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Discovery of a novel epoxide hydrolase and elucidation of its catalytic
mechanism

ZHU Meinan', GU Xiao'*, LIU Dekai', ZHANG Lingzhi', ZHAO Shuyan', ZHANG Lijuan’,
ZHANG Guangya', JIANG Wei'"

1 College of Chemical Engineering, Huaqiao University, Xiamen 361021, Fujian, China
2 State Key Laboratory of Microbial Technology, Shandong University, Qingdao 266237, Shandong, China

Abstract: [Objective] Epoxide hydrolases (EHs) play a key role in the synthesis of chiral
pharmaceuticals. We explored new EHs by engineering or gene retrieval, aiming to enrich and
discover more high-performance EHs. [Methods] A novel epoxide hydrolase (Aspergillus
carlsbadensis epoxide hydrolase, ACEH) from Aspergillus carlsbadensis was identified by gene
retrieval technology. We then used AutoDock?2 to predict the key hydrolysis sites of ACEH and
employed computational design to clarify the influences of important sites on the structure and
catalytic mechanism of ACEH. [Results] The primary structure of the novel EH had three
characteristic a/f EH motifs: HGWP, GYTFS, and GGDIGS. AcEH exhibited high activity and
could completely hydrolyze styrene oxide (SO) within 15 min, with a specific activity of 13 951 U/g.
The K, Vinax, and Ke/Kp, of ACEH were (107.07+57.98) mmol/L, (37.22+17.85) umol/(min-mg), and
1.17 mmol/(L-s), respectively. The key hydrolysis sites of ACEH were Asp192-His372-Glu346,
which catalyzed the triad, and two conserved tyrosine residues, Tyr251/314. The mutations
R49L and R49Y caused enzyme inactivation, while the mutation Y45L resulted in the formation
of inactive inclusion bodies. The interaction network revealed that changes in the 49th amino
acid residue disrupted the interactions between key active site residues, leading to enzyme
inactivation. On the other hand, the alteration of the 45th amino acid residue destabilized the
enzyme structure, leading to the formation of inclusion bodies. [Conclusion] This study
discovered a novel EH and analyzed its hydrolysis mechanism. The findings provide valuable
insights for further research and engineering on this enzyme.

Keywords: biocatalysis; epoxide hydrolase; chiral pharmaceutical; molecular dynamics
simulation; molecular docking; hydrolysis mechanism

Chiral epoxides and their adjacent diols play ~ precursors can be used for the synthesis of

an important role in the fields of fine chemicals, important drugs and materials such as
materials and pharmaceuticals!'). They are anti-obesity drugs (L-carnitine), anti-HIV drugs
valuable intermediates that can be wused to (lopinavir), calcium channel blockers (diltiazem),

synthesize  important drugs and  novel and chiral polyesters'®”!. (R)-octane-1,2-diol was
materials”>,  For example, chiral epoxide  used for the synthesis of mniopetal C, a
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compound inhibiting the reverse transcriptase of
HIV-1, and (R)-7-octene-1,2-diol for
greensporone C having anticancer activity, and so
on®™®.  Although most chiral drugs can be
synthesized using chemical methods, there are
many issues associated with these methods, such
as expensive chiral ligands!'”, environmentally
unfriendly metal catalysts, and harsh reaction
conditions"'""?!. In contrast, biocatalysts not only
exhibit excellent catalytic performance but are
also environmentally friendly!"”!.  Therefore,
biocatalysis is considered a promising alternative
or complement to chemical catalysis.
Epoxide hydrolases (EHs) are
distributed in animals, plants
microorganisms''*. As a class of biocatalysts that
do not require cofactors, they can selectively
hydrolyze chiral epoxides to synthesize chiral
epoxides I, EHs can be

widely
and

and vicinal diols!"!.
classified into o/B-fold hydrolases, leukotriene A4
hydrolases, and limonene 1,2-epoxide hydrolases
based on their structural organization''®. The
majority of characterized EHs belong to the

characterized by an o/f domain consisting of a
B-sheet surrounded by a cluster of a-helices, and
a cap domain that contains a variable cap-loop"’.
The substrate binding pocket is located between
the two aforementioned structural domains. Its
hydrolytic function is carried out by a catalytic
triad (Asp-His-Asp/Glu) and two Tyr residues,
Figure 1 depicts the hydrolysis process of EH as
summarized from previous studies and the
analysis of this article. Firstly, the substrate enters
the active pocket and forms hydrogen bonds with
two tyrosines, aiding in ring opening. Then,
aspartate performs a nucleophilic attack on the a
or § carbon atom of the epoxide ring, forming an
intermediate. Finally, the activated water
molecule by histidine and aspartic acid interacts
with the intermediate, ultimately leading to the
formation of vicinal diols"'”"®. Currently, with the
advancement of genomics, an increasing number of
epoxy hydrolases from various sources have been
discovered. However, almost none of these
enzymes exhibit satisfactory catalytic performance.

Therefore, it is highly necessary to engineer or
]

o/B-hydrolase  fold superfamily, which is genetically explore new epoxy hydrolases!'”).
Try T Tty Ty
on Ty Tvo_ gy o'l YO qq o OH OH
O=\_NH L 0=\ _Nm, A T)-NH, s
/A f"J\NH / b [ 'NH, { | NH,
5 = 2 N N\ - N Yy
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Figure 1 General hydrolysis steps of a/B-epoxide hydrolase. First step: Two conserved tyrosine residues

form hydrogen bonds with the oxygen atom on the epoxi

de ring, stabilizing the binding between the epoxide

substrate and the enzyme. An aspartic acid residue performs a nucleophilic attack on the epoxide ring,
opening the ring and forming an intermediate. Second step: A water molecule activated by a histidine residue
competitively attacks the intermediate, further opening it. The substrate is released, generating the

corresponding vicinal diol product.
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To supplement and discover more
high-performance EHs, this study identified an
enzyme (Aspergillus carlsbadensis epoxide
hydrolase, ACEH) belonging to the a/f hydrolase
family from Aspergillus carlsbadensis. The
enzyme was successfully cloned and expressed in
Escherichia coli BL21(DE3), demonstrating EH
activity. The study then analyzed the basic
enzymatic properties and hydrolysis mechanism.
Additionally, during the process of modifying the
thermal stability, two key sites were discovered
that were of significant importance for enzyme
activity and stability. Possible reasons for these
findings were explored through analysis. The
exceptional activity exhibited by ACEH suggests
its potential as an industrial biocatalyst.
Furthermore, the study of its hydrolysis mechanism
and exploration of thermal stability modification
can serve as a reference for future research.

1 Materials and Methods

1.1 Experimental materials

Escherichia coli DH50 plasmid was cloned
and heterologously expressed by BL21(DE3). They
were purchased from Golden Bio Co. Ltd. (Golden
Biotechnology Corporation, Beijing). ACEH was
heterologously expressed with plasmid pET-28a.
The original strains are kept in the laboratory.
Kanamycin and IPTG were purchased from
TaKaRa (TaKaRa Biomedical Technology Co.,
Ltd., Xiamen). The plasmid extraction kit and
SDS-PAGE gel preparation kit were purchased
from Omega (Omega Engineering). Other chemical
reagents were purchased from Aladdin (Shanghai
Aladdin Biochemical Technology Co., Ltd.) and
were of chromatographic or analytical purity.
1.2 Database search and sequence
analysis

Through gene retrieval on the NCBI server
(http://www.ncbi.nlm.nih.gov/), protein sequences
with homology lower than 80% to ANEHI
(CAB59813, PDB: 1Q0O7) and unknown function
were searched. Unreported proteins were selected
from these sequences, with homology ranging
from 60% to 80%, for cloning and expression,
aiming to discover new EHs. Furthermore, the

P4 actamicro@im.ac.cn, 7 010-64807516

selected proteins were subjected to sequence
alignment using the online tool ESPript 3.0
(https://espript.ibcp.fi/ESPript/ESPript/). Subsequently,
sequences from different Aspergillus species were
selected, and the MEGA 11 software (https://
megasoftware.net/) was used for processing and
constructing a phylogenetic tree.
1.3 Cloning and expression of ACEH

The E. coli strain containing the EH gene
was inoculated in LB medium supplemented with
100 pg/mL kanamycin and incubated overnight at
37 °C as the seed culture. Subsequently, 2% (V/V)
of the seed culture was inoculated into fresh LB
medium and grown until reaching an ODgy of
0.6—0.8 at 37 °C. The culture was then induced
with 0.1 mmol/L IPTG and incubated for 20 h at
18 °C. The cells were harvested, resuspended in a
K,HPO4-KH,PO,4 buffer (100 mmol/L, pH 7.0),
and subjected to sonication for disruption. The
resulting mixture was centrifuged at 11 000 r/min
for 30 minutes at 4 °C, and the supernatant was
collected. The supernatant was filtered through a
0.22 um membrane and purified using nickel
Ni-NTA affinity chromatography to obtain the
target protein enzyme as a catalyst.
1.4 Determination of protein and
enzymatic properties

SDS-PAGE was used to analyze the
expression of ACEH. Standard protein was used as
a reference to estimate its apparent molecular
weight using the ExPASy (https://web.expasy.org/
protparam/) software. The concentration standard
curves of SO, (S)-SO and (R)-SO, the activity of
AcEH, pH stability, temperature stability and
enzyme kinetics were determined using UV/Vis
spectrophotometry with 4-(p-nitrobenzyl) pyridine
(NBP) as previously described**?". Additionally,
the effects of different metal ions and buffer
solutions on enzyme activity were also measured.

To calculate the half-life of ACEH, the
purified enzyme protein is incubated at 30 °C.
Then, the enzyme activity of ACEH is measured at
regular intervals using the untreated enzyme
solution as a reference under optimal reaction
conditions. The deactivation of ACEH follows a
first-order kinetic model, and the formula to
calculate the half-life is as follows formula (1).
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K 20303
t E
t1/2:0.693/KC (1)

In this context, K. is the decay constant, E,
represents the initial enzyme activity, while E
represents the remaining enzyme activity at a
given temperature (t).

The enzyme activity unit (U) is defined as
the amount of enzyme required to consume
1 pmol of substrate per minute under specified
conditions. The specific enzyme activity (U/g)
can be calculated using the formula (2).

Specific enzyme activity (U/g)=Coxvxc/(txm) (2)
Where C, is the initial substrate concentration
(20 mmol/L), Vv is the reaction volume, C is the
substrate conversion rate, t is the reaction time
(min), and mis the protein mass (g).

1.5 The hydrolysis mechanism of ACEH
Due to the low homology (64.12%) between
the protein sequences of ACEH and the reported
crystal structure (PDB ID: 1Q0O7), a combination
of de novo modeling using AlphaFold2 (https://
alphafold.ebi.ac.uk/) and homology modeling
using SWISS-MODEL (https://s wissmodel.expasy.
org/interactive) is considered to predict its
possible structure. Discovery Studio (DS2019)
can be used for structural alignment and to evaluate
its reliability using a Ramachandran plot (PyMOL:
https://pymol.org.edu/2/). After obtaining the
model, molecular docking of the protein-ligand
complex can be performed using AutoDock
(http://www.autodock.scripps.edu). The models with
better overall scores can be selected to explain the
hydrolysis mechanism of the enzyme. Finally, the
results can be visualized using PyMOL. SO, (S-S0,
and (R)-SO ligands can be drawn using InDraw
(https://www.integle. com/static/indraw). DS2019
originates from the servers of the Third Institute of
Oceanography, Xiamen, Fujian.
1.6 Attempts to improve the thermal

stability of ACEH

The modeling results of ACEH were input
into FoldX (https://foldxsuite.crg.eu/) for
comprehensive alanine scanning mutagenesis of
its entire sequence, and the protein folding free

energy changes were calculated. Amino acid
residues that had a detrimental effect on thermal
stability were identified, and active pocket
positions and conserved amino acids were filtered
out. The remaining residues were subjected to
amino acid saturation mutagenesis using [-Mutant
3.0 (https://biofold.org/) and FoldX. The selected
variants from both methods were then input into
GROMACS software (https://www. gromacs.org/)
and Discovery Studio for molecular dynamics
simulations and thermal stability analysis
(Figures S2 and S3, Data has been submitted to
the National Microbial Science Data Center,
number: NMDCX0001726). Key mutants that
significantly improved thermal stability were
identified. Subsequently, primers were designed
for the mutated primers (Table S1, Data has been
submitted to the National Microbial Science Data
Center, NMDCX0001726), and the
mutations were verified by PCR amplification
followed by 1% agarose gel electrophoresis. The
PCR products were then digested overnight with
Dpn I restriction enzyme. The PCR products were
transformed into Escherichia coli DMT cells, and
after incubation, plasmids were extracted and sent
to a Sangon Biotechnology (Shanghai) Co., Ltd.
The successfully sequenced plasmids were then
transformed into Escherichia coli BL21(DE3)
cells and stored in 30% glycerol.

number:

2 Results and Discussion

2.1 Structure analysis of the ACEH
Through phylogenetic tree analysis, the
result observed that the ACEH is distantly related
to EH enzymes from other Aspergillus sources,
indicating its novelty as an EH enzyme (Figure
2). Additionally, the amino acid sequence of
AcEH shares more than 50% similarity with
several EH enzymes from different Aspergillus
sources (AnEH1, AnEH2, AnEH3, AfEH,
AfEH-Z5, and AfEH-293). A sequence alignment
was performed on these amino acids, and three
characteristic regions were identified, as shown in
Figure 2. Results revealed that ACEH contains a

http://journals.im.ac.cn/actamicrocn
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XP 031896000 Aspergillus alliaceus
KAES8154004 Aspergillus avenaceus
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Figure 2 Multiple sequence alignment and phylogenetic tree of ACEH. A: Sequence alignment of ACEH with
reported Aspergillus EHs. The black boxes indicate characteristic sequences of this type of enzyme, and the
catalytic triad of ACEH is marked with orange pentagrams (Asp'’>-His’*-Glu®*®), while the two conserved
tyrosine residues (Tyr”>'*'*) are marked with pink triangles; B: Phylogenetic tree of ACEH, with the position of
AcEH is indicated by red triangle.
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characteristic region specific to o/p hydrolases**>",

namely SmXNuXSmSm (GGDIGS, amino acid
position 190—195, where Sm, X, and Nu represent
small amino acids, any amino acid, and
nucleophilic amino acids, respectively), confirming
its classification within the a/f hydrolase family.
Furthermore, both ACEH and the aforementioned
EHs share two conserved regions*: the HGXP
motif (HGWP, amino acid position 115-118),
which has been shown to form an oxyanion hole
stabilizing the anion formed during nucleophilic
attack, and the GXSmXS/T motif (GYTFS, amino
acid position 151—-155). These findings indicate
that the ACEH is an o/ EH.
2.2 Heterologous expression of the ACEH
By cloning and induced expression, it was
discovered that only EH from Aspergillus
carlsbadensis (referred to as ACEH) formed
soluble expression. The purified protein of ACEH
was obtained. The size of ACEH was analyzed
using SDS-PAGE gel, and it has 400 amino acids
in length. According to predictions from the
ExPASy website, the estimated size of ACEH is
around 41 kDa. Additionally, based on
predictions from native PAGE, the non-denatured
size and position of ACEH were larger than BSA
(66 kDa). Considering that the template 1QO7 is
a dimeric protein, it is speculated that ACEH may
also be a dimeric protein (Figure S1, Data has
been submitted to the National Microbial Science
Data Center, number: NMDCX0001726).

2.3 Enzymatic properties of the ACEH

The enzymatic properties of the ACEH were
determined, and the results are shown in Figure 3
and Table 1. Figure 3A indicates that the optimal
pH for enzyme activity is 7.0, and the enzyme
remains stable within the pH range of 6.0—7.5.
Figure 3B demonstrates that the enzyme exhibits
high activity at temperatures of 20—30 °C. In
Figure 3C, it is observed that the enzyme remains
stable when incubated at temperatures between 20
to 35 °C for 5 h, with enzyme activity maintained
at over 80%. While the enzymatic reaction
conditions of ACEH demand mild conditions, it
exhibits remarkable stability, thereby conferring a
distinct advantage in comparison to other

counterparts”?”.  Figure 3D shows that the
majority of metal ions significantly inhibit the
enzyme activity, except for Ca®" at a concentration
of 50 mg/L, which enhances the enzyme activity.
Under optimal conditions, with SO as the
substrate, ACEH has a half-life of 136.5 h. This is
significantly higher than the reported EHs**?°!, In
a 15 min reaction, it can achieve a maximum
specific activity of 13 952 U/g, and it is capable of
completely hydrolyzing both (S)-SO and (R)-SO. Its
hydrolytic activity exhibits a substantial advantage
compared to the reported EHs™.

The enzymatic kinetic parameters, as shown
in Table 1, reveal that the enzyme exhibits
excellent enzymatic activity and fast reaction
rates towards SO, (S)-SO, and (R)-SO. The Vi
values are (37.22+17.85), (137.91+£7.00), and
(185.28420.24) umol/(min-mg), respectively,
which are significantly higher than those reported
for EHs"'. Additionally, ACEH demonstrates high
substrate  affinity for both (§- and
(R)-configurations, with K, values of (4.00+0.65)
and (6.87+1.58) mmol/L, respectively. Unlike
most EHs discovered so far, ACEH exhibits the
ability to rapidly hydrolyze both enantiomers of
chiral epoxides*?*, indicating its potental for
enantioselective hydrolysis to produce pure
racemic epoxides.

2.4 Hydrolysis mechanism of the ACEH

The results of the comparative analysis
between the de novo modeling by AlphaFold and
the homology modeling by SWISS-MODEL are
shown in Figure 4A, with an RMSD (root mean
square deviation) value of 0.530. This indicates a
high similarity between the two modeling results.
The Ramachandran plots evaluation of the two
modeling results shows that 91.5% and 92.4% of
the amino acids are located in the most favoured
regions (Figure 4B). Generally, if more than
90.0% of the amino acid residues fall within the
allowed and generously allowed regions, it can be
considered that the conformation complies with
the rules of stereochemistry**. Therefore, the 3D
structure of ACEH is considered reasonable and
can be further analyzed.

http://journals.im.ac.cn/actamicrocn
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Figure 3 Factors influencing ACEH enzyme activity. A: Optimal reaction pH and pH stability within 1 h for
AcEH; B: Optimal reaction temperature; C: Temperature stability within 5 h; D: Effect of different
concentrations of metal ions on ACEH enzyme activity. Na*, Concentration 1: 0.87 mmol/L, Concentration 2:
2.17 mmol/L, Concentration 3: 4.35 mmol/L; Mg2+, Concentration 1: 0.83 mmol/L, Concentration 2:
2.08 mmol/L, Concentration 3: 4.16 mmol/L; Ca2+, Concentration 1: 0.50 mmol/L, Concentration 2: 1.25 mmol/L,

Concentration
Concentration
Concentration
Concentration

3: 2.50 mmol/L; Fe3+, Concentration 1: 0.36 mmol/L, Concentration 2: 0.89
3: 1.79 mmol/L; Cu2+, Concentration 1: 0.31 mmol/L, Concentration 2: 0.78
3. 1.56mmol/L; Ag+, Concentration 1: 0.19 mmol/L, Concentration 2: 0.46
3: 0.93 mmol/L; Ni2+, Concentration 1: 0.34 mmol/L, Concentration 2: 0.85

mmol/L,
mmol/L,
mmol/L,
mmol/L,

Concentration 3: 1.70 mmol/L. * P<0.05, ** P<0.01, *** P<0.001 in comparison with contrast group.

Table 1 The kinetic constants of ACEH for substrates SO, (S)-SO, and (R)-SO

Substrate Ky (mmol/L) Vinax (Lmol/(min-mg)) Keat (s Keat/ K (mmol/(L-s))
SO 107.07+57.98 37.22+17.85 124.90+59.90 1.17

(9-SO 4.00+0.65 137.91£7.00 331.04£16.80 82.76

(R)-SO 6.87+1.58 185.28+20.24 382.34+41.77 55.65
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Figure 4 Three-dimensional structural prediction of ACEH. A: Alignment of AlphaFold de novo modeling
(yellow) and SWISS-MODEL homology modeling (green), DMS0O=0.530; B: Ramachandran plot evaluation
of AlphaFold modeling results (91.5%); C: Ramachandran plot evaluation of SWISS-MODEL modeling

results (92.4%).

The molecular docking of the protein-ligand
complex was performed using AutoDock2, and
the model with a better overall score was selected
to explain the hydrolysis mechanism of the
enzyme!'’l, The results are shown in Figure 5.
Figure 5A depicts the 3D structure of the ACEH
monomer, with the alpha helices shown in cyan,
beta sheets in purple, loops in pink, and the
solvent-accessible surface of the active pocket of
AcEH in white. The green substance inside
represents the SO. Figures 5B and 5C provide
detailed views of the active pocket and the
catalytic mechanism. The active pocket includes
the classical catalytic triad (Asp'**-His*"*-Glu**®)
and two conserved tyrosine residues (Tyr™',
Tyr’'"). The hydrolysis mechanism is consistent
with the previously reported typical hydrolysis
pathway. It is speculated that the hydrolysis steps
inferred and summarized in Figure 1 are
consistent with the hydrolysis steps mentioned:
the active hydroxyl groups of the two Tyr>'*"
residues form hydrogen bonds with the oxygen
atoms in the epoxide ring, stabilizing the
substrate. Simultaneously, the negatively charged
Asp'” selectively nucleophilically attacks the two

carbon atoms in the epoxide ring. Then, a water
molecule activated by histidine also nucleophilically
attacks the substrate, opening the three-membered
ring to form a tetrahedral intermediate. Finally, a
water molecule donates a proton to release the
resulting vicinal diol from the active site, completing
the hydrolysis process.

2.5 Single point mutation modification

and further mechanism exploration

After calculations, two optimal theoretical
mutation sites were identified, namely position 45
and position 49. A total of three mutant variants
were constructed, namely Y45L, R49L, and
R49Y. The results revealed that the mutation at
position 45 resulted in the formation of an
inclusion body with no enzymatic activity, while
the mutation at position 49 led to soluble
expression of the enzyme but loss of enzymatic
activity. Based on these findings, protein-protein
interaction network analysis (PPI) of single-point
mutants carried out using the RING
(Regulation of Interaction Networks in Genomes:
https://ring.biocomputingup.it/help) website tool
and Cytoscape to elucidate potential reasons>®!

was

http://journals.im.ac.cn/actamicrocn
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Figure 5 Presenting the 3D structure and hydrolytic mechanism of ACEH. A: The overall structure of
AcEH with the active site labeled. The a-fold is depicted in light blue, the B-fold in purple, the
connecting loop in pink, and the white surface represents the location of the active pocket. The green
color represents the substrate SO, and the red color represents the oxygen atom in the epoxide ring.
B—C: Local and detailed depiction of the interactions between the catalytic triad and the substrate.

Upon analysis, it was found that in the wild-type
PPI as shown in Figure 6A, the key amino acids
involved in the interaction of the wild-type
protein are Trp*®, His®’, Tyr’"”*!, Trp'"”, and
Phe'**. In the Y45L mutant, as depicted in Figure
6B, the interaction between key amino acids
Trp''"” and Tyr”' is reduced. By comparing the
degree values of key sites in the wild-type and
Y45L mutant, as shown in Table 2, it was
observed that the degree value of the Tyr*’ node
in the Y45L mutant is zero, indicating the
complete disappearance of interactions with other
amino acids. Protein structure analysis revealed
that Tyr® is located on a loop in the ACEH protein
folding structure. It is speculated that Tyr*’ on the
loop plays a vital role in connecting the two
a-helices, leading to the formation of inactive

P4 actamicro@im.ac.cn, 7 010-64807516

inclusion body enzyme in the Y45L mutant. In the
PPI of the R49L and R49Y mutant variants,
shown in Figures 6C and 6D, the key amino acid
interactions have also changed. Since both
mutants lack enzymatic activity, the main analysis
focused on the changes in the degree values of
their interactions with the wild-type catalytic site.
The results, as shown in Table 3, revealed a
decrease of one degree value for each of the
catalytic triad Asp'’*-His’>-Glu’*, including the
disappearance of the Ionic bond between Glu**®
and His’’%. It is speculated that this may be the
main reason for the loss of enzyme activity, as
thehydrolytic action of the enzyme requires the
joint action of Glu***-His*” to activate the water
molecule for nucleophilic attack and proton
transfer in the three-membered ring opening.
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Figure 6 Protein-protein interaction network of wild-type, Y45L, R49L, and R49Y mutant variants. A:

Wild-type; B: Y45L; C: R49L; D: R49Y.

Table 2 Degree values of key interaction sites
between wild-type and mutant Y45L

Type 284 255 154 307 117 251 45 49
Wild-type 13 12 11 10 10 10 3 4
Y45L 13 13 11 11 8 9 0 2

Table 3 Degree values of the active sites of wild-
type and mutant Y45L, R49L, R49Y

Type 192 372 346 251 314
Wild-type 2 9 6 10 9
Y45L 1 8 5 9 7
R49L 1 8 5 9
R49Y 1 8 5 10 9

3 Conclusion

In this study, ACEH was extracted by gene
extraction and successfully expressed in E. coli. A
new EH with high hydrolytic activity, long

half-life and enantiomeric
successfully found. At the same time, its
hydrolysis  principle = was  explained by
bioinformatics technology, which provided a
theoretical basis for the further study of the
hydrolysis mechanism of the enzyme.

This study also constructed three mutants,
although failed to achieve the expected results,
but explained the possible reasons, but also
provided some warnings and references for the
transformation of the enzyme. The completion of
this task is of great significance for further
optimization and industrial application of ACEH.
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