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Abstract
Fungal endophytes, as an untapped resource of glycoside hydrolase biocatalysts, need to be further developed. 
Mogroside V, the primary active compound in Siraitia grosvenorii fruit, can be converted into other various 
bioactive mogrosides by selective hydrolysis of glucose residues at C3 and C24 positions. In present study, 20 
fungal strains were randomly selected from our endophytic fungal strain library to assess their capability for 
mogroside V transformation. The results revealed that relatively high rate (30%) endophytic fungal strains exhibited 
transformative potential. Further analysis indicated that endophytic fungi could produce abundant mogrosides, and 
the pathways for biotransforming mogroside V showed diverse. Among the given fungal endophytes, Aspergillus 
sp. S125 almost completely converted mogroside V into the end-products mogroside II A and aglycone within just 
2 days of fermentation; Muyocopron sp. A5 produced rich intermediate products, including siamenoside I, and the 
end-product mogroside II E. Subsequently, we optimized the fermentation conditions for Aspergillus sp. S125 and 
Muyocopron sp. A5 to evaluate the feasibility of large-scale mogroside V conversion. After optimization, Aspergillus 
sp. S125 converted 10 g/L of mogroside V into 4.5 g/L of mogroside II A and 3.6 g/L of aglycone after 3 days of 
fermentation, whereas Muyocopron sp. A5 selectively produced 4.88 g/L of siamenoside I from 7.5 g/L of mogroside 
V after 36 h of fermentation. This study not only identifies highly effective biocatalytic candidates for mogrosides 
transformation, but also strongly suggests the potential of plant endophytic fungi as valuable resources for the 
biocatalysis of natural compounds.
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Introduction
Endophytic fungi are an ecological group of fungi that 
inhabit the tissues and organs of healthy plants, without 
causing any external symptoms of the host plant (Stan-
iek et al. 2008). In last decades, endophytic fungi have 
been attracted more and more attention due to its excel-
lent capacity for secreting a diverse array of bioactive 
compounds and enzymes (Wang et al. 2023). Especially, 
these enzymes secreted, which are used for plant tissue 
invasion, colonization, and nutrient acquisition by endo-
phytic fungi, make them a valuable source of biocatalysts 
for the biotransformation of natural products. (Higginbo-
tham et al. 2013; Suryanarayanan et al. 2012; Gao et al. 
2021; Xiao et al. 2022). Recently, some studies have found 
that plant fungal endophytes exhibit excellent properties 
in bioconversion of natural saponin, such as glycyrrhi-
zic acid (Gao et al. 2021; Xiao et al. 2022), ginsenosides 
(Eom et al. 2018), with high activity and substrate speci-
ficity. Indeed, fungal endophytes have been suggested as 
high-efficient biocatalyst sources, revealing great poten-
tial application in medicine, food security, and social sus-
tainability (Schulz et al. 2002; Suryanarayanan et al. 2012; 
Choudhary et al. 2021). However, comprehensive infor-
mation on the chemical conversion capabilities of most 
endophytic fungal genera for biotechnological applica-
tions remains scarce thus far.

Siraitia grosvenorii, a perennial vine belonging to 
Cucurbitaceous, is an indigenous plant of China and pri-
marily found in the provinces of Guangxi, Guangdong 
and Jiangxi (Wang et al. 2019). For centuries, its fruits, 
called as luo han guo (LHG), have been utilized in tra-
ditional Chinese medicine for treating constipation, lung 
congestion, dry cough, etc. (Takasaki et al. 2003). LHG 
contains a diverse array of bioactive compounds, such 
as flavonoids, alkaloids, polysaccharides, vitamins, ali-
phatic acids and triterpene saponins (Shivani Thakur et 
al. 2021). Of particular significance, mogrosides, a group 
of cucurbitane-type triterpene saponins (Fig.  1A), are 
the principal pharmacological components of LHG, and 
also are widely used as sugar substitute in the world due 
to their high sweetness and low calorie (FDA 2010). In 
fact, the relative sweetness of mogroside V, mogroside 
IV, siamenoside I and mogroside II were assayed to be 
378, 300, 465 and 195 times sweetness than sucrose in 
water, respectively. Among these mogrosides, siameno-
side I shows the highest sweetness and most acceptable 
taste quality (Muñoz-Labrador et al. 2021). Currently, 
numerous studies have revealed various biological func-
tions of mogrosides, including anti-inflammatory (Qi 
et al. 2008; Liu et al. 2021), antioxidation (Chen et al. 
2007), anti-tumor (Liu et al. 2015), liver protection (Shi 
et al. 2014) and modulation of glycolipid metabolism 
(Liu et al. 2018). Overall, existing research strongly sug-
gests that mogrosides are promising candidates for the 

development of novel drugs and high-sweetness natural 
sweeteners (Wu et al. 2022).

Mogrosides represent a diverse array of derivatives 
with intricate stereoconfigurations, consisting of both 
aglycone (cucurbitane-type triterpene) and 1 to 5 glu-
cose moieties (Fig. 1A) (Chiu et al. 2013). These deriva-
tives, extracted from LHG, primarily include mogroside 
V, mogroside IV, siamenoside I, mogroside III, mogroside 
II, and mogroside I (Fig. 1A) (Gong et al. 2019). Among 
these, mogroside V constitutes the principal component 
(∼60%, w/w) of total saponins in LHG (Pawar et al. 2013), 
the contents of other mogrosides, however, are consid-
erably low. Therefore, other mogrosides are mainly pro-
duced by the hydrolysis of mogroside V. Unfortunately, 
due to the intricate sugar moieties in mogroside V, pro-
ducing the desired products by the traditional chemical 
hydrolysis methods, such as acid hydrolysis, proves to be 
challenging (Bin et al. 2020). In contrast, biotransforma-
tion approach offers significant advantages in terms of 
spatial stereoselectivity, sustainability, and environmental 
friendliness, and has been considered as more potential 
strategy for mogroside derivative production (Li et al. 
2022). Given the excellent sweetness intensity and good 
taste of siamenoside I, its bioconversion has recently gar-
nered attention (Xu et al. 2021; Duan et al. 2023). How-
ever, the screening of biocatalytic candidates capable of 
converting mogroside V into siamenoside I remains lim-
ited, and those that do exist are often lacking in selectiv-
ity and efficiency for this transformation. In addition, 
there are also few reports on the biotransformation of 
other rare mogrosides, including mogroside II, mogro-
side I, and mogroside III, leading to hinder further inves-
tigation of these mogrosides. Indeed, existing studies 
predominantly focus on catalytic enzymes, while ignore 
the screening of strains, which is the source of efficient 
and specific enzyme. Furthermore, in some aspects, bio-
transformation using whole-cell catalysis maybe exhibit 
advantages over enzyme catalysis because of its lower 
cost and higher stability (Xu et al. 2022).

In our previous study, a total of 229 strains of endo-
phytic fungi belonging to 19 genera were isolated from 
Dongxiang wild rice (Oryza rufipogon Griff.) (Wang 
et al. 2015). Further investigation revealed that these 
endophytic fungi could secreted abundant glycoside 
hydrolase, suggesting great potential application in bio-
transformation of the natural products, especially gly-
cosides (Gao et al. 2021, 2023). In the present study, we 
randomly selected 20 strains from our fungal endophyte 
library for screening the ability of mogrosides transfor-
mation. Our results revealed that a high proportion of 
these strains show the capacity for converting mogro-
side V into other glycosides. Furthermore, two strains, 
A5 and S125, exhibiting high conversion efficiency and 
β-glucosidase activity, were selected to produce various 
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Fig. 1 HPLC analysis of products produced by bioconversion mogroside V of 6 selected fungal endophytes. A the chemical structure of different mo-
grosides; B the substrate containing 0.5% (w/v) Luo Han Guo extract (LHG extract); C Strains L55, A5, J5, L99, FL7, and S125 were cultured and fermented 
in a medium containing 0.5% (w/v) Luo Han Guo extract (LHG extract). The fermentation supernatant was collected per day, and the mogrosides in the 
fermentation broth were analyzed using HPLC method. The standards as following: (a) mogroside V; (b) siamenoside I; (c) mogroside III E; (d) mogroside 
III; (e) mogroside III E; (f ) mogroside I E; (g) mogroside I A; (h) mogroside I E; (i) mogroside I A; (j) aglycone
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mogroside derivatives. This study not only provides 
diverse biocatalytic candidates for mogroside biocon-
version which significantly facilitate the development of 
mogroside industry, but also demonstrates that endo-
phytic fungi are a great potential biocatalytic resource for 
natural products.

Materials and methods
Medium and chemicals
The primary culture medium consisted of potato dex-
trose agar (PDA), comprising 200  g/L of potato, 20  g/L 
of glucose, and 20 g/L of agar powder. For strain screen-
ing, the culture medium comprised the following com-
ponents: 5.0 g of LHG extract, 2.0 g of KH2PO4, 5.0 g of 
NH4NO3, 0.5 g of NaCl, 0.05 g of yeast extract, 0.4 g of 
MgSO4·7H2O, 0.04  g of ZnSO4·7H2O, and 1  L of sterile 
water, adjusted pH 6.0. The LHG extract (containing 50% 
of mogroside V) was purchased from Luoyang Tianluo 
Biological Co., LTD (China). The standard products of 
mogroside V, IV E, III A, III E, II A, II E, I A, I E, sia-
menoside I and aglycone (purity, 98%) were obtained 
from Chengdou Munster Biotechnology Co., LTD 
(China). All other chemicals used in this study were of 
analytical grade standards.

Strain screening
A total of 229 strains of endophytic fungi involving 19 
genera were previously isolated from Dongxiang wild 
rice (Wang et al. 2015). Subsequently, 20 strains were 
randomly selected from the endophytic fungal library for 
mogroside V transformation. Verification of mogaloside 
V hydrolyzing ability was carried out using extracellu-
lar enzymes produced through the submerged fermen-
tation of these 20 fungi. Fungal activation performed 
either on PDA or PDB, and the fungal mycelia of the 
selected 20 strains were inoculated at a concentration of 
2% (v/w) into an inorganic medium containing 5% (w/v) 
LHG extract as the sole carbon source. Aerobic fermen-
tation was performed at 28℃ and 160  rpm in a shaker 
over a 7-day period. Broth samples were collected every 
24  h during the fermentation, and the supernatant was 
acquired by centrifugation at 4℃, 7000  rpm. Product 
analysis of the supernatant was performed using a thin-
layer chromatographic plate (TLC) with a developing 
agent consisting of dichloromethane: methanol in a 5:3 
(v/v) ratio, and a color developer composed of a 10% 
ethanol sulfate solution. High-performance liquid chro-
matography (HPLC, Agilent, USA) was employed to 
further identify the hydrolysis products of mogroside V 
produced by these strains. Strains exhibiting conversion 
ability were then selected for further investigation.

Morphological and phylogenetic analysis of strains
After screening test, a total of 6 endophytic fungi, namely 
strains S125, FL7, L55, A5, L99, and J5, capable of utiliz-
ing LHG extracts for growth were identified for micro-
organism identification. The colony morphology of 
endophytic fungi was observed on PDA medium at 28℃, 
while the morphology of spores, sporangia, and spore 
chains were examined using VEGA3 scanning electron 
microscopy (Tescan, USA). Genomic DNA extraction 
from the given fungal strains utilized the cetyltrimethyl-
ammonium bromide (CTAB) method (Van burik et al., 
1998). Primers ITS1 (5’-  T C C G T A G G T G A A C C T G C G 
G-3’) and ITS4 (5’- T C C T C C G C T T A T T G A T A T G C-3’) 
were utilized for amplifying internal transcriptional spac-
ers (ITS). PCR was employed to obtain the amplified 
DNA fragments, and sequencing was carried out by Qin-
gke Biological Company (China). Phylogenetic analysis of 
the ITS-rDNA sequences of these 6 endophytic fungi was 
carried out. The ITS sequences of endophytic fungi were 
compared online with NCBI (http://www.ncbi.nlm.nih.
gov/BLAST) using the BLAST (Basic Local Alignment 
Search Tool) to ascertain the genetic relationships and 
classification status of the endophytic fungi. Sequence 
data for relevant species were downloaded based on 
GenBank results. MEGA software (6.0.6) was utilized for 
comparing multiple sequences and constructing a phy-
logenetic tree based on evolutionary distance data. The 
tree figure was manually edited using iTOL version 4.

Optimization of fermentation conditions for mogrosides 
bioconversion
Two endophytic strains, S125 and A5, were selected 
for further investigation. The optimization of sub-
strate concentration, nitrogen source type, and nitrogen 
source concentration for β-glucosidase production by 
strains S125 and A5 was carried out using a one-by-one 
method. The fundamental fermentation conditions were 
as follows: 5 g/L of LHG extract (w/v), 5 g/L of NH4NO3 
(w/v), 2.0 of g/L KH2PO4, 0.5  g/L of NaCl, 0.4  g/L of 
MgSO4·7H2O, 0.04 g/L of ZnSO4·7H2O, and a natural pH. 
The seed broth was inoculated into the basic fermenta-
tion medium at a 2% inoculation rate, with a volume of 50 
mL per 250 mL flask, and fermented at 28℃ and 160 rpm 
for 7 days. Subsequently, enzyme activity was deter-
mined using the method described by Javed et al. (2018). 
The effect of carbon and nitrogen source concentrations 
on β-glucosidase activity was investigated through a 
single-factor test in the basic medium with LHG extract 
as the sole carbon source, respectively. Under the basic 
fermentation conditions, the concentration gradient 
ranged from 1 g/L to 30 g/L to explore the effects of dif-
ferent substrate concentrations on β-glucosidase activity. 
To examine the influence of various nitrogen sources on 
β-glucosidase activity, variations such as 0.5% (w/v) of 
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NaNO3, NH4NO3, NH4Cl, beef extract, peptone, urea, 
and yeast powder were employed to replace the nitrogen 
source in the basic fermentation medium, respectively. 
Subsequently, the optimal nitrogen source was selected, 
and its concentration was varied from 1 g/L to 11 g/L to 
investigate the effects of different nitrogen source dos-
ages on β-glucosidase activity. Finally, the production of 
mogrosides by the fermentation of strains S125 and A5 
was carried out under optimal conditions, respectively.

Mogroside analysis by HPLC
The fermentable broth obtained from the given endo-
phytic fungi was collected for further analysis. Initially, 
the fermentative supernatant was separated via filtration, 
followed by the addition of an equal volume of n-butanol 
for extraction. After thorough oscillation and mixing, the 
organic residue was evaporated and dried using a rotary 
evaporator, then dissolved in methanol and filtered 
through a 0.22  μm membrane for HPLC analysis. Stan-
dard products of mogroside V, IV E, III E, III, II A, II E, I 
A, I E, siamenoside I, and aglycone were dissolved in 10 
mL of chromatography-grade methanol to create a 1 mg/
mL standard solution. The contrast solution of mogro-
sides with different concentration gradients was prepared 
from the mother liquor and analyzed by HPLC to investi-
gate its linear relationship and range. The standard curve 
was constructed with the mass concentration (X, µg/mL) 
of the control solution as the X coordinate and the peak 
area (Y, AU*s) as the Y coordinate, the standard curve was 
drawn and the regression. Chromatographic conditions 
included an SB-C18 column (150  mm×4.6  mm, 5  μm) 
with a wavelength of 203 nm, a flow rate of 0.8 mL/min, 
a sample volume of 10 µL, and acetonitrile: water as the 
mobile phase in a gradient elution ranging from 2.8:7.2 
to 6.5:3.5. By comparing the retention time of each stan-
dard with the samples, the presences of different types of 
mogrosides in the fermentation broth were determined. 
The content of mogrosides in the sample was calculated 
by regression curve of standard mogrosides.

Statistical analysis
All experiments were conducted in triplicate with the 
average value being reported on the dry basis. The dif-
ferences between variables were tested for significance 
using ANOVA and Duncan’s multiple range test. Differ-
ences between means were considered significantly dif-
ferent at P < 0.05.

Results and discussions
Screening fungal endophytes for bioconversion of 
mogrosides
Recently, some microorganism, mainly yeast, have been 
employed to transform mogrosides due to their glu-
cosidase activity, showing the ability for converting 

mogroside V into a mixture of mogroside IV, siameno-
side I, and mogroside III E (Chiu et al. 2013; Wang et 
al. 2019). According to our previous studies, fungal 
endophytes secreted rich glycosidases and exhibited the 
ability to transform terpenoid saponins, such as glycyr-
rhizic acid (Xiao et al. 2022). Therefore, we supposed 
that the fungal endophytes maybe have the capacity to 
transform mogrosides. To investigate this hypothesis, 
20 strains from our endophytic fungi library were ran-
domly selected to transform the LHG extracts (contain-
ing 50% mogroside V). After screening test, a total of 6 
endophytic fungi capable of utilizing LHG extracts for 
growth were found, suggesting their potential for mogro-
sides conversion. Subsequently, fermentation of the 6 
strains using LHG extracts was carried out, respectively, 
and fermentable supernatant were sampled daily for fur-
ther analysis using the TLC method. As shown in S Fig. 1, 
the 6 given strains exhibited diverse mogroside profiles, 
revealing diverse and excellent mogroside bioconversion 
abilities. Notably, strain S125 exhibited excellent ability 
for selective efficient bioconversion of mogrisde V into 
two products, meaning great potential for specific pro-
duction of rare mogrosides. Meanwhile, diverse inter-
mediate products were produced during fermentation of 
strain FL7, L55, A5, L99, and J5, with one type of mogro-
side derivative predominantly obtained in the middle or 
late fermentation stages. Previously, various microorgan-
isms, including yeast and lactic acid bacteria, were tested 
for mogrosides conversion, but only a few yeasts showed 
this ability (Wang et al. 2018; Yang et al. 2007). Thus, the 
screening of novel biocatalytic candidates for efficient 
mogroside conversion is necessary. When comparing our 
results to those previous studies, it must be pointed out 
that a relatively high ratio (approximately 30%) of fungal 
endophytes with mogroside conversion capabilities were 
screened, and these given fungal endophytes also exhib-
ited excellent properties in producing diverse mogroside 
derivatives. Indeed, our results strongly suggest plant 
endophytic fungi are promising biocatalytic candidates 
for mogroside conversion.

Diverse pathways for biotransformation of mogrosides by 
fungal endophytes
To further identify the intermediate or end products, 
HPLC analysis was employed. Our results showed that 
most of the tested fungal endophytes, except for strain 
A5, completely converted mogroside V to aglycone as 
the end-product (Fig.  1B and C). Currently, reported 
biocatalytic strains typically transform mogroside V to 
mogroside III E as the end-product (Table  1). Similarly, 
mogroside III E remained the main component of prod-
ucts generated during the middle fermentation period 
of fungal endophytes, such as strain L55, A5, J5 and L99. 
Meanwhile, we also found the production of siamenoside 
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I during the early fermentation period of strain A5. Dur-
ing the middle fermentation period (2∼4 days) of strain 
L55 and FL7, relatively high content of mogroside I A was 
produced. In addition, strain J5 exhibited a quite specific 
property, producing a rare mogroside namely mogro-
side I A, during the middle fermentation period. To our 
knowledge, there are no reports of strains or enzymes 
capable of converting mogroside V into mogroside I E. 
Surprisingly, strain S125 exhibited high conversion effi-
ciency, utilizing almost all substrates to produce end-
products (mogroside I A, and aglycone) after only one 
day of fermentation, demonstrating great potential appli-
cation for the production of rare mogrosides.

Evidences indicate that various bioactive compounds 
can be obtained by selectively removing glucose moi-
eties from mogroside V at the C3 or C24 positions. These 
compounds exhibit diverse biological activities, such 
as tumor inhibition and high sweetness as a sweetener 
(Liu et al. 2015; Wu et al. 2022). However, mogroside V 
contains relatively complex glucose moieties, resulting 
in challenges of the targeted preparation of certain LHG 

glycosides. As a result, bioconversion strategies with high 
selectivity are preferred. Few studies have investigated 
the biotransformation of mogrosides, with most focus-
ing on yeast-mediated bioconversion of mogroside V. For 
example, Wang et al. (2018) screened microorganisms 
capable of converting mogroside V, identifying 8 different 
yeast strains with transformative abilities. Their results 
revealed that the main products produced by yeasts were 
siamenoside I and mogroside III E. It seems to be sug-
gested a consistent pathway for yeast-mediated mogro-
side V conversion, namely M V → S I + M III E (herein, 
mogroside and siamenoside were abbreviated as M and 
S, respectively). Comparing to yeast, utilizing endophytic 
fungi as catalysts for the biotransformation of mogroside 
V results in a more diverse conversion pathway (Fig. 2), 
including (i) M V → M I A → M A (FL7); (ii) M V→ M I 
A + M A (S125); (iii) M V → M III E + M III → M I A + M 
I E → M A (J5); (iv) M V → M III E + M I A → M A (L55); 
(v) M V → S I + M III E → M I A + M I E → M A (L99); 
(vi) M V → S I + M III E → M III E → M I E (A5), and a 
richer array of products (Figs. 1 and 2). Not only can sim-
ilar products be generated, but also rare products, such 
as mogroside I A and aglycone, which are unattainable 
by yeast conversion, can also be obtained by plant endo-
phytes. From the above mentioned results, endophytic 
fungi can be considered as superior biocatalysts for the 
bioconversion of mogrosides.

Phylogenetic analysis of endophytic fungi with capacity of 
mogrosides biotransformation
Microorganism identification is considered necessary 
for further investigations of transformation characteris-
tics, catalytic enzymes, and strain screening. Therefore, 
the 6 strains exhibiting mogroside bioconversion capa-
bilities were further identified. Based on morphological 
characteristics (Fig. 3A), strains S125 and L55 grow rap-
idly with abundant aerial hyphae covering the entire agar 
plate, and produce numerous conidiophores, suggesting 
they belong to the genus Aspergillus. In contrast, strain 
J5 exhibits distinct septa in both its hyphae and conid-
iophores, indicating potential classification within the 
genus Penicillium. Strains FL7 and A5 display filamentous 
mycelium without noticeable spores. To further identify 
these filamentous fungi, molecular taxonomy, a rapid and 
reliable method, was employed. The molecular phyloge-
netic tree was constructed based on ITS regions (Fig. 3B). 
All members of Muyocopron species were grouped in 
a single cluster, and the Fungus A5 placed on a single 
clade, revealing a potential novel species of the genus 
Muyocopron. Although fungus FL7 belongs to the genus 
Alternaria which showed the highest similarity with 
Alternaria alstroemeriae CBS 118,809 ITS region (Gene-
bank accession no. NR_163686.1), fungus FL7 gathered 
a single clade, demonstrating a potential novel species 

Table 1 Bioconversion of mogroside by biocatalytic candidates 
in 7 days
Strains Substrate Inter-

mediate 
products

End-products Refer-
ence

Ganoderma 
lucidum

LHG 
extracts

M III E, M 
II A

M III E, M II A Chiu et 
al. 2019

Kluyveromyces 
marxianus

LHG 
extracts

S I, M III E S I, M III E Wang et 
al. 2018

Saccharomyces 
pastorianus

LHG 
extracts

M III E M III E Wang et 
al. 2018

Candida kefyr LHG 
extracts

S I, M III E S I, M III E Wang et 
al. 2018

Candida utilis LHG 
extracts

S I, M III E S I, M III E Wang et 
al. 2018

Yarrowia 
lipolytica

LHG 
extracts

S I, M III E S I, M III E Wang et 
al. 2018

Debaryomyces 
hansenii

LHG 
extracts

S I, M III E S I, M III E Wang et 
al. 2018

Dekkera 
bruxellensis

LHG 
extracts

S I, M III E S I, M III E Wang et 
al. 2018

Muyocopron 
sp. A5

LHG 
extracts

S I, M III E, 
M III E, M 
II A

M II A This 
study

Alternaria sp. 
FL7

LHG 
extracts

M II A, 
aglycone

Aglycone This 
study

Sarocladium 
oryzae L99

LHG 
extracts

M III E, M II 
A, M I E

Aglycone This 
study

P. meleagrinum 
J5

LHG 
extracts

M III E, M III, 
M I E

Aglycone This 
study

Aspergillus sp. 
L55

LHG 
extracts

M IV E, M III 
E, M II A

Aglycone This 
study

Aspergillus sp. 
S125

LHG 
extracts

M II A, 
aglycone

M II A, aglycone This 
study

Notes mogroside and siamenoside were abbreviated as M and S, respectively
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of Alternaria. Additionally, fungus L99 and J5 were des-
ignated as Sarocladium oryzae L99 and P. meleagrinum 
J5, respectively, due to high sequences identity (≥ 99%) 
of sequenced ITS with those from Sarocladium oryzae 
CBS 180.74 (Genebank accession no. NR_145045.1), and 
P. meleagrinum var. viridiflavum CBS 335.59 (Genebank 
accession no. NR_153214.1), respectively. Importantly, 
two strains, namely fungal strains L55 and S125 were 
grouped in a cluster with numbers of genus Aspergillus, 
which revealed two strains all belonging to Aspergillus 
species. Our results showed that three strains capable of 
transforming mogrosides belong to the genera of Peni-
cillium and Aspergillus fungi, with a proportion reach-
ing 50%. In addition to the hydrolytic activity towards 
mogrosides described in this paper, previous studies have 
revealed that Penicillium or Aspergillus fungi exhibited 
transformative capabilities for various natural glycoside 
compounds, such as glycyrrhizic acid and saponins (Zou 

et al. 2013; Liu et al. 2013; Lee et al. 2021). This may be 
attributed to the rich glycoside hydrolase harboring in 
Penicillium and Aspergillus fungi, indicating their poten-
tial for transforming a variety of glycoside compounds.

Production of rare mogrosides from the LHG extracts
According to our above results, diverse derivatives of 
mogroside were produced from the bioconversion of 
mogroside V by plant endophytic fungi. Compared to 
other fungi, Aspergillus sp. S125 could fast transform 
mogroside V into two end-products (mogroside I A and 
mogroside saponin, Fig. 1B). Among the various mogro-
sides, siamenoside I not only exhibits the highest sweet-
ness but also the most optimal taste, making it widely 
recognized as one of the most promising natural sweet-
eners. Therefore, it is of great significance to find and 
develop biocatalysts that can effectively convert mogro-
side V into siamenoside I. Fortunately, during the early 

Fig. 2 The bioconversion pathways of mogroside V during the conversing processes by endophytic fungi L55, A5, J5, L99, FL7 and S125. Mogroside and 
siamenoside were abbreviated as M and S, respectively
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stage of fermentation, Muyocopron sp. A5 efficiently 
converted mogroside V into siamenoside I (Fig.  1B). To 
further evaluate the feasibility of mogroside production, 
two strains, namely Muyocopron sp. A5 and Aspergil-
lus sp. S125, were selected to produce corresponding 
mogrosides. Previous studies have shown high levels of 
β-glucosidase activities, meaning excellent bioconversion 
ability for mogrosides (Chen et al. 2022), as this glycosi-
dase is usually responsible for hydrolyzing the glycosidic 

bonds of mogrosides. Thus, β-glucosidase activities 
were selected as a parameter to optimize cultural con-
ditions. Different amounts of substrates (ranging from 1 
to 30 g/L of LHG extract), and various nitrogen sources 
were employed to culture Muyocopron sp. A5 and Asper-
gillus sp. S125, respectively. Our results demonstrated 
a significant effect of substrates and nitrogen sources 
on β-glucosidase activity produced by the two selected 
strains (Fig. 4). After 7 days of fermentation, the highest 

Fig. 3 A Morphological characteristics of endophytic fungi L55, A5, J5, L99, FL7 and S125, and B Maximum-likelihood (ML) trees based on ITS sequences 
using MEGA software (version 6.0.6) with the Kimura 2-parameter model for calculations of evolutionary distances. The bootstrap values (1000 replicate 
runs) greater than 50% are listed
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β-glucosidase activity (190.15 U/mL) was generated 
by Muyocopron sp. A5 cultivated in medium contain-
ing 15 g/L of LHG extract (Fig. 4A). In addition, various 
nitrogen sources, including NaNO3, beef extract, pep-
tone, urea, NH4NO3, yeast powder, and NH4Cl, were 
employed to culture Muyocopron sp. A5, and the highest 
β-glucosidase activity (284.17 U/mL) was assayed at pep-
tone (Fig. 4B). Subsequently, different dosages of peptone 
(1∼11 g/L) were further used to culture Muyocopron sp. 
A5, and our results showed that 5  g/L of peptone con-
tributed to the highest β-glucosidase activity (306.03 
U/mL) (Fig.  4C). Meanwhile, as shown in Fig.  4D∼F, 
20 g/L of LHG extract and 7 g/L of peptone caused the 

highest β-glucosidase activity for Aspergillus sp. S125, 
respectively.

Subsequently, fermentation of strain A5 and S125 was 
carried out for rare mogroside production under optimal 
conditions, respectively (Fig. 5). The HPLC method was 
further employed to analyze the transformation process 
of the products. Consistent with the results of the initial 
screening, Aspergillus sp. S125 demonstrated a strong 
conversion ability with mogroside V, completely trans-
formed in only 3 days, producing 56.07% of mogroside II 
A and 43.93% of aglycone (S Figs. 2 and 5A). It is worth 
noting that Muyocopron sp. A5 showed different perfor-
mance in the conversion of mogroside V under optimized 

Fig. 5 The relative content profiles of mogrosides during bioconversion of A Aspergillus sp. S125 and B Muyocopron sp. A5 under optimal fermentation 
conditions

 

Fig. 4 Effect of A, D LHG extract dosages, B, E different nitrogen sources and C, F concentration of peptone on β-glucosidase activities of Muyocopron 
sp. A5 and Aspergillus sp. S125, respectively. NN, NaNO3; BE, beef extract; PP, peptone; UR, urea; NO, NH4NO3; YE, yeast powder; NC, NH4Cl
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fermentation conditions compared to the initial screen-
ing. Initially, Muyocopron sp. A5 converted mogroside 
V into various mogrosides, including siamenoside I, 
mogroside IV E, mogroside III E, and finally mogroside II 
E (Fig. 1). Surprisingly, after optimization, we found that 
Muyocopron sp. A5 selectively converted mogroside V 
into siamenoside I during the early stage of fermentation 
(1–2 days), followed by conversion into mogroside III E 
after 3 days of fermentation, and ultimately resulting in 
mogroside II E (S Fig. 3). Therefore, in order to obtain sia-
menoside I, the fermentation of strain A5 was performed 
under the optimized conditions for only 48 h. Our results 
showed that after 36  h of fermentation, the content of 
siamenoside I accounted for 88.74% of the total mogro-
sides, and the concentration was 4.88 g/L (Fig. 5B). Wang 
et al. (2019) screened 5 yeast strains for the conversion 
of mogroside V and found that siamenoside I accounted 
for approximately 30–54% of the total glycosides after 7 
days of fermentation, along with considerable amounts 
of Mogroside III E, ranging from 7 to 59%. Compared to 
other catalytic strains that can convert mogroside V into 
siamenoside I, plant endophytes Muyocopron sp. A5 not 
only exhibited better selectivity, but also achieved sig-
nificantly higher efficiency, with 88.74% of siamenoside 
I obtained in just 36 h. Indeed, plant endophytes Muyo-
copron sp. A5 and Aspergillus sp. S125 exhibit higher 
substrate tolerance and product yield compared to other 
microbe-mediated mogroside V bioconversions. Our 
results further suggest the great potential and practical 
value of endophytic fungi in the biotransformation of 
mogrosides.

Conclusions
Selective hydrolysis of the different glucose moieties of 
mogroside V, the main bioactive compounds of the LHG, 
is an important and practical strategy for the preparation 
of other various glycosides. However, the complicated 
spatial structures of mogroside V pose a challenge for 
selective hydrolysis of specific glucose moieties. Biocata-
lytic strategies show significant advantages in preparing 
rare mogrosides due to their excellent region-selectivity. 
Therefore, it is critical to screen microorganisms and 
enzymes that can efficiently and selectively transform 
mogroside V. In this study, we randomly selected 20 
strains from our plant endophytic fungi library and inves-
tigated their ability to transform mogroside V using LHG 
extract (containing 50% of mogroside V) as a substrate. 
Six strains were found to be capable of transforming 
mogrosides and producing various products, including 
siamenoside I, mogroside IV E, mogroside III, mogro-
side III E, mogroside II A, mogroside II E, mogroside I A, 
mogroside I E, and aglycone, indicating diverse transfor-
mation pathways. Among 6 strains, strain S125 showed 
efficient transformation ability by completely converting 

mogroside V in 1–2 days of fermentation, while strain A5 
was able to selectively convert mogroside V into a high-
intensity natural sweetener siamenoside I. By optimizing 
the fermentation condition such as substrate addition 
and nitrogen source, strain S125 was able to completely 
transform mogroside V in 3 days of fermentation, gener-
ating 4.5 g/L of mogroside II A and 3.6 g/L of aglycone. 
Strain A5 selectively transformed mogroside V into sia-
menoside I during the early stage of fermentation and 
was able to convert 93.2% of mogroside V in only 36 h, 
producing 4.88  g/L of siamenoside I. In addition, mor-
phological and molecular identification of the six plant 
endophytic fungi strains revealed that multiple strains 
are potential novel species. This study not only provides 
diverse candidates for the bioconversion of mogroside 
which significantly facilitate the development of mogro-
side industry, but also demonstrates that endophytic 
fungi are a great potential biocatalytic resource for natu-
ral products.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s40643-024-00754-8.

Supplementary Material 1

Supplementary Material 2

Acknowledgements
Not applicable.

Author contributions
WXL, BLG and QJ conducted the experiments. BLG, YWX, YW and YMD 
provided resources. DZ and BLG supervised the project, designed the 
experiments, and wrote the manuscript. All authors read and approved the 
final manuscript.

Funding
This work was supported by the National Key R&D Program of China 
(2021YFC2101303), by the Natural Science Foundation of Jiangxi Province 
of China (20212BAB215006, 20224BAB215023, 20232BAB205008), by the 
Foundation of Jiangxi Educational Committee (GJJ2201346, GJJ2201319).

Data availability
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
All authors have read this article and have approved its submission to 
Bioresources and Bioprocessing.

Competing interests
The authors declare that they have no competing interests.

Received: 2 January 2024 / Accepted: 31 March 2024

https://doi.org/10.1186/s40643-024-00754-8
https://doi.org/10.1186/s40643-024-00754-8


Page 11 of 11Lin et al. Bioresources and Bioprocessing           (2024) 11:42 

References
Bin C, Fangming Y, Zhi J (2020) Mogroside V-producing endophytic fungi isolated 

from Siraitia Grosvenorii. Planta Med 86(13–14):983–987
Chen WJ, Wang J, Qi XY, Xie BJ (2007) The antioxidant activities of natural 

sweeteners, mogrosides, from fruits of Siraitia Grosvenori. Int J Food Sci Nutr 
58(7):548–556

Chen HY, Lin CH, Hou CY, Lin HW, Hsieh CW, Cheng KC (2022) Production of 
siamenoside I and mogroside IV from Siraitia grosvenorii using immobilized 
β-glucosidase. Molecules 27(19):6352

Chiu CH, Wang R, Lee CC, Lo YC, Lu TJ (2013) Biotransformation of mogrosides from 
Siraitia Grosvenorii Swingle by Saccharomyces cerevisiae. J Agric Food Chem 
61(29):7127–7134

Chiu CH, Wang R, Zhuang S, Lin PY, Lu TJ (2019) Biotransformation of mogrosides 
from Siraitia grosvenorii by Ganoderma Lucidum mycelium and the purifica-
tion of mogroside IIIE by macroporous resins. J Food Drug Anal 28(1):74–83

Choudhary M, Gupta S, Dhar MK, Kaul S (2021) Endophytic fungi-mediated bioca-
talysis and biotransformations paving the way toward green chemistry. Front 
Bioeng Biotechnol 9:664–705

Duan J, Zhu D, Zheng X, Ju Y, Wang F, Sun Y, Fan B (2023) Siraitia Grosvenorii 
(swingle) c. Jeffrey: research progress of its active components, pharmaco-
logical effects, and extraction methods. Foods 12(7):1373

Eom SJ, Kim KT, Paik HD (2018) Microbial bioconversion of ginsen-
osides in Panax ginseng and their improved bioactivities. Food Rev Int 
34(7):698–712

FDA US (2010) GRAS Notice 000301: Luo Han Fruit
Gao BL, Xiao YW, Zhang Q, Sun JR, Zhang ZB, Zhu D (2021) Concurrent produc-

tion of glycyrrhetic acid 3-O-mono-β-D-glucuronide and lignocellulolytic 
enzymes by solid-state fermentation of a plant endophytic Chaetomium 
globosum. Bioresour Bioprocess 8(1):88

Gao B, Ma Y, Xiao Y, Wang Y, Pan Y, Zhu D (2023) Lignocellulolytic enzyme 
cocktail produced by plant endophytic Chaetomium globosum exhibits a 
capacity for high-efficient saccharification of raw rice straw. Ind Crops Prod 
196(10):116508

Gong X, Chen N, Ren K, Jia J, Wei K, Zhang L, Lv Y, Wang J, Li M (2019) The fruits of 
Siraitia grosvenorii: a review of a Chinese food-medicine. Front Pharmacol 
10:1400

Higginbotham SJ, Arnold AE, Ibañez A, Spadafora C, Coley PD, Kursar TA (2013) 
Bioactivity of fungal endophytes as a function of endophyte taxonomy and 
the taxonomy and distribution of their host plants. PLoS ONE 8(9):e73192

Javed MR, Rashid MH, Riaz M, Nadeem H, Qasim M, Ashiq N (2018) Physiochemical 
and thermodynamic characterization of highly active mutated aspergil-
lus Niger β-glucosidase for lignocellulose hydrolysis. Protein Pept Lett 
25(2):208–219

Lee JJ-HLT-E, Kim J, Shin T-H, Oh K-C, Deok-Kun (2021) Improved bioactivity 
of 3-O-β-D-glucopyranosyl platycosides in biotransformed Platycodon 
grandiflorum root extract by pectinase from Aspergillus Aculeatus. J Microbiol 
31(6):847–854

Li J, Mu S, Yang J, Liu C, Zhang Y, Chen P, Zeng Y, Zhu Y, Sun Y (2022) Glycosyltrans-
ferase engineering and multi-glycosylation routes development facilitating 
synthesis of high-intensity sweetener mogrosides. iScience 25(10):105222

Liu T, Yu H, Liu C, Wang Y, Tang M, Yuan X, Jin F, Luo N, Wang Q, Xu X, Jin F (2013) 
Protodioscin-glycosidase-1 hydrolyzing 26-O-β-d-glucoside and 3-O-(1→ 
4)-α-l-rhamnoside of steroidal saponins from aspergillus oryzae. Appl Micro-
biol 97(23):10035–10043

Liu C, Cai TY, Zhao XM, Ma LQ, Sun YX (2015) Apoptosis effect of Siraitia grosvenorii 
extracts on lung cancer cells A549 and its mechanisms. Chin Pharmacol Bull 
25(9):1310–13131314

Liu C, Dai L, Liu Y, Dou D, Sun Y, Ma L (2018) Pharmacological activities of mogro-
sides. Future Med Chem 10(8):845–850

Liu Y, Wang J, Guan X, Yu D, Huangfu M, Dou T, Zhou L, Wang L, Liu G, Li X, Zhai Z, 
Han M, Liu H, Chen X (2021) Mogroside V reduce OVA-induced pulmonary 
inflammation based on lung and serum metabolomics. Phytomedicine 
91:153682

Muñoz-Labrador A, Azcarate S, Lebrón-Aguilar R, Quintanilla-López JE, Galindo-
Iranzo P, Kolida S, Methven L, Rastall RA, Moreno FJ, Hernandez-Hernandez 
O (2021) High-yield synthesis of transglycosylated mogrosides improves 
the flavor profile of monk fruit extract sweeteners. J Agric Food Chem 
69(3):1011–1019

Pawar RS, Krynitsky AJ, Rader JI (2013) Sweeteners from plants–with emphasis on 
Stevia rebaudiana (bertoni) and siraitia grosvenorii (swingle). Anal Bioanal 
Chem 405(13):4397–4407

Qi XY, Chen W, Zhang LQ, Xie BJ (2008) Mogrosides extract from Siraitia grosvenori 
scavenges free radicals in vitro and lowers oxidative stress, serum glucose, 
and lipid levels in alloxan-induced diabetic mice. Nutr Res 28(4):278–284

Schulz B, Boyle C, Draeger S, Rommert A, Krohn K (2002) Endophytic fungi: 
a source of novel biologically active secondary metabolites. Mycol Res 
106(9):996–1004

Shi D, Zheng M, Wang Y, Liu C, Chen S (2014) Protective effects and mechanisms 
of mogroside V on LPS-induced acute lung injury in mice. Pharm Biol 
52(6):729–734

Shivani Thakur BK, Mallikarjun CP, Mahajan M, Kapoor P, Malhotra J, Dhiman R, 
Kumar D, Pal PK, Kumar S (2021) Introduction, adaptation and characteriza-
tion of monk fruit (Siraitia Grosvenorii): a non-caloric new natural sweetener. 
Sci Rep 11(1):6205

Staniek A, Woerdenbag HJ, Kayser O (2008) Endophytes: exploiting biodiversity for 
the improvement of natural product-based drug discovery. J Plant Interact 
3(2):75–93

Suryanarayanan TS, Govindarajulu MB, Gopalan V (2012) Fungal endophytes: an 
untapped source of biocatalysts. Fungal Divers 54(1):19–30

Takasaki M, Konoshima T, Murata Y, Sugiura M, Nishino H, Tokuda H, Matsumoto 
K, Kasai R, Yamasaki K (2003) Anticarcinogenic activity of natural sweeten-
ers, cucurbitane glycosides, from Momordica Grosvenori. Cancer Lett 
198(1):37–42

Van Burik JA, Schreckhise RW, White TC, Bowden RA, Myerson D (1998) Compari-
son of six extraction techniques for isolation of DNA from filamentous fungi. 
Med Mycol 36(5):299–303

Wang R, Lin PY, Huang ST, Chiu CH, Lu TJ, Lo YC (2015) Hyperproduction of 
β-Glucanase exg1 promotes the bioconversion of mogrosides in Saccharo-
myces cerevisiae mutants defective in mannoprotein deposition. J Agric Food 
Chem 63(47):10271–10279

Wang Y, Gao BL, Li XX, Zhang ZB, Yan RM, Yang HL, Zhu D (2015b) Phylogenetic 
diversity of culturable endophytic fungi in Dongxiang wild rice (Oryza rufi-
pogon Griff ), detection of polyketide synthase gene and their antagonistic 
activity analysis. Fungal Biology 119(11):1032–1045

Wang R, Chen YC, Lai YJ, Lu TJ, Huang ST, Lo YC (2018) Dekkera bruxellensis, a beer 
yeast that specifically bioconverts mogroside extracts into the intense natural 
sweetener siamenoside I. Food Chem 276:43–49

Wang B, Yang Z, Xin Z, Ma G, Qian Y, Xie T, Prakash I (2019) Analysis of mogrosides 
insiraitia grosvenoriifruits at different stages of maturity. Nat Prod Commun 
14(9):223–246

Wang Z, Wang L, Pan Y, Zheng X, Liang X, Sheng L, Zhang D, Sun Q, Wang Q (2023) 
Research advances on endophytic fungi and their bioactive metabolites. 
Bioprocess Biosyst Eng 46(2):165–170

Wu J, Jian Y, Wang H, Huang H, Gong L, Liu G, Yang Y, Wang W (2022) A review of 
the phytochemistry and pharmacology of the fruit of Siraitia grosvenorii 
(swingle): a traditional Chinese medicinal food. Molecules 27(19):6618

Xiao YW, Zhang Z, Liang W, Gao BL, Wang Y, Chang J, Zhu D (2022) Endophytic 
fungi from Dongxiang wild rice (Oryza rufipogon Griff ) show diverse catalytic 
potential for converting glycyrrhizin. 3 Biotech 12(3):79

Xu Y, Liu S, Bian L, Li Z, Luo C, Chen Y, Wu X (2021) Engineering of a UDP-glyco-
syltransferase for the efficient whole-cell biosynthesis of siamenoside I in 
Escherichia coli. J Agric Food Chem 70(5):1601–1609

Xu Y, Zhao L, Chen L, Du Y, Lu Y, Luo C, Chen Y, Wu X (2022) Selective enzy-
matic α-1,6-monoglucosylation of mogroside IIIE for the bio-creation 
of α-siamenoside I, a potential high-intensity sweetener. Food Chem 
359:129938

Yang XW, Zhang JY, Xu W (2007) Biotransformation of mogroside III by human 
intestinal bacteria. J Beijing Univ 39(6):657–662

Zou S, Liu G, Kaleem I, Li C (2013) Purification and characterization of a highly 
selective glycyrrhizin-hydrolyzing β-glucuronidase from Penicillium Purpuro-
genum Li-3. Process Biochem 48(2):358–363

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Plant endophytic fungi exhibit diverse biotransformation pathways of mogrosides and show great potential application in siamenoside I production
	Abstract
	Introduction
	Materials and methods
	Medium and chemicals
	Strain screening
	Morphological and phylogenetic analysis of strains
	Optimization of fermentation conditions for mogrosides bioconversion
	Mogroside analysis by HPLC
	Statistical analysis

	Results and discussions
	Screening fungal endophytes for bioconversion of mogrosides
	Diverse pathways for biotransformation of mogrosides by fungal endophytes
	Phylogenetic analysis of endophytic fungi with capacity of mogrosides biotransformation
	Production of rare mogrosides from the LHG extracts

	Conclusions
	References


