


after challenge with live Erwinia carotovora carotovora 15 when
comparing single or combined isoforms on PGRP-LE112;;PGRP-
LCE12 and PGRP-LCE12 backgrounds (Fig. 5B), confirming pre-
vious results that PGRP-LE is dispensable in vivo for Imd acti-
vation upon systemic infection with Gram-negative bacteria (28).
When flies were injected with TCT, PGRP-LCE12 mutants in-
variably retained a very low capacity to induce Imd signaling,
more marked when complemented with unresponsive PGRP-LC
isoforms, indicating a role of PGRP-LE to sense TCT (Fig. 5C).
In the double PGRP-LE112;;PGRP-LCE12 mutants, TCT respon-
siveness was lost entirely, in agreement with a previous study (29).
Notably, use of complemented PGRP-LE112;;PGRP-LCE12 mutants
demonstrates that detection of TCT now relied exclusively on the
combined presence of PGRP-LCa/x.

Taken together, these results stress the self-sufficiency of PGRP-
LC in combating Gram-negative infection. They also demonstrate
that TCT sensing by the fat body can be mediated either by the
PGRP-LCa/x heterodimer or by PGRP-LE, but that the contribu-
tion of PGRP-LCa/x to TCT sensing prevails over that of PGRP-
LE, likely due to the fact that soluble PGRP-LE partially signals via
membrane-bound PGRP-LC (29). The observation that PGRP-
LE112;[LCx];PGRP-LCE12 flies, which are unable to recognize
TCT due to the lack of both PGRP-LE and PGRP-LCa, still retain
some resistance to infection with Erwinia carotovora carotovora
15 indicates that Erwinia carotovora carotovora 15 is detected
mostly through polymeric PGN.

Both PGRP-LC and PGRP-LE contribute to local Imd
activation in the gut

It has been suggested previously that PGRP-LE engages different
mechanisms of signal transduction depending on its localization:
intracellular, full-length PGRP-LE can signal independently in
response to intracellular ligands, whereas extracellular or secreted
PGRP-LE is signaling-deficient and acts as a soluble coreceptor of
PGRP-LC, reminiscent of CD14 and TLR4 (29). Moreover, dif-
ferent tissues may have different tolerance thresholds to infection:
whereas the hemocele would need to remain strictly sterile, organs
such as the digestive tract or trachea, which are in direct contact
with the external environment, might tolerate higher loads of
bacterial elicitors and keep a tighter control on immune activation.
This prompted us to investigate the role of PGRP-LC isoforms
and PGPP-LE in the intestinal immune response. PGRP-LC and
PGRP-LE are differentially expressed in the fat body and gut
compartments (Supplemental Fig. 2). PGRP-LE is strongly
enriched in the midgut, which is of endodermal origin (depicted as
dashed lines in Fig. 6A), whereas PGRP-LC is slightly enriched in
both the hindgut and the foregut (comprising the crop and the first
half of the cardia), which are of ectodermal origin (depicted as
solid lines in Fig. 6A) [Fig. 6A, 6B; FlyAtlas (36)]. We have
previously shown that PGRP-LC contributes to the gut response
through sensing of PGN, whereas the role of PGRP-LE was not
assessed (9, 37). In particular, Zaidman-Rémy et al. (9) found that
ingestion of Gram-negative PGN or Erwinia carotovora car-
otovora 15 induced PGRP-LC–dependent Dpt expression in the
cardia. This intestinal Imd activation is kept in check by amidase
PGRPs, especially PGRP-LB, which degrades PGN (9, 30). We
therefore wanted to dissect the contribution of PGRP-LC isoforms
and PGRP-LE to the gut immune response. To this end, flies were
orally infected with Erwinia carotovora carotovora 15, which is
nonlethal in this type of infection, and the Dpt response was
quantified in dissected intestinal tissues comprising the cardia and
midgut without Malpighian tubules. As observed for the systemic
immune response in adults, the local Imd pathway activation in
the gut seems to rely on PGRP-LCx (Fig. 6C), albeit without
reaching significance. Along with the residual levels of activation
in PGRP-LCE12 flies, this suggests that another PRR, most likely
PGRP-LE, contributes significantly to the gut immune response.
We therefore reevaluated the local immune response to Erwinia
carotovora carotovora 15 exclusively in the endodermal section
of the gut (midgut without cardia) where the relative enrichment
of PGRP-LE over PGRP-LC suggests a sizeable contribution
of PGRP-LE. PGRP-LE112 mutants are on a y,w background,
which generally reacts stronger to immune stimuli. Therefore,
PGRP-LCE12 and PGRP-LE112 single mutants cannot be com-
pared directly. However, when normalized to their respective ge-
netic background controls, both PGRP-LCE12 and PGRP-LE112

single mutants showed a significant, around 50% contribution to Imd
pathway activation in the midgut (Fig. 6D), and only the combined

FIGURE 5. PGPR-LE is dispensable for survival to Gram-negative

infections and for systemic sensing of monomeric PGN. (A) Sur-

vival analysis to systemic challenge with Gram-negative bacteria in

w;;PGRP-LCE12 or y,w,PGRP-LE112;;PGRP-LCE12 backgrounds com-

plemented with [LC,LF] vectors (LF is omitted from legend for clarity).

Males were infected with Erwinia carotovora carotovora 15 by septic

injury and monitored for survival at 29˚C. Results are shown as mean +

SEM of median survival from at least three independent experiments

each with 20–30 males per genotype. Log-rank test, Bonferroni cor-

rected threshold for multiple comparisons: no significant difference

between single or combined isoforms in PGRP-LCE12 versus PGRP-

LE112;;PGRP-LCE12 backgrounds. Raw survival data can be found in

Supplemental Table I. (B) Dpt expression in response to systemic in-

fection with Erwinia carotovora carotovora 15. Females were infected

with Erwinia carotovora carotovora 15 by septic injury and collected at

8 h for mRNA quantification by RT-qPCR. (C) Dpt expression in re-

sponse to injection of TCT. Females were injected with TCT (13.8 nl,

0.42 mM) and collected at 24 h for mRNA quantification by RT-qPCR.

Results in (B) and (C) represent the mean + SEM from 10 females per

genotype from three independent experiments. Two-way ANOVA with

Bonferroni post hoc tests comparing single or combined isoforms

shows no significant difference between PGRP-LCE12 and PGRP-LE112;;

PGRP-LCE12 backgrounds.
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loss of both receptors completely abolished the midgut response
to infection. This clearly indicates that PGRP-LC and PGRP-LE
contribute equally to the activation of the Imd pathway by
Gram-negative bacteria in the midgut.

Sensing of TCT in the gut

We next wanted to address whether TCT is directly detected in the
gut and to what extent each receptor contributes to this detection.
PGRP-LE has been implicated in the sensing of TCT in absorptive

tissues like the Malpighian tubules (29), but its role in the intestinal
epithelium remains untested. In a preliminary set of experiments,
we were unable to detect any strong activation of the Imd pathway
upon oral ingestion of TCT. As mentioned above, PGRP-LB
rapidly hydrolyzes free intestinal PGN (9, 30), raising the hy-
pothesis that ingested TCT was immediately degraded prior to
detection by gut PRRs. To detect a local epithelial response to
ingested TCT, we analyzed the contribution of PGRP-LC or
PGRP-LE in PGRP-LBD mutant flies. Notably, the response to
TCT in intestinal tissues (midgut with cardia) was only slightly
affected by the loss of PGRP-LC alone, more so by the loss of
PGRP-LE alone, and was completely abolished in mutants lacking
both PGRP-LC and PGRP-LE (Fig. 6E). Note that complemented
PGRP-LE112;[LC,LF];PGRP-LBD,PGRP-LCE12 flies were used
as a surrogate for PGRP-LE112;;PGRP-LBD single mutant flies
because of the poor growth of PGRP-LE112;;PGRP-LBD stocks.
From this experiment, we conclude that intestinal cells have the
capacity to detect TCT prevalently through PGRP-LE, with a
smaller contribution of PGRP-LC.

Long-range activation of immune responses to Gram-negative
bacteria relies on PGRP-LCa/x dimers

A subset of Gram-negative bacteria, including P. entomophila, is
lethal to Drosophila even when given by oral route and results in
both local and systemic immune responses (38, 39). The fat body
response to gut bacteria is thought to be caused by active or
passive translocation of bacterial products through the gut barrier,
loss of epithelial integrity, or escape of bacteria from the gut.
PGRP-LB is proposed to play a major role in preventing this
ectopic response by digesting intestinal PGN, a hypothesis sup-
ported by loss of tolerance to nonvirulent gut bacteria in PGRP-LB
knockdown flies (9). We have proposed but not formally demon-
strated that small PGN fragments, especially TCT, act as diffusible
signaling molecules from the gut to elicit a systemic immune
response in PGRP-LB knockdown or mutant flies (8, 9). There-
fore, we tested which PGRP-LC isoforms were required for long-
range activation of Imd both in the response to lethal P. entomo-
phila as well as in PGRP-LBD mutant flies fed nonlethal Erwinia
carotovora carotovora 15.
Oral infection with Erwinia carotovora carotovora 15 in PGRP-

LC isoform-complemented PGRP-LBD mutant flies generated
a systemic response that was mainly mediated through PGRP-
LCa/x dimers (Fig. 7A). Taking into consideration that TCT is
the only ligand sensed by the PGRP-LCa/x heterodimer, our result
indicates that this response is mediated by TCT sensing. To verify
that TCT is indeed the long-distance elicitor generating this phe-
notype, we directly fed TCT to these flies and observed the same
pattern of PGRP-LC isoform dependence (Fig. 7B). In this case,
the high background levels of TCT responsiveness even in the
complete absence of PGRP-LC were reminiscent of our results
with systemic injection of TCT (compare with Fig. 3D). There-
fore, we also tested the relative contribution of PGRP-LE and
PGRP-LC in the systemic response of PGRP-LBD mutant flies to
oral infection with Erwinia carotovora carotovora 15. Fig. 7C
shows that both PGRP-LE and PGRP-LC significantly contribute
to systemic activation of the Imd pathway by TCT feeding of
PGRP-LBD–deficient flies.
Likewise, when wild-type flies were orally infected with lethal P.

entomophila, the ensuing systemic immune response relied mainly
on the PGRP-LCa/x combination (Fig. 7D), indicating that this
response is mediated by TCT. The observation that wild-type flies
or PGRP-LCE12 mutants carrying the full PGRP-LC locus do not
reach the same amplitude of response compared with PGRP-LCa/x
reconstituted flies (Fig. 7B, 7D) is puzzling. A possible expla-

FIGURE 6. Local responses to oral infection rely on combined action of

PGRP-LC and PGRP-LE. (A) Adult Drosophila digestive system, com-

prising crop, cardia, midgut, Malpighian tubules (M. tub., truncated), and

hindgut (truncated). Solid line, ectodermal origin; dashed line, endodermal

origin. Full bars indicate dissection points for experiments using midgut

with cardia (mixed endodermal and ectodermal tissue); hatched bar indi-

cates dissection point for experiments using exclusively endodermal

midgut tissue. (B) Expression levels of different PGRP genes based on

FlyAtlas. (C) Intestinal Dpt expression in response to oral challenge with

a nonlethal Gram-negative pathogen. Females were fed a mix of sucrose/

Erwinia carotovora carotovora 15 for 12–15 h, after which intestines were

collected for mRNA quantification by RT-qPCR. Results represent the

mean + SEM from 15–20 females per genotype from three independent

experiments. All genotypes were compared with PGRP-LCE12 using one-

way ANOVA with Dunnett post hoc test; no significant difference was

observed. (D) Both PGRP-LC and PGRP-LE contribute to intestinal Dpt

expression in response to Erwinia carotovora carotovora 15. Females were

treated as in (B) but intestines were dissected to include only tissues of

endodermal origin. Results represent the mean + SEM from 20–25 females

per genotype from three independent experiments expressed as Dpt/RpL32

ratios. Note different y-axis scales: the immune response in y,w flies is

three times stronger than in CanS. One-way ANOVA with Tukey post hoc

test was performed separately for each background. (E) The intestinal

response to TCT relies on PGRP-LE and PGRP-LC. Females of indicated

genotypes were fed a mix of sucrose/TCT (0.02 mM) for 12–15 h, after

which intestines were collected for mRNA quantification by RT-qPCR.

Results are shown as described in (C). All genotypes were compared

pairwise using one-way ANOVA with Tukey post hoc test. *0.01 , p ,
0.05, **0.001 , p , 0.01, ***p , 0.001. ns, Not significant, p . 0.05.
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nation brought forward before is that PGRP-LCy, which is absent
from PGRP-LCa/x reconstituted flies, might dampen the response
to TCT in wild-type flies. As apparent from Fig. 7E, loss of
PGRP-LE had no significant effect on the systemic response to P.
entomophila. However, the levels of systemic Dpt induction in the
P. entomophila model are five times lower than those observed in
the TCT-fed PGRP-LBD mutant model (compare non-normalized
Dpt/RpL32 ratios in Fig. 7C and 7E), a situation that might mask
the possible contribution of PGRP-LE.
Taken together, these experiments prove that long-range acti-

vation of the systemic response upon oral infection is mediated by
TCT and that the PGRP-LCa/x heterodimer plays a major role in
sensing TCT. However, we noted a discernible role of PGRP-LE in
eliciting systemic responses to orally administered TCT in PGRP-
LBD mutants.

Discussion
Our initial aim was to define the role of each PGRP-LC isoform
in vivo. Using Phi31-mediated recombineering, we successfully

inserted loci of full and isoform-specific PGRP-LC constructs into
the fly genome and proved they were capable of complementing
PGRP-LC null mutations. Our in vivo approach confirms and
extends previous in vitro and RNAi experiments in proving that
PGRP-LCx is indeed necessary and sufficient to respond to
challenge with live or dead Gram-negative bacteria and to Gram-
positive, DAP-type bacilli. Moreover, PGRP-LCx alone induces
the in vivo immune response to polymeric PGN, whereas com-
bined presence of PGRP-LCx and PGRP-LCa is necessary to
sense the anhydro-monomer TCT. The differential requirement
of PGRP-LC isoforms in response to Gram-positive DAP-type
(PGRP-LCx alone) and Gram-negative bacteria (both PGRP-LCx
and PGRP-LCa/x) indicates that flies are able to discriminate
between the two types of DAP-type PGN-containing bacteria and
to mount appropriate responses. Notably, injection of TCT in
contrast to polymeric PGN leads to an increase in amplitude and
duration of Imd pathway activation (Ref. 9 and this study). Thus,
TCT detection by PGRP-LCa/x allows flies to mount a strong
response to Gram-negative bacteria despite the fact that DAP-type

FIGURE 7. Long-range activation of immune response to Gram-negative bacteria relies on TCT recognition by PGRP-LCa/x dimers and PGRP-LE. (A and

B) Loss of systemic tolerance to oral infection with a nonlethal Gram-negative pathogen in PGRP-LBD,PGRP-LCE12 backgrounds complemented with [LC,LF]

vectors (LF omitted in legend for clarity). Females were fed Erwinia carotovora carotovora 15 (A) or synthetic TCT (B) for 12 h, then whole flies were

collected for mRNA quantification by RT-qPCR. Results are shown as mean + SEM from 10 females per genotype from at least three independent experiments.

All genotypes were compared with PGRP-LCE12 using one-way ANOVA with Dunnett post hoc test. All genotypes were compared with PGRP-LCE12 using

two-way ANOVAwith Bonferroni post hoc test. (C) PGRP-LE contributes to the systemic response to oral infection in PGRP-LBD-deficient flies. Females were

fed a mix of sucrose/ Erwinia carotovora carotovora 15 for 12–15 h, after which whole flies were collected for mRNA quantification by RT-qPCR. Data

represents the mean + SEM from 10 females per genotype from at least three independent experiments. One-way ANOVA with Tukey post hoc test was

performed separately for each background. (D) Systemic Dpt expression in response to oral challenge with a lethal Gram-negative pathogen. Females were fed

sucrose/P. entomophila for 12 h, after which whole flies were collected for mRNA quantification by RT-qPCR. Results are shown as in (A). (E) Experiments in

(D) were repeated with mutants for either PGRP-LE or PGRP-LC and their respective background controls. Results represent the mean + SEM from 20–25

females per genotype from at least three independent experiments, expressed as Dpt/RpL32 ratios. Note the stronger immune response in y,w flies. Results were

analyzed using one-way ANOVA with Tukey post hoc test. *0.01 , p , 0.05, **0.001 , p , 0.01, ***p , 0.001. ns, Not significant, p . 0.05.
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PGN is not exposed (masked by the LPS layer) and is less
abundant compared with DAP-type PGN-containing Gram-posi-
tive bacteria (40).
Consistent with previous reports that showed no effect of PGRP-

LCy RNAi on PGN sensing in cells (6, 14), PGRP-LCy on its own
did not show any induction of the Imd pathway. However, bac-
terial infection or injection of immunostimulatory compounds
repeatedly produced a stronger response in flies carrying PGRP-
LCa/x isoforms than in flies carrying the whole PGRP-LC locus.
Although we cannot exclude subtle differences in isoform ex-
pression from the intact, full locus compared with the engineered
isoform loci, this suggests that the full locus carries an additional
regulatory element lacking in heterozygous PGRP-LCa/x flies. It
is tempting to speculate that PGRP-LCy, present in the full locus
but absent from PGRP-LCa/x flies, might help to regulate re-
sponse levels. PGRP-LCy is structurally unlikely to bind PGN but,
unlike PGRP-LF, retains a signaling-competent cytoplasmic tail.
If any regulatory activity was associated with the PGRP-LCy
isoform, it would therefore have to act extracellularly, possibly
by competing with other isoforms for cell surface localization and
thereby diluting receptor availability. Thus, the only function we
can attribute to PGRP-LCy from this study is a regulatory role in
adjusting the amplitude of Imd pathway activation.
The importance of wild-type receptor levels in any study of

isoform function is crucial because overexpression of receptors is
sufficient on its own to stimulate the Imd pathway (24, 25). Our
PGRP-LC complemented system mimics wild-type receptor ex-
pression dynamics, and we did not detect any elevated background
levels of Imd activation in complemented PGRP-LC mutant flies
(data not shown). However, alterations in the genomic ratio of
PGRP-LC to PGRP-LF, achieved by combining [LC] or [LC,LF]
vector-carrying lines with wild-type or different PGRP-LC–defi-
cient backgrounds, showed a significant correlation between Dpt
levels and PGRP-LC/LF ratios in infected flies, consistent with an
inhibitory role of PGRP-LF (15, 16). This indicates that the
stoichiometry of activating and regulating receptors matters, as
foreshadowed by affinity studies between signaling-competent
PGRP-LCx–TCT–PGRP-LCa and signaling-deficient PGRP-
LCx–TCT–PGRP-LF complexes (22).
Several overexpression studies in S2 cells already localized

PGRP-LC to the plasma membrane (6, 41). We extend this finding
to wild-type receptor expression levels in an immunocompetent
tissue and provide evidence that PGRP-LC localizes to the apical
and lateral plasma membrane in fat body cells, revealing a previ-
ously undescribed polarity in this immune-responsive tissue.
Similar to Takehana et al. (28), who described no significant

difference betweenDpt expression in PGRP-LC versus PGRP-LE;;
PGRP-LCmutants after stimulationwithB. subtilis andEscherichia
coli, we see no additional decrease in survival rates to Erwinia
carotovora carotovora 15 when comparing single PGRP-LC and
double PGRP-LE;;LC mutants, and no significant underlying
reduction inDpt levels. This underlines the major role of PGRP-LC
to survey a defined compartment—the insect hemolymph—and to
preferentially activate immune responses in the fat body.
In general agreement with Kaneko et al. (29), we confirmed

a role of PGRP-LE in the systemic immune response to TCT,
albeit depending on the route of administration. On one hand, we
note a predominant role of PGRP-LCa/x over PGRP-LE in sens-
ing injected TCT in the hemolymph. In this context, the contri-
bution of PGRP-LE was discernible in the presence of any PGRP-
LC isoform but was less marked in the absence of the full locus,
consistent with the concept that hemolymph PGRP-LE cannot
signal directly but depends on membrane-bound PGRP-LC to
relay information (29). However, even though secreted PGRP-LE

might contribute to Imd activation by delivering hemolymph TCT/
PGN to membrane-bound PGRP-LC, the effect of complete
PGRP-LE loss on systemic immune activation after injection of
TCT into the hemocele was not significant. This suggests that the
cytosolic, autonomous PGRP-LE form does not contribute sig-
nificantly to the activation of the Imd pathway by injected TCT
and establishes PGRP-LC as the predominant receptor eliciting
systemic responses in the hemocele.
On the other hand, when Imd activation in the fat body was

triggered by oral ingestion of TCT in the PGRP-LB mutant
background, we observed a non-negligible contribution of PGRP-
LE to this systemic response in the absence of PGRP-LC. This
indicates that when TCT reached the hemocele by active or passive
transport from the intestine, the role of cytosolic PGRP-LE became
more prominent. Although we have no explanation for this dis-
crepancy, one might speculate that even though cytosolic PGRP-
LE does not significantly contribute to TCT sensing when injected
into the hemolymph, possibly because the fat body lacks trans-
porters present in absorptive organs, this intracellular mode of
recognition gains in importance when TCT transits through cells.
Taken together, the subordinate role of secreted PGRP-LE

compared with PGRP-LC might suggest that the main contribu-
tion of PGRP-LE is as an intracellular sensor, which will only
spring into action when systemic levels of TCT have reached a
critical threshold and permeated the cytosol.
Determining the mechanisms by which barrier epithelia sense

bacteria and differentiate between acceptable and nonacceptable
intruders is a major issue in the field of innate immunity. Previous
studies proposed PRR compartmentalization as an essential mech-
anism to discriminate between pathogenic versus beneficial bac-
terial colonization (42). Although we observed a clear role of
PGRP-LC sensing in the gut, consistent with previous studies, we
cannot conclude whether this reflects direct sampling of the gut
lumen by PGRP-LC. Unfortunately, the expression of the PGRP-
LC-GFP fusion construct was not strong enough to determine
whether PGRP-LC is expressed at the apical or the basal side of
enterocytes. Of note, recognition PGRPs involved in the sensing
of Gram-negative bacteria show differential expression patterns
along the gut, with enrichment of PGRP-LE in the endodermally
derived midgut and a modest enrichment of PGRP-LC in ecto-
dermally derived foregut and hindgut. Moreover, PGRPs in these
sections are more or less accessible to gut contents. A relatively
impermeable cuticle protects ectodermal epithelia in the foregut
and hindgut, whereas the peritrophic matrix covering the PGRP-
LE-rich section of the midgut is permeable to allow passage of
digested nutrients (43). It is therefore more likely for bacterial
compounds to reach midgut epithelia, and a reduction in surface
receptors capable of mounting potentially detrimental immune
responses to commensals in this compartment would make sense.
Cytosolic receptors expressed in this compartment would be able
specifically to detect absorbed or diffusible bacterial compounds
such as TCT, which may be a hallmark of proliferation and/or
harmful bacteria. Consistent with this, we saw a major contribu-
tion of PGRP-LE (most probably of the cytosolic form as PGRP-
LE signaling did not depend on PGRP-LC) and less of PGRP-LC
when we assessed the midgut-specific response to Gram-negative
bacteria. More strikingly, the midgut response to ingested TCT
relied mostly on PGRP-LE, supporting a role of this receptor in
danger detection in the gut. Thus, our study uncovers a key role of
PGRP-LE in the Drosophila midgut and suggests that intracellular
sensing of TCT is used in Drosophila as a mechanism to recognize
infectious bacteria.
We previously put forward a model whereby long-range acti-

vation of the systemic immune response in Drosophila is mediated
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by the translocation of small PGN fragments from the gut lumen
or other barrier epithelia to the hemolymph. This view was sup-
ported by the observation that ingestion of monomeric PGN can
stimulate a strong systemic immune response in PGRP-LB
knockdown flies with reduced amidase activity and that deposition
of PGN or TCT on the genitalia is sufficient to induce a systemic
immune response (8, 9). Moreover, because TCT consistently
elicited stronger responses than PGN, these models proposed an
involvement of active or passive transport of the elicitor to the
hemocele. On the basis of our results, we cannot yet conclude the
mechanism of TCT delivery to the hemocele. However, the unique
and well-characterized interaction of TCT–PGRP-LCa–PGRP-
LCx (20) and the primordial role of PGRP-LCa/x heterodimers
in mediating TCT-specific systemic activation of the Imd pathway
(this study) demonstrates that TCT is indeed a crucial element in
the long-range activation of the immune response.
In conclusion, our study shows that a combination of extra-

cellular sensing by PGRP-LC isoforms and intracellular sensing
through PGRP-LE provides sophisticated mechanisms to detect
and differentiate between infections by different DAP-type bacteria
in Drosophila. It is probable that the absence of LPS sensing in
Drosophila has imposed some constraints on the system and that
sensing of TCT through PGRP-LCa/x and PGRP-LE evolved as
a surrogate way to distinguish Gram-negative bacteria from Gram-
positive DAP-type PGN-containing bacteria. Because TCT is re-
leased during bacterial division, intracellular sensing through
PGRP-LE provides an adequate mechanism of detection in the
gut, reminiscent of the intracellular sensing of Gram-negative
muropeptides by intracellular NOD1 in epithelia (44, 45). To date,
the existence of a mode of recognition of lysine-type bacteria in the
midgut remains unexplored. A simple explanation could be that
lysine-type bacteria do not represent a threat for flies as they rarely
infect via the oral route and are therefore not detected. Indeed,
DAP-type PGN-containing bacteria of either Gram-negative
type (Serratia, Pseudomonas) or bacillus-type (Bacillus thur-
ingiensis) are the only characterized naturally occurring insect
pathogens to date.
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