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ABSTRACT
Chitinases are hydrolases capable of hydrolyzing the abundant natural
polysaccharide chitin. Next to artificial fluorescent substrates, more physiological
chito-oligomers are commonly used in chitinase assays. Analysis of chito-
oligosaccharides products is generally accomplished by UV detection. However,
the relatively poor sensitivity forms a serious limitation. 
Here we report on a novel, much more sensitive assay for the detection of chito-
oligosaccharides reaction products released by chitinases, based on fluorescent
detection, following chemical labelling by 2-aminobenzoic acid. Comparison with
existing UV-based assay shows the novel assay to offer the same advantages yet
allows for detection of chito-oligosaccharides in the low picomolar range.
β-1,4-linked N-acetylglucosamine (GlcNAc), is a structural component of cell walls
of fungi and coatings of insects and crustaceans (1). Most organisms are capable
of degrading chitin by the action of β-1,4-N-acetylglucosaminidases, releasing
terminal GlcNAc monomers, in combination with chitinases cleaving internal sites
within the chitin chain. Chitinases are universally found in fungi, bacteria,
parasites, plants, and insects (2). The existence in vertebrates of two homologous
chitinases, chitotriosidase and AMCase, has more recently also been documented
(3, 4). The vertebrate chitinases belong to the family 18 of glycosylhydrolases and
are highly homologous to enzymes from lower organisms (5). Crystallographic
analysis of the 3D structure of family 18 chitinases has revealed strict conservation
of a characteristic elongated cleft structure in the active site, compatible with
binding long chitin polymers (6, 7). Substrate degradation occurs with retention of
the configuration at the anomeric carbon (8). A common feature of family 18
chitinases is the ability to transglycosylate (9, 10).
Chitinases nowadays receive considerable attention given their importance in very
diverse processes such as the life cycles of chitin-containing organisms, food
processing, defence against pathogens and innate immunity. The two human
chitinases are of clinical interest. Chitotriosidase (Chit1) is produced by
alternatively macrophages in specific disease conditions (19). In serum of patients
suffering from lysosomal lipid storage disorders (11), thalassemia (12),
sarcoidosis, and visceral Leishmaniasis (3), as well as in cerebral spine fluid of
patients with multiple sclerosis (13), significantly elevated chitotriosidase activities
are detectable. The abnormality is exploited for diagnostic and monitoring
purposes. For example, the efficacy of the extremely costly enzyme replacement
therapy of Gaucher patients is monitored by following corrections in plasma
chitotriosidase activity levels (14, 15). The homologous acidic chitinase, named
AMCase (CHIA), has recently been implicated in the pathology of asthma and
other allergic conditions (22, 23). 
In the past several methods have been developed to detect and quantify
chitinases by measuring their enzymatic activity. Employed as substrates are
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colloid chitin, glycol chitin, chitosan (partially deacylated chitin), chitin azure and
small chito-oligomers. Chitinase activity is for example detected in zymograms
impregnated with glycol chitin or chitosan using Calcofluor staining (16).
Alternatively, small fragments released by a chitinase from chitin particles are
isolated, followed by enzymatic liberation of GlcNAc monomers which can be
spectrophotometrically detected (17). Most convenient and sensitive for the
enzymatic assay are chromogenic p-nitrophenyl-β-chito-oligomers or fluorogenic
4-methylumbelliferyl-β-chito-oligomers (3). These artificial substrates are
employed in test tube assays and also in overlays of gels (18). A considerable
drawback of the small artificial substrates is that they also act as acceptor in
transglycosylation catalyzed by chitinases. To reduce this phenomenon, sub-
saturating substrate concentrations have to be used. Consequently, accurate
quantification of chitotriosidase protein levels by enzyme assay with the artificial
substrates requires tedious serial dilutions. Recently, an alternative substrate, 4-
methylumbelliferyl-β-deoxychitobiose, has been developed that does not act as
acceptor in transglycosylation (9). Degradation of this substrate by chitinases
follows Michaelis-Menten kinetics and saturating substrate concentrations can
therefore be used in enzyme assays. 
More physiological substrates for chitinases are chito-oligomers containing four to
eight, β-1,4-linked GlcNAc residues. The fragmentation of such substrates by a
chitinase can be monitored by high performance liquid chromatographic (HPLC)
separation and UV detection of chito-oligomers. Such assay is particularly
attractive since natural substrates are employed and information is obtained about
the preferentially released fragment.
Figure 1 shows a UV-chromatogram of standard chito-oligosaccharides ranging in
size from 2-6 GlcNAc residues (purchased from Seikagaku Corporation, Tokyo,
Japan), applied in equivalent amounts. The samples were subjected to isocratic
high performance liquid chromatography with a Prevail carbohydrate ES column
(Alltech), and UV detection at 205 nm was used to analyze chito-oligosaccharides.
The injection volume was 10 μl, the flow rate of the eluent (62:28 (w/w) acetonitrile:
H2O) was 1 ml/min. Oligosaccharide amounts were determined by quantification
of peaks (area under the curve; AUC). It should be noted that the molar absorption
is proportional to the number of GlcNAc residues. Furthermore, two overlapping
peaks are observed for each oligosaccharide, due to chirality of the reducing end
sugar. Using UV- detection, we showed previously that preferentially chitobiose is
released, from various chito-oligosaccharides, upon incubation with recombinant
human chitotriosidase (9). Linearity of the assay at a substrate concentration of 2
mM with respect to enzyme input and time (for at least 45 minutes) were
established. The duplicates were within 5%, and the inter-assay variation was
small (CV= 0.05). The limit of detection of chitobiose by UV absorption was 0.1
nmole. The relatively poor sensitivity of detection of chitobiose forms a serious
limitation. Plasma of normal subjects contains a relative small amount of
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chitotriosidase. Per 0.1 ml, in one hour only about 20 nmoles of chitobiose is
maximally released from substrate.

We therefore investigated the possibility to generate an improved method for
measuring chitinase activity by fluorescent labelling of products. To tag
oligosaccharides, we used 2-aminobenzoic acid (2-AA), obtained from Sigma.
Carbohydrates were fluorescently labelled with 2-AA by reductive amination as
described previously (20). Prior to HPLC analysis, samples were purified using
disposable Discovery SPE columns (20). Figure 2A shows a fluorescence-
chromatogram of 2-AA labelled standard chito-oligosaccharides applied in
equimolar amounts. The amount of fluorescence per chito-oligosaccharide (AUC)
is identical since in each molecule only the reducing end is labelled with the
fluorescent tag. Since chirality of the reducing end sugar is lost upon labelling,
single peaks are observed. We noted no differences in efficiency of labelling
between chito-oligosaccharides with 3-6 GlcNAc residues (not shown). In all
cases the efficiency was >90%, similar to observations made with other
carbohydrates (20, 21). Figure 2B shows the chromatogram of the incubation
mixture of chitohexaose with recombinant chitotriosidase. The detection limit for 2-
AA tagged chitobiose was 0.1 pmole, being 1000 fold better as with UV.
We next tested the value of the assay using plasma of normal subjects and
Gaucher patients as source of enzyme. Due to the massive amount of enzyme
present in plasma from Gaucher patients, enzyme input was adjusted using the
artificial substrate 4MU-deoxychitobiose, using no more enzyme than
corresponding to a rate of hydrolysis of 700 nmol/ml*hr against the deoxybiose
substrate. Plasma from patients was diluted with PBS accordingly. Aliquots of 10
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Figure 1. HPLC chromatogram of chito-oligosaccharides standards GlcNAc1,2,3,4,5,6 detected by UV. The size of the
oligo-saccharides is indicated for every peak.
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μl of (diluted) plasma were incubated with chitohexaose (0.2 mM) for different time
periods, ranging from 0 until 90 minutes. Part of the incubation mixture, 0.33%
(injection volume= 10 μl), was subjected to HPLC analysis. It was established that
the assay was linear in time for at least 45 minutes. The amount of chitobiose
formed was in a broad range completely proportional to the enzyme input.
Importantly, chitotriosidase activity in plasma obtained from normal subjects could
be measured reliably. The duplicates of assays with plasma samples were within
5%, and the interassay variation was small (CV= 0.057). We checked whether
human plasma contains endogenous chitobiose which would interfere with the
assay. Examination of a large series of samples indicated that this is not the case,
not even in individuals suffering from a systemic infection with chitin-coated
Aspergillus.
In conclusion, we have developed a novel method to quantify chitinases
employing natural chito-oligomer as substrate and fluorescent labelling of products
with 2-aminobenzoic acid. The method is robust and very sensitive. It can be
conveniently applied to measure chitotriosidase in plasma specimens of normal
subjects and patients suffering from a condition characterized by elevated
macrophage chitinase.
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Figure 2. HPLC chromatogram of 2-AA labelled chito-oligosaccharides. The size of the oligo-saccharides is
indicated for every peak. A: Chito-oligosaccharides standards: GlcNAc2,3,4,5,6 (2 pmol each).
B: Chito-oligosaccharide mixture after incubation of chitohexaose with purified recombinant human chitotriosidase.
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