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CHAPTER 9 

Conclusions 



Conclusions 

Enzymes are the hardware of cells and play a crucial role in health and disease. Pathological 

alterations in enzymatic activity may have many causes. An enzyme can be either absent, inactive, 

overexpressed or located in a wrong cellular subcompartment. When the activity is normal but 

its location is wrong, deviations are hard to detect when using a biochemical approach for the 

detection of enzyme activity. On the other hand, when localizing the presence of an enzyme 

protein by immunohistochemistry, it does not give any information on whether the enzyme is 

active or not. Moreover, activity of enzymes is often regulated by the microenvironment of the 

enzyme. Therefore, detection of both enzyme protein and its activity in living cells provides a 

better understanding of cellular functioning. Many techniques are available to demonstrate activity 

of enzymes, but most of these techniques are not compatible with fragile living cells, because 

they are based on the use of compounds or methods that are toxic or damaging, and are thus not 

suited to study enzymatic activity and its regulation in living cells. Furthermore, membranes 

may be a limiting factor when detecting activity of intracellular enzymes in living cells. Usually, 

cells are permeabilized to enable compounds of the incubation medium to reach the site of the 

enzyme but this is not allowed on living cells. Micro-injection of (caged) substrates is a possibility 

to overcome the problem but it remains a cumbersome technique. Selectivity of substrates may 

be a limiting factor as well. Homologue enzymes may convert the substrate used for visualization 

of the activity of a particular enzyme, as is demonstrated in the present thesis for CD26/DPPIV. 

[Ala-Prop-cresyl violet appeared to be specific for DPPIV activity whereas Ala-Pro-rhodamine 

110 was cleaved by DPPIV homologues as well. 

Enzyme reactions are often performed at high substrate concentrations to be able to detect 

generation of product, although measurements should reflect the reaction as occurs in vivo, but 

that is often difficult to realize because physiological substrate concentrations are usually (very) 

low. Finally, the final reaction product should not interfere with the activity of the enzyme and it 

should accumulate at the site of conversion. 

The present thesis describes the development of a technique to detect and quantify CD26/DPPIV 

activity in living cells. The approach that was selected for the visualization of enzyme activity in 

living cells is based on the use of synthetic fluorogenic enzyme substrates and 4D microscopy. 

Because many isoforms of enzymes exist that may show different localization patterns in cells 

and different activity, specificity, and affinity on the one hand and many enzymes have overlap

ping activities on the other hand, synthetic substrates should allow discrimination between dif

ferent isoforms of enzymes or enzymes with overlapping activities, thus enabling detection and 

quantification of specific enzyme activity. It is demonstrated in this thesis that specific substrates 

can be applied that do not react with homologous enzymes and thus the technique can be used to 

visualize enzymatic properties of a specific enzyme. In this case, activity was demonstrated of 

the multifunctional or moonlighting protein CD26/DPPIV and posttranslational regulation of 

CD26/DPPIV activity as it occurs in living cells and tissues. 

We have used a novel substrate. [AIa-Pro]~-cresyl violet, which shows a shift in fluorescence 
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upon hydrolysis, thus enabling visualization of both fluorescence of synthetic substrate and product 

which have different colors. The advantage of a fluorescent substrate that shifts its fluorescence 

upon enzymatic processing over a quenched non-fluorescent substrate is that substrate uptake 

and also which cell compartments are reached by the substrate can be visualized in living cells. 

Moreover, local substrate concentrations can be determined which is important to establish local 

kinetic parameters of the enzyme under study. With this technique, it is demonstrated that most 

cells take up the substrate and hydrolyze it whereas others take up the substrate but do not 

hydrolyze it because the enzyme is inactive, demonstrating again the complex regulation of 

enzyme activity in living cells. 

Visualization of CD26/DPPIV activity in living cells was used to elucidate how two of its 

functions, signal transduction and proteolysis, are regulated. It appeared that on T helper cells, 

signal transduction was directly related with the number of CD26/DPPIV molecules on cells 

whereas the proteolytic DPPIV activity per cell was similar at physiological substrate 

concentrations, irrespective the number of molecules present on cells. This DPPIV activity is 

kept constant irrespective of the number of CD26/DPPIV molecules on cells by variation of 

kinetic parameters. Finally, a method was developed to rapidly screen whether a peptide or a 

protein is a natural substrate for a protease with the example of B-casomorphin,, as substrate for 

CD26/DPPIV. 
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