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[bookmark: _Hlk110520737][bookmark: OLE_LINK1]Ethanol extract of Lentinus edodes exerted antioxidant activity in Caenorhabditis elegans by regulating insulin DAF-16 signaling pathway

Materials and Methods
Preparation of LEEE
[bookmark: OLE_LINK4][bookmark: OLE_LINK2][bookmark: OLE_LINK3]Lentinus edodes (L. edodes) were provided by Jinggangshan Jingxiang Juncao Ecological Technology Co., Ltd. (Jinggangshan China). The powder of L. edodes was obtained from L. edodes after washing, drying, powdering and sieving (60 mesh), and sealed storage at room temperature. The ethanol extract of Lentinus edodes (LEEE) was extracted according to the optimal extraction protocol previously discovered by the laboratory (unpublished). Briefly, the powder of L. edodes was extracted under the conditions of a solid-liquid ratio of 1:40 g/mL, an ultrasonic time of 40 min, an ethanol concentration of 50%, an ultrasonic power of 240 W and an extraction temperature of 50 ℃. Then the powder of LEEE was obtained after centrifugation, rotary evaporation, and lyophilization, and stored in a freezer at -80°C.
Antioxidant activity in vitro of LEEE
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]The determination of DPPH radical scavenging activity of LEEE was optimized with reference to the method of Chen et al. [1]. Briefly, the DPPH solution (0.2 mmol/L) was formulated through anhydrous ethanol solution and stored in the dark. Different concentrations of LEEE solution (0.5, 1.0, 2.0, 3.0, 4.0, 5.0 mg/mL) (500 μL) were mixed with DPPH solution (500 μL) and reacted in the dark for 30min at room temperature, and the absorbance at 517nm was measured on a microplate reader. Ascorbic acid replaced the sample as the positive control group, ethanol replaced the sample as the blank group, and ethanol replaced the DPPH solution as the negative control group.

[bookmark: OLE_LINK24]A1 represented the sample group, A2 represented the negative control group, and A0 represented the blank group.
The method for the determination of the radical scavenging activity of ABTS was referred to and optimized by Chen et al. [2]. In short, different concentrations of LEEE (0.0625, 0.125, 0.25, 0.5, 1 and 2 mg/mL) (50μL) were mixed with ABTS (150μL), stored at 30°C for 6 minutes, and the absorbance was measured at 734nm by a microplate reader. Ascorbic acid replaced the sample as the positive control group, PBS replaced the sample as the blank group, and PBS replaced the ABTS as the negative control group.

A1 represented the sample group, A2 represented the negative control group, and A0 represented the blank group.
[bookmark: OLE_LINK6][bookmark: OLE_LINK28][bookmark: OLE_LINK29]The method for the determination of the hydroxyl radical scavenging activity was referred to and optimized by Liu et al. [3]. In short, different concentrations of LEEE (0.0625, 0.125, 0.25, 0.5, 1 and 2 mg/mL) (500 μL) were mixed with FeSO4 (1.5 mmol/L, 250 μL) and H2O2 (6.7 mmol/L, 175 μL) and incubated at 37°C for 10 min. Salicylic acid (20 mmol/L, 75 μL) was added to the incubated solution and further incubated for 30 min at 37°C. Absorbance was measured at 562 nm by a microplate reader. Ascorbic acid replaced the sample as the positive control group, water replaced the sample as the blank group, and water replaced the H2O2 as the negative control group.

A1 represented the sample group, A2 represented the negative control group, and A0 represented the blank group.
[bookmark: OLE_LINK30][bookmark: OLE_LINK5]Synchronization and experimental design of C. elegans
C. elegans (N2) was purchased from Shangyuan Biotechnology Co., Ltd (Fuzhou, China). Nematodes were grown in nematode growth medium (NGM) enriched with OP50 in a constant temperature and humidity incubator at 20°C. The synchronization of nematodes was completed by washing the nematodes in NGM into a centrifuge tube with M9 solution, and lysing them with NaOH-NaClO solution [4]. After the worms were observed under the microscope, they were washed repeatedly with the M9 solution, and after centrifugation, the solution was transferred to a new NGM. At this time, there were eggs in the medium. After 72 hours, it grew into a synchronized nematode (L4 stage). Different masses of LEEE (1, 5 and 10 mg) were dissolved in OP50 solution (10 mL) to make the plates at the different concentrations of 0.1, 0.5 and 1 mg/mL, respectively. The experiment was divided into normal group (NFD, 0 mg/mL), LEEE low-dose group (LEEE-L, 0.1 mg/mL), LEEE medium-dose group (LEEE-M, 0.5 mg/mL) and LEEE high-dose group (LEEE-H, 1 mg/mL). It was asked to keep three replicate plates per group and transfer to new NGM every day to prevent contamination.
Anti-stress assay of C. elegans
[bookmark: OLE_LINK34]Synchronized nematodes (L4 stage) were selected and fed in NGM medium containing different concentrations of LEEE (0, 0.1, 0.5 and 1.0 mg/mL) diet for 72 h. The experimental method of the anti-heat stress activity of nematodes refers to the method of Wan et al. [5]. The nematodes treated with different concentrations of LEEE were transferred to new NGM and grown at 37°C, and the numbers of live and dead worms were recorded every two hours until all nematodes died. The experimental method of nematode anti-acute oxidative stress activity refers to the method of A et al. The nematodes treated with different concentrations of LEEE were transferred to NGM containing H2O2 (30%, 10μL/10 mL) and kept at room temperature, and the number of live and dead worms was observed and recorded every hour until all the nematodes died. All experiments were repeated three times.
Determination of MDA and antioxidant enzymes such as T-SOD, GSH-PX and CAT content
[bookmark: _Hlk109250947]Synchronized nematodes (L4 stage) were selected and fed in NGM medium containing different concentrations of LEEE (0, 0.1, 0.5 and 1.0 mg/mL) diet for 72 h and washed with M9 solution into centrifuge tubes. After the collected nematodes were repeatedly washed with M9 buffer, protein and IP cell lysate (Beyotime Biotechnology, Shanghai, China) was added for lysis on ice for 30 min, and the supernatant was collected by centrifugation after ultrasonic homogenization [6]. The levels of MDA, T-SOD, GSH-PX and CAT were determined according to the kit requirements (Jiancheng Bioengineering, Nanjing, China). Measurements were repeated three times for each result, and the data were quantitatively calculated by protein content.
Determination of relative expression of ROS
[bookmark: OLE_LINK33]Synchronized nematodes (L4 stage) were selected and fed in NGM medium containing different concentrations of LEEE (0, 0.1, 0.5 and 1.0 mg/mL) diet for 72 h and washed with M9 solution into centrifuge tubes. The worms were transferred to M9 buffer (200 μL) containing 2',7'-dichlorodihydrofluorescein diacetate (20 μL) and incubated in the dark for 30 min at room temperature. The solution containing the nematodes was transferred to a microplate plate, and the fluorescence intensity was measured by using a microplate reader at excitation and emission wavelengths of 485 and 530 nm, respectively [7].
Cell apoptosis assay
[bookmark: OLE_LINK32]Synchronized nematodes (L4 stage) were selected and fed in NGM medium containing different concentrations of LEEE (0, 0.1, 0.5 and 1.0 mg/mL) diet for 72 h and washed with M9 solution into centrifuge tubes. Nematodes were transferred to acridine orange solution (25 μg/mL, 100 μL) for 1 h at room temperature in the dark. Nematodes were transferred into blank NGM, and nematodes were anesthetized and protected by levamisole hydrochloride (60 μg/mL). The fluorescent morphology of nematodes was observed and photographed under an electron fluorescence microscope [8]. The fluorescence intensities of C. elegans were quantified and analyzed by using Image J software.
Real-time quantitative PCR assay
[bookmark: OLE_LINK31][bookmark: OLE_LINK9]Synchronized nematodes (L4 stage) were selected and fed in NGM medium containing different concentrations of LEEE (0, 0.1, 0.5 and 1.0 mg/mL) diet for 72 h and washed with M9 solution into centrifuge tubes. After the collected nematodes were repeatedly washed with M9 buffer, and RNA was extracted according to the method of universal total RNA kit (Gene Better Biotechnology Co., Ltd., Beijing, China). Then, the extracted RNA was subjected to DNA detachment and cDNA transcription experiments, and real-time PCR was determined by the SYBR fuel method and the ABI 7300 PCR system. ACT-1 was an internal reference gene, and the relative expression level of the measured data is calculated by 2-ΔΔct method [9]. Each target gene was measured three times, and the primer sequences were shown in Table S1.
Statistical analysis
All results are expressed as mean ± SD. Data processing and image drawing were using IBM SPSS Statistics 26 and Origin 2019b 32Bit software, respectively. The statistical significance of the results was determined by one-way ANOVA and it was considered statistically significant when p＜0.05.

Results and discussion
[bookmark: _Hlk110111466]Antioxidant activity of LEEE in vitro
[bookmark: OLE_LINK11]The antioxidant activity of polysaccharides from LEEE has been studied in vitro. DPPH was a stable free radical that showed a deep purple color after being dissolved by ethanol, and it was characterized by a single electron [10]. When it reacted with a substance with free radical scavenging ability, the single electron was paired, and the purple color gradually faded [11]. Scavenging activity of LEEE on DPPH was shown in Fig S1A. The scavenging ratio was positively dose-dependent with increasing LEEE concentration, and increased from 30.22% to 87.81%. However, DPPH radical scavenging ratio of LEEE was lower than Vc. The IC50 value was 0.97 mg/mL.
[bookmark: OLE_LINK12]ABTS radical had a maximum absorption peak at 734nm, and the absorbance value would become lower when it reacted with substances with antioxidant activity [11]. The results of LEEE antioxidant capacity in scavenging ABTS free radicals are shown in Fig S1B. When the concentration of LEEE was 2.0 mg/mL, its clearance was close to that of Vc, which was 98.37%. At the same time, the IC50 value of the LEEE scavenging ability of ABTS free radicals was 0.34 mg/mL.
[bookmark: OLE_LINK13]Hydroxyl radicals could oxidize Fe2+ to Fe3+, and Fe3+ reacted with 1,10-phenanthroline to form a complex with a maximum absorption peak at 536nm [12]. At the same time, substances with antioxidant activity could react with hydroxyl radicals to reduce the degree of oxidation of Fe2+, which meant that the absorbance value became lower to determine the ability to scavenge hydroxyl radicals [12]. The results of the antioxidant capacity of LEEE in scavenging hydroxyl radicals were shown in Figure S1C. When the concentration range was 0.0625-2.0mg/mL, although the ability of LEEE to scavenge hydroxyl radicals showed a positive dose-effect dependence, there was still a gap between the clearance rate compare to Vc at 2.0 mg/mL, which was 63.36%. The IC50 value of the LEEE scavenging ability of hydroxyl radicals was 1.37 mg/mL.
These results indicated that LEEE had a good antioxidant capacity in vitro through extremely significant scavenging ability of DPPH free radicals, ABTS free radicals and hydroxyl free radicals. The ability of LEEE to remove free radicals was ABTS free radicals, DPPH free radicals, and hydroxyl radicals according to the IC50 value. At the same time, the antioxidant activity in vitro was reflected in the study of polysaccharide from Lentinus edodes [13].
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Fig. S1 Antioxidant activity of LEEE in vitro. (A) DPPH radical scavenging ratio; (B) ABTS radical scavenging ratio; (C) Hydroxyl radical scavenging ratio. Bars indicated means ± SD (n=3).
Table S1 Primer sequences used in qPCR
	Genes
	Forward (5´→3´)
	Reverse (5´→3´)

	DAF-2
	CGGTTGTTGTTCGTGTTCGG
	CCGTTGTTGTTGCTCACTGC

	DAF-16
SKN-1
AGE-1
	TACATTGCTCGAAGTGCCGA
TCTACTCTTTCCTCCCTTCGG
GCTCTTCCACGCAGTCAAAC
	TCAGATGGTAGCGGCGAATC
ACAAGGGGATGGGGATCAGA
GGTGAAAGATACGGCGGGTT

	SOD-3
	CCACCTGTGCAAACCAGGAT
	TGCAAGTAGTAGGCGTGCTC

	MTL-1
ACT-1
	TGCAAGTGCGGAGACAAATG
ATCCATCGTTCACCGCAAGT
	GTTCCCTGGTGTTGATGGGT
TAAGGACAAAAATGGGGCGG
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