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Comparison of the structure of two cardiac troponin T isoforms
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Two isoforms of troponin T have been isolated from bovine cardiac muscle. One
isoform has an Mr of 31000 and a pl at about 7.1, the corresponding values for the
second isoform being 33000 and 6.5. Both isoforms have identical C- and N-terminal
sequences, and, according to the data from tryptic-peptide mapping, a similar
structure of the central and C-terminal domains. The large N-terminal peptides of
troponin T isoforms differ in the content of glutamine/glutamic acid and alanine. It is
concluded that the isoform with Mr 33000 has an additional peptide enriched with
glutamic acid and alanine that is inserted between the N-terminal pentapeptide and
the cysteine located 40-60 residues from the N-terminus.

Many myofibrillar proteins are represented by a
number of isoforms (Heywood et al., 1983). As a

rule, the isoforms of myofibrillar proteins are
exchanged in the course of ontogenesis (Obinata et
al., 1980) or as a result of muscle differentiation
(Dhoot et al., 1978, 1979). Quite a few papers have
been dedicated to the study of troponin isoforms.
Van Eerd & Takahashi (1976) and Wilkinson
(1980) carried out a detailed comparative analysis
of the structure of troponin C isolated from cardiac
fast and slow skeletal muscles. The determination
of the primary structure of some troponin I
isoforms formed a basis for their comparison and
prediction of functionally important sites within
the structure of troponin I (Wilkinson & Grand,
1978). Although it is well established that there
exist several troponin T isoforms (Clarke et al.,
1976; Dhoot et al., 1979; Putney et al., 1983), until
now there has been no detailed report on the
structural properties of these isoforms. The only
one exception is a comparison of the structure of
two troponin T isoforms from chicken leg and
breast muscles (Wilkinson, 1978; Wilkinson et al.,
1984).

Recently we described two isoforms of cardiac
troponin T (Gusev et al., 1983). The lack of
detailed information on the structural properties of
different troponin T isoforms, and, particularly, on

the structure of cardiac troponin T, provides an

incentive to undertake a structural comparison of
two cardiac troponin T isoforms.

Abbreviation used: SDS, sodium dodecyl sulphate.

Materials and methods
The procedures used for the isolation of two

isoforms of cardiac troponin T and their phosphor-
ylation were described previously (Gusev et al.,
1983). The homogeneity of the isoforms was
ascertained by SDS/polyacrylamide-gel electro-
phoresis performed by the method of Weintraub et
al. (1975). The Mr values for troponin T isoforms
were determined by 4-30%-(w/v)-polyacrylamide-
gradient-gel electrophoresis as described by Reis-
feld et al. (1962). The following basic proteins of
known M, were used as standards: cytochrome c

(12000), bovine pancreatic ribonuclease (14300),
myoglobin (17800), rabbit skeletal-muscle tro-
ponin I (20700) and troponin T (30500), dimer of
troponin I (41400) and dimer of troponin T
(61000). Isoelectrofocusing of troponin T was

performed by the method of O'Farrell (1975).
Both isoforms of troponin T were cleaved at the

single cysteine residue by the method of Jacobson
et al. (1973). Troponin T was dissolved in 40mM-
Tris/HCI buffer, pH 8.0, containing 6M-urea,
0.1 mM-phenylmethanesulphonyl fluoride and 1 pg
of pepstatin/ml. A 2-fold molar excess of dithioth-
reitol was added, and after 30min incubation at
37°C, 5,5'-dithiobis-(2-nitrobenzoic acid) was add-
ed to the mixture to achieve an 8-fold molar excess
over dithiothreitol. After 30min incubation at
37°C, an aqueous solution of KCN was added to
the mixture to give a final concentration ten times
greater than that of 5,5'-dithiobis-(2-nitrobenzoic
acid). The mixture was incubated for 12-16h at
37°C and subjected to chromatography on a

Vol. 225

549



V. V. Risnik, A. D. Verin and N. B. Gusev

Sephadex G-50 (superfine grade) column
(1.6cm x 90cm) equilibrated with 10mM-HCl.

For the mapping of tryptic peptides, the single
thiol group of troponin was alkylated with non-
radioactive iodoacetamide, then the methionine
residues were alkylated with iodo[14C]acetamide
(Wilkinson, 1978); finally, troponin T was subject-
ed to trypsinolysis. The modified troponin T was
digested with 3% (w/w) trypsin that had been
treated with 1-chloro-4-phenyl-3-L-tosylamidobu-
tan-2-one ('TPCK') for 6h at 37°C in 100mM-
Tris/HC1, pH 8.0. The resulting peptides were
subjected to gel filtration on a Sephadex G-50 (fine
grade) column (1.2cm x 90cm) equilibrated with
50mM-NH4HCO3. The changes in A206 and A280
were simultaneously monitored on a Uvicord III
(LKB) apparatus. Portions were used for the
determination of 32P and 14C radioactivity. Every
third tube across the Sephadex G-50 chromato-
gram was evaporated and the peptides were
subjected to high-voltage electrophoresis at pH 6.5
in pyridine/acetic acid/water (25:1:225, by vol.).
The amino acid composition was determined in

a Liquimat III (Labotron) amino acid analyser
after peptide hydrolysis in 6M-HCI in vacuo (24h,
1200C).

Results
In a fairly recently published paper (Gusev et al.,

1983) we reported on two isoforms of cardiac
troponin T. On the basis of SDS/polyacrylamide-
gel electrophoresis, these isoforms have apparent
Mr values of 38 000 and 39 500. Taking into
account the fact that skeletal-muscle troponin T
has an anomalous mobility on SDS/polyacryla-
mide-gel electrophoresis (Pearlstone et al., 1976;
Wilkinson, 1978), it seemed reasonable to redeter-
mine the Mr of cardiac troponon T. For this
purpose, we used the method of polyacrylamide-
gradient-gel electrophoresis in the absence of SDS.
When one performs the electrophoresis at acidic
pH in the presence of 8 M-urea, it is possible to
overcome the difficulties arising from the strong
tendency of troponin T to aggregate. By using the
method of Reisfeld et al. (1962) and measuring the
dependence of the mobility of standard proteins
(see the Materials and methods section) on the
logarithm of their actual Mr, we constructed a
calibration curve representing a straight line with a
correlation coefficient of >0.94. The thus-deter-
mined values ofM, for cardiac troponin T isoforms
are equal to 31 500 + 1400 and 33 100 + 1700 respec-
tively (means + S.D. for four expts.) and differ only
slightly from the corresponding values for skeletal-
muscle troponin T (Pearlstone et al., 1976; Wilkin-
son, 1978).

Previously published data indicate that two
troponin T isoforms might differ in their pl values.

To test this assumption, we determined the pl
values for these proteins. The isoform with M,
31500 produced three bands with p16.8, 7.1 and
7.3, whereas the isoform with Mr 33000 gave two
bands with p16.4 and 6.5. These values are lower
than those for rabbit skeletal-muscle troponin T
(pI7.9-8.2) and are comparable with those for
chicken breast troponin T (pI7.3) (Hirabayashi,
1981). The splitting of the troponin T band on
isoelectrofocusing was described previously (Wil-
kinson, 1974; Drabikowski et al., 1974; Murakami
& Uchida, 1984) and could be due to the differing
extents of phosphorylation or aggregation, the
latter being particularly strong near the pl. The
experimental results agree well with our previously
published data (Gusev et al., 1983) and suggest that
the pI for the protein with M, 33000 lies about 0.5
unit lower than that for the protein with Mr 31 500.

Cysteine is located in the vicinity of the N-
terminus of the both troponin T isoforms (Gusev et
al., 1983). After troponin T cleavage at the cysteine
residue, we isolated a small N-terminal and large
C-terminal peptides. The C-terminal peptides of
both troponin T isoforms have Mr 27800 +1000
(means + S.D. for four expts.). This implies that the
cysteine residue is separated from the N-terminus
of the isoform with Mr 33000 by a greater number
of amino acids than in the case of the isoform with
Mr 31500. The amino acid composition of the N-
terminal peptides derived from two troponin T
isoforms reveals a significant difference in the
glutamine/glutamic acid and alanine content
(P <0.05 as shown by Student's t test) (Table 1). At
the same time we failed to detect any significant
differences in the content of other amino acids.
These data show that two troponin T isoforms
differ at least by the structure of the N-terminal
peptides.

Table 1. Comparison of the amino acid composition ofN-
terminal peptides derived from two cardiac troponin T

isoforms
The results are presented as means+ S.D. (n = 4).

Composition
(residues/molecule)

Amino acid Isoform Mr ... 31500

Asx
Ser
Glx
Gly
Ala
Val
Tyr
Lys
His
Arg
Total

1.9 +0.3
2.1 +0.3

24.0+ 2.8
6.1 +0.7
7.6+0.4
4.7+1.0
1.0+0.3
0.7 +0.3
1.4 + 0.7
0.7 +0.3
50.2

33000

2.9 +0.8
2.1 +0.5

29.9+ 5.7
6.1 +0.5
12.4+ 1.3
5.1 +0.2
1.3 +0.6
0.8 + 0.5
1.5 + 0.5
0.6 +0.4
62.7
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Cardiac troponin T isoforms

In order to obtain more detailed information on
the structure of two troponin T isoforms, we
employed the peptide-mapping procedure intro-
duced by Wilkinson (1978). Both forms of cardiac
troponin T were phosphorylated with troponin T
kinase at the single serine residue in the vicinity of
their N-termini. The methionine residues of tro-
ponin T were alkylated by iodo['4C]acetamide.
The modified troponin T was digested with
trypsin, and the peptides were applied to a
Sephadex G-50 column. At first sight, the elution
profiles of tryptic peptides of the both troponin T
isoforms seem to be very similar (Fig. 1). At the
same time, the largest 32P-labelled peptide of the
isoform with Mr 33 000 was eluted from the column
earlier than the corresponding peptide of the
isoform with Mr 31500. Usually, the largest
peptides derived from both troponin T isoforms
were only slightly labelled by [I4C]acetamide. The
difference in the 14C radioactivity of the two
largest peptides (Fig. 1) is probably due to the
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Fig. 1. Chromatography ofJtryptic digest of two cardiac
troponin T isoforms

A tryptic digest of troponin T with the methionine
residues alkylated with iodo[U4C]acetamide and a
single serine residue phosphorylated with troponin
T kinase in the presence of [y-32P]ATP was applied
on a column (1.2cm x 90cm) of Sephadex G-50 in
50mM-NH4HCO3. (a) Cardiac troponin with M,
31 500; (b) cardiac troponin T with Mr 33000.
A206; ----, A280; *, 32P radioactivity; *, 14C
radioactivity.

incomplete digestion of the troponin T isoform
with M, 31 500. The well-separated largest tryptic
peptide of both troponin T isoforms bore a high
negative charge at pH 6.5 on paper electrophoresis
and was not stained with ninhydrin. Thus these
highly acidic peptides with blocked N-termini are
phosphorylated and are the largest ones among all
the tryptic peptides of cardiac troponin T. Taking
these features into account and comparing the
elution profiles of tryptic peptides of skeletal-
muscle troponin T (Pearlstone et al., 1976; Wilkin-
son, 1978; Wilkinson et al., 1984) and cardiac
troponin T, we may now conclude that the largest
peptides eluted near the front of the Sephadex G-
50 column are the N-terminal peptides, and that
the larger size of the isoform with M, 33000 is due
to the increased length of this peptide. It is
worthwhile to mention that, although the N-
terminal peptides of both troponin T isoforms
contain arginine and lysine residues (see Table 1),
the size of the N-terminal tryptic peptides is rather
large. This implies that the peptide bonds of the
corresponding arginine and lysine residues are
resistant to trypsinolysis. The N-terminal tryptic
peptides of rabbit and chicken skeletal-muscle
troponing T also contain both arginine and lysine
residues (Pearlstone et al., 1976; Wilkinson et al.,
1984).

Starting from fraction 40 (Fig. 1), every third
fraction was evaporated and subjected to high-
voltage paper electrophoresis. No obvious differ-
ences in the pattern of the peptides derived from
the two troponin T isoforms were observed. The
bulk of the short peptides (fractions 52-70) were
either neutral or positively charged. The pattern of
the radioactive peptides containing methionine
was the same for both troponin T isoforms. It
seems probable, therefore, that the central and C-
terminal domains of the two proteins possess a
considerable amount of sequence homology.

Discussion
A comparison of the structure of cardiac and

skeletal-muscle troponin T reveals a number of
common features. The composition of the N- and
C-terminal peptides of all troponin T forms under
study are very similar or identical (Wilkinson,
1978; Gusev et al., 1983). Moreover, the highly
conservative N-terminal peptides usually contain a
phosphorylatable serine residue (Pearlstone et al.,
1976; Moir et al., 1977). The structure of all
troponin T forms is characterized by an uneven
distribution of the charged residues. The N-
terminal region is highly acidic, whereas the
central, and especially the C-terminal, regions are
enriched with positively charged amino acids.
These features are common for all the so-far-known
forms of troponin T.
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However, despite a number ofcommon features,
troponin T isoforms differ in their pl and Mr values
and in their amino acid compositions. A detailed
investigation of the structure of the two forms of
troponin T from chicken skeletal muscle (Wilkin-
son, 1978; Wilkinson et al., 1984) showed that the
central and C-terminal regions of these proteins are
very similar, whereas the N-terminal peptides are
distinguished by their glutamine/glutamic acid,
alanine and histidine contents. At the same time,
the N-terminal hexapeptides of these proteins are
identical. Hence it was assumed that the two
isoforms differ by a peptide that is inserted into the
N-terminal sequence just behind the highly conser-
vative N-terminal hexapeptide (Wilkinson, 1978;
Wilkinson et al., 1984). Both cardiac troponin T
isoforms have identical N- and C-terminal se-
quences and reveal a great similarity in terms of
the structure of the central and C-terminal do-
mains. At the same time, the large N-terminal
peptides of the both troponin T isoforms differ in
their glutamine/glutamic acid and alanine contents
(Table 1). Thus, in good agreement with the data of
Wilkinson (1978) and Wilkinson et al. (1984), our
results suggest that the isoform with M, 33000
contains an additional peptide (about 15 residues
long) enriched with glutamic acid and alanine.
This peptide is inserted between the N-terminal
pentapeptide and the cysteine residue located 40-
60 residues from the N-terminus. A comparison of
the differences in the structure of chicken skeletal
and bovine cardiac troponin T isoforms reveals
that the central and C-terminal domains are rather
conservative, whereas the variability of the N-
terminal domain provides for the existence of
several troponin T isoforms. These isoforms can be
produced by different genes (Wilkinson, 1978;
Putney et al., 1983) or through different splicing of
a single (or of a number of similar) gene(s)
(Wilkinson et al., 1984).

We thank Professor S. E. Severin for helpful discus-
sions and Mrs. R. L. Birnova for linguistic advice.
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