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PREFACE

I very profoundly regret that my increasing age and the burden of
local obligations prevents me from attending your conference. Though I
am working now on quite different lines I am deeply attached to muicle
which gave me such an exciting time. I am equally deeply attached to the
town of szeged where I spent so many delightful years with my pupils
who also \ryere my friends. It would have been a great honor for mi to act
as honorary chairman. My absence does not mean a loss since I have not
touched muscle for years, on which I have spent twenty of my most ac-
tive years. I still feel that muscle is the most wonderful material of study
for anybody who wants to penetrate into the deeper secrets of life.

Please convey my best wishes and warm regards to the members of
thè conference and convey also the expression of my deeply felt gratitude
for the honor of being your honorary chairman.

/ ^ ,.Yours very truly,

0,,*r Jr^f 7à;%.'.
Albert Szent-Gyôrgyi, M.D., Ph.D.
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CONCLUDING REMARKS ON MECHANISM
OF MUSCLE ADAPTATION TO FUNCTIONAL

R EOU IR E M ENTS

F. Guba and Ô. Takâcs
lnstitue of Biochemistry, University of Medical Sciences, Szeged, Hungary

Ttr-is slrnçrcsiun is thre third event of a series of sl,nposi-a organi"zed

on ttre auttrori§ of IUPS t\4usc1e Ccnrnission iCtrairman: Prof. I,I. F. H. IiI.

It,fmr6erts, los Angeles/. The first event of the series was the Functional

Specifity of Mr:sc1e Fibres held in Szeoed in 1977 and tl.e secand the Plas-

ticity of lfilscle held in Konstanz in 1979. The presidenql of the fnternati-
onal .uhysiol-ooical Concrress of fUPS in Budapest invited Prof. G. nîareclral

/erussels/ to oroanize this scientific progran. The 1oca1 or.rarLizing

ccnmittee tÿas forred by the menicers of the Institute of Bioctrarristry of the

Szeqed Un-Lversi§r of lbdical Sciences presenrino the traditions of the

school of licbet Prize w-inner Prof. A. Szent-Gyôrgyi.

At ttlis slrnpositm- the cteneral biolooical aspects of tl:e specifities of
the rmrscle ce1I uere discussed i.e. both the outer factors and the firnction

vari,:tir-.ns npdiry -rapidly in tine- tJ.e metabolism of the æ1Is and tfieir
fundanental oo -rncosition as well- lhis latter is especially marked in the

case of the contractile açparatirs.

a.re i_nil:oductory lecture of Tbpic 1 surrmarized ttre latest resufts of
the structural and functional specifi§ of mr.scle and pointed to the

crtrrent problens. Ihe present wiewpoinl- is: f,:e netabolic heteroqenity of
fibers rr.ekes a broad spectrun in wtrich alIrpst a contintrous transition
rerzeals. The rnost interesting question in fi-ber §rping is vihether the

cor,nrlo< differenoes in fiber t14:es observed through several nettrodological.

approaches can be detected in the quantltative paraneters of the myofibrils.
f-ilost lectures dealt wit} the effect of variation of ftrnstions on

contracLile aprparatus and on rnetabolism. Ttre restriction of actlwitlz or its
complete lack results in the dedifferentiation of muscles with warior:s

functions wlricl:r nnnifests itself in ttre oornrergins drange of ttre §pe of
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the retabolisrn i.e. ttre specific en4ale pattern, on one hand, and in the

transfornralion of tlre structr:ra1 prcteins on ttre otlrer hand. TtansforrÊtion,
hoaiever, can occur in tlre reqion of ttre denervated, stjmulated and inactirae

electrode or in muscle wratrped in ahminir:m foil. tte prolonged weightless-
ness leads to a decrease of muscle contraction strengttr r4:on thej-r tetanlc
stirn:1atj-on, Ioss of elasticity and decline of tolerance to fatlque. In the

solerr.s a tendency tcr^nrd shorEen-ing of tfurc of tension developnent has been

for:nd. The exr:erinents also shcru that the pattern of reactions of contracti-
Ie systen of'uarious rm:scles to sç».ceflicrht effects is largely determined

by the ftrrctional specialization of rmrscles. ltle adaptive transforrnation

of the rruscular system can be ,induoed in $i1eiolooical circunstances as wel1.

ft seems that ttre tension of ûrllscle is an inportant factor in the increase

of muscle fibers and nunber of sarccfiers. rt hâs been shcnrn that even adult
nuscles are ca1»ble of respondinq to stl€tdl. If a nnrscle is held in its
lengthened position, it adds on sarcçners in series. If, on the other hand,

a muscle is held in its shortened position, it loses sarconers in series.
I^lhen a muscle is recovering fron irnrcbilization, it adds on nsÿ sarcolers

in series at the ends of the fibres. The increase of rmrscle in qirth during
post-nata1 qroüEh and as a r€su1t of exercise occurs by longitudirnl split-
ting of myofibrils. Exercise h.as been shcryn to facilitate this splitting
process.

Muscle tension plays an ityfiortant part in tJ:e r:egulatlon of protein

turnover. But ttre contraction aqainst 1itt1e or no r,'prk-1oad may prorote at-
rcpfly. Tênsion rarkedly increases cAMP levels suggestino a role of tJ:is

mrcleotj-de in nedlatinq ttte tension effect. Protein synthesis is stimulated

as uell as intribited by Ca# althougùr the qlerall effect of Ca# on nitrocen

balanoe is 9re4er:a11y catabolic. Ihe activatj-on of the satellite æIls seens

to be a siqn of increase in the protein syntJ:esis in adult nnrscle' tte trig-
ger of activation is pnobably the orrer':'ctivitr,r 65 +J:e filcres' À4creover' lêo-

stiqmine treatxrpnt increases the deqree of activation. It $/as proposed that

the trigger for actirration of satellite oells should be searched anong the

nectranical and/or bioçhemical events associated with muscle overactivity.
Siqnifiëant ner^r results were reported on tlte differentiation of the

varioirs muscle t1pes. Ttre existence of ttre erbryonic mlosin liqht chain was

derpnstrated L»r arælying a üro-Cinensiornl ge1 analysis. An enbryonic form

of ryosin hear4z cJ:ain has also been found in norly forned myoü:bes ej-ttter

in the aningl or in ce11 culture. Durinq post-nata1 develq:nent of future

fast rm.scles, ttre er.rbryon:ic heary ctrain is replaced by neonatal form whiclr I
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differs frcrn qltlrer tfre erbryonic or adult forns. On the course of derzelo-r>

ment, the Lransition ef nlzosin li$rt and heavy chains takes place gradually,

ttrough, tJ:e heavy ctrains chancte slcwer. ltre ratio of /-F tropcnryrosin sglc-

'gnits also changes. During tlre in rzltro aralysis of the hypertropry of sl<e

1eta1 muscte, the follorring factors were denpnstrated. Passive stretctt sti-
mulates ttre increase of cel1s in tfie cell cultures of skeletal rrn:scle. l?tis

phencnrenon is probably in causal corurection with the activity of the Na

p-lrp that can be detected sore minutes after the beginrÉng of tÀe stretctt.

Different §zpes of hypertroohy of rvocardiun in npdel ocperinerrts: tre pre-

fererrtial synthesis of a myosin isoenzlzne vr o<tribiting lcr'rer ArPase activi-
ty and specific biological and electroptroretic prcperlles has been fountl.

This suggests that in resgrcnse to a nEctrarfcal overloadi-ng, a qeneral rcctta-

nism of adaptation occurs wtr-tdr could ac@unt for the reduced shortening

speeds of ttre hypertrop-t-ica1 myocardiun.

Ihe latest research work on the proteolltic enz!4rÉs ains at defining

the sigrificance of the lysoscrnal and extralysosorral proteollztic sy5ter1 of

mr:sc1e and finding ttre reason of activation of proteases. The lectures of

this synposir;rn also dealt with these topics. lhe existence of lysoscngl

proteinases i.e. Cattrepsin B, Catlrepsin D, Cathepsin E, Cathepsin H and

Cathepsin L in rrn-r,scle is no npre dor:bted. Hc&Iever' their çhysioloqical role
is stil1 questioned. Accordinq to sore researchers t]1ql play an inq:ortant

role in the differerrtiation anddedifferentialion of muscle. Ihis was dencn-

strated by oçerirents of tissue culture and their change rh:ring irnncbiliza-

tion cor.rld not be detected. FTom anong tJle proteases only the increase of
lysosonal proteinase could be neasur:e,1 in ttre rm:scle of fizstropütic dtickens.

Acærdinçy to oiher arrtfiors lysosornal prcteinases take place only in tJre

breal<dor,n: of the non-myofibrillar rn:scular proteins. tte proteinase ftmctle
ning in ttre alkaline range rËy have a role in the forrnatlon of musqular da-

rrtrge on the effect of hornone chanqes. Many autJ:rors neasr:red an ircreased
peptidase activi§z in darnacred muscle that facilitated the furtlter cleavaqe

of protein brea]<do,rn products of higher concentration. O: the effect of ca-

tabolic steroids botJ: proteolyLlc systerns are actirrated an<1 this process

may be affeeted by contractile actlvi§z of muscle. In the field of regene-

ration and transplantation of fiuscle tissue coqncared to t}}e above topics are

Iess examined. ltroucrh, at th-is synqrcsitrn ntore lectr:res referred to i-t, the

difflculties of basic research work were actually pointed to in Tbpic 5. the

rninced crastrocnemir:s nn:scles orthotopically autografted reqenerate within
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2 Lo 3 \deeks. Histoloqical studies suggest that reoeneration 1arçre1y recapi-
tulates ontogeny. It is not clear yet wLrether theory of constant proportion
of enzyrnres is valid.to 1ü) % durincr regeneralion. ft \,vas deronstrated that
the five tested olycolytic enzyrnes decrease at rates that are constant
dlring regeneration but that are different for each separate enzyme. fneir
absofute anor:nt camot therefore remain a constant proporlion. Accordinq to
the loo-ical concluslon of the authors the c-rro,rth of reqeneratinq muscle does

not.r:cur by a si:nple adôitlon of snnll physiological r:nits of constant
eonposition. ltre reported clinical experlments provide valuable results for
practical application. D<act and reliable lnfornatlon about ttre stero-i-C

theraE4 of mlrscle dystrophy can be obtained by nptabolic balance measurinq
;utC b:, corry>uterized tonoErrapl-r12. th-e determination of the satellite cel1 nr-r.r

ber is also applicable for the observation of the regeneration of dystrophic
muscle. fn the nn-scles of DriD /Duchene r{r:scul-ar Blstrophy/ patients the sa-
t-ellite æ11 nunicer is higher than in nornal controls. Despite the fact that
in Dlt4D biopsy tLre cells are activated for protein slmthesis, it was observed

that resenerating fibres frequently appear abnorrnal- 1n st-nrcture. According

to ttre opinion of a grroun of particimnts, other chraracteristics of the or-
qanization and the bicchernical processes shoul-d also be taken into conside-
ration during the study of m:usc1e damages and regeneration.
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