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Supplemental Figure S1: Antibiotic Treatment Significantly Impacts Gut Microbiome Composition. Fecal data was obtained from
all animals and cohorts involved in the study as a measure of gut microbiome composition. Biological replicate sample sizes as Nweek:
unimplanted control (no = 5, n1 = 5, n2 = 5), unimplanted antibiotic (no = 5, n1 = 2, n2 = 4), implanted 4-week control (no =6, n1 =6, n2 =
6, n3 = 6, n4 = 6), implanted 4-week antibiotic (no = 6, n1 =5, n2 =5, n3 =4, n4 = 3), implanted 12-week control (no =8, n1 =4, n2=4, n3
=7,n3=4,n6=7,n12=7), implanted 12-week antibiotic (no =8, n1=5,n2=5, n3 =7, n4 =6, ns = 6, n12 = 3). Unimplanted/Implanted,
Control/Antibiotic abbreviated as Unimp/Imp, C/A respectively. (A) Violin plots over raw data points of the mean number of observed
OTUs and Shannon Diversity Index for the rarified control and antibiotic-treated groups. 500 rarefactions performed and pairwise
comparisons made using 2-sided Tukey’s Honest Significant Differences with adjustment for multiple comparisons. (B) Alluvial plot of
the mean relative abundance over time by phylum in the rarefied fecal samples from antibiotic-treated and control unimplanted and
implanted animals. 500 rarefactions performed. Bands for phyla ordered from most (top) to least (bottom) abundant at each timepoint.
(C) Bacteria composition comparison of the gut microbiome using Analysis of Compositions with Bias Correction (ANCOM-BC)
between antibiotic and control groups for the unimplanted group after two weeks of treatment, the implanted group after 4 weeks of
implantation and treatment, and the implanted group after 12 weeks of implantation and treatment. ANCOM-BC used to perform a 2-
sided test for differential abundance (log fold change # 0). Created in BioRender. Capadona, J. (2025) https://BioRender.com/I47u236.
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Supplemental Figure S2: Invasion of the Brain by Microbes from the Phylum Firmicutes Following Microelectrode
Implantation. The relative abundance of microbes varies by implantation status within the control group, with specific taxa enriched in
each timepoint, as revealed by Linear discriminant analysis Effect Size (LEfSe) biomarker identification. LEfSe performs a 2-sided non-
parametric factorial Kruskal-Wallis (KW) sum-rank test to identify differentially abundant features between groups, pairwise 2-sided
unpaired Wilcoxon rank-sum tests to determine biological consistency within subclasses, and estimates effect sizes for each feature
with Linear Discriminant Analysis (LDA). Only the most enriched features with axc LDA score greater than 10*% are shown. (A) Bar plot
of the log10 LDA scores estimating effect sizes of each differentially abundant feature, where higher values of the indicate a greater
degree of enrichment of that feature within that group. (B) A cladogram of the phylogenetic relationship between the enriched taxa from
each implantation status. Created in BioRender. Capadona, J. (2025) https://BioRender.com/u64c450.
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Supplemental Figure S3: Minimal Proteomic Changes are Observed at 12 Weeks Post-Implantation. Volcano plots showing
neural proteomic panel evaluation of 12-week antibiotic (n = 3 samples) compared to 12-week control (n = 3 samples) across the entire
AOI (within 270 um from the implant), the inner ring of the AOI (within 0 - 90 um), the middle ring of the AOI (90 — 180 pum), and the



outer ring (180 - 270 um) for all cells, all neuron-specific cells (stained using an NeuN antibody), and all astrocyte-specific cells (stained
using a GFAP antibody). Proteins with a negative Log2FC indicate downregulation (blue points) in antibiotic compared to control, while
a positive Log2FC indicates upregulation (green points) in antibiotic compared to control. Unadjusted p-values are plotted and shown,
but all statistical comparisons were done using adjusted p-values. The black dotted line indicates significance (padjusted = 0.05). Each
point on the volcano plot indicates a singular protein, with select proteins shown in the text. Comparisons with no cell specificity were
made on the (A) entire AOI, (B) inner ring, (C) middle ring, and (D) outer ring. Neuron-specific comparisons were made on the (E) entire
AOI, (F) inner ring, (G) middle ring, and (H) outer ring. Astrocyte-specific comparisons were made on the (I) entire AOI, (J) inner ring,
(K) middle ring, and (L) outer ring. After normalization, an unpaired t-test were performed across respective groups for comparison.
Unadjusted p-values were corrected using the Benjamini-Hochberg false discovery rate method to account for random significance. A
few insignificant proteins were excluded from the plots due to high logz2(FC) values causing skewing and making visual representation
difficult. Created in BioRender. Capadona, J. (2025) https://BioRender.com/p93j360.
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Supplemental Figure S4: Proteomics of the Antibiotic Group Vary Over Time Within Specific Regions. Volcano plots showing
neural proteomic panel evaluation of 12-week antibiotic (n = 3 samples) compared to 4-week antibiotic (n = 4 samples) across the
entire AOI (within 270 um from the implant), the inner ring of the AOI (within 0 - 90 um), the middle ring of the AOI (90 — 180 um), and
the outer ring (180 - 270 um) for all cells, all neuron-specific cells (stained using an NeuN antibody), and all astrocyte-specific cells



(stained using a GFAP antibody). Proteins with a negative Log2FC indicate downregulation (blue points) in antibiotic compared to
control, while a positive Log2FC indicates upregulation (green points) in antibiotic compared to control. Unadjusted p-values are plotted
and shown, but all statistical comparisons were done using adjusted p-values. The black dotted line indicates significance (padjusted =
0.05). Each point on the volcano plot indicates a singular protein, with select proteins shown in the text. Comparisons with no cell
specificity were made on the (A) entire AOI, (B) inner ring, (C) middle ring, and (D) outer ring. Neuron-specific comparisons were made
on the (E) entire AOI, (F) inner ring, (G) middle ring, and (H) outer ring. Astrocyte-specific comparisons were made on the (l) entire AOI,
(J) inner ring, (K) middle ring, and (L) outer ring. After normalization, an unpaired t-test were performed across respective groups for
comparison. Unadjusted p-values were corrected using the Benjamini-Hochberg false discovery rate method to account for random
significance. A few insignificant proteins were excluded from the plots due to high log2(FC) values causing skewing and making visual
representation difficult. Created in BioRender. Capadona, J. (2025) https://BioRender.com/p93j360.



12-Week Control Baseline to 4-Week Control

No Cell Specificity Neuron-Specific Astrocyte-Specific
A All AOI E All NeuN | All GFAP
3.59 3.5 3.5+
3.0 3.0 3.0
LC3B- -BECN{ —= —_
S28 _____:TEEB | . 3 257 3257
S 50 g 2.0 g 2.0
£ = 2
S 1.5 S 1.5+ S 1.5
=2} o =4
9 1.0 £ 1,04 S 1.0
0.5 0.5 0.5
0.0 T T T 1 -0 T 1 T 1 o T T T 1
2 -1 0 1 2 2 -1 0 1 2 2 & 0 1 2
Log2FC Log2FC Log2FC
B Inner Ring F Inner NeuN J Inner GFAP
3.5+ 3.5+ - TFEB 3.5q
3.0 3.0 3.0 MBP
g 2.5+ 5 PR L R UIUI Ip PP S 2.5+
[ © [:]
H 2.0 éz.o 2 2.0+
S 1.5 S 1.5 S 1.5+
=2 =4 o
S 1.0 9 1.0 2 1.0
0.5 0.5 0.5
c T 1 1 1 G 1 1 1 1 .0 T T T 1
-2 -1 0 1 2 2 -1 0 1 2 2 A 0 1 2
Log2FC Log2FC Log2FC
C Middle Ring G Middle NeuN K Middle GFAP
3.5 3.5+ 3.5
3.0 3.0 Rl I
T 2.5 g 254 5254
5 ® o T 504
229 a2 a?°
S 1.54 S 1.5 S 1.59
=) -4 2
S 1.0 S 1.0 S 1.0
0.5+ 0.5 0.5+
-0 T T T 1 -0 T 1 T 1 0.0 T T T 1
-2 -1 0 1 2 2 -1 0 1 2 -2 - 0 1 2
Log2FC Log2FC Log2FC
D Outer Ring H Outer NeuN L Outer GFAP
3.5+ 3.5 3.5+
3.0+ 3.0 3.0
T 2.5 T o5 BECN1- - NeliN T e
2 el L. B VTS 2 2
éz.o— z 2.0 éz.o-
S 1.5 2 1.5 2 1.5
=2 o o
2 1.0+ 2 1.0 2 1.0+
0.5 0.5 0.5
0 T (. T 1 0.0 T T T 1 0 T T T 1
-2 -1 0 1 2 2 - 0 1 2 2 A 0 1 2
Log2FC Log2FC Log2FC

Supplemental Figure S5: Minor Proteomic Differences Occur In the Control Group Over Time. Volcano plots showing neural
proteomic panel evaluation of 12-week control (n = 3 samples) compared to 4-week control (n = 3 samples) across the entire AOI
(within 270 pum from the implant), the inner ring of the AOI (within 0 - 90 um), the middle ring of the AOI (90 — 180 um), and the outer



ring (180 - 270 um) for all cells, all neuron-specific cells (stained using an NeuN antibody), and all astrocyte-specific cells (stained using
a GFAP antibody). Proteins with a negative Log2FC indicate downregulation (blue points) in antibiotic compared to control, while a
positive Log2FC indicates upregulation (green points) in antibiotic compared to control. Unadjusted p-values are plotted and shown, but
all statistical comparisons were done using adjusted p-values. The black dotted line indicates significance (padjusted = 0.05). Each point
on the volcano plot indicates a singular protein, with select proteins shown in the text. Comparisons with no cell specificity were made
on the (A) entire AOI, (B) inner ring, (C) middle ring, and (D) outer ring. Neuron-specific comparisons were made on the (E) entire AQlI,
(F) inner ring, (G) middle ring, and (H) outer ring. Astrocyte-specific comparisons were made on the () entire AOI, (J) inner ring, (K)
middle ring, and (L) outer ring. After normalization, an unpaired t-test were performed across respective groups for comparison.
Unadjusted p-values were corrected using the Benjamini-Hochberg false discovery rate method to account for random significance. A
few insignificant proteins were excluded from the plots due to high logz2(FC) values causing skewing and making visual representation
difficult. Created in BioRender. Capadona, J. (2025) https://BioRender.com/p93j360.



12-Week Antibiotic vs 4-Week Antibiotic

. . q All Inner Middle Outer All Inner Middle Outer All Inner Middle | Outer
Protein Symbol Protein Name Category/Function AOl | Ring | Ring | Ring | NeuN | NeuN | NeuN | NeuN | GFAP | GFAP | GFAP | GFAP
aldehyde
ALDHALA dehydrogenase 1 Astrocytes: regulates cell
family, division and growth ’ - -
member L1
Autophagy:
ATG12 autopha1g%/ related autophagosome protein +
(KEGG:04140) %4
Autophagy: promotes
BAG3 BCL2-associated autophagy through
athanogene 3 increasing glutamine - -
consumption 5
Autophagy: forms protein
beclin 1, autophagy | complex that initiates
BECN1 . - -
related autophagosome formation
6
Microglia, macrophages,
peripheral immune:
expressed in activated
CD11b integrin alpha M microglia, macrophages, - -
and dendritic cells; plays a
role in cell-cell adhesion
during inflammation 78
Endothelial cell marker,
platelet/endothelial | mediates BBB
CD31 cell adhesion permeability, specifically + +
molecule 1 permeability to immune
cells 8
ectonucleoside Myeloid Suppression:
CD39 triphosphate Expressed by microglia _
diphosphohydrolase | and involved in both innate
1 and adaptive immunity °
Microglia, macrophages,
peripheral immune:
protein tyrosine Expressed highly in
CD45 phosphatase, macrophages, less so in - -
receptor type, C microglia, involved in
adhesion and T-cell
activation 1°
Macrophage, Microglia,
Myeloid: Highly expressed
CD68 CD68 antigen in macrophages and + +

myeloid cells. General
marker for inflammation'"




12-Week Antibiotic vs 4-Week Antibiotic
, . . All Inner Middle Outer All Inner Middle Outer All Inner Middle Outer
Protein Symbol Protein Name Category/Function AOl | Ring | Ring | Ring | NeuN | NeuN | NeuN | NeuN | GFAP | GFAP | GFAP | GFAP
Autophagosome
microtubule- Formation, Protein
associated protein | Sorting: Associated with
LC3B . . - - - _
1 light chain 3 autophagosome
beta development and
maturation?
Mvelin basic Neuronal health: Essential
MBP Y . for proper myelin + + +
protein C 3
membrane formation
Antigen, Astrocyte,
Inflammation, Melanoma,
S100 protein, beta _g;rgsotrr:olzlﬁgslyarr)]rdoduced
S100B polypeptide, associated with + +
neural .
neurodegenerative
diseases as well as
neuronal development
. Neuronal health: synaptic
SYP synaptophysin vesicle protein 15 +

Supplemental Table S1: List of Proteins Significantly Impacted in the Antibiotic-Treated Group Over Time. The list of neural proteomic panels that are differentially expressed
between 12-week antibiotic and 4-week antibiotic groups within the entire AOI (All AOI, 270 um from the implant site), the inner ring (Inner Ring, 90 uym from the implant site), middle
ring (Middle Ring, 90 — 180 pym from the implant site), and outer ring (Outer Ring, 180 — 270 ym from the implant site), along with Neuron-specific cells (NeuN) and astrocyte-specific
cells (GFAP) for each of those regions. The protein symbol, full name, and function are included in the table. Cells denoted with a “-” indicate downregulation in the 4-week antibiotic
group compared to the 4-week control group, while “+” indicates upregulation.



12-Week Control vs 4-Week Control
Protein q g All Inner | Middle | Outer All Inner | Middle | Outer All Inner | Middle | Outer
Symbol Protein Name Category/Function AOl | Ring | Ring | Ring | NeuN | NeuN | NeuN | NeuN | GFAP | GFAP | GFAP | GFAP
beclin 1 Autophagy: forms protein
BECN1 autopha rélated complex that initiates - -
phagy autophagosome formation ©
M2 Macrophage, Macrophage,
Myeloid, Myeloid Suppression:
. Marker that indicates transition
CD163 CD163 antigen from pro-inflammatory M1 to -
M2 anti-inflammatory
macrophage phenotype'®
Disease-Associated Microglia:
lvcoprotein Highly expressed in microglia
G glycop and macrophages during
L szl Enz) neuroinflammation and +
ok neurodegenerative disease
states "7
microtubule- Autophagosome Formation,
LC3B associated protein | Protein Sorting: Associated with _
1 light chain 3 autophagosome development
beta and maturation’?
mvelin basic Neuronal health: Essential for
MBP y . proper myelin membrane +
PlreiEl formation '3
RNA.blndlng Neuronal health: Binds to DNA
protein, fox-1 -
NeuN homolo in mature neurons, serves as a -
9 marker for neuronal nuclei
(C. elegans) 3
o Autophagy: promotes
TFEB transcrlrI)Etlgn BT transcription of genes that lead - -
to autophagosome formation '°
R0 . Autophagy: forms protein
ULK1 unc-51 I|l1<e kinase complex that initiates -
autophagosome formation ©

Supplemental Table S2: List of Proteins Significantly Impacted in the Control Group Over Time. The list of neural proteomic panels that are differentially expressed between
12-week control and 4-week groups within the entire AOI (All AOI, 270 um from the implant site), the inner ring (Inner Ring, 90 um from the implant site), middle ring (Middle Ring, 90
— 180 um from the implant site), and outer ring (Outer Ring, 180 — 270 um from the implant site), along with Neuron-specific cells (NeuN) and astrocyte-specific cells (GFAP) for
each of those regions. The protein symbol, full name, and function are included in the table. Cells denoted with a “-” indicate downregulation in the 4-week antibiotic group compared
to the 4-week control group, while “+” indicates upregulation.
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Supplemental Figure S6: The Ribosomal Subunit Pathway is Significantly Impacted Due to Antibiotic Treatment at 4- and 12-
Weeks. Genes involved in the structure of ribosomal proteins in the large and small subunit (KEGG:03010) are altered due to antibiotic
treatment, depending on the time point. (A) At 4 weeks post-implantation, many genes are upregulated compared to control, while (B)
many are downregulated by 12 weeks post-implantation. Red indicates upregulation in antibiotic animals and blue indicates
downregulation in antibiotic animals. Created in BioRender. Capadona, J. (2025) https://BioRender.com/p93j360.
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Supplemental Figure S7: Antibiotic Treatment at 4-Weeks Shows Minor Impacts on Neurodgeneration. Key pathways
associated with the neurodegeneration pathway of diseases (KEGG: 05022) are altered at 4 weeks post-implantation as a result of
antibiotic treatment. Notably, (A) UPS disruption and (B) mitochondrial dysfunction are impacted, while (C) taue protein accumulation is
unaffected at 4 weeks post-implantation. Created in BioRender. Capadona, J. (2025) https://BioRender.com/p93j360.
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Supplemental Figure S8: Antibiotic Treatment Significantly Impacts Pathways of Neurodegeneration at 12-Weeks Post-
Implantation. Key pathways associated with the neurodegeneration pathway of diseases (KEGG: 05022) are altered as a result of
antibiotic treatment at 12 weeks post-implantation. Notably, (A) UPS disruption, (B) mitochondrial dysfunction, and (C) tau protein

accumulation are impacted. Created in BioRender. Capadona, J. (2025) https://BioRender.com/p93j360.
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Supplemental Figure S9. Cross-species microbiome analysis for intracortical microelectrode implanted mice and a human
subject. Bar plots of the relative abundance of gut bacterial sequences in a human subject versus the mean relative abundance of gut
bacterial sequences in implanted mice from 500 rarefactions by phylum and stage. Over 90% of the relative abundance of gut-derived
bacteria is consistent at the phylum level in our microelectrode-implanted mice and human participant. Created in BioRender.
Capadona, J. (2025) https://BioRender.com/k06h230.
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