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Abstract 15 

β-Glucosidase (EC. 3.2.1.21) is of industrial interest due to its critical role in the utilization of cellulosic biomass to produce high-value chemical 16 
compounds and biofuels. Moreover, β-glucosidases can be utilized in the biotransformation of high value plant active materials such as ginsenosides. 17 
In this report, we confirmed the biotransformation activity of ginsenosides by β-glucosidases from Bacillus sp. 3KP and Serratia marcescens LII61 18 
strains isolated from Indonesia. β-Glucosidases from both bacterial strains were cloned and overexpressed in Escherichia coli BL21(DE3). Crude cell 19 
extract of E. coli BL21(DE3) overexpressing the β-glucosidase were used for the biotransformation of ginsenosides Rb1. Results showed that the Rb1 20 
was biotransformed to the more pharmacologically active rare ginsenosides, gypenoside XVII and F2. This work is the first effort to use β-21 
glucosidases from Indonesian bacterial strains for ginsenosides biotransformation and is expected to encourage further exploration of β-glucosidase-22 
producing bacterial strains from Indonesia.  23 
 24 
Keywords: β-glucosidase; biotransformation; ginsenosides; Bacillus sp.; Serratia marcescens 25 
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1. Introduction 1 

β-Glucosidases (β-d-glucopyranoside glucohydrolase) [E.C.3.2.1.21] are diverse group of enzymes which hydrolyse 2 
the glycosidic bond of a carbohydrate moiety (Singh et al., 2016; Zang et al., 2018). The enzymes are best-known for 3 
their critical role in the degradation of lignocellulosic materials into glucose in chemical and biofuel industries 4 
(Srivastava et al., 2019). Recently, the enzymes are also highly sought after due to their ability to transform plant active 5 
materials with high economic value such as ginsenosides. 6 

Ginsenosides, a group of triterpenoid saponins, are the major active components of ginseng, roots of Panax species 7 
plants (Park et al., 2019). For thousands of years ginseng has been used as traditional medicine in East Asian countries, 8 
and recently ginseng has been increasingly used in foods and dietary supplements worldwide (Cui et al., 2019). More 9 
than 90% of total ginsenosides in ginseng are less pharmacologically active major ginsenosides group such as 10 
ginsenoside (G)-Rb1, G-Rb2, G-Rc, and G-Rd (Du et al., 2014). Those major ginsenosides are poorly absorbed by 11 
human intestinal track (Upadhyaya et al., 2016). Hydrolysis of sugar moieties of major ginsenosides is needed to obtain 12 
more easily absorbed, thus more pharmacologically active minor/rare ginsenosides (Kim et al., 2012; Zhong et al., 13 
2016). Among various hydrolysis methods (heating, acid treatment, enzymatic transformation), the use of enzymes 14 
especially β-glucosidase is preferred due to their advantages of higher stereo-specificity, conversion yield, as well as 15 
lower negative effects to the environment (Kim et al., 2019). 16 
β-Glucosidases for ginsenoside biotransformation are commonly cloned from microorganisms isolated from the soils 17 

of ginseng plantation in East Asia (An et al., 2010; Cui et al., 2017; Yan et al., 2008).  A considerable number of those 18 
ginsenoside-transforming β-glucosidases belong to glycose hydrolase (GH) family 1, which hydrolyse the sugar 19 
moieties at both the C-3 and C-20 positions in PPD-type ginsenosides (Noh et al., 2009; Wang et al., 2011; Yuan et al., 20 
2015). In this study, we report the first effort to clone ginsenoside-transforming β-glucosidase from GH family 1-21 
producing bacterial isolates from Indonesia, Bacillus sp. 3KP (Ni’matuzahroh et al., 2017; Triawan et al., 2017) and 22 
Serratia marcescens LII61 (Fatimah et al., 2019). The efficacy of β-glucosidases from those isolates to catalyse the 23 
biotransformation of PPD-type major ginsenosde Rb1 to the more pharmacologically active minor ginsenosides 24 
Gypenoside XVII (Gyp-XVII) and F2 was also investigated.  25 

2. Materials and Methods 26 

2.1. Chemicals 27 

Ginsenoside Rb1, Rd, and F2 standards (98% purity), were purchased from Zelang Medical Technology Co., Ltd. 28 
(China). p-Nitrophenyl-β-D-glucopyranoside (pNPβGlc) was purchased from Sigma Aldrich (USA), while 5-Bromo-4-29 
chloro-3-indolyl β-d-glucopyranoside (X-Glc) was purchased from Wako Co. Ltd. (Japan). All the chemicals used in 30 
this study were at least analytical or reagent grade, and the sources are noted individually. 31 

2.2. Molecular cloning of the β-glucosidase genes 32 

Genomic DNA of Bacillus 3KP and S. marcescens was extracted by using a genomic DNA extraction kit (Qiagen, 33 
USA). The extracted genomic DNA was used as template for the amplification of β-glucosidase encoding genes 34 
designated as bgl3KP and bglSM via polymerase chain reaction (PCR) using Pfu DNA polymerase (Solgent, Korea). 35 
The primers used in the PCR reaction were designed based on the sequence glycoside hydrolase family 1 genes of 36 
Bacillus sp. (GenBank accession no. CP042874.1) and of Serratia marcescens (GenBank accession no. CP027300.1), 37 
respectively.  Primers (bgl3KP forward: 5’- GTCTAACCATGGATAAGTTTCCACATGATTTTTTATTCGGA-3’; 38 
bgl3KP reverse: 5’- CCGTTAGGATCCTTATCATTATAACTCTTCCCCTCTCGTTTCG-3’; bglSM forward; 5’- 39 
GTCTAACATATGGAATATCAATTTGCCGACGG-3’ bglSM reverse: 5’- 40 
CCGTTACTCGAGTTATCATTAGTCAAATCCGTTGCGTCTGG-3’) which include NcoI and BamHI (bgl3KP) and 41 
NdeI and XhoI (bglSM) restriction sites (underlined) were synthetized by Genotech (Korea). The amplified DNA 42 
fragments of bgl3KP and bglSM were purified and inserted into the pRSFDuet-1 vector (Novagen, USA) digested with 43 
appropriate enzymes (NEB. USA). 44 

2.3. Expression of recombinant β-glucosidase 45 

The resulting recombinant pRSF-bgl3KP and pRSF-bglSM was each transformed into E. coli BL21(DE3). The E. 46 
coli BL21(DE3) harbouring the recombinant plasmid was grown in LB kanamycin medium at 37°C (200 rpm) until the 47 
culture reached OD600 of 0.6, at which point induction with 0.1 mM isopropyl-β-D-thiogalactopyranoside (IPTG) was 48 
conducted. The bacterial cells were grown at 25oC (200 rpm) for a further 8 h and were then harvested by centrifugation 49 
at 13,000 rpm for 10 min at 4°C. The cells were resuspended in Phosphate Buffer Saline (pH 7.0), and then disrupted by 50 
ultrasonication (Bioruptor; Cosmobio, Korea). Soluble and precipitate (cell debris and inclusion bodies) fractions were 51 
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separated by centrifugation at 21,600× g for 15 min at 4 °C. The insoluble pellet was washed twice in 1% Triton X-100 1 
and resuspended in 10 mM TE buffer (pH 7.6) (precipitate fraction). The expression of bgl3KP and bglSM genes was 2 
confirmed by SDS-PAGE (Elpisbio, Korea) and EZ-Gel staining solution (Daeillab, Korea). 3 

2.4. Activity confirmation of the recombinant β-glucosidase  4 

The activity of the recombinant β-glucosidase Bgl3KP and BglSM was tested using X-Glc assay (An et al., 2012). E. 5 
coli BL21(DE3) harbouring pRSF-bgl3KP (BglKP strain) and pRSF-bglSM (BglSM strain) were inoculated on LB agar 6 
plate supplemented with 50 mg/ml kanamycin, 0.1 M IPTG, and 50 mg/ml X-Glc and incubated at 370C for 18 h. The 7 
β-glucosidase activity was indicated by the presence of blue coloured colonies. While, the specific activity of the 8 
recombinant β-glucosidase was confirmed using p-nitrophenyl-β-D-glucopyranoside (pNPβGlc) as surrogate substrate 9 
(Cui et al., 2019; Gouripur and Kaliwal, 2017). Twenty-five mg of E. coli bglKP and bglSM strains were harvested 10 
after 8 h induction at 25oC using 0.1 mM IPTG, resuspended in 500 µl Phosphate Buffer Saline (pH 7.0) and disrupted 11 
by ultrasonication (Bioruptor; Cosmobio, Korea). The cell lysate was then mixed with pNPβGlc and incubated at 37oC 12 
for 1 hour until yellow colour appeared, indicating the release of p-nitrophenol. 13 

2.5. Ginsenosides biotransformation assay 14 

The biotransformation ability of recombinant bgl3KP and bglSM was evaluated using ginsenoside Rb1 as a 15 
substrate. Twenty-five mg of E. coli BglKP and BglSM strains were harvested after 8 h induction at 25oC using 0.1 mM 16 
IPTG, resuspended in 500 µl Phosphate Buffer Saline (pH 7.0) and disrupted by ultrasonication (Bioruptor; Cosmobio, 17 
Korea). One hundred ul of the cell lysate were reacted with an equal volume of 0.1% (wt/vol) in 50 mM of sodium 18 
phosphate buffer (pH 6.0) at 37°C for 48 hours. An equal volume of water-saturated n-butanol was added to stop the 19 
reaction, and the reactant present in the n-butanol fraction was analysed by thin-layer chromatography (TLC) (Park et 20 
al., 2014). 21 

TLC was performed using 60 F254 silica gel plates (Merck, Germany) with CHCl3-CH3OH-H2O (65:35:10, 22 
vol/vol/vol, lower phase) in the solvent system. Spots detection on the TLC plate was conducted by spraying with 10% 23 
(vol/vol) H2SO4, followed by heating at 110°C for 5 min. 24 

 25 

3. Results and Discussion 26 

3.1. Cloning, expression, and purification of recombinant Bgl3KP and BglSM 27 

The β-glucosidase genes bgl3KP and bglSM both were 1,410 and 1,386 bp in lengths, encoding proteins of 469 and 28 
461 amino acids with molecular masses of 54.7 and 52.8 kDA (Figure 2) and theoretical pI values of 5.67 and 5.95 29 
(http://web.expasy.org/compute_pi/), respectively. Bgl3KP and BglSM both belong to the glycoside hydrolase family 1 30 
(GH1). Analysis of the amino acid sequences of Bgl3KP indicated that it was most similar (99.6%) to the glycoside 31 
hydrolase family 1 protein of Bacillus sp. (GenBank accession no. WP_000671629.1), while BglSM showed high 32 
similarity (99.6%) to the glycoside hydrolase family 1 protein of Serratia marcescens (GenBank accession no. 33 
WP_110146706.1). 34 

To determine the evolutionary position of Bgl3KP and BglSM within the enzymes in GH family 1 with reported 35 
ginsenoside biotransformation activity (Cui et al., 2013; Park et al., 2014), neighbor joining phylogenetic tree was 36 
constructed using the MEGA X program (Kumar et al., 2018). Bootstrap value of 1000 was used, and the resulting tree 37 
is presented in Figure 1. Bgl3KP and BglSM are clustered with β-glucosidases from Sphingomonas sp. 2F2 and 38 
Pyrococcus furiosus DSM 3638 (Oh et al., 2014; Wang et al., 2011). BglSM especially formed a separate, well-39 
supported 40 
clade (bootstrap of 100) with β-glucosidases of Sphingomonas sp. 2F2, indicating that both enzymes showed high 41 
amino acid sequences similarities. 42 

 43 
 44 

 45 
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 19 
Fig. 1.  Phylogenetic analysis of Bgl3KP and BglSM and other ginsenoside-hydrolysing glycoside hydrolase family 1 (GH1) enzymes with reported 20 
ginsenoside-biotransforming activity. Amino acid sequences were obtained from the NCBI database with accession numbers as indicated in the tree. 21 
This tree was made using the neighbour-joining method with a Poisson model and pairwise deletion (Du et al., 2014). Bootstrap values are expressed 22 

as percentages of 1000 replications where greater than 65% values are shown at the branch points. The bar represents 10 amino acid residue 23 
substitutions per 100 amino acid residues. 24 

 25 
Bgl3KP and BglSM were successfully expressed in E. coli BL21(DE3) after 8 hours at 25oC induction using 0.1 M 26 

IPTG. Based on the SDS PAGE result, most of the β-glucosidase were in soluble fraction (Figure 2), thus the crude cell 27 
extracts were expected to exhibit enzymatic activities. 28 

 29 
 30 
 31 
 32 
 33 
 34 
 35 
 36 
 37 
 38 
 39 
 40 
 41 
 42 
 43 
 44 
 45 
 46 
 47 
 48 
Fig. 2. SDS-PAGE analysis of Bgl3KP and BglSM expression: lane M, protein marker with bands corresponding to proteins with size of 75, 50, 49 

and 37 kDa marked (Biorad, USA); lane Un, cell lysate of Bgl3KP strain growth for 8 h at 25oC without IPTG induction; lane Bgl3KP/BglSM W, cell 50 
lysate of Bgl3KP / BglSM strain induced with IPTG for 8h at 25oC; S, soluble fraction of cell lysate of Bgl3KP / BglSM strain induced with IPTG for 51 

8h at 25oC; I, precipitated fraction of cell lysate of Bgl3KP / BglSM strain induced with IPTG for 8h at 25oC. 52 

3.2. Activity of the recombinant β-glucosidases in crude cell extract 53 

The activity of expressed β-glucosidases was confirmed using X-Glc. The presence of blue colonies indicated that 54 
the expressed Bgl3KP and BglSM were active (Figure 3a and 3b). The activity was further confirmed using pNPβGlc 55 
assay. Hydrolysis of pNPβGlc by crude cells extract of E. coli strain Bgl3KP and BglSM induced with IPTG for 8 h at 56 
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25oC was observed after 1-hour incubation (Figure 3c). The results suggest that both enzymes show potential to catalyse 1 
the biotransformation of major ginsenoside. 2 

 3 

 4 
Fig. 3.  Blue colonies of E. coli strain Bgl3KP (a) and BglSM (b) on LB + IPTG + X-Glc plate after 18 hours incubation at 370C.  5 

pNPβGlc hydrolysis was observed in the presence of crude cell extract of Bgl3KP and BglSM strains induced with 0.1 M IPTG for 8 hours (c). The 6 
cell lysate of uninduced Bgl3KP strain was used as control (Un).   7 

 8 

3.3. Biotransformation of ginsenosides 9 

Rb1 biotransformation activity of Bgl3KP and BglSM from crude cell extract were confirmed using TLC analysis. 10 
After 48 hours incubation, spots corresponding to ginsenosides Rd and another spot below the spot corresponding to 11 
ginsenoside Rd, which based on previous reports was predicted to be Gyp-XVII (An et al., 2010; Wang et al., 2011) 12 
were observed, indicating that the two β-glucosidases were able to catalyze the hydrolysis of outer glucose moeities at 13 
the 3 and 20 position on Rb1 (Figure 4a and 4b).  These results are amenable with provious reports where GH family 1 14 
β-glucosidases cloned from Sulfolobus solfataricus,  Sulfolobus acidocaldarius, Pyrococcus furiosus, and Arthrobacter 15 
chlorophenolicus(Noh et al., 2009; Noh and Oh, 2009; Park et al., 2014; Yoo et al., 2011) . However, only BglSM 16 
showed significant biotransformation of Rd and Gyp-XVII to F2 (Figure 4b). Interestingly, BglSM showed similar 17 
ginsenoside transformation activity with as β-glucosidases from Sphingomonas sp. 2F2 which belong to the same clade 18 
in the constructed neighbour joining tree (Wang et al., 2011) (Figure 1). 19 

 20 

Fig. 4. (a) Thin layer chromatography (TLC) analyses of biotransformation of ginsenosides Rb1. Lane S, Ginsenoside standards (Zelang Medical 21 
Technology Co., Ltd., China) ; Lane Un, biotransformation of Rb1 by cell lysate of Bgl3KP strain growth for 8 h at 25oC without IPTG induction; 22 
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Lane 3KP / SM, biotransformation of Rb1 by soluble fraction of cell lysate of IPTG induced Bgl3KP/ BglSM strain.   1 
(b) The proposed conversion pathway of ginsenoside Rb1 using crude cell extract of induced Bgl3KP and BglSM strains. 2 

Ginsenoside Gyp-XVII and F2 have been reported to show beneficial health effects. Gyp-XVII has been reported 3 
for its cardiovascular protective effect by alleviating atherosclerosis via the ERα-mediated PI3K/Akt pathway and 4 
neuroprotective protective effect against Alzheimer’s disease by activating transcription factor EB (Meng et al., 2016; 5 
Yang et al., 2017), while F2 has been reported for its anti-cancer activity which mediated through inhibition of 6 
proliferation judged by Ki67 and apoptosis induced by activation of caspase-3 and -8 in glioblastoma multiforme, as 7 
well as anti-inflammatory effects (Mai et al., 2012; Park et al., 2016; Shin et al., 2012). Therefore, Bgl3KP and BglSM 8 
has potential application in the pharmaceutical industry. 9 

This report is one of the first endeavors on exploring the potency of bacterial isolates from outside East Asia 10 
especially from Indonesia as sources for ginsenoside-biotransforming β-glucosidase. As one of the mega-biodiversity 11 
countries with various unique ecosystems such as hot springs, acidic crater lakes, and  peatlands, Indonesia could 12 
provide the sources for β-glucosidase enzymes with unique characteristic which are useful for efficient ginsenosides 13 
biotransformation at industrial scale (i.e. thermostability and tolerance to low pH) (Geraldi et al, 2019). Thus, further 14 
exploration of β-glucosidases producing microbes in Indonesia would to be conducted. 15 

4. Conclusion 16 

Genes encoding recombinant ginsenoside-hydrolysing β-glycosidases, Bgl3KP and BglSM, belonging to the GH1 17 
family, were cloned from Bacillus sp. 3KP and Serratia marcescens LII61, respectively. These enzymes were expressed 18 
in E. coli BL21(DE3) in a soluble form and could convert major ginsenoside Rb1 into pharmacologically active minor 19 
ginsenoside F2 via Rd and Gyp-XVII. To our knowledge this is the first report on using β-glucosidases of bacterial 20 
isolates from Indonesia for ginsenoside biotransformation. This report is expected to encourage further exploration of 21 
ginsenoside transforming-β-glucosidases, especially those with industrial potential, in Indonesia. 22 

Acknowledgements 23 

The authors would like to express our gratitude to the Faculty of Science and Technology, Universitas 24 
Airlangga (RKAT 2019 No. 2419/UN3.1.8/LT/2019) for funding this research and sponsoring this publication. 25 

References 26 

An, D.-S., Cui, C.-H., Lee, H.-G., Wang, L., Kim, S.C., Lee, S.-T., Jin, F., Yu, H., Chin, Y.-W., Lee, H.-K., Im, W.-T., 27 
Kim, S.-G., 2010. Identification and Characterization of a Novel Terrabacter ginsenosidimutans sp. nov. β-28 
Glucosidase That Transforms Ginsenoside Rb1 into the Rare Gypenosides XVII and LXXV. Appl. Environ. 29 
Microbiol. 76, 5827 LP – 5836. https://doi.org/10.1128/AEM.00106-10 30 

An, D.-S., Cui, C.-H., Sung, B.H., Yang, H.-C., Kim, S.C., Lee, S.-T., Im, W.-T., Kim, S.-G., 2012. Characterization of 31 
a novel ginsenoside-hydrolyzing α-l-arabinofuranosidase, AbfA, from Rhodanobacter ginsenosidimutans Gsoil 32 
3054T. Appl. Microbiol. Biotechnol. 94, 673–682. https://doi.org/10.1007/s00253-011-3614-7 33 

Cui, C.-H., Kim, D.J., Jung, S.-C., Kim, S.-C., Im, W.-T., 2017. Enhanced production of gypenoside LXXV using a 34 
novel ginsenoside-transforming β-glucosidase from ginseng-cultivating soil bacteria and its anti-cancer property. 35 
Molecules 22, 844. 36 

Cui, C.-H., Kim, S.-C., Im, W.-T., 2013. Characterization of the ginsenoside-transforming recombinant β-glucosidase 37 
from Actinosynnema mirum and bioconversion of major ginsenosides into minor ginsenosides. Appl. Microbiol. 38 
Biotechnol. 97, 649–659. https://doi.org/10.1007/s00253-012-4324-5 39 

Cui, C., Jeon, B.-M., Fu, Y., Im, W.-T., Kim, S.-C., 2019. High-density immobilization of a ginsenoside-transforming 40 
β-glucosidase for enhanced food-grade production of minor ginsenosides. Appl. Microbiol. Biotechnol. 103, 41 
7003–7015. https://doi.org/10.1007/s00253-019-09951-4 42 

Du, J., Cui, C.-H., Park, S.C., Kim, J.-K., Yu, H.-S., Jin, F.-X., Sun, C., Kim, S.-C., Im, W.-T., 2014. Identification and 43 
characterization of a ginsenoside-transforming β-glucosidase from Pseudonocardia sp. Gsoil 1536 and its 44 
application for enhanced production of minor ginsenoside Rg2(S). PLoS One 9, e96914–e96914. 45 
https://doi.org/10.1371/journal.pone.0096914 46 

Fatimah, Fitri, R.D., Illavi, G., Renjana, E., Pratiwi, I.A., Ni’matuzahroh, Sumarsih, S., 2019. Cell wall responses of 47 
bacteria Serratia marcescens LII61 lipase and protease enzymes producer in Gram staining. Eco. Env. Cons. 25 48 
(September. Suppl. Issue), S76-S80. 49 

Geraldi, A., Wanguyun, A.P., Hariyanto., S., 2019. Bio prospecting thermostable enzymes-producing thermophiles 50 
from Indonesia. Eco. Env. Cons. 25 (July. Suppl. Issue), S75-S79. 51 

Gouripur, G., Kaliwal, B., 2017. Screening and optimization of β-glucosidase producing newly isolated Lactobacillus 52 
plantarum strain LSP-24 from colostrum milk. Biocatal. Agric. Biotechnol. 11, 89–96. 53 



  7 

https://doi.org/https://doi.org/10.1016/j.bcab.2017.06.007 1 
Kim, S.-H., Min, J.-W., Quan, L.-H., Lee, S., Yang, D.-U., Yang, D.-C., 2012. Enzymatic Transformation of 2 

Ginsenoside Rb1 by Lactobacillus pentosus Strain 6105 from Kimchi. J. Ginseng Res. 36, 291–297. 3 
https://doi.org/10.5142/jgr.2012.36.3.291 4 

Kim, Y.-S., Kim, D.-Y., Kang, D.W., Park, C.-S., 2019. Hydrolysis of the outer β-(1,2)-d-glucose linkage at the C-3 5 
position of ginsenosides by a commercial β-galactosidase and its use in the production of minor ginsenosides. 6 
Biocatal. Biotransformation 37, 53–58. https://doi.org/10.1080/10242422.2018.1483348 7 

Kumar, S., Stecher, G., Li, M., Knyaz, C., Tamura, K., 2018. MEGA X: Molecular Evolutionary Genetics Analysis 8 
across Computing Platforms. Mol. Biol. Evol. 35, 1547–1549. https://doi.org/10.1093/molbev/msy096 9 

Mai, T.T., Moon, J., Song, Y., Viet, P.Q., Phuc, P. Van, Lee, J.M., Yi, T.-H., Cho, M., Cho, S.K., 2012. Ginsenoside F2 10 
induces apoptosis accompanied by protective autophagy in breast cancer stem cells. Cancer Lett. 321, 144–153. 11 
https://doi.org/https://doi.org/10.1016/j.canlet.2012.01.045 12 

Meng, X., Luo, Y., Liang, T., Wang, M., Zhao, J., Sun, G., Sun, X., 2016. Gypenoside XVII Enhances Lysosome 13 
Biogenesis and Autophagy Flux and Accelerates Autophagic Clearance of Amyloid-beta through TFEB 14 
Activation. J. Alzheimers. Dis. 52, 1135–1150. https://doi.org/10.3233/JAD-160096 15 

Ni’matuzahroh, Trikurniadewi, N., Pramadita, A.R.A., Pratiwi, I.A., Salamun, Fatimah, Sumarsih, S., 2017. 16 
Biodegradation of naphthalene and phenanthren by Bacillus subtilis 3KP. AIP Conf. Proc. 1854, 20026. 17 
https://doi.org/10.1063/1.4985417 18 

Noh, K.-H., Oh, D.-K., 2009. Production of the rare ginsenosides compound K, compound Y, and compound Mc by a  19 
thermostable beta-glycosidase from Sulfolobus acidocaldarius. Biol. Pharm. Bull. 32, 1830–1835. 20 
https://doi.org/10.1248/bpb.32.1830 21 

Noh, K.-H., Son, J.-W., Kim, H.-J., Oh, D.-K., 2009. Ginsenoside compound K production from ginseng root extract by 22 
a thermostable beta-glycosidase from Sulfolobus solfataricus. Biosci. Biotechnol. Biochem. 73, 316—321. 23 
https://doi.org/10.1271/bbb.80525 24 

Oh, H.-J., Shin, K.-C., Oh, D.-K., 2014. Production of ginsenosides Rg1 and Rh1 by hydrolyzing the outer glycoside at 25 
the  C-6 position in protopanaxatriol-type ginsenosides using beta-glucosidase from Pyrococcus furiosus. 26 
Biotechnol. Lett. 36, 113–119. https://doi.org/10.1007/s10529-013-1331-2 27 

Park, M.K., Cui, C.-H., Park, S.C., Park, S.-K., Kim, J.-K., Jung, M.-S., Jung, S.-C., Kim, S.-C., Im, W.-T., 2014. 28 
Characterization of recombinant β-glucosidase from Arthrobacter chlorophenolicus and biotransformation of 29 
ginsenosides Rb1, Rb2, Rc, and Rd. J. Microbiol. 52, 399–406. https://doi.org/10.1007/s12275-014-3601-7 30 

Park, S.-H., Seo, W., Eun, H.S., Kim, S.Y., Jo, E., Kim, M.-H., Choi, W.-M., Lee, J.-H., Shim, Y.-R., Cui, C., Kim, 31 
S.C., Hwang, C.Y., Jeong, W.-I., 2016. Protective effects of ginsenoside F2 on 12-O-tetradecanoylphorbol-13-32 
acetate-induced skin inflammation in mice. Biochem. Biophys. Res. Commun. 478, 1713–1719. 33 
https://doi.org/https://doi.org/10.1016/j.bbrc.2016.09.009 34 

Park, S., Ko, E., Lee, H.J., Song, Y., Cui, C.-H., Hou, J., Jeon, M.B., Kim, S.H., Kim, C.S., 2019. Gypenoside LXXV 35 
Promotes Cutaneous Wound Healing In Vivo by Enhancing Connective Tissue Growth Factor Levels Via the 36 
Glucocorticoid Receptor Pathway. Mol. . https://doi.org/10.3390/molecules24081595 37 

Shin, J.Y., Lee, J.M., Shin, H.S., Park, S.Y., Yang, J.E., Cho, S.K., Yi, T.-H., 2012. Anti-Cancer Effect of Ginsenoside 38 
F2 against Glioblastoma Multiforme in Xenograft Model in SD Rats. J. Ginseng Res. 36, 86–92. 39 
https://doi.org/10.5142/jgr.2012.36.1.86 40 

Singh, G., Verma, A.K., Kumar, V., 2016. Catalytic properties, functional attributes and industrial applications of β-41 
glucosidases. 3 Biotech 6, 1–14. https://doi.org/10.1007/s13205-015-0328-z 42 

Srivastava, N., Rathour, R., Jha, S., Pandey, K., Srivastava, M., Thakur, K.V., Sengar, S.R., Gupta, K.V., Mazumder, 43 
B.P., Khan, F.A., Mishra, K.P., 2019. Microbial Beta Glucosidase Enzymes: Recent Advances in Biomass 44 
Conversation for Biofuels Application. Biomol. . https://doi.org/10.3390/biom9060220 45 

Triawan, A., Ni’matuzahroh, Supriyanto, A., 2017. Effects of the combination between bio-surfactant product types and 46 
washing times on the removal of crude oil in nonwoven fabric. AIP Conf. Proc. 1854, 20037. 47 
https://doi.org/10.1063/1.4985428 48 

Upadhyaya, J., Yoon, M.-S., Kim, M.-J., Ryu, N.-S., Song, Y.-E., Kim, Y.-H., Kim, M.-K., 2016. Purification and 49 
characterization of a novel ginsenoside Rc-hydrolyzing β-glucosidase from Armillaria mellea mycelia. AMB 50 
Express 6, 112. https://doi.org/10.1186/s13568-016-0277-x 51 

Wang, L., Liu, Q.-M., Sung, B.-H., An, D.-S., Lee, H.-G., Kim, S.-G., Kim, S.-C., Lee, S.-T., Im, W.-T., 2011. 52 
Bioconversion of ginsenosides Rb(1), Rb(2), Rc and Rd by novel beta-glucosidase hydrolyzing outer 3-O 53 
glycoside from Sphingomonas sp. 2F2: cloning, expression, and enzyme characterization. J. Biotechnol. 156, 54 
125–133. https://doi.org/10.1016/j.jbiotec.2011.07.024 55 

Yan, Q., Zhou, W., Li, X., Feng, M., Zhou, P., 2008. Purification method improvement and characterization of a novel 56 
ginsenoside-hydrolyzing beta-glucosidase from Paecilomyces Bainier sp. 229. Biosci. Biotechnol. Biochem. 72, 57 
352–359. https://doi.org/10.1271/bbb.70425 58 

Yang, K., Zhang, H., Luo, Y., Zhang, J., Wang, M., Liao, P., Cao, L., Guo, P., Sun, G., Sun, X., 2017. Gypenoside 59 
XVII Prevents Atherosclerosis by Attenuating Endothelial Apoptosis and Oxidative Stress: Insight into the ERα-60 
Mediated PI3K/Akt Pathway. Int. J. Mol. Sci. . https://doi.org/10.3390/ijms18020077 61 



  8 

Yoo, M.-H., Yeom, S.-J., Park, C.-S., Lee, K.-W., Oh, D.-K., 2011. Production of aglycon protopanaxadiol via 1 
compound K by a thermostable beta-glycosidase from Pyrococcus furiosus. Appl. Microbiol. Biotechnol. 89, 2 
1019–1028. https://doi.org/10.1007/s00253-010-2960-1 3 

Yuan, Y., Hu, Y., Hu, C., Leng, J., Chen, H., Zhao, X., Gao, J., Zhou, Y., 2015. Overexpression and characterization of 4 
a glycoside hydrolase family 1 enzyme from Cellulosimicrobium cellulans sp. 21 and its application for minor 5 
ginsenosides production. J. Mol. Catal. B Enzym. 120, 60–67. 6 
https://doi.org/https://doi.org/10.1016/j.molcatb.2015.06.015 7 

Zang, X., Liu, M., Fan, Y., Xu, J., Xu, X., Li, H., 2018. The structural and functional contributions of β-glucosidase-8 
producing microbial communities to cellulose degradation in composting. Biotechnol. Biofuels 11, 51. 9 
https://doi.org/10.1186/s13068-018-1045-8 10 

Zhong, F.-L., Dong, W.-W., Wu, S., Jiang, J., Yang, D.-C., Li, D., Quan, L.-H., 2016. Biotransformation of gypenoside 11 
XVII to compound K by a recombinant β-glucosidase. Biotechnol. Lett. 38, 1187–1193. 12 
https://doi.org/10.1007/s10529-016-2094-3 13 

 14 
 15 
 16 

View publication statsView publication stats

https://www.researchgate.net/publication/337530013

