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Abstract

The smooth musculature of vertebrates, of mesenchymal origin, is one of the key tissue types enabling the function
of internal organs, the vascular wall, and specialized sphincter apparatuses. The fundamental differences between
smooth muscles and striated skeletal musculature are evident both at the level of histological organization and in

the features of their contractile activity.
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Introduction

The smooth musculature of vertebrates, of mesenchymal origin, is one of
the key tissue types enabling the function of internal organs, the vascular
wall, and specialized sphincter apparatuses. The fundamental differences
between smooth muscles and striated skeletal musculature are evident
both at the level of histological organization and in the features of their
contractile activity [1, 2].

Despite the significance of smooth musculature, its chemical composition
and, in particular, the organization of its contractile apparatus have been
studied to a lesser extent compared to skeletal muscles [3, 4].

Analysis shows that smooth muscles are characterized by a number of
fundamental features. In addition to proteins, their composition includes
glycogen, lipoids, nitrogenous extractive substances, nucleotides, and
creatine phosphate; however, the concentration of ATP and other high-
energy compounds in smooth musculature is significantly lower than in
striated muscles [5]. The same applies to the content of the dipeptides
carnosine and anserine, which are present here only in trace amounts.
However, the most characteristic and important differences are revealed
when studying the protein fractions of smooth muscles [6, 7].

The ratio of fractions extracted at different ionic strengths of the solution
exhibits a pronounced uniqueness. The actomyosin complex of smooth
muscles differs in its characteristics from the classical actomyosin of
skeletal tissue, and the ATPase activity of the isolated proteins is reduced
by an order of magnitude [8]. A characteristic feature is the increased
concentration of tropomyosin and its variants, as well as a significant
proportion of stromal elements, represented mainly by collagen, which
impart mechanical stability and elasticity to the muscle [9, 10].

This work is devoted to the analysis of the chemical composition of
smooth tonic muscles, with an emphasis on the uniqueness of their protein
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components, which is necessary for understanding the molecular
organization of the contractile apparatus and its regulatory mechanisms
[11].

Main Part

Smooth muscles of vertebrate animals of mesenchymal origin differ from
striated skeletal muscles both in their tissue structure and in the nature of
their contractions [1, 12].

The chemical composition of smooth muscles has been studied less
thoroughly than that of skeletal muscles. The composition of smooth
musculature, like that of striated muscles, includes, in addition to proteins,
glycogen, neutral fats and lipids, small amounts of phosphorus esters of
monosaccharides, phosphotrioses, glucose, nitrogenous extractive
substances, adenosine triphosphate and other purine and pyrimidine
nucleotides, creatine, creatine phosphate, creatinine, carnosine and
anserine, amino acids, urea, and many other compounds. Nucleoside
triphosphates, particularly ATP and other acid-soluble organic
phosphorus compounds, are present in smooth musculature in
significantly lower concentrations than in striated muscles [5].

The same can be said about the content of extractive substances like
carnosine and anserine in smooth muscles. In most cases, only traces of
these dipeptides are found in smooth musculature [3]. However, the most
characteristic and important features of the chemical composition of
smooth musculature can be discovered by studying its protein fractions
[6].

Proteins of Vertebrate Smooth Tonic Musculature

The total protein nitrogen content in smooth muscles is lower than in
skeletal muscles. Data on the fractional composition of contractile
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(myofibrillar) proteins, which are extracted from muscle tissue with salt
solutions of high ionic strength after prior removal of easily soluble
sarcoplasmic proteins, are of the greatest importance [4]. The total content
of contractile proteins in the smooth musculature of the stomach is
approximately two times lower than in skeletal muscles [13].

It has been established that contractile proteins, in turn, can be divided
into two groups: proteins soluble in salt solutions with high ionic strength,
and proteins soluble in salt solutions with low ionic strength [14]. The
ratio between these two groups of proteins differs in different types of
musculature. For fast skeletal muscles, this ratio is approximately 3.5,
whereas for smooth tonic muscles it ranges from 1/1.5 to 1/3.

The so-called "actomyosin fraction" of smooth muscles differs sharply in
a number of properties from the typical actomyosin of skeletal
musculature [8].

It is likely that the so-called "readily soluble” contractile proteins play the
most important role in the tonic locking function of smooth muscles [11].
They represent heterogeneous systems, which include tropomyosin,
water-soluble contractile protein, globulins, and a number of
sarcoplasmic proteins more or less firmly bound in the muscle fibers into
a single functional complex with myosin. Some of these proteins readily
undergo spontaneous denaturation [6].

The uniqueness of the fractional composition of proteins in different
muscle types is closely related to the nature of their physiological activity.
In locomotor, i.e., rapidly contracting muscles of invertebrates, the
proteins of the actomyosin complex differ little in their properties from
the actomyosin of skeletal striated muscles and are present in significantly
greater quantities than in the tonic muscles of vertebrate internal organs
[7,8].

According to available data, smooth muscles are characterized by a high
content of tropomyosin [11].

The attention of many researchers has been directed to studying the
fractional composition of proteins in the locking muscles of mollusks. The
pattern of X-ray diffraction spectra of mollusk locking musculature
differs from that of mammalian skeletal musculature. Fibers producing
such distinctive X-ray patterns are found in especially large numbers in
the slowly contracting part of the bivalve mollusk adductor. These fibers
were named type | fibrils or paramyosin fibrils [9].

From the smooth, slowly contracting part of mollusk locking muscles, an
exceptionally viscous extract can be obtained using 1 M KCI solution,
which gives only weak characteristic reactions for myosin and
actomyosin [10].

The protein of this extract can be precipitated during dialysis against
solutions of low ionic strength in the form of crystalline birefringent
needles. The protein obtained in this way is similar in a number of
properties to tropomyosin isolated from mammalian skeletal muscles.
But, unlike it, this protein is insoluble in water in the absence of salts and
is precipitated by ammonium sulfate at a significantly lower degree of
saturation [14].

This protein was identified as paramyosin. In the smooth part of the oyster
and Pinna adductor, this protein accounts for 25 to 30% of the total muscle
protein.

In its amino acid composition, paramyosin is very close to tropomyosin
[11].

In addition to water-insoluble paramyosin, which is considered a water-
insoluble form of ordinary tropomyosin, water-soluble tropomyosin,
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which can also be obtained in crystalline form, is found in low
concentration in the muscles of cephalopods (Cephalopod) [10].

The ATPase activity of proteins extracted from vertebrate smooth tonic
musculature with 0.6 M KCl is significantly lower (10-20 times) than the
enzymatic activity of skeletal muscle myosin [5]. Most of the ATPase
activity of smooth musculature is associated with water-soluble proteins
that are not directly related to the contractile function of muscles [8].

Also characteristic is the high content of myoalbumin and stromal
proteins (connective tissue framework proteins) in smooth tonic muscles.
In the myometrium, for example, stromal proteins account for up to 40%
of all muscle proteins [15]. The stroma of skeletal muscles consists almost
exclusively of connective tissue elements. The stromal proteins of the
myometrium are represented mainly by collagen. Thus, it can be
considered highly probable that the stroma of smooth musculature
consists for the most part of relatively inert proteins that do not participate
directly in muscle contraction [16].

It is likely that these proteins impart additional mechanical strength and
elasticity to smooth musculature and possibly play a certain role in the
mechanism of passive return of the muscle to its initial state after active
contraction [12].

The existence in smooth musculature of a special protein, originally
named nucleotropomyosin, has not been confirmed subsequently.
Apparently, there are also insufficient grounds for recognizing the
existence of actotropomyosin as an individual protein. At the same time,
the possibility of interaction between individual proteins and various
other substances, for example nucleic acids, with the formation of
unstable complexes of variable composition cannot be denied [2].

Data on the presence of a large amount of free actin (up to 30—40%) in
extracts from the myometrium have not been confirmed in subsequent
studies [15].

High ionic strength extracts from minced smooth musculature of the
uterus, as well as the stomach, do not possess (or possess to an
insignificant extent) the ability to interact with L-myosin to form viscous
actomyosin. This makes the assumption of the presence of free actin in
any significant concentration in extracts from the myometrium or stomach
musculature unlikely [13].

There is data suggesting that in smooth musculature, particularly in the
myometrium, actin is less firmly bound to myosin than in the actomyosin
of skeletal musculature, and separates from this complex upon simple
precipitation of proteins with ammonium sulfate. The so-called
hysteriomyosin is also apparently a peculiar artifact arising during the
process of isolating proteins from muscle tissue [15].

Thus, the chemical composition of smooth tonic muscles is characterized
by a number of fundamental differences from skeletal musculature. The
key features are a lower total content of contractile proteins and ATP, a
specific set of myofibrillar proteins with a predominance of the "readily
soluble" fraction and tropomyosin, as well as a high proportion of stromal
components such as collagen [17]. These biochemical characteristics
directly correlate with the physiological properties of smooth muscles:
their slow tonic contraction, high distensibility, efficiency of work, and
ability to maintain tension for a long time without fatigue [1, 6]. Further
study of the molecular organization of the contractile apparatus and its
regulatory mechanisms in smooth muscles is necessary for understanding
the pathogenesis of many diseases of internal organs and developing new
methods of therapeutic intervention [16].
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Conclusion

The conducted analysis of the chemical composition of vertebrate smooth
tonic muscles allows us to conclude that their biochemical organization
fundamentally differs from that of skeletal musculature. The revealed
features of the chemical composition directly depend on physiological
parameters: the propensity for prolonged tonic tension, pronounced
plasticity, and resistance to fatigue [2, 7].

Summarizing the results of the analysis, the following conclusions should
be drawn. It has been established that smooth muscles are characterized
not only by a reduced total content of contractile proteins and high-energy
compounds (ATP, creatine phosphate), but also by a qualitative
uniqueness of the proteome [3, 5]. Significant differences in the
actomyosin complex, manifested in low ATPase activity and lability of
bonds between actin and myosin components, determine the slow nature
of filament interaction and the low rate of force development [8].

Special attention deserves the confirm

ed role of tropomyosin and its analogs (paramyosin), whose concentration
in smooth tonic muscles significantly exceeds that in fast skeletal
muscles. This forms the morpho-functional basis for prolonged tone
maintenance and ensuring the mechanical strength of internal organ walls
[14, 17].

Thus, the chemical composition of smooth muscles should be considered
as a type of tissue organization, optimized by evolution to perform
specific functions in visceral systems. The presented data serve as a
fundamental basis for further in-depth study of the molecular mechanisms
regulating contraction [4, 10].

References

1. Cretoiu, Dragos et al. "Myofibers. (2018):" Advances in
experimental medicine and biology vol. 1088 23-46.

2. Sweeney, H Lee, and David W Hammers. (2018)"Muscle
Contraction.” Cold Spring Harbor perspectives in biology vol.
10,2 a023200. 1 Feb.,

3. Tang, Dale D. (2018)"The Dynamic Actin Cytoskeleton in
Smooth Muscle." Advances in pharmacology (San Diego,
Calif.) vol. 81 1-38.

4. Luis, Nuno Miguel, (2021) and Frank Schnorrer.
"Mechanobiology of muscle and myofibril morphogenesis.”
Cells & development vol. 168 203760.

Auctores Publishing LLC — Volume 9(1)-302 www.auctoresonline.org
ISSN: 2690-1897

10.

11.

12.

13.

14.

15.

16.

17.

Copy rights@ Mehmet Rami Helvaci,

Wang, Lu (2021) et al. "Filament evanescence of myosin 11 and
smooth muscle function." The Journal of general physiology
vol. 153,3

Bochaton-Piallat, Marie-Luce, (2018) and Magnus Béck.
"Novel concepts for the role of smooth muscle cells in vascular
disease: towards a new smooth muscle cell classification."”
Cardiovascular research vol. 114,4 477-480.

Frismantiene, Agne (2018) et al. "Smooth muscle cell-driven
vascular diseases and molecular mechanisms of VSMC
plasticity." Cellular signalling vol. 52

Palladino, Joseph L. (2022)"Canine Smooth Muscle
Contraction Model." Annual International Conference of the
IEEE Engineering in Medicine and Biology Society. |IEEE
Engineering in Medicine and Biology Society. Annual
International Conference vol. 2022 4958-4961.

Jaslove, Jacob M, and Celeste M Nelson. (2018) "Smooth
muscle: a stiff sculptor of epithelial shapes." Philosophical
transactions of the Royal Society of London. Series B,
Biological sciences vol. 373,1759 20170318. 24 Sep.,

Wang, Gang (2015) et al. "Origin and differentiation of vascular
smooth muscle cells." The Journal of physiology vol. 593,14
3013-30.

Lacolley, Patrick (2018) et al. “"Smooth muscle cell and arterial
aging: basic and clinical aspects." Cardiovascular research vol.
114,4 513-528.

Majesky, Mark W. (2016)"Vascular Smooth Muscle Cells."
Arteriosclerosis, thrombosis, and vascular biology vol. 36,10
e82-6.

Parmentier, Eric, and Marc Thiry. (2023) "A new
organisational design in skeletal muscle fibres." Cell and tissue
research vol. 393,1 111-117.

Gunst, Susan J, and Wenwu Zhang. (2008)"Actin cytoskeletal
dynamics in smooth muscle: a new paradigm for the regulation
of smooth muscle contraction.” American journal of
physiology. Cell physiology vol. 295,3: C576-87.

Sorokin, Vitaly et al. "Role of Vascular Smooth Muscle Cell
Plasticity and Interactions in Vessel Wall Inflammation."
Frontiers in immunology vol. 11 599415. 26 Nov. 2020,
doi:10.3389/fimmu.2020.599415

Trache, Andreea(2020) et al. "Vascular smooth muscle stiffness
and its role in aging.” Current topics in membranes vol. 86 217-
253.

Donadon, Michael, and Massimo M Santoro (2021). "The
origin and mechanisms of smooth muscle cell development in
vertebrates." Development (Cambridge, England) vol. 148,7
dev197384. 31 Mar.,

Page 3 of 5



J. Surgical Case Reports and Images Copy rights@ Mehmet Rami Helvaci,

. 5 . )
‘ This work is licensed under Creative Ready to submit your research? Choose Auctores and benefit from:

Commons Attribution 4.0 License . . ..
fast, convenient online submission

rigorous peer review by experienced research in your field
rapid publication on acceptance

authors retain copyrights

unique DOI for all articles

immediate, unrestricted online access

To Submit Your Article Click Here: Submit Manuscript

YV VYV VVYY

DOI1:10.31579/2690-1897/302
At Auctores, research is always in progress.

Learn more https://auctoresonline.org/journals/journal-of-surgical-case-reports-
and-images

Auctores Publishing LLC — Volume 9(1)-302 www.auctoresonline.org
ISSN: 2690-1897 Page 4 of 5


file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://auctoresonline.org/submit-manuscript?e=77
https://auctoresonline.org/journals/journal-of-surgical-case-reports-and-images
https://auctoresonline.org/journals/journal-of-surgical-case-reports-and-images

