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Our research group identified 2ME analogues with improved bioavailability that are potential 

carbonic anhydrase II and IX inhibitors and are capable of interfering with microtubule 

dynamics. Our team collaborated with Prof Fourie Joubert, director of The Bioinformatics and 

Computational Biology Unit of the University of Pretoria for the in silico design of novel, 

potential anticancer compounds for the development of new anticancer drugs via computer 

simulation. Bioinformatics software was utilized to identify potential 2ME analogues and 

carbonic anhydrase (CAIX) inhibitors capable of interfering with microtubule dynamics. This 

was accomplished by modeling three-dimensional structures of specific target proteins 

(tubulin, carbonic anhydrase, kinesin motor proteins) and 2- methoxyestradiol derivatives that 

bind to them using computer-based molecular docking techniques.  

 

Autodock 4.0 flexible ligand docking software was employed to assess the binding energy of 

modified 2ME analogues against the colchicine binding site of tubulin and to discover 

potential carbonic anhydrase II and IX inhibitors that are able to interfere with microtubule 

dynamics by binding to the colchicine binding site of tubulin. Modifications were made at 

position 2’ of estrone to include moieties that are known to improve the antimitotic activity of 

estradiol analogues. Compounds that showed increased binding affinity for the active site of 

the selected proteins were chosen for synthesis (Figure 1). 2-Ethyl-3-O-sulphamoyl-estra-

1,3,5(10),15-tetraen-3-ol-17-one estronem (C9) and 2-ethyl-3-Osulphamoyl-estra-

1,3,5(10)16-tetraene (C12) were  two of the compounds selected to be synthesized by 

Ithemba Pharmaceuticals (PTY) Ltd and tested in vitro. These findings were recently reported 

by the team in 3 internationally accredited peer-reviewed publications in 2011 namely a) 

Stander A, Joubert F, Joubert A.  Docking, Synthesis and in vitro evaluation of Antimitotic 

Estrone Analogs. Chem Biol Drug Des. 2011; 77: 173-181, b) Stander X.X, Stander B.A, 

Joubert A. In vitro effects of an in silico-modelled 17β- estradiol derivative in combination with 

dichloroacetic acid on MCF-7 and MCF-12A cells. Cell Proliferation 2011; 44: 567-581 and c) 

Sippel KH, Stander A, Tu C, Venkatakrishnan B, Robbins AH, Agbandje, McKenna M, 

Joubert F, Joubert A, McKenna. Characterization of Carbonic Anhydrase Isozyme Specific 

Inhibition By Sulfamated 2- Ethylestra Compounds. Letters in Drug Design and Discovery 

2011; 8: 678-684. 

 



 
 

Figure 1: Synthesis scheme of 2-ethyl estrone derivatives published by our team. 

Andre Stander, Fourie Joubert and Annie Joubert (2011) Docking, synthesis and in vitro 

evaluation of antimitotic estrone analogs. 

Chem Biol Drug Des, 77: 173–181. 

 

Structurally, compounds 15 and 16 showed alternate binding modes between CA II and CA 

IX, apparently due to a water-mediated hydrogen bond to the isozyme-specific residue 67.  

Antimitotic characteristics were confirmed by means of X-ray crystallography in collaboration 

with the group of Prof McKenna and Dr Sippel of the McKnight Brain Institute (University of 

Florida, Miami, USA).This strategy thus targets the deregulated metabolism associated with 

cancers. Though the specificity was demonstrated for CA II over CA IX, this study reveals 

insights that may be vital to developing isozyme specific CA inhibitors for novel anticancer 

therapies (Figure 2).  

 



 

Figure 2: Structural comparisons between wt CA 1X, CA 1X mimic and CAII published in 

collaboration with group of McKenna and Sippel of the McKnight Brain Institute (University of 

Florida, Miami, USA).  

Sippel KH, Stander A, Tu C, Venkatakrishnan B, Robbins AH, Agbandje, McKenna M, 

Joubert F, Joubert A, McKenna. Characterization of Carbonic Anhydrase Isozyme Specific 

Inhibition By Sulfamated 2- Ethylestra Compounds. Letters in Drug Design and Discovery 

2011; 8: 678-684. 

 

Subsequent detailed elucidation of each compound’s biochemical pathway of signalling needs 

to be investigated to verify potential anticancer activity on cancer cell lines of national and 

international importance to complement improvement of analogues with therapeutic potential.  

 


