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Figure 11-15 Thick filament structure. {a) A thick filament isclated fram striated muscle,
prepared for electron microscopy by negative staiding. Myosin head units (arr

tributed all along the thick filament except for the central bare zone (bracket). m—
(Courtasy of A, Elliott, from J. Mol Biol. 131:133 [1979].) (b) The antiparallel or end-1o-end
arrangement of myosin mole . Jles in thick filaments. (c) A composite, computer-averaged
eross-sectional image of a thick « I=ment from vertebrate striated muscle. The image
shows the average density distribution o. r any superimposed th'ck filament cross sec-

tions. The density is reversed, so that regic.. - of heaviest density appear lightest in the
image. The image shows nine subunits, indi ting that the tails of nine myosin molacules

associate to form a thick filament. (Courtesy of . A, Pepe.)
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Figure 11-16 Arrangement of thick and thin filaments in
sdrcomneras, (@) Vertebraie sarcomera in a cross section
made in the region of overlap between thick and thin fila-
ments. The filaments fr rn a double hexagon pattern
(dotted lines). Each thick filament is surrounded by six
thin filaments arranged hexagaonally, and the thick fila-
ments make up a langer hexagon. 12" The ar-
rangement of thick and thin fibe. s in insect flght muscle
and various other arthropod muscles i anc' o). Aicr-
graph courtesy of H. E. H'ixley, with permissic: from J.
Mol. Bial. 37:507 [1968]. Copyright by Academric Press,
Inc. [London] Ltd. Diagrams courtesy of F A, Pe_e; re-
produced from J. Celf tiol. 37:445 [ 268], by copyright
permission of the Hmkaicllﬁruniversity Press.}
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Figure 11-10 Acdtin-linked muscle regulation by the
troponin-tropomyosin complex. (=) The coiled-coil struc-
ture of tropomyosin. (b) The arrangement of tropomyosin
and the TnC, Tnl, and TnT subunits of troponin on stri-
ated muscle microfilaments. (c) and (d) The actin-linked
control mechanism as seen in a cross s~ction of a micro-
filament (see text). In the blocking position (c), tropo-
myosin covers the binding site. or myosin crossbridges
on the actin subunits. Movement of tropomyosin toward
the microfilament groove (d) exposes the myoesin oind'ng
sites and triggers the crossbridging cycle.
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lgure 813 The linkage of actin malecules lo lorm a microfilament. Each spherical unit in the doubile spiral is N - A - 4
n actin molecule. HMM LMM

tail head

s : Figure 11-8 (a) Myosin Il structure. Two myosin heavy
Igure 8-14 Structure of a myosin molecule. Two polypeptide chains wind together 1o form the double head chains wind into a coiled-coil structure to form the tail
d spiraled tail of the molecule. - and into a less regular conformation to form the double

head structure. One essential and one regulatory myosin
light chain ar2 also pr2sent in each subunit of the double
head structure. HMM {heavy meromyosin), LMM (ligiit
meromyosin), S1, and 32 are fragments produced by
protease digestion of myos‘.in molecules. (b) Myosin mol-
ecules isolated from chicken skeletal muscle and pre-
‘pared for electron microscopy by freeze-drying and
shadowing. The tail and duuble head structure (arrows)
are visible. (Courtesy of T. Wallimann, from Eur. J. Cell
Biol. 30:177 [1983].) (c) Structure of the S1 head unit of
myosir: || as deduced from X-ray diffraction. One of the
unusual features of the head unit is the long alpha helix
(arrow) that extends through much of the structure. The
essential light chain may stabilize this helix. (Courtesy of
I. Rayment and the AAAS, from Science 261:50 [1993].)
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Figure 21-15 The Sarcoplasmic Reticulum and the Transverse Tubule
System of Skeletal Muscle Cells
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itive residues—arginine, lysine, or histidine—alternating : 2

with hydrophobic residues. This combination, which - J:}
may wind into an amphipathic alpha helix, is apparently .

the sequence element recognized ar d bound by calmo-

dulin. The specific amino acid sequence of the target

element does not appear to be as significant for its

recognition by [calmodulin ps its structural arrangement
of alternating positive and hydrophobic residues. d
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Figure 11-11 Summary of the steps in myosun—
linked regulation. As Ca2*conce
above the resting level calrnoduhn b:nds C¢':12+
and undergoes a nformational change tha
activates MLC kinase. The activated kinase
adds phosphate groups derived from ATP to
the light chains, and the crossbridging cycle is
turned on. As the Ca2* concentration falls to the
resting level, Ca?* is reieased from calmodulin,
and the phosphor lating activity of MLC kinase
is inhibited. Under these conditions, phosphate
grotips ae quickly removed from the regulatory
light chains by .1e constant MLC phosphatase
activity, and the crossbridging cycle stops.
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