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Abstract: Cell-cultured meat, as a new type of meat food, can effectively mitigate the negative effects of
conventional animal husbandry on the environment, health, and animal welfare. Muscle stem cells are the main seed
cells for the production of cell-cultured meat, but their weak proliferative capacity in vitro severely limits the large-
scale and low-cost production of cell-cultured meat. There is growing evidence that L-ascorbic acid (AA) has the
ability to increase the efficiency of muscle stem cell proliferation and differentiation in vitro. However, the role of
AA in Yanbian bovine skeletal muscle satellite cells (BSCs) and its molecular mechanisms are unknown. Therefore,
in the present study, the promotional effect of AA on the proliferation and differentiation of BSCs was confirmed by
the Cell Counting Kit 8 (CCK-8) assay, 5-ethyl-2'-deoxyuridine (EdU) proliferation assay, real-time quantitative
PCR (RT-gPCR), immunoprotein blotting (Western blotting) and immunofluorescence assay. RT-qPCR and
Western blotting results showed that AA up-regulated the expression of p-Akt, p-mTOR, and p-P70S6K genes and
proteins, whereas when the mTOR pathway inhibitor rapamycin was co-treated with AA in BSCs, the expression of
p-Akt, p-mTOR, and p-P70S6K genes and proteins was significantly down-regulated. In summary, data suggest that
AA regulates the proliferation and differentiation of BSCs by activating the AKT/mTOR/P70S6K signaling
pathway. These data provide a practical approach and theoretical basis for the efficient and low-cost manufacture of
cell culture meat.

Keywords: cell proliferation, cell differentiation, L-ascorbic acid, rapamycin pathway, skeletal muscle satellite cells



1. Introduction
In vitro culture and differentiation of muscle stem cells, accompanied by flavor and texture processing, produce
protein products derived from cultured muscle tissue, commonly called cultured meat (O'Neill et al., 2021).

Cultivated meat has emerged as a cutting-edge approach for delivering efficient, secure, and environmentally
friendly animal protein sources (Park et al., 2022). Nevertheless, the limited in vivo proliferation capacity of
Yanbian bovine skeletal muscle satellite cells (BSCs), pivotal for muscle fiber production, poses a challenge
hindering the industrialization of cultured meat. Furthermore, as the global population expands, traditional livestock
farming may fall short of satisfying the rising demand for meat and protein-rich diets. Nowadays, artificial meat, as
well as continuous innovations in the field of cellular agriculture, can better provide people with real meat products
without environmental, ethical, and technological problems. Since muscle formation is completed during embryonic
development in most meat animals, in vitro methods, such as myogenic cell culture and genomic techniques, can be
used as a way to understand the acute regulation of myogenesis (Liu et al., 2010). To boost the proliferation of
muscle stem cells in vitro, several investigations have supplemented the culture medium with up to 20% serum,
along with growth factors and inflammatory mediators in certain instances (Gomez et al., 2023). This practice
significantly adds to the current high cost of producing cell-cultured meat. However, because the majority of the
small molecule compounds identified in earlier investigations were created through chemical processes, their dietary
safety is unclear (Hadi, et al., 2021). Hence, the present study explored the regulatory effects of L-ascorbic acid
(AA), commonly known as vitamin C, a widely available water-soluble vitamin naturally present in fruits and
vegetables, on muscle development when incorporated into the culture medium.

Water-soluble vitamins, particularly those belonging to the B and C groups, are deemed crucial constituents of
fundamental animal cell culture media, and their significance in this context has been extensively documented
(Zhitkovich, 2020). Crucially, vitamin C is indispensable for collagen synthesis by fibroblasts, a process that might
be vital for maintaining the structural soundness of cell-cultured meat (Noriega-Gonzalez et al., 2022). AA exhibits
diverse biological functions, ranging from stimulating cell growth and differentiation to serving as a potent reducing
agent and antioxidant. As it plays a crucial role in regulating numerous cellular processes across various cell types, it
is essential to supplement it in the culture medium. Moreover, AA has been extensively employed in the in vitro

cultivation of cells derived from pigs and chickens, specifically in facilitating the differentiation of porcine skeletal



muscle satellite cells and chicken adult muscle cells (Zhang et al., 2019; Lu et al., 2022). Nonetheless, its application
and research in cattle cell cultures is relatively limited.

Yanbian cattle have high meat production performance, delicate and tender meat, even and beautiful marbling,
and good fat deposition effect, meat quality is better than other cattle breeds, which is an excellent choice for high-
grade beef cattle (Xu et al., 2020). However, the problems of high production cost and long production cycle of
high-grade beef still need to be solved. With the pursuit of high-quality diets, the choice of meat has changed from
pork to beef and lamb, so research on improving the quality of beef has been an important research direction in
recent years and beyond. L-ascorbic acid has a variety of actions, including redox reactions and collagen synthesis.
In addition, there is growing evidence that L-ascorbic acid levels in the blood and other tissues are associated with
growth, meat quality, and reproduction in beef cattle(Muller et al., 2018). Research conducted by Pogge et al.
revealed that supplementing rumen-protected vitamin C to diets rich in sulfur enhanced the marbling scores in beef
cattle (Pogge et al., 2013). Fang et al. showed that AA activates the PI3K/Akt/mTOR signalling pathway via IGF1
signalling, thereby promoting the proliferation of porcine skeletal muscle stem cells (Fang et al., 2022). However,
whether AA affects the pro-proliferative and differentiation activities of BSCs, which in turn affects meat quality as
well as the mechanisms of pro-value-adding and differentiation in Yanbian cattle, is not clear.

Consequently, we initiated this study to establish an in vitro cultivation system for Yanbian cattle's skeletal
muscle satellite cells. AA was added to the culture medium under in vitro cell culture conditions, thereby
investigating whether AA has a medium-optimizing effect on it. The present research sought to examine the impact
of AA on the enhancement of value, differentiation, and mTOR signaling cascade in Yanbian cattle's skeletal muscle
satellite cells. We postulated that the inclusion of AA in the culture medium significantly contributes to the
proliferation and differentiation of BSCs, thereby promoting protein synthesis through the Akt/mTOR/P70S6K
signaling cascade. Laying the theoretical foundations and exploratory practices for large-scale cell culture muscle

and preparing for the future era of cellular agriculture.

2. Materials and methods
2.1 Reagents
L-Ascorbic Acid 2-Phosphate Sesquimagnesium Salt Hydrate, Glycine, and serum (pregnant horse serum (HS)

and fetal bovine serum (FBS)) were purchased from Sigma-Aldrich (St. Louis, MO, USA), Solarbio (Beijing, China),

Gibco (San Diego, CA, USA) respectively.



Pax7, MyoG, and MyoD proteins primary antibodies and fluorescent secondary antibody (goat anti-rabbit) were
purchased from BIOSS (Beijing, China). The primary antibody for MyHC protein and p-mTOR protein primary
antibody was purchased from Proteintech (Chicago, IL, USA). The DAPI-containing blocking agent was purchased
from Solarbio (Beijing, China). The endoglin primary antibody was purchased from Biyuntian Company (Taiwan,
China). Rapamycin was purchased from MCE (New Jersey, NJ, USA). Akt, phosphorylated-Akt, P70S6K, and

phosphorylated-P70S6K proteins primary antibodies were purchased from BIOSS (Beijing, China).

2.2 Cell Culture and Isolation

Following the established laboratory protocol (Li et al., 2019), a 600 g muscle sample was obtained from the
semimembranosus muscle of 8-day-old Yanbian calves, and connective tissue was removed. Briefly, they were
rinsed three times with sterile phosphate buffer solution (PBS, Solarbio, Beijing, China) containing 3% penicillin-
streptomycin mixture (PS, Solarbio, Beijing, China), and then they were ground into small pieces with a meat
grinder and digested with 0.8% pronase (10165921001 Roche, Basel, Switzerland) for 1 hr with shaking every 10
min. Centrifuged at 3000rpm for 4 minutes to precipitate cell clusters. Cell clusters were resuspended in a PBS wash
solution containing 1% PS. Cells were collected after centrifugation at 3000 rpm for 10 min and resuspended in
DMEM (Gibco, Thermo Fisher Scientific, Waltham, MA, USA) isolation medium containing 10% fetal bovine
serum (FBS, Vivacell, Shanghai, China) and 3% PS. After that, the cell suspension with 100um and 70um sieves,
the cells were collected in DMEM growth medium containing 10% FBS and 1% PS after centrifuged at 2300 rpm
for 10 min. To purify the BSCs, we performed the first affixation using differential affixation centrifugation, noted
as P1. After 0.5h, the supernatant of the petri dish was aspirated and placed into a new petri dish, mixed well, and
the 2nd apposition was carried out, which was recorded as P2. After 24h, the supernatant of P2 was centrifuged at
1000r/min for 5min, the supernatant was discarded, and the pelleted cells were resuspended with growth medium
and transferred into a new culture dish for the 3rd affixation, which was recorded as P3 and P3 cells were replaced
with new growth medium every 2 d to continue the culture. When the cell density was 80%, the cells were
exchanged for culture in DMEM differentiation medium containing 2% pregnant horse serum (HS, Gibco, Thermo
Fisher Scientific, Waltham, MA, USA ) and 1% PS.BSCs were then immunofluorescently stained with an antibody
against Pax7 (mouse anti-Pax7,1:200, PROTEINTECH, Chicago, UK), a key marker factor for BSCs. Finally,
qualified Pax+BSCs were stored in liquid nitrogen.

BSCs were inoculated in 6-well plates (approximately 3 X 104 cells per well), 12-well plates (approximately

1.5 X 104 cells per well), and 96-well plates (2 X 103 cells per well) and cultured in DMEM medium containing



10% FBS and 1% PS in an incubator at 37° C with 5% CO2. Cells were then treated with different concentration

gradients (50, 100, 200, 400, 800 uM) of AA for 24, 48 and 72 h. The treated cells were collected for the Cell
Counting Kit 8 (CCK-8) assay, 5-ethyl-2’-deoxyuridine (EdU) proliferation assay, RNA extraction, real-time

quantitative PCR (RT-gPCR), immunofluorescence assay, and Western blotting.

2.3 Cell viability assay

At the indicated time points, CCK8 assays were performed to analyze the viability of cells. The BSCs (5% 10°
per well) were passaged into 96-well plates. Different concentration gradients (50, 100, 200, 400, 800 pM) of AA
were added from the stock solution, and skeletal muscle satellite cells were treated for 24 h, 48 h, and 72 h. After
that, the culture solution was discarded from the 96-well plates. Cells were washed with PBS containing 1xPS, 10 pl
of CCK-8 solution with 1001 DMEM was added to each well, and the cell culture plates were incubated at 37°C in
a 5% CO incubator for 2 h. Absorbance at 450 nm was measured using a microplate reader with six replicates per

treatment.

2.4 EdU staining

BSCs proliferative activity was detected with the fluorescence imaging assay according to the kit instructions.
Briefly, BSCs were propagated on Matrigel-coated 96-well plates (5 x 10%cells per well) with AA at concentrations
of 0, 100, 200, and 400 1M in three replicates per group and incubated for 48 hours. Then, cells were incubated with
100 pL at 50 uM concentration of EAU medium for two hours fixed with 4% paraformaldehyde and permeabilized
0.1% Triton X-100.100 pL of Hoechst reaction solution was added per well, and placed on a shaker for 30 min at

room temperature with escape light, and then photographed with a fluorescence microscope.

2.5 Extraction of RNA and real-time quantitative PCR

Integral RNA was extracted from cells incubated by using TRIzol reagent according to the manufacturer's
instructions (Thermo Fisher Scientific). The FastKing One Step kit was used to synthesize complementary DNA,
following the manufacturer's protocol (Tiangen Biotechnology, Beijing, China). SYBR Green kit (SuperReal PreMix
Plus; Tiangen Biotechnology, Beijing, China) was used to determine the expression of genes with PCR System
(Agilent Mx3000/5p; Agilent Technologies, Santa Clara, CA, USA). Denaturation of cDNA for 15 minutes at 95°C

followed by 40 cycles of amplification at 95°C, 60°C, and 72°C for 15, 30 and 30 seconds respectively.



Genes involved in the assessment were paired box 7 (Pax7), proliferating cell nuclear antigen (PCNA), tumor
proliferation antigen (KI167), nucleoside base transporter protein (SLC23A2), cell cycle protein-dependent kinase 1
(CDKU1), cell cycle protein-dependent kinase 2 (CDK?2), to identify the regimen of myogenesis in cultured BSCs.
Endogenous reference gene GAPDH (glyceraldehyde-3-phosphate dehydrogenase) was utilized to standardize the
target RNA profiles and the expression of genes was assessed using the relative quantification (2-AACt) method

(Oppi-Williams et al., 2013); primer sequences used in this study are displayed in Table 1.

2.6 Western blotting

Total protein was obtained using a Radio immunoprecipitation Analysis Buffer (Beyotime Biotechnology,
Shanghai, China). Protein concentrations were quantified by using a Pierce BCA protein assay kit (Thermo Fisher
Scientific). After electrophoresis of the equal amount of protein on a 12% SDS-PAGE gel, the protein was
transferred onto PVDF membranes (Merck, Darmstadt, Germany). The transferred membranes were dam up with
5% skim milk for 1 h and thricely washed with 1XTBST (20x-Tris-buffered-saline with 0.1% tween 20) (Solarbio,
Beijing, China) and overnight incubated at 4°C on a shaker with primary antibodies (Pax7, 1:2000; MyHC, 1:2000;
MyoD, 1:10000; MyoG, 1:10000; AKT, 1:2000; pAKT, 1:2000, mTOR, 1:1000, p- mTOR, 1:1000; P70S6K,
1:1000, p-P70S6K, 1:1000). After overnight incubation washed with 1XTBST and then incubated for one hour at
room temperature with the secondary antibody (goat anti-rabbit secondary antibody, 1:5000; goat anti-mouse
secondary antibody 1:500). After washing, the HRP chromogenic solution was evenly dropped onto PVVDF

membranes, and photographed by an Azure 600 multifunctional imaging analyzer.

2.7 Immunofluorescence

BSCs were cultivated in 24-well plates and rinsed three times with phosphate buffer saline (PBS, Solarbio,
Beijing, China), then fixed with 4% paraformaldehyde for 20 minutes at room temperature; perfused with 0.1%
Triton X-100 for 30 minutes. After that cells were incubated with 5% bovine serum albumin (Solarbio, Beijing,
China) on a shaker for 1 hour. Then cells were incubated with primary antibody against MyHC (1:2000,
PROTEINTECH, Chicago, UK) overnight at 4°C. After washing with PBS, the cells were incubated with
fluorescence-labeled secondary antibodies for 1 h at room temperature. The nuclei were stained with DAPI (4, 6-
diamidino-2-phenylindole, 10 pg/uL, BIOSS) for 15-20 min. A fluorescence microscope (OLYMPUS BX53) was

used to photograph images on “cell Sens™ Entry software (Olympus, Japan)”.



2.8 Statistical analyses

Data were statistically analyzed using GraphPad Prism (version 6.01) software (GraphPad Inc., USA). The
differences between the two groups were analyzed using Student's t-tests, and differences among more than two
groups were analyzed using one-way analysis of variance (ANOVA) followed by the Bonferroni multiple

comparison test. The results were presented as the mean value = SD. Differences with a value of p < 0.05 were

considered statistically significant.

3. Results

3.1 AA promoted the ex vivo proliferation of BSCs

BSCs were treated with different concentrations of AA (50 uM, 100 pM, 200 uM, 400 uM, and 800 pM) for
24, 48, and 72 hours, and survival of cells was determined by CCK-8. BSCs showed a significant (p < 0.05) increase
in cell viability from 24 h to 72 h compared to the control (0 uM). Cell viability was significantly increased (p <
0.05) under 100 pM, 200 uM, and 400 pM AA treatments, whereas significantly decreased at 72 h, (p < 0.05) in the
800 uM AA-treated group (Fig. 1A). Subsequently, after adding different concentrations of AA to treat the BSCs for
48 h, it was observed microscopically that there was an increase in the number of cells, an increase in the density, a
good state of cell growth, and some refractoriness under the treatment conditions with AA concentrations of 100 uM
and 200 uM in contrast to the control group (0 uM), whereas there was an insignificant difference in the number of
cells under the treatment condition with AA of 400 uM (Fig. S1).

The rate of positive cells was detected by EdU staining under a fluorescence microscope after treating BSCs
with different concentrations of AA for 48 hours. The rate of EdU-positive cells was extraneously increased (p <
0.05) in the AA-treated groups at 100 uM, 200 pM, and 400 uM compared to CON (0 uM), whereas there was the
inconsequential change in the rate of EdU-positive cells between the AA treated groups at 100 and 400 uM (p >
0.05) (Fig. 1B).

RT-gPCR analysis showed that mRNA expression of SLC23A2 was significantly increased by different
concentrations of AA compared to the control (p < 0.05) (Fig. 1D), suggesting that BSCs take up AA via SVCT2.
mMRNA expression of CDK2, K167, and PCNA in BSCs was significantly increased (p < 0.05) under different
concentrations of AA treatment compared to control; mRNA expression of CDK1 was significantly increased (p <
0.05) at 100 uM and 200 uM, while at 400 uM there was insignificant change compared to the control group (Fig.

1D). After treatment of BSCs, the expression level of the proliferation marker Pax7 was examined by RT-gPCR and



Western blotting. The mRNA expression of Pax7 was significantly higher in 200 uM and 400 uM AA-treated BSCs
compared to 100 uM and control (p < 0.05) (Fig. 1E). Pax7 protein expression levels were significantly higher in the
200 pM AA-treated group compared to the control group (p < 0.05), in contrast, its protein expression levels were
significantly lower in the 100 M group compared to all other groups (p < 0.05), and there was no significant

difference between the 400 uM group and the control group (p > 0.05) (Fig. 1F).

3.2 AA treatment increased the myogenic potential of BSCs

The mRNA expression of both MyHC and MyoG was significantly elevated in BSCs under different
concentrations of AA treatment compared to the control group. However, the mRNA expression of MyoD was
significantly enhanced under 200 pM and 400 pM AA treatments (p < 0.05), whereas the difference between the
control and 100 pM group was insignificant (p > 0.05) (Fig. 2A).

Western blotting results showed that MyHC protein expression was significantly higher in all AA treated
groups compared to the control (p < 0.05), whereas difference between 100 M and 200 uM (p > 0.05) was not
significant. Both 200 M and 400 uM AA-treated groups increased MyoD protein expression levels compared to
controls (p < 0.05), while 100 uM-treated groups decreased MyoD protein expression levels (p < 0.05). The protein
expression level of MyoG was significantly lower in the control group compared to the 200 UM AA treated group (p
< 0.05), and it was decreased by higher concentration treatment of AA at 400 pM (p < 0.05), while there was no
significant difference between the 100 uM and the control group (p < 0.05) (Fig. 2B).

Furthermore, the addition of 200 uM AA-induced BSCs differentiation for 24 h, 48 h, and 72 h. Compared with
CON (0 pM), the AA-treated group significantly increased MyHC and MyoG mRNA expression at all three times (p
< 0.05), and the expression of MyoD mRNA was significantly elevated in differentiation at 24 h and 48 h (p < 0.05),
and at 72 h of differentiation MyoD mRNA expression was not significantly different compared to CON (0 uM) (p
> 0.05) (Fig. S2A). To further explore the effect of AA on myogenic differentiation of BSCs, cells were induced to
differentiate by the addition of 200 uM AA for 24 h, 48 h, and 72 h and analyzed for protein expression. The AA-
treated group increased the MyoG protein expression level at all three time periods as compared to the control
(CON) group (p < 0.05), the protein expression level of MyHC was significantly elevated in the 48 hand 72 h
treatments (p < 0.05), and the AA treatment group significantly increased MyoD protein expression level at 24 h and

48 h (p < 0.05) (Fig. S2B).



Cell fusion was detected by immunofluorescence staining under a fluorescence microscope, and the rate of
multinucleated myotube fusion was significantly higher in the 200 uM AA treated group compared with the CON
group (p < 0.05) (Fig. 2C). Additionally to investigate the effect of AA on the myogenic properties of BSCs, this
experiment was carried to see the phenotypic changes after AA treatment of BSCs. An increase in the number of
cellular myotubes was observed under the microscope at a concentration of 200 UM of AA inducing differentiation

of BSCs for 72 h in comparison to the control group (CON) (Fig. S1B).

3.3 The role of AA in BSCs expansion involved the Akt/mTOR/P70S6K signaling pathway
Compared with the control, the expression of p-P70S6K, p-mTOR, and p-Akt was significantly increased in
the AA-treated group (p < 0.05) (Fig 3 A), indicating that AA may regulate the proliferation and differentiation of

BSCs by activating the Akt/mTOR/P70S6K signaling pathway.

3.4 Effect of mTOR pathway inhibition on BSCs proliferation

After 48 h treatment of BSCs with various concentrations of rapamycin (10, 20, 100, 200, and 400 pM),
viability of cells was measured by CCK-8, which was significantly decreased in the 200 uM and 400 uM groups
compared with the untreated group (p < 0.05), while there was no significant variation in cell viability in remaining
treatment groups (p > 0.05) (Fig 4A), therefore, 100 pM rapamycin was preferred as the final drug treatment
concentration for subsequent analyses in this experiment.

The EdU positive cell rate was significantly decreased in the rapamycin-treated group compared with the
control group (p < 0.05), and significantly improved in the AA group as compared to the rapamycin and AA co-
treatment group (1A) (p < 0.05) (Fig 4 B). Abundance of mMRNA of proliferation-related genes was quantified by
RT-gPCR analysis and results showed that the mRNA expression of Pax7, KI67 and PCNA was significantly lower
in BSCs in rapamycin treated cells compared with control (p < 0.05). Moreover, mRNA expression of Pax7, K167,
and PCNA was reduced significantly in the IA compared to AA-treated cells (p < 0.05) (Fig 4 D). Western blotting
results showed that compared with control, Pax7 protein expression was significantly reduced in BSCs treated with

rapamycin (p < 0.05); while significantly declined in IA treatment compared to AA treatment (p < 0.05) (Fig 4 E).

3.5 Effect of the mTOR pathway inhibition on BSCs differentiation



The mRNA expression of differentiation-related genes was explored by RT-qPCR, the rapamycin reduced
significantly the expression of mMRNA of MyHC, MyoG, and MyoD, compared to the control (p < 0.05).
Furthermore, the 1A treatment significantly decreased the mRNA expression of MyoD, MyHC, and MyoG (p <
0.05) compared to the AA-treated group (Fig 5 A). Western blotting assay showed that MyHC, MyoG, and MyoD
protein expression was significantly (p < 0.05) lower in skeletal muscle satellite cells under rapamycin (group )
treatment compared to control. The rapamycin and ascorbic acid co-treatment group showed insignificant
differences in MyoG and MyoD protein expression (p < 0.05), while, MyHC was increased significantly in the co-
treatment group as compared to rapamycin (p < 0.05). Moreover, there was an insignificant difference in MyoG, and

MyoD protein expression between rapamycin separately and combined with AA-treated group (p < 0.05) (Fig 5B).

3.6 Effect of inhibition of the mTOR pathway on BSCs pathway protein expression

The results of inhibition of the mTOR pathway on BSCs, and protein expression showed a significant reduction
in phosphorylated-Akt, phosphorylated-mTOR, and phosphorylated-P70S6K under rapamycin treatment compared
to control (p < 0.05). In addition, the IA treatment significantly reduced p-Akt, p-mTOR, and p-P70S6K protein

expression as compared to the AA treatment (p < 0.05) (Fig 6).

4. Discussion

At the time of its discovery in 1961, the muscle satellite cell was thought to be a satellite cell. These cells are
pivotal in muscle regeneration and hold promising prospects for research in cell-cultured meat (Choi et al., 2021;
Sousa-Victor et al., 2022). In addition, it was calculated that a cell would require at least 106 expansions to isolate
100 g of cultured meat from 1 g of muscle tissue, gradually losing its function as a muscle stem cell (Li et al., 2022).
In our current research, we demonstrate that AA stimulates the proliferation of BSCs and significantly increases
their myogenic potential. AA is an inexpensive food-grade compound that is a good additive for the culture of BSCs
and facilitates the industrial production of cultured meat.

The advancing artificial meat technology offers a promising and expanding means of animal protein
production. Muscle stem cells are viewed as crucial starting cells for the in vitro production of myofibers, attributed
to their capabilities for cellular expansion and differentiation into muscle cells (Daley, 2015). Nevertheless, muscle
stem cells lose their ability to function as stem cells over time when cultured continuously, as documented in mice

(Fu et al., 2015), humans (Collins, 2006), and domestic animals (Ding et al., 2017). Some intracellular signaling



pathways in muscle stem cells are associated with the maintenance of stemness (Charville et al., 2015), in contrast to
the maintenance of stemness, some pathways are pushing cells, towards differentiation (Quesenberry et al., 2022) or
senescence (Yamakawa et al., 2020). Multiple studies have demonstrated AA's ability to enhance mammalian cell
proliferation, differentiation, and DNA synthesis (Takamizawa et al., 2004; Yu et al., 2014), while also playing a
role in cancer therapy (Carr et al., 2018). Previous research has demonstrated that AA stimulates the growth of T
cells in mice and progenitor cells in humans (Oyarce et al., 2018). However, since AA is unstable and prone to
decomposition, AA 2-phosphate (AA2P), a stable derivative of L-ascorbic acid, has been chosen as an additive to
cell culture media (Bae et al., 2015). In this study, we investigated the effects of AA on the proliferation and
differentiation of BSCs. We report here that AA supplementation promotes the proliferation and differentiation of
BSCs (Figs. 1-2), however, the precise mechanism of how this occurs requires additional investigation.
Subsequently, our findings revealed that AA triggers the Akt/mTOR/P70S6K signaling cascade in BSCs, providing
fresh insights into AA's impact on skeletal muscle growth.

One of the primary obstacles in developing artificial meat is producing substantial muscle tissue. A tissue-
engineered meat of this size needs a system of blood vessels and circulation to sustain the viability of the inner cell
layer (Stout et al., 2022). In the process of creating skeletal muscle tissue, it is necessary for mature myoblasts to
undergo proliferation, differentiation, migration, alignment, and fusion in order to develop into multi-nucleated
myotubes (Lehka et al., 2020). Cell proliferation and differentiation are essential for cell culture meat. Fang et al
found that AA could activate the PI3K/Akt/mTOR signaling pathway through IGF1 signaling and promote the
proliferation of porcine skeletal muscle stem cells (Fang et al., 2022). The results of the experiment demonstrated
that adding various concentrations of AA to treat BSCs led to a significant increase in cell numbers. Additionally,
the EdU staining results indicated that the proportion of EdU-positive cells in the AA-treated group was notably
higher compared to the control group (Fig 1). This aligns with Zhu et al.'s findings, demonstrating a notable

enhancement in both cell viability and quantity following the treatment of porcine skeletal muscle satellite cells with

AA (Zhu et al., 2022). Therefore, after we treated with 100uM, 200uM and 400uM AA for 48 hours,
it was observed under the microscope that the AA-treated group showed an increase in the
number of cells, an increase in the density of cells, a favorable state of cell growth and a certain
degree of refractoriness compared to the control group (Fig. S1 A).After collecting the cells, the

MRNA expression levels of SLC23A2, a gene that encodes cellular transporter protein, and



CDK1, CDK2, K167, and PCNA, genes related to cell proliferation, were detected by RT-gPCR.
In this study, K167, PCNA, CDK1, and CDK2 were characterized, upon treatment of BSCs with
AA, the mRNA expression of SLC23A2 was notably elevated compared to the controls,
implying that BSCs uptake AA through the SVCT?2 transporter. The expression of CDK2 and
CDK1 mRNAs was notably augmented in the AA-exposed group, pointing to AA's ability to
foster BSCs proliferation via modulation of cell cycle-associated factors. This aligns with Fang
et al.'s finding. In summary, it was verified that AA treatment accelerated the cell cycle and
enhanced the proliferation of skeletal muscle satellite cells by different means, both at the DNA

level and gene expression level. Mitsumoto et al discovered that AA enhanced the production of proteins
specific to muscle glucose and ion transport, accelerated collagen synthesis, and promoted differentiation of
myoblasts by increasing MyoG expression (Mitsumoto, et al.,1994). Furthermore, AA holds a pivotal position in
maintaining cellular equilibrium and functions as a stimulatory agent in cell differentiation processes. Li et al found
revealed that AA stimulates the expression of sodium-dependent AA transporter protein 2 (SVCT2) and cysteine-
rich protein 3 (CSRP3), thereby advancing C2C12 cell differentiation and muscle repair in mice. Additionally, AA
modulates muscle development by facilitating the interplay between CSRP3, MyoD, and MyoG, which enhances
myofibroblast differentiation and expedites muscle damage recovery (Li et al., 2022). AA has different effects on
different cell types, probably because it exerts different mechanisms of action in different cell types. In this
experiment, we constructed an in vitro myogenic differentiation model of BSC and used different
concentrations (100uM, 200uM, and 400uM ) of AA differentiation treatment for 72 h. A significant
increase in the number of myotubes, the myotube fusion rate, and good cellular status of the cells were
observed under the microscope (Figure S1 B). Following cell collection, the expression levels of the
myogenesis regulators MyoD, MyoG, and MyHC were quantified using reverse transcription quantitative
polymerase chain reaction (RT-qPCR). Upon treatment with AA, the mRNA expression of myogenic
differentiation-related genes MyoD, MyoG, and MyHC was notably enhanced, resulting in a
corresponding augmentation in protein levels compared to the control group. The concentration that
optimizes the differentiation of skeletal muscle satellite cells was determined to be 200 uM. After 24, 48,

and 72 hours of induction of differentiation using 200 pM L-ascorbic acid, the results showed significant



up-regulation of mMRNA expression and protein expression levels of MyoG and MyHC myogenic
differentiation-related genes in a time-dependent manner. The aforementioned results align with Ikeda's
observations, suggesting that AA stimulates the differentiation of BSCs in a dose- and time-dependent
fashion, analogous to its effects on C2C12 myogenic cells. (Ikeda K et al.). The aforementioned findings
demonstrate that AA promotes BSC differentiation in a time- and dose-dependent manner, evidenced by
alterations in gene expression levels that correspond to changes in the cellular phenotype. The results
imply that AA facilitates the differentiation process of skeletal muscle satellite cells in Yanbian cattle,
aligning with the conclusions drawn by Li et al foundings. (Li et al., 2022). In addition, it has been shown
that AA increases the expression level of MyoG protein and promotes the fusion of multinucleated myotubes (Shima
etal., 2011). Immunofluorescence analysis demonstrated a substantial elevation in both the cellular myotube count
and the rate of myotube fusion following 72-hour exposure of BSCs to 200 UM AA, in contrast to the control group
(Fig. 2C). In summary, it was found that AA had a significant regulatory effect on the process of myogenic
differentiation of BSCs, and promoted the differentiation of BSCs in a time and dose-dependent manner.

Skeletal muscle growth is influenced by a variety of signalling pathways including mTOR, Notch,
and Wnt, and the expression of mTOR family members is critical for skeletal muscle development and
regeneration. The mTOR signalling pathway regulates cell fate by progressively amplifying extracellular
signals through the Akt/mTOR/P70S6K molecular cascade. The Akt/mTOR/P70S6K signalling pathway
is not only important for cell survival and self-renewal, but is also crucial for nutrient uptake, intracellular
substance synthesis, and metabolism, and can power the synthesis of proteins, lipids, and other substances
essential for life activities (Yu et al., 2016). Overall, the signalling pathway has a relatively wide range of
roles and has a huge effect on stem cell proliferation and differentiation by affecting energy metabolism,
protein synthesis and so on. The most critical step in the activation of cellular signalling pathways is
protein phosphorylation, which involves the activation or inactivation of proteins. This experiment
employed Western Blotting for a quantitative assessment of the phosphorylation levels of signaling
pathway proteins. As shown in Figure 3, the phosphorylation levels of the signalling pathway proteins
were increased, and the phosphorylation levels of Akt, mMTOR, and P70S6K were elevated about 2.3-fold,

1.5-fold, and 1.8-fold, respectively. The aforementioned findings indicate that AA potentially contributes



to enhancing the proliferation and differentiation of bovine skeletal muscle satellite cells through the
activation of the Akt/mTOR/P70S6K signaling cascade

To deeply investigate the activation of the Akt/mTOR/P70S6K signalling pathway by AA in bovine
skeletal muscle satellite cells, rapamycin, a key protein inhibitor of this signalling pathway, was used to
determine the relevance of AA action to this signalling pathway. Rapamycin was first screened for a

concentration of 100 © M that did not significantly inhibit cell growth (Fig. 4 A). At the same time, 200
1 M AA and the corresponding concentration of inhibitor were added to observe whether the proliferative

and differentiating effects of AA were reduced, and to confirm the effects of AA on the
Akt/mTOR/P70S6K signalling pathway. Upon co-treatment with rapamycin, notable reductions in the
MRNA and protein levels of proliferation markers like Pax7, as well as those involved in muscle
development and differentiation such as MyoG, were observed, in contrast to the treatment with AA alone
(Figures 4-5). Concurrently, the co-administration of AA and rapamycin led to a marked downregulation
in the expression of phosphorylated Akt, mTOR, and P70S6k proteins, as compared to the AA-only
treated group (see Figure 6). The experimental data further corroborated that AA modulated the
proliferative potential, myogenesis, and differentiation of bovine satellite cells (BSCs) through the
Akt/mTOR/P70S6K signaling cascade. In previous studies, most of them focused only on the antioxidant
activity of AA or targeted the molecular mechanisms by which the vitamin regulates collagen synthesis
and epigenetic modifications (Man et al.,2018; D'Aniello et al.,2017; Padayatty et al.,2018), and have not
yet elucidated the intracellular signalling pathways associated with the action of AA. In this study, having
observed the stimulatory effects of AA on bovine skeletal muscle satellite cell proliferation and
differentiation, we delved into the underlying mechanism and identified the Akt/mTOR/P70S6K
signaling pathway as a pivotal regulator in this process. The findings of this research possess significant
implications for the subsequent targeted screening of small-molecule compounds or alternative nutrients
with the potential to modulate muscle stem cell proliferation and differentiation. The findings of this
study offer significant insights for the development of cost-effective, efficient, and animal-free culture

systems aimed at cultivating meat products using small molecule compounds or alternative nutrients to



regulate muscle stem cell proliferation and differentiation. We are optimistic that advancements in

technology will soon mitigate the costs and regulatory hurdles associated with cultivated meat production.

5. Conclusion

In the current study, we revealed that AA promoted BSCs proliferation over and above upgrade their myogenic
potential. The addition of rapamycin significantly inhibited AA-induced BSC proliferation and differentiation. The
potential mechanism is through activation of the Akt/mTOR/P70S6K signaling pathway and these effects may be
ascribed to accelerated cell cycle concatenation and increased MyoD expression. These findings indicates that AA
has the potential to improve the culture system of BSCs in order to enhance cultured meat production more efficient

and economical.

Conflicts of Interest

The authors declare no potential conflicts of interest.

Acknowledgments
This study was funded by the National Natural Science Foundation of China (grant number: 32060767). We thank

the Ministry of Education Engineering Research Centre for Science and Technology Innovation of Beef Cattle in the

Cold Regions of Northeast China for providing the experimental materials; and all those who contributed to this

paper.

Author Contributions

Conceptualization: Huaina Jin, Lin Tang, Sungkwon Park and Sun Jin Hur. Data curation: Huaina Jin, Sajida
Naseem, Abid Manzoor and Bin Sun. Formal analysis: Lin Tang, Huaina Jin, Sungkwon Park, Abid Manzoor and
Bin Sun. Methodology: Lin Tang, Huaina Jin, Abid Manzoor and Enze Wang.

Software: Lin Tang, Huaina Jin, Sun Jin Hur and Enze Wang. Validation: Xiangzi Li, Seong-Ho Choi and Qiang L.i.
Investigation: Sajida Naseem, Abid Manzoor and Bin Sun. Writing - original draft: Qiang Li, Enze Wang and Sajida

Naseem. Writing - review & editing: Huaina Jin, Lin Tang, Seong-Ho Choi, Sun Jin Hur and Sungkwon Park.



References

[1].

[2].

[3].

[4].

[5].

[6].

[7]
[8].

[9].

[10].

[11].

[12].

Bae SH, Ryu H, Rhee KJ, Oh JE, Baik SK, Shim KY, Kong JH, Hyun SY, Pack HS, Im C, Shin HC, Kim YM,
Kim HS, Eom YW, Lee JI. 2015. L-ascorbic acid 2-phosphate and fibroblast growth factor-2 treatment maintains
differentiation potential in bone marrow-derived mesenchymal stem cells through expression of hepatocyte
growth factor. Growth factors 33: 71-78.

Bodine SC, Stitt TN, Gonzalez M, Kline WO, Stover GL, Bauerlein R, Zlotchenko E, Scrimgeour A, Lawrence
JC, Glass DJ, Yancopoulos GD. 2001. Akt/mTOR pathway is a crucial regulator of skeletal muscle hypertrophy
and can prevent muscle atrophy in vivo. Nat Cell Biol 3:1014—-1019.

Bodine SC. 2006. mTOR signaling and the molecular adaptation to resistance exercise. Med Sci  Sports Exerc
38: 1950-1957.

Carr AC, Cook J. 2018. Intravenous Vitamin C for Cancer Therapy - Identifying the Current Gaps in Our
Knowledge. Front Physiol 9: 1182.

Charville GW, Cheung TH, Yoo B, Santos PJ, Lee GK, Shrager JB, Rando TA. 2015. Ex Vivo Expansion and In
Vivo Self-Renewal of Human Muscle Stem Cells. Stem Cell Reports 5: 621-632.

Choi KH, Yoon JW, Kim M, Lee HJ, Jeong J, Ryu M, Jo C, Lee CK. 2021. Muscle stem cell isolation and in
vitro culture for meat production: A methodological review. Compr Rev Food Sci Food Saf 20: 429-457.
Collins CA. 2006. Satellite cell self-renewal. Curr Opin Pharmacol 6: 301-306.

Daley GQ. 2015. Stem cells and the evolving notion of cellular identity. Philos Trans R Soc Lond B Biol Sci 370:
20140376.

D'Aniello C, Cermola F, Patriarca EJ, Minchiotti G. 2017. Vitamin C in Stem Cell Biology: Impact on
Extracellular Matrix Homeostasis and Epigenetics. Stem Cells Int 2017:8936156.

Ding S, Wang F, Liu Y, Li S, Zhou G, Hu P. 2017. Characterization and isolation of highly purified porcine
satellite cells. Cell Death Discov 3: 17003.

Fang J, Li M, Zhang G, Du G, Zhou J, Guan X, Chen J. 2022. Vitamin C enhances the ex vivo proliferation of
porcine muscle stem cells for cultured meat production. Food Funct 13:5089-5101.

Fu X, Xiao J, Wei Y, Li S, Liu Y, Yin J, Sun K, Sun H, Wang H, Zhang Z, Zhang BT, Sheng C, Wang H, Hu P.
2015. Combination of inflammation-related cytokines promotes long-term muscle stem cell expansion. Cell

Res 25:1082-1083.



[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

Ge Y, Wu AL, Warnes C, Liu J, Zhang C, Kawasome H, Terada N, Boppart MD, Schoenherr CJ, Chen J. 2009.
mTOR regulates skeletal muscle regeneration in vivo through kinase-dependent and kinase-independent
mechanisms. Am J Physiol Cell Physiol 297: C1434-C1444.

Gomez Romero S, Boyle N. 2023. Systems biology and metabolic modeling for cultivated meat: A promising
approach for cell culture media optimization and cost reduction. Compr Rev Food Sci Food Saf 22: 3422-3443.
Hadi J, Brightwell G. 2021. Safety of Alternative Proteins: Technological, Environmental and Regulatory
Aspects of Cultured Meat, Plant-Based Meat, Insect Protein and Single-Cell Protein. Food 10:1226.

Ikeda K, Ito A, Sato M, Kanno S, Kawabe Y, Kamihira M. 2017. Effects of heat stimulation and 1-ascorbic acid
2-phosphate supplementation on myogenic differentiation of artificial skeletal muscle tissue constructs. J Tissue
Eng Regen Med 11: 1322-1331.

Lehka L, Redowicz MJ. 2020. Mechanisms regulating myoblast fusion: A multilevel interplay. Semin Cell Dev
Biol 104: 81-92.

Li M, Wang D, Fang J, Lei Q, Yan Q, Zhou J, Chen J, Guan X. 202. An efficient and economical way to obtain
porcine muscle stem cells for cultured meat production. Food Res Int 162: 112206.

Li P, Zhang X, Tian L, Zhao Y, Yan Y, Li S, Li S, Tong H. 2022. Vitamin C Promotes Muscle Development
Mediated by the Interaction of CSRP3 with MyoD and MyoG. J Agric Food Chem 70:7158-7169.

Li XZ, Yan Y, Zhang JF, Sun JF, Sun B, Yan CG, Choi SH, Johnson BJ, Kim JK, Smith SB. 2019. Oleic acid in
the absence of a PPARY agonist increases adipogenic gene expression in bovine muscle satellite cells1. J Anim
Sci 97:4114-4123.

Liu C, Sun S, Zhang Q, Lin H, Tang W. 2010. Effect of different concentrations of vitamin C on proliferation
and apoptosis of C2C12 myoblasts. Zhong Nan Da Xue Xue Bao. Yi Xue Ban 35:732-737.

LiuJ, Kong L, Chen D, Tang H, Lu Y, Yuan Y, Qian F, Hou S, Zhao W, Zhang M. 2022. Bilirubin oxidation end
product B prevents CoCl2-induced primary cortical neuron apoptosis by promoting cell survival
Akt/mTOR/p70S6K signaling pathway. Biochem Biophys Res Commun 602: 27-34.

Lu Y, Shi K, Wang H, Cao H, Li F, Zhou J, Yu M, Yu D. 2022. Knockdown of Tet2 Inhibits the Myogenic

Differentiation of Chicken Myoblasts Induced by Ascorbic Acid. Int J Mol Sci 23: 13758.
Mitsumoto Y, Liu Z, Klip A. 1994. A long-lasting vitamin C derivative, ascorbic acid 2-phosphate, increases
myogenin gene expression and promotes differentiation in L6 muscle cells. Biochem Biophys Res Commun 199:

394-402.



[25].

[26].

[27].

[28].

[29].

[30].

[31].

[32].

[33].

[34].

[35].

[36].

[37].

Noriega-Gonzalez DC, Drobnic F, Caballero-Garcia A, Roche E, Perez-Valdecantos D, Cordova A. 2022. Effect
of Vitamin C on Tendinopathy Recovery: A Scoping Review. Nutrients 14: 2663.
O'Neill EN, Cosenza ZA, Baar K, Block DE. 2021. Considerations for the development of cost-effective cell

culture media for cultivated meat production. Compr Rev Food Sci Food Saf 20: 686—709.

Oppi-Williams C, Suagee JK, Corl BA. 2013. Regulation of lipid synthesis by liver X receptor a and sterol
regulatory element-binding protein 1 in mammary epithelial cells. J Dairy Sci 96: 112—-121.

Oyarce K, Campos-Mora M, Gajardo-Carrasco T, Pino-Lagos K. 2018. Vitamin C Fosters the In
Vivo Differentiation of Peripheral CD4+ Foxp3- T Cells into CD4+ Foxp3+ Regulatory T Cells but Impairs
Their Ability to Prolong Skin Allograft Survival. Front Immunol 9: 112.

Padayatty SJ, Levine M. 2016. Vitamin C: the known and the unknown and Goldilocks. Oral Dis 22:463-93.
Pallafacchina G, Calabria E, Serrano AL, Kalhovde JM, Schiaffino S. 2002. A protein kinase B-dependent and
rapamycin-sensitive pathway controls skeletal muscle growth but not fiber type specification. Proc Natl Acad
SciU S A 99:9213-9218.

Park S, Gagliardi M, Swennen G, Dogan A, Kim Y, Park Y, Park G, Oh S, Post M, Choi J. 2022. Effects of
Hypoxia on Proliferation and Differentiation in Belgian Blue and Hanwoo Muscle Satellite Cells for the
Development of Cultured Meat. Biomolecules 12: 838.

Pogge DJ, Hansen SL. 2013. Supplemental vitamin C improves marbling in feedlot cattle consuming high
sulfur diets. J Anim Sci 91: 4303-4314.

Quesenberry PJ, Wen S, Goldberg LR, Dooner MS. 2022. The universal stem cell. Leukemia 36: 2784-2792.
Shima A, Pham J, Blanco E, Barton ER, Sweeney HL, Matsuda R. 2011. IGF-I and vitamin C promote myogenic
differentiation of mouse and human skeletal muscle cells at low temperatures. Exp Cell Res 317: 356-366.
Sousa-Victor P, Garcia-Prat L, Mufioz-Cénoves P. 2022. Control of satellite cell function in muscle regeneration
and its disruption in ageing. Nat Rev Mol Cell Biol 23: 204-226.

Spoelstra-de Man AME, Elbers PWG, Oudemans-Van Straaten HM. 2018. Vitamin C: should we supplement?
Curr Opin Crit Care 24:248-255.

Stout AJ, Mirliani AB, Rittenberg ML, Shub M, White EC, Yuen JSK Jr, Kaplan DL. 2022. Simple and effective

serum-free medium for sustained expansion of bovine satellite cells for cell cultured meat. Commun Biol 5: 466.



[38].

[39].

[40].

[41].

[42].

[43].

[44].

[45].

[46].

[47].

Takamizawa S, Maehata Y, Imai K, Senoo H, Sato S, Hata R. 2004. Effects of ascorbic acid and ascorbic acid 2-
phosphate, a long-acting vitamin C derivative, on the proliferation and differentiation of human osteoblast-like
cells. Cell Biol Int 28: 255-265.

Xu HY, Shao J, Yin BZ, Zhang LM, Fang JC, Zhang JS, Xia GJ. 2020. Bovine bta-microRNA-1271 Promotes
Preadipocyte Differentiation by Targeting Activation Transcription Factor 3. Biochemistry. Biokhimiia 85: 749—
757.

Yamakawa H, Kusumoto D, Hashimoto H, Yuasa S. 2020. Stem Cell Aging in Skeletal Muscle Regeneration and
Disease. Int ] Mol Sci 21: 1830.

Yoshida T, Delafontaine P. 2020. Mechanisms of IGF-1-Mediated Regulation of Skeletal Muscle Hypertrophy
and Atrophy. Cells 9: 1970.

Yu J, Tu YK, Tang YB, Cheng NC. 2014. Stemness and transdifferentiation of adipose-derived stem cells using
L-ascorbic acid 2-phosphate-induced cell sheet formation. Biomaterials 35: 3516-3526.

Yu JS, Cui W. 2016. Proliferation, survival and metabolism: the role of PI3K/AKT/mTOR signalling in
pluripotency and cell fate determination. Development 143:3050-60

Zhang X, Li W, Sun X, Li J, Wu W, Liu H. 2019. Vitamin C protects against defects induced by juglone during
porcine oocyte maturation. J Cell Physiol 234: 19574—19581.

Zhitkovich A. 2020. Nuclear and Cytoplasmic Functions of Vitamin C. Chem Res Toxicol 33: 2515-2526.

Zhu H, Wu Z, Ding X, Post MJ, Guo R, Wang J, Wu J, Tang W, Ding S, Zhou G. 2022. Production of cultured meat
from pig muscle stem cells. Biomaterial 287:121650.

Miiller HC, van Bibber-Krueger CL, Drouillard JS. 2018. Effect of alpha-tocopherol acetate and ascorbic acid
on performance, carcass traits, and incidence and severity of liver abscesses in feedlot cattle. J Anim Sci 96:3878-

3883.



Table 1 Primer Sequences
Note: Annealing temperature for all reactions is 60°C.

Genes

Accession Number

Sequence (5°-3)

Product size

Pax7

GAPDH

PCNA

KI67

SLC23A2

CDK1

CDK2

MyoD

MyoG

MyHC

XM_015460690

NSO_4761240

NM_001034494.1

XM_015460791.2

NM_001205430.1

NM_174016.2

NM_001014934.1

NM_001040478

NM_001111325

NM_001101835.1

TGCCCTCAGTGAGTTCGATT
CGGGTTCTGACTCCACATCT
ACTCTGGCAAAGTGGATGTTGTC
GCATCACCCCACTTGATGTTG
GTCCAGGGCTCCATCTTGAAGAAAG
GCTGCACCAAGGAGACATGAGAC
CAGTCAACACGCCGACCAGTAAG
CATCACCTGCTGCTTCTCCTTCTG
TCAGACAGAACCCTCTCGTCACAG
AAAGCCACACAGCCTCCTACAAAC
CTCGGTGTCCTACTTCAAGTGTGTG
TCGCAGACCTCCAGCATCCAG
GACGGAGCTTGTTATCGCAAATGC
GAGGTACTGGCTTGGTCACATCTTG
CCGACGGCATGATGGACTA
CTCGCTGTAGTAAGTGCGGT
CAGTGAATGCAGCTCCCATAG
GCAGATGATCCCCTGGGTTG
GCTGGCTGGAGAAGAACAAGGAC
TGGTGAAGGTGGCGTAGAGGTG

180

95

225

144

97

87

108

80

87

102
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Fig 1: AA promoted the ex vivo proliferation of BSCs. Cell viability was measured using CCK-8 after treatment of
BSCs with different concentrations (50 uM, 100 uM, 200 uM, 400 uM and 800 uM) of AA for 24 h, 48 h and 72 h
(A). The percentage of EdU-positive cells was detected by EdU staining under fluorescence microscopy after 48 h
treatment of BSCs using different concentrations of AA (B). The histogram shows the statistics of positive cells after

48 h treatment of BSCs using different concentrations of AA (C). The mRNA expression levels of the gene encoding



the transporter protein SLC23A2 after 48 h treatment of BSCs with different concentrations (100 uM, 200 uM and
400 uM) of AA by RT-qPCR. The expression levels of K167, PCNA, CDK1 and CDK2 proliferation-related genes
were measured by RT-qPCR at different concentrations (100 uM, 200 pM and 400 uM) of AA treated BSCs for 48 h
(D). The expression levels of proliferation marker Pax7 were measured by RT-qPCR and Western blotting after
treatment of BSCs with different concentrations of AA for48 h (E. F). All experiments were repeated >3 times and
compared using t-test. Data are presented as mean + SEM. Significant differences between treatment groups are

indicated by different letters (p < 0.05), and the same letter or no letter marked indicates no significant difference

between groups (p > 0.05).
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Fig 2: AA treatment increased the myogenic potential of BSCs. The mRNA expression levels of MyHC, MyOG and
MyOD, genes related to myogenic differentiation, were measured by RT-qPCR at different concentrations (100 pM,
200 uM and 400 pM) of AA induced differentiation of BSCs at 72 h (A). The protein expression levels of MyHC,

MyOG and MyOD after the addition of different concentrations (100 pM, 200 uM and 400 pM) of AA induced



differentiation of BSCs for 72 h (B). Immunofluorescence staining after 72 h of Skeletal Muscle Satellite cell

differentiation (C).
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proteins related to the Akt/mTOR/P70S6K signaling pathway were detected by western blotting (A).
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Fig 4: Effect of inhibition of the mTOR pathway on the value-added of BSCs. Cell viability was measured by CCK-8
after 48 h treatment of BSCs using different concentrations (10, 20, 100, 200, 400 nM) of rapamycin (A). Detection
of EdU positive cell rates under fluorescent microscopy using EdU staining (B). The bar graph shows the differences

between the treatment groups (C). The mRNA expression levels of proliferation-related genes Pax7, KI67, and PCNA



were detected using RT-qPCR (D). The mTOR pathway was used to detect the level of Pax7 protein expression under

the regulation of AA using Western blotting (E).



Relatve m RNA expre ssion
o
Relative m RNA ¢ spre ssion

Relatve m RNA expre s vion

MyHC| e SIS S | 534 Dy

MyoG | we— ’ . e | o5 kDa

B-Actin M. s . w—_ | 45 kDa

>
I
=
7

-
o
-
-

e
-
-

e

.~
Roelative protoin lovels
o
o
Rolative protein lovels

Ralative proetein levals

o
-
-

-

-

oo a m | cov M A | cov  AA &
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the mTOR pathway were detected using Western blotting (B).
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Fig S1. Changes in cell phenotype after treatment with AA

A

FigS A. Light micrographs of BSCs after 48 h of treatment with different concentrations of  AA. (a. CON(0 uM);

by 100 uM ; ¢« 200 uM ; d. 400 M.

B

FigS B. Myotube formation status of cells after the addition of 200 uM AA induced differentiation of BSCs for 72 h.

(a~ CON(0 uM); b+ 200 uM).



Fig S 2. Effect of different times of treatment with AA on the differentiation of BSCs
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Fig S 2. The mRNA expression levels of MyHC, MyOG and MyOD after the addition of 200 uM AA induced
differentiation of BSCs for 24 h, 48 h and 72 h (A). The protein expression levels of MyHC, MyOG and MyOD after

the addition of 200 uM AA induced cell differentiation for 24 h, 48 h and 72 h (B).



