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1. Introduction 

Myosins separated from various vertebrate muscles 

contain 2 heavy chains of -200 000-M, and 4 light 
chains of -20 OOOllcl, [l-4]. In connection with a 
relationship between the light chain structure and 

mechanism of the muscle contraction, we have studied 
the primary structures of the light chains of the fast 
skeletal, cardiac and gizzard muscle myosins from 

chicken [5-l 11. 
Chicken fast skeletal muscle myosin has 4 kinds of 

light chains designated L-l-L-4 in order of their 
increasing anionic mobilities at pH 8.3 [5,6,8-lo]. 
The L-l and L-4 light chains are also called alkali light 
chain 1 (Al) and alkali light chain 2 (A2), respectively. 
The L-2 and L-3 light chains are also known as DTNB 
light chains. L-3 is a phosphorylated L-2 light chain 
[l-3]. The primary structures of these light chains 
have been reported [5,6,8-lo]. 

Chicken cardiac muscle myosin has 2 kinds of light 
chains designated L-l and L-2, and the primary struc- 
ture of the L-l light chain has been already reported 
[7,8]. We have also recognized 2 components in the 
L-2 light chain fraction by cellulogel electrophoresis 
at pH 8.3 after performic acid oxidation, and desig- 
nated these components L-2A and L-2B. 

Chicken gizzard muscle myosin contains 2 kinds of 
light chains. One of them is called 20 000-M, light 
chain or GI light chain. It is also called regulatory 
light chain because it has calcium binding ability [4]. 
The other is called 17 000-M, light chain or GII light 
chain [4]. The primary structure of the 20 000-M, 
light chain has been reported [ 111. 

Here, we present the primary structures of the 
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L-2A and L-2B light chains of chicken cardiac muscle 
myosin and the 17 000-M, light chain of chicken giz- 

zard muscle myosin, and compare the primary struc- 
tures of the light chains of chicken fast skeletal, cardiac 
and gizzard muscle myosins. 

2. Materials and methods 

About 600 adult Hubbard-type chickens were used 

for this experiment. Cardiac myosin was extracted 
from ventricular muscle according to [ 121. The light 
chain fraction was separated from the heavy chain as 
in [ 11. The L-l and L-2 light chains in the light chain 
fraction were separated as in [7]. After performic 
acid oxidation as in [ 131, we recognized 2 components 
which were designated L-2A and L-2B in the L-2 light 
chain fraction by cellulogel electrophoresis at pH 8.3. 
These L-2A and L-2B light chains were separated by 
DEAE-cellulose column chromatography. The elution 

was carried out through a 50 mM KC1/4M urea/50 mM 
Tris-HCl buffer (pH 8.5) to a 100 mM KC1/4 M urea/ 
50 mM Tris-HCl buffer (pH 8.5) gradient. 

Gizzard myosin was extracted from chicken giz- 

zard muscle according to [ 141. The light chain fraction 
was separated from the heavy chain as in [ 11. The 
two light chain components, 20 000 and 17 000-M, 
light chains, in the light chain fraction were separated 

by DEAE-cellulose column chromatography after per- 
formic acid oxidation. The elution was done as in 

[ 111. The sequence studies were done as in [ 15,161. 

3. Results and discussion 

The weight ratio of the L-2A and L-2B light chains 
of chicken cardiac muscle myosin which were sepa- 
rated from chicken ventricular muscle was almost the 
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same. The oxidized L-2A light chain was digested 
with trypsin at 37’C (pH 8.0 - 8.5) for 4 h. The 
tryptic peptides in the digest were separated, purified 
and their amino acid sequences analyzed. The oxidized 
L-2A light chain was also digested with pepsin at 37’C 
(pH 2.0) for 2 h. The peptic peptides in the digest 
were separated, purified and their partial amino acid 
sequences analyzed. From these results, the primary 
structure of L-2A light chain was determined (tig.1). 
The protein is composed of 163 amino acids and its 
N-terminal proline might be blocked by some means. 
The primary structure of L-2B light chain was analyzed 
in almost the same way as L-2A light chain. The result 
is shown also in fig.1. 

The oxidized 17 000-M, light chain was digested 
with trypsin at 37°C (pH 8.0 - 8.5) for 6 h. The 
tryptic peptides in the digest were separated, purified 
and their amino acid sequences analyzed. The align- 

ment of these tryptic peptides in the light chain was 
deduced from the amino acid compositions and from 
the partial sequences of peptic peptides of the oxidized 
light chain. The established primary structure of the 
17 000-M, light chain is shown in fig.2. The protein is 
composed of 150 amino acids and its N-terminal 
cysteine might be blocked by some means. 

There are two kinds of L-2 light chains of chicken 
cardiac muscle myosin. The same fact has been also 
recognized on cardiac muscle myosins from rabbi ; 
human, baboon and dog [17,18]. It might have so::ie- 
thing to do with the periodical cardiac contraction. 
Comparison of the primary structures of the L-2A 
and L-2B light chains of chicken cardiac muscle myo- 
sin shows 1 amino acid deletion and 1 insertion each 
(fig.1). Furthermore, 16 amino acid substitutions are 
recognized between the L-2A and L-2B light chains 

It is supposed that the 17 000-M, light chain of 
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Fig.1. The primary structures of the L-2A and L-2B light chains of chicken cardiac muscle myosin. Amino acid sequence of the 
L-2A is originally shown. Amino acid residues parenthesized are the amino acids substituted, inserted (-+) and deleted (-) in the 
case of the L-2B. The marks (T-l, . . . , T-21 * 22) show the final designations of tryptic peptides. The mark ( @ -) peptide 
linkages cleaved with peptic digestion. 
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Fig.2. The primary structure of the 17 000-M, light chain of chicken gizzard muscle myosin. Amino acid residues in parentheses 

are the amino acids substituted and deleted (-) in the case of the L-4 light chain of chicken fast skeletal muscle myosin. The other 

marks are the same as in fig.1. 
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Fig.3. The comparison of the primary structures of the catalytic light chains of various chicken muscle myosins. Abbreviations: 
CSM, chicken fast skeletal muscle myosin; CCM, chicken cardiac muscle myosin; CGM 17 K, the 17 000-M, light chain of chicken 
gizzard muscle myosin. The identical residues in the 4 light chains are squared; X, Y, Z, -Y, -X, -Z, residues which might be 

involved in the binding to divalent metal ions in III homologous region. 
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chicken gizzard muscle myosin corresponds to the 
L-4 light chain of chicken fast skeletal muscle myosin 
from the homology of the primary structures of these 
light chains. Comparing these primary structures, 
there is one amino acid deletion at the N-terminal in 
the latter, and a further 43 amino acid substitutions 
between them. 

The detailed physiological functions of the light 
chains of various muscle myosins are still not clearly 
understood. However it is generally believed that the 
L-l and L-4 light chains of the fast skeletal muscle 
myosin may be somehow involved in the ATPase 
activity [19]. The L-l and L-4, therefore, might be 
classified as catalytic light chains of myosin. The L-l 
light chain of cardiac muscle myosin and the 17 OOO- 
Mr light chain of gizzard muscle myosin might also be 
classified in the same class as the L-l and L4. The 
primary structures of these catalytic light chains are 
compared in fig.3. The 9 1 invariable amino acid resi- 
dues among these catalytic light chains are recognized 
(fig.3). These light chains contain four homologous 
regions (I-IV) of the calcium-binding structure in 
parvalbumin [20-231. Among these regions, it is sug- 
gested from the primary structures that III region is 
most invariable and has the binding-ability to divalent 
metal ions. 

The L-2 light chains of the fast skeletal and the 
cardiac muscle myosins and 20 000-M, light chain of 
gizzard muscle myosin are considered to be a homolog 
of the EDTA light chain of molluscan myosin because 
of having the calcium-binding ability and of the exis- 
tence of a phosphorylated form [24-271. They, 
therefore, might be classified as regulatory light chains 
of myosins. The primary structures of these regulatory 
light chains is compared in iig.4. The 75 invariable 
amino acid residues among these regulatory light 
chains are recognized as shown in this figure. These 
light chains also contain 4 homologous regions (I-IV) 
of the calcium-binding structure in parvalbumin 
[20-231. Among these regions, I and II regions are 
more conservative than III and IV, and from the pri- 
mary structures I region is suggested to have the 
binding-ability to Ca 2+ The phosphorylated residue is . 
supposed to be Ser at 19th from N-terminal in this 
figure. 

It might be expected that a systematic nomencla- 
ture of the light chains of various muscle myosins 
would be arranged. We also hope to further elucidate 
the relationship between these light chain structures 
and the biochemical functions of various muscle myo- 
sins. 

RPQRAKAKTTKAT 

100 110 120 130 140 

150 160 170 

Fig.4. The comparison of the primary structures of the regulatory Light chains of various chicken muscle myosins. Abbreviations: 
CGM 20 K, the 20 000-M, light chain of chicken gizzard muscle myosin; X, Y, Z, -Y, -X, -Z, residues which might be involved 
in the binding to Caa+ in I homologous region. The other marks are as in tig.3. 
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