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Lipases and esterases (glycerol ester
hydrolases, E.C. 3.1.1.-) are enzymes
acting on the carboxyl ester bonds pre-
sent in acylglycerols. They have been
recognized as useful biocatalysts be-
cause of their wide-ranging versatility
in industrial applications (2,5). Howev-
er, the physical properties of lipids have
caused a great difficulty in studying
lipolytic enzymes (4). Traditionally, li-
pases have been assayed by radiometric
or titrimetric techniques, but these
methods require the use of radiolabeled
and expensive substrates or they suffer
from low sensitivity (8). For experi-
ments involving a large number of

assays or non-purified samples, it is
convenient to use chromogenic or fluo-
rogenic substrates, which can be tested
simply and rapidly. Unfortunately,
many chromogenic substrates show
low specificity and sensitivity, or they
become spontaneously hydrolyzed (4).
On the contrary, the use of fluorogenic
substrates like 4-methylumbelliferone
(MUF) derivatives provides a sensitive
method for determination of enzyme
activity (3,10). Here, we describe a fast,
simple assay to detect lipolytic activity
from purified and non-purified sam-
ples, using MUF-derivative substrates.

Identification of lipase producing
microbial strains was performed after
growth on a solid medium by spreading
the plate surface with a 100 µM solu-
tion of MUF-butyrate (Sigma, St.
Louis, MO, USA) in 50 mM phosphate
buffer, pH 7.0, prepared from a 25 mM
stock solution in ethyleneglycol mono-
methylether (Merck, Germany). Under

UV illumination, only strains bearing
lipolytic activity showed fluorescence
emission due to substrate hydrolysis
and MUF release (Figure 1A). Lipolyt-
ic activity detection can also be per-
formed from cell suspensions or cell
fractions, by transferring a small
aliquot (5 µL) of each sample onto fil-
ter paper and adding 5 µL of 25 mM
MUF-butyrate stock solution. UV illu-
mination of the paper allows identifica-
tion of the samples bearing lipolytic ac-
tivity (not shown). This simple
procedure was also used to select the
most convenient working concentration
of MUF-substrate for a given sample
(Figure 1B) or to determine the amount
of enzyme required for hydrolyzing a
defined MUF-substrate. For most of
our samples, detection of lipolytic ac-
tivity against MUF-butyrate was
achieved in less than 30 s, while hy-
drolysis of MUF-oleate usually re-
quired a 15-min incubation at room
temperature.

Electrophoretic separation in sodi-
um dodecyl sulfate (SDS)-polyacryla-
mide gels has widely been used to
study lipases and esterases. Activity de-
tection often requires zymographic
analysis, usually performed by overlay
techniques (11). We standarized a new
fluorescence-based assay for lipase ac-
tivity detection in SDS-polyacrylamide
gels (Figure 2). After protein separa-
tion, SDS was removed from the gels
by soaking them for 30 min in 2.5%
Triton X-100 at room temperature (1).
The gels were then briefly washed (1
min) in 50 mM phosphate buffer, pH
7.0 and covered by a solution of 100
µM MUF-butyrate or 200 µM MUF-
oleate in the same buffer. After UV illu-
mination, fluorescent activity bands be-
came visible in 30 s for MUF-butyrate
and in about 15 min for MUF-oleate. In
contrast to other zymographic systems
(11), the sensitivity of the method de-
scribed is extremely high, and allows
detection of 1.5 × 10-7 U of Pancreali-
pase (USP NF-190; Inquiaroma, LIB,
France) using MUF-butyrate as a sub-
strate (Figure 2A, left). Nevertheless,
the degree of sensitivity of the system
is a function of the properties of the en-
zyme analyzed and the substrate used.
Accordingly, higher amounts of en-
zyme were needed (2.5 × 10-6 Pancre-
alipase U) when MUF-oleate was used
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as a substrate (Figure 2A, right). Tradi-
tional overlay zymographic systems
usually require incubation periods that
allow protein bands to diffuse in the
gel. On the contrary, the zymographic
technique reported here allows detec-
tion of activity in a very short period of
time after the electrophoretic separa-
tion, thus preventing protein diffusion.
Since the appearance of fluorescence is
almost immediate (seconds for MUF-
butyrate), fluorophore diffusion is neg-
ligible. An additional feature of the
method developed is that immediately
after zymographic analysis, the same
gels can subsequently be stained with a

conventional dye. Figure 2B shows the
zymogram (left) and protein analysis
(right) performed on the same gel, of
various cell fractions from the lipolytic
strain Bacillus sp. BP-23 (1). The fact
that the same gel can be used for both
the zymogram and protein analysis,
combined with the lack of diffusion of
the bands visualized in the zymograms,
allows great accuracy in the determina-
tion of the molecular weight of a given
enzyme, which is not provided by the
conventional overlay techniques. Zy-
mographic analysis with MUF-deriva-
tives can also be used for determination
of the isoelectric point (pI) of enzymes.
Figure 2C shows the isoelectric focus-

ing (IEF) results obtained for esterase
EstA from Bacillus sp. BP-23 and the
same enzyme cloned and expressed in
Escherichia coli 5K. A prominent band
of pI 4.9 was present in lanes 1–3,
while recombinant E. coli samples
showed minor additional bands of pI
6.8 and 7.6, probably due to micro-
heterogenity of the cloned enzyme (7).
Similar to the case of SDS-polyacryl-
amide gel electrophoresis (PAGE), IEF
gels can subsequently be stained by
conventional dyes, and the pI of the ac-
tive bands accurately determined.

The fluorescence-based lipase activi-
ty assay described here provides an ex-
cellent tool to identify lipolytic organ-
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Figure 2. Zymogram analysis. (A) Pancrealipase dilutions (lanes 1–9: 9.9 × 10-6, 4.9 × 10-6, 2.45 × 10-

6, 1.22 × 10-6, 6.1 × 10-7, 3.0 × 10-7, 1.5 × 10-7, 7.5 × 10-8 and 3.7 × 10-8 enzyme units, respectively) were
loaded without boiling on an 8% SDS-polyacrylamide gel and analyzed for activity using 100 µM MUF-
butyrate (left) or 200 µM MUF-oleate (right) in 50 mM phosphate buffer, pH 7.0. (B) Proteins from var-
ious cell fractions of Bacillus sp. BP-23 were heated at 100°C for 2 min, separated on an 8% SDS-poly-
acrylamide gel and analyzed for activity with MUF-butyrate (left) and subsequently stained with
Coomassie Brilliant Blue R-250 (right). Samples were prepared as follows: the supernatant (lane 1)
from cultures was recovered by centrifugation, and the cells were harvested for further fractionation.
Mild treatment of the cells with lysozyme (0.09 mg/mL) rendered the loose-bound envelope protein frac-
tion (lane 4). Cells were then disrupted by sonication, the lysates cleared by centrifugation and the su-
pernatant (cytoplasm fraction) obtained (lane 3). The remaining pellet was considered cell debris (lane
2). (C) MUF-butyrate zymographic analysis performed after IEF of EstA from Bacillus sp. BP-23 cell
extract (lane 3), and the same esterase obtained from culture medium (lane 1) and cell extract (lane 2) of
recombinant E. coli 5K expressing the enzyme. A crude cell extract of E. coli 5K lacking EstA is shown
as negative control (lane 4).

Figure 1. Activity detection on agar plates and
filter paper. (A) MUF-butyrate activity detection
of (1) recombinant E. coli Xl1 colonies bearing
EstA1 from Bacillus sp. BP-7 (Reference 6) and
(2) the non-lipolytic host E. coli Xl1. The strains
were grown at 37°C on LB/agar plates. (B) Paper
assay to select the working concentration of
MUF-oleate for Burkholderia cepacia R6 (Refer-
ence 9) cell extracts, prepared as described in
Reference 1. Samples (5 µL) were assayed with
different concentrations (0.05–25 mM) of MUF-
oleate (5 µL) in ethyleneglycol monomethylether.



isms and to study some of the properties
of lipolytic enzymes. The remarkable
sensitivity, speed and simplicity of this
system may help eliminate the difficul-
ties posed by most of the traditional
methods for lipase-activity detection as
reported in the literature.

REFERENCES

1.Blanco, A., P. Diaz, J. Martínez, T. Vidal,
A.L. Torres and F.I.J. Pastor. 1998. Cloning
of a new endoglucanase gene from Bacillus
sp. BP-23 and characterization of the enzyme.
Performance in paper manufacture from cere-
al straw. Appl. Microbiol. Biotechnol. 50:48-
54.

2.Harwood, J. 1989. The versatility of lipases
for industrial uses. TIBS 14:125-126.

3.Hendrickson, H.S. 1994. Fluorescence-based
assays of lipases, phospholipases and other
lipolytic enzymes. Anal. Biochem. 219:1-8.

4.Jaeger, K.-E., S. Ransac, B.W. Dijkstra, C.
Colson, M. Van Heuvel and O. Misset.
1994. Bacterial lipases. FEMS Microbiol.
Rev. 15:29-63.

5.Jaeger, K.-E. and M.T. Reetz. 1998. Micro-
bial lipases form versatile tools for biotech-
nology. TIBTECH 16:396-403.

6.López, C., A. Blanco and F.I.J. Pastor. 1998.
Xylanase production by a new alkali-tolerant
isolate of Bacillus. Biotechnol. Lett. 20:243-
246.

7.Matte, A. and C.W. Forsberg. 1992. Purifi-
cation, characterization, and mode of action of
endoxylanases 1 and 2 from Fibrinobacter
succinogenes S85. Appl. Environ. Microbiol.
58:157-168.

8.Reynolds, L.R., W.N. Washburn, R.A.
Deems and E.A. Dennis. 1991. Assay strate-
gies and methods for phospholipases. Meth-
ods Enzymol. 197:3-23.

9.Sabaté, J., A. Villanueva and M.J. Prieto.
1994. Isolation and characterization of a mer-
cury-resistant, broad-host-range strain from
Pseudomonas cepacia. FEMS Microbiol Lett.
119:345-350.

10.Warner, T.G., L.L. Tennant, M.L. Veath
and J.S. O’brien. 1979. An improved method
for the isolation and assay of the acid lipase
from human liver. Biochem. Biophys. Acta
572:201-210.

11.Yadav, R.P., R.K. Saxena, R. Gupta and
W.S. Davidson. 1998. Rapid zymogram for
lipase. BioTechniques 24:754-756.

We thank J.F. Espinosa for technical aid
and J. Martínez for advisory support. This
work was partially financed by the Scientific
and Technological Research Council (CI-
CYT, Spain) Grant No. ALI97-0356-C02-02
and by the II Pla de Recerca de Catalunya
(Generalitat de Catalunya) Grant No. 1997-
SGR 00473. Address correspondence to Dr.
Pilar Diaz, Department of Microbiology,
Faculty of Biology, University of Barcelona,
Av. Diagonal 645, 08028-Barcelona, Spain.
Internet: pdiaz@bio.ub.es

Received 25 May 1999; accepted 14
July 1999.

Pilar Diaz, Núria Prim and
F.I. Javier Pastor
University of Barcelona
Barcelona, Spain

Benchmarks


