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ABSTRACT

The Octet biosensors provide a high-throughputratese to the well-established surface plasmon
resonance (SPR) and SPR imaging (SPRi) biosersalatacterize antibody-antigen interactions.
However, the utility of the Octet biosensors fag #ttcurate and reproducible measurement of binding
rate constants of monoclonal antibodies (mAbsjrigéd due to challenges such as analyte rebinding,
and mass transport limitation (MTL). This studydses on addressing these challenges and provides
experimental conditions to reliably measure kiretG€mAb-antigen interactions. The mAb capture
density of less than 0.6nm was found to be optimateasure a wide range of binding affinities oteDc
HTX. The titration kinetic and single cycle kinetissays performed on Octet HTX generated
reproducible binding kinetic parameters and coteelavith the values measured on Biacore 4000 and
MASS-1. Kinetic assays performed on 0.1nm densifymaurfaces significantly reduced MTL and
enabled characterization of picomolar affinity mABally, kinetic analysis performed on 150
antibodies to 10 antigens with molecular weightgyinag from 21kD to 105kD showed concordance
between Octet HTX, Biacore 4000 and MASS-1 $/0.90). The data presented in this study sugbast
under optimal experimental conditions, Octet biegseiis capable of generating kinetic values
comparable to SPR/SPRI biosensors.

1. INTRODUCTION

The real-time, label-free (RT-LF) biosensors hagedme important biophysical tools in today’s
biopharmaceutical industry and are currently imm@atad in different stages of drug discovery and
development. The kinetics of a drug molecule bigdmnits target is one of the vital parameters
considered during the selection of a lead therépagent. The RT-LF platforms enable quick
measurement of association rdtg,(dissociation ratek{) and equilibrium dissociation constantjkof
antibody-antigen interactions without the use belad reagents. During the primary screening gidar
libraries of unpurified monoclonal antibodies (mAbgpressed in crude conditioned media (CM), kineti
screening performed using different RT-LF platforamsbles rapid identification of a small panel of
potential therapeutic candidates. Currently avé&laligh-throughput surface plasmon resonance (SPR)
biosensors like Biacore 8k, and Biacore 4000 (fatyrigiacore A100) (1,2) and surface plasmon
resonance imaging (SPRi) based biosensors sucih&SM, MASS-2, ProteOn XPR36, and IBIS MX96
(3-6) were designed to support the current throughpeds of biopharmaceutical industry. However,
rapid screening of more than 2000 mAb clones framde CM continues to be a challenge. This trade-off
in the throughput of SPR/SPRi based biosensomsderhing a critical bottleneck in the discovery and
development of drug molecules and is often cited ksy factor preventing their widespread applioati

in biotherapeutic screening (7). Currently, tharan increasing demand for the availability of high
throughput RT-LF platforms to accelerate drug suregand discovery.

In comparison to the SPR/SPRI biosensors, thedyierlinterferometry (BLI) based Octet biosensa is
relatively new RT-LF platform, but has the potehtiiasupport the current high throughput demands of
the biopharmaceutical industry (8,9). The Octetéiwors differ from the SPR/SPRi based platforms in
their detection system, sample delivery, sensjtigiid throughput capability. The Octet biosensar is
plate based dip-and-read platform which measutesfé@mence patterns caused by the binding of protei
dispensed in the sample plate to its binding partmieich is immobilized on the biosensor surface.
Different Octet platforms are currently availablghwarying throughput ability. For example, thet&ic
HTX biosensor can simultaneously detect up to 8&attions and is capable of screening 2000 mAb
clones in approximately 3-4 hours; which would riegqapproximately 3-4 days using the currently
available high throughput SPR/SPRI biosensor. Teasurement of binding events on Octet is minimally
affected by the mismatch in the buffer conditiond aence the Octet biosensors were initially used t
measure mADb titers in crude CM (10,11). Since tlarerse Octet applications have been establighed i
different stages of mAb discovery and developmerrkilow such as, kinetic analysis of mAb-antigen
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interactions, epitope binning of mAbs, isotypinghoh\b, cell line development, immunogenicity, pre-
clinical assay development, and bioprocess devedopii®,12-18). Although Octet has accelerated the
determination of binding affinities along with th#-rate ranking of mAbs expressed in crude CM 73,1
its application for kinetic analysis of mAbs hagbdimited due to the continued concerns on the
reliability of measured binding rate constants 209, Moreover, lack of supporting evidence illutitrg
the reliability and reproducibility of thig, ks, and Ky values measured on the Octet biosensors hasifurthe
hindered its extended application for kinetic asiyf mAbs.

An abundance of currently available publishedditere provides guidelines on designing kineticagss
on SPR and SPRi biosensors, and diverse factastiaffj the measurement of binding rate constaets ar
mostly established (5,6,21-23). However, such dspe not yet well understood for the Octet
biosensors and literature providing appropriateseixpental conditions for the measurement of binding
rate constants is currently limited (8,12,19,24, Z%)erefore, in this study we have investigatedover
factors that can potentially affect the charactgion of antibody-antigen interactions. We have als
validated the utility of the Octet biosensors tofpen single cycle kinetic (SCK) assays by comparin
the measured binding rate constants with thosergiteusing the traditional titration kinetic (TE$says
on Octet HTX, Biacore 4000 and MASS-1 biosensaorsrtler to provide a higher confidence in the
ability of Octet HTX to measure reliable and reprcittle binding rate constants of mAb-antigen
interactions, a total of 150 unique human mAbs ibipdo antigen with molecular weight ranging from
21kD to 105kD were later characterized in this gtadd the binding kinetic parameters measured en th
Octet HTX were compared to those generated usm@idcore 4000 and MASS-1 biosensors. Our data
demonstrate that under optimized experimental ¢immdi, k,, ks and Ky values measured on the Octet
HTX can correlate with the values generated usilagde 4000 and MASS-1.

2. MATERIALS& METHODS:

2.1. Reagents

N-(3-dimethylaminopropyl)-N-ethylcarbodiimide (ED@hd N-hydroxysuccinimide (NHS),
ethanolamine—HCI (Catalog# BR100633), anti-humasgecific capture mAb (Catalog# BR-1008-39)
and CM5 sensor chip (Catalog# BR-1005-30) werehmaged from GE Healthcare. The high capacity
amine (HCA) sensor chip (Catalog# SPR-AS-HCA) warspased from Sierra Sensors GmbH while
sodium acetate, pH 5.0 was purchased from Riccani@hé(Catalog# 61-1). All recombinant proteins
were expressed using stable Chinese Hamster OR&®QY cell lines and purified in-house. The mAbs
used in this study were fully human mAbs expresgéd either human IgG1 or IgG4. The antigens used
in the study are monomeric ecto-domains of thelsittgnsmembrane receptor expressed with a C-
terminal myc-myc-6xHis tag. The antigens and mAgEessed in CM were purified using the HisTalon
superflow cartridge (Clontech) and the Protein AtFdow HiTrap cartridge (GE Healthcare)
respectively, as reported previously (26).

2.2. Binding studies performed on Octet HT X

Before designing kinetic assays on Octet HTX, westigated various factors such as buffer condition
orbital shake speed, and well plate that can assike generation of reliable kinetic data. Weesled

that binding assays performed in buffer contairfimgg/mL BSA with orbital shake speed of 1000 rpm
generated the best quality binding curves with malisensor to sensor variability and baseline.dfii
also observed that binding studies performed u38#gtilted well plates generated minimal bulk shift
when the Octet biosensors were dipped in diffenails. Therefore, all kinetic assays on Octet HTX
were performed in freshly prepared and filtereching buffer containing 10 mM HEPES, 150 mM NacCl,
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3 mM EDTA, 1 mg/mL BSA, and 0.05% Tween-20 (Amre§atalog# M147-1L) (HBS-EBT), pH7.4 at
25°C and the samples were dispensed in 384-tiladplates.

Kinetic assays were performed by first capturingtmusing anti-human Fc (AHC) Octet biosensors
followed by at least two baseline steps of 30 sds@ach in HBS-EBT buffer. The mAb-captured
biosensors were then submerged in wells contaitlififigrent concentrations of antigen for 4-6 minutes
followed by 10-15 minutes of dissaociation time iBSEBT buffer. The mAb-captured sensors were also
dipped in wells containing HBS-EBT buffer to all@mgle reference subtraction in order to compensate
for the natural dissociation of captured mAb. Tample plates were placed on the orbital shaker tivith
shake speed of 1000 rpm and the binding sensorgramescollected using the high sensitivity 16-
channel detection mode on the Octet HTX biosensoless specified, fresh AHC biosensors were used
without any regeneration step.

The SCK assay was performed by dipping mAb-captéte@ biosensors in increasing concentrations of
antigen for four minutes with a short two minutéslissociation in between each antigen concentratio
followed by a 15 minutes dissociation time in HBBIEbuffer after dipping in the highest antigen
concentration.

2.3. Immobilization of anti-human Fc mAb on Biacore 4000 and MASS-1

The entire CM5 or HCA sensor surface was immodhiligéth the anti-human Fc mAb using a standard
protocol reported previously (6). Briefly, the eatsensor surface was first activated by injeciiigl

(v/v) mixture of 400 mM EDC and 100 mM NHS at avfloate of 10 pL/min for 10 minutes. Monoclonal
mouse anti-human Fc mAb (10 pug/mL) prepared in M0sadium acetate, pH5.0 was then injected at a
flow rate of 10uL/min for 10 minutes. Finally, the activated carbiate groups were blocked by
injecting 1 M ethanolamine, pH 8.5 for 7 minuteg diow rate of 1quL/min. During the entire
immobilization procedure, 10 mM sodium acetate 5o0Hwas used as running buffer. Finally, the
uncoupled residual protein was removed by treatisgsensor surface with 10-12 seconds injections of
20 mM phosphoric acid, 8-10 times before perfornbirgling studies.

2.4. Binding studies performed on the Biacore 4000 and MASS-1

All binding studies were performed in freshly pregah filtered and degassed running buffer contginin
10 mM HEPES, 150 mM NaCl, 3 mM EDTA and 0.05% Tw@én(Bio-Rad Catalog# 1610781) (HBS-
ET), pH7.4 at 25°C. Before performing the binditgdées, the anti-human Fc mAb immaobilized sensor
surface was equilibrated with HBS-ET by priming th&trument at least 3-4 times. The mAb was first
captured over the anti-human Fc mAb immobilizedasie followed by the injection of different
concentrations of antigen for 4-6 minutes apBfmin. The dissociation of the bound antigen frdra t
mAb surface was later measured for 10-15 minutét88-ET running buffer. At the end of each binding
cycle, the mAb capture surfaces were regeneratéajdsting 20 mM phosphoric acid for 10-12 seconds.
Running buffer without analyte was injected to alline subtraction of baseline drift resulting frtime
natural dissociation of captured mAb from the cedpnti-human Fc surface.

2.5. Dataprocessing and analysisof Octet HT X data

The raw data measured on Octet HTX was first erplagis text file using the ForteBio data analysis
software and was later analyzed using Scrubberdithodel (version 2.0c, BioLogic Software,
Campbell, Australia). Binding sensorgrams werd filigned at the beginning of the antigen binding
cycle and following the single reference subtragtlinding sensorgrams were globally fitto a 1:1
Langmuir binding model with mass transport limipati The single reference subtracted SCK data was
fitted using SCK binding model with mass transpianitation using the Biacore 3000 BlAevaluation
software version 4.1.1. The correlation factor useelvaluate reliability of measured binding rate
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constants was calculated by taking the ratio oflibig kinetic parameters measured on Biacore 4000 or
MASS-1 to those measured using Octet HTX.

2.6. Data processing and analysis of Biacore 4000 and MASS-1 data

Alignment of the raw binding data to the starttaf intigen injection along with the single refeeenc
subtraction of the binding data generated on theS8A and Biacore 4000 was performed using
AnalyserR2 and Biacore 4000 evaluation softwargpeetively. Single reference subtracted data from
both instruments were later exported as text filed analyzed using the Scrubber fitting model {oers
2.0c, BiolLogic Software, Campbell, Australia), whiera second reference subtraction using control
buffer injections was performed, and the doublenaxice subtracted data were globally fit to a 1:1
Langmuir binding model with mass transport limibati as reported previously (6,26).

3. RESULTS

3.1. High density mAb surface exhibits antigen rebinding and affectsk, valueson Octet HT X:

Numerous SPR/SPRi based binding studies suppodetsign of kinetics assays using the low density
mAb surfaces (6,27,28). However, guidelines omtiAd surface density required to reliably measure
binding kinetic values are yet to be establishedcatet. We therefore first investigated the effgfanAb
surface density on measured rate constants. Tackte scope of this study, five antigens with
molecular weights of 20kD, 28kD, 39kD, 48kD, andkB8vere selected. Moreover, based on the existing
binding kinetic data previously generated on SPRi%i#osensor, a total of 40 mAbs (eight mAbs per
antigen) that bound to their respective antigerth wiwide range df, andky values were selected.

All 40 mAbs were first characterized using the Té6ay on the Biacore 4000 and MASS-1. Low density
mAb was captured using the anti-human Fc immolilgensor surface followed by the injection of
different concentrations of antigen. Representatat time binding sensorgrams for two represergati
mAbs per antigen are shownFigure 1 and the results of the kinetic analysis are predich Table 1.

The Ky values of the mAb panel selected in this studgedrfrom 176 pM to 320 nMS(ipplementary
Tablel). Most of the measured kinetic values were witiio-fold of each other and the mean ratio of
thek, andky values measured on Biacore 4000 to MASS-1 fot@linAbs characterized in the study
were 0.9 and 1.4, respectively. This indicates tbatparabld, values were measured on both platforms,
while theky values measured on MASS-1 were approximately didiéwer than Biacore 4000, as
reported previously (6). However, we did observedtoutliers in this study and more than two-fold
difference in the kinetic values were measured betwthe two biosensors —Kjvalue of mAb-6 for

28kD antigen; (iikq and K values of mAb-2 for 68kD antigen; and (iiilpKalue of mAb-4 for 68kD
antigen Bupplementary Tablel). The comparability of thk,, ks and K values determined using the
two biosensors was further assessed using thesgégnestatistical analysis and the results yieRfed
values greater than 0.95. Moreover, the slopeefrind lines fok,, ky and K correlation plots were
found to be around IS@pplementary Figure 1); which further validated a good correlation ie #inetic
values determined on Biacore 4000 and MASS-1.

The effect of the mAb surface density on the vahfdsinding rate constants was later studied on the
Octet HTX biosensor. The highest antigen concentratsed to fit real time binding curves generaiad
Biacore 4000 or MASS-1 was selected for designingtic assays on Octet HTX. Different densities of
mAb (ranging from 0.13 nm to 1.28 nm) were captue®HC Octet biosensors by varying the mAb
concentration and/or capture tinkggure 1 provides representative mAb-antigen interactions
characterized at varying mAb surface densitiesthaaneasured binding rate constants are provided in
Table 1. These representative mAbs were selected bastdk dargest deviation in the kinetic values
observed between Octet HTX and Biacore 4000/MA®B4ensor. An artifact in the binding signal was
observed during the dissociation phase at highesityesurfaces of mAb-2 to 28kD antigeigur e 1B)
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and mAb-1 to 39kD antiger-{gur e 1C). The initial one minute of the dissociation cuwas used to fit
the data for the 28kD antigen, and hence thedittodel generated simil&g values for all four mAb
surface densities. However, the binding sensorgitissrate that at the lower two surface densi(®22
nm and 0.43 nm), the 28kD antigen completely dissed from mAb-2 within four minutes of the
dissociation phase, but the same interaction fadexthieve complete dissociation for mAb density
greater than 0.6 nm. Furthermore, the residuattef(dnce between the fitted data and the real bgndi
data) were observed to increase with increasing suktace density (data not shown), further suppgrti
that the antigen rebinding is linked to the mAbtoap level. Similarly, the first three minutes bét
dissociation phase was utilized during the analysimAb-1 to 39kD antigen, and although comparable
kg values were measured, antigen rebinding was abdetvmAb surface densities of 0.66 nm and 1 nm.

The reliability of the kinetic values measured iffiedent mAb surface densities on Octet HTX wa®als
evaluated by calculating the correlation factotigraf kinetic values measured on Biacore 4000 or
MASS-1 to those generated on Octet HT)gur e 2 provides plot of the correlation factor for four
representative mAbs per antigen. In this studyy&ues measured on Octet HTX and MASS-1 showed a
better concordance compared to Biacore 4000. Tassalearly evident in the case of the 48kD

(Figure 2D) and 68kD Figure 2E) antigens, where a correlation factor of approxetyaone was
observed. Since the artifact in the dissociatiowe&@aused due to antigen rebinding was not coreide
during the analysis, we did not observe any caimeldbetween th&, value and mAb surface density.
Similar correlation profile was observed for #hezalues measured for 20kD, 39kD, 48kD and 68kD
antigens. However, we observed thatkhealues measured for all four mAbs to 28kD antigais
affected by the mAb capture density and was fooraktdirectly proportional to tHg correlation factor
(Figure 2B). Higher mAb capture density yielded lowgvalues on the Octet HTX. Binding studies
performed using surface densities of less tham@ @eneratell, values within two-fold of Biacore 4000
and MASS-1. However, larger discrepancy was obskeirvéhek, values for kinetic data generated using
higher density mAb surfaces. For example, in comparto thek, value generated using Biacore 4000,
more than five-fold lowek, value was measured for mAb-4 captured at 1.2 nmitjeon Octet HTX.
Although we report results of just single experitriarthis embodiment, two independent assays were
performed on Octet HTX to understand the effeahéb surface density and similar binding profiles
were observed in both experiments.

It is known that high affinity mAb-antigen interams exhibitingk, value greater than i®™s* are
typically limited by mass transport at higher densiAb surfaces. This typically results in the
measurement of slower apparknvalue, mainly due to the limited transport of gati to the mAb
surface (6). Among 40 mAbs included in this stuahyly these four mAbs bound to 28kD antigen with
value greater than iM™s™. We therefore believe that the observed treneducedk, value with
increasing mADb surface density is the result of MWle understand that single concentration fit is no
sufficient to conclusively interpret the interactito be limited by mass transport and further gsidi
would be required to better understand the obsereed. However, since this study was primarily
focused on the identification of appropriate mAbface density to perform kinetic assays, understand
the trend irk, profile was beyond the scope of this work. Colledy, based on the association and
dissociation profiles observed for 40 mAbs, thigdgtindicated that mAb capture density of less th#n
nm is best suited for the measurement of mAb-antigeeraction with affinities ranging from 200 pld t
300 nM.
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Figure 1: Representative binding sensor grams showing the effect of mAb surface density on antigen

binding on the Octet HT X

The kinetics of mAb binding to 20kDA}, 28kD B), 39kD (C), 48kD @), and 68kD [E) antigen was first measured using
Biacore 4000 and MASS-1 by capturing the mAb ofaeranti-human Fc immobilized CM5 (Biacore 4000H@A (MASS-1)
sensor chip followed by the injection of differemincentrations of antigen (serially diluted by #ifeld in HBS-ET buffer).
Duplicate injections of the same antigen conceotmaghowed a good overlap and the highest condentrased to fit the
binding curves are also provided. The effect of nséitface density was later studied on Octet HTXitsy capturing different
densities of mAb on the AHC Octet sensors followgdlipping the AHC sensors in wells containing @aded concentration of
antigen. Single reference subtraction of Octet dats performed by dipping mAb captured AHC sensoi$BS-EBT buffer to
correct for the natural dissociation of capturediorifom the AHC sensors. Two independent experimeete performed on
Octet HTX and representative binding sensorgramgersented. The real time binding curves are stambiack lines while
the red lines indicate the global fits generateditting the black line using 1:1 Langmuir bindingpdel with mass transport
limitation using the Scrubber software.
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Table 1: Binding kinetic parameters from kinetics assays performed using different capture
densities of mAb on Octet HT X

Biacore 4000 MASS-1 Octet HTX
B R Y SN S S SRR S S S R S N SR RS- S SR N
 Weight Captured  (I/Ms)  (1s) on amsts)  (s) on oy AN @) on omy OS5 on oy A @S on oy QM) S on
mab-1 252x10° 7.57x104 3.00x10% 277x10° 623x10% 225x10° 017 273x10* 555x10% 204x10° 032 310x10° 638x104 212x10% 054  308x10° 633x10% 205x10¢ 095 302x10° 737x10% 244x10%
20D
mab-2 196x10°  123x10° 625x109 159x10° 853x104 538x10° 022 175x10° 475x10% 272x10% 042 182x10° 575x104 3.17x10% 070 176x10° 673x10% 382x10% 122 146x10° 727x10% 497x10%
mAb-1 1.04x10° 273x10% 262x10%° 118x10° 207x10* 1.76x10%° 020 103x10° 1.60x10* 1.55x10%° 037 628x10° 197x10% 3.14x10% 0.60 773x10°  181x10* 234x10%° 1.00 321x10°  138x10% 430x10%
28kD
mAb-2 151x10°  188x107 124x10° 139x10° 158x10% 1.13x10% 022 178x10° 121x10% 6.77x10% 043 884x10° 035x10% 106x10° 0.68 771x10°  952x10% 1.23x10°% 112 525x10° 865x10° 165x10%
mAb-1 127x10°  1.69x10% 133x10% 181x10° 155x10% 8.59x10% 020 166x10° 9.42x10% 567x10% 038 197x10°  156x10° 7.93x10% 0.66 165x10° 137x10% 820x10% 101 148x10°  139x10% 9.40x10%
39kD
mAb-2 132x10°  727x10% 552x10% 156x10° 6.05x10* 3.88x10% 018 150x10° 634x10% 423x10° 034 124x10°  6.79x10% 547x10% 055 1.03x10°  571x10% 554x10% 091 864x10° 549x10% 635x10°
mab-1 846x10° 311x10% 3.68x10% 960x10° 218x10% 227x107 021 134x10° 124x104 926x10% 038 126x10° 175x10% 138x10% 068 116x10° 170x10% 146x10% 117 104x10° 200x10% 193x10%
48KD.
mab-2 L14x10° 409x10% 358x10° 162x10° 304x10% 1883107 024 200x10° 263x10% 132x10° 042 190x10° 232x104 122x10% 068 173x10° 233x10% 146x10% 109 157x10° 264x10% 168x10%
mab-1 148x10°  334x10% 226x10° 180x10° 222x10% 123x10° 02 2902x10° 165x10% 5663100 040 266x10° 336x10% 126x107 065 245x10° 286x10% 117x10% 108 214x10° 268x10% 125x10%
68kD
mAb-2 173x10°  219x10% 127x10% 239x10° 745x10° 3.12x10% 021 327x10°  9.05x10% 2.79x10% 037 207x10°  132x10% 444x10% 0.62 257x10° 804x10° 3.11x10% 1.04 224x10°  1.16x10% 5.18x10%

The results of the kinetic analysis performed qresentative mAbs binding to different moleculaighé antigens are provided.

Kinetic assay on the Octet HTX was performed bytwapg mAb at different densities as provided ia thble.
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Figure 2: Representative plot of correation factor showing the fold differencein binding kinetic

parameter s measur ed using different captur e densities of mAb on Octet HTX

The effect of mAb surface density on the measure¢miglninding kinetic values on Octet HTX was assddsy plotting the
correlation factor against the mAb capture dendite correlation factor was determined by calcotathe ratio ok, kg and kg
values measured on Biacore 4000 (circle) or MASSqlare) to those measured on Octet HTX at vanyiAd surface
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densities. Representative correlation factor fotaiA(magenta), mAb-2 (green), mAb-3 (blue), and rdAlyellow) binding to
20kD (A), 28kD B), 39kD (C), 48kD (D), and 68kD E) is shown. The blue serrated lines represent ledioa factor of three.

3.2. Kinetic analysis performed on Octet HT X are comparable to Biacore 4000 and MASS-1:

Following the identification of optimal mAb surfadensity, mAb kinetic analysis was performed on
Octet HTX using multiple antigen concentrationgotal of 15 mAbs were selected in this study: three
mAbs per antigen with molecular weights of 14kDkR2948kD, 68kD and 105kD. Apart from the
standard TK assay, we also attempted to develop &GCHy to characterize mAb-antigen interactions.

The SCK assay is a pre-defined injection type acté&ie T200, Biacore X100, Biacore S200 and Biacore

8K and allows the characterization of protein-piroteteraction without the need to regenerate gnsesr
surface (21). We therefore investigated the ahilftthe Octet biosensor to design a SCK assay to

characterize mAb-antigen interactions. The samefsetAbs was also characterized on Biacore 4000 and

MASS-1 using the TK assalfigure 3 provides representative mAb-antigen interactiamgifferent
molecular weight antigens along with the highesigan concentration used to fit the binding curves.
Binding of duplicate antigen concentrations shogedd overlap suggesting that reproducible binding
data can be generated on Octet HTX irrespectithenfissay format (TK or SCK). Moreover, the fitted
data perfectly overlapped with the black lines ¢ading that the fitting model successfully genetate
global fits using 1:1 Langmuir binding model wittass transport limitation. Averagg ky and K values
generated from at least three independent expetsnpenformed on different biosensors ranged frofh 15
pM to 40 nM [Table 2). The binding kinetic parameters measured frorfedéht biosensors were
compared using the linear regression fits. As ebguk@ high degree of correlation was observed dxmtw
Biacore 4000 and MASS-1 as manifested by theaRies close to 1, while the trendline slope of 1
supports the comparability of kinetic values meadwon Biacore 4000 and MASS-Supplementary
Figure2). Similarly, the kinetic values measured on OEL&X correlated with those generated using
Biacore 4000 and MASS-1 as evident by tRev®ues of around I{gur e 4). We also did not observe
any trend in the binding rate constants measurgdatet HTX and all the values were found to be
randomly distributed. The slope of the trend lifesthek,, ki, and ks correlation plots was close to 1,
indicating that the kinetic values measured on t1d1eX were in excellent agreement with those
generated using Biacore 4000 and MASSL1. In compatis thek, values measured on MASS-1*R
0.81), thek, values generated on Octet HTX exhibited betteretation with Biacore 4000 (R= 0.92).
The important feature of this study is the highréegof correlation between the binding kinetic
parameters measured using TK and SCK assays ohkDicxe(Figure 4). The binding rate constants
generated using the SCK assay also correlatedtétMASS-1 and Biacore 4000 dagupplementary
Figure3).

The experiment to experiment variability of thedtin analysis performed on different biosensors was
also assessed by plotting the binding affinityisom (plot ofk, vs.kg) as shown ifFigure 5. These
plots reveal the experimental spread in the rapstemts determined from replicate studies andrim tu
shed light on the reproducibility of the measukgédndky values. Irrespective of the biosensor or the
assay format used to characterize mAb-antigendatiens, minimal variability in thk, andky values
was observed and the kinetic values measured froliphe experiments clustered together. Only one
outlier was observed in thg value measured on Biacore 4000 for mAb-1 binding3kD antigen
(Figure 5B). Overall, the reproducibility of the kinetic valsimeasured on the Octet biosensor was
observed to be similar to Biacore 4000 and MAS®d. the average error in thg kg and K values was
observed to be less than 30%, 20% and 30%, regekcti



L

R oOVoo~NOUIRhWN B

Octet HTX
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Figure 3: Representative binding sensorgramsfor mAb-antigen interactions using titration kinetic
(TK) and single cycle kinetic (SCK) assay formats

The mAb was first captured using AHC sensors oreddT X or using anti-human Fc immobilized CM5 (Biae 4000) or HCA
(MASS-1) sensor chip followed by dipping in (Ock€EX) or injection of (Biacore 4000 or MASS-1) diffsnt concentrations of
antigen, serially diluted by three-fold in HBS-EBTHBS-ET buffer respectively. The TK and SCK askaynats were
performed on Octet HTX while the TK assay was penfed on Biacore 4000 and MASS-1. Real time bindiexgsorgrams for
mADb binding to 14kDA), 29kD @), 48kD (C), 68kD D), and 105kD E) antigen are shown in black and global fits olsdin
using 1:1 Langmuir binding model with mass transponitation is represented by red lines. Bindimgsorgrams generated
using SCK assay format on Octet HTX is providethimlast panel. The results of the kinetic analgséstabulated it able 2.
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1 Table2: Binding kinetic parametersfor mAb-antigen interactions using titration kinetic (TK) and
2 singlecyclekinetic (SCK) assay formats

Biacore 4000 MASS-1 Octet HTX
Titration Kinetic (TK) Titration Kinetic (TK) Single CycleKinetic
MAo?sgj:r mAD ka ka Ko ka kg Kp ka kg Ko Ka Kq Ko
Weight Captured (x10°UMs)  (x10™ Us) (x107M) (x10°UMs)  (x10* 1s) (x107M) (x10°UMs)  (x10* Us) (x107 M) (x10°UMs)  (x10° 1) (x107 M)
mAb-1 14.79+2.07 6.82+1.03 0.48£0.16 12.57 +3.66 & 2750 0.44+0.12 19.14 +£2.00 4.69 +1.65 0.25+0.11 18.50 +0.46 6.36 + 1.65 0.34+0.08
14kD mAb-2 6.88+1.16 76.29 £13.15 1167 £4.62 582+1.12 2380.34 12.84+1.39 635211 67.28+2.72 11.8548 6.76 £ 0.62 61.00 + 13.97 8.96 +1.38
mADb-3 9.29+1.85 206+0.14 0.23£0.06 777097 1. 0414 0.23+0.05 1154 +1.82 243114 0.21+0.08 412059 1.85+0.66 0.15+0.05
mAb-4 355+0.71 4.13%057 1.23+0.46 4.40 £1.09 2.6436 064+0.21 358+0.17 216 £0.47 0.60+0.12 84.158.45 179%035 0.44£0.19
29kD mAb-5 0.32+0.13 331+043 1177+ 4.86 0.48 £0.22 2.9838 6.42 £3.42 0.37+0.03 2.06+0.37 551057 54@ 0.06 2.11+0.30 3.90+0.47
mAb-6 9.95+2.05 355+0.17 0.37£0.10 1058 +2.71 2.9534 0.30£0.10 5.43+0.89 247%019 0.46 £ 0.04 056 1.15 2.86+0.88 0.47£0.12
mAb-7 36+0.18 3.47+049 0.97£0.18 3.09 £ 0.54 2.02240 0.66 + 0.06 3.30%0.22 1.87£0.71 056+0.21 26641 220+051 0.60 £0.11
48kD mAb-8 2.67+0.38 11.29+2.55 4.28 £1.08 2.46 +0.60 7.9118 3.26+1.03 3.04+054 6.57£1.08 225%0.72 862 0.19 9.40 £2.83 3.26+0.80
mAb-9 1.71+0.21 10.05+1.16 5.98+1.30 1.84+0.45 7.4624 428+1.29 246+0.36 5.98 +0.67 245+0.35 822 0.50 7.21+£161 255+0.25
mAb-10 1.37+0.14 41+012 3.02+0.29 1.52+0.36 2.81670 1.95+0.55 2.00+0.31 2.33+0.55 121+043 @135 3.59+1.20 1.95+0.39
68kD mAb-11 2.32+0.27 11.28 +1.97 4.92 +1.04 2.23+0.50 7.%808 3.54 £ 0.98 280+0.16 6.90 £0.32 2.46£0.09 992 0.36 8.14 £ 2.50 2.71+0.64
mAb-12 252+0.43 1.79+0.12 0.72+0.10 2.02+043 0.8128 0.41+0.04 210+0.21 0.71+0.02 0.34+0.04 61£8.08 0.72+£0.10 0.39+£0.07
mAb-13 2.05+0.13 1.56+0.39 0.76 £0.21 2.62+0.58 1.7662 0.50+0.25 258+0.14 0.70+£0.01 0.27+0.01 82D.03 0.68 £ 0.08 0.30 £0.04
105kD mAb-14 3.11+0.48 127.86 +24.43 4138+7.74 4.84+£185 486.7.77 19.53+5.98 2.78+0.40 81.00+9.37 29.9734 3.78+0.78 65.60 +1.87 18.00 +4.78
3 mADb-15 201+1.04 16.30£1.83 10.40 £ 6.09 420 £2.37 13271389 4.07 £2.00 144£0.27 13.39+1.85 9.76 3.5 1.62+0.13 11.00 £0.61 6.81+0.89

4 Results of the kinetic analysis performed on Biaet®00, MASS-1 and Octet HTX is provided. The valtepresent average of
5 at least three independent experiments (+ stardianation) performed on 15 mAbs using TK or SCKags®rmats.
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Figure 4: Correlation of the binding kinetic values generated using titration kinetic (TK) and single
cyclekinetic (SCK) assays

Graphical representation showing the correlatioawarage values & (A), ky (B) and Ky (C) determined from at least three
independent experiments measured for mAbs bindiriglkD @), 29kD (e), 48kD (e), 68kD (@), or 105kD @) antigen. The
kinetic values calculated using the TK assay oredT X is plotted on the X-axis while the bindinigp&tic parameters
measured using TK assay on Biacore 4000, MASStEing SCK assay on Octet HTX is plotted on the Y¥.akhe scatter plots
were fit using a linear regression fit in excel &he slope of the trend line (black serrated lalepg with the correlation
coefficients (R) is shown in the plot. The two serrated red lirgsesent three-fold difference in the measuredesal
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Figure5: Binding affinity isotherm showing reproducibility of binding kinetic values measur ed on
different biosensors

Graphical representation kf versusk, values generated from individual experiments gi3i assay format on Biacore 4000
(circle), MASS-1 (square), Octet HTX (inverted trige) or SCK assay format on Octet HTX (triangtegharacterize 14kDA),
29kD (B), 48kD (C), 68kD (), or 105kD E) antigen binding to mAb-1 (magenta), mAb-2 (yeljaw mAb-3 (green). The
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binding affinity isotherm plots also provide expeental spread in the binding rate constants uskigid SCK assays. The
dotted diagonal lines represent isoaffinity linkmng with the respective affinity values.

3.3. Characterization of picomolar affinity mAb-antigen interactions exhibiting k, values gr eater
than 10°M s

Unlike the continuous flow RT-LF biosensors suclB&sore 4000 and MASS-1 wherein samples are
injected through a microfluidic device at a highvl rate, the sample plates used in Octet bioseasers
placed on top of an orbital shaker (typically sgha shake speed of 1000 rpm) to ensure thatthigta
diffusion is not limited by Brownian motion. Howaye¢he shake speed of even 1000 rpm is not high
enough to allow characterization of picomolar af§imnteractions and the Octet biosensors conttoue
exhibit challenges such as restricted analyte sliffy, analyte rebinding, and MTL, thus limiting its
application for kinetic analysis of picomolar affinmAb. We have demonstrated that reliable and
reproducible binding rate constants can be measarédctet HTX for binding affinities ranging from
150 pM to 300 nMFFigure 3, Figure 4, andFigure 5). However, we wanted to assess the ability of
Octet HTX to characterize mAb-antigen interactioiih binding affinities greater than 100 pM,
especially withk, value greater than i®7s*. Moreover, we were interested in understanding the
challenges involved in designing kinetic assaysstarth picomolar affinity mAbs that are typically
limited by mass transport. Among different stragsgivailable, performing kinetic analysis usingurst
mAb surface density is the preferred choice to caie MTL (6,29,30). Seven picomolar affinity mAbs
(labeled as mAb-1 through mAb-7) exhibiting MTL famtigen binding using standard 0.4-0.6 nm mAb
surface densities were selected in this study &hdskay was performed on Octet HTX and MASS-1 by
capturing mAbs at two densities: (i) standard dgnand (ii) ultra-low density. Approximately 0.5mor
0.1 nm of mAb was captured on Octet HTX, while oAS6-1 mAbs were captured at varying surface
densities depending on the antigen molecular weiglindicated i able 3.

Figure 6 provides binding sensorgrams for seven mAbs cheniaed in this study along with the
highest antigen concentration used to fit the lmgdiurves. Thé,, ky and K, values generated by the
binding assays performed using both density mAfasas on MASS-1 were found to be less than two-
fold of each otherTable 3). We observed that incorporation of mass trandpetor k.) in the fitting
model was required to fit the binding curves geteetaising standard density mAb surface and the fits
yielded less than 0.3 RU residuals that were ramgldistributed (data not shown), which is the
characteristic of a good fit. This suggests thatrttodel was able to successfully compensate for the
observed MTL. On the other hand, the data genetatied) ultra-low density mAb surface did not requir
kq, in the fitting model (data not shown), indicatithgit the interaction was not limited by mass transp

In the case of Octet HTX however, MTL was obserfa@doth 0.5 nm and 0.1 nm density surfaces for
all seven mAbs characterized in this study. Thelibgydata generated on Octet HTX using the 0.1 nm
mAb surface exhibited very poor signal to nois@eesally for the mAb to 14kD antigen wherein the
noise of the measured binding signal failed toritisoate the spacing between different antigen
concentrations. Smoothening of the raw bindingaigras required to distinguish the specific signal
from instrument noise and also to show the spaoatgeen different antigen concentrations
(Supplementary Figure 4). The model however, was able to fit the raw bigdiata (without
smoothening) and the valueskafky and K, generated by the model are reported @ble 3. Kinetic
values measured using the 0.1 nm mAb density edeeiwith the MASS-1 data. Except for mAb-7, the
binding affinities measured on Octet HTX were withivo-fold of MASS-1 values. Thig value
measured for mAb-7 on Octet HTX was comparable &59-1 and the observed three-fold difference in
the Ky value was due to the measurement of three-foléléywalue.

In comparison to the data generated using ther@.inAb surfaces, binding studies performed on Octet
HTX using 0.5 nm mAb capture density were signifityalimited by mass transport. Real time binding
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data did not perfectly overlap with the globalligdd data and large non-randomly distributed resd&iu
(greater than 5% of the binding response) werergbdeduring the association phase of mAb-3, mAb-4,
mAb-5, mAb-6, and mAb-7Supplementary Figure 5). Among the seven mAbs studied using 0.5 nm
capture density, thie, ky and K values of only three mAbs (mAb-1, mAb-2, and mAba&re within
three-fold of the values generated on MASS-algle 3). It is known that the fitting model can
successfully compensate for partially limited iatdion, but it fails to fit significantly mass trsport

limited binding curves, thereby yielding erroneeatues of binding kinetic parameters, as obsemed i
the case for mAb-3, mAb-4, mAb-5 and mAb-7. Thedbig rate constants measured for these four
mAbs using 0.5 nm mAb surface were more than tfokkdifferent from those measured using MASS-
1. The largest error in the kinetic measurementetserved for mAb-5 where the model extrapolated a
10-fold lowerky value and a 24-fold difference in thg Kalues. Collectively, these data strongly support
the rationale of designing binding kinetic assdng aire devoid of MTL in order to measure reliable
kinetic values for any protein-protein interaction.
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Figure 6: Binding sensor grams of picomolar affinity mAb-antigen interactions studied using two
capture densities of mAb
Standard or ultra-low density of mAb binding to DA§A), 39kD B, C, D, E) or 71kD §, G) antigen was captured using HCA
sensor immobilized with anti-human Fc (MASS-1) sing AHC Octet sensors (Octet HTX). Varying concatiins of antigen

(two-fold serial dilution) were injected over difemt density mAb surfaces for 6 minutes followedlByminutes of dissociation.

Red lines represent the global fits of the reabtlhimding sensorgrams (black lines) using a 1:1gbarir binding model with

mass transport limitation. The highest antigen eatration used to fit the data is also shown aedésults of the kinetic
analysis are tabulated frable 3.

Table3: Binding kinetic parametersfor picomolar affinity mAb-antigen interactions
MASS-1 Octet HTX
Anti Capt Capt
Moot mAb S km ka ka Ko e km ka ka Ko
Weight Captured RU) (cm/s) (1/Ms) 1/s) ™) (nm) (cm/s) (1/Ms) 1/s) (03]
350 8.57x 107 3.20x 10° 3.14x 10° 9.54x 10" 0.60 6.39 x 10* 3.73x 10° 2.92x 10* 7.81x 10!
14kD mAb-1
19 7.54x 10° 4.34x 10° 2.46x 107 5.67x 10! 0.12 1.00x 10 4.92x10° 3.30x 10* 6.70 x 10
70 1.51x 10° 1.30x 10’ 120x 10* 9.21x 10" 0.50 1.43x 10° 7.44x 10° 1.24x 10% 1.67x 10™
mAb-2 - - - - - -
6 8.36x 10° 1.26x 10 8.06 x 107 6.43x 102 0.11 9.39 x 10* 2.05x 10 9.85x 107 4.81x 107"
59 1.42x 10° 8.10 x 10° 9.85x 107 1.22x 10 0.56 1.98x 10° 2.63 x 10° 1.38x 10° 524x 10"
mAb-3 - - - -
6 5.00x 10° 8.09 x 10° 4.83x10° 5.93x 102 0.11 9.20 x 10 8.15x 10° 547x 107 6.71x 102
39KD
60 1.99 x 10° 4.95 x 10° 1.50x 10* 3.03x 10 0.53 1.61x 10° 2.42x 10° 3.42x 10* 141x 10™
mAb-4 - - -
6 1.35x 10° 4.76 x 10° 6.26x 10° 1.32x 10" 0.11 1.44x 10° 3.83x 10° 9.38x 107 245x 10"
65 2.63 x 10° 4.46 x 10° 3.87x 10 8.67x 10! 0.53 1.04x 10° 1.05x 107 3.85x 107 3.60 x 10
mAb-5
6 1.00 x 10 5.86 x 10° 3.52x 10 6.00x 10" 0.11 5.00x 10° 3.41x 10° 3.20x 10° 9.64x 10
32 4.71x 10° 6.31x 10° 1.50x 10* 238x 10 0.60 2.38x 10° 2.80 x 10° 7.42x 107 2.65x 10
mAb-6 - N
5 1.00 x 10 8.21x 10° 1.23x 10° 1.50x 10 0.10 1.00x 10  1.55x 10 141x 10% 9.08 x 10
71kD
45 444x 10° 6.19x 10° 7.17x 107 1.16 x 10! 0.40 421x 10° 1.92x 10° 6.10x10°  3.17x 10™
mAb-7
6 1.00 x 10" 7.53x 10° 6.88x 10°  9.16x 10™ 0.07 1.00x 10  2.81x10° 6.78x10°  241x10™

The binding data was generated using MASS-1 andt®X by capturing mAbs at two densities as shawthe table. The

results of the kinetics analysis for seven picomaféinity mAbs generated using two densities ax@vjgled.

3.4. Bindingkinetic parameters measured on a panel of 150 mAbsusing Octet HTX are

compar able with Biacor e 4000 and MASS-1:

During the design of TK assay on the SPR/SPRi bemes, sensor surfaces are routinely regenerated at
the end of each binding cycle to remove the cagtar&b. Regeneration enables characterization of a
large panel of mAb-antigen interactions using st biosensor chip. Although using an individuateédc

biosensor is more affordable than the SPR/SPRehgiw's, characterization of a panel of around 30

mAbs using a TK assay without regenerating the titsensors can be expensive. We therefore studied
the effect of regeneration on the kinetic analgéimiAb-antigen interactions using Octet HTX. A tata
150 human mAbs to 10 antigens with molecular waighhging from 21kD to 105kD were characterized

on Octet HTX using TK assay. The same set of mA&s eharacterized earlier on Biacore 4000 and

MASS-1 (6) and the previously determined bindingekic parameters were used to compare the kinetic
values generated on Octet HTX in this study. FFigure 7 provides representative binding sensorgrams
for mAb binding to different molecular weight argigs along with the highest antigen concentrati@a us
to fit the real time binding sensorgrams (blacle$in Average,, kg or Kp values generated from at least
three independent experiments (+ standard deviati@nlisted inl able 4. The reproducibility of

binding data generated on Octet HTX was evidergdbas the overlap of duplicate antigen
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concentrations, while the global fits (red lineedapped with the black lines, thus validating goed
fits generated by the model.

TheFigure 8 provides scatterplot showing the correlation ef éherage binding kinetic parameters
generated on Octet HTX with those measured on Bia4000 and MASS-1. Based on the visual
inspection of the correlation plot, we did not alvseany significant difference in thg, ky or Kp values
measured across different biosensors. No signifiegmeriment-to-experiment variability in the
measured binding rate constants was observed aliffesent biosensors and the standard errorsan th
ka, kg and K averaged around 20%. The kinetic values were foorte randomly distributed along the
diagonal and did not exhibit any trend in the meedk,, k; or Kp values across different biosensors as
reported previously (28). More than 96% of kh@ndky values measured on the Octet HX were within
three-fold of the values measured on the Biacof®4hd MASS-1. Around 94% of theyKalues
measured on Octet HTX were within three-fold ofies measured on Biacore 4000, while
approximately 83% of the Kvalues measured on MASS-1 were within three-féldadues measured on
Octet HTX. We also performed a linear regressiaalyeis on the complete data set and assessed the
slope of the trend line along with thé Walues Figure 8). Thek,, ks and K, values measured on Octet
HTX highly correlated with those measured usingcBia 4000 and MASS-1 with’®Ralues close to 1.
The slope of the trend line for thgscatter plot was around 1.36 with thevRlue of 0.75. The
prominent feature of this study was that khand kg values measured on Octet HTX showed a
remarkable correlation with Biacore 4000 and MASSni the Rvalues were observed to be greater
than 0.92 and 0.90, respectively Moreover, theestufithe trend lines were found to be close tautthér
supporting that comparablg and K values were measured across different biosenEbese data
further validates that upon optimization of expeasittal conditions, mAb-antigen binding kinetic value
measured on the Octet platform can be comparalttese measured using the well-established
SPR/SPRI platforms.
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Figure 7: Representative binding sensor grams from the compar ability study performed on Biacore

4000, MASS-1 and Octet HT X biosensors

Titration kinetic assay was performed on Biacor@el0MASS-1, and Octet HTX by capturing mAb bindiog21kD @), 28kD
(B), 29kD (C), 48kD ), 92kD ), and 105kD ) on an anti-human Fc immobilized CM5 (Biacore 4000HCA (MASS-1)
or using AHC Octet sensors followed by the binddfgifferent concentrations of antigen. In thisdstuAHC Octet sensors
were regenerated by dipping the AHC sensors insveelhtaining 20mM phosphoric acid for 20 secondsétwith
neutralization of AHC Octet sensors in HBS-EBT kuffor 20 second in between each dip. The real timéing sensorgrams
are shown in black lines while red lines represieatglobal fits generated by globally fitting thiadk lines using 1:1 Langmuir
binding model with mass transport limitation. Thghest concentration used to fit the data is atewigded. To ensure that our
analysis did not introduce any unintended biasinyé measurement of rate constants, all bindite generated on different
biosensors were independently analyzed by adofiimgplind analysis” technique, wherein the antigencentrations that
yielded the best global fits of the reference saditrd data were selected, as reported previouslifiigs resulted in the inclusion
of different concentration series during the datalgsis of few mAb-antigen interactiorBiécor e 4000: mAb-6, mAb-9, mAb-
23;Octet HTX: mAb-3, mAb-5, mAb-12, mAb-16). The average valoébinding kinetic parameters from at least three
independent experiments (+ standard deviationpereided inTable 4.
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Table 4: Binding kinetic parametersfor representative mAb-antigen interactionsfrom the
compar ability study

Biacore 4000 MASS-1 Octet HTX
g mAb ka Ka Ko ka Ka Ko Ka Ka Ko
Weight Captured (x10° UMs) (x10™ 1/s) (x107 M) (x10° UM s) (x10™ 1/5) (x107 M) (x10° UMs) (x10™ 1/s) (x10° M)
mAb-1 0.33 = 0.09 35.74 + 427 114.33 + 38.66 0.39.69 25.74 + 3.91 68.83 + 21.80 0.33+0.04 538952 167.33 +41.31
mAb-2 0.69 + 0.11 332.47 + 89.20 478.46 + 103.81 0166.04 214.33 + 54.67 321.00 + 71.51 1.01+£0.06 379.57 +57.64 378+81.43
2D mAb-3 0.42 = 0.12 39.49 + 7.83 101.40 + 40.94 0.49.68 30.85 + 2.36 71.93 + 16.52 0.58 £0.04 5@ 8250 87.37 £5.05
mAb-4 0.73 + 0.09 92.83 + 5.77 127.33 + 12.66 1.2@.78 73.48 + 7.85 76.30 + 36.63 1.30+0.18 11843.69 91.40 £8.27
mAb-5 497 + 1.70 1.90 + 0.10 041 + 0.14 3.60 +20.2 151 + 0.10 0.42 + 001 2.72+0.30 272+0.42 00% 0.07
mAb-6 1.82 + 0.47 3.17 + 0.13 1.80 = 0.36 1.20 +80.0 3.58 + 1.01 2.98 + 0.86 1.78 £0.44 521+155 942 0.56
28D mAb-7 3.48 + 0.63 424 + 0.15 1.25 + 0.24 2.93 +00.1 3.82 + 0.34 1.30 + 0.07 2.14+0.30 6.15+0.92 882:0.27
mAb-8 574 + 181 1.94 + 0.46 0.38 = 0.20 3.98 +00.4 1.32 + 0.08 0.33 + 0.02 2.44+054 2.82+0.44 171 0.15
mAb-9 197 + 0.23 2.20 + 0.30 1.12 + 0.02 1.44 +40.3 1.90 + 0.14 1.36 + 0.31 1.95+0.50 3.23+1.62 571 0.50
mAb-10 13.00 + 3.64 1352.47 + 46591 103.43 + 13.97 480t 0.69 786.37 + 51.69 7557 + 8.74 5925628 691.17 +£325.18 117.67 £6.11
2D mAb-11 0.62 + 0.25 151.97 * 4.38 269.67 + 92.22 0.6®.22 101.12 + 1.53 160.67 * 59.53 0.75+0.22 112 39.51 148.67 +22.74
mAb-12 5.02 + 1.01 2.16 + 0.33 0.45 + 0.16 5.48 +21.4 1.59 + 0.08 0.30 + 0.07 3.21+0.73 4.83+2.07 451 0.34
mAb-13 141 + 0.17 2.03 + 0.67 1.44 + 0.40 152 +£30.2 1.14 + 0.03 0.76 + 0.14 1.40+0.06 277+0.29 99% 0.29
mAb-14 758 = 1.40 74433 = 7.37 100.43 + 18.28 6.63.49 598.20 = 106.82 93.20 + 27.30 491+0.12 2488.12 98.03 +2.67
48D mAb-15 3.26 + 0.21 1.98 + 0.60 0.61 + 0.21 3.25 +10.0 1.09 + 0.05 0.34 + 0.02 2.36+0.13 2.89+0.51 23%0.21
mAb-16 6.16 = 0.68 6.56 + 0.83 1.06 = 0.04 5.65 +40.1 5.34 + 0.06 0.94 + 0.03 2.99+0.26 6.95+0.76 3320.27
mAb-17 231 + 0.83 273 + 1.36 1.15 + 0.20 1.94 +£40.1 0.79 + 0.05 0.41 + 0.06 2.04+0.01 1.48+0.05 73@0.02
mAb-18 0.73 + 0.22 241 + 1.80 3.05 + 1.38 0.61 +40.0 0.87 + 0.04 144 + 012 1.08+0.39 148+0.13 50% 0.55
92D mAb-19 155 = 0.76 6.11 + 0.94 447 * 1.82 1.41 +60.2 221 £ 013 1.62 + 0.40 2.16 £0.07 2.78+0.19 29k 0.10
mAb-20 214 + 0.72 3.12 + 153 142 + 0.26 1.90 +50.1 1.03 £+ 0.06 0.55 + 0.07 2.10+0.02 2.08£0.09 99G: 0.04
mAb-21 0.51 + 0.04 3.94 + 0.16 7.70 £ 0.71 0.53 +90.0 2.78 + 0.39 5.28 + 0.24 0.88+0.04 4.27+£0.47 894:0.74
mAb-22 153 = 0.14 2.08 + 0.24 1.36 = 0.10 2.21 +104 2.08 + 0.59 0.93 + 0.10 2.04+0.37 2.68+0.47 331 0.30
105kD mAb-23 2.89 + 0.25 128.82 + 29.83 44,10 + 6.73 4.19.%0 82.76 + 3.01 21.33 + 5.84 3.28+0.03 79.4219 24.23+0.35
mAb-24 247 = 1.45 12.83 + 0.85 7.46 = 5.85 3.25 £91. 13.12 + 1.53 5.02 + 2.90 1.68+0.33 13.75#0.4 8.35+1.54

The results of the kinetic analysis performed onbs8hown irFigure 7. At least three independent experiments were

performed on Biacore 4000, MASS-1 and Octet HTXitst capturing the mAb, followed by the bindingdifferent

concentrations of antigen. The sensor surfaces regenerated at the end of each cycle and avemggckvalues (+ standard
deviation) is provided.
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Figure 8: Correlation of the binding kinetic values generated using different biosensorsin the

compar ability study

Graphical representation revealing the correlatibaverage binding kinetic values measured froteast three independent
experiments for 150 mAbs binding to 21k®),(28kD (e), 29kD (e), 32kD (e), 38kD (@), 48kD (A ), 68kD (A), 92kD (A),
97kD (A) or 105kD (A) antigen is shown. The scatterplotk@{A, D), ky (B, E) and kg (C, F) values calculated using Biacore
4000 (A, B, C) or MASS-1 (D, E, F) was plotted tve ty-axis while the values measured using Octet MBX plotted on the x-
axis. The scatter plots were fit using a linearesgion fit and the slope of the trend line (blsekated line) along with the
correlation coefficients (B is shown in the plot. The two serrated red lireeesent three-fold difference in the measured
values.
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4. DISCUSSION

The Octet biosensor is becoming an important bisjglay tool and owing to its ability to support high
throughput needs of today’s biopharmaceutical itfgiu®ctet biosensors are been widely used in
different stages of mAb discovery and developmidotyvever, failure to demonstrate reliable
measurement of the kinetics of mAb binding todtget antigen has hindered its application for the
kinetic screening of mADbs. In an effort to addrésss problem, we explored different experimental
conditions to allow reliable characterization of lAntigen interactions on the Octet biosensor.Réenli
previous studies that focused on the kinetic amabyssingle or multiple mAbs binding to the same
antigen (19,20,24,25), in this study we characterian extensive panel of 165 mAbs binding to 14
different antigens with molecular weights rangingni 14kD to 105kD.

We discovered that the mAb surface density oftleas 0.6 nm is essential for reliable measurement o
mAb-antigen binding kinetics on Octet HTX. Highemdity mAb surfaces resulted in analyte rebinding,
which is in agreement with the earlier report (®}%ink method was proposed in the previous stody t
avoid rebinding, wherein a competing antigen walseshinto the buffer during the dissociation phase.
However, this would necessitate the use of a higffirity competing peptide or antigen, which imrtu
would require significant time and resources. Meegpit would be challenging to incorporate this
strategy during the kinetic screening of large npanel. The data presenteddigure 1B (mAb-2) and
Figure 1C (mAb-1) supports that designing kinetic assaysgiBwer mAb surface density is a better
approach to minimize antigen rebinding.

Apart from investigating different experimental ditions such as running buffer, shake speed, and mA
surface density, we also considered various eXténtors that can potentially influence reliable
measurement of mAb-antigen interactions. Sincet®€tX only allows performing binding assays 4°C
above the ambient temperature, the room temperatasanaintained at around 20°C to perform the
binding studies at 25°C reported in this work, samio the studies described earlier (19). Sample
evaporation during the course of the experimenticoes to be a challenge for the Octet platformZQp
and in order to minimize the change in the antigemcentration due to evaporation, the experimen ti
for most of our Octet assays was limited to leas tfvo hours. Moreover, in order to reduce the
influence of user-to-user variability in the measuent of binding kinetic values, all of the dataganted
in this study was generated and analyzed by aesimgr. The data presented in this embodiment
showcase that upon careful optimization of expenii@meconditions, Octet biosensors can reliably
measure kinetics of mAb-antigen interactions farde range of binding affinities. One of the impont
findings of this study is the validation of the S@Ksay on the Octet biosensbrgure 3, Figure 4,
Figure5, andSupplementary Figure 3). Similar to the data generated using the TK adbak,, ks and
Kp values generated using SCK assays on Octet HT¢lated with the values measured on Biacore
4000 (SPR) and MASS-1 (SPRi) biosenséfigire 3, Figure 4, Figure 5, Supplementary Figure 3
andTable 2).

A wide range of optical biosensors capable of deit@ng kinetics of biomolecular interaction are
currently available, each having its own advantageklimitations. As an end user, it is important t
understand that the selection of appropriate plaitfshould not only be based on the aim of the sthdy
also on the strength of the biosensor. Reducedshamdime, assay time and higher throughput coatinu
to be the biggest advantages of the Octet platfStarting a new binding assay on SPR/SPRIi biosensor
typically requires few hours of sensor preparatiore — from hydration of the new sensor chip to the
immobilization of the appropriate ligand onto theface. In contrast, a wide range of ready-to-pse;
immobilized Octet biosensors reduces the senspapation time and also provide multiple opportusti
to quickly design diverse binding assays on theeQatatform. Pre-equilibrating the Octet biosensors
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the sample buffer for around 15-20 minutes is sidgfit for performing kinetic assays. In order tater
reduce total hands-on and experiment time, we gmalctet biosensors in the sample buffer before
preparing the samples. Thus, by the time the saplates are ready for performing the specific bigdi
assay, the biosensors will already be equilibratgde sample buffer. Pre-immobilizing the SPR/SPRIi
sensor chip with appropriate capture moleculege@d alternative to reduce sensor preparation time.
However, after docking the pre-immobilized sengopcthe SPR/SPRI biosensor needs to be primed for
two to three times in the running buffer to allogudibration of the sensor surface followed by
conditioning of the sensor surface (typically foaifive injections of regeneration buffer) and thwil
require longer hands-on and preparation time, mparison to the Octet platform. Moreover, pre-
immobilization of the SPR/SPRi sensor chip willuizg identification of appropriate storage conditio
retain the activity of the capture surface, whittiraes can be challenging. Octet platform thusdras
advantage of significantly reduced hands-on timeomparison to the SPR/SPRi biosensors.

Sample recovery after the end of the experimeahdher advantage of the Octet platform as opptsed
most of the microfluidic based biosensors. This/gles an opportunity to repeat the kinetic assay fo
cases wherein the antigen titration series, ligaméhce density, and/or association/dissociatimesi are
not ideal to characterize a particular interactldowever, due to the sample evaporation during the
course of the first experiment, the sample conatiotr might increase and hence the repeat expetimen
should be designed with this caveat in mind.

Although the Octet platform provides the throughpith reduced experiment time, we experienced a
number of challenges in designing kinetic assaydike) the SPR/SPRi biosensors that allow
characterization of biomolecular interactions caevide range of temperatures (4-40°C), the Octet
biosensors can only perform binding assays withehgerature range of 4°C above the ambient
temperature. Less than 10% sample evaporationypasally observed during the two hour experiment
performed at 25°C while significant evaporation whserved at 37°C. Samples dispensed in 96-well
plate resulted in an approximately 30-35% evapaomdti two hours, while less than 18% evaporatioa wa
observed during the same time when the samplesdisgensed in tilted 384-well plate (data not
shown). Therefore, kinetic analysis performed ghér temperatures will require significantly rediice
assay time to minimize the effect of sample evajpmraon the measurementlaf ky or Kp values.

Lack of sensitivity required to characterize picdan@ffinity interactions continues to be a chadjerfor
the Octet HTX. Two major problems are associateH thie study of picomolar affinity interactions on
the Octet biosensor: (i) designing kinetic assajysguultra-low density ligand surface to overcom&LM
and (ii) characterization of interactions with sldigsociation rates. Kinetic assays performed ém
mAb surface density reduced MTL for all seven piotan affinity interactions characterized in thiacy
and the binding kinetic parameters measured ont®dtX correlated with MASS-1Table 3).
However, the measured binding signal was founcetolbse to the detection limit of the Octet HTX,
especially for mAb-1 binding to 14kD antigen. A paignal to noise ratio was observed and the
sensitivity of the Octet HTX was not high enoughtigcriminate signal from nois&igur e 6A).
Smoothing of the raw binding signal was requiredlieerve separation in the binding curves for ciffie
antigen concentrationS{pplementary Figure 4). We also attempted to characterize high affini#b
to 3.5kD antigen, but the sensitivity of Octet HWAs not high enough to detect the binding sigroahfr
the 0.1 nm mAb surface and the specific signalfeasd to be below the detectable limit of Octet HTX
(data not shown). Therefore, an increase in theitbéty of the current BLI platform is required to
characterize such picomolar affinity interactiosgg low density ligand surfaces as reported i thi
embodiment.

Characterization of interactions with slow disstioiarates is another major challenge of the Qdiex.
Even without regeneration, we observed some basétift following the capture of mAb using the AHC
biosensors which interfered with the characteratf slow dissociating interactions (data not shpw
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Although stable baseline was achieved by direatijmobilizing the mAb on to the AR2G biosensors,
sample evaporation observed during the 2-4 houdéssbciation time interfered with reliable
measurement d§;. Even after multiple attempts, we were unableetiably characterize interactions with
kg values lower than 5xT0M™s* (data not shown). Characterizing such interactimisg SPR
biosensors was comparatively less challenging epbducible binding kinetic parameters can be
measured using the Biacore 4000 biosensors (dathown).

TheFigure 8 shows that the AHC biosensors can be regeneratetha measured kinetic values were
similar to those generated using Biacore 4000 aA&$t1. We detected baseline drift following the
regeneration step and reference subtraction dfitiaing curves was required for the correctionhef t
observed drift. However, we observed large vaiitghih the baseline drift depending on the lot hud t
AHC sensors used and characterization of intenastidth theky value less than & was challenging.
We found that the baseline drift can be minimizgdliowing equilibration of Octet biosensors in HBS
EBT buffer for at least 15 minutes following thgeaeration step (data not shown). However, this wil
result in extending the experiment time and in tilhlead to sample evaporation. We understantl tha
stable baseline is required for designing kinesgags and any variability in the baseline drift bame a
more profound effect on the reliability and reprodility of measured rate constants. We therefare d
not recommend sensor regeneration and use fregh Idosensors for the kinetic analysis of
biomolecular interactions.

Adopting SCK assay for the characterization of lt@oular interaction is another affordable altersat
to the TK assay. Instead of using six to eight Ogisensors to generate kinetic data using TKyassa
concentration dependent antigen binding can bepedd using just two Octet biosensors in the SCK
assay — one biosensor for reference subtractiomaoither for antigen binding. The data presentedisn
work provide enough evidence on the reliability asproducibility of the SCK assay on Octet HTX
(Figure 3, Figure 4, Figure 5, Supplementary Figure 3 andTable 2). However, the users will
require a third party analysis software, such aseBaluation (version 4.1.1) or CLAMP to fit the dat
which can be considered as the limitation of penfog SCK assay on the Octet platform. The primary
focus of this study was to identify appropriate eskmental conditions to characterize mAb-antigen
interactions and although investigating the apfiliceof the Octet biosensors to study receptomiiba
interactions is beyond the scope of this study tfdhese data can be considered as a limitafidimeo
manuscript.

In this study, numerous kinetic assays were pedrby capturing human mAbs on to the AHC Octet
biosensors. A total of 165 kinetically diverse hunmaAbs characterized in this study is our atterapt t
provide appropriate experimental conditions regutecharacterize antibody-antigen interactionagisi
the AHC Octet biosensors. However, in order toldista a generic guideline to design kinetic assay o
the Octet platform, additional studies will be riggd using different currently available Octet ld@nsors
— anti-mouse Fc (AMC), anti-human Fab (FAB2G), antne reactive (AR2G) that are recommended to
perform kinetic assay on the Octet platform. Althlodiurther optimization of experimental conditions
will be required for designing kinetic assays usitioger Octet biosensors, various experimental
conditions and assay optimization consideratioesgmted in this embodiment can be used as guideline
for designing such assays.

In summary, the results presented in this work jgi@insight on various considerations required to
reliably measuré,, ks and K values of antibody-antigen interactions on theeOplatform along with
the limitations involved during the design of kikedssay. We believe that these data will assésetitire
label-free user community to design mAb-antigeretimassays on the Octet biosensors. The various
experimental conditions and external factors careid in this embodiment to generate reliable and
reproducible Octet data will aid the label-freersde make educated decision before selecting
appropriate biosensor for their binding studies.

23



APWN -

o N o o,

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

ACKNOWLEDGEMENT:

The authors would like to thank Joel Martin anddrisup for cloning and purification of all the resugs
used in this study. The authors are also than&flflatrina Fracchiolla, Tammy Huang, and William
Olson for critically reading the manuscript andypding their valuable input.

Disclosure Summary:

All the authors are employees and shareholderegéReron Pharmaceuticals.

References:

1.

10.

11.

12.

Leonard, P., Safsten, P., Hearty, S., McDonnell, B., Finlay, W., and O'Kennedy, R. (2007) High
throughput ranking of recombinant avian scFv antibody fragments from crude lysates using the
Biacore A100. J Immunol Methods 323, 172-179

Katayama, M., Sato, T., and Kuromitsu, J. (2012) Capture molecules preconditioned for kinetic
analysis of high-affinity antigen-antibody complex in Biacore A100. Anal Biochem 424, 168-177
Abdiche, Y. N., Miles, A., Eckman, J., Foletti, D., Van Blarcom, T. J., Yeung, Y. A., Pons, J., and
Rajpal, A. (2014) High-throughput epitope binning assays on label-free array-based biosensors
can yield exquisite epitope discrimination that facilitates the selection of monoclonal antibodies
with functional activity. PLoS One 9, €92451

Leonard, P., Hayes, C. J., and O'Kennedy, R. (2011) Rapid temperature-dependent antibody
ranking using Biacore A100. Anal Biochem 409, 290-292

Nahshol, O., Bronner, V., Notcovich, A., Rubrecht, L., Laune, D., and Bravman, T. (2008) Parallel
kinetic analysis and affinity determination of hundreds of monoclonal antibodies using the
ProteOn XPR36. Anal Biochem 383, 52-60

Kamat, V., and Rafique, A. (2017) Exploring sensitivity and throughput of a parallel flow SPRi
biosensor for characterization of antibody-antigen interaction. Analytical Biochemistry 525, 8-22
Keighley, W. (2011) The need for high throughput kinetics early in the drug discovery process.
Drug Discovery World 12,7

Lad, L., Clancy, S., Kovalenko, M., Liu, C., Hui, T., Smith, V., and Pagratis, N. (2015) High-
throughput kinetic screening of hybridomas to identify high-affinity antibodies using bio-layer
interferometry. J Biomol Screen 20, 498-507

Yu, Y., Mitchell, S., Lynaugh, H., Brown, M., Nobrega, R. P., Zhi, X., Sun, T., Caffry, I., Cao, Y.,
Yang, R., Burnina, I., Xu, Y., and Estep, P. (2016) Understanding ForteBio's Sensors for High-
Throughput Kinetic and Epitope Screening for Purified Antibodies and Yeast Culture
Supernatant. J Biomol Screen 21, 88-95

Do, T., Ho, F., Heidecker, B., Witte, K., Chang, L., and Lerner, L. (2008) A rapid method for
determining dynamic binding capacity of resins for the purification of proteins. Protein Expr Purif
60, 147-150

de Kruif, J., Kramer, A., Nijhuis, R., van der Zande, V., den Blanken, R., Clements, C., Visser, T.,
Keehnen, R., den Hartog, M., Throsby, M., and Logtenberg, T. (2010) Generation of stable cell
clones expressing mixtures of human antibodies. Biotechnol Bioeng 106, 741-750

Concepcion, J., Witte, K., Wartchow, C., Choo, S., Yao, D., Persson, H., Wei, J., Li, P., Heidecker,
B., Ma, W., Varma, R., Zhao, L. S., Perillat, D., Carricato, G., Recknor, M., Du, K., Ho, H., Ellis, T.,
Gamez, J., Howes, M., Phi-Wilson, J., Lockard, S., Zuk, R., and Tan, H. (2009) Label-free detection

24



OCO~NOOUITPA,WNPE

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

of biomolecular interactions using Biolayer interferometry for kinetic characterization. Comb
Chem High Throughput Screen 12, 791-800

Dysinger, M., and King, L. E. (2012) Practical quantitative and kinetic applications of bio-layer
interferometry for toxicokinetic analysis of a monoclonal antibody therapeutic. J Immunol
Methods 379, 30-41

Abdiche, Y. N., Malashock, D. S., Pinkerton, A., and Pons, J. (2009) Exploring blocking assays
using Octet, ProteOn, and Biacore biosensors. Anal Biochem 386, 172-180

Carney, P. J., Lipatov, A. S., Monto, A. S., Donis, R. O., and Stevens, J. (2010) Flexible label-free
quantitative assay for antibodies to influenza virus hemagglutinins. Clin Vaccine Immunol 17,
1407-1416

Li, J., Schantz, A., Schwegler, M., and Shankar, G. (2011) Detection of low-affinity anti-drug
antibodies and improved drug tolerance in immunogenicity testing by Octet((R)) biolayer
interferometry. J Pharm Biomed Anal 54, 286-294

Ylera, F., Harth, S., Waldherr, D., Frisch, C., and Knappik, A. (2013) Off-rate screening for
selection of high-affinity anti-drug antibodies. Anal Biochem 441, 208-213

Barnard, G. C., Kull, A. R., Sharkey, N. S., Shaikh, S. S., Rittenhour, A. M., Burnina, I., Jiang, Y., Li,
F., Lynaugh, H., Mitchell, T., Nett, J. H., Nylen, A., Potgieter, T. I, Prinz, B., Rios, S. E., Zha, D.,
Sethuraman, N., Stadheim, T. A., and Bobrowicz, P. (2010) High-throughput screening and
selection of yeast cell lines expressing monoclonal antibodies. J Ind Microbiol Biotechnol 37,
961-971

Abdiche, Y., Malashock, D., Pinkerton, A., and Pons, J. (2008) Determining kinetics and affinities
of protein interactions using a parallel real-time label-free biosensor, the Octet. Anal Biochem
377, 209-217

Yang, D., Singh, A., Wu, H., and Kroe-Barrett, R. (2016) Comparison of biosensor platforms in the
evaluation of high affinity antibody-antigen binding kinetics. Anal Biochem 508, 78-96

Karlsson, R., Katsamba, P. S., Nordin, H., Pol, E., and Myszka, D. G. (2006) Analyzing a kinetic
titration series using affinity biosensors. Anal Biochem 349, 136-147

Rich, R. L., Cannon, M. J., Jenkins, J., Pandian, P., Sundaram, S., Magyar, R., Brockman, J.,
Lambert, J., and Myszka, D. G. (2008) Extracting kinetic rate constants from surface plasmon
resonance array systems. Anal Biochem 373, 112-120

Bravman, T., Bronner, V., Lavie, K., Notcovich, A., Papalia, G. A., and Myszka, D. G. (2006)
Exploring "one-shot" kinetics and small molecule analysis using the ProteOn XPR36 array
biosensor. Anal Biochem 358, 281-288

Kumaraswamy, S., and Tobias, R. (2015) Label-Free Kinetic Analysis of an Antibody—Antigen
Interaction Using Biolayer Interferometry. in Protein-Protein Interactions: Methods and
Applications (Meyerkord, L. C., and Fu, H. eds.), Springer New York, New York, NY. pp 165-182
Frenzel, D., and Willbold, D. (2014) Kinetic titration series with biolayer interferometry. PLoS
One 9, e106882

Kamat, V., and Rafique, A. Extending the throughput of Biacore 4000 biosensor to accelerate
kinetic analysis of antibody-antigen interaction. Analytical Biochemistry

Myszka, D. G. (1999) Improving biosensor analysis. J Mol Recognit 12, 279-284

Abdiche, Y. N., Lindquist, K. C., Pinkerton, A., Pons, J., and Rajpal, A. (2011) Expanding the
ProteOn XPR36 biosensor into a 36-ligand array expedites protein interaction analysis. Anal
Biochem 411, 139-151

Myszka, D. G., He, X., Dembo, M., Morton, T. A., and Goldstein, B. (1998) Extending the range of
rate constants available from BIACORE: interpreting mass transport-influenced binding data.
Biophys J 75, 583-594

25



(3] ~AWNPF

16
17
18

19
20

30. Myszka, D. G., Arulanantham, P. R., Sana, T., Wu, Z., Morton, T. A., and Ciardelli, T. L. (1996)
Kinetic analysis of ligand binding to interleukin-2 receptor complexes created on an optical
biosensor surface. Protein Sci 5, 2468-2478

Supplementary Figures:

4 (A) (B) (C)

k (WM7s7) k, (") K, (M)
‘T 107 .! . s:P:;::s . //:,,/ 10-1 . —
B R e e o v
w g 10-3 /
‘E‘ 10°¢ 1
104 - ol NS S 10 ) 900

104 105 106 107 105 103 1071

>
Biacore 4000

Supplementary Figure 1: Correlation of the binding kinetic parameters measured using MASS-1 &
Biacore 4000

Graphical representation showing the correlatiobiofling kinetic values measured for mAb bindin@@kD (red), 28kD
(blue), 39kD (green), 48kD (magenta), and 68kDI¢yel antigen. The values &f (A), ky (B) and K (C) measured using
Biacore 4000 and MASS-1 are plotted on the x-amiyaaxis, respectively. The scatter plots weredihg a linear regression
fit and the slope of the trend line (black serrateel) along with the correlation coefficients?jfs shown in the plot. The two
serrated red lines represent three-fold differén¢ke measured values.
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Supplementary Figure 2: Correlation of the binding kinetic parameters measured using MASS-1
and Biacor e 4000

Graphical representation showing the correlatioav&rage binding kinetic values measured fromastlthree independent
experiments for mAb binding to 14k®Y), 29kD (e), 48kD (@), 68kD (), or 105kD ) antigen. The values & (A), kq (B) and
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Kp (C) measured using Biacore 4000 and MASS-1 are plattethe x-axis and y-axis, respectively. The scattots were fit
using a linear regression fit and the slope oftéaed line (black serrated line) along with theretation coefficients (B is
shown in the plot. The two serrated red lines regmethree-fold difference in the measured values.
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Supplementary Figure 3. Correlation of the binding kinetic values generated using single cycle
kinetic assay on Octet HT X with those measur ed using titration kinetic assay on MASS-1 and
Biacore 4000

Graphical representation showing the correlatioav@rage values & (A), ky (B) and Ky (C) measured from at least three
independent experiments for mAbs binding to 14k} 29kD (e), 48kD (e), 68kD (@), or 105kD @) antigen. The kinetic values
calculated using single cycle kinetic assay on %X is plotted on the x-axis while those measuwisihg titration kinetic
assay on Biacore 4000 or MASS-1 is plotted on thgig. The scatter plots were fit using a linegression fit and the slope of
the trend line (black serrated line) along with toerelation coefficients (& is shown in the plot. The two serrated red lines
represent three-fold difference in the measuredesl
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Supplementary Figure 4: Smoothening of Octet binding data

The raw binding data generated for mAb-1 binding4&D antigen was smoothened in GraphPad Priswadtusing the
fourth order smoothing with averaging of 20 neigtilbg data points. The fit generated using the rawdibg response was later
superimposed on top of the smoothened curve.
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Supplementary Figure5: Fits of the binding sensorgrams along with therespective residuals

observed during the characterization of picomolar affinity mAbs characterized using 0.5nm density
surface

Around 0.5nm density mAb binding to binding to 14, 39kD B, C, D, E) or 71kD §, G) antigen was captured using AHC
Octet sensors and different concentrations of antigere allowed to bind for 6 minutes followed bysaminute dissociation
phase. Real time binding of antigen at varying eotr@tions is highlighted in different colors while global fits generated by
fitting the data using 1:1 Langmuir binding modéhamass transport limitation is shown in serrdi&atk lines. The residuals
showing the difference between the experimental dadl fits generated is also shown. Non-randonglyiduted residuals were
observed, especially during the association phisgdd-3 (C), mAb-4 O), mAb-5 E), mAb-6 ), and mAb-7 G) and were
found to be greater than 5% of observed bindingaese.
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1 Supplementary Table 1: Binding kinetics values of 40 mAb-antigen interactions characterized using
2  single capturedensity on Biacore 4000, MASS-1 and varying captur e densitieson Octet HT X.

Biacore 4000 MASS-1 Octet HTX
mAb mAb mAb mAb
mAb N Ka Ko Ka K Ko Capture  kq K Ko Capture a o Ko Capture a a Ko Capture Kk, kg Ko
Captured (1/Ms) (Us) (M) (1ms) (1/s) (M) Level  (1/Ms) (s) () Level  (1/Ms) (s) () Level  (1/Ms) (s) (M) Level  (1/Ms) (s) ()
(m) (m) (m) (m)

mAb-L 2526004 757604 GO0E0B  277EW04  623E04 225608 017 27304 5SSE04 _ 204E08 032 310504 658E04 212608 054 30804 63304 205E08 085 3026004 737604 244E08
a mAb-2 196E05  120E03 _ 625E09 1SOEW5  BSIEQ04  53BE09 022 17505 47SE0s 272609 042 1m0 S75E04_ 317E09 070 176605 673E04 382609 122 Lae0s 727604 497E09
g mAb3 130505 127603 077E09 11«05 918E04 6209 018 B7IENM  449E04_ 516E09 033 86404 716E04_ 829E09 0S5 B72E04  B0ME0S  921E00 100 710504 10103 La1£08
= mAb4 124E05  178E03_ 144E0B_  L12E+05  164E03  146E08 021 11705 oesE0s  27E09 037 115605 162E03_ L41E08 061 10BE05 13303 12308 %8 o7e0s  125£03 129508
S mAbS 234E104_ BEOEOY _ G6TEOB 236EW04  67SE04 28608 019 38304 767E04 _ 200E08 035 3s0E04_ B12E04 232608 057 30904 710504 229508 039 310504 722604 226E08
° s Tioews  iesees  LwEos | loEws  LisEes  S7E0s 021 isis  iwEos  e7ecs 0i0 st 1ooE0s  soe0s s Lasmwos  1ooE0s  s10s 0 iwees  lueos  sumeos
3 mAb-T 3626004 O6OE04__ 260E0B_  4GSEW04_ 6IIEQ  L36E0D 023 Si7E04__397E04__ 768E09 041 500504 S03E04__ L01E0B %6 478E04 492604 L0JECH 107 as4E0s 524504 L13E0B

mAb-8 352604 1003 293E08_  GA7EW04_ 6S0E04 205508 025 S2004_ 258E04_ 497E09 046 S24E04_ 425E04_ B11E09 077 S04 522604 958E09 125 SUEW04 521804 L02E0B

mAb-1 104EW06__ 273E04 262610 LIBEW06 207604 176610 020 103506 160E04__ LSSEL0 037 6205 197E04_ 34EL0 050 77305 18lE0s _ 234E10 100 s2E05  138E0s 430E10
a A2 ISiEws  189E02 124008 139E06  158E02  L13E08 022 i7eee6 121602 677608 043 88405 935E03  LOGECE 066 771E0s  952E03  123E08 112 sz5e05  BGSE03  L6SE0E
] mAb3 338E105_ G1SE04_ 931E10  38GEW05  239E04 62010 019 44405 310E04__ 698E10 038 347605 352E04 102609 062 33905 25904 748E10 108 272E:05 25304 928610
~ mAb4 106E:05  B54E0L  BOSEQD 1206405 B3GE04 _ 65SE0 013 1276405 223E04__ 176E09 037 16105 720E04 447609 061 147605 749504 509E09 105 122E+05 652604 53309
S mAbS 2056405 S6SE04  124E00 S5OEW05  34SE04 96310 019 469505 614E04 _ 131E09 038 317605 360E04 _ L15E09 063 31«05 411604 132600 112 250E:05 300504 118509
2 wabe | a4%w6 10l 3808 1sEw6  60IEG2  azE0s 022 40EW6 1001 26de@ o4l 2716w6 5602 2500 070 1a7ewe  4ooEq2 310608 122 coews 270z 46308
3 mAbT 1216906 241603 199E09 LSOEW05 254603 162609 023 116606 208E03 17909 045 B34E-05 167603 200E09 073 538605 132603 245609 119 320E:05 122603 370609

mAb-a 2046105 140E03_ SISE09  205E:05 159603 520609 026 346e:05_ 122E03 35909 048 269505 130E03__ 481E09 080 274505 108E.03 393609 126 230E:05 90404 433609

mAb-L 1276105 169E03 13908 LBIEWS  1SSE03 _ BS9E0 020 166605 042E04 567609 038 197605 150E03 793609 066 165605 137603 829E09 101 148E=05 139503 94009
a b2 1926105 727604 550E09  15GE-05  GOSE04 | 388E09 016 150505 634E04 423600 034 124505 679E04 547600 055 103505 571604 554E00 091 80404 549E04  635E00
Py mAb4 1346105 464EL 347609 L96EW05  380E04 _ 194E09 022 20305 277604 137609 040 177605 309E04 174809 069 157605 345604 219E09 110 13905 330504 238600
2 mabe 755w 25604 3609 9W0Eea 100+ 200600 o017 LuEws L7 1sie 03l Lozews  190E0¢  1od09 08y o75Ews 172604 L77E0o | 085 676Es  ATIEO4 19708
3 mAb7 2046105 390E04 _ 191E09  _ 2316:05  315E04 136609 021 1956405 180E04__ 021E10 038 16905 244E04 _ 145E09 066 148505  300E04__ 203£09 105 127E:05 246604 19409

mAb-S BISEW0I 42250 519500 B62E404  SISEO4 _ 366E00 021 o66E04  275E04 285600 038 ose04 273E04 _ 298E09 067 9026404 324504 360E09 106 BSTENM  299E04  349E09

mAb-1 B4SEW0I_ SIIEOF  S6EQD  O60EA04  218E04 227600 021 13405 120E04 926610 038 12605 175E04 _ L38E09 058 116505 L70E03 _ L46E09 177 o405 200504 19309
a ) Tiami05  409E0i  359E0S L6« 304E04 18609 021 2o00m05  2eEor  13E00 0@z 1s0e05  232E04 122609 068 17305 259504 La6E0S Tos  1s7e05 260504 LGoE0S
pre mAD4 127605 74BE04_ SS0E09 120EW05  446E04 34909 022 221505 573E04__ 259E09 036 205605 653E04__ 319E09 061 194405 68SE04_ 353E00 103 172605 737604 429509
2 e eevEvs  s7ees  lomos | oemes  7siE0s  7mes | 024 izEws  esmos  soem | o0 imews  emmor  samdy | om  lzews  oweor  szets | 100 LuEds  eaE0 550t
I3 mAb7 SA0EW04 G504 GSSE0D TAEW04 250504 33LE0S 026 105505 289E04 _ 276E09 043 L0605 182£04  L72E09 067 999E«04  230E04 231600 106 oseE04  235E04 251500

mAb-s 076E:04__ 274E04 280509 LOGEW0S  195E04  LB4E0O 024 133405 217604 163E09 042 1aE0S  137E04 L04E0S 069 12305 LavE0s _ 121£09 14 17E05  169E0s  LadE0n

mAb-1 14BEW05  334E04 226509 LBOEW0S 222604 123E00 022 2926405 165E04 _ 566E10 040 266EW05_ 336E04__ L26E09 065 24505 286E04__ LITEDS 108 21405 268E04_ 125E09
a b2 17305 219E04 | 127609 239Ew05  745E05 12610 021 327505 S05E05  279E10 037 zerews  1aeod  4siEd0 062 2s7ews  BoiEos | SLED0 Toi | 2zaEws  LiEod | S1EM0
bry mAv4 10SEW05__ 40GE04__ 3BGE09 LEAEW0S 269504 143E09 027 213405 228E04__ LOTEDS 045 1075 281E04 _ L43E09 071 1795405 287604 161£00 111 16405 307604 187E09
2 A 1285005 10003 780809 180605 90104 599608 026 1e0ews  GsEos  3s9E00 046 i7otes  6s7E0s 376600 o7 1o GesEos  a1iece 155 1505 63704 410E09
3 mAb7 3256405 GSOE04  203E00 G60E:05  495E04 13700 019 4626405 785£04 _ 170E09 035 401605 612E04 15309 061 33405 607E04 182609 110 2646105  551E04 209609

mAb-a 16305 517602 318E07 3126405 652602 200607 021 220505 454E02_ 19907 039 2a4Ew05_ 420E02_ L76EO7 063 2526405 459E02 18207 102 323E:05 510602 1G1EQ7

The results of the kinetic analysis performed &ntify appropriate capture density for reliable m@ament of binding kinetic
values on the Octet HTX are provided in the taBléotal of 40 mAbs to antigens with molecular weigbf 20kD, 28kD, 39kD,
48KkD, and 68kD (eight mAbs per antigen) were fitsaracterized on Biacore 4000 and MASS-1. Basdtiese results, the
highest antigen concentration used to fit the tiea¢ binding curves generated on Biacore 4000 oSi8A was selected and all
the 40 mAb-antigen interactions were later studiedarying capture densities (as indicated in &) on Octet HTX.
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Table 1

Biacor e 4000 MASS-1 Octet HTX
ek kK Gk Koo GBES ko ke Koo GRS ke ke K TSk ko Koo GBI ko ke Ko
Weight Captured (UMs) (¢15)] ™M) (UMs) (Us) M) (m) (UMs) (As) M) (m) (UMs) (A/s) ™ (nm) (UMs) (Us) (Y (m) (UMs) (Us) (M)
mAb-1 252x10°  757x10*  3.00x 10% 277x10°  623x10*% 2.25x10° 0.17 273x10°  555x10%  2.04x 10% 0.32 310x10* 658x10% 212x10% 0.54 308x10° 6.33x10* 205x10° 0.95 302x10°  7.37x10%  2.44x10°
20kD
mAb-2 1.96x10° 123x10° 6.25x 10° 159x10° 853x10* 5.38x10° 0.22 175x10°  475x10* 272x10° 0.42 182x10° 575x10* 3.17x10° 0.70 176x10° 6.73x10* 3.82x10° 122 146x10°  727x10* 4.97x10°
mAb-1 104x10° 273x10% 262x10%° 118x10° 207x10* 176x10™%° 0.20 103x10° 160x10* 155x10%° 0.37 6.28x10° 197x10* 314x107%° 0.60 773x10°  181x10* 234x10%° 1.00 321x10° 1.38x10* 4.30x10%°
28kD
mAb-2 151x10° 188x10% 1.24x10° 1.39x10° 158x102 113x10° 0.22 178x10° 121x10% 6.77x10° 0.43 884x10° 9.35x10° 1.06x 10° 0.68 771x10°  952x10° 1.23x10° 112 525x10° 865x10° 1.65x10°
mAb-1 127x10° 169x10° 1.33x 10° 181x10° 155x10° 859x10° 0.20 166x10° 9.42x10* 567x10° 0.38 197x10° 156x10° 7.93x 10° 0.66 165x10° 1.37x10° 829x10° 1.01 148x10° 1.39x10° 9.40x10°
39D
mAb-2 132x10°  727x10* 552x10° 156x10° 6.05x10* 3.88x10° 0.18 150x10° 634x10* 4.23x10° 0.34 124x10° 6.79x10* 547x10° 0.55 103x10° 571x10* 554x10° 0.91 864x10° 549x10* 6.35x10°
mAb-1 846x10° 311x10" 3.68x10° 960x10° 218x10% 227x10° 0.21 134x10° 124x10* 9.26x10% 0.38 126x10° 175x10* 1.38x10° 0.68 116x10° 170x10* 1.46x10° 117 104x10° 200x10* 1.93x10°
48kD
mAb-2 114x10° 409x10* 358x10° 162x10° 3.04x10* 1.88x10° 0.24 200x10° 263x10% 1.32x10° 0.42 1.90x10° 232x10* 1.22x10° 0.68 173x10° 253x10* 146x10° 1.09 157x10° 264x10* 168x10°
mAb-1 148x10° 334x10* 2.26x10° 180x10° 222x10*% 1.23x10° 0.22 292x10° 165x10* 566x107%° 0.40 266x10° 3.36x10% 126x10° 0.65 245x10° 286x10* 117x10° 1.08 214x10° 268x10* 1.25x10°
68kD
mAb-2 173x10° 219x10* 1.27x10° 239x10° 7.45x10° 3.12x107%° 0.21 327x10° 9.05x10° 279x107%° 0.37 297x10° 132x10% 4.44x10%° 0.62 257x10° 804x10° 311x10%° 104 224x10° 116x10* 5.18x10%°




Biacore 4000 MASS-1 Octet HTX
Titration Kinetic (TK) Titration Kinetic (TK) Single Cycle Kinetic
gen _mAb ka kq Ko ka Ka Ko ka kq Ko ka Ka Ko
Weight Captured  (x10°1/Ms)  (x10™ 1/s) (x10° M) (x10° UMs)  (x10™* 1/s) (x10° M) (x10° UMs)  (x10™ 1s) (x10° M) (x10° UMs)  (x10™* 1/s) (x10° M)
mAb-1 14.79 + 2.07 6.82 +1.03 0.48 +0.16 12.57 + 3.66 32750 0.44 +£0.12 19.14 +2.00 4.69 +1.65 0.25+0.11 18.50+0.46 6.36 + 1.65 0.34 +£0.08
14kD mAb-2 6.88 +1.16 76.29 £ 13.15 11.67 +4.62 5.82+1.12 £380.34 12.84 +1.39 6.35+2.11 67.28 +2.72 11.8548 6.76 £ 0.62 61.00 + 13.97 8.96 £1.38
mAb-3 9.29+1.85 2.06+0.14 0.23 +0.06 7.77 £0.97 1.7 0.23+0.05 11.54 +1.82 243 +1.14 0.21+0.08 472 0.59 1.85+0.66 0.15 + 0.05
mAb-4 3.55+£0.71 413 +0.57 1.23+0.46 4,40 +1.09 2.6136 0.64 £0.21 3.58+0.17 2.16 £0.47 0.60 £0.12 843.45 1.79+0.35 0.44 £0.19
29kD mAb-5 0.32+0.13 3.31+0.43 11.77 + 4.86 0.48 +0.22 2.5838 6.42 +£3.42 0.37 £0.03 2.06 +£0.37 5.51 +0.57 54@ 0.06 2.11+0.30 3.90 £ 0.47
mADb-6 9.95+2.05 3.55+0.17 0.37+£0.10 10.58 +2.71 2.963 0.30+£0.10 5.43 +£0.89 247 £0.19 0.46 £ 0.04 05&1.15 2.86 +0.88 0.47 £0.12
mAb-7 3.6+0.18 3.47+£0.49 0.97 +0.18 3.09+0.54 2.02240 0.66 + 0.06 3.30+0.22 1.87+0.71 0.56 £ 0.21 326341 2.20+0.51 0.60+£0.11
48kD mAb-8 2.67+£0.38 11.29+2.55 4.28 +1.08 2.46 £ 0.60 7.9118 3.26 £1.03 3.04+£0.54 6.57 £1.08 2.25+0.72 862 0.19 9.40+2.83 3.26 £ 0.80
mAb-9 1.71+£0.21 10.05+1.16 5.98 +1.30 1.84+0.45 7.4624. 4.28+1.29 2.46 +0.36 5.98 + 0.67 2.45+0.35 822 0.50 7.21+1.61 2.55+0.25
mAb-10 1.37+0.14 4.1+0.12 3.02£0.29 1.52 +0.36 2.81G70 1.95+0.55 2.00+£0.31 2.33+£0.55 1.21+0.43 8135 3.59+1.20 1.95+0.39
68kD mAb-11 2.32+0.27 11.28 +1.97 492 +1.04 2.23+0.50 7.8808 3.54 +£0.98 2.80+0.16 6.90 £ 0.32 2.46 £ 0.09 992 0.36 8.14 + 2.50 2.71+0.64
mAb-12 2.52+0.43 1.79+£0.12 0.72+£0.10 2.02+0.43 0.8128 0.41+£0.04 2.10+£0.21 0.71 £0.02 0.34£0.04 6%8.08 0.72£0.10 0.39 £0.07
mAb-13 2.05+0.13 1.56 £0.39 0.76 +0.21 2.62+0.58 1.7662 0.50 £ 0.25 2.58+0.14 0.70£0.01 0.27 £0.01 821.03 0.68 + 0.08 0.30 £ 0.04
105kD mAb-14 3.11+0.48 127.86 £ 24.43 4138+ 7.74 4.84+1.85 AB6&7.77 19.53 +5.98 2.78 £0.40 81.00 +9.37 29.8734 3.78+£0.78 65.60 + 1.87 18.00 +4.78
mAb-15 2.01+1.04 16.30 +1.83 10.40 + 6.09 420 +2.37 137139 4.07 £2.00 1.44 +0.27 13.39+1.85 9.76 H3.5 1.62+0.13 11.00 + 0.61 6.81 +0.89




Table 3

MASS-1 Octet HTX
Antigen Capture Capture
Mol e(?ul ar mAb I?Zvel Km Ka Kq Ko I?Zvel K Ka Kq Ko
Weight Captured (RU) (cm/s) (UMs) (Us) (M) (m) (cm/s) (UMs) (Us) (M)

350 8.57 x 10’ 3.29 x 10° 3.14x 10* 9.54x 101" 0.60 6.39 x 10* 3.73x 10° 2.92x 10* 7.81x 101

14kD mAb-1
19 7.54 % 10° 4.34x 10° 2.46x 10* 5.67 x 1011 0.12 1.00 x 10%° 4.92 x 10° 3.30x 10* 6.70x 10t
70 1.51x 108 1.30x 107 1.20x 10* 9.21x 10%? 0.50 1.43x 10° 7.44 x 10° 1.24x 10* 1.67x 101

mAb-2
6 8.36 x 10° 1.26 x 107 8.06 x 10° 6.43x 1012 0.11 9.39x 10* 2.05x 10’ 9.85x 10° 4.81x107%?
59 1.42x 108 8.10 x 10° 9.85x 10° 1.22x 101 0.56 1.98x 10° 2.63x 10° 1.38x 10* 5.24 x 101t

mAb-3
6 5.00 x 10° 8.09 x 10° 4.83x10° 5.93x 102 0.11 9.29x 10* 8.15x 10° 5.47 x 10 6.71x 102

39kD

60 1.99x 108 4.95x 10° 1.50x 10* 3.03x 10 0.53 1.61x 10° 2.42 x 10° 3.42x10* 1.41x 10

mAb-4
6 1.35x 10° 4.76 x 10° 6.26 x 10° 1.32x 101 0.11 1.44x 10° 3.83x 10° 9.38x 10° 245x 101
65 2.63x 10° 4.46 x 10° 3.87x10* 8.67 x 10" 0.53 1.04x 10° 1.05x 107 3.85x 10° 3.60x 10%?

mAb-5
6 1.00x 10%° 5.86 x 10° 3.52x 10* 6.00x 10t 0.11 5.00 x 10° 3.41x 10° 3.29x 10* 9.64x 10t
32 4.71x 10° 6.31x 10° 1.50x 10 2.38x 10t 0.60 2.38x 10° 2.80x 10° 7.42x10° 2.65x 101t

mAb-6
5 1.00x 10%° 8.21 x 10° 1.23x 10* 1.50x 10 0.10 1.00 x 10% 1.55x 107 1.41x 10* 9.08 x 10?

71kD

45 4.44 % 10° 6.19 x 10° 7.17x 10° 1.16x 101 0.40 4.21x10° 1.92 x 10° 6.10x 10° 3.17x 101

mAb-7
6 1.00x 10%° 7.53x 10° 6.88x 10° 9.16 x 10%? 0.07 1.00 x 10%° 2.81x 10° 6.78 x 10° 241x 101




Biacor e 4000 MASS-1 Octet HTX
MAoTttaEﬁnar mAb Ka Kd KD Ka Kd KD Ka Kd KD
weight ~ Captured (x10° M) (x10™* 1/9) (x10° M) (x10° /M) (x10™* 1/9) (x10° M) (x10° UM s) (x10* 1/s) (x10° M)
mAb-1 0.33 £ 0.09 35.74 £ 4.27 114.33 + 38.66 0.39.49 25.74 + 391 68.83 £ 21.80 0.33+£0.04 538%2 167.33 +41.31
mAb-2 0.69 = 0.11 332.47 + 89.20 478.46 + 103.81 0656.04 214.33 = 54.67 321.00 + 71.51 1.01£0.06 379.57 +57.64 378 +81.43
21kD mAb-3 0.42 £+ 0.12 39.49 + 7.83 101.40 £ 40.94 0.40.68 30.85 + 2.36 71.93 £ 16.52 0.58 £ 0.04 5a5250 87.37 £5.05
mAb-4 0.73 £ 0.09 92.83 + 5.77 127.33 £ 12.66 1.2M.78 73.48 + 7.85 76.30 £ 36.63 1.30+0.18 11843.69 91.40 £ 8.27
mADb-5 497 = 1.70 1.90 £ 0.10 0.41 + 0.14 3.60 £20.2 151 £ 0.10 0.42 + 0.01 2.72+0.30 2.72+0.42 00k 0.07
mADb-6 1.82 + 0.47 3.17 + 0.13 1.80 + 0.36 1.20 +80.0 3.58 + 1.01 2.98 + 0.86 1.78 +0.44 5.21+£1.55 942 0.56
28D mAb-7 3.48 = 0.63 424 + 0.15 1.25 + 0.24 2.93 +00.1 3.82 + 0.34 1.30 = 0.07 2.14+0.30 6.15+0.92 882 0.27
mAb-8 5.74 + 181 1.94 + 0.46 0.38 + 0.20 3.98 +00.4 1.32 £ 0.08 0.33 + 0.02 2.44 +£0.54 2.82+0.44 17% 0.15
mAb-9 1.97 £ 0.23 2.20 £ 0.30 1.12 + 0.02 1.44 +40.3 1.90 + 0.14 1.36 + 0.31 1.95 +0.50 3.23+£1.62 57% 0.50
mAb-10 13.00 = 3.64 1352.47 + 465.91 103.43 = 13.97 430t 0.69 786.37 + 51.69 75.57 + 8.74 592628 691.17 +325.18 117.67 £6.11
29D mAb-11 0.62 = 0.25 151.97 + 4.38 269.67 = 92.22 0.6®.22 101.12 + 1.53 160.67 = 59.53 0.75+0.22 Q12 39.51 148.67 + 22.74
mAb-12 5.02 £ 1.01 2.16 £ 0.33 0.45 * 0.16 5.48 £21.4 1.59 + 0.08 0.30 = 0.07 3.21+£0.73 4.83 +2.07 45% 0.34
mAb-13 1.41 + 0.17 2.03 = 0.67 1.44 + 0.40 1.52 +30.2 1.14 + 0.03 0.76 + 0.14 1.40 £0.06 2.77+0.29 99k 0.29
mAb-14 7.58 + 1.40 74433 + 7.37 100.43 + 18.28 6.63.49 598.20 + 106.82 93.20 + 27.30 4.91+0.12 2 488.12 98.03 £ 2.67
48D mAb-15 3.26 £ 0.21 1.98 + 0.60 0.61 + 0.21 3.25 £10.0 1.09 £ 0.05 0.34 + 0.02 2.36+£0.13 2.89+0.51 23k 0.21
mAb-16 6.16 + 0.68 6.56 + 0.83 1.06 + 0.04 5.65 #40.1 5.34 + 0.06 0.94 + 0.03 2.99 +£0.26 6.95+0.76 332 0.27
mAb-17 2.31 £ 0.83 2.73 £ 1.36 1.15 £ 0.20 1.94 +40.1 0.79 £ 0.05 0.41 = 0.06 2.04£0.01 1.48 +0.05 73& 0.02
mAb-18 0.73 £ 0.22 241 £ 1.80 3.05 + 1.38 0.61 £40.0 0.87 £ 0.04 1.44 + 0.12 1.08 +£0.39 1.48+0.13 50% 0.55
92kD mAb-19 1.55 + 0.76 6.11 £ 0.94 447 + 1.82 1.41 +60.2 2.21 £ 0.13 1.62 + 0.40 2.16 £0.07 2.78£0.19 29k 0.10
mAb-20 2.14 £ 0.72 3.12 £ 1.53 1.42 + 0.26 1.90 +50.1 1.03 + 0.06 0.55 = 0.07 2.10£0.02 2.08 £0.09 99& 0.04
mAb-21 0.51 + 0.04 3.94 + 0.16 7.70 £ 0.71 0.53 +90.0 2.78 + 0.39 5.28 + 0.24 0.88 +0.04 4.27 +0.47 894 0.74
mAb-22 1.53 + 0.14 2.08 + 0.24 1.36 £ 0.10 2.21 £10.4 2.08 + 0.59 0.93 + 0.10 2.04£0.37 2.68 £0.47 33k 0.30
105kD mAb-23 2.89 = 0.25 128.82 + 29.83 44.10 *+ 6.73 4.19.%0 82.76 + 3.01 21.33 + 5.84 3.28+0.03 79.4219 24.23 £0.35
mAb-24 247 £ 145 12.83 + 0.85 7.46 = 5.85 3.25 £91. 13.12 + 1.53 5.02 + 2.90 1.68+£0.33 13.7570.4 8.35+1.54




