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Platelets are a major component of the blood and are important for maintaining hemostasis. They are 

usually found in a resting state, during which they have a discoid shape[1], so they can easily travel 

through the vessels of the circulatory system. After an injury to a blood vessel, platelets may be exposed 

to other materials such as the collagen. Once this happens, receptors on the platelets can bind to ligands 

such as von Willebrand factor, which not only serve to anchor the platelets to the site if the injury, but 

also contribute to platelet activation. 

In order for platelets to become activated, there needs to be a change in the cell morphology. This change 

in cell morphology involves two major events, 1) Changes in the structure of the cytoskeleton and 2) the 

release of granules. The changes in the structure of the cytoskeleton are important for the emergence of 

morphological structures such as filopodia and lamellipodia that are necessary for the platelet adherence 

and aggregation. Alpha granules contain additional clotting factors such as additional von Willebrand 

Factor, fibrinogen, factor V, Factor VIII. The dense granules store calcium and ATP which are also 

important for clotting [2, 3]. Granules perform other functions, for example, during granule release the 

granule membranes fuse with the platelet plasma membranes, which increases the surface area of the 

platelets and is important for morphological changes[4]. Thus, understanding the ultrastructure of the 

resting platelet is important for gaining greater insight into both hemostasis and thrombotic events. 

In this study, we used cryo-electron tomography (cryo-ET) to investigate changes to the cytoskeleton, in 

particular microtubules, in both inactive and activated platelets. The spatial arrangement of microtubules 

was quantified in the platelet cell body for resting and activated platelets. In addition, we also quantified 

the spatial orientation of the microtubules in cell extensions, such as filopodia, in platelets in the early 

stages of activation. The number and surface area of the granules was quantified in resting platelets and 

those in the early stages of activation. Fresh murine platelets were isolated from blood and were used 

immediately to prepare cryo-grids with a ThermoScientific Vitrobot plunging system. Cryo-grids were 

imaged with a Titan Krios 300 kV cryo-TEM equipped with an energy filter and K3 electron detector. 

Tilt-series were acquired with SerialEM[5]. Tomographic reconstructions were generated using the IMOD 

software platform [6] and segmented in either EMAN2[7] or 3dmod application in IMOD[6]. 
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Figure 1. Figure 1. Cryo-electron tomography of a resting mouse platelet. A) A slice through a tomogram 

of an intact resting platelet. B) Magnified view of an alpha granule (from panel A) next to the microtubules 

in the marginal band. C) Dense granules next to the microtubules in the marginal band. D) Segmentation 

of organelles and the microtubule cytoskeleton. D=dense granules (green), A=alpha granules (blue), 

Mi=microtubules, Mt=mitochondria (red). Scale bars are 200 nm. 

 
Figure 2. Figure 2. Cryo-electron tomography of a resting and activated mouse platelets. A) A slice 

through a tomogram of an intact resting platelet. B) A slice through a tomogram of an active platelet with 
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filopodia. C) Magnified view of platelet filopodia with extended microtubules (from panel B). D) Diagram 

showing the morphological changes, such as the emergence of filopodia, that occur during the transition 

from resting to early activation in platelets. D=dense granules, A=alpha granules, Mi=microtubules, 

Mt=mitochondria. (A, B) Scale bars are 200 nm. (C) Scale bar is 50 nm. 
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