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Effects of LacR non-planarity on the J factor for the v-shaped tetramer conformation

The DNA helical axes in the LacR cocrystal structure with operator DNA do not lie in the mean plane of the tetramer subunits (Figure 1B), but instead are separated by a dihedral angle of about 20 degrees [1].  This implies that the crystallographic structure should introduce some writhe into a LacR-mediated loop, which could significantly affect the J factor.  In particular, non-negligible writhe, depending on its sign, will couple differently with the (+) and (-) topoisomers of particular looped conformations.  We examined the effect of LacR dimer/operator dihedral angle, which is equivalent to the protein-protein twist angle in our model,
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, for each of the three v-shaped conformations.
The strongest effects are generally observed for operator spacings that are torsionally out of phase.  In these cases two loop topoisomers contribute to the J factor [2] and the differential coupling of 
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 to the underwound, (-), and overwound, (+), topoisomers of particular LB (179-bp) and WA (163-bp) conformations can be clearly seen in Figures S1A and S1B, respectively.  However, on taking the sum of (-) and (+) J-factor contributions, the overall effect is much less pronounced; there is less than 25% variation in 
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for the 179-bp LB loop and about a 5-fold parabolic dependence for the 163-bp WA loop over the range 
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 (the actual deviation for the non-planar WA 163 from the 
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 value at the approximate crystallographic angle,
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, is about 50 percent).  Non-planarity of the operators has negligible effects on LB and WA loops with optimal torsional phasing, in which cases single topoisomers dominate the J factor (Figures S1A, S1B).  It is also noteworthy that the overall dependence of 
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 is quite symmetric with respect to the sign of
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We found a strong overall 
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 dependence in the case of WT conformations (Figure S1C).  Here, solutions almost exclusively involved a single topoisomer, probably owing to the nearly ring-like structure of WT loops, which suppresses writhe [3].  In fact, for the planar LacR structure, the increase in WT J factor with loop size (Figure 3A) indicates that the looping free energy is determined by elastic energy rather than entropy; thus, sensitivity to out-of-plane deformations is expected to be pronounced.  The J factor for the 179-bp WT loop with nearly optimal torsional phasing increases by about a factor of 2 from
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, most likely reflecting increased loop entropy with the non-planar form of the LacR tetramer.  At high absolute values of
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 J-factor values for sufficiently large WT loops approach those of the LB conformation.  However, for loops smaller than 200 bp, all three v-shaped conformations still fail to compete thermodynamically with the extended SL conformation (Figure 3B).
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