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LABORATORY OF MOLECULAR BIOPHYSICS 

LABORATORY OF STRUCTURAL BIOLOGY 

Spectroscopy: 

Interaction between matter and electromagnetic radiation. 

 

Spectroscopic Techniques : 

Information about STRUCTURE and DYNAMICS. 

Allow the study of conformational changes. 

 

In particular, techniques that do not require transparency of 

the sample are convenient for the study of membranes. 

 

FUNDAMENTAL RELATIONSHIP IN BIOLOGY 
 

STRUCTURE  FUNCTION 



  

   The 70’s - Decade of  MEMBRANES 
 

from STACTIC STRUTURES - electron microscopy, X rays  



to DYNAMIC STRUCTURES 

molecular organization and motion of lipids in bilayers 

• Rotation about the long molecular axis 

• Intra-molecular motion (trans-gauche isomerization) 

• Lateral diffusion 

• Flip-flop 

2. Phospholipids

Major lipid component of biological membranes

e.g. phosphatidylcholine (lecithin)



  bilayers 
lipid vesicles 

•Phospholipids are amphipathic molecules 

Electron Paramagnetic Resonance,  

Spin Label Method (H.M. McConnell, Stanford) 

FLUID MOSAIC Model proposed in 1972, Singer & Nicolson, Science 



Lipídios, Lipossomos e Membranas 
Biológicas  

 

 
 



A composição química das  
membranas biológicas 

• PROTEINAS e LIPIDIOS:                         40-60 % 

• CARBOHIDRATOS                        baixa proporção 

 (+ Proteínas) 

GLICOPROTEINAS 

Íons minerais,  
poliaminas e ácidos nucléicos. 
água “associada” 
 

(+Lipídios) 

GLICOLIPIDIOS 

Associados com a 
membrana aparecem 
também: 





(Science, 1972:175, 720-731.) 

“A membrana formada por  bicamada 

fosfolipídica fluida onde as proteínas 

difundem e ficam embebidas ou 

imersas ” 

Singer e Nicolson:  

Modelo do  

Mosaico Fluido 







Lipídios que formam as  
Membranas Biologicas 

Derivados do Glicerol 
 
Derivados da Esfingosina 
 
Os Esterois 
 
Os Fosfolipídios Dióis 
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Os ácidos graxos saturados de número par  mais abundantes 

na natureza são: 

                         

                        C14:0, ácido mirístico 

                        C16:0, ácido palmítico 

                        C18:0, ácido esteárico   

Ácidos graxos de número impar existem apenas nos 

gangliosídios e nos cerebrosídeos: esfingoglicolipídios 

Entre os insaturados, encontram-se: 

                            

                           C16:1 (9c): palmitoleico 

                           C18:1 (9c):  oleico 

                           C18:2 (9, 12): linoleico 

                           C 18:3 (6, 9, 12) g  ou (9,12, 15) a  linolénico  

                           C20:4  (5, 8, 11, 14) araquidónico.          



Presença de um AG insaturado nos PL 

OO OO

V1 V2 

V2 > V1  

Diminuição da  

interação entre  

moléculas vizinhas 

Enfraquecimento das 

interações de Van 

der Waals 

Aumento da fluidez 

DSPC Tm = 60 0C 

DOPC Tm = -22 0C 
Aumento da fluidez sem  

“sacrificar” a hidrofobicidade. 



Influence of cis-double bonds in hydrocarbon chains.  

The double bonds make it more difficult to pack the chains together 

 and therefore make the lipid bilayer more difficult to freeze.  

 

 



Esterois 

Moléculas mais compactas e apolares que os lipídios descritos 

anteriormente 

 

Derivados do ciclopentanoperidrofenantreno, um hidrocarboneto 

tetracíclico saturado. 

 

Presentes no mundo animal, vegetal, microbiano.  

ESTEROIS TIPICOS: 

Animais: Colesterol 

Plantas: Fitosteroles: Estigmasterol e sitosterol 

Leveduras e fungos: Micoesterois: Ergosterol 

Procariotos contêm muito pouco ou nenhum colesterol 



 The structure of cholesterol  

Cholesterol is represented by a formula in (A), by a schematic drawing in (B), and as a 

space-filling model in (C). 

  

 

 



Cholesterol in a lipid bilayer. Schematic drawing of a  

cholesterol molecule interacting with two phospholipid molecules 

 in one leaflet of a lipid bilayer.  

 

 



Localização do 
colesterol  
na membrana 

b 

Cabeça polar 

Sistema de  

anéis 

Cauda não 

polar= livre 

rotação 



Algunos agregados de los lipidos 



Micela clásica 



Liposomas (arreglo laminar) 



Los liposomas se utilizan como sistemas modelo 
en los estudios de membrana. Además, son 
utilizados como vehículos para transportar 
sustancias hidro y liposolubles 
 



Lee (2000) Membrane lipids: It’s only a phase. Curr. Biol. 10: R377-R380 

Fase hexagonal (HII) 



Hipótesis geométrica del Polimorfismo lipídico 
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Figura 1 - Níveis de energia do elétron desemparelhado do grupo nitróxido (N-O) num campo magnético: (a)
sem interação e (b) com interação com o spin do N (estrutura hiperfina).
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(a) Espectro de absorção e (b) primeira derivada.

Electron Paramagnetic Resonance 
 
•Interaction between magnetic field 
and electron spin magnetic moment  
        
•Spectra are sensitive to orientation 
and motion 
 
•Microwave radiation 
 
•Frequency corresponds to that of 
molecular motion      
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Magnetic field  

 ——  // to bilayer surface 

 -----  to bilayer surface 

Lipid spin labels 
 amphipathic molecules that can be 

intercalated in the bilayer 



Schreier-Muccillo et al, Chem. Phys. Lipids 10: 11-27 (1973) 

Effect of cholesterol on egg phosphatidyl choline (PC) bilayers 

ovo 

A 
B C 

A- EPR spectra of planar bilayers  
Magnetic field  ——  //    and  -----  to the bilayer surface 

B- Theorder parameter, S, increases with increasing cholesterol 

C- The angle that measures the amplitude of motion decreases 

Calculations showed that the population of trans rotamers increases, i.e., 

the lipid acyl chains become more extended 



Schreier-Muccillo et al, Arch. Biochem. Biophys. 1976 

Study of bilayer permeability by means of the kinetics of 

reduction of the N-O group by ascorbate  

•The deeper the location of the N-O 

group, the slower the kinetics. 

•Cholesterol increases the molecular 

packing, therefore the kinetics are 

slower. 

•The activation energy increases. 

•The reaction rate as a function of polar 

headgroup charge increases in the 

order: negative  < zero < positive 



 

The local anesthetic tetracaine (TTC) 

 

  

CH3(CH2)3NH COOCH2CH2N(CH3)2

C H 3 ( C H 2 ) 3 N H C O O C H 2 C H 2 N ( C H 3 ) 2 H 
+ 

H 
+ 

+ 

Low pH 

High pH 

MEMBRANE-LOCAL ANESTHETIC INTERACTION 



Boulanger et al, Biochemistry 1981 

DEUTERIUM NUCLEAR MAGNETIC RESONANCE 
MEMBRANE - LOCAL ANESTHETIC INTERACTION  

•Work at a pH where only one form is present, either 

the charged form or the neutral form. 

•Know the partition coefficient to evaluate how much 

of the total amount added is actually bound. 

 

DETERMINATION OF ANESTHETIC LOCATION IN THE 

MEMBRANE 



EFFECT OF MEMBRANES ON THE KINETICS OF REACTIONS 

THAT OCCUR IN THE AQUEOUS PHASE  

Bianconi et al, Biochem. Biophys. Res. Commun. 1988  

The kinetics of spectral changes     

of a probe in the membrane      

allow monitoring the                        

kinetics of hydrolysis of a solute 

that undergoes partitioning 

between water and membrane.  

Note: hydrolysis occurs in the 

aqueous phase 

S + M Sm

products products

kmkw

Ks

k = 
km [M] Ks+ kw

1 + [M] Ks



METHODS FOR THE DETERMINATION OF         

MEMBRANE-WATER PARTITION COEFFICIENT – P 

Based on the effect of solute on membrane structure 

 

                            P= [solute] in the membrane / [solute] in the aqueous 

phase 

 

                           1-vary solute concentration at fixed membrane    

concentrations 

 

              A line parallel to the abcissa  

                indicates that the effect is the same 

              i.e., same solute:lipid ratio 

            IN THE MEMBRANE 

 

                        

 

 

 

 

Lissi et al BBA, 1021 (1990)  



2.  Based on solute effect on membrane properties and 

 knowledge of solute’s aqueous solubility (Sw) 

     One curve is obtained for one fixed membrane  concentration. 

     The breakpoint corresponds to WATER SATURATION.  

      No more solute partitions into the membrane   

SOLUTEsolid ↔ SOLUTEin solution ↔ Solutein the membrane 

de Paula and Schreier, BBA 1240 (1995) 



             Peptide-Membrane Interaction 
 
              Questions we want to answer 
 
1- does the peptide bind? 
 
2- does it undergo conformational changes? 
 
3- what are the intra-molecular interactions involved  
    in the conformational change ? 
    e.g.   hydrogen bonding - modulated by local polarity 
 
4- what are the effects on peptide physico-chemical properties? 
     e.g. pK changes - modulated by both local polarity and  
     peptide conformation 
 
5- what are the interactions modulating peptide-membrane  
     interaction? 
     e.g. electrostatic, hydrophobic, van der Waals, hydrogen bonding 
 
6- peptide location (membrane depth of penetration)? 
    on the surface, transmembrane 
 
7- what is the effect of peptide binding on lipid molecular  

    organization?   



Circular Dichroism of Proteins 

Cdteoria.ppt


              Diagrama de Jablonski. Os estados eletrônicos fundamental, primeiro e
segundo estados excitados são representados por S0, S1 e S2,

respectivamente. Em cada nível de energia eletrônico existe uma série
de níveis de energia vibracionais. Os espectros hipotéticos de absorção e

emissão de fluorescência e fosforescência, correspondentes às transições

observadas no diagrama, encontram-se à esquerda.
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Fluorescence 



Super-family of G protein coupled 
receptors (GPCR)  
Represent a large proportion of         
membrane-bound receptors 
  
GPCR are targets of a large number 
of drugs 
 
However, due to the difficulties in 
using high resolution techniques  
X-ray crystallography, NMR  
for membrane proteins, the only 
GPCR whose structures have been 
resolved are rhodopsin and the     
β-adrenergic receptor (2007)         Palczewski et al ( 2000) Science, 289, 739 

NH2

COOH

OUT 

IN 

By analogy with rhodopsin ,    

The accepted model for GPCR consists  

 of seven transmembrane helices (TM)  

connected by three extracellular 

(EL) and three intracellular (IL) loops 

The N- and C-termini are outside and   

Inside the cell, respectively 



    Due to the difficulties to obtain conformational information   

about the whole protein,  fragments have been studied 

 In several cases, the fragments present conformations similar to 

those  predicted or found in the whole protein 

 Laboratory of Structural 

Biology 

Use of spectroscopic techniques   

CD, fluorescence, EPR, NMR 

to study the conformation and dynamics of peptides  

whose sequence is present in GPCR 

EL, IL, or TM, in the absence and presence of 

model membranes - micelles and bilayers 

            Mechanism of signal transduction 

  

Ligand binding induces conformacional changes 

in the EL that propagate through the TM,  

causing a  

rearrangement of the helices relative orientation  

Such reorganization induces  conformational 

changes in the IL, activating the G protein  Hamm, J Biol Chem 1998 273: 89 



Location and sequence of extra-membranous domains (loops)           

(EL1 and EL3, extra-cellular, and IL2, NIL3, CIL3, and fCT, intracellular)  

Laboratório de Biologia Estrutural 

NH 2 

COOH 

extracellular 

intracellular 

membrane 

AT 1A  receptor: f CT 
300 LFYGFLGKKFKKYFLQLLKKYI 320 

               AT 1A  receptor: IL3 
NIL3: 213 TSYTLIWKALKKAYEIQKN 231 

CIL3: 227 EIQKNPRNDDIFRII 242 

AT 1A  receptor: IL2 
122 LSIDRYLAIVHPMKSRLRRTMLVAK 146 

        AT 1A  receptor: EL1 

92 YRWPFGNHL 100 
mas  oncogene  receptor: EL3/TM7 

253 EYWSTFGNLHHISL 266 
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Conformations obtained by NMR 

 in 30% TFE 

 fCT  

28oC 

fCT 

 5oC 

NIL3 

25°C 

Franzoni et al J. Biol. Chem.  1997  

Franzoni et al, J. Biol. Chem. 1999 
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fCT  - Binding to micelles and bilayers  

Effect of binding to model membranes 

on fCT fluorescence and a-helical 

content 

pH 7.4 

pH 4.0 

BINDING OF INTRACELLULAR LOOPS fCT, NIL3, AND IL2               

TO MICELLES AND BILAYERS CAUSES INCREASE IN  

FLUORESCENCE AND IN a-HELICAL CONTENT 
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NIL3 - Binding to micelles and bilayers   (pH 7.4) 

SDS POPC:POPA (9:1) 

NIL3 binds to negatively charged and zwitterionic 

micelles, but ONLY to negatively charged bilayers 

Upon binding NIL3 acquires a-helical  

conformation 
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pH 4.0 pH 7.4

F/F0 lmax

(nm)

a-helix

(%)

F/F0 lmax

(nm)

a-helix

(%)

H2O - 351 10 - 353 10

POPC - 351 21 1.13 345 20

POPC:

POPA

(9:1)

1.27 339 17 1.67 334 16

HPS 2.69 337 27 3.39 337 50

SDS 1.59 331 65 1.38 337 68

TFE 48 -

 Effect of binding to model membranes on NIL3 

fluorescence and a-helical content 
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Upon binding IL2 acquires a-

helical  conformation 
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 EL1 trans-Pro isomer (ca. 75%)  

 90% H2O/10% D2O, pH 4.0, 27oC. 

     EL1 - NMR-derived conformation 
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EL1  - Binding to micelles and bilayers  

  

Salinas et al, Biopolymers 2002 



Light  

beam 

208 nm 

222 nm 

Oriented CD experiment    Fluorescence Quenching experiment  

O

N

O

O

O

O

O O

P

O

O

O

N
+

CH
3

CH
3

CH
3

O

N

O

O

O

O O

P

O

O

O

N
+

CH
3

CH
3

CH
3

O

O

N

O

O

O

O O

P

O

O

O

N
+

CH
3

CH
3

CH
3

O

OOO OOO OOOOOOOOOOOO

 Laboratory of Structural Biology 

Peptide penetration in the bilayer 

Determination by intrinsic fluorescence quenching by 

nitroxides at different positions along the acyl chain   

Parallax method  

 
Peptide orientation 

Determination by oriented CD  
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Fluorescence quenching shows 

 EL1, IL2, fCT, and NIL3  

at the bilayer-water interface  

TM2 crosses the bilayer. 

The peptides are oriented as expected 

 for their location in the receptors 

fCT orientation in agreement with that observed in rhodopsin crystal structure 



Conformations with higher secondary structure content are  

stabilized in TFE and upon binding to model membranes 

 

The lower polarity of the solvent and of the interface favors   

formation of intramolecular hydrogen bonds  

 

The peptide fragments tend to present conformations  compatible                    

with their conformation in the whole  protein 

The function of GPCR requires them to have dynamic structures  
 

      Local pH, polarity, and interactions with the lipid phase can  
      modulate  peptide  conformation 
      Moreover,  subtle changes at the interface can stabilize different 
 conformational states 
 
      Changes in the environment, as well as ligand binding, could induce    
 conformational changes similar to those observed for the extra- 
 and intracellular receptor loops during signal transduction 

IMPLICATIONS FOR RECEPTOR FUNCTION 

CONCLUSIONS 



Stychodactyla helianthus
Sequence alignment of St I and St II

 St I  SELAGTIIDGASLTFEVLDKVLGELGKVSRKIAVGIDNESGGTWTALNAYF

 St II  ALAGTIIAGASLTFQVLDKVLEELGKVSRKIAVGIDNESGGTWTALNAYF

 St I   RSGTTDVILPEVVPNTKALLYSGRKSSGPVATGAVAAFAYYMSNGNTLGV

 St II  RSGTTDVILPEFVPNTKALLYSGRKDTGPVATGAVAAFAYYMSSGNTLGV

 St I   MFSVPFDYNWYSNWWDVKIYPGKRRADQGMYEDMYYGNPYRGDNGWYQKN

 St II  MFSVPFDYNWYSNWWDVKIYSGKRRADQGMYEDLYYGNPYRGDNGWHEKN

 St I   LGYGLRMKGIMTSAGEAKMQIKISR

 St II  LGYGLRMKGIMTSAGEAKMQIKISR

Sticholysines I and II -  sea anemone pore-forming toxins 
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Hydropathy plot for St I and St II according 
to Kyte and Doolittle

St II structure determined 

by X ray crystallography  

Mancheño et al, Structure 11 (2003) 



label temperature 
( 
o 
 C) 

measured 
parameter 

StI StII 

5-SASL 10 S 2.3 0.78 
22 S 6.5 5.6 
47 S 5.4 -1.9 

7-SASL 10 S 12.4 11.2 

22 S 16.3 16.6 

12-SASL 22 h+1/h0 -10.6 -15.7 
47 h+1/h0 -5.8 -5.8 

16-SASL 10 h+1/h0 -0.88 -3.2 
22 h+1/h0 -2.6 -4.7 
47 h+1/h0 -8.2 -3.2 

Percent change in order parameter (S) and in h+1/ho 

10 h+1/h0 -18.2  -9.9  

47 -11.9 -14.4 h+1/h0 

Alvarez et al, Chem. Phys. Lipids, 2003 



 

 

1. The effect of St II is seen more deeply in the  

    bilayer 

 

2. The effect of both toxins at C16 is very small,  

    in agreement with models that propose that  

    the bulk of the protein sits  

    at the bilayer-water interface 

 

 

3. The differences between St I and St II are in  

    agreement with differences in activity  

 

 

     
Poster N47, Iris 



Toroidal pore formation - positive curvature 
      The pore lined by the polar face of the peptide (tetramer) and 

by lipids polar heads  

Model for peptide-membrane interaction and pore formation 

Mancheño et al, Structure 2003. 



Peptide                 Sequence                                  Residues 

  

P1-30       ALAGTIIAGASLTFQVLDKVLEELGKVSRK    1-30  

PW2      AWAGTIIAGASLTFQVLDKVLEELGKVSRK    1-30  

PW7      ALAGTIWAGASLTFQVLDKVLEELGKVSRK       1-30  

PW12      ALAGTIIAGASWTFQVLDKVLEELGKVSRK    1-30  

PW17      ALAGTIIAGASLTFQVWDKVLEELGKVSRK    1-30  

PW21      ALAGTIIAGASLTFQVLDKVWEELGKVSRK        1-30 

PW24       ALAGTIIAGASLTFQVLDKVLEEWGKVSRK        1-30 

P11-30     SLTFQVLDKVLEELGKVSRK                          11-30 

P16-35     VLDKVLEELGKVSRKIAVGI                            16-35  

Molecular mechanism of pore formation not yet clarified  

N-terminal a-helix postulated in membrane insertion 

Peptides corresponding to St II N-terminus were synthesized 



PREDICTION OF SECONDARY STRUCTURE, HEMOLYSIS, 

AND PERMEABILIZING ACTIVITY  

 a-helix probability for P1-30  

A L A G T I I A G A S L T F Q V W D K V L E E L G K V S R K I A V G I D 
0 

20 

40 

60 

80 

100 

30 1 

a
 -h

e
li
x

 (
%

) 

Sequence 

       High propensity to acquire a-helical conformation in the region 14 to 24  
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EFFECT OF TFE AND INTERACTION WITH MODEL MEMBRANES 
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PW12 - bilayers 

In  TFE and upon binding to 

model membranes,  

the peptides acquire   

a-helical conformation 

P1-30 - micelles 

Casallanovo et al, Biopolymers, 2006 



 
Medium    100% TFE      20 mM SDS   10 mM HPS   10 mM LPC 

Peptide 

 

P1-30         0.75 (22.5)       0.26 (7.9)        0.33 (9.8)       0.55 (16.4) 

PW2           0.80 (24)          0.34 (10.3)      0.46 (13.8)     0.69 (20.6) 

PW7           0.65 (19.6)       0.37 (11)         0.45 (13.6)     0.61 (18.3) 

PW12         0.61 (18.3)       0.40 (12)         0.60 (18)        0.67 (20) 

PW17         0.56 (16.8)       0.36 (10.7)      0.38 (11.5)     0.52 (15.7) 

PW21         0.63 (19)         -----                   0.50 (15)        ------- 

 

P11-30       0.35 (7)            0.33 (6.6)        0.33 (6.6)       0.38 (7.6) 

P16-35       0.43 (8.7)         0.30 (6)           0.30 (6)          0.39 (7.7) 

 

a-helical content and number of residues in  

a-helical conformation (in parenthesis) in different media* 

 

• Higher a-helical content  (compared to crystal) for  membrane-
bound 30-residue peptides could be due to membrane-induced 
increase in helix length as a step in the mechanism of pore 
formation 

     a-helical content of St II increases by 5% (9 residues) upon 

binding to membrane (Menestrina et al, 1999)  

    This could correspond to the increase of a-helical content  found 

for the N-terminal peptides  



Increase of fluorescence intensity 

Decrease of lmax   

Fluorescence quenching by 
acrylamide 

shows that the 1-12 segment is 
located more deeply  

in the hydrophobic core of micelles 
and bilayers 

(PW7 – exception, probably due to 
aggregation) 

 
amphipathic a-helix resides close to  
the interface 

In membrane-mimetic environments,  peptides containing residues 1-30 of St II N-

terminus are able to acquire conformation similar to  that found in whole protein  

 

Data suggest that 1-12 segment plays a role in anchoring of the  

amphipathic a-helix (residues 14-24) to the interface 

 

Differential increase in fluorescence intensity  

as a function of W position 

Peptide Topography 
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1981 Nakaie et al publish in the 

Braz. J. Med. Biol. Res. the first 

paper describing the use of the  

paramagnetic amino acid TOAC. 

to synthesize peptides 

Chem & Eng News 78, 54 ( 2000) 

 At first, it was only possible to 

bind TOAC at the N-terminus.  

In 1993 we reported a procedure to 

insert TOAC in internal positions 
(Marchetto et al, J Am Chem Soc 1993) 

 

J Org Chem, 2005 



AII, BK and their labeled analogues in the presence of TFE 

 EPR and CD 

Native peptides and those labeled at the N-terminus have similar 

conformations  

Internally-labeled peptides have a  TOAC-imposed bend  
Schreier et al, Biopolymers 2004 



SDS 

TOAC3-AII 

[SDS], mM 

0.0 
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50 

 
[HPS], mM 

0.0 

0.05 

0.5 

1.0 

5.0 

10 

HPS 

TOAC1-AII 

pH 7.0 

                     TOAC1-AII        TOAC3-AII 

no SDS                      1.65                  6.13 

+ 50 mM SDS           12.5                  36.1 

   Rotational correlation times, C x1010 s  

 

  

TOAC1-AII and TOAC3-AII in 

the presence of micelles 

Vieira el al, Biopolymers, 2009 

BothTOAC1-AII and 

TOAC3-AII 

 bind to negatively 

charged SDS, but not   

to zwitterionic HPS 
  



carpet 

barrel stave 

toroidal pore 

Toke et al.  Biophys. J. (2004) 87, 662-674 

MECHANISMS OF ACTION PROPOSED                  

FOR ANTIMICROBIAL PEPTIDES 



              Antimicrobial peptide  

Indolicidin - ILPWKWPWWPWRR-NH2 

IND TOAC0-IND 
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[LUV] (mM)

 POPC

 POPC:POPG (2:1)

solution LPC LPC:LPG POPC POPC:POPG

IND 348 343 342 342 341

TOAC
0
-IND 349 344 344 343 344

lmax for IND and TOAC0-IND fluorescence in the absence and 

presence of micelles and LUVs  

The peptides bind to micelles and bilayers, zwitterionic and negatively charged 



Antimicrobial peptide Tritrpticin (TRP3)        VRRFPWWWPFLRR 

C--------------------------------------
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100 pA

C-----------------------------------------------------
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TRP3 in azolectin  

(negatively charged)  

planar lipid bilayers  

generates  

ion channel activity  

 

TRP3 pore is  

cation selective 

 

In planar bilayers of a 

zwitterionic lipid 

Trp3 also showed  

ion channel activity,  

but in a much less  

frequent and less  

prominent way 

But, TRP3 size and conformation could 

not  give rise to a transmembrane  pore 

Salay et al, FEBS Lett  2004 

In SDS 

Schibli et al, Biochemistry 38 

(1999) 16749-16755 

 



Due to the different  geometry – 

micelles possess a high curvature,   

the molecular packing is  looser in 

micelles than  in  bilayers 

We proposed that TRP3 

forms a toroidal pore 

In a toroidal pore, the lipids 

display positive curvature, 

as in a micelle 



INFLUENCE  OF MOLECULAR SHAPE ON THE TYPE OF 

AGGREGATE FORMED 
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TRP3 INTERACTION WITH MONOLAYERS  

 DPPC, DPPE – zwitterionic    DPPA, DPPG – anionic 

DPPG major lipid in bacteria 

Surface pressures of the order  

of 25-35 mN/m are correlated  

with the pressure in bilayers,  

while 15 mN/m corresponds to  

the pressure in micelles. 

The sigmoidal behavior  

of the curves could correspond  

to a transition analogous to a  

bilayer-to-micelle transition.  

 

The molecular organization of  

TRP3-anionic phospholipid  

systems (especially DPPG)  

at low surface pressures could  

resemble the arrangement  

in micelles, which, in view of  

their positive curvature,  

resemble   the  

lipid organization  

in toroidal pores.  
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Binding of peptides to bilayers and micelles  

is qualitatively and/or quantitatively modulated by different factors.  

 

In several cases, electrostatic interactions are required for binding to the 

bilayer, while such interactions play a lesser role in binding to micelles.   

 

These differences are due to the different geometry of both aggregates, 

micelles presenting a much more pronounced positive curvature.  

As  a result, the molecular packing in micelles is much looser than in 

bilayers.  

 

Different forces play a role in peptide-membrane interaction:    

electrostatic interactions,  hydrophobic effect,  hydrogen bonding,  van 

der Waals interactions 

 

CONCLUSIONS 



Leontiadou et al, J Am Chem Soc (2006) 128, 12156-12161 



Departamento de Bioquímica, IQUSP 
 

Thelma Pertinez                             José R. Ernandes 

Luiz Carlos Salay                           Yasco Aracava 

Ana M. C.F. Souto                           Daniel Périgo 

Claudio S. Shida                             Graziela Ferreira 

Nelida Marin                                    Fernando G. Ferreira 

Fabio Casallanovo                         Noboru Jô Sakabe 

Marcio H. Terra                               Taís H. Schmitt 

Fabio H. Dyszy                                Eneida de Paula 

Edivânia P. Bastos                         M. Lúcia Bianconi 

Felipe J.F. Oliveira                          M. Teresa Lamy  

Joana Paulino                                 Vergínia F.N. Ferreira  

Gustavo B. Carretero                     Mercedez T. Grijalba 

José Carlos Bozelli Jr                    Myrian T.N.  Campanhã 

Roberto K. Salinas                         Wilson Frezzatti Jr 

Iris de Castro Arantes 
 

Departamento de Biofísica, UNIFESP 
 

Antonio C.M. Paiva                    Clovis R. Nakaie 

 

 

Financiamento: FAPESP, CNPq, CAPES, USP 

 

 
 



 

 

Carlos Alvarez                   Facultad de Biologia, U. de Havana 

M. Eliana Lanio 

Fabiola Pazos 

Diana Martinez 

Uris Ros 

Aisel Valle 

 

Eduardo M. Cilli                 Depto de Química, UNESP – Araraquara 

Fabio C. Souza 

Edson Crusca 

 

Joaquim Procópio             Departmento de Fisiologia, ICBUSP 

 

Osvaldo  N. Oliveira Jr.      Instituto de Física, USP-São Carlos 

Marystela  Ferreira 

 

Eduardo Lissi                     Universidad de Santiago, Chile 

 

Jacques Bolard                  Université Pierre et Marie Curie, Paris 

 Monique Chéron 

 

Rosangela Itri                      Instituto de Física, USP 

  

 



Mary Luckey 

 

Membrane Structural Biology 
 

Cambridge University Press, 2008 

 

 

 

The Structure of Biological Membranes 
 

Ed. Philip L. Yeagle 

 

CRC Press,  2004 



The spin label amino acid TOAC and its uses in studies of peptides: chemical, physicochemical, 

spectroscopic, and conformational aspects. 

Schreier S, Bozelli JC Jr, Marín N, Vieira RF, Nakaie CR. 

The spin label amino acid TOAC and its uses in studies of peptides: 

chemical, physicochemical, spectroscopic, and conformational aspects. 

Biophys Rev. 2012 Mar;4(1):45-66. Epub 2012 Jan 21. 

EFFECT OF HEAD GROUP AND CURVATURE ON BINDING OF THE 

ANTIMICROBIAL PEPTIDE TRITRPTICIN TO LIPID MEMBRANES. 

Bozelli JC Jr, Sasahara ET, Pinto MR, Nakaie CR, Schreier S. 

EFFECT OF HEAD GROUP AND CURVATURE ON BINDING OF THE 

ANTIMICROBIAL PEPTIDE TRITRPTICIN TO LIPID MEMBRANES          

Chem Phys Lipids. 2011 Dec 22. [Epub ahead of print] 

  

 

Ros U, Pedrera L, Diaz D, Karam JC, Sudbrack TP, Valiente PA, MartÍnez D, 

Cilli EM, Pazos F, Itri R, Lanio ME, Schreier S, Ávarez C. The 

membranotropic activity of N-terminal peptides from the pore-forming 

proteins sticholysin I and II is modulated by hydrophobic and electrostatic 

interactions as well as lipid composition.  

J Biosci. 2011 Dec;36(5):781-91. 

 

Salay LC, Ferreira M, Oliveira ON Jr, Nakaie CR, Schreier S Headgroup 

specificity for the interaction of the antimicrobial peptide tritrpticin with 

phospholipid Langmuir monolayers. Colloids Surf B Biointerfaces 2012 Dec 

1;100:95-102. Epub 2012 May 23. 

 

  
 

Cys mutants in functional regions of Sticholysin I clarify the participation of these residues in pore 

formation. 

Multiple stages of detergent-erythrocyte membrane interaction--a spin label study. 

  

  

 

http://www.ncbi.nlm.nih.gov/pubmed/22347893
http://www.ncbi.nlm.nih.gov/pubmed/22347893
http://www.ncbi.nlm.nih.gov/pubmed/22209923
http://www.ncbi.nlm.nih.gov/pubmed/22209923
http://www.ncbi.nlm.nih.gov/pubmed/21510967
http://www.ncbi.nlm.nih.gov/pubmed/21510967
http://www.ncbi.nlm.nih.gov/pubmed/21040698
http://www.ncbi.nlm.nih.gov/pubmed/21040698
http://www.ncbi.nlm.nih.gov/pubmed/21040698
http://www.ncbi.nlm.nih.gov/pubmed/21040698
http://www.ncbi.nlm.nih.gov/pubmed/21040698


SPIN LABELS IN MEMBRANES PROBLEMS IN PRACTICE  

SCHREIER, S; POLNASZEK, CF; SMITH, ICP 

BIOCHIMICA ET BIOPHYSICA ACTA   Volume: 515   Issue: 4   Pages: 375-436    1978  

  

 MOLECULAR DETAILS OF ANESTHETIC-LIPID INTERACTION AS SEEN BY DEUTERIUM AND P-31 

NUCLEAR MAGNETIC-RESONANCE  

BOULANGER, Y; SCHREIER, S; SMITH, ICP 

BIOCHEMISTRY   Volume: 20   Issue: 24   Pages: 6824-6830   1981  

  

  SPIN PROBE STUDY OF INFLUENCE OF CHOLESTEROL ON MOTION AND ORIENTATION OF 

PHOSPHOLIPIDS IN ORIENTED MULTIBILAYERS AND VESICLES  

 SCHREIER.S; MARSH, D; DUGAS, H, et al. 

CHEMISTRY AND PHYSICS OF LIPIDS   Volume: 10   Issue: 1   Pages: 11-27   1973  

  

 Surface active drugs: self-association and interaction with membranes and surfactants. Physicochemical and 

biological aspects  

 Schreier, S; Malheiros, SVP; de Paula, E 

BIOCHIMICA ET BIOPHYSICA ACTA-BIOMEMBRANES   Volume: 1508   Issue: 1-2   Pages: 210-234    2000  

 

 MULTIPLE BINDING-SITES FOR LOCAL-ANESTHETICS IN MEMBRANES - CHARACTERIZATION OF THE 

SITES AND THEIR EQUILIBRIA BY DEUTERIUM NMR OF SPECIFICALLY DEUTERATED PROCAINE AND 

TETRACAINE  

BOULANGER, Y; SCHREIER, S; LEITCH, LC, et al. 

CANADIAN JOURNAL OF BIOCHEMISTRY   Volume: 58   Issue: 10   Pages: 986-995   1980 

 

 A NOVEL SPIN-LABELED AMINO-ACID DERIVATIVE FOR USE IN PEPTIDE-SYNTHESIS - (9-

FLUORENYLMETHYLOXYCARBONYL)-2,2,6,6-TETRAMETHYLPIPERIDINE-N-OXYL-4-AMINO-4-

CARBOXYLIC ACID  

MARCHETTO, R; SCHREIER, S; NAKAIE, CR 

 JOURNAL OF THE AMERICAN CHEMICAL SOCIETY   Volume: 115   Issue: 23   Pages: 11042-11043   1993  

 

 

  

 

  

 



 PH-DEPENDENCE OF ELECTRON-PARAMAGNETIC-RES SPECTRA OF NITROXIDES CONTAINING 

IONIZABLE GROUPS  

NAKAIE, CR; GOISSIS, G; SCHREIER, S, et al. 

BRAZILIAN JOURNAL OF MEDICAL AND BIOLOGICAL RESEARCH   Volume: 14   Issue: 2-3   Pages: 173-

180   1981  

  

 USE OF A NOVEL METHOD FOR DETERMINATION OF PARTITION-COEFFICIENTS TO COMPARE THE 

EFFECT OF LOCAL-ANESTHETICS ON MEMBRANE-STRUCTURE  

DE PAULA, E; SCHREIER, S 

BIOCHIMICA ET BIOPHYSICA ACTA-BIOMEMBRANES   Volume: 1240   Issue: 1   Pages: 25-33    1995  

  

   Structure of the C-terminal fragment 300-320 of the rat angiotensin II AT(1A) receptor and its relevance with 

respect to G-protein coupling  

Franzoni, L; Nicastro, G; Pertinhez, TA, et al. 

JOURNAL OF BIOLOGICAL CHEMISTRY   Volume: 272   Issue: 15   Pages: 9734-9741   1997  

  

   METHODS FOR THE DETERMINATION OF PARTITION-COEFFICIENTS BASED ON THE EFFECT OF 

SOLUTES UPON MEMBRANE-STRUCTURE  

LISSI, E; BIANCONI, ML; DOAMARAL, AT, et al. 

BIOCHIMICA ET BIOPHYSICA ACTA   Volume: 1021   Issue: 1   Pages: 46-50   1990  

   

 Correlation between the mobility of spin-labeled peptide chains and resin solvation: An approach to optimize 

the synthesis of aggregating sequences  

Cilli, EM; Marchetto, R; Schreier, S, et al. 

JOURNAL OF ORGANIC CHEMISTRY   Volume: 64   Issue: 25   Pages: 9118-9123   1999    

  

   USE OF MEMBRANE SPIN LABEL SPECTRA TO MONITOR RATES OF REACTION OF PARTITIONING 

COMPOUNDS - HYDROLYSIS OF A LOCAL-ANESTHETIC ANALOG  

BIANCONI, ML; DOAMARAL, AT; SCHREIER, S 

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS   Volume: 152   Issue: 1   Pages: 344-

350   1988  

 



 Spin-labeled extracellular loop from a seven-transmembrane helix receptor: Studies in solution and interaction 

with model membranes  

Pertinhez, TA; Nakaie, CR; Paiva, ACM, et al. 

BIOPOLYMERS   Volume: 42   Issue: 7   Pages: 821-829   1997   

   

Conformational basis for the biological activity of TOAC-labeled angiotensin II and Bradykinin: Electron 

paramagnetic resonance, circular dichroism, and fluorescence studies  

Schreier, S; Barbosa, SR; Casallanovo, F, et al. 

BIOPOLYMERS   Volume: 74   Issue: 5   Pages: 389-402   2004  

  

Determination of site-site distance and site concentration within polymer beads: A combined swelling-electron 

paramagnetic resonance study  

Marchetto, R; Cilli, EM; Jubilut, GN, et al. 

 JOURNAL OF ORGANIC CHEMISTRY   Volume: 70   Issue: 12   Pages: 4561-4568    2005  

  

Effect of pH on the conformation, interaction with membranes and hemolytic activity of sticholysin II, a pore 

forming cytolysin from the sea anemone Stichodactyla helianthus  

Alvarez, C; Pazos, IF; Lanio, ME, et al. 

TOXICON   Volume: 39   Issue: 4   Pages: 539-553    2001  

  

The role of ionic strength on the enhancement of the hemolytic activity of sticholysin I, a cytolysin from 

Stichodactyla helianthus  

Alvarez, C; Lanio, ME; Tejuca, M, et al. 

TOXICON   Volume: 36   Issue: 1   Pages: 165-178    1998  

  

Ion channel-like activity of the antimicrobial peptide tritrpticin in planar lipid bilayers  

Salay, LC; Procopio, J; Oliveira, E, et al. 

FEBS LETTERS   Volume: 565   Issue: 1-3   Pages: 171-175    2004  
 

       

 

  

 



 Binding of sea anemone pore-forming toxins sticholysins I and II to interfaces - Modulation of 

conformation and activity, and lipid-protein interaction  

 Alvarez, C; Casallanovo, F; Shida, CS, et al. 

CHEMISTRY AND PHYSICS OF LIPIDS   Volume: 122   Issue: 1-2   Pages: 97-105    2003  

  
EPR STUDY OF MEMBRANE PARTITIONING, ORIENTATION, AND MEMBRANE-MODULATED 

ALKALINE-HYDROLYSIS OF A SPIN-LABELED BENZOIC-ACID ESTER  

BIANCONI, ML; SCHREIER, S 

JOURNAL OF PHYSICAL CHEMISTRY   Volume: 95   Issue: 6   Pages: 2483-2486   1991  

  

   

 Model peptides mimic the structure and function of the N-terminus of the pore-forming toxin sticholysin II  

Casallanovo, F; de Oliveira, FJF; de Souza, FC, et al. 

BIOPOLYMERS   Volume: 84   Issue: 2   Pages: 169-180    2006  

  

   

 Effects of sodium dodecyl sulfate on the conformation and hemolytic activity of St I and St II, two 

isotoxins purified from Stichodactyla helianthus  

Lanio, ME; Alvarez, C; Pazos, F, et al. 

TOXICON   Volume: 41   Issue: 1   Pages: 65-70    2003  

  

   

 Trifluoroethanol and binding to model membranes stabilize a predicted turn in a peptide corresponding 

to the first extracellular loop of the angiotensin II AT(1A) receptor  

Salinas, RK; Shida, CS; Pertinhez, TA, et al. 

BIOPOLYMERS   Volume: 65   Issue: 1   Pages: 21-31   2002  

   

 Conformational studies of TOAC-labeled bradykinin analogues in model membranes  

Vieira, RFF; Casallanovo, F; Cilli, EM, et al. 

LETTERS IN PEPTIDE SCIENCE   Volume: 9   Issue: 2-3   Pages: 83-89   2002   

   

   

  

 


