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Abstract - For immobilization of puerarin glycosidase from Microbacterium oxydans CGMCC 1788 on
DEAE-52 cellulose, the optimal amount of enzyme protein was 12 mg protein: 1 g DEAE-52 cellulose; the
optimal pH was 6.5; and the optimal immobilization time was 6 hr. The specific activity of immobilized
enzyme was 36.67 mU.g"' carrier with an immobilization yield of 98.87% and an enzyme recovery yield of
92.43%. The molar transformation rates of puerarin by immobilized enzyme and by the relative bacterial cell
amount equal to the same amount of enzyme were 53.3% and 2.2%, respectively, after 1 hr of transformation.
The former molar transformation rate, which was similar to that for free enzyme, was more than 24-fold
greater than the latter. The immobilized puerarin glycosidase showed improved enzymatic properties and
stability. The immobilized puerarin glycosidase retained 88% of its initial activity after being reused 10 times.
Keywords: Puerarin; Immobilized enzyme; Puerarin-7-O-Glucoside, Microbacterium oxydans; DEAE-52 Cellulose.

INTRODUCTION

Puerarin, an isoflavone glycoside isolated from
the roots of Puerarin thomsonii and Pueraria lobata,
has been reported to treat cardio-cerebrovascular
disease, diabetes, ocular fundus disease, sudden
deafness and acute alcoholic poisoning (Benlhabib et
al., 2004). However, the pharmacological develop-
ment of puerarin is limited by its low water solubility
and bioavailability (Ren et al., 2006). Thus, signifi-
cant effort has been made to chemically or biologi-
cally modify the structure of puerarin to obtain novel
puerarin derivatives with higher water solubility and
biological activity (Li et al., 2004; Huang ef al., 2008;
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Jiang et al., 2008; Yu et al., 2010; Ko et al., 2012).
Previous studies have shown that transformation of
flavonoid substances in the form of aglycon to gly-
cosides improves not only their physical and chemi-
cal properties, such as water solubility, taste and
sweetness but also their pharmacological activities,
including circulation, metabolism, and concentration
in body fluids (Lee et al., 1999; Kren et al., 2001;
Daines et al., 2004; Blanchard et al., 2006; Hyung et
al., 2006; Salas et al., 2007).

Jiang et al. (2008) and Yu et al. (2010) from our
laboratory have previously reported that puerarin is
transformed to puerarin-7-O-glucoside and puerarin-
7-O-fructoside, respectively, under different condi-
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tions by Microbacterium oxydans (M. oxydans)
CGMCC 1788, and the transformation effectively
increases the water solubility of puerarin. However,
the transformation of puerarin by resting cells is
limited by the low water solubility of puerarin and
the barrier of the cell membrane, leading to low
transformation efficiency, long reaction time, and
many by-products. Although crude enzyme cell ex-
tract may be used to increase transformation effi-
ciency and shorten the reaction period by removing
the barrier of the cell membrane and promoting di-
rect interaction between the enzyme and the sub-
strate, it is difficult to isolate crude enzymes from
products and reuse them for transformation.

Immobilized enzyme has a lot of advantages over
free enzyme including improved storage stability and
easy retrieval for re-use (Brady et al., 2009; Sheldon
et al., 2013). Also, immobilization enhances enzyme
specificity and activity (Pollard et al., 2007; Woodley,
2008; Garcia-Galan ef al., 2011), reduces the possi-
bility of contamination by microbes (Singh, 2008),
decreases the cost of continuous production, and
improves purity of the final products (D’Souza,
1999). Indeed, studies of immobilized enzymes have
advanced tremendously since Tosa et al. (1967) first
utilized immobilized aminoacylase to achieve con-
tinuous industrial production of L-amino acids in the
1960s (Tosa et al., 1967; Xie et al., 2009; Abdelmajeed
et al., 2012; Vlakh et al., 2013; Contesini et al.,
2013). In this study, we utilized DEAE-52 cellulose
as the carrier to adsorb and immobilize puerarin gly-
cosidase extracted from M. oxydans CGMCC 1788
to transform puerarin. Our study provides a new
approach for industrial production of puerarin gly-
cosides.

MATERIALS AND METHODS
Materials

Puerarin (98% purity) was purchased from Jiangsu
LianChuang Pharmaceutical Co., Ltd (Nanjing, China);
Bradford solution, BSA solution, methanol and etha-
nol (HPLC grade) were purchased from Sigma (St.
Louis, USA); DEAE-52 cellulose, AB-8 macro-porous
resin was purchased from Shanghai Sangon Biological
Engineering Technology and Services Co., Ltd
(Shanghai, China).

Bacteria Culture

M. oxydans CGMCC 1788 was streaked on a LB
plate and grown at 30 °C overnight. One single colony

was inoculated in 20 mL LB medium in a 100 mL
conical flask and grown at 30 °C, 220 rpm for 24 hr.
1% of the 20 mL culture was inoculated into 1 liter
of LB medium in a 3-liter conical flask and grown at
30 °C, 220 rpm for 12 hr to an OD600 of 2.0-3.0.

Preparation of Crude Enzyme Extract and
Measurement of Protein Concentration

1 liter of bacteria culture was centrifuged at 4 °C,
8000 x g for 10 min. The bacterial pellet was re-sus-
pended in 200 mL of pre-chilled 1/15 M Na,HPO,/
KH,PO, buffer (PBS, pH 6.5) and disrupted for 2 x 1
min at 1 min intervals with a Bead-beater (BioSpecs
Product, USA) on ice by using 0.1 mm glass beads
(BioSpecs Product, USA). The cell lysate was centri-
fuged at 4 °C, 12000 X g for 10 min. After discarding
the cellular debris, 180 ml of crude enzyme extract
was obtained. The protein concentration of the crude
enzyme extract was determined by the Bradford
method (Bradford, 1976).

Immobilization of Enzyme

DEAE-52 cellulose was pretreated with 0.5 M
HCI and 0.5 M NaOH, respectively, and then washed
with deionized water until neutral pH. Crude enzyme
extract in PBS buffer (pH 6.5) was mixed with
DEAE-52 cellulose at a 12 mg: 1 g (enzyme: DEAE-
52 cellulose) ratio, and the mixture was constantly
stirred for full adsorption at 4 °C for 6 hr. After re-
moving the supernatant, the DEAE-52 cellulose-
immobilized enzyme was washed twice with PBS
buffer and dried by vacuum suction. To study the
effect of enzyme amount on the immobilization rate,
crude enzyme extract was added to DEAE-52 cellu-
lose at 4-20 mg: 1 g (enzyme: DEAE-52 cellulose)
ratios; to study the effect of pH on the immobiliza-
tion rate, PBS buffer ranging from pH 5 to 9 was
tested; to study the effect of adsorption time on the
immobilization rate, DEAE-52 cellulose was incu-
bated with enzyme extract for 2-24 hr.

Measurement of Enzyme Activity

Enzyme activity was determined by measuring
the amount of puerarin-7-O-glucoside produced by
puerarin glycosidase. One unit of enzyme activity
(1 U) was defined as the enzyme amount that cata-
lyzes the formation of 1 umol puerarin-7-O-gluco-
side in 1 min. To measure the free enzyme activity,
6 mg of free enzyme was added to 10 mL of 1/15 M
PBS buffer (pH 6.5) containing sucrose (20 mg/mL)
and puerarin (2 mg/ml) and incubated at 30 °C,
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220 rpm for 1 hr. The mixture was heated to 100 °C
for 10 min to stop the reaction, then centrifuged at
12,000 x g for 10 min and the supernatant was col-
lected for HPLC analysis. To measure the immobi-
lized enzyme activity, 0.5 g of dried DEAE-52 cel-
lulose-immobilized enzyme (equal to 6 mg free
enzyme) was added to 10mL of 1/15 MPBS buffer
(pH 6.5) containing sucrose (20 mg/mL) puerarin
(2 mg/mL) and incubated at 30 °C, 220 rpm for 1 hr.
The mixture was heated to 100 °C for 10 min to stop
the reaction, then centrifuged at 12,000 % g for 10 min
and the supernatant was collected for HPLC analysis.
To measure the effect of different substrate concen-
trations on transformation rates of the immobilized
enzyme, the puerarin concentrations were varied from
0.2 to 4 mg/mL; to measure the effect of temperature
on the transformation rate; the reaction temperature
was controlled within 10-60 °C. To measure the effect
of pH on the transformation rate, the pH of the reaction
ranged from 4-9. To measure the kinetic constant
Km, the enzymatic reaction time was set to 5, 10, 15,
20 min, respectively, and the substrate concentration
was set to 0.5, 1, 1.5, 2.0 mg/mL for free enzyme and
0.5, 1, 1.5, 2.0. 2.5 mg/mL for immobilized enzyme,
respectively.

Small-Scale Transformation of Puerarin by Immo-
bilized Enzyme

12 g of puerarin were first dissolved in 3 L of
1/15 M PBS buffer (pH 6.5) with constant stirring,
then mixed with 50 g of dried immobilized enzyme in
a GBCS-5B-1 5 L fermenter (Zhenjiang East Biotech
Equipment and Technology Co., Ltd, China), and
incubated at 30 °C, 500 rpm for 12 hr. The reaction
mixture was centrifuged at 8,000 x g for 10 min and
the supernatant was heated to 100 °C for 10 min and
centrifuged again at 12,000 x g for 10 min. The final
supernatant was applied to an AB-8 macroporous

resin adsorption chromatography column for further
separation and purification (Yu et al., 2010). Each
collected fraction was subjected to HPLC analysis
and the fractions of > 95% purity of the transforma-
tion product were pooled, concentrated to 40-50 ml
in a rotary evaporator, and freeze-dried to obtain the
powder.

Identification and Analysis of Transformation
Product by HPLC

The transformation product, puerarin-7-O-gluco-
side, was qualitatively and quantitatively analyzed
using an Agilent 1100 HPLC (Agilent, USA) as
described by Ye et al. (2007). Characterization of the
structure of the product was carried out as described
by Yu et al. (2010).

RESULTS
Optimizing Conditions of Enzyme Immobilization
Effect of Enzyme Amount on Immobilization

As shown in Table 1, the activity of immobilized
enzyme increased with increasing amount of enzyme.
However, when the amount of enzyme was > 16 mg.g"
DEAE-52 cellulose, the binding sites on the surface
of the DEAE-52 support tended to saturation and its
capacity to bind protein started to decrease, so the
recovery yield of enzyme activity decreased signifi-
cantly to 76.19%. Considering the immobilization yield
together with the recovery yield of enzyme activity,
the optimal amount of enzyme was 12 mg.g" DEAE-
52 cellulose. Under this condition, the specific ac-
tivity of the immobilized enzyme was 36.97 mU.g”’,
the recovery yield of the enzyme activity reached
92.43% and the immobilization yield was 98.87%.

Table 1: Effect of enzyme amount on immobilization.

Added enzyme Added enzyme Unbound enzyme |(Immobilized enzyme| Recovery yield Immobilization
(mg protein.g-1 A) ) (0)] of enzyme (%) yield (%)
carrier) (mU. g carrier) (mU.g" carrier) (mU.g" carrier) (R)=I/Ax100 (N=I/(A-U)x100
4 9.00+0.38 0.02+0.003 9.00+0.21 100.00 100.22
8 21.33+1.39 0.83+0.053 20.00+2.28 93.76 97.56
12 40.00+3.16 2.68+0.128 36.97+3.38 92.43 98.87
16 70.0044.26 15.75%1.12 53.33+4.22 76.19 98.30
20 106.67+3.72 41.39+4.19 60.00+3.24 56.25 91.91
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Effect of Adsorption pH on Enzyme Immobilization

As shown in Figure 1, the optimal pH is 6.5 for
enzyme immobilization, and the adsorption of puer-
arin glycosidase to DEAE-52 cellulose decreased when
the pH was higher or lower than 6.5. This reduction
of adsorption to DEAE-52 cellulose at pH>7.0 may
be related to the chemical structure of puerarin
glycosidase. Different pH results in a difference of
the charge distribution on the surface of the enzyme
and therefore affects its binding to the support.
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Figure 1: Effect of adsorption pH on enzyme immo-
bilization.

Effect of Adsorption Time on Enzyme Immobilization

As shown in Figure 2, the immobilization yield of
the enzyme gradually increased with prolonged ad-
sorption time. But the yield did not increase further
after adsorption for more than 6 hr, suggesting that
the adsorption of puerarin glycosidase to DEAE-52
cellulose is complete after 6 hr. Therefore, the
optimal adsorption time for enzyme immobilization
is 6 hr.
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Figure 2: Effect of adsorption time on enzyme
immobilization.

Transformation Efficiency of Immobilized Enzyme

Ten mL of bacteria culture with an OD600 of 2.0
was disrupted to prepare free or immobilized enzyme
and the same amount of bacterial culture was used as
the control for the transformation reaction (Figure 3).
After reaction for 1 hr, the molar transformation
rates of immobilized enzyme, free enzyme and bac-
terial cells were 53.3%, 66.2% and 2.2%, respectively.
Therefore, the transformation efficiencies of immo-
bilized enzyme and free enzyme were 24.2 and 30.1
fold greater than that of control bacterial cells,
respectively. Considering the recovery yield of
immobilized enzyme to be 92.43%, the actual molar
transformation rate of immobilized enzyme was
similar to that of free enzyme. After 24-hr of the
transformation reaction, the transformation activities
of immobilized enzyme and free enzyme were still
more than 2-fold greater than that of control bacterial
cells.

1hr 24hr

100

Molar conversion rate (%)

FK P S

Figure 3: Comparison of transformation activity for
immobilized enzyme, free enzyme and control
bacterial cells.

Enzymatic Properties of Immobilized Enzyme

Optimal Substrate Concentration for Immobilized
Enzyme

As shown in Figure 4, the activity of immobilized
enzyme increased with the increase of substrate con-
centration from 0.2 to 2 mg/mL. When the substrate
concentration exceeded 2 mg/mL, the activity of

Brazilian Journal of Chemical Engineering



Immobilization of Puerarin Glycosidase from Microbacterium oxydans CGMCC 1788 Increases Puerarin Transformation Efficiency 329

immobilized enzyme no longer increased. However,
the activity of free enzyme still increased as the
substrate concentration increased to 4 mg/mL.
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Figure 4: The effect of puerarin concentration on the
biotransformation activity of free enzyme and immo-
bilized enzyme.

Optimal Reaction Temperature for Immobilized
Enzyme

As shown in Figure 5, the optimal reaction
temperatures were 40 °C and 35 °C for free enzyme
and immobilized enzyme, respectively. The immobi-
lized enzyme retained a higher activity at 30-40 °C,
while the activity of free enzyme was lower than that
of immobilized enzyme at 30-35 °C, implying that
substrate molecules diffuse more easily on the mo-
lecular surface of enzyme immobilized on the sup-
port compared to free enzyme. When the temperature
was over 40 °C, the transformation activity of both
immobilized enzyme and free enzyme decreased
significantly, and they were completely inactivated
at 50 °C, indicating that, with the increase of tem-
perature, the conformations of both immobilized and
free enzyme molecules opened up so they lost their
catalytic activity.

Optimal pH for Immobilized Enzyme

As shown in Figure 6, the optimal pH of the
transformation reaction for both immobilized and
free enzyme was 6.5. However, the immobilized
enzyme retained its higher activity at pH>6.5 while
free enzyme retained its higher activity at pH<6.5.
These small changes of enzymic activity with pH
may be attributed to the effect of the negatively-

charged support for enzyme immobilization which
will result in a basic shift in the pH optimum
(Goldstein et al., 1964; Shi et al., 2010).
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Figure 5: Effect of reaction temperature on the
transformation activity of free enzyme and immobi-
lized enzyme.
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Figure 6: Effect of pH on the transformation activi-
ties of free enzyme and immobilized enzyme.

Kinetic Constant Km

Kinetic constants Km for the free and immobi-
lized glucoamylase were determined using puerarin
as the substrate and were calculated from Lineweaver—
Burk plots as shown in Figure 7. Km was found to be
0.62 mM for the free enzyme and 3.94 mM for the
immobilized enzyme. The value of Km for immobi-
lized enzyme was approximately 6.4 times higher
than that of the free enzyme. This increase may
reflect the reduction of the affinity of the substrate
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for the active site of the enzyme which resulted from
conformational and steric modifications of the en-
zyme introduced by binding to DEAE-52 cellulose
and the substrate transfer resistance inherent in the
morphology of the support (Shi et al., 2010).
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Figure 7: Lineweaver-Burk plots for the free enzyme
and immobilized enzyme.

Thermal Stability of Immobilized Enzyme

The initial activities of free enzyme and immobi-
lized enzyme prior to temperature treatment were set
as the 100% control. Free enzyme and immobilized
enzyme were kept at different temperatures for 30
min, then cooled in an ice water bath before the
transformation reaction. The activities of enzymes
were measured and compared to controls, as shown
in Figure 8. Immobilized enzyme showed improved
thermal stability since it retained 68% of its initial
activity compared to the free enzyme, which only
retained 9.5% of its initial activity after being incu-
bated at 50 °C for 30 min. This thermal stability of
immobilized enzyme may be due to improved stabil-
ity of the three-dimensional structure of the immobi-
lized enzyme compared to free enzyme (Karim et al.,
2002).

Effect of pH on the Stability of Immobilized Enzyme

Free enzyme and immobilized enzyme were kept
in different pH solutions for 30 min before the
transformation reaction and their activities were then
measured and compared to their initial activities. As
shown in Figure 9, immobilized enzyme was more
stable at pH>6.5, while free enzyme was more stable
at pH 5.5-6.0. Apparently, free puerarin glycosidase
is not stable at higher pH, However, immobilization
to DEAE-52 cellulose may stabilize the three-dimen-

sional structure of the enzyme to protect the enzyme
from denaturation at higher pHs.
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Figure 8: Comparison of thermal stability between
free enzyme and immobilized enzyme
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Figure 9: Effect of pH on the stability of free enzyme
and immobilized enzyme.

Handling Stability of Immobilized Enzyme

Immobilized enzyme was continuously reused 10
times for the transformation assay and enzyme
activity was measured after each use. The enzyme
activity for the first reaction was set as the control of
100%. As shown in Figure 10, the immobilized
enzyme retained 88% of its initial activity after being
reused 10 times. This suggests that immobilized
enzyme is stable for being reused multiple times.

Storage Stability of Immobilized Enzyme

Free enzyme and immobilized enzyme were stored
at 4 °C and their enzyme activities were measured
every 5 days for 45 days as shown in Figure 11.
After being stored at 4 °C for 45 days, free enzyme
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and immobilized enzyme retained 97.5% and
104.8%, respectively, of their initial transformation
activities measured on day 0. The result suggests that
immobilization improves the storage stability of the
enzyme.
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Figure 10: Stability of reused immobilized enzyme.

—<&— Free enzyme
120 — ¢ Immobilized enzyme

.
7N
- .
- \
R / * o
S \ {’6 S
100 = Rt
g o]\ /
o S ¥/
= N T/
® o/
o ol
4
80
T T T T T ' T T T 1
0 10 20 30 40 50

Storage (d)
Figure 11: Storage stability of immobilized enzyme.

Small-Scale Transformation of Puerarin by Im-
mobilized Enzyme

A 3L volume scale transformation under the
above optimal conditions was conducted. When 12 g
of puerarin was transformed by 50g of dry immobi-
lized enzyme in 3 liter of 1/15 M PBS buffer (pH
6.5) for 12 hr, the molar transformation rate was
71.8%. The transformation product was separated,
purified, condensed and identified as puerarin-7-O-
glucoside, yielding 7.8 g of 96.8% purity (Figure
12). Therefore, the recovery yield of puerarin glyco-
side was 63.1% compared to the theoretical value of
transformation product of 12.3 g.
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Figure 12: HPLC chromatograms of transformation
of puerarin by immobilized enzyme in a fermenter.
(a) Transformation solution. (b) The purified products
from the transformation solution. P, the product. S,
the substrate.

DISCUSSION

M. oxydans CGMCC 1788 is capable of trans-
forming puerarin to glycosylated puerarin. However,
the transformation by resting cells is limited by low
transformation efficiency and long transformation
time because extracellular puerarin diffuses slowly
into the intracellular space through the barrier of the
cell membrane. When the intracellular puerarin reaches
a certain concentration, it is transformed by M.
oxydans CGMCC 1788 glycosidase to glycosylated
puerarin that is then secreted through the cell mem-
brane to the extracellular solution (Jiang et al., 2008;
Yu et al., 2010). In order to increase the transforma-
tion efficiency and shorten the transformation time,
free glycosidase extracted from disrupted cells of M.
oxydans CGMCC 1788 has been used to transform
puerarin (Yu et al., 2010). Although the transforma-
tion efficiency of free enzyme is increased by its
direct reaction with puerarin in solution without the
barrier of the cell membrane, it is difficult to isolate
free enzyme from products and reuse it for transfor-
mation, increasing the production cost (Yu et al,
2010). In this study, we reported that the transforma-
tion efficiency is significantly increased by immobi-
lized puerarin glycosidase. Indeed, immobilized
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enzyme and free enzyme showed similar transforma-
tion efficiencies that are at least 24-fold greater than
that of resting cells. Notably, immobilized enzyme
can be recycled and reused. As shown in this study,
DEAE-52 cellulose-immobilized enzyme retains
88% of the initial transformation activity after being
reused 10 times. This suggests that immobilized en-
zyme is stable during handling and it rarely detaches
from the DEAE-52 cellulose during transformation
reactions. Therefore, this immobilization method is
particularly suitable for transformation of natural
substrates with low water solubility, such as pu-
erarin. The biotransformation of natural products is
usually conducted under mild conditions, rather than
at an improper pH, high salt concentration, high
substrate concentration, and high temperature. Thus,
the use of immobilized enzymes in transformation of
natural products effectively avoids detachment from
the DEAE-52 cellulose carrier due to such improper
reaction conditions (Bai et al., 2005; Karboune et al.,
2005; Shi et al., 2010; Ashraf et al., 2010).

We have previously reported that puerarin is
transformed to two products, puerarin-7-O-glucoside
and puerarin-7-O-fructoside, when it is transformed
by free enzyme or bacterial cells permeabilized with
organic solvent (Jiang et al., 2008; Yu et al., 2010).
However, we showed that the main transformation
product by immobilized puerarin glycosidase is
puerarin-7-O-glucoside. It is possible that DEAE-52
cellulose specifically adsorbs puerarin glucosidase
under the experimental condition, indicating that
immobilization of enzyme is a useful method to
select the specific transformation products from
multiple potential products. Furthermore, it is con-
venient to purify the transformation product by im-
mobilized enzyme because of the lack of interference
from crude cell extract.

Herein we show that the properties of puerarin
glycosidase are improved after immobilization on
DEAE-52 cellulose. (1) Immobilized enzyme exhibits
improved pH stability at neutral and basic pH. (2)
Immobilized enzyme has increased thermal stability
and retains its activity from 30-40 °C; in contrast, the
activity of free enzyme decreases quickly when the
temperature deviates slightly from 40 °C. (3) Im-
mobilized puerarin glycosidase retains 104.8% of the
initial enzyme activity after storage at 4 °C for 45
days, while free enzyme retains 97.5% of the initial
enzyme activity after storage under the same
condition. To conclude, although the free puerarin
glycosidase derived from M. oxydans CGMCC 1788
is quite stable, the immobilization process further
improves the properties and stability of the enzyme,

which is favorable for future industrial production of
puerarin glycoside.

ACKNOWLEDGEMENTS

This research is financed by Jiangsu Key
Laboratory for Microbes and Functional Genomics,
the Priority Academic Program Development of
Jiangsu Higher Education Institutions and Jiangsu
Key Laboratory for Biodiversity and Biotechnology.

REFERENCES

Abdelmajeed, N. A., Khelil, O. A. and Danial, E. N.,
Immobilization technology for enhancing bio-
products industry. African Journal of Biotechnol-
ogy, 11, p. 13528 (2012).

Ashraf, H. and Husain, Q., Use of DEAE cellulose
adsorbed and crosslinked white radish (Raphanus
sativus) peroxidase for the removal of a-naphthol
in batch and continuous process. International
Biodeterioration & Biodegradation, 64, p. 27 (2010).

Bai, Y. X, Li, Y. F., Ma, Y. X. and Zhou, L. C,,
Technologies of immobilized enzymes and their
applications. Chemistry Online, 68, p. 1 (2005).

Benlhabib, E., Baker, J. 1., Keyler, D. E. and Singh,
A. K., Effects of purified puerarin on voluntary
alcohol intake and alcohol withdrawal symptoms
in P rats receiving free access to water and alco-
hol. Journal of Medicinal Food, 7, p. 180 (2004).

Blanchard, S. and Thorson, J. S., Enzymatic tools for
engineering natural product glycosylation. Current
Opinion in Chemical Biology, 10, p. 263 (2006).

Bradford, M., A rapid and sensitive method for the
quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding.
Analytical Biochemistry, 72, p. 248 (1976).

Brady, D. and Jordaan, J., Advances in enzyme im-
mobilisation. Biotechnology Letters, 31, p. 1639
(2009).

Contesini, F. J., de Alencar Figueira, J., Kawaguti,
H. Y., de Barros Fernandes, P. C., de Oliveira
Carvalho, P., da Graga Nascimento, M. and Sato, H.
H., Potential applications of carbohydrases im-
mobilization in the food industry. International
Journal of Molecular Sciences, 14, p. 1335 (2013).

Daines, A. M., Maltman, B. A. and Flitsch, S. L.,
Synthesis and modifications of carbohydrates,
using biotransformations. Current Opinion in
Chemical Biology, 8, p. 106 (2004).

D’Souza, S. F., Immobilized enzymes in bioprocess.
Current Science, 77, p. 69 (1999).

Brazilian Journal of Chemical Engineering



Immobilization of Puerarin Glycosidase from Microbacterium oxydans CGMCC 1788 Increases Puerarin Transformation Efficiency 333

Garcia-Galan, C., Berenguer-Murcia, A., Fernandez-
Lafuente, R. and Rodrigues, R. C., Potential of
different enzyme immobilization strategies to im-
prove enzyme performance. Advanced Synthesis
& Catalysis, 353, p. 2885 (2011).

Goldstein, L., Levin, Y. and Katchalski, E., A water-
insoluble polyanionicderivative of trypsin. IL
Effect of the polyelectrolytecarrier on the kinetic
behavior of the bound trypsin. Biochemistry, 12,
p, 1913 (1964).

Huang, W., Ochiai, H., Zhang, X. Y. and Wang, L.
X., Introducing N-glycans into natural products
through a chemoenzymatic approach. Carbohy-
drate Research, 343, p. 2903 (2008).

Hyung Ko, J., Gyu Kim, B. and Joong-Hoon, A.,
Glycosylation of flavonoids with a glycosyltrans-
ferase from Bacillus cereus. FEMS Microbiology
Letters, 258, p. 263 (2006).

Jiang, J. R., Yuan, S., Ding, J. F., Zhu, S. C., Xu, H.
D., Chen, T., Cong, X. D., Xu, W. P., Ye, H. and
Dai, Y. J., Conversion of puerarin into its 7-O-
glycoside derivatives by Microbacterium oxydans
(CGMCC 1788) to improve its water solubility
and pharmacokinetic properties. Applied Micro-
biology and Biotechnology, 81, p. 647 (2008).

Karboune, S., Archelas, A., Furstoss, R. and Baratti,
J., Immobilization of epoxide hydrolase from
Aspergillus niger onto DEAE-cellulose: Enzy-
matic properties and application for the enanti-
oselective resolution of a racemic epoxide. Journal
of Molecular Catalysis B: Enzymatic, 32, p. 175
(2005).

Karim, M. R. and Hashinaga, F., Preparation and
properties of immobilized pummelo limonoid
glucosyltransferase. Process Biochemistry, 38, p.
809 (2002).

Ko, J. A, Ryu, Y. B, Park, T. S., Jeong, H. J., Kim, J.
H., Park, S. J., Kim, J. S., Kim, D. M., Kim, Y. M.
and Lee, W. S., Enzymatic synthesis of puerarin
glucosides using leuconostoc dextransucrase.
Journal of Microbiology and Biotechnology, 22,
p. 1224 (2012).

Kren, V. and Martinkova, L., Glycosides in medi-
cine: The role of glycosidic residue in biological
activity. Current Medicinal Chemistry, 8, p. 1303
(2001).

Lee, S. J., Kim, J. C., Kim, M. J,, Kitaoka, M., Park, C.
S., Lee, S. Y., Ra, M. J., Moon, T. W., Robyt, J. F.
and Park, K. H., Transglycosylation of naringin by
Bacillus stearothermophilus maltogenic amylase
to give glycosylated naringin. Journal of Agricul-
tural Food Chemistry, 47, p. 3669 (1999).

Li, D., Park, S. H., Shim, J. H., Lee, H. S., Tang, S.
Y., Park, C. S. and Park, K. H., In vitro enzymatic

modification of puerarin to puerarin glycosides
by maltogenic amylase. Carbohydrate Research,
339, p. 2789 (2004).

Pollard, D. J. and Woodley, J. M., Biocatalysis for
pharmaceutical intermediates: The future is now.
Trends in Biotechnology, 25, p. 66 (2007).

Ren, F., Jing, Q., Shen, Y., Ma, H. and Cui J,,
Quantitative determination of puerarin in dog
plasma by HPLC and study on the relative bio-
availability of sustained release tablets. Journal of
Pharmaceutical and Biomedical Analysis, 41, p.
549 (20006).

Salas, J. A. and Mendez, C., Engineering the glyco-
sylation of natural products in actinomycetes.
Trends in Microbiology, 15, p. 219 (2007).

Sheldon, R. A. and van Pelt, S., Enzyme immobilisa-
tion in biocatalysis: Why, what and how.
Chemical Society Reviews (2013).

Shi, L. E., Yi, Y., Tang, Z. X., Xiong, W. Y., Mei, J.
F. and Ying, G. Q., Nuclease pl immobilized on
DEAE cellulose. Brazilian Journal of Chemical
Engineering, 27, p. 31 (2010).

Singh, B. D., Biotechnology: Expanding Horizons.
Kalyani, India, 2008, p. 647 (2008).

Tosa, T., Mori, T., Fuse, N. and Chibata I., Studies
on continuous enzyme reactions. [V. Preparation
of a DEAE-sephadex—aminoacylase column and
continuous optical resolution of acyl-DL—amino
acids. Biotechnology and Bioengineering, 9, p.
603 (1967).

Vlakh, E. G. and Tennikova, T. B., Flow-through
immobilized enzyme reactors based on mono-
liths: 1. Preparation of heterogeneous biocata-
lysts. Journal of Separation Science, 36, p. 110
(2013).

Woodley, J. M., New opportunities for biocatalysis:
Making pharmaceutical processes greener. Trends
in Biotechnology, 26, p. 321 (2008).

Xie, T., Wang, A., Huang, L., Li, H., Chen, Z.,
Wang, Q. and Yin, X., Recent advance in the
support and technology used in enzyme immobi-
lization. African Journal of Biotechnology, 8, p.
4724 (2009).

Ye, H., Yuan, S. and Cong, X. D., Biotransformation of
puerarin into 3'-hydroxypuerarin by Trichoderma
harzianum NJO1. Enzyme and Microbial Tech-
nology, 40, p. 594 (2007).

Yu, C. G., Xu, H. D., Huang, G. D., Chen, T., Liu, G.
Y., Chai, N, Ji, Y., Wang, S. Y., Dai, Y. J. and
Yuan, S., Permeabilization of Microbacterium
oxydans shifts the conversion of puerarin from
puerarin-7-O-glucoside to puerarin-7-O-fructoside.
Applied Microbiology and Biotechnology, 86, p.
863 (2010).

Brazilian Journal of Chemical Engineering Vol. 31, No. 02, pp. 325 - 333, April - June, 2014




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


