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Abstract

Tropomyosin plays a key role in controlling calcium regulated sarcomeric contraction through its
interactions with actin and the troponin complex. The focus of this review is on striated muscle
tropomyosin isoforms and the in vivo approach we have taken to define the functional differences
among these isoforms in regulating cardiac physiology. In addition, we address specific regions
within tropomyosin that differ among the isoforms to impart differences in the physiological
performance of muscle and the sarcomere itself. There is a high degree of amino acid identity among
the three striated muscle a-, -, and y-tropomyosin isoforms; this identity ranges from 86% — 91%.
We employ transgenic mouse model systems that express the different tropomyosin isoforms or
chimeric tropomyosin molecules specifically in the myocardium. Results show the three isoforms
differentially regulate the rates of cardiac contraction and relaxation, along with conferring
differences in myofilament calcium sensitivity and sarcomere tension development. We also found
the putative troponin T binding regions of tropomyosin (amino acids 175-190 and 258-284) appear
to a play significant role in imparting these physiological differences that are observed during cardiac
and sarcomeric contraction/relaxation. In addition, we have successfully used chimeric tropomyosin
molecules to rescue cardiomyopathic diseased mice by normalizing sarcomeric performance. These
studies illustrate not only the importance of tropomyosin structure and function for understanding
muscle physiology, but also demonstrate how this information can potentially be used for gene
therapy.

Introduction

Tropomyosin (Tm) is an integral sarcomeric protein that functions in the calcium regulatory
process of striated muscle contraction. At low calcium (Ca2*), Tm localizes to the outer domain
of actin and sterically blocks the myosin binding sites on actin to prevent myosin-actin
interaction and sarcomeric contraction (1,2). Recent studies by Lehman (2) and Lehrer (3)
demonstrate that at low Ca2*, the C-terminal end of troponin | drives Tm to the blocked state
on actin. Ca2* release from the sarcoplasmic reticulum and its binding by troponin C (TnC)
helps to alleviate this blocked state of Tm on the myosin binding sites. Ca* binding by troponin
also promotes Tm movement away from the blocking position and stabilizes Tm in the closed
position on the inner domain of actin (2) This movement of Tm facilitates myosin binding to
actin and further movement of Tm onto the inner actin domain (open state). Thus, Tm’s position
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on actin appears to oscillate between the inner and outer domains of actin. In addition, the
binding of Ca%* to TnC also removes the inhibitory status of troponin I (Tnl) which also
facilitates sarcomeric contraction. Although much is known regarding the mechanism of how
calcium regulates the physical interactions of the sarcomeric thin filament proteins, there are
still many unanswered questions. For example, since troponin T (TnT) is known to bind to Tm
in two distinct places, are there differential functions in these binding regions? Since Tm has
at least 3 principle striated muscle isoforms (o—Tm, B—Tm, and y—=Tm), are there functional
differences that distinguish them and what are those differences? If and where does Tnl bind
to Tm? To answer some of these questions, we have employed a strategy that incorporates
homogenous Tm isoforms and chimeric Tm proteins into functional sarcomeres in an in vivo
setting where Tm can function in the natural environment and manifest its full effect. The in
vivo settings that we employ are transgenic and knockout mice that have the innate property
of regulating the total amount of Tm that is produced in the myocyte and incorporated into the
sarcomere. We believe this approach provides for a comprehensive understanding of the role
of Tm isoforms in the sarcomere.

Striated Muscle Tm Isoform Expression

There are 4 Tm genes: TPM1 (a-Tm), TPM2 (B-Tm), TPM3 (y-Tm), and TPM4 (3-Tm). Each
of these genes encodes numerous tissue and developmental specific isoforms through
mechanisms of differential promoters, alternative splicing, and differential 3’ end processing/
polyadenylation. For example, the TPM1 gene expresses at least 10 distinct a-Tm mRNAs that
are striated and smooth muscle specific, brain specific, and cytoskeletal specific isoforms. The
focus of this review is on the Tm striated muscle isoforms. There are 3 principle striated muscle
isoforms; for nomenclature purposes, they will be designated as a-Tm, B-Tm, and y-Tm. There
is another newly-discovered striated muscle TPM1 isoform called TPM1-«x which is solely
expressed in cardiac tissue in humans, rats, and chickens, but not in the mouse (4,5). The 3
principle Tm isoforms share a high degree of amino acid homology: a-Tm and 3-Tm are 87%
identical, a-Tm and y-Tm are 91% identical, and B-Tm and y-Tm are 86% identical (Figure 1).
The differences in these 284 amino acids are scattered throughout the molecule, with 25 of the
34 differences between a- and B-Tm residing in the carboxyl half of the proteins. Striated
muscle Tm isoforms are expressed early during murine development and remain transcribed
throughout the lifetime of the mouse (6). That Tm is an essential protein has been demonstrated
by murine knockout models of Tm. Results show that when o-Tm is removed from the murine
genome by homologous recombination, the developing mouse dies between 10-14 embryonic
days (7,8), which corresponds to development of the myocardium. Furthermore, knockout of
the low molecular weight non-muscle y-Tm isoforms result in a failure of both embryonic
development and cell survival (9); when B-Tm is knocked out, there is a failure in early
developmental processes (Rajan and Wieczorek, unpublished data). These results illustrate that
Tm expression occurs early in development, remains active throughout the lifespan of the
mouse, and is essential for development and viability of the mouse.

B-Tm and y-Tm Expression in the Heart

To address whether there are functional differences among these highly homologous Tm
striated muscle isoforms, we utilized a transgenic mouse approach to investigate their in vivo
function. In addition to obtaining in vivo information on these proteins, they can be evaluated
in myofilament preparations where until recently, it was not possible to conduct exchange
reactions with Tm proteins. Biophysical studies show that different Tm isoforms exhibit
differences in their preferred position on actin (10). With Tm’s position on actin appearing to
oscillate, results show skeletal muscle Tm (af-Tm) is usually positioned closer to the inner
domain of actin (i.e. closed state), whereas cardiac (a.a-Tm) and smooth muscle Tm are
preferentially positioned near the outer domain of actin (blocked state). To determine whether
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there are functional differences between a- and B-Tm, in addition to the aforementioned
structural differences, we generated transgenic (TG) mice that express the entire B-Tm protein
specifically in the heart. Previous studies demonstrate the heart expresses a- and 3-Tm during
embryogenesis and fetal development, but 3-Tm expression decreases soon after birth (6).
Thus, the adult myocardium essentially has homogenous expression of only striated muscle
a-Tm. By directing expression of different Tm isoforms to the heart, any morphological or
physiological changes can be attributed to the exogenous Tm expression. Results demonstrate
that with transgenic p-Tm expression, the total amount of Tm in the heart remains unchanged,
and there are no alterations in the expression of other contractile proteins (11,12). In addition,
TG mice that express wildtype a-Tm in the heart do not exhibit any morphological nor
physiological changes when compared with non-transgenic (NTG) littermate controls (13,
14). When the entire B-Tm protein is expressed at a level of 55% total striated muscle Tm,
there are no morphological or pathological alterations in cardiac or sarcomeric structures
(11). However, there are physiological changes that occur; this level of expression causes a
decrease in the maximum rate of relaxation and an increase in the time to one-half relaxation
of the heart (Table 1). In addition, there is an increase in myofilament Ca2* sensitivity and a
decrease in the rightward shift of the Ca2*-force relation induced by cAMP-dependent
phosphorylation. Also, results with in vitro motility and force assays show that cardiac troponin
+ Tm (aa-Tm), but not skeletal troponin + Tm (ap-Tm), limits the allosteric enhancement of
force that is generated (15). In total, these results demonstrate there are physiological
differences between a- and B-Tm that affect sarcomeric performance at the thin filament level
and the overall functional performance of the heart.

Having identified functional differences between o- and B-Tm, we next addressed whether
there are physiological differences between a- and y-Tm. As mentioned, there is a 91% amino
acid identity between these isoforms. The y-Tm isoform is not expressed in murine
myocardium, but is expressed in embryonic, newborn, and adult skeletal musculature (16). In
adults, y-Tm is primarily expressed in slow twitch skeletal muscle (i.e. soleus). To identify
whether there are physiological differences between a- and y-Tm, we generated TG mice that
express y-Tm specifically in the heart (17). These mice express 50% y-Tm and 50% o-Tm
protein in their hearts, with no change in the total amount of Tm protein that is synthesized.
Results show there are no morphological abnormalities in the y-Tm TG sarcomeres or hearts.
However, there are significant functional alterations in cardiac performance (Table 1).
Physiological assessment of these TG mouse hearts reveals a hyperdynamic effect on systolic
and diastolic performance; the maximum rates of contraction and relaxation are increased, as
is the heart rate, with a concomitant decrease in the time to peak pressure and half time to
relaxation. Analysis of detergent-extracted fiber bundles demonstrates a decreased sensitivity
to Ca2* in force generation and a decrease in the length-dependent Ca2* activation with no
changes in interfilament spacing (17).

In summary, the results from the TG mice expressing B- or y-Tm in their hearts clearly illustrate
that there are functional differences among the 3 striated muscle isoforms. Expressing either
B-Tm or y-Tm at ~ 50% level in the heart can influence several physiological properties to
opposite effect. Transgenic expression of B-Tm leads to decreased rates of relaxation and
increased myofilament Ca2* sensitivity, whereas y-Tm expression leads to increased rates of
contraction and relaxation, with decreased myofilament Ca2* sensitivity. The differential
expression of these Tm isoforms may serve as a potential mechanism for the regulation of thin
filament function in the divergent myofiber types found in skeletal musculature. Interestingly,
preliminary results show that when all 3 isoforms are expressed in equimolar amounts in the
heart, there is a dominant effect of the y-Tm isoform with respect to cardiac performance; the
hearts exhibit an increase in the rates of contraction and relaxation, along with a decrease in
their myofilament Ca2* sensitivity (Jagatheesan and Wieczorek, in prep.).
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Identifying Regions of Functional Difference within Tm Isoforms

Recent work shows that within the Tm molecule, there is differential binding of Tm’s seven
periods to actin based on destabilizing alanine amino acid clusters (18). Periods 1 and 5 are
the most critical for actin binding, with the remaining periods being considered “secondary
sites”. Also, the alanine clusters can positively influence cooperative actin binding (18).
Further, the highly conserved aspartic acid at position 137 destabilizes the middle region of
Tm which results in increased flexibility of the region (19); this region is important for the
cooperative activation of the thin filament by myosin.

With the finding that there are functional differences in cardiac performance when the entire
B-Tm molecule is expressed in the heart, we addressed which amino acids might confer these
functional differences. We decided to initially examine the troponin T (TnT) binding regions
of Tm. Previous studies determined that TnT binds to Tm in 2 distinct regions: at the carboxyl
end of the molecule (amino acids 258-284), and internally in the region of amino acids 175-190
(20,21). To determine whether there are isoform specific differences related to contractile
performance at the carboxyl end of Tm, we exchanged the terminal 27 amino acids of a-Tm
(amino acids 258-284) for the corresponding B-Tm sequence. NMR studies of this region
indicate the amino acid strands at the carboxyl end are splayed apart to form a cleft allowing
insertion of the amino terminus of the extending Tm molecule (22,23). There are 5 amino acid
differences between the terminal 27 amino acids of a-Tm and B-Tm in which 2 are highly
conservative (L260V; 1284L). The remaining 3 amino acids (L265M, H276N, and M2811I)
have substantial differences in size, and the H276N has a change in charge (one more negative
charge in B-Tm). This chimeric protein (Chimera 1: a-TM: amino acids 1-257, and -Tm: 258—
284) was expressed in TG mouse hearts and results show there are no morphological or
pathological changes in the hearts or myofibers of these mice (24). However, these hearts do
exhibit significant functional alterations in cardiac performance; there are significant decreases
in their rates of contraction and relaxation (Table 1), with concomitant increases in the time to
peak pressure and end diastolic pressure (24). In myofilaments, this chimeric protein induces
depression of maximum tension and ATPase rate, with a significant decrease in Ca2*
sensitivity. This data demonstrates that the Tm isoform specific carboxyl terminus is a critical
determinant of sarcomere performance, tension development, and myofilament Ca2*
sensitivity.

To investigate whether the putative internal TnT binding site in Tm (amino acids 175-190) can
impart Tm isoform specific differences in cardiac performance, we generated a TG mouse
model with another chimeric Tm protein (25). This chimeric Tm protein (Chimera 3: replacing
amino acids 175-190 of a-Tm with the corresponding sequence in 3-Tm) encodes 5 amino acid
changes (D175Q, A179S, L185V, S186A, Q188S). There are no significant differences in
charge or size of the replacement sequences; however, there is a dramatic decrease in the
hydrophobicity of this region with the amino acid substitutions. Although there were no gross
morphological or pathological differences in these TG hearts, there were changes in cardiac
performance (Table 1). Using the work-performing heart method, we determined there were
decreases in the maximum rates of contraction and relaxation. To determine whether this
decreased performance was due to blunting of the B-adrenergic response system, we checked
the isoproterenol response of these hearts. Results show the TG hearts respond to increased
concentrations of isoproterenol by attaining normal control rates of contraction and relaxation,
indicating there is no major alteration in cAMP/PKA-dependent phosphorylation by increasing
the rate of Ca2* cycling (25). To examine the correlation between physiological results from
the whole heart and the sarcomere, we conducted pCa-tension experiments using skinned fiber
bundles. Results show there is a significant increase in myofilament Ca%* sensitivity. These
results demonstrate the putative internal TnT binding domain of Tm can increase Ca2*
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sensitivity of the thin filament and affect sarcomeric performance at the myofilament level
which culminates in altered function at the whole heart level (25).

Our studies show substitution of the a-Tm internal or carboxyl terminal TnT binding regions
with B-Tm domains lead to decreases in the rates of cardiac contraction or relaxation, most
likely through a mechanism involving the troponin complex. Interestingly, substitution of these
regions between a- and B-Tm leads to opposite effects on myofilament Ca2* sensitivity;
substitution of the internal o-Tm region with p-Tm leads to an increase in CaZ* sensitivity,
whereas substitution of the carboxyl o-Tm region leads to a decrease in Ca2* sensitivity. These
results demonstrate that both regions play an integral role in the determination of myofilament
Ca?* sensitivity, and suggests a mechanism such that the specific Tm isoform sequence
interaction with TnT is an important determinant of myofilament Ca2* sensitivity. In addition
to affecting myofilament Ca2* sensitivity, the carboxyl region also plays a role in the
development of myofilament tension in response to Ca2*, whereas the internal region does not
appear to influence tension development. The precise reason for this effect on sarcomeric force
may be due to the importance of the carboxyl region in cooperativity and interactions between
overlapping adjacent Tm molecules. Studies by Lehman et al. show that the position of Tm on
actin differs with respect to Tm isoform composition (2,10). Whether these biophysical
differences in Tmisoform interactions with actin are influenced by the troponin binding regions
of Tm is currently unknown.

To test the hypothesis that both TnT binding regions of Tm act synergistically by having the
same Tm isoform amino acid sequence to attain normal myofilament Ca2* sensitivity, we
generated an additional construct that simultaneously exchanged both TnT binding regions of
a-Tm with the reciprocal sequence from B-Tm. Our previous chimeric Tm TG mice had either
the carboxyl or internal TnT binding sequence being B-Tm while the reciprocal region was a-
Tm. In the current mouse model, the exogenous chimeric Tm molecule (Chimera 2) has both
TnT binding regions being B-Tm amino acid sequences (26). Results show that similar to other
TG mouse hearts, these chimeric hearts also exhibit abnormalities in cardiac performance,
specifically with decreases in their rates of contraction and relaxation (Table 1). However, with
regard to myofilament Ca?* sensitivity, there were no differences when compared with
littermate control hearts. This shows that in the a-Tm backbone, the TnT binding sequences
of the B-Tm isoform can normalize myofilament Ca2* sensitivity. A potential reason for this
ability to normalize myofilament Ca2* sensitivity is that the slight TnT binding differences
(which lead to either increased or decreased myofilament Ca?* sensitivity) that are found with
a-Tm versus B-Tm compensate when both regions are a-Tm or f-Tm. However, it should be
noted that additional Tm sequences influence Ca2* sensitivity as demonstrated by the fact that
myofilaments incorporating the complete B-Tm molecule exhibit increased Ca2* sensitivity
(12). Also, mutations in a-Tm at amino acids 40 and 54 (associated with dilated
cardiomyopathy) and amino acids 63 and 70 (associated with hypertrophic cardiomyopathy)
lead to changes in myofilament Ca2* sensitivity (27-29). When both TnT binding regions are
substituted in the a-Tm backbone, there is also a decrease in maximum myofilament developed
tension, similar to when only the carboxyl region is substituted; as such, the C-terminus of Tm
plays a dominant role in determining force development in myofilaments.

What Tm Mutations Tell Us About Tm Function?

Mutations have been found to occur in human striated muscle Tm isoforms that are associated
with skeletal and cardiac muscle diseases. A recent review of Tm mutations associated with
skeletal myopathies, with a particular emphasis on nemaline myopathy, can be found in Kee
and Hardeman (30). This current work will focus on Tm mutations and cardiomyopathies,
particularly familial hypertrophic cardiomyopathy (FHC) and dilated cardiomyopathy (DCM).
Eleven mutations have been found in a-Tm that lead to FHC, and three known DCM mutations

J Mol Cell Cardiol. Author manuscript; available in PMC 2011 May 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Jagatheesan et al.

Page 6

are associated with a-Tm (31). For FHC a-Tm mutations, six of these reside in the TnT binding
region (11e172Thr; Asp175Asn; Glul80Gly; Glu180Val; Leul85Arg; Glul92Lys). At least
five of the FHC Tm mutations confer an increased Ca2* sensitivity of the myofilament, coupled
with decreased systolic and diastolic cardiac function (31-33). To examine what physiological
effects FHC mutations in the internal TnT binding domain of a-Tm might confer, we generated
two transgenic mouse models that incorporate human FHC mutations (13,34,35). The FHC
a-TmAsp175Asn TG mouse hearts exhibita mild hypertrophic phenotype. In contrast, the FHC
a-TmGIul80Gly hearts develop severe concentric hypertrophy with significant ventricular
fibrosis and atrial enlargement that progressively increases from 2.5 months and results in death
between 4.5 and 6 months. In vivo physiological analyses show severe impairment of both
contractility and relaxation in hearts of both FHC mouse models. Both the maximum rates of
contraction and relaxation are significantly depressed in these mice. In addition, myofilaments
that contain the mutant FHC proteins demonstrate an increased activation of the thin filament
through enhanced Ca2* sensitivity of steady-state force (13,35); this increase in myofiber
Ca?* sensitivity is a common feature of many of the FHC associated Tm mutations (31). There
is also a correlation between increased myofiber Ca2* sensitivity, decreased relaxation rates,
and a blunted response to -adrenergic stimulation (36). Further, isolated cardiomyocytes from
TG FHC a-TmGIu180Gly hearts exhibit an increase in Ca2* sensitivity of force production
(37). These alterations of increased myofilament Ca2* sensitivity, with additional effects on
systolic and diastolic function that are found with FHC a-Tm mutations in the internal TnT
binding region are in agreement with the structure-function studies of the chimeric Tm proteins
described above. Thus, it appears that mutations or substitutions of amino acids in the 175-
190 region of a-Tm often lead to decreased rates of contraction and relaxation, along with
increases in myofilament Ca2* sensitivity. What is interesting is that the FHC and DCM point
mutations exhibit alterations in cardiac pathology, Ca2* sensitivity, and cardiac contractile
function with mutant Tm protein expression being from 30-50% of the total Tm levels.
However, exchanging Tm’s internal or carboxyl TnT binding regions at a 40-60% protein level
(as with Chimeras 1, 2 and 3) results in similar physiological changes without pathological
alterations in either the sarcomere or the heart. This suggests that the TnT binding domains
among the different Tm isoforms are largely conserved, and the FHC point mutations disrupt
this conservation.

Using Targeted Tm Regions to Rescue Hypertrophic Cardiomyopathy Mice

As described above, the FHC o-TmGIul180Gly mice develop a severe cardiomyopathic
condition that mimics many of the symptoms found in FHC patients, including increased
Ca?* sensitivity of myofilaments, diastolic dysfunction, cardiac hypertrophy, myocardial
fibrosis, and early cardiac demise. One of the goals of generating animal systems that mimic
human conditions is to develop and test potential therapeutic approaches for these diseases. To
this end, we created a double-transgenic mouse model by crossing the FHC a-Tm2180 mice
with TG mice expressing a chimeric Tm containing a-Tm with the carboxyl p-Tm terminus
(Chimera 1: a-Tm: amino acids 1-257; B-Tm amino acids 258-284) described previously. By
mating mice from the two models together, we tested the hypothesis that an attenuation of
myofilament calcium sensitivity would modulate the severe physiological and pathological
consequences of the FHC mutation. The double-transgenic mice not only display normalized
myofilament CaZ* sensitivity, but also exhibit a normal cardiac phenotype with no pathological
abnormalities and apparent normalization of life span (Table 1) (38). Physiological analyses
of these rescued mice show improved cardiac function by 4 months of age and continuing up
to 1 year, whereas the FHC o-Tm180 mice die between 4.5 and 6 months of age due to sudden
cardiac death. These results demonstrate that alterations in myofilament response to Ca%* by
modification of contractile proteins can prevent the pathological and physiological effects of
this disease.
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In addition to replacement of contractile proteins as a potential therapeutic approach to the
treatment of cardiac disease, other strategies are also being employed. Many of these
approaches are focused on the regulation of calcium and calcium handling (39). Also, previous
work shows there are Ca2* cycling defects in the FHC o-Tm180 mice due to decreased
expression of phospholamban and SERCAZ2a (35). Recent studies by Wolska (40) demonstrate
that the FHC a-Tm180 neonates can exhibit improved cardiac morphology and in situ
hemodynamic performance when administered SERCAZ2a by gene transfer. In addition,
crossing the FHC a-Tm180 mice with phospholamban knockout mice prevents the
development of hypertrophy and cardiac dysfunction (41). Also, cardiomyocytes that exhibit
relaxation defects can be rectified in a-Tm180 mouse model by genetically crossing them with
mice expressing parvalbumin, a calcium buffer (42). Interestingly, inhibition of calcineurin, a
Ca%*-regulated phosphatase, by cyclosporine and FK506 prevents cardiac hypertrophy in
transgenic mice expressing B-Tm, tropomodulin, and myosin light chain in the heart (43).
However, the FHC a-Tm180 mice do not have increased levels of activated calciuneurin,
suggesting a non-calcineurin hypertrophic signaling pathway in these mice (35). Regardless,
increased Ca2* sensitivity and its effect on myofilament function appear to play a critical role
in the development of pathological cardiac hypertrophy, and modulation of Ca2* sensitivity
through various pathways may prove to be a viable approach for treatment of cardiovascular
disease.

Conclusions

As cited above, Tm plays a major role in the regulation of sarcomeric function. Defining the
physiological significance of specific Tm regions is essential for understanding its normal
function, both as an integral component of the thin filament and as a potential component of a
signaling complex to the cell when its function is abnormal and triggers a cascade of events
culminating in myocyte hypertrophy or dilation. Striated muscle Tm isoforms have amino acid
differences in key functional domains that can cause significant physiological differences in
the performance of both the sarcomere and the heart. These Tm isoforms increase the plasticity
of the myofiber and its ability to respond to mechanical, hormonal, and nutritional challenges.
Without changes in other contractile protein expression, our studies show that differences
solely in Tm isoform expression, or the TnT binding domains of Tm, can result in differences
in the following physiological parameters: (1) increased or decreased rates of cardiac muscle
contraction and relaxation; (2) increased or decreased myofilament sensitivity to Ca2*; and
(3) changes in length-dependent Ca?* activation. As such, Tm plays a major role in the
regulation of thin filament function. Future investigations will focus on how the different Tm
isoforms interact with troponin | and actin, and whether they differentially regulate steric
hindrance in the myofiber.
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Alpha-Tm MDAIKKKMOMLKLDKENALDRAEQAEADKKAAEDRSKQLEDELVSLOKKLKGTEDELDKY 60
Gamma-Tm MEAIKKKMOMLKLDKENVLDRAEQAEAEQKQAEERSKQLEDELATMQKKLKGTEDELDKY 60
Beta-Tm MDAIKKKMOMLKLDKENAIDRAEQAEADKKQAEDRCKQLEEEQQALQKKLKGTEDEVEKY 60
*:***************.:********::* **:*‘****:* ::**********::**
Alpha-Tm SEALKDAQEKLELAEKKATDAEADVASLNRRIQLVEEELDRAQERLATALQKLEEAEKAA 120
Gamma-Tm SEALKDAQEKLELAEKKAADAEAEVASLNRRIQLVEEELDRAQERLATALQKLEEAEKAA 120
Beta-Tm SESVKDAQEKLEQAEKKATDAEADVASLNRRIQLVEEELDRAQERLATALQKLEEAEKAA 120
**::******** *****:****:************************************
Alpha-Tm DESERGMKVIESRAQKDEEKMEIQEIQLKEAKHIAEDADRKYEEVARKLVIIESDLERAE 180
Gamma-Tm DESERGMKVIENRALKDEEKMELQEIQLKEAKHIAEEADRKYEEVARKLVIIEGDLERTE 180
Beta-Tm DESERGMKVIENRAMKDEEKMELQEMQLKEAKHIAEDSDRKYEEVARKLVILEGELERSE 180
***********'** *******:**:**********::*************:*.:***:*
Alpha-Tm ERAELSEGKCAELEEELKTVTNNLKSLEAQAEKYSQKEDKYEEEIKVLSDKLKEAETRAE 240
Gamma-—-Tm ERAELAESKCSELEEELKNVTNNLKSLEAQAEKYSQKEDKYEEEIKILTDKLKEAETRAE 240
Beta-Tm ERAEVAESKCGDLEEELKIVTNNLKSLEAQADKYSTKEDKYEEEIKLLEEKLKEAETRAE 240
****::*.**.:****** ************:*** **********:* :**********
Alpha-Tm FAERSVTKLEKSIDDLEDELYAQKLKYKAISEELDHALNDMTSI 284
Gamma-Tm FAERSVAKLEKTIDDLEDELYAQKLKYKAISDELDHALNDMTSI 284
Beta-Tm FAERSVAKLEKTIDDLEDEVYAQKMKYKAISEELDNALNDITSL 284

khkkhkkhkhkkoehkhkkhkhkeoekhkhkhhkhkhkokhkhhkhkohkhkkhhkhkhkokhkkhkeohkhkhkkokko

Consensus Symbols

RED Small (small+ hydrophobic (incl.aromatic -Y))
BLUE Acidic
MAGENTA Basic
GREEN Hydroxyl + Amine + Basic - Q
An alignment will display by default the following symbols denoting the degree of conservation observed in each

column:

"*" means that the residues or nucleotides in that column are identical in all
sequences in the alignment.

":" means that conserved substitutions have been observed, according to the

COLOUR table above.

"." means that semi-conserved substitutions are observed.

“__”indicates the amino acid region that was exchanged between o and B-TM in Chimera 1

“___”indicates the amino acid region that was exchanged between o and $-TM in Chimera 3

Amino Acid Identity for Striated Muscle Tropomyosin Isoforms

1duosnuely Joyiny vd-HIN

Alpha-Tm Str.

Beta-Tm Str.

Gamma-Tm Str.

Accession

numbers of the M.

Alpha-Tm 100% 87% 91%
Beta-Tm 100% 86%
Gamma-Tm 100%

muscular striated

muscle Tm sequences used for the analysis are the following: alpha-Tm, X64831; beta-Tm, M81086; gamma-Tm,

AF317223.

Figure 1.

Multiple sequence alignments of the mouse striated muscle Tm isoforms. The complete protein
sequence (amino acids 1-284) for the striated muscle a-Tm, B-Tm, and y-Tm isoforms were

aligned. Comparisons of the amino acid biophysical properties are color coded and indicated
by dots below the amino acid sequence, as designated in the legend. Chimera 1 sequences that

were exchanged from o-Tm to B-Tm are underlined (amino acids 258-284). Chimera 3

sequences that were exchanged from o-Tm to B-Tm are double underlined (amino acids
175-190). Chimera 2 sequences exchanged both regions from a-Tm to B-Tm (amino acids
175-190 and 258-284). The mouse skeletal muscle a-Tm, B-Tm and y-Tm nucleotide sequences
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are accession numbers X64831, M81086, and AF317223, respectively. The amino acid
sequence analysis was conducted according to methods described in Larkin et al. (44).
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Comparison of Cardiac and Sarcomeric Physiological Parameters in Various Transgenic Mouse Models with

Respect to a-Tm (NTG) Hearts

Physiological parameter

Mouse Model Maximum rate | Maximum rate
of contraction of relaxation Myofiber Ca?* sensitivity | Sarcomere tension development
a-Tm 100 % 100 % 100 % 100 %
B-Tm 100 % ! 1 !
7-Tm 1 1 ! 1
Chimera 1: o—p switch of c- l 1 l l
terminal TnT binding region
Chimera 3: a—f switch of internal l 1 1 100 %
TnT binding region
Chimera 2: a— switch of both TnT l l 100 % l
binding regions
FHC a-Tm180 100 % 1 1 I
FHC a-Tm180/Chimera 1 100 % 1 100 % 100 %
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