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1. Introduction

Skeletal muscle tropomyosin is a highly e-helical
rod-shaped molecule which lies head-to-tail in the two
grooves of the actin helix of the muscle thin filaments,
and is an essential element of the Ca* -regulated
coittrol mechanism (reviewed [1}}. Tropomyosin
from rabbii skeletal muscle is 2 dimer, and on dissocia-
tion in the presence of SDB yields iwo polypeptide
chains mol. wt 37 000, 33 000. Tropomyosins from
different muscle tissues show considerable hetero-
geneity ; howaver two types of polypeptide chains are
always found which differ slightly in molecular weight
or in isoelectric point [2,3].

Tropomyosins from non-muscle tissues appear to
be compcsed of polypeptide chains of lower molec-
ular weight (about 30 000) thaa their muscle counter-
narts [4—6] . However they are closely related to
muscle tropomyosins: they form typical paracrystals
4,51, show similar amino acid compositions [4,5]
and related chymotrypiic fingerprinis [6].

There may be ounly a single (ropomyosin poly-
peptide chain in non-muscle cells [6] . We show here
that bovine brain tropomyosin can be dissociated into
two chains of slishily differsnt molecular weights and,
as has been shown for rabbit skeletal muscle [7.8],

the polypepﬁde chains can be crosslinked by air
oxidation of cysteine residues to form covalently-
linked dimers.

2. Materials and methods

2.1. Purification of fropormyosin
Bovine brain (ropomyosin was prepared as in [3].

Elszvier/North-ifollond Biomedical Press

The preparation involves making a dried ethanol/
sther powder, after homogenisation of the washed
tissue in ethanol. After overnight extraction with 1 M
KCt buffer, the extract is boiled and the tropomyosin
collected from the clarificd supernatant by isoelectric
precipitation, at pH 4.1. Ammonium sulphate
precipitation between 40% and 53% saturation was
used as a final step }5] . We added a siep where 2 37%
ammmonivm sulohate pellet was back-extraciad with
37% ammonivm sulphate at 4°C. Paracrystals were
prepared as in [4]. —

2.2, Air oxidation

Air oxidation of tropomyosin was performes? as
described [7], by stirring 0.7 mg/ml solution of
tropomyosin in 1 N NaCl, 25 mk CuCl,, 25 mM
sodium borate (pH 9.3) at 20°C for 90 min. The
product was characterized by SDS—polyacrylamide

- gel electropharesis, avoiding meircaptoethanol in the

sample buffer.

2.3. Polyacrylamide gel electrophoresis

Sodium dodecyl sulfate {SDS)—polyacrylamide gel
clectrophoresis was performed as described [9] .
Urea/SDS gel clecirophoiesis was a madification of
the method [10] ., and was identical to normal SD5—
gel electrophoresis except that the running gel con-
tained 6 M urea and the stacking gel and running
buffer contained 3 M urea. Aa extract of rabbit
skeletal muscle was used for molecular weight stan-
dards in gel electrophoresis.

3. Resuits and rliscussion

Bovine brain tropomyosin, purified essentially as
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Fig.1. 169 SDS—pelyacylamide gel. (1.1) Carbonic anhydrase

muolacular weight marker (29 (G00). (1.2) Bovine brain fropo-
myocsia prepared under reducing conditions. (1.3) Bavine
brain tropomyosin after air oxidation and run in the absence
of reducing agent. (1.4} Extract of rabbit leg muscle. (M)
myosin; {A) actin; (MTM) muscle tropomyosin.

in {5], gives rise to a closely-spaced doublet band of
approx. mol. vrt 30 000 {fig.1) on gel elecirophoresis
using the discontinuous SDS—Tris—HC1 polyacryl-
amide gel system [9]. The report {6], indicating oaly
a single polypeptide chain for non-muscie tropo-
myosin, was based on SDS electrophoresis in the
continuous SDS polyacrylamics phosphate buffer
systam {11]. This gei system is known to show a
lower resolution than the discontinuous SDS—Tris—
HCl sysiem {11], and therefore the difference in
mobility was most likely too small to be detected.
The yield of pure tropomyosin was about 0.5 mgfg
dried powder, which represents about 0.1% total
brain proiein. The doublet band of tropomyosin can
be seen on SDS-—gels throughout the purification
procedure (fig.2), suggesting that it did not arise from
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Fip.2. 153% SDS—potyacrylamide gel; preparation of bovine
brain tropomyosin. (2.1) Extract from ethanclfether powder.
(2.2} Extract after boiling and removal of the precipitate.
(2.3} Precipitaie obtained by isoelectric precaitation. (2.4)
Pusified tropomyosia.

asingle protein species by limited proteolyiic degrada-
tion. A proiein of approx. mol. wt 35 00Q on SDS—
gels was a minor contaminant of the purified protein.
This contaminant was also found [6] and suggested
to be smooth muscle tropomyosin from contaminat-
ing blood vessels, as it Lad a very similar chymotryptic
map fo calf smooth muscle tropomyosin.

The protein isolated has the characteristics of
muscle and non-musele tropomyosin. The isolation
relies on the remarkable stability of {repomyosin to
organic solvents and heat; when these properties are
used in conjunction with isoelectric precipitation at
pH 4.1, the major protein species left is tropoemyosin
(fig.2). The purified protein is able fo form patacrysials
in the presence of Ca®*, a properiy of all tropomyosins
{4—6]. Rabbit skeletal muscle tropomyosin is known
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Fig.3. 10% Urcz/SDS—polyacrylamide gel. (3.1) Bovine brain
tropomyosin. {3.2) Exiract of rabbit leg muscle. Abbireviations
as in fig. 1 legend.

to run with an anomalousiy high apparent molecular
weight on urea/SDS gels ([10] and fig.3); similarly
the bovine brain tropomyosin runs as a closely-spaced
doublet with an approx. app. mol. wt 45 000 on
ureafSDS gels (fig.3). This observation strongly
suggests that both bands are tropomyosin.

Rabbit skeletal inuscle tropomyosin cantains cne
or two cysteine residues per polypeptide chain [2],
which can be air oxidised ta form zn intramoclecular
covalent bond between the cysteine residues of the
twao chains [7,8] . These cysteine residues must there-
fore lie adjacent to each other in the native molecule
and this implies that the chains are associated in
regisier §7.8] . From its amino acid composition,
platelet tropomyosin confains one or two cysteine
residures per chain {4]. Brain tropomyosin must
contain at [east one residue per chain as air oxidxiion
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yields exclusively covalently-linked dimers (fig.2}. On
SDS—gels the dimers run as two bands (fig.1): since
ai least two dimers of slightly different molecular
weights are formed one or both: of the bands must
represent molecuies made from a single subunit tvpe.
Since no higher mclecular weisht molecules are
observed, we propose, at feast in the case of mole-
cules containing two identical chains, that the
cysteine tesidues which are crossiinked lie adjacent
to one another and so the chains appear to be
assembled in register.

reliminary experiments have been carried out to
determine whether other non-muscle cslis also con-
tain {wo tropomyosin polypeptide chains. Extracts
were made from acetone powders of bovine thymus
and SV40 virus-transformed mouse 3T3 tissue-culturs

In both exiracts, -vhich are much enriched in fropc-
myosin comparad to a crede cell exiract, a doublet
band was seen with precisely the same mobility as the
bovine brain tropomyosin doublet band.

It appears vhat, in all tissues so far examined, there
are at least two tropomyosin polypeptide chains.
Similarly, two species of actin, differing in isoelectric
point, have been found in non-museie celis {10,12,13].
In none of these cases has the physicicgical signifi-
cance of the two chains been understood.
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