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ABSTRACT Lassa virus (LASV) is an enveloped, negative-sense RNA virus that 15 

causes Lassa hemorrhagic fever, for which there are limited treatment options. 16 

Successful LASV entry requires the viral glycoprotein 1 (GP1) to undergo a receptor 17 

switch from its primary receptor alpha-dystroglycan (α-DG) to its endosomal receptor 18 

lysosome-associated membrane protein 1 (LAMP1). A conserved histidine triad in 19 

LASV GP1 has been reported to be responsible for receptor switch. To test the 20 

hypothesis that other non-conserved residues also contribute to receptor switch, we 21 

constructed a series of GP1 mutant proteins and tested them for binding to LAMP1. 22 

Four residues, L84, K88, L107, and H170, were identified as critical for receptor 23 

switch. Substituting any of the four residues with the corresponding lymphocytic 24 

choriomeningitis virus residue (L84N, K88E, L10F, and H170S) reduced the binding 25 

affinity of GP1LASV for LAMP1. Moreover, all the mutations caused decreases in 26 

GPC-mediated membrane fusion at both pH 4.5 and 5.2. The infectivity of 27 

pseudotyped viruses bearing either GPCL84N or GPCK88E decreased sharply in multiple 28 

cell types, whereas L107F and H170S had only mild effects on infectivity. Notably, in 29 

LAMP1 knockout cells, all four mutants showed reduced pseudovirus infectivity. 30 

Using biolayer light interferometry assay, we found that all four mutants had 31 

decreased binding affinity to LAMP1, in the order L84N > L107F > K88E > H170S. 32 

 33 

IMPORTANCE Lassa virus requires pH-dependent receptor switch to infect host 34 

cells; however, the underlying molecular mechanisms of this process are not well 35 

known. Here, we identify four residues, L84, K88, L107, and H170 that contribute to 36 
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the interaction with the second receptor lysosome-associated membrane protein 1 37 

(LAMP1). Mutant any of the four residues would impair the binding affinity to 38 

LAMP1, decrease the glycoprotein mediated membrane fusion, and reduce the 39 

pseudovirus infectivity.  40 

 41 

INTRODUCTION 42 

Lassa virus (LASV) belongs to the Arenaviridae family of enveloped, negative-sense, 43 

bi-segmented RNA viruses and is classified as an Old World (OW) mammarenavirus 44 

(1). It is transmitted from the rodent host Mastomys natalenis to humans via 45 

contaminated excreta (2). LASV infections cause Lassa hemorrhagic fever, which 46 

causes high mortality in hospitalized patients. However, there are no FDA-approved 47 

vaccines or specific antiviral agents against LASV (3). 48 

The LASV RNA genome encodes an RNA-dependent RNA polymerase (L), 49 

nucleoprotein (NP), matrix protein (Z), and a highly glycosylated membrane 50 

glycoprotein (GP). GPC is synthesized as an inactive precursor glycoprotein complex, 51 

then cleaved into three subunits: a stable signal peptide (SSP), a receptor-binding 52 

subunit (GP1), and a membrane-spanning fusion subunit (GP2) (4). During cellular 53 

entry, LASV GP1 interacts with the primary receptor, alpha-dystroglycan (α-DG), on 54 

the plasma membrane; LASV is then internalized through macropinocytosis, 55 

subsequently reaching the late endosomal compartment (5). In this low pH 56 

environment, GP undergoes irreversible structural changes that decrease its affinity 57 

for α-DG, while increasing its affinity for the acidic receptor, lysosome-associated 58 
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membrane protein 1 (LAMP1) (5-8). A histidine triad (H92/93/230) in GP1LASV is 59 

highly conserved among OW mammarenaviruses and is indispensable for LAMP1 60 

binding (9). Several other residues in LASV GP1 that are not shared by other OW 61 

mammarenaviruses have also been reported to be critical for LAMP1 binding (10). 62 

Here, we focused on comparing LASV with the prototypical OW mammarenavirus 63 

lymphocytic choriomeningitis virus (LCMV), which is genetically and serologically 64 

similar to LASV but does not interact with LAMP1. We mutated several residues in 65 

GP1LASV to their corresponding residues in GP1LCMV, tested its ability to bind to 66 

LAMP1, and found four residues involved in LAMP1 binding. 67 

 68 

RESULTS 69 

Four single-residue substitutions in GP1LASV disrupt LAMP1 binding 70 

By comparing the amino-acid sequences of GP1LASV and GP1LCMV (Fig. 1A), several 71 

residues located at the tip of GPCLASV or spatially close to the histidine triad 72 

(H92/93/230) were selected and mutated to the corresponding residue in GP1LCMV. 73 

LAMP1 binding was evaluated using pull-down assays at pH 5.0. As shown in Fig. 74 

1B, four mutants, L84N, K88E, L107F, and H170S, disrupted the binding of 75 

GP1LASV-Fc to LAMP1, wherease other mutants, such as T87S, E100S, T101S, L105P, 76 

F147N, K161E, K161Q, and D229K, had little effect. H92Y, H93Y, and H230Y were 77 

used as the positive controls, none of which showed binding to LAMP1, consistent 78 

with the previous reports (9, 11).  79 

 80 
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Effects of the mutants on GPC cleavage efficiency 81 

To evaluate the effect of the four mutations on the cleavage processing of LASV GPC 82 

into GP1 and GP2, 293T cells were transfected with pCAGGS vectors encoding WT 83 

and the mutant GPCs. As shown in Fig. 2, GPCL107F and GPCH170S exhibited cleavage 84 

efficiencies similar to that of GPCWT, whereas GPCL84N and GPCK88E showed 85 

cleavage processing defects (Fig. 2A). Compared with GPCWT, the cleavage 86 

efficiency of GPCL84N decreased to only approximately 4% of that of GPCWT. The 87 

cleavage efficiency of GPCK88E was approximately 25% that of GPCWT (Fig. 2B). 88 

There were no significant differences in the cleavage efficiencies of GPCL107F, 89 

GPCH170S, and GPCWT, indicating that unlike L84N and K88E, L107F and H170S 90 

might have little effect on the cleavage efficiency of GPC.  91 

 92 

Effects of mutants on GPC-mediated membrane fusion  93 

GPC cleavage is upstream of GPC-mediated membrane fusion, so a decrease in 94 

cleavage efficiency would lead to a reduction in the fusion activity. To this end, the 95 

effects of the substitutions on GPC-mediated membrane fusion were also tested. As 96 

shown in Fig. 3, the efficiency of membrane fusion mediated by GPCL84N was lower 97 

than that of GPCWT (< 20%) at all tested pH values (4.5, 5.0, and 5.2). Compared with 98 

GPCWT, the membrane fusion efficiency of GPCK88E ranged from 42 to 63%, while 99 

that of GPCL107F ranged from 46 to 80%. The decrease in fusogenicity of L84N and 100 

K88E might be due to a deficiency in GPC cleavage. Notably, the membrane fusion 101 

efficiency of GPCH170S was nearly twice as high as that of GPCWT at pH 5.0. However, 102 
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the membrane fusion efficiency of GPCH170S was lower than that of GPCWT at both pH 103 

4.5 and pH 5.2, suggesting that pH 5.0 might be an optimal pH for GPCH170S- 104 

mediated membrane fusion. 105 

 106 

Four substitutions in GP1LASV reduce LASV infectivity 107 

We constructed LASV pseudotyped viruses (pvs) with a VSV backbone and luciferase 108 

reporter gene. The genome copy numbers of LASVPV
WT, LASVPV

L84N, LASVPV
K88E, 109 

LASVPV
L107F, and LASVPV

H170S were 8.10 × 109, 2.05 × 109, 1.90 × 1010, 1.18 × 1010, 110 

and 7.88 × 109 per mL, respectively.  111 

The WT and mutant viruses with the same copy number were used to infect different 112 

cell lines, and relative luminescence was measured to evaluate efficiency. In A549 and 113 

BHK cells, L84N, K88E, L107F, and H170S significantly reduced infectivity relative 114 

to WT, The infection efficiency of L84N was reduced by 3.3 log values. In HEK 293T 115 

cells, L84N and K88E significantly reduced infectivity, whereas L107F and H170S 116 

had little effect. In Vero cells, the infectivity of L84N, K88E, and H170S was 117 

significantly reduced, whereas L107F had little effect. In summary, the infectivity of 118 

GPCL84N and GPCK88E mutant pvs was sharply decreased in both tested cell lines, 119 

whereas L107F and H170S had milder effects on infectivity (Fig. 4). 120 

To evaluate the role of LAMP1 in LASV infection, we knocked out A549 cells using 121 

CRISPR/Cas9 gene editing, then measured LAMP1 expression was evaluated using 122 

western blotting (Fig. 5A). LASVPV replication was reduced in LAMP1 knockout 123 

A549 cells compared with that in wild-type A549 cells (Fig. 5B), confirming the 124 
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indispensable role of LAMP1 in LASV infection. Moreover, compared with 125 

LASVPV
WT, all four mutants showed decreased infectivity in LAMP1 KO cells. 126 

Intriguingly, the decreases we observed in the infectivity of LASVpvL107F and 127 

LASVpvH170S in KO cells were greater than those in WT cells (Fig. 4). 128 

 129 

GP1 mutants have reduced binding affinity for LAMP1 130 

To further evaluate the role of the mutated residues (L84N, K88E, L107F, and H170S) 131 

in LAMP1 binding, biolayer interferometry (BLI) was performed to test the ability of 132 

these mutants to bind to LAMP1 (12). As shown in Fig. 7A, the WT GP1-Fc as well 133 

as the entire mutant GP1-Fc exhibited dose-dependent binding to LAMP1, while 134 

LCMV GP1-Fc showed no binding. Specifically, the relative LAMP1 binding 135 

affinities were L84N > L107F > K88E > H170S (Fig 7A and B). LAMP1 binding was 136 

robustly abolished by the H170S substitution; the K88E, L84N, and L107F mutants 137 

weakly bound to LAMP1. These results are consistent with those of the LAMP1 138 

pulldown assay, indicating that L84N, K88E, L107F, and H170S have negative effects 139 

on LAMP1 binding. 140 

 141 

DISCUSSION   142 

LASV GPC mediates viral entry into host cells; therefore, substantial efforts have 143 

been made to understand its structure, function, and immunobiology (13, 14). 144 

Successful LASV entry requires a switch in binding from α-DG to the endosomal 145 

receptor LAMP1 (8). Ebola virus (EBOV) uses a similar, multistep entry strategy, 146 
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employing Niemann-Pick type C1 (NPC1) to complete its entry step (15-17). 147 

Tetraspanin CD63 was shown to enhance the efficiency of GP-mediated membrane 148 

fusion for another OW mammarenavirus Lujo virus (LUJV), and is hypothesized to 149 

be a possible second receptor for LUJV entry (18, 19). 150 

The prototypical OW mammarenavirus LCMV is genetically and serologically similar 151 

to LASV and also is pathogenic to humans; both share similar receptor-binding 152 

domains involved in α-DG binding (20). A previous study implicated a conserved, 153 

positively charged histidine triad (H92/93/230) in GP1LASV binding to LAMP1 (9), 154 

located on the β-sheet face of GP1LASV. GP1LCMV shares this histidine triad, but 155 

LCMV does not undergo receptor switch. The GP1 sequence is different between the 156 

two, which might lead to differences in receptor binding. 157 

A previous study implicated important fragments in addition to the histidine triad in 158 

LASV receptor switch. These residues were mainly located in β5 and L7 of GP1MORV 159 

and play key roles in LAMP1 binding. Notably, when partial fragments of GP1MOPV 160 

were mutated to their corresponding LASV residues, the resulting chimeric GP1MORV 161 

could bind to LAMP1, suggesting that these residues play a key role in the binding of 162 

GP1LASV to LAMP1 (10). 163 

Based on the crystal structure of GP1LASV (PDB: 5VK2), K88 is located in the center 164 

of the histidine triad (Fig. 7) (4). Notably, the K88E substitution significantly reduced 165 

membrane fusion efficiency, suggesting that the charged residue K88 plays an 166 

important role in GPC-mediated membrane fusion, which might sense the acidic pH 167 

within the endolysosomal compartment, thus promoting receptor switch and the 168 
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conformational change of GP1LASV. Thus, we infer that maximal LAMP1 binding and 169 

membrane fusion of LASV require a positive charge at position 88 in GPCLASV. The 170 

mechanism involving K88 might be similar to that of K33, a key charged residue 171 

located in the putative membrane-proximal region of the SSP. It has been reported that 172 

charge-changing substitutions of K33 affect the maturation of GPC and its 173 

downstream function; thus, the K33 residue is crucial for GPC sensitivity to pH (21). 174 

Another positively charged residue, H170, is located on the top of the GP1LASV 175 

structure and may function similarly to K88 and K33 in sensing pH. Moreover, L84 176 

and L107 are located in the vicinity of the histidine triad and may be important for 177 

maintaining the structure of the histidine triad and the GP1LASV-LAMP1 interaction 178 

interface. 179 

To investigate whether these substitutions affect the binding of GP1LCMV to LAMP1, 180 

we constructed four GP1LCMV mutant expression plasmids (N90L, V94K, F110L, and 181 

S174H, according to the residues in GPCLCMV). However, none of these GP1LCMV 182 

mutants interacted with LAMP1. This suggests that the impact of these four residues 183 

in GP1LASV was greater than that in GP1LCMV, and that the corresponding mutations in 184 

GP1LCMV were not sufficient to promote its interaction with LAMP1. 185 

To date, there is no published structure of LAMP1 cocrystallized with GP1LASV; 186 

therefore, we performed a BLI assay to evaluate the binding of distal-LAMP1 and 187 

GP1LASV. Distal-LAMP1 refers to residues 27–194 of LAMP1, the key domain that 188 

partially reflects the physiological state and function of LAMP1 in cells; thus, it has 189 

been used to study LAMP1 function (22). The data from this assay were consistent 190 
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with the pulldown data, as distal-LAMP1 plays a critical role in LAMP1 binding. 191 

LAMP1 triggers significant increase in GPCLASV spike complex-mediated cell entry 192 

(7). However, we found that LASV infection was not completely inhibited in LAMP1 193 

knockout A549 cells (Fig. 5B). These data are consistent with those from a previous 194 

study, in which the infectivity of LASV VSV pseudoviruses was reduced by 70–85% 195 

in LAMP1 knockout cells relative to wild-type cells (23). 196 

These four residues, identified as being involved in LASV glycoprotein receptor 197 

switch, are significant for understanding the mechanism underlying host-pathogen 198 

interactions and provide new insight for further study of invasive mechanisms, and 199 

therefore potential inhibitors, of LASV. Further elucidation of the relationship 200 

between α-DG and LAMP1 and characterization of the LAMP1- GP1 interaction will 201 

clarify the events that occur during LASV infection and facilitate specific strategies to 202 

clinically inhibit this crucial interaction (24). 203 

 204 

MATERIALS AND METHODS 205 

Cell lines, plasmids, and antibodies 206 

293T, BHK, A549, and Vero cells were maintained in Dulbecco’s modified Eagle’s 207 

medium (DMEM; Gibco, Grand Island, NY, USA) supplemented with 10% fetal 208 

bovine serum (FBS; Gibco). 293F cells were cultured in Freestyle 293 expression 209 

medium (Invitrogen, Carlsbad, CA, USA). GPCLASV (Josiah strain, GenBank 210 

HQ688673.1) was synthesized by Sangon Biotech (Shanghai, China) and subcloned 211 

into the pCAGGS vector. The recombinant pcDNA3.1-GP1LASV-Fc plasmid was 212 
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constructed by inserting codon-optimized GP1LASV, which was synthesized de novo 213 

by GenScript (Nanjing, China). Distal LAMP1-Fc expressing plasmid was a gift from 214 

Professor Ron Diskin (Department of Structural Biology, Weizmann Institute of 215 

Science, Rehovot, Israel). 216 

Anti-LAMP1 antibody was purchased from Millipore (Billerica, MA, USA). 217 

Anti-GAPDH, anti-α-tubulin, anti-Fc, and horseradish peroxidase (HRP)-conjugated 218 

secondary antibodies were obtained from Proteintech (Wuhan, China). Anti-GP2LASV 219 

antibodies were produced in our laboratory. (25, 26). 220 

 221 

Protein expression and purification 222 

GP1LASV-Fc and distal LAMP1-Fc were transfected into HEK 293F cells using 223 

polyethylenimine (PEI) at a density of 2.0 × 106/mL. Overgrowth of the cells was 224 

controlled by adding 2 mM sodium valproate and shaking at 120 rpm with 8% CO2 at 225 

37°C. After 5 days, suspension cultures were harvested, centrifuged at 3500 × g for 15 226 

min, and sterilized by passage through 0.45 μm filters (Thermo Scientific, USA). 227 

Secreted proteins were purified from the culture supernatants using a protein A+G 228 

affinity column (GE Healthcare) according to the manufacturer’s instructions. Protein 229 

concentrations were determined based on absorption at 280 nm (UV280) using 230 

theoretical extinction coefficients. Protein samples were analyzed using blue native 231 

polyacrylamide gel electrophoresis (PAGE) and stained with Coomassie blue to assess 232 

purity. 233 

 234 
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LAMP1 pulldown assays  235 

Assays were performed as described previously (7, 10). Briefly, LASV GP1-Fc 236 

protein was incubated overnight with protein A+G Sepharose beads (ProteinTech) at 237 

4°C and then washed five times with NETI buffer (50 mM Tris-HCl, 1 mM EDTA, 238 

150 mM sodium chloride, 0.5% [vol/vol] IGEPAL, pH 8.0). The beads were 239 

incubated with extracts from HEK 293T cells prepared in NETI buffer and adjusted to 240 

pH 5.0, at 4°C for 3 h. Proteins were eluted using 20 mM Tris-HCl (pH 8.0) and 150 241 

mM sodium chloride and precipitated using cold acetone at -20°C. Protein pellets 242 

were recovered in sample buffer and subjected to western blotting. 243 

 244 

Western blot analysis  245 

Samples containing equal amounts of protein were separated using sodium dodecyl 246 

sulfate (SDS)-PAGE and then transferred to polyvinylidene difluoride (PVDF) 247 

membranes (Millipore). After blocking with 5% skim milk in TBST for 2 h, 248 

membranes were incubated with primary antibodies (diluted 1:1000) for 1 h, followed 249 

by incubation with horseradish peroxidase (HRP)-conjugated secondary antibodies 250 

(diluted 1:2000; ProteinTech) for 45 min. Membranes were gently soaked in an 251 

enhanced chemiluminescence (ECL) solution (Millipore) and protein bands were 252 

visualized using a ChemiDoc MP gel imager (Bio-Rad Laboratories, Hercules, CA, 253 

USA). 254 

 255 

Membrane fusion assay 256 
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293T cells were pre-seeded in 24-well plates pre-coated with poly-D-lysine (Sigma). 257 

Seeded cells were co-transfected with pEGFP-N1 and pCAGGS-LASV GPC 258 

plasmids using PEI. After 24 h of transfection, cells were incubated in different pH 259 

medium for 15 min at 37°C to enable glycoprotein triggering, respectively. The cells 260 

were then restored to neutral medium and cultured for an additional 4 h to allow 261 

membrane rearrangement. Syncytium formation was manually identified and 262 

visualized using a fluorescence microscope (Olympus).  263 

To quantify the efficiency of membrane fusion, a dual-luciferase reporter assay was 264 

performed as described previously (25-27). Briefly, 293T cells in a 24-well plate were 265 

co-transfected with plasmids expressing T7 RNA polymerase (pCAGT7) and 266 

pCAGGS-LASV GPC. 293T cells in a 6-well plate were transfected with pRL-CMV 267 

together with pT7EMCVLuc CMV (the three plasmids used in this reporter assay 268 

were kindly gifted by Yosh iharu Matsuura, Osaka University, Osaka, Japan). After 269 

transfection for 24 h, the cells were gently trypsinized and co-cultured for 6 h in 270 

DMEM containing 10% FBS. Membrane fusion was initiated by treatment with 271 

acidified medium, which was adjusted using citric acid buffer, and incubated in 272 

DMEM supplemented with 2% FBS for 24 h. Membrane fusion activity was 273 

quantitatively assessed by detecting the expression of firefly luciferase and sea pansy 274 

luciferase using the Dual-Luciferase Reporter Assay System (Promega, Madison, WI, 275 

USA) according to the manufacturer’s protocol. 276 

 277 

Production of pseudovirus 278 
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Plasmid pVSVΔG-eGFP (Addgene plasmid #31842) was modified to pVSVΔG-Rluc 279 

to generate LASV GPC pseudotyped viruses (LASVpv). LASVpv were produced as 280 

described previously (25-28). Briefly, 293T cells were transfected with the envelope 281 

LASV GPC-pCAGGS plasmid or its mutant derivatives using PEI. After 24 h, the 282 

cells were infected with pVSVΔG-Rluc at an MOI of 0.1, for 1 h. Culture 283 

supernatants containing viral particles were harvested 30 h later and centrifuged to 284 

remove cell debris.  285 

Viral RNA was extracted from 200 μL of pseudovirus using the MiniBEST Viral 286 

RNA/DNA Extraction Kit Ver.5.0 (TaKaRa, Japan), and the extracted mRNA was 287 

used as a template for reverse transcription using M-MLV reverse transcriptase 288 

(Promega, Madison, WI, USA). Virus was quantified using real-time PCR using 289 

SYBR Premix Ex Taq™ (Applied Biosystems, Thermo Fisher Scientific, USA) 290 

according to the manufacturer’s instructions. Ten-fold serial dilutions of VSV-eGFP 291 

were used to construct a standard curve for calculating viral copy numbers. 292 

 293 

Construction of LAMP1-knockout A549 cells 294 

LAMP1-knockout A549 cells were constructed using the CRISPR/Cas9 system. The 295 

primers covering the cleavage site on both strands were as follows: forward primer, 296 

CACCGAACGGGACCGCGTGCATAA and reserve primer, 297 

AAACTTATGCACGCGGTCCCGTTC. A549 cells (5 × 105) were seeded into one 298 

well of a six-well plate and were transfected with 600 ng of plasmid with 5 μL of 299 

Lipofectamine 2000 (Invitrogen) in 200 μL of OptiMEM (Gibco). At 48 h post 300 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted May 1, 2021. ; https://doi.org/10.1101/2021.04.30.442226doi: bioRxiv preprint 

https://doi.org/10.1101/2021.04.30.442226


15 
 

transfection, fresh medium containing 2 μg/mL puromycin was added, and the cells 301 

were incubated for 2 days. Puromycin-resistant A549 cells were then diluted and 302 

cloned. Finally, single-cell clones were identified, amplified, genotyped, and cultured 303 

for further experiments. LAMP1 expression in the knockout line was evaluated using 304 

western blotting with an anti-LAMP1 antibody. 305 

 306 

Infectivity assay 307 

To measure the effect of LAMP1 knockout on the infectivity of wild-type and mutant 308 

LASVpv, BHK, HEK 293T, and Vero cells, as well as wild-type and KO-LAMP1 309 

A549 cells were seeded at a density of 1.5 × 105/mL into 96-well plates and then 310 

infected 16 h later with the indicated virus (2 × 106 viral copy number). Supernatants 311 

were removed at 24 h p.i., and cell lysates were collected to perform luciferase assays. 312 

 313 

Kinetics assay by BLI 314 

The distal LAMP1-Fc fusion protein was biotinylated in a buffer containing 50 mM 315 

sodium citrate (pH 5.0) and 0.02% Tween. The interaction between distal-LAMP1 316 

protein and GP1LASV was assessed using BLI on an Octet RED96 instrument (Pall 317 

ForteBio LLC, CA). Biotinylated distal LAMP1 (50 μg/mL) was immobilized on the 318 

streptavidin-coated biosensors, then four concentrations (2-fold dilutions; 200-1600 319 

nM) of GP1LASV-Fc protein were used for detection. The experiments consisted of 320 

five steps: baseline acquisition, distal LAMP1 protein loading onto the sensor, second 321 

baseline acquisition, association of GP1LASV protein, and dissociation of GP1LASV 322 
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protein. The baseline and dissociation steps were assessed using kinetic buffer. The 323 

ability of GP1LASV to bind to LAMP1 was determined using response value 324 

measurements (12). Experimental data were analyzed using Octet data acquisition 325 

software v.7.1, and curve fitting was performed using GraphPad prism (29). 326 

 327 

Statistical analysis 328 

Statistical analyses were performed using GraphPad Prism 7 software (GraphPad Inc., 329 

La Jolla, CA, USA). All statistical analyses were performed using Student’s t-test.  330 
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Figure legends 425 

Fig. 1. Binding ability of the mutant GP1LASV to LAMP1. (A) Multiple sequence 426 

alignment of GP1 proteins of representative OW mammarenaviruses. The UniProt 427 

accession codes of the sequences are P08669 (LASV), P07399 (LCMV), P19240 428 

(MOPV), Q2A069 (MOBV), and Q27YE4 (IPPY). Fully conserved residues were 429 

highlighted with a red background, and partially conserved residues were presented in 430 

red. The secondary structure observed with GP1LASV (PDB: 4ZJF) was indicated 431 

above the sequence, and cysteine involved in the disulfide bond was numbered below 432 

the alignment in green. This graphical representation was generated using ESPript 433 

(http://espript.ibcp.fr). (B) Images of LAMP1 pull-down assays by WT and mutated 434 

GP1LASV-Fc. GP1LASV-Fc was immobilized on sepharose beads, incubated with equal 435 

amount of cell lysates at pH 5.0 and pH 8.0, pulled down, and eluted. Protein pellets 436 

were recovered and subjected to western blot analysis. 437 

 438 

Fig. 2. Cleavage processing of WT and mutant LASV GPCs. (A) 293T cells were 439 

transfected with WT or one of the four GPC mutants (L84N, K88E, L107F, and 440 

H170S).. The equal cell lysates were subjected to western blotting and probed with an 441 

anti-LASV GP2 antibody. The image was representative of three independent 442 

experiments. (B) Quantitative analysis of the cleavage efficiencies based on the 443 

intensity of the bands. Data were presented as means ± SDs from three independent 444 

experiments. ****P < 0.0001, ***P < 0.001. 445 

 446 
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Fig. 3. Membrane fusion by WT and four mutant GPCs. (A) Quantification of 447 

membrane fusion using a dual-luciferase reporter assay at the indicated pH values. 448 

Data are presented as means ± SDs from three independent experiments. ****P < 449 

0.0001, ***P < 0.001, **P < 0.01, *P < 0.05. (B) Qualitative analysis of membrane 450 

fusion was performed in 293T cells co-transfected with pEGFP-N1 and 451 

pCAGGS-LASV GPC plasmids.  452 

 453 

Fig. 4. Infectivity of multiple cell lines by the mutant pseudoviruses. Viral copy 454 

number was normalized using quantitative RT-PCR. After normalization, A549, BHK, 455 

293T, and Vero cells in 96-wells plate were infected with 2 × 106 copies / well, 456 

respectively. After 24 h, the cell lysates were subjected to evaluate the Renilla 457 

luciferase activities. Data were presented as means ± SDs from three independent 458 

experiments. ****P < 0.0001, ***P < 0.001, **P < 0.01, *P < 0.05. 459 

 460 

Fig. 5. Infectivity of pseudoviruses on WT and LAMP1-KO A549 cells. (A) WT and 461 

LAMP1-KO A549 cells were analyzed using western blotting with antibody against 462 

LAMP1. (B) Infectivity of LASVpvWT for WT and LAMP1-KO A549 cells. WT and 463 

LAMP1-KO A549 cells were infected with LASVpvWT (2 × 106 copies) for 1 h, 464 

respectively, the cells were lysed and assayed for RLU at 24 h post-infection. (C) 465 

Infectivities of LASVpvL84N, LASVpvK88E, LASVpvL107F, and LASVpvH170S for 466 

LAMP1-KO A549 cells. Data are presented as means ± SDs from three independent 467 

experiments. ****P < 0.0001. 468 
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 469 

Fig. 6. Analysis of GP1-LAMP1 interaction. Binding of WT and mutant GP1LASV to 470 

the distal domain of LAMP1 was measured using the Octet RED 96 instrument. Every 471 

column presents the maximum values of the binding curves. The response values (nm) 472 

to the indicated concentrations of GP1LASV (1600, 800, 400, and 200 nM) were 473 

measured. Experimental data are shown in (A); these data were fit with a 1:1 global 474 

fitting model and the fitted curves are presented in (B). 475 

 476 

Fig. 7. Crystal structure of GP1LASV (PDB: 5VK2), showing the positions L84, K88, 477 

L107, H170 (blue) and the histidine triad (red); these residues are magnified in the 478 

inset box. 479 
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