
Electronic Journal of Biotechnology 50 (2021) 10–15
Contents lists available at ScienceDirect

Electronic Journal of Biotechnology

journal homepage:
Research Article
LXYL-P1-2 immobilized on magnetic nanoparticles and its potential
application in paclitaxel production
https://doi.org/10.1016/j.ejbt.2020.12.005
0717-3458/� 2020 Pontificia Universidad Católica de Valparaíso. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Peer review under responsibility of Pontificia Universidad Católica de Valparaíso
⇑ Corresponding authors.

E-mail addresses: zhaoyongy@imb.pumc.edu.cn (Z.-Y. Yang), zhuping@imm.ac.
cn (P. Zhu).

1 These authors contributed equally to this work.
Sen Zou a,c,1, Tian-Jiao Chen b,1, Dan-Yang Li a, Shuai Fan a, Zhao-Yong Yang a,⇑, Ping Zhu b,⇑
aKey Laboratory of Biotechnology of Antibiotics, Institute of Medicinal Biotechnology, Chinese Academy of Medical Sciences & Peking Union Medical College, Beijing 100050, China
b State Key Laboratory of Bioactive Substance and Function of Natural Medicines & NHC Key Laboratory of Biosynthesis of Natural Products, Institute of Materia Medica,
Chinese Academy of Medical Sciences & Peking Union Medical College, Beijing 100050, China
cResearch Center, The First Affiliated Hospital of Zhengzhou University, Zhengzhou, 450052 Henan, China
a r t i c l e i n f o

Article history:
Received 4 May 2020
Accepted 22 December 2020
Available online 31 December 2020

Keywords:
10-Deacetyltaxol
7-b-Xylosyltaxane glycoside hydrolases
Enzyme kinetics
Glycoside hydrolase
Immobilization
Industrial production
Magnetic nanoparticles
Paclitaxel
Reusability
a b s t r a c t

Background: LXYL-P1-2 is the first reported glycoside hydrolase that can catalyze the transformation of
7-b-xylosyl-10-deacetyltaxol (XDT) to 10-deacetyltaxol (DT) by removing the D-xylosyl group at the C-
7 position. Successful synthesis of paclitaxel by one-pot method combining the LXYL-P1-2 and 10-
deacetylbaccatin III-10-b-O-acetyltransferase (DBAT) using XDT as a precursor, making LXYL-P1-2 a
highly promising enzyme for the industrial production of paclitaxel. The aim of this study was to inves-
tigate the catalytic potential of LXYL-P1-2 stabilized on magnetic nanoparticles, the surface of which was
modified by Ni2+-immobilized cross-linked Fe3O4@Histidine.
Results: The diameter of matrix was 20–40 nm. The Km value of the immobilized LXYL-P1-2 catalyzing
XDT (0.145 mM) was lower than that of the free enzyme (0.452 mM), and the kcat/Km value of immobi-
lized enzyme (12.952 mM s�1) was higher than the free form (8.622 mM s�1). The immobilized form
maintained 50% of its original activity after 15 cycles of reuse. In addition, the stability of immobilized
LXYL-P1-2, maintained 84.67% of its initial activity, improved in comparison with free form after 30 d
storage at 4�C.
Conclusions: This investigation not only provides an effective procedure for biocatalytic production of DT,
but also gives an insight into the application of magnetic material immobilization technology.
How to cite: Zou S, Chen TJ, Li DY, et al. LXYL-P1-2 immobilized on magnetic nanoparticles and its poten-
tial application in paclitaxel production. Electron J Biotechnol 2021;50.https://doi.org/10.1016/j.ejbt.
2020.12.005
� 2020 Pontificia Universidad Católica de Valparaíso. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

LXYL-P1-2, which is a b-xylosidase/b-glucosidase bifunctional
enzyme obtained from Lentinula edodes, can specifically hydrolyze
the xylosyl group of 7-b-xylosyl-10-deacetyltaxol (XDT) to form
10-deacetyltaxol (DT), which, in turn, can be used as a precursor
to synthesize paclitaxel by only one step of enzymatic acetylation
[1,2]. Paclitaxel (Taxol�) is one of the best natural anti-cancer
drugs ever found, currently approved for the treatment of breast
cancer [3], ovarian cancer [4], prostate cancer [5], non-small cell
lung cancer [6], small cell lung cancer [7], etc. Paclitaxel was
initially isolated from the bark of Taxus brevifolia which grows
extremely slowly [8]. The supply source of paclitaxel has always
been a top concern because its content in the plant is extremely
low (the highest content is only about 0.02% which is from the bark
of the trees) [9]. In order to overcome the current insufficiency of
paclitaxel, a one-pot reaction system based on XDT (the analog
of paclitaxel) and the combination of two steps of enzymatic syn-
thesis has been successfully established [2]. LXYL-P1-2 is responsi-
ble for catalyzing the first step of the reaction. In previous studies,
we showed that LXYL-P1-2 had good stability during the reaction
[1]. If the enzyme can be reused, the cost of paclitaxel production
will be greatly reduced.

Immobilizing enzymes on artificially fabricated carriers for
their efficient use and easy removal from reactants has attracted
enormous interest for decades [10]. There are different immobiliz-
ing ways according to the different types of carrier materials, such
as natural polymers (including chitosan, cellulose) [11], synthetic

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejbt.2020.12.005&domain=pdf
https://doi.org/10.1016/j.ejbt.2020.12.005
https://doi.org/10.1016/j.ejbt.2020.12.005
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ejbt.2020.12.005
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:zhaoyongy@imb.pumc.edu.cn
mailto:zhuping@imm.ac.cn
mailto:zhuping@imm.ac.cn
https://doi.org/10.1016/j.ejbt.2020.12.005
http://www.sciencedirect.com/science/journal/07173458


S. Zou, Tian-Jiao Chen, Dan-Yang Li et al. Electronic Journal of Biotechnology 50 (2021) 10–15
polymers [12], magnetic nanomaterials [13], mesoporous material
[14]. Although natural polymers were widely sourced and of low
cost, they have low mechanical strength and are easily decom-
posed by microorganisms. As to synthetic polymers, the combina-
tion of synthetic polymers and enzyme molecules is not stable
enough and easy to be apart off, and the polymer material has
cytotoxicity and poor biocompatibility, causing limitation in prac-
tical applications. Magnetic nanomaterials and mesoporous mate-
rials, as immobilized materials, have been highly studied. Magnetic
nanomaterials can change the motion of the particle by changing
the magnetic force strength and the direction of the external mag-
netic field, so the combination and separation of enzyme and car-
rier can be completely under control, shedding light on the
separation and reuse of immobilized enzyme [15]. Furthermore,
there appeared novel magnetic nanomaterials composed of a
high-magnetic-response supra-particle (Fe3O4) core and a Ni2+-
immobilized material, like polyvinyl imidazole (PVIM), iminodi-
acetic acid (IDA), and silicate, in which the Ni2+-immobilized mate-
rial could effectively immobilize His-tagged enzymes [16,17,18].
Magnetic composite microspheres have been extensively investi-
gated owing to their excellent magnetic responsiveness and their
application in protein immobilization [15]. Fe3O4@Histidine-Ni
magnetic nanoparticle have the advantages of large surface area,
easy surface modification, and high stability in various pH and
temperatures. Most important of all, it can immobilize His-
tagged enzymes by metal-ion affinity without reducing enzyme
catalytic activity [16]. The immobilized enzymes, such as bacterial
cellulase, Bacillus sp. laccase and Chlorella vulgaris exopolysaccha-
rides, showing enhanced stability, activity, and other promising
application characteristics [19,20,21]. Compared with other mate-
rials, immobilized LXYL-P1-2 on magnetic materials was more
easily and faster separated from substrates and products by mag-
netic force. Magnetic materials could be recycled by affinity com-
bination and dissociation with His-tag of enzymes.

In the present study, immobilization of LXYL-P1-2 onto Fe3O4@-
Histidine-Ni magnetic nanoparticles was implemented with the
aim to improve the utilization efficiency of the enzyme. The parti-
cle size, optimum temperature and pH, reusability, and storage
ability of the immobilized LXYL-P1-2 were studied. The enzymatic
reaction kinetics of the free and the immobilized LXYL-P1-2 were
also investigated. The kinetic parameters were calculated with
the Michaelis–Menten equation. By immobilized with the mag-
netic materials containing His-tag binding region, the catalytic effi-
ciency onto XDT, acid tolerance, and enzyme utilization efficiency
of LXYL-P1-2 were significantly improved in comparison with the
free form. This study provides a prerequisite for further optimiza-
tion of the paclitaxel synthesis based on magnetic immobilization.
2. Materials and methods

2.1. Substrates and chemicals

XDT used in this study was purchased from Fujian South Phar-
maceutical Co., Ltd, (Fujian, China) and then fully purified by med-
ium pressure liquid chromatography (MPLC) method (LC2000,
equipped with ultraviolet detector, Separation technology Co.,
Ltd, Beijing, China) established in the previous study [1]. All other
chemicals were analytical grade unless otherwise indicated.
Fig 1. Magnetic separation during immobilization.
2.2. Protein expression and purification

The engineered strain GS115-3.5K-P1-2 was constructed and
incubated as before [1]. Enzyme purification was also followed in
the previous study [22].
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2.3. Immobilization

Fe3O4@Histidine-Ni magnetic nanoparticles matrix was synthe-
sized as described previously [23]. A matrix of 50 mg was washed
three times using 20 mM Tris-HCl buffer (pH 8.0), and 2 mg/mL
LXYL-P1-2 protein was added to matrix and incubated overnight.
Magnet was used to separate immobilized enzyme from protein
buffer as demonstration (Fig. 1). The amount of binding protein
was calculated with the following equation:

Amount of binding protein ¼ Amount of protein added-Amount of protein remained
Amount of protein added

Protein concentration was measured with Bradford assay. The
morphology and size of the particles were analyzed using a field
emission scanning electron microscope (Hitachi SU8010).
2.4. Characterization of the immobilized LXYL-P1-2

Characterization analysis of the immobilized LXYL-P1-2 on XDT
was conducted in a total reaction system of 300 mL, containing
100 mL 0.01 mg/mL immobilized protein in 20 mM Tris-HCl buffer
(pH 8.0) and 200 mL 2 mg/mL XDT, incubated at 800 rpm for
90 min. To measure the optimal pH, 100 mg/mL XDT (dissolved
in 100% DMSO) was diluted in 50 mM sodium acetate buffer with
pH 3.0–5.5, or in 50 mM sodium phosphate buffer with pH 6.0–9.0
to 2 mg/mL, and then added to the system above. The reaction was
performed under 800 rpm for 90 min at 45�C. To measure the opti-
mal temperature, XDT was diluted to 2 mg/mL in 50 mM sodium
acetate buffer with pH 4.0 constantly, and the reaction was con-
ducted at a temperature range of 25–65�C under 800 rpm for
90 min. The time curves of the immobilized enzyme against XDT
were also determined under pH 4.0 at 35�C and 45�C, respectively.
Reactions were stopped by adding 700 mL methyl alcohol into each
reaction solution, and the mixtures were analyzed via HPLC. Each
datum was measured in triplicates. The standard curves and linear
regression equations of DT as well as the HPLC detection conditions
were as described previously [1]. The highest activity was consid-
ered as 100%, and the activity of remaining points was expressed as
a percentage of the highest activity.

Fourier transform infrared spectroscopy (FTIR) spectra was
measured using VERTEX 70V (Bruker) in the range from 500 to
4000 cm�1. X-ray diffraction (XRD) measurements were employed
on D8 Discover diffractometer (Bruker) at a scanning speed of 4�/
min in the 2h range from 10� to 90� with Cu-K radiation (k = 0.
154056 nm).
2.5. Kinetics of the free and the immobilized LXYL-P1-2

The kinetic parameters of the free and the immobilized enzyme
were determined against XDT in a concentration range of 0.039–
5 mg/ml in the aforementioned total system and at each optimum
condition for 1 h. Data were fitted to the Linewear–Burk plot and



Fig 2. SEM images of Fe3O4@Histidine-Ni magnetic nanoparticles. (a) Fe3O4@-
Histidine-Ni. (b) Fe3O4@Histidine-Ni/LXYL-P1-2.
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Km and Vmax were extrapolated from the slope and the intercept,
respectively, using the Michaelis–Menten equation:

1
V
¼ Km

Vmax

1
S

� �
þ 1

Vmax

� �

When the LXYL-P1-2 was saturated with the XDT substrate, the
catalytic reaction reached the maximum reaction rate (Vmax). The
kcat value can be calculated by the formula kcat = Vmax/Et. Et repre-
sented the molar concentration of LXYL-P1-2 in the reaction sys-
tem. The MS detection showed that the molecular weight of
LXYL-P1-2 is 120 kDa [1].

2.6. Reusability and storage stability

The reusability was determined by measuring the activity of
immobilized enzyme in nineteen cycles of use. In each cycle, mag-
netic nanoparticles matrix containing 0.5 mg immobilized enzyme
was mixed with 6 mL 0.25 mg/mL XDT in 50 mM sodium acetate
buffer (pH 4.0) and incubated at 35�C for 1 h under 200 rpm shak-
ing. Magnet was used to separate the enzyme from the reaction
mixture and a 300 mL separated reaction supernatant was taken
and mixed with 700 mL methyl alcohol for HPLC analysis. The
matrix was washed with 6 mL 20 mM Tris-HCl buffer (pH 8.0) on
ice before the next cycle. The initial activity was considered as
100%, and the activity of the remaining cycles was expressed as a
percentage of the initial one.

The storage stability of the free and immobilized LXYL-P1-2 was
determined by measuring the released p-nitrophenol from PNP-Xyl
(p-nitrophenyl-b-D-xylopyranoside) at fixed intervals from stored
in pH 8.0 buffer media at 4�C for 30 d as described previously
[1]. The pH and temperature stability were determined in similar
ways after stored in pH 4.5 buffer media (optimal pH) at 25�C
(room temperature) and pH 8.0 buffer media at 45�C (optimal tem-
perature), respectively. The sampling interval for pH and tempera-
ture stability detection was set to 30 min. The enzyme activity on
the first day was considered as 100%, and activity of the remaining
times was expressed as a percentage of the initial one.
3. Results and discussion

3.1. LXYL-P1-2 immobilization

In the previous study [1], novel gene (lxyl-p1-2) has been
obtained from L. edodes and heterologously expressed in Pichia pas-
toris GS115 strain. The recombinant protein has been proved to
specifically hydrolyze xylose from XDT. Herein, we try to find a
suitable way to immobilize the enzyme to increase its potential
for industry application. In this article, Fe3O4@Histidine-Ni mag-
netic nanoparticles matrix has a good performance in binding pro-
teins. The immobilization quantity of LXYL-P1-2 on
Fe3O4@Histidine-Ni magnetic nanoparticles matrix is up to 76 mg/
mg after overnight immobilization, similar to the binding amount
of magnetic composite microspheres which has been reported [18]
and much higher than other materials. For example, the binding
amount of lipase to c-Fe2O3 magnetic nanoparticles was 55.6 mg/
mg [24], immobilization amount of diastase a-amylase on nano
zinc oxide was 6.6 mg/mg [25], Penicillin G acylase (PGA) was
immobilized on magnetic Fe3O4@chitosan nanoparticles at a con-
centration of 8.8 mg/mg [26], and immobilization amount of lignin
peroxidase on spherical mesoporous material was 8.87 mg/mg [27].
SEM was used to determine the size and morphology of magnetic
nanoparticles. As can be seen in the Fig. 2, particles are spherical
and have a mean diameter of 20–40 nm in the range of nanome-
ters. Comparing the images of Fe3O4@Histidine-Ni and Fe3O4@-
Histidine-Ni/LXYL-P1-2, there was no significant change in the
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shape and size of particles after enzyme immobilization. Larger
specific surface to volume ratio of the small dimensions provided
higher efficient enzyme immobilization.
3.2. Characterization of the free and the immobilized LXYL-P1-2

Since Fe3O4@Histidine-Ni magnetic nanoparticles matrix was
easy to precipitate, the reaction of the Fe3O4@Histidine-Ni/LXYL-
P1-2 with XDT was carried out at 800 rpm after the test. The opti-
mum pH of the immobilized LXYL-P1-2 against XDT was found to
be pH 4.0, which is more acidic than the optimum pH 4.5 of the
free enzyme [1] as shown in Fig. 3a. Furthermore, the immobilized
LXYL-P1-2 showed a better stability under acidic conditions, since
the activity of the immobilized enzyme at pH 3.0 was maintained
by 88% of the optimum conditions, whereas the free enzyme main-
tained only 17% of the highest activity at the same pH (Fig. 3a).

The optimal temperature for the immobilized enzyme against
XDT was found to be around 45�C, quite similar to that for the free
enzyme [1]. But at 50�C and 55�C, the immobilized enzyme both
remained much higher activities than the free enzyme, showing
an increased temperature tolerance of the immobilized LXYL-P1-
2 (Fig. 3b). This may be due to the covalent bond between the
enzyme and supports, which is capable of increasing the conforma-
tional rigidity of the enzyme and the activation energy of the ther-
mal denaturation reaction [28].

It is known that an enzyme has a trade-off between stability
and activity leading to an impossible mission of optimizing perfor-
mance at both high and low temperatures [29]. With the increase
of reaction temperature, enzymatic activity usually declines shar-
ply because the stability of the enzyme structure is destroyed at
high temperature. The reaction temperature is usually lowered in
industrial production to enhance stability for longer time use
[30]. Here, we compared the XDT conversion by the immobilized
LXYL-P1-2 at the optimum temperature and 35�C (which is 10�C
lower than the optimum temperature). As shown in Fig. 3c, we
found that although the XDT conversion rate of the immobilized
LXYL-P1-2 at 45�C was more than twice that at 35�C within the
first 0.5 h, the difference in conversion rate was reduced to about
1.5 times after 1 h of reaction between two temperatures. During
the next few hours of reaction, the difference in XDT conversion



Fig 3. Characterization of the free [1] and the immobilized LXYL-P1-2. (a) Effects of pH on activity against XDT. (b) Effects of temperature on activity against XDT. (c) XDT
conversation (%) under 35�C and 45�C.
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rate at the two temperatures was further reduced, eventually both
reaching more than 90%, with only one-hour difference between
them.

Fourier transform infrared spectroscopy (FTIR) and X-ray
diffraction (XRD) were employed to evaluate the characterization
of the Fe3O4@Histidine-Ni and Fe3O4@Histidine-Ni/LXYL-P1-2. FTIR
spectra of Fe3O4@Histidine-Ni have been shown in Fig. 4a, and the
absorption peak at 589 cm�1 was assigned to Fe–O bond vibration.
The obvious peak at 1079 cm�1 was attributed to C–O stretching
vibration. Signals related to the vibrations of carboxylic and hydro-
xyl groups were located at 1631 cm�1 and 3423 cm�1, respectively
[23]. The XRD spectra of Fe3O4@Histidine-Ni and Fe3O4@Histidine-
Ni/LXYL-P1-2 are compared in Fig. 4b. Six typical peaks of Fe3O4@-
Histidine-Ni (2h = 30.1�, 35.7�, 43.3�, 53.6�, 57.2�, and 63.0�) were
observed, which corresponding to the (220), (311), (400), (422),
(511), and (440) lattice planes of standard Fe3O4 (JCPDS 19-0629)
[31]. Overall, immobilization of LXYL-P1-2 onto Fe3O4@Histidine-
Ni did not significantly change the number, position, and intensity
of the peaks in FTIR/XRD spectra, indicating that the LXYL-P1-2
does not change the main structure of Fe3O4@Histidine-Ni mag-
netic nanoparticles.
3.3. Kinetics of the free and immobilized LXYL-P1-2

The changes in enzymatic kinetic parameters after immobiliza-
tion could be monitored to reflect the success of immobilization.
The kinetic parameters of the free and immobilized LXYL-P1-2
with XDT were determined, and the results are listed in Table 1.
The Km of the free LXYL-P1-2 was 3-fold higher than that of the
immobilized one, indicating that the affinity of LXYL-P1-2 to the
Fig 4. FTIR (a) and XRD (b) spectra of Fe3O4@Hist
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substrate XDT was significantly increased after immobilization.
Although the Vmax and kcat of the immobilized enzyme were both
lower than that of the free one, the kcat/Km of immobilized enzyme
against XDT was about 1.5-fold higher than that of the free enzyme
due to the decreased Km value, demonstrating the improved cat-
alytic efficiency of the immobilized enzyme. Similar results were
observed by Klapiszewski et al. [32] who found a decrease in Vmax

and an increase in Km for alpha-amylase immobilized on a titania/
lignin novel hybrid support. The decreased Km value of the immo-
bilized enzyme is related to the charge on the substrate and/or car-
rier, diffusion effects, and, in some cases, three-dimensional
structure changes in enzyme configuration.
3.4. Reusability and storage stability of immobilized LXYL-P1-2

The reusability and storage stability of immobilized enzymes
were the main concerns that can limit the industrial implementa-
tion of any immobilized enzymes. The main advantages of immo-
bilization are easy to separate and reuse. To increase enzyme
stability and simplify production process, we evaluated the
reusability of immobilized LXYL-P1-2 by measuring the catalytic
activity at optimum pH but at a temperature of 35�C at intervals
of 1 h. The first run was a control and its specific activity was set
to 100%. The results are depicted in Fig. 5a. Immobilized enzyme
was recycled for 19 consecutive batches, and it kept stable over
15 cycles with a conversion rate of 50%. The loss in activity was
attributed to inactivation of enzyme or releases of enzyme from
the supports due to its continuous use. Furthermore, the recurrent
encountering of substrate with the active site of immobilized
enzyme may cause distortion and lead to loss of activity. Similarly,
idine-Ni and Fe3O4@Histidine-Ni/LXYL-P1-2.



Fig 5. (a) Reusability, (b) storage stability (4 �C, pH 8.0), (c) pH stability (25 �C, pH 4.5) and (d) temperature stability (45 �C, pH 8.0) of immobilized LXYL-P1-2.

Table 1
Kinetic parameters for the hydrolysis of XDT by the free and the immobilized LXYL-P1-2.

Enzyme form Vmax (mM min�1) Km (mM) kcat (s�1) kcat/Km (s�1 mM�1)

Free 6.780 ± 0.232 0.452 ± 0.028 3.897 ± 0.133 8.622 ± 0.242
Immobilized 3.268 ± 0.290 0.145 ± 0.034 1.878 ± 0.167 12.952 ± 2.33
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in another study, xylanase immobilized on magnetic nanoparticles
supported hyperbranched polyglycerol (MNP/HPG) and a deriva-
tive conjugated with citric acid (MNP/HPG-CA) could retain around
66% and 54% of its initial activity after 10 cycles of reuse, respec-
tively [33]. After LXYL-P1-2 denature, enzyme can be removed by
adding high-level imidazole, and the matrix can be used to immo-
bilize new enzyme again. The reuse of enzyme after immobiliza-
tion makes LXYL-P1-2 more efficient, enhancing its potential to
catalyze XDT to DT and making it feasible for the industrial appli-
cation of paclitaxel production.

The storage stability of free and immobilized enzyme was stud-
ied for 30 d. As presented in Fig. 5b, the immobilized LXYL-P1-2
was stable for 30 d, retaining 84.67% of its maximum activity,
while the free form only retained 28.36% of initial activity. The sta-
bility of free LXYL-P1-2 shown in this paper was in accordance
with our earlier report [1]. Similar observations were made by
Zhang et al., [34] who observed the stability of immobilized
alpha-amylase improved in comparison with free form and main-
tained over 70% after 20 d storage at 4�C. Furthermore, the immo-
bilized LXYL-P1-2 retained >95% of its activity after storing for 10 h
in pH 4.5 buffer media at room temperature, while the activity of
the free form was only 23% over the same period (Fig. 5c). These
findings indicated once again that immobilized LXYL-P1-2 pre-
sented better stability under acidic conditions compared to free
form. However, both immobilized and free LXYL-P1-2 showed
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marked decrease in activity after storing at 45�C, and there was
no significant difference in the activity of the enzymes (Fig. 5d).
These data suggested that immobilization of LXYL-P1-2 onto Fe3-
O4@Histidine-Ni magnetic nanoparticles was beneficial to
strengthen the stability of LXYL-P1-2, which may be due to the
enhancement of the structural rigidity of the enzyme molecule
[34].

4. Conclusion

LXYL-P1-2 catalyzes 7-b-xylosyl-10-deacetyltaxol by removing
7-b-xylosyl to generate 10-deacetyltaxol, and the product can be
used for chemical semisynthesis or biological enzyme catalysis to
produce paclitaxel. The discovery of LXYL-P1-2 and its application
in the double-enzyme one-pot reaction system will incredibly
improve resource utilization, using the analog of paclitaxel from
phytochemical extraction, and increase the yield of the final prod-
uct. The essential purpose of this study was to immobilize LXYL-
P1-2 onto Fe3O4@Histidine-Ni beads to evaluate the potential for
industry applications. As for the properties of LXYL-P1-2 enzyme,
the optimum temperature was 45�C, and the optimum pH for
immobilized enzyme was decreased by about 0.5 units. Compared
to free enzyme, immobilized LXYL-P1-2 showed higher environ-
mental tolerance (temperature and pH). The kcat/Km value of immo-
bilized enzyme was 1.5 higher than that of free enzyme, revealing
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the enhancement of the substrate affinity after immobilization.
Notably, the reusability experiment showed that immobilized
LXYL-P1-2 could be repeatedly used for 15 times with remaining
50% catalytic activity and the requirement of high strict preserva-
tion conditions on immobilized LXYL-P1-2 was significantly
reduced in comparison with the free form. Overall, this study
explored the magnetic immobilization of LXYL-P1-2 for the trans-
formation of XDT to DT, providing promises for the industrial
application of paclitaxel production.
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