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Association of synthetic model peptides with phospholipid vesicles 
induced by a membrane potential 
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Hydmlflmb~ model ~ ~ O8 5 or 6 amino acids and ¢arry i ~  a neu pos|tive char~  at the amino tecminu~ 
exhibit a ~ ~ mso¢iation with large unilamdlar el~-PC vesicles upon apidication of a valinomycin-in- 

K * d l ~ ~  Ii~lt~ltlllL nt,~th'e IMkl~, The ~ f l o n  o8 the peptides is laegely reve~ible, apparent from a 
d ~ alma dl~~ d the ~ ~eathd. 

Membrane potential plays an important role in a 
number of processes involving membrane insertion and 
iiaaslx~t of proteins. Imporl of most mitochondrial 
proeursor proteins requires a membrane potential across 
the inner mitochondrial membrane [I], whereas in pro- 
rein export in Gram-negative bacteria the membrane 
potential in scv~al cases facilitates transport [2--4]. 
Furthctmoce membrane potential has been implicated 
in the entry of diphtheria toxin into cells [5] and the 
formation of oolicin channe|s in membranes [6]. 

The molocular mechanism by which the membrane 
potential acts in these processes is largely unknown. 
One possibility is that it influences the interaction of 
the polypeptide with the m~nbrane lipids. Tlus hy- 
pothesis was supported by black lipid membrane studies 
which showed that applying a potential of the ap- 
propriate polarity can accomplish reorientation of in- 
serted proteins within the bilayer [7]. However, studies 
on the influence of membrane potential on the interac- 
tion of mitochondrial presequences with phospholipid 
vesicles yieldod contradictory results 18,91. 

Here we report the first results of a model system 
approach using synthetic model peptides in combina- 

Abbt~mUons: HPLC, high.pefformadaL~e hquid chtomalography: IK'. 
phosphatidylchoIin¢; DMSO. d|methylsulfoxid¢: ltepes, 4-(2- 
hydrox)ethyl)-l-p0p~azinccthanesulf~aic actd; dig-C2-(5), 3,3'-dieth- 
yltluadncarbo~'amn¢ mdid¢; LUV, large umlamellar vesicte. 

Cocrcspon~:leno¢: A.IP~M de Kroon, Centre [or Biomcmbfanes and 
Lipid Enaymology. Umvcx~ty of LItrcchL Padualaan 8. 3584 CH 
Utrecht The Netherlands. 

lion will) phosphohp~d re,dole.,,, to a~scss the influence 
of the membrane potential on lipid-I'w~ptide interac- 
tions. 

Two peptidcs have been synthesized by solid phase 
peptide synthesis: a hexapcptide, H~N~'-Ala-ile-Met- 
Leu-Trp-Ala-COO- and a pentame~'ous homologuc 
lacking Ihe isoleucine residue. Criteria for the design of 
these model peptides were a general hydrophobic char- 
acler and the containmcnt of a t~pR~han  residue to 
enable ,~nsitive del¢ction. After cleavage from Ih¢ resin 
by tlF. peptides were purified by reversed-phase HPLC 
on a Si 100 (10 ~) Polyol RP 18 (Serva) column, ¢luted 
with linear water-acetonitnl gradients containing 0.1 
(v/v) tnfluoroacelic acid. Methylation of the carboxyi 
terminus to obtain positively charged peptides was 
accomplished by the BF~/MeOH method [10], which 
was followed by an additional HPLC step, yielding over 
97~ pure peptides. Peptide concentrations of sltx:k 
solutions in either DMSO (hexapeptide, = 13 raM)or  
buffer (pentapeptide, = 2 raM) were quantified spectro- 
photometrically at 280 nm using t = 5.6 M -~ • c m  

Egg PC" was purified from hen egg yolks according to 
standara procedures Large unilametlar egg-PC vesicles 
were prepared by the extrusnon technique [ 11] using 400 
nm pore size polycarbor.ate filters. A transmembrane 
K ' / N a  ~ gradient was generated by prcpanng the 
vesicles in 150 mM K2SO 4, 20 mM Hep¢~ (pH 7.0), 
after which the external K'~-buffer was replaced by 
Na '-buffer by passing the eesicles through a Scphadex 
G-50 column (1 x 20 cm) eluted with 150 mM Na2SO 4, 
20 mM Hepes (pH 7.0). Sulfate was chosen as anion to 
reduce permeation of the valinomycin-K + complex [12] 
enabling the generation of .,,lable membrane potentials, 

000.5-2736/89/$03.50 ~ 1989 Elsevier Science Publishers B,V. (B~omedic~l Division) 



372 

Incubation experiments were carded out at r ~ m  
temperature in Na'-buffer with 1 mM PC and 0.] mM 
peptide (a~ this concentration both peptides are water 
soluhteL cilher with or without the addition of 
vatinomyc~n (Bc~hrinl~er, 1 rr, g /ml  in ethanol) Io a 
1 : 10(gl molar ratio with resp¢~:! I0 PC'. At variou.~ t~m~:s 
after ~tarting the incubation,~ iO0 pI aliquols were taken 
and wuhin 15 s cenmfuged through I ml Scphadex 
G-f0 mini,!,~¢~lumns m order l~, sep~ralc ve.,.icle-ass~.i- 
a|ed from f~,.'e peptide [II.13] The ¢lua|es containing 
the ves~cle,~ were subsequendy analyzed for phospholi. 
pid phosphor.s [I 4] and peptide0 The lat in was ~uanli- 
figM by try. ptophan fluorescence measurements ( . ~  
280 nm. g ~ 3 M  nm) on a Perkin~Elmer LS 5 
Luminegence Spectrome|er, in 0.5~ (w/v)  sodium 
cholate~containmg buffer, afte~ i~ had been estab|ished 
the,! under the~ conditions the ~-mission intensity was 
linearly proportional ~o |he amount of peptide, 1he 
binding data delcrmined according to this m c t h ~  con- 
tain a maximal inaccu~,aey of 2 nrmd peptide p~r Fmol 

Fig. I compares the vesicle association of ~he methyl- 
ate4 penta- .rod hexapeptide in the absence ,and pres- 
ence of a membrane potential. Without valinomyon 
.pre~ent a very limited level of asgx:ia0on is observed 
.nder  these conditi(mg irresp~tiv¢ of lhe ~,esicles exp¢- 
aencing a K ' / N a  ~ ion gradient. Application of a mem- 
brane potential, n~gative inside, by adding valinomycin 
gives rise to a tremendous increase in the amount of 
ves i c l e -a s~ ia t~  I~ptid©. This increase is more pro- 
nounced for the hexapeptide where i~ reaches .309[, of 
the total amount of pep~ide available, than for the ies~s 
hydrophobic pentaFeptide. Control experiments showed 
that in the absence of an ion gradient valinomycin d o ~  
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Fig. l, Time denendenc~ (gr the a~,xoc~aUon of the ~hylatc '~l  pentao 
p,ept~de (~, ~,) ,and the me~hylat~! hcxal~ptid¢ ( I  l-l,~ "~';~h c~-!vC 
LUVs exl~nem~ng a K " /Na * ~ I~a~l~ent m the ab~n~:¢ (Ol~n 
~ymbo[~) and pet~¢m~ (clo~'~ symbols) of vahnom~:in. A~ ~h¢ a~ow. 
~ploi l t~n.N-fof lnylato~ ~.,:.~m~c~dm was added to the ~ra:ubat,on 
~mtmmnt  [.he h ~ x a ~ t i d ¢  m ,~rde¢ to dlssnpale membrane potenua|. 
1 ~  sub~quen-! release (~ vesa:h:.a~ciated pepude (c.,) is rcpre~ru~l 
bS' |t',¢ ~he .~  lir',~, !:.x~.-nenlal ¢o~ad~tions a~¢ described m th~ tcxL 
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Fig. 2, Depc~ lea~  of [h¢ amount of rrwthyi:tcd p c n ~ ! i d ¢  Ig~soci- 
aled with egg.PC LUVs alter 4 h c f  mcui~ti,on on ~h¢ initial v a t ~  of 
the app|i¢~! me~hr~rv¢ l~,ten|ial, h~cub~u~  ~nd qu~ntffic~lt~'m of 
~h¢ as~x~tcd f~pt.~d¢ ~¢t¢ carrte~d out as o~ t l i~d  m the text  T ~  
eal~u|a.~| l"~e~t hnea¢ f~t of ~h¢ dala is ~ l P ~ t ~  a~r~ ln$  I $ i ~ r  

value of 1h¢ ~,mbrane p,~¢nr/al 

noi a f f ~  pcpltde-vesicle ~s,~iation. ~, nctt positive 
charge on the pcpt[dc is required for the effect to occur, 
since the v¢~, low levc! (less than 4 nmo| /pmol  PC 
after 2 h) of as.,~,:iation of the homologous zwmerionic 
~"ptides with the vesicles is not influenced by the 
presence of a mcmbran~ potential. 

The as.~.~aOon process is at least partly revembie: 
dissipation of the membrane potential by the addition 
c)f ~ryptophan-N-formylatcd gramicidin (&5 mM in 
DMSO) to a 1:400 molar ratio with respect to PC, 
c a u l s  the release or vesicle+associated pcpti4es with a 
halftime of 30 rain in the case ot' the hcxapcptidc ~Fig. 
1 ). The tryptophan-N-formylated derivative of gramici- 
din (prq:~ared according to [15]) instead of the parent 
molecule was u:~d to avoid conmbution lo the pep|ide*s 
trvptL~han fluorc:.wenc¢ level. Employing diS-C:45} as 
membrane p o t c n l i : t l  sCtlSitiVe fluore~cen! dye [16] tryp- 
tophan-N-formyla[cd gramicidin was shown to dissipate 
,he membrane potenti~ complete[y within 20 nun after 
its addition under the conditions used (data not shown). 

The reversibility of the a s ~ i a t i o n  is a l ~  apparent 
from the lime course of the ,~mount of vcsicleoass~,-tatcd 
pcp0d¢ The amount of vesiclc-asst~iated hexapepfide 
starts to decline after 2 h of incubation, whereas after 
20 h a considerable decrease has c ~ a r r e d  for both 
peptides (Fig. 1). This was parallellcd by a slow, 
pcptidc-depcadcnt dissipation of the membrane poten- 
tial (measured by diS-Cz-(5)), which occurred earlier in 
the case of incubation with the hexapcptide than with 
the pen[apeptidc (data not shown). 

That indeed the amount of pcptidc associated with 
the vesicles depends on the value of the applied mem- 
brane potential is substantiated in Fig. 2. Incubation of 
vesicles with methylatec ~ pentapeptide and valinomycin 
was earned out at vari~ms external K + concentrations 



(while keeping the sum of external K + and Na* con- 
stant), thus generating a series of different initial values 
of membrane potential The amount of ass~xriated 
peptide was found to be proportional to the calculated 
Nernst potential (d~,.,,,.., ~ (RT/zF)In([K ' l .... , /  
[g"  l . ) .  

In conclusion a valinomycin-induced membrane 
potential, negative inside, applied to egg-PC LUVs, 
causes vesicle association of positively charged peptides. 
which exhibit scarcely any affinity for these vesicles in 
its. absence. The extent of association depends both on 
the h y d ~ t y  of the peptide and the initial value 
of the applied potential. In addition the association was 
shown to be largdy revc~ble. Presently the question of 
the precise localization of the vesicle-associated peptides 
is addressed. 

The data clearly demonstrate that membrane poten- 
tial is capable of greatly affecting lipid-peptide interac- 
tions and as such bear relevance for, e.g.. mitochondrial 
protein import. Another area for which these results 
may he of interest i.~ the binding of regulatory peptid,~ 
to their target membranes. [17]. Furthermore the selec- 
tive and rtversible adsorption of cationic peptides to 
vesicles upon introduction of a membrane p~.~ential 
could possibly generate applications in pepttde isolation 
and purification. 

This work was sup,p,~ed by the Foundation for 
Biophysics with financial aid from the Netherlands 
Foundation for Scientific Research (NWO). 
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