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Abstract: Reishi (Ganoderma lingzhi) has been used as a traditional medicine for 

millennia. However, relatively little is known about this mushroom’s proteins and their 

bioactivities. In this study, we used reishi’s own proteases to hydrolyze its protein and 

obtained auto-digested reishi (ADR) extract. The extract was subjected to in vitro assays 

and administered to spontaneous hypertensive rats (SHRs) to determine its potential for use 

as a hypotensive medication. Bioassay-guided fractionation and de novo sequencing were 

used for identifying the active compounds. After 4 h administration of ADR, the systolic 

pressure of SHRs significantly decreased to 34.3 mmHg (19.5% change) and the effect was 

maintained up to 8 h of administration, with the decrease reaching as low as 26.8 mmHg 

(15% reduction–compare to base line a decrease of 26.8 mmHg is less than a decrease of 

34.3 mmHg so it should give a smaller % reduction). Eleven peptides were identified and 

four of them showed potent inhibition against ACE with IC50 values ranging from 73.1 μM 

to 162.7 μM. The results showed that ADR could be a good source of hypotensive peptides 

that could be used for antihypertensive medication or incorporation into functional foods. 
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1. Introduction 

The medicinal values of the reishi mushroom (lingzhi in Chinese) were documented more than  

2,000 years ago [1]. Nowadays, reishi’s pharmacological effects are the subject of renewed interest 

among researchers. A recent study reported by Cao et al. [2] indicated that the reishi commercially 

cultivated in East Asia, formally known as Ganoderma lucidum, is a different species from the true 

“Ganoderma lucidum” which was originally described as being from Europe. Cao et al. proposed the 

name “Ganoderma lingzhi Sheng H. Wu, Y. Cao & Y.C. Dai” for the reishi distributed in East Asia. 

Containing approximately 400 different bioactive compounds, many of which have been found to 

be unique to this fungus, reishi has been reported to have effects on many kinds of diseases [1]. 

Besides triterpenoids and polysaccharides, which have been isolated and thoroughly investigated [3], 

some proteins and lectins have also been identified in reishi [4,5]. Previous studies have also provided 

valuable information on the existence of bioactive peptides in reishi [6,7]. Unlike other mushrooms, 

which have been considered rich sources of proteins, reishi contains only around 7%–8% of these 

macromolecules [8]. However, studies on reishi have indicated that the mushroom could be a good 

source for bioactive proteins and peptides used in the treatment of a variety of diseases. 

Angiotensin-Converting Enzyme (ACE) plays an important physiological role in regulating blood 

pressure. It converts angiotensin I to angiotensin II, which constricts the blood vessels and therefore 

increases blood pressure. Inhibition of the enzyme remains one of the first-line options for treatment of 

hypertension [9]. Since the first ACE-inhibitory peptide was discovered in viper’s venom, there 

has been an ongoing search for natural ACE-inhibitory peptides, especially from food-derived 

proteins [10–12], and mushrooms [13–16]. Although proteolytic peptides are less potent (IC50 values 

in μM range) than synthetic ACE inhibitors (IC50 values in nM range), they have a potential as active 

components in the diet by integration into functional food products. 

Currently, studies of ACE-inhibitory peptides have focused mainly on the production and 

characterization of peptides isolated from microbial fermentation or digestions of proteins by enzymes 

supplied from outside [17]. Relatively little is known about auto-digested peptides formed by the “inside 

enzymes”. In this study, we present for the first time the hypotensive effects of an auto-digested reishi 

extract (ADR) and the existence of ACE-inhibitory peptides in this extract. The results of this study 

will contribute to the development of functional foods or antihypertensive medication using reishi as a 

source of the bioactive compounds, as well as to the understanding and use of auto-digested products. 

2. Results and Discussion 

2.1. Reishi Proteases’ Activities  

In this study, reishi was extracted with ion-exchange water for 4 h at 4 °C. This reishi extract was 

then centrifuged, lyophilized and applied to a protease assay kit to test for proteolytic activities. The 

results are shown in Figure 1. 
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Figure 1. Proteolytic activities of reishi’s proteases extract at different concentrations; 

trypsin and TBS buffer were used as positive and negative controls, respectively; the 

activities were defined as the difference of fluorescent intensity between sample solutions 

and the negative control (value = mean ± SD, n = 3). 

 

A study on proteolytic activities of 43 mushrooms by Sabotic et al. [18] revealed a large variety of 

proteases from basidiomycetes mushrooms as in other kingdoms. The fact that many proteases from 

mushrooms showed distinctive characteristics, and could be exclusive to basidiomycetes, makes 

mushrooms a vast and potent source of novel proteases [19]. However, information on proteases of 

reishi is very limited. We could not find any report for proteases in G. lingzhi; and only two published 

studies reporting the metalloproteases of the G. lucidum mushroom could be found [20,21].  

From the results presented in Figure 1, we can see that the proteolytic activity of reishi extract 

increased in a dose-dependent manner. This is the first time the total protease activity of reishi extract 

has been reported, and the results should provide useful information for future studies on  

reishi’s proteases. After reishi’s proteolytic activity was confirmed, reishi powder was subjected to an 

auto-digestion process and the resulting extract (ADR) was used for further investigation of in vitro 

ACE inhibition and in vivo hypotensive effects. Reishi hot water extract (HWR) was also used  

for comparison. 

2.2. ACE Inhibition of Auto-Digested Reishi Extract 

As shown in Figure 2, in all of the tested concentrations, both ADR and HWR showed ACE 

inhibition potential but ADR exhibited higher inhibitory activity than HWR. At a concentration as low 

as 100 μg/mL, ADR showed more than 50% inhibition. The inhibition rate increased to 75% at  

167 μg/mL, and the enzyme was nearly completely inhibited at 1670 μg/mL. HWR also showed a 

dose-dependent inhibitory effect. The extract exhibited the same inhibition rate as that of ADR at  

1670 μg/mL, even though it showed lower inhibition rates at other investigated concentrations. The 

difference of ACE inhibitory activity between ADR and HWR might be a consequence of the method 
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of preparation. The auto-digestion process may have created active short peptides by proteolytic action 

of the mushroom’s own proteases while hot-water-extraction process did not. These peptides might be 

the main factors causing the observed increase in the inhibitory effect of the ADR. 

Figure 2. ACE inhibition rate of hot-water and auto-digested extracts of reishi at different 

concentrations (value = mean ± SD, n = 3). Significant differences were determined by  

t-test (unpaired; one-tailed): p < 0.005 (*), p < 0.001 (**). 

 
ACE inhibitory activity has been reported for many mushroom extracts. However, due to the 

differences in the assay systems used for evaluation of ACE-inhibitory activity, it is difficult to 

compare the results of different studies. Assuming that IC50 values could reflect the inhibitory strength, 

we can partly compare the inhibitory capacity of samples reported in different studies. In this context, 

the ACE-inhibitory activity of ADR reported in this study exceeded those reported for water extracts 

of other mushrooms. In a study carried out by Ukawa [22] on nine mushrooms, cold-water extract of 

Lyophyllum decastes was reported to have the highest inhibition against ACE, but the IC50 value was 

as high as 250 μg/mL. In another survey on 23 mushrooms (screened from among 500 mushrooms) 

done by Izawa and Aoyagi [23], the hot-water extracts of 22 mushrooms showed lower IC50 values, 

ranging from 110–2250 μg/mL, and only one sample, Pholiota adiposa’s extract, gave a comparable 

result to that of ADR, with an IC50 value of 66 μg/mL. ADR also showed better inhibitory activities 

than most mushrooms’ water extracts of a recent study on antihypertensive proteins of nine edible 

mushrooms reported by Lau et al. [24]. At a concentration of 1670 μg/mL, ADR inhibited up to 93% 

ACE activity; however, most of the mushrooms’ extract in Lau’s experiment required concentrations 

as high as 10,000 μg/mL to reach this rate. Based on these comparisons, the ADR of this study 

certainly merits further investigation of its in vivo antihypertensive effect. 

2.3. Hypotensive Effects of Reishi and Auto-Digested Reishi Extract on Rats 

Reishi has a long history of use for promoting health and has been believed to have many 

therapeutic properties including strengthening of the cardiovascular function. Reishi powder was 

reported to have hypotensive effects on spontaneously hypertensive rats [25] and hot-water extract of 

reishi showed ameliorating effects on essential hypertensive patients after six months’ treatment [26]. 
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In this study ADR and HWR were administered to spontaneous hypertensive rats (SHRs) at doses of 

500 and 1500 mg/kg bodyweight, respectively. The initial average blood pressures of the SHRs in the 

test group were in the range of 171‒175 mmHg just before the experiments. Systolic blood pressure 

(SBP) was measured at 0 and 4, 8, and 24 h after administration (time points denoted as T0, T4, T8 and 

T24, respectively) and the results are shown in Figure 3. 

Figure 3. Time-course of changes in SBP of SHRs after administering HWR and ADR 

extracts (average ± SE, n = 6). Single oral administration was dosed at 500 and 1500 mg/kg 

body weight. Ultrapure water was used as control. Two-way repeated measures ANOVA 

(Group × Time), with “H” as the within-subjects variable and “Group” as a between-subjects 

variable followed by a simple main effect test was applied. There was no significant Group 

effects (F(4,25) = 1.93, p = 0.136), but significant Time (F(3,75) = 32.43, p < 0.001) and 

Group × Time interaction effect (F(12,75) = 2.08, p = 0.028) were observed. 

 

As shown in Figure 3, at T0, there was no difference among groups in both systolic and diastolic 

blood pressure (for diastolic blood pressure, DBP, see Supplementary Materials, Figure S1). However, 

after 4 h, both reishi-treated groups showed low systolic blood pressure (SBP); after 8 h, three groups 

including ADR-500, ADR-1500 and HWR-1500 were still at a low level of SBP. After 24 h, all 

groups’ SBPs had returned to baseline levels. There was also a tendency of lowering of DBP from T0 

to T4, but no difference between T4 and T8 was observed, and all groups’ DBP had returned to starting 

levels at 24 h. To confirm the variations, SBP was subjected to repeated analysis of variance (five 

groups) × time (four points) followed by a simple main effect test. There was no significant Group 

effect (F(4,25) = 1.93, p = 0.136), but significant Time (F(3,75) = 32.43, p < 0.001) and Group × Time 

interaction effects (F(12,75) = 2.08, p = 0.028) were observed. A simple main effect test also revealed 

a significant difference at T8 (F(4,25) = 3.16, p = 0.031) but not at other time points. There was no 

observable difference for the control group (F(3,23) = 2.26, p = 0.116), but the simple main effect test 

for each group at all time-points showed significant differences in all sample-administered groups 
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(HWR-500 group’s F(3, 23) = 4.15, p = 0.017; HWR-1500 group’s F(3, 23) = 8.29, p = 0.001;  

ADR-500 group’s F(3, 23) = 14.95, p < 0.001; ADR-1500 group’s (F(3, 23) = 27.66, p < 0.001). 

Four hours after administration of the extracts, SBP decreased in all test groups; the sharpest 

decrease was observed in the ADR-1500 group with the change of SBP reaching −34.3 mmHg  

(or 19.5% of change). Interestingly, 8 h after administration of the extract, while other groups showed 

a tendency to lose their hypotensive effect, the ADR-500 group maintained its effect with an activity 

even higher than that at 4 h and similar to that of ADR-1500 (15% of reduction). It is also worth 

noting that the water extracts of other mushrooms and their active compounds reported in previous 

studies [14–16] tend to lose their hypotensive effect only 4 h after administration. The fact that the 

hypotensive activity of ADR is still present after 8 h of administration may be due to the existence of 

intestinal digestion-resistant hypotensive agents in the extract. Base on the data presented here, ADR 

could be a promising candidate for use in antihypertension medication or for incorporation into 

antihypertensive functional foods. 

2.4. Fractionation and Identification of ACE-Inhibitory Peptides 

Presently, ACE inhibitors are the second most-commonly prescribed treatment for hypertension [27] 

and the popular assumption for hypotensive effect of peptides is due to this enzyme blockade [28]. 

Studies on ACE-inhibitory peptides have mainly focused on the ≤3-kDa fraction due to the limitation 

of the dimensions of the enzyme’s active site. In a study carried out by Kumakura [29], the author also 

proposed that the ≤3-kDa fraction of reishi extract may contain ACE-inhibitory peptides. The ADR 

extract of this study was proven to have in vitro ACE inhibition and in vivo hypotensive effect. 

Therefore, in tandem with previous studies’ results, we decided to make further investigation on the 

components of ADR to clarify the potent components causing the hypotensive effect on SHRs as 

reported above. ADR was subjected to ultrafiltration using a 3-kDa cut-off membrane and after 

confirming the existence of peptides and/or amino acid in the ≤3-kDa fraction by staining with 

ninhydrin (Supplementary Materials, Figure S2), the permeate was then subjected to RP-HPLC for 

further fractionation. A typical chromatogram of a semi-preparative RP-HPLC fractionation and the 

corresponding fractions’ ACE inhibition rates are shown in Figure 4. 

After the first fractionation by HPLC, 11 fractions were obtained (see Supplementary Materials, 

Figure S3, Table S1), but only fraction ADR5, which had the highest inhibition rate and a sufficient 

quantity for further investigation, was chosen for further separation by a semi-preparative HPLC to 

obtain 7 other sub-fractions. From the results shown in Figure 4 we can see that at 100 μg/mL, most  

sub-fractions had inhibition rates of more than 80% and there were no great differences in ACE 

inhibition between fractions. These results suggested that the active peptides were distributed evenly in 

all fractions and there was no single dominant compound for the inhibition of ACE. From these results 

we decided to apply all fractions onto an LCMS system to identify the structures contributing to the 

inhibitory activities against ACE. 

In order to identify the potent ACE inhibitory peptides, all fractions (ADR5-1–ADR5-7) were 

analyzed by LC-MS/MS. Firstly, the peptides candidates were identified by de novo sequencing. All 

the candidates were then chemically synthesized and applied to the LC-MS/MS system for checking 

the fragmentation models. Peptide sequences were only accepted if the candidate’s mass spectrum and 



Molecules 2014, 19 13479 

 

 

synthesized peptide’s mass spectrum matched with each other (see Supplementary Materials,  

Figure S4). In total 11 peptides were recognized and all of them were checked for the ACE-inhibitory 

effect. The results are shown in Table 1. 

Figure 4. Typical chromatogram of RP-HPLC fractionation of the ADR-5 (solvent 

program was a linear gradient from 5%–13% of 0.1% TFA/AcCN in 0.1% TFA/H2O for  

60 min; then increased to 25% in other 10 min before finished) and the sub-fractions’ 

ACE-inhibitory effects (100 μg/mL, n = 3; mean values and standard deviations were in 

Supplementary Materials, Table S2).  

 

Table 1. Peptides existing in ADR extract and their ACE inhibition capacity 

Fractions 
IC50 Values (μM) 

Dipeptides Tripeptides 

ADR5-1 undetectable 

ADR5-2 
Ser-Ile >200 

undetectable Ala-Tyr 162.7 
Ser-Tyr 94.7 

ADR5-3 undetectable 

ADR5-4 Ser-Leu >200 
Asn-Ser-Ile 342.1 
Lys-Val-Pro >500 

ADR5-5 
Ala-Leu >200 

undetectable 
Thr-Leu >200 

ADR5-6 Ile-Arg 73.7 Ile-Pro-Thr 73.1 
ADR5-7 undetectable Gly-Pro-Leu >500 

Positive control Ile-Pro-Pro  < 0.5 

This time, only di- and tripeptides could be found in all sub-fractions. Although several parts were 

unidentifiable, there was no evidence of oligopeptides with more than three residues (>500 Da) in 

these fractions. It can be seen that four (boldface) of the 11 peptides have rather high inhibition 
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activities. The IC50 values of these peptides range from 73.1 μM to 162.7 μM (or 25.4 to 40.8 μg/mL). 

Surprisingly, even ADR5-2 showed the lowest inhibition rate among seven sub-fractions of ADR5; its 

peptides were amongst the four highest activity peptides identified. This phenomenon might be 

attributed to the effect of unidentifiable part of the fraction. It can be predicted that the unidentifiable 

part contains some inactive components mixing with the active components of ADR5-2 reducing the 

inhibition rate of the fraction. Assuming that IC50 values partly reflect the inhibitory strength, the 

ACE-inhibitory activity of peptides identified in this study exceeded those recognized from water 

extracts of Grifola frondosa [13], Tricholoma giganteum [14], Pholiota adiposa [15] and Pleurotus 

cornucopiae [16], but were surpassed by some peptides isolated from Pleurotus cystidiosus [30] and 

Agaricus bisporus [31]. 

Blood pressure is regulated by various factors involved in the renin-angiotensin-aldosterone system, 

the sympathetic nervous system, and the kidney and fluid balance mechanisms. One limitation of this 

study is that only ACE was targeted for the potential of hypotensive effect of ADR and the extract’s 

peptides. However, ACE is reported to play a crucial role in blood pressure regulation and fluid and 

electrolyte balance [32] and data of ACE-inhibitory activity should give valuable information for 

further antihypertensive investigation. Besides, this limitation did not change the fact that the  

auto-digested extract containing ACE-inhibitory peptides showed hypotensive effect in vivo. 

3. Experimental Section  

3.1. Materials 

Ganoderma lingzhi (BMC 4049 strain) powder was obtained from the Beauty Care Products 

Division of Nagase & Co. (Kobe, Japan). Synthetic peptides (>95%) were purchased from Medical & 

Biological Laboratories Co., Ltd. (Nagoya, Japan). Positive control, Isoleucine-Proline-Proline (IPP,  

>95%) was from Phoenix Pharmaceuticals (Funakoshi, Tokyo, Japan). Colorimetric assay kits for 

ACE activity were purchased from Dojindo Corp. (Dojindo Laboratories, Kumamoto, Japan) while 

protease assay kit was from Thermo Scientific (Pittsburgh, PA, USA). Spontaneous hypertensive rats 

(SHRs) were purchased from Japan SLC (Tokyo, Japan). The standard diet for rats was obtained from 

Nosan Corporation (Yokohama, Japan). Other reagents were from Wako Pure Chemical Industries, 

Ltd. (Osaka, Japan) and were of the finest analytical grade. 

3.2. Preparation of Reishi’s Protease Extract and Its Proteolytic Activities 

Reishi powder was air-dried and extracted by ion-exchange water for 4 h at 4 °C using an orbital 

shaker. The resulting mixture was then centrifuged for 10 min at 10,000 rpm and the supernatant was 

decanted and freeze-dried. Lyophilized samples were subjected to the Pierce™ Fluorescent Protease 

Assay Kit (Pierce, Rockford, IL, USA) which uses fluorescence detection following proteolytic 

digestion of fluorescein isothiocyanate-labeled casein (FTC-casein) to test the protease activities of 

mushroom extract. Briefly, the procedures were as follows: 100 μL of FTC-casein working solution 

was incubated with 100 μL of varied concentrations of reishi protease extract (5, 10 and 50 μg/mL) in 

a 96-well plate at room temperature. After 60 min of incubation time, the fluorescence intensity 

(excitation/emission was 485/530 nm) was measured using CytoFluor II Microplate Reader 
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(PerSeptive Biosystems, Framingham, MA, USA). TBS buffer (25 mM Tris, 150 mMNaCl, pH 7.2) 

and bovine pancreas TPCK trypsin (>14,000 BAEE units/mg, supplied with the kit) dissolved in TBS 

buffer were used as the negative control and positive control, respectively. The proteolytic activities 

were defined as the difference of fluorescent intensity between sample solutions and the negative control. 

3.3. Preparation of Reishi and Auto-Digested Reishi’s Extracts 

Reishi hot-water extract (HWR): Reishi powder (280 g) was boiled with ion-exchange water for  

3 h; the sample mixture was then filtered, the resulting extract was lyophilized, and the final extract 

powder (15.3 grams) was stored in a capped plastic bottle sealed with Parafilm and stored at 4 °C  

until assayed. 

Auto-digested extract (ADR): Totally, 12 liters of ion-exchange water was added to a tank 

containing 840 grams reishi powder, and the mixture was incubated at 37 °C for 24 h with shaking 

every 1 h. The whole mixture was then autoclaved at 121 °C for 15 min. After being filtered with filter 

paper, the resulting extract was lyophilized and the dried powder (58.9 gram) was stored in a capped 

plastic bottle sealed with parafilm and stored at 4 °C until assayed. 

3.4. ACE Inhibition Assay 

Dojindo ACE Kit-WST A502 was used for testing the ACE-inhibitory activity. Principles of  

the kit were described in details in a previous report [33]. Testing procedures were run strictly 

according to the manufacturer’s instructions using a 96-well plate, and inhibition rate was calculated 

based on the comparison of optical absorbance of sample-treated wells (As), control wells (Ac) and 

blank wells (Ab) as in the equation below. Absorbance was measured at 450 nm using microplate 

reader-Biotek-ELX800 (BioTek, Winooski, VT, USA):  

Inhibition rate (%) = [(Ac − As)/(Ac − Ab)]×100 (1)

For HWR and ADR extracts, four concentrations (100, 167, 300 and 1670 μg/mL) were assayed 

against ACE to test for the ACE inhibitory potency of the extracts. For the peptides, six different 

concentrations of each peptide, ranging from 10 to 100 μg/mL, were assayed, and dose-response 

curves were plotted for the calculation of the IC50 values. IPP has been proven to be an ACE 

inhibitor [34] and thus was used as positive control (at concentrations ranging from 0.15 to 5 μg/mL). 

3.5. Hypotensive Effects of HWR and ADR Extract on SHR Rats 

Twelve-week old spontaneously hypertensive male rats, SHR/Izm (Japan SLC, Shizuoka, Japan), 

weighing 269 to 290 grams, were divided randomly and housed in polycarbonate cages (three rats per 

cage) in a room kept at 23 ± 2 °C with a 12-h light/dark cycle. Experimental animals were fed a 

standard diet ad libitum and tap water. After a 1-week adaptation period rats were administered orally 

with HWR and ADR solutions at doses of 500 and 1500 mg/kg body weight. A group in which 

ultrapure water (20 mL/kg body weight) was injected instead of reishi samples was used as control. 

Blood pressure was measured before as well as 4, 8 and 24 h after administration by the tail-cuff 

method using a BP-98A machine (Softron Corporation, Tokyo, Japan). At each time point, the rats’ 

blood pressures were measured three times and mean values were retained for each rat; totally 6 mean 
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values (for 6 rats in each group) were used for calculation of mean of the group. All of the animal 

experiments in this study were conducted in compliance with the guidelines of the Japanese 

Association for Laboratory Animal Science (2007) and approved by Animal Experiments of the 

Research and Development Division of Kyushu University (Approved date: 2010/12/28; Permitted 

Number: A22-234-0). 

3.6. Ultrafiltration and RP-HPLC for Fractionation 

Auto-digested reishi extract was subjected to ultrafiltration using a 3-kDa cut-off membrane to 

obtain 02 fractions having molecular weights in the ranges >3 kDa and ≤3 kDa. The latter was applied 

to preparative HPLC (Series 600 HPLC, Waters, Milford, MA, USA) for 2 further fractionation steps. 

For the first preparative HPLC, an Inertsil ODS-3 (20 × 250 mm, 5μm) column was used while an 

Eclipse-XDB C18, (9.4 × 250 mm, 5μm) column was selected for the second step. Water-A and 

acetonitrile-B (both were in mixture with TFA at the concentration of 0.1%) were used as the mobile 

phase, and the absorbance of the eluent was monitored at 215 nm in both steps. In the first step, elution 

was performed with a linear gradient of B in A from 10% to 60% for 60 min at a flow rate of  

5 mL/min; in the second step the solvent program was started at 5 percent of B and the separation 

process was executed by a linear increase of B up to 13% over 60 min, and then from 60 to 70 min, B 

was increased to 25%; the process was finished by a washing step with 25% of B in 20 min without 

samples collection. The flow rate of this step was 2 mL/min. All of the collected fractions were  

freeze-dried, kept in capped glass vials and stored in a refrigerator until assayed. 

3.7. Identification of Peptides by LC-MS/MS 

Identification of peptides was performed on a LCMS-IT-TOF system (Shimadzu, Kyoto, Japan) 

equipped with an electrospray ionization source. First, samples were separated by HPLC equipped 

with a ZIC-HILIC column (1.0 × 150 mm, Merck KGaA, Darmstadt, Germany). Then, the eluate from 

the HPLC was directly injected to an octopole ion-trap/time-of-flight system. For HPLC separation, all 

fractions (concentrations were 0.1 or 0.3 mg/mL) underwent a linear gradient elution, from 10% to 

90% water (1% CH3COOH) in a mixture with acetonitrile (1% CH3COOH) for 45 min at a flow rate of  

0.1 mL/min. Mass analysis was set up to run in both positive and negative modes in which mass 

spectra were acquired over the range of 57–1000 m/z. Molecular mass was determined by the singly 

charged (M + H)+1 state in the mass spectrum. The peptide molecular mass was automatically selected 

for fragmentation, and sequence information was obtained from tandem MS analysis. 

3.8. Statistical Analysis 

All ACE-inhibitory assays were performed in triplicate whereas hypotensive test were repeated in 6 

different rats for each group. Significant differences of in vitro assays were determined by Student’s  

t-tests (unpaired; one-tailed) while two-way repeated measures ANOVA (Group × Time), with “H” as 

the within-subjects variable and “Group” as the between-subjects variable followed by a simple main 

effect test was applied for animal experiments. Values of p < 0.05 were considered to indicate 

statistical significance. 
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4. Conclusions  

In this study, we investigated the in vitro ACE-inhibitory activity and in vivo hypotensive effect of 

auto-digested reishi in comparison with hot-water extract of the mushroom. Components showing 

potent activity against angiotensin-converting enzyme were also studied. It was shown that  

auto-digested reishi extract had higher inhibitory effect against ACE than that of the hot-water extract. 

The in vitro ACE assay suggested that no single ACE inhibitor dominated in the extract, but rather an 

aggregate of active peptides was present. Eleven peptides were identified and their IC50 values against 

ACE confirmed the hypothesis that a series of strong ACE inhibitors exists in auto-digested reishi 

extract. The in vivo hypotensive effect of auto-digested reishi extract suggested it to be a good source 

of ACE-inhibitory peptides that could be used in functional food or for antihypertension medication. 

This study not only reveals the remarkable properties of auto-digested reishi but also suggests a 

potentially more potent alternative to the water extracts of mushrooms, i.e., auto-digested extracts. 

Supplementary Materials 

Supplementary materials can be accessed at: http://www.mdpi.com/1420-3049/19/9/13473/s1. 

Acknowledgments 

We would like to show our grateful to the Ministry of Education, Science, Sports and Culture of 

Japan (Monbusho) for the financial support by means of Ph.D. scholarship. We also would like to 

express our gratitude to Matsui Toshiro for his kindness and advices regarding the animal experiments. 

The publication was supported in part by the Research Grant for Young Investigators of Faculty of 

Agriculture, Kyushu University. 

Author Contributions 

H.B.T., K.S., H.I., K.I. and T.M. conceived and designed the experiments; H.B.T., H.I. run the 

experiments; H.B.T., A.Y. and S.M. analyzed the data; H.B.T., R.K, K.S. drafted and wrote 

manuscript. All authors revised the final version of the manuscript. 

Conflicts of Interest 

The authors declare no conflict of interest.  

References  

1. Wasser, S.P. Reishi or Ling Zhi (Ganoderma lucidum). Encycloped. Diet. Suppl. 2005, 603–622. 

2. Cao, Y.; Wu, S.H.; Dai, Y.C. Species clarification of the prize medicinal Ganoderma mushroom 

“Lingzhi”. Fungal Divers. 2012, 56, 49–62. 

3. Paterson, R.R.M. Ganoderma—A therapeutic fungal biofactory. Phytochemistry 2006, 67, 1985–2001. 

4. Kino, K.; Yamashita, A.; Yamaoka, K.; Watanabe, J.; Tanaka, S. Isolation and Characterization of 

a New Immunomodulatory Protein, Ling Zhi-8 (LZ-8), from Ganoderma lucidum. J. Biol. Chem. 

1989, 1, 472–478. 



Molecules 2014, 19 13484 

 

 

5. Wang, H.; Ng, T.B. Ganodermin, an antifungal protein from fruiting bodies of the medicinal 

mushroom Ganoderma lucidum. Peptides 2006, 27, 27–30. 

6. Sun, J.; He, H.; Xie, B.J. Novel antioxidant peptides from fermented mushroom Ganoderma 

lucidum. J. Agric. Food Chem. 2004, 52, 6646–6652. 

7. Shi, Y.; Sun, J.; He, H.; Guo, H.; Zhang, S. Hepatoprotective effects of Ganoderma lucidum peptides 

against D-galactosamine-induced liver injury in mice. J. Ethnopharmacol. 2008, 117, 415–419. 

8. Mizuno, T.; Wang, G.; Zhang, J. Reishi, Ganoderma lucidum and Ganoderma tsugae: Bioactive 

substances and medicinal effects. Food Rev. Intern. 1995, 11, 151–166. 

9. Krause, T.; Lovibond, K.; Caulfield, M.; McCormack, T.; Williams, B. Management of 

hypertension: Summary of nice guidance. BMJ 2011, 343, d4891. 

10. Arihara, K.; Nakashima, Y.; Mukai, T.; Ishikawa, S.; Itoh, M. Peptide inhibitors for angiotensin  

I-converting enzyme from enzymatic hydrolysates of porcine skeletal muscle proteins. Meat Sci. 

2001, 57, 319–324. 

11. Zhang, J.H.; Tatsumi, E.; Ding, C.H.; Li, L.T. Angiotensin I-converting enzyme inhibitory peptides 

in douchi, a Chinese traditional fermented soybean product. Food Chem. 2006, 98, 551–557. 

12. Terashima, M.; Baba, T.; Ikemoto, N.; Katayama, M.; Morimoto, T.; Matsumura, S. Novel 

angiotensin-converting enzyme (ACE) inhibitory peptides derived from boneless chicken leg meat. 

J. Agric. Food Chem. 2010, 58, 7432–7436. 

13. Choi, H.; Cho, H.; Yang, H.; Ra, K.; Suh, H. Angiotensin I-converting enzyme inhibitor from 

Grifola frondosa. Food Res. Int. 2001, 34, 177–182. 

14. Hyoung Lee, D.; Ho Kim, J.; Sik Park, J.; Jun Choi, Y.; Soo Lee, J. Isolation and characterization 

of a novel angiotensin I-converting enzyme inhibitory peptide derived from the edible mushroom 

Tricholoma giganteum. Peptides 2004, 25, 621–627. 

15. Koo, K.; Lee, D.; Kim, J.; Yu, H. Production and characterization of antihypertensive angiotensin 

I-converting enzyme inhibitor from Pholiota adiposa. J. Microbiol. 2006, 16, 757–763. 

16. Jang, J.H.; Jeong, S.C.; Kim, J.H.; Lee, Y.H.; Ju, Y.C.; Lee, J.S. Characterisation of a new 

antihypertensive angiotensin I-converting enzyme inhibitory peptide from Pleurotus cornucopiae. 

Food Chem. 2011, 127, 412–418. 

17. Norris, R.; Casey, F.; FitzGerald, R.J.; Shields, D.; Mooney, C. Predictive modelling of 

angiotensin converting enzyme inhibitory dipeptides. Food Chem. 2012, 133, 1349–1354. 

18. Sabotic, J.; Trcek, T.; Popovic, T.; Brzin, J. Basidiomycetes harbour a hidden treasure of 

proteolytic diversity. J. Biotechnol. 2007, 128, 297–307. 

19. Erjavec, J.; Kos, J.; Ravnikar, M.; Dreo, T.; Sabotič, J. Proteins of higher fungi—From forest to 

application. Trends Biotechnol. 2012, 30, 259–273. 

20. Choi, H.S.; Sa, Y.S. Fibrinolytic and Antithrombotic Protease from Ganoderma lucidum. 

Mycologia 2000, 92, 545–552. 

21. Kumaran, S.; Palani, P.; Nishanthi, R.; Srimathi, S.; Kaviyarasan, V. Purification of an 

Intracellular Fibrinolytic Protease from Ganoderma lucidum Vk12 and its Susceptibility to 

Different Enzyme Inhibitors. Trop. J. Pharm. Res. 2011, 10, 413–420 

22. Ukawa, Y.; Andou, M.; Furuichi, Y.; Kokean, Y.; Nishii, T.; Hiasmatsu, M. Angiotensin  

I-Converting Enzyme Inhibitory Activity and Antitumor Activity of Hatakeshimeji (Lyophyllum 

decastes Sing.). Nippon Shokuhin Kagaku Kogaku Kaishi 2001, 48, 58–63. 



Molecules 2014, 19 13485 

 

 

23. Izawa, H.; Aoyagi, Y. Inhibition of Angiotensin Converting Enzyme by Mushroom. Nippon Shokuhin 

Kagaku Kogaku Kaishi 2006, 53, 459–465. 

24. Lau, C.C.; Abdullah, N.; Shuib, A.S.; Aminudin, N. Proteomic analysis of antihypertensive 

proteins in edible mushrooms. J. Agric. Food Chem. 2012, 60, 12341–12348. 

25. Kabir, Y.; Kimura, S.; Tamura, T. Dietary effect of Ganoderma lucidum mushroom on blood 

pressure and lipid levels in spontaneously hypertensive rats(SHR). J. Nutr. Sci. Vitaminol. (Tokyo) 

1988, 34, 433–438. 

26. Kanmatsuse, K.; Kajiwara, N.; Hayashi, K.; Shimogaichi, S.; Fukibara, I.; Ishikawa, H.;  

Tamura T. Studies on Ganoderma lucidum. I. Efficacy against Hypertension and Side Effects. 

Yakugaku Yasshi 1985, 105, 942–947. 

27. Ma, J.; Stafford, R.S. Screening, treatment, and control of hypertension in US private physician 

offices, 2003–2004. Hypertension 2008, 51, 1275–1281. 

28. Marques, C.; Manuela Amorim, M.; Odila Pereira, J.; Estevez Pintado, M.; Moura, D.;  

Calhau, C.; Pinheiro, H. Bioactive Peptides—Are There More Antihypertensive Mechanisms 

Beyond ACE Inhibition? Curr. Pharm. Des. 2012, 18, 4706–4713. 

29. Kumakura, K. Studies on the Angiotensin-Converting Enzyme Inhibitory Components of 

Mannentake’s (Ganoderma lucidum) Water Extract. Doctoral Dissertation in Japanese, The 

University of Tokyo, Tokyo, 7 September, 2010. 

30. Lau, C.C.; Abdullah, N.; Shuib, A.S. Novel angiotensin I-converting enzyme inhibitory peptides 

derived from an edible mushroom, Pleurotus cystidiosus O.K. Miller identified by LC-MS/MS. 

BMC Complement. Altern. Med. 2013, 13, 313. 

31. Lau, C.C.; Abdullah, N.; Shuib, A.S.; Aminudin, N. Novel angiotensin I-converting enzyme 

inhibitory peptides derived from edible mushroom Agaricus bisporus (J.E. Lange) Imbach 

identified by LC-MS/MS. Food Chem. 2014, 148, 396–401. 

32. Martínez-Maqueda, D.; Miralles, B.; Recio, I.; Hernández-Ledesma, B. Antihypertensive peptides 

from food proteins: A review. Food Funct. 2012, 3, 350–361. 

33. Hai Bang, T.; Suhara, H.; Doi, K.; Ishikawa, H.; Fukami, K.; Parajuli, G.P.; Katakura, Y.; 

Yamashita, S.; Watanabe, K.; Adhikari, M.K.; et al. Wild Mushrooms in Nepal: Some Potential 

Candidates as Antioxidant and ACE-Inhibition Sources. Evid. Based Complement. Alternat. Med. 

2014, 2014, doi:10.1155/2014/195305. 

34. Nakamura, Y.; Yamamoto, N.; Sakai, K.; Okubo, A.; Yamazaki, S.; Takano, T. Purification and 

characterization of angiotensin I-converting enzyme inhibitors from sour milk. J. Dairy Sci. 1995, 

78, 777–783.  

Sample Availability: Reishi (Ganoderma lingzhi) powder, HWR and ADR are stored in a  

low-temperature room (4 °C) in Laboratory of Systematic Forest and Forest Products Sciences, Faculty 

of Agriculture, Kyushu University. 

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


