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Claim

1. Enzyme-labelled probe or test substance, wherein
the enzyme is a lipase from plants, a corresponding
isoenzyme or a structural derivative having an
amino acid homology of at least 70 % and lipase

activity.

2. Enzyme-labelled probe or test substance as claimed
in claim 1, wherein the enzyme having lipase
activity is obtainable from Candida rugosa DSM

2031.

3. Enzyme-labelled probe or test substance as claimed
in claim 1 or 2, wherein the lipase is conjugated
with biotin, avidin, lecithin, protein A,
protein G, antibody-binding proteins, antibodies,
antigens, viral protein antigens, bacterial surface
proteins, digoxigenin, DNA, RNA, oligonucleotides
or synthetic analogues, metal colloids or plastic

microparticles (< 5 um).
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(57) Abstract

In order to improve the thermal and chemical stability of an enzyme-labelled probe, a lipase that is preferably extracted from Candida
rugosa and whose isoenzymes or structural analogues have at least 70 % aminoacid homology and lipase activity is used as the enzyme.

(57) Zusammenfassung
Zur Verbesserung der thermischen und chemischen Stabilitit einer mit Enzymmarkierten Probe wird der Einsatz von Lipase, welche

bevorzugt aus Candida rugosa erhiltlich ist. deren Isoenzymen oder strukturellen Analoga mit einer Aminosaurchomologie von wenigstens
70 % und Lipaseakiivitit als Enzym verwendet.
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LIPASE-LABELLED PROBE

The invention concerns a probe or test substance
labelled with lipase and the use of lipase for the

determination of biological material.

It has become known that markers and test substances can
be developed for the detection of biologically relevant
groups, certain genes, antigens, antibodies, bacterial
surface proteins or such like which are intended to
facilitate the detection of the substances that are

being searched for.

In particular it is known in the field of genetic
engineering that gene probes can be radioactively
labelled and such a gene probe can be used to search for
complementary nucleic acids. In the case of test
substances labelled with enzymes, peroxidase or alkaline
phosphatase have been previously used as the enzyme.
Both enzymes are characterized by a relatively good
sensitivity and a» relatively easy detectability which
underscores their suitability as a marker or as a test
substance. However, these special enzymes do have
disadvantages. Thus for example certain general
conditions have to be adhered to which make the use of
such enzymes for the detection of certain substances
impossible. Moreover, the shelf-life and thermostability
of such enzymes is limited. In addition such enzymes
require that the work is carried out in an exactly
defined medium which greatly limits the scope of their
application. Finally the presence of metal ions, which



is for example required when using alkaline phosphatase,
creates difficulties for a number of tests and
substances which complex metal ions such as EDTA not
only make it impossible to use phosphatase but at the
same time result in the risk of a denaturation and thus
of a considerable worsening of the detection limits also

in the case of peroxidases.

The object of the invention is therefore to create a
probe or test substance labelled with an enzyme which is
characterized by a considerably improved stability and a
considerably broader application spectrum and in this
manner enabling the analytical determination of
substances for which it was previously not possible at

all to use enzyme-labelled probes or test substances.

This object is essentially achieved by using as the
enzyme a lipase from plants, iscenzymes thereof or
structural analogues with an amino acid homology of at
least 70 % and lipase activity. Candida rugosa which has
proven to be particularly suitable as a source and which
is also described in the literature as Candida
Cylindracea contains a lipase whose structure has been
extensively determined. The cloning and analysis of the
lipase sequence is described in detail in particular 1in
"Gene" 124:1 (February 14, 1993, pages 45-55). The
enzyme is described in this publication as a 57 kDa
protein with 534 amino acids, 5 isoenzymes with an amino
acid homology of 80 % having already been structurally
analysed. In any case it is a lipase from plants, in
particular from fungi. A lipase from Candida rugosa DSM
2031 is particularly preferred. The use of this lipase
results in a substantial improvement in the product
properties compared to all previously known enzymes and

also compared to other known lipases, in particular



animal lipases. In particular it was found that when
using the lipase suggested according to the invention, a
thermostability of up to at least 60°C is ensured which
can be achieved neither with alkaline phosphatase nor
with peroxidase. Particularly for hybridization tests in
which the use of an increased temperature is an
important prerequisite for an acceptable reaction rate,
the thermostability achieved in this manner creates the
prerequisite for being able to carry out such tests

within a reasonable time period.

A further advantage of the lipase suggested according to
the invention is that it requires no metal ions at all
for its activity. In the case of alkaline phosphatase
magnesium and zinc ions are required for enzymatic
activity and exactly these metal ions would for example
activate nucleases which consequently prevents the use

of alkaline phosphatase for gene probes.

In order to be certain to prevent the activation of
nucleases, particularly when using gene probes labelled
with enzyme, complexing substances such as for example
EDTA are often used. EDTA not only complexes metal ions
and thus no longer allows the use of alkaline
phosphatase, but also appropriately large amounts of
EDTA also have the tendency to denature proteins. The
lipase suggested according to the invention is not only
distinguished by a substantially higher thermostability
than known enzymes but is also distinguished by a
complete stability towards EDTA. A further significant
superiority of the lipases used according to the
invention compared to known enzymes is that urea and
corresponding derivatives also do not impair the
function of the lipase at all. When lipase is used, EDTA
can be used to protect SH groups which was not possible



at all with previous probes or test substances labelled

with enzyme.

The lipases used according to the invention are also
distinguished by a considerably improved tolerance
towards organic solvents. In particular the lipases
suggested according to the invention can also be used in
toluene which considerably increases the scope of the
analytical application of the probes or test substances

according to the invention.

The high stability enables the probes and test
substances according to the invention to be used in a pH
range between 2.5 and 9 and the insensitivity towards
ureas enables the detection of highly hydrophobic
substances. The use of large amounts of for example urea
which would not have been permissible with other probes
or test substances labelled with an enzyme, additionally
enables the secondary structure of a DNA to be expanded
to such an extent that the reliability of gene probes is

considerably improved.

Due to the considerably higher stability of the lipases
suggested according to the invention there are also
hardly any limits with regard to the type of coupling to
reactive substances and in particular to biorecognitive

groups.

Due to their high stability it is possible to dry lipase
conjugates and to store them for years at room
temperature without loss of activity if desired in a
lyophilized form or only dried in the air. Overall the
conversion rate is of the same order of magnitude
compared to known probes labelled with enzymes but with



a concurrent improved sensitivity which is due to the

improved detectability of lipase.

Whereas for example in a comparative experiment with
alkaline phosphatase the detection limit is at about 250
to 100 py, experiments have shown that lipase can still
be determined exactly in a range down to about 5 pg
whereby, in addition to a purely qualitative analysis, a
relatively simple estimation is even possible down into

the range of 10 ng.

The determination of lipase can be carried out in the
usual manner in which for example esters of phenols or
their derivatives can be used as substrates. The colour
reaction achieved in this manner enables a direct and
simple analysis. Appropriate methods are known to a

person skilled in the art.

The stability advantages of the lipase according to the
invention are particularly significant especially in

connection with oligonucleotide probes.

According to a preferred embodiment of the invention the
probe or test substance is characterized in that the
lipase is conjugated with biotin, avidin, lecithin,
protein A, protein G, antibody-binding proteins,
antibodies, antigens, viral protein antigens, bacterial
surface proteins, digoxigenin, DNA, RNA,
oligonucleotides or synthetic analogues, metal colloids
or plastic microparticles (< 5 um). Such conjugates have
specific reactive groups for a broad range of
applications and in particular they have biorecognitive
groups which thus provides an extremely large field of

applications for probes or test substances labelled in



this manner.

The invention in addition concerns the use of lipases
from plants in particular from Candida rugosa DSM 2031,
isoenzymes thereof or structural analogues with an amino
acid homology of at least 70 % and lipase activity for
the production of analytical probes or test substances
in which the lipase is used in a form conjugated with
biorecognitive groups and in which such test substances
are particularly suitable for biocassays, test strips,
biosensors or as gene probes. In this connection
classical oligonucleotide probes can in particular be
used as gene probes which, due to the favourable
thermostability of the lipase, enable a selective

hybridization under stringent conditions.

The superiority of the lipases from plants suggested
according to the invention, in particular from Candida
rugosa or isoenzymes thereof and the structural
analogues mentioned above, is elucidated in more detail

by the following figures and examples.

Fig. 1 shows the thermostability of the lipase from
candida species. It can be seen that the activity
remains almost constant over time at a pH value of 5 at
temperatures of 50°C and that at a pH value of 7 it
still retains over 75 % of its initial activity even
after one hour. Even at temperatures of 60°C and a pH

value of 5 the values remain at about 80 % of the

original activity after one hour.

Fig. 2 shows the detection limits of colour reactions of
lipase and alkaline phosphatase. It can be seen that in
the case of alkaline phosphatase the limit of detection



is almost reached at about 250 pg whereas in the
original even at 5 pg a spot could be detected as a
colour reaction in the case of lipase. The diameters of
the spots substantially correlate with the actual amount
down into a range of 10 ng in the case of lipase whereas
a simple quantitative estimation is no longer easily
possible in the case of alkaline phosphatase beyond
about 500 pg.

Fig. 3 illustrates schematically in a flow diagram the
use of lipase for an oligonucleotide gene probe. In this
procedure a structural gene 2 is immobilized to a
microtitre plate 1 via a biotin-avidin coupling. An
oligonucleotide probe 4 is linked to lipase 3, the
lipase being immobilized to the microtitre plate in the
case of an analyte 5 when this analyte recombines with
the gene which is immobilized on the microtitre plate 1
as well as with the oligonucleotide 4. Overall the
lipase 3 is immobilized on the microtitre plate 1 by the
hybridization reaction when a particular biological
substance 5 to be detected is present. The qualitative
detection is then possible by conventional methods, for
example by a colour reaction of the lipase with an

appropriate substrate as reagent.

Fig _4 shows a comparison of the optimal pH values of
lipase, peroxidase and alkaline phosphatase.

Fig. 5 shows a comparison of dye precipitation assays
for lipase and alkaline phosphatase.



Examples

General procedures

Horseradish peroxidase activity assay using ABTS

Principle:

Horseradish peroxidase was detected spectro-
photometrically at 23°C by monitoring the oxidation rate
of ABTS (1.49 mM) in the presence of hydrogen peroxide
(0.045 %) in 0.1 M citrate/phosphate buffer, pH 4.5 at a
wavelength of 420 nm.

Description of the method:

A substrate mixture of 0.5 ml ABTS (20 mg/10 ml water),
1 ml hydrogen peroxide (0.6 % in water) and 9.5 ml 0.1 M
citrate/phosphate buffer, pH 4.5 was prepared.

50 ul of an enzyme solution was mixed with 500 ul of the
aforementioned substrate solution and the kinetics of
the enzymatic reaction were monitored at a wavelength of
420 nm over a time period of one minute. The
concentration of the oxidized substrate was calculated
using the extinction coefficient for ABTS. The
concentration of the enzyme solution was adjusted in
such a way that a linear time course of the absorbance

curve was ensured under the working conditions.




Determination of the activity of alkaline phosphatase using p-
nitrophenyi phosphate as the substrate.

Principle:

Alkaline phosphatase was determined
spectrophotometrically at 23°C by monitoring the
hydrolysis of 0.1 mM p-nitrophenyl phosphate in 0.1 M
TRIS, 0.1 M NaCl and 50 mM MgCl,, pH 8.5 at a wavelength
of 405 nm [Lazdunski, C. and Lazdunski, M. (1966) BBA
113, 551-566].

Description of the method:

5 1l of an enzyme solution was mixed with 500 wl 0.1 M
TRIS, 0.1 M NaCl, 50 mM MgCl,, pH 8.5. After adding

100 pul of a 0.6 mM p-nitrophenyl phoshate solution, the
reaction time course was monitored kinetically at 405 nm
over a time period of one minute. The concentration of
the enzyme solution was adjusted in such a way that a
linear time course of the absorbance curve was ensured
under the working conditions. The concentration of the
hydrolysed substrate was determined using a

p-nitrophenol calibration curve at pH = 8.5.

Determination of lipase activity using p-nitrophenyl butyrate

Principle:

Lipase was determined spectrophotometrically at 23°C by
monitoring the hydrolysis of 0.1 mM p-nitrophenyl
butyrate in 0.1 M phosphate buffer, pH 7.0 at a
wavelength of 405 nm.

Description of the method:
A stock solution of p-nitrophenyl butyrate (pNPB) was
prepared by mixing 23 pl pNPB with 5 ml 1 % peolyvinyl



alcohol in water while shaking vigorously. The phase
containing undissolved pNPB was separated by
centrifugation (4°C, 1500 g, 7 min).

The concentration of the remaining aqueous solution of
pNPB was determined with the aid of a calibratilon curve

of p-nitrophenol at pH = 7.0.

5 wl enzyme solution was mixed with 500 pul 0.1 M
phosphate buffer, pH 7.0. After adding 100 ul of the

0.6 mM p-nitrophenyl butyrate solution, the reaction
kinetics were monitored at a wavelength of 405 nm over a
time period of one minute. The concentration of the
enzyme solution was adjusted in such a way that a linear
time course of the absorbance curve was ensured under
the working conditions. The concentration of the
hydrolysed substrate was determined using a

p-nitrophenol calibration curve at pH = 7.0.

Pretreatment of the lipase:

X-ray crystallographic studies of various lipases showed
that the active centre is shaped like a groove which is
covered in a cap-like manner by a helical protein part
[schrag, J.D. and Cygler, M., J. Mol. Biol. 230, 575-591
(1993); Derewenda, U., Brzozowski, A.M., Lawson, D.M.
and Derewenda, 2.S., Biochemistry 31, 1532-1541 (1992].
Various effectors are able to cause an extensive spatial
restructuring thus making the active centre more freely

accessible to the substrate.

Lipase (at a protein concentration of 0.09 mg/ml;
determined by means of the Bradford method) was
incubated for 1 to 60 min with a 20 to 44 % (v/V)

effector solution (e.g. tetrahydrofuran, 2-methyl-




pentanediol, 2-isopropanol...) in 0.1 M acetate buffer,
0.1 % BSA, pH 5.0 at room temperature. Subsequently the
enzyme solution was diluted to a measurable
concentration with 0.1 M acetate buffer, pH 5.0, 0.1 %
BSA, or 0.2 % (v/v) Tween 20 in 0.1 M acetate buffer,
pH 5.0, 0.1 % BSA. The samples were stored at 4°C. The

activity was determined using the pNPB assay.

Determination of lipase activity using hydroquinone monobutyrate

Principle:

Lipase was determined spectrophotometrically at 23°C by
monitoring the hydrolysis of 0.38 mM hydroguinone
monobutyrate in 0.1 M buffer, pH 1.5 to 9.0 at a
wavelength of 295 nm.

Description of the method:

A stock solution of hydroquinone monobutyrate (HMB) was
prepared by mixing 10 mg HMB in 6 ml of a 1 % aqueous
polyvinyl alcohol solution while shaking vigorously. The
concentration of the HMB solution was determined with
the aid of a hydroquinone calibration curve and was

3.08 mmol/1.

20 ul of an enzyme solution was mixed with 700 pl 0.1 M
buffer which had been adjusted to the desired pH value.
After adding 100 gl of a 3.08 mM HMB solution, the
kinetics of the enzymatic reaction were monitored at a
wavelength of 295 nm over a time period of 2 minutes.
The concentration of the enzyme solution was adjusted in
such a way that a linear time course of the absorbance
curve was ensured under the working conditions. The
concentration of the hydrolysed substrate was determined

with the aid of a hydroguinone calibration curve.



Example 1:

Comparison of the specific activities of lipase and

alkaline phosphatase with the aid of p-nitrophenyl

butyrate or p-nitrophenyl phosphate

1. purified horseradish peroxidase 1050 pmol/min * mg
(ABTS, pH = 4.5, 23°C)

2. purified alkaline phosphatase 900 upmol/min ° mg
(p-nitrophenyl phosphate, pH = 8.5, 23°C)

3. crude preparation of a lipase from Candida rugosa
2700 umol/min * mg (p-nitrophenyl butyrate,
pH = 7.0, 23°C)

The activity was related to the total protein

concentration of the enzymatic crude preparation.

In the case of purified lipase isocenzymes the
specific activity is expected to significantly

increase.

Example 2:

pDetermination and comparison of the pH optima of lipase,

horseradish perioxidase and alkaline phosphatase

Lipase activity was determined at different pH values
with the aid of the hydroguinone assay. The enzyme
lipase has a very broad pH optimum (between pH 3 - 8)
and is thus suitable for linked enzyme assays (e.g. with




peoxidase). Alkaline phosphatase is active at pH values
of more than 7, horseradish peroxidase has a pH optimum
of about pH = 5 when using ABTS as the substrate

(Fig. 4).

Example 3:

Stability of lipase, horseradish peroxidase and alkaline

phosphatase towards EDTA

All the above-mentioned enzymes were incubated at 4°C in
the presence of 50 mM EDTA. All measured enzyme
concentrations were adjusted to a protein content of

20 nmol.

e Horseradish peroxidase was determined using 0.1 M

phosphate buffer, pH 7.5, containing 0.05 % BSA.

o Alkaline phosphatase was diluted with 50 mM TRIS
buffer, pH 7.6, containing 1 mM MgCl, and 0.1 mM
ZnCl,, 0.05 % BSA.

oo

e Lipase was diluted with 0.1 M acetate buffer, pH 5.0

[}

containing 0.05 % BSA.

Taple 1

£t =0 min |t = 30 min{t = 16 h
Lipase 100 % 100 % 100 %
Alkaline phosphatase |100 % < 14 % < 4 %
Peroxidase 100 % 100 % 100 %




Example 4:

Thermostability of lipase, horseradish peroxidase and

alkaline phosphatase at 50°C

The thermostability of the above-mentioned enzymes
compared at a protein concentration of 0.2 mg/ml by

incubation at 50°C during a time period of 120 min.

e Horseradish peroxidase was incubated in 0.1 M
phosphate buffer, pH 7.5.

e Alkaline phosphatase was incubated in 50 mM TRIS
1 mM MgCl, and 0.1 mM ZnCl,, pH 7.6.

was

[

e Lipase was diluted with 0.1 M acetate buffer, pH 5.0
containing 0.5 % BSA.
Table 2
t=0 min t=30 min |t=90 min {t=120 min
Lipase 100 % 100 % 100 % 89 %
Alkaline phosphatase {100 % 100 % 96 % 87 %
Peroxidase 100 % 90 % 82 % 75 %




Example 5:

Stability of lipase, horseradish peroxidase (HRP) and

alkaline phosphatase in the presence of azide ions

All the above-mentioned enzymes were incubated in the
presence of 0.05 % sodium azide at 25°C and 4°C. In
order to compare these enzymes with one another,
equivalent molar protein concentrations of 20 nmol/ml

were used.

e Horseradish peroxidase (HRP) was diluted with 0.1 M
phosphate buffer, 0.5 % BSA, pH 7.5.

e Alkaline phosphatase was diluted with 50 mM TRIS,
1 mM MgCl, and 0.1 mM 2nCl,, 0.05 % BSA, pH 7.6.

X

e lLipase was diluted with 0.1 M acetate buffer,
0.05 % BSA, pH 5.0.

Azides can be used to preserve all the above-mentioned
enzymes. With regard to alkaline phosphatase a slight
decrease in the enzymatic activity (10 - 20 % per day)
was observed. In addition azide leads to a lowering of
the peroxidase activity by inactivating peroxidase (HRP)

in the presence of hydrogen peroxide (during the assay).
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Example 6:

Stability of lipase, horseradish peroxidase and alkaline

phosphatase in the presence of 7 M urea solutions

All the above-mentioned enzymes were incubated with 7 M
urea at 25°C and 4°C. In order to compare these enzymes,

protein concentrations of 20 nmol/ml were used.

e Peroxidase (HRP) was diluted with 0.1 M phosphate
buffer (pH 7.5), 0.05 % BSA.

e Alkaline phosphatase was diluted with 50 mM TRIS
(pH 7.6), 1 mM MgCl, and 0.1 mM ZnCl,, 0.05 % BSA.

¢ Lipase was diluted with 0.1 M acetate buffer
(pH 5.0), 0.05 % BSA.

o\

At 4°C, 7 M urea solution only leads to a slight
denaturation of all the above-mentioned enzymes (10 %
decrease in the activity per day). The activity of these
enzymes decreases by 50 % at 25°C.

Example 7:

Introduction of sulfhydryl groups (SH) in lipase (for

coupling to reporter molecules containing maleimide or

iodoacetate groups)

The introduction of thiol groups in lipase was carried
out in 0.1 M EDTA, 0.1 M phosphate buffer, pH 7.5 at a

final protein concentration of 3 mg/ml using a ten-fold




excess of 2-iminothiolane.

After incubating for 20 min at room temperature, excess
2-iminothiolane was separated from modified enzyme by
means of ultrafiltration using Centricon 30 tubes. The
extent of modification was determined using Ellman's
reagent [5,5'-dithio-Bis-(2-nitrobenzoic acid))]. The
protein modified with SH groups was stored at 4°C in
0.1 M EDTA, 0.1 M acetate buffer, pH 5.

Example 8:

Introduction of maleimide residues into lipase by means

of heterobifunctional cross-linkers (for coupling to

reporter molecules containing thiol groups)

(Sulfo)succinimidyl-4-(N-maleimidomethylcyclohexane) ;
(PIERCE 22322X) m-maleimidobenzoyl-N-hydroxysuccinimide
ester; (PIERCE 22312X) (sulfo)succinimidyl-4-(p-—
maleimidophenyl)butyrate; (PIERCE 22317X) (sulfo)-
succinimidyl-(4-iodacetyl)aminobenzoate; (PIERCE 22327X)

The above-mentioned and commercially available
heterobifunctional cross-linkers which have at least two
different reactive groups, allow sequential conjugations
and minimize an undesired polymerization or self

conjugation. These cross linkers were tested as follows:

Lipase was modified with the above-mentioned cross
linkers in 50 mM borate buffer, 0.1 M EDTA, pH = 7,
using a 50 molar excess of heterobifunctional cross
linker. The protein concentration of the lipase fraction

was determined by the Bradford test and was 3 mg/ml. The
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lipase showed no significant loss of enzyme activity.

Example 9:

Coupling of lipase and polyethylene glycol

Principle:

The carboxyl groups of lipase were modified in the
presence of polyethylene glycol, l-ethyl-3-(3-dimethyl-
aminopropyl)carbodiimide (EDC) and N-hydroxysuccinimide
(NHS) .

Description of the method:

Modified lipase with isoelectric points pI = 5.5 to

pI = 7.0

A stock solution of 0,0'-Bis-(2-aminopropyl)polyethylene
glycol 1900 (M.W: 2000) (DiaminoPEG) was prepared at a
concentration of 0.59 g/ml in water and adjusted to pH =
4.6 with dilute hydrochloric acid.

A stock solution of EDC/NHS was prepared by mixing an
aqueous solution of EDC with a solution of NHS in
dimethylformamide (DMF) in a molar ratio of 15:1. This
stock solution was used immediately.

Lipase (384 ug; 6.7 nmol) was mixed with a solution of
DiaminoPEG (12.2 mg, 6.4 umol). Afterwards a mixture of
EDC/NHS (EDC: 0.15 mg, 780 nmol; NHS: 0.006 mg, 52 nmol)
was added and the mixture was incubated for 16 hours at
4°C in the dark (the pH of the reaction mixture was
6.8). The final protein concentration was 5 mg/ml. The
reaction was stopped with 500 mM acetate buffer, pH 5

and the excess DiaminoPEG was separated by means of
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electrodialysis against 50 mM acetate buffer, pH 5.0.
The reaction products were analysed on a native
polyacrylamide gel and detected by staining with indolyl
acetate/nitro blue tetrazolium salt (NBT).

Modified lipase with isoelectric points of pI = 7 to
pl = 9

A stock solution of 0,0'-Bis-(2-aminopropyl)polyethylene
glycol 1900 (M.W. 2000) (DiaminoPEG) wais prepared at a
concentration of 0.59 g/ml in water and adjusted to

pH = 4.6 using dilute hydrochloric acid.

A stock solution of EDC/NHS was prepared by mixing an
agqueous solution of EDC with a solution of NHS in
dimethyl formamide (DMF) in a molar ratio of 15:1. This

stock solution was used immediately.

Lipase (384 ug; 6.7 nmol) was mixed with a solution of
DiaminoPEG (12.2 mg, 6.4 upmol). Afterwards a mixture of
EDC/NHS (EDC: 0.61 mg, 3.2 umol; NHS: 0.024 mg,

0.21 pnmol) was added and the mixture was incubated for
16 hours at 4°C in the dark (the pH of the reaction
mixture was 6.8). The final protein concentration was

5 mg/ml. The reaction was stopped with 500 mM acetate
buffer, pH 5 and the excess DiaminoPEG was separated by
means of electrodialysis against 50 mM acetate buffer,
pH 5.0. The reaction products were analysed on a native
polyacrylamide gel and detected by staining with indolyl
acetate/nitro blue tetrazolium salt (NBT).

Modified lipase with isoelectric points of pI = 7 to

pI = 9

A stock solution of 0,0'-Bis-(2-aminopropyl)polyethylene
glycol 1900 (M.W. 2000) (DiaminoPEG) was prepared at a
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concentration of 0.59 g/ml in water and adjusted to

pH = 4.6 with dilute hydrochloric acid.

A stock solution of EDC/NHS was prepared by mixing an
aqueous solution of EDC with a solution of NHS in
dimethyl formamide (DMF) in a molar ratio of 15:1. This

stock solution was used immediately.

Lipase (384 ug; 6.7 nmol) was mixed with a solution of
DiaminoPEG (12.2 mg, 6.4 umol). Afterwards a mixture of
EDC/NHS (EDC: 0.61 mg, 3.2 umol; NHS: 0.024 ng,

0.21 umol) was added and the mixture was incubated for
16 hours at 4°C in the dark (the pH of the reaction
mixture was 6.8). The final protein concentration was 5
mg/ml. The reaction was stopped with 500 mM acetate
buffer, pH 5 and the excess DiaminoPEG was separated by
means of electrodialysis against 50 mM acetate buffer,
pH 5.0. The reaction products were analysed on a native
polyacrylamide gel and detected by staining with indolyl
acetate/nitro blue tetrazolium salt (NBT).

Example 10:

Coupling lipase to deoxyoligonucleotides

Modification of lipase (modified with polyethylene glycol) using
SMCC:

PEG lipase was modified in 20 mM phosphate buffer,

150 mM NaCl, 1 mM EDTA, pH 7.4 at a final protein
concentration of 10 mg/ml using a 20-fold molar excess
of SMCC (with regard to five amino groups to be
modified). After incubating for 30 min at room
temperature and in the dark, excess cross-linker was

separated on a Sephadex-10 column which had previously



been equilibrated with 20 mM phosphate buffer + 2 mM
EDTA (pH 6.5).

The desired fractions having lipase activity were
concentrated with the aid of Centricon-30 tubes at a
room temperature of 4°C and subsequently lyophilized.
The modified lipase was stored at -20°C and used

directly for coupling to oligonucleotides.

Preparation of SH-oligonucleotides:

The oligonucleotides were synthesized using the
phosphoramidite method. The terminal sulfhydryl group at
the 5' end was introduced during the last synthesis step
using C6-thiol modifiers. After purifying on reverse
phase HPLC (0.1 M triethylammonium acetate pH 7 and
methanol as the mobile phase), the trityl group was
cleaved off using silver nitrate and it was stored at
-20°C in DTT [working instructions by Clontech].

Coupling SMCC lipase and deoxyoligonucleotides:
5 ug of trityl-free oligonucleotide in a volume of 50 ul
was desalted on a Sephadex G-25 column and directly

mixed with the lyophilized enzyme.

After the enzyme had dissolved, the reaction was firstly
carried out for one hour at room temperature and
subsequently for 16 hours at 4°C to complete the

reaction.
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Example 11:

Immebilizing lipase and antigen on metal colloids

The synthesis of colloidal gold was carried out
according to Frens, G. et al., [Nature Lond. Phys. Sci.
241, 20 (1973)]. Lipase (10 pl, protein concentration of
1 mg/ml) in 0.1 M phosphate buffer and 6 pl viral
antigen (0.8 mg/ml) were mixed with one millilitre of
colloidal gold solution and incubated for 30 minutes at

room temperature.

Unbound proteins were removed by a 15 min.
centrifugation at 1600 g. The supernatant was removed by
pipette and the precipitate was dissolved in 1000 ul

10 % polyethylene glycol 20000 (PEG 20000)

(Polyscience). Each step in the dissclution required

50 pl 10 % SDS and the use of ultrasound for several
minutes (Bandelin SONOREX Sper RK510II). This procedure

was repeated three times.

After the last centrifugation the precipitate was
dissolved in 50 1 1 % PEG 20000 and 200 pul PBST-3 %
BSA. The supernatants and the dissolved precipitates
were examined for lipase activity and antigen activity.
only the first supernatant exhibited lipase activity and
thus represents unbound proteins. No enzyme activity
could be found in the supernatants after the cther
centrifugation steps. In contrast the dissolved

precipitates exhibited lipase activity, as expected.
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Example 12:

Comparison of a dye precipitation assay for lipase and

alkaline phosphatase

Precipitation assay with lipase:

Substrate stock solution: 50 mg indolyl acetate in 1 ml
100 % dimethylformamide (DMF); stock solution of nitro
blue tetrazolium chleride (NBT); 50 mg NBT dissolved in
1 ml 70 % dimethylformamide. The substrate solution was
prepared by mixing 66 pl NBT stock solution in 10 ml
0.1 M phosphate buffer pH 6.5. The mixture was used

immediately.

Precipitation assay with alkaline phosphatase:

Substrate stock solution: 50 mg 5-bromo-4-chloro-3-
indolyl phosphate (BCIP) dissolved in 1 ml 100 %
dimethylformamide (DMF); NBT stock solution: 50 mg NBT
dissolved in 1 ml 70 % dimethylformamide (DMF). The
substrate solution was prepared by mixing 33 ul
substrate stock solution and 66 wl NBT stock solution in
10 ml 0.1 M substrate buffer (0.1 M TRIS, 0.1 M NacCl,

50 mM MgCl,, pH 8.5). The mixture was used immediately.

In any case better the resolution is improved at high
concentrations due to the low solubility of the lipase

reaction product (Fig. 5).

The lipase which was used in this case was not optimally
purified. Therefore a better detection lirit can be

achieved using a pre-purified and pretreated lipase.
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- Claims -

Enzyme-labelled probe or test substance, wherein
the enzyme is a lipase from plants, a corresponding
isocenzyme or a structural derivative having an

amino acid homology of at least 70 % and lipase

activity.

Enzyme-labelled probe or test substance as claimed
in claim 1, wherein the enzyme having lipase
activity is obtainable from Candida rugosa DSM
2031.

Enzyme-labelled probe or test substance as claimed
in claim 1 or 2, wherein the lipase 1is conjugated
with biotin, avidin, lecithin, protein A,

protein G, antibody-binding proteins, antibodies,
antigens, viral protein antigens, bacterial surface
proteins, digoxigenin, DNA, RNA, oligonucieotides
or synthetic analogues, metal colloids or plastic

microparticles (< 5 um}.

Use of lipase from plants, isoenzymes or structural
analogues thereof having an amino acid homology of
at least 70 % and lipase activity for the
production of analytica%ﬁgif?gs\ér test substances,
wherein the lipase is usedkconjugated with bio-

recognitive groups.

Use as claimed in claim 4, wherein the lipase is

obtainable from Candida rugosa DSM 2031.



G.

Use as claimed in claim 4 or 5 for the production
of test substances for bicassays, test strips,

biosensors or gene probes.



Abstract

In order to improve the thermal and chemical stability
of an enzyme-labelled probe, lipase which can preferably
be obtained from Candida rugosa, isoenzymes or
structural analogues thereof having an amino acid
homology of at least 70 % and lipase activity is used as
the enzyme.
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