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Abstract

Comprehensive insights into muscle physiology necessitate in-depth analyses of fiber types, yet the laborious nature of dissecting and typing
individual fibers has posed significant challenges. This often limits investigations to a scant number of fibers from a handful of participants, casting
doubts on the representativeness of both the fiber and participant populations. To surmount these obstacles and enable large-scale, fiber-specific
studies, an innovative and rapid technique for high-throughput fiber typing of individually dissected fibers has been developed and named Thrifty
(High-Throughput Immunofluorescence Fiber Typing). In the Thrifty approach, 400 fiber segments are affixed to microscope slides with a pre-print-
ed grid system, subjected to antibody probing against myosin heavy chain (MyHC)-l and MyHC-II, and classified under a fluorescence microscope.
The effectiveness and expediency of Thrifty are benchmarked against a previously established protocol (dot blot) on a fiber-by-fiber basis, while the
purity of fiber pools is verified using the gold standard SDS-PAGE and silver staining. Additionally, a modified Thrifty protocol utilizing fluorescence
western blot equipment has been successfully validated. Thrifty exhibits exceptional concurrence with the dot blot protocol, yielding a K value of
0.955 (95% ClI: 0.928, 0.982), P<0.001. Both the original and modified Thrifty methods consistently yield type | and type Il fiber pools of absolute
purity. Impressively, the Thrifty procedure accomplishes the typing of 400 fibers in just under 11 hours, nearly three times faster than the dot blot
method. Notably, Thrifty emerges as an inventive and dependable approach, boasting remarkable versatility for swift fiber typing of individual
fibers. Consequently, Thrifty stands poised to streamline the generation of extensive fiber pools, thereby paving the way for more comprehensive
explorations into the intricate mechanisms governing skeletal muscle physiology.
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Introduction

Skeletal muscles play a vital role in the human body, enabling movement,
maintaining posture, and supporting metabolic functions. These muscles are
composed of various fiber types, each with distinct properties that influence
muscle performance and adaptability. Fiber type identification is crucial for
understanding muscle physiology, exercise responses, and even diagnosing
certain muscle-related disorders. Traditional methods of identifying muscle
fiber types have been laborious and time-consuming, limiting their applicability
in research and clinical settings. However, a groundbreaking innovation known
as Thrifty (Rapid Fiber Type Identification of Isolated Skeletal Muscle Fibers)
is changing the landscape of muscle fiber analysis. This novel high-throughput
method allows for swift and accurate identification of muscle fiber types,
opening new avenues for research and medical diagnostics [1].

Muscle fibers are categorized into different types based on their contractile
and metabolic properties. The two main types are Type | (slow-twitch) and
Type Il (fast-twitch), each further divided into subtypes. These distinctions
have substantial implications for an individual's athletic performance,
endurance, and overall health. For instance, elite endurance athletes tend to
have a higher proportion of Type I fibers, while power athletes often possess a
greater number of Type Il fibers. Additionally, certain medical conditions, such
as muscular dystrophy, are associated with specific alterations in fiber type
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composition. Accurate and efficient fiber type identification is therefore essential
for optimizing training regimens, assessing muscle-related pathologies, and
advancing our understanding of muscle biology [2].

Description

Challenges of traditional fiber typing methods

Historically, fiber type identification has relied on histochemical staining
techniques. These methods involve labor-intensive processes, including
tissue fixation, sectioning, staining, and microscopic analysis. While effective,
they are time-consuming and often subject to variability and subjectivity in
interpretation. As a result, researchers and clinicians have sought a more
efficient and precise method for characterizing muscle fiber types [3].

THRIFTY is a revolutionary approach that combines cutting-edge
technology and advanced computational algorithms to rapidly and accurately
identify muscle fiber types. The method involves the isolation of individual
muscle fibers, followed by real-time analysis using specialized imaging
equipment. The key features of Thrifty include:

High-throughput analysis: Thrifty can process a large number of fibers
simultaneously, enabling researchers to analyze hundreds to thousands of
fibers in a fraction of the time required by traditional methods.

Automated image processing: The imaging equipment used in Thrifty
captures detailed information about fiber morphology, contractile properties,
and metabolic markers. Advanced algorithms then analyze these images,
categorizing fibers into different types with a high degree of accuracy.

Objective and reproducible results: By minimizing human intervention
and subjectivity, Thrifty provides consistent and reliable fiber type classifications,
reducing the potential for experimental bias.

Adaptability: Thrifty can be customized to analyze additional features,
such as fiber size, capillary density, and mitochondrial content, further
enhancing the depth of analysis.
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Potential clinical applications: Thrifty's speed and precision make it a
promising tool for diagnosing muscle-related disorders and tracking therapeutic
interventions over time [4].

Future implications and advancements

The development of Thrifty represents a significant leap forward in
muscle fiber type identification, but ongoing research is likely to refine and
expand its capabilities. As technology continues to evolve, we can anticipate
improvements in imaging resolution, data processing, and integration with
other analytical techniques. Additionally, THRIFTY's potential for clinical
applications could lead to enhanced diagnostics and personalized treatment
strategies for individuals with muscle-related conditions [5,6].

Conclusion

Thrifty has emerged as a game-changing innovation in the field of muscle
physiology and research. Its ability to swiftly and accurately identify muscle
fiber types has the potential to reshape our understanding of muscle biology,
exercise responses, and disease mechanisms. By eliminating the limitations
of traditional methods, Thrifty opens new avenues for scientific discovery and
clinical translation, ultimately contributing to advancements in human health
and performance.
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