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Abstract
Antagonists of VEGF-mediated angiogenesis are of great interest clinically for the treatment of solid
tumors and certain forms of macular degeneration. We recently described a novel peptoid antagonist
of VEGF Receptor 2 (VEGFR2) that binds to the extracellular domain of the receptor and inhibits
VEGF-mediated autophosphorylation and subsequent downstream signaling. Given the structural
similarities between peptides and peptoids, an obvious model for the mode of action of the peptoid
is that it competes with VEGF for binding to VEGFR2. However, we present evidence here that this
is not the case and that VEGF and the peptoid antagonist recognize non-overlapping surfaces located
within the first three immunoglobulin-like sub-domains of the receptor. These data argue that the
peptoid inhibits receptor-mediated autophosphorylation by a novel allosteric mechanism that may
prevent the receptor from acquiring the conformation necessary to propagate downstream signals.

1. Introduction
Vascular endothelial growth factor receptor −1 and −2 (VEGFR1 & VEGFR2) are members
of the Type III receptor tyrosine kinase family of proteins and both have seven Ig-like domains
in the extracellular domain (ECD) with 32 % sequence identity in the ECD 1. VEGFR1 and
VEGFR2 are required for embryonic development and they both bind VEGF with high affinity.
The association of VEGF with VEGFR2 is a critical event in angiogenesis2 while the function
of VEGFR1 is less clear 3. Antagonists of hormone-mediated receptor activation are of keen
interest in the treatment of solid tumors since they require the formation of new vasculature to
survive and grow4. These include monoclonal antibodies5–8, other protein based
molecules9 or peptides10 targeting VEGF or the ECD of VEGFR2, as well as low molecular
weight tyrosine kinase inhibitors11. Almost all of the molecules that target the hormone or the
ECD of the receptor function by binding to the VEGFR2•VEGF interaction region of either
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the hormone or receptor. One well-studied exception is the monoclonal antibody Bevacizumab
(Avastin), which binds to a site on VEGF neighboring the hormone-binding site12. Even in
this case however, the antibody functions by blocking hormone binding to the receptor,
presumably via steric interference. To the best of our knowledge, none of the known inhibitors
targeted to VEGF or the VEGFR2 ECD operates via a non-competitive mechanism.

We have recently reported a relatively potent anti-angiogenic peptoid agent GU40C4 (Figure
1A) that disrupts VEGF-induced receptor autophosphorylation and, therefore, downstream
events leading to angiogenesis13. This compound has also been shown to be effective in
inhibiting tumor growth in an animal model. GU40C4 is a derivative of a compound isolated
from a screening experiment that registered binding of VEGFR2-expressing cells to peptoids
immobilized on TentaGel beads. As expected, the peptoids were found to bind to the ECD of
the receptor13.

In this report, we probe the mechanism of action of this novel inhibitor. Somewhat surprisingly,
we find that GU40C4 and VEGF can bind simultaneously to the receptor. Moreover, we
demonstrate that all of the peptoids isolated in the initial screen bind to the same or closely
overlapping sites on the receptor. These and other data described below argue that the screen
has identified a previously unrecognized “hotspot” for ligand binding on the receptor surface
and that interaction of the peptoid with this receptor surface apparently antagonizes VEGF-
triggered receptor activation via a novel allosteric mechanism.

2. Results
2.1. The five VEGF Receptor Ligands Have Similar Binding Properties

The screen mentioned above identified five VEGFR2-binding peptoids (Fig. 1B) from a library
of approximately 300,000 compounds with three fixed C-terminal residues and six randomized
residues. Two of these peptoids (GU40C and GU40E) were shown to bind to the ECD of
VEGFR2 with dissociation constants (KD) in the range of 1–3 micromolar. We further
demonstrated that these peptoids bound to the ECD of VEGFR1 with similar affinities13. We
initiated this study by first asking if any of the other three peptoids exhibited significant
specificity for VEGFR1 or VEGFR2. This was done using an ELISA-like binding assay in
which increasing concentrations of fluoresceinated peptoid was introduced into 96-well plates
coated with the receptor ECD. The amount of fluorescence retained after washing was
measured. All of the peptoids bound the ECDs of both VEGFR1 and VEGR2 with KD values
in the low to sub micromolar range (Fig. 2A).

We next evaluated whether these five peptoids recognize different surfaces of the receptor.
Fluoresceinated GU40C (GU40C-FITC) binding to the immobilized receptor was challenged
with increasing concentrations of unlabeled GU40A-E. All five peptoids competed with
labeled GU40C for limiting receptor (Fig. 2B). Furthermore, all of the peptoids evinced similar
IC50s in this competition experiment. These data suggest that all five peptoids bind to the same,
or closely overlapping, sites on the protein.

The ECDs of VEGFR1 and VEGFR2 contain seven IgG-like sub-domains. In order to begin
to map the particular region recognized by the peptoids, we conducted the same ELISA-like
binding assay using a construct containing only the first three N-terminal sub-domains of
VEGFR1 (VEGFR1(1–3)), which includes the region of the receptor to which VEGF itself
binds12, 15, 16. The KD values obtained from these data again fall within the low to sub
micromolar range for all of the peptoids, showing that they all bind to a surface located within
these three sub-domains (Fig. 2C).
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2.2. The GU40C4 peptoid and VEGF do not compete for binding to the VEGFR2 ECD
The three N-terminal domains of VEGFR1 also encompass the VEGF binding region of the
receptor, consistent with the idea that the peptoid antagonists function by competing with the
hormone for binding to the receptor. To probe more directly for peptoid-hormone competition,
we examined binding of fluorescein-labeled GU40C4 dimer which displayed improved
binding properties compared to the GU40C monomer, to the receptor constructs in the presence
of VEGF. First, we demonstrated that, as expected, the dimeric GU40C4 behaved similarly to
the monomeric GU40C in that it bound to the ECDs of VEGFR1, VEGFR2 and VEGFR1(1–
3) with similar affinities (Fig. 2D). For the competitive binding assay, fluoresceinated-GU40C4
was kept constant (100 nM) and unlabeled VEGF, GU40C4 or a control peptoid that does not
bind to the VEGFRs were introduced at the concentrations indicated in Fig. 3. As expected,
unlabeled GU40C4 displaced the fluorescein-conjugated GU40C4, but VEGF did not, even at
hormone concentrations well above that necessary to saturate the receptor, indicating these two
ligands have separate binding sites. The control peptoid had no effect on GU40C4•receptor
interaction.

If it is indeed the case that GU40C4 and VEGF have different binding sites on VEGFR2, then
it should be possible to observe simultaneous binding of both the peptoid and the hormone on
the receptor. To address this point, GU40C4 was fluoresceinated and VEGF was biotinylated,
allowing both to be visualized independently. The fluorescence emission of GU404-FITC can
be detected at 520 nm (green channel) and, by using a streptavidin-coated quantum dot
(Qdot655), the hormone can be detected at 655 nm (red channel). Eight wells of 96-well clear
bottom plates were coated with the ECD of VEGFR2 and four different binding experiments
were carried out in duplicate. In the first two, either GU40C4-FITC (100 nM) or biotin-VEGF
(100 nM) alone was incubated with the immobilized receptor. In the third, equimolar amounts
(100 nM each) of GU40C-FITC and biotin-VEGF were added. Finally, the fourth experiment
was the same as third, except 100-fold excess of unlabeled GU40C was also included in the
solution. After allowing the solutions to equilibrate for one hour and thorough washing,
Streptavidin-Qdot655 was introduced to each well followed by another thorough wash. The
amount of fluorescence remaining in each well was measured at 520 nm and 655 nm separately
(Fig. 4). The level of fluorescence in each of the first two experiments served as a measure of
the unimpeded binding of the peptoid and VEGF, respectively, to the immobilized receptor.
As seen in Fig. 4, when both the peptoid and VEGF were present at 100 nM, strong signals in
both the red and green channels were observed that were similar in intensity to those observed
in the wells containing only one of the ligands. Addition of a large excess of unlabeled GU40C4
to both of the labeled ligands and the immobilized receptor competed binding of FITC-
GU40C4, but not biotin-VEGF, to the immobilized receptor. Taken together, these data argue
strongly that VEGF and the GU40C4 peptoid can simultaneously co-occupy the receptor.

To confirm that this surprising result was not some artifact of the particular assay employed,
we conducted similar experiments, but immobilized biotin-VEGF on streptavidin-coated
plates. As shown in Fig. 5A, a low level of FITC-GU40C4 is retained by the streptavidin-coated
plates, presumably representing non-specific binding of the labeled peptoid to the avidin or the
plate. This is supported by the fact that other labeled control peptoids provided essentially the
same result in this assay (not shown). A similar level of non-specific binding was observed
when the labeled peptoid was incubated with the biotin-VEGF-coated plates, showing that the
peptoid does not bind directly to the hormone. When the soluble ECD of VEGFR2 was also
added however, significant additional retention of labeled GU40C4 was observed. These
results are consistent with binding of the GU40C4•VEGFR2 ECD complex to the immobilized
VEGF. This interpretation is supported by the fact that this VEGFR2-dependent retention of
the labeled peptoid could be competed by excess unlabeled VEGF, showing that it represents
specific binding of the peptoid•receptor complex to the VEGF-coated plate.
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We also wished to validate this surprising result using a solution assay to ensure that the results
observed when one of the ligands is immobilized on a surface reflects the behavior of the
molecules accurately when they are free in solution. Therefore, we examined the effect of
VEGF and the ECD of VEGFR2 on the anisotropy of FITC-GU40C4. The level of fluorescence
anisotropy observed when 300 nM FITC-GU40C4 was incubated with 750 nM BSA as a
control protein was set to one (Fig. 5B). Incubation of the labeled peptoid with 750 nM VEGF
did not alter the anisotropy, again showing that GU40C4 does not bind to the hormone directly.
However, addition of 75 nM VEGFR2 ECD resulted in a pronounced increase in the anisotropy
value, consistent with binding of the peptoid to the receptor. Interestingly, when both the
VEGFR2 ECD and the hormone were incubated with FITC-GU40C4, a further increase in
anisotropy was observed, consistent with the formation of a FITC-GU40C4•VEGFR2•VEGF
co-complex that tumbles even more slowly than the peptoid-receptor complex.

Finally, to probe the issue of how VEGF might affect VEGFR2 ECD•GU40C4 binding in a
more quantitative fashion, a titration experiment was conducted in which the quantitative
affinity for the fluorescein-labeled GU40C4 peptoid for immobilized VEGFR2 ECD was
measured in the presence or absence of saturating amounts of VEGF. As shown in Fig. 6,
virtually identical results were obtained in each titration demonstrating that the KD of the
GU40C4•VEGFR2 ECD complex is essentially unaffected by binding of VEGF to the
VEGFR2 ECD.

3. Discussion
In a recent report we identified five peptoids in a library of ≈300,000 molecules that were
capable of binding to cells expressing human VEGFR2 but not to cells lacking VEGFR213.
Biochemical experiments confirmed that two of these five peptoids recognized the ECD of
VEGFR2 with KDs in the low μM range. Since VEGFR2 operates as a homodimer, we
hypothesized that joining together two molecules of one of the VEGFR2-binding peptoids with
a suitable linker would result in a much higher affinity compound. Indeed, GU40C4 was shown
to bind to the ECD of VEGFR2 with a KD of 20–40 nM. This compound was an antagonist of
VEGF-dependent VEGFR2 autophosphorylation in cultured cells and also exhibited anti-
angiogenic activity in vivo13.

Given precedents from previous studies of VEGF- or VEGFR2-targeted anti-angiogenic
agents, we anticipated that the mechanism of action of the peptoid would be to interfere with
hormone•receptor binding. Surprisingly, several different assays that monitored binding of the
hormone and/or the peptoid to the ECD of VEGFR2 or VEGFR1 (Figs. 3–6) failed to show
evidence of this anticipated competition. Indeed, the data shown in Fig. 5 provide direct
evidence for a VEGF•VEGFR2•GU40C4 ternary complex. Specifically, we demonstrated that
immobilized VEGF is able to retain GU40C4 in the presence, but not in the absence, of the
ECD of VEGFR2 (Fig. 5A). Furthermore, the addition of VEGF to a FITC-GU40C4•VEGFR2
ECD complex resulted in a marked increase in fluorescence anisotropy, consistent with
formation of a ternary complex, whereas mixing VEGF and FITC-GU40C4 in the absence of
the receptor did not result in a change in anisotropy (Fig. 5B).

Thus, we conclude that GU40C (one “arm” of the dimeric peptoid (Fig. 1)) binds to a site on
the VEGFR2 that is distinct from that of the hormone-binding site and that, furthermore,
binding of the peptoid does not sterically inhibit subsequent receptor association. Moreover,
the data shown in Fig. 2 demonstrate that all five of the peptoids isolated in the original screen
compete with one another for binding to the VEGFR2 ECD, strongly suggesting that they
recognize the same surface, although allosteric effects cannot be completely ruled out.
Therefore, we suggest that the original screen and this study have revealed a previously
unrecognized “hotspot” 17 18 for ligand binding on the VEGFR2 ECD that is distinct from the

Udugamasooriya et al. Page 4

Bioorg Med Chem. Author manuscript; available in PMC 2009 June 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



hormone binding site. Interestingly, binding assays using a construct containing only the first
three immunoglobulin-like domains of the ECD (Fig. 2) reveal that this hotspot is in the same
general region of the protein as the VEGF binding site12. Finally, this hotspot must exist on
both VEGFR2 and VEGFR1 since the peptoids fail to discriminate between these two closely
related receptors.

The finding that the peptoids do not recognize the hormone binding site is somewhat surprising
in that many VEGFR1- and VEGFR2-binding peptides have been identified through phage
display or other means and all of these molecules compete with VEGF for binding to the
receptor19–24. Peptoids are peptide-like molecules and we initiated this project anticipating
that we would isolate peptoid mimics of VEGF, at least with regard to binding to the receptor.
Indeed, the first three C-terminal residues of all of the peptoids in the library were held constant
in hopes of mimicking key residues in VEGF that contact the receptor12. Clearly, this design
did not achieve its intended goal. Moreover, as will be reported elsewhere, studies of the
structure/activity relationships evinced by various derivatives of GU40C show clearly that
these three C-terminal side chains are dispensable for binding to the receptor (Udugamasooriya,
et al., unpublished results).

While the data clearly rule out direct competition of the peptoid and the hormone for receptor
binding, they do not clearly define what the mechanism of antagonism might be. In general,
one is driven to the conclusion that the peptoid must interfere with some event downstream of
formation of the hormone•receptor complex. While the structural details are unknown, binding
of VEGF to VEGFR2 must drive a conformational change in the receptor that is transmitted
across the membrane25, resulting in the activation of the intracellular tyrosine kinase activity.
Therefore, one model is that the peptoid interferes with this conformational transition through
binding to the receptor. Unfortunately, it is very difficult to probe such events directly in the
context of the intact receptor and thus a mechanism based on peptoid-antagonized
conformational changes must be treated as speculative.

4. Experimental
4.1. Synthesis of peptoids

Syntheses of peptoids GU40A-E was performed on Knorr Amide MBHA resin (substitution:
0.78 mmol/g resin; Novabiochem). First, Fmoc-Cys(Trt)-OH was loaded onto the bead (HOBt,
HBTU, DIPEA, overnight) in order to facilitate subsequent fluorescein coupling to the thiol
via maleimide chemistry. After removal of Fmoc group (20% piperidine in DMF), 2.0 M
bromoacetic acid and 3.2 M diisopropylcarbodiimide (DIC) was added, and the reaction was
completed using a microwave-assisted protocol (1000W microwave oven, and 10% power was
delivered for 2 ×15 seconds)14. After washing with DMF, the beads were treated with 2 M
primary amine and microwaved as described above. These two steps were repeated until the
9-mer peptoid was complete. After the final washing with 10 × DMF and 3 × dichloromethane
(DCM), peptoids were cleaved off the resin by treatment with 95% TFA, 2.5% TIS and H2O.
TFA was evaporated and the product was purified by HPLC and confirmed by MALD-TOF
analysis.

To attach fluorescein, pure peptoid was dissolved in 1×PBS, 5 mM EDTA, pH=6.9 buffer and
mixed with fluorescein-maleimide at a 1:1 ratio. The solution was incubated overnight and the
product was purified by HPLC.

Dimeric peptoid GU40C4 and its fluoresceinated derivative were synthesized as described in
our previous report13.
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4.2. ELISA-like binding assay
White, clear bottom 96-well plates (Corning Inc.) were coated with of 1 μg/mL recombinant
human VEGFR protein (R&D Systems) in sensitizing buffer (0.621g NaHCO3 & 0.275g
Na2CO3 dissolved in 100 mL of ddH2O, pH=9.5) overnight at 4 °C. Each well was washed
with 3 × 200 μL of phosphate-buffered saline (PBS) and blocked with Startingblock buffer
(Pierce) or AquaBlock™/EIA/WB buffer (EastCoast Bio). 50 μL of serial dilutions of FITC-
labeled peptoids dissolved in Startingblock buffer or TBST were added to each well & allowed
to incubate for 1 hour at room temperature. Wells were washed with 5 × 200 μL of PBS and
the remaining fluorescence was measured at 520 nm using a plate reader (Fluostar Optima,
BMG Laboratories, Durham, NC). For competition assays, serial dilutions of unlabeled
peptoids were mixed with constant amounts of FITC-labeled peptoids. In the direct binding
assay (Fig. 6), a set of VEGFR2-coated wells were saturated with 50 nM VEGF for 1h at room
temperature and washed before introducing the serial dilutions of GU40C4-FITC.

4.3. GU40C4-FITC and biotin-VEGF simultaneous visualization assay (Fig. 4)
Eight wells of a white, clear bottom 96-well plate (Corning Inc.) were coated with 1 μg/mL
recombinant human VEGFR2 protein (R&D Systems) in sensitizing buffer (0.621g
NaHCO3 & 0.275g Na2CO3 dissolved on 100 mL of ddH2O, pH=9.5) overnight at 4 °C. The
wells were washed with 3 × 200 μL of PBS and blocked with Startingblock buffer (Pierce).
Four different experimental sets were designed each in duplicate. The first two wells were
treated 2 × 50 μL with 100 nM GU40C4-FITC and the next two wells 2 × 50 μL with 100 nM
biotin-VEGF, dissolved in Startingblock buffer. The fifth and sixth wells were treated 2 × 50
μL of a mixture of 100 nM each of GU40C4-FITC and biotin-VEGF. The last two wells were
treated exactly as the fifth and sixth, except the mixture also contained 10 mM unlabeled
GU40C4. All wells were allowed to equilibrate in the dark at room temperature for one hour.
Wells were washed thoroughly with PBS three times. 10 nM streptavindin-Qdot655 was
introduced in Startingblock buffer for 30 minutes in the dark to each well. The wells were
washed thoroughly four times with PBS. The entire procedure was conducted with an additional
four wells that lacked immobilized receptor (two for GU40C4-FITC treatment and two for
biotin-VEGF) as controls. The remaining fluorescence was probed through two sets of
excitation and emissions. First, excitation at 485 nm and emission at 520 nm (to probe FITC
signal – green channel) and the second excitation at 355 nm and emission at 655 nm (to probe
Qdot655 – red channel). The values of control wells were subtracted from each original value
to obtain the final data.

4.4. GU40C4-FITC and VEGF simultaneous detection assay (Fig. 5)
The assay was composed of two parts: 1. confirmation of GU40C4-FITC binding to VEGFR2
by fluorescence anisotropy and, 2. subsequent capture of GU40C4-FITC-VEGFR2 complex
on VEGF-coated ELISA plates. First, in four different vials GU40C4-FITC (300 nM) was
incubated; (1) without VEGFR2 (2) with VEGF (750 nM) only (3) with VEGFR2 (75 nM) (4)
VEGFR2 (75 nM) with ten fold excess of VEGF (750 nM). For the vials 1 and 3, BSA (750
nM) was introduced to equalize the amount of VEGF added to vials 2 and 4. After incubation
for 6 h at 4 °C, fluorescence polarization change (mP) was measured using Panvera Beacon
2000 instrument (Invitrogen). Separately, eight wells of 96-well clear bottom plate were coated
with 2 μg/mL avidin using the sensitizing buffer as described earlier. These wells were treated
with biotinylated-VEGF (50 nM) for 1h at 4 °C. After washing with PBS above (1), (3) & (4)
mixtures were introduced onto the biotinylated-VEGF captured avidin coated wells and
equilibrate overnight at 4 °C. After thorough wash with PBS, fluorescein signal was measured
at 520 nm using the plate reader.
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Figure 1.
Chemical structures of the peptoids employed in this study. (A) The high-affinity, VEGFR2-
binding dimeric peptoid GU40C4 and its fluorescently labeled derivative. (B) Peptoids
GU40A-E that were initially identified from the on-bead cell-based screen for VEGFR2
ligands13 and the control peptoid used in all assays.
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Figure 2.
Binding of the peptoids to the extracellular domains (ECDs) of VEGFR1 and VEGFR2 in an
ELISA-like assay. (A) KD values of the complexes between GU40A-E and the VEGFR1 or
VEGFR2 ECD as measured by the titration of immobilized ECD with fluorescein-labeled
peptoid and monitoring the amount of fluorescence retained. All of the peptoids bound both
the VEGFR1 and VEGFR2 ECDs with KDs in the low μM range. (B) Competitive binding
experiments that monitor the retention of fluorescein-labeled GU40C by immobilized
VEGFR2 ECD in the presence of the indicated amounts of other unlabeled GU40A-E or an
unlabeled control peptoid not selected to bind VEGFR2. All of the VEGFR2-binding peptoids
competed with labeled GU40C. (C) Bar graph showing the KD values of peptoids GU40A-D
binding to a recombinant protein representing the first three IgG-like domains of VEGFR1
(called VEGFR1(1–3)) (black bars) compared to the corresponding binding to the complete
ECD of VEGFR1 (grey bars). (D) Binding isotherms of fluorescein-labeled GU40C4 dimer
interaction with the VEGFR1 ECD, VEGFR2 ECD and VEGFR1(1–3). GU40C4-FITC
denotes the conjugation product obtained by treating the thiol-containing GU40C4 derivative
with maleimide-fluorescein isothiocyanate (FITC).

Udugamasooriya et al. Page 9

Bioorg Med Chem. Author manuscript; available in PMC 2009 June 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
Competitive binding experiments that monitor the retention of fluorescein-labeled GU40C4
by immobilized VEGFR2 ECD in the presence of the indicated concentrations of unlabeled
competitor (VEGF, unlabeled GU40C4 or a control peptoid not selected to bind VEGFR2).
Only unlabeled GU40C4 competed the GU40C4-FITC•VEGFR2 ECD complex.
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Figure 4.
Retention of GU40C4-FITC and biotin-VEGF by immobilized VEGFR2 ECD. Retention of
GU40C4-FITC was monitored at 520 nM (fluorescein emission) while retention of biotin-
VEGF was monitored at 655 nm after treatment with red-emitting streptavidin-Qdot655. The
top graph shows the retained fluorescence in the 520 nm channel (green-FITC detection) and
the bottom graph shows the retained fluorescence at 655 nm (red-Qdot655 detection). The first
and second bars in each graph represent the intensity of the retained fluorescence when the
immobilized VEGFR2 ECD was treated with GU40C4-FITC alone or biotin-VEGF alone,
respectively. The third bar represents the intensity of the retained fluorescence when both
GU40C4-FITC and biotin-VEGF were added to the immobilized receptor. Note that the
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amounts of hormone and peptoid were in large excess over that of the immobilized receptor
ECD. The fourth bar represents the same experiment as the third, except that 100-fold excess
of unlabeled GU40C4 was also included. In all cases, streptavidin-Qdot655 was added to each
well, followed by washing, prior to reading the fluorescence intensity in each channel.
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Figure 5.
Formation of a peptoid•VEGFR2 ECD•VEGF complex. (A) The reagents indicated in the
figure were incubated in the wells of biotin-VEGF captured avidin-coated plates. After
washing, the intensity of the retained fluorescence at 520 nm was monitored to score retention
of GU40C4-FITC. A significant increase in GU40C4-FITC retention above background (first
bar) was observed only in the presence of VEGFR2 ECD (third bar). This retention was
abolished by excess soluble VEGF. (B) Fluorescence anisotropy experiment monitoring the
change in anisotropy evinced by GU40C4-FITC in the presence of the indicated reagents.
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Figure 6.
Quantitative determination of the affinity of GU40C4-FITC for immobilized VEGFR2 ECD
in the presence or absence of saturating amounts of VEGF, which was added to the immobilized
receptor prior to introduction of the peptoid. VEGF did not alter the affinity of the peptoid for
the receptor.
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