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Summary. Binding of fluorescein-labeled coagulation factors

IXa, VIII, X, and allophycocyanin-labeled annexin V to

thrombin-activated platelets was studied using flow cytometry.

Upon activation, two platelet subpopulations were detected,

which differed by 1–2 orders of magnitude in the binding of

the coagulation factors and by 2–3 orders of magnitude in the

binding of annexin V. The percentage of the high-binding

platelets increased dose dependently of thrombin concentra-

tion. At 100 nM of thrombin, platelets with elevated binding

capability constituted �4% of total platelets and were

responsible for the binding of �50% of the total bound fac-

tor. Binding of factors to the high-binding subpopulation was

calcium-dependent and specific as evidenced by experiments in

the presence of excess unlabeled factor. The percentage of the

high-binding platelets was not affected by echistatin, a potent

aggregation inhibitor, confirming that the high-binding

platelets were not platelet aggregates. Despite the difference in

the coagulation factors binding, the subpopulations were

indistinguishable by the expression of general platelet marker

CD42b and activation markers PAC1 (an epitope of glyco-

protein IIb/IIIa) and CD62P (P-selectin). Dual-labeling

binding studies involving coagulation factors (IXa, VIII, or X)

and annexin V demonstrated that the high-binding platelet

subpopulation was identical for all coagulation factors and for

annexin V. The high-binding subpopulation had lower mean

forward and side scatters compared with the low-binding

subpopulation (�80% and �60%, respectively). In its turn,

the high-binding subpopulation was not homogeneous and

included two subpopulations with different scatter values. We

conclude that activation by thrombin induces the formation of

two distinct subpopulations of platelets different in their

binding of the components of the intrinsic fX-activating

complex, which may have certain physiological or patho-

logical significance.

Keywords: echistatin, factorX, flow cytometry, intrinsic tenase,

platelet activation, platelets.

Introduction

Major reactions of blood coagulation do not proceed efficiently

in solution and require negatively charged phospholipid

membranes, which provide optimal mutual orientation and

redirect interactions among enzymes, substrates and cofactors

from a three-dimensional space to a two-dimensional space [1].

Among membrane-dependent reactions are activation of

coagulation factor X (fX) by intrinsic [2] and extrinsic [3]

tenases, activation of prothrombin by prothrombinase [4],

activation of fV, fVII and fVIII by fXa [5–7], etc. In the

presence of phospholipids, rates of these reactions are increased

by three-to-five orders of magnitude [8]. Although plasma

lipoproteins and various cells of blood and vasculature have

been shown to support coagulation reactions under certain

conditions [9–13], activated blood platelets are considered the

principal physiological source of procoagulant membranes

[14–16]. Platelets can be activated by a variety of agonists

resulting in shape change, adhesion and aggregation, secretion

of pro- and anticoagulant substances, expression of procoag-

ulant membranes and shedding of microparticles [14]. The

degree of the platelet response depends on the potency of the

activator. While ADP, thromboxane A2 and epinephrine

stimulate platelet functions only partially, thrombin and
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collagen generate all responses, including expression of a

procoagulant surface able to bind coagulation factors and

support membrane-dependent reactions [14,16].

The binding of coagulation factors to platelets is the first

step in all membrane-dependent reactions and its understand-

ing is a prerequisite for the analysis of their mechanisms. The

binding of the intrinsic fX-activating complex components to

platelets has been a subject of numerous studies using either

radiolabeled factors [17,18] or flow cytometric analysis of

platelets pre-incubated with factors and fluorescently labeled

antibodies to these factors [19]. However, inconsistency

remains between results of these experiments, and the

heterogeneity of platelets with respect to the binding of

coagulation factors is still unclear. Studies with radiolabeled

ligands provided only mean binding parameters generated by

measuring properties of the entire platelet population. Some

flow cytometry studies showed that platelets from a single

individual display distinct subpopulations with respect to the

binding of fIXa, fX, fXa, and fV [20–25]. In other studies such

subpopulations were not observed, in particular, no sub-

populations were reported for the fIXa binding to thrombin-

stimulated platelets [15,19]. Also, there is no agreement

whether one or several activating agents are required to

induce/reveal platelet heterogeneity: some reports state that

activation by thrombin alone is sufficient [22], whereas

other reports conclude that platelet heterogeneity is induced

only upon combined activation by thrombin and convulxin

[23–25].

We addressed the problem of platelet heterogeneity by

studying the binding of all components of the intrinsic

fX-activating complex to thrombin-activated platelets in a

wide range of thrombin concentrations. To avoid possible loss

of the subpopulations phenomenon because of instability of

platelet-binding properties [26], we directly studied the binding

of fluorescein-labeled coagulation factors to activated platelets.

We demonstrated that upon platelet activation by thrombin,

two subpopulations are generated and their ratio is determined

by thrombin concentration. The subpopulations differ by

several orders of magnitude in their binding of fIXa, fVIII, fX,

and annexin V, and platelets within the high-binding subpop-

ulation are heterogeneous.

Experimental procedures

Reagents

Human a-thrombin, BSA, PPACK, apyrase grade VII from

potato, and echistatin from Echis carinatus were from Sigma

(St Louis, MO, USA). Prostaglandin E1 was from MP

Biochemicals (Irvine, CA, USA). All other reagents were of

analytical quality.

Proteins

Human fX was from Enzyme Research Laboratories (South

Bend, IN, USA). Human fIXa-EGR was from Haemato-

logic Technologies (Essex Junction, VT, USA). Human

plasma-derived fVIII was purified as described previously

[27]. For binding experiments, fIXa-EGR, fVIII, and fX were

labeled with fluorescein using FluoReporter Fluorescein-

EX Protein Labeling Kit (Molecular Probes, Eugene, OR,

USA) following the manufacturer’s instructions. The degree of

labeling (molecules of dye per molecule of protein) was

determined by absorbance at 280 and 494 nm and constituted

0.41, 4.25, and 2.79 for fIXa-EGR, fVIII, and fX, respectively.

Proteins were stored at )80 �C in small aliquots (5–10 lL) and
thawed only once before use. APC-labeled annexin Vwas from

Molecular Probes. PE-conjugated antihuman CD42b antibody

was from eBioscience (San Diego, CA, USA). FITC-conju-

gated antihuman CD62P and PAC1 antibodies were from

Beckton Dickinson Biosciences (San Jose, CA, USA).

Platelet isolation

Platelets were isolated as described [26] with minor modi-

fications from freshly drawn human blood collected from

healthy donors under a protocol approved by the Institu-

tional Review Board (Holland Laboratory, American Red

Cross, Rockville, MD, USA). Blood was collected into

3.2% sodium citrate at 9:1 v/v ratio. Prostaglandin E1

(1 lM) and apyrase (0.1 unit mL)1) were added to prevent

activation. Whole blood was centrifuged at 180 g for 15 min

at room temperature to obtain platelet-rich plasma. Platelets

were concentrated by centrifugation at 500 g for 15 min,

resuspended in buffer A (150 mM NaCl, 2.7 mM KCl, 1 mM

MgCl2, 0.4 mM NaH2PO4, 20 mM HEPES, 5 mM glucose,

0.5% BSA) and subjected to gel filtration on a 2.5 · 10 cm

Sepharose CL-2B (Sigma) chromatography column (Spec-

trum Chromatography, Houston, TX, USA) equilibrated

with buffer A. Cells were quantitated using a Cell-Dyn 3700

hematology analyzer (Abbott Laboratories, Abbott Park,

IL, USA). Platelet preparations contained <0.01% and 1%

of white and red blood cells, respectively. Blood from

19 donors was used for this study.

Binding experiments

Platelets were activated by incubation with thrombin

(1–200 nM) at 37 �C in buffer A with 5 mM CaCl2 for

5 min. Antihuman PE-labeled CD42b antibody was added

at 4% v/v (the quantities of antibodies and annexin V

added are given hereafter in volume fractions of the

solutions provided by the manufacturer) to identify platelet

events in flow cytometry experiments. Thrombin was

blocked by 1 lM PPACK prior to addition of fluoresc-

ein-labeled coagulation factors or APC-labeled annexin V.

These reagents were incubated with platelets in buffer A in

the presence of 2.5 mM CaCl2 at 37 �C for 15 min. Control

experiments confirmed that after this period of time,

equilibrium was achieved (data not shown). After 15 min,

the samples were diluted 10-fold with buffer A containing

2.5 mM CaCl2 and immediately acquired for 10 s in a
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FACSCalibur flow cytometer (BD Biosciences). Acquired

data were analyzed using a WinMDI 2.8 software (Joseph

Trotter, Scripps Research Institute, La Jolla, CA, USA).

Platelets were identified and gated using PE-labeled CD42b

fluorescence measured in FL2 channel. Approximately,

10 000 of FL2-positive events were collected in each

experiment and only FL2-positive events are displayed in

dot plots. Bound fluorescein-labeled factor was determined

by measuring mean fluorescence intensity of FL1-positive

events. Fluorescence intensity was converted to a mean

number of molecules per platelet using the calibration curve

prepared with Quantum Fluorescent Microbead Standard

for Fluorescein (Sigma) and the known dye/protein ratio.

Control experiments confirmed that, during the time of

sample dilution and acquisition, <5% of coagulation

factors and annexin V dissociated from platelets (data not

shown). All experiments were performed at least in

triplicates unless otherwise specified, and representative

experiments are given in the figures. Data from different

experiments for each condition were averaged and mean

values and SEM were determined.

Results

Two subpopulations of thrombin-activated platelets differ

in binding coagulation factors and annexin V

Platelets were activated with increasing concentrations of

thrombin (0–100 nM), and their procoagulant surfaces were

characterized by studying the binding of fluorescein-labeled

fX, fVIII, fIXa (components of the intrinsic fX-activating

complex) or APC-labeled annexin V (which binds to

expressed phosphatidylserine on platelet membrane) using

flow cytometry. Two distinct subpopulations of platelets

could be detected in the presence of the coagulation factors

(Fig. 1) or annexin V (not shown). In control experiments in

the absence of calcium, where EDTA was added at 10 mM,

only the low-binding platelet subpopulation was present

(data not shown), in agreement with the previous report for

fIXa [22]. Two distinct subpopulations with different binding

properties were detectable within a wide range of factor

concentrations (e.g. 8–2048 nM for fX); the concentrations

giving the better presentation are shown in the dot plots.
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Fig. 1. Binding of fX, fVIII, and fIXa to platelets activated with increasing concentrations of thrombin. Platelets (final concentration 2 · 108 mL)1) were

activated by thrombin at the indicated concentrations (columns) and incubated with fluorescein-labeled fX (200 nM), fVIII (50 nM), or fIXa (200 nM) in

buffer A with 2.5 mM CaCl2 at 37 �C for 15 min. The samples were immediately analyzed in a FACSCalibur flow cytometer as described under

Experimental Procedures. The plot diagrams show platelets displayed as side scatter on the ordinate and the coagulation factor binding (FL1 channel) on

the abscissa. Platelets with the low and high binding of coagulation factors were observed in the upper left and right quadrants, respectively (shown as

encircled subpopulations 1 and 2 for fX at 100 nM thrombin).

FIXa, fVIII and fX binding to platelet subpopulations 2547

� 2005 International Society on Thrombosis and Haemostasis



Figure 2A shows the percent of platelets with the elevated

binding capability for different factors and for annexin V as a

function of thrombin concentration. The high-binding platelet

subpopulations for each ligand constituted very similar

percentages of total platelet population at each thrombin

concentration reaching �4% at 100 nM of thrombin (Fig. 2A)

with no apparent saturation. Although the two subpopulations

were clearly observed within a wide range of thrombin

concentrations, the following experiments were performed at

100–200 nM thrombin to obtain significant numbers (several

hundreds) of high-binding events in each flow cytometry

acquisition for correct analysis. This thrombin concentration is

within the reported range of maximal thrombin concentrations

(100–500 nM) achieved in thrombin generation assay in plasma

or reconstituted system [15,25,28].

Determination of the number of molecules of each factor

bound per platelet yielded 15 000–25 000molecules per platelet

for the high-binding subpopulation and 1500–2000 molecules

per platelet for the low-binding subpopulation at 100 nM

thrombin (Fig. 2B). The specificity of the factor binding to

platelet subpopulations was tested by addition of excess

unlabeled factor. Fig. 2C shows histograms of fX binding in

the absence (filled histogram) and in the presence (gray line) of

excess unlabeled fX. In the latter case, the high-binding

subpopulation was not observed, indicating that the labeled

factor is displaced by excess unlabeled ligand fX and thus

confirming that the binding to this subpopulation is specific.

The low-binding subpopulation was observed in both experi-

ments, and its mean fluorescence was not significantly changed.

Dual-labeling of platelets with intrinsic tenase complex

components (or platelet markers) and annexin V

The apparent similarity of the percentage and of the

parameters of platelets with elevated binding capability for

all tested ligands (Fig. 2A,B) suggested that this high-

binding subpopulation may be identical for all coagulation

factors and annexin V. To test this hypothesis, platelets

activated with 100 nM thrombin were co-incubated with

both annexin V and different coagulation factors. These

dual-labeling studies showed that all annexin V-positive

platelets were also positive in their binding of fIXa, fVIII,

and fX and vice versa, as can be seen by the presence of

this subpopulation in the upper-right quadrant in Fig. 3

(right column except for control).

To gain insight into the nature of the high-binding subpop-

ulation, we performed flow cytometric studies of thrombin-

activated platelets evaluating them for the expression of

platelet-specific surface antigens: general platelet marker

CD42b (representing the GPIb alpha-chain moiety of the von

Willebrandt receptor GPIb [29]) and platelet activation mark-

ers CD62P (representing platelet (P)-selectin [30]) and PAC1

(representing the activated fibrinogen receptor which becomes

exposed on GPIIb/IIIa upon activation [31]). In these experi-

ments, fluorescently-labeled antibodies were used individually

or in combination with APC-labeled annexin V. Dual-labeling
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Fig. 2. Characteristics of high-binding platelet subpopulations. Binding of

coagulation factors and annexin V (0.4% v/v) to activated platelets was

performed as in Fig. 1. (A) The percentages of high-binding platelets for

different ligands are plotted vs. thrombin concentration: ( ), annexin V;

(d), fX; ( ), fVIII; ( ), fIXa. (B) Number of molecules of fX, fVIII, fIXa

bound to platelets of each subpopulation following activation with 100 nM

thrombin. Results in panels A and B are means of three independent

experiments with platelets from different donors ± SEM. (C) Histogram

of the fluorescein-labeled fX (32 nM) binding to platelets activated with

100 nM thrombin in the absence (filled histogram) or in the presence of

1250 nM unlabeled fX (gray line histogram). Control (no labeled fX) is

shown as black line histogram.
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binding studies using annexin V in parallel with PAC1, CD62P,

and CD42b (Fig. 4) demonstrated that the two subpopulations

had similar expression of platelet general and activation

markers, in contrast to the dramatic difference in their binding

capability for coagulation factors and annexin V.

Heterogeneity of the high-binding subpopulation

Accurate analysis of APC-labeled annexin V binding to

thrombin-activated platelets revealed heterogeneity of the

high-binding platelet subpopulation (Fig. 5A, compare black

and gray line histograms). Noteworthy, cells of the high-

binding subpopulation can be subdivided into two subpopu-

lations differentiated by side and forward scatter (Fig. 5B,C,

black line). The left peak events in the high-binding subpop-

ulation had much lower scatter than the platelets of the low-

binding subpopulation (Fig. 5A, gray line), while the right peak

events were comparable in scatter to the low-binding subpop-

ulation. To test whether the high-binding events with higher

scatter represent aggregates of platelets or platelet-derived
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Fig. 3. Dual-binding of annexin V and fX, fVIII or fIXa to activated platelets. Platelets were activated with 100 nM thrombin and incubated with

fluorescein-labeled coagulation factors at concentrations indicated in Fig. 1 and with APC-labeled annexin V (0.4% v/v) in buffer A with 2.5 mM CaCl2 at

37 �C for 15 min. The samples were immediately analyzed in a FACSCalibur flow cytometer as described under Experimental Procedures. Dot plots of

platelet region data display coagulation factor binding (FL1 channel) on the abscissa and annexin V binding (FL4 channel) on the ordinate. Platelets

positive for the binding of factors are seen in the right quadrants and those positive for annexin V binding are seen in the upper quadrants. The double-

labeled subpopulations are observed in the upper-right quadrants (shown as encircled subpopulation 2 for fX/annexin V; subpopulation 1 is double-

negative).
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microparticles, we performed experiments in the presence of

4000 nM echistatin, one of the most potent antiaggregating

agents. In the presence of echistatin, the right peak of the high-

binding subpopulation decreased while the left peak increased,

suggesting that at least some of the high scatter high-binding

events might represent aggregates of low scatter high-binding

events (compare black and gray line histograms in Fig. 5B,C).

However, the percentage of platelets with elevated binding

capability was not reduced confirming that these platelets form

a distinct subpopulation and are not aggregates of low-binding

events.

Discussion

The present study analyzed the heterogeneity of thrombin-

activated platelets with respect to the binding of the compo-

nents of the intrinsic fX-activating complex. This was carried

out using a flow cytometry-based technique, which determined
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Fig. 4. Dual-binding of annexin V and CD42b, PAC1 or CD62P antibodies to activated platelets. Platelets (final concentration 4 · 108 mL)1) were

activated by 200 nM thrombin and incubated with PE-labeled antihuman CD42b (4% v/v) and with fluorescein-labeled antihuman PAC1 or CD62P

antibodies (10% v/v) and with APC-labeled annexin V (0.4% v/v) in buffer A with 2.5 mM CaCl2 at 37 �C for 15 min. The samples were immediately

analyzed in a FACSCalibur flow cytometer as described under Experimental Procedures. Dot plots of platelet region data display antibody binding (FL1
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the binding of coagulation factors and annexin V [26]. The

principal findings of this study are the following: (i) platelet

activation by thrombin induces two subpopulations of plate-

lets, which differ in their binding of fIXa, fVIII, fX, and

annexin V by several orders of magnitude; (ii) the number of

platelets in the high-binding subpopulation increases with the

increase of thrombin concentration, i.e., with the degree of

activation; (iii) the two subpopulations do not differ in the

expression of platelet-specific activation markers; (iv) the cells

of the high-binding subpopulation are characterized by reduced

forward and side light scatter properties.

Initial flow cytometry studies of thrombin-activated platelets

described a homogeneous subpopulation and did not report

the existence of subpopulations with respect to their ability for

fIXa binding [19]. Approximately, 12–20% of events in

thrombin-activated cell suspension were platelet-derivedmicro-

particles, and fIXa binding to these microparticles was

negligible [19]. However, later studies demonstrated the pres-

ence of two distinct subpopulations of platelets, which exhib-

ited different fXa/fVa-binding properties [20,21]. Activation of

platelets by thrombin plus convulxin was reported to generate a

subpopulation of platelets (�30% of total platelets) with high

alpha-granule fV expression and fXa binding [24]. Noteworthy,

activation by any single agonist was not sufficient to generate

this subpopulation in that study. However, a recent study

demonstrated that activation of platelets by thrombin or

thrombin receptor-activating peptide alone led to the appear-

ance of a subpopulation of platelets with a high fIXa-binding

capability [22]. This subpopulation constituted �6% of the

total platelets, was also positive for annexin V binding,

suggesting high phosphatidylserine expression, and was indis-

tinguishable from other platelets by GPIX expression. In

contrast to the results described in [19], microparticles were not

observed when platelets were activated by thrombin (0.2–

2 units mL)1) [22]. Another recent study again was not able to

identify distinct platelet subpopulations upon activation by

thrombin alone, while combination of thrombin and convulxin

induced appearance of two subpopulations with different fV,

fVIII, fIX, and fX binding [25].

There may be several reasons for the divergent results of

previous studies. Firstly, it is known that the ability of activated

platelets to bind fVIII is maintained only for a limited time

interval and is completely lost after 30 min [26]. Therefore,

experiments involving prolonged incubations of platelets with

antibodies [22], secondary antibodies [19,25] or even fixation

[19,25] may not be able to detect the high-binding subpopu-

lation. Secondly, different results may reflect different degrees

of platelet activation. Thirdly, most of contradictory results

were obtained in studies with different coagulation factors. To

avoid the loss of platelet-binding activity with time, we used

fluorescein-labeled coagulation factors instead of labeled

antifactor antibodies as this approach allows rapid, direct

and quantitative determination of concentrations of bound

factor.We used increasing concentrations of thrombin to study

the effect of activation on the binding properties of platelets.

Finally, we studied the binding of all components of the

intrinsic fX-activating complex and of annexin V to ensure that

our results do not depend on the specific factor chosen. Instead

of using labile active cofactor fVIIIa, its stable precursor fVIII

was used.

Our results are consistent with the previous study [22] as they

demonstrate that platelet activation by thrombin alone is

sufficient to induce a subpopulation with calcium-dependent
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binding of annexin V and fIXa; in addition, we have shown

that the same subpopulation is characterized by a high-degree

calcium-dependent binding of fX and fVIII. Thus, the identical

subpopulation of phosphatidylserine-expressing platelets pref-

erentially binds all components of the fX-activating complex

and annexin V. At 100 nM thrombin, these cells constituted

�4% of total platelets (Fig. 2) and bound �50% of total

bound coagulation factor. Moreover, they were responsible for

almost all calcium-dependent and specific binding (Fig. 2C), as

excess unlabeled fX displaced the labeled fX thus confirming

the specificity of the binding to this subpopulation. Import-

antly, the high-binding platelet subpopulation was not elimin-

ated by echistatin, a potent inhibitor of aggregation, thus

excluding the aggregation effect and confirming the presence of

two distinct subpopulations of thrombin-activated platelets.

Previous studies, which reported existence of two subpop-

ulations of thrombin-activated platelets, used thrombin at fixed

concentrations. These results were interpreted as pre-existence

of two initially different types (subpopulations) of platelets,

which respond differently to activation. In our study, using

increasing concentrations of thrombin within a two-order-of-

magnitude range (1–100 nM), we found that the number of cells

in the high-binding subpopulation increased with thrombin

concentration. The fact that the number of the high-binding

platelets continuously changes with the degree of activation

suggests that they do not initially belong to a separate platelet

subpopulation and heterogeneity is acquired during the activa-

tion process. In view of these findings, the previously reported

difference in the binding of coagulation factors at different

thrombin concentrations [32] seems to reflect not different

expression of binding sites on the platelet surface but rather

different degree of platelet transition from the low- to the high-

binding subpopulation with equal potential for binding site

expression on each subpopulation. Regulation of the expres-

sion of procoagulant surface by activationmay have significant

physiological or/and pathological implications.

Noteworthy, the study [24], which described a high-binding

subpopulation of thrombin/convulxin-activated platelets,

revealed a correlation between the proportion of cells in that

subpopulation and up-regulation of fXa and thrombin gen-

eration. That study also showed that the number of platelets in

the high-binding subpopulation depends on convulxin concen-

tration upon simultaneous activation by thrombin and con-

vulxin [24]. It should be noted, however, that platelet

heterogeneity following activation with thrombin plus convul-

xin [23–25] and heterogeneity upon activation by thrombin

alone reported in [22] and in the present work are not

necessarily the same phenomena. In particular, PAC1 expres-

sion in the high-binding subpopulation in our study did not

differ from that in the low-binding subpopulation, whereas

platelets after dual-agonist activation showed very low levels of

PAC1 binding [23] indicating different occupancy of fibrin-

ogen-binding sites onGPIIb/IIIa. Elucidation of the differences

between these phenomena requires additional investigation.

A notable finding of the current study is the difference in

scatter parameters between the high- and low-binding subpop-

ulations and heterogeneity within the high-binding subpopu-

lation. The mean forward scatter and side scatter of the

high-binding platelets were, respectively, �1.3 and �1.7-fold

below those of the low-binding platelets suggesting, although

not proving, significant differences in their size, as the

logarithm of forward scatter [33] only partially reflects size.

Additional experiments are required to elucidate the specific

cause of the observed scatter difference. Moreover, the high-

binding subpopulation was found to consist of two subpop-

ulations with different scatter parameters (Fig. 5B,C). As the

presence of echistatin, a potent inhibitor of aggregation,

reduced the mean scatter parameters of the high-binding

subpopulation, the higher scatter peak could represent aggre-

gated small platelets or platelets with adherent platelet-derived

microparticles. It seems unlikely that the lower scatter high-

binding platelet subpopulation represents microparticles shed

from platelets upon activation as these events were not a

separate subpopulation on scatter plots as would be expected

for microparticles [19,26].

In summary, our study confirms that platelet activation by

thrombin induces a distinct subpopulation of platelets with a

high-binding capability for coagulation factors, and shows that

this phosphatidylserine-expressing subpopulation is the same

for all components of the intrinsic fX-activating complex: fIXa,

fVIII, and fX. At least half of the molecules of tested

coagulation factors bind to this subpopulation in a calcium-

dependent manner suggesting its importance for coagulation.
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