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Abstract

Objective—Platelet granule exocytosis serves a central role in hemostasis and thrombosis.
Recently, single-cell amperometry has shown that platelet membrane fusion during granule
exocytosis results in the formation of a fusion pore that subsequently expands to enable the
extrusion of granule contents. However, the molecular mechanisms that control platelet fusion
pore expansion and collapse are not known.

Methods and Results—We identified dynamin-related protein 1 (Drpl) in platelets and found
that an inhibitor of Drp1, mdivi-1, blocked exocytosis of both platelet dense and a-granules. We
used single-cell amperometry to monitor serotonin release from individual dense granules and
thereby measured the effect of Drpl inhibition on fusion pore dynamics. Inhibition of Drpl
increased spike width and decreased pre-spike foot events, indicating that Drp1 influences fusion
pore formation and expansion. Platelet-mediated thrombus formation /n vivo following laser-
induced injury of mouse cremaster arterioles was impaired following infusion of mdivi-1.

Conclusions—These results demonstrate that inhibition of Drpl disrupts platelet fusion pore
dynamics and indicate that Drp1 can be targeted to control thrombus formation /7 vivo.
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Introduction

Platelet granules are required for normal hemostasis and contribute to pathological thrombus
formation. Platelet granule exocytosis has also been implicated in numerous other
physiological functions, including inflammation, microbial host defense, angiogenesis, and
wound healing. Platelet granule types include a-granules (50-80 granules/platelet), dense
granules (3—6 granules/platelet), and lysosomes (0-3 granules/platelet). These granules
release their contents following stimulation of receptors on the platelet surface. Although
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much has been learnt about the proximal signal transduction mechanisms that mediate the
release of granule contents following stimulation of surface receptors, considerably less is
known about the distal mechanisms that facilitate granule exocytosis.

Exocytosis of platelet granule contents requires the fusion of granule membranes with
plasma membranes or membranes of the open canalicular system.! The release of contents
likely occurs through a dynamic fusion pore. Electrophysiological techniques have been
used to study the formation, expansion, and collapse of the fusion pore in neurons and
neuroendocrine cells. Yet the mechanisms regulating the platelet fusion pore are poorly
understood, and the proteins that control platelet fusion pore dynamics have not been
identified. Platelet fusion pore dynamics have been difficult to study by standard
electrophysiological methods because of their small size and atypical membrane system.
Single-cell amperometry, however, has sufficient temporal and spatial resolution to evaluate
fusion pore dynamics in live platelets and has recently been used to study quantal release of
serotonin from individual dense granules.2~> Amperometric tracings of platelet dense
granule release demonstrate features previously observed only in nucleated cells, indicating
that stable fusion pore formation, fusion pore expansion, and ‘kiss-and-run’ exocytosis occur
in platelets. We have previously used amperometry of individual platelets to evaluate
mechanisms of platelet membrane pore dynamics.2—%

We now use single-cell amperometry to study the role of dynamin-related protein 1 (Drpl)
in platelet granule release. Drpl belongs to the dynamin superfamily, a group of large
GTPases that act as mechanoenzymes and demonstrate oligomerization-dependent GTPase
as well as membrane modeling activities.” Drp1 is most widely known for its role in
mediating mitochondrial fission and fusion. We demonstrate that platelets contain Drpl and
that Drp1 is phosphorylated upon platelet activation. Blocking Drpl inhibits platelet granule
exocytosis and impairs fusion pore stability. Inhibition of Drpl also interferes with platelet
accumulation during thrombus formation /7 vivo. These studies demonstrate a heretofore
unrecognized function of Drp1l in platelet physiology.

Platelet preparation

Human and rabbit platelets were prepared as described in the supplementary methods
(please see http://atvb.ahajournals.org).

Single-cell amperometry

Amperometry experiments were performed with an Axopatch 200B potentiostat (Molecular
Devices, Inc.) controlled by locally written LABVIEW software. Fabrication of carbon-fiber
microelectrodes and the experimental instrumentation have been previously described. 4 8
Rabbit platelets were used for these experiments because they have a substantially higher
number of dense granules per platelet than human platelets. To begin a measurement, a drop
of rabbit platelet suspension was added to the experimental chamber that contained either 10
M mdivi-1 (Tocris), or 10 M compound E (generous gift of Dr. Jodi Nunnari and Dr.
Ann Cassidy-Stone) in Tyrode’s buffer (prepared from stock solutions in DMSO) or the
same volume of DMSO in Tyrode’s buffer for experimental and control conditions,
respectively. Platelets were allowed to sediment on poly L-lysine-coated coverslips for 15
minutes before amperometry measurements. One platelet at a time was stimulated witha 3 s
bolus of thrombin solution in Tyrode’s buffer (10 U/mL), and the amperometric response
was recorded for 60 s. Data were analyzed as has been previously described* and reported as
mean+SEM; t-tests were used to identify statistically significant differences compared to the
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control condition. Amperometric measurements were recorded from 107 platelets for control
condition, 39 platelets for mdivi-1 condition, and 31 platelets for the compound E condition.

Thrombus formation model

Intravital video microscopy of the cremaster muscle microcirculation was performed as
previously described.? Mouse anti-human fibrin 11 -chain monoclonal antibody was
purified over protein G-Sepharose (Invitrogen) from a 59D8 hybridoma cell linel? and
labeled with Alexa Fluor 488 (Invitrogen). Digital images were captured with a Cooke
Sensicam CCD camera (The Cooke Corporation) connected to a VS4-1845 Image Intensifier
GEN 111 (Video Scope International). Injury to a cremaster arteriolar (30-50 pm diameter)
vessel wall was induced with a Micropoint Laser System (Photonics Instruments) focused
through the microscope objective, parfocal with the focal plane and tuned to 440 nm through
the dye cell containing 5 mM coumarin in methanol. Data were captured digitally from two
fluorescence channels, 488/520 nm and 647/670 nm. Data acquisition was initiated both
prior to and following a single laser pulse for each injury. The microscope system was
controlled and images were analyzed using Slidebook (Intelligent Imaging Innovations).

Image analysis

For each thrombus generated, a rectangular mask was defined that included a portion of the
vessel upstream of the site of injury. The maximum fluorescence intensity of the pixels
contained in this mask was extracted for all frames (pre- and post-injury) for each thrombus.
The mean value calculated from the maximal intensity values in the mask for each frame
was determined and used as the background value. Finally, for each frame the integrated
fluorescence intensity was calculated as per following equation:

Integrated fluorescence intensity =sum intensity of signal—(mean of the maximal background intensityxarea of the signal).

This calculation was performed for all frames in each thrombus and plotted versus time to
provide the kinetics of thrombus formation. For multiple fluorescence channels, calculations
of background were made independently for each channel. The data from 25-30 thrombi
were used to determine the median value of the integrated fluorescence intensity to account
for the variability of thrombus formation at any given set of experimental conditions.

Statistical analysis

A value representing area under the curve was calculated for each curve generated by
measurement of fluorescence following laser injury of an arteriole. A Mann-Whitney test
was used for statistical comparison of data sets comprised of the indicated number of
thrombi formed under each indicated condition. P values of 0.05 or less were considered
statistically significant and are indicated. Statistical analyses were performed using Prism
software package (version 4; GraphPad).

Immunoblot analysis

Immunoblot analysis of human platelet lysates was performed as described in the
supplementary methods.

Immunogold Electron and Immunofluorescence Microscopy

Human platelets were analyzed using transmission electron microscopy and
immunofluorescence microscopy as described in the supplementary methods.
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Flow cytometry

Flow cytometry was used to quantify P-selectin surface exposure to monitor a-granule
release and measure JC-1 fluorescence to monitor mitochondrial membrane potential as
described in the supplementary methods.

Detection of adenine nucleotide release

A luciferin-luciferase detection system was used to measure ADP/ATP release to monitor
dense granule secretion as described in the supplementary methods.

Results

Dynamins in platelets

Dynamins are a superfamily of large GTPases that serve a wide range of membrane shaping
functions.” Their expression and function in platelets is not well-understood.
Megakaryocytes have previously been shown to express dynamin 3.11: 12 However, whether
other dynamins and dynamin-related proteins are present in platelets has not been assessed.
We therefore evaluated platelet lysates for dynamin 1, dynamin 2, and Drpl. Dynamin 1 was
not identified under the conditions of our assay. In contrast, dynamin 2 and Drpl were
recognized as single bands with apparent molecular weights of 100 kD and 80 kD,
respectively (Fig. 1A). No additional bands were detected in immunoblots of platelet lysates.
To evaluate for the presence of Drpl in platelet cytosol, platelets were permeabilized with
streptolysin-O and subsequently pelleted. Evaluation of platelet cytosol and membranes
demonstrated Drpl in both fractions (Fig. 1B), indicating that a portion of platelet Drpl is
cytosolic. Evaluation of activation-dependent phosphorylation of platelet Drpl using
phosphorylation site specific antibodies demonstrated that Drpl is phosphorylated at serine
616 following incubation with SFLLRN to activate PAR1 and at serine 637 following
incubation with forskolin to activate adenylyl cyclase (Fig. 1C). Immunogold electron
microscopy was performed to further define the localization of Drpl in platelets. Electron
microscopy demonstrated that Drp1 associated with granule membranes and the cytoplasmic
face of the platelet plasma membrane and was present in the cytosol (Fig. 1E; supplementary
fig. I; please see http://atvb.ahajournals.org). Studies using a non-immune antibody
demonstrated no staining (supplementary fig. 1). These results show that Drpl is found in
platelets, is phosphorylated in an activation-dependent manner, and localizes to both
membranes and cytosol.

Drp1 functions in platelet granule exocytosis

Dynamins have a well-established role in endocytosis,’- 13- 14 associating with the stalk of
the maturing endocytotic vesicle and catalyzing vesicle scission. More recently, dynamins
have been shown to function in granule exocytosis.1>~20 To evaluate whether dynamins
function in platelet granule exocytosis, we tested the effect of the dynamin inhibitors,
dynasore and MiTMAB, on exocytosis using surface expression of P-selectin as a marker of
a-granule release (Fig. 2). Dynasore blocked agonist-induced P-selectin surface expression
with an ICsq of approximately 20 pM»1 (Fig. 2), close to its I1Csq for recombinant dynamin
in a GTPase assay. MiTMAB also inhibited P-selectin surface expression with an ICsq of
approximately 20 uM (Fig. 2). These results indicate a role for dynamins in platelet granule
exocytosis. Dynasore and MiTMAB have been used widely to assess the role of dynamin
family proteins in cell function.2l: 22 However, they are general inhibitors of dynamins and
cannot be used to assess the role of specific dynamin subtypes in exocytosis.

Drp1 is widely known for its role in mitochondrial fission23-27 and fusion.28 However, a
role in degranulation has also been described.2° To determine whether Drp1 functions in
platelet granule exocytosis, we used the well-characterized Drpl inhibitor, mitochondrial
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division inhibitor-1 (mdivi-1). Mdivi-1 selectively blocks Drpl, but not other dynamin
isoforms, and acts outside of the GTP binding site.39 This inhibitor blocked PAR1-mediated
a-granule release with an I1Csq of approximately 10 uM (Fig. 3A), similar to its 1Cg for
inhibition of recombinant Drp1 in a GTPase assay.30 One method to assess the selectivity of
a small molecule for a particular protein target is to use compound analogs that vary in their
ability to inhibit the target and determine whether or not their activity is replicated in the
cellular system of interest. Analogs of mdivi-1 were used to assess whether Drp1 is the
relevant target of mdivi-1 in platelet granule exocytosis. Compound D, an analog with
potency equal to that of mdivi-1 against recombinant Drp1 in a GTPase assay,3°
demonstrated similar potency to mdivi-1 in an assay of a-granule release (Fig. 3A).
Compound E was substantially less potent than mdivi-1 against recombinant Drpl in a
GTPase assay, demonstrating only approximately 45% inhibition at 50 LM.30 Therefore, if
Drp-1 is the relevant target for mdivi-1 in platelet exocytosis, then compound E would
demonstrate significantly less activity than mdivi-1 in the secretion assay. Compound E was
significantly less active in inhibiting platelet a-granule release (Fig. 3A). To determine
whether Drpl functions in dense granule release as well as a-granule release, we evaluated
the role of mdivi-1 on adenine nucleoside release using a lucerifase-based assay. Dense
granule release was inhibited by mdivi-1 with an ICsq of approximately 10 uM (Fig. 3B).
These results indicate a role for Drpl in platelet granule exocytosis.

Drp1 controls platelet fusion pore dynamics

Drp1 functions in mitochondrial dynamics that contribute to granule secretion in mast cell
exocytosis, synapses, and insulin-secreting cells.2% 31 32 We used single-cell amperometry
to evaluate, with sub-millisecond resolution, the effect of mdivi-1 on the release of serotonin
from rabbit platelets (Fig. 4A). Statistical analyses of multiple tracings showed that 10 uM
mdivi-1 had no effect on the quantal concentration of released serotonin (Fig. 4B) or the
number of fusion events per platelet (Fig. 4C), which enabled unambiguous evaluation of
the change in fusion pore behavior and kinetics of release. Results showed that although 10
M mdivi-1 did not affect the time required for transition from fusion pore to maximal
release (Tyise) (Fig. 4D), it changed the kinetics of the total release event (Fig. 4E). The
prolonged spike width in amperometric tracings from platelets exposed to mdivi-1 indicated
that mdivi-1 reduced the efficiency of serotonin release through the fusion pore. Time of
half maximal release (T/,) was 14.97+0.81 ms for control and 23.00+1.70 ms for mdivi-1
conditions (Fig. 4E). This effect can be observed in figure 4A (see inset), where
representative spikes for each condition are shown above the tracings; mdivi-1 treated cells
produced wider (larger Ty/,) and smaller amplitude spikes (since the Q values are similar)
upon release of serotonin. Amplitude analysis demonstrated a mean amplitude of
16.58+1.35 pA in control samples compared with 8.96+0.93 pA in samples incubated with
mdivi-1 (p=0.0004). In contrast, compound E had no effect on spike amplitude or T1»
(supplementary fig. I1). This result demonstrates that mdivi-1 impairs efficient extrusion of
serotonin from platelet dense granules.

Additional characteristics of amperometric tracings were evaluated to assess the role of
Drp1 on the rate of dense granule release and on fusion pore stability (Fig. 5). Cumulative
frequency analyses indicate how efficiently granules are trafficked, docked, and fuse upon
stimulation.® Since the percent of granules released over time does not change upon mdivi-1
treatment (Fig. 5B), it is unlikely that mdivi-1 influences delivery of granules to surface
connected membranes by cytoskeletal transport or docking at the release site. Following
membrane fusion and initial pore formation, pore expansion can ensue, leading to full
granule collapse and concomitant extrusion of granule contents. Initial formation of the
fusion pore can be identified in amperometric spikes as a subtle increase in the current
which is called a “foot’. Alternatively, the fusion pore can close after partial secretion in an
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event termed kiss-and-run exocytosis (Fig. 5A). In this work, standalone spikes with an
integrated area between 30 fC (approximately 100 times the RMS noise of each tracings)
and 100 fC (approximately 30% of the average Q value) are classified as kiss and run
events. Release events through fusion pores followed by either reclosure of the fusion pore
or full release following foot process formation were monitored. The total %kiss-and-run
events did not differ significantly between the two conditions (Fig. 5C). However, there was
a significant difference between the fusion events completed by full fusion through a foot
process in control platelets versus platelets exposed to mdivi-1 (Fig. 5D) (% foot is
17.35+1.37 for control and 9.46+2.01 for mdivi-1 conditions, p<0.01). In contrast to the
effects of mdivi-1, compound E had no effect on platelet pore formation (supplementary fig.
I1). These results indicate that inhibition of Drp1 impairs fusion pore stability.

Drp1 antagonism inhibits thrombus formation

Inhibition of Drp1 following infusion of mdivi-1 has previously been demonstrated to block
reperfusion injury in cardiac, renal and retinal ischemia models.33-3° The protective effect
has been attributed to prevention of mitochondrial fragmentation since Drp1 is known to
function in mitochondrial fission.2%: 27 However, antiplatelet compounds can also confer
protection against reperfusion injury, and platelet function was not evaluated in previous
studies. Since inhibition of Drpl inhibits platelet exocytosis, we determined whether
pharmacological inhibition of Drpl could control thrombus formation following vascular
injury. Platelet accumulation (Fig. 6A, rea) and fibrin formation (Fig. 6A, green) were
monitored following laser-induced injury of cremaster arterioles prior to (Fig. 6A,;
supplementary video S1) and following infusion of mdivi-1 (Fig. 6B; supplementary video
S2). A 59% reduction in platelet accumulation (p < 0.001, as determined by AUC) was
observed following infusion of mdivi-1 (Fig. 6C, supplementary fig. 111). In contrast, there
was no significant effect of mdivi-1 on fibrin generation following laser-induced vascular
injury (Fig. 6D, supplementary fig. 111), consistent with other interventions specifically
targeting platelet function in this model .36

Discussion

These experiments evaluate the role of Drpl in platelet function using small molecules. The
indication that Drp1 functions in granule exocytosis was originally derived from a chemical
genetic screen of >300,000 compounds to identify inhibitors of platelet granule secretion.3”
This unbiased forward screen identified a compound, ML160, which also demonstrated
activity in an assay designed to identify inhibitors of the product of yeast Dnm1, the yeast
ortholog of Drpl. Following the identification of ML160 as an inhibitor of platelet
exocytosis, we used two well-characterized dynamin family inhibitors, dynasore and
MiITMAB, which also blocked platelet granule secretion (Fig. 2). This result implicates
dynamin family proteins in platelet granule release. To evaluate the role of Drpl in granule
release, we used mdivi-1, which is selective for Drpl and has proven to be a useful
compound in its study.30: 34. 35,38, 39 Mdivi-1 inhibits exocytosis in the same concentration
range that it inhibits the recombinant Drpl GTPase activity. The fact that the inhibitory
activity of various mdivi-1 analogs in the exocytosis assay mirror their activity against the
recombinant Drpl GTPase (Fig. 3) further supports the premise that Drpl is the relevant
target of mdivi-1 in the exocytosis assay.

Studies demonstrating a role for Drp1 in granule secretion?®: 31. 32 prompted us to evaluate
the effect of mdivi-1 on serotonin release from individual granules using single-cell
amperometry. Experiments were conducted with a low concentration of mdivi-1 (10 uM) so
as not to impair total quantal release of serotonin [Q(fC)] and to enable direct comparison of
tracings with untreated controls. Lower antagonist concentrations also decrease the
likelihood of off-target effects. These studies demonstrated that mdivi-1 has a significant
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effect on spike width and the percent of foot processes associated with spikes (Figs. 4 and
5). Figure 4 shows representative traces from both control and mdivi-1-exposed platelets.
Unlike the control platelets, mdivi-1-treated platelets show an extended release behavior for
each fused granule. This result implies that mdivi-1 impairs the rate of expansion of the
fusion pore, and thus, slows the time course for serotonin release from individual granules.
Moreover, foot process formation was inefficient when platelets were exposed to mdivi-1,
demonstrating that inhibition of Drpl causes fusion pore instability.

There are several potential mechanisms by which Drpl may control fusion pore dynamics.
Drp1 colocalizes with mitochondria in platelets (supplementary fig. IV) and could
participate in granule secretion via effects on mitochondria. In mast cells, either incubation
with mdivi-1 or treatment with Drp1 siRNA blocks mitochondrial translocation required for
activation-induced TNF-a and B-hexoseaminidase release.2® Mitochondria play a prominent
role in insulin secretion by generating required ATP and metabolites that stimulate secretory
processes.*0 Silencing Drp1 impairs insulin secretion in the hypothalamus.32 Mitochondria
also contribute to synaptic vesicle release?! and Drp1 has been shown to function in this
capacity.3! Mdivi-1 impairs mitochondrial permeability transition pore (MPTP) formation
and reduces ischemia mediated death in cardiomyocytes.33 However, under the conditions
of our assay, we found no effect of mdivi-1 on mitochondrial membrane potential
(supplementary fig. V). Similarly, mdivi-1 had no effect on platelet apoptosis as measured
by annexin V binding (data not shown). In contrast, antimycin A, an inhibitor of
mitochondrial respiration, impaired mitochondrial membrane potential without blocking
granule secretion (supplementary fig. V). Thus, impairment of mitochondrial membrane
potential is not a likely explanation for the effects of mdivi-1 on granule secretion. An
alternative possibility is that Drpl acts to control fusion pore formation at the site of stalk
formation. Unlike classical dynamins, Drp1 lacks a pleckstrin homology domain or SH3
domain and is not known to act at sites of membrane fusion. Nonetheless, Drpl interacts
with membranes and could potentially influence pore expansion directly. Further studies
will be required to determine the mechanism by which Drp1 controls platelet fusion pore
dynamics.

Inhibition of Drpl blocked platelet accumulation during thrombus formation following
vascular injury. In contrast, fibrin generation was unaffected (Fig. 6). This observation is
consistent with the fact that fibrin generation following laser-induced injury of the cremaster
arteriole is independent of platelet accumulation.36 Infusion of mdivi-1 has previously been
shown to decrease infarct size in murine ventricles in an in vivo model of cardiac ischemia-
reperfusion injury.33 Systemic infusion of 50 mg/kg of mdivi-1 has also been used to reverse
ischemic renal injury and tubular apoptosis induced by reperfusion following renal
ischemia.34 The effect was attributed to suppression of ischemia-induced mitochondrial
fragmentation. Similarly, mdivi-1 was shown to inhibit early neurodegenerative events and
increase retinal ganglion cell survival following acute retinal ischemia.3® Our results using
the same mdivi-1 concentration demonstrate that mdivi-1 is an antiplatelet agent in the
setting of injury-induced thrombus formation. A limitation of our studies is that we cannot
restrict the activity of mdivi-1 to platelets following systemic infusion. We cannot rule out
an effect of mdivi-1 on endothelial cells or leukocytes in our assay. Nonetheless, since
antiplatelet therapy can prevent tissue damage following reperfusion2-44 and mdivi-1
interferes with platelet secretion, effects on platelet function must also be considered when
assessing the role of Drpl in reperfusion injury. The combination of maintaining vascular
patency and inhibiting apoptosis may be useful in the treatment of ischemic injury.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Detection and localization of Drplin platelets

(A) Human platelet lysates were evaluated for dynamin 1 (DNMI), dynamin 2 (DNM2), and
dynamin-related protein-1 (DrpI) as indicated. (B) Platelet cytosol and membraneswere
evaluated for Drpl. (C) Platelet were incubated with either 1) buffer alone, 2) 5 uM
SFLLRN, or 3) 10 uM forskolin. Lysates were then evaluated using either an anti-Ser616
Drpl phosphorylation site specific antibody (phosphor-Ser616 DrpI), an anti-Ser637 Drpl
phosphorylation site specific antibody (phosphor-Ser637 Drp1), or an antibody to detect
total Drpl (Drpl). (D) Immunogold staining of resting platelets demonstrates Drpl
associated with plasma membrane (b/ack arrows), granule membranes (white arrows), and
cytosol (black arrowheads). Scale bar, 100 nm.
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Figure 2. Inhibition of dynamins blocks

a-granule secretion secretion.

Human platelets were incubated in the presence of either (A) vehicle alone, (B)dynasore, or
(C) MiTMAB and subsequently exposed to buffer (b/ack) or 5 WM SFLLRN (gray). P-
selectin surface expression was subsequently evaluated by flow cytometry. (D) Both
dynasore and MiTMAB inhibited PAR1-mediated P-selectin expression in a dose-dependent
manner (n=3+ S.D.).
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Figure 3. Roleof Drplin

a-granule and dense granule exocytosis.

(A) Platelet P-selectin surface expression in response to 5 uM SFLLRN was assayed in the
presence of the indicated concentrations of either mdivi-1 (b/ack circle), compound D (black
square) or compound E (open circle). Data are representative of 3 experiments + S.D. (B)
Platelets were incubated with the indicated concentrations of mdivi-1 for 20 minutes prior to
addition of 5 M SFLLRN. Release of adenine nucleosides was subsequently monitored
using a luciferin-luciferase assay. Data are representative of 3 similar experiments.
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Figure4. Role of Drplin thekinetics of platelet granulerelease
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(A) Representative amperometric traces of rabbit platelet dense granule release in the

presence and absence of mdivi-1. The heavy bar beneath the tracings indi

cates the time and

the duration of the thrombin stimulation. /nsets. The distinct spike shapes for control (yppen
and mdivi-1 (fower) conditions depicted in the millisecond time scale demonstrate different
serotonin release kinetics. Mdivi-1 (10 wM) did not influence quantal release (B), the
number of granules released per cell (C), or the time required for transition from fusion pore
to full fusion (Tyise) (D). However, the total time required for the release event (Tq/,) was
longer for platelets exposed to mdivi-1 (p<0.001) (E). Data represent the average + S.E.M.

of 107 control tracings and 39 tracings from platelets exposed to mdivi-1.
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Figure 5. Role of Drplin stability of the platelet fusion pore

(A) During platelet granule exocytosis, a fusion pore forms as indicated by the foot process,
shown as the initial inflection in the top amperometric tracing. This pore can then dilate
rapidly, resulting in full granule collapse and complete release of granule contents as
indicated by the spike (ypper amperometric tracing). Alternatively, the fusion pore may
reseal in a kiss-and-run event. This phenomenon typically results in a shallow inflection in
the current tracing representing the release of a small amount of serotonin (/ower
amperometric tracing). (B) Cumulative frequency analysis in the presence and absence of 10
M mdivi-1 demonstrated no difference in the rate of rabbit platelet dense granule release.
Amperometric spikes were evaluated to determine (C) the percentage of kiss-and-run events
and (D) the percent of spikes preceded by a foot process in the presence and absence of
mdivi-1. These results demonstrate that mdivi-1 interferes with the expansion of the fusion
pore to full fusion through a foot process, as indicated by the significant difference between
the %foot values for mdivi-1-treated and control platelets (p<0.01). Data represent the
average + S.E.M. of 107 control tracings and 39 tracings from platelets exposed to mdivi-1.
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Figure 6. Effect of mdivi-1 on platelet accumulation and fibrin generation during thrombus
formation following laser injury of cremaster arterioles

Mouse platelet-specific anti-CD42b antibody conjugated to Dylight 649 (0.1 p.g/g body
weight) and fibrin-specific mouse anti-human fibrin 11 -chain monoclonal antibody
conjugated to Alexa 488 (0.5 jg/g body weight) were infused into the mouse. Mdivi-1 (50
mg/kg) was subsequently infused intravenously 5 minutes prior to the initial laser injury.
Representative binarized images of the appearance of fluorescence signals associated with
platelets (rea) and fibrin (green) over 180 seconds following laser-induced vessel wall injury
in a wild type mouse are shown in panels (A) vehicle alone and (B) 50 mg/kg mdivi-1. (C)
Median integrated platelet fluorescence intensity and (D) median integrated fibrin
fluorescence intensity at the injury site are plotted versus time. Data are from 28 thrombi in
3 mice for control condition and 24 thrombi in 3 mice for mdivi-1 condition.
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