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Abstract

The alpha? nicotinic acetylcholine receptor («7 nAChR; CHRNA?) is expressed in the
nervous system and in non-neuronal tissues. Within the central nervous system, it is
involved in various cognitive and sensory processes such as learning, attention, and
memory. It is also expressed in the cerebellum, where its roles are; however, not as well
understood as in the other brain regions. To investigate the consequences of absence of
CHRNAY on the cerebellum proteome, we performed a quantitative nano-LC-MS/MS
analysis of samples from CHRNA7 knockout (KO) mice and corresponding wild type
(WT) controls. Liver, an organ which does not express this receptor, was analyzed, in
comparison. While the liver proteome remained relatively unaltered (three proteins
more abundant in KOs), 90 more and 20 less abundant proteins were detected in the
cerebellum proteome of the KO mice. The gene ontology analysis of the differentially
abundant proteins indicates that the absence of CHRNA7Y leads to alterations in the
glutamatergic system and myelin sheath in the cerebellum. In conclusion, our dataset
provides new insights in the role of CHRNA7 in the cerebellum, which may serve as a

basis for future in depth-investigations.
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Nicotinic acetylcholine receptors (nAChRs) are a diverse family of
ligand-gated ion channels that are composed of five subunits which
assemble symmetrically around an axis perpendicular to the plasma
membrane [1]. They are well known to mediate neurotransmission
in the nervous systems in response to the neurotransmitter acetyl-
choline [2]. There are twelve neuronal-type nAChR subunits in this
family («2-a10 and $2-p4). Localization, physiological, and pharma-

cological properties of each receptor subtype are determined by the

Abbreviations: CHRNA?7, the alpha7 nicotinic acetylcholine receptor; DAVID, The Database
for Annotation, Visualization and Integrated Discovery; DDA, data dependent acquisition;
KEEG, Kyoto Encyclopedia of Genes and Genomes; KO, knockout; RSLC, rapid separation
liquid chromatography; WT, wild type.

subunit composition [3]. In a7 nAChRs, the a7 subunits, encoded by
the Chrna7 gene [4], form a homopentamer with a high permeability
for calcium ions [5]. Recent studies indicated that a7 together with 32
subunits can also form heteromeric a732 nAChRs [6]. These receptors
have altered ion selectivity, gating kinetics, and sensitivity to amyloid
B peptides linked to Alzheimer’s disease and are suggested to be a
potential therapeutic target [6, 7].

The a7 nAChR is one of the most abundant subtypes in the brain [8].
It is known to be expressed mainly in neurons [9], glial cells [10] not
exclusively but predominantly in brain regions responsible for memory
and learning [11, 12], and immune cells [13-16]. In addition to their

role in synaptic transmission, a7 nAChRs also contribute to synaptic

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2024 The Authors. Proteomics published by Wiley-VCH GmbH

Proteomics 2024, 2300384
https://doi.org/10.1002/pmic.202300384

www.proteomics-journal.com 1of 6


https://orcid.org/0000-0002-4709-3211
mailto:frohlich@genzentrum.lmu.de
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.proteomics-journal.com
https://doi.org/10.1002/pmic.202300384
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fpmic.202300384&domain=pdf&date_stamp=2024-01-07

2o06 | Proteomics

Proteomics and Systems Biology

plasticity [17], and in the periphery they are linked to the choliner-
gic anti-inflammatory pathway [18]. In the cerebellum, a7 nAChRs are
expressed on the membranes of granule cells [19], which play a cru-
cial role in regulating information flow within the cerebellar circuitry
[20]. Moreover, a7 nAChRs are expressed in Purkinje cells and were
reported to control the release of other transmitters such as GABA (y-
aminobutyric acid) or glutamate [21, 22]. Another study showed that
a7 nAChR expression increases in developing rat cerebellum during
important synapse growth stages [21, 23]. However, further specific
roles of a7 nAChR in cerebellum are largely unknown and studies
addressing consequences of CHRNA7 knockout (KO) at the proteome
level are missing. Therefore, we conducted proteome analyses of the
cerebellum from CHRNA7 KO mice. To verify to what extent a7
nAChR deficiency also affects organs without «7 nAChR-expression,
we additionally analyzed liver samples from the same animals.

A KO mouse model was generated by deleting the last three exons
(8-10) of the gene and was initially characterized by Orr-Urteger
et al. and Paylor et al. [24, 25]. Using brain tissue from a7 nAChR-
deficient mice and corresponding WT mice a previous proteomics
study addressed the a7 nAChR interactome by affinity immobilization
combined with mass spectrometry [26]. A further proteomics study
addressed the function of a7 nAChR in the ovary was previously per-
formed by SeRenhausen, Caban et al.[2]. Cerebellum and liver samples,
analyzed in this study, stem from the same animals.

In brief, homozygote breeders for the «7 KO mouse strain on
the B6. 12957-Chrna?, (stock No. 0032327Acr7-) and age-matched
wild-type C57BI/6J) mice (stock no. 000664) were purchased from
Jackson Laboratory (Bar Harbor, ME, USA), and upon arrival young
females were housed at the animal core facility at the BMC (Biomedical
Center) until they reached the age of 3 months. The housing of labo-
ratory mice followed European and German animal welfare laws. The
experiment adhered to Section 4 of the German Animal Welfare Act.
CHRNA7 KO mice (h = 5) and corresponding wild type (WT) female
mice (n = 5), all in same cycle (metestrus), were sacrificed by cervi-
cal dislocation, and cerebella and livers were dissected. For protein
extraction, 100 uL of 8 M of urea in 50 mM ammonium bicarbonate
was added to approximately 1 mg of tissue. For cell lysis each sample
was sonicated for 15 min by Bandelin Sonoplus HD3200 cup resonator
(Bandelin, Berlin, Germany). For further homogenization, samples were
centrifuged through QlAshredder devices (QIAGEN, Hilden, Germany)
for 3 min (10°C, 2500xg). The Pierce 660 nm assay (Thermo Scientific,
Waltham, MA, USA) was used to determine protein concentration [27].
Finally, 10 ug of protein was reduced at a concentration of 5 mM dithio-
threitol, alkylated at a concentration of 15 mM iodoacetamide and
guenched with 15 mM dithiothreitol for 15 min at room temperature in
the dark. Digestion was performed with Lys-C (1:100, enzyme:protein-
ratio, Wako, Osaka, Japan) for 4 h. Prior to the second digestion step,
samples were diluted with 50 mM ammonium bicarbonate to obtain
1 M Urea. Trypsin was added (1:50, enzyme:protein-ratio, Promega)
and incubated for 16 h at 37°C. For LC-MS/MS analysis, 1.5 ug of
peptides aliquots were injected into an Ultimate 3000 RSLC chro-
matography system and transferred to a trap column (PEP-Map100
C18, 75 um x 2 cm, 3 um particles (Thermo Fisher Scientific, USA))
at a flow rate of 5 uL/min mobile phase A (0.1% formic acid and 1%

acetonitrile in water). Separation was performed on a reversed-phase
column (PepMap RSLC C18, 75 um x 50 cm, 2 um particles, Thermo
Scientific, U.S.A) with a flow rate of 250 nL/min. The chromatographic
method used a two-step gradient from 3% mobile phase of B phase
(0.1% formic acid in acetonitrile) to 25% B in 160 min and a 10 min
ramp to 40% B (A: 0.1% formic acid in water). MS analysis was per-
formed with a Q Exactive HF-X (Thermo Scientific, Waltham, MA, USA)
with a maximum of 15 MS/MS scans per cycle in the data-dependent
acquisition mode. Mass spectra were acquired using a normalized col-
lision energy of 27, resolution of 15 K, maximum inject time of 50 ms,
and an automatic gain control (AGC) target of 1e6. The precursor range
was set to m/z = 350-1600. For protein identification and label-free
quantification, MaxQuant (2.3.0) [28] was used in combination with
the Mus musculus subset of the UniProt database. The mass spectrom-
etry proteomics data have been deposited to the ProteomeXchange
Consortium via the PRIDE partner repository [29] with the project
accession: PXD045358. Applying the above-mentioned workflow, we
were able to identify 26,794 unique peptides and 29,769 peptides from
the cerebellum KO and WT samples, which resulted in 3535 proteins
(FDR < 0.01) 25,764 unique peptides and 23,898 peptides from liver
KO and WT samples, which resulted in 2820 proteins (FDR < 0.01)
(Table S1).

Data analysis was performed with Perseus (1.6.13.0) [30] and R
together with the tidyverse (4.1.2) and enhanced volcano plot packages
[31]. To ensure robust statistics, the hits of identified proteins were
filtered for at least 70% valid quantitative values among KO or WT
samples. To handle missing values the imputation feature implemented
in Perseus was used. Significantly altered proteins were detected using
a two-sample Student’s t-test with a significance cut-off (sO = 0.1,
FDR < 0.05). Corresponding Volcano plot and bubble plots were
performed in R (4.2.0).

The analysis of the liver tissue samples revealed no prominent pro-
teomic alterations, with only three proteins more abundant in KOs
(Table S2). However, in contrast 110 differentially abundant proteins
(Logy FC > 0.6; g-value < 0.05) in mouse cerebellar samples were
detected, of which 20 were less abundant and 90 were more abun-
dant in the KO genotype. Table 1 displays the top 20 proteins altered
in abundance in KO versus WT cerebella. Furthermore, the volcano
plot (Figure 1A) depicts proteins which are altered in abundance in
the CHRNA7Y knockout compared to the WT proteomes of cerebel-
lar samples (FDR < 0.05). Strikingly, GSN (Gelsolin) and IDE (Insulin
degrading enzyme), known o7 nAChR interactors [32], were found
among the proteins significantly altered in abundance. For downstream
bioinformatics analysis DAVID was used [33].

DAVID analysis was used with the following categories: GO molec-
ular function, GO biological process, Reactome, KEEG. Medium strin-
gency was applied and resulted clusters were labeled according to
the term with Enrichment Score > 1.3 and p-value < 0.05. The
obtained results from the 110 differentially abundant proteins were
then plotted in R. For the more abundant proteins (Figure 1B), five
significantly enriched clusters were detected. The highest enrich-
ment score showed the cluster “Glutamatergic synapse” and consists
of GNG13, ITPR1, SLC38A1, SLC1A3, SLC17A7, SLC38A3, SLC1A6,
SHANK1, SHANK?2 (Figure 1C). A list of the corresponding proteins,
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Differentially abundant proteins in cellular proteomes
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List of top 20 proteins altered in abundance in CHRNA7 KO versus WT cerebellum.

Uniprot

acc:ssion Gene names Protein names Log,FC g-value GO biological process (Uniprot)

More abundant in cellular proteomes

P11881 Itprl Inositol 1,4,5-trisphosphate receptor type 1 3.61 0.042 Calcium transport

Q78PY7 Snd1 Staphylococcal nuclease domain-containing 3.52 0.037 Transcription regulation
protein 1

P43276 Hist1lhi1b Histone H1.5 3.24 0.037 Chromatin organization

P63158 Hmgb1 High mobility group protein B1 3.02 0.044 Adaptive immunity

Q64444 Ca4 Carbonic anhydrase 4 2.72 0.043 Bicarbonate transport

Q9D1LO Chchd2 Coiled-coil-helix-coiled-coil-helix 271 0 Transcription
domain-containing protein 2

035544 Slclaé Excitatory amino acid transporter 4 2.62 0.035 Amino-acid transport

Q2PFD7 Psd3 PH and SEC7 domain-containing protein 3 2.57 0.006 ARF protein signal transduction

P43275 Histlhla Histone H1.1 2.56 0.037 DNA binding

Q61029 Tmpo Lamina-associated polypeptide 2, isoforms 2.53 0.035 regulation of DNA-templated
beta/delta/epsilon/gamma transcription

Less Abundant in cellular proteomes

Q5EBJ4 Ermn Ermin —-2.63 0.04 actin filament organization

008997 Atox1 Copper transport protein ATOX1 —2.40 0.03 lon transport

Q9D2P8 Mobp Myelin-associated oligodendrocyte basic —-2.23 0.04 central nervous system myelin
protein formation

P62482 Kcnab2 Voltage-gated potassium channel subunit —-2.08 0.04 lon transport
beta-2

Q61885 Mog Myelin-oligodendrocyte glycoprotein -1.97 0.04 regulation of cytokine

production

P13020 Gsn Gelsolin —-1.96 0.04 Cilium biogenesis/degradation

070172 Pip4k2a Phosphatidylinositol 5-phosphate 4-kinase —-1.85 0.04 Lipid matabolism
type-2 alpha

Q8VvDQ8 Sirt2 NAD-dependent protein deacetylase sirtuin-2 -1.67 0.04 autophagy

Qsow21 Gstm7 Glutathione S-transferase Mu 7 -1.51 0 glutathione metabolic process

Q62188 Dpysl3 Dihydropyrimidinase-related protein 3 -1.37 0.04 nervous system development

including the Log2 FC, g,and iBAQ values, can be found in Table 2. Inter-
estingly, 28 other proteins (Table S3) related to a glutamatergic synapse
pathway were identified which did not reach statistical significance
(FDR < 0.05) in the Student’s t-test (KO vs. WT).

Our results, therefore, suggest that the absence of these receptors
could trigger changes in glutamatergic signaling to compensate for the
loss of cholinergic input. Studies from glutamatergic synaptic trans-
mission showed that presynaptic «7 nAChRs mediate enhancement
of glutamate release. That could activate calcium-dependent signal-
ing cascades [34], which might further contribute to the significance
of proteins related to the glutamatergic pathway in the absence of
a7 nicotinic receptors. Additionally, the absence of a7 nicotinic recep-
tors raises the possibility of alterations in acetylcholine release, which
might lead to subsequent changes in the release of glutamate. Nev-
ertheless, further research is needed to investigate the extent of this
potential influence.

Among the less abundant proteins, the DAVID analysis displayed

two significantly enriched clusters. While the most enriched cluster

was the rather general term “cytosol,” the term “myelin sheath” was the
second most significant cluster which comprised: GSN, MOG, MOBP,
TPPP,ERMN, SIRT2. A list of the corresponding proteins, including the
Log2 FC, g and iBAQ values, can be found in Table 2. So far the a7
nicotinic receptor was not described to be directly involved in the for-
mation and maintenance of the myelin sheath. The myelin sheath is
produced by oligodendrocytes in the central nervous system and is a
crucial component of the nervous system as it insulates and protects
nerve fibers, allowing for efficient transmission of electrical impulses
[35]. Interestingly, Scott W. Rogers et al. detected transcripts of a7
nAChR in oligodendrocyte precursor cells (OPCs), a subtype of glial
cells responsible for myelin regeneration (oligodendrocytes originate
from OPCs) [36]. Among the less abundant proteins associated with the
myelin sheath, we found gelsolin (GSN) which is an actin-modulating
protein that is calcium regulated and plays a role in nucleation and
apoptotic processes [37] and sirtuin 2 (SIRT2) which is involved in the
regulation of lysosome mediated degradation of protein aggregates by

autophagy in neuronal cells [38].
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FIGURE 1 (A) Volcano plot of cerebellum protein intensity values in KO versus WT samples. Significantly altered proteins were detected with
nonpaired t-test with false discovery rate (FDR) correction (0.05). Each colored dot represents a protein fulfilling the significance criteria (|Log2
FC| > 0.6; p-value < 0.05). (B) Bubble plot of functionally enriched GO terms with Enrichment Scores > 1.3 and p-values < 0.05 of proteins more
and less abundant in KO cerebellum samples. The enriched clusters are represented by the GO term and are categorized based on molecular
function, biological process KEGG pathway and Reactome pathway. (C) Glutamatergic synapse-KEEG pathway. Labeled proteins are those with
higher abundance in the knockout (KO) mice. Abundance alterations are color coded and shown as Log2FC. Circle size correlates with g-value.

We also found decreased levels of the myelin-oligodendrocyte gly-
coprotein (MOG), whichis a glycoprotein essential in the myelination of
nerves in the central nervous system (CNS). Moreover, this proteinis an
important component of the oligodendrocyte surface membranes and
has, together with others, fundamental roles in the formation, mainte-
nance and disintegration of myelin sheaths [39, 40]. Likewise, we found
the myelin-associated oligodendrocyte basic protein (MOBP) as one
of the most decreased proteins in KO cerebellum samples. Strikingly,
MOBP is a structural constituent of myelin sheath, shares several char-
acteristics with MBP protein and is associated with multiple sclerosis
(MS) [41]. We further detected decreased ermin (ERMN) levels in KO

cerebellum samples, a protein which plays a role in cytoskeletal rear-

rangement during the compaction phase of myelinogenesis as well as
in the maintenance and stability of myelin sheath [42]. Taken together,
it can be speculated that the deletion of CHRNA7 affects myelin
sheath and, consequently, the efficiency of neural communication and
processing in the cerebellum. However, the specific involvement of
CHRNAY remains to be shown.

In conclusion, our dataset demonstrates that the deletion of
CHRNA7 has significant effects on the proteome of the cerebellum,
particularly with regards to myelin sheath formation, ion transport
and glutamatergic synapses. Although a proteomic dataset does not
allow to fully elucidate the impact of CHRNA7 on this part of the ner-

vous system, the dataset gives new insights and could be the basis for
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TABLE 2 List of proteins altered in abundance in CHRNA7 KO in “Glutamatergic synapse” and decreased in abundance in CHRNA7 KO in

“Myelin Sheath.

Wit iBAQ values

accession Gene names Protein names Log, FC g-value iBAQWT iBAQKO

GLUTAMATERGIC SYNAPSE

P11881 Itprl Inositol 1,4,5-trisphosphate receptor type 1 3.61 0.04 2.62E+07 2.09E+08

035544 Slclaé Excitatory amino acid transporter 4 2.63 0.00 1.64E+07 1.61E+08

Q3TXX4 Slc17a7 Vesicular glutamate transporter 1 2.48 0.05 5.88E+06 4.52E+07

D3YzZU1 Shank1 SH3 and multiple ankyrin repeat domains 2.07 0.04 1.96E+06 2.77E+07
protein 1

P56564 Slc1a3 Excitatory amino acid transporter 1 1.96 0.03 1.16E+08 7.39E+08

Q9JMF3 Gng13 Guanine nucleotide-binding protein 1.73 0.05 1.15E+07 6.78E+07
G(1)/G(S)/G(O) subunit gamma-13

Q8K2P7 Slc38al Sodium-coupled neutral amino acid 1.63 0.04 8.83E+05 1.02E+07
transporter 1

Q80z38 Shank2 SH3 and multiple ankyrin repeat domains 1.47 0.03 4.09E+05 6.38E+06
protein 2

Q8K2P7 Slc38a3 Sodium-coupled neutral amino acid 1.35 0.02 2.71E+06 1.12E+07
transporter 3

MYELIN SHEATH

Q5EBJ4 Ermn Ermin —2.64 0.05 8.68E+07 2.50E+07

Q9D2P8 Mobp Myelin-associated oligodendrocyte basic —-2.24 0.05 1.59E+08 6.52E+07
protein

Q61885 Mog Myelin-oligodendrocyte glycoprotein -1.97 0.04 9.91E+08 3.35E+08

P13020 Gsn Gelsolin —-1.96 0.04 1.59E+08 6.52E+07

Q8VvDQ8 Sirt2 NAD-dependent protein deacetylase sirtuin-2 —1.68 0.05 4.04E+08 1.24E+08

Q7TQD2 Tppp Tubulin polymerization-promoting protein -1.12 0.04 9.91E+08 3.35E+08

further investigations addressing the localization and functional roles
of a7 nAChR in the cerebellum.
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