Hungarian Meat Research Institute, Budapest (Director: Prof. F. Lorincz)
THE SARCOLEMMA OF MUSCLE CELLS
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Morphology and function of the striated muscles have ever since the
beginning of research into their nature been invariably in the foreground of
scientific interest. Although a great number of problems has been solved in
this field, a host of new questions is incessantly arising [4]. While it seems safe
to regard problems concerning the morphology and function of the contractile
components of the muscle cells, i. e. the muscle fibrils, as more or less settled,
there still exists many a detail which awaits elucidation in connection with
the other principal component of muscle cells, i. e. the sarcolemma.

Meat research institutes are known to be highly interested in the intricate
biochemical and biophysical properties of the striated musculature. Studies
of this kind concern not only the outward appearance (white and red muscles),
palatability (softness etc.) and biological value (protein composition) of the
meat but also certain aspects of the technology of manufacturing (e. g. diffusion
during pickling). We have discussed the quantitative and qualitative problems
concerning the connective tissue of meat and meat products at the 1958 confe-
rence of the European Meat Research Workers [6], and studied the interconnec-
tions between the thickness of the striated muscle cells and the quality of
meat [7].

While stvxdying the two principal tissue-elements of meat, i. e. the muscle
tissue and the connective tissue, we have endeavoured to analyse the two
morphologically distinguishable parts of the muscle cell, the sarcoplasm (to-
gether with the fibrils) and the sarcolemma. The structure (thickness, etc.) of
the sarcolemma presumably varies according to species and age and the part
of the body in which it is situated. We have attempted to establish connections
between the variable structure and the physical, chemical and organoleptic
characteristics of the meat. Having dealt with the open problems concerning
the structure of sarcolemma in a recent paper [8] we do not propose to expatiate
upon them at present and content ourselves with noting that most of the
authors regard the sarcolemma as composed of two layers, a structureless
homogeneous (lipoprotein ?) membrane, i. e. the sarcolemma proper, and
— around it — a fibrillar layer. Some authors hold that this second layer does
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not really belong to the sarcolemma but forms part of the connective tissue
around the muscle cells, i. e. the endomysium.

Method and results

Samples from the thigh muscle of adult oxen were obtained about 15 min-
utes after Kkilling the animals. After having freed the specimens from all
visible fatty elements and the coarse connective tissue, the 3 to 5 mm thick
samples were homogenized with physiological saline in a Waring blender.
Under both the phase contrast and the light microscope, the muscle fragments
revealed a strongly refractive circular structure which, composed of fibres,
appeared as a spiral rim around the cells. While this “winding”, made up of
connective tissue, was still more or less intact here and there (Fig. 1), it was
loose at other points (Fig. 2) or, else, the ruptured circular fibres seemed to
have slipped towards one another (Fig. 3). At some points, the ruptured fibril
bundles were observed to have become free from the tight grasp of the connec-
tive tissue fibres (Fig. 4). At still other points, the originally dense and spirally
arranged fibres appeared as the circlets of a disrupted spring (Fig. 5), that were
still trying to hold together the masses of fibrils (well visible in the picture)
contained in the cells which had evidently been deprived of their cell-membrane.
The nature of all these changes depended on the extent of the injury caused at
homogenization.

Careful search revealed in the homogenate comparatively intact frag-
ments of tissue which bore a resemblance of somewhat impaired delicate
springs (Fig. 6). These fine structures which undoubtedly formed part of the
cells were — so to speak — empty, since the applied mechanical force had
driven out all cellular contents. That the spring-like circular structures really
belong to the muscle cells is irrefutably proved by Fig. 7, which shows a more
or less unruptured bundle of cells where the fibrillar structure in question is
well observable on the still cohering muscle cells.

Accepting the theory that the cell membrane in striated muscle tissues
has two layers, viz. a fine, structureless lipoprotein membrane and, above it,
a second layer composed of collagenous fibres, we suggest that the circular
fibrous structure observed by us is identical with this second layer. This
assumption means a step toward a reconciliation of the controversies existing
between the different authors. For example, Jones and Barer [5], further
Conte and Rieser [2] reject the theory that the sarcolemma has a collagenous
fibrous structure and regard it as a simple fine protein membrane, while W ang
and other investigators recognize — apart from the homogeneous membrane —
the existence of a fibrous envelope. Roézsa et al. [9], while unable to confirm
that the sarcolemma contained fine collagenous orreticular fibres,demonstrated
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by electron-microscopy that it Mas covered by granules M'hich they regarded
either as connective-tissue fibres or as the points of attachment for myofibrils.

Our experiments have definitely convinced us that — at least as regards
cattle — there is no occasion for further controversies: there exists a separate
fibrous structure which envelops the structureless sarcolemma proper. There
remains the question whether Roézsa et al. [9] are right in believing that the

Fig. 1. The well preserved circular, dense collagenous-fibrous “winding” of the sarcolemma
is clearly visible on the fragment of striated muscle cell. X400

Fig. 2. The circular sarcolemmic fibres are loose and show an oblique course around the muscle
cell. X400

fibres (tvhose points of attachment they claimed to have found) belong to the
endomysium and not to the muscle cells themselves, or whether those are right
who regard the circular fibrous “windings” — M'hich become easily detached
from the cell membrane under the effect of mechanical force — as forming
an integral part of the muscle cells. We are more inclined to accept the view of
Rozsa et al.

It would also seem possible that the structure at issue is just a phenome-
non of sarcoplasmic degeneration following the death of the cell, the like of
which was observed by Gelei and Jendrassik [3] on the frog’s thigh muscles;

2 Acta Morphologic« XI1/1.
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on treatment -with calcium, the sarcoplasm disintegrated into discs of a deli-
cately granular structure and left the sarcolemma intact sothat the photomicro-
graph showed a pattern of circidar striation. We made microscopic preparations
according to the technique of Gelei and Jendrassik but failed to observe the
phenomenon described by them; the microscopic picture we saw was essentially

Fig. 3. The circular fibres of the sarcolemma, after having slipped towards one another, seem
to be accumulated at a single point of the cell surface. The arrangement of the fibres is still
regularly circular in the cell fragment visible at the periphery. X300

Fig. 4. The circular collagenous fibres appear to be ruptured on the cell surface; masses of
myofibrils, freed from the pressure of the collagenous fibres, can be seen to protrude beyond
the original circumference of the muscle cell. X300

different from theirs. The findings of the said authors should nevertheless warn
us that many problems concerning the comparative biology and morphology
of the striated muscles of different species are still unelucidated.

In earlier experiments [8] we have studied whether the fibres in question
were collagenous or elastic. Hydrolysis by means of alkali and tartaric acid
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seemed to prove that we are dealing with collagenous fibres. The elucidation
of this question was continued in the present experiments. Knowing that the
peptide linkages of collagen are less readily dissolved by trypsin than by
pepsin, we performed digestion with both these proteolytic enzymes. That the
said linkages are more resistant to trypsin was shown by Boyer et al. [1], and

Fig. 5. Disrupted circular collagenous fibres can be seen at some points as coherent or just
separating circlets, with masses of loose myofibrils within them. X 1000

Fig. 6. Among the muscle-cell fragments there is a portion of a still coherent collagenous
fibre (indicated by arrow) which has slipped off the cell and resembles a piece of steel spring.
X 160

it was just this property of the collagen which Schénberg and Lochmann
[10] utilized for the determination of the connective-tissue contents of meats.

By using 0.5 g of dehydrated pepsin dissolved in 100 ml of 2 per cent
hydrochloric acid, it was possible to dissolve the fibrous elements of the
muscle fragments at 37° C within 15 to 20 minutes. The sarcoplasm retained
the outlines of the muscle cell as a granular and structureless substance (Fig.
9). An exact reiteration of this experiment with 0.3 g of dry trypsin dissolved
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Fig. 7. Muscle cell bundle at oblique angle, with strongly refractive circular collagenous fibres
on the surface of the cells. The original pattern of the fibres seems to have been deranged
at certain points during homogenization. X 200

Fig. 8. Fragment of muscle cell after 15-minute trypsin treatment at 37° C. The “winding”
of collagenous fibres is undigested. X 300

Fig. 9. Fragment of muscle cell after 15-minute pepsin treatment at 37° C. The structure of
circular collagenous fibres is not visible; the outlines of the muscle cell are shown by the
digested amorphous granular substance. X 300

in 100 ml of sodium carbonate failed to digest the fibres (Fig. 8). The longer the
process of digestion, the less became the difference between pepsin- and
trypsin-treated preparations, so that, after a few hours, dissolution of tissue
elements of the muscle fragments was complete.
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Although the staining of our preparations presented manifold technical
difficulties under the given conditions, we have applied several dyes (Van
Gieson’s, Mallory’s triple dye, resorcin-fuchsin) in order to ascertain the
collagenous or clastic nature of the observed fibres, but none of the employed
methods ensured reliable differentiation.

Our next investigations will be concerned with the further elucidation of
this problem, as also with the behaviour of the observed fibrous structure
at different times after the death of the animals; we wish, moreover, to study
the structure of muscle cells in different species and different age groups.

Summary

Ox muscle 15 minutes after killing the animal was homogenized in physiological saline.
A circular fibrous structure, loosely connected with the sarcolemma, was observed on the
lacerated cells. It was found to be of collagenous origin and seemed to envelop the structureless
sarcolemma proper as a second layer. This envelope presumably forms part of the connective
tissue surrounding the muscle cells, and its connection with the sarcolemma is rather loose.
Like the sarcolemma itself, this second layer follows the contraction or relaxation of the muscle
cells, a phenomenon which cannot be clearly perceived in the usual histological preparations.
It was the fact that we homogenized the muscles immediately after death which has made it
possible to discover the peculiar structure at issue which disappears or becomes less conspi-
cuous when rigor mortis sets in, and especially in the course of the subsequent colloid-chemical
processes. It is our intention to study the fibrous structure at longer intervals after death,
further in different species and in animals of different ages.

The authors are indebted to Miss l1ona Timar for valuable assistance in making the
preparations.
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UNTERSUCHUNGEN AN MUSKELZELLEN: SARKOLEMMA
F. LORINCZ und G. BIRO

In bezug auf die zwei, morphologisch und funktionell gut differenzierbaren Teilen des
quergestreiften Muskels, den Myofibrillen und dem Sarkolemina, bestehen wungeklarte
Fragen besonders hinsichtlich des letzteren.

In frischen, noch lebenswarmen Muskelzellen vom erwachsenen Rind wurde eine
bisher noch nicht beschriebene regelmaBige zirkuldre Fasernstruktur beobachtet die, obwohl
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sie eng zu den Zellen gehort, anscheinend dennoch nur schwach mit ihnen verbunden ist.
Falls die zweiteilige Struktur des Sarkolemma den Tatsachen entspricht, so stellt die neu
beobachtete Fasernstruktur ein auf der &uReren Oberflache der lipoproteinen Zellmembran
vorhandenes und auch von anderen Autoren erwéhntes Stiitzgewebeelement dar. Die Tatsache,
daB diese bindegewebige zirkuldre Fasernstruktur auf mechanische Einwirkung mit der
Zellmembran nur lose verbunden zu sein scheint, bestatigt den endomysialen Ursprung dieser
Fasern.

Es wurde unternommen, die Natur dieser Fasern mit Hilfe von Differenzialfarbung
sowie durch enzymatischen und hydrolytischen Abbau zu klaren. Mit alkalischer Hydrolyse
und inshesondere mit Pepsin- und Trypsinverdauung lieR sich nachweisen, daB es sich um
Fasern kollagénén Ursprungs handelt, da sie bei vollig gleicher Versuchsanordnung und
gleicher Einwirkungszeit in saurer warmer Pepsinldsung intensiver abgebaut wurden, als in
Trypsinlosung. Dies entspricht den Feststellungen, laut welchen Pepsin die Peptidbindungen
des Kollagens schneller 16st bzw. daB diese Bindungen Trypsin gegeniber resistenter sind.

MCCNEANOBAHWE MbIWEYHbBIX KNETOK: CAPKONEMMA

®. NEPUHL u . BUPO

BblNo yCTaHOBMEHO, YTO M3 ABYX YacTeli MOMepeqyHONosI0CaTol MbILLLbl XOPOLLIO OTAe-
NseMbIX, KaK C MOPMOIOrnMyeckoi, Tak 1 ¢ (hYHKUMOHA/IbHOM TOYeK 3peHusi, MMoubpunbl n
CapKoMeMMbl, B OTHOLLEHWWM MOCMeAHEN MUMeeTCA 60/blle HeBbISCHEHHbIX BOMPOCOB.

B xofe uvccnefoBaHUA MbILLEYHbIX KNETOK aBTOPbl Ha CBEXMX, eLle TensbiX MbILLEeYHbIX
K/NeTKax B3pOC/0ro KPYrHOro poratoro CKoTa 06HapyXWan Ao CUX MOp HEM3BECTHYH pPaBHO-
MEPHYI LMPKYISPHYIO BOMOKHUCTYHD CTPYKTYpy. 3Ta CTPYKTypa XOTA W NpUHaSIeXuT K
K/IeTKaM, HO OHa MOBUAMMOMY TO/IbKO €N1abo cBsi3aHa € HUMM. MOCKO/IbKY MOXHO COrfacuTbecs
C pasfefieHHOM Ha [iBe 4acTu CTPYKTYPOW CapKo/feMMbl, TO OMMcaHHasi aBTopaMu BOSIOKHUCTas
CTPYKTYypa MpeAcTaBnsieT CcOG0M  YNOMSHYThIA yXe ApYrMMW aBTOpamu 3/1eMeHT OMopHON
TKaHW, pacnofararolmniics Ha Hapy>XHO MNOBEPXHOCTU COBCTBEHHON K/IETOUHOM 060/104KK
NMNONPOTEMHOBOrO XapakTepa (sarcolemma proper). BBUAY TOro, 4to 3Ta COeAMHUTENIbHOTKAH-
Hasi LUMPKynsipHasi BOMOKHWCTasi 06MOTKa MO WCCMejoBaHUSIM aBTOPOB MPU MeXaHUUYECKOM
BO3AENCTBUMN MO-BUAMMOMY TOMbKO Cnabo CcBsi3aHa C KIETOYHOM 060/104KOM, TO OHW Npuaep-
XXUNBAKTCA TOM0 MHEHWS, YTO 3TV BOJIOKHA MPEANONIOKUTE/IbHO MPOUCXOAAT W3 3HAOMU3USI.

ABTOpbI CTapaNCb BbISCHUTL MPUPOAY BOJIOKOH NpU MOMOWM AndidepeHLMabHOMo
OKpalinBaHuUs, (epMeHTaTUBHOMO M TMAPOIMTUYECKOrO paclieneHust. LLlenouHblli rugponums,
W, B YacTHOCTW, OMbMMbl MO MENCMHOBOMY W TPUMNCMHOBOMY MepeBapvBaHWI0 MoKasanu, 4To
peyb MAeT O BOMIOKHAX KOM/IareHHOro MPOUCX0XAEHWS, TaK KaK OHU PacLUensisiiucb B KUC/OM,
TEMnjoM pacTBope MencvHa — MPU UAEHTUYHBLIX 3KCNEPUMEHTaIbHBIX YCMOBUAX — OLMHAKO-
BO NPOJO/MKUTENBHOCTY BO3AENCTBUS — 60/ee BbIPXEHHO YeM B pacTBOpe TpUrcuHa. 310
COOTBETCTBYET YCTAHOB/IEHUSIM, COF/laCHO KOTOPbIM MencuH 6bICTpee pasnaraeT NenTUAHYH
CBA3b KOJ/I1areHa, WM 4To 3Ta CBSA3b YCTOMUYMBEE B OTHOLLEHUWN K TPUMCUHY.

Prof. Ferenc Lérincz, Budapest IL Hermann O. ut 15. Hungary
Dr. Géza BIRO, Budapest VII. Landler J. u. 2.
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