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Monoclonal  antibody  proteomics  uses  nascent  libraries  or  cloned  (PlasmascanTM, QuantiPlasmaTM)
libraries  of  mAbs  that  react  with  individual  epitopes  of  proteins  in  the  human  plasma.  At the  initial
phase  of  library  creation,  cognate  protein  antigen  and  the  epitope  interacting  with  the  antibodies  are
not  known.  Scouting  for monoclonal  antibodies  (mAbs)  with  the  best binding  characteristics  is  of  high
importance  for  mAb  based  biomarker  assay  development.  However,  in the  absence  of  the  identity  of
the  cognate  antigen  the  task  represents  a  challenge.  We  combined  phage  display,  and  surface  plasmon
resonance  (Biacore)  experiments  to  test  whether  specific  phages  and the respective  mimotope  peptides
obtained  from  large  scale  studies  are  applicable  to  determine  key  features  of  antibodies  for  scouting.  We

show  here  that mAb  captured  phage-mimotope  heterogeneity  that  is  the  diversity  of the  selected  peptide
sequences,  is  inversely  correlated  with  an important  binding  descriptor;  the  off-rate  of  the  antibodies  and
that  represents  clues  for  driving  the selection  of  useful  mAbs  for  biomarker  assay  development.  Carefully
chosen  synthetic  mimotope  peptides  are  suitable  for specificity  testing  in  competitive  assays  using  the
target  proteome,  in our  case  the  human  plasma.

© 2014  Elsevier  B.V.  All  rights  reserved.
. Introduction

In the search for disease-specific biomarkers decoding of human
roteome(s) has become crucial [1]. Current proteome profiling
echnologies are mainly developed on around the use of mass
pectrometry (MS) [2], and different affinity reagents-centered
echnology platforms [3] or a combination of the two [4,5]. MS-
ased technologies suffer from some technological issues resulting
rom the wide dynamic representational range of different pro-
eins in the examined proteome(s), which, in case of the human
lasma, covers more than 10 orders of magnitude [6]. Also the lack

f appropriate affinity reagents for downstream verification and
evelopment of clinically useful diagnostic tests makes it difficult
o bring MS-platform-discovered diagnostics to the bedside [7].

∗ Corresponding author at: Targetex Biosciences, Kápolna köz 4/A, H-2120
unakeszi, Hungary. Tel.: +36 12793153; fax: +36 12793154.

E-mail addresses: hajdu@target-ex.com (I. Hajdú), laszlo.takacs@biosys-intl.com
L. Takács).

ttp://dx.doi.org/10.1016/j.imlet.2014.02.001
165-2478/© 2014 Elsevier B.V. All rights reserved.
Affinity reagents based approaches use a wide spectrum of spe-
cific binders such as polyclonal poly- and mono-specific antibodies
[8], monoclonal antibody derived recombinant antibodies [9,10],
or antibody fragments [11] as well as the non-antibody constituted
reagents; affibodies [12] and aptamers [13]. The affinity reagent
based approach has demonstrated its potential in several clini-
cal applications [14,15] and it has the promise, that it can quickly
bring its discovery to the bed-site. Limitations of these technolo-
gies are the pre-selected targets, determined by the inclusion of
the antibodies with known specificity, and the fact that resolu-
tion of these techniques directly correlates with the number of
the applied reagents which is presently a key bottleneck of these
procedures.

Global proteome survey (GPS) combines features of MS  and
affinity proteomics, using context-independent motif specific anti-
bodies to enrich motif containing peptides from the digested

proteome(s) and a highly specialized MS  technique for the anal-
ysis [16]. With GPS it is possible to increase MS  output, to carry out
pre-conception independent screening, but the search is limited
by the use of motif-specific antibodies and the technology probes

dx.doi.org/10.1016/j.imlet.2014.02.001
http://www.sciencedirect.com/science/journal/01652478
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 digested proteome, where PTI-s and protein–protein interactions
annot be followed.

Monoclonal antibody proteomics [17–19] is a technology that
rofiles epitopes of complex proteomes like the human plasma,
nd this process may  also produce pre-validated clinical assay as
he outcome of the discovery procedure. Epitope profiling provides
n advantage over other methods because it measures protein lev-
ls as well as posttranslational or other protein modifications that
ffect epitopes and are apparent in disease conditions. The technol-
gy has recently shown unique success in identifying lung cancer
ssociated [18] and other biomarkers [17,19] using high through-
ut ELISA or microchip based assays for the discovery. Monoclonal
ntibody libraries are complex, and in the case of nascent libraries
nclude thousands of mAbs [17]. These antibodies are primarily
lanned to be used in experiments where no pre-conception is set
oward antibody specificity and the resolution of such proteome
rofiling efforts correlate directly with the number of antibod-

es included. Initially, during the mAb  proteomics process in the
bsence of known antigen, very little information is available to
ank mAbs based on specificity and binding characteristics. Find-
ng the antigens for each of the thousands of mAbs in the library

ith presently applied methods would be a daunting task but it
ight be circumvented by finding mimotopes for them.
Libraries of peptides displayed on the surface of bacterial phages

ave been frequently used for mapping antibody epitopes, for
haracterizing or inhibiting protein–protein contacts, or selecting
eptide mimics for non-peptide ligands. The technique has gained
uge popularity since George P. Smith first described it [20]. A ran-
om library of peptides coding double stranded DNA fragments are

nserted into the genome of (most frequently Ff class) filamentous
hages and the encoded peptides are displayed as fusion proteins
n the surface of the phage. Connection between genetic material
nd selectable function, such as mAb  binding allows rapid iden-
ification of variants with the desired properties [21]. The most
requently applied method of screening is bio-panning [22], where
hages which are able to bind to the immobilized interacting part-
er are enriched by repeated and alternating “propagation” and
binding” cycles. Binding of the phages to the partners are verified
sually with an immunoassay and subsequent sequencing of the
elevant phage DNA reveals the peptides displayed [23].

Epitope mapping of antibodies greatly helps understanding the
ature of antigen–antibody interactions [24] which is important
ot only to elucidate the etiology of different (e.g. autoimmune)
iseases [25], but to develop better, more effective vaccines [26]
r diagnostics [27,28]. Considering that most of the epitopes rec-
gnized by antibodies are not linear [29], the usefulness of linear
eptides as antibody epitopes has limitations. Since linear con-
inuous epitopes are often only a few amino acids in length the
creening of libraries might affinity select peptides that exactly
atch the primary structure of the epitope [30,31], however, in
ost of the cases phage display peptide libraries can only help

o identify critical residues within a continuous epitope that are
nvolved in antibody binding.

Screening phage display peptide libraries can affinity select
imotopes, which are peptides that mimic  discontinuous epi-

ope structures [32]. Mimotopes may  not have similarity to any
inear sequence of the antigen and may  represent conformation
ependent interaction of the epitope with the antibody. Several
nalytical tools are available now to map  the native epitope based
n sequences of the selected mimotopes and the three dimensional
tructure of the antigen [33,34]. Testing affinity of the phage-
isplayed peptides directly is a rarely used technology compared

o the widely applied mimotope selection. Surface Plasmon Res-
nance (SPR) or other methods are rather used to demonstrate
inding of the antibody to the phages expressing specific peptides
han to determine affinity [35–37] and the technique is not often
ters 160 (2014) 172–177 173

applied in determining phage(expressed peptide)-protein affinity
at all [38]. Because of the lack of this information the selection of
the peptides to be synthesized can only be based on the phage
display results and not on binding data. The most likely reason
which limits the wider use of this potentially suitable method is
the technical difficulties which lay in the application of phages in
SPR experiments.

Here, we present and devise a workflow of phage display and
SPR experiments and show that these provide clues for scouting of
mAbs based on key features of binding and specificity in the absence
of cognate epitope and purified cognate protein antigen.

The usefulness of the methodology we  describe here is in the
selection of candidates for the development of protein biomarker
assays such as ELISA or mAB  microchips during the mAb  proteomics
technology.

2. Materials and methods

2.1. Antibodies

Monoclonal antibodies (Bsi0080, Bsi0086 and Bsi0088, all IgG-
s) were derived from our human plasma proteome specific mAb
library recognizing accessible epitopes on human plasma proteins.
The mAbs were produced by immunizing animals with selectively
depleted and normalized human plasma using the classical somatic
cell fusion procedure. Antigen binding of the purified antibodies
was verified in a capture enzyme immune-assay where the binding
of biotin-labeled plasma samples to immobilized antibodies were
determined, as described before [18].

2.2. Phage display

Phage display system Ph.D.TM-12 Phage Display Peptide Library
Kit (New England Biolabs, Ipswich, MA)  which contains approx. 109

individual clones was used according to the vendor’s manual. The
library contains random peptide 12-mers fused to a minor coat pro-
tein (pIII) of M13  phage and the displayed peptide 12-mers are
expressed at the N-terminus of pIII, with the sequence followed by
a short spacer (Gly–Gly–Gly–Ser). The 109 individual clones cov-
ering only a minor fraction of the possible 4 × 1015 sequences. The
panning protocol was executed in 96-well Nunc Maxisorp plates.
The plates were coated with antibodies at 10 �g/�l  concentration
diluted in 0.5 M NaHCO3, 0.5 M NaCl pH 8.6 buffer and incubated o/n
at 4 ◦C. The empty surface of the plate was blocked using 5 mg/ml
casein dissolved in 100 mM NaHCO3, 100 mM NaCl 0.02 NaN3 pH
8.6 for 1 h at 4 ◦C. The remaining blocking protein was washed away
6 times with TBST buffer (TBS with 0.1% added Tween-20). The
phage mixture (for the first panning cycle the phage library, for the
remaining cycles the amplified and purified phages from the pre-
vious cycle) was  added then and incubated with constant shaking
at 250 rpm for a hour at room temperature. The unbound phages
were washed 6 times with TBST buffer. The specifically bound
phages were eluted with 0.2 M glycine pH 2.2 then immediately
neutralized with 1 M Tris pH 9.1. For amplification of the phage
particles E. coli ER2738 strain was  used. The culture was  grown for
5 h at 37 ◦C. The phages were precipitated from the supernatant
by 1/6 volume of 20%PEG/2.5 M NaCl and resuspended in TBS. The
precipitation procedure was  executed twice. The phage particles
purified by this method were used for the latter panning cycles.
The eluted phages after the third panning round were used for the
subsequent steps. 24 individual phage clones were picked up and

their binding to the antibodies were checked by phage-ELISA. Posi-
tive clones were selected for DNA preparation and sequencing. For
each tested mAb  DNA/peptide sequences of at least 12 independent
phage clones were determined.
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Table 1
Summary of the sequences selected for Bsi0080, Bsi0086 and Bsi0088 mAbs.

Antibody name Peptide name in
study

Sequence Frequency of phage
display selection

Used in SPR
experiments

Bsi0080 080A
088A-Bio

SSPTIPWEQHPF
SSPTIPWEQHPF-GGGS-K-B*

8/14
NA Pep-AB

080B
088B-Bio

TSQVTDWLYHPY
TSQVTDWLYHPY-GGGS-K-B*

6/14
NA Pep-AB

Bsi0086 –  TYAHRGPHLNLH 4/16
086A AWITHPTQLIQI 4/16 AB-Phage
086C  ETWYISTSYVVS 3/16 AB-Phage
–  HIYYISESLLPM 1/16
–  EWYVSTSLLPLP 1/16
–  SYTYTTHLLPLA 1/16
086B TFYYNTSLLPIP 1/16 AB-Phage
–  HDDWYISTSHTD 1/16

Bsi0088 088B
088B-Bio

TSQVTDWLYHPY
TSQVTDWLYHPY-GGGS-K-B*

8/16
NA

AB-Phage; Pep-AB

088A
088A-Bio

SSPTIPWEQHPF
SSPTIPWEQHPF-GGGS-K-B*

6/16
NA

AB-Phage; Pep-AB

088C  DPYLLWENHHAG 1/16 AB-Phage
–  YTNPMWTLLQLR 1/16
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B-Phage: immobilized antibody, phage used as analyte.
ep-AB: immobilized peptide, antibody used as analyte.

* C-terminal Biotinylated peptides.

.3. Peptide displaying phage selection for the studies

The peptides specified by the phage display are listed in Table 1.
oth with Bsi0088 and Bsi0086 three phages were selected for
inding studies displaying peptides that were selected with high
2 phages for each antibody) or with low (1 for each) frequency out
f the 16 individual phages.

.4. Determination of phage concentration

Phage titer by plaque formation was quantified according to
he Phage Display Kit manual with the slight modification of using
6 deep-well plates. PhageTitration ELISA kit (Progen, Heidelberg,
ermany) was used for the ELISA quantification of phages.

.5. Peptide synthesis for studies

Two peptides were chosen for the studies. These peptides were
elected with high frequency by the phage display in case of Bsi0088
nd with almost similar frequency in case of an independent anti-
ody Bsi0080. The biotinylated peptides were synthesized at JPT
eptide Technologies (GmbH, Berlin, Germany). Synthetic peptides
ontained a GGGS linker sequence similarly to the phage displayed
eptide, which was fused to the N terminus of pIII minor coat
rotein of M13  phage via this linker. In the synthetic biotinylated
eptide the biotin was linked to the linker through an additional
-terminal lysine (Table 1).

.6. Surface plasmon resonance (SPR) measurements

All binding experiments were executed on a Biacore X (Biacore,
E Healthcare Life Sciences, Uppsala, Sweden) instrument. Exper-

ments were done in HBS-EP buffer (10 mM HEPES, 0.15 M NaCl,
 mM EDTA, 0.005% Surfactant P20 (=Tween 20), pH 7.4). During
he analysis of the phage–antibody interaction the flow rate was
0 �l/min for both the association and dissociation phase.
.7. Antibody immobilization on the chip surface

All mAbs were covalently immobilized on C1 sensor chips using
he Amine Coupling Kit. The surface matrices were activated by a
7-minute injection of an aqueous solution of 0.2 M 1-ethyl-3-(3-
dimethylpropyl)-carbodiimide and 0.05 M N-hydroxysuccinimide.
Then the antibody at 50 �g/ml concentration in 0.01 M Na-acetate
(pH 5) was injected into the sensor cell (30–60 �l). All coupling
reactions were done at a flow rate of 5 �l/min. Remaining N-
hydroxysuccinimide-ester groups were inactivated by injection of
35 �l 0.1 M ethanoleamine-HCl.

2.8. Determination of binding curves using different dilutions of
the phages

For SPR studies phages were amplified according to the manual
with the slight modification of using HBS-EP as buffer. The phage
preparations from each clone were diluted 5-, 10-, 20- and 40-
fold (12.5–100 nM)  in HBS-EP. Calculation of dissociation constants
was done from data collected for 300 s after termination of ligand
injection.

2.9. Peptide capture on the chip surface

For the capture of peptides BiaCore precoated streptavidin chips
were used. Before capture the surface was pretreated with 1 M NaCl,
50 mM NaOH solution three times to remove any contamination.
For capture 10 �l of 10 �g/ml (5 �M)  biotinylated peptide solution
was used to reach saturation on the cell surface.

2.10. Determination of binding curves using different dilutions of
the antibodies

The antibody preparations were diluted to 1333 nM, 666 nM,
266 nM,  133 nM,  66 nM and 26 nM in HBS-EP. Calculation of dis-
sociation constants was done from data collected for 120 s after
termination of ligand injection, which lasted also for 120 s (20 �l of
analyte).

2.11. Competition experiments
The binding specificity of antibodies to immobilized peptides
was further investigated through plasma competition assays. Dur-
ing the experiments three kinds of runs were executed: mAb  at
a fixed concentration (133 nM)  alone; a serial dilution from the
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Fig. 1. Workflow of reagent generation and testing.

lasma alone (non-specific signal); and a serial dilution of the
lasma with the fixed concentration of antibody. During analy-
is we recorded the response changes for the plasma-mAb and
he plasma experiments then we calculated the difference of
hese responses at each plasma dilution, and normalized it to the
esponse of the plasma-free mAb. For the analysis we determined
he dynamic range of the competition, above which addition of
igher amount of plasma will not change the level of competition.
sually 0–5% of plasma provided the dynamic range.

.12. Determination of the KD values

BIAevaluation is a stand-alone software package for presenta-
ion and evaluation of sensorgram data from SPR analyses. This
rogram was used for the determination of the KD values. For
he tested interactions 1:1 Langmuir model was  applied. This is
he simplest model for 1:1 interaction between the analyte and
mmobilized ligand and is equivalent to the Langmuir isotherm for
dsorption to a surface.

. Results and discussion

Initially, during the monoclonal antibody proteomics profiling
rocess the nascent libraries may  contain multiple thousands of
Abs. At this stage, no other information is available about anti-

ody specificity than verified binding to the complex analyte mix,
ut in subsequent steps antibodies are selected based on biomarker

uality criteria [17–19]. At the same time, in order to select antibod-

es for assay development, clues for antibody quality and specificity
re necessary. Based on the experiments described here, Fig. 1
hows a workflow for the generation of useful information on

able 2
hage binding parameters on antibodies Bsi0088 and Bsi0086.

Antibody Phage identifier kon (1/Ms) k

Bsi0088 088A 1.73E+05 7
Bsi0088 088B 1.17E+05 2
Bsi0088 088C 1.70E+05 3
Bsi0086 086A 2.92E+05 8
Bsi0086 086B 5.85E+05 2
Bsi0086 086C 3.01E+05 1
ters 160 (2014) 172–177 175

antibody quality in the absence of epitope specificity and puri-
fied cognate protein. The technology is proposed for application
during the proximal phase of the monoclonal antibody proteomics
profiling process we described earlier [17,18].

3.1. SPR characterization of phage binding

Previously, in a seminal paper Houshmand [36] has shown that
for phage–antibody interaction the C1 chip is the most suitable due
to the readily accessible surface for phage particles. The C1 sensor
chip has a matrix-free carboxymethylated surface instead of the
commonly used CM chip surfaces, where carboxymethylated dex-
tran is attached covalently to the gold surface. The flat surface of
C1 allows interactions to take place closer to the surface. These fea-
tures can be beneficial when working with multivalent interaction
partners, large molecules, molecular complexes and particles. Our
pilot experiments confirmed these findings and therefore we  used
the C1 chips in the experiments reported here.

Under the conditions described, the signals produced by phage
binding to antibodies could easily be differentiated from those cre-
ated by non-binders. Although, the shape of the binding curves
differed significantly from each other, depending on the antibody
and the specific phages, the dose dependence of the responses was
obvious in all the cases, and we determined kon, koff and KD values,
which are summarized in Table 2. The determined affinities varied
in a range of approximately 1 order of magnitude.

We attempted to find an explanation for the variability in cog-
nate phage species number (binding to the same mAb  but carrying
different sequences). In our present phage display experiments one
or two  leading peptide sequences were selected, with (Bsi0088)
or without (Bsi0080) additional sporadic peptides. Our first work-
ing hypothesis was that the affinity (KD) of the peptide sequence
for a particular mAb  determines the number of phages selected
carrying this sequence. However, we found that the dissociation
constant (koff) of the phage–antibody interaction correlates with
the number of cognate phage species recognized by a particular
mAb (Fig. 2). We  found that the same rule applies to other anti-
body phage pairs as well (not shown). The correlation between the
dissociation constant and the frequency of cognate phage species
means that those phages will be selected more frequently during
the panning procedure which dissociate slowly from the antibody
independently of their on rate (kon). As in addition to the low KD,
the low koff are also important, independent and preferential char-
acteristics of good mAbs, our results suggest that complexity of
independent cognate phage species in phage display provides a
potentially valuable clue for selecting useful antibodies.

3.2. SPR characterization of mimotope peptide binding

For the peptide–antibody binding experiment we  used two
biotinylated peptides which represented the sequences of phages

088A and 088B and were named as 088A-bio and 088B-bio respec-
tively. Binding characteristics of several mAbs were tested at high
concentration on both peptides. The binding and nonbinding pairs
could be distinguished easily, just as in the case of phage–antibody

off (1/s) KD (M)  Standard deviation of KD (M)

.87E−04 4.55E−09 8.18E−10

.90E−04 2.48E−09 1.25E−09

.70E−03 2.18E−08 6.27E−09

.10E−04 2.77E−09 1.60E−10

.65E−03 4.53E−09 3.80E−09

.94E−03 6.45E−09 1.83E−09
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Fig. 3. Plasma competition of the interaction between Bsi0088/Bsi0080 antibod-
ies  and the two  immobilized peptides. Results are expressed as the fraction of the
normalized (maximal) binding. The interactions involving Bsi0080 are shown with
enerated using data from Table 2.

nteraction. To characterize quantitatively the binding pairs we
nalyzed the binding parameters at four mAb  concentrations, and
o study the reproducibility of the technique we repeated each
xperiment 2–4 times.

The binding parameters (kon, koff, KD) were calculated for each
easured antibody concentration. The average and standard devi-

tion of the four values are summarized for each series in Table 3.
The quality measures of the interactions between the immo-

ilized biotinylated peptides and antibodies are reproducibly
btainable using the setup. The kinetic and affinity constants are
ccurate and reproducible giving a good view on the mode of inter-
ction between monoclonal antibodies and mimotope peptides.
he dissociation parameters of binding (koff) were in good agree-
ent with those measured between immobilized antibodies and

hages, however we noticed that association is significantly slower
n the case of peptide–antibody interactions. This slower associa-
ion might have been resulted from the use of different chips for
he antibody–phage vs. peptide–antibody interactions (C1 vs. SA-
oated chips respectively) as the quality of Biacore surface matrix
s known to affects affinity and binding kinetics of antibodies [39].
imilarly the antigen–antibody binding might have been influenced
y the different electrostatic properties of the antigens. Engineering
lectrostatic attraction between protein-complex partners resulted
n hundreds of fold faster binding rates compared to wild type part-
ers [40] and using the same principle antibody fragments with

ncreased association rates have been designed [41]. The agreement
etween the dissociation parameters, which are the main determi-
ants of the interactions in focus, however supports our suggestion

rom the phage binding experiments, that the mere complexity of
ifferent mimotope carrying phages is a valuable clue for selecting

Abs peptide partners with low koff.

able 3
Si0088 binding parameters on peptide 088A-bio and 088B-bio.

Peptide Antibody kon (1/Ms) koff (1/s) KD (M) Standard
deviation of
KD (M)

088A-bio Bsi0088 1.00E+04 1.58E−04 2.07E−08 1.64E−08
088B-bio Bsi0088 4.30E+03 6.82E−04 1.59E−07 2.14E−08
squares, Bsi0088 with circles, 088A-bio with open symbols and dashed lines, while
088B-bio with solid symbols and lines. Only the interaction between Bsi0080 and
088A-bio can be competed quantitatively with plasma.

3.3. Inhibition experiments with complex cognate antigen mix

The antibodies used in this study were made against avail-
able epitopes on plasma proteins, and their cognate antigen, i.e.
the protein carrying this epitope is not known yet. Their spe-
cific recognition of biotinylated plasma proteins has been verified
with different plasma preparations; however, it was  of particu-
lar interest whether the specificity of the binding of antibodies to
immobilized peptides could be verified with a kinetic approach via
a plasma competition assay. For this type of data analysis the associ-
ation and dissociation curves are not informative, but the amount
of bound proteins (maximum response) can be used [42] for the
calculation. In preliminary experiments the dynamic range of the
competition has been determined, which proved to be between
0.5 and 5% plasma concentration. The peptides selected for this
study, were different from each other, however they contained a
well definable motif (xSxxxxWxxHPF/Y) (Table 1). The inhibition of
the interaction between the antibody–peptide pairs showed dose-
dependency but could not be competed off quantitatively for each
interaction. The response at higher plasma concentration was  still
high, about half of the original response (Fig. 3) for several inter-
actions. The incomplete competition suggests that the mimotope
peptide does not completely mimic  the epitope recognized by the
mAb. It might be possible that the motifs represent some of the
features of the original epitopes, and binding of the antibody to the
peptide antigen happens through conformational changes (induced
fit) [43,44]. The induced structural change materializes in a sig-
nificant population of the antibody, and this interaction “locks”
the peptide at the antibody binding site which hence cannot be
competed off by the original antigen. As the induced fit trapped
peptide might not be a real mimic  of the original antigen, in this
case the specificity of the interaction is questionable. The complete
inhibition of the binding of mAb  Bsi0080 to 088A-bio peptide indi-
cates that the resemblance of the original epitope and the selected
mimotope in case of this antibody peptide pair should be close to
each other. We expanded the plasma competition experiments to
other peptide-mAb pairs, and found that several of the interactions
could be competed off fully, as an indication of the same binding

site for the mimotope peptide and the natural antigen recurring
in plasma. We  suggest that phage display result derived peptide
studies, if carefully and censoriously analyzed, provide additional
information on the cognate antigenic site.
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. Conclusion

Here we conclude that complexity of selected individual mimo-
ope carrying phages provides an early clue for the selection of
igh quality mAb–peptide pairs for further characterization of mAb
pecificity. We  show that SPR experiments with phage particles are
uitable to confirm the selection of mAbs and peptides with low
off. These experiments correlate well with those obtained with
ynthetic peptides, which are then suitable to show specificity in
ontext of the natural antigen and for the selection of mAb  pep-
ide pairs for the development of quantitative assays. We suggest
hat in mAb  proteomics the workflow proposed here is a suitable
nitial tool in mAb  scouting for candidate assay development and
nitial mAb  characterization in the absence of cognate epitope and
urified cognate antigen.
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