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Mapping of DNA-binding proteins along the yeast genome by 
UV-induced DNA-protein crosslinking 
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Abstract UV-induced crosslinking of DNA-binding proteins to 
DNA in intact nuclei of Saccharomyces cerevisiae and sub- 
sequent 'protein image' hybridization were applied to map non- 
histone proteins along single-copy genes of yeast. We detected 
two polypeptides that most probably correspond to core subunits 
of yeast RNA-polymerase II in the coding region of transketo- 
lase gene (TKL2). Several non-histone proteins were also 
detected which bind to the upstream region of TKL2 gene, and 
to the intergenic spacer between calmodulin (CMD1) and [~- 
mannosyl transferase (ALG1) genes. 

Key words: UV-light; DNA-protein crosslinking; 
Saccharomyces cerevisiae; DNA-binding protein 

1. Introduction 

Successful development of the Human Genome Project 
and other genome sequencing programs has already gener- 
ated huge amount of new sequences. They include specific 
regions that are associated in nuclei with regulatory proteins. 
It is essential to have a suitable method for mapping and 
characterization of DNA-binding proteins in vivo. However, 
the number of currently available methods are rather limited 

[11. 
In our laboratory we have developed the 'protein image' 

hybridization method [2] which utilizes the ability of UV-light 
to generate (induce) DNA-protein crosslinks in a whole cell 
or in isolated nuclei [3-7]. It enables one to determine the 
molecular mass (Mm) of proteins associated with specific 
DNA sequences thus being a good alternative/complement 
to the gel-retardation assay. Our method could be useful for 
checking the difference in the pattern of proteins bound to the 
sequences of interest and/or bound to the same sequence with 
different activation status. 

Here we describe mapping of DNA-binding proteins in the 
coding and promoter regions of the TKL2 gene [8] and inside 
the intergenic spacer between CMD1 and ALG1 genes [9 11]. 

2. Experimental 

Yeast diploid cells (strain MR-2) were grown in a rich medium to 
the optical density of 2-3 A600/ml. Nuclei were isolated as described 
earlier [12]. To induce DNA-protein crosslinks, purified nuclei were 
irradiated by conventional UV light (254 nm, irradiation dose about 
0.5 J/cm2). 'Protein imaging' was done as described by Papatsenko et 

*Corresponding author. 

Abbreviations: UV (light), ultra-violet (light); TKL2, transketolase 
gene; CMD1, calmodulin gene; ALG1, I~-mannosyl transferase gene; 
Mm, molecular mass; PAAG, polyacrylamide gel; 2D, two-dimen- 
sional. 

al. [13] (see also [14]). DNA fragments were electrotransferred onto 
HYBOND N+ membrane (Amersham, GB) according to the manu- 
facturer's recommendations and hybridized thereon with high-labeled 
single-stranded probes synthesized using bacteriophage M13 vectors 
[15]. 

'Protein' two-dimensional gel electrophoresis was done as described 
earlier [14]. 

3. Results 

The general concept of the 'protein image' hybridization 
assay was published earlier [16]. Briefly: Yeast nuclei were 
UV-irradiated, lysed, and loaded onto CsC1 density gradient 
to purify DNA protein complexes from the most part of non- 
crosslinked proteins and other contaminations. DNA-contain- 
ing fractions were collected after centrifugation and DNA was 
shared by sonication. Most of the uncrosslinked DNA was 
removed by the phenol-chloroform extractions; purified 
DNA-protein complexes were loaded onto PAAG, and two- 
dimensional (2D) gel electrophoresis was performed. In this 
system DNA-protein complexes were separated in the 1st 
dimension. The proteins were then digested directly in the 
gel by pronase, the resulting DNA was separated in the 2nd 
dimension and electrotransferred onto a nylon membrane. 
Finally, the filter was successively hybridized with the probes 
of interest. 

In order to keep DNA and proteins intact, we had to use 
rather low doses of irradiation (0.5 J/cm2). As a result, the 
yield of crosslinked proteins was often very low, especially in 
the case of a single copy gene. To overcome this problem, we 
used M13-derived 32p-labeled probes substituted by three la- 
beled nucleotides. Several types of nylon membranes were 
tested to find an optimal one in terms of the highest signal/ 
background ratio and a possibility of numerous rehybridiza- 
tions. HYBOND N+ (Amersham) was found to be the best. 

Autoradiograms of the filter after 'protein image' hybridi- 
zations with the coding and the promoter regions of the 
TKL2 gene, and intergenic spacer between CMD1 and 
ALG1 genes are shown in Fig. 1. Hybridization with the 
coding region of TKL2 gene revealed three diagonals corre- 
sponding to the crosslinked proteins of Mms 17, 45, and 100 
kDa, respectively (Fig. 1A). A different set of proteins was 
detected in the promoter region of the gene. The diagonal 
corresponding to the protein of 17 kDa was also present 
but a diffuse pattern appears instead of proteins 45 and 100 
kDa (Fig. 1B). The pattern corresponds to several proteins 
with Mms of 100-140 kDa. Hybridization with the intergenic 
spacer between CMD1 and ALG1 genes allows us to detect 
the diagonal corresponding to 17 kDa protein, proteins of 
100-120 kDa, and low intensity one, corresponding to a pro- 
tein with Mm of 150 kDa (Fig. 1C). 
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Fig. 1. 'Protein image hybridization' with different regions of TKL2, CMD1-ALG1 genes. A: coding region of TKL2 gene; B: promoter region 
of TKL2 gene; C, intergenic spacer between CND1 and ALG1 genes. 1, protein of Mm 150 kDa; 2a-b, proteins of Mm within the range 100 
140 kDa; 3, protein of Mm 45 kDa; 4, protein of Mm 17 kDa; 5, uncrosslinked DNA. Genetic map of the genes and homology sites for 
DNA-binding proteins (see text) presented above. 

4. Discussion 

We have initiated DNA-protein interactions studies with 
the final aim to combine data at the nucleotide sequence level 
with biochemical data on the arrangement of DNA-binding 
proteins along DNA. Here the 'protein image' hybridization 
assay was used to probe DNA-protein interactions in the 
coding and upstream regions of the TKL2 gene, and in the 
intergenic spacer between CMD1 and ALG genes of yeast. 

We believe the crosslinked proteins of 17 kDa Mm corre- 
spond to the core histones. The attribution of this diagonal to 
the core histones is based on calibrations of the 2D gels [17]. 
Also we observed proteins corresponding to the core histones 
after 2D 'protein' electrophoresis (Fig. 2). 

It was logical to expect that the transcribed region of an 
active gene would contain RNA-polymerase molecules. Bas- 
ing on the molecular masses of the proteins crosslinked in the 
coding region we assumed that they probably correspond to 
the RNA-polymerase II subunits (Fig. 1A). The core subunits 
of yeast RNA-polymerase II include polypeptides RPBI, 
RPB2, RPB3 with molecular masses of 220, 150, and 45 
kDa, respectively [18]. Mm of the crosslinked 45 kDa protein 
coincides with that of the RPB3 subunit; 100 kDa polypeptide 
could be a product of specific degradation of either RPB1, or 
RPB2. However, the diagonals that we observed in the coding 
region may correspond to some other specific proteins. 

We observed a rather diffuse pattern corresponding to non- 
histone proteins bounded to the promoter region of TKL2 
gene (Fig. 1B). Separation of the crosslinked complexes in 
2D system was inefficient, and the diffuse pattern did not 
permit us to distinguish between proteins of close molecular 
masses. 

Genes CMD1 and ALG1 are transcribed in opposite direc- 
tions and their promoters are separated by a 0.5 kb-long 
region. The intergenic spacer between these genes has signifi- 
cant homology to the ARS sequence and it contains several 
potential binding sites for non-histone proteins: REB1, 

ABF1, SWI4 [9 11]. It is not clear now whether or not bind- 
ing of these proteins takes place in vivo [19]. However, the 
Mms of the proteins we observed in the intergenic spacer are 
close to those of ABF1 (100 kDa) and REB1 (120 kDa) (Fig. 
1C). Precise identification of crosslinked proteins could be 
done using antibodies against proteins of interest. 

In conclusion, UV-mapping technology allows rapid preli- 
minary screening of DNA-binding proteins along genomic 
DNA and it could be very helpful for projects dealing with 
mapping of D N ~ p r o t e i n  contacts. 
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