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Abstract

Depression is associated with changes in cyclic guanosine monophosphate (cGMP) levels.
Depression can be improved by increasing the cGMP concentration through the cGMP/PKG
pathway with PDE2A inhibitors. This study is aimed to improve the expression of a highly
active PDE2A protein with an Escherichia coli vector ST6 for the screening of PDE2A
inhibitors. PDE2A gene was obtained through polymerase chain reaction. A recombinant
plasmid of ST6-PDE2A was built by seamless cloning and then introduced into E. coli BL21
(DE3). The cultivation conditions were optimized to increase target protein expression. The
expressed protein was purified with Ni-NTA affinity chromatography. Its purified activity was
measured by a PDE-GIoTM phosphodiesterase kit. An maximized protein expression was
obtained by cultivating E. coli BL21 with ST6-PDE2A in the YT medium at 37 <T till ODsoo
reached to 0.6-0.8 and then by inducible expressing with 1 mM IPTG at 16 <C for 40 hours.
The resultant active protein has an ECso of 0.1196 mg/ml.
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1. Introduction

Depression is a common mood and emotional disorder. Statistics from Worth Health
Organization suggest that globally, the rate of depression is 11% and there are up to 1 million
suicides associated with depression every year (Mann JJ, 2003; Song Y et al., 2008). This
disease is manifested as persistent and significant low mood, loss of interest, and low
self-esteem. It is ubiquitously accompanied by cognitive impairments in perception, memory,
learning, and execution to various degrees.

Phosphodiesterases (PDEs), which mainly act on cyclic adenosine monophosphate (CAMP)
and cyclic guanosine monophosphate (cGMP), have recently attracted attention from the field
of depression therapy. Both cAMP and cGMP can regulate the corresponding downstream
protein kinases. Their’s activating transcription factors can control the expression of specific
genes inducing or relieve the depressive symptoms (Mathew S J et al., 2008; Alt Andrew; 2006;
Hebb ALO & Robertson HA, 2007). The PDE4 inhibitors showed a great anti-depression
effect in a rodent behavior tests (O’Donnell J & Zhang H., 2004; Zhang HT et al., 2002; Zeller
E etal., 1984). Among them, Rolipram entered phase Il clinical trial (Burgin AB et al., 2010),
but it was not listed due to side effects such as nausea and vomiting caused by a lack of PDE4
subtype specificity (Zhang HT et al., 2002). PDE2 inhibitors are protective against many
different forms depression-like behaviors(Zhang Chong et al., 2017). PDE2 has high
expression in the brain regions known to be related to depression (Lakics V et al., 2010). But its
inhibitor Bay 60-7550 has low brain penetrability, and other inhibitors also have their own
disadvantages. Hence, more efficient PDE inhibitors need to be developed.

Development of the PDE inhibitors requires active and stable PDEs. In this research, the
PDE2A gene was amplified through polymerase chain reaction (PCR) and used to build a
recombinant plasmid ST6-PDE2A. The PDE2A recombinant protein was expressed in
Escherichia coli BL21 (DE3) and then purified with Ni-NTA affinity chromatography. The
activity of PDE2A was examined through a PDE-GloTM™ PDE kit (Promega).

2 Materials and Methods
2.1 Apparatuses and Equipment

The equipment used here included an enzyme-labeled instrument (Tecan), a gel-imaging
system (Bio-Rad), an ultrasonic cell disruptor (Sonics), and a chromatography
(Smart-Lifesciences, Changzhou, China).

2.2 Culture Media and Reagents

Lauria-Bertani (LB) liquid medium (100 ml) consisted of tryptone (1 g), NaCl (1 g) and yeast
extract (0.5 g) dissolved in 100 ml of distilled water. Yeast-tryptone (YT) medium (100 ml)
consisted of tryptone (1.6 g) and yeast extract (1 g) dissolved in 100 ml of distilled water.
Terrific broth (TB) (100 ml) consisted of tryptone (1.2 g), yeast extract (2.4 g), 2.5 ml of
glucose liquid (0.2 g/ml) and 10 ml of phosphate buffer dissolved in 90 ml of distilled water.
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Phosphate buffer (PBS, pH7.2) consisted of KH2PO4 (0.24 g), Na2HPO4 (1.44 g), NaCl (0.2 g)
and KCI (8 g) dissolved in 1000 mL of distilled water. The buffers used in Ni-NTA affinity
chromatography included Buffer A (20 mM Tris, 0.5 M NaCl, pH 8.0), Buffer B (20 mM Tris,
0.5 M NaCl, 10 mM imidazole, pH 8.0), Buffer C (20 mM Tris, 0.5 M NaCl, 30 mM imidazole,
pH 8.0), and Buffer D (20 mM Tris, 0.5 M NaCl, 250 mM imidazole, pH 8.0). The composition
of dialysate is 20 mM Tris and 150 mM NacCl, pH 8.0.

The PDE-Glo™ Phosphodiesterase kit was purchased from Promega.
2.3 Strains and Vectors

The strains including E. coli DH5a and BL21(DE3) were stored in our laboratory. The vector
plasmid ST6 was provided by Beijing Baixinyi Co. Ltd. (China).

2.4 Primers Design

Using the human PDE2A gene sequence as the template and plasmid ST6 as the vector,
seamless cloning primers (Pi1: forward primer, P2: reverse primer) were designed. The
restriction endonuclease Sfi | (GGCCNNNN/NGGCC) was introduced into the primers. 5'
end of primers was the vector sequence and 3' end of primers was the PDE2A gene sequence.

The primers were:

P1:5'- GCTGCCCAGCCGGCGATGGCCCAAGCGGCCGATGAGTATACCAAAC-3
P2:5'- GTCCTTGTAGTCATGGCCGACGGGGCCCTCCTCATCCAGGAAG-3'

2.5 Amplification of the Target Gene

PCR amplification was conducted with the cDNA of PDE2A as the template. The PCR system
(50 pl) consisted of 10xPCR buffer (5 ul), 25 mM MgS0O4 (3 ul), ddH20 (32 pul),
KOD-Plus-Neo (1.5 ul), cDNA (1.5 ul), 2 mM dNTPs (5 ul), and 10 uM forward and reverse
primers (each 1 pl). The reaction conditions consisted of an initial denaturizing of 2 minutes at
95 <€ and 30 cycles of 30 seconds at 94 <€, 30 seconds at 60 <€ and 1 minute at 72 <€, followed
by extension at 72 <€ for 10 minutes and cooling to 4 €. The PCR products were tested by 1%
agarose gel electrophoresis and recycled by an AidQuick PAGE extraction Kit.

2.6 Construction and Conversion of the Recombinant Expression Vector

The recycled target gene was seamlessly cloned with the ST6 vector digested by Sfi I in the
reaction system (10 pl), which consisted of the buffer solution (5 pl), ST6 plasmid after Sfi I
digestion (2.5 pl) and the recycled target gene fragments (2.5 pl). The system reacted at 50 °C
for 35 minutes to form the recombinant expression vector ST6-PDE2A. The seamlessly cloned
product was introduced into the E. coli DH5a competent cells and then cultured on the LB solid
medium with 100 pg/ml Amp at 37 °C for 24 hours. After the positive clones were tested by Sfi
I digestion and sequencing, the ST6-PDE2A was extracted and further introduced into the E.
coli BL21 (DE3) competent cells. After cultivation under the same conditions as above, the
transformants were used to express the target protein.
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2.7 Induced Expression of the Target Protein

The basic culture conditions were as follows: the transformants were inoculated into LB liquid
medium (3 mL) with 100 pg/ml Amp and cultured overnight at 37 °C. After that, 1 ml of the
culture was transferred into 100 ml of different media with 100 pg/ml Amp, followed by
shaking culture at 37 <€ till the ODsoo reached to 0.6-0.8. Afterward, the temperature was
adjusted and IPTG was added into the media for induced expression.

The culture conditions investigated here included medium type (LB, YT, and TB), IPTG
concentration (0.1, 0.5 and 1 mM), expression temperature (13 €, 16 € and 19 <€), and
expression time (20, 30 and 40 hours).

2.8 Detection and Purification of the Target Protein

The protein expression fluid was centrifuged at 4 € and 8000 rpm for 10 minutes. Obtained
precipitates were washed twice with PBS (pH 7.2) and resuspended in 10 ml of Buffer A, and
then ultrasonically disrupted at 0 €. A part of each disrupted sample was centrifuged at 4 €
and 12000 rpm for 30 minutes, and the precipitate was resuspended in Buffer A with the same
volume as the disrupted sample before centrifugation. 10 pl of disruption sample (whole
proteins), the supernatant of disruption sample (soluble proteins), and the precipitate
resuspension (insoluble proteins) were separately taken for SDS-PAGE and photographed by
the gel-imaging system.

The soluble proteins in the supernatant were purified by Ni-NTA affinity chromatography.
Firstly, the Ni column was balanced with Buffer A and the supernatant was filtered through
0.45-um filter membranes. Each sample was then added into the column at a flow rate of
2.0-3.0 ml/min. The protein impurities were eluted with Buffer B and Buffer C, and the target
protein was eluted with Buffer D. The eluent of the target protein was dialyzed at 4 <€ for 30
hours and the dialyzed was exchanged every 10 hours. The volume ratio of protein eluent and
dialyzate was 1:50. The purified target protein eluent was concentrated 10 times prior to
SDS-PAGE.

2.9 Measurement of Target Protein Concentration
2.9.1 Protein Standard Curve

50 pl of BSA solution (0, 0.02, 0.04, 0.06, 0.08, 0.1 mg/ml) and 200 pl of Coomassie brilliant
blue R250 solution were mixed in a 96-well plate. The absorbance at 595 nm was measured
after standing for 10 minutes. The correlation between absorbance and BSA concentration was
y =0.2491 x — 0.1015 (R== 0.9963, Fig. 1), which indicated that the data is valid.
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Figure 1. Standard curve of BSA
2.9.2 Protein Concentration Measurement

The absorbance of the target protion solution at 595 nm was measured by the same method of
BSA solution. The data were controlled within 0.2-0.8. Then the target protein concentration
was obtained according to the standard curve.

2.10 Measurement of Target Protein Activity

The activity of the target protein was measured with the PDE-Glo™ Phosphodiesterase Kkit.
The purified target protein solution was diluted 2, 4, 8, 16, 32, 64, and 128 times, forming a
series of diluted protein solutions. Then on a 384-well plate, 5 pl of 1XPDE-Glo™ reaction
buffer was added to well 1; 2.5 pl of 1XPDE-Glo™ reaction buffer and 2.5 pl 10 uM cGMP
were added to well 2; 2.5 pl of 10 uM cGMP and 2.5 pl of diluted protein solutions were added
to well 3-10 respectively. After reaction for 20 minutes, 2.5 ul of PDE-Glo™ termination
buffer was added to all wells. In 5 minutes, 2.5 pl of PDE-Glo™ detection buffer was added to
all wells. After reaction for another 30 minutes, 10 ul of Kinase-Glo® reagent was added to all
wells. The relative light unit (RLU) was detected afterl0 minutes of reaction at room
temperature, and the cGMP hydrolysis rate was calculated as follows:

RL lr—’Fv;-nz;.-‘rru;- & substrate -RL Drsubsl:rate
RL Ustanie -RL Ugypstrate

Hyvdrolysis ratecgup =

ECso was determined by the GraphPad Prism: a scatter diagram was plotted with protein
concentration (logarithmic scale, base 10) as the x-axis and cGMP hydrolysis rate as the y-axis,
and non-linear regression (curve fit) was done with the template of log(agonist) vs.
response-Variable slope. Then ECso can be determined statistically.
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3. Results
3.1 Amplification of Target Gene Fragments

The PED2A template used in the primer design was 1020 bp long. The PCR amplification
results (Fig. 2) showed that the fragment size consistent with the design. Then the gene
sequence was further validated by sequencing, and the isoelectric point of target protein was
presumed to be 4.77 according to its amino acid sequence. The target gene fragments recycled
by gel extraction were seamlessly connected with the line ST6 vector digested by Sfi | to form
a recombinant vector ST6-PDE2A.

1500031.)
10000bp [Rwe—
7500bp [ W—)

5000bp RN

2500bp —

1000bp [ —1020bp

250bp

Figure 2. PCR amplification of the target gene fragment
M: DL 15000 DNA Marker; 1: PDE2A PCR product
3.2 Solubility of the Target Protein

The ST6-PDE2A was transferred into BL21 (DE3) for protein expression. Then whole proteins
precipitate proteins, and supernatant proteins were gathered for SDS-PAGE (Fig. 3). As
expected, all three samples showed evident target protein band at 37 KD. The protein band in
supernatant was less evident than that of the precipitates, suggesting most of target protein
existed as inclusions.
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Figure 3. SDS-PAGE analysis of solubility of expressed PDE2A

M: protein Marker; 1: whole proteins induced for 40 hours; 2: precipitate proteins after
ultrasonic disruption; 3: supernatant proteins after ultrasonic disruption.

3.3 Purification of the Target Protein

The soluble proteins in the supernatants were purified by affinity chromatography. The
flow-through liquid, eluents of Buffer B, Buffer C, and Buffer D were collected separately for
SDS-PAGE with unpurified supernate. The results (Fig. 4) showed that the content of the
target protein increased significantly in eluent of Buffer D.

Ty et RN

R
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Figure 4. SDS-PAGE analysis of purified PDE2A

M: protein Marker; 1: supernate after ultrasonic disruption; 2: flow-through liquid; 3: eluent of
Buffer B; 4: eluent of Buffer C; 5: eluent of Buffer D (concentrated 10 times)
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3.4 Condition Optimization of Target Protein Expression

A\ MacrOthlnk Journal of Biology and Life Science

The concentration of the target protein was low in the supernatant (Fig. 3). To enhance the
expression level of soluble proteins, type of culture medium, induced expression temperature
and time, and concentration of inducer (IPTG) were optimized. The protein expression level
maximized when the recombinant bacteria were cultured at 16 <€ for 40 hours in YT medium
with 1 mM IPTG. High temperature, high concentration inducer and nutrient rich medium can
promote protein expression. However, too fast protein expression will lead to misfolding and
inclusion formation. Therefore, in order to improve the expression of soluble protein, it is
necessary to control the culture conditions. In this research, YT medium is better than LB and
TB. One mM IPTG is better than 0.5 mM and 0.1 mM IPTG. But in terms of temperature, the
soluble protein expression level was the highest at 16 €. When the temperature is too low, the
whole protein expression is affected by the low protein expression speed. If the temperature is
too high, the soluble protein expression is affected because the protein could not fold correctly
in time. (Fig. 5).

A B
4 5 6 M
97 4KD 97 4KD
66.2KD 66.20KD
42 8KD
42 8KD
29.0KD
29.0KD
S 20.1KD
20.1KD
e 144KD
14 4KD
C D
97 4KD
66.2KD 97 4KD

66.2KD

42.8KD
42.8KD

20.0KD 29.0KD

20.1KD 20.1KD

14.4KD

14.4KD

Figure 5. SDS-PAGE analysis of PDE2A expression under different conditions

(A) 1-3: expression time of 20, 30 and 40 hours; (B) 4-6: culture media of YT, TB and LB; (C)
7-9: final IPTG concentration of 0.1, 0.5 and 1 mM; (D)10-12: expression temperature at
13,16 and 19 €.
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3.5 Protein Concentration and Activity Measurements

Based on the BSA standard curve, the concentration of the target protein was 0.5389 mg/ml.
With the increase of PDE2A concentration, the hydrolysis rate of the substrate cGMP
increased. Through GraphPad curve fitting, the ECso of PDE2A was 0.1196 mg/ml (Fig. 6).
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Figure 6. Activity assay of PDE2A
4. Discussion

PDE2A, belonging to the dual-structured PDE family, can simultaneously hydrolyze cGMP
and cAMP (Conti M et al., 2003) and can regulate the intracellular cGMP and cAMP levels so
as to affect the physiological activities involving these two secondary messengers. Since
CAMP and cGMP are both pivotal in central nervous system diseases, the structural
distribution and biochemical properties of PDE2A imply PDE2A may be a new target of
central nervous system diseases (Teng FY & Tang BL, 2006; Houslay MD et al., 2005; Conti
M & Beavo J., 2007; Bender AT & Beavo JA, 2006; Esposito K et al., 2009).

Though anti-depressants have been applied clinically since the 1980s, their therapeutic effects
are limited (Kennedy SH., 2013). Moreover, most of the existing anti-depressants have
significant side effects, and the anti-depressive mechanisms are not fully known. Hence, it is
necessary to develop new anti-depressants with better effects and study their mechanisms. PDE
inhibitors are potential anti-depressants. The research on PDE inhibitors needs abundant active
PDE proteins, thus PDEs expression and purification are also major aspects of research in this
field. Hutson et al. (2011) cloned the relevant PDE gene into the pcDNA3.3-TOPO vector,
stably transfected HEK 293 or CHO cells to express relevant PDE proteins. However, this
expression system is expensive and highly demanding for technicians. In this study, E. coli
BL21 (DE3) strains were used as receptor bacteria to express proteins in vitro; this method is
inexpensive, easy to operate, high protein expression and stable activity. Chen et al. (2020)
constructed a pET28a-C. albicans PDE2 recombinant plasmid to express PDE2A protein in E.
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coli BL21 (DE3) and obtained 0.385 mg/ml proteins after Ni-NTA affinity chromatography,
while in this study, 0.5389 mg/ml was obtained. Many methods are available for PDE protein
activity detection and PDE inhibitor screening. Meng F et al. (2012), Shao Y X et al. (2014)
and Claffey et al. (2012) used [*H]cGMP and [*H]cAMP scintillation proximity assays for
high-flux drug screening, but the use of radioisotopes will cause environmental pollution and
requires special processing of experimental materials, while the PDE-Glo™ phosphodiesterase
kit used in our study is cost-effective and has little impact on environment.

In addition to the vector and kit are different from previous studies, this study also probed into
the optimization of protein expression conditions. Expression in Escherichia coli can easily
lead to the formation of inclusions. When the protein is expressed too fast, it cannot fold
properly and form inclusion body. Hence, selection of induction temperature, inducer
concentration, induction time and medium type is very important. Jian Z et al. (2013)
constructed a pPDE258 (N-Trx) expression vector, transferred it into BL21-CodonPlus (DE3)
to express PDE2A and found the optimal expression conditions as: cultured in the LB media at
37 T till ODeoo reached to 0.4, cool to 16 <C, and induced with 0.5 mM IPTG for 16 hours after
ODesoo reaching 0.8. In this study, a recombinant expression plasmid ST6-PDE2A was
established and expressed in BL21 (DE3). The optimize protein expression conditions were:
cultured in YT media at 37 <C till ODsoo reach to 0.6-0.8, cool to 16 <C, and induced with 1 mM
IPTG for 40 hours. The above findings imply that optimal culture conditions are slightly
different when different plasmids are adopted.

In conclusion, an ST6-PDE2A expression vector was successfully established in this research.
Then the protein expression conditions were optimized, and the PDE2A with certain purity and
activity was acquired through Ni-NTA affinity chromatography, which underlies the
development and functional investigation on PDE2A inhibitors.
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