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THERMOTROPIC BEHAVIOUR OF INTACT HUMAN 

ERYTHROCYTE MEMBRANES REVEALED BY DIFFEREN- 

T I A L  SCANNING CONDUCTOMETRY 

I V A N  TANEV IVANOV,  V A S I L  GOSPODINOV LYUTSKANOV 

D e p a r t m e n t  o f  P h y s i c s  and B i o p h y s i c s ,  M e d i c a l  

I n s t i t u t e ,  S t a r a  Zagora,  B u l g a r i a  

A b s t r a c t  The method o f  d i f f e r e n t i a l  s c a n n i n g  
c o n d u c t o m e t r y  (DSC) was a p p l i e d  f o r  i n v e s t i -  
g a t i o n  o f  t h e r m o i n d u c e d  phase t r a n s i t i o n s  i n  
membrane o f  i n t a c t  human e r y t h r o c y t e s .  T h i s  
method was f o u n d  t o  b e  s e n s i t i v e  t o  a l l  phase 
t r a n s i t i o n s  i n  e r y t h r o c y t e  membrane s t u d i e d  
u n t i l  now i n  t h e  i n t e r v a l  5 - 5 3 O C .  Some new 
r e s u l t s  w e r e  o b t a i n e d .  The p o i n t  t r a n s i t i o n  
a t  18-2OoC i s  d i s c o v e r e d  t o  b e  a d u p l e x  one 
and i n s u l i n  s e n s i t i v e .  The s p e c t r i n  d e n a t u -  
r a t i o n  a t  48-50°C g i v e s  a p o w e r f u l  peak  a t  
t h e  end o f  t h e  thermagram. 

I N  TROD UCTI ON 

The g e l - l i q u i d  c r y s t a l  phase t r a n s i t i o n s  i n  c h o l e -  

s t e r o l  d e p l e t e d  membrane o f  human e r y t h r o c y t e s  

h a v e  been s t u d i e d  b y  many methods  ( 1 ) - ( 4 )  because 

o f  t h e i r  i m p o r t a n c e  f o r  o u r  k n o w l e d g e  o f  membrane 

s t r u c t u r e  and i t s  b i o l o g i c a l  a c t i v i t y .  

T h e r e  a r e  q u i t e  a few methods,  however ,  f o r  

s u c h  an i n v e s t i g a t i o n  o f  i n t a c t  c e l l s .  O u r  expe-  

r i m e n t s  have shown t h a t  t h e  method o f  d i f f e r e n -  

t i a l  s c a n n i n g  c o n d u c t o m e t r y  (DSC) p r e s e n t s  essen-  
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328 I. T. IVANOV AND V .  G.  LYUTSKANOV 

t i a l  i n f o r m a t i o n  for t h e  t h e r m o t r o p i c  b e h a v i o u r  

o f  t h e i r  membranes. 

MATERIALS AND METHODS 

We h a v e  u s e d  t h e  DSC f o r  t e m p e r a t u r e  s c a n n i n g  o f  

t h e  c e l l  c o n d u c t i v i t y  Kc t o w a r d s  t h e  e l e c t r i c a l  

c o n d u c t i v i t y  K m  o f  t h e  s u s p e n s i o n  medium. T h i s  

m e t h o d  c o m b i n e s  h i g h  s e n s i t i v i t y  w i t h  t e m p e r a t u r e  

i n d e p e n d e n c e  o f  t h e  measuremen t  f r o m  t h e  u s u a l  

p r o c e s s e s ,  t a k i n g  p l a c e  i n  t h e  e l e c t r o l y t e  s o l u -  

t i o n s .  

t h e  

The c e l l  c o n d u c t i v i t y  Kc h a s  b e e n  c o m p u t e d  b y  

Maxwe l l -Wagner  e q u a t i o n  

Km - Kc = p .  Ks - Kc 

Ks +2Kc K m  +2Kc 

w h e r e  Ks i s  t h e  c e l l  s u s p e n s i o n  c o n d u c t i v i t y ,  a n d  

p i s  t h e  c e l l  v o l u m e  d e n s i t y  (5 ) .  The DSC method  

may b e  a p p l i e d  i n  t w o  ways :  s c a n n i n g  t h e  Kc/Km 

o v e r  t h e  t e m p e r a t u r e  i n t e r v a l ,  o r  s c a n n i n g  t h e  

r e l a t i v e  t e m p e r a t u r e  r a t e  

dKs/dT= d K s g A K s  

dKm/dT dKm A K m  
o v e r  t h e  same t e m p e r a t u r e  

t e m p e r a t u r e .  The t w o  ways 

When t h e  f r e q u e n c y  i s  

o f  c o n d u c t i v i t y  

- K S ( T )  - K ~ ( T - I )  
Km(T)  - Km(T-1) 

i n t e r v a l .  H e r e  T i s  

g i v e  i d e n t i c a l  r e s u l t s .  

l o w  t h e  e l e c t r i c a l  c u r -  

r e n t  b y p a s s e s  t h e  c e l l  membrane i n  t h e  f r a m e  o f  

t h e  c e l l  e l e c t r i c a l  d o u b l e  l a y e r .  I n  s u c h  a c a s e  

Kc is c a l l e d  c e l l  s u r f a c e  c o n d u c t i v i t y  a n d  o n e  

c a n  e x p e c t  t h a t  t h i s  c o n d u c t i v i t y  may b e  s e n s i -  

t i v e  t o  some b i o p h y s i c a l  phenomena, t a k i n g  p l a c e  

i n  o r  n e a r  t h e  c e l l  membrane. E x p e r i m e n t a l l y  we 
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DIFFERENTIAL SCANNING CONDUCTOMETRY 329 

have  c o n f i r m e d  t h a t  t h e  t e m p e r a t u r e  c u r v e  o f  t h e  
r e l a t i v e  s u r f a c e  c o n d u c t i v i t y  Kc/Km i s  s e n s i t i v e  
t o  t h e  p h a s e  t r a n s i t i o n s  i n  t h e  i n t a c t  human e r y -  
t h r o c y t e  membranes.  

T h e  s u s p e n s i o n  o f  f r e s h ,  tw ice  washed  h u m a n  
e r y t h r o c y t e s  was i n c u b a t e d  a t  2 5 O C  f o r  o n e  h o u r  
and  t h e n  o v e r n i g h t  a t  4 O C  f o r  i n h i b i t i o n  o f  t h e  
a c t i v e  t r a n s p o r t  and  e s t a b l i s h m e n t  o f  Donan e q u i -  
l i b r i u m .  C o n d u c t i v i t y  o f  b o t h  t h e  s u s p e n s i o n  and  
m e d i u m  was measured  w i t h  h i g h  s e n s i t i v i t y  a t  
75 Hz. T h e  t e m p e r a t u r e  was s c a n n e d  w i t h  0 . 5 O C  pe r  

m i n . ,  and  measu red  w i t h  0 . 0 5 O C  a c c u r a c y .  D u r i n g  
t h e  h e a t i n g  t h e  s u s p e n s i o n  was s l o w l y  s t i r r e d .  
The most  f a v o u r a b l e  volume d e n s i t y  was 0.2. 

T h e  s u s p e n s i o n  medium was 0.145 M NaCl i n  
ddH20 w i t h  no b u f f e r s  o r  o t h e r  s u b s t a n c e s ,  espe-  
c i a l l y  s u r f a c t a n t s ,  i n  o r d e r  t o  a v o i d  a d s o r b t i o n  
on t h e  c e l l  membranes.  

T h e  w a s h i n g  p r o c e d u r e  i s  a l s o  i m p o r t a n t .  
F i r s t  we mixed e q u a l  amounts  o f  f r e s h  b l o o d  w i t h  
2% s o l u t i o n  o f  sodium c y t r a t e  i n  0 .145  M NaC1. 
A f t e r  f r e e  s e d i m e n t a t i o n  t h e  p l a sma  was removed.  
Then t h e  e r y t h r o c y t e s  were tw ice  washed i n  t h e  
m e d i u m  f o r  10 m i n  by 500 x g.  I f  t h e  w a s h i n g  i s  
done  5 times o r  more o n l y  t h e  l a s t  t r a n s i t i o n  may 
be  o b s e r v e d .  

RESULTS AND DISCUSSIONS 

All c i t e d  and  i n v e s t i g a t e d  so f a r  t h e r m o i n d u c e d  
t r a n s i t i o n s  i n  human e r y t h r o c y t e  membranes ( a t  
8-1ZoC, 18-2OoC, 28-3ZoC, 4 0 - 4 3 O C  and  48-50°C ) 
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330 1 .  T .  IVANOV AND V.  G .  LYUTSKANOV 

a r e  r e g i s t e r e d  on o u r  thermograrn, shown below. 

10 20 30 40 50 t ° C  
1 

F I G U R E  1 .  DSC thermogram o f  phase t r a n s i t i o n s  
i n  membranes o f  i n t a c t  human e r y t h r o c y t e s .  

The water  t r a n s p o r t  a c t i v a t i n g  t r a n s i t i o n  a t  
8-12OC i s  very  wel l  expressed .  I t  p r e s e n t s  g e l -  
t o - l i q u i d  c r y s t a l  t r a n s i t i o n  i n  f r e e  l i p i d s .  The 
same t r a n s i t i o n  i n  t h e  a n u l a r  l i p i d s  o c c u r r i n g  a t  
18-20°C i s  fol lowed by  a c t i v a t i o n  of many enzyme 
and t r a n s p o r t  p r o c e s s e s  i n  t h e  e r y t h r o c y t e  mem- 

brane ( 3 ) .  I n  ( 2 )  i t  i s  poin ted  o u t  t h a t  t h e  r a t e  
o f  glucose  t r a n s p o r t  a c r o s s  e r y t h r o c y t e  membranes 
s h a r p l y  i n c r e a s e s  a t  2OoC. 

s i t i o n  a t  18-20°C ( 3 )  i s  expressed  a s  a duplex 
one. O u r  exper iments  have shown t h a t  t h e  h e i g h t  
of i t s  two peaks i n c r e a s e s  s e v e r a l  t i m e s  i f  t h e  
suspens ion  medium c o n t a i n s  i n s u l i n  a t  c o n c e n t r a -  
t i o n  about  0 .2  j g / m l  d u r i n g  t h e  f i r s t  i n c u b a t i o n .  
Also t h e  d i s t a n c e  between two peaks i n c r e a s e s  

O n  o u r  thermogram t h e  w e l l  known p o i n t  t r a n -  
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DIFFERENTIAL SCANNING CONDUCTOMETRY 13 1 

a f t e r  i n s u l i n  t r e a t m e n t  f r o m  2 O C  t o  4 -5OC.  The 

o t h e r  peaks a r e  n o t  t o u c h e d  by  t h e  p resence  o f  

i n s u l i n .  

P r o b a b l y  t h e  two peaks o f  18-20°C t r a n s i t i o n  

a r e  connec ted  w i t h  c o n f o r m a t i o n a l  t r a n s i t i o n  o f  

g l u c o s e  t r a n s p o r t  mechanism i n  t h e  e r y t h r o c y t e  

membranes, w h i c h  i s  a c t i v a t e d  b o t h  by t h e  tempe- 

r a t u r e  (2 )  and by  t h e  i n s u l i n - r e c e p t o r  i n t e r a c -  

t i o n .  

t h e  t r a n s i t i o n  a t  8 - 1 2 O C  may be s e n s i t i v e  t o  t h e  

p resence  o f  human a lbumin ,  

s t e r o l  d e p l e t i o n  o f  e r y t h r o c y t e  membranes. 

c o r r e s p o n d i n g  t o  

t h e  s p e c t r i n  d e n a t u r a t i o n  (4)  i s  t h e  most  power- 

f u l .  T h i s  i m p l i e s  i n f l u e n c e  o f  t h e  i n n e r  membrane 

s u r f a c e  p r o t e i n s  on  t h e  c e l l  e l e c t r i c a l  d o u b l e  

l a y e r .  

The l a s t  two weak t r a n s i t i o n s  a t  28-32OC and 

40-43OC a r e  a l s o  p r e s e n t  by b r o a d  and weak peaks 

a b o u t  t h e  same t e m p e r a t u r e s .  T h i s  two t r a n s i t i o n s  

o c c u r  i n  t h e  p r o t e i n  phase o f  t h e  e r y t h r o c y t e  

membrane. 

We have g o t  some r e s u l t s  p o i n t i n g  o u t  t h a t  

p r o b a b l y  due t o  c h o l e -  

The t r a n s i t i o n  a t  48-5OoC, 

These r e s u l t s  a r e  p o i n t i n g  o u t  t h a t  t h e  method 

o f  DSC may be a p p l i e d  f o r  i n v e s t i g a t i o n  o f  thermo-  

t r o p i c  b e h a v i o u r  o f  t h e  membranes o f  i n t a c t  human 

e r y t h r o c y t e s .  
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