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Use of umbelliferone derivatives in the study of
enzyme activities of mycobacteria
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SUMMARY A spectrophotometric method using umbelliferone derivatives has been developed for
the study of enzymic activities of mycobacteria. Arylsulphatase activity can be estimated in six
hours rather than in 10 days as in the conventional method. The technique may be applied to a
study of whole cells or to cell-free extracts.

Mycobacteria, even the so-called rapidly growing
strains, have, in comparison with many other
bacterial genera, a slow growth rate and a corre-
spondingly slow rate of metabolism. Although a
few fairly rapid semiquantitative tests are available,
for example, tests of amidase activity (Bonicke,
1962), most of these tests are usefully applicable
only to rapidly growing mycobacteria. There is a
need for a rapid, sensitive, and quantitative test
system for the determination of a number of enzymic
activities of both whole mycobacteria and cell-free
extracts.
4-Methyl umbelliferone fluoresces intensely in

ultraviolet (UV) light and causes a corresponding
absorption of UV at 360 nm. This property enables
enzymic activities to be assayed by measuring the
liberation of the umbelliferone from umbelliferone-
linked substrates in a fluorimeter or spectrophoto-
meter. Maddocks and Greenan (1975) have devised
a simple spot test for the presence of various enzymes
in Escherichia coli using commercially available
umbelliferone-linked substrates. In this study, the
feasibility of using such substrates for the quantita-
tion of mycobacterial enzyme activity is investi-
gated.
For the development of the technique, aryl-

sulphatase activity has been principally studied
because this enzyme (Whitehead et al., 1953) has
been widely used in a semiquantitative test for the
differentiation of mycobacteria.

Material and methods

THE BACTERIA
Fifty-six strains of mycobacteria, representing
Received for publication 1 1 June 1976

eight rapidly growing and five slow growing species,
were obtained from the collection of mycobacteria
at the School of Pathology, The Middlesex Medical
School, London. The identity of all strains had been
confirmed by immunodiffusion serology (Stanford
and Grange, 1974). A cotype strain ofMycobacterium
fortuitum, ATCC 6841, was used for the develop-
ment of the technique.

PREPARATION OF SUBSTRATE
Ten milligrams of 4-methylumbelliferyl sulphate or
4-methylumbelliferyl f-D-glucoside were dissolved
in 1 ml of dimethyl sulphoxide and 0-2 of this
solution was added to 9-8 ml of M/15 phosphate
buffer at the appropriate pH (see results). The sub-
strates were obtained from Sigma Biochemicals Ltd.

PREPARATION OF BACTERIAL SUSPENSIONS
Bacteria grown on Lowenstein Jensen medium were
harvested and suspensions containing 10 mg wet
weight of cells per ml were prepared in M/15
phosphate buffer at the appropriate pH (see results).

PREPARATION OF CELL-FREE EXTRACT
M. fortuitum ATCC 6841 was harvested from
Lowenstein Jensen medium and suspended in an
approximately equal volume of 0-85% NaCI.
The cells were broken by treatment in the MSE
100 watt ultrasonicator set at maximum amplitude
for 15 minutes. After centrifugation at 10 000 g for
one hour to remove cell debris, the opalescent
supernatant was clarified by the method of Diaz
and Wayne (1974).

ESTIMATION OF ENZYME ACTIVITY
One millilitre of bacterial suspension or cell-free
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extract was mixed with 1 ml of substrate solution
in a bottle and placed in a 37°C waterbath. After
incubation the reaction was stopped and the bacteria
were killed by rapid heating of the bottles to 120°C
in an autoclave.

After cooling, the tubes were centrifuged at
1500 g for 15 minutes and 1 ml of supernatant was
added to 2 ml of M/15 phosphate buffer pH 70.
Immediately before the light absorption was read,
two drops of 5N NaOH were added to the cuvette and
mixed well. The absorption of 360 nm was measured
in a Pye Unicam SP 1800 spectrophotometer with
a light path of 1 cm. The tests were read against a
blank cuvette containing 1 ml of buffered substrate
and 2 ml of phosphate buffer pH 7-0.

Arylsulphatase activity was also detected by the
method of Whitehead et al. (1953) in which phenol-
phthalein is enzymically liberated from phenol-
phthalein disulphate. The tests were read at three
and 10 days.

Results

Preliminary studies showed that the free umbelli-
ferone liberated by enzymic action was stable on
autoclaving and was not absorbed on to the myco-
bacteria. Studies using pure umbelliferone con-
firmed that absorbance was maximal at 360 nm and
increased linearly in proportion to the concentration
of the substance. Absorbance was maximal in
alkaline solution (pH above 8 5). The absorbance of
the buffered substrate was very small at 360 nm,
giving a reading of 0-01 against the buffer alone.
This absorbance was unaffected by changes in pH,
by incubation, or by autoclaving. Likewise the
suspensions of bacteria, after centrifugation, gave a
reading not exceeding 0-01 but the cell-free extract
preparation gave readings of 0 03 and 0-06 in two
separate experiments.
The studies using M.fortuitum ATCC 6841 showed

that the optimum pH was 7-0 for arylsulphatase
activity and 6-3 for /3-D-glucosidase. The activities
at various pH values for these two enzymes are
shown in the Figure. The amount of free umbelli-
ferone increased linearly with time for up to 24
hours in respect to both these enzymes. A similar
linear increase was obtained for arylsulphatase
activity using the cell-free extract of ATCC 6841.

Arylsulphatase activity was detectable in all
strains within six hours although there was variation
between strains. This variation correlated with the
results obtained by means of the standard three- and
10-day arylsulphatase test. Thus M. fortuitum and
M. chelonei strains, which are positive within three
days, gave absorbance readings of 0-12 to 0 39 and
0-11 to 0-24 respectively after six hours; in contrast,
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Figure Effect ofpH on the activities of arylsulphatase
and fl-D-glucosidase in Mycobacterium fortuitum
ATCC 6841 (incubation time = six hours).
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M. smegmatis, usually negative after three days,
gave readings of 0-02 to 0 05 after the same period.

Discussion

A technique is presented for the rapid detection and
quantitation of enzymic activity in mycobacteria.
The method, applicable to whole cells or cell-free
extracts, may also be used to study the effect of
variable conditions such as pH and temperature on
the activity of enzymes.

In this study, two enzymes have been investigated,
ie, arylsulphatase and /-D-glucosidase. Preliminary
studies indicate that the method is equally suitable
for studying ,3-galactosidase and phosphatase, both
of which have been investigated for taxonomic
purposes in mycobacteria (Tacquet et al., 1966;
Tsukamura et al., 1974). It is probable that additional
commercially available umbelliferone-linked sub-
strates would be equally suitable.

Although, ideally, the amount of free umbelli-
ferone should be estimated in a fluorimeter, the
apparatus required is not widely available. However,
measurement of absorbance at 360 nm in a UV
spectrophotometer has been found to be satisfactory.
An advantage of the method is that the organisms

can be heat-killed before the readings are taken, a
great advantage when pathogenic bacteria are
being handled.

We are grateful to Dr J. L. Maddocks and Miss
Mary Jo Greenan whose article, referred to in this
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study, drew our attention to the possibility of using
umbelliferone-linked substrates in mycobacterial
enzymology. We also thank Miss Bola Olayeni for
typing the manuscript.
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