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1. Introduction

Heavy and light chains of myosin exist in a num-
ber of forms of different primary structure, various
combinations of which are responsible for the large
number of isoenzymic forms of the molecule present
in muscle [1—11]. The precise combination of these
forms of the components of the myasin molecule is
characteristic of the muscle type and its stage of
development. Changes in the isoenzymic composition
of myosin can be observed, for example, after expo-
sure to hormones such as thyroxine [12,13], after
changes in innervation [14,15] and after chronic
overloading in the heart [16].

Several forms of the alkali light chains are often
present in a given skeletal muscle cell type [17,18].
We have demonstrated that the P light chain exists in
two Torms, P1 and P2, in ventricular muscle from sev-
eral species [19). This observation is supported by the
recent report of two P light chains of different amino
acid sequence in chicken ventricular myosin [20].

We now present evidence that the two forms of
P light chain of myosin in bovine ventricle also have a
different sequence and that the relative amounts of
the two P light chains change during development in
the rabbit heart.

2. Materials and methods

2.1. Analysis of rabbit hearts

Hearts from animals killed by asphyxia in CO;
were used immediately or stored at —20°C. They
were prepared for electrophoresis in two dimensions
on polyacrylamide gels as in [19].

2.2. Preparation of myosin and myosin light chains
Hearts from cattle killed at a local slaughterhouse
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were immediately chilled in ice and myosin prepared
the same day from ventricular muscle as in [19]). The
freshly prepared myosin was dissolved in 9 M urea/
37.5 mM Tris—HCI (pH 7.0)/7.5 mM 2-mercapto-
ethanol/0.25 M KC! and the whole light chain frac-
tion isolated by collecting the fraction precipitated
between 63—80% saturation with ethanol [21]. This
was dissolved in water and dialyzed against 2 changes
of 20 mM (NH,)HCO;/15 mM 2-mercaptoethanol
for 2 h at 4°C. After centrifugation for 15 min at

20 000 X g the supernatant containing the light chain
fraction was freeze-dried and stored at —20°C, The
light chain preparation was completed within 36 h of
the death of the animal.

Light chains Pl and P2 were isolated from bovine
whole light chain fractions by isoelectric focusing on
polyacrylamide gels with the capacity to separate
100—200 pg protein, After staining with Coomassie
Blue G250 the protein bands corresponding to each
P light chain were cut out, washed with 70% (v/v)
ethanol and stored at —20°C.

2.3. Peptide mapping of enzyme digests

Slices obtained from the isoelectric focusing gels
containing the individual P light chains from bovine
ventricular myosin were partially digested and ana-
lysed by a method simitar to that in [22], with the
modification that digestion and subsequent electro-
phaoresis was carried out in urea rather than in sodjum
dodecy! sulphate (SDS). Gel compositions were: main
gel — 15% (w/v) acrylogel (BDH Chemicals Ltd.,
Poole, Dorset)/8 M urea/560 mM Tris—HCI (pH 8.6);
stacking gel — 10% (w/v) acrylogel/4 M urea/12.5 mM
Tris—HCI (pH 6.8)/40 mM glycine/1 mM EDTA. The
gel slices were equilibrated in 2 M urea/10% (v/v)
glycerol/120 mM Tris—HCl (pH 6.8)/1 mM EDTA
and positioned in the wells of the stacking gel. To
each slice was added 25—50 ul of a solution of the
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enzyme (200 pg/ml) dissolved in sample buffer con-
taining 20% (v/v) glycerol. The whole was then over-
layered with 0.7% agarose/25 mM Tris/190 mM gly-
cine (pH 8.3) containing bromophenol blue. With

25 mM Tris—190 mM glycine (pH 8.3} as running
buffer, the proteins were electrophoresed into the
stacking gel and the current was switched off for

30 min to allow proteolytic digestion of the proteins
to occur. The current (30 mA) was then reapplied for
20 h. After staining the gels, slices containing the
complete digest were made and subjected to second
dimensional gel electrophoresis in SDS as in [23,24].

3. Results and discussion

The two-dimensional electrophoretic pattern of
proteins from ventricles of late foetal and neonatal
rabbits was very similar to that obtained with the
adult animal. Two differences in the light chain pat-
tern could, however, be abserved. An extra protein,
similar in isoelectric point to alkali chain Al, but of
smaller M, was seen in all foetal and neonatal hearts
until ~3 weeks after birth, This protein could repre-
sent an embryonic form of light chain A1, similar to
that in [25,26] where embryonic forms of light chain
Al were reported in both rat and human hearts.

Immediately before and after birth there was vir-
tually no detectable P2 form of the P light chain or
its phosphorylated derivative, P4 (fig.1). With increas-
ing age the relative proportion of the light chain
P2 + P4 increased so that 50—-60 days after birth the
ratio of the 2 forms of the P light chain reached that
reported in [19] for adult rabbits.

In these studies no attempt was made to assess the
precise level of phosphorylation of the P light chain
since the hearts were homogenized in @ M urea; a pro-
cedure that has been shown not to completely inhibit
myosin light chain phosphatase activity [19,21].
Under these conditions of analysis the total P light
chain fraction was observed to be <10% phosphoryl-
ated in hearts up to 20 days after birth. Subsequenily
the level of phosphorylation rose rapidly to 30%.

The light chains of myosin are known to undergo
modification on handling that can lead to changes in
electrophoretic mobility [28,29]. Indeed such a
modification was considered to be responsible for the
dual forms of the P light chain originally described in
[30]. Nevertheless, the very consistent values obtained
for the ratio of the two forms, P1 and P2 obtained on
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Fig.1. Changes in relative proportions of the 2 forms of the

P light chain of myosin in rabbit ventricle during develop-
ment. See text for experimental details. Values represent the
proportion of the total P light chain in the form of P2 + P4
(phosphorylated form of P2). Bars represent SEM and num-
bers of hearts analysed are indicated in parenthesis where >2.

analysis of hearts in a variety of conditions and the
change in ratio observed during development led to
the suggestion [19] that light chains P1 and P2 are
indeed different gene products.

Primary sequence differences between the 2 pep-
tides were not readily apparent from amino acid anal-
ysis of the 2 forms of the bovine ventricular P light
chain isolated by isoelectric focusing (table 1). In this
respect the analyses are very similar to those in [20]
for the 2 forms of P light chains of myosin from the
chicken ventricle. The differences in the alanine and
histidine contents of the 2 forms present in the bovine
ventricle are possibly significant.

Differences were abserved, however, in the peptide
composition of the 2 forms of the P light chain after
partial digestion with trypsin or thermolysin, Electro-
phoresis in urea gels after partial tryptic digestion (see
section 2) revealed differences in the band patterns of
the digests of the light chains P1 and P2 (fig.2a(i,ii)).
The differences in the peptides of the 2 light chains
were more clearly revealed on subsequent SDS elec-
trophoresis of peptides initially separated by electro-
phoresis in urea gels. Although the general pattern of
the peptide maps were similar, at least two peptides
of low M, were unique to light chain P1 (fig.2b.c).

With thermolysin a very acidic peptide was present
in digests of light chain P1 after 30 min, but not in
digests of light chain P2. After 60 min digestion of
light chain P2, small amounts of an acidic peptide
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Table 1
Compatison of the amino acid analysis of bovine ventricular
light chains P1 and P2 with chicken ventricular light chains
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L2Aand L2B

Amino Bovine Chicken? Bovine Chicken?
acid PLC-1 L2B PLC-2 L2A
Asx 235 21 24.3 21
Thr 8.8 9 8.7 7
Set 6.3 4 7.3 5
Glx 218 25 289 25
Pro 7.0 7 7.3 7
Gly 15.0 12 164 11
Ala 13.0 10 147 13
Val 7.8 7 7.8 7
Met 35 7 16 7
1le 9.0 10 89 11
Leu 10.3 10 11.3 10
Tyt 1.4 3 1.5 2
Phe 10.3 14 938 14
His 2.0 2 2.7 2
Lys 16.5 17 16.6 16
Arg 5.5 4 6.9 5
Cys n.d. 1 nd. 0

2 From sequence data in [20]

Analysis performed in duplicate on 2 preparations as in [31];
n.d., not determined
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appeared, but by this time more acidic peptides had
appeared in the digest of light chain P1. These studies
suggest that differences exist in the structures of the
2 light chains which result in light chain P1 being
more susceptible to digestion with thermeolysin in the
presence of 4 M urea. :

Digestion with chymotrypsin, subtilisin, or Staphy-
Iococcus aureus V8 protein was not satisfactory for
detecting differences in the primary structures of the
2 forms of the P light chain.

This study supports the hypothesis that the P light
chain of bovine and rabbit heart exist in 2 forms that
are different gene products. Taken with the results in
[20] it suggests that polymorphism of the P light chain
is a general property of myosin from the vertebrate
heart, although the adult rat and adult mouse hearts
are exceptions to this rule [19]. Both forms of
P light chain can be phosphorylated in situ, but their
roles are as yet uncertain. Recently, we have shown
that slow skeletal muscle in the rabbit also contains
2 forms of the P light chain [32]. This observation
and the fact that rapidly beating hearts contain less of
the P2 form of the P light chain suggests that P light
chain polymorphism may be characteristic of the
slower types of striated muscle.

Molecular Weight 3=

Fig.2. Electrophoresis of partial tryptic digests of cardiac P light chains. See text for experimental details. (a) Electrophoresis in
8 M urea pH 8.6; (i) light chain P}; (i} light chain P2. Differences in peptide patterns indicated by arrows. Electrophoresis in 8 M
urea (pH 8.6) followed by electrophoresis in 10—-20% polyacrylamide—SDS gels: (b) light chain P1; (¢} light chain P2. Peptides

clearly unique to each digest are indicated by arrows.
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