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improving glucose metabolism disorder in skeletal muscle of
mice based on transcriptomics analysis
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Abstract: The study was designed to investigate the improvement effect and molecular mechanism of
Sparassis latifolia polysaccharide (SLPs) on glucose metabolism in skeletal muscle of mice with glucose
metabolism disorder induced by high-fat diet combined with streptozotocin (STZ). The results showed that
SLPs intervention could significantly reduce the impaired glucose tolerance and insulin resistance and
increase skeletal muscle glycogen content and improve the morphological damage of skeletal muscle caused
by glucose metabolism disorder. Transcriptome analysis identified a total of 965 differentially expressed
genes (DEGs). GO annotation and enrichment analysis showed that these genes were mainly involved in
tissue development, animal organ morphogenesis, small molecule metabolism, myofibril, glycogen binding,
and organic acid binding. The enrichment analysis of KEGG further revealed that DEGs were mainly
enriched in PI3k/Akt signal pathway, AGE-RAGE signal pathway related to diabetic complications, insulin
resistance, AMPK signal pathway and other signal pathways. In addition, SLPs could regulate the
expression of genes and proteins related to AMPK/SIRT1/PGC-1a signal pathway and the activities of key
enzymes in skeletal muscle of mice to improve glucose metabolism disorder in skeletal muscle, protect
skeletal muscle damage, and maintain the metabolic homeostasis of the body. This study provides a
theoretical basis for the development of SLPs as functional food ingredients.

Keywords: Sparassis latifolia polysaccharides; glucose metabolism; skeletal muscle; transcriptomics;
AMPK/SIRT1/PGC-1a signaling pathway
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Fig. 1 Schematic diagram of the experimental design.
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Fig. 2 Effects of SLPs on glucose tolerance in mice. A: Blood glucose values at each time point in the glucose tolerance (OGTT)
test; B: Area under OGTT curve, n=6. NC: Normal control group; HFD: Model group; LD: Low-dose group; MD: Medium-dose
group; HD: High-dose group; Met: Positive control group; Compared with NC group, *P<0.05, **P<0.01; Compared with HFD
group, “P<0.05, #P<0.01. The same below.
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Fig. 3 Effect of SLPs on insulin tolerance in mice. A: The blood glucose value in ITT test at each time period; B: The area under
ITT curve; C: Glycogen content, n=6.
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Fig. 4 H.E. staining results of skeletal muscle tissues (100%). Red arrow: Myonuclear; Green arrow: Inflammatory cell infiltration.
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Fig. 5 Results of oil red O staining in skeletal muscle tissue (100%). Arrow: Red grease drops.
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Fig. 6 Principal component analysis.
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GO:0005602 complement component C1 complex

GO:0062167 complement component Clq complex

GO:0005576 extracellular region

GO:0005581 collagen trimer |-

G0:0032982 myosin filament

GO:0005859 muscle myosin complex

GO:0035976 transcription factor AP-1 complex
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GO:0005615 extracellular space

GO:0001228 DNA-binding transcription activator activity, RNA
GO:0001216 DNA-binding transcription activator activity
GO:0030246 carbohydrate binding

GO:0038024 cargo receptor activity

g GO:0000979 RNA polymerase 11 core promoter sequence-specific
ﬁ GO:0000978 RNA polymerase 1l cis-regulatory region sequence-s
GO:0000987 cis-regulatory region sequence-specific DNA bindin
GO:2001069 glycogen binding

GO:0000981 DNA-binding transcription factor activity, RNA pol
GO:0043177 organic acid binding

GO:0009954 proximal/distal pattern formation

GO:0009888 tissue development

GO:0048513 animal organ development

GO:0007389 pattern specification process

GO:0043279 response to alkaloid

GO:0003002 regionalization |

GO:0014070 response to organic cyclic compound |

GO:0009887 animal organ morphogenesis

GO:0071241 cellular response to inorganic substance
GO:0051450 myoblast proliferation

T
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—log,, (P-value)
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GO:0005576 extracellular region |

G0:0005615 extracellular space

GO:1990184 amino acid transport complex

GO:0048269 methionine adenosyltransferase complex
GO:0031262 Ndc80 complex

GO:0071204 histone pre-mRNA 3'end processing complex
GO:0070062 extracellular exosome

GO:0098591 external side of apical plasma membrane
GO:1903561 extracellular vesicle

GO:0005683 U7 snRNP

G0O:0020037 heme binding

GO:0046906 tetrapyrrole binding

GO:0048037 cofactor binding

GO:0005506 iron ion binding

GO:0070330 aromatase activity |

G0.0000772 mating pheromone activity

GO:0004846 urate oxidase activity

GO:1902118 calcidiol binding

GO0.0004497 monooxygenase activity

GO:0003868 4-hydroxyphenylpyruvate dioxygenase activity
GO:0006082 organic acid metabolic process |

GO:0030194 positive regulation of blood coagulation
GO:1900048 positive regulation of hemostasis
GO:0050820 positive regulation of coagulation
GO:0019752 carboxylic acid metabolic process
GO:0043436 oxoacid metabolic process

GO:0051917 regulation of fibrinolysis

GO:0044281 small molecule metabolic process
GO:0006555 methionine metabolic process |

G0O:0034392 negative regulation of smooth muscle cell apoptoti

Category

.cc
B v
M s

Term

HFD vs. SLPs

B 7 =57EHE GO et CC: AE4ls; MF: 2 TUifiE; BP: Wi
Fig. 7 GO analysis of the differentially expressed genes. CC: Cellular component; MF: Molecular function; BP: Biological process.

250196-8



ik F | BETERREFHNT HEKE ZHENE DR & RITER LS

EYER | ARILI

KEGG pathway enrichment

NEF-kappa B signaling pathway

Focal adhesion

Arginine biosynthesis

PPAR signaling pathway

Cholesterol metabolism

Nitrogen metabolism

Pertussis

MicroRNAs in cancer

PI3K-Akt signaling pathway

Amphetamine addiction

Human papillomavirus infection

AGE-RAGE signaling pathway in diabetic complications
Retinol metabolism

Viral protein interaction with cytokine and cytokine receptor
Steroid hormone biosynthesis

Protein digestion and absorption

Complement and coagulation cascades

ECM-receptor interaction

Chemical carcinogenesis-DNA adducts

IL-1T signaling pathway

Pathway

Rich
NC vs. HFD

KEGG pathway enrichment

Fatty acid degradation

Riboflavin metabolism

Linoleic acid metabolism

Insulin resistance

Fat digestion and absorption

Cell adhesion molecules

Glycine, serine and threonine metabolism
Tyrosine metabolism

Steroid hormone biosynthesis

Valine, leucine and isoleucine biosynthesis
Thyroid hormone synthesis

Protein export

AMPK signaling pathway

Phenylalanine metabolism

Retinol metabolism

Cholesterol metabolism

Phenylalanine, tyrosine and tryptophan biosynthesis
Complement and coagulation cascades
Cysteine and methionine metabolism
PPAR signaling pathway

Pathway

5 0 B D H
VY Y oV Q¥
Rich
HFD vs. SLPs

Number

e 25
® 5.0
®75
FDR
1.00
n 0.75

0.50
0.25
0.00

& 8 KEGG B ER N
Fig. 8 KEGG pathway enrichment analysis.
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Fig. 9 Number of different expression genes and venn diagram.
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Fig. 10 Cluster heat map and correlation chord plot of differentially expressed genes. A: Cluster heat map; B: Correlation chord

plot.
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Fig. 11 Effects of SLPs on AMPK, PGC-1a, SIRT1, AKT and GLUT4 mRNA expression in skeletal muscle of mice.

250196-11



Research paper

22 March 2026, 45(3): 250196

Mycosystema ISSN 1672-6472 CN 11-5180/Q

26 TMHERESHENNERFEINFEARIE
SopAl

5 NC YAt , HFD 41/ BUE B ULH GLUT4
Ml PGC-la 5 13k & 8 32 T F(P<0.01),
p-AMPK/AMPK 2.3% T [F#(P<0.05, [ 12).5 HFD
ZHAHM, LD 40 GLUT4 &Rk BEw,
MD .HD F1 Met 21 GLUT4 &[5 w2 &5
(P<0.01). MD. HD 41 PGC-la & AR R BE
T8 (P<0.01), Met 2 F ik B FHHZEF AR ZE;
LD, MD. HD F1 Met 41 p-AMPK/AMPK &
155 (P<0.01 BY, P<0.05), X L6 8 1K P s 5
HI mRNA FRZE AN B EDUE, MEE K
UESE T SLPs i@ i #47%G AMPK {5 S %, ki
] PGC-la 1 GLUT4 W3Rk, sl
WA DI RE A 4 F BT
27 ITMERE S HEN/DNR T EAEXEEN

sEAl

MKt 22 (https://doi.org/10.57760/sciencedb.jw
xb.00010)AT LAF i, 5 NC 4k, HFD 41/
BUE#LH GSK-38 il PEPCK ME & THE
(P<0.01),LKB1 I NAD "% & 2 %K (P<0.01).
5 HFD 44, LD, MD. HD 4 GSK-3p it

NC HFD LD MD HD Met
p-AMPK| —_ - — i — ‘

PGC-1a|— . -]

GLUT4|-, R —— —‘

GAPDH|——._._.._. _l

— —
=) n
T 1

PGC-1aE[1FiE R
=)
wn

Relative PGC-la protein levles

e
=

NC HFD LD MD HD Met
#15
Group

1 E MK (P<0.05), Met 20 GSK-3p 1 1 &R AH
ZFREE, LD Fl MD 41 PEPCK & k[ %(H
%R HD Fl Met 41 PEPCK & 14 i 4%
f&(P<0.01 B P<0.05), LD 2H LKBI1 #il NAD'{%
PEEIIME2Z AN, MD. HD il Met 41 LKBI
F NAD TEPE I 255 (P<0.01 5% P<0.05).
2.8 FRIBIEMRERIE XS

Pearson HPES TR T /N BB BS IUBEAC
A SR AR A 1 SC R (B 13) 45 R BN, Bk
WSS &5 OGTT-AUC FI ITT-AUC #4517
FHIG(P<0.01), FE7ME it it 28 S5 M g 2 0 5 2%
BURE B YIA % ; AMPK mRNA %358 5 SIRTI
mRNA FikfE ., AKT mRNA FikiE. PGC-la
mRNA F£ika . GLUT4 f k&, p-AMPK/
AMPK F1 PEPCK [ ¥ 5 1F AH ¢ (P<0.01),
GLUT4 mRNA Kikit. PGC-la FHHKIAE .
NAD-+HILKBI1 B 1 2 IEAH DG, 25 5 1225 (P<0.05
o P<0.01), IXEEFICPELERUESE T AMPK 7EH
Pl B WUBEAC U b Az R AR, s 1
SIRT1/PGC-1a Fil AKT/GLUT4 41/ i 4L [5] 4 45
FACETRR A

2.0

Relative GLUT4
protein levles
>

=
n

GLUT4 E[#EIER

Group

o th
T 1

o
th

protein levles

p-AMPK/AMPK & [5Gt
Relative p-AMPK/AMPK
o
o

NC HFD LD MD HD Met
251
Group

12 SLPs 3t/ & 8#AL GLUT4, PGC-lo 1 p-AMPK/AMPK & A &Lk 2 SN
Fig. 12 Effects of SLPs on the expressions of GLUT4, PGC-1a and p-AMPK/AMPK protein in skeletal muscle of mice.
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Fig. 13 Correlation analysis. The color depth represents the strength of the correlation, red indicates a positive correlation, blue
indicates a negative correlation. * Representing P<0.05 and ** representing P<0.01.
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5T 10 1 5 3R HE e S50 46 5 D e A A
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2021), AWFFEFEN, AMPK 18735 H 2
Wl 4k 4RI N B2 25 (Ko et al. 2018), AMPK
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TEEER S . Rk, %5 GLUT4 (383K 5%
P, S EH TR S R AR U AR, 5k
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Xl . UUERME BTN F 1 (SIRTI1) 2
Sirtuin WA EE = R4 AL L WERE , S 54000
AT RE F A QG 4 4 e 3 72 (Huang W et al.
2018). Gao et al. (2024)id@ 1 K5 T/ BUEE
Je, RILEASINETT LB GE SIRT1 SRy
HHNLN IR BT, (EdER iR AR, i
SR /0N B 25 W S R B R AU . SIRTI
w5V Z AR XN T A, U
AMPK F1 PGC-1a (Gao et al. 2024). 154, SIRT1
1235 AT LLIE AMPK (Brandauer et al. 2013),
P& 1 e i QT R 10 1 B8 1 A7 I L R TR
WD R TR, HAh, SIRT1 i 0] LA T em
PGC-lo, J i2Z S5{eikgebiih A % £ F L fE
(Tang 2016), MLAAGBAMIIBEZ G,
2B U5 LA PR A B R, R &
% IR 3 29 Wi 2 25 (Chen et al. 2023),, 7] Il SIRT1
e B OB b R G BB E . 2R
SR, ABESE I 55— R BRE AR A SIRT1 &
17K e Homs R AL R 25 . RAF SIRTI mRNA |
P R H 5 R PGC-1o0 B PR 45 56 2 3 499 1% 08 1%
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(Jaiswal et al. 2019), Huang XJ et al. (2018)f4}f
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FIA, I8 &R o7 TR IR A == AL . Yu
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H AR IB RGN R LGS ZEL . 2
/N SRS T o B, S ik i I B4 L Lk 3
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. FEREEEZ BT, LiFM LKBI1
S AMPK X — B AR I S T . AMPK
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Fig. 14 The mechanism of regulating glucose metabolism disorder in skeletal muscle of mice by polysaccharides from Sparassis

latifolia.
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