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Measuring the binding kinetics of antibodies to intact membrane proteins by surface plasmon resonance has
been challenging largely because of the inherent difficulties in capturing membrane proteins on chip
surfaces while retaining their native conformation. Here we describe a method in which His-tagged CXCR5,
a GPCR, was purified and captured on a Biacore chip surface via the affinity tag. The captured receptor
protein was then stabilized on the chip surface by limited cross-linking. The resulting chip surface retained
ligand binding activity and was used for monoclonal antibody kinetics assays by a standard Biacore kinetics
assay method with a simple low pH regeneration step. We demonstrate the advantages of this whole receptor
assay when compared to available peptide-based binding assays. We further extended the application of the
capture-stabilize approach to virus-like particles and demonstrated its utility analyzing antibodies against
CD52, a GPI-anchored protein, in its native membrane environment. The results are the first demonstration
of chemically stabilized chip surfaces for membrane protein SPR assays.

G
-protein-coupled receptors (GPCRs) belong to a large superfamily of multispanning membrane proteins
that represent an important drug class1. Compared to small molecule drugs, the development of ther-
apeutics monoclonal antibodies targeting GPCRs has been slow2. Although several promising thera-

peutic monoclonal antibodies targeting GPCRs are being developed for various indications, nothing has been
approved for clinical use2,3. One reason that an anti-GPCR antibody cannot progress as fast as those mAbs
targeting soluble protein targets is the difficulty in candidate analysis and selection. In particular, progress in the
development of label-free ligand/antibody binding assays for GPCRs has so far been challenging largely because
of the inherent difficulties in capturing membrane proteins on analytical surfaces while retaining their native
conformation2,4,5. Surface plasmon resonance (SPR) biosensor-based assays, such as Biacore assays, have been
used to study protein interactions in real time without labeling6. Biacore pioneered commercial SPR biosensors
offering a unique technology for collecting high-quality, information-rich data from biomolecular binding
events6–8. Since the release of the first instrument in 1990, researchers around the world have used Biacore optical
biosensors to characterize binding events with samples ranging from proteins, nucleic acids, and small molecules
to complex mixtures, lipid vesicles, viruses, bacteria, and eukaryotic cells8. However, the application of SPR assays
to study membrane-associated systems such as GPCRs is still in its infancy. One approach, developed by Karlsson
and others, is to immobilize a purified receptor onto the sensor surface and then reconstitute a membrane
environment on the surface9–11. Myszka and co-workers extended this method by showing that it was possible
to capture receptors out of crude preparations and directly study the binding of antibodies12–14. However, with
these methods, the lipid bilayer reconstituted on the chip surface is unstable and cannot be regenerated, and is
therefore rarely used.

Another approach is to engineer membrane proteins specifically for immobilization. For example, in studies by
Myszka and co-workers, GPCRs were engineered using point mutations, yielding improved thermostability and
conformational homogeneity15. After immobilization onto Biacore sensor chip surfaces, the engineered GPCRs
retained activity. However, this approach is time consuming and a stable engineered molecule may not always be
achievable; multiple mutations may alter the native structure of the receptor. In addition, this method requires
pre-activation of nickel-nitrilotriacetic acid (Ni-NTA) SPR surfaces by a non-specific amine coupling reagent
prior to capturing the purified receptor. Therefore, any contaminating proteins can be immobilized on the
activated NTA surface via this process as long as they contain a primary amine group and this yields low binding
activities for the surface-immobilized target protein. Furthermore, after binding, the surface can only be regen-
erated with a low affinity binder, which makes it impossible for analyzing large high affinity molecules such as
antibodies.

Recent developments in structural and functional analyses of GPCRs have allowed for more routine expression
and purification of GPCR proteins in functional form without the need to modify their amino acid sequences16,17.
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Using unmodified receptor coding sequence, we added a 6xHis18–20

and HPC421,22 tandem tag to the C-terminus of the receptor to facil-
itate both purification and Biacore chip capturing processes. The
tagged human CXCR5 receptor protein was expressed in insect Sf9
cells using the baculovirus expression system. The recombinant
receptor protein was purified by a 2-step Ni-NTA/HPC4 affinity
purification procedure, and then captured on a Biacore NTA chip
surface18,19. In order to regenerate the receptor surface for antibody
binding kinetics assay, a limited cross-linking23 step was applied to

stabilize the captured receptor. The resulting receptor surface
retained ligand binding activity and was used for monoclonal anti-
body kinetics analysis by employing a standard Biacore kinetics assay
method with a simple low pH regeneration step. We demonstrate
here the advantages of this capture-stabilize approach in enabling a
whole receptor-based assay. We further extended the application of
the capture-stabilize approach to virus-like particles24,25 and dem-
onstrate its utilities analyzing antibodies against CD52, a GPI-
anchored protein, in its native membrane environment.

Figure 1 | Biacore Kon-Koff rate map showing the differences between two peptide-based assay formats. (a) The standard format in which the CXCR5

N-terminal peptide was flowed over captured antibody at different concentrations. Note that the differences among the three antibodies are within a

single log range. (b) The reverse assay format in which antibodies were flowed over immobilized peptide at different concentrations. Note that 16D7 was

differentiated from the two other antibodies.
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Results
Peptide-based binding kinetics assay. If an antibody binds to a
linear portion of a GPCR molecule, for example, a contiguous se-
quence in the N-terminal extracellular domain, a synthetic peptide
can be used for rapid binding evaluation. Two different assay formats
can be used: the conventional format in which peptide flows over
captured antibody at different concentrations or the ‘‘reverse format’’
which flows antibody over the immobilized peptide. Three anti-
hCXCR5 mAb clones, 16D7, 79E7 and MAB190, were used to
evaluate and compare these assay formats. As shown in Figure 1,
in the conventional format, reproducible kinetics data (Table 1) were
obtained. However, it did not provide sufficient resolution and
sensitivity to differentiate the 3 mAb clones which is reflected in
the Kon-Koff rate map shown in Figure 1a. In contrast, the
reversed peptide-based assay format was able to distinguish mAb
16D7 with an almost 10-fold slower Koff-rate (Table 1), which was
not revealed by the conventional format assay. The Kon-Koff rate
map (Figure 1b) also indicated that this reversed peptide-based assay
format displayed good reproducibility.

However, since antibodies are dimeric molecules, it is possible that
one antibody molecule could bind to two peptides on the chip surface
thereby resulting in artificially high affinity through the avidity effect.
Affinity (KD) data generated by the reverse format indeed were
higher than the data generated by the conventional assay format.
Therefore, the higher affinity data for the same antibody, at least in
part, is attributed to the avidity effect. In order to evaluate the avidity
effect in more detail, different levels (5, 20, and 100 RU, equivalent to
0.78, 3.1 and 15.6 fM/mm2, respectively) of biotinylated peptides
were captured on a SA chip surface and kinetics assays were per-
formed. As shown in Figure 2a, although the overall antibody bind-
ing RUs correlated to the peptide level captured, the shape of the
sensorgrams for each antibody at different peptide densities were
similar. As shown in Figure 2b, at three different peptide immob-
ilization levels, MAB190 showed similar affinity results whereas
clone 16D7 was dramatically different. The highest level of peptide
(100 RU) did indeed alter the overall affinity (KD), mainly due to
artificial Koff (9.85 3 1028, Table 2), which was outside of the Biacore
accuracy range (Koff $ 1025S21).

Peptide-based assays for anti-GPCR antibodies are convenient;
however, they can only be used for analyzing antibodies recognizing
linear epitopes. The conventional assay format lacks resolution as it
can not distinguish between the three mAb clones we tested. Whereas
the reversed assay format lacks accuracy due to the avidity effect. The
development of a whole-receptor assay was able to address these issues.

Whole receptor-based binding kinetics assay. In order to develop
GPCR whole receptor assays, a tandem 6xHis/HPC4 tag was added
to the C-terminus of full-length human CXCR5 coding sequence and
expressed in insect Sf9 cells using the baculovirus expression vector
system. Following the methods described by Jaakola V.-P. et al.16, the

human CXCR5 protein was purified as a mixture of monomer, dimer
and trimer (Figure 3a, 3b). The purified receptor was directly cap-
tured on an NTA SPR sensor chip via Ni-mediated affinity capturing.
In order to generate a stable chip surface, the commonly used amine
coupling reagent NHS/EDC at 20 mM and 5 mM, respectively, was
used to stabilize the captured receptor. The surface was then tested
for both ligand binding (Figure 3c) and antibody binding (Figure 3d).
High quality kinetics data were obtained following injection of ligand
or antibody at different concentrations over the receptor surface.

In order to assess the impact of the avidity effect on this capture
and stabilize approach, chip surfaces with two different receptor
densities (300 and 700 RUs) were prepared. As shown in Figure 4a,
at both receptor densities, high quality kinetics sensorgrams were
generated with good reproducibility. The Kon-Koff rate map
(Figure 4b) further highlighted the reproducibility of triplicate data
points. Three antibody samples as well as the ligand were well-dif-
ferentiated by this assay format, which was not possible using the
two other peptide-based assay formats. The kinetics data shown in
Table 3 further demonstrated the reliability of the assay regardless of
the difference in receptor density. Therefore, this limited chemical
crosslinking step generated a stable sensor chip surface with full
ligand binding activity. Using this method, the stabilized chip surface
was regenerated with 50 mM HCl for up to 2000 repeated cycles
without any noticeable loss of binding activity.

Capture-stabilized CD52 in virus-like particles. We further
extended the application of the capture-stabilize approach to virus-
like particles for analyzing other types of membrane protein targets
in their native membrane environment. Human CD52, a heavily
glycosylated glycosylphosphatidylinositol (GPI)-anchored protein
composed of only 12 AA residues26,27, was used as an example. As
shown in Figure 5, CD52 virus-like particles (VLPs) were prepared
from 293FT cells. After Western blot analysis to verify the presence of
CD52 in the VLP prep, VLPs containing CD52 were captured by the
anti-CD52 antibody Alemtuzumab26 on a C1 chip surface. The
captured VLPs were then stabilized by the same approach. Three
different anti-CD52 monoclonal antibodies with slightly different
binding epitopes (Chu, et al., 2014, unpublished data), including
the capturing antibody Alemtuzumab, demonstrated good binding
activity in kinetic assays. Similar to Ni-affinity capturing of the
purified hCXCR5, the capture of CD52 VLPs by Alemtuzumab is
target specific. The post capture cross-linking step stabilizes CD52 in
the VLP surface and enables multiple kinetic binding assay cycles to
be performed.

Discussion
With this ‘‘capture-stabilize’’ approach, purified GPCR molecules are
first captured directly on the Ni-NTA chip surface via a C-terminal
6xHis-tag. Alternatively, an anti-6xHis antibody can be first immo-
bilized on a CM5 chip, and then similar levels of the receptor protein

Table 1 | Comparison of two forms of peptide base kinetics assays

Format Sample Data Kon (1/Ms) Koff (1/s) KD (M)

Peptide flow over captured antibody (500 RUs) 16D7 Mean 4.80E105 2.41E-04 5.03E-10
CV (%) 3.14E-02 1.02E-01 1.06E-01

79E7 Mean 1.88E106 6.82E-04 3.65E-10
CV (%) 9.58E-02 4.25E-02 6.09E-02

MAB190 Mean 4.08E105 2.70E-04 6.56E-10
CV (%) 8.08E-02 3.02E-01 2.69E-01

Antibody flow over captured peptide (15 RUs) 16D7 Mean 7.08E105 4.59E-05 6.50E-11
CV (%) 3.24E-02 1.16E-01 1.40E-01

79E7 Mean 9.54E106 8.01E-04 8.43E-11
CV (%) 7.74E-02 1.63E-03 7.63E-02

MAB190 Mean 4.23E106 5.95E-04 1.41E-10
CV (%) 1.09E-01 4.33E-02 7.33E-02
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are captured indirectly on the chip surface. If necessary, more recep-
tor can be captured to meet specific requirements, such as small
molecule compound binding assays. In both cases, receptor mole-
cules are captured specifically via the 6xHis-tag. The subsequent
limited cross-linking step further stabilizes the captured receptor
molecules. Therefore, it is essential that the starting material, purified
GPCR protein, is tested for activity by ligand binding. The purifica-
tion methods used here, adapted from Jaakola V. et al. for determin-

ing the crystal structure of the human A2A adenosine receptor in
complex with a high-affinity subtype-selective antagonist16, yield
active pure GPCRs without the need to engineer stabilized receptors
which require a substantial amount of effort15.

During the stabilization step, some of the receptor binding sites
may have been blocked by the cross-linking reaction. A 10-fold dilu-
tion of the standard amine-coupling reagent from GE (200 mM
NHS/50 mM EDC) gave the best results. Over cross-linking with

Figure 2 | Evaluation of the avidity effect by the peptide-based reverse assay format. (a) Biacore kinetics assay sensorgram showing two distinct

antibodies at three different peptide density surfaces. (b) Kon-Koff rate map showing different impacts of peptide density on two different antibody

clones.
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200 mM NHS/50 mM EDC resulted in significant loss of binding
activity (data not shown). We also tested five other cross-linking
reagents for receptor stabilization on both NTA and CM5 chip sur-
faces. In each case, similar results were obtained (data not shown).
Therefore, we chose the 20 mM NHS/5 mM EDC as our standard
stabilization reagent. The receptor surface stabilized by this simple
cross-linking step yielded sufficient binding capacity for analyzing
both antibody and ligand binding. More importantly, the limited
cross-linking step kept the hCXCR5 whole receptor surface stable.
The surface was not only resistant to the surfactant (0.05% Tween-
20) present in the running buffer, but also allows for low pH (pH 1.5)
regeneration steps. These features enabled the binding assay to be
performed with the same conditions used for soluble proteins, which
resulted in high quality kinetics sensorgrams and excellent repro-
ducibility (CV,25%). This assay has been applied successfully to
eight different GPCR targets (data not shown) and is expected to
be applicable to most, if not all, GPCR molecules.

We further extended the application of the capture-stabilize
approach to virus-like particles and demonstrated its utilities analyz-
ing antibodies against CD52. Alemtuzumab (Campath-1H), specific
to human CD52, is currently approved as a treatment for B-cell
chronic lymphocytic leukaemia. Although Alemtuzumab is capable
of binding to naked synthetic CD52 peptide, other anti-CD52 mAb
clones require glycan as part of their binding target and the synthetic
peptide method with these mAbs is not a viable option. The virus-like
particles were captured by Alemtuzumab and further stabilized by
limited cross-linking and this stabilized surface worked well in bind-
ing kinetics assays for comparing all types of antibodies, including
the capturing antibody. VLPs produced by recombinant expression
systems in Saccharomyces cerevisiae have been reported at 30–
50 nM in size28. We also determined that the CD52 VLPs produced
in HEK293FT cells were similar in size (30–50 nM, data not shown).
It is presumed that only a portion of the CD52 molecules displayed
on VLP surface is bound by the capturing antibody; those unoc-
cupied CD52 molecules are therefore available for binding by the
analyte antibodies. Similarly, we expect that this approach can be
applied to other types of membrane targets, such as multi-transmem-
brane domain protein ion channels.

In conclusion, we have demonstrated the first successful use of a
simple chemical cross-linking step to stabilize captured membrane
proteins on Biacore chip surfaces. The resultant membrane protein
surfaces remains stable allowing multiple rounds of consistent bind-
ing analyses with low pH regeneration steps. The capture-stabilize
approach should provide a very useful tool for analyzing antibodies
against a variety of membrane protein targets.

Methods
Conventional peptide-based Biacore assay. A mouse antibody capturing kit from
GE was used for Biacore CM5 chip surface preparation. Following standard protocols

provided by the manufacturer, the rabbit anti-mouse polyclonal antibody (GE) was
first immobilized on the chip surface via amine coupling to the free carboxyl groups
on the CM5 chip surface using standard NHS/EDC procedures. Mouse monoclonal
antibodies against hCXCR5 clones 16D7, 79E7 and MAB190 (R&D Systems) were
then captured by the anti-mouse antibody. Next, the hCXCR5 N-terminal peptide
(MNYPLTLEMD LENLEDLFWE LDRLDNYNDT SLVENHLCPA TEGPLMASFK
AVFVP) was injected over the captured anti-hCXCR5 antibodies at various
concentrations to generate kinetics sensorgrams.

Reversed peptide-based Biacore assay. C-terminal biotinylated peptide
(MNYPLTLEMD LENLEDLFWE LDRLDNYNDT SLVENHLCPA TEGPLMASFK

Table 2 | Evaluation of the avidity effects on increased peptide density surfaces

mAb Peptide Density* Data Kon (1/Ms) Koff (1/s) KD (M)

16D7 5 RU Mean 6.81E105 4.71E-05 7.02E-11
CV (%) 5.14E-02 5.77E-01 6.15E-01

20 RU Mean 8.32E105 2.70E-05 3.25E-11
CV (%) 3.26E-03 3.92E-01 3.93E-01

100 RU Mean 1.01E106 9.85E-08 9.74E-14
CV (%) 1.13E-02 9.27E-01 9.33E-01

MAB190 5 RU Mean 4.33E106 7.11E-04 1.64E-10
CV (%) 7.72E-02 9.39E-02 2.64E-02

20 RU Mean 7.65E106 5.11E-04 6.68E-11
CV (%) 2.33E-02 2.80E-02 4.93E-02

100 RU Mean 6.50E106 2.56E-04 3.94E-11
CV (%) 2.10E-02 2.27E-02 4.15E-02

*5, 20 and 100 RU equivalent to 0.78, 3.1 and 15.6 fM/mm2 of the peptide molecules, respectively.

Figure 3 | Preparation of CXCR5 protein for whole receptor assay.
(a) SDS-PAGE analysis showing purified CXCR5 protein containing

monomer as well as different degrees of oligomers. (B) Western blot

analysis showing the reactivity of monomer, dimer and trimer by anti-

CXCR5 antibody. (c) Representative Biacore kinetics sensorgram of

CXCL13 ligand binding to CXCR5. (d) Representative Biacore kinetics

sensorgram of anti-CXCR5 mAb 16D7 binding to CXCR5.

www.nature.com/scientificreports
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AVFVPC-Biotin) was captured by streptavidin on the Biacore SA chip surface at
specified density. Unused biotin-binding sites were blocked by free biotin. The same
set of anti-hCXCR5 monoclonal antibodies used in the conventional assay was
injected at various concentrations to generate Biacore kinetics sensorgrams.

Expression of hCXCR5. Human CXCR5 receptor was expressed in Sf9 cells using the
FastBac expression system (Invitrogen). Sf9 cells were grown in suspension in flasks
with serum-free medium. Cells were infected with recombinant virus at a density of 6
3 106 cells/ml; virus was added at the multiplicity of infection (MOI) of 10. An equal

Figure 4 | Whole receptor assay capable of differentiating three antibodies and the ligand. (a) Biacore sensorgram at two different CXCR5 receptor

densities. (b) Kon-Koff maps at two different receptor densities.

www.nature.com/scientificreports
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Table 3 | Kinetics assay on whole receptor surface with two different receptor densities

Receptor Density Sample Data ka (1/Ms) kd (1/s) KD (M)

300RU 16D7 Mean 1.94E105 4.09E-05 2.10E-10
CV (%) 2.07E-02 1.79E-01 1.72E-01

79E7 Mean 4.86E105 4.05E-04 8.33E-10
CV (%) 3.64E-02 2.70E-02 1.88E-02

CXCL13 Mean 6.78E106 5.46E-03 8.12E-10
CV (%) 2.38E-01 1.92E-01 6.12E-02

MAB190 Mean 7.18E105 3.30E-04 4.59E-10
CV (%) 3.80E-02 1.40E-01 1.22E-01

700RU 16D7 Mean 1.32E105 4.52E-05 3.40E-10
CV (%) 2.97E-02 2.64E-01 2.33E-01

79E7 Mean 3.64E105 2.06E-04 5.65E-10
CV (%) 3.62E-02 1.27E-01 9.41E-02

CXCL13 Mean 7.82E106 8.78E-03 1.13E-09
CV (%) 1.43E-01 9.66E-02 1.06E-01

MAB190 Mean 4.80E105 3.93E-04 8.20E-10
CV (%) 5.78E-02 8.00E-02 5.56E-02

Figure 5 | Capture-stabilize CD52 VLP on C1 chip for anti-CD52 antibody analysis. (a). SDS-PAGE analysis of samples produced by HEK293FT cell

transient expression. Lanes: 1. Sf9 cell negative control membrane prep, 2. Purified CD52 positive control protein produced in Sf9 cell, 3. HEK293FT

negative control total cell lysates, 4. HEK293FT total cell lysates transiently expressing CD52, 5. A negative control VLP prep, 6. CD52 VLP prep from

HEK293FT cells. (b). Western blotting with anti-CD52 antibody Alemtuzumab. The samples are the same as shown in panel A. (c). Biacore kinetics assay

sensorgrams of anti-CD52 mAbs generated using CD52 VLPs captured and stabilized on a C1 chip surface.

www.nature.com/scientificreports
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volume of fresh medium was added immediately afterward. Cells were harvested by
centrifugation 72 hours post-infection.

Purification of hCXCR5. Following Jaakola V.-P.’s protocols16, The harvested Sf9
cells were initially disrupted by homogenization in a hypotonic buffer containing
10 mM HEPES (pH 7.5), 20 mM KCl, and 10 mM MgCl2. Extensive washing of
the isolated raw membranes was performed by repeated centrifugation (typically
six to nine times) in a high-osmotic buffer containing 1.0 M NaCl, 10 mM HEPES
(pH 7.5), 10 mM MgCl2, 20 mM KCl, and protease inhibitor cocktail (Roche),
followed by Dounce homogenization to resuspend the membranes in fresh wash
buffer thereby separating soluble and membrane-associated proteins from integral
transmembrane proteins. Highly purified membranes were solubilized by
incubation in the presence of 0.5% (w/v) n-dodecyl-D-maltopyranoside (DDM)
(Sigma) and 0.01% (w/v) cholesteryl hemisuccinate (CHS) (Sigma) for two to
three hours at 4uC. After solubilization, the unsolubilized material was removed
by centrifugation at 150,000 3 g for 45 minutes. The supernatant was separated,
supplemented with 25 mM buffered imidazole and incubated with Ni-NTA resin
(Qiagen) overnight at 4uC; typically, 1.5 ml of resin per one liter of original
culture volume was used. After binding, the resin was washed with ten column
volumes of 25 mM HEPES (pH 7.5), 800 mM NaCl, 10% (v/v) glycerol, 55 mM
imidazole, 0.05% (w/v) DDM and 0.001% (w/v) CHS. The receptor was eluted
with 25 mM HEPES (pH 7.5), 800 mM NaCl, 10% (v/v) glycerol, 0.05% (w/v)
DDM, 0.001% (w/v) CHS, and 200 mM imidazole. The eluted receptor was
directly added to anti-HPC4 mAb coupled affinity resin in the presence of 1 mM
CaCl2 overnight, washed 12.5 mM HEPES (pH 7.5), 400 mM NaCl, 5% (v/v)
glycerol, 0.025% (w/v) DDM, 0.001% (w/v) CHS, 1 mM CaCls and eluted with
12.5 mM HEPES (pH 7.5), 400 mM NaCl, 5% (v/v) glycerol, 0.025% (w/v) DDM,
0.001% (w/v) CHS, 1 mM EDTA. The eluted receptor was buffer exchanged to
12.5 mM HEPES (pH 7.5), 400 mM NaCl, 5% (v/v) glycerol, 0.025% (w/v) DDM,
0.001% (w/v) CHS, and stored at 280uC.

Capturing hCXCR5 on Biacore sensor chip surface. For direct NTA chip capture,
following 1 min injection of 0.5 mM NiCl2, purified hCXCR5 receptor at
concentration of 50 ng/ml diluted in HBS-N buffer was injected with a flow rate of
5 ml/min to achieve capture level between 300-700 resonance units (RU), depending
on experiment purpose.

Stabilization of hCXCR5. Ni-affinity captured hCXCR5 receptor protein was
stabilized with limited cross-linking by flow over the mixtures of 20 mM EDC and
5 mM NHS for 7 min. Subsequently, excess cross-linkers were quenched with 1M
ethanolamine for 10 min. The surface stabilized receptor chip was primed with
running buffer before subsequent assay steps.

Regeneration of captured–stabilized hCXCR5 surfaces. At the end of each binding
cycle, the GPCR surfaces were regenerated with injection of 50 mM HCl for 1 min at
the flow rate of 50 ul/min.

Kinetic characterization of hCXCR5 ligand and antibodies. CXCL13 and 3 anti-
hCXCR5 mAbs were each tested in triplicate in 2-fold dilution series for binding to
hCXCR5 in HBS-EP1 running buffer. All samples were injected at a flow rate of
50 ml/min.

Capture-stabilize CD52 virus–like particles (VLP). Full-length CD52 coding
sequence (ATGAAGCGCTTCCTCTTCCTCCTACTCACCA
TCAGCCTCCTGGTTATGGTACAGATACAAACTGGACTCTCAGGACAAA-
ACGACACCAGCCAAACCAGCAGCCCCTCAGCATCCAGCAGCATGAGCG-
GAGGCATTTTCCTTTTCTTCGTGGCCAATGCCATAATCCACCTCTTCT-
GCTTCAGTTGA) was cloned into pEF_DEST51 vector (Invitrogen). Following
the user guide for MembraneProTM Functional Protein Expression System from
Life Technologies, CD52 VLP prep was obtained. After activation of the C1 chip
surface by standard NHS/EDC procedure, the anti-CD52 antibody Alemtuzumab
was immobilized and CD52 VLPs were then captured by the anti-CD52 antibody
at 1300 RU level. The captured VLPs were further stabilized by limited
crosslinking using 20 mM NHS/5 mM EDC for 7 min at flow rate of 5 ml/min and
excess crosslinkers were quenched by injection of 1 M ethanolamine for 10 min.
Kinetics assays with three anti-CD52 mAbs at concentrations from 0–80 nM were
then performed.

Data processing and analysis. All biosensor data processing and analysis was
performed using Biacore T100 Evaluation Software (GE, version 2.0.1). For kinetic
analyses, data were locally fit to a 151 interaction model. CV (coefficient of variation)
was calculated as the standard deviation (STDEV) divided by the mean.
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