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SUPPLEMENTARY MATERIAL AND METHODS 

Cell lines  

Chinese hamster ovary (FreeStyleTM CHO-S) cells (Gibco, catalog no. R80007ATCC) were cultured in a 

humidified 37C, 5% CO2 incubator in high-glucose Dulbecco's modified Eagle’s medium (DMEM, Life 

Technologies) supplemented with 10% fetal bovine serum (FBS, Atlanta Biologicals), 1% GlutaMAX, and 

1% penicillin-streptomycin (both Life Technologies). Human osteosarcoma U2OS cells (ATCC catalog no. 

HTB-96) were similarly maintained in modified McCoy's 5A medium (Life Technologies) supplemented 

with the above-named reagents.  

 

Screening Syrian hamsters for human IgG uptake following antibody treatment 

ELISA plates were coated with sheep anti-human IgG capture antibody at 0.1 μg per well and blocked with 

Casein buffer (G Biosciences) at 4°C overnight. Coated plates were washed with PBS/0.1% Tween 20 and 

blocked with Casein buffer for 1 h at room temperature on a shaker. A standard curve for ADI-42898 was 

generated by 2-fold dilutions from 500 ng/ml to 15.6 ng/ml of mAb in assay buffer (Casein buffer/10% 

normal hamster serum). Day 8 serum samples were diluted 1:50 in assay buffer. Standards and diluted 

samples were added to coated and washed wells and incubated at room temperature for 1 h. Antibodies 

were detected by adding goat anti-human IgG-HRP conjugate for 1 h. Absorbance values were measured 

using a SpectraMax 5 (Molecular Devices) and standard curves were generated using GraphPad Prism 

software and nonlinear regression analysis (sigmoidal, 4PL). Absorbance values from samples with 

unknown human antibody concentrations were applied to the standard curve to determine the concentration 

of human IgG. Hamsters that were human IgG negative at day 8 were deemed untreated and removed from 

the dataset. 

 

 



 

Polyreactivity assay  

Antibody polyreactivity was measured as described previously (39). Briefly, soluble membrane protein and 

cytosolic protein fractions obtained from CHO cells were biotinylated using NHS-LC-Biotin (Thermo 

Fisher). Yeast presenting IgGs on their surface were incubated with biotinylated CHO cell preparations on 

ice. Cells were then washed twice with ice-cold PBSF (PBS containing 0.1% w/v BSA) and incubated with 

a secondary labelling mix containing ExtrAvidin-R-PE (Sigma-Aldrich catalog no. E4011), anti-human 

LC-FITC (Southern Biotech catalog no. 2062-02) and propidium iodide for 15 min. The cells were washed 

twice with PBSF, resuspended and run on a FACSCanto II (BD Biosciences). The mean fluorescence 

intensity of binding was normalized using control antibodies that display low, medium or high 

polyreactivity to assess the non-specific binding.  

 

Biolayer interferometry binding analysis with sGn and GnH/Gc 

For monovalent apparent dissociation constant (KD) determination, IgG binding to recombinant sGn and 

GnH/Gc antigen was measured by biolayer interferometry (BLI) using a FortéBio Octet HTX instrument 

(Molecular Devices). For measurements with PUUV GnH/Gc, the IgGs were captured (response level 0.5-

1.5 nm) to anti-human IgG capture (AHC) biosensors (Molecular Devices) and allowed to stand in PBSF 

for a minimum of 30 min. After a short (60 s) baseline step in PBSF, the IgG-loaded biosensor tips were 

exposed (180 s, 1000 rpm of orbital shaking) to the test antigen (100 nM in PBSF) and then dipped (180 s, 

1000 rpm of orbital shaking) into PBSF to measure any dissociation of the antigen from the biosensor tip 

surface. For measurements with sGn, biotinylated antigen (100 nM) was bound to streptavidin capture 

sensors (Molecular Devices). Binding analysis of IgGs (100 nM) in solution to sGn was performed as 

described for GnH/Gc antigen. Data for which binding responses were 0.1 nm or greater were aligned, inter-

step corrected (to the association step) and fit to a 1:1 binding model using the FortéBio Data Analysis 

Software, version 11.1. 

 



 

Virus attachment assay  

This assay was performed following a previously published protocol (30). In short, rVSV-PUUV-Gn/Gc 

particles bearing mNG-labeled nucleocapsids were incubated with mAb (25 nM) or serum from PUUV-

experienced donors at room temperature for 1 h. These rVSV:mAb complexes were spin-occulated onto 

prechilled U2OS cells at 1,000 rpm and 4°C for 10 min followed by an incubation on a cooling plate at 6°C 

for 30 min. Unbound virus was removed by washing with cold PBS. Cells were harvested in PBS, fixed 

with 4% paraformaldehyde on ice and surface-bound virus was detected by flow cytometry by gating on 

mNG using an LSRII flow cytometer (BD Biosciences) at the Flow Cytometry Core Facility of the Albert 

Einstein College of Medicine.   

 

Fusion infection assay  

rVSV-PUUV-Gn/Gc or -ANDV-Gn/Gc particles were bound to prechilled HUVECs by centrifugation at 

2,500 rpm and 4°C for 1 h. Cells were placed on ice and unbound virus washed away with cold PBS. To 

establish the ideal pH for PUUV Gn/Gc-mediated fusion at the plasma membrane, PBS was replaced with 

DMEM-F12 media adjusted to pH values ranging from 4.0 to 7.0. Fusion was initiated by incubating 

HUVECs at 37°C for 1 min, followed by shifting cells back to 4°C. Further rounds of infection were 

prevented by the exchange of media supplemented with 20 mM NH4Cl, and infected cells were maintained 

at 37°C for 12 to 14 h post-infection before automated counting of eGFP+ and mNG+ cells using a Cytation 

5 cell imaging multi-mode reader (BioTek Instruments) and a Cell-Insight CX5 imager (Thermo Fisher 

Scientific) including onboard software. To evaluate the ability of mAbs to inhibit fusion, rVSV-PUUV-

Gn/Gc were pre-incubated with increasing amounts of mAb (0.005 to 5.0 nM) for 1 h at 4°C prior to 

centrifugation onto HUVECs. Fusion was initiated with an optimal pH of 5.5 and viral infectivity was 

scored as described above. 

 

 

https://sciwheel.com/work/citation?ids=4938501&pre=&suf=&sa=0&dbf=0
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Fig. S1: Neutralization activity of PUUV convalescent patient sera.  

Neutralization of rVSV-PUUV, -HTNV, and -ANDV-Gn/Gc or -VSV-G infection in the presence of sera 

from six PUUV-experienced donors (1:150 dilution). Averages ± SD, n>4 from two to three experiments 

(PUUV and HTNV); n=4 from two experiments (ANDV); n=2 from one experiment (VSV).



 

 

 

Fig. S2: Flow gating strategy for isolation of Gn/Gc-reactive memory B cells.  

Representative gating strategy to sort single B cells specific for hantaviral Gn/Gc. SSC-A: Side scattered 

light; FSC-A: Forward scattered light.



 

 

 

Fig. S3: Curves for selected mAbs with different neutralization patterns.  

Neutralization of rVSV-HTNV-Gn/Gc by (A) ADI-39044, a neutralizing mAb; (B) ADI-43852, a mAb 

leaving a non-neutralized virus fraction; (C) ADI-42089, a mAb lacking neutralization activity. Averages 

± SD, n=6 for two experiments.



 

 

Fig. S4: Domain organization of PUUV Gn/Gc, GnH/Gc and GnH.  

(Top) Diagram of PUUV GPC encoded by a single open reading frame of the genomic RNA segment M. 

Cleavage sites are marked by arrows. Dashed line indicates the viral membrane. (Middle) Schematic of the 

single-chain GnH/Gc construct spanning the Gn head domain, GnH (aa 20-381) and Gc (aa 659-1107), and 

bypassing the trans-membrane segments in the precursor polyprotein by a soluble, 43-aa long, flexible 

linker. A Twin Strep-tag needed for protein purification was encoded in frame at the C-terminal end of the 

Gc sequence. (Bottom) Diagram of the single GnH domain (aa 20-381), also containing a Twin Strep-tag 

connected to its C-terminus. 

 



 

 



Fig. S5: Characterization of rVSV-PUUV-Gn/Gc neutralization-escape mutants. 

Capacity of mAbs to neutralize rVSV-PUUV-Gn/Gc bearing neutralization-escape variants in its Gn (A) 

or Gc (B) subunit. Averages ± SD, n=6-12 from two to four experiments. 

 

 

 

 

 

 

 



 

Fig. S6: Locations of viral neutralization escape mutations in PUUV Gn/Gc.  

Aa sequence alignment of regions of OWH and NWH Gn/Gc encompassing escape mutations are shown 

(PUUV Gn/Gc numbering). Escape mutations are found in the Gn (A) and Gc (B-D) subunit. Gray, 

conserved residues. Orange, divergent residues. Positions of escape mutations are boxed and labeled in red, 

and the residue changes are indicated in green. In (A) the location of the Gn capping loop is shaded in pink.   



 

 

Fig. S7: Binding activity of mAbs to PUUV Gn/Gc subdomain constructs.  

Heatmap presents binding activity of mAbs to PUUV GnH, GnH/Gc and rVSV-PUUV-Gn/Gc (also see Fig. 

S4). Binding of mAbs to rVSV-PUUV-Gn/Gc was determined in a single concentration mAb spot ELISA; 

mAbs crossing an ELISA signal threshold of 0.3 were defined as binders. Binding of mAbs to PUUV GnH 

and GnH/Gc was determined by BLI; mAbs presenting with binding responses >0.1 nm were defined as 

binders. 

 



 

Fig. S8: Establishment of fusion-infection assay with rVSV-PUUV-Gn/Gc.  

(A) Identification of optimal pH for PUUV Gn/Gc-induced fusion-infection. rVSV particles were bound to 

pre-chilled HUVECs, incubated with media adjusted to pH 7.0 - 4.0, followed by fusion-infection. rVSV-

ANDV-Gn/Gc particles served as positive control. (Top) Averages ± SD, n>7 from three experiments. 

(Bottom) Representative images of infected eGFP+ or mNG+ cells (pseudo-colored green) detected by 

fluorescence microscopy. (B) Capacity of ADI-37219 and ADI-37236 to neutralize rVSV-PUUV-Gn/Gc. 

Averages ± SD, n=6 from two experiments (ADI-37219) and n=9 from three experiments (ADI-37236).  



 

 

Fig. S9: Mechanistic basis of mAb-dependent inhibition of virus infection.  

(A) Capacity of mAbs to block PUUV Gn/Gc-mediated fusion-infection. rVSV-PUUV-Gn/Gc particles 

were pre-incubated with decreasing amounts of indicated mAbs (50 nM to 0.005 nM), followed by fusion-

infection of HUVECs. ADI-37219, a non-neutralizing mAb, was included as a negative control (also see 



Fig. S8B). Data points are colored according to the mAb’s competition group assignments defined in Fig. 

3. Averages ± SD, n=6-18 from two to six experiments. (B) Capacity of mAbs to block attachment of virus 

particles to host cells. Pre-titrated amounts of rVSV-mNG-P-PUUV-Gn/Gc were incubated with mAbs at 

25 nM (or PUUV convalescent patient serum (CPS) at a 1:100 dilution). Binding of rVSV:mAb complexes 

to U2OS cells was determined by flow cytometry. Data points are colored according to the mAb’s 

competition group assignments defined in Fig. 3. Averages ± SD, n = two to three experiments. 

  



 

 

 

Fig. S10: Activity of Group II mAbs against NWH Gn/Gc-mediated infection. 

(A and C) Capacity of Group II nAbs, ADI-39044 and ADI-42871 to block infection by rVSV-ANDV, -

SNV and -CHOV-Gn/Gc on Vero cells. mAb dilution series started at 100 nM (ADI-39044, all three 

rVSVs), 40 nM (ADI-42871, rVSV-ANDV-Gn/Gc) or 10nM (ADI-42871, rVSV-SNV- and CHOV-

Gn/Gc) followed by 3-fold dilutions. Averages ± SD, n=6 from two experiments. (B and D) Capacity of 

Group II nAbs, ADI-39044 and ADI-42871 to inhibit infection by authentic NWH, ANDV and SNV on 

HUVECs. mAb dilution series started at 100 nM followed by 5-fold dilutions. Averages ± SD, n=2 from 

one experiment (SNV), and n=4 from two experiments (ANDV).  

 

 

 

 

 



 

 

 

Fig. S11: Polyreactivity of mAbs isolated from PUUV-experienced donors. 

Polyreactivity was determined using a previously described assay (39). Thresholds for high, medium, and 

low polyreactivity are indicated by dashed lines. Polyspecificity scores for 137 clinical stage mAbs are 

shown for comparison. Bar indicates median. mAbs tested in bank vole PUUV challenges are marked: 1 = 

ADI-42898; 2 = ADI-42877; 3 = ADI-38919; 4 = ADI-42098.  

 



 

 

Table S1: GPC amino acid sequence analyses related to Fig. 1A.  

(A) GPC amino acid sequences used for the construction of Fig. 1A. (B) Pairwise aa sequence comparison 

of orthohantavirus GPCs shown in (A) as given in % identity.  

 

 

 

 



 

 

Table S2: Demographic and laboratory characteristics of PUUV cohort donors during acute phase 

of disease.  

(A) PUUV patients displayed typical symptoms for HFRS such as acute onset of fever, myalgia, head and 

abdominal pain. Signs of thrombocytopenia and transient renal failure were frequent. The maximum or 

minimum values during the acute phase of the disease are presented. *, reference values for females and 

males, respectively. (B) Table of metadata from six PUUV convalescent patients prioritized for isolation 



of memory B cells reactive to hantaviral Gn/Gc. APTT, Activated Partial Thromboplastin Time; PT INR, 

Prothrombin Time - International Normalized Ratio. ND, not determined. 
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