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Supporting Information Text
Supplementary methods

Virus propagation. Color and the structural features of the cell caps were used to identify the brood areas with white-eyed
pupae, which were carefully extracted from the brood combs to prevent injury. The pupae were placed on paper furrows
with their ventral side up. SBV (from north Moravian locality Petrusov - 49.8148567N and 16.7352783E, Czech Republic)
inoculum (1 pl) was injected into pupae using a Hamilton glass micropipette with a 30-gauge, 22 mm-long needle through
the inter-segmental cuticle between the 4 and 5" sternite. The optimal concentration of the virus in the inoculum was
determined empirically by comparing virus yields when using different virus concentrations in the inoculum. Inoculated pupae
were placed into Petri dishes and incubated at 30°C and 75% relative humidity for 5 days. The high-titer SBV infection
resulted in a discoloration of the central part of the eyes (Fig. S11). After incubation, the pupae were frozen at -20°C. For
long-term storage, the pupae were kept at -80°C.

Virus purification. Thirty experimentally infected honeybee pupae were homogenized with a Dounce homogenizer (piston—-wall
distance 0.075 mm) in 30 ml of phosphate-buffered saline (PBS), pH 7.4 (Sigma-Aldrich). The extract was centrifuged at
15,000 g for 30 min at 10°C. The pellet was discarded and the supernatant ultracentrifuged at 150,000 g for 3 h in a Ti50.2
fixed-angle rotor (Beckman—Coulterm). The resulting pellet was re-suspended in PBS to a final volume of 5 ml. MgCly was
added to a final concentration of 5 mM as well as 20 pug/ml DNAse I, and 20 ug/ml RNAse. The solution was incubated
for 30 min at room temperature and centrifuged at 5,500 g for 15 min. The resulting supernatant was separated on a CsCl
(0.6 g/ml) gradient in PBS by ultracentrifugation for 16 h at 30,000 RPM in an SW40 rotor. Opalescent bands corresponding
to the virus were collected by piercing the ultracentrifuge tubes with an 18-gauge needle. The viruses were buffer-exchanged to
PBS and concentrated using centrifugal filter units. This procedure yielded about 80 ug of virus with purity sufficient for
crystallization and cryo-EM data collection.

Crystallization of SBV virion. SBV crystallization screening was performed at 20°C using the virus in PBS at a concentration of
6 mg/ml. Crystallization conditions were tested with the sitting-drop vapor diffusion method in 96-well plates. Cubic crystals
with a size of approximately 0.08 mm were obtained by the hanging drop method in 24-well plates by mixing 1.5 ul of virus
suspension with 1.5 ul of bottom solution containing 0.05 M magnesium chloride, 0.1 M MES, 8% (v/v) isopropanol, and 4%
(w/v) PEG 4,000.

SBYV diffraction data collection, structure determination and refinement. For data collection, SBV virion crystals were soaked
in mother liquor containing 20% MPD for 1 min and immediately vitrified in liquid nitrogen. Data were collected from a single
crystal at 100 K using the Pilatus 6M (Dectris) detector on beamline Proxima 1 at the Soleil synchrotron radiation source in
Paris, France. An oscillation range of 0.1° was used during data collection. The crystal diffracted to a resolution of 2.1 A. Data
were processed and scaled using the software package XDS(1).

The SBV virion crystals were of space group C2. Rotation function plots and packing considerations indicated that 1/2 of a
virus particle occupied a crystallographic asymmetric unit. One of the icosahedral twofold axes of symmetry of the capsid
was superimposed with a crystallographic twofold axis. A one-dimensional search using an icosahedral locked self-rotation
function was used to determine the rotation of the particle about the crystallographic twofold axis, calculated using the program
GLRF(2). Reflections between resolutions of 6.0 and 4.5 A were used for the calculations. The results showed that the particle
was rotated by 127.51° about the twofold axis from the standard icosahedral orientation as described by Rossmann and Blow(3)
when using the XYK polar angle convention. Because of the superposition of the icosahedral and crystallographic symmetry,
the center of the particle had to be positioned on a crystallographic twofold axis. The PDB structure of SBPV converted to
polyalanine with the P-domains of VP3 deleted was used for the molecular replacement. The appropriately oriented model was
positioned onto the twofold axis and an initial low-resolution electron density map was calculated. The positions of the subunits
were subjected to rigid-body refinement using the program suite Phenix(4). The new model was used to calculate phases to a
resolution of 10 A in the program CNS(5). The phases were refined by 25 cycles of averaging with the program AVE(6), using
thirty-fold non-crystallographic symmetry. Phase extension was applied in order to obtain phases for high-resolution reflections.
The addition of a small fraction of higher-resolution data (one index at a time) was followed by three cycles of averaging.
This procedure was repeated until phases were obtained for all the reflections to a resolution of 2.1 A. The model was rebuilt
manually using the program Coot(7) alternating with coordinate refinement in the program CNS. Other calculations were done
using the CCP4 program suite(8).

Cryo-EM data acquisition and image processing. The following samples were used for cryo-EM analyses: (1) freshly purified
SBV in PBS; (2) SBV incubated in PBS buffer of pH 5.8 at 34°C for 20 min. A suspension of SBV (3.8 ul at concentration
2 mg/ml) was applied onto holey carbon coated grids (R2/1, mesh 300; Quantifoil Micro Tools) and vitrified by plunging
into liquid ethane using an FEI Vitrobot™ Mark IV. Grids with the vitrified sample were transferred to an FEI Titan Krios
electron microscope operated at 300 kV aligned for parallel illumination in nanoprobe mode. The sample in the column of the
microscope was kept at -196°C. Images were recorded with a FEI Falcon II direct electron detection camera under low-dose
conditions (17 ¢ /A?) with underfocus values ranging from 1.0 to 2.7 um at a nominal magnification of 75,000 x, resulting in a
pixel size of 1.063 A/px. Each image was recorded in movie mode with 0.41 seconds of total acquisition time and saved as
seven movie frames. The frames from each exposure were aligned to compensate for drift and beam-induced motion using
MotionCorr(9) followed by optical flow alignment using the program Xmipp(10).
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Single particle reconstruction of SBV virion and expanded empty particles. Regions of the images containing the SBV particles
were picked from the micrographs using the program e2boxer.py from the EMAN2(11) package and extracted from micrographs
using the program RELION(12) (546 x 546 pixels boxsize). Contrast transfer function (CTF) parameters of each micrograph
were automatically estimated using the program CTFFIND4(13). The images were processed using the package RELION(12).
The structure of the IAPV virion (EMD-4114) determined by cryo-EM was used to initiate the reconstruction(14). The initial
model was low-pass filtered to a resolution of 60 A. The dataset was subjected to multiple rounds of 2D and 3D classifications,
resulting in near-homogeneous sets of full and empty SBV particles. In the dataset of SBV particles exposed to low pH, two
expansion intermediates of the empty particles were identified. Refinement according to “gold-standard” was performed using
the RELION 3dautorefine procedure, with the starting model from the previous 3D classification reconstruction low-pass
filtered to a resolution of 60 A. The reconstructions were followed by another round of 3D classification, where the alignment
step was omitted and the estimated orientations and particle center positions from the previous refinement step were used.
The final reconstruction was performed using the RELION 3dautorefine. The resulting unfiltered electron density maps were
masked by threshold masks, created using the RELION mask_ create routine. To avoid over-masking, the masked maps were
visually inspected to exclude the possibility of the clipping of electron densities belonging to the virus capsid. Additionally, the
occurrence of over-masking was monitored by inspecting the shape of FSC curve. Furthermore, the shapes of the FSC curves
of phase-randomized half-datasets with the applied mask were checked. The resulting resolutions of the reconstructions were
estimated as the values at which the FSC curves fell below 0.143(15).

Cryo-EM structure determination and refinement. Model of SBV obtained from crystal structure (pdb:5LSF) was rigid body
fitted into the B-factor-sharpened cryo-EM maps of SBV using Chimera(16) and subjected to manual rebuilding using the
program Coot. Cryo-EM maps were re-oriented so that a subset of three perpendicular twofold icosahedral symmetry axes of
the capsid was aligned with the Cartesian coordinate axes. The maps were cropped, normalized, and set to crystallographic P23
symmetry. This treatment of the maps resulted in five icosahedral asymmetric units in one “crystallographic” asymmetric unit
of the P23 space group and enabled efficient refinement of the structures in reciprocal space. Reciprocal space refinement in
program REFMACSH was used utilizing the electron scattering structure factors library (atomsf_electron.lib)(17). Weight matrix
value was optimized to achieve good agreements with experimental maps while preserving acceptable molecular geometries.
For refinement of "Empty particle pH 5.8 expansion state II" the temperature factors of all atoms were set to a fixed value of
200 A2 because at this resolution the temperature factor refinement did not converge to meaningful values. Resulting models
for full virions and empty particles were deposited to PDB database under separate codes (Table S1). Analyses of pentamer
movements, specifically calculations of center of mass, were performed with Moleman2 from USF software package(18).

Cloning, expression and purification of Hisg-SUMO-MiCP fusion protein. The nucleotide sequence of the SBV MiCP (residues
711-755 of the polyprotein) was cloned into the expression plasmid pET22T under the control of the T7 promoter. The
vector provided the N-terminal Hisg-SUMO tag (Smt3 from S. Cerevisiae; 12 kDa). LB media supplemented with ampicillin
(100 pg/ml) was inoculated with E. coli BL21(DE3) containing the above-mentioned plasmid. The culture was cultivated at
37°C until an optical density at 600 nm reached value of 0.4-0.6. Protein expression was induced by addition of isopropyl
B-D-1-thiogalactopyranoside (IPTG) to a final concentration of 0.3 mM, and the culture was cultivated at 37°C for 5 h with
250 RPM orbital shaking. Cells from 500 ml of media were collected by centrifugation and re-suspended in 3 ml of BugBuster®
reagent (Merck) supplemented with 1 mg/ml lysozyme, 5 ug/ml DNAse I, 10 pg/ml RNAse, and 100 pg/ml Protease inhibitor
cocktail (Sigma-Aldrich). The resulting mixture was incubated for 60 min at room temperature. The lysate was clarified
by centrifugation at 20,000 g at 4°C for 20 min. The resulting supernatant was supplemented with imidazole to a final
concentration of 20 mM, loaded on a HisTrap” HP column (GE Healthcare), and the protein of interest was eluted with a
gradient of imidazole (20-500 mM) in PBS. All elution fractions were analyzed using SDS-PAGE and those containing the
highest amounts of Hisg-SUMO-MiCP protein were concentrated using a centrifugal concentrator (MW cutoff 10,000 Da). The
concentrated material was digested with Ulpl protease in a reaction mixture containing 30 mM DTT and 1 mM PMSF for 16 h
at room temperature. The resulting mixture was purified using a HisTrap™ HP column. All fractions were analyzed on 10-20%
SDS gradient gel (Novagene) and the flow-through fractions containing MiCP were concentrated in a centrifugal concentrator
(MW cut-off 5,000 Da). The identity of the protein was verified by mass spectrometry analysis of a liquid sample with a final
concentration of 4.0 mg/ml (determined by As2go). Purified MiCP was used for the fluorescence assay described below.

Fluorescence assay of liposome integrity. Liposomes were prepared as described previously(19), briefly: 1 ml of phospholipid
mixture (Avanti lipids) corresponding to the composition of the late endosome membrane(20) (45% phosphatidyl choline, 18%
phosphatidyl ethanolamine, 14% bis(monoacylglycerol)phosphate, 9% phosphatidyl inositol, 9% cholesterol, 5% phosphatidyl
serine) was diluted in 5 ml of chloroform. The mixture was pipetted into a 1 L evaporation flask connected to a vacuum rotary
evaporator (Heidolph), and the solvent was evaporated at 50 RPM, at 37°C for 1 h, at a pressure of 200 mbar. The resulting
lipid film was re-hydrated in 5 ml of reconstitution buffer (50 uM carboxyfluorescein, 10 mM HEPES pH 7.0) by rotating on an
evaporator for 60 min, at room temperature and atmospheric pressure. Reconstituted opalescent solution was sonicated (Sonica,
SOLTEC) in an ice bath for 10 min and subsequently extruded through 400 nm filters in 500 pl batches using an Avestin
extruder (Avestin). Extruded liposomes were pelleted at 20,000 g at 4°C for 15 min and used for subsequent experiments.
The increase in the fluorescence signal upon release of carboxyfluorescein from liposomes was measured using a Flu-
ostarOMEGA plate reader (BMG labtech) at an excitation wavelength of 485 nm and emission wavelength of 520 nm. Two
reaction conditions were tested: native pH in HEPES buffer (155 mM NaCl, 10 mM Hepes, pH 7.4), and low pH in MES buffer
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(155 mM NaCl, 10 mM MES, pH 5.5). For the 100 ul reaction, 10 ul of liposome solution was diluted with the respective
reaction buffer and pipetted into black-walled 96-well plates for fluorescence measurements. After 50 s incubation, 10 ul
of solution containing either MiCP at the final concentration 2 M or SBV virions at the final concentration 2 nM (which
corresponds to 120 nM concentration of MiCP) were injected using the automatic injector system of the FluostarOMEGA
plate reader. After another 100 s of incubation, 10 ul of Triton X-100 at the final concentration of 1% were injected. Changes
in the fluorescence signal in response to the addition of MiCP, SBV or Triton X-100 were recorded as fluorescence values in
arbitrary units. The negative control of the pH effect was performed by addition of the reaction buffer instead of MiCP or
SBV. For comparison and plotting, the values were normalized using the equation: Xnorm = (X~Xmin)/(Xmax—Xmin). The
plotted values are an average of three repetitions.

Mass spectrometry analyses. The virus protein fraction resulting from the TRI Reagent® separation procedure was re-suspended
in Laemli buffer and subjected to SDS-PAGE on a tricine gradient gel. The protein bands corresponding to capsid proteins of
SBV were excised from the gel and used for mass spectrometry analysis. In parallel, material from whole SBV virions treated
with SDS loading buffer was analyzed. After destaining and washing, the proteins were incubated with trypsin (sequencing
grade; Promega). MALDI-MS and MS/MS analyses were performed on an Ultraflextreme mass spectrometer (Bruker Daltonics,
Bremen, Germany). Alternative digestions were performed with chymotrypsin and pepsin. The software FlexAnalysis 3.4 and
MS BioTools 3.2 (Bruker Daltonics) were used for data processing. Exported MS/MS spectra were searched using in-house
Mascot software (Matrixscience, London, UK; version 2.4.1) against the NCBI database (no taxonomy restriction) and a local
database supplied with the expected sequence. The mass tolerances of peptides and MS/MS fragments for MS/MS ion searches
were 50 ppm and 0.5 Da, respectively. Oxidation of methionine and propionylamidation of cysteine as optional modifications
and one enzyme mis-cleavage were set for all searches. Peptides with a statistically significant peptide score (p < 0.05) were
considered.

Sequencing of SBV P1 region. Total virus RNA was isolated from purified virions(21), subjected to reverse transcription and
the resulting cDNA was sequenced using specific primers designed to cover the P1 region of the SBV polyprotein. The resulting
sequences were assembled using the software Geneious version R10(22).

Phylogenetic analyses. Multiple sequence alignment was performed using MAFFT, specifically the E-INS-i strategy (23) and
trimmed using the program Trimal(24). Maximum likelihood phylogenetic tree was constructed with the program W-1Q-Tree
(25). The rendering was carried out using Geneious R10 software (22). Structure-based pairwise alignments of the VP3
subunits of various viruses were prepared using the program VMD(26). The similarity score provided by VMD was used as an
evolutionary distance to construct a nexus-format matrix file, which was converted into the phylogenetic tree and visualized
with the program FigTree v1.4.3.

Data deposition

Cryo-EM maps of the SBV virions from the different conditions were deposited in electron microscopy data (EMDB) bank
under the following accession numbers: 3863 (native virion pH 7.4), 3881 (empty particle pH 7.4), 3865 (virion pH 5.8), 3866
(empty particle pH 5.8, expansion state I), and 3867 (empty particle pH 5.8, expansion state II); and the corresponding
coordinates were deposited in protein data bank (PDB) under the following accession numbers: 50YP (native virion pH 7.4),
6EIW (empty particle pH 7.4), 6EGV (virion pH 5.8), 6EGX (empty particle pH 5.8, expansion state I), and 6EH1 (empty
particle pH 5.8, expansion state II). The crystal structure of the SBV virion was deposited under PDB accession number 5LSF.
The consensus nucleotide sequence of the SBV capsid proteins was deposited in GenBank under accession number KY617033.
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Fig. S1. Mass spectrometry analysis of SBV capsid proteins. Parts of P1 polyprotein of SBV are indicated in blue for VP1, green for VP2, red for VP3, yellow for VP4,
and magenta for MiCP. Peptide fragments identified by mass spectrometry analyses are indicated below the polypeptide as boxes with various shades of grey. Four types of
analyses were done: pepsin digest, trypsin digest, chymotrypsin digests each followed by MS, and chymotrypsin digest combined with LC-MS/MS analysis.
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Fig. S2. Conserved motif Asp—Asp-Phe (DDF) of SBV VP1 may catalyze cleavage of VPO into VP3 and VP4 fragments. Pentamer of SBV protomers with one selected
VP3 subunit highlighted in red and VP1 subunit from another ASU in blue. The DDF residues of the selected VP1 subunit are close to the N-terminus of the selected VP3
subunit. Detail of interaction of DDF motif and N-terminal amino acid of VP3; side chains are represented as sticks.
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Fig. S3. Amino acid sequence analysis of MiCP. Protein sequence comparison of MiCPs from various SBV isolates (A). MiCP can be divided into variable N-terminal and
conserved C-terminal parts. The conserved part is resolved in the virion structures. Sequences were aligned using the software Geneious (R10). The amino acid sequence
of VP4 of human rhinovirus 16 was aligned onto that of MiCP based on similar hydrophobicity profiles (B). The hydrophobicity plots are depicted as histograms below the
sequences. Hydrophobic residues are highlighted in red and hydrophilic in blue.
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_BMV CSFTNFVKYE NNETEMIGM -DGVVP IVEK LTSSGUONT RENGPLNGVV BTASHSWVE TOVVEPLENE MNSCRAGTCH -BDEVKIDVL KRKYVECDIE KHSQNINGA GIBNSYCUNEP KVVETRIGFL SSirGVWRES TEVREDIVAS OFESGKLLLA YIPVTIEQAR
7sBV MF IRPFYRYT M -DVILVGVER THOQLGRSNY OEKEKDIS || BKPRLGFPHE KGKSDAV-AM VALTSF QDEPRTTLDI ARIWGLRSTE NEGSGODHGK EMFNTVLOER FYDQTRMEYV TGLYNFWSEP IELREDFVSN AFETGTVIIS AEYTDECQSH
3TLIV-1 IDLRVFFTFE K GDI | IAGAEG LMDGIG-GSE HEKEISHTVV PRPRLNFCSE KGLSDAI-PM BVMNPTAQTSF YREAKTTLDL ARIWQLRSTE QEGVNDAADT DIYSLTAOER SYTETLLELM SSMYAFASET IDVREOFVSN SEETGTVLIS VEFANACESY
OV MY IRPFYAIK KASETEMSQM -ETA--MLDK GEKVCGAIKR MEKEYDDQVI LRPRMNFQTE VGASDSV-PL EMMOPLAQTTY LEDPTTVLDI AKIWGFAGAE THKASSTEGS EMFSIPIEER NRO-TRLEY| SSMYQFWSEP LEVRLDFVSN AFETGSIMLS AEFTNVEQSG
_HHV CNFRWMFKLR NI =NF I LKGAEN AIDQLGANSR REKEPDLQVV PHPRKNFASE KGPIDVM-PL EHENPYTATNY QDEPKSFYDL GRIWSEYKSE QESKTNTIDT 11GOMIIDER NYSGTGLEYA LGNYCFWSEV IELREDFVSN SEETGTVQIS AEFTDLCQSS
IFV VPYQVIARFV NPFLTEMRKY |ETVTKVLED THVYVG-MRE KEKBVOTRLQ PVSQKALCHE LGPIGAT-KM EMEMSVNTPH LRTSESYSEL AQIGGVQEIE TVSTTTPNGR LMIDLPVAEN TVISPRVTY| SQLFQGYTRE LEYEEIPVKT AABNFSILVA FVRTTFAQAL
—opv IAD--SGNP | CPFQUFARLK NTVLSEMROM -ENPIKLAED RMKYIG-MIR KEREIDISLL BPMPVHCYSHE RGPYSSK-KL ENQPEATTPH LEDTTNINEL AQIPGLVGRE MVNTTNKQGD LIYELPACHP RYINPRVTYF SFMYNFYSES LVYEEVPMKT SABNFSIQVG FVBVTEAQLQ
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15_CRPV RTQKIVVDER TSTEVSETVME ¥IASRPSKDN KDGAVSGIVR VEVLECHIVAA QNVFSENDVI CEVSGGPDLE FAGRTCPSY- ---|PRNEAQ -- == --=-SIRQLI KRFGIFGDQ- --=-YYYLYA EWRESMRIKM WAETQDG--~ ==---=--- --
10PNIV AYYSVLLDVQ DQSVYTHKIE NOAPTPGGPS INAVAYGYVS |FWERGRVM QTAAPTEDVL AELRGADNEH LVLBAGGKFR SI1AINLATNN NSINPASGRV NTMAPYTLTQ GVFKVVWD-D TFTBLHDGEE FAKEDFNYQL DFTPAPCMIA IRLFOEFPRM |GNYVPROAI SGITHIGGERR
7_EOPV AYYNVLLDVQ DQSVYTEK IB MQVPTPAVSA GNVRAYGFVS |FVERCIRVM QTAAPTIDVL VELRGADNEH LVLPAGGKFR SLSINLATNN NSINPASGRS NTMASYTTTL GAFRVVWO-D TYTHLHOGE® FAKEDFNYQM DFTPVPSNIA IRMFQEFPKM LGTYTPRQAI SGVTEGGLQR
2 SBPV NSAHVVFSEN EVSEFVETVE ¥1TDTMGGPQ AAGEAPSYIC MF I LESPIIVAM ESVPSIVTIV PMIAAGDDEE VAVPAQPAV- GLSSLLASNT RTFTPNVMQP TPLLDLKDLA RRYQLYWERD GH @ YFREGLRLR| VVEGLNSAAK DAYNHAYAAY VONMSVRRT| EVEVEGMENA
_Dwv SSSYVVFDLQ ESNSFTHEVE YVSYRPGGNY LPSSAPSTLF MYMQVPMIPM EAVSDTHD IN MYVRGGSSEE VCVRVQPSL- GLNGSLTDEK ESRNTTVLDT TTTLDLKTLM RRYQLYGQRD Gl EYREDLRYK | VFPSNVNSEG QGVNHEYASH 1QITRVEENVI ELEVENYLQA
VDV SSSYVVFDEQ ESNSFTHEVE YVSYRPGGNY LPSSAPSTLF MYMQUPMIPM EAVSOTIDIN VYVRGGSSEE VCVPVOPSL- GLNGSLTDEK ESRNTTVLDT TTTLDLKTLM RRYQLYGQRD GIIEIASGYE FYREDLRFK| VWFPSNVNSEIG QGVNHBYASH I1QITRVENVI ELEVENYEQA
FEV ASPYIVFDLQ EERCFTHEVME ¥VSYKPGTDF ATTKAPSSVF MYMLEPEVIM DSIPEKVYIN WYLRSGKSEE CSVRVQPSF- GLTLALNDQK EVODTTKLDL TRTLDLKNYM RRYQFAGORE GYIBISSAYE YYRESLRYRL VLPREIDENS QSVNHEYGSY 1QFAKVEINVV EFEIENWEQN
_BMV ASPHIVISED NAMSYTWRVE FVADRPAGES VSNNSPSKIF AFVLNEMVMA ETVPDSVEIL WYMRGGEDME FAIRVQPSI- GLGTPGSGAS REESLALIDD AQQLDLKDLG RRYQIYGARE GH VVSNAPDSEIA EAVNHTYGVY MQALSVEENVV € IBVEGLEQK
1_SBV STYTKTFHEG EQKSVHETVE ¥1YDTVRAQA MGIRSKMRVK ASTTSTHEVL WYMRGGKNYA LHGLKQSTY- -WPVSDNPHR QMDTGAKEDE DETASIKDIL RRPVLLFNET SFQR IMNLE | IHSTDGVEIK VP IGCELTTE M1 IPSVRIPS| CVEVBAVTFD
3TLIV-1 STYTKTFHEG EQKSVVMRVE ¥1YDTQRKNA MSYRFKTTLR PV AAAPQNIEVL VFWRAGPNEN LRSLCQSGFI EMTISRLEHD QMDSGEKEDE DPTANIKDII RQPVFLMTNK DFNELLSLIEE VFTAAVDSEID LPVQTELRTT MVIPGIRNTE VVEFESLMYR
OV STYTKVFHEG NGKTVSBW ¥1YDTVRSGQ | STMNSSAFK VRVIRKIBVPY QSVVQDEQVL VF IRAADTET LHSBIMSNM- -LNPSILPPD QMDDGVKEDT DPTERIKDIL RRPVCIVSNR | FTHLLOLFE ;wra:souvsw ISHRVTGORIX CPPSFBLATE IMIPSVPTM S IBVETLMAC
_HHV STYTKIFHEG EQKTCNENVE ¥1YDTVKQRA LTVASQTHVK VRVINEMRPV ASTPQSEEVL VFMRAGKNFA MRGLKGFSY- - IP QD K SMACMDAFD -----RLT RPM------- FRHK
ZIFV SCHYK | IDFR TNSAGVETVE FVSNSMFARN LNTTDPGKVS VFMLIPINPT PIVAPENE || VKLRGAKNIQ FTIBSQPRF- RTA QTVNDDEVPG £PTVD!LNVN RRLMHYARSQ EMTHTASLEE EGRSVILS | LNHSQNNRES 1GLSQEYASY RNVP SYPVT DB IBVDLOA
1.0pv SCRWKVLDFR TSQNGQETTE WLSNRVGVRN VNLRDPGKVV VRLVEWNPT PIVSPTHEVL MFVKAHPNER YFSBTN IGNFDON EMETSKLOBG DEQTNILDIC RRFYLNATRT SNMEILACKE WFREESVNY-~ WIHSLTOMID 15 INIELPTE VIEPRLPIL TVEVEDVEGA
550 D 50 &0 &0 a0 7
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10PNIV QNGGGOKNPM PTQSKGISFF EKLGEYCKLI TT1LNRMSAA VEESLDMGDL VSNGIEVAYI LNIYNSGMTL LNVAALLSKV NDLVLGTFAK GTSLNITGVL GALGLGTMEG FVKPFLSNVK DFFRNGAVKK ELDSHEKCIN DI IFGKVOKG GLTADLEWCE RVHVEAEVYN YD!|LNDPEF
7_EOPV QNGGGQRNPIE PTQSKRISFF EKLGEYCKLI TTILNRMSAA VEESLDTGDL VSNGIEVAYI LNIYNSGMTL INVAALLSKV NDLVLGTFAK GTSLEITGVL GAFGLGTMEG FVKPFLSNVK DFFRNGAVKK ELDSHEKCIN DI1FGKVDKG GLTVDLEWCE RVQVEAEVYN YDTILNDPEF
2 SBPV SDNTANSGLI@ DLL IGE I SVY YSIABDFSTT YGIKESIRDV VKDSFGDILP QQLIINMGQL MQVFSNVALA IAIVTFIGSV STLSLRIFLE KLGMIFSAIC VSLGLSMA-- -FPSVMKGVK ESLNTAASVT EFRNVVDAIK YMCMGASDEE MRARI|IWCE EVIQELDPRS RNIVEHDARQ
X FNSSAASSLE EISVGPVTIY YSIGEGMQTA DEVREDMGMV VQDDLQQPEV QANVFSVSQL VHAIIGKTVA WAIVSIFVTM HSVIVKRLLE KVSINYNGVC NMLNVAAQKD WVKLATVDFS NNCRGSQVFV EFKNTEEVLK KMVFCQSNPA ARLLKAVWVK ECLYEDDPKF RMRRAHDQEY
VDV FNSSAASSLE E1SVGPVTIY YSIGEGMQTA DEVREDMGIV VQDDLQQPEV QANVFSVSQL VHAIIGKTVA WAIVSIFVTM HSVIVKRLLE KVSIEYNGVC NMUNVAAQKD WVKLATVDFS NNCRGSQWFV EFKNTEEVLK KMVFCQSNPA ARLLKAVWVK ECLYEDDPKF RMRRAHDQEY
_FEV PVDNGHKTLE EVAVGTISIY YALABDMTTV DEIKKNVGDM VSDTIKKKHL VADPVSVSQL GHIALHSTVA WSLASVLIAV KLVYILAFGK KLGILWMGVT SVLGVATRQE WHKLATQDLG NGLRSSAFMT [EIRNTEGVLK KMILGRTDAT YALCONEWAR EVCFETDPLS KRKYVGNSTY
“BMV PVSEGKPSLIE ELSVGRCTIY YSMABDCRVA EGVSTNLQPV IENSLNEIEW TSKLSAGSQI AHAINNSTIA ISIISILITY HIMYIWAWIT SLSLICGGLC TLFGLKNSKP ASDCLFKEIT NGMKMSVCFI ELKNVMSVIG DMIVSYLYRG FNAAESEWAE HSLSELEPHV AQNIKYDRKL
758V EDORNYSDKM@ DTVTGYMSVW VEAGEDFETA TTLONTVTGA AHOMFNMVNY TGYCINILDI LVAWIDTAVG VGIIRFVTKI SKVMFGQLIA RTGALAGILG TLMGVYISGS YFKNLMLRMT SSAGPSGWLR EVEATENTVK DMALGYVSPE NAALKMEFIT DAQLITTEAN A-ALVGHPSF
3LIV-1 DNASKFROME DYNAGNADVW WEAGEBIDFE IA VAASKAVTSV ADKLPHORNT VDLIVDALDI LIHLRTVGMG |SFVRTLFRL TSLSMGRLFS TVGVFLALAG TIVGQILSRS FLRGLCFRMT SAAGVGGVWLR VTSTLEELGK RVVVGIVORE AEAIREEFVH ESNIEMSECN A-RMLGVPSF
V. ENERNF SDHE DYNVGTCDIF WSAGEDFDLG TTITNNVNSL IHNLNITNNI YTAVVNIIDL LTNMGRKAIS LSILRLIINL TSIAFQNLFR RFKLECSIVG TAIGAVLITD |IKSILTAPF RTTTVVGILR FADITENI K QAVASYFDPR VRIVQELFMK ESQIETNEIN R-SAMQLPAF
_HHV VSSKEVT EVLIT ASLAS---TA EKINNKLQAL ISGSTTLISW GPLLFDFLDI VNACIHSSVG |1IVRFISKL SQITIGTHLS QAGILLAIAG LVTGAHLRLS IPQTILETIC NSRGISGVIR LVGIVENTFK DYCFGYVNPE VRALRMEFVR EAQIITSESN T-GLLSRPDY
CIFV RNGNSQSTL@ TLKIQTVTIR MGLSBBFKVV KDVLNDLVSA PTESFNISVT QAAAL-ASTM LAAYMNYTVV SAVTNLLVAL MKVM------ ~VPLLVSGFV EYCCSAMQER TVFMKLTEAL TGVNWFAVMV VTSRLVMAFK WLVQSWLRRS TSYL-LEFMN DYTF IMNELN KNSIIGIRQC
0PV FSSQNVRYLE NLVIRKVRVL SAFGEDAQVC SKISKGLTNT FSSTFEDAKI KGLTMLIKQV LHLYTNTSLA LTLISVFKDV EAVAFSLLFS NVAANFSSIL LETFFAYRES YVKQUMIQTF KNFNVMALCI LMSRVCKALE FLIRG-- LEKYDIEFMI DYEFFMDERN LSSQSMIQRH
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10_PNIV F DRLF1IRPPN quwrwm.c KAIIDLLGQQG TMQKSKIE-VP ucu/vvlnsu CEESSHVCDNV LTEIGANP 1Y TRSPDVFFEN c,vrc,mmlsw QEFAK I TTGE TYRKQVSELS suFFTPer PFRALED FYIEERHALVK MRVNPDVYYP
7_EOPV AETQDERFEF DRLF | IRPPN QYSMYRTKEQ RANDLLGQQG TMQKSKIE-VP ECLWVYEHSE CEESSHVCONV LTE|GANPIY TRSPOVEFEIN GYTGEKLISW QEFAKITTGE TYRKQVSELS SLIEPTPFNE PFRAL FYRERHALVK MR INPEVYYP
2 SBPV ASRVFDEC | Y GAQILSMPGG K---V1YDEY TRIVKLRODL |ELGNHEDVA BPVWIVESA® NEESYNTTEL CKRALESMIY WLALGOKYEIN GIRNPEVVAR BEAYAVS-GQ FTEEEISVHL AMCSSCILNE PMBALSE FDFTEELDAS
 bwv 1ERVFARHSY GQILLEMNQS RNLSVFTRVY DQESKLKTDL MEMGSNEYIC BT ICMCEASE NEESSYLTDSL CSELETGIKC VVNPLSDYED QCDFEEVLCY BEMASVETST TLOKQLNMEF QVHSP IVLSE PKEDL CKASEEIPIA
VDV | ERVFABHSY GQILLEMNQS RNLSVFTRVY DQESKLKTDL MEMGSN wc \CMCIASE IMERS YL TDSL CSELETGIKC VVNRLSDYED QCDFEEVLCV BEVMWSVETST TLDKQLNMEF QVHSP IVLSE PKEDL CKANEE IP 1A
_FEV SARVYERTSF GQLLIELRTE KNTAIAMKEY DKEALLREEL 1VIGN VYEQP@ IEESHLSTA| CAKLEAGMKC TINPQSDFED QCEHEEVLE | BIE|FAVSTPL ALEKQLCTEF QVCSPVVLSE PKASL AKLNDKLNLE
_BMV ISLLDCYAF GRTLKVKALS TOVPAIVOLY NSHFDKLHKL VAOG) DBV By I YNV@PPe NEEHLTTNI CAELCTHIMC VLNATSKFHD NCORSECLVM BEAFNIRKGT MLEDGIAAIF NVVEPWWL SELDLDLKVD
.58V RAKVMGEIYQ| QKLLLTVPQS SASPILSREC SDVIRNSNEF 1DISSSE-VP BV ICIc@PA® IEEESE VETL ATELLSGATY FRVPGSRFES GYROSEVVVY BEWANLTEPQ ALMCQISELY QLKSTSTFIE EVAHLEEMK | RGNPLIVILL CBHAFPOSE- AERKPEVSLR
3LIV-1 RIRVMGEIYQL QALLVQVPNN RVSPVLHQEC AKVIAHANEF VDISSSE-IP LVICIE@OSN IEEESFMTEYM VVALEESPVY YRQRGVKFES AYSNSEVVVY BEWLNLNNVE NVVMQVSELY QIKSTSLF I HUBCERR KANPLVVVLL TRINAYRKTE- VASTKSRDSA
OV RLRVVKEIYE | QRRVIDLPRN AVSPVLVRMC ADVIKHGKEM ADLRCSE-VR BVLVIHE) ENLVTHL AKEMLSOPVH IRSAGSKHEN TYSOSBVVVY BBWLNITSPE LVASTLNELY QLKSCATFVE EQRAIBCHKI KATPRLVILL CBNAYPDDE- CARKPERNLR
_HHV RVRVLGEHQI QRL I ITAPSS VAIGPLYRET NEVIKFGNEF LDLAASE-VR BVF INGECA® IBEBFMTEK | AQTLESSHIF YRCSGERFHS GYROBEWVVY EWENTNDSQ RCADDIVEFM KLKSTSLF B € EMK | HGNPLII | IN TENIOPNNE- VMEBMDEVFQ VKLKPDEELT
_IFV RORLLSEYYL KGIMA--KER IRNPTLLNTV NDNIKKANEL TSI|USABPVP EvvwIFEPRE VEEESTLLQQQ LIDIEPNPVY TRNPTSQWEN GYNGEEIVLY BIEIGAVSSAE IDPIVAGEEM AIKSCAIMPL EKPRIMEMES LMTSVIIVGIA SEBHPCLKGE- MOMERDIEAR CEFTPELNVA
—opv RDRVLmWL KSVLATVDKK YINTTLQAAV REVILKANSL KSHMSA pvp IcvwvﬁEPﬁ TEATTVMONH LioMTAoR 1Y VRSPHSOVEN CYONSH VA1 BBANGUNDPT |LGRVVSEFG ANKTSAKMRL EMPRUBEENA EMISIVLGIC SEVKEWTOR- FREEEDIVVE 1veSKMKAY
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10PNIV SNIBSPYFEV GALGHDEE| AEVTKRAVEH RQREVNACIQ BROKERRSAP TGEEVRTLKE EKAVKNLATT MDITLEDVML AVAYKVNRKT EAPNTPAAKG DEQLSVIHNS LLLGIRECSN FVEAPGHLIF EATSVKFDYA VYQFIT--LP AGRNWNYFT TRAQ-GTILK SDAALGASLQ
| SNIPSPYFEY GBALGUDGE! AEVTRRAIDH RQREVDACIQ BRGKERRSAP TGEEVRTLKE ENAVKNLATT MDVTLEEIMI AVAYKVNRKT EAPKIPAAKG DEELSIIHNS LLLGVREICSN FVEAPQELIF EATSVKFDYA VYRFVT--LB AGRNIVNYFT TRAQ-GATLK SEATLGASLQ
12 SBPV ELPENNNNEE R IRMSFDEES NHFCRKFQEH MEAERVNFRR EMDALDPDYV PGLPLQTLHE RSNVKRLYEN LTLSVLEILS |ICVVLYAGE RVFKASRESV SDQMHITEQK VARCLAIKGR DI1VIKEYIN NSMANTSNIA LIKLBKH-VP MFKDESKSIV TQGD-HANVG HFCSIDEHPY
8 DWV ECSPKDFHE| KERMTUNEEL EWITPVYMAN RRKANESFKM BVDMURMDEP LEDNILNKYV ESDLHRVGAE |SIDVRKVLS LLAYEMRNAV TVKAPRPQGS TQQVDAAVNK |FRCLMEHNR QCEMLRETR MSGDISSNIV LVIMBNR-IB ECKSHIKFIA SHNE-HIRAQ NDGVLGDHTQ
6.VDV ECSPKDFHE| KERMSEINEEL EWITPVYMAN RRKANESFKM BVOMURMDEP LEDNILNKYV EADLQRVGSE ISIDVRKVLS LLAYEMRNA| TAKAPRPQGS TQQVDAAVNK |FRCLMEHNR QCEMLREYTR MSGDISSNIV LVIMBNR-IP ECKSEVKFIA SHAE-HARAQ NDGVLGEHTQ
4FEV DIDPROYH@E EBRLSFKDEE KILVKKEKQN REREHYNFTN EVRSISTGFS VLTDITEAYE RNDARKLWDA MRSKLDFAIT SMGMMMYNQT PIKNPPPQSN LPQIEVVTKL IMRGVVMANR EALVLREIYQY ERMNCKSNLC IVELPAR-IP ESKSLKKFVC AEAS-HCRAG TTGRLGTHNI
_BMV GKLBVDFHEI L TLLKQIEKTN RETENYKFAD EBVAEVVSGQP SLHNLESLWN DSIAKGFARK INDTIDDLTI AMGVGTYEKA KIRTPTEYQS AQQFDVVKQR LNYGLMURDQ QMEIQKEYVK LSSPDGSNFG VLHLBKT-VE AFKDLTRFMA KSAE-HQYIK FDECYGESMH
S8V DMSVNTFARIE NEYVGELTK DWLVAKEAKW HAQEQIKVQR EMEAGMYDAE VGEDPFSLYY SFECKRIANV IDVRVPELVM AVMYKFFSRT RTERPHVNEH PSLDSVVKKY VLTACGIYGT VALLPREYEH EEHVYTTDLA IWVLSPS-FG MFKDERKFIA TDEDESKPIT TEGSLTNRNP
37LIV-1 RADVSRFSEL QERRSHINETL DYLKGCEKSH HSRQQIE KR EIFKELQPPGA QRKDPFTLFY QKEVEDLVTG IQEVVPDILA SVAYACYRRQ RATREGADPR SDPYLTVEEK VLGGCGEYGY YAMIPNEYPK MRSEYVTDFA |FKLPPS-WP MFVONTKYIA KDEDEYSNLY GEAKITAVEG
OV EMSDE SMABIL IBRVGRITEEK KFAVESEKEY DNQERRNVRQ BLOGYFSSTP CDRDPFAVFY EHEIRQVAGV |EVPIKDGTV TLSYSLFRRA RVQQVSPASQ SEFMDAIVDK ILIGCGVKQR LGIMPKEYIK QRVQIAADIC LYQLBAS-WN MFRONTKYMS LDADEQKKMA NSGVILKSNN
_HHV NPONADFHEE TE-ANUDNY | TYLSNQEARY HAKELKLVQR BMEGFAESIA NGSDPFTLFY GQAVNIIAQH MEISVFOMTA VIAYQAIVRH VIQPRSASAP PDAFKSIQKK VLYGTGLFGF VLEIPREYPQ KKIELKTDIA YMRMPPS-FN AYKDLRNYLC TADDINGNLP SEALFGRSHT
_IFV SALPENNKEL RYGLTRIDEEM EYSIDVETRY YTKELEKMTK BYKRECPTYA KGASVRMAIM QKTTKEQLET INYAVEEFLS GCAYKGYKSQ RTIRSGLKEP NQAVLARAAR |IWGIGEYGH TVEMTRENIM SRGSDNVEHV LIELPKKELQ CFSNIRTYFT KGLDEKGEAT NPQLDGKGEP
“OPV SSUPKANERV KBKMEMEEEC KHLLSIHEKY HTQEIEKMFA EYQTESKTLA GDSSLKTALL AKHTQSLLNK MSV\HREILG I LAFATYFHK TGRNHSAKRT cnwmmm IVYSFAIMNN YGELPREAVF QQGDVKGEYV |FQFKRL--~ IGKDIRHHFY STI--HEEIT YPSYATVSTT
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10PNIV L-RSVRINGY REEHL(VSNL CGFEVEIONGD AYAVS|CKBM LVDALKALGA TTAVVIPLEK AlE--PSGKS NLEKHIIHGE PFRIBAAGSA TATGDIVME CEKQFK-PPK PIDPEEVEK | GDYEEREVP OSTELSLGE 1ABVDGIPLM CSMKENTEI LCNQGTKE S |DAVAFDDY
7_EOPV L-RPVRISQY REESLIMSNL CGFENVEBONGD AYAVSICKEM LVEALRILGA TTAVVIPLEK AIE--PSGKS NLEKBIMHGE PFRIBAAGSA TAKGD|VMK@ GEKQFK-PPK PIDPEEVEKI GDYEIEREVP QS IEESLGER IA€IDGIPLM CGMKENTHI LCNKGTKIE SVDVVAFDDY
2 SBPV VRSQVPVTWK MEESALVSPY |GLEVBXEEGS [FSEPIFREM F-EPVIEKS- -DHNL ILYEC VDEKMSSGKS Kl IPBEVHGP VATEENPLRP (mpknmnl CAKHEL@VVH PEPQEDLEQV NNDARNVELN EVKNETLQEQ VCESTSIPHC ESVNANSHE LCNGVTCH K IDPQLALML
_Dwv L-LAFENNNK V@SB |LLSRI |GIEVIYETGF [EVAEPLVHEM FTGKAIESER EDTDLYPIER VDAKLASPST GIKKTEIHGD VRTEBNPMSS BINK L@ CEKHEM-PCS PENRKHLELA TNHEKEKEVS VVKERSLQDR XCEVPGLDGF DS |SWNTEBAE FELSSGTSCH RMRPELEIQL
VDV L-LAFENNNK V8B ILLSRI |GIEVINETGF [EVAEPLVHEM FTGKAIESER EDTDLYPIER VDAKLASPST GIKKTLIHGD VWTEBNPMSS RPRDKLI CEKHEM-PCS PENRKHLELA TTHLKEKEIS VVKERSLQ VPGLDGF DS | SWNTIBAR FELSSGSSC RVRPELE QL
| FEV LQLKIDYNSK AMES | LLADN VG IEVEXETGR [EVAEPLSABM M-GCMPKQRL ADTVVYPHEK VLPVLASHQT RUVPELIHGP VRTABNPLSP SEPRHENHO@ CRKHEL-LTK DEPTNIVEEA YIHERDKELT NVIEQSMQIE VCEOPNVSEF DALNFKSEP ENTKVSC KLHAELSRL |
 BMV CVMNVEYNKE L@ESALLCSI VGIMFEXETTF EYAEP ICA@S F-NELDVKHY EDTLLYPQET VQDAYSGSVS QYVPBEVHGD VOTEBNPLSP REQRPENKCE VEHMEK-PPL DEPNELLNPA ADDEEDVILG NVKEESLQDE |CIENVNVKGF EPLEWS S EKAGVKCI KMHGELKRQL
1.5BV. VLKEQSIEIL AMESLCFLSI VGMEFEXERGE EYGVILTKEA |-GDILALKS QETNVSYIEA VTKEQTPRKT KINRPELIQNH PVSERC|LDK TEPRTENVAE CKKHER-LTV DEGTTRVESA KEALWDGWLS KMKELTPEER ASIEFPDIQYY DPMILNTEAL YVAEKKRE E IDPGVLEEM
37LIV-1 IPITIDITIS AWEGLVMKKE YAVBIBERG! [EYGVLLTOEG L-ESFINLPG PDVSVEYVEV VDH--1PSKS KIQPBELQAP PKTKECPLNK S-PGSEMVAE TEKHER-KSL DEPSSVVAKC VDAEWHKK IK WMEBLSPSER CVELVTNEYY EPLOLTTES WNRATRGE VLSDCL IRE |
Vv YTSTIPVDIK AMEEVMVLKEN VAMBIIEIGI EYGVILTOEM F-AEFQCEVS GDAVVGYVEV LPNNLKPFKS KIKPELIQDT TTKABAILSQ KEERSENVA® CAKHEY-LTA NETTSELHKV RD-LRFEQLR RMKELS |EER IMEFAGIEFY DPLHLDTEAL LCTKKTLE KLHPEVENQI
_HHV TMHS INIDLY AMESFILIEN VAMBVEYETGE EWGVLLLKES L-DSLPATLP NDTNILYLEA LPPEKVPTKS KLVPEEVYKE VDIEHAI|LSR DEKRTEIMWAE VKKHEV-TVK EIPNDMVDSV GEWYWDGWLS KMKIEENLDQN VCIEL-DIDHY NG IDEQTI Y I VOKKKE S IDPAVITEM
IFV VQTTFTINSK MELTAFLDKN LGFEVEXENRQ [EYVAP [FREL IPDAGIASVV TTENLTYMYS VID--ATFQS KNVPBVLQSD PEKEEKC|QSR TEPROEINTOE VAT I€Q-PTK PLNDEILMLA YESVRDEELG VLPEVSIRER ITAE-RAPIS SSMNEATEAR YELAGREKKE SLKASVHNK I
“opv WTTNVEGKEE KI®E8PIVNSH |GIEFEXEQSY EYSYPVFTDD F-MGLTVMGT TFPNLEFYSH YPN--ATDTS RNHPBAIAEE SVTEEC|OSN SEPRSEMYO@ ATTIEA-VIN PPIPDILNEA IHAVSQEEIQ NM-EVSQEER V- NAANHQFV RAMNEA SBAJ JU I VGKNLE SFTPEFQKLY
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Fig. S4. Alignment of polyprotein sequences of selected iflaviruses. Sequences were aligned using MAFFT tools, E-ENS-i method, and trimmed with Trimal tool (24).
Sequences were obtained from NCBI database, given ID numbers refer to Genome depository with exception of SBV_CZ, which was deposited to GenBank. CRPV-gp2 —
Cricket paralysis virus (ID: 5001) (included as out-group); PNIV — Perina nuda virus (ID: 4901); EOPV — Ectropis obliqua picorna-like virus (ID: 5110); SBPV — Slow bee
paralysis virus (ID: 3992); DWV — Deformed wing virus (ID: 5055); VDV — Varroa destructor virus (ID: 5239); FEV — Formica exsecta virus 2 (ID: 23898); BMV — Bombyx mori
iflavirus (ID: 39939); SBV_CZ — Sacbrood virus, CZ Petrusov isolate (GenBank: KY617033); SBV_UK — Sacbrood virus ‘Rothamsted’ (ID: 4872); LIV-1 — Ligus linoelaris virus 1;
LJV - La Jolla virus (ID: 38343); HHV — Halyomorpha halys virus (ID: 23003); IFV — Infectious flacherie virus 1 (ID: 4972); OPV — Opsiphanes invirae iflavirus 1 (ID:40416).
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SBV virions, pH7.4 v SV virion, H5.

Fig. S5. Low pH induces genome release of SBV. Representative cryo-electron micrographs of SBV particles in buffers of pH 7.4 (A) and 5.8 (B). Small particles in the
background correspond to contamination with honeybee protein hexamerin.
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Fig. S6. FSC curves of cryo-EM reconstructions of SBV virions and empty particles under different conditions. The FSC of the native SBV virion at pH 7.4 is shown
in black, empty particle at pH 7.4 in red, SBV virion at pH 5.8 in blue, less expanded empty particle at pH 5.8 in magenta, and more expanded empty particle at pH 5.8 in green.
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Fig. S7. Effect of low pH on SBV virions. Cryo-EM reconstructions of SBV particles under native conditions (pH 7.4): virion (A) and empty particle (B). SBV particles at
pH 5.8: genome containing virions (E), empty expansion intermediate | (F), and empty expansion intermediate Il (G). The molecular surfaces of the respective particles are
rainbow-colored according to their distance from the particle center. The locations of the selected symmetry axes are denoted by pentagons for fivefold, triangles for threefold,
and ellipses for twofold. Scale bar 100 A. Central slices of electron density maps are shown in the bottom row (C, D, H, 1, J). White areas indicate areas with high electron

depsity values. The pgsitions gf se_lected ic_t_Jse_lhedraI symmetry axes are labeled. i . . . i ..
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Fig. S8. Comparison of capsid

o icosahedral axes of symmetry of SBV virions and empty particles. (Continued on next page....)
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Fig. S8. Comparison of capsid structures close to icosahedral axes of symmetry of SBV virions and empty particles. (Continued on next page....)
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Full virion Empty particle

2-fold axis

pH 7.4

Full virion
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Fig. S8. Comparison of capsid structures close to icosahedral axes of symmetry of SBV virions and empty particles. The capsid protein loops in the vicinity of the
symmetry axes are shown in cartoon representation. VP1, VP2, and VP3 from one selected icosahedral asymmetric unit are shown in blue, green, and red, respectively. Side
chains of residues closest to the threefold axis are shown as sticks. Details of threefold (A), fivefold (B), and twofold (C) symmetry axes.
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Fig. S9. Effect of MiCP expression on growth of bacterial cells. (A) Expression of MiCP with N-terminal Hisg-SUMO tag was induced by addition of IPTG to culture media
at 2 hours (red line). Control cells contained empty expression vector (black line). (B) MiCP remained soluble after Hisg-SUMO tag cleavage using Ulp1 protease.
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Fig. S10. Negative control for disruption of liposomes at pH 5.5. Liposomes containing carboxyfluorescein were transferred to a solution with pH 7.4 (black line) or pH 5.5
(red line). After 50 s incubation, 10 ul of the same buffer was added to liposomes and incubated for 150 s when the liposomes were dissolved with 1% Triton X-100. The
measured fluorescence values were normalized and plotted as an average of three independent experiments with standard deviations.
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Honeybee pupae Detail of the eye

Control
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Il 0.5 mm

Fig. S11. Phenotype of high-titer SBV infection in pupae. White-eyed pupae were infected with SBV inoculum. Infected and control pupae were inspected five days after
infection. The compound eyes of control pupae are fully and regularly pigmented (A). In contrast the eyes of infected pupae contain white areas at their centers (B).
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Table S1. Data and structure quality indicators of SBV virions and empty particles.

Crystal structure

Cryo-EM structure

PDB

Space group

a, b, c (A)

a, 8,7 (9

Resolution range* (A)
Rmerge

<I>/ <ol>

Completeness” (%)
Redundancy*

No. of unique reflections”

R factor*

No. of atoms$

RMSD bond lengths (A)
RMSD bond angles (°)
Ramachandran favored (%)*
Ramachandran allowed (%)*
Ramachandran outliers (%)*
Poor rotamers (%)*
Clashscore (percentile)*
MolProbity score (percentile)*
Cp3 deviations (%)*

5LSF
C 121

487.8, 360.9, 337.9

90, 133, 90

47.0-21 (2.14 - 2.10)

0.135 (0.639)
6.6 (1.0)

64.0 (21.5)
3.1(1.4)

1572 812 (27 056)
0.192

6 230

0.0068

1.45

95.73

4.01

0.26

4.05

6.11 (97)

2.09 (74)

0

3863
50YP

75 000x
1.0-2.7
17

3.22
0.143
icosahedral
1.063

31 804
10 303
0.341

6 233
0.004
0.95

93.4

6.34

0.26

1.59

0.98 (100)
1.37 (100)
0

3881
6EIW

75 000x
1.0-27
17

3.87
0.143
icosahedral
1.063

31 804
16 106
0.371

5 806
0.004
0.94
95.26
4.46

0.28

0.16

0.52 (100)
1.01 (100)
0

3865
6EGV

75 000x
1.0-27
17

3.18
0.143
icosahedral
1.063
51117
13148
0.341

6 233
0.004
0.93
95.73
4.27

0

0.43

0.65 (100)
1.01 (100)
0

3866
6EGX

75 000x
1.0-2.7
17

4.06
0.143
icosahedral
1.063
51117
2341
0.405
5822
0.004
0.92
94.44
5.56

0

0.31

0.61 (100)
1.08 (100)
0

3867
6EH1

75 000x
1.0-2.7
17

7.25
0.143
icosahedral
1.063
51117
5330
0.488
5157
0.004
0.92
94.47
5.53

0

0.35

1.18 (100)
1.21 (100)
0

EMDB

PDB

Magnification

Defocus range (um)
Electron exposure (e /A2)
Map resolution (A)

FSC treshold

Symmetry imposed

Pixel size (A)

Initial particles (no.)

Final particles (no.)

R factor*

No. of atoms$

RMSD bond lengths (A)
RMSD bond angles (°)
Ramachandran favored (%)*
Ramachandran allowed (%)*
Ramachandran outliers (%)*
Poor rotamers (%)*
Clashscore (percentile)*
MolProbity score (percentile)*
C/3 deviations (%)*

# The statistics for the highest resolution shell are shown in parentheses; Rmerge= Xh 2 | |Ihj| - \<Ih>\ | / Y | In; |
T All reflections were used in the refinement. The Riree, if it were calculated, would be very similar to Rwork because of the 30-fold
non-crystallographic symmetry present in the crystal. Therefore, Reee would not provide an unbiased measure of model quality in

this case(27).

8 statistics are given for one icosahedral asymmetric unit.

* values according to Molprobity(28).
Please note that right side of the table contains values for cryo-EM data: accelerating voltage - 300 kV; initial model — IAPV

(EMD-4114).



Table S2. Comparison of protomer structures of SBV particles under different conditions.

SBV Virion Empty particle Virion Em[;% ;;a;tlcle
| H7.4 H7.4 H 5. )
crystal structure p p pH 5.8 exp. state |
Virion pH 7.4 0.439 (100) - - - -
Empty particle pH 7.4 0.447 (93) 0.357 (93) - - -
Virion pH 5.8 0.321 (100)  0.268 (100) 0.275 (93) - -
Empty particle pH 5.8 exp. state I. 0.610 (93) 0.471 (93) 0.421 (93)  0.472(93) -
Empty particle pH 5.8 exp. state Il 0.464 (82) 0.401 (82) 0.313(82)  0.336 (82) 0.505 (82)

Root-mean-square deviations (RMSD, A) of superimposed Ca atoms of protomers of respective
SBYV structures. The number in parenthesis indicates the percentage of available amino acid
residues used for the calculations. The icosahedral asymmetric units consisting of subunits VP1,
VP2 and VP3 were used as rigid bodies in the calculations. The cutoff for the inclusion of
residues for the RMSD calculation was 3.8 A.
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