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Messages transmitted by biologically active sub- 
stances, including regulatory peptides, to their target 
cells are materialized in altered rates and/or direc- 
tion of intracellular biochemical processes. Such al- 
terations are thought to result from stimulation or 
inhibition of secondary messenger systems (the ade- 
nylate cyclase, polyphosphoinositide, and other sys- 
tems). The activity of these systems is regulated 
mainly by specific receptors found on the plasma 
membranes of effector ceils. It is believed that the 
information contained in a regulatory peptide (RP) is 
transferred to the cell when the R P  molecule binds 
to its specific receptor . . . .  

During the past decade, however, a large body of 
experimental evidence has been obtained demonstrating 
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surface-active properties of RP and the ability of their 
molecules to modify lipid mono- and bilayers (as well 
as mono- and bilayers formed from isolated plasma 
membranes) by incorporating themselves between the 
lipids [1,3,5-8,12,14]. Such incorporation of an RP 
into the lipid matrix may precede its receptor binding 
and bring about alterations in the course of intracellular 
processes independently of the receptor. This indicates 
that the RP-lipid matrix interaction plays a role in 
information transfer to the cell's interior. 

The purpose of the present study was to throw 
more light on the involvement of the plasma mem- 
brane's lipid phase in information transfer via RP. 

MATERIALS AND METHODS 

The amount of information contained in an RP mol- 
ecule in solution was computed on the basis of the 
following considerations. The amount of information 
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(f-/) in an RP molecule is given by Shaunon's for- 
mula: 

f - f  = - _RSSpi ln&,  (1) 

where K is a coefficient for determining far in bits" 
(K = 1/ln2) and Pi is the probability of the /th con- 
formation of the RP molecule, with i = 1, 2, ..., N 
(Nbeing the number of permissible low-energy con- 
formations). 

In solution, however, the probabilities of the RP 
molecule occurring in different conformational states 
are equal [2], so that 

P l  = /92 = "'" = ffi = 1/N. 
In this case, N will be maximal and can be cal- 

culated by the formula: 

Hm~ = /tinY. (2) 

This formula was used to compute the amount 
of information carried by RP molecules in solution. 

The redundancy of information was characterized 
by a redundancy coefficient calculated using the for- 
mula: 

R = 1 - Hi/ m x, (3) 

where R is the redundancy coefficient and H i is 
the amount of information carried by one conformer. 

The ability of  R P  to modify  artificial lipid 
membranes was determined by examining their inter- 
action wi th  monolayers  formed from individual 
lipids, their mixtures, or isolated plasma membranes 
as described previously [5] and [81, and also with flat 
bilayer lipid membranes prepared by the method de- 
scribed else where [31. 

RESULTS 
At the molecular level, information is carried by the 
three-dimensional structure of RP molecules that is 
organized in a particular way [11]. In solution, how- 

"fable 1. Q u a n t i t y  of I n f o r m a t i o n  C o n t a i n e d  in R e g u l a t o r y  P ep t l d e  

ever, peptide molecules do not have a fixed confor- 
mation. One can describe the structures o f  RP mol- 
ecules in solution by a set of low-energy conforma- 
tional states [21 and then use formula (2) to com- 
pu t e  the amount  of information carried by these 
molecules in solution. 

The number of low-energy conformers of some 
RP molecules and the calculated amounts of infor- 
mation corresponding to them are shown in Table 1. 
It can be seen that the total information contained 
in an RP is directly proportional to the number  of 
permissible structures of their molecules. 

Yet the amount of information is not a crucial 
factor in the action of an RP on the effector cell. 
Here, a more important characteristic is the value of 
the information being transferred. 

On the one hand, a valuable message is one that 
can lead to goal-directed alterations in the course of 
physiological processes occurring within the cells. 
Such alterations, as noted above, are mediated by the 
binding of RP  molecules to their receptors. In this 
case, however, RP molecules would  need to be 
present in only one stable conformation in which they 
would bind to the specific receptor and transfer infor- 
mation to the cell. The presence of a definite number 
of equally probably conformers presupposes the pos- 
sibility of  RP  binding not  just to one specific 
receptor for transmitting a message. 

On the other hand, the "extra" conformers carry 
redundant information, i.e., information which, ac- 
cording to a widely accepted theory of hormone- 
receptor interaction, does not have to be materialized 
by the cell subsequently. Information redundancy i s  
defined by the redundancy coefficient, whose calcu- 
lated values for several RP are also shown in Table 
1. As seen in this table, the coefficient is fairly high 
for virtually all of the peptides. Such "extravagance" 
on the part of  nature seems unlikely. However, the 
possible acceptors of RP on the effector cell surface 
may also be the receptors of other ligands, mere- 

M o l e c u l e s  

Peptide 

Angiotensin II 
Bradykinin 
Vasopressin 
Enkephalins 
Luliberin 
co- Melanotropin 
Oxytocin 
Substance P 
Tuftsin 
Tetragastrtn 
Thyroliberin 

N ~ _ of conform- 
ers in solution 

Quantity of 
information in 

solution (H), bits 
5 2.322 

12 3.585 
11 3.459 
10 3.322 
3 

13 
6 

13 
5 

22 
6 

1.585 
3.700 
2.585 
3.700 
2.322 
4.459 
2.585 

Redundancy 
coefficient (R) 

0.800 
0.917 
0.909 
0.900 
0.667 
0.923 
0.833 
0.923 
0.800 
0.955 
0.833 

Lipid membrane 
modification 

+ 
+ 
+ 
+ 
? 
? 
+ 

+ 
? 
? 
? 

Reference(s) 

[121 
I81 
[31 
I1] 

[5,61 
[71 
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brane-bound enzymes, and the membrane's lipid 
bilayer. 

Indeed, increased value of the information being 
transferred is achievable owing to the  presence of  
various receptor  subtypes [9]. RP  such as neuro- 
hypophyseal hormones, enkephalins, and substance P 
have been shown to be capable of  acting on the cell 
by b ind ing  to receptors  for o the r  bioregulators  
[10,15]. Some RP can influence the activity of mem- 
brane-bound  proteins in a direct fashion [4]. Fur-  
thermore, recent experimental evidence indicates that 
many peptides are able to interact directly with the 
plasma membrane  lipid matr ix  of  the effector cell 
[1,3,5-8,12,14]. 

The role of the peptide-lipid interactions men-  
tioned above may be visualized as follows. By being 
adsorbed on the lipid bilayer, RP molecules can ac- 
quire the particular conformat ion  required for their  
binding to the receptors, and this  property probably 
enables the cell to receive i n fo rma t ion  from various 
conformers of  one peptide that  are present in solu- 
t ion. T h e n ,  RP molecules  residing in the l ipid 
environment can influence various membrane-bound 
proteins and  also can modify physicochemical char- 
acteristics of  the plasma membrane  lipid matrix it- 
self. As a result, the quantity and, consequently, the 
value of the  information carried by the RP and re- 
ceived by the  cell can be considerably increased. 
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Synthetic antioxidants have been extensively used in 
ophthalmological practice as preparations protecting 

Institute of Chemical Physics, Russian Academy of Sciences, 
C h e r n o g o l o v k a ,  M o s c o w  Reg ion ;  "Eye  M i c r o s u r g e r y " ,  
Research Center,  Moscow 

the retina from damage developing in the  activation 
of free-radical oxidation reactions. The concept  un-  
derlying their use implies that  disturbances in the  
oxidative processes and an t ioxida t ion  p ro t ec t ion  
mechanisms affect the membrane  structures of the  
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