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Interfacial catalysis by lipasesq
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Abstract

We designed a convenient, specific, sensitive and continuous lipase activity assay using natural long-chain triacyl-
Ž .glycerols TAGs . Oil was extracted from Parinari glaberrimum seed kernels and the purified TAGs used as a substrate for

detecting low levels of lipase activities. The purified TAGs are naturally fluorescent. The presence of detergents above their
critical micellar concentration dramatically increases the fluorescence of the parinaric acid released by various lipases. This
increase is linear with time and proportional to the amount of lipase added. Quantities as low as 0.1 ng of pure pancreatic

Ž .lipase could be detected under standard conditions pH 8 .
Ž .The interfacial activation of human pancreatic lipase HPL probably involves the motion of a lid covering the active site

of the enzyme. We observed that the presence of either bile salts or a small proportion of water-miscible organic solvents
Ž .called activator compounds considerably enhances the enzymatic activity of HPL on a monomeric solution of tripropionin.
This finding suggests that the activator compounds may favor the opening of the lid. This hypothesis was checked by

Ž Ž ..comparing the immunoreactivity of HPL and HPL with a mini-lid HPL -lid towards anti-HPL monoclonal antibodies
Ž .mAbs , in the presence and absence of the activator compounds. q 2001 Elsevier Science B.V. All rights reserved.
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q The key concepts summarized in this overview have been
presented by Robert Verger during the 4th International Sympo-
sium on Biocatalysis and Biotransformations held at Taormina
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1. A lipase assay using as substrate the naturally
fluorescent triacylglycerols from Parinari glaber-
rimum

1.1. Introduction

Some lipases, such as digestive lipases, are fairly
abundant in animal organs or their exocrine secre-
tions, and their catalytic activity can easily be de-
tected using titrimetric methods. Many other lipases
are present in very small amounts in biological sam-

Žples for example in mammalian cells and plant seed
.homogenates . To detect them, for both purification,
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medical diagnosis, and food quality analysis pur-
poses, more sensitive methods are required. A re-
view of some of the lipase detection and assay
methods is available on our laboratory’s web site
Ž .http:rrlle-sg.cnrs-mrs.fr .

The methods involving the use of radiolabelled
w xsubstrates 1 are very sensitive but cannot be moni-

tored continuously and need time-consuming chro-
matographic or organic solvent separation steps to
isolate the released fatty acids. Easy and continuous
assays, compatible with a high sample throughput,
have been developed using chromogenic or fluoro-
genic substrates. However, almost all these molecules

Ž .are chemically unrelated to triacylglycerols TAGs
and can be hydrolysed by the non-specific esterases
often present in crude biological media. The use of a
TAG containing fatty acyl chains in which a fluores-
cent pyrene residue is linked to the v position, was

w xfirst described by Negre et al. 2 . However, this`
sensitive assay requires the isolation of the released

Žpyrene–fatty acid. A quencher residue tri-
.nitrophenylamine residue was introduced by Duque

w xet al. 3 as a means of lowering the basal fluores-
Žcence of this TAG containing acyl–pyrene 1-O-

hexadecyl- 2 -pyrenedecanoyl-3-trinitrophenylamino-
.dodecanoyl-sn-glycerol and its enantiomer . This

intramolecularly quenched TAG containing acyl–
pyrene can therefore be used in a continuous fluores-
cent assay. Unfortunately, as can be seen from the

w xdata reported in Duque et al. 3 , this kind of chemi-
cally modified TAG is poorly hydrolysed by lipases,
probably for steric reasons.

Parinaric acid is a naturally fluorescent fatty acid.
w xSince Wolf et al. 4 used a phospholipid containing

parinaric acid to monitor a phospholipase A activ-2

ity, we decided to investigate whether TAG contain-
ing parinaric acid might constitute a convenient and
specific lipase substrate.

Fig. 1. Chemical structure of a-parinaric acids9,11,13,15-
octadecatetraenoic acid.

Ž . Ž .Fig. 2. Fluorescence excitation A and emission B spectra of
purified P. glaberrimum TAGs dispersed by injection of the

Ž .ethanolic solution in a standard buffer: 50 mM Tris–HCl pH 8 , 4
Ž .mM NaTDC, 100 mM NaCl, 6 mM CaCl , 0.001% wrv BHT.2

The final TAGs concentration was 18 mgrml and the temperature
was 258C. Excitation wavelength was adjusted at 324 nm in the
case of the emission spectrum, and emission wavelength was
adjusted at 420 nm in the case of the excitation spectrum.

1.2. Results

1.2.1. Lipolysis of purified TAG from P. glaberri-
mum can be monitored, in the presence of detergent,
by recording the increase in the fluorescence inten-
sity at 420 nm

More than half of the fatty acids extracted from
P. glaberrimum oil are known to be parinaric acid
Ž . w x9,11,13,15-octadecatetraenoic acid 5 , which is the
cis, trans, trans, cis isomer, as shown in Fig. 1.
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The fluorescent oil is commercially available from
Ž .Molecular Probes on request Eugene, OR . We

purified the TAG of P. glaberrimum oil by prepara-
tive thin layer chromatography. Comparisons be-

w xtween the unique spectroscopic characteristics 6 of
pure parinaric acid and the absorption spectrum of

Ž .our purified TAG diluted in ethanol data not shown
confirmed that this fluorescent fatty acid was indeed
present in the TAG.

Fig. 2A shows the excitation spectrum of purified
P. glaberrimum TAG dispersed in an aqueous phase
Ž . ŽpH 8 . At the maximum excitation wavelength 324

.nm , the emission spectrum displayed a broad bell-
Ž .shaped curve centered around 420 nm Fig. 2B .

An increase in the fluorescence intensity of the
emission spectrum was observed after adding human

Ž .pancreatic lipase HPL in the presence of 4 mM
Ž .sodium taurodeoxycholate NaTDC , which was not

Žaccompanied by any wavelength shift data not
.shown . To monitor the lipolysis, we therefore se-

lected 324 nm as the excitation wavelength and 420
nm as the emission wavelength.

ŽIn the absence of lipolysis control experiment
Ž ..without HPL ` bile salts have a negligible effect

on the fluorescence intensity measured at 420 nm
Ž . Ž .Fig. 3A . In the assay experiment l , free fatty
acids were released by HPL from the purified P.
glaberrimum TAG and the lipolysis was stopped by

Ž .addition of tetrahydrolipstatin THL , a potent HPL
inhibitor. The fluorescence intensity was read after
each NaTDC addition, corresponding to an increase
in the concentration in 0.4 mM steps. A sigmoid-
shaped curve was obtained with the half maximum

Ž .intensity at around 2.5 mM NaTDC Fig. 3A . It
should be noticed that this effect of NaTDC on
parinaric acid fluorescence is totally unrelated to the
activation of HPL on a monomeric tripropionin solu-

Ž .tion see Section 2, third paragraph .
The above results clearly show that a concentra-

tion of 4 mM NaTDC is required to be able to
properly detect the fluorescent fatty acids released by

Ž .Fig. 3. A Effect of NaTDC concentration on the fluorescence
Ž .intensity of hydrolysed TAGs. The fluorescent TAGs 18 mg

Ž .dispersed in 1 ml standard buffer pH 8 containing 0.4 mM
Ž .NaTDC were incubated for 5 min with l 0.2 nM HPL and 2

Ž .nM colipase corresponding to 17% of acyl chain hydrolysed or
Ž .without lipase ` . THL 200 nM was then added to stop the

Ž .lipolysis process enzymerinhibitor molar ratio: 1r1000 . The
effect of THL on the lipolysis under our assay conditions is
demonstrated in Fig. 4. The fluorescence intensity was read
Ž .excitation 324 nm and emission 420 nm after each NaTDC

Ž .addition 1 ml , corresponding to an increase in the concentration
Ž . Žin 0.4 mM steps. B Effect of various detergents see abbrevia-

.tions above their CMC on the fluorescence intensity of the
hydrolysed TAGs. Filled columns: partial hydrolysis was per-
formed under the conditions described in Fig. 2A. Empty columns:
controls with no lipase added. Ten microliters of the detergent
solution was added to the 1-ml cuvette before the fluorescence

Ž .intensity was read excitation 324 nm, emission 420 nm . The
final concentrations of the added detergents were: NaTDC: 4 mM;
CHAPS: 8 mM; Sulfobetaine SB 12: 4 mM; Tween 20: 0.2 mM;

ŽBrij 35: 0.4 mM; Dobanol: 0.4 mM; Gluco 12 n-Dodecylgluco-
.side : 0.2 mM. Each bar gives the mean"SEM, based on tripli-

cate experiments.
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HPL. It is worth noting that NaTDC, an ionic deter-
gent, is not unique and can be replaced by other
detergents. Fig. 3B shows that NaTDC gives the
most satisfactory fluorescence signal but that other

Žneutral or zwitterionic detergents NaTDC, CHAPS,
Sulfobetaine SB 12, Tween 20, Brij 35, Dobanol,

.n-Dodecylglucoside can be used as well.
The increase in the fluorescence intensity ob-

served upon lipolysis was probably due to the change
Ž .from a nonpolar medium TAG to a more polar

Ž .environment mixed bile salt micelles . We further
investigated the changes in the fluorescence intensity
during the course of lipolysis.

Upon subsequently adding a solution of HPL and
Ž .colipase q , the fluorescence intensity measured at

Ž .420 nm increased sharply Fig. 4 . This increase can
Ž .be stopped readily by the addition of THL l . No

changes in fluorescence intensity were detected when
Ž .either heat-treated HPL and colipase v , or HPL in

Ž .the absence of colipase ` , were used.
Lipase activity could also be assayed in acidic

Ž . Žmedia pH 5 using human gastric lipase data not
.shown . Furthermore, this new method could be

scaled down to microtiter plate measurements.

Fig. 4. Kinetics of TAGs hydrolysis followed by fluorescence
Ž .intensity changes in a spectrofluorimetric cuvette 1 ml . Excita-

tion at 324 nm and emission at 420 nm. In 1 ml of the standard
Ž .incubation medium, 1 ml of a mixture of HPL 1 ng and colipase

Ž . Ž .2 ng was added at time 60 s first arrow . The final HPL and
colipase concentrations were 20 and 200 pM, respectively. Sym-

Ž . Ž . Ž .bols: q : HPL without THL; ` : No HPL; v : heat-treated
HPL. Lipolysis was stopped by adding 1 ml of an ethanolic

Ž . Ž . Ž .solution 2 mM of THL l at time 190 s second arrow , so that
ŽHPLrTHL molar ratio was 1r100 final concentration of THL: 2

.nM . Control assay: 1 ml of ethanol.

Ž . ŽFig. 5. A Rate of fluorescence intensity changes measured
.during 5 min versus HPL concentrations in a spectrofluorimetric

Žcuvette. Each point gives the mean"SEM of four replicates the
standard errors for most of the data points were smaller than the

. Žsymbol size . Variable amounts of an HPLrcolipase solution 10
.ml were added to 1 ml of the standard reaction medium in the

cuvette, and the fluorescence was recorded for 5 min. The in-
crease in the fluorescence intensity was linear with time for at

Ž .least 2 min. Excitation at 324 nm and emission at 420 nm. B
Ž .Rate of fluorescence intensity changes measured during 5 min

versus HPL concentrations in microtiterplate wells. Each point
Žgives the mean"SEM of four replicates the standard errors for

.most of the data points were smaller than the symbol size .
Ž .Variable amounts of an HPLrcolipase solution 10 ml were

added to 140 ml of the standard reaction medium in the microw-
ells. The fluorescence intensity was read every minute during 30
min. Increase in fluorescence intensity was linear with time for at
least 10 min. The excitation filter was at 325 nm and emission
filter at 400 nm.

1.2.2. The kinetics of fluorescence intensity changes
are proportional to the amount of lipase used

Using purified TAG from P. glaberrimum as a
substrate, the fluorescence intensity was recorded
versus time after adding variable amounts of
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HPLrcolipase in the cuvette or the microtiter plate
assay. The initial rates of kinetic curves were found
to be linearly proportional to the amount of HPL
used as shown in Fig. 5.

One has to note that the fluorescence intensity
units are not identical in the two assays. In the
microtiter plate and cuvette assays, it is possible to
detect quantities of pure HPL as low as 0.1 and 0.5
ng, respectively.

No oxidation-related problems were noted during
a 30-min period of incubation in the microtiter plate

Ž .assay, using butylhydroxytoluene BHT -containing
buffer.

1.3. Conclusions

This fluorescence assay is relatively easy to per-
form from the technical point of view and does not
require an emulsification of the TAG with gum
arabic. Moreover, since this assay can be performed
in microtiter plates, it can be used conveniently to
perform extensive screening of lipase activity in
numerous samples. The tendency of parinaric acid to
oxidize during the cuvette assay is likely to decrease
the emitted fluorescence intensity and this drawback

Žcan be overcome by adding an antioxidant BHT
.0.001% wrv to the buffers and by keeping the

cuvettes closed under a nitrogen atmosphere. The
assay needs the presence of a selected detergent in
order to solubilize in mixed micelles the released
parinaric acid. Of course, this detergent should not
inhibit the lipase activity.

In the method described here, the fluorophore is a
naturally conjugated polyene fatty acid that does not
contain any chemical substituents likely to create
steric hindrance. The natural TAG extracted from P.
glaberrimum seeds are therefore specific, convenient

w xand sensitive lipase substrates 7 .

2. A conformational transition between an open
and closed form of human pancreatic lipase re-

( )vealed by a monoclonal antibody mAb

The interfacial activation of HPL probably in-
volves the motion of a lid covering the active site of
the enzyme. Here we observed that the presence of

either bile salts or a small proportion of water-misci-
Ž .ble organic solvents called activator compounds

considerably enhances the enzymatic activity of HPL
on a monomeric solution of tripropionin. This find-
ing suggests that the activator compounds may favor
the opening of the lid. This hypothesis was checked
by comparing the immunoreactivity of HPL and

Ž Ž ..HPL possessing a deletion within the lid HPL -lid
towards anti-HPL mAbs, in the presence and absence
of the activator compounds.

Lipase assays were carried out with a monomeric
Ž .tripropionin solution 8 mM , in the presence of a

5-fold molar colipase excess. We observed that HPL
Žwas maximally activated 8-fold by tert-butanol 5%

. Ž .vrv and 6-fold by dioxane 5% vrv , reaching 63%
and 40%, respectively, of the rates measured with
emulsified tripropionin; whereas acetonitrile and for-
mamide did not significantly affect the hydrolysis of
the monomeric tripropionin used as substrate. These
results may be attributable to the fact that tert-butanol
and dioxane are rather protic solvents characterized

Žby low dielectric constants 10.9 and 2.2, respec-
.tively and high octanol–water partition coefficients

Ž . Ž .K 2.238 and 0.537, respectively ; acetonitrileow

and formamide, on the contrary have high dielectric
Ž .constants 50 and 109, respectively and low Kow

Ž .values 0.457 and 0.03, respectively . These data
suggest that the presence of water-miscible organic
solvents with a low dielectric constant is responsible
for a conformational change in HPL

Like tert-butanol and dioxane, NaTDC at a molar
concentration of 3 mM was found to enhance hydrol-
ysis of monomeric tripropionin about 4-fold This
bile salts concentration is approximately equal to the

Ž .critical micellar concentration CMC .
Ž .Three anti-HPL mAbs 81-23, 146-40 and 248-31

were used with the immunoprecipitation procedure
Ž .IP . It was previously established by Aoubala et al
w x8 that in the native and sodium dodecyl sulfate-de-
naturated HPL, mAbs 81-23 and 146-40 recognize
the C- and the N-terminal domains, respectively,
whereas, mAb 248-31 recognizes only native HPL.
In addition, the latter mAb did not react with HPL in
a simple sandwich enzyme-linked immunosorbent

Ž .assay ELISA , but did so in a double sandwich
ELISA. To explain these results, it was assumed by

w xthese authors 8 that the epitope recognized by mAb
248-31 is conformational and located in a hydropho-
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Table 1
ŽImmunoreactivity of mAb 248-31 with HPL, DP-HPL and HPL -

.lid in the presence or in the absence of tert-butanol or NaTDC
Ž .activator compounds

Ž .Activator compound HPL DP.HPL HPL -lid

NaTDC y y q
Ž .Tert-butanol 5% vrv y y q

None q y q

bic region. We first checked that mAb 248-31 recog-
nized the N- and not the C-terminal domain of HPL.
We then checked whether the three anti-HPL mAbs
Ž .81-23; 146-40 and 248-31 might immunoprecipi-
tate HPL in the absence or presence of tert-butanol
Ž . Ž .5% vrv or bile salts 3 mM . The IP procedure
was used to estimate the amount of immunoprecipi-

Ž .tated lipase present in the pellet IP yield . In order
to check our measurements, the total lipase activity

was estimated in the supernatant by performing the
standard tributyrin assay.

Similar immunoreactivities of mAbs 81-23 and
146-40 with HPL were obtained in the presence or
absence of water-miscible organic solvents or bile
salts. The fact that similar immunoreactivities were
observed in all these cases indicates that the presence
of tert-butanol or bile salts in the medium does not
significantly affect the dissociation constant of the
antigen–antibody complex. Identical results were ob-

Ž .tained with HPL -lid .
We observed striking differences when mAb 248-

31 was incubated in the presence of either water-
Ž .miscible organic solvents or bile salts Table 1 . The

presence of bile salts led to a greater loss of
Ž .immunoreactivity with mAb 248-31 IP yield 10%
Ž .than that observed with tert-butanol IP yield 50%

Ž .data not shown . It is worth noting that these HPL
immunoreactivity losses observed with mAb 248-31

Ž . Ž . Ž . Ž .Fig. 6. Hypothetical scheme illustrating a conformational transition of HPL A , HPL -lid B and DP.HPL C as revealed by mAb 248-31.
Ž .Only the N-terminal domain of the HPL is represented with the catalytic serine 152 Ser–OH . The epitope of mAb 248-31 may be masked

by the lid opening in the presence of tert-butanol or bile salts.



( )N. Miled et al.rJournal of Molecular Catalysis B: Enzymatic 11 2001 165–171 171

depend on the presence of the lid domain. The
Ž .HPL -lid reacts in exactly the same way in the

presence and absence of tert-butanol or bile salts
Ž .Table 1 . These findings suggest that the mAb
248-31 does not immunoreact with HPL under its
open conformation.

w xHPL inhibition by tetrahydrolipstatin 9 or phos-
w xphonate inhibitors 10 as well as Rhizomucor miehei

lipase inhibition by diethyl p-nitrophenyl phosphate
Ž . w xE600 11 leads to a conformational transition from
the closed to an open conformation. Based on these
data, we can also assume that the HPL inhibited by

Ž .E600 DP.HPL in solution used in our study was
present in its open conformation. As was to be
expected, a great loss of reactivity of DP.HPL was

Ž .observed with the mAb 248-31 Table 1 but not
Ž .with the mAbs 81-23 and 146-40 data not shown ,

in the presence or absence of water-miscible organic
solvents, which confirmed our initial hypothesis. Fig.

Ž .6 illustrates the reactivity of HPL, HPL -lid and
DP.HPL towards the mAb 248-31 in the presence or
absence of activator compounds.

One key point here was the need to check whether
or not the loss of immunoreactivity observed in mAb
248-31 with the open form of HPL depends on the
presence of colipase. Interestingly, in the absence of
colipase, bile salts but not tert-butanol induced a loss
of immunoreactivity. In the absence of colipase, bile
salts but not tert-butanol can therefore be said to be
able to trigger the opening of the lid.

The present data obtained using enzyme kinetic as
well as epitope mapping procedures are consistent

with the conformational changes in HPL previously
described on the basis of X-ray crystallography data
w x12 . This approach could be generalized to other
types of enzymes acting on biomembranes or present
therein.
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