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Membrane protein insertion folding and dynamics 

Biomembranes have been the object of considerable attention from the point of 

view ofbiophysical chenústry for the last three decades. Model membranes consisting of 
pure lipids were first developed, and integral membrane proteins were later incorporated, 
or "reconstituted", into lipid bilayers in the seventies. Although much effort was applied 

in those years to the study of lipid-protein interactions in membranes, these were treated 
as pre-existing, almost immutable entities. Membrane proteins could be either integral or 

peripheral; there were as well soluble proteins, unrelated to membranes. 

In the last years, however, we are beconúng increasingly aware of the dynanúc 
aspects of membrane-protein interactions, in particular in the process of protein insertion 
into lipid bilayers. From many fields of molecular cell biology we are being confronted 
with proteins that behave at sorne stage as "soluble", then, after an appropriate stimulus, 
they get inserted into the lipid matrix. The question is no longer how lipids and proteins 

interact in membranes, but rather what is the conformational change that allows the 

protein to perform the transformation from a water-soluble toa lipid-soluble species, and 

what is the stimulus that triggers such a change. Other relevan! questions include: to 
what extent do all proteins follow a sinúlar insertion pathway, and what the protein 
folding rnechanisms ' ¡n aqueous and lipidic environrnents have in comrnon. 

The problern to be dealt with in the workshop had arisen sirnultaneously in various 
areas of biology, mernbrane biogenesis, protein folding, protein toxins and membrane 
fusion arnong others. Tlús rnultiplicity ofproblems, with great chances ofhaving, at least 
in part, a common answer, called for a joint reflec.tion by scientists the various field 
involved. 

But the problern of membrane insertion, folding and dynanúcs of proteins is a 
multi-faceted one also from the rnethodological point of view: cell physiology and 
pathology, protein engineering, structural biology and membrane biophysics a1I have a 
significan! share in the strategy of its unraveling. Though rnainly focused on the 
biophysical aspects, our prograrnme intended to reflect this complexity in the variety of 
expertises of the invited participants. In turn, this heterogeneity of presentations 
appeared to be essential for a global, rnultidisciplinary approach to the subject. 

Biophysical, molecular and cellular approaches are being combined in the study of 
processes that belong . to rnernbrane biogenesis, cell physiology or ce1l pathology. As 

opposed to the static view oftwenty years ago, cell membranes ate now seen as dynanúc 
structures, continuously being synthesized in the endoplasnúc reticulurn, then processed 
into various organelles following the intracellular "traffick" ," and finally dismantled in the 
lysosomes, the whole process being the object of a finely tuned regulation. Intracellular 
rnernbrane traffick ensures the correct distribution of rnernbranes into the proper 
organelles, a process that is directly linked to the biosynthesis and insertion of the 
appropriate proteins in each case. lnsertion is now known. to be initiated by a 
combination of "signals" residing in the sequence of the nascent peptide. In vitro studies 
with synthetic peptides have been instrumental in the progress of our knowledge in this 
fiel d. 
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Much less is known, unfortunately, of the folding of intrarnembranous proteins 
inside the hydrophobiC bilayer, in spite ofimportant insights coming out from in vitro and 
model studies, as sumrnarized in the following reports. In particular, the insertion and 
folding of the large beta-barreis that are found in the various porins are still posing a 
difficult problem." 

In sorne cases, cell physiology requires the translocation of a protein across a cell 
membrane. This is the case of sorne forms of protein secretion, or of mitochondria and 
chloroplast biogenesis (with sorne polypeptides being synthesized in the cytoplasm, 
others being encoded by mitochondriallchloroplast DNA), or of the periplasmic and 
outer membrane proteins in grarn-negative bacteria. As in other aspects of biology, 
convergen! and divergent evolutionary phenomena appear to coexist, v.ith hints of 
common pattems being discemed even in apparently dissimilar processes. 

Cytotoxicity is another clear example of a phenomenon in cell biology that is 
conspicuous by the variety of its forms, although sorne comrnon threads may be urúting 
many ofthem. Many phenomena leading ultimately to cell death start with the insertion 
of a protein in the target cell membrane. This occurs with the lysis of eukaryotic cells by 
bacterial toxins, either acting at the membrane level or through interference with 
intracellular mechanisms. But complement-mediated bacterial lysis requires equally the 
insertion of a complement suburút in the bacterial membrane. Several instan ces of viral 
infections and pathogenesis appear as well to be related to an irútial event of peptide 
insertion into a host bilayer. 

The reader wi1l appreciate from the pages that follow that not only invited papers 
but also free comrnurúcations presented in this Workshop, from a large variety of 
experimental systerns and methodological approaches, contributed to enrich our view of 
this particular aspect of molecular cell biology, narnely the insertion, folding and 
dynarnics of membrane proteins. While many of the questions and enigmas are still to be 
solved, the Workshop did certainly succeed in reshaping sorne of our questions and 
putting certain enigmas under a new perspective. 

José Luis R. Arrondo 
Félix M. Goñi 
Ben de Kruijff 
Bonrúe Wallace 
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Solid state NMR 

Anthony W atts, 
Biomembranes Structure Unit, Department of Biochemistry, 
South Parks Road, Oxford, UK 

Biomembranes provide a complex environrnent which supports and stabilizes 
protein structure. Additionally, there are dynamic processes covering a wide range of 
timescales that couple to function. Significant gaps exist in our current understanding 
of both structure and dynamics of biomembranes and so lid state NMR is a method with 
potential to fill sorne ofthose gaps. 

We have devised a totally new method for resolving peptide and protein 
structure from previously unresolvable lH-NMR spectra ofbiomembranes [Glaubitz, C. 
& Watts, A. (1998) J. Mag Res (in press)]. Initial studies show that lH-NMR spectra of 
peptides (Ml3 coat protein, phospholamban) and proteins (rhodopsin, 
bacteriorhodopsin) can be analyzed using conventional correlation spectroscopy 
methods for the first time. This approach now opens up the way for structure 
determinations of any peptide and protein without the need for isotopic enrichrnent. 
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ANALYSIS OF PROTEIN STRUCTURE AND DYNAMICS 
WITH SITE DIRECTED SPIN LABELING 

Wayne L. Hubbell, University ofCalifomia, Los Angeles, CA, USA 

Site-directed spin labeling (SDSL) is emerging as a powerfultool for determination of 
structure and dynamics in water soluble and membrane proteins of arbitrary size1

. The method 
relies on the introduction of a nitroxide side chain at specific sites using molecular genetic 
techniques. The electron paramagnetic resonance (EPR) spectrum of a labeled protein can be 
interpreted quantitatively in terms of the side chain solvent accessibility and mobility, features 
that pemút assigrunent of the side chain to one of four topographicallocations in the protein fold : 
loops, surfaces of regular secondary structure, solvent-exposed tertiary contact sites or buried 
sites1.2. Evaluation of accessibility and mobility at multiple sites in a continuous sequence 
provides a means of identifying sequence-correlated secondary structure and the orientation of 
the secondary structural element in the fold3 and, for membrane proteins, the depth of a side 
chain relative to the membrane-aqueous interface•. Finally, introduction of two nitroxide side 
chains5

·
7
, or the introduction of a metal ion and a nitroxide8 allows determination of inter-residue 

distances through analysis of the magnetic dipole-dipole interaction. 

Taken together, the above information pro vides a sufficient number of constraints to 
permit critical evaluation of models of a protein fold. In addition to determination of static 
structure, SDSL can be employed to reveal dynarnic features of the protein, for example 
fluctuations about the equilibrium structure in the nanosecond regime, and real-time 
conformational changes associated with function in the millisecond regime. Recent applications 
to membrane proteins include the investigation of membrane binding and insertion processes 
(diphtheria toxin9

, colicin El and annexin XII), structure and light-activated conformational 
changes in retina! proteins (rhodopsin1o.12

, SRI and bacteriorhodopsin13
) structure of a bacterial 

K+ channel, and structure of the lac permease transponer••. Examples from these systerns will be 
used to illustrate the capabilities of the SDSL method. 

References 
1Watching your protein move usiog site-direcled spin labeling. W. Hubbell, H. Mchaourab, C. Altenbach, M. 
Uettow Structure, 4: 779-783 (1996). 
~otion of spio labeled side chains in T4 lysozyme. Correlation with protein structure and dynarrúcs . H.S. 
Mchaourab, M. Uetzow, K. Hideg, W. Hubbell Biochemistry 35:7692-7704 (1996). 
l-rransmembrane protein structure: spin-labeling of bacteriorhodopsin mutants. C. Allenbach, T. Marti, H. Khorana, 
and W. Hubbell Science 248:1088-1092 (1990) 
• A collision gradient method to detamine the illUllCl"Sion depth of nitroxides in Jipid bilayecs: Application 10 spin 
labeled mutants ofbacteriorhodopsin. C. Altenbach, D. Greenhalgh, H.G. Khorana, W .L Hubbell Proc. NatL Acad. 
Sci. 91: 1667-71 (1994) . 
'Husledt, E ., Husledt EI; Smimov Al; Laub CF; Cobb CE; Beth AH. Molecular distances from dipolar coupled 
spin-labels: the global analysis of multifrequency continuous wave electron pararnagnetic resonance data. 
Biophysical Joumal, 1997 Apr, 72(4):1861-77. 
'Rabenslein and Shin,Rabenslein MD; S hin Y K. Determination of the distan ce belween lwo spin labels altached lo 
a macromolecule. Proceedings of the National Academy of Sciences of the Uniled S tales of America, 1995 Aug 29, 
92(18):8239-43. 
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7The solulion structure ofT4 lysozyme: Hinge bending motion and substrate-induced conformational transition H.S. 

Mchaourab, K. J. Oh, C. J. Fang, W. Hubbell Biochemistry 36:307-316 (1997). 
8Distance determination in proteins using designed metal ion binding si tes and site-directed spin labeling: 11. 

Application to the lactose permease of Escherichia coli. J. Voss, W. Hubbell, H.R. Kaback Proc. Natl. Acad. Sci. 

92:12300-12304 ( 1995). 
90rganization of the T domain of diphtheria toxin in membranes: a site-directed spin labeling study. KJ . Oh, H. 

Zhan, C. Cui, K. Hideg, RJ. Collier, W. Hubbell Science 273:810-812 (1996) . 
10Requirement of rigid-body motion of transmembrane helices for light activation of rhodopsin. D. Farrens, C. 

Altenbach, K. Yang, W. Hubbell, H.G. Khorana Science 274:768-770 (1996). 
11 Photoactivated conformational changes in rhodopsin:a time-resolved spin label study. Z. Farahbakhsh, K. Hideg, 

Hubbell WLScience, 262:1416-1420 (1993). 
12Structural features and light-dependent changes in the cytoplasmic interhelical E-F loop region of rhodopsin: a site­

directed spin labeling study. C. Altenbach, K. Yang, D. Farrens, Z.T. Farahbakhsh, H.G. Khorana, W. Hubbell 
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13Time resolved detection of structural changes during the photocylce of spin labeled bacteriorhodopsin. H. 
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Instituto Juan March (Madrid)

18 

Circular Dichroism Studies of Membrane Proteins: Methods for 

Examining Structure, Function and Folding 

B.A. Wallace 
Dept. of Crystallography, Birkbeck College, University of London 

London, U.K. WCIE 7HX 

Circular dichroism (CD) is a valuable method for exarnining the 
structure, function and folding of membrane proteins. However, because 
membrane proteins are insoluble in aqueous solutions and require associated 
lipid or detergent molecules for stability, there are a number of potential 
artifacts associated with the particulate nature and electronic characteristics of 
their non-aqueous lipid environment that must be considered when measuring 
and interpreting their CD spectra. These in elude: absorption flattening ( 1 ,2 ), 
differential scattering (3), and wavelength shifts (4,5). The consequences of 
each of these effects will be discussed, as well as methods for overcoming 
them. 

Examples will be presented of the use of CD spectroscopy on membrane 
proteins, including: a) determinations of secondary structures ( and their utility 
for modelling studies) (6, 7, 8); b) examination ofthe insertion and folding of 
membrane proteinsand peptides in phospholipid bilayers (9, 10); e) detection 
and quantitation of conformational changes associated with ligand binding 
(and their utility for mechanistic studies of function) (11 ); d) determination of 
the influence of solvent and additive effects on conformation (and the 
relevance ofthese environments for other structural studies- ie. crystallization) 
(12); ande) examination ofthe effects of chernical modification and 
proteolytic·cleavage on the structures. 

References: 

J. Wallace, B.A. and Teeters, C.L. (1987) Differential Absorption Flattening Optical Effects are Significan! in the 
Circular Dichroism Spectra ofLarge Membrane Fragments. Biocbernistry 26, 65-70. 

2. Teeters, C.L., Eccles, J., and Wallace, B.A. (1987) A Theoretical Analysis ofthe Effects of Sonication on 
Differential Absorption Flattening in Suspensions ofMembrane Sheets. Biophysical Joumal 51, 527-532. 

3. Swords, N.A. and Wallace, B.A. (1993) Circular Dichroism Analyses ofMembrane Proteins: Examination of 
Environmental Effects on Bacteriorhodopsin Spectra. Biochernical Joumal289, 215-219. 

4. Cascio, M. and Wallace, B.A. (1995) Effects ofLocal Environment on the Circular Dichroism Spectra of 
Polypeptides. Analytical Biochernistry 227, 90-100. 

5. Chen, Y. and Wallace, B.A. (1997) Secondary Solvent Effects on the Circular Dichroism Spectra of 
Polypeptides: lnfluence ofPolarisation Effects on the Far Ultraviolet Spectra of Alarnethicin. Biophysical 
Chemistry 6, 65-74. 
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8. Cascio, M., Gogol, E. and Wallace, B.A. ( 1990) The Secondary Structure of Gap Junctions: lntluence of 
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9. Woolley. G.A. and Wallace, B.A. (1993) Temperature-Dependence ofthe lnteraction of Alamethicin Helices in 
Membrancs. Biochemistry 32.9819-9825. 
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a membrane protein. Biochemistry 36, 192-196. 

11 . Chen, Y. And Wallace, B.A. ( 1996) Binding of Alkaline Cations to the Double-Helical Fonn ofGramicidin. 
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INFRARED SPECTROSCOPY 

José Luis R. Arrondo. Departamento de Bioquímica. Universidad 
del País Vasco. Apdo. 644. Bilbao. Spain 

lnfrared spectroscopy has proved in the past few vears to be 
a practica! tool in the study of protein structure. Even if the 
enormous number of normal modes causing overlapping 
absorption bands does not allow the extraction of detailed 
molecular information from the infrared spectra, the intrinsic 
arder of repeating units provide sorne of the desired 
information on structure and interactions among subunits. 
Biological membranes are composed of lipids and proteíns 
arranged in a two-dimensional array. These components give 
rise to separate bands in the IR spectrum allowing 
simultaneously the study of the structure of lipids and proteins 
even in intact biological membranes. 

lnfrared spectroscópy can studv the conformation of 
proteins in lipid bilavers through decomposition of the ami de 
1 band. The presence of a-helíx ls dominated by a band around 
1650 cm-1 whereas B-sheet give rise to two bands located at 1630 
and 1675-1690 cm-1 <020 or H20L one of the difficulties 
encountered in the application of infrared spectroscopy in the 
study of proteín structure is the assignment of the observed 
bands to structurat features. Because of the sensitivity of the 
infrared bands to changes in hydrogen bonding and dihedral 
angles, band assignment is made attribuüng spectral intervals to 
the same structure. Recently, we have shown that changes in 
the canonical wavenumber of infrared bands, are due tci ~-. ...~ 

different environments or changes in tertiarv structure. Thé 
work presented deals wíth the structure and assignment of two 
membrane proteins: cytochrome e oxidase from P.denitrificans 
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and sarcoptasmic reticutum ATPase. The use of temperature attows 
to detect an anomalous behavior in both proteins_ Thermal 
denaturation is not a two-state process. but presents an 
intermediate mnformation before denaturation that is associated 
to oligomer interactíons_ The use of temperature and limited 
proteolysis attows to detect specific features of proteíns, such an 
a·helix structure coupled with B-sheet. 
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TITLE: Molecular Oynamics of Membrane Proteins 
B. Roux, Physics and Chemistry Depts, University of Montreal. 

Molecular dynamics is a powerful lheoretical approach 
lo gain insight into lhe strudure and dynamics of complex biological 
macromolecular systems. lt consists in calculating lhe position of 
all the atoms in a molecular system as a function of time, 
using detailed models of the microscopic foroes operating between them, 
by integrating numerically Newton's dassical equation of motion F=MA. 
The calculated dassical trajedory, though an approximation to lhe 
real world, provides ultimate detailed information about lhe time course 
of the alomic motions, which is difficult to acoess experirnenlally. 
In this presentation, 1 will describe the main qualilalive features 
observed from computer simulations of two systems: lhe gramicidin channel 
(GA) and melittin in lhe environment of a phospholipid bilayer rnembrane. 

The location of the main binding site for sodium in the GA channel is 
investigated with molecular dynamics simulations using an atomic model 
of the chanoel embedded in a fully hydrated dimyristoyl phosphatidycholine 
(OMPC) bilayer. The results are compared with the carbony113C chemical 
shift anisotropy solid-state NMR experimental data of Smilh et al, Biochim. 
Biophys. Acta, 1026:161 (1990) obtained with oriented GA:DMPC samples. 
Predictions are made for other solid-state NMR properties lhal could be 
observed experimentally. The combined information from experirnent and 
simulation strongly suggests lhat the main binding sites for sodium are 
near the channel's mouth, approximately 9.2 Angs from lhe cenler of 
the dimer channel, in good agreement wilh electrophysiological 
currenl-voltage measurements. The 13C chemical shift anisotropy of Leu10 
is lhe most affeded by lhe presence of a sodium ion in the binding site. 
Molecular dynamics trajedories of rnelittin in an explicit dimyrisloyl 
phosphatidy1choline (DMPC) bilayer are generated to study lhe details 
of lipid-protein inleradions al a microscopic leve!. Melittin, a 
small amphipatic peplide found in bee venom, is known lo have 
a pronounced effed on lhe lysis of membranas. The peptide 
is initially set parallel to lhe rnembrane-solution inlerfacial region 
in an alpha-helical conformation wilh unprotonated N-termirius. 
Solid-state nuclear magnetic resonance (NMR) and polarized attenuated total 
interna! refledance Fourier-transform infrared (PATIR-FTIR) properties 
of rnelittin are calculated from the trajedory lo 
charaderize the orientation of lhe peptide relative lo lhe bilayer. 
The residue Lys7 located in lhe hydrophobic moiety of lhe helix and 
residues Lys23, Arg24, Gln25 and Gln26 at lhe C-terminus hydrophilic 
form hydrogen bonds wilh water molerules and wilh the ester 
cartx>ny1 groups of lhe lipids, suggesting lheir importan! contribution 
to the stability of the helix in lhe bilayer. Lipid acy1 chains are 
dosely pad<ed around melittin, contributing lo the stable 
association with the membrane. The influenoe of lhe protonation state of 
the N-terminus of rnelittin on the stability of lhe proteirHllembrane complex 
is examined. 
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Channcls across bacteria! mcmbrancs: Dynamics of solutc translocation 

Jurg P. Rosenbusch. Biozentrum. University ofBasel. CH-4056 Base!. <rosenbusch@ubaclu.unibas.ch> 

Three translocation systems will be addrcsscs: a vollagc-gatcd and a solutc-specific channcl across bacteria! 
outcr mcmbranes. OmpF-porin and malloporin. and a proton translocation machinery. bactcriorhodopsin. 
OmpF-porin was thc first membranc protein obtaincd as threc-dimcnsional crystals diffracting to high 
resolution ( 1 ). Its structurc has since then been sol ved to 2.4 Á (2) and many site-specific mutations havc been 
constructcd (3.4). Thc mechanism of channel closurc was modcllcd by molecular dynamics (5). and thc 
proposal testcd by constructing, on the basis of the coordinatcs. a disulfidc bridge. Thc channcl dynamics of 
this construct allowcd that proposal to be rulcd out (6). favouring rnultiplc changcs in thc distribution of fixcd 
chargcs. Thc potcntials and problems of this approach will be discusscd. 

Maltoporin (7) bind. and catalyzcs the translocation. of maltose and rnalto-oligosaccharidcs (8, 9). A 
greasy slidc and two ionic tracks suggest. in conjunction with molecular modelling. a mechanisrn of 
translocation. Both of the porins just mentioncd are highly stable transmcmbranc trimers and contain a P-barrel 
in each rnonomcr. Most of the receptors and protcins involvcd in signa! transduction, as wcll as permeases, are. 
however. very labilc. Jnstead of using crystallization frorn detergcnt solutions. as they wcre uscd for thc porins, 
we havc deviscd a novel approach using lipidic cubic pitases, which fonn continuous mernbrancs in three 
dimensions. Wc have crystallizcd bacteriorhodopsin with this approach and attaincd a rcsolution (2.4Á). 
allowing thc mechanism of proton translocation to be dcduccd (10). Thc potentials of this methodology ( 11) to 
other membrane proteins will be discusscd. 
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Basic structural properties of transmembrane helices 

Gunnar van Heijne 
Oepartment of Biochemistry, Stockholm University, S-106 91 Stockholm, Sweden 

The membrane-embedded domain of most integral membrane proteins seems to be 
composed of a tightly packed bundle of transmembrane helices. The number of 
known high-resolution membrane protein structures is getting large enough 
to allow certain general architectural characteristics of such helix 
bundles to be defined, including the distribution of different types of 
amino acid both in the direction perpendicular to the membrane and between 
lipid-exposed and protein-facing locations. Novel experimental techniques 
also open up possibilities to obtain quite detailed structural information 
in cases where X-ray crystallography has been unsuccessful. We are 
currently exploring the possibilities to use a new "glycosylation mapping" 
technique to study the location and conformation of transmembrane segments 
in the lipid bilayer. 
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Abstrae! for the Madrid meeting, 1998 

The lnterplay of Structure and Energy 
In the Oimerization of Glycophorin Transmembrane Helices 

D. M. Engelman, Z. Bu, K. G. Fleming, K. R. MacKenzie, and W.T. Russ 
Oepartment of Molecular Biophysics and Biochemistry 

Y ale University, New Haven, Connecticut 

In biochemical studies of the folding and function of soluble proteins, great insights 
have been gained by combining structural and energetic views. In the case of 
membrane proteins, this approach has preven more difficult, since the insolubility of 
these molecules has limited the application of traditional methods of investigation. 
Our studies of the dimerization of the transmembrane helical region of human 
Glycophorin A (GpA) have, therefore, required the adaptation of sorne traditional 
approaches and the development of sorne new methods to move us toward a view of 
the dimerization event in terms of physical and organic chemistry. 

We have now reached the point where we know the structure of the dimer and have 
several kinds of energy measurements. This allows us to tentatively condude that 
the specific interadion of the helices depends mainly on the creation of a dosely 
packed interface in whidl Van der Waals attractions and rotamer restridions are the 
major terms. The large number of mutan! sequences created and characterized by 
lemmon (1992a,b) provides a ridl database that we use to develop and test our 
ideas. In our presentation, we will describe the methods and findings leading to our 
curren! view of the chemistry of glycophorin dimerization. 

The structure of the helix dimer has been determined in dodecylphosphocholine 
micelles using solution NMR (MacKenzie et al, 1997). lt reveals a right handed 
crossing of two straight, parallel helices with axes at a crossing angle of about 40 
degrees. The interface between them is dosely packed, involving contacts between 
the polypeptide backbones as well as between side chain atoms. The motif 
described in the mutation studies, llxxGVxxGVxxT, forms the interading surface. 
The structure is dose to the model derived from a combination of the mutagenesis 
data and molecular dynamics simulations (Adams et al., 1996). 

Using the structure, an approach to assessing the roles of different energy fadors in 
the dimerization was developed (MacKenzie and Engelman, 1998). The mutation 
data, in which the degree of disruption of dimerization seen on SOS gels is presented 
in a four value scale, was correlated with simplified representations of the steric 
clashes, attractive Van der Waals interactions, rotamer restrictions, hydrophobidty, 
and sidechain volume changes resulting from each mutation. No correlations were 
found with changes in sidechain volume or hydrophobidty, but a good relationship 
was seen between mutational effeds on dimerization and the other variables. T o test 
the predidive power of the method, it was applied to the recen! alanine insertion data 
of von Heijne (Mingarro et al., 1996,1997), and an excellent correlation was found. 
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To measure the actual association energies and changes resulting from mutations, 
we are pursuing four approaches. Equilibrium ultracentrifugation in a neutrally 
buoyant detergent has given excellent data on the wild-type dimer and on two 

mutants (Fieming et al., 1997), and the free energy differences resulting from the 
mutations are found to correlate well with the differences seen in the analysis 
described above. Studies using energy transfer measurements will be reported 
elsewhere in the meeting (L Fischer). Small angle x-ray scattering has been used to 
follow the temperature dependence of the association in detergent micelles. Finally, 
an assay of association in bacteria! membranes using genetic reporter methods has 
been developed. Continued use of these methods combined with redesign of the 
dimer should allow critica! tests of ideas about the key chemical factors in helix 
interactions in lipid environments, which in turn should lead to a better understanding 
of membrane protein folding and function. 

We thank the National lnstitutes of Health and the National Science Foundation for 

support of our work. 
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Proliferation or intracellula r membranes in Eschericlzia coli u pon ove rexpression 
or F0 subunits orA TP synthase 

I. Arechaga, B. Miroux, S. Karrasch , M. J. Runswick and J. E.Walker 

MRC-LMB. Hills Road. Cambridge. UK. 

The most widely used expression system for soluble proteins is Escherichia coli. 
However, it has been used much less extensively as a host for expressing membrane 
proteins. In this work we report that the overexpression of the membrane subunits b 
ande of the E.coli F- ATPase complex in C4l(DE3) and C43 (DE3) mutant host cells 
(1) induces proliferation of intracellular membranes in the bacteíia. We have isolated 
and characterizated the new membranes, determined lipid/protein ratios and analyzed 
phospholipid compositions. We have observed that the structural features of the 
overexpressed protein plays an important role in the amount and morphology of the 
new membranes. The b subunit has a hydrophobic segment of 30 residues at the 
amino terminus, but the rest is rich in polar charged groups . Overexpression at high 
levels of the subunit b induces the formation of a network of tubule-like structures in 
the cytoplasm of the bacteria. Subunit e is a very hydrophobic protein that forms an 
oligomer of 10-12 subunits in the native complex. Each monomer consists of a 
hairpain of two a-helixes. Although overexpression at high levels of subunit e 
induces proliferation of interna! membranes, the amount and morpholopy of them was 
different that the ones observed in subunuit b overproducing cells. We believe that the 
lack of an extramembrane domain in subunit e could explain why no network of 
tubule-like structures has been observed in this case. We have produced truncated 
forms of subunit b in order to establish which were the structural mínima! 
requirements neccesary to obtain the desired phenotype. We have concluded that a 
short transmembranar segment and an extramembrane domain rich in basic charges, 
in a coiled-coil structure is essential for the maximal production of membranes. This 
topology is very similar to the one observed in a general class of vesicle-associated 
proteins with ~ cannonical structure and topology known as SNAREs, a category of 
proteins that bind a-SNAP receptors. On the other hand, the general correlation 
between the location of positively charged amino acids and membrane protein 
topology -the 'positive inside' rule (von Heij ne, 1994)- is now well established. 

(1) Miroux, B. and Walker J. E. (1996) J. Mol. Biol. 260,289-298. 
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DiiA: a chapcronc protcin in thc inner mcmbrane of bacteria 
with an unusual transmcmbrane domain. 

David Clarke, Christine Toutain, Annick Jacq and l. Barry Holland 
lnslitul de Génétiquc el Microhiologic, Balimcnl 409, Universitc Paris-Sud, 

· 9 1405 Orsay cedcx, FRANCE 

DjlA was originally isolated, in our laboratory, as a multicopy suppressor of a 
mutation conferring resistance to the anticalmodulin drug, W7, in Esclzerichia coli. 
Sequencing of th is gene revealed that the predicted ami no acid sequence of DjlA had the 
following notable features: 
1) a putative N-terminal transmembrane domain (TMD) 
2) strong homology (44% similarity) with the J-region of DnaJ (Hsp40) over the last 70 
a mino acids of the Dj!A protein. The J-region is a conserved domain that has been shown 
to be essential for the interaction between DnaJ and DnaK (Hsp70). 

Moderate overproduction of Dj!A in E. coli results in an increase in the expression 
of the genes controlling the production of the extracellular polysaccharide, colanic acid 
(the cps operon). The expression of the cps operon in E. coli is under the control of a 
two-component signa! transduction pathway, the Res pathway. This pathway is 
composed of the membrane sensor protein, RcsC, and the cytoplasmic response 
regulator, RcsB . It is assumed that on receiving a signa! from outside the cell the RcsC 
protein phosphorylates the RcsB protein which in turn activates expression from the cps 
operon. We, and others, have shown that the induction of cps expression observed with 
Dj!A overproduction is dependen! on the RcsC protein. Both the J-region of DjlA and the 
chaperone protein, DnaK, have been shown to be essential for the activation of RcsC 
indicating, for the first time, a role for chaperone proteins in bacteria! signa! transduction. 

In this poster we show that DjlA is localised to the inner rnembrane of E. coli with 
the rare Type III topology. Thus, the small N-terminal tail of DjlA is translocated across 
the inner membrane resulting in the large C-terminal part of the protein, containing the J­
region, being exposed to the cytoplasm. The translocation of short N-tails has been 
shown to be independent of the Sec pathway but dependen! on the electrochemical 
gradient. Therefore, positive charges in this region hinder corree! membrane insertion. It 
was noted that a lysine residue was present in the proposed translocated N-tail of DjlA, 
however the subsequent mutation of this residue to a glutatmate residue had no apparent 
affect on Dj!A function (and thus corree! membrane assembly) as measured by induction 
of the cps operon. 

Homologues of DjlA ha ve been identified in Haemophilus injluenzae and Coxiella 
burnetti (the causative agent of Q fever), indicating that this protein rnay have an 
importan! role in bacteria. In particular, the TMD of Dj!A from all these bacteria has a 
conserved, repeated motif of [GxxxG]3 (where G is glycine and x is any arnino acid). 
The importance of glycine residues in the TMD of proteins has been highlighted in many 

recent studies with glycophorin A, M 13 rnajor coat protein and the MHC class li a and P 
chains. In these model systems the glycines have been shown to be essential for the 
specific oligomeristaion of these proteins. In this poster we will show that the activity of 
Dj!A, with respect to the Res signa! transduction pathway, is dependen! on the TMD. 
Furthermore, point and multiple mutations in the TMD of Dj!A (which do not affect 
localisation or topology) ha ve been isolated that no longer actívate RcsC, suggesting that 
this domain may be importan! for mediating specific protein-protein interactions. Finally 
we will present sorne evidence to suggest that the TMD may, in fact, be importan! for 
mediating the dimerisation of Dj!A. 

We propose, therefore, that DjlA is a new member of the DnaJ chaperone family , 
localised to the inner membrane by a single N-terminal TMD. The TMD may be 
reponsible for both Dj!A oligomerisation and the primary interaction between DjlA and its 
substrates. This ensures that the J-region of Dj!A will be correctly positioned to target 
DnaK to these substrates resulting in chaperone activity at the inner membrane. 
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Dimerisation of the integral membrane enzymc OMPLA monitorcd by 

FRET 

l. Ubarretxena Belandia, L. Hozeman, H.M. Verheij and N. Dekker 

Dept. Enzymology and Protein Engineering, Centre for Biomembranes and Lipid 
Enzymology, Institute of Biomembranes, Utrecht University, Padualaan 8, 3584 CH 

Utrecht, The Netherlands. 

The outer membrane phospholipase A (OMPLA) is presentas a catalytically inactive 
monomer in the outer membrane of Escherichia coli. Perturbation of this membrane 
results in dimerisation of the protein concurrent with the appearance of enzymatic 
activity. In vitro the monomer/dimer equilibrium is modulated by phospholípid, 

detergent and the essential cofactor calcium. Based on the high resolution X-ray 
structure of monomeric OMPLA the surface of the molecule was scanned by cysteine 

mutagenesis. Sulphydryl-specific chernical crosslinking was applied to determine which 

residues are part of the dimer interface. The cysteine mutant of the active si te serine 
(Sl44C) could not be crosslinked into its dimeric state, even when crosslinkers were 
used of 16 Á in length. This result implies that the enzyme does not have shared active 
site. For the mutant H26C very efficient crosslinking was observed with full 
retainement of enzymatic activity, indicating that the N-terrnini of the subunits are in 
intimate contact in the active, dimeric complex. The unique cysteine in the mutant 
H26C-OMPLA was labelled with thiol specific fluorescent probes (IAEDANS and 
NBD) to allow for a characterisation of the monomer/dimer equilibrium using the 
fluorescence resonance energy transfer technique (FRET). FRET experiments in 
detergent micelles and reconstituted vesicle systems allowed us to study the 
dimerisation dynarnics and the monomer/dimer equilibrium as a function of membrane 
lipid composition. The outcome of these results are discussed in view o'f our 
understanding of the molecular processes leading to the activation of this integral 
membrane enzyme. 
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Structurc and function of colicin A and N 

M. Cyrklafr+, D. Massotte+. lngrid R. Vettert, Michael W. Parker+ , Kevin Leonard*, Jeremy 

H. Lakey**. Franc Pattus+ 

' EMBL, Heidelberg, FRG;t MPI for Molecular Physiology, Dortmund, F.R.G}St. Vinccnt 's lnst. of Mcd. 

Res. Victoria, Australia;**Dcpt. ofBiochem. and Gen., Thc University of Ncwcastle-upon-Tync, UK;+Dcpt. 

Rcccpteurs et Protcines Mcmbranaires, UPR 9050 CNRS, lllkircl t, Francc 

The lipid bilayer membrane which surrounds living cells is a very effective barrier in 

preventing diffusion of small molecules and macromolecules into the cytoplasm. In arder to 

reach their site of action inside the target cells, from thei r si te of synthesis within the producing 

cell, toxins must cross two to four membranes. How these macromolecules are able to cross 

these barriers is a central question which is still far from being understood . One large class of 

toxins exens its lethal effect by inserting into the target cell membranes and forming a pore 

which perturbs the ionic and osmotic balance across the membrane, inducing a wide diversity 

of biological effects such as loss of salute, inhibition of active transpon, depolarization of the 

membrane, and arrest of protein synthesis. These toxins are produced in a water soluble form 

which is able to diffuse towards the target cell in an aqueous environment. But in their final 

state, the pore, they become integral membrane proteins embeded in the hydrophobic core of a 

lipid bilayer. How a single polypeptide chain can first cross a membrane and then insert into a 

second membrane to form a voltage gated channel is the question we have been addressing for 

many years by studying the pore-forming colicins A and N. 

Colicins are plasmid encoded bacteriocins produced by E. coli which kili sensitive E. coli 

strains and related bacteria. The cell enveloppe of gram negative bacteria with its two 

membranes presents a serious obstacle for the uptake of macromolecules of the size of colicins 

(40-60 kDa). To cross this barrier and reach their target colicins first bind to their cognate 

receptor on the cell surface and then translocate through the outer membrane. The pore 

forming colicins (El, A, B, N, la, ID, K, 10, 5) then insert into the iru1er membrane Uptake 

of colicins through the outer membrane follows two altemative pathways mediated by the Ton 

or the Tol system. The Ton system consists ofthe proteins TonB, ExbB and ExbD and is also 

invoved in the energy-dependent uptake of vitamin B 12 and iron siderophores.and the Tol 

system consists of6 proteins: TolA, TolB To!Q and ToiR, PAL and Orf2. Colicins B, D, la, 

m, M, 5 and 10 ( group B) are taken up via the Ton pathway, whereas the translocation of 

group A colicins (colicin A, the E colicins, colicin K, N and cloacin DF13) involves interaction 

with TolA and different combinations ofthe proteins from the Tol family 

The structures and mode of action of colicin A and N is the tapie of this presentation with 
'. ' '' spccial emphasis on the réceptor/colicin interaction on the outer membrane ofthe bacteria. 

- Jeanteur, D., Schirmer, T., Fourel, D., Simonet, Y., Rummel, G., Widmer, C., Rosenbusch, 

J. P., Pattus, F. and Pages, J. M. (1994). Structural and functional alterations ofa colicin-
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resistan! mutan! of OmpF porin from Escherichia coli. Proc Natl Acad Sci USA 91 : 10675-
10679. 

- Jeanteur, D., Pattus, F. and Timmins, P. A. (1994). Membrane-Bound Form of the Pore­
Forming Domain ofColicin-A- A Neutron Scattering Study. J Mol Bio/235: 898-907. 

-Vetter I.R., Parker M.W., Tucker A.D., Lakey, J.H., Pattus F. & Tsemoglou D. Crystal 
structure of colicin N suggests a model for receptor-binding and membrane translocation. 
Submitted. 
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The Channei-Forming Protein Toxin Aerolysin and its GPI-Anchored 

Membrane Receptors 

J. Thomas Buckley, Department of Biochemistry and Microbiology, University of Victoria, 

Box 3055, Victoria, B. C., Canada, V8W 3P6. 

Aerolysin is secreted as a water soluble 52 kDa protoxin by bacteria in the family 

Vibrionaceae, including the pathogen Aeromonas hydrophi/a. The crystal structure of 

proaerolysin from A. hydrophila has been sol ved (1 ). The protein is a dimer in the crystal as 

well as in solution. Each monomer consists of a small lobe formed by the N-terminal 90 

amino acids ofthe protein, anda large elongated lobe, formed by the remaining 380 amino 

acids, The fold of the large lobe is unique, whereas the small lo be is strikingly similar in 

structure to folds in the S2 and S3 subunits of pertussis toxin and it bears sorne resemblance 

to folds in proteins ofthe marnmalian C-type Iectin family (2). 

Proaerolysin is activated by proteolytic nicking near the C-terminus of the protein, 

on one end of the elongated lobe. Once activated, the protein can oligomerize, forming 

remarkably stable heptamers. Oligomerization transforms aerolysin into an insertion 

competent state and the oligomers insert into the membranes of target cells forming 

discrete, regular channels that disrupt the permeability barrier (3 ). 

Cells that are sensitive to aerolysin can be killed by concentrations of the toxin as 

low as 10·11 M. This is because these cells have specific receptors that bind the toxin with 

high affmity. Binding effectively concentrates the toxin on the cell surface, promoting the 

oligomerization step that leads to channel formation. We have identified aerolysin 

receptors on a variety of different cells. Among them are Thy-1, found in T-lymphocytes 

and brain, the brain surface protein contactin, a novel 4 7 kDa membrane protein in 

marnmalian erythrocytes, and the variant surface glycoprotein of trypanosomes. Although 

these proteins appear to be unrelated in structure, they all share one unusual property-they 

are attached to the cell surface by glycosylphosphatidylinositol (GPI) anchors. We have 

shown that specific features of the glycosyl portian of the anchor are required for aerolysin 

binding ( 4) and our preliminary evidence indicates that regions of both lo bes of the protein 

participate in the interaction with the receptor. 
Aerolysin should prove to be extreme! y useful as a too! to detect new GPI-anchored 

proteins and to study their functions. The toxin may also be used in the diagnosis of 

diseases that affect GPI-protein metabolism. An example is the human stem cell disorder 

paroxysmal nocturnal hemoglobinuria, in which circulating cells no longer display GPI­

anchored proteins on their surfaces. We have found that these cells are far less sensitive to 

aerolysin than normal cells. 

Supported by grants from the Natural Sciences and Engineering Research Council and the 

British Columbia Health Care Research Foundation. 

l. Parker, M. W., Buckley, J. T., Postma, J. P. M., Tucker, A. D., Leonard, K., Pattus, F., 

and Tsemoglou, D. (1994) Structure of the Aeromonas toxin proaerolysin in its water­

soluble and membrane-channel states. Nature 367: 292-295 
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2. Rossjohn, J., Buckley, J. T., Hazes, B., Murzin, A. G., Read, R. J., and Parker, M. W. 
(1997) Aerolysin and pertussis toxin share a common receptor-binding domain, EMBO J. 
16: 3426- 3434. 

3. Parker, M. W., van der Goot, F. G., and Buckley, J. T. (1996) Aerolysin-the ins and outs of 
a channel-forming protein. Molec. Microbio/. 19: 205-212. 

4. Ne1son, K. L., Raja, S. M., and Buckley, J. T. (1997). The GPI-anchored surface 
glycoprotein Thy-1 is a receptor for the channel-forming toxin aerolysin. J. Biol. Chem. 
272: 12170-12174. 

5 Diep, D. B., Nelson, K. L., Raja, S. M., Pleshak, E. N., and Buckley, J. T. (1998) 
Glycosylphosphatidylinositol anchors of membrane glycoproteins are binding determinants 
for the channel-forming toxin aerolysin. J. Biol. Chem. 273: 2355-2360. 
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Membrane insertion and folding of proteins in mitochondria 

Doron Rapaport and Walter Neupert 
Institute ofPhysiological Chemistry, University ofMunich, 

Goethestr. 33, D-80336-München, Germany 

Mitochondria contain severa! translocation machineries which facilitate 
transport of proteins from the cytosol into mitochondria and insertion of proteins 
into the outer and inner membranes. A 'preprotein translocase' (TOM cornplex) 
exists in the outer rnernbrane and two translocases were identified in the inner 
rnernbrane (TIM23 cornplex and TIM22 cornplex). 

Proteins destined to the rnitochondrial matrix space utilize the Tirn23 
cornplex in what was termed the general import pathway. A nurnber of proteins 
of the inner rnernbrane use also this pathway but additional steps are necessary 
for the insertion process. Sorne proteins of the inner rnembrane are first 
imported into the rnatrix, either cornpletely or partially and then undergo an 
insertion process frorn the rnatrix. This reaction, in particular insertion of 
transrnernbrane segments accornpanied by export of N-terminal tails has been 
studied in sorne detail and has turned out to be rather similar in its requirernents 
(.~¡M+, negative flanking charges, rnatrix A1P) to the corresponding reactions in 
bacteria The recently discovered inner rnernbrane cornponent Oxal p is required 
for this reaction and probably constitutes a specific systern for insertion of 
proteins frorn the rnatrix side. With a number of other inner rnernbrane proteins, 
translocation facilitated by the TIM23 . cornplex is halted when the 
transrnernbrane segment crosses the inner rnernbrane and this segment is then 
laterally inserted into the lipid bilayer. There is yet another class of inner 
rnernbrane proteins which contain interna! targeting signals next to a 
transrnernbrane segment; their irnport is determined by a loop structure formed 
by these two sequence elements; the Tirn23 cornplex is also involved in their 
insertion. 

The TIM22 cornplex facilitates insertion of a subgroup of inner mernbrane 
proteins which do not contain classical cleavable targeting sequences. In 
particular rnernbers ofthe mitochondrial carrier family (e.g. ADPIATP carrier, 
phosphate carrier) and TIM cornplex cornponents are inserted by this pathway 
frorn the intermembrane space side into the inner mernbrane. Two srnall 
peripheral protein components on the intermembrane space side of the inner 
rnembrane, TimiO and Tirnl2, cooperate with Tirn22. TornlO and 12 are Zn­
finger-like proteins which bind and probably stabilize the precursor forms of the 
carrier proteins in the intermembrane space. Tirn22 is a cornponent structurally 
related to Tirn23 and Timl7; it takes over the carrier precursors from TirnlO and 
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Timl2 and mediates their 6'1'-dependent insertion without the apparent 
participation ofTim44/rnt-Hsp70. 

Mitochondrial molecular chaperones are also involved in the biogenesis 
of inner rnembrane proteins. They mediate folding of these proteins and 
facilitate their import. rntHsp70 is also involved in the assernbly of 
mitochondrially encoded proteins, subunits 9 and 6, in the F 1 Fo-A TPase 
complex. 

Insertion of rnitochondrially encoded proteins such as subunits of 
cytochrorne oxidase, in particular subunit II has al so been studied. Oxa l p is 
involved in the insertion of this component which contains two rnembrane 
spanning segments with N- and C-termini exposed in the intermembrane space. 

In conclusion, mitochondria harbor a considerable diversity of pathways 
and cornponents for the insertion of proteins into mernbranes and al! of thern are 
only poorly understood so far. 
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The Secretan : a complex machinery for transporting folded proteins across 
the outer membrane of Gram-negative bacteria. 

Anthony P. Pugsley 
Unité de Génétique Moléculaire, CNRS, Institut Pasteur, 25, rue du Docteur 
Roux, 75724 París cedex 15, France. Te! : 33/1.45688494 ; Fax : 33/1 
45688960; E-mail: max@pasteur.fr 

One of the best examples of the transport of folded polypeptides 
across lipid bilayer membranes is provided by the main terrrúnal branch of the 
general secretory pathway (GSP) in Gram-negative bacteria such as E. coli. 
The transport of the folded and often multimeric proteins across this 
membrane is energy-dependent and requires a complex machinery, the 
secretan, components of which are associated with one or both of the two 
membranes that compase the cell envelope. 

In the model system studied in the laboratory, the pullulanase secretion 
pathway of Klebsiella oxytoca, a total of 14 genes are specifically required to 
reconstitute the secretan in E. coli K -12. Two of these genes code for outer 
membrane proteins that associate to form a stable multimeric complex in the 
outer membrane. High resolution cryomicroscopic analysis of the purified 
complex reveals features predicted for a pore-forming structure, consistent 
with the ability of the purified complex to form pares in artificial lipid 
bilayers. Features of the regulation of pare activity and its association with 
other components of the secretan will be presented. 

The work that will be presented was carried out by Ingrid Guilvout, 
Nico Nouwen and Odile Possot at the Institut Pasteur, Paris, France, by 
Alexandre Ghazi at the University of Orsay, France, by Neil Ransom and 
Helen Saibil at Birkbeck College of the University of London, UK and by 
Bettina Fedtke, S.A. Müller and Andreas Engel at the Biozentrum of the 
University of Basle, Switzerland. 
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Modulation of the rate of folding of a membrane protein 

Paula J. Boothl, A. Rachael Curranl and Richard H. Templer2 

Departments of . lBiochemistry and 2chemistry, Imperial College of Science, 
Technology and Medicine, London SW7 2A Y 

lntennolecular interactions within lipid membranes seem to play a key role in modulating the 
activity of a wide range of important membrane-bound receptors, signa! transducers and ion 
channels. lt also seems likely that these membrane forces should affect and control the 
folding of proteins embedded in the membrane. We show that by altering these interactions 
we are indeed able to modulate the folding of a trans-membrane protein 1

. The recent novel 
crystallisation methods reported for bacteriorhodopsin also seems to be dependen! on 
manipultaion of such membranes forces 2 

The membrane spanning regions of many integral membrane proteins consist of 
transmembrane a helices which are thennodynamically stable and can be considered as 
autonomous folding domains. We have been investigating the forces which drive association 
of these helices using the 7-transmembrane helix protein, bacteriorhodopsin as a model 
system. We have identified a rate-limiting step in the folding ofthis protein, and been able to 
control the rate of this step. The refolding system used contains two lipids with the same 
phosphatidylcholine headgroup but different chain lengths, C 14 DMPC and C6DHPC. The 
rigidity to bending of the DMPC bilayer is reduced by the incorporation of the shorter chain 
DHPC lipid, which appears to cause a sharp reduction in the pressure near the middle of the 
bilayer. Increasing the proportion of DMPC in this mixed DMPC/DHPC bilayer, slows the 
rate-limiting folding step. We postulate that this step involves packing ofthe central regions 
of the 7 transmembrane helices. lncreasing the proportion of DMPC increases the bilayer 
torque tension and the lateral pressure which the lipid chains impose on the protein. As a 
result helix migration in the bilayer is impeded. 

In order to quanticy the above hypothesis and overcome problems inherent in using micelles 
with lipids of di.fferent chain length, we are developing a new refolding system using two 
lipids of equal chain length. In this case the lateral pressure in the chain region is altered by 
varying headgroup composition or the degree of chain unsaturation. 

l. Booth. P.J., et al. Biochemistry 36, 197-203 (1997). 
2. Landau, E.M. & Rosenbusch. J.P. Proc. Natl. Acod. Sci. USA 93, 14532-14535 (1 996). 
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Design of functional channcl proteins 

M. Monta! 

Department of Biology, University o( California San Diego, 
La Jolla, CA 92093-6366, USA. 

Channel proteins, a special class of membrane proteins wbich mediare cell signaling, 
are pivota! control elements of cellular homeosrasis. Their dysfunction leads to 
disease processes and they constitute a prime target for drug intervention. As a 
nactable approach to investigate the sequence-structure detenninism. we set out to 
est.ablish the occurrence of minimum units of structure with specific functional 
attributes The novelty of tbe strategy resides in the notion of a discrete modular 
assernbly based on tbe premise tbat small, independently folded modules may be 
stable in the absence of the entire channel protein and that. structure determination of 
such isolated modules reconstituted in lipid bilayers is feasible and realistic ( 1 ). 
Channel properties are characterized by single channel recordings from reconstituted 
lipid bilayers. Protein structure is determined by multidimensional NMR 
spcctroscopy of isotopically labelcd proteins in deuterated detergent micelles and by 
solid-state NMR in oriented phospholipid bilayer lamellae. Structure-function 
relations are developed by the convergence of structural information with the 
ch.aracterization of channel function. Progress achieved on the design and structural 
cbaracterization of the channel proteins tha.t imitare the inner bundle that lines the 
pare of the nicotinic acetylcholine recepror and tbe NMDA receptor will be presented 
(2,3). 

l. Monta!. M. Curr. Opio. Struct. Biol. 6: 499-510 (1996). 
2. Oblatr-Montal. M., T. Iwamoto, J.M. Tomich and M. Mental. FEBS Lett. 

320:261-266. (1993). 
3. Opella, S.J., J. Gesell, A.P. Velente, F.M. Marassi, M. Oblatt-Montal, A.V. 

Ferrer-Montiel, W. Sun and M. Montal. CHEMTRACTS 10:153-174 
(1997). 
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The Interaction of Synthetic a-Helical Transmembrane Peptides 
with Lipid Bilayers 

Yuan-peng Zhang, Ruthven N.A.H. Lewis, Robert S. Hodges and Ronald N. McElhaney*. 
Department of Biochemistry, University of Alberta, Edmonton, Alberta, Canada T6G 2H7 

The conforrnation and amide proton exchangeability of the hydrophobic transmembrane 
model peptides P24 (Ac-K2-G-L24-K2-A-amide), L24 (Ac-K2_L24-K2- amide) and (LA)¡2 (Ac­K2_(LA)¡2-K2-amide) have been studied in various solvents, detergent micelles and phospholipid 
dispersions (1,2,4,5) . Although all three peptides are predominantly a-helical in all media, the polyleucine-based peptides P24 and L24 are more strongly so and exhibit less conforrnational plasticity than (LA)¡2. The exchangeability of the amide protons indicate that there are two 
populations of amide protons, a rapidly exchanging populated located near the peptide terminae (the frayed ends of the helices) and a slowly exchanging portion arising from the hydrophobic 
core of the peptide. In the thicker gel state dipalmitoylphosphatidylcholine (DPPC) bilayers, virtually no amide proton exchange takes place, while in liquid-crystalline DPPC bilayers only the exposed terminal lysines and one or two adjacent leucine (or alanines) undergo proton 
exchange, suggesting that the hydrophobic core of the DPPC bilayer effectively shields that 
portion of the peptide buried within it from water. 

We also studied the interaction of these peptides with a homologous series of linear saturated 
phosphatidylcholines (PCs). Although the stoichiometry of interaction and general effects of 
these peptides on the therrnotropic phase behavior of PC bilayers were similar, P24 and L24 exhibited the characteristic shifts in phase transition temperature predicted by hydrophobic 
mismatch theories while this effect was markedly attenuated with (LA) 12. probably due to its greater conforrnational flexibility. In addition, (LA)¡2 was generally more perturbing to the 
organization of the host PC bilayer than the polyleucine-based peptides, perhaps due to its rougher surface topology and/or decreased .surface hydrophobicity. In addition, the enthalpy of 
the PC hydrocarbon chain-melting phase transition was not abolished even at very high peptide concentrations, indicating that these peptides reduce but do not abolish the cooperative 
gellliquid-crystalline phase transition in the host bilayer. In al! cases, the width of the lipid phase transition decreases with increasing PC hydrocarbon chain length and lipid/peptide lateral phase separation occurs in very thin or very thick PC bilayers at higher peptide concentrations. As 
well, P24 and L24 undergo small distortions in the a-helical structures in response to hydrophobic mismatch with the host PC bilayer, while (LA)¡2 exhibits more pronounced conforrnation alterations. 

We also studied the interaction of P24 and (LA) 12 with members of the homologous series of 
n-saturated diacylphosphatidylethanolamines (PEs) (3,6). Although the stoichiometry of peptidel lipid interactions is the same as in PC bilayers, these peptides always disorder gel and liquid­crystalline PE bilayers and virtually no effects of variations in hydrocarbon chain length on PE therrnotropic phase behavior are observed, in contrast to the PC system. We postulate that 
peptide incorporation into PE bilayers disrupts the relatively strong electrostatic and hydrogen­bonding interactions at the bilayer surface, masking the effects of hydrophobic mismatch between the peptide and the host PE bilayer. Variations in PE bilayer hydrophobic thickness do, however, again alter the conforrnation of the peptide, and these peptide show decreasing miscibility in PE bilayers at low temperatures, particularly as hydrocarbon chain length increases. These results demonstrate that the chemical structure of the host lipid bilayer can markedly influence protein-lipid interactions. 
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In conjunction with Dr. David Thomas, we ha ve examined the rotational mobility of L24 with 
a tenninal cysteine residue on which a nitroxide spin !abe! has been placed. In PC bilayers 
having a considerable range of hydrocarbon chain lengths and degrees of unsaturation, the 
rotational mobility of this peptide is •considered greater in liquid-crystalline than in gel-state 
bilayers, as expected. However, no significant aggregation of the peptide takes place in either 
phase state, indicating that the positively charged dilysine caps, and the topologically smooth 
polyleucine core of these peptides, favor lipid-peptide over peptide-peptide interactions, even in 
the gel state (unpublished work) . These results were confirmed in recent studies of unlabelled 
L24 in spin-labeled POPC bilayers (7), which also showed that this peptide orders rather than 
disorders the hydrocarbon chains of adjacent phospholipids, in contrast to natural membrane 
proteins. Moreover, the presence of this peptide actually increases the hydrophobicity of the 
POPC bilayer both near the membrane surface and in the center of the hydrocarbon core. 

We also found that unlike the other three peptides studied to date, A24 will not insert into, or 
remain associated with, phospholipid bilayers. This peptide partitions almost exclusive! y into the 
aqueous phase where it exists only partially in the a-helical conformation. This result indicates 
that, by itself, the polyalanine core of this peptide is not sufficiently hydrophobic to enable stable 
interactions with the hydrophobic domains of lipid bilayers, a conclusion also reached in studies 
published by Thompson and coworkers and by Deber and coworkers. This finding is also 
compatible with data published by White and coworkers, who demonstrated that the affinity of 
alanine residues for lipid bilayers is significantly less than their affinity for water. In this regard, 
the relevance of recent molecular modeling studies of polyalanine-based transmembrane peptides 
in lipid bilayers to the transmembrane segments of real membrane proteins must be reevaluated. 
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Differential use of the SRP-translocon targeting pathway for 

rnernbrane protein assernbly in Escherichia coli 

Jan-Willem L. de Gier 

Department of Biochemistry, Arrhenius Labora tory, Stockholm University, S-106 91 Stockholm 

University, Sweden 

Assembly of the inner membrane proteins leader peptidase (Lep), a Lep 

mutant (Lep-inv) that inserts with an inverted topology compared to the 

wild-type protein, and the phage M13 procoat protein has been studied in 

Escherichia coli strains that are conditional for the expression of either Ffh 

or 4.55 RNA, the two components of the E. coli SRP, or SecE, an essential 

core component of the E. coli translocon. Membrane insertion has also 

been tested in a strain that does not express the SecB chaperone. 

Both Lep and Lep-inv are known to require the SRP for correct 

assembly into the inner membrane (de Gier et al., (1996) FEBS Letters 399, 

307-309); in contrast, we find that the M13 procoat protein does not. 

Furthermore, both Lep and, surprisingly, Lep-inv fail to insert properly 

when SecE is depeleted, whereas insertion of M13 procoat is unaffected 

under these conditions. None of the three proteins depend on SecB for 

assembly. These observations indicate that inner membrane proteins in E. · 

coli can assemble either by a mechanism where SRP delivers the protein at' 

the SecYEG translocon (Lep and Lep-inv) or by what appears to be a dir~á ' 

integration into the lipid bilayer (M13 procoat). 
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DORON RAPAPORT 

Institut fur Physiologische Chemie, Gothestra/3e 33, 
D-80336 München (Germany) . 

Tel.: 49 89 5996 289. Fax: 49 89 5996 270. 

E-mail : RAPAPORT@BIO.MED.UNI-MUENCHEN.DE 

Dynamics of the TOM complex of mitochondria during binding and 

translocation of preproteins 

Translocation of mitochondrial preproteins across the outer membrane is mediated by the TOM 

complex. This complex consists of receptor components for the initial contact with preproteins 

at the mitochondrial surface and membrane-embedded proteins which promete translocation and 

forrn the translocation pore. In order to understand the interplay between the translocating 

preprotein and the constituents of the TOM complex, we analysed the interactions of the 

essential component Tom40 within the TOM complex during translocation of preproteins across 

the outer membrane of Neurospora crassa and yeast mitochondria. Tom40 exists in a horno-

oligomeric assembly and dynamically interacts with Tom6. The Tom40 assembly is influenced 

by a block of negatively charged arnino acid residues in the cytosolic domain of Torn22 

indicating a dynamic cross-talk between preprotein receptors and the translocation pore. 

Preprotein or presequence binding to specific sites on either side of the outer membrane induces 

distinct structural alterations of Tom40. Our data show that the TOM complex comprises a 

dynamic protein-conducting channel whose structure is modulated by the interaction with 

~tochondrial targeting sequences. We propose that such targeting sequence-induced 

adaptations of the translocase are crucial for the movement of preproteins across membranes. 
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Membrane insertion of a bacteria! toxin, E. coli a-haemolysin 

Félix M. Goñi 

Departamento de Bioquímica, Universidad del País Vasco, Aptdo. 644, 48080 
Bilbao. 

a-Haemolysin (HiyA) is an extracellular protein toxin (M = 107 kDa) secreted by 
E. coli, that acts at the level of the plasma membranes of target eukaryotic cells. 
The nature of the toxin interaction with the membrane is not known at present, 
although it has been established that receptor-mediated binding is not essential. 
Our studies using model membranes (farge unilamellar liposomes) as targets have 
shown that calcium ions are essential for HlyA action, and that the protein must 
bind calcium prior to its interaction with the lipid bilayer for membrane lysis to 
occur. HlyA can either reversibly adsorb on the membrane surface or irreversibly 
insert into the bilayers . Lysis requires the irreversible insertion of the calcium-bound 
toxin. The calcium-bound form has an increased tendency to membrane insertion 
but also an increased tendency to self-aggregation, so that both phenomena 
compete with eachother. Membrane insertion is favoured by lipids in fluid, 
disordered states. A number of studies on the perturbation produced by HlyA on 
lipid bilayers, under conditions in which the toxin has been shown to induce vesicle 
cleavage, indicate that the toxin becomes inserted in the target membranes in the 
way of intrinsic or integral proteins. An equally important conclusion from these 
experiments is that inserted a-haemolysin appears to occupy only one of the 
membrane phospholipid monolayers, i.e. it would not be a transmembrane protein. 
In addition, structure prediction studies suggest the presence of as many as ten 
amphipathic a-helices, appropriate for protein-lipid interaction. However, no 
hydrophobic transmembrane helices are predicted in a-haemolysin. These 
observations and predictions have important consequences for the mechanism of 
celllysis by a-haemolysin; in particular, a non-transmembrane arrangement of the 
toxin in the target membrane is not compatible with the concept of a-haemolysin 
as a pore-forming toxin. 
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Complemem-mediated Killing of Gram-negative Bacteria: C9 translocation througb tbe 

en velo pe and insenion imo tbe inner membrane. Alfred F. Esser, Division of Cdl Biology & 

Biophysics, School of Biological Sciences, U niversiry of Missouri, Kansas Ciry. MO 64111 O. 

The serum complemem sysrem plays a major role in defense against microbia! invasion of 

the hosr by rwo differem mechanisms: (i) C3-mediated opsoniz.arion of cells and (ii) d irecr kill­

ing as a resulr of C5b-9 complex formarion on rhe rarger. Witbour doubr, the former mechanism 

is of grear imponance in many infecrious diseases. However, epidcmiological srudies of comple­

mem-resisranr bacteria in sysremic infecrions. as wdl as srudies on individuals with generically 

determined complemenr deficiencies have indicated rhar C5b-9-mediared mechanisms play an 

imponam role in the control of Gram-ncgative infecrions. Dcatb of sensitive strains afcer cxpo­

sure to serum complement is exrremdy rapid, with rates of viabiliry loss following first-order 

kinetics and rcaching a levd grcarer than 99.99% (1,2]. 

Our own srudies (2) havc demonmated that C5b-8 on tbe ourer membrane (OM) acrs as 

the receptor for C9 and a!though che C5b-8 complcx can tramimtly collapsc che mcmbrane po­

temía! ó. 'l' in E. coli cdls it is tbe addition of C9 which rapidly and irreversibly dissipates ó. 'l' and 

causes cdl dcath. In comrast, addition of native C9 to whole cells. protoplasts or IM vesicles has 

no effecr on ó.'l'. However, tbe purified C-termina! thrombin &agment of C9 (i.e., amino acids 

245- 538, or C9b) inhibits generation of ó.'l' in right-side-our and inside-out IM vesicles. The 

isolated C9b &agment also produces single ion-<onducring (~ 11 pS) channds across bilayer lipid 

membranes (BLM). These results confirm and extend carlier work witb photolabding techniques 

by dcmonstraring thar tbe membrane imeracrion domain is located in tbe C-termina! fcagmem of 

C9. The imporrance of these combincd results was emphasizcd by che observarion that rhe pres­

ence of rhe C5b-8 receptor on tbc OM is not an absolute rcquirement for C9-mediated killing. 

When C9 is osmotica!ly shocked into tbe periplasm of cells not bt:aring a C5b-8 compkx it kills tbe 

cells whereas C7 and C8 are ineffecrive (3] . Of additional imporrance was rhe observation by 

Bhakdi and Tranum-Jensen [4) that the (C5b-8) 1C91 complcx is sufficient to lyse erythrocytes 

fully whereas such a complcx is complerdy devoid of bacrericida! acriviry. This result has been 

confirmed and extended to show that a (C5b-8)1 C94 complcx is completdy bacrericidal and that 

incorporation of more C9 molecules does not improve bacrerial killing [5). 

Based on these observations we asked rhe question, would C9 kili if ir were ro be imro­

duced imo tbe periplasm from insüú tbe cdl, for cxamplc by secretion of recombinant C9. rad1er 

th;;n fi-om rhe outsüú by osmoric shock? To get an answer we cloned the gene for mature C9 imo 

commercial vecrors thar provide signa! peptides for cxport of recombinant protcins inro rhe 
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pcriplasm. Inducrion of prorein expression from rhcse plasmids caused immediare loss of cdl 
viabiliry. Significandy, when C9 was cloned wirhour any signa! pcpride and expressed in rhe cyro­
plasm no roxic dfecrs were observed. Ahhough rhese resulrs suggesred citar C9 was exponed imo 
rhe pcriplasm and exhibired irs roxic dfecrs jusr like exrernal C9 shocked inro rhe periplasm we 
could nor exclude rhe possibiliry rhar loss of viabiliry was caused by merdy expressing a foreign 
gene in E coli sincc many gene produces are known ro harbor such gmaal cyroparhic dfecrs. To 

ccsc for chis possibiliry we rook advanrage of che facr char C9 is a heavily disulfide-linked prorein 
which is inacrive when reduccd. Disulfide bonds are formed in E coli in rhe pcriplasm by cite prod­

uas of che dsb A, B, C genes. The DsbA procein is a prorein disulfide isomerase(PDI) in rhe 
pcriplasm which inrroduccs cysrincs inro secrered proreins and becomes reduced, and rhe DsbB 

prorcin is an inner membrane prorein which reoxidizcs reduccd DsbA. In muranrs lacking funcrion­
al DsbA, disulfide bond formarion can be obrained by simply adding an OM permeable redox 
reagenr such as glurarhione or N-accryl cysreine (NaC) ro rhe cdl culrure. Using dsbA- E coli 
muranrs we have observed rhar such cclls conrinue ro grow afrer inducrion of exprcssion bur when 

NaC is added ro rhe culrure medium an immediare viabiliry loss is observed. Cdls harboring a 
plasmid which exprcsscs C9 in rhe cyroplasm, rh:u is wirhour a signal pcptide, are noc affecred by 

NaC addirion demonsrrating rhar rhe effecr is spccific for pcriplasmic C9. We bdieve rhar rhese 
rcsulrs demonsrrace rhac pcriplasmic rC9 is roxic ro hosr cells jusc like exuacdlular C9, and rhar in 

addicion, sorne folding and disulfide bond formarion is required for coxiciry. Furrhermore, since 
c:xposure of nacive C9 has no effea on proroplasr funcrions we posrulace that constituenrs in the 

bacrerial envdopc participare in C9-mediared ccll killing in analogy to the role played by Ton and 
Tol proreins in colicin-mediared killing. 

Rcferences: 

l. P.W. Taylor (1983) Microbio!. &v. 47: 46-83; and 

(1992) Exp. Clin. Immunognut. 9: 48-56. 

2. A.F. Esser (1994) Toxicokgy 87: 229-247. 

3. J.R Dankert andA. F. Esser (1987). Biochun. J 244: 393-399. 

4. S. Bhakdi and J. Tranum-Jensen (1986) J lmmunol 136: 2999-3005. 
5. S.L.D. MacK.ay and J.R Dankert (1990) J Immunol. 145: 3367-3371. 
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JAMMING OF MEMBRANE TRANSPORT CAUSE O BY Helicobacter pylori 

CYTOTOXIN VacA 

C. MONTECUCCO, E. PAPINI, M. de BERNARD, M. MOLINAR!, B. SATIN, V. 

PELICIC, G. VITAL E 
CNR Center for Biomembranes and Dept Biomedical Sciences, University of Padova, 

Via G. Colombo 3, PADOVA, ITAL Y tel. 049.8276058, fax 8276049, e.mail: 

cesare@civ.bio.unipd.it 

Membrane trafficking inside cells is a highly coordinated phenomenon for the for the 

uptake of extracellular ligands, nutrients and receptors and for the delivery of newly 

synthesized molecules to dífferent cell compartments and to the extracellular medium 

and. Following endocytosis, sorne membrane portions are recycled to the plasma 

membrane, whereas other proceed to late endosomes (LE), a cross point which also 

receives vesicles from TGN (1). Membrane trafficking at the LE/prelysosmallevel is 

specificalfy altered by VacA, a 95 kDa protein, which is the majar virulence factor 

produced by pathogenic strains of Helicobacter pylori (2,3). This toxin shows the 

peculiar property of being adivated and to resist to pH 2 in the presence of pepsin (4). 

The acid-activated toxin exerts its effect on stomach cells, but can as well reach the 

duodenum and cause damages in the absence of bacteria. The neutral pH form of the 

toxin is characterized by an oligomeric rosette-shaped structure, whereas the acid­

activated toxin is largelfy preseot in forms of monomers (5,6). This structural change 

can be monitored with various spectroscopic techniques and the activated toxin is able 

to insert into lipid bilayers (4, Molinari et al., submítted) and to form ion channels in 

planar lipld bllayers (our unpublished results). 
When added to sparse cells in culture, VacA causes the formation of vacuoles that 

grow in size to occupy all the cell cytosol (2,7). Vacuoles oríginate from fusion of late 

endosomal compartments among themselves and wíth lysosomes and by fusion of 

interna! membranes with the organnelles' limiting membranes. The vacuolar 

membrane is rich in rab7 and v-ATPase and contain lysosomal membrane markers 

(8). Vacuoles enlarge because they accumulate membrane permeant weak bases, 

which accumulate in the fumen follwing protonation. Vacuolated cells recycle 

transferrin nonnally but are defective in degradation of e:xternalligands such as EGF 

and in processing of cathepsin precursors, as expected on the basis of the alteration 

and (9) . Pre-pro-cathepsin D and other acidic hydrolases are secreted in the medium 

following VacA intoxication and this phenomenon may be involved relevant tO the 
damage of the stomach mucosa because acid hydrolases are particularly active in this 

environment. VacA also inhlbits antlgen processing and presentation, as e¡cpected 

because the antigen processing compartment has a late endosomalllysosomal nature 

(10) . This effect maywell contñbute to H. pyloñ growth via depression ofthe host 

immune response. 
A1 vañance, epithelial cell monolayers do not vacuolate and show a specific loweñng 

of their trans-epithelial monolayer resistance with increased paracellular permeability 

of metabolites and ions. These various cell alterations induced by VacA are 

interpreted in terms of H. pylori surVival strategy in the sub-mucus apical niche, where 

it is preferentialfy found, because the supply of nutrients and ions from the underlying 

mucosa would support effectively its growth (Papini et al., submitted) _ 



Instituto Juan March (Madrid)

52 

An active research is under way to identify the target of the toxin and its biochemical 
activity. lt is likely tha.t the target is a cell component facing the cytsol beca use VacA 
expressed in the cytosol causes the formation of vacuo! es of the same nature of those 
induced by externally added toxin (11). This result together with the fact that VacA is 
frequently found in the supernatant in two chains, associated vía non covalent 
interactions, and that it forms channels in model membranes, suggests that it belongs 
to the A-8 type toxins. These toxins bind to cell via the 8 protomer, which also assists 
the A domain in the membrane translocation into the cytosol. 
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Lipid spccific insertion of proteins into membranes. 

B. de Kruijff 

Proteins or polypeptides can bind to membranes vi a electrostatic interactions. Alternatively, 

they can insert into the lipid head group regio o or more dceply in lo the hydrophobic phase of the 

membranc. Each of thcse pos.sibilities is frequently encountered in cellular processcs as membrane 

biogencsis, flow and signall ing. Also in the mode of action of many polypeptide toxins membranc 

in ~e rti o n plays a crucial role. 

The type of membraoe interaction a protein is in volved in dcpend~ on the structure of that 

protein and the way it can by modulated by the membrane. Equally importan! are the characteristics 

of the membrane ítself. lts properties, including the presence of specific type of lipids will 

determine the insertion process. 

The aim of this contribution is to illustrate the importance of specific lipid-protcin 

interactions in a number of protein insertion processes. Anionic phospholipids are shown to the 

essential for control of topology of leader peptidase in the E. coli íooer mernbrane [ l]. These lipids 

determine also the modc of action of nisin by their influence on membrane association. insertion 

and translocation of this bacteriocíde [2,3]. Phoshatidylethaoolarnine (PE) will be shown to play 

an important role in anchoring the periplasmic domain of leadcr peptid.ase to the membrane [4) . 

Thc importance of PE as a non-bilayer lipid for function of preprotein translocase in E coli will be 

indícated [5]. Togethcr with other reccnt data [6] a general hypothcsis on thc importance of non· 

bilayer lipids for non-bilayer lipids for protein function will be prescnted [7]. 
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The interactíon of phospholipase C with phospholipid bilayers. 
M.B. Ruiz-Argüello, F.M. Goñi andA. Alonso. Grupo Biomembranas 
(Unidad Asociada al C.S.I.C.l, Departamento de · Bioqufmica, 
Universidad del País Vasco, Aptdo. 644, 48080 Bilbao, Spain. 

ABSTRACT: Phosphatidylcholine phospholipase C (EC 3. 1.4.31 from 
Baci/lus cereus has been assayed with substrates in the form of large 
unilamellar vesicles. Phosphatidylcholine, phosphatidylethanolamine 
{also a substrate for the enzyme), sphingomyelin and cholesterol have 
been mixed in various proportions, in binary, ternary and quaternary 
mixtures. A lag period, followed by a burst of enzyme activity, has 
been found in all cases. The activity burst was always accompanied 
by an increase in turbidity of the vesicle suspension. Varying lipid 
compositions while keeping constant all the other parameters leads to 
a range of lag times extending over two orders of magnitude (from 
0.06 to 38.0 minl, anda similar variability is found in maximal enzyme 
rates (from 0.24 to 55.9 min'1). Meanwhile, the proportion of 
substrate that is hydrolyzed during the lag period remains relatively 
constant at ~'= 1 Oo/o moles of total lipid, in agreement with the idea 
that enzyme activation is línl<ed to vesicle aggregation through 
diacylglycerol-rich patches. Phosphatidylethanolamine and cholesterol 
enhance the enzyme activity in a dose-dependent way: they reduce 
the lag times and increase the maximal rates. The opposite is true of 
sphingomyelin. These lipids exert each its own peculiar effect, pasitive 
or negative, either alane or in combination, so that the susceptibility 
of a given mixture to the enzyme activity can be to some extent 
predicted from its composition. The modulation of phospholipase C 
activity by the various lípids is not related to the formation of 
nanlamellar structures. Rather the mere presence of "nonbilayer 
lipids ", phosphatidylethanolamine ar cholesteral, even under 
conditians at which purely lamellar phases exist, appears ta stimulate 
the enzyme, and the opposite happens with sphingomyelin, a well­
known stabilizer of the lamellar phase. Thus the enzyme, while 
responding in a predictable way to the presence of specific lipids, 
appears to do so through changes in the global properties of the 
bilayer. 
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Membrane protein insertion, folding and dynamics. Philippe DUCARME 

IMPALA: A simple restraint field to simulate the biological membrane in 

molecular structure studies. 

Ph. Ducann~ 0
, M Ralunan and R. Brasseur 

Centre de Biophysique Moléculaire Numérique 
Faculté des Sciences Agronorrúques de Gembloux 
Passage des Déportés 2 
85030 Gembloux 
Belgium 
pducanne@fsagx.ac.be 

The lipid bilayer is crucial for the folding of integral membrane proteins. This poster 
presents an empirical method to account for water-lipid interfaces in the insertion of 
molecules interacting with bilayers. 

The interactions between the molecule and the bilayer are described by restraint 
functions designed to mimic the membrane effect. These functions are calculated for 
each atom and are proportional to the accessible surface ofthe latter. 

The membrane is described as a continuous medium whose properties are varying 
along the axis perpendicular to the bilayer plane. 

The insertion is analyzed by a Monte Cario procedure applied to the restraint 
functions 

The method was successfully applied to small a peptides of known configurations. It 
provides insights of the behaviors of the peptide dynamics that cannot be obtained 
with statistical approaches (e.g. hydropathy analysis). 

' t •. 
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The Effect of Environmental Variables on the 

Dimerization Free Energy of the Glycophorin A 

Transmembrane Domain 

Lillian E. Fisherl.2 and Donald M. Engelman2 

lDepartments of Chemistry and 2Molecular Biophysics and 
Biochemistry 
Yale University, New Haven, CT. 

We are using resonance energy transfer to monitor the association 
of the transmembrane domain of human Glycophorin A, (GpATM), in a 
variety of detergent and lipid environments. Adair et al. had used a 
donor-quencher system to measure the oligomeric state in DMPC 
bilayers . However, the results did not distinguish between 
monomer/dimer and dimerjtetramer interactions. In this study, a 
peptide corresponding to the transmembrane domain of Glycophorin A, 
(GpATM), was synthesized and labeled with either a donar or an 
acceptor fluorophore. The label was attached specifically at either the N­
terminus or at one of two lysine residues near the C-terminus. We 
selected pyrene as a donar, (D), and N,N-dimethyl-aminocoumarin asan 
acceptor, (A), because they are likely to produce only small 
perturbations to the structure yet still give a strong enough signal to 
measure the association constant at nanomolar concentrations. We 
present the preparation and spectroscopic characterization of the 
labeled peptides and demonstrate their utility in monitoring the GpA 
exchange reaction: DD +AA---+ DA. Conditions have been found where 
artifactual tetramerization can be avoided and the monomer-dimer 
reaction is reversible with concentration and temperature. As expected, 
the equilibrium constant does not depend on the location of the 
fluorophores but does depend on the identity and concentration of the 
surfactant. The rate of the exchange reaction depends on the identity 
and concentration of the surfactant as well as the concentration of the 
peptide. Thus we can measure thermodynamic and kinetic parameters, 
which describe the dimerization reaction of Glycophorin A, in a variety 
of detergents and lipids. With this system we can begin to explore the 
relative importance of environmental factors that are postulated to 
influence transmembrane helix association, such as bilayer 
composition, thickness and fluidity. 
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S1rudural and thermodynamic featums af the interaction of POC-109, the major pJ'tll:ein 
from buD seminal plasma. wiith phosphatidylchollne membranes. 
María Gasset1, leticia Magdaleno'. Teresa González-Gallego\ José Laynez1

, Edda 
Tópfer-Petersen2 & Juan J . Calvete2 

11nst Química-Física •Rocasolano•, CSIC, Madrid, Spain; 2lnst. Reproduktionsmedizin, 
Tierárztliche Hochschule, Hannover, Germany. 

At ejaculation POC-109, the majar proteín of bull seminal plasma, blnds to spermatozoa 
plasma membrane and modulates capacitation promoted by glycosaminoglycans during 
sperm residence in the female genital tract. lt is composed of a single potypeptide chain 
of 109 amino acids organized into a 23-residue acidic N-terminal polypeptide strecht 
followed by two tandemly arranged fibronectin type 11-like domains. In solution, POC-1 09 
behaves as a polydlspersed salute whose size and heterogeneity can be modulated by 
medium composition as evidence by analytical ultracentrifugation e1;periments. In the 
presence of phosphatidylcttollne model membranes POC-1 09 becomes lipid-soluble, due 
to the specific recognition of choline groups. Protein binding alter.; vesicle contour and 
membrane permeability. Complex fonnation occurs with increases of lipid acyl chain 
disorder and of bilayer interface hydration which result in the sequestering of molecules 
from participating in the gel to liquid crystalline thennotropic transition as evidenced by 
FTIR and OSC. Upon choline lípid binding, POC-109 undergoes a conformationat change 
characterized by an increase in the unordered structure percentage at expenses of a 
reduction in the tu m content a decrease in the polarity of T rp environment and an 
overall rearrangement of the tertiary structure. When the lnteraction is modelled with o­
phosphorylchofine discrete entitíes, POC-109 oligomers disassemble by shielding of the 
hydmphobic solvent-exposed surface of the fibronectin type 11 domain 
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NlCOTINIC ACETYLCIIOLINE RECEPTOR INDUCES LI.PID PUASE 

SEPARA TION IN COMPLEX RECONSTITIJTED MEMBRANES. 

JM González-Ros, A.M Femández, JA. Encinar and J.A Poveda. 

Centro de Biologia Molecular y Celular. 

Universidad Miguel Hemández, 03206 Elche (Alicante), Spain. 

The nicotinic A.cetylcholine Receptor (AcChR) from Torpedo is a large 

transmembrane glycoprotein composed of four different polypeptide suburúts (a, 13. y 

and ó) in a 2: l: 1:1 stoichiometry. Binding of cholinergi.c ag01ústs to extracellular 

domains on the a. subwúts, c8uses the formation of a transient cation channel witlún tbe 

protein., respons1ble for the initi.ation of postsynaptic membrane dcpolarizatioo. 
Studies of reconstitution of the purified AcChR protei.n into multicomponent 

artificialliposomes have shown tha.t the presence of certain lipids, namely cholesterol and 

phosphatidic acid, is required to preserve the ability of the AcChR to exhíbit an optimal 
cation channel activity. Tbe maintenance of such functiooal response by the AcChR can 

be correlated with the preservation of a high percentage of a.-helical components in the 

protein secondary structure. On the other hand, the absence of such lipids results in 

in.active reconstituted samples, in wbich the AcCbR protein exhibits a significant loss of 

a-helical structure, concomitant with an inaease in non-ordered structural components. 

Fourier-transform infrared spectroscopy and di.fferential scanning calorimetric 
studies on the effects of the protein on phospholipid dynamics within the reconstituted 
samples show that in the absence of protein, the complex population of membrane lipíd 

components remain ideally mixed. On the coatrary, the presence of the AcChR directs 

tbe formation of specific lipid domains, that become segregated from the bulk lipid 

matrix. 
Our results suggest that a protein-induced, lipid phase separation phenomenon 

underlies the lipid modulation of AcChR structure and function rcferred above. 

Partly supported by grant PM95-0108 from the DGICYT ofSpain. 
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Abstract Title: Study of the mechanism of membrane permeabilization 
induced by the protein Sticholysin 11 from the sea anemone 
Stichodactyla helianthus. 

Abstract Authors: Mancheño, J.M., de los Ríos, V. , Lanio, M. E(*)., 
Oñaderra, M., and Gavilanes, J.G. 

Abstract Address: Dept. Bioquímica y Biología Molecular l. Fac. 
Químicas. Universidad Complutense. 28040 Madrid. SPAIN. 
* Dept. Bioquímica. Fac. Biología. Universidad de la Habana. CUBA. 

Abstract Body: Sticholysin 11 (St-11) is a single polypeptide chain 
protein composed of 175 amino acid residues isolated from the sea 
anemone Stichodactyla helianthus, characterized by its high hemolytic 
activity. This protein promotes leakage of aqueous contents from model 
membranes composed of phosphatidylcholine (PC) or sphingomyelin 
(SM), either when binary mixtures (PC:SM) are employed or when 
cholesterol is included in the bilayers. Kinetic analysis of the 
leakage, as studied by the ANTS/DPX assay, suggests the involvement 
of protein-protein interactions in the mechanism of permeabilization. 
This result together with the the dependence of the maximum extent of 
teakage on the molecular size of the encapsulated salute, point to the 
formation of di serete pares ~ The conformation of the St-11 has been 
studied by far-UV circular dichroism spectroscopy. Conformational 
changes are detected after interaction with leákage-susceptible 
membranes. lnterestingly, under certain acidic conditions St-11 shows 
conformational properties typical from partly folded polypeptides, 
i.e., secondary structure content similar to the native state, absence 
of rigid tertiary structure, as detected by near UV-CD, and binding of 
hydrophobic probes as 2,6-ANS. 
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INTERACTION OF a.-THIONIN WITH LIPIDIC VESICLES 

J. M. Martínez-Caaveiro, F. M. Goñi and J. M. González-Mañas. 
Department of Biochemistry and Molecular Biology, Faculty of 
Sciences, University of the Basque Country, P.O.Box 644, 48080 
Bilbao, Spain. 

Thionins are cystine-rich, basic polypeptides with a molecular mass of 
about 5000, which are quite abundante in the endosperms of many 
Graminae [1]. They were the first plant peptides for which an 
antimicrobial activity had been reported [2], and have been shown to alter 
cell membrane permeability [3] and to interact with artificial liposomes 
containing phosphatidylserine [ 4]. 

In our work, we have used large unilamellar vesicles with different lipid 
compositions and a whole battery of fluorescent probes to study in detail 
diverse aspects of the interaction of wheat a.-thionin with model 
membranes, i.e. the release of encapsulated fluorophores, the mixing of 
the Iipids, the aggregation ofthe vesicles and the fusion ofthe vesicles. 

Our results indicate that the interaction of the protein with the vesicles is 
electrostatic, and that there is a threshold value of negative charge surface 
density that ensures the binding ofthe required amount ofprotein to exert 
any effect. Binding of the protein is followed by the rapid aggregation of 
the vesicles. Once the bilayers come into clase contact, we failed to 
observe vesicle fusionas other authors have suggested [4]. Instead, we 
observed that the mixing of the lipids and the release of the encapsulated 
vesicles followed similar kinetics, suggesting that both processes take 
place simultaneously and are the result of the protein-induced 
desorganization of the bilayer, which can no longer function as a 
permeability barrier. 

References 

[1) Balls, A. K., Hale, W. S. and Harris, T. H. • A aystalline protein obtained from a 
lipoprotein of wheat flour" . Cereal Chem. 19 (1942): 279-288. 

[2) Stuart, L. S. and Harris, T. H. "Bactericida! and fungicidal properties of a crystalline 
protein isolated from unbleached wheat flour". ". Cereal Chem. 19 (1942): 288-300. 

[3) Carrasco, L., Vázquez, D., Hemández-Lucas, C., Carbonero, P. and García-Oimedo, 
F. "Tilinins: plant peptides that modify membrane permeability in cultured mammalian 
cells" . Eur. J. Biochem. 116 (1981): 185-189. 

[4) Gasanov, S.E., Vemon, L. P. and Aripov, T. F. "Modification of phospholipid 
membrane structure by the plant toxic peptide Pyrularia thíonin" . Arch. Biochem. 
Biophys. 301 (1993): 367-374. 
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Conformation of nascent polypeptide chains during 
membrane translocation. 
Ismael Mingarro & Gunnar von Heijne 

Arrhenius Labs, Dept. Biochemistry, Stockholm University, SWEDEN 

Protein translocation through the membrane of the endoplasmic reticulum 
(ER) is the initial step for proteins that are to be secreted or are destined to 
membrane compartments along the secretory pathway of eukaryotes. This 
process is achieved by a complex multisubunit translocation machinery 
comprising cytoplasmic, integral membrane, and lumenal components. 1t has 
been proposed that the integral membrane components of this machinery -the 
so called "translocon"- form a water accessible channel in the membrane 
through which nascent polypeptide chains can pass. 

In the cotranslational pathway of protein translocation, signal (anchor) 
sequences direct nascent polypeptides to the ER membrane where they are 
further elongated by membrane-bound ribosomes and simultaneously 
transported across the membrane through the translocon. 

The architecture of the translocation machinery is further increased in 
complexity by proteins such as signal peptidase and oligosaccharyl 
transferase (OST) that are associated with the translocon but are not directly 
involved in the translocation process. lt has been shown that the active site of 
the OST is positioned at a well defined distance above the surface of the ER 
membrane and can be used as a fixed point to measure the mínimum length 
of polypeptide chain required to bridge the distance between the ribosomal 
peptidyl transferase site on the cytoplasmic side of the ER membrane and the 
OST active site on the lumenal side. 

The nascent chain is thought to resemble an unstructured random coil and 
have no defined conformation at least inside the ribosome. In our studies the 
mínimum distance has been measured for nascent polypeptide chains 
harbouring specific peptide sequences located both at the translocon and at 
the ribosome and the results will be discussed in terms of possible 
conformational structure already at these very early events of protein 
translation/translocation. 
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Turning an integral membrane protein into a water 

soluble protein: metamorphosis of bacteriorhodopsin 

Kakoli Milrll 

1 n 1994 Creamer and Rose pul forth Lhe Paracclsus chal lengc whieh called for thc 

design of a prolcin with 50<f.: sequcncc idcntity toa protcin with a differcut fold. D<tlal ct al. 

mct this challcngc in 1997 by re.dcsigning a bt:ta-sheet protcin into a nativc likc four hdix 

bundle. One might ask a similar hut slightly different qucstion o[ mcmbranc proleins: ls il 

fe<Jsihle that mutating thc lipid exposed surfacc of a hc:lil-¡tf membranc prolein t.o rcscmbk 

that of a soluhle pmtein would rcndcr rhc 'rnembrane' protcin soluhle in water wi1h tht~ 

stnlé!urc of iL-. inkrior still intad, i.c. rctaining ÍL-; function'! 

The systcm uscd to addrcss lhis question is thc scven trausmcrnhr.me helix protcin 

bactcriorl1odopsin (bR). hR is well-suited for Ibis study since its s!ruL·ture has bccn sol ved 

hy llcndcrson <~f al. ro 3.5 Á resolulion by clcctron microscopy, which facili!atcs 

identifying lipid exposcd rcsiducs for suhsequenl modificarion. In additíon a visihle assay 

for corrcct folding cxisLo;: lhc hR apoprntein turns purvlc upon uptakc of dK ~ chrom(lphorc 

rdinal. Two diffcrcnt dcsign stmtegies <~re being cmploycd. The first ~•ims ro preserve thc 

nativc subunit cont.acLo; lhal hold the bR trimer togcthcr in lhe lipid hilaycr (sbR). The 

second scri~~s of dcsigns coJcavours lo aholish thc trimcr contaclo; lo rcsult in <1 rnonomeric 

'soluhilized' hl~ (mhR). When cxprcsscd in f.'. cnli sbR is cxpn:.-;sed lwt protcoly¡.cd 

t.'omplctdy while in the cell, indicating that pcrhaps the olígomcr is nol stablc 111 a 

'soluhilizcd' stale. Characlerization of !he potcnlially monomcric mbR is in progrcss. 



Instituto Juan March (Madrid)

66 

A MODEL FOR THE INTERACTION OF TBE HIV-1 FUSION 
PEPTIDE WITH ELECTRICALLY NEUTRAL MEMBRANES 

Francisca B. Pereiral, José M. Valpuesta2, Gorka Basañezl.3, Félix M. 
Goñil, Arturo Mugal, Aítziber Aguirrel, Tatiana Suárezl, and José L 
Nieva l. 

lGrupo de Biomembranas (Unidad Asociada al C.SJ.C.), Departamento de 
Bioquímica, Universidad del País Vasco, Aptdo. 644, 48080 Bilbao, Spain. 

2centro Nacional de Biotecnología. C.S.LC., Universidad Autónoma d~ 
Madrid, 28049 Madrid, Spaín. 

3Present address: The Laboratory of Cellular and Molecular Biophysics . 
Nationallnstitutes of Health, Bethesda, Maryland 20892, USA. 

Abstract: The HIV -1 fusion peptide has the capacity to induce leakage and 
lipid mixing adopting an extended structure in vesicles composed of 
dioleoylphosphatidylcholine, dioleoylphosphatidylethanolarnine and 
cholesterol (molar ratio, 1:1:1) [Pereira, F.B., Goñi, F.M., Muga, A., and 
Nieva, J.L. (1997) Bioplrys. J. 73, 1977]. When examined by means of cryo­
transrnission electron microscopy, peptide-treated vesicles showed two 
characteristic morphologies, membrane protrusions in isolated vesicles and 
highly bent lamellae in large lipidic aggregates. 31P-nuclear magnetic 
resonance data were compatible with the existence of isotropic structures. 

· Tryptophan fluorescence quenching by vesicles containing brominated 
phospholipids indicated that the peptide penetrares to the acyl chain level 
and locates in the proxirnity of the interface. A model is proposed accordíng 
to which the differential partition and eventual penetration of the peptide 
into the extemal monolayer may account for the observed vesicle 
destabilization processes. 
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DIFFERENT INSERTION lEVElS OF SURFACTANT PROTEIN SP-B IN 
PHOSPHATIDYLCHOliNE BllAYERS. POSSIBLE IMPUCATIONS IN 
SURFACTANT DYNAMICS AT THE AlVEOlAR SPACES 

J . Pérez-Gi1.1, A. Cruz 1
, C. Casals 1

, K.M.W. Keough 2
, and D. Marsh 3 

1Dpto. Bioqufmica. Fac. Biología, Universidad Complutense, Madrid (SPAINJ 
2Dpt. Biochemistry, Memorial University of Newfoundland, St. John's (CANADAJ 
3Abt. Spektroskopie, Max-Pianclc-lnstitut für biophysikalische Chemie, Góttingen (GERMANYJ 

Pulmonary surfactant-associated protein SP-8 has been isolated from porcine 

lungs and reconstituted in bilayers of dipalmitoylphosphatidylcholine (OPPC) or egg 

yolk phosphatidylcholine (PCI in arder to characterize the extent of insertion of the 

protein into phospholipid bilayers. The depth of penetration of SP-B into 

phospholipid bilayers has been estimated by the parallax method, which compares 

the relative efficiencies of quenching of the fluorescence of the single protein 
tryptophan by a shallow or a deeper spin-labelled phospholipid probe. SP-8 

tryptophan was found to be located 1 0 -13 A from the center of bilayers, which is 

consistent with a superficiallocation of SP-8 in phosphatidylcholine membranes . 

Parallax experiments. as well as resonance energy transfer from SP-8 tryptophan 

to an acceptor probe located in the center of the bilayer, indicate that there are 

significant differences in the extent of insertion of the protein, depending on the 

method of reconstitution. SP-8 reconstituted from lipid/protein mixtures in organic 

solvents inserts more deeply in PC or DPPC bilayers than does the protein 

reconstituted by addition to preformed phospholipid vesicles. These differences in 

the extent of insertion lead to qualitative and quantitative differences in the effect 

of the protein on the mobility of the phospholipid acyl chains. as studied by spin­
label electron spin resonance (ESR) spectroscopy. 

On the oth~r hand, compression of OPPC/SP-8 monolayers formed at an air­

liquid interface by adsorption of OPPC/SP-8 bilayers conducted to protein squeeze­

out from the lipids at surface pressures around 45 mN/m. All these results indicate 

that different extents of insertion of SP-8 in surfactant bilayers and monolayers 

could modulate the biophysical properties of the tensoactive material in the 

respiratory dynamics. 

Funded by FISS and CAM (to J. P-G. end C.C.J and MAC (to K.M.W.K.) . International collaboration 

was facilitated by a NATO CRG grant . 
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MEMBRANE INSERTION OF PF3 MAJOR COAT PROTEIN 

A.N.J.A. Ridder, J. Stam, A. Kuhn, J.A. Killian and B. de Kruijff. 

Department of Biochemistry of Membranes, CBLE, Utrecht University, Padualaan 8, 
3584 CH Utrecht, The Netherlands. 

The major coat protein of the filamentous bacteriophage Pf3 is a simple membrane 

protein containing only one transmembrane segment. lt has a negatively charged 

N-terminus of 18 amino acids, a hydrophobic transmembrane segment of 18 amino 

acids and a positively charged C-terminus of 8 amino acids. Pf3 inserts into the E. 

coli inner membrane in an Nout-Cin orientation. This insertion depends on the 

membrane potential, but not on the Sec-machinery. An in vitro translocation 

system has been developed in which the N- and C-termini of Pf3 can be 

differentially labelled and thus specifically detected (1). This system and the 

simple topology of the protein make it an attractive model protein for studying 

membrane protein insertion. 

Using this in vitro system, the insertion of Pf3 in liposomes with different Iipid 

compositions and in the presence or absence of a membrane potential was 

investigated. The importance of tryptophan residues on the insertion of Pf3 was 

also studied. Tryptophans are frequently found on the membrane-water interface 

of bacteria! membrane proteins and are more abundant on the periplasmic side of 

the membrane (2,3). lt is not known whether they can play a role in determining 

the topology of membrane proteins. In order to answer this question, we studied 

the membrane insertion of a series of mutants of the Pf3 protein, with either 2, 1 

orO tryptophans at one or both sides of the transmembrane segment The results 

of these studies will be presented. 

(1) : D. Kiefer, X. Hu, R. Dalbey andA. Kuhn, EMBO J. 16 : 2197-2204 (1997). 

(2): G. von Heijne, EMBO J. S : 3021-3027 (1986). 

(3): B. Persson and P. Argos, Prot. Sci. S: 363- 371 (1996). 
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STRUCTURAL STUOIF.S ON THE CYTOCHROME CSSO: PROTEIN 
THAT STADIUZES OXYGEN EVOLUTrON JN CYANOBACTERIA RY 
JNTERACTTNG WJTH THE PHOTOSYNTHETIC MEMBRANES. 

Javier De Las Rivas & Pedro Hercdia 

Department ofBiochemistry and Molecular Biology. Faculty of Science. Univer.,i¡y <>f the flHsque 
Country. P.O.Box 644. 48080 - BILBAO- SPAlN. E-mail: gbpdcsaj@lg.chu.es 

ABSTRACT: 

Cytochrome c550 ís a membrane-bound low potential c-type cyt.ochrome tbat has 
been recently discovcr ro be associated with phmosystem TI in cyanobacteria. 
(Enami et aL , 1995). Moreover, this cytocbrome has becn probcd to play a 
significative role in maintaining photoinduced oxygen evolulion in cyanobacteria 
cells, since when its gene (psbV) was deleted togetber with the psbO gene (which 
encodes the 33 kDa manganese stabilizing protein) all the pholosynthetic activity 
of this mutated cyanobacteria did disappcarcd (Shcn ct al., 1995). ·n1c structure 
of this cytochrome is not known. We have carried ou t a structural study of the 
protein using modem computational methods for prot.cin stmcturd.l prediction. 
So, we present a multiple seguence aligrunent of Úle known sequences of ú1is 
cytochromc c550 pre.sent in algae and in cyanobacteria (6 full sequences). The 
aligrunent allows the drawing of a .sinlple phylogcnetic tree of thcse protei.ns. 
Using homology modelling we ha ve also produced a 3D model of the cytochrome 
based on a found similarity to another cytochrome e of known 3D structure. Tili.s 
cytochrome e has 103 aa and is used as a template Lo build up a 3D model of the 
cytochromc c550 from the cyanobacteria Synechncystes sp. (cyt.c550-syn3) , that 
ha~ 135 aa. 1l1e PDB file of !he templ.ate is named 3CYT and the model was 
produced using the program WHA TIF. Por the con.~truction of the model we 
obtained the best alignment leaving out 23 aa in N-terminal and 8 aa in the e­
terminal of cyt c550 (23+8=31 ). We al so ha ve to include two deletions in the 
sequence of the model betwecn Hisl8 and Gly19 and between Gly76 and Tyr77, 
since the templare 3CYT has only 103 aa and cyt c550 has 135 aa. The first 
deletion is of 2 aa and corresponds to Leu42 and Gln43 in the sequence of cyt 
c550 from Syneclwcystcs. The second deletion corresponds to 16 aa from Glu85 
to HelOO in the scqucnce of cyt c550. Therefore, the model includcs 135- 31-
18 = 86 aa. These deletions in tbc modellcd se<}uencc are compcnsatcd with a 
dclction of 17 aa in the templare (1 03 - 17 = R6 aa) in two gaps óf 15 and 2 aa. 
With this modifications we obtaincd a modcl whcrc all thc kcy rcsiducs that ligate 
the heme are con.~erved in the correct 3D position: Cys37 and Cys40 covalent 
ligands to the heme; His41 and Met104 axial ligands to che imn of d1e heme (the 
numbers of the aa correspond to thc cyt c550 scquencc of Synechocystes). Abo 
the 4 a-helix present in lhe templare 3CYT are conse1ved in the model without 
any insertion or deletion that could disturb thcse important secondary structurc 
fea tu res. 

REFERENCES 
Enami l., et al. (1995) Biochim. Bioplrys. Acta 1232:208-216. 
Shen J. R., C( al. (1995) Biochcmütry 34:12661-12668. 
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"lnteraction ofTrwD protein of R388 plasmid with model membranes" 
Rivas, S., de la Cruz, F. & Goñi, F.M. 

trwD is an essential gene for the conjugative process of R388 plasmid ( l ). The 
predicted amino acid sequence of TrwD protein shows significan! homology with 
PuiE!VirB JI protein superfamily of potential A TPases involved in severa! 
macromolecular transport processes in gram-negative bacteria (2). 

Subcellular fractions were obtained from cell cultures expressing TrwD and the 
protein was found in both the soluble and the outer membrane fractions (3). This 
observation may be indicative of a peripheral association of TrwD to the bacteria! 
membrane. Besides, the yield of TrwD purification increases significantly in the 
presence of0.5 M NaCI (3). This is typical ofperipheral or extrinsic membrane proteins 
and in our case indicates the release of the membrane-bound fraction. A related 
observation is the fact that the A TPase activity displayed by TrwD protein was 
increased by pure detergent (at concentrations above eme values) or detergent­
phospholipid vesicles but not by phospholipid in bilayer form (3). This is suggestive of 
TrwD possessing hydrophobic patches on its surface, which would allow association to 
micelles or even a peripheral binding to bilayers (perhaps to intrinsic proteins in 
bilayers) but not insertion in the hydrophobic matrix of a membrane. Finally, we used a 
model system in order to further study this interaction of TrwD with membranes. Tf\vD 
\'VaS able to induce aggregation of liposomes, lipid mixing and leakage of the vesicle 
contents. 

REFERENCES 
( 1) Bolland, S, Llosa, M., Ávila, P. & de la Cruz, F. (1990) J. Bacteria/. 172, 5795-5802. 
(2) Possot, E., d'Enfert, C., Reyss, l. & Pugsley, A. (1992) Mol Microbio/. 6, 95-105. 
(3) Rivas, S., Bolland, S., Cabezón, E., Goñi, F.M. & de la Cruz., F. (1997) J. Biol. (:nem. 272, 25583-

25590. 



Instituto Juan March (Madrid)

71 

V ACCINIA VIRUS 21K ANO lSK PROTEINS ARE INCORPORA TEO INTO 
CELLULAR MEMBRANES ANO PLAY AN ESSENTIAL ROLE IN VIRAL 

MEMBRANE FORMATION 

Rodríguez, J.R.,Esteban, M., Risco, C., Carrascosa, J. L., Rodríguez. D. 

Centro Nacional de Biotecnología. C.S.I.C. Madrid. Spain 

Vaccinia virus (VV) morphogenesis is a complex multistep process 

that involves numerous viral elements. The molecular events that dictate 

the ordered incorporation of the viral structures during the assembly of the 

viral particles remain to be elucidated. Recent studies indicate that viral 

membranes are derived from the cellular intermediate compartment (IC) 

located between the rough endoplasmic reticulum (RER) and the Golgi 

apparatus. However, very little is known about the key viral factors 

involved in the recruitment, modification, and organization of these IC 

derived membranes to generate the mature viral envelope. We have 

identified two membrane proteins with apparent molecular weights of 21 

and 15 Kilodaltons (kDa), encoded respective! y by the A17L and A14L viral 

genes, that form a stable complex with a previously characterized 14kDa 

(A27L gene) envelope protein of VV. The intracellular transport of these 

two proteins defined by immunoelectron microscopy (RER- IC- viral 

envelope) suggest that they may participate in the initial sequence of events 

in the formation of VV membranes. Through the generation of 

recombinant viruses that inducibly express the 21kDa or the 15kDa proteins 

we demonstrate that these two proteins are essential for VV morphogenesis. 

Our results suggest that 21k0a protein is involved in organizing the IC­

derived membranes recruited to the locations of VV assembly (viral 

factories), while the 15k0a protein appears to be necessary for the correct 

assembly and attachment of the membrane precursors on the periphery of 

the viral factories. 
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Insertion of glycosylphosphatidylinositol (GPI)-anchored proteins into 
liposomes. Effects of cholesterol and glycosphingolipids on the 
reconstitution of proteoliposomes. 

O. Nosjean, A. Coleman* and B. Roux Laboratoire de Physico-Chimie Biologique, 

UPRESA CNRS 5013, UCB-Lyon 143 bd du 11 novembre 1918 69622 Villeurbanne France 

*Institut de Bio1ogie et Chirnie des Protéines CNRS UPR 412 

Membranes that contains GPI-anchored proteins are enriched in sphingolipids and cholesterol. 

To understand the organization of biologic membranes and the interactions between proteins 

and 1ipids, we have reconstituted proteoliposomes containing cholestero1, Jactocerebroside and 

alkaline phosphatase (AP). The protein was purified with GPI-anchor from bovine kidney and 

incorporated into preforrned 1iposomes by incubation in presence of detergent. Then detergent 

was elirninated by dialysis. AP insertion was confirmed by centrifugation on sucrose gradient 

and by antibody-mediated proteoliposomes precipitation. 

We have studied the influence of glycosphingolipid and cholestero1 on the stability and the 

morphology of these reconstituted proteoliposomes as follows : AP stability in the membranes 

was evaluated by heat treatment and accessibility of the GPI-anchor to specific phospholipase 

hydrolysis. AP Jocalization on the Iiposomes and Iiposomes morpholoy wre studied by atornic 

force rnicroscopy. 
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DIFFERENTIAL SCANNING CALORlMETRY OF THE BIOLOGICAL 

MErvfBRANES 

Galina Zhadan and Valery Shnyrov 

Departamento de Bioquímica y Biología Molecular, Universidad de Salamanca, 

Salamanca, SPAJN 

The advent of calorimetric methods has resulted in a qualitative step 

forward in the thennodynamic characterization ofbiological macromolecules and 

an understanding of process involving these species. In particular, differential 

scanning calorimet.ry (DSC) has become a very powerful and convenicnt technique 

to study the temperature induced conformational transitions in biological systems. 

Biological mcmbranes and rclated model systems are currently being 

investigated by DSC. The application ofDSC to these systems has been primarily 

directed to the study of the thennotropic phase behaviour of lipids. On the other 

hand, there have been much fewer ose studies on the therrnal denaturation of 

membrane proteins. 

The aim of this presentation is to review what has been carried out so far in 

DSC of mernbrane proteins. 
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MEMBRANE BINDING MODULA TES THE CONFORl\1A TION AND 
STABILITY OF PLASTOCYANIN 

S.G. Taneva, F. Goñi, AA. Donchev*, M.I. Dimitrov* andA. Muga 

Department of Biochemistry, University of Basque Country, P.O. Box 644, 
Bilbao, Spain and *Institute ofBiophysics, Bulgarian Academy of Sciences, Sofia 
1113, Bulgaria 

The water-soluble copper protein plastocyanin acts as an electron transporter in 
the light reactions of plant photosynthesis. Its redox state is regulated by the 
interaction with two membrane-embeded complexes; it is reduced by cytf in the 
cytb~f complex and oxidized by photosystem I reaction center P700. Two 
electron transfer sites in the redox reactions of plastocyanin, the hydrophobic 
northem patch important for the interaction with photosystem 1 and the acidic 
east patch essencial for binding with cytf and photosystem I, has been proposed. 
The structure and stability changes of plastocyanin associated with the binding of 
its reduced and oxidized forros to lipid vesicles was studied by FTIR. 
Plastocyanin binding to positively charged lipid vesicles, via electrostatic 
interactions, destabilizes both the reduced and oxidized form with respect to the 
protein in solution without significant variation of the protein conforrnation. This 
is evident from the reduction of the rnidpoint denaturation temperature of the 
lipid-associated protein as compared with that of the protein in solution. The 
lumenal si de of thylakoid membrane experiences a pH decrease to approx. pH 5 
upon illurnination that regulates the electron transfer rate. Therefore, the 
interaction of reduced and oxidized plastocyanin with neutral lipid vesicles at pH 
5 was studied. Interestingly, under these experimental conditions, the membrane­
binding of plastocyanin is markedly influenced by the protein redox state. Once 
bound, the reduced plastocyanin can adopt several conformations depending on 
the protocol used for sample preparation, revealing a strong structural plasticity. 
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STUDY OF THE INTERACTION BETWEEN THE HIV-1 
ENVELOPE PROTEIN AND CELLULAR CORECEPTORS. 

F'lorcncc Vcrricr, Andrcw Borman and Marc Girard. Unité de Virologie Moléculaire (CNRS 
ÜRA 1966). Dépanement de Virologie, Institut Pasteur, París, FRANCE. 

The HIV-1 Env glycoprotein (gpl60) comprises an externa! surface polypeptide (gpl20) 
and a transmembrane anchor polypeptide (gp41) which remai n associated in a non<ovalent 
fas hion. The primary receptor for HIV is CD4. Binding of HIV to CD4 induces conformational 
rearrangements in the gp 120/gp41 molecule that lead to fusion of the virus and cell membranes 
by a process med iated by the N-terminal fusion peptide of gp41. Recen! evidence indicates that 

cenain chemokine receptors collaborate with CD4 to facilitate HIV-1 entry into CD4+ target 
cells : T <ellline-adapted (TCLA) strains and T <ell-tropic, ' syncytium-inducing (SI)', primary 
virus isolates use CXCR-4 (LESTR, fusin) as their coreceptor, whereas macrophage-tropic, so­
called ' non-syncytium-inducing (NSI)' primary isolates principally use CCR-5. The cellular 
tropism of HIV -1 is determined by the structure of the envelope protein and particular! y by 
specific sequence within the V3 loop of gp 120. 

The aims of thls study were to characterise the CCR-5-<iependent cell-ta<ell fusion 
mediated by the envelope from a primary HIV-1 isolate, and lo probe the domains in 
gp 120/gp41 involved in the interaction with the CD4 and CCR-5 molecules using a panel of 
anti-gp120/gp41 monoclonal antibodies. To study the requirements for HIV-1 Env-mediated 
fusion, we developed an assay system based on the use of Senúiki Forest virus (SFV) 
recombinants that express Env gp120/gp41 either from the TCLA HIV-ILAI strain, or from a 

primary, macrophage-tropic isolate, HIV-IBX08· The ability of these recombinants to induce 

syncytium formation in CD4+ HeLa cells or CQ4+/CCR5+ HeLa cells was examined in the 
presence and absence of a variety of potential inhibitors of HIV infection. 

In cells expressing the appropriate ca-receptor, gp120/gp41 of the 'non syncytium­
inducing', primary, macrophage-tropic HIV-1BX08 iso1ate, was at 1east as fusogenic as that of 

the ' syncytium-inducing' HIV-1LAI strain. BX08 Env-mediated fusion was inhibited by the 13-

chemokines RANTES and MIP-113 and by antibodies to CD4, whereas LAI Env-mediated 
fusion was insensitive to these chemokines. In contras!, sCD4 significantly inhibited LAI, but 
not BX08 Env-mediated fusion, suggesting that the primary iso1ate enve1ope glycoprotein has a 
lower affinity for CD4. 
The domains in gp120/gp41 involved in the interaction with the CD4 and CCR-5 molecules 
were probed using monoclonal antibodies (Ab) or gpl20 peptides. The greatest inhibition of 
fusion was observed with Ab directed to conforrnation-<iependent epitopes. Efficient inhibition 
of fusion was not restricted to epitopes in any one domain of gp120/gp41. The assay was 

sufficiently sensitive to distinguish between Ab- and 13<hemokine-mediated fusion inhibition 
using serum samp1es from patient BX08, suggesting that the system may be useful for 
screening human sera for the presence of biologically significan! antibodies. Peptides 
corresponding to the LAI, MN or BX08 V3 1oops efficiently blocked fusion mediated by the 
homologous viral Env protein. In addition, the MN and LAI peptides showed activity against 
fusion mediated by both TCLA viral envelopes, but Jittle or none against BX08 Env-mediated 
fusion . We exarnined the effects of BX08-related V3 peptides mutated at 1, 2 or a11 3 of the 
positions reponed to be imponant in determining viral tropism<2>. BX08-related peptides which 
contained combinations of the 3 mutations were incapable of blocking BX08 env-mediated 
fusion, but became increasingly efficient in inhibiting fusion nnediated by the TCLA LAI 
envelope. The capacity of these mutan! peptides to inhibit primary or TCLA Env-nnediated 
fusion in our system correlated very closely with the tropism of viral isolates containing the 
equivalen! V3 loop mutations. Overall, the results of these peptide inhibition studies suggest 
strongly that the BX08, LAI and MN V3 loop sequences alone are sufficient to determine 
coreceptor usage by the corresponding viruses. 

'" Verrier el al, 1997. PNAS, 94,9326-31. 
"'de Jong el al, 1992. J.Virol. 66,6777-80. 
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M. Beato. 

•249 Workshop on Molecular Diagnosis of 
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Barreno. 
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Plant Development. 
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and Pathogenesis of Plant ANA 
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Organizers: F. García-Arenal and P. 
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•255 Workshop on the Reference Points in 
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Organizers: A. W. Galston and A. F. 
Tiburcio. 
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Martínez-Salas. · 
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Organizers: A. Rodríguez-Navarro and 
R. Lagunas. 

265 Workshop on Adhesion Receptora in 
the lmmune System. 
Organizers : T . A. Springer and F. 
Sánchez-Madrid. 

•266 Workshop on lnnovations in Pro­
teases and Their lnhibitors: Funda­
mental and Applied Aspects. 
Organizar: F. X. Avilés. 
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Texts published by the 
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of Zea Mays. Melero. 
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and P. Puigdomenech. *13 Workshop on Approaches to Plant 
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an isms in Evolutionary Perspectiva. 
*15 Workshop on Signal Transduction by 

Organizers: P. Bateson and M. Gomendio. 
Growth Factor Receptors with Tyro-

*7 Workshop on Transcription lnitiation sine Kinase Activity. 
in Prokaryotes Organizers: J. M. Mato and A. Ullrich. 
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pression in Yeast. Neuronal Development. 
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Gancedo. Jiménez. 
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Organizers: R. W. Aldrich and J . López­
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•23 Workshop on Molecular Biology and 
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Willington , M. Espinosa and R. Díaz 
Orejas. 
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M. Nieto-Sampedro. 
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and J . Romero. 
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the Early Development of the Nervous 
System of Drosophila. 
Organizers: J . Modolell and P. Simpson. 

• 27 Workshop on Ras, Differentiation and 
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Organizers: J . Downward, E. Santos and 
D. Martín-Zanca. 

28 Workshop on Human and Experi­
mental Skin Carcinogenesis. 
Organizers: A. J . P. Klein-Szanto and M. 
Quintanilla. 

• 29 Workshop on the Biochemistry and 
Regulation of Programmed Cell Death. 
Organizers: J . A. Cidlowski, R. H. Horvitz, 
A. López-Rivas and C. Martínez-A. 

•.30 Workshop on Resistance to Viral 

lnfection. 
Organizers: L. Enjuanes and M. M. C. 

Lai. 

31 Workshop on Roles of Growth and 
Cell Survival Factors in Vertebrate 

Development. 
Organizers: M. C. Raff and F. de Pablo. 

32 Workshop on Chromatin Structure 

and Gene Expression. 
Organizers: F. Azorín, M. Beato andA. P. 

Wolffe. 

33 Workshop on Molecular Mechanisms 

of Synaptic Function. 
Organizers: J . Lerma and P. H. Seeburg. 

34 Workshop on Computational Approa­

ches in the Analysis and Engineering 

of Proteins. 
Organizers: F. S. Avilés, M. Billeter and 

E. Querol. 

35 Workshop on Signal Transduction 

Pathways Essential for Yeast Morpho­
genesis and Celllntegrity. 
Organizers: M. Snyder and C. Nombela. 

36 Workshop on Flower Development. 
Organizers: E. Coen, Zs. Schwarz­
Sommer and J. P. Beltrán. 

37 Workshop on Cellular and Molecular 
Mechanism in Behaviour. 
Organizers: M. Heisenberg and A. 
Ferrús. 

38 Workshop on lmmunodeficiencies of 
Genetic Origin. 
Organizers: A. Fischer and A. Arnaiz­

Villena. 

39 Workshop on Molecular Basis for 
Biodegradation of Pollutants. 
Organizers: K. N. Timmis and J . L. 
Ramos. 

40 Workshop on Nuclear Oncogenes and 
Transcription Factors in Hemato­
poietic Cells. 
Organizers: J. León and R. Eisenman. 
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41 Workshop on Three-Dimensional 
Structure of Biological Macromole­
cules. 
Organizers: T. L Blundell , M. Martínez­
Ripoll, M. Rico and J. M. Mato. 

42 Workshop on Structure, Function and 
Controls in Microbial Division. 
Organizers: M. Vicente, L. Rothfield and J. 
A. Ayala. 

43 Workshop on Molecular Biology and 
Pathophysiology of Nitric Oxide. 
Organizers: S. Lamas and T. Michel. 

44 Workshop on Selective Gene Activa­
tion by Cell Type Specific Transcription 
Factors. 
Organizers: M. Karin, R. Di Lauro, P. 
Santisteban and J. L. Castrillo. 

45 Workshop on NK Cell Receptors and 
Recognition of the Major Histo­
compatibility Complex Antigens. 
Organizers: J. Strominger, L. Moretta and 
M. López-Botet. 

46 Workshop on Molecular Mechanisms 
lnvolved in Epithelial Cell Differentiation. 
Organizers: H. Beug, A. Zweibaum and F. 
X. Real. 

47 Workshop on Switching Transcription 
in Development. 
Organizers: B. Lewin, M. Beato and J. 
Modolell. 

48 Workshop on G-Proteins: Structural 
Features and Their lnvolvement in the 
Regulation of Cell Growth. 
Organizers: B. F. C. Clark and J. C. Lacal. 

49 Workshop on Transcriptional Regula­
tion at a Distance. 
Organizers: W. Schaffner, V. de Lorenzo 
and J. Pérez-Martín. 

50 Workshop on From Transcript to 
Protein: mRNA Processing, Transport 
and Translation. 
Organizers: l. W. Mattaj, J. Ortín and J. 
Val cárcel. 

51 Workshop on Mechanisms of Ex­
pression and Function of MHC Class 11 
Molecules. 
Organizers: B. Mach and A. Celada. 

52 Workshop on Enzymology of DNA­
Strand Transfer Mechanisms. 
Organizers: E. Lanka and F. de la Cruz. 

53 Workshop on Vascular Endothelium 
and Regulation of Leukocyte Traffic. 
Organizers: T. A. Springer and M. O. de 
Landázuri. 

54 Workshop on Cytokines in lnfectious 
Diseases. 
Organizers: A. Sher, M. Fresno and L. 
Rivas. 

55 Workshop on Molecular Biology of 
Skin and Skin Diseases. 
Organizers: D. R. Roop and J. L. Jorcano. 

56 Workshop on Programmed Cell Death 
in the Developing Nervous System. 
Organizers: R. W. Oppenheim , E. M. 
Johnson and J. X. Camella. 

57 Workshop on NF-KBIIKB Proteins. Their 
Role in Cell Growth, Differentiation and 
Development. 
Organizers: R. Bravo and P. S. Lazo. 

58 Workshop on Chromosome Behaviour: 
The Structure and Function of Tela­
meres and Centromeres. 
Organizers: B. J. Trask, C. Tyler-Smith, F. 
Azorín andA. Villasante. 

59 Workshop on RNA Viral Quasispecies. 
Organizers: S. Wain-Hobson, E. Domingo 
and C. López Galíndez. 

60 Workshop on Abscisic Acid Signal 
Transduction in Plants. 
Organizers : R. S. Quatrano and M. 
Pagas. 

61 Workshop on Oxygen Regulation of 
Ion Channels and Gene Expression. 
Organizers: E. K. Weir and J. López­
Bameo. 

62 1996 Annual Report 
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63 Workshop on TGF-~ Signalling in 
Development and Cell Cycle Control. 
Organizers: J. Massagué and C. Bemabéu. 

64 Workshop on Novel Biocatalysts. 
Organizers : S . J . Benkovic and A. Ba­
llesteros. 

65 Workshop on Signal Transduction in 
Neuronal Development and Recogni­
tion. 
Organizers: M. Barbacid and D. Pulido. 

66 Workshop on 100th Meeting: Biology at 
the Edge of the Next Century. 
Organizer : Centre for 1 nternational 
Meetings on Biology, Madrid. 

67 Workshop on Membrane Fusion. 
Organizers: V. Malhotra and A. Velasco. 

68 Workshop on DNA Repair and Genome 
lnstability. 
Organizers: T. Lindahl and C. Pueyo. 

69 Advanced course on Biochemistry and 
Molecular Biology of Non-Conventional 
Yeasts. 
Organizers: C. Gancedo, J . M. Siverio and 
J . M. Cregg. 

70 Workshop on Principies of Neural 
lntegration. 
Organizers: C. D. Gilbert, G. Gasic and C. 
Acuña. 

71 Workshop on Programmed Gene 
Rearrangement: Site-Specific Recom­
bination. 
Organizers : J . C. Alonso and N. D. F. 
Grindley. 

72 Workshop on Plant Morphogenesis. 
Organizers: M. Van Montagu and J. L. 
Mi col. 

73 Workshop on Development and Evo­
lution. 
Organizers: G. Morata and W. J. Gehring. 

74 Workshop on Plant Viroids and Viroid­
Like Satellite RNAs from Plants, 
Animals and Fungi. 
Organizers: R. Flores and H. L. Sanger. 

• · Out of Stock. 

75 1997 Annual Report. 

76 Workshop on lnitiation of Replication 
in Prokaryotic Extrachromosomal 
Elements. 
Organizers: M. Espinosa, R. Díaz-Orejas, 
D. K. Chattoraj and E. G. H. Wagner. 

77 Workshop on Mechanisms lnvolved in 
Visual Perception. 
Organizers: J . Cudeiro and A. M. Sillita. 

78 Workshop on Notch/Lin-12 Signalling. 
Organizers: A. Martínez Arias, J . Modolell 
and S. Campuzano. 
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The Centre for Intemational Meetings on Biology 
was created within the 

Instituto Juan March de Estudios e Investigaciones, 
a private foundation specialized in scientific activities 

which complements the cultural work 
of the Fundación Juan March. 

The Centre endeavours to actively and 
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