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Extended Data Figure 1 | Unfolding enthalpy of SARS-CoV-2 NTD and RBD as a function of pH. a, DSC denaturation 
curves for SARS-CoV-2 NTD. b, DSC denaturation curves for SARS-CoV-2 RBD. c, Calculations of normalized unfolding 
enthalpy relative to that of an average globular protein. The enthalpy of unfolding of the spike protein is considerably smaller than 
expected at pH 7.4 and above. The thermal unfolding of the spike at pH 7.4 has its main transition centered at 48 °C with an 
overall enthalpy of unfolding of 73.3 kcal/mol or 0.531 cal/g, which is about an order of magnitude smaller than expected for a 
protein of this size. In comparison, the expected unfolding enthalpy for the average globular protein is about 5.3 cal/g at this 
temperature (obtained after extrapolation from 60 °C, where the enthalpy and heat capacity changes for the unfolding of the 
average globular protein are 6.7 cal/g and 0.12 cal/(K × g), respectively [see Methods and Robertson, A. D., and Murphy, K. P. 
(1997) Chem. Rev., 97, 1251-1267]).
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Extended Data Figure 2

Extended Data Figure 2 | Negative stain EM indicates SARS-CoV-2 to be partially folded at physiological pH and to 
assemble into highly ordered trimers at endosomal pH. Negative stain-EM assessment of spike folding versus pH. a, Typical 
micrographs in the 3.6-8.8 pH range. Scale bars are 50 nm long. b, Close-up views and 2D-class averages for pH 7.4, 5.5, and 4.0.
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Extended Data Figure 3

Extended Data Figure 3 | Isothermal titration calorimetry, surface plasmon resonance, and bio-layer interferometry of 
SARS-CoV-2 spike binding to antibody CR3022 and ACE2 receptor. a, Isothermal titration calorimetry of SARS-CoV-2 spike 
with Fab CR3022 at pH 7.4 and 25 °C. The thermodynamic binding parameters together with the stoichiometry are shown to the 
right. b, SPR single-cycle kinetics for dimeric ACE2 binding over biotinylated spike (top) and biotinylated-RBD (middle) each 
tethered to a chip surface. Black traces represent the experimental data and red traces represent the fit to a 1:1 interaction model. 
The error in each measurement represents the error of the fit. c, SPR single cycle kinetics for CR3022 IgG binding to the spike at 
pH 4.5 performed at higher concentration series, 4 to 108 nM (left), 13.33 to 360 nM (middle) and 37.04 to 1000 nM (right). d, 
Bio-Layer Interferometry assay of CR3022 IgG binding to SARS-CoV-2 spike and its D614G mutant. Antibody was loaded onto 
anti-human-Fc sensors and then dipped into spike protein solutions at different pH.
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Extended Data Figure 4
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Extended Data Figure 4 | CryoEM with ACE2 at pH 7.4 and 5.5. a, Representative micrographs at pH 7.4 (top) and 5.5 
(bottom) are shown along with corresponding CTF. b, Representative 2D-class averages are shown for each pH. c, The gold-
standard Fourier shell correlation is shown for each complex at both pH 7.4 and 5.5 using non-uniform refinement. d, The 
orientations of all particles used in the final refinement are shown as a heatmap. (continued on next page)



Extended Data Figure 4
(continued)

Extended Data Figure 4 | CryoEM with ACE2 at pH 7.4 and 5.5. e, The local resolution of each complex is represented. f, 
Cryo-EM data collection statistics for ACE2-bound structures are shown. (A single ACE2-bound structure of spike was recently 
described75.)
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Extended Data Figure 5a | Cryo-EM data processing workflow leading to the consensus structure of SARS-CoV-2 spike at 
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Extended Data Figure 5b | Validation of the consensus cryoEM map of SARS-CoV-2 spike at pH 5.5. a, Representative 
micrograph (left) and its power spectrum (right). b, Representative high-resolution 2D class averages. c, Gold-standard resolution 
data generated by Relion. At the 0.143 threshold, the resolution is 2.7 Å. d, Fourier shell correlation curve between the map and 
the atomic model. e, Results of local resolution analysis using ResMap. Left: Slices through the map at two different levels. Right: 
Map colored according to local resolution. f, Cryo-EM density in various regions.                                       (continued on next page)
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Extended Data Figure 5d | Validation of the cryo-EM map of SARS-CoV-2 spike at pH 5.5 with single RBD in the up 
position (conformation Up-1). a, Gold-standard resolution data generated by Relion. At the 0.143 threshold, the resolution is 2.9 
Å. b, Fourier shell correlation curve between the map and the atomic model. c, Results of local resolution analysis using ResMap. 
Left: Slices through the map at two different levels. Right: Map colored according to local resolution. The RBD in the up position 
is fully resolved. d, Examples of cryo-EM density in various regions. The quality of the density for the RBD in the up position 
allowed building an atomic model for this domain.                 (continued on next page)
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Extended Data Figure 5e | Validation of the cryo-EM map of SARS-CoV-2 spike at pH 5.5 with single RBD in the up 
position (conformation Up-2). a, Gold-standard resolution data generated by Relion. At the 0.143 threshold, the resolution is 2.9 
Å. b, Fourier shell correlation curve between the map and the atomic model. c, Results of local resolution analysis using ResMap. 
Left: Slices through the map at two different levels. Right: Map colored according to local resolution. The RBD in the up position 
is fully resolved. d, Examples of cryo-EM density in various regions. The quality of the density for the RBD in the up position 
allowed building an atomic model for this domain. (continued on next page)
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Extended Data Figure 5f | Validation of the cryo-EM map of SARS-CoV-2 spike at pH 5.5 with all RBDs in the down 
position. a, Gold-standard resolution data generated by Relion. At the 0.143 threshold, the resolution is 3.1 Å. b, Fourier shell 
correlation curve between the map and the atomic model. c, Results of local resolution analysis using ResMap. Left: Slices 
through the map at two different levels. Right: Map colored according to local resolution. d, Examples of cryo-EM density in 
various regions.
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Extended Data Figure 5g | Cryo-EM data collection, refinement and validation statistics for 
structures determined at pH 5.5.

Extended Data Figure 5 (continued)
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Extended Data Figure 6a | Cryo-EM data processing workflow for SARS-CoV-2 spike at pH 4.0. a, generation of the initial 
3D reference (also used as the 3D particle picking template). b, Steps of single particle analysis. Software packages are indicated 
in square brackets. RBD: receptor binding domain. (continued on next page)
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Extended Data Figure 6b | Validation of the cryoEM map of SARS-CoV-2 spike at pH 4.0 refined with C3 symmetry 
imposed. a, Representative micrograph (left) and its power spectrum (right). b, Representative high-resolution 2D class averages. 
c, Gold-standard resolution data generated by Relion. At the 0.143 threshold, the resolution is 2.4 Å. d, Fourier shell correlation 
curve between the map and the atomic model. e, Results of local resolution analysis using ResMap. Left: Slices through the map at 
two different levels. Right: Map colored according to local resolution. f, Examples of cryo-EM density in various regions.
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Extended Data Figure 6c | Cryo-EM data collection, refinement and 
validation statistics for structure determined at pH 4.0.

Extended Data Figure 6 (continued)
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Extended Data Figure 7 | Details of refolding region analysis. a, Identification of refolding regions through rmsd analysis with 
a 11-residue sliding window comparing pH 5.5 all-down and 4.0 structures, with rmsds calculated for backbone atoms. b,
Statistics on refolding analysis comparing pH 4.0 structure to pH 5.5 single-up and pH 5.5 all-down structures respectively, 
including regions with greater than 2-Å rmsd, mean and maximum rmsd, and disordered residues in pH 5.5 structures, for three 
refolding regions. c, Alignment of refolding regions between comparing pH 4.0 structure and pH 5.5 structures. pH 4 structures 
are colored in cyan. pH 5.5 structures are colored in green, with the residue regions with >2-Å rmsd colored in magenta.
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Extended Data Figure 8

Extended Data Figure 8 | Domain movements between single-RBD up (pH 5.5) and all-RBD down (pH 4.0) structures. 
Movements are expressed as rotation angles and displacements between corresponding domains in the pH 5.5 and pH 4.0 
structures. Structures were first superimposed in the S2 domain with residues 728 to 1140, domains within the same superimposed 
protomer were compared.
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Extended Data Figure 9

Cryo-EM densities and conformation of the switches in protomer B of the pH 5.5 and pH 4.0 structuresb
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Extended Data Figure 9 | The pH-switch domain. a, Pairwise rmsd between switch regions (residues 825-858) from different 
protomers. Of the 12 protomers determined in this study, only 9 had at least 17-ordered residues and were included in this 
pairwise-rmsd analysis, with rmsds of less than 2.5 Å shaded grey. (A switch region structure resembling the protonated-switches 
has been described for a murine coronavirus, PDB: 6VSJ36, with structurally similar switches also recently described for SARS-
CoV-2 structures24,50,75,76). b, Pairwise cα distance of the refolding region in pH 5.5 and pH 4.0, and EM density map of the 
refolding 830-855 region in protomer B of the pH 5.5 and pH 4.0 structures. Asp residues are colored red, and Cys residues are 
colored yellow. c, Inter- and intra-protomer interaction surface areas by the pH-switches in the pH 5.5 and pH 4.0 structures. d, 
Comparison of the refolding region in pH 5.5 and pH 4.0 structures. The structures were superposed on S2 region and 
conformation of the switch in each protomer of the three pH 5.5 structures were compared with corresponding ones in pH 4.0. 
Refolding regions are colored magenta and cyan for pH 5.5 and pH 4.0 structures, respectively, and as defined in Extended Data 
Figure 7.
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		482.00		A:LEU560				97.62		0.00		0.00								481.00		B:LEU560				101.96		0.00		0.00								476		C:GLU554				95.07		8.21		-0.09

		483.00		A:PRO561				116.68		0.00		0.00								482.00		B:PRO561				116.05		0.00		0.00										[O]

		484.00		A:PHE562				139.41		0.00		0.00								483.00		B:PHE562				140.31		0.00		0.00								477		C:SER555				11.66		2.48		0.03

		485.00		A:GLN563				65.27		0.00		0.00								484.00		B:GLN563				63.33		0.00		0.00										[CA]

		486.00		A:GLN564				14.40		0.00		0.00								485.00		B:GLN564				13.69		0.00		0.00										[OG]

		487.00		A:PHE565				42.22		0.00		0.00								486.00		B:PHE565				40.95		0.00		0.00								478		C:ASN556				138.31		28.92		0.01

		488.00		A:GLY566				18.40		0.00		0.00								487.00		B:GLY566				17.72		0.00		0.00										[N]

		489.00		A:ARG567		H		144.13		12.76		-0.15								488.00		B:ARG567		H		142.54		14.98		-0.17										[C]

		490.00		A:ASP568				58.70		27.56		0.19								489.00		B:ASP568				59.71		29.21		0.20										[CB]

		491.00		A:ILE569				175.69		46.22		0.66								490.00		B:ILE569				178.41		44.14		0.61										[ND2]

		492.00		A:ALA570				74.43		1.67		0.03								491.00		B:ALA570				74.33		2.34		0.04								479		C:LYS557				99.48		37.30		0.16

		493.00		A:ASP571				100.92		0.00		0.00								492.00		B:ASP571				101.61		0.00		0.00										[CG]

		494.00		A:THR572				72.42		0.00		0.00								493.00		B:THR572				72.04		0.00		0.00										[CE]

		495.00		A:THR573				32.36		0.00		0.00								494.00		B:THR573				32.11		0.00		0.00										[NZ]

		496.00		A:ASP574				36.27		11.36		-0.19								495.00		B:ASP574				37.07		11.86		-0.20								489		C:ARG567		H		145.52		9.45		-0.11

		497.00		A:ALA575				1.51		0.00		0.00								496.00		B:ALA575				1.34		0.00		0.00										[O]

		498.00		A:VAL576				0.67		0.00		0.00								497.00		B:VAL576				0.50		0.00		0.00								490		C:ASP568				58.29		27.72		0.19

		499.00		A:ARG577				32.67		0.00		0.00								498.00		B:ARG577				36.26		0.00		0.00										[CA]

		500.00		A:ASP578				0.24		0.00		0.00								499.00		B:ASP578				0.12		0.00		0.00										[C]

		501.00		A:PRO579				23.70		0.00		0.00								500.00		B:PRO579				22.19		0.00		0.00										[CB]

		502.00		A:GLN580				54.95		0.00		0.00								501.00		B:GLN580				59.44		0.00		0.00										[OD2]

		503.00		A:THR581				70.36		0.00		0.00								502.00		B:THR581				72.97		0.00		0.00								491		C:ILE569				179.05		51.51		0.73

		504.00		A:LEU582				124.13		0.00		0.00								503.00		B:LEU582				130.37		0.00		0.00										[N]

		505.00		A:GLU583				39.80		0.00		0.00								504.00		B:GLU583				41.94		0.00		0.00										[CA]

		506.00		A:ILE584				17.30		0.00		0.00								505.00		B:ILE584				15.85		0.00		0.00										[CB]

		507.00		A:LEU585				0.00		0.00		0.00								506.00		B:LEU585				0.00		0.00		0.00										[CG1]

		508.00		A:ASP586				36.14		33.93		0.01								507.00		B:ASP586				34.62		33.08		0.00										[CG2]

		509.00		A:ILE587				19.89		0.12		0.00								508.00		B:ILE587				19.47		0.00		0.00										[CD1]

		510.00		A:THR588		H		77.51		73.05		0.59								509.00		B:THR588		H		75.98		66.48		0.52								492		C:ALA570				73.57		2.18		0.03

		511.00		A:PRO589				83.79		31.35		0.42								510.00		B:PRO589				85.44		31.84		0.47										[CB]

		512.00		A:CYS590				13.68		0.00		0.00								511.00		B:CYS590				13.35		0.00		0.00								496		C:ASP574				35.75		11.23		-0.19

		513.00		A:SER591				48.65		3.15		0.02								512.00		B:SER591				49.90		2.01		0.03										[OD2]

		514.00		A:PHE592				115.22		67.92		0.96								513.00		B:PHE592				116.94		68.69		0.93								508		C:ASP586				34.49		33.45		0.02

		515.00		A:GLY593				16.13		0.00		0.00								514.00		B:GLY593				16.18		0.00		0.00										[C]

		516.00		A:GLY594				20.87		0.00		0.00								515.00		B:GLY594				19.90		0.00		0.00										[CB]

		517.00		A:VAL595				3.53		0.00		0.00								516.00		B:VAL595				4.19		0.00		0.00										[CG]

		518.00		A:SER596				5.53		0.00		0.00								517.00		B:SER596				4.71		0.00		0.00										[OD1]

		519.00		A:VAL597				0.00		0.00		0.00								518.00		B:VAL597				0.00		0.00		0.00										[OD2]

		520.00		A:ILE598				1.17		0.00		0.00								519.00		B:ILE598				1.50		0.00		0.00								509		C:ILE587				19.70		0.86		-0.01

		521.00		A:THR599				2.51		0.00		0.00								520.00		B:THR599				2.51		0.00		0.00										[O]

		522.00		A:PRO600				8.23		0.00		0.00								521.00		B:PRO600				8.99		0.00		0.00								510		C:THR588				76.69		70.33		0.54

		523.00		A:GLY601				13.25		0.00		0.00								522.00		B:GLY601				9.54		0.00		0.00										[CA]

		524.00		A:THR602				31.27		0.00		0.00								523.00		B:THR602				33.31		0.00		0.00										[CB]

		525.00		A:ASN603				143.18		0.00		0.00								524.00		B:ASN603				133.06		0.00		0.00										[CG2]

		526.00		A:THR604				92.66		0.00		0.00								525.00		B:THR604				97.65		0.00		0.00										[OG1]		H

		527.00		A:SER605				17.13		0.00		0.00								526.00		B:SER605				17.21		0.00		0.00								511		C:PRO589				84.20		30.22		0.44

		528.00		A:ASN606				109.21		0.00		0.00								527.00		B:ASN606				108.72		0.00		0.00										[O]

		529.00		A:GLN607				83.07		0.00		0.00								528.00		B:GLN607				82.87		0.00		0.00										[CG]

		530.00		A:VAL608				9.50		0.00		0.00								529.00		B:VAL608				8.77		0.00		0.00										[CD]

		531.00		A:ALA609				1.17		0.00		0.00								530.00		B:ALA609				1.01		0.00		0.00								512		C:CYS590				13.35		0.00		0.00

		532.00		A:VAL610				0.00		0.00		0.00								531.00		B:VAL610				0.00		0.00		0.00								513		C:SER591				52.13		1.84		0.03

		533.00		A:LEU611				7.36		0.00		0.00								532.00		B:LEU611				7.53		0.00		0.00										[CA]

		534.00		A:TYR612				2.87		0.00		0.00								533.00		B:TYR612				2.40		0.00		0.00								514		C:PHE592				113.75		68.13		0.96

		535.00		A:GLN613				53.68		0.00		0.00								534.00		B:GLN613				51.68		0.00		0.00										[N]

		536.00		A:ASP614				117.72		71.63		0.23								535.00		B:ASP614				118.86		84.89		0.18										[O]

		537.00		A:VAL615				21.32		0.00		0.00								536.00		B:VAL615				22.03		5.78		0.08										[CD1]

		538.00		A:ASN616				82.43		0.00		0.00								537.00		B:ASN616				85.04		6.72		-0.01										[CE1]

		539.00		A:CYS617				23.42		0.00		0.00								538.00		B:CYS617				22.70		0.00		0.00										[CE2]

		540.00		A:THR618				114.12		0.00		0.00								539.00		B:THR618				113.73		0.00		0.00										[CZ]

		541.00		A:GLU619				72.01		0.00		0.00								540.00		B:GLU619				74.02		0.00		0.00								536		C:ASP614				128.36		90.07		-0.48

		542.00		A:VAL620				1.17		0.00		0.00								541.00		B:VAL620				3.01		0.00		0.00										[CA]

		543.00		A:PRO621				51.88		0.00		0.00								542.00		B:PRO621				61.90		0.00		0.00										[C]

		544.00		A:VAL622				103.97		0.00		0.00								543.00		B:VAL622				105.36		0.00		0.00										[O]

		545.00		A:ALA623				7.99		0.00		0.00								544.00		B:ALA623				6.03		0.00		0.00										[CB]

		546.00		A:ILE624				8.18		0.00		0.00								545.00		B:ILE624				4.97		0.00		0.00										[CG]

		547.00		A:HIS625				32.85		0.00		0.00								546.00		B:HIS625				43.26		0.00		0.00										[OD1]

		548.00		A:ALA626				19.92		0.00		0.00								547.00		B:ALA626				14.14		0.00		0.00										[OD2]

		549.00		A:ASP627				109.16		0.00		0.00								548.00		B:ASP627				134.18		0.00		0.00								537		C:VAL615				21.11		1.64		0.00

		550.00		A:GLN628				119.63		0.00		0.00								549.00		B:GLN628				93.47		0.00		0.00										[N]

		551.00		A:LEU629				54.98		0.00		0.00								550.00		B:LEU629				29.60		0.00		0.00										[C]

		552.00		A:THR630				34.63		0.00		0.00								551.00		B:THR630				39.04		0.00		0.00										[O]

		553.00		A:PRO631				90.42		0.00		0.00								552.00		B:PRO631				91.49		0.00		0.00								566		C:GLN644				88.43		12.24		-0.14

		554.00		A:THR632				56.09		0.00		0.00								553.00		B:THR632				58.03		0.00		0.00										[NE2]

		555.00		A:TRP633				25.31		0.00		0.00								554.00		B:TRP633				29.07		0.00		0.00								567		C:THR645		H		11.35		0.73		-0.01

		556.00		A:ARG634				87.83		0.00		0.00								555.00		B:ARG634				98.28		0.00		0.00										[O]

		557.00		A:VAL635				94.99		0.00		0.00								556.00		B:VAL635				95.60		0.00		0.00								568		C:ARG646				224.28		26.90		0.04

		558.00		A:TYR636				44.45		0.00		0.00								557.00		B:TYR636				45.50		0.00		0.00										[CA]

		559.00		A:SER637				7.91		0.00		0.00								558.00		B:SER637				4.22		0.00		0.00										[C]

		560.00		A:THR638				81.32		0.00		0.00								559.00		B:THR638				88.08		0.00		0.00										[O]		H

		561.00		A:GLY639				63.63		0.00		0.00								560.00		B:GLY639				58.44		0.00		0.00										[CB]

		562.00		A:SER640				111.77		0.00		0.00								561.00		B:SER640				111.93		0.00		0.00										[CG]

		563.00		A:ASN641				63.18		0.00		0.00								562.00		B:ASN641				62.18		0.00		0.00										[NH1]

		564.00		A:VAL642				60.67		0.00		0.00								563.00		B:VAL642				58.06		0.00		0.00								569		C:ALA647				26.29		0.00		0.00

		565.00		A:PHE643				36.96		0.00		0.00								564.00		B:PHE643				40.86		0.00		0.00								570		C:GLY648				2.06		2.06		0.01

		566.00		A:GLN644				89.78		0.00		0.00								565.00		B:GLN644				91.13		12.67		-0.14										[N]

		567.00		A:THR645				11.76		0.00		0.00								566.00		B:THR645				10.64		0.86		-0.01										[CA]

		568.00		A:ARG646				220.35		25.24		-0.05								567.00		B:ARG646				218.43		27.96		0.05

		569.00		A:ALA647				21.33		0.00		0.00								568.00		B:ALA647				20.76		0.00		0.00

		570.00		A:GLY648				1.89		0.29		0.00								569.00		B:GLY648				1.60		1.60		0.01

		571.00		A:CYS649				0.33		0.00		0.00								570.00		B:CYS649				0.00		0.00		0.00

		572.00		A:LEU650				1.73		0.00		0.00								571.00		B:LEU650				2.51		0.00		0.00
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pH4-XA-YB-ZCself

		XZ																YB																		ZC

																		17.00		B:PHE43				149.92		0.47		0.01								17.00		C:PHE43				150.92		0.93		0.01

		18.00		A:ARG44				59.70		3.68		0.06		NTD		75.67				[CD2]										NTD		80.77						[CD2]										NTD		79.69

				[CA]										S2		458.35				[CE2]										S2		465.75						[CE2]										S2		459.62

				[CB]														18.00		B:ARG44				61.14		4.19		0.07								18.00		C:ARG44				58.99		6.20		0.10				539.31

				[CG]																[CA]																		[CA]

		19.00		A:SER45				46.63		26.42		-0.30								[CB]																		[CB]

				[N]																[CG]																		[CG]

				[O]		H												19.00		B:SER45				47.60		31.48		-0.36								19.00		C:SER45				45.33		29.60		-0.34

				[OG]																[N]																		[N]

		20.00		A:SER46				67.86		9.82		-0.11								[O]																		[O]

				[O]		H														[OG]		H																[OG]		H

				[OG]		H												20.00		B:SER46				68.24		9.85		0.13								20.00		C:SER46				67.99		14.11		-0.16

		21.00		A:VAL47				69.83		24.95		0.40								[O]																		[O]

				[CG1]																[CB]																		[OG]

				[CG2]														21.00		B:VAL47				68.29		17.57		0.28								21.00		C:VAL47				70.31		19.41		0.31

																				[CG1]																		[CG1]

																				[CG2]																		[CG2]

																		22.00		B:LEU48				66.39		0.00		0.00

																		23.00		B:HIS49				60.91		0.00		0.00

																		24.00		B:SER50				53.81		0.00		0.00



		205.00		A:GLU281				134.84		10.80		-0.18						204.00		B:GLU281				132.54		17.68		-0.33								205.00		C:GLU281				135.31		9.44		-0.16

				[OE1]																[OE1]																		[OE2]



																																				642.00		C:THR732				41.54		14.87		0.01

																																						[CG2]



																		641.00		B:THR732				43.06		6.05		0.02										[OG1]

																				[CG2]																650.00		C:MET740				93.98		12.59		0.46

																				[OG1]																		[CG]

		650.00		A:MET740				94.52		13.08		0.48		S2				649.00		B:MET740				95.77		13.26		0.48										[SD]

				[CG]																[CG]

				[SD]																[SD]

		734.00		A:ASN824				125.27		1.45		-0.02						733.00		B:ASN824				125.34		1.46		-0.02								734.00		C:ASN824				124.36		1.45		-0.02

				[O]																[O]																		[O]

		735.00		A:LYS825				59.10		4.51		0.03						734.00		B:LYS825				70.83		4.28		0.03								735.00		C:LYS825				52.15		4.69		0.03

				[C]																[C]																		[CA]

				[O]																[O]																		[C]

		736.00		A:VAL826				64.59		52.60		0.26						735.00		B:VAL826				62.39		52.02		0.24										[O]

				[C]																[C]																736.00		C:VAL826				63.85		52.80		0.24

				[O]		H														[O]		H																[C]

				[CG1]																[CG1]																		[O]		H

		737.00		A:ASN856				105.12		63.76		-0.62						736.00		B:ASN856				105.97		63.87		-0.60										[CG1]

				[N]		H														[N]		H														737.00		C:ASN856				105.31		63.29		-0.56

				[CA]																[CA]																		[N]		H

				[CB]																[CB]																		[CA]

				[CG]																[CG]																		[CB]

				[ND2]		H														[ND2]		H																[CG]

				[OD1]																[OD1]																		[ND2]		H

		738.00		A:GLY857				13.24		6.99		0.01						737.00		B:GLY857				13.09		6.49		0.00										[OD1]

				[N]		H														[N]		H														738.00		C:GLY857				12.77		6.64		0.00

				[CA]																[CA]																		[N]		H

		739.00		A:LEU858				45.07		40.21		-0.09						738.00		B:LEU858				44.88		41.67		-0.10										[CA]

				[N]		H														[N]		H														739.00		C:LEU858				44.38		39.98		-0.13

				[O]																[O]		H																[N]		H

				[CB]																[CB]																		[O]

				[CG]																[CG]																		[CB]

				[CD1]																[CD1]																		[CG]

		740.00		A:THR859				83.72		30.93		0.49						739.00		B:THR859				84.73		28.62		0.46										[CD1]

				[CA]																[CA]																740.00		C:THR859				81.33		28.76		0.46

				[CB]																[CB]																		[CA]

				[CG2]																[CG2]																		[CB]

		741.00		A:VAL860				93.84		56.78		0.45						740.00		B:VAL860				95.19		59.74		0.64										[CG2]

				[N]		H														[N]		H														741.00		C:VAL860				95.65		71.23		0.66

				[O]																[O]																		[N]		H

				[CB]																[CB]																		[O]

				[CG1]																[CG1]																		[CB]

				[CG2]																[CG2]																		[CG1]

		742.00		A:LEU861				73.47		0.65		0.00																										[CG2]

				[C]														742.00		B:PRO862				102.56		13.89		0.22

				[O]																[CB]

		743.00		A:PRO862				102.98		17.03		0.26								[CG]

				[N]																[CD]

				[CA]

				[CB]

				[CD]

		744.00		A:PRO863				92.54		6.36		0.10

				[CD]



		830.00		A:GLN949				59.18		21.57		-0.16						829.00		B:GLN949				58.44		21.38		-0.16								830.00		C:GLN949				58.51		21.96		-0.17

				[CD]																[CD]																		[CD]

				[NE2]		H														[NE2]		H																[NE2]		H

				[OE1]		H														[OE1]		H																[OE1]		H

		831.00		A:ASP950				71.56		0.00		0.00						830.00		B:ASP950				71.05		0.00		0.00								831.00		C:ASP950				71.44		0.00		0.00

		832.00		A:VAL951				25.40		0.00		0.00						831.00		B:VAL951				21.09		0.00		0.00								832.00		C:VAL951				20.88		0.00		0.00

		833.00		A:VAL952				48.53		26.78		0.43						832.00		B:VAL952				58.29		31.80		0.51								833.00		C:VAL952				55.69		32.47		0.52

				[CG1]																[CG1]																		[CG1]

				[CG2]																[CG2]																		[CG2]

		834.00		A:ASN953				77.62		0.00		0.00						833.00		B:ASN953				78.68		0.00		0.00								834.00		C:ASN953				76.52		0.00		0.00

		835.00		A:GLN954				80.41		0.00		0.00						834.00		B:GLN954				78.36		0.00		0.00								835.00		C:GLN954				77.55		0.00		0.00

		836.00		A:ASN955				27.76		0.00		0.00						835.00		B:ASN955				17.02		0.00		0.00								836.00		C:ASN955				15.95		0.00		0.00

		837.00		A:ALA956				46.77		1.58		0.02						836.00		B:ALA956				51.59		9.45		0.14								837.00		C:ALA956				51.65		1.80		0.03

				[CA]																[CA]																		[CA]

				[O]																[O]																		[O]

				[CB]																[CB]																838.00		C:GLN957				123.75		0.00		0.00

		838.00		A:GLN957				121.35		0.00		0.00						837.00		B:GLN957				122.90		0.00		0.00								839.00		C:ALA958				21.48		0.00		0.00

		839.00		A:ALA958				20.56		0.00		0.00						838.00		B:ALA958				20.70		0.00		0.00								840.00		C:LEU959				38.38		22.40		0.36

		840.00		A:LEU959				33.11		21.88		0.35						839.00		B:LEU959				40.28		23.21		0.37										[C]

				[C]																[C]																		[CB]

				[CB]																[CB]																		[CD1]

				[CD1]																[CD1]																841.00		C:ASN960				85.43		50.67		-0.53

		841.00		A:ASN960				85.26		49.58		-0.59						840.00		B:ASN960				84.35		48.00		-0.57										[CB]

				[CB]																[CB]																		[CG]

				[CG]																[CG]																		[ND2]

				[ND2]																[ND2]																		[OD1]		H

				[OD1]		H														[OD1]		H														842.00		C:THR961				74.35		0.00		0.00

		842.00		A:THR961				81.74		0.00		0.00						841.00		B:THR961				82.02		0.00		0.00								843.00		C:LEU962				5.31		0.00		0.00

		843.00		A:LEU962				5.31		0.00		0.00						842.00		B:LEU962				5.79		0.00		0.00								844.00		C:VAL963				66.46		34.02		0.54

		844.00		A:VAL963				64.97		33.66		0.54						843.00		B:VAL963				65.93		33.85		0.54										[CG1]

				[CG1]																[CG1]																		[CG2]

				[CG2]																[CG2]

		845.00		A:LYS964				143.70		8.95		-0.33						844.00		B:LYS964				143.52		6.71		-0.25

				[NZ]																[NZ]





























Ph551YA,ZB,X-C

		ph55up1y-->A																		Z-->B																		X-->C

		##		Structure1		HSDC		ASA		BSA		ΔiG								##		Structure1		HSDC		ASA		BSA		ΔiG

		458.00		A:ASN536				97.75		11.83		-0.14		SD1		151.96				472.00		B:THR549				65.34		5.16		-0.06		SD1		227.06				490.00		C:ASP568				66.75		12.56		-0.21		SD1		116.94

		459.00		A:LYS537				68.90		0.00		0.00		SD2		296.81				473.00		B:GLY550				0.00		0.00		0.00		SD2		95.06				491.00		C:ILE569				178.96		29.75		0.48		Sd2		82.16

		460.00		A:CYS538				4.13		0.00		0.00		total		448.77				474.00		B:VAL551				33.71		0.00		0.00		total		322.12				492.00		C:ALA570				78.07		4.52		0.07

		461.00		A:VAL539				0.17		0.00		0.00								475.00		B:LEU552				0.00		0.00		0.00								493.00		C:ASP571				100.52		0.00		0.00

		462.00		A:ASN540				55.08		0.00		0.00								476.00		B:THR553				51.55		0.00		0.00								494.00		C:THR572				76.37		0.00		0.00

		463.00		A:PHE541				9.59		0.00		0.00								477.00		B:GLU554				116.98		0.00		0.00								495.00		C:THR573				31.89		0.00		0.00

		464.00		A:ASN542				18.85		0.00		0.00								478.00		B:SER555				26.50		0.00		0.00								496.00		C:ASP574				37.79		0.00		0.00

		465.00		A:PHE543				2.21		0.00		0.00								479.00		B:ASN556				143.50		0.00		0.00								497.00		C:ALA575				1.00		0.00		0.00

		466.00		A:ASN544				34.27		0.00		0.00								480.00		B:LYS557				101.40		0.00		0.00								498.00		C:VAL576				0.00		0.00		0.00

		467.00		A:GLY545				10.58		0.00		0.00								481.00		B:LYS558				173.05		0.00		0.00								499.00		C:ARG577				36.47		0.00		0.00

		468.00		A:LEU546				24.44		0.00		0.00								482.00		B:PHE559				39.68		0.00		0.00								500.00		C:ASP578				0.86		0.00		0.00

		469.00		A:THR547				92.99		0.00		0.00								483.00		B:LEU560				96.12		0.00		0.00								501.00		C:PRO579				24.55		0.00		0.00

		470.00		A:GLY548				31.60		0.00		0.00								484.00		B:PRO561				125.36		0.00		0.00								502.00		C:GLN580				63.02		0.00		0.00

		471.00		A:THR549				79.75		0.00		0.00								485.00		B:PHE562				143.68		0.00		0.00								503.00		C:THR581				81.87		0.00		0.00

		472.00		A:GLY550				0.17		0.00		0.00								486.00		B:GLN563				74.89		0.00		0.00								504.00		C:LEU582				130.59		0.00		0.00

		473.00		A:VAL551				18.26		0.00		0.00								487.00		B:GLN564				85.17		0.00		0.00								505.00		C:GLU583				48.36		0.00		0.00

		474.00		A:LEU552				0.17		0.00		0.00								488.00		B:PHE565				81.01		0.00		0.00								506.00		C:ILE584				16.28		0.00		0.00

		475.00		A:THR553				44.41		11.98		0.18								489.00		B:GLY566				15.88		0.00		0.00								507.00		C:LEU585				0.17		0.00		0.00

		476.00		A:GLU554				100.37		0.00		0.00								490.00		B:ARG567				137.65		0.00		0.00								508.00		C:ASP586				40.30		0.00		0.00

		477.00		A:SER555				29.74		0.00		0.00								491.00		B:ASP568		S		55.18		23.57		-0.28								509.00		C:ILE587				21.90		0.73		-0.01

		478.00		A:ASN556				130.70		0.00		0.00								492.00		B:ILE569				176.85		44.45		0.71								510.00		C:THR588				72.83		19.14		0.24

		479.00		A:LYS557				95.00		0.00		0.00								493.00		B:ALA570				80.51		13.49		0.22								511.00		C:PRO589				105.32		50.24		0.72

		480.00		A:LYS558				172.41		0.00		0.00								494.00		B:ASP571				102.18		0.00		0.00								514.00		C:PHE592				137.80		63.07		0.78

		481.00		A:PHE559				43.28		0.00		0.00								495.00		B:THR572				72.79		25.90		0.16								515.00		C:GLY593				12.16		0.17		0.00

		482.00		A:LEU560				94.32		0.00		0.00								496.00		B:THR573				41.97		9.57		-0.11								536.00		C:ASP614				128.07		18.92		0.14

		483.00		A:PRO561				134.20		0.00		0.00								497.00		B:ASP574				37.06		5.69		0.09

		484.00		A:PHE562				146.60		0.00		0.00								498.00		B:ALA575				0.00		0.00		0.00

		485.00		A:GLN563				66.60		0.00		0.00								499.00		B:VAL576				4.35		0.00		0.00

		486.00		A:GLN564				63.43		0.00		0.00								500.00		B:ARG577				27.75		0.00		0.00

		487.00		A:PHE565				64.22		0.00		0.00								501.00		B:ASP578				0.00		0.00		0.00

		488.00		A:GLY566				14.87		0.00		0.00								502.00		B:PRO579				16.65		0.00		0.00

		489.00		A:ARG567				135.21		0.00		0.00								503.00		B:GLN580				61.46		0.00		0.00

		490.00		A:ASP568				66.85		7.11		-0.12								504.00		B:THR581				76.99		0.00		0.00

		491.00		A:ILE569				173.86		22.08		0.35								505.00		B:LEU582				117.74		0.00		0.00

		492.00		A:ALA570				81.69		0.00		0.00								506.00		B:GLU583				63.43		0.00		0.00

		493.00		A:ASP571				106.44		0.00		0.00								507.00		B:ILE584				21.81		0.00		0.00

		494.00		A:THR572				71.28		0.00		0.00								508.00		B:LEU585				0.00		0.00		0.00

		495.00		A:THR573				48.08		0.00		0.00								509.00		B:ASP586				38.53		0.00		0.00

		496.00		A:ASP574				30.98		0.00		0.00								510.00		B:ILE587				27.55		16.07		0.08

		497.00		A:ALA575				0.00		0.00		0.00								511.00		B:THR588				71.09		0.16		0.00

		498.00		A:VAL576				3.68		0.00		0.00								512.00		B:PRO589				98.63		71.27		1.11

		499.00		A:ARG577				38.05		0.00		0.00								513.00		B:CYS590				15.69		0.00		0.00

		500.00		A:ASP578				0.12		0.00		0.00								514.00		B:SER591				39.23		11.73		0.19

		501.00		A:PRO579				30.32		0.00		0.00

		502.00		A:GLN580				50.00		0.00		0.00

		503.00		A:THR581				87.97		0.00		0.00

		504.00		A:LEU582				122.17		0.00		0.00

		505.00		A:GLU583				55.49		0.00		0.00

		506.00		A:ILE584				25.66		0.00		0.00

		507.00		A:LEU585				1.00		0.00		0.00

		508.00		A:ASP586				40.28		10.37		-0.18

		509.00		A:ILE587				21.31		3.50		-0.04

		510.00		A:THR588				61.24		37.63		0.57

		511.00		A:PRO589				110.65		42.63		0.39

		512.00		A:CYS590				21.49		1.15		0.02

		513.00		A:SER591		H		62.48		3.68		-0.01

		514.00		A:PHE592		H		46.96		44.24		0.50								515.00		B:PHE592		H		130.56		46.18		0.52

		515.00		A:GLY593				36.35		0.00		0.00								516.00		B:GLY593				11.92		0.50		0.01

		516.00		A:GLY594				32.18		5.07		0.06								517.00		B:GLY594				4.86		0.00		0.00

		517.00		A:VAL595				2.66		0.00		0.00								518.00		B:VAL595				6.33		0.00		0.00

		518.00		A:SER596				14.56		0.00		0.00								519.00		B:SER596				4.06		0.00		0.00

		519.00		A:VAL597				0.51		0.00		0.00								520.00		B:VAL597				0.61		0.00		0.00

		520.00		A:ILE598				1.00		0.00		0.00								521.00		B:ILE598				2.85		0.00		0.00

		521.00		A:THR599				0.95		0.00		0.00								522.00		B:THR599				0.25		0.00		0.00

		522.00		A:PRO600				6.61		0.00		0.00								523.00		B:PRO600				14.03		0.00		0.00

		523.00		A:GLY601				12.06		0.00		0.00								524.00		B:GLY601				5.04		0.00		0.00

		524.00		A:THR602				33.81		0.00		0.00								525.00		B:THR602				27.67		0.00		0.00

		525.00		A:ASN603				156.76		0.00		0.00								526.00		B:ASN603				148.31		0.00		0.00

		526.00		A:THR604				90.66		0.00		0.00								527.00		B:THR604				82.64		0.00		0.00

		527.00		A:SER605				15.59		0.00		0.00								528.00		B:SER605				21.57		0.00		0.00

		528.00		A:ASN606				105.46		0.00		0.00								529.00		B:ASN606				98.30		0.00		0.00

		529.00		A:GLN607				79.65		0.00		0.00								530.00		B:GLN607				74.64		0.00		0.00

		530.00		A:VAL608				8.13		0.00		0.00								531.00		B:VAL608				4.66		0.00		0.00

		531.00		A:ALA609				1.00		0.00		0.00								532.00		B:ALA609				0.00		0.00		0.00

		532.00		A:VAL610				0.00		0.00		0.00								533.00		B:VAL610				0.00		0.00		0.00

		533.00		A:LEU611				15.28		0.00		0.00								534.00		B:LEU611				5.86		0.00		0.00

		534.00		A:TYR612				0.49		0.00		0.00								535.00		B:TYR612				2.05		0.00		0.00

		535.00		A:GLN613				100.65		24.06		-0.05								536.00		B:GLN613				61.72		0.00		0.00

		536.00		A:ASP614		H		115.60		73.75		-0.08								537.00		B:ASP614		H		112.95		44.61		-0.01

		537.00		A:VAL615				20.33		18.43		0.29								538.00		B:VAL615				6.77		0.00		0.00

		538.00		A:ASN616				86.54		5.68		-0.06								539.00		B:ASN616				103.02		0.00		0.00

		539.00		A:CYS617				28.24		0.00		0.00								540.00		B:CYS617				19.41		0.00		0.00

		540.00		A:THR618				111.75		10.16		-0.09								541.00		B:THR618				126.70		0.00		0.00

		541.00		A:GLU619				91.62		69.76		-0.54								542.00		B:GLU619				81.04		0.00		0.00

		542.00		A:VAL620				0.84		0.00		0.00								543.00		B:VAL620				1.50		0.00		0.00

		543.00		A:PRO621				54.91		0.00		0.00								544.00		B:PRO621				44.38		0.00		0.00

		544.00		A:VAL622				109.66		17.07		0.27								545.00		B:VAL622				106.35		0.00		0.00

		545.00		A:ALA623				32.14		26.40		0.28								546.00		B:ALA623				3.92		0.00		0.00

		546.00		A:ILE624				8.26		0.00		0.00								547.00		B:ILE624				17.41		0.00		0.00

		547.00		A:HIS625				38.84		2.19		-0.02								548.00		B:HIS625				77.06		0.00		0.00

																				549.00		B:ALA626				9.19		0.00		0.00

																				550.00		B:ASP627				111.37		0.00		0.00

																				551.00		B:GLN628				142.26		0.00		0.00

																				552.00		B:LEU629				58.26		0.00		0.00

																				553.00		B:THR630				23.32		0.00		0.00

																				554.00		B:PRO631				91.25		0.00		0.00

																				555.00		B:THR632				57.94		0.00		0.00

																				556.00		B:TRP633				16.06		0.00		0.00

																				557.00		B:ARG634				110.88		0.00		0.00

																				558.00		B:VAL635				97.81		0.00		0.00

																				559.00		B:TYR636				37.87		0.00		0.00

																				560.00		B:SER637				6.35		0.00		0.00

																				561.00		B:THR638				92.96		0.00		0.00

																				562.00		B:GLY639				59.22		0.00		0.00

																				563.00		B:SER640				112.62		0.00		0.00

																				564.00		B:ASN641				62.50		0.00		0.00

																				565.00		B:VAL642				62.45		0.00		0.00

																				566.00		B:PHE643				35.16		0.00		0.00

																				567.00		B:GLN644				81.35		0.00		0.00

																				568.00		B:THR645				21.17		0.00		0.00

																				569.00		B:ARG646				219.45		3.77		-0.04

																				570.00		B:ALA647				23.84		0.00		0.00

																				571.00		B:GLY648				1.65		0.00		0.00

																				572.00		B:CYS649				0.00		0.00		0.00

																				573.00		B:LEU650				1.28		0.00		0.00
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pH551-XA-YB-ZCself

		XA																YB																		ZC

																		20.00		B:SER46				88.45		0.61		-0.01		NTD

																		232.00		B:GLU309				132.25		1.84		-0.03



		650.00		A:MET740				99.24		6.28		0.26		349.52				643.00		B:THR732				47.48		21.96		0.19		534.17		S2				642.00		C:THR732				47.54		25.14		0.14		537.48

		733.00		A:PHE823				37.67		0.13		0.00						644.00		B:LYS733				24.13		0.00		0.00								643.00		C:LYS733				22.26		0.00		0.00

		734.00		A:ASN824				123.32		15.61		-0.17						645.00		B:THR734				12.85		0.17		0.00								644.00		C:THR734				17.45		1.51		0.02

		735.00		A:LYS825				56.48		5.64		-0.04						646.00		B:SER735				37.45		0.00		0.00								645.00		C:SER735				38.42		0.00		0.00

		736.00		A:VAL826				53.68		37.05		0.30						647.00		B:VAL736				9.07		0.00		0.00								646.00		C:VAL736				8.46		0.00		0.00

		737.00		A:ASN856		H		113.42		69.16		-0.58						648.00		B:ASP737				74.13		0.00		0.00								647.00		C:ASP737				68.42		0.00		0.00

		738.00		A:GLY857		H		22.65		5.71		-0.02						649.00		B:CYS738				2.74		0.00		0.00								648.00		C:CYS738				5.77		0.00		0.00

		739.00		A:LEU858		H		48.25		39.74		-0.08						650.00		B:THR739				58.60		0.00		0.00								649.00		C:THR739				59.95		0.00		0.00

		740.00		A:THR859				69.79		17.69		0.11						651.00		B:MET740				95.45		35.36		0.76								650.00		C:MET740				98.79		5.53		0.09

		741.00		A:VAL860				91.14		6.69		0.11						735.00		B:ASN824				123.31		1.96		-0.02								735.00		C:LYS825		H		50.66		8.88		-0.06

		830.00		A:GLN949		H		59.77		17.24		-0.18						736.00		B:LYS825				37.32		3.03		0.01								736.00		C:VAL826				59.02		30.89		0.28

		831.00		A:ASP950				80.39		0.00		0.00						737.00		B:VAL826				57.98		31.32		0.27								737.00		C:ASN856				90.35		47.29		-0.52

		832.00		A:VAL951				20.40		0.00		0.00						738.00		B:ASN856				108.65		41.39		-0.46								738.00		C:GLY857				15.32		3.72		-0.03

		833.00		A:VAL952				62.06		26.77		0.43						739.00		B:GLY857				12.71		7.82		0.04								739.00		C:LEU858		H		59.22		52.67		0.17

		834.00		A:ASN953				83.58		0.00		0.00						740.00		B:LEU858		H		46.99		45.21		0.08								740.00		C:THR859				79.18		33.22		0.53

		835.00		A:GLN954				79.87		0.00		0.00						741.00		B:THR859				79.02		52.93		0.80								741.00		C:VAL860		H		98.76		56.91		0.55

		836.00		A:ASN955				20.07		0.00		0.00						742.00		B:VAL860				96.32		60.14		0.57								830.00		C:GLN949		H		65.16		35.14		-0.31

		837.00		A:ALA956				49.48		0.00		0.00						831.00		B:GLN949		H		61.83		30.15		-0.32								831.00		C:ASP950				75.13		0.00		0.00

		838.00		A:GLN957				124.79		0.00		0.00						832.00		B:ASP950				73.79		0.00		0.00								832.00		C:VAL951				26.73		0.00		0.00

		839.00		A:ALA958				21.26		0.00		0.00						833.00		B:VAL951				22.09		0.00		0.00								833.00		C:VAL952				64.88		48.68		0.77

		840.00		A:LEU959				38.92		24.07		0.39						834.00		B:VAL952				62.05		42.00		0.66								834.00		C:ASN953		H		85.94		31.18		-0.42

		841.00		A:ASN960				87.81		45.45		-0.56						835.00		B:ASN953				85.64		16.49		-0.24								835.00		C:GLN954				80.32		0.00		0.00

		842.00		A:THR961				71.52		0.00		0.00						836.00		B:GLN954				82.43		0.00		0.00								836.00		C:ASN955				19.32		9.99		0.16

		843.00		A:LEU962				6.30		0.00		0.00						837.00		B:ASN955				16.98		6.98		0.10								837.00		C:ALA956				60.25		58.57		0.82

		844.00		A:VAL963				64.90		32.29		0.52						838.00		B:ALA956				48.85		43.50		0.67								838.00		C:GLN957				130.30		0.50		0.01

																		839.00		B:GLN957				119.74		0.00		0.00								839.00		C:ALA958				18.46		0.00		0.00

																		840.00		B:ALA958				22.76		0.00		0.00								840.00		C:LEU959				44.17		38.82		0.62

																		841.00		B:LEU959				39.09		36.47		0.58								841.00		C:ASN960				98.32		32.94		-0.22

																		842.00		B:ASN960		H		91.33		41.42		-0.59								842.00		C:THR961				82.53		0.00		0.00

																		843.00		B:THR961				60.25		0.00		0.00								843.00		C:LEU962				5.79		0.00		0.00

																		844.00		B:LEU962				4.35		0.00		0.00								844.00		C:VAL963				51.75		15.90		0.25

																		845.00		B:VAL963				71.94		15.87		0.25





Ph552YA,ZB,XC

		ph552y-->A																		Z-->B																		X-->C

		##		Structure1		HSDC		ASA		BSA		ΔiG								##		Structure1		HSDC		ASA		BSA		ΔiG

		475.00		A:THR553				44.30		22.01		0.35		SD1		145.58				472.00		B:THR549				67.48		0.74		-0.01		SD1		239.47				490		C:ASP568				60.81		14.37		-0.17		SD1		139.00

		476.00		A:GLU554				89.41		6.08		-0.08		SD2		222.80				473.00		B:GLY550				0.17		0.00		0.00		SD2		130.00				491		C:ILE569				182.65		48.39		0.77		SD2		81.38

		477.00		A:SER555				27.95		0.00		0.00		total		368.38				474.00		B:VAL551				28.21		0.00		0.00		total		369.47				492		C:ALA570				71.94		4.44		0.07		total		220.38

		478.00		A:ASN556				131.24		33.35		-0.36								475.00		B:LEU552				0.00		0.00		0.00								509		C:ILE587				20.2		0.12		0

		479.00		A:LYS557				101.30		0.00		0.00								476.00		B:THR553				43.22		0.00		0.00								510		C:THR588				75.39		18.97		0.26

		480.00		A:LYS558				184.91		0.00		0.00								477.00		B:GLU554				106.04		0.00		0.00								511		C:PRO589				103.62		50.2		0.59

		481.00		A:PHE559				44.46		0.00		0.00								478.00		B:SER555				19.16		0.00		0.00								512		C:CYS590				31.44		0		0

		482.00		A:LEU560				98.72		0.00		0.00								479.00		B:ASN556				151.04		0.00		0.00								513		C:SER591				41.46		2.51		0.04

		483.00		A:PRO561				125.92		0.00		0.00								480.00		B:LYS557				103.21		0.00		0.00								514		C:PHE592				143.93		58.66		0.78

		484.00		A:PHE562				147.19		0.00		0.00								481.00		B:LYS558				174.76		0.00		0.00								536		C:ASP614				129.61		22.72		-0.13

		485.00		A:GLN563				71.67		0.00		0.00								482.00		B:PHE559				48.83		0.00		0.00

		486.00		A:GLN564				54.33		0.00		0.00								483.00		B:LEU560				105.30		0.00		0.00

		487.00		A:PHE565				50.75		0.00		0.00								484.00		B:PRO561				126.62		0.00		0.00

		488.00		A:GLY566				13.52		0.00		0.00								485.00		B:PHE562				146.10		0.00		0.00

		489.00		A:ARG567				112.86		0.00		0.00								486.00		B:GLN563				68.97		0.00		0.00

		490.00		A:ASP568				72.82		5.90		-0.10								487.00		B:GLN564				83.70		0.00		0.00

		491.00		A:ILE569				171.11		17.50		0.28								488.00		B:PHE565				86.68		0.00		0.00

		492.00		A:ALA570				75.30		0.00		0.00								489.00		B:GLY566				21.70		0.00		0.00

		493.00		A:ASP571				104.95		0.00		0.00								490.00		B:ARG567				130.72		0.00		0.00

		494.00		A:THR572				68.30		0.00		0.00								491.00		B:ASP568				57.30		14.18		-0.22

		495.00		A:THR573				47.67		0.00		0.00								492.00		B:ILE569				176.63		42.07		0.67

		496.00		A:ASP574				38.53		0.00		0.00								493.00		B:ALA570				79.25		24.33		0.39

		497.00		A:ALA575				0.00		0.00		0.00								494.00		B:ASP571				103.30		0.00		0.00

		498.00		A:VAL576				3.00		0.00		0.00								495.00		B:THR572				74.33		24.64		0.20

		499.00		A:ARG577				43.75		0.00		0.00								496.00		B:THR573				35.76		9.09		-0.10

		500.00		A:ASP578				0.50		0.00		0.00								497.00		B:ASP574				40.43		9.87		0.16

		501.00		A:PRO579				26.94		0.00		0.00								498.00		B:ALA575				2.18		0.00		0.00

		502.00		A:GLN580				64.41		0.00		0.00								499.00		B:VAL576				4.52		0.00		0.00

		503.00		A:THR581				72.67		0.00		0.00								500.00		B:ARG577				27.12		0.00		0.00

		504.00		A:LEU582				127.42		0.00		0.00								501.00		B:ASP578				0.00		0.00		0.00

		505.00		A:GLU583				78.96		0.00		0.00								502.00		B:PRO579				22.17		0.00		0.00

		506.00		A:ILE584				21.53		0.00		0.00								503.00		B:GLN580				68.69		0.00		0.00

		507.00		A:LEU585				3.85		0.00		0.00								504.00		B:THR581				73.22		0.00		0.00

		508.00		A:ASP586				45.44		0.00		0.00								505.00		B:LEU582				125.81		0.00		0.00

		509.00		A:ILE587				21.36		0.00		0.00								506.00		B:GLU583				42.66		0.00		0.00

		510.00		A:THR588		H		52.06		12.33		-0.14								507.00		B:ILE584				18.24		0.00		0.00

		511.00		A:PRO589				117.91		38.49		0.39								508.00		B:LEU585				0.00		0.00		0.00

		512.00		A:CYS590				26.30		1.69		0.03								509.00		B:ASP586				37.17		0.00		0.00

		513.00		A:SER591		H		65.44		8.23		-0.09								510.00		B:ILE587				29.28		15.95		0.07

																				511.00		B:THR588				72.99		23.49		0.38

																				512.00		B:PRO589				92.30		65.74		1.02

																				513.00		B:CYS590				24.96		0.00		0.00

																				514.00		B:SER591				41.68		9.37		0.09

		514.00		A:PHE592				44.21		42.14		0.51								515.00		B:PHE592		H		135.96		48.52		0.56

		515.00		A:GLY593				44.48		3.35		-0.04								516.00		B:GLY593				14.15		0.00		0.00

		516.00		A:GLY594				22.88		8.19		0.07								517.00		B:GLY594				4.76		0.00		0.00

		517.00		A:VAL595				1.84		0.00		0.00								518.00		B:VAL595				6.14		0.00		0.00

		518.00		A:SER596				14.75		0.00		0.00								519.00		B:SER596				5.16		0.00		0.00

		519.00		A:VAL597				0.00		0.00		0.00								520.00		B:VAL597				0.54		0.00		0.00

		520.00		A:ILE598				0.67		0.00		0.00								521.00		B:ILE598				2.00		0.00		0.00

		521.00		A:THR599				0.98		0.00		0.00								522.00		B:THR599				0.33		0.00		0.00

		522.00		A:PRO600				6.12		0.00		0.00								523.00		B:PRO600				11.31		0.00		0.00

		523.00		A:GLY601				10.74		0.00		0.00								524.00		B:GLY601				5.54		0.00		0.00

		524.00		A:THR602				38.83		0.00		0.00								525.00		B:THR602				35.31		0.00		0.00

		525.00		A:ASN603				149.13		0.00		0.00								526.00		B:ASN603				155.60		0.00		0.00

		526.00		A:THR604				78.55		0.00		0.00								527.00		B:THR604				89.27		0.00		0.00

		527.00		A:SER605				20.46		0.00		0.00								528.00		B:SER605				20.93		0.00		0.00

		528.00		A:ASN606				98.06		0.00		0.00								529.00		B:ASN606				93.30		0.00		0.00

		529.00		A:GLN607				81.68		0.00		0.00								530.00		B:GLN607				78.31		0.00		0.00

		530.00		A:VAL608				8.83		0.00		0.00								531.00		B:VAL608				4.71		0.00		0.00

		531.00		A:ALA609				0.50		0.00		0.00								532.00		B:ALA609				0.34		0.00		0.00

		532.00		A:VAL610				0.00		0.00		0.00								533.00		B:VAL610				0.00		0.00		0.00

		533.00		A:LEU611				13.97		0.00		0.00								534.00		B:LEU611				6.02		0.00		0.00

		534.00		A:TYR612				0.77		0.00		0.00								535.00		B:TYR612				0.61		0.00		0.00

		535.00		A:GLN613		H		95.35		31.43		-0.34								536.00		B:GLN613				69.76		0.00		0.00

		536.00		A:ASP614		H		111.54		70.36		-0.10								537.00		B:ASP614		H		109.99		56.35		0.00

		537.00		A:VAL615				21.28		13.39		0.21								538.00		B:VAL615				9.25		0.00		0.00

		538.00		A:ASN616				81.04		1.31		-0.01								539.00		B:ASN616				86.25		0.00		0.00

		539.00		A:CYS617				23.61		0.00		0.00								540.00		B:CYS617				22.08		0.00		0.00

		540.00		A:THR618				102.16		0.00		0.00								541.00		B:THR618				116.67		0.00		0.00

		541.00		A:GLU619				79.61		21.50		0.31								542.00		B:GLU619				79.93		0.00		0.00

		542.00		A:VAL620				0.50		0.00		0.00								543.00		B:VAL620				0.17		0.00		0.00

		543.00		A:PRO621				47.30		0.00		0.00								544.00		B:PRO621				45.31		0.00		0.00

		544.00		A:VAL622				108.58		1.16		0.02								545.00		B:VAL622				105.04		0.00		0.00

		545.00		A:ALA623				33.60		29.11		0.42								546.00		B:ALA623				1.32		0.00		0.00

		546.00		A:ILE624				4.80		0.00		0.00								547.00		B:ILE624				17.29		0.00		0.00

		547.00		A:HIS625				33.32		0.00		0.00								548.00		B:HIS625				94.88		0.00		0.00

		548.00		A:ALA626				4.18		0.00		0.00								549.00		B:ALA626				7.38		0.00		0.00

		549.00		A:ASP627				114.16		0.00		0.00								550.00		B:ASP627				120.96		0.00		0.00

		550.00		A:GLN628				45.78		0.00		0.00								551.00		B:GLN628				140.52		0.00		0.00

		551.00		A:LEU629				16.69		0.00		0.00								552.00		B:LEU629				53.12		0.00		0.00

		552.00		A:THR630				25.86		0.00		0.00								553.00		B:THR630				25.99		0.00		0.00

		553.00		A:PRO631				88.84		0.00		0.00								554.00		B:PRO631				87.45		0.00		0.00

		554.00		A:THR632				51.46		0.00		0.00								555.00		B:THR632				61.92		0.00		0.00

		555.00		A:TRP633				1.40		0.00		0.00								556.00		B:TRP633				18.67		0.00		0.00

		556.00		A:ARG634				104.08		0.00		0.00								557.00		B:ARG634				109.46		0.00		0.00

		557.00		A:VAL635				100.11		0.00		0.00								558.00		B:VAL635				104.06		0.00		0.00

		558.00		A:TYR636				41.46		0.00		0.00								559.00		B:TYR636				37.75		0.00		0.00

		559.00		A:SER637				3.43		0.00		0.00								560.00		B:SER637				7.70		0.00		0.00

		560.00		A:THR638				83.93		0.00		0.00								561.00		B:THR638				88.02		0.00		0.00

		561.00		A:GLY639				52.88		0.00		0.00								562.00		B:GLY639				49.36		0.00		0.00

		562.00		A:SER640				117.72		0.00		0.00								563.00		B:SER640				111.36		0.00		0.00

		563.00		A:ASN641				55.39		0.00		0.00								564.00		B:ASN641				62.04		0.00		0.00

		564.00		A:VAL642				62.52		0.00		0.00								565.00		B:VAL642				53.90		0.00		0.00

		565.00		A:PHE643				36.83		0.00		0.00								566.00		B:PHE643				33.80		0.00		0.00

		566.00		A:GLN644				90.63		0.00		0.00								567.00		B:GLN644				90.51		0.00		0.00

		567.00		A:THR645				11.41		0.00		0.00								568.00		B:THR645				18.83		0.00		0.00

		568.00		A:ARG646				217.71		0.86		-0.01								569.00		B:ARG646				222.61		25.13		-0.36

		569.00		A:ALA647				25.29		0.00		0.00								570.00		B:ALA647				23.32		0.00		0.00

		570.00		A:GLY648				2.08		0.00		0.00								571.00		B:GLY648				2.80		0.00		0.00

		571.00		A:CYS649				0.00		0.00		0.00								572.00		B:CYS649				0.00		0.00		0.00

		572.00		A:LEU650				0.50		0.00		0.00								573.00		B:LEU650				0.50		0.00		0.00
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pH552-XA-YB-ZCself

		XA																YB																		ZC

		650.00		A:MET740				94.71		6.77		0.28		S2		367.30		20.00		B:SER46				82.24		1.60		-0.02		NTD		9.46				642.00		C:THR732				49.06		20.64		0.18		S2		524.29

		733.00		A:PHE823				39.21		1.91		-0.02						230.00		B:THR307				92.73		7.86		-0.09		S2		547.42				643.00		C:LYS733				24.01		0.00		0.00

		734.00		A:ASN824				118.02		19.47		-0.06																								644.00		C:THR734				15.83		1.68		0.03

		735.00		A:LYS825				89.08		6.82		-0.07						643.00		B:THR732				42.23		19.31		0.12								645.00		C:SER735				36.45		0.00		0.00

		736.00		A:VAL826				61.68		43.84		0.35						651.00		B:MET740				107.07		49.75		1.11								646.00		C:VAL736				6.35		0.00		0.00

		737.00		A:ASN856		H		108.76		66.41		-0.59						735.00		B:ASN824				122.17		3.39		-0.04								647.00		C:ASP737				68.74		0.00		0.00

		738.00		A:GLY857		H		19.78		5.46		-0.02						736.00		B:LYS825				42.49		3.86		-0.01								648.00		C:CYS738				3.30		0.00		0.00

		739.00		A:LEU858		H		48.66		39.46		-0.04						737.00		B:VAL826				58.78		36.73		0.34								649.00		C:THR739				57.99		0.00		0.00

		740.00		A:THR859				79.92		18.07		0.29						738.00		B:ASN856				115.30		43.99		-0.45								650.00		C:MET740				109.31		6.03		0.10

		741.00		A:VAL860				96.07		6.21		0.10						739.00		B:GLY857				13.94		8.68		0.04								734.00		C:ASN824				128.23		14.21		-0.13

		830.00		A:GLN949				65.03		21.82		-0.25						740.00		B:LEU858		H		45.19		41.83		0.05								735.00		C:LYS825				67.56		6.07		0.00

		831.00		A:ASP950				71.89		0.00		0.00						741.00		B:THR859				74.51		49.46		0.74								736.00		C:VAL826				58.32		34.90		0.30

		832.00		A:VAL951				24.27		0.00		0.00						742.00		B:VAL860				98.12		63.63		0.63								737.00		C:ASN856		H		99.29		60.73		-0.53

		833.00		A:VAL952				61.17		29.12		0.47						831.00		B:GLN949		H		63.72		26.81		-0.29								738.00		C:GLY857				14.87		0.15		0.00

		834.00		A:ASN953				75.48		0.00		0.00						832.00		B:ASP950				76.11		0.00		0.00								739.00		C:LEU858				57.87		48.03		0.07

		835.00		A:GLN954				79.90		0.00		0.00						833.00		B:VAL951				24.60		0.00		0.00								740.00		C:THR859				72.19		17.28		0.27

		836.00		A:ASN955				18.25		0.00		0.00						834.00		B:VAL952				61.84		46.79		0.75								741.00		C:VAL860				93.17		61.48		0.73

		837.00		A:ALA956				49.95		0.00		0.00						835.00		B:ASN953				82.68		11.08		-0.17								830.00		C:GLN949		H		65.71		34.66		-0.37

		838.00		A:GLN957				126.97		0.00		0.00						836.00		B:GLN954				88.56		0.00		0.00								831.00		C:ASP950				73.12		0.00		0.00

		839.00		A:ALA958				18.50		0.00		0.00						837.00		B:ASN955				15.23		5.85		0.09								832.00		C:VAL951				18.91		0.00		0.00

		840.00		A:LEU959				38.60		24.25		0.39						838.00		B:ALA956				49.05		45.03		0.69								833.00		C:VAL952				67.48		38.90		0.62

		841.00		A:ASN960				87.47		49.66		-0.51						839.00		B:GLN957				114.39		0.00		0.00								834.00		C:ASN953				75.50		19.63		-0.28

		842.00		A:THR961				74.41		0.00		0.00						840.00		B:ALA958				18.69		0.00		0.00								835.00		C:GLN954				80.08		0.00		0.00

		843.00		A:LEU962				5.33		0.00		0.00						841.00		B:LEU959				37.75		35.06		0.56								836.00		C:ASN955				20.59		10.99		0.18

		844.00		A:VAL963				60.36		28.03		0.45						842.00		B:ASN960		H		90.18		38.98		-0.56								837.00		C:ALA956				50.24		46.90		0.72

																		843.00		B:THR961				72.61		0.00		0.00								838.00		C:GLN957				126.86		0.00		0.00

																		844.00		B:LEU962				4.79		0.00		0.00								839.00		C:ALA958				22.45		0.00		0.00

																		845.00		B:VAL963				76.64		17.19		0.28								840.00		C:LEU959				44.33		36.48		0.58

																																				841.00		C:ASN960				84.28		44.95		-0.47

																																				842.00		C:THR961				81.07		0.00		0.00

																																				843.00		C:LEU962				6.39		0.00		0.00

																																				844.00		C:VAL963				57.50		20.58		0.33
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Extended Data Figure 10 | pKa calculations for the pH-switch domain. a, PROPKA-calculated pKas for titratable residues in and near the 
825-858 pH-dependent switch domain region are plotted for all modeled conformations in each structure, disordered regions excluded. Reference 
lines are shown for the structure pHs (5.5 and 4.0) as well as typical pH values for serum (7.4), early endosome (6.0) and late endosome (4.5), 
colored as in Figure 1a. Residues with noticeably higher or lower calculated pKas compared to other conformations at the same pH are circled, 
and can be attributed to either adoption of the protonated-switch conformation by Protomer A in the pH 5.5 all-down structure (blue circles, see 
panel c, middle row); or proximity to disordered regions in the structures (black dashed circles). b, Individual pH switch domain conformations 
from the indicated pH 4.0 and pH 5.5 structures, with the switch domain and surrounding protomers colored as indicated. Residues from a are 
shown as sticks with Cα as spheres. c, Close-up views of Asp residues from (a-b), indicating changes in chemical environment for each residue. 
Highlighted residue labels are colored based on pKa-based dominant protonation state, with charged Asp/Glu in red and neutral (protonated) 
Asp/Glu in blue, and are shown as thick sticks, with residues within 4 Å shown as thin sticks. Dashed lines indicate hydrogen bonds (yellow) and 
salt bridge interactions (violet), with hydrogen bonds that require Asp protonation indicated in blue. The pKa shifts between unprotonated- and 
protonated-switch conformations define a pH-dependent stability gradient that favors the protonated-switch form at lower pHs77. However, other
factors such as global conformational constraints may also play a role in favoring one conformation over another.  Indeed, a number of SARS-
CoV-2 spike structures24,50,75,76 have recently been reported which contain switch domain conformations at physiological pH that are similar yet
clearly distinct from the low-pH protonated-switch conformation we report.
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