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Supplementary Material

Dynamic Light Scattering (DLS) technique allowed us to extract the diffusion
coefficient, Ds, from the autocorrelation function. Hydrodynamic size, rn, has been
obtained from the results obtained for Ds, the diffusion coefficient at infinite dilution,
using the Stokes-Einstein equation:
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with kg, the Boltzmann constant and 1 the buffer viscosity at T = 309 K. The results
obtained for rn are shown in Tables 1-4 of the main manuscript.

DLS results are presented inFigure S1as the squared electric field
autocorrelation function, [g1(t)]?, for the samples at T = 309 K (36 °C) and a selected
concentration of ¢ = 2 mg-mL-1. Although it is well-known that mAbs are prone to
aggregation, all samples are free of aggregates in the conditions used in this study.
Results have been obtained in the concentration range from 1 to 10 mg-mL-1. From



the results, the mutual diffusion coefficient (Dm) has been obtained by cumulant
analysis and represented versus concentration (Figure S2).
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Figure S1. Averaged squared electric field time autocorrelation function, [g1(t)]?, of
the mAbs studied at a concentration of 2 mg-mL-1. Perjeta (black), Herceptin (red),
Ontruzant (blue) and Herzuma (green).

The kp values determined from the slope of the representation provide an
assessment of protein-protein interactions. In particular, a positive kp is a result of
an increase in Dm over Ds with increasing concentration, whereas a negative kp is a
result of decreasing Dm as the solution concentration increases. Thus, a positive kp
signifies repulsive interactions, and a negative kp implies attractive intermolecular
interactions. In the conditions studied, there are attractive interactions among the
molecules, in agreement with reported values in the literature for different mAbs in
similar conditions.#5-48 it should be noted that within the experimental error, the
value of kp is nearly the same in all the cases. In the case of pertuzumab sample a
slightly lower value of kp is observed, which likely comes from the different AAS in
this case, giving rise to slightly different degree of molecular interactions.
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Fig. S$2. Mutual diffusion coefficient (Dm) for the mAbs at pH 7.0 and 150 mM NacCl
solution ionic strength. The slope and intercept represent Dskp and Ds (self-diffusion
coefficient), respectively. Code color as in Fig. S1.




The self-diffusion coefficient (Ds) can be obtained at infinite dilution. The
rhvalues can be obtained by taking the Ds values and the Stokes-Einstein
relationship Equation (1). The values of Ds and rh obtained from the analysis of DLS
results are also listed in Table S1. The values obtained for the hydrodynamic size are
virtually identical in all the cases, around 5.5 nm, also in agreement with previous
results obtained in mAbs.45-48
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Fig. $3. Size distribution profile of the mAbs studied. Code color as in Fig.S1.

In Figure S3 we can observe the size distribution profile obtained from the
autocorrelation function in Figure S2. A narrow distribution and an absence of
aggregates characterize the profiles obtained in all the cases. The results in Figures
S1 to S3 point towards a high degree of similarity in the samples studied. Both the
molecular weight and the diffusion coefficient (hydrodynamic size) differ no more
than 2% among the samples, suggesting a similar, if not identical,
morphology/shape of the mAbs.

The size distribution profiles obtained by DLS during temperature sweeps from
293 K (20 °C) to 353 K (80 °C) are observed in Figure S4. An increase in the size of
the mAbs is seen as temperature increases, which indicates the onset of a
denaturation process, giving rise to a loss of higher-order structure through
unfolding. The kinetics is nearly identical in all the samples studied. The extracted
size distribution from the autocorrelation function indicates a monomodal
population that increases in size and polydispersity, as expected from a
denaturation process of a protein.

Table S1. Size distribution profile of the samples studied. Code color as in Figure S1.

Sample Ds x 107 kb T'h
[wm?-s-1] [mL-g1] [nm]
Perjeta 58.2+0.3 -5.5+0.07 5.50+0.03
Herceptin 58.1+0.1 -4.7+0.03 5.51+0.01
Herzuma 58.310.1 -4.510.04 5.49+0.01
Ontruzant 58.4+0.1 -4.6+0.03 5.48+0.01

Results obtained in 5 to 10 samples. Averaged values and standard deviations

indicated
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Fig. S4. Size distribution profiles of the mAbs as temperature increases from 293 K
to 353 K.

The values of the hydrodynamic radius at each temperature have been
determined by means of the application of the cumulant analysis. In Figure S5 the
evolution of rn in the temperature range from 293 K (20 °C) to 353 K (80 °C) is
observed. A clear increase of the mAbs hydrodynamic seen is clearly seen above a
characteristic temperature of around 338 K (65 °C). Each protein has a specific Tm,
which is the temperature where 50% of proteins are unfolded. mAbs have a good
stability and resistance to moderate thermal stress, when compared to other
proteins.*%50 However, as multi-domain proteins, the thermal denaturation of
antibodies is complex, showing in DSC two endothermic peaks, usually around 338
K (65 °C) and 353 K (80 °C). The denatured state is reached after several, at least
partly independent, intermediate states. The results shown in Figure S5 show the
characteristic first stages of the denaturation of the mAbs, starting around 338 K (65
°C). No differences have been found among the samples under study.
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Fig. $5. Hydrodynamic radius versus temperature for the samples under study.
Code color as in previous figures. The symbols are the averages if 3 independent
measurements.

Table S2. Electrostatic properties of the mAbs under study

Sample e 4 Z Z [ProtCal]2
[Lm-cm-V-1s] [mV]
Perjeta 0.25+0.01 2.7+0.2 +5.2+0.4 +6.5
Herceptin 0.40 £ 0.04 43+0.3 +8.3+£0.8
Herzuma 0.41+0.02 44+0.2 +8.5+ 0.4 +10.8
Ontruzant 0.40+0.05 43+0.4 +8.310.9

aEstimated from the AAS using Protein Calculator platform (http://protcalc.sourceforge.net/cgi-
bin/protcalc). Measurements performed in 3 independent samples. Averaged and standard
deviations indicated.

To study the electeostatic properties of branded mAbs and biosimilars, phase
analysis light scattering (PALS) is an especially interesting technique to be applied,
as it permits to accurately measure samples with low particle mobility. Due to the
low stability of the solutions, the monomodal analysis has been applied. This type of
analysis does not produce EM distributions but results in a faster experiment,
avoiding sample and electrode degradation. Additionally, reduced voltages have
been used (in the range 3 - 5 V). In some case the general-purpose analysis mode
has also been used in order to test the quality and reproducibility of the
experiments. The measured EM can be used to determine the zeta-potential, {, using
Henry’s equation:

__ 3nue
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where ¢ is the dielectric constant of the medium, 7 is the viscosity of the dispersant,
and f(xa) is the Henry’s function. If the value C of a particle is less than ksT/e (i.e.,
25.7 mV at 298 K), the effective molecular charge can be evaluated using the Debye-
Hiickel-Henry (DHH) approximation to correct for ionic radii and ionic strength
effects:

__ 6mnau.(1+ka)
z= fka)e (3)

where e is the electronic charge, a is the particle radius, and « the inverse Debye
length. This later can be calculated for monovalent salt at any ionic strength, I, and
temperature as:

ol = ( goekpT )1/2 (4)
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In general, it is considered that the values obtained for the effective charge, Z, will
be close to the “true net charge” of the proteins and complexes. However, it should
be emphasized that within the framework given by Equations (2) - (4), Z is the fixed
charge arising not only from the ionized groups on the protein, but also from the
ions bound in the Stern layer.



The estimated values (-potential and Z using Equations (3) - (5) in experimental
section are listed in Table S2 for the systems under study. For the calculations of Z,
the radius of the particle (a) has been taken as the hydrodynamic radius (rn)
obtained from DLS measurements in Table S1. Concerning electrostatic properties
in Table S2, the reported positive value of Z for the mAbs at pH 7.5 is in the same
range as those values reported in other studies for IgG1 antibody at pH within 5.0
and 9.0 and low ionic strength.>152 The positive net-charge is typical in antibodies.
It has been found that antibodies prefer positive net-charge presumably to help
antibody proteins approach negatively charged protein antigens, which are
common in proteomes.>3-5> It should be noted the good agreement obtained
between experimental results and those calculated from the AAS using the Protein
Calculator platform. A clear difference exists between pertuzumab and trastuzumab,
as the former shows lower values of the positive net charge, suggestion a lower
value of pl. Moreover, no differences have been found among the trastuzumab
biosimilars, as it can be seen in Table S2.
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