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Statistics

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

Confirmed
The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
X| 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

N

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
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Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

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  SEC-HPLC data were collected by a Agilent 1260 HPLC system.
Single-particle negative-stain EM data were acquired on a Talos L120C electron microscope.
SPR data were obtained using a BlIAcore T200.
BLA data were obtained using a Fortebio Octet RED384.
Pictures in syncytia formation assays were obtained by a fluorescence microscope (Eclipse Ti, NIKON).
In ADCC and ADCP reporter assays, Luciferase activities were measured using a Bright-GloTM Luciferase Assay System (Promega) and a Centro
LB 960 Microplate Luminometer (Berthold).
In pseudovirus and authentic virus neutralization assays, luciferase activity was measured on a Centro LB 960 Microplate Luminometer
(Berthold) or an EnVision 2105 Multimode Plate Reader (PerkinElmer).
Aerodynamic Particle Size Distribution (APSD) profiles were measured by Next Generation Impactor (NGI) (Model 170, COPLEY)
ELISA data were collected by microplate reader (BioTek, 405 LS)
Viral gRNA and sgRNA titer were measured by a gRT-PCR system (Bio-Rad, CFX384)

Data analysis Neutralization assays data were analyzed using Graphpad Prism 9.
Single-particle negative-stain EM 2D reconstruction was performed using CryoSparc v3.3 software.
Ka, Kd, KD values of SPR analyses were calculated using a 1:1 Langmuir binding model (BIA Evaluation software).
Ka, Kd, KD values of BLA analyses were calculated using a 1:1 binding model (Fortebio data Analysis 11.1-kinetics software).
In aerodynamic assessment assays, FPF%, MMAD, GSD were determined using Copley Inhaler Testing Data Analysis Software (CITDAS).
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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.




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

The data that support the findings of this study are available from the corresponding authors upon reasonable request

Human research participants

Policy information about studies involving human research participants and Sex and Gender in Research.

Reporting on sex and gender

Population characteristics

Recruitment

Ethics oversight

Use the terms sex (biological attribute) and gender (shaped by social and cultural circumstances) carefully in order to avoid
confusing both terms. Indicate if findings apply to only one sex or gender; describe whether sex and gender were considered in
study design whether sex and/or gender was determined based on self-reporting or assigned and methods used. Provide in the
source data disaggregated sex and gender data where this information has been collected, and consent has been obtained for
sharing of individual-level data; provide overall numbers in this Reporting Summary. Please state if this information has not
been collected. Report sex- and gender-based analyses where performed, justify reasons for lack of sex- and gender-based
analysis.

Describe the covariate-relevant population characteristics of the human research participants (e.g. age, genotypic
information, past and current diagnosis and treatment categories). If you filled out the behavioural & social sciences study

design questions and have nothing to add here, write "See above."

Describe how participants were recruited. Outline any potential self-selection bias or other biases that may be present and
how these are likely to impact results.

Identify the organization(s) that approved the study protocol.

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 No sample size calculations were performed.

Data exclusions | No data were excluded.

Replication Studies that were repeated are stated in Methods or in the figure legends.

Randomization | Mice were randomized grouped in the in vivo therapeutic studies.

Blinding Investigators were blinded during the viral titer measurement and the pathology evaluation.

Reporting for specific materials, systems and methods

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.
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Materials & experimental systems Methods
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n/a | Involved in the study n/a | Involved in the study E*
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Antibodies £
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Antibodies used HRP-labeled anti-hFc secondary antibody (Pierce, Cat # 31413) 3
o)

Validation Describe the validation of each primary antibody for the species and application, noting any validation statements on the <

manufacturer’s website, relevant citations, antibody profiles in online databases, or data provided in the manuscript.

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) 293-T cell line (CRL-3216) was purchased from ATCC
Jurkat cell line was purchased from Cell Bank of Type Culture Collection, Chinese Academy of Sciences
CHO cell line (RRID:CVCL_0213) was purchased from Cell Bank of Type Culture Collection, Chinese Academy of Sciences
Jurkat/NFAT-luc2p/FcgRlla, Jurkat/NFAT-luc2p/ FcgRllla cell lines were established in Huahui Ltd.
CHO cells stably expressing SARS-CoV-2 S protein (CHO-S), 293T cells stably expressing human ACE2 protein (293T-ACE2)
stable cell lines were established in Huahui Ltd.

Authentication None of the cell lines were authenticated.
Mycoplasma contamination The cell lines were tested for mycoplasma contamination, and no mycoplasma contamination was found.

Commonly misidentified lines  no commonly misidentified cell lines were used.
(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 Specific-pathogen-free golden Syrian hamsters were purchased from Hebei Invivo Biotech Co. Ltd.

Wild animals Provide details on animals observed in or captured in the field, report species and age where possible. Describe how animals were
caught and transported and what happened to captive animals after the study (if killed, explain why and describe method; if released,
say where and when) OR state that the study did not involve wild animals.

Reporting on sex Indicate if findings apply to only one sex; describe whether sex was considered in study design, methods used for assigning sex.
Provide data disaggregated for sex where this information has been collected in the source data as appropriate; provide overall
numbers in this Reporting Summary. Please state if this information has not been collected. Report sex-based analyses where
performed, justify reasons for lack of sex-based analysis.

Field-collected samples | For laboratory work with field-collected samples, describe all relevant parameters such as housing, maintenance, temperature,
photoperiod and end-of-experiment protocol OR state that the study did not involve samples collected from the field.

Ethics oversight Respiratory tract deposition studies in hamsters were reviewed and approved by the Institutional Animal Care and Use Committee of
the National Institute of Biological Sciences, Beijing.
Hamster efficacy studies were reviewed and approved by the Institutional Animal Care and Use Committee of the Institute of Medical
Biology of the Chinese Academy of Medical Science.

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

Dual use research of concern

Policy information about dual use research of concern

Hazards




Could the accidental, deliberate or reckless misuse of agents or technologies generated in the work, or the application of information presented
in the manuscript, pose a threat to:

Yes

[ ] Public health

|:| National security

|:| Crops and/or livestock
|:| Ecosystems

|:| Any other significant area
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Experiments of concern

Does the work involve any of these experiments of concern:
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Demonstrate how to render a vaccine ineffective

Confer resistance to therapeutically useful antibiotics or antiviral agents
Enhance the virulence of a pathogen or render a nonpathogen virulent
Increase transmissibility of a pathogen

Alter the host range of a pathogen

Enable evasion of diagnostic/detection modalities

Enable the weaponization of a biological agent or toxin
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Any other potentially harmful combination of experiments and agents
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