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Summarv

Département de Physiologie,

Six tttlativet' rsomyosins of characteristic electrophoretic mobility
are present in various proportions according to the muscle type (fast,
slow or mixed). SM2 and sM1 contain MHCI; IM contains litHC2A; FM1, FM2

and FM3 contain MHC2À and l4ItC2B. SM2, SM1 and IM contain MLCIs; SM1, IM,
I'It12 and FIy13 contain MLCIf; FM2 and FM1 contain MLc3f . The six isomyosins
appear to separate on the base of their myosin light chain content.

Introduction
Myosin exists in several isoenzymatic forms which differ in heavy and

light ehain content (!,2,3). Fast and slow subunits can be co-expressed
in a single fiber and existence of myosins hybridized in light chains
has been postulated (4,5). we report in thj-s paper that two of the so

ca11ed ltnative't myosins are such hybrid forms which occur in sizeable
proportions in sevêral mammalian muscles, together $rith. four other
cotnmon forms. AlI six forms have characteristic electrophoretic mobili-
ties which can be measured with reproducible accuracy and are specific
of the form but not of the aninal species.

Methods
The muscles hrere extracted in 4 vol of a Guba-straub solution (0.3M

NaCl, O.l-M NaH2PO4, 1mM MgC12, 10 mM Na4PZO7, 0.1% NaN3 PH 6.5, O.)'eà,2-

mercaBtoethanol). After centrifugation (20.000 rpm, 20 min) the superna-
tant rrÿas mixed with 1 voI glycerol and stored at -20oC. This crude
extract of myosin was used for pyrophosphate polyacrylamide ge1 electro-
phores5-s as previously reported (3). All myosin samples contained in
addi.tipn 20t of a crude extract of taenia coli used as internal stan-
dard. The electrophoretic profiles were scanned at 536 nm and the
mobitity as wèIl as the relative proportions of the isomyosins were

obtained using . a computerized densitometer. rhe method has been descri-
bed in details in earlier works (3,6).

For the analysis of subunit composition of single isoenzlane native
myosin zones rdere cut out from gels run i-n non-dissociating conditions
and remigrated in 15 or 58 SDs-polyacrylamide qel-electrophoresis (7).
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Results.
frlti.:.es and proportions.

The main isomyosin of rat soleus, SM2, is well known (2,3,11). We

decj-ded to use its rate of migration as a reference point (arbitrarily
set equal to 100) to evaluate the electrophoretic mobilities of the
native S.somyosins. Since the mobility of taenia coli myosin is quite
high, 147 t L relatively to that of SM2, it migrates rde1l ahead of the
striated isomyosins \"rith vrhich it never interferes: it was then conve-
ni-ent to use it as an internal standard to which we referred the mobi-
lities of the isoforms extracted from all the muscles which we investi-
gated (Table 1). sM? is the only zone present in soleus of guinea-pig,
rabbit and cat,,and it is the prominent band in all slow muscles; it is
also present in most mixed musclês. The small variations in mobility (96

to 102) are probably due Èo somê subtle variations in the method. SM1

with a mobility of 102-106 is observed in rat soleus and in several
mixed muscles. IM (for intermediary myosin) $rith a mobility of tLZ-tLA

TABLE 1. Mobility of adult mvosins.

Means for the number of experiments indicated betlrÿeen brackets. rhe
standard errors of the means are between 0.5 and 2.
a) Form observed in 2 experimentsi b) in 3 experiments.

MuscIe Mobility of myosin form in t of rat SM2
SM2 SM1 ]M FM3 FMz FM1

SLOVI MUSCTES
SOLEUS

-mouse 

( 4 )
rat (7)
s.-Pis (4)
rabbit ( I )
cat (4)

FÀST MUSCI4ES
PSOAS

rabbit ( 5 )
cat (4)

EDL-ET-Pis (a)

MIXED !,II'SCLES
EDL

-rnouse 
( 4 )

rat (7)
rabbit ( 4)
cat ( 4)
dos (s)

TLEXOR DIGITORUM
COMMI'NIS-68-t s I
OUÀDRICEPS
man (6)

TRICEPS SURÀE
man -Tm'i*

114
105 1L2

99
L00

99
96

101

99
100
101

99

97

100

101

104a

l-05b

t02

105

106

1t_5
114

]-20

L21
L18
'1.'1,2

LL4
l_16

]-72

772

LL4

1,21 L27
t20 t26

t24 'L29

L25 130
L22 ].28
118 723
LL8 125
122 L29

119 ].26

1"18 124

119 ]-25
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is a rarer form, found in rat and mouse soleus. The triplet FM3 (mobi-
1lty 114-120), FM2 (mobility L20-L241 and FMl (mobility L25-129) is
observed in al-I fast and mixed muscles. The relative proportions of the
natlve isomyos5.ns widely vary according to the type of muscle, but
àemologous muscles of different animals appear to be similar (Table 2).

TÀBLE 2. Proportions of isomyosins in B of total myosin.

Means t standard error of the mean, for the number of experiments
indicated betr^,een brackets except for 2(a) and 3(b) experiments.

MuscIe Proportj-on of myosin form
SM2 SM]. IM FM3 rM2 FM1

stolJ MuscLEs
soLEus-fEiGE (4)
rat (7)
s.-Pis (4)
rabbit (8)
cat (4)

rAST MUSCLES
PSOAS
rabbit (5)
cat (4)

EDL
l-pis (4)

MIXED II{USCLES
EDL

-rnouse 
( 4 )

rat (7)
rabbit (4)
cat (4)
dos (5)

FLE:KOR DIGITORI'I'I
COMMI,'NIS-illst
QUÀDRICEPS
man (16)

TRTCEPS SURAE

44!2 3711 19i8
52!4 34!2 1413

5211 33!2 r.str.

4814 25!2 2013
35!2 3812 20!2
37!7 27t6 r.8r3
40!2 3913 1815
40114 22!t0 6!2

70t6 3016
73!4 t6!3 LLt3

100
100
100

8t 5a
4t1

1817
3r1

2t!4 10b

1"613 14!9

4017 8t5

47!tt 7!4

25r5

25!4

22!6

3316 t2!2

L7 t 3 1014

t_4t3 10t4

2. Light and heavy chain distribution. j

The subunit compositibn of the six native isomyosins is shown in
Table 3. SM2 was analyzed in soleus of mouse, rat, guinea-pig and cat:
it is uniformly sIori,'containing the slow MHC1 and the thro slov, MLCLs

and MLC2s. sM1 has been analyzed only in, dog EDL, since the muscles of
other species contain very little of it: its composition is that of SM2

with some MLCIf: it is therefore a hybrid slow myosin rrrith regard to the
alkaline light chains. IIrl \^ras analyzed in -mouse and rats soleus: it
contains a fast myosin 2A molecule hybrid with regard to slow light
chain, MLCIS, and in some analyses, with MLC2S. The triplet FM3, FM2 and
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FM1 vras analyzed in mouse, rat and dog EDL, and also in dog flexor
digitorum comnuais: the results (Tab1e 3) confirm numerous earli_er
reports [chicken (8), rabbit (10), rat (11) mouse (9)].

TABLE 3. Subunit composition of adult isoenzrirmes.

Myosin heavy (MHC) and light (MLC) chains in native myosins. The
distribution of myosin subunits was determined electrophoretically in
5 or 15t polyacrylamide gels from native isoforms separated in non-
dissociating conditions .

sM2 SM1 TM F!,I3 EM2 FIIIl

+
+

+
+

+
+
+

Discussion.
Àdult mammalian muscles contain up to six isoforms of myosin that can

be separated by electrophoresis under non-dissociating conditions. The
three slowest migrating forms (SM2, SM1 and IM) are typical of slow-
t\^ritch muscle, whilst the three fastest forms (8M3, FM2, FM1) are
typical of fasÈ-Èwitch muscle; mixed muscle cont.ains the three fast
forms and one or t$ro slo\., forms. The electrophoretle mobility of the six
forms are reproducible and accurate, even rrhen they Jr" ao^p"r"d betvreen
muscles of different animals which contain them in widely varying
proporÈions. Thus, the electrophoretic mobility can be used to help
identifying a particular native isomyosin.

Thg analysis of the subunit composition shovrs that four forms (SM2,

FIvI3, FM2, FML) are homogeneous, containing subunits either of thê slow
tfT)e or of the fast t1?e, Lrhilst two forms (SML, IM) are hybrids in
their light chains (Table 3). SM2 is the "true" slow-twitch isoenzyme,
both because it contains' the slow subunits of myosin and because it is
the major component of slow-twitch muscles. SM1'appears to be a myosin
in which one slow light chain of SM2 is replaced by one fast light
chain: its existence has been postulated in singte human fibers (4) and
it seems similar to a slow myosin component present in It fibers
described in 50 days chronically stimulated fast-tt"ritch muscles (12). IM
has been previously observed in mouse soleus (9) and is perhaps restric-
ted to small mammals, since we observed it only in mouse and rat; it is
presumably located in.the fype IIA fibers. Since it is absent in mouse

EDL, one has to conclude that rlT)e IIÀ fibers of mouse EDL are different
from fipe IIA fibers of the mouse soleus with regard to their light

MHCl
MHC2A
!{HC2B

MLCIs
MLC2s
MLCIf
MLC2f
MLC3f

+

++
+ (+)
++

+
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chains content, although they are histochem5-caIly indistinguishable. we
confirm that the fast tripler are homcidiirers in MLCIf (FM3) and MLCaf(FMl)'\and heterodimer MLCtf-MLC3f (FM2), and we add that each fast formis a m\xture of the heavy chains MHC2À and MHC2B.

Tabre 3 shows the six isomyosins arranged in order of increasing
erectrophoretrc nobirity: it is clear that thei.r content in myosin right
chains could be the base for their different rates of migration. !ÿe d.idnot measure accurately the rerat.ive proportions of the myosin r.ight
chains in the hy-brid myosins sM1. and rM, but it is probabre that they
are heterodimers of the type MLCIs-MLclf combined either with MI{c1 0r
MHC2A. rf Èhis hypothesis is accepted, it is easy to infer the quantita-
tive composition in light chains from the proportions of the native
isomyosins: MLCIs = sM2 + (sM1 + ];ÿtl /2i MLCIf = EM3 + (sM1 + IM + Ftrt2l /2
and MLC3f = FM1 + FM2/2.
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