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ABSTR.....CT
....

}~ture mammalian,myofibres are multinucleated elongate cells..
in which the nuclei are regularly distributed along the entire length

, . '

of the cell. The multinucleated condition arises by the fusio? of mono-

n~cleated4stll to form '~yotubes during pr.imary 'deveJ,opm'ent. A "
C , _

fundamental and essentially unexplored problem in muscle cell biology

is the question 041 the nucle~r-cy~oplasmicrelationship i~ muscle fibres~

Although 10calJ6embrane specializations occur, most notably in the region

of inne~atio~,'it is not~,if each myonucleus controls the biochemical

functions of, a local territory comprisetl of the immediately adjacent

muscle cytoplasm, organelles ,and membrane, or if the gene products of

"

An understanding

biology of skeletal muscle; for example, what is the
. (

X-chromosome mosaicism ~ the expression of ,muscle disease

problems in the

every, myonudeus are uniformly distributed in ~ fibre.

of this aspect of the organization of muscle celJs could help solve other'
.' , .

. significance of

•
in carriers of X-linked myopathies?

I
,neurotrophic *nfluences on muscle?

Which myonuclei are the targets of

In this study I have take~ adva~tage,of the fact that in mous~

chimaeras'two genotypically distinct' typ~s of myonuclei are ofte~~ncor­

porated into single myofibres, in·order to investigate 'how multiple ~'

myohuclei ma~ntain skeletal mu~le cells in vi~o. Mouse chimaeras were

produced by the aggregation of embryos homo~ygous for different alleles for

\
j'

)
both the monomers 'of the cytoplasmicenz~e glucosephosphate.isomerase

of the nuclear-coded mit~chondrial 'matrix protein

. .

(GPI-l) and the monomers
'I

malic enzyme (MOD-2). Therefo~, mosaic myofibres
, .

a a a' ,.. b b
Gpi-l , }~d-2 IMod-2 myonuclei and Gpi-l IGpi-1 ,

-iii

" . a
co~tained both Gpi-l I

. '.
, • b b
Mod-2 jMod-2 myonudei.'

" .
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.The distribution of the electropho~etic variants of GPI~1

was measured at various points along the length of mosaic muscle

fibres. Changes in the isozyme co~position aiong'th~ l~ngth of a cell

'"would indicate that the enzyme· remains localized iri cytoplasmic terri-

tories. A uniform isozyme profUe would result if the products of .

. '" '
compose~ of two mon~mers.

in mosaic myofibres
\_~

Analyses of the proportions of GPI-I dimer types
•

Functional GPI-i is an oligomeric enzyme

individ~al myonuclei are homogeneously distributed. The results ,presented

here indicate that ~he intracellular distribution, of GPI-I isozymes

does not ~ange along the length of mosaic myofibres'in both' adult and

\; ~ --./ -~ ~"j .
young mouse' chimaeras. Tkerefore, the~oductS'~~hmyonucleus are

widely distributed in skeletal myofib~es. t ~

reveal that·the homogeneous distributions qf GPI-I ~sozyIDes arise by

the widespread 'distribution of precursors of, GPI-I (monomers or menomer

.......J

precur~ors such as messenger RNA) before dimer formation; dimers are ~.~

not initially assembled'· in .local territories around. each myonucleus and
--~ ,,".
then widely distributed.

/ . The investigation was extended to the question of whethe,

•
i~dividual mitochondrion in skeletal myofibres have. access to.nuclea~-

. ~ , -
~oded proteins encodeq by one or by multiple myonuclei. Rvidtnce was

obtained that indicates th~t both types of mon~mers of nuclear~~oded ... .

mitochondrial malic enzYme (MOD-2) are present in an individual mitochondrion

of a mosai~myofibre.

~ The results indica-t>e that the gene pr?dtlcts of different myonuclei

are widel~ distributed both before the assembly of cytoplas~ic oligomeric
", . .. -.

•
proteins and before the· inco.tporation 6f proteins into mitochondria •

.C:
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Taken together, the resul~s obtained in this
,
udy constitute

direct evidence that oammalian skeletal myofibres are functional syneltfa

J 'in which 'the gene products of- m~ny myonuclei are distributed throughout
/ _- ,~ I

each cell. Problems and possibilities regarding the mechanisms of

distribution and the ,nature of the g~ne PTodu~ts distributed are discussed?
" ' ..
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•
INTRODUCTION

Skeletal muscle is a widely used ~odel, system for studying cell

"'"differentiation and cell communication. }~ny of the quantitative and

qualitative changes in protein synthesis.tp~t occur durin~ myogenesis

have been described (for revie~s see Merlie, Buckingham and Whalen, 1977;

Garrels, 1979). It is known, too, that innervation exerts a major

influence on gene expression in muscle cells, and investigation, of the r

important neural factors is a major research area (see reviews by Guth,

1968; Harris, 1974; Gut~nn, 1976; Purves, 1977). Skeletal muscle is

also widely studied with the aim of determining the mechanisms of the

many diseases of human and animal muscle (Walton, 1974; Adams, 1975;

Mccomas,~77)•

A fundamental and essentially unexplored problem in muscle cell

biology is the question of the nuclear-cytoplasmic relationship in

muscle cells. Vertebrate skeletal myofibres are multinucleated cells

in which the myonuclei are uniformly distributed along the length of
'$ ,

the,~:bre (Fischman, 1972; Landing, Dixon and Wells, 1974). In electron

micrographs, all myonuclei are similar in appearance (Schultz, 1976)

and, therefore, 'it is generally believed that all nuclei are functionally

equivalent. However, the extent of the influence of each nucleus is

not knownA Specifically, it is not known whether the gene products
').

of all the ~yonuclei enter a common pool that is distributed throughout

the fibr~ or if each nucleus contributes gene products primarily to

the local cytoplasm, organelles and membrane •

)
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