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Supplementary results

Route of antibiotic administration impacts its effect on the gut microbiota

Of the separately administered antibiotics, we found that ampicillin treatment led to
the most pronounced reduction in the effective number of genera (using the Shannon
diversity of the distribution, Fig. 1b). All three administration routes of ampicillin led to similar
changes to microbiota composition (Fig. 1d-f and Extended Data Fig. 1e). These effects of
ampicillin on gut microbial composition were also similar to those observed in mice

administered the 4-antibiotic mix (Fig. 1d-f).

Of the antibiotics tested here, metronidazole had the least significant effect on
bacterial composition, with no reduction in effective number genera (Fig. 1b, ¢, Extended
Data Fig. 1f, and Sl Table S1). From a compositional standpoint, metronidazole treatment
was statistically indistinguishable from control (Fig. 1c-f). We also found that systemic
neomycin treatment had minimal effect on bacterial composition, while oral treatment had a
more pronounced effect (Fig. 1d-f and Extended Data Fig. 1g). This likely reflects the poor

ability of neomycin to cross mucosal barriers’.

Administration of all the antibiotics in combination resulted in a stark reduction in the
effective number of genera and species and a change in bacterial composition in all
administration routes (Fig. 1b-f and Extended Data Fig. 1h). Additionally, systemic
administration of the 4-antibiotic mix led to higher bacterial community variation between
different mice in the same group, as opposed to oral administration (Extended Data Fig. 1h).
This difference might be due to the different luminal availability of different antibiotics when
administered systemically, in contrast to oral treatment, which delivers all of the antibiotics
to the gut lumen in equal amounts. Thus, altering administration routes of antibiotics leads to

different effects on the gut microbiota.

Changes to gut microbiota composition do not necessarily predict alterations in gut
gene expression

Our analysis showed that ampicillin treatment had a significant effect on rhythmic
processes (Fig. 1i), similar to previous findings?. In addition, we found induction of immune
response pathways by oral and systemic administration of neomycin (Fig. 1i). Specifically, we
found significant overlap in host response to both IP and IV administration, both eliciting

expression of immunomodulatory and protein homeostasis pathways (Fig. 1i). It is worth



noting that these effects of systemic neomycin treatment on host gene expression were not
mirrored by significant shifts to microbiota composition (Extended Data Fig. 1g). Indeed,
neomycin was previously shown to induce antiviral responses in a microbiota-independent

manner’.

Non-additive combination drug response and transcriptional noise

We assessed non-additive effects by modeling gene expression with a factorial design
(~DrugA + DrugB + Interaction) in pydeseq2*®. These isolated non-additive genes where the
combination’s effect significantly deviated from the sum of the single drugs, categorizing
them as either "synergistic" or "antagonistic”. We now report that, as in the 4-antibiotic mix,
combination of metronidazole with vancomycin led to antagonism of the gene induction seen
in individual administration (Extended Data Fig. 3a). Furthermore, the combination of
neomycin and metronidazole mainly suppressed ribosomal genes, even when compared to
the control group (Extended Data Fig. 3b). Thus, combining different antibiotics, even in
clinically-relevant pairs, can result in non-additive and counter-intuitive effects on the host
(Extended Data Fig. 3c-d).

Next, we quantified global transcriptional noise by calculating the Euclidean distance of
individual replicates to their group centroid in PCA space. This metric served as a proxy for
system-wide instability, determining if the combination treatment resulted in higher inter-
replicate heterogeneity than the single therapies. We found that indeed in the case of
vancomycin and metronidazole the combination treatment was noisier, but for neomycin, the

effect is unclear (Extended Data Fig. 3e-f).

The summary of the results presented for the additivity and interference calculations can be
found in S| Table S8. The taxonomic profiles inferred from the metagenomics using
MetaPhlan can be found in Sl Table S10 and the 16S data in S| Table S11. The host

transcriptomic feature table can be found in Sl Table S12.
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Tables

Table S14. Summary of new resource data and analyses
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Table S15. Software used for analysis
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0 [https://scikit-learn.org/stable/
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