The following information and request was provided to participants prior to the Microbiological Response to Environmental Change session held at the 2009 fellowship conference.  
The session goal was defined as follows.
Microbiological response to environmental challenges:  From cell-cell communication to gene upregulation and protein evolution and function.   The physiological response of an organism to an environmental challenge initiates a chain of molecular events which eventually lead to an ecological level response.  Microbial response thus triggers ecosystem level responses, and vice versa.  Improved understanding of the molecular-level changes that occur in response to an environmental toxin could therefore offer potential methods for detection and monitoring treatment of contaminants.    Early detection methods based on proteomic and metabolomic screening tools could be used to track changes in microbial gene regulation and protein expression, thereby allowing  for early identification of  environmental hazards and preventing larger scale ecosystem-level  effects which could develop over time. In this session,  we plan to briefly discuss the molecular details of microbial response to toxins,  as a basis for considering available molecular biology methods for characterizing microbial processes that influence ecosystem level processes, and evaluating how our understanding of the microbiological response to contaminants can lead to better developments of methods for detection, treatment and remediation of environmental toxins.
The following pre-meeting request was made to microbiology workshop participants:
We are looking forward to a stimulating discussion about the use of microbial stress response, as measured using OMICS methods (e.g., proteomics and metabolomics), to assess ecosystem health and environmental risk during our upcoming STAR Fellows Microbiology Workshop.
Our session will begin with a short lecture by Dr. Om Singh of Johns Hopkins/U. of Pittsburgh, which will be focused on the use of OMIC methods in microbial ecology and bioremediation.  Dr. Singh’s talk will give us a common platform for discussion, which will initially rely on a case study example of phenol contamination to explore the strengths and weaknesses of this approach as a potential early warning system.  We will later ask you to share how such methods might be relevant in your own work.  
To make this a fruitful discussion with a high level of participation, rather than a slow afternoon on day two of our conference‼, we ask that you review the attached paper by Dr. Singh, entitled "Proteomics and metabolomics:  The molecular makeup of toxic aromatic pollutant bioremediation" from the Journal of Proteomics (2006), prior to our session.
We also are attaching a second paper on metabolomics, by Villas-Boas and Bruheim (2007), which we found useful.  This second paper is not required reading but one which we feel may also be of interest to you.   These two papers form the beginning of list of references our workshop will produce that explore the relevance of this approach.  
We also ask that you prepare a short, general paragraph addressing:
-How (or not) you might integrate such an approach into your own work;
-Whether such an approach might be useful in addressing the environmental problems your research addresses?  Why or why not? Please provide a reference from the peer reviewed literature that supports your ideas, if relevant, for inclusion in the workshop generated list of references.

The paragraphs and references contributed by workshop participants are provided below:




Joshua Adams              	Genetics                  jpa18@msstate.edu      
The paper (Singh 2006) highlights several methods that can be very useful for molecular approaches to bio-remediation and environmental cleanup via plant species. Plant responses to heavy metal pollution are just beginning to be studied and most research emphasis has been on the transcriptome side of genomics. How actual phenotypes are expressed is unclear. This is especially true in regards to the elucidation of detoxification mechanisms creating hyper-accumulator phenotypes. In my research area, one such mechanism attributed to hyper-accumulators is phytochelatin (low-molecular weight metal binding molecule) (Schat et al. 2002). However, some studies have shown that these chelators are not responsible (Ebbs et. Al. 2002). Currently, I concentrate on the transcriptome side by studying expressional data and overexpression of the synthase gene that produces phytochelatin. In the future, metabolic techniques such as the NMR spectroscopy technique highlighted in the paper could be implemented to compliment transcriptional work. This endeavor would greatly aid in contributing to the debate on whether quantity or type of phytochelatin cause hyper-accumulation phenotypes.
Ebbs, S., I. Lau, B. Ahner, and L. Kochian. 2002. Phytochelatin synthesis is not responsible for Cd tolerance in Zn/Cd hyperaccumulator Thlaspi caerulescens. Planta 214:635-640.
Schat, H., M. Llugany, R. Vooijs, J. Hartley-Whitaker, and P.M. Bleeker. 2002. The role of phytochelatins in constitutive and adaptive heavy metal tolerances in hyperaccumulator  and non-hyperaccumulator metallophytes. Journal of experimental botany. 53:2381-2392.

Michael Brosnahan                  Environmental Microbiology     mbrosnahan@whoi.edu      
“-OMICS” approaches for understanding algal bloom dynamics
So called “-omics” approaches to the molecular study of organisms enable the simultaneous identification and quantification of large classes of molecules. In my own work, I am applying high-throughput cDNA sequencing to identify genes associated with the sexual phase of a species of harmful algae that frequently contaminates shellfish in the ocean. With new sequencing technology, virtually all the genomic sequences that encode proteins can be identified in a single experiment. However, such an approach is unlikely to directly address the problem of shellfish contamination. Instead, I am applying this method as a molecular screen in order to identify genes that control mating between algal cells. In turn, these genes can be used to better understand population transitions by the algae in natural populations, for instance the transition from growth to bloom termination. Knowledge of such transitions can help coastal managers weigh the risks posed by algae in their waters. Better understanding of mating interactions may also lead to new methods for mitigation of harmful algal blooms. 
Rebecca Daly            	Environmental Microbiology        rdaly@berkeley.edu       
Although ‘omics’ approaches have great potential to elucidate many aspects of the bioremediation process, currently it seems to be primarily suited for degradation of xenobiotic, organic compounds. My research focuses on bioremediation of uranium (U) in subsurface contaminated groundwater. Bioremediation of U focuses on reducing U(VI) to U(IV), therefore there are no intermediate metabolites that accumulate related to the compound of interest. Another potential problem is that in situ U bioremediation occurs in the subsurface and obtaining (sediment) samples is problematic. Analysis of community metabolites and proteins would give information about the ‘community state’ such as stress, nutrient limitation, etc., but no or little information directly related to the reduction of U. Additionally, cell-free bioremediation would not be feasible for in situ bioremediation of subsurface U contamination. 

Jennifer Delaney                 	Marine Biology             jadelane@mail.usf.edu     
The goal of my research is to design a molecular assay for the detection and quantification of species belonging to the harmful algae genus Pseudo-nitzschia. I am currently targeting the rbcS gene, which encodes for the small subunit of the carbon fixation enzyme RuBisCO. Due to its high and relatively stable cellular expression level, detection of this target allows for a sensitive and reliable estimation of cell concentration. It would be advantageous to target genes associated with toxin production in molecular detection assays; however, not all species (or even strains) of Pseudo-nitzschia are toxic, and the pathways for toxin (domoic acid) production are not well understood. Existing genomic data for Pseudo-nitzschia, combined with gene expression studies and metabolomics, can be used to elucidate the pathway for domoic acid production, along with the genes involved. The genome for P. multiseries is nearing completion and can be used for a number of gene expression studies to identify candidate toxin genes. These expression studies can be conducted by varying culture growth conditions that are putative triggers for toxin production and simultaneously measuring toxin levels. Predicted biosynthesis pathways for domoic acid have also been published.  Candidate genes can be compared to these predicted biosynthesis pathways, which can be verified by detecting metabolic intermediates using techniques such as liquid chromotagraphy- tandem mass spectrometry (LC-MS-MS; 1). Gene knockout experiments and analysis of the resulting intermediates would help elucidate gene function in these pathways. Using a domoic acid-associated gene for detection of Pseudo-nitzschia in the environment would provide a rapid and direct estimate of toxin potential. 
1.	Kellmann, R., T. K. Mihali, Y. J. Jeon, R. Pickford, F. Pomati, and B. A. Neilan. 2008. Biosynthetic Intermediate Analysis and Functional Homology Reveal a Saxitoxin Gene Cluster in Cyanobacteria. Appl. Environ. Microbiol. 74:4044-4053.

Daniel Gatti                      	Biology                dmgatti@email.unc.edu     
How (or not) you might integrate such an approach into your own work;
My work focuses primarily on the health effects of pollutants on humans using mouse models.  We work primarily with gene expression measurements and have found metabolite and protein levels very difficult to measure in tissue.  However, improvements in the analytical methods would be very valuable in completing our understanding of the detailed mechanisms resulting from toxicant exposure.  Gene expression measurements quantify transcription, but do not address protein modifications that may occur after exposure.  And sensitive metabolite measurements would allow us to understand the sequence of reactions that lead to the active metabolite which causes injury.
  -Whether such an approach might be useful in managing the environmental problems your research addresses?  Why or why not? Please provide a reference from the peer reviewed literature that supports your ideas, if relevant, for inclusion in the workshop generated list of references.
Our lab focuses on understanding how genetic background influences injury from environmental exposures.  Proteomic and metabolic data would be valuable in understanding the influence of genetic polymorphisms that do not alter gene expression, but that affect protein structure and hence the metabolism of toxicants.  However, in order to obtain statistically significant results, robust, high-throughput methods for analyte extraction from tissue and analysis must be developed.  If we could combine gene expression, metabolite levels and protein modifications with traditional phenotypic measurements of toxicity, it would allow us to both understand the mechanisms by which various toxicants act as well as pointing the way toward biomarkers that may be useful in identifying people who have been exposed to environmental pollutants.

 Amie Holmes                   Toxicology               aholmes@usm.maine.edu     
Title of Research Project: The Interactive and Carcinogenic Effects of Hexavalent Chromium and Arsenic in Human Lung Cells
My research focuses on investigating the co-carcinogenic effects of chromium and arsenic exposure on human lung cells. Therefore, the use of an omics approach to cell-free bioremediation does not integrate well into my own research. However, the use proteomics and metabolomics are useful tools to investigate how metals can alter normal protein and metabolite expression which can help determine pathways that may be involved in carcinogenesis. 
The omics approach to cell-free bioremediation may not be a useful tool in managing and remediating chromium and arsenic contamination. Chromium and arsenic are both human lung carcinogens and chromium, specifically, is an inhaled carcinogen. Therefore, the most important aspect of chromium remediation is to remove it from the air which would be difficult using this approach. 

Lisa  Kirk                  	Microbiology                lkirk@montana.com       
My study of selenium reduction in mined phosphate overburden could certainly benefit from application of OMIC methods in characterizing microbial response to the presence of selenium (and other metals).  An ability to quantify changes in selenate reductase expression or concentrations of aromatic hydrocarbon degradation metabolites could be used to test for evidence of in situ selenium transformation, but I'm not sure how useful it would be as an actual indicator of ecological stress.  I question how use of OMIC methods might discriminate conditions of ecological stress due to selenium generated by anthropogenic activities from elevated background concentrations of selenium in undisturbed bedrock and naturally derived sediments.  I also wonder how robust such methods might be in monitoring applications.
Papers I reviewed in coming to this conclusion include:
Kobayashi, A., H. Hirakawa, T. Kirata, K. Nishino, and A Yahamaguchi, 2006.  Growth Phase-Dependent Expression of Dry Exporters in E. Coli and its Contribution to Dry Tolerance.  J. Bacteriology, v. 188, nm. 16, p. 5693-5703.  
Hobman, J.L., K. Yamamatoto, and T. Oshima, 2007.   Transcriptomic Responses of Bacterial Cells to Sublethal Metal Ion Stress.  Molecular Microbiology of Heavy Metals Microbiol. Monogr. 6.
Nies, D.H. and S. Silver , 2007.   Biosensing of Heavy Metals.  Molecular Microbiology of Heavy Metals.  Microbiol. Monogr. 6
Kim, S.J., O. Kweon, and C. Cerniglia, 2009.  Proteomic  Applications to Elucidate Bacterial Aromatic Hydrocarbon Metabolic Pathways. Current Opinions in Microbiology, vol. 12, p. 301-309.
Benninghoff, A.D., 2007.  Toxicoproteomics—The Next Step in the Evolution of Environmental Biomarkers?  Toxicological Sciences, vol. 95, no. 1, p. 1-4.  




Kristin Kuehl               	Microbiology                kkueh001@fiu.edu        
Black band disease (BBD) is contributing to the global decline of coral reefs. The band is composed of a complex microbial consortium including cyanobacteria, sulfide-oxidizing bacteria, sulfate reducing bacteria, and numerous species of heterotrophic bacteria. The band is structurally similar to microbial mats found in sulfide rich environments.   Research employing OMICs based techniques has the potential to greatly advance the understanding of this disease.  These techniques could play an important role in elucidating genes that play a role in pathogenesis and virulence. Of particular interest is the change in microbial activities under varied environmental conditions.  OMICs may also help clarify the relationship between the band and the coral host.  

Manish Kumar             	Environmental Engineering       kumar11@illinois.edu      
In some of my recent research I have found that the channel protein Aquaporin Z in bacteria helps in survival under conditions of osmotic and acid stress.  E. coli strains that have the gene for this protein knocked out do relatively well in survival tests but when this protein is overexpressed the survival rate dramatically decreases.  It is our hypothesis that Aquaporin Z along with another class of proteins –mechanosensitive channels act in tandem to protect the cells when it faces osmotic and acid shock at the same time.  OMICS based approaches to study the proteins expressed under such conditions might help us in determining if this hypothesis is correct. 

 Naomi Levine          	Oceanography/Marine Sciences        nlevine@whoi.edu        
The proteomics and metabolomics methods presented by Om Singh and Villas-Boas and Bruheim have the potential to become valuable tools in many aspects of environmental microbiology.  As an oceanographer studying the upper ocean sulfur cycle and dimethylsulfoniopropionate (DMSP) degradation, these tools are very relevant to my research.  We currently use potential enzyme assays and radio-isotope measurements to study rates of transfer between different sulfur pools in the upper ocean.  The metabolomic isotopic distribution approach described by Villas-Boas and Bruheim is very similar to the current methods that we use in the field.  These methods have proved invaluable for obtaining an improved understanding of the driving mechanisms in the upper ocean sulfur system.
To date, proteomics has not yet been applied to the upper ocean sulfur cycle.  Genomic work in this field is still in its infancy with the first DMSP degradation gene discovered in 2006 [Howard et al. 2006] and 3 more published within the last two years [Todd et al. 2007, Curson et al. 2008, Todd et al in press].  The proteins responsible for sulfur transformations have yet to be confirmed.  However, once the proteins are positively identified, proteomics could help elucidate dominant players in upper ocean sulfur transformations.


Edward  Mager             	Environmental Toxicology          emager@yahoo.com    
The focus of my research is to better understand how water quality influences lead (Pb) toxicity to freshwater organisms so that improved water quality criteria (WQC) can be established for addressing differences in local receiving waters.  Current adjustments to WQC are hardness-based, though adoption of a biotic ligand model (BLM) for Pb is in development that will offer greater consideration to all water quality parameters.  Still, this approach will likely improve only acute WQC as data from chronic toxicity tests are scarce owing to the associated time and costs.  If early OMIC responses can be identified that predict chronic effects, such technologies would offer significant benefits toward reduced effort and costs and ultimately aid in setting chronic WQC.  Additionally, toxicants are often present in the environments as mixtures.  OMICS can also serve as an environmental monitoring tool to determine which toxicants and environmental stressors are present in given water body if toxicant-specific profiles can be identified.  With respect to Pb, gene expression changes in fathead minnows were recently identified that mirrored exposure and accumulation (1).  These genes gave insight into potential mechanisms of Pb toxicity and may lay the groundwork for a future Pb-specific gene expression profile.

1.  Mager, E.M., Wintz, H., Vulpe, C.D., Brix, K.V., Grosell, M., 2008. Toxicogenomics of water chemistry influence on chronic lead exposure to the fathead minnow (Pimephales promelas). Aquat. Toxicol. 87, 200-209.

Lanakila McMahan           Environmental Microbiology        kmcmahan@gmail.com      
The topic of proteomics is a new an interesting field that covers many of the cutting-edge molecular methods. However, given that my work focuses on identifying bacteria, and not describing how they function in response to changing environmental factors, I don't think these new techniques will be useful to me. Dr. Sing's discussion of metabolomics was descriptive and the description of the merging of metabolomics and proteomics was novel. I hadn't heard of the combination of the two before. It may be possible that others in my lab that do source tracking might find this novel combination to be useful in their efforts.

Annika Mosier        Oceanography & Coastal Processes    annikam@stanford.edu      
It is estimated that over 50% of external dissolved inorganic nitrogen inputs to estuaries are removed by microbial nitrification and denitrification (the conversion of ammonia ultimately to nitrogen gas), thereby reducing the risk of eutrophication.  Ammonia-oxidation is the first and rate-limiting step in the process (the conversion of ammonia to nitrite).  The vast majority of ammonia-oxidation gene sequences reported in most estuarine studies appear to be novel and distinct from sequences of cultivated ammonia oxidizers, indicating that we know very little about the organisms actually responsible for this process in nature.  Novel isolation and genomic sequencing techniques (e.g., single cell genomics or metagenomics) could be used to obtain valuable information about these groups that have evaded cultivation.  Genomic sequencing could be used to reconstruct nitrogen cycling and carbon fixation pathways (still an outstanding question for ammonia-oxidizing archaea).  Comparison with other genomes of cultivated ammonia-oxidizers, as well as other organisms, would also illuminate evidence of lateral gene transfer, phage infection, mechanisms of motility, and adaptation to distinct salinity regimes.  Further, proteomic analyses could be used to better understand cellular function under different conditions, including varying salinities, elevated nitrogen, and low dissolved oxygen.  This information would highlight the conditions that support maximum nitrogen removal in estuaries.

 Scott Noblitt                    	Chemistry             noblitts@lamar.colostate.edu
My current research project is to develop fast, inexpensive, and portable instrumentation for monitoring atmospheric aerosol chemistry.  Proteomics and metabolomics typically rely on expensive instrumentation such as mass spectrometry (MS) and nuclear magnetic resonance (NMR).  Consequently, applying these techniques or “–omics” approaches to my research is undesirable, as one of the goals of my project is to move away from these expensive technologies.  However, it is possible that these techniques could be combined with my project to begin investigating the mechanisms of how aerosol pollution damages human health.  In this case, my instrument could monitor aerosol composition and the omics technologies could analyze for modified/damaged proteins and for an altered metabolic profile.  For instance, it is known that proteins can be nitrated due to atmospheric oxidation, and this mechanism has been tied to allergies.  Consequently, the combination of omics technologies with the instrument I am developing might allow us to probe for answers to the questions of where and how atmospheric pollution damages the human body.  If those questions were answered, emissions regulations could be revised to more properly protect human health.

Emily Notch               	Toxicology             emily.notch@umit.maine.ed   
I study effect of estrogens on hepatic DNA repair processes. Omics approaches have been used to examine proteins and metabolism pathways involved in estrogen induced carcinogenesis. While estrogens are contaminants of concern, in both the aquatic and terrestrial environment, they are not likely candidates for bioremediation. Estrogens are mainly degraded in the environment with UV light and therefore would likely be found as inactive metabolites before bioremediation would be necessary. As such, bioremediation does not integrate in my specific project. However, bioremediation may be very useful for removing other toxicants from soil. 

Kathryn Onesios        	Environmental Engineering         konesio1@jhu.edu        
I do not plan to integrate proteomics or metabolomics in my current research, but my research area and specific project would certainly benefit from the application of these powerful techniques by future students in our lab.  The metabolomics would be particularly useful in allowing profiling of the metabolites of pharmaceutical and personal care biodegradation in my test systems.  It would also be interesting to compare the metabolite profiles from different full-scale soil aquifer treatment facilities to determine if PPCPs are degraded similarly regardless of the exact community composition or if nuanced differences in the communities could lead to different metabolite profiles, with associated concerns (e.g., recalicitrance, toxicity).  The combination of metabolomics and proteomics would offer valuable insight into the problem of PPCPs in the environment.  Though this paper doesn’t discuss the exact environmental applications I’ve suggested above (none was found in the literature), this does discuss the use of metabolomics for pharmaceutical compounds.

 Tias Paul           Environmental & Water Science     tiaspaul@illinois.edu    
Topic: Potential contribution of metabolomics techniques to drinking water and wastewater quality assessment
My research focuses on the remediation of micropollutants and disinfection byproducts in treated water (wastewater effluent, drinking water) by heterogeneous catalysts (photocatalysts, reductive Pd catalysts).  Heterogeneous catalysis is being evaluated as an advanced treatment step aimed at reducing the toxicity of treated water.  With respect to water treatment, metabolomics techniques may be used to develop biological stress assays that can indicate the presence of specific classes of contaminants or provide some aggregate measure of the toxicity of finished water.  Similar methods have already been developed for ecosystem health assessment using bacteria, invertebrates, and fish as environmental probes (1).  Such assays could aid in determining the need for advanced treatment processes like heterogeneous catalysis for further improvement of water quality.  However, interpretation of stress response assays for treated water (particularly wastewater) can be complicated by the heterogeneity of the water matrix, which may simultaneously elicit a variety of different metabolic responses in probe organisms.

(1) Viant, M.R.  Applications of metabolomics to the environmental sciences.  Metabolomics 2009, 5, 1-2.  


Christina Powell          	Environmental           christina.l.smith@gmail.com   
I study the degradation potential of chlorinated organic compounds in the root zone of wetland plants.  My focus is on co-metabolic pathways by intrinsic microorganisms and my current approach is to use geochemical data for verification.  Proteomics and metabolomics could be incorporated into my research to help identify the protein expression and low-molecular weight metabolic expression responsible for the degradation.   Applying the techniques needed to identify these signatures  would be useful in understanding and predicting the environmental processes.  

 Kathy Seiber             	No Discipline Selected       kathy.seiber@csueastbay.edu   
My research area is microbial source tracking (MST).  One approach that I could integrate into my own research is matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF-MS).  MALDI-TOF-MS is used in MST as a fingerprinting tool to identify possible sources of fecal/sewage contamination (e.g. bovine or human).  My current research is to determine connectivity of septic systems to surface waters.  MALDI-TOF-MS would allow me to create fingerprint databases for indicator organisms in septic systems and surface waters to determine connectivity.  This approach has already been shown to be useful in MST because it allows researchers to more accurately determine sources of contamination but some studies have shown lower repeatability of MALDI-TOF-MS compared to commonly used methods.  MALDI-TOF-MS is a very useful approach and with further development could be a valuable tool for MST.
Reference 
Giebel RA, Fredenber W, and TR Sandrin. 2008. Characterization of environmental isolates of Enterococcus spp. by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry. Water Research. 42:931-940.

 John Sivey              	No Discipline Selected             sivey@jhu.edu         
My research project focuses on abiotic transformation pathways of agrochemicals in model environmental systems.  As such, proteomic and metabolomic techniques are not directly applicable to my work.  Nonetheless, I can envision possible future collaborations with microbiologists in which such tools are applied to the agrochemicals (e.g., chloroacetamides) that I am currently investigating.  Of particular interest would be the use of such microbiological techniques to assess and/or predict the relative importance of biodegradation versus abiotic transformations at a given location.  Such an assessment may provide useful information regarding how the structures of agrochemicals influence their susceptibility to biotic transformations in the environment.  Since agrochemical formulations are often applied as mixtures of multiple ingredients, proteomic and metabolomic techniques may add insight into how the response of microbial communities differs upon exposure to single compounds compared to mixtures of xenobiotics.  

 Bennett Streit               	Biochemistry                 bstreit@nd.edu       
My research project focusus on understanding the mechanism by which an enzyme catalyzes the breakdown of chlorite into chloride and molecular oxygen.  We do so by utilizing a wide variety of spectroscopic and kinetic techniques.  Since I focus entirely on the singular protein at the moment,  Omic based approaches at the current stage of this research project will likely be of little use in helping to elucidate the chemical mechanism used by the enzyme to carry out the reaction.  For use of bacteria containing a gene for the enzyme chlorite dismutase however  an OMICS based approach could supply a wealth of information regarding how certain environmental conditions (pollutants, contaminants, salinity,etc., pH)  effect the production of the protein.  With an understanding of how the protein functions in a certain environment learned from the studies of the proteins mechanism (current work) combined with an understanding of what elicits production of the protein in the organism containing the gene (using OMICS based approach), an optimization of the proteins functioning as a bioremediator of chlorite contaminated water sources may one day be a viable option.

Tarah Sullivan     	 Terrestrial Systems Ecology  	 planttarah_sullivan@yahoo.com
In my work, I’m specifically interested in trace metal bioavailability and bioremediation.  The site-specific microbial mechanisms I’ve chosen to focus on include sulfur oxidation (SOX) enzymes and siderophore production.  Either of these metabolites would clearly lend themselves to several of the proteomics and metabolimics techniques discussed in Dr. Singh’s review article.  I’ve been able to isolate quite a few microorganisms from the rhizosphere of local willow species which are capable of metal sulfide oxidation and siderophore production, but through the use of metabolimics I would be able to identify the specific metabolite (either enzyme or siderophore) and characterize their expression under differing conditions, including different plant species or different levels of heavy metals.  I think this type of approach could be very useful in heavy metal bioremediation.  As I’m drawing near the end of my degree, I hope to lay the groundwork, provide the necessary preliminary data, and open the doors for other students to utilize this type of approach at this site.



Maria Velez            	Environmental Microbiology      maria_velez_q@yahoo.com    
The metabolomics and genomic tools for the analysis of microbes and genome sequences are helping scientists to understand genetic variation among organisms from different environments ranging from the human body to the natural environment. The advances on these methodologies and the use of this knowledge have contributed to the development of new technologies to improve our understanding of the biodiversity of organisms and their impact in biological systems. At this moment, I will not integrate this approach into my research work since my research is focused on the phylogenetic identification of airborne microbial populations and the study of atmospheric conditions favorable for their dispersion, but I believe this technology could be used to extend our knowledge on air microbial communities by studying what metabolic pathways these microbes have that allow them to survive to the environmental stresses found in the air. Another approach could be the use of isotope-labeled microbial phospholipids fatty acids (PLFAs) to confirm in a culture independent way, the presence of potential pathogenic microorganisms in the air samples by analyzing their ability to metabolize a given substrate. It is for these reasons that I expect to obtain from this workshop a general knowledge in these areas and the emergence of new technologies. I believe this experience will offer me a unique learning opportunity that might contribute an important step toward my career path. 

George Wells                   	Microbiology              gfwells@stanford.edu      
The proteomics and metabolomics approaches outlined by Dr. Singh present great promise for elucidating the microbial “black box” of biological nutrient removal (BNR) systems.  A metaproteomic approach has already been used successfully to characterize highly expressed proteins in activated sludge in a laboratory scale enhanced biological phosphorus removal reactor1,2, for which a metagenomic dataset was already available.  A similar approach can be envisioned for nitrifying activated sludge, the focus of my research.  Nitrifiers (namely, ammonia-oxidizing bacteria and archaea) are notoriously susceptible to process upsets.  These upsets are likely linked to environmental stresses. Metaproteomics might be used to shed light on the functional response of nitrifying communities to these environmental stresses, including step changes in inhibitory organics or metals in wastewater influent, iron limitation, oxygen stress, or temperature decreases.  On the other hand, metabolomics presents a potentially highly useful tool for characterizing metabolites associated with the cometabolic oxidation of organic micropollutants, such as chloroform and other trihalomethane disinfectant byproducts, by the key enzyme ammonia monooxygenase. 
[1]	Wilmes, P., Wexler, M., and Bond, P.L. Metaproteomics Provides Functional Insight into Activated Sludge Wastewater Treatment. PLoS ONE 3, e1778 (2008).
[2]	Wilmes, P., Andersson, A.F., Lefsrud, M.G. et al. Community Proteogenomics Highlights Microbial Strain-Variant Protein Expression within Activated Sludge Performing Enhanced Biological Phosphorus Removal. ISME J 2, 853 (2008).

Emily Wheeler                		Ecology                erwheele@illinois.edu     
My research uses molecular and cultivation-based approaches to diverse questions in microbial ecology and wildlife epidemiology. I am interested in how microbial communities assemble over space and time and how different environmental exposures (to both pathogens and commensals) contribute to "macrobial" host health and disease. Because I generally work at the population and community level, individual species based “-omics” and variations in gene expression within a species are less directly applicable to my core work at this stage. However, just as genomics gave rise to metagenomics, which has increasing utility for community-level analysis of microbial communities, affordable ¨metametabolomics¨ and ¨metaproteomics¨ applications for understanding syntrophic community interactions for bioremediation, biofuels are not far away.
              Metabolomics and proteomics have great potential application to other research projects in my advisor’s lab. For example, holistic, systemic approaches to biofuel production have much to gain from fully mapping the metabolic pathways by which cellulosic and algal biofuels are converted to usable energy. There is ongoing work in the Mackie lab on a number of rumen and hindgut bacterial species for which more detailed analysis of gene expression, protein function and by-product shuttling will be vital in order to bring these studies to industrial application.
Useful references:
Mukhopadhyay A, Redding AM, Rutherford BJ, and Keasling JD. 2008. Importance of systems biology in engineering microbes for biofuel production. Current Opinion in Biotechnoloy 19:228-234.
 Maron PA, Ranjard L, Mougel C et al. 2007. Metaproteomics: A new approach for studying functional microbial ecology. Microbial Ecology, 53, 486-493 
Verberkmoes NC, Russell AL, Shah M et al. 2009. Shotgun metaproteomics of the human distal gut microbiota. ISME Journal, 3, 179-189.




 Louie Wurch           	 Environmental Microbiology          lwurch@whoi.edu        
Understanding the drivers of harmful algal blooms (HABs) remains a critical area of research.  Specifically, much effort has focused on trying to link nutrient supply to bloom formation.  However, this remains a challenging problem due to the complexities of nutrients (type, concentration, rate of delivery) as well as the unique strategies employed by different algae to acquire nutrients.  As a first step toward addressing this, we have turned to genomic and transcriptomic data to directly assess which genes and pathways are active under a given set of nutrient parameters.  Expression patterns are indicative of a cells environment, and when these patterns are monitored in situ they can provide a direct link between environmental variables and HABs.  Integrating proteomics into this research would allow us to link changes in gene expression to changes in protein content.  Combined with activity assays, it may be possible to determine which nutrients are used by the harmful algae at different stages of a bloom, providing insight into bloom dynamics.  

     Jamie Young             Environmental Toxicology        	      jamie.young@maine.edu
I believe that in many cases, it is inevitable that modern scientific research will incorporates an “omics” approach to address experimental questions.  Scientists simply have to keep digging deeper and “omics” is the way to do so. My research focuses on the cell cycle and how a known human lung carcinogen, zinc chromate, can cause bypass of a cell cycle checkpoint. Cell cycle checkpoints are tightly regulated by numerous mechanisms that often included the modification of specific proteins; therefore, a proteomics approach will undoubtedly be useful in elucidating my central hypothesis. 

A proteomics approach has already been useful in managing hexavalent chromium, an environmental pollutant and known human lung carcinogen.  When hexavalent chromium is reduced to its trivalent form it is considerably less toxic; therefore detoxification via microorganisms has been studied as a potential bioremediation application (Cheung and Gu 2006). A reductase enzyme has been characterized in a number of microorganisms that has the ability to reduce hexavalent chromium to trivalent chromium (Cheung and Gu 2006). The isolation of this enzyme will allow for genetic engineering of microorganisms with hyper-active reductase activity that can be utilized more effectively for bioremediation (Cheung and Gu 2006).

Reference:

Cheung, K.H., and Gu, J-D. Mechanism of hexavalent chromium detoxification by microorganisms and bioremediation application potential: A review. International Biodeterioration & Biodegradation. 2006. 59:8-15.

