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Albumin is a carrier of nonesterifi ed long-chain fatty acids and many other ligands. The 
status of its binding centers was studied for various proportions of nonesterifi ed long-chain 
fatty acids and albumin as exemplifi ed by palmitic acid. The status of the binding center was 
tested by recording K-35 probe fl uorescence decay in the subnanosecond band. This method 
showed the work of three types of centers. Palmitic acid enhanced binding activity of all 
centers, though to a different degree: if the palmitic acid/albumin proportion increased to 2-3, 
the probe binding to type 1 centers (located in the drug center I region) increased 1.5 times, 
while binding to type 3 centers increased more than 3-fold. Modifi cation of these centers by 
nonesterifi ed long-chain fatty acids was similar in the isolated human albumin preparation 
and in diluted blood serum. Hence, K-35 probe showed the actual status of various albumin 
centers, their binding capacity depending to a different measure on the fatty acid charge of 
albumin.

Key Words: human serum albumin; binding centers; fatty acid impact; fl uorescent probe; 
fi rst episode of schizophrenia

Institute of Physicochemical Medicine; *P. N. Lebedev Physical Insti-

tute, the Russian Academy of Sciences, Moscow;  Institute of Psychia-

try, the Ministry of Health and Social Development, Russia. Address 
for correspondence: esmoline@mail.ru. N. V. Smolina

Blood albumin is the carrier of many low-molecular 
metabolites, including long-chain nonesterifi ed fatty 
acids (NEFA; palmitic, oleic, etc.). Due to this, albu-
min is involved in detoxifi cation, oxidation, and other 
processes [6,14]. If albumin functions are disordered, 
metabolites accumulate in the blood reaching toxic con-
centrations and causing endogenous intoxication [4].

Nonesterifi ed fatty acids are essential for albumin 
binding capacity [5,9,14]. This characteristic of albumin 
molecule presumably modulates the drug pharmacoki-
netics and effi ciency of toxin elimination by hemoper-

fusion. However, these effects and moreover, impact 
for clinical practice are little studied. The diffi culties 
of the problem consist in the intricacy of relationships 
and mutual effects of binding centers in the albumin 
molecule. Different metabolites bind to different cen-
ters; the number of NEFA in albumin varies greatly 
and these molecules occupy different positions in albu-
min and differently modulate the strength of metabolite 
bonds with albumin. There are no methods allowing 
tracing the status of different centers in the plasma; 
new modern physical methods should be developed for 
this purpose.

Measurements of albumin-bound NEFA are an 
interesting problem, particularly because fatty acid 
transport is associated with pathological processes. 
Correlations between NEFA concentrations with the 
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development of diabetes and cardiovascular dis eases 
[10,11,13] and other diseases [12] have been descri-
bed. For example, high plasma level of NEFA is a 
sud den death risk factor in arrhythmia in middle-aged 
individuals without cardiac symptoms [8].

The aim of our study was to fi nd a new methodo-
logical approach to evaluation of NEFA effect on albu-
min binding activity directly in the plasma or blood 
without isolation of albumin fraction or other plasma 
processing. Fluorescent probe K-35 was used. Previ-
ous studies showed that after adding to diluted plasma/
sera, K-35 bound to the so-called drug centers in albu-
min mo lecule [2,3,7]. The intensity of the probe fl uores-
cence increased by tens times under these conditions. It 
depended on plasma concentration of albumin, status of 
its binding centers, and virtually did not depend on the 
presence of other plasma components. The fl uorescence 
intensity depended (among other things) on fatty acid 
charge of albumin [1]. This fact suggested an approach 
to evaluation of the NEFA/albumin proportion directly 
in the plasma, which was the aim of our study.

MATERIALS AND METHODS

Lyophilized human serum albumin (HSA, Sigma; cat. 
No. A 1887) containing no fatty acids was dissolved in 
buffer (0.137 M NaCl and 0.01 M sodium phosphate, 
pH 7.4). Palmitic acid (Sigma) solution in ethanol 
and then fl uorescent probe N-(carboxyphenyl)imide-
4-(dimethylamino)naphthalic acid (K-35) [2,3,7] were 
added to albumin solution or to diluted serum during 
stirring. The fi nal concentration of ethanol in albumin 
sample was no higher than 0.3%.

Venous blood serum was obtained from healthy 
volunteers and patients with the fi rst episode of schizo-
phrenia hospitalized at the First Psychotic Episode 
Clinic of Moscow Institute of Psychiatry before drug 
therapy. The patients gave written consent to the study. 
The study was carried out in accordance with the Hel-
sinki Declaration.

Decay of albumin-bound K-35 probe fl uorescence 
after excitation by pulse photodiode at =455 nm on a 
Pico-Quant device at Physical Institute. The kinetics of 
fl uorescence decay after excitatory pulse was recorded 
at =530 nm perpendicularly to the excitatory beam 
in the horizontal plane in the photon-counting mode. 
The decay curves measured so were presented as a 
sum of exponents with different Ai amplitudes and 
time constants ti:

F(t)=A1×exp(-t/τ1)+A2×exp(-t/τ2)+A3×exp(-t/τ3)+…

The optimal set of Ai and τi parameters was se-
lected by χ2 test. Expansion of the decay curve into 
exponents can introduce errors in each of these pa-

rameters, and therefore, the mean square error of ex-
pansion for each point calculated by χ2 test according 
to recommendations [6] was presented in the fi gures.

RESULTS

K-35 probe virtually did not fl uoresce in water, while 
in the presence of albumin fl uorescence intensity F 
increased by two orders of magnitude. Fluorescence 
of HSA-bound K-35 probe was an intricate mixture 
of components, as different molecules of K-35 were 
located in different binding sites of HSA [3,7]. Three 
components made the main contribution to fl uores-
cence. The kinetics of fl uorescence decay after pulsed 
excitation of K-35 molecules looked as a sum of three 
exponents with different A1 amplitudes and τ1 time 
constants. These three exponents corresponded to loca-
tion of the probe molecules in binding centers of three 
types [3,7]. For NEFA-free HSA, the τ1, τ2, and τ3 
were 9.3±0.6, 3.6±0.3, and 1.0±0.1 nsec, respectively. 
The Ai amplitudes corresponded to the number of the 
probe molecules located in different centers. Due to 
this, K-35 probe showed the fi lling of centers of each 
type separately during changes in HSA molecule. This 
property of K-35 was its advantage in comparison with 
other stains used for HSA studies.

Addition of NEFA (palmitic acid) to HSA result-
ed in an increase of F intensity, reaching the peak 
(1.6 times) at NEFA/HSA molar ratio of 2-3 [1]. Re-
gistration of fl uorescence decay kinetics on an HSA 
preparation free from NEFA (which were removed 
by special processing) and after addition of palmitic 
acid showed a signifi cant increase of A1, A2, A3 am-
plitudes (Fig. 1, a), while the time constants τ1, τ2, 
τ3 changed negligibly. Hence, the increase of F was 
due to increase of K-35 binding to HSA. The bind-
ing increase was characteristic of centers of all three 
types, but most of all for type 3 (more than 3-fold at 
NEFA/HSA proportion of 2-3; Fig. 1, a). The sum 
F=A1τ1+A2τ2+A3τ3 under these conditions increased 
1.6±0.3 times, which confi rmed the previous data [1]. 
Hence, the A1 amplitudes and the amplitude proportion 
depended on the NEFA/HSA proportion.

The serum usually contains 0.5-1.5 molecules of 
NEFA per HSA molecule. In order to compare the re-
sults of model experiments with the actual status of the 
serum, we recorded the kinetics of K-35 fl uorescence 
decay after the probe addition to diluted serum from 
healthy volunteers and patients with the fi rst episode 
of schizophrenia. The serum time constants were the 
same as in isolated HSA. As for the amplitudes — as 
expected, addition of palmitic acid to the serum with 
albumin containing NEFA led to reduction of A1 and A2 
and further increase of A3. An example of typical nor-
mal serum is presented in Fig. 2. Hence, the beha vior 
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of amplitudes in response to palmitic acid addition 
depended on the NEFA initially present in the serum.

Comparative analysis of Ai and τi values in di-
luted serum specimens from 24 patients with the fi rst 
episode of schizophrenia was carried out. The A3/A1 
ratio varied in the patients, but the range of va ria tions 
more or less corresponded to the range after addition 
of palmitic acid to HSA in 0-3 molar proportion (Fig. 
1, b). This once more indicated similarity of the serum 
status in comparison with the model experiment with 
isolated HSA after addition of palmitic acid.

Hence, fatty acids in physiological concentrations 
(that is, at NEFA/HSA ratio of 0-(2-3) modulated the 
HSA K-35-binding centers of all three types and en-
hanced their binding activity. Type 1 centers reacted 
less intensely to the fatty acid than type 2 and particu-
larly type 3 centers, their binding activity increasing 
more than 3-fold. Presumably, the degree of fatty acid 
charge of HSA was essential for the drug pharmacoki-
netics and extracorporeal elimination of toxic ligands 
transported by albumin.

According to previous fi ndings, the fi rst three mo-
lecules of fatty acids in HSA crystals occupied sites in 
subdomain IIA (near drug center 1), IIIA (near drug 
center 2) and IIIB [15]. Our data indicate that of the 
K-35 probe binding centers, type 3 centers are the 
most sensitive to palmitate. Presumably, they were 
the closest to the fatty acid denoted in the crystal [15] 
by No. 2 (scheme of albumin molecule was presented 
previously [7,15]) or were located in domains IIIA or 
IIIB. However, it is diffi cult yet to solve this problem, 
as the location of the fatty acids in the HSA molecule 
in a real solution can differ from their known location 
in a crystal.

Our results suggest that registration of K-35 fl uor-
escence decay in diluted serum opens new vistas in 
evaluation of albumin charge by fatty acids and its 
actual adsorption capacity in the blood. These results 
can serve the base for development of methods for 
prediction and evaluation of the effi ciency of drug 
therapy in patients with endogenous mental diseases.

The authors thank Prof. A. B. Shmukler for pa-
tients’ serum samples.

The study was partially supported by the Inter-
national Research and Technological Center (grant 
No. 3156).

Fig. 1. Changes in the amplitudes A (a) and amplitude proportion (b) in the fluorescence decay components of HSA-bound K-35 probe in 
response to palmitic acid addition. The concentrations of HSA and K-35: 16 μM. Here and in Fig. 2: the mean quadratic deviation is shown 
in each experimental point. A
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Fig. 2. Time course of amplitudes A of three fluorescence compo-
nents of HSA-bound K-35 in normal diluted serum in response to 
palmitic acid addition. The serum was diluted to the final concentra-
tion of albumin 40 μM; K-35 concentration: 20 μM.
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