Tetracycline Repressor General Structure
The major groove of the tetO is selectively recognized by TetR by both sequence-specific and sequence-independent interactions.

The recognition helix, α3, of the HTH motif, lies perpendicular to the longitudinal axis of the operator DNA and parallel to the major groove.  This helix docking has an almost perfect orentation.  In addition, α3 is the main contributor in sequence-specific recognition of tetO.  All members of the helix (which include Gln 38, Pro 39, Thr 40, Leu 41, Tyr 42, Trp 43, and His 44) aid in this recognition except for Leu 41.   Instead of binding to DNA, Leu 41 interacts with nearby hydrophobic residues to stabilize the HTH motif. 

Hydrophobic bonding plays a significant role in operator binding.  Residues Trp 43, His 44, Thr 40, Tyr 42, Pro 39 contribute enthalpically favorable van der Waals contacts with the DNA double helix.  Since water forms ordered structures around hyrophobic molecules, the exclusion of water from the DNA-protein interface results in a favorable increase in entropy.   Therefore, hyrdophobic bonding between the protein and operator is exergonic.  

Sequence-specific hydrogen bonds are also important.  Gln 38 hydrogen bonds with an adenine residue, Thr 40 directly contacts a thymine and a cytosine residue, Pro 39 interacts with a A-T base pair, along with another thymine residue, and Arg 28 hydrogen bonds with the guanine residue in the +2 position. 

Sequence-independent hydrogen bonds are formed on either phosphate group closest to guanine at position +2, both with side chains (Thr 26, Thr 27, Tyr 42, and Lys 48) and with the amino groups of the main chains (Thr 26 and Lys 48).  Due to this high extent of hyrogen bonding, the nucleic acid is pulled closer to the TetR protein near G +2.  This results in a kink in the DNA away from TetR at this location. The kink is stabilized by bending in the neighboring DNA.

All base pairs of the operator are involved in binding to TetR except for the central base, which ensures proper spacing between the two halves of the operator. Click here to see another representation of the TetR-tetO interface.
