Supplementary Note 1
Unusual protein-lipid interaction in the OLPVRL1 structure

As mentioned in the main manuscript, both OLPVR1 structures revealed a fragment of a lipid
molecule (MP, 97N or MO, OLC) between the TM6 and TM7 helices, immersed into a pore on
the intracellular side of the protein and also a groove at the protein surface, which connects the
pore and the cytoplasm, as described earlier (Supplementary Figure 11). The hydrophilic ‘head’
of the lipid is well-resolved at high resolution and interacts directly with water molecules of the
intracellular cavity (Supplementary Figure 11). We suspect that the pore is accidentally blocked
by the lipid molecule of the host crystallization matrix. In order to address the potential structural
importance of the lipid molecule and the stability of the OLPVRL in its absence, we performed
molecular dynamics simulations of OLPVR1 without the lipid fragment. During the simulation,
protein did not show any significant side chain displacement in the nearest vicinity of the lipid-
binding region (Supplementary Figure 11d). In addition, we designed a variant of the OLPVR1
with nine mutations (1169L, Y172G, F173A, V177L, F179A, V202F, 1206F, Y207V, 1211F) that
we denote as 0102 protein, which intracellular parts of TM6 and TM7 helices are supposed to
mimic those of OLPVRII from VR2 group! (Supplementary Figure 11c). We expressed, purified,
and crystallized 0102 similarly to the wild type protein. 0102 crystals diffracted up to 1.9 A and
contained two protein molecules in the asymmetric unit, organized into the same dimer as
demonstrated for the wild type OLPVR1 (Supplementary Figure 9). Interestingly, although the
pore in the intracellular part of the O102 is similar to that of OLPVRL1, we observed no lipid
fragments in the lipid-binding region (Supplementary Figure 11b). Thus, lipid molecule most
likely does not play a role in structural stabilization of the protein, but rather employ loose
configuration between TM6 and TM7 helices and presumably is a crystallization artifact.

Comparison of the structures of group 1 viral rhodopsins

Recently, another viral rhodopsin of the VR1 group (VirRprs) was reported?. It shares high
sequence similarity with OLPVR1 and VirChR1 in terms of functionally important residues.
Surprisingly, it was reported to be a proton pump. To verify its function, we expressed VirRprs in
HEK?293 cells and conducted voltage-clamp measurements (Supplementary Figure 13e).

Predictably, the data show photocurrents, which reverse their direction at approximately 0 mV,



which is characteristic of rhodopsin ion channels, but not of the ion pumps. Based on these data,
we conclude that VirRprs is also a light-gated channel. To underline similarities and discrepancies
between two available structures of viral rhodopsins from group 1, we performed a detailed
comparison of OLPVR1 (present work) and VirRprs (PDB ID: 6J00?). The structures present
nearly identical topology of the helices and superimpose with RMSD of 0.44 A (Supplementary
Figure 13). The ICL2 is found in both OLPVR1 and VirRpts and is organized similarly in the
proteins. Similar to other viral rhodopsins from group 1, VirRprs conserves all residues that are
predicted to be responsible for the ion-channeling activity of VirChR1. In particular, we observed
nearly identical orientations of side chains of S11, E44, E51, N197, and N205 residues in both
structures, suggesting a similar configuration of those residues among all VirChR1s. The hydrogen
bonding network, connecting the ICS and CCS, is found in both OLPVR1 and VirRpts, however,
with minor differences. For instance, there are more water molecules in VirRprs in the region
between E47 and E54 (E44 and E51 in OLPVRL, respectively). This is likely due to the
substitution of serine (S208 in OLPVR1) to smaller amino acid residue glycine (G215 in VirRprs).
Therefore, the hydrogen bonding network between ICS and CCS is mediated by waters to a greater
extent in VirRprs than in OLPVRL.

Interestingly, VirRpts contains a lipid molecular fragment between helices TM6 and TM7 similar
to that found in OLPVRL1 structures, supporting the hypothesis on the conservation of the pore
structure between TM6 and TM7 in viral rhodopsins of group 1. Taken together, this additionally

supports the conclusion that the lipid molecule is an artifact of crystallization.
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Supplementary Figure 1. Unrooted phylogenetic tree of known microbial rhodopsins. Viral
rhodopsins (groups | and I1), heliorhodopsins®#, and other microbial rhodopsins (type-1 rhodopsins) groups
are indicated with color. The analyzed base of microbial rhodopsins consists of proteins retrieved from
TARA project and proteins predicted with InterPro® software. The phylogenetic tree was created using

UGENE® and iTOL’ software.
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Supplementary Figure 2. Sequence alignment of representative viral rhodopsins. The sequence
alignment was created using UGENE software® and ESPript3 online server. Secondary structure elements
for OLPVR1 are shown as coils. Fully conservative residues are indicated with blue color and red frames
for charged and non-charged amino acids, respectively. Highly conservative residues forming ion
channeling constrictions are additionally colored orange.
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Supplementary Figure 3. Sequence alignment of microbial rhodopsin genes. The sequences with their
Genbank IDs in parenthesis are OLPVR1 (ADX06642.1, present study), VirChR1 (TARA-146-SRF-0.22-
3-C376786_1, present study), DTS rhodopsin (AGM15640.1), Chrimson (AHH02126.1), CrChR2
(ABO64386.1), MerMAID18, MerMAID284%, GtACR1 (AKN63094.1), ZipACR (APZ76709.1),
GtBCCR2 (ANC73518.1), GtBCCR4 (ARQ20888.1), HsBR (WP_010903069.1), HsHR (P15647.1), CIR
(PDB ID: 5G28), KR2 (BAN14808.1), GPR (AAK30191.1), BPR_Med12 (PDB ID: 4JQ6). Highly
conservative residues are colored red, and fully conservative residues are indicated with red frames.
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Supplementary Figure 4. Comparison of calcium sensitivity of VirChR1 and CrChR2 (a) Current-
voltage dependences for one representative SH-SY5Y cell in 110 mM NacCl (red) and 80 mM CacCl; (indigo)
solutions. Error bars were determined as a standard deviation of current value under illumination in the cell
measured. No additional averaging was done, since different cells have different protein expression levels.
For both proteins Sample size n = 1 for data displayed. Current-traces had similar shape inn =3 - 10 more
cells. (b) Representative example of current-voltage dependences of a CrChR2-expressing SH-SY5Y cell
in 80 mM CacCl; solution. We did not observe calcium blocking effect of CrChR2 in any cell.
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Supplementary Figure 5. Voltage-traces of one representative neuron spiking in response to 80 ms
light pulse series of different frequencies. Missed spikes occur in higher frequency.
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Supplementary Figure 6. Representative examples of VirChR1 neuron spiking. Voltage-traces of one
representative neuron spiking in response to light pulse series (top — 100 ms light pulses, others — 80 ms
light pulses). Double-spiking occurs in some cases.
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Supplementary Figure 7. Crystal packing of OLPVRL1 protein. (a) Magnified images of the OLPVR1
and O102 crystals used for structure determination. Crystals were observed in at least n = 2 independent
experiments, and under n = 2-7 slightly different precipitation buffer conditions for each experiment. (b)
Lattice packing of the crystals, viewed in two principal orientations. The asymmetric unit protein content
is colored with green and cyan for each structure.



Supplementary Figure 8. Examples of the electron density maps of the OLPVRL1 structure. 2F, — F.
maps (gray mesh, contoured at the level of 1.5¢6) for the (a) retinal pocket, (b) intracellular gate, (c)
extracellular gate, and (d) central gate. The water molecules and retinal cofactor are clearly resolved in the
structure. 1.4 A resolution dataset was collected with a single crystal.
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Supplementary Figure 9. Putative dimer organization of OLPVRL. (a) Side view and the view from
the extracellular side of the OLPVR1 putative dimer observed for P2:2,2 structure. (b) OLPVR1 crystal
structure (left) and OLPVR1 dimer structure predicted by GalaxyHomomer server® (right). (c)
Corresponding dimer interface of dimer structures formed by ICL2, TM4 and TM5 helices. Distances
between residues involved in dimer formation are drawn with dashed lines. Residues involved into dimer
formation are named in one of the protomers. (d) Interaction surface areas between protomers in different
microbial rhodopsins structures calculated with solvent accessible surface area calculation software for
biological molecules.
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Supplementary Figure 10. Structural alignment of OLPVR1 with other rhodopsins. Side views and
views from extracellular side of pair structure alignments of OLPVR1 with (a) Med12BPR (PDB ID:
4JQ69), (b) GtACR1 (PDB: 6CSM), (c) Chrimson (PDB: 5ZIH*?) and (d) HsBR (PDB: 1C3W™). Root
mean square deviations (RMSD) of the alignments are additionally indicated.
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Supplementary Figure 11. Unusual OLPVRI1-lipid interaction. (a) Lipid binding region (LBR) in the
OLPVR1 structure between TM6 and TM7 helices. The lipidic fragment is drawn as green sticks. (b) The
magnified view of the protein-lipid interaction region in OLPVRL1 (left) and O102 (right). 2F, — Fc map of
the lipidic fragment between TM6 and TM7 helices is contoured at 1.5¢ and shown as gray mesh. No lipidic
fragment in the LBR in O102 structure was observed. (c) Sequence alignment of the TM6 and TM7 helices
of OLPVR1, OLPVRII*, and 0102 mutant. Major mutations implemented are colored purple. (d) Heat
plot of side chain displacement (root mean square deviation, RMSD) of residues from TM6 and TM7 at 1
us scale after lipid fragment (97N 302 ligand molecule) removal.



Supplementary Figure 12. Retinal pocket and DC pair region architecture. (a) Retinal pockets, (b) DC
pair regions, and (c) Schiff base regions of OLPVR1 (left), CrChR2 (middle), and HsBR (right) are shown
in cyan, yellow, and purple colors respectively. All-trans retinal cofactor is depicted orange. Essential
residues are numbered and depicted as sticks. Hydrogen bonds are shown with dashed lines. Distances
between DC-pair partnering residues are indicated in angstroms.
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Supplementary Figure 13. Comparison of OLPVRL1 and VirRprs. (a) Crystal structures of OLPVR1

and VirRprs (PDB: 6J00?). (b) An extended overview of the lipid molecule fragment orientation between
TM6 and TM7 helices in viral rhodopsins structures viewed parallel to membrane (left) and from the

intracellular side (right). (c) Individual TM helices are shown after the superimposition of the OLPVR1 and

VirRprs. Key residues are additionally shown as sticks. (d) Voltage-clamp records from one representative
cell, expressing (d) VirChR1 (left) and VirRprs (DTS rhodopsin) with 10 mM HEPES pH 7.4, 110 mM
NaCl, 2 mM MgCl.. The illumination period is indicated in light blue.



Supplementary Figure 14. Organization of ion pathway constriction sites in other microbial
rhodopsins. Magnified view of the (a) intracellular constriction site (gate), (b) central constriction site
(gate) and (c) extracellular constriction site (gate) regions in C1C2 (left, PDB code: 3UG9%), Chrimson
(middle, PDB code: 5Z1H*?) and HsBR (right, PDB code: 1C3W*?) structures, colored indigo, orange and

magenta respectively. Water accessible cavities were calculated using HOLLOW?®® and are presented as
pink surfaces.
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Supplementary Figure 15. Proposed ion-conducting pathway of OLPVRL. Three consecutive
constriction sites and proposed cation pathway of (a) OLPVRL1 and (b) CrChR2 proteins. The proposed ion
pathway is shown only in one direction for clarity. Important residues are depicted as sticks. All-trans
retinal is painted with orange color. NT and DC pairs are additionally indicated.



Supplementary Table 1. Crystallographic data collection and refinement statistics.

Data collection

OLPVR1_P1

OLPVR1_P21212

0102

Space group

P1

P2:2,2

1121

Cell dimensions

a, b, c(A) 40.18, 56.97, 62.34 46.53, 115.80, 53.53 44.40, 103.40, 111.38
a B y(© 113.90, 90.01, 91.49 90, 90, 90 90, 90.32, 90
Wavelength (A) 0.976 0.976 0.978

Resolution (A)

40.16-1.6 (1.63-1.60)

48.59-1.4 (1.42-1.40)

41.33-1.96 (2.00-1.96)

Rmerge (%) 5.8 (116.1) 7.2 (181.0) 5.1(119.1)
I/ol 6.1(0.7) 12.3 (1.0 12.2 (0.9)
CCy» (%) 99.8 (53.3) 99.8 (45.3) 99.9 (50.8)
Completeness (%) 95.2 (94.2) 100.0 (99.9) 99.5 (95.4)
Unique reflections 63,486 (3098) 57,845 (2820) 36,098 (2448)
Multiplicity 3.5(3.6) 6.3 (6.3) 3.5(3.4)
Refinement
Resolution (A) 20-1.60 20-1.40 20-1.96
No. reflections 60,315 54,864 34,293
Rworks Riree (%0) 18.8/21.3 14.2/18.6 20.2/24.6
No. atoms
Protein 3915 2012 3776
Retinal 40 40 40
Water 98 107 52
Lipids 289 220 32
B-factors (A2)
Protein 31 24 45
Retinal 23 17 35
Water 36 37 42
Lipids 54 46 58
R.m.s. deviations
Bond lengths (A) 0.0030 0.0041 0.0021
Bond angles (°) 1.0662 0.8917 1.0525




Supplementary Table 2. List of plasmid used in this study.

pBKT plasmid
(gene position
described as XXX)

agatcttgatccectgcgcecatcagatcecttggeggcaagaaagcecatecagtttactttgcagggcettcccaaccttaccagagggegeeccagcetggceaattccgggcecacgatgegtecggegtagag
gatcgagatctcgatcccgcgaaattaatacgactcactataggggaattgtgagcggataacaattcccctctagaaataattttgtttaactttaagaaggagatatacat X XXX XXX XXX XX XX
XXXXgagagtggtctggtgcegegeggeageggtcaccaccatcaccaccatcaccactaatgaaagettggetgctaacaaagcccgaaaggaagctgagttggetgetgecaccgetgageaata
actagcataaccccttggggcectctaaacgggtcttgaggggttttitgctgaaaggaggaactatatccggegegtgctagaggcatcaaataaaacgaaaggctcagtcgaaagactgggectttegtttta
tetgttgtttgtcggtgaacgctetectgagtaggacaaatcegeegecctagacctagggegttcggetgeggegageggtatcagetcactcaaaggcggtaatacggttatccacagaatcaggggata
acgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgegttgetggegtttticcataggctccgecceectgacgagcatcacaaaaatcgacgctcaagtcaga
ggtggcgaaacccgacaggactataaagataccaggcgtttcccectggaagcetecctegtgegctetectgttcecgaccetgeegcettaccggatacctgteegecttteteecttcgggaage gtggegcet
ttctcatagctcacgctgtaggtatctcagticggtgtaggtegticgcetccaagetgggctgtgtgcacgaacceccegticageccgaccgctgegecttatccggtaactategtctigagtccaacceggt
aagacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagticttgaagtggtggectaactacggctacactagaaggacagtatttggtat
ctgcgctetgctgaagcecagttaccticggaaaaagagttggtagctctigatccggcaaacaaaccaccgetggtageggtygtttttttgtitgcaagcagcagattacgcgcagaaaaaaaggatctcaag
aagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgactagtgctiggattctcaccaataaaaaacgcccggeggcaaccgagcegttctgaacaaa
tccagatggagttctgaggtcattactggatctatcaacaggagtccaagcgagcetctcgaaccccagagtceccgcetcagaagaactcgtcaagaaggcgatagaaggcgatgegetgegaatcgggage
ggcgataccgtaaagcacgaggaagcggtcageccattcgecgecaagcetcttcagcaatatcacgggtagccaacgctatgtcctgatageggtecgecacacccagecggcecacagtegatgaateea
gaaaagcggccattttccaccatgatattcggcaagcaggceatcgccatgggtcacgacgagatcctegecgtegggeatgegegecttgagectggegaacagttcggetggegegageccectgatget
cttcgtccagatcatcctgatcgacaagaccggcttccatccgagtacgtgcetegetegatgegatgtttcgettggtggtcgaatgggcaggtageeggatcaagegtatgcagecgecgcattgeatcage
catgatggatactttctcggcaggagcaaggtgagatgacaggagatcctgcceccggeacttcgeccaatagcagecagteecttecegettcagtgacaacgtcgageacagcetgcgcaaggaacgece
gtcgtggccagcecacgatagecgegcetgectegtectgcagttcattcagggcaccggacaggtcggtcttgacaaaaagaaccgggcgeecctgegcetgacagecggaacacggeggceatcagagea
gccgattgtctgttgtgcccagtcatagccgaatagectctccacccaagcggecggagaacctgegtgcaatccatctigticaatcatgcgaaacgatecteatectgtctcttgatce

pCDNA3.1 plasmid

(gene position
described as XXX)

atctcccgatcccctatggtgcactctcagtacaatctgctctgatgecgcatagttaagecagtatetgcteectgcettgtgtgtiggaggtegcetgagtagtgcgegagcaaaatttaagctacaacaaggcaa
ggcttgaccgacaattgcatgaagaatctgcttagggttaggegttttgegetgcttcgegatgtacgggcecagatatacgegttgacattgattattgactagttattaatagtaatcaattacggggtcattagtt
catagcccatatatggagttccgegttacataacttacggtaaatggeccgectggcetgaccgeccaacgaccecegceccattgacgtcaataatgacgtatgttceccatagtaacgccaatagggactttcca
ttgacgtcaatgggtggagtatttacggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgccccctattgacgtcaatgacggtaaatggeccgectggceattatgcccagtacatgac
cttatgggactttcctacttggcagtacatctacgtattagtcatcgctattaccatggtgatgeggtttiggcagtacatcaatgggegtggatageggtttgactcacggggatttccaagtctccaccecattga
cgtcaatgggagtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgecccattgacgcaaatgggeggtaggegtgtacggtgggaggtctatataagcagagctctetggeta
actagagaacccactgcttactggcttatcgaaattaatacgactcactatagggagacccaagctggctagegtttaaacgggcecctctagactcgagtggecgcecactgtgetggatatctgcagaattcca
ccacactggactagtggatccgccacCX XX XXX XXX XXX XX XXX X cttaagtttaaaccgctgatcagectcgactgtgecttctagttgccagecatctgttgtttgccecteeceeegtgec
ttcettgaccctggaaggtgccactcecactgtectticctaataaaatgaggaaattgcatcgeattgtctgagtaggtgtcattctattctggggggtggggtggggcaggacagcaagggggaggattggg
aagacaatagcaggcatgctggggatgcggtgggctctatggcttctgaggcggaaagaaccagetggggctctagggggtatceeccacgegeectgtageggegcattaagegeggegggtgtggty
gttacgcgcagcegtgaccgctacacttgccagegceectagegeccgctectttegetttetteecttectttctecgecacgttcgecggctttececcegtcaagctctaaatcgggggceteectttagggttecgatt
tagtgctttacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggccatcgecctgatagacggtttttcgeectttgacgttggagtecacgttctttaatagtggactcttgttccaaac
tggaacaacactcaaccctatctcggtctattcttttgatttataagggattttgccgatttcggcctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattaattctgtggaatgtgtgtcagttaggg
tgtggaaagtccccaggctccccagcaggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaggtgtggaaagtccccaggcetccccagcaggcagaagtatgcaaagcatgcatctcaatta
gtcagcaaccatagtcccgeccctaactccgeccateeecgeccctaactcegeccagttcecgeccattetcegecccatggetgactaattttttttatttatgcagaggcecgaggecgectetgectetgageta
ttccagaagtagtgaggaggcttttttggaggcectaggcttttgcaaaaagetcccgggagettgtatatccattttcggatctgatcaagagacaggatgaggategtttcgcatgattgaacaagatggattge
acgcaggttctccggecgcettgggtggagaggctattcggctatgactgggcacaacagacaatcggctgetetgatgecgecgtgttcecggetgtcagegcaggggegececggttctttitgtcaagaccg
acctgtccggtgcecctgaatgaactgcaggacgaggcagcgeggctatcgtggetggecacgacgggcegttecttgecgeagetgtgctcgacgttgtcactgaagcgggaagggactggetgctattggg
cgaagtgccggggcaggatctectgtcatctcacctigetcctgccgagaaagtatccatcatggetgatgcaatgcggeggetgcatacgetigatccggetacctgeccattcgaccaccaag cgaaacat
cgcatcgagcgagcacgtactcggatggaagccggtcttgtcgatcaggatgatctggacgaagagcatcaggggctcgegecagecgaactgttcgecaggetcaaggegegeatgeccgacggega
ggatctcgtcgtgacccatggcgatgcectgettgecgaatatcatggtggaaaatggecgcettttctggattcatcgactgtggeeggetgggtgtggeggaccgctatcaggacatagegttgg ctaccegt
gatattgctgaagagcttggcggcegaatgggetgaccgcttectcgtgctttacggtatcgecgcetcecgattcgcagegceategecttetatcgecttcttgacgagttettctgagcgggactetggggtteg
aaatgaccgaccaagcgacgcccaacctgccatcacgagatttcgattccaccgecgccttctatgaaaggttgggettcggaategttttccgggacgecggctggatgatcctccagegeggg gatctea
tgctggagttcttcgeccaccecaacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactgcattctagtigtggtttgtccaaactcatcaatgtate
ttatcatgtctgtataccgtcgacctctagctagagettggcgtaatcatggtcatagctgtttectgtgtgaaattgttatccgetcacaattccacacaacatacgagce cggaagcataaagtgtaaagectggg
gtgcctaatgagtgagctaactcacattaattgcgtigcgetcactgeccgctttccagtcgggaaacctgtegtgecagetgcattaatgaatcggecaacgcgcggggagaggeggtttgegtattgggeg
ctettcegcttectegetcactgactcgcetgegeteggtegttcggetgcggegageggtatcagetcactcaaaggeggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgage
aaaaggccagcaaaaggccaggaaccgtaaaaaggccgegttgetggegtttttccataggctccgeccecctgacgageatcacaaaaatcgacgctcaagtcagaggtggcgaaaccegacag gact
ataaagataccaggcgtttccccctggaagcetecctegtgegcetetectgttcecgaccetgecgcettaccggatacctgtecgectttctcecttcgggaagegtggegctttetcatagetcacgctgtaggtat
ctcagttcggtgtaggtcgttcgctccaagetgggctgtgtgcacgaacceccegttcageccgaccgetgegcecttatccggtaactategtettgagtccaaccecggtaagacacgacttatcgecactgg
cagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcectaactacggcetacactagaagaacagtatttggtatctgegctctgetgaagecagttac
cttcggaaaaagagttggtagctctigatccggcaaacaaaccaccgcetggtageggtttitttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatectttgatcttttctacggggtct
gacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgaca
gttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttcatccatagttgcctgactccecgtegtgtagataactacgatacgggagggcttaccatctggecccagtgcetgcaatgata
ccgegagacccacgctcaccggctccagatttatcagcaataaaccagccagccggaagggecgagegcagaagtggtectgcaactttatccgectecatccagtctattaattgttgccgggaagctaga
gtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgctacaggceatcgtggtgtcacgctegtegttiggtatggcttcattcagetccggttcccaacgatcaaggcgagttacatgatcececat
gttgtgcaaaaaagcggttagetecttcggtectecgategttgtcagaagtaagttggecgeagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatcegtaagatgctttictgtg
actggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgccecggegtcaatacgggataataccgegcecacatagcagaactttaaaagtgctcatcattggaaaacgttc
ttcggggcgaaaactctcaaggatcttaccgetgttgagatccagticgatgtaacccactcgtgcacccaactgatcttcageatcttttactttcaccagegtttctgggtgagcaaaaacaggaaggcaaaat




gcegeaaaaaagggaataagggegacacggaaatgttgaatactcatactcttectttttcaatattattgaagcatttatcagggttattgtetcatgagcggatacatatttgaatgtatttagaaaaataaacaaa
taggggttcegegeacatttccecgaaaagtgccacctgacgtcgacggatcgggag

PAAYV plasmid

(gene position
described as XXX)

gtcctgcaggeagcetgegegetegetcgetcactgaggccgeccgggcaaageccgggegtcgggegacctttggtcgeccggcectcagtgagcgagegagegegcagagagggagtggecaactc
catcactaggggttcctgcggecgcacgegtgtgtctagactgcagagggecctgegtatgagtgcaagtgggttttaggaccaggatgaggcggggtgggggtgectacctgacgaccgaccecgace
cactggacaagcacccaacccccattccccaaattgcgcatcecctatcagagagggggaggggaaacaggatgcggegaggegegtgegceactgecagceticagcaccgeggacagtgecttcgece
ccgectggeggegegegecaccgecgcctcageactgaaggegegetgacgtcactcgecggtecccegeaaacteeecttccecggecaccttggtecgegteecgegecgecgecggeccagecggac
cgcaccacgcgaggcgcgagataggggggeacgggegegaccatctgegetgeggegeecggegactcagegcetgectcagtetgeggtgggeageggaggagtegtgtegtgectgagagegeag
tcgagaaggtaccggatcegecact X XXX XX XXX XX XX XXX X Xtgagaattcgatatcaagcttatcgataatcaacctctggattacaaaatttgtgaaagattgactggtattcttaactat
gttgctecttttacgctatgtggatacgcetgctttaatgectttgtatcatgctattgettccegtatggcttteattttctectecttgtataaatcetggttgetgtetctttatgaggagttgtggececgttgtcaggceaa
cgtggegtggtgtgcactgtgtttgctgacgcaacceccactggttggggeattgccaccacctgtcagetectttcecgggactttegcetttececectecctattgeccacggeggaactcatcgeegectgectt
gcccgcetgetggacaggggceteggetgttgggeactgacaattecegtggtgttgtcggggaaatcategtectttecttggetgetegectgtgttgecacctggattctgegegggacgtecttctgetacgte
ccttcggecctcaatccageggaccttecttcecgeggectgcetgecggetetgeggectettecegegtettegecttecgecctcagacgagteggatcteectttgggecgecteecegeatcgataccgag
cgctgctcgagagatctacgggtggeatcectgtgaccectccccagtgcectetectggecctggaagttgccactccagtgeccaccagecttgtcctaataaaattaagttgcatcattttgtctgactaggtg
tectictataatattatggggtggaggggggtggtatggagcaaggggcaagttgggaagacaacctgtagggectgcggggtctatigggaaccaagcetggagtgcagtggcacaatcttggetcactge
aatctccgcctectgggttcaagcgattctectgectcagectcecgagttgttgggattccaggceatgcatgaccaggctcagctaatttttgtttttttggtagagacggggtttcaccatattggccaggetggt
ctccaactcctaatctcaggtgatctacccaccttggectcccaaattgetgggattacaggegtgaaccactgeteectteectgtectictgattitgtaggtaaccacgtgcggaccgageggecgcaggaa
cccctagtgatggagttggecactecctctctgegegcetegctegetcactgaggeecgggcgaccaaaggtegeccgacgeecgggctttgcccgggeggectcagtgagcgagegagegegcagety
cctgcaggggegcectgatgeggtatttictecttacgeatctgtgeggtatttcacaccgcatacgtcaaagcaaccatagtacgegecctgtageggegeattaagegeggegggtgtggtggttacgegea
gcgtgaccgctacacttgccagcegecctagcgeccgctectttegctttetteecttectttctcgecacgttcgecggctttceccegtcaagcetctaaatcgggggetecctttagggttcegatttagtgetttac
ggcacctcgaccccaaaaaacttgatttgggtgatggttcacgtagtgggccatcgecctgatagacggtttttcgecctttgacgtiggagtccacgttctttaatagtggactcttgticcaaactggaacaaca
ctcaaccctatctcgggctattcttttgatttataagggattttgccgatttcggcectattggttaaaaaatgagetgatttaacaaaaatttaacgcgaattttaacaaaatattaacgtttacaattttatggtgcactct
cagtacaatctgctctgatgccgcatagttaagccagecccgacacccgcecaacaccecgetgacgegcecctgacgggcttgtetgcteeccggeateegcttacagacaagctgtgaccgtetccgggaget
gcatgtgtcagaggttttcaccgtcatcaccgaaacgcgcgagacgaaagggcctcgtgatacgectatttttataggttaatgtcatgataataatggtttcttagacgtcaggtggceacttttcggggaaatgt
gcgcggaacccctatttgtttatttttctaaatacattcaaatatgtatccgctcatgagacaataaccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttccgtgtcgcececttattce
cttttttgcggceattttgccttectgtttttgctcacccagaaacgctggtgaaagtaaaagatgctgaagatcagtigggtgcacgagtgggttacatcgaactggatctcaacagceggtaagatectigagagtt
ttcgcceccgaagaacgttttccaatgatgagcacttttaaagttctgctatgtggcgeggtattatccegtattgacgccgggcaagagcaactcggtegecgcatacactattctcagaatgacttggttgagta
ctcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccataaccatgagtgataacactgcggcecaacttacttctgacaacgatcggaggaccgaaggagctaac
cgcttttttgcacaacatgggggatcatgtaactcgcctigatcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgc gcaaact
attaactggcgaactacttactctagcttcccggcaacaattaatagactggatggaggcggataaagtigcaggaccacttctgcgetcggeccttccggetggctggtttattgetgataaatctggagccgg
tgagcgtgggtctcgeggtatcatigcagcactggggecagatggtaageccteccgtategtagttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtg
cctcactgattaagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgag
ttttcgttccactgagcegtcagaccecgtagaaaagatcaaaggatcttettgagatcctttttttctgcgegtaatctgctgctigcaaacaaaaaaaccaccgctaccageggtggtttgtitgccggatcaaga
gctaccaactctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgtecttctagtgtagecgtagttaggccaccacttcaagaactctgtagcaccgcectacatacctcgctetgctaate
ctgttaccagtggctgctgccagtggegataagtegtgtettaccgggttggactcaagacgatagttaccggataaggcgcageggtcgggctgaacggggggttcgtgcacacageccagettggage
gaacgacctacaccgaactgagatacctacagcgtgagctatgagaaagcgecacgceticccgaagggagaaaggcggacaggtatccggtaageggcagggtcggaacaggagagegcacgaggg
agcttccagggggaaacgcctggtatctttatagtcctgtcgggtttcgcecacctetgacttgagegtegatttttgtgatgctcgtcaggggggeggagectatggaaaaacgecagcaacgeggcctttttac
ggttcctggecttttgetggecttttgctcacat

Supplementary Table 3. List of protein genes used in this study.

OLPVR1_His8
codon optimized
for E. Coli
expression

ATGGACAACATCATCATGACCGCCTATATTAGCATTTTCGTGCAGATTATTACCGCCATCATTAGCGTTTATGGTCTGTTTATT
CCGCTGAACTTCAAAGATATTATCCTGCGCGAAATTCTGATCCTGGAACTGATTGTTCAGATCATCGAGTTCATCTTCTATAT
CTGGCTGATTATTACGCTGCAGAGCATCAATGAAGATATTACCTATGTGCGCTATTTCGATTGGGTTCTGACCACACCGGTTA
TGCTGCTGACCACCGTTTATTTCTTTGAGTATATGAATAGCGACGACGGCATCCGCAAAAAAGAAATTAATGATCGCGATTA
TGTGTACCTGTTCTACATTTGTCTGAGCAACTTTTTCATGCTGCTTATTGGTTATCTGGGTGAAACCAAGCAGATCAATAAAA
TGCTGACCCTGTTTGGTGGTAGCTTTTTTCTGTTTCTGACCTTCTATCTGCTGTACGTGAAATACACCAAAGAAAACTGGATG
AACTACATCGTGTTCTATTTCATGTTCCTGGTGTGGTTTCTGTATGGCTTTGCATTTATGTTTCCGTTTAGCATCAAGAACCAG
ATGTATAACATTCTGGACATCGTGAGCAAAAACATCTACAGCATCTTTATCTTCATCGTGATTCTGAACCAGAGCTACAAACT
GCTCgagagtggtctggtgccgegeggcageggtcaccaccatcaccaccatcaccactaa

0O102(OLPVR1_9
mutant)_His8
codon optimized

ATGGACAACATCATCATGACCGCCTATATTAGCATTTTCGTGCAGATTATTACCGCCATCATTAGCGTTTATGGTCTGTTTATT
CCGCTGAACTTCAAAGATATTATCCTGCGCGAAATTCTGATCCTGGAACTGATTGTTCAGATCATCGAGTTCATCTTCTATAT
CTGGCTGATTATTACGCTGCAGAGCATCAATGAAGATATTACCTATGTGCGCTATTTCGATTGGGTTCTGACCACACCGGTTA
TGCTGCTGACCACCGTTTATTTCTTTGAGTATATGAATAGCGACGACGGCATCCGCAAAAAAGAAATTAATGATCGCGATTA
TGTGTACCTGTTCTACATTTGTCTGAGCAACTTTTTCATGCTGCTTATTGGTTATCTGGGTGAAACCAAGCAGATCAATAAAA
TGCTGACCCTGTTTGGTGGTAGCTTTTTTCTGTTTCTGACCTTCTATCTGCTGTACGTGAAATACACCAAAGAAAACTGGATG
AACTACCtgGTGTTCgycgegATGTTCCTGCtgTGGgcgCTGTATGGCTTTGCATTTATGTTTCCGTTTAGCATCAAGAACCAGATGT




for E. Coli
expression

ATAACATTCTGGACATCLtttAGCAAAAACLcgtgAGCATCTTTIITTCATCGTGATTCTGAACCAGAGCTACAAACTGCTCgagagtggt
ctggtgcegegeggeageggteaccaccatcaccaccatcaccactaa

BRIL_VirChR1_Hi
s8 codon optimized
for E. Coli
expression

ATGcgtaaaagcctgttagctattctigcagtctectegttggtattcagttctgcgtegtttgccgctgatctigaagacaatigggaaaccctcaacgacaatttaaaagtgatcgaaaaagcggataacgcy
gcgcaagtcaaagacgcgttaacgaagatgcgegecgcagcegcetggatgcgcaaaaagcaacgccgccgaagctcgaagataaatcaccggacagcccggaaatgaaagatticcgecacggtttcga
cattctggtcggtcagattgacgacgcgctgaagctggcaaatgaaggtaaagtaaaagaagcgcaggctgctgcagagcaactgaaaacgacccgcaacgcctatattcagaagtatctggtGacgctg
gtgcegegeggeagecaggegggtaccCAAGGATAAAGAACTGCTGCTGCTGACCGTGAAAATTAGCCTGGTTGTTCAGATTATTAGCGGTA
TTGTTAGCAGCTTTGGCATCTTTATCAAACTGGCACCGAAAGATTATATCCTGCGCGATATTCTGATTATCGAAACCGTTGTG
CAGATTGTGGAAGCCATCTTTTATGTGTATATCTACCTGAGCCTGGAAAGCCTGGATAACAATGTTATTACCAGCCGTCGTTA
TTTCGATTGGGTTATTACAACCCCGATTATGCTGATTAGCACCATTCTGTTTATGCGCTATAACATCCGCATCCTGTATGACA
AAAGCAAGAACAAACAGAACCGTCAGAATAAGCCGAAAAGCAATCTGACCACCTATAACGTGATCAAGAACAACAAAGAC
ACCATCATCAAAATCGTGATCGGCAACTTTATCATGCTGTGCTTTGGTTATCTGGGCGAAGTTGATATTCTGTCCAAAACCAT
TAGCATTCCGATCGGCTTTATCTTCTTCTTCTATGTGTTTTACCTGATCTGGCGTGAATTTGGTAGCTATACCCAGCAGAACCA
GATTCTGTTTTGGGTGCTGTTTATTGTTTGGGGTCTGTATGGTGTTAGCGCATGTCTGCCGGTGCTGCAGAAAAACATTTGCT
ATAATATCCTGGACATCATCAGCAAGAACTTCTATGGCCTGTATATCTTCTACTACATTTATCAGCATCGTCTGGTGGTGCTCy
agagtggtctggtgccgegeggceageggtcaccaccatcaccaccatcaccactaa

HF_VirChR1_TS_
P2A_Katushka
codon optimized
for Homo Sapiens

ATGAAGACGATCATCGCCCTGAGCTACATCTTCTGCCTGGTATTCGCCGACTACAAGGACGATGATGACGCCAAAggtaccAAG
GACAAAGAACTGCTGCTGCTGACCGTGAAGATCAGCCTGGTGGTGCAGATCATCAGCGGCATCGTGTCCAGCTTCGGCATCT
TCATCAAGCTGGCCCCTAAGGACTACATCCTGCGGGACATCCTGATCATCGAGACAGTGGTCCAGATCGTGGAAGCCATCTT
CTACGTGTACATCTACCTGAGCCTGGAAAGCCTGGACAACAACGTGATCACCAGCCGGCGGTACTTCGACTGGGTCATCACC
ACACCTATCATGCTGATCTCCACCATCCTGTTCATGCGGTACAACATCCGCATCCTGTACGACAAGAGCAAGAACAAGCAGA
ACCGGCAGAACAAGCCCAAGAGCAACCTGACCACCTACAACGTCATCAAGAACAACAAGGACACCATCATCAAGATCGTGA
TCGGGAACTTCATCATGCTGTGCTTCGGCTACCTGGGCGAAGTGGATATCCTGAGCAAGACCATCAGCATCCCTATCGGCTT
CATCTTCTTTTTTTACGTGTTCTACCTGATTTGGCGCGAGTTCGGCAGCTACACCCAGCAGAACCAGATCCTGTTCTGGGTGC
TGTTCATCGTGTGGGGCCTGTATGGCGTGTCAGCCTGTCTGCCTGTGCTGCAGAAGAACATCTGCTACAATATCCTGGACATC
ATCAGCAAGAACTTCTACGGCCTGTACATCTTTTACTACATCTATCAGCATCGGCTGGTGGTCgeggccgcCAAGAGCAGGATCA
CCAGCGAGGGCGAGTACATCCCCCTGGACCAGATCGACATCAACGTGACcgcggGCGGCAGCGGCGCCACTAACTTCAGCCTC
CTCAAGCAGGCCGGCGACGTGGAGGAGAACCCCGGCCCCygeaccATGGTGGGTGAGGATAGCGTGCTGATCACCGAGAACAT
GCACATGAAACTGTACATGGAGGGCACCGTGAACGACCACCACTTCAAGTGCACATCCGAGGGCGAAGGCAAGCCCTACGA
GGGCACCCAGACCATGAAGATCAAGGTGGTCGAGGGCGGCCCTCTCCCCTTCGCCTTCGACATCCTGGCTACCAGCTTCATG
TACGGCAGCAAAACCTTTATCAACCACACCCAGGGCATCCCCGACTTCTTTAAGCAGTCCTTCCCTGAGGGCTTCACATGGG
AGAGGATCACCACATACGAAGACGGGGGCGTGCTGACCGCTACCCAGGACACCAGCCTCCAGAACGGCTGCCTCATCTACA
ACGTCAAGATCAACGGGGTGAACTTCCCATCCAACGGCCCTGTGATGCAGAAGAAAACACTCGGCTGGGAGGCCAGCACCG
AGATGCTGTACCCCGCTGACAGCGGCCTGAGAGGCCATGCCCAGATGGCCCTGAAGCTCGTGGGCGGGGGCTACCTGCACT
GCTCCCTCAAGACCACATACAGATCCAAGAAACCCGCTAAGAACCTCAAGATGCCCGGCTTCTACTTCGTGGACAGGAGACT
GGAAAGAATCAAGGAGGCCGACAAAGAGACCTACGTCGAGCAGCACGAGATGGCTGTGGCCAGGTACTGCGACCTGCCTA
GCAAACTGGGGCACAGCTGA

VirChR1_TS_P2A
_Katushka codon
optimized for
Homo Sapiens

ATGAAGGACAAAGAACTGCTGCTGCTGACCGTGAAGATCAGCCTGGTGGTGCAGATCATCAGCGGCATCGTGTCCAGCTTCG
GCATCTTCATCAAGCTGGCCCCTAAGGACTACATCCTGCGGGACATCCTGATCATCGAGACAGTGGTCCAGATCGTGGAAGC
CATCTTCTACGTGTACATCTACCTGAGCCTGGAAAGCCTGGACAACAACGTGATCACCAGCCGGCGGTACTTCGACTGGGTC
ATCACCACACCTATCATGCTGATCTCCACCATCCTGTTCATGCGGTACAACATCCGCATCCTGTACGACAAGAGCAAGAACA
AGCAGAACCGGCAGAACAAGCCCAAGAGCAACCTGACCACCTACAACGTCATCAAGAACAACAAGGACACCATCATCAAG
ATCGTGATCGGGAACTTCATCATGCTGTGCTTCGGCTACCTGGGCGAAGTGGATATCCTGAGCAAGACCATCAGCATCCCTA
TCGGCTTCATCTTCTTTTTTTACGTGTTCTACCTGATTTGGCGCGAGTTCGGCAGCTACACCCAGCAGAACCAGATCCTGTTCT
GGGTGCTGTTCATCGTGTGGGGCCTGTATGGCGTGTCAGCCTGTCTGCCTGTGCTGCAGAAGAACATCTGCTACAATATCCTG
GACATCATCAGCAAGAACTTCTACGGCCTGTACATCTTTTACTACATCTATCAGCATCGGCTGGTGGTCgeggeccgcCAAGAGCA
GGATCACCAGCGAGGGCGAGTACATCCCCCTGGACCAGATCGACATCAACGTGACCgcggGCGGCAGCGGCGCCACTAACTTC
AGCCTCCTCAAGCAGGCCGGCGACGTGGAGGAGAACCCCGGCLCCCygcaccATGGTGGGTGAGGATAGCGTGCTGATCACCGA
GAACATGCACATGAAACTGTACATGGAGGGCACCGTGAACGACCACCACTTCAAGTGCACATCCGAGGGCGAAGGCAAGCC
CTACGAGGGCACCCAGACCATGAAGATCAAGGTGGTCGAGGGCGGCCCTCTCCCCTTCGCCTTCGACATCCTGGCTACCAGC
TTCATGTACGGCAGCAAAACCTTTATCAACCACACCCAGGGCATCCCCGACTTCTTTAAGCAGTCCTTCCCTGAGGGCTTCAC
ATGGGAGAGGATCACCACATACGAAGACGGGGGCGTGCTGACCGCTACCCAGGACACCAGCCTCCAGAACGGCTGCCTCAT
CTACAACGTCAAGATCAACGGGGTGAACTTCCCATCCAACGGCCCTGTGATGCAGAAGAAAACACTCGGCTGGGAGGCCAG
CACCGAGATGCTGTACCCCGCTGACAGCGGCCTGAGAGGCCATGCCCAGATGGCCCTGAAGCTCGTGGGCGGGGGCTACCT
GCACTGCTCCCTCAAGACCACATACAGATCCAAGAAACCCGCTAAGAACCTCAAGATGCCCGGCTTCTACTTCGTGGACAGG
AGACTGGAAAGAATCAAGGAGGCCGACAAAGAGACCTACGTCGAGCAGCACGAGATGGCTGTGGCCAGGTACTGCGACCT
GCCTAGCAAACTGGGGCACAGCTGA




VirChR1_TS_YFP
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ATGAAGGACAAAGAACTGCTGCTGCTGACCGTGAAGATCAGCCTGGTGGTGCAGATCATCAGCGGCATCGTGTCCAGCTTCG
GCATCTTCATCAAGCTGGCCCCTAAGGACTACATCCTGCGGGACATCCTGATCATCGAGACAGTGGTCCAGATCGTGGAAGC
CATCTTCTACGTGTACATCTACCTGAGCCTGGAAAGCCTGGACAACAACGTGATCACCAGCCGGCGGTACTTCGACTGGGTC
ATCACCACACCTATCATGCTGATCTCCACCATCCTGTTCATGCGGTACAACATCCGCATCCTGTACGACAAGAGCAAGAACA
AGCAGAACCGGCAGAACAAGCCCAAGAGCAACCTGACCACCTACAACGTCATCAAGAACAACAAGGACACCATCATCAAG
ATCGTGATCGGGAACTTCATCATGCTGTGCTTCGGCTACCTGGGCGAAGTGGATATCCTGAGCAAGACCATCAGCATCCCTA
TCGGCTTCATCTTCTTTTTTTACGTGTTCTACCTGATTTGGCGCGAGTTCGGCAGCTACACCCAGCAGAACCAGATCCTGTTCT
GGGTGCTGTTCATCGTGTGGGGCCTGTATGGCGTGTCAGCCTGTCTGCCTGTGCTGCAGAAGAACATCTGCTACAATATCCTG
GACATCATCAGCAAGAACTTCTACGGCCTGTACATCTTTTACTACATCTATCAGCATCGGCTGGTGGTCgeggeccgcCAAGAGCA
GGATCACCAGCGAGGGCGAGTACATCCCCCTGGACCAGATCGACATCAACGTGGTGAGCAAGGGCGAGGAGCTGTTCACCG
GGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATG
CCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTT
CGGCTACGGCCTGCAGTGCTTCGCCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGC
TACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACC
CTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTAC
AACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAG
GACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCAC
TACCTGAGCTACCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCG
CCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTTCTGCTACGAGAACGAGGTGTGA

HF_OLPVR1_TS_
P2A_Katushka
codon optimized
for Homo Sapiens

ATGAAGACGATCATCGCCCTGAGCTACATCTTCTGCCTGGTATTCGCCGACTACAAGGACGATGATGACGCCAAAGgtaccGAC
AACATCATCATGACCGCCTACATCAGCATCTTCGTGCAGATCATCACCGCCATCATCTCCGTGTACGGCCTGTTCATCCCTCT
GAACTTCAAGGACATCATCCTGCGCGAGATCCTGATCCTGGAACTGATTGTGCAGATTATCGAGTTCATCTTCTACATCTGGC
TCATCATCACCCTGCAGAGCATCAACGAGGACATCACCTACGTGCGGTACTTCGACTGGGTGCTGACCACACCTGTGATGCT
GCTGACAACCGTGTACTTCTTCGAGTACATGAACAGCGACGACGGCATCCGGAAGAAAGAGATCAACGACCGGGACTACGT
GTACCTGTTCTATATCTGCCTGAGCAACTTCTTCATGCTGCTCATCGGCTACCTGGGCGAGACAAAGCAGATCAACAAAATG
CTGACCCTGTTCGGCGGCAGCTTCTTCCTGTTCCTGACCTTCTACCTGCTGTACGTGAAGTACACCAAAGAAAACTGGATGAA
CTACATCGTGTTCTACTTTATGTTCCTCGTGTGGTTCCTGTACGGCTTCGCCTTCATGTTCCCATTCAGCATCAAGAACCAGAT
GTACAACATCCTGGACATCGTGTCCAAGAACATCTACTCCATCTTCATCTTTATCGTGATCCTGAACCAGAGCTACAAGCTGC
TGgeggecgcCAAGAGCAGGATCACCAGCGAGGGCGAGTACATCCCCCTGGACCAGATCGACATCAACGTGACCYCYYGCGGCAG
CGGCGCCACTAACTTCAGCCTCCTCAAGCAGGCCGGCGACGTGGAGGAGAACCCCGGCCCCygeaccATGGTGGGTGAGGATA
GCGTGCTGATCACCGAGAACATGCACATGAAACTGTACATGGAGGGCACCGTGAACGACCACCACTTCAAGTGCACATCCG
AGGGCGAAGGCAAGCCCTACGAGGGCACCCAGACCATGAAGATCAAGGTGGTCGAGGGCGGCCCTCTCCCCTTCGCCTTCG
ACATCCTGGCTACCAGCTTCATGTACGGCAGCAAAACCTTTATCAACCACACCCAGGGCATCCCCGACTTCTTTAAGCAGTC
CTTCCCTGAGGGCTTCACATGGGAGAGGATCACCACATACGAAGACGGGGGCGTGCTGACCGCTACCCAGGACACCAGCCT
CCAGAACGGCTGCCTCATCTACAACGTCAAGATCAACGGGGTGAACTTCCCATCCAACGGCCCTGTGATGCAGAAGAAAAC
ACTCGGCTGGGAGGCCAGCACCGAGATGCTGTACCCCGCTGACAGCGGCCTGAGAGGCCATGCCCAGATGGCCCTGAAGCT
CGTGGGCGGGGGCTACCTGCACTGCTCCCTCAAGACCACATACAGATCCAAGAAACCCGCTAAGAACCTCAAGATGCCCGG
CTTCTACTTCGTGGACAGGAGACTGGAAAGAATCAAGGAGGCCGACAAAGAGACCTACGTCGAGCAGCACGAGATGGCTGT
GGCCAGGTACTGCGACCTGCCTAGCAAACTGGGGCACAGCTGA

OLPVR1_TS_YFP
codon optimized
for Homo Sapiens

ATGGACAACATCATCATGACCGCCTACATCAGCATCTTCGTGCAGATCATCACCGCCATCATCTCCGTGTACGGCCTGTTCAT
CCCTCTGAACTTCAAGGACATCATCCTGCGCGAGATCCTGATCCTGGAACTGATTGTGCAGATTATCGAGTTCATCTTCTACA
TCTGGCTCATCATCACCCTGCAGAGCATCAACGAGGACATCACCTACGTGCGGTACTTCGACTGGGTGCTGACCACACCTGT
GATGCTGCTGACAACCGTGTACTTCTTCGAGTACATGAACAGCGACGACGGCATCCGGAAGAAAGAGATCAACGACCGGGA
CTACGTGTACCTGTTCTATATCTGCCTGAGCAACTTCTTCATGCTGCTCATCGGCTACCTGGGCGAGACAAAGCAGATCAACA
AAATGCTGACCCTGTTCGGCGGCAGCTTCTTCCTGTTCCTGACCTTCTACCTGCTGTACGTGAAGTACACCAAAGAAAACTGG
ATGAACTACATCGTGTTCTACTTTATGTTCCTCGTGTGGTTCCTGTACGGCTTCGCCTTCATGTTCCCATTCAGCATCAAGAAC
CAGATGTACAACATCCTGGACATCGTGTCCAAGAACATCTACTCCATCTTCATCTTTATCGTGATCCTGAACCAGAGCTACAA
GCTGCTGYcggccgcCAAGAGCAGGATCACCAGCGAGGGCGAGTACATCCCCCTGGACCAGATCGACATCAACGTGGTGAGCA
AGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGT
CCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCT
GGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAGTGCTTCGCCCGCTACCCCGACCACATGAAGCAGCACGACTTCTT
CAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGA
GGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGG
GCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTT
CAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGLCC
CGTGCTGCTGCCCGACAACCACTACCTGAGCTACCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGT
CCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTTCTGCTACGAGAACGAGGTGTGA
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ATGAAGACGATCATCGCCCTGAGCTACATCTTCTGCCTGGTATTCGCCGACTACAAGGACGATGATGACGCCAAAggtaccGAA
AACAGCTTCATCGTGAAGAATACGATGATCTTCAGCTTCCTGATCCAGATCATCACCCTGATCATCGGCATCTTCGCCCAGTT
CATCAAGGTGCCCCGGCACAAGTACATCCTGAAGGACGCTCTGCTGCTGGAAAACATCGTGCAGTTCATCGAGGCCATCTTC
TACCTGTGGTTCATCTACTTCTACAAAGAGAACGTCGACAAGATCGATATCGCCAAGTACCGCTACTACGACTGGTTCCTGA
CCACACCTACCATGATCCTGAGCGTGATCATCTATTTCCACTACAACAACAGCAGCAAGAAAATCTACTACAACATGATCAC
CTTTTTCAAGCAAGATTTCCGGAAGATCCTGGAACTGTGGTTCTACAACTTCAACATGCTCATCATCGGCTACCTGCAAGAGA
TCAACATCATCAGCATCCTGCTGTCTACCCTGATCGGCTTCTACTTCTTCGGCCTGCTGTTCTACAAGATGTTCAAGTACTACG
TGGTGCAGAACAAGAAGAACTACCTCCTGTTCTTCCTGATGTTCTTCATCTGGGGCCTGTACGGAATCGCCGCTCTGTTCAAC
TACAAGTTCAAGAACGCCTTCTACAACATCCTGGATATCTTCAGCAAGAATTTCTTCGGGCTGTTCCTGGCCTACCTGGTGTT
TACCGGAQCcggccgcCAAGAGCAGGATCACCAGCGAGGGCGAGTACATCCCCCTGGACCAGATCGACATCAACGTGACegeggGC
GGCAGCGGCGCCACTAACTTCAGCCTCCTCAAGCAGGCCGGCGACGTGGAGGAGAACCCCGGCCCCygeaccATGGTGGGTGA
GGATAGCGTGCTGATCACCGAGAACATGCACATGAAACTGTACATGGAGGGCACCGTGAACGACCACCACTTCAAGTGCAC
ATCCGAGGGCGAAGGCAAGCCCTACGAGGGCACCCAGACCATGAAGATCAAGGTGGTCGAGGGCGGCCCTCTCCCCTTCGC
CTTCGACATCCTGGCTACCAGCTTCATGTACGGCAGCAAAACCTTTATCAACCACACCCAGGGCATCCCCGACTTCTTTAAGC
AGTCCTTCCCTGAGGGCTTCACATGGGAGAGGATCACCACATACGAAGACGGGGGCGTGCTGACCGCTACCCAGGACACCA
GCCTCCAGAACGGCTGCCTCATCTACAACGTCAAGATCAACGGGGTGAACTTCCCATCCAACGGCCCTGTGATGCAGAAGAA
AACACTCGGCTGGGAGGCCAGCACCGAGATGCTGTACCCCGCTGACAGCGGCCTGAGAGGCCATGCCCAGATGGCCCTGAA
GCTCGTGGGCGGGGGCTACCTGCACTGCTCCCTCAAGACCACATACAGATCCAAGAAACCCGCTAAGAACCTCAAGATGCC
CGGCTTCTACTTCGTGGACAGGAGACTGGAAAGAATCAAGGAGGCCGACAAAGAGACCTACGTCGAGCAGCACGAGATGGC
TGTGGCCAGGTACTGCGACCTGCCTAGCAAACTGGGGCACAGCTGA

LR _His8 codon
optimized for
Leishmania
tarentolae

ATGATCGTGGACCAGTTCGAGGAGGTGCTGATGAAGACGAGCCAGCTGTTTCCGCTGCCGACAGCAACACAGAGCGCACAG
CCAACACATGTGGCGCCAGTGCCAACAGTGCTGCCGGACACACCAATCTACGAGACAGTGGGCGACAGCGGCAGCAAGACA
CTGTGGGTCGTGTTCGTGCTGATGCTGATTGCGAGCGCGGCGTTTACAGCGCTGAGCTGGAAGATTCCAGTGAACCGCCGTC
TGTACCACGTGATCACCACCATCATCACGCTGACAGCGGCCCTGAGCTACTTCGCAATGGCAACTGGTCATGGCGTGGCGCT
GAACAAGATCGTGATTCGCACACAGCACGACCACGTGCCAGACACGTACGAGACTGTGTACCGCCAGGTGTACTACGCGCG
CTACATCGACTGGGCGATTACGACACCACTGCTGCTGCTGGATCTGGGCCTTCTTGCAGGCATGAGCGGCGCACACATCTTC
ATGGCGATTGTGGCGGACCTGATCATGGTGCTGACTGGCCTGTTTGCGGCGTTTGGCTCTGAGGGCACACCACAGAAGTGGG
GCTGGTACACGATCGCCTGCATTGCCTACATCTTCGTCGTGTGGCACCTGGTGCTGAACGGCGGTGCAAACGCACGTGTGAA
GGGCGAGAAGCTGCGCTCTTTCTTTGTGGCGATTGGCGCGTACACGCTGATCCTGTGGACAGCGTACCCAATCGTGTGGGGT
CTTGCAGACGGCGCACGCAAGATCGGTGTCGACGGCGAGATTATTGCGTACGCGGTGCTGGACGTGCTGGCGAAGGGCGTG
TTCGGTGCATGGCTGCTTGTGACACATGCGAACCTTCGCGAGAGCGACGTCGAGCTGAACGGTTTTTGGGCGAACGGCCTTA
ACCGCGAGGGCGCAATTCGTATTGGCGAGGACGATGGTGCAGGCACGCACCACCATCACCATCATCACCACCAT

Supplementary Table 4. List of primers used in this study.

_forw_VirChR1_h
umanized

GCCAAAAAGGACAQgtaccAAGAACTGCTGCTG

_rev_VirChR1_hu
manized

CTGCTCTTGgcggecgcGAC

_forw_OLPVR1_h
umanized

GCCAAAggtaccGACAACATCATCATGACC

_rev_OLPVR1 hu
manized

CTCTTGgcggecgcCAGC

_forw_DTSRh_hu
manized

GCCAAAggtaccGAAAACAGCTTCATCGTG

_rev_DTSRh_hum
anized

CTCTTGgcggecgcTCCGGTAAACAC




_forw_OLPVR1 e | gatatacatATGGACAACATCATCATGACCGCCTATATTAGC

coli

_rev_OLPVR1_eco | accactctcGAGCAGTTTGTAGCTCTGGTTC

_forw_VirChR1_ec | gatatacat ATGAAGGATAAAGAACTGCTGCTGCTGACC

oli

_rev_VIirChR1 eco | accactctcGAGCACCACCAGACGATG
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