
UC San Diego
UC San Diego Electronic Theses and Dissertations

Title
Rap1 Binding to the Talin1 F0 Domain has a Minimal Effect on Murine Platelet GPIIb-IIIa 
Activation

Permalink
https://escholarship.org/uc/item/95n0r945

Author
Valadez, Andrew

Publication Date
2018
 
Peer reviewed|Thesis/dissertation

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/95n0r945
https://escholarship.org
http://www.cdlib.org/


i 

 

UNIVERSITY OF CALIFORNIA SAN DIEGO 

 

Rap1 Binding to the Talin1 F0 Domain has a Minimal Effect on  

Murine Platelet GPIIb-IIIa Activation 

 

 

A Thesis submitted in partial satisfaction of the 

 requirements for the degree Master of Science 

 

in 

Biology 

by 

Andrew Joseph Valadez 

 

 

 

 

 

Committee in charge: 

 Mark Howard Ginsberg, Chair 

David Traver, Co-Chair 

Barry Grant 

 

2018 



ii 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iii 

 

The Thesis of Andrew Joseph Valadez is approved and it is acceptable in quality and form for 

publication on microfilm and electronically: 

 

 

 

 

 Co-Chair 

 

 Chair 

 

 

 

 

 

 

 

University of California San Diego 

2018 



iv 

 

DEDICATION 

In recognition of their guidance, selflessness, and love, this thesis is dedicated to 

my Mom, Jean Hermelo-Valadez, and my Dad, Gustavo Valadez. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



v 

 

EPIGRAPH 

 

 

 

 

Be everything for those who do everything 

Jean Hermelo-Valadez 

 

 

 

 

 

 

 

 

 

 

 



vi 

 

TABLE OF CONTENTS 

Signature Page ............................................................................................................................... iii 

Dedication ...................................................................................................................................... iv 

Epigraph ...........................................................................................................................................v 

Table of Contents ........................................................................................................................... vi 

List of Figures ............................................................................................................................... vii 

Acknowledgements ...................................................................................................................... viii 

Abstract of the Thesis ......................................................................................................................1 

Introduction ......................................................................................................................................3 

Materials and Methods ...................................................................................................................10 

Results ............................................................................................................................................16 

Discussion ......................................................................................................................................27 

References ......................................................................................................................................30 

 

 

 

 

 



vii 

 

LIST OF FIGURES 

Figure 1: Signaling pathways in platelets stimulated with agonists ................................................4 

Figure 2: Integrin activation.............................................................................................................6 

Figure 3: Domain organization of talin1 ..........................................................................................7 

Figure 4: Structures of Rap1b and talin1 F0 domain .......................................................................9 

Figure 5: Blockade of Rap1 binding to talin1 F0 domain does not interfere with the ability of 

THD to activate integrin αIIbβ3 in a CHO cell model system.........................................................18 

Figure 6: Peripheral blood cell counts of Tln1R35E/R35E mice .........................................................19 

Figure 7: Expression of talin1 and Rap1 in Tln1R35E/R35E mice platelets ........................................19 

Figure 8: Integrin expression in Tln1R35E/R35E platelets ..................................................................20 

Figure 9: Kinetics of αIIbβ3 activation in Tln1R35E/R35E platelets stimulated with Par4-AP ............20 

Figure 10: Normal integrin αIIbβ3 activation in Tln1R35E/R35E platelets ...........................................21 

Figure 11: Tln1R35E/R35E platelet static adhesion and spreading on fibrinogen-coated coverslips ..22 

Figure 12: Tail bleeding time of Tln1R35E/R35E mice .......................................................................23 

Figure 13: Normal integrin αIIbβ3 activation in Tln1R35E/R35E,Apbb1ip KO/KO platelets ...................24 

Figure 14: Normal integrin αIIbβ3 activation in Tln1R35E/R35E,Tln2KO/KO platelets ..........................25 

Figure 15: Normal integrin αIIbβ3 activation in Tln1R35E/R35E,PIP5KICKO/KO platelets...................26 

Figure 16: Blockade of Rap1 binding to talin1 F1 domain interferes with the ability of THD to 

activate integrin αIIbβ3 in a CHO cell model system ......................................................................28 



viii 

 

ACKNOWLEDGEMENTS 

This thesis would have been impossible to complete without the support of others.  

I would like to thank my chair Mark H. Ginsberg, co-chair David Traver, and Barry J. 

Grant for being a part of my committee. I would especially like to acknowledge Dr. Ginsberg for 

allowing me to do research in his lab; the opportunities you have provided for me are 

immeasurable. I would also like to recognize Frederic Lagarrigue, my acting mentor, who taught 

me everything I needed to know to get to where I am today, from pipetting to encouraging me to 

become a better scientist. I thank you for your limitless patience and guidance. Additionally, I 

want to acknowledge Frederic Lagarrigue’s and Mark H. Ginsberg’s assistance in the editing and 

revision of this thesis, and for the manuscripts submitted for publication.  

I would like to acknowledge the co-authors and collaborators, who helped to acquire the 

data that made this thesis possible. I am also grateful to all of the members of the lab that helped 

throughout the process.  Finally, I would like to acknowledge Audrey Mays, for introducing me to 

the lab, and Emma Schoenthal, who supported me along the way. And of course, a big thank you 

to the rest of my friends and family for their continued support. 

The thesis, in part, has been accepted for publication of the material as it may appear in 

Blood Advances, 2018, Lagarrigue, Frederic; Gingras, Alexandre R.; David, Paul S.; Valadez, 

Andrew J.; Cuevas, Monica N.; Sun, Hao; Lopez-Ramirez, Miguel A.; Goult, Benjamin T.; Shattil, 

Sanford J.; Bergmeier, Wolfgang; Ginsberg, Mark H. 



1 

 

 

 

 

ABSTRACT OF THE THESIS 

 

Rap1 Binding to the Talin1 F0 Domain has a Minimal Effect on  

Murine Platelet GPIIb-IIIa Activation 

by 

Andrew Joseph Valadez 

Master of Science in Biology 

University of California San Diego, 2018 

 

Professor Mark Howard Ginsberg, Chair 

Professor David Traver, Co-Chair 

 

Upon vascular injury, platelet stimulation with agonists permits αIIbβ3 integrin to bind its 

cognate ligands to enable stable adherences to the vessel wall and platelet aggregation. Integrins 

remain in a low-affinity state until intracellular signaling pathways induce a high-affinity form, a 

process defined as integrin activation. Binding of the cytosolic adapter protein talin1 to the integrin 
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β cytoplasmic tail is a critical, final step in integrin activation. Previous studies implicated 

GTPases, Rap1a and Rap1b, in regulating talin1 binding to integrins in platelets. Structural and 

biochemical evidence showed a direct interaction between Rap1 and talin1 F0 domain, further 

confirmed in Dictyostelium. We hypothesized that Rap1 may directly interact with talin1 in 

platelets leading to its association with the β3 cytoplasmic tail to activate αIIbβ3. A mouse strain 

harboring the R35E mutation in talin1 F0 domain that blocks binding to Rap1 was generated. There 

was no significant defect in the ability of the Tln1R35E/R35E platelets to activate αIIbβ3 integrins. 

RIAM, a known Rap1 effector, and upregulations of talin2 were excluded as compensatory 

mechanisms. Results indicated that Rap1b binding to talin1 F0 domain makes a minimal 

contribution in activating platelet αIIbβ3. Remarkably, Rap1 also binds to talin1 F1 domain, a 

structural homolog to the F0 domain. Disrupting this interaction prevents αIIbβ3 integrin activation 

in a CHO cell model system. These findings suggest that talin1 may function as a direct effector 

of Rap1 through its F1 domain. Future studies will investigate the Rap1-talin1 F1 interaction in 

murine platelets by mutating the F1 domain.  
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INTRODUCTION 

Platelets and hemostasis 

Platelets are the chief effector cells in hemostasis1. Platelets form from megakaryocytes in 

the bone marrow, which organize themselves into giant cells with beaded cytoplasmic extensions 

called proplatelets2. Proplatelets extend into the bone marrow sinusoids and cross the endothelial 

lining where the extensions are sheared by blood flow into thousands of platelets2. Platelets are 

membrane bound, cytoplasm-containing cells that lack a nucleus and thus are unable to continue 

to duplicate through mitosis. Thus, hemostasis relies on the ability of megakaryocytes to produce 

platelets2. In humans, platelets are approximately 1-2 μm in diameter with a lifespan of 8-12 days3. 

In contrast, mouse platelets have a smaller diameter (0.5 μm) and shorter lifespan (4 days) than 

humans3. Additionally, the concentration of platelets in mouse blood is much higher (1000-

1550x109/L) than the concentration in humans (150-400x109/L)3. 

 Platelets are critically regulated to serve a wide variety of immune and hemostatic 

functions. Platelet immune function roles include, but are not limited to, intervention against 

microbial threats, modulation of antigen presentation, and enhancement of adaptive immune 

responses4. Circulating in the blood, platelets usually do not adhere to the endothelial cell wall 

because they are inhibited by anti-platelet agents released by the endothelium such as Nitric Oxide, 

prostacyclin (PGI2), and adenosine diphosphatase5. However, when the lining of the endothelium 

has been disrupted, there is a rapid interaction between platelets, the endothelial cells, and adhesive 

proteins that leads to the formation of a thrombus (clot) necessary to mediate hemostasis6. 

Following vascular injury, subendothelial matrix proteins such as collagens are exposed to blood7. 

Plasma von Willebrand Factor (VWF) can then anchor onto the collagen and interact with the 

receptor glycoprotein GPIbα on platelets to initiate platelets tethering to the site of injury      



4 

 

(Figure 1)7. GPVI and integrin α2β1 may interact with collagen and trigger activation signals in 

platelets7. Binding of several integrins to their ligands on the vessel wall (e.g. integrin αIIbβ3 to 

fibrinogen / fibrin and fibronectin, α5β1 to fibronectin or collagen, and α2β1 to collagen) 

subsequently enables stable adhesion of platelets7. Following vascular injury, the coagulation 

system is activated and generates thrombin, the most potent platelet activation factor8. Activation 

signals initiated by thrombin, collagen, ligands of adhesion receptors, or shear stress lead to the 

release of platelet granules6. The two main types of platelet granules are α-granules and dense 

granules. α-granules contain platelet adhesion molecules, P-selectin, integrins, VWF, fibrinogen, 

fibronectin and many other proteins6. Dense granules release ADP, which supports the second 

wave of platelet aggregation following integrin activation6. These secretion events act as secondary 

messengers that amplify the activation process and integrin αIIbβ3 signaling, which in turn recruits 

more platelets for aggregation6. 

 

 

Figure 1: Signaling pathways in platelets stimulated with agonists. Adapted from “Platelet receptors and signaling 

in the dynamics of thrombus formation” by J. Rivera, M. Lozano, L. Navaro-Núñez, et. al., Haematologica, 2009, vol. 

94, p. 700-711.  
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Integrin adhesion receptors 

Integrins are type I transmembrane adhesion receptors that play an important role in 

sensing chemical and physical properties of the extracellular matrix, as well as controlling signal 

transduction pathways that mediate adhesion, proliferation, differentiation, and apoptosis9. 

Integrins mediate the adhesion of one cell to another cell or to the extracellular matrix9. Integrins 

are heterodimers that contain one α- and one β-subunit9. There are many integrins in platelets 

including α2β1, α5β1, α6β1, αVβ3, αLβ2, αMβ2 and αIIbβ3
10,11. αIIbβ3, also called GPIIbIIIa, is by far 

the most abundant integrin in platelets, accounting for approximately 90% of total integrins12. 

Platelets that contain defective or low levels of integrin αIIbβ3 due to mutations in the gene encoding 

αIIb or β3 subunits cause Glanzmann’s thrombasthenia, a rare coagulopathy disease13. Symptoms 

of this disease include prolonged bleeding times and easy bruising due to the inability of platelets 

to form aggregates13. Integrins in platelets are usually in a low-affinity state until intracellular 

signaling pathways induce a high-affinity form, a process operationally defined as integrin 

activation (Figure 2)9. The capacity of intracellular signaling pathways to induce such changes in 

integrin conformation and affinity has been termed inside-out signaling. In contrast, outside-in 

signaling occurs when ligand binding to the extracellular domain initiates intracellular signals9. 

Since αIIbβ3 integrins are constantly exposed to their ligands (e.g. fibrinogen), the fine-tuning of 

integrin activation is critical to prevent excessive platelet activation and aggregation that may 

result in thrombosis and life-threatening events. The pivotal role of integrin αIIbβ3 in orchestrating 

platelet aggregation response has positioned αIIbβ3 as a rationale target for antithrombotic 

therapy12,14. Antagonists of αIIbβ3 integrin are currently used in clinics as an adjunct for the 

prevention of cardiac ischemic complications in patients undergoing percutaneous coronary 
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intervention14. Their use has been restricted to intravenous administration in an ambulatory setting, 

as further research is necessary to evaluate their use in a pre-hospital setting14. Serious adverse 

effects common to all αIIbβ3 antagonists are prolonged bleeding and thrombocytopenia. Currently, 

there are no active clinical trials testing new inhibitors of αIIbβ3. However, alternative approaches 

to target platelet stimulation events, upstream of αIIbβ3 inside-out signaling, are emerging (e.g. P2Y 

purinoreceptor 12 and proteinase-activated receptor inhibitors)14.  

Talin adapter proteins 

Upon vascular injury, platelet stimulation by multiple agonists triggers a cascade of 

signaling events that converges to the cytosolic adapter protein talin1 and facilitates its recruitment 

to integrins15. Binding of talin1 to the integrin β cytoplasmic tail induces long-range allosteric 

rearrangements in the integrin extracellular domain that leads to integrin activation (Figure 2)15. 

In addition, talin1 provides a mechanical link between the actin cytoskeleton and integrins16. 

Deletion of talin1 in mouse blood cells leads to a dramatic decrease in integrin activation in 

platelets and in leukocytes17,18. Moreover, point mutations in integrin β3 or talin1 that specifically 

block αIIbβ3 activation inhibit platelet aggregation, hemostasis, and thrombosis in mice. This 

Figure 2: Integrin activation. Binding of talin1 to the integrin β-cytoplasmic tail leads to the conformational 

rearrangements of integrin extracellular domains that increase their affinity. Activated Rap1 interacts with RIAM, 

leading to the recruitment of talin1 to the integrin. 
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reduced pathological bleeding is similar to the complete loss of αIIbβ3
19–21. These findings firmly 

establish the importance of talin1 binding to the integrin β cytoplasmic domain and point to a 

potential translational impact of interfering with talin1 or its interactions as a powerful mechanism 

for disabling integrin activation in vivo. Talin1 is ubiquitously expressed while its paralog in 

mammals, talin2, is enriched in the heart and brain with lower levels in the skeletal muscle, liver 

and lungs22. Although talin2 knockout mice are viable and fertile, early and severe myopathy in 

skeletal muscles have been observed23. In contrast, talin1 global knockout in mice results in 

gastrulation defects and early embryonic lethality24. Moreover, direct blockade of talin1-mediated 

integrin activation in all tissues is lethal20.  

Talin1 consists of a 50 KDa N-terminal head and an elongated 220 KDa rod composed of 

amphipathic helical bundles (Figure 3)16. The three domains of talin1 FERM domain (F1,F2,F3) 

are characteristic to many FERM domains16. However, the talin1 head domain is an atypical 

Figure 3: Domain organization of talin1. Talin1 consists of an N-terminal head domain and an elongated rod 

domain. Several interaction have been reported. Adapted from “Talins and kindlins; partners in integrin-mediated 

adhesion”, by D. Calderwood, I. Campbell, and D. Critchley, Nature Reviews Molecular Cell Biology, 2013, vol. 14, 

p. 503-517.  
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FERM domain due to an additional F0 domain. Talin1 is autoinhibited in the cytosol due to the 

interaction of the talin1 head domain (THD) with the rod domain, which prevents the interaction 

of THD with the integrin β cytoplasmic tail16. Our understanding of the signaling events that 

regulate talin1 recruitment to the plasma membrane and its association with integrin is incomplete.  

Rap1 proteins as hubs in integrin inside-out signaling 

Rap1 proteins are small GTPases that function as a molecular switch and transition between 

the active GTP-bound form and the inactive GDP-bound state. Rap1 activity is regulated by GEFs 

and GAPs that favor the exchange of GDP into GTP or facilitate the hydrolysis of GTP into GDP, 

respectively. In mammals, the Rap family consists of two Rap1 genes and two Rap2 genes. 

Platelets express high levels of Rap1b while Rap1a accounts for  approximately 20% of total 

platelet Rap1 proteins25. Global genetic deletion of Rap1b in mouse results in a mild bleeding 

defect due to impaired platelet function26. Double Rap1a/Rab1b knockout in mice has been 

reported to be embryonically lethal27. In response to platelet stimulation with agonists, elevation 

of the calcium concentration in the cytosol triggers activation of Ca2+- and DAG-regulated guanine 

nucleotide exchange factor I (CalDAG-GEFI), which functions as a GEF for Rap128. RASA3 is 

the most abundant Rap1 GAP expressed in platelets. Reduced expression of RASA3 in mice leads 

to premature platelet activation and markedly reduces the life span of circulating platelets29. 

The connection of Rap1 proteins with talin1 remains incompletely characterized30. Earlier 

studies using model non-hematopoietic cells established that Rap1 mediates integrin activation by 

forming a complex containing a combination of talin1 and the Rap1-GTP-interacting adapter 

molecule (RIAM), which recruits talin1 to integrin31,32. RIAM is abundant in hematopoietic cells 

and plays a critical role in activating integrins in neutrophils, macrophages and lymphocytes33,34. 

However, RIAM expression is low in platelets35. Germline deletion of RIAM in mice does not 
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affect development, hemostasis, or platelet integrin function33,34,36, unlike talin1 knockout17,18. 

These findings leave open the question: how does Rap1 regulate talin1-dependent integrin 

activation in platelets?  

The working hypothesis 

Earlier structural studies showed that Rap1b binds directly to talin1 F0 domain37. Although 

Rap1 binds only weakly (~140μM), the interaction is GTP-dependent. More recently, a proteomic 

screen to identify Rap1 effectors that regulate Dictyostelium adhesion found that Rap1 directly 

interacts with the RA domain of talinB38. The binding to activated Rap1 is essential for talinB-

mediated adhesion during Dictyostelium morphogenesis38. Zhu et al. further confirmed the direct 

Rap1-talin1 interaction39. Quantitative proteomic analyses of murine platelets revealed the high 

abundance of Rap1b and talin1, with approximately 220,000 molecules per platelet35. The 

abundance of the proteins at equal molar ratios and the lack of a known Rap1 effector with such a 

high abundance in platelets suggest that talin1 acts as a direct effector of Rap1 to activate integrins 

in platelets. The Rap1 surface interacting with talin1 F0 domain has a high concentration of 

positive charges (Lys 15, Arg 30 and Arg 35) (Figure 4). The laboratory has generated a mouse 

strain harboring the R35E mutation in talin1 F0 domain that blocks its interaction with Rap1 in 

Figure 4: Structures of Rap1b and talin1 F0 domain. Surface charge representation of the talin1 F0 and Rap1B. 

The binding interface is compatible for interaction and talin1 R35 residue makes a salt bridge with Rap1b. Potential 

binding sites are marked with a dashed line.  
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vitro. Using this mouse model, I have analyzed the functional consequences of disrupting talin1 

F0-Rap1 interaction in integrin activation, platelet function, and hemostasis.  
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MATERIALS AND METHODS 

Mice 

Apbb1ip-/- (RIAM KO)33,34, Tln2-/-40, and PIP5K1Cflox/flox41 have been previously described. 

Tln1R35E/R35E mutant mice were previously generated by the laboratory using the CRISPR/Cas9 

system and were backcrossed three times with C57BL/6J mice. Mice were bred as heterozygous 

Tln1wt/R35E to generate Tln1wt/wt and Tln1R35E/R35E mutant offspring. Ear tissue biopsies for genomic 

DNA were taken from 3-4-week-old animals. Mice were genotyped by PCR using forward primers 

5'-gtattctaatgctctgatgctactggc-3' and reverse primers 5'-aaagtcgttggctaaaagagatggtag-3' followed 

by Sanger sequencing. 8-12-week-old mice were used for experiments. Mutant animals were 

compared to wild-type sex matched littermates to control for background effects. The mice were 

housed in the animal facilities of the University of California, San Diego and all experimental 

procedures were reviewed and approved by Institutional Animal Care and Use Committee at 

University of California, San Diego. 

Integrin activation in CHO A5 cells 

CHO A5 cells have been previously described42. Cells were cultured in DMEM (Corning) 

supplemented with 10% fetal bovine serum (Sigma-Aldrich), and 100 U/mL penicillin and 

100 μg/mL streptomycin (Gibco). The sequence encoding murine talin1 head domain (THD, aa 1-

433) was cloned into pEGFP-N1 (Clontech). Point mutations were incorporated by PCR using 

gBlocks gene fragment (IDT) as templates. The sequences encoding human Rap1b(Q63E) and 

Rap1GAP1 were cloned into pDsRed-Monomer-C1 (Clontech). Transient transfection was 

performed using TransIT-LT1 Reagent (Mirus) according to the manufacturer's protocol. PAC-1 

binding assay was conducted as previously described. Briefly, cells were harvested by using 
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trypsin one day after transfection and washed once in HBSS buffer (containing calcium and 

magnesium, Gibco) supplemented with 1% (w:v) bovine serum albumin (Sigma-Aldrich). PAC-1 

IgM (ascites, 1:200) was incubated with cells for 30 min at room temperature prior to staining with 

the appropriate Alexa Fluor 647 secondary antibody (Life Technologies) for 30 min on ice. Cells 

were analyzed by flow cytometry using a FACSAria (BD Biosciences) and gated on double 

EGFP/DsRed positive events. Integrin activation was defined as αIIbβ3 specific ligand binding 

corrected for αIIbβ3 expression, and was calculated as 100x(MFI-MFI0)/ΔMFID57 (where MFI = 

mean fluorescence intensity of bound PAC-1; MFI0 = mean fluorescence intensity of bound PAC-

1 in the presence of 10 μM Eptifibatide; and ΔMFID57 = specific fluorescence intensity of anti- 

αIIbβ3 D57 antibody). PAC1 and D57 antibodies have been previously described43,44. 

Platelet isolation  

Blood was drawn from the retro-orbital plexus using heparin-coated capillaries and 

collected into phosphate buffered saline (PBS) containing 0.30 mg/mL enoxaparin sodium 

(Lovenox, Sanofi-Aventis) at a 3:1 ratio of whole blood to PBS/Lovenox and further dilution in 1 

mL of modified Tyrode’s buffer (134 mM NaCl + 0.34 mM NaH2PO4 + 2.9 mM KCl + 12 mM 

NaHCO3  + 20 mM Hepes pH 7 + 5 mM Glucose + 0.35% BSA). The samples were centrifuged 

for 4 minutes at 130 x g with no brake in a free-swinging bucket rotor at room temperature. Platelet 

rich plasma (PRP), the buffy layer, and the top layer of red blood cells (RBC) were taken for 

further centrifugation for 5 minutes at 100 x g with no brake. PRP was separated from the rest of 

the mixture and incubated with 1.0 mg/mL prostaglandin I2 (PGI2) for 5 minutes at room 

temperature before further centrifugation for 5 minutes at 700 x g. The supernatant was discarded 

and pelleted platelets were re-suspended in modified Tyrode's buffer to a final concentration of 

2x108/mL.  
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Flow Cytometry 

Multi-color flow cytometry analysis was performed using a BD Accuri C6 Plus analyzer 

(BD Biosciences). Data analysis was performed with the FlowJo software (FlowJo, LLC).  

Fibrinogen binding to washed platelets 

Washed platelets (1x106) were added to a mixture containing 0.15 mg/mL human 

fibrinogen labeled with Alexa Fluor 488 (Fibrinogen-AF488, Life Technologies), agonist, and 1 

mM CaCl2 in a 25 μL final volume. Agonist stimulation included proteinase-activated receptor 4-

activation peptide (Par4-AP, Genscript), adenosine diphosphate (ADP, Sigma-Aldrich), calcium 

ionophore (A23187, Sigma-Aldrich) and cross-linked collagen-related peptide (CRP-XL, gift 

from R.Farndale). Modified Tyrode’s buffer was used as a vehicle. After 10 minutes of incubation 

at room temperature, the reaction was stopped by adding 100 μL of 2% formaldehyde diluted in 

PBS and incubated for 10 minutes at room temperature. The samples were further diluted 1:10 in 

PBS and analyzed by flow cytometry.  

Jon/A-PE binding to platelets in whole blood  

Blood drawn from the mouse’s retro-orbital plexus using heparin-coated capillaries (75 

μL) was collected into PBS containing 0.3 mg/mL Lovenox at a 1:1 ratio. 2 μL of blood was added 

to a mixture containing 2 µg/mL anti-GPIX (Emfret Analytics) labeled with Alexa Fluor 647, 1 

mM CaCl2, agonist, and 2 µg/mL JonA antibody labeled with phycoerythrin (PE) (Emfret 

Analytics) in a 25 μL final volume. Agonists included various concentrations of Par4-AP, ADP, 

A23187 and CRP-XL. Modified Tyrode's buffer was used as a vehicle. Jon/A-PE antibody 

specifically recognizes the active, high-affinity form of murine αIIbβ3
45. Anti-GPIX-AF647 

antibody was used to identify platelets. After 10 minutes of incubation at room temperature, the 
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reaction was stopped by adding 100 μL of 2% formaldehyde diluted in PBS for 10 minutes at room 

temperature. The samples were further diluted 1:10 in PBS for flow cytometry analysis.  

Integrin Expression 

Blood drawn from mouse retro-orbital plexus using heparin-coated capillaries (75 μL) was 

collected into PBS containing 0.3 mg/mL Lovenox at a 1:1 ratio. 2 μL of blood was added to a 

mixture containing 2 µg/mL anti-GPIX (Emfret Analytics) labeled with Alexa Fluor 647, and 40 

µg/mL of anti-integrin antibody labeled with PE in a 25 μL final volume for 10 minutes at room 

temperature. Anti-integrin antibodies include CD41 (clone MWReg30) and CD61 (clone 2C9.G2); 

Rat IgG1 (clone RTK2758) and Armenian Hamster IgG (clone HTK888) were used as isotype 

controls, respectively (Biolegend). The reaction was stopped by adding 1 mL PBS and was 

immediately analyzed by flow cytometry.  

Tail Bleeding Time Assay 

Mice were anesthetized by inhalation of isoflurane during the procedure. A 5 mm segment 

of the tail tip was amputated with a scalpel. The tail was immediately immersed in an isotonic 

saline pre-warmed to 37°C. Bleeding was continuously monitored in a blinded-context. Bleeding 

time was defined as the time required for bleeding to cease for at least 60 seconds.  

Blood Cell Count 

Blood was drawn from the retro-orbital plexus using heparin-coated capillaries and 

collected into tubes containing sprayed K+/EDTA. Cell counts were determined using a Hemavet 

950FS Hematology system programmed with mouse-specific settings (Drew Scientific). 

Measurements were performed in duplicate, and mean values corresponding to each mouse were 

considered for analysis.  
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Western Blot 

Calpaïn inhibitor II (Sigma-Aldrich) was added to washed platelets before lysis in 1x 

Laemmli buffer. Samples were heated for 10 minutes at 95°C to denature proteins prior to sodium 

dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). Proteins were then transferred 

onto a nitrocellulose membrane for 2 hrs at 250 mA. Membranes were blocked with 5% milk in 

tris buffer saline (TBS) for 1 hr at room temperature. The primary antibodies against the proteins 

of interest were diluted 1:1,000 in TBS containing 0.1% Tween-20 (TBS-T) and added to the 

membrane overnight at 4°C under constant mixing. Appropriate secondary antibodies labeled with 

Alexa Fluor 680 or 800 (LI-COR) were diluted 1:10,000 in TBS-T to the membranes for 1 hr at 

room temperature. Washes were performed in TBS-T. Membranes were scanned using an Odyssey 

CLx infrared imaging system (LI-COR) and blots were processed using Image Studio Lite 

software (LI-COR). 

Adhesion on Fibrinogen 

Glass coverslips (12 mm Ø, thickness 1.5) placed into a 24-well plate were ionized with a 

plasma torch (Electro-Technic Products) and subsequently coated with 100 μg/mL human 

fibrinogen (Sigma-Aldrich) diluted in PBS for 1 hour at 37°C. Bovine serum albumin (BSA) 

diluted in PBS (5% w:v) was added for 1 hour at 37°C to block non-specific binding sites. Washed 

platelets (5x108/mL) were diluted 1:10 in modified Tyrode's solution containing 1 mM CaCl2 in 

the presence of 0.01 U/mL of thrombin (Sigma-Aldrich) and left to adhere to fibrinogen-coated 

glass coverslips for various times (0 to 45 min). Non-adherent platelets were removed by washing 

three times with modified Tyrode's solution. Adherent platelets were fixed with 2% formaldehyde 

diluted in PBS, permeabilized with 0.1% Triton X-100 in PBS for 5 min. Actin cytoskeleton was 

stained with Alexa Fluor 488-labeled phalloidin (Life Technologies) diluted 1:200 in PBS. 
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Imaging was performed using a LSM 880 with Airyscan confocal microscope (63x/NA1.4 oil 

objective, Carl Zeiss). Image analysis was performed using ImageJ software to count the number 

of adherent platelets, and measure the spreading area. Five fields of view were chosen randomly 

for each condition.  

Statistics 

Results were expressed as geometric Mean ± Standard Error of the Mean (S.E.M). 

Statistical analysis was performed using a two-tailed student’s t-test for single comparisons or 

ANOVA for multiple comparisons with a Bonferroni post hoc test. The threshold level for 

statistical significance was set at p-value = 0.05.  
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RESULTS 

Effects of blocking talin1 F0 binding to Rap1 on αIIbβ3 activation in CHO cells 

Nuclear magnetic resonance (NMR) studies have revealed the structure of talin1 F0 domain 

and showed a conserved cluster of surface residues similar to the Ras-binding site in RalGDS, a 

structural homologue of F037. This conserved surface has a high concentration of positive charges 

(K15, R30, R35), located in similar positions to other positively charged residues of Ras/Rap1-

binding domains that form salt bridges with the negatively charged groups of Ras/Rap (Figure 

4)37. The laboratory has showed that both single K15E and R35E mutations in talin1 F0 domain 

were sufficient to block binding to Rap1b as revealed by NMR studies. To evaluate the 

consequences of these mutations on talin1-dependent-integrin activation, I have utilized the non-

hematopoietic system established in the laboratory42. In this model, Chinese Hamster Ovary 

(CHO) cells stably express human αIIbβ3 integrin (clone A5). Cells were transiently transfected 

with plasmids encoding THD fused to EGFP in combination with either the constitutively active 

Rap1b(Q63E) mutant or Rap1-GAP1, an inhibitor of endogenous Rap1 activity. Integrin activation 

in EGFP-positive cells was measured by flow cytometry using the PAC1 antibody that specifically 

recognizes the high-affinity conformation of αIIbβ3 integrin43. Specific PAC1 binding was 

normalized to the total level of αIIbβ3 measured using the antibody D57 and expressed as an 

activation index (Figure 5A). Expression of THD(wt) by itself was sufficient to increase integrin 

activation. Co-transfection of Rap1b(Q63E) increased the capacity of THD to activate integrins. 

In contrast, co-transfection of Rap1-GAP1 decreased integrin activation. These results indicate 

that THD’s capacity to activate integrins is regulated by Rap1 activity. Surprisingly, single 

mutations K15E and R35E as well as the double K15E/R35E mutation in THD performed similarly 

to THD(wt) in their ability to activate αIIbβ3 integrin. Immunoblotting using an anti-EGFP antibody 
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revealed that THD mutants express at levels similar to THD(wt) (Figure 5B). Taken together, 

these findings reveal that Rap1 activity regulates THD-dependent integrin activation. However, 

binding of talin1 F0 domain to Rap1 is dispensable for THD capacity to activate integrins in the 

CHO A5 cells model.  

Generation of Tln1R35E/R35E mouse 

The laboratory has used a CRISPR/Cas9 approach to generate a knock-in mouse strain 

harboring the mutation R35E in Tln1 gene. I have participated in the characterization of the 

phenotype of Tln1R35E/R35E mice. Homozygous mutant mice were viable, fertile, and apparently 

healthy with no observed developmental phenotypes in their platelets or other blood cell counts 

(Figure 6). Immunoblotting on Tln1R35E/R35E and Tln1wt/wt platelets revealed that talin1 was 

Figure 5: Blockade of Rap1 binding to talin1 F0 domain does not interfere with the ability of THD to activate 

integrin α
IIb

β
3
 in a CHO cell model system. (A) CHO A5 cells that stably express the integrin α

IIb
β

3
 were transfected 

with EGFP-tagged talin1 head domain (THD) wildtype or mutants deficient for Rap1 binding. Rap1 activity was 

manipulated by co-transfecting the constitutively active Rap1b(E63) mutant or the Rap1GAP1 inhibitor. Flow 

cytometry assay was used to measure integrin activation in EGFP-positive cells using the PAC1 antibody that 

specifically recognizes the high affinity state of α
IIb

β
3
. Integrin activation was defined as α

IIb
β

3
 specific ligand binding 

corrected for α
IIb

β
3
 expression, and was calculated as 100x(MFI

0
-MFI)/ΔMFI

D57
 (where MFI = mean fluorescence 

intensity of bound PAC-1, MF1
0
 = mean fluorescence intensity of bound PAC-1 in the presence of 10 um Eptifibatide, 

and ΔMFI
D57

 = specific fluorescence intensity of anti-total α
IIb

β
3
 D57 antibody). Results represent Mean = S.E.M. of 

5 independent experiments. Two-way ANOVA with Bonferroni post-test, * p<0.05. No significant differences 

between wild-type and mutants were detected. (B) Western blot of talin-1 and Rap1 expression in EGFP-THD 

mutants. Actin was used as the loading control.  
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expressed at similar levels in both the wildtype and mutant (Figure 7). In addition, the amounts of 

Rap1b protein (Figure 7) and surface integrin αIIbβ3 (Figure 8) remained unchanged. These results 

indicate that Tln1R35E/R35E mice are suitable for examining the effects of blocking Rap1 binding to 

talin1 F0 domain on platelet integrin function.  

 

Figure 6: Peripheral blood cell counts of Tln1
R35E/R35E 

mice. Blood was collected from the retro-orbital plexus into 

tubes containing EDTA. Cell counts were performed on a Hemavet 950FS Hematology System programmed with 

mouse-specific settings (Drew Scientific). All blood samples were tested in duplicated and each animal’s mean was 

plotted. Cross represents the mean and outliers are denoted as filled circles. Student’s t-test, no significant differences 

were observed.  
 

Figure 7: Expression of talin1 and Rap1 in Tln1
R35E/R35E 

mice platelets. Western blot. Actin was used as the loading 

control. Results are representative of 3 independent experiments using n = 3 mice each time. 
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Figure 8: Integrin expression in Tln1
R35E/R35E 

platelets. Expression of (A) α
IIb

 (CD41) and (B) β
3
 (CD61) was 

measured by flow cytometry. n=4 mice. Student’s t-test, no significant differences were observed.  
 

Figure 9: Kinetics of α
IIb

β
3
 activation in Tln1

R35E/R35E 
platelets stimulated with Par4-AP. Baseline levels of Jon/A 

binding were measured for 30 seconds prior to stimulation with 500 μM (A) or 75 μM (B) Par4-AP. Real-time binding 

of Jon/A antibody was monitored for 10 minutes by flow cytometry.  
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Normal αIIbβ3 integrin activation in Tln1R35E/R35E platelets 

I evaluated activation of αIIbβ3 integrin onto Tln1R35E/R35E platelets in response to 

stimulation with proteinase-activated receptor 4-activation peptide (PAR4-AP) by measuring real-

time binding of Jon/A antibody to washed platelets, which specifically recognizes the high-affinity 

conformation of αIIbβ3
45. Jon/A bound to Tln1R35E/R35E platelets with similar kinetics and to a similar 

level as Tln1wt/wt platelets (Figure 9).  Moreover, I assessed fluorescent fibrinogen binding to 

washed platelets in response to stimulation with various concentrations of Par4-AP, ADP, 

ionophore A23187, or cross-linked collagen-related peptide (CRP-XL). Fibrinogen binding to 

Tln1R35E/R35E platelets was similar to Tln1wt/wt platelets (Figure 10A). To rule out an artifact due to 

Figure 10: Normal integrin α
IIb

β
3
 activation in Tln1

R35E/R35E
 platelets. Flow cytometry assay to measure binding of 

washed platelets to fibrinogen (A) or binding of platelets in whole blood to Jon/A antibody (B) in response to various 

agonist stimulation. Fibrinogen and Jon/A-PE were added simultaneously with agonists for 10 min. (A) Fibrinogen is 

labeled with AF488. Bar graphs represent MFI ± S.E.M (n=4 mice). Data are representative of 4 independent 

experiments. Student’s t-test, no significant differences were observed. (B) Platelets were labeled with GPIX-AF647 

antibody. Jon/A-PE antibody specifically recognizes high-affinity (activated) α
IIb

β
3
 integrins. Bar graphs represent 

mean fluorescence intensities (MFI) ± S.E.M (n=4 mice). Data are representative of 4 independent experiments. 

Student’s t-test, no significant differences were observed.  
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the washing procedure of platelets, I assessed binding of Jon/A antibody to platelets in response 

to agonist stimulation in whole blood. Binding of Jon/A antibody to Tln1R35E/R35E platelets was 

similar to Jon/A binding to Tln1wt/wt platelets (Figure 10B). As a second measure of αIIbβ3 function, 

I examined platelet adhesion and spreading on fibrinogen-coated coverslips in response to 

stimulation with thrombin. I observed no difference in the number of adhered platelet between 

Tln1R35E/R35E and Tln1wt/wt platelets, and Tln1R35E/R35E platelets showed no defects in spreading and 

extending lamellipodia (Figure 11). These data indicate that blocking talin1 F0 binding to Rap1 

has no effects on platelet αIIbβ3 activation. 

Figure 11: Tln1
R35E/R35E 

platelet static adhesion and spreading on fibrinogen-coated coverslips. (A) 

Representative images of adhered platelets stained with AF488-phalloidin at 5, 15, 30, and 45 minutes after 

stimulation. (B) Magnified view of platelet spreading and lamellipodia. (C) Quantification of platelet adhesion (Mean 

± S.E.M.). n=5 fields of view, two independent experiments. Student’s t-test, no significant differences were observed. 

(D) Quantification of the platelet spreading area (Mean ± S.E.M.). n=5 fields of view, two independent experiments. 

Student’s t-test, no significant differences were observed.  
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Normal hemostasis in Tln1R35E/R35E mouse 

To assess the capacity of Tln1R35E/R35E platelets to mediate hemostasis, I measured the time 

required for bleeding to cease after amputation of a 5-mm segment of the tail tip. Although 

insignificant, there was a tendency of increased bleeding time for Tln1R35E/R35E mice compared to 

wild-type littermate controls (Figure 12). This result indicates that the hemostatic functions of 

Tln1R35E/R35E platelets are largely intact. 

Expression of RIAM does not compensate Tln1R35E/R35E mutation 

The absence of effects on integrin activation in Tln1R35E/R35E platelets led us to investigate 

potential alternative mechanisms that could compensate Tln1R35E/R35E mutation. RIAM is a Rap1 

effector that binds to and recruits talin1 to integrin31,46. Importantly, RIAM binds to talin1 rod 

domain. Thus, we hypothesized that RIAM may bridge Rap1 to talin1(R35E). However, RIAM 

expression is low in platelets (~1,600 molecules per platelet), well below the amount of talin1 and 

Rap1b (~220,000 molecules per platelet)35. These discrepancies in protein abundances are not in 

Figure 12: Tail bleeding time of Tln1
R35E/R35E

 mice. The experiment was terminated at the end of 10 min to avoid 

excessive loss of blood. Student’s t-test, no significant differences were observed between Tln1
wt/wt

 (n=15) and 

Tln1
R35E/R35E

 mice (n=14).  
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favor of a compensatory role of RIAM; still, RIAM expression may be up-regulated in 

Tln1R35E/R35E platelets. We crossed Tln1R35E/R35E mice with Apbb1ip-/- (RIAM KO) strain to assess 

the effects of Tln1R35E/R35E mutation in the absence of RIAM. Immunoblotting revealed a similar 

amount of mutant and wild-type talin1 in Tln1R35E/R35E;Apbb1ip-/- and Tln1wt/wt;Apbb1ip-/- platelets 

(Figure 13A). The binding of Jon/A to whole blood and fibrinogen binding to washed platelets 

revealed no differences between Tln1R35E/R35E;Apbb1ip-/- and Tln1wt/wt;Apbb1ip-/- platelets (Figure 

13B-C). These findings exclude a compensatory role for RIAM.  

 

 

Figure 13: Normal integrin α
IIb

β
3
 activation in Tln1

R35E/R35E
,Apbb1ip

 KO/KO
 platelets. (A) Western blot of talin1 and 

RIAM expression in platelets. Vinculin was used as the loading control. (B-C) Flow cytometry assay to measure 

binding of platelets in whole blood to Jon/A antibody (B) or washed platelets to fibrinogen (C) in response to various 

agonist stimulation. Fibrinogen and Jon/A-PE were added simultaneously with agonists for 10 min. (B) Platelets were 

labeled with GPIX-AF647 antibody. Jon/A-PE antibody specifically recognizes high-affinity (activated) α
IIb

β
3
 

integrins. Two-tailed t-test, no significant difference observed. Bar graphs represent mean fluorescence intensities 

(MFI) ± S.E.M (n=3 mice). Student’s t-test, no significant differences were observed. (C) Fibrinogen is labeled with 

AF488. Two-tailed t-test, no significant difference observed. Bar graphs represent MFI ± S.E.M (n=3 mice). Data are 

representative of 4 independent experiments. Student’s t-test, no significant differences were observed.  
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Talin2 does not express in Tln1R35E/R35E platelets 

Talin2 is structurally and functionally homologous to talin116. Previous works have 

reported that talin2 expression is undetectable in hematopoietic cells, specifically platelets17,22. We 

crossed Tln1R35E/R35E mice with Tln2-/- strain to rule out a compensatory role of talin2 due to up-

regulation of its expression in Tln1R35E/R35E platelets. We observed no expression of talin2 in 

Tln1R35E/R35E;Tln2-/- and Tln1wt/wt;Tln2-/- platelets (Figure 14A). In the wild-type control, talin2 

expression was detected in heart samples. In accord with a lack of talin2 expression in platelets, 

we observed similar activation of αIIbβ3 integrin between Tln1R35E/R35E;Tln2-/- platelets and 

Figure 14: Normal integrin α
IIb

β
3
 activation in Tln1

R35E/R35E
,Tln2

KO/KO
 platelets. (A) Western blot of talin1 and talin 

2 expression in platelets. Talin2 is undetectable in platelet lysate. Heart lysate was used as the control for talin2 

expression. Vinculin was used as the loading control. (B-C) Flow cytometry assay to measure binding of platelets in 

whole blood to Jon/A antibody (B) or washed platelets to fibrinogen (C) in response to various agonist stimulation. 

Fibrinogen and Jon/A-PE were added simultaneously with agonists for 10 min. (B) Platelets were labeled with GPIX-

AF647 antibody. Jon/A-PE antibody specifically recognizes high-affinity (activated) α
IIb

β
3
 integrins. Two-tailed t-test, 

no significant difference observed. Bar graphs represent mean fluorescence intensities (MFI) ± S.E.M (n=3 mice). 

Data are representative of 3 independent experiments. Student’s t-test, no significant differences were observed. (C) 

Fibrinogen is labeled with AF488. Two-tailed t-test, no significant difference observed Bar graphs represent MFI ± 

S.E.M (n=3 mice). Student’s t-test, no significant differences were observed.  
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Tln1wt/wt;Tln2-/- platelets in response to agonist stimulation (Figure 14B-C). These data exclude a 

compensatory role for talin2.   

PIP5KIγ does not compensate Tln1R35E/R35E mutation in platelets  

Talin1 F2F3 domain binds to PtdIns(4,5)P2, which plays a critical role in the regulation of 

the auto-inhibited form of talin1 and stimulates recruitment of talin1 to the plasma membrane47. 

Talin1 binds to PIP5KIγ, an isoform of the PtdIns kinases I that phosphorylates PtdIns(4)P into 

PtdIns(4,5)P2
48. A current model proposes that only talin1-bound PIP5KIγ locally generates 

PtdIns(4,5)P2, which subsequently binds to talin1 and enables it to regulate integrin activation. We 

hypothesized that direct binding of Rap1 to talin1 F0 domain may act together with PtdIns(4,5)P2 

to recruit talin1 to the plasma membrane and to the integrin. We crossed Tln1R35E/R35E mice with 

the PIP5K1C-/- (PIP5KIγ KO) strain to rule out an overriding effect of PtdIns(4,5)P2 over Rap1 

binding to talin1 F0. We assessed activation of αIIbβ3 integrins in Tln1R35E/R35E;PIP5K1C-/- platelets 

and observed no differences with control Tln1wt/wt;PIP5K1C+/+ platelets (Figure 15). These results 

Figure 15: Normal integrin α
IIb

β
3
 activation in Tln1

R35E/R35E
,PIP5KIC

KO/KO
 platelets. Flow cytometry assay to 

measure binding of platelets in whole blood to Jon/A antibody in response to various agonist stimulation. Jon/A-PE 

was added simultaneously with agonists for 10 min. Platelets were labeled with GPIX-AF647 antibody. Jon/A-PE 

antibody specifically recognizes high-affinity (activated) α
IIb

β
3
 integrins. Two-tailed t-test, no significant difference 

observed. Bar graphs represent mean fluorescence intensities (MFI) ± S.E.M (n=3 mice). Student’s t-test, no 

significant differences were observed.  
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indicate that PIP5KIγ and its locally generated product PtdIns(4,5)P2 do not compensate 

Tln1R35E/R35E mutation.   

Evidence for an alternative Rap1 binding site in talin1 F1 domain 

Previous studies have unequivocally implicated Rap1 in talin1-dependent αIIbβ3 activation 

in platelets26. The failure to detect any defects in integrin activation in either Tln1R35E/R35E platelets 

or other compensatory mechanisms led us to consider a different binding site of Rap1 to talin1. 

Talin1 F1 domain is structurally homologous to talin1 F0 domain37. Thus, we reason that Rap1 

could also bind to the talin1 F1 domain. NMR studies performed in the laboratory revealed the 

existence of this interaction, and identified Arg 118 in the talin1 F1 domain as a key residue in the 

interface with Rap1b. In addition, the laboratory showed, using NMR, that mutation R118E in 

talin1 F1 blocks binding to Rap1b. Therefore, I introduced the mutation R118E in plasmids 

encoding THD fused to EGFP to assess the consequences on αIIbβ3 activation in CHO A5 cells.  

Mutation R118E in talin1 F1 domain decreased the capacity of THD to activate αIIbβ3 (Figure 

16A). Moreover, THD(R118E) became independent on Rap1 activity. Double mutant 

THD(R35E,R118E), in which both Rap1 binding sites in talin1 F0 and F1 domains are mutated, 

showed no additional effects on integrin activation. Immunoblotting using an anti-EGFP antibody 

revealed that THD mutants express to levels similar to that of THD(wt) (Figure 16B). These 

findings indicate the existence of an alternative Rap1 binding site in talin1 F1 domain, and the 

prominence of this interaction in regulating THD-dependent αIIbβ3 activation in CHO A5 cells. 

Importantly, these results reconcile the idea that talin1 may function as a direct effector of Rap1 

GTPases. Future work is warranted to assess the role of Rap1 binding to talin1 F1 domain in 

platelets.  
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Figure 16: Blockade of Rap1 binding to talin1 F1 domain interferes with the ability of THD to activate integrin 

α
IIb

β
3
 in a CHO cell model system. (A) CHO A5 cells that stably express the integrin α

IIb
β

3
 were transfected with 

EGFP-tagged talin1 head domain (THD) wildtype or mutants deficient for Rap1 binding. Rap1 activity was 

manipulated by co-transfecting the constitutively active Rap1b(E63) mutant or the Rap1GAP1 inhibitor. Flow 

cytometry assay was used to measure integrin activation in EGFP-positive cells using the PAC1 antibody that 

specifically recognizes the high affinity state of α
IIb

β
3
. Integrin activation was defined as α

IIb
β

3
 specific ligand binding 

corrected for α
IIb

β
3
 expression, and was calculated as 100x(MFI

0
-MFI)/ΔMFI

D57
 (where MFI = mean fluorescence 

intensity of bound PAC-1, MF1
0
 = mean fluorescence intensity of bound PAC-1 in the presence of 10 um Eptifibatide, 

and ΔMFI
D57

 = specific fluorescence intensity of anti-total α
IIb

β
3
 D57 antibody). Results represent Mean = S.E.M. of 

5 independent experiments. Two-way ANOVA with Bonferroni post-test, * p<0.05. (B) Western blot of talin-1 and 

Rap1 expression in EGFP-THD mutants. Actin was used as the loading control.  
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DISCUSSION 

Rap1 GTPases have been implicated in the control of platelet αIIbβ3 integrin activation by 

facilitating talin1 recruitment to the integrin26,30–32. However, the Rap1 effector that binds to talin1 

and mediates its recruitment to αIIbβ3 in platelets remains unknown. Structural and chemical 

evidence reported a direct interaction between Rap1 and talin1 F0 domain, and recent literature 

proposes the idea that talin1 could serve as a direct effector of Rap1 in platelets37–39. The laboratory 

showed that mutation R35E in talin1 F0 domain blocks binding to Rap1, with no changes in folding 

and stability of the F0 domain. We examined the capacity of THD(R35E) to activate αIIbβ3 in the 

well-established CHO cell system42, and found that mutated THD was similar to THD(wt) in its 

ability to activate αIIbβ3. Remarkably, THD(R35E) was still dependent-on Rap1 activity to regulate 

αIIbβ3 activation. To directly test the role of talin1 F0-Rap1 interaction in platelets, the laboratory 

generated a mouse strain that harbors the mutation R35E in talin1. Tln1R35E/R35E platelets showed 

no defects in their capacity to activate αIIbβ3 integrins in response to a wide variety of agonist 

stimulation. Tln1R35E/R35E platelets have normal hemostasis. Taken together, our findings indicate 

that Rap1 binding to talin1 F0 domain is dispensable for platelet αIIbβ3 activation and function.  

We used the non-hematopoietic CH0 A5 cells that stably express human αIIbβ3 integrins to 

examine the role of talin1 F0 interaction with Rap1 in integrin activation. Two mutations in THD 

F0 that prevent its association to Rap1, K15E and/or R35E, had no effects on αIIbβ3 activation. 

This result contrasts with a recent study by Zhu et al. reporting that THD(K15A,R35A) double 

mutant is deficient in activating αIIbβ3 integrins in CHO A5 cells39. We cannot account for the 

difference between our work and this study. First, the effects of mutating Lys and Arg residues 

into Glu, rather than non-polar Ala residue, are expected to more efficiently block the interaction 

with the acidic residues at the surface of Rap1. Second, we carefully controlled for the expression 
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of each component in our system, including THD-EGFP fusion proteins and αIIbβ3 integrins, in 

contrast to Zhu et al.'s work39. By manipulating Rap1 activity we showed for the first time that the 

capacity of THD to activate αIIbβ3 is regulated by Rap1. Thus, these findings indicate that Rap1 

binding to talin1 F0 domain is dispensable for THD-dependent activation of αIIbβ3 integrins in 

CHO A5 cells.  

Quantitative proteomic analyses of murine platelets revealed the high abundance of Rap1b 

and talin1, with ~220,000 molecules per platelet35. The abundances of both Rap1b and talin1 at 

equal molar ratios and the lack of a known Rap1 effector with such a high abundance in platelets 

suggest that talin1 acts as a direct effector of Rap1 to activate integrins in platelets. However, 

Tln1R35E/R35E platelets were able to activate αIIbβ3 with similar kinetics and to a similar extent as 

wild-type platelets. A thorough analysis of αIIbβ3 activation using various agonist stimulation, 

multiple approaches, and readouts provided consistent results. Importantly, we have excluded 

potential compensatory mechanisms. Although RIAM expression is weak in platelets, with only 

~160 molecules per platelet35, we examined whether RIAM could bridge Rap1 to the talin1(R35E) 

mutant. The normal αIIbβ3 activation of Tln1R35E/R35E,Apbb1ip-/- platelets led us to rule out this 

hypothesis. Second, platelets do not express talin217,22 and we showed that talin2 expression was 

not detectable in Tln1R35E/R35E platelets. Third, we excluded the possibility that PIP5KIγ could 

account for the lack of effect of Tln1R35E/R35E mutation. Since platelets also express other isoforms 

of this enzyme, such as PIP5KIα and PIP5KIβ41, it is still possible that the crucial role of 

PtdIns(4,5)P2 in facilitating talin1 recruitment to the integrins at the plasma membrane obscures 

the effects of talin1 F0 mutation. In agreement with the normal αIIbβ3 activation in Tln1R35E/R35E 

platelets, we observed no significant changes in hemostasis in Tln1R35E/R35E mice. However, we 

noticed a trend towards an increase in the time required for the bleeding to cease after amputation 
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of the tail tips in Tln1R35E/R35E mice. Furthermore, ongoing collaboration with the group of Dr. 

Wolfgang Bergmeier (University of North Carolina, Chapel Hill) revealed a minor defect in the 

capacity of Tln1R35E/R35E platelets to form aggregates in response to stimulation with low doses of 

Par4-AP, ADP, convulxin, and the thromboxane A2 analog U46619. However, this effect was no 

longer observed as the dose of agonist increased. Platelets experience shear forces in the platelet 

aggregometer, which could destabilize the capacity of Tln1R35E/R35E platelets to form stable 

aggregates in the presence of normal αIIbβ3 activation.  

In sum, this study would exclude the idea proposed by the recent literature for considering 

talin1 F0 as the main effector of Rap1 in platelets39. However, the fact that Rap1b also binds to 

talin1 F1 domain, which is a structural homolog of the talin1 F0 domain, renews the idea that talin1 

is the Rap1 effector that regulates talin1-dependent integrin activation. We envision a model where 

Rap1 binds both talin1 F0 and F1 domains to regulate αIIbβ3 activation. Our data indicate that the 

Rap1 binding site in talin1 F1 domain is dominant in CHO A5 cells. The laboratory recently 

generated two mouse strains with mutations in talin1 F1 and/or F0 domain that prevent binding to 

Rap1. Future work using these new mouse models will unequivocally identify talin1 as the effector 

of Rap1b to control talin1-dependent integrin activation in platelets. 
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