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RESUMEN 

 

En esta Tesis doctoral se profundizó en el estudio de la interacción lípido-

receptor de acetilcolina nicotínico (AChR) en dos aspectos: por un lado, el 

mecanismo de inhibición de ácidos grasos libres (AGLs), antagonistas no 

competitivos del AChR, y por el otro, la ubicación del AChR en dominios líquido-

ordenados (Lo) condicionada por dos características particulares de la membrana. 

Con la finalidad de dilucidar el mecanismo de antagonismo de los AGLs sobre 

el AChR, se utilizaron AGLs con un doble enlace único en diferentes posiciones de 

una cadena acílica de 18 átomos de carbono. Estudios funcionales realizados con la 

técnica de patch-clamp han mostrado que solo el cis-6-18:1 y el cis-9-18:1 reducen la 

duración del estado de canal abierto del receptor, sugiriendo, por lo tanto, un 

mecanismo de bloqueo alostérico del canal. Mediante espectroscopía de fluorescencia 

se comprobó que todos los AGLs se ubican en la interfase lípido-AChR, quedando el 

cis-6-18:1 restringido a los sitios denominados sitios anulares, mientras que el resto 

de los AGLs ocupa también sitios no-anulares. Por otro lado, estudios de polarización 

de fluorescencia mostraron que el AGLs cis-9-18:1 es el que ocasiona el mayor 

desorden en la membrana. Se comprobó i) que todos los cis-AGLs generan cambios 

conformacionales del AChR a nivel transmembrana, ii) que los cis-9-18:1, cis-11-

18:1 y cis-13-18:1 perturban al AChR en su estado de reposo e iii) que los cis-6-18:1 

y cis-9-18:1 son los que causan una mayor perturbación del estado desensibilizado. 

De esta manera, la posición e isomería del ángulo de torsión de los AGLs insaturados 

serían un factor clave en el bloqueo del AChR, sugiriendo entonces que los AGLs con 

un único doble enlace y ubicados superficialmente en la membrana inhiben en forma 

directa la función del AChR, posiblemente al perturbar una secuencia aminoacídica 
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transmembrana involucrada en los cambios alostéricos necesarios para la apertura del 

canal iónico. 

Se postula que en la membrana plasmática el AChR se encuentra en dominios 

lipídicos denominados “balsas” (“rafts”). Sin embargo, el AChR no muestra 

preferencia por dominios Lo en sistemas modelo compuestos por esfingomielina 

(SM), colesterol (Col) y POPC (1:1:1), pero sí lo hace un segmento transmembrana 

(γM4) que exhibe mayor contacto con los lípidos. Es decir, su distribución no 

dependería exclusivamente de sus propiedades intrínsecas sino también de señales 

extrínsecas a la proteína. En este trabajo de Tesis se estudió la posible partición 

diferencial del AChR en los dominios Lo en dos sistemas modelo diferentes en 

función de: a) la presencia de diferentes especies puras de SM en la membrana, y b) la 

existencia de asimetría transbicapa en el sistema modelo, mediante el agregado de SM 

de cerebro (bSM) en la hemicapa externa. Tanto la existencia de asimetría como la 

presencia de 16:0-SM o 18:0-SM, en comparación con las bSM y 24:1-SM, producen 

una partición preferencial del AChR en los dominios Lo. De este modo, la localización 

del AChR en estos dominios depende no solo de sus propiedades sino también de las 

características propias de la membrana en la que se encuentra. 

Entender la interacción lípido-AChR es de gran importancia para determinar 

tratamientos que puedan mejorar o inhibir la función del AChR y tratar enfermedades 

que lo involucren.   
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ABSTRACT 

In this Ph. D. thesis the understanding of the lipid-niconitic acetylcholine 

receptor (AChR) interaction was furthered in two aspects, namely the inhibition 

mechanism of free fatty acids (FFA), non-competitive AChR antagonists, and AChR 

location in liquid-ordered (Lo) domains conditioned by two membrane characteristics. 

To elucidate FFA’s antagonism mechanism, FFA with only one double bond in 

different positions of an 18-carbon acyl chain were tested on AChR. Patch-clamp 

functional studies showed that only cis-6-18:1 and cis-9-18:1 reduce the duration of 

the AChR open state, thus suggesting an allosteric blocking mechanism. Fluorescence 

spectroscopy measurements demonstrated that all FFA locate in the AChR-lipid 

interfase, with cis-6-18:1 restricted to anular sites, while the rest of the FFA tested 

also ocupy non-anular sites. Fluorescence polarization studies showed that cis-9-18:1 

causes the highest membrane disorder of all FFA tested. It was determined that i) all 

cis-FFA generate AChR conformational changes at a transmembrane level, ii) only 

cis-9-18:1, cis-11-18:1 and cis-13-18:1 disturb AChR resting state and iii) cis-6-18:1 

and cis-9-18:1 are the ones that cause the highest disturbance of the desensitized state. 

Thus, the position and isomerism of the torsion angle of unsaturated FFAs are 

probably a key factor in terms of AChR blockage, possibly by perturbing a 

transmembrane aminoacidic sequence involved in the allosteric changes necessary for 

ion channel gating. 

In the plasma membrane, AChR is postulated to be located in lipid domains 

known as rafts. However, AChR shows no preference for Lo domains in model 

systems – composed of sphingomyelin (SM), cholesterol (Chol) and POPC (1:1:1) –, 

but a transmembrane segment (γM4) that in closest contact with lipids does have 
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preference for them. This means that AChR distribution seems not to exclusively 

depend on its intrinsic properties but on signals external to the protein. In this Ph. D. 

thesis a posible differential AChR partitioning in Lo domains was studied in two 

model systems as a function of a) the presence of different pure SM species in the 

membrane and b) the existence of transbilayer asymmetry in the model system, by the 

addition of brain SM (bSM) in the external hemilayer. Both asymmetry and the 

presence of either 16:0-SM or 18:0-SM, in comparison with bSM or 24:1-SM, lead to 

an AChR preferential partitioning in Lo domains. AChR location in these domains 

depends not only on its properties but also on the characteristics of the membrane in 

which the ion channel is immersed.  

Understanding lipid-AChR interaction is of great importance to determine 

treatments that can either improve or inhibit AChR function and, this, in turn, will 

help determining the treatment of diseases in which AChR is involved.   
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Bermúdez V., Antollini S. S, Fernandez 
Nievas G. A., Aveldaño M. I, y Barrantes 
F. J. Partition profile of the nicotinic 
acetylcholine receptor in lipid domains upon 
reconstitution. Journal of Lipid Research, 
51(9):2629–2641, 2010. 
 
Bermúdez V. Mecanismo de asociación del 
receptor de acetilcolina nicotínico a su 
microentorno lipídico. Tesis Doctoral bajo la 
dirección de los Dres. Barrantes F.J. y 
Aveldaño M.I., Universidad Nacional del 
Sur, 2011. 
 
Bernard C. Action du curare et de la 
nicotine sur le systeme nerveux et sur le 
systme musculaire. Comptes Rendus des 
Séances et Mémoires de la Société de 
Biologie, 2:195, 1850. 



	
  

	
  	
  

142	
  

Bertrand D., Picard F., Le Hellard S., 
Weiland S., Favre I., Phillips H., Bertrand 
S., Berkovic S., Malafosse A., y Mulley J. 
How mutations in the nachrs can cause 
adnfle epilepsy. Epilepsia, 43(s5):112–122, 
2002. 
 
Björkbom A., Róg T., Kankaanpää P., 
Lindroos D., Kaszuba K., Kurita M., 
Yamaguchi S., Yamamoto T., Jaikishan S., 
Paavolainen L., Päivärinne J., Nyholm T. K. 
M., Katsumura S., Vattulainen I., Slotte J. P. 
N- and O-methylation of sphingomyelin 
markedly affects its membrane properties 
and interactions with cholesterol. Biochimica 
et Biophysica Acta – Biomembranes, 
1808(4):1179–1186, 2011. 
 
Blanton M., Xie Y., Dangott L., y Cohen 
J. The steroid promegestone is a 
noncompetitive antagonist of thetorpedo 
nicotinic acetylcholine receptor that 
interacts with the lipid-protein interfase. 
Molecular Pharmacology, 55(2):269–278, 
1999. 
 
Bligh E. y Dyer W. A rapid method of total 
lipid extraction a n d  purification. 
Canadian Journal of Biochemistry and 
Physiology, 37(8):911–917, 1959. 
 
Blount P. y Merlie J. Molecular basis of 
the two nonequivalent ligand binding sites 
of the muscle nicotinic acetylcholine 
receptor. Neuron, 3(3):349–357, 1989. 
 
Bonini, I.C., Antollini, S.S., Gutiérrez-
Merino, C. y Barrantes, F.J. Sphingomyelin 
composition and physical asymmetries in 
native acetylcholine receptor-rich 
membranes. European Biophysics Journal, 
31:4174̶27, 2002. 
 
Borroni V., Baier C. J., Lang T., Bonini I., 
White M. M., Garbus I., y Barrantes F. J. 
Cholesterol depletion activates rapid 
internalization of submicron-sized 
acetylcholine receptor domains at the cell 
membrane. Molecular Membrane Biology, 
24(1):1-15, 2007. 
 
Bouzat C. y Barrantes F. J. 
Hydrocortisone and 11-desoxycortisone 

modify acetylcholine receptor channel 
gating. Neuroreport, 4(2):143–146, 1993a. 
 
Bouzat C. y Barrantes F. J. Effects of long-
chain fatty acids on the channel activity of 
the nicotinic acetylcholine receptor. 
Receptors & Channels, 1(3):251, 1993b. 
 
Bouzat C., Barrantes F. J., y Sine S. 
Nicotinic receptor fourth transmembrane 
domain hydrogen bonding by conserved 
threonine contributes to channel gating 
kinetics. The Journal of General Physiology, 
115(5):663–672, 2000. 
 
Bouzat C., Lacorazza H., Jiménez Bonino 
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Kälin N., y van Meer G. Lipid traffic: the 
abc of transbilayer movement. Traffic, 
1(3):226–234, 2000. 
 
Rajendran L. y Simons K. Lipid rafts a n d  
membrane dynamics. Journal of Cell 
Science, 118(6):1099–1102, 2005. 
 
Ramarao M. K. y Cohen J. B. Mechanism 
of nicotinic acetylcholine receptor cluster 
formation by rapsyn. Proceedings of the 
National Academy of Sciences, 95(7):4007–
4012, 1998. 
 

Reiss K., Cornelsen I., Husmann M., Gimpl 
G., y Bhakdi S. Unsaturated fatty acids 
drive ADAM-dependent cell adhesion, 
proliferation and migration by modulating 
membrane fluidity. Journal of Biological 
Chemistry, 286: 26931-26942, 2011. 
 
Rothman J. E. y Lenard J. Membrane 
asymmetry. Science, 195(4280):743–753, 
1977. 
 
Rotstein N.P., Arias H.R., Barrantes F.J. y 
Aveldaño M.I. Composition of lipids in 
elasmobranch electric organ and 
acetylcholine receptor membranes. Journal 
of Neurochemistry, 49:1333-1340, 1987. 
 
Rouser G., Fleischer S., y Yamamoto A. 
Two dimensional thin layer 
chromatographic separation of polar lipids 
and  determination of phospholipids by 
phosphorus analysis of spots. Lipids, 
5(5):494–496, 1970. 
 
Ryan S., Demers C., Chew J., y Baenziger 
J. Structural effects of neutral and anionic 
lipids on the nicotinic acetylcholine 
receptor an infrared difference spectroscopy 
study. Journal of Biological Chemistry, 
271(40):24590–24597, 1996. 
 
Sakmann B. y Neher E. Single channel 
currents recorded from membrane of 
denervated frog muscle fibers. Nature, 
260(799-802):7, 1976. 
 
Sanes J. R. y Lichtman J. W. Induction, 
assembly, maturation a n d  maintenance 
of a postsynaptic apparatus. Nature 
Reviews Neuroscience, 2(11):791–805, 
2001. 
 
Sanes J. y Lichtman J. Development of the 
vertebrate neuromuscular junction. 
Annual Review of Neuroscience, 22(1):389–
442, 1999.  
 
Schara U., Della Marina A., y Abicht A. 
Congenital myasthenic syndromes: current 
diagnostic and therapeutic approaches. 
Neuropediatrics, 43(04):184–193, 2012. 
 
Scheiffele P., Roth M. G., y Simons K. 
Interaction of influenza virus 
haemagglutinin with sphingolipid–



	
  

	
  	
  

152	
  

cholesterol membrane domains via its 
transmembrane domain. The EMBO 
Journal, 16(18):5501–5508, 1997. 
 
Schofield P. R., Darlison M. G., Fujita N., 
Burt D. R., Stephenson F. A., Rodriguez 
H., Rhee L. M., Ramachandran J., Reale 
V., y Glencorse T. A. Sequence and 
functional expression of the GABA A 
receptor shows a ligand-gated receptor 
super-family. Nature, 328:221–227, 1987. 
 
Schroeder F., Nemecz G., Gibson Wood 
W., Joiner C., Morrot G., Ayraut-Jarrier 
M., y Devaux P. F. Transmembrane 
distribution of sterol in the human 
erythrocyte. Biochimica et Biophysica 
Acta (BBA)-Biomembranes, 1066(2):183–
192, 1991. 
 
Schroit A. J. y Zwaal R. F. A. Transbilayer 
movement of phospholipids in red cell y 
platelet membranes. Biochimica et 
Biophysica Acta (BBA)-Reviews on 
Biomembranes, 1071(3):313–329, 1991. 
 
Schwartz A. What's next for Alzheimer 
treatment? Annals of Neurology, 73(4):A7–
A9, 2013. 
 
Shahidullah K., Krishnakumar S. S., y 
London E. The effect of hydrophilic 
substitutions y  anionic lipids upon the 
transverse positioning of the 
transmembrane helix of the erbb2 neu 
protein incorporated into model 
membrane vesicles. Journal of Molecular 
Biology, 396(1):209–220, 2010. 
 
Sharpe H. J., Stevens T. J., y Munro S. A 
comprehensive comparison of 
transmembrane domains reveals organelle-
specific properties. Cell, 142(1):158–169, 
2010. 
 
Shen X.-M., Deymeer F., Sine S. M., y 
Engel A. G. Slow-channel mutation in 
acetylcholine receptor αm4 domain and its 
efficient knockdown. Annals of Neurology, 
60(1):128–136, 2006. 
 
Shinitzky M. y Yuli I. Lipid fluidity at the 
submacroscopic level: determination by 
fluorescence polarization. Chemistry and 
Physics of Lipids, 30(2):261–282, 1982. 

 
Shipley, G. G. Recent X-ray diffraction 
studies of biological membranes and 
membrane components. Biological 
Membranes, 2:1–89, 1973. 
 
Silvius J. R. Role of cholesterol in lipid raft 
formation: lessons from lipid model 
systems. Biochimica et Biophysica Acta 
(BBA) - Biomembranes, 1610(2):174–183, 
2003. 
 
Simons K. y Ikonen E. Functional rafts in 
cell membranes. Nature, 387(6633):569–
572, 1997. 
 
Simons K. y Toomre D. Lipid rafts and 
signal transduction. Nature Reviews 
Molecular Cell Biology, 1(1):31–39, 2000. 
 
Simons K. y Vaz W. Model systems, lipid 
rafts, and cell membranes 1. Annual 
Review of Biophysics and Biomolecular 
Structure, 33:269–295, 2004. 
 
Sine S. M. y Engel A. G. Recent advances 
in cys-loop receptor structure and function. 
Nature, 440 (7083):448–455, 2006. 
 
Sine S. End-plate acetylcholine receptor: 
structure, mechanism, pharmacology, and 
disease. Physiological Reviews, 92(3):1189–
1234, 2012. 
 
Sine S. y Steinbach J. Activation of 
acetylcholine receptors on clonal 
mammalian bc3h-1 cells by low 
concentrations of agonist. The Journal of 
Physiology, 373(1):129–162, 1986. 
 
Singer G., S.J.and Nicolson. The fluid 
mosaic model of the structure of cell 
membranes. Science, 175(23):720–731, 
1972. 
 
Smotrys J. E. y Linder M. E. 
Palmitoylation of intracellular signaling 
proteins: regulation and function. Annual 
Review of Biochemistry, 73(1):559–587, 
2004. 
 
Sousa C., Nunes C., Lúcio M., Ferreira H., 
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