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What is GCN4 ?

S.cerevisiae transcription factor
Primary regulator of the transcriptional 
response to amino acid starvation
Has well-known binding motif: TGAsTCa*

Based on examining intergenic sequences
Is known to bind both in intergenic regions 
and in ORFs**

*”Transcriptional Regulatory Code of A Eukaryotic Genome”, Harbison et al, Nature, Sep 2004

**”Gcn4 occupancy of open reading frame regions […]”, Topalidou et al, EMBO, 4(9) 2003



Our project

Investigating differences in GCN4 binding in 
intergenic regions versus ORFs

Does it bind to a different motif ?
How often do motifs occur in both types of 
regions ?
Are there differences in motif strength between 
intergenic regions and ORFs ?
How strongly does GCN4 bind in the different 
regions ?

Similar to other studies eg Lieb et al* looked 
at Rap1 binding 

*”Promoter-specific binding of Rap1 revealed by genome-wide maps of protein-DNA association”, Lieb et 
al, Nature Genetics 28 (2001)



Dataset

Whole-genome ChIP-ChIP binding data for 
GCN4 in S. cerevisiae from Gifford/Young 
lab under amino acid starvation conditions

Probes located (approx.) 300 basepairs apart
“Binding call” data from Gifford lab
Annotated S.cerevisiae genome from the 
Saccharomyces Genome Database (SGD)



MEME Algorithm 

One Occurrence Per Sequence 
(OOPS)

Zero or One Occurrence Per 
Sequence (ZOOPS) 

prior probability of a 
sequence containing a motif 
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Procedure:

E-step: compute

M-step: solve
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MEME Inputs

Probe IP/WCE ratio greater than <3, 4, 6>  
Sequence lengths <400, 600, 800>
- mod <zoops>
- nmotifs <1, 10>
- minsites <20>
- minw <unspecified, 7, 12>
- maxw <unspecified, 11, 18>
- bfile <none, markov order 5>
- revcomp

Also, generated our own 5th-order Markov 
model for coding regions



Intergene Motif, Harbison, et. al. 2004*

meme GCN4_YPD.fsa -dna -minsites 20 -revcomp -mod zoops -bfile
yeast.nc.6.freq -minw 7 -maxw 11 

N= 59 strands
Letter frequencies in dataset: 
A 0.322 C 0.178 G 0.178 T 0.322 
Background letter frequencies (from yeast.nc.6.freq): 
A 0.324 C 0.176 G 0.176 T 0.324

*Transcriptional Regulatory Code of A Eukaryotic Genome, Nature, 2004



Intergene Motif
meme intergenicover4.fsa -minsites 20 -dna -revcomp -mod zoops -

bfile yeast.nc.6.freq -minw 7 -maxw 11 
N=71 strands
Letter frequencies in dataset: 
A 0.296 C 0.204 G 0.204 T 0.296 
Background letter frequencies (from yeast.nc.6.freq): 
A 0.324 C 0.176 G 0.176 T 0.324 



In-gene Motif
meme ingenebindingover4.fsa -dna -revcomp -mod zoops -bfile

yeast.coding.6.freq -minw 7 -maxw 11
N= 15 strands
Letter frequencies in dataset: 
A 0.291 C 0.209 G 0.209 T 0.291 
Background letter frequencies (from yeast.coding.6.freq): 
A 0.302 C 0.198 G 0.198 T 0.302



In-gene Motif
meme ingenebindingover3.fsa -dna -revcomp -mod zoops -bfile yeast.coding.6.freq 

-nmotifs 10 -minw 7 -maxw 11
N= 49 strands
Letter frequencies in dataset: 
A 0.292 C 0.208 G 0.208 T 0.292 
Background letter frequencies (from yeast.coding.6.freq): 
A 0.302 C 0.198 G 0.198 T 0.302



GCN4 Motif Strength and 
Density

Intergene Motif Sites
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Average score 9.379596

Max score 15.241

Min score 7.623

Median score 8.901

Mode 7.916

Number of occurrences 7768

Number of coding bases 8659538

Average distance between 
motifs 1114.771

Average score 9.378928

Max score 15.241

Min score 7.623

Median score 8.9825

Mode 7.916

Number of occurrences 3168

Number of intergenic bases 3497052

Average distance between 
motifs 1103.867



Binding call data

Maximum likelihood model of actual location where 
GCN4 bound*
Tries to find binding location that will best reproduce 
raw ChIP-ChIP data based on probabilistic model of 

DNA fragment size distribution
Expected signal at a probe, given a GCN4 binding event 
at another location

Quite accurate:
Majority of occurrences of GCN4 motif are within 100 
bases of predicted binding sites with intensity > 1.75 
(compared to mean distance of 500 bases for entire 
genome) 

*”Computationally Increasing Microarray Resolution”, Rolfe et al, unpublished.



Analyzing binding strength*
GCN4 binding in ORFs
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Binding calls > 2.0 175

Average binding strength 1.852

Max binding strength 11.017

Min binding strength 1.002

Median binding strength 1.411

Avg distance between binding calls ~50000

GCN4 binding in intergenic regions
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Binding calls > 2.0 275

Average binding strength 2.838

Max binding strength 22.710

Min binding strength 1.006

Median binding strength 1.730

Avg distance between binding calls ~13000

*Assumes probe spacing is the same in intergenic regions and ORFs



Conclusions

GCN4 appears to bind to the same motif in ORFs
and intergenic regions
Distribution and strength of GCN4 motif is same in 
ORFs as in intergenic regions
Despite this, GCN4 binds more strongly, and more 
often, in intergenic regions than in ORFs
Possible future directions:

Further characterize ORF binding locations e.g. by 
distance from intergenic region
Try to correlate binding strength with eg chromatin 
structure, mediator protein binding sites, chromosome 
remodeling complex binding sites  etc 
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Questions ?



extra
Gcn4, a basic leucine zipper protein, is the primary regulator of the transcriptional response to amino 
acid starvation (Hinnebusch and Fink, 1983). It is regulated at multiple levels, all of which alter the 
amount of Gcn4 present within the cell. Gcn4 is regulated at the level of protein stability, with its half-life 
ranging from approximately 2 minutes under growth in rich medium to 10 minutes under amino acid 
starvation conditions (Shemer et al., 2002). This degradation is mediated by the ubiquitin-conjugating 
enzymes Rad6 and Cdc34 (Kornitzer et al., 1994), and requires phosphorylation by the nuclear cyclin-
dependent kinases Pho85 (Meimoun et al., 2000) or Srb10 (Chi et al., 2001).

Gcn4 is also regulated at the level of translation. Modulation of the activity of translation initiation 
machinery leads to an increase in the synthesis of Gcn4 protein under conditions of amino acid 
starvation. Under non-starvation conditions, ribosomal complexes are diverted to ORFs upstream of the 
Gcn4 coding region (Hinnebusch, 1984; Hinnebusch, 1997; Hinnebusch et al., 1988; Mueller and 
Hinnebusch, 1986; Thireos et al., 1984).

Finally, there is evidence that Gcn4 is also regulated transcriptionally. In strains carrying mutations that 
abolish translational regulation, there is nonetheless an increase in the levels both of Gcn4 protein and 
mRNA levels following induction of the amino acid starvation response (Albrecht et al., 1998).

Interestingly, the binding site for Gcn4, TGASTCA, is also recognized by the unrelated transcriptional 
regulator Bas1 (Springer et al., 1996). It is thought that this overlapping specificity serves as a 
mechanism for cross-regulation of adenine biosynthesis by both regulators. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6351059&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12101234&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7813440&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10712509&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11331604&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6387704&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9268289&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3050993&dopt=Abstract
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