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Inferring the Route of Odontotaenius disjunctus gut Microbiome Colonization 
I. Introduction

Fossil fuels are a non-renewable source of energy. The world’s stores of coal, natural gas, and oil/petroleum will run out. In order to keep up with a rise in energy use [6] renewable sources of energy must be developed. The ability to convert cellulose into biofuel has been observed in bacteria [7]. Some of these bacteria form symbiotic relationships with other organisms. Some of these biological systems are important biological analogues to fuel production. Gaining an understanding of these systems may be important in developing alternative fuels. One such biological system is the symbiosis between the beetle Odontotaenius disjunctus and its gut microbiome.  

Odontotaenius disjunctus is a beetle that lives in and subsists on woody biomass. The beetle’s gut microbiome has recently been characterized revealing the presence of a variety of bacteria some of which are able to convert cellulose to ethanol such as Clostridium cellobioparum[4,7]. Now that it has been shown that the rich gut microbiome of these beetles contain fermentative bacteria, some of which are capable of converting cellulose to ethanol, the question of how these beetles acquire their microbial community arises.  More specifically, how do the larvae acquire these microbes? It is proposed that the larvae obtain at least part of the microbial community via consumption of woody biomass processed by adult beetles. This processing is essentially digestion and excretion of the woody biomass. It is already known that newly hatched larvae subsist solely on this processed biomass [9,15,16]. Proposed is an experiment that will elucidate if bacteria can survive this process and flourish in the gut of the larvae.

II. Experiment
The purpose of this experiment is to determine if excrement is a route for larval O. disjunctus microbiome acquisition. Microbial composition of a group of adult beetle guts will be partially characterized via a DNA microarray. The excrement of these adults will be given to groups of larvae in various combinations with the purpose of determining whether gut micro biome composition of larvae is affected by adult microbiome composition. To more directly test the possibility of excrement being the route, a separate group of adult beetles will be fed a strain of B.cereus that will contain a plasmid containing green fluorescent protein (GFP) and larvae will consume their excrement. A separate group of larvae will subsist on non-GFP bacteria containing excrement but will instead be exposed to the bacteria via the soil in their cage and surrounding woody biomass. 

II.A. DNA Microarry and Characterization of Microbial Communities
To determine the composition of the gut microbiome, a microarray assay will be used. A library of probes of the 16s rRNA genes of many bacteria are hybridzed to sample rRNA molecules. Isolation of sample rRNA is achieved via chemical treatment of tissue samples to separate out nucleic acids as described in [4]. These nucleic acid extracts are further purified to separate the DNA and RNA fractions. The 16s rRNA from this total RNA sample is PCR amplified. The amplification products (16s rRNA) have a molecule that fluoresces in certain conditions added to their structure. The sample molecules are then exposed to the library of probes. Samples that have a high number of nucleotides in common with a probe hybridize strongly and those that do not match well do not hybridize strongly. The array is then washed to remove weak hybridizations. The fluorescent molecules remaining are excited and their fluorescence is measured. The result is a relative abundance of bacterial rRNA that is closely related to the known probes in the library. This can be used to infer the relative abundance of bacterial taxa present in the sample providing a higher level insight on the composition of the microbial community represented in the sample.

Using this assay, the microbial community of the gut and excrement of several adult beetles will be characterized. Following characterization, a group of larvae will be exposed to the excrement. Some larvae will be exposed to the excrement of their parents; others will be exposed to the excrement of others. After this exposure, the larval gut micro-biome will be characterized.


[bookmark: _GoBack]II.B. Bacterial Transformation
Bacillus cereus is chosen because it has been shown that it is culturable from the gut of O. disjunctus[14], it is a facultative anaerobe, and a transformation protocol has been previously elucidated[3,19]. A bacteria cultured from the gut of O. disjunctus is preferred as this demonstrates that the cultured bacteria is capable of surviving and possibly even flourishing in the gut of the beetle. A facultative anaerobe is ideal because the bacteria will be able to function in the aerobic beetle environment when it is fed to the beetles, will survive transmission via excrement, and will be able to function in the anaerobic environment of the beetle gut. An obligate anaerobe would be poisoned by atmospheric oxygen when fed to the beetles and an obligate aerobe would die in the anaerobic environment of the beetle gut.

The transformation protocol outlined in [3, 19] describes the use of electroporation. Electroporation is a process wherein an electrical field is applied to the cellular medium. It is thought that the electrical field causes the formation of temporary pores across the cell membrane. The plasmids enter through these pores. The peptidoglycan layer or cell wall is not affected by this electrical field. This is not a problem as this layer is naturally porous. After electroporation the cells are suspended in medium and given time to recover or allow for the reformation of the cell membrane via the closing of the temporary pores created during exposure to the electric field. Cells that are expressing the plasmid will be selected for by introducing an antibiotic into the medium. Cells that are expressing the GFP gene will also be expressing an antibiotic resistance gene. This means that only cells containing the plasmid will survive and flourish in a medium that contains an antibiotic. It is the case that when the bacterial cells divide chromosomal and plasmid DNA is replicated. This means the fluorescent tag is transmitted to the next generation of bacteria. This allows for experiments that will take longer than the life of a single generation.

In order to confirm not only the presence of marked B. cereus but also the active expression of genes at various stages in the proposed transfer pathway, a plasmid containing 
DNA that codes for a protein that fluoresces when irradiated with UV light will be transformed into bacteria Bacillus cereus. The detection of the green fluorescent protein suggests two important things: the bacteria containing the plasmid have survived digestion, and the bacteria are actively expressing genes[12]. Produced by the jellyfish Aequorea victoria, green fluorescent protein is a protein requiring no other cofactors or substrates for its function [5,13, 18]. The ability of the protein to fluoresce on its own is important as it does not require the utilization of cellular resources other than those employed in the construction of the protein. When irradiated with certain wavelengths of UV light, the protein will fluoresce.Figure 1. Gene map of pUCBB-eGFP plasmid. The plasmid contains an enhanced green fluorescent protein gene engineered for use in  B. cereus. It also confers resitance to Ampicillin and contains several enzymatic restriction sites.


The pUCBB-eGFP plasmid will be used here because it contains a GFP gene engineered for use in B. cereus: pPRS3a_01 (Geneid: 8382257). The plasmid also contains a gene coding for an enzyme that acts against beta-lactam antibiotic ampicillin conferring ampicillin resistance to bacteria that express this plasmid. This will aid in selecting for the bacteria containing the plasmid when culturing after transformation. 



II.C. Visualization of Green Fluorescent ProteinFigure 2 Example of stereomicroscope visualization. Larvae of transgenic Drosophila melanogaster expressing GFP in their salivary glands.

Visualization of GFP is achieved via irradiation with UV light. The fluorescence of the protein may be affected by ambient pH. The pH range for all regions of O. disjunctus gut is 6.89 ±0.18 – 8.38 ±0.12[4]. The GFP remains stable and fluorescing in a pH range of about 7.5-8.5[2]. Protein may be visualized via several different methods. Fluorescence stereo microscopy will be used here to visualize the protein. The microscope will direct exciting light toward the sample consisting of gut tissue. Any GFP present will be excited by this light and emit light causing the characteristic green glow. 

III. Discussion
In the case that the expectations are met, microbial community composition of larval gut will be affected by which adult their excrement food source comes from. Furthermore, GFP bacteria will be observed in the gut of larvae that have been exposed to GFP bacteria containing excrement. The larvae that were fed normal excrement and exposed to GFP bacteria in surrounding soil should not have communities of GFP bacteria in their guts. 	

It may be the case that the group of larvae exposed to the GFP bacteria environmentally does show GFP bacteria activity in their gut. This would be unexpected because the larvae feed exclusively on adult excrement immediately after hatching. It would not be implausible, however, and might suggest a mix of transfer pathways. The possible finding that there does not appear to be an association between excrement source and larval microbiome composition with successful detection of fluorescing protein in larval guts from the GFP group may indicate that only a specific group of microbes are transferred to young for colonization. Or this may be the result of genetic differences between individuals affecting the composition of the microbial community. 
In the transformation of B. cereus with pUCBB-eGFP difficulty may be encountered. The transformation procedure was developed on a different strain of B.cereus than the strain to be used in this study. Should difficulty in transforming arise, optimization of transformation protocol will have to be performed. This may be done by altering the duration of the electric pulse, altering the strength of the pulse, altering the media, etc. 
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