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The mot ion  o f  i ons  in  a membrane permeat ion  process c o n s i s t s  of  
a s e r i e s  6f  i n d i v i d u a l  t r a n s p o r t  s teps o c c u r r i n g  at  random. As 
a consequence,  the c u r r e n t  f l o w i n g  th rough  the membrane f l u c -  
t u a t e s .  From an a n a l y s i s  of  such c u r r e n t  or v o l t a g e  f l u c t u a t i o n s  
i n f o r m a t i o n  about  the u n d e r l y i n g  m o l e c u l a r  t r a n s p o r t  mechanism 
may be ob ta i ned  ( I ) .  Most no ise  s t u d i e s  w i t h  b i o l o g i c a l  mem- 
branes have been devoted to the a n a l y s i s  of  o p e n i n g - c l o s i n g  
processes of  i on  channe ls  in  e x c i t a b l e  membranes ( 2 ) .  But a 
we l l  known d i f f i c u l t y  in  the a n a l y s i s  of  e l e c t r i c a l  no ise  from 
b i o l o g i c a l  membranes l i e s  in  the f a c t  t h a t  u s u a l l y  d i f f e r e n t  
ion  t r a n s p o r t  mechanisms, l i k e  the a c t i v e  and pass i ve  t r a n s p o r t ,  
c o n t r i b u t e  to the t o t a l  no ise  s i g n a l .  Bes ides t h i s ,  the p h y s i -  
cal bas i s  f o r  the i n t e r p r e t a t i o n  of  e l e c t r i c a l  no ise  in  terms 
of  m o l e c u l a r  ion  pathways is  s t i l l  p o o r l y  deve loped .  For t h i s  
reason ,  s t u d i e s  w i t h  s imp le  and w e l l - d e f i n e d  t r a n s p o r t  systems 
are v a l u a b l e  f o r  a b e t t e r  u n d e r s t a n d i n g  of  no ise  phenomena in  
membranes. 

The no ise  a n a l y s i s  of  e q u i l i b r i u m  systems is  based on the p r i n -  
c i p l e  t h a t  any r e a c t i n g  system e x h i b i t s  s t a t i s t i c a l  f l u c t u a -  
t i o n s  around i t s  e q u i l i b r i u m  s t a t e .  As the t ime decay of  a spon-  
taneous f l u c t u a t i o n  f o l l o w s  on the average the same t ime law 
as the r e l a x a t i o n  from a sudden macroscop ic  p e r t u r b a t i o n  of  the 
sys tem,  both methods,  the r e l a x a t i o n  t e c h n i q u e  and no ise  a n a l y -  
s i s  y i e l d  e s s e n t i a l l y  the same k i n e t i c a l l y  i n f o r m a t i o n  about  the 
r e a c t i n g  system. The no ise  a n a l y s i s  has the advantage t h a t  the 
measurement i s  c a r r i e d  out  w h i l e  the system is  in  an e q u i l i b r i u m  
or s t a t i o n a r y  s t a t e .  Moreover ,  the r e l a x a t i o n  t e c h n i q u e  f a i l s  
in  cases where no s u f f i c i e n t  p e r t u r b a t i o n  of  the system can be 
a c h i e v e d .  The common e x p e r i m e n t a l  t oo l  o f  a no ise  a n a l y s i s  con-  
s i s t s  in  the d e t e r m i n a t i o n  of  e i t h e r  the s p e c t r a l  i n t e n s i t y  or 
the c o r r e s p o n d i n g  a u t o c o r r e l a t i o n  f u n c t i o n .  Both f u n c t i o n s  are 
r e l a t e d  by the W i e n e r - K h i n t c h i n e  theorem and t h e r e f o r e  c o n t a i n ,  
in  p r i n c i p l e ,  the same i n f o r m a t i o n  about  the e l e c t r i c a l  no ise  
sou rces .  Desp i te  t h i s  mathemat ica l  e q u i v a l e n c e  the a p p l i c a t i o n  
of  one of t h i s  f u n c t i o n s  can be the more u s e f u l  e x p e r i m e n t a l  
approach depending on the type of ion t r a n s p o r t  mechanism. 

Pore -med ia ted  ion  t r a n s p o r t  

I t  i s  we l l  known t h a t  pep t i des  l i k e  g r a m i c i d i n ,  a l a m e t h i c i n  or 
monazomycin form p o r e - l i k e  s t r u c t u r e s  in  a r t i f i c i a l  l i p i d  b i -  
l a y e r  membranes which o f f e r  to ions  a hyd rophob i c  pathway 
th rough  the hyd rophob i c  i n t e r i o r  o f  a membrane. The open ing -  
c l o s i n g  process of  these i o n - p o r e s  cor responds to t r a n s i t i o n s  
between d i f f e r e n t  conduc tance  s t a t e s .  Under n o n - e q u i l i b r i u m  
s teady  s t a t e  c o n d i t i o n s  t h i s  type of  no i se  is  c h a r a c t e r i z e d  by 
a so c a l l e d  L o r e n t z i a n  spectrum which i s  f r e q u e n c y - i n d e p e n d e n t  
and in  excess of  thermal  no ise  at  low f r e q u e n c i e s  and d e c l i n e s  
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toward high f requencies (3) whereas the au toco r re l a t i on  func t ion  
shows an exponent ia l  behaviour.  In general two pieces of i n f o r -  
mation about the under ly ing molecular t ranspor t  mechanism may 
be obtained from the exper imenta l l y  observed spectrum. These 
are the mean l i f e  time of a conduct ing pore and the s ing le  pore 
conductance even for  a mu l t i -pore  system. But i t  has to be poin-  
ted out tha t  in any case the i n t e r p r e t a t i o n  of the spectra l  i n -  
t e n s i t y  depends on the s p e c i f i c  model used for  the t heo re t i ca l  
desc r i p t i on  of the ion t ranspo r t  process. 
At equ i l i b r i um  one obtains from the noise o r i g i n a t i n g  from ion 
movements in pores a spectra l  i n t e n s i t y  which is  f requency - in -  
dependent ( "wh i t e " )  as long as an adsorpt ion of ions to the 
pore can be neglected. 

Carr ier -media ted ion t ranspor t  

Although attempts have been made to study noise of b i o l og i ca l  
membranes o r i g i n a t i n g  from ac t ive  ion t ranspo r t  systems (4 ) ,  
unequivocal evidence fo r  noise associated wi th  ca r r i e r -med ia -  
ted ion t ranspor t  has not been obtained so fa r .  But on l i p i d  
b i l a y e r  membranes t h i s  type of noise could be analyzed using 
c a t i o n - c a r r i e r  l i k e  val inomycin or t e t r a n a c t i n .  Valinomycin is 
a neutral  hydrophobic deps ipept id~ wh ich . i s  known to form com- 
plexes wi th  a l k a l i  ions such as K or Rb +. The charged complex 
which is formed at one membrane so lu t i on  i n t e r f a c e  is  able to 
jump by thermal a c t i v a t i o n  across the membrane d i e l e c t r i c  to 
the opposite i n t e r f a c e  where the ion can be released to the a- 
queous so lu t i on  (5) .  Noise cur rent  of such t ranspo r t  mechanism 
ar ises mainly from random f l u c t u a t i o n s  in the number of charged 
i o n - c a r r i e r  complexes cross ing the membrane from r i g h t  to l e f t  
and from l e f t  to r i g h t .  This noise cur ren t  can be analyzed un- 
der e q u i l i b r i u m  and nonequ i l ib r ium cond i t i ons  (6) .  In both ca- 
ses the observed spectra l  i n t e n s i t y  is  f requency- independent 
both at low and at high f requencies as pred ic ted by the theo- 
r e t i c a l  model of ca r r ie r -med ia ted  ion t ranspo r t .  The 'spectra l  
i n t e n s i t y  at high frequency represents the shot -no ise i n t e n s i t y  
generated by the pulses o r i g i n a t i n g  from the t r a n s l o c a t i o n  of 
the charged i o n - c a r r i e r  complex which decl ines at n o n - e q u i l i -  
brium compared to the equ i l i b r i um  case. The t r a n s i t i o n - r e g i o n  
between these l i m i t i n g  values is charac ter ized by an increase 
of the spectra l  i n t e n s i t y  w i th  increas ing frequency which is  
co r re la ted  t o t h e  time constants governing the vol tage-jump re-  
l a x a t i o n  behaviour of the system. 
Under equ i l i b r i um  cond i t ions  the t heo re t i ca l  ana lys is  can be 
based on Nyqu is t ' s  theorem which re la tes  the measured spectra l  
i n t e n s i t y  to the admittance of the membrane. But at n o n - e q u i l i -  
brium the Nyquist  theorem f a i l s .  
The corresponding au toco r re l a t i on  func t ion  shows a de l t a - f unc -  
t i on  at shor t  c o r r e l a t i o n  times and a c h a r a c t e r i s t i c  exponen- 
t i a l  increase of negat ive amplitude for  la rger  c o r r e l a t i o n  t imes. 
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