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Are there mutualists among commensals?
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TOR Signaling in the PG Is Required for the Proper
Increase of Ecdysone Levels at the Larval/Pupal
Transition
The rapid accumulation of ecdysone at the end of larval devel-
opment is required for proper larval/pupal transition. Therefore,
the delayed entry into pupal development observed in P0206 >
TSC1/2 larvae could be explained by a perturbation of ecdy-
sone accumulation at this stage. To test this possibility, we
measured the transcriptional rate of E74B, a direct target of
EcR, as a readout for ecdysone signaling levels. Control larvae
presented a steep increase in E74B transcription at the end of
larval development, reflecting the surge of ecdysone levels at
that period (Figure 2A). By contrast, no accumulation of E74B
was observed in P0206 > TSC1/2 larvae at the normal time of
pupariation (dotted line, 120 hr after egg deposition [AED]); in-
stead, the transcription rate of E74B only slowly increased to in-
termediate levels during the prolonged third larval instar
(Figure 2A). We also observed a significant delay in the tran-
scriptional induction of two genes involved in ecdysone biosyn-
thesis, phantom (phm) and disembodied (dib) (Figure 2A)
(Chavez et al., 2000; Warren et al., 2004; Parvy et al., 2005).
These results suggest that the transcriptional activation of
phm and dib, which is required for the surge of ecdysone pro-
duction, depends on the level of TOR signaling in PG cells, and
that the reduction of TOR signaling in this tissue impedes ecdy-
sone production. Indeed, we were able to efficiently rescue the
developmental delay and growth increase induced in P0206 >
TSC1/2 animals by feeding larvae with 20-hydroxyecdysone
(20E, the active form of ecdysone). This suggested that the pro-
duction of ecdysone, not the response to the hormone, is the
source of delay in our experimental conditions (Figures 2B
and 2C).
Remarkably, despite moderate levels of ecdysone signaling,

most P0206 > TSC1/2 larvae still progressed to the larval/pupal
transition. This suggests that maximal EcR signaling levels are
not required for the pupal molt, and that cumulative effects of
prolonged exposure to moderate levels of hormone could be
sufficient. Yet, individuals in the P0206 > TSC1/2 population
pupariate over a longer period of time compared to control
animals, suggesting that high levels of ecdysone allow for
proper synchronization of this key developmental transition
(Figure S1D).
We had previously shown that InR/PI3K signaling modulates

the production of basal levels of ecdysone, without modification
of the ecdysone peak at the end of larval development. The con-
sequence of this regulation is a modulation of animal growth rate
with no alteration of the developmental timing (Figures 1C–1E)
(Colombani et al., 2005). Therefore, although closely related, it
appears that the hormone-mediated activation of InR/PI3K
signaling and the nutrient-mediated activation of TOR signaling
participate in distinct physiological regulations of ecdysone pro-
duction in PG cells.

Figure 1. Decreased TOR Signaling in the Prothoracic Gland Affects
Larval Developmental Timing without Changing the Larval Growth
Rate
(A) The duration of larval development is linked to nutritional conditions: flies

were raised on food medium containing different concentrations of yeast ex-

tract (from 03 to 43, compared to the 13 used as standard medium, see Ex-

perimental Procedures), and the duration of development to the wandering

stage was monitored (T50 values, indicating times at which half of the larval

population entered the wandering stage, are presented and are expressed

in days after egg deposition [AED] at 25!C).

(B) Ring glands expressing the TSC1/2 complex by using the P0206-Gal4

driver show tissue-autonomous growth. The extent of Gal4 transactivation

and growth inhibition increases with temperature. Representative ring glands

were dissected at 190 hr AED (18!C) or 96 hr AED (25!C), and control tissue is

shown from animals raised at the same temperature. The effect of PI3K inhibi-

tion is shown for comparison (P0206 > PI3KDN).

(C) Final adult mass is increased by 25% in P0206 > TSC1/2 flies compared to

P0206 > controls at the two respective temperatures. Weights are shown as

a percentage of that of controls at 18!C and 25!C respectively. The effect of

PI3K inhibition (P0206 > PI3KDN) is shown for comparison. Standard errors

are indicated; **p < 0.01.

(D) The growth rate of P0206 > TSC1/2 larvae is not affected relative to that of

P0206 > controls.P0206 > PI3KDN is shown for comparison. Experiments were

carried out at 25!C.

(E) The total duration of larval development is altered in P0206 > TSC1/2

animals, with pupariation occurring with a 30 hr delay as compared to control

animals (P0206 >). L1/L2 and L2/L3 transitions are not modified. No delay is

observed upon PI3K inhibition (P0206 > PI3KDN). Experiments were carried

out at 25!C; standard errors of the mean are presented (P0206 >: n = 100;

P0206 > PI3KDN: n = 104; P0206 > TSC1/2: n = 90).

Developmental Cell

TOR Couples Developmental Timing and Nutrition

570 Developmental Cell 15, 568–577, October 14, 2008 ª2008 Elsevier Inc.

Undernutrition (reduced nutrient intake) triggers stunting: developmental delay and small size

Normal nutrition

Undernutrition

from P.Leopold

Laboratory
 breeding diet

=
Optimized nutrition

from FlyMove
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Mono-association of GF animals with one commensal:
Lactobacillus plantarum promotes Drosophila juvenile growth
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(some strains of Acetobacter too)

Storelli et al. Cell Metabolism 2011



A bacterial strain-dependent phenomena
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A bacterial strain-dependent phenomena



Simple and controlled experimental model 
one host - one commensal

Genetically tractable:  
Drosophila and Lactobacilli genetics

A robust commensal mediated host phenotype

Two sided functional approach (in bacteria - in host)

Ideal experimental model to probe the molecular underpinnings of 
Lactobacilli-mediated juvenile growth performance
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...in a strain dependent manner

...via enhanced maturation hormone 
and growth factors activity...

from FlyMove

Erkosar et al. (2014) PLoS ONE 
Erkosar*, Storelli* et al. (2015) Cell Host and Microbe

...via enhanced dietary AA uptake...

Dietary AA uptake

Increased Intestinal peptidases activity



Screening for loss-
of-growth promotion 
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How does L. plantarum promote Drosophila’s  growth?!

tn insertion mutant 
library using Pjunc-
TpaseIS1223 system !
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Matos et al. (2017) Nature Microbiology



PbpX2: D-Ala-D-Ala carboxipeptidase

PbpX2 predicted to be involved in peptidoglycan 

biosynthesis

dlt operon is responsible to the addition of D-

Ala substitutions to the polyol repeats of 

teichoic acids:
Cell surface glycopolymers located within 

the gram positive bacteria cell wall. 

D-Alanyl substitutions strongly contribute to 

the functions of TAs.
!  Regulation of cell division and 

morphology
!  Antimicrobial peptides resistance
!  Define the mechanical properties 

of the cell wall
!  Cation homeostasis 
!  Adhesion and colonization

Palumbo et al. 2006 / Neuhaus and Baddiley 2003
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Genetically tractable model to decipher the molecular underpinnings of 
host-microbiota mutualism upon chronic undernutrition



Role of microbial environment (and Lactobacilli) 
on mammalian juvenile growth 

upon undernutrition?



Undernutrition in mammals
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?

Immature dysbiotic microbiota triggers weight loss



Collab: Dr M.Schwarzer & Dr H.Kozakova
Laboratory of Gnotobiology

Institut of Microbiology
Science Academy of Czech Republic

How microbiota contributes to mouse juvenile growth 
upon chronic undernutrition?

Gnotobiotic
Balb/c line 

/NIZO2877

Breeding diet

Groups of

Depleted diet
(low in protein, fat and micronutrients)



Microbiota maintains juvenile growth upon chronic undernutrition

+50%



Microbiota maintains systemic growth upon chronic undernutrition

CVGF

Liver Kidney Spleen HeartWeight D56



Microbiota maintains longitudinal growth upon chronic undernutrition



Microbiota maintains longitudinal growth upon chronic undernutrition

+15%



Microbiota maintains bone growth upon chronic undernutrition



Microbiota maintains bone growth upon chronic undernutrition

Dr I.Machuca, IGFL



Microbiota in necessary to maintain juvenile growth (tissue and skeletal growth)
upon chronic undernutrition



What about Lactobacilli strains?

Microbiota in necessary to maintain juvenile growth (tissue and skeletal growth)
upon chronic undernutrition
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Selected Lactobacilli strains are sufficient to maintain post-natal growth 
upon chronic undernutrition
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Selected Lactobacilli strains are sufficient to maintain bone growth 
upon chronic undernutrition



How is post-natal growth regulated in mammals?



Somatotropic axis regulates post-natal growth...

IGF-1

from Mickaël Haggström

Dr H.Vidal, 
Dr J.Rieusset

CARMEN
INSERM/Lyon-sud Hospital



Somatotropic axis regulates post-natal growth...

IGF-1

from Mickaël Haggström

...its activity is altered upon undernutrition (state of GH-resistance) 

modified from Flazeli and Klibansli J. of Endocrinology 2014

SOCS3

?

Dr H.Vidal, 
Dr J.Rieusset

CARMEN
INSERM/Lyon-sud Hospital
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Microbiota is necessary and selected Lactobacilli strains are sufficient to maintain 
somatotropic axis activity upon chronic undernutrition

GH IGF-1Serum titres
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Microbiota and selected Lactobacilli strains maintain GH-sensitivity in peripheral 
tissue upon chronic undernutrition 

Liver harvested from D28 animals (weaned for one week on the experimental diet), 15’ post-GH or PBS injection 
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Microbiota and Undernutrition in mammals

Stunting: growth failure leading to short stature
Chronic undernutrition or prolonged nutritional deficit

Wasting: weight loss diagnosed by a reduction in weight-for-height index
Acute undernutrition or Protein-energy undernutrition                 

Ruminococcus gnavus

Clostridium symbiosum
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Effect of LpWJL on CONV mice linear growth upon chronic undernutrition
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Take home messages - II

Selected Lactobacilli strains recapitulate the microbiota effect 
in a strain dependent manner

The microbiota maintains somatotropic axis activity 
(improved GH-sensitivity)

Evolutionary conserved functionality of selected Lactobacilli strains 
to maintain juvenile growth upon chronic undernutrition

The microbiota acts as a buffer to the adverse effects 
of chronic undernutrition on linear growth

Effect of LpWJL on CONV mice linear growth upon chronic undernutrition

How LpWJL impinges on the somatotropic axis activity

Perspectives

Current work

Translate our results into products 
for animal breeding industry and the human probiotic market 
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