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Genomic profiling of budding yeast resistance to food carcinogens underscore 
the importance of DNA damage tolerance pathways in avoiding mutations  
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Conclusions 
• The CYP1A2+NAT2 gene combination results in higher HAA genotoxicity 

• Yeast DNA repair mutants expressing CYP1A2 and CYP1A2+NAT2 show sensitivity 
to HAAs (IQ) and AFB1. HAA genotoxicity increases when NAT2 is expressed 

• High-throughput screens indicate DNA repair, checkpoint control and recovery, 
mitochondrial maintenance, RNA modification are all involved in conferring AFB1 
resistance 

• Recombinational repair and mutation avoidance are key processes in AFB1 
resistance  
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Abstract 
The human response to environmental carcinogens is highly variable. Environment, lifestyle, and genetics are factors that 
influence bioactivation. Genetic factors include polymorphic P450 and DNA repair genes; however, epidemiological studies 
may lack significance due to inadequate patient numbers. We used budding yeast as a model organism to determine genetic 
susceptibility to food-associated carcinogens, including benzopyrene (BaP), aflatoxins (AFB1) and heterocyclic aromatic 
amines (HAAs), such as 2-amino-3-methylimidazo[4,5-f]quinoline (IQ). Budding yeast does not contain P450s that activate 
these compounds, so we introduced expression vectors that contain specific human P450 and NAT2 genes. In yeast, either 
CYP1A2 or CYP1A1 activates AFB1, while both CYP1A2 and NAT2 are required for activation of IQ. To measure genotoxic 
effects, we measured recombination and mutation frequencies, Rad51 foci, growth inhibition and DNA adducts. To determine 
resistance genes, we used a high throughput approach for screening the yeast deletion library expressing specific P450 genes 
or expressing no P450 genes. Screens for aflatoxin resistance in the collection expressing CYP1A2 identified 31 genes, 
including checkpoint and RNA metabolism genes, several of which have human orthologues are mutated in cancers. Screens 
for aflatoxin resistance from the deletion collection expressing no CYPs identified CTR1, a gene that functions in high-affinity 
copper transport. Interestingly, this gene has been identified in screens for profiling yeast resistance to the fungicides 
captafol and folpet. We are now performing screens to identify genes involved in resistance to IQ. Preliminary data identified 
both recombinational repair and DNA damage tolerance genes. Further high throughput analysis will be performed using 
other food carcinogens, including 2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine (PhIP) and 2-amino-3,8-
dimethylimidazo[4,5-f]quinoxaline (MeIQx). These screens provide a novel methodology for identify genes that confer 
resistance to P450-activated toxicants. Grant Support: National Institutes of Health, 1R15ES023685-01.  

 Background 
•Colorectal Cancer is the fourth leading cause of cancer death (2014) 

• Estimated ~50,000 deaths [1] 

• Liver cancer is the sixth leading cause of cancer death (2012) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Methods  

[2] 

** AFB1 Sensitivity 
Mechanisms of Activation of IQ by Phase I and II Enzymes 

IQ activation by CYP1A2 and NAT2 (Liver)  

IQ Glucuronidation and Excretion 
in the Bile 

IQ reactivation by Microbial  
Glucoronidases in the Colon 

IQ (re)activation by colon-specific CYPs 

or  

Mechanisms of Activation of AFB1 

Confirm Genotoxicity of P450-Activated Compounds In Yeast 

[4] 
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Heterocyclic Aromatic Amines (HAAs) 

Aflatoxin B1 

Construct  Yeast Libraries Containing The Entire Deletion Collection  

• >5,000 strains, each strain contains a deletion for a single gene 
 

• Each gene deletion is marked by an antibiotic cassette and two molecular bar codes 
  (identifiers) 
 

• Quantified by detecting the molecular bar codes, amplifying via PCR and sequencing the 
barcodes 
 

• Human CYP1A2 has been introduced into 90% of the collection 
•Currently introducing CYP1A2 and NAT2 genes into another pool 

Results 

Hypothesis 
Whereas a small fraction of cancer is caused by high-penetrant genes, the majority of 
sporadic cancer is caused by a combination of interactions between low penetrant – 
gene environment interactions. 

Key: 

•m.value – fold change from solvent exposure (DMSO) to 
carcinogen (AFB1) 

•p.value -  statistical p-value 

•q.value – p-value adjusted for the three biological replicates 

 
 

 
  

 

According to SGD, CSM2 (YIL132C) is a 
Component of SHU complex. This complex also 
includes PSY3, SHU1, SHU2, and promotes 
error-free DNA repair 
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• Output list of significant genes is copied into FunSPEC  

• Organizes data into gene ontology groups,  allows for identification of 
additional genes in pathways that may be sensitive 

 
 

 
  

 

• Raw sequencing data is run through a bioinformatics regiment to demultiplex, trim, and 
count the barcodes 

•Yeilds a count of each mutant pre and post exposure 

•Further bioinformatics processing compares counts of treated vs. control exposures 

 
 

  

 

Output of Bioinformatics Processing 

NOTE: CSM2 is highlighted to show downstream 

results processing of gene ontology groups 

Final result is compiled list of gene 
knockouts that confer sensitivity 
to AFB1 

     - Current work underway with HAAs 

 


