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Project Goals: This project aims to reconstruct the genome-scale metabolic models for two non-
model  yeast  organisms,  Rhodosporidium  toruloides and  Issatchenkia  orientalis,  which  are
industrially potential hosts for producing biofuels and organic acids. Using the metabolic model
of the model yeast Saccharomyces cerevisiae as reference and multiple sources of data, the models
for  the  two  organisms  were  constructed  following  a  rapid  reconstruction  workflow.  The
reconstructed metabolic models and the associated atom mapping will act as an important tool
for  kinetic  modeling,  13C  metabolic  flux  analysis,  identification  of  metabolic  regulation  and
integration  of  physiological  and  omics  data,  facilitating  the  genome-scale  analysis  and
engineering of the two yeast organisms for production of biofuels and bioproducts.

Yeast organisms are promising engineering targets for microbial cell factories with unique industrial
advantages  compared  to  bacteria  such  as  higher  tolerance  against  inhibitory  compounds  and
contamination. However, most metabolic engineering and modeling efforts were focused on the model
yeast Saccharomyces cerevisiae despite the discovery of other non-model yeast organisms with unique
biochemical  production  capabilities.  Among  them,  Rhodosporidium  toruloides is  able  to  ferment
lignocellulose  into  lipids  and  can  be  a  potential  platform for  the  production  of  fatty-acid-derived
biofuels.  Issatchenkia orientalis is another yeast with industrial potential of high-level production of
organic acids.  We have reconstructed genome-scale  metabolic  models  for  the two yeast  organisms
following  a  previously  established  rapid  reconstruction  workflow  [1].  Using  S.  cerevisiae  as  the
reference organism, we identified the homologous genes between S. cerevisiae and the two organisms
using bidirectional  BLAST as  well  as  the  Yeast  Genome Annotation  Pipeline  [2]  which  identifies
homology based additionally on synteny conservation. The most recent yeast7 model for S. cerevisiae
[3]  has  been  updated  with  the  corrected  gene-protein-reaction  (GPR)  associations  [4],  completely
balanced  stoichiometries  and  standardized  biomass  reactions  [5].  Backbone  models  for  the  two
organisms were extracted from the updated yeast7 model by comparing the homologous genes and
evaluating the GPR associations. Additional reactions not in the backbone models were identified from
multiple sources of data, including annotations by InterPro [6], KEGG [7], Pfam [8, 9] and UniProt
[10]. Gapfilling was performed using reactions from the yeast7 model to ensure that the models are
able to produce biomass. Flux elucidation using 13C-MFA requires the availability of a genome-scale
carbon mapping model. To this end, the mapping models corresponding to the constructed genome-
scale models of R. toruloides and I. orientalis are constructed using the previously published mapping
models  for  E.  coli and  Synechocystis PCC 6803 as  the  starting  point.  Elementary  metabolite  unit
(EMU) decomposition is performed using 46 metabolite fragments from 15 central metabolites and 12
amino  acids  quantified  using  GCMS and  LCMS techniques.  The  identified  carbon  transitions  are
compared and contrasted with E. coli. These findings will serve as the foundation for further genome-
scale  computational  analysis,  including  13C-MFA,  kinetic  modeling,  identification  of  metabolic
regulation, and integration of experimental data to facilitate the engineering of the two yeast organisms.
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