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ABSTRACT

Rapid growth in the field of biotherapeutics had tie an increased demand for high-throughput,
label-free biosensors exhibiting high sensitivity. support the current needs, Sierra Sensors
introduced a surface plasmon resonance imagingif®@Red biosensor, Molecular Affinity
Screening System (MASS-1). We assessed the pdtetiliiy of MASS-1 to support
Regeneron’s therapeutic antibody discovery. A lgrgeel of antibody-antigen interactions was
characterized using MASS-1 and the kinetic dateewempared with the Biacore 4000
biosensor. Less than 10% deviation in the bindatg constants measured across eight flow
channels of MASS-1 was observed. The single imgaatiycle kinetic assay allowed rapid
measurement of binding rate constants for antitantigen interactions. MASS-1 sensitivity is
independent of protein immobilization level andétio analysis performed using ultra-low
density mAb surfaces allowed characterization obpiolar affinity interactions without mass
transport limitation. High-throughput characteriaatof a panel of 189 monoclonal antibodies to
13 different antigens with molecular weights ramgirom 14kD to 105kD revealed that binding
kinetic parameters measured on MASS-1 were comfeatalthose measured on Biacore 4000.
Our data demonstrate that MASS-1 measures relhégng kinetic parameters and has an
appropriate combination of throughput and sensytita support discovery and development of
therapeutic antibodies.

1. INTRODUCTION

The global market for recombinant protein drugesssmated to be 100 billion dollars, with
therapeutic monoclonal antibodies (mAbs) constitythe largest market share (1-4). Utilization
of high-throughput characterization tools during thitial screening stage is pivotal for the rapid
identification of potential therapeutic mAbs. Amoagvide range of biophysical, biochemical
and functional characterization techniques usedifatherapeutic discovery, a real-time, label-
free (RT-LF) biosensor is an important bioanalytiatform, as they enable direct measurement
of the kinetics of drug binding to its target (5)1A8lthough currently available RT-LF platforms
are sensitive enough to measure binding kinetics@l molecules to macromolecules, lack of
throughput often limits their applications duririggtprimary screening of therapeutic drugs.
Parallel flow biosensors such as Biacore 4000 ante®n XPR36 provide the throughput to
support the current mAb discovery and can screproapnately 400 mAbs per day from
unpurified conditioned media (CM) as opposed tocieventional serial flow biosensors such

as Biacore 3000 and Biacore T200, which can sapproximately 100 mAbs (11-13).

However, both Biacore 4000 and ProteOn XPR36 ladkiivity and designing kinetics assay
with a binding response of less than 5RU is chglle;m Therefore, there is a continuous demand
for high-throughput biosensors with high sensiyiva support the needs of current
biotherapeutic industry.

MASS-1, a relatively new biosensor platform froner&a Sensors, is an eight-channel surface
plasmon resonance imaging (SPRi) based biosersioaltbws simultaneous injection of up to
eight different samples into independent flow chén(fégure 1). Each flow channel contains
two individually addressable detection spots; @anesed as the reference spot while the other is
used as the active spot. MASS-1 can thus simultasteadetect up to sixteen binding events
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across the entire sensor surface. The propriétadyodynamic Isolation™ (HI) technology
allows uniform and simultaneous delivery of sample®ss all eight flow channels. The novel
SPRi detection system of MASS-1 enables detectidninaling events with high sensitivity (14).
These device features encouraged us to evaluapetf@mance and sensitivity of MASS-1 for
the characterization of mAb-antigen interactions.

It has been previously reported that surface changesensor chemistry can affect kinetic
analysis of antibody-antigen interactions (15,18¢ therefore evaluated the performance of
MASS-1 by comparing binding rate constants measonefASS-1 with the values measured
using Biacore 4000 under diverse assay formatspamal of mAbs binding to antigen with
molecular weights ranging from 3.5kD to 105kD. Theughput capability of MASS-1 was
evaluated using the single injection cycle kine(BKCK) assay format, and the accuracy of the
measured binding parameters were compared to theasured using the standard multiple
injection cycle kinetics (MICK) format on Biacor®@d0 and MASS-1. The effect of protein
surface density on the sensitivity of MASS-1 wasestigated by performing MICK assay on
sensor surface immobilized with different densitésnti-human Fgcapture mAb. The ability
of MASS-1 sensitivity to characterize high affinliynding interactions was also tested by
performing kinetic assays on an ultra-low densiyinsurface to overcome mass transport
limitation (MTL). Finally, a panel of 189 mAb-angg interactions was characterized to assess
the utility of MASS-1 to perform high throughputltic screening of mAbs.

Figure 1: Schematic of MASS-1 I ntegrated Fluidic Cartridge Design
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MASS-1 can simultaneously inject up to eight diéier samples into independent flow cells, labele@temnnel-1
through Channel-8. Each flow channel containsitwidvidually addressable detection spots (desighateSpot-A
and Spot-B), for a total of 16 binding measurementsss the entire sensor surface.




2. MATERIALS & METHODS

2.1 Reagents

Coupling reagents, N-(3-dimethylaminopropyl)-N-ddaybodiimide (EDC) and N-
hydroxysuccinimide (NHS), ethanolamine—HCI (Cat#il@®&R100633), anti-human ¥specific
capture mAb (Catalog# BR-1008-39) and CM5 sensipscofCatalog# BR-1005-30) were
purchased from GE Healthcare. HCA sensor chips parehased from Sierra Sensors
(Catalog# SPR-AS-HCA). Sodium acetate, pH 5.0 washased from Ricca Chemical
(Catalog# 61-1). All the recombinant proteins wexpressed and purified in-house using stable
CHO cell lines. Unless specified, all the antigased in this study are monomeric ectodomain
of the single transmembrane receptor expressedan@tiierminal 6xHis tag. Owing to the
sensitive nature, we are unable to provide thetities of the antigens and all the antigens used
in this study are referred based on their moleonkghts. Lyophilized peptide was custom
ordered from Celtek and reconstituted to 5mg/mDirbecco’s phosphate-buffer saline before
use. HEPES (Teknova, Catalog# H1035), NaCl (Gilatalog# 24740-011), EDTA (BDH,
Catalog# BDH8730-1) and Tween®2(Bio-Rad, Catalog# 161-0781) were used to prepare
running buffer.

2.2. Immobilization of anti-human Fcy mAb on MASS-1

The blank HCA sensor surface was first conditionsitig alternated 30 second injections of
Buffer A (1M NaCl, 120mM NaOH) and Buffer B (1L00mMd). Conditioning was performed
sequentially over Spot A, Spot B, and the entiressse surface. Immobilization of proteins was
performed using 10mM sodium acetate, pH 5.0 asuthiing buffer at a flow rate of
12.5uL/min. The blank HCA sensor surface was &cdivated by injecting a 1:1 (v/v) mixture of
400mM EDC and 100mM NHS (prepared in deionized wydte 8-10 minutes followed by
injection of monoclonal mouse anti-humaryEt0-15ug/mL) prepared in 10mM sodium
acetate, pH5.0 for 8-10 minutes. Remaining actreeigs on the HCA sensor surface were
blocked by injecting 1M ethanolamine, pH 8.5 fanButes. Uncoupled residual protein was
removed by treating the sensor surface with 10rscmjections of 10mM glycine—HCI, pH1.5,
8-10 times before performing binding studies.

2.3. Binding studies performed on MASS-1

Unless specified, all of the binding studies wezgfgrmed in freshly prepared, filtered and
degassed running buffer containing 10mM HEPES, MMaCl, 3mM EDTA and 0.05%
Tween-20 (HBS-ET) at 25°C. Before performing binding stigjithe anti-human FenAb
immobilized HCA sensor surface was equilibratechwitnning buffer by priming the instrument
at least three to four times. The desired leva@miigen-specific mAb was captured on Spot-B,
and analyte was injected for 4 or 6 minutes avw flate of 30 L/min. Dissociation of the bound
analyte was achieved in running buffer for 10 oniiButes. Running buffer without analyte was
injected to allow subtraction of baseline driftukg from the natural dissociation of captured
mAb from the coupled mouse anti-humary Barface. At the end of each cycle, the mAb surface
was regenerated by injecting 10mM glycine, pH ¥.2@nM phosphoric acid for 8-12 seconds.

Channel-to-channel variability in binding kinetiwss investigated by capturing the same
antigen-specific mAb across all eight channelsiajetting serial dilutions of antigen over mAb
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captured surface. The effect of protein surfacesitigon instrument noise was studied by
immobilizing different levels of anti-human y¥capture mAb (approximately 400RU; 1,000RU;
2,500RU and 10,000RU) across different flow chasiasldescribed above. Antigen-specific
mADbs were captured at low density and varying cotragions of analyte were injected. Mass
transport-limited, high affinity mAb-antigen intetéons were characterized by capturing
antigen-specific mAbs at different densities on H&ksors immobilized with ~8000RU of anti-
human Fg capture mAb followed by the injection of differesdrial dilutions of antigen.

2.4. Binding studies performed on Biacore 4000

A CM5 sensor was first immobilized with anti-humiacy mAb using a standard protocol.
Briefly, the chip was activated by injecting a {viv) mixture of 400mM EDC and 100mM
NHS at a flow rate of 10uL/min for 10 minutes. Mafamal mouse anti-human y¥¢1L0ug/mL)
prepared in 10mM sodium acetate, pH5.0 was thecteg at a flow rate of 10Q/min for 7-10
minutes. Finally, 1M ethanolamine was injected¥@minutes at a flow rate of {0/min.
During the entire immobilization procedure, 10mMison acetate, pH 5.0 was used as running
buffer. Using this procedure, immobilization of 898000 RU of anti-human avas achieved.
The anti-human Rcmmobilized surface was used to capture an antsgeeific mAb. Different
concentrations of antigen (two-fold or three-foddlial dilutions) were then injected over the
captured mAb surface for 4 minutes at a flow rdt80pL/min. Dissociation of antigen was
achieved in running buffer for 10 minutes. Injentf running buffer without analyte was
performed to allow double reference subtraction.

2.5. SICK and MICK assays performed on MASS-1

The SICK assay was performed by capturing samgeamspecific mAb across different flow
channels immobilized with approximately 10,000RUanfi-human Fgcapture mAb. Six serial
dilutions of analyte were injected simultaneousigoas different flow channels. A buffer
injection cycle preceding analyte injection wasduk® double reference subtraction. The MICK
assay was performed as described earlier by fgucing mAb and sequentially injecting an
analyte titration series.

2.6. Comparability Study Performed Under High-Throughput Screening
Mode

A comparability study was performed on Biacore 46686 MASS-1 under high-throughput
screening mode. A panel of 189 mAbs binding to ifférént antigens with molecular weights
ranging from 14kDa to 105kDa was used in this st@iyding rate constants were determined
by injecting five to six analyte concentrations;aiéy diluted by three-fold in running buffer
over the anti-human Fecaptured mAb surfaces.

2.7. Data processing and analysis

MASS-1 and Biacore 4000 binding data were proceaset) AnalyserR2 and Biacore 4000
evaluation software, respectively by aligning raatedto the start of analyte injection and
performing subtraction of reference flow cell. Ssngeference subtracted data from both
instruments were later exported as text files aradyaed using the Scrubber fitting model



(version 2.0c, BioLogic Software, Campbell, Ausagalwherein a second reference subtraction
using control buffer injections was performed, #meldouble reference subtracted data was
globally fitting to a 1:1 Langmuir binding modeltwimass transport limitation.

3. RESULTS

3.1 Binding Rate Constants M easured Across Different Flow Channels
are comparable

Unlike most of the available SPR platforms thalizgia serial flow integrated fluidic cartridge
(IFC) design, MASS-1 is an eight-channel paral@hfIFC system. Therefore, before initiating
an extensive binding study on MASS-1, we verifiee teproducibility of binding rate constants
measured for mAbs captured across different floanckels. A total of fifteen mAbs were
selected in this study, which were sub-divided finte groups based on the molecular weight of
their respective antigen: mAb# 1-3 for 20kD, mADb#S fbr 28kD, mAb# 7-9 for 48kD, mAb#
10-12 for 77kD and mAb# 13-15 for 92kD antigen. Baene mAb was captured across the eight
flow channels of MASS-1, and the association rife @issociation ratekf), and dissociation
constant (k) were measured. The results of the kinetic anafgsimAbs captured on different
flow channels are provided in Table 1 and the sgmtative real time binding sensorgrams are
shown in Figure 2. Comparable binding kinetic valueere measured across different flow
channels and less than 10% deviation of the meadsate constants was observed for all fifteen
mADs included in this study.

Binding studies for the same set of mAb-antigearauttions were also performed on the Biacore
4000 platform (Table 1). Variability in the bindimgte constants measured on different
biosensors was assessed by plotting correlatidgarfdetermined by calculating the ratio of
individual k, kg, and Ky values measured on the Biacore 4000 and diffél@mtchannels of
MASS-1 as shown in Figure 3. Irrespective of tlesvfchannel used on MASS-1, binding rate
constants for all the fifteen mAb-antigen interact were within three-fold of the values
generated using Biacore 4000 and is considered within the experimental error of any RT-

LF binding study.



Figure2: Real-time Binding Sensor grams of mAb Captured Across Different Flow
Channels
A MASS-1 Biacore
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Comparable density of mAb was first captured acdif§srent flow channels (Channel-1 through Char8jedbn
HCA sensors immobilized with anti-humanytapture mAb. Different concentrations of antigeeri@glly diluted
two-fold) were injected over the mAb capture suefémr 4 minutes and dissociation of bound antigerunning
buffer was observed for 10 minutes. Real time bigdiensorgrams of mAb binding to 20kB), 28kD (B), 48kD
(C), 77kD (D), and 92kD(E) antigen are shown as black lines while red limgseasent model fits generated by
globally fitting real-time binding data using a hihding model with mass transport limitation. Bimgl
sensorgrams comprise at least duplicate injectibsame antigen concentration. All mAb-antigen bigd
interactions were also characterized on Biacor®4@form under comparable experimental conditiamg the
binding sensorgrams along with the global fitsesented. Highest antigen concentration used biniiling data
is provided and binding kinetics values generatedpeovided in Table 1.



Table1: Binding Kinetics Parameter s Deter mined Acr oss Different Flow Channels of
MASS-1 and on Biacor e 4000

mAb Kinetic Channell Channel2 Channel3 Channel4 Channel5 Channe 16 Channel7 Channel8 Average +Std Dev Biacore

Captured Parameters

ka (1/Ms) 4.74E+04 4.84E+04 4.67E+04 4.80E+04 4.74E+04 4.68E+04 4.66E+04 4.83E+04 (4.74£0.07) E+04 4.64E+04

mAb-1 kg (1/s) 1.02E-02 1.00E-02 9.97E-03 1.04E-02 1.05E-02 1.00E-02 1.07E-02 9.89E-03 (1.02+0.03) E-03 1.35E-02

- Kp (M) 2.16E-07 2.07E-07 2.13E-07 2.17E-07 2.22E-07 2.14E-07 2.30E-07 2.05E-07 (2.15+0.08) E-07 2.90E-07
)

2 ka (1/Ms) 7.25E+04 7.58E+04 7.68E+04 7.63E+04 7.24E+04 7.74E+04 6.29E+04 8.41E+04 (7.48 £ 0.60) E+04 7.19E+04

<C( mAb-2 kg (1/s) 2.59E-03 2.59E-03 2.56E-03 2.54E-03 2.62E-03 2.53E-03 2.70E-03 2.56E-03 (2.58 +0.05) E-03 4.06E-03

2 Ko (M) 3.57E-08 3.42E-08 3.33E-08 3.33E-08 3.61E-08 3.27E-08 4.28E-08 3.04E-08 (3.48 £0.37) E-08 5.65E-08
o

N Ka (1/Ms) 1.58E+05 1.76E+05 1.64E+05 1.62E+05 1.56E+05 1.68E+05 1.49E+05 1.64E+05 (1.62 +0.08) E+05 1.51E+05

mAb-3 kg (1/s) 5.86E-04 5.96E-04 5.93E-04 5.97E-04 5.79E-04 6.02E-04 6.04E-04 6.03E-04 (5.95 +0.09) E-04 8.77E-04

Kp (M) 3.70E-09 3.38E-09 3.62E-09 3.69E-09 3.72E-09 3.58E-09 4.07E-09 3.68E-09 (3.68 +0.19) E-09 5.82E-09

Ka (1/Ms) 1.39E+06 1.39E+06 1.48E+06 1.44E+06 1.33E+06 1.51E+06 1.36E+06 1.38E+06 (1.41 +0.06) E+06 2.52E+06

mAb-4 kg (1/s) 3.52E-02 3.35E-02 3.51E-02 3.50E-02 3.54E-02 3.54E-02 3.44E-02 3.27E-02 (3.46 £0.10) E-02 7.43E-02

c Kp (M) 2.53E-08 2.40E-08 2.37E-08 2.44E-08 2.67E-08 2.34E-08 2.52E-08 2.37E-08 (246 +0.11) E-08 2.94E-08
(%

2 ka (1/Ms) 6.65E+05 6.53E+05 6.51E+05 6.64E+05 6.72E+05 6.50E+05 6.68E+05 6.77E+05 (6.62+0.10) E+05 9.94E+05

<C( mAb-5 kg (1/s) 2.43E-03 2.46E-03 2.49E-03 2.52E-03 2.48E-03 2.56E-03 2.45E-03 2.45E-03 (2.48+0.04) E-03 2.39E-03

_Q Kp (M) 3.66E-09 3.76E-09 3.82E-09 3.79E-09 3.69E-09 3.94E-09 3.67E-09 3.61E-09 (3.74+0.11) E-09 2.41E-09
©

N K a (1/Ms) 1.43E+05 1.61E+05 1.56E+05 1.52E+05 1.50E+05 1.54E+05 1.51E+05 1.53E+05 (1.52 +0.05) E+05 1.48E+05

mAb-6 kg (1/s) 6.93E-04 6.93E-04 6.99E-04 6.89E-04 7.22E-04 6.91E-04 7.08E-04 7.05E-04 (7.00 +£0.11) E-04 7.83E-04

Ko (M) 4.84E-09 4.31E-09 4.47E-09 4.54E-09 4.83E-09 4.48E-09 4.70E-09 4.61E-09 (4.60 £0.18) E-09 5.28E-09

Ka (1/Ms) 2.51E+05 2.50E+05 2.53E+05 2.54E+05 2.51E+05 2.39E+05 2.49E+05 2.46E+05 (2.49 £+ 0.05) E+05 2.03E+05

mAb-7 kg (1/s) 8.87E-04 8.96E-04 8.83E-04 9.14E-04 8.82E-04 8.86E-04 9.09E-04 8.95E-04 (8.94 £0.12) E-04 1.04E-03

- Kp (M) 3.53E-09 3.58E-09 3.49E-09 3.60E-09 3.51E-09 3.71E-09 3.65E-09 3.64E-09 (3.59 +0.08) E-09 5.12E-09
5

2 ka (1/Ms) 3.19E+05 3.11E+05 3.11E+05 3.15E+05 3.08E+05 3.01E+05 3.16E+05 3.07E+05 (3.11+0.06) E+05 2.57E+05

<:( mAb-8 kg (1/s) 2.09E-04 2.16E-04 2.15E-04 2.20E-04 2.12E-04 2.11E-04 2.07E-04 2.23E-04 (2.14+0.05) E-04 2.82E-04

_Q Kp (M) 6.56E-10 6.96E-10 6.92E-10 6.99E-10 6.88E-10 7.03E-10 6.54E-10 7.25E-10 (6.89 +£0.24) E-10 1.10E-09
©

= ka (1/Ms) 7.36E+05 7.08E+05 6.85E+05 7.06E+05 6.86E+05 6.80E+05 6.97E+05 6.98E+05 (6.99+0.18) E+05 6.05E+05

mAb-9 kg (1/s) 1.21E-04 1.35E-04 1.24E-04 1.52E-04 1.41E-04 1.30E-04 1.40E-04 1.32E-04 (1.34+£0.10) E-04 2.12E-04

Ko (M) 1.65E-10 1.90E-10 1.81E-10 2.15E-10 2.05E-10 1.92E-10 2.01E-10 1.90E-10 (1.92+0.15) E-10 3.50E-10

Ka (1/Ms) 5.74E+06 5.53E+06 5.83E+06 5.48E+06 5.58E+06 5.25E+06 5.29E+06 6.13E+06 (5.60+0.29) E+06 4.63E+06

mAb-10 kg (1/s) 1.88E-04 1.66E-04 1.65E-04 1.83E-04 1.78E-04 1.84E-04 1.79E-04 1.85E-04 (1.78 +£0.09) E-04 2.53E-04

- Kp (M) 3.27E-11 2.99E-11 2.83E-11 3.34E-11 3.19E-11 3.50E-11 3.39E-11 3.02E-11 (3.19+0.23) E-11 5.45E-11
5

2 Ka (1/Ms) 1.10E+06 1.04E+06 1.06E+06 1.07E+06 1.03E+06 1.06E+06 1.03E+06 1.06E+06 (1.06 +0.02) E+6 6.68E+05

<:( mAb-11 Kd (1/s) 1.39E-04 1.46E-04 1.40E-04 1.33E-04 1.37E-04 1.40E-04 1.44E-04 1.43E-04 (1.40 £0.04) E-04 2.53E-04

_e Kp (M) 1.26E-10 1.41E-10 1.32E-10 1.24E-10 1.33E-10 1.32E-10 1.39E-10 1.35E-10 (1.33+0.06) E-10 3.79E-10
~

~ ka (1/Ms) 1.90E+06 1.86E+06 1.91E+06 1.90E+06 1.89E+06 1.87E+06 1.89E+06 1.80E+06 (1.88 £ 0.04) E+06 1.26E+06

mAb-12 kg (1/s) 1.60E-04 1.62E-04 1.65E-04 1.55E-04 1.53E-04 1.75E-04 1.54E-04 1.80E-04 (1.63+0.10) E-04 2.46E-04

Kp (M) 8.42E-11 8.73E-11 8.64E-11 8.14E-11 8.08E-11 9.32E-11 8.15E-11 1.00E-10 (8.69+0.68) E-11 1.95E-10

ka (1/Ms) 1.34E+05 1.36E+05 1.42E+05 1.45E+05 1.37E+05 1.28E+05 1.42E+05 1.22E+05 (1.36 +£0.08) E+05 1.52E+05

mAb-13 kg (1/s) 1.33E-02 1.29E-02 1.35E-02 1.32E-02 1.36E-02 1.35E-02 1.32E-02 1.33E-02 (1.33+0.02) E-02 1.60E-02

- Ko (M) 9.89E-08 9.49E-08 9.54E-08 9.09E-08 9.93E-08 1.06E-07 9.35E-08 1.09E-07 (9.85+0.63) E-08 1.05E-07
[0}

2 Ka (1/Ms) 6.76E+04 7.20E+04 6.95E+04 7.27E+04 6.79E+04 6.95E+04 6.94E+04 7.02E+04 (6.98 +0.18) E+04 7.19E+04

<:( mAb-14 kg (1/s) 7.33E-04 7.10E-04 7.25E-04 7.10E-04 7.66E-04 7.34E-04 7.25E-04 7.32E-04 (7.29 +£0.18) E-05 8.48E-04

9 Kp (M) 1.08E-08 9.87E-09 1.04E-08 9.76E-09 1.13E-08 1.06E-08 1.05E-08 1.04E-08 (1.05 +0.05) E-08 1.18E-08
o

@ ka (1/Ms) 8.71E+04 9.21E+04 9.05E+04 9.34E+04 8.56E+04 8.67E+04 9.03E+04 8.60E+04 (8.90 +0.30) E+04 6.78E+04

mAb-15 kg (1/s) 1.57E-04 1.55E-04 1.54E-04 1.56E-04 1.69E-04 1.58E-04 1.60E-04 1.68E-04 (1.60 +0.06) E-04 1.22E-04

Kp (M) 1.80E-09 1.68E-09 1.70E-09 1.66E-09 1.98E-09 1.82E-09 1.77E-09 1.95E-09 (1.80+0.12) E-09 1.80E-09




Figure3: Correlation Plots of Binding Kinetics Parameters Deter mined Across
Different Flow Channels of MASS-1
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Correlation factor was determined by calculating fifitio of kinetics values measured on Biacore 46Q80se
determined on MASS-1 for mAbs captured across iffeflow channels. Correlation factor calculatedh; (A),

kd (B) and KD (C) measured across different flow channels of MAS8rInAb binding to 20kD ¢), 28kD (e),

48KkD (o), 77kD (@), and 92kD ¢) antigen are plotted. Serrated red lines indieataeefold difference in the
kinetic values with a correlation factor of 3 and@3



3.2. Single Injection Cycle Kinetics Assay isa Reliable Assay that
Enhances MASS-1 T hroughput

As minimal deviation was observed for binding sésdperformed across the eight flow
channels, MASS-1 provides an opportunity to degigetics titration assay using the SICK
method. Figure 4 provides the schematic of des@BICK assay on MASS-1. A similar level
of mAb capture level across all of the eight chdmigea pre-requisite for adopting the SICK
assay. The mAb can be either immobilized acroderdifit flow channels or captured using a
relevant capture molecule. Once desirable mAb sarfiensity is attained, different analyte
concentrations are simultaneously injected acribssgit flow channels, enabling kinetic
measurements in two cycles. This reduces experahtmte by up to 80% compared to the
standard, multiple injection titration kinetics aggormat (also referred as MICK assay).
Moreover, the SICK assay provides a simpler satutitocharacterize binding interactions that
fail to regenerate and/or are detrimental to theviag of ligand surface. Since optimization of
the regeneration condition is not required, thekS#Ssay can reduce the time to results.

To examine the robustness of the SICK assay fonvatncluded eight different molecular
weight antigens with two mAbs per antigen in thigly (Figure 5). Reliability of kinetic values
was determined by characterizing the same intemagtising the standard MICK assay on both
MASS-1 and Biacore 4000 (Figure 5). Binding kinetddues measured under the different
experimental formats on both biosensors are taddiliat Table 2. Fitted data for all of the
binding interactions characterized using differ@sday formats overlaid with the experimental
data. Thek, (Figure 6A and Figure 6Dky (Figure 6B and Figure 6E) and,KFigure 6C and
Figure 6F) values measured using SICK and MICKya&sanats were within two-fold of each
other for all sixteen mAb-antigen interactions eutderized in this study.

Figure4: Schematic of SICK Assay Design on MASS-1

(A) (B) ‘ ‘

Same mAb Concentration Analyte Concentration Series

Spot-A gL 00 0F

74
Step-1: Immobilize or capture same mAb Step-2: Inject different concentrations

1
on different flow channels

Spot-B

1. 2 3 4 5 6 7 8

The same mAb is first captured across flow chanhélsough §A) followed by the injection of eight
concentration series of analyte over mAb capturethses(B). Binding rate constants are measured by runniiog tw
cycles — buffer injection cycle (for second refaresubtraction) followed by the injection of eigloihcentration

titers of analyte.
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Figure5: Comparison of MICK and SICK Assays Performed on Different SPR

Platforms
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mADb binding to 14kD(A), 18kD(B), 28kD(C), 29kD (D), 38kD (E), 48kD (F), 77kD(G), and 105kD(H) antigen
was first captured either following SICK assay fatron MASS-1 or using the standard MICK assay faromaboth
MASS-1 and Biacore 4000. Two mAbs per antigen vieckided in this study referred as mAb# 1 & mAb# 2.
Different concentrations of antigen serially dilditey two-fold were injected for 4 minutes followky 10 minutes
of dissociation. Overlay of at least triplicatedigjions of the same antigen concentration is shinvatack lines
while red lines represent global fits of real-tiiading data. The highest concentration used tdia is shown and
kinetics values measured using SICK and MICK a$sayats are provided in Table 2. To ensure thatamalysis
did not introduce any unintended biasing in the sneament of rate constants, all of the binding detzerated
using the SICK or MICK assay formats on Biacore@@fd MASS-1 were independently analyzed by adgyttie
“blind analysis” technique. During the analysise imtigen concentrations that yielded the bestajlfifs of the
double reference subtracted data were selectes.résilted in the incorporation of different antigencentrations
for few interactions as shown in the figure. Howetleis discrepancy in antigen concentrations usdi the data
did not influence the values of measured kinetmameters (Table 2).
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Table2:

Different SPR Platfor ms

Binding Kinetic Parametersfrom M1 CK and SICK Assays Performed on

MICK Assay SICK Assay Biacore 4000 Assay
Antigen ] mAb Ka Kq
Molecular Captured

Weight apture (1/Ms) (1s)

mAb#1 | 3.65E+05 | 1.52E-04 | 4.26E-10 2.80E+05 | 1.36E-04 | 4.87E-10 3.39E+05 | 1.96E-04 | 5.78E-10
14kD

mAb#2 | 3.85E+05 | 6.35E-04 | 1.66E-09 2.59E+05 | 5.95E-04 | 2.29E-09 2.48E+05 | 7.17E-04 | 2.89E-09

mAb#1 | 1.05E+05 | 2.43E-03 | 2.31E-08 1.20E+05 | 2.61E-03 | 2.18E-08 1.32E+05 | 2.36E-03 | 1.78E-08
18kD

mAb#2 | 1.93E+05 | 1.02E-03 | 5.27E-09 2.19E+05 | 1.06E-03 | 4.85E-09 2.02E+05 | 1.12E-03 | 5.52E-09

mAb#1 | 4.70E+05 | 7.88E-04 | 1.68E-09 5.11E+05 | 8.67E-04 | 1.71E-09 4.68E+05 | 8.50E-04 | 1.82E-09
28kD

mAb#2 | 8.63E+05 | 2.03E-03 | 2.36E-09 8.62E+05 | 2.16E-03 | 2.51E-09 7.19E+05 | 2.28E-03 | 3.17E-09

mAb#1 | 1.32E+06 | 7.00E-04 | 5.31E-10 2.20E+06 | 8.50E-04 | 4.11E-10 9.35E+05 | 7.72E-04 | 8.26E-10
29kD

mAb#2 | 7.29E+05 | 1.84E-04 | 2.52E-10 7.54E+05 | 1.55E-04 | 2.16E-10 4.85E+05 | 1.95E-04 | 4.03E-10

mAb#1 | 3.13E+05 | 9.15E-04 | 2.93E-09 3.43E+05 | 9.24E-04 | 2.69E-09 3.00E+05 | 9.96E-04 | 3.32E-09
38kD

mAb#2 | 2.98E+06 | 3.60E-03 | 1.31E-09 2.16E+06 | 3.21E-03 | 1.49E-09 1.22E+06 | 3.03E-03 | 2.48E-09

mAb# 1 | 3.46E+05 | 8.80E-04 | 2.54E-09 3.78E+05 | 8.95E-04 | 2.37E-09 2.76E+05 | 9.46E-04 | 3.43E-09
48kD

mAb#2 | 3.28E+05 | 1.75E-04 | 5.34E-10 3.05E+05 | 1.85E-04 | 6.07E-10 2.07E+05 | 2.13E-04 | 1.03E-09

mAb#1 | 1.40E+06 | 4.70E-05 | 3.35E-11 2.07E+06 | 4.91E-05 | 2.51E-11 1.54E+06 | 9.45E-05 | 6.14E-11
77kD

mAb#2 | 2.98E+06 | 1.02E-04 | 3.43E-11 3.30E+06 | 9.01E-05 | 2.76E-11 3.30E+06 | 1.57E-04 | 4.75E-11

mAb# 1 | 2.65E+05 | 1.70E-03 | 6.44E-09 2.11E+05 | 1.64E-03 | 7.76E-09 3.40E+05 | 1.53E-03 | 4.50E-09
105kD

mAb#2 | 3.74E+05 | 1.55E-03 | 4.15E-09 2.57E+05 | 1.56E-03 | 6.05E-09 3.75E+05 | 1.37E-03 | 3.66E-09
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Figure®6: Correlation of Binding Kinetic Values Generated Using SICK and MICK
Assay Formatson MASS-1 and MICK Assay Format on Biacor e 4000
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Scatterplot showing correlation betwd%r(A), kd (B) and KD (C) values measured using SICK and MICK assay

formats on MASS-1 platform for mAbs binding to 14k&), 18kD (e), 28kD (e), 29kD (), 38kD (e), 48kD (e),
77kD (o), and 105kD ¢) antigen is shown. Also plotted is correlationvizmnka (D), kd (E) and KD (F) values

measured using SICK assay on MASS-1 biosensor diKMssay performed on Biacore 4000. Serrated Hlaek
signifies correlation coefficient of 1 while sewdtred lines indicate three-fold difference in kio®alues for mAbs
binding to different molecular weight antigens.
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3.3. Intrinsic Noise of MASS-1 isIndependent of Protein Immobilization
L evel

Initial kinetic assays provided us enough configeo the reproducibility of the binding rate
constants measured on MASS-1 and encouraged ugheif understand factors that can affect
the noise and sensitivity of MASS-1. The CMOS caradthe MASS-1 detector differs from

the linear diode detector of Biacore instruments atilizes a two-dimensional sensing surface to
measure changes in the intensity of the refleatdd (14,17). It is known that EDC/NHS surface
chemistry results in a non-uniform immobilizatiohpootein on the sensor surface, and thus can
potentially interfere with the detection of theleeted light in the MASS-1 (18). Furthermore,

we wanted to better understand whether high pre@iface densities (greater than 1000RU)
influence instrument noise and sensitivity whichum would limit the application of MASS-1

in designing sensitive kinetic assays with bindiegponse of less than 5RU. In order to achieve
this, we needed to (i) perform kinetic assays itbtein immobilization levels varying from 500
RU to 10,000RU, and (ii) design binding studies tteamonstrate a low signal-to-noise ratio

with maximum analyte binding responsen{R value of less than 6RU. We could have captured
mADs at varying densities, but it would have re=iliih a corresponding increase in the
measured binding response, making it challengiragsess the noise and sensitivity of MASS-1.
Moreover, we were also interested in evaluatingdpeoducibility of the binding curves
measured at such low binding signal along withrdtiability of kinetic values generated at
varying protein density surfaces.

We therefore opted for a simplistic approach of mhihzing different levels of anti-human ¥c
capture molecule (400RU, 1000RU, 2500RU and 100Q0Rtbss different flow channels
(Supplementary Figure S1). A total of five mAbs binding to antigens with feoular weights
of 14kD, 18kD, 28kD, 29kD and 39kD were evaluateidj(re 7). The desired capture level of
mADb was achieved by varying the concentration apture time to achieve an,g of 3-6RU.
Varying concentrations of specific antigen (seyidiluted by two-fold in running buffer) were
injected over mAb captured surface.

Double reference subtracted binding sensorgrangsi(&i7) were visually inspected and no
noticeable difference in instrument noise was oletbetween the different density capture
surfaces. The measurements were reproduciblegasetisorgrams for triplicate injections of
same antigen concentration showed a good overlayed¥er, binding rate constants measured
for mAbs captured at different anti-humaryléensity surfaces were found to be within two-fold
of each other (Table 3).

Experiments were initially designed to achievg,Rf around 5-6 RU for 14kD, 18kD, 28kD

and 29kD antigens. Based on the binding data gestefar these antigens, mAb capture level
was further reduced to achievgRof approximately 2-3RU for the characterizatiorthed 39kD
antigen (Figure 7k Interestingly, even with such ultra-low densitdlnsurfaces, we did not
observe any increased noise in the real-time bghdata generated from 10,000 RU anti-human
Fcy surface. These results demonstrate that neiteBument sensitivity nor measured rate
constants were affected by protein density levdllzased on the visual inspection of the binding
data, the instrument noise was found to be aroutid\0.

14



FigureT:

Binding Response (RU)

Effect of Protein Surface Density on Instrument Noise
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The HCA sensor was first immobilized with differetgnsities of anti-human #capture mAb (approximately
400RU, 1000RU, 2500RU & 10000RU) using standard ENIES surface chemistry detailed in the Materiald an
Methods section. A comparable low density of mAhdiig to 14kD(A), 18kD (B), 28kD(C), 29kD (D), and

39kD (E) antigen was first captured on anti-human, fmmobilized at different surface densities. Vagyi
concentrations of specific antigen (serially ditutey two-fold in running buffer) were injected oweAb captured
surface for 4 minutes followed by 10 minutes okdisation step. Real-time binding of triplicateeictions of
similar antigen concentration binding to captureéinis shown in black while global fits generatecttdculate
kinetics values are shown in red. The highest antigpncentration used to fit binding data is predidnd binding
kinetics parameters are tabulated in Table 3.
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Table 3: Binding Kinetic Parameters M easured using Different Protein Surface
Densities

anti-hFc Immobilization Level

Antigen Kinetics

Molecular 400RU 1,000RU  2,500RU 10,000RU

Parameters

Weight

ka (1/Ms) | 1.48E+05 | 1.52E+05 | 2.12E+05 | 1.85E+05
14kD kq (1/s) 4.14E-02 | 4.09E-02 | 4.44E-02 | 3.95E-02
Kp (M) 2.80E-07 | 2.69E-07 2.10E-07 | 2.13E-07

ka (1/Ms) | 8.61E+04 | 7.35E+04 | 1.03E+05 | 1.01E+05
18kD kg (1/s) 3.34E-03 3.25E-03 3.25E-03 3.11E-03
Kp (M) 3.87E-08 4.42E-08 3.17E-08 3.08E-08

ka (1/Ms) | 411E+05 | 4.62E+05 | 5.32E+05 | 8.12E+05
28kD kg (1/s) 2.80E-03 2.66E-03 2.70E-03 2.35E-03
Kp (M) 6.81E-09 5.75E-09 5.08E-09 2.89E-09

ka (1/Ms) | 2.80E+04 | 2.75E+04 | 3.10E+04 | 4.29E+04
29kD kg (1/s) 1.53E-02 1.52E-02 1.68E-02 1.62E-02
Kp (M) 5.47E-07 5.52E-07 5.43E-07 3.76E-07

ka (1/Ms) | 1.07E+05 | 1.04E+05 | 1.53E+05 | 1.63E+05
39kD kg (1/s) 1.35E-03 1.24E-03 9.15E-04 9.04E-04
Kb (M) 1.26E-08 1.20E-08 5.97E-09 5.55E-09

3.4. Sensitivity of MASS-1 Overcame Mass Transport Limitation and
Enabled Characterization of High Affinity mAb-antigen Interactions
with k, Values Greater than 10° M s

Picomolar affinity interactions typically exhibilosv dissociation rates and/or fast association
rates and reliable measurement of binding ratetaatssfor such interactions using an RT-LF
platform continues to be a challenge. Analyte bigdor picomolar affinity interactions with a
ke value greater than 101*s* is typically limited by diffusion of the analyteoim the unstirred
layer into the ligand surface, a phenomenon refelweas MTL. The effects of MTL are
especially magnified during the association phasenithe rate of analyte diffusion is slower
than thek, of the interaction, resulting in a linear bindieigve during the association phase
(19,20). Furthermore, rebinding of the analyteh® anoccupied ligand on the sensor surface
during the dissociation phase is also observedTih.MIthough incorporation of the mass
transport constankg) into the two-compartment fitting model enablesection for observed
MTL effects, the reliability of binding rate conata measured using this model depends on the
magnitude of mass transport (21). Therefore desggkinetics assay devoid of any MTL is
highly recommended to generate reliakley, and K values of any biomolecular interactions.

One of the primary sources of MTL is the concermdragradient of the injected analyte caused
by the laminar flow of injected samples in a mituafic device such as Biacore and MASS-1
(20,22,23). Although increasing flow rate reduceBLMthe value oky,depends on 1/3the

power of flow rate and necessitates bigger injactiolumes and larger sample injection pumps,
a technical challenge that is difficult to incorpta in a microfluidic platform (19,20). Therefore,
reducing ligand surface density is the preferrealaghfor kinetic analysis to address MTL
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(21,24). Because we observed that MASS-1 genemgpesducible binding data even using
ultra-low density mAb surfaces (Figure 7), we eeéddl its ability to characterize high affinity,
MTL-limited mAb-antigen interactions. Moreover, wanted to demonstrate that measurement
of picomolar affinity interactions using SPR/SP&npt limited by the molecular weight of the
analyte. We therefore selected three mAbs to 97KRD and 3.5kD antigens that did not
exhibit MTL with Ryax of less than 8RU. Using anti-humanylapture surface, mAb was first
captured at four different surface densities agatdd in Figure 8 and varying antigen
concentrations were injected. Results of the kinatialysis are provided in Table 4.

Experimental evidence of mass transport effectaesmsonstrated by normalizing real-timing

binding data to the observed experimentalRFigure 8D-F). We visually examined the shape
of the binding sensorgrams generated using diftetensity mAb surfaces, and interpreted that
MTL was the dominant feature for all the 3 antigetglied using highest density mAb surface.

The association phase of 97kD and 14kD antigerdirgrio the highest density mAb surface
was significantly mass transport limited, and agipinding failed to demonstrate any curvature
for the 97kD (Figure 8D) and 14kD (Figure 8E) aatig. As the mADb surface density was
reduced, a non-linear association binding curve otgerved. No substantial increase in the
curvature of binding signal was observed once tAé surface density was below 13RU and
35RU for the 97kD and 14kD antigens, respectivielgicating that the binding interaction was
no longer limited by mass transport (Figure 8D-Hj)ese findings were not surprising, since the
kinetic assay was designed to only exhibit MTLheg highest density mAb surface.

Although the association phase of the 3.5kD antlgeding data was less sensitive to the mAb
surface density, reduced dissociation rate wasrebdeavith increasing mAb density (Figure 8F),
suggesting that antigen binding to the 320RU mAtese was also affected by MTL. This
disparity in the observed mass transport limitabehavior can be attributed to the differences in
the binding kinetic profiles for all three antigeklike the 97kD and 14kD antigens, the 3.5kD
antigen has a much fasterand hence the interaction reached binding equilibriaster than

97kD and 14kD antigens. Therefore, a non-lineadibign curve was observed during the
association phase of 3.5kD antigen. On the othed htaie inherent fast dissociation rate of
3.5kD antigen resulted in its rebinding to the wumed mAb on the surface, thereby artificially
reducing the dissociation rate for the higher ma&hgity surface. Similar analyte rebinding can
be anticipated for 97kD and 14kD antigens at highAb surface densities under mass transport
limited conditions. However, since both the antgerhibit slowekythan the 3.5kD antigen, a
much longer dissociation time would be requiredhserve such rebinding behavior.

The MTL observed at highest density mAb surfacdsrihier supported by the, values
generated by the fitting model. Lowlesvalues indicate higher dominance of mass transpart
particular interaction. An inverse correlation vediserved betweehk, values generated by the
fitting model and mAb surface density Table 4, vihstiggest that the binding interaction was
limited by the rate of diffusion of the antigenarthe mAb surface. Although all three mAb-
antigen interactions showed MTL at the highest nd&hbsities, the mass transport limited model
was able to appropriately compensate for observél, Mnd similark,, ky, and K values were
generated for all mAb density surfaces. Exclusibk,drom the fitting model however, yielded
poor fits for antigen binding to high density mAlrfeiceqSupplementary Figure S2) with high
residuals (the difference between experimental datbcalculated fits) as shown in
Supplementary Figure S2. A systematic 3-4RU ressdware observed for the highest density
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mADb surfaces for1l4kD and 97kD antigens and the ored&, values were underestimated
(Supplementary Table 1). However, the same modmtessfully fitted binding data generated
using lowest density mAb surfaces (Supplementagyre S2). Minimal residuals for the two
lower mAb densities for the 14kD and 3.5kD antigand for the 4RU mAb surface for the
97kD antigen was observed with a random distrilmugimfile around ORU, which is
characteristic of a good fit. Moreover, similar diimg kinetic values were measured for these
density surfaces irrespective of inclusion or egidn ofk,, factor in the fitting model
(Supplementary Table ).

Figure8: Characterization of High Affinity mAb-antigen Interactions by
Circumventing M TL
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Different levels of mAb to 97kIPA, D), 14kD (B, E), and 3.5kIC, F) antigen were first captured using anti-
human Fg as indicated. Varying concentrations of antigeroffold serial dilution in running buffer) were agted
over different mAb surfaces for 6 minutes followmd15 minutes dissociation. The overlay of triplecanjections
of each antigen concentration is shown as bladsland global fitting of real time binding datangsil:1 binding
model with mass transport limitation is shown id.réhe highest antigen concentration used to fitlinig data is
also shown and the calculated binding kineticseslare tabulated in Table 4. Binding response weddor 97kD
(D), 14kD (E), and 3.5kD(F) antigen at indicated concentration was normallzeskd on the maximum binding
signal (Rnay) observed for respective mAb surface densitietetoonstrate MTL. Since the binding curve for 14kD
antigen was significantly dominated by MTL when #&RU surface was used for measurement, we exjgede
difficulty in fitting the binding data even aftardorporating,, in the fitting model (data not shown). The default
initial ky, value of 16° used by the Scrubber fitting software yielded eexus kinetic values and hence the inkjal
value had to be empirically changed to generatditthehown inB.
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Table4: Binding Parametersfor High Affinity Interactions Measureson MASS-1

Kinetics Parameters

Antigen mAb K K K
Molecular Capture m a d

Weight Level RU)  (1/Ms) (1/Ms) (11s)
100 2.38E+08 | 5.29E+06 1.53E-04 2.89E-11
97kD 35 4.86E+08 | 4.68E+06 1.18E-04 2.52E-11
13 1.00E+10 | 5.30E+06 1.07E-04 2.02E-11
4 1.00E+10 | 5.68E+06 1.28E-04 2.26E-11
260 7.46E+07 | 3.38E+06 3.09E-04 9.13E-11
14kD 100 9.79E+07 | 3.77E+06 2.65E-04 7.03E-11
35 1.00E+10 | 3.81E+06 2.28E-04 5.98E-11
12 1.00E+10 | 5.30E+06 2.66E-04 5.00E-11
320 1.02E+07 | 1.59E+06 1.50E-03 9.43E-10
3.5kD 150 1.49E+07 | 2.94E+06 1.85E-03 6.27E-10
70 1.59E+08 | 1.80E+06 1.40E-03 7.73E-10
30 1.00E+10 | 1.56E+06 1.50E-03 9.57E-10

3.5. Comparability Study of a Panel of 189 mAbs Demonstrates
Concordance Between Data Generated Using MASS-1 and Biacore
4000

Based on the data presented in Figures 2 througivd=B, it is evident that the MASS-1 is a
sensitive, high-throughput SPRi biosensor capabheeasuring reliable binding rate constants.
However, in order to incorporate MASS-1 into Regenés secondary screening workflow, it
was important for us to understand the complexitplived in setting up high-throughput kinetic
screening assays to rapidly characterize a par@d-d purified mAbs binding to the target
antigen. Moreover, we were interested in evaluatiegreliability of kinetic values measured
under such high-throughput kinetic screening modée therefore performed kinetic analysis on
a panel of 189 human mAbs to antigens with moleaukaghts ranging from 14kD to 105kD.
Eight out of thirteen antigens selected in this parability study (14kD, 28kD, 29kD, 38kD,
48kD, 77kD, 92kD and 105kD) were also used in tleipus studiesHigure 2, Figure 5,
Figure 7 andFigure 8).

Multiple cycle titration kinetic assays were perfead to measure binding rate constants by first
capturing mAb on an anti-humanyAmmobilized surface and later injecting different
concentrations of antigen for 4 minutes followedab}0 minute dissociation phase.
Representative binding curves for mAb binding t&421kD, 29kD, 48kD, 77kD, and 97kD
antigens are shown in Figure 9, and their respeetierage kinetic values generated from three
independent experiments (+ standard deviationpereided in Table 5. During the analysis of
slow dissociating mAb-antigen interactions, we wod observe any significant change in the
binding response under the high-throughput experiaidormat. Extending the dissociation
time would have enabled us to reliably deternknealue of such interactions. Since the aim of
this study was to evaluate the performance of MASfder high-throughput screening mode,
extending the dissociation time was beyond thesadphis comparability study. To observe at
least 5% change in the binding response duringli§sociation time of 10 minutes as
recommended previously (25), the noise and seigit? MASS-1 and Biacore 4000 would
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only allow the measurement of tkevalue up to 5x18s™. Therefore during the analysis, the
values of the interactions for which we did noterve any dissociation of the antigen from the
antibody surface were manually fixed to the limiatof the kinetic assay (5x6™).

Figure 10 provides the scatterplot showing theatation of average binding kinetic parameters
determined from three independent experimentslfdi88@ mAbs measured on Biacore 4000 and
MASS-1. The values of measured rate constantdiftB8 mAb-antigen interactions are also
listed inSupplementary Tablell. Approximately 98% of thi&, values were found to be within
two-fold of each other, while approximately 90% &&%6 of the measurdd values were two-
fold and three-fold of each other, respectivelypfgximately 76% of the Kvalues measured
using MASS-1 and Biacore 4000 were found to beiwitivo-fold of each other, while 95%
were within three-fold. Although binding studiesre@erformed under similar experimental
conditions, we observed approximately 4% - 5% efrtieasuredly and Ky values to be outliers
in the correlation plots. Based on the visual igtipa of correlation plots, we did not observe
any systematic trend in the measukgtialues as reported earlier (15) and the mean o&tice

ka values measured on Biacore 4000 to MASS-1 wagdftmibe 1. However, a systematic trend
in theky values was observed and the binding dissociatites measured on MASS-1 were
found to be approximately 1.5 fold lower than thossasured on Biacore 4000. This trend
resulted in similar fold difference in the;Kalues.
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Figure9: Repr esentative Binding Sensorgrams from Compar ability Study
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Depending on the molecular weight of the antigéffieidnt levels of mAb binding to 14kD (A), 21kD YB29kD
(C), 48kD (D), 77kD (E), and 97kD (F) antigen watured using anti-human yfollowed by injection of
different concentrations of antigen serially dillitey three-fold. To avoid non-specific binding &@kB antigen,
kinetic studies were performed in HBS-ET runnindféusupplemented with 450mM sodium chloride (final
concentration). Real time binding sensorgrams gfidate injection for same antigen concentratioshiswn in
black. The highest antigen concentration used tuirfiding data is provided. Global fits obtainedhgsl:1 binding
model with mass transport limitation is represeriteded lines and calculated binding kinetics pagtars are
tabulated in Table V. “Blind analysis” techniquedafuble reference subtracted binding sensorgramsesormed
(as described in Figure 5) and the concentratioesesed to fit the binding curve generated uMAgGS-1 and
Biacore 4000 were found to be different for few maitigen interactions (mAb-3, mAb-10, mAb-12, mAB)1
However, no significant difference in their respeeimeasured kinetics values was observed.
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Tableb:

Binding Kinetics Values Generated in the Compar ability Study

Biacore 4000
voecdar A Ka Ko Ko Ko
Weight ~ C2Pwred  (1x10° 1/Ms)  (1x10™* 1/s) (1x107° M) (1x10° 1/Ms) (1x10° M)
mAb-1 | 10.21 + 025 | 2.04 +0.16 | 0.20 * 0.02 746 +092 | 179 +0.14 | 0.24 005
o mAb-2 | 612 +0.10 | 055 +0.39 | 0.09 * 0.06 417 + 059 | 075 £0.12 | 0.19 + 0.06
mAb-3 | 287 +0.16 | 383 +012 | 1.33 £ 0.04 158 + 012 | 341 £0.33 | 217 =029
mAb-4 | 158 + 050 | 631 +0.09 | 0.40 %001 1099 +227 | 503 +0.17 | 047 =012
mAb-5 | 1.65 + 041 | 2581 + 2.61 | 16.50 * 5.15 271 +153 | 2207 +3.86 | 10.62 * 6.74
kD mAb-6 | 0.78 + 0.04 | 16.27 + 1.34 | 20.90 + 1.92 0.78 + 007 | 14.00 + 1.45 | 18.03 * 1.46
mAb-7 | 059 +0.09 | 945 + 151 | 1647 = 4.77 094 +020 | 7.24 +227 | 7.61 =083
mAb-8 | 330+ 026 | 556 +085 | 1.71 * 037 2.88 + 061 | 467 £097 | 1.62 % 0.04
MAb-9 | 17.29 + 504 [04.00 + 218,53 40.53 * 1.12 1412 + 152 |438.40 + 37.29| 31.10 = 151
SokD MAb-10 | 224 +042 | 7.99 £ 048 | 3.68 + 0.94 230 +052 | 7.19 +0.05 | 3.25 % 0.86
mAb-11 | 342 +0.80 | 4.38 £ 035 | 1.36 + 047 388 +043 | 281 010 | 073 =011
mAb-12 | 10.12 + 247 | 349 £ 016 | 0.36 * 0.12 9.71 +254 | 3.09 +0.18 | 0.33 008
mAb-13 | 1.41 +0.17 | 2.03 £ 067 | 1.44 + 0.40 152 +023 | 114 +003 | 076 +0.14
. mAb-14 | 179 +0.17 | 954 + 069 | 536 * 0.52 2.07 £002 | 751 +021 | 3.63 =008
mAb-15 | 3.26 +0.21 | 1.98 + 060 | 061 * 0.21 3.25 +0.001 | 1.09 005 | 034 + 0.02
mAb-16 | 578 +0.75 | 2.18 £ 049 | 0.38 * 0.05 6.00 =012 | 152 +0.02 | 0.25 + 0.001
mAb-17 | 5.07 +0.06 | 1.49 008 | 0.29 + 0.01 7.06 082 | 093 +0.05 | 0.13 %001
. mAb-18 | 13.76 + 0.14 | 1.04 = 0.07 | 0.08 = 0.001 17.22 + 055 | 059 +0.06 | 0.03 + 0.001
mAb-19 | 16.13 + 041 | 1.37 £ 010 | 0.08 + 0.01 2042 +091 | 083 £012 | 004 001
MADb-20 | 34.81 +3.99 | 249 £ 013 | 0.07 + 001 56.19 +2.76 | 1.78 £ 0.05 | 0.03 = 0.001
mAb-21 | 578 + 059 | 41.66 + 3.33 | 7.29 + 1.28 897 +221 | 3837 +7.23 | 4.36 % 0.65
071D mAb-22 | 491 +1.27 | 613 £031 | 1.31  0.39 5.66 + 0.36 | 5.06 +0.23 | 0.90 % 0.10
mAb-23 | 813 +0.32 | 1.45 038 | 0.18 * 0.05 9.78 +031 | 076 +0.07 | 0.08 = 0.01
mAb-24 | 7.17 +049 | 3.66 + 019 | 051 * 0.03 943 +038 | 274 +004 | 0.29 *0.02
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Figure10: Corréation Plots of Binding Kinetics Values Generated in the Compar ability
Study
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Graphical representation revealing correlationinélimg kinetics values measured for 189 mAbs bigdmantigens
with molecular weights of 14kDef, 21kD (e), 28kD (#), 29kD (), 30kD (e), 32kD (e), 38kD (e), 48kD (V¥),
68kD (V), 77kD (V), 92kD (¥), 97kD (¥), and 105kD ¥) is shown. Scatterplot of average valuekaqm, kd

(B) and KD (C) measured from three independent experiments Bampre 4000 and MASS-1 is shown.

Correlation factor of 1 is shown as serrated blagkwhile three-fold difference in the kinetic uak is shown as
serrated red line.
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4, DISCUSSION

Development of tools capable of screening and cheriaing new drug molecules in a high-
throughput manner is vital to support the currast paced biopharmaceutical industry (20). In
this work, we evaluated the capability of MASS-Ictaracterize mAb-antigen interactions
exhibiting varying binding kinetic profiles undeivdrse assay formats.

The eight channel parallel flow system of MASS-ayides a new approach for performing
kinetic analysis using the SICK assay format presem this work. One of the key aspects of
MASS-1 is its HI technology that uniformly delivesamples across different flow channels of
the sensor surface. We routinely immobilize antinan Fg capture molecule on to the sensor
surface and less than 4% variability in the immiahtion levels are typically observed (data not
shown). This enables similar capture level of maioas different flow channels using the same
mAb sample and thus saves experimental time t@d&HiCK assay. Moreover, less than 10%
deviation in the binding rate constants measureasadifferent flow channels further provided
us enough confidence to perform kinetic analysisguthe SICK format on the MASS-1
biosensor.

Conventionally, MICK assays are designed by runmmudfiple cycles, with each cycle
generating binding data for an individual analyd@eentration. The biggest challenge in such
assays is the need to regenerate the sensor sirfaesveen each cycle. The SICK assay
overcomes this hurdle by allowing the generationasfcentration dependent analyte binding
across different flow channels without the needsfoegeneration step. We characterized a total
of sixteen mAb-antigen interactions, and the kmetlues measured using the SICK assay were
within two-fold of the values generated using tfaglitional MICK assay on Biacore 4000 and
MASS-1. A two to three-fold difference in measubedding rate constants is considered to be
within acceptable experimental deviation, espegsilice the measurementlgf kg, and K

values can be influenced by factors such as seustace chemistry, analyte charge, IFC design,
and sample delivery system (15,16,26,27). We tbezdfelieve that the observed two-fold
difference between SICK and MICK assays is accéptaid that the SICK assay format is a
valid approach for kinetic analysis on the MASSidsknsor. In our SICK studies, antigens were
serially diluted by two-fold and six different aggin concentrations were simultaneously injected
over the mAb captured sensor surface. Increasm@nktigen dilution factor to three would allow
kinetic analysis of two mAbs per cycle (four contcations per mAb). This would further
increase the throughput of SICK assay by two-felowever, four antigen concentrations might
not be enough to characterize mAb panels compriigwide range of binding affinities and
experiments should be designed with this caveatiid.

To determine whether the SPRi detection method ASBH1can limit its applicability to design
sensitive kinetic assays with,g of less than 6RU, we designed a series of expetsrie test

the effects of protein surface density on the urent noise and accuracy in the measurement of
binding kinetic parameters (Figure 7). We foundcooelation between protein immobilization
level and instrument noise. MASS-1 generated rapibte binding sensorgrams for binding
responses of less than 6RU, and triplicate injaestimf same antigen concentration overlapped.
The most intriguing observation was that even u2éRy of binding response, MASS-1
generated reproducible binding sensorgrams (tef@imjections of same antigen concentration
showed good overlap) and the instrument sensitengbled differentiation of specific signal

from noise, irrespective of the surface densitgrti-human Fg capture molecule. We
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understand that mAb-antigen interactions are tyfyicet characterized using high density
ligand surfaces, but this observation is an imparéspect for the fragment based drug discovery
(FBDD). Molecular weight of fragments typically gas from 150-250 Dalton and researchers
aim to immobilize 5,000-10,000 RU of antigen witle thope of observing around 20-40RU of
specific binding response. Since the observed Sp&onding signal is typically low, it is
imperative that sensitivity of the biosensors iaftected by such high density protein surfaces.
Since our work shows that irrespective of the imitedd protein surface density, MASS-1 can
generate reproducible binding data even for lowdRUinding response, overloading the sensor
surface with target protein is not required. Morgkinetic analysis performed under reduced
protein density surfaces will enable circumventitigL, typically observed for high affinity

small molecule interactions with the,Kalue less than 100nM. Although further optimiaatof
assay conditions might be required, we do not guaie any significant challenge to integrate
and streamline the use of MASS-1 for FBDD, espBcdhlring the characterization of optimized
lead molecule.

Apart from being a high-throughput SPRi biosensengsitivity of MASS-1 allowed the
characterization of picomolar affinity interactibg overcoming MTL (Figure 8). Exclusion of
thek, factor in the fitting model failed to fit the biimdy data generated for the highest density
mADb surfaces used in this studgupplementary Figure 2) and yielded inaccurate rate
constants. No significant differenceklig ky, and K values was observed among the three
surface densities tested following the inclusiotpfactor in the fitting model (Table 3),
suggesting that the model successfully compensatexbserved MTL and extrapolated true
kinetic values for all the three mAb-antigen intgians.

It is important to understand that mAb capture d&ssof 100RU, 260RU, and 320RU are
routinely captured to determine their kinetic afiding to 97kD, 14kD or 3.5kD antigens,
respectively (28). In this study, these densitrescéassified as high based on the mAb density
requirement for the kinetic analysis of the mAbigen interactions devoid of any MTL.
Although inclusion okq, in the fitting generated reliable kinetic valueghis study, it is not
always successful. We routinely observe that thdehfails to compensate for observed MTL
and generates inaccurate kinetic values (datahaootrs). Therefore, performing kinetic assays at
surface densities that exhibit minimal to no MTlpieferred to measure reliable binding rate
constants. The goal of this work was to demorsstdatlity of MASS-1 sensitivity to design
kinetic assays devoid of MTL using ultra-low densitAb surface required for the reliable
measurement of binding rate constants of mAb-antigeeractions wittk, value greater than
10° M's™. Although characterization of mAb-antigen interas with slow dissociation rate
would be a good addition to the current embodimémtas beyond the scope of this study and
would need further investigation.

Collectively, the extensive binding studies preednh this work demonstrate that MASS-1 is a
reliable and sensitive SPRi biosensor with througlgomparable to the Biacore 4000. With an
eight-channel parallel flow system, MASS-1 can cedassay development time by permitting
simultaneous study of various assay conditionsssoddferent flow channels. Moreover,
MASS-1 provides an opportunity to simultaneouslyfqen up to eight unique experiments
across the different flow channels. The sensitigitiMASS-1 allows design of kinetic assays
using ultra-low density ligand surfaces, and bigdiata generated with, & of less than 4RU is
highly reproducible, which is typically challengitgachieve using other SPR/SPRI biosensors.
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We believe that the throughput and sensitivityhef MASS-1 biosensor will complement the
Biacore 4000 and Biacore T200 biosensors of our bidé8olecular group.

Although the primary rationale of this work wasetaluate the throughput and sensitivity of
MASS-1, we also intended to shed some light oreckfiit experimental design aspects that
should be considered while performing kinetic asaslypn RT-LF platform. The various assay
optimization considerations presented in this s@@yenvisioned to be used as guidelines for the
design of kinetic assays. Although a wide rangamigen molecular weights were selected
based on the typical requirement of the biosenser base, we did not include analyte molecular
weights greater than 105kD, which could be consdas a limitation of our work. We
understand that characterizing an extensive pdmaAd-antigen interactions is not necessary to
evaluate performance of new biosensor. Howeveh data provide statistical significance on
the correlation of the measured rate constantsranan will give us higher confidence in the
reliability of the binding kinetic parameters meagliusing the new biosensor. We believe that
this work will provide a benchmark for future evations of new biosensor platforms.
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Title: Exploring Sensitivity & Throughput of a Paralleiot SPRi Biosensor for Characterization of
Antibody-Antigen Interaction

FigureLegends

Figure 1 MASS-1 can simultaneously inject up to eight diéfier samples into independent flow cells, labeled as
Channel-1 through Channel-8. Each flow channetains two individually addressable detection sggdésignated
as Spot-A and Spot-B), for a total of 16 bindingasiwrements across the entire sensor surface.

Figure 2 Comparable density of mAb was first captured acdifsrent flow channels (Channel-1 through
Channel-8) on HCA sensors immobilized with anti-tamf-o¢/ capture mAb. Different concentrations of antigen
(serially diluted two-fold) were injected over theAb capture surface for 4 minutes and dissociatifdmound
antigen in running buffer was observed for 10 mesuReal time binding sensorgrams of mAb bindingCikD (A),
28kD (B), 48kD(C), 77kD (D), and 92kD(E) antigen are shown as black lines while red lirgsasent model fits
generated by globally fitting real-time binding a@atsing a 1:1 binding model with mass transporitéition.
Binding sensorgrams comprise at least duplicagetigns of same antigen concentration. All mAb-genti binding
interactions were also characterized on Biacoré®40&form under comparable experimental conditiamd the
binding sensorgrams along with the global fitsgnesented. Highest antigen concentration used birfiling data
is provided and binding kinetics values generatecpaovided in Table 1.

Figure 3 Correlation factor was determined by calculating rifitio of kinetics values measured on Biacore 4600
those determined on MASS-1 for mAbs captured aatd&zent flow channels. Correlation factor cakeld forka

(A), kd (B) and K (C) measured across different flow channels of MAS8rInAb binding to 20kD €), 28kD (e),

48kD (o), 77kD (@), and 92kD ¢) antigen are plotted. Serrated red lines indieatereefold difference in the
kinetic values with a correlation factor of 3 an83)

Figure4 The same mAb is first captured across flow chanhélsough §A) followed by the injection of eight
concentration series of analyte over mAb captutethses(B). Binding rate constants are measured by running tw
cycles — buffer injection cycle (for second refereubtraction) followed by the injection of eigloincentration

titers of analyte.

Figure 5 mAb binding to 14kIXA), 18kD(B), 28kD(C), 29kD (D), 38kD(E), 48kD (F), 77kD(G), and 105kD
(H) antigen was first captured either following SIC&say format on MASS-1 or using the standard MIC&ags
format on both MASS-1 and Biacore 4000. Two mAbsgrgigen were included in this study referred @bl &
mAb# 2. Different concentrations of antigen seyidliluted by two-fold were injected for 4 minutesléwed by 10
minutes of dissociation. Overlay of at least tdpte injections of the same antigen concentraiamown in black
lines while red lines represent global fits of réale binding data. The highest concentration usdi data is
shown and kinetics values measured using SICK al@kMissay formats are provided in Table 2. To ensioat
our analysis did not introduce any unintended hiagn the measurement of rate constants, all obih@ing data
generated using the SICK or MICK assay formats imt@e 4000 and MASS-1 were independently analiged
adopting the “blind analysis” technique. During thealysis, the antigen concentrations that yietledbest global
fits of the double reference subtracted data wellected. This resulted in the incorporation ofetiént antigen
concentrations for few interactions as shown infitnere. However, this discrepancy in antigen carticeions used
to fit the data did not influence the values of mgad kinetics parameters (Table 2).



Figure 6 Scatterplot showing correlation betwekgr(A), kd (B) and KD (C) values measured using SICK and MICK

assay formats on MASS-1 platform for mAbs bindiad.4kD (@), 18kD (e), 28kD (e), 29kD (e), 38kD (e), 48kD
(@), 77kD (o), and 105kD ¢) antigen is shown. Also plotted is correlationvhﬂnka (D), kd (E) and KD (F) values

measured using SICK assay on MASS-1 biosensor diKMssay performed on Biacore 4000. Serrated Hlaek
signifies correlation coefficient of 1 while segdtred lines indicate three-fold difference in kin@alues for mAbs
binding to different molecular weight antigens.

Figure7 The HCA sensor was first immobilized with differatensities of anti-human fcapture mAb
(approximately 400RU, 1000RU, 2500RU & 10000RUngsstandard EDC-NHS surface chemistry detailetién t
Materials and Methods section. A comparable lowsigrof mAb binding to 14k¥A), 18kD(B), 28kD(C), 29kD
(D), and 39kD(E) antigen was first captured on anti-human, fmmobilized at different surface densities. Vagyi
concentrations of specific antigen (serially ditltgy two-fold in running buffer) were injected ovaAb captured
surface for 4 minutes followed by 10 minutes okdisation step. Real-time binding of triplicatesicions of
similar antigen concentration binding to captureéibnis shown in black while global fits generatecttdculate
kinetics values are shown in red. The highest antigoncentration used to fit binding data is predidnd binding
kinetics parameters are tabulated in Table 3.

Figure 8 Different levels of mAb to 97kA, D), 14kD (B, E), and 3.5kIXC, F) antigen were first captured using
anti-human Fgas indicated. Varying concentrations of antigavo(fold serial dilution in running buffer) were
injected over different mAb surfaces for 6 minukdtowed by 15 minutes dissociation. The overlayrgdlicate
injections of each antigen concentration is shosvhlack lines and global fitting of real time bindidata using 1:1
binding model with mass transport limitation is imoin red. The highest antigen concentration usdi binding
data is also shown and the calculated binding kiseflues are tabulatedBrror! Reference sour ce not found..
Binding response observed for 97kD), 14kD (E), and 3.5kD(F) antigen at indicated concentration was
normalized based on the maximum binding signakL{Fobserved for respective mAb surface densities to
demonstrate MTL. Since the binding curve for 14kidigen was significantly dominated by MTL when 2&ORU
surface was used for measurement, we experientfenlidy in fitting the binding data even after ioiporatingky,

in the fitting model (data not shown). The defanitial k. value of 1&° used by the Scrubber fitting software
yielded erroneous kinetic values and hence thialikit value had to be empirically changed to generadith
shown inB.

Figure 9 Depending on the molecular weight of the antigéffiei@nt levels of mAb binding to 14kD (A), 21kD B
29kD (C), 48kD (D), 77kD (E), and 97kD (F) antigeas captured using anti-humanyFallowed by injection of
different concentrations of antigen serially dikitey three-fold. To avoid non-specific binding @kB antigen,
kinetic studies were performed in HBS-ET runnindféusupplemented with 450mM sodium chloride (final
concentration). Real time binding sensorgrams gfidate injection for same antigen concentratioshiswn in
black. The highest antigen concentration used tariiding data is provided. Global fits obtaineéhgsl:1 binding
model with mass transport limitation is represeritgded lines and calculated binding kinetics patars are
tabulated in Table V. “Blind analysis” techniquedafuble reference subtracted binding sensorgrarsgpesdormed
(as described in Figure 5) and the concentratideseased to fit the binding curve generated ubM#gS-1 and
Biacore 4000 were found to be different for few madtigen interactions (mAb-3, mAb-10, mAb-12, mAB}1
However, no significant difference in their respeximeasured kinetics values was observed.

Figure 10 Graphical representation revealing correlationinfling kinetics values measured for 189 mAbs bigdin

to antigens with molecular weights of 14k#&),(21kD (@), 28kD (@), 29kD (e), 30kD (e), 32kD (e), 38kD (e),

48kD (V), 68kD (V), 77kD (¥), 92kD (¥), 97kD (¥), and 105kD ¥) is shown. Scatterplot of average values of
ka (A), kd (B) and KD (C) measured from three independent experiments Baupre 4000 and MASS-1 is shown.

Correlation factor of 1 is shown as serrated blaskwhile three-fold difference in the kinetic uak is shown as
serrated red line.



Supplementary Figure 1 Image of HCA sensor surface representing flow celnwith different immobilization
levels of anti-hFg capture molecule

Supplementary Figure 2 Different levels of mAb binding to 97k[A), 14kD (B), or 3.5kD(C) antigen was first
captured using anti-hfas indicated. Varying concentrations of antigeffio{@ serial dilution) were injected over
different mAb surfaces for 6 minutes followed byrmutes dissociation. Real time antigen bindingalr coded
based on antigen concentrations and fits genebgtetbbally fitting the binding data using 1:1 bing model
without mass transport limitation is shown in blaekrated lines. Residual plots showing differemesveen
experimental data and fits generated is also shBwar fits of binding data generated at higher itgmnsAb
surfaces is reflected by non-random distributiomesidual plot with residual signal >5% of bindirggponse.
Residual plot for lowest density mAb surface isd@amly distributed around 0 RU.



mAb

Captured

Kinetic

Parameters

Channel 1

Channel 2

Channel 3

Channel 4

(Channel 5

Channe

|6 Channel 7

Channel 8

Average + Std Dev

Biacore

ka (1/Ms) 4.74E+04 4.84E+04 4.67E+04 4.80E+04 4.74E+04 4.68E+04 4.66E+04 4.83E+04 (4.74 £0.07) E+04 4.64E+04
mAb-1 kq (1/s) 1.02E-02 1.00E-02 9.97E-03 1.04E-02 1.05E-02 1.00E-02 1.07E-02 9.89E-03 (1.02 £0.03) E-03 1.35E-02
Kp (M) 2.16E-07 2.07E-07 2.13E-07 2.17E-07 2.22E-07 2.14E-07 2.30E-07 2.05E-07 (2.15 +£0.08) E-07 2.90E-07
c
]
k=l ka (1/Ms) 7.25E+04 7.58E+04 7.68E+04 7.63E+04 7.24E+04 7.74E+04 6.29E+04 8.41E+04 (7.48 £0.60) E+04 7.19E+04
é mAb-2 kq (1/s) 2.59E-03 2.59E-03 2.56E-03 2.54E-03 2.62E-03 2.53E-03 2.70E-03 2.56E-03 (2.58 £0.05) E-03 4.06E-03
9 Kp (M) 3.57E-08 3.42E-08 3.33E-08 3.33E-08 3.61E-08 3.27E-08 4.28E-08 3.04E-08 (3.48 £0.37) E-08 5.65E-08
o
o ka (1/Ms) 1.58E+05 1.76E+05 1.64E+05 1.62E+05 1.56E+05 1.68E+05 1.49E+05 1.64E+05 (1.62 +£0.08) E+05 1.51E+05
mAb-3 kg (1/s) 5.86E-04 5.96E-04 5.93E-04 5.97E-04 5.79E-04 6.02E-04 6.04E-04 6.03E-04 (5.95 £0.09) E-04 8.77E-04
Kp (M) 3.70E-09 3.38E-09 3.62E-09 3.69E-09 3.72E-09 3.58E-09 4.07E-09 3.68E-09 (3.68 £0.19) E-09 5.82E-09
ka (1/Ms) 1.39E+06 1.39E+06 1.48E+06 1.44E+06 1.33E+06 1.51E+06 1.36E+06 1.38E+06 (1.41 +£0.06) E+06 2.52E+06
mAb-4 kq (1/s) 3.52E-02 3.35E-02 3.51E-02 3.50E-02 3.54E-02 3.54E-02 3.44E-02 3.27E-02 (3.46 £0.10) E-02 7.43E-02
Kp (M) 2.53E-08 2.40E-08 2.37E-08 2.44E-08 2.67E-08 2.34E-08 2.52E-08 2.37E-08 (2.46 £0.11) E-08 2.94E-08
c
Q
2 ka (1/Ms) 6.65E+05 6.53E+05 6.51E+05 6.64E+05 6.72E+05 6.50E+05 6.68E+05 6.77E+05 (6.62 +0.10) E+05 9.94E+05
é mAb-5 kq (1/s) 2.43E-03 2.46E-03 2.49E-03 2.52E-03 2.48E-03 2.56E-03 2.45E-03 2.45E-03 (2.48 £0.04) E-03 2.39E-03
9 Kp (M) 3.66E-09 3.76E-09 3.82E-09 3.79E-09 3.69E-09 3.94E-09 3.67E-09 3.61E-09 (3.74 £0.11) E-09 2.41E-09
[e0]
o ka (1/Ms) 1.43E+05 1.61E+05 1.56E+05 1.52E+05 1.50E+05 1.54E+05 1.51E+05 1.53E+05 (1.52 £ 0.05) E+05 1.48E+05
mAb-6 kq (1/s) 6.93E-04 6.93E-04 6.99E-04 6.89E-04 7.22E-04 6.91E-04 7.08E-04 7.05E-04 (7.00 £0.11) E-04 7.83E-04
Kp (M) 4.84E-09 4.31E-09 4.47E-09 4.54E-09 4.83E-09 4.48E-09 4.70E-09 4.61E-09 (4.60 £0.18) E-09 5.28E-09
ka (1/Ms) 2.51E+05 2.50E+05 2.53E+05 2.54E+05 2.51E+05 2.39E+05 2.49E+05 2.46E+05 (2.49 £ 0.05) E+05 2.03E+05
mAb-7 kg (1/s) 8.87E-04 8.96E-04 8.83E-04 9.14E-04 8.82E-04 8.86E-04 9.09E-04 8.95E-04 (8.94 £0.12) E-04 1.04E-03
Kp (M) 3.53E-09 3.58E-09 3.49E-09 3.60E-09 3.51E-09 3.71E-09 3.65E-09 3.64E-09 (3.59 £0.08) E-09 5.12E-09
c
(2]
2 ka (1/Ms) 3.19E+05 3.11E+05 3.11E+05 3.15E+05 3.08E+05 3.01E+05 3.16E+05 3.07E+05 (3.11 £ 0.06) E+05 2.57E+05
é mAb-8 kq (1/s) 2.09E-04 2.16E-04 2.15E-04 2.20E-04 2.12E-04 2.11E-04 2.07E-04 2.23E-04 (2.14 £0.05) E-04 2.82E-04
9 Kp (M) 6.56E-10 6.96E-10 6.92E-10 6.99E-10 6.88E-10 7.03E-10 6.54E-10 7.25E-10 (6.89 £0.24) E-10 1.10E-09
(e}
N ka (1/Ms) 7.36E+05 7.08E+05 6.85E+05 7.06E+05 6.86E+05 6.80E+05 6.97E+05 6.98E+05 (6.99 +0.18) E+05 6.05E+05
mAb-9 kq (1/s) 1.21E-04 1.35E-04 1.24E-04 1.52E-04 1.41E-04 1.30E-04 1.40E-04 1.32E-04 (1.34+0.10) E-04 2.12E-04
Kp (M) 1.65E-10 1.90E-10 1.81E-10 2.15E-10 2.05E-10 1.92E-10 2.01E-10 1.90E-10 (1.92 £0.15) E-10 3.50E-10
ka (1/Ms) 5.74E+06 5.53E+06 5.83E+06 5.48E+06 5.58E+06 5.25E+06 5.29E+06 6.13E+06 (5.60 £ 0.29) E+06 4.63E+06
mAb-10 kq (1/s) 1.88E-04 1.66E-04 1.65E-04 1.83E-04 1.78E-04 1.84E-04 1.79E-04 1.85E-04 (1.78 £0.09) E-04 2.53E-04




| Kp (M) 3.27E-11 2.99E-11 2.83E-11 3.34E-11 3.19E-11 3.50E-11 3.39E-11 3.02E-11 | (3.19£0.23) E-11 | 5.45E-11
c
]
k=) ka (1/Ms) 1.10E+06 1.04E+06 1.06E+06 1.07E+06 1.03E+06 1.06E+06 1.03E+06 1.06E+06 (1.06 £0.02) E+6 6.68E+05
5; mAb-11 kq (1/s) 1.39E-04 1.46E-04 1.40E-04 1.33E-04 1.37E-04 1.40E-04 1.44E-04 1.43E-04 (1.40 £0.04) E-04 2.53E-04
2 Kp (M) 1.26E-10 1.41E-10 1.32E-10 1.24E-10 1.33E-10 1.32E-10 1.39E-10 1.35E-10 (1.33£0.06) E-10 3.79E-10
~
™~ ka (1/Ms) 1.90E+06 1.86E+06 1.91E+06 1.90E+06 1.89E+06 1.87E+06 1.89E+06 1.80E+06 (1.88 £ 0.04) E+06 1.26E+06
mAb-12 kq (1/s) 1.60E-04 1.62E-04 1.65E-04 1.55E-04 1.53E-04 1.75E-04 1.54E-04 1.80E-04 (1.63 £0.10) E-04 2.46E-04
Kp (M) 8.42E-11 8.73E-11 8.64E-11 8.14E-11 8.08E-11 9.32E-11 8.15E-11 1.00E-10 (8.69 £ 0.68) E-11 1.95E-10
k. (1/Ms) 1.34E+05 1.36E+05 1.42E+05 1.45E+05 1.37E+05 1.28E+05 1.42E+05 1.22E+05 (1.36 £0.08) E+05 1.52E+05
mADb-13 kq (1/s) 1.33E-02 1.29E-02 1.35E-02 1.32E-02 1.36E-02 1.35E-02 1.32E-02 1.33E-02 (1.33 £0.02) E-02 1.60E-02
Kp (M) 9.89E-08 9.49E-08 9.54E-08 9.09E-08 9.93E-08 1.06E-07 9.35E-08 1.09E-07 (9.85 +£0.63) E-08 1.05E-07
c
.qg')') k. (1/Ms) 6.76E+04 7.20E+04 6.95E+04 7.27E+04 6.79E+04 6.95E+04 6.94E+04 7.02E+04 (6.98 £0.18) E+04 7.19E+04
g mAb-14 kq (1/s) 7.33E-04 7.10E-04 7.25E-04 7.10E-04 7.66E-04 7.34E-04 7.25E-04 7.32E-04 (7.29 £ 0.18) E-05 8.48E-04
<
9 Kp (M) 1.08E-08 9.87E-09 1.04E-08 9.76E-09 1.13E-08 1.06E-08 1.05E-08 1.04E-08 (1.05 +0.05) E-08 1.18E-08
AN
° ks (1/Ms) 8.71E+04 9.21E+04 9.05E+04 9.34E+04 8.56E+04 8.67E+04 9.03E+04 8.60E+04 (8.90 £ 0.30) E+04 6.78E+04
mAb-15 kq (1/s) 1.57E-04 1.55E-04 1.54E-04 1.56E-04 1.69E-04 1.58E-04 1.60E-04 1.68E-04 (1.60 £ 0.06) E-04 1.22E-04
Kp (M) 1.80E-09 1.68E-09 1.70E-09 1.66E-09 1.98E-09 1.82E-09 1.77E-09 1.95E-09 (1.80 £0.12) E-09 1.80E-09




Antigen

MICK Assay

SICK Assay

Biacore 4000 Assay

Molecular MADb Ka Ky Ko Ka Kg Kp Ka K g Kp
Weight Captured  (1/Ms) (1/s) (M) (1/Ms) (1/s) (M) (1/Ms) (1/s) (M)

mADb# 1 3.65E+05 1.52E-04 4.26E-10 2.80E+05 1.36E-04 4.87E-10 3.39E+05 1.96E-04 5.78E-10
14kD

mADb# 2 3.85E+05 | 6.35E-04 1.66E-09 2.59E+05 | 5.95E-04 2.29E-09 2.48E+05 | 7.17E-04 2.89E-09

mADb# 1 1.05E+05 2.43E-03 2.31E-08 1.20E+05 2.61E-03 2.18E-08 1.32E+05 2.36E-03 1.78E-08
18kD

MADb# 2 1.93E+05 1.02E-03 5.27E-09 2.19E+05 1.06E-03 4.85E-09 2.02E+05 1.12E-03 5.52E-09

mADb# 1 4.70E+05 7.88E-04 1.68E-09 5.11E+05 8.67E-04 1.71E-09 4.68E+05 8.50E-04 1.82E-09
28kD

mADb# 2 8.63E+05 2.03E-03 2.36E-09 8.62E+05 2.16E-03 2.51E-09 7.19E+05 2.28E-03 3.17E-09

mADb# 1 1.32E+06 7.00E-04 5.31E-10 2.20E+06 8.50E-04 4.11E-10 9.35E+05 7.72E-04 8.26E-10
29kD

mADb# 2 7.29E+05 1.84E-04 2.52E-10 7.54E+05 1.55E-04 2.16E-10 4.85E+05 1.95E-04 4.03E-10

mADb# 1 3.13E+05 | 9.15E-04 2.93E-09 3.43E+05 | 9.24E-04 2.69E-09 3.00E+05 | 9.96E-04 3.32E-09
38kD

mADb# 2 2.98E+06 | 3.60E-03 1.31E-09 2.16E+06 | 3.21E-03 1.49E-09 1.22E+06 | 3.03E-03 2.48E-09

mADb# 1 3.46E+05 | 8.80E-04 2.54E-09 3.78E+05 | 8.95E-04 2.37E-09 2.76E+05 | 9.46E-04 3.43E-09
48kD

MADb# 2 3.28E+05 1.75E-04 5.34E-10 3.05E+05 1.85E-04 6.07E-10 2.07E+05 2.13E-04 1.03E-09

mADb# 1 1.40E+06 4.70E-05 3.35E-11 2.07E+06 4.91E-05 2.51E-11 1.54E+06 9.45E-05 6.14E-11
77kD

mADb# 2 2.98E+06 1.02E-04 3.43E-11 3.30E+06 9.01E-05 2.76E-11 3.30E+06 1.57E-04 4.75E-11

mADb# 1 2.65E+05 1.70E-03 6.44E-09 2.11E+05 1.64E-03 7.76E-09 3.40E+05 1.53E-03 4.50E-09
1NEL N




ERVAV ]\ =g

mAb# 2

3.74E+05 ’ 1.55E-03 | 4.15E-09 || 2.57E+05 | 1.56E-03 ‘ 6.05E-09 || 3.75E+05 ‘ 1.37E-03 ‘ 3.66E-09 |




Antigen

anti-hFc Immobilization Level

Molecular _KIMEUCS — 400RU  1,000RU  2,500RU  10,000RU
Weight Parameters

Ko (1Ms) | 1.48E+05 | 1.52E+05 | 2.12E+05 | 1.85E+05

14KD ky (Us) | 4.14E-02 | 4.09E-02 | 4.44E-02 | 3.95E-02

Kp (M) 2.80E-07 2.69E-07 2.10E-07 2.13E-07

k. (1/Ms) | 8.61E+04 | 7.35E+04 | 1.03E+05 | 1.01E+05

18kD kq (1/s) 3.34E-03 3.25E-03 3.25E-03 3.11E-03

Ko (M) 3.87E-08 | 4.42E-08 | 3.17E-08 | 3.08E-08

k, UMs) | 4.11E+05 | 4.62E+05 | 5.32E+05 | 8.12E+05

28kD kq (1/s) 2.80E-03 2.66E-03 2.70E-03 2.35E-03

Kp (M) 6.81E-09 5.75E-09 5.08E-09 2.89E-09

Ka (1/Ms) | 2.80E+04 | 2.75E+04 | 3.10E+04 | 4.290E+04

29kD kq (1/s) 1.53E-02 1.52E-02 1.68E-02 1.62E-02

Kp (M) 5.47E-07 5.52E-07 5.43E-07 3.76E-07

k, (UMs) | 1.07E+05 | 1.04E+05 | 1.53E+05 | 1.63E+05

39kD kq (1/s) 1.35E-03 1.24E-03 9.15E-04 9.04E-04

Kp (M) 1.26E-08 1.20E-08 5.97E-09 5.55E-09




Kinetics Parameters

Antigen mAb
Mole(?ular Capture Ka Kaq
Weiaht Level (1/Ms) (1/s)
g (RU)
100 | 2.38E+08 | 5.20E+06 | 1.53E-04 | 2.89E-11
97kD 35 | 4.86E+08 | 4.68E+06 | 1.18E-04 | 2.52E-11
(Ectodomain)f 44 1.00E+10 | 5.30E+06 | 1.07E-04 | 2.02E-11
4 1.00E+10 | 5.68E+06 | 1.28E-04 | 2.26E-11
260 | 7.46E+07 | 3.38E+06 | 3.09E-04 | 9.13E-11
14KD 100 | 9.79e+07 | 3.77E+06 | 2.65E-04 | 7.03E-11
(Ectodomain)| g 1.00E+10 | 3.81E+06 | 2.28E-04 | 5.98E-11
12 1.00E+10 | 5.30E+06 | 2.66E-04 | 5.00E-11
320 | 1.02E+07 | 1.59E+06 | 1.50E-03 | 9.43E-10
3.5kD 150 | 1.49E+07 | 2.94E+06 | 1.856-03 | 6.27E-10
(Secreted) 70 1.50E+08 | 1.80E+06 | 1.40E-03 | 7.73E-10
30 1.00E+10 | 1.56E+06 | 1.50E-03 | 9.57E-10




Biacore 4000 MASS-1

olecuar MY o s “ s : -,
Weight Captured (1x10> 1/Ms) (1x10™ 1/s) (1x10™ M) (1x10” 1/Ms) (1x10™ 1/s) (1x10™ M)
mAb-1 10.21 + 0.25 2.04 £ 0.16 0.20 = 0.02 7.46 + 0.92 1.79 + 0.14 0.24 = 0.05
mAb-2 6.12 + 0.10 0.55 + 0.39 0.09 + 0.06 417 + 0.59 0.75 + 0.12 0.19 + 0.06
1o mADb-3 2.87 £ 0.16 3.83 = 0.12 1.33 £ 0.04 158 + 0.12 3.41 = 0.33 2.17 £ 0.29
mAb-4 15.8 £ 0.50 6.31 + 0.09 0.40 = 0.01 10.99 =+ 2.27 5.03 £ 0.17 0.47 £ 0.12
mAb-5 1.65 + 041 2581 + 261 16.50 = 5.15 271 + 153 22.07 + 3.86 10.62 + 6.74
mAb-6 0.78 = 0.04 16.27 + 1.34 20.90 * 1.92 0.78 + 0.07 14.00 + 1.45 18.03 + 1.46
21ke mAb-7 0.59 + 0.09 9.45 + 151 16.47 = 4.77 0.94 + 0.20 7.24 £ 2.27 7.61 + 0.83
mADb-8 3.30 £ 0.26 5.56 * 0.85 1.71 = 0.37 288 + 0.61 4.67 £ 0.97 1.62 + 0.04
mAb-9 17.29 + 5.04 |[704.00 + 218.53 | 40.53 * 1.12 1412 + 1.52 438.40 = 37.29 31.10 + 1.51
mAb-10 224 + 042 7.99 £ 0.48 3.68 £ 0.94 2.30 * 0.52 7.19 £ 0.05 3.25 £ 0.86
290 mAb-11 3.42 £ 0.80 4.38 + 0.35 1.36 £ 0.47 3.88 £ 043 2.81 £ 0.10 0.73 £ 0.11
mAb-12 10.12 + 2.47 3.49 + 0.16 0.36 = 0.12 9.71 + 254 3.09 £ 0.18 0.33 = 0.08
mAb-13 1.41 + 0.17 2.03 = 0.67 1.44 + 0.40 152 * 0.23 1.14 + 0.03 0.76 + 0.14
mAb-14 1.79 = 0.17 9.54 + 0.69 5.36 + 0.52 2.07 = 0.02 751 £ 0.21 3.63 = 0.08
A8kD mAb-15 3.26 £ 0.21 1.98 + 0.60 0.61 + 0.21 3.25 + 0.001 1.09 = 0.05 0.34 = 0.02
mAb-16 5.78 £ 0.75 2.18 + 0.49 0.38 £ 0.05 6.00 = 0.12 1.52 + 0.02 0.25 * 0.001
mAb-17 5.07 + 0.06 1.49 + 0.08 0.29 + 0.01 7.06 + 0.82 0.93 + 0.05 0.13 + 0.01
mAb-18 13.76 + 0.14 1.04 + 0.07 0.08 + 0.001 17.22 + 0.55 0.59 + 0.06 0.03 + 0.001
7o mAb-19 16.13 + 0.41 1.37 £ 0.10 0.08 = 0.01 20.42 + 0.91 0.83 £ 0.12 0.04 = 0.01
mAb-20 34.81 + 3.99 249 + 0.13 0.07 = 0.01 56.19 + 2.76 1.78 + 0.05 0.03 = 0.001
mAb-21 5.78 + 0.59 41.66 * 3.33 7.29 + 1.28 8.97 + 221 38.37 £ 7.23 4.36 £ 0.65
mAb-22 491 * 1.27 6.13 + 0.31 1.31 + 0.39 5.66 * 0.36 5.06 £ 0.23 0.90 = 0.10
o7ko mAb-23 8.13 * 0.32 1.45 + 0.38 0.18 = 0.05 9.78 = 0.31 0.76 = 0.07 0.08 = 0.01
mAb-24 7.17 + 0.49 3.66 * 0.19 0.51 + 0.03 9.43 + 0.38 2.74 = 0.04 0.29 + 0.02




