Nudiviruses are arthropod-specific large double-stranded circular DNA viruses, related to baculoviruses, which replicate in the nucleus of the cells they infect. Up to date six fully sequenced nudiviral genomes are available in databases and protein profile from nudivirus particles were mainly characterized by polyacrylamide gel electrophoresis. However, only few direct matches were completed between genomic and proteomic data to the exception of the major occlusion body protein from Penaeus monodon nudivirus (PmNV) and four nucleocapsid proteins from Helicoverpa zea nudivirus 2 (HzNV-2). Function of predicted nudiviral proteins is still inferred from what is known from baculoviruses or endogenous nudiviruses (i.e. bracoviruses). Tipula oleracea nudivirus (ToNV) is the causative agent of crane fly nucleopolyhedrosis. With PmNV, ToNV is the second fully sequenced nudivirus to be described as forming occlusion bodies. Protein profile revealed by Coomassie-stained SDS-PAGE is quite similar to those observed for other nudiviruses with five major protein bands of about 75, 48, 35, 25 and 12 kDa. Proteomic analysis using on-line nanoflow liquid chromatography tandem high resolution mass spectrometry revealed ToNV occlusion bodies are composed of 52 viral proteins, the most abundant of which are the functional homolog of baculovirus polyhedrin/granulin and the homologs of three HzNV-2 predicted proteins: the two virion structural proteins 34K (Hz2V052, the baculovirus capsid protein VP39 homolog) and 11K (Hz2V025); and the hypothetical protein Hz2V079, a newly identified nudivirus core gene product.

INTRODUCTION

Formerly described as non-occluded baculoviruses [START_REF] Huger | Baculoviridae. Nonoccluded baculoviruses[END_REF], nudiviruses (NV) form a highly diverse group that shares biological, structural and genomic features with other nuclear arthropod large circular dsDNA viruses (baculoviruses, hytrosaviruses, nimaviruses or filamentous viruses). However, they also share lineage specific characters [START_REF] Wang | Viral Genomes -Molecular Structure, Diversity, Gene Expression Mechanisms Version postprint Comment citer ce document[END_REF]Jehle et al., 2013a[START_REF] Bézier | The genome of the nucleopolyhedrosis-causing virus from Tipula oleracea sheds new light on the Nudiviridae family[END_REF][START_REF] Gauthier | The Apis mellifera filamentous virus genome[END_REF], which justified the creation of the new Nudiviridae family by the International Committee on Taxonomy of Viruses (ICTV) [START_REF] Jehle | Creation of a new Family Nudiviridae including two new genera and three species[END_REF].

Nudiviruses display wider host range than baculoviruses, hytrosaviruses or nimaviruses, as they infect more insect orders, as well as crustaceans. They have been described in Lepidoptera with Heliothis zea nudivirus-1 (HzNV-1) [START_REF] Granados | An insect cell line persistently infected with baculovirus-like particle[END_REF][START_REF] Cheng | Analysis of the complete genome sequence of the Hz-1 virus suggests that it is related to members of the Baculoviridae[END_REF], and Helicoverpa zea nudivirus-2 (HzNV-2) [START_REF] Raina | Further characterization of the Gonad-Specific Virus of corn eatworm, Helicoverpa zea[END_REF][START_REF] Burand | In vivo dose-response of insects to Hz-2V infection[END_REF][START_REF] Burand | Analysis of the genome of the sexually transmitted insect virus Helicoverpa zea nudivirus 2[END_REF], in Diptera with Drosophila innubia NV (DiNV) [START_REF] Unkless | Qualitative proteomic analysis of Tipula oleracea nudivirus occlusion bodies[END_REF], Tipula paludosa NV (TpNV) [START_REF] Smith | An unusual virus disease of a dipterous larva[END_REF][START_REF] Bergoin | Dissolution des inclusions du virus de la polyhedrose nucléaire du diptère Tipula paludosa MEIG. Etude ultrastructurale du virion[END_REF] and Tipula oleracea NV (ToNV) [START_REF] Bézier | The genome of the nucleopolyhedrosis-causing virus from Tipula oleracea sheds new light on the Nudiviridae family[END_REF], in Orthoptera with Gryllus bimaculatus NV (GbNV) [START_REF] Huger | A new virus disease of crickets (Orthoptera: Gryllidae) causing macronucleosis of fatbody[END_REF][START_REF] Huger | Baculoviridae. Nonoccluded baculoviruses[END_REF]Wang et al., 2007a), in Coleoptera with Oryctes rhinoceros NV (OrNV) [START_REF] Huger | A virus disease of the Indian rhinoceros beetle, Oryctes rhinoceros (Linnaeus), caused by a new type of insect virus, Rhabdionvirus oryctes gen. n., sp. n[END_REF][START_REF] Payne | The isolation and characterization of a virus from Oryctes rhinoceros[END_REF][START_REF] Payne | Properties of the nucleocapsids of a virus isolated from Oryctes rhinoceros[END_REF]Wang et al., 2007b), and in Decapoda with Penaeus monodon NV (PmNV) [START_REF] Mari | Preliminary characterization and partial cloning of the genome of a baculovirus from Penaeus monodon (PmSNPV = MBV)[END_REF][START_REF] Yang | The genome and occlusion bodies of marine Penaeus monodon nudivirus (PmNV, also known as MBV and PemoNPV) suggest that it should be assigned to a new nudivirus genus that is distinct from the terrestrial nudiviruses[END_REF], Penaeus vannamei single nucleopolyhedrovirus (PvNV) [START_REF] Bonami | Partial characterization and cloning of the genome of PvSNPV (= BP-type virus) pathogenic for Penaeus vannamei[END_REF] and possibly Crangon crangon intranuclear bacilliform virus (CrcrIBV) [START_REF] Stentiford | Pathology and ultrastructure of an intranuclear bacilliform virus (IBV) infecting brown shrimp Crangon crangon (Decapoda: Crangonidae)[END_REF]. Other nudiviruses are also suspected in Trichoptera, Siphonaptera, Neuroptera, Homoptera, Thysanura, Acarina and Araneina [START_REF] Huger | Baculoviridae. Nonoccluded baculoviruses[END_REF]. So far, only six fully sequenced genomes are available in databases: HzNV-1 (AF451898; [START_REF] Cheng | Analysis of the complete genome sequence of the Hz-1 virus suggests that it is related to members of the Baculoviridae[END_REF] and HzNV-2 (NC_004156; Burand et al., Comment citer ce document : Bézier, A., Harichaux, G., Musset, K., Labas, V., Herniou, E. A. (2017) 

2012), GbNV (EF203088; Wang et al., 2007a), OrNV (EU747721; Wang et al., 2007b), ToNV (KM610234; [START_REF] Bézier | The genome of the nucleopolyhedrosis-causing virus from Tipula oleracea sheds new light on the Nudiviridae family[END_REF] and PmNV (KJ184318; [START_REF] Yang | The genome and occlusion bodies of marine Penaeus monodon nudivirus (PmNV, also known as MBV and PemoNPV) suggest that it should be assigned to a new nudivirus genus that is distinct from the terrestrial nudiviruses[END_REF].

Nudiviruses are sexually or orally transmitted. All developmental stages (larvae, pupae, adults) can become infected. Depending on the host, the infection can be asymptomatic in both larvae and adults (HzNV-2), lethal in larvae and rather chronic in adults (GbNV and

OrNV), and also induce malformations and sterility (HzNV-2) (reviewed in [START_REF] Burand | Nudiviruses[END_REF].

The tissue tropism is variable and concerns reproductive tissues (HzNV-2), fat body (GbNV and OrNV), mid-gut (OrNV), haemocytes (TpNV and PmNV) or hepatopancreas (PmNV).

Nudiviruses are particularly prone to endogenization, as they are able to integrate their genome in host cells [START_REF] Granados | An insect cell line persistently infected with baculovirus-like particle[END_REF][START_REF] Lin | Persistent Hz-1 virus infection in insect cells: evidence for insertion of viral DNA into host chromosomes and viral infection in a latent status[END_REF] and to infect reproductive tissues [START_REF] Raina | Further characterization of the Gonad-Specific Virus of corn eatworm, Helicoverpa zea[END_REF]. Recent reports highlight striking cases of nudivirus domestication especially the symbiotic bracoviruses associated with braconid wasps [START_REF] Bézier | Polydnaviruses of braconid wasps derive from an ancestral nudivirus[END_REF] since 100 MYA [START_REF] Thézé | Paleozoic origin of insect large dsDNA viruses[END_REF], which likely derive from a nudivirus more related to

ToNV [START_REF] Bézier | The genome of the nucleopolyhedrosis-causing virus from Tipula oleracea sheds new light on the Nudiviridae family[END_REF], or the virus-like particles (VLP) from the ichneumonid wasp Venturia canescens, derived from an Alphanudivirus (Pichon et al., 2015). So far, there is no evidence that the endogenous alphanudivirus of the brown planthopper, Nilaparvata lugens [START_REF] Cheng | The brown planthopper nudivirus DNA integrated in its host genome[END_REF], retains any functional activity.

A point of particular interest in the Nudiviridae is their phenotypic diversity, as within this family some viruses are transmitted as enveloped occlusion bodies (OBs), such as ToNV and

TpNV [START_REF] Bergoin | Dissolution des inclusions du virus de la polyhedrose nucléaire du diptère Tipula paludosa MEIG. Etude ultrastructurale du virion[END_REF][START_REF] Bézier | The genome of the nucleopolyhedrosis-causing virus from Tipula oleracea sheds new light on the Nudiviridae family[END_REF], or non-enveloped OBs, such as PmNV [START_REF] Yang | The genome and occlusion bodies of marine Penaeus monodon nudivirus (PmNV, also known as MBV and PemoNPV) suggest that it should be assigned to a new nudivirus genus that is distinct from the terrestrial nudiviruses[END_REF][START_REF] Chaivisuthangkura | Molecular isolation and characterization of a novel occlusion body protein gene from Penaeus monodon nucleopolyhedrovirus[END_REF][START_REF] Bonami | The polyhedral of the occluded baculoviruses of marine decapod crustacean: a unique structure, crystal organization, and proposed model[END_REF], others as nonoccluded virions, such as Penaeus NVs [START_REF] Couch | Free and occluded virus, similar to Baculovirus, in hepatopancreas of pink shrimp[END_REF][START_REF] Yang | The genome and occlusion bodies of marine Penaeus monodon nudivirus (PmNV, also known as MBV and PemoNPV) suggest that it should be assigned to a new nudivirus genus that is distinct from the terrestrial nudiviruses[END_REF], HzNV-1 [START_REF] Granados | An insect cell line persistently infected with baculovirus-like particle[END_REF] or GbNV [START_REF] Granados | An insect cell line persistently infected with baculovirus-like particle[END_REF][START_REF] Huger | Baculoviridae. Nonoccluded baculoviruses[END_REF], or as facultatively occluded virions, such as OrNV [START_REF] Huger | Baculoviridae. Nonoccluded baculoviruses[END_REF][START_REF] Raina | Further characterization of the Gonad-Specific Virus of corn eatworm, Helicoverpa zea[END_REF]. The genetic bases of OrNV facultative OBs still remain to be determined (Wang et al., 2011a;Bézier et al 

2015)

. Protein profile obtained by polyacrylamide gel electrophoresis [START_REF] Burand | Structural and intracellular proteins of the nonoccluded baculovirus Hz-1[END_REF][START_REF] Crawford | Replication of Oryctes baculovirus in cell culture: Viral morphogenesis, infectivity and protein synthesis[END_REF][START_REF] Bonami | The polyhedral of the occluded baculoviruses of marine decapod crustacean: a unique structure, crystal organization, and proposed model[END_REF] estimate nudivirus particles to contain less than 30 proteins. With the exception of the major occlusion body protein (MOBP) from

PmNV [START_REF] Chaivisuthangkura | Molecular isolation and characterization of a novel occlusion body protein gene from Penaeus monodon nucleopolyhedrovirus[END_REF] and four viral structural proteins (11K, 15K, 28K and 34K) from HzNV-2 [START_REF] Kim | Characterization of genome and structural proteins of the sexually transmitted insect virus, Hz-2V[END_REF], no direct match has ever been made between complete genomic and proteomic data of nudiviruses.

The genome of Tipula oleracea nudivirus (ToNV) is 145,704 bp and contains 131 predicted open reading frames (ORFs) [START_REF] Bézier | The genome of the nucleopolyhedrosis-causing virus from Tipula oleracea sheds new light on the Nudiviridae family[END_REF]. Comparative genomic analyses revealed

ToNV shares 32 core genes with Nudiviridae and 21 with Baculoviridae [START_REF] Bézier | The genome of the nucleopolyhedrosis-causing virus from Tipula oleracea sheds new light on the Nudiviridae family[END_REF].

Based on sequence similarity with baculoviruses, these genes are involved in DNA replication and processing, transcription, packaging and assembly, and per os infectivity (reviewed in [START_REF] Rohrmann | Baculovirus Molecular Biology, 3rd edn[END_REF]. Scanning and transmission electron microscopy further revealed ToNV enveloped OBs contain a large number of rod-shaped virions embedded within a dense protein matrix [START_REF] Bézier | The genome of the nucleopolyhedrosis-causing virus from Tipula oleracea sheds new light on the Nudiviridae family[END_REF]. In this study, we described the first comprehensive qualitative proteomic analysis of an occluded nudivirus. By using on-line nanoflow liquid chromatography in tandem with high-resolution mass spectrometry (nanoLC-HR-MS/MS), we identified the major occlusion body proteins that compose ToNV occluded particles and further characterized all other components.

RESULTS AND DISCUSSION

Coomassie-stained SDS-PAGE profile revealed five major protein bands

Separation of approximately 4.10 6 OBs on a 12.5% SDS-PAGE gel revealed five major protein bands (Fig. 1). The apparent molecular weight of the major band was estimate at 75 kDa, 48 kDa, 35 kDa and 12 kDa. A low complexity profile was also observed for the PvNV [START_REF] Bonami | Partial characterization and cloning of the genome of PvSNPV (= BP-type virus) pathogenic for Penaeus vannamei[END_REF] with a unique major band corresponding to the major polypeptide (polyhedrin); and for the non-occluded baculovirus-like agent (CBV), most probably a nudivirus also pathogenic to penaeid shrimp, with four major bands that were approximately 75, 27.5, 23.5 and 19 kDa (Nadala et al., 1998). Replication studies on other nudiviruses in insect cells revealed the presence of about nine major bands corresponding to structural proteins from about 14 to 153 kDa in HzNV-1 [START_REF] Burand | Structural and intracellular proteins of the nonoccluded baculovirus Hz-1[END_REF]; 13.5 to 190 kDa in HzNV-2 [START_REF] Kim | Characterization of genome and structural proteins of the sexually transmitted insect virus, Hz-2V[END_REF] and 11.5 to 69 kDa in OrNV [START_REF] Crawford | Replication of Oryctes baculovirus in cell culture: Viral morphogenesis, infectivity and protein synthesis[END_REF].

Protein analyses of occluded circular dsDNA viruses, like baculoviruses, revealed more or less complex profiles with proteins ranging from about 6 to over 200 kDa according to genera, virion morphotypes, technics used to separate proteins, and staining methods [START_REF] Braunagel | Determination of the protein composition of the occlusion-derived virus Autographa californica nucleopolyhedrovirus[END_REF][START_REF] Deng | Proteomics analysis of Helicoverpa armigera single nucleocapsid nucleopolyhedrovirus identified two new occlusion-derived virus-associated proteins, HA44 and HA100[END_REF][START_REF] Perera | Proteins associated with Culex nigripalpus nucleopolyhedrovirus occluded virions[END_REF][START_REF] Wang | Proteomics of the Autographa californica nucleopolyhedrovirus budded virions[END_REF]Wang et al., 2011b;[START_REF] Hou | Comparative proteomics reveal fundamental structural and functional differences between the two progeny phenotypes of a baculovirus[END_REF]. On the other hand, gradient SDS-PAGE analysis of purified Glossina pallidipes salivary gland hypertrophy virus (GpSGHV) with Coomassie blue staining revealed a complex profile with at least 35 proteins ranging from 10 to over 130 kDa, but only around ten distinctive bands [START_REF] Kariithi | Proteomic analysis of Glossina pallidipes salivary gland hypertrophy virus virions for immune intervention in tsetse fly colonies[END_REF]. Considering the lower sensitivity of the Coomassie blue staining approach compared to radiolabeling, silver or colloidal blue stainings, the ToNV protein profile appeared quite similar to those observed for nudiviruses, baculoviruses or hytrosaviruses.

ToNV occlusion bodies contain of at least 48 viral proteins

To allow the identification of all proteins that composed the ToNV occlusion bodies, major bands were excised individually from polyacrylamide gel and the remaining gel lane was divided into twenty other gel sections (Fig. 1). After in-gel trypsin digestion, peptides were extracted from each slice and subjected to bottom-up proteomic [START_REF] Cottrell | Protein identifications using MS/MS data[END_REF] nanoLC-HR-MS/MS, which is a highly sensitive proteomic method well suited for complex samples, available in limited quantity and for non-sequenced organisms [START_REF] Ishihama | Proteomic LC-MS systems using nanoscale liquid chromatography with tandem mass spectrometry[END_REF][START_REF] Rieux | Nano LC: principles, evolution, and state-ofthe-art of the technique[END_REF]. Protein identification with a minimal 95.0% probability against ToNV predicted proteins database revealed ToNV OBs were composed of at least 48 viral proteins (Table 1). Among them, 41 proteins were identified with two or more exclusive peptides and seven proteins were unambiguously identified from a unique peptide with a minimal 95.0% probability (Table 1). Four additional proteins could be identified with a unique peptide at the same confidence level (>95%) but a lower protein threshold probability (50 to 79%). They corresponded to GbNVORF19, ORF080, P47 and ORF122. Genes encoding these proteins were distributed throughout the genome, contrary to what was observed in hytrosaviruses, in which genes involved in virions production appears confined to a specific genomic region [START_REF] Garcia-Maruniak | Sequence analysis of a non-classified, non-occluded DNA virus that causes salivary gland hypertrophy of Musa domestica, MdSGHV[END_REF][START_REF] Kariithi | Proteomic analysis of Glossina pallidipes salivary gland hypertrophy virus virions for immune intervention in tsetse fly colonies[END_REF].

ToNV OBs thus harboured between 48 and 52 viral proteins, which is the largest number of components detected in nudiviruses. In HzNV-1, HzNV-2 and OrNV, 28, 16 and 27 virus structural proteins were identified respectively, after infection of insect cell lines using pulselabelling or silver staining approaches [START_REF] Burand | Structural and intracellular proteins of the nonoccluded baculovirus Hz-1[END_REF][START_REF] Lu | Characterization of a novel baculovirus, gonad-specific virus[END_REF][START_REF] Crawford | Replication of Oryctes baculovirus in cell culture: Viral morphogenesis, infectivity and protein synthesis[END_REF]. This high number of viral proteins identified in ToNV OBs might reflect that ToNV is an occluded nudivirus or the high sensitivity of nanoLC-HR-MS/MS enabling the detection of proteins present in very small amounts. On the other hand, this number was in the range of what has been observed in Baculoviridae with equivalent techniques [START_REF] Braunagel | Determination of the protein composition of the occlusion-derived virus Autographa californica nucleopolyhedrovirus[END_REF][START_REF] Perera | Proteins associated with Culex nigripalpus nucleopolyhedrovirus occluded virions[END_REF][START_REF] Liu | Determination of protein composition and host-derived proteins of Bombyx mori nucleopolyhedrovirus by 2-dimensional electrophoresis and mass spectrometry[END_REF][START_REF] Xu | Protein composition of the occlusion derived virus of Chrysodeixis chalcites nucleopolyhedrovirus[END_REF][START_REF] Wang | Proteomics of the Autographa californica nucleopolyhedrovirus budded virions[END_REF]Wang et al., 2011b;[START_REF] Hou | Comparative proteomics reveal fundamental structural and functional differences between the two progeny phenotypes of a baculovirus[END_REF][START_REF] Braconi | Proteomic analyses of baculovirus Anticarsia gemmatalis multiple nucleopolyhedrovirus budded and occluded virus[END_REF][START_REF] Zhang | Proteomic analysis of the occludedderived virus Chlostera anachoreta granulovirus[END_REF]. For baculoviruses, proteomic analyses have led to a general understanding of virus particle structure for both virion morphotypes, the occlusion-derived viruses (ODVs) that initiate primary infection and the budded viruses (BVs) that spread the infection from cell to cell leading to a systemic infection [START_REF] Volkman | Baculovirus infectivity and the actin cytoskeleton[END_REF][START_REF] Slack | Qualitative proteomic analysis of Tipula oleracea nudivirus occlusion bodies[END_REF][START_REF] Rohrmann | Baculovirus Molecular Biology, 3rd edn[END_REF]. ODVs are composed of 16 to 73 protein products [START_REF] Liu | Determination of protein composition and host-derived proteins of Bombyx mori nucleopolyhedrovirus by 2-dimensional electrophoresis and mass spectrometry[END_REF][START_REF] Zhang | Proteomic analysis of the occludedderived virus Chlostera anachoreta granulovirus[END_REF] and BVs of 23 to 51 [START_REF] Wang | Proteomics of the Autographa californica nucleopolyhedrovirus budded virions[END_REF][START_REF] Hou | Comparative proteomics reveal fundamental structural and functional differences between the two progeny phenotypes of a baculovirus[END_REF]. However, a higher number of proteins, up to 86, were detected by LC-MS/MS in hytrosaviruses [START_REF] Kariithi | Proteomic analysis of Glossina pallidipes salivary gland hypertrophy virus virions for immune intervention in tsetse fly colonies[END_REF][START_REF] Abd-Alla | Comprehensive Annotation of the Glossina pallidipes Salivary Gland Hypertrophy Virus from Ethiopian Tsetse Flies: A proteogenomics Approach[END_REF], that are enveloped but not occluded nuclear arthropod large circular dsDNA viruses.

Comparison with other arthropod-specific large double-stranded circular DNA viruses

Of the 48 identified proteins with a 95% protein threshold, 21 were already known viral particle components in baculoviruses (NPV and/or GV) (reviewed in Rohrmann, 2013), nudiviruses (NV) [START_REF] Chaivisuthangkura | Molecular isolation and characterization of a novel occlusion body protein gene from Penaeus monodon nucleopolyhedrovirus[END_REF][START_REF] Kim | Characterization of genome and structural proteins of the sexually transmitted insect virus, Hz-2V[END_REF], hytrosaviruses (SGHV) [START_REF] Garcia-Maruniak | Sequence analysis of a non-classified, non-occluded DNA virus that causes salivary gland hypertrophy of Musa domestica, MdSGHV[END_REF][START_REF] Kariithi | Proteomic analysis of Glossina pallidipes salivary gland hypertrophy virus virions for immune intervention in tsetse fly colonies[END_REF] or endogenous nudiviruses such as bracoviruses [START_REF] Bézier | Polydnaviruses of braconid wasps derive from an ancestral nudivirus[END_REF][START_REF] Wetterwald | Identification of bracovirus particle proteins and analysis of their transcript levels at the stage of virion formation[END_REF][START_REF] Burke | Mutualistic polydnaviruses share essential replication gene functions with pathogenic ancestors[END_REF] or VLPs of the wasp Venturia canescens (VcVLP) (Pichon et al., 2015); and 27 were to date so far unique viral components of ToNV OBs. The previously identified polyhedrin/granulin homolog (MOBP, ORF059) [START_REF] Bézier | The genome of the nucleopolyhedrosis-causing virus from Tipula oleracea sheds new light on the Nudiviridae family[END_REF] appeared as the major protein component of OBs in

ToNV (Table 1), as it is for baculoviruses. This nudiviral polyhedrin/granulin homolog might thus form the matrix of OBs in which ToNV virions are embedded [START_REF] Bézier | The genome of the nucleopolyhedrosis-causing virus from Tipula oleracea sheds new light on the Nudiviridae family[END_REF] and participate in long-term virion conservation in the environment, although it might confer less effective protection than baculovirus polyhedra [START_REF] Slack | Qualitative proteomic analysis of Tipula oleracea nudivirus occlusion bodies[END_REF][START_REF] Meynardier | Virose à corps d'inclusion chez Tipula paludosa (Diptera) en France[END_REF].

VP39, 38K and VLF-1 homologs found associated with both baculovirus virion morphotypes [START_REF] Braunagel | Determination of the protein composition of the occlusion-derived virus Autographa californica nucleopolyhedrovirus[END_REF][START_REF] Wang | Proteomics of the Autographa californica nucleopolyhedrovirus budded virions[END_REF][START_REF] Hou | Comparative proteomics reveal fundamental structural and functional differences between the two progeny phenotypes of a baculovirus[END_REF], where they play a crucial role in nucleocapsid formation and assembly, or with particles of endogenous nudiviruses [START_REF] Bézier | Polydnaviruses of braconid wasps derive from an ancestral nudivirus[END_REF][START_REF] Wetterwald | Identification of bracovirus particle proteins and analysis of their transcript levels at the stage of virion formation[END_REF][START_REF] Burke | Mutualistic polydnaviruses share essential replication gene functions with pathogenic ancestors[END_REF]Pichon et al., 2015), were identified as

ToNV OB components (Table 1). P33, which was identified as baculovirus ODV [START_REF] Braunagel | Determination of the protein composition of the occlusion-derived virus Autographa californica nucleopolyhedrovirus[END_REF][START_REF] Perera | Proteins associated with Culex nigripalpus nucleopolyhedrovirus occluded virions[END_REF]Wang et al., 2011b;[START_REF] Hou | Comparative proteomics reveal fundamental structural and functional differences between the two progeny phenotypes of a baculovirus[END_REF], bracovirus particles or VcVLP component [START_REF] Burke | Mutualistic polydnaviruses share essential replication gene functions with pathogenic ancestors[END_REF]Pichon et al., 2015), was also present. Additionally two nudiviral core proteins, the integrase INT and the FLAP endonuclease FEN-1, most probably involved in DNA metabolism [START_REF] Grainge | The Integrase family of recombinase: organization and function of the active site[END_REF][START_REF] Liu | Flap endonuclease 1: a central component of DNA metabolism[END_REF][START_REF] Balakrishnan | Flap Endonuclease 1[END_REF], were identified. However INT is the only one that has already been identified as particles associated protein in bracoviruses [START_REF] Burke | Mutualistic polydnaviruses share essential replication gene functions with pathogenic ancestors[END_REF] and hytrosaviruses (GpSGHVORF30; [START_REF] Kariithi | Proteomic analysis of Glossina pallidipes salivary gland hypertrophy virus virions for immune intervention in tsetse fly colonies[END_REF]. In combination with VLF-1, which is also an integrase/recombinase, the nudiviral INT and FEN-1 might play a critical role in viral DNA and/or virion maturation, but also most generally in viral replication [START_REF] Vanarsdall | Characterization of a baculovirus with a deletion of vlf-1[END_REF][START_REF] Li | Vlf-1 deletion brought AcMNPV to defect in nucleocapsid formation[END_REF][START_REF] Vanarsdall | Characterization of the role of VLF-1 in baculovirus capsid structure and DNA processing[END_REF][START_REF] Burke | Mutualistic polydnaviruses share essential replication gene functions with pathogenic ancestors[END_REF], they might also be involved in nudiviral DNA integration and its excision from host genome.

All PIF proteins (P74, PIF-1 to PIF-6, and VP91), that are essential for oral infectivity of baculoviruses [START_REF] Peng | Baculovirus per os infectivity factors form a complex on the surface of occlusion-derived virus[END_REF][START_REF] Peng | Characterization of novel components of the baculovirus per os invectivity factor complex[END_REF][START_REF] Zhu | The baculovirus core gene ac83 is required for nucleocapsid assembly and per os infectivity of Autographa californica nucleopolyhedrovirus[END_REF], were also identified.

PIFs are conserved in exogenous nudiviruses [START_REF] Bézier | The genome of the nucleopolyhedrosis-causing virus from Tipula oleracea sheds new light on the Nudiviridae family[END_REF] and to a lesser extent in hytrosaviruses [START_REF] Garcia-Maruniak | Sequence analysis of a non-classified, non-occluded DNA virus that causes salivary gland hypertrophy of Musa domestica, MdSGHV[END_REF][START_REF] Kariithi | Proteomic analysis of Glossina pallidipes salivary gland hypertrophy virus virions for immune intervention in tsetse fly colonies[END_REF] and filamentous viruses [START_REF] Gauthier | The Apis mellifera filamentous virus genome[END_REF]. Recent studies revealed that these proteins are also conserved particle components of endogenous nudiviruses, which are not transmitted orally [START_REF] Bézier | Polydnaviruses of braconid wasps derive from an ancestral nudivirus[END_REF][START_REF] Burke | Mutualistic polydnaviruses share essential replication gene functions with pathogenic ancestors[END_REF]Pichon et al., 2015). As for baculoviruses, PIF proteins must therefore play a crucial role in infectivity of nudivirus virions.

Surprisingly, we could detect in ToNV OBs neither the homologs of Ac81 or of P6.9, which they were both detected in baculoviruses [START_REF] Tweeten | Characterization of an extremely basic protein derived from granulosis virus nucleocapsids[END_REF][START_REF] Braunagel | Determination of the protein composition of the occlusion-derived virus Autographa californica nucleopolyhedrovirus[END_REF][START_REF] Wang | Proteomics of the Autographa californica nucleopolyhedrovirus budded virions[END_REF][START_REF] Hou | Comparative proteomics reveal fundamental structural and functional differences between the two progeny phenotypes of a baculovirus[END_REF] and in GpSGHV for Ac81 [START_REF] Kariithi | Proteomic analysis of Glossina pallidipes salivary gland hypertrophy virus virions for immune intervention in tsetse fly colonies[END_REF][START_REF] Abd-Alla | Comprehensive Annotation of the Glossina pallidipes Salivary Gland Hypertrophy Virus from Ethiopian Tsetse Flies: A proteogenomics Approach[END_REF]. The absence of P6.9 might be due to technical issues. ToNV P6.9 (ORF051) is composed of 119 amino acids, a theoretical trypsin digestion using PeptideCutter Expasy tool (http://web.expasy.org/peptide_cutter) revealed 33 cleavage sites generating 22 unique peptides, ranging in size from one to a maximum of eleven amino acids (not shown). Only two peptides of 10 and 11 amino acids were theoretically just within the detection limits of the mass spectrometry method. This could explain why this protein was not detected in ToNV OBs.

LEF-4 and P47 homologs were present in ToNV OBs. Although the presence of LEF-4 has not been previously described as viral particle component, the presence of one or more of the other RNA polymerase subunits is not unusual, as it has already been observed in baculoviruses [START_REF] Zhang | Proteomic analysis of the occludedderived virus Chlostera anachoreta granulovirus[END_REF][START_REF] Perera | Proteins associated with Culex nigripalpus nucleopolyhedrovirus occluded virions[END_REF] and hytrosaviruses [START_REF] Kariithi | Proteomic analysis of Glossina pallidipes salivary gland hypertrophy virus virions for immune intervention in tsetse fly colonies[END_REF][START_REF] Abd-Alla | Comprehensive Annotation of the Glossina pallidipes Salivary Gland Hypertrophy Virus from Ethiopian Tsetse Flies: A proteogenomics Approach[END_REF].

Twenty-one core nudiviral proteins were detected in ToNV OBs (Fig. 2, in black). Seven proteins (HzNVORF128, PmNVORF47, HzNVORF143, Cc50C22.6, Cc50C22.5, PmNVORF7 and PmNVORF64) were shown for the first time to be present in OBs. Five nudiviral proteins (PmNVORF62, PmV, HzNVorf106, HzNVORF64 and HzNVORF9) had so far exclusively been characterized as particles component of endogenous nudiviruses [START_REF] Bézier | Polydnaviruses of braconid wasps derive from an ancestral nudivirus[END_REF][START_REF] Burke | Mutualistic polydnaviruses share essential replication gene functions with pathogenic ancestors[END_REF]Pichon et al., 2015). The 11K protein had been detected in endogenous nudiviruses as well as HzNV-2 [START_REF] Kim | Characterization of genome and structural proteins of the sexually transmitted insect virus, Hz-2V[END_REF].

Lastly, the four additional proteins, GbNVORF19, ORF080, P47 and ORF122, seemed relevant components of ToNV OBs, although below the filter thresholds. In particular, P47 need to be confirmed as its detection relies on a 100% peptide sequence identity based on a sequence also found in Bacteria and Eukaryota (not shown). However, P47 and GbNVORF19 have already been identified as viral particle component of Clostera anachoreta granulovirus (ClanGV) [START_REF] Zhang | Proteomic analysis of the occludedderived virus Chlostera anachoreta granulovirus[END_REF] and VcVLP (Pichon et al., 2015) respectively, which suggests that they are genuine particle components. ORF080 and ORF122 both appear specific to ToNV and therefore are described as OB associated proteins for the first time.

Comment citer ce document : Bézier, A., Harichaux, G., Musset, K., Labas, V., Herniou, E. A. ( 2017 Overall, from all these 52 identified proteins, 21 were encoded by nudivirus core genes, 11 had homologs in at least one exogenous or endogenous nudivirus and 20 were to date specific to ToNV [START_REF] Bézier | The genome of the nucleopolyhedrosis-causing virus from Tipula oleracea sheds new light on the Nudiviridae family[END_REF].

Protein Abundance

On the basis of the total spectrum count obtained by Scaffold software (Proteome software Inc), the relative quantity of each OB protein can be estimated (Table 1 & Fig. 2) [START_REF] Searle | Scaffold: A bioinformatic tool for validating MS/MS-based proteomic studies[END_REF][START_REF] Lundgren | Role of spectral counting in quantitative proteomics[END_REF]. Among ToNV OB proteins, the most abundant protein is encoded by orf059, the functional homolog of the baculovirus polyhedrin [START_REF] Bézier | The genome of the nucleopolyhedrosis-causing virus from Tipula oleracea sheds new light on the Nudiviridae family[END_REF]. MOBP represented about 65% of all identified spectrum counts and MOBP peptides were found within all gel slices subjected to nanoLC-HR-MS/MS (not shown), including all major bands. The identification of single proteins in several bands is not unusual as it was already observed for the NPV and GV major structural proteins [START_REF] Deng | Proteomics analysis of Helicoverpa armigera single nucleocapsid nucleopolyhedrovirus identified two new occlusion-derived virus-associated proteins, HA44 and HA100[END_REF][START_REF] Perera | Proteins associated with Culex nigripalpus nucleopolyhedrovirus occluded virions[END_REF][START_REF] Wang | Proteomics of the Autographa californica nucleopolyhedrovirus budded virions[END_REF]Wang et al., 2011b). Moreover, protein abundance estimated by calculating the emPAI using Scaffold Q+ software 4.6.1 [START_REF] Ishihama | Exponentially modified protein abundance index (emPAI) for estimation of absolute protein amount in proteomics by the number of sequenced peptides per protein[END_REF] further revealed that MOBP represented ~95% of the viral proteins present in the 25 kDa major band.

The second component forming this band was ORF023 (~4%).

The other main OB components were encoded by orf087, orf028 and orf019, that are respectively homologs to three HzNV-2 predicted proteins corresponding to the virion structural proteins 34K (Hz2V052, the baculovirus capsid protein VP39 homolog) and 11K (Hz2V025) [START_REF] Kim | Characterization of genome and structural proteins of the sexually transmitted insect virus, Hz-2V[END_REF], and to the hypothetical protein Hz2V079, which was previously determined as a nudivirus core gene [START_REF] Bézier | The genome of the nucleopolyhedrosis-causing virus from Tipula oleracea sheds new light on the Nudiviridae family[END_REF]. Of these proteins, VP39 was identified as the second major protein in ToNV OBs (~10% of all identified spectrum counts)

and also the second main viral component of the major band estimated at 35 kDa (~38%;

MOBP amount to ~61% of that band). VP39 was also identified as a highly abundant structural protein in baculoviruses (Person et al., 1988;[START_REF] Thiem | Identification, sequence, and transcriptional mapping of the major capsid protein gene of the baculovirus Autographa californica nuclear polyhedrosis virus[END_REF] or exogenous [START_REF] Kim | Characterization of genome and structural proteins of the sexually transmitted insect virus, Hz-2V[END_REF] and endogenous [START_REF] Bézier | Polydnaviruses of braconid wasps derive from an ancestral nudivirus[END_REF][START_REF] Wetterwald | Identification of bracovirus particle proteins and analysis of their transcript levels at the stage of virion formation[END_REF][START_REF] Burke | Mutualistic polydnaviruses share essential replication gene functions with pathogenic ancestors[END_REF] nudiviruses. 11K is a nudiviral specific core protein. This protein was found in the 12 kDa band in the same proportion (~0.5%) as VP39 and two other proteins with close estimated molecular weight (ORF041, 8.7 kDa and ORF053, 10.7 kDa). The HzNV-2 11K homolog was suspected as a possible viral envelope component [START_REF] Kim | Characterization of genome and structural proteins of the sexually transmitted insect virus, Hz-2V[END_REF], in contrast bracovirus homologs (HzNVORF124-like) were not found as particle component [START_REF] Wetterwald | Identification of bracovirus particle proteins and analysis of their transcript levels at the stage of virion formation[END_REF][START_REF] Burke | Mutualistic polydnaviruses share essential replication gene functions with pathogenic ancestors[END_REF]. PmNVORF62 (ORF019) was found in low proportion in both remaining major bands, mainly in combination with MOBP and ORF023 in the 48 kDa band (~0.2%) and with MOBP and VP39 in the 75 kDa band (~2%).

All the per os infectivity factors were present in ToNV OBs, but only two (b and c) out of the three members of the PIF-5 ToNV multigenic family were found. PIFs were not highly represented with 13 to 278 total spectra, totalling only ~2% of all identified viral peptides.

However such low abundance was also observed in baculoviruses [START_REF] Faulkner | Analysis of p74, a PDV envelope protein of Autographa californica nucleopolyhedrovirus required for occlusion body infectivity in vivo[END_REF][START_REF] Braunagel | Molecular biology of the baculovirus occlusion-derived virus envelope[END_REF][START_REF] Kikhno | Characterization of pif, a gene required for the per os infectivity of Spodoptera littoralis nucleopolyhedrovirus[END_REF][START_REF] Peng | Baculovirus per os infectivity factors form a complex on the surface of occlusion-derived virus[END_REF], hytrosaviruses [START_REF] Abd-Alla | Comprehensive Annotation of the Glossina pallidipes Salivary Gland Hypertrophy Virus from Ethiopian Tsetse Flies: A proteogenomics Approach[END_REF] and endogenous nudiviruses [START_REF] Wetterwald | Identification of bracovirus particle proteins and analysis of their transcript levels at the stage of virion formation[END_REF].

Eight proteins, encoded by orf019 (PmNVORF62), orf027 (GbNVORF19), orf028 (11K), orf031 (PmV), orf049 (HzNVORF106), orf059 (MOBP), orf112 (HzNVORF64) and orf117 (HzNVORF9), had homologs already identified as particle components with no other known function in nudiviruses [START_REF] Chaivisuthangkura | Molecular isolation and characterization of a novel occlusion body protein gene from Penaeus monodon nucleopolyhedrovirus[END_REF][START_REF] Kim | Characterization of genome and structural proteins of the sexually transmitted insect virus, Hz-2V[END_REF], bracoviruses [START_REF] Bézier | Polydnaviruses of braconid wasps derive from an ancestral nudivirus[END_REF][START_REF] Wetterwald | Identification of bracovirus particle proteins and analysis of their transcript levels at the stage of virion formation[END_REF][START_REF] Burke | Mutualistic polydnaviruses share essential replication gene functions with pathogenic ancestors[END_REF] and VcVLP (Pichon et al., 2015) (Table 1 and Fig. 2). They represented 73.23% of all identified spectrum counts. Finally, 20 proteins did not have any known viral homolog and therefore did not have so far any known function, except putative associated or viral structural proteins in ToNV OBs. Among them, ORF034, belongs to the ToNV specific ORF032 multigenic family [START_REF] Bézier | The genome of the nucleopolyhedrosis-causing virus from Tipula oleracea sheds new light on the Nudiviridae family[END_REF], from which only two (ORF032 and ORF034) out of the three members were detected as OB components. These 20 proteins specific to ToNV represented 12.90% of all identified spectrum counts and about a sixth of all identified spectrum counts corresponding to accessory gene products (not shown). In fine, from the 52 identified proteins, nudivirus core genes and accessory genes represented respectively 20% and 80% of all identified spectrum counts (not shown).

Associated arthropod proteins

Nine host-cell derived proteins were identified to be associated with ToNV OBs with high confidence (over 99%). They mainly concerned cytoskeleton proteins, proteins involved in DNA or mRNA processing, and potential oxidative stress response proteins (Table 2). Such host proteins might have been co-purified with ToNV OBs and consequently represent contaminants but they might also be intricately associated with the OBs or the viral particles as it was shown for other phylogenetically related [START_REF] Wang | Proteomics of the Autographa californica nucleopolyhedrovirus budded virions[END_REF][START_REF] Hou | Comparative proteomics reveal fundamental structural and functional differences between the two progeny phenotypes of a baculovirus[END_REF][START_REF] Braconi | Proteomic analyses of baculovirus Anticarsia gemmatalis multiple nucleopolyhedrovirus budded and occluded virus[END_REF] or unrelated [START_REF] Ott | Potential roles of cellular proteins in HIV-1[END_REF][START_REF] Shaw | Cellular proteins in influenza virus particles[END_REF] enveloped viruses. They might therefore play a crucial role in the viral life cycle. Similarly Helicoverpa armigera NPV (HearNPV) BV and ODV were shown to be associated with 101 and 21 host proteins, respectively [START_REF] Hou | Comparative proteomics reveal fundamental structural and functional differences between the two progeny phenotypes of a baculovirus[END_REF]. Furthermore, the presence of such cellular proteins is not unusual, even among nudiviruses at large, as we found that ultra-deep purified particles (sucrose and cesium chloride gradients) of the endogenous nudivirus, Cotesia congregata bracovirus, contain heat shock proteins, ATP-synthases, ATPases, tubulin and actin (unpublished data).

In particular, actin, beta tubulin, histone and heat shock protein 70 were identified in baculovirus ODV [START_REF] Lanier | Actin binding and nucleation by Autographa california M nucleopolyhedrovirus[END_REF][START_REF] Wang | Proteomics of the Autographa californica nucleopolyhedrovirus budded virions[END_REF][START_REF] Hou | Comparative proteomics reveal fundamental structural and functional differences between the two progeny phenotypes of a baculovirus[END_REF][START_REF] Braconi | Proteomic analyses of baculovirus Anticarsia gemmatalis multiple nucleopolyhedrovirus budded and occluded virus[END_REF][START_REF] Zhang | Proteomic analysis of the occludedderived virus Chlostera anachoreta granulovirus[END_REF], herpesviruses [START_REF] Shaw | Cellular proteins in influenza virus particles[END_REF] virus [START_REF] Saphire | Proteomic analysis of human immunodeficiency virus using liquid chromatography/tandem mass spectrometry effectively distinguishes specific incorporated host proteins[END_REF] and other retrovirus [START_REF] Segura | Identification of host proteins associated with retroviral vector particles by proteomic analysis of highly purified vector preparations[END_REF]. During baculovirus infection, cellular actin is directly involved in nucleocapsid transit between the cytoplasm and the nucleus, in nucleocapsid assembly in the virogenic stroma, in their egress from the nucleus and budding through the cytoplasmic membrane [START_REF] Ohkawa | Actin-based motility drives baculovirus transit to the nucleus and cell surface[END_REF][START_REF] Volkman | Baculovirus infectivity and the actin cytoskeleton[END_REF][START_REF] Marek | Baculovirus VP80 protein and the F-actin cytoskeleton interact and connect the viral replication factory with the nuclear periphery[END_REF].

Cu-Zn superoxide dismutase (SOD) is involved in detoxifying superoxide free radicals released during host defense reaction [START_REF] Bannister | Aspects of the structure, function, and applications of superoxide dismutase[END_REF]. Such enzyme mainly occurs in eukaryota and bacteria but SODs have been convergently acquired in several virus families [START_REF] Thézé | Gene Acquisition Convergence between Entomopoxviruses and Baculoviruses[END_REF]. SODs were described as virion components in nucleocytoplasmic large DNA viruses (NCLDV) such as vaccinia virus [START_REF] Almazan | The vaccina virus superoxide dismutase-like protein (A45R) is a virion component that is nonessential for virus replication[END_REF][START_REF] Chung | Vaccina virus proteome: identification of proteins in vaccina virus intracellular mature virion particles[END_REF] or in the Megavirus chilensis [START_REF] Lartigue | The megavirus chilensis Cu,Zn-superoxide dismutase : the first viral structure of a typical cellular cooper chaperone-independent hyperstable dimeric enzyme[END_REF]. Sod homologs were found in the genome of entomopoxviruses [START_REF] Thézé | New insights into the evolution of Entomopoxvirinae from the complete genome sequences of four entomopoxviruses infecting Adoxophyes honmai, Choristoneura biennis, Choristoneura rosaceana, and Mythimna separata[END_REF] and almost all lepidopteran baculoviruses [START_REF] Tomalski | A baculovirus homolog of a Cu/Zn superoxide dismutase gene[END_REF]. They were described as associated with ODV in Chrysodeixis chalcites NPV [START_REF] Xu | Protein composition of the occlusion derived virus of Chrysodeixis chalcites nucleopolyhedrovirus[END_REF] and HearNPV [START_REF] Hou | Comparative proteomics reveal fundamental structural and functional differences between the two progeny phenotypes of a baculovirus[END_REF]. In such viral context, SODs are suspected to counteract the host stress response thus increasing virus survival or to inhibit or regulate cellular SOD function [START_REF] Almazan | The vaccina virus superoxide dismutase-like protein (A45R) is a virion component that is nonessential for virus replication[END_REF][START_REF] Teoh | Leporipoxvirus Cu,Zn-superoxide dismutase (SOD) homologs are catalytically inert decoy proteins that bind copper chaperone for SOD[END_REF]. Concerning ToNV, the insect SOD protein might have been captured by the virus by chance, while infected cells contained many cellular SODs, or by oriented way so as to play a similar protective role upon virus infection.

Hrp59 is a nuclear protein that belongs to the heterogeneous nuclear ribonucleoprotein (hnRNP) M type. Such proteins are evolutionarily conserved from yeast to human. They are involved in packaging nascent transcripts into ribonucleoprotein complexes; they present gene target specificity depending on the considered type [START_REF] Krecic | hnRNP complexes: composition, structure, and function[END_REF][START_REF] Dreyfuss | Messenger-RNA-binding proteins and the messages they carry[END_REF]. Human M type homolog is implicated in premRNA splicing regulation under stress conditions [START_REF] Gattoni | The human hnRNP-M proteins: structure and relation with early heat shock-induced splicing arrest and chromosome mapping[END_REF]. HnRNPs seem to be recurring targets for many RNA viruses 15 [START_REF] Jorba | Analysis of the interaction of influenza virus polymerase complex with human cell factors[END_REF][START_REF] Dechtawewat | Role of human heterogeneous nuclear ribonucleoprotein C1/C2 in dengue virus replication[END_REF][START_REF] Jagdeo | Heterogenous nuclear ribonucleoprotein M facilitates enterovirus infection[END_REF], but to our knowledge nothing is known about hnRNP association with DNA virus particles or hnRNP exploitation by DNA viruses.

Other host proteins might also be associated with ToNV OBs that could not be identified because the crane fly genome is not sequenced. Finally, to be confirmed as ToNV OB components, immunogold labelling analyses of these proteins should be done. Although cytoskeleton and structural host proteins could be involved in virus entry and other protein in preventing stress response, the real implication of these host factors in nudivirus life cycle remains largely unknown.

CONCLUSIONS

Comprehensive qualitative proteomic analysis using on-line nanoLC-HR-MS/MS revealed for the first time exhaustive composition of nudivirus OBs. The occluded nudivirus infecting Tipula oleracea contained 52 viral proteins and 9 host proteins. About half of the viral proteins were already identified as particle components in other exogenous or endogenous nudiviruses as well as in baculoviruses and hytrosaviruses. These mainly concern baculovirus homologs involved in oral infectivity and packaging, assembly and release. Almost all host proteins were previously identified as particle component in other enveloped viruses. Thus, conservation of the main protein components through various viral entities, in particular nudiviruses, both demonstrated cases of nudivirus endogenization (bracoviruses and VcVLP), baculoviruses and hytrosaviruses, strengthens the idea of a similar basic cell entry mechanism within insect. However, each virus retains specificity, as over half identified proteins are to date specific for Tipula oleracea nudivirus. This study does not provide any information regarding whether these proteins are associated with the nucleocapsids, with the envelopes, or with the protein matrix of the Tipula oleracea nudivirus. To discriminate further between these different compartments it would be necessary to treat the OBs with, for example, Nonidet P-40, to compare SDS-Page profiles between treated and non-treated occluded particles and to proceed to new protein sequencing. Immunogold strategy using candidate proteins and scanning transmission electron microscopy could also reveal protein localization.

MATERIALS AND METHODS

Viral sample.

ToNV archival sample (Nudivirus, Unclassified) was originally obtained from the historical insect virus collection held at the Natural Environment Research Council, Centre for Ecology and Hydrology (NERC-CEH, Wallingford, England). The occluded particles solution used in this study was the same as those used for previous genomic analyses [START_REF] Bézier | The genome of the nucleopolyhedrosis-causing virus from Tipula oleracea sheds new light on the Nudiviridae family[END_REF].

SDS-Page and gel section excision.

Five microliters of purified virus (approximately 3 µg total proteins quantified using Qubit Protein AssayKit, Life Technologies) were denatured 30 min at 95°C in 1x PBS and SDS-PAGE sample [START_REF] Laemmli | Cleavage of structural proteins during the assembly of the head of bacteriophage T4[END_REF] buffers then placed on ice few minutes. Sample was then electrophoresed during 3h at 70V on a 12.5% polyacrylamide running gel combined to a 5% stacking gel, along with Kaleidoscope molecular weight marker (Biorad). After staining with Coomassie blue, major bands were first individually excised from polyacrylamide gel then the remaining lane was also taken and divided in twenty slices so as to include all the present components in the study.

In-gel digestion.

Comment citer ce document : Bézier, A., Harichaux, G., Musset, K., Labas, V., Herniou, E. A. ( 2017 Each band was washed in water, acetonitrile (1:1) for 5 min followed by a second wash in acetonitrile for 10 min. Cystein reduction and alkylation were performed by successive incubations in solutions of 10 mM dithiothreitol in 50 mM sodium bicarbonate for 30 min at 56°C and 55 mM iodoacetamide in 50 mM sodium bicarbonate for 20 min at room temperature in the dark, respectively. Gel slices were washed by incubation in 50 mM sodium bicarbonate, acetonitrile (1:1) for 10 min followed by incubation in acetonitrile for 15 min.

Proteins were digested overnight in 25 mM sodium bicarbonate with 12.5 ng/µl trypsin (Sequencing Grade, Roche). The resulting peptides were extracted from the gel using incubation in 0.1% formic acid, acetonitrile (1:1) for 10 min followed by incubation for 5 min, in acetonitrile. The collected extractions were pooled, dried with a Speed-Vac (Thermofisher), reconstituted with 12 µL of 0.1% formic acid, 2% acetonitrile, and sonicated for 10 min.

NanoLC-HR-MS/MS approach.

Peptide mixtures were analysed by on-line nanoflow liquid chromatography tandem high resolution mass spectrometry (nanoLC-HR-MS/MS). All experiments were performed on a LTQ Orbitrap Velos Mass Spectrometer (Thermo Fisher Scientific) coupled to an Ultimate ® 3000 RSLC Ultra High Pressure Liquid Chromatographer (Dionex) controlled by Chromeleon Software (version 6.8 SR11; Dionex). Five microliters of each sample were injected and loaded on an LCPackings trap column (Acclaim PepMap 100 C18, 100 µm inner diameter x 2 cm long, 3 µm particles, 100 Å pores). Mobile phases consisted of (A) 0.1% formic acid, 97.9 % water, 2% acetonitrile (v/v/v) and (B) 0.1% formic acid, 15.9 % water, 84% acetonitrile (v/v/v). Peptides were desalted and preconcentrated for 10 min at 5 µL/min with 4% solvent B. The peptide separation was conducted using a LCPackings nano-column (Acclaim PepMap C18, 75 µm inner diameter x 50 cm long, 3 µm particles, 100 Å pores). The Data were acquired using Xcalibur software (version 2.1; Thermo Fisher Scientific). The LTQ Orbitrap Velos instrument was operated in positive ion mode in data-dependent mode to switch between high resolution full scan MS spectra collected in profile mode and lowresolution MS/MS spectra in centroïd mode. Resolution in the Orbitrap was set to R = 60,000.

In the scan range of m/z 300-1800, the 20 most intense peptide ions with charge states ≥2

were sequentially isolated (isolation width, 2 m/z; 1 microscan) and fragmented in the highpressure linear ion trap by CID (Collison Induced Dissociation) with normalized collision energy of 35% and wideband-activation enabled. Ion selection threshold was 500 counts for MS/MS, and the maximum allowed ion accumulation times were 200 ms for full scans and 50 ms for CID-MS/MS measurements. An activation q = 0.25 and activation time of 10 ms were used. Dynamic exclusion was activated during 30 s with a repeat count of 1. The lock mass was enabled for accurate mass measurements. Polydimethylcyclosiloxane (m/z, 445.1200025, (Si(CH3)2O))6) ions were used for internal recalibration of the mass spectra.

Protein identification and data validation.

Raw data files were converted to MGF (Mascot Generic Format) with Proteome Discoverer software (version 1.3; Thermo Fischer Scientific). Precursor mass range of 350-5000 Da and signal to noise ratio of 1.5 were the criteria used for generation of peak lists. In order to identify the proteins, the peptide and fragment masses obtained were matched automatically [START_REF] Searle | Scaffold: A bioinformatic tool for validating MS/MS-based proteomic studies[END_REF]. Peptide identifications were accepted if they could be established at greater than 95.0% probability as specified by the Peptide Prophet algorithm [START_REF] Keller | Empirical statistical model to estimate the accuracy of peptide identifications made by MS/MS and database search[END_REF]. Protein identifications were accepted if they could be established at greater than 95.0% probability as specified by the Protein Prophet algorithm [START_REF] Nesvizhskii | Statistical model for identifying proteins by tandem mass spectrometry[END_REF]. Supplementary peptides with a 95.0%

peptide probability and a 50 to 79% protein probability were also examined and validated manually against the non-redundant protein sequences using blastp (NCBI).
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  of 4 to 55% B for 90 min, 55 to 99% B for 1 min, constant 99% B 20 min and return to 4% B in 1 min. The column was re-equilibrated for 15 min at 4% B between runs. The nanoflow rate was set to 300 nl/min. Standard mass spectrometric conditions for all

	experiments were spray voltage 1.2 kV, no sheath and auxiliary gas flow; heated capillary
	temperature, 200°C; predictive automatic gain control (AGC) enabled, and an S-lens RF level
	of 50%.
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	against a local database comprising all the ToNV predicted proteins, such a comparison with a
	specific database was all the more necessary that overall nudiviral homologous sequences are
	relatively distant from a virus to another. MS/MS ion searches were performed using
	MASCOT Daemon and search engine (version 2.3; Matrix Science). The parameters used for
	database searches include trypsin as a protease with allowed two missed cleavage,
	carbamidomethylcysteine (+57 Da), oxidation of methionine (+16) and N-terminal protein
	acetylation (+42) as variable modifications. The tolerance of the ions was set to 5 ppm for
	parent and 0.8 Da for fragment ion matches. Mascot results obtained from the target and
	decoy databases searches were incorporated to Scaffold software (version 3.6.4, Proteome
	Software), a bioinformatic tool that integrates algorithms to validate identified peptides and
	proteins by search engine and thus reduces number of false positives
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Table 1 . The ToNV major and associated OB proteins identified by nanoLC-HR-MS/MS ranked by decreasing predicted molecular 763 weight.
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Table 2 . Cellular proteins identified by nanoLC-HR-MS/MS. Identified Protein GO -Biological process Total spectra Protein coverage (%) GI no. Species Order

 2 

	Cu,Zn superoxide dismutase	Response to oxidative stress	14	8	1019906	Drosophila saltans	Diptera
	Histone H4	Nucleosome assembly	7	13	194772468 Drosophila ananassae	Diptera
	Muscle myosin heavy chain	Myosin filament organization	5	1	183979376	Papilio xuthus	Lepidoptera
	Actin	Cytoskeleton process	4	9	425893652	Psoroptes cuniculi	Astigmata
	ADP, ATP carrier protein	Response to oxidative stress	4	11	195438665 Drosophila willistoni	Diptera
	ADP, ATP carrier protein 2	Response to oxidative stress	3	11	751238593	Solenopsis invicta	Hymenoptera
	Hrp59 protein	mRNA splicing	4	2	50880296	Chironomus tentans	Diptera
	Tubulin beta chain	Microtubule-based process	3	2	157108656	Aedes aegypti	Diptera
	Hsp 70 BD1	Stress response	3	4	311797659	Bactrocera dorsalis	Diptera
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