
T H E  E F F E C T  OF C O L C H I C I N E  ON 

M Y O G E N E S I S  I N  VIVO I N  R A N A  P I P I E N S  

A N D  R H O D N I U S  P R O L I X U S  ( H E M I P T E R A )  

R O B E R T  It. W A R R E N  

From the Biological Laboratories, Harvard University, Cambridge, Massachusetts 0~188 

A B S T R A C T  

The effect of colchicine on myogenesis in vivo has been studied in the regenerating tadpole 
tail of the frog, Rana pipiens, and in the abdominal molting muscles of a blood-sucking bug, 
Rhodnius prolixus St~il. Colchicine is shown to disrupt microtubules in the differentiating 
muscle cells of both these organisms. The disruption of microtubules is correlated with a 
loss of longitudinal anisometry in the myoblasts and myotubes of the regeneration blastema 
in the tadpole tail. Before colchicine treatment, the myotubes contain longitudinally 
oriented myofibrils. After colchicine treatment, rounded, multinucleate myosacs containing 
randomly oriented myofibrils are present. I t  is suggested that the primary function of 
microtubules in myogenesis in the Rana pipiens tadpole is the maintenance of cell shape. 
The abdominal molting muscles of Rhodnius undergo repeated phases of differentiation 
and dedifferentiation of the sarcoplasm. However, the longitudinal anisometry of the 
muscle fibers is maintained in all phases by the attachments of the ends of the fibers to the 
exoskeleton, and microtubule disruption does not alter cell shape. The orientation of the 
developing myofibrils is also unaltered, indicating that the microtubules do not directly 
align or support the myofibrils in this system. 

I N T R O D U C T I O N "  

The differentiation of vertebrate striated muscle 
is characterized by the fusion of mononucleated 
myoblasts to form elongate, multinucleated 
myotubes, and by the ordering of the developing 
myofibrils in the longitudinal axes of the myotubes. 
Godman and Murray (1953) first reported that 
colchicine, when applied to cultures of differentiat- 
ing rat skeletal muscle containing elongating 
myotubes, caused a reversible fragmentation of 
the myotubes into short, rounded segments. 
Recently, Bischoff and Holtzer (1968) studied 
similar myotube fragments, or myosacs, produced 
by colchicine in cultures of differentiating chick 
skeletal muscle, and showed that the developing 
myofibrils in the colchicine-induced myosacs lost 
their longitudinal orientation. 

There is now evidence that colchicine specifi- 
cally causes the disruption of microtubules in 
diverse types of cells. Robbins and Gonatas (1964) 
observed a loss of microtubules from the mitotic 
spindle in colchicine-treated, dividing HeLa ceils. 
Tilney (1965) demonstrated that the reversible, 
colchicine-induced retraction of the axopodia of a 
Heliozoan, Actinosphaerium nucleofilum, was cor- 
related with the disruption of microtubules in the 
axopodia. Malawista and Bensch (1967) have 
shown that microtubules are disrupted in human 
polymorphonuclear leukocytes cultured in the 
presence of colchicine. 

Microtubules are present in large numbers in 
the longitudinal axes of differentiating muscle 
cells in vertebrates and invertebrates (Auber, 
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1962; Okazaki and Holtzer,  1965; Fischman, 

1967). In  this paper, the simultaneous disruption of 

microtubules and the alteration of cell shape and 

myofibril orientation in myotubes of regenerating 

striated muscle of Rana pipiens tadpoles treated with 

colchicine in vivo is reported. In  addition, ob- 

servations on the effect of colchicine in vivo on the 

differentiation of another  type of striated muscle, 

the abdominal  molting muscles of an insect, 

Rhodnius prolixus Sffil, are presented. 

The  observations support  the hypotheses that  

(a) microtubules are essential to the formation of 

the longitudinal axis of the myotube during 

myogenesis, and (b) microtubules are not specifi- 

cally required for the assembly of individual 

myofibrils. 

M A T E R I A L S  A N D  M E T H O D S  

Rana pipiens 

Rana pipiens tadpoles were raised in the laboratory 
following techniques suggested by Rugh (1962). 
Adult male and female frogs were obtained from J.  
M. Hazen, Alburg, Vermont. Eggs were stripped from 
female frogs which had been injected with pituitary 
glands, and were artificially fertilized. The tadpoles 
were raised in springwatcr at 20°C and were fed 
boiled, fresh spinach. Tadpoles 15-20 mm long were 
used for the study of tail muscle regeneration. For 
each experiment, a group of tadpoles of approximately 
the same length was selected, and half the tail of each 
tadpole was amputated with a razor blade while the 
unanesthetized tadpole was trapped in a drop of 
springwater on a wax surface. The tadpoles were 
placed briefly in 200% Holtfreter's solution to stop 
bleeding and were then returned to springwater at 
20°C. Feeding with fresh spinach was continued and 
the water changed daily. Under these conditions, 
there was no mortality from the operation, and tail 
regeneration began immediately. For colchicine 
experiments, tadpoles which had had their tails 
amputated on the same day were divided into two 
groups: colchicine was added in concentrations 
between 10 -5  and 10 -3 M for 12-24 hr to the spring- 
water of one group, while the other group was kept 
as a control. Preparation of tissues for electron micros- 
copy is described below. 

Rhodniu8 prolixus 

Rhodnlus prolixus undergoes five nymphal molts 
before reaching the adult stage of development. Each 
molt is triggered by the ingestion of a blood meal. 
The abdominal intersegmental muscles, or molting 

muscles, of Rhodnius nymphs display a repeated 
differentiation and dedifferentiation correlated with 
the molting cycle of the nymph (Wigglesworth, 1956). 
Between molts, when the nymph is denied a blood 
meal, the molting muscle fibers are present, but the 
sarcoplasm is undifferentiated and lacks myofibrils. 
As soon as a blood meal is taken, the muscles begin 
to differentiate, and by the time of molting (about 15 
days after feeding in fourth stage nymphs at 25°C) a 
full complement of striated myofibrils is present. 
The muscles are functional only during molting, and 
begin to dedifferentiate immediately after molting. 
They remain undifferentiated until the next blood 
meal is taken. 

The Rhodnius nymphs were kept in a constant 
temperature room at 25°C. Groups of nymphs of the 
same stage were cultured in small glass jars with 
screen-wire tops, and the nymphs were given a blood 
meal by inverting the jars on the shaved belly of a 
rabbit. 

For studying the effect of colchicine upon muscle 
differentiation, a group of starved fourth stage 
nymphs was fed to initiate myogenesis. Colchicine, 
dissolved in insect Ringer solution (Ephrussi and 
Beadle, 1936), was injected into some of the nymphs 
of this group before or after feeding. The remainder 
of the group served as untreated controls or were 
given an injection of the insect Ringer without 
eolchicine. Glass microneedles attached to a motor- 
driven syringe filled with an inert damping oil were 
used for giving injections of 1-#1 volume through the 
soft cuticle at a leg joint of a nymph anesthetized by 
water immersion. 

Fixation Schedules 

The first fixation of the Rana pipiem and Rhodnius 
prolixus tissues was at room temperature in 3-6% 
glutaraldchyde in 0.05-0.1 M cacodylatc buffer at 
pH 7.2-7.3 with 0.025 M CaCl2 added. The Rana 
tissue was fixed for 1 hr; the Rhodnius for ~ hr. The 
tissues were rinsed in 0.1 M cacodylate buffer at pH 
7.2 with 10% sucrose for 60 rain (Rana) and 15 min 
(Rhodnius). At this point, the Rana tissues were cooled 
to 4°C, and maintained at that temperature through 
the dehydration stages. The Rhodnius tissues were 
kept at room temperature throughout. Postfixation 
was carried out in 1% osmium tetroxide in 0.1 M 
Sorcnson phosphate buffer at pH 7.2-7.3 for 60 min 
(Rana) and 15 rain (Rhodnius). The tissues were 
dehydrated in ethanol and embedded in Epon 812. 
Thick sections were stained with toluidine blue and 
azure II, and thin sections (cut with a diamond knife 
on a Porter-Blum MT-2 microtomc) were stained 
with 0.5% uranyl acetate in 50% ethanol for 30 
min and with lead citrate for 5-10 rain. The thin 
sections were examined in either an RCA EMU 3-f 
or a Siemens Elmiskop I electron microscope. 
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O B S E R V A T I O N S  

Rana pipiens 

The regeneration of the tadpole tail muscle of 
Rana pipiens was first studied in detail by Speidel 
(1937). Hay (1962, 1963) has described the fine 
structure of myoblast differentiation in the 
regeneration blastemas of amputated limbs and 
tails of amphibians. 

Regeneration of the tadpole tail occurs most 
rapidly in the region around the notochord, which 
begins to elongate within a day after amputation of 
the distal half of the tail. A regeneration blastema 
forms around the notochord, and by the 3rd day of 
regeneration numerous mononucleate, spindle- 
shaped myoblasts are present. These fuse with one 
another to form slender, multinucleate myotubes 
oriented in the longitudinal axis of the regenerat- 
ing tail. On the 5th day of regeneration, the tail 
has elongated 11~-2 mm around the notochord 
(Fig. l, inset). A longitudinal section of the 
regeneration blastema adjacent to the notochord 
(Fig. l) reveals myotubes containing myofibrils 
visible in the light microscope, spindle-shaped 
myoblasts, and undifferentiated, fibroblast-like 
cells. Many of the mononucleated cells are under- 
going mitosis. 

Electron micrographs of the myotubes at this 
stage reveal developing myofibrils, free filaments, 
and microtubules, all longitudinally aligned in the 
peripheries of the myotubes (Fig. 3). Fig. 5 shows 
portions of a myotube and two myoblasts cut in 
cross-section. Slender myofibrils, together with 
free, thin filaments and microtubules are seen in 
the cortex of the myotube running perpendicular 
to the plane of section. While a few microtubules 

may be closely associated with the developing 
myofibrils in the myotube, the majority of the 
microtubules are distributed in the cortical 
sarcoplasm without apparent relation to the 
myofibrils. The adjacent myoblasts contain 
longitudinally aligned, cortical mierotubules and 
free, thin filaments. Free, thick filaments and myo- 
fibrils are rarely observed in the myoblasts. 

The effect of colchicine on the differentiating 
muscle cells of the regeneration blastema was 
studied on the 5th day of tail regeneration, when 
several myotubes have formed. Tadpoles placed 
in spring water containing 10 -3 M colchicine for 
24 hr are able to swim normally during and 
immediately after the treatment. However, they 
become immobile and die within 4 days after their 
return to plain springwater with fresh food. At the 
end of the 24-hr colehicine treatment, tail regen- 
eration has stopped. Electron microscope exami- 
nation shows that essentially all the microtubules 
have disappeared from the myoblasts and myo- 
tubes in the regeneration blastema. 

The effects of a lower dose of eolchicine, 5 × 
10 -4 M for 12 hr, can usually be reversed if the 
tadpoles are returned to springwater and fed. 
Tail regeneration resumes after a short lag period, 
and normal growth and development follow. A few 
tadpoles were allowed to develop to normal meta- 
morphosis several weeks after this colchicine 
treatment. 

A comparison of the numbers of microtubules 
appearing in myosacs in tadpoles treated with the 
lower dose of colchicine, 5 X 10 --4 M for 12 hr and 
in myotubes of control tadpoles was made in the 
following manner. Cross-sectional micrographs of 

myosacs and myotubes were printed at the same 

FIGURE 1 Longitudinal section through the regeneration blastema around the notoehord 
after 5 days of tail regeneration. Long, slender, multinucleate myotubes, spindle-shaped, 
mononucleate myoblasts, and undifferentiated fibroblast-like cells are present. The arrow 
indicates the longitudinal axis of the tail tip. X 485. 

The inset shows the regenerating tail from which this section was taken. The intact 
myotomes are at the right. The area at the left of the dotted line is the regenerated portion 
of the tail. X 8. 

FIGURE ~ Longitudinal section through the regeneration blastema around the notochord 
after 5 days of tail regeneration, including 12 hr of immersion in 5 X 10~M colchicine 
prior to fixation. The longitudinal anisometry of the cells in the regeneration blastema is 
greatly reduced, and several multinucleate myosacs (*) are present. The arrow indicates 
the longitudinal axis of the tail tip. )< 485. 

The inset shows the colchicine-treated, regenerating tail from which this section was 
taken, with the regenerated portion at the left of the dotted line. X 8. 
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:FmVRE 3 Longitudinal section through the peripheral region of a myotube in the specimen shown 
in Fig. 1, with the longitudinal axis oriented vertically. Three slender myofibrils, as well as several cortical 
microtubules (rot), are oriented in the longitudinal axis. The arrow indicates a region of close contact 
between a myoblast at the left and the myotube at the right. Z, Z bands. >( 3~,000. 

:FIGURE 4 Longitudinal section of a myosac in the colehicine-treated specimen shown in Fig. ~. Micro- 
tubules are absent. The arrow indicates the longitudinal axis of the tail tip. A large myofibril at the 
right retains its longitudinal orientation, while the smaller myoflbrils at the left are randomly oriented. 
N, nucleus; Z, Z band. X 3~,000. 



FIGURE 5 Cross-section of a myotube (right) and myoblasts (top and left) in a 5-day regeneration 
blastema in the tadpole tail. The arrowheads indicate close-contact regions between the myoblasts and 
myotube. Microtubules (mr) and thin myofilaments are present in the cortices of both cell types, while 
organized myofibrils (*) appear only in the cortex of the myotube. G, Golgi apparatus. X 40,000. 

magnification on the same grade of photographic 
paper. The microtubules appearing in the sarco- 
plasmlc areas of six colchicine-induced myosacs 
and six control myotubes were counted, and then 
these sarcoplasm areas were cut out and weighed 
so that the number of microtubules present in a 
cross-sectional area of sarcoplasm could be deter- 
mined. A total of 287 microtubules was counted in 
the colchicine-treated and control specimens. The 
ratio of microtubules present in cross-sections of 
the former versus the latter was 1 : 16, representing 
a reduction of over 90% in microtubules of the 
colchicine-treated cells. 

Although the higher dose of colchicine is more 
effective in disrupting microtubules, the mor- 
phological changes in the cells of the regeneration 
blastema are nearly the same in each case. There 
are an increase in the number ofmetaphase figures 
observed in the epithelium and regeneration 
blastema of the tail and a reduction in the length 
of the regenerated portion of the tail in comparison 
with control tadpoles (Figs. 1 and 2, insets). The 

most striking change in the colchicine-treated 
tadpoles is the loss of longitudinal anisometry of 
the myobla,sts and myotubes in the regeneration 
blastema (Fig. 2). Muhinucleate myosacs are pres- 
ent, in which the smaller myofibrils are randomly 
oriented (Figs. 4 and 6). The myofibrils at the 
ends of the remaining myotubes are disoriented, 
and there are frequent bulges along these myotubes 
which contain similarly disoriented myofibrils. 
The myoblasts have lost their spindle shape, and 
the myofilaments in them are randomly oriented. 

These observations are similar to those of 
Godman and Murray (1953) and Bischoff and 
Hohzer (1968) on colchicine-treated myotubes in 
tissue culture, although those investigators were 
able to use much lower concentrations of colchicine 
in their in vitro systems. They observed that 10 -e 

colchicine induced bulges and local swellings in 
myotubes after 2-5 hr and caused complete 
fragmentation of myotubes after 24 hr. 

The sarcoplasm and organelles of the differ- 
entiating muscle cells in the regeneration blastema 
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FIGURE 6 Cross-section through the periphery of a myosac in the colehicine-treated specimen shown 
in Fig. 1. One microtubule (rot) appears in the cortex of the myosac; only sis microtubules appeared 
in the entire cross-section of this large myosac. The myofibrils (*) are oriented in both longitudinal and 
transverse axes. The arrow heads indicate a region of close contact with an adjacent myoblast (top). G, 
Golgi apparatus. X 36,000. 

appear in good condition after treatment of the 
tadpole with 5 X 10 -4 M colchicine for 12 hr. The 
microtubules and myofibrils appear to be the only 
organelles markedly affected by the colchicine 
treatment. The mature muscle fibers in the tail 
proximal to the regeneration zone appear normal, 
as would be expected from the swimming activity 
of the colchicine-treated tadpoles. Godman and 
Murray (1953) noted earlier that myotubes of 
older, more mature muscle cultures resisted 
fragmentation by colchicine. 

Rhodnius prolix,us 

The developmental cycle of the abdominal 
molting muscles in Rhodnius was first studied with 
the light microscope by Wigglesworth (1956). 
Auber-Thomay (1967) and Warren and Porter 
(in press) have studied myofilament deposition in 
these muscles with the electron microscope. 

The molting muscle fibers are longitudinally 

oriented on the ventral cuticle of the abdomen of 
the insect, and each fiber extends the length of a 
cuticular segment of the abdomen. The full length 
of a fiber is maintained throughout the develop- 
mental cycle by the attachments of the ends of the 
fiber to the epidermal cells lining the cuticular 
exoskeleton of the insect. The undifferentiated 
muscle fiber contains a longitudinal row of nuclei, 
but little sarcoplasm and no myofibrils. The fiber 
usually contains, however, a few small, longitudi- 
nally oriented, dense bundles of 50-70-A fine 
filaments of undefined nature. These filament 
bundles are usually found in the cortex of the 
fiber, adjacent to small plaques of amorphous 
dense material on the sarcolemma. The surface of 
the fiber displays prominent longitudinal out- 
foldings. 

Muscle differentiation begins when the nymph 
takes a blood meal. A few myofilaments are present 
by 10 hr after feeding, and by 24 hr (Fig. 7) many 
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longitudinally-oriented groups of thick and thin 
myofilaments are present in the longitudinal 
ouffoldings of cross-sectioned fibers. It should be 
noted that the new myofilaments are preferentially 
deposited near the complexes of 50-70-A fine 
filament bundles and sarcolemmal dense plaques. 
Such complexes are illustrated in Figs. 7 and 8. 

After the 1st day of differentiation, the number 
of myofilaments increases rapidly, and striated 
myofibrils are present on the 5th day. 

The effect of colchicine on differentiation of the 
molting muscles was studied in starved fourth 
stage nymphs which were fed and then im- 
mediately injected with 1 ~I of insect Ringer's 
containing colchicine. In order to determine the 
dependence of toxicity of colchicine upon the 
amount injected, an initial experiment was done 
in which the concentration of colchicine in the 
injection was changed from 10 --e to 10 -7 M in ten- 
fold dilution steps. Three or four nymphs were 
injected at each dilution step. Although all nymphs 
appeared normal at 24 hr after the injection, those 
receiving 10 -2 and 10 -3 M injections were immo- 
bilized within 4 days and five of six died within 
10 days. Those receiving 10 -4 re injections ap- 
peared sluggish after 4 days, but three of four 
recovered and later molted normally. Injections 
of 10 -5 M colchicine or lower caused no obvious ill 
effects. 

The dye dilution technique of Yeager and 
Munson (1950) was used to estimate the blood 
volume of fourth stage Rhodnius nymphs. 1 /zl of a 
solution of amaranth red dye in insect Ringer's 
was injected into three each of starved and freshly 
fed fourth stage nymphs. After allowing the dye to 
circulate in the blood for 15 min, a 1 #1 sample of 
blood was withdrawn in a capillary tube and 
compared with a series of capillary tubes contain- 
ing known dilutions of the dye solution used for 
injection. The approximate blood volume of both 
groups of nymphs was 15 #1 as determined by 
this method. Thus, the immediate dilution in the 
blood of an injection of I #I of colchicine solution 
can be estimated, but the amount of colchicine 
remaining in the blood over a 24-hr period is 
unknown. 

The effectiveness of colchicine in disrupting 
microtubules in the molting muscle fibers was 
determined in muscle fibers fixed 24 hr after the 
nymphs were fed and injected with colchicine. It 
was found that injections of 10 -~ M colchicine were 
required to remove most of the microtubules from 

the muscle fibers over this 24-hr period. A compari- 
son of the number of microtubules appearing in the 
muscle fibers of these colchicine-treated nymphs 
with the number of microtubules appearing in 
muscle fibers of control nymphs was made by using 
the same method described in the previous section 
of the paper on the Rana pipiens muscles. A total of 
424 microtubules was counted in equal numbers of 
colchicine-treated and control muscle fibers. The 
ratio of mierotubules appearing in the former 
versus the latter was 1:35, indicating a loss of 
about 970/o of the microtubules from the colchi- 
cine-treated fibers. 

The injection of 1 /~I of 10 .2 M colchicine, 
followed by the disruption of the microtubules, 
does not significantly affect the initial deposition of 
the myofilaments in the molting muscles during 
the first 24 hr of differentiation. The thick and 
thin myofilaments are present in their usual 
number and longitudinal orientation in muscle 
fibers fixed at the end of the 24-hr colchicine treat- 
ment (Fig. 8). The typical association of groups of 
myolfilaments with dense plaques on the sar- 
colemma is also observed. The only difference 
noted in the pattern of myofilament deposition 
after colchicine treatment is that the 50-70-A 
fine filament bundles are often slightly larger than 
usual, and the myofilaments are generally grouped 
in a more orderly pattern around them (Fig. 8). 

The time course of microtubule disruption after 
injection of 10 -2 re colchicine was investigated, and 
it was found that there was no significant reduction 
in number of microtubules in the muscle fibers 
4 hr after feeding and injection. After 9 hr, the 
ratio of microtubules present in colchicine-treated 
specimens versus controls was 1:6, based on a 
total count of 196 microtubules. Thus, although 
there was a time lag before the microtubules 
disappeared, approximately 80% of the micro- 
tubules disappeared before the myofilaments 
began to form 10 hr after feeding. In one experi- 
ment, 1 #1 of 10 -2 re colchicine was injected 6 hr 
before the nymphs were fed. Feeding activity was 
unaffected by the colchicine injection, and myo- 
filament disposition was unaltered 24 hr after 
feeding. 

The toxic effect of an injection of 10 -~ re colchi- 
cine was detected in the molting muscle fibers by 
48 hr after the injection, when the myofilament 
number was lower than in controls, and when the 
sarcoplasm showed limited degenerative areas. 
Injection of 10 -3 re colchicine produced fewer 
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toxic effects, but was also less effective in removing 
microtubules. The pattern of myofilament 
deposition at this dose was identical to that in 
controls. Among control of muscle fibers, there 
was no difference between those from untreated 
nymphs and those from nymphs which received 
injections of insect Ringer's without colchicine. 

D I S C U S S I O N  

The observations presented here show that the 
specific effect of colchicine at the cellular level in 
myogenesis in two phylogenetically separate 
organisms is the disruption of cytoplasmic micro- 
tubules. This is in accord with the observations of 
the effect of colchicine on fine structure of other 
types of cells (cited in the introduction), and 
parallels the biochemical work of Borisy and 
Taylor (1967) and Shelanski and Taylor (1967), 
who demonstrated the binding of colchicine to 
protein extracts from a wide variety of cells known 
to contain large numbers of microtubules. 

The loss of longitudinal anisometry of the 
myoblasts and myotubes in the colchicine-treated 
tadpole tail is attributed to the disruption of the 
longitudinally oriented microtubules in these 
cells. There is now a large body of evidence, 
recently summarized by Porter (1966), that micro- 
tubules are cytoskeletal elements, and that they 
are particularly prominent in cells which are 
undergoing changes in shape. Among many 
examples are the descriptions of oriented micro- 
tubules in elongating sperm cells (Burgos and 
Fawcett, 1955), chick lens cells (Byers and Porter, 
1964), and primary mesenchyme cells in the sea 
urchin embryo (Tilney and Gibbons, 1966), in the 
microspikes of HeLa cells (Taylor, 1966), in the 
developing flagella of a water mold (Renaud and 

Swift, 1964), and in a protozoan during ameba- 
to-flagellate transformation (Outka and Kluss, 
1967). 

The effect of colchicine on differentiation of the 
molting muscles in Rhodnius provides evidence 
that microtubules do not directly interact with 
myofilaments during the initial stages of myo- 
fibrillar organization. In this highly specialized 
muscle system, the longitudinal anisometry of the 
muscle fibers is maintained throughout the develop- 
mental cycle by the myo-epidermal insertions of 
the fibers on the rigid abdominal cuticle. Hence, 
the effect of colchicine treatment can be studied 
without causing changes in the lengths of the 
muscle fibers. Since the general pattern of cortical 
myofilament deposition and orientation is rel- 
atively unchanged after colchicine treatment, it is 
concluded that these processes operate inde- 
pendently of the colchicine-sensitive system. 

The specific association of newly deposited 
myofilaments with 50-70-A filament bundles and 
sarcolemmal dense plaques suggests that these 
latter structures are important in the organization 
of the developing myofibrils. In previous studies 
of the Rhodnius molting muscles (Auber-Thomay, 
1967; Warren and Porter, in press), it has been 
shown that the 50-70-A filament bundles in the un- 
differentiated muscle fibers are derived fi'om 
degenerating Z bands during the degradation of 
the myofibrils after the previous molt. Most of the 
filament bundles persist in the undifferentiated 
muscle fibers until the nymph takes another blood 
meal, and they are re-incorporated into new Z 
bands in the differentiating muscles. Since both 
the 50-70-A filament bundles and the Z bands in 
the differentiating and mature muscle fibers are 
associated with similar plaques of amorphous dense 

FIOUR~ 7 Cross-section of a Rlwdnius molting muscle fiber after 24 hr of differentiation. 
Thick and thin myofilaments (F) are present in the cortex adjacent to small bundles of 
50-70-A filaments and amorphous dense plaques on the sarcolemma (arrows). Microtubules 
(rot) are distributed throughout the sarcoplasm. )< 61,000. 

On Figs. 7 and 8: N, nucleus; G, Golgi apparatus; bl, basement lamella; dy, dyad; R, 
ribosomes. 

FmURn 8 Cross-section of a molting muscle fiber after 24 hr of differentiation in a nymph 
which received an injection of 1 ~I of 10 -a ~ colchicine immediately after feeding. Most 
of the microtubules have disappeared, although one (mr) may be seen in this field. The 
number and orientation of the thick and thin myofilaments (F) are undisturbed. The 
50-70-A filament bundles associated with the myofilaments are larger than usual in this 
specimen; arrows indicate filament bundles contiguous with dense plaques on the sar- 
colemma. X 58,000. 
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mater ia l  on the sarcolemma, it seems likely t ha t  
the complexes of 50-70-A fi lament bund le  and  
sarcolemmal dense plaque funct ion as organizing 
centers for the init ial  myofilaments,  and  serve to 
anchor  the developing myofibrils to the sarco- 
lemma.  

In  the regenera t ing  tadpole tail muscle of 
Rana pipiens, the microtubules  are dis t r ibuted 
t h roughou t  the cortices of the elongat ing muscle 
ceils a n d  are no t  preferential ly associated wi th  the 
myofi laments  or myofibrils. Hence  it  appears  t ha t  
the  microtubules  do not  directly suppor t  or al ign 
the myofi laments  and  myofibrils in this system, and  
the disor ientat ion of these elements after colchicine 
t r ea tmen t  is in te rpre ted  at  this t ime to be an  
indirect  consequence of the changes induced  in cell 

shape. However,  fur ther  analysis of the factors 

which govern myofibril  deve lopment  in the cortex 
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