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Project Goals: The LLNL Biofuel SFA investigates systems biology of complex microbial communities 
relevant to bioenergy production. To understand nutrient cycling and potential biofuel production in 
complex microbial communities we employ an integrated analysis of energy flow using multi-scale 
approaches including biogeochemical, stable isotope probing, metagenomic/transcriptomic, 
proteomic/metabolomic and computational analyses. Our ultimate goal is the development of multi-scale 
models that can predict ecological and biochemical relationships within multi-trophic microbial systems. 
 
One of the key challenges in microbial ecology is determining the ecophysiology of microorganisms in in 
situ complex communities. Stable isotope probing is a technique that identifies taxa that consume specific 
substrates labeled with rare isotopes in complex assemblages. As part of the LLNL Biofuel SFA, our 
group developed Chip-SIP, a method which combines NanoSIMS isotope imaging with phylogenetic 
microarrays to determine the isotopic enrichment of specific populations in the microbial community1. 
Recently, we have made a number of recent advances to facilitate the application of Chip-SIP by the 
greater scientific community. First, we have developed an automated probe design pipeline to accelerate 
the design of custom Chip-SIP arrays from next-generation sequencing datasets. This process allows 
researchers to target populations that are specific to their studies. The pipeline clusters taxa into OTUs, 
generates OTU-specific probes, and then validates the specificity of those probes in-silico using the 
SILVA database. Second, we have expanded the repertoire of isotopes that can be detected 
simultaneously by Chip-SIP to include 18O, in addition to 13C and 15N. Isotopically-labeled water 
(H218O) is an ideal substrate to identify active populations in many different environments, as all known 
organisms consume water. Third, we’ve developed a tool to rapidly detect isotopic enrichment (13C, 15N, 
18O) in picogram quantities of RNA using NanoSIMS, which can quickly identify samples that are 
suitable for further analysis. Finally, we will report on several recent applications of Chip-SIP: to detect 
substrate preference in the rhizosphere, and cellulose-degrading communities in the beetle hindgut. These 
advances highlight the utility of this method to identify specific metabolisms within complex microbial 
communities, and should facilitate use of the Chip-SIP approach by other research groups working 
independently or in collaboration with the LLNL Biofuels SFA. 
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