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SUPPLEMENTARY METHOD
SAXS Data Processing
	Raw scattering intensities of the buffer solutions were subtracted from those of protein solutions, and converted to an absolute scattering intensity, I(q) (cm-1), using the zero-angle scattering intensity of water as a standard.1, 2 Accordingly, q is the scattering parameter and the magnitude of the scattering vector (q), given by:



where 2 is the scattering angle and  is the wavelength of the X-ray.3
Interference-free SAXS profiles were calculated as follows.4 First, the normalization of the measured SAXS profiles [cm-1(mg/mL)-1] was performed by multiplying the scaling factor5 between the measured SAXS profiles of 2 to 5 mg/mL protein concentrations and their averaged SAXS profiles calculated in the q region from 0.03 to 0.1 Å-1. Then, the small q region from 0.005 to 0.05 Å-1 of the interference-free SAXS profile was estimated by extrapolating the normalized SAXS profiles to infinite dilution. The large q region from 0.05 to 0.35 Å-1 of the interference-free SAXS profiles was calculated using the averaged SAXS profile.
	The radius of gyration (Rg) and the scattering intensity at zero-angle [I(0)] were determined by the Guinier approximation (to satisfy qRg < 1.3) in the Guinier region (0 < q < 1/Rg) of the scattering profiles, as follows:3



	The relationship between the estimated molecular mass (M) of samples and I(0) is as follows:



where NA is the Avogadro’s number; c is the protein concentration (g cm-3); v̅p is the partial specific volume of the protein (here, 0.7425 cm3 g-1)6; and ∆p is the average excess scattering density of the protein (2.8  1010 cm-2).6
[bookmark: _Hlk526085908]	Before calculating the pair-distance distribution function, P(r), the measured SAXS profiles [cm-1] were normalized by dividing them by the molar concentration [mol/L] of samples, meaning that the SAXS profiles were normalized based on the number of particles. Then, P(r) was calculated by a direct Fourier transformation of I(q), according to the following equation:7-10



where r is the distance between electrons in the particle; and B (here, 20) is the damping factor to remove the termination effect of the Fourier transformation. An indirect Fourier transformation was also performed using the GNOM program.11 The maximum distance of the particle (Dmax), where P(r) approaches zero, was estimated from P(r).



SUPPLEMENTARY DISCUSSION
[bookmark: _Hlk512806799]The Proof for Rg hollow > Rg rigid
The N-linked glycan of gFc is located near the center of the three-dimensional structure of Fc, filling the hollow between the two CH2 domains. When the gFc and aFc structures are modeled as rigid and hollow spheres, respectively, the effect of the scattering from the N-linked glycan on Rg may be derived. In this case, Rg of a rigid or hollow sphere is expressed as,12



where (r) is the scattering density of a sample, which can be considered constant in this system; r is the distance between an electron and the center of the rigid or hollow sphere; r1 and r2 are the distances from the center to the inner and outer shell of the hollow sphere, respectively. 
Since ρ(r) is a constant, it can be brought forward from the integration:



For a rigid sphere, input r2 = b, r1 = 0. For a hollow sphere, input r2 = b, r1 = a, (b > a > 0):
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Table S1. SAXS measurement parameters
(a) Sample details
	
	gFc
	aFc

	Organism
	Homo sapiens
	Homo sapiens

	Source
	Papain digestion of human monoclonal IgG113
	Escherichia coli-expressed13

	Uniprot sequence ID
	P01857
	P01857

	Molar extinction coefficient (A280, M-1cm-1)
	71,570
	71,570

	Partial specific volume (v, cm3 g-1)
	0.74256
	0.74256

	Average excess scattering density (1010 cm-2)
	2.86
	2.86

	M from chemical composition (Da)
	52,926.9
	51,235.6

	M from mass spectrometry (Da)
	52,917.9
	51,296.7



(b) SAXS data collection parameters
	Instrument
	Beamline BL-10C with Dectris PILATUS 2M detector, the Photon Factory (PF) of the High Energy Acceleration Research Organization (KEK)

	Wavelength (Å)
	1.2

	Beam size (mm2)
	1.1  1.3

	Camera length (m)
	2.028, determined based on a scattering pattern of silver behenate as a standard14

	q measurement range (Å-1)
	0.006–0.350

	Absolute scaling method
	Comparison with scattering from 1.25 mm of pure H2O

	Normalization
	To incident beam intensity

	Monitoring for radiation damage
	Frame-by-frame comparison of data

	Exposure time
	2 s

	Sample configuration
	Sample flow system using syringe pump with flow-type cell, sample path length of 1.25 mm

	Sample temperature (°C)
	25.0 ± 0.1




(c) Software employed for SAXS data reduction, analysis, and interpretation
	SAXS data reduction
	Nika15

	Extinction coefficient estimate
	ProtParam16

	Basic analyses: Guinier, P(r), VP
	PRIMUSqt from ATSAS 2.8.217

	Atomic structure modeling
	CRYSOL5 in ATSAS 2.8.2 

	Missing sequence modeling
	MODELLER 9.1618, 19

	Three-dimensional graphic model representation
	PyMOL v.1.6.0.0. Win64,20 UCSF Chimera v.1.11.2.21



(d) Structural parameters
	
	gFc
	aFc

	Guinier analysis (for low q region)
	
	

	I(0) (cm-1)
	0.039 ± 0.000 (3 mg/mL)
0.038 ± 0.000 (interference-free)
	0.036 ± 0.000 (3 mg/mL)
0.036 ± 0.000 (interference-free)

	Rg (Å)
	27.49 ± 0.19 (3 mg/mL)
26.44 ± 0.31 (interference-free)
	28.69 ± 0.19 (3 mg/mL)
28.88 ± 0.31 (interference-free)

	qmin (Å-1)
	0.02
	0.02

	qRg max
	1.23 (3 mg/mL)
1.18 (interference-free)
	1.28 (3 mg/mL)
1.29 (interference-free)

	Coefficient of correlation, R2
	0.99 (3 mg/mL)
0.96 (interference-free)
	0.99 (3 mg/mL)
[bookmark: _GoBack]0.96 (interference-free)

	M from I(0) (kDa) (ratio to predicted)
	53.7 (1.01) (3 mg/mL)
53.3 (1.01) (interference-free)
	50.6 (0.99) (3 mg/mL)
50.7 (0.99) (interference-free)

	Kratky analysis
	
	

	qm,small (Å-1)
	0.064 (3 mg/mL)
	0.062 (3 mg/mL)

	q2I(qm,small) (10-5 cm-1)
	5.87 (3 mg/mL)
	4.96 (3 mg/mL)

	I(0) (cm-1)
	0.039 (3 mg/mL)
	0.035 (3 mg/mL)

	Rg (Å)
	27.07 (3 mg/mL)
	27.77 (3 mg/mL)

	P(r) analysis by GNOM11
	
	

	Rg (Å)
	27.87 (3 mg/mL)
27.60 (interference-free)
	28.50 (3 mg/mL)
28.32 (inter-ference free)

	Dmax (Å)
	102 (3 mg/mL)
97 (interference-free)
	98 (3 mg/mL)
102 (interference-free)

	q range (Å-1)
	0.019–0.296 (3 mg/mL)
0.019–0.309 (interference-free)
	0.019–0.350 (3 mg/mL)
0.019–0.330 (interference-free)

	Total estimate from GNOM
	0.61 (3 mg/mL)
0.80 (interference-free)
	0.87 (3 mg/mL)
0.76 (interference-free)

	Porod volume (Å3) (ratio Vp/calculated M)
	66,600 (1.26) (3 mg/mL)
65,300 (1.23) (interference-free)
	59,800 (1.17) (3 mg/mL)
60,600 (1.18) (interference-free)






Table S2. Information on the Fc crystal structures used in the current study
	PDBID
	
	First right singular vector
	Chi2 value,
gFc
	P-value,
gFc
	Chi2 value,
aFc
	P-value,
aFc
	Complex
	Reference

	1FC1
	gFc
	-0.003
	0.059
	0.000
	0.088
	0.000
	–
	22

	1H3U
	
	-0.063
	0.022
	0.000
	0.035
	0.005
	–
	23

	1H3V
	
	-0.030
	–
	–
	–
	–
	–
	23

	1H3X
	
	-0.061
	0.025
	0.000
	0.041
	0.001
	–
	23

	1H3Y
	
	-0.082
	–
	–
	–
	–
	–
	23

	1HZH
	
	-0.087
	0.020
	0.020
	0.026
	0.010
	–
	24

	2DTS
	
	-0.106
	0.019
	0.153
	0.029
	0.492
	–
	25

	2WAH
	
	0.294
	0.403
	0.000
	0.392
	0.000
	–
	26

	3AVE
	
	-0.101
	0.021
	0.010
	0.031
	0.005
	–
	25

	3DO3
	
	-0.097
	0.031
	0.000
	0.044
	0.001
	–
	–

	3V95
	
	-0.099
	0.021
	0.000
	0.034
	0.001
	–
	27

	4BYH
	
	-0.100
	0.068
	0.000
	0.080
	0.000
	–
	28

	4CDH
	
	-0.060
	0.039
	0.000
	0.055
	0.000
	–
	29

	4KU1
	
	-0.037
	0.105
	0.000
	0.128
	0.000
	–
	30

	4Q7D
	
	-0.052
	0.021
	0.000
	0.031
	0.005
	–
	31

	4W4N
	
	-0.045
	0.021
	0.000
	0.032
	0.005
	–
	32

	4WI2
	
	-0.108
	0.024
	0.000
	0.035
	0.005
	–
	–

	5GSQ
	
	-0.341
	0.023
	0.000
	0.031
	0.079
	–
	33

	5JII
	
	0.300
	0.533
	0.000
	0.513
	0.000
	–
	–

	1E4K
	gFc + FcR
	0.207
	0.182
	0.000
	0.210
	0.000
	FcRIII
	34

	1T83
	
	0.070
	0.126
	0.000
	0.120
	0.000
	FcRIII-b
	35

	1T89
	
	0.073
	0.190
	0.000
	0.218
	0.000
	FcRIII-b
	35

	3AY4
	
	0.083
	0.104
	0.000
	0.116
	0.000
	FcRIII-a
	36

	3RY6
	
	0.149
	0.151
	0.000
	0.169
	0.000
	FcRII-a
	37

	3SGJ
	
	0.163
	0.161
	0.000
	0.182
	0.000
	FcRIII-a
	38

	3SGK
	
	0.148
	0.197
	0.000
	0.219
	0.000
	FcRIII-a
	38

	4W4O
	
	0.131
	0.135
	0.000
	0.149
	0.000
	FcRI
	32

	4X4M
	
	0.141
	0.224
	0.000
	0.227
	0.000
	FcRI
	39

	4ZNE
	
	0.123
	0.146
	0.000
	0.160
	0.000
	FcRI
	40

	1DN2
	gFc + binding protein
	0.174
	0.231
	0.000
	0.225
	0.000
	Engineered peptide
	41

	1FCC
	
	0.126
	0.145
	0.000
	0.171
	0.000
	Streptococcal protein G
(C2 fragment)
	42

	1OQO
	
	-0.097
	0.023
	0.001
	0.032
	0.005
	–
	–

	1OQX
	
	-0.119
	0.019
	0.040
	0.027
	0.079
	–
	–

	2GJ7
	
	0.174
	0.229
	0.000
	0.236
	0.000
	Glycoprotein E
	43

	2IWG
	
	0.288
	0.564
	0.000
	0.542
	0.000
	52-kDa
RO protein
	44

	2J6E
	
	-0.170
	0.026
	0.000
	0.030
	0.153
	IgM
	45

	3D6G
	
	-0.102
	0.024
	0.000
	0.036
	0.001
	Protein-A mimetic peptide dendrimer ligand
	–

	3WKN
	
	-0.103
	0.027
	0.000
	0.042
	0.001
	AFFinger p17
	46

	5U4Y
	
	-0.069
	0.021
	0.020
	0.028
	0.010
	Protein A
	47

	5U52
	
	-0.171
	0.019
	0.492
	0.027
	0.079
	Mini Z domain
	47

	3DNK
	aFc
	0.058
	0.097
	0.000
	0.102
	0.000
	–
	–

	3S7G
	
	-0.399
	0.056
	0.000
	0.056
	0.000
	–
	–




SUPPLEMENTARY FIGURE LEGENDS
Figure S1.
[bookmark: _Hlk527207472][bookmark: _Hlk527906302]Concentration dependence and normalization of SAXS profiles for gFc (a, b, e, f) and aFc (c, d, g, h). SAXS profiles of each sample at 2–5 mg/mL in a log-log plot (a–d) and Guinier plots in the low q region (e–h). Concentration-normalized SAXS profiles in a log-log plot (b, d) and Guinier plots in the low q region (f, h). The black line in Guinier plots represents the fitted region of the Guinier approximation. The results of the Guinier approximation of each concentration are also shown, I(0) (i) and Rg (j); The black line represents the regression line of the concentration dependence of R(g) and I(0).

[bookmark: _Hlk527905674]Figure S2.
[bookmark: _Hlk527207609]Interference-free SAXS profiles. The log-linear plot (a), Kratky plot (b), and Guinier plot (c). The black straight line indicates the fitted region of the Guinier approximation. The pair-distance distribution function calculated by the indirect Fourier transformation (d). The solid and dotted lines indicate pair-distance distribution function of the interference-free SAXS profiles and 3 mg/mL SAXS profiles, respectively.

Figure S3.
[bookmark: _Hlk527906516]Characteristics of the left and right singular vectors of the first to seventh principal components. (Left) Porcupine plots of each left singular vector. The yellow line indicates the averaged three-dimensional coordinates of C atoms calculated from the crystal structure dataset. The green spine indicates the direction and magnitude of the deviation of each left singular vector from the averaged three-dimensional coordinate of C atoms. (Right) The right singular vector of each crystal structure.

Figure S4.
[bookmark: _Hlk527905752]Random-like distribution of the reduced chi-square values for the 3 mg/mL SAXS profiles. The reduced chi-square value of 100 intact model structures for each of the 40 template structures of gFc (a) and aFc (b). (c, d) The reduced chi-square distribution of 1HZH (red), 1OQX (blue), 2DTS (green), 5U4Y (orange), and 5U52 (purple), which exhibited the lowest median chi-square values among the 40 template structures.

Figure S5.
[bookmark: _Hlk527906145](a) A correlation plot of reduced chi-square values for the interference-free SAXS profiles of gFc and aFc. The inset contains the plot of the lowest reduced chi-square value. For calculation of the reduced chi-square value, the experimental errors at each q of the 3 mg/mL SAXS profiles were used as those of the interference-free SAXS profiles. (b, c) Correlation plots between the reduced chi-square values for 3 mg/mL SAXS profile and the interference-free SAXS profiles. 

Figure S6.
[bookmark: _Hlk527906005]Correlation between the reduced chi-square value for 3 mg/mL SAXS profiles and the first to seventh right singular vectors (Vi, i = 1–7).

[bookmark: _Hlk527907073]Figure S7.
Correlation plots between the chi-square value for 3 mg/mL SAXS profiles and the first right singular. The values of the four model structures proposed by Remesh et al. were plotted with the 40 model structures of gFc used in the current study.

Figure S8.
[bookmark: _Hlk527907042]Mass spectra of gFc (a) and aFc (b). Molecular masses of each peak and glycoform assigned based on the mass difference between the peaks are shown.
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Figure S3 (continued)
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