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Abstract 

 

Platelets undergo profound rapid F-actin cytoskeleton remodeling and experience 

morphological and functional changes in response to receptor-mediated signaling 

from damaged blood vessel walls. The evolutionarily conserved proteins coronin 1 

and adenylyl cyclase-associated protein 1 (CAP1) regulate the F-actin cytoskeleton 

and participate in signaling events. They are abundant in platelets but until recently 

their roles were poorly understood. Subcellular fractionation found coronin 1 is 

mainly cytosolic, but a significant amount associates with membranes in an actin-

independent manner and does not translocate to or from the membrane upon 

platelet stimulation or inhibition. Coronin 1, 2 and 3 associate with the Triton 

insoluble cytoskeleton upon platelet stimulation. Immunostainings of spread 

platelets revealed that coronin 1, 2 and 3 demonstrate strong accumulation at F-

actin nodules and display diffuse cytoplasmic localisation with discontinuous 

accumulation at the cell cortex. This is consistent with the role of coronins as 

integrators of extracellular signals with actin remodeling. Ablation of coronin 1 in 

platelets is associated with impaired translocation of integrin β2 to the cell surface 

upon stimulation with thrombin. However, morphological and functional defects are 

absent including Arp2/3 complex translocation, VASP phosphorylation, spreading 

ability, secretion, basal receptor levels, αIIbβ3 activation and haemostasis. While 

integrin β2 translocation appears specifically or predominantly dependent on 

coronin 1, the lack of other phenotypes suggests a high extent of functional overlap 

and redundancy among coronins 1, 2 and 3 in platelets. Subcellular fractionation 

found that ~20% of CAP1 is membrane-associated in an F-actin independent 

manner. Immunostainings demonstrated that in basal platelets CAP1 is mostly 

cortical whereas stimulation results in translocation to the cytosol in a significant 

proportion of platelets which can be inhibited by prostacyclin or nitric oxide. This 

places CAP1 at a crossroad of signalling pathways that controls platelet activation 

by contributing to actin remodelling at the cell cortex and actin nodules during 

platelet spreading. 
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1 Introduction 

 

1.1 Platelets 

 

Humans have nearly a trillion platelets in circulation which have a lifespan of around 

6-10 days. They are anucleate discoid cells, around 2-3 μm in diameter, derived 

from megakaryocytes that regulate haemostasis upon vessel damage (Thon & 

Italiano, 2012). Platelet activation results in the secretion of alpha and dense 

granules and changes platelets into a flat and spread shape, resulting in a larger 

surface area. This process allows platelets to adhere to damaged blood vessel walls, 

transitioning from a spheroid to a flat shape by extending filopodia and lamellipodia 

(Poulter et al., 2015). This is a very complex process involving many signalling 

pathways and proteins. During this process the platelet actin cytoskeleton is 

remodelled (Aslan et al., 2012). Many factors are important for actin remodelling 

including CAP1 (Joshi et al., 2018) and Coronin 1 (Gandhi & Goode, 2008) which 

were the focus of this thesis. Platelets also have roles in immunity, infection, 

inflammation (Klinger & Jelkmann, 2002), tissue regeneration (Nurden, 2011) and 

cancer (Nash et al., 2002). 

 

1.1.1 Platelet formation 

 

Platelets are produced from mature megakaryocytes which are predominantly 

present in bone marrow by a process called thrombopoiesis (Thon & Italiano, 2012). 

Megakaryotes are produced from differentiated hematopoietic stem cells. They are 

multinucleate and as they mature they undergo repeated rounds of endomitosis 

(Bluteau et al., 2009). Maturing megakaryocytes migrate from the osteoblastic niche 

towards the vascular niche of the bone marrow which is proximal to blood vessels 

(Thon & Italiano, 2012).  Once mature, megakaryocytes extend long slender 

microtubular structures called proplatelets which have the appearance of beads 

linked by narrow cytoplasmic strands (Italiano et al., 1999). The mature 

megakaryocyte contains an extensive internal labyrinth of membrane which is 
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continuous with the plasma membrane and is termed the invaginated membrane 

system or the demarcation membrane system which provides membranes for the 

proplatelets to form (Ghalloussi et al., 2019). The proplatelets elongate, thin and 

bifurcate to form pseudopodia ribbons before becoming dissociated from the 

megakaryocyte. Dissociated proplatelets can resemble barbell structures and retain 

their ability to form platelets, doing so at both ends (Italiano et al., 2007). 

 

1.1.2 Platelet organelles 

 

Platelet organelles include α-granules, dense granules (Flaumenhaft & Sharda, 

2019), lysosomes (Ciferri et al., 2000), mitochondria (Verhoeven et al., 1984), 

ribosomes (Zimmerman & Weyrich, 2008), a dense tubular system (DTS) (Harper & 

Sage, 2017), an open canalicular system (Escolar & White, J., 1991) and residual 

Golgi (Yadav et al., 2017) (Figure 1.1).  

The α-granules are far more numerous than dense granules, lysosomes or 

mitochondria and comprise around 10% of the total platelet volume (Flaumenhaft & 

Sharda, 2019). They contain over 300 proteins which are both membrane-bound 

and soluble proteins including integrins αIIb and β3 as well as glycoprotein (GP) VI, 

von Willebrand factor (vWF), P-selectin and thrombospondin which are secreted or 

exposed upon platelet activation to contribute towards the activation cascade and 

platelet aggregation (Burkhart et al., 2014). 

The contents of dense granules include cations including very high levels of 

Ca2+, lower levels of Mg2+ (Ruiz et al., 2004) and high concentrations of nucleotides 

such as ~650 mM ADP and ~440 mM ATP. Their pH is maintained at around 5.4 by 

a H+-ATPase (proton pump). Upon platelet activation, the dense granule contents 

are released, which again contribute towards the platelet activation cascade and 

aggregation (Flaumenhaft & Sharda, 2019). 

 The contents of lysosomes are very similar to other cell types and include 

enzymes involved in degradation including collagenases, glycohydrolases and 

phosphatases. The main role of the platelet lysosomes is to degrade proteins 
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(Coughlin, 2000). They are also released upon platelet activation (Ciferri et al., 

2000), possibly contributing to thrombus remodeling (Falet, 2017). 

Platelets have only a few mitochondria which contribute to energy metabolism 

(Verhoeven et al., 1984). Platelets retain mRNA transcripts from megakaryocytes 

(Rowley et al., 2011) and have ribosomes which have a limited ability to contribute 

to protein synthesis which can rapidly increase in response to activation 

(Zimmerman & Weyrich, 2008). Platelets also contain fragments of the Golgi 

apparatus, scattered around the platelet which may contribute towards protein 

synthesis (Yadav et al., 2017). 

The platelet DTS contains a high concentration of Ca2+ which is maintained 

by sarco/endoplasmic reticulum Ca2+-ATPase 2b  (Harper & Sage, 2017) of which 

platelets contain an estimated 9,000 copies per cell. Sarco/endoplasmic reticulum 

Ca2+-ATPase 3 is more abundant at over 16,000 copies per cell (Burkhart, et al., 

2012) and it pumps Ca2+ into the alpha granules and lysosomes, as does V-type 

H+-ATPase. Upon platelet activation, IP3 binds to the IP3 receptor enabling the 

release of Ca2+ from the DTS stores. The DTS also contains the transmembrane 

protein stromal interaction molecule 1 (STIM1) which binds calcium. When the DTS 

Ca2+ stores are depleted, it translocates to the platelet membrane and associates 

with Orai1 to contribute to calcium influx (Harper & Sage, 2017). 

The platelet membrane, like in many cells, is a phospholipid bilayer 

embedded with cholesterol, glycolipids and glycoproteins. The membrane contains 

a tunneling network of tiny channels called the canalicular system which is a semi- 

selective and runs through the platelet which allows the passage of small molecules. 

It serves as a conduit for the passage of substances into the platelet and for the 

secretion of α-granules (Figure 1.1)  (Escolar & White, 1991). 
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Figure 1.1 – Platelet 
organelles 

A transmission electron 
micrograph (TEM) of a 
cross section of a 
platelet displaying the 
DTS, dense granules, 
α-granules, OCS, 
mitochondria and 
ribosomes. The Golgi 
apparatus fragments 
are not visible. Adapted 
from (Hartwig et al., 
1999; Thon & Italiano, 
2012) 

 

1.1.3 Platelet function 

 

The primary function of platelets is to stop haemorrhage caused by vascular injury 

(Broos et al., 2011) Other functions of platelets include contributions to immunity, 

inflammation (Smyth et al., 2009), vascular remodeling and cancer (Menter et al., 

2014). 

 

1.1.3.1 Haemostasis  

 

Haemostasis is the first function in which platelets were identified to participate. In a 

healthy uninjured individual, platelets would not normally adhere to the vasculature. 

However, upon vascular injury platelets respond by adhering to the subendothelial 

extracellular matrix, resulting in tethering to, rolling over, and eventually adherence 

to damaged vascular tissue. The platelet undergoes shape change which includes 

the formation of lamellipodia and filopodia (Figure 1.2). This forms a haemostatic 

clot, comprised of platelets, red blood cells and fibrin which ceases blood loss 

(Figure 1.3). The plug can also contain white blood cells (WBC)s can also be 

present in a platelet plug (not shown). Platelet adhesion is followed by tyrosine 

kinase and G-protein coupled receptor mediated signaling cascades, resulting in 

platelet activation and granule release, which triggers additional platelet recruitment 
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and activation. These platelets will produce a fibrin-rich haemostatic plug to stop 

haemorrhage and will also trigger endothelial cells to produce signaling molecules 

to limit thrombus formation (Broos et al., 2011).  

 

 
Figure 1.2 – Platelet spreading  

Scanning electron micrographs showing the spreading stages of platelets. A resting 
platelet is shown on the left. Upon activation, platelets adhere to a surface and form 
filopodia. These then spread out and merge to form lamellipodia. Finally, a platelet 
is fully spread when the lamellipodia merge (White, 2013) 
 

 

Figure 1.3 – Platelet 
plug 
A platelet plug forms 
over damaged tissue 
which is comprised 
of red blood cells, 
platelets, and fibrin.  
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1.1.3.2 Platelets contribute to immunity, inflammation and wound healing 

 

Platelets and WBCs have an ability to interact and bind together to form platelet-

neutrophil complexes (PNC)s. Healthy individuals have ~25% of circulating 

neutrophils attached to platelets as PNCs (Page & Pitchford, 2013). The ability of 

platelets to form the complex leads to platelets contributing to immunological events 

including the response to microbial threats, WBC recruitment to sites of injury and 

the enhancement of immune responses (Smyth et al., 2009). The formation of 

PNCs is required for their recruitment to inflamed tissue. Platelets „prime‟ 

neutrophils for efficient adhesion to vascular tissue through up-regulation of 

integrins and enhanced responsiveness to chemokines. An increased number of 

PNCs is also associated with cardiovascular diseases such as atherosclerosis, 

unstable angina, and where the complexes may contribute the disease progression 

through thrombotic and inflammatory processes (Page & Pitchford, 2013). 

The exposure of P-selectin on platelets is responsible for the interaction with 

leukocytes. The binding of P-selectin on platelets to P-selectin glycoprotein ligand 

(PSGL)-1 (CD162) on leukocytes leads to intracellular signals that contribute to 

integrin activation and platelet-neutrophil adhesion (McEver, 2002). In leukocytes, 

the cytoplasmic domain of PSGL-1 forms a constitutive complex with Nef-

associated factor 1. Upon P-selectin binding, Src family tyrosine kinases (SFKs) 

phosphorylate Nef-associated factor 1 which recruits the phosphoinositide-3-OH 

kinase p85-p110δ heterodimer and results in activation of leukocyte integrins. 

Inhibition of this pathway has been found to diminish adhesion of leukocytes to 

capillary venules (Lam et al., 2015). Platelets also express PSGL-1, albeit at levels 

25-100 times lower than that of leukocytes (Frenette et al., 2000), which binds to L-

selectin on leukocytes (Bruehl et al., 1996) to contribute to adhesion in the 

complexes (Figure 1.4). 

Upon initial platelet-leukocyte tethering through selectin, the leukocyte will 

become activated. Leukocyte activation strengthens integrin bonds resulting in 

strong adhesion (Smyth et al., 2009).  Leukocytes express integrin αM (CD11b) and 

integrin β2 (CD18) which form a complex (αMβ2) called macrophage-1 antigen 
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(Mac-1) receptor.  This is the most abundant intgerin β2 complex (Wang et al., 

2017). and increases in expression upon selectin-binding-mediated leukocyte 

activation (Pitchford et al., 2005). It contributes to platelet-leukocyte interactions by 

binding primarily to intercellular adhesion molecule 2 (ICAM-2), on platelets (Wang 

et al., 2017). Although Mac-1 is a promiscuous receptor and also facilitates binding 

of WBCs to ICAM-1, iC3b and CD40 ligand (CD40L) (CD154) on other white blood 

cells (Simon, 2011) and also to GPIbα (Wang et al., 2017) and CD40L on platelets 

(Henn et al., 1998) (Figure 1.4). αMβ2 is required for the recruitment of neutrophils 

to adherent platelets and for the development of intimal hyperplasia (Smyth et al., 

2009). Leukocytes also contain Pyk2 which contributes to adhesion and sustains β2 

activation. Pyk2 is phosphorylated upon adhesion to platelets and its inhibition is 

associated with a decrease in PNCs (Evangelista et al., 2007). Mac-1-/- mice 

demonstrate delayed thrombosis after carotid artery and cremaster microvascular 

injury which is associated with a reduction in the accumulation of platelets at the site 

of injury (Wang et al., 2017). 

 Integrin β2 can also interact with integrin αL to form lymphocyte function 

associated antigen-1 (αLβ2) (LFA-1) on neutrophils (McCaffery & Berridge, 1986).  

ICAM-2 is expressed on platelets in an activation-independent manner and binds to 

LFA-1 (Diacovo et al., 1994). Platelets also express integrin β2 and (Piguet et al., 

2001) LFA-1 (McCaffery & Berridge, 1986). LFA-1 is quite promiscuous in nature 

and has been reported to bind to ICAM-1, ICAM2 which are both present on WBC 

(de Fougerolles et al., 1991) (Figure 1.4).  

 The binding of platelets to neutrophils „primes‟ the neutrophils. Platelets then 

bind to exposed collagen and extracellular matrix proteins (e.g. laminin, fibronectin, 

vitronectin) in damaged vasculature and this contributes to the recruitment of 

neutrophils to damaged vasculature. Platelets bind to endothelial cells using several 

of the same proteins to which they bind to neutrophils including P-selectin and 

ICAM-1. Platelet activation (see section 1.1.4.2) recruits additional platelets to a 

site of injury (Page & Pitchford, 2013). 
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Figure 1.4 – Receptor-ligands implicated in platelet-neutrophil interactions 
The surface of activated platelets express P-selectin, PSGL-1, ICAM-2 and LFA-1 
which bind to PSGL-1, L-selectin, LFA-1 and ICAM-1 and 2 respectively, on the 
surface on neutrophils. Mac-1 on neutrophils is promiscuous and binds to GPIb α, 
CD40L and ICAM-2 on platelets. LFA-1 = αLβ2 CD11a/CD18. Mac-1 = αMβ2 = 
CD11b/CD18. Redrawn with modifications from (Page & Pitchford, 2013). 
 

Platelets have also been implicated in wound healing. Upon injury, platelets are 

recruited in part due to exposure to collagen. They activate and spread and a 

platelet plug is formed that contains fibrin and acts as a scaffold for wound healing. 

Platelets and fibrin effectively act as chemoattractors for the recruitment of 

circulating macrophages, stromal cells, and endothelial cells to the site of injury 

(Nurden, 2011).  

Activated platelets secrete from their α-granules, MIP-1 α, monocyte 

chemotactic protein-3 and RANTES which recruit and activate leukocytes.  They 

also secrete PF4 and β-thromboglobulin which recruit neutrophils and suppress 

neutrophil apoptosis (Lam et al., 2015). 

Platelets also secrete wide range of growth factors, cytokines and 

chemokines that directly influence the reparative process such as vascular 

endothelial growth factor (VEGF), basic fibroblast growth factor (bFGF), and 

platelet-derived growth factor (PDGF) (Nurden, 2011). 

 

1.1.3.3 Platelets contribute to cancer progression  

 

As platelets contribute to hemostasis in the presence of cancer, they can initiate 

thrombotic events that facilitate the progression of cancer. Circulating tumour cells 
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adhere to platelets which they can use to mask their presence from the immune 

system. Tumour cells can also induce degranulation of platelets which generally 

leads to cancer progression. This includes the release of PDGF, TGFβ and VEGF 

from α-granules that stimulate tumor cell growth and angiogenesis. The release of 

platelet α-granules also includes proteins which stimulate tissue and vascular 

remodeling. These include matrix metalloproteinases including (MMP)-1, MMP-2, 

MMP-3, MMP-9, membrane type 1-MMP and MMP-14. Their inhibitors are also 

released including tissue inhibitor of metalloproteinase (TIMP)-1, TIMP-2, and 

TIMP-4. Also, a disintegrin and metalloproteinase (ADAM)-10, ADAM-17 and ADAM 

with thrombospondin motifs 13. The promotion of vascular remodeling by these 

proteins can lead to invasion at secondary metastatic sites. The release of dense 

granule contents such as ADP and calcium contribute to aggregation (Menter et al., 

2014). 

 

1.1.4 Activatory and inhibitory signalling in platelets 

 

Platelets maintain haemostasis and thrombosis by utilising an array of 

interconnected signaling networks. These can be divided into inhibitory and 

activatory pathways. Platelets experience multiple extracellular signals 

simultaneously and react to a plethora of primary and secondary activatory signals 

as well as to opposing inhibitory signals (Bye et al., 2016). 

 Activatory signals originate from a site of vascular injury. They result in 

platelet activation and cause a signaling cascade that activates additional platelets 

and initiates thrombus formation. 

 The majority of platelets will spend their whole lifespan in a resting, inactive 

state. This is vital to prevent thrombotic events in vivo. This state is maintained by 

inhibitory signals which are released from healthy vasculature.  

 

1.1.4.1 Platelet inhibition 
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Platelets are normally found in vivo in quiescence. In this state, healthy, intact 

vasculature release the inhibitory molecules prostacyclin/prostaglandin I2 (PGI2) and 

nitric oxide (NO) (Butt et al., 1994). Endothelial CD39 degrades ATP and ADP to 

AMP and adenosine, the latter of which acts as a signalling molecule (Johnston-Cox 

& Ravid, 2011). Together, PGI2, NO and adenosine inhibit platelets with PGI2 the 

most potent (Johnston-Cox & Ravid, 2011). When platelets are in their resting state, 

phospholipase Cγ2 (PLCγ2) will be inactive, myosin light chain kinase (MLCK) 

will maintain an inactive actin cytoskeleton, the granules will not secrete their 

contents, the microtubules and calcium stores will be stabilised (Menter et al., 

2014). 

 

1.1.4.1.1 Prostacyclin 

 

PGI2 is the most potent natural platelet inhibitor in the body and it released 

from healthy vasculature rather than from platelets (Cheng et al., 2002). Arachidonic 

acid is converted into prostaglandin H2 (PGH2) by cyclooxygenase 1 and 2. PGH is 

then converted into PGI2 by prostacyclin synthase (Gibbins & Mahaut-Smith, 2012).  

Circulating PGI2 binds to the Gαs-protein coupled prostacyclin IP receptor  on 

platelets and activates it. Gαs then unbinds GDP and binds GTP instead and also 

dissociates from its β and γ subunits then binds to and activates adenyl cyclase (AC) 

(Sunahara & Insel, 2016). This can be reversed by regulator of G-protein signaling 2 

which converts GTP to GDP. Activated AC in turn catalyses ATP conversion into 

cyclic adenosine monophosphate (cAMP) which activates protein kinase A (PKA). 

PKA in turn phosphorylates several other targets, resulting in platelet inhibition 

(Figure 1.5). PKA also activates phosphodiesterase 3 (PDE3) and 5 which degrade 

cAMP, acting as negative feedback loop (Smolenski, 2012). Prostacyclin receptor 

KO mice demonstrate an increase in susceptibility to thrombosis and demonstrate 

reduced inflammatory responses (Murata et al., 1997). 

 

1.1.4.1.2 Nitric oxide 
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NO is produced by endothelial nitric oxide synthase (eNOS) on intact endothelial 

cells. eNOS KO mice are hypertensive and demonstrate larger infarcts when 

subjected to focal ischemia (Huang, 1999)  Circulating NO diffuses through the 

platelet membrane and binds to the heme component of soluble guanyl cyclase 

(GC), causing a conformational change that activates GC. GC then catalyses the 

conversion of GTP to cyclic guanosine monophosphate (cGMP) which in turn 

activates protein kinase G (PKG). Active PKG then proceeds to phosphorylate a 

range of proteins which results in platelet inhibition. cGMP also inhibits PDE3 by 

competing with its cAMP binding site. This prevents PDE3 from indirectly inhibiting 

the effects of cAMP and cGMP through hydrolysis (Smolenski, 2012) (Figure 1.5). 

However PDE2 and 5 are activated by cGMP and PKG, respectively, which degrade 

cAMP and cGMP  and act as negative feedback (Menter et al., 2014). NO also 

promotes MLC phosphatase activity and so prevents MLC phosphorylation and 

shape change (Aburima et al., 2017). PKG KO mice demonstrate prolonged 

bleeding times (Li, et al., 2003). 

 

 

1.1.4.1.3 Downstream PKA and PKG targets 

 

The substrates targeted by PKA and PKG tend to converge. These kinases 

both phosphorylate VASP at S157, S239 and T278 which contributes to platelet 

inhibition (Cook & Haynes, 2007). Although KO models have demonstrated that 

VASP is not a major contributor to aggregation, thrombogenesis, haemostasis (Ito 

et al., 2018) and shape change as it is dispensable  (Eliautou et al., 2009).  

PKA and PKG also phosphorylate and inactivate several other targets which 

would otherwise be involved in a range of platelet activatory events (Smolenski, 

2012). These targets include IP3R which results in an inhibition of Ca2+ release 

(Tertyshnikova et al., 1998); GPIbβ at S166 leading to a reduction in platelet 

adherence (Wardell et al., 1989); and heat shock protein 27 at T143 which results in 

a reduction of F-actin polymerisation (Butt et al., 2001).  
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Ras related protein 1b (Rap1b) is the most abundant GTPase in platelets 

(see Section 1.2.2.7), is mostly membrane-bound and is a potent regulator of 

integrin activity (Subramanian, et al., 2013). Rap1b KO mice demonstrate defects in 

platelet aggregation and display prolonged bleeding times (Chrzanowska-Wodnicka 

et al., 2005). PKA and PKG phosphorylation inhibit Rap1b induced platelet 

activation (Subramanian, et al., 2013). One mechanism is through calcium and 

diacylglyc- erol-regulated guanine nucleotide exchange factor I (CalDAG-GEFI). 

Upon platelet activation CalDAG-GEFI translocates to the membrane and activates 

rap1b, this can be inhibited by phosphorylation of CalDAG-GEFI by PKA 

(Subramanian, et al., 2013).  

 

1.1.4.1.4 CD39 

 

 CD39, although probably not present in platelets (Burkhart et al., 2012), is 

expressed on the endothelium and can degrade ATP and ADP to AMP and 

adenosine. Platelets express low levels of the Gαs-coupled receptors adenosine 

receptors (AR) A2A and A2B. Adenosine signals to these receptors to increase 

cAMP production through AC activation. This further contributes to platelet inhibition 

by degrading circulating agonists and stimulating the inhibitory pathway (Johnston-

Cox & Ravid, 2011) (Figure 1.5). CD39 KO mice have been reported to 

demonstrate an increase in bleeding times (Enjyoji et al., 1999). 
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Figure 1.5 – Inhibitory signals in platelets 
PGI2 and NO are released from healthy endothelial cells. They signal to AC and GC 
to elevate levels of cAMP and cGMP which activate PKA and PKG, respectively. 
PKA and PKG in turn phosphorylate downstream mediators including VASP which 
results in platelet inhibition. Adenosine also activates AC through AR binding. cGMP 
also inhibits phosphodiesterase 3 (PDE3), preventing it from indirectly inhibiting the 
effects of cAMP through hydrolysis. Adapted from (Smolenski, 2012). 
 

1.1.4.2 Platelet activation 

 

Platelets can activate upon damage to the vascular tissue. There are far 

more different types of activatory molecules than inhibitory molecules. Exposure of 

blood platelets to the subendothelial matrix allows the binding of platelet surface 

receptors to ligands including VWF, laminin, fibronectin and thrombospondin, 

collagen. Several activatory molecules are also secreted by activated platelets 

including thromboxane, ADP and thrombin. Several of these agonists result in 

phosphorylation of Src family kinases, activation of small G protein regulators (SGR) 

and activation of  PLCγ2 (Broos et al., 2011). Activated PLCγ2 hydrolyses 

phosphatidylinositol 4,5-bisphosphate (PIP2) into inositol 1,4,5-trisphosphate (IP3) 

and diacylglycerol (DAG). IP3 activates the Inositol trisphosphate receptor on the 

DTS resulting in Ca2+ release into the platelet. The subsequent lower Ca2+ levels 

results in stromal interaction molecule 1 (STIM1) leaving the DTS and activating the 

calcium ion channel moiety Orai1 on the membrane, enabling the influx of more 
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calcium to further activate the platelet. DAG activates protein kinase C (PKC) 

leading to granule secretion which leads to an activation cascade. The activation of 

several receptors including αIIbβ3 (GPIIb/IIIa) (CD41/CD61) by agonists is calcium 

concentration dependent with increased levels of calcium resulting in increased 

activation. Many of the signaling pathways interconnect and result in the activation 

of PLCγ2, an increase in calcium levels and ultimately platelet activation, shape 

change, granule release and activation (Gibbins, 2004) (Figure 1.6).  

The secretion of granules requires their fusion with the plasma membrane in 

a process regulated by soluble N-ethylmaleimide-sensitive factor attachment 

proteins (SNAP) SNAP receptors (SNARE)s and connected regulatory proteins. 

Downstream of prolonged calcium signalling is phosphatidylserine (PtdSer) 

exposure and platelet ballooning which serves as a pro-coagulant surface. This 

occurs due to activation of the calcium-activated ion channel–phospholipid 

scramblase anoctamin-6 (ANO6), involves Cl- influx and mediated by the 

intracellular protease calpain 2 (Figure 1.6) (van der Meijden & Heemskerk, 2019). 

Platelet activation can be viewed as a weak, reversible activation followed by 

an irreversible, sustained activation which forms a stable platelet aggregate/clot. 

The reversible stage involves binding to agonists including fibrinogen and collagen. 

It also includes the release of soluble agonists including ADP and thromboxane. 

The irreversible stage of activation is characterised by an increase in calcium levels, 

sustained activatory signalling, thromboxane production by COX1 and release 

aswell as secretion the release of alpha and dense granules and the exposure of 

phosphatidylserine PtdSer (van der Meijden & Heemskerk, 2019). Rap1b activation 

is part of a tater stage of platelet activation and when Rap1b translocates to the 

cytoskeleton (Torti, et al., 1999). Irreversible platelet activation also results in a 

stable spread shape (See section 1.2.2.8 and section 1.2.2.9) (Aslam, 2019) 

 

1.1.4.2.1 Glycoprotein VI 

 

The fibrillar collagens I, III and to a lesser extent the cross-linked collagen IV, 

are potent mediators of platelet adhesion (Boulaftali et al., 2014). The platelet 
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receptor GPVI is the main receptor responsible for the interaction of collagen with 

platelets. Human GPVI is a 339 amino acid transmembrane complex. It consists of 

two extracellular immunoglobulin-like domains formed by disulphide bonds, a 

mucin-like stalk, a transmembrane region and a short 51 amino acid cytoplasmic tail 

(Nieswandt & Watson, 2003). GPVI is coupled with an Fc receptor (FcR) γ-chain 

that contains a tyrosine-based activation motif (ITAM). The cytosolic tail is required 

for intracellular signaling and contains a proline-rich motif that binds selectively to 

the Src homology 3 (SH3) domain of Fyn and Lyn (Berlanga et al., 2002). Cross-

linking of two GPVI complexes by collagen brings Fyn and Lyn to the FcR chain 

which allows them to phosphorylate the ITAM motif. Syk is then recruited and 

initiates a signalling cascade. The cascade involves the adaptor proteins includes 

Src-homology leucocyte protein 76 (SLP-76) and LAT (Watson et al., 2010). The 

cascade leads to activation of serine/threonine-protein kinases (STKs), PLCγ2 

phosphoinositide 3-kinases (PI3K). PLCγ2 then increases calcium levels  

(Nieswandt & Watson, 2003) and PI3K activation results in the production of PIP3 

which signals to Akt (Guidetti, et al., 2015). Together, this results in platelet 

activation, granule release and aggregation (Nieswandt & Watson, 2003) (Figure 

1.6).  

The cytoplasmic tail of GPVI also interacts with calmodulin, regulating 

signalling and receptor shedding in a manner dependent on the binding of a ligand 

to GPVI and the binding of calcium to calmodulin (Gardiner et al., 2005). GPVI 

activation results in Rac1 GTPase activation contributing to PLCγ2 activation, shape 

change and calcium mobilisation (Soulet et al., 2001). 

GPVI also has a binding affinity for laminin which is 10 times less strong than 

to collagen (Ozaki et al., 2009). GPVI is less crucial for thrombus formation in mice 

than humans, possibly due to their lack of the equivalent to human FcRγ (McKenzie, 

2002). 

Gp6-/- murine platelets fail to aggregate in response to collagen or the GPVI 

specific agonist convulxin. Ex vivo thrombus formation could also not occur on 

collagen. However the mice displayed no significant difference to the WT controls in 

tail bleeding assays (Kato et al., 2003). 
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1.1.4.2.2 Integrin α2β1  

 

Integrin α2β1 is a receptor for collagen types I, II, III and IV in a Mg2+ dependent 

manner. It consists of α2 and β1 integrins. α2β1 does not initiate a tyrosine kinase 

phosphorylation cascade itself but is thought to contribute to the effects of GPVI by 

binding collagen (Gibbins, 2004). This contributes both to adhesion and also aids 

the interaction of other receptors with the adjacent collagen (Varga-Szabo et al., 

2008). α2β1 also triggers contributes towards activation of αIIbβ3 through cross-talk 

with Rap1b (Figure 1.6) (Bernardi et al., 2006) 

 

1.1.4.2.3 Thrombin 

 

Thrombin is a potent platelet activator and has an ability to polymerise 

fibrinogen into fibrin to contribute to the formation of a platelet plug. It signals 

through the membrane receptors protease-activated receptor 1 (PAR1) and PAR4 

which are coupled to the G-proteins Gq, Gi, G12 and G13. Activation of G12/13 leads 

to Ras homolog gene family (Rho) activation which goes on to contribute to myosin 

light chain phosphorylation, modification of the actin cytoskeleton and an induction 

of platelet shape change. Rho-associated coiled-coil-containing protein kinase 

(ROCK) is also activated. Rho signalling is discussed in Section 1.2.2.7. Gq 

stimulates PLCß2/3 which uses calcium as a cofactor calcium to convert PIP2 to IP3 

and DAG leading to PKC activation, calcium mobilisation and platelet activation. 

The Gi subunit inhibits AC, leading to lower cAMP levels, and also stimulates PI3K 

which produces PIP3. Gq is also bound to the 5HT2A receptor for serotonin which 

signals to activate PLCß2 (Figure 1.6) (Rivera et al., 2009). It is worth noting that 

mice have differences in PARs. Humans have the PAR1 and PAR4 receptors 

whereas mice have PAR3 and PAR4 (French et al., 2016).  

 

 



38 
 

1.1.4.2.4 Integrin αIIbβ3 

 

Platelets express high levels of integrin αIIbβ3. Increased levels of calcium 

in activated platelets contribute towards activation of integrin αIIbβ3. A 

conformational change in the extracellular domain of integrin αIIbβ3 occurs as a 

result of the cytoplasmic tails becoming bound by talin and/or kindlin which triggers 

unclasping of the intracellular αIIbβ3 complex. This causes the receptor to have a 

high affinity for fibrinogen and fibrin to which it binds to contribute towards platelet 

adhesion. Conformational change also results in αIIbβ3 having a higher affinity for 

VWF and fibronectin (Figure 1.6) (Huang et al., 2019). αIIbβ3 binds to the KQAGDV 

sequence of the fibrinogen γ-chain to cross-link platelets (Springer et al., 2008). 

Clustering of active integrin αIIbβ3 molecules promotes activation of Src by 

autophosphorylation. Calpain then cleaves the cytoplasmic tail of integrin β3 which 

reduces its association to partially active Src. Src in turn activates a range of 

enzymes and signaling proteins including FAK, Syk kinase, SGRs, PI3K. talin, 

kindlin, which provide a link between the cytoplasmic tail of integrin β3 and the actin 

cytoskeleton. This leads to an intracellular signaling cascade that mediates 

irreversible stable adhesion, spreading, clot retraction, aggregation and cytoskeletal 

reorganisation of platelets (Huang et al., 2019). 

CalDAG-GEFI has been identified as an integrator of αIIbβ3 signalling and 

is required to mediate activation through targeting Rap1 (Figure 1.6). 

CalDAG-GEFI
-/-

 mice demonstrate severe aggregation defects in response to a 

range of agonists and demonstrate a significantly longer bleeding times in tail 

bleeding assays (Crittenden et al., 2004). 

 

1.1.4.2.5 Von Willebrand factor 

 

VWF is a large multimeric adhesive protein produced by endothelial cells and 

megakaryocytes and is stored in alpha granules. VWF can bind to GP1b-V-IX on 

the platelet membrane, resulting in activation of several proteins including Rac1 and 

PLCγ2, leading to granule secretion. Binding of VWF to GP1b-V-IX also changes 
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αIIbβ3 from a low to high affinity receptor through Rap1 and PKC activation as well 

as from induction of calcium release through platelet activation which further 

enhances activation and subsequent adhesion and aggregation (Figure 1.6) 

(Bryckaert et al., 2015). VWF can also bind directly to αIIbβ3, resulting in adhesion 

(Roberts et al., 2009). Deficiencies of VWF lead to von Willebrand disease which in 

humans is the most common inherited bleeding disorder (De Meyer et al., 2009). 

 

1.1.4.2.6 ADP and ATP 

 

ADP binds to the P2Y1 receptor which is coupled to Gq. Once activated, this 

activates PLCß2 leading to shape change which precedes aggregation. ADP also 

binds the P2Y12 receptor which is coupled to Gi. Gi activation inhibits AC and 

activates PI3K leading to increased  PIP3 levels and platelet activation. P2Y1 and 

P2Y12 activation also lead to conversion of arachidonic acid to thromboxane. 

Binding of ATP to the ligand gated cation channel P2X1 results in an influx of 

calcium which pushes platelets into a more active state (Figure 1.6) (Broos et al., 

2011). 

 

1.1.4.2.7 Thromboxane 

 

Thromboxane receptor (TP) can occur as either the TPα or TPβ isoform 

which differ in the C-terminal and are spliced from the same gene. The isoform 

present in platelets is TPα (Habib et al., 1999). TP signals though its Gq coupled 

protein that signals to PLCß2/3 which results in an increase in calcium levels. 

G12/13 is also associated with TP which signals to ROCK which in turn 

phosphorylates and activates MLC and LIM-kinase (LIMK) to effect platelet shape 

change (Figure 1.6) (Menter et al., 2014).  

Additional production of thromboxane can also occur downstream of 

PAR1/PAR4 activation by thrombin. Activation of the rate limiting factor, cytosolic 

phospholipase A2α (cPLA2α), converts fatty acids into arachidonic acid. This is then 
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converted by COX1 and 2 into PGH2 which is in turn converted by thromboxane 

synthase into thromboxane (Figure 1.6) (Holinstat et al., 2011).  

 

1.1.4.2.8 Podoplanin 

 

Podoplanin signals through the receptor CLEC-2 which is one of the two ITAM 

receptors on platelets. The other is GPVI, discussed in Section 1.1.4.2.1. Binding of 

podoplanin to its receptor can also contribute to platelet activation and stable 

adhesion. CLEC-2 downstream mediators are the same as those of GPVI (Figure 

1.6). Clec2
-/-

 mice demonstrate significantly reduced abilities of platelets to 

prevent inflammation induced hemorrhage of skin lesions (Boulaftali et al., 2014). 

 

1.1.4.2.9 Fibronectin, laminin and vitronectin 

 

Upon vessel damage, laminin, fibronectin and vitronectin in the extracellular 

matrix are exposed to blood flow (Varga-Szabo et al., 2008). Laminin can bind to 

the receptor α6β1 to contribute to adhesion and activation of SGRs (van der 

Meijden & Heemskerk, 2019) (Figure 1.6). GPVI also has a binding affinity for 

laminin which is 10 times less strong than to collagen (Ozaki et al., 2009). 

Fibronectin and vitronectin bind to α5β1 and αvβ3, respectively, to contribute 

towards platelet adhesion and activation of PLCγ2 (Varga-Szabo et al., 2008). 
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Figure 1.6 – Model of human platelet activatory signals and receptors 
a) Platelet activation is initiated by the binding of ligands including laminin, collagen, 
fibrinogen and vWF.to receptors including integrins α6β1, α2β1, αIIbβ3, and GPIb–
V–IX which signal through SGRs. b) Circulating agonists, released from platelets 
such as ADP and thromboxane lead to activation of P2Y12, P2Y1 and TP. P2Y12 
acts through Gαi to inhibit AC and also stimulates PI3K to produce PIP3. P2Y1 and 
TP signal through Gαq leading to PLCβ stimulation which increases calcium levels 
and activates PKC and further downstream events. TP activation also activates 
Gα12/13 which in turn activates ROCK, leading to platelet shape change and 
spreading. c) GPVI and CLEC2 induce strong signalling through Syk and SFK 
protein, leading to activation of PLCγ and PI3K which in turn raise Ca2+ and PIP3 
levels, respectively. d) Thrombin activates PAR1 and PAR4 leading to PLCβ 
stimulation, PKC activation, increased levels of calcium and ROCK activation. e) 

Increased intracellular calcium levels and platelet activation causes a 
conformational change in the shape of αIIbβ3. This involves the binding of talin and 
kindlin to the β3 cytoplasmic tail which results in a conformational change in the 
extracellular domain. This causes αIIbβ3 to have a high affinity for its ligand 
fibrinogen to contribute to platelet adhesion and cross-linking. Active CalDAG–GEFI 
and Rap1B are also required to mediate a signalling cascade that involves SFKs 
and contributes to platelet activation, secretion and aggregation. f) Platelet 
activation results in cPLA activation which results in thromboxane production. g) 

Activated platelets secrete α and dense (δ) granules mediated by SNAREs and 
SGRs. h) ANO6 is activated resulting in Cl- influx, platelet ballooning and exposure 

of PtdSer. Adapted from van der Meijden & Heemskerk, 2019 with modifications. 
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1.1.5 Heterogeneity in platelets 

 

Platelets do not represent a homogeneous population. This has been known for a 

long time as larger and denser platelets, isolated by density gradients, were found 

to be more metabolically active (Karpatkin & Charmate, 1969). Platelets can be 

heterogeneous with regards to intrinsic characteristics, e.g. structure, size, granule 

numbers, age, receptor expression and activation properties with consequences for 

their functions including activation, secretion, adhesion, spreading and aggregation 

(van der Meijden & Heemskerk, 2019).  

During thrombosis, platelets will be exposed to different levels of agonists. 

Platelets will be heterogenic in response to the extrinsic factors they experience, for 

example the middle of a thrombus may consist of densely pack platelets which are 

highly activated by collagen and from the secretions from other platelets including 

thrombin and VWF. However, the periphery of a thrombus may consist of loosely 

adhered platelets with lower levels of activation which may experience inhibitory 

signals from PGI2 and NO in the bloodstream which are released form healthy intact 

vasculature (van der Meijden & Heemskerk, 2019).  

 

1.2 The cytoskeleton 

 

The eukaryotic cytoskeleton maintains cell structure and is important for cytoplasmic 

mechanics (Guo et al., 2013). The cytoskeleton comprises of three components: 

microfilaments, intermediate filaments and microtubules (Fischer & Fowler, 2015). It 

can be utilised for functions including migration, endocytosis and cytokinesis (Cai et 

al., 2005).  

The actin cytoskeleton is comprised of polymerised F-actin. It undergoes 

dynamic assembly and disassembly and it both spatially and temporally regulates 

cell protrusion, adhesion, contraction, and retraction from the front, middle and rear. 

This is the protein associated with coronin (Shina & Noegel, 2008) and CAP1 

(Nancy L. Freeman & Field, 2000) which were investigated in the current project. 
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Intermediate filaments are predominantly located in the cell cytoplasm and 

provide mechanical and structural integrity. There are five types – I, II, III, IV and V. 

Type I and II comprise the epithelial keratins and trichocytic keratins, respectively. 

Type III includes desmins in muscle sarcomeres and vimentin which supports the 

membrane in many cell types. Type IV includes neurofilaments and syncoilin which 

binds to desmin. Type V are fibrous lamins which maintain the structure  of the 

eukaryotic nucleus (Omary, 2009).  

There are nine microtubule genes which encode variety of α and β tubulin 

isoforms. Microtubules are long, hollow cylinders consisting of α- and β-tubulin 

dimers. These bind back to front into proto-filaments which are heteropolymerised 

laterally with a helical pitch. Mictotubules are polar structures - the plus end is 

capable of rapid growth and the minus end slowly loses subunits if not stabilised. 

Mictotubule polymerisation can refer to either the growth of existing microtubules 

through addition of dimers or the spontaneous formation of new microtubules 

(Ghalloussi et al., 2019). These combine to create hollow tubes approximately 25 

nm in diameter. The functions of microtubules include mechanical support, 

organisation of the cytoplasm, transport, secretion, motility and chromosome 

segregation (Tang & Gerlach, 2017). Rho GTPases are important upstream proteins 

in the regulation of microtubule and actin cytoskeleton formation (Ghalloussi et al., 

2019). Rho GTPases will be explained in Section 1.2.2.8 with regards to actin. 

 

1.2.1 The Actin cytoskeleton 

 

Actin is a highly conserved protein which is abundant in the cytosol and nucleus of 

almost all eukaryotic cells.  Actin can contribute to a diverse range of regulatory and 

structural functions such as muscle contraction, cell motility, cell division and 

cytokinesis, vesicle and organelle movement and cell signaling. Actin can exist in α, 

β or γ isoforms (Yamin & Morgan, 2012). Actin is one of the most abundant proteins 

in many eukaryotic cells with concentrations over 100 µM (Millard et al., 2004). Actin 

turnover is regulated by associated proteins including capping, severing, branching, 

cross-linking proteins as well as nucleotide exchange factors (Pollard, 2016). The 
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cytoskeleton can also form specialised structures such as lamellipodia and filopodia 

which are required for migration spreading (Fletcher & Mullins, 2010).  

 

1.2.1.1 Actin polymerisation and depolymerisation 

 

Monomeric actin, also known as G-actin, can polymerise into filamentous 

actin, also known as F-actin. Polymerisation of actin can be initiated by nucleation of 

a G-actin trimer. The F-actin network is in constant flux with polymerisation and 

depolymerisation. F-actin filaments have both slow growing pointed and fast 

growing barbed ends (Pollard & Borisy, 2003). Actin polymerisation is utilised by 

eukaryotic cells to alter their shape, for motility and to undertake the processes of 

phagocytosis and endocytosis (Linardopoulou et al., 2007). 

Formins are important initiators of actin polymerisation. They utilise free actin 

monomers to nucleate new F-actin filaments then remain bound to the barbed ends 

of these filaments as they polymerise. This increases new actin filaments much 

quickly than they would otherwise form spontaneously (A. S. Paul & Pollard, 2009). 

The assembly and disassembly of actin filaments of the actin cytoskeleton is 

essential for the majority of aspects involving cell motility as well as cell migration, 

endocytosis/phagocytosis, cytokinesis and cell morphogenesis (Tojkander et al., 

2012) and host-pathogen interactions (Haglund & Welch, 2011).  Motile cells extend 

a leading edge, rich in branched actin filaments, which push the cell forward, 

enabling motility (Pollard & Borisy, 2003). Reorganisation of the cytoskeleton is 

dynamic and involves the net addition of actin monomers at branched ends of actin 

filaments and the net removal of actin subunits at pointed ends. The addition of 

actin monomers is essential for maintaining the network and for producing force 

whereas the removal of subunits is important for sustaining plasticity and recycling 

actin. This is known as actin treadmilling. The remodeling of actin networks, in 

response to temporal spatial cues is tightly regulated by the combined effects of 

many different actin associated proteins (Tojkander et al., 2012).  

 Both actin polymerisation and actin branching is dependent upon 

regulators including the Arp2/3 complex, Rho-GTPases, Wiskott–Aldrich 
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Syndrome protein (WASP) (Rybakin & Clemen, 2005), coronin and (Gandhi & 

Goode, 2008) CAP1 (Moriyama & Yahara, 2002). The diverse structure and 

functions of F-actin can be further modified by G-actin sequestering or associated, 

capping and severing, actin filament crosslinking and bundling, motor, or membrane 

anchoring proteins (Rybakin & Clemen, 2005). 

 

1.2.1.2 Actin severing proteins 

 

 Actin severing proteins include cofilin and gelsolin and the formins FRL-α and 

INF-2. Cofilin binds to the barbed-end groove of actin filaments and inhibits 

nucleotide exchange. Cofilin also binds to the sides of filaments with a higher affinity 

for ADP-actin and severs the filament. Cofilin is inactivated by phosphorylation at S3 

by LIMK. Phosphatases such as slingshot and chronophin can remove the 

phosphate group. The mammalian gelsolin family members consist of three or six 

gelsolin domains plus other domains. Gelsolin, like cofilin can sever filaments by 

binding to the barbed end. Gelsolin can also cap filaments which prevents their 

elongation. Gelsolin is activated by an increase in calcium levels (Pollard, 2016). 

Gelsolin KO mice demonstrate defects in platelet shape change and have 

prolonged bleeding times (Witke et al., 1995). 

  

1.2.1.3 Actin capping proteins 

 

Actin capping proteins bind to the barbed end of actin filaments to „cap‟ them which 

prevents nucleotide exchange and prevents further elongation. Examples of capping 

proteins include gelsolin, the capping protein and epidermal growth factor receptor 

pathway substrate 8 (Eps8). Gelsolin is activated upon calcium binding which 

causes a conformational change allowing it to interact with F-actin which it severs 

and caps (Menna et al., 2011). The capping protein competes with other actin 

regulatory proteins such as formins and enabled/vasodilator-stimulated 

phosphoprotein (ENA/VASP) for binding to the barbed end of filaments.  The 

capping protein is in turn regulated by molecules including myotrophin and 
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phospholipids which bind to it and block its function. It can also be recruited to 

specific subcellular locations to undergo its function by proteins including capping 

protein ARP2/3 and myosin I linker (CARMIL) and CD2‑associated protein (CD2AP) 

(Edwards et al., 2014). Eps8 is not regulated by calcium but rather through 

phosphorylation and interactions with other proteins. The capping domain of Eps8 

resides in its C-terminal effector domain. Eps8 becomes active and can cap 

filaments upon binding to Abi1 (Roffers-Agarwal et al., 2005). Eps8 can also bundle 

and cross-link actin filaments upon binding to insulin receptor tyrosine kinase 

substrate of 53 kDa (IRSp53) (Menna et al., 2011). Together, these proteins 

contribute to creating and maintaining the integrity of actin structures. 

 

1.2.1.4 Actin Structures 

 

Actin structures include filopodia, lamellipodia and actin nodules(Svitkina, 2018). 

Actin nodules are explained with regards to platelets in Section 1.2.2.3. 

Filopodia are slender protrusions which extend from cells. Filopodia contain 

parallel bundles of tightly cross-linked actin filaments due to proteins including 

fascin. Some of the filaments span the length of the filopodia. These filaments are 

uniformly organised with their growing barbed tip pointing towards the growing edge 

of the filopod. The tip of the filopod undergoes elongation and is protected from 

capping by ENA/VASP proteins and formins which are enriched at the tips filopodia 

partially buckle and retract after a period of elongation. Filopodia contribute to 

spreading, migration and sensing of chemoattractants (Svitkina, 2018).  

Lamellipodia are protrusions from cells that are wider and flatter than filopods. 

They consist of highly branched actin filaments which are nucleated by Arp2/3. The 

actin filament barbed ends are pointed towards the edge of the cell. Lamellipodia, 

like filopods are also enriched in ENA/VASP proteins but they experience higher 

levels of filament severing, capping and actin turnover than with assembly and 

disassembly occurring constantly. Lamellipodia contribute to spreading, cell 

locomotion,  exocytosis and sensing of chemoattractants (Svitkina, 2018). A 
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diagram of filopods and lamellipodia on platelets was presented previously (Figure 

1.2). 

. 

 

1.2.1.5 Arp2/3 promotes F-actin branching 

 

Actin filament nucleation is intrinsically suppressed by profilin and thymosin-

b4. Cells utilise regulatory proteins to enable filament assembly in controlled ways 

(Pollard, 2016). Actin filament assembly is regulated by multiple distinct Arp2/3 

complex variants (Rottner & Stradal, 2015). The Arp2/3 complex is essential for 

mammalian list and consists of 7 protein subunits: Arp2, Arp3 and ArpC1-5. The 

Arp2/3 complex is involved in the mediation of actin polymerisation (Millard et al., 

2004). The subunit composition can determine actin assembly efficiency and 

stability. ArpC1 and ArpC5 each have two isoforms with high and low levels of 

activity. The complex with lower activity is more stable than the complex with higher 

activity (Rottner & Stradal, 2015). The ratio of Arp2/3 complex variants in platelets is 

currently unclear. 

Arp2/3 can associate with the side of a growing actin filament and can 

nucleate actin to enable the formation of a new actin filament at a 70o angle to the 

existing actin filament, producing a branched actin network (Linardopoulou et al., 

2007). Cortactin is thought to bind near the nucleation site and stabilise branches 

(Pollard, 2016). The activity of the Arp2/3 complex is influenced by several 

activators and inhibitors. WASP can stimulate actin assembly in response to 

extracellular signals. Arp2/3 activity is also regulated by suppressor of cyclic 

adenosine monophosphate (cAMP) receptor (SCAR) which is also known as WAVE 

(WASP family verprolin homologous protein). Both WASP and SCAR bind to Arp2/3 

to stimulate actin assembly  by nucleation (Millard et al., 2004). The Wiskott-Aldrich 

syndrome protein and SCAR homologue (WASH) can also activate Arp2/3 and 

regulate the spatial–temporal formation of actin networks (Linardopoulou et al., 

2007). 
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The Arp2/3 complex can also nucleate a new actin filament independent of a 

preexisting one upon activation by Dip1 (Wagner et al., 2013). Arpin is recruited at 

the tip of the lamellipodia by Rac to inhibit nucleation of actin filament branches by 

Arp2/3 complex (Dang et al., 2013). 

 

1.2.2 The platelet cytoskeleton  

 

The platelets have a cytoskeleton that consists of a spectrin-based membrane 

skeleton, an actin-based cytoskeletal network and a peripheral band of microtubules 

(Thon & Italiano, 2012) (Figure 1.7).  

 

 

Figure 1.7 - Electron 
micrograph of a 
discoid platelet cut in 
an equatorial plane to 
reveal the 
cytoskeleton 

Areas include the 
plasma membrane, 
membrane skeleton, 
spectrin cytoskeleton, 
actin skeleton and 
microtubule ring 
(Hartwig et al., 1999; 
Jonathan N Thon & 
Italiano, 2012). 

 

 

1.2.2.1 Spectrin based network 

 

The spectrin network is required for platelet formation. The assembly of spectrin into 

tetramers is required for invaginated membrane system maturation and proplatelet 

extension. Spectrin tetramers stabilise the barbell shapes in the final stage of 
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platelet production and a tetramer-disrupting construct has beven reported to 

change these barbells into spheres (Patel-Hett et al., 2011). 

 

1.2.2.2 Platelet tubulin cytoskeleton 

 

 Platelets express several of these of α and β tubulin isoforms, with β1 tubulin 

the most important (Ghalloussi et al., 2019). Rearrangement of the tubulin 

cytoskeleton of proplatelets is essential to the platelet development. Mice with 

hematopoietic-specific β1-tubulin knockout demonstrate severe thrombocytopenia 

and a defect in generating proplatelets (Schwer et al., 2001). The cortex of a 

megakaryocyte is rich in microtubules parallel to the plasma membrane. Dyenin 

„motors‟ cause the microtubules to slide and produce pseudopodia which narrow 

and elongate to become proplatelets. The microtubules taper towards the end of the 

proplatelets then perform a U-turn and re-enter the proplatelets shaft, producing a 

platelet structure. An actin-dependent reaction is utilised to bifurcate the proplatelets 

shaft, increasing the amount of proplatelet ends which allows more area for platelet 

formation (Italiano et al., 2007).  

 

1.2.2.3 Actin nodules 

 

A proteomic study of human platelets identified that β-actin is the most abundant 

protein, followed by γ-actin then α-actin. In total, actin represents over 10% of the 

total platelet protein content by copy number (Burkhart et al., 2012).  

During spreading on certain matrices including fibrinogen and fibronectin, 

platelets demonstrate areas of rich F-actin staining. These have been called actin 

nodules and are rich in polyermised actin and are connected together by actin fibres. 

These are highly dynamic structures with the turnover rate of an individual nodule 

less than 1 minute. The nodules also contain a central core of tyrosine-

phosphorylated proteins. The area immediately around the nodule consists of a ring 

rich in talin and vinculin which tether the actin cytoskeleton to the plasma membrane. 

The area of the platelet membrane closest to an actin nodule displays a greatly 
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reduced level of integrins compared to the surrounding area (Poulter et al., 2015) 

(Figure 1.8).  

The nodules tend to move towards and then away from the substrate on 

which they spread during their turnover which may be the reason for the lack of 

integrins. The formation of nodules is dependent upon Arp2/3 and WASP. In mice, 

only ~20% of WASP KO platelets have nodules compared to ~80% of WT when 

statically spread on fibrinogen. In human Wiskott–Aldrich syndrome (WAS) patients 

only about 10% of platelets had nodules compared to ~40% of platelets from 

unaffected donors. Platelets from WASP KO mice and WAS human patients spread 

over a slightly smaller area compared to healthy controls in static conditions. 

However, under flow conditions with a shear rate of 600-s on fibrinogen, a large 

proportion of WASP KO platelets do not fully spread and there was a huge 

reduction in the proportion of platelets with lamellipodia (Poulter et al., 2015). 
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Figure 1.8 – Diagram of a platelet actin nodule 

An actin nodule of a platelet spread on fibrinogen. The area of the nodules, 
indicated by the arrow, is rich in F-actin, tyrosine-phosphorylated proteins and 
WASP-activated Arp2/3 and has low levels of integrins. The ring immediately 
around the nodule is rich in vinculin and talin which link the F-actin cytoskeleton to 
the plasma membrane.  Tension is created in a direction towards the nodules and 
additional nodules are linked by stress fibres. Adapted from (Poulter et al., 2015). 
 

 

 

1.2.2.4 The Arp2/3 complex in platelets 

 

Arp2/3 is required for actin polymerisation, specifically branching, during 

platelet shape change. Blocking Arp2/3 using a specific inhibitor blocks the 

formation of filopodia and lamellipodia and inhibits the spreading of platelets (Li et al. 

2012; Rondina et al. 2016). Cortactin is thought to bind near the nucleation site and 

stabilise branches (Pollard, 2016) but cortactin KO mice demonstrated it is 

dispensable for spreading and aggregation (Thomas et al., 2016). 

Deletion of the Arp2/3 complex in megakaryocytes leads to 

microthrombocytopenia in mice. This is due to premature platelet release and 
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defects in survival of circulating platelet. The platelets have greatly impaired 

spreading abilities and display a mild defect in integrin activation and aggregation, 

although no significant differences in hemostasis are present. This phenotype 

resembles that  (Paul et al., 2017). Humans with a loss of the ARPC1B subunit of 

the Arp 2/3 complex also display microthrombocytopenia, impaired platelet 

spreading, and a largely intact hemostatic response (Kahr et al., 2017). The precise 

mechanism is unclear but is hypothesised to be due to deficient WAVE1 or WAS 

signalling (Paul et al., 2017). 

 

1.2.2.5 Actin depolymerising protein family in platelets 

 

The cofilin family of proteins, also called the actin depolymerising factor (ADF) 

family, consist of cofilin 1, cofilin 2 and ADF which is also called destrin (Bender et 

al., 2010). Cofilin 1 and cofilin 2 and ADF are encoded for by COF1, COF2 and 

DEST and are abundant in human platelets, representing the 17th, 48th and 233rd 

most abundant proteins by copy number in a proteomic study (Burkhart et al., 2012), 

with cofilin 1 is the most  studied. Cofilin is a conserved, G- and F-actin binding 

protein which contributes to actin disassembly (Vartiainen et al., 2002). 

 Cofilin severs actin filaments, with a preference for ADP-bound actin at the 

rear of the network. This recycles actin monomers for polymerisation and increases 

the rate (Kardos et al., 2009). In mice, KO of Cof1 is lethal due to impaired neural 

crest development and migration (Gurniak et al., 2005). Megakaryocyte specific KO 

resulted in slightly reduced platelet numbers which were double the normal size but 

still functional (Bender et al., 2010). Conditional KO from embryonic day 10.5  

results in defects in cell cycle control and neuronal migration in the cerebral cortex 

(Bellenchi et al., 2007). Cofilin is regulated by several proteins including coronin 

(Gandhi & Goode, 2008) and CAP1 (Moriyama & Yahara, 2002) as discussed in 

Section 1.4. 

Actin depolymerising factor (ADF) is a conserved protein responsible for the 

severing and enhancement of depolymerisation of actin filaments. KO of the ADF 

gene, Dest, does not lead to developmental defects or obvious platelet defects but 
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results in epithelial hyperproliferation leading to cornea thickening and blindness. 

This has been attributed to aberrant cytoskeleton regulation as KO corneal cells 

demonstrated increased F-actin staining (Ikeda et al., 2003).  

In mice, megakaryocyte specific double KO of Cof1 and Dest results in an 

inability to produce functional platelets. The mice had severe thrombocytopenia, the 

megakaryocytes displayed an aberrant accumulation of F-actin and the proplatelets 

were shorter and less complex with lower levels of F-actin. This demonstrates that 

in vivo dynamic actin turnover is important in the late stages of thrombopoiesis and 

that cofilin is critical for platelet size (Bender et al., 2010).  

 

1.2.2.6 Profilin and twinfilin in platelets 

 

 Profilin is a monomeric actin-binding protein with a preference for ATP-bound 

actin. Profilin promotes the incorporation of ATP-actin monomers into filaments at 

the barbed ends (Kardos et al., 2009). Profilin is also involved with nucleotide 

exchange, effectively providing a phosphate group to convert ADP to ATP bound 

actin. This is regulated by proteins such as CAP1 as described later (Moriyama & 

Yahara, 2002).  

Profilin is also capable of regulating the microtubule cytoskeleton. In mice, 

megakaryocyte-specific KO of the profilin gene, Pfn1, leads to 

microthrombocytopenia attributed to increased platelet turnover and premature 

release of platelets into the bone marrow. The Pfn1-/- platelets also displayed 

abnormally organised and hyperstable microtubules (Bender et al., 2014). 

Twinfilin is represented by two genes, Twf1 and Twf2, the latter of which leads 

to Twf2a and Twf2b through alternative promoter usage (Nevalainen et al., 2009). 

Human (Burkhart et al., 2012) and murine platelets express Twf1 and Twf2 (Zeiler 

et al., 2014), although Twf2b is generally considered muscle specific (Nevalainen et 

al., 2009). Twinfilins bind to ADP-bound G-actin and promoting sequestration. They 

also cap actin filaments to prevent barbed end growth and enhance barbed end 

depolymerisation (Stritt et al., 2017). 
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In mice, constitutive Twf2a deletion resulted in mild macrothrombocytopenia 

due to accelerated platelet clearance in the spleen. Twf2a KO platelets presented 

generally prothrombotic phenotypes including increases in integrin activation and α-

granule secretion in response to a range of agonists and larger surface area when 

spread on fibrinogen, shortened tail bleeding times and faster occlusive arterial 

thrombus formation. This was attributed to enhanced actin dynamics with increased 

activity of cofilin and profilin, resulting in a thickened cortical cytoskeleton and 

sustained integrin activation by limiting calpain mediated integrin inactivation (Stritt 

et al., 2017). Interestingly Twf1 appears redundant for platelet levels and reactivity 

(Becker et al., 2020). 

 Double KO of Twf1 and Twf2 resulted in a very similar phenotype to the Twf1 

KO. This demonstrates the complex redundancies in proteins which regulate the 

platelet cytoskeleton. Double KO of Twf1 and Cof1 resulted in severe 

macrothrombocytopenia and greatly increased megakaryocyte numbers in the bone 

marrow and spleen. The megakaryocytes demonstrated defective proplatelet 

formation, impaired spreading and altered assembly of actin nodules. This was 

associated with aberrant high F-actin accumulation and hyperstable microtubules. 

This was attributed in part to dysregulation of the actin and MT-binding proteins 

mDia1 (Becker et al., 2020). 

 

1.2.2.7 Rho GTPase regulation 

 

Rho GTPases are important upstream proteins in the regulation of their formation. 

Upon activation they bind to effectors such as protein kinases to regulate the 

microtubule and F-actin cytoskeletons (Aslan et al., 2013).  

Rho GTPases can be GDP or GTP-bound. They are inactive when GDP-

bound and active when GTP-bound. Rho GTPases are regulated by guanine 

nucleotide exchange factor (GEFs), GTPase-activating proteins (GAPs) and 

guanine nucleotide dissociation inhibitors (GDIs) (Ngo et al., 2017).  

GEFs activate Rho GTPases by exchanging of GDP for GTP (Figure 1.8). 

Rac1 GEFs include Vav1/3, phosphatidylinositol-3,4,5-trisphosphate dependent Rac 
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Exchange Factor 1 (PRex1), Rac/CDC42 guanine nucleotide exchange factor 6 

(ARHGEF6) and dedicator of cytokinesis (Dock) family members. RhoA GEFs 

include ARHGEF1 and leukemia-associated Rho guanine-nucleotide exchange 

factor (LARG) (Aslan, 2019). 

Rho GTPases are inhibited by GAPs which accelerate GTP to GDP 

hydrolysis to inhibit Rho GTPase function. An example of a Rac1 GAP is 

ARHGEF17 and examples of RHOA GAPs include p190RhoGAP and oligophrenin 

1 (OPHN1) (Aslan, 2019). 

GDIs are less studied and less numerous with only RhoGDI and Ly-GDI 

expressed in platelets. They are thought to sequester Rho GTPasess to regulate 

their activity temporally and spatially (Ngo et al., 2017). 

 

1.2.2.8 Rho signalling in platelets 

 

Rho signalling is important for platelet activation and spreading and is 

involved in numerous pathways downstream of receptors. Activation of GPVI 

(Section 1.1.4.2.1) results in signals occurring through SFKs, 3-phosphoinositide-

dependent protein kinase 1 (PDK1) and RhoG which activate Rac1 GEFs including 

Vav1/3, PRex1, ARHGEF6 and Dock family members. These push Rac1 into the 

active, GTP-bound form which along with CDC42 activates downstream effectors 

such as WASPs, WAVEs, Arp2/3, PAKs, and PAK substrates in cytoskeletal 

remodeling, lamellipodia formation, filopodia formation, secretion and spreading. 

Rac1 also signals to PLCγ to increase calcium levels as summarised above 

(Section 1.1.4.2). The increase in intracellular calcium contributes to activation of 

the calcium channel Oria1 which allows the influx of additional calcium to further 

activation the platelet. Increases in calcium levels also leads, through calmodulin, to 

the activation of MLCK and phosphorylation of MLC which contributes to shape 

change. Calcium also contributes to αIIbβ3 activation which signals to further 

activate SFK (Figure 1.9) (Aslan, 2019). 

Activation of platelet PAR and TP (discussed earlier) leads to RhoA-GEFs 

including ARHGEF1 and LARG which pushes RhoA into a GTP-bound, active state. 
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This in turns leads to activation of ROCK1 and ROCK2. ROCK2 inhibits myosin light 

chain phosphatase (MLCP) and subsequent MLC phosphorylation preventing 

platelet inhibition. Activation of ROCK1 leads to phosphatidylserine (PS) exposure 

and contributes to platelet aggregation (Figure 1.9) (Aslan, 2019).  

The pool of Rac1 GTPases will also be influenced by the GAP ARHGEF17 

and RHOA by the GAPs p190RhoGAP and oligophrenin1, which will push the 

respective Rho GTPases into an inactive state (Figure 1.9) (Aslan, 2019). 
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Figure 1.9 – Rho GTPase signalling contributes to platelet activation 

GPVI activation leads to activation of RhoG, PDK1 and SFKs which in turn activate 
Rac1 GEFs. These exchange the GDP for GTP on Rac1 which becomes active. 
Rac1 and CDC42 signal to downstream proteins including WASP, WAVE, Arp2/3 
and PAK which results in lamellipodia formation, spreading, aggregation and 
granule secretion. Rac1 also activates PLCγ to increase calcium concentration and 
activate αIIbβ3 through Rap1 and CalDAG-GEFI. Activated αIIbβ3 binds to 
fibrinogen and fibrin to cross-link platelets and also activates SFKs. The increase in 
calcium concentration activates the Orai calcium channel which further increases 
calcium levels by allowing influx. Activation of PAR and TP receptors activates 
RhoA GEFs that push Rho into an activate state by exchanging GDP for GTP. 
Active Rho Signals to ROCK1 and 2 which also contribute to PS exposure and 
coagulation. Activation of PAR and TP receptors also activates PLCβ that increases 
calcium levels. Through calmodulin, increased calcium levels will activate MLCK 
that phophorylates MLC that in turn contributes to shape change. Increased 
cytosolic calcium levels also triggers apoptosis cascades and PS exposure. 
Adapted from (Aslan, 2019). 
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1.2.2.9 Regulation of formation of filopodia, lamellipodia and stress fibres 

 

The cytoskeleton can also form specialised structures such as lamellipodia 

and filopodia during platelet spreading. The regulation of spreading and the 

formation of these structures is dependent upon actin cytoskeletal reorganisation 

(Bearer et al., 2002). These structures are formed upon platelet activation and 

involve the activation of RhoA, Rac1 and CDC42 primarily, but not exclusively which 

contribute to the formation of stress fibers, lamellipodia, and filopodia, respectively 

(Aslan et al., 2013). The process of regulation is further complicated by intermediate 

signalling pathways (Aslan & McCarty, 2013).  The signalling pathways include 

activation of Arp2/3 by WASP, WAVE and PAK (Figure 1.10) (Aslan & McCarty, 

2013). As explained later in Section 1.3.7.2, coronin interacts with Arp2/3  (Uetrecht 

& Bear, 2006) and PAK1 (Castro-Castro et al., 2011) and therefore may play a role 

in the regulation of the cytoskeleton through Rho GTPases.  
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Figure 1.10 - Regulation of formation of filopodia, lamellipodia and stress 
fibres by Rho GTPases  
CDC42 activates WASP which activates Arp2/3 which reorganises the actin 
cytoskeleton to form filopodia and lamellipodia. CDC42 and Rac1 activate Pak 
which in turn phosphorylates and activate LIMK1 which phosphorylates and inhibits 
cofilin, preventing it from depolymerising actin. Rac1 also activates WAVE which in 
turn activates Arp2/3. RhoA phosphorylates ROCK 1 and 2 which phosphorylates 
and activates LIMK2 which in turn phosphorylates and inhibits cofilin. ROCK also 
phosphorylates and inactivates MLCP which in its active form would signal through 
MELC, MyHC and myosin II to induce formation of stress fibres. All three of the 
RhoGTPases activate the diaphanous (Dia) proteins which contribute to the 
formation of filopodia, lamellipodia and stress fibres. Adapted from (Taylor et al., 
2011) 
 

 

1.3 Coronin 

 

Coronin was first identified as a 55KDa protein in Dictyostelium discoideum. It was 

named coronin due to its localisation to crown-like extensions of the dorsal surface 

of cells (De Hostos et al., 1991). Coronins have since been discovered in all fungi 
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and animals examined with over 700 different coronin proteins found in over 350 

different species, however none have been found in true plants (it is present in 

brown algae) (Eckert et al., 2011) or distant protists (Clemen, 2013). All coronin 

proteins consists of 3 to 10 WD (tryptophan and aspartic acid) repeat domains 

which are in either 1 domain for coronins 1-6 or 2 separate domains for coronin 7 

(Rybakin & Clemen, 2005). Coronins can bind actin and can modulate a variety of 

actin mediated cellular processes including cytokinesis, phagocytosis, 

macropinocytosis and cell locomotion  (Uetrecht & Bear, 2006).  

 

1.3.1 Coronin nomenclature and genes 

 

There have been several approaches of nomenclature proposed for coronins 

(Morgan & Fernandez, 2008). To avoid confusion, this report will exclusively use the 

nomenclature summarised in Table 1.1. 

Interestingly almost all of the 7 mammalian coronins are found on different 

chromosomes in both mice and humans. The only exceptions are coronins 1 and 7 

which are both on chromosome 16 in humans. The lengths of the primary isoform of 

coronins are similar in humans and mice (Table 1.1). Most coronin genes can be 

alternatively spliced into multiple isoforms in humans and the NCBI protein 

database lists at least 14 coronin proteins in total for humans (Geer et al., 2009). 
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Table 1.1 – Summary of the nomenclature, synonyms, chromosomal locations 
and lengths of human and murine coronin proteins 

 

 

1.3.2 Mammalian coronins 

 

Mammalian coronins can be divided into two superfamilies: long and short coronins. 

These two superfamilies in mammals can be further divided into three types. Type 1 

comprises of the short coronins 1, 2 and 3. Type 2 comprises of the short coronins 4, 

5 and 6. Type 3 is comprised of only coronin 7, known as tandem coronin (Eckert et 

al., 2011). Type 2 coronins are unique to vertebrates and differ relative to type 1 

coronins in the last ~200 amino acids of the C terminal and also in the loop between 

WD repeats 2 and 3. The WD repeat domains form a 7-bladed β-propeller region 

which is crucial for the structure and function of the protein (Uetrecht & Bear, 2006). 

Short coronins have 12 highly conserved and highly basic amino acids at the N 
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terminus which are unique to coronins and can be considered a coronin signature 

(Oku et al., 2003). They are likely involved in a function unique to coronin (Eckert et 

al., 2011). In the longer coronins, this signature is reduced to 5 amino acids in front 

of the core domain (Oku et al., 2003). This N-terminal sequence also contains a 

phosphorylation site which in rat coronin 1B is at serine 2 (Cai et al., 2005).  

Coronin 7, which is relatively structurally dissimilar to the other mammalian 

coronins. It contains two complete copies of the propeller and extensions segments 

but lacks the coiled domain. As the coiled domain is required for homo-

oligomerisation, a lack of the domains may eliminate the need for homo-

oligomerisation. Coronin 7 also contains a C-terminal acidic domain which is 

homologous to that found in SCAR/WASP proteins (Uetrecht & Bear, 2006). The 

structures of the seven human coronin proteins are summarised (Figure 1.11) 

(Pieters et al., 2013). 

 

 

Figure 1.11  – The structure and relative length of 7 human coronin proteins  

All 7 coronins have at least one 7-bladed propeller domain which contains 5 
canonical and 2 non-canonical WD repeats (orange) and a unique domain (UD) 
(blue) Coronins 1-6 have a coiled-coil (CC) (red). Redrawn from (Pieters et al., 
2013). 
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1.3.2.1 Mammalian coronins similarity  

 

Since the initial discovery in Dictyostelium discoideum, coronins have been 

discovered in many animals and fungi. Mammalian coronin proteins have 60% 

similarity and there is 30% similarity of coronins between all organisms. The 

similarity is highest at the N terminal and the WD repeats. The similarity is lowest at 

the regions flanking the WD repeats and at the coil at the C-terminus (De Hostos, 

1999). The fourth repeat of the third propeller blade represents another region of 

variability (De Hostos, 1999).  

The unique region and C terminal represent the region responsible for 

cytoskeleton interaction (Gatfield et al., 2005). Multiple regions of coronin 1 have 

been reported to bind to actin including the regions between amino acids 1-34, 111-

204 (Oku et al. 2003) and 297-461 (Liu et al. 2006). The N terminal and β-propeller 

represents the region which can bind to the cell membrane with or without the 

presence of the C terminal domain (Gatfield et al., 2005).  

 

1.3.2.2 Coronin phylogenetics 

 

 A phylogenetic tree built from the 420 conserved amino acids of coronin 1-6 

demonstrates that coronins are increasingly different from each other in the order 

they are named (Figure 1.12). 
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Figure 1.12 – Phylogenetic tree of vertebrate coronins 1-6 

The phylogenetic tree was created using 420 amino acids of the conserved N-
terminal region which excludes the coiled-coil domain. The tree was built by the 
neighbour-joining algorithm of MEGA4 using pairwise maximum likelihood 
distances. 5000 bootstrapped alignments were performed (shown as bootstrap 
percentages enclosed in brackets). Maximum likelihood values at nodes not in 
brackets. Red and green arrowheads indicate human and mouse coronins, 
respectively. Modified from Morgan & Fernandez, 2008. 
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1.3.3 Coronin structure 

 

1.3.3.1 Murine coronin 1 crystal structure 

 

When coronin was first discovered in Dictyostelium discoideum it was found to 

demonstrate a sequence similarity to the β subunits of G proteins (De Hostos et al., 

1991). Based on the structure of Gβ (Neer & Smith, 1996), the WD repeats were 

initially predicted to form a 5 bladed „β-propeller-like structure‟ although a 7 bladed 

crystal structure was eventually determined for murine coronin 1 (Figure 1.13) 

(Appleton et al., 2006). The coiled coil of in a single coronin protein is responsible 

for multimerisation into a homodimer (De Hostos 1999; Oku et al. 2005) or 

homotrimer (Gatfield et al., 2005). 

The crystal structure of murine coronin 1, which has 95% identity with human 

coronin 1, was published in 2006 at 1.75 A˚ resolution (Figure 1.13). A eukaryote 

expression system was utilised using High Five cells (ovarian cells of the cabbage 

looper, Trichoplusia ni), to preserve post translational modification and transfected 

with a virus to express murine coronin 1 (Appleton et al., 2006). It was found that 

coronin has seven „blades‟ on the „propeller‟. Five blades are due to a canonical WD 

repeats and this is then followed by two additional non-canonical WD-like repeats 

forming two additional propeller blades. The two additional blades lack apparent 

homology with the canonical WD40 repeat motifs and are atypical in both sequence 

and structure. The C terminal extension is tightly packed against the bottom of the 

propeller. Amino acids 1-392 of murine coronin 1 are conserved between coronins 

with 353-367 and 372-387 very highly conserved. It has been hypothesised that 

amino acids 1-392 may represent a folding region of the propeller with amino acids 

Tyr364 and Trp379 stabilising it. However, amino acids 392-428 are less conserved 

and represent a unique region within each coronin. The coiled coil domain, which is 

required for multimerisation and part of the function was omitted from the structure 

(Figure 1.13) (Appleton et al., 2006).  
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Figure 1.13 – Ribbon diagram of the crystal structure of murine coronin 1A 

Viewed from the „top‟ (left) and viewed from the „bottom‟ (right). Amino acids 8 to 
352 contain the seven „propeller blades' labeled 1 to 7 and are in represented as 
yellow, green and blue. The C terminal extension is represented in red. Letters A, B, 
C and D represent the four β sheets of one propeller blade. CT and NT represent 
the locations of the C or N terminus respectively (Appleton et al., 2006). 

 

1.3.3.2 Coronin multimerisation  

 

The crystal structure of coronin 1 was resolved with coronin lacking the C-terminal 

coiled-coil domain that contains a leucine zipper (Figure 1.13) which is required for 

some of the function and for multimerisation of coronin. Homodimers/homotrimers 

would be more difficult to crystallise than monomers (Appleton et al., 2006). The 

extent of multimerisation of proteins which contain a coiled-coil is very difficult to 

predict (Kammerer et al., 2005). By utilising bioinformatic tools such as SCORER 

(Woolfson & Alber, 1995) and MultiCoil (Wolf et al., 1997), coronin 1 was predicted, 

with a high degree of probability, to form a homodimer through the coiled coil region 

(Kammerer et al., 2005). There have been predictions that coronin 1 can form either 

a homodimer (Oku et al., 2005) or a homotrimer (Gatfield et al., 2005; Kammerer et 

al., 2005).  

In the homotrimerisation model, the short 32 amino acid coiled-coil region on 

the C terminus of coronin 1 is responsible for forming a three stranded parallel 68 
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coiled-coil structure. At the other end of the protein, the β-propeller interacts with the 

plasma membrane, linking coronin to the plasma membrane in leukocytes (Gatfield 

et al., 2005). The state of homo-multimerisation in which coronins bind actin is 

unclear. The predominant hypothesis is that coronin trimerises. However one theory 

is that coronin can both dimerise or trimerise to bind actin, although multimerisation 

has only been observed in the absence of actin. An alternative theory is that two 

coronin molecules remain as monomers and utilise two separate actin-binding sites 

to crosslink actin filaments (Clemen, 2013). 

 

 

1.3.3.3 Expression of coronins in humans and mice 

 

Coronin 1 protein is very highly expressed in leukocytes (Ferrari et al., 1999). 

Coronin 1 RNA and protein is also highly expressed in all hematopoietic and 

lymphoidal tissues which contain white blood cells such as the thymus, spleen, 

tonsils and bone marrow. It is also expressed to a lesser extent in neuronal tissues 

such as the adrenal gland (Nal et al., 2004). Coronin 2 RNA and protein is highly 

expressed and coronin 3 to a lesser extent, in most tissues (Cai et al., 2005). 

Coronin 4 is expressed in the gastrointestinal tract, bladder, lung and male 

reproductive tissues with lower expression in the epidermis (Uhlén et al., 2015). 

Coronin 5 is expressed predominantly in the brain with lower expression in most 

other tissues (Nakamura et al., 1999). Coronin 7 is expressed relatively highly in the 

thymus, spleen, brain, kidney with very low expression in most other tissues. 

Coronin 7 is localised to the cytosol and Golgi apparatus (Rybakin et al., 2004). 

Table 1.2 presents a brief summary of the expression pattern of coronins in human 

and murine tissues. 

Coronins 1-3 are abundant in human (Burkhart et al., 2012) and mouse 

platelets (Zeiler, et al. 2014) with a very small amount of coronin 7 present (Burkhart 

et al., 2012; Zeiler et al., 2014). A comprehensive review of proteomic data of the 

expression patterns of coronins 1-3 in human tissues and of both murine and 

human coronins 1-7 in platelets is presented in Section 1.3.10.2.  
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Table 1.2 - Summary of human coronin expression, synonyms and accession 

numbers. Adapted and modified from (Rybakin & Clemen, 2005). 

Coronin Accession 
no. 

Human protein expression References 

1 NP_009005 Macrophages, thymus, spleen, bone 
marrow, lymph nodes, tonsils, peripheral 
leukocytes, , cerebral cortex, epidermis, 
lower expression in adrenal gland, 
platelets 

(Ferrari et al., 1999), (Nal et 
al., 2004), (Uhlén et al., 
2015),  
Platelets : (Thiele et al., 
2016), (Burkhart et al., 2012) 

2 NP_065174 Gastrointestinal tract,  spleen, bone 
marrow,  lung, kidney, bladder, 
cerebellum, lower expression in most 
other tissues, platelets 

(Cai et al., 2005), (Uhlén et 
al., 2015) Platelets: (Banfi et 
al., 2010), (Burkhart et al., 
2012), (Ma et al., 2011), 
(Thiele et al., 2016)  

3 NP_055140 All tissues including brain, adrenal & 
thyroid glands, lung, intestine, kidney, 
gastrointestinal tract, epidermis,  lower 
expression in other tissues, platelets 

(Cai et al., 2005), (Uhlén et 
al., 2015), Platelets: (Thiele 
et al., 2016), (Burkhart et al., 
2012) 

4 NP_438171 Colon, small intestine, stomach, 
gallbladder, bladder, testis, prostate, 
lung, lower expression in epidermis 

(Uhlén et al., 2015) 

5 NP_006082  Brain, lower expression in most other 
tissues 

(Nakamura et al., 1999), 
(Uhlén et al., 2015) 

6 NP_116243  Very specific – heart, gallbladder, 
prostate, bladder and placenta 

(Stelzer et al., 2016) 

7 NP_078811 Thymus, spleen, brain, kidney, lower 
expression in most other tissues 
subcellular cytosol and Golgi apparatus 

(Rybakin et al., 2004), (Uhlén 
et al., 2015) 

 

1.3.4 Coronin 1 subcellular location in mammalian cells 

 

Coronin 1 is by far the most studied of the 7 human coronins. It is 

predominantly localised at the filamentous actin rich cell cortex and also is 

punctuated throughout the cytosol in human mast cells (Figure 1.14A) (Föger et al., 

2011) and neutrophils (Figure 1.14B) (Ming Yan et al., 2007). Coronin 1 is also the 

„leading edge‟ of murine T cells (Figure 1.14C) (Shiow et al., 2008). Coronin 1 has 

been found localised at the plasma membrane and the F-actin rich cortex in J774 

murine macrophages, human lymphocytes (Jurkat cells) and human embryonic 

kidney (HEK). Fractionation determined coronin 1 is membrane and cytosol-

associated (Figure 1.14D) (Gatfield et al., 2005).  
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Figure 1.14 – Subcellular localisation of coronin 1  

Coronin 1 is localised at the filamentous F-actin rich cell cortex in mast cells. Scale 
bar = 50 µm (A) (Föger et al., 2011). (B) Human neutrophils (Ming Yan et al., 
2007) Coronin 1 is abundant at the leading edge of murine T cells (C) (Shiow et al., 
2008). Coronin 1 is located at the F-actin rich cortex in J774 murine macrophages, 
human lymphocytes (Jurkat cells) and HEK cells (D) (Gatfield et al., 2005). 
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1.3.5 Coronin 2 localisation in mammalian cells 

 

In murine fibroblasts (NIH3T3) and murine brain cell lines (bEnd.3), coronin 2 is 

mainly expressed in the cytoplasm and is also found at the peripheral regions of 

extending cells and punctuated throughout the cell cortex (Figure 1.15A & B) (Hsu 

et al., 2013). In Michigan Cancer Foundation-7 (MCF-7) cells coronin 2 is 

punctuated throughout the cytosol, expressed strongly at the cell cortex and 

periphery of the nucleus but almost absent from the nucleus itself. Coronin 2 

supports RhoA signaling at cell-cell junctions through myosin II. Coronin 2  known 

down is associated with aberrant cytosolic F-actin and E-cadherin accumulation and 

a lack of their presence at the cell cortex (Figure 1.15C) (Priya et al., 2016). 

 

 



71 
 

A 

 

B 

 

C 

 
    
Figure 1.15 - Subcellular localisation of coronin 2 in mammalian cells 
(A) Murine fibroblasts (NIH3T3). (B) Murine brain cell line (bEnd.3). Arrowheads 
indicated strong coronin 1 staining in crown-like structures (Hsu et al., 2013). (C) 
MCF-7 control and CORO1B knock down cells stained for coronin 2, F-actin and E-

cadherin. Scale bar = 10 µm (Priya et al., 2016). 
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1.3.6 Coronin 3 localisation in mammalian cells 

 

In human and murine fibroblasts, coronin 1 is visible at filamentous and punctuated 

structures in the cytoplasm. It is also enriched around the periphery of the nucleus, 

the cell cortex and in lamellipodia and filopodia (Figure 1.16A & B) (Spoerl et al., 

2002). Coronin 3 colocalises very strongly with F-actin stress fibres in fibroblasts. 

Coronin 3 also colocalises  in a punctuated manner with tubulin and vimentin along 

the respective networks (Figure 1.16C) (Behrens et al., 2016). Coronin 3 is also 

found spread diffusely around the cytoplasm of HEK cells and demonstrates strong 

colocalisation to E-cadherin except at the nucleus (Figure 1.16D). Coronin 3 

demonstrates colocalisation to F-actin structures including at the cell cortex (Figure 

1.16E) (Spoerl et al., 2002). 
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Figure 1.16 – Subcellular localisation of coronin 3 in mammalian cells 
Cells stained for coronin 1. (A) Human fibroblasts and (B) Murine fibroblasts. 
Scale bar = 50 µm. (C) Murine fibroblasts stained for actin, tubulin, vimentin and 

coronin 3. Scale bar = 10 µm. Arrows indicate colocalisation (Behrens et al., 
2016). (D) HEK cells stained for coronin 3 and E-cadherin. (E) HEK cells fixed 

and permeabilised with Triton X-100 then stained for coronin 3 and F-actin. Arrow 
heads indicate cortical colocalisation with coronin 3 (Spoerl et al., 2002). 
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1.3.7 Coronin regulates the cytoskeleton 

 

1.3.7.1 Interaction of coronin with F-actin 

 

Coronin regulates the actin cytoskeleton through interactions with F-actin, cofilin 

and the Arp2/3 complex (Gandhi & Goode, 2008). Coronins are involved in 

modulation of actin and cell cytoskeletal dynamics (Uetrecht & Bear, 2006). As soon 

as coronins were discovered they were known to be associated with actin. Coronin 

A from Dictyostelium discoideum was first discovered by extraction and purification 

of actin-myosin complexes and where it co-sediments with F-actin (De Hostos et al. 

1991; De Hostos et al. 1993). Early in coronin research, coronin 1 was found to 

colocalise with F-actin in phagocytic cups (Maniak et al. 1995) and macropinosomes 

(Fukui et al., 1999; Hacker et al., 1997). The positively charged region of coronin 1 

between amino acids 400-416 is one of the regions responsible for its interaction 

with the F-actin cytoskeleton (Gatfield et al., 2005). Transfection of coronin 1 into a 

murine macrophage cell line (RAW 264) has been found to cause a rapid and 

transient association of coronin 1 with phagosomes. It has also been found that 

coronin 1 is required for an early step of phagosome formation which is consistent 

with its role as an actin polymerisation regulator (Yan et al. 2005). It is accepted that 

all coronins, except coronin 7, bind to and localise with F actin (Clemen, 2013). 

A surface exposed arginine at position 30 (Arg30) of coronin 2 has been 

found to be responsible for F-actin binding. Coronin 2 has been found to bind to 

ATP–F-actin with a high affinity and ADP-F-actin with a lower affinity. A point 

mutation at the Arg30 of coronin 2 results in an inability to bind F-actin and an 

impaired ability to localise to the leading edge of the cell (Cai, Makhov, et al., 2007). 

Coronins 2 and 3 are recruited to the actin tail of the vaccinia virus. Knock 

down of either or both of these coronins results in a longer actin tail although this 

has no effect on the speed of the virus. This is consistent with the role of coronin in 

actin disassembly and is also an example of redundancy between coronins (Rottner 

& Stradal, 2015).  
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1.3.7.2 Coronins interact with the Arp2/3 complex and cofilin 

 

Coronins 1 and 2 have been found to co-localise with the Arp2/3 complex in several 

cell types (Cai et al., 2005). Coronin 1 and 2 bind to the Arp2/3 complex to stabilise 

its inactive form and inhibit its nucleating activity (Cai, Marshall, et al., 2007; 

Uetrecht & Bear, 2006) in contrast to most other known actin binding proteins of the 

WASP family which bind to and activate the Arp2/3 complex (Pollitt & Insall, 2009). 

This suggests that coronins are involved in the modulation of actin processes by 

means of Arp2/3 downregulation (Welch & Mullins, 2002). However, paradoxically, 

coronins activate processes which are Arp2/3 dependent such as cellular motility 

(Clemen, 2013). Studying the effects of coronin on actin is complicated as it 

functions in synergy with other Arp2/3 regulators to control actin remodeling. 

Coronin 2 can simultaneously form a complex with Arp2/3 and Slingshot 

phosphatase (SSHI), bridging the gap between them. SSHIL is a regulator of actin 

turnover and actin filament formation which acts on cofilin. SSHIL can 

dephosphorylate both cofilin and coronin 2. Dephosphorylation of ser3 on cofilin 

increase its F-actin binding and severing. Dephosphorylation of ser2 on coronin 2 

enables its interaction with the Arp2/3 complex (Cai et al., 2005; Cai et al., 2007). 

Different cells types have different ratios of Arp2/3 variants and coronin may also be 

able to distinguish between Arp2/3 variants (Rottner & Stradal, 2015). However it is 

not yet clear how this may regulate their activity. 

A model has been proposed of the role of coronin 1 in modulating the 

cytoskeleton which is spatially regulated and depends on the location of coronin 

with regards to ADP and ATP-bound actin. At the front of the actin network, coronin 

protects new ATP rich filaments from disassembly by cofilin and coronin also 

recruits Arp2/3 to filament sides, leading to nucleation, branching and network 

expansion. However at the rear of the networks coronin functions very differently as 

it cooperates with cofilin to disassemble old ADP-rich actin filaments, recycling actin 

monomers for polymerisation (Figure 1.17) (Gandhi & Goode, 2008). 
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Figure 1.17 - 
Interaction of 
coronin with the 
Arp 2/3 complex 
and cofilin 
Coronin binds to 
ATP-bound actin at 
the front of the 
network, protecting it 
from severing from 
cofilin and recruits 
Arp 2/3 to  promote 
branching. At the rear 
of the network, 
coronin binds to 
ADP-actin and 
increases actin 
severing by cofilin to 
recycle actin 
monomers for actin 
polymerisation. 
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1.3.8 Life without coronin 

 

One way to investigate the roles of a protein is to disrupt or remove the protein. This 

section briefly summarises disruption studies on coronin in Dictyostelium then 

focuses on coronin 1 disruption studies performed on white blood cells and neurons 

which are summarised in Table 1.3. 

The first studies on coronin were performed in Dictyostelium discoideum (De 

Hostos et al., 1993). Since then 3 coronins have been found in Dictyostelium – an 

ortholog of coronin 7, a class 4 coronin (Eckert et al., 2011) and a villidin coronin 

(Gloss et al., 2003). Dictyostelium mutants lacking a coronin ortholog have been 

found to demonstrate impaired cell motility, phagocytosis and cytokinesis. The cells 

multiply slowly and also some become multinucleate (De Hostos et al., 1993). 

Coronin null Dictyostelium mutants also demonstrate a significant impairment or 

complete abolishment of macropinocytosis (Hacker et al., 1997). These impairments 

can be associated with localised coronin expression which is enriched in the leading 

edge of cells and in phagocytic cups (De Hostos et al., 1993).  

 

Table 1.3 - Summary of phenotypes arising from coronin 1 mutations 

Cell type Type  Phenotype Reference 

T 
lymphocytes 

Mouse  
Coro1a KO 

 Higher basal T lymphocyte F-actin 
levels. 

 Lower CCL19-induced F-actin 
formation. 

 Defect in SDF1a-mediated Rac1 
activation. 

 Unaffected Erk, Rsk and Akt pathways. 

 Defect in uropod development and 
irregular talin clusters at cell cortex.  

 Dispensable for T cell migration. T cell 
deficiency. 

(Föger et al., 
2006) 

Macrophage
s, whole 
animal,  

Mouse  
Coro1a KO 

 Coro1a is required for the survival of 
mycobacteria by blocking lysosomal 
delivery by the calcineurin pathway. 

 Coro1a is dispensable for 
phagocytosis, motility, and membrane 
ruffling in macrophages 

 Peripheral T cell deficiency.  

(Jayachandra
n et al., 
2007). 
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 No change in macrophage 
phagocytosis or cell locomotion. 

T cells, B 
cells, whole 
animal 

Mouse  
Coro1a 
nonsense 
mutation 
 

 Lack of development of systemic lupus 
erythematosus. 

 Reduced T-dependent humoral 
responses. 

 Reduced T cell migration. 

 T cell deficiency. 

 No detectable intrinsic B cell defects. 

(Haraldsson 
et al., 2008) 

Neutrophils Mouse  
Coro1a KO 

 No neutrophil development 
abnormalities. 

 No defects in adherence, membrane 
dynamics, migration, phagocytosis and 
oxidative burst. 

(Combaluzier 
& Pieters, 
2009) 

T cells Mouse  
Coro1a 
E26K 
mutation 

 T cell deficiency. 

 Enhanced Arp2/3 inhibition and 
mislocalisation away from the leading 
edge. 

(Shiow et al., 
2008) 

Fibroblasts Mouse  
Coro1a 
E26K 
mutation 

 No change in actin cytoskeleton. (Shiow et al., 
2008) 

T cells, B 
cells, NK 
cells, whole 
body 

Human  
mutation of 
coronin 1 
gene – 2 
bp in gene 
and 
deletion of 
the other 

 T cell deficiency. 

 Severe combined immune deficiency. 

 Normal B cells and NK cells. 

(Shiow et al., 
2009) 

T cells Mouse  
Coro1a 
E26K 
mutation 

 T cell deficiency. 

 Impaired platelet survival. 

 Deficient calcium/calcineurin signalling. 

(Mueller, et 
al., 2011) 

Mast cells, 
whole animal 

Mouse  
Coro1a KO 

 Bone marrow derived mast cells exhibit 

increased FcεRI-mediated 

degranulation of secretory lysosomes. 

 Significantly reduced secretion of 
cytokines.  

 Mice displayed enhanced passive 
cutaneous anaphylaxis 

(Föger et al., 
2011) 

Whole 
animal 

Mouse  
Coro1b KO 

 Mice displayed enhanced passive 
cutaneous anaphylaxis 

(Föger et al., 
2011) 

Mast cells, 
whole animal 

Mouse  
Coro1a KO 

 Bone marrow derived mast cells exhibit 

increased FcεRI-mediated 

(Föger et al., 
2011) 
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Coro1b KO 
(double 
KO) 

degranulation of secretory lysosomes. 

 Significantly reduced secretion of 
cytokines.  

 Mice displayed enhanced passive 
cutaneous anaphylaxis 

Dendritic 
cells 

Mouse  
Coro1a KO 

 No change in antigen presentation and 
processing in dendritic cells. 

(Westritschni
g et al., 
2013) 

 Humans       
V134M 
mutation in 
the 
CORO1A 
gene 

 Immunodeficiency, T cell deficiency and 
recurrent infections. 

 EBV-associated B-cell 
lymphoproliferation at around 1 year 
old. 

(Moshous et 
al., 2013) 

Neural cells Mouse  
Coro1a KO 

 Defects in cAMP and PKA signalling 
through Gαs.  

 Behavioural and cognition defects. 

(Jayachandra
n et al., 
2014) 

Fibroblasts Mouse 
Coro1c KO 

 Disrupted actin cytoskeleton 

 Defects in vimentin network 

 Disrupted microtubule cytoskeleton 

 Mitochondria localisation abnormalities 

(Behrens et 
al., 2016) 

T cells, 
whole animal 

Mouse  
Coro1a KO 

 Coronin KO leads to a reduction in 
allograft rejection. 

(Jayachandra
n et al., 
2019) 

 

1.3.8.1 Coronin 1 disruption results in T cell deficiency 

 

Coronin 1 ablation is associated with a weakened immune system in both humans 

and mice (Shiow et al., 2008). In murine Coro1a-/- T lymphocytes, basal actin levels 

were higher than in Coro1a+/+ cells. However chemokine (C-C motif) ligand 19 

(CCL19)-induced F-actin formation was lower in Coro1a-/- cells than in the wild type. 

It was determined that coronin exerts an inhibitory effect on cellular steady-state F-

actin formation in an Arp2/3 dependent manner. The cytoskeletal alterations of 

murine Coro1a-/- T cells also included a selective defect in SDF1a-mediated Rac1 

activation; however the Erk, Rsk and Akt pathways were unaffected. In, WT murine 

T lymphocytes, stimulation with CCL19 results in the development of a polarised 

structure with unipolar accumulation of talin beneath the cell membrane and 

opposite to the uropod. Coro1a-/- T lymphocytes are impaired in the ability to 

develop uropods and demonstrate talin clusters irregularly around the cell cortex. 
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Coronin 1 also plays an important role in cell motility and chemokine-regulated 

migration of T lymphocytes to secondary lymphocyte organs. A loss of Coro1a is 

also associated with a deficiency in T cells which this study attributed to increased 

apoptosis associated with defects in the mitochondria potential due associated with 

increased F-actin levels (Föger et al., 2006). 

Systemic lupus erythematosus is an autoimmune disease affecting multiple 

organs, in which the sufferer produces autoantibodies to attack nuclear components 

of their own cells. In mice, a nonsense lmb3 mutation causes the loss of 3 blades 

and a loss of the constant region of the propeller region of the coronin 1 gene 

(Coro1aLmb3). This results in suppression of the autoimmune phenotype of systemic 

lupus erythematosus and result in an inability of the disease to develop; suggesting 

coronin 1 is involved in the disease. The mutation is also associated with 

developmental and functional alterations of T cells and reduced T-dependent 

humoral responses; however B cells appear to be unaffected. Coro1aLmb3 is also 

associated with T cell deficiency (Haraldsson et al., 2008). 

Another study attributed the T cell deficiency of the Cataract Shionogi (CTS) 

strain of mice to an E26K (Glu to Lys) point mutation which affects the β-propeller 

domain of coronin 1 (Coro1AE26K). These T cells demonstrated a migration defect 

which impaired thymic egress and trafficking of the cells through lymph nodes. This 

resulted in aberrant localisation of coronin 1 away from the leading edge of T cells, 

which reportedly resulted in an increased association with Arp2/3 complex and 

increased inhibition, despite that observation that Arp2/3 continued to concentrate at 

the leading edge. Coro1AE26K T cells demonstrated large irregular protrusions due to 

a defect in actin cytoskeletal regulation  (Shiow et al., 2008).  

Another study also found coronin 1 contributes to immune system 

homeostasis and its ablation lead to a lack of T cell survival (Mueller, et al., 2011). 

However, this study found no differences in F-actin upon Coro1a ablation. The T-

cell deficiency caused by coronin 1 ablation has been suggested to be due to 

defects in prosurvival signals in Coro1a-/- mice, rather than from T cell apoptosis due 

to F-actin turnover defects (Mueller, et al., 2011). Calcineurin Aβ is required for the 

survival of naive T cells (Manicassamy et al., 2008) and deficient 
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calcium/calcineurin signaling has been proposed as the cause of T cell deficiency 

upon coronin 1 ablation (Mueller, et al., 2011). 

The role of coronin 1 in the calcium/calcineurin pathway was found when it 

became clear that it is responsible for the survival of mycobacteria in macrophages.  

In Coro1a+/+ cells, coronin 1 binds to the phagosome and inhibits lysosomal delivery 

via the calcineurin pathway. In Coro1a-/- cells the mycobacteria is delivered to the 

lysosome and destroyed. This study also found coronin 1 does not mediate the actin 

related processes of phagocytosis, macropinocytosis or cell locomotion in murine 

macrophages (Jayachandran et al., 2007). Coronin 1 may be dispensable for F-

actin dependent processes such as phagocytosis and cell locomotion in 

macrophages but is involved in calcium/calcineurin signaling which may also be the 

cause of T cell deficiency upon coronin 1 ablation. 

Coronin 1 has been found to be involved in activation of stimulation-induced 

Ca2+/calcineurin signalling pathway not only in T cells, but also in B cells and 

macrophages (Westritschnig et al., 2013). As calcium signalling is important in 

platelets and coronin is present in platelets it is worth investigating this pathway in 

platelets. 

 

1.3.8.2 Coronin 1 deficiency in humans leads to T cell deficiency and 

SCID 

 

Coronin 1 is essential for the development of a functional T-cell compartment 

not only in mice, but also in humans. During the normal development of the murine 

thymus, mature thymocytes first upregulate sphingosine-1-phosphate receptor 1 

(S1P1). SIP1 and its ligand SIP are required for migration of mature thymocytes 

towards the naïve T cell compartment. In one study, 16 patients with severe 

combined immunodeficiency (SCID) were analysed. In one patient there was a de 

novo deletion of one coronin allele and an inherited 2 bp mutation in exon 3 of the 

other allele, resulting in a missense and a premature stop codon resulting in a 

truncation, effectively resulting in a homozygous coronin deletion. Protein analysis 

found absence of coronin 1 in the patient. The patient presented atypical mild 
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severe SCID and was previously hospitalised at age 13 for post-vaccination 

varicellar infection. Similarly to the coronin 1 knockout mice, the patient also had  

low levels of T cells but normal levels of both B and natural killer cells (T -B+NK+) 

which is atypical in SCID patients (Shiow et al., 2008, 2009). SCID can be caused 

by at least 13 different gene mutations and the patients normally have an absence 

of a thymus (Tasher & Dalal, 2012). Unfortunately Shiow et al. (2008) did not 

perform mutation analysis for the other genes to rule out an effect from multiple 

genes in the patients. 

Another study found 3 human siblings presenting with immunodeficiency, 

recurrent infections, T cell deficiency and EBV-associated B-cell lymphoproliferation 

at around 1 year old. These siblings had a V134M mutation in the CORO1A gene, 

mutating a residue in the β-propeller, completely ablating the proteins expression 

(Moshous et al., 2013). 

Interestingly, coronin 1 ablation also leads to a decrease in the chance of 

allograft rejection. This has been attributed to increased cAMP concentrations which 

suppresses allo-specific T cell responses (Jayachandran et al., 2019) and also likely 

as a direct result of the impairment of the immune system from a reduced number of 

T cells  

 

1.3.8.3 Coronin 1 mutations in other white blood cells 

 

Coronin 1 mutations affect T cells, but appear redundant in most other WBCs. 

Coronin 1 is redundant in murine neutrophils and KO cells develop normally and 

show no defects in adherence, membrane dynamics, migration, phagocytosis and 

the oxidative burst  (Combaluzier & Pieters, 2009).  

Antigen processing and presentation by Coro1a knockout dendritic cells is 

normal and functions in the same way as the wild cells (Westritschnig et al., 2013). 

This suggests redundancy of coronin 1 for this process. 

Coronin 1 is involved in the activation of the Ca2+/calcineurin signalling 

pathway, following cell surface stimulation in not only T cells, but also B cells and 

macrophages (Westritschnig et al., 2013). As calcium signalling is important in 
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platelets and coronin is present in platelets it is worth investigating potential defects 

which could be caused by Coro1a ablation. 

 

1.3.8.4 Coronin 1 and 2 double knockout mast cells  

 

Bone marrow derived mast cells from Coro1a-/- mice exhibited increased 

FcεRI-mediated degranulation of secretory lysosomes. They also demonstrated 

significantly reduced secretion of cytokines and the mice displayed enhanced 

passive cutaneous anaphylaxis. They hyperdegranulation phenotype was increased 

in Coro1a-/-/Coro1b-/- double knockout mice. However Coro1b-/- mice did not display 

the degranulation defects but did display the enhanced passive cutaneous 

anaphylaxis phenotype (Föger et al., 2011). 

 

1.3.8.5 Coronin 2 is required for lamellipodia function 

 

In murine fibroblasts, both coronin 2 and cortactin have been reported to be 

required for normal dynamics of lamellipodial actin. Using kymographs, it was found 

knockdown of either protein resulted in a decreased the distance of cell travel and 

the retrograde flow of actin. This is consistent with the function of coronin 2 of 

interacting with Arp2/3 to contribute to lamellipodia formation and actin dynamics 

(Cai et al., 2008). 

 

1.3.8.6 Coronin 3 ablation affects F-actin, vimentin and tubulin networks 

 

Coronin 3 is the least studied of the class 1 coronins. It is a substrate of casein 

kinase II (CK2), which phosphorylates it on the coiled coil C-terminal at Ser463. This 

results in coronin 3 losing its ability to inhibit actin polymerisation, bundle actin 

filaments and bind to Arp2/3 (Xavier et al., 2012). 

In murine fibroblasts, coronin 3 strongly colcoalises with F-actin and only 

sporadically colocalises with vimentin and tubulin in a punctuated manner. Despite 

this, the ablation of coronin 3 not only disrupted the actin cytoskeleton, but also 
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caused major disruption to the vimentin intermediate filaments and microtubule 

networks (Figure 1.18). The KO cells demonstrated shorter, thinner, less bundled 

and less parallel stress fibres compared to WT (Figure 1.18A). In KO cells the 

vimentin filaments were much less visible, thinner and more tightly packed than the 

WT (Figure 1.18B). The KO cells also demonstrated disorganized, overlapping 

directions of microtubules, whereas the WT cells tended to have microtubules 

pointed from the center to the periphery of the cells (Figure 18C). The Coro1c-/- 

fibroblasts demonstrated a reduced proliferation rate, impaired cell migration and 

defects in protrusion formation. In addition, the mitochondria were affects and 

demonstrated aberrant subcellular localisation and defects in function (Behrens et 

al., 2016).  
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                    WT                              Coronin 3 KO  
A 

 

Figure 1.18 – 
Coronin 3 
ablation in 
fibroblasts 
(A) Murine WT 

and coronin 3 KO 
primary fibroblasts 
stained for F-actin 
with arrows 
indicated long 
bundled actin 
filaments in the 
WT and triangle-
shaped filaments 
in the KO.  
(B) Fibroblasts 
were stained for 
vimentin with the 
KO demonstrating 
thinner, 
disorganised, 
tightly-packed 
filaments.  
(C) Fibroblasts 
stained for tubulin 
with the KO cells 
displaying highly 
disorganized 
microtubule 
networks. 
 

B 

C 

 

 

1.3.9 Roles of coronin in signalling  

 

Coronin is involved in a plethora of signalling pathways including Rho (Castro-

Castro et al., 2011), PKC (Föger et al., 2011), PKA (Jayachandran et al., 2014), 

calcium/calcineurin (Mueller et al., 2008) and integrin β2 (Pick et al., 2017). As 

mentioned in Section 1.1.4.2, Rho, PKC, PKA and calcium/calcineurin are 

important in platelet activation and spreading (van der Meijden & Heemskerk, 2019). 

Integrin β2 is less studied and appears to be important for platelet lifespan (Piguet 
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et al., 2001) and binding to intercellular adhesion molecule 1 (ICAM1) bearing cells 

(Philippeaux et al., 1996). It is also worth noting that coronin 3 has been predicted to 

be a substrate of the tyrosine protein kinase FYN (Amano et al., 2015) which is 

involved in GPVI signalling, although this does not appear to have been investigated 

in detail. 

 
1.3.9.1 Coronin regulates Rho signalling 

 
As mentioned in Section 1.2.2.9, Rho GTPases are regulators of platelet 

cytoskeleton and function with RhoA, CDC42 and Rac1 being particularly important 

regulators of the actin cytoskeleton (Aslan & McCarty, 2013). Platelet functions 

including spreading, lamellipodia formation and aggregation require reorganisation 

of the cytoskeleton (Hall, 1998).  

Dictyostelium coronin contains a CDC42 and Rac-interactive binding (CRIB) 

motif between blades 2 and 3.  This enables it to bind Rho GTPases with a 

preference for GTP loaded Rac. Mutation of the domain abrogates Rac binding and 

coronin deficient cells demonstrate a defect in myosin II assembly. (Swaminathan et 

al., 2013) 

While mammalian coronins haven‟t been reported to contain a CRIB domain, 

they do contribute to Rho signalling through other means. Coronin 1 is a regulator of 

Rac1 and facilitates Rac1 translocation and activation. Activation of Rac1 during cell 

signalling includes its translocation from the cytosol to membranes, release from 

sequestering Rho GDP dissociation inhibitors and GDP/GTP exchange. Coronin 1 

and the Rac1 exchange factor ArhGEF7 contribute to a downstream, cytoskeletal-

based feedback loop that is required for optimal Rac1 activation. Upon Rac1 

mediated actin polymerisation, coronin and ArhGEF7 form a cytosolic complex that 

translocates to membranes and increases the levels of activated membrane-bound 

Rac1. This also involves Pak1 and RhoGDIa that form complex with coronin 1, 

which mediated by ArhGEF7, promotes the Pak1-dependent dissociation of Rac1 

from the Rac1/RhoGDIa complex, contributing to Rac1 activation (Castro-Castro et 

al., 2011).  
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Xenopus coronin, called Xcoronin is localised at the leading edges of 

lamellipodia during spreading in murine 3T3 fibroblasts. In these cells, truncated 

Xcoronin resulted in an impairment of spreading and an inability to form Rac 

induced lamellipodia. However Xenopus coronin is only 63% identical to human 

coronin (Mishima & Nishida, 1999). 

Non-muscle myosin II (NMII) contributes to the generation of contractile 

forces in eukaryotic non-muscle cells. NMII accumulation and stability at specific 

subcellular locations, such as cell junctions, contributes to the formation of a zone of 

Rho signalling. In MCF-7 cells, knock down of coronin 2 results in disrupted non-

muscle myosin IIA and IIB localisation away from cell junctions. This resulted in 

defects in RhoA signaling due to an enhanced recruitment of the RhoA p190B Rho 

GAP at the cell junctions. This leads to a lack of signalling and NM!!-mediated 

junction-localisation of downstream ROCK1 which is turns leads to a lack of NMII 

phosphorylation. This shows that coronin 2 can support RhoA signaling at cell 

junctions through myosin II (Priya et al., 2016). 

Further support for coronins as regulators of Rho signalling come from 

studies on coronin 3. Knockdown of coronin 3 reduces fibroblast migration which 

presents as defects in wound healing (Williamson et al., 2014). This has been 

attributed to coronin 3-mediated Rac1 recycling as coronin retrieves inactive Rac1 

from the rear and sides of fibroblasts for redistribution or degradation. Coronin 3 

also binds to regulator Of Chromosome Condensation 2 (RCC2) as well as Rac1 

and this interaction may enrich GTP-Rac1 at membrane protrusions (Williamson et 

al., 2015).  

 

1.3.9.2 Coronin signalling through protein kinase C 

 

Coronin 1 and 2 can both be regulated by phosphorylation of Ser2 which can 

be phosphorylated by PKC. In wild type murine bone marrow-derived mast cells, 

coronin 1 demonstrates strong localisation to the F-actin rich cell cortex and is found 

in the detergent-insoluble cytoskeleton pellet. The Coro1a-S2A mutant, which 

cannot be phosphorylated at Ser2, demonstrated the same localisation. In contrast, 
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the phosphomimetic Coro1a-S2D mutant demonstrated no Arp2/3 activity and was 

found in the Triton soluble fraction and demonstrated reduced cortical staining 

(Föger et al., 2011). As mentioned previously, PKC is important in platelet shape 

change (see Section 1.1.4.2). Due to the regulation of coronin 1 and 2 by PKC it is 

possible that coronins may be involved in this pathway. 

Coronin 2 function can also be modulated by phosphorylation by PKC (Cai et 

al., 2005). Disruption studies have been carried out in rat fibroblasts of the 

phosphorylation site on rat coronin 2 by mutating the Ser2 to an alanine (S2A 

mutant), which can‟t be phosphorylated. These mutants demonstrate increased 

ruffling induced by phorbol 12-myristate 13-acetate (PMA) and also increased 

speed during single cell tracking assays. The serine at the phosphorylation site of 

coronin 2 has also been mutated to an aspartic acid to mimic phosphorylated 

coronin 2, termed S2D mutant. In contrast to the S2A loss of function mutant, the 

S2D mutant demonstrated attenuated PMA-induced ruffling and slower cell speed  

(Cai et al., 2005). This suggests phosphorylation of coronin is important in 

regulating cell motility. 

In murine T cells, coronin 1 can recruit PKCθ. The WD40 domains of coronin 

1 can bind to the C2-like domain of PKCθ. Overexpression of coronin 1 reduced the 

recruitment of PKCθ to both the lipid rafts and plasma membrane upon CD3/CD28-

activation (Siegmund et al., 2015). In platelets, PKCθ activation occurs downstream 

of the PAR, GPVI and αIIbβ3 receptors (Cohen et al., 2011). PKCθ-/- mice 

demonstrated reduced static adhesion and filopodia generation on fibrinogen. They 

also demonstrated a significant increase GPVI-dependent a-granule secretion but 

dense granule secretion was at normal levels. Thrombus formation on collagen 

under a flow rate of 1000-s was also increased (Hall et al., 2008). 

 

1.3.9.3 Coronin signalling through cAMP and PKA 

 

In murine neural cells, coronin 1 has been found to modulate cAMP and PKA 

signalling (Jayachandran et al., 2014). Upon activation of neuron cell surface 

receptors, coronin 1 stimulates cAMP production and activation of protein kinase A 
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(PKA). A behavioral phenotype in coronin 1 knockout mice was recovered by 

addition of a membrane-permeable analogue of cAMP, providing further evidence 

for a link between the two signalling proteins (Jayachandran et al., 2014). A study of 

coronin 1 in neurons found that in addition to having a phosphorylation site on Ser2, 

it also has phosphorylation sites at Thr418/424 which can be phosphorylated by 

cyclin-dependent kinase 5 (CDK5). This phosphorylation is responsible for the 

association of coronin 1 with Gαs and the modulation of cAMP production and the 

modulation of the PKA pathway (Liu et al., 2016). As mentioned previously (see 

Section 1.1.4.1) cAMP is an important component of platelet inhibitory signalling. 

Therefore it may be possible that coronin effects platelet signalling through this 

route. 

 

1.3.9.4 Coronin signalling with calcium 

 

As mentioned previously (see Section 1.3.8.2), coronin 1 is essential for the 

survival of T cells. One of the mechanisms of this is mobilisation of Ca2+ from 

intracellular stores. The loss of coronin 1 results in a profound defect in Ca2+ 

mobilisation. Upon T cell triggering, coronin 1 has been found to interact with PLCγ1 

and to be essential for the generation of IP3 from PIP2. IP3 is important for 

mobilisation of Ca2+ in T cells (Mueller et al., 2008) and in platelets (Broos et al., 

2011). 

In T cells, there is evidence that rather than modulating F-actin, coronin 1 is 

instead responsible for the activation of the Ca2+ dependent phosphatase 

calcineurin upon mycobacterial infection which prevents the lysosomal delivery of 

the bacteria. In T cells, coronin 1 also balances proapoptotic and antiapoptotic 

signals through regulation of Ca2+ and calcineurin activation in T cell receptor 

dependent manner (Mueller et al., 2011). As this process is dependent on the T cell 

receptor it is possible that the process does not occur in platelets. 

 Interestingly, coronin 7 has been predicted to be a substrate of 

calcium/calmodulin dependent protein kinase I (Amano et al., 2015). However this 

doesn‟t appear to have been investigated in detail. 
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1.3.9.5 Coronin signalling through integrin β2 

 

As mentioned in Section 1.1.3.2, integrin β2 is responsible for part of the interaction 

between platelets and WBCs. Integrin β2 is present on platelets and modulates 

caspase activation and platelet lifespan. Knock out of integrin β2 in mice leads to a 

slight thrombocytopenic phenotype with platelet levels reduced by ~22%. The 

lifespan of platelets is also significantly reduced in the KO and this is slightly 

compensated by an increase in thrombocytopoiesis. The KO also demonstrated a 

lack of platelet localisation in the lung in response to injection of tumour necrosis 

factor. The KO demonstrated greatly decreased caspase 3 levels, greatly increased 

pro caspase 3 and greatly increased B-cell lymphoma 3-encoded protein levels 

(Piguet et al., 2001). 

 Integrin β2 can bind to CD11a, CD11b or CD11c to form LFA-1 that can bind 

to ICAM1 on WBCS. Platelets also contain CD11a, CD11b and CD11c and the 

expression of CD11a and CD11b is correlated with that of integrin β2. The binding 

of platelets to a RAJI cell line increases with thrombin treatment and decreases with 

anti-CD11a or anti-integrin β2 antibodies. Numbers of platelets bound to a human 

lymphoblast-like (RAJI) cell line increased upon thrombin treatment and decreased 

upon treatment with anti-CD11a, anti- integrin β2 and anti-ICAM1 antibodies. This 

demonstrates that integrin β2 is responsible for at least part of the interactions 

between human platelets and human WBCs (Philippeaux et al., 1996). It is currently 

unclear how this transfers to mice. 

 

1.3.10 Coronin in platelets 

 

Coronins 1, 2, 3 and 7 are present in platelets (Burkhart et al., 2012). Until recently 

there had been a limited number of studies of coronin in platelets. Most of the 

studies were proteomic studies which found various coronins to be upregulated or 

downregulated in certain conditions. This section shall summarise these findings 



91 
 

Both coronin 1 and coronin 3 have been discovered in the membrane fraction 

of human platelets (Lewandrowski et al., 2009). Coronin likely anchors to the 

membrane using its membrane binding domain. 

The counts of platelet and other blood cells are normal in coronin 1 knockout 

mice (Föger et al., 2006) 

A study examined the proteome of human platelets during and after 

apheresis. Coronin 3 was found to increase in expression very soon after apheresis 

and then decrease in expression towards the end of recovery (Thiele et al., 2016). 

These results are difficult to interpret but may mean that coronin 3 is a marker of 

young platelets or higher platelet turnover. 

Salvianolic acid B is a traditional Chinese medicine isolated from Dashen and 

used to treat cardiovascular disorders. A study found that upon treatment of patients 

the expression of coronin 2 was upregulated. The also study claims that the 

platelets of patients treated with salvianolic acid demonstrated altered cytoskeletal 

shape (Ma et al., 2011) but does not provide convincing evidence. 

Another study which identified a change in coronin upon platelets examined 

patients with coronary artery disease. Coronin 2 was found to demonstrate lower 

expression in patients with coronary artery disease than control patients (Banfi et al., 

2010).  

Reduced levels of coronin were found in porcine platelets after treatment with 

NO for 8 days, followed by platelet extraction and thrombin treatment, (Peña et al., 

2011). 

As previously mentioned, thrombospondin is an agonist of platelets (Broos et 

al., 2011). Coronin has been found to bind to thrombospondin 1 in solid-phase 

binding assays. However the researchers used a peptide sequence 

MRGSHHHHHHGS to represent the N-terminal of coronin (Vanguri et al., 2000), 

however this sequence does not appear to show similarity with coronin proteins. As 

mentioned previously, thrombospondin is important in the regulation of platelet 

response. As thrombospondin is in the alpha granules it may not interact with 

coronin, however if coronin binds to thrombospondin then coronin may modulate 

platelet activity through thrombospondin. 
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While this project/thesis was in progress, study by Stocker et al. (2018) 

reported that Coro1a-/- platelets had an increase in platelet volume, an increase in 

cell surface receptors, a decrease in time to occlusion in arterial thrombosis with a 

decrease in thrombus size, a decrease in the F/G actin ratio in response to 

collagen-induced activation, a decrease in p-cofilin upon collagen activation. The 

differences were attributed to less p-cofilin activation. The study also found no 

change in platelet life span, platelet maturity, proplatelet formation, ATP secretion & 

GTP-Rac1, dense granule secretion, αIIbβ3 integrin activation. The KO platelets 

were also reported to spread over a different surface area and have a different 

shape relative to the WT on only some matrices (Stocker et al., 2018). Some of the 

data may be inconclusive due to low statistical power and particulars aspects were 

not investigated in that study. 

 

1.3.10.1 Transcriptomic studies found coronins 1, 2 3 & 7 expressed in 

platelets 

 

Prior to experimentally investigating coronins in platelets, a review of transcriptomic 

and proteomic literature was completed. Human platelets were found to have high 

levels of coronin 3 mRNA, moderate levels of coronin 1 and 2 mRNA, low levels of 

coronin 7 RNA and extremely low levels of coronin 4, 5 and 6 mRNA. In murine 

platelets, moderate/high levels of coronin 2 and 3, low levels of coronin 1 and 7 and 

extremely low levels of coronin 4, 5 and 6 were detected (Figure 1.19) (Rowley et al., 

2011). However the protein levels, described next, were found to be different from 

the mRNA levels. 

. 
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Figure 1.19 - Estimated 
mRNA levels of coronins 
1-7 in human and mouse 
platelets 

RNA seq analysis was used 
to determine mRNA levels, 
expressed in reads per 
kilobase of exon model per 
million mapped reads 
(RPKM), of human (blue) 
and murine (red) coronins. 
Data collated from (Rowley 
et al., 2011). 

 

1.3.10.2 Proteomic studies found coronins 1, 2 3 & 7 expressed in 

platelets 

 

The coronin 1, 2 and 3 proteins have been reported to be abundantly 

expressed in human platelets (Burkhart et al., 2012). Coronins 1, 2, 3 have been 

reported to be the 145th, 146th and 491st most abundant proteins in human platelets 

with an estimated 23,400, 23,300 and 6,900 copies per cell, respectively. If coronins 

1-3 were counted as one protein they would be the 67th most abundant protein, 

making up 0.23% of the total level of proteins. Coronin 7 was at the lower limit of 

detection by quantitative mass spectrometry, ranking as the 3089th most abundant 

protein with only 700 copies/cell (500 copies/cell was the lower limit of detection). 

Coronins 4-6 were not found  (Burkhart et al., 2012) (Figure 1.20A), reflecting the 

transcriptomic results  (Rowley et al., 2011). 

 The murine proteins coronins 1-7 displayed similar expression patterns to 

human coronins with coronin 1 the highest (Zeiler et al., 2014). Despite the high 

murine mRNA levels (Rowley et al., 2011), coronin 2 protein levels are much lower. 

Coronin 7 is barely detectable and coronins 4, 5 and 6 absent. The main difference 

was that coronin 3 levels were considerably lower in murine platelets (Zeiler et al., 

2014). The human and murine protein numbers are from different studies, relating 

their respective controls, therefore they are not displayed on the same graph 
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(Figure 1.20B). A detailed list of transcriptomic and proteomic data, including that 

from less sensitive studies, can be found in (Appendix 8.1.3). 

 

A B 

 
 

 

Figure 1.20 - Estimated protein levels of coronins 1-7 in human and mouse 
platelets  
(A) Quantitative mass spectrometry was used to measure the protein copy number 
of coronins 1-7 in human. Produced from supplementary data from (Burkhart et al., 
2012) and murine platelets (B). Produced from supplementary data from (Zeiler et 
al., 2014). The protein copy number was from two different sources and is therefore 
is not compiled into one graph. 

 

1.3.10.3 Proteomic studies found coronins 1, 2 3 & 7 expressed in several 

tissues and cells including platelets 

 

Coronin 1 mRNA and protein is highly expressed in all hematopoietic and lymphoid 

tissues which contain white blood cells such as the thymus, spleen, tonsils and 

bone marrow. It is also expressed to a lesser extent in neuronal tissues such as the 

adrenal gland (Nal et al., 2004). Coronin 2 mRNA and protein and to a lesser extent 

coronin 3, is highly expressed in most tissues (Cai et al., 2005). Coronin 4 is 

expressed in the gastrointestinal tract, bladder, lung and male reproductive tissues 

with lower expression in the epidermis (Uhlén et al., 2015). Coronin 5 is expressed 

predominantly in the brain with lower expression in most other tissues (Nakamura et 

al., 1999). Coronin 7 is expressed relatively highly in the thymus, spleen, brain, 

kidney with lower expression in most other tissues. Coronin 7 is usually subcellularly 

localised to the cytosol and Golgi apparatus, rather than spread throughout the 
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whole cell (Rybakin et al., 2004). Coronins 1-3 are expressed almost ubiquitously 

and their presence is found in many cell types (Figure ). 

  

 

 
Figure 1.21 – Expression of coronins 1-3 in various tissue and cell types 
Coronin 1, 2 and 3 proteins are found in most cell types in various levels. All 3 are 
highly expressed in platelets (red arrow). Data from Genecards, incorporating 
ProteomicsDB, MaxQB, and MOPEDGenecards (Stelzer et al. 2020). 
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1.4 Cyclase-associated protein 

 

CAP1 is a highly conserved monomeric actin-binding protein (Ono, 2013). CAP was 

first discovered in yeast in which it is also called Srv2/CAP (Field et al., 1990). CAP 

works with cofilin, profilin and ADF to modulate actin turnover. CAP1 enhances 

nucleotide exchange on actin monomers with ATP and also promotes severing of F-

actin in along with cofilin. CAP1 is also capable of homo-oligomerisation and 

interacting with other proteins which regulates its activity. CAP has roles in cell 

signalling, development, vesicle trafficking and migration (Ono, 2013). 

CAP is evolutionarily conserved and is present in all eukaryotes so far 

investigated (Figure 1.22). Vertebrates have two genes encoding CAP proteins and 

multiple isoforms are also present in nematodes and green plants, however fungi, 

protists and many other invertebrates only have 1 CAP gene (Ono, 2013).  
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Figure 1.22 - Phylogenetic tree of CAPs in eukaryotes 
Amino acid sequences of CAP-related proteins from representative organisms were 
analysed by Clustal W and classified as shown on the left. Adapted from (Ono, 
2013). 
 

 



98 
 

1.4.1 CAP1 structure 

 

The N-terminal of CAP contains a coiled coil domain which in yeast is required for 

binding to adenyl cyclase (Ono, 2013). The N-terminal region is required for the 

formation of hexameric structures in murine CAP1 (Jansen et al., 2014).The helical 

fold domain of CAP is responsible for binding to ADF/cofilin-G-actin complexes. The 

central region contains two proline-rich regions (P1 and P2) which flank the WH2 

domain. P1 is responsible for profilin recruitment with murine CAP1 (Makkonen et 

al., 2013) and yeast Srv2/CAP (Bertling et al., 2007). With human CAP1, P1 binds 

to the SH3 domain of the tyrosine kinase Abl (Freeman et al., 1996; Kotila et al., 

2018). P2 binds to abp1 with yeast Srv2/CAP (Freeman et al., 1996). The Wiscott 

Aldrich syndrome protein homology 2 (WH2) domain is capable of binding both ADP 

and ATP-G-actin (Kotila et al., 2018). However, the CAPs and retinitis pigmentosa 2 

protein (RP2) (CARP) domain is capable of binding only specifically ADP-G-actin. 

The dimerisation motif (DM) is responsible for the interaction of two CAP1 proteins 

through the β sheets on the C terminal  (Ono, 2013) (Figure 1.23A). As the CAP1 C 

terminal contains a domain for hexamerisation which would make it very hard to 

crystalise, most approaches use computer models (Figure 1.23B) (Ono, 2013) or 

crystalise a part of the protein (Figure 1.23C) (Kotila et al., 2018). 
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A 

 
B  

 
C 

 
Figure 1.23 - Structure of CAP 
(A) CAP contains a CC domain, a helical fold domain, 2 proline rich domains (P1 
and P2), a cyclase-associated protein and retinitis pigmentosa 2 (CARP) domain 
and a dimerisation motif (DM). Redrawn from Ono, 2013. (B) Two dimerised helical 
fold domains of CAP1 as predicted from a computer model (Ono, 2013). (C) Crystal 

structure of a dimer of the CARP domain and dimerisation motif (amino acids 317-
474) (blue and cyan) section of murine Cap1 bound to two molecules of ADP-actin 
(green) (Kotila et al., 2018). 
 

1.4.2 CAP expression 

 

There are two genes encoding CAPs in mammals – CAP1 and CAP2. They are 60% 

identical in their amino acid sequence and exhibit different expression patterns (Ono, 

2013). CAP1 is fairly ubiquitously expressed with the exceptions being the bone 

muscle tissues. CAP2 is expressed in the brain, heart, skeletal muscle, lung, skin 



100 
 

and reproductive tissues with extremely low levels in the kidney, bone and WBCs 

(Stelzer et al., 2016). CAP1 and CAP2 are both present in mouse platelets (Zeiler et 

al., 2014). However, only CAP1 is present in human platelets and has been 

identified as the 85th most abundant protein out of over 4000 present (Burkhart et 

al., 2012).  

 

1.4.3 CAP1 regulates actin turnover  

 

CAP functions with cofilin, profilin and actin depolymerising factor (ADF) to 

modulate actin turnover (Ono, 2013). As mentioned in Section 1.2.1.1, actin 

filaments experience faster polymerisation at their barbed ATP-actin end and faster 

depolymerisation at the ADP-actin pointed end. Cofilin can sever filaments with a 

preference for ADP-actin (Kardos et al., 2009) and profilin is involved with 

nucleotide exchange (Moriyama & Yahara, 2002).  

The N-terminal of CAP1 is responsible for enhancing cofilin-mediated 

severing and depolymerisation of actin filaments (Moriyama & Yahara, 2002). 

Oligomerisation of CAP may be required for this process as mutations of yeast 

coronin at conserved residues of N-terminal abolishes this ability (Chaudhry et al., 

2013) and deletion of the dimerisation motif weaken this ability (Zelicof et al., 1996). 

CAP1 alone can sever F-actin in acidic but not neutral pH at which it requires the 

presence of ADF/cofilin (Normoyle & Brieher, 2012). 

CAP can catalyse the nucleotide exchange of ADP-actin monomers. The C-

terminal segment of the CARP domain can „penetrate‟ into an actin monomer and 

induces a conformational change in the „D-loop‟ segment of an actin monomer 

(Kotila et al., 2018). The C-terminal also competitively displaces cofilin which has a 

strong inhibitory effect on nucleotide exchange. In the presence of cofilin, the WH2 

domain is additionally required for nucleotide exchange (Figure 1.24) (Jansen et al., 

2014).  
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Figure 1.24 – Role of CAP1 in actin turnover 
(1) CAP1 facilitates the addition of ATP-actin monomers onto the barbed ends of 
the network. (2) CAP1 accelerates ADP-actin depolymerisation and enhances the 
F-actin severing ability of cofilin. (3) CAP1 inhibits the inhibitory effect of cofilin on 
nucleotide exchange on actin monomers. (4) CAP1 accelerates the nucleotide 
exchange onto actin monomers from ATP. Adapted from (Moriyama & Yahara, 
2002). 

 

1.4.4 CAP1 localisation  

 

CAP1 is a predominantly cytosolic protein with a small fraction membrane 

associated (Lee et al., 2014). In murine fibroblasts, CAP1 demonstrates diffuse 

cytoplasmic localisation and accumulates at dynamic actin structures including 

lamellipodia (Figure 1.25A & B) and areas of ruffling where it co-localises with 

cofilin (Figure 1.25B) (Moriyama & Yahara, 2002) and at actin stress fibres (Figure 

1.25C) (Freeman & Field, 2000). Even in organisms as distantly related as plants, 

CAP colocalises with F-actin structures called „actin foci‟ and ADF during pollen 

tube self-incompatibility (Figure 1.25D) (Poulter et al., 2010). In yeast, Srv2/CAP 

colocalises with „actin patches‟ which are normally found at the cell cortex (Freeman 

et al., 1996). 
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Figure 1.25 – CAP1 localisation in murine fibroblasts 
(A) Spread murine C3H-2K fibroblasts stained for CAP1 and actin. CAP1 is diffusely 
in the cortex and also at the lamellipodia where it colocalises with actin 
(arrowheads). (B) Fibroblasts stained for CAP1 and cofiln. Arrowheads indicate 
colocalisation at the lamellipodia and areas of ruffling Adapted from (Moriyama & 
Yahara, 2002). (C) Murine 3T3 fibroblasts stained for CAP1 and phalloidin. 
Arrowheads indicate colocalisation at the stress fibres (Freeman & Field, 2000).. (D) 

Pollen tubes untreated and 3 hours after the induction of self-incompatibility. 
Stained for CAP or ADF (red) phalloidin (green) (Poulter et al., 2010). 
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1.4.5 CAP1 as a potential receptor 

 

CAP1 has been proposed as a receptor for resistin due to the results of a set of 

experiments by Lee, et al. (2014). However CAP1 does not contain a 

transmembrane domain. Human resistin bound to a mouse Fc chain (called mFc-

hResistin) was found to pull down a protein in lysates from a monocytic leukemia 

cell line. This protein was identified by matrix-assisted laser desorption/ionization 

time-of-flight to be CAP1. CAP1 was also found to colocalise with mFc-hResistin at 

the cell cortex/membrane. CAP1 was also found to bind to resistin using IP and 

Biocore (Lee, et al., 2014).  

The researchers then fluorescently labelled resistin and generated CAP1 up or 

down-regulated monocytic leukemia cells. Flow cytometry was performed on cells 

which were fixed with 1% PFA which should not have permeabilised the cell to 

expose binding to intracellular proteins. The levels of resistin were found to be lower 

on the cell surface on CAP1 down-regulated cells and higher on CAP1 up-regulated 

cells. This suggests that resistin has an effect on CAP1 exposure. However CAP1 

itself does not contain a transmembrane domain but it could be associated with a 

receptor (Lee, et al., 2014). The precise mechanism remains a mystery.  

 

 

1.4.6 Life without CAP 

 

Saccharomyces cerevisiae lacking Srv2/CAP demonstrate a lack of activation of 

membrane AC upon stimulation by RAS2 proteins. The cells were also larger, 

demonstrated a lack of growth on yeast extract peptone dextrose medium and were 

sensitive to increased temperature and nitrogen starvation (Field et al., 1990). In 

yeast the coiled-coil N terminal is responsible for the interaction with AC (Nishida et 

al., 1998).  

 CAP knock down Dictyostelium discoideum cells displayed altered cell 

morphology with greater disparity in cell sizes. They demonstrated defects in 
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cytokinesis, endocytosis and motility. They also underwent delayed development 

and grew slower than WT controls (Noegel et al., 1999). 

CAP is required for a variety of processes including cell morphology, polarity, 

motility and endocytosis (Ono, 2013). CAP1 KO studies are impractical in mammals 

as CAP1 is deletion embryonically lethal (Jang et al., 2020), probably due to 

placental defects (Hummler et al., 2013). Therefore inducible or cell type-specific 

knock outs or known downs are required. 

In murine fibroblasts (NIH3T3), melanoma cells (B16F1), and 

neuroblastoma cells (Neuro2A), knock down (SiRNA) of CAP1 leads an 

accumulation of abnormal F-actin structures, larger cells, a lack of polarity and 

abnormal morphology. Fibroblasts and melanoma cells demonstrated a lack of 

membrane ruffles and displayed an accumulation of thick and less dynamic stress 

fibres which can be attributed to an increase in actin the depolymerisation rate. 

Neuroblastoma cells contained ruffles but they were significantly less polarised 

(Bertling et al., 2004). CAP1 knock down in fibroblasts resulted in half motility speed 

due to polarisation defects. Both fibroblasts and melanoma cells subjected to CAP1 

knock down demonstrate severely disrupted cofilin localisation, with cofilin spread 

sporadically throughout the cells in aggregates (Bertling et al., 2004). 

CAP1 also appears to be a proapoptotic protein. Upon apoptosis, CAP1 

rapidly translocates to the mitochondria independently of caspase activation. CAP1-

knockdown cells are resistant to apoptosis inducers and overexpression of CAP1 

does not stimulate apoptosis independently but stimulates cofilin-induced apoptosis 

(C. Wang et al., 2008). 

 

1.4.7 CAP in platelets 

 

The first mammalian CAP was incidentally discovered in porcine platelet lysates 

(Gieselmann & Mann, 1992). Until recently, the functions of CAP in platelets had not 

been investigated. 

In mice, platelets with gene trapped CAP2 have been reported to be larger, 

display increased agonist-induced activation of αIIbβIII, increased P-selectin 
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recruitment and display no spreading defects on fibrinogen. That study concluded 

that CAP1 may at least partially compensate for the lack of CAP2 in murine platelets 

(Heck, 2019).  

 

1.4.8 Regulation of CAP1 activity 

 

CAP1 is regulated by a number of factors including phosphorylation by GSK3 (Zhou 

et al., 2014) and cell division kinase 5 (CDK5) (H. Zhang et al., 2020). In murine 

embryonic fibroblasts, phosphorylation of serines S307 and S309 of CAP1 regulate 

cofilin binding, actin binding and therefore actin turnover. CAP1 S307A/S309A non-

phosphorylatable mutants display drastically increased binding of CAP1 to cofilin 

and reduced binding to actin. The phosphomimetic mutant S307D/S309D loses 

CAP1 ability to bind cofilin but displays greater actin binding. Both mutants 

demonstrate F-actin accumulation at stress fibres. GSK3 has been found to 

phosphorylate CAP1 S309, however the additional phosphorylation of S307 

appears to be required for functional change. CAP1 is likely regulated by 

phosphorylation from multiple proteins (Zhou et al., 2014).  

It has also been found that CDK5, which is present in platelets (Burkhart et 

al., 2012), phosphorylates S307 and S309 to regulate its cofilin and actin binding. It 

has also been discovered that cAMP signalling induces dephosphorylation of CAP1, 

through PKA and exchange proteins directly activated by cAMP (Epac) (Zhang et al., 

2020). 

 

1.5 Aims 

 

Coronin 1 and CAP1 are abundant proteins in platelets. They both interact with 

other regulators of the cytoskeleton to contribute to actin turnover. They also both 

have roles at the cell membrane.  
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1.5.1 Coronin-related aims 

 

 To validate anti-coronin antibodies and determine the presence and 

abundance of coronin in platelets 

 Investigate the association of coronins to the membrane, actin cytoskeleton 

and lipid rafts  

 Characterise the cellular localisation of coronins and interacting proteins  

 Investigate any potential compensation of the ablation of coronin 1 by coronin 

2 or 3 

 To assess any possible defects in inhibitory signals upon coronin 1 ablation 

 To analyse basal and stimulated basal and stimulated receptor levels, αIIbβ3 

activation and platelet secretion of Coro1a-/- platelets 

 To determine the ability of Coro1a+/+ and Coro1a-/- platelets to spread on 

various matrices  

 To investigate the role of Coronin 1 ablation on haemostasis 

 

1.5.2 CAP1-related aims 

 

 To characterise the association of CAP1 with interacting proteins 

 To analyse the association of CAP1 to the F-actin cytoskeleton 

 Characterise the subcellular localisation of CAP1 and colocalisation with F-

actin structures 

 To investigate the translocation of CAP1 in response to platelet stimulants 

and inhibitors 
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2 Chapter 2 – Materials and methods 

  

2.1 Materials 

 

2.1.1 Coronin 1 knockout mice 

 

The generation of C57Bl/6 mice with a homozygous constitutive knockout of the 

Coro1A gene has been described elsewhere (Jayachandran et al., 2007). The 

animals were kept in the animal facility of the University of Hull using standard 

conditions.  All animal work was performed in accordance with UK Home Office 

regulations, UK Animals (Scientific Procedures) Act of 1986, under the Home Office 

project license no. PPL 70/8253. For all experiments, age-matched wild-type (WT) 

littermates or cousins were used as controls 

 

2.1.2 Plasmids 

 

Table 2.1 – List of plasmids 

Protein Species Source 

Coronin 1 Human kindly provided by Christoph Clemen, 
University of Bochum, Germany 

Coronin 2 Human kindly provided by Christoph Clemen, 
University of Bochum, Germany 

Coronin 3 Human kindly provided by Christoph Clemen, 
University of Bochum, Germany 

Coronin 1 Mouse Amplified using Q5 high fidelity 
polymerase (New 
England Biolabs, Hitchin, UK) and 
cloned into the EcoRI/KpnI sites of 
pCMV-myc 

Coronin 2 Mouse N-terminal myc fusion proteins 
purchased from Sino Biological (Beijing, 
China) 

Coronin 3 Mouse N-terminal myc fusion proteins 
purchased from Sino Biological (Beijing, 
China) 

 



108 
 

2.1.3 Antibodies for Western blot and Immunofluorescence 

 

Table 2.2 - List of antibodies for Western blot and Immunofluorescence 

Antibody Host Source 
Catalogue 

no. WB IF 

β-actin-
HRP 

Mouse Abcam ab20272 10,000 N/A 

β3-integrin Rabbit    
(polyclonal) 

Santa Cruz SC-14009 1:1,000 N/A 

Arp C2 Rabbit    
(polyclonal) 

Merck Millipore 07/227 1:1,000 1:100 

Arp C2  Rabbit     Merck Millipore 
(upstate) 

07/272 1:1,000 N/A 

CAP1 Rabbit     Abcam ab133655 1:5,000 1:150 

CAP1 Rabbit     Abcam ab155079 1:5,000 1:150 

CD36 Rabbit    
(polyclonal) 

Santa Cruz sc-9154) 1:1000 1:100 

Cofilin Rabbit     
(monoclonal) 

Cell Signalling #5175 1:1000  

Coronin 1 Mouse 
(monoclonal) 

Abcam ab56820 1:1,000 1:100 

Coronin 1 Rabbit  
(polyclonal) 

Abcam ab72212 1:1,000 1:100 

Coronin 2 Rabbit  
(polyclonal) 

Abcam a99407 1:1000 1:100 

Coronin 3 
hybridoma 
SN 

Mouse kindly provided by 
Christoph Clemen, 
University of 
Bochum, Germany 
(K6-444 hybridoma 
SN) 

NA Used 
neat 

  

Coronin 7 
hybridoma 
SN 

Mouse kindly provided by 
Christoph Clemen, 
University of 
Bochum, Germany 
(K37-142-1 
hybridoma SN) 

 Used 
neat 

 

Gαs Rabbit    
(polyclonal) 

Santa Cruz SC-823 1:300 in 
2% milk 

1:50 

GAPDH Mouse 
(monoclonal) 

Merck Millipore CB1001 1:6,000 in 
2% milk 

N/A 

Gelsolin Mouse 
(monoclonal) 

Abcam ab11081 1:1000 N/A 

Phospo- Mouse Cell signalling  #3671 1:1000 N/A 
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MLC 
(Ser19)  

(monoclonal) 

Phospo-
VASP 
(Ser157) 

Rabbit 
(polyclonal) 

Cell signalling #3111 1:1000 N/A 

Syk Mouse 
(monoclonal) 

Santa Cruz sc-1240 1:1000  

 

2.1.4 Antibodies for flow cytometry 

 

Table 2.3 – List of antibodies for flow cytometry 

Antibody Host Source Catalogue no. Fluorophore 

Anti- αIIbβ3 
(GPIIb/IIIa, 
CD41/CD61) 
(JON/A) 

Rat anti-
mouse (IgG2b) 

Emfret M023-2 PE 

Anti-CD41 (integrin 
α2b) 

Rat anti-
mouse IgG1 

BD 
Bioscience 

553848 FITC 

Anti-CD42b 
(GP1bα) 

Rat anti-
mouse (IgG2b) 

Emfret M040-1 FITC 

Anti-CD49 (GPIa) 
(integrin α2) 

Rat anti-
mouse (IgG2b) 

Emfret M071-1 FITC 

Anti-integrin β2 Rat anti-
mouse (IgG2a) 

BD 101407 PE 

Anti-CD63 Rat anti-
mouse (IgG2a) 

Biolegend 143908 APC/Cy7 

Anti-GPVI Rat anti-
mouse (IgG2a) 

Emfret M011-1 FITC 

Anti-P-selectin Rat anti-
mouse IgG1 

BD 
Bioscience 

553744 FITC 

 

 

2.1.5 Antibodies for Immunoprecipitation 

 

Table 2.4 – List of antibodies for Immunoprecipitation 

Antibody Host Source Catalogue no. 

Coronin 1 Mouse  (monoclonal) Abcam ab56820 

Coronin 1 Rabbit (polyclonal) Abcam ab72212 

Coronin 2 Rabbit (polyclonal) Abcam a99407 

 

https://www.emfret.com/index.php?id=shop&no_cache=1&tx_feproducts_pi1%5Ba%5D=details&tx_feproducts_pi1%5BCatNo%5D=M071-1&cHash=fbc8d64e22b63a88a2423a3ae250128d
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2.1.6 Secondary antibodies for Western blot and Immunostaining 

 

Table 2.5 – List of secondary antibodies for Western blot and Immunostaining 

Antibody Host Source Dilution 

Anti-mouse HRP Goat  Merck 1:10,000 

Anti-rabbit HRP Goat  Merck 1:10,000 

Anti-mouse Licor 800 Goat Li-cor Bioscience 1:15,000 

Anti-rabbit Licor 800 Goat Li-cor Bioscience 1:15,000 

Anti-mouse Licor 680 Goat  Li-cor Bioscience 1:15,000 

Anti-rabbit Licor 680 Goat  Li-cor Bioscience 1:15,000 

Anti-mouse Alexa 568 Goat  Molecular Probes, 
Thermo Fisher Scientific 

1:10,000 

Anti-rabbit Alexa 568 Goat  Molecular Probes, 
Thermo Fisher Scientific 

1:10,000 

Anti-mouse Alexa 488 Goat  Molecular Probes, 
Thermo Fisher Scientific 

1:10,000 

Anti-rabbit Alexa 488 Goat  Molecular Probes, 
Thermo Fisher Scientific 

1:10,000 

Anti-rabbit (light chain 
specific) 

Mouse Jackson Immunoresearch 1:10,000 

 

2.1.7 Stains 

 

Table 2.6 – List of stains 

Stain Source Catalog no Dilution 

Cytopainter blue  Abcam ab112124 1:300 

Far red phalloidin 
(Alexa Fluor 680- 
conjugated 
phalloidin) 

Thermo Fisher 
Scientific 

A22286 1:40 

FITC Phalloidin Sigma  P5282 1:2000 from 
100 µg/ml stock 

Fluo-3 Sigma   

TRITC Phalloidin Sigma  P1951 1:2000 from 
100 µg/ml stock 
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2.1.8 Agonists/inhibitors 

 

Table 2.7 – List of agonists/inhibitors 

Agonist Source 

ADP Merck 

Collagen 
(Kollagenreagens Horm) 

Takeda 

CRP Cambridge University 

Gly-Phe-Hyp-Gly-Glu-Arg 
(GFOGER) 

Cambridge University 

Human fibrinogen Enzyme Research 

Latrunculin B Enzo Life Sciences 

PGI2 Cayman Chemical 

Thrombin Sigma 

U46619 Enzo Life Sciences 

 

2.2 Methods 

 

2.2.1 Preparation of samples for genotyping 

 

Biopsies (ear punches) were incubated in 100 µl of ear buffer at 37°C at 350 RPM 

for 18 hours. The samples were boiled at 95°C for 10 minutes then moved to ice. 

400 µl of RNAse A buffer was added and the samples were incubated at 21°C for 

20 minutes. The samples were either genotyped immediately or frozen at -20°C for 

later use. 

 

Ear buffer: 100 mM Tris pH 8.5, 5 mM EDTA, 0.2% SDS, 200 mM NaCl & 200 µg/ml 

proteinase K. 

TE RNAse A buffer: 100 mM Tris, 10 mM EDTA & 0.14 mg/ml RNAse A 

 

2.2.2 Genotyping of coronin 1 KO mice 

 

1.5 µl of DNA was added to 19 µl of a mixture containing 0.25 mM dNTPs, 0.17 µl 

OneTaq polymerase (New England Biolabs, USA), 1x OneTaq buffer, 1x GC 
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enhancer, 0.5 µM forward and reverse primers in sterile MiliQ water. WT results in a 

band at 392 and KO results in a band at 478 bp. 

 

Settings: 

1x 98°C for 3 minutes 

35 x (95oC for 1 minute then 56°C for 45 seconds then 72°C for 50 seconds) 

1x 72°C for 5 minutes 

1x 4°C (pause) 

Samples were resolved on 1.7% agarose gel in 1x TAE buffer with 1:50,000 

ethidium bromide. 

 

Forward primer: 5'-CTGTTGTAGGGGCTGATGGT-3' 

WT Reverse primer: 3‟ CAAGTGGTTTGTGAGACGCG-5‟ 

KO Reverse primer 5'-CTTCATGTGGTCGGGGTAG-3' 

 

2.2.3 Generation of coronin proteins 

 

HEK 293T cells were cultivated at 37°C in a humidified incubator supplied with 5% 

CO2. The cells were grown in Dulbecco's modified Eagle's medium (4.5 g/l glucose) 

(Merck) enriched with 10% fetal bovine serum (FBS) (Biochrom AG, Berlin, 

Germany), 2 mM glutamine (Merck), 1 mM sodium pyruvate (Merck), 100 U/ml 

penicillin, and 100 μg/ml streptomycin (PAA Laboratories GmbH, Pasching, Austria). 

Cells were split and 1x105 cells were added to each well of a 6-well plate to achieve 

50-80% confluence after 24 h. Cells were transiently transfected with plasmids 

(table 2.1) using Lipofectamine 2000 (Invitrogen, ThermoFisher Scientific) as follows 

(calculated for one well of a 6-well plate): 1 μg of DNA and 5 μl of Lipofectamine 

were separately mixed with 100 μl of pre-warmed DME medium without FBS and 

after 5 minutes, mixed together and incubated for 30 min at room temperature. 

Medium was removed from the well and replaced with 400 µl of medium without 

serum, to which Lipofectamine-DNA complexes were then added. After 4 h at 37°C, 

800 µl of  medium with 20% serum were added. Cells were collected 24 h post-
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transfection. Transfected cells were lysed with 50 mM Tris–HCl, pH 8.0, 150 mM 

NaCl, 1% Triton X-100 and protease inhibitors for 30 min. Cell debris was removed 

by centrifugation at 10,000 ×g at 4 °C for 10 min. The lysate was resolved by SDS-

PAGE and blotted onto PVDF.  

 

2.2.4 Preparation of washed platelets using the pH method 

 

Whole blood was collected into acid-citrate dextrose (ACD) buffer at 1:5 ratio (e.g. 4 

ml ACD and 16 ml blood) and gently mixed. This was centrifuged at 190 xg at 21°C 

for 15 minutes. The platelet rich plasma (PRP) supernatant was transferred into a 

clean conical tube and the pH was adjusted to 6.4 by adding 20 μl of 0.3 M citric 

acid per ml of PRP (6 mM citric acid). This solution was centrifuged at 800 xg at 

21°C for 12 minutes then the pellet was resuspended in 5 ml of platelet wash buffer. 

This was again centrifuged at 800 xg at 21°C for 12 minutes and the pellet 

resuspended in modified Tyrode‟s buffer 

 

Platelet wash buffer: 0.036 M citric acid, 0.01 M EDTA, 0.005 M glucose, 0.005 M 

KCl, 0.09M NaCl in Milli-Q adjusted to pH 6.5 

Acid-citrate dextrose buffer: 113.8 mM D-Glucose, 29.9 mM Tri-Na citrate, 72.6 mM 

NaCl, 2.9 mM citric acid in Milli-Q adjusted to pH 6.4, stored at 4oC and 0.22 μm 

filtered before use. 

Modified Tyrode‟s buffer (MTB): 150 mM NaCl, 5 mM HEPES, 0.55 mM NaH2PO4, 7 

mM NaHCO3, 2.7 mM KCl, 0.5 mM MgCl2, 5.6 mM D-glucose (added fresh) in Milli-

Q water, stored at 4oC and 0.22 μm filtered before use. 

 

2.2.5 Preparation of murine PRP and platelets  

 

Murine blood was collected into 100 μl of ACD for most studies or in 100 μl of 109 

mM trisodium citrate (pH 7.4) for flow cytometric studies and added to a tube 

containing 500 μl MTB. This was centrifuged at 100 xg for 5 minutes, the PRP was 

removed and 500 μl MTB was added to the blood. The blood was once again 
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centrifuged at 100 xg and the PRP was removed. The PRP was centrifuged at 800 

xg for 6 minutes, the supernatant removed and the platelet pellet resuspended in 

MTB 

 

2.2.6 Subcellular fractionation 

 

Subcellular fractionation was performed to separate the platelet cytosol from the 

membrane. Washed platelets at 1 × 109/ml were incubated with 10 μM 

indomethacin 2 U/ml apyrase and 1 mM EGTA for 20 minutes at 37°C. Latrunculin 

B (LatB) was added to some samples at 20-30 µM for 20 min at 37°C to inhibit actin 

polymerisation prior to lysis. Platelets were then left at basal condition or treated 

with 0.1 U/ml thrombin, 50 μg/ml collagen or 100 nM PGI2 for 1 minute at 37°C then 

mixed with an equal volume of fractionation buffer and immediately subjected to 5 

freeze-thaw cycles in liquid nitrogen. Intact platelets were removed by centrifugation 

at 1,000×g for 5 minutes at 4°C and fractionation was done by centrifugation at 

100,000×g for 60 minutes at 4°C. The supernatants were normalised by volume and 

analysed by 10% SDS-PAGE Western blot. 

 

Fractionation buffer: 320 mM sucrose, 4 mM HEPES, 0.5 mM Na3VO4, pH 7.4. 2x 

phosphatase, protease inhibitor cocktail and 0.001M PMSF were added before use. 

 

2.2.7 Triton X-100 insoluble pellet fractionation 

 

Washed platelet suspensions at 1 × 109/ml in modified Tyrode‟s bbuffer were 

treated with 0.1 U/ml thrombin, 50 μg/ml collagen, or left untreated at 37 oC and 

then lysed in an equal volume of Triton X-100 lysis buffer. Lysates were centrifuged 

at 15,600 × g for 20 minutes at 4°C to separate the detergent soluble fraction from 

the detergent insoluble pellet. The supernatant was collected and the pellet was 

washed once with Triton X-100 lysis buffe. The pellet was suspended in 50 μl 2x 

Laemmli buffer by pipetting to obtain the „low speed‟ pellet fraction. A fraction of the 



115 
 

supernatant was collected and mixed with 5x Laemmli buffer to obtain the „low 

speed‟ supernatant fraction.  

The remainder of the supernatant was then centrifuged at 100,000 xg for 1 

hour at 4°C, the supernatant was then collected and mixed with 5 x Laemmli buffer 

to obtain the „high speed‟ supernatant. The pellet was washed with Triton X-100 

lysis buffer then suspended in 2x Laemmli buffer by pipetting to obtain the „high 

speed‟ fractiion. Once the pellets were mixed with Laemmli buffer, they were heated 

at 95oC for 5 minutes and then frozen at -20oC. The fractions were normalised by 

volume, resolved on 10% SDS-PAGE and analysed by Western blot 

 

Triton X-100 lysis buffer: 2% Triton X-100, 100 mM Tris-HCl (pH 7.4), 10 mM EGTA, 

0.001M PMSF and 2x protein inhibitor cocktail. 

 

2.2.8 Spreading and immunostaining 

 

5 or 12 mm coverslips were coated by the addition of 30 μl or 200 μl of matrix, 

respectively, overnight at 4-8°C. Matrix included 100 μg/ml fibrinogen or 100 μg/ml 

collagen (or other matrix as specified in the figure legend). The liquid was removed 

and the coverslips were incubated with 0.5% fatty acid free BSA in PBS (which had 

been previously heat denatured at 95°C for 5 minutes) for 1 hour at 21°C. The BSA 

was removed and the coverslip was washed 3 times with PBS. Platelets at 1 x 107 

were either treated with 0.1 U/ml thrombin or left untreated, then 100 μl was added 

to 12 mm coverslips for 45 minutes (unless otherwise specified in the corresponding 

figure legend) at 37°C in a moist chamber. In some studies, agonists or inhibitors 

were added to platelets as indicated in the respective figure legends. The liquid was 

removed and the platelets were fixed with 4% PFA in PBS for 10 minutes at 21°C. 

The samples were then permeabilised with 0.3% Triton X-100 in PBS for 5 minutes 

at 21°C. The liquid was removed and the samples were washed 3 times with PBS. 

Immunostaining was performed by adding primary antibody diluted in PBG to the 

coverslip for 1 hour at 21°C then washing 3 times with PBS. Diluted fluorescently 

labeled secondary antibodies (Alexa 488 or Alexa 568) were added to the coverslip 
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for 1 hour at 21oC. TRITC, FITC, Far red (660) or cytopainter blue phalloidin, was 

diluted and added to the coverslip for at least 30 minutes at 21°C. The coverslips 

were washed 3 times with PBG and once with PBS and then mounted using 

gelvatol or Prolong diamond antifade mountant (Thermo Fisher) onto glass slides. 

The coverslips were imaged using a Zeiss ApoTome.2 equipped with an AxioCam 

506 and a Zeiss Plan-Apochromat 100x/1.4 objective. Images were processed with 

Zeiss Zen software. Cells were manually counted on FIJI and thresholding was 

performed using the “Li” method where appropriate and including holes. 

 

1x PBS: 137 nM NaCl, 10 nM Na2HPO4, 2.7 nM KCl, 1.8 nM KH2PO4 in Mili-Q water, 

pH7.4 

PBG: 1x PBS, 0.5% BSA, 0.05% fish gelatin 

Gelvatol: 2.4 g PVA, 6 ml glycerol, 6 ml dH2O, 2.5% DABCO 

 

2.2.9 Platelet aggregation 

 

Platelet aggregation was performed using a Chronolog aggregometer (Chronolog 

Instrument 490 + 4). 800 µl of MTB was added to a Chronolog cuvette and in the 

PPP compartment. Platelets were incubated at 37°C then 250 µl of platelet 

suspensions at 2 x 108/ml (for murine studies) or 3 x 108 (for human studies) were 

added to cuvettes containing a magnetic stir bar. The samples were stirred at 1000 

RPM at 37°C and the graph was baselined at 0. Agonists such as 0.01-0.1 U/ml 

thrombin, 1-10 µg/ml CRP-XL, 1-20 µg/ml collagen, 10 µM ADP or 0.3 – 10 µM 

U46619 were added after 30 seconds of channel activation and the response for 

recorded for at least 7 minutes. 

 

2.2.10 SDS-PAGE / Western blot 

 

Proteins were denatured by boiling for 5 minutes in Laemmli buffer and resolved on 

10-12% resolving gel with 4% stacking by sodium dodecyl sulphate polyacrylamide 

gel electrophoresis (SDS-PAGE) at 70-130 V (Biorad, Powerpac basic). Gels were 
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then blotted onto polyvinylidene difluoride (PVDF) membrane (GE Healthcare) using 

either semidry blot (Biorad, Trans-Blot, turbo) at 25 V (limit) & 1.3 A (constant) for 

12 minutes or wet blot using Towbin‟s buffer at 100 V for 1 hour on ice. The 

membrane was blocked with 5% milk in TBST or 5% BSA in TBST, washed with 

TBST then incubated at 4-8oC for ~18 hours with diluted relevant primary antibody 

with gentle rocking then washed three times with TBST for 10 minutes with gentle 

rocking.  The membranes were incubated with a secondary antibody for 1 hour at 

21°C with gentle rocking. Membranes were then visualised with a LI-COR Odyssey 

CLx Imaging System and quantified with Image studio software V 5.2 (LI-COR) for 

the vast majority of antibodies. For some antibodies. 3 ml of ECL A and B were 

mixed, the membrane added for 3 minutes and then pressed against X-ray film in a 

dark room. The film was then developed and fixed, scanned and quantified by 

densitometry with Image J. 

 

10% Acrylamide resolving gel: 4 ml of buffer 1 (1.5 M Tris and 0.4% SDS, pH 8.8) 

5.3 ml of 30% acrylamide/bis acrylamide, 6.48 ml dH20, 0.07 ml of 10% APS, 0.03 

ml of TEMED 

6% Acrylamide stacking gel: 1 ml 30% acrylamide/bis acrylamide, 1.4 ml 0.5 Tris-

HCl pH 6.8, 0.04 10% SDS, 2.53 dH20, 0.045 ml 10 % APS & 0.015 ml TEMED. 

TBST: 0.15 M NaCl2, 0.01 M Tris pH 7.6 and 0.1% Tween-20. 

TBST-SDS: 0.15 M NaCl2, 0.01 M Tris pH 7.6, 0.2% Tween-20 and 0.01% SDS. 

Running buffer: 0.025 M Tris-Hcl pH 8.3, 0.1% SDS, 0.19 M glycine 

Towbin‟s buffer:  20% methanol, 25 mM Tris & 192 mM glycine 

ECL: ECL A - 10 ml 1 M Tris pH 8.5, 88.6 ml dH2O, 0.996 ml 250 mM luminol in 

DMSO & 90 mM p-coumaric acid in DMSO. ECL B – 10 ml 1 M Tris pH 8.5, 90 ml 

dH2O 65 μl H2O2. ECL A and B were mixed in equal ratios before addition to any 

membrane. 

2x Laemmli buffer: 4% SDS, 20% glycerol, 0.004% bromophenol blue, 100 mM Tris 

pH 6.8 & 4% β-mercaptoethanol 
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2.2.11 Immunoprecipitation 

 

Platelets at 1x109/ml were lysed 1:1 with lysis buffer for 30 minutes on ice. 200-500 

μg/ml of protein lysate was incubated at 4-8°C at 6 rpm for 18 hours with 1 μg of 

specific or control antibody. Protein G Sepharose beads were pre-equilibrated to 

lysis buffer by first adding 20 μl to 200 μl PBS then centrifuged at 3000 xg at 4°C for 

2 minutes then resuspending in PBS. This was repeated twice with 200 μl lysis 

buffer. The lysate-antibody mixture was added to the beads and incubated at 4-8°C 

6 rpm for 1 hour. The sample was centrifuged at 3000 xg at 4°C for 2 minutes and 

resuspended in lysis buffer; this was repeated two more times with TBS-T. The 

pellet was then resuspended in 2x Laemmmli buffer and analysed by SDS-PAGE 

Western blot. 

 

Lysis buffer: 20 mM HEPES, 30 mM NaCl, 0.3 mM EDTA, 2% n-dodecyl β-D-

maltoside, 0.5 mM DTT, 0.2 mM PMSF and 2x protease inhibitor cocktail) 

 

2.2.12 Production of tissue lysates 

 

Tissue lysates were performed by homogenising tissue with a 7 ml Dounce 

homogeniser in 2 ml of tissue lysis buffer. The liquid was centrifuged at 10,000 xg 

for 20 minutes at 4oC. The supernatant was removed and measured by BCA protein 

assay and the samples were frozen at -20 or -80°C. 

 

Tissue lysis buffer: 50 mM Tris-HCl pH 7.5, 1% Triton X-100, 1 mM DTT, 1 mM 

PMSF and 1x protease inhibitor cocktail. 

 

2.2.13 Protein determination 

 

Protein concentrations were measured by the BCA protein assay. Fresh BSA 

standards were produced at 0, 25, 50, 125, 250, 500, 750, 100, 1500 and 2000 
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µg/ml in modified Tyrode‟s buffer. Working reagent was made by mixing BCA A and 

BCA B 50:1 (e.g. 1 µl BCA A and 49 µl BCA B). 175 µl of working reagent was 

added to each well of a 96 well plate then 25 µl of standard or sample was added to 

each well in triplicate. The plate was incubated at 37°C for 30 minutes then the 

absorbance was measured at 562 nm. The blank was subtracted from the average 

absorbance from the triplicates of each standard and test. A 4 parameter logistic 

curve was produced in Graphpad and the sample concentration was measured 

against it to obtain the concentration which was only used if the % recovery of the 

standard curve was between 80-120%.  

 

2.2.14 Haemostasis measurements 

 

Mice were weighed and anesthetised with 2 μl of working anesthetic/analgesia per g 

of body weight. The tail was cut off at 2 mm from the tip and immediately immersed 

in 37°C PBS. Bleeding time was monitored until it stopped for one minute for a 

period of up to 10 minutes. 

 

Working anesthetic/analgesia: 1 part MTB, 1 part 100 mg/ml Anesketin (anesthetic) 

and 2 parts 1 mg/ml Dormitan (analgesic) 

 

2.2.15 Flow cytometer setup and calibration 

 

To set up the LSRFortessa flow cytometer, the machine was first cleaned with BD 

FACSclean, BD FACSRinse fluid then Mili-Q water for 5 minutes. To set up a 

baseline, one drop of setup and tracking (CS&T) beads was added to 250 µl of 

FACS flow in a FACS tube, mixed thoroughly and a baseline was set up. Prior to 

each experiment, the machine was cleaned and CS&T was passed utilising CS&T 

beads. The machine was cleaned with FACSclean, FACSRinse and Mili-Q for 10 

minutes before shut down. 
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2.2.16 Flow cytometric analysis of platelet surface receptors 

 

5 µl of PRP containing platelets at 3 x 108/ml, 40 µl of MTB and 5 µl of FITC-GPVI 

or FITC-CD41 or FITC-CD42b or FITC-CD49b was added to a FACS tube. 0.1 U/ml 

thrombin was used for stimulated samples with a final reaction volume of 

consistently 50 µl and samples were mixed thoroughly. This was incubated at 37°C 

for 20 minutes then 450 µl of MTB was added. The samples were immediately read 

in an LSRFortessa flow cytometer using FACSDiva (BD) with 444 V FSC, 290 V 

SSC, 474 V FITC, 526 V PE & 5000 FSC threshold. The platelets were gated and a 

bisector gate was added at 2.5% of the negative control to measure the percentage 

of platelets positive for a particular receptor. Values were expressed as median 

fluorescent intensity. 

 

2.2.17 Flow cytometric analysis of αIIbβ3 activation and secretion 

 

5 µl of PRP at 3 x 108/ml, 40 µl of MTB and 5 µl of PE-JONA, FITC-P-selectin, and 

APC-cy7-APC was added to a FACS tube which measure active integrin αIIbβ3, 

alpha granule secretion and dense granule secretion, respectively. 10 µM of Gly-

Pro-Arg-Pro-NH2 peptide (Sigma) was used and agonists including thrombin, CRP, 

ADP and U46619 were used to stimulate platelets. The final reaction volume of 

consistently 50 µl and samples were mixed thoroughly. This was incubated at 37°C 

for 20 minutes then 450 µl of 1x BD fix/lyse buffer was added to fix the platelets. 

The samples were immediately read in an LSRFortessa flow cytometer with 440 V 

FSC, 297 V SSC, 480 V FITC, 534 V PE, 562 V APC-cy7 & 2500 FSC threshold. 

The platelets were gated and a bisector gate was added at 2.5% of the basal control 

to measure the percentage of platelets positive for a particular receptor. 

Compensation was performed from single antibody control reactions using FlowJo 

V10. Values were expressed as median fluorescent intensity. 
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2.2.18 Flow cytometric analysis of platelet size 

 

5 µl of platelets at 5 x 108/ml and 495 µl of MTB were added to a FACS tube. The 

samples were immediately read in an LSRFortessa flow cytometer, the platelets 

were gated and 444 V FSC 290 V SSC & 1000 FSC threshold was used. The FSC-

H and FSC-A were recorded 

 

2.2.19 cAMP ELISA 

 

180 µl of murine platelets at 2 x 108/ml were pre-warmed at 37°C then treated with 

either 100 nM or 3 mM PGI2 for 3 minutes or left untreated (final volume was 

consistently 200 µl). Phosphodiesterase inhibitors were not used, Samples were 

lysed with 22 µl of lysis buffer and frozen at -20°C and then a non-acetylated cAMP 

enzyme9-linked immunoassay (Amersham cAMP Biotrak System, GE Healthcare, 

RPM 2251) was performed using the manufacturer‟s instructions Amersham cAMP 

Biotrak Enzyme immunoassay (EIA) System (GE Healthcare, RPM 2251).. 

 

2.2.20 Determination of pVASP/pMLC levels 

 

80 µl of murine platelets at 1 x 109/ml were pre-warmed at 37°C then treated with 

either 100 nM PGI2 for minutes, 5 nM PGI2 for minutes or 100 nM PGI2 for minutes 

followed by 0.1 U/ml thrombin for 3 minutes at 37°C or left untreated (final volume 

was consistently 100 µl). The reaction was stopped by the addition of 25 µl of 5x 

Laemmli buffer, samples were boiled at 95oC for 5 minutes and subjected to SDS-

PAGE/Western blot on 12% acrylamide gels. 

 

2.2.21 Apoptosis 

 

Apoptosis was induced in platelets by three methods:  

a) Incubating 1 x 109/ml platelets at 37°C with 6 RPM rotation for 28 hours.  
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b) Incubating 1 x 109/ml platelets with 1, 2 or 5 U/ml thrombin for 15 minutes at 37°C. 

c) Incubating 1 x 109/ml platelets with 10 µm A23187 for 15 minutes at 37°C.  

5x Laemmli buffer was then added to the samples which were boiled for 5 minutes 

at 95°C then subjected to SDS-PAGE/WB. 

 

2.2.22 Statistical analysis 

 

Data are presented as average ± standard error (SE) (unless standard deviation (SD) 

is indicated in the figure legend). Normality was tested using Shapiro-Wilk‟s test and 

statistics were performed using appropriate non-parametric (Mann Whitney-U, 

Wilcoxon or Kruskal-Wallis) or parametric tests (paired t-test, unpaired t-test or 

ANOVA) in Graph Pad Prism V 6. P values < 0.05 were considered significant. * = p 

≤ 0.05, ** = p ≤ 0.01, *** = p ≤ 0.001 unless otherwise specified in the respective 

figure legend. 
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3. Chapter 3 – Characterisation and localisation of coronins in platelets 

 

 

3.1 Aims 

 

 Investigate the presence and abundance of different coronin proteins in 

human and mouse platelets 

 Validate the specificity of anti-coronin 1, 2, 3 and 7 antibodies 

 Investigate the association of coronins to the membrane, F-actin cytoskeleton 

and lipid rafts using biochemical approaches including subcellular 

fractionation and insoluble pellet fractionation 

 Characterise the cellular localisation of coronins and putative interacting 

proteins using immunocytochemical approaches 

 

3.2 Results 

 

 

3.2.1 Characterisation of anti-coronin antibodies on human proteins 

 

Coronins 1, 2 and 3 have a similar structure (McArdle & Hofmann, 2013). Antibodies 

specific to these coronins were used extensively throughout the project. Therefore 

their specificity was tested thoroughly. Plasmids encoding Myc-tagged human 

coronins 1, 2 and 3 were transfected into HEK cells, the proteins were expressed 

and the lysates were probed first for the Myc tag (Figure 3.2.1A), then for coronin 1 

(Figure 3.2.1B & Figure 3.2.1C), coronin 2 (Figure 3.2.1D) and coronin 3 (Figure 

3.2.1E). All three coronins probed positive for Myc in the coronin samples and 

negative in the untransfected control demonstrating that the transfection and 

expression was successful, The extra band above coronin 1 detected with the anti-

Myc antibody could be due to coronin 1 with post translational modification or 

unspecific staining of a non-coronin protein (Figure 3.2.1A). 
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Probing for coronin 1 (ab72212) resulted in a strong band slightly above the 

55 KDa marker in the coronin 1 lane. Coronin 1 is 56 KDa and the Myc-tag is 9 KDa 

so this will be approximately the correct size for the fusion protein. The 

untransfected control resulted in an extremely faint band corresponding to 

endogenous to coronin 1 in HEK cells (Figure 3.2.1B). Coronin 1 (ab56820) 

resulted in very similar results but without the endogenous band, probably due to 

lower exposure (Figure 3.2.1C). 

Coronin 2 probing picked up a strong band for coronin 2 in the coronin 2 lane 

between the 55 and 72 KDa markers. There are also faint bands for smaller, non-

tagged, endogenous coronin in the other lanes (Figure 3.2.1D).  

Probing with the coronin 3 hybridoma supernatant (K6-444) identified up a 

strong band for coronin 3 slightly above the 55 KDa marker. Faint bands for smaller, 

non-tagged, endogenous coronin 3 are visible in the other lanes (Figure 3.2.1E). In 

summary, these results demonstrate that the antibodies which were tested reacted 

specifically to each coronin. 
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Figure 3.2.1 - Characterisation of anti-coronin antibodies (human) 
Plasmids containing human coronins 1, 2 or 3 were transfected into HEK cells and 
Myc-tagged proteins were expressed except in the untransfected control. ~20 µg of 
lysate from each sample were subjected to SDS-PAGE, blotted onto PVDF and 
probed with antibodies for Myc (A), coronin 1 (ab72212) (B), coronin 1 (ab56820) 
(C), coronin 3 (ab99402) (D) and coronin 3 (K6-444) followed by incubation with 

anti-rabbit 680 nm or anti-mouse 800 nm secondary Licor antibodies. Membranes 
were imaged using a Licor with Image Studio (V 5.2). Hs = human, 
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3.2.2 Characterisation of anti-coronin antibodies on mouse platelets 

  

Similarly to the human coronins above, antibodies were tested against murine 

coronin proteins. Plasmids encoding murine coronins 1-3 fused to a Myc tag were 

expressed in HEK cells and the HEK lysates probed by Western blot. The Myc tag 

demonstrated the presence of the tagged protein slightly above the 55 KDa marker, 

with the absence of the tag in the untransfected (negative) control (Figure 3.2.2A). 

Likewise, coronin 1 was detected using the relevant coronin 1 antibodies on 

transfected cell lysates (Figure 3.2.2B & C). Endogenous coronin 1 should be 

present in the untransfected lanes and lanes transfected with plasmids for coronins 

2 and 3 but the bands are probably under the detection limit of the exposure used. 

A relatively strong band for coronin 2 was detected using the relevant antibodies on 

transfected cell lysates with expected weaker bands demonstrating the presence of 

endogenous coronin in untransfected samples and samples transfected with 

coronins 1 or 3 (Figure 3.2.2D & E). 

Likewise, a relatively strong band for coronin 3 was detected using the anti-

coronin 3 hybridoma supernatant on transfected cell lysates with weaker bands 

demonstrating the presence of endogenous coronin 3 in untransfected samples and 

samples transfected with coronins 1 or 2 (Figure 3.2.2F).  

Both of the coronin 1 antibodies seem to perform similarly, although at the 

time of writing, the Abcam (ab56820) antibody is discontinued (Figure 3.2.2B & C). 

The anti-coronin 2 Abcam (ab99402) antibody seems to produce a more intense 

band and perform better than the Bethyl Laboratories (A301-317A) anti-coronin 2 

antibody (Figure 3.2.2D & E), which was considered inadequate for reliable 

quantification in future experiments with platelets. 
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Figure 3.2.2 - Characterisation of anti-coronin antibodies (mouse) 

HEK cells were untransfected or transfected with plasmids containing Myc-tagged 
murine coronin 1, 2 or 3. ~20 µg of lysate from each sample was subjected to SDS-
PAGE, blotted onto PVDF, incubated with antibodies for Myc (A), coronin 1 
(ab56820) (B), coronin 1 (ab72212) (C), coronin 2 (A301-317A) (D), coronin 2 
(ab99402) (E), or coronin 3 (K6-444) (F), then incubated with anti-rabbit 680 nm or 
anti-mouse 800 nm secondary Licor antibodies. Membranes were imaged using a 
Licor with Image Studio (V 5.2). Mm = mouse, Rb = rabbit. 
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3.2.3 Coronins 1, 2, 3 and 7 are expressed in human and murine platelets 

 

The review of transcriptomic (Figure 1.19) and proteomic literature revealed coronin 

1, 2, 3 are abundant and coronin 7 is present at low levels, in human (Burkhart et al., 

2012) and mouse platelets (Zeiler et al., 2014) (Figure 1.20). Western blots were 

performed to confirm their presence in human and murine platelets. Coronin 1 and 3 

were present in appropriate control tissues and cells. Strong bands were observed 

for coronin 1, 2 and 3 in both mouse and human platelets. Coronin 7 was present in 

the brain control tissue and present in both human and mouse platelets albeit as an 

extremely faint in human platelets (Figure 3.2.3A) which was greatly enhanced to 

become obvious (Figure 3.2.3B). GAPDH was used as a loading control (Figure 

3.2.3A). Coronin 2 was not probed in control tissues and cells as this antibody was 

acquired at a later date after the relevant lysates were no longer available These 

results confirm the proteomic results that coronins 1-3 are abundant and coronin 7 

present, in both human and murine platelets. 

As reported in Section 1.3.10, there have been no reports of the presence of 

coronin 6 mRNA in human or coronin 5 mRNA mouse platelets. However, human 

coronin 4 and 5 and murine coronin 4 and 6 mRNA have been found at extremely 

low levels (Rowley et al., 2011), which were far below the sensitivity of most 

experiments reported (Appendix 8.1.3).   

As reported in Section 1.3.10, even in the most sensitive experiments, there 

have been no reports of coronins 4-6 proteins present in human platelets (Burkhart 

et al., 2012) or murine platelets (Zeiler et al., 2014). Coronins 4-6 are outside the 

scope of the project and no suitable antibodies were available so the lysates were 

not probed for them. 
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Figure 3.2.3 – Expression of coronins in platelets, tissues and cell line lysates 
(A) Human and murine platelets at 1 x 109 were lysed 1:1 with 1% triton in PBS. 
Tissues (brain, heart and spleen) were lysed 1:1 in RIPA buffer, homogenised with 
a 2 ml Dounce homogeniser on ice, subjected to centrifugation at 2000 xg for 10 
minutes at 4°C and the supernatant was collected. Samples were diluted in PBS 
and a BCA protein assay was used to measure protein concentration. 20 µg of 
protein for coronin 1, 2, 3, 7 and GAPDH, was subjected to SDS-PAGE then blotted 
onto PVDF membrane which was incubated with antibodies for the indicated 
proteins followed by anti-rabbit 680 or anti-mouse 800 secondary Licor antibodies. 
Membranes were imaged utilising Licor with Image Studio (V 5.2). GAPDH was 
used as a loading control. (B) Coronin 7 was greatly enhanced with ImageJ by 

setting the minimum and maximum intensity values at 178 and 225 respectively, 
equivalent to linearly decreasing the brightness and increasing the contrast. GAPDH 
= Glyceraldehyde 3-phosphate dehydrogenase; HEK = Human embryonic kidney; 
HT29 = Human colorectal cell line. 
 

3.2.4 Coronin 1 and 3 associate with the Triton X-100 insoluble pellet in 

human platelets 

 

Coronins 1, 2 (Cai, Makhov, et al., 2007) and 3 (Chan et al., 2012) are known to 

bind to F-actin and regulate the actin cytoskeleton (Gandhi & Goode, 2008). As F-

actin is insoluble in Triton X-100, platelets in basal or activated states at various 

time points can be lysed, fractionated and subjected to SDS-PAGE/WB the extent of 

association of proteins (in this case coronins) with F-actin (Asyee et al., 1987; Fox 

et al., 1993; Tardieux et al., 1998).  

It has previously been reported from insoluble pellet fractionations that 

coronin 1 associates with F-actin in the supernatant and the pellet in low speed (LS) 
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(15,600 xg) insoluble fractionation and latrunculin treatment reduces the amount of 

coronin 1 in the pellet. This suggests the ability of coronin 1 to associate with the LS 

pellet, where cross-linked F-actin filaments are, is dependent F-actin polymerisation. 

Coronin 1 associates with only the pellet and not the supernatant in high speed (HS) 

(100,000 xg) insoluble pellet fractionation where small F-actin filaments or lipid rafts 

reside, and this is unchanged by latrunculin treatment, demonstrating this is 

independent of F-actin polymerisation. Profilin was reported in the supernatant as 

expected by a monomeric binding protein. CD36 was reported in all fractions, 

indicating the presence of membrane components, possibly from lipid rafts (Riley et 

al., 2019). 

First, aggregation by stimulation was performed to confirm the agonist dose 

which would result in a strong platelet response (Appendix 8.1.2). Coronin 1 and 3 

were both found to associate with F-actin in human platelets. The levels of coronin 1 

and 3 bound to F-actin increased concurrently with the levels of F-actin which 

increased over time due to actin polymerisation, induced by thrombin stimulation 

(Figure 3.2.5A). 0.1 U/ml thrombin was used as it is a high dose which also causes 

aggregation of over 80% after 5 minutes of stimulation (Appendix 8.1.2A). The F-

actin was significantly higher than basal at 15 seconds and continued to increase 

until 45 seconds at which stage it plateaued. Coronin 1 and 3 both increased, 

becoming statistically significantly higher than the basal at 45 seconds at which 

stage coronin 1 plateaued but coronin 3 continued to increase until 180 seconds 

(Figure 3.2.5A). 

Upon stimulation with 50 µg/ml collagen, which causes ~90% aggregation 

within 5 minutes (Appendix 8.1.2B), the levels of coronin 1 and coronin 3 again 

increased as the F-actin also increased due to their association. The increase was 

slower with the peak F-actin increase significant at 45 as opposed to 15 seconds 

with thrombin, and peaking at around 60 seconds as opposed to 45 seconds with 

thrombin (Figure 3.2.5B). The levels of coronin 1 and 3 bound to F-actin also 

increased slower with coronin 3, becoming significantly higher than the basal at 45 

and 15 seconds, respectively The coronin 3 increase appeared faster in the 

collagen treated samples compared to the thrombin treated samples (Figure 
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3.2.4B), but this could be due to the considerable variation from this particular 

experiment rather than due to an agonist-specific phenomenon. This demonstrates 

that coronin 1 and 3 associate with F-actin in platelets and that their associate is 

closely linked to the amount of F-actin present. 

A similar result to coronins 1 and 3 was observed with coronin 2, however the 

inter-experimental variation was high and the protein bands appeared degraded so 

the quantification was less reliable (Appendix 8.1.1).  

 

A 

 

 
B 

 

 

 
Figure 3.2.4 – Coronin 1 and 3 associate with the Triton X-100 insoluble pellet 
in human platelets 
(A) 1 x 109 µl of washed human platelets were stimulated with 0.1 U/ml thrombin or 
50 µg/ml collagen then lysed at 0, 15, 30, 45, 60, 120 or 180 seconds in Triton X-
100 lysis buffer. The Triton insoluble pellets were prepared by centrifugation at 
15,600 × g for 15 minutes at 4°C then subjected to SDS-PAGE/WB and probed 
using the indicated antibodies. (B) Densitometry values are mean ± SEM for 3–7 
experiments *p < .05, **p< .01, ***p < .001 relative to basal. Unpaired t-test. (The 
data for coronin 1 upon thrombin treatment was in collaboration with Jawad Khalil). 
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3.2.5 Coronin 1 associates with the Triton X-100 insoluble pellet in 

murine platelets 

 

After proof of principle utilising human platelets, the Triton X-100 insoluble pellet, 

was also performed with WT murine platelets. As with human platelets (Riley et al., 

2019), a proportion of coronin 1 was found in the LS pellet, with most of the coronin 

in the supernatant fraction. Upon HS fractionation coronin 1 was found in the pellet 

but not in the supernatant, indicating association with F-actin (Figure 3.2.5A) 

 A similar response to human platelets was also observed with β-actin and 

coronin 1 upon treatment with 0.1 U/ml thrombin or 25 µg/ml collagen when 

compared to human platelets (Figure 3.2.5B). Murine platelets were also subjected 

to Triton X-100 insoluble pellet after latrunculin treatment. Due to resource 

restrictions this was performed once and the raw densitometry values were plotted 

as the results with latrunculin, compared to without latrunculin, was considered 

binary. The treatment resulted in extremely small levels of detectable coronin 1 and 

β-actin in the pellet (Figure 3.2.5C). This provided further evidence that coronin 1 is 

associated with F-actin in platelets. 
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Figure 3.2.5– Coronin 1 associates with triton X-100 insoluble pellet in murine 
platelets 
Similarly to Figure 3.2.4, murine platelets were subjected to Triton X-100 insoluble 
pellet fractionation (A). Murine platelets were stimulated with 0.1 U/ml thrombin or 
25 µg/ml collagen then lysed at 0, 15, 30, 60, 120 or 180 seconds in 1% Triton X-
100 lysis buffer. The Triton insoluble pellets were prepared by centrifugation at 
15,600 × g for 15 at 4°C, subjected to SDS-WB and probed using the indicated 
antibodies. Densitometry values are mean relative to basal ± SEM for 5–7 
experiments Unpaired t-test (B). Murine platelets were subjected to incubation with 

20 µM latrunculin A at 37°C for 30 minutes prior to stimulation with 0.1 U/ml 
thrombin and then subsequent fractionation and SDS-PAGE/WB.  Raw 
densitometry values are displayed. n = 1 as the analysis was considered binary. 
The average values of 2 basals per condition were plotted (C). Lat = latrunculin; T = 

thrombin; C = collagen; Lys = lysate; HS = High speed; LS = Low speed. 
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3.2.6 Human coronin 1 and 3 are cytosol and membrane associated but 

do not translocate to or from the platelet membrane  

 

Approximately one-third of coronin 1 is membrane associated in platelets (Riley et 

al., 2019). It has been suggested that coronin 1 can translocate to or from the 

membrane upon stimulation by isoproterenol in Mel JuSo (melanoma) cells 

(Jayachandran et al., 2014). To investigate whether exposure to various platelet 

agonists and inhibitors would affect coronin membrane-association or translocation, 

human platelets were treated in suspension with either 0.1 U/ ml thrombin, 50 μg/ml 

collagen, or 100 nM PGI2 (Figure 3.2.6A & B), or thrombin followed by PGI2 or PGI2 

followed by thrombin treatment (Figure 3.2.6D). The platelets were then subjected 

to lysis, then membrane/cytosol fractionation followed by SDS-PAGE/WB and then 

were probed for coronin 1 (Figure 3.2.6C) and coronin 3 (Figure 3.2.6B). 

Membranes were analysed and the coronin was measured relative to β3 integrin. 

No significant changes in the proportion of coronin 1 in the membrane were 

observed upon any of the treatments. This suggests that coronin 1 or 3 do not 

translocate between the membrane and cytosol in platelets upon stimulation or 

inhibition.  
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Figure 3.2.6 – Membrane/cytosol fractionation of human platelets 

200 μl of washed human platelets at 1 × 109/ml were treated with 1 mM EGTA, 10 
nM indomethacin and 2 U/ml apyrase for 20 minutes at 37°C to prevent 
aggregation. They were then treated with either 0.1 U/ml thrombin, 50 µg/ml 
collagen or 100 nM PGI2 for 1 min (A), or 0.1 U/ml thrombin for 1 min followed by 
100 nM PGI2 for 1 min, or 100 nM PGI2 followed by 0.1 U/ml thrombin for 1 min (D) 
at 37°C prior to lysis and subcellular fractionation to separate the membrane and 
cytosol. Fractions were normalised by volume and subjected to SDS-PAGE/WB 
then probed for coronin 1 and 3. β3 Integrin and GAPDH were used as membrane 
and cytosolic markers, respectively. The phosphoproteins pMLC-S19 and pVASP-
S157 were used as markers of thrombin/collagen stimulation or PGI2-induced 

inhibition, respectively (A & D). Membrane-associated coronin 3 (B) and 1 (C) were 
quantified by densitometry, normalised to β3 integrin and expressed relative to the 
respective coronin in the basal membrane fraction. Data is mean ± SEM of 3–6 
experiments. No significant differences were found relative to basal for any coronin 
(Kruskal-Wallis tests). T = thrombin, C = collagen. 
 

 

 



136 
 

3.2.7 Coronins 1 and 2 both form complexes with ARPC2 and Gαs 

 

Coronin 1 (Appleton et al., 2006; Humphries et al., 2002; Ojeda et al., 2015) and 2 

(Cai, Marshall, et al., 2007) have been reported to bind to F-actin and the Arp2/3 

complex to regulate its activity. Gαs binds with coronin 1 in neurons as 

demonstrated by IP and surface plasmon resonance (SPR) (Jayachandran et al., 

2014). Gαs is also important for platelet inhibition signalling by PGI2 through IP 

(Broos et al., 2011).  Immunoprecipitation (IP) provides some evidence that proteins 

may bind together or associate in a complex. An IP using an anti-coronin 1 antibody 

was performed in human platelets and strong bands were apparent for coronin 1, 

ARPC2 and Gαs which are almost absent in the unspecific IgG negative control. 

This provides some evidence there may be specific binding of ARPC2 and Gαs to 

coronin 1. The presence of heavy chain bands originate from the secondary 

antibody binding to the denatured antibody on the membrane, and prove that the 

pellet containing the beads was not entirely washed away. The wash SN bands 

provide further evidence that proteins are binding to the anti-coronin antibody rather 

than to the unspecific IgG as the bands for coronin 1, Gαs and ARPC2 are fainter 

on the IP compared to the control (Figure 3.2.7A). This gives evidence that coronin 

1 may bind or form a complex specifically with Gαs and ARPC2 in platelets.  

Coronin 2 behaved similarly to coronin 1. Strong bands were found in the 

coronin 2 IP for coronin 2, ARPC2 and Gαs with almost no signal in the unspecific 

IgG, indicating specificity. The specific binding can be further demonstrated as the 

amount of protein in the Wash SN in lower in the specific IP than the unspecific IgG, 

again indicating specificity (Figure 3.2.7B). This not only provides evidence that 

coronin 2 may bind or form a complex with Gαs and ARPC2, but also suggests 

possible redundancy between coronin 1 and 2 in platelets. 

Coronins 2 and 3 were found to co-IP together (Figure 3.2.7B). This 

association has previously been reported with reciprocal IPs (Abella et al., 2016). 

This may provide evidence of the possibility of redundancy between the coronins. 
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Figure 3.2.7 - Immunoprecipitation of coronins 

420 μl of human platelets suspensions at 1 x 109/ml (~500 μg) were lysed 1:1 with 

lysis buffer, for 30 minutes on ice, incubated overnight with an 0.5 μg of indicated 
unspecific or an indicated specific antibody at 4°C with rotation at 6 RPM, 

incubated with pre-equilibrated beads for 1 hour at 4°C with 6 RPM rotation, then 
boiled for 5 minutes at 95oC in WB denaturing/loading buffer and subjected to 
SDS-PAGE/WB. Membranes were probed with anti-coronin 1 or anti-coronin 2 
antibodies overnight followed by a light chain specific HRP-conjugated secondary 
antibody for 1 hour at RT then developed with film. Then the membranes were 
incubated wth the other indicated primary antibodies overnight at 4°C, followed by 
anti-rabbit or anti-mouse HRP or anti-rabbit (800 nm) or anti-mouse (680 nm) 
(Licor) secondary antibodies for 1 hour at RT. IPs were performed with an anti-
coronin 1 antibody (A) and an anti-coronin 2 antibody (B). Mm = mouse; Rb = 
rabbit and refers to the species from which the antibody used to probe originated. 
 

3.2.8 Coronin 1 localises at actin nodules 

 

To ascertain coronin 1 function in relation to F-actin in platelets, it is important to 

examine where in the platelet it localises in various conditions. As an F-actin binding 

protein, coronin 1 regulates it‟s turnover (Gandhi & Goode, 2008) and plays roles in 

both the membrane and the cytosol (Pick et al., 2017). Coronin 1 and F-actin were 

stained in human platelets to investigate colocalisation. Coronin 1 appeared diffused 

around the cell, with stronger staining around the cortex of platelets in their basal 

state which were centrifuged onto poly-L-lysine (Figure 3.2.8A). On fibrinogen, 

coronin 1 appeared punctuated throughout the platelets with greater staining in the 

cell cortex. There appeared be a small increase in the punctuated coronin 1 staining 

along F-actin stress fibres. The coronin 1 staining along actin stress fibres was faint 
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on platelets spread on fibrinogen (Figure 3.2.8B) and very pronounced on collagen 

(Figure 3.2.8C).  

Actin nodules are regions of very dense F-actin and phosphorylated proteins 

(Poulter et al., 2015). There was very strong staining for coronin 1 at actin nodules 

on cells which were not fully spread on fibrinogen (Figure 3.2.8D) and also on cells 

which were treated with PGI2, which encourages the development of actin nodules.  

Vinculin (Mitsios et al., 2010; Poulter et al., 2015) and CAP1 (Joshi et al., 

2018) have  both previously been identified as markers of actin nodules. Coronin 1 

colocalises with F-actin and vinculin at the actin nodules, Coronin 1 also partially 

colocalises with F-actin at other areas including the cortex and throughout the 

cytoplasm (Figure 3.2.8D, F & G). Similar localisation was found with coronin 1 and 

CAP1 (Figure 3.2.8E). Taken together this is further evidence that coronin 1 binds 

F-actin and may have roles in actin remodelling in platelets at the cortex and actin 

nodules. 
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Figure 3.2.8 - Subcellular localisation of Coronin 1 
Human platelets were fixed in suspension and centrifuged onto poly-L-lysine (A), or 
spread on 100 µg/ml fibrinogen (B & D-F) or 100 µg/ml collagen coated coverslips 
(C), fixed and stained for indicated proteins. (E & F) Platelets were treated with 100 
nM PGI2 at 37°C for 5 minutes prior to fixation to increase the proportion of cells 
displaying actin nodules. Images were acquired with a fluorescence microscope 
with an apotome and deconvolved with Zen software. Magnified regions are 
indicated with a square. Arrows point at regions of interest: cell cortex (A & B), actin 
filaments (C) or actin nodules (D & E). Colocalisation plot of coronin 1, F-actin and 
vinculin produced using FIJI (ImageJ) (G). Arrowheads indicate coronin 1 at stress 
fibres (B). Scale bars = 5 µm. Scale bars on A applies to B, C and D non-magnified 
rows only. Scale bar on F = 2 µm. 
 

 

 

3.2.9 Coronins 2 and 3 colocalise with F-actin nodules 

 

The insoluble pellet experiment demonstrated that coronins 1 and 3 associate with 

F-actin. To investigate the distribution and F-actin association of coronins 1, 2 and 3, 

co-immunostaining experiments were performed similarly to that of the previous 

section. Coronins 2 and 3 were found to have a similar distribution pattern as with 

coronin 1 above. Coronins 2 (Figure 3.2.9A) and 3 (Figure 3.2.9D) demonstrated 

diffused staining on platelets centrifuged onto poly-L-lysine with stronger staining at 

the cortex. Coronins 2 (Figure 3.2.9B) and 3 (Figure 3.2.9E) were found to be 

punctuated through the cell, when spread on fibrinogen, with stronger staining 

localised with actin at the actin ring around the cell cortex. Like coronin 1, coronins 2 

(Figure 3.2.9C) and 3 (Figure 3.2.9F) also displayed strong staining at the actin 

nodules when partially spread on fibrinogen (Figure 3.2.9B, C & E). This indicates 

that coronin 1-3 all appear to localise with F-actin in a similar manner and possibly 

are redundant and all involved in F-actin turnover. 
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Figure 3.2.9 - Subcellular localisation of coronin 2 and 3 

Human platelets were fixed in suspension with PFA then centrifuged onto poly-L-
lysine (A, D), or were allowed to spread on 100 µg/ml fibrinogen coated coverslips 
(B, C, E, F). Cells were stained for the indicated proteins. Magnified regions are 
indicated with a square. Arrows point to cell cortex (A, B, D, E) or actin nodules (C, 
F). Scale bar = 5 µm. 
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3.2.10 Coronin 1 localisation is dependent on F-actin 

 

Coronin 1 localisation could be influenced by several factors several factors. To 

investigate if coronin 1 localisation depends on F-actin polymerisation or 

microtubule assembly/disassembly, they were disrupted with latrunculin or 

nocodazole, which bind to monomeric G-actin or β-tubulin respectively. 

 Similarly to the previous section, coronin 1 was found at the cell cortex in 

basal platelets which were centrifuged onto poly-L-lysine in the untreated control 

(Figure 3.2.10A). Upon latrunculin A treatment, the F-actin staining was greatly 

reduced as expected, demonstrating the treatment was successful. Coronin 1 

appeared more diffuse than in the basal, indicating latrunculin had an effect and that 

the distribution of coronin 1 is dependent on F-actin turnover (Figure 3.2.B). In 

contrast, nocodazole treatment had no effect on coronin 1 distribution, while 

displaying dispersed tubulin staining demonstrating microtubule successfully 

disrupted microtubule formation (Figure 3.2.C). This indicates the distribution of 

coronin 1 is specific to F-actin turnover, not tubulin. 
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Figure 3.2.10 - 
Coronin 1 localisation 
is dependent on F-
actin 

Human platelets were 
either stimulated with 3 
µM latrunculin A for 20 
minutes, 10 µM 
nocodazole for 20 
minutes or left in their 
basal state. Platelets 
were then centrifuged 
onto poly-L-lysine 
coverslips, fixed, 
permeabilised, then 
stained for the indicated 
proteins. Arrows 
indicate cell enlarged in 
next row. Scale bar = 5 
µm. (Performed in 
collaboration with 
Francisco Rivero) (Riley 
et al., 2019). 
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3.2.11 Coronins 1-3 partially localise together 

 

Individual immunostainings demonstrated that coronins 1 (Figure 3.2.8), 2 and 3 

localise to F-actin structures including the platelet cortex and actin nodules when 

spread on fibrinogen (Figure 3.2.9). To confirm coronins 1-3 and F-actin colocalise 

together, several stainings were undertook. Due to technical limitations, a maximum 

of 3 simultaneous stainings could be performed. Coronin 1, 2 and F-actin (Figure 

3.2.11A); coronin 1, 3 and F-actin (Figure 3.2.11B); coronin 2, 3 and F-actin 

(Figure 3.2.11C) were stained in platelets which were spread on 100 µg/ml 

fibrinogen. In addition to coronins 1-3 localising at F-actin nodules, they also appear 

to localise together at the cell cortex and actin nodules (Figure 3.2.11). As coronins 

1, 2 and 3 colocalise at actin nodules, they may have a similar function in that 

region. However coronins 1, 2 and 3 also appear to only partially colocalise at other 

areas, punctuated throughout the cell, indicating a lack of redundancy (Figure 

3.2.11). Taken together with the similar IP and fractionation results, this indicates a 

strong possibility of overlap of the roles of the coronins, but also a potential for 

unique roles.. 
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Figure 3.2.11 - 

Coronins 1-3 

localise 

together 

Platelets were 

spread on 100 

µg/ml fibrinogen 

and stained for 

coronin 1, 2 and 

F-actin (A); 

coronin 1, 3 and 

F-actin (B); 

coronin 2, 3 and 

F-actin (C). 

Arrows indicate 

regions of 

interest: cell 

cortex (upper 

panels), actin 

nodules (lower 

panels). Scale 

bar = 5 µm. 

B 

C 
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3.2.12 Coronin 1 colocalises with putative binding partners ARPC2 and 

Gαs 

 

Coronin 1 is known to bind F-actin and interact with the actin cytoskeleton 

regulators ARPC2 of the Arp2/3 complex and cofilin to regulate actin turnover at the 

leading edge of the cell (Gandhi & Goode, 2008). Coronin 1 is known to play roles in 

both the membrane and the cytosol. It is also known to bind to membrane 

components including Gαs (Jayachandran et al., 2014). Co-Immunostainings were 

performed on human platelets with coronin 1 and the putative binding partners of 

coronin 1 - Gαs and ARPC2 to examine if they colocalise. Coronin 1 appeared to 

colocalise with Gαs (Figure 3.2.12A) and ARPC2 very strongly at the cell 

cortex/membrane and sporadically throughout the cell (Figure 3.2.12B-C). This 

demonstrates that coronin 1 localises partially in the areas of Gαs and ARPC2 and 

they may interact. 
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Figure 3.2.12 – Coronin 1 colocalises with Gαs and ARPC2 
Human platelets were fixed in suspension with PFA and centrifuged onto poly-L-
lysine coated coverslips then stained for Gαs (A). Platelets were spread on 100 
µg/ml fibrinogen coated coverslips then stained for ARPC2 (B). Arrows point at 

regions of apparent colocalisation at the cell cortex. Scale bar is 5 µm. 
Colocalisation of coronin 1 and ArpC2 (C), produced using FIJI ImageJ. 
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3.2.13 Murine coronin 1, 2 and 3 localise with F-actin in platelets 

 

It is important to investigate if similar colocalisation patterns are found with proteins 

in murine platelets as well as human, because ultimately the protein would need to 

be removed, likely in murine platelets, to study its function further. Murine platelets 

spread less than human platelets on fibrinogen and so are often treated with 0.1 

U/ml thrombin to increase spreading (Thomas et al., 2016).  WT murine platelets 

were treated with 0.1 U/ml thrombin, spread on 100 ug/ml fibrinogen and stained for 

coronin 1, 2, 3 and F-actin to assess colocalisation (Figure 3.2.13). Similarly to 

Figure 3.2.8B and Figure 3.2.11, coronins 1, 2 and 3 in murine platelets also 

localise to F-actin structures, punctuated around the cortex of spread platelets and 

also where the granulomere is expected. Very limited localisation of coronins and F-

actin was found at stress fibres. Coronins 1, 2 and 3 demonstrate similar localisation 

patterns to each other (Figure 3.2.13) and also to human platelets (Figure 3.2.8B & 

Figure 3.2.11). As they colocalise to the same regions in humans and mice, they 

may perform similar roles in both species and potentially may also be redundant 

and compensate each other. 
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Figure 3.2.13 - Murine coronin 1, 2 and 3 localise with F-actin in platelets 

Murine platelets were stimulated with 0.1 U/ml thrombin, spread on 100 µg/ml 
fibrinogen-coated coverslips, fixed with PFA then stained for the indicated proteins. 
Images were acquired with a fluorescence microscope equipped with a structured 
illumination attachment (Apotome) and deconvolved (Zen). Scale bar = 5 µm. 

 

3.2.14 Murine coronin 1 is membrane and cytosol associated 

 

Previous work has demonstrated that approximately one third of coronin 1 is in the 

membrane of human platelets under basal conditions. Upon latrunculin treatment, 

which depolymerised all detectable membrane F-actin into G-actin, the majority of 

the coronin 1 which was in the membrane prior to latrunculin treatment remains in 

the membrane with the reduction not statistically significant (Riley et al., 2019). This 

demonstrates that in human platelets a proportion of the membrane-associated 

coronin 1 may not be F-actin associated.  
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This research was repeated in murine platelets, albeit with a lower power due 

to resource availability. Murine platelets, like human platelets, contain a proportion 

of coronin 1 in the membrane. Conversely to human platelets, treatment with 

latrunculin depolymerised most, but not all F-actin in the membrane. Another 

difference was that after latrunculin treatment, there was extremely little coronin 1 in 

the membrane (Figure 3.2.14). This suggests that coronin 1 plays a role in the 

membrane but the association of coronin with membrane F-actin greatly differs, 

therefore the role of membrane-associated coronin 1 may differ between species. 

 

A 

 
 

Figure 3.2.14 - Membrane/cytosol fractionation of murine platelets after 
latrunculin treatment 
Platelets at 5 x 108/ml were either treated with 30 μM latrunculin B for 20 minutes or 
left untreated. The platelets were then lysed, subjected to membrane/cytosol 

fractionation, then to SDS-PAGE/WB and probed for the indicated proteins.. β3-

integrin and GAPDH were used as membrane and cytosol markers, respectively. 
SN = supernatant. Lat B = latrunculin B. Two independent experiments were 
performed due to sample availability, therefore no statistics could be performed. 
 

3.3 Discussion 

 

Proteomic studies found that coronins 1-3 are abundant in human and mouse 

platelets, whereas only an extremely small amount of coronin 7 is present  (Figure ) 

(Burkhart et al., 2012; Zeiler et al., 2014). This mostly reflects transcriptomic data of 

the mRNA levels, with the exception of murine Coro1a, (Figure 1.20B), of which 

transcriptomic studies found low mRNA levels (Figure 1.20) (Rowley et al., 2011) 

but the protein is abundant (Figure 1.20B) (Zeiler et al., 2014). However, the levels 
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of mRNA in a platelet can be very misleading and often there is not a correlation 

between the levels of mRNA and the protein copy number (Zeiler et al., 2014). This 

is due to factors including mRNA turnover, and microRNAs (Huntzinger & Izaurralde, 

2011). In platelets there is not a strong correlation between mRNA levels and 

protein levels for most genes and proteins.  

This is the first study to show the presence of coronins 1-3 and 7 in human 

and mouse platelets by Western blot. Coronins 1-3 are abundant in human and 

mouse platelets, whereas only an extremely small amount of coronin 7 is present 

(Figure 3.2.3). This reflects proteomic reports on human (Figure 1.21A) (Burkhart 

et al., 2012) and murine coronins (Figure 1.21B). Both species demonstrated 

similar amounts of coronin 1 (Figure 3.2.3), as expected by proteomic studies 

(Figure 1.21A & B). Coronin 2 levels appeared slightly lower in murine platelets 

than human (Figure 3.2.3) despite proteomic studies predicting they would be 

similar (Figure 1.21A & B). This could be due to higher affinity of the antibody for 

human coronin 2 than murine, as it was raised against a fragment of human coronin 

2. Coronin 3 levels appeared higher in murine platelets compared to humans 

(Figure 3.2.3), as predicted by proteomic studies (Figure 1.21A & B). Very faint 

bands for coronin 7 were found in both species (Figure 3.2.3) which confirms the 

very low levels found in proteomic studies (Figure 1.21A & B).  

Coronin 7 is found at the Golgi apparatus and has been hypothesised to play 

roles in protein trafficking and not bind actin (Clemen, 2013) and therefore may be 

left over from the megakaryocyte with no functional role in mature platelets. 

However, recent studies have suggested coronin 7 may regulate actin turnover in 

concert with Cdc42 and N-WASP and its ablation leads to increased F-actin levels 

and a disrupted Golgi network (Bhattacharya et al., 2016). Coronin 7 levels in 

platelets are probably too low to be an important F-actin regulator. Attempts were 

made to blot for coronins 4 and 5 but many unspecific bands and background 

artefacts appeared, therefore the antibodies were deemed unreliable (data not 

shown). A suitable coronin 6 antibody could not be acquired. Taken together, the 

presence of coronins 1-3 and 7 can be confirmed in a manner reflective of the 

proteomic reports.  
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Coronins 1, 2 and 3  have similar structures, (McArdle & Hofmann, 2013) as 

detailed in Section 1.3.2. Coronin 1 and 3 are both the same size on a Western blot 

at around 56 KDa, with coronin 2 a bit bigger. To investigate each coronin 

separately, antibodies need to be specific to each coronin. Antibodies against 

proteins from coronin 1, 2 and 3 were tested and the antibodies appeared specific 

(Figure 3.2.1 & 3.2.2). Therefore coronins 1-3 can be specifically investigated. 

 

3.3.1 Coronin 1, 2 and 3 associate with F-actin and may regulate actin 

turnover 

 

Coronins 1 (Liu et al., 2006), 2 (Cai et al., 2007) and 3 (Rosentreter et al., 2007) 

have long been known to bind F-actin in various cell types, but have only recently 

been investigated in platelets. The ability of coronins 1, 2 and 3 to associate with the 

Triton X-100 insoluble pellet has not previously been reported. The fractionation 

revealed that coronins 1, 2 and 3 are F-actin associated in both human (Figure 

3.2.4) and murine platelets. Latrunculin treatment resulted in a lack of association of 

coronin 1 to the F-actin pellets in murine (Figure 3.2.5) and human platelets (Riley 

et al., 2019). Murine platelets were subjected to Triton X-100 insoluble pellet 

fractionation with a view to achieving higher power and then ultimately performing 

the fractionation with Coro1a-/- platelets, but this was not possible due to the high 

number of platelets required and resource limitations.  

Detailed immunocytochemistry studies of coronins 1, 2, 3 with their putative 

binding partner, F-actin, have not previously been reported. Detailed 

immunostainings revealed that under basal conditions, in platelets centrifuged onto 

poly-L-lysine, coronin 1, 2 and 3 distribution appears mostly dispersed with stronger 

staining at the cortex. When spread on fibrinogen, the distribution is punctuated 

throughout the cell (Figure 3.2.11) with denser accumulation at F-actin nodules 

(Figure 3.2.8 & Figure 3.2.9), the cell cortex (Figure 3.2.11) and where the 

granulomere is expected (Figure 3.2.13). Coronins 1, 2 and 3 also colocalise 

together in platelets (Figure 3.2.11 & Figure 3.2.13). ARPC2 of the Arp2/3 complex 
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is also very apparent at the cortex of spread platelets where it may interact with 

coronin to regulate actin branching.  

Novel IPs on platelet lysates also revealed that coronins 1 and 2 associate 

with ARPC2. Coronin 3 was picked up in an IP for coronin 2 (Figure 3.2.7) which 

has been reported in HeLa cells (Abella et al., 2016), however this may be because 

they both bind ARPC2, rather than binding each other. An IP for coronin 3 was 

attempted but the unspecific IgG control was not clean and optimisation of this IP 

was not pursued due to time constraints and competing priorities. The Triton X-100 

insoluble pellet also found an association between coronins 1-3 and F-actin which 

increased over time due to stimulation with an agonist (Figure 3.2.4). The F-actin 

polymerisation inhibitor, but not a tubulin inhibitor, prevented coronin 1 accumulation 

in the cell cortex. Taken together, this supports the role of coronins as F-actin 

binding proteins and regulations of the F-actin cytoskeleton in platelets.  

Cofilin has been reported to be mostly present in the supernatant of the 

insoluble platelet pellet fractionation with some present in the pellet. The levels 

present in the pellet are greatly reduced upon latrunculin treatment (Riley et al., 

2019). This is consistent with its role as an F-actin and monomeric actin binding 

protein. Cofilin is known to function in concert with coronin to sever F-actin filaments 

at the rear of the F-actin network to contribute to actin treadmilling (Gandhi & Goode, 

2008). As cofilin is also found at the cell cortex in platelets, (Falet et al., 2005) and 

displays a similar subcellular staining pattern to coronin 1, 2 and 3 (Figure 3.2.8 & 

Figure 3.2.9), it is likely that they would colocalise, especially in stimulated platelets. 

Unfortunately detailed analysis of colocalisation of coronin and cofilin was not 

possible due to time limitations.  

Both coronin 1 (Humphries et al., 2002) and coronin 2 (Cai, Marshall, et al., 

2007) have been reported to interact with the Arp2/3 complex and cofilin to regulate 

actin turnover (Gandhi & Goode, 2008). As coronins 1-3 colocalise in platelets and 

have similar roles, this suggests a potential for functional overlap and thus 

redundancy within the three coronins. 

The amount of immunostainings simultaneously performed on platelets was 

initially limited and was optimised through experiments until three stainings could be 
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performed simultaneously. Unfortunately 4 could not be performed to visualise 

coronins 1, 2, 3 and F-actin on the same platelet. Future steps to demonstrate 

association and colocalisation of coronins 1, 2 and 3 to their putative binding 

partners ARPC2, Gαs, and cofilin may include using surface plasmon resonance, 

staining 5+ proteins simultaneously, utilising proximity ligation assay  or super 

resolution microscopy. 

 

3.3.2 Coronin 1 remains membrane associated independently of F-actin 

association and platelet stimulation 

 

Previous studies have shown that in J774 macrophages 20% of coronin 1 is 

membrane bound (Gatfield et al., 2005) and in HEK 293 cells a proportion of 

coronin 3 is membrane associated (Spoerl et al., 2002). Membrane/cytosol 

fractionation of human platelets revealed that coronin 1 is mostly present in the 

cytosol but approximately one third is membrane-bound (Riley et al., 2019). No 

translocation to or from the membrane, upon stimulation, could be detected by 

Western blot for either coronin 1 or 3 (Figure 3.2.6). Membrane/cytosol fractionation 

of coronin 2 was not pursued due to poor antibody performance and degradation of 

coronin 2. It has previously been reported that latrunculin treatment of human 

platelets resulted in a small proportion of coronin 1 remaining membrane-bound 

(Riley et al., 2019). This suggests potential roles for coronin in the platelet 

membrane in a manner not associated to F-actin.  

Coronin 1 is known to bind membrane-bound components including Gαs 

(Jayachandran et al., 2014) and β2 integrin (Pick et al., 2017), which are both 

present in platelets (Burkhart et al., 2012; Piguet et al., 2001). Gαs is a subunit of 

heterotrimeric G proteins involved in the cAMP/PKA (Jayachandran et al., 2014) 

and PGI2 signalling pathways (Rivera et al., 2009). Integrin β2 binds with CD11a to 

form an ICAM1 receptor (Pick et al., 2017), which may facilitate platelet-WBC 

interactions. Upon platelet stimulation with agonists or inhibitors and subsequent 

membrane/cytosol fractionation, coronin 1 remains partially membrane associated, 

suggesting roles at the membrane. Coronin 1 associates with Gαs in IPs (Figure 
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3.2.7), although a suitable β2 antibody for WB was not available to analyse that 

association. Future work should investigate the interactions between coronins and 

Gαs or β2. 

There are several factors which may facilitate coronin 1 to remain in the 

membrane including its ability to bind Gαs (Jayachandran et al., 2014), β2 (Piguet 

et al., 2001) or phosphatidylinositol 4,5-biphosplate (PIP2) (Tsujita et al., 2010). 

Taken together with the IP result, which demonstrated binding of coronin 1 to Gαs, 

there are potential roles for coronin 1 at the platelet membrane. The next chapter 

will explore some of these potential roles, among others including platelet 

responses and activation, utilising Coro1a-/- platelets. 

 

3.3.3 Coronin 1 is associated with functional membrane proteins 

 

Coronins 1-3 localise at actin nodules and the cell cortex (Figure 3.2.8, Figure 

3.2.9 & Figure 3.2.11) as well as with each other (Figure 3.2.11). They also 

colocalise with the markers of actin nodules – CAP1 and vinculin (Figure 3.2.8F), of 

which the latter is interestingly dispensable for platelet function (Mitsios et al., 2010). 

Coronins 1 and 2 also co-IP with ARPC2 and Gαs (Figure 3.2.7) and coronin 1 

appears to colocalise with ARPC2 and Gαs. Therefore it is possible that coronins 2 

and 3 also likely colocalise in with ARPC2 and Gαs. It is also possible that there is 

some redundancy in the coronins with regards to their interactions not only with F-

actin and ARPC2, but also Gαs. This report strengthens the view of complex 

functional overlap and redundancy among coronins in platelets which is an aspect 

to consider in future functional studies. 

It has previously been found that coronin 1 binds the G protein subtype Gαs in 

neurons to stimulate cAMP/PKA signalling. The ablation of coronin 1 is associated 

with a reduction in cAMP signalling leading to neurological and behavioural defects 

in mice (Jayachandran et al., 2014). As Gαs and cAMP signalling is involved in the 

PGI2 signalling pathway to inhibit platelets (Raslan & Naseem, 2014), it was 

hypothesised that ablation of coronin 1 may lead to a reduction in this pathway and 
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a reduction in the ability of PGI2 to inhibit platelets. This was investigated in the next 

chapter with Coro1a-/- platelets. 

To summarise, Coronins 1, 2, 3 are abundant and coronin 7 present in human 

and mouse platelets. They associate with the F-actin insoluble pellet and their levels 

increase over time with platelet agonist stimulation. They colocalise together at F-

actin rich structures including the cortex and actin nodules. Coronin 1 and 2 IP with 

ARPC2 and they likely play roles in F-actin turnover in platelets which would be 

consistent with their roles in other cells. Coronins 1, 2 and 3 are also present in the 

membrane fractions but do not translocate in response to stimulation and their 

association is in a manner independent of actin turnover. Coronins 1 and 2 

associate with Gαs and may associate with other membrane components and may 

play roles in their signalling. Some of these aspects will be investigated in the next 

chapter with Coro1a-/- platelets. 
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   4 Chapter 4 – The effects of coronin 1 ablation on murine platelets 

 

 

 

4.1 Aims 

 

 By utilising Coro1a-/- platelets from KO mice, to gain insight into the roles of 

coronin 1 in platelet function,  

 To assess potential compensation of the lack of coronin 1 by coronin 2 or 3 

 Investigate any possible defects in inhibitory signals (pVASP and cAMP) 

 To determine basal and stimulated receptor levels 

 Analyse αIIbβ3 activation and platelet secretion 

 Investigate the ability of Coro1a+/+ and Coro1a-/- platelets to spread on 

various matrices  

 

 

 

4.2 Results 

 

4.2.1 Genotyping of Coro1a+/+ and Coro1a-/- 

 

To analyse the function of a protein, one method is to remove the protein.  Coro1a-/- 

platelets were obtained from Coro1a-/- mice. Our lab received 10  Coro1a-/- mice on 

a C57BL/6 from our collaborator Jean Pieters, which had a deletion of Coro1a 

caused by an insertion mutation into exon 2 of the gene (Jayachandran et al., 2007). 

These mice were bred with Coro1a+/+ mice to produce Coro1a+/- mice which were 

then bred and their offspring were genotyped. A 333 bp band indicated a WT, a 

band just under the 500 bp marker indicated a KO mouse and a heterozygous 

mouse was identified by the presence of both bands (Figure 4.2.1). 
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Figure 4.2.1 - Genotyping of coronin 1 mutant colony 

A single band of 300-400 bp, ~500 bp or both bands indicated a Coro1a+/+, 
Coro1a+/+, or Coro1a+/+, mouse, respectively. The first row of labelling indicates 
the genotype of the template DNA and the second row indicates the type of 
reaction (WT or KO primer pair). bp = base pair. λ = Quick Load Purple 100 bp 
DNA ladder. 
 

 

 

 

4.2.2 Knock out of coronin 1 in platelets 

 

Platelet lysates from Coro1a+/+ and Coro1a-/- mice were probed for coronin 1 protein, 

the absence of which confirmed the protein was successfully knocked out. The 

heterozygous mice had approximately half the coronin 1 of the WT mice which was 

a statistically significant change (p = 0.0079) (Figure 4.2.2A & B). WT, KO and 

heterozygous murine platelets were also probed for coronin 3 to test for any 

compensation of coronin 3 due to deletion of coronin 1 ( A). The KO and 

heterozygous mice had no significant change in levels of coronin 3 relative to the 

WT demonstrating a lack of protein compensation by coronin 3 ( A & C). Attempts 

were made to blot for coronin 2 proteins to evaluate any compensation by that 

protein but the signal was too weak and impractical for accurate quantification. 
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A Figure 4.2.2 – Successful KO of 
coronin 1 in platelets 
A) Coro1a+/+, Coro1a-/- and Coro1a+/- 
murine platelet lysates were subjected 
to SDS-PAGE Western blot and probed 
for coronin 1 and 3. GAPDH was used 
as a loading control. B) The levels of 
coronin 1 were quantified. The KO 
demonstrated a total absence of 
coronin 1 and the heterozygous 
samples demonstrated a significantly 
different level of coronin 1 relative to the 
WT n = 5. C) The levels of coronin 3 
were quantified (n = 4). No statistically 
significant difference was found in 
coronin 3 protein levels between the 
three genotypes (Mann-Whitney U). * = 
p<0.05. GAPDH = Glyceraldehyde 3-
phosphate dehydrogenase. Data is 
mean signal relative to WT platelets ± 
SEM. 
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4.2.3 Coronin 1 ablation does not affect GPVI, CD41, CD42b and CD49b 

receptor levels 

 

Platelets contain several receptors, the levels of which can be altered by ablation of 

specific proteins (H Falet, 2017). These receptors include the collagen receptor 

GPVI, integrin αIIb (CD41) which makes αIIbβ3 for fibrinogen binding, GP1b 

(CD42b) which makes GP1b/IX/V for von Willebrand factor binding, and integrin α2 

(CD49b) makes makes α2β1 for collagen binding (Rivera et al., 2009). Murine 

Coro1a+/+ and Coro1a-/- platelets were analysed for the cell surface expression of 

the receptors GPVI, CD41, CD42b and CD49b under basal (n = 7) and stimulated 

conditions (n = 14) using flow cytometry. Thrombin-induced stimulation resulted in a 

significant increase of surface GPVI, CD41 and CD49b levels, and a significant 

decrease in CD42b levels for both Coro1a+/+ and Coro1a-/- platelets. The amount of 

experiments was higher for basal because after the initial basal data was collected, 

the effect of stimulation was investigated as an additional aspect and these 

experiments required a basal control. 

No statistically significant difference was observed in the basal or stimulated 

levels between the Coro1a-/- or Coro1a+/+ platelets (although the Coro1a-/- platelet 

basal levels were marginally higher) indicating Coro1a is dispensible for this trait 

(Figure 4.2.3). 
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Figure 4.2.3 - Flow cytometric analysis of cell surface receptors under 
basal and stimulated conditions 
Murine platelets were incubated with FITC conjugated antibodies specific to 
GPVI, CD41, CD42b or CD49b for 20 minutes at 37oC in either basal (B) or 
stimulated with 0.1 U/ml thrombin (T) conditions then analysed with flow 
cytometry. Unpaired t-tests or Mann-Whitney tests were used for parametric or 
non-parametric data, respectively, for WT to KO comparisons. Paired or t-test 
or Wilcoxon matched pairs tests were used for parametric or non-parametric 
data, respectively, for basal to stimulated comparisons. N = 7 – 14. Data is 
median fluorescence intensity ± SEM of n = 7-14.* = p < 0.05; ** = p < 0.01 p; 
*** = < 0.001. 
 

4.2.4 Integrin β2 translocation is impaired in Coro1a-/- platelets  

 

Integrin β2 (CD18) combines with CD11a to form LFA-1 (CD11a/CD18) and with 

CD11b  to form Mac-1 (CD11b/CD18). Coronin 1 has been identified as a regulator 

of β2 by interacting with its cytoplasmic tail (Pick et al., 2017). Platelets express 

increased integrin β2 levels on their surface upon thrombin-induced activation 

(Philippeaux et al., 1996). By utilising flow cytometry, the cell surface levels of 

integrin β2 examined and found to be similar at basal levels in Coro1a-/- and 
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Coro1a+/+ murine platelets. However the integrin β2 levels increased in the WT 

(paired t-test, p = 0.0010) but not the KO (paired t-test, p = 0.0630) upon stimulation 

and the difference between the stimulated WT and KO was significant (unpaired t-

test, p = 0.0039) indicating a defect in integrin β2 translocation (Figure 4.2.4A) and 

an obvious difference in the signal intensity count (Figure 4.2.4B & C). WT platelets 

which were treated with thrombin then centrifuged onto poly-L-lysine coated 

coverslips also demonstrate an increase in the translocation of β2 integrin to the cell 

surface that is impaired in Coro1a-/- platelets (Figure 4.2.D). This demonstrates β2 

translocation in platelets is dependent upon coronin 1. 
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 A 
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C 

 

Figure 4.2.4 – Thrombin induced Integrin β2 translocation is impaired in 
Coro1a-/- platelets 
Murine platelets were treated with PE-conjugated antibodies specific to integrin β2 
for 20 minutes at 37oC in basal or stimulated with 0.1 U/ml thrombin conditions then 
analysed by flow cytometry (A). The difference in intensity by count for a 

representative samples. Data is median fluorescence intensity ± SEM of n = 8-9. B 
= basal; T = thrombin stimulated. Unpaired t-tests were used for WT to KO 
comparisons. Paired or t-test were used for basal to stimulated comparisons. * = p 
< 0.05; ** = p < 0.005; *** = p < 0.001 (B). Murine platelets were stimulated in 

suspension with 0.1 U/ml thrombin, fixed with 4% PFA and centrifuged onto poly-L-
lysine coated coverslips. Permeabilisation was omitted and platelets were stained 
for β2 then Alexa568-coupled secondary antibody (red) with FITC-phalloidin for 
filamentous actin (green). Images were acquired with a fluorescence microscope 
equipped with an Apotome and deconvolved with Zen. Scale bar = 10 μm (C). 
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4.2.5 Coro1a+/+ and Coro1a-/- platelets have similar size 

 

Coro1a-/- mice have previously been reported to exhibit unaffected hematological 

parameters, including platelet counts, indicating that hematopoiesis is not 

affected.by the loss of coronin 1 (Foger et al., 2006). A difference in platelet size 

may lead to differences in other parameters such as receptor expression and 

spreading area. The platelet size of Coro1a+/+ and Coro1a-/- platelets was measured 

indirectly using mean forward scatter area (FSC-A) in flow cytometry which 

represents the of the height of the signal detected by PMT voltage of laser passing 

directly through the cells, multiplied by the mean time the cell took to flow through 

the laser beam. No statistically significant difference was found (unpaired t-test, p = 

0.7372) (Figure 4.2.5). 

 

 

Figure 4.2.5 - Flow cytometric analysis of platelet size 

Coro1a+/+ and Coro1a-/- platelets were analysed by flow cytometry in their unfixed 
state from PRP. An unpaired t-test was used to compare. Data is mean 
fluorescence intensity from FSC-A ± SEM for n = 18. 
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4.2.6 Flow cytometric analysis of platelet activation  

 

Integrin αIIbβ3 plays a central role in platelet function and when activated it has a 

high affinity for binding of platelets to fibrinogen and von Willebrand factor (Huang et 

al., 2019). The activation state of Coro1a+/+ and Coro1a-/- platelets were examined in 

basal conditions and upon stimulation by various agonists by utilising flow cytometry 

with JON/A which is the antibody specific for the activated form of integrin αIIbβ3 

(GPIIb/IIIa). The platelets responded to thrombin and CRP in a dose dependent 

manner. The thromboxane analog, U46619, and ADP provoked weak activation on 

their own but when used together acted in synergy to produce a strong response. 

There was no difference between the Coro1a+/+ and Coro1a-/- platelets for any of the 

conditions used (Figure 4.2.6A). This demonstrates that Coro1a is dispensable for 

αIIbβ3 activation. 

Alpha-granule secretion and dense-granule secretion occur upon platelet 

activation  (Golebiewska & Poole, 2015) and can be measured using antibodies 

specific to P-selectin expression (Figure 4.2.B) and CD63 (Figure 4.2.C), 

respectively. The platelets responded to the agonists in a dose dependent manner. 

ADP and U46619 had weak abilities to activate or induce secretion in platelets, 

however together they resulted in a synergistic effect. Coro1a+/+ and Coro1a-/- 

platelets responded similarly and no statically significant difference was found 

between them for any agonists tested (Figure 4.2.). This demonstrates that Coro1a 

is dispensable for platelet alpha and dense granule secretion 
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Figure 4.2.6 - αIIbβ3 activation, dense granule secretion and alpha granule 
secretion of Coro1a-/- platelets 
Coro1a+/+ and Coro1a-/- platelets were either untreated or treated with 0.1, 0.03, 
0.01 U/ml thrombin, or 10 or 1 μg/ml CRP. or 10 μM ADP, or 3 μM U46619 
(synthetic thromboxane analog), or 10 μM ADP with 10 μM U46619 and incubated 
with the corresponding antibody for 20 minutes at 37oC. Platelets were then fixed in 
1x BD fix/lyse buffer and data immediately acquired with a BD Fortessa. Single 
antibody compensation was performed with FlowJo. Normality was tested using a 
Shapiro-Wilk test with a p value over 0.05 considered parametric. Unpaired t-tests 
or Mann-Whitney tests were used to compare. Data represents the median 
fluorescence intensity ± SEM for JONA (αIIbβ3) n = 6-12; P-selectin n = 6-12; CD63 
n = 4-6.  
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4.2.7 Effect of Coro1a ablation on platelet aggregation 

 

Light transmission aggregometry is used to assess the ability of platelets to 

aggregometry which during haemostasis would stop bleeding (Petricevic et al., 

2013). Subtle defects in aggregation induced by low collagen doses were previously 

found in Coro1a-/- platelets by utilising impedance-based aggregometry on whole 

blood (Stocker et al., 2018). Washed murine Coro1a+/+ and Coro1a-/- platelets were 

subjected to light transmission aggregometry utilising  4 doses of thrombin, 4 doses 

of collagen and 3 doses of CRP. The percentage of aggregation and slope were 

measured and the platelets responded in dose-dependent manner. The Coro1a+/+ 

and Coro1a-/- platelets responded similarly to most agonists. Compared to WT, the 

Coro1a-/- platelets demonstrated a small but statistically significant higher 

aggregation percentage (unpaired t-test p = 0.0420) and slope (unpaired t-test p = 

0.0137) with only a high dose (0.1 U/ml) of thrombin (Figure 4.2.7A). No difference 

between the Coro1a+/+ and Coro1a-/- platelets was found in response to the lower 

doses of thrombin (Figure 4.2.A) or any of the doses of collagen (Figure 4.2.B) or 

CRP (Figure 4.2.C).  

 



168 
 

A 

 
B 

 
C 



169 
 

 
 

Figure 4.2.7 – Aggregation response of Coro1a+/+ and Coro1a-/- platelets 
Coro1a+/+ and Coro1a-/- platelets at 2 x 108 were subjected to aggregation at 1000 
RPM at 37oC in a Chrono-log aggregometer (Chronolog Instrument 490 + 4). On 
the left are representative aggregation traces and the bar graphs on the right show 
mean percentage of maximum aggregation within 5 minutes and also aggregation 
slope (ΔY/ΔX). Agonists used were 0.1, 0.05, 0.025 or 0.0125 U/ml thrombin (A), 
10, 5, 3 or 1 μg/ml collagen (B) or 10, 5 or 2.5 μg/ml CRP (C). Unpaired t-tests or 
Mann-Whitney tests, as appropriate, were used to compare genotypes. Data is 
mean ± SEM for n = 4 -10. 
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4.2.8 Coronin 1 is dispensable for haemostasis 

 

Upon vessel wall injury, bleeding is prevented by the formation of a platelet plug 

which involves aggregation of platelets (Lisman et al., 2005). To investigate the 

effects of Coro1a ablation on haemostasis in vivo, bleeding time measurements 

were performed. The bleeding time of coronin 1 WT and KO mice was assessed. 

No significant difference was found between the coronin 1 WT, KO or heterozygous 

animals (Kruskal-Wallis, p = 0.3860) (Figure 4.2.8). 2 heterozygous and 2 WT mice 

re-bled after initial cessation. This suggests that Coro1a is dispensable for 

haemostasis. 

 

 

 
 

Figure 4.2.8 - The effects of Coronin 1 ablation on haemostasis. 
Coro1a+/+, Coro1a-/- and Coro1a+/- mice were analysed for haemostasis using a tail 
bleeding assay. 2 mm of tail was removed the tail immersed in 37oC PBS then the 
time until the cessation of blood flow was measured. A Kruskal-Wallis test was 
used to assess significance. Data is mean time (minutes) ± SEM for n = 15. 
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4.2.9 Coronin 1 ablation does not affect spreading on various matrixes 

 

Functional actin cytoskeleton remodeling is critical for platelet for adhesion and 

spreading on matrix proteins. The effect of Coro1a ablation on platelet adhesion and 

spreading on surfaces coated with 100 μg/ml fibrinogen, 100 μg/ml collagen, 30, 10 

and 3 μg/ml GFOGER and 3 μg/ml CRP was investigated by fluorescence 

microscopy. Murine platelets spread on fibrinogen displayed filopods, actin nodules 

and few stress fibers. Platelets on collagen mostly displayed stress fibers with no 

apparent actin nodules and some filopods. There were no morphological shape 

differences between Coro1a+/+ and Coro1a-/- platelets for any matrices used (Figure 

4.2.9A). This provides evidence that Coro1a is dispensable for platelet spreading. 

GFOGER and CRP were used for the collagen receptors α2β1 and GPVI, 

respectively, because initial studies demonstrated a difference in surface area on 

collagen between the genotypes However, scrutiny with a larger power found no 

statistically significant differences in adhesion (Figure 4.2.9B) or cell surface area 

between the Coro1a+/+ and Coro1a-/- platelets for any matrix used (Figure 4.2.C). 

This again provides evidence that Coro1a is dispensable for platelet spreading. 

Platelets spread on GFOGER and CRP demonstrated approximately half of 

the adhesion as those on collagen. Platelets demonstrated dose dependent 

adhesion and surface area when spread on GFOGER although the difference was 

small (Figure 4.2.B & C). The surface area of platelets on CRP was larger than any 

other matrix used (Figure 4.2.C). 
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Figure 4.2.9 - Coronin 1 is dispensable for platelet spreading 

Coro1a+/+ and Coro1a-/- platelets were spread on 100 μg/ml fibrinogen, 100 μg/ml 
collagen, 30, 10 and 3 μg/ml GFOGER and 3 μg/ml CRP for 45 minutes at 37oC, 
fixed with 4% PFA in PBS, permeabilised and stained with 0.05 μg/ml TRITC-
phalloidin in PBS for 30 minutes at RT, mounted and imaged with a fluorescence 
microscope equipped with an apotome then deconvolved. Two magnifications are 
shown and scale bar is 10 μm (A). The mean of five 12,500 μm2 fields were 

measured for each data point. 250-1000 platelets were measured for each 
condition. Surface area was measured by thresholding using the „Li‟ method on 
ImageJ and dividing by the number of platelets for every image (B). Adherence was 
counted manually (C). Data is mean ± SEM. F n = 10; C n = 10; 30 μg/ml GFOGER 

n = 8; 10 μg/ml GFOGER = 8; 5 μg/ml GFOGER = 5; CRP n = 7. F = fibrinogen; C = 
collagen; CRP = collagen related peptide. All data except adhesion for low 
concentration GFOGER was parametric. No significant differences were found 
using unpaired t-tests or Mann-Whitney U as appropriate. 
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4.2.10 Coronin 1 is dispensable for thrombin-induced Arp2/3 

translocation 

 

Coronin 1 is known to interact with the Arp2/3 complex to regulate F-actin turnover 

(Gandhi & Goode, 2008). Upon stimulation, the Arp2/3 complex moves to the edge 

of platelets (Bearer et al., 2002; Zhi Li et al., 2002). The aim of this experiment was 

to investigate if the translocation is dependent on coronin 1. Coro1a+/+ and Coro1a-/- 

platelets were stained for phalloidin and the Arp C2 subunit of the Arp2/3 complex in 

basal and thrombin stimulated conditions to investigate if the translocation of Arp2/3 

is altered in the Coro1a-/- platelets. Arp C2 was granulated throughout the cell in 

basal conditions and accumulations were present at the edges in stimulated 

conditions in the WT platelets as expected. This was also the case for the KO 

platelets (Figure 4.2.12A) and quantification of Arp C2 distribution in platelets 

revealed no statistically significant difference between the Coro1a+/+ and Coro1a-/- 

platelets (Figure 4.2.12B). It appears coronin 1 is dispensable for Arp2/3 

translocation to the cell cortex in platelets upon stimulation 
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Figure 4.2.10 - Coronin 1 is dispensable for Arp2/3 translocation 
Washed Coro1a+/+ and Coro1a-/- murine platelets were spread upon 100 μg/ml 
fibrinogen in basal or 0.1 U/ml thrombin treated conditions for 45 minutes at 37oC. 
The platelets were fixed with 4% PFA, permeabilised with 0.3% Triton X-100 in 
PBS, stained with an anti-ARPC2 antibody followed by an Alexa568 secondary 
antibody (red) and counterstained with FITC-phalloidin for F-actin (green). Images 
were acquired with a fluorescence microscope equipped with an apotome and 
deconvolved in Zen software. Representative images at two magnifications are 
shown. Boxes mark the enlarged regions. Scale bar = 25 µm (A). Platelets were 
manually assigned to one of three groups - spread with cortical Arp C2, spread 
without obvious cortical Arp C2 or not spread. 5 fields of 36,670 µm2 from 4 
independent experiments were analysed for each condition. The data is percentage 
of platelets from each group and represented as mean ± SEM. * p<0.05, ** p<0.01, 
*** p<0.001 relative to the corresponding basal condition. No significant differences 
were found between WT and KO platelets for any condition (Mann-Whitney U) (B). 
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4.2.11 Coronin 1 may be dispensable for cAMP signalling 

 

PGI2 inhibits platelets by stimulating the prostacyclin receptor, which signals through 

Gαs, increasing cAMP levels and leading to PKA mediated phosphorylation of 

VASP and ultimately platelet inhibition (Nagy & Smolenski, 2018). It has previously 

been reported that coronin 1 binds to Gαs  in neurons (Jayachandran et al., 2014) 

and associates with Gαs  in IPs of platelet lysate (Section 3). The focus of this 

experiment was to investigate if the ablation of coronin 1 would affect cAMP levels. 

Murine platelets were either untreated or treated with 100 or 5 nM PGI2 for 5 

minutes at 37oC then immediately lysed. By utilising Western blots, pVASP-S157 

was measured as a marker of cAMP activity and platelet inhibition in response to 

PGI2. 100 nM PGI2 demonstrated the highest inhibition, with 5 nM showing much 

less inhibition and both treatments displaying more inhibition than the basal (Figure 

4.2.11A). The Coro1a-/- platelets demonstrated lower pVASP levels inresponse to 

PGI2 than the Coro1a+/+ platelets, but the experiments had high variability and the 

difference was not statistically significant for basal (Mann-Whitney U, p = 0.4359), 5 

nM PGI2 (unpaired t-test, p = 0.7959), 100 nM PGI2 (Mann-Whitney U, p = 0.5787) 

or PGI2 + thrombin (Mann-Whitney U, p = 0.5414) Figure 4.2.B). 

By utilising flow cytometry, murine platelets were analysed for the markers 

αIIbβ3, P-selectin and CD63. Murine Coro1a+/+ and Coro1a-/- platelets were either 

left untreated, treated with 0.1 U/ml thrombin, 100 nM PGI2 or 100 nM PGI2 with 0.1 

U/ml thrombin for 20 minutes at 37oC then immediately fixed and analysed by flow 

cytometry. Relative to basal, the thrombin treated platelets demonstrated an 

increase in all 3 parameters which was much greater than the PGI2 or PGI2 + 

thrombin treated samples. The response to platelets to PGI2 was not significantly 

different to the PGI2 + thrombin samples. No statistically significant difference was 

found between the Coro1a+/+ and Coro1a-/- platelets (Figure 4.2.C). 

Finally, a determination of cAMP levels was performed for murine Coro1a+/+ 

and Coro1a-/- platelets under basal, low and high PGI2 stimulated conditions. There 

was little increase in cAMP levels upon stimulation. There was no statistically 

significant difference in the cAMP levels between the two genotypes under any 
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conditions. However it should be noted that a phosphodiesterase inhibitor was not 

used in this experiment (Figure 4.2.D). Taken together, this indicates that 

Coro1amay be  dispensable for cAMP levels and possibly PGI2 signalling. 
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Figure 4.2.11 – Effect of coronin 1 ablation on the cAMP pathway 
Washed murine platelets were treated with 5 nM PGI or 100 nM PGI2, for 5 minutes 
at 37oC. Another sample was treated for 5 minutes with 100 nM PGI2 + 0.1 U/ml 
thrombin for 2 additional minutes. Control samples were left untreated at 37oC. The 
samples were lysed, subjected to SDS/PAGE Western blot, blotted for pVASP-
Ser157, GAPDH and the signal normalised to GAPDH. The data is represented as 
mean ± SEM for n = 10. No statistically significant differences were found between 
Coro1a+/+ and -/- platelets (A). αIIbβ3 integrin activation, P-selectin exposure and 

CD63 exposure was measured under basal, thrombin stimulated, PGI2 stimulated 
and PGI2 + thrombin stimulated conditions. Murine platelets in PRP were treated with 
100 nM PGI2 for 5 min prior to stimulation with 0.1 U/ml thrombin with relevant 
antibodies, fixed with 1x BD fix/lyse buffer and subsequently analysed by flow 
cytometry. The mean of the median fluorescence intensities are expressed relative 
to basal platelets. The data represents mean ± SEM independent experiments. 
αIIbβ3 n = 9; P-selectin n = 9; CD63 n = 4-6 (B). Washed murine platelets were 
treated 5 or 100 nM PGI2 for 5 at 37oC, lysed and subjected to a cAMP ELISA. A 
phosphodiesterase inhibitor was not used. No difference was found between the 
Coro1a+/+ and -/- platelets. n = 6. Data is mean ± SEM (C). Platelets were treated with 

5 or 100 nM PGI2 for 3 minutes at 37oC, lysed and the cAMP levels were obtained by 
ELISA. The values are p moles of cAMP per 1.62 x 107 platelets (D). 

 

4.3 Discussion 

 

The availability of animal models has significantly contributed to elucidate the roles 

in platelet function of cytoskeleton proteins, which usually cannot be targeted 

pharmacologically (H Falet, 2017). In this chapter a functional characterisation of 

Coro1a, an abundant class I coronin, in a KO mouse model is presented. The 

salient phenotype of Coro1a-/- platelets is the impaired translocation of integrin β2 to 

the cell surface upon thrombin stimulation, in the absence of any alteration in a 

range of morphological and functional tests. The study broadly confirms a recent 

report by Stocker et al. (2018) and explores aspects not covered there. However, 

we did not observe some of the mild defects reported by Stocker et al. (2018), 

specifically: increased relative platelet size, increased adhesion receptor expression, 

decreased platelet spreading area upon stimulation with thrombin or collagen, and 

decreased velocity of aggregation in response to low-dose collagen (Stocker et al., 

2018). These divergent outcomes could be tracked back to methodological 

differences, size of experimental populations, and statistical analysis.  
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Regarding methodical differences, for example, Stocker et al. (2018) used an 

impedance-based method on whole blood to study aggregometry, whereas we used 

light transmission aggregometry on washed platelets. Impedance-based 

aggregometry on whole blood captures responses that depend on interactions with 

leukocytes and red blood cells and is, therefore, closer to the physiological situation, 

however, it is considered insensitive to low levels of platelet activation. Light 

transmission aggregometry by contrast, requires more manipulations but takes 

platelets at face value, without the influence of variations in hematocrit and cellular 

content (Jarvis, 2004). The different methods might have influenced platelet 

reactivity, causing opposite outcomes, although the differences between WT and 

KO were always small.  

The present study found no difference in relative platelet size as measured by 

FSC and in the basal and stimulated levels of GPVI, CD41, CD42b and CD49b in 

Coro1a-/- KO platelets. The findings that platelet FSC, as well as the basal levels of 

receptors CD41 and CD42 were not statistically significantly different in Coro1a-/- 

platelets was in contrast to a study by Stocker et al., (2018), which found greater 

FSC values and higher CD41 and CD42 levels in Coro1a-/- platelets. The difference 

can be traced to experimental repeats. The current study performed 18 and 14 

experimental repeats of FSC and basal receptor levels, respectively. This is in 

contrast to 6 experimental results from the Stocker et al., (2018) study and should 

provide a more reliable result. The difference in platelet spreading results is due to 

both a larger number of experimental repeats and more robust statistical analysis, 

as explained later.  

 

 

4.3.1 Integrin β2 translocation is impaired in Coro1a-/- platelets 

 

While the basal levels and thrombin-induced translocation of GPVI. CD41, CD42b 

and CD49b were unaffected in Coro1a-/- KO platelets, there was impaired 

translocation of integrin β2, suggesting that coronin 1 is specifically implicated in the 

regulation of this integrin in platelets. Integrin β2, a component of lymphocyte 
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function-associated antigen 1 (LFA-1) when associated with integrin αL, is one of 

the 6 integrins expressed in mouse platelets and the fourth most abundant (Zeiler et 

al., 2014). β2 integrin is important for polymorphonuclear neutrophil adhesion to the 

endothelium and subsequent events, like extravasation (Fagerholm et al., 2019). 

Coro1a is critical for these processes because it interacts with the cytoplasmic tail of 

integrin β2 and regulates the accumulation of activated integrin in focal zones of 

adherent cells (Pick et al., 2017). In platelets, LFA-1 has not been extensively 

investigated. Platelets from mice deficient in integrin β2 are characterised by a 

shorter lifespan, reduced adhesion to the endothelium in response to tumor necrosis 

factor (TNF), and caspase activation (Piguet et al., 2001). Stocker et al. (2018) 

reported a normal lifespan of Coro1a-/- platelets, suggesting that this coronin is not 

the only protein responsible for the regulation of integrin β2. Similarly, no defective 

adhesion and spreading on an ICAM-1 surrogate matrix has also been reported 

(Riley et al., 2020), suggesting that Coro1a-/- platelets retain sufficient binding 

capacity through LFA-1 and/or other mechanisms. In line with this observation 

unaffected accumulation of neutrophils within arterial thrombi in Coro1a-/- platelets 

have been reported (Stocker et al., 2018). However, the role of integrin β2 in 

platelet–leukocyte interaction is difficult to dissect due to concurrent and more 

prevalent mechanisms mediating those interactions (Cerletti et al., 2010) and to the 

fact that the interactions mediated by LFA-1 and ICAM family molecules are 

reciprocal: both are present simultaneously in platelets and leukocytes. A rigorous 

attempt at exploring this aspect would require the generation of a platelet-specific 

Coro1a knockout model combined with platelet-specific deletion of ICAM-2, the 

adhesion molecule isoform present in the platelet membrane (Zeiler et al., 2014). 

Attempts were made to explore platelet-WBC binding and to block specific 

mediators of their interactions including P-selectin, but this was not optimised due to 

time constraints as well as poor antibody and inhibitor responses (Appendix, 8.1.5). 
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4.3.2 Coronin 1 is dispensable for platelet spreading and adhesion 

 

Rho signalling is involved in platelet lamellipodia formation (Gao et al., 2009). In 

Dictyostelium discoideum coronin 1 can act similarly to a Rho protein GDP 

dissociation inhibitor that binds GDP-bound Rho GTPases and prevents them from 

becoming available for activation of their downstream targets such as PAK. 

(Swaminathan et al., 2013). PAK is involved in actin dynamics as it phosphorylates 

and activates LIMK1 which phosphorylates and inhibits cofilin, preventing it from 

depolymerising actin (Joseph E Aslan et al., 2013).  

RhoA and Rac1 are particularly important and act as regulators of the actin 

cytoskeleton (J E Aslan & McCarty, 2013). Rac1-/- platelets are characterised by 

defects in lamellipodia formation (McCarty et al., 2005). Coronin contains a CRIB 

motif between blades 2 and 3  which enables coronin to bind Rho GTPases with a 

preference for GTP loaded Rac (Swaminathan et al., 2014). Coronin is also a 

regulator of Rac1 which facilitates Rac1 translocation and activation (Castro-Castro 

et al., 2011). As platelet spreading requires actin turnover and coronin influences 

signalling pathways involved in actin dynamics, the spreading ability of Coro1a-/- 

platelets was examined. 

Coronin 1 was found to be dispensable for the adhesion and spreading area of 

on fibrinogen, collagen, CRP and 3 doses of GFOGER. This is in contract to a study 

by Stocker, et al., (2018) that claimed to find statistically significant defects in 

spreading with Coro1a platelets on fibrinogen. The difference between the findings 

of the two studies can be explained by population size and statistics. The 

experimental repeats for fibrinogen in this study was 10 which provides a robust and 

more reliable representation of platelet behaviour than the 3 experimental repeats in 

the Stocker et al (2018) study.  Stocker et al (2018) stated the use of non-

parametric statistical tests on sample sizes too small to test for normality - in this 

case 3. Therefore they claimed to find statistical significance with a Mann-Whitney U 

test which is mathematically impossible with three experimental repeats. 
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4.3.3 Coronin 1 is dispensable for αIIbβ3 activation and platelet secretion 

 

Coronin 1 is known to regulate the activity of the calcium/calcineurin pathway in T 

cells, B cells and macrophages (Westritschnig et al., 2013) and regulates the 

survival of T cells (Mueller et al., 2008). Coronin 1 is also known to regulate 

sympathetic final target innervation via coronin-1-dependent calcium release via 

PLCγ1 signaling which releases PI3K-dependent suppression of GSK3β (Suo et al., 

2015). Calcineurin is activated by calmodulin (Rumi-Masantea et al., 2012) which is 

associated with the platelet receptors GP1b-V-IX and GPVI where it may play roles 

in receptor expression (Gardiner et al., 2005). Calcium is also important for the 

activation of receptors including αIIbβ3 as well as granule release (van der Meijden 

& Heemskerk, 2019). Therefore the ability of Coro1a-/- platelets to undergo αIIbβ3 

activation and secretion of alpha and dense granules was analysed in response to 

an array of agonists and it appeared that coronin 1 was dispensable. Several 

attempts were made to optimise a method to investigate calcium levels in platelets 

during a time course with agonist-induction but were not pursued due to time 

limitations (Appendix 8.1.6). 

 

4.3.4 Coronin 1 may be dispensable for the cAMP signaling pathway 

 

Coronin 1 has a role in modulating the cAMP signaling pathway in excitatory 

neurons, where deficiency of the protein resulted in the loss of excitatory synapses 

and a range of neurobehavioral disabilities. Coro1a interacts with Gαs in a stimulus-

dependent manner, leading to increased cAMP production (Jayachandran et al., 

2014). The association of Coronin 1 with Gαs is regulated by cyclin-dependent 

kinase 5 (CDK5)-mediated phosphorylation of Coronin 1 on two particular threonine 

residues (X. Liu et al., 2016). Furthermore, Coro1a regulates cAMP signaling in T 

cells (Jayachandran et al., 2019) whereas the homolog in Dictyostelium discoideum 

regulates cAMP-dependent initiation of multicellular aggregation (Vinet et al., 2014) 

and the homolog in the fungus Magnaporthe oryzae interacts with a Gαs subunit to 

regulate cAMP production and pathogenicity (X. Li et al., 2019). In platelets, Gαs 
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activation and subsequent cAMP production are coupled to binding of PGI2 to its G 

protein-coupled receptor.  

Although Coro1a is able to co-IP with Gαs in platelets (Section 3.2.7), 

absence of Coronin 1 does not appear to be detrimental to the production of cAMP, 

as demonstrated by the ability of Coro1a-/- platelets to function indifferently to 

Coro1a+/+ platelets with regards to PGI2-induced VASP phosphorylation, PGI2-

induced inhibition of thrombin stimulation, and PGI2-induced cAMP levels.However 

some of these experiments suffered from technical limitations and variability 

(Section 4.2.11). Platelets contain phosphodiesterase 2A, 3A and 5A (Burkhart, et 

al., 2012; Rondina & Weyrich 2012). Phosphodiesterase inhibitors such as 

cilostazol, milrinone or anagrelide prevent hydrolysis of cAMP by PDE3, Inhibitors 

such as dipyridamole and sildenafil prevent cGMP hydrolysis by PDE5 (Rondina & 

Weyrich 2012). Future experiments could perform the cAMP ELISA in the presence 

of such inhibitors The Coro1a-/- platelets had less than 70% of the p-VASP levels 

relative to the Coro1a+/+ after treatment with PGI2. (Section 4.2.11), The lack of 

statistical significance may be due to high data variation and a lack of repeats that 

may be worth investigating further.  

The role of Coronin 1 in cAMP regulation is, however, complex. In T cells, 

ablation of Coronin 1 results in reduced production of cAMP, however, cAMP levels 

are increased due to a compensatory decrease in phosphodiesterase 4 (PDE4) 

levels (Jayachandran et al., 2019). Further research would be needed to clarify 

whether Coronin 1 regulates the cAMP pathway in platelets and, if so, through 

which molecular mechanisms. PDE4 is absent (Rondina et al., 2016) but CDK5 is 

present both in human and mouse platelets (Burkhart et al., 2012; Zeiler et al., 

2014), although the role of the latter in platelets has not been addressed so far. 

Coronin 2 and Coronin 3 associate with Gαs in IPs (Chapter 3), suggesting that 

these two class I coronins may compensate for the absence of Coronin 1 in 

regulation of the cAMP pathway.  

 

4.3.5 Coronin 1 is dispensable for Arp2/3 translocation 
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Arp2/3 has previously been reported to function in concert with coronin 1 and cofilin 

to regulate actin turnover (Gandhi & Goode, 2008). Coronin 2 has previously been 

reported bind to Arp C2 of the Arp2/3 complex and phosphorylate it and regulate 

cell motility (Cai et al., 2005). Indeed, coronins 1, 2 and 3 were all found to 

associate with ARPC2 in IPs and also accumulate at the cell cortex of spread 

platelets. Functional compensation by other class I coronins might also explain the 

retained ability of the Arp2/3 complex to accumulate at the cell cortex in response to 

thrombin where it presumably enables the formation of lamellipodia and 

consequently spreading.  

 

4.3.6 Summary 

 

To summarise, it appears class I coronins display a large extent of functional 

overlap in platelets. This would explain the absence of a strong phenotype in most 

platelet functional assays while aspects like integrin β2 translocation reported by us 

and the formation of F-actin and cofilin dephosphorylation in response to agonists 

reported by others (Stocker et al., 2018) are specifically or more strongly dependent 

on Coronin 1 function. This is not uncommon among components of the actin 

cytoskeleton, examples include vinculin (Mitsios et al., 2010), cortactin and HS1 

(Thomas et al., 2017) and Rif (Goggs et al., 2013). Thus, disruption of the Arp2/3 

complex regulators cortactin and its homolog HS1 does not cause any noticeable 

alteration in platelet function, indicating that their roles might be fulfilled by other 

proteins (Thomas et al., 2017). Similarly, disruption of the formin mDia results in no 

major platelet phenotype, pointing at functional compensation by other formins 

present in platelets (Zuidscherwoude et al., 2019). Future studies toward the 

elucidation of coronin function in platelets will, therefore, require the generation of 

mouse models lacking two or three class I coronins in order to arrive at a complete 

picture of the shared and unique roles of these proteins. 
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5. Chapter 5 – The membrane-associated fraction of cyclase associate protein 

1 translocates to the platelet cytosol upon stimulation 

 

5.1 Introduction 

  

 

5.1.1 Aims 

 

 To characterise the association of CAP1 with interacting proteins.  

 To analyse the association of CAP1 to the F-actin cytoskeleton. 

 Characterise the subcellular localisation of CAP1 and colocalisation with 

F-actin. 

 To investigate the translocation of CAP1 in response to platelet stimulants 

and inhibitors. 

. 

5.2 Results 

 

5.2.1 Subcellular distribution and of CAP1 in platelets 

 

CAP1 was predicted to be present from proteomic studies in platelets (Burkhart et 

al., 2012) and also in several other cell types which were utilised as positive controls 

in a Western blot, including melanoma cells, HT29 colon cells, HEK cells, human 

umbilical vein endothelial cells (HUVEC) and COS7 fibroblast-like monkey kidney 

cells. can be visualised as a strong band at around 56 KDa in human platelets 

(Figure 5.2.1A). A full blot of CAP1 is available elsewhere (Joshi, 2017), 

CAP1 is predominantly a cytosolic protein but a small proportion of CAP1 has 

been detected in the membrane by membrane/cytosol subcellular fractionation of 

human acute monocytic leukemia cells (THP-1) (Lee et al., 2014). The subcellular 

localisation of CAP1 in basal human platelets was investigated using 

membrane/cytosolic subcellular fractionation. Approximately 77% of CAP1 was 
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found in the cytosol with the remaining 23% in the membrane fraction. CD36 and 

Syk were used as membrane and cytosol markers respectively (Figure 5.2.1B).  

As CAP1 is both membrane and cytosol associated and also binds actin, we 

investigated whether the membrane bound CAP1 is dependent on the presence of 

actin. 20 µM latrunculin was utilised to bind to G-actin, pushing actin turnover into a 

depolymerised state. A small amount of β-actin was found in the membrane in the 

untreated platelets, but was completely absent from the membrane of the 

latrunculin-treated platelets, indicating the F-actin was depolymerised 

successfully. The levels of CAP1 in the membrane in the untreated (~22%) and 

latrunculin treated (~23%) samples remained similar (Mann-Whitney U). CD36 

and Syk were used as markers of the membrane and resting platelet cytosol, 

respectively (Joshi et al., 2018) (Figure 5.2.1B). This indicates the association of 

CAP1 to the membrane fraction is independent of its ability to bind actin. 
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Figure 5.2.1 - Subcellular distribution of CAP1 in platelets 
(A) 30 µg of human platelet or cell lysates (total protein) were resolved by SDS-
PAGE/WB and probed for CAP1 and β-actin as a loading control. Melanoma, HT29 
human colorectal cells, HEK cells, HUVEC cells and COS7 cells were used as 
controls (B) Platelets at 1 x 109/ml were mixed 1:1 with fractionation buffer, lysed by 

freeze-thaw in liquid nitrogen and centrifuged at 100,000 ×g for 1 hour to separate 
membrane (M) and cytosolic (C) fractions. The fractions were normalised by volume 
and resolved by SDS-PAGE/WB and probed for indicated proteins. CD36 & Syk 
were used as membrane or cytosolic markers respectively. 20 µM latrunculin B 
(LatB) for 20 minutes was used to depolymerise F-actin prior to lysis. CAP1 
distribution was quantified by densitometry and expressed as percentages relative 
to the total (M + C) CAP1 in the lysate. Data is mean ± SD of n = 3. Mann-Whitney 
U tests were performed to test for differences between latrunculin treated and 
untreated samples. No statistically significant differences were identified. Performed 
in collaboration with Pooja Joshi (Joshi et al., 2018). 
 

5.2.2 CAP1 does not associate with large F-actin filaments 

 

The Triton X-100 insoluble fractionation can be utilised to analyse the 

association of proteins to the detergent insoluble F-actin cytoskeleton (Fox et al., 

1993; Jung & Moroi, 1988; Tardieux et al., 1998) as explained in Section 3.2.5. 

To investigate the behaviour of CAP1, resting platelets were subjected to Triton 

X-100 insoluble fractionation at LS and HS. At LS (15,600 xg), CAP1 was 

present in the soluble fraction only and not detectable in the insoluble fraction 



188 
 

where cross-linked actin filaments and their associated proteins are present. 

However, at HS (100,000 xg), the majority of CAP1 was in the soluble fraction, 

but ~17% of CAP1 was present in the insoluble pellet (Figure 5.2.2A & B). This 

could indicate association to either the membrane components or possibly some 

association with F-actin. 

Upon treatment with latrunculin, CAP1 remained absent in the LS 

insoluble fraction and comparable levels remained in the LS soluble fraction. 

However the levels of CAP1 in the HS insoluble fraction slightly increased, but 

this was not statistically significant (Mann-Whitney U) (Figure 5.2.A & B) (Joshi 

et al., 2018). This indicates that the CAP1 in the HS insoluble is not F-actin 

associated. Syk was used as a marker of the cytosol of resting platelets.  

CAP1 functions with both cofilin and profilin to regulate actin turnover 

(Makkonen et al., 2013), so any possible association of these proteins with F-

actin was investigated. Profilin was recovered in the soluble fractions at both LS 

and HS which is consistent with its role as monomeric actin binding protein. 

Cofilin, which interacts with both F-actin and G-actin, was observed in both the 

HS and LS insoluble fractions. F-actin depolymerisation caused cofilin to be 

absent from the LS insoluble fraction as expected due to the absence of large 

cross linked F-actin filaments. Cofilin demonstrated similar patterns to CAP1 in 

the HS insoluble fraction (Figure 5.2.A). Cofilin and profilin behaved as expected 

by their ability to bind F-actin and G-actin, or only G-actin, respectively.  

CD36 was used as a marker of the membrane and also of the detergent 

insoluble lipid rafts. The HS fraction appeared to contained lipid, as indicated by 

the presence of CD36. This indicates that CAP1 and cofilin in the HS insoluble 

fraction could be associated to the soluble membranes or the membrane 

proteins in the lipid rafts (Figure 5.2.A). 
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Figure 5.2.2 - CAP1 does not associate with F-actin filaments but is present in 
lipid rafts 
(A) Platelets were lysed in 1% Triton X-100 and lysates centrifuged at low speed 

(15,600 × g) for 20 min then high speed (100,000 ×g) for 1 hour. Supernatant (S) 
and pellet (P) were normalised by volume and resolved by SDS-PAGE/WB, and 
probed for the indicated proteins. Syk was used as a cytosol marker and CD36 was 
used as a marker of the membrane and lipid rafts (B) CAP1 concentration in pellet 

and supernatant were quantified by densitometry and expressed as a percentage of 
total (P + S). Data represent mean ± SD of n = 3. HT29 = human colorectal cancer 
cell line, HEK = human embryonic kidney 293 cell line; HUVEC = human umbilical 
vein endothelial cell; COS7 = fibroblast-like tissue from monkey kidney tissue. Data 
is mean ± SD of n = 3. Mann-Whitney U tests. Performed in collaboration with Pooja 
Joshi (Joshi et al., 2018). 
 

5.2.3 CAP1 localises to the cortex and actin nodules 

 

The localisation of CAP1 in platelets has not yet been investigated. In fibroblasts, 

CAP1 localises diffusely at the cytosol and also accumulates at actin structures 

such as membrane ruffles (Nancy L. Freeman & Field, 2000) and lamellipodia in 

fibroblasts where it co-localises with cofilin (Moriyama & Yahara, 2002). The 

distribution of CAP1 in spread platelets was investigated in resting platelets and in 

platelets spread on fibrinogen. 

Platelets centrifuged onto poly-L-lysine displayed a discoid shape and the 

majority of them demonstrated CAP1 localisation at predominantly cortical areas, 

displaying colocalisation with F-actin. However, a proportion of CAP1 was also 

diffusely spread in the cytoplasm (Figure 5.2.3A).  
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Platelets spread on fibrinogen covered a larger surface area than resting 

platelets on poly-L-lysine. In most fibrinogen-spread platelets, a proportion of CAP1 

was distributed diffusely through the cytoplasm, but it also accumulated with rich F-

actin areas not only broadly around the cell cortex, but also in the central areas of 

platelets where the granulomere is expected (Figure 5.2.3B), in filopodia (Figure 

5.2.3C) and actin nodules (Figure 5.2.3D).  

Actin nodules are areas of platelets which are rich in F-actin. Both F-actin 

and vinculin staining can be utilised as markers of actin nodules (Poulter et al., 

2015). CAP1 was found to strongly accumulate at the actin nodules together with F-

actin and vinculin (Figure 5.2.3E). CAP1 appears to have very minimal localisation 

to the same areas as actin stress fibres in platelets (Figure 5.2.3). This supports the 

notion of CAP1 as a G-actin binding protein in platelets which contributes to actin 

turnover. 
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Figure 5.2.3 – CAP1 localises to the cortex and actin nodules 
Platelets were fixed in suspension with 4% PFA and centrifuged on poly-L-lysine 
coated coverslips, permeabilised and stained for the indicated proteins (A), or 
spread on 100 µg/ml fibrinogen coated coverslips for 45 minutes, fixed with PFA, 
permeabilised and stained (B–E). Platelets were treated with 100 nM PGI2 for 5 
minutes prior to fixation in order to increase the proportion of cells displaying actin 
nodules (E). Optical sections were acquired with a fluorescence microscope 
equipped with a structured illumination attachment. Sections were 230 nm apart. 
Maximum intensity projection images after deconvolution (Zen) is shown. Enlarged 
regions are indicated with squares. Arrows point at regions of interest: cell cortex 
(B), filopodia (C) and actin nodules (D,E). Scale bar = 5 µm. 
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5.2.4 CAP1 translocates from the platelet cortex upon thrombin 

stimulation 

 

Proteins can translocate between locations of platelets during platelet activation. For 

example, thrombin-stimulation induces translocation of PKC-α, β and δ to the 

membrane (Baldassare et al., 1992), Src to the cytoskeleton (Horvath et al., 1992) 

and Bid, Bax and Bak to the mitochondria (Lopez et al., 2008). Thrombin is a potent 

platelet activator which, in humans, acts on receptors including PAR1 and PAR4 

(Coughlin, 2000). Translocation of CAP1 in response to thrombin was analysed. 

Platelets were spread on fibrinogen then either left untreated or treated with 0.1 

U/ml thrombin for up to 3 minutes. Platelets were then fixed at various time points, 

stained for F-actin and CAP1 and the cells with either predominantly cortical or 

predominantly cytoplasmic CAP1 were counted (Figure 5.2.4A).  

In platelets spread on fibrinogen with no thrombin treatment, CAP1 displays a 

predominantly cortical accumulation in ~70% of cells. Within 30 seconds of thrombin 

treatment, only ~43% of platelets demonstrate predominantly cortical CAP1 staining 

which was similar to the amount which demonstrated predominantly cytosolic CAP1 

accumulation (~46%). By 3 minutes of thrombin stimulation, the majority of CAP1 

has reverted to the cell cortex (~60%). A proportion of the cells demonstrated no 

clear cortical or cytosol accumulation (Figure 5.2.4B). This demonstrates CAP1 

appears to rapidly translocate from the cell cortex to the cytoplasm in a significant 

proportion of cells upon thrombin stimulation.  
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Figure 5.2.4 - CAP1 relocalises to the 
platelet cortex upon thrombin stimulation 
(A) Platelets were spread on fibrinogen-
coated coverslips, stimulated with 0.1 U/ml 
thrombin as indicated, fixed with PFA then 
immunostained for the indicated proteins. 
Images were acquired with a fluorescence 
microscope equipped with a structured 
illumination attachment. Scale bar 5 = µm. 
(B) The proportions of cells with 

predominantly cortical or diffuse distribution 
of CAP1 were calculated from 4-5 
independent experiments, each performed 
with duplicate coverslips. At least 1000 cells 
per time point for each experiment were 
scored. Unclear/mixed = cells not sufficiently 

spread to score. Data = mean ± SEM of 4-5 

independent experiments. *p ≤ 0.05, **p ≤ 

0.01, relative to 0 s, (Mann-Whitney test). 
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5.2.5 CAP1 translocates away from the membrane upon thrombin 

stimulation  

 

The previous section described the presence of CAP1 at the platelet cortex and that 

stimulation with thrombin caused CAP1 to translocate, temporarily, away from the 

cortex, towards the cytosol before partially returning to the cortex (Figure 5.2.4). To 

investigate if the cortical CAP1 is associated with the membrane and to investigate 

any changes caused by stimulation, the behaviour of CAP1 was analysed 

biochemically. Platelets were subjected to a thrombin-stimulation time-course for up 

to 3 minutes then subcellular fractionation was performed to separate the cell 

membrane and cytosol (Figure 5.2.5). The levels of CAP1 in the membrane rapidly 

decreased until at 30 seconds less than half of the original amount of CAP1 was 

present. This persisted at least until the end of the time course of 3 minutes. The 

proportion of β-actin in the membrane appeared unchanged (Figure 5.2.A); 

indicating that CAP1 translocation does not depend on membrane associated actin. 

This indicates that the fraction of CAP1 which rapidly translocates from the cell 

cortex upon stimulation is membrane associated. 

Next, experiments were performed to investigate if the effects on CAP1 by 

thrombin are also caused by other platelet stimulants including resistin and collagen. 

CAP1 has been proposed as a receptor for, or associated with a receptor for resistin 

(Lee et al., 2014). Collagen is a platelet agonist which signals to the α2β1 and GPVI 

receptors (Clemetson & Clemetson, 2001). To investigate the subcellular 

distribution CAP1 changes upon stimulation with resistin and collagen, 

membrane/cytosol subcellular fractionation was performed on platelets which were 

previously treated by 10 µg/mL collagen for 3 minutes or 200 ng/mL resistin for 15 

minutes. Similarly to thrombin, both collagen and resistin caused a decrease in the 

amount of CAP1 associated to the membrane of the platelets (Figure 5.2.B). This 

indicates this translocation phenomenon is not specific to thrombin and can occur 

from a broader range of platelet stimulants. 
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Figure 5.2.5 - CAP1 translocates away from the membrane upon stimulation 
(A) Platelets (1 × 109/ml) were treated 1 mM EGTA for 20 minutes at 37°C to 
prevent aggregation prior to stimulation with 0.1 U/ml thrombin for the indicated 
times. Platelets were added 1:1 with fractionation buffer and lysed by 5 freeze/thaw 
cycles using liquid nitrogen then samples were subjected to membrane/cytosol 
subcellular fractionation. Fractions were normalised by volume and subjected to 
SDS-PAGE/WB then probed with antibodies for the indicated proteins. CD36 and 
Syk were used as membrane and cytosol markers, respectively. Membrane-
associated CAP1 was quantified by densitometry, normalised to CD36 and 
expressed relative to CAP1 in the 0 s membrane fraction. Data represents mean ± 
SEM of four independent experiments. (B) The experiment was performed as in A 

using 10 µg/mL collagen for 3 minutes or 200 ng/mL resistin for 15 minutes. Only 
the membrane fractions were analysed. Integrin β3 was used as membrane marker 
and for normalisation.  GAPDH was utilised as a marker of the platelet cytosol. Data 

represent mean ± SEM of 4 to 6 independent experiments. For all panels *p ≤ 0.05, 

**p ≤ 0.01, ***p ≤ 0.001 relative to 0 s or basal. Mann-Whitney test was used for 

non-parametric data and t-tests were used for parametric data. Performed in 
collaboration with Pooja Joshi (Joshi et al., 2018). 
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5.2.6 CAP1 translocation is independent of F-actin 

 

Similarly to Figure 5.2.2 which identified CAP1 in the HS insoluble fraction but not 

in the LS insoluble fraction, the Triton X-100 insoluble pellet fractionation can also 

be used on platelets to assess the association over a simulation time course (Fox et 

al., 1993; Jung & Moroi, 1988). The association of CAP1 to the F-actin in the 

insoluble fraction was measured in platelets which were previously subjected to 

a time course of thrombin stimulation. The amount of actin in both the LS and 

HS insoluble fractions rapidly increased, reaching the maximum upon 30 (~1.7x 

basal) and 60 second (~1.2x basal), respectively. The increase in actin was 

lower in the HS insoluble fraction and did not reach statistical significance, 

whereas the LS insoluble fraction reached significance at 30s and 180s but not 

at 60 and 120s (Figure 5.2.6A).  

 As the amount of F-actin rapidly increased over the first 30, the levels of 

CAP1 rapidly decreased. This was statistically significant for CAP1 within 15 

seconds and the significance increased until 45 seconds, after which the levels 

of CAP1 troughed (Figure 5.2.A). As there was no correlation in the levels of 

CAP1 and actin in the HS or LS insoluble fractions, it appears CAP1 is not 

associated with F-actin in platelets. 

Next, to demonstrate that CAP1 re-distribution is due to the action of 

thrombin and not caused by secondary mediators, platelets were pre-treated with 10 

μM indomethacin (which inhibits thromboxane A2 synthesis via COX-1 inhibition)  

and 1 U/ml apyrase (which degrades ADP and ATP). Platelets were then treated 

with 0.1 or 0.5 U/ml thrombin and subjected to Triton X-100 fractionation. There was 

a striking dose dependent re-distribution of CAP1 away from the HS insoluble 

fraction in upon thrombin stimulation. 0.1 U/ml thrombin resulted in 60-70% of CAP1 

remaining in the HS pellet, whereas 0.5 U/ml thrombin resulted in 20-35% of CAP1 

remaining. The treatment of platelets with indomethacin and apyrase did not result 

in a statistically significant difference in CAP1 levels in the HS insoluble fraction 

when compared to platelets without indomethacin and apyrase treatment (Figure 

5.2.B). Taken together with the previous data which demonstrated no change in 
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CAP1 in the insoluble fraction upon latrunculin treatment (Figure 5.2.1B & Figure 

5.2.2) this demonstrates that the redistribution of CAP1 away from the HS insoluble 

fraction upon thrombin stimulation is thrombin dose dependent, is not associated to 

F-actin and is not mediated by secondary mediators. 

 

A 

 

 
B 

 
 

Figure 5.2.6 - CAP1 translocation is independent of F-actin 

Platelets were treated with 0.1 U/ml thrombin for the indicated times, lysed, then 
subjected to Triton X-100 insoluble pellet at LS (15,600 xg) and HS (100,000 xg) 
centrifugation. Samples were subjected to SDS-PAGE/WB and probed for CAP1 
and β-actin. CAP1 and β-actin were quantified by densitometry, normalised to β-
actin and expressed relative to the basal pellet fraction. Data represents mean ± 
SEM of four independent experiments. (B) Platelets were untreated or incubated for 
20 minutes at 37°C with 10 µM indomethacin and 1 U/ml apyrase, then treated with 
thrombin for 1 minute as indicated at 37°C. Triton X-100 insoluble pellet was 
performed as in A. Data represents mean ± SEM of three independent experiments. 

* = p ≤ 0.05, ** = p ≤ 0.01, *** = p ≤ 0.001 relative to 0 s or basal. Mann-Whitney 

test was used for non-parametric data and t-tests were used for parametric data. 
Performed in collaboration with Pooja Joshi (Joshi et al., 2018). 
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5.2.7 Thrombin-induced CAP1 relocalisation is inhibited by PGI2, GSNO 

and GSK3 inhibition 

 

The project next aimed to investigate the effects of PGI2 and the nitric oxide donor 

S-nitrosoglutathione (GSNO), on thrombin-induced CAP1 relocalisation. Circulating 

platelets in vivo are maintained in an inactive state and aggregation is prevented by 

endogenous inhibitors, released from healthy, intact endothelial cells. These include 

PGI2 and NO, which increase levels of cAMP and cGMP, that in turn signal to PKA 

and PKG, respectively, inhibiting platelet activation (Nagy & Smolenski, 2018). The 

aim of this experiment was to investigate if increased cyclic nucleotide levels can 

inhibit the thrombin-induced translocation of CAP1. Platelets were spread on 100 

µg/ml fibrinogen then treated with 100 nM PGI2 for 5 minutes, or 10 µM of GSNO for 

20 minutes at 37°C prior to stimulation with 0.1 U/ml thrombin for 30 seconds before 

being fixed. Both PGI2 and GSNO caused a reduction in stress fibres and an 

increase in actin nodules, with PGI2 causing the stronger effect of the two (Figure 

5.2.7A). CAP1 remained predominantly cortical (~70%) in the controls without 

thrombin and also in the cells treated with PGI2 or GSNO followed by thrombin. 

Similarly to what was previously described, platelets treated with thrombin, 

demonstrated a reduction in the number of platelets displaying cortical CAP1 from 

~70% to ~56% and an increase in the number of cells with CAP1 diffused in the 

cytosol from 21% to ~39% (Figure 5.2.7B). This demonstrates that PGI2 and GSNO 

can inhibit the thrombin-induced redistribution of CAP1 from the cortex to the 

cytosol.  

 



199 
 

A 

 
B 

 
Figure 5.2.7 - Thrombin-induced CAP1 relocalisation is inhibited by PGI2 & 
GSNO 
(A) Platelets were spread on fibrinogen-coated coverslips then treated with 100 nM 
PGI2 for 5 minutes or 10 µM GSNO for 20 minutes prior to stimulation with 0.1 U/ml 
thrombin for 30 seconds at 37°C. Platelets were fixed with PFA and stained for the 

indicated proteins. Images were acquired with a fluorescence microscope with a 
structured illumination attachment. Scale bar = 5 µm. (B) Quantification of CAP1 

distribution before (−) and after (+) thrombin stimulation. The proportions of cells 
with predominantly cortical or diffuse CAP1 distribution in images were calculated 
from 2 -5 independent experiments performed on duplicate coverslips. More than 
1000 cells per condition in each experiment were scored. Unclear refers to cells that 

were not sufficiently enough spread to make a judgment. Data are average ± SEM. 

*p ≤ 0.05 relative to the respective population not stimulated with thrombin. (Mann-

Whitney U test). 
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5.2.8 Thrombin-induced CAP1 relocalisation is inhibited by GSK3 

inhibition 

 

In pancreatic cells, the subcellular localisation and the association of CAP1 with 

cofilin and actin has been reported to be regulated by a phosphorylation-dependent 

cycle mediated by GSK3. Inhibition of GSK by CHIR99021 prevents CAP1 

enrichment at the cell cortex (Zhou et al., 2014). Thrombin has also been reported 

to phosphorylate and inhibit GSK3 activity (Moore et al., 2013). To investigate if 

GSK3 activity affects CAP1 localisation in platelets, the number of platelets 

displaying a majority of either cortical or cytosolic CAP1 were counted after 

treatment with the GSK3 inhibitor CHIR99021, or CHIR99021 + thrombin. No 

difference was observed in the CAP1 localisation before and after CHIR99021 

treatment, suggesting that translocation of CAP1 is not caused by GSK inhibition. 

However, no differences were found between CHIR99021 and CHIR99021 + 

thrombin treatments, suggesting that CHIR99021 did appear to stop the 

relocalisation of CAP1 from cortical to cytosol states (Figure 5.2.8A & B). This may 

indicate that GSK3 activity has little effect on CAP1 localisation in platelets but is 

required for relocalisation upon thrombin stimulation.  

A time course was performed to ensure that any potential effects of 

CHIR99023 on CAP1 localisation were not missed. Platelets were spread on 

fibrinogen for 45 minutes at 37°C then treated with 2 μM of CSK3 inhibitor 

CHIR99023 for 1-10 minutes before being fixed by PFA. The number of cells 

displaying cortical or diffuse CAP1 were counted with the majority of cells (~70%) 

displaying cortical CAP1. No difference was found in CAP1 localisation over the 

time course with the GSK inhibitor (Figure 5.2.C & D). This demonstrates that 

GSK3 activity may be not essential for CAP1 localisation on platelets spread on a 

weak agonist - fibrinogen. 
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Figure 5.2.8 - Thrombin-induced CAP1 relocalisation is inhibited CHIR99023 

Platelets were spread on fibrinogen-coated coverslips then treated with 2 µM 
CHIR99021 for 10 minutes (A) or the indicated times (C) minutes prior to stimulation 
with 0.1 U/ml thrombin for 30 seconds at 37°C. Platelets were fixed with PFA and 
stained for the indicated proteins. Images were acquired with a fluorescence 
microscope with a structured illumination attachment. Scale bar = 5 µm. (B & D) 
Quantification of CAP1 distribution before (−) and after (+) thrombin stimulation. The 
proportions of cells with predominantly cortical or diffuse CAP1 distribution in 
images were calculated from 2-5 independent experiments performed on duplicate 
coverslips. More than 1000 cells per condition in each experiment were scored. The 
experiment was performed simultaneously to that of 5.2.7 and therefore share the 
control Unclear refers to cells that were not sufficiently enough spread to classify. 

Data is mean ± SEM. *p ≤ 0.05 relative to the respective population not stimulated 

with thrombin. (Mann-Whitney test). 
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5.3 Discussion 

 

This study is the first to verify CAP1 to be abundant in human platelets by Western 

blot (Figure 5.2.1A). With an estimated 41,700 copies per platelet, it is the 85th most 

abundant protein out of over 4000 proteins in platelets (Burkhart et al., 2012). The 

presence of both CAP1 (Burkhart et al., 2012) and CAP2 proteins (Zeiler et al., 

2014) has been reported in murine platelets, whereas CAP2 protein (Burkhart et al., 

2012) and mRNA (Rowley et al., 2011) is absent from human platelets.  

 

5.3.1 CAP1 is membrane and cytosol associated independently of actin 

 

CAP1 has previously been reported to be in the membrane of platelets in proteomic 

studies (Lewandrowski et al., 2009; Moebiust et al., 2005). This supports the 

findings of this study which is the first to find CAP1 as predominantly a cytosolic 

protein with approximately 20-25% of it associated with the platelet membrane 

fraction. The amount of CAP1 in the membrane is unaffected by latrunculin 

treatment (Figure 5.2.1B), indicating its association to the membrane is not 

dependent on any association to F-actin. 

CAP1 is known to sequester monomeric G-actin (Ono, 2013). This study as 

the first to find that, as expected, CAP1 was not found in the LS detergent insoluble 

fraction (Figure 5.2.1) where cross-linked F-actin filaments would pellet, suggesting 

CAP1 does not bind to those large cross-linked F-actin filaments.  

CAP1 has been previously reported to associate with membrane lipid rafts 

from mouse brains (Noegel et al., 1999). This may explain why CAP1 was found in 

the HS insoluble fraction where smaller F-actin filaments and detergent insoluble 

membrane-containing structures pellet, as confirmed by the presence of CD36. 

Most of the CAP1 was found as expected in the supernatant where G-actin and very 

smaller F-actin filaments are found. This occurred both with and without latrunculin 

treatment (Figure 5.2.2), suggesting the association of CAP1 to these fractions is 

not F-actin dependent. 
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In previous reports utilising the Triton X-100 insoluble fractionation, the 

levels of actin in the LS fraction was significantly higher than the basal at 30 

seconds and remained so until 3 minutes (Section 3.2.5) (Riley et al., 2019). 

However, in this instance the LS and HS fractions demonstrated maximal actin 

levels at 30 seconds (~1.7x basal) and 60 second (~1.2x basal), respectively. 

The HS insoluble fraction actin did not reach statistical significance, whereas the 

LS insoluble fraction reached significance at 30s and 180s but not at 60 and 

120s (Figure 5.2.6A).This may be a limitation of the power of the experiment, 

the standard error and the statistics used. It is reasonable to suggest the 

increase in actin in the LS insoluble fraction may persist through the remainder 

of the time course after 30 seconds. 

 

5.3.2 Subcellular localisation of CAP1 

 

CAP1 is known to contribute to actin turnover by interacting with proteins including 

Ras-responsive adenylyl cyclase and cofilin (Moriyama & Yahara, 2002). This 

explains why, despite not being associated with F-actin in the detergent insoluble 

LS pellet, CAP1 does colocalise with F-actin at the cell cortex on unstimulated cells 

centrifuged onto poly-L-lysine (Figure 5.2.3A). This colocalisation is even more 

obvious on platelets spread on fibrinogen where CAP1 is observed not only at the 

cortex but also at the filopods and actin nodules with actin nodules markers (Figure 

5.2.B-E & Figure 5.2.3). Actin nodules have been described as podosome-like 

structures with a core of densely phosphorylated proteins, devoid of integrins and 

rich in proteins including talin and vinculin (Poulter et al., 2015), although the latter 

is redundant for platelet function (Mitsios et al., 2010). The role of CAP1 in these 

structures is likely related to actin turnover. Interestingly, in HeLa cells, CAP1 co-IPs 

with both focal adhesion kinase (FAK) and talin and appears to interact directly with 

talin (Zhang et al., 2013). Accumulations of CAP1 at actin structures in platelets 

may be recruited by an interaction with either talin, G-actin or cofilin. CAP1 may 

contribute to the actin turnover of these highly dynamic structures through its actin 

filament depolymerising and monomer regeneration activities. 
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 CAP appears to be extremely evolutionarily conserved, with similar 

subcellular colocalisation patterns found between CAP1 and actin in a variety of 

species as diverse as yeast (Ono, 2013) and poppies (Poulter et al., 2010). Yeast 

CAP enhances recharging actin monomers with ATP antagonistically to ADF/cofilin 

and promotes actin filaments severing by ADF/cofilin (Ono, 2013). CAP1 localises 

to actin patches in yeast (Lila & Drubin, 1997) and to the leading edge of cultured 

mammalian cells (Bertling et al., 2004; Moriyama & Yahara, 2002). The pollen tube 

actin foci in Papaver rhoeas are an equivalent to actin nodules as they are areas of 

dense F-actin staining. CAP also colocalises with F-actin in these structures during 

the self-incompatibility response (Poulter et al., 2010).  This indicates a potentially 

important and conserved role of CAP in actin structures.  

Colocalisation of CAP1 and F-actin has been reported in various mammalian 

cells with various F-actin structures. For example in mouse C3H-2K fibroblasts CAP, 

actin and cofilin colocalise together at lamellipodia (Moriyama & Yahara, 2002); and 

in murine B16F1 melanoma cells CAP1 displays strong localisation with monomeric 

actin in both the cytoplasm and the cortex (Makkonen et al., 2013).  

 Despite being found at both actin nodules and the cell cortex, CAP1 was only 

extremely rarely found at stress fibres (Figure 5.2.), which supports its function as a 

protein which binds to monomeric actin, profilin and cofilin, but not F-actin. The very 

few instances in which CAP1 was found to be present in stress fibres was probably 

due to transient binding with cofilin, profilin or talin.  

In platelets, cofilin has been found to localise at the cortex (Hervé Falet et al., 

2005). As CAP1 is known to bind to cofilin in mammalian cells (Moriyama & Yahara, 

2002) and also localises at the cortex (Figure 5.2.3, Figure 5.2.4, Figure 5.2.7 & 

Figure 5.2.8), future studies should examine colocalisation of CAP1 with cofilin and 

profilin and confirm interactions in platelets by techniques such as SPR or proximity 

ligation assay (PLA). 
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5.3.3 CAP1 relocalises away from the cortex upon thrombin stimulation 

 

This study was the first to discover that a significant proportion of platelets 

demonstrate translocation of CAP1 from the membrane or cortex to the cytosol in 

response to the agonist thrombin in both Triton insoluble fractionation (Figure 

5.2.5A) and immunostaining experiments (Figure 5.2.7). This was also found by 

subcellular fractionation experiments utilising the agonist collagen (Figure 5.2.5B). 

This shows the translocation may involve a common signalling step downstream of 

the respective receptors for thrombin and collagen. The pellet fraction in subcellular 

fractionation contains the membrane and probably also the insoluble lipid raft 

membrane components (Figure 5.2.2). The colocalisation stainings could show 

either the cortex or the membrane or both as normal light microscopy would not 

usually have the power to distinguish between them in platelets. PGI2 and GSNO 

prevented the thrombin-induced translocation of CAP1 away from the cortex 

(Figure 5.2.7A) although this could be due to an overall effect on the cell shape 

from inhibition of platelet activation, rather than a specific effect on CAP1 as treated 

platelets were not fully spread, displayed some actin nodules and often did not have 

a clear cortex. 

In murine embryonic fibroblasts, phosphorylation of serines S307 and S309 

of CAP1 regulate cofilin binding, actin binding and therefore actin turnover. CAP1 

S307A/S309A non-phosphorylatable mutants display drastically increased binding 

of CAP1 to cofilin and reduced binding to actin. The phosphomimetic mutant 

S307D/S309D loses CAP1 ability to bind cofilin but displays greater actin binding. 

Both mutants demonstrate F-actin accumulation at stress fibres. GSK3 has been 

found to phosphorylate CAP1 S309, however phosphorylation of S307 appears to 

required for functional change (Zhou et al., 2014).  

To investigate if the phosphorylation state of CAP1 effects its translocation, 

platelets were spread and treated with the GSK3 inhibitor CHIR99021 to prevent 

S309 phosphorylation. This was not sufficient to induce CAP1 translocation (Figure 

5.2.8C & D). There are several explanations including actin turnover, platelet 

activation and protein phosphorylation. The lack of translocation may be because 
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both S307 and S309 phosphorylation are required for functional change (Zhou et al., 

2014) and so CAP1 phosphorylation specific antibodies would be required to 

investigate this further. It has been hypothesised that both S307 and S309 may be 

phosphorylated by several proteins, further complicating the interaction (Zhou et al., 

2014). The translocation may be from other pathways common to platelet activation, 

as thrombin also affects several receptors and induces platelet activation (van der 

Meijden & Heemskerk, 2019), whereas as CHIR99021 is believed to be specific, 

although a proteomic study upon CHIR99021 treatment  has not been undertaken. 

As inhibition of GSK3 is not sufficient for CAP1 translocation, other pathways are 

likely required for CAP1 translocation and CAP1 cortical enrichment is not seen 

S307A and S3909A non-phosphorylable mutants (Zhou et al., 2014). Analysis of the 

phosphorylation state of CAP1 with phosphorylation specific antibodies in platelets 

before and after either inhibition of GSK3 with CHIR99023, or stimulation with 

thrombin should provide some clarification. 

The lack of translocation of CAP1 upon CHIR99021 treatment may indicate 

that GSK3 activity has little effect on CAP1 localisation. However, CHIR99021 did 

prevent thrombin-induced translocation of CAP1 (Figure 5.2.8A & B). Thrombin 

reduces activity of GSK3 in platelets (Moore et al., 2013) and therefore similar 

effects on CAP1 translocation with CHIR99021 and thrombin treatments may be 

predicted. However, there are several explanations including platelet activation and 

protein phosphorylation as mentioned above or actin turnover. Lack of S309 

phosphorylation may push actin turnover into a different state, with increases in 

CAP1-cofilin binding and actin severing activity juxtapositioned with retained ADP-

ATP nucleotide exchange capability. It would be worth investigating if CHIR99021 

inhibits collagen induced CAP1 translocation to determine if this is thrombin specific 

or activation specific.  

It is worth noting that very recently, it has been found that cell division kinase 

5 (CDK5) phosphorylates S307 and S309 to regulate its cofilin and actin binding. It 

has also been discovered that cAMP signalling induces dephosphorylation of CAP1, 

through PKA and exchange proteins directly activated by cAMP (Epac) (Zhang et al., 

2020). CDK5 is present in platelets (Burkhart et al., 2012) and this is a signalling 
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pathway which should be further investigated with regards to CAP1 function and 

phosphorylation. 

An increasing body of literature is investigating the interaction of resistin and 

CAP1 (Avtanski et al., 2019; Jang et al., 2020). Platelets were treated with resistin 

which also caused translocation of CAP1 to the cytosol, from the membrane (Figure 

5.2.5B) demonstrating the translocation is not unique to thrombin or collagen. As 

explained above, several possibilities for the effects of resistin on CAP1 can be 

ruled out. This could further be investigated by assessing the binding of CAP1 to 

putative binding partners, exploring the phosphorylation status of CAP1 upon 

stimulation and GSK3 inhibition. 

During apoptosis, CAP1 has been reported to rapidly translocate to the 

mitochondria independently of caspase activation (C. Wang et al., 2008). Attempts 

were made to stain for CAP1 in spread platelets undergoing apoptosis but this was 

not pursued due to unsatisfactory apoptosis controls (Appendix 8.1.4) and staining. 

In human monocytes, resistin has been reported to bind to CAP1 and 

upregulate protein kinase A (PKA) activity, cyclic AMP (cAMP) concentration, and 

NF-κB-related transcription of inflammatory cytokines. As CAP1 does not contain a 

transmembrane domain, it is likely that rather than directly binding resistin, it binds 

to a receptor that is associated with resistin(Lee et al., 2014). PKA and cAMP levels 

are important for platelet inhibition (Broos et al., 2011) and the relationship of them 

to CAP1 in platelets has not yet been investigated. The receptors for resistin have 

been proposed to be CAP1 (Lee et al., 2014) and Toll-like receptor 4 (Zhang et al., 

2019). Platelet specific TLR4-/- mice are characterised by significant protection from 

hypoxia-induced pulmonary hypertension and decreased platelet activation in 

response to lipopolysaccharide but not to collagen (Bauer et al., 2014). 

Unfortunately this study was released (Bauer et al., 2014) before TLR4 was found to 

act as a resistin receptor (Zhang et al., 2019) so this parameter was not analysed 

Binding studies would reveal more information relating to the receptors CAP1 could 

bind to 

Resistin has been reported to cause increased LDL production in the liver 

and also increased LDL-uptake by macrophages, leading to foam cell formation. 
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Resistin-mediated chronic inflammation can lead to atherosclerosis, obesity and 

coronary artery disease and is associated with increased CAP1 (Munjas et al., 

2017). Increased CAP1 levels are associated with rheumatoid arthritis (Sato et al., 

2017). CAP1 has recently been reported as a binding partner of proprotein 

convertase subtilisin/kexin type-9 (PCSK9) and is required for the degradation of 

LDL receptors by PCSK9 (Jang et al., 2020). 

AC3, 5 and 6 are present in platelets at very low levels with only unquantifiable 

traces of AC3 and AC5 detected in the membrane and only an estimated ~2,500 

copies per platelet of AC 6 (Burkhart et al., 2012). It has been reported that CAP1 

co-IPs with AC1, 3, 4 and 7 in pancreatic cancer cells. Upon stimulation with 

forskolin, which increases cAMP levels through AC activation, CAP1 forms a 

complex with AC3 and G-actin which enhances cAMP levels, inhibits cell motility, 

inhibits filopodia formation and inhibits cell invasion (Quinn et al., 2017). Attempts 

were made to blot for AC6 in platelet lysates but this was not continued due to poor 

antibody performance, low protein levels and time constraints. Blots for the less 

abundant AC 3 and 5 were not attempted. Attempts were also made to investigate 

CAP1 translocation and platelet morphology upon forskolin treatment, but these 

attempts also were not continued due to time constraints. It could reasonably be 

hypothesised that a fraction of CAP1 may be associated to ACs at the platelet 

membrane, contributing to their inhibitory effects. Stimulation with agonists like 

thrombin and collagen would disrupt that interaction, shifting the balance towards 

platelet activation. Future studies could investigate the interaction between CAP1 

and AC3, AC5 and AC6 in platelets. 

 

5.3.4 CAP2 and potential functional redundancy 

 

CAP2 is much less studied than CAP1 although both are known to bind actin and 

contribute to F-actin disassembly (Peche et al., 2013). CAP1 demonstrates a 

relatively broad expression pattern whereas CAP2 is predominantly limited to areas 

including the brain, heart, skeletal muscle, skin and WBCs. Although only 62% 

identity and 76% similarity is found between with murine CAP1 and CAP2, both 
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CAPs bind actin and contribute to disassembly of F-actin (Peche et al., 2007). In 

mice CAP2 ablation leads to cardiomyopathy and disarrayed sarcomeres with 

development of fibrosis (Peche et al., 2013).  

Both CAP1 and CAP2 present in murine platelets (Zeiler et al., 2014), 

whereas only CAP1 is present in human platelets (Burkhart et al., 2012) with no 

detectable CAP2 protein (Burkhart et al., 2012) or mRNA (Rowley et al., 2011). 

Therefore CAP1 may compensate for CAP2 ablation in murine platelets in a manner 

which may not occur in human platelets if CAP1 was conditionally knocked out.  

Approximately on third of gene KOs are embryonically lethal (Mohun et al., 

2013). Constitutive KO of CAP1 is embryonically lethal (Jang et al., 2020), possibly 

due to decreased vascularisation and reduced cell maturation in the placenta 

(Hummler et al., 2013a). A Cap1-/- would have to be platelet specific to be viable or 

at least to avoid any off-target effects. As humans express only CAP1 in platelets 

(Burkhart et al., 2012), whereas mice have both Cap1 and Cap2 expressed (Zeiler 

et al., 2014), platelets from a species with only CAP1 present would be preferable to 

murine platelets for functional studies.  

In mice, platelets with gene trapped CAP2 have been reported to be larger, 

display increased agonist-induced activation of αIIbβIII, increased P-selectin 

recruitment and display no spreading defects on fibrinogen. That study concluded 

that CAP1 may at least partially compensate for the lack of CAP2 in murine platelets 

These studies appeared to have some CAP2 still remaining in blots which may or 

may not have been inactive and the results were derived from only a few 

experimental repeats (Heck, 2019). A platelet specific double KO would also yield 

valuable information about the functional roles of CAP1 and 2 in platelets. 

 

5.3.5 Summary 

 

In summary, CAP1 is an abundant cytoskeleton regulator in platelets. It may play 

roles in the platelet membrane and lipid rafts and likely is involved in actin turnover 

with cofilin and G-actin at the cell cortex and actin nodules during platelet spreading. 

In the majority of platelets, CAP1 translocates from the membrane and cortex, to the 
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cytosol in response to thrombin, collagen and resistin, placing it at a crossroad of 

the signalling pathways that control platelet activation. Further analysis of these 

roles in platelets could involve the utilisation of a platelet-specific CAP1 KO model. 

Although as both proteins are present in murine but only CAP1 Is present in human 

platelets, it is possible that Cap1-/- platelets may not reflect the absence of CAP1 in 

human platelets. Therefore a species more closely reflecting the expression pattern 

of CAP1 and 2 in platelets may be more relevant. 
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6 Chapter 6 – General discussion 

 

Heart disease is a major cause of death with abnormal platelet levels (Fawzy et al., 

2019), size or activity identified as major risk factors (Ranjith et al., 2016). Studies of 

the function and interactions of proteins in platelets increase our understanding of 

how platelets function. Until recently there had been a limited number of studies of 

coronin in platelets. Most of the previous research on coronin in human platelets 

has been proteomic studies which detected altered coronin levels after various 

treatments. For example, higher coronin 3 levels were detected in platelets very 

soon after apheresis (Thiele et al., 2016), higher coronin 2 levels upon salvianolic 

acid B treatment (Ma et al., 2011) and lower coronin 2 levels in patients with 

coronary artery disease (Banfi et al., 2010).  

For the first time, this found that coronin 1, 2 and 3 localise to actin nodules 

and the actin-rich cell cortex. Coronin 1 was dispensable for most platelet functions. 

A novel finding was that coronin 1 was required for integrin β2 translocation. CAP1 

also colocalised with actin nodules and this study was the first to find it to 

translocate away from the cortex/membrane upon stimulation. 

 

6.1 Coronin and CAP in the platelet cytoskeleton 

  

The current project found that coronin 1 colocalises with F-actin structures such as 

actin nodules and at the actin-rich cortex in platelets. Colocalisation of coronin with 

actin rich structures such as the cortex, leading edge or lamellipodia have been 

reported in various cell types (Föger et al., 2011; Yan et al., 2007; Shiow et al., 2008; 

Gatfield et al., 2005). Coronins 1, 2 and 3 are also associated with the Arp2/3 

complex which is involved in actin turnover (Xavier et al., 2012). This would suggest 

that coronin 1 plays a role in regulating the actin cytoskeleton in platelets. However, 

Coro1A-/- platelets have been reported to have normal F/G-actin levels in 

unstimulated conditions (Stocker et al., 2018). The present study found that coronin 

1 is dispensable for some processes which are dependent upon rearrangement of 

the cytoskeleton including spreading (see Section 4.2.9) and aggregation (see 



212 
 

Section 4.2.7). It appears that coronin 1-mediated regulation of the actin 

cytoskeleton in platelets is instead compensated for by other proteins of the coronin 

family. 

This is not surprising as coronin 1 has also been found from KO, knock down 

or disruption studies to be dispensable for actin cytoskeleton dynamics in several 

cells including murine neutrophils (Combaluzier & Pieters, 2009), macrophages 

(Jayachandran et al., 2007), B cells, NK cells (Shiow et al., 2009),  dendritic cells 

(Westritschnig et al., 2013), fibroblasts (Shiow et al., 2008, supplementary material) 

and dendritic cells (Westritschnig et al., 2013). In contrast, the relatively limited 

number of studies on other class 1 coronins found involvement in cytoskeletal 

dynamics. For example, in murine fibroblasts, knockdown of coronin 2 results in 

lamellipodia and motility defects (Cai et al., 2008). Also, in murine fibroblasts, 

coronin 3 knock out results in actin cytoskeletal defects, and severe vimentin 

network and microtubule cytoskeleton defects (see Section 1.3.8.6) despite coronin 

localising more strongly with actin than with vimentin or tubulin (Figure 1.16). 

Although the platelets of Coro1C-/- mice have not been studied in detail, no obvious 

bleeding defects have been reported (Behrens et al., 2016). It is possible therefore, 

that coronin 3 may be the predominant coronin contributing to regulation of platelet 

cytoskeleton dynamics. Coronin 1 KO murine mast cells exhibit defects in lysosome 

and cytokine secretion with the additional ablation of coronin 2 contributing to the 

phenotype which was not in a single coronin 2 KO (Föger et al., 2011). This 

demonstrates that coronins must compensate for each other at least in some cell 

types 

As coronin 1 colocalises with coronins 2 and 3 in platelets it is very likely they 

are the proteins compensating for coronin 1. Or, instead it may also be the case that 

the requirement for coronin-mediated regulation of the actin cytoskeleton is 

dispensable for platelets. Single KOs of coronin 2 and 3, along with double and 

triple KOs would be needed to further investigate the contribution of coronins in 

regulating the platelet cytoskeleton. A triple KO may be embryonically lethal 

therefore a platelet specific approach under the influence of the platelet-factor 4 

(PF4) promoter may be required.  
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The ability of class 1 coronins to interact with Arp2/3 to regulate the actin 

turnover is mediated by phosphorylation. For example, coronin 1 and 2 can be 

phosphorylated at Ser2 by PKC which regulates their subcellular localisation and 

inhibits their interaction with Arp2/3. Coronin 3 is phosphorylated by CK2 at Ser463 

on the coiled-coil C-terminal. This results in coronin 3 losing its ability to inhibit actin 

polymerisation, bundle actin filaments and bind to Arp2/3 (Xavier et al., 2012).  

This study found CAP1 also colocalised with actin nodules. CAP1 has also 

been reported to localised to areas of rich F-actin staining in a very diverse range of 

cells including the „actin foci‟ in pollen tubes undergoing self-incompatibility (Poulter 

et al., 2010), at lamellipodia and stress fibres in murine fibroblasts (Freeman & Field, 

2000) and at „actin patches‟ at the cortex in yeast (Freeman et al., 1996). This is in 

accordance with the role of CAP1 as a regulator of the actin cytoskeleton. CAP1 

binds to cofilin, ADF, profilin and actin to contribute to actin cytoskeleton dynamics 

(see Section 1.4) (Ono, 2013) and is likely performing this role in platelets. 

Like coronins, CAP1 Is regulated by phosphorylation and It has been 

hypothesised there are likely multiple proteins which phosphorylate CAP1 (Zhou et 

al., 2014). CDK5 phosphorylates CAP1 at both S307 and S309 to regulate its cofilin 

and actin binding (Zhang et al., 2020); CDK5 is present in platelets (Burkhart et al., 

2012). CAP1 is also phosphorylated by GSK3, although only at S309, but S307 is 

additionally required for functional change (Zhou et al., 2014). The complete 

repertoire of proteins that regulate CAP1 activity is still to be determined. Coronin is 

phosphorylated by CDK5 also, but this appears to affect its ability to regulate 

PKA/cAMP through Gαs rather than affecting its ability to contribute to actin 

dynamics directly (Liu et al., 2016). Interestingly, both coronin (Gandhi & Goode, 

2008) and CAP1 proteins bind to cofilin  to regulate actin dynamics (Ono, 2013). 

Their individual interactions with cofilin may even affect the pool of available cofilin 

in different subcellular locations. 

Phosphorylation may have implications for actin-related functions performed 

by coronin and CAP1 in platelets. Unfortunately, phospho-specific antibodies for 

both proteins were not available to investigate their activation status in the current 

project. However this is an important avenue for future investigation. 
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6.2 Coronin 1 and CAP in platelet signalling 

 

Coronin 1 was found to be dispensable for the majority of platelet functions 

including spreading, aggregation, platelet size, secretion, integrin activation, PGI2-

induced cAMP levels, basal receptor levels and most receptor translocation. 

Although it is worth noting that in the vast majority of experiments the Coro1A-/- 

platelets displayed marginally higher values in those parameters, however, the only 

statistically significant difference was that in Coro1A-/- platelets, thrombin-induced 

translocation of integrin β2 to the membrane was defective. Integrin β2 KO murine 

platelets demonstrate reduced lifespan (Piguet et al., 2001), however the lifespan of 

Coro1A-/- platelets has been reported to be normal (Stocker et al., 2018), indicating 

that Coro1A ablation is not sufficient to affect platelet lifespan. 

Platelet-neutrophil complexes are required for the recruitment of neutrophils 

to inflamed tissue. Coronin 1 may be involved in the binding of LFA1 on platelets to 

ICAM1 on WBCs. However, as detailed in Section 1.1.3.2, there are several 

proteins responsible for the majority of platelet-WBC interactions including P-

selectin, CD11b/CD18, E-selectin, ICAM-1, ICAM-2 and PSGL-1 (Page & Pitchford, 

2013). Therefore the effect of LFA-1 on the interactions is likely minimal. 

Furthermore, the amount of neutrophils in thrombi from Coro1A-/- mice has been 

reported to not be significantly different from the WT (Stocker et al., 2018). 

Therefore it is unlikely that the effect of coronin 1 on integrin β2 has a significant 

impact on platelet-WBC interactions. Coronin 1 is the only coronin reported to 

interact with integrin β2 (Pick et al., 2017). While coronin 2 and 3 could potentially 

be involved in aspects of platelet function, it is likely that the interaction with integrin 

β2 is unique to coronin 1. As integrin β2 is involved in platelet-WBC interacitons 

(see Section 1.1.3.2), investigating if coronin is indirectly involved in „priming‟ white 

blood cells is an avenue for future investigation.  

It has also been discovered that cAMP signalling induces dephosphorylation 

of CAP1, through PKA and exchange protein directly activated by cAMP (Epac) 

(Zhang et al., 2020). Coronin 1 is also involved in cAMP signalling. It can modulate 
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cAMP and PKA signalling through Gαs (Jayachandran et al., 2014). This requires 

phosphorylation of coronin by CDK5 (Liu et al., 2016). This suggests potential roles 

for coronin and CAP 1 in the platelet inhibitory pathway should be further 

investigated. 

In Dictyostelium discoideum, coronin has  been reported to inhibit Rac1 

(Swaminathan et al., 2013) which is an important regulator of platelet spreading 

(McCarty et al., 2005), however the GTP-Rac1:Rac1 ratio in Coro1A-/- platelets have 

been reported to be normal (Stocker et al., 2018). The ability of coronin to interact 

with Rac1 may not extend to mammalian coronin 1 or there is compensation from 

other class 1 coronins. 

It is also worth noting that coronin 3 has been predicted to be a substrate of 

the tyrosine protein kinase FYN (Amano et al., 2015) which is involved in platelet 

agonist signalling through the GPVI (Gibbins, 2004) and CLEC-2 (Boulaftali et al., 

2014) receptors. This is another avenue of future investigation of the role of other 

coronin in platelet activation through GPVI or CLEC-2. 

This study demonstrated that a significant proportion of platelets undergo 

translocation of CAP1 from the membranes/cortex in response to thrombin, collagen 

or resistin. This translocation induced by thrombin can be prevented by PGI2, GSNO 

and CHIR99021. The translocation of CAP1 was not only induced by thrombin or 

collagen but also by resistin which demonstrated that the translocation may not be 

due to general platelet activation. The translocation of CAP1 was inhibited not only 

by the inhibitors PGI2 and the NO donor GSNO, but also by the GSK3 inhibitor 

CHIR99021. This demonstrates the inhibition of translocation may not be simply due 

to platelet inhibition. Furthermore, thrombin is also an inhibitor of GSK3 which 

further complicates the interactions. 

It is possible that phosphorylation of CAP1 may be involved in its 

translocation. In murine embryonic fibroblasts, phosphorylation of both S307 and 

S309 of CAP1 is required for it to regulate cofilin binding, actin binding and therefore 

actin turnover. However, GSK3 only phosphorylates CAP1 S309, but S307 is 

additionally required for functional change. It has also been hypothesised there are 

likely multiple proteins which phosphorylate CAP1 (Zhou et al., 2014). CDK5 
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phosphorylates both Ser307 and 309 (H. Zhang et al., 2020) and may contribute to 

the ability of CAP1 to translocate. 

The prevention of translocation of CAP1 in response PGI2 and NO could be 

due to a different pathway than in response to CHIR99021. This is because upon 

PGI2 and NO treatment platelets are less spread and have a less clear cortex and 

less cortical actin which may affect CAP1 localisation. Likewise the translocation of 

CAP1 in response to thrombin and collagen could be due to the platelet shape and 

actin distribution which demonstrates a round shape with more cortical actin upon 

platelet activation.  

The reason for CHIR99021 inhibiting CAP1 translocation is unclear. 

CHIR99021 is believed to be a specific GSK3 inhibitor, thereby preventing CAP1 

S307 phosphorylation, but S309 is additionally required to alter CAP1 function 

(Zhou et al., 2014). CHIR99021 treatment may have other affects besides GSK3 in 

including modulation of the TGFβ, Notch and MAPK signalling pathways (Wu et al., 

2013). Analysis of whether CHIR99021 functions as a general weak platelet inhibitor 

may provide clarification. 

Thrombin is an inhibitor of GSK3 and induces CAP1 translocation, but 

inhibition of GSK3 by CHIR99021 is not sufficient for CAP1 translocation. This 

indicates other pathways are likely required for CAP1 translocation rather than 

through GSK3 inhibition. The effects of agonists and inhibitors on CAP1 

translocation and platelet activation, as well as the steps which are unknown are 

summarised in Figure 6.1. Analysis of the phosphorylation state of CAP1 with 

phosphorylation specific antibodies in platelets before and after either inhibition of 

GSK3 with CHIR99023, or stimulation with thrombin or collagen should yield 

insights into the process of translocation. 
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Figure 6.1 – Proposed model of CAP1 translocation 
Thrombin and collagen bothlead to CAP1 translocation to the cytosol which can be 
inhibited by PGI2 and GSNO. CAP1 is phosphorylated at S309 by GSK3 which can 
in turn be inhibited by treatment with CHIR99021, which can also prevent CAP1 
translocation in response to thrombin. Unknown kinase(s) may phosphorylate S309. 
Phosphorylation of both S307 and S309 lead to inhibition of CAP1-cofilin binding 
and increases in CAP1-actin binding. Questions marks refer to unknown parts of the 
protein interactions. 

 

The reason for the translocation or lack of translocation could also be due to actin 

turnover. Lack of S307 and S309 phosphorylation of CAP1 may push actin turnover 

into a different state, with increases in CAP1-cofilin binding and actin severing 

activity juxtaposed with retained ADP-ATP nucleotide exchange capability. It would 

be worth investigating if CHIR99021 inhibits collagen or resistin-induced CAP1 

translocation to determine if this is agonist specific. 

 Another possibility for CAP1 translocation could be due to CAP1 association 

with the mitochondria. In HeLa cells and murine fibroblasts, CAP1 rapidly 

translocates to the outer mitochondria membrane during early apoptosis and 

provides a link between the actin cytoskeleton and the mitochondria (C. Wang et al., 

2008). Staining of the mitochondria was attempted but was difficult due to the small 

platelet and mitochondria size, but this is still an important avenue for future studies 

 It has been reported that the loss of CAP2 results in several cardiovascular 

and platelet defects (Heck, 2019) (see Section 1.4.6). CAP2 has only been 
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reported in murine platelets (Zeiler, et al. 2014) and not human platelets (Burkhart, 

et al. 2014). CAP1 KO studies should provide further valuable information about the 

contribution of CAP1 to the cardiovascular system and platelet function. Such a KO 

would have to be PF4-specific as CAP1 KO is embryonically lethal (Hummler et al., 

2013b). A double knockout of both CAP genes in mice would also provide valuable 

information  

Another possibility rather than using knockout animals may be to target the 

proteins using technology such as proteolysis-targeting chimera (PROTAC) (Khan,  

et al., 2019). Platelets produced from megakaryocyte cell lines in vitro do not 

currently reflect platelets very accurately, but as this technology is refined, knocking 

out proteins with techniques including clustered regularly interspaced short 

palindromic repeats (CRISPR) and producing platelets in cell lines may be a 

possibility (Norbnop, et al., 2020). Cardiovascular-related illnesses are a leading 

cause of deaths, particularly in Western countries with aberrant platelet activity 

contributing to this (Renga & Scavizzi, 2017). There are around 4,000 proteins 

present in platelets (Burkhart et al., 2012) and investigating their function in detail is 

important for understanding platelets and ultimately producing targeted therapies. 

This thesis characterised coronin 1, 2 3 and CAP1 in detail to contribute to the 

understanding of their role in platelet function.  
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8 Appendix 

 

8.1 Additional experimental data 

 

8.1.1 Coronin 2 associates with the Triton X-100 insoluble pellet 

 

This study previously summarised how human platelets were stimulated by 

thrombin in a time course, lysed, subjected to a of the Triton X-100 insoluble 

fractionation and probed with SDS-PAGE/WB (Figure 3.2.4). The membranes were 

also probed with coronin 2, however the signal was weak and the protein was 

degraded so the data was not considered strong enough for the main text. Coronin 

2 demonstrated a comparable trend over the time course of thrombin (Appendix 

8.1.1A) or collagen (Appendix 8.1.1B) to coronin 1 and 3. However coronin 2 only 

reached statistical significance at 120 and 180 seconds for thrombin and 30 and 

120 seconds for collagen. This may be due to the relative low power (3) and high 

experimental deviation (Appendix 8.1.1A & B). More experimental repeats would 

likely yield different statistical significances. This indicates that coronins 1, 2 and 3 

are F-actin associated in human platelets. 
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Appendix 8.1.1 – Coronin 2 association with the Triton X-100 insoluble pellet 
in human platelets.  
Experiment performed as in Figure 3.2.. Probing for coronin 2 was performed on 
the same membrane as with coronin 1 and 3 for thrombin (A) and collagen (B) 

treatments. 
 

8.1.2 Human platelet aggregation dose responses 

 

Human platelets were subjected to aggregation prior to experiments including 

membrane/cytosol fractionation and Triton X-100 insoluble pellet fractionation, to 

titrate agonists and to ensure strong aggregation responses occurred with 

(Appendix 8.1.2A) thrombin and collagen (Appendix 8.1.2B). 0.1 U/ml thrombin 

and 50 μg/ml collagen were the highest doses which achieved 83% (Figure 8.1.2A) 

or 92 % aggregation, respectively at 5 minutes (Appendix 8.1.2A & B). A detailed 

titration of murine platelets in aggregation is provided in Section 4.2.7. This 

indicates the dose that should be a strong agonist for experiments across this thesis 

including fractionations. 
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Appendix 8.1.2 – Human platelet aggregation dose response.  

245 µl of washed human platelets at 3 x 108 ml-1 were subjected to aggregation for 
over 5 minutes with stirring at 1000 RPM at 37°C in a Chrono-log aggregometer 
(Chronolog Instrument 490 + 4) by the addition of 5 µl of thrombin (A) or collagen 
(B), resulting in the final concentrations indicated. T = thrombin, C = collagen. 
 

 

8.1.3 Presence of coronins 1, 2 , 3 and 7 in human and mouse platelets 

 

The most sensitive studies of the presence of coronin mRNA and proteins in 

platelets were summarised in Figure  & Figure . Several additional, less sensitive, 

proteomic and transcriptomic studies have also found coronins in platelets. The 

presence of at least 3 members of the coronin family have been detected in 

platelets. A study which identified just over 1000 proteins in human platelets found 

coronin 1, 2 and 3 in the platelet proteome (Thiele et al. 2016, suppl 2). A more 

comprehensive and sensitive study which found around 4000 proteins in human 

platelets found coronin 1, 2, 3 and also 7 in platelets (Burkhart et al. 2012 suppl 3) 

(Appendix 8.1.3) The Plateletweb database states that coronin 1, 2 and 3 have 

been detected in platelets but not 4, 5, 6 or 7 (Boyanova, et al. 2011). Coronin 1 is 

the most abundant protein in human platelets, followed closely by coronin 3, coronin 

2 is less abundant and coronin 7 demonstrates a relatively extremely low 

abundance (Burkhart, et al. 2012, suppl 3). The data for murine platelets is more 
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limited. A study of the murine platelet proteome found 17,100 copies per cell of 

coronin 1, 3200 copies per cell of coronin 2, 3000 copies per cell of coronin 3 and 

700 copies per cell of coronin 7 (Zeiler et al., 2014). To summarise the proteomic 

data, it appears that coronin proteins 1, 2 and 3 are abundant in platelets, levels of 

coronin 7 are very low and 4, 5 and 6 have never been found in platelets. These 

findings are summarised in Appendix 8.1.3. 

A transcriptomics study which found over 5000 transcripts in human platelets 

found transcripts for coronin 1, 2 and 3 in platelets. This study also determined there 

is only a weak correlation between transcripts and the proteome in platelets (Londin, 

et al. 2014) (Appendix 8.1.3). However transcript abundance does not necessarily 

correlate with protein abundance or even presence. 

A transcriptomics study which analysed both mouse and human platelets 

examined reads per kilobase of exon model per million mapped reads (RPKM). The 

study in human platelets found the transcripts abundance order was coronin 3, 1 

and 2 (all high), followed by coronin 7 (lower), coronins 4 and 5 (extremely low 

levels) and no transcripts for coronin 6. In mice the order of abundance of 

transcripts was coronin 2, 3, 1 (high) followed by 7 (lower) then coronins 6, 4 

(extremely low) with no transcripts for coronin 5 (Rowley et al., 2011) (Appendix 

8.1.3). 

 

Appendix 8.1.3 – Presence of different coronin proteins/transcripts in human 

and mouse platelets. 

Protein Organism Type Method Abundance Reference 

Coronin 1 Human Protein LC-ESI-MS/MS and 

2D-DIGE 

Present (Thiele et al., 

2016) 

 Human Protein Quantitative mass 

spectrometry 

23,400 

copies per 

cell 

(Burkhart et al., 

2012) 

 Human Protein Mass Spectrometry 17100 

copies per 

cell 

(Zeiler et al., 

2014) 

 Human Transcript PCR of total RNA Present (Londin, et al. 
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(transcript) 2014) 

 Human Transcript RNA-seq 16.07 RPKM (Rowley et al., 

2011) 

 Mouse Transcript RNA-seq 1.61 RPKM (Rowley et al., 

2011) 

Coronin 2 Human Protein LC-ESI-MS/MS and 

2D-DIGE 

Present (Thiele et al., 

2016) 

 Human Protein Quantitative mass 

spectrometry 

6,900 copies 

per cell 

(Burkhart et al., 

2012) 

 Human Protein Mass Spectrometry 3200 copies 

per cell 

(Zeiler et al., 

2014) 

 Human Transcript PCR of total RNA 

(transcript) 

Present (Londin, et al. 

2014)  

 Human Transcript RNA-seq 11.79 RPKM (Rowley et al., 

2011) 

 Mouse Transcript RNA-seq 41.18 RPKM (Rowley et al., 

2011) 

Coronin 3 Human Protein LC-ESI-MS/MS and 

2D-DIGE 

23,300 

copies per 

cell 

(Thiele et al., 

2016) 

 Human Protein Quantitative mass 

spectrometry 

Present (Burkhart et al., 

2012) 

 Human Protein Mass Spectrometry 3000 copies 

per cell 

(Zeiler et al., 

2014) 

 Human Transcript PCR of total RNA 

(transcript) 

Present (Londin, et al. 

2014) 

 Human Transcript RNA-seq 73.46 RPKM (Rowley et al., 

2011) 

 Mouse Transcript RNA-seq 21.31 RPKM (Rowley et al., 

2011) 

Coronin 4 Human Transcript RNA-seq 0.01 RPKM (Rowley et al., 

2011) 

 Mouse Transcript RNA-seq 0.01 RPKM (Rowley et al., 

2011) 

Coronin 5 Human Transcript RNA-seq 0.02 RPKM (Rowley et al., 

2011) 



257 
 

Coronin 6 Mouse Transcript RNA-seq 0.07 RPKM (Rowley et al., 

2011) 

Coronin 7 Human Protein Quantitative mass 

spectrometry 

760 copies 

per cell 

(Burkhart et al., 

2012) 

 Human Protein Mass Spectrometry 700 copies 

per cell 

(Zeiler et al., 

2014) 

 Human Transcript RNA-seq 1.70 RPKM (Rowley et al., 

2011) 

 Mouse Transcript RNA-seq 0.71 RPKM (Rowley et al., 

2011) 

 

8.1.4 Platelet apoptosis 

 

During apoptosis, CAP1 has been reported to rapidly translocate to the 

mitochondria independently of caspase activation (C. Wang et al., 2008). Platelets 

have a short lifespan and undergo apoptosis over time. The calcium ionophore or 

treatment with a high dose of thrombin has been reported to induce apoptosis in 

platelets (Gyulkhandanyan et al., 2013). Platelets also undergo apoptosis over time 

and a marker of this is a breakdown product of gelsolin (Tonon et al., 2002; Wolf et 

al., 1999). Treatment with thrombin or the calcium ionophore has been reported to 

cause platelet apoptosis, determined by membrane potential depolarisation 

(Gyulkhandanyan et al., 2013). With a view to investigating CAP1 localisation on 

platelets undergoing apoptosis, controls to confirm platelet apoptosis were 

performed. Platelets were lysed immediately after isolation or left for 28 hours at 

37°C or treated with 0.1 to 5 U/ml thrombin for 15 minutes at 37°C or with 10 µM of 

calcium ionophore A23187 for 15 minutes at 37°C. A band showing a breakdown 

product of gelsolin at ~50 KDa was present in the platelets which were left for 28 

hours which is not in the control platelets (Appendix 7.1.4 A), indicating that 

apoptosis had occurred. However, probing for gelsolin could not detect breakdown 

products after thrombin (Appendix 8.1.4B) or calcium ionophore treatment 

(Appendix 8.1.4C), so the occurrence of apoptosis was inconclusive 
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Appendix 8.1.4  - Platelet apoptosis. 
Platelets were produced and either immediately lysed with Laemmli buffer or left for 
28 hours at 37°C, or treated with 0.1, 2 or 5 U/ml thrombin for 15 minutes at 37°C. 
or treated with 10 µm A23187 for 15 minutes at 37°C, then lysed. Lysates were 

subjected to SDS-PAGE/WB and probed for gelsolin. The full length gelsolin is 
present near the 95 KDa marker and the breakdown product is visible in the 28 hour 
sample at around 50 KDa. 
 

8.1.5 WBC-platelet interaction: blood lysis and fixing controls for FACS 

 

Cells can be visualised on FACS by their size as forward scatter (FSC) and 

granularity as side scatter (SSC), with WBCs being the largest and most granulated, 

followed by RBCs, then platelets. It should be noted that in human WBCs subjected 

to FACS, the granulocytes appear as the largest and granulated, followed by 

monocytes then lymphocytes. However, murine WBCs do not demonstrate distinct 

populations on FSC and SSC alone and appear as a dispersed cluster of cells, 

some larger than RBCs and some overlapping.  

Integrin β2, with CD11 forms LFA-1 and can bind to ICAM-1 on WBCs 

(Thome et al., 2018). Coronin 1 was found to be required for β2 integrin 

translocation in platelets with a view to determining if platelet-WBC intercations are 

impaired in Coro1A-/- platelets, lysis and fixing control were performed on murine 

blood. In unfixed and unlysed blood, the platelets, RBCs and WBCs can be 

identified with platelets the smallest and least granulated and WBCs being the 

largest and most granulated. RBCs are in the middle and overlap with WBCs 

(Appendix 8.1.5A). Upon treatment, the blood would need to be fixed and the 

RBCs removed before analysis. 5x BD fix/lyse buffer destroyed the RBCs, 
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generating cellular debris which obscured the WBCs and it also destroyed the 

majority of the WBCs, likely due to the high methanol content (Appendix 8.1.5B). 

High yield fix/lyse buffer lysed the RBCs and the debris was much smaller and the 

WBCs were intact (Appendix 8.1.5C). 10x BD fix/lyse buffer destroyed the RBCs 

and generated cellular debris which obscured the WBCs (Appendix 8.1.5D).  

The WBC populations stained very intensely for CD45 before and after 

fixation and lysis (data not shown). The platelet population stained intensely for 

GPVI (data not shown), however they could only be stained in blood that was not 

fixed or lysed as this process resulted in the platelet population becoming obscured 

by cellular debris (Appendix 8.1.5B - D). Subsequent experiments attempted to 

analyse the platelet-WBC binding but were not continued due to unsatisfactory 

reproducibility, inability of antibodies and peptides to block undesirable platelet-

WBC interactions and time constraints. 
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A 

 
B 

 
C 

 
D 

 
Appendix 8.1.5 - FACS blood lysis and fixing controls. 
Left FSC not logged, right FSC logged. A) Murine blood with no fixing or lysis. The 
platelets are in the bottom left and the WBCs are in the top right (red) with the 
RBCs in the middle overlapping with WBCs. B) 5x BD fix/lyse buffer. C) High yield 
fix/lyse buffer. D) BD 10x fix/lyse buffer. P1 represents the WBCs. 300 V FSC, 325 

V SSC. Threshold 5000. The number of events counted is not consistent in each 
graph. 
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8.1.6 Calcium measurements on Flexstation 

 

Coronin 1 is involved in calcium/calcineurin signaling and is required for survival in T 

cells (Mueller et al., 2008). An experiment to measure the calcium content over 

platelets over a time course was optimised, with a view to testing Coro1A-/- platelets. 

Platelets were incubated in either CaCl2 calcium or a negative control of EGTA in 

the dark with 2 µM Fluo-3 for 1 hour. They were subjected to 2 injections, one at 30 

and one at 930 seconds – first with thrombin (to a final concentration of 0.1 U/ml) or 

a negative control of MTB followed by a second injection of either a calcium 

ionophore (to a final concentration of 10 µM A23187 or a negative control of MTB. 

The platelets incubated in calcium and treated with thrombin demonstrated a peak 

which was not present in the other samples, demonstrating it was caused by 

thrombin and calcium and not by displacement. The two samples incubated with 

calcium then injected with A23187 demonstrated a peak whereas the other 4 

samples did not, demonstrating the peak is due to calcium levels and not 

displacement (Appendix 8.1.6). The conditions could not be optimised with murine 

platelets due to their different behavior as well as resources and time constraints. 
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Appendix 8.1.6 - Time course of calcium measurements in human platelets. 

Platelets were incubated in either 2 mM calcium or a negative control of 4 mM 
EGTA. They were subjected to 2 injections, one at 30 and one at 930 seconds – 
first with 0.1 U/ml thrombin or a negative control of MTB followed by a second 
injection of either a calcium ionophore or a negative control of MTB. 
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8.2 Research papers 

 

8.2.1  Biochemical and immunocytochemical characterization of coronins 

in platelets 
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8.2.2 Coronin 1 is required for integrin β2 translocation in platelets 
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8.2.3 The membrane-associated fraction of cyclase associate protein 1 

translocates to the cytosol upon platelet stimulation 
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