    Microbial ecology in the alimentary tracts of arthropods.

Microbial ecology within animals is a developing field of study.  Researchers have primarily focused their studies on the large microbial communities found in the digestive tract of ruminants.  Many of bacteria they isolate are able to ferment sugars and degrade cellulose.   Arthropods are another species believed to host large populations of bacteria and benefit from their nutritional capabilities.  In this experiment, I liberated bacteria from the alimentary tracts of Periplaneta americana, Acheta dometicus, and Zophobus morio using an EDTA solution (0.04mM) and sonication.  Cfu counts were greater than 5.0x10^5 for all three arthropods.  Bacteria were isolated, purified, and cultured.  From the cultures, PR broths (lactose added), lactate broths and cellulose broths and plates were inoculated to test each bacteria’s ability to ferment lactose, reduce lactate and degrade cellulose.  All bacteria participated in either the fermentation of lactose or the reduction of lactate.  The cellulose tests were inconclusive.      

Introduction


Microbes play a crucial role in many ecological systems.  Examples are the symbiotic relationship between fungi and the root systems of plants, degradation of organics by bacteria in natural waters and the digestion of cellulose by bacteria in the alimentary tracts of animals.  Alimentary tracts provide a segregated environment for the study of microbial ecology (Cruden and Markovetz.  1987).

By determining the ratio of cfu / biomass and the characteristics of these bacteria, an understanding of the degree to which bacteria play a part in digestion may be gained (Kepner and Pratt.  1994).  Studies of alimentary tract ecology have been performed most often using ruminants.  Many of the isolated bacteria are believed to assist ruminants with the degradation of cellulose and participate in nutritional pathways such as glycolysis.  Bacteria aid in breaking down cellulose into simple sugars (6C).  Simple sugars from cellulose degradation and other sources may then be fermented, and their by-products reduced.  Lactose, for example, is fermented into lactate.  Lactate is then reduced to lactic acid, pyruvic acid and ethanol.  The host may then use theses short-chain end-products for nutrition (Bracke et al.  1979).  

The nutritional benefits seem especially crucial in the development of juveniles.  Mucosal development in the rumen of calves is stimulated by the availability of fatty-acids, such as butyric, propionic and lactic acid produced by bacteria (Bracke et al. 1979).  The strength and density of lamb’s rumen musculature has also been shown to be associated with the amount of bacteria residing in the rumen.

Significant numbers of microorganisms have been isolated from arthropods.  The high ratio of microbes to biomass leads to theories that bacteria are also aiding arthropods in digestion (Cazemier et al.  1997).  The bacteria’s attachment to the lining of the alimentary tract further supports this assumption (Ulrich et al.  1981).  


Extensive ‘normal flora’ inhabit the alimentary tracts of arthropods.  One hundred species of bacteria have been identified as normal flora of cockroach alimentary tracts (Cruden and Markovetz.  1987).  Twenty-five species, many members of the genera Citrobacter, Klebsiella and Yersinia, have been isolated from crickets (Ulrich et al.  1981).  Microbes have also been found in desert millipedes and scarab beetles (Cazemier et al.  1997).  Despite similar nutrition between many organisms, the diversity and density of bacteria is quite unique to every species (Ulrich et al. 1981).  

Arthropods are believed to utilize enzymes produced by microbes.  Cellulase, produced by arthropods and bacteria, breaks down cellulose found in plants they consume.  In the species, Tibula, researchers estimate 20-25% of nutritional uptake is derived from the enzymatic activity of microbes.  Products of microbial fermentation, such as acetate and lactate, may supply arthropods with yet another energy source.  Similar to ruminants, increased nutrition appears to be most beneficial during the juvenile stage of development (Cruden and Markovetz.  1987).  The administration of the drug metronidazole, which kills obligate anaerobes, resulted in the stunted growth of cockroach nymphs (Bracke et al.  1979).


Analyzing the diversity and total populations of bacteria found within the digestive systems of arthropods is often difficult.  Bacteria adhere either to the epithelium or the dense mucous layer of the gut (Brune et al.  1995).  To release the bacteria embedded in the lining, samples may be treated with dilute solutions of EDTA (0.04mM) or Ppi (0.1M) and sonicated for 30-90 sec (Kepner and Pratt.  1994).  Using this procedure and taking plate counts helps ensure the collection of accurate data (Cazemier et al.  1997).  The replication of species identification and population counts is the crucial first step in determining the ecology of microbes living in arthropods. 


My hypotheses is that bacteria will be isolated from the digestive tracts of each arthropod species.  Equal populations, however, will not be found, and the diversity of isolated microbes will be limited.  Growth will be observed in some but not all of the cellulose, lactate and acetate tests.    

Materials and Methods


Periplaneta americana, Zophobas morio and Acheta dometicus were sacrificed using chloroform kill jars, sterilized with 70% ethanol and rinsed in sterile deionized water.  Using dissection probes, the digestive tracts were exposed for removal by separating the head from the abdomen.  The digestive tracts from ten individuals of each species were measured, chopped up and collected in test tubes.  


To release all bacteria from the gut, 9mL of a saline and EDTA solution (concentration in saline 0.04 mM) was added.  The digestive tracts were then incubated for 15 min at 4° C and treated by ultrasonification for 45 sec.  The solution was shaken for 30 sec using a vortex mixer. One milliliter of the sonicated EDTA and guts was used to prepare a 1:10,000 dilution in water.


A T-soy agar plate and MacConkey agar plate for each species was inoculated with 1 mL of the dilution and incubated in the dark at room temperature (22-25° C) for 24 hr.  Total counts were taken from the T-soy plates.  


Species were isolated for further testing using a streak plate inoculated with each 1:10,000 dilution.  For each isolated species a pure culture was obtained using an agar slant.  T-soy broths were then inoculated.  The broths were used for the inoculation of phenol red broths, lactate broths, cellulose broths and cellulose-enriched plates.  The cellulose-enriched plates were created by overlaying T-soy agar with a small piece of filter paper.  All plates and broths were inoculated and incubated at room temperature (22-25° C) in the dark for 24-48 hr.

Results

Bacteria were isolated from all three species.  On the Periplaneta T-soy plate, approximately ten species of bacteria grew, and five were isolated.  They differed in color and appearance; an upraised white species, upraised yellow species, a large mucosal species, an orange species and a red species were isolated.  The total cfu count was ( 2.8x10^6 .  Only two species grew on the Zophobas T-soy  plate.  Both were mucosal in appearance; one had a whiter sheen.  The total cfu count was ( 6.48x10^5.  The Acheta plate revealed the presence of only two bacterial species as well.  Again, the species were mucosal in nature, one having a whiter sheen than the other.  The total cfu count on the Acheta plate was   ( 1.0x10^6

The MacConkey plates indicated that gram negative, lactose fermenting bacteria were present in all of species.   To determine the lactose fermenting capabilities of each species, phenol red broths (lactose added) were inoculated.  From Periplaneta, three species were able to ferment lactose.  A fourth species was proteolytic, and the fifth species showed neither the capability to ferment lactose or utilize proteins for nutrition.  In the Zophobas, both species fermented lactose.  Of the Acheta species, one fermented lactose, and the second species was proteolytic.  Please refer to Table One to see results of the glycolytic tests.


To test each bacteria’s ability to aid in the reduction stage of the glycolytic pathway, lactate broths were inoculated.  All nine species of bacteria reduced lactate.  Four species (both of the Acheta bacteria, one of the Zophobas, and one of the Periplaneta) reduced the lactate in less than 12 hr.  All species reduced the lactate in under 18 hr.  Please refer to Table One.


The final biochemical tests, inoculation of cellulose broths and plates were designed to determine the cellulose-degrading capabilities of each species.  Both tests were inconclusive.  The cellulose broths exhibited turbidity, but there was cellulose in suspension.  I could not visually determine if bacteria were present, so I viewed broth samples microscopically.   No bacteria were viewed on the slides.

Bacterial growth was present on the T-soy agar plates overlaid with filter paper, but visual evidence of filter paper degradation was never seen.    

Discussion


The results of my study confirm the results of other researchers.  Cazemeir and his research team found bacterial counts proportionately equal to the cfu numbers I collected.  In both studies, the highest bacterial counts were from the Acheta plates, then Zophobas and finally, relatively low counts were noted on the Periplaneta.  Overall, the Cazemier team reported higher numbers, in the range of 1.0x10^9 .  They, however, used an SEM to view the bacteria within the arthropod alimentary tract.  As discussed earlier, bacteria do adhere to the endothelium.  While use of the EDTA and sonication in my study helped to liberate bacteria from the lining, this method did not ensure that all bacteria would be released (Cazemier et al.  1997).  Regardless, my results confirmed the presence of high densities of bacteria.  This data helps support the assumption that bacteria are permanent residents of the alimentary tract.  


While scientists discuss the possibility of microbes aiding arthropods nutritionally, virtually no experiments have been conducted to test this theory.  Previous assumptions have been based on studies conducted in ruminants (Bracke et al.  1979).  The second goal of my experiment, therefore, was to determine if the bacteria isolated from arthropods had the ability to ferment compounds, reduce the by-products of fermentation, or degrade cellulose.  

My glycolytic experiments demonstrated the ability of every bacterial species to contribute to the 

glycolytic pathway.  Arthropods and many bacteria have the ability to ferment lactose, but bacteria are primarily responsible for the conversion of lactose to lactate (Cruden and Markovetz.  1987).   Animals and presumably arthropods that feed on “incomplete diets” depend upon the metabolic activities of their endosymbionts (Ulrich et al.  1981).  My results showed that each bacteria could alone or collectively could complete the glycolytic pathway to produce short-chain end-products (Table One).  My experiment was not designed to provide results that would indicate if the hosts do use or rely on these end-products, but the data proves that bacteria could serve as a nutritional resource.


The cellulose tests were inconclusive, which I believe to be the result of time constraints.  

In a study by Ulrich et al., no cellulose degradation was observed after four weeks of incubation.  My plates, which I could visually confirm had bacteria growing on them, had only ten days of incubation before data had to be collected.  If time had not been a limiting factor, I believe cellulose degradation would have been observed.  This assumption is based on the previous identification of large numbers of cellulytic bacteria within the guts of termites (Brune et al.  1995).  Similarly, the cellulose broths showed no increase in turbidity, and samples viewed microscopically did not reveal any bacteria.  Again, time restraints could be a factor, or unsuccessful inoculation may be to blame.  


The success of my study in proving that high densities of microbes, which have nutritionally beneficial metabolic activities, inhabit arthropods leads to many ideas for additional research.  Clearly, more experiments to determine cellulose-degrading capabilities would be appropriate.  Tests could also be run to determine if other sugars or other compounds may be fermented.   Treating arthropods with antibiotics during various stages of their life cycle may also provide valuable information.  These studies will help to increase our understanding of mutualistic relationships and microbial ecology.   

Table 1:
  




The Glycolytic Pathway

Lactose      —>   Lactate            —>   Pyruvate/Acetic/Ethanol

· Cockroach

· Species 1
           no


            

· Species 2
       proteolytic

· Species 3

· Species 4
   

· Species 5


· Mealworm

· Species 6

· Species 7

· Cricket

· Species 8
             

· Species 9            proteolytic
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