
Cite as: Y. Cai et al., Science 

10.1126/science.abd4251 (2020).  

 
 

First release: 21 July 2020   www.sciencemag.org  (Page numbers not final at time of first release) 1

   

 

on A
ugust 6, 2020

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://www.sciencemag.org/
http://science.sciencemag.org/


First release: 21 July 2020  www.sciencemag.org  (Page numbers not final at time of first release) 2 

 

on A
ugust 6, 2020

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://www.sciencemag.org/
http://science.sciencemag.org/


First release: 21 July 2020  www.sciencemag.org  (Page numbers not final at time of first release) 3 

 

β

β

on A
ugust 6, 2020

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://www.sciencemag.org/
http://www.chinaxiv.org/user/download.htm?id=30394
http://science.sciencemag.org/


First release: 21 July 2020  www.sciencemag.org  (Page numbers not final at time of first release) 4 

 

β

β

on A
ugust 6, 2020

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://www.sciencemag.org/
http://science.sciencemag.org/


First release: 21 July 2020  www.sciencemag.org  (Page numbers not final at time of first release) 5 

 

β

on A
ugust 6, 2020

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://www.sciencemag.org/
http://dx.doi.org/10.1038/nrmicro.2016.81
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27344959&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(03)14630-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14585636&dopt=Abstract
http://dx.doi.org/10.26719/2013.19.supp1.S12
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23888790&dopt=Abstract
http://dx.doi.org/10.1016/bs.aivir.2018.01.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29551135&dopt=Abstract
http://dx.doi.org/10.1126/science.1087139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12958366&dopt=Abstract
http://dx.doi.org/10.1371/journal.ppat.1006698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29190287&dopt=Abstract
http://dx.doi.org/10.1186/s12985-016-0544-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27255185&dopt=Abstract
http://dx.doi.org/10.3390/v11010041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30634396&dopt=Abstract
http://dx.doi.org/10.1038/s41586-020-2012-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32015507&dopt=Abstract
http://dx.doi.org/10.3390/v4061011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22816037&dopt=Abstract
http://dx.doi.org/10.1139/o84-097
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6498591&dopt=Abstract
http://dx.doi.org/10.1073/pnas.76.6.2750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=288063&dopt=Abstract
http://dx.doi.org/10.1016/j.virol.2015.03.043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25866377&dopt=Abstract
http://dx.doi.org/10.1146/annurev-virology-031413-085521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26958720&dopt=Abstract
http://dx.doi.org/10.1080/096876899294706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10332732&dopt=Abstract
http://dx.doi.org/10.1038/nrmicro2090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19198616&dopt=Abstract
http://dx.doi.org/10.1128/JVI.77.16.8801-8811.2003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12885899&dopt=Abstract
http://dx.doi.org/10.1016/j.cell.2020.02.052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32142651&dopt=Abstract
http://dx.doi.org/10.1073/pnas.1407087111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25288733&dopt=Abstract
http://dx.doi.org/10.1016/bs.aivir.2019.08.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31522710&dopt=Abstract
http://dx.doi.org/10.1038/s41586-020-2008-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32015508&dopt=Abstract
http://dx.doi.org/10.1126/science.abb2507
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32075877&dopt=Abstract
http://dx.doi.org/10.1016/j.cell.2020.02.058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32155444&dopt=Abstract
https://doi.org/10.1101/2020.05.18.102087
http://dx.doi.org/10.1038/s41586-020-2180-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32225176&dopt=Abstract
http://dx.doi.org/10.1126/science.abb2762
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32132184&dopt=Abstract
http://dx.doi.org/10.1038/s41586-020-2179-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32225175&dopt=Abstract
http://dx.doi.org/10.1016/j.cell.2020.03.045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32275855&dopt=Abstract
http://dx.doi.org/10.1073/pnas.1708727114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29073020&dopt=Abstract
http://dx.doi.org/10.1371/journal.ppat.1007236
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30102747&dopt=Abstract
http://dx.doi.org/10.1023/A:1010415122234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11426695&dopt=Abstract
http://science.sciencemag.org/


First release: 21 July 2020  www.sciencemag.org  (Page numbers not final at time of first release) 6 

 

on A
ugust 6, 2020

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://www.sciencemag.org/
http://dx.doi.org/10.1016/j.virol.2005.02.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15780881&dopt=Abstract
http://dx.doi.org/10.1128/JVI.78.11.5913-5922.2004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15140989&dopt=Abstract
http://dx.doi.org/10.1016/j.virol.2005.06.046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16099010&dopt=Abstract
http://dx.doi.org/10.1128/JVI.78.18.9904-9917.2004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15331724&dopt=Abstract
http://dx.doi.org/10.1083/jcb.108.6.2117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2738090&dopt=Abstract
http://dx.doi.org/10.1016/j.jsb.2012.09.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23000701&dopt=Abstract
http://dx.doi.org/10.1038/s41598-018-34171-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30356097&dopt=Abstract
https://doi.org/10.1101/2020.06.12.148726
https://doi.org/10.1101/2020.06.14.151357
http://dx.doi.org/10.1083/jcb.133.3.559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8636231&dopt=Abstract
https://doi.org/10.1101/2020.03.02.972927
http://dx.doi.org/10.1126/science.abc1932
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32376603&dopt=Abstract
https://doi.org/10.1101/2020.03.30.20047365
http://dx.doi.org/10.1126/science.1243283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24179220&dopt=Abstract
http://dx.doi.org/10.1038/nsmb.1950
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21076402&dopt=Abstract
http://dx.doi.org/10.1146/annurev.biochem.69.1.531
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10966468&dopt=Abstract
http://dx.doi.org/10.1073/pnas.0800255105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18322015&dopt=Abstract
http://dx.doi.org/10.1073/pnas.1204533109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22773820&dopt=Abstract
http://dx.doi.org/10.1126/science.aaa9804
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26113642&dopt=Abstract
http://dx.doi.org/10.1038/nmeth.4193
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28250466&dopt=Abstract
http://dx.doi.org/10.1016/j.jsb.2015.08.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26278980&dopt=Abstract
http://dx.doi.org/10.1038/s42003-019-0437-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31240256&dopt=Abstract
http://dx.doi.org/10.1002/jcc.20084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15264254&dopt=Abstract
http://dx.doi.org/10.1107/S0907444910007493
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20383002&dopt=Abstract
http://dx.doi.org/10.7554/eLife.01456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24040512&dopt=Abstract
http://dx.doi.org/10.1107/S0907444909052925
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20124702&dopt=Abstract
http://science.sciencemag.org/


First release: 21 July 2020  www.sciencemag.org  (Page numbers not final at time of first release) 7 

 

 

on A
ugust 6, 2020

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://www.sciencemag.org/
https://creativecommons.org/licenses/by/4.0/
https://science.sciencemag.org/cgi/content/full/science.abd4251/DC1
http://science.sciencemag.org/


First release: 21 July 2020  www.sciencemag.org  (Page numbers not final at time of first release) 8 

 

 

  

γ

on A
ugust 6, 2020

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://www.sciencemag.org/
http://science.sciencemag.org/


First release: 21 July 2020  www.sciencemag.org  (Page numbers not final at time of first release) 9 

 

 

  

on A
ugust 6, 2020

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://www.sciencemag.org/
http://science.sciencemag.org/


First release: 21 July 2020  www.sciencemag.org  (Page numbers not final at time of first release) 10 

 

 

  

on A
ugust 6, 2020

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://www.sciencemag.org/
http://science.sciencemag.org/


First release: 21 July 2020  www.sciencemag.org  (Page numbers not final at time of first release) 11 

 

 
 

on A
ugust 6, 2020

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://www.sciencemag.org/
http://science.sciencemag.org/


First release: 21 July 2020  www.sciencemag.org  (Page numbers not final at time of first release) 12 

 

 

on A
ugust 6, 2020

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://www.sciencemag.org/
http://science.sciencemag.org/


Distinct conformational states of SARS-CoV-2 spike protein

and Bing Chen
Yongfei Cai, Jun Zhang, Tianshu Xiao, Hanqin Peng, Sarah M. Sterling, Richard M. Walsh Jr, Shaun Rawson, Sophia Rits-Volloch

published online July 21, 2020

ARTICLE TOOLS http://science.sciencemag.org/content/early/2020/07/20/science.abd4251

MATERIALS
SUPPLEMENTARY http://science.sciencemag.org/content/suppl/2020/07/20/science.abd4251.DC1

CONTENT
RELATED 

http://stm.sciencemag.org/content/scitransmed/12/549/eabb9401.full
http://stm.sciencemag.org/content/scitransmed/12/554/eabc1126.full
http://stm.sciencemag.org/content/scitransmed/12/550/eabc3539.full
http://stm.sciencemag.org/content/scitransmed/12/555/eabc9396.full

REFERENCES

http://science.sciencemag.org/content/early/2020/07/20/science.abd4251#BIBL
This article cites 57 articles, 22 of which you can access for free

PERMISSIONS http://www.sciencemag.org/help/reprints-and-permissions

Terms of ServiceUse of this article is subject to the 

 is a registered trademark of AAAS.ScienceScience, 1200 New York Avenue NW, Washington, DC 20005. The title 
(print ISSN 0036-8075; online ISSN 1095-9203) is published by the American Association for the Advancement ofScience 

Copyright © 2020, American Association for the Advancement of Science

on A
ugust 6, 2020

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://science.sciencemag.org/content/early/2020/07/20/science.abd4251
http://science.sciencemag.org/content/suppl/2020/07/20/science.abd4251.DC1
http://stm.sciencemag.org/content/scitransmed/12/555/eabc9396.full
http://stm.sciencemag.org/content/scitransmed/12/550/eabc3539.full
http://stm.sciencemag.org/content/scitransmed/12/554/eabc1126.full
http://stm.sciencemag.org/content/scitransmed/12/549/eabb9401.full
http://science.sciencemag.org/content/early/2020/07/20/science.abd4251#BIBL
http://www.sciencemag.org/help/reprints-and-permissions
http://www.sciencemag.org/about/terms-service
http://science.sciencemag.org/

