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Project Goals: The DOE Systems Biology Knowledgebase (KBase) is a free, open-source 
software and data platform that enables researchers to collaboratively generate, test, 
compare, and share hypotheses about biological functions; analyze their own data along 
with public and collaborator data; and combine experimental evidence and conclusions to 
model plant and microbial physiology and community dynamics. KBase’s analytical 
capabilities currently include (meta)genome assembly, annotation, comparative genomics, 
transcriptomics, and metabolic modeling. Its web-based user interface supports building, 
sharing, and publishing reproducible, annotated analysis workflows with integrated data. 
Additionally, KBase has a software development kit that enables the community to add 
functionality to the system.  

Accurate prediction of quantum chemical properties of metabolites and their structure is needed 
to understand metabolism and to design new metabolic pathways for engineered systems. Such 
values can be precomputed for biochemistry databases like the ModelSEED resource that 
underlies KBase, but support is also needed for metabolites that do not yet appear in these 
databases (e.g. compounds proposed by cheminformatics applications or compounds involved in 
newly discovered synthetic pathways). Thus, it is not sufficient just to run property prediction 
apps in existing databases, but also to make these apps available for users to run themselves on 
new compounds of interest. To achieve this task, we recently deployed NWChem1 quantum 
mechanical code in KBase to automate computational chemistry calculations and obtain 
optimized chemical structure with partial charges. This app accepts an arbitrary compound-set as 
input and enables users to select individual compounds from the input set to compute a structure 
for. The app adds mol2 structures to the input compound set for subsequent use in downstream 
applications like AutoDock Vina. Of course, it is also useful to precompute structures for all 
current compounds in the ModelSEED database. However, physics-based computational 
chemistry calculations are quite challenging to apply to a large database as they grow 
exponentially with the system size and require high-performance computing resources.2 Thus, 
we are in the process of applying NWChem to compute high-quality predicted structures for as 
many compounds in the ModelSEED as possible, prioritizing the compounds that appear most 
prevalently in models in KBase. Thus far, structures have been precomputed for all 800 



compounds in a Yarrowia lipolytica Yeast model. We are also currently exploring how to use 
HPC resources to power the NWChem app in KBase to greatly speed the pace of structure 
prediction in this app. In our talk, we will demonstrate this app on some example compounds and 
discuss the results of our analysis of the Yarrowia metabolites. Overall, this new integration in 
KBase empowers the synthetic biology community to test new compounds with known enzyme 
targets via docking calculations and paves the way for computation of a broad set of 
thermodynamic properties (e.g. free energy of formation of metabolites and free energy of 
metabolic reaction) that are useful for numerous systems biology applications.   
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