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A novel aptamer agent showed antidepressant
function via binding 5-hydroxytryptamine receptor
to block re-uptake of 5-HT
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Abstract

Background & Objectives: Systematic evolution of ligands by exponential enrichment (SELEX)
technology was widely used to screen the aptamers that bind the target protein safely and efficiently.
Our study aimed to screen aptamers for anti-depression via binding to the 5-HTR to block 5-HT re-
uptake. Methods: The prokaryotic expression plasmid was constructed and the recombinant 5-HT, R
(mice) was expressed and purified. The ssDNA aptamer that bound 5-HT R specifically was screened
by SELEX (Enzyme-linked Oligonucleotide assay), and the binding sites and relative binding strength
of ssDNA were detected. At the same time, sSDNA aptamer inhibitory protein uptake and against
depression was verified in cellular level and mouse depression model. Results: The recombinant
5-HT R protein was purified successfully. After 12 rounds of positive screening and 5 rounds of
negative screening, four aptamers with high affinity and specificity were obtained and the same epitope
was bounded by four aptamers using ELONA (Enzyme-linked Oligonucleotide assay). The uptake of
5-HT was influenced by aptamer 18 in vitro, and the improvement of depression state in mice after
intravenous injection of aptamer 18 was proved by tail suspension experiment in mice.
Conclusions: Aptamer is expected to be a new type of antidepressant, which can be used in the
treatment of depression.
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INTRODUCTION

Depression is a high incidence rate of
neuropsychiatric disorders, which can be found
in all age groups.' At present, the etiology of
major depression and related depression is
complex and not fully elucidated*?, the most
extensive depression hypothesis is related to
the level of extracellular neurotransmitters.*¢
Therefore, some substances can increase the
level of monoamine and may be beneficial to
the treatment of depression.” Among monoamine
reuptake inhibitors, selective serotonin reuptake
inhibitors (SSRIs) have been listed as one of the
most effective substances. The mechanism of

SSRIs is to selectively inhibit the reuptake of
5-hydroxytryptamine (5-HT) by the presynaptic
membrane of the central nervous system and
increase the concentration of 5-HT in synaptic
space to achieve the therapeutic purpose.® Elevated
5-HT concentrations activate various post-
synaptic 5-HT receptors in multiple regions of the
brain, which can reduce depression symptoms.’
In addition, high extracellular concentrations of
5-HT trigger a negative feedback mechanism
involving 5-HT, , receptors, which regulate 5-HT
levels in synaptic spaces. High concentrations
of endogenous 5-HT may be sufficient to inhibit
acetylcholine receptors.'”
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However, antidepressant drugs can lead to a
series of side effects, such as headache, nausea
and elevated transaminase. Also these drugs can
result in serious adverse reactions like suicide,
serotonin syndrome, and sexual dysfunction." It
is reported that more than 80% of patients have
at least one adverse reaction, with an average of
four adverse reactions per patient, many of these
adverse reactions cause significant problems
to patients and even affect daily functions.'
Therefore, it is necessary to regularly monitor
biochemical indicators to find problems and
improve them in time.

The aptamers screened by the systematic
evolution of ligands by exponential enrichment
(SELEX) technology have a wide range of targets,
convenient preparation and good stability, which
are widely used in biomedical research.'* Aptamers
can functionally alter cell biological behavior,
such as cell migration, cell proliferation, cell
differentiation, autophagy and anti-inflammatory
effects.'* Aptamers also show great potential and
advantages in the early diagnosis and treatment
of tumors. At present, aptamers targeting tumor-
related proteins have been screened and widely
used in the research of tumor diagnosis and
treatment.'>'® In addition, aptamers are also used in
the detection and treatment of neurotransmitters'’,
a novel functional nucleic acid aptamer to
amyloid-f peptide 1-40 (AP 1-40) was developed
for the detection of Alzheimer disease.'® In our
previous research, we constructed and applicated
of ssDNA aptamers against glycolipid antigen
ManLAM of mycobacterium tuberculosis for TB
diagnosis."” Because of the above shortcomings
of the existing drugs and the prospect of their
application in the field of medicine, we intended
to clone and express 5-HT ,R as the target. Then
we used SELEX technology to screen aptamers
that can specifically bind 5-HTR, and to block the
reuptake of 5-HT for the anti-depressant effect.

METHODS

8-week-old specific-pathogen-free (SPF)
C57BL/6J female mice (weight 18~20g) were
purchased from Nanjing Qinglongshan animal
experimental base (Animal Certificate No:
SCXK(Yu) 2020-0005); Mouse skeletal muscle
myocyte line C3H (JRDUN bio, China); Reverse
Transcriptase (Fermentas, USA); Primer were
synthesized by Shanghai Sangon Biotech (China);
His tagging column, SDS-PAGE gel preparation
kit (Solibao company, China); Predyeing
protein Marker (Fisher, USA); Isopropyl-p-d-
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thiogalactoside (IPTG) (Sigma, USA); HRP
coupled mouse anti-His tag monoclonal antibody
(Beyotime, China).

Research design

The prokaryotic expression plasmid was
constructed and the recombinant 5S-HT1AR (mice)
was expressed and purified. The ssDNA aptamer
that specifically bound to 5-HT1AR was screened
using SELEX, and the binding sites and relative
binding strength were detected. Additionally,
the cellular level and mouse depression model
were used to verify the inhibitory protein uptake
and effectiveness of the ssDNA aptamer against
depression.

Cloning and construction of 5-HT, R gene

C57BL/6J mice were killed by decapitation. After
muscle tissue homogenate was taken, mouse RNA
was extracted by Trizol method and transformed
into cDNA by reverse transcription kit, (https://
www.uniprot.org/uniprot/Q64264). Primers were
designed according to NCBI (NM_008308): F:
5’-CGGATCCGATATGTTCAGTCT
TGGCCAG-3’ (underlined as BamH I restriction
site). R: 5’-CAAGCTTGGCGGCA
GAACTTGCACTTG-3’ (underlined as Hind IIT
restriction site). The amplified DNA strand and
plasmid pET28a were digested with restriction
endonuclease, then connected with T4 ligase,
and the connecting product was transformed into
DH5a which was cultured in Kanamycin resistant
LB solid medium to screen positive monoclonal
colonies. The plasmid was extracted from the
amplified bacteria and identified by enzyme
digestion.

Expression, purification and identification of
5-HT, R protein

The pET28a/5-HT R plasmid was transformed
into BL21 E.coli strains, IPTG(0.8mol/L) was
added into the bacterial solution at a ratio of
1:1000, and induced expression at 25 °C for 4h.
After the culture, the bacteria were collected
by centrifugation and lysed by high-pressure
homogenizer, supernatant was separated from
the broken bacteria by centrifugation (4 °C, 10
000xG) for 30 min, then protease inhibitor PMSF
was added to it. The recombinant 5-HT, R protein
was purified by Ni NAT, and identified by West
blot and peptide fingerprint with mouse anti-His
tag monoclonal antibody.



Screening of 5-HT, R protein aptamers

Aptamer library was designed and synthesised
as follow®: 5° -GCGGAATTCTAATACGA
CTCACTATAGGGAACAGTCCCGAGCC-
(N30)-GGGTCAATGCGTCATA-3" (88 nt,
Where N represents any base of A, T, G
and C). Primers were designed as: P1: 5’
-GCGGAATTCTAATACGACTCACTATA
GGGAACAGTCCGAGCC-3’: P2: 5°
-GCGGGATCCTATGACGCATTGACCC-3".
The concentration of purified 5-HT ,R protein
was adjusted to 10mg/L, 1mg/L, 0.1mg/L. and
0.01mg/L with carbonate buffer (PH=9.6),
and 50uL proteins of different concentrations
were coated in polystyrene micropores. One
concentration was used every 3 rounds, and a
total of 12 rounds of forwarding screening were
carried out. 5 rounds of reverse screening were
added from round 6 to round 10. The relative
binding force of the library in each round was
compared.

Screening of monoclonal aptamers and detection
of binding ability

The aptamer library with the highest relative
binding capacity was amplified into double
stranded DNA (dsDNA) by PCR, the dsDNA
was digested with BamH I and Hind III and
subcloned into pUC19. The recombinant plasmid
was transformed into E.coli DH5a bacteria and
cultured overnight. The monoclonal colonies were
picked from the culture plate and the plasmids
were extracted for double digestion identification,
and then the aptamers were amplified by
asymmetric PCR. Enzyme-linked Oligonucleotide
assay (ELONA) was used to detect the relative
binding force of aptamers. The screened aptamers
with high relative binding force were sequenced,
and the consistency of their recognition sites
was verified by competition method: the same
amount of biotin labeled aptamers and non-labeled
aptamers were put into the micropores precoated
with 5-HT ,R. HRP conjugated streptavidin
was added and incubated at 37°C for 30 min.
After adding the tetramethylbenzidine (TMB)
substrate and stop buffer (2mol/L H,SO,), the
absorbance values at OD450 were determined
using a microplate reader.

Detection of specificity of aptamers

The 5’ end of the monoclonal aptamers with the
highest relative binding force screened in above-
mentioned aptamers were labeled with FAM. The
aptamers were incubated with mouse skeletal

muscle myoblastic C3H cell line in different
concentrations (Ommol/L, 10mmol/L, 20mmol/L,
40mmol/L and 80mmol/L) for 45 min in darkness.
After washing with PBS, the binding force was
observed and compared by flow cytometry.

Detection of aptamer blockade 5-HT uptake

High Performance Liquid Chromatography
(HPLC, Angilent 1260, USA) was used to detect
the standard concentration of 500 ng/mL 5-HT,
the 5-HT initial concentration of 200 ng/mL
5-HT was added to C3H cell culture and the final
concentration after 12h incubation. In addition,
another group of C3H cells were incubated with
200 ng/mL 5-HT and aptamer 10 nM for 12 h,
the final concentration of 5-HT was detected.
After 12h, the cells were centrifuged at 1000g
for 15min to collect the supernatant fluid.

The therapeutic effect of aptamer was evaluated
by mouse tail suspension test

The mouse tail suspension test box was divided
into four groups. Control group: mice were
suspended for 6 min, and the rest time of mice
was observed within 4 min after suspension.
Aptamer treatment group: after injecting aptamer
through caudal vein, mice were hung the tail for
6 minutes, and observed the resting time within
4 minutes. Reagent control group: normal saline
was injected into caudal vein. Drug treatment
group: 20 mg/kg fluoxetine orally. The resting
time of mice within 4 min was also observed.

Statistical analysis

SPSS 22.0 software was used for statistical
analysis. The measurement data were expressed
as mean + SD. T-test was used for the comparison
between the two groups, and analysis of variance
was used for the comparison between the
three groups. There difference was considered
statistically significant when P < 0.05.

RESULTS

Construction and identification of expression
plasmid pET28a/5-HT, R

RNA from C57BL/6J mouse muscle cells was
extracted and reverse transcribed into cDNA as a
template. The coding region of 5-HT ,R mRNA
was amplified with designed primers. According
to DNA agarose electrophoresis, there was a
band between 1 000 bp and 2 000 bp, which
was consistent with 1 272 bp from the expected
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Figure 1. Identification of expression plasmid pET28a/5-HT R and induced recombinant 5-HT ,R by SDS-PAGE
(A): M: DNA ladder; Lane 1:5-HT1AR gene of human was amplified by PCR; Lane 2: The constructed
pET28a/5-HT1AR plasmid was identified by double enzyme digestion. Arrow: 5-HT1AR gene (about
1272 bp). (B): M: protein ladder; Lane 1: Purified recombinant human 5-HT R protein; Lane2: Uninduced
Protein of BL21 strain containing pET282/5-HT, ,R recombinant plasmid without induce; Lane 3: Protein
of BL21 strain containing pET28a/5-HT, ,R recombinant plasmid with IPTG-induce; Arrow: Recombinant

5-HT, R protein (molecular weight: 47kDa).

PCR amplification target band product (Figure 1).
The constructed pET28a/5-HT ,R plasmid was
digested by double enzyme and analyzed by
DNA agarose electrophoresis, it produced two
bands, 5 300 bp and 1 270 bp respectively, which
were consistent with the theory of the expected
target product (Figure 1). The plasmid extracted
from the positive monoclonal colony was sent to
Shanghai Sangon for sequencing, and the results
were consistent with Genebank (NM_000524),
with no mutations, deletions or shifts.

5-HT, R expression and purification

The cloned pET28a/5-HT ,R plasmid was
transformed into E.coli BL21 (DE3), IPTG was
used to induce its expression, and the protein
was purified by Ni NAT affinity column. It can
be seen that it has a significant expression band

with a molecular weight of 40-55 kDa, which is
consistent with the predicted molecular weight of
47 kDa (Figure 1). Through PMF identification, it
is consistent with the 5-HT, R peptide sequence
(Table 1).

Aptamer screening and characteristic identification

After 12 rounds of forwarding screening and 5
rounds of reverse screening, the 12th round of
aptamer library with the highest binding ability
was cloned into pUC19 plasmid and introduced
into E.coli DH5a (Figure 2). A total of 51
positive clones were selected, of which clone
were numbered and the aptamer 18, aptamer 25,
aptamer 31 and aptamer 45 showed high binding
ability respectively (Figure 3, Figure 4 and
Figure 5). At the same time, we analyzed
the specificity of the above four sSDNA base

Table 1: Analysis of the recombinant 5-HT1AR by peptide mass fingerprinting

No. Amino acid sequence of peptide (N—C) AA site Likelihood Ratio
1 ACVVAAIALERSLQNVANYLIGSL 55~79 100%
2 VLCCTSSILHLCAIALDRYW 117~137 100%
3 GTPCANGAVRQGEDDA 272~288 100%
4 WLIGFLISIPPMLGWRT 161~178 100%
5 ALVLPFCESSCHMPELL 365~382 100%
6 YFNKDFQNAFKK 402~414 98%
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Figure 2. Comparison of relative binding force among different pools: Horizontal coordinates 1 to 12 represent
Round 1 to Round 12 libraries, and L represents the initial library. *P <0.05, represents the comparison
of the relative binding force between the initial library and the 2nd to 12th library.
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Figure 3. Identification of positive clones by PCR
Arrow: Aptamer double-stranded DNA amplified by PCR from 18 randomly selected monoclonal colonies
(88nt)
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Figure 4. Comparison of relative binding force among different monoclonal aptamers

Arrow: Aptamer double-stranded DNA amplified by PCR from 18 randomly selected monoclonal colonies
(88nt).
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Figure 5. Detection of binding force from four kinds of monoclonal aptamers

sequences, and the results showed that they had
high homology (Table 2). After using Mfold
software and ELONA to analyse, we found the
four aptamers may recognize the same epitope
(Figure 6, Figure 7). Flow cytometry results
showed that aptamer 18 demonstrated high binding
force with mouse skeletal muscle myoblastic cell
line C3H in a dose-dependent manner (Figure 8).
By HPLC, the retention time of 5-HT standard
was 4.830min. We compared the concentration of
5-HT in the culture system initially added with
200ng/ml 5-HT after 12h incubation with and
without aptamer. According to the calculation of
peak area, the addition of aptamer can effectively
affect the reduction of 5-HT concentration in the
system (Figure 9).

The mouse tail suspension model verified its
antidepressant effect

The tail suspension swing time of the aptamer 18
injection group with a concentration of 80 nmol/L
was much higher than that of the untreated model
group and the normal saline control model group
(P < 0.05) (Figure 10).

DISCUSSION

Early tricyclic drugs and current SSRIs
antidepressants play an important role in the
treatment of depression, but their side effects
on cardiovascular can’t be ignored.”! Based on
the above shortcomings of depression treatment
drugs, this study designed a ligand that could

Table 2: Homology analysis of aptamer sequences of four relatively high binding forces

Aptamer NO. Homologous sequence from N30
18 ...GCAA... ....GGTAGCGTTAGT... TTCAA......
25 ...CAAG... ....GGTAGCGTTAGT...  ...... TCAAG......
31 ...GCAAG... ....GGTAGCGTTA...... ... CAAG......
45 ...CAAG... ....GGTAGCGTTAGT... ... AA......
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Figure 6. Verification of binding site consistency among four kinds of aptamers Bio: Adding biotin-labeled aptamers;

*P<0.05:compare with different groups.

specifically bind to 5-HT R, which blocked
the uptake of HT1 through the combination of
specific spatial conformation with 5-HT ,R, to
maintain the concentration of HT1 and achieve
the effect of anti-depression. There are many
kinds of HT related receptors, among which
there are many studies on the correlation between
5-HT,R and depression, and the mechanism is
clear.”?? Shioda et al. showed that dopamine D2L
receptor deficiency leads to stress susceptibility
of serotonergic neurons through 5-HTIA
receptor dysfunction.** Sun et al. found the
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Figure 7. Secondary structure simulation diagram of aptamers
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=2
=

VW A, Wavelength=254nm, Agilent Zorbax Extend-C 1% (230mm*4.6mm, $um) B VWD A, Wavelength=254nm, Agilent Zorbax Extend C 18 (250mam®4 6mm, $jum}
2 P
| - *..
‘ n
|
l -.
E f ‘
i
| I
' | \ I
| . A I\
S— — o < — - L —
R Ceeee PRRRRE . :
fin ,
VWD A, Wavelength-254nm, Agilent Zorbax Extend-C 18 (250mm*S 6, Spun) D ! VWDI A, Wavelength=254nm, Agilent Zorbax Extend-C 18 (250mm*4.6mm, Sum)
&
50
0
I\
N _ W
\ g = ‘ \
I - -]
| E I |
[| - %
() o -
I \ | -
A / AN
_ S o - EUIAN
1 s . 7 1 4 ® 8
min min
E 2501
*
~ 2004 "
= i
=T}]
3. 150+
— #
[
= 100
W
50
& &8 \f\_"f‘
g)" Q\"\‘ ot
. nt }\
ot AN &
s 3 A
o~ o0 O
LA e
e AL

Figure 9. Detection of the 5-HT was blocked into cells by aptamer using HPLC
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(A): 5-HTstandard substance; (B):Concentration of 5-HT add into culture system; (C) :Concentration
of 5-HT add into culture system with Aptamer 18 blocking after 12h; (D): Concentration of 5-HT add
into culture system without treatment after 12h; (E): Comparison concentration of 5-HT add into culture
system with Aptamer 18 treatment before and after 12h; *P<0.05: compare with group without treatment;
#p<0.05: compare with group before treatment .
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Figure 10. Comparison of exercise time from different treatment in tail suspension test
*P<0.05, **¥P<0.01: compare with blank control group without treatment;
# P<0.05, ##P<0.01: compare with model group without treatment.

SELEX technology, and the aptamers were used
to intervene the reuptake of 5-HT. At present,
nucleic acid aptamer screening has been widely
used in the fields of pharmacy, detection, anti-
infection and so on. It has attracted much attention
because of its small molecular weight, wide target
range, low immunogenicity, stable structure and
easy modification.?”” Through this method, we
successfully constructed and expressed 5-HT R
protein, and screened two aptamers with high
specificity and high binding ability. The results
showed that their binding ability was nM level.
After cell reverse screening, it has almost no
significant binding to other components on the
cell surface. Therefore, the aptamer obtained by
this screening has the potential to block 5-HT |,
receptor to play an anti-depressant role. In vitro
experiments, it showed that aptamer could affect
the concentration of 5-HT in the system, but its
concentration still decreased significantly after
a period of culture. It may be due to the uptake
of 5-HT by other receptors.?®* This study only
screens and intervenes for 5-HT R, which is not
enough to completely affect the concentration
of 5-HT. Therefore, this study will explore the
combination of other receptors in the later stage.

In subsequent animal tail suspension
experiments, the activity time of aptamer
injection group was much longer than that of
control group (model group and normal saline

group), which is equivalent to the data of drug
treatment group. This result indicated that the
aptamer obtained from this screening had some
antidepressant effect. However, it was found
that the high-dose injection of aptamer caused
continuous muscle tension in mice. It is speculated
that it may be because the aptamer blocked the
uptake of 5-HT, resulting in frequent excitement
caused by the accumulation of a large amount of
5-HT.* The aptamer binding 5-HT R not only
acts on the central nervous system but also has
high binding ability to 5-HT R in other parts
with the same structure. Therefore, how the
aptamer can only block 5-HT ,R in the central
nervous system without binding to 5-HT R in the
peripheral nervous system is an urgent problem
to be solved. According to some specific self-
assembly properties of aptamers.’’*> 5-HT R
nucleic acid aptamers that can more accurately
identify the human central nervous system is
designed to obtain accurate aptamer positioning,
so as to improve the application of aptamers in
the treatment of depression.

In conclusion, the aptamers of 5-HT1 LR were
obtained by SELEX technology, and the feasibility
and therapeutic effect of this experiment were
verified by in vitro and animal experiments. At
the same time, it also provided a new idea for the
research of small molecule blocking biological
agents. The application of this aptamer in the
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treatment of depression through 5-HT1AR May
provide new ideas for drug development. However,
the application of aptamers in antidepressant
treatment is only basic research, and more time
and funds are needed for clinical application.
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