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The cyclic peptide SMS 201-995 (+)D-PheI-Cys~-Phea-D-Trpi-(+)LysS-ThrLCysLThr(ol) s is an analog of soma- 
testatin and binds to lipid membranes by an electrostafic/hydrophobic mechanism. The structural changes accompany- 
ing the binding process were investigated with circular dichroism (CD), fluorescence spectroscopy, and phosphorus and 
deuterium nuclear magnetic resonance. The peptide penetrates into ~he lipid bilayer and the binding is accompanied by a 
small change in the CD spectrum suggesting the formation of fl-ordeced structures. The fluorescence emission spectrum 
of the tryptophan side chain exhibits a blue shift and an intensity enhancement of the emission maximum, providing 
evidence that this residue is located in the inner part of the phospholipid headgroup region with a dielectric constant d 
c = 7. The peptide diffuses rapidly in the plane of the membrane, changing the lipid headgroup confonnation. This was 
demonstrated by selectively deuterating the two choline segments and measuring the deuterium spectra as a function ol 
the bound peptide concentrations. A linear variation of the quadmpole splitting with the tool frac~m of bound peptide 
was observed. The molecular origin of this effect is a distinct change in the orientation of the phnsphocheline dipole, 
moving the N + end of the dipole away Irom the membrane surface into the water phase. Th~ type of hendgronp 
rotation appears to be the general response of the zwitterionic phosphocholine headgroup to cationic surface charges. 
However, peptides appear to be the most efficient modulators of the lipid heedgroup structure known to date. 

Introduction 

The cyclic peptide SMS 201-995 

9"Phe~-- CY s2-  Phe3-- DTrp 4--I 

Thr (ol)--Cys --Thr --Lys ~----~ 

is an analog of the hormone somatostatin. Its biological 
activity is larger than that of somatostatin and the 
peptide is of significant clinical interest [1]. The mole- 
cule has a forms charge z = +2 and binds to neutral 
and negatively charged membranes. The thermody- 

m 
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namic binding data can be summarized as follows [2]: 
(i) Monolayer expansion studies demonstrate that the 
pepti':le intercalates between the membrane lipids. The 
surface area requirement of the peptide is approx. 135 
,~2 and the peptide presumably enters the membrane 
with the long pcp'dde axis parallel to the plane of the 
membrane. (ii) Binding studies have been performed 
with monolayers and large multilamellar bilayer vesicles. 
The peptide binding isotherms and the J-potential mea- 
surements can be explained by a surface partition eqni- 
librium 

x~-- X~CM 

where Xb is the molar amount of peptide bound per 
total lipid, Kp is the partition constant (Kp -- 75 M -1 
at 0.154 M NaCI), and C M is the concentration of free 
peptide imnlediately above the plane of binding. C~i is 
distinctly enhanced compared to the equilibrium con- 
centration in bulk solution if the membrane carries a 
negative surface charge arid must be calculated via the 
Gouy-Chapman theory [3,4]. 



Knowledge of the thermodynamic binding parame- 
ters leads to a number of structural questions. Since the 
peptide intercalates between the lipids, is there a con- 
formational change in the peptide structure? How deep 
can the peptide penetrate into the lipid bilayer? Is the 
lipid conformation modified upon peptide penetration? 
We have attempted to answer these questions by em- 
ploying different types of spectroscopy. The peptide 
conformation in water and in the membrane was in- 
vestigated with circular dichroism (CD); the penetration 
of the peptide into lipid phase was assessed with fluo- 
rescence spectroscopy; finally, the structural properties 
of the membrane lipids were analyzed with phosphorus 
and deuterium nuclear magnetic: resonance (NMR). The 
membrane systems were formed from neutral 1-palmi- 
toyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) and 
negatively charged 1-palmitoyl-2-oleoyl-sn-glycero-3- 
phosphoglycerol (POPG). For comparative purposes, 
CD and fluorescence spectrosc,>pic measurements were 
also performed with somatos~atin. While both SMS 
201-995 and somatostatin have been studied in solution 
(Refs. 1, 5 and 6, and references therein), we are not 
aware of corresponding spectroscopic studies on the 
membrane-bound peptides. 

Materials and Methods 

SMS 201-995 and somatostatin were kindly pro- 
vided by Sandoz (Basel, Switzerland). The concentra- 
tions were determined by ultraviolet spectroscopy using 
an absorption coefficient of 5700 M -~. cm -~ at 280 
rim, characteristic of the tryptophan and disulfide ab- 
sorption [5]. Non-deuterated 1-palmitoyl-2-o!eoy-sn- 
glycero-3-phosphocholine (POPC) and 1-palmitoyl-2- 
oleoyl-sn-glycero-3-phosphoglycerol (POPG) were 
purchased from Avanti Polar Lipids (Birmingham, AL, 
U.S.A.). For simplification of the discussion, the two 
methylene segments of the choline headgroup are de- 
noted a and / / in  the following: 

O 
- POCH2CH21q ~ (CH~) 3 

O a g 

POPC was selectively deuterated at the a- and t-seg- 
ment as described previously [7]. 

Preparation of lipid samples. Small unilamellar vesicles 
(SUV) of POPG were required for CD artd fluorescence 
experiments and were prepared as follows. A fipid dis- 
persion of POPG (approx. 3 mg ~;pid/ml) was soni- 
outed under nitrogen for about 35 rain (at 10°C) ungt 
an almost clear solution was obtained. Metal debris 
from the titanium tip was removed by centrifugation in 
an Eppendorf centrifuge for 10 min and the vesicle 
suspension was used without further manipulations. 

For NMR measurements about 8-10 mg of POPC 
and POPG were .mixed in dichloromethane or chloro- 

form in the molar ratio of 75:25 and the solvent was 
removed first, in a stream of nitrogen and then under 
high vacuum. The lipids were dispersed in 200 t~l buffer 
containing 154 mM NaC1, 10 mM Tris-HCI (pH 7.4), 
plus the desired concentration of SMS 201-995. The 
samples were strongly vortexted, followed by several 
freeze-thaw cycles and further vortexing in order to 
ensure a homogeneous distribution of peptide. The sus- 
pension was centrifuged for 120 rain at 120000 ×g  
(Beckman Airfuge) and the clear supematant was re- 
moved with a pipette. After appropriate dilution the 
SMS 201-995 concentration in the supematant was 
determined with ultraviolet spectroscopy by measuring 
the absorption at 280 nm. From the difference between 
the initial and the f'mal SMS 201-995 concentration the 
amount of SMS 201-995 bound per rnol lipid, X~,, 
could be evaluated [2]. 

NMR measurements. All 2H-NMR and 31p*NMR 
experiments were performed with the coarse lipid dis- 
persion as described above. The lipid pellets obtained 
after centrifugation were used without further manipu- 
lation. The 2H-NMR spectra were recorded with a 
Bruker MSL-400 spectrometer operating at 61.4 MHz, 
using the quadrupole echo technique [8]. S~P-NMR 
spectra were recorded at 162 MHz by employing a 
Hahn echo sequence with gated proton decoupling [9]. 
The experimental parameters were essentially the same 
as described previously [10]. 

Circular dichroism and fluorescence spectroscopy. Cir- 
cular dichroism measurements were performed with a 
Cary 61 instrument which was calibrated with d(+)- 
10-camphor suifonic acid. The optical length of the 
cuvette was 2 mm. [O] represents the mean residue 
ellipticity in dug. cm 2- dmol-1. Fluorescence spectra 
were recorded with a Schoeffel RRS 1000 spectrofluori- 
meter (excitation at 282 nm, emission in the range 
300-450 nm). The absorbance in the exciting beam was 
always chosen to be smaller than 0.1. 

Results and Discussiea 

Peptide conformation in solution and bound to lipid mem- 
branes 

As mentioned above, the surface partit~.on coefficient 
for the binding of SMS 201-995 to POI~/POPG 
(75:25) membranes is only Kp=75 M -I (0.154 M 
NaCI, 10 mM Tris-HCl (pH 7.4)). In order to determine 
the spectral characteristics of the membrane-bound 
pepfide, all CD and fluorescence measurements were 
hence made with pure POI'G vesicles. The electrostatic 
attraction between the negative membrane surface and 
the positively charged peptide considerably enhances 
the effective bindinf,. In addition, a high lipid-to-protein 
ratio (cf. legends to figures) was chosen in order to 
guarantee a complete binding of the peptide to the lipid 
membrane. 
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Fig. 1. Circular dichroism spectra of SMS 201-995 and somatostatin 
in buffer and bound to POPG vesicles. (A) solid line, SMS 201-995 
(50/~M) in buffer (154 mM Natl, 10 mM "Iris (pH 7.4)); dotted line, 
$MS 201-995 (50 #M) and small unilamellar vesicles of POPG (2 
mM phospholipid) measured in buffer. (B) solid line, somatostatin (50 
/~M) in buffer; dotted line, somatostatin (50/~M) and small unilamel- 

lar vesicles of POPG (1 mM phospholipid) in buffer. 

Circular dichroism spectra of SMS 201-995 in aque- 
ous solution and bound to POPG vesicles are shown in 
Fig. 1A. In the aqueous phase, the CD spectrum is 
characterized by a rrhnimum a~ 203 run ~ t h  a shoulder 
at 220 nm (solid line in Fig. 1A). Upon binding of the 
peptide to the membrane, the lat~er transition increases 
in amplitude from -4500 deg. cm~/dmol to -6500 
deg. cruZ/drool (dotted line, Fi~:;. 1A). By comparison 
with CD spectra of elastin (whi(,h have no overl,qpping 
aromatic residues) in water artd metha,'aol [ll] this 
change in the CD spectra of the somatostatin analog 
v.lggests the formatio~ of some/J-turn structure. 

The CD spectrum of sornatostatin in buffer (Fig. 1B) 
is characterized by a minimum at appi'ox. 200 nm and 
corresponds to publis:hed data [5]. For membrane-bound 
somatostatin (dotted line in Fig, 1B) this minimum is 
shifted to ~ 207 nm ~md its amplitude is enhanced. The 
molecular interpretation of this change is difficult, since 
the CD absorption of the peptide backbone is masked 
by contributions from the are~atic amino acid side 
chains and the disulfide bridge. Nevertheless, the ap- 
pearance of a weak shoulder at 220 nm again suggests 
the formation of some ~-turn structure. 

The transfer of protein segments from water in,o a 
non-polar environment leads to a drastic reorganisa,~on 
of hydrogen bonds since hydrogen bonds between water 
and amino acid side chains must be replaced by in- 

trachain hydrogen bonds leading to highly ordered pro- 
tein structures [12]. A typical case in point is melittin 
which upon binding to lipid membranes undergoes a 
transition from a random-coil structure in water to an 
almost 70c~ a-helical structure in the lipid phase [13]. 
We have reestimated this value to be 80% [18]. For the 
cyclic peptides described here the structural changes are 
much less pronounced, and suggest alternative mecha- 
nisms to satisfy the energy requirements. Presumably 
hydrogen bonds of the peptides to bulk water are re- 
placed by hydrogen bonds to water in the hydration 
layer of the phospholipid headgroups. 

Peptide penetration into lipid membranes 
Both somatostatin and its smaller analog SMS 201-. 

995 contain a single tryptophan which can be exploited 
for polarity studies since the fluorescence spectrum of 
the indole ring experiences a blue shift upon trazzsfer 
from an aqueous to a less polar solvent [14,15]. Fig. 2 
displays fluorescence spectra of SMS 201-995 and 
somatostatin in buffer and bound to vesicles. In water, 
both molecules exhibit a fluorescence emission maxi- 
mum at 351 rim, However, the fluorescence intensity 
increases and the emission maximum shifts towards 
shorter wavelength in the presence of POPG vesicles. 
Again a high lipid-to-protein ratio was employed in 
order to completely eliminate spectral contributions of 
the free peptide in solution. For both molecules the 
emission maximum shifts by about 12 rim to 339 tun 
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Fig. 2. Fluorescence spectra of $MS 201-995 and ,,omatostatm m 
buffer and bound to POPG vesicles. (A) solid line, SM$ 201-995 (5 
t~M) in barfer; dotted fine, SM$ 201-995 (5 #M) an6 small unilamel. 
lar vesicles ot l'OFO (phospholJpid concentration 0.7 raM) in buffer 
(B) solid line, somatostatin (5 ~M) in buffer; dotted line, somatostatin 
(5 t~M) and small unilameUar resides of POPG (phospholipid con- 

centration 0.4 raM) in buffer. 



indicating a polarity comparable to a dielectric constant 
of about c = 7 [15]. Apparently, the tryptophane residue 
does not penetrate completely into the central part of 
the bilayer (with c = 2) but remains L-. ~he headgroup 
region. This may [',e contrasted with the binding of 
melittin to POPC-like bilayers which ;s accompanied by 
a much larger displacement in the fluorescence maxi- 
mum (from 350 nm to 330 nm) suggesting a truly 
hydrophobic environment in the latter case [16]. Com- 
parably large shifts have also been observed for some 
small pentagastrin-rdated pentapeptides [17]. These 
latter studies provide evidence that it is not the hydro- 
phobicity at the tryptophan residue but the hydro- 
phobicity of the molecule as a whole which determines 
the location of the tryptophan residue within the mem- 
brane. 

PeP2tide binding and lipid head group conformation 
H-NMR studies have demonstrated that melittin 

binding to pure POPC [10], mixed POPC/POPG [18] 
and mixed DMPC/DMPS [19] bilayers induces a sig- 
nificant ch~ge in the phosphoeholine headgroup orien- 
tation. A qualitatively similar result was reported for 
the strongly hydrophobic, synthetic peptide K2GL20K 2 
A [20], which carries two positive charges on the C- 
terminal and three on the N-termh~al of its bilayero 
spanning helix. We have therefore investigated the in- 
fluence of the somatostatin-analog SMS 201-995 on the 
phosphocholine headgroup for both pure POPC and 
mixed POPC/POPG membranes. 31P-NMR and 2H- 
NMR spectra were obtained for the phosphate segment 
and the a- and ,8-methylene segments, respectively, with 
and withou', peptide present. The 31P-NMR spectra (not 
shown) were always characteristic of liquid crystalline 
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Fig. 3. Deuterium NMR spectra of POPC membranes without peptide 
(A,C) and with SMS 201-995 (B,D). POPC was selectively deuterated 
at the -,.segment (A,B) and the/~.segment (CD). The amount of 
bound pepfide was Xb = 0.09 (tool/tool) in Fig. B and X b = 0.07 

(tool/tool) in Fig.D. 

VABLE ! 
Degree of pepttde bindin$ X b, and corresponding quadrupole sp/ittings. 

9.154 M NaC1; 10 mM Tris-HCI (pH 7.4). 

~4embrane X b Al,q 
system (mmol/moi) (kHz) 

1 ~  PC)PC 
~-segment 0 5.81 
~euterateA 15.7 5.21 

42 4.26 
66 3.54 
79.6 2.89 
90 2.60 

~segment 0 5,01 
deuterated 14 5.45 

34.5 5.8 
70.4 6.5 

75 tool% POPC + 25 mol~ POPG 
,,-segment of POPC 0 8.45 
deuteraled 7.3 8.13 

14.8 7.89 
29 7.26 
57 6.59 

104 5.3 

bilayers with no evidence for the formation of non-bi- 
layer phases [211. Deuterium NMR spectra of pure 
POPC membranes deuteriated at either the a-CHz or 
~8-CH 2 group of the choline moiety are displayed in Fig. 
3. All 2H.NMR spectra were characteriz~ by a single 
quadrupole splitting; under no condition did we ob- 
serve separate spectra for .free, lipid and peptide-bottad 
fipid. The deuterium spectra thus iodic~te a single, 
time-averaged headgroep conformation at all peptide 
concentrations. This result requires a rapid two-dimen- 
sional translational diffusion of the peptide on the 
membrane surface, affecting all fipid headgroups to 
equal extent (witl~ a time of less than 10 -5 s). 

The addition of SMS 201-995 to POPC-containing 
membranes has opposite effects on the two choline 
segments: the a-splitting decreases, whereas the ~split- 
ring increases. This finding is in agreement with the 
effect of melittin and of many other positively charged 
compounds which bind to the membrane surface (cf. 
below). In order to quantify the observed variations of 
the deuterium quadrupole spfittings, we ha:re measured 
the amount of bound pepfide, Xb, by the centrifug~tion 
assay described above [2]; the X b values and the corre- 
sponding quadrupole spfittiags AJ,Q are summarized in 
Table I. 

The variation of A rQ with X b can be explained by 
the following model [22,23]. The penetration of np mol 
of peptide into a membrane composed of n L tool of 
lipid lea~ to an increase of the membrane sm face area 
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[2]. The total area, A T, after peptide insertion is given 
by 

AT = NA(nLAt + npAp) (I) 

where NA is Avogadro's number and A L and Ap are the 
surface area requirements for a single lipid and a single 
peptide molecule, respectively. At the same time, the 
electric surface charge, Q, of a pure POPC membrane is 
d,.termined only by the amount of bound peptide 

(2 = NAeo%n~ (2) 

where Zpeo is the effective charge of the peptide (as seen 
by the membrane). The surface charge density, o, is 
then calculated according to 

U = Q/A T = ( zpeo/AL)r (3) 

where r is defined as 

r : Xb/[l+(Ap/At)Xb] (4) 

The denominator in the last expression takes into 
account the bilayer expansion due to peptide intercala- 
tion and vanishes for Ap--0 (no penetration). In the 
following we assume Ap = 135 ,~2 [2] and A t --68 Az 
[24]. Previous studies have indicated that a change in 
the membrane surface charge density o entails a re- 
orientation of the phosphocholine dipole with a con- 
comitant change of the deuterium quadrupole splittings 
[25]. Since o = r, we have plotted the variations of the 
quadrupole splittings Av, and za~a for pure POP(] 
bilayer vc~s~,s r (Fig. 4). For both segments a linear 
dependence on r was observed with (Fig. 4A) 

~=5.9-41.9r 

A~=5.1+22,9r 

(zlpQ measured in kHz; r given as mol/mol). We have 
also studied a mixed POPC/POPG (75:25, mol/mol) 
bilayer ia which the a-segment of the choline moiety 
was deuterated. The quadrupole splitting of the pure 
POPC/POPG membrane was 8.4 kHz due to the pres- 
ence of negatively charged lipid [26]. Addition of the 
positively charged somatostatin analogue rever~ed the 
effect of PG; again a linear decrease of Aj,,~ with r was 
observed (Fig. 4B): 

A~=S,4-36.1r 
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Fig. 4. Variation of the quadrupole splinings of a- and fl-deuterated 
POPC with the amount of bound peptide r (Eqn. 4). (A) pure POPC 
membranes with either a-segment (D) or fl.segment {o) deuterated. 
The equilibrium concentration of peplide free in solution is 7.3 mM 
for r =0.076. (B) mixed POPC/POPG (75:25, mr,I/tool) with the 
tz-segrnent of t'OPC deuterated. The equilibrium concentration of 
peptide free in solution is 0.21 mM for r = 0.C'51. For details 

see Ref. 2. 

II provides a survey of the available data for the phos- 
phocholine headgroup. The experimentally observed 
quadrupole splittings were evaluated according to ~,~ = 
mir + A~.~ and Table II summarizes the slopes m i. We 
note that differences in the binding constants are 

(5) eliminated by this approach, since Xb(or r) refers to the 
bound agent only. The slopes ml thus provide a 

(6) quantitative measure of the efficacy of membrane-bound 
molecule to change the quadrupole splittings and, in 
turn, the orientation of the phosphocholine headgroup. 
Among the four peptides listed, SMS 201-995 has the 
smallest effect; nevertheless, its headgroup efficacy is 
even larger than that of the most efficient hydrophobic 
local anesthetic. Fig. 5 summarizes the data of Table II 
in terms of a m,-ma plot, i.e., the efficacy of a mole- 
cule to change the a-segment (characterized by m,,) is 
plotted versus its efficacy at the r-segment (charac- 
terized by m#). The surprising result of this plot is a 
linear correlation between m, and ma, independent of 

(7) the chemical structure of the molecules involved, with 

Tile slope m,, is almost identical for pure POPC (Eqn. 
5) and mixed POPC/POPG (Eqn. 7) membranes. 

Linear relationships between the quadrupole split- 
tings a~, and zl~,a and the tool fraction of membrane 
bound agents X b (or r) have been observed previously 
for a variety of chemically different compounds. Table 

rna = - 0.48m= (8) 

While the m~ values of the mevnbranc-.:ctN. ~gents vary 
considerably, with melittin (effective charge z = 2.2) 
exhibiting the lar[est (m,  = -93.5 kHz) and Ca z+ the 
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Fig. 5. Variation of the choline headgroup quadrupol¢ splittings upon 
binding of cationic substances. The variation of the a-segment is 
plotted vs. the ,8-segment. o, peptides; D, cationic amphiphiles: O, 

local anesthetics; ¢t, metal ions. 

smallest value (m,---  -20 .5  kHz) the ratio ma/m,  is 
always close :o - 0 , 5  *. This provides evidence for a 
strongly coupled motion of the two choline segments. 

Experiments with bilayer forming cationic and 

anionic amphiphiles (which can be mixed with POPC at 
almost any ratio) have shed light on the molecular 
nature of the headgroup reorientation [27]: positively 
charged amphiphiles move the N + end of the - P - N  + 
dipole towards the water phase, negative charge moves 
the N + end towards the hydrocarbon interior. The 
cationic amphiphiles are also included in the rn=-ma 
plot and their slopes fit closely into the general scheme 

* The only exception known so fac is melittin bound to mixed 
POPC/POPG [18] and mixed DMPS/DMPC mcrabranes j19 l. 
While m,, is identical to the value determined for pure POPC 
membranes, the ratio ma/mo is -t3.78 for POPC/POPG mem- 
branes and - 0.22 for DMPC/DMPS membranes. 

TABLE II 

Efficacy of membrane-.~ouad agents to change the quadrupole splittZngs o/the choline head group segments 

Effective r% m~ -(ma/m~) Membrarte Re£ 
charge z (kH~) (klL",) composition 

Metal ions 
Ca 2+ + 2 - 20 5 + I0.0 0.49 POI~ [24] 

- 16.7 n.d. POI~/POPG [26] 
(8O12O) 

- 17,3  n.d.  POI~/POPG 
~50/50) 

- 1/,.5 n.d. POPC/cardiohpia [29] 
0O/lO) 

La 3+ + 3 - 50.1 + 21.6 0.43 POl~ [30] 

Local anesthetics 
Etidocaine 
Dibqcaine 
Tetracaine 

Peptides 
Mehnin 

SMS 201-995 
K2GL2oKzA 

Gramiddin S 

+ l -40.3 + 1~'.8 0.49 poPc 123] 
+ 1 - 28 .8  + 14 .0  * 0 . 4 9  P O I ~  [23] 

+1 -29.05 +13.82 0 0.48 ¢ggPC [31] 

+ 2.2 - 93.3 + 44.4 0,48 POPC 
- 93.9 + 72, 8 0,78 I=OPC/POPG 

(8O/2O) 
-92.0 +20.0 0.22 DMI~ 

+ 1.3 - 41.9 + 22.9 0,55 POPC 
+5 b ==-66.3 ~ = +33.{1" 0.52 c DMPC 

- 57.5 + 36. J 0,63 c DMI~/DMPS 
8O/2O 

+ 2 b - 63,4 + 3~.2 0,60 POI~ 

[10] 
(181 

[191 
this work 
[201 
(2O1 

132] 
[331 

Amphlphiles 
(CH3)2N+(CI2H~)2 +1 -27.4 +15.4 0.56 POPC [27] 
(C["I 3 ) 2N 4 (C 16["]33 ) 2 +1 -29,9 +20.9 0.70 POI~ [27] 
(CH3):N*(CtgH3~)z +1 -31,4 +21.3 0.68 FOI~ |27] 
(CH3)2N* (CI2H~XCI6H33) +1 -30.9 +20.9 0.68 POPC [27] 

Estimated from Fig. 3 of Ref. 34. 
b Formal chexge; eff~Gve charge not detmnined. 
= Evaluated from Table I of Re£ 20. 
d Calculated from Fig. 4A and 5A of Ref, 31. 
n.d . ,  not determined, 



of Fig. 5. We therefore conclude that the response of 
the phosphocholine headgroup to cationic peptides, 
metal ions, and local anesthetics can be described by 
the same molecular picture as established for the charged 
amphiphiles. The binding of the somatostatin-like 
peptide SMS 201-995 hence also induces a rotation of 
the -P-N + dipole into the water phase. 

This dipole movement has significant implications 
for the electric properties at the membrane surface. If 
the headgroup is parallel to the membrane surface in 
the absence of peptide, the peptide induced reorienta- 
tion will generate a considerable dipol::: moment per- 
pendicular to the membrane surface. The alterations in 
the transmembrane electric field could be strong enough 
to trigger conformational changes in neighboring pro- 
teins, producing, in turn, gating currents due to the 
movement of charged amino acid side chains [28]. The 
binding of SMS 201-995 to the membrane surface will 
thus not only enhance the rate of peptide-receptor inter- 
actions but, at the same time the molecule is an efficient 
modulator of the membrane surface electric properties. 
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