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Theoretical Background for S(q).r analysis

The theoretical background for S(g) analysis presented in our study is provided in
one of our previous publications [1]. For readers’ convenience, it is restated below.

Historical integral-equation theories are generally based on isotropic potentials of
spherically symmetric particles [2]. Under the assumption that particle size and orienta-
tion are not correlated, the scattering intensity I(g) as a function of momentum transfer g
can be written as:

1(q) = npP(q)S(@esy (S1)

where 7, is the number density of particles in the sample, P(q) is the single-particle form
factor, and S(q)ef is the effective structure factor. The magnitude of momentum transfer g
can be related to the length scale d, using:

d= 2n (52)
q
P(g) can be calculated from the complex scattering amplitudes F(g) as follows:
P(q) = (IF(@I°) (53)

where the brackets represent both angular and ensemble averages. F(g) can be calculated
directly from molecular simulations using a simple Debye sum for N particles [3], each
j(k) particle with scattering length bj(bt) and atomic position Xj(X«) using:

N N
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The decoupling approximation has been proposed to calculate the structure factor
S(g) from S(g)frusing [4]:

S@err =1+ B(@[S(q) — 1] (S5)
where the decoupling factor f(q) is defined as*
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The value of §(q) varies between 0 and 1, and it can serve to decouple molecular
shape from intermolecular particle interactions. S(g) is the Fourier transform of the pair
distribution function g(r), which is the probability of finding one particle at a distance r
from another particle in the system. S(g) can be written in terms of g(r) as:

sin(qr)
qr

S =1+ 4nnpf (g(r)—1 r2dr (S7)
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where g(r) depends on the interaction potential, since molecules have higher probabilities
to be found at distances corresponding to lower interaction energies. Moreover, for a
given interaction potential, Equation (S7) can be solved using the Ornstein-Zernike equa-
tion and an appropriate closure relation [5,6]. Therefore, obtaining S(g) from experimental
data is useful to evaluate the net interactions governing the system. Besides the decou-
pling approximation, other approaches have been proposed to account for shape anisot-
ropy in 5(q)« such as assuming a sphere with an effective diameter that matches the sec-
ond virial coefficient of the molecule [7-10].

In one of our previous studies, we showed that inter-protein interactions assessed
from S(q)es are not perturbed by structural changes in mAb for g < 0.02 A1, In this study,
we used 5(0)ef values to determine the nature of net PPI. Since 5(0) values were extrapo-
lated from S(q)ef when g is approaching zero (i.e. less than q = 0.02 A1), for this purpose,
S(q) profiles can be fitted using statistical mechanical models of the S(g) and consider
mADbs as isotropic spheres.
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Figure S1. The closer look at the scattering profiles measured from 50 mM NaCl solutions around
the g-range from 0.10 A-1t0 0.14 A, This linear region from various scattering profiles should be
well overlapped if the concentration normalization is done properly. Error bars in the scattering
profiles represent the relative uncertainties in the scattering intensity measurements based on count-
ing statistics.
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Figure S2. Summary of SAXS profiles measured from ASA-IgG2 samples prepared in various NaCl
solutions: 0 mM NaCl (A), 50 mM NaCl (B), 100 mM NaCl (C), and 150 mM NaCl (D). The scattering
profiles measured from various mAb concentrations were concentration-normalized. In particular,
I(g) measured from 2 mg/mL and 10 mg/mL solutions looked identical, this implied that the increase
of protein concentration from 2 mg/mL to 10 mg/mL did not change the total scattering profiles,
thus S(g)er were absent from both concentrations. A decrease in I(q) at low-g region started to appear
at 25 mg/mL and it became more significant with increasing protein concentrations. The observed
reduction in scattering intensity at low-q region was due to the presence of intermolecular interac-
tions; therefore, S(g)ef started to arise when the mAb concentration reached 25 mg/mL for 50 mM
NaCl formulation. Error bars in the scattering profiles represent the relative uncertainties in the
scattering intensity measurements based on counting statistics.
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Figure S3. Summary of SANS profiles measured from ASA-IgG2 samples prepared in various NaCl
solutions: 0 mM NaCl (A), 300 mM NaCl (B), 600 mM NaCl (C), and 1200 mM NaCl (D). The scat-
tering profiles measured from various mAb concentrations were concentration-normalized. As
mentioned in the method section, samples with high mAb and NaCl concentrations could not be
made due to difficulties in preparing concentrated ASA-IgG2 (greater than 215 mg/mL) and NaCl
(greater than 5 M) stock solutions. Error bars in the scattering profiles represent the relative uncer-
tainties in the scattering intensity measurements based on counting statistics.
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Figure S4. Summary of S(g)e profiles measured from ASA-IgG2 samples prepared in various NaCl
solutions: 0 mM NaCl (A), 50 mM NaCl (B), 100 mM NaCl (C), 150 mM NaCl (D), 300 mM NacCl (E),
600 mM NaCl (F), and 1200 mM NaCl (G). S(g)e profiles were fitted using with Hayter-Penfold and
Two-Yukawa models to extrapolate S(g)e values. Error bars in the scattering profiles represent the
relative uncertainties in the scattering intensity measurements based on counting statistics.
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