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Role of Rab5 early endosomes in regulating
Drosophila gut antibacterial response

Manish Joshi," Annelise Viallat-Lieutaud," and Julien Royet'?*

SUMMARY

Interactions between prokaryotes and eukaryotes require a dialogue between
MAMPs and PRRs. In Drosophila, bacterial peptidoglycan is detected by PGRP re-
ceptors. While the components of the signaling cascades activated upon PGN/
PGRP interactions are well characterized, little is known about the subcellular
events that translate these early signaling steps into target gene transcription.
Using a Drosophila enteric infection model, we show that gut-associated bacteria
can induce the formation of intracellular PGRP-LE aggregates which colocalized
with the early endosome marker Rab5. Combining microscopic and RNA-seq anal-
ysis, we demonstrate that RNAI inactivation of the endocytosis pathway in the
Drosophila gut affects the expression of essential regulators of the NF-«xB
response leading not only to a disruption of the immune response locally in the
gut but also at the systemic level. This work sheds new light on the involvement
of the endocytosis pathway in the control of the gut response to intestinal bacte-
rial infection.

INTRODUCTION

Given that microbes and animals have been evolving together for millions of years, it is not surprising that
bacteria profoundly influence host biology, such as the developmental pattern they follow, the type of
immunological response they elicit, or even the behavior they exhibit.” Some of the interactions between
prokaryotes and eukaryotes are mediated by a molecular dialogue between microbe-associated molecular
patterns (MAMPs) and host pattern recognition receptors (PRRs).” MAMPs are highly conserved molecular
signatures in entire classes of microbes but absent in the host. Their recognition by germline-encoded
intracellular and membrane-associated receptors called PRRs triggers ad hoc responses in the host.’
The bacterial peptidoglycan has all the characteristics of a true MAMP.*> Also known as murein, PGN is
present in almost all bacteria where it contributes to the shape and integrity of the cell wall. PGN is a glycan
polymer composed of alternating residues of B (1,4)-linked N-acetylglucosamine (GlcNAc) and
N-acetylmuramic acid (MurNAc) that are cross-linked by short peptide bridges, the exact composition
of which is dependent on the bacterial species and growth conditions.” During bacterial proliferation,
up to 50% of the PGN is degraded by a turnover process that generates structurally diverse PGN fragments,
called muropeptides.” Their recognition by PRRs belonging to various classes of proteins, such as nod-like
receptors (NLRs) and peptidoglycan recognition proteins (PGRPs) in animals and lysine-motif (Lys-M) in
plants, is necessary to mobilize host antibacterial defenses, but also to support developmental processes
or activate behavior, to name a few.>"*

For the past few decades, Drosophila melanogaster has served as a model for studying aspects of innate
immunity that might otherwise be obscured by the actions of the adaptive immune response.'*~" Previous
work reveals that PGN sensing by PGRP proteins explains many of the interactions that take place between
flies and bacteria.'®?'While Di-amino-pimelic acid PGN (DAP-type PGN) is found in the cell wall of gram-
negative bacteria, lysine PGN forms the cell wall of gram-positive bacteria.” When bacteria colonize the gut
or enter the body cavity of a fly, they release PGN into the gut lumen or into the circulating blood of the
insect.”” Detection of circulating DAP-type PGN by the membrane receptor PGRP-LC expressed on im-
mune cells (adipocytes and hemocytes) triggers NF-kB/Imd-dependent production of immune effectors,
such as antimicrobial peptides (AMPs), but also of regulators that control the intensity of the immune
response.””?’ This PGN/PGRP-dependent NF-kB activation also occurs locally in enterocytes that are in
direct contact with the gut microbiota. In some cells such as enterocytes, PGN is detected intracellularly
by the cytosolic receptor PGRP-LE which shares functional properties with the mammalian PGN sensor
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Nod2.7%?%73? |nterestingly, genetic data indicate that PGN from the microbiota can reach the insect blood-
stream where it activates NF-«kB signaling in immunocompetent cells and antagonizes SREBP-dependent
lipogenesis.”*** More surprisingly, this same metabolite can also reach the brain where it modulates, in an
NF-kB dependent manner, the activity of certain neurons, and thus modulate the behavior of infected
flies. ¢

Mainly through genetic and biochemical approaches, the epistatic relationship between the different
components of the NF-kB signaling cascade, activated during PGN detection, has been elucidated in
great detail.” Via biochemical methods, some of the molecular interactions that take place during
Imd signaling pathway activation have been elucidated.’’ It was recently shown that PGRP-LC, PGRP-
LE, and Imd can form aggregates via their RHIM motifs to promote Imd signaling activity.””> However,
apart from the transcriptional reporters of AMPs,*® no other molecular tools are available to visualize
PGN detection by PGRP and to follow the subsequent activation of downstream NF-«kB transduction
mechanisms in cells. AMP reporters are only activated in some of the cells that detect PGN and are
visible by microscopy much later than the onset of NF-kB activation measured by RT-qgPCR on target
genes such as AMPs. Furthermore, they are inefficient for tracking PGN-mediated responses that are in-
dependent of AMPs. In addition, whereas the components of the immune signaling cascades activated
upon MAMPs recognition by PRRs are well known, the subcellular mechanisms by which these proteins
transduce the signal remains largely unexplored.®”*°To further characterize PGN sensing and transduc-
tion events, we generated, via CRISPR/Cas? technology, flies carrying endogenously tagged versions of
the cytosolic PGN receptor, PGRP-LE. Microscopic and genetic characterization of these chimeric pro-
teins allowed us to demonstrate the important role played by the Rab5 endosomes in regulating the
response of the fly gut to bacterial infection. These results show that, as previously demonstrated for
the mammalian PGN sensor NOD2, components of the early endocytic pathway are directly involved

in transducing immune signals in flies.*”*°

RESULTS
Generating tools to visualize PGRP-LE-dependent NF-«B signaling in vivo

To visualize PGN sensing and signaling events in vivo, and at the cellular and subcellular levels, we
created transgenic flies in which the PGRP-LE sensor is fused to either a V5 epitope or an eGFP protein
(Figure 1A). While the V5 tag was inserted between the PGRP domain and the cRHIM motif of PGRP-LE,
the eGFP protein was added to the C-terminus of the PGRP-LE locus (Figure TA). In these flies, transcrip-
tion of the PGRP-LE::V5 or PGRP-LE::GFP loci is regulated by the endogenous promoter and all PGRP-LE
proteins produced in vivo are labeled. To test whether these proteins can be detected in vivo, guts of
PGRP-LE::V5 and PGRP-LE::GFP were orally infected with Erwinia carotovora carotovora (E. cc), a strong
activator of the NF-kB signaling cascade in the gut and in remote tissues.*’ Staining corresponding to V5
or eGFP was barely detectable in the intestines of uninfected flies (Figures 1B, 1C, and S1A). However, in
flies fed for 6 h with E. cc, PGRP-LE::V5 was detected as aggregates throughout the midgut (except in the
R5 domain) with a strong accumulation in R4, a domain previously shown to be almost entirely depen-
dent on PGRP-LE with respect to NF-kB pathway activation (Figures 1B=1D and S1A).”° These aggre-
gates were also detected in PGRP-LE::GFP infected guts (Figure S1B). To ensure that V5 staining corre-
sponded only to PGRP-LE protein, staining was performed in cell clones in which PGRP-LE was
downregulated by RNAI. In cells in which PGRP-LE mRNA levels were effectively reduced, PGRP-LE ag-
gregates were no longer observed, in contrast to neighboring wild-type cells (Figures 1E and S1C).
Furthermore, infected guts in which PGRP-LE was ubiquitously downregulated (using the Mex-Gal4
driver), no longer activated the transcription of AttacinD, a well characterized readout of PGRP-LE medi-
ated NF-kB activation in the posterior midgut (Figures S1D and S1E). To test whether the accumulation
of aggregates was a consequence of increased PGRP-LE transcription after infection or transgene-
related, PGRP-LE mRNA levels were quantified in wild-type, PGRP-LE::V5, and PGRP-LE::GFP strains.
In none of these genetic conditions were the PGRP-LE transcript levels different (Figure 1F). This sug-
gests that enteric bacterial infection triggers aggregation of PGRP-LE proteins already present in gut
cells before infection. We next tested whether the tags added to PGRP-LEs affect their ability to detect
and transduce the bacterial signal. As shown in Figure 1F, the inducibility of AttacinD transcripts upon
E. cc oral infection remains similar in wild-type (w-), PGRP-LE::GFP, and PGRP-L::V5 flies. Using cell-spe-
cific markers, we showed that PGRP-LE aggregates are formed in intestinal stem cells, enterocytes, and
entero-endocrine cells (Figures STF=S1H). Overall, these data demonstrate that the tools we created to
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Figure 1. Gut E. cc infection induces PGRP-LE aggregation

(A) Schematic representation of PGRP-LE locus. The PGRP-LE::V5 and PGRP-LE::GFP were generated by inserting V5
(between PGRP-domain and cRHIM motif) and eGFP (at C-terminus), respectively, using CRISPR-Cas? method. The
exonic coding sequences are depicted in gray and non-coding sequences are shown in orange. V5 tag is shown in red and
eGFP tag is marked with green. The PGRP domain and cRHIM motif in protein are shown in blue and magenta,
respectively.

(B) Adult midguts from uninfected and infected flies. Immunofluorescence showing PGRP-LE::V5 in red and DNA in blue.
Different regions of the midgut marked from R1 to R5. Scale bar represents 200 um.

(C) Confocal images of different midgut regions (R1 to R5) showing PGRP-LE::V5 in red and DNA in blue from uninfected
and infected flies. Scale bars represent 20 pm.

(D) Mean fluorescence intensity of PGRP-LE::V5 staining quantified in R4 region from five midguts. Values were
normalized with uninfected controls and plotted as mean + SEM. ****p < 0.0001; Mann-Whitney test.

(E) Confocal images of control and PGRP-LERNA' clones from R4 region of posterior midguts from infected flies showing
GFP (clones) in green, PGRP-LE::V5 clusters in red and DNA in blue. Scale bars represent 5 um.

(F and G) mRNA levels of PGRP-LE (F) and AttacinD (G) of indicated genotypes in posterior midguts of uninfected and
infected flies from three independent experiments with ten females per genotype per experiment. ns (non-significant),
p > 0.05; *p < 0.05; ***p < 0.001; One-way ANOVA with Dunnett’s post-test.

Flies were orally infected with E. cc for 6 h. The experiment was repeated three times. Confocal images of one
representative experiment are shown. For RT-qPCR results, mRNA levels in uninfected control flies were set to 1, values
obtained with other genotypes were expressed as a fold of this value as mean + SEM.
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Figure 2. PGRP-LE aggregation correlates with AttacinD transcription

(A) Confocal images of PGRP-LE::GFP (Green) clusters from R4 region of posterior midgut of uninfected flies and E. cc
infected flies at different time points. GFP is shown in green and DNA in blue.

(B and C) Quantification of numbers (B) and average size (C) of PGRP-LE::GFP clusters from uninfected and E. cc infected
flies at different time points from five posterior midguts. ns (non-significant), p > 0.05; ***p < 0.001; ****p < 0.0001;
Kruskal-Wallis test.

(D) AttacinD mRNA levels in posterior midguts of uninfected and E. cc infected flies at different time points. Results
correspond to five independent experiments with ten females per genotype per experiment. Ns (non-significant),

p > 0.05; ***p < 0.001; Kruskal-Wallis test.

(E) Confocal images of PGRP-LE::GFP (Green) clusters from uninfected and infected with E. cc, E. cc® E. coli, or P.
entomophila. GFP is shown in green and DNA in blue.

(F) Quantification of numbers of PGRP-LE::GFP clusters from uninfected flies and flies infected with E. cc, E. cc®"/, E. coli, or
P. entomophila from 6 posterior midguts. ns (non-significant), p > 0.05; ****p < 0.0001; Kruskal-Wallis test.

(G) AttacinD mRNA levels in posterior midguts of uninfected flies and flies infected with E. cc, E. cc®, E. coli, or P.
entomophila. Data correspond to six independent experiments with ten female flies per genotype per experiment. ns
(non-significant), p > 0.05; *p < 0.05; Kruskal-Wallis test.

(H) Confocal images of PGRP-LE::GFP (Green) clusters from R4 region of posterior midguts of uninfected flies and flies
infected with E. cc, A. pomorum or L. plantarum showing GFP in green and DNA in blue.

(1) Quantification of numbers of PGRP-LE::GFP clusters from uninfected flies and flies infected with E. cc, A. pomorum, or
L. plantarum from eight posterior midguts. ns (non-significant), p > 0.05; ****p < 0.0001; Kruskal-Wallis test.

(J) AttacinD mRNA levels in posterior midguts of uninfected flies and infected with E. cc, A. pomorum or L. plantarum.
Data correspond to three independent experiments with ten female flies per genotype per experiment. ns (non-
significant), p > 0.05; *p < 0.05; Kruskal-Wallis test.

Flies were orally infected with indicated bacterial species for 6 h (E-J). The experiment was repeated three times.
Confocal images of one representative experiment are shown from R4 region of posterior midguts. Scale bars represent
5 pm. For RT-gPCR results, mRNA levels in uninfected control flies were set to 1, values obtained with other conditions
were expressed as a fold of this value as mean + SEM.

visualize PGRP-LE in vivo did not alter the PGRP-LE-dependent immune response in the gut and that oral
E. cc infection triggers PGRP-LE aggregation in gut cells.

PGRP-LE aggregation correlates with activation of the NF-xB pathway

To characterize PGRP-LE aggregates, time course oral infections were performed. As early as 1 h after
infection, PGRP-LE aggregates were detected in enterocytes of R4 region (Figures 2A and 2B). The size
and number of PGRP-LE aggregates increased over time. However, whereas their number peaked at
6hpi and then decreased, they continuously increased to a maximum size at 24hpi (Figures 2A-2C). Inter-
estingly, the kinetics of PGRP-LE aggregation paralleled that of the NF-kB signaling pathway quantified by
AttacinD transcription (Figures 2B and 2D). We then monitored aggregate formation in guts infected with
E. colia poorinducer of intestinal NF-kB signaling. Guts orally infected with E. coli did not show any sign of
PGRP-LE aggregation and of NF-«kB pathway (Figures 2E-2G). Guts colonized with gram-positive bacteria
or commensal bacteria such as Lactobacillus plantarum,*” Acetobacter pomorum®® or the entomopatho-
genic bacterium Pseudomonas entomophila®* showed no evidence of PGRP-LE aggregation and were un-
able to activate AttacinD transcription (Figures 2H-2J). Interestingly, E. cc mutant for the Evf gene that has
been shown to be required for gut AMP induction did not induce PGRP-LE aggregation.*” Collectively,
these data demonstrated a strong correlation between the ability of a bacterial species to activate the
NF-kB pathway and trigger PGRP-LE clustering.

PGRP-LE*?3" mutant flies do not form aggregates upon E. cc infection

Previous work has shown that PGN-derived muropeptides can induce infinite head-to-tail dimers of PGRP-
LE and identified key residues required for this oligomerization.”*® To test whether such residues are also
important in triggering in vivo PGRP-LE aggregation, we generated a PGRP-LE mutant (PGRP-LEA?3"::GFP),
lacking Glu?®', a key AA mediating this interaction. Infected guts of such mutant flies no longer showed sign
of PGRP-LE aggregation in contrast to controls and were unable to fully activate the NF-kB pathway
(Figures 3A-3D). These results suggest that PGN mediated PGRP-LE oligomerization is required to form
PGRP-LE aggregates and activate NF-kB pathway.

PGRP-LE aggregates colocalize with Rab5

To determine the nature of the PGRP-LE aggregates, we tested their relationship to the subcellular com-
partments that form the endocytic pathway. Indeed, previous work has shown that mammalian NOD1 and

iScience 26, 107335, August 18, 2023 5
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Figure 3. PGRP-LE*%3"::GFP mutant do not form aggregates upon E. cc infection

(A) Confocal images of PGRP-LE::GFP (Green) clusters from R4 region of posterior midgut of PGRP-LEWT::GFP and PGRP-
LEA?31::GFP from uninfected and infected flies with E. cc. PGRP-LE::GFP clusters are shown in Green and DNA is in blue.
(B) Quantification of numbers of PGRP-LE::GFP clusters from PGRP-LEVT::GFP and PGRP-LE*?3"::GFP infected flies with
E. cc from eight posterior midguts. ****p < 0.0001; Mann-Whitney test.

(C and D) mRNA levels of PGRP-LE (C) and AttacinD (D) of indicated genotypes in posterior midguts of uninfected and
infected flies from four independent experiments with ten females per genotype per experiment. ns (non-significant),
p > 0.05; **p < 0.01; Mann-Whitney test.

Flies were orally infected with E. cc for 6 h. The experiment was repeated three times. Confocal images of one
representative experiment are shown from R4 region of posterior midguts. Scale bars represent 5 pm. For RT-gPCR
results, mRNA levels in uninfected control flies were set to 1, values obtained with other genotypes were expressed as a
fold of this value as mean + SEM.

kinase RIP2 interact with bacterial peptidoglycan on early endosomes to inflammatory signaling®’ To this
end, E. cc-infected guts were stained with antibodies against Rab5 and Rab7, two small GTPases usually
associated with early and late endosomes, respectively.”®*? One hour after infection, PGRP-LE aggregates
did not colocalize with Rab5 (Figure 4A). Furthermore, the number of detectable Rab5-positive structures
increased with time, and at 3hpi most PGRP-LE aggregates were Rab5-positive, reaching almost complete
colocalization at 6hpi (Figures 4A and 4B). Strikingly, no Rab5+/PGRP-LE- vesicles were observed, suggest-
ing that Rab5 and PGRP-LE are functionally linked (Figures 4A and 4B). In addition, none of the PGRP-LE
vesicles colocalized with the late endosome marker Rab7 at é hpi (Figure 4C) or the lysosome marker

Lamp1 at 6hpi as well as 24 hpi (Figures 4D and 4E). We next tested the functional relationship between
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Figure 4. PGRP-LE aggregates are Rab5 positive

(A) Confocal images of posterior midguts from E. ccinfected flies at different time points showing PGRP-LE::GFP clusters
in green, Rab5 positive endosomes in red and DNA in blue.

(B) Quantification of PGRP-LE::GFP clusters colocalization with Rab5 positive endosomes. Pearson'’s R coefficient values
are plotted in violin plot from eight midguts. ****p < 0.0001; Kruskal-Wallis test.
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Figure 4. Continued

(C) Confocal images of uninfected and infected flies showing PGRP-LE::V5 clusters in red and Rab7 positive endosomes in
green. DNA is stained with DAPI (blue).

(D) Confocal images of posterior midguts from E. ccinfected flies at different time points showing PGRP-LE::V5 clusters in
red, LAMP1 positive lysosomes in green and DNA in blue.

(E) Quantification of PGRP-LE::V5 clusters colocalization with LAMP1 positive lysosomes. Pearson’s R coefficient values
are plotted in violin plot.

Flies were orally infected with E. cc. The experiment was repeated three times. Confocal images of one representative
experiment are shown from R4 region of posterior midguts. Scale bars represent 2 um.

Rab5 and PGRP-LE by analyzing how reducing the level of one will affect the presence of the other. Enter-
ocytes in which PGRP-LE levels were reduced were still able to form Rab5-positive vesicles (Figure 5A). This
was also the case for flies carrying PGRP-LEA?3"::GFP transgene (Figure 5B). In contrast, enterocytes from E.
cc-infected guts in which Rab5 was downregulated by RNAI, had more PGRP-LE endosomes and of larger
size than those observed in control enterocytes (Figures 5C-5F). Similar results were obtained when other
components of the endocytic pathway were inactivated. Indeed, RNAi-mediated inactivation of ESCRT
complexes members Hrs and VPS28 gave the same phenotype (Figures S4AA-S4C and S4F-S4H). In
contrast, interfering with the Rab7 and lysozyme-associated protein Lamp1 had no effect on PGRP-LE
aggregate formation (Figures S2A-S2D). These results collectively demonstrate that E. cc has the specific
ability to trigger PGRP-LE/Rab5 vesicle formation in intestinal cells. In addition, these results also show that
interfering with the normal function of the endocytic pathway perturbs the formation of these PGR-LE ves-
icles in E. ccinfected guts.

NF-«B and hedgehog signaling components and bacterially derived uracil are not required for
the formation of PGRP-LE aggregates

To further characterize the formation of PGRP-LE clusters upon E. cc infection, we tested whether com-
ponents of the Imd pathway were required for the formation of these structures. Cells in which the intra-
cellular transducers Fadd, Dredd, Imd, the PGRP-LC receptor and the Relish transactivator were down-
regulated by RNAi were still loaded with PGRP-LE aggregates upon E. cc infection, suggesting that these
components are not required (Figures S2E-S2G and S3A). Since previous work has demonstrated that E.
cc-derived uracil modulates DUOX-dependent intestinal immunity via hedgehog-induced Cad99C
signaling endosomes, we tested the involvement of bacterial-derived uracil and Hh signaling in PGRP-
LE aggregation.”” Downregulation of Hh signaling (via inactivation of Smo and Ci) did not interfere
with the ability of E. cc to induce PGRP-LE aggregate formation (Figure S3B). Similarly, E. cc uracil auxo-
trophic mutants (E. cc?P’8), which are unable to induce Cad99C endosome formation, were as effective
as wild-type E. cc strains at inducing PGRP-LE aggregates (Figure S3C). Furthermore, uracil feeding had
no effect on PGRP-LE aggregation (Figure S3C). In addition, DUOX inactivation by RNAI did not interfere
with PGRP-LE aggregate formation upon E. cc infection (Figure S3E). Therefore, bacterial uracil and
DUOX-related gut immunity do not appear to be required for E. cc-induced PGRP-LE aggregate forma-
tion. We finally tested whether oxidants commonly used to induce stress and tissue damage were suffi-
cient to induce PGRP-LE aggregation.”’ Although gut cells from paraquat fed flies did not present any
sign of PGRP-LE aggregation, they contain Rab5 positive endosomes (Figure S3D). This suggests that
two different signals are required to, in one hand, trigger Rab5 endosome formation, and on the other,
induce their coating with PGRP-LE proteins.

Components of early endocytic compartment selectively regulate NF-xB-dependent target
genes

Because Rab5 protein associates with PGRP-LE in a kinetic manner parallel to that of NF-«B signaling, we
asked whether Rab5 plays a role in PGRP-LE dependent NF-«B signaling. To test this hypothesis, we
monitored PGRP-LE-dependent AttacinD transcription in the guts of E. cc-infected flies in which Rab5
levels were reduced. While inactivation of PGRP-LE by RNAI strongly reduced AttacinD mRNA induc-
ibility, this was not the case in guts with reduced Rab5 levels (Figure 6A). Because amidases such as
PGRP-LB and PGRP-SC1 are also PGRP-LE-dependent target genes in the gut, we tested their putative
regulation by Rab5. In contrast to what was observed with AttacinD, PGRP-SC1 transcription was affected
not only by reduced PGRP-LE levels but also by Rab5 downregulation in the gut (Figure 4C). This effect
was specific since this was not the case for PGRP-LB and PGRP-SC2 (Figures 4D and 6E). Similar results
were obtained when Hrs and VPS28 were specifically reduced in gut cells (Figures S4D, S4E, S4l, and
S4J). Since intestinal amidases have been shown to buffer PGN levels in the intestinal lumen and,
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Figure 5. Rab5 endosomes can form in the absence of PGRP-LE

(A) Confocal images of PGRP-LE"NA' clones in posterior midguts of uninfected and E. ccinfected flies. Immunofluorescence showing GFP (clones) in green,
PGRP-LE::V5 in red, Rab5 in magenta and DNA in blue.

(B) Confocal images of PGRP-LE"T::GFP and PGRP-LE*?*"::GFP in posterior midguts of E. cc infected flies showing PGRP-LE::GFP clusters in green, Rab5
positive endosomes in red and DNA in blue.

(C) Confocal images of control and Rab5"NA
and DNA in blue.

(D) Confocal images of posterior midguts showing PGRP-LE::GFP clusters in control and Rab5"N* of infected flies with E. cc. GFP is shown in green and DNA
in blue.

(E and F) Quantification of numbers (E) and average size (F) of PGRP-LE::GFP clusters in control and Rab5"N*' infected flies with E. cc from ten posterior
midguts. **p < 0.01; ****p < 0.0001; Mann-Whitney test.

Flies were orally infected with E. ccfor 6 h. The experiment was repeated three times. Confocal images of one representative experiment are shown from R4
region of posterior midguts. Scale bars represent 5 pm.

clones in posterior midguts of E. cc infected flies showing RFP (clones) in red, PGRP-LE::GFP clusters in green

consequently, its diffusion into the hemolymph,'®>? we tested the consequences of Rab5 inactivation in
the gut on NF-kB activation in the distant fat body of E. cc-infected flies. As previously reported, PGRP-
LE activity is required in the gut to prevent NF-kB overactivation in the fat body after oral infection.?
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Figure 6. E. cc-induced PGRP-SC1 transcription but not AttacinD relies upon Rab5 expression

(A) AttacinD mRNA levels in posterior midguts of uninfected and E. cc infected flies in indicated genotypes. Data
correspond to seven independent experiments with ten female flies per genotype per experiment. ns (non-significant),
p > 0.05; *p < 0.05; Kruskal-Wallis test.

(B) Diptericin mRNA levels in carcass (fat body) of uninfected and E. cc infected flies in indicated genotypes. Data
correspond to seven independent experiments with ten female flies per genotype per experiment. *p < 0.05; Kruskal-
Wallis test.

(C) PGRP-SC1 mRNA levels in posterior midguts of uninfected and E. cc infected flies in indicated genotypes. Data
correspond to three independent experiments with ten female flies per genotype per experiment. ****p < 0.0001; One-
way ANOVA with Dunnett’s post-test.
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Figure 6. Continued

(D) PGRP-LB mRNA levels in posterior midguts of uninfected and E. cc infected flies in indicated genotypes. Data correspond to four independent
experiments with ten female flies per genotype per experiment. ns (non-significant), p > 0.05; *p < 0.05; Kruskal-Wallis test.

(E) PGRP-SC2 mRNA levels in posterior midguts of uninfected and E. cc infected flies in indicated genotypes. Data correspond to three independent
experiments with ten female flies per genotype per experiment. ns (non-significant), p > 0.05; Kruskal-Wallis test.

(F) Intestinal integrity test (Smurf assay) of infected flies with E. cc in indicated genotypes. The experiment was repeated three times. Images of one
representative experiment are shown.

(G) Quantification of Smurf assay of infected flies with E. ccin indicated genotypes. The experiment was repeated three times. Quantification of Smurf assay
of one representative experiment is shown.

(H) AttacinD mRNA levels in posterior midguts of uninfected and E. cc infected flies in indicated genotypes. Data correspond to five independent
experiments with ten female flies per genotype per experiment. ns (non-significant), p > 0.05; Mann-Whitney test.

(1) Diptericin mRNA levels in carcass (fat body) of uninfected and E. ccinfected flies in indicated genotypes. Data correspond to 11 independent experiments
with ten female flies per genotype per experiment. *p < 0.05; Mann-Whitney test.

(J) Diptericin mRNA levels in carcass (fat body) of uninfected and E. cc infected flies in indicated genotypes. Data correspond to five experiments with ten
female flies per genotype per experiment.

Flies were orally infected with E. cc for 6 h. For RT-gPCR results, mRNA levels in uninfected control flies were set to 1, values obtained with other genotype
were expressed as a fold of this value. RT-gPCR results are shown as mean + SEM.

A similar phenotype was observed in flies with reduced levels of Rab5 in the gut (Figure 6B). To ensure
that this phenotype was not secondary to intestinal leakage associated with Rab5 or PGRP-LE inactiva-
tion, we performed the “Smurf” test. The “Smurf” assay assesses gut integrity by feeding a blue dye that
is impermeable to the intact gut barrier and stays in the gut lumen.>® Because the blue dye remained
confined to the intestinal tract, we concluded that the excessive NF-kB activation in the fat body was
not due to intestinal barrier dysfunction (Figures 6F and 6G). Furthermore, whereas downregulation of
PGRP-SC1 in the gut did not affect local AttacinD transcription (Figure 6H), it mimics the increased im-
mune response of the fat body observed upon reduction of PGRP-LE and Rab5 levels in the gut (Fig-
ure 6l). To further confirm that the Diptericin ectopic expression observed in gut with reduced Rab5
levels, we performed rescue experiments. Gut-specific overexpression of PGRP-SC1a was sufficient to
strongly reduce the fat body Diptericin ectopic expression of Rab5 reduction (Figure 6J). Thus, the asso-
ciation of PGRP-LE and Rab5 in the gut after E. cc exposure is necessary for the local induction of PGRP-
SC1 that will impact the activation of the immune response at distance in the fat body tissue. However,
this Rab5/PGRP-LE association is not necessary for an appropriate local gut antimicrobial response.
These results reinforced a model that the endosome pathway is required to activate only a fraction of
PGRP-LE-dependent target genes, such as the PGRP-SC1 amidase. By doing so, it prevents systemic
activation of the NF-kB pathway by gut-derived PGN.

Pan-genome effects of Rab5 or PGRP-LE inactivation in posterior midgut following infection

To determine the number and nature of genes whose transcription is dependent on the endocytosis
pathway, we used an RNA-seq approach. We compared genome-wide transcript levels in the posterior
midguts of wild-type flies and flies in which PGRP-LE or Rab5 were specifically downregulated in the gut.
Inactivation of Rab5, but not PGRP-LE, induced downregulation of a cluster (cluster 2) of genes encoding
proteins involved in ribosomal function and oxidative phosphorylation (Figures 7A and 7B). As expected,
and probably to compensate for the functional inactivation of Rab5, several genes associated with endo-
cytosis processes were specifically upregulated upon Rab5 downregulation (cluster 3) (Figures 7A and
7B). This effect was exacerbated after E. cc infection. Since Rab5 and PGRP-LE inactivation impact Atta-
cinD transcription differently, we then focused on immune genes regulation by PGRP-LE and Rab5 (clus-
ter 6). We could distinguish three categories. The first includes genes whose inducibility is controlled by
both PGRP-LE and Rab5. Confirming the RT-qPCR results aforementioned, this group of genes includes
PGRP-SC1 and also another negative regulator of the Imd pathway, PGRP-LF (Figure 7C). Also, as ex-
pected, AttacinD was found, along with Pirk, in a class of genes whose transcription depends solely
on PGRP-LE (Figure 7C). Surprisingly, most other immune genes, including all other AMPs except Atta-
cinD, were Rab5-dependent but PGRP-LE-independent (Figure 7D). Not only were they still induced
upon infection in PGRP-LERNA guts, but their transcriptional inducibility was even higher in PGRP-LE-
free guts than in controls. These results showing that most immune genes are regulated independently
of PGRP-LE suggest that they are likely regulated by the other upstream Imd pathway receptor, PGRP-
LC. Consistently, PGRP-LC mRNA levels were lower in Rab5 RNAi samples than in controls (Figure 7D).
These data show that by controlling the expression of some essential positive (PGRP-LC) and negative
(PGRP-SC1) regulators, the endocytic pathway plays a key role in regulating the gut response to certain
bacterial infections.
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Figure 7. Identification of Rab5 and/or PGRP-LE dependent genes in E. cc-infected gut
(A) Clustering analysis of the expression of genes from control, PGRP-LERNA and Rab5"NA of uninfected and infected

flies.

(B) Gene ontology (GO) enrichment analysis of different clusters from (A)S (padj < 0.05). KEGG pathways are shown from

GO term.
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Figure 7. Continued

(C and D) Selected differentially expressed genes (DEGs) of interest from Imd/NF-kB pathway is shown as fold change
(padj < 0.05). For fold change, levels of uninfected control flies were set to 1, values obtained with other genotypes were
expressed as a fold of this value. Log2 values are plotted on bar graph.

DISCUSSION

Using locus-directed tagged-versions of PGRP-LE, we showed here that bacterial gut derived PGN can
induce PGRP-LE aggregation in enterocytes. These results are in good agreement with previous data
showing that certain muropeptides can induce infinite head-to-tail dimerization of PGRP-LE."® Consis-
tently, and in good agreement with the model in which PGN is required to induce PGRP-LE multimeriza-
tion, flies carrying the PGRP-LE*?*"::GFP mutation lose their ability to trigger PGRP-LE aggregation
upon E. cc oral infection. Interestingly, among all gram-negative bacteria tested, and thus all having a
DAP-type PGN in their cell wall, only E. cc was able to induce the formation of PGRP-LE+/Rab5+ vesicles.
Furthermore, Rab5 vesicles can be formed in the cells in which PGRP-LE was downregulated, or in cells car-
rying the PGRP-LEA?®" mutated version of PGRP-LE. Altogether these data suggest a model in which two
different E. cc-derived signals induce PGRP-LE aggregates, on the one hand, and Rab5 endosomes, on the
other. Consistent with that model, gut exposure to paraquat in the absence of E. cc, was sufficient to trigger
the formation of Rab5 endosomes that were negative for PGRP-LE. These data demonstrate that, among
the bacterial species tested, E. cc has the unique property of inducing Rab5/PGRP-LE positive endosomes.
The nature of the E. cc produced factor triggering Rab5 endosome formation remains to be identified as
well as the mechanisms of PGRP-LE recruitment on these endosomes.

Whether PGRP-LE aggregates are related to the previously described amyloid aggregates as components of
Imd signaling is unclear and not easily tested.”” Our attempt to use in vivo dyes to specifically label amyloid was
inconclusive. Our data demonstrate that two PGRP-LE-dependent transduction mechanisms coexist in enter-
ocytes. PGRP-LE can signal independently of Rab5 to activate the transcription of some target genes such as
AttacinD or PGRP-LB but requires Rab5 to regulate the production of some target genes such as PGRP-SCT.
Interestingly, a recent report demonstrated the critical and specific role played by the transcription factor
Caudal in regulating the expression of PGRP-SC1 in posterior midgut.”* Our data suggests that Rab5-contain-
ing vesicles may serve as signaling platforms for PGRP-LE-dependent signaling. Interestingly, endosomes have
been shown to be specialized platforms for bacterial sensing and Nod2 signaling while the endocytic pathway is
required for the other Drosophila NF-kB innate immune signaling, Toll.">*%>° Other organelles such as mito-
chondria or peroxisomes have been shown to be signaling platforms.”*>’ In addition, it has been shown that by
interfering with Rab11 vesicle exocytosis, the Drosophila pkaap protein regulates the secretion of the AMP Dro-
somycin at the plasma membrane.*® In addition, recent work has demonstrated that endosome formation is
implicated in intestinal epithelial maintenance and ISC-dependent gut renewal.”” '

Why should such a binary system be required to respond to a single ligand-receptor interaction? It is
conceivable that such a system would allow flies to respond to different thresholds of peptidoglycan
and thus, potentially, bacterial load. Low levels of PGN would induce AttacinD production via PGRP-LE
but independently of Rab5, perhaps via freely diffusible PGRP-LE molecules. Higher levels of PGN, synon-
ymous with high infection, would require the production of a negative regulator to avoid the deleterious
and documented effects of NF-kB pathway overactivation already reported.”®*?

It remains to be understood how the interaction with early endosomes will interfere with downstream
signaling. One hypothesis is that some of the components of the Imd pathway are post-translationally
modified during their interactions with the endosome. Consistently, Drosophila H2Av has been shown
to negatively regulate Imd pathway activity by facilitating SUMOylation of Relish.®”

Limitations of the study

This study has several limitations. Firstly, it will be useful to test more bacterial species to identify new ones
able to trigger PGRP-LE aggregation. This should allow us to identify the mechanisms by which bacteria
trigger PGRP-LE aggregation. Secondly, in addition to PGRP-LE, the transmembrane PGRP-LC receptor
is playing a key role in regulating enterocytes responses to bacteria. Analyzing PGRP-LC dynamic and local-
ization in regards to the one of PGRP-LE will be very informative to have a broader view on the described
phenotype. Finally, it will be important to demonstrate whether or not PGRP-LE aggregates correspond to
the amyloid structure previously described.
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Uracil Sigma-Aldrich u0750
Paraquat Sigma-Aldrich 856177
Critical commercial assays

RNeasy Mini Kit (250) Qiagen 74106
Experimental models: Organisms/strains

PGRP-LE::V5 This paper N/A
PGRP-LE::GFP This paper N/A
PGRP-LE*%'::GFP This paper N/A
UAS-PGRP-SC1a This paper N/A

w1118 BDSC BL# 3605
UAS-PGRP-LERMA BDSC BL# 60038
UAS-Rab5 A BDSC BL# 67877
UAS-Duox™™A BDSC BL# 38907
UAS-Smo"NA VDRC VDRCH# 9542
UAS-CifNA VDRC VDRC# 105620
UAS-PGRP-LCMA BDSC BL# 33383
UAS-PGRP-SC1a"NA' BDSC BL# 57184
UAS-Rab7°N Gift from David Strutt N/A
UAS-Fadd"™A Gift from P. Meier N/A
UAS-Lamp1RNA BDSC BL# 38254
UAS-Imd™™A BDSC BL# 38933
UAS-Relish®NA BDSC BL# 28943
UAS-Dredd™™4 BDSC BL# 34070
UAS-HrsNA BDSC BL# 34086
UAS-VPS28"NA VDRC VDRC# 31894
Mex-Gal4 Gift from Yixian Zheng N/A
Esg-Gal4 BDSC BL# 93857

(Continued on next page)
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REAGENT or RESOURCE SOURCE IDENTIFIER

Tub-Gal80'™ BDSC BL# 7018

CoinFLP BDSC BL# 59269

hsFLP BDSC BL# 6

ActfrtStopfrtGal4, UAS-GFP Gift from Y. Graba and A. Saurin N/A

Oligonucleotides (Primers)

Rp49 (F)
Rp49 (R)
AttacinD (F)
AttacinD (R)
Diptericin (F)
Diptericin (R)
PGRP-LE (F)
PGRP-LE (R)
PGRP-LB (F)
PGRP-LB (R)
PGRP-SC1 (F)
PGRP-SC1 (R)
PGRP-SC2 (F)
PGRP-SC2 (R)
Rab5 (F)
Rab5 (R)

Hrs (F)

Hrs (R)

Relish (F)
Relish (R)
VPS28 (F)
VPS28 (R)

CGCTTCAAGGGACAGTATCTG
AAACGCGGTTCTGCATGA
GTCACTAGGGTTCCTCAG
GCCGAAATCGGACTTG
GCTGCGCAATCGCTTCTACT
TGGTGGAGTGGGCTTCATG
GTCCGCCATCATTCCGCGCT

CGCGACTCAATGTGGAAGCACTGC

GGACATGCAGGACTTCCATC
GTTCTCCAATCTCCGATCA
GGCAACTACCTCAGCTACGC
GGTAGTTCTGGACGCTCTGC
ACCACACCGCTGGAAACTAC
GCCGATCAGGAAGTTGTAGC
GCTGCTGTTCATGGAAACCT
GCGCCATCGTTCTTAGGTAG
CAATCCGGCAATACAGCAGC
CTGTTGCATTAATCCGCCGG
GGTGATAGTGCCCTGCATGT
CCATACCCAGCAAAGGTCGT
ACAAGGTGGCCTTTAAGCAGG
CGTATGGTGATGGGTCGG

Eurofins Genomics
Eurofins Genomics
Eurofins Genomics
Eurofins Genomics
Eurofins Genomics
Eurofins Genomics
Eurofins Genomics
Eurofins Genomics
Eurofins Genomics
Eurofins Genomics
Eurofins Genomics
Eurofins Genomics
Eurofins Genomics
Eurofins Genomics
Eurofins Genomics
Eurofins Genomics
Eurofins Genomics
Eurofins Genomics
Eurofins Genomics
Eurofins Genomics
Eurofins Genomics

Eurofins Genomics

Software and algorithms

Fiji
GraphPad Prism (version 8.0.0)

R Project for Statistical Computing

Schindelin et al., 2012
GraphPad Software
The R Foundation

https://imagej.net/
http://www.graphpad.com/

https://www.r-project.org/

RESOURCE AVAILABILITY

Lead contact

Further information and requests for resources and reagents should be directed to and will be fulfilled by

the lead contact, Julien Royet (julien.royet@univ-amu.fr).

Materials availability

All fly lines generated in this paper will be made available upon request. A material transfer agreement will
be required prior to sharing of materials.

Data and code availability

® All data reported in this paper will be shared by the lead contact upon request.
® All codes used to analyze the data in this paper will be shared by the lead contact upon request.

® Any additional information required to reanalyze the data reported in this paper is available from the

lead contact upon request.
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EXPERIMENTAL MODEL AND SUBJECT DETAILS

Drosophila culture media

Adult female Drosophila melanogaster was used to perform all the experiments. Flies were grown at 25°C
on a yeast/cornmeal medium in 12 h/12 h light/dark cycle-controlled incubators. For 1 L of food, 8.2 g of
agar (VWR, cat.#20768.361), 80 g of cornmeal flour (Westhove, Farigel maize H1) and 80 g of yeast extract
(VWR, cat.#24979.413) were cooked for 10 min in boiling water. 5.2 g of Methylparaben sodium salt
(MERCK, cat.#106756) and 4 mL of 99% propionic acid (CARLOERBA, cat.#409553) were added when the
food had cooled down. For antibiotic treatment (ATB), standard medium was supplemented with Ampi-
cillin, Kanamycin, Tetracyclin and Erythromycin at 50 pg/mL final concentrations.

Fly strains and genetics

The following strains were used in this work: PGRP-LE::V5 (This work), PGRP-LE::GFP (This work), PGRP-
LEAZT::GFP (This work), UAS-PGRP-SC1a (This work), w1118 (BL# 3605) Mutant line: PGRP-LE"'?, RNAI-
Lines: UAS-PGRP-LERNAT (BL# 60038), UAS-Rab5fNA" (BL# 67877), UAS-Duox®NA (BL# 38907), UAS-
SmoNA (VDRCH# 9542), UAS-CiRNAT (VDRCH# 105620), UAS-PGRP-LCRNAT (BL# 33383), UAS-PGRP-SC1a™NA
(BL# 57184), UAS-Rab7"N (Kindly provided by David Strutt), UAS-Fadd®™™*' (Kindly provided by P. Meier),
UAS-Lamp1”NAT (BL# 38254), UAS-Imd™NAT (BL# 38933), UAS-Dredd™ A (BL# 34070), UAS-Relish®™AT (BL#
28943), UAS-Hrs"NA (BL# 34086), UAS-VPS28RNAT (VDRC# 31894). Gal4 Lines: Mex-Gal4 (kindly provided
by Yixian Zheng), Esg-Gal4 (93857), Tub-Gal80™ (BL# 7018) Clonal Analysis Lines: CoinFLP (BL# 59269)
hsFLP (BL# 6), hsFLP; ActfrtStopfrtGal4, UAS-GFP (Kindly provided by Y. Graba and A. Saurin lab).

Flies of genotypes containing the Gal4/UAS/Gal80" constructs were reared at 21°C and transferred to 29°C
for 48 h before infection to allow the activity of the Gal4 transcription factor.

The RNAI/ stocks were tested for their knockdown efficiencies by using a Mex-Gal4 driver to express these lines,
followed by isolation of total mMRNA from the posterior midgut, subjecting them to RT-gPCR analysis with
respective primers. RNAi knockdown efficiencies of the respective lines are as follows: UAS-PGRP-LERNA
(~90%), UAS-Rab5"™AT (~57%), UAS-Hrs® AT (~62%), UAS-VPS28FNA (68%), UAS-PGRP-SC1a"™ (70%) and

UAS-RelishRNAT (~73%).

Bacterial species and infection

Following microorganism were used: Erwinia carotovora carotovora 152141 (E. cc) (grown at 30°C), E. coli
(grown at 37°C), Acetobacter pomorum (grown at 30°C), Lactobacillus plantarum strain WJL (grown at
37°C), Pseudomonas entomophila (grown at 30°C), E. eV (grown at 30°C). Microorganisms were cultured
overnightin Luria-Bertani (for E. cc, E. et P. entomophila, and E. coli) and MRS medium (for L. plantarum
and A. pomorum).

Oral infection

We used 3-5 days old adult female raised at 25°C in presence of ATB in the food. Flies were starved for 2 h
before infection for synchronized feeding. Bacterial cultures were centrifuged at 4,000 RPM for 10 min at
room temperature. Cells were serially diluted in water and their concentration was determined by optical
density (OD) measurement at 600 nm. The food solution was obtained by mixing a pellet of bacterial culture
with a solution of 5% sucrose (50/50) and added to a filter disk (final ODggp = 100) that completely covered
surface of the fly food. Uracil (100 nM) and paraquat (10 mM) were orally administered similar as bacterial
infection.

METHOD DETAILS

PGRP-LE::V5

The PGRP-LE::V5 fusion protein transgenic fly line was obtained by inserting, via CRISPR mediated recom-
bination, a V5-tag cDNA in the 3rd exon of PGRP-LE, upstream of the PGRP domain"TCTdetector".The V5
single-stranded oligo DNA nucleotides donor (ssODN) was synthetized by Eurofins MWG (GATGCAT
ACACGTTAACCATAGGATACCGATTTCACTTACAGAATTCAAAATACCCAAGagcggtggtaagectateectaa
ccctctecteggtetegattctacgggtggcGAGCTGTgCGCCATCATTCCGCGCTCTTCGTGGCTAGCACAGAAGC
CCATGGACGAGQG). The guide RNA (ATGATGGCGCACAGCTCCTT), was cloned into pCFD3-dU6:3 gRNA
(Addgene, 49410). w!8: attP2(nos-Cas9) embryos were injected with both V5 ssODN donor (100 ng/ul)
and pCFD3-gRNA vector (100 ng/pl). GO were crossed to the balancer stock Sgh/FM7. Each F1 was crossed
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again to the balancer stock Sgh/FM7. Then its gDNA was extracted and screened by PCR for V5 presence.
Positive lines were confirmed molecularly by sequencing.

PGRP-LE::GFP

A PGRP-LE::GFP fusion protein transgenic line was obtained by inserting, via CRISPR mediated recombina-
tion, the meGFP cDNA at the C-term end of the PGRP-LE protein.The vector donor BS PGRP-LE::GFP was
obtained by cloning the meGFP cDNA flanked by 1 kb of PGRP-LE homology arms into the Bluescript
vector using the following primers: fw5'arm:CGGGCTGCAGGAATTCATAAGCAACTCCACGAACGT,
rv5'arm:CTCGCCCTTGCTCACTTGTTCCTCCTCCTCGATATTG;  fw3'arm:CAAGCACCGGTCCACGTGAG
GGACAAAAGAAGAGCAC, rv3'arm:GGGCCCCCCCTCGAGTGACCAAACGAATGCAGGAC. A co-CRISPR
strategy (targets: PGRP-LE and ebony e) was used to simplify the screening process.®® Guide RNAs (PGRP-
LE:TCGAGGAGGAGGAACAATGA,; ebony: GCCACAATTGTCGATCGTCA) were cloned into pCFD3-dUé:
3 gRNA (Addgene, 49410).w "8, attP2{nos-Cas?} embryos were injected with donor (500 ng/uL BS PGRP-
LE::GFP) and guide vectors (100 ng/uL pCFD3 PGRP-LE; 100 ng/uL pCFD3 ebony). GO were crossed to the
double balancer stock def w+/FMé; Sb/TM3Ser, e. Each F1 with ebony body color (chrlll: nosCas9*e/
TM3Ser, e) was crossed to the balancer stock Sgh/FM7. Then its gDNA was extracted and screened by
PCR for GFP presence. Positive lines were confirmed molecularly by sequencing.

PGRP-LE*?3"::GFP

To obtain PGRP-LEA?3"::GFP, co-CRISPR strategy (targets: PGRP-LE and ebony e) was used to simplify the
screening process.”” Guide RNAs (PGRP-LE: AGTGCTTCCACATTGAGTCG; ebony: CCACAATTG
TCGATCGTCA) were cloned into pCFD3-dUé6: 3 gRNA (Addgene, 49410).

The y'w'""® PGRP-LE::GFP; attP2{nos-Cas9 y+} embryos were microinjected with guide vectors (pCFD3-
dU6:3 gRNA; Addgene # 49410; into which the guide RNAs were cloned) at 100 ng/uL pCFD3 PGRP-LE
and 100 ng/pL pCFD3 ebony and the corresponding single strand donor oligonucleotide ssODN at
100 ng/puL. GO flies were crossed to the double balancer stock def w+/FMé; Sb/TM3Ser, e. Each F1 fly
with ebony body color (chrlll: nosCas9*e/TM3Ser,e) was crossed to the balancer stock FM7/Sgh or Y.
Then its gDNA was extracted. PCR and sequencing screenings were performed on each F1 ebony fly in or-
der to identify the potential presence of a deletion of amino acid 231.

UAS-PGRP-SC1a

The UAS PGRP-SC1a fly line was obtained by integrating a pUASt-PGRP-SC1a-attB vector in the attP2 site
of the yw™ nosPhiC31 Y*;attP2”" fly line (modified from BDSC lines #25709 and #25710), via transgenesis.

The UAS PGRP-SC1a construct was generated by amplifying the SC1a ORF by PCR from fly genomic DNA
(primers F: AACAGATCTGCGGCCGCATGGTTTCCAAAGTGGCTCTCC, R: AAAGATCCTCTAGAGGTA
CCCTAGCCAGACCAGTGGGAC) and cloning it by InFusion (Takara Bio) into the vector pUASt-attB which
has attB docking site, Gal4 binding sites, w" marker (DGRC Stock 1419). The pUASt-PGRP-SC1a-attB vector
was injected in the embryos of the y'w™ nosPhiC31 Y*;attP2’* fly line. Integration in the attP2 docking site
was screened in F1 by the presence of the w* marker. Positive lines were confirmed molecularly by
sequencing.

RNA extraction, RT-qPCR and RNA-seq

RNA from dissected posterior midgut and abdominal carcass (n = 10) was extracted with RNeasy Mini Kit
(250). Three hundred nanograms of total-RNA was then reverse transcribed in 20 ul reaction volume using
the Superscript Il enzyme (Invitrogen) and random hexamer primers. Quantitative real-time PCR was per-
formed on a CFX96 Real-Time PCR Detection System (BIO-RAD) in 96-well plates using the FastStart Uni-
versal SYBR Green Master (Sigma-Aldrich). The amount of mRNA detected was normalized to control rp49
mRNA values. Normalized data were used to quantify the relative levels of a given mRNA according to
cycling threshold (Ct) analysis. mRNA levels in uninfected control flies were set to 1, values obtained
with other genotype were expressed as a fold of this value. RT-gPCR results are shown as mean + SEM
from posterior midgut of ten female flies per genotype from at least three independent experiments.

For RNA-seq analysis, RNA was extracted from dissected posterior midguts with RNeasy Mini Kit (250). Li-
brary preparation was performed at the GenomEast platform at the Institute of Genetics and Molecular and
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Cellular Biology using Illumina Stranded mRNA Prep Ligation - Reference Guide - PN 1000000124518.
RNA-Seq libraries were generated according to manufacturer’s instructions from 300 ng of total RNA using
the lllumina Stranded mRNA Prep, Ligation kit and IDT for lllumina RNA UD Indexes Ligation (Illumina, San
Diego, USA). Briefly, Oligo(dT) magnetic beads were used to purify and capture the mRNA molecules con-
taining polyA tails. The purified mRNA was then fragmented at 94°C for 2 min and copied into first strand
complementary DNA (cDNA) using reverse transcriptase and random primers. Second strand cDNA syn-
thesis further generated blunt-ended double-stranded cDNA and incorporated dUTP in place of dTTP
to achieve strand specificity by quenching the second strand during amplification. Following A-tailing of
DNA fragments and ligation of pre-index anchors, PCR amplification was used to add indexes and primer
sequences and to enrich DNA libraries (30 s at 98°C; [10 s at 98°C, 30 s at 60°C, 30 s at 72°C] x 12 cycles;
5 min at 72°C). Surplus PCR primers were further removed by purification using SPRIselect beads
(Beckman-Coulter, Villepinte, France) and the final libraries were checked for quality and quantified using
capillary electrophoresis. Libraries were sequenced on an lllumina HiSeq 4000 sequencer as paired-end
100 base reads. Image analysis and base calling were performed using RTA version 2.7.7 and bcl2fastqg
version 2.20.0.422. Quality check of raw reads was performed using HTseq®* and alignment was performed
by HISAT2.°° SAR Tools®® was used for differential expression analysis. The functional enrichment analysis
of the Differentially Expressed Genes (DEGs) was performed using the web-based tools g:Profiler with
default parameters.®’ Heatmap was generated with R package Pheatmap. All Ind/NF-kB pathway related
genes which had threshold less than 0.05 (padj <0.05) were selected and plotted in the figure as Log2 fold
change.

Immunofluorescence/confocal imaging and image processing

Protocol without antibody staining

Adult fly guts were dissected in ice-cold PBS and fixed for 20 min in 4% paraformaldehyde on ice. After 3
washes (5 min each) in PBT (1XPBS +0.1% Triton X-100), the guts were mounted in Vectashield (Vector Lab-
oratories) fluorescent mounting medium, with DAPI. Images of posterior midgut (R4 region) were captured
immediately after mounting with an LSM 880 Zeiss confocal microscope, and an individual stack is shown in
the figures.

Protocol for antibody staining

Following antibodies were used: Primary antibodies: Mouse anti-V5 (1:500, Invitrogen, R960-25), Rabbit
anti-V5 (1:500, Invitrogen, MA5-32053), Rabbit anti-Rab5 (1:500 Abcam, ab31261), Mouse anti-Rab7
(1:500, Abcam, ab50533), Rabbit anti-Lamp1 (1:500, Abcam, ab30687), Chicken anti-GFP (1:2000, Aveslabs,
GFP-1020), Mouse anti-Prospero (1:50, DSHB, MR1A). Secondary antibodies: Donkey anti-mouse AF568
(1:500, ThermoFisher Scientific, A10037), Donkey anti-mouse AF647 (1:500, Jackson ImmunoResearch,
715605151), Donkey anti-rabbit AF568 (1:500, ThermoFisher Scientific, A10042), Donkey anti-rabbit
AF647 (1:500, ThermoFisher Scientific, A31573). Adult fly guts were dissected in ice-cold PBS, fixed for
20 min in 4% paraformaldehyde on ice and washed 3 times in PBT (1XPBS +0.1% Triton X-100). Tissues
were blocked for 2 hin PBT +3% bovine serum albumin (BSA; Sigma-Aldrich) and then incubated overnight
with the primary antibodies, in a cold room, on shaker. After 3 washes in PBT, the dissected tissues were
incubated 2 h with secondary antibodies. The tissues were next rinsed three times in PBT and mounted
in Vectashield (Vector Laboratories) fluorescent mounting medium, with DAPI. Images of posterior midgut
(R4 region) were captured with an LSM 880 Zeiss confocal microscope, and an individual stack is shown in
the all the figures. Some images were false colored for consistency with other images in the manuscript.

Smurf assay

For Smurf assay 3% (v/v) colorant bleu (E133) was mixed with E. cc containing oral infection food. After é hpi
flies were imaged on Zeiss Stereo Lumar V12 microscope.

Data analysis

All images were quantified using Fiji software (available at ImageJ.nih.gov/ij). The detailed methodology
for analysis of various parameters is described as follows.

Intensity quantification

Fiji software was used to define the region of interest (ROls) of 150*150 pixels corresponding to approxi-
mately one enterocyte in posterior midgut (R4 region). Random five ROls were selected using rectangle
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selection tool keeping nucleus (DAPI) in the center. The mean intensity measurement of PGRP-LE::GFP and
PGRP-LE::V5 was then conducted using measure tool (ImageJ function: Analyze > Measure). In all exper-
iments, genotypes were analyzed in parallel. Each experiment was repeated independently at least three
times, and one representative quantification is shown. Data were normalized with uninfected and plotted
fold change of normalized mean intensity.

Clusters number and size quantification

Imaged macro programs were used to quantify number and size of clusters. Briefly, random five ROls of
150*150 pixels of single stack were selected using rectangle selection tool keeping nucleus (DAPI) in the
center. Next, threshold (ImageJ function: Image > Adjust > Threshold) was set and converted to mask.
Watershed (ImageJ function: Process > Binary > Watershed) was used to separate closed clusters by
one pixel and then number and size of clusters were quantified with analyze particles tool (ImageJ function:
Analyze particles). All the genotypes were analyzed in parallel in all experiments. Each experiment was
repeated at least three times, and one representative quantification is shown.

Colocalization quantification

ImageJ macro program were used to quantify colocalization. Briefly, random five ROls of 150*150 pixels of
a single stack were selected using rectangle selection tool keeping nucleus (DAPI) in the center. Next,
threshold (Imaged function: Image > Adjust > Threshold) was set and converted to mask. Watershed
(ImageJ function: Process > Binary > Watershed) was used to separate closed clusters by one pixel and
then number of clusters were quantified with analyze particles tool (ImageJ function: Analyze particles).
These quantified clusters were used to quantify colocalization with Rab5 and Rab7 positive endosomes us-
ing JACoP (Just Another Colocalization Plugin) plugin in ImageJ. Pearson’s R coefficient values were used
to plot graphs.

QUANTIFICATION AND STATISTICAL ANALYSIS

At least three independent repeats were carried out for each experiment (unless otherwise stated in the
figure legends). Statistical analyses were conducted comparing independent experiments with use of
GraphPad Prism 8 software (GraphPad Software). The total number of animals quantified, p values, and sig-
nificance levels are indicated in the respective Figure legends.
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