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Contraction-Band Formation 
in Barnacle Myofibrils 

Abstract. Contractions induced by 
adenosine triphosphate, in myofibrils 
isolated from the barnacle, Balanus 
aquilia, were observed with a phase 
microscope. The formation of contrac- 
tion bands was well under way before 
the A-band came into contact with the 
Z-membrane. This is in disagreement 
with the hypothesis that contraction 
bands are formed when the A-band 
pushes against the Z-membrane. 

In a study of the changes which take 

place in myofibrils during contraction 
induced by adenosine triphosphate 
(ATP), we used the barnacle, Balanus 
aquilia. This species is similar to B. 
nubilius, which was described by Hoyle 
and Smyth (1) and shown by them to 
have especially large single fibers. In 
B. aquilia, both the single fibers and 
the individual myofibrils are large. The 

average length of the sarcomeres in the 

myofibrils is 9.2 /u, which is approxi- 
mately four times the length of those 
in rabbit psoas muscle. The large 
sarcomeres in B. aquilia make certain 
features of the contraction of these 
myofibrils resolvable with the phase 
microscope. 
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myofibril do not change in length during 
supercontraction. These authors con- 
sidered that contraction bands result 
from the overlapping of A-filaments 
which have penetrated the Z-disks. A 
key point in this argument was that the 
distance between exterior edges of ad- 
joining contraction bands could not be 
less than the width of the A-band when 
the myofibril was at reference length. 
The studies which are presented in this 
report show a further consideration 
of this question. 

Myofibrils were prepared from whole 
barnacle muscle fibers by the method of 
Bendall (3). The scutal-tergal adductor 
and depressor muscles were used, after 
being carefully removed from the 
animal with a piece of the shell intact. 
A thread was attached to the tendon at 
the scutal-tergal end of the muscle 
which was then mounted on a glass 
rod at the desired length, and placed 
in a glycerol buffer solution at 2?C for 
several days (4). The length the fibers 
assumed with the plates closed, but not 
pulled down, was taken as the reference 
length; this is the same length that the 
undamaged fiber assumes under zero 
tension. In fresh, healthy animals the 
muscles could easily be stretched to 
200 percent of the reference length. 

In order to view the myofibrils under 
a phase microscope they were washed 
in the buffer solution (4) minus glycerol 
and homogenized in a high-speed ho- 
mogenizer, the tissue being maintained 
at 2?C. Isolated myofibrils were viewed 
under a phase microscope and changes 
in sarcomere length were induced by 
the addition of various amounts of an 
ATP solution placed under the cover 
slip. This enabled us to view the myo- 
fibrils continuously during the process 
of contraction. Photomicrographs were 
taken at various stages during the con- 
traction process. Stages of partial con- 
traction were obtained by the use of 
very low concentrations of ATP. 

The appearance of barnacle myo- 
fibrils during ATP-induced contraction 
is shown in Figs. 1 to 6. Figure 1 
shows two myofibrils lying side by side 
at reference length. In the center of 
the A-zone there is a faintly appearing 
H-band. Three distinct bands have ap- 
peared within the A-band in Fig. 2. 
In Fig. 3, it is particularly interesting 
that the center of the A-band appears 
to be splitting into two separate seg- 
ments, and that the A-band is not rest- 
ing directly against the Z-membrane; a 
space between the A-band and the Z- 
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membrane can be observed. In Fig. 4 
the "separation" of the A-band is com- 
plete and the "two segments" are 
moving toward the Z-membrane. In 
Fig. 5, the myofibril is essentially fully 
contracted and shows clear contraction 
bands. A faint line exists down the 
center of the dark band, this being the 

Z-membrane. Figure 6 shows the ap- 
pearance of a myofibril in which only 
one part, which has approximately 
doubled in width, has contracted. 

Since these photographs are not all 
of the same myofibril, and since some 
variability is to be expected between 
different myofibrils, comparative values 

Fig. 1 (left). Two myofibrils lying side by side at reference length. The length of the 
sarcomere is approximately 9.2 u and the width of the A-band is approximately 5.0 Au. 
Fig. 2 (right). The appearance of myofibrils which have contracted to approximately 
60 percent of reference length. Three distinct bands appear within the A-band. 

Fig. 3 (left). The length of the sarcomere has decreased to 3.3 t, the width of the A- 
band has decreased to approximately 2.2 ,, and a thickening of the myofibril has 
occurred. Gross changes have occurred in the A-band, which is not in contact with the 
Z-disk. Fig. 4 (right). A further stage in the "separation" of the A-band and the 
movement of the two segments toward the Z-membrane. The length of the sarcomere 
is 3.3 i, and the A-band width is 2 du. 

Fig. 5 (left). A myofibril is shown which is almost fully contracted. The dark area (C) 
appears to have been formed by "migration" of material from a portion of the A-band on one side of the Z-disk and a portion of the A-band on the other side of the same 
Z-disk. The length of the sarcomere is 3 x. Fig. 6 (right). A single myofibril is 
shown with only one portion contracted. The approximate doubling in width of the 
myofibril which accompanies supercontraction is clearly seen. The distance between the edges of two contraction bands (C) is represented by (X). It is considerably smaller than the resting A-band width (A). 
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of A-band width are only approximate. 
The relative change in A-band width 
compared to changes in the sarcomere 
width provide better measurements for 
comparison. 

A plot of sarcomere width versus 
A-band width (see Fig. 7) shows 
that during the initial period of shorten- 
ing (down to 60 percent reference 
length) relatively little change takes 
place in the width of the A-band. It is 
only after this stage that changes in the 
A-band width become exceptionally 
pronounced. These changes have been 
observed in rabbit psoas myofibrils and 
are considered to be the first stages in 
the formation of contraction bands. It 
was previously implied (5, 6), however, 
that the formation of contraction bands 
was due to a thickening of the A-bands 
as they pushed up against the Z- 
membrane. Figures 3 and 4 indicate 
that there is an apparent separation of 
the A-band before it is actually pressed 
up against the Z-membranes. This is in 

disagreement with the hypothesis that 
contraction-band formation is due to a 
pushing of the A-band material against 
the Z-membrane. It seems probable 
from these photomicrographs that an 
actual separation of the material in the 
A-band does occur. 

Szent-Gyorgyi and Holtzer (7) lo- 
cated specific materials within the 
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Fig. 7. The relationship between the length 
of the sarcomere and the width of the 
A-band in the barnacle myofibril. During 
the initial period of shortening (to approxi- 
mately 60 percent of the reference length) 
relatively little change takes place in the 
A-band width. 
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sarcomere during immunological studies. 
Using antibodies specific for light 
Meromyosin (LMM) and heavy Mero- 
myosin (HMM), they were able to 
separate the A-band material into two 
groups. The LMM appeared to be 
located at the lateral borders of the 
A-band whereas the HMM was con- 
centrated in the center (M-band). They 
also observed A-band separation due to 
what they called migration of LMM to- 
ward the Z-membranes. The banding 
resulting from this migration formed 
"doublets". 

Photographs by Hodge (8) support 
the hypothesis that A-band separation 
is a result of migration of the A-band 
material. The results reported here 
parallel exactly those reported by 
Hodge working with insect skeletal 
muscle. 

The separation of the A-band into 
distinct areas of different materials pro- 
vides a possible explanation for the 
origin of the observed contraction 
bands. Migration of the LMM region 
toward the Z-membranes would cause 
the observed A-band separation. 

The problem of contraction in 
barnacle myofibrils has recently been 
considered by Hoyle and McAlear (2). 
They propose a situation whereby the 
A-filaments maintain a constant length. 
The observed changes, they maintain, 
are due to a "penetration" of the Z-disk 

by A-filaments. This is in disagreement 
with the findings presented here: Figs. 
3, 4, and 5 show changes occurring in 
the A-band before it has come in con- 
tact with the Z-disk. 

The separation of the A-band shown 
in Fig. 3 has been seen by a number 
of investigators in a variety of muscles 
(see 5, 8). The work of Hodge (8), in 

particular, shows that changes occur 
in the A-band when it is not in contact 
with the Z-disk. 

If the contraction bands were formed 

through penetration of the Z-membranes 
by A-band filaments whose lengths did 
not change, then the minimum distance 
between the exterior edges of contrac- 
tion bands (X in Fig. 6) would be equal 
to the A-band width (A). As shown 
by the supercontracted myofibril in Fig. 
6, the distance is considerably less than 
the A-band width (A). 

The results presented here support 
the hypothesis that muscular contrac- 
tion depends upon the sliding of fila- 
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by the supercontracted myofibril in Fig. 
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the A-band width (A). 

The results presented here support 
the hypothesis that muscular contrac- 
tion depends upon the sliding of fila- 
ments, at least for contractions down 
to approximately 60 percent of the 
reference length. Contraction beyond 
60 percent appears to be accompanied 

ments, at least for contractions down 
to approximately 60 percent of the 
reference length. Contraction beyond 
60 percent appears to be accompanied 

by a change in length of the A-fila- 
ments. These studies do not rule out 
the possibility of a shortened A-filament 
penetrating the Z-membrane. 
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Abstract. The cytochrome composi- 
tion of mitochondrial fractions which 
have been stripped of inner membrane 
subunits by exposure to high-frequency 
sound have been examined by low- 
temperature spectroscopy. The ratio of 
cytochrome c to cytochrome a is not 
changed by the treatment, but the 
concentration of cytochrome per milli- 
gram of protein is increased and the 
concentrations of cytochromes ci and b 
change slightly. These cytochromes 
(c, and b) may be at least partly lo- 
cated in the subunits of the inner mem- 
brane, but the idea that all the respira- 
tory components are located in single 
subunits of the mitochondriak cristae 
may be considered to be disproved. 

Green and his co-workers propose 
as a plausible hypothesis that the inner 
membrane subunits of mitochondria 
(1, 2) represent an integrated unit of 
all the components of the respiratory 
chain (3, 4). However, some objec- 
tions have been put forward, based 
upon what appear to be irreconcilible 

by a change in length of the A-fila- 
ments. These studies do not rule out 
the possibility of a shortened A-filament 
penetrating the Z-membrane. 
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