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Abstract

Fluorescence spectroscopy has been used to investigate the conformational changes that 
occur upon binding of wild type (WT) and mutant (Thr123Ile) lecithin:cholesterol acyl-
transferase (LCAT) to the potential substrates (dioleoyl–phosphatidyl choline [DOPC] 
and high density lipoprotein [HDL]).  For a detailed analysis of structural differences 
between WT and mutant LCAT, we performed decompositional analysis of a set of tryp-
tophan fluorescence spectra, measured at increasing concentrations of external quenchers 
(acrylamide and KI).  The data obtained show that Thr123Ile mutation in LCAT leads to 
a conformation that is likely to be more rigid (less mobile/flexible) than that of the WT 
protein with a redistribution of charged residues around exposed tryptophan fluorophores.  
We propose that the redistribution of charged residues in mutant LCAT may be a major 
factor responsible for the dramatically reduced activity of the enzyme with HDL and re-
constituted high density lipoprotein (rHDL).

Introduction

Lecithin:cholesterol acyltransferase (LCAT EC2.3.1.43) is a key enzyme in choles-
terol transport, controlling the flow of cholesterol from peripheral tissues to the liver 
(1, 2).  LCAT catalyzes the esterification of plasma cholesterol, a rate limiting step in 
reverse cholesterol transport while interacting with high density lipoprotein (HDL) 
surfaces.  Studies on the molecular structure of LCAT and its mutants have so far 
been hampered by the limited availability of highly purified enzyme preparations that 
yield diffraction quality crystals (2).  The mutant form of LCAT (LCATThr123Ile) was 
first described in a patient with fish eye disease and demonstrated the selective loss of 
alpha-LCAT activity (3), and subsequently studied in a number of laboratories (4-8).

One of the tryptophan residues (Trp61) has been proposed to function as a component 
of the interfacial recognition domain of LCAT (9, 10).  Therefore, we applied the tryp-
tophan fluorescence spectroscopy to investigate the structural properties of WT and 
mutant (LCATThr123Ile) forms of LCAT and the conformational changes that occur upon 
their binding to potential substrates: (dioleoyl-phosphatidyl choline) DOPC, DOPC/
cholesterol, and rHDL.  We have employed the analysis of the decomposition of set 
of tryptophan fluorescence spectra, measured at various concentrations of external 
quenchers (acrylamide and KI) (11).  The results of our analysis allowed us to identify 
structural differences between the WT and the mutant (LCATThr123Ile) forms of LCAT.

Materials and Methods

Purification of Recombinant Human LCAT

Recombinant LCAT, secreting human lung cells, was obtained as described pre-
viously (14) in expanded to three layered flasks (Nunc Inc), and cultured in 
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Dulbecco’s modified Eagle’s medium (DMEM-GIBCO/Invitrogen) with 2% fe-
tal bovine serum (FBS) at 37 ºC in a 5% CO2 atmosphere.  The growth medium 
was subsequently removed and replaced with serum-free OPTI-MEM, once the 
cells were near confluence.  The flasks were kept at 37 ºC for 30 minutes and 
then the OPTI-MEM was removed and replaced with fresh OPTI-MEM.  The 
flasks were then incubated for 24 and 48 hrs at 37 ºC in a 5% CO2 incubator to 
allow the secretion of the enzyme.  The samples from the conditioned media 
were collected at 24 and 48 hrs and subjected to Phenyl-Sepharose chroma-
tography as described previously (15).  Approximately 800 ml culture medium 
containing the WT r-LCAT was loaded on a Phenyl-Sepharose column (2.5×18 
cm), which had previously been equilibrated with 0.005 M PO4, 0.3 M NaCl, 
pH 7.4.  The column was washed with the same buffer until the absorbance at 
280 nm decreased below 0.01.  Subsequently, the purified LCAT was eluted with 
deionized water.  The cell lines, stably transfected with the LCATThr123Ile mutant, 
were cultured the same way as the WT r-LCAT secreting human lung cells.  The 
purified mutant enzyme (LCATThr123Ile) was also prepared by Phenyl-sepharose 
chromatography as described above.

Preparation of DOPC, DOPC/Cholesterol and rHDL Complexes

The DOPC vesicles were prepared as follows.  To 150 μl of 1 M DOPC (dissolved 
in chloroform), 0.1 ml of butylated hydroxy-toluene, and 1 ml of chloroform were 
added.  The mixture was subsequently dried to a thin film in a water bath at 37 ºC, 
under an N2 stream.  The dry film then was redissolved in 0.5 ml absolute ethanol 
and injected into 30 ml of 0.01M Tris, 0.005M EDTA, 0.15 M NaCl, pH 7.4 (TEN 
buffer) with a 25 gauge needle, while stirring.  After stirring for about 20 min, the 
volume of the DOPC emulsion was increased to 50 ml with TEN Buffer.

The preparation of the DOPC/cholesterol vesicles was essentially the same as that 
of the DOPC vesicles except that 119 μl of unesterified cholesterol (50 mg/ml) was 
added to 150 μl of 1 M DOPC (dissolved in chloroform).

Reconstituted HDL (rHDL) was prepared as follows: chloroform solutions of 
1.8 mg of egg yolk phosphatidyl-choline (Sigma), 0.45 mg of unesterified cho-
lesterol and 0.9 mg cholesteryl oleate were combined and the mixture was dried 
to a thin film in a water bath at 37 ºC, under an N2 stream.  Subsequently 5 ml 
of 10mM Tris, 0.1 M KCl, 1 mM EDTA pH 8.0 was added and the mixture was 
vortexed and sonicated for 60 min at 60 ºC.  Apolipoprotein-AI ([Apo-AI], 10 
mg) was added in 3 M Guanidine.HCl and the mixture was sonicated for an ad-
ditional 30 minutes at 42 ºC.  The HDL-sized particles were isolated by density 
gradient ultracentrifugation (16) and the preparation was dialyzed against PBS 
overnight and stored at 4 ºC.

Fluorescence and Light Scattering Measurements

Tryptophan fluorescence and light scattering measurements were carried out on 
a digital phase-modulation spectrofluorometer ISS K2 (ISS, Champagne, IL) at 
25 ºC in a buffer solution containing 50 mM KCl, 10 mM Tris-HCl, pH 7.5 with 
LCAT concentrations varied from 1-4 μM.  The excitation wavelength was 295 
nm for the excitation of only tryptophan fluorophores in protein.  The emission 
spectra were recorded from 314 to 400 nm with the spectral widths of excitation 
and emission slits set at 4 and 2 nm, respectively.  However, for the decomposi-
tion analysis we used range of 320-380 nm to exclude the contribution of light 
scattering at short wavelengths and reduce errors of low intensities at long wave-
lengths.  The polarizers in the excitation and emission paths were set at “magic” 
angle (54.7º from the vertical orientation) and vertically (0º), respectively, in order 
to reduce Wood’s anomalies from reflecting holographic grating (17).  The emis-
sion spectrum of an aqueous solution of L-tryptophan was used as a standard for 
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the correction of protein spectra for the instrument spectral sensitivity (18).  The 
intensities of the corrected spectra are proportional to the number of photons emit-
ted per unit wavelength interval.  The light scattering (S) was measured at 400 nm 
wavelength settings of the excitation and emission monochromators.  The anisot-
ropy (r) measurements were performed at excitation and emission wavelength set 
up at 295 and 340 nm, respectively.

Decomposition of Tryptophan Fluorescence Spectra

For the decomposition analysis, the tryptophan fluorescence spectra of WT and 
mutant proteins excited at 295 nm were obtained in the presence of increasing 
concentrations of the external quenchers.  We used acrylamide and potassium io-
dide at concentration of 0, 0.073, 0.14, 0.2, 0.26, 0.32, 0.4 M as external quenchers 
of tryptophan fluorescence (19-21).  When ionic quencher (I-) was used the total 
ionic strength was kept constant (0.4 M) by additions of KCl.  In experiments with 
acrylamide the intensities in fluorescence spectra were corrected for the screening 
inner filter effect of this quencher at the excitation wavelength of 295 nm.  The 
temperature was kept constant at 25 ºC.  Decomposition of the protein fluores-
cence spectra at different concentration of quenchers was performed according to 
Burstein et al., 2000 (11).  Briefly, the shape of each spectral component of protein 
fluorescence spectra on the frequency (wavenumber) scale was approximated by 
uni-parametric log-normal function (first, the fluorescence spectra were converted 
to the frequency scale from the wavelength scale Fν = Fλ · λ2).  The intensities 
for the components were calculated from the set of linear equations.  The shape 
and position of spectral components remain unchanged at fluorescence quenching 
with water-soluble quenchers and the change in intensity of individual compo-
nents with quenching was checked to obey the Stern-Volmer law.  The resolution 
into components was performed using SIMS (SImple fitting with Mean-Square 
criterion) and PHREQ (Phase-plot-based REsolution using Qenchers) algorithms.  
The spectra were independently fitted by one, two, or three components.  Typical 
experimental noise of fluorescence spectra, which is about 0.5-1.5%, does not per-
mit a sufficiently reliable decomposition for more than three spectral components.  
The criterion of attaining the best solution (a sufficient number of components) 
was the minimal root-mean-square differences (residuals) between theoretical and 
experimental spectra.  For each i-th component, the program output data con-
tained the values of spectral maximum position λm(i), the per-cent contribution of 
the component into the area under total spectrum F(i), Stern-Volmer quenching 
constant KSV(i), and its ratio to the KSV value for free aqueous tryptophan emission 
quenching with the same quencher, Krel(i).  The Stern-Volmer constants KSV(i) 
were calculated as slopes of the linear plots in coordinates (Ao/Ac − 1) vs. quencher 
concentration, where Ao and Ac are areas under emission component spectra mea-
sured, respectively, in the absence (Ao) and in the presence of quencher in the 
concentration c (Ac).  In order to calculate Krel value, the KSV value for dynamic 
quenching of free aqueous tryptophan emission with acrylamide and iodide were 
taken to be 16.8 M-1 and 14.6 M-1, respectively.

Binding of Enzyme with DOPC and rHDL

The binding affinity of WT and mutant LCAT to DOPC and DOPC/Cholesterol 
complex was monitored by the increasing of quantum yield of fluorescence.  
Five samples of DOPC and DOPC/Cholesterol emulsions were prepared rep-
resenting PC/LCAT molar ratios of 0, 20, 80, 120, 200.  For the rHDL affinity 
studies, the difference spectra were obtained by subtracting the fluorescence of 
LCAT incubated with rHDL for 10 min from the sum of two individual spectra 
(LCAT plus rHDL) measured separately.  The concentration of the protein was 
kept constant (1 μM).  The concentration of rHDL in solution, based on the 
cholesterol content of HDL (HDL-C) was increased from 0 to 10 μM (in the 
increments of 0.1, 0.5, 1, 5, 10 μM).



78

Reshetnyak et al.

Results

Decomposition Analysis of Tryptophan 
Fluorescence Spectra of WT and Mutant LCAT

The fluorescence parameters for both proteins are summarized in Table I.  Both 
enzymes emitted at the intermediate wavelength of 336 nm with the quantum yield 
of the mutant protein being 88% of that of the WT enzyme.  The anisotropy value of 
the mutant protein was higher than that of the WT, while the light scattering values 
for both WT and mutant LCAT were very similar.

To better define structural differences between two forms of the enzyme, we per-
formed the decomposition of tryptophan fluorescence spectra into spectral com-
ponent (11).  Both WT and mutant LCAT exhibited non-homogeneous emission 
profiles considering that the fluorescence spectra were wider than those of known 
proteins with homogeneous fluorescence with a maximum at 336 nm (12, 18, 22).  
Heterogeneity of the emission spectra is attributed to the presence of more than one 
type of emitting tryptophan residue representing distinct structural classes within 
the protein molecule (13).  In order to resolve the spectral heterogeneity and exam-
ine the contributions of individual tryptophan residues (or clusters of tryptophan 
residues), we used the decomposition analyses of the fluorescence spectra of WT 
and mutant LCAT.  The spectral components obtained in a result of decomposition 
analyses of more than 150 proteins showed excellent correlation with the structural 
properties of tryptophan fluorophores in proteins (12-13).  Recently additional sup-
portive evidence was obtained of the predictive value of decomposition algorithms 
via analysis of the correlation with the experimental spectra of single-tryptophan-
containing mutants of membrane protein OEP16 (23).

The rate of fluorescence quenching by acrylamide and KI was different (Figure 1); 
however, the decomposition analyses for both quenchers gave the same results (first 
columns, Table II), attesting the validity of the decomposition analysis.  The data 
summarized in Table II [columns: λm(i) and F(i)] represent the spectral components 
and their contributions to the total fluorescence spectra of WT and mutant LCAT at 
0 M concentration of quenchers.  For both WT and mutant proteins, three spectral 
components were identified.  The first component has a maximum at 310.8 nm 
while the other two components have longer-wavelength maxima at ~ 338 and 343-

Table I 
Fluorescence parameters of WT and mutant LCAT.  All measurements were performed several 
times and standard deviations are presented. 

Experimental parameters LCAT-WT LCAT-mutant
Maximum position of total fluorescence spectrum, nm ( m) 336.8 ± 0.5 336.0 ± 0.5 

 88 001 )A( % ,murtceps eht rednu aerA
Anisotropy (r) 0.18 ± 0.01 0.22 ± 0.01 
Light scattering, a.u. (S) 670 ± 20 692 ± 20 

Table II 
The results of decomposition of tryptophan fluorescence spectra of WT and mutant LCAT measured at various 
concentrations of acrylamide and KI (the details of experiments are described in text and legend to Figure 1): number 
of spectral components (i), maximum position ( m(i), nm) and contribution (F(i), %) of spectral components in total 
fluorescence spectrum measured at 0 M concentration of acrylamide and KI, absolute (KSV

Ac(i), M-1, KSV
KI(i), M-1) and 

relative (Krel
Ac(i), %, Krel

KI(i), %, see explanation in the text) Stern-Volmer quenching constants for acrylamide and KI.  
All measurements were performed several times and standard deviations for each spectral parameter are indicated. 

Sample i m(i), nm F(i), % KSV
Ac(i), M-1 Krel

Ac(i), % KSV
KI(i), M-1 Krel

KI(i), % 

LCAT-WT 
1
2
3

310.8 ± 2.3 
338.3 ± 1.5 
343.6 ± 0.8 

15.2 ± 2.4 
35.4 ± 1.6 
49.4 ± 1.9 

0.70 ± 0.33 
1.94 ± 0.59 
6.79 ± 1.6 

4.2 ± 2.0 
11.5 ± 3.5 
40.4 ± 9.5 

0.72 ± 0.20 
0.02 ± 0.26 
6.95 ± 1.14 

4.9 ± 1.4 
0.0 ± 1.8 
47.6 ± 7.8 

LCAT-mutant
1
2
3

310.8 ± 1.8 
338.9 ± 1.0 
344.7 ± 0.5 

16.5 ± 1.1 
30.9 ± 4.9 
40.6 ± 3.8 

1.20 ± 0.35 
1.27 ± 0.44 
7.05 ± 1.31 

7.1 ± 2.1 
7.6 ± 2.6 
42.0 ± 7.8 

0.65 ± 0.41 
1.46 ± 0.96 
4.13 ± 1.07 

4.5 ± 2.8 
10.0 ± 6.6 
28.3 ± 7.3 
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Figure 1:  Corrected tryptophan fluorescence spectra of 
WT LCAT (4 μM) measured at increasing concentra-
tions (0, 0.073, 0.14, 0.2, 0.26, 0.32, 0.4 M) of quenchers 
acrylamide (A) and KI (B).  The emission spectrum of an 
aqueous solution of L-tryptophan was used as a standard 
for the correction of protein spectra for the instrument 
spectral sensitivity.  The excitation wavelength was 295 
nm, T = 25 ºC, the polarizers in the excitation and emis-
sion paths were set at 54.7º and 0º, respectively.  In ex-
periments with acrylamide the intensities in fluorescence 
spectra were corrected for the screening inner filter ef-
fect of this quencher at the excitation wavelength of 295 
nm.  When ionic quencher (I-) was used the total ionic 
strength was kept constant (0.4 M) by additions of KCl.
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344 nm, respectively.  The absolute (Ksv) and relative (Krel) Stern-Volmer constants 
for each spectral components for acrylamide and iodide quenchers were calculated.  
The relative Stern-Volmer constants were derived from Ksv, based on the assump-
tion that 100% corresponds to the quenching of the fluorescence of free tryptophan 
in solution by acrylamide and KI, which are 16.8 M-1 and 14.6 M-1, respectively.  
Although the maxima of the respective spectral components of the WT and mutant 
proteins were the same, the contributions of the spectral components to the total 
fluorescence and Stern-Volmer quenching constants were different.

Binding of WT and Mutant LCAT to DOPC, DOPC/Cholesterol, and HDL

The binding of WT and mutant LCAT to DOPC and HDL was also studied using 
fluorescence spectroscopy.  As DOPC have no fluorescence at 300-400 nm, the 
binding of DOPC and DOPC/Cholesterol to LCAT was monitored by the increase 
in the quantum yield of LCAT fluorescence.  The data in Figure 2 show the changes 
of the area under the spectra (Figure 2A) and the emission wavelength of fluores-
cence spectra (Figure 2B) for the WT and mutant LCAT proteins upon exposure 
to DOPC and DOPC/Cholesterol.  The X axis represents the excess of PC concen-
tration over protein concentration: R = [concentration of PC in DOPC or DOPC/
Cholesterol] / [concentration of protein].  The fluorescence of the WT and mutant 
LCAT are altered in response to the binding of the respective proteins to DOPC and 
DOPC/Cholesterol, as the quantum yield increased due to increased exposure to 
the lipid complexes, in addition to the spectral shift to 332 nm.  In Figure 2B, the 
changes in the maximum position of fluorescence spectra of WT are shown during 
interaction with DOPC.  Essentially identical data were obtained for the mutant 
form of LCAT and both forms of the enzyme in the presence of DOPC/Cholesterol.  
The enhancement of fluorescence and the blue-wavelength shift in the maximum 
position of spectra indicated that the exposed tryptophan residues are likely to be 
located in the phospholipid binding domain of LCAT, based on the altered fluores-
cence parameters in the presence of DOPC.

Figure 3 shows the fluorescence spectra of 1 μM LCAT with 10 μM HDL (moni-
tored after a 10 min incubation of the respective LCAT samples with HDL).  The 
controls for these studies consisted of the sum of each spectra of the same amount 
of LCAT and HDL, measured separately.  The difference spectrum is inserted in 
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Figure 2:  The titration of LCAT with DOPC and 
DOPC/Cholesterol.  The dependence of area under 
the corrected tryptophan fluorescence spectra (A) and 
emission wavelength (B) of WT and mutant LCAT 
measured in the presence of different concentration of 
DOPC and DOPC/Cholesterol.  The X axis represents 
the excess of PC concentration over protein concentra-
tion: R = [concentration of PC in DOPC or DOPC/Cho-
lesterol] / [concentration of protein].

300 320  340  360  380  400
0

100

200

300

400

500

600

700

 Experimental

 Theoretical

In
te

ns
ity

, 
a.

u.

Wavelength, nm

300 320 340 360 380 400
0

20

40

60

F
lu

o
re

sc
en

ce
 d

iff
er

en
ce

Wavelength, nm

Figure 3:  Comparison of experimental and theoretical tryptophan fluorescence spectra of LCAT and 
HDL.  The solid line represents fluorescence spectrum of 1 µM of WT protein incubated with 10 µM of 
HDL during 10 min.  The dashed line represents the sum of fluorescence spectra of 1 µM WT protein 
and 10 µM HDL measured separately.  The difference spectrum between theoretical and experimental 
emission spectra is plotted in the inset.
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Figure 3.  We investigated the binding of WT and mutant forms of LCAT to HDL by 
analyzing the difference spectra obtained from the incubation studies (Figure 4).

Discussion

We have investigated the structural differences of a recombinant wild type en-
zyme and mutant LCAT (Thr123Ile), stably expressed in baby hamster kidney cells 
and conformational changes, which occur in proteins upon binding with DOPC, 
DOPC/cholesterol, and HDL.  Fluorescence spectroscopy was used in this study 
to investigate the structure and dynamics (24) of the two forms of LCAT.  Several 
spectral parameters, including maximum position and shape of tryptophan fluores-
cence spectra, quantum yield, anisotropy, light scattering and degree of quenching 
of tryptophan fluorescence by acrylamide, and KI were analyzed for WT and mu-
tant LCAT.  In addition, we applied the analysis of the decomposition of trypto-
phan fluorescence spectra into spectral components to identify distinct emitting and 
structural classes of tryptophan residues in both proteins (11-13).

The changes of spectral characteristics of mutant LCAT in comparison with WT 
LACT are summarized in Table III.  We detected no changes in maximum position 
of fluorescence spectra, but some decrease (12%) of the intensity of fluorescence 
signals was found, in good agreement with previous studies (6).  In addition, we 
identified small (10%) but significant changes of anisotropy values.  The anisotropy 
value of 0.4, which corresponds to the maximal theoretically possible value for 
the rigid dipoles (24), was taken as 100%.  We did not detect any changes in light 
scattering, which indicates no significant changes in shape of mutant protein.  We 
performed the decomposition analysis of tryptophan fluorescence spectra of both 
proteins and identified three spectral components, corresponding to three classes 
of tryptophan residues each with distinct structural interactions with their respec-
tive environments for both WT and mutant LCAT.  However, while the maximum 
position of the spectral components remain unchanged, the contributions of the 
second and third components decreased (Figure 5), indicating that the conforma-
tional changes may be accompanied by enhancing of the quenching of tryptophan 
emission by neighboring residues in the mutant protein.

The first class of tryptophan residues is considered buried in the interior of pro-
tein molecules where the tryptophan fluorophores are surrounded by a rigid, non-
mobile environment.  It is expected that all neighboring atoms of the tryptophan 
residues emitting at short wavelengths are involved in the stabilization of the 
secondary structure of both proteins (13).  These types of tryptophan residues 
are characterized by an extreme blue-shift resulting in an emission maximum of 
~ 310 nm and practically zero Stern-Volmer constant.  We did not observe any 
changes of spectral properties (maximum position, contribution in total fluores-
cence, Stern-Volmer constants) of tryptophan residues corresponding to the first 
component in the mutant form of LCAT.

The second spectral component (338-340 nm) represents the class of tryptophan 
fluorophores more exposed to a hydrophilic environment and being primarily in 
contact with structured-water molecules.  The environment of these tryptophan 
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Figure 5:  Decomposition of corrected tryptophan fluo-
rescence spectra of WT (solid lines) and mutant (dashed 
lines) LCAT. The fluorescence maximum positions and 
changes in relative contributions of components are 
given in Table II and III, respectively. The fluorescence 
was excited at 295 nm.

Table III 
The difference of the spectral properties between mutant and WT LCAT: shift of the total fluorescence 
spectrum in nm ( m), the changes in total quantum yield ( A, %,), anisotropy ( r,%) and light scattering 
( S, %) values; shift of maximum positions of spectral components ( m(i), nm), the changes of the 
contributions of spectral components in total fluorescence ( F(i), %) and relative Stern-Volmers constants 
for acrylamide ( Krel

Ac(i), %) and KI ( Krel
Ac(i), %). 

m, nm A, % r,% S,% i m(i), nm F(i), % Krel
Ac(i), % Krel

KI(i), % 
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residues is more flexible, consisting of mobile protein atoms, in addition to struc-
tured-water molecules (13).  We found that the contribution of the second spectral 
component decreased 8.2% in mutant LCAT in comparison with the WT protein.  
In addition, we found a small (3.9%) and significant (10%) increases in the degree 
of fluorescence quenching by neutral molecule (acrylamide) and ionic quencher 
(I-), respectively.  The Stern-Volmer constant (KSV

KI) for the second spectral com-
ponent of WT protein is around zero (see Table II).  Such extremely low value 
of quenching for the fluorophores emitting at 338 nm could be explained by the 
presence of negatively charged residues (Glu or Asp), which repulse iodide ion, 
around fluorophores.  Our data might indicate that Thr123Ile mutation leads to 
the changes in charge distribution (decreasing of negative charges) around tryp-
tophan residues contributing to the second component that leads to the enhance-
ment of fluorescence quenching by KI.

The third class of tryptophan residues with a fluorescence maximum at 344-345 
nm is exposed to a highly mobile environment, including free water molecules.  
The maximum position of the exposed fluorophores in native proteins could vary 
from 344 to 349 nm (13).  The decomposition analysis showed that while the re-
spective positions of the spectral components were the same; their contributions to 
the total fluorescence of the WT vs. the mutant protein were substantially differ-
ent.  Accordingly, the contributions of the exposed tryptophan residues were lower 
(13.7%) in the mutant LCAT.  Again we did not observe any changes in the degree 
of acrylamide quenching and no changes in the maximum position of spectral com-
ponent, while we found significant decrease (19.3%) in iodide quenching, which 
might indicate the changes in charge distribution (increase positive charges around 
tryptophan fluorophores) of mutant LCAT.

Summarizing all monitored changes of spectral properties, we concluded that 
Thr123Ile mutation in LCAT might lead to the conformational changes that result 
in i) more rigid, less mobile/flexible conformation of the whole protein with ii) 
new redistribution of charged residues around exposed tryptophan fluorophores: 
decrease and increase of negative charges around tryptophan fluorophores emitting 
at 338-340 nm and 343-344 nm, respectively.

Regardless of evident structural diversity between WT and mutant (LCATThr123Ile) 
LCAT we did not observe any differences in binding of these proteins to DOPC, 
DOPC/Cholesterol, or HDL.  Previously, it was proposed that the defect in LCAT-
Thr123Ile mutant is not in the initial, interfacial binding step to lipoproteins but rather 
in subsequent steps of the reaction cycle (7).  The analysis of equilibrium binding 
constants, measured directly with surface plasmon resonance, indicated that the af-
finity of the mutant for rHDL was much higher than its activity (7).  On the other 
hand, the heat changes of mutant LCAT measured by isothermal titration calorime-
try (ITC) were very small in comparison with WT LCAT (7).  Our conclusion about 
redistribution of charged residues in mutant LCAT is consistent with the monitored 
differences in heat changes of WT and mutant LCAT binding with rHDL and it 
could be interpreted that the binding of mutant protein with rHDL is driven by 
hydrophobic interactions.  The mutant LCATThr123Ile had markedly depressed (on 
90%) reactivity with reconstituted HDL, but it retained activity with low density 
lipoprotein (25, 26).  Also, it was demonstrated the direct protein-protein interac-
tion between LCAT and apo-AI (27, 28) and the significant role of charged residues 
in modulation of the catalytic efficiency of the LCAT (29-31).  We propose that the 
redistribution of charged residues in mutant LCAT might be considered as a major 
factor of the dramatically reduced activity of LCAT with HDL and rHDL (contain-
ing apo-AI).  However, the charge redistribution does not affect the binding affinity 
of the enzyme for DOPC and DOPC/cholesterol.
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