The effects of compound elicitors on the biosynthesis of triterpenoids and activity of defense enzyme from Inonotus hispidus (Basidiomycetes)
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Novelty statement
· Compound elicitors were used to induce the biosynthesis of triterpenoids.

· Combination of oleic acid and methyl jasmonic acid could improve the content of mycelium and triterpenoid.

· Activity of defense enzyme were improved during fermentation with the optimal elicitor combination.

Abstract
Effect of compound elicitors on mycelium and triterpenoid from Inonotus hispidus was investigated. Methyl jasmonic acid (MeJA), salicylic acid (SA), Cu2+ and oleic acid were used as elicitors. Results showed that the highest values of mycelium and triterpenoids were 3.981 g and 85.17 mg/g, with treatment of 2% oleic acid on day 0 and 100 μmol/L MeJA on day 6, which was 142.00% and 164.45% higher than that of control, respectively. Compared with treatment of oleic acid, the content of mycelium and triterpenoids were increased by 75.37% and 63.69%. Compared with treatment of MeJA, the content of mycelium and triterpenoids were increased by 107.34% and 128.15%. Defense enzyme activity determination showed that activities of three enzymes were promoted with treatment above. Activity of superoxide dismutase(SOD) was the highest. On day 2, SOD activity in culture medium containing 2% oleic acid reached the highest, then decreased. On day 7, with treatment of 100 μmol/L MeJA, SOD activity of control and culture medium containing 2% oleic acid were up to 59.70±3.10 U /mgprot and 68.69±3.01 U/mgprot, which was 1.31 times and 1.51 times of control. These findings provide a theoretical basis for the utilization of compound elicitors on Inonotus hispidus.
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1. Introduction
Inonotus hispidus belongs to class basidiomycetes, which is a kind of parasitic fungus lives on deciduous trees like fraxinus and morus, mostly distributes in Beijing Province, Hebei Province, Heilongjiang Province and other northern temperate regions in China. In Xinjiang Province and the northeast region of China, Inonotus hispidus has been used to treat dyspepsia, cancer and diabetes(Zan et al. 2011). There are not only a large number of tawny pigments which possess antibacterial, antioxidative and anti-inflammatory activities, but also an important active ingredient named triterpenoids in Inonotus hispidus(Ren et al. 2017; Bednarczyk-Cwynar & Zaprutko 2015).

Triterpenoids are mostly terpenoids consisted of 30 carbon atoms. On the basis of "isoprene rule", most triterpenoids are considered as natural products formed by condensation of 6 isoprene units. They are widely distributed in nature and found in bacteria, fungi, plants and animals(Gao et al. 2018). Studies have shown that triterpenoids have various pharmacological activities. A new lanostante-type triterpenoids aldehydes named lucialdehyde C have been isolated from the fruiting bodies of Ganoderma lucidum(Gao et al. 2002). Lucialdehyde C showed a significant cytotoxicity against LLC, T-47D, Sarcoma 180 and Meth-A tumor cells, while the ED50 values were 10.7, 4.7, 7.1, and 3.8 mg/ml respectively. An inclusion complex comprising betulinic acid(BA) and β-cyclodextrin(β-CD) was found to inhibit the growth of MCF-7 cells, induce a strong G2/M cell cycle arrest and cell apoptosis(Sun et al. 2013). Although triterpenoids have various biological activities, the productivity is not high enough. Researchers have improved the productivity of triterpenoids by optimizing the extraction conditions. Wang, Huang, Cao and Liu(2011) extracted triterpenoids from the leaves of Diospyros kaki with 70%(v/v) ethanol by reflux extraction, which made the highest extraction ratio reached 2.16%. Xu and Wang(2013) extracted triterpenoids from Inonotus hispidus with water bath method and reached the highest extraction ratio at 4.59%. However, there is still a long way to satisfy the requests of industrial production.

Adding elicitors seems to be a good method to improve the accumulation of triterpenoids. As a special kind of trigger factor, elicitor can not only improve enzyme activity during metabolic process, but also increase the content of secondary metabolites at the same time. Also, new compounds can be induced during this process(Chang et al. 2016). However, elicitor may cause the increase of reactive oxygen species (ROS) during the process of interacting with cells, and excessive ROS may cause certain damage to cells. PAL, CAT and SOD are key defense enzymes in cellular defense system, which can resist the damage caused by external factors(Che et al. 2017). Currently, the effects of single elicitor and compound elicitors on secondary metabolites have been reported. The accumulation of Taxol in Taxus baccata cells treated with MeJA and SA, fungal elicitor and SA, MeJA and fungal elicitor, MeJA mixed with SA and fungal elicitor were all improved respectively(Khosroushahi et al., 2006). Combination of MeJA and SA had an obvious synergistic effect on the promotion of saponins in hairy roots of Panax quinquefolium L(Zhao et al. 2010). Effects of elicitors on defense enzyme system were also reported. The accumulation of triterpenoids, SOD activity, CAT activity and peroxidase(POD) activity of Phellinus linteus mycelium were all improved under the influence of carbon monoxide(Wang et al. 2019). The accumulation of triterpenoids, SOD activity, CAT activity, POD activity, phenylalnine ammonialyase(PAL) activity and phospholipase C(PLC) activity from cultured Cyclocarya paliurus cells were all improved under the elicitation of Aspergillus niger elicitor(Liu et al. 2018b). However, the effects of compound elicitors on mycelium content, triterpenoids content and enzyme activities from Inonotus hispidus are rarely reported. In this study, to improve accumulation of mycelium and triterpenoids, the combination and concentration of elicitors were optimized by orthogonal experimental design. MeJA, SA, oleic acid and Cu2+ were grouped in pairs and added to the culture medium at different time respectively. Furthermore, to analyze the relation between induced defense reaction and biosynthesis of triterpenoids, effect of the optimal elicitor combination on activities of PAL, CAT and SOD were also studied, which provided reference for the production and utilization of triterpenoids from Inonotus hispidus.

2. Materials and methods

2.1. Materials and chemicals

Inonotus hispidus were procured from forest conservation laboratory of Northeast forestry University(Harbin, Heilongjiang, China) and kept at 4℃ prior to use. 

MeJA, SA, betulin and vanillic aldehyde were purchased from Sigma-Aldrich (St. Louis, USA). Oleic acid were purchased from Aladdin Co.(Shanghai, China). PAL, CAT and SOD assay kits were purchased from Jiancheng Bioengineering Institute(Nanjing, China). All other chemicals and reagents used in this study were analytical grade.

2.2. Strains cultivation

Cultivation of strains according to the methods previously described(Kang et al. 2019) was used for this experiment. The activated strains were smashed by homogenizer in sterile environment. Then the strains were inoculated with 8% (v/v) in 300 mL of potato dextrose agar(fluid medium), which had been adjusted to pH of 7 and autoclaved at 121℃ for 30 min beforehand. The culture mediums were cultivated in a rotary shaker incubator for 10 days at the temperature of 26℃ and the revolving speed of 125 r/min.

2.3. Determination of dry weight of mycelium

After fermentation, the culture solution was filtered through 8 layers of gauze. The mycelium was washed with distilled water for several times before drying to constant weight in an drying oven at 42℃. The dry weight of mycelium was accurately weighed.

2.4. Extraction and determination of triterpenoids

Construction of standard curve was carried out according to the method described by Xu(2013) with some minor modifications. 5 mg of betulin standard substance was dissolved in 50ml of absolute ethyl alcohol to obtain the standard solution(0.1mg /mL). 0.10, 0.20, 0.40, 0.60, 0.80 and 1.00 mL of standard solution were added to 5mL volumetric flask respectively. After evaporation to dryness at 100℃ with a water bath, 0.2 mL of newly prepared 50g/L vanillin-glacial acetic acid solution and 0.8 mL of perchloric acid were added and shaken well, respectively. The solutions were placed in a water bath at 70℃ for 15 min. Then placed at room temperature for 3-5 min and adjusted to 5mL with ethyl acetate, shaken well. Absorbance was measured at 551 nm against the control (composed of 0.2 mL of newly prepared 50 g/L vanillin-glacial acetic acid solution, 0.8 mL of perchloric acid and 4 mL of ethyl acetate). The standard curve was constructed with weight of betulinol(μg) as horizontal axis and OD value as vertical axis. The linear regression equation was Y= 0.0052x +0.0027 (R2 = 0.9997).
Determination of triterpenoids content was carried out according to the method as described elsewhere(Xu & Wang 2012) with minor modifications. The dried mycelium was smashed and passed through 60-mesh sieve, then mixed up with 72%(v/v) ethyl alcohol, the solid-to-liquid ratio was 1:69. The triterpenoids was extracted assisted by ultrasonic, with extraction time of 31 min and extraction power of 210 W. The mixture was centrifuged at 4000 r/min for 10 min and the supernatant was collected to be tested. Finally, 0.2 mL of supernatant was measured according to the preparation method of the standard curve. The content of triterpenoids was determined according to the following formula:
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where Y is OD value, N is the dilution ratio of crude extract, and M is the weight of the mycelium from Inonotus hispidus (g).

2.5. Combination of elicitors

2.5.1. Combination of SA and MeJA

0.100 g of SA was dissolved in 0.2 mL of 95%(v/v) ethyl alcohol and adjusted to 100 mL with sterile water to obtain mother liquor(1 mg/mL). The mother liquor was filtered with 0.45 μm filter membrane to remove bacteria. Then added to different culture mediums on day 0, with ultimate concentrations of 50, 100 and 150 mg/L respectively. MeJA were weighed accurately and dissolved with sterile water to obtain solutions, with concentration of 50 μmol/L, 100 μmol/L and 150 μmol/L, respectively. Twain-20(0.2% v/v of each solution) were added as cosolvent. The solutions were filtered with 0.22 μm filter membrane to remove bacteria. On day 6 of fermentation, different concentrations of MeJA solutions were added to the culture mediums in sterile environment, with volume of 2 μL/mL. 3 concentrations of SA and 3 concentrations of MeJA were grouped in pairs to attain 9 treatment groups. Sterile water, 100 mg/L SA and 50 μmol/L MeJA were used as control groups. All sample were repeated for 3 times. Fermentation was carried out according to the method as described in 2.2. Dry weight of mycelium and content of triterpenoids were determined after fermentation.

2.5.2. Combination of oleic acid and MeJA

Sterilized oleic acid were added to different culture mediums on day 0, with volume of 3%, 4% and 5%(v/v). On day 6 of fermentation, three different concentrations of MeJA solutions(50 μmol/L,100 μmol/L and 150 μmol/L) were added to the culture mediums in sterile environment respectively, with volume of 2 μL/mL. 3 concentrations of oleic aicd and 3 concentrations of MeJA were grouped in pairs to attain 9 treatment groups. Sterile water, 3% oleic aicd and 50 μmol/L MeJA were used as control groups. All sample were repeated for 3 times. Fermentation was carried out according to the method as described in 2.2. Dry weight of mycelium and content of triterpenoids were determined after fermentation.

2.5.3. Combination of SA and oleic acid

On day 0, SA were added to different culture mediums with ultimate concentrations of 50, 100 and 150 mg/L. Meanwhile, sterilized oleic acid were added to the culture mediums respectively, with volume of 3%, 4% and 5%(v/v). 3 concentrations of SA and 3 concentrations of oleic acid were grouped in pairs to attain 9 treatment groups. Sterile water, 3% oleic aicd and 100 mg/L SA were used as control groups. All sample were repeated for 3 times. Fermentation was carried out according to the method as described in 2.2. Dry weight of mycelium and content of triterpenoids were determined after fermentation.

2.5.4. Combination of SA and Cu2+
SA were added to different culture mediums on day 0, with ultimate concentrations of 50, 100 and 150 mg/L. 0.1 g of copper sulfate was dissolved with distilled water and adjust to 100 mL. Then sterilized at 121℃ for 30 min and added to the culture mediums on  day 3, with ultimate concentrations of 50, 100 and 150 μmol/L. 3 concentrations of SA and 3 concentrations of Cu2+ were grouped in pairs to attain 9 treatment groups. Sterile water, 100 mg/L SA and 100 μmol/L Cu2+ were used as control groups. All sample were repeated for 3 times. Fermentation was carried out according to the method as described in 2.2. Dry weight of mycelium and content of triterpenoids were determined after fermentation.

2.5.5. Combination of MeJA and Cu2+
Copper sulfate were added to different culture mediums on day 3, with ultimate concentrations of 50, 100 and 150 μmol/L. On day 6 of fermentation, three different concentrations of MeJA solutions(50 μmol/L,100 μmol/L and 150 μmol/L) were added to the culture mediums in sterile environment respectively, with volume of 2 μL/mL. 3 concentrations of MeJA and 3 concentrations of Cu2+ were grouped in pairs to attain 9 treatment groups. Sterile water, 50 μmol/L MeJA and 100 μmol/L Cu2+ were used as control groups. All sample were repeated for 3 times. Fermentation was carried out according to the method as described in 2.2. Dry weight of mycelium and content of triterpenoids were determined after fermentation.

2.5.6. Combination of Cu2+ and oleic acid

Sterilized oleic acid were added to different culture mediums on day 0, with volume of 3%, 4% and 5%(v/v). Copper sulfate were added to different culture mediums on day 3, with ultimate concentrations of 50, 100 and 150 μmol/L. 3 concentrations of Cu2+ and 3 concentrations of oleic acid were grouped in pairs to attain 9 treatment groups. Sterile water, 3% oleic acid and 100 μmol/L Cu2+ were used as control groups. All sample were repeated for 3 times. Fermentation was carried out according to the method as described in 2.2. Dry weight of mycelium and content of triterpenoids were determined after fermentation.

2.6. Effect of compound elicitors on defensive enzyme activities

2.6.1. Addition of elicitors combination

Four different groups of culture mediums were set as follows. Group 1 was control group without any elicitors, took samples on day 0, 2, 3, 5, 7, 8 and 10. Group 2 was control group with treatment of 2% oleic acid on day 0, took samples on day 0, 2, 3, 5, 7, 8 and 10. Group 3 was control group with treatment of 100 μmol/L MeJA on day 6, took samples on day 7, 8 and 10. Group 4 was treatment group with treatment of 2% oleic acid on day 0 and 100 μmol/L MeJA on day 6, took samples on day 0, 2, 3, 5, 7, 8 and 10. All groups were repeated for 3 times to determine the effect of elicitors on defense enzyme activities.

2.6.2. Determination of defensive enzyme activities

(1)Determination of PAL activity

Four different groups were set as the control group, 2% oleic acid group, 100 μmol/L MeJA group, and combination of 100 μmol/L MeJA and 3% oleic acid group. Activities of PAL were determined using PAL assay kit following the manufacturer's protocols.

(2)Determination of CAT activity

Four different groups were set as the control group, 2% oleic acid group, 100 μmol/L MeJA group, and combination of 100 μmol/L MeJA and 3% oleic acid group. Activities of PAL were determined using CAT assay kit following the manufacturer's protocols.

(3)Determination of SOD activity

Four different groups were set as the control group, 2% oleic acid group, 100 μmol/L MeJA group, and combination of 100 μmol/L MeJA and 3% oleic acid group. Activities of PAL were determined using SOD assay kit following the manufacturer's protocols.

2.7. Statistical analysis

Experimental data were given as means±standard deviations of 3 replications. Charts were processed by Origin 9.0 and significance analysis were performed with SPSS 21.0. Different letters in the figure indicates a significant difference(P<0.05), while same letters indicates a non-significant difference(P>0.05). The difference between mycelium content was represented by A, B and C, and the difference between triterpenoids content was represented by D, E and F.

3. Results

3.1. Effects of different compound elicitors on triterpenoids and mycelium content of Inonotus hispidus

3.1.1. Research on biosynthesis of triterpenoids with induction of SA and MeJA

As is shown in Fig. 1, there was a synergistic effect between SA and MeJA. Triterpenoids and mycelium content from Inonotus hispidus were significantly increased(P<0.05) than the control. Through range analysis, the affect of SA was greater than that of MeJA, therefore the concentration of SA was the first thing to consider. The optimal parameters were SA concentration of 100 mg/g and MeJA concentration of 50 μmol/L. Under this condition, triterpenoids and mycelium content were 2.171 g and 52.163 mg/g respectively, which were 28.69% and 66.70% higher than the control. Compared with treatment of SA, the content of mycelium and triterpenoids were increased by 18.64% and 18.10%. Compared with treatment of MeJA, the content of mycelium and triterpenoids were increased by 13.07% and 39.73% (Fig. 1).
3.1.2. Research on biosynthesis of triterpenoids with induction of MeJA and oleic acid

  As is shown in Fig. 2, there was a synergistic effect between oleic acid and MeJA. Triterpenoids and mycelium content from Inonotus hispidus were significantly increased(P<0.05) than the control. Through range analysis, the affect of oleic acid was greater than that of MeJA, therefore the concentration of oleic acid was the first thing to consider. The optimal parameters were oleic acid concentration of 2% and MeJA concentration of 100 μmol/L. Under this condition, triterpenoids and mycelium content were 3.981 g and 85.17 mg/g respectively, which were 142.00% and 164.65% higher than the control. Compared with treatment of oleic acid, the content of mycelium and triterpenoids were increased by 75.37% and 63.69%. Compared with treatment of MeJA, the content of mycelium and triterpenoids were increased by 107.34% and 128.15% (Fig. 2).
3.1.3. Research on biosynthesis of triterpenoids with induction of SA and oleic acid

As is shown in Fig. 3, there was a synergistic effect between SA and oleic acid. Triterpenoids and mycelium content from Inonotus hispidus were significantly increased(P<0.05) than the control. Through range analysis, the affect of oleic acid was greater than that of SA, therefore the concentration of oleic acid was the first thing to consider. The optimal parameters were oleic acid concentration of 2% and SA concentration of 50 mg/g. Under this condition, triterpenoids and mycelium content were 3.499 g and 81.059 mg/g respectively, which were 103.08% and 146.05% higher than the control. Compared with treatment of oleic acid, the content of mycelium and triterpenoids were increased by 54.14% and 55.79%. Compared with treatment of SA, the content of mycelium and triterpenoids were increased by 91.20% and 83.52% ( Fig. 3).
3.1.4. Research on biosynthesis of triterpenoids with induction of SA and Cu2+

  As is shown in Fig. 4, there was a synergistic effect between SA and Cu2+. Triterpenoids and mycelium content from Inonotus hispidus were significantly increased(P<0.05) than the control. Through range analysis, the affect of SA was greater than that of Cu2+, therefore the concentration of SA was the first thing to consider. The optimal parameters were SA concentration of 150 mg/g and Cu2+ concentration of 100 μmol/L. Under this condition, triterpenoids and mycelium content were 2.365 g and 54.163 mg/g respectively, which were 32.49% and 65.68% higher than the control. Compared with treatment of SA, the content of mycelium and triterpenoids were increased by 28.74% and 22.47%. Compared with treatment of Cu2+, the content of mycelium and triterpenoids were increased by 34.38% and 36.91% (Fig. 4).
3.1.5. Research on biosynthesis of triterpenoids with induction of MeJA and Cu2+
As is shown in Fig. 5, there was a synergistic effect between MeJA and Cu2+. Triterpenoids and mycelium content from Inonotus hispidus were significantly increased(P<0.05) than the control. Through range analysis, the affect of MeJA was greater than that of Cu2+, therefore the concentration of MeJA was the first thing to consider. The optimal parameters were MeJA concentration of 100 μmol/L and Cu2+ concentration of 50 μmol/L. Under this condition, triterpenoids and mycelium content were 2.561 g and 59.407 mg/g respectively, which were 59.66% and 83.16% higher than the control. Compared with treatment of MeJA, the content of mycelium and triterpenoids were increased by 33.89% and 59.14%. Compared with treatment of Cu2+, the content of mycelium and triterpenoids were increased by 45.51% and 50.16% (Fig. 5).
3.1.6. Research on biosynthesis of triterpenoids with induction of oleic acid and Cu2+
As is shown in Fig. 6, there was a synergistic effect between oleic acid and Cu2+. Triterpenoids and mycelium content from Inonotus hispidus were significantly increased(P<0.05) than the control. Through range analysis, the affect of oleic acid was greater than that of Cu2+, therefore the concentration of oleic acid was the first thing to consider. The optimal parameters were oleic acid concentration of 2% and Cu2+ concentration of 50 μmol/L. Under this condition, triterpenoids and mycelium content were 2.741 g and 75.45 mg/g respectively, which were 67.34% and 135.06% higher than the control. Compared with treatment of oleic acid, the content of mycelium and triterpenoids were increased by 20.75% and 45.01%. Compared with treatment of Cu2+, the content of mycelium and triterpenoids were increased by 55.74% and 90.72% (Fig. 6).

3.2. Effect of oleic acid and MeJA on defensive enzyme activities

3.2.1. Effect of oleic acid and MeJA on SOD activity
As is shown in Table 1, combination of MeJA and oleic acid could increase the activity of SOD in Inonotus hispidus. On day 2, SOD activity in culture medium containing 2% of oleic acid was the highest, up to 78.70±3.54 U/mgprot, which was 1.42 times of that in culture medium containing no elicitiors. SOD activity decreased with the increase of days. After day 6, the SOD activity of control and culture medium containing 2% oleic acid were increased again, with treatment of 100 μmol/L MeJA. The highest values were 59.70±3.10 U/mgprot and 68.69±3.01 U/mgprot on day 7, which was 1.31 times and 1.51 times of the control, respectively (Table 1).

3.2.2. Effect of oleic acid and MeJA on CAT activity
As is shown in Table 2, CAT activity increased with the increase of days and reached the highest on day 3. CAT activity in culture medium containing 2% of oleic acid was the highest, up to 38.50±3.45 U/mgprot, which was 1.52 times of that in culture medium containing no elicitiors. Then it decreased with the increase of days. After day 6, the SOD activity of control and culture medium containing 2% oleic acid were increased again, with treatment of 100 μmol/L MeJA. The highest values were 32.80±3.46 U/mgprot and 37.08±1.97 U/mgprot on day 8, which was 1.74 times and 1.97 times of the control, respectively (Table 2).

3.2.3. Effect of oleic acid and MeJA on PAL activity
As is shown in Table 3, combination of MeJA and oleic acid could increase the activity of PAL in Inonotus hispidus. On day 3, PAL activity in culture medium containing 2% of oleic acid was the highest, up to 40.52±4.42 U/mgprot. PAL activity decreased with the increase of days in control and culture medium containing 2% oleic acid. While after day 6, values increased again with treatment of 100 μmol/L MeJA. The highest values were 34.62±3.12 U/mgprot and 38.88±3.77 U/mgprot on day 7, which was 1.36 times and 1.53 times of the control, respectively (Table 3).

4. Discussion

As a jasmonates signal molecular, MeJA has been considered as the second messenger in the signal transduction pathway of secondary metabolic synthesis(Zhao et.al 2005). Recent study has shown that MeJA can lead to the physiological activities of endogenous cellular counterparts, such as hypersensitivity and oxidative stress(Liu et al. 2018a). Meanwhile, MeJA can increase the concentration of ROS, induce the activation of related defense enzymes, and activate the expression of key enzyme genes of secondary metabolite synthase(Zhao et al. 2005 ; Chang et al. 2016). Cu2+ is an essential nutrient for biological growth, which can not only affect the growth and secondary metabolism of cells, but also induce changes in cell morphology and lead to changes in cell physiology. In the early fermentation stage, additional Cu2+ can promote mycelium growth as a nutrient factor. While in the middle and late stage, Cu2+ is mainly used as an elicitor to promote the accumulation of secondary metabolites(Dong & Pan 2010 ; Tang & Zhu, 2010). Cu2+ is also a cofactor of varieties proteases which participates in a variety of metabolic processes. At the same time, it can rely on the SA signaling pathway to mediate defense reactions, then promote the synthesis of secondary metabolites(Zhang 2018). SA is a phenolic compound with unique regulatory effects. Study has shown that SA can improve the activity of antioxidant enzymes, which generate H2O2 through enzymatic reaction and activate the activity of defense-related genes in the disease-resistant pathway(Kang et al. 2019). The addition of SA in the early fermentation stage can not only induce the production of jasmonates signal molecules, but also improve the gene expression of farnesyl pyrophosphate synthase (FPS), squalene synthetase (SQS) and lanosterol synthase (LS)(Jiao 2012 ; Ye et al. 2017). Oleic acid is an unsaturated fatty acid with edible safety, which is found in animals and plants. In the early fermentation stage, oleic acid can be used as an auxiliary carbon source to promote the growth of mycelium. In the later stage, it can be used as an inducer to promote the expression of related enzymes during the triterpenoids biosynthesis pathways, such as SQS and CYP51(Sun 2017 ; Kang et al. 2019). In this study, it was found that the highest values of mycelium and triterpenoids were 3.981 g and 85.17 mg/g, with treatment of 2% oleic acid on day 0 and treatment of 100 μmol/L MeJA on day 6, which was 142.00% and 164.45% higher than that of the control, respectively. Compared with treatment of oleic acid, the content of mycelium and triterpenoids were increased by 75.37% and 63.69%. Compared with treatment of MeJA, the content of mycelium and triterpenoids were increased by 107.34% and 128.15%(Fig.2). Oleic acid can also be used as an oxygen carrier to significantly improve oxygen concentration and cell membrane permeability in the fermentation system, while promote the substance exchange process between cells and the environment(Sun et al. 2019). The increase of ROS will destroy the structure of Inonotus hispidus cells, thus inducing the activation of SOD and other related key defense enzymes. As the first defensive line to remove ROS in the fermentation system, SOD can dismutate superoxide anion to generate H2O2, which will remove the accumulation of ROS in Inonotus hispidus cells effectively. Meanwhile, CAT can convert H2O2 into H2O and O2(Chang et al. 2015 ; Ren et al. 2012). The increase of PAL activity induced by MeJA and oleic acid may be a defensive response to the increase of ROS. Elicitors can also promote the biosynthesis of polyphenols and other compounds to improve the defense ability of Inonotus hispidus cells against external stimulus(Aghdam et al. 2019 ; Baque et.al 2015). Previous study has found that Aspergillus niger can induce the expression of related defense enzyme genes, then improve the activity of the corresponding enzyme, which promotes the biosynthesis of triterpenoids in Cyclocarya paliurus cells(Liu et al. 2018b). Adding MeJA to Betula platyphylla cells after high temperature stress can affect the growth, cell activity, quantity of malondialdehyde and defense enzyme activity, which will regulate the expression of key enzyme genes for triterpenoids biosynthesis, and promote efficient biosynthesis and accumulation of triterpenoids ultimately(Chang et al. 2016). In this study, it was found that 2% oleic acid and 100 μmol/L MeJA could promote the activity of PAL, SOD and CAT. SOD activity was the highest. On day 2, SOD activity of Inonotus hispidus in the culture medium containing 2% oleic acid was up to 78.70±3.54 U/mgprot. SOD activity decreased with the increase of days. After day 6, SOD activity of control and culture medium containing 2% oleic acid were increased again, with treatment of 100 μmol/L MeJA. The highest values were 59.70±3.10 U/mgprot and 68.69±3.01 U/mgprot, which was 1.31 times and 1.51 times of control(Table 1). As is shown in Table 1, 2, 3 and Fig.2, with treatment of oleic acid and MeJA, activities of three defense enzymes from day 0 to day 10 and total triterpenoids content on the 10th day were significantly higher than those in the fermentation system without any elicitors. The results showed that after treatment with oleic acid and MeJA, defense mechanism of Inonotus hispidus cells was activated, leading to the increase of the key enzyme activity, thus promoted the accumulation of total triterpenoids of Inonotus hispidus. 

5. Conclusion

This study investigated the effect of compound elicitors on mycelium, triterpenoids content and defense enzyme activities, which provided a theoretical basis for the research and utilization of Inonotus hispidus. However, the mechanism of the improvement inducing by compound elicitors is still unclear, which need to be further studied in the future.
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