
Bi~himica ei Rinph~'~ica Acfa, 1064 (199]) 365 36q 3(35 
1991 Elsevier Science Publishcr~ BV 0005-2736/ql/$03.50 

A D O N I S  000527369] ftO2040 

B B A  R e p o r t  

Synthetic analogues of alamethicin: effect of C-terminal residue 
substitutions and chain length on the ion channel lifetimes 

G 6 r a r d  Mol !e ,  H e r r 6  D u c l o h i e r ,  S y l v i a n c  J u l i e n  a n d  G E r a r d  S p a c h  

URA 5~1o du ( 'NRS,  I.~tult~ de~ SciepT~e~ dr" Rouen, Mvnt Saint Atgnan (France) 

(Received 19 November 1990) 

Key words: Alamcthicin analog: Pcptaibol; Ion channel: Lipid bilayer; Conduelance 

In a previous study, a synthetic analogue of the peptaibol alamethicim in the sequence of which all a-aminoisobutyric 
acid (Aib) were substituted by leucine residues and the C-terminal residue modified, was shown to display the same 
single-channel behaviour as alamethicin in planar lipid bilayer, except that the sublevel lifetimes were much reduced. 
New analogues differing in their C-terminal residue (Pho-NH±, Phoel, Trp-NH z) have now been tested for their single 
channel properties in neutral lipid bilayers. The conductance amplitudes and open channel lifetimes do not differ 
significantly from the previous analogue. Thus, the nature of the last residue, which may be located near the membrane 
interface, does not seem to play an important role in the destabilisation of the conducting aggregate observed after the 
Aib substitution by Leu. Since the deletion of one r~ idue  (Glu Is) in the 14-20 moiety induces a slight decrease of the 
increment between the conductauce levels, but has no effect upon the channel ilfetimes, this residue and the length of 
this segment do not interior much with the channel lifetime of peptalhols. In eouclnsion the factors infiucncing the 
aggregate stabilit~ may be sought in the helix-helix interactions. 

Peptaibols, natural peptides rich in a-aminoisobu- 
tyrie acid (Aib'~, form in lipid bilayers multi-level ion 
channels through a voltage-dependent mechanism [1 51 
well described by the barrel stave model 16]. a bundle of 
helices with a varying number of monomers. However, 
the restricted possibilities of residue variations in this 
family do  not allow testing the role or" some key residues 
in the mechanism of molecular aggregation and ion 
transport. This. and the presence of the non-proteiraous 
amino acid Aib. led us to synthesize an analogue (LI) of 
alamethiein (a major peptide among these peptaibols} 
where all the Aib were substituted by leucine (Leu) 
residues [7]. From its study, it was concluded that the 
Aib high content was not a requisite condition for 
observing an ionophcre behaviour similar to the 
alamethicin one. However the single channel lifetimes 
observed were drastically shortened in the ratio of about 
one to ten, whatever sublevel was considered, indicating 
a reduced stability of the aggregates. But, as actually 
another modification was introduced in the chemical 
nature of the C-terminal group, namely an amido in- 
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stead of a hydroxyl end, several hypotheses could be 
put forward to account for this result: 

( l )  the substitution of the terminal hydroxymethyl 
group of Pheol by the amide end of Phe-NH 2 leads, for 
instance, to a less efficient anchorage at the bilayer 
interface; 

(2) the substitution of all Aib (a 310-helical promotor) 
by Leu (an a-helical promotor) may induce in some way 
a conformational shortening of the molecule, for in- 
stance by increasing the a-helical fraction of the peptide; 

(3) the presence of Leu, a residue bulkier than Aib, in 
~he helix-helix contact destabilizes the aggregate. 

in  this paper we examine the first two hypotheses. 
Two analogues of the L1 type with terminal Pheol (L2} 
or Trp-NH z (L31 were tested as wall as an amidated 
one shortened by deletion of Glu ts (I,4) (Table I). The 
amidated peptides were synthesized by solid-phase tech- 
nique on a benzhydrylanfine resin. The N terminus was 
acetylated and the HF treatment left the required 
peptides. For L2 an original procedure was used which 
is described elsewhere [8]. The products were purified 
by HPLC on a reverse phase C~s preparative column 
under a methanol /water  gradient. After lyophilisation, 
analytical HPLC allowed to control the purity of each 
peptide {to be published). Their  characterization was 
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ALA A~-Aib-Pr~-Aib-A~a-A~b-A~a-G~n-A~b-Va~-A{b-G~y-Leu-Aib-Pr~-Va~-A~b-Aib-G~u-G~n-Phe~ 

TA3 Ac-AIh . . . . .  Ala-Ala-Aib-Aib-Gln-Aib-Aib-Aib-Ser-Leu-Aib-Pro-Val-Aib- l le-Gln-Gln-Trpol  

Ta0 Ac-Aib . . . . .  Gly-Aib-Leu-Aib-Gln-Aib-Aib-Alb-Ala-Aib-Aib-Pvo-Leu-Aib-lva-Glu . . . . .  Valol 

L1 A~-Le---~u-Pr~-Leu-A~a-Le~-~u-A~a-G~n-Leu-Va~-Leu-G~y-Leu-Le--~u-~r~va~Leu~Leu~G~u~G~n~Ph~NH2 I 

L2: X= Glu-Gln-Pheol I..3: X~ GIu-GIn-TPp-NH2 L4: X~ GIn-TPp-NH2 [ X ]  

2ABLE II 
Moleltdar FAB-derit,ed and theoretical masses 

Products Experimental Expected 

LI 2200.850 2 200,387 
L2 2187,371 2187.364 
L3 2239.370 2 239.378 
1,4 2210.336 2210.328 

then achieved by Fast Atomic Bombardment mass spec- 
trometry (Table |I). 

Fol single-channel experiments, the POPC/DOPE * 
lipid mix',ure (7:3), dissolved in 1%o hexane, was used 
1o form virtually solvent-free bilayers at the tip of 
patch-clamp mieropipettes (diameter l to 2 #m). Bi- 
layer fo,mation was monitored by the capacitance re- 
sponse. Prior adding the peptide to the c l s -  or positive- 
side, the bare membrane was tested for 30 min in order 
to control the absence of channel-like events. 

All peptides gave a strongly voltage-dependent 
multi-state behaviour since potentials up to 220 mV 
were necessary to trigger the electric signal. Their 
multi-level conductance behaviour is similar to LI as 
can be seen in Figs. 1 and 2 where single-channel 
ccmductance fluctuations are compared for L1 and L2 
as an example. The corresponding amplitude histo- 
gramme for L1 (Fig. IB) argues for an homogenous 
channel population. In addition. Table 111 shows for the 
four ,qnalogues no significant difference in the sublevel 
amplitudes except for L4. 

For L2 and L3. a data processing treatment of the 
records allows to quantify their channel lifetimes (Table 
IV). ~howing no significant difference with the values 
observed with LI but which, compared with those of 
alamethicin, are between five- and 10-times shorter 
according to the sublevel considered. Thus, the varia- 

~Llpl~.~ ~[rom Avami Polar Lipids, Birmingham, AL. U.S,A.): POPC, 
I-palm0oyl-2-oleoylphosphatidylcholine; DOPE. 1,2-dioleoylphos- 
pha lidylct hanola mine. 

TABLE Ill 

Sublel,el c~nductance values in p S  o f  alamethtem analogues in P O P C /  
D O P E  membranes at 240 m V  in 1 M KCI 

Temperature 10°C and peptide concentralion in the 10 0 M range. 

Products Sub-levelconduclance 

l 2 J 4 5 6 

L1 100 500 1130 1870 2840 3870 
L2 120 410 1020 1820 277O 3910 
L3 130 410 1040 1810 2810 8890 
L4 tl0 390 890 1580 2470 3400 

tions on the C-terminus residue (LI: Phe-NH 2, L2: 
Pheol, L3: Trp-NH 2) do not affect significantly the 
behaviour of these des-Aib peptides in the binary lipid 
mixture. 

Tile study of the shortened analogue (L4), as com- 
pared to LI, reveals a decrease in the increments be- 
tween sublevels, but no change in the lifetime values 
(Table IV). Actually, the deletion of Glu ts in the hydro- 
philic sector is compensated by the Gin 19 transfer (Fig. 
3). The chemical difference between both residues mod- 
ifies the hydrophilie lumen formed by aggregation of 
the helical rods, and can account for the small changes 
observed in the conductance values. These results con- 
cerning the lifetime values are inconsistent with previ- 
ous conclusions [9] stating that the unresolved channel 
states in trichotoxin A40, (a 18-residue peptaibol lack- 

TABLE IV 

Mean hfetlme~ in ms o f  the different $ubstrates fo r  the four  synthettc 
analogue.~ compared to alamethilin fAI~A) 

Applied voltage 175 250 mV and temperature 10~C. 

Levels 1 2 3 4 5 
~,~ . . . . . . . . . . . . . . . .  
• 0.55 049 0.38 0.34 0.31 

L2 0.40 0.41 0,34 0.28 0.25 
L3 0,43 0.36 0.35 0.32 0.25 
L4 0.20 0.48 0.34 0.29 0.24 
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Fig, I.  (A) Single-channel activity inductxl by the alamethicin analogue LI  in a P O P C / D O P E  membranes (7: 3). I M KCI in ba th  ~ m p a r t m e n t s  
and 10°C.  The voltage and eu~en t  sign conventions are the usual ones Peptide concentration in the 10 9 M range and n 226 mV applied potential 

and (B) a~sociated amplitude histogramme for |80~0 events. 



I . . . . . .  " . . . . .  

I | _ . [  

L_ - J  
A 

1 2  at Pq5 i V  

400 pA 

iO m~ 

B 
F i g  2. (AI Shlglc-channcl activity induced by the ana logae  L2 under  the  sam~ ~ondltloas as in  Fig. 1, (B) do[ted l ine box a t  a expandod scale. 
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Pig. 3. L2 a-hellx projection on a plane perpendicular to the helical 
axis. The hydrophilic sector is emphasized by dotted lines. In IA the 
delelion of Glu 18 results in a 100 degr~ antid~kwise rotation of 

Gin Iq and Pheol 2°. 

i n g  Pro  2 a n d  G l u  Is, T40  in Tab le  1) c o m p a r e d  w i t h  
a l ame th i c in  was  due  to  the  lack of  G l u  *s. supposed  to  
f o r m  a s tabi l iz ing  c luster  w i t h  G l n  19. O u r  resul ts  [10] 
w i t h  d i f f e ren t  t r i cho rz i an ins  (a  19-res idue pep ta ibo l  
l a c i n g  also P ro  2 bu t  no t  G h i  Ls, T A 3  in  Tab le  1) show a 
s imi lar  decrease  o f  the  c h a n n e l  l i fet ime.  T h u s  the  de-  

s tabi l i sa t ion o f  the  c o n d u c t i n g  aggrega te s  o f  t r i cho tox in  
o r  t r i chorz i an in  as c o m p a r e d  to  a l ame th i c in  is p r o b a b l y  
due  to  the  s h o r t e n i n g  o f  the  1 - 1 4  s egmen t  subsequen t  
to  P ro  z dele t ion.  

Converse ly ,  o n e  m a y  th ink  tha t  a n  add i t iona l  res idue  
in  th i s  1 - 1 4  s e g m e n t  shou ld  he  suf f ic ient  to increase  the  
c h a n n e l  l i fe t imes o f  o u r  des -Aib-Leu  analogues .  W e  
h a v e  s h o w n  previously  I11] tha t  the  l e n g t h e n i n g  of  this  
s e g m e n t  by  i n t r o d u c i n g  art add i t iona l  ser ine loca ted  in  
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the  hydrophi l i c  sector of  L1 does  no t  increase signifi- 
cant ly the  channe l  l i fet imes [12]. 

In  conclus ion ,  var ia t ions  o n  the  na tu re  of the  C- 
t e r m i n u s  * a n d  l eng then ing  o f  the  1 - 1 4  xegmen t  do  no t  
a l low the channe l  l i fe t ime of  the  des -Aib -Leu  ana logues  
to recover values as large as the  a l ameth ic in  ones.  
F u r t h e r  work  is now in progress  to  test the  h y d r o p h o b i c  
in te rac t ion  zones  b e t w e , , i  helices responsib le  for  the  
s t ruc ture  of the  aggregates .  

W e  wi~h to t h a n k  J.-Y. Dugas t  for the  synthes is  a n d  
the  cha rac te r i za t ion  of  the  peptides.  
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