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Abstract 29 

African swine fever virus (ASFV) is causing a devastating pandemic in domestic and 30 

wild swine within Central Europe to East Asia resulting in economic losses for the swine 31 

industry. The virus contains a large double-stranded DNA genome that encodes for more 32 

than 150 genes, most with no experimentally characterized function. In this study, we 33 

evaluate the potential function of ASFV gene B117L, a 115 amino acid integral 34 

membrane protein transcribed at late times during the virus replication cycle and showing 35 

no homology to any previously published protein. Hydrophobicity distribution along 36 

B117L confirmed the presence of a single transmembrane helix, which, in combination 37 

with flanking amphipathic sequences, composes a potential membrane-associated C-38 

terminal domain of ca. 50 amino acids. Ectopic transient cell expression of the B117L 39 

gene as a GFP fusion protein revealed the co-localization with markers of the 40 

Endoplasmic Reticulum (ER). Intracellular localization of various B117L constructs also 41 

displayed a pattern for the formation of organized smooth ER (OSER) structures 42 

compatible with the presence of a single transmembrane helix with a cytoplasmic 43 

carboxy terminus. Using partially overlapping peptides, we further demonstrate that the 44 

B117L transmembrane helix has the capacity to establish spores and ion channels in 45 

membranes at low pH. Furthermore, our evolutionary analysis showed the high 46 

conservation of the transmembrane domain during the evolution of the B117L gene, 47 

indicating that the integrity of this domain is preserved by the action of the purifying 48 

selection. Collectively our data support a viroporin-like assistant role for the B117L gene-49 

encoded product in ASFV entry. 50 

Importance 51 
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ASFV is responsible for an extensively distributed pandemic causing important 52 

economic losses in the pork industry in Eurasia. The development of countermeasures is 53 

partially limited by the insufficient knowledge regarding the function of the majority of 54 

the more than 150 genes encoded by the virus genome. Here we provide data regarding 55 

the functional experimental evaluation of a previously uncharacterized ASFV gene, 56 

B117L. Our data suggest that the B117L gene encodes for a small membrane protein that 57 

assist in the permeabilization of the ER-derived envelope during ASFV infection. 58  59 

Introduction 60 

African swine fever (ASF) is currently affecting the swine production industry in 61 

a large geographical area stretching across Europe and into East and Southeast Asia. In 62 

July 2021, the Dominican Republic reported its first outbreak of ASF, which had been 63 

absent from North America for 40 years. As a result, global swine industries are 64 

threatened by significant economic losses and human populations face food insecurity 65 

(1). Disease control is currently restricted to culling susceptible animals and 66 

implementing strict biosecurity measures to prevent disease spread since no commercial 67 

vaccines are available. 68 

The etiological agent, African swine fever virus (ASFV), is a large, structurally complex 69 

virus with a large (more than 180 kb pairs) double-stranded DNA genome (2). ASFV 70 

encodes for more than 150 genes, most of which remain uncharacterized (1, 2). 71 

Understanding the function of virus genes is critical for the development of experimental 72 

vaccines and novel countermeasures (3-9). 73 
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Here, we study the role of the structural B117L gene which is predicted to encode 74 

a short integral membrane protein (IMP) (10) comprised in the proteome of the ASFV 75 

(11) but not having a known function. 3D-structure prediction and hydrophobicity 76 

distribution along its sequence, reveal the presence of an N-terminal small globular 77 

ectodomain that is followed by an “amphipathic-strand/hydrophobic-helix/amphipathic-78 

helix” membrane domain (MD) roughly spanning 50 amino acids. 79 

Moreover, the B117L structural gene is transcribed late in the replicative cell 80 

cycle of the virus consistent with functional roles of the encoded protein during entry. 81 

The protein B117L, when expressed in cells in the absence of a signal sequence, localized 82 

in the ER membrane adopting a topology that appeared dictated by the transmembrane 83 

helix (TMH) moiety. In addition, synthetic peptides representing the MD sequence 84 

demonstrated the potential of the protein encoded by B117L gene to interact with 85 

membranes, along with a membrane-permeabilizing and ion-channel activities for the 86 

amino acid stretch spanning the TMH, particularly at low pH. Therefore, our data seem to 87 

indicate that the B117L gene encodes for a protein that could embody a structural 88 

viroporin, whose activity is triggered at the low pH of the endosome during cell entry. 89 

Materials and Methods 90 

Phylogenetic analysis  91 

To determine the genetic relationship among ASFV isolates representing the 92 

genetic diversity of B117L gene in nature, a phylogenetic analysis was conducted using 93 

the maximum likelihood method and the Tamura 3-parameter model (12). The use of this 94 

model was supported based on the Bayesian Information Criterion (BIC) score 95 

(1762.273). The reliability of the phylogenetic topology was tested using 1000 bootstrap 96 
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replications. The nucleotide alignment used for this analysis was obtained by the 97 

algorithm MUSCLE codons (multiple sequence comparison by log-expectation) (13) and 98 

the analysis was carried out using the software Mega version 10.2.5 (14). 99 

The number of nucleotide and amino acid differences per site (pairwise distance 100 

calculations) at B117L gene among representative ASFV field isolates were calculated by 101 

pairwise distance analyses using the p-distance model. To determine the standard error, 102 

1000 bootstraps replicates were used. Analysis was carried out using the software Mega 103 

version 10.2.5 (14). 104 

Evolutionary analysis 105 

To infer the evolutionary dynamics of B117L gene in nature, we used a 106 

systematic approach previously published in ASFV (15, 16, 17) and SARS-CoV-2 (18). 107 

This approach considers the different modes by which natural selection can be manifested 108 

(diversifying: including episodic and pervasive selection, or purifying), and is associated 109 

to the combination of multiple maximum likelihood evolutionary algorithms that infer 110 

rates of synonymous (dS) and nonsynonymous substitutions on a per site basis in a codon 111 

base phylogenetic framework (19). In this context, to identify relevant sites on B117L 112 

gene experiencing diversifying (positive selection) and purifying (negative selection) we 113 

used the Single Likelihood Ancestor Counting (SLAC), the Fixed Effects Likelihood 114 

(FEL) (20), and the Mixed Effects Model of Evolution (MEME) (21) algorithms. MEME 115 

is the only algorithm specialized in the detection of both pervasive and episodic 116 

diversifying selection, so that higher detection rates are expected using this algorithm 117 

(22).   118 
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The potential role of positive selection in the evolution of specific phenotypes of 119 

B117L gene in nature was identified by using a combination of two specific algorithms 120 

specialized in detection of episodic diversifying selection at specific branches of the 121 

phylogenetic tree: aBSREL (adaptive Branch Site Random Effects Likelihood) (23) and 122 

BUSTED (Branch-Site Unrestricted Statistical Test for Episodic Diversification).  123 

aBSREL was used as exploratory analysis to test all branches in the phylogeny for the 124 

detection of specific branches under positive selection (it uses the likelihood ratio test 125 

statistic for the selection, LRT, of relevant branches and the Holm-Bonferroni method for 126 

the correction p-values). BUSTED (used here to support the results obtained by aBSREL) 127 

is an algorithm used to detect gene-wide positive selection, testing the hypothesis whether 128 

a gene has experienced positive selection in at least one of the sites in the branches by 129 

contrasting the values obtained by the unconstrained model (alternative model of positive 130 

selection) with the ones calculated for the constrained model (null model disallowing 131 

positive selection). The existence of positive selection was supported by the likelihood 132 

ratio test statistic for the selection (24).  133 

The existence of recombination during the evolution of B117L gene was assessed 134 

by the algorithm GARD (Genetic Algorithm for Recombination Detection) (25). GARD 135 

evaluates a multiple sequencing-alignment for the presence of putative recombination 136 

breakpoints, quantifying the level of support for their locations, and identifying topology 137 

incongruences in the phylogeny that may evidence potential recombination events. 138 

GARD verifies the incongruence between adjacent partitions using posteriori 139 

incongruence tests (SH test). 140 

Detection of B117L Transcription 141 
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As previously described (26), we used a real-time PCR assay (qPCR) to evaluate 142 

the transcriptional profile of the B117L gene during the infection of ASFV-G in cultures 143 

of porcine macrophages, using the early CP204L (p30) and late B646L (p72) expressed 144 

genes of ASFV as reference genes. Briefly, cell cultures of porcine macrophages were 145 

infected with a stock of ASFV-G using an MOI of 10. RNA extractions using a RNeasy 146 

Kit (QIAGEN, Hilden, Germany) were conducted at 4, 6, 8, and 24 h post-infection. All 147 

extractions were treated with 2 units of DNase I (BioLabs, San Diego, CA, USA) then 148 

purified using the Monarch® RNA Cleanup Kit (New England BioLabs, Inc., Ipswich, 149 

MA, USA). One ug of RNA was used to produce cDNA using qScript cDNA SuperMix 150 

(Quanta bio, Beverly, MA, USA) that was used for the qPCR. 151 

Primers and probes for the detection of the B117L gene were designed using the 152 

ASFV Georgia 2007/1 strain (GenBank Accession #NC_044959.2). Primer forward: 50-153 

for the detection of p72 gene: forward 50- ACATCTTATGCGACCACATCC-30, 154 

reverse: 155 

50- AAATGACTATTAAAATAAAGCCCAAACC-30 and probe: 50-FAM CCACACC 156 

TCATGCAGCGGC-MGB NFQ-30. Primers and probes for the detection of CP204L 157 

(p30) gene: forward 50-GACGGAATCCTCAGCATCTTC-30, reverse: 50-158 

CAGCTTGGAGT CTTT AGGTACC-30 and probe: 50-FAM-159 

TGTTTGAGCAAGAGCCCTCATCGG-MGB NFQ-30. Primers and probes for the 160 

detection of the β-actin gene: forward 50-GACCTGACCGACTACCTCATG-30, reverse: 161 

50-TCTCCTTGATGTCCCGCAC-30 and probe: 50-FAM-162 

CTACAGCTTCACCACCACGGCMGB NFQ-30. All qPCRs were conducted using the 163 

TaqMan Universal PCR Master Mix (Applied Biosystems,Waltham, MA, USA) using the 164 
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following amplification conditions: One step at 55 oC for 2 min, followed by one 165 

denaturation step at 95 oC for 10 min, then 40 cycles of denaturation at 95 oC for 15 s and 166 

annealing/extension at 65 oC for 1 min. 167 

Synthetic peptides, lipids and fluorescent probes 168 

Peptides overlapping the B117L MD sequence were produced by solid synthesis as 169 

previously described (27, 28). Synthetic purified peptides were dissolved in dimethyl 170 

sulfoxide (DMSO, spectroscopy grade) and their concentrations determined by the 171 

bicinchoninic-acid microassay (Pierce, Rockford, IL, USA). Aliquots (typically 20 μL, 1 172 

mg/mL) were stored frozen and were thawed only once, upon use. Phosphatidylcholine 173 

(PC), phospahtidylethanolamine (PE), and phosphatidylinositol (PI) were purchased from 174 

Avanti Polar Lipids (Birmingham, AL, USA).  175 

Cell expression 176 

Subcellular localization of the expressed B117L protein (ASFV isolate Georgia 177 

2010) and its derived constructs, was assayed by co-transfecting HEK293T or HeLa cells 178 

(2 x 105 cells) with plasmids encoding GFP fusions and cell organelle markers (1 µg each, 179 

if not stated otherwise) using calcium phosphate (29). Plasmids encoding for the organelle 180 

markers were obtained from Addgene (Watertown, MA) and included different proteins 181 

and peptides fused to mCherry, namely: cytochrome c oxidase subunit 8A (mitochondria, 182 

Plasmid #55102), N-terminal 20 residues of neuromodulin (plasma membrane, Plasmid 183 

#55779), BiP (ER soluble, Plasmid #62233) and Sec61β (ER membrane, Plasmid 184 

#49155). For constructing the chimera B117L-Sec61TMH-GFP, the nucleotide sequence 185 

encoding for B117L amino acids 69IFNGLGFILIVIFIYLLLITLQQMLTRHI97 was 186 
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substituted by that encoding the Sec61γ sequence: 187 

FQKIAMATAIGFAIMGFIGFFVKLIHIPI (30). 188 

At 36 h post-transfection, cells were observed under the microscope in phosphate 189 

saline buffer (PBS). Confocal images were acquired on a Leica TCS SP5 II microscope 190 

(Leica Microsystems GmbH, Wetzlar, Germany), using a x63 water-immersion objective, 191 

or in a Zeiss LSM800 (Carl-Zeiss-Stiftung, Jena, Germany) using a Plan Apochromat x63 192 

oil-immersion objective. Pearson coefficients were calculated using the ImageJ plug-in 193 

Coloc 2 (http://imagej.net/Coloc_2) to establish the correlation between fluorescence 194 

intensities emitted by green and red flourophores in each pixel of the confocal images.  195 

Oligomerization state was assayed in HEK293 T cells (1.5×106 cells) transfected 196 

with 10 μg of plasmid encoding GFP or GFP-B117L constructs. Cells were collected in 197 

cold PBS at 36 h post-transfection, sonicated for 1 min with a probe tip sonicator (MSE 198 

Soniprep 150, MSE, UK) on ice, and finally dissolved in SDS-PAGE loading buffer. Anti-199 

GFP antibody was used to detect oligomers by immunoblot analysis after electrophoresis. 200 

Membrane permeability of single vesicles 201 

 For the single vesicle permeability measurements, Giant Unilamellar Vesicles 202 

(GUVs) made of PC:PE:PI:Rho-PE (50:30:20:0.1 mole ratio) were prepared and analyzed 203 

through quantitative microscopy following protocols described in previous works (31, 204 

32). In brief, 2 μl of the ER lipid mixture (2 mM) were placed on the platinum wires and 205 

the solvent evaporated. For GUV electroformation, 2.4 V, 10 Hz were applied during 2 h 206 

in a sucrose (300 mM) solution. To promote detachment of the GUVs from the wires 2 207 

Hz were finally applied during 30 min. For confocal microscopy analyses 80 μl of the 208 

solution were transferred to 320 μl of buffer (HEPES 10 mM, KCl 150 mM, pH 7.4) in a 209 



10 
 

 
 

Lab-Tek® eight-chambered #1.0 borosilicate cover glass from Nalge Nunc International 210 

(Rochester, NY, USA) previously blocked with 2mg/ml BSA. 211 

 Confocal fluorescence microscopy images of individual GUVs were obtained 212 

using a Leica TCS SP5 II fluorescence microscope (Leica Microsystems GmbH, Wetzlar, 213 

Germany). Extents of permeabilization were calculated for each vesicle after 2 hours of 214 

incubation with Alexa Fluor 488 and B117L peptides. For this purpose, the fluorescence 215 

intensity value outside the vesicle is considered as 100 %, whereas intensity inside 216 

vesicles reflected the percentage of probe entry into the vesicle lumen. Fluorescence 217 

emission in the different regions of the sample was quantitated after image processing 218 

and analyses carried out with ImageJ software (rsb.info.nih.gov/ij/).  219 

Infrared Spectroscopy 220 

Infrared spectra were recorded in a Thermo Nicolet Nexus 5700 (Thermo Fisher 221 

Scientific,Waltham, MA) spectrometer equipped with a mercury-cadmium-telluride 222 

detector using a Peltier based temperature controller (TempCon, BioTools Inc., 223 

Wauconda, IL) with calcium fluoride cells (BioCell, BioTools Inc., Wauconda, IL). 224 

Peptide-containing samples (peptide-to-lipid ratio, 1:50) were lyophilized and 225 

subsequently prepared at 3 mg (peptide)/mL in D2O buffer (PBS). A 25 μl sample aliquot 226 

was deposited on a cell that was sealed with a second cell. Reference windows without 227 

peptide were prepared similarly. Typically 370 scans were collected for each background 228 

and sample, and the spectra were obtained with a nominal resolution of 2 cm-1. To obtain 229 

the amide I spectra, solvent and membrane contributions were subtracted from the 230 

original spectra. Data treatment and band decomposition of the original amide I have 231 

been described elsewhere (33). 232 
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Ion Channel activity 233 

To form planar membranes, two monolayers (20 µl of lipid mixture at 5 mg/ml in 234 

pentane added on 1.8 ml salt solutions) were assembled at both sides of a Teflon chamber 235 

partitioned by a 15 μm thick Teflon film with a 120-140 μm diameter orifice, as 236 

described previously (34). Monolayer apposition on the orifice (previously treated with a 237 

3% solution of hexadecane in pentane) led to the formation of lipid bilayers (detected by 238 

capacitance measurements). B117L peptides dissolved in DMSO were supplemented to 239 

the lipid solutions in both sides of the chamber. Conductance measurements were carried 240 

out applying an electric potential using Ag/AgCl electrodes in 2 M KCl, 1.5% agarose 241 

bridges assembled within standard 250 µl pipette tips. Potential is defined as positive 242 

when it is higher at the side closer to the researcher (the cis side), while the trans side is 243 

set to ground. The current and applying potential were measured using an Axopatch 200B 244 

amplifier (Molecular Devices, Sunnyvale, CA) in the voltage-clamp mode. Current was 245 

filtered with a 10 kHz 8-pole in-line Bessel filter and digitized with a Digidata 1440A 246 

(Molecular Devices, Sunnyvale, CA) at 50 kHz sampling frequency. The membrane 247 

chamber and the head stage were isolated from external noise sources with a double 248 

metal screen (Amuneal Manufacturing Corp., Philadelphia, PA). The conductance was 249 

obtained from current measurements under an applied potential of 50 mV in symmetrical 250 

salt solutions of 150 mM KCl buffered with 5 mM KOAc. Current values were evaluated 251 

using the Gaussian fit tool of Clampfit 10.7 (Molecular Devices, Sunnyvale, CA). For 252 

each sample, at least 40 different traces were typically recorded (recording time for each 253 

trace was 180 s). 254 

Results 255 
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Definition of a membrane domain on the ASFV B117L protein 256 

The ASFV B117L gene was predicted to encode an integral membrane protein by 257 

Yañez et al. (10), its translated product recently identified through proteomic analysis as a 258 

minor structural component of the virion (11). However, the structural organization and 259 

possible functions of this ASFV protein remain to be elucidated. After an analysis using 260 

the software Pfam 35.0 (35), no significant similarities were found between B117L and a 261 

total of 19,632 protein families, indicating the lack of tools to predict functionality based 262 

on homologies with annotated sequences. 263 

Topology prediction using the state-of-the-art DeepTMHMM program, which is 264 

based on non-homology methods (36), supported the ASFV (isolate Georgia) B117L 265 

protein as an alpha helical transmembrane protein without a signal peptide (SP) (Fig. 1A, 266 

left panels). This analysis also predicted an Nout/Cin topology for B117L inserted into cell 267 

membranes. Consistently with these data, the 3D-structure prediction by AlphaFold (37) 268 

rendered a single helix structure (residues 67-114) including the TMH moiety. Upon 269 

insertion of the TMH traversing a POPC bilayer (Fig. 1A, right panel), this long helix 270 

was preceded at the N-terminus by a solvent-exposed small globular ectodomain, which 271 

contained a defined, shorter helix. Interestingly, the membrane-spanning helix extended 272 

into the cytosol exposing to solvent its C-terminal stretch (residues 90-114). Thus, in the 273 

absence of additional interactions, this helical stretch would likely unwind due to the 274 

competing H-bonds established by the hydrophilic amide backbone with water. In 275 

addition, the strand that precedes the predicted TMH at its N-terminus appears to run in 276 

contact with the membrane interface at the external side.  277 
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To infer alternative arrangements that might contribute to the stability of B117L 278 

in contact with membranes, we next determined the hydrophobicity distribution along the 279 

sequence based on the Kyte-Doolitle hydropathy scale (38) (Fig. 1B, left). Besides the 280 

delineation of the TMH as a prominent positive peak in mean hydrophobicity plots, the 281 

analysis of the hydrophobic moments revealed two additional elements with capacity for 282 

inserting into membranes, namely: (i) an amphipathic strand at the N-terminal side of the 283 

TMH; and (ii) an amphipatic helix at its C-terminus. In conjunction, this ‘amphipatic-284 

strand/hydrophobic-helix/amphipatic-helix’ motif composes a membrane-associated 285 

domain (MD) spanning the sequence 60-109 (i.e., ca. 50 amino acids) of B117L. The 286 

structural model displayed in the Figure 1B (left panel) incorporates these MD elements 287 

and suggests that a complex pattern of membrane interactions contribute to B117L 288 

stability, including the insertion of the C-terminal amphipathic helix into the membrane 289 

monolayer facing the cytosol. To allow this process, the new model introduces a kink at 290 

the position Arg95-His96, two residues showing strong propensity to locate at turns in 291 

transmembrane helices (39). 292 

Genetic diversity of B177L in nature 293 

To evaluate the relevance of the potential ectodomain-MD structural arrangement, 294 

we analyzed the genetic diversity of B117L gene of ASFV in nature. We used the Basic 295 

Local Alignment Search Tool (BLAST) to perform an exhaustive search of different 296 

forms of B117L using as a query the ASFV isolate Georgia (NC_044959.2). As a result 297 

of this analysis, a total of eight ASFV isolates were identified as a representative of the 298 

genetic diversity of B117L in nature. These isolates included the ASFV genetic groups I, 299 

II, IV, VII, VIII, IX and XX (Fig. 2). Overall, pairwise distance analysis depicted average 300 
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levels of identity among isolates between 99.71%-79.43% (~91.06%) and 99.14%-301 

82.27% (~91.57%) at nucleotide and amino acid levels respectively, indicating the high 302 

level of conservation of B117L among isolates. No differences were predicted among 303 

isolates belonging to the pandemic Eurasian lineage (genotype II), indicating that B117L 304 

gene is not promoting the diversification of this lineage. 305 

The amino acid alignment showed the different phenotypes associated with 306 

B117L gene (Fig. 2A). Several deletions were found within the ectodomain, between 307 

amino acids 36 and 50, spanning the loop that connects the α-helix with the amphipathic 308 

MD strand, indicating the existence of protein phenotypes of variable lengths. However, a 309 

high amino acid conservation was observed in the predicted MD between amino acids 65 310 

and 114, indicating the conservation of this domain during the evolution of B117L gene 311 

(note that the numbering used in these analyses corresponds to the Malawi isolate 312 

sequence, i.e., longer than that of the Georgia isolate by 5 aa-s). 313 

Based on a phylogenetic analysis using full-length nucleotide sequences of B117L 314 

gene (~366 nt), it was possible to classify multiple virus isolates in four different 315 

phylogenetic groups (Fig. 2B). Interestingly, as published in our previous studies (15), 316 

the phylogenetic relationship among isolates using B117L from different genotypes 317 

contrasts with the relationships predicted by the reference p72 gene indicating the 318 

complex evolutionary dynamics among different ASFV genes, suggesting that one single 319 

gene may not be used to reflect the relationship among ASFV isolates (40).  320 

Effect of natural selection at specific codon sites in B117L gene 321 

To get more insights about the evolutionary dynamics of B117L gene in nature, 322 

we evaluated this gene for the presence of specific codon sites evolving under negative or 323 



15 
 

 
 

positive selection. Overall, using the SLAC algorithm, we predicted global rates of dN/dS 324 

=0.395, indicating that purifying selection is the main force driving the evolution of 325 

B117L gene. Consistently with this result, using the algorithm FEL, we identified a total 326 

of 11 codons under purifying selection (Fig. 3A). In this context, these results suggest 327 

that ectodomain residues 18, 20, 22, 35, 52, 63 as well as the residues included in the MD 328 

(74, 84, 103 and 104) represent residues highly preserved during the evolution of the 329 

B117L protein, indicating their potential relevance in its function (Fig. 3B). In case of 330 

sites experimenting diversifying selection, the algorithm MEME identifies codons 58 and 331 

59 as relevant ones (Fig. 3A and 3B). Based on the lack of identification of sites under 332 

positive selection by FEL, it can be concluded that the selection of ectodomain amino 333 

acids 58 and 59 are the resultant of episodic diversifying selection.  334 

Positioning in the predicted structure suggests diverse structural roles for most of 335 

these B117L residues (Fig. 3C). Thus, conserved residues Asp18, Thr20 and His22 336 

appear to establish a structurally defined connection at the N-terminus of the α-helix 337 

contained within the globular ectodomain, whereas Ala35 marks the end of this element 338 

in several isolates (Fig. 2A). In contrast, His58 and Thr59, residues subject to 339 

diversifying selection, locate at a mid-point within the following loop. Conserved Pro52 340 

and Pro63 change the backbone direction, the latter to allow the amphipatic strand that 341 

precedes the TMH run in contact with the bilayer interface. Similarly, polar Asn104 342 

might serve to stabilize a membrane-associated helix-kink connecting the TMH with the 343 

C-terminal amphipatic helix in our model (39). Structural roles requiring conservation 344 

beyond retaining a hydrophobic or aromatic character are more difficult to infer for the 345 

MD residues Ile74, Val84 or Tyr103. Hence, negative selection applied to 346 
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aliphatic/aromatic residues within the MD might reflect functional roles performed by 347 

this domain. 348 

Supporting this notion, a pairwise analysis comparing the full-length B117L gene 349 

versus the region associated with the MD, it was found that the pairwise distance among 350 

isolates was significantly reduced in comparison with the rest of the genome (Fig. 3D), 351 

indicating the high conservation of this genome section among ASFV isolates. 352 

Furthermore, when the inferred synonymous (dS) and nonsynonymous (dN) substitution 353 

rates compared, it is found that synonymous mutations are significantly being fixed 1.84 354 

times faster that nonsynonymous ones (Fig. 3E).  355 

Detection of specific B117L phenotypes evolving as result of positive selection 356 

Based on the results of the phylogenetic analysis presented in Fig. 2B, we decided 357 

to include the use of evolutionary algorithms focused on the detection of positive 358 

selection at branch level as a concept to detect phenotypes of B117L protein evolving 359 

because of positive selection. First, as screening in the phylogeny, all branches were 360 

evaluated by the algorithm aBSREL. The results indicated that among multiple branches 361 

in the tree, the branch associated with the isolate Ken05/Tk1 was significantly different 362 

from the rest of the branches, suggesting that the B117L phenotype of this isolate was the 363 

resultant of positive selection (Fig. 4A). To test this hypothesis, we conducted the 364 

evolutionary algorithm BUSTED. In this context, the overall dN/dS values in the branch 365 

associated with the isolate Ken05/Tk1 (test), were compared with the overall dN/dS 366 

values from the rest of the branches in the tree (background). The results of this analysis 367 

confirmed the previous inference obtained by aBSREL (LRT, p-value =0.009 ≤ .05), 368 

indicating that B117L gene present in the Isolate Ken05/Tk1 may represent a 369 
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significantly different phenotype in comparison with the rest of the isolates included in 370 

this study, and so that highlighting the role of natural selection in the evolution of this 371 

phenotype. Furthermore, BUSTED analysis identified amino acids 31, 32, 33, and 34, 372 

belonging to the ectodomain α-helix in the rest of the isolates, as potential sites 373 

associated with the phenotype difference inferred for B117L gene present in the isolate 374 

Ken05/Tk1 (Figs. 4B, and 4C). Supporting the relevance of the helix present in the 375 

ectodomain, the prediction of the 3D-structure of the Ken05/Tk1 B117L protein revealed 376 

that residues 31-34 could serve to cap a cognate structure at its C-terminus, which, 377 

although distorted, is also preserved in this isolate. Interestingly, despite the evidence 378 

regarding the potential phenotypic differences in the B117L gene present in Ken05/Tk1, 379 

no relevant sites were predicted along MD of this protein, further reinforcing the 380 

importance of this domain in performing a common function by ASFV B117L proteins 381 

(Fig. 4B).  382 

To test the potential role of recombination during the evolution of B117L gene, 383 

sequences of representative ASFV isolates were evaluated by the GARD algorithm. 384 

Overall, the results indicated the existence of two potential break points at nucleotides 87 385 

and 170. This inference was supported by an improvement in the AIC-c =1678.90 vs c-386 

AIC= 1650.65 scores, when compared between the model predicting a single partition 387 

(no breakpoints) and the model predicting multiple breakpoints respectively. In this 388 

context, evident topology incongruences among different gene segments were observed 389 

(Fig. 5), suggesting that recombination may be playing a role in the evolution of B117L 390 

gene.  Interestingly, the absence of potential breakpoints at MD suggests again the 391 

preservation of this domain during the evolution of this gene.  392 
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B117L gene is transcribed as a late gene 393 

To determine when the B117L gene is transcribed during the replication cycle, a 394 

time course experiment was performed to analyze the kinetics of RNA transcription in 395 

primary swine macrophages infected with the ASFV strain Georgia. Swine macrophage 396 

cultures were infected at a MOI = 1 with ASFV-G, and cell lysate samples were taken at 397 

0, 4, 6, 8, and 24 hpi. The presence of B117L RNA was detected by two-step RT-PCR as 398 

described in the Material and Methods Section. Transcription of B117L was detected at 4 399 

hpi and remained stable until 24 hpi (Fig. 6). The pattern of expression of the well-400 

characterized ASFV early protein p30 (CP204L) and the late protein p72 (B646L) has 401 

been previously described and is used here as a reference of early and late transcription 402 

profiles, respectively. Expression of B117L was detected throughout with a similar 403 

kinetics as that of the late protein p72. Therefore, our results indicate that the ASFV 404 

B117L gene encodes for a protein that is expressed late during the virus replication cycle. 405 

ASFV B117 localizes in the ER upon cell expression and adopts an Nout/Cin 406 

membrane topology dictated by the single transmembrane domain 407 

 The previous structural, phylogenetic and evolutionary analyses suggest a 408 

functional role for the MD of B117L, not required at the initial stages of the replication 409 

cycle. In principle, this structural IMP could insert into the ER-derived inner lipid 410 

envelope that wraps the ASFV core, and/or into the outer envelope acquired from the host 411 

cell plasma membrane during exit (41, 42). Cell localization predictions using tools that 412 

are based on different machine-learning methods: DeepLoc 2.0 (43) and LA(ProtT5) 413 

(44), concur in suggesting the localization of this protein in the ER.   414 
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 To test these predictions, we next determined experimentally the cell localization 415 

of the B117L protein (Georgia isolate) upon expression in HEK293T and HeLa cells 416 

(Figs. 7 and S1). Confocal microscopy images of cells transfected with B117L-GFP 417 

constructs and markers for the plasma membrane (mCherry-Mem), mitochondria 418 

(mCherry-Mito-7), or ER (BiP-mCherry) exhibited a pattern consistent with ER 419 

localization (Figs. 7A and S1, left panels). Image analyses to calculate the correlation 420 

Pearson indexes confirmed robust co-localization of the expressed B117-GFP construct 421 

with soluble (BiP-mCherry) or membrane (mCherry-sec61β) ER markers, which was 422 

dependent on the B117L moiety in both cell lines. In contrast, B117L-GFP emission did 423 

not correlate with fluorescence emitted by the plasma membrane or mitochondrial 424 

markers (Figs. 7A and S1, right panels).  425 

 Thus, even in the absence of a conspicuous SP, B117L expressed in cells 426 

displayed strong tendency to localize in the ER. Remarkably, some HEK293T and HeLa 427 

cells expressing the B117L-GFP construct displayed formation of OSER structures, a 428 

phenomenon observed more frequently upon transfection with higher quantities of DNA 429 

(Figs. 7B and S2) (30, 45). ER restructuring due to OSER formation was supported by 430 

the fact that the soluble ER marker BiP-mCherry appeared to be retained within the 431 

lumen of the formed structures, hence, the ER seemed to collapse without membrane 432 

rupture as previously described (30). Moreover, OSERs were not observed when the GFP 433 

was positioned at the N-terminus (GFP-B117L construct); nor when BiP-mCherry was 434 

co-expressed with B117L devoid of tags (Figs. 7B and S2). Reportedly, the GFP tag can 435 

induce OSER formation upon overexpression of IMPs, but only when exposed to the 436 

cytosolic side of the ER (30, 45). Thus, OSER formation detected upon B117L-GFP 437 
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expression was dependent on the GFP tag and consistent with an Nout/Cin topology in 438 

accordance to the one predicted by the DeepTMHMM program (Fig. 1A).  439 

 We next questioned whether the predicted TMH section was the major 440 

determinant of the membrane topology adopted by the B117L gene encoded protein. 441 

Truncation of N-terminal sequences did not seem to alter the localization or topology of 442 

the expressed protein (Fig. S3). Replacing the B117L-GFP TMH with that of 443 

sec61γ, which is expected  to integrate into the ER membrane with an opposite Nin/Cout 444 

topology (30), interfered with OSER formation (Fig 7B). Thus, it appears that the TMH 445 

section is primarily responsible for the Nout/Cin membrane topology adopted by the 446 

B117L gene encoded protein at the ER membrane.  447 

 Finally, using an anti-GFP tag antibody, we performed a Western-Blot analysis to 448 

establish the oligomerization state of the expressed protein (Fig. 7C). To avoid protein 449 

complexes formed within OSERs (30, 45), these experiments were carried out using the 450 

GFP-B117L fusion devoid of OSER formation capacity. Oligomers were not observed in 451 

SDS-solubilized samples of GFP or GFP-B117L incubated at 95 ºC, which exhibited in 452 

gel-electrophoresis protein bands that migrated according to their expected MWs, 27 and 453 

40 kDa, respectively (Fig. 7C, left panel). In contrast, incubation at 37 ºC preserved a 454 

native, fluorescent form of the expressed GFP (46), as well as SDS-resistant oligomeric 455 

forms of the GFP-B117L protein (Fig. 7C, right panel). However, due to the fact that the 456 

electrophoretic mobility of proteins fused to GFP can be strongly modified by the overall 457 

hydrophobicity of their sequence (47), it was difficult to infer the MWs of those 458 

complexes. 459 

Permeabilization of ER model membranes by the TMH of B117L 460 
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The previous ectopic expression results support efficient incorporation of the 461 

ASFV B117L gene product as a single TMH resident ER protein, potentially forming 462 

homo-oligomers. Thus, it is conceivable that oligomers of this protein incorporate into 463 

the ER-derived inner envelope during ASFV morphogenesis. Given its late expression 464 

profile, small size, low abundance (0.16 % of the virion protein mass (11)) and the 465 

conservation of aliphatic/aromatic residues within the MD, we hypothesized that this 466 

protein might bear a viroporin-like activity, similar to that of the structural proteins 467 

Influenza A virus M2 (48) or SARS-CoV E (49).  468 

To prove that hypothesis, we first sought to test the possible pore-forming activity 469 

of B117L MD. Pore-forming domains of viroporins are known to fold in membranes 470 

establishing functionally relevant channel structures, even when assayed in isolation, i.e., 471 

in the absence of other protein regions (50-54). Thus, we designed three partially 472 

overlapping peptides, PB117L-1, PB117L-2 and PB117L-3, which encompassed the MD 473 

sequence (Fig. 8A). To determine the effects of the peptides on the membrane 474 

permeability barrier, we performed permeabilization assays using μm-sized Giant 475 

Unilamellar Vesicles (GUVs) that mimicked the ER (53, 54). We further compared the 476 

effects at neutral and low pH, emulating conditions before and after entry of the ASFV 477 

through the endocytic route (55). To illustrate this single-vesicle approach, Figure 8B 478 

displays selected images of vesicles obtained by confocal fluorescence microscopy. All 479 

samples exhibited comparable circular morphologies, indicating the preservation of the 480 

surrounding bilayer irrespective of the treatment (Fig. 8B). However, in comparison with 481 

control untreated GUVs, or GUVs treated with peptides PB117L-1 or PB117L-3, the 482 

internal volume of the GUV treated with PB117L-2 at pH 5.0 appeared marked with the 483 
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externally added fluorescent probe Alexa Fluor 488, indicative of membrane 484 

permeabilization.  485 

Panels C and D in Figure 8 display single vesicle quantification of these effects 486 

and the mean number of permeabilized vesicles, respectively. Untreated vesicles and 487 

vesicles that were treated with PB117L-1 did not show significant levels of 488 

permeabilization. In contrast, samples treated with PB117L-2 showed low levels of 489 

permeabilization at neutral pH that became significant at pH 5.0, whereas the peptide 490 

PB117L-3 appeared to induce low levels of permeabilization that were comparable at 491 

both pHs. An increase in membrane permeability is not observed in GUVs that contain 492 

non-lytic transmembrane domains of class II viroporins (53, 54) or other TMHs (56, 57) 493 

and, therefore, the data displayed in Figures 8C and D support the potential pore-forming 494 

activity of B117L TMH. 495 

Sequence specificity of the pore-domain structure-function  496 

To gather more evidence supporting the pore-forming activity of B117L TMH, 497 

we next characterized in more detail the structure and activity of the PB117L-2 peptide 498 

(Fig. 9). In addition, to rule out possible effects arising from nonspecific hydrophobic 499 

interactions with membranes, a side-by-side comparison was performed with PB117L-500 

2scr, a peptide designed with the same amino acid composition, but scrambled sequence 501 

(sequences compared in Fig. 9A). 502 

First, we compared the structures adopted by these peptides in ER-like 503 

membranes by means of IR spectroscopy (Fig. 9B). The amide-I band of PB117L-2 504 

inserted into membranes at pH 7.4 or 5.0 exhibited main absorption centered at ca. 1654 505 

cm-1 (peak I) indicating the adoption by the peptide backbone of a main α-helical 506 
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structure (58). This would be consistent with the predicted TMH role of the sequence 507 

(Fig. 1), and its involvement in the induction of membrane permeability. The presence of 508 

smaller bands centered at 1642 cm-1 (peak II) and 1630 cm-1 (peak III), reflects the 509 

contributions of inter-helix interactions (59) and solvated helices (60), respectively. In 510 

contrast, the amide-I band of PB117L-2scr at pH7.4 displayed pronounced absorption at 511 

ca. 1625 cm-1 (peak IV), ascribed to extended-aggregated chains (58). Therefore, the 512 

presence of this band evidenced a defect for this peptide in membrane folding. Notably, 513 

this band was the main component at pH 5.0, consistent with a higher unfolding degree 514 

under these conditions. 515 

Next, to demonstrate the existence of a sequence-specific ion-channel (IC) 516 

activity we compared both peptides in electrophysiology measurements carried out on 517 

planar membranes mimicking the ER lipid composition (Fig. 9C). Recordings at an 518 

applied voltage of 50 mV, revealed no events after addition of any of the peptides at pH 519 

7.4. Similarly, we did not register any significant event at pH 5.0 in the presence of the 520 

PB117L-2scr peptide. In sharp contrast, recordings in the presence of the PB117L-2 521 

peptide carried out under the same experimental conditions, showed “opening” and 522 

“closing” events (current jumps) with various lifetimes, and amplitudes between 1 and 5 523 

pA (20 – 100 pS in conductance), which would be consistent with the formation of ion 524 

channels with radii in the range of r ~ 0.5-1 nm. Overall, IC activity data are consistent 525 

with a sequence-determined, ion-conducting viroporin function of B117L, which is 526 

activated at low pH. 527 

Discussion 528 
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Prior to this study there was a complete lack of information about structure-529 

related characteristics and possible functions of the ASFV protein B117L. The gene 530 

B117L was predicted to encode for an IMP (10), later defined as a minor component of 531 

the ASFV proteome (11). Our study adds to these established notions the possibility that, 532 

upon expression, the B117L protein preferentially locates at the ER, organized therein 533 

with its small globular ectodomain exposed to the lumen of the organelle, and 534 

amphipathic-hydrophobic sequences inserted into its membrane. These latter sequences 535 

would compose the MD, defined in this study as an “amphipathic-strand/hydrophobic 536 

helix/amphipathic-helix” motif roughly spanning 50 amino acids at the C-terminal end of 537 

B117L.  538 

To advance in the knowledge about the functional relevance of this ectodomain-539 

MD partition, we first conducted a comprehensive evolutionary analysis and found that 540 

negative selection is the evolutionary force driving the selection of B117L gene, 541 

consistent with the evolutionary profile reported in other ASFV genes (A151R, A859L, 542 

A104R, E165R , EP296R, and H108R) (26 ,61, 62, 63, 64, 65), indicating the overall 543 

evolutionary constraints favoring the conservation of multiple sites of B117L protein.  544 

The evolutionary analysis identified a total of 11 residues under negative selection, 7 545 

within the ectodomain and 4 within the MD. Considering the lack of knowledge about 546 

this protein, the relevance of this result suggests that these residues may represent critical 547 

sites necessary for the structure and/or function of this protein. The analysis performed 548 

also supported the high conservation of the MD, stressing the relevance of this domain in 549 

the function of this protein.   550 
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As a part of the strategy to predict the evolution of this protein, we used two 551 

algorithms specialized in the detection of positive selection in the branches. Our results 552 

suggested that one of the representative lineages used in this study, evolved as a result of 553 

positive selection of ectodomain residues. In the light of these results, we may propose 554 

that, besides the common ones performed by the MD, there could be other or different 555 

molecular functions associated with the B117L ectodomain in other distant isolates. In 556 

this context, future studies could conduct side by side comparisons among different forms 557 

of B117L.  558 

The cell expression experiments conducted in this study support the incorporation 559 

of B117L into the ER membrane adopting a defined Nout/Cin topology, even in the 560 

absence of a canonical SP. However, we cannot exclude that B117L may be in the ER 561 

when expressed alone because it has misfolded or cannot assemble with other viral 562 

proteins. Interestingly, prediction of subcellular localization using DeepLoc 2.0 (43) and 563 

LA(ProtT5) (44) tools also supported B117L localization in the ER. 564 

Elucidating the mechanism of single pass B117L biogenesis is beyond the scope 565 

of this study. The existence a weakly hydrophobic, non-canonical SP undetected by the 566 

available prediction tools, which could initiate translocation as a type I IMP cannot be 567 

excluded at this point. Even though, the observation that B117L expressed with deleted 568 

ectodomain sequences seem to adopt similar Nout/Cin topologies strongly argues against 569 

that possibility (Fig. S3). Alternatively, we speculate that either the cell machinery used 570 

by Nout/Cin type III IMPs, or mechanisms mediated by unknown factors, could be 571 

involved in ER targeting of B117L and insertion of its TMH (66). Thus, one possibility 572 

explaining ectodomain diversity at the 31-34 hotspot is that its sequence-structure defines 573 
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different strategies-partners for selective targeting to the ER membrane and its retention 574 

therein. 575 

Furthermore, electron tomography data support the assembly of the ASFV inner 576 

lipid envelope from ER membrane patches, a process accompanied by the loss of the 577 

organelle integrity and release of luminal proteins (41). Thus, ER membrane specificity 578 

strongly suggests that the virion inner lipid envelope might be the fate of B117L (42). 579 

Conceivably, B117L could also be involved in the ER processing by establishing 580 

interactions with other viral factors through the ectodomain. However, the observation 581 

that overexpression of the protein does not lead to ER disruption suggests that B117L on 582 

its own does not destabilize-sever the ER membrane.  583 

Based on its small size, the high degree of the MD conservation, its incorporation 584 

at low membrane densities into virions, and the low pH-activated pore-forming/ion-585 

channel activities of the TMH-based helical peptide, we rather support a viroporin-like 586 

assistant role for B117L during virus entry through the endocytic route. Members of the 587 

‘Viroporin’ family can be generally classified as integral membrane miniproteins bearing 588 

the capacity to permeabilize membranes to different solutes (67, 68). In many instances 589 

they constitute nonstructural proteins, which are nonessential for virus growth. However, 590 

as virulence factors, they may assist viral egress and propagation following a variety of 591 

mechanisms that include direct restructuring of cell membrane systems, or indirect effects 592 

to manipulate cell death mechanisms and innate immune responses. Notwithstanding the 593 

previous generalization, the presence of structural miniproteins that incorporate into the 594 

viral envelope and display a viroporin-like activity in response to different stimuli is not 595 

uncommon (49, 50, 69). Most prominently, the low pH-activated, proton-conducting 596 
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activity of M2 proteins from Influenza A and B viruses (A/M2 and BM2, respectively) 597 

appears to be crucial during entry through the endocytic route, to allow the acidification 598 

of the virion core and facilitate disassembly of the ribonucleoprotein complexes (70). 599 

Supporting an analogous functional role during ASFV entry, B117L shares a 600 

number of structural similarities with A/M2 (71, 72): (i) both appear to be single-pass, 601 

type III integral membrane proteins; (ii) both comprise an N-terminal ectodomain, a 602 

middle TMH, and a C-terminal amphipatic helix; and (iii) in both instances the TMH 603 

assembles the membrane channel. However, in contrast to the proton-selective A/M2, 604 

B117L pore-forming domain showed only weak discrimination for ions and small 605 

charged solutes. Moreover, ASFV infection was not inhibited in the presence of 606 

amantadine (data not shown), an efficient inhibitor of Influenza A virus infection 607 

targeting A/M2, which is however inefficient against Influenza B viruses (70). The 608 

different amino acid composition of the A/M2 and BM2 pore-forming domains was 609 

invoked to explain the inability of this channel blocker to inhibit cell infection by 610 

Influenza B viruses (70). Thus, the presence of yet more divergent sequences could 611 

explain the lack of effect of amantadine in the case of the ASFV.  612 

In addition, deletion of B117L gene from the genome of the parental ASFV strain 613 

Georgia was attempted using previously designed methods performed in our laboratory 614 

for successful deletion of individual ASFV genes (4-6, 9, 15-17, 26, 61-65). However, 615 

after several attempts we were able to get only a mixed virus population that could be 616 

observed by next-generation sequencing, but never a pure population of a recombinant 617 

virus lacking B117L. This suggests that some of the potential critical molecular functions 618 

of B117L could be complemented from the presence of B117L in other viral parental 619 
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genomes. In other words, the fact that a virus lacking the B117L gene could not be 620 

produced in purity supports that B117L function must be retained, resulting essential for 621 

virus growth. 622 

Determining the molecular function of B117L as a viroporin opens the possibility 623 

of the use of antivirals as a potential approach to limit ASFV infection (73). This 624 

constitutes the first report of an ASFV protein having viroporin function. In fact, very 625 

few proteins encoded by the ASFV genome have any experimentally tested molecular 626 

function, having, most of them, only limited functional prediction information from 627 

algorism-based analytic programs. To help in defining protein function all of the 628 

predicted structures for ASFV proteins has become publicly available, aiding in the effort 629 

to determined potential molecular functions of ASFV proteins. However, the functional 630 

predictions still require molecular testing. Understating the functional significance of 631 

individual proteins aids in the advancement of antiviral drugs, and rationally designed 632 

vaccines.  633 
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Figure legends: 887 

Figure 1: Membrane domain prediction for B117L gene. (A) Sequence of the B117L 888 

gene (Georgia isolate). Residues colored according to the DeepTMHMM prediction 889 

displayed below (left panels); blue, red and magenta correspond to the N-terminal outside 890 

sequence, the predicted transmembrane helix (TMH, underlined) and the C-terminal 891 

inside sequence, respectively. The 3D-structure predicted by AlphaFold is depicted on the 892 

right side using the same color code and inserted into a POPC lipid bilayer with the 893 

predicted orientation. (B) The B117L sequence on top highlights in green the positions of 894 

hydrophobic residues within the segment spanning an amphipatic strand, the hydrophobic 895 

helix and an amphipatic helix (underlined and designated as MD). Range and sequences 896 

for these membrane-associating elements were predicted from hydropathy plots shown 897 

below, which are based on the Kyte-Doolittle scale (38). The 3D model on the right 898 

displays side-chains for these residues (depicted in green) and proposes a kink at position 899 

Arg95-His96 to allow the insertion of the C-terminal amphipathic helix into the 900 

membrane interface facing the cytosol. Lys-67 at the beginning of the TMH is depicted in 901 

blue.  3D-structures rendered with Chimera (74). 902 

Figure 2. Diversity of B177L gene among ASFV isolates in nature. (A) Amino acid 903 

alignment showing the diversity of B117L protein among a group of 8 representative 904 

ASFV isolates. Conservation plot scores reflect the nature of the change in specific sites. 905 

Increased scores reflect substitutions between residues with similar biological properties. 906 

MD boundaries are limited by the grey squares. Analysis was conducted in the software 907 

Jalview version 2.11.1.7. (B) Phylogenetic analysis conducted by maximum likelihood 908 

method using the full-length sequence of B117L gene indicates the existence of four 909 
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potential phylogenetic groups. Red numbers in the parenthesis indicate the genotype of 910 

different strains based on p72 classification.   911 

Figure 3. Evolutionary signatures of B117L gene. (A) Graphic representation of the 912 

ratio dN-dS at specific codon sites in the B117L gene of ASFV. MD is highlighted in 913 

grey. Asterisks in green and red denote codons evolving under positive or negative 914 

selection respectively.  Analyses were conducted using the evolutionary algorithms 915 

MEME and FEL considering a cutoff value of p=0.1. (B) Codon-amino acid alignment 916 

showing sites detected under positive selection and at negative selection on the MD. 917 

Different nodes represent the codon-amino acid sequence at predicted ancestral 918 

sequences. Analysis was conducted by the algorithm SLAC. (C) 3D-structure model 919 

displaying the positions of detected residues. (D) Pairwise distance analysis comparing 920 

the nucleotide conservation between the genome and the MD. (E) Comparison between 921 

synonymous (dS) and nonsynonymous (dN) substitutions rates during the evolution of 922 

B117L gene. Significant differences in (D) and (E) were determined by the unpaired t-923 

test. 924 

Figure 4. Evolutionary branch analysis. (A) aBSREL analysis. Phylogenetic tree 925 

showing the dN/dS rates at different branches associated with representative isolates 926 

included in this study. Asterisk in isolate Ken05/Tk1, represents the only branch in the 927 

tree associated with positive selection. LRT and p-values obtained during the analysis are 928 

shown below the branch. Also, the two dN/dS ratio classes inferred in this analysis are 929 

shown.  In this context, dN/dS ratios <1 or >1 represent values under negative or positive 930 

selection respectively. Percentages in the parenthesis represent the proportion of codons 931 

sites associated with each class. (B) BUSTED analysis. The graphic shows an analysis of 932 
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the specific codon sites on the branch associated with the isolate Ken05/Tk1, where 933 

evidence of the rejection about the constrained and optimized null models (both 934 

considering absence of positive selection) was obtained. MD is highlighted in grey. (C) 935 

The figure shows relevant codon sites predicted by BUSTED analysis, implicated in the 936 

potential phenotypic differences predicted on B117L gene of Ken05/Tk1. The 3D-937 

structure predicted by Alphafold for this isolate is shown on the right-side, revealing a 938 

similar MD organization and the preservation of a helical structure within the 939 

ectodomain. A closer view to this element is displayed below showing the position of the 940 

31-34 residues. 941 

Figure 5. Recombination analysis. Phylogenetic analyses using different segments 942 

associated with inferred breakpoints, showing topology incongruences among isolates. 943 

Analysis was conducted by the maximum likelihood method. Numbers above internal 944 

branches represent bootstrap values (1000 repetitions). Correlations (R2 values) represent 945 

comparisons between pairwise distance analysis conducted between isolates using full 946 

length B117L sequences and different fragments. Values ranges between 1 and 0 947 

represents different degrees of topology incongruence.   948 

Figure 6: Expression profile of B117L gene of ASFV during in vitro infection of 949 

porcine macrophages. Reverse transcription followed by qPCR was used to evaluate the 950 

expression profile of the B117L gene during in vitro infection at different time points, up 951 

to 24 h. As a reference for this analysis, we used qPCRs to specifically detect the 952 

expression of genes encoding ASFV proteins p30 (early expression) and p72 (late 953 

expression). Additionally, the b-actin gene was used as a control to evaluate the quality 954 

and levels of RNA during the infection at different time points. 955 
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Figure 7: ER localization of B117L upon cell expression. (A) Expression of the 956 

B117L-GFP construct in HEK293T cells and co-localization with markers for the Plasma 957 

Membrane, Mitochondria, ER soluble compartment and ER membrane. The plot on the 958 

right depicts co-localization levels (Pearson coefficients) as calculated with the ImageJ 959 

plugin Coloc 2 program (http://imagej.net/Coloc_2). Measurements were carried out in at 960 

least 6 cells as those displayed in the left panels. Bars represent mean values ± SD. (B) 961 

Structures compatible with OSER formation were observed in cells expressing the GFP 962 

tag placed at the C-terminus of B117L (B117-GFP construct), but not when the GFP was 963 

placed at the N-terminus (GFP-B117L construct) or when Sec61γ TMH substituted for 964 

that of B117L (B117L-Sec61TMH-GFP construct). The panel on the right displays 965 

Pearson coefficients consistent with co-localization of all B117L GFP fusions with the 966 

ER marker BiP-mCherry. OSER were also absent from cells co-expressing untagged 967 

B117L. (C) Formation of oligomers in cells transfected with GFP and GFP-B117L 968 

constructs (lanes 1 and 2, respectively). Cell extracts were applied to SDS-PAGE and 969 

GFP detected by immunoblotting using an anti-GFP antibody. Samples were incubated in 970 

running buffer at 95 ºC or 37 ºC for 10 min before electrophoresis (left and right panels, 971 

respectively). 972 

Figure 8: Identification of the pore-forming domain of B117L using MD-based 973 

peptides (A) Sequence and designation of MD spanning peptides. (B) Single ER-GUV 974 

permeabilization assay. Micrographs depict Rho-PE-labeled ER-GUVs (orange 975 

circumferences) immersed in a solution containing Alexa Fluor 488 (green background). 976 

In samples incubated with PB117L-2, the green label diffuses into the lumen of the 977 

vesicle indicative of membrane permeabilization. Scale bars correspond to 20 μm in all 978 
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micrographs. (C) Distribution of single ER-GUVs according to their permeabilization 979 

percentage to Alexa Fluor 488 after treatment with the different B117L peptides at pH 7.4 980 

or 5.0. Horizontal bars indicate the median values. (D) Percentage of vesicles in the 981 

previous samples displaying permeabilization levels higher than 70% (threshold level 982 

indicated by the dotted line in the previous panel). Peptides were applied at 200 nM 983 

concentration. 984 

Figure 9: Dependency of PB117L-2 structure-function on sequence. (A) Comparison 985 

of peptides PB117L-2 and PB117L-2scr (wt sequence scrambled using the server: 986 

https://www.bioinformatics.org/sms2/shuffle_protein.html). (B) Amide I region IR 987 

spectra of PB117L-2 and PB117L-2scr reconstituted in ER-like membranes (peptide-to-988 

lipid ratio, 1:50) at pH 7.4 or 5.0 as indicated in the panels. Absorption band components 989 

are depicted with thin traces and their maxima indicated by the Roman numerals (see text 990 

for their assignment). (C) Ion channel activity in ER-like planar bilayers. Current 991 

recordings before (No peptide) and after the addition of peptides PB117L-2 and PB117L-992 

2scr at pH 7.4 or 5.0. Current jumps consistent with ion channel activity can be observed 993 

with PB117L-2 at pH 5.0. The applied voltage is 50 mV. The recordings were digitally 994 

filtered at 500 Hz using a low-pass 8-pole Bessel filter for better visualization. 995 
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