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ABSTRACT 

 

 

TALIN AT THE ROOT OF THE EUKARYOTIC RADIATION AND THE ORIGINS OF 

ANIMAL MULTICELLULARITY 

By ELISABETH ANN CARTER 

Under the direction of RICHARD O. MCCANN, Ph.D. 

 

 

A wealth of phylogenomic data has established the outline of the eukaryotic radiation, 

from the last eukaryotic common ancestor (LECA) through the terminal branches of extant 

eukaryotes. This consensus, derived from datasets of primarily “housekeeping” proteins, divides 

eukaryotes into two clades, bikonts [e.g. stramenopiles, alveolates, plants] and unikonts 

[Amoebozoa, opisthokonts (Fungi, choanoflagellates, Metazoa)]. Elucidation of the cellular 

differences between unikonts and bikonts is a major objective of Evolutionary Cell Biology. 

While the calculated phylogeny is robust, it has little to say about what made ancestral bikonts 

and unikonts different at the cellular level and how these differences led to current eukaryote 

diversity. This project is based on the molecular cell biology of one of the core proteins that 

composes the integrin adhesome: talin. The highly-conserved THATCH (Talin-Hip1Actin C-

terminal Homology) domain is present in and diagnostic of all sequenced unikonts. Together, 

this multicomponent adhesome is essential for animal multicellularity, which is perhaps the 

exceptional distinction between the two clades. We will examine the interactions of recombinant 

talin proteins in model organisms representative of the bikont-unikont bifurcation (e.g. 

Thecamonas trahens, Capsaspora owczarzaki, Allomyces macrogynus) in order to provide a 
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framework for elucidating original cellular characteristics that accompanied the divergence of 

eukaryotes into unikonts and bikonts. More specifically, our objectives are to: (1) identify and 

quantify protein-protein interactions that preadapted talin proteins in ancestral, largely 

unicellular unikonts for the leap to multicellularity; and (2) construct a model of integrin 

adhesome function that accounts for the emergence of the Metazoa at the cellular level. These 

complementary but independent aims will lead to a better insight into the fundamental 

differences of cell heredity and genome content that distinguish bikonts from unikonts. 

Furthermore, knowledge of how the individual components of the integrin adhesome coevolved 

from an “ancestral” to an apparently complex “modern” state will provide the framework for 

contributing to the understanding of eukaryotic evolution at the cellular level. 
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INTRODUCTION TO THE STUDY 

 

The root of the eukaryotic radiation is still a major unresolved question within the field of 

Evolutionary Cell Biology [1]. Understanding its position on the Tree of Life is essential for 

identifying the characteristics of the Last Eukaryotic Common Ancestor (LECA) and interpreting 

the evolutionary trajectories at the genomic and cellular level that lead extant eukaryotes. The 

current interpretation of phylogenomic data divides eukaryotes into two clades: Bikonts [e.g. 

Discoba (unicellular Excavates) and SARP (Stramenopiles, Alveolates, Rhizaria, and Plants)] 

and Unikonts (e.g. Apusozoa, Amoebozoa, and Opisthokonts) [2]. The bifurcation between 

Bikonts and Unikonts has a robust calculated evolutionary history, but there is still much to learn 

about the differences between these clades at the cellular level. The central role of the cell in 

biological diversification will help to better define the characteristics of LECA and our 

understanding of eukaryotic diversity [3].	

This project will primarily address cellular evolution in an effort to understand how 

eukaryotes have come to be what they are. We have focused on the bikont-unikont bifurcation, 

specifically examining the function of the protein talin and its Talin-Hip1Actin Tethering C-

terminal Homology domain (THATCH) across several “ancestral” unikonts at the base of the 

metazoan radiation. Emerging approximately 1825 million years ago (MYA), the THATCH 

domain is highly conserved and is present in every unikont lineage for which genomic sequence 

data is available [4]. Additionally, the THATCH domain has been proven to be absent from all 

sequenced bikont genomes [5]. Therefore, as an evolutionary character, talin and its THATCH 

domain are diagnostic of unikonts by their presence and bikonts by their absence. The 

phylogenomic and cell biological rationales for this research have been presented in Figure A1, 
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in which the bikont-unikont bifurcation is superimposed on the current phylogenomic consensus 

for Eukaryotes [2].  

Aside from its significance across evolutionary history, recent studies have proven talin 

to be a key protein within the integrin adhesome (the core elements of which include talin, 

vinculin, integrin, paxillin, plus the actin cytoskeleton). Throughout the unikont clade, this 

multicomponent adhesome is essential for cell adhesion, motility, plasma membrane signaling, 

and cell differentiation. Talin, along with its physiological partners, link the cytoplasmic 

domains of integrin b-subunits with the filamentous actin matrix in the cytoplasm through a 

series of cell-signaling dependent pathways [6, 7]. This binding triggers conformational changes 

within the extracellular domain of the cell that increases affinity for extracellular matrix proteins 

and allows for the formation of focal adhesions [8]. Talin itself also plays a role in cell division 

and phagocytosis [9, 10]. Given the scope of cellular functions attributed to the THATCH 

domain, it is likely that talin and the proteins of the integrin adhesome represent an entry point 

into the investigation of Eukaryotic Evolutionary Cell Biology as a necessary complement to the 

current phylogenomics. 

It is important to note that the cellular functions and pathways associated with the 

integrin adhesome are critical in establishing the ability for single cells to coalesce and become 

organized into a multicellular organism. The emergence of animal multicellularity, is perhaps, 

the most visible distinction between the evolutionary trajectories of the bikont and unikont 

clades. Multicellular organisms have evolved independently several times throughout the 

eukaryotic radiation. Among the unikonts, simple multicellular organisms are present in the 

Amoebozoa, Icthyosporea, and Choanoflagellates, while complex multicellular organisms are 

limited to the Metzoa and Fungi [11, 12, 13, 14]. The molecular mechanisms that enabled animal 
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multicellularity, have mainly been studied by the use of metazoan models. However, studying 

these cellular processes only within metazoans will not answer the question as to how animal 

multicellularity evolved over time [15]. As stated previously, the THATCH domain and its 

network of integrin adhesome proteins diverged within the unikonts approximately 1825 MYA 

while the extant members of the metazoan radiation diverged only 966 MYA (see Figure A1). 

Studies examining the function of these key proteins within unicellular or colonial relatives of 

metazoans will be able to provide better insight into origins of this major evolutionary transition 

within unikonts. 

Talin is a 270 kDa protein composed of a globular N-terminal FERM domain, a flexible 

rod-like domain, and the C-terminal THATCH domain [16]. Across these domains are various 

binding sites, which allows talin to interact with TES, integrins, vinculin and filamentous actin 

within the cytoplasm [17, 18]. Figure A2 diagrams the organization of metazoan talin and 

displays the representative conserved structural elements. The actin-binding site (ABS) within 

the C-terminal region of talin is composed of a five-helix bundle and a C-terminal helix required 

for dimer formation [16]. In vitro, the dimerization of talin has been demonstrated to aid in the 

binding of actin filaments and subsequently stabilizing these filaments against depolymerization 

[19]. The ABS has been mapped to a series of hydrophobic residues on helices 3 and 4 within the 

THATCH domain [16]. A previous study in our lab has already demonstrated the THATCH 

domain within Monosiga brevicollis (a colony forming choanoflagellate) to interact with 

filamentous actin similarly to that of human Talin1 [5]. Further quantification of such 

interactions within other close relatives of the metazoan will help to elucidate the function of 

talin during unikont evolution. 
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Based upon this knowledge, the study of THATCH proteins at the cellular level is critical 

in identifying various elements that account for the cell heredity of unikonts. Cell heredity can be 

defined as the inheritance of the core structural and self-organization cellular components whose 

transmission makes genome heredity, variation, and selection possible [5]. This concept is of 

particular importance to this research, given that the fundamental role of the THATCH domain is 

to serve as link to the actin cytoskeleton- the chief instrument for imposing organization and 

structure within the cell [20]. The phylogenetic distribution of the conserved THATCH domain 

and other elements of the integrin adhesome suggests that a capacity for the complex cellular 

morphology seen in extant metazoans must have preceded the actual realization of those 

morphologies [21]. This preadaptionist paradigm has already been demonstrated in the form of 

developmental and regulatory genes critical to Evolutionary Developmental Biology (e.g. the 

Hox gene cluster and signaling molecules such as tyrosine kinases, hedgehog and Notch) [22]. 

Although proteins such as talin, vinculin, integrin, and paxillin may have originated in a previous 

adaptive context, they are functional today in others and thereby essential for the Evolutionary 

Cell Biology of unikonts. 

A comparison of this fundamental actin-binding activity among various unikont talins 

will help to build a useful model for evaluating protein coevolution within the integrin adhesome 

of unikonts. While the use of phylogenomic data to extrapolate predictive data about protein 

function is typically fruitful, predictions based on sequence similarity and modular evolution 

should be confirmed experimentally. This has served as the main motivation behind the sequence 

of experiments performed in this study. We have conducted a series of high speed 

cosedimentation assays between filamentous actin and recombinant GST-fusion THATCH 

domains from talin proteins representative of “ancestral” unikonts (Thecamonas trahens, 
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Allomyces macrogynus, Capsaspora owczarzaki, Salpinogoeca rosetta, and Spizellomyces 

punctatus). These interactions are outlined in Table B1. The origins of these model proteins and 

the subsequent selective pressures that lead to current eukaryotic diversity are difficult to 

interpret. Therefore, beginning to build a thorough knowledge of how the individual components 

of the integrin adhesome coevolved into an apparently complex “modern” state will add to the 

framework for understanding eukaryotic evolution at the cellular level. 
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MATERIALS AND METHODOLGY 

 

DNA SEQUENCE PREPARATION 

DNA sequences of talin from each organism (Thecamonas trahens, Allomyces 

macrogynus, Capsaspora owczarzaki, Salpinogoeca rosetta, and Spizellomyces punctatus) had 

previously been determined and synthesized using RT-PCR prior to the start of this project. As 

demonstrated in previous studies, the USH (upstream α-helix) interferes with actin binding of 

talin and other THATCH domain proteins [23]. Using the sequence analysis software 

MacVector, forward and reverse primers were designed to amplify the coding region excluding 

the N-terminal USH (+H). PCR amplification was performed using Pfu Ultra HS II DNA 

polymerase (Agilent). The following primers were used: AmTn016, 5’-

GAATTCTCACGTCGCCGCC-3’ and 5’-GAATTCCCAAGCAGAACCTGG-3’; SpTn230, 5’-

GAATTCTCATTGCGCCTGAG-3’ and 5’-GAATTCCCGAGGAGCAGATC-3’; SrTn230, 5’-

GAATTCTCACTCCATGTGCTTG-3’ and 5’-GAATTCCCGAGGAGCAGATTC-3’; TtTn019, 

5’-GAATTCCTACTTCTTGTACTTG-3’ and 5’-GAATTCCCGAGGAACAGCTTG-3’; 

CoTn22, 5’-GAATTCTTACTTGTTTTGGTACTG-3’ and 5’-

GAATTCCCGAGGAGCAGATTC-3’.  

PCR products were analyzed by 1.2% agarose gel electrophoresis and stained with ethidium 

bromide. 

  

RECOVERY OF AMPLIFIED CODING SEQUENCES 

PCR products for each –H talin sequence were subsequently ligated into the Strataclone 

Blunt PCR Cloning Vector (pSC-B-amp/kan) containing Topoisomerase I-charged arms. The 
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ligation mixture for each –H sequence was used to transform Strataclone competent cells 

expressing Cre recombinase (Agilent). Aliquots of the transformed cells were plated using sterile 

glass beads on kanamycin inoculated agar plates. Plasmid DNA was extracted from 3 mL cell 

cultures grown from single colonies by performing an alkaline lysis miniprep.  

A large-scale restriction enzyme digest was performed using EcoRI HF (NEB) to 

separate each recovered –H talin sequence from the pSC-B-amp-kan vector. Each digest was run 

out on a 1.2% agarose gel and insert-containing bands were excised from the gel with a clean 

scalpel and purified using QIAEX II gel extraction kit (QIAGEN). To determine the purity of the 

DNA, the concentration and 260/280 nm ratio was measured for each sample. Additionally, 

purified sequences were analyzed against a 100kb DNA molecular ladder by 1.2% agarose gel 

electrophoresis to ensure appropriate length. 

 

SUBCLONING SEQUENCES INTO PET-41C VECTOR 

Purified –H talin inserts were ligated into a pET-41c vector containing a GST tag. Each –

H talin DNA sequence was ligated at a 3:1 molar ratio of insert to vector. The ligation mixture 

for each –H sequence was used to transform Escheria coli BL21 (DE3) competent cells. 

Transformed cells were plated using sterile glass beads on kanamycin inoculated agar plates. 

Plasmid DNA was extracted from 3 mL cell cultures grown from single colonies of each ligated 

–H talin sequence. Restriction enzyme digests were performed for each sequence to ensure 

proper orientation of the insert within the pET-41c vector. Escheria coli cell cultures containing 

the correctly oriented insert for each –H talin sequence were used for induced protein expression.   
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PROTEIN PREPARATION  

A series of time and temperature trials were performed to determine the optimal 

condition for IPTG-induced protein expression of each sample. –H, GST-fusion talin plasmids 

from A. macrogynus and T. trahens were induced at 18° C overnight. –H, GST-fusion talin 

proteins from C. owczarzaki, S. rosetta, and S. punctatus were induced at 37° C for 4 hours. 

Induced cell cultures were lysed using a Branson Sonifier 450 at a duty cycle of 60% through a 

series of 4 pulses lasting 20 seconds each. Cellular debris was removed through centrifugation 

and the protein-containing supernatant was purified using Glutathione Agarose column 

chromatography. Samples were run through the column at a rate of 1.0 mL/minute and eluted 

fractions were collected in 1 mL aliquots. Fractions for each protein were analyzed using SDS-

PAGE on a 4-20% gel and stained with Coomassie Blue G250. Peak fractions were collected and 

dialyzed against 1x PBS at 4° C overnight. 

 

F-ACTIN BINDING 

F-Actin cosedimentation assays were performed in buffer A [2 mM Tris (pH 8.0), 0.2 

mM CaCl2, 0.2 mM ATP, and 0.5 mM dithiothreitol].  The concentration of each –H GST-

fusion talin protein was held constant (2.0 µM) while increasing the actin concentration from 0 to 

25 µM for a total volume of 50 µL. 95% pure rabbit skeletal muscle was used in each assay. 

Actin polymerization was induced by the addition of 2 mM MgCl2 and 50 mM KCl and was 

allowed to proceed for 60 min at 22 °C. Assays were then centrifuged in a Beckman Coulter 

Optima L-90K Ultracentrifuge at 40,000 rpm (160,000 x G) at 4°C for 40 minutes. The 

supernatant and pellet fractions were separated for analysis using SDS-PAGE on 4-20% gels. 

Proteins were visualized using a modified silver stain. 
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DATA ANALYSIS 

The percentage of protein bound from the supernatant fraction of each assay was 

quantified densitometrically from images of scanned polyacrylamide gels using ImageJ software. 

This data was plotted versus F-actin concentration (µM) to represent the actin binding profile of 

each –H, GST-fusion talin protein. Binding curves were transformed and analyzed by non-linear 

regression (Prism software, Version 5) to calculate the dissociation constant (Kd) and maximal 

specific binding values (Bmax) for each protein. 
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RESULTS 

 

The binding of recombinant GST-fusion talin proteins from each respective species to F-

actin was assayed by measuring cosedimentation with 95% rabbit skeletal muscle (α) actin. Each 

experimental assay is outlined in Table B1.  It is important to note that core adhesome proteins 

may interact with actin from their cognate organism with different affinities compared with 

vertebrate actin. Due to the post-translational modification of actin in vivo, use of recombinant 

actin is generally not recommended in studies such as those presented here. The actin encoded 

UNICORN genomes has been shown to be orthologous to a-actin (muscle actin). For example, 

between choanoflagellates (such as S. rosetta) and human actin, the sequences are 92.6% 

identical. Therefore, for these assays, we have used 95% pure rabbit skeletal muscle actin and 

believe that it will provide an accurate reflection of the binding affinity among our early-

diverging unikont talin proteins. 

Following ultracentrifugation, the GST-fusion talin was depleted from the residual 

supernatant with each increasing concentration of actin. This depletion was accompanied by an 

increase of each fusion protein within the corresponding pellet fraction. The percentage of 

protein bound from the supernatant fraction of each assay was quantified densitometrically from 

polyacrylamide gels using ImageJ software. The pellet fractions are unable to be measured 

densitometrically because the large amount of sedimented actin obscures the visualization of the 

fusion proteins. The supernatant fractions for each assay are illustrated in Figure A3, along with 

an example of the supernatant fractions of filamentous actin. The F-actin bands for each assay 

served as internal controls and displayed an accurate linearity of response for all densitometry 

measurements. Three separate cosedimentation assays were performed with filamentous actin 
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and purified glutathione-S-transferase tag protein to serve as an additional control. This 

confirmed that the filamentous act in was binding with our recombinant talin protein of interest 

rather than the GST-tag itself. 

The use of a GST-tag was chosen for this series of protein purifications due to its ability 

to fold into a stable and highly soluble protein upon translation. This helped to ensure higher 

expression levels and solubility within our recombinant proteins of interest. Additionally, it 

allowed for the tagged recombinant proteins to be eluted from a chromatography resin under 

mild, non-denaturing conditions that helped to preserve both protein structure and function. 

Concentrations of recombinant GST-fusion THATCH proteins as determined by micro BCA 

assays ranged from 1.5-2.73 µg/µL. We did not remove the GST-tag from our recombinant 

proteins after chromatography due to an increased risk of improper refolding and subsequent loss 

of function. As discussed previously, the C-terminal helix of the THATCH domain within talin 

proteins forms a dimer with other talin monomers to allow for binding of filamentous actin. The 

functional GST protein also forms a dimer in solution and therefore does not negatively impact 

this inherent function within the THATCH domain of our recombinant proteins. 

Figure A4 displays the quantitative analysis of filamentous actin binding for each 

recombinant protein. The percentage of protein bound (as a measure of cosedimentation) was 

determined using ImageJ software. Binding curves were created and analyzed by non-linear 

regression using GraphPad Prism software (Version 5). Specifically, binding curves were created 

using the expression Y = BmaxX/Kd + X, where Bmax is the maximal binding value (in terms of 

percentage protein bound) and Kd
 is the dissociation constant (in terms of concentration in 

micromolar). Therefore, the Kd values for each assay represent the protein concentration needed 
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to achieve a half-maximum binding to filamentous actin at equilibrium. The subsequent values 

for each recombinant protein’s Kd and Bmax are presented in Table B2.   
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DISCUSSION 
 
 

Across early diverging unikont species (Thecamonas trahens, Allomyces macrogynus, 

Capsaspora owczarzaki, Salpinogoeca rosetta, and Spizellomyces punctatus), we have confirmed 

experimental evidence of binding interaction between the THATCH domain and filamentous 

actin. While some species showed higher or lower binding affinities (Bmax) and dissociation 

constants (Kd) than others, the data presented here demonstrates a consistent interaction between 

each recombinant THATCH module protein and filamentous a-actin in vitro. A previous study 

from the principle investigator of our lab has determined the Kd value between filamentous 

muscle actin and the human talin isoform Talin1 (-H) to be 2.6 µM [23]. Comparing the Kd and 

Bmax values of our recombinant talin proteins to those of human talin isoforms (as well as other 

metazoan talin proteins) will be useful as we continue constructing a model of the distribution 

and evolution of the “ancestral” unikont adhesome components. 

Our experiments have implemented recombinant talin proteins where the upstream alpha 

helix (USH) has been removed from the DNA sequences prior to protein expression and 

purification. Previous studies have demonstrated that the inclusion of the USH for actin binding 

studies in vitro yields a pronounced reduction in the affinity of various talin isoforms to both 

muscle and non-muscle actin [23]. Specifically, the affinity of human Talin1 for non-muscle 

actin shows a 14-fold decrease upon the inclusion of the USH (change in Kd from 4.4 to 0.31 

um), and the interaction with muscle actin shows a 2.9 fold decrease in affinity upon inclusion of 

the USH (change in Kd from 7.5 to 2.6 um). This inhibition of actin binding suggests that this 

upstream helical component interacts with and masks the actin binding region of the THATCH 

domain and therefore must be relieved in vivo before a strong interaction can be established. 

Therefore, each recombinant THATCH protein for this study had a –H sequence, in order to 
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ensure a better initial reflection of binding affinity. Moving forward, subsequent actin binding 

assays will be performed in our lab using +H sequences of THATCH domain proteins to 

continue establishing an understanding of talin-actin affinity across our UNICORN model 

organisms. 

As discussed in previously, the sequence and structure of the THATCH domain within 

Talin is highly conserved across the unikonts. Although sequence homology between two 

proteins may sometimes be indicative of conserved function, the relationship between sequence 

conservation, molecular similarity and biological function is not simple. Rather, biological 

function inferred from phylogenomic data should always be confirmed experimentally [5].  This 

has already been proven to be an important concept within the field of Evolutionary-

Developmental Biology. For example, E-cadherin proteins from invertebrate and vertebrate 

lineages mediate cellular adhesion with different molecular interfaces and have structurally 

different domain architectures [24]. However, both invertebrate and vertebrate E-cadherins serve 

similar biological functions within the cell and play almost identical roles within development. In 

contrast, N-cadherins and E-cadherins within the vertebrate lineage share over 60% sequence 

similarity and use a homologous molecular interface, but have vastly different developmental 

functions [25].  These examples reiterate the idea that predictions of protein function based on 

sequence similarity must be confirmed experimentally and has served as the motivation behind 

the experiments presented in this study. 

The data presented in this study provides information about just one component of our 

lab’s over-arching goal: to answer how the ancestral integrin adhesome proteins evolved over 

time into their recent unikont orthologs and paralogs and understand how these adhesion 

assembly proteins interact with each other across UNICORN model organisms. As discussed 
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previously, the integrin adhesome is composed of three other primary components (vinculin, 

integrin, and paxillin) that interact with each other as well as many other components of the 

cytoskeleton. The next steps in this project are to begin characterizing the structure and functions 

of these additional primary components. Specifically, looking at interactions between talin-

vinculin, vinculin-actin, and talin-integrin. We plan to use isothermal titration calorimetry (ITC) 

for for determination of high-precision pairwise protein-peptide/protein-protein interactions. For 

example, ITC will provide accurate binding data to allow us to determine which consensus talin 

sequences bind to the conserved D1-vinculin domain. This will allow us to better characterize 

where and how the talin rods serves as a scaffold for vinculin interaction.  

Additionally, the interaction of vinculin and F-actin has been demonstrated to mediated 

by an intrasteric head-tail interaction which maintains vinculin in an inactive conformation [26, 

27]. The head-tail domains of vinculin are separated by a proline-rich region seen in metazoan 

that is largely absent in non-metazoan proteins. Therefore, not only do we aim to analyze the 

actin-binding capacity of the conserved vinculin-D5 domain, but also use full-length model 

vinculins to determine if a head-tail interaction maintains binding affinities in proteins without 

this aforementioned proline rich “hinge” [22]. Finally, the cytoplasmic domains of b-integrins 

are conserved across Capsaspora owczarzaki (Filasterea) and Thecamonas trahens (Apusozoa), 

while Choanoflagelltae genomes lack identifiable integrin subunits. The N-terminal FERM 

domain of their cognate talins (essential for talin-integrin binding and integrin activation in 

metazoan) are also conserved. By studying the binding affinity and structural interactions 

between talin-integrin within these organisms, we aim to determine whether or not their talin 

proteins play a similar role in integrin activation as seen in animals. Combined with the data 

presented in this study, we believe that these subsequent experiments will allow us to establish 
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an interaction map of the integrin adhesome across unikont lineages. This model will allow us to 

build a better understanding of how these proteins contributed to the evolution of cell heredity 

within the unikont clade of eukaryotes. 

A major goal within Evolutionary Cell Biology is to contribute to a “mechanistic 

understanding of evolutionary processes” at the cellular level and, until recently, an evolutionary 

perspective has remained at the margin of the Cell Biology discipline [3]. With the recent surge 

of phylogenomic resources that have been made readily available (i.e. Open Tree of Life, 2015), 

there is now a strong foundation present for the study of evolution at the cellular-molecular level 

to help create a necessary complement to phylogenomics [28, 3]. Talin at its physiological 

partners diverged right at the branching point of the bikont/unikont bifurcation (Figure A1). 

While they may have originated in a different adaptive context, these proteins are functional 

today in several cellular processes that have enabled to divergence of animal multicellularity 

seen in extant Metazoa. By studying continuing to study interactions between proteins of the 

integrin adhesome across the eukaryotic radiation, we will be able to provide a framework for 

understanding significant transitions within eukaryotic evolution at the cellular level. 
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A. FIGURES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A1. Consensus Eukaryote Phylogeny. Eukaryotes have been divided into the clades of 
Bikonts and Unikonts, based on a series of phylogenomic studies of the past several years. This 
figure demonstrates the phylogeny of Unikonts with divergence times of the relevant clades 
shown in millions of years before present (MYBP). 
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Figure A2. Talin structure.  
A. Organization of talin showing representative conserved structural elements defined by Pfam. 
B. Structure of model talins across the eukaryotic radiation. 
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Figure A3. F-actin cosedimentation assays. Muscle (α) actin (0-30 µM) was mixed with 
recombinant THATCH domain Talin from Thecamonas trahens, Allomyces macrogynus, 
Capsaspora owczarzaki, Salpinogoeca rosetta, or Spizellomyces punctatus. Assays were 
performed in buffer A [2mM Tris (pH 8), 0.2 mM CaCl2, 0.2 mM ATP, and 0.5 mM dithithreitol] 
in a total volume of 50 µL. Actin polymerization was induced by addition of 2mM MgCl2 and 50 
mM KCl and allowed to proceed for 60 minutes at 22° C. Following centrifugation at 40,000 rpm 
and 4° C for 40 minutes, the supernatant and pellet fractions were separated and F-actin 
cosedimentation was analyzed using SDS-PAGE. All actin binding panels were visualized using 
a modified silver stain.  
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Figure A4. Quantitative analysis of actin binding. The percentage of protein bound (as a 
measure of cosedimentation of recombinant THATCH talins, with GST as a negative control) was 
determined densitometrically using the 4-20% polyacrylamide gels. The binding data were 
determined using ImageJ software. Binding curves were created and analyzed by non-linear 
regression using GraphPad Prism (Version 5) to calculate the dissociation constant for each 
recombinant talin protein with filamentous actin. R-values for each curve ranged from 0.9921 to 
0.9822. Each point is an average of three independent experiments.  
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B. TABLES 
 

 
 

 
Table B1. Talin-actin Interactions. List of talin and filamentous actin interactions to be 
determined. DNA sequences of talin from each had previously been determined and synthesized 
using RT-PCR prior to the start of this project. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Table B2. Dissociation Constants (Kd). Dissociation constants were determined from the non-
linear regression of data points with GraphPad Prism software (Version 5). For calculation of 
binding constants and maximal binding values the expression Y = BmaxX/Kd + X was used 
where Bmax = maximal binding and Kd = dissociation constant. 
 
 
 
 
 
	

Apusozoa Basal Fungi  Filastrea Choanoflagellates 

T. trahens S. punctatus A. macrogynus C. owczarzaki S. rosetta 

Talin + Actin Talin + Actin Talin + Actin Talin + Actin Talin + Actin 

TtTn 01954.2283-
2527 (-H) 

SpTn.2304-
2557 (-H) 

AmTn 01680.1934-
2176 (-H) 

CoTn.2269-
2505 (-H) 

SrTn.2308-2557 (-H) 

THATCH domain construct Kd (μM) Bmax  
(% bound) 

T. trahens (–H +GST) 2.41 90.78 

A. macrogynus (–H, +GST) 0.44 42.9 

S. punctatus (–H, +GST) 2.61 70.28 

C. owczarzaki (–H, +GST) 1.04 89.60 

S. rosetta (–H, +GST) 0.96 57.3 


