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Summary. The amino acid sequence of bovine cardiac troponin-C has been deter-~
mined. The protein chain is composed of 161 amino acid residues and its amino
terminal is acetylated. There are 55 replacements and 2 additional amino acids
when compared with rabbit skeletal troponin-C. Cardiac troponin-C probably
contains 3 calcium binding sites, one less than rabbit skeletal troponin-C.
The difference in amino acid sequence is largely due to the difference in
tissue, not to the difference in species.

Introduction. Troponin is a protein located on the thin filaments of muscle
(1). It is composed of 3 subunits, one of which (troponin-C) has a strong
affinity for calcium ions (2). The binding of calcium ions induces a large
conformational change in troponin-C (3) and initiates a sequence of events
resulting in muscular contraction.

Recently the almost complete amino acid sequence of rabbit skeletal
troponin-C has been reported although experimental details have not yet been
published (4). It was shown that rabbit skeletal troponin-C is homologous to
parvalbumins. Parvalbumins form a group of low molecular weight calcium bin-
ding proteins which were thought to occur only in lower vertebrates such as
fish and amphibians, but which recently also were found in rabbit and human
skeletal muscle (5). The exact location of the caleium binding sites in a par-

valbumin of carp has been determined by X-ray diffractjon analysis (6). By

comparing the amino acid sequence of this parvalbumin with the amino acid
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sequence of rabbit skeletal troponin-C, Collins et al. (7) tentatiyely indi-
cated 4 calcium binding sites per molecule in rabbit skeletal troponin-C,

Tsukui and Ebashi recently published a method to obtain pure cardiac
troponin in good yield (8). Further, Ebashi has described a method to separate
troponin into 3 components (9) and with a slight modification this method can
also be applied for the separation of cardiac troponin-C into its components.

In this paper the amino acid sequence of bovine cardiac troponin-C
is presented. Only 3 likely calcium binding sites can be indicated, in agree-
ment with the observation of Ebashi who has found 2.4 calcium binding sites
per molecule cardiac troponin (10). The difference in amino acid composition
between bovine cardiac troponin-C and rabbit skeletal troponin-C is 35%. It
indicates that the proteins are more distantly related than the difference in
species would suggest. The difference in amino acid sequence is thought to be
mainly a reflection of the difference in tissue.

A detailed description of the determination of the amino acid
sequence of bovine cardiac troponin-C will be published separately (manuscript
in preparation).

Material and methods

Bovine cardiac troponin was a gift from professor S. Ebashi. It was
prepared according to the method of Tsukui and Ebashi (8). The caleium binding
component was isolated according to the method of Ebashi (9) with a slight
modification.

Cyanogen bromide peptides of reduced carboxymethylated troponin-C
were isolated by a combination of gel filtration on Sephadex G-50, ion-exchange
chromatography on Dowex 50-X2 or DEAE-Sephadex A-25, and high voltage paper
electrophoresis. Large peptides were further fractionated after tryptic or
chymotryptic digestion.

Overlapping peptides were isolated from a tryptic digest of reduced
carboxymethylated and citracconylated (11) troponin-C. Isolation procedures
included Sephadex G-50 and DEAE-Sephadex A-25 chromatography.

The amino acid sequences of the peptides were determined by a modi-
fied Edman degradation (12) and carboxypeptidases A and B digestion. Identifi-
cation of released and converted PTH-amino acids was performed by gas chroma-
tography (13) and thin layer chromatography (14). PTH~Leu and PTH-Ile were
differentiated by amino acid analysis after HI hydrolysis (15).

The N-acetyl group was determined by hydrazinolysis followed by
dansylation of the acetyl-hydrazide (16).

Results and discussion

Amino acid sequence of bovine cardiac troponin-C

The complete amino acid sequence is presented in Fig. 1. There is one single
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10 20
Ac-Met-Asp~Asp-Ile~Tyr-Lys-Ala-Ala-Val-Glu~-Gln-Leu-Thr-Glu-Glu-Gln-Lys—-Asn-Glu-Phe-

30 40
Lys~Ala-Ala-Phe-Asp-1le~Phe~Val-Leu~Gly-Ala~Glu—-Asp~Gly-Cys-Ile-Ser-Thr-Lys-Glu-

50 60
Leu~Gly-Lys-Val-Met-Arg-Met-Leu~Gly-Gln-Asn-Pro~Thr-Pro-Glu~Glu-Leu~Gln-Glu-Met-

70 80
Ile-Asp-Glu-Val-Asp-Glu-Asp~Gly~Ser~Gly-Thr-Val-Asp-Phe-Asp~Glu-Phe-Leu-Val-Met~

90 100
Met~-Val-Arg-Cys—-Met-Lys-Asp-Asp-Ser-Lys~Gly-Lys—Ser~Glu-Glu-Glu-Leu-Ser-Asp-Leu-

110 120
Phe~-Arg-Met~Phe-Asp-Lys-Asn-Ala-Asp-Gly-Tyr-Ile-Asp~Leu-Glu-Glu-Leu-Lys-Ile-Met-

130 140
Leu-Gln-Ala-Thr-Gly-Glu-Thr-Ile-Thr-Glu-Asp-Asp-Ile-Glu-Glu~Leu-Met-Lys-Asp-Gly-

150 160
Asp-Lys-Asn-Asn-Asp-Gly-Arg-Ile-Asp-Tyr-Asp-Glu~Phe-Leu-Glu-Phe-Met-Lys-Gly-Val-

Glu-OH

Fig, 1. The complete amino acid sequence of bovine cardiac troponin-C.

peptide chain consisting of 161 amino acid residues. The calculated molecular
weight is 18,459. This is in good agreement with the molecular weight estimated
by SDS gel electrophoresis (8). The amino terminal is acetylated, a property
which it shares with all structural muscle proteins sequenced so far., The
protein is strongly acidic and has an excess of 30 negatively charged groups.
There are only 2 cysteine, 2 proline and 3 tyrosine residues. Tryptophan and
histidine are absent,

Comparison with rabbit skeletal troponin-C

In Fig. 2 is compared the amino acid sequence of bovine cardiac troponin-C

with the amino acid sequence of rabbit skeletal troponin-C (17). There are 55
amino acid replacements and the bovine cardiac chain contains 2 amino acids
more. In other words 35% of the amino acid sequence is different. In the case
of cytochrome c the difference in amino acid sequence between the bovine form
and the rabbit form is only 4%, and in the case of the alpha chain of haemoglo-

bin 18% (18). Demaille et al. (19) estimated that the mutation rate for par-
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10 20
Ac-Met~Asp-Asp-Ile-Tyr-Lys-Ala-Ala~Val-Glu-Gin~Leu-Thr-Glu~Glu-Gln~Lys—-Asn~-Glu-Phe~-
Ac(Asp,Thr,Gln,Gln)Ala-Glu ,, Arg-Ser~Tyr , Ser , , Met-Ile-Ala ,
30 40
Lys—-Ala-Ala-Phe-Asp-Ile-Phe~-Val-Leu-Gly-Ala~Glu~Asp-Gly-Cys~Ile-Ser-Thr-Lys-Glu-
" " " " n Met [Aspr—-—- Ala-Asp~-Gly-Gly , Asp n Val w )
50 60
Leu-Gly-Lys-Val-Met~Arg-Met~Leu~Gly-Gln-Asn~Pro-Thr-Pro-Glu-Glu-Leu-Gln-Glu~Met~
" w Thr " " " n " w Thr n Lys " n Asp-Ala-Ile
70 80
Ile-Asp-Glu-Val[Asp-Glu-Asp-Gly~Ser-Gly-Thr-Val-Asp—-Phe-Asp~Glu]Phe~Leu-Val-Met~
w Glu ,, (Vall[Asp,Glu,Asp,Gly,Ser,Gly,Thr)Ile , , Glu » 1w w n w
90 100
Met-Val-Arg-Cys-Met-Lys-Asp-Asp-Ser-Lys-Gly~Lys-Ser-Glu-Glu~Glu-Leu-Ser—-Asp~Leu-
1" " n Gin t " Glu " Ala " 1" " 1" " " " " Ala_Glu"CyS
110 120
Phe-Arg-Met-Phe [Asp-Lys-Asn-Ala-Asp-Gly-Tyr-I1le-Asp-Leu-Glu~Glu]Leu-Lys-Ile~Met-
" n lle " [ nw Arg n " " 1" " " Ala " " ] w Ala-Glu-Ile-
130 140
Leu—Gln—Ala—Thr—Gly-Glu—Thr-Ile-Thr—Glu—Asp—Asp—Ile—Glu—Glu—Leu—Met-Lys-Asp-Gly—
Phe-Arg , Ser ,, n His=Val |, Asp-Glu-Glu ,, n Ser " " " "
150 160
[Asp~Lys-Asn-Asn-Asp-Gly-Arg-Tle-Asp-Tyr-Asp-Glu]Phe-Leu-Glu~Phe-Met-Lys-Gly~Val-
[ w n n n " " n " w Phe T I w Lys-Met , Glu ,, "
Glu-OH
Gln~-OH

Fig, 2. Comparison of the amino acid sequence of bovine cardiac troponin-C
(upper line) with the amino acid sequence of rabbit skeletal troponin-C (lower
line), Only amino acid replacements and uncertainties in the sequence are in-
dicated. [ ] indicate tentative calcium binding sites.

valbuming lies between the mutation rates of cytochrome c and haemoglobin.
Because troponin-C is homologous to parvalbumins its mutation rate is probably
very similar. Therefore the difference in amino acid sequence of bovine car-
diac troponin-C and rabbit skeletal troponin-C is largely a reflection of the
difference in tissue and not a result of the difference in species.

Cardiac troponin-C has 2 cysteine residues, but none of the two
corresponds with the single cysteine residue in skeletal troponin-C. The high
mutation rate of these cysteine residues makes it unlikely for them to have a

functionally important role. This was suggested before by Ebashi et al. (20).
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Calcium binding siteg

By comparison with the amino acid sequence of a parvalbumin of carp, Collins
et al. (7) tentatively indicated 4 calcium binding sites in rabbit skeletal
troponin-C. The amino acid sequences of 3 of the corresponding sites in bovine
cardiac troponin-C are very similar to the corresponding sequences in rabbit
skeletal troponin-C. the fourth one (residues 28 - 40) contains 7 amino acid
replacements and one additional amino acid residue, Also the number of amino
acids in this region that can provide suitable ligands for calcium binding (6)
is reduced. Therefore in the case of bovine cardiac troponin-C this site
probably has lost the ability to bind calcium and the total number of likely
binding sites is reduced to 3, in rather good agreement with Ebashi's figure
of 2.4 calcium binding sites per molecule (10).

It should be noted that the number of amino acid replacements in the
first 40 residues is higher than in the rest of the sequence. Apparently the
loss of the ability to bind calcium resulted in an increase of acceptable mu-
tations. Furthermore it should be noted that the amino acid sequence at the
likely calcium binding sites is more conservative than at other positions.

Cardiac troponin-C has a higher affinity for strontium than skeletal
troponin-C (20). This could be explained by a slightly larger metal - oxygen
distance in the case of cardiac troponin-C. In order to determine these bond
distances however, it is necessary to know the three dimensional structure.
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