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The recently described Sulfolobus polyhedral virus 1 (SPV1) (Liu et al., 2017) infects hyperthermophilic archaea of the genus Sulfolobus. The virus condenses its circular double-stranded DNA genome in a manner not previously observed for other known viruses. The genome complexed with virion proteins is wound up sinusoidally into a spherical coil which is surrounded by an envelope and further encased by an outer icosahedral capsid (Figures 1 and 2). Lipids selectively acquired from the pool of host lipids are integral constituents of the virion (Figure 3). The SPV1 genome consists of 20,222 bp and encodes 45 open reading frames, only one fifth (nine ORFs, 20%) of which could be functionally annotated using a combination of BLASTP and HHpred analyses (Figure 4). 

The virion contains four major proteins (VP1, VP2, VP3, and VP4) and five minor proteins (VP5, VP6, VP7, VP8, and VP9) (Figures 4 and 5). Virion dissociation experiments have revealed that VP4 is the constituent of the outer polyhedral shell. None of the major virion proteins of SPV1 show similarity to structural proteins of known viruses. However, minor structural proteins, which are predicted to mediate host recognition, are shared with other hyperthermophilic archaeal viruses infecting members of the order Sulfolobales.



Proposed taxonomy
Due to the unique genomic and architectural features of SPV1, we propose that the virus is assigned into a new species Sulfolobus alphaportoglobovirus 1 within a new genus Alphaportoglobovirus in a new virus family, which we tentatively name Portogloboviridae (from Latin porto; to bear, carry, and globus; a ball). 

[image: Figure 1]

Figure 1. Electron micrographs of SPV1 virions. (A) Negatively stained with 2% (wt/vol) uranyl acetate. (B) Sample embedded in vitreous ice. The open arrowhead points to the projection in the axial view, the filled arrowhead points to the projection in the side view. Scale bars, 100 nm.


[image: Figure 3] Figure 2. Electron micrographs of partially disrupted virions of SPV1. (A, B) Particles partially devoid of outer shell. (C, D) Particles completely devoid of the outer shell. The filled arrowheads point to the protrusions on the surface of the inner core; the black arrow indicates the envelope of the inner core; open arrowheads point to the nucleoprotein filament released from the core. (A, C) Negative staining with 2% (wt/vol) uranyl acetate. (B, D) Samples embedded in vitreous ice. Scale bars, 100 nm. 

















[image: T:\Prangish's Documents\PAPER\Portogloboviridae\Submission\Figure 6.tif]Figure 3. Thin-layer chromatography of lipids extracted from purified SPV1 virions and uninfected cells of Sulfolobus sp. S38A. The filled arrowhead points the main lipid type of the SPV1 virion, and the open arrowheads point to the main lipid types of the host cell.
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Figure 4. Genome map of SPV1. The ORFs are represented with arrows that indicate the direction of transcription. Genes identified as structural proteins are shown in grey. Homologs to other ORFs of Sulfolobales viruses are shaded by lines. ORFs encoding predicted membrane proteins are indicated by asterisks. GenBank data base acc. no.KY780159.
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Figure 5. Characterization of SPV1 proteins. (A) SDS-PAGE of proteins in intact virions; (B) SDS-PAGE of proteins in virions with detached outer shell; (C) Identification of the genes encoding proteins in intact virions by LC-MS/MS. B1-B7, protein bands of proteins with identified genes. M, molecular mass standards. 
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Protein  SPV1 protein Number of identified ~ Coverage (%)°
band  (ORF) unique peptides
81 VP1(ORF4578) 13 100
B2 VP2 (ORF35-111) 24 100
VP3 (ORF44-119) 10 748
B3 VP4 (ORF43-181) 11 547
B4 VPS5 (ORF42-304) 3 79
85 VP6 (ORF41-305) 2 144
86 VP7 (ORF40-337) 4 175
87 VP8 (ORF25400) 5 19
VP9 (ORF26-357) 3 92

a. The percentage of the protein sequence covered by identified peptides.
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