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Abstract

Objectives To optimize conversion of rutin to
isoquercetin by commercial o-L-rhamnosidase using
high hydrostatic pressure (HHP).

Results The de-rhamnosylation activity of o-L-
rhamnosidase for isoquercetin production was maxi-
mal at pH 6.0 and 50 °C using HHP (150 MPa). The
enzyme showed high specificity for rutin. The specific
activity for rutin at HHP was 1.5-fold higher than that
at atmospheric pressure. The enzyme completely
hydrolysed 20 mM rutin in tartary buckwheat extract
after 2 h at HHP, with a productivity of 10 mM h™".
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The productivity and conversion were 2.2- and 1.5-
fold higher at HHP than at atmospheric pressure,
respectively.

Conclusions This is the first report concerning the
enzymatic hydrolysis of isoquercetin in tartary buck-
wheat at HHP.
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Introduction

Rutin, isoquercetin, and quercetin are plant flavonoids
with various biological activities. The antioxidant,
anti-inflammatory, anti-carcinogenic, antidiabetic,
and anti-allergic biological activities of isoquercetin
(quercetin-3-O-glucoside) are higher than those of
quercetin or rutin due to its higher water solubility and
better intestinal absorption, respectively, but natural
levels of isoquercetin are very low (Amado et al. 2009;
Zhang et al. 2011; Makino et al. 2009). However,
isoquercetin can be produced by de-rhamnosylation of
rutin, which is present in relatively large amounts in
tartary buckwheat, buckwheat, bracken ferns, red
grapes, and various teas (Lee et al. 2006).
o-L-Rhamnosidase (EC3.2.1.40) cleaves o-L-rham-
nose from glycosides such as rutin, naringin, and
hesperidin (Park et al. 2005). De-rhamnosylation of
rutin to produce isoquercetin using o-L-rhamnosidase
from Bacillus litoralis strain C44 (Lu et al. 2012),
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Bifidobacterium breve (Zhang et al. 2015), and
Aspergillus niger (You et al. 2010) has been reported.

High hydrostatic pressure (HHP) has been used for
food processing including extraction of functional
compounds from plants, inactivation of microorgan-
isms, and denaturation of several enzymes. In enzy-
mology, HHP is used to improve the stability and
activity of some enzymes, including the commercial
enzymes naringinase, Viscozyme, pectinase, cellu-
lase, amylase, and arabinofuranosidase, over their
activities at atmospheric pressure (atmospheric pres-
sure) (Palaniyandi et al. 2015).

All of the previous studies on isoquercetin biocon-
version from rutin were performed at atmospheric
pressure and not under HHP conditions. Therefore, in
the present study, we investigated the effect of HHP on
the activity of commercial o-L-thamnosidase for
production of isoquercetin from rutin and buckwheat
extract.

Methods
Materials

Rutin, isoquercetin, and quercetin were purchased
from Sigma Aldrich. o-L-Rhamnosidase was pur-
chased from Megazyme. Tartary buckwheat (Fagopy-
rum tataricum Gaertn.) was purchased from a local
market (Daejeon, Korea). All other regents were
purchased from Sigma Aldrich.

Enzyme assay

a-L-Rhamnosidase activity was assayed using 1 mM
rutin with 5 % (v/v) dimethyl sulphoxide (DMSO) at
30-70 °C and pH 4-8 for 30 min. The reactions were
performed at atmospheric pressure (0.1 MPa) and
HHP (0.1-400 MPa) using an HHP instrument (TFS-
2L, Toyo-Koatsu Innoway Co. Ltd., Hiroshima,
Japan). One unit of the enzyme (U) was defined as
the amount of enzyme releasing 1 pmol p-nitrophenol
from p-nitrophenyl-o-L-thamnopyranoside per min.
All assays were performed in triplicate.

Rutin extraction from tartary buckwheat

100 g dried tartary buckwheat was extracted by
steaming in 1000 ml of 70 % (v/v) ethanol at 80 °C
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for 2 h prior to filtering. The extract was evaporated at
low pressure using a rotary vacuum evaporator at
60 °C, and the remaining water was removed by
lyophilisation.

Analytical methods

Rutin, isoquercetin, and quercetin contents were
determined using HPLC with a Zorbax Eclipse
XDB-C18 column (4.6 x 250 mm, 5 pm) and eluted
at 30 °C and 0.8 ml min~" with a gradient of solvent
A (3 % vlv acetic acid in water) and solvent B [3 %
acetic acid in water/acetonitrile (1:1) v/v] from 75:25
to 40:60 for 24 min and then from 40:60 to 75:25 for
6 min. The eluate was monitored with a diode array
detector at 350 nm.

Results and discussion

Effects of pH and temperature on enzyme activity
at atmospheric pressure and HHP

The maximum activity of commercial o-L-rhamnosi-
dase was at pH 6 and 50 °C under both atmospheric
pressure and HHP conditions (Fig. 1); however, the
relative activity at HHP was higher than at atmo-
spheric pressure. [The maximum activities of o-L-
rhamnosidase from B. breve (Zhang et al. 2015) was at
pH 6.5 and 55 °C.]

The thermostability of o-L-rhamnosidase for iso-
quercetin production was determined at atmospheric
pressure and HHP (Fig. 2). The half-lives of the
enzyme reaction at atmospheric pressure at 30, 40, 50,
60, and 70 °C were 17.3, 12.6, 7.0, 4.1, and 2.1 h,
respectively, and those under HHP were 48.5, 36.6,
28.5,17.7,10.3 h, respectively, two to fourfold higher
under atmospheric pressure. These results indicated
that the thermostability of the enzyme was enhanced at
HHP. At 60 °C, recombinant o-L-rhamnosidase from
B. breve retained more than 90 % of its initial activity
after 20 h (Zhang et al. 2015), and the thermostabil-
ities of some enzymes including B-galactosidase from
Escherichia coli (Real et al. 2007), commercial
naringinase (Pedro et al. 2007), and pectin methyles-
terase from A. aculeatus (Dirix et al. 2005) were two to
fivefold increased using HHP. The activity and/or
stability of over 25 enzymes were stimulated at HHP
because of changes in enzyme structure through
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Fig. 1 Effect of pH (a) and temperature (b) on the commercial
o-L-rhamnosidase activity at high hydrostatic pressure (open
circles) and atmospheric pressure (filled circles). a The reactions
were performed in 50 mM Mcllvaine buffer (pH 4-8) contain-
ing 1 mM rutin with 5 % DMSO at 50 °C for 30 min. b The
reactions were performed in 50 mM Mcllvaine buffer (pH 6.0)
containing 1 mM rutin with 5 % DMSO at 30-70 °C for
30 min. Error bars indicate the standard deviations of triplicate
samples

hydrogen bonding and hydrophobic interactions,
changes in the reaction mechanisms, and changes in
the substrate or solvent physical properties (Eisen-
menger and Reyes-De-Corcuera 2009a, b).

Substrate specificity at atmospheric pressure
and HHP

The substrate specificity of o-L-rhamnosidase was
investigated using aryl-glycosides and flavonoids
under atmospheric pressure and HHP conditions.
The specific activities of commercial o-L-rhamnosi-
dase for rhamnose-containing pNP-Rha, rutin (o-1,6

Relative activity (%)
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Fig. 2 Thermal inactivation of commercial a-L-rhamnosidase
at 30 (open circles), 40 (open triangles), 50 (open squares), 60
(filled circles), and 70 °C (filled triangles) at atmospheric
pressure (a) or high hydrostatic pressure (b). The enzymes were
preincubated at 30-70 °C for varying time. At each time
interval, the enzyme activity of a sample was assayed in 50 mM
Mcllvaine buffer (pH 6.0) containing 1 mM rutin with 5 %
DMSO at 50 °C for 30 min. The experimental data for thermal
deactivation were fit to a first-order curve, and the half-lives of
the enzyme were calculated using Sigma Plot 10.0 Software.
Error bars indicate the standard deviations of triplicate samples

linkage), hesperidin (o-1,6 linkage), and naringin (a-
1,2 linkage) at atmospheric pressure were 176, 96, 65,
and 24 U ml™}, respectively, and there was no
measurable activity for other aryl glycosides
(Table 1). Thus, the commercial o-L-rhamnosidase
hydrolyses only the rhamnose moiety and has activity
for both a-1,2 and a-1,6 linkages with a preference for
o-1,6 linkages. Furthermore, these results indicate a
high specificity for rutin and production of only
isoquercetin. The specific enzyme activities for pNP-
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Rha and rutin at HHP were 1.8- and 1.5-fold higher
than atmospheric pressure, but the substrate specificity
was unchanged. The activities of commercial hydro-
lases including naringinase, Viscozyme, pectinase,
cellulase, amylase, and o-L-arabinofuranosidase were
enhanced 1.2-2.3-fold at HHP compared to activity at
atmospheric pressure (Palaniyandi et al. 2015; Real
et al. 2007).

Optimization of enzyme reaction at HHP

Production of isoquercetin was evaluated from 0 to
400 MPa with maximum production at 150 MPa
(Fig. 3). Isoquercetin production decreased above
200 MPa; the commercial o-L-rhamnosidase was
deactivated at 400 MPa. The effects of enzyme and
substrate concentration were investigated at 150 MPa,
with maximal isoquercetin production occurring at 3
U a-L-rhamnosidase ml~' and 20 mM rutin (data not
shown).

The production of isoquercetin by commercial o-L-
rhamnosidase was performed using 20 mM reagent-
grade rutin at atmospheric pressure and HHP (Fig. 4).
Under atmospheric pressure and HHP, the enzyme
completely hydrolysed 20 mM reagent-grade rutin to
isoquercetin within 150 and 90 min, respectively,
corresponding to a productivity of 8 and
13.3 mM h™!, respectively. With HHP conditions,
the productivity was 1.6-fold higher than with atmo-
spheric pressure condition. The highest previously
reported conversion yield and productivity from
reagent-grade rutin were 97 % and 10 mM h™',

1.2
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| |
0 100 200 300 400
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Fig. 3 Effect of pressure on isoquercetin (open circles)
production from rutin (filled circles). The reactions were
performed in 50 mM Mcllvaine buffer (pH 6.0) containing 0.1
U enzyme ml~" and 1 mM rutin with 5 % DMSO at 50 °C and
0.1-400 MPa for 30 min using an HHP instrument. Error bars
indicate the standard deviations of triplicate samples

respectively, using recombinant o-L-rhamnosidase
from B. breve (Zhang et al. 2015).

Hydrolysis of rutin in tartary buckwheat extract
to isoquercetin at atmospheric pressure and HHP

We extracted rutin from tartary buckwheat, and the
amounts of rutin and quercetin in extract powder were
102 and 2.4 mg g~ '; isoquercetin was not detected in
the extract. The concentration of tartary buckwheat
extract powder was adjusted to 12 %, which yielded
20 mM rutin. Isoquercetin was produced from tartary

Table 1 Substrate
specificity of commercial a-
L-rhamnosidase

Substrate

Specific activity (U mg™")

Atmospheric pressure High hydrostatic pressure

pNP-o-L-rhamnoside
pNP-a-p-galactoside
pNP-B-p-galactoside
pNP-a-p-glucoside
pNP-B-p-glucoside
Rutin

Isoquercetin
Hesperidin
Hesperetin 7-glucose
Naringin

Prunin

176.0 £+ 14.1 308.1 £ 21.2
N.D. N.D.

N.D. N.D.

N.D. N.D.

N.D. N.D.

964 £ 2.14 147.2 £+ 6.84
N.D. N.D.

65.8 £ 3.21 973 £ 1.07
N.D. N.D.

242 £ 1.08 31.7 £ 0.57
N.D. N.D.
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Fig. 4 Time course of isoquercetin (open circles) production
from regent-grade rutin (filled circles) by commercial o-L-
rhamnosidase at atmospheric pressure (a) and high hydrostatic
pressure (b). The reactions were performed in 50 mM Mcll-
vaine buffer (pH 6.0) containing 3 U enzyme ml~" and 20 mM
rutin with 5 % DMSO at 50°C for 3 h. Error bars indicate the
standard deviations of triplicate samples

buckwheat extract using commercial o-L-rhamnosi-
dase under the optimum conditions at atmospheric
pressure and HHP (Fig. 5). At atmospheric pressure,
the commercial o-L-rhamnosidase produced 13.4 mM
isoquercetin within 180 min, with a productivity of
456 mM h™' and conversion of 67 % (mol/mol).
However, at HHP, the commercial o-L-rhamnosidase
completely hydrolysed 20 mM rutin from tartary
buckwheat within 120 min, corresponding to a pro-
ductivity of 10 mM h™', 2.2-fold higher than at
atmospheric pressure.

At atmospheric pressure, the commercial o-L-
rhamnosidase  completely  hydrolysed 20 mM
reagent-grade rutin to isoquercetin; however, the

Fig. 5 Time course of isoquercetin (open circles) production
from tartary buckwheat extract (rutin, filled circles) by
commercial o-L-rhamnosidase at atmospheric pressure (a) and
high hydrostatic pressure (b). The reactions were performed in
50 mM Mcllvaine buffer (pH 6.0) containing 3 U enzyme ml ™"
and 20 mM rutin with 5 % DMSO at 50 °C for 3 h. Error bars
indicate the standard deviations of triplicate samples

enzyme hydrolysed only 67 % of extracted rutin from
tartary buckwheat extract. There are several inhibitors
of a-L-thamnosidase such as L-rhamnose, glucose, and
citric acid (Yadav et al. 2010). Tartary buckwheat
extract contains some of these inhibitors, such as
sugars or organic acids, which decrease the conversion
yield of rutin. With HHP, the commercial o-L-
rhamnosidase completely hydrolysed 20 mM rutin
from tartary buckwheat, although it required longer
than the reaction with regent-grade rutin. B-Galac-
tosidase inhibition can be decreased via mutation of
the inhibitor binding site or enzyme immobilization
(Kim et al. 2011; Mateo et al. 2004); however, there
are no reports of the relationship between enzyme

@ Springer



1780

Biotechnol Lett (2016) 38:1775-1780

inhibition and pressure. These results suggested that
increasing pressure might affect the enzyme structure
by strengthening the hydrogen bonding and hydropho-
bic interactions, thereby increasing activity and ther-
mostability and decreasing inhibition.

In summary, we optimized the production of
isoquercetin from rutin in tartary buckwheat extract
using commercial o-L-rhamnosidase. Enzyme activity
and stability were stimulated 1.3—4-fold by HHP.
Under the optimal conditions, 20 mM isoquercetin
was produced by commercial o-L-rhamnosidase after
2 h with a conversion yield of 100 % and a produc-
tivity of 10 mM h™', which is 2.2-fold higher than that
at atmospheric pressure. Thus, HHP increased the
enzyme activity, stability, and productivity relative to
atmospheric pressure. Our results suggest a new
approach for the production of isoquercetin from rutin
in tartary buckwheat extract by commercial o-L-
rhamnosidase using an HHP system.
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Supplementary Information Supplementary Fig. 1—Effect
of enzyme concentration on isoquercetin production by com-
mercial o-L-thamnosidase. The reactions were performed in
50 mM Mcllvaine buffer (pH 6.0) containing 0.5-4 U enzyme
ml ~' and 20 mM rutin with 5 % DMSO at 50 °C for 3 h. Error
bars indicate the standard deviations of triplicate samples.

Supplementary Fig. 2—Effect of substrate (rutin) concen-
tration on isoquercetin production by commercial o-L-rham-
nosidase. The reactions were performed in 50 mM Mcllvaine
buffer (pH 6.0) containing 3 U enzyme ml ~' and 1-20 mM
rutin with 5 % DMSO at 50 °C for 3 h. Error bars indicate the
standard deviations of triplicate samples.
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