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Assignment Overview 
Metabolic engineering of non-native synthesis pathways in microbial hosts has shown promise in the 
production or overproduction of commercially useful biomolecules, including polyesters (Aldor and 
Keasling, 2003), building blocks for industrial polymers (Nakamura and Whited, 2003), biofuels (Steen et 
al., 2010), and therapeutic natural products derived from isoprenoids (Martin et al., 2003; Pitera et al., 
2007; Watts et al., 2005), polyketides (Peiru et al., 2005; Pfeifer et al., 2001), and non-ribosomal peptides 
(Watts et al., 2005).  
 
Isolation of these molecules from naturally occurring organisms generally suffers from low yield and can 
place a large environmental burden (Pitera et al., 2007). Soil dwelling microorganisms that harbor the 
biosynthetic enzymes for isoprenoids, polyketides and other natural product molecules typically exhibit 
slow growth compared to industrial workhorse organisms such as Escherichia coli and yeast. One 
promising way to address yield and growth limitations is to harness the biosynthetic capability of niche 
organisms into technically amenable, fast growing organisms (Pfeifer and Khosla, 2001). 
 
Broadly speaking, there are two steps in constructing synthesis pathways.  The first step involves 
identifying the synthesis pathways.  There are many such computational approaches (see Moura et al., 2013 
for a review).  The second step involves the evaluation of the pathway in terms of yield.   
 
In this assignment, we will develop a software kit to assess the yield of synthesis pathways when added to 
E. coli. The process will consist of the following steps: 
 

1) Select a model organism  
2) Evaluate the maximum biomass yield under a specific context (e.g., glucose uptake) 
3) Identify and specify a synthesis pathway.  The pathway will have one or more reactions steps, 

beginning with a metabolite within the model organism and ending with the target synthesis 
molecule.  Each reaction step must be stoichiometrically balanced. 

4) Add the synthesis pathway to the model.  In addition, an external exchange reaction from the 
target molecule is added to the model to enable yield evaluation.   This reaction acts to “drain” the 
target molecule. 

5) Use FBA to evaluate the yield of the synthesis pathway.  The objective function will be to 
maximize the flux in the newly added exchange reaction.  The biomass production will be 
assumed at 10% of that of the wild type. 

 
We will assume that the synthesis pathways added are a series of reaction steps from the source molecule 
with E. coli to the target synthesis molecule.  While this is a simplistic assumption, as sometimes side 
synthesis pathways from E. coli to a target are needed to provide the necessary steps to produce a desired 
molecule to enable the synthesis pathway to proceed. 
 
The COBRA Toolbox v3.0 (Heirend et al., 2017) within MATLAB will be used to carry out this 
assignment.  You will implement several functions that take a pathway synthesis specification and 
implement the process described above.  You will then write a main script that will run the two test cases 
provided below. 



 
Assignment Objectives 
The objectives of this assignment are: 

• Employ a systematic process to evaluate the yield of heterologous synthesis pathways 
• Create functions and scripts to automate the task of adding a synthesis pathway to a model and 

evaluating its yield.   
• Assess the yield of synthesis pathways for two test cases 

 
 
DATA 
Model Organism 
We will use E. coli model, iJO1366, but slightly modified. Download from the course web page 
('EcoliiJO1366_inGlcOx.mat') 
 
iJO1366 defines three cellular compartments: the cytoplasm, periplasm, and extracellular space.  The 
assignment of proteins to compartments was verified using experimental data catalogued in EchoLocation 
database (Horler et al, 2009). The protein locations in this database were compared to the compartments of 
the metabolites associated with each gene in iJO1366, and thus the compartment were specified.  When 
adding a reaction to the model, it is essential to specify the expected protein location.  For this assignment, 
we will assume the heterologous pathways will be added to the cytoplasm. 
 
KEGG IDs for each metabolite in the model will be provided to facilitate the workflow.   Download the 
mapping file from the course web page. ('EcoliiJO1366_inGlcOx_KEGGID.mat') 
 
 
iJO1366 (as well as earlier models) has two biomass reactions, “core” and “wild-type”. The “wild-type” 
biomass reaction contains precursors to typical wild-type cellular components. The “core” biomass reaction 
contains essential precursors.  The stoichiometry of each reaction is based on experimentally determining 
the ratio of its components.  Each component of a biomass reaction has units mmol/gDW (milli-moles per 
gram cell dry weight). The unit of the biomass reaction is 1/h as it sums the mole fraction of each precursor 
necessary to produce 1 g dry weight of cells (Thiele I, Palsson BØ (2010) A protocol for generating a high-
quality genome-scale metabolic reconstruction. Nat Protoc 5: 93-121).   
 
Use the wild-type biomass for this assignment.  (reaction name: 'E. coli biomass objective function 
(iJO1366) - WT - with 53.95 GAM estimate') 
 
We will assume that the organism will feed on -10 mmol/gDW of glucose.  Do not change the default ATP 
requirements. 
 
 
Test Case 1: 2,3 Butanediol. 
Below is the first test case with target molecule 2,3 Butanediol. 
The synthesis pathway is shown below, where the top box specifies the compound names and , and the 
corresponding KEGG metabolites and reaction identities are annotated on the second pathway.  Metabolite   

(S)-2-Acetolactate is native to E. coli. While the reactions are shown reversible as per KEGG definition, the 
flux will flow from left to right.  The reactions added to the cell should be irreversible.   



 
 
Test Case #2: 1- Butanol. 
Below is the second test case with target molecule 1- Butanol. 
The synthesis pathway is shown below, where the top box specifies the compound names and , and the 
corresponding KEGG metabolites and reaction identities are annotated on the second pathway.  Metabolite   

Acetoacetyl-CoA is native to E. coli.  The primary carbon metabolites along the synthesis pathway are 
shown on the main pathway trunk.  Similar to the prior case, the reactions added to the cell should be 
irreversible proceeding from the source molecule Acetoacetyl-CoA to the target 1_Butanol 

 
CODE & DATA STRUCTRUES 
Evaluation of maximum biomass 
Write a function that takes the model, the name of the biomass reaction, and returns the maximum biomass 
 
The synthesis pathways 
The target molecule will be specified along with a synthesis pathway, as shown for the test cases above. 
 
Write a function, getSynthesisReactions, to retrieve the reaction details from the KEGG database.  The 
input argument should be the reaction numbers. Decide on what fields the function should return.  Consider 
returning the reaction formula, metabolites name (s), metabolite KEGG IDs, and anything else that is 
needed.  You may use the KEGG functions you wrote from prior assignments. Return the minimum 
reaction data needed to finish this assignment. 

 

 



 
The outcome of this function will be a listing of reaction step names (e.g., ‘RxnStep1’), formulas that use 
metabolite names from the model if available (e.g. (e..g     'alac__S_c -> co2_c + (R)-Acetoin_c') .  This 
lising should be easily added to the model using the COBRA addReaction function. 
 
Don’t forget to add a “sink” reaction step from the target synthesis molecule. FBA will maximize the yield 
of this sink reaction. 
 
Use the provided mapping of model metabolites to KEGG IDs to facilitate the translation from KEGG 
metabolite names to model names. 
 
Pay attention to the difference between mets and metNames. AddReaction finds metabolite names in mets. 
 
Adding the synthesis pathway to the model 
There are several ways to add a pathway to the model as specified in the COBRA Toolbox v3.0 tutorial.  
However, since you would have generated the formulas in the prior step, using addReaction with the 
formula option. 
 
Write a function, addSynthesisPathwayToModel that takes a list of reaction names and formulas and add 
them to the model. 
 
This function should return sufficient data to allow calling the evaluation function to assess the yield of the 
synthesis pathway 
 
Make sure to expand the model-metabolite-to-KEGG-compound mapping with each new metabolite added 
to the model.   Think carefully about when/where you will update this map. 
 
 
Yield Evaluation 
Once the pathway is added to the model, FBA can be used to evaluate the yield.   
 
Write a function, evaluateYieldForSynthesisPathway that takes the proper arguments to compute the yield 
of a synthesis pathway once the model has been updated with the synthesis pathway. The function 
parameters should allow the specification of the correct objective function and the lower bound(s) for the 
feedstock reaction(s), and the minimum required biomass.  The function should return the synthesis 
pathway yield.  Consider using the COBRA toolbox functions such as changeObjective to save yourself 
time of writing existing code. 
 
 
Do it all 
Write a function, addAndEvaulateSynthesisPathway that calls the various functions in the right order to add 
and evaluate the yield of the synthesis pathway.  
 
EVALUTION 
Write a script that iterates through the two given test cases.  For each test case call 
addAndEvaulateSynthesisPathway. The script itself should clearly describe which test case is being run, 
and the print enough information to determine the resulting yield  
 
 
References 
The COBRA V3 toolbox will be the most helpful in carrying out this assignment. 
 


