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trifugation at 6000 x g for 30 min. The supernatant was
Changes of a solution containing 0.1M KC1, 1 mM EDTA, 0.3
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expense of the trailing one, presumably due to proteolysis. The purified

protein usually showed only T, (Fig. 1).

The solubility properties of titin were similar to those of myosin and

C-protein in that it ayyregyated in low salt (<0.,2M) or pH (<7.0).
(i1) Sedimentation velocity centrifugation

Sedimentation velocity analytical ultracentrifugation of the purified protein
showed most of the protein migrating as a single hypersharp peak (Fig 2).
The sedimentation coefficient (Szp.,) of this boundary when extrapolated to

zero concentration was 13.4S.
(ii1) Circular dichroism spectroscopy

Circular dichroism spectra of these preparations indicate a very lowa-helix
content and a largely randon coil conformation. These data may be
significant in view of the possidle elastic character of titin and the high

randon coil content of elastic proteins such as elastin.
(iv) Electron microscopy
(a) After spraying and shadowing

Titin specimens after spraying and shadowing revealed two types of structure;
long, thin strings and small, globular structures; frequently the two were
associated (Fig. 3a).

Tne strings were about 40 A% in diameter and were heteroyeneous in length up
to maximun of about 8000 A°. Their tortuous tracks were sugygestive of
considerable flexivility. Sometimes aligned sections of the strings could
be seen and very occasionally such sections could be seen to be joined by
very thin connections that mnay be single polypeptide chains (Figs 3b and c).

(b) After layering and shadowing

Some reduction in the complexity of these images was observed if the
specimens were layered rather than sprayed onto mica, excess liquid being

renoved by centrifugation (Fig. 4).

dow only the long strings could be seen and the globular particles were
largely absent. Similarly the aligned sections of the strings were no
longer observed. We tentatively attribute these differences in appearance
found after spraying or layerinyg to elasticity in titin revealed by the high
shearing forces accompanying spraying.

(c) After negative staining

Negatively stained titin again shows long thin strings of diameter about 40
K, but these can now bDe seen to have a beaded appearance, the spacing between
successive beads being about 40 R (Figs 5).

(d) Negatively stained thick filaments

Beaded strinys very similar to negatively stained purified titin can also be
seen associated with separated native thick filaments. These can be seen
enanating from the ends of the filaments in coils (Fig. 6a) or running

alongside the cross-bridge rejions (Fig. 6b).

We have observed both these appearances on a single half filament but have
never seen more than one strand alongside a cross-bridge region at any one

point,
Discussion

Although titin monomers are extremely large they are too small for the
longest of the string-like structures seen by electron microscopy to consist
of only one such polypeptide chain. Since a cylindrical protein molecule of
mass l\l{’ daltons and diaieter of 40 R would have a length of about 1500 ﬁ.
some sort of polymer seems likely, possibly an end-to-end one. If titin
constitutes 10% of myofibril and there was one titin filament 40 R wide per

thick filament it would have a length of about 2mm.

Interestingly, only about a half of the titin present in myofibrils is
capable of being liberated by high ionic strength, That fact that
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SDS/polyacrylamide gels of titin often show a doublet indicates that some
proteolysis, in addition to the high salt concentration, may be necessary for
solubilization. However, this does not necessarily mean that all the
liberated titin chains are degraded, since proteolytic cleavage at the ends

of a linear polymer could still leave undegraded monomers in the middle.

The fact that titin strands are found at the ends of thick filanents,
together with their approximately 40 ! periodicity, sugyests that they are
associated with thick filaments in vivo. A small part of the titin present
in myofibrils may well form end-filaments, recently identified structures at
the tips of thick filaments (Trinick, 1931). End-filaments have a similar
periodicity to titin (43 R), although they appear slightly thicker and wore
rigid and therefore may involve more than one titin strand.

Precisely how titin and end-filaments are arranyed in vivo renains unclear.
Although several possible structural arrangements have been put forward,
there is not yet sufficient evidence to distinguish between them, Locker
(1984) has suggested that elastic filaments (termed gap-filaments by him)
connect the ends of thick filaments to the Z-line, whereas Wang (1982) has
proposed that titin filaments are part of a systen largely independent of
thick filaments, More definite conclusions will require antibody labelliny
data, preferaply obtained with antibodies to the native protein and using

muscle where the titin has not suffered any proteolytic degradation.

References

Locker, R.H. (1984). J. Food Microstructure, in press.
Knight, P.J. & Trinick, J.A. (1982). Methods in Enzymology, 858
Magid, A. (1983). Biophys. J. 41, 35a.

Maruyama, K., Kimura, S., Ohashi, K. & Kuwano, Y. (1981).
J. Biochem, (Tokyo), 89, 701-709.

Maruyama, K., Kimura, S., Toyota, N. & Ohashi, K. (1983) In
‘Muscular Dystrophy: Biomedical aspects' (Ebashi, S. &
Oosawa, E. eds) pp.201-208. Japan Sci. Soc. Press,
Tokyo/Springer Verlag, RBerlin.

Trinick, J. (1981). J. #ol. Biol. 151, 309-314.

frinick, J., Knight, P. & Whiting, A, (1984). J. Mol. Riol,
In press.

rang, K., McClure, J. & Tu, A. (1979). Proc. natl, Acad.
Sci. USA 76, 3698-3702.

Wang, K. (1982). In 'Muscle Development - molecular and
cellular control' (Pearson, M.L. and Epstein, H.F. eds).
pp 434-452. Cold Spring Harbor Laboratories.

9-12.

Fig. 1  SDS/polyacrylamide gels of purified native titin (3% acrylamide
gels loaded with 4 ugm, 40 ugm and 80 ugm

Fig. 2 Sedimentation velocity
ultracentrifugation of
titin

Fig. 4 Rotary shadowed titin after layering and
S shadowing. Scale bar indicates 5000 A

138

® ity |

Electron microscopy of titin after spraying and shadowing:
(a) Field of molecules }av"‘ﬂ
(b) Aligned sections = 'ur§‘
(c) Aligned sections with thin connections 1“ h
Scale bar in (c) indicates 5000 A By
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Fig. 5 Negatively stained titin. Scale bar indicate
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Fia. 6 Titin associated with negatively stained native thi
(a) Strands at the end of a filament son
0!
(b) Strand running alongisde the cross-bridge red
Scale bar in (b) indicates 2000 A.




