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BD55-1205 IgG concentration (ug/mL)
Pseudovirus
© JN.1+R346T+F456L+S490Y IC,, =0.012 pg/mL
© XBB.1.5+S490Y IC,, = 0.063 pg/mL

Extended Data Fig. 6 | BD55-1205 inhibits SARS-CoV-2 authentic virus. a, IC50
of BD55-1205 against authentic SARS-CoV-2isolates WT (n=4), BA.5.2.1 (n=4),FL.8
(n=4),XBB.1.5.6 (n=12), and JN.3 (n=12). Geometric mean IC50 (png/mL) is labelled
above the points and geometric SD is indicated by error bars. Each circle indicates
abiological replicate. b, Number of wells in the plate that show protection from
CPEin each passage in the escape screening assay using XBB.1.5.6 authentic virus.

ACE2 concentration (ug/mL)
Pseudovirus

© JN.1+R346T+F456L+S490Y IC, = 0.15 pg/mL

o XBB.1.5 ICy = 0.17 pg/mL

© XBB.1.5+S490Y IC,, = 0.44 pg/mL
Asterisks indicate low-level/ambiguous CPE observation. ¢, Spike mutations
observedinviral S protein resolved using amplicon-based deep sequencing
of viralgenome at each passage with BD55-1205 selection. d-e, Neutralization
curves of BD55-1205 (d) or soluble hACE2 (e) against SARS-CoV-2 Omicron variant
pseudoviruses with Spike S490Y mutation. XBB.1.5 inhibition curve is shown here
again for comparison. The circles indicate results of two independent replicates.
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XBB.1.5 spike protein in complex with BD55-1205 XBB.1.5 RBD in complex with BD55-1205 and BD57-0120

5,866 movies
Template Picker i

3,186,044 particles

5,722 movies
Template Picker
2,515,383 particles

Class 2D l Class 2D

721,036 particles

Heterogeneous Refinement ¢

100A

Homogeneous Refinement

Homogeneous Refinement

|

238,788 particles 266,321 particles

GSFSC Resolution: 3.424

10
— NoMask (4.4)
—— Loose (384)
08 — Tight (3.44)
—— Corrected (3.44)
06
9.4 A
. 0.4
I 6.2A o2
2 1 0.0
3.42 A 3.0A DC 174 864 574 434 344 294 244
i GSFSC Resolution: 3.304
— No MaskﬂA.M)
. = oose (3ad)
Conical FSCs Map/Model FSCs 0.8 — Tignt (3.24)
! — Comected (3.34)
10.0 5.0 33 le§0|gh50ﬂ(A) 20 17 14 1.2
10 . - X 1 : 3 ¥ : X E -
—— mean Unmasked
[+0, -0] Masked
08 [min, max] 08 4 04
0.143 crossings Y
orst: 3.46 A S osl o3
06 best319A (065 o3
E S 03 0.0
o o
04 042 3;3 Dc 124 614 9A 34 244 24 174
iz 0.0 R e
0.2 02 0.1
-02 \
‘\vj‘ PO G -03 v
00 U it 4 00 .04 Conical FSCs
DC 124 614 4A 34 204 24 17A 00 01 02 03 04 05 06 07 08 Map/Model FSCs
1lresolution(1/A) resolution(A)
0 - 5.0 25 17 1.2 1.0
Angular Distribution Plots 1 R L0 Unmasked
[+0,-01 08 Masked
08 [min, max) 08, 2
= 0.143 crossings e -
2500 g orst: 4.75 A 5 o8 -
<5 0.6 best: 3.27 A 0635
2000 & o g oo
5 38 I S oa
H 1500 £ § 04 042 03 i
g 1000 c 5 02 I
£2 0.2 02% 01
s00 L A 00 Lo ANNANAN | A=
w2 0.0 - 0.0 00 02 04 06 08 10
v w4 -m2 -ma o0 ma  m2 o DC 174 86A 57A 434 344 294 24A 214 “resolution(1/A)
Azimuth Angular Distribution Plots
2 I 1000
ni4 800 <5
~E
5 600 T
s 0 c8
3 S @
@ 00 ZE
—nj4 Ag :
200 L
-nj2 = o
-n -3w4 -m2 w4 0 m4 2 3m4 0
Azimuth

Extended Data Fig. 7| Workflow for the processing of Cryo-EM data. a, Workflow for the processing of raw Cryo-EM images for XBB.1.5 Spike in complex of BD55-
1205. b, Workflow for the processing of raw Cryo-EM images for XBB.1.5 RBD in complex of BD55-1205 and BD57-0120.
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Extended Data Fig. 8| Structure of BD55-1205 in complex with Spike and RBD. structure is 0.798 A, and the RMSD between RBD from spike-Fab complex and

a, Structure of BD55-1205 in complex of XBB.1.5 Spike with 3RBD ‘up’. b, The spike double Fab cryo-EM structure is 0.845 A. e, Cryo-EM density for XBB.1.5S in
epitope targeted by BD55-1205 is highly similar to hACE2 receptor binding sites. complex with BD55-1205 complex and selected 3-sheet regions (residues 1059-

¢, BD55-1205 interacts with XBB.1.5 RBD via heavy chain and light chain CDRs. 1067) and « helix (residues 1000-1028). f, Overall map of XBB.1.5 RBD in complex
d, Comparison of XBB.1.5 spike protein complex, RBD-BD55-1205-BD57-0120 with BD55-1205 and BD57-0120 Fab, and representative interaction interfaces
complex cryo-EM structure, and RBD crystal structure. The RBD from XBB.1.5 are shown. RBD, heavy chain, and light chain are coloured in blue, magenta, and
spike protein complex (blue, this study), RBD crystal structure (green, PDB9AU1)  cyan, respectively. g, RBD residues in SARS-CoV-2 variants targeted by BD55-1205.
were superposed onto RBD double Fab cryo-EM structure (yellow, this study) Conserved residues are marked in green, and the other residues targeted by

respectively. The RMSD between RBD crystal structure and double Fab cryo-EM BD55-1205 are marked in blue.
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Extended Data Fig. 9| Comparison of BD55-1205 and Class 1 Nabs. a, A list of all
polarinteractions between SARS-CoV-2 variant RBD and BD55-1205. Interactions
involving RBD backbone atoms are marked in red. b, Alignment of the heavy
chains of BD55-1205, P5S-2B10, P5S-1H1, and BD-604. Heavy chain CDRs are
marked in blue rectangles. Potential key mutations of BD55-1205 are marked

inred rectangles. ¢, Footprints of the four antibodies on SARS-CoV-2 RBD.

d, Neutralization of BD55-1205 with mutations on the heavy chain. e, RBD-binding
affinity of BD55-1205 with mutations on the heavy chain. Geometric mean values
areshown asbars, and each circle indicates one of two independent replicates.
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Extended Data Fig. 10 | Immunization of Tg32 mice without SCID.

a, Aschematic of the experimental design for delivery of BD55-1205 in Tg32 mice
without SCID. Female (F) or male (M) mice, 4 per group, received 0.5 mg/kg dose
by intravenous injection on day 0 and serumwas collected at the indicated time
points. b, Peak serum concentration, occurring at 48 h post LNP administration
from the two SCID groups (n=8), and the non-SCID F (n=4) and M (n=4) group.

Serum hlgG concentration (nM)

Tg32 (F)

100 1000

100 1000 10
Serum hlgG concentration (nM)

10
Serum hlgG concentration (nM)

Tg32 (M) = Tg32-SCID (F)

Bar height and number above the bar indicate the geometric mean; error bars
indicate 95% confidence intervals; empty symbols indicate individual animals.
NS, not significant (two-sided Wilcoxon rank-sum test). ¢, Scatter plots showing
the correlation between serum higG concentrations and the ID50 against the
three variants at indicated timepoints. Pearson correlation coefficients (R) and
the corresponding significance p-values are annotated (two-sided t-test).

Nature Microbiology


http://www.nature.com/naturemicrobiology

nature portfolio L

Corresponding author(s):  Yunlong Cao

Last updated by author(s): May 6, 2025

Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

=
Y]
=t
=
@
1®)
@)
=
o
=
®
o)
@)
=
=
(e}
wv
c
=
=
o
<

Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
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The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings
For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated
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Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  Pseudovirus neutralization and ELISA data were collected by Multiskan™ FC Microplate Photometer and SpectraMax ABS Microplate Reader
(Molecular Devices).
Fluorescence data in rVSV-based screening assays were collected by BioTek Cytation 5 Cell Imaging Multimode Reader.
SPR data were collected by Biacore 8K Evaluation Software (v4.0.8.20368, Cytiva).
Cryo-EM particles data were collected by SerialEM (v4.1).

Data analysis Data from neutralization assays were analyzed using GraphPad Prism (v8.0 for mice data and v9.0.1 for others).
SPR data were analyzed by Biacore 8K Evaluation Software (v4.0.8.20368, Cytiva).
Logo plots were generated by Python package logomaker (v0.8).
Neutralization and ELISA data are visualized by R package ComplexHeatmap (v2.18.0) and ggplot2 (v3.4.4).
Cryo-EM maps and structural models are analyzed and visualized by pymol (v2.6.0a0), Chimera (v1.5), Coot (v0.9.8.91), CryoSPARC (v4.4.1),
ResMap (v1.1.4) and Phenix (v1.20.1).

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Information of the monoclonal antibodies involved in this study is included in Table S1. Cryo-EM data for structures have been deposited in the Protein Data Bank
(PDB) with accession 8XE9 and 8XEA, and in the Electron Microscopy Data Bank (EMDB) with accession EMD-38283 and EMD-38284. Other necessary source data to
reproduce the analyses and illustrations have been deposited to Zenedo (10.5281/zenodo.15294998). Additional materials and data are available from the lead
corresponding author (Y.C., yunlongcao@pku.edu.cn) upon request and subject to a Material and Data Transfer Agreement. All inquiries will be replied within 7
working days.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender This study did not involve human participants.

Reporting on race, ethnicity, or | This study did not involve human participants.
other socially relevant

groupings

Population characteristics This study did not involve human participants.
Recruitment This study did not involve human participants.
Ethics oversight This study did not involve human participants.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

|Z Life sciences |:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size The study involves 7,018 SARS-CoV-2 RBD-specific monoclonal antibodies. The sample size is determined by the number of available mAbs in
hand and not predetermined. We used four mice in each group of the in vivo study. The number of mice was determined based on
experiences from previous studies (https://doi.org:10.1038/s41591-021-01573-6) and sufficient to observe statistical significance. The
number is sufficient as validated by the consistency of serum titers within each group.

Data exclusions 668 mAbs were excluded from the study because of insufficient amount of antibody and missing neutralization data against D614G or
autologous pseudovirus.

Replication Experimental assays were performed in at least two independent experiments according to or exceeding standards in the field.
Specifically, SPR experiments, live virus neutralization, and rVSV-based screening were conducted in at least two replicates. We used four mice

in each group of the in vivo study. Results of all replicates are shown in the figure.

Randomization Randomization was not required since we were applying a uniform set of measurements across the panel of monoclonal antibodies and
plasma. As this is an observational study, randomization is not relevant.

Blinding Blinding was not required since we were applying a uniform set of measurements across the panel of monoclonal antibodies and plasma, and
the experiments were not designed to directly indicate any efficacy. Investigators were not blinded.
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We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
|Z Antibodies & |:| ChlP-seq
|Z Eukaryotic cell lines |Z |:| Flow cytometry
|:| Palaeontology and archaeology |Z |:| MRI-based neuroimaging
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Antibodies
Antibodies used goat anti-human IgG(H+L)HRP (Bethyl A80-104A)
SARS-CoV-2 nucleocapsid mouse monoclonal antibody (Genscript, A02048)
HRP-coupled anti-mouse 1gG secondary antibody (ThermoFisher, 31430)
Custom human antibodies were expressed using Expi293F™ (ThermoFisher, A14527) with codon-optimized cDNA and human IgG1
constant regions in house. The detailed sequences could be found in Supplementary Tables.
Validation Specificity of custom SARS-CoV-2 RBD-specific mAbs were validated by ELISA and VSV-based pseudotyped virus assays. Details for all

SARS-CoV-2 antibodies evaluated in this study is included in Supplementary Table and data from the following published papers:
https://www.nature.com/articles/s41586-023-06753-7

https://www.nature.com/articles/s41586-022-05644-7

https://www.nature.com/articles/s41586-021-04385-3

Commercially available antibodies were validated by the manufacturers as follows:

https://www fortislife.com/products/secondary-antibodies/goat-anti-human-igg-fc-fragment-antibody/BETHYL-A80-104
https://www.genscript.com/antibody/A02048-SARS_CoV_2_Nucleocapsid_Antibody_4H2_mAb_Mouse.html

https://www .thermofisher.com/antibody/product/Goat-anti-Mouse-IgG-H-L-Secondary-Antibody-Polyclonal/31430

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) Monoclonal antibody expression: Expi293F™ (ThermoFisher, A14527);
Spike expression for Cryo-EM: FreeStyle™ 293-F (ThermoFisher, R79007);
Pseudutyped virus neutralization assay: Huh-7 (JCRB, 0403) ;
Authentic virus neutralizing assay:Vero(ATCC, CCL-81);
293T(ATCC, CRL-3216);

Authentication Expi293F™ (ThermoFisher, A14527): https://assets.thermofisher.cn/TFS-Assets/certificate/CM/COA/
COA_A14527_3083222_1.pdf;
FreeStyle™ 293-F (ThermoFisher, R79007): https://www.thermofisher.com/order/catalog/product/R79007
Huh-7 (JCRB 0403): https://cellbank.nibiohn.go.jp/~cellbank/en/search_res_det.cgi?ID=385);
Vero(ATCC CCL-81): https://www.atcc.org/products/ccl-81#related-products);
293T(ATCC, CRL-3216): STR profiling (https://www.atcc.org/products/crl-3216)

Mycoplasma contamination Not tested for mycoplasma contamination;

Commonly misidentified lines No commonly misidentified cell lines were used in the study.
(See ICLAC register)

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in
Research

Laboratory animals Homozygous ‘Tg32-SCID’ mice (B6.Cg-Fcgrttm1Dcr Prkdcscid Tg(FCGRT)32Dcr/Derl cat. no. 018441) and ‘Tg32’ mice (B6.Cg-
Fegrttm1Dcr Tg(FCGRT)32Dcr/Dry, cat. no. 014565) from Jackson Laboratory were used in this study. The mice are 6-8 weeks old.

Wild animals No wild animals were used.

Reporting on sex Only female Tg32-SCID mice are used in the study because the target of this study (delivery of mRNA-LNP and expression of
antibodies) should not be significantly affected by sex. Both male and female Tg32 mice are used in the study.

Field-collected samples  No field-collected samples were used.




Ethics oversight All animal studies were conducted under an Institutional Animal Care and Use Committee (IACUC)- approved protocol (IACUC
23-07-016) in compliance with the Animal Welfare Act, Public Health Service policy, and other applicable state and city public laws
and regulations. Animal studies are designed and executed following guidelines from the Guide for the Care and Use of Laboratory
Animals 8th Ed.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Plants

Seed stocks N/A

Novel plant genotypes  N/A
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