of Tobaceo etch virus
(TEV), they produced clones with the entire P coding
region (DPL) deleted, further having investigated the
reporter pene’s expression of felucuronidase replication
as well as the movement of the wims in both tobaceo
protoplasts and plants. In the protoplasts, this DP | motant
accumulated to approximately 2% to 3% of the level of
parental amplification, with both cell-to-cell and svstemic
movement, registering decreased values, On the contrary,
the cline with a pont mutation affecting the Ser of the
protealvtic triad (525640, which abalished the proteclvtic
activity of the protein and prevented its separation from the
rest of polyprotein, vielded a non-viable mutant. A
comparison of the nfection phenotypes of DPL and
5256A mutants further suppests that the lack of proteolytic
separation of P and HC-Pro to be muore detrimental than
the deletion of the Pl sequence altogether,
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Expaimeants in [992 with a specific motif of the Pl
cleavage activity, msulting in it releasing itself fFom the rest
of viral polvprotein, led 1o the specific information tha these
expeniments had been successful in wheat gam extracts and
transgenic plants, but not in mbbit ssticulocyte vsate (Verchot
a al. 1992), Furthermors, thers had been previous efforis
(Camringtom and Freed [990; Mavankal and Rhoads 1991;
WVerchot erall, 1991) that gave puzzling results. Based on the
processing chametenistics of Pl-proleinase-containing pol y-
protein, within a mixture of reticulocyie lysate and wheat
perm extract, Verchot e all (19917 concluded that some
positive-acting factor mesides within the wheat gemm sy stem.
Confimmatiom of this idea came fom an experiment that
invalved adding small amounts of wheat perm eximet to the
rabhit mticuloode cell-fFree expression svstem, which lad to a
mvival of P1's protease activity, On the other hand, the
addition of meticulocyte to wheat germ exdmet had no
sipnificant effect. Furthermone, there wis an experiment using
denatured wheat germ extrct, which mesulted in the assertion
that the essential protemn for proemase activity had to be a
heat-labile protein, The explanation of this phenomenon does
nol seem o reside solely in an essential co-fictor in the PL
pathway bul rather in a factor required for protein synthesis,
# well as the proteins involved in the proper co-translational
folding of the proteinase in the armngemeant of the cleavape
site, It is not the first time that a theory sugpeested this as a
possible explanation of P1%s abdiy to process dsell under
specific conditions. The involvement of accessory factors in
polyprotein processing o specific deavape sites has prece-
dents in several other viml groups, including the comoviruses
(Goldbach 19940, the picomaviruses (Harns e o 1990} and
flaviviruses (Rice and Stmuss [9940),

33 Pl Neterminal portion — the most variable part
of the genome in all potwirses

From the first announcements reganding the sequence of the P1
ooding megion, this protein has been mentioned as the least
oonserved protein among the potyviruses { Domier ef af. 1987;
WVanee ef al. 1992), mnging in siee fom 30 o 63 kDa Owing
tor this great divergence, and the discovery of the conserved
melif in the C4erminal portion, it 15 obvious that the increase
in the size is created by the N4erminal portion of P 1 of each
potywirus, In a study by Verchot and Carrington (1993a), it
was shown to be non-essential for most functions such as
viral propagation, cell-to-cell movement, and wviral replica-
tiom. By use of the GLS reporter svstem, which is appropriate
for quantitative measurements of the parental and mutant
TEV genome amplifications in inoculated protoplasts
(Camington ef al. 1993 Dolja et al. 1992; Restrepo-Hartwig
and Carfngton 1994), Verchot and Carnngton (1995a)
characterizad three tuncated forms of PL oprotein with the
deletion in the N4aminal partion. The P coding region of
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the TEW lacked the region from 1 to 139 ot in the A5 mutant,
and the region of 1-157 ot in the A6 mutant, e n almost
half of the P1 coding megion, but not affecting the catalytic
tiad of protzolytic advity, terstingly, most dmmatic
mutations in the A3 and A6 constructs actually had only
small effects an viral replicaion and cell-to-cell movement.
Experiments by Kekarainen ef al, (2002) and Rajamiki ef ad.
(20057 pave resulls inconsistent with those of deletioms. Both
of these two working groups have confirmed the high
tolerance of Pl to insertions, The aim of the work by
Felarainen ef al. (2002) was to map the penome regions
(both essential and non-essential) for PVA propagation.

To that end, they penerated [5-bp-insartion mutants. The
Cterminal region of Pl tolerated most of the insertions,
Based upon those results of tolerance 1o shorl insertions,
they comstructed a map of the identified essential, as well &
nim-gssential, regions of PL, From this viewpoint, we can
note a conflict in the categorization of the mporance of
Pl%s N-terminal portion. Seventy percent of the megions
deseribed as essential, resulting in non-viable mutants, were
located in the M-tenminal half of P1. Rajamiki ef al. (2005)
also demonstmted a similar tolerance. They confirmed this
ability by the msertion (insertion of up to 783 nuclaotides)
and expression of heterologous protein in PYA"s N4erminal
partion of the Pl-coding region.

The next efforts to identify an even-lesser-conserved maotif
in the Pl N-tenminal portion {which could help in umder
standing its evolition), and at first sight a non-conservative
partiom of the potywiml penome, were by Gagannova ef all
(20087 and Valli er ol (20081, They both focused on the
sequencing analysis of the whole coding megion of the PI
protein in batches of potyviruses. Their interesting resubs and
comclusions are analvsed in section 4 of this aticle.

34 Pliy able to bind RNA

The net charge of the Pl protein was computationally
evaluated 1o be 430 (TVMVY: Brantley and Hunt 1993 and
438 (TudV; Soumounou and Lalibeng 1994, which are
much higher than those of any otha potyviral protein. This
charge has been characterzed as a z value, It has been
propased that the binding of a ligand of charge 4= to a linear
nucleic acid would neutral ize = phosphates, resulting in the
release of the counter-ioms that are thermodvnamically
associated with those = phosphates (Record er al. 1976),
The existence of a net charge for PL, of the magnitude
mentioned above, led to the suegestion that it represents
nucleic-acid-binding  activity. Brantley and Humt (1993)
were the first to assert that Pl generally binds ENA, and
thev subsequently decided 1o characlenze the possible
EMA-hinding properties. They had shown that P1 is able
to bind 35-nt-long RN A, and that the size of the binding site
is comsistent with the number of phosphate groups that
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would be neutralized by the hinding of a protein of the +30
charge previously mentioned (Mascotti and Lohman [990),
The next set of experiments were lad by Soumounou and
Laliberé (1994), who had analvsed P1 of TuMV, and
contributed further with pronouncements of the binding
capabilities to ss- and ds-BNA. Under in vitro conditions, it
was confirmed that PL binds to ss- but not to ds-DN A, The
potential imteractiom domain of P1oin TubY was chamcter-
ized as the wverv basic domain, RSSEAMREOERARERE
RACQO (spamming mesidues 150 to 168), which has the
potential o nteract with nucleie acids, The basic residues
(Lys and Arg) can form ionic bonds with the negatively
charged phosphate groups; whereas amide (), acidic (E) or
hydroxvlated (5) amino-acids could interact, via hydrogen
bonds, with the nucleic acid bases (Soumounou and
Laliberté 1994) Contributing factors that have led to the
speculation of PLUs silencing activity during  the wviral
infection cyele should be mentionzd. Concluding with the
finding that the depletiom of the entire P1 protein had not
disrupted the infection cvele, and that even P1%s ability o
bimd BMA, could suggest that this protein acts as a helper
profein, improving the expression of the viml genome; yet,
omn the other hand, P1 could subdue the defense activities of
the host plant.

[n order to prove PLUs adivity in overcoming host plant
defense mechanisms, seveml expenments have been per
formed that dealt with transgenic plants expressing the shon-
sequence homologue to P11 (Mikki-Valkama ef af. 20004, b;
Tavert-Roudet o af. 1998), However, more exlensive
research has attempled to define the extent of PL's
imvalvement in the processes of inlemctions betwesn virus
and its host. Pruss ef al, (1997) repored that the pobyviral
sequence P UHC-Pro enhanced the pathogeniaty and accu-
mulation of two helerologous viruses [Cucwmber mosaic
virg (ChY) and TWMV]. Kasschau and Carrington ([ 1998)
dealt with P1 and its influence on transcription activity,
parforming the nuclear transenplion assav. These expen-
ments indicated that the sikencing suppression activity of PL/
HC-Pro could possibly be on the postdmnsenptiomal level.
Thess two results are in agreement, and could reveal that this
combination of maolecules can condition an enhanced
susceplibility within a host through the interdiction of the
defense response, In this commection, Valli et af. (2006)
proved the crucial role of P1 in the HC-Pro gens’s silencing
activity during the infectious, providing further evidence that
Pl enhances the activity of HC-Pro in the Pofvirus genus,

One very special situation within the Pl proteinase
coding region and the activity of this protein has been
deseribed in the ipomovirus (family Potyvindae) Cucumiber
vein yellowing vires (CVYV)L I was recently reported that
this vimus lacks HC-Pro, but has a duplicated P1 coding
sequence (Janssen e af. 2005). Afer cleavage, two mature
proteins are produced, Pla and Plb. Both of these are serine
proteases (Valli ef af. 2007 HC-Pro in potyviruses is the

typical silencing suppressor of viruses of the family
Potyvindas (Amandalakshmi e af, 1998, Brigneti e al.
1998; Kasschau and Camingtom [998), The crucial point of
this Pl study was a demmmstmtion of PLb protease activity,
a5 well as the RMA-silencing suppression ability, which is
consistent with that of HC-Pro (Valli er af. 2008). Accord-
ing to the subsequent discovenes for the RNA-silencing
quality, the specific LXEA motif s crucial — it has been
sugpested as the zine finger motif (Cox and MeLendon
2000; Klug and Ehoedes [987) afler its point mutation,
Plb's silencing activity was abolished. Meverdheless, dis-
ruption of protease activity has no acule effects on this
silencing quality. Additionally, there were informational
data sets with complementary findings about P1 ability to
bind siEN A in crude plant exiracts. This piece of informa-
tion supports the sugesstion that CVYV P Ib uses a strategy
of siIRN A sequestration, with the interference of viml RNA
degradation. Within the context of this interesting discov-
ery, it is very important to mention that the positive chage
af the Pl protein is universal in all of the members within
the genus Potyvires. In contrast, the ipomoviral Plbs, or
Plb-like Pl protein from ipomoviroses (as well as tritimo-
wviruses), either has a neutral or a negative charge,

3.5 Anpical Pls — Tritimovirus and {pomaovirus

Because of phvlopenetic discovenes, we now know that
ryvmoviruses are more closely related to potvwirases than o
ipomoviruses, Tritimoviral P oprotein constitutes an inde-
pendent branch in the tree (Adams er al, 2005b). The most
conspicuous difference between the two types of PL is
represented by their pl difference, which prabably reflects
not only a great phylogenetic distance but also some
functional divergence. As has besn mentioned before,
CWYV lacks the HC-Pro gene and its titimo-like Plb
prolein appears o compensale for this defect. This could be
conclusive evidence for the occurrence of the functional
diversification between potv-like and tritime-like PLs',
Pla's, as well as PIb"s own prolease activities, If these
two putative Pl protease domains are included in the
phylogenstic analysis, Pla clustered with the potyviral amd
rvimovila Pls and Plb was more closelv related to the
tritimoviral Pls (Valli er af. 2007; data not shown)

36 Pl'y localization in infected plant cell

Arbatova er al. {1998 caompleted one of the first atlempts to
localize the PI protein on the ultra-structural level of the
infected cell. They produced polyclonal antibody against the
Pl pmotein of PYVY-0. Fusing this antibody to gold particles,
they conducted their experiments with the immunogold
localization of the P1 protein in the cells of infected plants.
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This protein has been found in association with cvtoplasmic
mnclusion bodies, chamcteristic for several potvviruses,
Particles marking the Pl protsin have also been found
freely diffused in the cvtoplasm. However, no significant P1
antibody binding with other plant cell organzlles, or with the
cell wall and plasmodesmata, was detected with the
immunogold labelling, Arbatova et al, (1998) described
their findings of Pl associted with pinwheel-shaped
imclusion bodies with two possible explanations: (1) P1
could stav associated with this complex due to its
simultansous synthesis there as well, as it has been shown
by the P3 protein (Ammar e al. 1993, 1994, Rodr gues-
Ceren et al, 1991, 19930 (2) As suprested by Ammar ef al,
(19947, all potyviml proteing might by synthesized in, on or
nzar the inclusions, which are associated with a rough
endoplasmic reticulum. Speculative, vet conclusive, seems
to be the inference stemming from PIs ahbility to bind
EMA, and the fact that several point mutations have led 1o a
decrease of viral particles in infected plants. The plece of
evidence behind the development of this theory is the newly
found helicase activity of evlindncal inclusion protein (CL);
and rzlated to this matter, replication of viral ENA 15 likely
to also be associated with the connections found with
evtoplasmic inclusions. This might be the missing piece
accounting for the P1oevtoplasmic localization. In regand to
this mformation, it would be appropriate for someonz Lo
supplement such comclusions with experiments that confirm
any hiochemical pathwayvs that might help account for an
explanation of the localization, i, the finding of molscular
interaction partners of P1 protein dunng the infection cycle.

AT Pl and ity activity in viral cell-to-cell movements
and systemic spreading

Pl activity, influencing vims cell-to-cell movemnent, has
been hypothetically sugpested (Domier ef ol 1987; Hull
1989; Maiss ot af. [1989; Atabekov and Taliansky 1990,
Ward and Shukla 1991 ; Riechmann eral. 1992). Later, such
Pl activity was refited by Verchot and Carnngton (19954,
bl As previously mentioned, experiments with point-
mutated PL protgin of TEV (Verchot and Carrington
19950} msulted in 2 group of nonviable wviruses (thres
mutations tamed 52564, F and A304). Nevertheless, a
fourth proteinase-debilitating mutation (temmed C) cansad a
slow-infection phenotype. Acconding to these findings, the
speculdion about a direct movement function of the P1
protein now  appears to have little basis; however, a
movement-enhancing function carmot be totally excluded.
Several independent researchers (Klein ef af. 1994 Cronin
et al. 1995 Verchot and Carnington 1995h; Kasschau er alf.
1997) have found that PI and HC-Pmo are both active
enhancers of genome amplification at the single-cell level,
and have additionally demonstrated the long-distance
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movement. However, parallel o this informatiom, it has
also been asserted that neither of these two proteins appears
1o be required for cell-to-cell movement, Arbatova er al.
(1998) later indirectly confirmed this assertion. Immunogold
localization of PVY Pl protein in infected plants showed an
absence of this protein in the cell wall and plasmodesmata
{Aatova ef al. 1998), On the other hand we need to
mention the situation in the sobemovimses, Twao apen
reading frames (ORFL and ORF2) create their genome,
while P1 15 located in ORFL. Due to the theory about the
non-essentiality of Pl in virus spread, there have been
conflicts with previous findings. Bonneau ef al. (1998)
proclaimed, working on fice vellow mottle virmy (RYMVY),
that the creation of deleted and Fame-shified mutants in the
Pl coding region (resulting in truncations of 83 amino acids
from the C-terminus of P1) wers incapable of replicating in
protoplasts. Furthermore, a mutant not expressing P11 at all
replicated i a protoplast at a reduced level (0.5-2= ess),
when compared with the replication of the wild-tvpe RENA.
In the case of cell-dio-cell movement as a svstem mfection,
nome of the mutants cavsed svstemic infection in the host
rice plants. Their results demonstrated that in the case of the
sobemoviral mfection, PL of RYMY is imdispensable for
vitus replication; however, nucleotide deletions or additions
in ORF1 are lethal for virus replication. Furthermors, P1 of
EYMY 15 required for the mfection of plants and is
important for the spread of the vims,

38 Pl'y interaction partners in the infected cell

Further effors to study the P1 molecular inleraction parmers
were led by Merits ef al. (1999), However, they tried o
analyse the possible P1 pathway during an infection cyele:
thus, their work involved an interaction study of only the
viral proteins, Consistent with the balance betwesn PLs
affimty for ame ar more viral proteins, they had expected P1s
activity as a helper factor of the presently  identified
mechanisms duning the infection cvele, Using Excherichia
coli—expressed recombinant proteins in two in vitro inlerac-
ton assavs, and a genetic vesst two-hvbnd system (YTHS),
they triad to analvse the protein-protein intemctions of the P1
and P3 proteing of PVA with six other viml proteins, creating
presumed replication complexes, In these in vitro expen-
ments, they concluded that P1 oand PY intemcted with each
other, as well as with proteins of the putative replication
complex of potvvirus: BENA helicase (C, viml protein
penome linked (VPg), Nla peptidase part (Nlaspro) and
EMA dependent BENA-polvmerase (NIb). PL also interacted
with iself and with HC-Pro. In this situation, it ssems o be
reasomably confimmed that the intemction between the PL and
CI proteins form the main superficial component of cyto-
phsmic melusion bodies, as shown by Arbatova & o, {[998)
and Rodrigues-Cerezo o all (1993, 1997).
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Expenments that resulted in the interaction of P 1 with HC-
Pro have endeavourad to supeest that these ineractions are
associated with events that help proteinase domains o
recogmize their cleavape sites. The creation of a selfdimer
of P1, and its possible intemction with P3, has contibuted to
the proposed mle of the prolein®s intemction with the
replication complex of the potyvims, Other intemetions
explomed in regand to viral proteins are vet to be explained.
However, it is necessary to add that Merits er af, { [999) have
been cautious in the imtemprdation of their results reachad,
because protein expression in hacterial cells possibly lacking
post-translational modification (phospharylation and  glveo-
svlation) could have a large influence on real protein activity,

A novel identification of the interaction partnar of PL was
discoversd using veast tworhyvbnd scersen coupling P from
SMYV-P (Pinellia isolate) and a c-DMNA expression hbrare of
its host, the amid Phellia ternare, Shi ef al, (2007 identified
an interesting 23 7k Da-sized mokecule that was interacting
with Pl and was closely mlated to the cviochrame baf
complex Rieske Fe'S penes of plants. The topology of the
interaction of P to Risske Fe'S was found to be locted at
the M4amiml part of the proein (=33 amino adds),
interacting with the transitional form of the Riske Fa'S
protein; whereas, a M- to B2-aminc-acid-lomg motif was able
o interact with the entine Risske Fe'S protein. Cwing to these
results, some authors have suprested that the Pl -Risske Fe/S
pair 15 likely to be imvolved in svmplom development, and
that the werv wariable Neterminus of Pl mav play an
important mle in host adaptation.

A specific feature about P1, recently discoversd, is its
ability to induce production of the HSPH heat-shock
protein. Experiments dealing with this activity had been
performed by Aparicio et ol (2005), wing GUS as a
reporter gene fused to the HSPT0 coding region of
Arabidopsis. This construct, nfiltmted o the leal of
Nicotiana benthamiana, allvwed them to see the different
responses of the pomoter—reparter system. A few of the
tested constructs have been used for testing the hypothesis
that wviral induction of pHSP-GUS mpresents a broad
respanse o the expression of the vims” proteins. For their
experiment, Aparicio ef al. selected Tobacco mosaic virns
(TMV, penus Tobanovines) movement protein (MP), the P1
protein of Pea seed bome mosaic virey (PSBMVY, genus
Patpvirus) and a 6 kDa protein (6K 1) fused to the
evlindrical inclusion (CI) protein from PSbhMV, All of
these proteins showed a significant induction of pHSP70-
GUS as mcreased GUS activity; the Pl protein was the
most activating one. Increase in the activity of heat-shock
protein have been demonstrated by a wide range of virusss
in diverse host plants including pea (Pivum sativim),
Nicatiana henthamiana, squash (Cucurbita pepa’), tobacco
(Mieatiana tabaowm) and Arabidapsiy thaliana {Aranda
et al. 1996, 1999; Escaler ef af. 2000; Havelda and Maule
2000; Jockusch e al, 2000 ; Whitham er al, 2003), These

authors have conceding that viml proteins emeial to the
viral infection cvele may have a specific induction
mechanism that would mest the particular nesds of viral
genome meplication and expression. I oany case, there
remains a possible allernadive interpretaion, where the PIL
activity is just like the response of pHSPT0 in the ability of
eytosal to sense the individual properies of particular proteins
when expressed at a high level. This phenomenon is
remmuniscent of the unfolded protein response observed when
the mduced accumulatiom of proteins in the endoplasmic
reticulum also induces a specific suile of chaperons.

4.  Evolution of P1 serine proteinase

According to the MEROPS databases, PI proteinase has
been classified within the Clan SA, 530 family of serine
proteases. [t is possible to atlempt an overview of the
evolution of P1 proteinase. Although there are publica-
tions that have concluded that the evolution of PL in
Potywiridas emerped from the sequences of the coding
region, with their differences in evaluating possible
conserved motifs (listed further ahead), we can speculate
about phylogenesis inside the pmotease family, leading to
a theory about its selection under the functional properties
af protenase and its adaptation in the differanl metabolic
pathways of new host orcanisms (Barrett and Rawlings
2007y, Iitially, the first annowncements about this phe-
nomenim wers deseribed by Rawlings and Barrett (1993),
whao tried to identify specific groups of peptidase, accord-
ing to scored similarities in a sequence of over 600
peptidases, They sugpested that the classification by
peplidase families could be used as an extension of the
present classification by catalytic type. Mo studies dealing
with the evolutionary origing of family 530 have hesn
done; however, several families of serine proteinases
present in viral omganisms have been found, for example,
the S53-Togrvirus endopeptidase with the catalvic triad
His/Aspr/Ser as well as the family S 14-ClpP, identified by
Potato leafroll luteovirny genomic RNA (Luteoviridae, the
genome i5 created in a similar manner to Potyviridae, by
single-stranded BENA of positive sense) with the catalytic
motif SerHis (Asp not known), Rawlings and Barreit
(1993} concluded that dus to the highly conserved catalytic
triad motf of serine peptidase activity, these protzins likely
share a commin evolutionary origin with family 51 (most
of the eukarvotic and bacterial serine peptidases), despite the
differences in theirsequences, Due to the vary small conserved
portions, there might be some doubts about the actual
relationships betwesn the fimst site-distinet viral species,
Structural functional studies in many of the peptidase fimilies
have highli ghted particular amino acdd residoes that contribute
to the specificity sites of the enzvmes, Varidions of these,
betwem sequences, can be taken as strong indications of the

J Bioged 36 1), March 2011

Page | 37



196

differences in substrate specificity, and themfor: in their
function. Such differsnces would surely requine the assig-
ment of the peptidases concerned to be used by the distinet
species (Bamett and Rawlings 2007,

4.1 Phylogenesis of potyvirad P11 protein

Recombination is one of the main forces drving plant virus
evolution (Garcia-Arenal e af 2003: Roossinck 2003).
Both interspecies and intraspecies recombination events are
mmvolved in potyviral evolution, and some of these affect the
Pl sequence (Glais er al. 2002; Desbier and Lecog 2004,
Tan ef af, 2004; Larsen of af, 2005 Valli ef af. 2006). Up to
now, there have been several attempts at phylogenstic
analysis of the most variable coding region of PL. Each of
these has besn made achievable from the RNA or amino
acid viral sequences, which wer taken from theonetical
cDN A translations. Despite these functional analvses,
phylogenetic analyses have been performed on TWVMY and
TEV {Domier ef a. 1987), WMV {Deshier and Lecog 2004,
All et al. 2006} and Sovbean mosaic wvirns (SMV)
(Gagarinova ef al. 2008 Additionally, Valli et af. (2007)
attemnpted the widest overview and most extensive endeav-
ours to explain the ongin and phylogeny path of potyviral
Pl. They perfommed extensive computational analvsis of P1
proteins from 53 virus species in the family Potwiridae, In
their last, maost extensive assay (Valli er o, 2007, they have
tried to explain reombinatiom and gene duplicaion in the
evolutionary diversification of Pl proteins.

The first effort to specify some homology or conserved
motifs m the Pl codmg megion, shared by two pobyviruses
(TVMV and TEW), was deseribed by Domier o al. (1987).
However, afler the TVMY and TEYV polvprolan sequence
companson, they ammounced that the regions of the N-erminal
and the 42 kDa region jalso involvimg the P1 coding region)
clearty showed less homology, They justified these findings
by suppesting that the apparent lack of sequence conservation
found in these two regions was due to the invalvanent of
these proteins in specilic virus-host intaactions.

An exension of the theory meganling the presence of
specific maotifs in cormelatiom with the host—vins interaction
cme from the work of Desbiez and Lecog (2004). They had
focused their attention on the N-terminal region of P, and
had assumed it was especially relevant in regard to the
previously mentionad intaractiom between the virus and host
arganism. This, together with the theory about the interspe-
afic rcombination betwesn two related potvvimuses Wy
and SMY, revealed the speafic nucleotide sequence variabil-
ity of WHV in the 57 par of the genome (Deshies and Lecoy
2004). Using that paradigm, Larsen et al (2005) warking on
insertion mutants of Sean common maosaic necrosis v
(BCMMNY) demumstrated by the differences found within the
Pl M-temminus that although P1 played some significint mle
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in the pathogenicity amd virulence, it did not appear to affect
the vims—host range {Larsen ef al. 2005),

The mesults from comparison analysis sugpested that not
omnly intraspecies and intragenos but also intergenus recombi-
nation within the P1 gene contributed to potyviras evolution,
Well-comserved motifs were identified within the C-proximal
prvtease domain of all Poswirs PLs (H-IVE-G-x-5-G-1V-1/
WV-R-03), The cleavage site between P and the next protein,
HC-Pro, is also well conserved. It is 22 10 28 amino acids
downstream of the stnetly comserved RG dipeplide, and it has
as it consensus sequence LV LM--HVEQ-FY | 5. Shaort,
but also fequently present, conserved motifs have been
demonstrated to be spread all over the PI1 coding region,
Muotifs [XFG and VELI have been shown o be represented in
must potvviruses and rvmoviruses, Comversely, thers are also
motifs only represented within a group of polyviruses, for
example, ISIXGG, TPS and FLXG in the small group of
potvviruses (For a definitive review, see Valli er of, 2007, All
of those are located approximately in the middle of the PL
coding megion, Finally, the identified cvstein-rich domain is
represented by 13 pobvviral viruses vsually found in the N-
temminal portion of PL. Despite their certain identification,
these short motifs have no simple phylogenetic relatiomships
Justifiving either their presence or absence, Intersstingly, all of
these results sugeest that the patyviral PL gene has undenzone
extensive and uneven evolutionary diversification, which has
not always parlleled the evolution of the complete genome
(Valli ef af, 2007,

Cagarnova et al. (2008) conducted the latest experi-
ments dedicated to gathenng evidence of meombination
breakage points in P1 on selected potyviruses (which could
be helpful in an explanation of P1 phylogenesis). In contrast
to previous studies, they used the Recombination Detection
Programme 3.3.1 (RDP3), which provided aotomated
analysis using the RDP, GENECONY, Bootscan, MaxiChi,
Chimera and 5i5can methods (Martin ef af. 2005) instead of
the Genetic Algorithms for Recombination Detection
(GARD, Fosakovsky Pond er af. 2006) used by Valli er
al, (2007) for mapping phylogenetic dstection of recombi-
nation using a penetic algorithm, and Chare and Holmes's
(2006) application of Sawver's Runs Test for the detection
of meombination events, Gagannova ef af, (2008) demon-
strated for the first ime that recombination occumred duning
SMV evolution among distinet viral isolates, thus providing
evidence that at least two distinet viral SMY pathotypes
could simultaneously infect a host cell and exchange genetic
matenals through BNA recombination.

5 Concluding remarks
The nderstanding of P1 peptidase has expandad mpidly in the

penomic a8 well as in proteomic arsa. The bried overview of
knowen facts about this peptidase presented herein demonstrates
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that much is known, However, PL remains the mystenous
protein. nour opinion, a possible way to uncover PL proparties
is to identify proteins interacting with it during infection cyele
and to fry toco-localize than on the level oflight micmscopy as
well as electron micmscopy. From the proteomic point of
wiew, il 15 also important to identify the conerste structure of
this protein. In spite of its high variability in the coding
sequence all over Potyviridae, there have o be conserved
structural motif (gven several amino acids) responsible for
Pl interaction with other active molecules of virus or host
plnt. This wdentification seems o be crucial for uneovering
the meal activity of PL. Biochemical and pmoteomic studies of
Pl peplidase are essential for this, Such work will offer us a
degper understanding of the involvement of PL in wviral
process, spreading and its involvement duning viral infection.
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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 Nla. 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 (A33-143) 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 | 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 GoTag 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 SeqMan™ Software (DNA Star).

Bacterial expression of P1 A33-143 peptide

Short peptide P1 A33-143 was designed with software with surface display prediction with
the highest probability of antigenicity within the whole P1 amino acid sequence. P1 A33-143

coding region was amplified by forward
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(5"-GAGCTCTGTACTCAGTGTGACATGG-3") and revers
(5"-GGTACCAGCTTTCCGCATGAAAA-3") primers with linked restriction places Sacl
(forward) and Kpnl (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™) and kanamycine (25 mg.mlI™) in exponential
phase of growth was induced with isopropyl-1-thio-B-D-galactopyranozide to final
concentration 1 mmol.I" 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.I"*
NaH,PO,.2H,0, 300 mmol.I" NaCl, 10 mmol.I"* imidazole of pH 8.0). Into this suspension
we added lyzozyme to final concentration 1 mg.ml™ 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.I" NaH,PO,, 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 42™
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 1gG
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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 a-Cyano-4-hydroxycinnamic acid (2 mg.ml™) in 2.5% acetonitrile (v/v)/
trifluoroacetic acid (2:1, v/v) [8]. Volume of 5 ul digest and equal volume of matrix solution
were premixed in a test tube. Then 1 ul 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-HCI 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 1gG 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-HCI pH 6.8, 2% SDS, 10% glycerol, 1% pB-
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 1gG.

In silico secondary structure modeling

Secondary structure was computationally calculated from the 277 amino acid long P1 coding
region (AP1). 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 uM 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.I"* KH2PO4, 1 mmol.I" KNO3, 10
mmol.I"* CaCl, .2H,0, 1 mmol.I" MgCQ, .7H,0, 0.5 mol.I"* mannitol pH 5,6). 60yl of fixing
solution (1% paraformaldehyde, 0.2 mol.I'* HEPES, 0.15% Triton X-100, protease inhibitors)
was dropped directly on the cover slips. 20 pl 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 A33-143 polyclona antibody
(1:100 dilution in PBS-T) and afterwards with secondary antibody Alexa Fluor® 555 donkey
anti-rabbit 1gG (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 A33-143. 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 A33-143 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 A33-143

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 A33-143 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: AP1 (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.
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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 A33-143 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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Figure 1 - Co-immunoprecipitation using P1 A33-143 from total cell
lysate

Figure legend text We co-immunoprecipitated AP1 (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.
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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 A33-143 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 AP1 (30 kDa) and C2H2 ZnF

We designed model of AP1 (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

25
25
28
77
128
78
25

DADGEYR@®T-—-—-—-Q&DMGFD 40 44 MARVN)ECCDG 54 66 DPIMEILV-DSK 75 PSbMV DPD1
DADGEYR(®T-—-—-—-(CQ@DMGFD 40 44 MARVN|ECCDG 54 66 DPIMEILV-DSK 75 PSbMV 204
DDAVHYH®T———— FAFE 43 47 MVRVN)ZDCDG 57 83 DVFREBILANDNA 93 OYDV
WDDDVYE®T-—-——-T®SGAFQ 92 95 LDFKEBDCDE 104 161 APIIBIECQQEL 171 LYSV
TAAQLYM@P-———K®CSASD 143 147 YFDTHNjZNDSC 156 207 TV DVVQVY 217 BStMV
LAADVEV@G-———-M®RSSCA 93 89 RSSCARYRYF 98 98 FIEDEIFACEKL 108 ONMV
SNRVNIV@PGHMATEPPPKT 45 41 PPPKTTYYR 50 47 TYYRBIESKKLM 57 ZYMV

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.
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Molekularna variabilita oblasti genému PSbMV zodpovednych za interakciu s

génmi rezistencie hrachu

Petrusova, J.
Katedra bunécné biologie a genetiky, Prirodovédeckd fakulta Univerzity Palackého, Slechtitelii
11, Olomouc 783 71, Ceska republika, e-mail: jana_petrus@hotmail.com

Abstrakt

PSbMV je Skodlivy, ekonomicky vyznamny virus (rod Potyvirus; ¢el'ad’: Potyviridae) infikujuci
rastliny hrachu (P. sativum L). Izolaty tohto virusu boli na zaklade infekéného profilu na selekénej
rade rastlin hrachu zaradené do 4 skupin patotypov: P-1, P-2, P-3 a P-4. U P.sativum boli
identifikované gény rezistencie oznacené ako sbm-1 a sbm-2, ktoré podl'a doterajSich zisteni
interaguji pomocou mediatorov s oblastami VPg a P3+6K1 genomu PSbMV. Tato praca
pojednava o Studiu variability oblasti VPg, interagujicou s sbm-1 u vybranych izolatov a nasledné
porovnanie nukleotidovych sekvencii s referenénymi sekvenciami izolatov DPDI1, L1, NEPI a
NY, ako zastupcov jednotlivych patotypov.

KPacové slova

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

Uvod

Pea seed-borne mosaic virus (PSbMV) je ekonomicky vyznamny, semenom prenosny
virus (rod Potyvirus; ¢el'ad’ Potyviridae) infikujuci rastliny hrachu (Pisum sativum L.). Nositel'om
genetickej informadcie je pozitivna jednovlaknova RNA o velkosti 9,8 kb, zlozend z kodujucich
oblasti pre 9 nestruktirnych proteinov a 1 kapsidovy protein (Schéma ¢. 1). Priznakmi ochorenia
je zvinovanie listov (Obrazok €. 1), mozaika, deformacie iponkov a oneskorené kvitnutie. U tohto
ochorenia su zavazné najma straty na urode u infikovanych rastlin, varirujice od 11% do 82% v
zavislosti od kultivaru a izolatu virusu (Torok, 2006).

Izolaty PSbMV boli rozdelené do 4 patotypov P-1, P-2, P-3 a P-4. Toto rozdelenie
prebiehalo na zadklade priebehu ochorenia na linidch hrachu nesucich gény rezistencie oznacené
ako sbm-1 a sbm-2 (Alconero, 1986). Oba gény rezistencie fungujd na drovni Specifického
zamedzenia lokalnej a systémovej infekcie virusom PSbMV. Gén rezistencie sbm-1 sa javi ako
homolog eukaryotického translacného iniciatného faktora nesticeho niekol’ko mutécii,
oznac¢eného aj ako elF(is0)4E (Gao et al., 2004). Za odpovedajici gén virulencie u PSbMV bola
oznacena kodujuca oblast’ VPg (Hjulsager et al., 2006).

Page | 74



VPg protein je pri virusovej infekcii multifunkény. Jeho pritomnost’ je nevyhnutna pri
amplifikécii virusového gendmu, ako aj pri pohybe virusovej Castice medzi bunkami a v
systémovej infekcii. VPg protein je kovalentne naviazany na 5° konci genomovej RNA, kde slizi
ako primer pre naviazanie virusovej RNA replikazy a bunkovych faktorov translacie RNA
(Rajamaky and Valkonen, 2001).

Identifikéacie a Stadium interakcii VPg - sbm-1 a P3+6K1 - shm-2 ako genetickych na sebe
nezavislych interakcii medzi PSbMV a P. sativum nam tymto umoziuje podat’ bliz$ie informacie
o priebehu virusovej infekcie vzh'adom k ich zaradeniu do patotypu (Hjulsager et al., 2006).

Ked'ze experimenty tykajice sa biologickych vlastnosti izolatov, ale aj molekulovej
charakteristiky oblasti P3+6K1 nadalej prebiechaji, uvadzame len Cciastkové vysledky
vyhodnotenia Stadia variability oblasti VPg gendmu PSbMV u vybranych izolatov.

Material a metody

zolaty PSbMV

Analizované boli izolaty virusu PSbMV: PSB58CZ, PSB117CZ, PSB118CZ, PSB141CZ,
PSB178CZ, PSB194CZ, PSB204CZ, PSB262CZ, PSB329CZ, PSBDCZ a PSBECZ, ktoré boli
inokulované na hostitel'skej rastline P. sativum kultivar Merkur.

PCR detekcia virusu

Totadlna RNA z rastlinného materiadlu bola vyizolovand pomocou RNseasy Plant Mini Kit
(Qiagen) podl'a pokynov vyrobcu. U vsetkych vzoriek bola z RNA zrealizovand RT-PCR
pomocou Robust II (Finnzyme). Pouzité primery boli navrhnuté podla sekvencie totalneho
genému virusu PSbMV izoldtu DPD1 (D10930). Ich sekvencia a lokalizacia v gendéme bola
nasledovna: PSbMV VPg For: 5" TTTATGGCTAAGTGGAACGAACC 3’ lokalizovany v ablasti
5973-5995; PSbMV VPg Rev: 5" GACCCCTGTGTTTGTTATTCTAC 3° lokalizovany v oblasti
6668-6646. Dizka amplyfikatu bola potom 696 bp, pri¢om tato zahfiiala kodujicu oblast’ pre VPg
protein o vel'kosti 582 bp.

Klonovanie a sekvenovanie

PCR klonovaného useku s pouZitim presahov bola zrealizovana pomocou primerov M13,
s anela¢nym miestom v klonovacom vektore. PCR produkty boli purifikované z agar6zového gelu

pomocou QIA Gel Extraction Kit (Qiagen). Produkt bol nasledne ligovany do klonovacieho
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vektora pGem-T (Promega) podla instrukcii vyrobcu. Tymto konStruktom boli nasledne
transformované kompetentné bunky E.coli JIM109 (Promega). Klony boli sekvencované pomocou
ABI BigDye v. 1.1 sequencing terminator kit (Applied Biosystems).

Sekvencna a fylogeneticka analyza

Ziskaneé sekvecie boli zloZzené pomocou SeqMantwm softvéru (DNASTAR) a nasledne porovnané s
odpovedajucimi sekvenciami PSbMV izolatov dostupnymi v GenBank pomocou MegAlign
(DNASTAR) softvéru. Pre analyzu bola vybrana vlastnd koédujuca oblast’ pre VPg protein o
velkosti 582 bp (nukleotidova pozicia 6009-6590 podla DPDI1). Za referencné izolaty pre
jednotlivé patotypy PSbMV boli pouZzité nasledujuce nukleotidové sekvencie: P1 - DPD1
(D10930), P2 — L1 (AJ252242), P3 — NEP1 (AJ311843) a P4 — NY (X89997). Vysledny multiple-
alignement bol pouZity pre konStrukciu fylogenetického stromu pomocou Neighbor-joining
metody, v programe ClustalW. Ziskany strom bol vizualizovany pomocou programu TreeView
(Page et al., 1996).

Vysledky a diskusia

U vdetkych vybranych izolatov sme za pouzitia navrhnutych primerov ziskali PCR
produkt o odpovedajucej velkosti 696 bp. Tieto boli nasledne UspeSne osekvenované.
Porovnanim nukleotidovych sekvencii VPg kodujucich oblasti vybranych izolatov PSbMV a
referenénich izolatov, ako zastupcov jednotlivych biologickych patotypov, doslo k ich
preukaznemu rozdeleniu do troch skupin (Schéma ¢. 2).

Ceské izolaty sa na zaklade podobnosti rozdelili do troch skupin. Prva skupinu tvoria
izolaty PSB262CZ, PSBECZ, PSBDCZ, PSB118CZ, PSB117CZ a PSB141CZ, ktoré vykazuju
podobnost’ nukleotidovych sekvencii s izoldtom PSbMV DPDI1 ako zastupcom patotypu P1.
Izolaty PSB178CZ, PSB194CZ, PSB329CZ a PSB204CZ vykazuju pribuznost’ so skupinou 1 a
tvoria preukazne samostatni skupinu 2. Izolat PSB58CZ je vyrazne odli$ny od ostatnych ceskych
izolatov a vykazuje podobnost’ izolatom NY, ktory predstavuje zastupcu patotypu P4, a spolo¢ne
tvora 3. skupinu. Typové izolaty d’alSich patotypov P2 (L1) a P3 (NEP1) tvoria samostatné vetvy.

VPg je chapana ako oblast’ virulencie v gendému PSbMV (Hjulsager et al, 2006) jej
variabilita je v priamom vztahu k priebehu virusovej infekcie, ma teda vplyv na biologické
vlastnosti izolatu/patotypu. Preto na zaklade ziskanych vysledkov fylogenetickej analyzy mézme
poukazovat’ na prislusnost’ vybranych ¢eskych izolatov k patotypom P1, respektive P4. Doteraz

uskutocnené biologické testy toto zistenie potvrdzuju (Tabulka ¢€.1).
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Tieto informacie pre nds mozu v buducnosti predstavovat’ uzito¢ny zdroj informacii v procese
Slachtenia rezistentnych odrdd rastlin hrachu vo¢i PSbMV a d’al§im virusovym ochoreniam tejto
uzitkovej rastliny.

Této préaca bola financovana z projektu MSMT, MSM 6198959215,

@ P1 |HC-Pro| P3 |m Cl (Hel) ]mVPq Nia | NIb (Rep) | CP |22
- .

Schéma ¢&. 1 Schematické zndzornenie zloZenia kdédujucich oblasti pozitivnej jednovlaknovej RNA
virusu PSbMV.

Obrazok ¢. 1A - porovnanie zdravej (I'ava) a infikovanej (prava) rastliny hrachu s typickym
priznakom zvinovania listov; B - porovnanie zdravého osiva (vlavo) a osiva infikovanej rastliny

(vpravo)
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Schéma ¢.2 Fylogeneticky strom pribuznosti vybranych izolatov virusu nukleotidovych sekvencii

kédujlcej oblasti VPg (Znazornené hodnoty bootstrap vysSie nez > 70%).

Izolat VPg Biolt‘;g‘ky
PSB58CD | P4 P4
PSB117CZ| Pl Pl
PSB118CZ| Pl Pl
PSB141CZ| Pl Pl
PSB178CZ| Pl Pl
PSB194CZ| Pl ?
PSB204CZ| Pl ?
PSB262CZ| Pl ?
PSB329CZ| Pl Pl
PSBDCZ P1 P
PSBECZ Pl Pl

Tabul’ka ¢.1 Zaradenie ¢eskych izolatov PSbMV do patotypov podla doteraz znamych vysledkov

porovnania sekvenénej variability oblasti VPg a biologickych testov. (P1 - patotyp P1; P4 - patotyp

P4; ?-prebiehajlci experiment)
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Molecular variability of PSbMV genome regions responsible for interactions
with the genes of resistance in the pea plant

J. Petrusova, M. Navratil

Department of Cell Biology and Genetics, Faculty of Science, Palacky University in Olomouc, Czech Republic

Abstract

Pea seed-borne mosaic virus (PSbMV) is an economically important seed transmitted virus (family Potyviridae:
genus Potyvirus) infecting pea (Pisum sativum L.). Viral genome is positive ssSRNA 9,8 kb long, consist of 9
regions coding 8 non structural proteins and 1 capside protein. The main symptoms of infection by PSbMV are
mosaic, leaf swirling, bine malformation and blooming delay. There are also serious lost of production which
varies between 11-82% according to cultivar and virus isolate (Torok, 2006).

PSbMYV isolates were divided into 4 pathotypes P-1, P-2, P-3 and P-4 according to the symptoms and progression
of infection on the pea lines caring genes of resistance sbm-1, sbm-2, sbm-3, and sbm-4 (Alconero et al., 1986;
Providenti and Alconero, 1988). Genes sbm-1 and sbm-2 are effective on the level of specific prohibition of the
local and systemic infection by PSbMV (Leonard et al., 2004). In this system of plant resistance they interact with
VPg and P3+6K1 in PSbMV genome.

For analyze 11 isolates were selected according to the previous biological tests (Safarova, 2008). In each isolate
coding regions VPg and P3+6K1 were sequenced, and nucleotide sequences were compared in phylogenetic
analysis. As representatives of each pathotype were used isolates: P-1 - DPD1 (D10930), P-2 — L1 (AJ252242),
P-3 —NEP1 (AJ311843) and P-4 — NY (X89997).

In phylogenetic analysis 11 isolates were divided into 2 main clusters - pathotype P1 and P4. Interesting results
were noticed in pathotype P1, where 4 isolates created special group. These were selected for next biological
tests, which are in progress.

Acknowledgements

This work was partially supported by the Ministry of Education of the Czech Republic grant number MSM 6198959215.

References

Alconero R., Providenti R. and Gonsales D. (1986). Plant Disease 70, 783-786.

Loenard S., Viel C., Beauchemin C., Daigneaut N., Fortin M. G., and Laliberte J. F. (2004). Journal of General Virology 85,
1055-1063.

Providenti R. and Alconero R. (1988). Journal of Heredity 79, 76-77.

Safafova D., Navratil M., Petrusova J., Pokorny R. and Piakova Z. (2008). Acta virologica 52, 53-57.

Torok V. A. (2006). Plant Disease 91 (5), 490-496.

Presenting author information

Jana Petrusova, Dept. of Cell Biology and Genetics, Faculty of Science, Palacky University in Olomouc, 783 71 Olomouc-
Holice, Czech Republic
Phone: +420 585634901, Fax: +420 585634905, E-mail: jana petrus@hotmail.com

Page | 82



