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Abstract

Mechanotransduction, the interplay between physical and chemical signaling, plays vital roles in
many biological processes ranging from cell differentiation to metastasis. The state-of-the-art
techniques to quantify cell forces employ deformable polymer films or molecular probes tethered
to glass substrates. These types of flat substrates limit applications in investigating
mechanotransduction on non-planar geometries where physiological activities such as
phagocytosis and immunological synapse formation mostly occur. A second challenge is the low
throughput of microscopy readout which limits the application of current assays in fundamental
and clinical research. We address these challenges by developing a DNA-based microparticle
tension sensor (UTS), which features a spherical surface and thus allows for investigation of
mechanical events at curved interfaces or within groups of cells in suspension. Importantly, the
micron-scale of uTS enables flow cytometry readout, which is rapid and high throughput. To
demonstrate the scope of UTS, we applied the method to map and measure T-cell receptor (TCR)
forces and platelet integrin forces at 12 and 56 pN thresholds. Furthermore, we quantified the
inhibition efficiency of two anti-platelet drugs providing a proof-of-concept demonstration of pTS
to screen drugs that modulate cellular mechanics.
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A microparticle tension sensor is designed for measuring molecular forces in non-planar
geometries and for high-throughput flow cytometry analysis of cell mechanics.
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Introduction

Cells function as force generators and sensors, constantly transmitting molecular forces to
their extracellular matrix ligands and adjacent cells. These mechanical forces are generated
by actomyosin contractility and actin polymerization and play vital roles in numerous
activities throughout the lifetime of a cell including adhesion, migration and differentiation.
[1] Mechanotransduction, or the coupling between mechanical forces and biochemical
signaling, is mediated at the molecular level through individual receptor-ligand bonds.[?! To
date, many strategies have been developed to measure cell forces. Amongst them, traction
force microscopy (TFM) maps force at the single cell and subcellular length scale by
tracking deformation of elastic substrates underneath cells.[3] However, the length scale and
force range of these methods are limited to um and nN respectively, thus hindering high
resolution imaging and investigation of mechanotransduction at the molecular (pN) level. To
measure the receptor forces applied to individual ligands, our lab previously developed
molecular tension fluorescence microscopy (MTFM), in which “spring-like” extendable
molecules, such as polymers of PEG with defined lengths,[] proteins,[®] and DNA hairpin,
[6] are engineered as fluorescence force sensors and generate turn-on fluorescence signal in
response to molecular forces transmitted by cells through their membrane receptors. A
complementary method to MTFM that was originally developed to manipulate cell forces,
and then later adapted to recording cell force history is the DNA-based tension gauge tether
(TGT) which was developed by Ha and colleagues.[] In this method, a DNA duplex is
irreversibly denatured when it experiences forces that exceed the tension tolerance (T ),
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causing a change in fluorescence signal. Unlike thermal or chemical denaturation, the
mechanical energy that leads to DNA denaturation is highly dependent on force orientation.
For example, the T, value is maximum (~60 pN) when a duplex experiences forces in a
shearing geometry, with forces parallel to the long axis of the duplex; in contrast, forces
perpendicular to the duplex, in an unzipping geometry, lower the T ,,/to ~10 pN.[é]
Fluorophore labeled TGTs anchored to a glass coverslip and imaged using high-resolution
fluorescence microscopy have been used to study many pathways including integrin,[¥1 T
cell receptor,[80] and Notch receptor signaling.[]

Molecular methods such as MTFM and TGT, hold great promise for force quantification and
elucidation of molecular mechanism in mechanobiology, but they are performed on planar
coverslips whereas physiological cell activities such as the immunological synapse (IS)
formation and phagocytosis occur on non-planar geometries and have reported to depend on
the curvature of the substrate.[1%] According to recent work, this dependency may be
attributed to enhanced mechanical activities such as actin polymerization at curved
membranes.[*] To fill this gap in knowledge, we are aiming to develop a force sensor that
allows one to investigate mechanotransduction on non-planar geometries. A number of
groups, including Ning et al.,[2] Ingber et al.,[*3] Theriot et al.[24] and Moraes et al.[*®] have
developed force-deformable microspheres to investigate cellular forces in processes that
range from phagocytic engulfment to 3D cell spheroid mechanical homeostasis. However,
these particles do not reveal the forces transmitted by individual receptor-ligand complexes,
which is required to elucidate the molecular mechanisms of mechanobiology. A general
problem that pertains to current molecular probes as well as these dispersible microparticle
force sensors is their reliance on microscopy-based characterization, which is limited in
throughput and at best, may allow for measuring tens to hundreds of samples per day.
Ideally, molecular force measurements need to be increased in throughput to facilitate
screening of biological samples and for efficient screening drugs that modulate mechanics.

Herein, to address these challenges, we developed a DNA-based microparticle tension
sensor (UTS), where probes are immobilized on cell-sized dispersible particles that enables
analysis of cell forces on non-planar interfaces as well as in high throughput by flow
cytometry. We created UTSs displaying different ligands to engage cells that generate a
fluorescence signal in response to forces transmitted through receptor-ligand bonds at the
cell surface, which were then visualized by high resolution microscopy. Complementing
force microscopy performed on planar substrates, uTS provides a novel geometric tool to
measure cell forces generating on curved geometries, and thus may allow one to investigate
mechanotransduction on curved interfaces and help understand how curvature influences
mechanical events. We characterized TCR forces in a hybrid immunological synapse (IS)
formed between uTSs and T-cells using confocal microscopy and found that force signals
were concentrated in a ring- like pattern and colocalized with the enriched actin filaments.
This finding is consistent with the centripetal force observed along the cell edge in
micropillar array and the actin enrichment at the periphery of IS formed on support lipid
bilayer.[16] In addition to 3D high resolution imaging, the cellular scale of uTS enables flow
cytometry-based high throughput characterization. We applied this assay to measure platelet
forces, revealing that integrin receptors transduce forces up to 56 pN. Since high throughput
analysis is of significant interest for drug screening, we further applied puTS to investigate
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how drugs modulate cell traction forces. The mean fluorescence intensity of uTS was
observed to decrease with increasing drug dose, showing the utility of uTS in screening drug
that modulates cell mechanics. uTS measured mechanical inhibition (mechanical I1Csg) for
Y-27632 and eptifibatide are 2.1 and 3.2 uM, respectively, for mouse platelets. These
mechanolCsg values are consistent with literature values determined using indirect readouts
such as secondary messenger signaling and cell aggregation phenotypes.[17]

Results and Discussion

Design, synthesis and characterization of uTS.

UTSs were constructed by immobilizing molecular tension probes on cell-sized silica
microparticles. Here, we chose fluorophore-quencher labeled TGTs (Figure S1) as tension
probes because these provide an irreversible signal that accumulates with time, and thus
generating greater levels of signal/noise compared to that of realtime MTFM probes. In
principle, one can select a wide variety of microparticle materials that can be employed as a
scaffold for uTS. The most desirable materials are monodisperse, show low
autofluorescence, and afford facile and efficient chemical coupling to nucleic acids. Based
on these criteria we used amine-modified silica beads with a diameter of 5 um. We
covalently linked the DNA probes to the particle using thiol-Michael reaction to immobilize
thiolated-TGTs onto maleimide-modified spherical surfaces (Figure S2).[8] Recent
measurements showed that this bond can withstand forces up to 100°s of pNs in aqueous
environments.[2%] By tuning the thiol position on the TGT, and hence controlling the
geometry of anchoring (shearing versus unzipping), we tuned the T, of the 21 base pairs
TGT from 12 pN in the unzipping geometry to 56 pN in the shearing geometry. Probe
sensitivity was optimized by selecting fluorophore-quencher pairs with the highest
quenching efficiency. Cy3BBHQ2 showed QE of ~95%, and thus generate a ~20-fold
enhancement in signal upon mechanical denaturation (Figure S3). The TGT grafting
chemistry was optimized such that the probe density on the spherical surfaces was 3660+/
-200 molecules/um? (Figure S4). This probe density is markedly greater than the TCR
receptor density on T cells, and is at the same order of magnitude as the density of a;Hp3
integrin receptors on platelets, and thus guarantees effective ligand presentation and robust
interaction between pTS and cells.[20]

Visualizing TCR mechanics in hybrid immunological synapse formed with spherical pTS.

Tension probes were first validated using lymphocytes cultured on planar surfaces. To study
primary CD8+ T cell receptor forces, we employed the peptide major histocompatibility
complex (pPMHC) antigen that was loaded with the ovalbumin (OVA) derived 8-mer peptide:
SIINFEKL (N4 peptide). The C-terminus of the pMHC antigen was modified with a biotin
ligase sequence that allowed for conjugation to the TGT with biotin-streptavidin. In these
experiments, naive CD8+ cells were harvested from OVA-specific TCR transgenic mice
(OT-1) and were then plated on glass coverslips presenting N4 peptide tagged 12 pN and 56
pN TGT probes. (Figure S5). Strong fluorescence (up to 5-fold over background) was
exclusively observed underneath the cells engaged with 12 pN TGT surfaces, but not with
the 56 pN TGT surfaces, indicating that TCR forces did not exceed 56 pN. Given that the
thiolmaleimide anchored TGTSs generated robust signal in response to TCR forces on planar
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surfaces, we next constructed uTS that displayed N4 peptide tagged TGT to investigate
mechanical events occurring at the curved cell-uTS junction (Figure 1A). To facilitate
sequential modifications and microscopy imaging, UTSs were immobilized on the glass
coverslip through click reaction (Figure S6). Afterwards, naive CD8+ T-cells were plated on
UTS coated surface and incubated for 30 min to allow cells to form adhesions on UTS. By
focusing on the z-position that roughly corresponds to the mid-section of the junction (~2.5
um above the coverslip), strong turn-on signal (up to 6-fold over background) was observed
at the junction between T-cell and 12 pN uTS (3 independent experiments, 20 uTS-cell
binding events Figure 1B and 1C). Note that we did not detect significant tension signal for
the 56 pN UTS particles, showing that even in the spherical geometry, TCR-pMHC forces do
not achieve peak forces exceeding 56 pN. This experiment serves as an additional control
since the thermal melting temperature of the 56 pN TS is identical to that of the 12 pN pTS
probes.

The 12 pN tension distribution across the hybrid immunological synapse was further
resolved by z-stack reconstruction of confocal images. As shown in Figure 1D, cells that
encountered the uTS spread and engaged the particle surface that in some cases covered an
area that was ~ 1/4 of the entire particle, as determined by the tension signal. Strikingly, the
tension signal showed a ring-like spatial pattern that coincided with the cell perimeter,
suggesting that TCR-pMHC mechanical events accumulate at the periphery of the T cell-
antigen presenting cell junction. A similar geometric pattern was observed on planar
surfaces modified with molecular tension sensors presenting pMHC ligands (Figure S3).
This force pattern is consistent with our prior MTFM measurements as well as the
centripetal forces observed along the cell edges on micropillar arrays.[6P: 160, 211 Since actin
polymerization and actomyosin contraction play important roles in force generation,[1?: 221
we next investigated the colocalization between actin filament and tension signal. After
allowing cells to spread on the spherical and planar surfaces, cells were fixed and stained
with the SiR-Actin stain (dye conjugated to F-actin stabilizing macrocycle). As expected, at
the same z position, F-actin and tension signal were colocalized and both enriched at the
edge of interface (Figure 1D-E and Figure S7). 3D view of F-actin obtained by combining
z-stack images showed a ring-like pattern similar to the ring-shaped force signal pattern
(Figure 1E and Movie S1).

Mapping platelet adhesion forces by uTS.

We next aimed to broaden the scope of the uTS platform by applying it to investigate force
transmission through integrin receptors on a mouse platelet model. Platelets are small (1-2
micron) anuclear blood cells that play key roles in hemostasis including coagulation. Each
platelet presents tens of thousands of integrin receptors (primarily a,,p3) that selectively
bind to fibrinogen, the third most abundant protein in the blood plasma, which leads to
platelet-to-platelet aggregation and contraction at the injury sites.[23] Our lab previously
employed DNA hairpin-based MTFM and TGT probes to investigate integrin forces applied
by human platelets, demonstrating that these forces range from 4.7 to 19.3 pN, with a
subpopulation exceeding 19.3 pN when measured using the reversible MTFM probes.[24]
The results from the TGT showed that platelet integrins can apply peak forces that exceed 56
pN. Wang et al. confirmed this conclusion, and by using turn-on TGTs, they showed that
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integrin receptors in canine platelets can shear and unzip the TGT probe, with greater signal
in the unzipping mode.[25] However, these experiments were performed on isolated platelets
(non-aggregated) engaged to planar glass surfaces. The collective aggregation of platelets
that are bridged by fibrinogen will likely modulate the magnitude of molecular forces
applied to ligands on a particle surface. Here we created uTS displaying cyclized RGD,
which was conjugated to TGT top strand by Cu(l)-catalyzed azide-alkyne cycloaddition
(CuAAC) (Figure S2). The goal was to investigate aggregated mouse platelet integrin
mechanics on a non-planar geometry (Figure 2A).

In a typical experiment, uTS were incubated with millions of mouse platelets at
approximately 1:50 ratio in Tyrode buffer supplemented with 10 pM adenosine diphosphate
(ADP), 2 mM MgCl, and 1 mM CacCl, for 30 min to allow platelets to adhere and form
aggregates on UTS surface (Figure 2B-C). Afterwards, forces transmitted by the platelet
integrin receptors to UTS were visualized using epi fluorescence microscopy. As shown in
Figure 2B, up to a 10-fold fluorescence increase was observed with the 12 pN pTS. The
tension signal was primarily localized to the particle-platelet junctions. In contrast, when we
employed the shearing, 56 pN UTS, there was weak tension signal suggesting that only small
subset of receptors transmitted peak forces F > 56 pN in these conditions. The brightest
particles in the 56 pN case showed a 3-fold intensity increase (Figure 2C). These results
indicate that platelets within aggregate transmit similar integrin traction forces compared to
the levels observed for single platelets engaged to planar glass slides. In addition, this result
dispels the prediction that untether beads engaged to aggregates of platelets linked by
fibrinogen would experience diminished tension.

Quantifying integrin forces in high throughput by uTS.

Since UTSs efficiently interact with platelets and exhibit strong fluorescence signal in
response to integrin forces, we next wondered whether the force signal recorded on the
surface of individual particles could be quantified in a high throughput fashion using flow
cytometry. In principle, the micrometer diameter of the probes strongly suggests that it
would be amenable to flow cytometry analysis. Prior work by Tom Soh and colleagues
showed that flow cytometry of microparticles can be used for screening libraries of nucleic
acids to identify improved aptamers and deoxyribozymes.[26] Moreover, flow-based analysis
is widely used in immunology and cell biology to characterize heterogenous cell
populations.[27] This precedent provides the rationale and motivation for pursuing flow-
based analysis to study molecular mechanobiology. To the best of our knowledge, this
approach would represent the first example of using flow cytometry to quantify molecular
mechanics of cells in high throughput.

In the suspension, the number of platelets was significantly larger than that of uTS, and the
aggregate size was heterogeneous, gating discrete stoichiometries of cell-platelet assemblies
was not possible. Therefore, after 30 min incubation at room temperature, we lysed all
platelet aggregates and then collected puTS particles for flow cytometry analysis. After
adding lysis buffer, all aggregates disappeared rapidly (~min) (Figure 3A and Figure S8).
UTS fluorescence remained stable in the lysis buffer for at least 15 min, indicating that this
buffer did not lead to DNA denaturation (Figure S8). In light of this, we next acquired
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10,000 uTS events through flow cytometry and quantified the force signal by comparing the
mean fluorescence intensity (MFI) of these events to that of UTS that were not incubated
with platelets but subjected to the lysis buffer protocol (Figure 3B). We found that the MFI
of 12 pN TS monomers increased 90+£7% after binding to platelets while 56 pN uTS
monomers only increased 39+9% (3 independent experiments, Figure 3C). This result is
highly consistent with microscopy readouts (Figure S9). As a negative control, uTS coated
with TGT tension probe presenting cyclized RAD peptide weakly engaged platelets and
exhibited negligible fluorescence change (Figure S10). These results show that platelet
integrin receptors apply peak forces in the range of 12 to 56 pN, with a small subset of
receptors transmitting forces that exceed 56 pN. To further demonstrate the advantage of
UTS flow readout compared to that of microscopy-based methods, we also tested the
potential for barcoding and multiplexing multiple levels of force in a single experiment
(Figure S11). Here, we spectrally encoded the 12 pN and 56 pN UTS probes and mixed these
with platelets. The barcoded uTS confirmed our single color experiments with 12 pN signal
far exceeding that of the 56 pN signal. Past AFM work showed that the contractile forces
applied by platelets are proportional to the stiffness of the substrate,[28] and given that
molecular probes on the uTS experience similar forces to probes anchored on planar glass
slides, this suggests that the platelet integrins are sensing the local mechanical properties of
the silica particle and forces are not dampened due to having the particles in suspension.

Mechanopharmacology using the pTS platform: Testing how anti-platelet drugs impact
platelet integrin forces.

Since probes amenable to high throughput analysis are of significant interest for their
potential application in drug screening, we next aimed to demonstrate the suitability of uTS
in measuring how platelet contractile forces can be modulated using drugs. It is notable that
platelet traction forces have been shown as a prognostic marker of coagulation both in
trauma patients as well as for hereditary mutations in coagulation cascades,[29] and hence
UTS readout offers physiological relevance to clotting. Here we tested two anti-platelet drugs
that inhibit platelet mechanics via different mechanisms. Y-27632 inhibits Rho-associated
protein kinase (ROCK) and diminishes actomyosin contractility while the second drug
eptifibatide is FDA approved to treat acute coronary syndrome, and binds competitively to
a)pbs integrin to block the interaction between integrins and adhesive ligands. To investigate
the effects of these drugs on tension signals, platelets were pretreated with different
concentrations of drugs for 20 min and then cultured with 12 pN uTS for 1 hour, which was
followed by microscopy and flow cytometry characterization. After Y27263 drug treatment,
fluorescence signals at the uTS-platelet junctions decreased with increasing drug
concentration (Figure 4A). Consistently, flow cytometry data revealed that the MFI of uTS
displayed a dose dependent relationship with a relative 1C5¢=2.08 uM (Figure 4B). However,
platelet-to-platelet aggregation was not affected by Y27632 (Figure S12), indicating that
ROCK is an important but dispensable factor in platelet aggregation. The aggregation was
maintained by the highly concentrated ADP in the suspension, which bound to ADP
receptors such as P2Y12 on the platelet membrane to trigger platelet aggregation.[30!
Additionally, past work showed that ADP could induce a burst of talin activation to trigger
inside-out integrin activation, which leads to platelet activation and aggregation.[31] The
tension signal of eptifibatide treated platelets exhibited similar dose-dependent relationship
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with 1C5¢=3.24 UM (Figure 4C). However, in contrast to Y27632 which can only abolish the
tension signal up to 60%, eptifibatide is able to inhibit 80 % of the tension signal, indicating
that eptifibatide is a more potent drug compared with Y27632 in modulating applied integrin
forces. Note, in addition to force signal changes, aggregation and the adhesion of eptifibatide
treated platelets was significantly reduced despite the presence of ADP agonist (Figure 4A
and Figure S10). This is because the blockade of integrin directly inhibits the interaction
with TS and surrounding platelets, confirming the necessity of ligand binding in integrin
activation and platelet aggregation.

Conclusion

DNA-based microparticle tension sensors (UTS) show great potential in investigating cell
receptor mechanics. In contrast to planar coverslip-based force measurement assays, for T
cells, the uTS features a spherical surface that allows the characterization of molecular
forces at this curved interface. We applied pTS to investigate T-cell and platelet forces,
revealing that TCR and integrin receptors transduce forces ranging from 12 to 56 pN, with a
subpopulation of integrin receptors experiencing F>56 pN. Impressively, we observed a
highly resolved 3D ring-like force pattern at the hybrid synapse formed between puTS and T-
cell, showing that T-cell receptors are mechanically active at the periphery of cells adhered
on non-planar surfaces. To the best of our knowledge, no study to date has mapped
molecular forces on non-planar geometries. Note that microparticles have been instrumental
in investigating actin distribution,[32] receptor-ligand interactions,[33] and traction forces[14]
on non-planar geometries, and thus uTS may complement previous methods and allow one
to investigate these mechanical events with molecular detail. In principle, the curvature of
UTS can be tuned by varying the size of the microparticle template, suggesting that this
approach has the potential to facilitate the study of how cell curvature can modulate cell
activities. In addition to the non-planar geometry, another advantage of uTS is its
micrometer diameter, which enables flow cytometry-based high throughput characterization.
Through flow cytometry, hundreds of thousands of force signalassociated events were
acquired and analyzed within minutes, which is in contrast to microscope-based arrays that
are orders of magnitude slower in throughput and would take ~ 1 day for analyzing hundreds
of events even upon integration of automated robotic imaging. In addition, flow cytometers
with up to 14 fluorescence channels would allow for simultaneous and multiplexed force
investigation reporting the magnitude of tension transmitted by different receptor-ligand
pairs on the cell surface. Complementing this future direction, recently developed imaging
flow cytometry instruments generate high resolution images of each particle, thus providing
spatial information in a massively high throughput manner in comparison to conventional
confocal or TIRF microscopy that are used in high-content screening assays.[34] The
potential application of the uTS platform in drug screening was demonstrated by
investigating the effect of two anti-platelet drugs. The 1Csq values for Y27632 and
eptifibatide were 2.08 and 3.24 UM, respectively, which are consistent with literature
reported values of ~1 uM for both of these drugs.[172 351 Note that the literature values were
recorded using secondary messenger assays (aggregation, morphology or calcium influx)
and thus our molecular probes offer a more precise measure of platelet contractility. The
UTS platform still has important limitations. First, the uTS core is comprised of silica which
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is a hard material compared to that of cells and tissue. Also, the S/N depends on the
stoichiometry between cells and beads, as the fraction of the uTS surface that engages cells
tunes the strength of the signal. We anticipate that future work using amplification strategies
and gel-based particles may address these limitations. In summary, we demonstrated that
UTS is an efficient platform for molecular force quantification capable of visualizing
molecular force on non-planar geometry in high spatial resolution as well as determining its
magnitude in high throughput.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Distance (um)

Mechano-imaging of TCR forces on spherical surfaces. (A) Schematic of uTS for mapping
TCR forces transmitted through TCR-pMHC bonds at cell-uTS junctions. (B)
Representative bright field and Cy3B fluorescence images showing adhesion and tension
signals localized at junctions between T-cells and 12 pN uTS. (C) Plot showing fluorescence
intensity fold change of junctions on UTS compared to background. Each dot represents
single junctions from 3 different animals in independent experiments. **** indicates
p<0.0001. (D) Representative confocal images showing ring-like tension signal (green) and

F-actin signal (red) at T-cell-uTS synapse. (E) Li

nescans of F-actin signal (red line) and

tension signal (green line) at the interface from junction shown in D. Scale bars =5 um.
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Figure 2.
Visualizing integrin forces with pTS. (A) Schematic showing how UTS reveals platelet

integrin tension through cRGD coated DNA probes on the uTS. (B) Representative bright
field and tension images of 12 pN uTS-platelet complexes. The platelets were mixed with
UTS for 30 min and then imaged. (C) Representative bright field and tension images of 56
pN uTS-platelet complexes. The images in B and C are displayed at identical contrasts and
can be compared directly. Scale bars =5 pm.
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Figure 3.

Flow cytometry-based characterization of integrin forces. (A) Schematic showing the

Page 14

procedure used for preparing platelet samples for uTS flow cytometry analysis. (B) SSC vs
FSC plots of TS control sample (left) and platelet-engaged UTS (right). Based on a series of
controls, events were assigned as TS monomers (red), uTS dimers (green), and impurities
(defective UTS particles or other debris shown in pink). (C) Fluorescence histograms of
gated events of uTS monomers for the 12 and 56 pN probes. The red population corresponds
to the control uTS not incubated with platelets while the blue indicates TS that engaged
platelets. The percent change indicates the change in the mean fluorescence intensity of uTS.

N=10000 events for each group.
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Figure 4.
Proof-of-concept demonstration of measuring dose-response curve for drugs that modulate

platelet mechanics. (A) Representative bright field and fluorescence images showing a
mixture of platelets with uTS probes that were allowed to interact for 1 hr and then seeded
on a substrate. Platelets were pretreated with a range of concentrations of Y27632 and
eptifibatide (0—100uM) for 20 min. (B) Flow-cytometry based histograms of fluorescence
intensity of uTS that engaged platelets treated with different concentrations of Y27632. (C)
Dose-response curve plotting the tension signal obtained from flow cytometry plotted
against the log concentration of Y27632. (D) Flow-cytometry based histograms of
fluorescence intensity of uTS probes that engaged platelets pretreated with different
concentrations of eptifibatide. (E) Dose-response curve plotting the tension signal obtained
from flow cytometry against the log concentration of eptifibatide. Each histogram is plotting
/N = 10000 events. Error bars show the standard error of the mean from three independent
measurements from three animals. Scale bars =5 pm
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