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Circular dichroism spectra show abundance of f-sheet
structure in connectin, a muscle elastic protein
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Circular dichroism spectra of native connectin from chicken breast muscle strongly suggested the abundant

presence of f-sheet structure, as much as 70% in 0.5 M KCl and 50 mM phosphate buffer, pH 7.5. a-Helix

was not detected. These results are in contradiction with the conclusion that native connectin from rabbit
skeletal muscle consists entirely of random coil [(1984) J. Mol. Biol. 180, 331-356].

Connectin

1. INTRODUCTION

Connectin (also called titin) is a very long, flexi-
ble filament of vertebrate skeletal muscle that links
myosin filaments to Z lines in myofibrils ([1],
reviews [2,3]). Connectin has been isolated in a
native form from chicken breast [4], rabbit skeletal
[5,6] and porcine cardiac muscles [7]. The
physicochemical properties of these native connec-
tins are very similar. Trinick et al. [6] reported that
rabbit skeletal muscle connectin consists entirely of
random coil as judged from its circular dichroism
(CD) spectra. Our preliminary data suggested the
presence of g-structure in addition to random coil
[3]. Therefore, a further study has been attempted
to clarify this situation, since the secondary struc-
ture of a connectin filament is of vital importance
to the understanding of its elastic nature ([8], cf.

3D.

2. MATERIALS AND METHODS

Native connectin was prepared from chicken
breast muscle as described [4,9] and purified by
hydroxyapatite chromatography [7]. The purity
was checked by SDS gel electrophoresis using 3%
polyacrylamide gels, and any preparations con-
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taminated with other proteins such as myosin, C-
protein and actin were not used for this study. The
native connectin solution was dialyzed against a
salt solution containing 0.5 M KCl and 50 mM
potassium phosphate buffer, pH 7.5 [6]. Protein
concentration ranged from 0.2 to 0.6 mg/ml.

CD spectra were recorded on a Jasco J-S00A
spectropolarimeter at 20°C. Usually, a quartz cell
of 1 mm light path was used. In the case of
guanidine-HCI solution, a cell of 0.5 mm light
path was employed. The CD spectra were analyzed
to estimate the secondary structure of the protein
according to Provencher and Gléckner [10]. The
computer program used was provided by Dr
Provencher.

3. RESULTS

3.1. CD spectra of native connectin

Typical CD spectra at 190—250 nm are presented
in fig.1. A negative mean residue ellipticity (— 3000
degree-cm?-dmol~!) was observed at 210 nm.
From the values of mean residue ellipticity at
190—240 nm, the percentages of a-helix, G-
structure and the rest were calculated according to
Provencher and Glockner [10]. The results showed
that connectin filaments consist of approx. 0% (a-
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Fig.1. CD spectra of native connectin from chicken

breast muscle. Conditions: 0.5M KCI, 0.05M

phosphate buffer (pH 7.5); 20°C. 4, mean residue

ellipticity, expressed in degree-cm?-dmol™!. The mean

residue weight of connectin was calculated to be 125
based on the amino acid composition [4].

helix), 69% (@-structure} and 31% (remainder).
The calculations suggested that the rest (31%) con-
sisted of 21% A-turn and 10% random coil. These
estimations are in sharp contradiction with those
of Trinick et al. [6] that connectin is comprised of
100% random coil.

It should be noted here that a preparation con-
taminated with myosin consisted of 5% o-helix,
60% g-structure, and 35% remainder (cf. [3]). The
a-helix must have been derived from contaminated
proteins such as myosin.

3.2. Effect of denaturing agents

Based on the above observations that native con-
nectin has #-structure, the effects of denaturing
agents such as guanidine-HCl (6 M) and SDS
(0.1%) were investigated to determine whether the
G-structure is unfolded by denaturation. As shown
in fig.2, the negative value of molecular ellipticity
greatly increased from — 3000 to — 5000 degrees at
212 nm suggesting that the g-structure of native
connectin was effectively unfolded in the presence
of 6 M guanidine-HCl. Removal of guanidine-HCl
by dialysis largely restored the CD spectra to the
original form.

On the other hand, in the presence of SDS, the
CD spectra could not be obtained below 240 nm
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Fig.2. CD of denatured and renatured connectin from
chicken breast muscle. Native connectin was treated with
6 M guanidine-HCl overnight at 4°C (——), and
dialyzed against 0.5 M KCl and 0.05 M phosphate
buffer overnight at pH 7.5 and 4°C (----- ). For
comparison, a part of the CD spectra of native connectin
rabbit skeletal muscle [6] is plotted (——-).

largely due to orientation effects. This was not sur-
prising, because a large number of straight
filaments were observed in the presence of SDS
under an electron microscope [11].

4. DISCUSSION

Our results conflict with the report of Trinick et
al. [6]. Part of their data is plotted in fig.2 for
comparison, As mentioned by Trinick et al. [6],
the value of molecular ellipticity at 208 nm was on-
ly — 1000 degree-cm?-dmol™! as compared with
the present value (— 3000 degree-cm?-dmol™!) for
unknown reasons. Results very similar to ours
have also been obtained with native connectin
isolated from porcine cardiac muscle [7].

Although it is generally difficult to estimate
precisely the #-structure content from CD spectra,
the method of Provencher and Gléckner {10} has
been successfully applied to proteins including
those rich in 8-structure. Our data simultaneously
obtained with lysozyme and myoglobin led to the
following values: a-helix, 33% (41%), G-sheet,
35% (26%); and o-helix, 81% (77%), G-sheet, 0%
(2%), respectively. The values in parentheses are
taken from [10]. The agreement is satisfactory.
Thus, although quantitative assessment of &-
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structure is difficult, native connectin appears to
be a #-structure-rich protein.

The presence of @-structure in abundance in
native connectin suggests the possibility that the &-
spiral structure proposed by Urry [12] may exist in
native connectin. If this kind of structure is proved
to be the case, it would be easier to explain the
elasticity of connectin in a sarcomere.
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