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Transcription factors of the CREB and AP-1 families bind to the DNA sites CRE and AP-1, respectively, and contain DNA-binding domains of bZIP class [1]. The bZIP domains include the region rich in basic amino acids and a leucine zipper, an amphipathic a -helix, immediately at its
C-terminus. Basic region directly binds DNA and the leucine zipper serves for dimerization of proteins. X-ray structure data demonstrate [2-4] that the bZIP-DNA complexes have a similar spatial structure within this protein family. In this work, we tried to reveal certain peculiarities of amino acid residue interactions in the DNA-binding region of the CREB and AP-1 family proteins using the correlation analysis of amino acid substitutions at the protein position pairs within this region.
To estimate the statistical relation between the residue substitutions we used a linear correlation coefficients approach. The approach estimates the correlation coefficient between the values of a certain physicochemical quantity for the residues observed at the positions of the set of aligned proteins. We analyzed a set of 42 proteins from the CREB and AP-1 transcription factor family. The protein sequences were taken from the SWISS-PROT databank. The isoelectric point values for the amino acids were chosen for our analysis as physicochemical characteristic reflecting the residue charges [5]. Low variable positions (containing not more than two different amino acids in their alignment columns) were excluded from the analysis.
The analysis of the pairwise positional correlations revealed the negative correlations between the isoelectric point values in the pairs formed by positions from the N- and C-termini of the basic region. The highest correlations were observed for the pairs formed by positions 227-229 at the N-terminus and 248-251 at the C-terminus of the domain (alignment positions are numbered according to protein GCN4; Fig. 1).
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Figure 1. Amino acid sequence of the basic region of the GCN4 transcription factor bZIP domain. Low-variable positions are underlined.
We suggested that such correlations contribute to the conservation of the total isoelectric point value at the positions in the N- and C-termini of the region in question.
We performed an additional analysis of our protein set to verify this hypothesis (similar approach was used by Lim and Ptitsyn to confirm the conservation of hydrophobic core volume of globins [6]). We calculated the sums of the isoelectric point values in groups of the N- and C-terminal positions of the region (Qn and Qc, respectively) for each sequence of the set. Different groups of positions were considered: 227-229 and 227-230 at the N-terminus; 248-252, 247-252, and 247-251 at the
C-terminus; totally, six pairs from the groups of N- and C-terminal positions were examined.
The total isoelectric point value at the N- and C- domain termini Q+= Qn+Qc were calculated for each combination considered. We used the value of sample variance as a measure of Q+ conservation for the protein set analyzed.
The degree of Q+ conservation was estimated through a Monte-Carlo test. We used initial DNA-binding regions alignment to generate 50,000 "artificial protein" sets through random amino acid permutations in the alignment columns. Thus, we obtained randomized sets with the amino acid frequencies at the positions that were identical to the frequencies in actual proteins but lacking the correlations between the positions within the region. The value of the sample dispersion D(Q+) in the initial set was compared with the corresponding values for the randomized sets. The values Q- = Qn-Qc and the linear correlation coefficient between the Qn and Qc values (r(Q+,Q-)) were analyzed in a similar way.
The value D(Q+) in the real set appeared to be essentially lower than its mean estimation over the randomized sets for all the above-mentioned combinations. For example, the D(Q+) value for the groups of positions 227-229 and 249-252 was lower than the mean over the randomized sets by almost 2.7 standard deviation values (Table 1). The dispersion value Q+ was lower than the D(Q+) in the real set for only 19 randomized sets of the 50,000 analyzed. These results indicate that the existing correlations between amino acid substitutions in the pairs of N- and C-terminal positions of the DNA-binding region of transcription factors CREB and AP-1 provides the conservativeness of the Q+ value in the proteins of these families.
Table 1. Comparison of the sample dispersions D(Q+) and D(Q-) and the correlation coefficient r(Q+, Q-) for the groups of positions at the N (227-229) and C (249-252) termini of the basic region of the real and randomized sets.
	X
	Xorig
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	s(Xrand)
	N(Xrand>Xorig)

	D(Q+)
	18.07
	40.53
	8.16
	49981

	D(Q-)
	77.03
	40.47
	8.17
	5

	r(Q+,Q-)
	-0.62
	0.00
	0.16
	0


The corresponding values in the original set (Xorig), the mean ([image: x.gif (66 bytes)]rand) and root mean square (s(Xrand)) deviations estimated according to the randomized set realizations are listed in the table as well as the number N(Xrand>Xorig) of randomized sets wherein the corresponding value exceeded the values for the original set (absolute value in the case of correlation coefficient).In addition, the dispersion of Q- in the real protein set appeared to be essentially higher than its mean over the randomized sets. This fact indicates a considerable variability of the values Q in the real proteins CREB and AP-1.
The results described above along with the high absolute value of the correlation coefficient r(Q+,Q-) suggested the negative dependence between the values Qn and Qc for the proteins studied. This dependence is apparent in the scatterplot of Qn and Qc parameters (Fig. 2).
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Figure 2. Scatterplot of Qn и Qc values (determined for the groups of positions 227-229 and 249-252) for proteins of CREB and AP-1 families. The regression line is shown.
We estimated the parameters of this dependence in a linear approximation (Qc=b+a· Qn) by equations given in [7]. The estimations for regression coefficients amounted to a = -1.02; b=51.15; a values fell into the range -1.62<= a<= -0.67 with 95% probability. These estimations have confirmed our suggestion that the dependence of Qn and Qc is Qn+Qc[image: appr.gif (54 bytes)] const.
Since the value of isoelectric point characterizes the charge of amino acids, it is reasonable to suggest that such dependence stem from the electrostatic interactions of the residues in the groups of positions considered. This suggestion is supported by the data on mutations in the bZIP domains of proteins CRE-BP1 and GCN4 [8]. In that work, the amino acids from the N-terminal cluster of the protein GCN4 were substituted with the amino acids of the protein CRE-BP1, and vice versa. The free energy of the complexes of original and mutant proteins with DNA sites was measured. These substitutions [8] caused a considerable deviation of the value Q+ from the mean for the set we have analyzed and, interestingly, an increase in the free energy of the DNA-mutant protein complexes. Thus, it can be concluded that a considerable deviation of Q+ from its optimal value correlates with the decrease in bZIP-DNA complex stability.
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