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Using an SDS gel electrophoresis method, connectin, very high molecular weight 

(- 108 dalton) protein, was detected in an SDS extract of whole tissues of various 
types of muscles of vertebrates and invertebrates. Connectin bands were clearly 
recognized in all the types of striated muscles (skeletal and cardiac) of the vertebrates 
examined: rabbit, chicken, turtle, snake, newt, frog, and fish. This was also the 
case with skeletal muscle of prochordate, Amphioxus. In invertebrates, the situa
tion was much complicated. Connectin-like protein bands were detected in C. 
elegans (nematode), but not in earthworm (annelid). Smaller sizes of proteins 

(- 108) were faintly found in molluscan adductor muscles. In arthropods, connectin-
like proteins were clearly detected in some muscles (e.g., claw muscles of crab and 
crayfish; leg muscles of several insects) but not at all in other muscles (e.g., tail 
muscles of crayfish and shrimp; thoracic muscles of some insects). These peculiar 
observations might be related to the presence of such specific elastic proteins as 

projectin in honeybee flight muscle. The present study has revealed that connectin 
is an elastic protein of vertebrate striated muscle, skeletal and cardiac muscles.

Connectin (also called titin) is a very long, elastic 
filamentous protein of huge molecular weight (few 
million) that link the thick filament to the Z line 
in vertebrate striated muscle (for reviews, see Refs. 
1-3). We have demonstrated that connectin is 

present only in striated muscles (skeletal and car-
diac) of the chicken using an immunofluorescence 
technique (4). In vertebrate skeletal muscles, a 
number of investigations have confirmed its wide

 distribution: rabbit (5), bovine (6), sheep (7), rat 

(8), chicken (9), frog (10), and carp (11).

1 This work was supported by grants from the Ministry 

of Education, Science and Culture, the Ministry of 

Health and Welfare, and the Muscular Dystrophy 

Association.

In invertebrates, only a few reports have been 

published. Maruyama et al. (12) prepared con
nectin-like proteins in waterbug and locust flight 
muscles, and Wang et al. suggested the presence 
of connectin-like protein in cricket leg muscles by 
immunofluorescent observations (5).

In the present study, we have examined con

nectin or connectin-like high molecular weight 

proteins in a variety of vertebrate and invertebrate 

muscles by an SDS gel electrophoresis. The re

sults showed that connectin is present in all the 

vertebrate striated muscles investigated as well as
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in prochordate skeletal muscle (Amphioxus). How-
ever, in invertebrates, the presence of connectin-
like proteins was detected in some species, but not 
in other species. After the completion of the 

present study, we have been informed that Locker 
and his associate had performed a similar com

parative study (13). The latter and this paper are 
supplementary to each other.

MATERIALS AND METHODS

Materials-Various species of animals listed in 
Table I were obtained in different ways. The 

nematode, C. elegans was kindly donated by H. 
Nakae of our group. Scallops, shrimps, crabs, 
and clams were bought at a local market. Insects 

and earthworms were caught in the field near 
Chiba University. Vertebrates were supplied by 

an animal breeder. The prochordate, Amphioxus 
was caught in the bay near Xiamen, Fujian, China.

Methods-In most cases, muscles were dis

sected from freshly sacrified animals. A piece of 

muscle (1 g) was gently homogenized in 2 ml of 

an SDS solution containing 10°o sodium dodecyl 

sulfate, 40 mm dithiothreitol, 10 mm EDTA, and 

0.1 M Tris-HCl, pH 8.0, and heated for 2-3 min 

at 100°C. The suspension was clarified by a cen

trifugation for 10 min at 15,000 x g. An aliquot 

was subjected to gel electrophoresis using 1.8 

polyacryl amide gels (N,N•Œ-methylene bisacryl

amide, 1/20; 6 M urea). This procedure was a 

modification of the Weber-Osborn method (14). 

Chicken breast muscle extract was used as markers 

of ƒ¿- and ƒÀ-connectins, and coelectrophoresis of 

the chicken muscle extract and test sample was 

always performed to compare the mobilities of 

high molecular weight proteins.

RESULTS

Various Types of Striated Muscles of Rabbit 

and Chicken-Since rabbit and chicken skeletal 

muscles have been used for the preparation of 

native connectin (ƒÀ-connectin, also called titin 2) 

(cf. 1-3), the electrophoretic mobilities of con

nectins of various types of muscle in SDS gel 

electrophoresis were compared with each other. 

As standard, chicken breast muscle was used: the 

MWs of ƒ¿- and ƒÀ-connectins were estimated to be 

2.8 and 2.1 x 108, respectively (15). It is to be

 noted that there is ƒÀ•Œ-connectin just below ƒÀ-con

nectin in chicken breast muscle ((16), see Fig. la, 

0; lb, 0). The proteolytic product of ƒ¿-connectin 

is ƒÀ-connectin, not ƒÀ•Œ-connectin. As shown in 

Fig. la, 1, rabbit leg muscle contained one main 

connectin band the mobility of which was slower 

than that of chicken breast muscle ƒ¿-connectin. 

On the other hand, rabbit psoas muscle showed 

two connectin bands exactly corresponding to w-

and ƒÀ-connectins of chicken breast muscle (Fig. 

la, 2). Rabbit heart muscle showed three con

nectin bands: upper two bands had mobilities 

similar to that of chicken ƒ¿-connectin, and lower 

band corresponded to that of chicken ƒÀ-connectin 

(Fig. la, 3).

Chicken leg and ALD (anterior latissimus 

dorsi) muscles showed only one band the mobility 

of which was slower than that of ƒ¿-connectin (Fig. 

lb, 1; 2). Chicken PLD (posterior latissimus 

dorsi) contained two bands similar to that of ALD 

and also to that of ƒÀ-connectin. The slower band 

of PLD was a doublet band, whereas that of ALD 

was a singlet one (Fig. 1b, 3). There were two 

bands similar to ƒ¿- and ƒÀ-connectins in chicken 

cardiac muscle (Fig. lb, 4). It is to be noted here 

that nebulin (17; MW, approximately 750,000) 

was present in a very small amount, if any, in 

rabbit and chicken hearts (Fig. la, 3; lb, 4).

Comparison in Vertebrates-Figure 2a pres

ents the SDS gel electrophoresis patterns of muscle 

extracts of chicken, snake, turtle, newt, frog, carp, 

and goldfish. For comparison, prochordate (Am

phioxus) patterns are also included (Fig. 2b). 

Snake and turtle muscles had two bands, one was 

evidently slower in mobility than ƒ¿-connectin and 

the other was somewhat slower than ƒÀ-connectin 

(Fig. 2a, 1; 2; 3). This situation was similarly 

observed with newt muscle extracts (Fig . 2a, 4; 5; 

6). Frog fore-leg muscle also showed the same 

pattern as newt (Fig. 2a, 8), but the slower band 

of frog hind-leg had triplet band (Fig. 2a, 7). 

Fish muscles (carp and goldfish) showed doublet 

patterns: the slower was faster in mobility than 

ƒ¿-connectin and the faster corresponded to ƒÀ
-

connectin (Fig. 2a, 10; 11). These patterns were 

in good agreement with the results with carp mus

cle reported by Seki and Watanabe (11) .

It is of interest that Amphioxus skeletal mus

cle showed clear doublet band, the slower corre

sponding to ƒ¿-connectin (Fig . 2b).
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TABLE I. Connectin, nebulin and other high molecular weight proteins of various types of muscles in the animal 

kingdom.
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TABLE I. (Continued)

Invertebrates-Although investigations were 

performed with a limited group of animals, the 
SDS gel electrophoresis patterns were variable 

among invertebrate muscles (Table I). As a lower

 invertebrate animal
, sea-anemone body wall mus

cle appeared not to have high molecular weight 

proteins. On the other hand, a whole body ex-

tract of Caenorhabditis elegans , a nematode, con-
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Fig. 1. SDS gel electrophoresis patterns of various types of striated muscles of rabbit and 

chicken. a: rabbit. lane 0, chicken breast muscle; 1, leg muscle; 2, psoas muscle; 3, 

heart. b: chicken. lane 0, breast muscle; 1, ALD; 2, leg muscle; 3, PLD; 4, heart. 

Each left lane (+), mixture with chicken breast muscle used as marker. Each right lane 

(-), without addition of chicken breast muscle. a, chicken breast muscle ƒ¿-connectin; 

/3, ƒÀ-connectin; ƒÀ•Œ, ƒÀ•Œ-connectin; N, nebulin; M, myosin heavy chain.

Fig. 2. SDS gel electrophoresis patterns of various types of vertebrate and pro
chordate striated muscles. a: lane 0, chicken breast; 1, snake skeletal; 2, turtle 

neck; 3, turtle fore-leg; 4, newt back; 5, newt hind-leg; 6, newt tail; 7, frog hind-leg; 
8, frog fore-leg; 9, frog heart; 10, carp skeletal; 11, goldfish skeletal. b: lane 0, 
chicken breast; 1, chicken plus Amphioxus; 2, Amphioxus skeletal muscle. Abbrevi
ations, as in Fig. 1.
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Fig. 3. SDS gel electrophoresis patterns of various types of invertebrate muscles. Lane 

0, chicken breast muscle; 1, C. elegans (whole); 2, scallop slow adductor; 3, scallop fast 

adductor; 4, shrimp tail; 5, crayfish claw; 6, crayfish tail; 7, crab claw; 8, cockroach leg; 

9, cricket leg; 10, locust leg; 11, water beetle leg; 12, cicada leg; 13, cicada thorax; 14, 

beetle thorax; 15, beetle leg. Abbreviations, as in Fig. 1.

tained three bands: the first was slower in mobility 

than ƒ¿-connectin, the second slower than ƒÀ-con

nectin, and the third faster than ƒÀ-connectin (Fig. 

3, 1). Adductor muscles of scallop and clam did 

not show any connectin-like bands (Fig. 3, 2; 3). 

A top, diffuse band seen in Fig. 3, 2, corresponds 

to the positions of a proteolytic product of ƒÀ-

connectin (chain weight, approximately 1.8 x 106 

(18)). This faint band was also present in a whole 

body extract of slug. In annelid, protein bands 

slower in mobility than nebulin band were not 

detected at all (earthworm and water worm).

In arthropods, the situation was confusing. 

For example, crayfish claw muscle showed doublet 

band corresponding to ƒ¿-connectin and lower band 

corresponding to ƒÀ-connectin (Fig. 3, 5). On the 

other hand, there were not such bands in tail 

muscle (Fig. 3, 6). Shrimp tail muscle also did 

not have any connectin-like bands (Fig. 3, 4). 

However, claw muscles of several species of crab 

had connectin-like bands (Fig. 3, 7).

In insect muscle, in most of the species ex

amined, several bands corresponding to ƒ¿- and ƒÀ-

connectins were clearly detected in leg muscles, 

but not in thoracic muscles (locust (Fig. 3, 10),

 cicada (Fig. 3, 12; 13), mantis, and beetle (Fig. 3, 
11)). However, one species of horn beetle (Ser
rognathus) had connectin-like proteins both in 

thoracic and leg muscles (Fig. 3, 14; 15). On the 
contrary, in some insects, cricket, and cockroach, 
any connectin-like bands were not found both in 
thoracic and leg muscles (Fig. 3, 8; 9). The 
largest-size protein band moved somewhat slower 
than that of nebulin-like protein.

DISCUSSION

It is evident that connectin filaments are present 
in all the types of striated muscles of vertebrates , 
but not in smooth muscles (4, 6). We have ex
amined non-muscle tissues , brain, liver, spleen, 
pancreas, kidney, lung, of chicken and connectin-
like proteins were not detected at all in SDS gel 

electrophoresis in confirmation with immunofluo
rescent observations (4).

Literature has already accumulated evidence 
for the presence of connectin in a variety of ver

tebrate skeletal muscles: bovine (6), sheep (7) , rat 
(8), chicken (9), frog (10), tadpole (13), carp (11), 
and rock fish (13). Furthermore, native connectin
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Fig. 4. Schematic SDS gel electrophoresis patterns of connectin-like proteins of 
various sources. C, connectin-like proteins; N, nebulin-like proteins; MHC , myosin 
heavy chain. 1, Physarum plasmodium (Ref. 25); 2, turtle neck; 3, turtle fore-leg; 4, 
turtle hind-leg; 5, rabbit leg; 6, chicken ALD; 7, newt back; 8 , newt fore-leg; 9, newt 
hind-leg; 10, newt tail; 11, snake skeletal; 12, chicken leg; 13, chicken PLD; 14, frog 
fore-leg; 15, frog hind-leg; 16, frog heart; 17, Amphioxus skeletal; 18, horn beetle 
thoracic; 19, rabbit psoas; 20, rabbit heart; 21 , chicken breast; 22, chicken heart; 
23, cicada leg; 24, crayfish claw; 25, horn beetle leg; 26, locust leg; 27, carp skeletal.

has been isolated from skeletal muscles of rabbit 

(19, 20), chicken (21), and carp (21). It was also 
purified from pig cardiac muscle (22). The present 
work adds reptiles (snake and turtle). It is of 
interest to note that prochordate (Amphioxus) 
skeletal muscle showed doublet band similar to 
that frequently observed with vertebrate skeletal 
muscles. The molecular weights of vertebrate 
muscle connectins are variable within the ranges 
of several million daltons. The relative mobilities 
of connectin bands of various origins are schemati
cally presented in Fig. 4.

In invertebrates, the ubiquitous presence of 
connectin has not been established. In some 
lower invertebrates, connectin-like HMW proteins 
were found (e.g., C. elegans, nematode) and pla
naria (platyhelminthes (13)), but not in earthworm 

(annelid) in agreement with Locker and Wild 
(13). It is, of course, inconclusive, when an ap-
parent MW in SDS gel electrophoresis alone is 
taken as marker. For example, in plasmodium 
of Physarum polycephalum, there is a connectin-
like protein, but it is hardly movable on SDS gel 
electrophoresis using 1.8 % polyacrylamide gels 

(23). Its filamentous nature has been charac
terized after isolation as denatured (24) or native 

(25) state. On the other hand, it is quite possible 
that smaller sizes of connectin may exist in some 
invertebrate muscles. This possibility could be 
applied to molluscan adductor muscles that con

tain appreciably faster-migrating protein bands 
than (3-connectin.

Arthropod striated muscles are most confusing 

with respect to connectin: some show typical con

nectin bands, but others do not. Tail muscles of 

shrimp and crayfish did not show connectin-like 

bands, but in claw muscles of crab and crayfish 

connectin-like bands were clearly recognized (Fig. 

3). Faint bands below ƒÀ-connectin position were 

detected in a shrimp extract (Fig. 3, 4). In some 

insects, e.g. beetle and locust, there were connectin-

like bands in leg muscles (Fig. 3, 10; 11; 12), but 

not in thoracic muscles (Fig. 3, 13). The excep

tion was a species of horn beetle: connectin-like 

bands were present both in leg and flight muscles 

(Fig. 3, 14; 15). Locker and Wild showed the 

presence of connectin in bumble bee and grass 

hopper muscles (13). Curiously, any connectin-

like high molecular weight proteins were not 

detected in cockroach and cricket muscles (Fig. 3, 

8; 9), although immunofluorescence observations 

suggested the presence of connectin in cricket leg 

muscle (5). In this connection, it is worth men

tioning that there is an elastic protein called pro

jectin (MW, 360,000) in flight muscles of some 

insect, e.g. honeybee (26). It is quite possible 

that projectin or alike substitutes for connectin in 

some insect muscle.

The present work has shown that connectin 

is widely distributed in vertebrate striated muscles,

Vol. 99, No. 5, 1986
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but its presence in invertebrate muscle is variable. 
The latter suggests the presence of elastic proteins 

other than connectin, e.g. projectin in some insects.
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