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Figure 5: All different ligands bonded to the LBD of the AR.  A) depicts ca27, B) depicts ca58, C) 
depicts ca51, D) depicts ca27 without hydroxyl groups, E) depicts ca27 with the Michael 

acceptors, and F) depicts the negative control docetaxel. 

The first binding attempt was done in the LBD, which was hypothesized to be the favorable 

binding domain based off previous biochemical assays and studies. In this experiment, the LBD 

was defined by the pre-existing ligand DHT by examining possible sources of interactions between 

the receptor and the ligand. DHT was then removed from the complex and was in turn replaced 

with ca27 and its various analogs. The LBD showed favorable binding for all the different analogs 

with a variety of different affinities with the positive control of DHT and the negative control of 

docetaxel indicating normalized scenarios. Figure 5 shows the different ligands bounded to the 

LBD (inside the blue pockets for each image) and figure 6 depicts a quantitative graph of the 

favorability of each ligand bonded to the receptor where the more negative score is favorable. The 

quantitative graph depicts ca27 to have favorable binding, however, the favorability is not as high 

as the natural ligand DHT that would inhibit the binding.  However, one of the analogs, ca58, 

showed favorable binding near comparable to the natural ligand DHT.  This leads ca58 to be the 

primary molecule of interest despite its free energy being closer to zero than DHT.   
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Figure 6: A graphical representation of the scores of the different ligands bonded to the 
human AR LBD with corresponding scores with a positive control of DHT and a negative 

control of docetaxel 

The second binding attempt was completed in respects to the DBD. In this domain, because 

of the transcriptional function of the DBD, it has no natural ligand. However, pyrvinium pamoate 

(PP) has been shown to have a strong binding affinity to the DBD and was used as the positive 

control.  PP was exposed to the AR and all possible interactions between the two were mapped 

and used to define the DBD.  The DBD showed similar results as the LBD in regard to the 

favorability of the binding for the different ligands.  Figure 7 shows the different ligands bounded 

to the DBD (inside the blue pockets of each image with an arrow indicating their locations).  Figure 

8 shows a graphical representation of the favorability of each of the ligands bonded to the AR 

DNA interaction sites in which the more negative the score represents the more favorable binding 

ligand.   
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Figure 7: All different ligands bonded to the DBD of the AR.  A) depicts ca27, B) depicts ca58, 
C) depicts ca51, D) depicts CA27 without hydroxyl groups, E) depicts CA27 with the Michael 

acceptors, and F) depicts the negative control docetaxel. 

 

Figure 8: A graphical representation of the scores of the different ligands bonded to the 
human AR DBD with corresponding scores and a positive control of pyrvinium and a 

negative control of docetaxel 

The results for the binding attempts of the DBD showed multiple analogs with more favorable 

binding than the positive control (PP).  ca27, the molecule of interest, had more favorable binding 

than PP, which leads to the understanding that ca27 was binding to the DBD during the previous 

experiments20.  More importantly, ca58 was shown to have even more favorable binding than ca27, 

which could be indicative of greater downregulation of the AR expression.  
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Figure 9: A comparison graph of binding scores in the DBD (red) and the LBD (blue). 

Analysis of the results for the LBD shows that DHT, the positive control bounds with the highest 

affinity. This is important to note because it is also the ligand which, when the AR is mutated, 

causes the cell line to become oncogenic.  However, further analysis of the results shows the ca58 

bonded with better affinity than ca27, the molecule of interest, and had a comparable level of 

binding to DHT. This indicates that ca58 is the most favorable molecule to bind to the human AR 

LBD possibly due to the chemical effects of its meta-positioned hydroxyl groups. The negative 

control of docetaxel had very positive results indicating that the scale of the binding is accurate, 

and the results are reliable.   

Analysis of the results of the DBD binding demonstrates that the positive control (PP) was not the 

most effective binding ligand. Instead, 4 different ligands had binding more preferable than the 

positive control and of those, ca58 had the highest binding affinity as well as having binding 

affinity near twice as strong as the positive control. The reason ca58 might have the highest affinity 

is because of its meta-positioned hydroxyl groups. In each of the images for ca58 (both the LBD 



 

12 

and the DBD) the red orbs representing the hydroxyl groups can be seen protruding out of the 

binding pockets. It is reasonable to hypothesize that because of the hydroxyl groups outside the 

binding pocket, that favorable interactions between these polar molecules and the AR are occurring 

which account for the increase in bond affinity. Also, it is important to note that the ca27 analogs 

without the Michaels acceptors did not have very favorable binding in comparison to the other 

analogs which further strengthens the previously held notions that the reason ca27 was down 

regulating the expression of the AR is because of the alpha-beta unsaturated carbon bonds.   

Upon further analysis of the DBD images, the four ligands, which have binding affinity higher 

than the positive control, are bounded to the opposite side of the DNA from the AR whereas the 

positive control bound to the same side as the AR. This might attribute to why these four ligands 

had higher binding affinity than the positive control, as the binding location to the DNA might be 

independent of the presence of the AR. Further research and experimentation will need to be done 

to corroborate this. Other docking models are necessary to test whether a more limited DBD would 

produce more accurate results.   

Analysis of the graph comparing the LBD to the DBD binding affinities (figure 9) sees an overall 

preference to the DBD. It is important to note however that the negative control for the DBD was 

not nearly as unfavorable as the negative control for the LBD, however it was still overall 

unfavorable with a moderately high positive value. Other negative controls were also used for both 

LBD and DBD modeling that were not displayed but showed similar if not the same results as 

docetaxel. Since this negative control is still unfavorable, the results should be considered to be 

valid and as such, the DBD is the preferred binding site for ca27 and its analogs. This corroborates 

previous studies as, even in the presence of DHT, ca27 down regulated the expression of the AR 

but these models indicate that DHT will bind over ca27 or any of its analogs to the LBD, leaving 
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the DBD the only alternative for the binding of ca27 or its analogs. These results will either be 

corroborated by this research or disproven. 

2.4 Pains Molecules and their Significance 

A major subject of interest in relation to this study is Pan-Assay Interference Compounds, or 

PAINS. Most PAINS act as reactive chemicals rather than discriminatory drugs with a wide variety 

of mechanisms of actions24. These compounds produce false positive on different biochemical 

assays for three main reasons; they interfere in binding interactions by forming aggregates, they 

are very protein-reactive, or they directly interfere in assay signaling25. The aggregate formation 

problem can be minimized by including a surfactant in the primary screening protocol. The very 

protein reactive compounds can be weeded out beforehand via usage of functional group filters. 

The only way to determine if a compound is directly interfering with assay signaling is by testing 

each individual compound in appropriately equipped labs. In a typical academic screening library, 

it was found the 5-12% of the compounds in these libraries are PAINS. Curcumin, the molecule 

our compounds of interest are derived from, is believed to be directly interfering with the assay 

signaling24.  In a study conducted by Baell et al.25, the structure of curcumin was found to be a 

putative PAINS, this is important to note because these molecules are not necessarily PAINS as 

the required literature information to verify its promiscuous activity is not yet available.  Even if 

curcumin is classified as PAINS, that is not indicative that it is impossible for it to interact with a 

protein in a specific drug-like way, this needs to be further tested to classify.   

For our study, it is essential to note that we are not analyzing curcumin; instead, we are analyzing 

ca27 and other analogs of it.  Ca27 varies in both inter-aryl carbon-chain length and side groups 

from curcumin, marking it as a subject of interest to independently verify whether it is PAINS or 
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not. It has also been shown the specific analogs of diarylpentanoids have specific activities and 

that only a minor change in their composition modifies, or even abrogates, that activity. 

Preliminary qRT-PCR (RNA analysis) and western blotting (protein analysis)20 found that 

curcumin (while at lower micromolar concentrations) did not affect the expression of the androgen 

level in prostate cancer cells whereas ca27 did show decreased expression of the androgen level 

and other analogs of ca27 showed varied outcomes, indicating that there are some interactions 

occurring and not simply interfering with the assay signaling.   Other SAR studies have shown that 

specific diarylpentanoids induce ROS and specific protein degradation depending on their 

structure. Finally, cheminformatic analysis of ca27 demonstrates more favorable parameters with 

respect to the number of hydrogen bond donors/acceptors, logP, etc.  This information taken in 

total highlight the probability that ca27 and its analogs are not PAINS molecules and are not simply 

directly interfering with the assay signaling. In order to further ensure that PAINS are not a part 

of this study, we are also operating under the assumption that there is direct binding between the 

compounds and the AR, which would avoid the dilemma of determining whether the compound is 

binding to the receptor or interfering with the assay.   

2.5 Flexibility in the DBD and LBD 

One main concern is the comparison of the rigidity versus flexibility of the receptor model.  It is 

known that calculations based off a single rigid receptor are inadequate to reproduce the natural 

complex geometry of the complex in more than 50% of reported cases26. This leads to a need to 

introduce receptor flexibility in both the DBD and the LBD of the model in order to account for 

the conformational changes that occur during ligand binding. In order to introduce said flexibility, 

the most novel and optimal technique is to represent the receptor flexibility itself as a 4th discrete 

dimension of the molecular conformational space by using multiple 3D grids comprised of 
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superimposed conformers merged into a single 4D object26. In order to accomplish this goal, there 

must be receptor and ligand preparations completed, followed by the docking simulations and the 

energy evaluations, all of which can be completed and was completed using MolSoft ICM 

software. 
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 3 Hypothesis 

1. We hypothesize that ca27 and its analogs bind directly to the DBD and the LBD of the 

AR, which causes a conformational change in the structure of the AR, thereby inducing 

its degradation, which manifests itself as the observed down-regulation of its expression. 

2. We further hypothesize that the presence/absence and the position of the hydroxyl groups 

on the aromatic rings will substantially influence the binding in both domains. Similarly, 

we hypothesize that the presence/absence of the alpha-beta unsaturated carbon bonds 

(also known as Michael acceptors) will also be essential in determining the binding of 

these organic small molecules to the AR. 

3. We finally hypothesize that a detailed knowledge of the binding between ca27 and the 

AR leads to the identification of new compounds with increased AR binding affinity 
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 4 Specific Aims 

1. To determine the binding affinity of ca27 and its analogs to the LBD and the DBD of the 

AR using a computational modelling approach.  

• This will be accomplished using the MolSoft docking/modelling software, which will 

determine the geometric and chemical strain for ca27, and its analogs based of the free 

energy present in the model (further described in section 6) in order to conclude which 

features the best physical binding. The results will be corroborated with another, 

independent software, AutoDock. These studies are accompanied by biochemical 

experimental approaches (outside of this proposal) that are ongoing in Dr. Bisoffi’s 

laboratory. 

2. To design 2 new organic small molecule(s) with increased binding affinity. One of 

which will be of the same structure as ca27 including the polyphenol rings and the other 

will be of any structure simply optimizing the binding affinities.  

• This will be accomplished by using the results from specific aim 1. In particular, details 

on structural pharmacophores with elevated binding affinity will be utilized to design de 

novo novel molecular organic structures. This information will be included into 

AutoDock and MolSoft ICM to then optimize the interactions and output the most 

favorable docking model using guidelines specified by the user. These structures will be 

synthesized by collaborator and organic chemist, Dr. Justin O’Neill (Schmid College of 

Science and Technology, Chapman University).
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 5 Significance/Impact 

5.1 Short-Term Significance/Impact 

This investigation contributes to the current trend to query the binding capacity of potential 

modulators, regulators, and inhibitors of nuclear receptors OUTSIDE of the known binding 

pockets. This is also an ongoing trend for the AR, as summarized in Elshan et al (2018)27. We 

expect our research to contribute to this trend and to identify novel binding sites on two domains 

of a rather well-known protein. We expect that this will lead to the identification of structural 

groups of organic small molecules that may be the source for the development of novel active 

pharmacophores to be tested for their ability to down-regulate AR expression. Hence, the present 

work will foster several experimental research avenues, including the chemical synthesis of novel 

molecules and their testing in biophysical and biochemical in vitro assays to complement and/or 

corroborate the results found herein. This in turn will warrant investigations of the effect of such 

novel compounds on AR expression in cell models, notably of human prostate cancer origin. In 

the long run, these results will ultimately have potential pre-clinical / clinical significance. 

5.2 Pre-Clinical/Clinical Significance 

Prostate cancer is the most commonly diagnosed cancer among men and has the 2nd highest cancer 

mortality rate in the US. Approximate estimates for the incidence (newly diagnosed cases per year) 

and for the mortality (number of deaths per year) are 161,000 and 27,000, respectfully28. Prostate 

cancer deaths are almost entirely due to the most lethal form of the disease, which is called 

castration resistant prostate cancer, CRPC. As the name implies, CRPC emerges as a resistant form 

of prostate cancer after a successful but transient androgen ablation therapy using either androgen 


