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Abstract—A rapid and effective method for direct detection, selection and testing of microorganisms able to
produce both cell-bound and extracellular true lipases is described. The method is based on formation of clear-
ance zones on turbid solid media with emulsified olive oil around or under the colonies, cell fractions or culture
supernatant of lipase-producing organisms. The method was successfully applied for the screening and isola-

tion of microorganisms producing alkaline lipases.
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INTRODUCTION

Lipases are a group of enzymes hydrolyzing glyc-
erol esters of long chain fatty acids. Microbial lipases,
especially those stable and active at high pH values, are
a subject of increasing interest in several branches of
applied microbiology and biotechnology, such as med-
ical microbiology (virulence factor in staphylococci
and enterobacteria), organic synthesis (stereospecific
ether synthesis in hydrophobic media), food (fat spoil-
age) and detergent industries [1-10]. During the last
years of explosive molecular biology development, it
becomes increasingly important to develop rapid direct
methods to screen enzymatic activities in very large
numbers of colonies, in for example, clone libraries
[11, 12]. Furthermore, a test for lipase production is
part of the routine procedure of identification of bacte-
ria. Therefore, it is important to have a useful (rapid,
simple and inexpensive) method for screening of lipase
producing wild strains, to select active mutants and to
test pure cultures.

The most widely used and recommended methods
for detection of lipase activity cannot be assumed as
satisfactory since they utilize artificial lipids as sub-
strate (tributyrin, Tweens). Employment of such sub-
strates can give false positive results because they can
be hydrolyzed by esterases. The same is true for the
most commonly used colorimetric assay for lipase
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activity in culture supernatants which use p-nitrophenyl
esters of various fatty acids. The method is indeed rapid
but it would give false-positive result in the case of the
presence of an esterase in the mixture. Lipases do have
esterase activity, but not vice versa. Other methods,
employing natural fats or oils as substrates incorporated
into solid medium, are either not sensitive enough and
demand additional treatment with toxic reagents for
detection of fatty acids or are difficult to perform in
general [13].

In this paper we describe a simple and rapid method
for detection of true lipase-producing microorganisms
and its application for the selection of alkaline lipase-
producing bacteria.

MATERIALS AND METHODS

Samples. To enrich and isolate alkaliphilic lipase
producers, samples from highly alkaline habitats were
used including dry and wet fluffy soda soils from
Ararate valley (Armenia) and from soda lakes of south-
eastern Siberia (Chita region, Russia). Their pH varied
from 9.5 to 11, salinity—from 2 to 10% and carbonate
alkalinity from 20 to 200 mM.

Principle of the method. The method we developed
for detection of lipase-active microorganisms is based
on the formation of the clearance zones around the col-
onies grown on solid turbid media supplemented with
finely emulsified and stabilized olive oil. The quality of
the oil emulsion and its stability during sterilization,
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and preparation of the media are critical factors for suc-
cessful lipase detection. It is a well known fact that
lipases are active only at the surface of an oil-water
interface. Therefore, a preparation of a fine and stable
emulsion of oil in water is essential to provide suitable
conditions for lipase action.

Preparation of oil emulsion. To prepare an emul-
sion of desirable quality various formulations that were
utilized for measurement of lipase activity in enzyme
preparation have been tried [14]. The best results were
achieved using the following procedure: one part of
olive oil of analytical quality (Serva or Sigma) was
mixed with 4 parts of 5% solution of gum arabic (syn-
onym is gum gellan, Sigma)—a polysaccharide serving
as an emulsifier and stabilizer, placed onto an ice bath
and sonicated for 3 min at 22 kHz and 50 W. This pro-
cedure allows preparation of an extremely fine and sta-
ble oil emulsion that can be sterilized at 120°C dur-
ing 20 min and kept for several months without lost
of quality.

Principles of the medium preparation. We have
found that two main principles should be applied dur-
ing preparation of a suitable test medium. First of all,
the final concentration of oil in medium should be rela-
tively low providing a high sensitivity of detection. The
best results were obtained at oil concentrations 0.4—
0.5% (vol %). Another important factor is the concen-
tration of organic nutrients other than oil. A high con-
centration of the latter (in other words use of rich
media) was found to decrease dramatically the amount
of lipase excreted by the colonies of active organisms.
The best results in our work with alkaliphilic microor-
ganisms were obtained when the medium apart from oil
was supplemented by a low concentration of organic
nitrogen, in particular by 0.2 g/l of yeast extract and
peptone. Yeast extract has the advantage of additional
emulsifying properties. In this case growth of the colo-
nies is limited whereas diameter of the clearance zone
is maximal. The particular formulation of the mineral
base for media will depend on the kind of samples used
for enrichment cultures or properties of the pure cul-
tures. In general, mineral base composition should be
such as to provide optimal conditions for growth and
lipase action. An example for preparation of the test
media for alkaliphilic lipolytic microorganisms is pre-
sented below.

Preparation of agar medium for detection of
alkaliphilic lipolytic microorganisms. Mineral base
(MB) (0.6 M Na*) included 23 g/l Na,CO;5;; 7 g/l
NaHCO;; K,HPO, and KNO; (both 0.5 g/1), final pH
10.05-10.1. After sterilization and supplementation
with 1 ml/l of trace metal solution and 1 mM of MgSO,
the MB was mixed with an equal volume of 3% wt %
sterile agar at 60°C, followed by pre-warmed sterile
20% olive oil emulsion at final concentration 0.4%

(vol %) and organic nitrogen. The final mixture was
vigorously shaken and poured into the well-leveled
Petri dishes to provide a uniform layer of about 2 mm.
The resulting plates are homogenous milky turbid.
Thicker layer may need much longer incubation for
complete clearance of the emulsion. This medium was
used to detect lipolytic alkaliphiles enriched from alka-
line samples during 1 week on liquid medium of the
same composition.

To test pH dependence of growth and lipase produc-
tion by pure cultures of alkaliphilic microorganisms,
different buffering agents at final concentration 0.6 M
were utilized: HEPES-NaHCO; for pH range 7-8,
NaHCO3-Na,CO; for pH 8.5-11. Tests for lipolytic
activity in culture supernatants (filter-sterilized to pre-
vent bacteria growth) and commercial lipase prepara-
tion were carried out on plates containing buffering
agent, oil emulsion and agar. 1-10 pl portions were
applied into the wells cut into agar.

RESULTS

Action of commercial lipase preparation. A com-
mercial lipase preparation (‘“Lipolase”, Novozymes,
Denmark) was examined to test suitability of the pro-
posed method for the detection of lipolytic colonies.
Lipolase was chosen because it is claimed as an alka-
listable enzyme [1, 15]. Different concentrations of the
Lipolase diluted in 0.05 M Tris—HCl buffer (pH 8.0)
were applied to wells cut in olive oil plates buffered at
pH 7-11 and incubated at 36°C. Visible clearance
zones appeared only on plates with pH 7-8; already
after 1 hour incubation. The most significant difference
between lowest and highest concentrations became evi-
dent after 3 hours incubation (figure, a). To check
whether the lack of activity of the Lipolase on plates
with pH 9-11 was determined by pH itself or by high
soda concentration, the latter was replaced by organic
buffers (0.1 M final): CHES was used for pH 9, CAPSO
for pH 10 and CAPS for pH 11. In this case optimal pH
was found at pH 8, where clearance zones were maxi-
mal and complete, but some activity with partially
cleared zones was also detectable at pH 9-10.

Detection of lipase-producing colonies of haloal-
kaliphilic bacteria. Liquid medium with emulsified
olive oil buffered at pH 10 was inoculated with samples
from soda soils and soda lake sediments, and incubated
with vigorous aeration during one week. In this time all
of the oil substrate had been consumed in 9 out of 13
samples tested by microscopic examination and soap
formation. Samples from positive enrichments were
diluted and spread on plates with olive oil emulsion
buffered at pH 10. Bacteria excreting lipase were easily
detectable by appearance of clearance zones around
colonies on a milky-turbid background (figure, b).
These colonies were picked with a Pasteur pipette, sus-
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Detection of lipase activity by plate assay, (a), detection of activity of commercial lipase LipolaseTM at pH 8 (0.05 M Tris—HCI)
with 2 times increasing loading steps from top to bottom, (b)—(f), haloalkaliphilic lipase-producing microorganisms at pH 10 (0.6
M Na%): (b), detection of bacterial lipolytics from enrichment culture; (c), purified culture of lipolytic bacterium; (d), lipolytic bacilli
on the medium with 1.5% (left plate) and 0.5% (right plate) agar; (e), colony of lipolytic micromycete; (f), detection of lipolytic
actinomycetes from enrichment culture in presence of penicilline G.

pended in sterile mineral base and further purified by
spreading on olive oil agar (figure, c). This procedure
allows isolation of active bacterial strains producing
alkaline lipase. It had, however, one complication. We
found that some types of colonies (formed mainly by
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bacilli) with only slightly positive results on solid
medium after prolonged incubation, rapidly consumed
olive oil in liquid medium. It was found that in this case
the agar concentration in oil plates is critical: bacilli
strains produced large clearance zones only when the
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agar concentration was below 0.6% (figure, d). Such
bacteria appear to produce lipase complexes with high
molecular mass that do not readily diffuse into concen-
trated agar. Therefore, to detect this type of lipolytic
bacteria in a mixed population, we have tried to use
direct mixing of the serial dilutions with oil agar at
45°C to obtain plates with a final agar concentration
0.5%. However, the results were in most cases not as
clear as with hard agar plates, because the colonies of
bacilli exhibited spreading growth inside the agar layer
and rapidly mixed with each other. Hence, for investi-
gating mixed bacterial populations, we recommend
incubating plates comprising 2% agar for one month
after the first isolation of readily detectable lipolytic
colonies, then isolate weak lipolytic microbes and
check their activity using plates with 0.5% agar.

To isolate lipase producing actinomycetes and
micromycetes two approaches were employed. In one
procedure, small aggregates of soils or sediments were
directly placed on the surface of olive oil agar supple-
mented with filter-sterilized penicillin G (sodium salt,
Sigma) at final concentration 1 g/l to suppress bacterial
growth. After 1-2 weeks, mycelium of actinomycetes
and micromycetes began to spread out around the
aggregates. Those that produced oil clearance were
picked by needle and purified using the same medium.
In contrast to bacteria, clearance zones produced by
actinomycetes and fungi did not usually spread far
beyond the edge of the colonies, but were easy to detect
under the spreading mycelium (figure, e). Another pro-
cedure was the same as for detection of lipolytic bacte-
ria except that both enrichment medium and agar
medium contained penicillin G (figure, f). Clearly,
other antibiotics could be used in these procedures for
selective advantage.

pH profile for growth and lipase activity. This
important parameter can be rapidly measured using
plates with olive oil emulsion strongly buffered at dif-
ferent pH. In most cases, we used plates with final agar
concentration 2% except for bacilli when 0.5% agar
was applied. All alkaliphilic bacteria isolated from soda
habitats showed marked preference for alkaline, soda-
containing media for growth and lipase activity with
maximum at pH 10 and negligible growth and activity
below pH 8. In contrast, fungal isolates from the same
samples showed equal activity at pH range between 7
and 10.

DISCUSSION

Assay for true lipase activity (in contrast to esterase)
is a complicated procedure demanding detection of free
fatty acids liberated during oil/fat hydrolysis. There-
fore, simplified procedures using agar media with
incorporated oils or fats have long time been proposed
for the purpose of rapid screening of lipolytic microor-

ganisms [13]. The information on most of such
approaches is summarized in the Table. They can be
divided into 2 major groups. Indirect methods are based
on the detection of free fatty acids produced during
lipolysis by flooding of the plates with special reagents
or with incorporated dyes. All these methods have their
draw backs and cannot be recommended for high
through-put screening. In direct assay methods, the
detection of lipolysis is based on observation of
changes in state of various lipids incorporated into agar
media. The methods differ by the type of test substrate
and manner of their preparation and distribution. The
most useful method for screening of lipolytic colonies
is based on the incorporation of emulsified and stabi-
lized tributyrin because hydrolysis results in formation
of water-soluble products and, therefore, complete
clearance around the colonies producing “tributyri-
nase”. However, correlation between the latter and true
lipase activity is usually weak in our experience. Use of
other artificial substrate, like Tweens, also may give
false-positive results. The method proposed in this
paper provides several advantages that make it useful
for rapid and high through-put detection of lipolytic
organisms and lipase in solution:

(1) Use of a natural substrate allows detection of the
colonies producing true lipase.

(2) The manner of preparation and stabilization of
the olive oil emulsion allows preparation of a turbid
medium with a finely distributed substrate that is abso-
lutely essential for lipase action (i.e. large surface area
of the lipid phase). Such emulsions can be stored for
extended periods and sterilized without lost of its prop-
erties.

(3) The method is very sensitive because complete
clearance produced by lipolytic colonies is easy to
detect on a homogenously turbid background.

(4) All reagents used for the medium preparation are
inexpensive; no complex equipment is necessary.

We believe that this method would be especially
useful for the screening of large numbers of clones with
a lipase gene insertion. In addition, we have success-
fully extended this procedure to other natural oils and
fats, e.g. soya oil, jojoba oil, palm oil and [French
refined] tallow (melting point 50°C) and also applied it
to the screening of thermophiles (e.g. Thermococcus
sp., Pyrococcus sp., Desulfurococcus sp. and Thermo-
toga sp.) under strictly anaerobic conditions and tem-
peratures 70—100°C using solidifying agents other than
agar.
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Comparative data on plate methods for detection of lipolytic microorganisms
Method Substrate Preparation Detection Weak points References
of the medium
Plant oil, cream | Direct incorporation, | Detection of free FA by | Low sensitivity [13]
1.5-2% agar flooding with CuSO, | high probability of
solution or by special | false-positive reactions;
dyes problematic substrate
dispersion;
) o ] ) ) unsuitability for direct
Indirect methods | Trioleine, Emulgation of 0.5-1% | Flooding with CuSOy4 screening because of [16]
Tristearate substrate at 50-80°C toxicity of the reagents
Tripalmitate with nutrient 1.7-2%
agar before autoclaving
Olive oil Flooding with OsOy, [17]
Tributyrine Emulgation by sonica- | Clearance around the | Low stability of emul- | [18]
tion, final concentration | colonies sion;
is 0.25% in 1% agar possibility of false-posi-
tive reaction
) » (esterase instead of li-
Direct additionat 1% to pase activity) (19]
the melted 1.5% agar
following mechanical
emulgation with a stabi-
lizer PVA and steriliza-
tion
Trioleine, Mechanical or ultrason- | Formation of opales- | Artificial substrates, [16, 18, 20]
Tristearate ic homogenization at | cence or precipitate problems with homoge-
Tripalmitate 0.1-1% concentration | around the colonies nous dispersion, low
Trilaurine with melted 1-2% nutri- sensitivity for screening
ent agar at 80°C follow-
ing autoclaving
Olive oil Spray of fine oil drop- | Change in appearance | Low sensitivity; [21]
Direct methods lets (around 30 pum) on | of oil droplets unsuitable for screening
the agar surface
Direct incorporation Rhodamine B/UV de- | Poor distribution of sub-| [§]
tection strate
Linseed oil Mechanical emulgation | Clearance around the | Low quality of the [22]
at 1% concentration colonies emulsion;
with natural emulgants difficulties with clear-
(saliva, rumen fluid) fol- ance zone detection
lowing sterilization with
2% nutrient agar
Sonic emulgation with- [20]
out stabilizer
Horse fat Mechanical emulgation | Clearance around the | Low sensitivity for [23]
at 0.3% concentration | colonies screening;
with 0.2% melted agar no sterility; exotic sub-
Strate
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