
The Mediterranean fruit fly (The Mediterranean fruit fly (CeratitisCeratitis capitatacapitata) ) 
harbors a dynamic and diverse gutharbors a dynamic and diverse gut bacterial bacterial 

population of active population of active diazotrophsdiazotrophs

Dept of Entomology & Dept of Microbiology
The Faculty of Agricultural, Food and Environmental Quality Sciences 

The Hebrew University of Jerusalem
Rehovot, Israel

ISEEQ, 2005



Microbial

Ecology



(in thousands)

World Prokaryotic Population: ~5.0 X 1030





The The medflymedfly

-Important agricultural pest

- Needs nitrogen (also) at the adult stage

- Female oviposits in fruits



The medfly’s life cycle



Host-borne microbial communities play essential 
roles related to nutrient acquisition, health, sex 

ratio, social behavior…

FITNESSFITNESS



ObjectivesObjectives

• To identify the medfly's gut microbial 
community during its life cycle

• Discover and study  functions performed by 
the populations forming this community



Fly FISH-ing

Bacterial biofilm
Epithelial cells
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The medfly gut’s community is essentially

Enterobacteriaceae

Diazotrophs

Klebsiella, Citrobacter, 
Enterobacter

Pectin degradation

Pectobacterium



Does the larva benefit?

Pectinolytic bacteria in fly guts
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Nitrogen fixing bacteria in fly guts

• Diazotrophic bacteria are widely 
distributed within medfly populations 

• Diazotrophic populations constitute a 
significant fraction of the gut 
bacterial community

• These bacteria deploy the molecular 
machinery for fixing atmospheric 
nitrogen

• Atmospheric nitrogen is fixed in vivo

Nitrogen fixation could be significant if:

Found in every individual tested (n=54)

~ 8% of the total population 
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The molecular machinery for fixing atmospheric nitrogen is detected in the fly’s gut



Acetylene Reduction Assay
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In vivo nitrogen fixation

Molecular Ecology, in press

Autoclaved flies

15-30% of the fly’s daily protein intake

Atmospheric nitrogen is fixed in vivo



Summary

- Is correlated with the fly’s developmental 
stage

- Changes during the active season

The medfly’s gut bacterial community structure:

Two functions were identified:
- Pectinolysis
- Nitrogen fixation



????

-Which role for the pectinolytic community?

- What is the relationship between the 
pectinolytic and diazotrophic activities?

- Is there a functional significance to the 
population diversity? (geographical? climatic?)

- How is this association working? Does it 
contribute to the fly’s fitness?

Is nitrogen fixation common in fruit flies? In Is nitrogen fixation common in fruit flies? In 
other insects? Influence on the nitrogen cycle?other insects? Influence on the nitrogen cycle?
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