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Drug discovery represents the early phase of the development of novel medicines. 

In many cases, the screening for inhibitors of pharmacologically relevant enzymes 

is an important starting point. A specific enzyme whose activity is pathogenic or at 

least associated with disease or disorder is selected as target for drug molecules. 

Enzymes are an important class of drug targets, representing more than 25% of all 

drug targets.

After selecting the drug target, it is screened against a library of pure compounds or 

mixtures of compounds, with the goal to find hits with a particular pharmacological 

activity against the drug target of interest. The screening is in many cases based on 

UV detection, radioactivity and fluorescence detection, but mass spectrometry (MS)-

based assays also gained significantly in importance in the recent years.

It is for several reasons advantageous to use MS for enzyme inhibitor screening. 

The main reason is the ability to perform the screening assays in a label-free mode 

using native compounds. In contrast to UV, fluorescence and radioactivity assays the 

detection is not based on a label, but on the mass-to-charge ratio (m/z). This makes 

it much easier to adjust the assays, being no longer restrained by the necessity to 

design and synthesize labeled compounds.  Moreover, MS allows the simultaneous 

detection of multiple compounds, e.g., substrate(s) or product(s) that are involved 

in the assay (and even the inhibitor itself) in contrast to only the response related to 

one reporter compound if label-based assays are used. In the case of enzyme-inhibitor 

screening, the substrate, product(s), cofactors, coenzymes can be detected and used 

to determine the percent conversion and thus the activity of the enzyme. Furthermore, 

the molecular mass of the inhibitor can be detected at the same time and accurate 

mass measurements in combination with fragmentation experiments (MS/MS) can 

lead to the identification of the inhibitor. The problems that fluorescence-based assays 

encounter with false positives and false negatives do not typically occur using electro-

spray ionization (ESI)-MS. However, a main requirement of successfully using ESI-MS 

for inhibitor screening is the use of volatile buffers en solvents to prevent ion source 

contamination, adduct formation, and ionization suppression in ESI.

Chapter 2 focuses on the various MS-based assay formats available for enzyme 

inhibitor screening. The methodologies are categorized according to the detection 

principle employed for inhibitor screening, distinguishing between direct or the indirect 

screening methods. Direct screening methods detect the active compound(s) either as 

intact enzyme-inhibitor complex or after dissociation of the enzyme-inhibitor complex. 

Direct screening methods require the separation of the bound from the unbound to 

distinguish the active from the nonactive compounds. Indirect screening methods 

make use of reporter molecules for screening.

In Chapter 3, the systematic optimization by ESI-MS of peptide phosphorylation by 

the enzyme cAMP-dependent protein kinase A (PKA) is described. The detection of 

phosphorylated peptides in a label-free mode by ESI-MS is shown. The substrate, 

product and internal standard were detected and their ratios were used to calculate the 

enzyme activity. Main attention was given to the compatibility of enzyme assays with 
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MS. Important factors that influence the activity of PKA or the sensitivity of ESI-MS or 

both, like cofactors, coenzymes, substrate concentration, pH, buffer salt (concentra-

tion) and methanol concentration were investigated. Furthermore, an inhibitor study 

was performed and Ki values of an inhibitor of PKA were obtained. The Ki values were 

in good agreement with data obtained by label-based methods.

Chapter 4 presents the on-line HPLC continuous-flow system coupled to ESI-MS as 

readout for the screening of cathepsin B inhibitors. In the continuous-flow system, 

enzyme assay reagents were continuously added and mixed with the HPLC effluent. 

The outlet of the continuous-flow system was coupled to MS to detect the products, 

which were used as reporter molecules for monitoring the enzyme activity. Inhibitors 

separated by HPLC inhibit cathepsin B in the continuous-flow assay, thereby decreasing 

the turnover rate, and, consequently, the concentration of product reporter molecules. 

By using this system, inhibitors were detected by measuring a decrease in the concen-

tration of the enzyme reaction products in the mass chromatogram. The use of ESI-MS 

allowed the simultaneous detection of chemical (MS, MS/MS spectra) and biological 

parameters (enzyme inhibition) of ligands eluting from the HPLC column. The molecular 

masses of the inhibitors were determined with high certainty by using retention time 

matching and peak shape comparison. Due to the high matching accuracy, baseline 

separation of coeluting analytes was not necessary in order to identify the correct 

masses of the inhibitors. System monitoring compounds, which were added to the 

reagents solutions, monitored the overall performance of the continuous-flow system.

The continuous-flow system was successfully applied for the screening of complex 

samples, such as natural extracts. For a red clover extract, detection limits of 0.3-0.8 

µmol/L were obtained. The ESI-MS-based screening performance corresponds closely 

with fluorescence-based methods by comparing IC50 values of cathepsin B inhibitors.

In Chapter 5, the design and implementation of a continuous-flow microfluidic assay 

for the screening of (complex) mixtures for enzyme inhibitors is described. The micro-

fluidic chips featured two microreactors of 1.6 and 2.4 µL with channel dimensions 

of 70×125 µm, in which enzyme inhibition and a substrate conversion reaction were 

performed, respectively.  In order to enable the screening of mixtures, the chip-based 

assay was coupled on-line to capillary HPLC. In order to improve the detection limits, 

sample preconcentration based on a micro on-line solid-phase extraction column 

was employed. The two microreactors provided 32 and 36 s reaction time, respec-

tively, which resulted in sufficient assay dynamics to enable the screening for enzyme 

inhibitors. The total flow rate was 4 µL/min, which represents a 25-fold decrease of 

reagents consumption compared to the system described in Chapter 4. Detection 

limits were comparable with microtiter plate assays based on fluorescence detection, 

while the sensitivity, band-broadening, system stability and inhibitor screening were 

comparable to macro-scale screening systems.

In Chapter 6, the potential of high-temperature liquid chromatography (HTLC) in 

a combination with ESI-MS-based on-line continuous-flow screening for cathepsin B 

inhibitors is investigated. We demonstrated that performing aqueous HPLC at temper-
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atures up to 208°C (HTLC) results in a polarity decrease that is in proportion with the 

temperature increase. The HTLC separation of the inhibitors was performed either 

isothermally or by temperature gradients. Compared to conventional reversed-phase 

liquid chromatography, the amount of methanol that was required for the separation 

could be decreased from 80% to only 10%. This improved the compatibility of LC with 

a biochemical assay. Sufficient preheating of the mobile phase prior to the separation 

resulted in reliable peak shapes, while the postcolumn cooling was sufficient to prevent 

deactivation of the enzyme. The sensitivity was comparable with the previously 

described system (Chapter 4) operating at ambient temperatures. Furthermore, 

exposing the inhibitors to high temperatures did not lead to thermal decomposition. 

The results clearly show the compatibility of HTLC with an enzyme screening assay.

Chapter 7 describes a continuous-flow system using ESI-MS to measure the interaction 

of biologically active ligands with the receptor streptavidin or anti-digoxigenin. The 

active ligands present in the sample competed with a reporter ligand for the active site 

of the receptor. Two reporter ligands, biotin and digoxin, were used to monitor interac-

tions with the receptors, where an increase in the intensity of biotin or digoxin means 

binding to the receptor. The results of the MS-based assay were in agreement with a 

fluorescence-based assay.
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