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Abstract

Arbutin is a naturally occurring glycosylated product of hydroquinone. With the ability to interrupt melanin biosynthesis in
epidermal cells, it is a promising cosmetic ingredient. In this study, a novel amylosucrase, As,.,, identified from a thermal
spring metagenome, has been characterized for arbutin biosynthesis. As, ., was able to catalyze transglucosylation of hydro-
quinone to arbutin, taking sucrose as glycosyl donor, in the temperature range of 20 °C to 40 °C and pH 5.0 to 6.0, with the
relative activity of 80% or more. The presence of chloride salts of Li, K, and Na at I mM concentration did not exhibit any
notable effect on the enzyme’s activity, unlike Cu, Ni, and Mn, which were observed to be detrimental. The hydroquinone
(20 mM) to sucrose ratio of 1:1 to 1:10 was appropriate for the catalytic biosynthesis of arbutin. The maximum hydroqui-
none to arbutin conversion of 70% was obtained in 24 h of As,, led catalysis, at 30 °C and pH 6.0. Arbutin production was
also demonstrated using low-cost feedstock, table sugar, muscovado, and sweet sorghum stalk extract, as a replacement for

sucrose. Whole-cell catalysis of hydroquinone to arbutin transglucosylation was also established.
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Introduction

Arbutin (Hydroquinone p-D-glucopyranoside) is a glyco-
sylated hydroquinone product naturally present in bearberry,
mulberry, cranberry, pear, and wheat (Carmen et al. 2009).
In cosmetics, it is used as an ingredient conferring mild
anti-inflammatory and antioxidant properties (Bang et al.
2008; Ioku et al. 1992; Lee et al. 2012). Arbutin reduces
melanin production in melanocytes (Funayama et al. 1995;
Hori et al. 2004; Maeda and Fukuda 1996), hence reducing
excessive skin pigmentation in patients with melasma or
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sunburn. Melanin is a skin pigment produced from tyrosine
(via 3,4 dihydroxy-phenylalanine) by tyrosinase’s catalytic
action. Excessive melanin production causes hyperpigmen-
tation. Hyperpigmentation is reduced by the inhibition of
tyrosinase activity, which can be achieved by arbutin. Thus,
arbutin, a natural skin-whitening agent, is a biomolecule of
high demand in the pharmaceutical and cosmetic industries.
Further, this natural compound is known to exert antimicro-
bial, antioxidative, and anti-inflammatory effects. It helps in
wound healing (Polouliakh et al. 2020) and exerts radiopro-
tective (Nadi et al. 2019), cryoprotective (Seyfizadeh et al.
2012), and estrogen-like effects (Zeng et al. 2018). Further,
it can be used as an anti-ulcer agent (Taha et al. 2012). In
the human body, arbutin is metabolized and excreted in its
glucuronide and sulphate forms (Schindler et al. 2002).
The natural p-arbutin molecule can be extracted from
plant sources, but the process is tedious, with stubby yield
(Parejo et al. 2001). Transglucosylation of hydroquinone
by the catalytic action of microbial glycosyltransferases
results in the formation of a-arbutin (4-hydroquinone-a-
D-glucopyranoside). It has about ten times greater tyrosi-
nase inhibition activity than B-arbutin. Thus, a-arbutin is a
promising biomolecule that significantly diminishes mela-
nin synthesis without any noticeable effect on cell viability
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(Sugimoto et al. 2004). Chemical synthesis of arbutin is
also possible but limited by substantial energy require-
ments, labour-intensive process, chemical wastes, and low
yield (Zhu et al. 2019). In contrast, the enzymatic approach
for a-arbutin production is environmentally friendly and
offers a higher yield. Arbutin has been enzymatically pro-
duced from hydroquinone using different donor molecules
such as sucrose, maltose, and maltopentaose. Some of the
enzymes used for arbutin production are sucrose phos-
phorylase from Leuconostoc mesenteroides (Kitao et al.
1994), a-amylase from Bacillus subtilis (Nishimura et al.
1994), a-glucosidase from Saccharomyces cerevisiae and
Xanthomonas campestris (Prodanovic et al. 2005a,b; Sato
et al. 2012), dextransucrase from Leuconostoc mesenter-
oides (Seo et al. 2009), sucrose isomerase from Erwinia
rhapontici (Zhou et al. 2011), cyclodextrin glycosyltrans-
ferase from Thermoanaerobacter sp. (Mathew et al. 2013),
whole cells of X. campestris WU-9701 and X. maltophilia
BT-112 (Sato et al. 2012; Liu et al. 2013), amylosucrase
from Deinococcus geothermalis (Seo et al. 2012), Cellu-
lomonas carboniz T26 (Yu et al. 2018), and X. campestris
(Yang et al. 2019; Zhu et al. 2019) (Table 1).

Amylosucrase is a glycosyltransferase belonging to
a-amylase superfamily of glycoside hydrolase (GH) 13
(Skov et al. 2001). Like GH13 family enzymes, the protein
structure of amylosucrase comprises domains A, B, and C
(Ramasubbu et al. 1996). Domain A adopts the characteris-
tic (B/a)g-barrel structure, forming the catalytic core of the
protein (Stam et al. 2006). The catalytic core of amylosu-
crase contains the conserved two catalytic acidic residues
associated with a-amylases, aspartic acid and glutamic
acid (Mirza et al. 2001; Moulis et al. 2016). Moreover, the
mechanism of enzymatic activity of amylosucrase is similar
to the a-amylase enzyme, i.e., the formation of a glucosyl-
enzyme complex as an intermediate (Mirza et al. 2001).
Apart from a-amylase like A, B, and C domains, amylo-
sucrase contains B’ and N domains N. N-terminal domain
plays a critical role in substrate preference of the enzyme
(Lee et al. 2002). Domain B’ possibly attributes transferase
activity to this enzyme (Mirza et al. 2001). Amylosucrase
has been placed in polyspecific subfamily GH13_4 that
exhibit more than one catalytic activity (Stam et al. 2006).
Amylosucrase executes three main reactions- hydrolysis,
transglycosylation, and polymerization (Choi et al. 2019).
It catalyzes sucrose hydrolysis, followed by transfer of its

Table 1 Comparative data of arbutin biosynthesis from hydroquinone by different biocatalyst systems

Biocatalyst Hydro- Donor: HQ Glycosyl donor Optimum pH Optimum Molar Ref
quinone temperature ~ arbutin
(mM) (0 yield (%)

Sucrose phosphorylase (L. mes- 18 8:1 Sucrose 7.5 42 46.5 Kitao et al. 1994
enteroides)

Dextransucrase (L. mesenter- 450 1:2 Sucrose 5.2 28 0.4 Seo et al. 2009
oides)

Amylosucrase 23.6 10:1 Sucrose 7 35 90 Seo et al. 2012

(D. geothermalis)

Amylosucrase 5 4:1 Sucrose 7 35 44.7 Yuet al. 2018

(C. carboniz)

Amylosucrase 10 80:1 Sucrose 7.5 35 95 Zhu et al. 2019

(X. campestris)

X. maltophilia BT-112 cells 120 2:1 Sucrose 30 93.6 Liu et al. 2013

a- amylase 90 3.8:1 Maltopentose 5.5 40 24.8 Nishimura et al. 1994

(B. subtilis)

a-glucosidase (S. cerevisiae) 9 167:1 Maltose 5 30 14 Prodanovié et al. 2005*

a-glucosidase (S. cerevisiae) 50 30:1 Maltose 5.5 30 4.6 Prodanovi¢ et al. 2005°

a-glucosidase (X. campestris 45 27:1 Maltose 7 40 55.6 Sato et al. 2012
WU-9701)

X. campestris WU-9701 cells 45 27:1 Maltose 7.5 40 93 Kurosu et al. 2002

Cyclodextrin glucanotransferase 9 11:1 Maltodextrin 5.5 40 21.2 Mathew et al. 2013
(Thermoanaerobacter sp.)

Sucrose isomerase 50 1:50 Sucrose - - 33.2 Zhou et al. 2011

(E. rhapontici)

Transglucosidase 100 12:1 Maltose 7.2 40 76 Wu et al. 2008

(E. coli)

Amylosucrase (As,.) 20 5:1 Sucrose 6 30 75 This study
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glucose moiety to acceptors like water, fructose, and hydro-
quinone, resulting in diverse types of glycosylated products,
e.g., turanose, trehalulose, a-1,4 glucans, arbutin, etc. (Tian
et al. 2018). Amylosucrase has been experienced to display
high catalytic efficiency for arbutin production compared to
other transglucosidases (Tian et al. 2018). Therefore, it is
desirable to develop amylosucrase based biocatalyst systems
for arbutin production.

A novel amylosucrase (As,,,) was recently identified by
exploring a thermal reservoir metagenome (Agarwal et al.
2019). In the present study, As,,., was characterized for the
transformation of hydroquinone to arbutin in the presence
of sucrose or other sucrose-containing low-cost feedstock as
the donor of glycosyl moiety. Furthermore, As,,,, expressing
whole-recombinant cells were demonstrated to be a potential
biocatalyst system for arbutin production.

Materials and methods
Materials

Sucrose, Luria—Bertani, Luria-Agar, Coomassie blue,
Imidazole, and Tris base were procured from HiMedia
(India). Terrific broth was purchased from Central Drug
House (India). Ammonium per-sulphate (APS), a-arbutin,
sodium acetate, sodium chloride, and isopropyl p-D-1-
thiogalactopyranoside (IPTG) were purchased from Sigma
Aldrich (USA). Muscovado (or Khandsari) and table sugar
were purchased from the local market. The substrate hydro-
quinone was procured from Merck Millipore (USA). Sweet
sorghum (Sorghum bicolor) cultivar, CSH-22ss, was grown
in the field of CIAB campus, Mohali, India.

Enzyme preparation

The gene, As,,,, (MK442921), cloned in the pET43a vector
(Novagen, USA), was expressed in Escherichia coli BL21
strain, as described previously (Agarwal et al. 2019). The
recombinant cells were grown in terrific broth media at
37 °C, with continuous shaking at 200 RPM. Protein expres-
sion was induced at 0.6 OD (600 nm) by introducing 0.3 mM
IPTG in the cell culture, followed by incubation at 16 °C and
150 RPM for 16—-18 h. Then, the recombinant cells were
harvested at 4 °C. The cell pellet was suspended in 50 mM
Tris—HCI buffer (pH 7.0). Cell disruption was performed by
ultra-sonication for 3 min (3 s pulse on, 15 s pulse off). The
cell lysate was clarified by centrifugation and filtration of the
supernatant. As_ ., was purified by nickel nitrilotriacetic acid
(Ni- NTA) affinity column chromatography. The column was
equilibrated with the binding buffer, comprised of 50 mM
tris (pH 7.0), 10 mM imidazole, and 300 mM NaCl. For effi-
cient binding of the His-tagged As_,.,, the clarified cell-lysate

met’

was passed twice through the column. The unbound protein
molecules were removed by washing the column using the
wash buffer comprised of 50 mM tris (pH 7.0), 20 mM imi-
dazole, and 300 mM NaCl. The elution buffer, comprising
50 mM sodium phosphate (pH 6.0), 200 mM imidazole, and
300 mM NaCl, was passed through the column to recover
the purified As,,, fraction. All the steps of protein purifica-
tion were performed in cold (4 °C) condition. The protein
was concentrated using Amicon Ultra-15 Centrifugal filter
of 30 kDa cutoff. The enzyme concentration was determined
by Bradford’s method using bovine serum albumin (BSA)
as standard.

Enzyme assay

The standard enzymatic assays were done in 50 mM sodium
phosphate buffer (pH 6.0) containing 20 mM hydroquinone
and 40 mM sucrose, treated with 0.3 mg mL™" As_, at 30 °C
for 1 h. The enzymatic reactions were stopped by heating at
100 °C for 10 min.

Qualitative and quantitative analysis

The qualitative detection of arbutin was done by thin layer
chromatography (TLC). The reaction samples (2 uL) were
spotted on the TLC plate (aluminium TLC plate, silica gel
coated with fluorescent indicator F254 (MERCK Millipore,
Germany). The plate was kept in a TLC chamber containing
a mobile phase comprising of ethyl acetate, acetic acid, and
water in the ratio 3:1:1. After completing the run, the TLC
plate was air-dried, followed by the spray of a methanol-
based solution containing 0.5% (w/v) 1-naphthyl ethylenedi-
amine dihydrochloride and 5% sulfuric acid. Then, the TLC
plate was heated at 120 °C for 10 to 15 min until the spots
developed. Qualitative analysis of the reaction product was
done by high-performance liquid chromatography (HPLC)
(Water ACQUITY) system, equipped with C-18 column and
UV detector (222 nm). A degassed solution of methanol,
water, and 0.1 M HCI in the ratio of 89:10:1 was used as
the mobile phase, keeping the column temperature 25 °C.

Sample elution was done at 1 mL min~".

Temperature and pH profiling

To study the effect of temperature on arbutin biosynthesis,
the enzyme assays were conducted in the temperature range
of 20 °C to 70 °C. The optimum pH for arbutin biosyn-
thesis was determined by performing assays in the buffers
of a wide pH range of 4.0 to 8.0. The buffer systems used
were 50 mM sodium acetate buffer (pH 4.0-5.5), 50 mM
sodium phosphate buffer (pH 6.0) and 50 mM Tris—HCI
buffer (7.0-8.0).
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Effect of metal ions and ascorbic acid

The effect of different metals on the transglucosylation activ-
ity of As,., for arbutin biosynthesis was examined by intro-
ducing 1 mM of different metal salts (CaCl,, CoCl,, CuSO,,
MgCl,, MnCl,, LiCl, FeCl;, KCI, NaCl, NiCl,, and ZnCl,)
in the reaction assays. Reactions were also performed in the
presence of different hydroquinone (20 mM) to ascorbic acid
ratios viz. 1: 0.05, 1:0.1, 1:0.2, 1:0.3, 1:0.5, 1:0.8, and 1:1.

Substrate concentration

The ratio of glycosyl donor and acceptor molecule was opti-
mized for the maximum arbutin yield. The enzymatic reac-
tions were performed taking different hydroquinone (20 to
80 mM) to sucrose ratio (1:1, 1:2, 1:5 1:8, 1:10, and 1:20).

Low-cost feedstock in place of pure sucrose

Different low-cost feedstock, e.g., table sugar, muscovado,
and sweet sorghum juice (SSJ), were examined for their
potential to be used in the place of sucrose for arbutin pro-
duction. Sweet sorghum juice was concentrated in a rotary
evaporator to achieve a high concentration of sucrose. The
catalytic reactions were performed, taking hydroquinone
(20 mM) to sucrose feedstock ratio of 1:5 under the optimum
reaction conditions. The reaction was stopped by boiling the
reaction mixture for 10 min. Arbutin yield was analyzed at
different time points using HPLC.

Whole-cell catalytic system for arbutin production

As, . expressed recombinant E. coli cells were used to per-
form whole-cell catalysis reaction in 50 mM sodium phos-
phate buffer (pH 6.0). The hydroquinone (20 mM) to sucrose
ratio of 1:1, 1:3, and 1:5 were treated with recombinant E.
coli cells corresponding to OD 3.2 (ODg,) of the cells. One
unit of As,,., was defined as 1 pmol of substrate utilized
min~! g1 (wet weight) of the cell (Zhang et al. 2013). The
reaction was performed under the optimal pH and tem-
perature conditions. Then, the cells were pelleted, and the
reaction product was micro-filtered, followed by boiling for
10 min.

Statistical analysis

The enzymatic reactions were performed in triplicates, and
the mean values of three replications + standard deviation
were presented in tables and figures. All the graphs were
prepared using SigmaPlot 10.0. The significant difference
between treatments was determined by Analysis of Vari-
ance (ANOVA) test at 5% probability or 95% confidence
(p <0.05), followed by Tukey’s post hoc test. The statistical
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tests were performed employing Minitab® 20 statistical
software.

Results and discussion
Hydroquinone glycosylation by As,,,.,

Amylosucrase had been characterized from different
microbial sources, e.g., Bifidobacterium thermophilum,
B. dentium, B. longum, B. pseudocatenulatum, Neisseria
polysaccharea, N. subflava, Truepera radiovictrix, Cellu-
lomonas carbonis, Methylomicrobium alcaliphilum, Syn-
echococcus sp., Methylobacillus flagellates, Arthrobacter
chlorophenolicus, Deinococcus geothermalis, D. radio-
durans, D. radiopugnans, D. wulumugiensis, and Altero-
monas macleodii (Kim et al. 2014, 2019, 2020; Tian et al
2018). However, amylosucrase from a limited source, e.g.,
D. geothermalis, Cellulomonas carboniz, and X. campes-
tris, had been exploited to catalyze transglycosylation of
hydroquinone (acceptor) in the presence of donor (sucrose)
molecules, generating a-1,4-linked glucose-transferred
product, a-arbutin (Table 1). In this study, the catalytic
potential of a novel amylosucrase (As,,.,), identified from
a thermal aquatic habitat metagenome, was examined for
hydroquinone glycosylation. The enzymatic assay, con-
taining sucrose as a glucosyl donor and hydroquinone as
acceptor, resulted in hydroquinone glycosylation. TLC and
HPLC analysis confirmed the catalytic product of As, ., as
a-arbutin (Fig. la, b). Thus, similar to the amylosucrases
from D. geothermalis and Cellulomonas carboniz, As,,.
was capable of transferring the glucosyl unit onto both the
sugar (D-fructose) and non-sugar (hydroquinone) molecules,
resulting biosynthesis of turanose and arbutin, respectively
(Wang et al. 2017; Guérin et al. 2012; Seo et al. 2012; Yu
et al. 2018; Agarwal et al. 2019).

Effects of temperature and pH on hydroquinone
glycosylation

The molar production of arbutin over the hydroquinone was
measured in As,., led catalytic reactions performed in the
temperature range of 20 °C to 70 °C (Fig. 2a). The maxi-
mum arbutin biosynthesis was obtained at 30 °C. However,
As, . Was able to catalyze arbutin biosynthesis in the high-
temperature range of 50-60 °C, with about 50% relative
activity and the low temperature, 20 °C, with 75% relative
activity. Thus, As_ ., can be considered as a cold-active
biocatalyst for hydroquinone glycosylation, in contrast to
the optimum sugar glycosylation at the high temperature
(50 C) (Agarwal et al. 2019). The cold-active property of
As, 1s an essential aspect for industrial production of arbu-
tin, since it offers a relatively less investment of energy for
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Fig. 1 a Thin layer chroma-

tography demonstrating the

production of arbutin from A
hydroquinone treated with As .

in the presence of sucrose. b
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Fig.2 a Temperature and b pH optima of As_, for arbutin biosynthesis
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executing catalytic reaction (Kuddus 2018). The variable
pH and temperature activity profiles for transglucosylation
reaction could be ascribed to the changes in the enzyme’s
shape after binding with different acceptor molecule types,
i.e., sugar or non-sugar (Robinson 2015). A similar trend of
differential optimum pH and temperature for sugar and non-
sugar glycosylation have been reported in the case of amylo-
sucrases from D. geothermalis and Cellulomonas carboniz.
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The poor hydroquinone glycosylation at the higher tempera-
tures (50 C or higher) is in accordance with amylosucrases
from D. geothermalis and Cellulomonas carboniz, and X.
campestris (Seo et al. 2012; Yu et al. 2018; Sato et al. 2012).

Similar to the amylosucrases from D. geothermalis and
X. campestris, the pH activity profiling of As, . recorded
6.0 as the optimum pH for arbutin biosynthesis. However,
unlike other amylosucrases, alteration in pH affected arbutin
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biosynthesis with about 30% and 50% loss in the activity at
pH 5.0 and 7.0, respectively (Fig. 2b). The results indicated
a slightly acidic medium as the favorable environment for
As, ., to glycosylate hydroquinone. In contrast, the alkaline
medium (pH 8.0) was appreciative for optimal glycosylation
of sugar molecule by As, ., (Agarwal et al. 2019).

Effect of metal ions and ascorbic acid
on hydroquinone glycosylation

The hydroquinone glycosylation efficiency was unaffected
by the presence of metal ions such as Mg, Li, K, and Na. The
reactions containing Ca, Co, Zn, and Fe, experienced 14%
to 32% loss in the enzyme’s activity, whereas Mn lessened
the glycosylation by about 75% (Fig. 3a). Interestingly, a nil
amount of arbutin was produced in the presence of Cu and
Ni in the reaction assay. The decrease in the relative activ-
ity (%) of As,., for arbutin synthesis, caused by Ca, Co, Cu,
Ni, Fe, Zn, and Mn, was statistically significant. This metal
activity profile of As_., was more or less similar to that of X.
campestris Amy-1 (Zhu et al. 2019). The results suggested
that the maximum possible exclusion of these activity-inhib-
iting metals should be assured in As,, catalytic reaction
system for arbutin production.

Oxidation of hydroquinone during the enzymatic assay is
reported to cause benzoquinone production, turning the reac-
tion sample brown and negatively affecting the arbutin yield
(Seo et al. 2012). The semiquinone radicals produced could
inhibit the function of amylosucrase. Therefore, it is advisa-
ble to add L-ascorbic acid in the reaction to avoid the oxida-
tion of hydroquinone. In the present study, the hydroquinone
to ascorbic acid ratio of 1:0.05 to 1:0.8 exerted a slightly
positive effect on arbutin’s catalytic production (Fig. 3b).

-
N
(=]

100 -

80 -

60 -

40 -

20 -

Relative Arbutin Yield (%)

v SR RN
& LU K < ©
& P F T Ve ¥4

Fig. 3 Effect of a different metals, and b ratio of hydroquinone (HQ):
ascorbic acid (VC) on As,, led biosynthesis of arbutin. The control
reaction was performed with nil metal or nil ascorbic acid. The activ-
ity of the control reaction was taken as 100%. The relative activity
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In a previous study, ascorbic acid had been demonstrated to
be a promising antioxidant to obtain a better bioconversion
yield of arbutin in the reaction catalyzed by D. geothermalis
amylosucrase (Seo et al. 2012). Nevertheless, in the present
study, the addition of ascorbic acid in As,,., reaction did not
lead to any remarkable increase in the bioconversion yield
of arbutin (Fig. 3b). The results suggested that ascorbic acid
may not be an essential component for the glycosylation of
hydroquinone by As,,... Similar results were demonstrated in
the case of amylosucrase from C. carboniz and X. campestris
(Yu et al. 2018; Yang et al. 2019).

Optimum acceptor and donor ratio for arbutin
biosynthesis

The acceptor and donor ratio has been discussed as an essen-
tial factor that can affect arbutin production. In the previous
studies, the hydroquinone and sucrose molar ratio of 1:4
has been demonstrated to be appropriate for the maximum
arbutin biosynthesis by amylosucrases from C. carboniz,
whereas, in case of D. geothermalis amylosucrase, the best
molar ratio was noted to be 1:10 (Seo et al. 2012; Yu et al.
2018). In a recent study, a high concentration of sucrose
(acceptor: donor ratio of 1:80) was found essential to achieve
the optimum hydroquinone conversion yield (Zhu et al.
2019). The optimum acceptor and donor ratio for arbutin
production in the As_ ., enzymatic assays was examined. Dif-
ferent concentrations of hydroquinone (20 to 80 mM) were
used under variable acceptor: donor ratios (1:1 to 1:20), and
the net arbutin yield was calculated. The hydroquinone con-
centration of 20 mM was noted to be the best concentration,
with any amount of sucrose taken for catalytic glycosylation.
In standard enzyme assay, the maximum arbutin yield was

140

120 - a ab Z ab

bc

100
80 1
60

40

Relative Arbutin Yield (%)

S o
& & » v » N & »

< ~ N ~ W

(%) of the enzyme in the presence of metal or ascorbic acid was pre-
sented as compared to the control. Mean values not sharing common
alphabets are statistically different at p <0.05
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obtained in the reaction samples containing the donor to
acceptor ratio of 1:5 in 1 h (Fig. 4). Therefore, this accep-
tor: donor ratio was taken forward for arbutin production.
The reaction performed for 6 h resulted in hydroquinone to
arbutin conversion yield of about 50%, whereas, in 24 h the
yield of about 70% was obtained (Fig. 5a). After this, a small
increase in the arbutin yield was noticed, with about 75%
hydroquinone bioconversion in 48 h of reaction.

In our previous study (Agarwal et al. 2019), As, ., was
demonstrated to execute glycosylation of D-fructose in the
presence of low-cost feedstock as the donor molecules.

In the present study, the hydroquinone glycosylation was
examined in the presence of the inexpensive feedstock- table
sugar, muscovado, and sweet sorghum stalk-juice. Arbutin
production was found comparable in the case of enzymatic
reactions performed using pure sucrose or table sugar. In
the case of muscovado, used as a replacement for sucrose,
arbutin synthesis was estimated to be about 25% in 1 h. The
sweet sorghum stalk-juice based reactions faced significantly
reduced biosynthesis of arbutin (2.5% in 1 h) (Fig. 5b). This
might be due to the combined effects of metals like Mn,
Cu, and Ni, present in the juice (Sharma et al. 2020). The
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Fig. 6 Molar arbutin yield (%) 70
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results indicated that contaminations of these metals should
be avoided in As, ., based biocatalysis reaction for arbutin
production.

met

Whole-cell catalysis for arbutin production

To further validate the industrial importance of the metagen-
omic amylosucrase, As,, arbutin production was demon-
strated to be produced using whole recombinant cells as a
biocatalyst in the reaction. The use of whole cells avoids
the process of protein extraction and purification steps in
the bioprocess. As,,., expressing E. coli cells were directly
used to execute glycosylation of hydroquinone by whole-cell
catalysis reaction. The catalytic performance of cells of dif-
ferent ODyg (1.5, 2, 2.5, 3, and 3.2) for arbutin biosynthesis
were examined. TLC analysis confirmed the synthesis of
arbutin in the catalysis reaction performed using the whole
recombinant cells of 2.5, 3, and 3.2 ODg, (Fig. S1). The
arbutin yield of about 50% was achieved using the cells of
OD 3.2 (equivalent to about 0.7 U amylosucrase g~! cells)
in 1.5 h (Fig. 6). A higher rate of hydroquinone transgluco-
sylation in the case of whole-cell catalysis reaction could be
due to the elimination of the possible inhibition of enzyme
molecules by the oxidized hydroquinone (Zhu et al. 2019).

Conclusions

This study presents the biosynthesis of the skin-whitening
cosmetic ingredient, arbutin, from the organic compound
hydroquinone, using sucrose as the glycosyl donor and the
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metagenomic amylosucrase, As,.., as a cold-active biocat-
alyst. For the first time, inexpensive feedstock, e.g., mus-
covado, and table sugar, in the place of refined sucrose,
has been demonstrated as a suitable glycosyl donor for the
transformation of hydroquinone into arbutin. Furthermore,
As,. expressing whole-cells, without involving protein
extraction and purification steps, were established to pro-
duce arbutin with a reasonably high conversion rate. The
results discerned As,, as a potential biocatalyst for the
industrial production of arbutin, the biomolecule of cos-
metic and pharmaceutical significance.
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