
Abstract 

Glutamate carboxypeptidase II (GCPII) is a human membrane-bound metallopeptidase 

discovered more than 30 years ago. It has attracted attention of biomedical scientists thanks to its diverse 

tissue expression profile and different biological functions.  

GCPII is detected on the surface of astrocytes in both central and peripheral nervous systems 

where it is responsible for the cleavage of N-acetyl-L-aspartyl-L-glutamate (NAAG), the most abundant 

mammalian peptidic neurotransmitter. Glutamate, one of the hydrolytic products, is a potent excitatory 

neurotransmitter and its overproduction has been shown to be responsible for cell death in various 

neurological disorders by a so-called glutamate excitotoxicity mechanism. Together with the fact that 

NAAG acts neuroprotectively it has been postulated (and later confirmed) that GCPII inhibition has a 

therapeutic potential in such disorders. 

Prostate cancer (PCa) is the second most prevalent cancer in men and despite its slow progression 

it is prone to metastasize thus posing a life threat. GCPII has been found to be overexpressed in prostate 

tumor cells compared to the healthy tissue (therefore it is also termed prostate-specific membrane 

antigen – PSMA) thus representing an excellent biomarker of PCa validated by many publications and 

clinical studies. 

Another physiological role of GCPII is the cleavage of dietary polyglutamylated folates in the 

small intestine enabling thus absorption of the folic acid into the blood stream.  

The diverse roles of GCPII in physiology and its therapeutic potential have driven scientists’ 

efforts to thoroughly study GCPII from biological, biochemical and structural perspectives. In our first 

study we interrogated the calcium-binding site of GCPII by site-directed mutagenesis approach. By a 

combination of biochemical and biophysical methods we showed that the intact Ca2+coordination sphere 

is crucial for maintaining the three-dimensional structure of the enzyme and that any disturbance leads 

to the disruption of physiologic dimer formation and to the enzymatically inactive monomeric form.  

To address the role of GCPII in folates hydrolysis we have enzymatically and structurally 

characterized the cleavage of a panel of folates with varying number of glutamates. Additionally, we 

demonstrated the importance of the arene-binding site on the surface of the enzyme for folate 

recognition. Finally, we showed that the naturally occurring polymorphic GCPII variant Hist475Tyr is 

enzymatically and structurally identical to the wild-type enzyme. 

The last three publications describe the structure-assisted design of GCPII-specific inhibitors. 

The first one shows structural characterization of a panel of inhibitors with the “canonical” glutamate 

part replaced for more lipophilic moieties to enhance penetration of the compound into the CNS. The 

second study introduced a carborane cluster to the inhibitor that can be further modified for PCa imaging 

or therapy. The final work revealed the unprecedented binding mode of hydroxamate-based compounds 

in the internal cavity of GCPII where the glutamate-binding site remains unoccupied thus facilitating 

the design of GCPII-specific compounds with novel pharmacophore moieties. 


