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Summary. Titin, the giant protein of striated muscle, 
provides a continuous link between the Z-disk and the 
M-line of a sarcomere. The elastic I-band section of titin 
comprises two main structural elements, stretches of 
immunoglobulin-like domains and a unique sequence, 
the PEVK segment. Both elements contribute to the 
extensibility and passive force development of 
nonactivated muscle. Extensibility of the titin segments 
in skeletal muscle has been determined by immuno- 
fluorescence/immunoelectron microscopy of sarcomeres 
stained with sequence-assigned titin antibodies. The 
force developed upon stretch of titin has been measured 
on isolated molecules or recombinant titin fragments 
with the help of optical tweezers and the atomic force 
microscope. Force has also been measured in single 
isolated myofibrils. The force-extension relation of titin 
could be readily fitted with models of biopolymer 
elasticity. For physiologically relevant extensions, the 
elasticity of the titin segments was largely explainable by 
an entropic-spring mechanism. The modelling explains 
why during stretch of titin, the Ig-domain regions (with 
folded modules) extend before the PEVK domain. 

In cardiac muscle, I-band titin is expressed in 
different isoforms, termed N2-A and N2-B. The N2-A 
isoform resembles that of skeletal muscle, whereas N2-B 
titin is shorter and is distinguished by cardiac-specific 
Ig-motifs and nonmodular sequences within the central 
I-band section. Examination of N2-B titin extensibility 
revealed that this isoform extends by recruiting three 
distinct elastic elements: poly-Ig regions and the PEVK 
domain at lower stretch and, in addition, a unique 572- 
residue sequence insertion at higher physiological 
stretch. Extension of all three elements allows cardiac 
titin to stretch fully reversibly at physiological 
sarcomere lengths, without the need to unfold individual 
Ig domains. However, unfolding of a very small number 
of Ig domains remains a possibility. 
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Introduction: elastic filaments revealed 

Since the sliding filament theory of muscle 
contraction was first proposed in the early 1950s 
(Huxley and Hanson, 1954; Huxley and Niedergerke, 
1954), the structural unit of muscle, the sarcomere, has 
been understood to consist of two interdigitating 
filament systems sliding past one another during 
shortening: the thick and thin filaments. While this two- 
filament view of a sarcomere is still found today in many 
textbooks, investigators in the muscle contraction field 
have become increasingly aware of the presence of a 
"third" sarcomeric filament system essential for the 
mechanical functioning of muscle. The presence of some 
kind of third filament was already recognized some 45 
years ago, when it was shown that upon extraction of 
actin and myosin, the sarcomere does not fall apart; i t  
remains held together by a "ghost-like" set of 
longitudinal elastic filaments (Huxley and Hanson, 
1954). The  existence of such a filament set was 
reinforced when fine filaments, 2-4 nm in diameter, were 
found to span the gap between thick and thin filaments 
in sarcomeres stretched beyond overlap (Carlsen et al., 
1961; Huxley and Peachey, 1961; Sjostrand, 1962). But 
because of the small diameter of these filaments, and 
their proximity to the larger thick and thin filaments, 
firm conclusions about their disposition and function 
were difficult to reach. 

Many models for this third filament have been 
suggested, which, in turn, has given rise to an often 
confusing array of names: S-filaments, linking thin 
filament tips to one another across the center of the 
sarcomere (Hanson and Huxley, 1956); gap filaments, 
linking thick filaments to thin filaments at their tips 
(Sjostrand, 1962); T-filaments, linking Z-line to Z-line, 
external to thick filaments (McNeill and Hoyle, 1967); 
core filaments, linking Z-line to Z-line through a thick 
filament core (Guba et al., 1968); connecting C- 
filaments, linking Z-lines and thick filaments in insect 
flight muscle (Garamvolgyi, 1966; White and Thorson, 
1973; Trombitas and Tigyi-Sebes, 1974); and (again) 
gap filaments, linking the tips of two adjacent thick 
filaments through the Z-line (Locker and Daines, 1980). 
The difficulty in deciding among these models has 


























