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TEMPERATURE REGION OF MEIERANE ACTIVITY 

LESZEK WO.JTC?AK AXD JERZY W .  STASIAK 
Department of S o l i d  S t a t e  Phys ic s ,  I n s t i t u t e  of Phys ic s  
Un ive r s i ty  of Lodz, 90236 Lodz, Nowotki 149/153, Poland 

Abst rac t  The f u n c t i o n a l  model d e s c r i b i n g  ce l l  mem- 
brane p r o p e r t i e s  is d i scussed  i n  t h e  c a s e  of f o u r - s i t e  
a n i s o t r o p i c  i n t e r a c t i o n  between l i p i d  molecules. The 
l i p i d s  can  appear  i n  two conformat iona l  s ta tes  and a 
phase t r a n s i t i o n  from t h e  phase wi th  two s t a t e s  t o  t h e  
phase wi th  one s t a t e  on ly  can  be expec ted .  Then t h e  
o rde r  parameter is d i f f e r e n t  from z e r o  i n  some tempe- 
r a t u r e  i n t e r v a l  which can be cons ide red  a s  a r e g i o n  of 
t h e  membrane a c t i v i t y  i n  b i o l o g i c a l  sys tems,  In  p a r t i -  
cular ,  t h e  c a t i o n  conductance through c e l l  membranes is 
conf ined  by t h e  tempera ture  of t h i s  t r a n s i t i o n  as  t h e  
lower limit while t h e  upper l i m i t  i:s p r e d i c t e d  by t r a n -  
s i t i o n  t o  t h e  phase wi th  d i s o r d e r e d  c o n f i g u r a t i o n s .  

A f u n c t i o n a l  s c t i v i t y  of b i o l o g i c a l  sys tems appea r  a lmost  

always i n  some i n t e r v a l s  of va lues  f o r  phys i ca l  parameters  

d e s c r i b i n g  p r o p e r t i e s  of t h e s e  sys tems.  The most t y p i c a l  and 

ev iden t  behaviour of t h i s  kind of a c t i v i t y  i n  b i o l o g i c a l  

s y s t e m s  is observed a s  a f u n c t i o n  of t empera tu re .  In t h i s  

paper we fo rmula t e  a f u n c t i o n a l  model which r e f l e c t s  t h i s  

n a t u r a l  p rope r ty  by means of t h e  o r d e r  parameter ,  p rope r ly  

chosen ,  and d i f f e r e n t  from zpro on ly  i n  a g iven  t empera tu re  

r eg ion ,  The approach is Sased on assumption conce rn ing  t h e  

i n t e r a c t i o n s  between e lements  of t h e  cons ide red  sys tem.  Cal- 

c u l a t i o n ;  f o r  t h e  o rde r  parameter cor responding  t o  a g iven  

f u n c t i o n  of t h e  system l e a d  t o  t h e  de t e rmina t ion  of t h i s  pa- 
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214 L. WOJTCZAK AND J. W. STASIAK 

rameter, b e h a v i o u r  which shows t h a t  t h e  f u n c t i o n  i n  q u e s t i o n  

c a n  a p p e a r  i n  some l i m i t e d  temperature r e g i o n  o n l y .  The 

d i s c u s s i o n  is p r e s e n t e d  i n  t h e  case of  f u n c t i o n a l  model' f o r  

t h e  d e s c r i p t i o n  of b i o l o g i c a l  c e l l  membranes. 

I n  o r d e r  t o  f o r m u l a t e  t h e  model i n  q u e s t i o n  we c o n s i d e r  

p r o p e r t i e s  of  t h e  l i p i d  b i l a y e r  i n  c o n n e c t i o n  w i t h  t h e  

s t ruc ture  and its p o s s i b l e  c o n f o r m a t i o n s .  The p h y s i c a l  back- 

ground of t h i s  f u n c t i o n a l  model is t h e n  g i v e n  by t h e  i n t e r -  

ac t ion : ;  of l i p i d s  which c a n  a p p e a r  i n  d i f f e r e n t  conforma- 

t i o n a l  s t a t e s  s t a b i l i z e d  by t h e  c o u p l i n g  be tween t h e  ne igh-  

b o u r i n g  moleculer ,  w i t h  d i f f e r e n t  s ta tes .  O f  c o u r s e ,  a l l  t h e  

c o n s i d e r e d  c o n f i g u r a t i o n s  c a n  occur i n  a l l  t h e  ne twork  

s i t e s ,  b u t  we assume t h a t  t h e s e  e x i s t  i n  c e r t a i n  s i t e s  which 

are more p r o b a b l e  f o r  t h e  a p p e a r e n c e  o f  a g i v e n  k i n d  o f  

c o n f i g u r a t i o n s .  T h e r e f o r e  we i n t r o d u c e  two s u b l a t t i c e s  f o r  

t h e  l i p i d  s i t e s  and we assume t h e  i n t e r a c t i o n  between l i p i d s  

b e l o n g i n g  t o  b o t h  s u b l a t t i c e s .  The  model is usually formu- 

l a t e d  i n  t h e  l a n g u a g e  of t h e  p r o j e c t i o n  o p e r a t o r s  f o r  a g i v -  

e n  c o n f o r m a t i o n a l  s t a t e '  and  d e t e r m i n e d  by t h e  H a m i l t o n i a n  

l i k e  t h o s e  u s e d  i n  t h e  l a t t i c e  gas' or i n t e r a c t i n g  s p i n s 3  

t h e o r i e s .  Of c o u r s e ,  t h i s  a n a l o g y  is v e r y  u s e f u l  i n  mathe- 

matical t r e a t m e n t  o f  t h e  problem.  

The d e s c r i p t i o n  of c a t i o n  c o n d u c t a n c e  t h r o u g h  cel l  

membranes w i t h i n  t h e  f u n c t i o n a l  model a s  a n  example o f  its 

a p p l i c a t i o n  was e a r l i e r  f o r m u l a t e d  a n d  t e m p o r a l  b e h a v i o u r  o f  
9 t h e  c o n d u c t a n c e  w a s  a n a l y z e d  I I n  t h e  p r e s e n t  p a p e r  we 

e x t e n d  t h i s  model i n  o r d e r  t o  e x p l a i n  t h a t  t h e  membrane 

a c t i v i t y  c a n  be p o s s i b l e  o n l y  i n  a g i v e n  t e m p e r a t u r e  r e g i o n  

a s  a consequence  of t h e  membrane c o n s t r u c t i o n .  Namely, we 

a p p l y  t h e  e x t e n d e d  model f o r  membranes t o  t h e  d i s c u s s i o n  of 

phase  t r a n s i t i o n s  i n  t h e  f u n c t i o n  of p r o t e i n s .  Then t h e  con-  
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TEMPERATURE REGION OF MEMBRANE ACTIVITY 215 

ductance state determined by the open and closed channels 

connected with the protein states can be treated as an 

example of tha nature of cooperative phenomena and their 

links with the temperature confinement of biological 

act i v i t y . 

2 .  NODEL OF A MEMBRAIIB 

We repeat now the assumptions made for the model of a mem- 

brsne used in and we introduce an additional, more detailed 

description of the elements occuring in the model. We assume 

that a membrane forms three layers with the surface layer 

network sites covered by lipids and the internal layer occu- 

pied by proteins randomly distributed and interacting with 

lipids. There is no direct interaction between proteins. The 

lipids can appear in t m  conformational states and can be 
situated in two kinds of the network sites. The short-range 

interactions between lipids in different network sites are 

different. Moreover, the interaction is strongly anisotropic 

and it is of four-site anisotropy character. This kind of 

anisotropy is a new element of the functional model. Its 
appearance is connected with the discussion of the behaviour 

for two conformational sublattices. 

9 

Generally speaking, the Hamiltonian written in terms of 

the projection operators contains in fact the expressions 

for all powers with respect to the projection operators. The 

bilinear farm discussed up to now is one of the simplest 

realizations of lipid-lipid interactions . The next step 

should contain terms of higher order. Taking Hamiltonian 

concerning the conservation symmetry and time invariance we 

can see that the Hamiltonian should contain the terms with 

four projection operators. In particular, we require that 

the Hamiltonian should describe a possibility of transition 
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216 L. WOJTCZAK AND J .  W. STASIAK 

a 

‘I 6 

FIGURE 1. The model of b i o l o g i c a l  membrane. 

a)  S t r u c t u r e  of membrane acco rd ing  t o  t h e  l i q u i d  

mosa i c . 
b) Bio log ica l  membrane i n  f u n c t i o n a l  model p re sen ted  

i n  t h i s  paper:  t h e  p r o t e i n s  and l i p i d s  are p laced  by 
t h e  pseudospins  which i n t e r a c t  wi th  one a n o t h e r .  The 

layered  s t ruc ture  of t h e  membrane is mapped by t h e  

l a y e r s  ( ( ~ = l ,  2 ,  3) r e l a t e d  t o  t h e  l i p i d s  and p r o t e i n s .  
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TEMPERATURE REGION OF MEMBRANE ACTIVITY 217 

from the phase with two conformations to the phase with one 

conformation only. This fact allows us to choose the 

anisotropic term in the form of four-site anisotropy by 

means of the analogous arguments as those applied in the 

theory of metamagnetics where the phase transition from 
4 antiferromagnetic to ferromagnetic phase is expected . 

Next, we would like to mention that the distribution of 

lipids with different conformations plays an important role 

for the construction of the Hamiltonian because of the in- 

teraction between two different sublattices. There are no 

predictions enabling us to establish this structure precise- 

ly. Therefore we suggest to discuss this question in 

variants. The choice of one of possible variants should be 

confirmed by comparison with experiments. 

In this paper we confine our discussion to one possible 

configuration by assuming two sublattices occupied by lipids 

with two different conformational states of molecules. In 

the simplest case when the sublattices are equivalent to in- 

ner and outer layers forming a membrane the interaction is 

different in the plane and between two planes. I t  is easy to 

show that this configuration is topologically equivalent 

within the molecular field approximation to the configura- 

tion where we have the nearest neighbours belonging to the 

different sublattice with respect to the element considered. 

Of course, the above interpretation seems to be quite 

probable, but it serves only as an illustrative mechanism. 

It has no essential influence on the applicability of the 

presented model in general to the considered questions while 

it allows us to discuss some properties in a concrete form. 

The structure of the lipid bilayer and random distribu- 

tion of proteins in the middle plane is shown on Figure 1. 

The structure of polymers which are perpendicular to the 
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218 L. WOJTCZAK AND J. W. STASIAK 

POLAR PART 
a> 

Figure 2 .  a) One kind of phospholipid molecule: 

0 - carbon, 0- hydrogen, e- oxygen, ch - choline 
6 group, p - phosphate group I 

b) Symbolic presentation of phospholipid molecule. 

c) The conformational states of lipids with their 

pseudospin notation in functional model presented in 

this paper. 

membrane surface and fcrm the bilayer is presented on Fig- 

ure 2 ,  At the same time the figures indicate the notation of 
9 the symbols used here according to our previous paper . 

3. EQUATIOBS FOB ORDER PARAMETERS 

The system of two lipid conformational sublattices and one 

protein sublattice can be described by means of three order 

parameters: two for the lipid conformations and one for the 

protein permeability proportional to the probability of the 
appearance of open channels . We define them as the average 

values of the projection operators, namely <S1> and <S;> 

refer t o  the order of two conformations which are connected 

9 

z 
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TEMPERATURE REGION OF MEMBRANE ACTIVITY 219 

with two sublattices determined as the outer (ry=l> and inner 

(1723) layers. The protein order is described then by < S " ) .  

Usually, the order parameter m=0.5(<S > t <S">)  character- 

izing the degree of the order of conformation distribution 

is introduced. 

2 
Z 
1 2 

The behaviour of the order parameters is described by 

means of the Harniltonian of the system, which is now assumed 

in the form 

0 H=H t Ha 

9 where according to 

and 

(1) 

with j standing f o r  the two-dimensional position vectors 

belonging to the sublattice (1. The interaction elements I 11= 
133 =Is, 122=o, I =I =I & = O ,  while Is, I 
Ia, D are the parameters of the theory at the 

12 23 p' I13='31='a' P' 
level of cal- 

culat ion. 

The solution of the Hamiltonian (1) for the order 

parameters is mathematically equivalent to the solution of 

the Hamiltonian for metamagnetics . Taking into account this 
equivalence we write the free energy F in t h e  form 
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220 L. WOJTCZAK AND 1. W. STASIAK 

2 2  f=- -= - [a(x t y ) t 2xy t 2j3cz(x + y) BkETc 2 

1 
2 

sinh(S t -)y 
(4  1 - 3dxy(x2 t y211 - t x l n  v 

sinh 5 1 y 
LI 

where T denotes the critical temperature for which the 

values ( S  > and 
constant while 

c 
<S3> are equal zero, k is the Boltzmann E 1 

( 5 )  A 1 2 2  
j r  = - [ax t y t j3cz - - y(3x t y )dl 

y = 4 EP(x t y ) l  

y = - ray  t x + pcz - 

1 t  2 

(6 1 2 t  

( 7 )  A 2 sr(3y2 t x )dl 3 t  2 

and t=T/Tc, A=3/1 ( S  t 1) ( a  t 1)1, cu=I /I j3=1 / I  

d=DS / I  x = / C  > / S ,  y=<S3>/S, z=<S > I S .  The formula ( 4 )  

reduces to that obtained in5 for @=C.  Minimizing the free 

energy with respect to x, y ,z  we obtain 

s a' P a' 2 
a' '"1 2 

x = B Cy 1 ;  y = E ( y ? ) ;  cz = B (y ) ( 8 )  s 1  5 . J  s 2  

with c denoting the concentration of proteins. The quantity 

c z  is a measure of the cation permeability. In the eq. ( 8 )  

the Brillouin function €3 Cy) has the form 
5 

2s ctgh [ '2s2i "'1 - 2s 1 ctgh ( 2) E Cy,= - 
s 2s 2s 

which is the solution of the equation 

with Hamiltonian H in molecular field approximation 
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TEMPERATURE REGION OF MEMBRANE ACTIVITY 22 1 

The eqs ( 8 )  have two solutions below t=l (T=T ) and 

one solution (x=O, y=O, z=C? above t=l. It means that the 

lipid conformations are completly disordered above the phase 

transition temperature Tc which plays now the role of the 

temperature for the transition from the ordered to disorder- 

ed phase. Below T !t=l? one of the solutions is also of 

this character ( x = O ,  y=O, z=O),  but the second solution is 

different from zero for O<t(l and has the property Ixl=lyl 
while both variant:; are possible, ie. (a) x=-y, and (b) x=y. 
In the case (a) we can speak about the appearance of two 

conformations which are easily distinguished. Then the total 

order parameter m=O,  and z=B (2gmSA)=O. In the case (b )  both 

sublattices are occupied by the some conformation. It is 
rather difficult to distinguish between them and we can 

speak about the phase with one conformation only. The order 

parameter m=O shows that the phase is ordered. Then 

cz=EF!2Fma/t) is different from zero. I n  our example this 
case corresponds to the active state of protein channels. 

C 

S 

a 

The realization of one of two possible cases (a? or (b) 

depends on the minimum of the free energy f with respect to 

the corresponding solutions (x=-y)  or (x=y). In general, the 

free energy varies in tempetature, so that we can expect the 

transition from one case to another. The transition tempera- 

ture t is determined by the condition fa!t )= f  (t ) .  Taking 

into acccunt our example concerning the cation conductance 

we find that this phase transition corresponds to the tran- 

sition from phase with z=O to the phase with z+O. We mention 
here that the phase transition at temperature T means the 

transition from the phase with z#O to the phase z=O. Thus 

we can expect that the protein channel activity is confined 

by two phase transition points. 

K b M  

C 
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222 L. WOJTCZAK AND J. W .  STASIAK 

4.DISCUSSION OF SOLUTIONS 

As an example of our c a l c u l a t i o n s  w e  p re sen t  i n  F igu re  3a 

t h e  f r e e  energy  a s  a f u n c t i o n  of reduced tempera ture .  The 

cu rves  denoted on t h e  F igu re  as  2 and 3 have a common p o i n t ,  

which is connected wi th  tempera ture  tN. A l l  t h e s e  t h r e e  

curves  have t h e  ccmmon p o i n t  i n  t h e  reduced tempera ture  t=l 

and t h i s  p o i n t  is connected wi th  t h e  phase t r a n s i t i o n  

between ordered  and d i s o r d e r e d  conformat iona l  s ta te .  I n  

F igure  3b t h e  q u a n t i t y  c z  is p resen ted ,  which d e s c r i b e s  t h e  

a c t i v i t y  of b i o l o g i c a l  membrane. A s  we  see, t h i s  q u a n t i t y  is 

d i f f e r e n t  from ze ro  i n  t h e  tempera ture  r e g i o n  t < t< tc  which M 

0.7 1 t  
-0.87h 

0.5 l [ j  = 

0 
-1.5 0.3 0.6 1 t  - 

-2.12 I \ 
FIGURE 3. a )  The f r e e  energy  a s  a f u n c t i o n  of reduced 

tempera ture  t . 

b) The normalized q u a n t i t y  cz connected wi th  t h e  

membrane a c t i v i t y  as a f u n c t i o n  of reduced tempera ture  

t .  The c a l c u l a t i o n  were done f o r  t h e  ~ 5 ,  d=1.2, @ = O . O l  
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TEMPERATURE REGION OF MEMBRANE ACTIVITY 223 

can  be cons ide red  as  t h e  r eg ion  of membrane a c t i v i t y .  

F igu re  4 p r e s e n t s  t h e  q u a n t i t y  c z  bu t  f o r  d i f f e r e n t  param- 

e t e r s  whose v a l u e s  are d e s c r i b e d  under t h e  F igu re .  The s ta te  

r e p r e s e n t e d  by t h e  curve  denoted on F igu re  4 a s  1 h a s  o n l y  

0 0.5 1 T'Tc 

FIGURE 4 The q u a n t i t y  c z  c a l c u l a t e d  as a f u n c t i o n  of 

reduced tempera ture  t - t h e  cu rve  1 was c a l c u l a t e d  f o r  

t h e  parameters  a=5, d=1 .2 ,  p=1; t h e  curve  2 f o r  a=10, 

d=3, p=2. 

one phase t r a n s i t i o n  p o i n t  b u t t h a t  g iven  by cu rve  2 h a s  two 

phase t r a n s i t i o n  p o i n t s .  O u r  n u m e r i c a l  c a l c u l a t i o n s  showed 

t h a t  t h e  r e l a t i o n s  between a l l  parameters are n o t  s imple  and 

d e t a i l e d  c a l c u l a t i o n s  a renecessa ry  t o  conclude f i n a l l y  about  

t h e i r  behaviour .  

5.  DECORATION OF MEMERABE 

The i n t e r a c t i o n  of small molecules wi th  b i o l o g i c a l  membranes 

is of i n t e r e s t  i n  unders tanding  t h e  mechanism of membrane 

f u n c t i o n s .  In  p a r t i c u l a r ,  t h i s  i n t e r a c t i o n  is impor tan t  i n  

t h e  c a s e  of a n a s t h e s i a  . The theo ry  of t h i s  phenomenon is 4 
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224 L. WOJTCZAK AND J. W .  STASIAK 

based mainly on the assumption that the anasthetics lower 

order-dizorder temperature anc! increase the cation permea- 

bility. There are several slightly different approaches to 

his question, in particular, the model presented by Nagle 

and its generalization including an interaction with small 

molecules . The idea of surface decoration is very close to 

the functional mode here presented,mainly in the case of the 

sorption theory taken into account. Therefore we consider a 

membrane decorated at it surface by small molecules sorbed 
by polymers forming a biological bilayer. The aim of this 

procedure is connected with two aspects: !1) to formulate a 

consistent, approach to the decoration process within one 

functional model in order to treat the comparison of the 

results 3s s test for the functional theory, ( 2 )  to consider 

a shift to both phase transition temperature T standing for 
order-disorder temperature which is also analysed in other 

models and T N  connected with the conformational phase 

transition. The behaviour of T in a function of sorption is M 
then one of additional tests conforming the proper choice of 

the model a.ssumption and its effectiveness. The application 

of the sorption sites are identified with the outer 

sublattice sites and interactions are determined by the 

coupling between the sorption operators c and projection 

operators S for a given conformation. Then the total 

Hamiltonian Ht consists of two parts H given by (1) and 

7 

2 

1j 

7 I j  

where p denotes the chemical potential, K is the interaction 
parameter and E ( E < O )  denotes the sorption energy. In the 

rcolecular field approximation the Hamiltonian (9) adds the 

expression 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
12

 1
9 

Fe
br

ua
ry

 2
01

3 



TEMPERATURE REGION OF MEMBRANE ACTIVITY 225 

(10) 

t o  y g iven  by ( 5 )  and 1 

1 
2 9  

s i n h  (s t - ) y  

1 
2 9  

-- F'  - Assex  - t I n  
s i n h  - y BkBTc 

(11) 

wi th  

A 
e t  y = - - I  -Ex - ( E  - 

t o  t h e  f r e e  energy  g iven  by 14) .  The symbols have t h e  

fo l lowing  meaning: s=K/I 9=<C i / S  - p l a y s  t h e  r o l e  of t h e  

s o r p t i o n  c a n c e n t r a t i o n .  The s o l u t i o n  is found a s  
a' 1 

9= B ( ye ) (13) 

while t h e  s o r p t i o n  c o n c e n t r a t i o n  is determined by t h e  ene rgy  

I3 which is r e l e t e d  t o  t h e  s o - c a l l e d  s o r b a t e  a c t i v i t y  

determined by X =  expl-(E - p)!K'Tl, where K'=Is/2Tc. T h i s  

parameter a p p e a r s  i n  t h e  formula (12) l i k e  t h e  a p p l i e d  f i e l d  

t e rm s o  t h a t  does  not vanish  f o r  any tempera ture  indepen- 

d e n t l y  of t h e  coup l ing  wi th  x. The parameter  x does  n o t  

van i sh  now because of t h e  argument y1 + y '  i n  ( 8 ) .  I n  t h e  

c a s e  x+O we have 

S 

-1 1 f o r  s= - 2 El= (X - 1 - Asxt )(1 t y T 1  

S u b s t i t u t i n g  t h i s  expres s ion  t o  ( 8 )  we can s e e  t h a t  t h e  

e f f e c t i v e  parameter 

Thus t h e  phase t r a n s i t i o n  tempera ture  T '  

a s  T I c > T c .  

shou ld  be expec ted  
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The present paper gives a possibility to discuss the 

TM 
sorption influence on the phase transition temperature 

This discussion requires numerical analysis of the free en- 

ergy considered in a function of 8 .  The results are pre- 

sented on Figure 5. We can see that the sorption does not 

cz 
1 

0.5 

0 

0 
4+*c 

0.5 

FIGURE 5 The quantity cz as a function of reduced 

temperature: curve 1 - a=5, d=1.2, j3=0.01; curve 2 - 

~ = 5 ,  d=1.2, P=O.Ol, ie= -0.5, < E  - p ) / 1  = -0 .15  (this 

curve was calculated from the model with sorbed mole- 

cules on the surface). 

a 

shift the point Tm and is rather connected with the temper- 

ature T . Thus the temperature region of biological activity 
is shifted towards higher temperature and it is expected to 

be larger under the sorption influence. Of course, the shift 

depends on the interaction parameters, which means a depen- 

dence on the t ype  of sorbed molecules. D
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6 .  CONCLUSIONS 

The a n a l y s i s  of t h e  f r e e  energy  f o r  ce l l  membranes d e s c r i b e d  

by t h e  f u n c t i o n a l  model wi th  f o u r - s i t e  a n i s o t r o p y  shows t h a t  

t h e  conformat iona l  phase t r a n s i t i o n  i n  a l i p i d  b i l a y e r  

appea r s  f o r  some va lues  of t h e  i n t e r a c t i o n  parameters .  The 

phase t r a n s i t i o n  tempera ture  T depends on t h e  a n i s o t r o p y  

c o n s t a n t s  and be longs  t o  t h e  i n t e r v a l :  ( 0 , T  ) .  Such behav- 

i o u r  of t h e  f r e e  energy  l e a d s  t o  t h e  apperance of t h e  t o t a l  

o r d e r  parameter m i n  a d e f i n i t e  tempera ture  r e g i o n  (T T ) 

on ly .  

M 

C 

13’ c 

In  ou r  example cons ide red  i n  connec t ion  wi th  t h e  c a t i o n  

conductance t h e  parameter m de t e rmines  t h e  p r o t e i n  a c t i v i t y ,  

s o  t h a t  t h i s  a c t i v i t y  occurs i n  a d e f i n i t e  t empera tu re  

r eg ion .  We showed a l s o  t h a t  t h i s  r e g i o n  can  be s h i f t e d  by 

t h e  sorbed  molecules  a t  t h e  s u r f a c e  of a membrane. 

The r e s u l t s  ob ta ined  and t h e i r  i n t e r p r e t a t i o n  p resen ted  

he re  a l low u s  t o  s ta te  t h a t  i t  is p o s s i b l e  t o  d e s c r i b e  t h e  

membrane p r o p e r t i e s  by means of a parameter  showing t h a t  a 

membrane is a c t i v e  i n  some t empera tu re  i n t e r v a l .  T h i s  means 

t h e  e x i s t e n c e  of a temperature r e g i o n  f o r  b i o l o g i c a l  a c t i v i -  

t y  of l i v i n g  sys tems.  We t h i n k  t h a t  t h e  p re sen ted  cons ide ra -  

t i o n s  are of gene ra l  c h a r a c t e r  as  f a r  a s  t h e y  c a n  enab le  u s  

t o  g e n e r a l i z e  t h e i r  conc lus ion  f o r  a r b i t r a r y  b i o l o g i c a l  

o b j e c t s .  

Apart from t h e  p a r t i c u l a r  conc lus ions  concern ing  t h e  

existence of t h e  tempera ture  phase t r a n s i t i o n s  and t h e i r  

mechanisms i n  membranes t h e  p r e s e n t  work a l l o w s  US t o  sug- 
g e s t  t h a t  t h e  c o n s t r u c t i o n  of t h e  f u n c t i o n a l  model assures 

its wide a p p l i c a b i l i t y  t o  v a r i o u s  problems. The phys ica l  

background l e a d s  t o  t h e  proper  Hamiltonian whose gene ra l  
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22R L. WOJTCZAK AND I. W. STASIAK 

form can be found by succesive approximations. The 

collective character of important features of biological 

systems is reflected by the model itself, The fact of the 

collectivity realized by conformational states, their 

coexistence and transitions between various conformations 

seem to be a basis of living processes. It is natural that 

the questions of the distributions between various 

topological configurations or excited states, their role and 

mainly their competition in considered phenomena shou ld  be 

discussed within the functional model. In the light of the 

above analysis the model is open for such investigations. 
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