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ABSTRACT

Owing to a series of interesting advantages, capillary electro-
phoresis (CE) is being widely used as an analytical tool for
detecting enzymatic activities. On account of their resolving
power, high speed, and small amount of sample required, several
assays based on CE techniques have supported and/or replaced,
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during the past decade, traditional spectrophotometric or HPLC
methods. In particular, a series of assays of practical utility have
been designed for monitoring “in vitro” and “ex vivo”, the
hydrolytic activity of proteinases of different origin involved
in the development of human diseases. The aim of the present
article is to focus the interest of the reader on some recent appli-
cations of different CE modes (capillary zone electrophoresis—
CZE; micellar electrokinetic chromatography—MEKC and
capillary isoelectric focusing—cIEF) in the field of proteolytic
enzymes to underline the wide applicability of this methodology.
The article presents examples of particular interest for which the
advantages and/or limitations of CE over established assays are
discussed.

Key Words: Capillary electrophoresis; Proteolytic enzymes

INTRODUCTION

From among the variety of rapid and sensitive procedures so far reported
for measuring enzyme activity, capillary electrophoresis (CE) has been developed
in recent years into powerful methods very useful for these determinations.[''®]
The requirement of small sample volumes, coupled to short analysis times and
good quantification capabilities, make CE an excellent tool for “in vitro”
assaying of a large number of enzymes. A wide series of applications of CE
approaches to the study of minute enzymatic activities has been reported in a
comprehensive review published by Bao et al. in 1997.['"1 CE is, obviously, also
well suited to the determination of enzyme activities in real samples: in fact, the
very high resolution power of this technique often allows the decrease of substrate
and the increase of product(s) of the reaction to be detected simultaneously, even
in complex biological matrices."®!'”! This is particularly true for assays of
proteinases, whose activity can be followed by monitoring the rate of hydrolysis
of synthetic peptides used as specific substrates. Because these enzymes are often
potential virulence factors, increased interest in a better understanding of their
role in the development of human diseases has motivated the need of new
techniques for determining their activity “ex vivo”. A series of assays of practical
utility have, thus, been developed for monitoring hydrolytic activity of
proteinases of different origin in real samples. The data so far published show
that capillary zone electrophoresis (CZE) and/or micellar electrokinetic
chromatography (MEKC) can actually be considered, not only an attractive
alternative to current analysis schemes but, in many instances an invaluable
approach to the precise evaluation of enzyme activity.!** 2%
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The aim of this review article is to focus the interest of the reader on some
recent applications of CE in the field of proteinases, in order to highlight its wide
applicability in this field, and to indicate advantages and/or limitations over other
techniques. The report is divided into sections and subsections that will present
examples of CZE, MEKC, and capillary isoelectric focusing (cIEF) applications
from our laboratory and from the literature and determination of proteinases’
activities in purified specimens, or in real samples.

DETERMINATION OF PROTEOLYTIC ACTIVITIES
BY CZE

One of the most important features of capillary zone electrophoresis
techniques is their ability to resolve mixtures of structurally related compounds,
provided that the compounds have different electrophoretic mobilities. Indeed,
because of its high resolution, CZE represents the simplest way of obtaining, at
analytical level, the separation of analytes with slight differences of their charge-
to-mass ratios and/or size or shape. This feature has been extensively utilized to
separate intact substrates (generally synthetic peptides) of proteolytic enzymes
from split products, thus allowing accurate assay of their activity to be performed.
The series of applications presented in the following paragraphs prove the
usefulness of this technique on purified specimens, as well as on real samples.

Application on Purified Specimens

Although, the applications on purified enzymes reported in the literature are
relatively complex, it should be underlined that, in most instances, the results
achieved confirm the above statements. In fact, the newly developed CZE
techniques, when compared with traditional chromatographic (HPLC) or
spectrophotometric procedures, showed better separations and/or shorter analysis
times. This was exactly what Krueger and co-workers>> observed when they
analyzed the specificity of cleavage of adrenocorticotrophic hormone (ACTH)
peptide-bonds by commercial endoproteinase Arg-C, using both RP-HPLC and
CZE. As evidenced by their results, the former technique exhibited lower
efficiency than the latter; that was also found particularly appropriate for studying
the kinetics of cleavage of the substrates used. Likewise, Lenz et al.*®! used
CZE and RP-HPLC for monitoring the hydrolytic activity of trypsin and
a-chymotrypsin toward high-molecular weight substrates in reversed micelles.
They demonstrated that enzymatic transformations could occur in these non-polar
multicomponent systems, using an intramolecularly quenched fluorogenic insulin
derivative and comparing the uses of RP-HPLC and free CZE in the analysis
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of microemulsions containing cationic or anionic amphiphiles. Their findings
showed that CZE and RP-HPLC complemented each other in an ideal way to
follow proteolysis in the above-mentioned systems. In another paper, Perron
et al.?”! followed the activity of carboxypeptidase A on methotrexate-o-peptides
with production of free methotrexate. This analyte was easily separated from the
parent compound and the CE method was demonstrated to be faster and better
reproducible than other separation techniques, such as HPLC.

Tu and Chut*®! used CE to assay the dipeptidase activity of Van X enzyme, one
of the proteins involved in vancomicin resistance. They showed that this CE-based
procedure was less time consuming than the conventional ninhydrin-based method.

This electrophoretic approach was also successfully applied by Hoffmann
et al.?*2% to develop a new peptidase assay for determining the specificity of
cleavage of dipeptidylpeptidase IV (DP 1V), an exopeptidase localized on the
surface of leucocytes. Given the short analysis times of CE, the authors were able
to perform a systematic investigation on a large series (n = 14) of oligopeptides
analogous to the N-terminal structure of different cytokines, and searched for
antibodies capable of inhibiting the hydrolysis of oligopeptides by dipeptidyl
peptidase IV. More recently,*"! the same authors showed, that both soluble DP IV
from blood plasma and the enzyme expressed on the surface of cells, were able to
catalyze the hydrolysis of intact procalcitonin (PCT 1-116), forming an Ala-Pro
dipeptide and a truncated form of procalcitonin (PCT 3-116) that is an important
marker of diseases involving severe infections.****] Owing to the excellent
resolution offered by CZE, the peak corresponding to the Ala-Pro dipeptide, was
well separated from all other signals present in the electrophoretic profile, and its
linear, time-dependent increase could be exactly followed, thus allowing the
kinetics of PCT 1-116 degradation to be determined. Similarly, the capillary
electrophoretic separation of the peak of ubiquitin-valine (77 aminoacids) from
that of ubiquitin (76 aminoacids) obtained in less than 10min, led Franklin
et al.®* to conclude that this assay of ubiquitin carboxyl-terminal hydrolase
was advantageous over other procedures. In fact, although these two molecules
are structurally similar (their migration times differing by only 0.12 min), the
truncated form of ubiquitin could be unambiguously identified, thus allowing the
cleavage reaction to be monitored easily.

The CZE method developed by Vessillier et al.l*>! to measure the activity of
Las A protease from Pseudomonas aeruginosa, using pentaglycine as the model
substrate, was also shown to be much faster and more sensitive than traditional
ion-pair HPLC or spectrophotometric techniques. These authors then extended
their CZE investigation to study a possible preference of this enzyme for glycine-
rich substrates.*®! The 65 pentapeptides of human tropoelastin containing at least
three glycines, were thus submitted to the hydrolysis test and the interesting
qualitative and quantitative results achieved evidenced the successful use of this
approach. Very recently, Walker et al.*” have used CZE to investigate the low
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oral bioavailability of luteinizing hormone-releasing hormone (LHRH) and its
analogues, compounds currently being used in the treatment of several diseases,
including prostate and breast cancers. Walker and his team were able to determine
the relative contribution of pancreatic endopeptidases (chymotrypsin, trypsin, and
elastase) present in the lumen of the small intestine to the degradation of LHRH
and its analogues, by incubating these compounds with equal amounts of the
individual proteinase.

Chen"®*! proposed capillary electrophoresis with laser induced fluorescence
detection (CE-LIF) for the characterization of proteases. Using a cyanine (Cy3)
dye-labeled angiotensin I as a stable substrate, he studied the cleavage mechanism
of various proteases (trypsin, carboxypeptidase P and Y, and proteinase K) by
separating with CZE and detecting with LIF the fluorescent-labeled peptide
fragments produced. This method could be of general interest and provide a tool
for studying the mechanism of protease-catalyzed hydrolysis of peptides. Another
method involving CE-LIF for assaying proteinases, was that proposed by Craig
et al.?®! They coupled CZE to solid phase substrate extraction and, using
chymotrypsin as the model protease, and a peptide biotinylated at its N-terminus
as the substrate, they were able to monitor analytes with a LIF detector, thus
increasing the sensitivity of the technique to quantities of protease as small as
10pg/mL (4.6 x 10~"° M). According to these results, they suggested that the
method could be extended to assay virtually any protease if the peptide substrate
is biotinylated at one end and a group with a fluorescent dye can be attached on
the other. CZE was also employed by Zhang et al.*! and by Chang et al..*! to
determine both the activity and the inhibitory activity of angiotensin converting
enzyme (ACE), a dipeptidylcarboxypeptidase that plays an important role in the
regulation of blood pressure and fluid balance."*?! Using hippuryl-hystidyl-
leucine as the substrate of the enzyme, the authors demonstrated that the CE
separation of this analyte from products of reaction could be obtained with higher
efficiency and shorter operation times than with previous techniques. Data
derived from above mentioned applications let the author conclude that CZE can
be compared favourably with established chromatographic assays.!** !

Application on Real Samples

The high complexity of biological matrices can often make identification or
assay of proteinases problematic. In these cases, the most important feature that a
separation technique should possess in order to be able to resolve substrate
and/or products from all other components present in the mixture is a very high
efficiency. The series of papers listed below demonstrate that CZE responds to
this requirement and is well suited for assaying proteinase activity even in
complex biological media.
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One of the first papers dealing with monitoring proteolytic activites by CZE
in a real sample was that by Banke et al."*®! As the first step of their procedure,
they used free solution capillary electrophoresis to separate some minor side
products from a complex fermentation broth of Aspergillus oryzae, collecting and
identifying their enzymatic activities by reaction with substrates, such as
synthetic peptides or casein. The second step consisted in the detection of the
fragments produced from the cleavage reaction. In this way, as little as 3 ng of
enzyme were identified as an alternative protease of the subtilisin family. Using
tripeptide Gly-Gly-Phe as substrate, Mulholland et al.”*”! were able to assay the
activity of a tripeptidase from a crude extract of Lactococcus lactis. Given the
reliability of this CE assay, it could also be demonstrated that the presence of
contaminating enzymes in crude cell-free extracts might cause secondary
reactions that were not evident from the ninhydrin assay data.

Another interesting paper by Shihabi and Kute,"*®! presented a rapid and
simple CZE method for analyzing cathepsin D, a proteolytic lysosomal enzyme,
whose tissue levels can be used as markers of tumor malignancy in general, and
of breast carcinoma in particular.’**>% The amount of this enzyme was, thus,
determined incubating breast tissue homogenate with hemoglobin as substrate;
the cleaved hemoglobin gave origin to a specific peptide that was perfectly
separated in less than 5 min. Shihabi also showed that CZE was well suited to the
analysis of angiotensin-converting enzyme (ACE) in human serum, using
hyppuryl-hystidyl-leucine as substrate.”'! The reaction was rapid and hippuric
acid, one of the products of cleavage reaction, was separated from other
components in about 4 min. For a comparison of this method with that developed
by other authors on purified enzyme, the reader should refer to the previous
paragraph in Refs. [40] and [41].

A paper containing a CZE method for determining the activity of
aminopeptidase X, another important enzyme of the renin-angiotensin system,
was published by Sim and Lim.*"! They investigated the activity of this enzyme
in six tissues (lung, liver, kidney, plasma, endothelium, and smooth muscle)
of normotensive and spontaneously hypertensive rats, obtaining very good
electrophoretic profiles in which the peak of angiotensin I was perfectly separated
from those of angiotensin peptides. Their determination contributed to verifying
the differential distribution of aminopeptidase X between the tissues analyzed.
Sol et al.!**! used CZE to separate the degradation products generated from
incubating neuropeptide FF (NPFF, 8 aminoacids) and SQA-neuropeptide FF
(SQA-NPFF, 11 aminoacids) with brain-slice suspensions. Identification and
quantification of fragments determined that the degradation kinetics of these
peptides was a function of the specific enzymatic content of brain regions. The
assay of leucine aminopeptidase, a clinically significant enzyme, was performed
by Miller et al.l>?) on complex biological samples (human serum, urine and E. coli
supernatant samples), using a technique called electrophoretically mediated
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microanalysis (EMMA), in which the reaction is performed directly in the
electrophoretic column. Very low concentrations (6 x 10~'* M) of enzyme were
detected using this method.

Information concerning analytical CZE approaches for assaying proteinases
activity is summarized in Table 1.

Applications in Food Science

Capillary electrophoresis can also be considered a useful analytical tool for
investigating the proteolytic activity of different proteinases in food science. In
particular, the technique has been applied to characterize a widely distributed
class of enzymes with biotechnological application in the food industry. Krause
et al.>?! in fact, used CE to investigate the hydrolytic process of whole casein and
isolated casein compounds by aspartic proteases in rennin and pepsin to obtain
information on the kinetics and specificity of these enzymes. Macedo et al.>#!
showed that CZE could be used to study the action of aspartic proteinases on the
C-terminal domain of f-casein, thus helping elucidation of their effect on cheese
quality. The use of CZE to characterize proteolytic activity of chymosin and
plasmin on casein was also described in a series of interesting papers by
Kristiansen et al.l’> Recio et al.*®>7) and Molina et al.°® The same technique
was also applied by Otte et al.'>”! to analyze the activity of bovine caseins and to
separate their hydrolysis products in cheese. More recently, Larsen et al.[”]
analyzed the proteolytic activity of thirty strains of Penicillium roqueforti used in
the production of blue cheeses. For this study, they applied “in parallel” the agar
diffusion test, the azocasein test, and capillary zone electrophoresis. CE proved to
be the most valuable method for revealing qualitative differences between strains
of P roqueforti in the breakdown of casein. Given the importance of rennet in
ripening of cheese, Irigoyen et al.l®' also developed a new technique to study the
effect of the type of rennet (calf and lamb) upon the hydrolysis of the caseins.
They found that CZE was more advantageous than existing methods, such as
HPLC or PAGE. Once again, the separation efficiency provided by CZE allowed
obtaining good electrophoretic profiles and following the degradation process of
different caseins. Very recently, Morales et al.!® used CE to characterize the
proteolytic activity of wild L. lactis strains, including their specificities towards
different caseins and their levels of production of hydrophilic and hydrophobic
peptides. Fernandez-Garcia et al.[**) used CZE of raw milk Manchego cheese to
analyze biogenic amines produced by the addition of proteinases and starter
culture levels to the cheese milk.

The need for a fast and cheap technique to quantify the degree of proteolysis
in meat products, as well as to evaluate the proteolytic activity of microbial origin,
induced Martin et al.[®¥ to design a CZE method for these purposes. Their analyses
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contributed to evaluating the extent of changes by microorganisms in soluble
nitrogen compounds. In addition, a capillary gel electrophoretic technique,
developed “in paralle]” was able to detect changes in sarcoplasmic and
myofibrillar proteins due to endogenous and microbial enzymes.

From the series of examples reported above, it is clear that CZE can be
considered a reasonable technique for obtaining fast, cheap, and reliable
determinations of proteinase activities in biological matrices of various origins
and of various complexity.

A schematic list of applications described in this paragraph, is reported
in Table 2.

DETERMINATION OF PROTEOLYTIC ACTIVITIES
BY MEKC

As pointed out above, since the separation mechanism of CZE is critically
dependent on differences in charges between analytes, resolution of like-charged
compounds is generally very poor. Thus, it can be often problematic to apply
this technique to complex biological matrices containing a high number of
structurally similar solutes. However, with the advent of micellar electrokinetic
chromatography (MEKC), in which solutes partition between the micelles and the
surrounding aqueous medium and separation is mainly based on the differential
migration of these two phases, another dimension of selectivity has been
introduced in CE.

This approach has been used in several laboratories to monitor the activity
of different proteinases and the remainder of this section will address selected
examples in this field, showing how its application on purified enzymes or on real
samples has provided significant advantages over established techniques in terms
of speed, resolution, and/or sensitivity.

Application on Purified Specimens

In recent years, a number of CE assays for detecting the activity of different
proteolytic enzymes have been designed in our laboratory as a result of our
growing interest in the research on proteinases responsible for the development of
severe disorders in humans.

The first report we address here, is that of describing the determination of
prolidase activity, a dipeptidase that specifically cleaves imidodipeptides contain-
ing Pro or Hyp at their C-terminus and whose role is essential in the final stages of
protein catabolism. Since the traditional assay of prolidase activity (mainly based
on the colorimetric reaction of proline following hydrolysis of X-Pro substrate!®>}),
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is characterized by low specificity, we developed a CE technique to overcome these
problems.'**! Given the small amount of sample required and the short migration
time of substrates, this technique appeared ideally suited for “in vitro”
characterization of prolidase activity. Because of the encouraging results, this
method was extended to the determination of prolidase activity also in samples of
cultured fibroblasts and haemolisates.*”) In both cases, the reproducibility of
results was good and a comparison of data established that CE was more accurate
and quicker than other methods. In the light of these results, our group devoted its
efforts to designing a CE method for also determining the activity of elastases
(human neutrophil elastase; cathepsin G, elastase from P, aeruginosa) responsible
in humans for the development of destructive lung diseases, such as chronic
obstructive pulmonary diseases (COPD).[%¢¢]

Systematic investigations carried out with CZE and MEKC to monitor
“in vitro” proteolytic activity of commercial elastases from different sources, using
synthetic peptides as enzyme substrates, revealed that CZE was unable to separate
the intact substrate from the products of the proteolytic reaction. By contrast, MEKC
appeared a very convenient tool for resolving these structurally related compounds,
their fast and reliable separation being, in fact, obtained in less than 18 min. MEKC
was, thus, proposed as a promising alternative to current spectrophotometric and
HPLC-based techniques for monitoring activities of proteinases.!®”! The feasibility
and reproducibility of this method were so good that it was extended to the
determination of activity of elastases with different bond cleavage specificity,
simultaneously present in the assay mixture.!”” Given the high resolution offered by
MEKGC, all reaction products were distinguished clearly and their quantification was
exploited to determine, with high precision, the amount of different elastases.

As a further extension of this study, MEKC was also used, (i) to investigate
the interferences that these proteinases could exert on each other and, (ii) to
analyze the active site specificity of P aeruginosa elastase. In both cases, the
answer of CE techniques was excellent.”"”?! In fact, if MEKC permitted
verifying the existence of possible reciprocal inhibiting and/or potentiation
effects of these proteinases when present as a mixture representative of “in vitro”
lung secretions,!”! it also enabled the catalytic site geometry of P aeruginosa
clastase to be reexamined.'’?! In this respect, a complete and detailed
investigation, with a wide series of synthetic peptides differing from each other
by only one or more aminoacids, was performed and the kinetic parameters X,
and k., of their hydrolysis were determined. The results were comparable to those
available in the literature and, in addition, they also allowed the substrate
specificity of this protease to be defined better.

Other interesting applications of MEKC to the study of proteinases on
purified specimens are those reported in a series of papers by a research group
coordinated by Michael Zeece.’> 7! These researchers were interested in the
development of rapid and sensitive methods for determining the activity of



20: 43 23 January 2011

Downl oaded At:

ﬂ MARCEL DEKKER, INC. 270 MADISON AVENUE « NEW YORK, NY 10016

©2002 Marcel Dekker, Inc. All rights resérved. Thismaterial may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

1932 IADAROLA ET AL.
cathepsin D, an aspartyl protease of lysosomal origin. Using hemoglobin”*! or
Oregon-Green labelled hemoglobin'’*! as substrate of this proteolytic enzyme, they
developed a procedure to determine Cathepsin D activity based on separation and
quantification of reaction products by MEKC. Using the fluorescently labeled
substrate, the detection limit was very low (approximately 10~? M) and the method
proved valid even when applied to real samples (bovine skeletal muscle cell
cultures). For a comparison of this method with that developed by other authors,
using CZE, the reader should refer to Ref. [48].

In another study!””! Zeece’s group examined the action of u- and
m-calpains, calcium dependent thiol proteases that have been suggested to play
a role in several physiological processes including muscle protein turnover.’¢"*!
Incubating both forms of calpain for various times with o,- and f-casein
fluorescently labelled with Oregon Green, they demonstrated that, although these
enzymes had nearly identical proteolytic activities, there was an evident
difference in the hydrolysis of the two substrates. The use of LIF detection
allowed the activity of low ng quantities of u- or m-calpain to be measured.

As a further contribution to the exploitation of the full potential of MEKC,
a paper recently published by Freed et al..’) should be mentioned in conclusion
of this paragraph. It describes an “indirect” way of monitoring, in a fluid, the load
of proteinases that cleave substance P, a neuroactive undecapeptide, with a wide
spectrum of physiological actions in the central and peripheral nervous
system.®#!1 Substance P is, in fact, cleaved at different sites by a variety of
peptidases to yield several metabolites with different pharmacological actions.
Separation and identification of all fragments obtained from the parent compound
is a way of gaining information on the metabolism (i.e., on the peptidases
involved in cleavage reactions) of this neurotransmitter. Under the experimental
conditions used, the metabolites were separated from naphthalene-2,3-dicarboxy-
aldheyde-derivatized-substance P. This MEKC method, in conjunction with LIF
detection, has been used by the same authors to investigate the metabolism of
substance P “in vivo” (see next paragraph).

Application on Real Samples

Waltham et al.!*?! used the MEKC procedure to determine the activity of
y-glutamyl hydrolase (GGH), a lysosomal peptidase that catalyzes the cleavage of
y-glutamyl groups from the C-terminal end of methotrexate (MTX) polygluta-
mates. When the substrate was incubated with crude extract of a human T-cell
leukemia cell line, it was cleaved into MTX and polyglutamylated forms. Distinct
separation of these forms was achieved within 10 min and enabled simultaneous
quantification of both reactant and products of the proteolytic reaction. The
MEKC assay was, thus, successfully used to measure GGH levels in tumor
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samples from patients and was shown to be more efficient and sensitive,
respectively, than the previously described HPLCE*®*3! and the colorimetric®¥
techniques. Several MEKC methods originally developed for monitoring purified
proteinases (see the appropriate paragraph) have also been successfully extended
to the determination of these enzymes in real samples. For example, the
procedure described inl’¥ for determining Cathepsin D activity was also found to
be valuable when cultured bovine skeletal muscle cells were used as source of the
proteolytic enzyme. Likewise, the previously described MEKC-LIF method!””’
was also successfully applied to the investigation of substance P metabolism
“in vivo,” both in rat striatum during microdyalisis sampling and in bovine brain
microvessel endothelial cell culture systems.[®>*¢) Furthermore, the methods
previously mentioned for assaying prolidase!*®! and serine elastases of different
origin,'® " have given excellent results when used with real samples. In the case
of prolidase, this enzyme’s activity was easily detected in cellular extracts from
cultured skin fibroblasts of both patients affected by prolidase deficiency and
controls.*”) As far as the serine elastases are concerned, sputum from patients
(n =40) affected by obstructive pulmonary diseases have been used as a source of
these proteolytic enzymes (unpublished results). Briefly, to check for the presence
of HNE and Cat G, sputum sol phases were incubated with specific substrates
of these enzymes (MeOSucAla,ProValNA and SucAla,ProPheNA, respectively)
and electropherograms were recorded at different times of incubation.

As shown in Fig. 1, which is representative of the profiles typically
obtained from the above indicated specimens, the high reproducibility and the
good resolving power of the electrophoretic technique allowed an easy
identification of the peaks of intact substrates (peaks 1 and 2 in traces b, ¢ and d)
and split products (peaks 3, 4 and 5 in traces ¢ and d), although, endogenous
components of sputum increased the profiles’ complexity in comparison with
those achieved using purified enzymes (see Ref. 70). Quantification of peaks,
performed as indicated in!®”! and!”®! for purified enzymes, allowed calculation of
the amount of free proteinases in expectorates from the patients investigated.
MEKC was also used in our laboratory for detection of tripeptidylpeptidase-1
(TPP-I), a lysosomal enzyme that cleaves tripeptides from the N-terminus of
proteins, and whose absence or deficiency in children, causes the onset of
progressive neurodegenerative disorders known as late-infantile neuronal ceroid
lipofuscinosis (LINCL). Systematic investigations have been carried out to
optimize the experimental conditions for determining TPP-I activity in rat and
bovine brains, in human specimens (brains) obtained from patients affected by
LINCL, and in blood samples.?*) Compared to other methods,®”-*¥ MEKC was
easier, faster, and simpler to use, thus, offering an interesting alternative to current
methodologies for the diagnosis of LINCL.

The schematic list of applications described in this paragraph is reported
in Table 3.
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Figure 1. Trace a: Micellar electrokinetic chromatographic pattern obtained from intact
sputum sol phase of a patient chosen as representative of all specimens examined (blank I).
Trace b: electrophoretic pattern of the above sputum after 40 min incubation with
substrates of HNE: MeOSucAla,ProValNA (peak 1) and of Cat G: SucAla,ProPheNA
(peak 2) in the presence of their specific inhibitors (2mM PheGlyPheCH,Cl and 2 mM
MeOSucAla,ProValCH,Cl) (blank II). Traces ¢ and d: electrophoretic patterns obtained
incubating the above sample for 5 and 20 min respectively with the substrates indicated.
Peaks 3, 4 and 5 represent the products of proteolytic reactions: NA, MeOSucAla,ProVal
and SucAla,ProPhe respectively (for their identification see Ref. 69 and 70). Runs were
carried out using 50mM sodium tetraborate pH 9.3 containing 65mM SDS and 15%
methanol (v/v), applying a voltage of 25kV and using a fused-silica capillary of 50 um
I.D. and 57cm total length (50cm to detector). The elution profile was monitored at
200 nm. Temperature: 20 £ 0.1°C. Positive to negative polarity (unpublished data).
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DETERMINATION OF PROTEOLYTIC ACTIVITIES BY
MEANS OF ELECTROPHORETIC MODES OTHER THAN
CZE OR MEKC

Application of cIEF

Capillary isoelectric focusing is a separation technique, in which charged
species start migrating under the influence of an electric field in a pH gradient
formed by carrier ampholytes. Migration stops when a zone is reached where the
net charge is zero; at this isoelectric point (pl), the sample component is focused
in a tight zone. In cIEF, the high resolving power of conventional gel IEF is, thus,
combined with the advantages of capillary electrophoresis. Although, generally
applied for the separation of proteins, the technique is also effective for certain
types of peptides that focus well. The example reported below, shows how this
technique can be used for an enzyme assay.

From among the variety of papers so far published concerning determina-
tion and/or assay of proteolytic activities, to our knowledge, that from Shimura
et al.* is the only one in which cIEF was applied to obtain separation of
fragments. In this report a synthetic nonapeptide, a substrate for trypsin, was
labeled with an iodoacetyl derivative of Lissamone rhodamine B and incubated
with a solution of trypsin. After having stopped the cleavage reaction by the
addition of soybean trypsin inhibitor, the capillary was filled with the reaction
mixture and the products separated by IEF with LIF detection. The method
allowed the determination of trypsin amounts as low as 50-250 pg.

CONCLUSIONS

The large number of examples reported in this article, shows that simple,
yet extremely powerful CE separation systems can be designed for determining
activity of proteolytic enzymes in both purified samples and in complex
biological matrices. Although, CE will not replace traditional methods in this
area, it can provide a useful complementary technique as a result of its versatility
and minimal sample requirement. Furthermore, as underlined by the numerous
applications mentioned in this article, very often these methods do not only
represent a mere exercise of finding new analytical tools for separation science,
but can also be of practical use in the diagnosis of specific diseases in which
proteinases are responsible for the onset of severe disorders. The possibility of
using the microchip technology for determining proteolytic activities recently
described by Zugel et al.”” makes these CE techniques even more attractive, and
most likely will expand their role in this field.
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