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The influence of the tricholzianin C-terminal residues 
on the ion channel conductance in lipid bilayers 

Most peptaibols. bncar antibaotic peptides rich in 
a-aminoisobutyric acid residues (Aib), the archetype of 
which is the 20 residue-long alamethiein, adopt a pre- 
dominant a-hebcaf structure. Ion channels induced by 
these molecules in planar lipid bilayers, displaying up to 
SIX conductance substates with non-inregral increments. 
are best explained by the ‘bzurel-stave’ model. i.e.. 
aggregates ofhelices, with uptake and release of individ- 
ual molecole 11.2). The model implies in d Iatcr version 
Ref. 3 a reorganization of the C-tetinal pan as a 
major etep in the gating event. 

Apart from a requirement for a match between the 
pepllde length and the bilayer tluckness in the actwated 
state, different parts of the molecules may be consid- 
ered w~tb respect to a structure-aalvity relallonship. 

groups near the membrane interface and the side-chain: 
!ining rhe inner pore wall. In the paruwlar tax of 
peplaibols, some res>dur* are hkely to be crucial ds- 
tcrmioantx i.e., LOT Gin located inside the port at aboul 
one-third oi the m&c&r length. thz Pro rndxing a 
bent in the helical structure at about two-thirds oi rhat 
length, tbe neutral or char&xi nature of the C-termmal 
r&dues, and the phydcochemicnl properties of the un- 
common end amino alcobo,. 

We have tested these two last parameters with four 
selected peptabols (Fag. 1) chosen amovgst the 16 

known IPresidue-long peprides [4.5]. members of the 
tnchorriamn family. In lrichonianins II1 (T 111). the 
C-terminal amino alcohol is Trpol. whtle Pheol is pre. 
sent in lrichorzianrris VfI (T VII). In each couple. there 
is a neuiral analogue (TA with a gluramine-18) and a 
charged analogue (TB with a glutarmc actd in tht came 
position). Conductance experiments. either macroscopic 
or unitary. were run on virtually solvent-free lipid bi- 
layers. with 1 M KCI both sldss. ‘The hplds were from 
Avami Polar Laplds (Birmingham, AL, U.S.A.). 

NIXICE that 7 HI and T VII alsa differ in posuwn 5. 
Aib and isavalme respeaiveiy, located in the hqdro- 
phobic quadranr of the hdix. The mfluencc of this 
replacement upon the mnophore properties could be 
tested with reference LO another available sample (Th 
Vlh, FIN 1) an.i a.2~ shown 10 he ne&ibJe. Indeed. the 
single-channel bebrriour, and e~ppec~ally the hfe-umes. 
<of TA Vib and TA Vff samples were very similar. 

The voltagr- and conccntrarlon-depcndences of the 
macroscopic conductance were aasryed al room temper- 
ature with current voltoac curves where many chalrnelr 
are present m the memb&ne The bilayer is&l over a 
120 ,,m hole in a 0,,n Tenon film sandurched between 
two glass half cells by lowering then raising a lipid 
monolayer on top of the electrolytic solution 161. The 
mono,a,rr is made from the mixture l-palmiloyl- 
2-oleoylpi~osphatidylchobne/ dioleoylphosphatidyletha- 
nolaminc (POPC/WPE. 7: 3. 1% ,n hrxane). The 
memu~anr IS then submnted to a Inangular voltage 
waveform (40 r/pmod) and after checking for stability 
and sdence of the bare bilayer. the pepride in melhanolic 
stock solution is added 10 Ihe us- or positivcsde. After 
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z 2 3 ~ 5 6 7 8 9 20 11 12 13 2~ 15 16 17 18 19 

TA I l l c :  A¢ Atb Ala &la Aib AlbGln A£b Aib Aib Set Leu Aib Pro Val Atb Zle O l n G l n T r v o l  

TB IIgc ; A¢ Aib Ala Ala A i b A i b G l n  Aib Aib Aib se t  Leu ALb Pro Val A£b gle  Gln Glu~dgiLq~ 

TA VII : -:- £tb Ala Ala A£b I ra  Gln Atb Alb Aib See l.¢tt Alb Pro Val A£b I l e  Gin ~ Pheol 

TB VII : A¢ Aib AIa Ala Alb I ra  Gln Alb Alb Aib Ser Leu Aib Fro ';*,1 Aib l l e  Gln Olu Pheol 

TA VXb : Ac A~-b A'ta AIm At.b A/h Gln Atb Aib Atb ~er Leu Aib Pro Val Alb Tle 01n Oln Pheol 

Fig. 1. The amino-acid sequences of the five selected triehorzianins; the varying residues are underlined. 

a l l o w i n g  b e t w e e n  1 a n d  2 h, fo r  p a r t i t i o n i n g  equ i -  
l i b r i u m ,  t h r ee  to  f ive  v o l t a g e  s w e e p s  a r e  s u p e r i m p o s e d  
a n d  c u r r e n t - v o l t a g e  c u r v e s  a re  r e c o r d e d .  T h e  c u r v e s  a r e  
a s y m m e t r i c ,  a n  e x p o n e n t i a l  c u r r e n t  d e v e l o p i n g  in  t h e  
p o s i t i v e  q u a d r a n t .  I n  d e r i v i n g  t h e  c u r r e n t  d e n s i t y ,  t h e  
m e m b r a n e  a r e a  w a s  a s s u m e d  to  b e  t h a t  o f  t h e  h o l e  s i n c e  
i n  t he se  b i l aye r s ,  t h e  s o l v e n t  a n n u l u s  i s  g r e a t l y  r e d u c e d .  

F o r  e a c h  c o n c e n t r a t i o n ,  a c h a r a c t e r i s t i c  v o l t a g e ,  l~ ,  
is  d e f i n e d  a s  the  v o l t a g e  w h e r e  t h e  ¢ n p o n e n t i a l  b r a n c h  
c r o s s e s  a r e f e r e n c e  c o n d u c t a n c e  (F ig .  2, fo r  T B  V I I ,  a s  
a n  e x a m p l e ) ,  a t  l e a s t  1 0 - t i m e s  t h e  b a r e  m e m b r a n e  c o n -  
d u c t a n c e .  F r o m  t h e  c h a r a c t e r i s t i c  v o l t a g e s  V~r a n d  V~2 
a t  t w o  c o n c e n t r a t i o n s ,  V~ i s  d e f i n e d  a s  t h e  V~ sh i f t  f o r  
a n  e - fo ld  c h a n g e  in  p e p t i d e  c o n c e n t r a t i o n .  S i m i l a r l y ,  V~ 
is  d e f i n e d  a s  t h e  v o l t a g e  i n c r e m e n t  r e s u l t i n g  i n  a n  e - f o l d  
c h a n g e  in  c o n d u c t a n c e  a t  a g i v e n  c o n c e n t r a t i o n .  F r o m  
t h e s e  t w o  e x p e r i m e n t a l  p a r a m e t e r s ,  t h e  a p p a r e n t  m e a n  
n u m b e r  o f  m o l e c u l e s  p e r  c h a n n e l  c a n  b e  e s t i m a t e d  b y  
t h e  r a t i o  V~ : V, [7l. 

I n  s p i t e  o f  r e l a t i v e l y  l a r g e  s t a n d a r d  d e v i a t i o n s ,  t w o  
m a i n  t r e n d s  s e e m  to e m e r g e  f r o m  the  r e s u l t s  s u m -  
m a r i z e d  in  T a b l e  I:  t h e  c h a r a c t e r i s t i c  v o l t a g e s  o r  
t h r e s h o l d s  a re  l o w e r  fo r  t h e  T r p o l - b e a r i n g  p e p t i d e s  o n  
t h e  o n e  h a n d  a n d  w i t h i n  the  s a m e  c o u p l e ,  T I I I  o r  T 

V I I ,  fo r  the  c h a r g e d  a n a l o g u e  o n  t h e  o t h e r  h a n d .  T h u s  
the  m o s t  e f f i c i e n t  a n a l o g u e ,  a s  r e g a r d s  t o  v o l t a g e  
t h r e s h o l d  a n d  v o l t a g e  s e n s i t i v i t y ,  s e e m s  t o  b e  T B  I I I c ,  
t h e  c h a r g e d  T r p o l - b e a r i n g  a n a l o g u e .  T h i s  c e r t a i n l y  re -  
f l ec t s  i t s  g r e a t e r  d i p o l e  m o m e n t  o f  t h e  C - t e r m i n a l  p a r t ,  
w h i l e  t h e  s m a l l e r  a p p a r e n t  n u m b e r  o f  m o l e c u l e s  p e r  
c h a n n e l  c a n  b e  t e n t a t i v e l y  a t t r i b u t e d  t o  t h e  b u l k i n e s s  
a n d  h y d r o g e n - b o n d i n g  a b i l i t y  o f  t h e  T r p o l  s i d e - c h a i n .  

T h e s e  t r e n d s  a r c  c o n f i r m e d  b y  t h e  a n a l y s i s  a t  t h e  
s i n g l e - c h a n n e l  level .  I n  t h e s e  e x p e r i m e n t s ,  l i p i d  b i l a y e r s  
w e r e  f o r m e d  a t  t h e  t i p  ( d i a m e t e r  i n  t h e  r a n g e  o f  1 t o  3 
/ t m )  o f  p a t c h - c l a m p  g l a s s  m i c r o p i p e t t e s  [81 a l l o w i n g  a 
b e t t e r  t i m e  r e s o l u t i o n  t h a n  p r e v i o u s  c l a s s i c a l  m e t h o d s .  
I n d e e d ,  t h e  k i n e t i c s  o f  a l l  t r i c h o r z i a n i n  c h a n n e l s  w e r e  
r a t h e r  f a s t  a n d  t h e  f l u c t u a t i o n s  w e r e  b a r e l y  r e s o l v e d  in  
t h e  u s u a l  P O P C / D O P E  m i x t u r e .  T o  s l o w  d o w n  t h e s e  
f l u c t u a t i o n s ,  a m o r e  c o m p l e x  l i p i d  c o m p o s i t i o n  h a d  to  
b e  u s e d  a t  1 7 . 5 n c ,  i n c o r p o r a t i n g  d i p a l m i t o y l p h o s -  
p h a t i d y l s e r i n e  ( D P P S )  a n d  c h o l e s t e r o l  ( C h o l )  w i t h  t h e  
p r e v i o u s  l i p i d s ,  n a m e l y :  P O P C / D O P E / D P P S / C h o l  
(5 : 2 : 2 : 1). T h e  p e p t i d e  c o n c e n t r a t i o n  w a s  5 • 10  - 9  M 
in  t h e  c i s - s i d e  c o m p a r t m e n t .  

A s  d e p i c t e d  i n  F i g .  3 fo r  t h e  e x a m p l e  o f  t h e  T A / T B  
V I I  c o u p l e ,  t h e  c h a r g e d  a n a l o g u e  s h o w s  s u s t a i n e d  c o n -  
t i n u o u s  c u r r e n t  f l u c t u a t i o n s ,  w h i l e  t h e s e  l a t t e r  o c c u r  i n  
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Fig. 2. Macroscopic / - V .  current-voltage, developed by TB VI I  in 
POPC/DOPE (7:3) bilayers at two aqueous pc.pride concentrations 
(5-10 -8 M. curve 1; 1-]0 -7 M, curve 2) and defining the associated 
characteristic voltages, Vcl and V~z, a.s cro:~sings of tan exponential 

branches with the reference conductance (730 pS/cm 2, broken line). 

TABLE l 

C o n d u c t a n c e  p a r a m e t e r s  

Macroscopic conductance parameters (averaged from six experiments 
for each analogue, with the standard deviations) yleldin~ the voltage- 
dependence and the apparent mean number. N.pp. of peptide mole- 
cules involved in the channels [71 

C (M) II= (mV) V. (mY) t~ (mV) Nap P N,  o u ~  

TAVII  5-10 -e 1834- 6 
1-10 -7 133+ 9 6S:t;15 9.8:1:0.4 6.9+1.8 7 

TAII Ic  5.10 -e  117± 3 
1-10 -7 73± 6 59+11 10.24-1 5.84-1.7 6 

TBVII 5-10 - s  151+ 5 
1-10 -7 1134-13 45+15 8.6+0.6 5.24-1.9 5 

TBIlI¢ 5.10 - s  994- 2 
1.10 -7 734-13 35±10 8.2+0.7 4.3+1.6 4 



135 

2900 

1850 ~ 

~,2Q 

......... ~I i -- . 3 2 0 6 ~  ~ 0 

N 

-~0 me.-. i 

a -t 

N 
Fig. 3. Singl¢--charm¢l tl'ac, e.s compared bc~tw~'~n the neutral (TA VII) and the charged (TB VIi) analogues wiii',in the same couple beating th© 
C-terminal Pheol group. Applied voltages were 250 and 240 mV for TA VII and TB Vii, respectively. On the fight: the associated amplitude 

histograms ( N. number of events, G. unit conductance). 

burs ts  with the neutral analogue. This is equally true 
with the couple T A / T B  l l lc  as previously published, 
see Ref. 9. Note  f rom the conductance ampli tude histo- 
gram, that the lower substates are more probable with 
the charged analogue, in agreement with the slightly 
smaller apparent  number  of  molecules per aggregate 
derived from macroscopic conductance data. 

If one compares  the charged analogues of both groups 
(for example: TB I I l c /VI I ,  Fig. 4), it is obvious that 
Trpol induces a drastic lengthening of the life-times of 

lOO ms 

Fig. 4. Singlc-ch~lnnel traces compared bctw~n the Pheol and the 
Trpol C-terminal bearing peplides, both charged (Glu*18). Applied 

voltages were 240 and 190 mV for TB VII and TB Ille, respectively. 

the open channels.  This is consistent with the macro- 
scopic conductance results and confirms the stabilizing 
influence and greater voltage sensitivity brought  about  
by the larger dipole moment  of the indole group. 

This  conclusion may have more general implications. 
Indeed, al though the gramicidin channel  is not gated by 
voltage, a gramicidin analogue, M - ,  in which all the 
four Trp  of the native molecule, gramicidin A, were 
replaced by Phc [10], displays shorter lifc-time.s of open 
single-channels. This  kind of study might also bear 
physiological significance since, for example, the highly 
voltage-dependent sodium channels  found in excitable 
membranes,  consisting of a complex bundle of ~-heliccs, 
present a high density of Trp residues near the interface 
~)r the mouth  of the channel,  particularly for the inner 
segments delineating the pore [I1]. 

These results will fur thermore have a practical and 
immediate application. Since we found that the chan-  
nels induced by the des-Aib-Leu analogue of alamcthi- 
t i n  had rather fast kinetics [12], a similar analogue 
incorporating Trpol, or alternatively Trp. at the C- 
t~rminal, instead of the usual Pheol of  alamethicin 
should display more stable active states and thus allow 
us to test on this peptide, much easier to synthesize than 
Aib..containing peptides, the above mentioned Gin and 
Pro influence. 

We are much  indebted to Dr B. Bode, Mus6um 
National d 'Histoire Naturelle, Paris, for the generous 
gift of the trichorzianin samples. 
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