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Abstract

B-Glucosidase (EC. 3.2.1.21) is of industrial inséréue to its critical role in the utilization oéltulosic biomass to produce high-value chemical

compounds and biofuels. Moreovgrglucosidases can be utilized in the biotransfoimnadf high value plant active materials such ase@nosides.
In this report, we confirmed the biotransformatamtivity of ginsenosides bf-glucosidases frorBacillus sp. 3KP andserratia marcescens L1161
strains isolated from Indones{&Glucosidases from both bacterial strains wereedcend overexpressedHischerichia coli BL21(DE3). Crude cell

extract ofE. coli BL21(DE3) overexpressing tifieglucosidase were used for the biotransformatiogimdenosides Rb1. Results showed that the Rb1

was biotransformed to the more pharmacologicallvacrare ginsenosides, gypenoside XVII and F2.sTwbrk is the first effort to usg-
glucosidases from Indonesian bacterial straingjifesenosides biotransformation and is expectedtowerage further exploration pfglucosidase-
producing bacterial strains from Indonesia.

Keywords: B-glucosidase; biotransformation; ginsenosidizgillus sp.;Serratia marcescens
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1. Introduction

B-Glucosidasesptd-glucopyranoside glucohydrolase) [E.C.3.2.1.21]diverse group of enzymes which hydrolyse
the glycosidic bond of a carbohydrate moiety (Sieglal., 2016; Zang et al., 2018). The enzymesast-known for
their critical role in the degradation of lignoadtisic materials into glucose in chemical and habfindustries
(Srivastava et al., 2019). Recently, the enzymeskso highly sought after due to their abilitytnsform plant active
materials with high economic value such as ginseiess

Ginsenosides, a group of triterpenoid saponinsfteanajor active components of ginseng, rootBasfax species
plants (Park et al., 2019). For thousands of ygarseng has been used as traditional medicine $h &Asan countries,
and recently ginseng has been increasingly uséaoitls and dietary supplements worldwide (Cui et2019). More
than 90% of total ginsenosides in ginseng are f@s@&macologically active major ginsenosides grouphsas
ginsenoside (G)-Rb1l, G-Rb2, G-Rc, and G-Rd (Dulet2814). Those major ginsenosides are poorly rdiesb by
human intestinal track (Upadhyaya et al., 2016 dddlysis of sugar moieties of major ginsenosidesisded to obtain
more easily absorbed, thus more pharmacologicallivea minor/rare ginsenosides (Kim et al., 2012p& et al.,
2016). Among various hydrolysis methods (heatirgd areatment, enzymatic transformation), the userzymes
especiallyp-glucosidase is preferred due to their advanta§dsgber stereo-specificity, conversion yield, aslivas
lower negative effects to the environment (Kimlet2019).

B-Glucosidases for ginsenoside biotransformationcaremonly cloned from microorganisms isolated friva soils
of ginseng plantation in East Asia (An et al., 20CQi et al., 2017; Yan et al., 2008). A considdeanumber of those
ginsenoside-transformin@-glucosidases belong to glycose hydrolase (GH) Ifarhj which hydrolyse the sugar
moieties at both the C-3 and C-20 positions in RAi2-ginsenosides (Noh et al., 2009; Wang et 8lL,12 Yuan et al.,
2015). In this study, we report the first effort dtone ginsenoside-transformirgglucosidase from GH family 1-
producing bacterial isolates from Indonedacillus sp. 3KP (Ni'matuzahroh et al., 2017; Triawan et al.12pand
Serratia marcescens LII61 (Fatimah et al., 2019). The efficacy pfglucosidases from those isolates to catalyse the
biotransformation of PPD-type major ginsenosde Rblthe more pharmacologically active minor ginséhes
Gypenoside XVII (Gyp-XVIl) and F2 was also investigd.

2. Materialsand M ethods
2.1.Chemicals

Ginsenoside Rbl, Rd, and F2 standards (98% purvityde purchased from Zelang Medical Technology Ctul,
(China).p-Nitrophenyl$-D-glucopyranosidepNPAGIc) was purchased from Sigma Aldrich (USA), wtblkBromo-4-
chloro-3-indolyl B-d-glucopyranoside (X-Glc) was purchased from Wéko Ltd. (Japan). All the chemicals used in
this study were at least analytical or reagentgradd the sources are noted individually.

2.2.Molecular cloning of the g-glucosidase genes

Genomic DNA ofBacillus 3KP andS. marcescens was extracted by using a genomic DNA extractidn(®iagen,
USA). The extracted genomic DNA was used as tempiat the amplification of3-glucosidase encoding genes
designated abgl3KP andbglSM via polymerase chain reaction (PCR) using Pfu Ddblymerase (Solgent, Korea).
The primers used in the PCR reaction were desigmaséd on the sequence glycoside hydrolase famggrnks of
Bacillus sp. (GenBank accession no. CP042874.1) arfseroftia marcescens (GenBank accession no. CP027300.1),
respectively. Primersb@l3KP forward: 5- GTCTAACCATGGATAAGTTTCCACATGATTTTTTATICGGA-3’;
bgl3KP reverse: 5- CCGTTAGGATCCTTATCATTATAACTCTTCCCCTCTETTTCG-3’; hglSM forward; 5'-
GTCTAACATATGGAATATCAATTTGCCGACGG-3’ bglSM reverse: 5'-
CCGTTACTCGAGTTATCATTAGTCAAATCCGTTGCGTCTGG-3’) whiclinclude Ncol and BamHIbgI3KP) and
Ndel and Xhol kglSMV) restriction sites (underlined) were synthetizgd ®enotech (Korea). The amplified DNA
fragments obgl3KP andbglSV were purified and inserted into the pRSFDuet-IareNovagen, USA) digested with
appropriate enzymes (NEB. USA).

2.3. Expression of recombinant S-glucosidase

The resulting recombinant pRSF-bgI3KP and pRSFMglas each transformed infe coli BL21(DE3). TheE.
coli BL21(DE3) harbouring the recombinant plasmid wasagn in LB kanamycin medium at 37°C (200 rpm) uttiid
culture reached Ofg, of 0.6, at which point induction with 0.1 mM isayl-B-D-thiogalactopyranoside (IPTG) was
conducted. The bacterial cells were grown &C2&200 rpm) for a further 8 h and were then hama$ly centrifugation
at 13,000 rpm for 10 min at 4°C. The cells weraispgnded in Phosphate Buffer Saline (pH 7.0), hed disrupted by
ultrasonication (Bioruptor; Cosmobio, Korea). Sdéubnd precipitate (cell debris and inclusion bejlfeactions were



[N

14

15
16
17
18
19
20
21
22
23
24
25

26

27

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

3

separated by centrifugation at 21,600x g for 15 atiA °C. The insoluble pellet was washed twic&% Triton X-100
and resuspended in 10 mM TE buffer (pH 7.6) (piitati fraction). The expression b§l3KP andbglSM genes was
confirmed by SDS-PAGE (Elpisbio, Korea) and EZ-&alining solution (Daeillab, Korea).

2.4, Activity confirmation of the recombinant $-glucosidase

The activity of the recombinafitglucosidase BgI3KP and BgISM was tested using X-dakay (An et al., 2012}
coli BL21(DE3) harbouring pRSF-bgI3KP (BgIKP straindgrRSF-bgIlSM (BgISM strain) were inoculated on Ldaa
plate supplemented with 50 mg/ml kanamycin, 0.1RI®, and 50 mg/ml X-Glc and incubated at@7or 18 h. The
B-glucosidase activity was indicated by the presesicblue coloured colonies. While, the specificidtt of the
recombinang-glucosidase was confirmed usipenitrophenylg-D-glucopyranosidepNPAGIc) as surrogate substrate
(Cui et al., 2019; Gouripur and Kaliwal, 2017). Tsefive mg of E. coli bglKP and bgIlSM strains were harvested
after 8 h induction at 2& using 0.1 mM IPTG, resuspended in 500 pl PhospRaffer Saline (pH 7.0) and disrupted
by ultrasonication (Bioruptor; Cosmobio, Korea).eTtell lysate was then mixed witiNPSGlc and incubated at 32
for 1 hour until yellow colour appeared, indicatithg release of p-nitrophenol.

2.5. Ginsenosides biotransformation assay

The biotransformation ability of recombinant bgl3kdnd bglSM was evaluated using ginsenoside Rbl as a
substrate. Twenty-five mg &. coli BgIKP and BgISM strains were harvested after Bduction at 2%C using 0.1 mM
IPTG, resuspended in 500 ul Phosphate Buffer S§tine7.0) and disrupted by ultrasonication (BionrptCosmobio,
Korea). One hundred ul of the cell lysate were texhavith an equal volume of 0.1% (wt/vol) in 50 nmifl sodium
phosphate buffer (pH 6.0) at 37°C for 48 hours.efyual volume of water-saturated n-butanol was addesdop the
reaction, and the reactant present in the n-butiaction was analysed by thin-layer chromatograffiyC) (Park et
al., 2014).

TLC was performed using 60 F254 silica gel platbterck, Germany) with CHGICH;OH-H,O (65:35:10,
vol/vol/vol, lower phase) in the solvent systemoSpdetection on the TLC plate was conducted bsyspg with 10%
(vol/vol) H,SO,, followed by heating at 110°C for 5 min.

3. Resultsand Discussion
3.1.Cloning, expression, and purification of recombinant Bgl3KP and BglSV

The B-glucosidase gendmy3KP andbglSM both were 1,410 and 1,386 bp in lengths, encogioteins of 469 and
461 amino acids with molecular masses of 54.7 &h8 kDA (Figure 2) and theoretical pl values of &nd 5.95
(http://web.expasy.org/compute_pi/), respectivBigl3KP and BglSM both belong to the glycoside hyase family 1
(GH1). Analysis of the amino acid sequences of Bfi3ndicated that it was most similar (99.6%) te tjlycoside
hydrolase family 1 protein oBacillus sp. (GenBank accession no. WP_000671629.1), whiks® showed high
similarity (99.6%) to the glycoside hydrolase famil protein of Serratia marcescens (GenBank accession no.
WP_110146706.1).

To determine the evolutionary position of BgI3BKRdaBgISM within the enzymes in GH family 1 with reped
ginsenoside biotransformation activity (Cui et @&013; Park et al., 2014), neighbor joining phylogiic tree was
constructed using the MEGA X program (Kumar et2018). Bootstrap value of 1000 was used, anddkelting tree
is presented in Figure 1. BgIS3KP and BgISM are telexl with B-glucosidases frongphingomonas sp. 2F2 and
Pyrococcus furiosus DSM 3638 (Oh et al.,, 2014; Wang et al., 2011). Bglespecially formed a separate, well-
supported
clade (bootstrap of 100) with-glucosidases of Sphingomonas sp. 2F2, indicatirag both enzymes showed high
amino acid sequences similarities.
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a ACL3IB420: Pseudarthrobacter chlorophenolicus AB glycoside hydrolase family 1

41

AAYB1155.1: Sulfelobus acidocaldarius DSM 639 beta-galactosidase

—

1
Fig. 1. Phylogenetic analysis of BgI3KP and Bgl&Ml other ginsenoside-hydrolysing glycoside hydmlamily 1 (GH1)enzymes with reported
ginsenoside-biotransforming activity. Amino acidjsences were obtained from the NCBI database witession numbers as indicated in the tree.
This tree was made using the neighbour-joining wekthith a Poisson model and pairwise deletion (Dal.e2014). Bootstrap values are expressed

as percentages of 1000 replications where grezaar@5% values are shown at the branch pointsb@heepresents 10 amino acid residue
substitutions per 100 amino acid residues.

BgI3KP and BgISM were successfully expresseé.inoli BL21(DE3) after 8 hours at 25 induction using 0.1 M
IPTG. Based on the SDS PAGE result, most offtigducosidase were in soluble fraction (Figure Bystthe crude cell
extracts were expected to exhibit enzymatic adtisit

M Un BgI3KP BgISM

W S I W S 1

-

BgI3KP
<« BgISM

Fig. 2. SDS-PAGE analysis of BgI3KP and BgISM esgien: lane M, protein marker with bands correspamtb proteins with size of 75, 50,
and 37 kDa marked (Biorad, USA); lane Un, cell tgsaf BgI3KP strain growth for 8 h at Z5without IPTG induction; lane BgI3KP/BgISM W, cell
lysate of BgI3KP / BgISM strain induced with IPT@ 8h at 28C; S, soluble fraction of cell lysate of BgI3KP gIBM strain induced with IPTG for

8h at 25C; |, precipitated fraction of cell lysate of BgIBK BgISM strain induced with IPTG for 8h at’25

3.2. Activity of the recombinant S-glucosidasesin crude cell extract
The activity of expresseflglucosidases was confirmed using X-Glc. The presef blue colonies indicated that

the expressed BgI3KP and BgISM were active (Fidaeand 3b). The activity was further confirmed ggiNPsGlc
assay. Hydrolysis gdNPSGIc by crude cells extract &. coli strain Bgl3KP and BgISM induced with IPTG for 8t a



N -

o ~NO Oh

10
11
12
13
14
15
16
17
18
19

20

21
22

5

25°C was observed after 1-hour incubation (Figure Bag results suggest that both enzymes show paléntcatalyse
the biotransformation of major ginsenoside.

Un BglKP BgISM

Fig. 3. Blue colonies d. coli strain BgI3KP (a) and BgISM (b) on LB + IPTG + XeGlate after 18 hours incubation af@7
pNPBGIc hydrolysis was observed in the presence ofengll extract of BgI3KP and BgISM strains induegth 0.1 M IPTG for 8 hours (c). The
cell lysate of uninduced BgI3KP strain was usedagrol (Un).

3.3. Biotransformation of ginsenosides

Rb1 biotransformation activity of BgI3KP and BglStkdm crude cell extract were confirmed using TLGlgsis.
After 48 hours incubation, spots corresponding ittsgnosides Rd and another spot below the spoésmonding to
ginsenoside Rd, which based on previous reportspredicted to be Gyp-XVII (An et al., 2010; Wangadt, 2011)
were observed, indicating that the t@«@lucosidases were able to catalyze the hydrobyfs@uter glucose moeities at
the 3 and 20 position on Rb1 (Figure 4a and 4kjes€ results are amenable with provious reportsen@él family 1
B-glucosidases cloned fror®ulfolobus solfataricus, Sulfolobus acidocaldarius, Pyrococcus furiosus, andArthrobacter
chlorophenolicus(Noh et al., 2009; Noh and Oh, 2009; Park et @142 Yoo et al., 2011) However, only BgISM
showed significant biotransformation of Rd and G{¢H to F2 (Figure 4b). Interestingly, BgISM showesimilar
ginsenoside transformation activity with fxglucosidases from Sphingomonas sp. 2F2 which elotthe same clade
in the constructed neighbour joining tree (Wanglgt2011) (Figure 1).

a. b.

S Un 3KP SM

=
. FHE S~
5 3 j;ét‘@
) e
“ F2

Rb1

Fig. 4. (a) Thin layer chromatography (TLC) analysébiotransformation of ginsenosides Rb1. Lan&iSsenoside standardZelang Medical
Technology Co., Ltd., China) ; Lane Un, biotransfation of Rb1 by cell lysate of BgI3KP strain grbvir 8 h at 28C without IPTG induction;
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Lane 3KP / SM, biotransformation of Rb1 by soluféetion of cell lysate of IPTG induced BgI3KP/ Bgll strain.
(b) The proposed conversion pathway of ginsendRluleusing crude cell extract of induced BgI3KP BgiSM strains.

Ginsenoside Gyp-XVII and F2 have been reportechtiwsbeneficial health effects. Gyp-XVII has beepased
for its cardiovascular protective effect by alldirig atherosclerosis via the ERnediated PI3K/Akt pathway and
neuroprotective protective effect against Alzheimelisease by activating transcription factor EBe(ig et al., 2016;
Yang et al.,, 2017), while F2 has been reporteditforanti-cancer activity which mediated through ilmtion of
proliferation judged by Ki67 and apoptosis indudsdactivation of caspase-3 and -8 in glioblastomatiforme, as
well as anti-inflammatory effects (Mai et al., 20Bark et al., 2016; Shin et al., 2012). Theref&g3KP and BgISM
has potential application in the pharmaceuticaligtd.

This report is one of the first endeavors on exptpithe potency of bacterial isolates from outsitkst Asia
especially from Indonesia as sources for ginsemegidtransforming3-glucosidase. As one of the mega-biodiversity
countries with various unique ecosystems such asspiings, acidic crater lakes, and peatlandspredia could
provide the sources fd¥-glucosidase enzymes with unique characteristicclwlaire useful for efficient ginsenosides
biotransformation at industrial scale (i.e. thertabgity and tolerance to low pH) (Geraldi et aQ1®). Thus, further
exploration off-glucosidases producing microbes in Indonesia wtulte conducted.

4. Conclusion

Genes encoding recombinant ginsenoside-hydrolygiglycosidases, BgI3KP and BgISM, belonging to thd1G
family, were cloned fronBacillus sp. 3KP andserratia marcescens L1161, respectively. These enzymes were expressed
in E. coli BL21(DE3) in a soluble form and could convert majmsenoside Rb1 into pharmacologically active anin
ginsenoside F2 via Rd and Gyp-XVII. To our knowleddis is the first report on usifgglucosidases of bacterial
isolates from Indonesia for ginsenoside biotramsfdion. This report is expected to encourage furéxloration of
ginsenoside transformingrglucosidases, especially those with industriaepbaél, in Indonesia.
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