A role of gut—microbiota—brain axis via subdiaphragmatic vagus
nerve in depression-like phenotypes in Chrna7 knock-out mice
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Abstract

The a7 subtype of the nicotinic acetylcholine receptor (a7 nAChR: coded by Chrna7) is known to
regulate the cholinergic ascending anti-inflammatory pathway. We previously reported that Chrna7
knock-out (KO) mice show depression-like behaviors through abnormal composition of gut microbiota
and systemic inflammation. Given the role of subdiaphragmatic vagus nerve in gut—microbiota—brain
axis, we investigated whether subdiaphragmatic vagotomy (SDV) could affect depression-like
behaviors, abnormal composition of gut microbiota, and microbes-derived metabolites in Chrna7 KO
mice. SDV blocked depression-like behaviors and reduced expression of synaptic proteins in the
medial prefrontal cortex (mPFC) of Chrna7 KO mice. LEfSe (linear discriminant analysis effect size)
analysis revealed that the species Lactobacillus sp. BL302, the species Lactobacillus hominis, and the
species Lactobacillus reuteri, were identified as potential microbial markers in the KO + SDV group.
There were several genus and species altered among the three groups [wild-type (WT) + sham group,
KO + sham group, KO + SDV group]. Furthermore, there were several plasma metabolites altered
among the three groups. Moreover, there were correlations between relative abundance of several
microbiome and behavioral data (or synaptic proteins). Network analysis showed correlations between
relative abundance of several microbiome and plasma metabolites (or behavioral data). These data
suggest that Chrna7 KO mice produce depression-like behaviors and reduced expression of synaptic
proteins in the mPFC through gut-microbiota—brain axis via subdiaphragmatic vagus nerve.
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Introduction

Depression is the most prevalent mental disorder with an estimated 5.0 % of adults and 5.7 % of elderly
adults (> 60 years old) worldwide. Furthermore, depression is a leading cause of disability worldwide,
and it is a major contributor to the overall global burden of disease (WHO 2021). Although the precise
neurobiology underlying depression remains unclear, inflammation is known to play an important role
in depression (Brydges et al., 2022; Haroon et al., 2012; Hashimoto, 2009; Hashimoto, 2015; Liu et
al., 2020; Lucido et al., 2021; Mac Giollabhui et al., 2021; Miller and Raison, 2016; Shan and
Hashimoto, 2022; Toenders et al., 2022; Zhang et al., 2016a).

Nicotinic acetylcholine receptor (nAChR) is a kind of ionotropic ligand-gated ion channels
widely distributed in various cells of the central nervous system (CNS), peripheral nervous system
(PNS), enteric nervous system, neuromuscular junction and immune system, which is consist of
pentameric combinations of a and/or B subunits (Dani, 2015; Dani and Bertrand, 2007). Among its
many subtypes, a7 nAchRs, encoded by the Chrna7 gene, mediates systemic inflammatory
homeostasis between the CNS and the immune system through a vagus nerve mediated way known as
the “cholinergic anti-inflammatory pathway” (Andersson and Tracey, 2012; Lei and Duan, 2021;
Martelli et al., 2014; Olofsson et al., 2012; Piovesana et al., 2021; Ulloa, 2005; Wang et al., 2003; Wu
et al., 2021). We previously reported that Chrna7 KO mice show depression-like phenotypes through
systemic inflammation (Pu 'Y, et al., 2021b; Zhang et al., 2016b).

Increasing evidence suggests altered composition of intestinal microbiota in rodents with
depressive-like phenotypes (Chang et al., 2022; Hashimoto, 2020; Huang et al., 2019; Park et al., 2013;
Qu et al., 2017; Wang et al., 2020a, 2020b; Wong et al., 2016; Yang et al., 2017; 2019; Zhang et al.,
2017; Zhang et al., 2019), and patients with depression (Caso et al., 2021; Jiang et al., 2015; Li et al.,
2022; Nikolava et al., 2021; Sanada et al., 2020; Wei et al., 2022a; 2022b; Wong et al., 2016; Zheng et
al., 2016). Fecal microbiota transplantation (FMT) of certain intestinal microbiota from depressed
patients or rodents with depressive-like phenotypes causes depression-like phenotypes in mice (Kelly

et al., 2016; Pu Y, et al., 2021b; 2022; Wang et al., 2020a; Yang et al., 2019; Zheng et al., 2016).



Furthermore, microbial-derived metabolites, including short-chain fatty acids (SCFAs), tryptophan-
derived metabolites, bile acids and D-amino acids, could regulate a number of physiological functions
such as behaviors (Bartoli et al., 2021; Chang et al., 2022; Hashimoto, 2022; Li et al., 2022; Pu J, et
al., 2021a; Tran and Mohajeri, 2021; Wan et al., 2022a; 2022b). Vagus nerve is known to play a key
role in the bi-directional communication between the gut microbiota and the brain (Bonaz et al., 2018;
Cawthon and de La Serre, 2018; Chang et al., 2022; Cryan et al., 2019; Forsythe et al., 2014). We
reported that subdiaphragmatic vagotomy (SDV) blocked the onset of depression-like behavior and
altered composition of intestinal microbiota in mice after lipopolysaccharide (LPS) administration
(Zhang et al., 2020). Subsequently, we reported that SDV blocked the onset of depression-like
behaviors in mice after FMT from mice with depression-like behaviors (Pu'Y, et al., 2021b; Wang et
al., 2020a; Wang et al., 2021). Collectively, it is likely that subdiaphragmatic vagus nerve plays a key
role in depression-like behaviors (Chang et al., 2022; Wei et al., 2022b). However, there are no reports
showing the role of subdiaphragmatic vagus nerve in depression-like phenotypes in Chrna7 KO mice.
The aim of present study was to evaluate whether SDV could affect depression-like phenotypes
and reduced expression of synaptic proteins in the medial prefrontal cortex (mPFC) of Chrna7 KO
mice. Furthermore, we performed 16s rRNA analysis for gut microbiota composition and untargeted
metabolomics analysis of plasma samples.
Materials and Methods
Animals
Mice deficient in a7 nAChR (coded by Chrna7 gene, C57BL/6 background) were purchased from the
Jackson Laboratory (Bar Harbor, ME, USA) (Zhang et al., 2016b). Adult male wild-type (WT) and
Chrna7 KO mice used in this study were littermates. All the experimental mice were aged 9 weeks,
body weight 21-27 g. All the experimental mice were acclimatized to standard laboratory conditions
(3 or 4/cage), maintain alternating cycles of 12 hours of light and 12 hours of darkness (lights on from
7: 00 ~ 19: 00), and under constant room temperature of 23 + 1°C and controlled humidity of 55 &+ 5%.

Animals were given free admittance to chow and water. The experimental protocol of present study



was approved by the Chiba University Institutional Animal Care and Use Committee (Permission
number 3-399). The experimental mice were all firstly deeply anesthetized with inhaled isoflurane and
then rapidly sacrificed by cervical dislocation. All efforts were made to minimize animals suffering.
Bilateral subdiaphragmatic vagotomy (SDV)
Bilateral SDV or sham surgery was performed under continuous inhalation anesthesia with 4-5%
isoflurane by using an inhalation small animal anesthesia apparatus (KN-1071 NARCOBIT-E;
Natsume Seisakusho, Tokyo, Japan), as previously method (Pu Y, et al., 2021b; Wang et al., 2020a;
2021; Zhang et al., 2020) with a slight modification. Briefly, each mouse was placed in the right-side
decubitus position, the skin is disinfected with iodophor disinfectant and sterile tissue is laid. Starting
from the midline alba of the abdomen, about 1 cm incision parallel to the costal arch was made at 0.5
cm below the left costal arch. The incision was gently opened with Mini incision spreader to expose
the underlying liver tissue. The liver tissue was carefully pushed upward using a small sterilized cotton
ball moistened with physiological saline solution and with the aid of an animal surgical microscope
(Leica, Heidelberg, Germany), the fascia between the caudate lobe and the left lobe of the liver was
sharply cut to fully expose the esophagus and the surrounding surgical field of view. In this case, the
dorsal and ventral branches running along the esophagus under the diaphragm of the vagus nerve can
be clearly identified and can be severed after careful separation. After that, no bleeding was detected,
and no additional injury of esophagus, liver and other organs was checked, the liver tissue was returned
to its original normal position, and 0.5 ml physiological saline solution was injected into the abdominal
cavity. Then 5-0 surgical silk sutures were used to suture the abdominal incision muscle and skin layers
layer by layer, ensuring aseptic operation throughout the operation. The successful implementation of
SDV was confirmed by a significant increase in stomach volume on the 14th postoperative day due to
loss of vagus nerve innervation.

During the sham operation, the abdominal wall incision of the same size was made in the same
way at the same site. After the dorsal and ventral branches of the subdiaphragmatic vagus nerve were

also softly exposed but not cut off, no bleeding and no additional damage of other organs was checked.



After the abdominal organs were restored to their normal positions, 0.5 ml normal saline was also
injected into the abdominal cavity, then the incision was sutured layer by layer using the same method.
Behavioral tests

Male WT and Chrna7 KO mice born in the same litter were subjected to behavioral tests, as previously
method (Pu 'Y, et al., 2021b; Wang et al., 2020a; 2021). Behavioral tests including locomotion test
(LMT), forced swimming test (FST), and 1% sucrose preference test (1% SPT) (Fig. 1A).

In order to monitor the locomotor activity of the mice, we adopted an automatic animal movement
analysis system (SCANET MV-40; MELQUEST Co., Ltd., Toyama, Japan). The cumulative
ambulatory activity counts were automatic document continuously over a total stage of 60 minutes (10
minutes X 6 times) after the mice were placed into the experimental cube boxes [33 cm (height) x 56
cm (width) x 56 cm (length)]. To avoid experimental interference, the cube boxes were cleaned up
during the test interval.

A mouse automated forced-swim apparatus (SCANET MV-40; MELQUEST Co., Ltd., Toyama,
Japan) was used to perform FST. Mice were placed into an inescapable transparent tank [31 cm (height)
x 23 cm (diameter)] that is filled with tap water at a temperature of 23 + 1°C and a depth of 15 cm.
Then their escape related mobility behavior was measured immediately. The immobility times were
automatic document and calculated using the analytical software of the apparatus over a total stage of
6 minutes (1 minutes X 6 times).

For 1% SPT, which was carried out in the separate animal’s home cage. Each mouse was
presented with two dual bearing sipper bottles, one bottle contained tap water, and the second contained
a 1% sucrose solution. After 24 hours of every mouse exposed to the respective two bottles containing
different solution, replaced the positions of two bottles for each other to lower any confound produced
by a side bias. After another 24 hours, all food and bottles were deprived lasting 4 hours, then
performed 1 hour exposure to two identical bottles (containing tap water and 1% sucrose solution),
which were weighed before and after the exposure period. The 1% sucrose preference was calculated

as a percentage of 1% sucrose solution intake weight over the total liquid intake weight.



Western blotting analysis of synaptic proteins (PSD-95 and GluA1l)

Western blotting analysis was performed as previously method (Pu'Y, et al., 2021b; Wang et al., 2020a;
2021; Yang Y, et al., 2022b). The mPFC tissues were mechanical homogenized just right in ice-cold
Laemmli lysis buffer. To avoid cross-contamination, each specimen was prepared separately, liquid
supernatants were collected after centrifugation at 3, 000 x g (RCF) at 4°C for 5 min. The total protein
concentration extracted from each sample was detected on a spectrophotometer (Molecular Devices
Emax Precision Microplate Reader; Molecular Devices., San Jose, CA, USA) using a DC protein assay
kit (Bio-Rad, Hercules, CA, USA). By adding a quarter volume of sample buffer (125 mM Tris-HCI,
pH 6.8; 0.1% bromophenol blue; 4% sodium dodecyl sulfate; and 10% B-mercaptoethanol and 20%
glycerol) and Laemmili Lysis buffer in appropriate proportions to balance the total protein
concentration of each sample, then incubate them at 95°C for 10 minutes.

Considering the size of target protein, we chose 10% sodium dodecyl sulfate—polyacrylamide gel
electrophoresis (SDS-PAGE) (catalog #: 4568125, Mini-PROTEAN TGX™ Stain-Free Gels; Bio-Rad,
USA) separated the proteins by gel electrophoresis. Then a Trans-Blot Mini Cell apparatus (Bio-Rad)
was used to electrotransfer the target protein onto polyvinylidene difluoride membranes.

For immunodetection, the polyvinylidene difluoride membranes were blocked with blocker [5%
skim milk in TBS +0.1% Tween-20 (TBST)] at room temperature for 1 hour, the membranes for
detecting postsynaptic density protein 95 (PSD-95) were incubated with the recommended dilution of
the primary antibody against PSD-95 (1: 1, 000, Catalog No.: 51-6900, 1 ug/mL, Invitrogen, Camarillo,
CA, USA) and B-actin (1: 10, 000; Cat number: A5441 Sigma-Aldrich Co., Ltd, St Louis, MO, USA)
at 4°C overnight. The next day, wash the polyvinylidene difluoride membranes in three washes of
TBST, 10 minutes each. Then the polyvinylidene difluoride membranes were selectively incubated
with a recommended dilution of labeled secondary antibody [anti-mouse antibody (1: 5, 000, catalog
No.: NA931, GE Healthcare) or a horseradish peroxidase-conjugated anti-rabbit antibody (1: 5, 000,
catalog No.: NA934, GE Healthcare)] in 5% blocking buffer in TBST at room temperature for 1 hour.

After three final washes in TBST, 10 minutes each. The bands in the polyvinylidene difluoride



membranes were detected using enhanced chemiluminescence plus a Western Blotting Detection
system (GE Healthcare Bioscience).

The membranes for detecting anti-glutamate receptor 1 (AMPA subtype: GluA1) were incubated
in elution buffer (62.5 mM Tris—HCI, pH 6.8, 2% sodium dodecyl sulfate, and 100 mM -
mercaptoethanol) (preheat in incubator at 60° C for 10 minutes, shake 50 times/min) at 60°C for 30
minutes and then washed three times (10 minutes at a time) in TBST. The stripped membranes were
blocked with blocker [5% skim milk in TBS + 0.1% Tween-20 (TBST)] at room temperature for 1 hour
and then were incubated with the recommended dilution of primary antibody directed against GluA1
(1: 1, 000; Cat No.: ab31232, Abcam, Cambridge, MA, USA) at 4° C overnight. The following day,
washing the membranes for three times (10 minutes at a time) in TBST and were incubated with a
recommended dilution of horseradish peroxidase-conjugated anti-rabbit antibody (1: 5, 000, catalog
No.: NA934, GE Healthcare) for 1 hour at room temperature. After three final washes in TBST, 10
minutes each. The bands in the polyvinylidene difluoride membranes were detected using enhanced
chemiluminescence plus a Western Blotting Detection system (GE Healthcare Bioscience). Images
were produced using a ChemiDoc™ Touch Imaging System (170-01401; Bio-Rad Laboratories,
Hercules, CA, USA), and immunoreactive bands were quantified using Image Lab™?3.0 software (Bio-
Rad Laboratories).

Collection of fresh fecal samples and 16S ribosome RNA sequencing

We collected fresh fecal samples from mice before behavioral test LMT (Fig. 1A). To avoid cross-
contamination, fecal samples from each mouse were collected separately. After the mice defecated,
fresh fecal samples were collected immediately and were quickly intromitted into individual sterilized
screw cap microtubes and then were stored at -80°C until use.

Extraction of total DNA from mouse feces samples and subsequent 16S rRNA analysis were
performed at MyMetagenome Co., Ltd. (Tokyo, Japan). The specific operation scheme can be carried
out according to the procedure previously reported (PuY, et al., 2021b; Wang et al., 2020a; 2021; Yang

Y, et al., 2022b). In brief, in order to amplify the V1-V2 hypervariable region of the bacterial 16S



ribosome RNA gene, the universal primers 27F-mod (5'-AGRGTTTGATYMTGGCTCAG-3’) and
338R (5'-TGCTGCCTCCCGTAGGAGT-3") have been used in the process of PCR. Then used an
[llumina MiSeq Platform to sequence the 16S amplicons. The similarities between the genome
database of the National Center for Biotechnology Information (NCBI) and the Ribosome Database
Project were searched by using the GLSEARCH program. Finally, OTUs were classified and identified.
a-diversity analysis such as Observed otus, Chaol, Ace, Shannon, and Shannon e was used to reflect
the abundance and diversity of intestinal microbial communities. B-diversity analysis including
Principal Co-ordinates Analysis (PCoA) was used to access similarity or dissimilarity of the three
intestinal microbial communities. Linear discriminant analysis (LDA) effect size (LEfSe) was used for
identifying certain bacteria as potential microbial biomarkers discovery. Microbiota-based potential
biomarker discoveries were performed with LEfSe using the online galaxy platform (Segata et al.,
2011). The LDA scores (LDA >4.0 and P < 0.05) derived from LEfSe analysis were considered
significantly to be enriched or deficient bacterial taxa in the intestinal microbiota among the three
groups.

Untargeted metabolomics analysis of plasma samples and data preprocessing

Untargeted metabolomics profiles from plasm samples were analysis by using ultra-performance liquid
chromatography-tandem quadruple time-of-flight mass spectrometry (UPLC-QTOF/MS) technique.
The acquisition was operated on an ExionLC™ AD system (SCIEX, Tokyo, Japan) coupled to a
X500R QTOF system (SCIEX, Tokyo, Japan), as previously reported (Wan et al., 2022a; 2022b). With
the help of R statistical environment Ver 4.0.5. and Mass Spectrometry-Data Independent AnaLysis
(MS-DIAL) software version 4.60 (Tsugawa et al., 2015), metabolomics profiles data was analyzed.
Metabolites were detected at least 50% from the analyzed samples and the coefficient of variation
(CV) values of 30% of metabolites in pooled quality control (QC) samples, and annotation level 2
proposed by Schymanski et al. (2014) were used for data analysis.

Statistical analysis

Statistical analysis of the data was performed using SPSS version 20.0 software (SPSS, Tokyo, Japan).



The data were shown as the mean + standard error of the mean (S.E.M.). Data for behavioral tests and
the expression levels of synaptic proteins were analyzed using one-way analysis of variance (ANOVA),
followed by Fisher’s least significant difference (LSD) test. The data of body weight were analyzed
using repeated measure ANOVA, followed by Fisher's LSD test. Metabolites, the a-diversity of
intestinal microbiota, and the abundance of gut microbiota at the phylum level, genus level, and species
level among the three groups were analyzed using the Kruskal-Wallis test, followed by the Dunn’s test
for post-hoc analysis. Pairwise comparison of metabolomics data among the three groups were
analyzed by Wilcoxon rank sum test. Bioinformatic analysis of PCoA, LEfSe algorithm of intestinal
microbiota, Volcanic plot analysis of metabolomics and Correlation networks were all performed by
using the OmicStudio tools (https://www.omicstudio.cn/tool).

Correlations between the plasma metabolites and the intestinal microbiota at species level,
depression-like phenotypes and the expression of synaptic proteins in the brain, and correlations
between the relative abundance of species bacteria and the expression levels of synaptic proteins in
the mPFC and depression-like phenotypes were analyzed using Spearman’s correlation analysis. P-
value for comparison less than 0.05 was regarded as significant.

Results

Effects of bilateral SDV on depression-like phenotypes, and the expression of synaptic proteins
in the brain

Effects of bilateral SDV in depression-like phenotypes in Chrna7 KO mice were investigated (Fig.
1A). Body weight after surgery was not different among the three groups (Fig. 1B). There were no
changes in locomotion among the three groups (Fig. 1C). The immobility time of FST in the KO +
sham group was significantly higher than that of WT + sham group and KO + SDV group (Fig. 1D).
In the SPT, sucrose preference of KO + sham group was significantly lower than that of WT + sham
and KO + SDV groups (Fig. 1E). There were no differences in FST immobility time and sucrose
preference of SPT between WT + sham group and KO + SDV group (Fig. 1D and 1E).

It is well known that synaptic proteins such as PSD-95 and GluA1 are decreased in the mPFC of



rodents with depression-like phenotypes (Pu Y, et al., 2021b; Wang et al., 2020a; 2020b; 2021; Yang
etal., 2015; Zhang et al., 2014). Western blotting analysis showed that the expressions of PSD-95 and
GluAl in the mPFC of the KO + sham group were significantly lower than those of WT + sham group
and KO + SDV group (Fig. 1F and 1G). There were no differences in expressions of GluA1 and PSD-
95 in the mPFC between WT + sham group and KO + SDV group (Fig. 1F and 1G).

These data suggest that bilateral SDV significantly blocked depression-like phenotypes and reduced

expression of synaptic proteins in the mPFC of Chrna7 KO mice.
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Figure 1. Effects of bilateral SDV on depression-like phenotypes and reduced expression of synaptic proteins
in Chrna7 KO mice

(A): Experimental schedule. On day 1, bilateral SDV or sham was performed, and they were recovered 14 days. On
day 15, fresh feces samples were collected, and subsequently LMT was performed. FST and SPT were performed on
day 16 and day 17, respectively. On day 18, medial prefrontal cortex (mPFC) and plasma samples were collected.
(B): Body weight (repeated measure ANOVA, F (2,21)=2.424, P=0.1129). (C): LMT (one-way ANOVA, F (2, 21)
=0.4278, P =0.6575). (D): FST (one-way ANOVA, F (2, 21) = 6.050, P = 0.0084). (E): SPT (one-way ANOVA, F
(2,21)=5.312, P=0.0136). (F): Western blot analysis of GluA1 in the mPFC (one-way ANOVA, F (2, 21) = 6.805,
P =0.0053) and the representative bands. (G): Western blot analysis of PSD-95 in the mPFC (one-way ANOVA, F
(2,21)=28.191, P=0.0023) and the representative bands. The data are shown as means + S.E.M (WT + sham group:
n =10, KO + sham group: n = 7, KO + SDV group: n = 7). ANOVA: analysis of variance. ns: not significant; *P <
0.05; **P < 0.01; ***P < 0.001.



Effects of bilateral SDV on the composition diversity of intestinal microbiota

For oa-diversity, Kruskal-Wallis test revealed no statistically significant differences in the
Observed_otus, Chaol, Ace, Shannon, and Shannon_e indices among the three group (Fig. 2A-2E).
Regarding B-diversity, the bacterial population composition of intestine microbiota in the three groups
was analyzed by PCoA. Based on the OUT level, PCoA analysis showed a significant separation in
the bacterial population composition through Analysis of similarities (ANOSIM) assessment (R =

0.3500, P = 0.001) (Fig. 2F).
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Figure 2. Effects of bilateral SDV on the diversity of gut microbiota composition

(A): Observed otus (Kruskal-Wallis test, P = 0.2028). (B): Chaol (Kruskal-Wallis test, P = 0.1920). (C): Ace
(Kruskal-Wallis test, P = 0.2305). (D): Shannon (Kruskal-Wallis test, P = 0.1941). (E): Shannon_e (Kruskal-Wallis
test, P = 0.1941). (F): PCoA based on OTU level (ANOSIM, Bray-Curtis dissimilarity matrix) (R = 0.3500, P =
0.001). For all box plots, the middle line in the box addresses the median, the box addresses the interquartile range,

and the whisker addresses the most extreme and least values. ns: not significant.

Effects of bilateral SDV on the LEfSe algorithm of intestinal microbiota
Cladogram presented the relationship between biomarker taxa (layers of the cladogram represent

different levels, with phylum, class, order, family, genus, and species from inside to outside)



generated by LEfSe analysis (Fig. 3A). Furthermore, we identified 5 taxonomic biomarkers, the
species Porphyromonadaceae bacteriumC941, the genus G undefined Porphyromonadaceae, the
species Gabonibacter massiliensis, the genus Gabonibacter, and the species Prevotella sp. oral taxon
317 for the WT + sham group. Furthermore, we identified 6 taxonomic biomarkers, the species
Gabonia massiliensis, the genus Gabonia, the family Porphyromonadaceae, the order Bacteroidales,
the class Bacteroidia, and the phylum Bacteroidetes for the KO + sham group. Moreover, we
identified 8 taxonomic biomarkers, the species Lactobacillus hominis, the species Lactobacillus
reuteri, the species Lactobacillus sp. BL302, the genus Lactobacillus, the family Lactobacillaceae,

the order Lactobacillales, the class Bacilli, and the phylum Firmicutes for the KO + SDV group (Fig.

A Cladogram B
- T +Sham [ veT+Sham
I KO+Sham [ KO+ Sham

. KO+SDV

W : 5 Forphyromonadaceae bacterium C941 0.6 endefined Porphyromenadaceas
W b9 G _undefined_Porphyromonadaceae aPorphyromonadacea bacterum co41 |
W c: 5_Gabonia massiliensis s Provatels sp oral texon 317 |
B d: g_Gabonia g_Gabonlbacter
W e: s Gabonibacter massiliensis
. f; g_Gabonibacter

W o: {_Porphyromenadaceae

m h: s_Prevetella sp, oral taxon 317

- Bacill
B s: p_firmicutes = ]
s Lactobacitius vominis |
s Lactobeoiius reurer! [

o 1 2 3 4 5‘
LDA SCORE (log 10}

Figure 3. LEfSe analysis for potential bacteria biomarkers of gut microbiota
(A): Functional branching diagram generated from LEfSe showing the differences of the three groups at different
taxonomic levels. (B): Histogram representing the enriched taxa with LDA score > 4.0 and P < 0.05 obtained from

LEfSe of the three groups.



Effects of bilateral SDV on the intestinal microbiota at the levels of phylum, genus, and species
At the phylum level, the composition of the intestinal microbiota in Chrna7 KO mice was altered after
SDV (Fig. 4A). Compared with WT + sham group and KO + sham group, the relative abundance of
Firmicutes in the KO + SDV group were significantly higher, although there were no significant
differences between WT + sham group and KO + sham group (Fig. 4B). Although there were no
significant differences in the relative abundance of Tenericutes between KO + SDV group and KO +
sham group, the relative abundance of Tenericutes in the KO + SDV group were significantly lower

than that in the WT + sham group (Fig. 4C).
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Figure 4. Effects of bilateral SDV on gut microbiota at the phylum levels

(A): Gut bacteria composition at the phylum level in the three groups. (B): Relative abundance of the phylum
Firmicutes (Kruskal-Wallis test, P=0.0126). (C): Relative abundance of the phylum Tenericutes (Kruskal-Wallis test,
P = 0.0258). For all box plots, the middle line in the box addresses the median, the box addresses the interquartile

range, and the whisker addresses the most extreme and least values. *P < 0.05. ns: not significant.

At the genus level, the composition of the gut microbiota in Chrna7 KO mice was altered after
SDV (Fig. 5A). The relative abundance of Faecalibaculum in the KO + SDV group were statistically

significantly lower than in the WT + sham group and KO + sham group (Fig. 5B). The relative



abundance of Candidatus Arthromitus, Bifidobacterium, G undefined Burkholderiales, and
Muribaculum in the KO + SDV group was lower than that in the WT + sham group, whereas the
relative abundance of Thubacter in the KO + SDV group was higher than that in the WT + sham group
(Fig. 5C, 5F, and 51-5J). The relative abundance of Turicibacter in the KO + SDV group were lower
than in the KO + sham group (Fig. 5D). The relative abundance of Lactobacillus in the KO + SDV
group were higher than in the KO + sham group (Fig. 5G). The relative abundance of Lactococcus in

the KO + sham group and the KO + SDV group were lower than the WT + sham group (Fig. 5E).
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Figure 5. Effects of bilateral SDV on gut microbiota at the genus levels

(A): Gut bacteria composition at the genus level in the three groups. (B): Relative abundance of the genus
Faecalibaculum (Kruskal-Wallis test, P = 0.0009). (C): Relative abundance of the genus Candidatus Arthromitus
(Kruskal-Wallis test, P=0.0021). (D): Relative abundance of the genus Turicibacter (Kruskal-Wallis test, P = 0.0030).
(E): Relative abundance of the genus Lactococcus (Kruskal-Wallis test, P = 0.0053). (F): Relative abundance of the
genus Bifidobacterium (Kruskal-Wallis test, P = 0.0086). (G): Relative abundance of the genus Lactobacillus
(Kruskal-Wallis test, P = 0.0102). (H): Relative abundance of the genus lhubacter (Kruskal-Wallis test, P = 0.0131).
(D: Relative abundance of the genus G_undefined Burkholderiales (Kruskal-Wallis test, P = 0.0132). (J): Relative
abundance of the genus Muribaculum (Kruskal-Wallis test, P = 0.0395). For all box plots, the middle line in the box
addresses the median, the box addresses the interquartile range, and the whisker addresses the most extreme and least

values. *P < 0.05; **P < (0.01. ns: not significant.



At the species level, we screened out 15 bacteria with statistical differences based on their relative
abundance (Fig. 6A). There were significant differences in the relative abundance of Lactobacillus
intestinalis, Lactobacillus hominis, Faecalibaculum rodentium, Lactobacillus sp. BL302, Bacteroides
sp. TP-5, Candidatus Arthromitus sp. SFB-mouse, Turicibacter sp. LA62, Lactobacillus reuteri,
Lactococcus lactis, Lactobacillus sp. NBRC 14512, Clostridium sp. Culture Jar-56, Lachnospiraceae
bacterium 607, Clostridiales bacterium CIEAF 030, Bifidobacterium pseudolongum and Muribaculum
intestinale (Fig. 6B-6P). Among these microbes, the relative abundance of three microbiome
(Lactobacillus intestinalis, Lactobacillus sp. BL302, Turicibacter sp. LA62) was significantly different

between KO + sham group and KO + SDV group (Fig. 6B, 6E, and 6H).
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Figure 6. Effects of bilateral SDV on gut microbiota at the species levels

(A): Gut bacteria composition at the species level in the three groups. (B): Relative abundance of the species
Lactobacillus intestinalis (Kruskal-Wallis test, P = 0.0001). (C): Relative abundance of the species Lactobacillus
hominis (Kruskal-Wallis test, P = 0.0002). (D): Relative abundance of the species Faecalibaculum rodentium
(Kruskal-Wallis test, P = 0.0009). (E): Relative abundance of the species Lactobacillus sp. BL302 (Kruskal-Wallis
test, P=0.0012). (F): Relative abundance of the species Bacteroides sp. TP-5 (Kruskal-Wallis test, P = 0.0018). (G):
Relative abundance of the species Candidatus Arthromitus sp. SFB-mouse (Kruskal-Wallis test, P = 0.0023). (H):
Relative abundance of the species Turicibacter sp. LA62 (Kruskal-Wallis test, P = 0.0030). (I): Relative abundance
of the species Lactobacillus reuteri (Kruskal-Wallis test, P = 0.0047). (J): Relative abundance of the species



Lactococcus lactis (Kruskal-Wallis test, P = 0.0053). (K): Relative abundance of the species Lactobacillus sp. NBRC
14512 (Kruskal-Wallis test, P = 0.0088). (L): Relative abundance of the species Clostridium sp. Culture Jar-56
(Kruskal-Wallis test, P =0.0155). (M): Relative abundance of the species Lachnospiraceae bacterium 607 (Kruskal-
Wallis test, P =0.0155). (N): Relative abundance of the species Clostridiales bacterium CIEAF 030 (Kruskal-Wallis
test, P = 0.0214). (O): Relative abundance of the species Bifidobacterium pseudolongum (Kruskal-Wallis test, P =
0.0245). (P): Relative abundance of the species Muribaculum intestinale (Kruskal-Wallis test, P = 0.0395). For all
box plots, the middle line in the box addresses the median, the box addresses the interquartile range, and the whisker

addresses the most extreme and least values. *P < 0.05; **P < 0.01; ***P < (0.001. ns: not significant.

Untargeted metabolomic profiles analysis of plasma samples

Considering the close interaction between intestinal microbiome and host metabolism, we conducted
untargeted metabolomics profiles analysis from plasma samples. After the quality control and removal
of low-abundance peaks, a subset of 175 metabolites was annotated. After log10 transformation of the
concentration of metabolomics data, Kruskal-Wallis test was performed among the three groups. We
identified 24 metabolites with statistical differences (Fig. 7A-7D).
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Figure 7. Effect of bilateral SDV on plasma metabolites

(A): Violin plot showing the changes of 6 kinds of metabolites [1,5-anhydro-D-sorbitol (Kruskal-Wallis test, P =
0.0016), L-citrulline (Kruskal-Wallis test, P=0.0018), 3-ethylphenol (Kruskal-Wallis test, P=0.0019), trifluoroacetic
acid (Kruskal-Wallis test, P = 0.0046), propynoic acid (Kruskal-Wallis test, P = 0.0046), phenol (Kruskal-Wallis test,



P = 0.0055)] among the three groups. (B): Violin plot showing the changes of 6 kinds of metabolites [2-ethyl-2-
hydroxybutyric acid (Kruskal-Wallis test, P = 0.0059), D-ornithine (Kruskal-Wallis test, P = 0.0065), 4-
hydroxybenzoic acid (Kruskal-Wallis test, P = 0.0077), succinic anhydride (Kruskal-Wallis test, P = 0.0078), 2,6-
dihydroxybenzoic acid (Kruskal-Wallis test, P = 0.0080), 2-oxindole (Kruskal-Wallis test, P = 0.0080)] among the
three groups. (C): Violin plot showing the changes of 6 kinds of metabolites [phenol sulfate (Kruskal-Wallis test, P
= 0.0080), resorcinol (Kruskal-Wallis test, P = 0.0111), 4-vinylphenol sulfate (Kruskal-Wallis test, P = 0.0113), D-
pinitol (Kruskal-Wallis test, P = 0.0122), taurocholic acid (Kruskal-Wallis test, P = 0.0129), 2-hydroxy-3-
methylbutyric acid (Kruskal-Wallis test, P = 0.0145)] among the three groups. (D): Violin plot showing the changes
of 6 kinds of metabolites [1,3-dichloropropene (Kruskal-Wallis test, P = 0.0203), acrolein (Kruskal-Wallis test, P =
0.0209), L-proline (Kruskal-Wallis test, P = 0.0245), tanacetol B (Kruskal-Wallis test, P = 0.0321), thiosulfate
(Kruskal-Wallis test, P = 0.0436), ethyl hydrogen sulfate (Kruskal-Wallis test, P = 0.0460)] among the three groups.
The X-axis using the letter symbol representing the names of different plasma metabolites, and the Y-axis represents
the concentration of various plasma metabolites after logl0 transformation. *P < 0.05; **P < 0.01; Different colors

of violin plots represent the corresponding groups.



Then we conducted pairwise comparison of metabolomics data among the three groups, and
screened out the metabolites with significant up-regulation and down-regulation obtained in each two
groups through the form of Volcano plot [the threshold was set as: P < 0.05 and fold change (FC) > 2].
When comparing the WT + sham group with the KO + sham group, we confirmed that 3 annotation
metabolites were significantly up-regulated and 7 annotation metabolites were significantly down-
regulated (Fig. 8A). When comparing the WT + sham group with the KO + SDV group, we confirmed
that 9 annotation metabolites were significantly up-regulated and 8 annotation metabolites were
significantly down-regulated (Fig. 8B). When the KO + sham group compared with the KO + SDV
group, we confirmed 9 significantly up-regulated annotated metabolites and 4 significantly down-
regulated metabolites (Fig. 8C).

Finally, we further used UpSet plot listed out that there were 11 kinds of annotated metabolites
with statistical differences between WT + sham group and KO + sham group, 17 kinds of annotated
metabolites with statistical differences between the KO + sham group and KO + SDV group, and 27
kinds of annotated metabolites with statistical differences between WT + sham group and KO + SDV
group. In addition, 6 kinds of annotated metabolites showed significant differences between the WT +
sham group and the KO + sham group, and between the WT + sham group and the KO + SDV group.
Furthermore, 9 kinds of annotated metabolites showed significant differences between the KO + sham
group and the KO + SDV group, and between the WT + sham group and the KO + SDV group (Fig.

8D).
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Figure 8. Differences of plasma metabolites between different experimental groups

(A): Volcano plot indicating 3 annotation metabolites were significantly up-regulated, 7 annotation metabolites were
significantly down-regulated and 165 annotation metabolites were no differences when comparing the WT + sham
group with the KO + sham group. (B): Volcano plot indicating 9 annotation metabolites were significantly up-
regulated, 8 annotation metabolites were significantly down-regulated and 158 annotation metabolites were no
differences when comparing the WT + sham group with the KO + SDV group. (C): Volcano plot indicating 9
annotation metabolites were significantly up-regulated, 4 annotation metabolites were significantly down-regulated
and 162 annotation metabolites were no differences when comparing the KO + sham group with the KO + SDV
group. The X-axis represents the log2-transformed values of the FC of plasma metabolite concentration, and the Y-
axis represents the -log10-transformed values of P value using the Wilcoxon rank sum test. The horizontal dotted line
indicates P = 0.05 and the vertical dotted line indicates FC =+ 2. Metabolites with up-regulated, down-regulated, and
no difference were marked in red, purple, and black respectively. (D): UpSet plot listed out there were 11 kinds of
annotated metabolites with statistical differences between the WT + sham group and the KO + sham group, 17 kinds
of annotated metabolites with statistical differences between the KO + sham group and the KO + SDV group, and 27
kinds of annotated metabolites with statistical differences between the WT + sham group and the KO + SDV group
by using the Wilcoxon rank sum test (P < 0.05). In addition, 6 kinds of annotated metabolites showed significant
differences between the WT + Sham group and the KO + sham group and between the WT + sham group and the KO
+ SDV group, and 9 kinds of annotated metabolites showed significant differences between the KO + sham group
and the KO + SDV group and between the WT + sham group and the KO + SDV group. Besides, 5 kinds of annotated
metabolites showed significant differences between the WT + sham group and the KO + sham group, 8 kinds of
annotated metabolites showed significant differences between the KO + sham group and the KO + SDV group, 12
kinds of annotated metabolites showed significant differences between the WT + sham group and the KO+SDV group.



Correlations between the gut microbiota and plasma metabolites (or FST, synapse proteins)
There was a widely correlation between the plasma metabolites and the gut microbiota of the three
groups, indicating the existence of a close relationship between the plasma metabolites and the gut
microbiota. Furthermore, we evaluated the association between plasma metabolites and the gut
microbiota at the species level. After screening the data by setting the threshold of P < 0.05 and the
absolute value of R > 0.5, a Correlation Network was developed to indicate the correlation between
the plasma metabolites and the intestinal microbiota at species level, depression-like phenotypes and
the expression of synaptic proteins in the brain, all of which significantly differences among the three
groups in the present study (Fig. 9A).

Two differentially relative abundant of gut bacteria (Lactobacillus intestinalis and Bacteroides sp.
TP-5) were positively correlated with 1,5-anhydro-D-sorbitol (Fig. 9A). Three differentially relative
abundant of gut bacteria (Faecalibaculum rodentium, Turicibacter sp. LA62 and Muribaculum
intestinale) were negatively correlated with 1,5-anhydro-D-sorbitol (Fig. 9A). There were positive
correlations between the relative abundance of species Lactobacillus intestinalis, Lactobacillus
hominis, Lactobacillus sp. BL302, Lactobacillus sp. NBRC 14512, and Clostridiales bacterium CIEAF
030 and L-citrulline. In contrast, there were negative correlations between the relative abundance of
species Faecalibaculum rodentium and L-citrulline (Fig. 9A).

The relative abundance of species Lachnospiraceae bacterium 607 was positively correlated with
succinic anhydride while the relative abundances of species Lactobacillus hominis, Lactobacillus sp.
BL302, Bacteroides sp. TP-5, Lactobacillus reuteri, and Clostridiales bacterium CIEAF 030 were
negatively correlated with succinic anhydride (Fig. 9A). The species Lactobacillus intestinalis,
Lactobacillus hominis, Lactobacillus sp. BL302, Lactobacillus reuteri and Lactobacillus sp. NBRC
14512 were positively correlated with taurocholic acid. In contrast, the species Faecalibaculum
rodentium and Turicibacter sp. LA62 were negatively correlated with taurocholic acid (Fig. 9A).

There was only a significant positive correlation between the FST data and the concentration of

ethyl hydrogen sulfate (Fig. 9A). There was no correlation between changes in SPT and changes in



metabolite concentration (data not shown). There was a positive correlation between GluA 1 expression
levels in mPFC and the concentration of 2-oxindole (Fig. 9A). Furthermore, there were positive
correlations between PSD-95 expression levels in mPFC and the concentration of L-citrulline, D-
ornithine, 2,6-dihydroxybenzoic acid or resorcinol. In contrast, there were no negative correlations
between expressions of GluA1 and PSD-95 in the mPFC and plasma metabolites (Fig. 9A).
Similarly, we used a Correlation Network to investigate correlations between the relative
abundance of the gut bacteria that differed significantly at the species levels among the three groups
and depression-like phenotypes or the expression of synaptic proteins (Fig. 9B). After screening the
data by setting the threshold of P < 0.05 and the absolute value of R > 0.5. There were significant
negative correlations between the FST data and the relative abundance of the species Lactobacillus
intestinalis, Lactobacillus sp. BL302, Bacteroides sp. TP-5, and Lactobacillus sp. NBRC 14512 in the
three groups (Fig. 9B), suggesting a role of these species in behavioral despair. There were statistically
significant positive correlations between the SPT data and the relative abundance of species
Bacteroides sp. TP-5 in the three experimental groups (Fig. 9B), suggesting a role of Bacteroides sp.
TP-5 in anhedonia-like behavior. Furthermore, there were positive or negative correlation between
expression levels of synaptic proteins in the mPFC and the relative abundance of species bacteria (Fig.

9B).
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Figure 9. Correlation network between behavioral data (or synaptic proteins) and microbiota (or metabolites)

(A): A Correlation Network indicating the correlations between the concentrations of plasma metabolites and the gut
microbiota at the species level, the results of the behavioral test and the expression of synaptic proteins of mPFC
(The threshold was set as P < 0.05 and the absolute value of R > 0.5. The different colors of nodes represent different
groups. The sizes of node gradients represent varying degrees of correlation. The thickness of the line represents the
absolute value of the correlation coefficient. Solid lines represent positive correlations, dotted lines represent negative
correlations). (B): A Correlation Network showed correlations between the relative abundance of gut bacteria at the
species level and the results of the behavioral test and the expression of synaptic proteins of mPFC (The threshold
was set as P < 0.05. The different colors of nodes represent different groups. The sizes of node gradients represent
varying degrees of correlation. The thickness of the line represents the absolute value of the correlation coefficient.

Solid lines represent positive correlations, dotted lines represent negative correlations).

Discussion

The major findings of this study are as follows: First, SDV blocked depression-like behaviors and
reduced expression of synaptic proteins (i.e., GluA1l and PSD-95) in the mPFC of Chrna7 KO mice.
Second, there were no changes in a-diversity among the three groups. However, there was a significant
difference in PB-diversity among the three groups. LEfSe analysis revealed that the species

Lactobacillus sp. BL302, the species Lactobacillus hominis, and the species Lactobacillus reuteri, were



identified as potential microbial markers in the KO + SDV group. Furthermore, there were several
genus and species altered among the three groups. Third, there were several metabolites altered among
the three groups. Fourth, there were correlations between relative abundance of several microbiome
and behavioral data (or synaptic proteins). Network analysis showed correlations between several
microbiome and blood metabolites or behavioral data. Collectively, these data suggest that
subdiaphragmatic vagus nerve plays a crucial role in depression-like phenotypes in Chrna7 KO mice
through gut-microbiota— brain axis including microbiome-derived metabolites.

B-diversity data among the three groups suggest that SDV is a driving factor for the differential
expression of structural similarity in microbial communities. We reported that LPS significantly
decreased a-diversity and relative abundance of gut microbiota in mice, and that SDV did not cause
LPS-induced alterations in a-diversity and relative abundance of gut microbiota in mice (Zhang et al.,
2020), suggesting that LPS could cause depression-like behaviors in mice through gut-microbiota—
brain axis via subdiaphragmatic vagus nerve. Furthermore, SDV blocked depression-like behaviors in
mice after FMT from mice with depression-like behaviors (Pu 'Y, et al., 2021b; Wang et al., 2020a;
Wang et al., 2021). McVey Neufeld et al. (2019) reported that oral treatment with selective serotonin
reuptake inhibitor (SSRI: fluoxetine or sertraline) leads to a significant increase in vagal fiber activity,
and that blocking vagal signaling from the gut to the brain via SDV abolished antidepressant-like effect
of SSRI, suggesting the role of vagus nerve dependent gut—brain axis in the antidepressant effects of
SSRIs. From the current data, it is unclear whether subdiaphragmatic vagus nerve is responsible for
depression-like phenotypes of Chrna7 KO mice. A recent study demonstrated that SDV or genetic
knock-out of a7 nAchRs abolished the anti-inflammatory actions of famotidine (a histamine 2 receptor
antagonist) in mice with LPS-treated cytokine stream (Yang H, et al., 2022a), suggesting a role of
vagus nerve anti-inflammation via a7 nAchRs. Given the crucial role of a7 nAchRs on vagus nerve
inflammatory actions (O’Mahony et al., 2009; Yang H, et al., 2022a), it is possible that
subdiaphragmatic vagus nerve may be responsible for depression-like phenotypes of Chrna7 KO mice.

Taken together, it is likely that gut-microbiota—brain axis via subdiaphragmatic vagus nerve plays an



important role in depression-like phenotypes of Chrna7 KO mice.

At the phylum level, the most abundant phylum Firmicutes was significantly increased in KO +
SDV group compared to other two groups, suggesting that subdiaphragmatic vagus nerve may affect
relative abundance of Firmicutes in gastrointestinal trait. At the species level, the relative abundance
of Lactobacillus intestinalis and Lactobacillus sp. BL302 in KO + SDV group was higher than that of
KO + sham group. Furthermore, network analysis showed that these two bacteria were correlated with
depression-like phenotypes and reduced synaptic proteins, suggesting a role of these two bacteria in
depression. In contrast, the relative abundance of Turicibacter sp. LA62 in KO + SDV group was lower
than that of KO + sham group. A network analysis showed that Turicibacter sp. LA62 was also
correlated with depression-like phenotypes and reduced synaptic proteins. Collectively, it seems that
Lactobacillus intestinalis, Lactobacillus sp. BL302, and Turicibacter sp. LA62 might be associated
with depression-like phenotypes although further study is needed.

Using untargeted metabolomics analysis, we found that plasma levels of 1,5-anhydro-D-sorbitol
(also known as 1,5-anhydro-D-glucitol), L-citrulline, and taurocholic acid in the KO + SDV group
were higher than those of KO + sham group. A network analysis showed that 1,5-anhydro-D-sorbitol
was negatively correlated with Faecalibaculum rodentium, suggesting that Faecalibaculum rodentium
may be involved in the synthesis of 1,5-anhydro-D-sorbitol. A report showed that low plasma levels
of 1,5-anhydro-D-sorbitol are closely associated with impaired peripheral nerve function and diabetic
peripheral neuropathy in patients with type 2 diabetes (Xu et al., 2022), suggesting that lower plasma
levels of 1,5-anhydro-D-sorbitol may be a risk factor for diabetic peripheral neuropathy. L-citrulline
is a nitrogen end product produced from glutamine through urea cycle. Blood levels of L-citrulline and
L-arginine in unmedicated patients with major depressive disorder (MDD) were significantly lower
than healthy controls (Hess et al., 2017). MDD patients had a lower NOS (nitric oxide synthase)
activity (L-citrulline/L-arginine ratio) than healthy controls at baseline (Loeb et al., 2020). NOS
activity in MDD patients increased significantly after antidepressant treatment (Loeb et al., 2020),

suggesting a state biomarker for depression. Furthermore, taurocholic acid (conjugation of cholic acid



with taurine) was positively correlated with several bacteria including Lactobacillus intestinalis,
suggesting that these bacteria may play a role in the production of taurocholic acid, major bile acid.
Interestingly, there was a significant difference in blood levels of taurocholic acid between MDD
patients and healthy controls (Bai et al., 2021). Given anti-inflammatory role of taurocholic acid, it is
possible that higher levels of taurocholic acid may play a role in antidepressant-like effects of SDV in
Chrna7 KO mice. Succinic anhydride was negatively correlated with Bacteroides sp. TP-5 which were
associated with depression-like phenotypes. Collectively, it is likely that microbes-derived metabolites
may play a role in the antidepressant-like effects of SDV in Chrna7 KO mice.

A network analysis showed that Lactobacillus intestinalis, Lactobacillus reuteri, Turicibacter
sp. LA62, and Bacteroides sp. TP-5 were correlated with depression-like behaviors. There are no
reports showing the role of Turicibacter sp. LA62, and Bacteroides sp. TP-5 in depression. We reported
that oral ingestion of Lactobacillus intestinalis and Lactobacillus reuteri caused depression-like
phenotypes in antibiotic-treated mice through gut-microbiota—brain axis via subdiaphragmatic vagus
nerve (Wang et al., 2020a). Furthermore, we reported that oral ingestion of Faecalibaculum rodentium
caused depression-like phenotypes in resilient Ephx2 KO mice through gut-microbiota—brain axis via
subdiaphragmatic vagus nerve (Wang et al., 2021). Furthermore, Faecalibaculum rodentium was
positively correlated with FST data, and negatively correlated with SPT data. These data suggest that
Faecalibaculum rodentium might play a role in depression-like phenotypes. Collectively, it is likely
that these bacteria might play a role in the antidepressant-like effects of SDV in Chrna7 KO mice
although further study is needed.

This study has the one limitation. The current data of this study do not show a direct role of gut
microbiota in depression-like phenotypes of Chrna7 KO mice although a previous study suggests a
role of gut microbiota in depression-like phenotypes of Chrna7 KO mice (Pu'Y, et al., 2021b). Further
study to identify specific microbiomes which contribute to depression-like phenotypes of Chrna7 KO
mice is needed.

In conclusion, the current data show that SDV blocked depression-like behaviors and reduced



synaptic proteins in the mPFC of Chrna7 KO mice. Therefore, gut-microbiota—brain axis via
subdiaphragmatic vagus nerve plays a role in depression-like phenotypes in Chrna7 KO mice.

Data and code availability

The 16S rRNA sequencing data has been uploaded and saved in the NCBI Sequence Read Archive and

1s available at the accession number PRINA845101.
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