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k-Sleep-inducing peptide (1 ~tg/ml) added to erythrocyte suspension from intact rats enhanced 
quenching of membrane tryptophanyl fluorescence with pyrene and increased the microvis- 
cosity of zones of protein-lipid contacts. Microviscosity and polarity of membrane lipid phase 
remained unchanged. Exogenous k-sleep-inducing peptide increased the negative surface 
charge of the erythrocyte membrane. During cold stress, the efficiency of tryptophane fluor- 
escence quenching with pyrene decreased and microviscosity of protein-lipid contacts de- 
creased, while microviscosity of lipid layer of the erythrocyte membranes did not change; 
polarity of deep membrane layers and negative surface charge increased, k-Sleep-inducing 
peptide normalized the efficiency tryptophane fluorescence quenching with pyrene and 
membrane microviscosity, polarity, and surface charge. 
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Molecular mechanisms of the effects of regulatory 
peptides on cell membranes are now extensively 
studied. Neuropeptides regulate ionic membrane per- 
meability via interaction with ionic channel molecule 
or formation of ionic channel due to incorporation of 
the neuropeptide molecule into lipid matrix; moreover, 
they form complexes with phospholipids, which mo- 
dify membrane fluidity [ 11]. 5-Sleep-inducing peptide 
(DSIP) attracts special attention as an antistress and 
hypnogenic brain modulator, adaptogen with a poly- 
functional effect on the organism under normal and 
extreme conditions, including the membrane-stabili- 
zing effect [3], and in vitro modifying the structure of 
erythrocyte membranes (EM) in rats. 

Regulation of various biochemical processes in 
the body is mediated through cell membranes, spe- 
cifically, through modulation of their physicochemical 
status. Changes in the lipid phase of cell membrane, 
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e. g., changes in lipid composition, oxidation of mem- 
brane lipids, microviscosity, polarity, etc., play an 
important role in the above-mentioned processes [13]. 
Free-radical processes and biomembrane damage play 
a key role in nonspecific reaction of the organism to 
extreme environmental factors [2]. We investigated the 
effect of DSIP on the structure and surface charge of 
rat EM under normal conditions and during cold stress. 

MATERIALS AND METHODS 

Experiments were carried out on outbred male albino 
rats weighing 150-180 g in winter. Intact animals were 
kept in a vivarium at 18-20~ on a standard ration 
(control); stressed animals were kept for 3 days in a 
cold chamber at 0-4~ (cold stress). The period of 1-3 
days in a cold chamber was defined as a stress by the 
stress and adaptation tests [4,5,10,12]. Experimental 
and control animals were decapitated in the morning 
3 days after the beginning of experiment, blood was 
collected in heparinized tubes. After removal of the 
plasma, erythrocyte precipitate was resuspended in 10 ml 
0.15 M NaCI containing 0.0l M Tris-HCl (pH 7.4), 
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centrifuged for 15 rain at 3000 rpm, washed 3-fold, 
and suspensions in buffered (pH 7.4) normal saline 
with equal protein content (0.5 mg/ml sample) were 
prepared from the resultant compact erythrocyte pre- 
cipitate. Protein content was measured by the method 
of Lowry [14]. 

The effect of  DSIP on the structure of rat EM was 
studied in in vitro experiments. Erythrocyte suspen- 
sion was preincubated with 1 lag/ml DSIP for 30 min 
at 26~ (DSIP was synthesized at M. M. Shemyakin 
and Yu. A. Ovchinnikov Institute of  Bioorganic Che- 
mistry) and with fluorescent probes pyrene and 1-ani- 
linonaphthalene-8-sulfonate (ANS). In control samples 
pyrene or ANS fluorescence in membrane was exa- 
mined without adding any other substances. 

The structure of  hydrophobic area of EM was eva- 
luated by the intensity of membrane tryptophanyl flu- 
orescence, pyrene eximerization, and the efficiency of 
tryptophane fluorescence quenching with pyrene mea- 
sured at 25~ on a Hitachi 650-60 spectrofluorimeter in 
0.1-cm cuvettes positioned at a 45 ~ angle. Tryptophane 
fluorescence of  EM was measured at excitation )~=282 
nm and emission )~=330 nm. Then pyrene was added 
to EM suspension (final concentration 7 laM) and after 
1 rain (time of complete dissolving ofpyrene in mem- 
brane lipid phase) tryptophane fluorescence was mea- 
sured again, and the intensities of monomer ( F )  and 
eximer (F )  pyrene fluorescence were measured at 
emission maximums of  393 and 470 nm, respective- 
ly. The height of fluorescence peak (F) in this case 
was lower than at first measurement (F0) due to tryp- 
tophane fluorescence quenching with pyrene. Sub- 
merging of membrane proteins in the lipid matrix was 
evaluated by the efficiency of energy transfer from 
tryptophanyls to pyrene equal to Fo/(Fo-F ). Pyrene 
eximerization coefficient K = F / F  was measured at 
excitation wavelengths of  334 and 282 nm. Membrane 
microviscosity is reciprocal to the pyrene eximeriza- 
tion coefficient. The polarity of  lipid environment of 

the probe was evaluated by the ratio of fluorescence 
intensity of  two monomeric forms F372/F393 in fine 
pyrene spectrum structure at excitation )~=334 nm [7]. 

The status of membrane surface was studied with 
ANS fluorescent probe [8] in concentrations of 10, 20, 
and 30 laM. Fluorescence intensity was studied at ex- 
citation )~=370 nm and emission )~=480 nm. The in- 
tensity of membrane-bound ANS fluorescence and the 
surface charge are reciprocal values [9]. 

Significance of difference between experimental 
and control groups was evaluated by Student's t test. 

RESULTS 

Physical characteristics of rat EM recorded by pyrene 
fluorescent probe were reliably changed by DSIP (Ta- 
ble 1). The Fo/(Fo-F ) ratio decreased by 17.1%, which 
indicates a higher efficiency of membrane tryptopha- 
nyl fluorescence quenching by pyrene in EM from in- 
tact animals under the effect of DSIP. The degree of 
protein submerging in the lipid phase can be evaluated 
by the efficiency of tryptophane fluorescence quench- 
ing with pyrene [8]. From such a viewpoint, we can 
speak about translocation of proteins into hydropho- 
bic bilayer. The degree of pyrene eximerization is in- 
versely proportional to energy transfer efficiency [8]. 
In our experiments DSIP reduced pyrene K c (282) in 
intact rat EM by 20.2%, which indicated an increase 
in the microviscosity of the protein-lipid interface (Ta- 
ble 1). Under these conditions the microviscosity of 
lipid bilayer evaluated by K (334) for pyrene and po- 
larity of  its microenvironment in EM remained virtual- 
ly unchanged (Table 1). The decreased of ANS fluo- 
rescence intensity by 9.1, 12.3, and 13.3% for probe 
concentrations of 10, 20, and 30 JaM, respectively, 
under the effect of DSIP is an indirect evidence of the 
immediate reaction between DSIP and EM (Table 1). 
Being an amphyphilic molecule, DSIP interacts with 
lipid membrane increasing its negative surface charge, 

TABLE 1. Effect of DSIP on the Structure and Surface Charge of EM in Intact Rats and Rats Exposed to Cold (M+_m, n=16,32) 

Parameter Control DSIP Cold stress Cold stress+DSIP 

FoI(Fo-F~ 
Ku165 (282) 

Kv=Fu r (334) 

F372 /F393 (334) 

3.83-+0.11 

1.574-0.05 

0.674-0.02 

1.22• 

3.18• 

1.25-+0.05" 

0.69-+0.01 

1.14-+0.06 

4.91• 

1.97• 

0.62• 

1.44• 

ANS f luorescence intensity 

ANS, HM 

10 

20 

30 

1.65• 

1.85• 

2.06• 

Note. *p<0.05 vs. the control, *p<0.05-0.001 vs. cold stress. 

1.50-+0.01" 

1.62• 

1.78• 

1.434-0.02" 

1.574-0,02" 

1.68• 

3.794-0.12* 

1.53+0.03 * 

0.62-+0.01 

1.33-+0.02 *+ 

1.62-+0.02 + 

1.75-+0.04 *+ 

1.89-+0.04 *+ 
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which reduces binding of ANS because of direct com- 
petition between these anions. 

Cold stress leads to LPO activation and reduces 
activity of the erythrocyte antioxidant system, which 
enhances EM permeability. Exposure to a stress fac- 
tor impairs the structure of membrane proteins and 
lipid bilayer. Measurement of the efficiency of non- 
radiation energy transfer from tryptophane residues to 
pyrene in erythrocyte membrane from stressed rats 
revealed a significant (by 28.1%) decrease in the Fo/ 
(F0-F) parameter in comparison with the control, which 
indicates translocation of erythrocyte proteins to the 
surface of the lipid bilayer and/or accumulation of 
associated proteins in EM of stressed rats (Table 1). 
Changes in the protein-lipid interactions in rats ex- 
posed to cold stress are in good correlation with the 
formation of protein aggregates under the effect of free 
radicals [6,8]. Pyrene K e (282) in EM of stressed rats 
increased by 25.1% in comparison with the control 
(Table 1), which indicates decreased microviscosity of 
the protein-lipid interface and disturbed protein-lipid 
interactions in EM. The structural parameter charac- 
terizing the relative microviscosity of lipid bilayer in 
EM changed negligibly in cold stress (Table 1). Mea- 
surements of a fine structure of pyrene fluorescence 
spectrum in the short-wave range showed increased 
polarity of EM lipid phase (by 18.3%) in experimental 
group in comparison with the control (Table 1), prob- 
ably due to formation of polar LPO products in mem- 
branes [6]. Apart from changes in the lipid layer, LPO 
was associated with changes in the surface charge of EM 
from animals exposed to stress. The intensity of ANS 
fluorescence at probe concentrations of 10, 20, and 30 
gM decreased by 13.5, 15, and 18%, respectively, in 
comparison with the control, which indicates an in- 
crease in the negative membrane surface charge and 
can be explained by the formation of polar oxidation 
products, in particular carboxyls, on the surface of EM 
during LPO (Table 1). 

DSIP (1 ~tg/ml) in vitro prevented unfavorable 
structural changes in EM from rats exposed to cold 
stress. The effect of DSIP on EM is determined by its 
influence on the surface charge, polarity, microviscos- 
ity of protein-lipid interface, and structure of mem- 
brane bilayer modified under conditions of LPO. DSIP 
decreased the Fo/(Fo-F) parameter in erythrocyte suspen- 
sion in comparison with cold stress, indicating a higher 
efficiency of tryptophane fluorescence quenching with 
pyrene and hence, a deeper protein localization in the 
membrane (Table 1). This parameter reached the con- 
trol level. Dissociation of protein is accompanied by 
complexes enhanced energy transfer from integral pro- 
teins to pyrene; simultaneously, the mean distance 
between pyrene molecules increased, while their exi- 
merization decreased. DSIP decreased pyrene K e (282) 

in EM of experimental rats by 22.4% in comparison 
with cold stress, and it did not differ from the control 
(Table 1). Addition of DSIP to erythrocyte suspension 
from experimental rat normalized membrane structure: 
it decreased polarity of pyrene microenvironment by 
8.2% in comparison with cold stress; this parameter 
was 8.7% higher than in intact animals; microvisco- 
sity of lipid bilayer did not change. DSIP enhanced 
ANS fluorescence in EM of rats exposed to cold stress 
at probe concentrations of 10, 20, and 30 gM by 13.8, 
11.4, and 12.4%, respectively, in comparison with 
stress, which implies a decrease in the membrane ne- 
gative surface charge virtually to the control level. 
ANS fluorescence intensity in samples with probe 
concentrations of 20 and 30 gM remained below the 
control by 5.3 and 7.9%, respectively (Table 1). 

Thus, our experiments demonstrated membrane- 
stabilizing effect of DSIP in intact rats and in animals 
exposed to cold stress: it normalized the structure of 
membrane proteins and the state of protein-lipid in- 
terface, prevented accumulation of polar compounds 
in the deep layers, and modification of surface layer 
in EM. 
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