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Introduction

Motivation: understand functional metabolic modules of S. cerevisiae at the systems-level

Central Carbon Metabolism is the metabolic module that controls 
energy sources and is essential to metabolic processes. The basic 
components of central carbon metabolism have been identified in 
many species, but not a lot is known on a systems scale about the 
function of different metabolic states and their evolution. More can 
be learned with the use of recent advances in genomics and 
metablomics By studying both gene expression and metabolite
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metablomics. By studying both gene expression and metabolite 
profiles, a better understanding of S. cerevisiae’s metabolic evolution 
can be achieved.

S. cerevisiae is a model organism with a large amount of 
experimental data that will help us in resolving the 
systems-level structure and function of the 
metabolism module. Our experiments begin 
with a focus on  S. cerevisiae, which will be 
used as a comprehensive model
for other species. 

An Example of Similar Expression in Both Mutants  

HxT13-hexose transportHxT2-hexose transportHxT6-hexose transport

Out of the 106 overlapping genes, 91 have similar expression patterns in both mutants. However there 
is no functional enrichment (gene ontology enrichment). An example of similar expression is hexose 
transport genes. An example of uncorrelated gene expression between the two mutants is seen in 
mitochondrial ribosome genes.   
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Goal: characterize the contribution of two pathways to Central Carbon Metabolism:
Glyoxylate Cycle and Pentose Phosphate Pathway

Correlation of Mutant and Wild type gene expression
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An Example of Opposite Expression Between the Mutants

zwf1Δ

<1% anti-correlated
8% uncorrelated

Pentose Phosphate PathwayGlyoxylate Cycle

Malate synthase, 
mls1Δ

4% uncorrelated <1% anti-correlated

mls1Δ

Hexose Transporters 
are up regulated in 
both mutants; the 
expression is much 
higher than that of 
wild type in the three 
examples. An example 
of opposite expression 
is that of a 
mitochondrial 
ribosome gene. 
Al h h b h

Glucose-6-phosphate 
dehydrogenase, zwf1Δ

Key genes were selected near the beginning of each pathway (see 
stars above) because deleting them was more likely to have the 
greatest impact. Our goal was to compare global expression profiles 
of  mls1Δ and zwf1Δ knock out strains compared to wild type.   

Time Points

Fo
ld

 c
ha

ng
e 

[lo
g2

]

VAR1-mitochondrial small ribosome

LL                   DS                   PS                     PL

Functional Enrichment in  zwf1Δ
uncorrelated genes

•Mitochondrial lumen genes
•Mitochondrial ribosomes

92% correlated

Zwf1: Glucose-6-phosphate 
dehydrogenase

•Catalyzes the First step of pathway
•Is Involved in adapting to Oxidative stress

Pentose Phosphate Pathway
•Produces NADPH and Pentose
•Assists in  preventing oxidative stress

Glyoxylate cycle
•Uses non fermentable carbon sources that can be converted into 
sugars and other essential  organic compounds

Mls1: malate synthase
•Is a key enzyme in the glyoxylate cycle
•Is required for glycine biosynthesis from 
glyoxylate

96% correlated

Functional Enrichment in mls1Δ
uncorrelated genes 

•Glucose transporters
•Other Carbohydrate transporters

Although both 
mutants are 
uncorrelated from 
wild type, the gene is 
down regulated in 
mls1Δ and up 
regulated in zwf1Δ.

•Combining metabolite profiles with global expression 
profiles will allow us to formulate a higher resolution model 
of the metabolic module

•Test mutant strains affecting different pathways of Central 
Carbon Metabolism and/or different mutants in the two 
pathways studied

Future DirectionsConclusions

Zwf1 is part of the oxidative branch of Pentose Phosphate Pathway and its reactions are critical 
for the generation of NADPH. NADPH is an essential cofactor of enzymes that defend the cell 
from oxidative damage, so inhibiting the Pentose Phosphate Pathway can affect oxidative stress 
protection. Oxygen free radicals are generated in the mitochondria causing oxidative stress, 
which may be why mitochondrial ribosome genes were up-regulated in order to recover from 
the stress. The Pentose Phosphate Pathway also produces sugars, which may explain why 
hexose transporters were up-regulated.

Establish Growth Curve

Pick time points of 
biological interest
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Experimental Design
• Growth curves were established to identify where biological time changes occur. The 

time points were Lag, Log, Late Log, Diauxic Shift, Post Shift, and Plateau. 

• Time points of interest were selected for study. Biological samples were taken at 
selected time points (see growth curves in Results).

• RNA was extracted from these samples and the integrity of the RNA was checked before Lit t Cit d
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By removing Mls1, the Glyoxylate Cycle is blocked and the cell tries to compensate by importing 
carbohydrates, explaining why hexose transporters were up-regulated. Mls1 also interacts with 
the TCA cycle, which is found in the mitochondria. If the cycle was inhibited by the absence of 
Mls1, this could explain why mitochondrial ribosome genes were down-regulated.

The overlap of gene expression in the different pathways is very interesting.  The fact that 106 
of the uncorrelated genes were common between the mutants reveals previously unexpected 
connectivity in the Glyoxylate Cycle and the Pentose Phosphate Pathway. 
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RNA was extracted from these samples and the integrity of the RNA was checked before 
further steps were taken, as shown to the right.

• cDNA was made from the RNA, which was then labeled with fluorescent cyanine dyes.

• Dyed samples were hybridized on 2 color Agilent microarrays, using midLog as a reference.

• The arrays were scanned and the data was sent through numerous computational programs such 
as Genomica and Matlab to analyze results. 
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