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Figure S1. ATR-FTIR spectra of pristine PBT membrane (PBT), polyGMA grafted membrane (PBT+GMA), and CIX-IDA
membrane (PBT+GMA+IDA), (a) wavenumbers: 700-3700 cm™ and (b)wavenumbers: 1000-1400 cm™.

Pressure Drop Measurements

75 layers of CIX-IDA nonwoven membranes (diameter: 10 mm, area: 0.7854 cm?)
were packed in an Omnifit column holder (diameter: 10 mm) and connected to AKTA
system. The pressure drops were measured under a range of superficial velocities from 0-
0.34 cm/s with pure water. The pressure drop was calculated by subtracting the pressure
drop of empty column from that with membranes in the column. Darcy's law listed as
follows was used to analyze the permeability of the membrane packed columns x.

T

Uo M

Here uo is the superficial velocity (cm/s); x is the flow permeability (cm?); p is the
pressure drop (Pa); u is dynamic viscosity (Pa-s); L is the bed height of the packed mem-
branes (cm). The results are shown in Figure S2.
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Figure S2. Superficial flow velocity versus pressure drop conducted in a column packed with 75

layers of CIX-IDA membrane (PBT+GMA+IDA), bed height = 1.78 cm. Preparation conditions:
polyGMA grafted at 20% WG, IDA coupling for 16 h at 60 °C.
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Figure S3. Chromatogram of five consecutive IgG bind and elute cycles at different RTs from 0.1 to
5.0 min. 12 layers with 25 mm diameter of CIX-IDA membranes. Preparation conditions: polyGMA
grafted at 20% WG, IDA coupling for 16 h at 60 °C.

Equilibrium Adsorption Isotherm

The IgG adsorbed on the membrane was calculated by dividing the eluted IgG mass
by the membrane weight. A range of IgG initial concentrations from 0.2 to 10 mg/mL was
employed for binding experiments. The membrane (~10 mg) was incubated in 3 mL of
protein solution for 16 h. The Langmuir isotherms listed as follows were used to fit the
experimental data [1,2].

_ Ceqqm
feq™ Ceq + Kq @)

Here geq is the amount of IgG adsorbed on the membrane at equilibrium with the IgG
in the liquid phase of concentration ceq. The Langmuir parameters are gm, the maximum
binding capacity and the dissociation constant Ka.

After data fitting, the calculated gmis 648.1 mg/g and Kais 1.2 mL/mg. The SBC ob-
tained with 10 mg/mL initial IgG concentration was 605.2 + 19.3 mg/mL where around 8.0
mg/mL IgG remained in the solution after adsorption (shown in Figure S4), and the bind-
ing capacity was close to the gm from Langmuir modeling.
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Figure S4. Equilibrium adsorption isotherm of IgG onto CEX-IDA membranes. Experimental data
are compared with the Langmuir model. Preparation conditions: polyGMA grafted at 20% WG, IDA
coupling for 7 h at 80 °C.

DBCi0% Measurements

A stack of 12 membrane layers (~1.5 mL, 25 mm diameter) was connected on the
AKTA system with an Omnifit column holder (diameter: 25 mm). 50 mM acetate buffer
(pH 5.5) was used as binding buffer to equilibrate the membranes at 1 mL/min, then 3 mg
IgG/mL as the sample solution was loaded with 0.1 or 1.0 min residence time. Loading
stopped once UV absorbance reached the value corresponding to 10% of initial feed con-
centration. After that, the unbound protein was washed away till the UV signal reached
the baseline. Finally, the binding buffer with additional 1 M NaCl was used to strip the
bound protein (at 1 mL/min). 10% DBC was calculated as the following equation:

Cox(Vigy, = Vo)

DBCyo9,= %
m

©)

Here Co is the initial IgG concentration in the feed; Viox is the effluent volume when
the IgG concentration in the effluent reached 10% of the initial IgG concentration in feed
(mL); Vois the void volume (mL) determined by injecting 1% acetone; Vi is the membrane
volume.
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Figure S5. Chromatogram of DBCio% measurement at 0.1 min RT. 12 layers of CIX-IDA membranes
with 25 mm diameter. Preparation conditions: polyGMA grafted at 20% WG, IDA coupling for 7 h

at 80 °C.
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Figure S6. The chromatogram of DBCio% measurement at 1.0 min residence time (CIX-IDA mem-
brane: the grafted polyGMA WG = 20%, IDA coupling time = 7 h, IDA coupling temperature = 80
°C, 12 layers with 25 mm diameter). Preparation conditions: polyGMA grafted at 20% WG, IDA
coupling for 7 h at 80 °C.



Membranes 2021, 11, 530

60f7

32

24}
16
8l

IgG1 standard

IgG1 peak

%

0~

20

10}

30 | Feed solution

Impurity peak

mAb peak

UV adsorbance (mAU)

2ut Elution fraction

SN

L

4

8
Time (min)

12 16

Figure S7. Protein G column analysis of protein samples collected from the first cycle of mAb cap-
ture from cell culture fluid (12 layers of CIX-IDA membrane with 10 mm diameter at 1.0 min resi-

dence time).
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Figure S8. Protein G column analysis of protein samples collected from the second to fifth cycles for

mADb capturing.
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