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Fic. 5. Greater enlargement of a small portion of Fig. 4, to show to better ad-
vantage the interrelationship of the reticulum and the myofibrils at the Z band level.

The cross-hatched appearance of certain areas in the figure describes the fine
organization of the myofilaments in the Z band. Outside and around these areas are
several profiles of I band vesicles (er»). In three places in this image, the section
includes arrays of intermediary vesicles (iv) which lie in the space between the I
band vesicles (see Fig. 6) and opposite the Z band. Thus a top view of their arrange-
ment is provided and comments on this included in legend for Fig. 4 apply here as
well, Similar small finger-like bodies are present also outside the intervesicular space
and free in the surrounding sarcoplasm. X70,000.

Fic. 6. Micrograph of a longitudinal section of myofibrils (same Amblystoma larval
muscle) designed to show profile of I band vesicles (ers) and side view of intermedi-
ary vesicles (4v). For cross-sections of same see Fig. 7.

In this aspect the intermediary vesicles appear as slender tubular structures with
long axis normal to that of myofibril. It is possible that the lower 7v in the figure repre-
sents the major portion of one such body. Both ends are free. One is seen to be in close
contact with the myofibril; the other—not here but in some cases—appears to be con-
tinuous with one or the other face of the opposing vesicle surfaces. Note the apparent
thickened character of the membranes constituting these latter surfaces.

The myofibrils, running across the image from lower left to upper right, have
extraordinarily light Z bands as though stretched. Profiles of longitudinally oriented
tubules of sarcoplasmic reticulum are indicated at er; (see also Fig. 2). X 70,000.
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Fi1c. 7. Micrograph of an especially thin, longitudinal section of larval muscle,
designed to show (1) the intermediary vesicles cut transversely and (2) their distri-
bution between the I band vesicles. The various parts of a single sarcomere segment
of the reticulum are labelled as before. The midsarcomere cisterna is at er, longi-
tudinal tubular extensions at er;, and dilated ends, or I band vesicles, at er,. These
latter face off as opposing vesicles of similar dimensions across a space of about
500 A. This contains numerous intermediary vesicles (iv) which, depicted as here in
cross-section, appear round or ovoid and 200 A in diameter. They are evenly distrib-
uted along the length of the space. The opposing vesicular membranes which limit
the space seem somewhat thickened and more prominent than the membrane limit-
ing the rest of the vesicle, but this may reflect only the presence of some finely fi-
brous material along their internal surface.

A slender extension from one I band vesicle (at arrow) seems to traverse the Z
band level and extend on into the next sarcomere. Such extensions from one sarco-
mere segment into another are apparently rare in this material, for this is the only
definite instance encountered in numerous fields recorded.

Small particles present in the sarcoplasm seem to show no special affinity for the
reticulum surface. X 63,000.

Fic. 8. Micrograph of a longitudinal section of larval muscle, depicting a relation-
ship encountered between the sarcoplasmic reticulum and the sarcolemma (sI).
Longitudinally oriented canaliculi of the reticulum are shown at er; and dilated
terminal vesicles at ere. The picture contains profiles of two typical triadic arrange-
ments of such vesicles at the I and Z band levels. Extending from this level toward
the sarcolemma there is a continuous bridge of these small vesicles which spreads
out over the inside surface of the sarcolemma (arrows). They look not unlike inter-
mediary vesicles. The suggestion is that this formation represents a stream or migra-
tion of such bodies to or from the sarcolemma. Other features of the micrograph are
covered in other legends. X 65,000.
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Fic. 9. Micrograph showing a small portion of a longitudinal section of a rat
sartorius muscle. The myofibrils, mostly cut medially, cross the figure along the
short dimension. A light I band, bisected by a dense Z band, runs from upper left
to lower right. A faint N band can be discerned in both halves of the I band and
midway between Z and A. An equally indistinct H band bisects the A of the sarco-
mere on the left (H). The various bands are very nearly in perfect register across
the fiber (top to bottom of figure) and their appearance characterizes the fiber as
uncontracted at this level.

It is to be noted that the I band in this muscle is much longer relative to the A
than in the Amblystoma larval muscle. It does in fact exceed the A by 1.2 times,
whereas in the myotome fibrils the I was only a fraction (14) the length of the A,

The myofilaments are evident in the A band but lost in confusion in the I band.

The sarcosomes, or mitochondria, (m) show in transverse section as paired bodies
close to but on opposite sides of the Z band. Their long axes are oriented transversely
with respect to the myofibrils. Only rarely are sections of the sarcosomes seen in the
sarcoplasm opposite the A bands.

The sarcoplasmic reticulum is more finely divided than in the Amblystoma material
but shows in its form and organization some of the same features. Small circular or
ovoid profiles, uniformly present in some concentration opposite the H bands (see
er) indicate the existence of a continuous structure at this level. Where the plane
of section cuts this concentration somewhat obliquely (as at er, left center, and also
right center) individual elements of the reticulum can be made out. From this level
extending in both directions towards the I band, the section occasionally shows a
profile of a longitudinally oriented tubule (see er in three places). These end in a
dilatation, as in Fig. 1, except that here this enlarged tip is just within the margin
of the I band (arrows). From micrographs showing the system in other aspects (see
Fig. 10) it has been learned that these dilatations represent cross-sections of long
slender vesicles running circumferentially with respect to the myofibrils. It may be
noted further (at arrows) that such dilated ends are only one of three profiles of
apparently vesicular bodies in the same region of the sarcoplasm and that identical
arrangements or triads are present in the same location in almost every instance
(tr and arrows). If they were always present, then the structure represented would
be regarded as continuous across the fiber at this level. They seem, however, not to
be there in every case, hence the continuity must, in places, be interrupted.

The vesicle on the Z band side of the triad coincides in its dimensions with its
opposite and in its turn is continuous with a reticulum (of small canaliculi constitut-
ing a fenestrated cisterna) which extends to the triad at the other end of the I band
(see Text-fig. 2). Where sarcosomes are present at this level, the reticulum simply
bypasses them on one or both sides (see at bp). It appears, from available evidence,
that this T band portion of the reticulum is continuous across the Z line.

The two larger vesicles of the triad have between them a third vesicular element
which corresponds to the intermediary vesicles seen in larval muscle. Here, in the
sartorius, however, it seems not to be as finely divided as in the amphibian material.
The individual units are of uniform thickness (200 A) but vary some in their longest
dimension circumferential to the myofibrils. X 36,000.
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Fic. 10. This image of a longitudinal section of rat sartorius supplements Fig. 9,
in showing a portion of the sarcoplasmic reticulum in face view as it spreads over
the surface of a myofibril (view comparable to that in Fig. 2). Since it is spread two-
dimensionally in a curved plane, only fragments of it are present in a flat section.

Myofibrils and direction of orientation are obvious. A, I, Z, and N bands are in-

dicated. Sarcosomes are marked m.

Er, as before, points to outlines of central cisternae found at H band levels of the
sarcomeres. Canalicular elements extend from these longitudinally (see ery) to trans-
verse or circumferentially oriented elements, er,. These are paired with similar ele-
ments, er1, on the opposite side of a well defined space of uniform width (500 A).
This latter space contains small elongate vesicles (iv) apparently unattached (in the
material studied) to the two larger elements on either side. The whole is termed a
triad. On the Z band side, er, is continuous with a compact reticulum of tubules
(er3) which extends across the Z band to the other end of the I band. Here it is con-
tinuous with a transversely oriented vesicle (er;). Fine tubular elements and dense
granules, apparently free in the sarcoplasm at the Z band level, resemble free ele-
ments at the same level in Amblystoma material. X 48,000.
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Fic. 11. Micrograph showing a longitudinal section of rat cardiac muscle at rest
length. The gross striations of the myofibrils are indicated on the right hand margin
of the figure. Myofilaments are evident in the A bands but are characteristically less
distinct in the I’s. An anastomosis of fibrils is depicted at the lower margin of the
micrograph.

The sarcosomes (m) appear to vary considerably in diameter but this is more a
reflection of the ofi-center relation of the plane of section to the medial axis of the
cylindrical organelle than to any inherent variation in diameter. Where the surface
of the mitochondrion is normal to the plane of section a clearly defined double mem-
brane is evident in the images. The inner of these two is continuous with the mem-
brane-limited cristae which fill the mitochondria and which, in this case, are oriented
obliquely to the long axis of the organelle.

In regions where the section cuts the myofibrils more or less medially, profile
images of small interfibrillar elements are provided. Examined carefully these are
seen to be line-limited, and descriptive of sections through slender vesicular or cana-
licular elements (er). They are distributed quite evenly along the length of the sarco-
mere and opposite the I bands connect with larger and more transversely oriented
profiles of the same nature (ers). These frequently occur in pairs (dyads), one some-
times partly surrounding the other (as at ery), and about as frequently in threes
(triads), as near Z. The central profile of the three, or the partially enclosed profile of
the dyad, is referred to as the intermediary vesicle (fv) X 32,000.
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Fig. 12. Micrograph of a small portion of cardiac muscle section designed to show
at higher magnification the so called dyad associations of vesicles found at the I-Z
band levels in these cells. The muscle depicted is contracted. At v a large interme-
diary vesicle is shown in section enwrapped by a thinner vesicular element. This
latter seems in turn to be continuous with a canalicular unit of the general sarco-
plasmic reticulum. This paired association (constituting a dyad) is repeated in the
upper left. X 43,000.

Fic. 13. Micrograph of a portion of a longitudinal section of a cardiac fiber. The
margin of the cell at the lower left is limited by the sarcolemma consisting of a dense
line (representing the plasma membrane pm), a less dense layer of uniform thick-
ness external to the pm and called the cuticular layer® (cu), and further externally
a finely fibrous layer of indistinct limits. Myofibrils and Z bands are readily iden-
tified. Approximately 4 sarcomere lengths are shown in the micrograph.

A pair of sarcosomes or mitochondria are shown in the section at the lower left.
Thin shavings of mitochondrial surfaces are shown at two places in the next sarco-
mere above. The image marked # represents a section off the side of a mitochon-
drion, which means that the limiting membrane of the curved surface passes
obliquely through the section. The shadow or projection of this is broad and grades
off gradually in density to that of the surrounding sarcoplasmic matrix. Images such
as this have led Harman and coworkers to describe mitochondria as gelatinous
bodies devoid of membranes (21, 22). At one end of the mitochondrion, below the
one marked m, the surface passes at right angles through the section and here a
line of characteristic density and doubleness can be seen to limit the organelle. This
is the membrane that investigators, experienced in interpreting electron micro-
graphs of thin sections, have uniformly described as limiting mitochondria and
Sarcosomes.

The plane of section coincides here with a thin layer of interfibrillar sarcoplasm,
thus providing a face view of the sarcoplasmic reticulum. At er the ribbon-like ele-
ments of the system form a reticulum opposite the mid region of the sarcomere.
Toward the ends of the sarcomere the canaliculi represented are continuous with
transversely oriented units which face off against similar units in the next sarco-
mere (ers). In some places there is an intermediate element of the same character
(#v) which generally appears free of connection with the vesicles on one or both sides
of it. Clear-cut evidence that the reticulum of one sarcomere is structurally contin-
uous with that of the next is found very infrequently, indicating that in general
continuity is interrupted at the Z band level.

The subsarcolemmic sarcoplasm contains profiles of vesicular elements which
seem to be randomly scattered without relation in most instances to the bands of
the adjacent myofibrils. Only at the Z band level of contracted fibers is it common
to encounter elongate elements extending from the Z line out to the inner face of
the sarcolemma (see arrow and also Fig. 14). The sarcolemma seems to be held in
at this point, giving the scalloped outline characteristic of contracted fibers.

Clusters of small dense particles are scattered about in the sarcoplasm without
preference for other structures. X 32,000.

Fic. 14. A small region at the margin of a contracted cardiac fiber to show paired
vesicular elements which appear frequently between the margin of the Z line or
sarcoplasmic reticulum at this level and the sarcolemma (sf). The latter is always
held in at the Z line level. X 40,000.
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