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inhibitor molecules. The changes observed in mutant complexes 
underscore the significance of flexibility of both the enzyme and 
inhibitor molecules for understanding resistance mechanisms and 
for designing second generation inhibitors. 
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Calmodulin is believed to be the most important mediator of 
Ca2+-dependent signaling in eucarytic cells and is thought to play 
an essetial role in processes like cell proliferation and growth. 
Calmodulin is therefore a target for certain drugs and consequently 
a target of drug design experiments. 

The structures of calmodulin as well as its complexes with a 
number of substrates has received widespread attention recently. 
This is because calmodulin plays a regulatory role in a number of 
processes by transforming the value of the intracellular Ca2+ -ion 
concetration into a more structured information. If Ca2+ 
concentration increases than two hydrophobic binding pockets of 
calmodulin become exposed facilitating the binding of certain 
amphilphilic regulatory helices of at least 30 different proteins of 
high biological importance. Calmodulin mediated enzyme 
activation can be efficiently inhibited by a number of 
pharmacological agents (antipsychotics, antidepressants, muscle 
relaxants etc.). Crystal stmcture of TFP (a potent antipsychotic 
phenothiazine type drug, kind of a reference molecule on the area) 
with calmodulin is known from the literature!. This shows that 
due to the effect of the small molecular antagonist TFP. calmoduline 
undergoes a very similar conformational change to that it suffers 
when it binds regulatory oligopeptide pieces of proteins normally 
regulated by calmodulin. 

We have recently shown that drugs fairly different form TFP 
result in very similar calmodulin conformational changes. 
Fmthennore we have also demonstrated that at low, physiologically 
relevant TFP concentrations the binding of the second TFP occurs 
in the C-terminal domain of calmodulin, unlike it was proposed 
earlier. A quaterner complex of calmoduline with Ca2+ and two 
different type of drugs has also been investigated resulting in some 
new insights into the inactivation of calmodulin. 
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Two proteins that represent promising drug design targets 
against human pathogens are the major ferric iron binding protein 
(FBP) from Neisseria and Haemophilus, and glutathione-S
transferase (GST) from Schistosoma. These proteins are both 
members of structural families for which several crystal structures 
are already known, pennitting rational design of inhibitors specific 
for particular family members. 

FBPs from two species of pathogenic bacte1ia have been 
crystallized. FBP crystals from Haemophilus inf/uen:::.ae (which 
causes many infections, including meningitis) diffract X-rays to 
1.6 A resolution. Anomalous scattering from these crystals 

unambiguously reveals the position of the iron atom at the active 
site. Crystals of FBP from [!eisseria gonorrhoeae (which causes 
gononhea) diffract to 2.8 A. Crystallographic determination of 
these protein structures is underway. 

The crystal structure of GST from Schistosoma japonicum 
has previously been detem1ined, both in native fonn and in complex 
with praziquantel, the leading drug used to treat schistosomiasis 
(McTigue et al 1995). We are working to evaluate other potential 
inhibitors by X-ray crystallography. 

Difficult sequence and structure alignment problems 
encountered dming the analysis of these two families of proteins 
have motivated the development of a general purpose sequence 
alignment program designed to incorporate tertiary structure 
information into traditional sequence alignment methods. The 
progress of these studies will be discussed. 
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The mat:J.ix metalloproteinase stromelysin (MMP-3) has been 
the subject of intensive structural studies because of the apparent 
role of this class of enzymes in chronic inflammation and tumor 
progression. We report the 1.9 A structure of an orthorhombic 
crystal form of the stromelysin catalytic domain (83-255) with 
two molecules in the asymmetric unit. In this form, the C-termi
nal residues of one molecule are bound in the Pl-P3 subsites of 
the second molecule, with the carboxylate ofThr255 coordinated 
to the catalytic zinc. Most previously published peptidic inhibi
tors of both stromelysin and collagenase have bound towm·d the 
P' side of the substrate binding cleft. This self-complex reveals 
features of peptide binding on the P side. The substrate binding 
cleft is much wider on this side, and the bound peptide is found 
to lie along one edge of the cleft, making hydrogen bonds to the 
outermost strand (~IV) of the beta sheet that dominates the MMP 
folding topology. The S 1 (Thr255) and S2 (Glu254) sidechains 
make no specific interactions with the enzyme, but the sidechain 
of S3 (Pro253) is nestled into a strongly hydrophobic P3 specific
ity pocket formed by a juxtaposition of aromatic protein side 
chains (Tyrl55, Hisl66, Tyri68). In the absence of any inhibitor 
occupying the P 1 '-P3' sites, a surrounding portion of the 
stromelysin structure possesses considerable flexibility. 
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Rational design ofN- unsubstituted sulfonamide drugs which 
inhibit specifically a pmticulm· human cmbonic anhydrase isozyme 
is of immense importance. From the refined crystal stll.Jctures of 
human cm·bonic anhydrase I (HCAI)- sulfonmnide complexes and 
subsequent moleculm· dynamics simulations, we have proposed a 
new sulfon~mide inhibitor with stronger inhibition against HCAL 
From the 2A refined structures of tlu·ee heterocyclic and aromatic 
sulfonamides complexed to HCAI the active site loop of Ll98, 
Tl99 and H200 was identified to be important for binding of the 
drug molecules (Chakravarty & Kmman, (1994). l MoL BioL, 
243, 298 - 309). The general features of binding of sulfonamides 
to HCAI were also revealed. The components of interaction ener
gy which con·elate well with the known inhibition constants for 
six sulfonamide complexes of both HCAI and HCAII were then 


