Man vs. Superman: (Part One) Modeling and Comparing the 

Different Androgen Receptor Ligand Binding Sites for Testosterone and THG.

In 2007 and 2008, controversy arose regarding athletes (like Barry Bonds, Roger Clemens, and Marion Jones) that have allegedly taken steroids to enhance their performance, and whether they should be allowed to keep their records or be allowed to compete in the sport anymore.  People have heard about steroids and their effects, but how do they work?
The primary androgenic steroid, testosterone, is produced by the body in the sex and adrenal glands.  From those sites, the androgen is secreted into the blood where it is transported by carrier proteins.  Being a nonpolar compound, the testosterone easily moves through the primarily lipid cell membrane.  Once inside the cell, in order to function, the testosterone must bind to a highly specific, cytoplasmic, androgen receptor.   By binding to the androgen receptor, testosterone activates the receptor.  Only an activated receptor can pass into the nucleus.  Once in the nucleus, the receptor and steroid undergo subsequent changes impacting the translation of DNA and various other functions affected by steroids.  The key is once inside the nucleus….  

The androgen receptor has several important domains.  One is the ligand binding site.  This is the region which binds to the steroid.  Another important domain in the receptor is the DNA binding site.  It is this part that latches on to the DNA initiating transcription.  It is in this interaction within the ligand binding domain that differences are observed between the natural steroid testosterone and the synthetic steroids used by some athletes.  

Without binding to the highly specific androgen receptor, the steroids are unable to exert their influence.  The two models shown here contrast the bonding of the natural androgen steroid, testosterone; to the androgen receptor comparing it to how effectively the synthetically produced tetrahydrogesterinone (THG) bonds to the same androgen receptor.   

For both models, two types of bonding between the androgen steroid and the androgen receptor are depicted.  These types are hydrogen bonding and van der Waal (hydrophobic) bonding.  The hydrogen bonds shown in both models are between Asn705, Gln711, Arg752, and Thr877 and the steroid in question. The color cyan is used to represent those sidechains linking to the steroid by hydrogen bonds.  (The hydrogen bonds themselves are shown by monitor lines) Some hydrophobic bonding similar between the receptor and the natural and synthetic steroid include Phe764, Leu873, and Phe876.  Those connections are highlighted in blue.  Finally, the purple locations on the backbone illustrate the stronger hydrophobic connections made between the synthetic THG and the androgen receptor.  The connections depicted include Leu701, Trp741, and Met745. 

The models show how the synthetic steroid, THG, fits into the androgen receptor better than testosterone.  THG has more van der Waal forces between it and the receptor than the testosterone and the receptor.  Since THG has more attractions to the receptor, it is more probable that it will attach and hold on.  Since it has a better chance of bonding to the receptor, it has a higher probability of entering a cell’s nucleus.  Since the synthetic steroid has a higher chance of entering the nucleus, it has a higher chance of causing physiological change.  If the synthetic steroid can cause more physiological change such as muscle growth and repair, it also has the potential of enhancing performance.  

