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Introduction

Binding affinity and epitopic coverage are critical biophysical 
characteristics for identification of therapeutically relevant anti-
bodies.1 Generation of 1000–3000 unique lead antibodies per 
week necessitates a high throughput methodology to measure 
affinity and determine epitopic diversity. When measuring affini-
ties based on currently available methods, one must compromise 
either on throughput or accuracy.

Surface-based methods such as biolayer interferometry (BLI) 
and surface plasmon resonance (SPR) are widely used for affin-
ity measurements by monitoring dissociation and association 
events in real time, with affinity (K

D
) determined by the ratio 

of dissociation to association rate constants (k
d
/k

a
).2,3 BLI based 

instruments, such as ForteBio’s Octet RED384, allow quick eval-
uation of binding kinetics in a 96- or 384-well format. Antigen 
solutions can be re-used multiple times, resulting in a negligible 
amount of antigen consumption.4 In addition, epitopic diver-
sity can be assessed by interrogating the simultaneous binding 
of specific antibody pairs to the same target.5 In contrast, while 
advancements in SPR instrumentation allow for high throughput 
analysis, antigen consumption remains a challenge when limited 
material is available.6 For accurate surface-based K

D
 measure-

ments, it is often recommended to use the lowest practical sensor 
loading density and multiple concentrations of analyte to mini-
mize mass transport related effects and rebinding.7-11 For high 

Advances in human antibody discovery have allowed for the selection of hundreds of high affinity antibodies against 
many therapeutically relevant targets. this has necessitated the development of reproducible, high throughput 
analytical techniques to characterize the output from these selections. Among these characterizations, epitopic coverage 
and affinity are among the most critical properties for lead identification. Biolayer interferometry (BLi) is an attractive 
technique for epitope binning due to its speed and low antigen consumption. While surface-based methods such as 
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related artifacts can limit the accuracy of high affinity measurements. When comparing BLi and solution equilibrium based 
kinetic exclusion assays, significant differences in measured affinity (10-fold and above) were observed. KinexA direct 
association (ka) rate constant measurements suggest that this is mainly caused by inaccurate ka measurements associated 
with BLi related surface phenomena. Based on the kinetic exclusion assay principle used for KinexA, we developed a high 
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achievable with surface-based methods.
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affinity interactions, even the most optimized conditions may not 
yield an accurate K

D
, due to limitations in instrumentation sen-

sitivity for slow dissociation kinetics. Within these limitations, 
BLI methodology is useful for ranking the affinity of antibodies 
down to the single digit nM range. Because of our need to assess 
hundreds of antibodies per week beyond the practical affinity 
limitation of BLI-based methods in high throughput mode, we 
developed a solution-based method for the rapid determination 
of K

D
s for hundreds of antibodies in the sub-nanomolar affinity 

range.
The kinetic exclusion assay (KinExA, Sapidyne) provides an 

assessment of free ligand at equilibrium, rather than measuring 
real-time association and dissociation rates to determine affinity. 
In this assay, we prefer to hold the ligand concentration constant 
while varying the receptor concentration (reverse orientation); 
following the establishment of an equilibrium, the percent of 
free ligand is determined to calculate an equilibrium K

D
.12,13 

Kinetic exclusion can also directly measure association rate con-
stants using the same principle. The sensitivity of the KinExA 
instrument allows for accurate and reproducible measurements. 
Affinities in the several hundred femtomolar range and on-rates 
as high as 107 s-1M-1 have been measured,14,15 but one of the main 
limitations is that only a handful of K

D
 measurements can be 

made per day without accounting for time for samples to come 
to equilibrium. To overcome this speed limitaton, a magnetic 
beads-based method compatible with high throughput solution 



©
20

13
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te
.

www.landesbioscience.com mAbs 271

 Brief report Brief report

exposed to antigen, shown by the response increase in the first 
binding step of Figure 1, followed by exposure to a second anti-
body. When the antibody on the sensor competes with itself in 
solution, no additional binding to the antigen is observed. On the 
other hand, a binding signal is observed when an antibody binds 
to the antigen in a non-competitive manner with respect to the 
sensor-loaded antibody. For this 34-kDa protein, four mutually 
exclusive bins were identified. Furthermore, this assay mapped 
the epitopic distribution of seven sets of antibodies against their 
respective antigens and discovered multiple bins for each panel, 
finding up to seven bins for a 61kDa protein (Table 1).

Affinity screening by BLI. To limit antigen consumption, the 
Octet RED384 was chosen as the primary affinity screening tool 
for discovered antibodies. Figure 2A shows the apparent bind-
ing affinities for three samples measured at a single concentration 
of Fab with maximum antigen loading density: Fab 1 ranks the 
highest at 2.6 nM and Fab 3 ranks the lowest at 78 nM. Loading 
density optimization for the immobilized binding partner is 
necessary, however, to minimize mass transport limitation and 
rebinding events to obtain a more accurate K

D
.9,10 In Figure 2B, 

phase equilibrium K
D 

measurement was first reported by Haenel 
et al.26 A newer technique employing the kinetic exclusion prin-
ciple on Gyrolab discs allows up to 20 affinity measurements to 
be made in duplicate within 4 h.16

In this paper, we describe the development of a high through-
put solution-equilibrium K

D
 based method that allows for the 

accurate determination of affinities into the femtomolar range. 
Combining solution-based K

D
 measurements with a BLI based 

approach for epitope binning allows for rapid identification of 
therapeutically relevant leads.

Results

Epitope binning by BLI. Octet RED384 offers the ability to 
quickly evaluate epitope distribution among a panel of discov-
ered antibodies.5 A bin is related to the epitope of the antigen and 
can be viewed as an antibody’s footprint on an antigen’s surface. 
In a typical epitope binning assay, the control antibody is first 
loaded to the sensor through its Fc-region, followed by blocking 
of remaining Fc-binding sites on the sensor. Next, the sensor is 

Figure 1. octet reD384 Binning. four antibodies were probed for competitive and non-competitive binding against the same antigen. in a typical 
binning assay, control antibodies were loaded onto AHQ sensors, blocked with a human igG1 antibody, and the sensors were exposed to Antigen A 
(step 1) followed by an antibody of interest (step 2). Additional binding of the antibody of interest indicates an unoccupied epitope (non-competitor), 
while no binding indicates epitope blocking (self-competing antibodies shown by borders around graphs).
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error on average (Fig. 3C). Additionally, MSD-SET measure-
ments for these antibodies provided K

D
 values within 2-fold of 

respective KinExA values. Further comparing measurements of 
over one-hundred antibodies against six antigens by both MSD-
SET and KinExA showed that all measurements, including lower 
affinity antibodies (K

D
 > 10 nM), were within 2-fold.

Using a programmable liquid handler and an automated MSD 
plate reader, several hundred K

D
s can be measured in a matter of 

days. Figure 5B shows MSD-SET measurements of over a thou-
sand solution-phase K

D
s ranging in affinity from femtomolar to 

near micromolar against 12 different antigens. By combining 
the epitope binning data from Octet and the MSD-SET affinity 
data, a more complete biophysical profile can be established for 
any given panel of antibodies (Fig. 5B, inset).

Discussion

Discovering antibodies that target biologically relevant epit-
opes, whether they are active sites of enzymes or ligand-activated 
domains of cell-surface receptors, is critical for therapeutic lead 
identification. Broad epitopic coverage of a given antigen provides 
several advantages, including (1) the increased likelihood of iden-
tifying biologically relevant binding sites and (2) enabling the 
discovery of multiple antibodies that may act synergistically to 
enhance therapeutic efficacy.17 Panels of lead antibodies that bind 
to peptides, cytokines, cell-surface receptors and enzymes rang-
ing in MW from 4 kDa to 61 kDa were evaluated for epitopic 
coverage and affinity. Epitopic coverage was determined using 
the BLI based method, and the number of cross-blocked epitopes 
ranged from two to seven (with a mean of four) per target.

BLI methodology is suitable for rapid epitope binning. As 
shown in Figure 1, binning assessment of four different anti-
bodies was performed in a single concurrent assay in a 96-well 
format. Real-time monitoring of sequential binding of two anti-
bodies (or ligands) to the same target in two orientations provides 
the basis for asserting that two mutually exclusive bins are occu-
pied.5 Verifying the absence of non-specific binding of the second 
antibody to the control antibody or sensor is critical to eliminate 
false positives. A self-competition assay is routinely included to 
ensure the validity of the binning data; for example, antibodies 
that do not compete with themselves can indicate either anti-
gen aggregation or non-specific binding. The Octet RED384 
instrument allows direct assignment of bins, even for low affinity 

the loading density of a Fc-fusion antigen was varied from 1.0 nm 
to 0.2 nm and exposed to seven Fab solutions at 50 nM. As the 
loading density decreased, the fitted k

a
 increased 30–50%. The 

fitted k
a
 further increased when the loading density of the anti-

gen was fixed at 0.2 nm and the Fab concentration was titrated 
from 50 to 12.5 nM. These two optimized conditions combined 
to change the measured affinities by ~70%, and global fitting of 
the data supports that the lowest Fab concentration provided the 
most accurate k

a
. The results of K

D
 measurements under opti-

mal conditions for 48 antibodies are shown in Figure 2D. Even 
with optimized conditions and a 30 min dissociation step with 
background subtraction, there is an observed K

D
 detection limit 

at ~100 pM. Further optimization of experimental conditions is 
limited by instrument sensitivity.

K
D
 and k

a
 measurements by kinetic exclusion. An orthogo-

nal K
D
 measurement tool was necessary to evaluate high affinity 

antibodies that could not be differentiated by Octet measure-
ments. Table 2 shows a side-by-side comparison for K

D
 measure-

ments by KinExA 3200 and Octet RED384 for seven antibodies 
against four different antigens. A very significant K

D
 difference 

was observed ranging from 3 to 60-fold between the two mea-
surements. KinExA direct k

a
 measurements for these interactions 

revealed much faster association rates compared with correspond-
ing Octet measurements (Table 2). A comparison of 80 Octet vs. 
KinExA K

D
 measurements is shown in Figure 3A. While there is 

a rough correlation (R2 = 0.7) between Octet and KinExA deter-
mined K

D
 values, the affinities measured by Octet are generally 

an order of magnitude lower.
MSD affinity measurements. To improve throughput, MSD 

technology was used to develop a solution equilibrium kinetic 
exclusion K

D
 measurement (MSD-SET) (Fig. 4). To maintain 

the accuracy of KinExA’s measurements on MSD-SET, we found 
it necessary to optimize the contact time of the SET samples 
on the antibody-coated plate. During this step, as free antigen 
is depleted from solution, equilibrium shifts to favor the disso-
ciation of pre-formed complexes. A longer contact time will thus 
potentially affect the accuracy of any ELISA based K

D
 measure-

ment by artificially inflating the K
D
 value. This is illustrated by 

Figure 3B, where the same set of equilibrated samples was allowed 
to incubate on a coated MSD plate from 2 min up to 1 h. As the 
contact time increased, the measured K

D
 increased 9-fold. This 

effect would be more dramatic for low affinity antibodies with 
fast dissociation rates. MSD’s high sensitivity, however, allows 
a distinct advantage over traditional ELISAs in that even very 
short contact times result in sufficiently strong signals. For most 
K

D
 measurements, we find 150 sec provides ample signal with-

out perturbing equilibrium. The contact time can be extended 
for high affinity interactions where antigen concentration may 
be low, or conversely the contact time can be decreased for low 
affinity interactions and high antigen concentrations.

Upon further optimization of coating density, detection 
reagents and washing buffer composition, we measured three 
antibodies with affinities ranging from 5 nM to sub-pM to 
benchmark against KinExA. MSD-SET measurements showed 
good precision between duplicate measurements with an average 
of 20% error (Fig. 3D), while KinExA measurements had 13% 

Table 1. Number of bins discovered per antigen

Antigen A, 59 kDa 4

Antigen B, 61 kDa 7

Antigen C, 51 kDa 4

Antigen D, 32 kDa 2

Antigen f, 4 kDa 3

Antigen G, 60 kDa 4

Antigen H, 18 kDa 4

Seven sets of antibodies were probed for epitopic coverage against 
their respective antigens of different sizes and types (cell-surface recep-
tors, cytokines, peptides and enzymes).
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An obvious discrepancy emerges when comparing BLI to 
kinetic exclusion assay K

D
 measurements (Fig. 3A). BLI consis-

tently underestimates the affinity of low-picomolar antibodies, 
reaching an apparent affinity limit at 100 pM (Figs. 2D and  3A). 
The data in Table 2 shows that the association rate constants are 
consistently underestimated. Generally, a greater effect is observed 
on the k

a
 for high affinity antibodies. This is likely due to the sen-

sitivity limitation of BLI since a certain amount of sensor-loading 
is required to observe a measurable signal; however, mass trans-
port-related effects may not be avoidable at this loading density. 
In addition, high affinity measurements necessitate a low concen-
tration of analyte, which further challenges the instrument’s sen-
sitivity limits. In addition to loading density, surface chemistry 
can further obscure the accurate determination of affinities. For 
example, mAbC.1 and mAbC.2 show a 26- and 85-fold difference 
in k

a
 (Octet vs. KinExA) that is likely caused by adverse interac-

tions between the antigen and the Octet RED384 biosensors. 
This sensor-related artifact is not unique to the Octet RED384 
but has also been reported for SPR based instruments.19 Taken in 
concert with the data shown in Figure 2B and C, we believe that 
sensor-related artifacts and mass transport play a significant role 
in limiting the accuracy of K

D
 measurements by Octet RED384.

Solution phase kinetic exclusion assay by KinExA is an attrac-
tive alternative because it requires minimal antigen amounts if 

clones, whereas these interactions may be missed in a traditional 
ELISA when only a single endpoint is determined.5

In addition to epitopic coverage, affinity is a critical parameter 
for antibody characterization, but obtaining rapid yet accurate 
affinity measurements can be quite challenging using existing 
surface-based technologies.18 Exhaustive studies on SPR instru-
ments have been performed to investigate the effects of sensor 
chemistry and other surface-related artifacts.19-21 Since BLI based 
technologies rely on a similar principle, one can surmise that mea-
surements based on BLI are subject to similar artifacts. For any 
surface-based measurement, parameters such as loading density, 
and analyte concentration must be optimized to allow accurate 
K

D
 measurements.10 For example, as ligand density on the sen-

sor is increased, the calculated association rate decreases, resulting 
in an underestimation of the affinity as seen in Figures 2B and 
C. This is most likely a mass transport related phenomenon.18,19 
Overloading of ligand on the sensor can also cause artifacts; 
biphasic binding profiles are often observed when all binding sites 
are not equally accessible to the analyte.18,22 Current BLI instru-
ment sensitivity poses a limit on loading densities and K

D
 determi-

nations even under optimized conditions (Table 2). These factors 
likely contributed to the apparent 100 pM affinity limit shown in 
Figure 2D. To overcome these surface-related artifacts, we inves-
tigated several alternative techniques.

Figure 2. octet reD384 Kinetic Measurements. (A) octet reD384 KD profile screening. Antigen A, with a human fc, was loaded to 0.2 nm on AHQ 
sensors and exposed to solutions of 200 nM fab in pBSf. traces for fabs 1 and 2 were fit using a truncated dissociation step; trace 3 was fit using the 
“partial” fit function in the octet Data Analysis software v. 7.0. (B) octet reD384 loading density titration. the fc-antigen was loaded onto AHQ sensors 
at densities ranging from 1.0 to 0.2 nm and exposed to 50 nM fab solutions in pBSf. (C) octet reD384 analyte titration. the fc-antigen was loaded onto 
AHQ sensors at 0.2 nm and exposed to different concentrations of fab solutions in pBSf (50–12.5 nM). (D) optimized octet reD384 KD measurements 
of 48 antibodies. 48 antibodies were loaded onto AHQ sensors and then exposed to a solution of 25 nM monomeric antigen. the (q) symbols indicate 
that a 5e-05 sec-1 limit has been reached for a 30 min dissociation step. the dotted line represents a 100 pM threshold.
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digit nM range, but, until improvements in sensitivity can be 
made to overcome sensor-related artifacts, solution-phase K

D
 

measurements will be preferred for high throughput accurate K
D
 

measurements for these high affinity antibodies. When only a 
small number of antibodies have to be analyzed, KinExA is a 
useful instrument. To meet the demand for measuring hundreds 
of accurate solution-based affinities on a weekly basis, MSD-
SET is a suitable alternative. In a given assay, MSD-SET is quite 
capable of measuring affinities into the femtomolar range. Based 
on a five-year instrument depreciation model, each sample costs 
$0.60 on MSD-SET vs. $40 on KinExA. The integration of 
Octet RED384 binning and MSD-SET affinity measurements 
provides powerful decision support for the development of thera-
peutically relevant antibodies.

Materials and Methods

Instrumentation. All biolayer interferometry experiments were 
performed on a ForteBio Octet RED384 instrument using 
anti-human Fc capture (AHQ, 18–5005), streptavidin (SA, 
18–5021), or anti-murine Fc capture (AMC, 18–5090) sensors. 
Kinetic exclusion assays were analyzed either by a KinExA 3200 
with autosampler or by Meso Scale Discovery Sector Imager 
2400 with standard-bind ECL-Multi-Array Plate (L15XA-3).

Reagents. Octet RED384. Human antibodies and Fabs were 
discovered and produced in-house using our proprietary anti-
body discovery platform. Antigen concentrations were deter-
mined using absorbance at 280 nm and the active binding site 
concentration was calculated from KinExA or MSD-SET experi-
ments.14 Antibodies were quantified using AHQ sensors, Fab were 
quantified using streptavidin sensors loaded with biotinylated 

the antigen is held constant and the antibody concentration is 
varied to obtain solution-based equilibria.13 Additionally, large 
sample volumes and fluorescence-based detection allow the use 
of very low antigen concentrations, which is critical for accurate 
K

D
 determination of high affinity antibodies.14 Solution-based 

equilibrium titrations also eliminate surface based artifacts, 
allowing free rotation of molecules in solution and binding 
kinetics are limited only by intrinsic affinity and the rate of dif-
fusion. In some cases, this may provide a more relevant assess-
ment of the actual biological interaction that is being targeted. 
Unfortunately, KinExA sacrifices throughput for sensitivity and 
accuracy, which limits this assay for applications where hun-
dreds of high affinity antibodies have to be assessed on a weekly 
basis.

To overcome these limitations, we developed an electroche-
miluminescence-based method for high throughput solution-
phase equilibrium K

D
 measurements. Traditional sandwich 

ELISA assays have been used to measure K
D
s for decades, but 

low sensitivity and a narrow linear range make them unsuit-
able for screening antibodies with diverse affinities.23,24 MSD-
based ELISAs exhibit high sensitivity and broad linear range. 
We evaluated its application for quantification of free antigen 
in a kinetic exclusion assay. In an MSD experiment, the ECL-
labeled reagents are activated locally by electric current and the 
resulting luminescent signal is detected by a CCD camera. The 
high signal-to-noise ratio and the broad dynamic range make 
MSD suitable to determine free antigen in a kinetic exclusion 
assay.25 Figure 4 shows the general design of a typical MSD-
based solution equilibrium titration (MSD-SET).

In conclusion, we note that BLI is an effective tool for epitope 
binning and qualitative affinity assessment down to the single 

Table 2. KinexA, octet reD384 and MSD kinetic parameters

Antibody

KinExA kinetic parameters Octet RED384 kinetic parameters MSD-SET KD

ka (s*M)–1  
(95% Confidence 

interval)

KinexA  
KD (M)

ka (s*M)–1 octet reD384 
KD (M)

ka fold differ-
ence (KinexA/
octet reD384)

KD fold difference 
(octet reD384/

KinexA)
MSD KD

KD fold differ-
ence (KinexA/

MSD)

mAb B.1
6.30e06

1.80e-11 3.28e05 ± 8.31e02 1.88e-10 19 10 1.40e-11 1.3
(9.7E06–3.9E06)

mAb C.1
9.20e06

1.10e-11 1.08e05 ± 1.10e02 9.09e-11 85 8 1.20e-11 0.9
(1.3E07–5.9E06)

mAb C.2
2.00e06

3.40e-12 7.64e04 ± 4.14e02 2.05e-10 26 60 NA NA
(2.7E06–1.4E06)

mAb D.1
6.10e05

2.10e-09 1.37e05 ± 4.63e02 1.20e-08 4 6 2.06e-09 1.0
(7.7E05–5.2E05)

mAb D.2
2.30e05

4.95e-09 6.30e04 ± 5.10e02 2.35e-08 4 5 1.3 1.3
(2.6E05–2.0E05)

mAb A.1
1.80e06

1.30e-11 2.33e05 ± 9.51e02 4.3e-11 * 8 3 8.70e-12 1.5
(2.3E06–1.4E06)

*indicates samples that have reached a dissociation limit for a 2 h dissociation step. on-rate measurements were made by KinexA and octet reD384 
under optimized conditions. italicized numbers in parenthesis denote 95% confidence intervals for KinexA on-rate measurements. octet reD384 KD 
measurements were taken from real-time measurement of association and dissociation phases, while KinexA and MSD KD values were determined us-
ing solution equilibrium titrations.
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Finally, the sensors were exposed to antigen followed by the 
second antibody. Raw data was processed using ForteBio’s Data 
Analysis Software 7.0 and the antibody pairs were assessed for 
competitive binding. Additional binding by the second anti-
body indicates an unoccupied epitope (non-competitor), while 
no binding indicates epitope blocking (competitor).

Octet RED384 Surface based K
D
 measurements. For high 

throughput K
D
 screening, ligand (antibody or antigen) was 

loaded to the sensor with maximum loading. Following a short 
baseline in PBSF, the sensors were exposed to analyte at a sin-
gle concentration in PBSF for an association step. Dissociation 
was monitored in PBSF. For optimized K

D
 measurements, 

the ligand was loaded onto AHQ, AHC, or SA sensors using 
a pre-determined loading threshold. The loaded sensors were 
exposed to a series of analyte concentrations (12.5–50 nM) and 
background subtraction was used to correct for sensor drifting. 
All experiments were performed with shaking at 1,000 rpm. 
ForteBio’s data analysis software was used to fit the data to a 1:1 
binding model to extract an association rate and dissociation 
rate. The K

D
 was calculated using the ratio k

d
/k

a
.

KinExA K
D
 and k

a
 measurements. Antibodies were coupled 

to Azlactone beads to perform the reverse orientation of the equi-
librium K

D
 assay, described in detail by Rathanaswami et al.12 

anti-human-LC kappa protein (710.0833.100, CaptureSelect). 
All samples and assays were prepared in an assay buffer of PBS 
pH 7.3 + 0.1% BSA (PBSF).

KinExA. All experiments used a running buffer composed of 
PBSF with 0.01% Tween and 0.02% sodium azide. Conjugation 
of antibody to Azlactone beads (Sapidyne Instruments) was per-
formed as recommended by the manufacturer. For detection 
of native antigen, control antibodies labeled with Dylight-633-
NHS Ester dye (46417, ThermoPierce) were used. For detection 
of biotinylated antigen, Streptavidin-633 (S21375, AlexaFluor) at 
250 ng/mL was used.

MSD-SET. 20 nM of antibody in PBS buffer was coated onto 
standard bind plates (L15XA-3). The plates were blocked with 
Blocker A (R93AA-1) and PBSF containing 0.05% Tween was 
used for plate washing. Streptavidin (R32AD-1) or control anti-
body labeled with sulfotag (R91AN-1) was used for detection 
of biotinylated or native antigen. Read buffer T with surfactant 
(R92TC-1) was used during plate reading.

Octet RED384 epitope binning. In a typical epitope bin-
ning assay, control antibodies were loaded onto AHQ sensors 
and remaining Fc-binding sites on the sensor were blocked with 
a human IgG1 antibody. The sensors were then exposed to the 
second antibody to check for non-specific binding to the sensor. 

Figure 3. octet reD384, KinexA and MSD-Set KD Measurements. (A) octet reD384 KD values plotted against KinexA KD values. octet reD384 experi-
ments were performed using AHQ sensors. KinexA experiments were performed in the reverse orientation, and both KinexA and MSD experiments 
were designed to obtain KD-controlled curves. (B) MSD-Set KD measurements with varying contact times. MSD-Set experiments were performed by 
incubating equilibrated solutions on an antibody-coated MSD plate for 2, 10, 30 and 60 min. As plate contact times increased, the fitted KD values also 
increased. only fits are shown for clarity. (C) reproducibility studies of 3 antibodies by KinexA. each of the 16 points on the curve represents duplicate 
measurements from a 3-fold dilution series, with error bars representing standard deviation. the KDs of mAb f.1, mAb f.2 and mAb D.2 were 680 fM, 
360 pM and 5 nM, respectively. (D) reproducibility studies of 3 antibodies by MSD-Set. MSD-Set experiments were performed as outlined in Figure 4. 
plate incubation times were fixed at 150 sec to minimize disruption of equilibrium. each of the 12 points on the curve represents duplicate measure-
ments from a 5-fold dilution series, with error bars representing standard deviation. the KDs of mAb f.1, mAb f.2 and mAb D.2 were 1 pM, 260 pM and 
4.4 nM, respectively.
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temperature for 30 min. Plates were then blocked with Blocker 
A for 30 min with shaking at 700 rpm, followed by three washes 
with wash buffer. Samples were applied and incubated on the 
plates for 150 s with shaking at 700 rpm followed by one wash. 
Antigen captured on a plate was detected with a sulfotag-labeled 
antibody or streptavidin by incubation on the plate for 3 min. 
The plates were washed three times with wash buffer and then 
read on the MSD Sector Imager 2400 instrument using 1x Read 
Buffer T with surfactant. The percent free antigen was plotted 
as a function of titrated antibody in Prism and fit to a quadratic 
equation. To improve throughput, liquid handling robots were 
used throughout MSD-SET experiments, including SET sample 
preparation.
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Briefly, the antigen concentration was held constant as the anti-
body or Fab was titrated in a 2 or 3-fold serial dilution. Solutions 
were allowed to come to equilibrium at room temperature for a 
minimum of 24 h and injected via KinExA’s autosampler over a 
column packed with antibody-conjugated azlactone beads. The 
antigen captured on the beads was detected by a fluorescently-
labeled antibody or streptavidin. Percent free antigen was plot-
ted as a function of titrated antibody or Fab and fit to a quadratic 
equation. In a K

D
- and antigen-controlled curve, where the 

antigen concentration is within 10-fold of the K
D
, both K

D
 and 

active binding site concentration of the antigen can be deter-
mined. Ninety-five percent confidence intervals refer to results 
obtained from duplicate titration curves. Direct k

a
 experiments 

were performed based upon the equilibrium K
D
 measurements 

in that antibody concentrations where the antigen was 20–50% 
free were targeted for the experiment. The antigen and antibody 
were mixed and solution withdrawn at regular time intervals 
to quantify the amount of remaining free antigen. Percent free 
antigen was plotted as a function of time and fit directly using 
KinExA’s data fitting software to extract the k

a
.

MSD-SET K
D
 measurements. Solution equilibrium titra-

tions were performed similar to KinExA, except sample volumes 
were between 100 and 200 μL and 3-to 5-fold serial dilu-
tions were used. Antibodies (20 nM in PBS) were coated onto 
standard bind MSD-ECL plates overnight at 4°C or at room 

Figure 4. Solution equilibrium titrations (Set), KinexA and MSD experimental design. (A) Set. A solution equilibrium titration (Set) is prepared with 
antigen (blue) held constant and antibody (orange) titrated. the solution is allowed to come to equilibrium. (B) KinexA. A column is packed with 
antibody-conjugated beads. the Set sample is passed over the column at a fixed flow rate (typically 0.25 mL/minute). (C) only free antigen is captured 
on the antibody-conjugated beads. (D) the captured antigen is detected with a fluorophore-labeled antibody (pink) that binds in a non-competitive 
manner on the antigen. (E) the fluorophore’s signal results in the trace shown, where the end points of a raw signal trace can be used to plot signal as 
a function of antibody concentration and fit to a quadratic equation to extract a KD. (F) MSD. Antibody is coated to a standard-bind MSD plate. the Set 
sample is added by a liquid handling robot to the antibody-coated plate. (G) After 150 sec, free antigen is captured on the plate, while the remaining 
Set solution is washed off the plate. (H) the captured antigen is then detected by a sulfotag-conjugated antibody that binds in a non-competitive 
manner on the antigen. (I) the sulfotag is electrochemically activated to provide signal that is measured by a CCD camera. the raw signal can then be 
plotted as a function of antibody concentration and fit to a quadratic equation to extract a KD.
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