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The Conformational Changes of the Fungal Lipase from
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The effect of sodium taurodeoxycholate and a mixture of sodium taurodeoxychol ate/phosphatidy!-
choline on the activation of fungal lipase from Humicola lanuginosa (HLL) was investigated by
monitoring the specific activity and the changes in intrinsic protein fluorescence. A large increase
in the inactivation rate was observed at about the critical micellar concentration of bile salt. On the
contrary, a high activation of lipase was achieved by the presence of mixed micelles. Steady-state
fluorescence quenching measurements were performed to resolve the fluorescence contribution of
W89 residue in emission of four-tryptophan-containing HLL lipase. The W89 residue is located in
the “lid” helix which participates in interfacial activation of the enzyme. The assignment of W89
residue was confirmed by use of the W89F mutant and inhibited form of lipase. The FQRS
(fluorescence quenching resolved spectra) method was used to decompose thetotal emission spectrum
of HLL lipase. The FQRS results show that the fluorescence of the W89 residue is similar in
inhibited and inactivated HLL lipase and exhibits a maximum of emission at about 345 = 1 nm
(Aex = 295 nm). In the mixed micelle solution the fluorescence of the W89 residue may be resolved
into two components, with fluorescence maxima at 337 and 347 nm, respectively (Aex = 295 nm).
It is concluded that HLL lipase undergoes a conformational transition upon specific interactions
with both anionic and mixed micelles, resulting in a change in the microenvironment of the
W89 residue.
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INTRODUCTION

The fungal Humicola lanuginosa lipase belongs to
a family of neutral lipases (acylglycerol acylhydrolases;
EC 3.1.1.3) which preferentially hydrolyze fatty acids
from the snl1 and sn3 positions of triglycerides. X-ray
crystallographic studies have determined the 3-D struc-
ture of HLL lipase both in the native form [1] and com-
plexed with inhibitors [2,3]. The results obtained from
these investigations indicate that the molecular architec-
ture and catalytic mechanism of the HLL lipase show
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features similar to those of related enzymes [4—12]. The
fungal acylhydrolase is a single-domain protein (MW =
30,000) built on eight central, twisted paralel B-sheet
backbones connected by a-helices. The active siteiscom-
posed of a Ser146—His258—Asp201 residue, reminiscent
of the catalytic triad of serine proteases[13]. Inthe native
(i.e., nonbound) enzyme, the active site is blocked by a
short amphipathic a-helix, also called the “lid” or “flap.”
When complexed with inhibitors (or substrate anal ogues),
the “lid” helix is displaced to one side, thereby exposing
the catalytic triad. At the same time the nonpolar surface
around the active site is enlarged. It was postulated that
this conformational change is intimately related to the
phenomenon of interfacial activation [14].
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TheHLL lipase contains 4 tryptophans, 10 tyrosines,
and 15 phenylalaninesper molecule. Tryptophan residues,
W89, W117, W221, and W260, are located in different
regions of the protein. Significantly, the W89 residue is
incorporated within a flexible “lid” helix which covers
the active center under aqueous conditions[1]. It has been
demonstrated experimentally that the W89 is essential for
enzyme activity [15,16]. The results of X-ray studies of
HL L —diethylphosphate and HL L —dodecyl ethyl phospho-
nate complexes, together with the molecular dynamics
simulations [2], indicated a high mobility of the W89
side chain during interfacial activation.

The purpose of the present work was to investigate
the structural changes of HLL lipase induced by interac-
tionswith both bile salt and mixed micelles. Theintrinsic
fluorescence of the W89 residue, located in the “lid”
region, has been used as a probe for the dynamics of
protein. To determine the fluorescence contribution of
the W89 residue, steady-state fluorescence experiments
were performed for native (so-called “closed” form),
inhibited (so-called “open” form), and mutated enzyme.
Inthelatter casethe W89 residue was replaced by phenyl-
alanine. It should be stressed that the site-directed muta-
genesis did not induce any substantial conformational
changes in the protein structure [15].

EXPERIMENTAL

The high-purity, lyophilized samples of the native
(cHLL), inhibited (oHLL), and mutated (W89F) forms
of Humicola lanuginosa lipase were a generous gift from
Novo Nordisk, A/S Bagsvaerd, Denmark. The inhibited
form of lipase was obtained by complexing the enzyme
protein with phenylmethylsulfonyl fluoride (PMSF).

The best commercially available research-grade
chemicals were used and were supplied by Sigma. All
measurements were performed at 25 = 1°C in 0.05 M
Tris/HCI buffer, pH 8.0, containing 0.1 M NaCl, prepared
in twice-distilled water.

Activity Measurements

HLL lipase activity was assayed using p-nitrophenyl
acetate (PNPA) as a substrate [17]. The assay mixture
for measuring PNPA hydrolysis consisted of 0.5-2.5 mM
sodium taurodeoxycholate (NaTDOC) or 2 mM sodium
taurodeoxycholate and 1 mM phosphatidylcholine (1,2-
didodecanoyl-sn-3-glycerophosphocholine; DLPC), 0.1
M NaCl, 50 mM Tris/HCI buffer, pH 8.0, 25 mM substrate,
and 5.38 wM enzyme protein in a total volume of 2 ml.
Release of p-nitrophenol was determined using a Zeiss
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spectrophotometer, Model Specol 11, adjusted to 399 nm.
Substrate blankswere run under identical conditions, with
Tris’HCI buffer added in place of enzyme. Plots of prod-
uct formation as a function of time over 10 min were
linear, thus allowing a reliable determination of the reac-
tion rate. The initia hydrolysis rate, v, was calculated
using the eguation

S(ENE

where A is the absorption measured at 399 nm, t is the
time of reaction, and the subscripts e and s correspond
to hydrolysis by the enzyme and spontaneous substrate
hydrolysis, respectively. One unit of enzyme activity cor-
responds to the hydrolysis of 1 wmol of PNPA/min per-
formed in Tris/HCI buffer containing 0.1 M NaCl, pH
8.0, at 25°C.

Fluorescence Quenching

Fluorescence quenching measurements were per-
formed using a Perkin—Elmer LS 50B fluorimeter. At
excitation wavelengths ranging from 295 to 305 nm, the
excitation band width was set to 2.5 nm. The emission
bandwidth ranged from 2.5 to 4 nm. The protein solutions
had an initial absorbance at an excitation wavelength
lower than 0.1. All solutions were measured without pre-
viousdegassing, in equilibrium with atmospheric oxygen.
Fluorescence quenching experiments were performed by
adding the microliter amounts of iodide concentrated
solution directly to the protein sample in the cuvette. Kl
solutions were freshly prepared before each measurement
and contained a trace of sodium thiosulfate to retard I3~
formation. The fluorescence quenching data were fitted
to the Stern—Volmer equation:

F n fl

Fo El 1+ K[Q]) @
where Fy and F are the fluorescence intensities in the
absence and presence of the quencher concentration [Q],
K; is the dynamic quenching constant, and f; is the frac-
tional contribution of the fluorescent component, i. To
resolve the fluorescence spectra of lipase into quenchable
and unquenchable components, the fluorescence quench-
ing resolved spectra (FQRS) procedure of Stryjewski and
Wasylewski [18] was used. Each analysis was performed
for about 18 potassium iodide quenching data sets
obtained over the wavel ength region of 320-400 nm. The
parameters of Eq. (2) were calculated with the iterative
nonlinear least-squares method.
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Fig. 1. Effect of sodium taurodeoxycholate (NaTDOC) and phosphatidylcholine (DLPC)
on p-nitrophenyl acetate hydrolysis by H. lanuginosa lipase.

RESULTS AND DISCUSSION

Influence of NaTDOC and a Mixture of NaTDOC/
DLPC on Hydrolysis of PNPA

Inthe absence of either bile salt (NaTDOC) or mixed
micelles (NaTDOC/DLPC), solutions of PNPA are
readily hydrolyzed by HLL lipase. Figure 1 shows that
increasing the concentration of NaTDOC from 0.5 to
1.5 mM (values below the critical micelle concentration)
caused a continuous decrease in the velocity of hydroly-
Sis, Ve. Sodium taurodeoxycholate, at 2 mM (the cmc
[19]), gives nearly completeinhibition of substrate hydro-
lysis. At the cmc, HLL lipase loses about 82% of its
activity. If phosphatidylcholine (1 mM) is present in a 2
mM NaTDOC solution, the progressive loss of activity
is halted and the initia rate of reaction becomes two
times higher in comparison with control samples (i.e,
without micelles). The essential result of these experi-
mentsisthat the composition of the micelles significantly
influenced the rate of PNPA hydrolysis (see Fig. 1). As
shownin Tablel, maximum enzyme activity was obtained
in mixed micellar solutions with aweight ratio of cHLL/
NaTDOC/DLPC of 1:6.5:3.9. With phosphatidylcholine
and sodium taurodeoxcholate as micellar components,
the rate of PNPA hydrolysis was increased 10-fold in
comparison with a weight ratio of cHLL/NaTDOC of
1:6.5.

Quenching of Lipase Fluorescence by lodide in the
Absence and Presence of Micelles

The native, inhibited, and mutated forms of HLL
lipase fluorescence quenching by K1 were analyzed at pH
8.0. The HLL lipase is known to contain four tryptophan
residues, W89, W117, W221, and W260 [20]. To resolve

Table|. Effect of the Chemical Composition of the Assay Mixture on
PNPA Hydrolysis by H. lanuginosa Lipase

Weight ratio
relative to
lipase cHLL/
NaTDOC/ Activity Activation
Component(s) DLPC (rU/mg protein) (%)
Lipase None 394 0.0
Lipase + 0.5 mM
NaTDOC 1:1.6.0 30.0 -239
Lipase + 1.0 mM
NaTrDOC 1:3.2.0 221 —439
Lipase + 1.5 mM
NaTDOC 1:4.8.0 8.6 —782
Lipase + 2.0 mM
NaTDOC 1:6.5.0 72 -81.7
Lipase + 25 mM
NaTDOC 1:8.1.0 9.2 —76.7
Lipase + 2.0 mM
NarDOC + 1.0
mM DLPC 1:6.5:3.9 86.0 +118.3
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Fig. 2. Stern—Volmer plots for iodide quenching of native HLL lipase. The emission wavelengths were 340
nm in the excitation wavelength range 295-300 nm and 342 nm at A\, = 305 nm. The solid lines represent

the best fits with the parameters presented in Table II.

the fluorescence emission spectra of the cHLL, oHLL,
and W89F proteins into components, the fluorescence
guenching datawere analyzed at sel ected emission wave-
lengths according to the modified Stern—Volmer equation
[Eq. (2)]. Thefitting parameters were determined by min-
imizing the reduced x2. Using the reduced x? as well as
the additional statistical goodness-of-fit criteria (i.e., the
residua distribution of the experimental data and the
lowest standard deviation of floating parameters: K; and
f,), the best kinetic model was chosen.

Typical Stern—Volmer plots of fluorescence quench-
ing of native and inhibited HLL lipase are shown in
Figs. 2 and 3. The observed downward curvature of the
Stern—Volmer plots for cHLL and oHLL protein implies
the presence of two or more emitting components with
different accessibilities to the quencher or it is caused by
different combinations of dynamic and static quenching.
On the contrary, the experimental data obtained for the
WB89F (Fig. 4) lipase indicate that tryptophan residues
within the mutated enzyme are not available for iodide
guenching. Thus, it can be assumed that under such condi-
tions, only W89 tryptophyl fluorescence emission is
quenched.

Considering the criteria mentioned above, the
iodide-quenching data of the native and inhibited lipase
appeared to be well described by the two-component

model, in which one class of tryptophans is quenchable
by KI, while the second one is totally inaccessible to
the 17. The relative intensities of the iodide-quenchable
fractions (i.e., W89) obtained at the maximum of the total
fluorescence spectrum of the cHLL and oHLL protein
(Amax = 340 nm, Ag = 295 nm) are about 69 and 56%,
respectively. The quenching parameters together with the
reduced x? value and standard deviation values, calcu-
lated for cHLL and oHLL lipase, are presented in Table
I1. For example, the fluorescence-quenching resolved
spectra (FQRS) of W89 within cHLL and oHLL protein
when excited at 295 nm are presented in Fig. 5. The
emission maxima of resolved spectra for the exposed
(W89) and buried tryptophan residues are included in
Table Il. In the native form of HLL lipase, the W89
residue, characterized by K, = 3.29 M™%, exhibits emis-
sion at 343 nm (A& = 295 nm). The inhibited form of
the enzyme W89 residue emits fluorescence at 344 nm
and the value of the dynamic constant is about one and
haf times higher (Kg, = 4.23 M~1) under the same experi-
mental conditions. It may be assumed that the presence
of lipaseinhibitor covalently bound to the catalytic center
causes the displacement of the flexible “lid” helix. Thus,
it seems likely that the W89 residue within the inhibited,
“open-lid” form of the enzyme becomes more exposed
to the solvent in comparison with the native, “closed-
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Fig. 4. Stern—Volmer plots of quenching of mutated HLL lipase by iodide in the absence (A) and
presence (B) of mixed micelles.

lid” form of HLL lipase. This result is in reasonable
agreement with the X -ray analysisof HL L —inhibitor com-

plexes [2].

31

Using the same FQRS method, the fluorescence of
cHLL lipase dissolved in solutions containing micelles
was also decomposed into resolved spectra of tryptophan
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Tablell. Fluorescence Quenching Parameters for Native (cHLL) and Inhibited (oHLL) H. lanuginosa Lipase in 0.05 M Tris/HCI Buffer, pH 8.0%

Resolved spectra

)\ex Kl K2 )\maxl }\maxz
Lipase (nm) (M) fy M7 f X2 (nm) (nm)
cHLL 295 0.00 0.31 3.29 0.69 0.751 333 343
(0.00) (=0.00)
297 0.00 0.30 3.06 0.70 0.827 336 343
(0.00) (=0.00)
300 0.00 0.28 3.04 0.72 0.788 336 344
(=0.00) (=0.00)
305 0.00 0.28 351 0.72 1.031 337 346
(=0.00) (=0.00)
oHLL 295 0.00 0.44 4.23 0.56 0.306 335 344
(=0.00) (0.00)
297 0.00 0.45 4.51 0.55 0.178 337 344
(=0.00) (0.00)
300 0.00 0.44 4.65 0.56 0.312 337 345
(0.00) (0.00)
305 0.00 0.46 5.67 0.54 0.291 340 348
(0.00) (0.00)

2 The emission was observed at the maximum of the fluorescence spectrum of proteins. The values in parentheses are the standard deviations of

the parameters obtained.
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Fig. 5. Fluorescence quenching resolved spectra of native (cHLL) and inhibited (oHLL) H. lanuginosa lipase
obtained with excitation at 295 nm, using potassium iodide as the quencher. (@) Quenchable component; (A)
unquenchable component; (M) total steady-state emission spectrum of protein. The lower panels show the
Stern—\Volmer constant dependence on the emission wavelength.

residues. In the case of anionic micellar solutionsthe best
fits [Eq. (2)] were achieved with the two-class model
of tryptophan residues: accessible to |~ and completely
inaccessibleto | ~. Thefitting parameters are summarized

in Table Ill. The average fractional contributions of
guenchable and unquenchabl e fractions of cHLL fluores-
cenceat the excitation wavel engths 295—-305 nm are equal
to 53 and 47%, respectively. The dynamic quenching
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Tablelll. Fluorescence Quenching Parametersfor Native H. lanuginosa Lipase in Tris'HCI Buffer, pH 8.0, Containing Anionic and Mixed Micelles®

Resolved spectra

Micellar Nex Ky Ko Nmaxt Nmax2
component(s) (nm) MY fq MY f, X2 (nm) (nm)
NaTDOC 295 0.00 0.48 4.90 0.52 1.072 335 345
(+0.00) (+0.00)
297 0.00 0.47 5.02 0.53 0.656 336 346
(£0.00) (+0.00)
300 0.00 0.47 5.14 0.53 0.239 338 346
(+0.00) (+0.00)
305 0.00 0.46 541 0.54 0.253 337 348
(+0.00) (+0.00)
NaTDOC/DLPC 295 0.64 0.70 6.24 0.30 0.569 337 347
(=0.01) (=0.01) (+0.02) (=0.00)
297 0.55 0.61 4.39 0.39 1.024 336 346
(=0.03) (0.02) (=0.03) (=0.01)
300 0.44 0.51 3.66 0.49 1.129 338 346
(+0.05) (=0.04) (=0.03) (=0.01)
305 0.00 0.31 3.40 0.69 0.840 341 347
(+0.00) (=0.00)

2 The emission was observed at the maximum of the fluorescence spectrum of protein. The values in parentheses are the standard deviations of the

parameters obtained.

constant of the component which isexposed to the solvent
has a value of Ky, = 4.90 M~ (Ao = 295 nm). This
value and the relative intensity are similar to those found
for the component quenched by iodide (i.e., W89) within
theinhibited HLL lipase. The average maximum of fluo-
rescence emission of the quenchable component equals
346 nm and the maximum of the second component
equals 337 nm (see Table Il and Fig. 6).

For the cHLL protein dissolved in buffer containing
mixed micelles, the best fits [Eq. (2)] at the excitation
wavelengths 295—-300 nm were obtained with atwo-class
model in which both components are quenchable by KI.
Thefitting parametersare given in Tablelll. In the FQRS
spectra presented in Fig. 7A, the less quenchable compo-
nent, characterized by an iodide Stern—\Volmer constant
equal to Kg,; = 0.64 M™%, isfound to exhibit amaximum
at 337 nm and to participate in 70% of the fluorescence
emission (Ag, = 295 nm). The second component, charac-
terized by Ky, = 6.24 M™%, has a maximum at 347 nm
and participates in about 30% of the total emission under
the same conditions. The maxima of the resolved spectra
for the two quenchable fractions are included in Table
I11. The steady-state iodide-quenching data of the W89F
protein dissolved in TrisHCI buffer containing mixed
micelles show that three tryptophan residues, W117,
W221, and W260, are not available for the quencher (Fig.
4). This result indicates that the presence of two iodide-
guenchable components of cHLL lipase in solutions con-

taining mixed micelles can be related to the microhetero-
geneity of the W89 tryptophan environment.

CONCLUSION

The fluorescence quenching experiments show that
the presence of anionic and mixed micellar solutions
influenced the quenching of HLL lipase. These results
suggest increased accessibility of the W89 residue within
protein when dissolved in either a 2 mM sodium tauro-
deoxycholate or a2 mM sodium taurodeoxycholate/l mM
phospatidylcholine solution.

The loss of lipase activity caused by interactions
with anionic micellesisaccompanied by anincreaseinthe
Stern—Volmer constant calculated for the W89 residue.
According to the FQRS results, the values of the dynamic
constant and fractional contribution of the W89 residue
within inhibited lipase are similar to those obtained for
native HLL lipase in a2 mM NaTDOC solution. On the
other hand, the iodide-quenching experiments performed
for cHLL protein in solutions containing mixed micelles
suggest that the side chain of the W89 residue possesses
arelatively higher mobility. Thus, theincreased flexibility
of the “lid” helix might be accompanied by activation of
the HLL lipase observed in assay mixtures containing
NaTDOC/DLPC micelles.
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It might be assumed that the structure of HLL lipase
in solutions containing mixed as well as bile salt micelles
must differ substantially from the “closed” structure of
native form of enzyme. Probably, the active open-“lid”
conformation of HLL lipase is achieved only in the pres-
ence of mixed micelles. On the contrary, in PM SF-inhib-
ited enzyme or in enzyme dissolved in buffer containing
anionicmicelles, the“lid” helix adoptsan open conforma-
tionwhichisnot suitablefor PNPA hydrolysis. Theresults
presented herein support the suggestion that the exact
positioning of the “lid” must be crucia for efficient catal-
ysis provided with HLL lipase.
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