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Until few years ago, antibiotic peptides in eukaryotes were considered as an 

evolutionary relic, especially when compared with the powerful and complex immune 

response present in higher marnmals. In 1972 the first experimental evidence of plant 

peptides (thionins) active against plant pathogens was published, but it was not until the 

end of the 70's that this field started an exponential growth on a broad variety of different 

sceneries. Nowadays, severa! antibiotic peptides and their analogues are in advanced 

clinical trials, and sorne human pathological disorders have been related to their absence 

or lack of function. 

Eukaryotic antibiotic pep ·des contribute both to the control of local bacteria! flora 

and as a frrst-line barrier against pathogen invasion, as demonstrated in insect mutants 

deficient in sorne antibiotic peptides or in transgenic plants overexpressing particular 

antibiotic peptides. In higher vertebrales, their importance in health is less known; as 

aforementioned, the strength of antigen-specific immunity, as well as the sirnultaneous 

presence of other components of innate immunity, harnper the defmition of the roles of 

specific peptides, and although sorne transgenic rnice expressing defensins have been 

recently developed, overexpression and knock-out experiments with rnice are lagging 

behind those with plants. The protective role of antibiotic peptides in human health is 

emphasized by the recently foun correlation between recurrent bacteriallung infections in 

cystic fibrosis and lack of activity of local antibacterial peptides because of the high 

salinity in the alveolar fluid, due to the genetic default in chloride transport. 

Besides constitutive expression of sorne antibiotic peptides in mammals, infectious 

and inflanunatory processes can modulate their expression, mediated by LPS, IL-1, IL-2, 

or TNF-a. Furthermore, an evolutionary convergence in sorne of their signa! transduction 

pathways, involving members f the ReVNF-KB family occurs among plants, insects, 

amphibia and mammals. 

To date, more than 400 sequences of both natural and derived antibiotic peptides 

have been described; despite large differences in size and amino acid sequences, most of 

the antibiotic peptides share a strong cationic character and adopt an amphipatic structure 

in their interaction with model or biological membranes. Their mechanism of action is 
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often based on permeabilization of the plasma membrane of the pathogen with dissipation 

of the ionic gradients across the membrane with subsequent bioenergetic collapse of the 

organism; the permeabilization is brought about by disruption of phospholipid bilayer 

rather than by interaction with chiral receptors or channels; hence discrimination between 

self and non-self is mostly based on membrane lipid composition, as prokaryotes are 

devoid of sterols and possess a higher percentage of anionic phospholipids when 

compared with eukaryotes. Tiús mechanism is double-edged; the design of peptides with 

higher membrane affinity risks a substantial loss of specificity and production of self­

damage; by contrast and in support of a pharmaceutical application, resistance against 

membrane-active antibiotic peptides prompted by continuous culture at sub-lethal 

concentrations has not been reported yet, even when sorne pathogens possess a natural 

resistance to sorne of these peptides. To reach the inner membrane of Gram negative 

bacteria, antibiotic peptides need fi.rst to disrupt the outer membrane by interaction with 

lipopolysaccharide. In most cases, this leads to inhibition of the events triggered by LPS, 

such as endotoxic shock, hence the peptides can also work as antiendotoxernic agents. In 

many cases, chernical synthesis of these peptides or their analogues is easily afforded, 

giving access to studies of structure-activity relationships, aiming at the design of better 

and more active analogues. 

In summary, the workshop has succeeded in updating our knowledge on this 

fascinating field, where many different biological disciplines, as well as organisms from 

very diverging origins, converge to provide answers and to create great expectations for 

future pure and applied research. 

J. A. Hoffinann, F. García-Olrnedo and L. Rivas 
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Peptide Antibiotics - New Rendez-vous with Old Animalcules 

Anita Boman and Hans G. Boman 

Microbiology and Tumor Biology Center. Karolinska Institutet, Box 280 SE- 171 77 
Stockholm 

In this talk I will show results from two projects, one initiated for intellectual 
reasons, one started by serendipity then pursued as normal. The year 1996 became a 
tuming point ·in m y research. Together with Viktor Mutt and his coworkers, our group 
at Stockholm University during 1987-95 isolated severa[ new peptide antibiotics from 
pig intestine. This fruitful collaboration gave the porcine cecropin PI, then PR-39 and 
towards the end and in parallel the cloning ofFALL-39 and NK-lysin, both the peptide 
and the clone. While apoptosis ended this line ofwork, I survived myselfby a move toa 
program for biomedical ecology initiated at 
MTC. 

Happily, the beginning of 1996 was spent in Rome anda productive collaboration 
was established with Donatella Barra and Maurizio Simmaco with focus on the in vivo 
function of peptide antibiotics. oon we realized the potential of frogs as model system 
for the study of natural infections and Maria Luisa Mangoni became an import link 
between Rome and Stockholm. 

The very first step was the isolation of bacteria from the skin and mouth of two 
frogs living together, Rana temporaria and Bombina orientalis. By now we have 
isolated and identified 6-7 rather closely related gram negative bacteria from six 
different species offrogs. From five different isolates we have made mutants resistant to 
streptomycin, nalidixic acid or rifampicin (to be used as marked strains). So far the 
predorninant species found in every frog has been Aeromonas hydrophila, a bacterium 
which is very common in soils and waters. 

As the result of this long-term planning, we first started to infect frogs with an 
Aeromonas mutant. lnstead of injecting the bacteria, we either bathed the frogs in 
bacteria or pipetted bacteria into their mouths. Due to the marker, we were able to study 
how the natural balance is readjusted. The rate of elimination is always fast - within one 
doubling time for the bacteria. All evidence indicate that the adjustment is due to the 
antibacterial peptides secreted from the skin gland and bacteria-bathing does induce the 
peptide synthesis and cortisone blocks this induction. We obtained no convincing 
evidence for the role of immunoglobulins - using a rabbit antisera as positive control. 

The second project steams from Staffan Normark and Katrin Pütsep and their 
research on Helicobacter pylori. My involvement began with adjusting an erroneous 
sequence ofa peptide that tumed out to be active when synthesized. To cut a long story 
short, we have now found that H. pylori can produce severa! cecropin-like peptides. 
They all originate from the N-terminal part of ribosomal protein L l. Synthetic peptides 
based on this sequence are antibacterial, but they do not act on H. pylori itself 
Antisera made against a synthetic peptide can identify fragments in HPLC fractions 
from a lysate were they coelute with the antibacterial activity. 
These results may give a hint on the evolution of the cecropins. The antibiotic activity 
may also compensate H. pylori for its slow growth rate and provide a mean to out­
compete faster growing bacteria in the complex human gastro-intestinal ecosystem. In 
fact, H. pylori may be part ofthe human natural flora andina useful manner contribute 
to a healthy balance in our ecosystem. 

Instituto Juan March (Madrid)
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GENETIC AND ABIOTIC MODULA TION OF THE SALICYLA TE-MEDIA TED 
DEFENSE RESPONSE IN PLANTS 

Antonio Molitw, Miche/le Hunt, Sandra Volrath, Dave Guyer, Klaus Maleck, 
Eric Ward and John Ryals 

Novartis Agricultura! Biotechnology Research 
3054 Comwallis Road, Research Triangle Parle, North Carolina 27709, USA 

Salicylic acid (SA) plays a key role in the activation of plant defense responses such as the 
gene-for-gene resistance and the so-called systemic acquired resistance (SAR), a broad­
spectrum systemic defense response that is activated following pathogen infection (Ryals et al. 
1996). SA levels in crease after pathogen infection, which in tu m leads to the induction of the 
expression of a number of pathogenesis-related (PR) genes. Depletion of endogenous SA 
levels by overexpression ofthe bacteria! enzyme salicylate hydroxylase, results in a breakdown 
of SAR and gene-for-gene resistance (Delaney el al. , 1994; Gaffney el al. , 1993). In addition 
to pathogens, SA-mediated defense response can also be activated by genetic or chemical 
disruption of a primary metabolic pathway, or by exogenous treatment with SA and chemical 
inducers such as 2,6-dichloroisonicotinic acid (INA) and benzothiadiazole (8TH). These 
chemical inducers do not increase SA concentration in the plant, and can actívate SAR in both 
wild-type and NahG plants. In Arabidopsis, mutations in the N/MJINPRJ gene ha ve been 
shown to impair the capacity of plants to respond to both pathogens and chemical inducers and 
to undergo an SAR response (Cao el al., 1994; Delaney el al. , 1995). The NIMIINPRI gene 
have been cloned (Cao el al. , 1997; Ryals el al., 1997), and the predicted NIMIINPRI protein 
have been shown to share significan! homology with the mammalian ll<Ba. subclass of 
transcription factor inhibitors, suggesting that SA-dependent signal transduction pathway may 
share mechanistic parallels to the marnmalian NF-KB signal transduction .pathway (Ryals el al., 
1997). S A-dependen! plant defense responses contribute to the effectiveness of fungicidesin 
planta . In NahG and niml plants, fungicides fail to control fungal growth (Molina el al. 
1998). Combinations of fungicides with the SAR activator 8TH results in a synergistic effect 
on pathogen resistanec in wild-type plants (Molina el al. 1998). These observations are 
strinkingly reminiscent of the reduced efficacy of antifungal compounds in 
immunocompromised animals. 

Cao el al. (1997) . Cell, 88: 57-63 . 

Cao el al. (1994). Plant Cell, 6: 1845-1 857. 

Delaney el al. (1995). Proced. Natl . Acad. Sci. USA, 92: 6602-6606. 
Delaney el al. (1994). Science, 266: 1247-1250. 

Gaffuey el al. ( 1993). Scicnce, 261 : 754-756. 

Molina e/ al. (1998). Plant Cell, 10: 1903-1914. 

Ryals el al. (1996). Plan! Cell , 8: 1809-1819. 

Ryals e/ a l. (1 997) Plant Cell, 9: 425-439. 
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Functional analysis of the PDF1.2 plant defensin gene of 
Arabidopsis thaliana. 

Bart P.H.J. TIIOMMA, Iris A.M.A. PENNINCKX, Koenraad TIERENS, Kristel 
EGGERMONT, Willem F. BROEKAERT and Bruno P.A. CAMMUE 

F.A.Janssens Laboratory ofGenetics, Catholic University of Leuven, K. Mercierlaan 92, 
B-3001 Leuven, Belgium 

The Arabidopsis thaliana gene PDF 1.2 encodes a 51 amino acid peptide that belongs to 
the family of antifungal plant peptides termed "plant defensins". The PDFJ.2 gene is 
activated systemically upon challenge of plants with fungal pathogens. Pathogen­
induced activation of this gene de ends on amplification of pathogen-detection events by 
the plant hormones ethylene andjasmonate. We have established that the ethylene and 
jasmonate signalling pathways n~..d to be triggered concomitantly for efficient activation 
of P DF 1.2. Arabidopsis mutants irnpaired in either the ethylene or jasmonate signalling 
pathways are unable to accumulate PDFJ.2 and such mutants are more susceptible to 
infection by the grey mold fungus Botrytis cinerea. The effect ofthe mutations in 
ethylene or jasmonate signa! transduction components are, however, pleiotropic and 
therefore the susceptibility of such mutants may be due to the inability to produce many 
effector molecules, including PDFJ.2. 
To study more precisely the contribution of PDF1.2 to disease resistance we have 
generated transgenic Arabidopis plants in which expression of PDFJ.2 is downregulated 
by antisense inhibition. The disease susceptibility ofthese lines is currently under 
investigation. In addition, we are generating Arabidopsis mutants by random chemical 
mutagenesis in which expression of PDF1.2 is either downregulated or constitutively 
upregulated. 
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MECHANISMS OF BACfERIAL RESISTANCE TO HOST DEFENSE 
PROTEINS 

LÓPEZ-SOLANILLA, E., GARCÍA-OLMEDO, F. AND RODRÍGUEZ­
PALENZUELA, P. 

Dep. Bioteclmology. E.T.S.Ingenieros Agrónomos, UPM. Av.Cornplutense 
28040 Madrid, Spain. 

An effective defense mechanisrn against invading pathogens, shared by plants 
and animals, is rnediated by srnall cationic proteins, as cecropins, rnagainins and 
defensins frorn anirnals, and thionins and snakins from plants. These proteins exert a 
toxic action against bacteria, possibly through the alteration ofmernbrane permeability. 
The role of antirnicrobial peptides in pathogenesis has been highlighted by the 
observation of increased susceptibility to infection in Drosophila mutants affected in 
their synthesis, but no such evidence is available with respect to plant peptides because 
appropriate plant rnutants with decreased peptide levels have not yet been obtained. An 
altemative line of evidence about the role of antirnicrobial peptides is based in the 
production of peptide-sensitive mutants of the pathogen. The hypothesis that the 
peptides are involved in defence would be supported by a decrease of virulence in this 
type of mutants. lndeed, in the animal pathogen Salmone/la typhimurium, both rough 
lipopolysaccharide (LPS) mutants and sapA-F mutants, which show increased 
sensitivity to antimicrobial peptides (sap stands for ~ensitive to ~tirnicrobial ~ptides ), 
have reduced virulence, suggesting that resistance to host peptides has a direct role in 
Salmone/la pathogenesis [l]. Sirnilarly, we have previously found that thionin- and 
LTP-sensitive mutants of Ralstonia (Pseudomonas) solanacearum were both altered in 
their LPS structure and are avirulent in tobacco [2]. 

Erwinia chrysanthemi, is an economically irnportant phytopathogenic bacterium that 
causes soft-rot diseases in a wide range of crops. Little is known about the mechanisms 
that enable E. chrysanthemi to resist the action of antirnicrobial agents frorn the plant 
host Although S.typhimurium and E.chrysanthemi have very different pathogenic 
behaviour, the fact that they are phylogenetically related and that antirnicrobial peptides 
occur in their respective animal and plant hosts lead us to investigate the possible role 
ofthe Sap system in plant-pathogen interactions. 

The sapA-F ~ensitive to ~timicrobial ~ptides) operon from the pathogenic 
bacterium Erwinia chrysanthemi has been characterized. It has five ORFs that are 
closely related (71% overall amino acid identity) and are in the same order as those of 
the sapA-F operon from Sa/monella typhimurium. An E. chrysanthemi sap mutant 
strain, BTl05, was obtained by marker-exchange. Mutant BTl05 was more sensitive 
than the wild type to wheat a-thionin and to snakin-l , the most abundant antirnicrobial 
peptide from potato tubers. Mutant BTl05 was less virulent than the wild type in potato 
tubers: lesion area was 37% of control and growth rate was two orders of magnitude 
lower. The rnagnitude ofthe effect of sapA-F inactivation on virulence in potato tubers 
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and chicocy leaves was greater than the effects of mutations affecting the pe/ operon 
and the Hrp system in.the same pathogen. 

These results indicate that the interaction of antimicrobial peptides from the host with 
the sapA-F operon from the pathogen plays a similar role in animal imd in plant 
bacterial pathogenesis. They also show that this operon is important for the 
pathogenicity of E. chrysanthemi. 

References 
(1] Parra-Lopez C, Baer MT, Groisman EA, (1993). The EMBO Journa112, 
4053-4062. 

[2] Titarenko E, López-Solanilla E, García-Olmedo F, Rodríguez-Palenzuela P, 
(1997). Journal ofBacteriology 179, 6699-6704. 
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The Antimicr·obial Host Defense Of Drosophila 

Jules A. Hoffmann. 
lnstitute ofMolecular and Cellular Biology (IBMC) CNRS and University Louis 
Pasteur, Strasbourg, France 

The presentation will review recent developments in our understanding of the 

remarkably efficient antimicrobial defenses of insects. Research in this field is 

spearheaded by studies on Drosophila which provides exceptional opportunities thanks 

to the powerful genetics. In short, septic injury results in the nearly immediate 

activation of proteolytic cascades leading to coagulation, melanization and 

opsonization, in cellular reactions such as phagocytosis and capsule formation, and in 

the induction of a battery of potent, mostly small-sized, antim icrobial peptides with 

large activity spectra. The latter aspect of the Drosophila host defense first described by 

H.G. Boman and J. Postlethwait in 1976 has been the focus ofintense investigation over 

the last few years. Nine distinct antimicrobial peptides (plus their isoforms) have been 

fully or partially characterized. Their induction relies on as yet poorly understood 

recognition mechanisms by so-called pattern recognition receptors which probably can 

actívate proteolytic cascades. 1 one case it is documented that this results in the 

cleavage of a cytokine-like polypeptide, Spaetzle, enabling it to bind to the 

transmembrane receptor Toll, a prototype of a large family of multifunctional regulators 

which mediate their effects via inducible transactivators of the ReVNF-KB family . 

Genetic and biochemical evidence points to remarkable similarities between the 

Spaetzle-induced transcription of antimicrobial peptides in Drosophila and the 

cytokine-induced transcription of many immune responsive genes in mammals. Severa! 

recen ti y isolated mutants now pro vide sorne insights into the biological relevance of the 

recognition, signaling and effector mechanisms of the antimicrobial host defense of 

Drosophila and this will be discussed rn the presentation. 
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The Antimicrobial Peptidc From lnsects. Recent Progress 

Charles Hetru 

lnstitute of Molecular and Cellular Biology (IBMC) CNRS and University Louis 

Pasteur, Strasbourg, France 

Antimicrobial peptides are pivota! elements of the innate immune defense against 

bacteria! and fungal infections. Within the impressive list of antimicrobial peptides 

available at present, more than half ha ve been characterized in arthropods. Cysteine-rich 

antimicrobial peptides represent the most diverse and widely distributed family among 

arthropods and to a larger extent, among invertebrates. Proeminent groups of cysteine­

rich peptides are peptides with the Csa~ motif and peptides forming an hairpin-like ~­

sheet structure. Although these substances exhibit a large structural diversity and a wide 

spectrum of activity, most of them have in common the ability to perrneabilize 

microbial cytoplasmic membranes. 
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lnnate immunity and the interaction ofthe malaria 
parasite with the mosquito vector 

Fotis C. Kafatos 

The Plasmodium parasites that cause human malaria are transmitted exclusively 
by a few mosquito species of the genus Anophe/es. Even closely related species of 
anopheline mosquitoes differ markedly in their capacity to actas vector. For example. 
in contrast to the high vectorial capacity of A. gambiae, the sympatric sibling species 
A. arabiensis is normally a much less important vector. Moreover, field studies have 
established that intraspecific variants of A. gambiae may differ in their importance as 
vectorsl . 

Mosquito susceptibility or refractoriness to the parasite can be determined at 
multiple points during infection2. Documented examples include ookinete lysis, 
melanotic encapsulation of oocysts, and inability of sporozoites to invade salivary 
glands. Genetic factors in bot mosquito and parasite determine compatibility of a 
given Anopheles-Plasmodium interaction3. Understanding the mechanisms of 
refractoriness of different mosquito species to a given parasite could lead to the 
identification of weak links in the parasite' s armor, thereby facilitating the design of 
novel methods for control of Plasmodium transmission through genetic engineering 
ofthe mosquito vectors. 

Our laboratory, in collaboration with that ofF. H. Collins, has taken a genetic 
and genomic approach to elucidate the molecular basis of a dramatic example of 
refractoriness, namely encaps lation of Malaria parasites (of rnany species) in a 
melanized capsule at the early oocyst stage, on the basal surface of the midgut3 . To 
this effect, a genetic map based on microsatellite markers was constructed4 and used 
to analyze crosses involving refractory and susceptible mosquitoes5. Thus, three 
quantitative trait loci (QTLs) located at dispersed chromosomal loci were identified. 
which together account for ca. 75% of the melanotic encapsulation phenotype. 
Genomic approaches are being used currently to positionally clone these loci. 

In parallel, with genomics, molecular analysis of mosquito immune response is 
underway, informed by the study of Drosophila immunity6. In these studies, we ha ve 
collaborated extensively with the laboratory of J. H. Hoffmann in Strasbourg. Arnong 
the pertinent questions is whether the parasite is perceived by the immune system in 
susceptible as well as refractory mosquitoes. A combination of biochemical and 
molecular approaches ha ve identified A. gambiae genes that may play important roles 
in the innate immune response to Plasmodium infection. These include a homologue 
of insect defensin1, encoding a peptide immune factor identified originally on the 
basis of activity against bacteria. A second gene, designated AgGNBP (for d_nophe/es 
gambiae Qram-~egative Jiinding rrotein) encodes a protein potentially involved in 
binding to microorganisms8. A number of other genes that are induced by bacteria! 
challenge have been isolated and characterized8,9. Most recently, an Anopheles 
cecropin gene has been identified (J. Vizioli, P. Bulet, A. Richman et al.) . 

We have used these genes as 'molecular markers' to obtain clear evidence that 
the presence of Plasmodium parasites, ingested during a bloodmeal. triggers an 
immune responseS.IO. The response is observed both in refractory (encapsulating) and 
susceptible strains of A. gambiae. The parasite must be infected to trigger this 
response: ingestion ofa strain of Plasmodium that does not produce gametocytes (and 
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1s therefore incapable of infecting the mosquito) falls to provoke an immune 
response. 

lnduction of dejensin gene expression reflects the kinetics of Plasmodium 
invasion. Thus, defensin RNA levels are elevated 18 to 30 hours post-feeding, when 
motile ookinetes are traversing the midgut epithelium. Analysis of immune marker 
gene expression in dissected tissues further reveals that the inducible immune 
response occurs both 'locally' in the midgut and ' systematically', presumably "in cells 
of the fat body and in hemocytes (those tissues traditionally considered to be the 
principal sites of insect immune functionl O More recently, a multi-site, multiphasis 
immune response to the parasite has been demonstrated, involving in succession the 
midgut, miscellaneous abdominal tissues, and the salivary where the sporozoites 
ultimately lodge9 Evidently, the parasite encounters immune reaction throughout its 
development in the vector. Whether these reactions significantly limit the leve( of 
Plasmodium infection, and how they may be enhanced to prevent infection altogether, 
remains to be determined. 

A more extensive recent review, from which this abstract was partly extracted, 
can been found in reference 11 . 
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Insect-Derived Peptides as Leads for Future Drugs 

Shunji Natori 
Graduate School ofPharmaceutical Sciences, University ofTokyo, Bunkyo-ku, 
Tokyo 1 13-003, Japan 

We have been studying the self-defense system of the flesh fly, Sarcophaga peregrina. 

So far, we have isolated and characterized severa! antibacterial proteins, one antifungal 
protein (AFP) and two Iectins that are assumed to play roles in this defense system. 
Recently, we isolated a novel inducible antibacterial substance named 5-S-GAD. In this 
workshop, I would Iike to discuss the possibility ofutilizing these defense molecules for 
the development of novel drugs, especially focusing on sapecin B and 5-S-GAD. 

Sapecin B : Sapecin B is a sapecin family antibacterial protein that consists of 34 
amino acid residues. On IH-NMR analysis, sapecin B was found to contain four 
domains: the 6 residues at the amino terminal form a loop, and the adjacent ll residues 

an a.-helix, and fmally two P-sheets are located at its carboxyl terminal. We found that 
the a-helix domain (residues 7-1 7) is the core of the antibacterial activity of sapecin B. 
We further modified this peptide and synthesized a series ofpeptides consisting of 
only Lys and Leu. We found that one of these peptides, KLKLLLLLKLK-NH2, is 
potentially useful for treatment of infectious diseases caused by bacteria, even those 
such as MRSA which are resistant to various antibiotics. 5-S-GAD : 5-S-GAD was 
originally found as an inducible antibacterialsubstance in Sarcophaga, and was shown to 
be a key molecule in the defense system ofthis insect. The compound is assumed to act 
asan antibacterial substance as well asan activator ofRel family transcription factor by 
producing H202. 5-S-GAD was found to be a potent inhibitor of protein tyrosine 
kinase. Therefore, we examined its effect on the growth of various human cancer cells 
in vitro. Of 38 tumor cell lines exarnined, the growth of three was significantly 
suppressed by 5-S-GAD. These were 2 breast cancer cell lines and 1 melanoma cell 
line. The reason why 5-S-GAD selectively suppresses the growth ofthese cancer cells is 
still not known. However,using 5-S-GAD as a starting material, it might be possible to 
develop antitumor drugs with selective toxicity against certain tumor cells. We a1so 
found that 5-S-GAD significantly inhibited the differentiation of osteoclasts in vitro, 
suggesting that it has the potential to suppress osteoporosis. 
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"THE ANTIFUNGAL PROTEIN (AFP) FROM Aspergillus giganteus BINDS TO 
NUCLEIC ACIDS" . 

Lacadena, V., Martínez del Pozo, A., Oñaderra, M. and Gavilanes, J.G. 

Departamento de Bioquímica y Biología Molecular 1, Facultad de Química, Universidad 
Complutense, 28040 Madrid. 

The mold Aspergillus giganteus MDH 18894 was isolated from the soil of a farm in 
Michigan during an antitumor screening program (1). This imperfect ascomycete produces 
two extracellular polypeptides (1,2). One ofthem is a-sarcin, a cytotoxic ribonuclease which 
has been thoroughly characterized (3-5). The other one is a very basic small-sized protein (51 
amino acids), with a high conteo of disu1fide bridges and antifungal activity (2, 5-8). This 
polypeptide has been deeply characterizated from the structural point of view ( 6-9). However, 
its mode of action remains unknown. The solution structure of AFP was determined by using 
experimentally derived interproton distance constrains from NMR spectroscopy (4). The 
folding of AFP consists of five antiparalell 6-strands definig a small and compact 6-barrel 
stabilized by four interna! disulfide bridges (9). When this structure was so1ved, the AFP-fold 
was only found as a domain of the Staphylococcal aureus nuclease, which does not present 
disulfide bridges (l 0). However, this structure has been recently detected, by means of three­
dimensional structures comparison, in several other unrelated proteins, most of them with 
nucleic acid related functions . Actually, we now know that AFP is a member of the proteins 
containing an OB-fold, for oligonucleotide binding motif (11). This discovery suggest that 
AFP function must be in close connection to interacting with nucleic acids. Consequently, 
we have explored this possibility and, in fact, we have demonstrated how AFP binds to 
plasmid DNAs, by means of agarose gel retardation assays. This binding does not show any 
sequence specificty but rather seems to be related to a electrostatic interaction between AFP 
posite charges and the negative phosphates of DNA. Important changes in the circular 
dichroism and fluorescence spectra of AFP are observed when this interaction takes place. 
In addition, we have also investigated the interaction established between AFP and the 23S 
rRNA, the natural target of a-sarcin, the protein coproduced with AFP by A.giganteus. 
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TRANSCRIPTIONAL REGULATION OF THE EXPRESSION 

OF ANI1MIC ~ OBIAL PEPTIDE GENES IN AMPlffi3IA 

Maurizio Simmaco•, Hans G. Boman# and Donatella Barra 

Dipartimento di Scienze Biochimiche, Universita La Sapienza, 00185 Roma, 
Italy; •mpartimento di Scienze Biomediche, Universita G. D'Annunzio, 
66100 Chieti, Italy, #Microbiology and Tumor Biology Center, Karolinska 
Institutet, SE-171 77 Stockholm, Sweeden. 

Animal antibacterial peptides are widely distributed in living organisms 
where they represent effector molecules of innate immunity (1). They are all 
synthesized by ribosomes as preproproteins and proteolytically processed to 
the active form. Despite the high structural variability, the proposed 
mechanism of action for most of them is mainly based on the selective 
permeabilization of bacteria! cell membranes. 

It has been demonstrated that in insects the production of antimicrobial 
peptides is induced as a response to a bacteria! infection and this seems to be 
the main mechanism by w hich infections are counteracted (2). Also in 
vertebrates an immediate host response is needed, which should be active 
before the adaptive immune system is ready. In mammals, phagocytic cells, 
like macrophages, PMN and NK cells, as well as the antimicrobial peptides, 
such as defensins, PR-39, NK-lysin, etc., are indeed linked to innate 
immunity. 

It is difficult to demonstrate experimentally the role of antimicrobial 
peptides in controlling the natural flora . Severa! approaches have been 
attempted to obtain such evidence, mainly on cell coltures . . 

Antibacterial peptides are abundant in skin secretion and in the 
digestive system of frogs (3), which, in addition, are known to have 
immunoglobulins, complement and major histocompatibility antigens (4). 
Thus, frogs can be considered suitable model systems for the study of factors 
controlling both natural infections and the natural flora. 

We have studied the role of antimicrobial peptides in innate 
immunity in two amphibian species, Rana esculenta and Bombina orientalis. 
Sorne years ago, the antimicrobial peptides present in their secretions were 
isolated and well characterized, also by molecular cloning (5-7). 

This knowledge is now used as the platform for our present studies of 
the gene control and in viuo functions of the peptides. In this talk, I will 
concentrate on our results on Bombina and leave to Hans G. Boman to 
review our recent joint work on Rana. 

We have demonstrated that glucocorticoids (GC), earlier known to 
suppress immune functions in mammalian cell cultures (8, 9), can give a 
total block of peptide synthesis both in Rana and in Bombina (10, 11). The 
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blocking of peptide synthesis was demonstrated by the absence of both the 
peptides (with HPLC) and the mRNA (Northern blot analyis). That these 
effects were due to an induced synthesis of IKBa was demonstrated using an 
antibody made against a synthetic peptide with a sequence derived from 
human IKBa. Thus the NF-KB/IKBa machinery for gene control is extremely 
well conserved and support our use of frogs as model system. 

As the next step we have sequenced the gene for bombinin, one of the 
major antibacterial peptides in Bombina orientalis (11). The upstream region 
contains potential binding sites not only for NF-KB but also for NF-IL6. These 
two regulatory elements have so {ar been found in all genes for inducible 
peptides with antibacterial activities. That the Bombina promoters are 
functional is docurnented in a Poster at this meeting (12). 

Taken together, all our results are consistent with the hypothesis that 
innate immunity is mediated by peptides as effector molecules. Even if the 
sequences of the effectors show a large variability, the general concept and the 
transcriptional control are surprisingly well conserved in different animals . 
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HUMAN DEFENSINS 

Tomas Ganz, PhD, MD, University o[ California, L<>s Angeles 

As new members of the human defensin family are identified, the biological variety of these 
peptides is becoming apparent. Previous studies characterized a-defensins HNPl-3 (Ganz el al., 
1 985) and HNP-4 which are rnajor constituents of the microbicidal granules of human blood 
granulocytes, and IID-5 and IID-6 which are abundantly expressed in Paneth cells, intestinal 
epithelial cells specialized in host defense functions. More recent studies identified two P­
defensins: a constitutively expressed human epithelial defensin HBD-1 which is particularly 
abundant in the kidney and the urogenital tract (Valore el al., 1998), and an _infection/cytokine­
inducible epithelial defensin HBD-2 which is very abundant in the skin. All known human 
defensin genes are clustered on chromosome 8p23 within about 500 kb (Liu el al., 1997; Liu el 
al., 1998). From the telomere to the centromere, the order of defensin genes (peptides in 
parentheses) is: IIDEFA5 (IID-5), multiple copies ofHDEFAI (HNP1-3), HDEFA4 (HNP-4), 
HDEFA6 (IID-6), HDEFB1 (HBD-1) all separated by 20 kb or 1ess from each other. L<>cated 
another 300-400 kb towards the centromere is HDEFB2 (HBD-2). In this HUGO nomenclature 
H designates a human gene, DEF stands for defensin, and A or B designate an a- or P-defensin. 
The separation ofthe Paneth cell genes IIDEFA5 and HDEFA6 by the myeloid defensin genes 
supports the conjecture (Bevins el al., 1996) that granulocyte (rnyeloid) a-defensins HNP1-3 
and HNP-4, encoded by HDEFAl and HDEFA4 evolved frorn an ancestral Paneth cell defensin 
by reduplication and divergence. Since P-defensins but not a-defensins have been identified in 
birds (gallinacins, avían (3-defensins) and crotalid snakes, they rnay constitute the oldest branch 
of the defensin family, frorn which the Paneth cell a-defensins evolved. Sorne functional 
similarity ofthe genes encoding epithelial (3-defensins and Paneth cell a-defensins is suggested 
by the coexpression ofHD-5 and HBD-1 in reproductive epithelia (Quayle el al., 1998; Valore 
el al., 1998). 

Although hornology cloning has been useful in the discovery of new defensins, it does not 
provide information about the posttranslational processing that takes place in vivo. Sorne 
defensins are readily purified in large amounts frorn natural sources but this has been difficult 
for human Paneth cell defensins. We recently purified forms ofliD-5 and IID-6 frorn the urine 
of patients whose bladders were replaced by reservoirs constructed from human ileum (Porter el 
al., 1998) and showed that severa! ofthe peptide forms are generated by cleavage with trypsin 
or another trypsin-like protease. Further studies will be required to characteñze the processing 
pathways that generate active defensins. 

The evidence for a microbicidal function of human neutrophil defensins is indirect but strong. 
They are present in neutrophil granules at sufficiently high amounts to generate --mg/ml 

concentrations in phagocytic vacuoles. At -J.Lg/ml concentrations, defensins are inhibited by 
several constituents of plasma, including salts, but this inhibition can be overcorne by 
increasing peptide concentrations. The concentrations of defensins generated by epithelia are 
Iess well known. We defined the geometry ofthe porcine P-defensin-1 (PBD-1) layer on the 
filiform papillae of the pig tongue and determined the amount of defensin present by scraping 
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and semiquantitative Westem blotting. The concentration of PBD-1 is at least lOO J.lg/ml, 
sufficient for both direct and synergistic activity in the low salt milieu of saliva. 

Despite a similar structural framework, defensins exhibit a variety of antimicrobial spectra. Of 
the newest defensins, the recombinant baculovirus-derived Jl-defensin HBD-2 was more potent 
(Singh et al., 1998) than equirnolar amounts of HBD-1 and was active against many grarn­
positive and grarn-negative bacteria including strains of E. coli, Ps. aeruginosa, gp B 
streptococcus and Staph. epidermidis but was remarkably and consistently ineffective against 
Staph. aureus, as previously described for skin-derived HBD-2 by Harder et al. The structural 
basis of these difieren ces in activity is of much interest. 

Reference List 

Bevins, C.L., Jones, D.E., Dutra, A., Schaffzin, J. & Muenke, M. (1996). Human enteric 
defensin genes: chromosornal map position and a model for possible evolutionary 
relationslúps. Genomics 31, 95-106. 

Ganz, T., Selsted, M.E., Szklarek, D., Harwig, S.S., Daher, K., Bainton, D.F. & Lehrer, R.I. 
(1985). Defensins. Natural peptide antibiotics ofhuman neutrophils. J.Clin.lnvest. 76, 
1427-1435. 

Liu, L., Wang, L., Jia, H.P., Zhao, C., Heng, H.H.Q., Schutte, B.C., McCray, P.BJ. & Ganz, T. 
(1998). Structure and mapping ofthe human Jl-defensin HBD-2 gene and its expression 
at sites ofinflammation. Gene 222,237-244. 

Liu, L., Zhao, C., Heng, H.H.Q. & Ganz, T. (1997). The human Jl-defensin-1 and a-defensins 
are encoded by adjacent genes: two peptide fami1ies with differing disu1fide topology 
share a common ancestry. Genomics 43, 316-320. 

Porter, E.M., Poles, M.A., Lee, J.S., Naitoh, J., Bevins, C.L. & Ganz, T. (1998). Isolation of 
human intestinal defensins from ileal neobladder urine [In Process Citation]. FEBS Lett 
434, 272-276. 

Quay1e, A.J., Porter, E.M, Nussbaurn, A.A., Wang, Y.M., Brabec, C., Yip, K..P. & Mok, S.C. 
(1998). Gene expression, irnmunolocalization, and secretion of human defensin-5 in 
human female reproductive tract. Am J Patho/152, 1247-1258. 

Singh, P.K.., Jia, H.P., Wiles, K., Hesselberth, J., Liu, L., Conway, B.D., Greenberg, E.P., 
Valore, E. V., Welsh, M.J., Ganz, T., Tack, B.F. & McCray, P.BJ. (1998). Production of 
1}-defensins by human airway epithelia. Proc Natl Acad Sci U S A 95, 14961-1496?· . 

• e Valore, E.V., Parle, C.H., Quayle, A.J., Wiles, K..R., McCray, P.B. & Ganz, T. (1998). Human 
beta-defensin-1: An antimicrobial peptide of urogenital tissues. J Clin Invest 101, 1633-
1642. 

Instituto Juan March (Madrid)



33 

CATHELICIDIN-DERIVED PEPTIDES AND 
ANTIMICROBIAL AND CYTOTOXIC ACTIVITIES. 

ANALOGUES: 

Gennaro, R. 1, Bcnincasa, M.1. Dolzani, L.2. Skerl.avaj. a.3. Risso, A.3, Scocchi , M.4 

;md Zanc:ui, M.3.4 
1 Di p . di Biochimica. Biofisica e Chimic.a ddlc: macromolecolc e 2Dip . di Scienzc: 

Biomedichc:, Univ. di Tric:stc:; 3Dip. di Scicnzc: e Tc:cnolo¡;ie Biomcdiche. Uni v. di 

Udine; 4Laboratorio Nazionalc CrB. AREA Scicnce Parle, Trieste, ltaly . 

The emergenec and widespread diffusiou of bacteria 1 ~trains resistan! 10 

convcntional antibiotics is of great concc:m in clinical seuings and is an 

cspecially sc:vere problem for immunodepre~sc:d palients . To cope with this 

problem new classes of anlimicrobial agcnts are nccdcd and pharmaceulical 

companies are in sc:arch of ne w lc .. d eompounds. A promising source of such 

compounds i~ t.he variety of ~ene encoded 11ntimicrohial pcptides that are 

widcspread in ttlc living organisms ~s part of lhe natural host defensc. These 

peptides e¡r;ert a poten! antimicrobial activity in vitru with bro.ad activity spcctra, 

and rapidly lcill target cells, inc:ludinc l<mibiotic-rcsistam pathogcns . 

In recent ycars wc havc idcntificd a numbcr of myeloid antimicrobial peptides 

from severa! mammó!lian specie and dcrived from a family of prccursors namcd 

eathelicidins (1). Mc:mbcrs of thesc family uc characteri7.cd by a conscrvcd N­

terminal preproregion. followed by structurally varied C-terminal sequenccs 

corresponding t.o active peptidcs after proteolylic cleavage. Cathelicidin-deri vcd 

pc:ptides vaty significantly by scqucnce, structun: and lcngtb and includc a­

hclical. Cys-rich, Pro- and Arg-rich, and Trp-rich pcpt.idr.s. Only onc congcner is 

prescm in man while olher specics, in panicular artiodactyl species, show scveral 

mcmbcrs . 
We havc chemic:~lly synlhesized and characterized thc :.nivity of a number of 

these peptides aod of their fragmcnts and analogues. Thc in vitro effcctivencss of 

cathelieidin-dcrivcd peptides re rcscntóllive of a-hclic•l (SMAP-29. BMAP-27, 

BMAP-28 and N-terminal fragme ms of t11c laucr two), Trp-rieh (indolicid in), Cys­

rieh (Protegrin PG-1.) and PR-rich (N-terminal fragments of Bac7) structural 

classcs, has bccn tested against mullircsistant clinical isolates with the aim to 

selc:cl lhc most promising for further in vivo studics. Thc antimicrobial activity 

was evaluated by thc mierodilution susccptibility test, to determine tbc mínimum 

inhibitory concentration (MJC) valuc.<. Over sidy clinical isolatcs. frc.quently 

resinan! to severa) classes of antibioties have been uscd . Thc strains lested 

in el uded methicillin-resistant Scaplrylococcus auuus , v ancomlem - rc.sistaot 

Ent~rococcu.s fa~calis . zmd. among Gram-negativc species, severa( straios of 

!.clnt.tobacu.r baumannii, Pst. .udotrwnas <U ruginosa, Burklzoldtria ct.pacia and 

St.rratia marccsc~ns. 
The resuhs indicate that lhe peptides havc: diffcrent potencies againsl !he 

straios used. SMAP-29 and PG-1 are thc most potem and are active ~ogainst most of 

lhc straios tcstcd. with MTC values in lhc range 0 • .5 -2 j.I.M. SMAP-29 is the only onc 

active against thc cliniClll isolatcs uf S. maraset:tts tcstcd (MIC.s of 0 .5-8 11M) . 

BMAP-27 is more active against Gram nc¡;ative and BMAP-28 against Gr¡¡m positivc 

strains. A rcvc:rsed bchaviour i · shown hy thcir N-terminal 1-1!! fragmcnts that 

.: e a.lsp · display :. lower cytotoxic .activity a¡:ainst eul::ariotic cells with rcspect to thc 

par.cnt pcptidcs. The spcclrum o { activity of Bac7 fragmcnts is rcstricted lo Gram 

nq(ativc species, with Bac7(1 ·35) panicu(¡¡rJy active against A . baumannii 

strains. SMAP-29 is t.he most potcm among the peptidcs tcs ted and has becn 

·; .fur-thcr. ehauactcri>:ed for its tcndcncy tu sclcct n:sistant mutants . Thc rcsults 

indicate that MIC values of MAP-29 against the E. coli ML-35 strain are 

unchangcd aftcr 10 and 20 passagcs in thc prescncc o( sublcthal conccntrations 
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of the peptide. Whcn tcstcd undcr the samc conditions, thc E. coli &!rain shows " 
relevan! incrcasc of thc MIC valucs for nalidi~i c acid, uscd as a pos itivc cumrol. 

Thcsc rcsuh.s promptcd us lo test thc efficacy of somc of thcsc pcprides againsl 
systemic infcctions. Aftcr dctcm¡inatiou in mousc uf thc LD5o. the pcptides SMAP-
29. BMAP-28(1-1 8) and BMAP-27(1 -18) ha ve been tcstcd in a pcritoneal inf=tion 
model induced in m ice by i.p . injc:c:tion of r . aauginosu . Preliminary results 
indicate that SMAP-29 and BMAP-27(1 - IS), injc:cted i.p . rcspectively al 1 and 4 
mg/Kg . are cffcctive in protccting micc frum P . a~rugirw.w infcction causing a 
90% monality of conlrol micc in 24 h. 

REFERENCES 
l. Zanctli. M., Gcnnaru, R. and Romeo, D. (1995) FED S Lcu . 374. 1-5. 

· : 

_, 
l... ·· ' 

Instituto Juan March (Madrid)



35 

Insights into Mammalian Antimicrobial Peptide 
Structure-Ac:tivity Relationships 

Michael E. Selsted, Department of Pathology, College of Medicine, 
University ofCalifomia, lrvine, CA 92612 

Studies in this laboratory have focused on the antimicrobial mechanisms of 

a- and j3 defensins and ofindolicidin, a member ofthe cathelicidin peptide family . 

a and j3-defensins are tridisulfide peptides of29-42 anúno acids that are expressed 
in circulating granulÓCytes, granulated epithelial cells, and in other epithelial (1). 
Though encoded by distinct gene families, and despite their differing disulfide 

pattems, a and J3 defensins have nearly identical folded conformations (2). 

The a-defensins characterized in phagocytes and Paneth cells behave in 
solution as monomers. In vitro antimicrobial assays demonstrate a general 
correlation between microbicida! potency and peptide cationicity, though many 
exceptions to this relationship are known. Moreover, net charge alone is 
inadequate to explain the microbicida! effect, as preparations of Iinearized 
defensins possessing native charge are virtually inactive. Experiments employing 
model membranes demonstrate that monomeric defensins can permeabilize large 
unilamellar vesicles (LUVs) in a dose-dependent that is consistent with graded 
disruption ofthe bilayer (3). 

Studies on naturally-occuning defensin structural variants have provided 
insight into molecular features important for activity against various microbes. 
Notably, the mouse enteric defensin family includes at least 20 distinct isofonns as 
detennined by protein and/or cONA sequence analysis ( 4). Within this mouse 
peptide family, 17 defensin peptides differ from each other by 7 or fewer amino 
acid substitutions. However, the biological properties of variants differing even 
by one residue are remarkably different. In addition, the activities of mouse 
enteric defensins are modulated in vivo by proteolytic processing events in the 
bowellumen. 

Three human myeloid a-defensins (HNP 1-3) are the only defensins known 
to existas stable non-covalent dirners (5). Their dimeric conformations confer an 
amphiphilic topology that promotes further aggregation in solution. Studies of the 
interactions of defensins with anionic (POPG) LUVs dernonstJ:ated the formation 
of stable pares that accommodated the transit of macromolecular probes across the 
bilayer, and provides the basis for modeling a stable oligomeric pore (6). 
Additional structural elements involved in HNP 1-3 microbicida! function were 
revealed by comparing the antirrücrobial properties of natural variants differing by 
only a single amino acid.. 

In contrast to the disulfide rich defensins, indolicidin is a tridecapeptide 
amide that lacks cysteine, but it is unusually rich in tryptophan (five residues; 7). 
Indolicidin binds strongly to LUVs formed from neutral or anionic phospholipids, 
and permeabilizes the bilayer in a dose dependent manncr that differs from that 
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observed with the dimeric defensins (8) . While the atomic structure of indolicidin 
has not yet becn reported, the peptide chain length alone indicates that the peptide 
monomer cannot span a biological bilayer. However, recent studies indicate that 
indolicidin may assernble to form multimers. The concentrations at which this 
occurs approximate those required for microbicida! activity. 

l. Selsted M.E. and Ouellette A.J. ( 1 995) Trends in Cell Biology S, 114-1 19. 
2. Zimmermann, G.R., Legault, P., Selsted, M.E., and Pardi, A. (1995) 

Bioclzemistry 34, 13663-13671 
3. Hristova, K., Selsted, M.E., and White, S.H. (1996) BiochemisliJ' 35, 11888-

11894 
4. Ouellette A.J., Hsieh M.M., Nosek M.T., Cano-Gauci D.F., Huttner K.M., 

Buick R.N., and Selsted M .E. (1994) /nfect.Immun. 62, 5040-5047. 
5. Hill, C.P., Yee, J., Selsted, M .E., and Eisenberg, D. (1991) Science 251, 

1481-1485 
6. Wimley, W.C., Selsted, M.E., and White, S.H. (1994) Protein Science 3, 

1362-1373 
7. Selsted, M.E., Novotny, M.J., Morris, W.L., Tang, Y.-Q., Smith, W., and 

Cullor, J.S. (1992) J.Biol.Chem. 267, 4292-4295 
8. Ladokhin, A.S., Selsted, M.E., and Wbite, S.H. (1997) Bioplzys.J. 72, 794-

805 
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Biological Properties of Structurally Related a-Helical Cationic Antimicrobial 
Peptides 

Monisha G. Scott and R. E. W. Hancock 

One prominent class of cationic <mtinúcrobial peptides comprises the a-helical class, 
which is unstructured in free solution but folds into an amphipathic a-helix upon 
insertion into the membranes of bacteria In this study a series of a-helical cationic 
peptides, were created based on the antibacterial and anti-endotoxic peptides CEME, a 
cecropin-melittin hybrid and its derivative CEMA, as well as two novel variants CP26 
and CP29 which were designed t be more amphipathic. From these four peptides, a 
series of 20 variants with small arnino acid changes were designed. The antinúcrobial 
activity of the peptides against Gram-negative bacteria was studied by MIC 
determination. Alterations in the charge, hydrophobicity, or length of the variant 
peptides did not improve the antimicrobial activity, and there was no statistically 
significant correlation between :any of these factors and MIC for Pseudomonas 
aeruginosa or Escherichia coh. None of the peptides were effective against 
Burkholderia cepacia. Individual peptides demonstrated synergy with conventional 
antibiotics against antibiotic resistant strains of P. aeruginosa. The peptides were also 
tested for their anti-endotoxic potential by assessing their ability to bind LPS and 
block the production of the cytokines, IL-6 and TNF, by LPS-stimulated murine 
macrophages. The peptides varied considerably in their ability to bind E.coli smooth 
strain O 111 :B4 LPS and this condated significantly with their antimicrobial activity 
and ability to block LPS-stimulated TNF and IL-6 production. The effect of individual 
peptides on LPS stimulated IL-6 production was very similar to that seen with for 
TNF production. The effect of thé peptides on CpG DNA stimulation of the 
macrophages was also studied since bacteria not only release LPS during infection but 
also their DNA. Although the peptides blocked production of cytokines in response to 
CpG DNA stimulation of macrophages, the effect was not as significant as seen with 
LPS. In general, the peptides studied here demonstrated a broad range of activities 
including antimicrobial, anti-endotoxin and enhancer activities. 
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Regulatory Aspects Of Epithelial Antimicrobial Pcptide Express ion In Mammals 

Charles L. Bevins MD PhD 
Department of lmmunology 
The Cleveland Clinic Foundation 
Cleveland, OH 

In the animal kingdom, highly specialized epithelial surfaces of severa! organ 
systems are charged with vital physiologic functions including gas exchange, digestion. 
water conservation, and reproduction. Despite continua! encounters with a wide range 
of microbes, the low incidence of infectious and inflammatory complications at these 
epithelial mucosa( surfaces suggests that local host immunity includes highly effective, 
broad-spectrum, non-inflammatory antimicrobial defenses. 

Recen! studies by our group and others have focussed on one componen! of 
mammalian mucosa! defense, antimicrobial peptides. Antimicrobial peptides are 
di stributed in severa! organ systems and the predominan! class of molecules found at a 
single site appears to vary between mammalian species. Within a species, dramatic 
tissue specific expression is often observed. Sorne peptides are brought to mucosa! sites 
by circulating phagocytic white cells. while others are locally produced by residen! 
epithelial cells. Our curren! interest is on the regulation of the defensin peptides 
expressed by mucosa! epithelial cells. 

We are addressing aspects of tissue specific expression of defensins via the 
study of defensin peptides that are expressed in Paneth cells, epithelial cells that are 
located at the base of small intestinal crypts. Two human defensins, I-ID5 and I-ID6, 
appear to evolutionarily distantly related but are both coordinately expressed in Paneth 
cells at high levels. Despite sig nifican! variation through much of the gene sequence, 
these genes show remarkable sequence similarity in their 5' flanking regions. suggesting 
that importan! regulatory elements for gene expression are located in this area. To test 
this hypothesis, we generated transgenic mouse lines using 3 kb of human genomic 
DNA, which spans the HD5 ge e and includes 1.5 kb of 5' flanking sequence. Northern 
blot analysis of multiple tissues of the transgenic mice demonstrated I-ID5 mRNA 
expression limited to the small intestine, with greater expression noted distally. In si tu 
hybridization localized the HD5 mRNA to the transgenic mouse Paneth cell. 
lmmunohistochemistry, using polyclonal HD5 antiserum (provided by E.M. Porter and 
T. Ganz), detected HD5 protei in Paneth cells. No antibody staining was detected in 
the wild type mouse Paneth cells. The data support the hypothesis that cis-acting 
elements necessary for tissue specific expression of HD5 in the transgenic mouse are 
located in 3 kb ofDNA encompassing the HD5 gene. 

The first mammalian defensin gene to demonstrate significan! inducibility u pon 
infectious challenge is Tracheal Antimicrobial Peptide (TAP). TAP is a defensin 
peptide expressed in ciliated respiratory epithelial cells. T AP gene expression is 
dramatically upregulated in primary cultures of bovine tracheal epithelial cells by the 
addition ofbacteriallipopolysaccharide (LPS). The induction is via a CDI4-dependent 
pathway. Others ha ve shown t at this gene also is dramatically induced upon bacteria! 
infection in vivo. Examina! ion of the 5' flanking region of the T AP gene indicates 
severa! potential cis-acting regulatory sequences which may be key to this induction. 
including the consensus sequences for NF-KB and NF-IL6. Our in vitro studies indicate 
that induction of T AP gene expression by LPS occurs by increased transcriotion and is 
mediated by the binding of the activated p65/p50 heterodimeric form of NF-KB to the 
consensus sequence in the promoter region. Our results suggest a mechanism for 
regu lation ofinducible gene expression, which shares common elements with other host 
defense genes. 
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CYSTIC FIBROSlS LUNG DISEASE: A DEFECf IN MUCOSAL DEFENSE 

Jclfrcy J. Smith, Department ofPediatiÍcs, University oflowa College ofMedicine, 200 
Hawkins Orive, lowa City, lA 52242 (USA). Tel.: 1 319 356 7265. Fax: 1 39 356 7171. E-mail 

smithjj@blue.weeg.uiowa.edu 

The airway mucosa! surface is continuously exposed to bacteria in the air we breathe. T o 
preven! bacteria! infections, the airways use a variety of defense mechanisms. For example. 
peptides with broad-spectrum antibacterial activity are secreted into airway surface liquid (ASL) 
to preven! bacteria from proliferating on the airway surface. These peptides include: lysozyme, 
lactoferrin, secretory leukocyte protease inhibitor (SLPI), phospholipase A2, the 8-defensins hBD-
1 and hBD-2, the cathelicidin LL-37, the neutrophil-derived a.-defensins, and small. anionic 
antimicrobial peptides. Because oftechnical difficulties in obtaining undisturbed ASL, !he actual 
in 1•ivo concentrations of these antimicrobial peptides are unknown, bu! lysozyme, lactoferrin. and 
SLPI appear lo be the most abundan!(!). 

Severa! factors may influence the antibacterial activity of ASL besides the concentration of 
the individual peptides. First, these peptides have synergistic antibacterial activity (2). Thus. the 
concentrations that provide physiologic benefit in vivo may be considerably less than the 
coocentrations needed to function as asole antimicrobial peptide. Second, antibacterial activity 
may also be influenced by physiologic concentrations of salt in ASL. That is, the in vilru activity 
ofthese peptides decreases as the concentration ofNaCI increases (up to ISO mM NaCI) (1,3). In 
addition, úte synergy ofthese peptides also decreases as NaCI concentration increases. These 
observations suggest that the NaCI concentration of ASL may play a key role in airway mucosa! 
defense by influencing the antibacterial activity of ASL. 

Cystic fibrosis (CF) is a genetic disease characterized by chronic bacteria! lung infections, 
neutrophil infiltration, and recurren! obstruction of the airways which slowly progresses to 
respiratory failure in most persons with CF. Because CF is a disorder ofNaCI transport by 
epithelia, it has been hypothesized that CF lung disease may be dueto a defect in airway mucosa! 
defense that results from increased NaCI concentration in ASL (4). CF is caused by mutations in 
the gene that codes for a chloride channel called the cystic fibrosis transmembrane conductance 
regulator (CFfR). In the airways, a lack ofCFfR chloride channels reduces the ability of CF 
epithelia to absorb NaCI (5,6)_ Reduced NaCI absorption may lead to increased NaCI 
concentrations in CF ASL (6) andan inhibition ofthe ASL antibacterial activity (1,4.7). Perhaps 
to compensate for this reduced antibacterial activity, pulrnonary macrophages stimulate neutrophil 
infiltration into the airways (8,9) and enhanced mucus secretion (goblet cell metaplasia and 
submucosal gland hypertrophy). Persisten! inflammation in CF airways releases excessive DNA 
from senescent neutrophils into the airway mucus which alters its visco-elastic properties and 
impairs its clearance. This impaired mucociliary clearance leads to peripheral airway obstruction 
which further accentuates the infection and inflanunation. This scenario accounts for the clinical 
pattern that characterizes CF lung disease: recurren! exacerbations of airway infection, 
inflammation and obstruction that damage the airways (bronchiectasis) and cause a progressive 
decline in lung function. 

References: 
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ANTIFUNGAL AND ANTITUMORAL PROPERTIES OF SYNTHETIC 
CECROPIN-LIKE PEPTIDES 

D. Andreu 1
, L. Cavallarin2

, A. Morilla3
, S. Nos-Barbera? & B. San Segundo2 

1 Departrnent ofOrganic Chernistry, University ofBarcelona, Spain 
2 Center for Research and Developrnent, CSIC, Barcelona, Spain 
3 Institute of Applied Ophthalrnobiology, University ofValladolid, Spain 

The cecropins have generated more interest (rneasured in terrns of reported structure­
activity studies) arnong peptide chernists than any other farnily of antirnicrobial peptides 
Using chernical sense aided by conforrnational considerations, nurnerous analogs, 
enantiorners, topoisorners, as well as chirneric constructions with other active structures 
have been prepared and evaluated. The sequence hybridization concept, first tested on 
cecropin-rnelittin peptides, has preven particularly useful for developing prornising lead 
compounds. This presentation will recapitulate sorne earlier findings in this field and then 
focus on recent work concerning application of this class of peptides as antifungal and 
antitumoral agents. 
Potent inhibition of severa! fungal plant pathogens can be achieved by short ( 1 1- and 12-
residue) structures that reproduce the N-terminal part of cecropin A. Mínima! inhibitory 
concentrations in the 1 o-s M range ha ve been obtained against pathogens such as 
Phytophora, Fusarium or Trichoderma. Tandem repeat constructions based on the active 
sequences retain potency and provide guidelines for engineering fungal resistance in crop 
plants. 
Another group of synthetic peptides with sorne resemblance to cecropin A has been tested 
for antitumor activity against uveal melanoma, the most frequent malignant intraocular 
tumor and one of very few eye diseases with a high fatality rate. About ten peptides with 
adequate in vitro profiles (high cytolytic activity for tumoral cells, interrnediate activity for 
rnelanocytes, mínima! activity for cornea! epithelial cells) have been identified as potential 
candidates for preclinical studies. 
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Lcishmanicidal Activity Of Eukaryotic Antimicrobial Pcptidcs And Tiu:ir Analogucs 

Luis Rivas 
Centro de Investigaciones Biológicas (CSIC) Velázquez 144. 28006-Madrid (Spain). 

Leishmania is a human and animal parasitic Protozoa responsible for 
leishmaniasis, an infection prevalen! mainly in tropical and subtropical regions, with a 
broad range ofclinical manifestations .depending both on the Leishmania specie and 
on immunological status of the host. lnteraction between Leishmania and antibiotic 
peptides raises interest from a clinical perspective, as alternative drugs againts the 
grov.~ng cases of multirresistant strains , and from a biochemical point of view, due to 
the oddities ofthe plasma membrane ofthis parasite, such as abundan! GPI compounds, 
including a metalloproteinase and a highly anionic oligosaccharide, the 
lipophosphoglycan (LPG), and low rate of endocytosis. 

During the last years we have been studying severa! eukaryotic antibiotic 
peptides on this parasite; our work has been mainly focused on cecropin A-melittin 
hybrids; the leishmanicidal e ect of a selected set of these analogues did not show a 
direct correlation with their corresponding antibactericidal or fungicidal activities. 
CA(I-8)M(I-18) showed the highest leishmanicidal activity, with a MIC in the 
micromolar range. The mechanism ofaction ofCA(I-8)M(I-18) on the promastigote, 
the insect extracellular form of the parasite, was studied first; the main target was 
permeabilization of the plasma membrane, with a fast kinetics, dissipation of 
membrane potential and drop in intracellular levels of ATP; the first step is an 
electrostatic interaction beween the polycationic peptide with the anionic phospholipids 
ofthe membrane, as it is quenched by both foreign polyanions (heparin) and the own 
LPG present in the promastigote, representing a defense mechanism for the parasite. 

By contras(, purified amastigotes, the pathological form of this parasite for 
vertebrales, which dwells in the parasitophorus vacuole of the rnacrophage, were much 
more resistan! resistant than the promastigote in vitro against all these peptides, despite 
its lack of LPG and poor proteolytic activity associated with its plasma membrane, 
consequently, this resistance was possibly due to the phospholipid composition of its 
plasma membrane. Nevertheless, CA(I-8)M(J-18) was active ·on amastigotes, either 
when applied as ointment on Leishmania ulcers of infected núce, or in vilro on 
intracellular amastigotes inside infected rnacrophages, due to an indirect effect on the 
macrophage, by induction ofthe iNOS and production ofNO, which implied induction 
of NF-KB elements. NO production synergized ~th Th 1-cytokines, natural inducers of 
iNOS expression, but it did not overcome anergy induced by Th2 cytokines. 

New methods to assay leishrnanicidal activity of other antibiotic peptides, as well as 
comparison of cecropin A-melittin peptides with other antibiotic peptides active on 
Leishmania will be discussed. 

1.-Velasco, M., Díaz-Guerra, M.J.M., Díaz-Achirica, P., Andreu, D., Rivas, L. and 
Boscá, L. (1997) ~lnduction of nitric oxide synthase and apotosis in RA W cells by 
cecropinA-melittin hybrid peptide CA(l-8)M(l-18).J.Immunol. 258:4437-4443 

2.- Diaz-Achirica, P., Guinea, A., Ubach, J., Andreu, D. and Rivas, L. (1998) ~ The 
plasma membrane from Leishmania donovani promastigotes is the main target fror 
CA(I-8)M(I-18), a synthetic cecropin A-melittin hybrid . Biochem. 1.330,453-460. 

Instituto Juan March (Madrid)



46 

Expression Of Human Beta-Defensin 1 And 2 In Normal Human Skin 

Amy Falconer, Rozi na Ali, Anthony G Quinn 

Centre for Cutaneous Research, St Bartholomew's and the Royal London Hospital 
School ofMedicine & Dentistry, 2 Newark St. Whitechapel, London 

Skin infections make a substantial contribution to the total burden of infectious disease 

worldwide. In addition to their role as primary pathogens many organisms aggravate 

inflammatory skin conditions such as atopic eczema or contribute to the delayed healing 

of chronic ulcers and infected surgical wounds. Natural antibiotics are conserved 

peptides with broad antimicrobial activity which contribute to the innate resistance of 

insects, plants and mammals to invading pathogens. The identification of beta 

defensins and other antimicrobial peptides in epithelial tissues suggests that these 

peptides may play an importan! role in the innate resistance of the skin to infection 

Clinical studies suggest that there are marked differences bet\veen individuals in their 

susceptibility to skin infections. As part of our research investigating the role of 

antimicrobial peptide antibiotics in skin disease we have examined the expression of 

human beta defensin 1 and 2 (hBD-1 and hBD-2) in normal skin samples to look for 

evidence ofinter-individual and site specific differences in expression. 

Total RNA was isolated from normal skin samples from a variety of sites. For sorne 

samples, tissue was fixed in paraformaldehyde and processed for in situ hybridisation. 

hBD-1 and hBD-2 expression was examined using RT-PCR. For in situ hybridisation 

amplified product was directionally cloned into pBiuescript and/or pGEM and 

sequenced. 

hBD-1 was detected by RT-PCR in 21 of23 normal skin samples. hBD-2 was detected 

in 13 of 23 samples. In -situ hybridisation Iocalised hBD-1 and 2 transcripts to the 

suprabasal keratinocytes in the skin samples and there was a good correlation with the 

result from the in situ analysis. Site specific differences were seen for hBD-2 but not 

hBD-1 with strong hBD-2 expression in 7 of 7 foreskin samples but only 6 of 16 

samples from other sites. Cultured keratinocytes from foreskin and other skin sites 

expressed both hBD 1 and hBD-2. 

Instituto Juan March (Madrid)



47 

Our results suggest that both HBD-1 and HBD-2 are constitutively expressed in normal 

skin and that these genes may contribute to the innate resistance of skin to infections. 

The inter-individual and site specific differences in beta-defensin expression identified 

in this study will need to be taken into account when assessing the significance of 

alterations in defensin expressio· in intlainmatory skin conditions. Further studies are 

required to investigate the relationship between beta-defensin expression and 

susceptibility to skin infections. 
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MULTIPLE AND COMBINATORIAL PEPTIDE SYNTHESIS APPLIED TO 

THE DEVELOPMENT OF ANTIBACTERIAL PEPTIDES 

Sylvie Blondelle1
, Richard A. H ughten1

, Concepción Abad2 and Enrique Pérez Payá 1
.2 

1 Torrey Pines Institute for Molecular Studies, San Diego, CA 92121 USA 
2 Departament de Bioquímica i Biologia Molecular, Universitat de Valencia, E-46100 

Burjassot, Valencia, Spain 

The need to discover novel antibacterial compounds with new and improved activities 

provides interesting challenges for the design of synthetic pathways with a high chance 

of success, together with a good likelihood of discovering exciting new lead compounds 

that would allow the development of new antibacterial compounds of great scientific 

and commercial value. One of the most effective ways of fmding new and useful 

antibacterials is by screening of combinatoria! libraries. The chemical diversity 

generated by combinatoria! methods offers microbiologists a potential set of unseen 

leads. When a lead is obtained, strategies of peptide analoging can be developed to 

further understand the structure-activity relationship. Furtherrnore, the recent successes 

in generating peptidomimetic and organic compound libraries make the combinatoria! 

technology a valuable too! in the search for novel antimicrobial agents. These 

developments take on increased significance because of the alarrning emergence of 

strains resistant to existing therapeutic regimens. 

References: 
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HOW DO ANTIMICROBIAL PEPTIDES LYSE BACfERIAL MEMBRANE? 
FROM NA TIVE MOLECULES TO DE-NOVO DESIGNED 

Yechiel Shai. Departrnent ofBiological Chernistry, The Weizrnann Institute ofScience, 
Rehovot, 76100, Israel. 

The increasing resistance of bacteria to conventional antibiotics resulted in a 
strong effort to develop antirnicrobial cornpounds with new rnechanisrns of action. 
Antimicrobial peptides seern to be a prornising solution to this problern. The rnost 
studied group includes the linear, rnostly arnphipatic a- helical peptides. Although the 
exact rnechanisrn by which they kili bacteria is not clearly understood, it has been 
shown that peptide-lipid interaction leading to rnernbrane permeation plays a role in 
their activity. Mernbrane perrneation by arnphipatic a-helical peptides has been 
proposed to proceed via severa! rnechanisrns described by the following rnodels: (i) 
transrnernbrane pore formation vía a "barrel-stave" rnodel; (ii) the "self-prornoting 
uptake" process; (iii) rnernbrane destruction 1 solubilization via a "carpet-like" 
(detergent-like) rnodel; and (iv) the torodial rnodel. Studies on the antirnicrobial 
peptides cecropins, dermaseptins and derivatives of pardaxin using fluorescence, 
Attenuated Total Reflectance Fourier-Transform Infrared (ATR-FfiR), and CD 
spectroscopy revealed a non "barrel-stave", but rather a "carpet" rnechanisrn as their 
rnode of action. The la ter rnechanisrn agrees al so with the torodial rnodel and the "self­
prornoting uptake" process. In arder to confirm the carpet mechanism, D-arnino acids 
were incorporated into native and de-novo designed cytolytic amphipatic a-helical 
peptides, thus preventing the resulting diasteriorners to permeate the bacteria! wall by 
forrning transrnembrane pares but rather by a detergent like rnanner. These novel group 
of diasteriorners lost their cytotoxic effects on rnarnrnalian cells but retained a high 
antibacterial activity which was expressed in a complete lysis of the bacteria. These 
fmdings open the way for a new strategy in developing a class of highly potent 
antibacterial polypeptides for the treatrnent of infectious diseases. 
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lnteraction Of Wheat ex-Thionin With Large U nilamellar V esicles 
José M. Caaveiro1

, Antonio Molina2
, Pablo Rodríguez-Palenzuela2

, Félix M. Goñi 1 and 
Juan Manuel González-Mañas• 

1Grupo Biomembranas (Unidad asociada al CSIC), Departamento de Bioquímica y 
Biología Molecular, Universidad del país Vasco, Aptdo 644, 48080 Bilbao, Spain 

2Laboratorío de Bioquímica y Biología Molecular, Departamento de Biotecnología 
UPM, ETS Ingenieros Agrónomos, 28040 Madrid, Spain. 

The interaction of the wheat antibacterial peptide a.-thionin with large unilamellar 
vesicles has been investigated by means of fluorescence spectroscopy. Binding of 
the peptide to the vesicles is followed by the release of vesicle contents. vesicle 
aggregation. and lipid mixing. Vesicle fusion. i.e., mixing of aqueous contents, was 
not observed. Peptide binding is governed by electrostatic interaction and shows no 
cooperativity. The amphipatic nature ofwheat a.-thionin seems to desestabilize the 
membrane bilayer and trígger the aggregation of the vesicles and lipid mixing. The 
presence of distearoylphosphatidylethanolamine-poly( ethylene glycol 2000) (PEG­
PE) within the membrane provides a steric barrier that inhibits vesicle aggregation 
and lipid mixing but does not prevent leakage. Vesicle leakage through discrete 
membrane channels is unlikely, because the release of encapsulated large 
fluorescent dextrans is very imitar to that of 8-aminonaphthalene-1,3,6 trisulfonic 
acid (ANTS). A mínimum number of 700 peptide molecules must bind to each 
vesicle to produce leakage, which suggest a mechanism in which the overall 
destabilization of the membrane is due to the formation of transient pores rather 
than discrete channels 
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Supramolecular oomplex formation of antimicrobial peptides 
in lipid bilayers 

Katsumi MATSUZAKI 

Graduate School of Pharmaceutical Sciences, Kyoto Uniuersity 
Sakyo-ku, Kyoto 606-8501, Japan 

A class of antimicrobial peptides, such as magainin 2 and PGLa. is considered to kili 
bacteria by permeabilizing cell membranes [1, 2]. We have proposed that the peptides 
recognize acidic phospholipids to form dynamic, peptide-lipid supramolecular complex 
pores, which induce mutually coupled transbilayer transport ofions, lipids, and the peptides 
per se [3-8]. This physicochemical process should be regulated by the physicochemical 
properties of both peptides and lipids. Comparison of data obtained for various 
amphiphathic peptides concluded that 1) an increase in peptide positive charge decreased 
pore formation rate and pore stability because ofinterpeptide electrostatic repulsions and 2) 
an decrease in polar angle facil itated pore formation [9, 10]. The presence oflipids imposing 
negative curvature strain on the membrane, such as phosphatidylserine and phosphatidic 
acid, inhibits pore formation [11]. 

Magainin 2 and PGLa also form peptide-peptide supramolecular complexes [10]. 
Resonance energy transfer experiments elucidated that magainin 2 forms a dimer with an 
association free energy (LIG) of -9 kJ/mol. Magainin 2 and PGLa are complexed into a 1:1 
heterodimer ofhigh activity (LIG = -15 kJ/mol), which is responsible for synergism between 
these peptides. 
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l . Matsuzaki, K, Biochim. Biophys. Acta (Reuiews on Biomembrones), 1376, 391-400 (1998). 
2. Matsuzaki, K., in Biomembrane Structures (Haris, P. 1., Chapman, D., Eds.), pp205-227, 

lOS Press, Amsterdam (1998). 
3. Matsuzaki, K., Murase, 0 ., Tokuda, H., Funakoshi, S., Fujii, N., and Miyajima, K., 

Biochemistry 33, 3342-3349 (1994). 
4. Matsuzaki, K., Sugishita, K., Fujü, N., and Miyajima, K., Biochemistry 34, 3423-3429 

(1995). 
5. Matsuzaki, K, Murase, 0., Fujü, N., and Miyajima, K, Biochemistry 34, 6521-6526 (1995). 
6. Matsuzaki, K, Murase, 0 ., and Miyajima, K, Biochemistry 34, 12553-12559 (1995). 
7. Matsuzaki, K, Murase, 0., Fujü, N. and Miyajima, K, Biochemistry 35, 11361-11368 

(1996). 
8. Matsuzaki, K, Yoneyama, S., Murase, 0 ., and Miyajima, K, Biochemistry 35, 8450-8456 

(1996). 
9. Matsuzaki, K, Nakamura, A., Murase, 0., Sugishita, K., Fujii, N., and Miyajima, 

Biochemistry 36, 2104-2111 (1997). ·· 
10. Matsuzaki, K., Mitani, Y., Akada, K, Murase, 0., Yoneyama, S., Zasloff, M., and Miyajima, 

K., Biochemistry 37, 15144-15153 (1998). >J- I 
11. Matsuzaki, K., Sugishita, K, Ishibe, N., Ueha, M., Nakata, S., Miyajima, K , and Epand, R 

M., Biochemistry 37, 11856-11863 (1998). 

Instituto Juan March (Madrid)



55 

INTERFACIAL ACTIVITY AND ANTIPATHOGENIC PROPERTIES 

OF PULMONARY SURFACTANT PROTEINS. 
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10ept. Bioquímica, Fac. Biologfa. Universidad Complutense. 28040 Madrid (SPAIN) 
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SP-C is an hydrophobic polypeptide of 35 residues which is specifically expressed 

by type 11 pneumocytes as a component of the pulmonary surfactant lipoprotein 

complex. essential to stabilize the alveolar epithelium of lungs during the respiratory 

mechanics. Although the presence of SP-C has been reported as essential to ensure 

rapid formation of a surface active phospholipid monolayer at the air-liquid interface. 

its precise role on surfactant dynamics is still under discussion. Structure of SP-C 

comprises a hydrophobic transmembrane a.-helix and a 10-residue N-terminal tail . 

positively charged, which is dipalmitoylated through its two cysteine residues. 

To analyze if the SP-C N-terminal segment has intrinsic properties to interact with 

phospholipid bilayers. we have analyzed the interaction of a 13-residue synthetic 

peptide. designad from canine SP-C sequence, with vesicles of the main surfactant 

phospholipids. phosphatidylcholine (PC) and phosphatidylglycerol (PG) . Predictive 

studies and circular dichroism analysis of its secondary structure in organic solvents 

suggest that the conformation of this peptide could be dominated by a J3-turn motif. The 

peptide. which is soluble in aqueous buffers, interacted with PC and PG vesicles 

causing instantaneous vesicle aggregation. and showed higher affinity for anionic than 

for zwitterionic bilayers as demonstrated by fluorescence spectroscopy. Furthermore. 

interaction of the peptide with DPPC bilayers caused strong effects on their 

thermotropic gel-te-fluid phase transition, as studied by differential scannig calorimetry. 

On the other hand. addition of SP-C N-terminal peptide to cultures of the protozoal 

parasite Leishmania caused dramatic effects on cell viability. at peptide concentrations 

around 10 J.! M. Membrane and pathogenicidal activities ofthis peptide suggestthat S P­

e N-terminal segment could show more complex interaction with surfactant bilayers or 

monolayers than expected befare. The significance of the observed effects for the role 

of SP-C on surfactant biology at the alveolar spaces, needs still to be explored, which 

requires comparative study of this peptide with acylated versions and native sequen ces 

isolated from lung tissue. 

Fundad by CAM. (078/0016/1997). FISS (96/1290) and DGICYT (SAF95-0019) 
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Snakins, a new antimicrobial peptide family from plants 

Marta Berrocal Lobo, Francisco García Olmedo, and Antonio Molina 

Laboratorio de Bioquímica y Biología Molecular 

Departamento de Biotecnología- UPM, E.T.S.L Agrónomos 

E-28040 Madrid, Spain 

A new type of antimicrobial peptide, snakin-1 (SN1 ), was isolated from potato tubers and 

found to be active, at concentrations <1 O ¡.tM, against bacteria! and fungal pathogens from 

potato and other plant species (Segura et al. 1998). The peptide has 63 ami no acid residues 

(Mr 6,922), 12 ofwhich are cyste:ines, and has sorne motifs in common with hemotoxic, 

desintegrin-like snake venorns. he SN1 arnino acid sequence is not related to any 

previously purified plant protein, although it is homologous to sorne sequences deduced 

from cloned plant cDNAs of unknown function, including those of GASTI from tomato 

(Shi et al. 1992), and GASA1 to GASA6 fromArabidopsis thaliana (Herzog et al. 1995), 

sorne ofwhich are induced by gibherelic acid in mutants defficient in this hormone (Shi et 

al. 1992; Herzog et al. 1995; Ben-Nissan and Weiss 1996). Expression patterns of snakin 

genes from A. thaliana is quite diversified: sorne of them are seed-specific while others are 

more widely expressed in an overlapping fashion in different parts of the plant (Herzog et 

al. 1995; Aubert et al. 1998). Progress in the characterization ofthe expression patterns of 

Arabidopsis genes in response to pathogen infection, as well as the purification of snakin 

proteins, and isolation of T -DNA tagged mutants of snakin genes will be presented. 

Aubert, D~ Otevillard, M, Dome, A-M, Arlaud, G., andHenog, M 1998. PlantMoi.Biol. 36 : 871~3 . 

Ben-~J.SSall, G., and Weiss, D. (1996). Plant Mol. BioL 32:1067-1074. 

Herzog, M., Dome, A-M, and Grellet, F. 1995. Plant Mol. Biol. 27:743-752. 

Segura, A, Moreno, M , Madueño, F., Molina, A, and Garcia-Olrnedo, F. 1998. Moi.Piant. Microb. In t. 

(in press). 

Shi, L., Gasl, R. T., Gopalraj, M, and Olszewski, N.E. 1992. PlantJ. 2:153-159. 
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SEARCH OF NEW ANTIBAcrERIAL COMPOUNDS FROM A 
PSEUDOPEI'TJDE LIBRARY. 

Teresa Carbonen\ Emilia Caucoa1
, Amparo Paseo?, ~1 Gil~aado' and Enrique 

Pé.-á.-rayá•. 
1 Dept. Bioquímica i Blologia Moler:ular, Unive:rsitat de Va/en¡;:f4, E-46100 Bwjassot. 

Val~ncia. Spain. 
2 Unidad Bacteriológica ExperimentaL- Centro de lmestigaclón. Hospital Universitario. 

Avda. Campanar, 21- 46009 Valencia_ Spain. 
1 Jefe de Servicio de Microbiología. HosplJal UniversiJárú:J "La Fe"_ 

A.vda. Camp<maT, 21 - 46009 Valencia_ Spaln. 

Nowadays, antJ.biotic resistance is a mainful problan and it is widespreading from bospitals_ 

A numbe:r of bacteria! relata! di.sc:ases (tubaculosis, pneumonia. meningitis) th.at wa-e thought 

to be eradicated. are now showing up with special virulence; thus baé:teria that were suc.cessfully 

treated with wcll known antibiotics are now resistant to them (i.e.; Streptococcu.r pneumonia, 

Staphylococcus aureus. Hoemophilus irrfluerrzae aod othcr Grmn-neg)ilive bacteria). 

Unfarturuuely, the devclopment of new antibiotic compounds is being slower than th~ bactcria's 

a.cquisition of new resistance mc:chanisms. 

In this cammtm..icatian, progress on the seard:I of new lead compOtn\ds showing antibactc:rial 

activity will be prescnted. As a source to d.e-vl::lop suc:h lead compounds we propase a positional 

scanning pseudopeptide library based an an N-alkylglycino frame'Mllic., that would pr<Mde the 

chcmic:al diversity need.ed to ensure an assay-direc:ted synthetic cvuluticn of molecules bearing 

lhe desired properties. Tbe libr-ary has been synthesizcd on solid Support: USÍJ\g nev' chanical 

mdhodologíes to allow the incorporaticn of sclected ph.armarophoric priml!I)' amines as building •, 

blocks. 
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Human lactofenicin induce permeability changes in liposomes and Escherichia coli 

H. Ostolazaa. O. 1\guilerab·c. L.M. Quirósc and J.F. Fierrob.c.d 

aoepartment of Biochemistry. University of the Basque Country. Bilbao. bl..aboratory of Oral 
Microbiology. School of Stomatology. <oepartment of Functional Biology (Microbiology). 
Faculty of Medicine. University of Oviedo: Oviedo. dService of Microbiology. Central Hospital of 
Asturias. Spain. 

The antimicrobial active N-terminal peptides derived from acid-pepsin hydrolysis of 
human lactoferrin (lactoferricin H) and bovine lactoferrin (lactoferricin 8) have an enhanced 
activity that the native protein against a more wide range of microorganisms. Lactoferricin H 
corresponds to amino acid residues 1-47 at the N-terminus of human lactoferrin, and indudes 
the antimicrobial sequence (residues 20-37) and the amino acids (residues 28-34) involved in 
the high-affinitity binding of the whole protein to LPS of Escherichia co/i. The complete 
mechanism of antimicrobial action of the lactoferricin is unknown and has been suggested that 
the mode of action of this cationic p l ~ptide includes the disruption of the normal permeability 
functions of the cytoplasmic membr<3ne. 

We investigated the ability ol a peptide (Lfpep) of lactoferricin H to interact with 
phospholipid vesides and the bacteria! cytoplasmic membrane of Escherichia coli. 

Oetermination of L'.'f' and L'.pH in lipo:;omes was performed by generation of a transmembrane 
1\ -diffusion potential (negative inside) in the phospholipid vesides that had been pretreated with 
the dye 3,3 · -dipropylthiacarbocyanine [diS-C3-(5)] and valinomycin. The peptide induced 
depolarization of transmembrane potential of vesides and a dissipation of the Ll.pH in pyranine­
containing liposomes. lnteraction with the surface veside was assayed through the quenching 
of intrinsic tryptophan fluorescence, and the induction of dye (ANTS/DPX) relea se from 
phospholipid vesides of different surface charge was determined, showing changes in the Try­
fluorescence but the binding did not cause membrane leakage, suggesting that the peptide 
permeated phospholipid vesides via pore formation rather that via membrane desintegration. 

In order to define the antimicrobial mechanism of action of this peptide of lactoferricin 
H. the strain of E. cofi 0111 was u sed as a bacteria! model to rompare the findings in 
liposomes with the activity of the peptide on the bacteria! cytoplasmic membrane. In 
correlation with the observed results for collapse of the potential membrane in E. cofi 

phospholipid vesides, the peptide was able to induce a quick loss of the potential membrane 
in E. cofi ce lis as measured by the isotope [3HJTPP• distribution method. The L'.pH across the 
cytoplasmic membrane was determi ed with [ ~C] acetic add showing that the Upep-treated 
cells were unable to mantain the pH nradient, an energy-dependent process. 

These results suggest that the main target of lactoferricin is the cytoplasmic membrane 
of E. coli, and that the subsequent induced rollapse of the potential membrane is the cause of 
its· lethal effect. 
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INTERACTION OF a-THIONIN WITH LIPIDIC VESICLES 
J.M.M. Caaveiro, I.G. Aguirre, 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. They were the first 
plant peptides for which an antimicrobial activity had been reported [ 1 ], and ha ve been 
shown to alter model and cell membrane permeability [2,3] . 

In our work., we have used large unilamellar vesicles with different lipid compositions 
and a set of fluorescent probes to study in detail diverse aspects of the interaction of 
wheat a-thionin with model membranes 

Our results indicate that a-thionin interacts preferently with negatively charged 
liposomes producing severa! effects (i .e. leakage, lipid mixing and aggregation of 
vesicles). We failed to observe vesicle fusion. The binding ofthe protein is govemed by 
the net charge of the membrane and the ionic strength, showing that the interaction is 
mainly electrostatic. A mínimum number of 700 molecules of peptide per vesicle are 
necessary to obtain complete release of the contents. The small size of a-thionin and 
the fact that high molecular weight dextrans are released from the vesicles argues 
against the formation of discrete channels. 

In the presence of calcium ions, the vesicles aggregate without loosing their contents, 
indicating that leakage and aggregation are independent phenomena. The presence 
within the membrane of lipids with a bulky polar head group which impose a steric 
hindrance (PEG-PE or DGDG) affect the interacion in a different way. Whereas PEG­
PE inhibits aggregation without affecting the release ofthe contents, DGDG inhibits the 
release without affecting the aggregation ofthe vesicles. 

We propose a "carpet-like" model to explain these results: (1) the a-thionin molecu1es 
bind to the outer surface of the membrane vía electrostatic interactions, (2) protein­
protein and 1ipid-protein interactions might resu1t in the disorganization of the bilayer 
architecture, and (3) the membrane can no longer function as a permeability barrier and 
the vesicles aggregate. The 1eakage of entrapped solutes and the aggregation of the 
vesicles are two processes which take place simoultaneously. However, by choosing the 
adequate experimental conditions, they can be separated. 

References 
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CA TIONIC ANTIMICROBIAL PEPTIDES: ACI1VITY IN FOOD MATRICES 

Ellen van Kan u, Arie van der Bent1
, Aaxt van Amerongen1

, Ben de Kruijff2• 

1) Depl. Industrial ProteillS, ATO-Dl..O, PO Box 17,6700 AA Wageningen, The Netheclands. 
2) Dept. Biocbemislr)' of Membranes, UniV(:fSity of Utcecht, Pad!Waan 8, 3584 CH Utrecbt, The 
Netbeclands. 

Cationic peptides are important components of the natural defcnce against microbial 
infcction of most living organ isms. After infcction these antimicrobial peptides can be 
rapidly induced in cells that are involved in inunediate defence against núcrobes. 
High concentrations of the peptides are found on damaged mucosal surfaces or in 
specialized cells of which neutrophils are the most importanl 

Due to their potency and broad activity spectra, these peptides represent a class of 
antimicrobial agents having interesting characteristics for use in various applicati.ons. 
Within FAIR-project Cf97-3135, the application of these antimicrobial components 
as food preservatives is studied. 

Por the preservation of food products, it is irnportant that lhese antimicrobial peptides 
can act in complex food matrices. In addition to the pH and processing factors, food 
cornponents like salts, proteolytic enzymes, proteins and many others may interfere 
with antimicrobial action. As many anúmicrobial peptides lose their inhibiting action 
at high salt concentrations, salt tolerant peptides (showing activity at lOOmM NaCI) 
were ¡¡e)ected for structure-ac 'vity srudies. Clavanins, protegrins and various PR-rich 
peptides are being invesügated for these studies. 

These antimicrobial peptides are studied in arder to obtain good knowledge of the 
inhibition potency, mechanisms of action, the selectivity for prokaryotic organisms, as 
well as the behaviour in more complel\ media. Food-like conditions are simulated to 
study thc effec:t of individual food components on the peptides' action. 

The influence of mono- and divalent cations on che interaction of the positively 
charged peptides with bacteria is very diverse. Salt cations and peptides compete for 
the same binding positions on the membrane. Both the mono- and divalent cations 
influence thc "long-rangc" clectrostatic interactions between the peptide and 
negativcly charged membrane. Compared to monovalent cations, the divalent 
counterpaxts increase the stabi lity of the membrane upon binding to the membrane 
surface. By the addition of salts to the system an osmotic effect will be induced, 
which inhibits the bacteria! gro'o"th. Furthermore, the peptide structure itsclf can be 
affected according to thc theorics for protein (de)stabilization (Hofmeister ions). 
In general, the overall effect is a combination of severa! phenomena and it is often 
difticult to assess which phenomena play a role in a particular peptide-membrane 
interaction. 
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Optimisation of a P-sheet peptide with Perfa, 

a software that engineers and designs peptides and proteins 

Emmanuel Lacroix, Marina Ramírez-Alvarado, Michael Petukhov & Luis Serrano 

Structural & Computational Biology Department, EMBL, 

Meyerhofstrasse 1, 69117 Heidelberg, Germany 

We developed Per(a, a software that manipulates peptides and proteins, enabling the identification 

and sorting of ami no acid sequen ces capable of folding into desired three-dimensional structures, and 

the engineering of sequences at the interfaces of protein multimers. Pertá reconstructs arnino acid 

sidechains onto the main chain of the molecules, with an accurate atomic description, and samples 

sequences with efficient optimisation routines for combinatoria! problems. A sophisticated energy 

function scores the sequences, roughly evaluating the energy difference between the molecule folded 

conformation and a reference state. 

Pertá has been used to predict mutations to stabilise and destabilise Betanova, a peptide de novo 

designed in our group (Kortemme et al., 1998). Chemical denaturation experiments monitored by 

fluorescence and NMR measurement of conformational shifts agree with the predicted ranking of the 

peptides stabilities. Most importantly, a favorable mutation confers to the three-stranded P-sheet a 

significan ti y higher stability than the initial design. 

Reference: 

Tanja Kortemme, Marina Rarnírez-Alvarado & Luis Serrano ( 1998). Design of a 20-amino acid, 

three-stranded P-sheet protein. Science 281: 253-256 
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Gloverin, an antibacterial Trichoplusia ni protein 

Gang Liu, Annika Lundstrom, Daiwu Kang, and Hakan Steiner 
, 

Department of Microbiology, Stockl1olm University, 10609 Stockholm, Sweden 

Antibacterial peptides and proteins are important in combating pathogens in 

invertebrates. A gloverin cONA was cloned from last instar larvae of cabbage 

looper, Trichoplusia ni by differential display PCR (DD-PCR). It codes for a 

174 amino acid residue protein including a 19 residue signal sequence and a 24 

residue prosegment. The expression of the gene was inducible and reached the 

highest level after 20 hr upon bacteria! challenge. The mature protein showed 

49% identity to H. gloveri gloverin. 

T.ni gloverin cONA with a six amino acid residue histag at the C-terminus was 

expressed in the baculovirus system. After affmity purification on a Ni-column, 

a 18 leDa protein was isolated. It was shown to contain the propart. This 

progloverin inhibits the growth of E coli. The minimal concentration for growth 

inhibition was 0.3 uM. A 14 leDa protein in immune larval hemolymph was 

detected by Westem blot with an anti-gloverin antibody. The antibacterial activity 

of histagged proprotein and mature protein will be compared. 
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STUDY OF THE MEMBRANE PERTURBATION INDUCED BYTHE HEMOL YTIC PROTEIN 
STICHOLYSIN 11: POTENTIAL INVOLVEMENT OF TETRAMERIC PORE. 

De los Ríos,V.(1 ): Mancheño. J.M.(1 ); Martín-Benito, J . (2); Oñaderra. M.(1) and Gavilanes, 
J.G(1) 

(1) Opto. Bioquímica y Biología Molecular 1, Facultad de Ciendas químicas, UCM 28040. 
Madrid 
(2) Centro Nacional de Biotecnología, CSIC, UAM 28049. Madrid 

Sticholysin 11 ( Stn 11) is a hemolytic protein isolated from the sea anemone Stichodactyla 
helianthus. To analyze the mechanism of Stn 11 bilayer interactíon we have studied the 
interaction of Stn 11 with model membranes. Stn 11 induces leakage of aqueous contents of 
vesides composed of phosphatidylcholine (PC) or sphlngomyelin (SM) only when cholesterol 

. (Cho) is included in the bilayers, although cholesterol itself is not essential for membrane 
damage as binary systems (PC:SM) are elso susceptible to the toxin action. Kinetic analysis 
of the leakage process suggsts the existence of the protein -protein interections es a 
requirement for membrane perturbation what can be interpreted in tenns of proteín 
oligomerization. Moreover, the study of the dependen ce of the Stn 11 induced leakage on the 
molecular size of the encapsulated salutes pennits to conclude the existence of membrane 
damage with a meximum overell diameter about 1 nm. Electron microscopy studies of two 
dimensional crystals of Stn 11 on lipid monolayers show the existence of a structure that 
dearly resembles a tetrameric pare. Finally, the existance of conformational states with 
·properties typical from partly folded polypeptides has been deduced from the spectroscopic 
properties of Stn 11 at acid pH values 
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TRANSCRIPTIONAL REGULA TION OF THE BOMBININ GENE EXPRESSION 

Rossella Miele1, Gunnel Bjorklund2, Donatella Barra1, Maurizio Simrnaco3 
and Y! va Engstrom2 
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Sciences, University G. D'Annunzio, 66100 Chieti, Ita! y. 

Many imrnunity relatecl genes are under the dual control of the Rel-containing 

transcription factor NF-KB and different inhibitors called IKBs. In mammalian cell 

cultures, it has been demonst rated that glucocorticoids induce a drama tic synthesis 

of IKBo:, thus blocking the transcription of genes with promoter sites for NF-KB 

binding. We ha ve demonstrated that the de novo synthesis of antibacterial peptides 

present in the skin secretion of two different amplúbian speáes (Rana esculenta and 

Bombina orientalis) is inlúbited by treatrnent of the frog with glucocorticoids [l-3]. A 

concomitant increase of IKB<X levels was also observed. So far, all mammalian genes 

encoding antibacterial pepti es have been found to contain promoter motifs that 

potentially bind NF-lC!Hike factors. 

We have determined the structure of two genes encoding bombinins from B. 

orientalis [3]. Upstream sequences of these genes were found to contain motifs related 

to NF-KB and NF-IL6 binding sites. We have also demonstrated that the expression 

of genes coding for antimicrobial peptides in B. orientalis is induced after contact 

with bacteria [3]. 

In arder to study the regulation of the synthesis of antimicrobial peptides 

upon bacteria! infection, we used an insect cell line as a model system. The 

Drosophila hemocyte cell line mbn-2 was transfected with the promoter of a 

bombinin gene fused to a bacteria! gene for 13-galactosidase. LPS was used to induce 

an immune response in these cells. We could demonstrate that LPS induces the 

expression of the reporter gene. The leve! of expression was proportional to the 

amount of construct added, until a saturation leve! was reached. Expression could be 

increased further by co-transfection with the Dif gene, the Drosophila Re! factor. 

These results indica te that the KB si tes in the bombinin promoter are functional and 

that Dif has a strong transactivation capaáty even on a heterologous promoter. 

1. Sinunaco, M., Boman, A., Mangoni, M.L., Mignogna.G., Miele, R., Barra, D., Boman. H.G. (1997) 
FEBS Ldt. 416,273-275. 

2. Barra, D., Sirnmaco, M., Boman, H.G. (1998) FEBS l.dt. 430, 130-134. 
3. Miele, R., Ponti, D., Boman, H.G., Barra D., Simmaco, M. (1998) FEBS l.dt. 431,23-28. 
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Prclirninary e,·aluation of the ophthalmic application of ccc:ropin A - t¡telittin hybrid 
peptides as antimicrobial agents. 

Authors: A. Morilla-Grasa, PhD (1); J .L. Ordóñez, DSc (!);M. Porto!és, PhD.{2); D. Andn:u, 
PhD (3) & S. Nos-Barberá, PhD (1,4). 
(1) Universidad de Valladolid, VaUadolid, Spaiu. 
(2} prescnt address Channing Laboratory, Brigham & Women's Hospital, Hasvard Medica! 
School, Boston, MA, USA. 
(3) Universitat de Darcelona, Barcelona, Spain. 
(4) UnivcrsÍly ofLouisville, KY, USA. 

lnh·oductioo.. 
The ophthalmic application of cecropins and related pcptides has been claimed based on: in 
vitro activity studi~s against cornea! ulcer pathogenic isolates, growth factor ac(ivity s!lldies in 
rabbit comeal epithelium cells and comeal preservation studies during ~torage before 
lransplantation. 
We used "hybrid pcptides" from cecropin A and melittin in order to obtain shortened si<::e 
peptides maintaining the high activity of natural cccropin A but !ower tox.icity !evels. A 
preliminary . evaluation of their efficacy and safety for a potential ophtQalmic use as 
antimicrobi:~_lagents was carried out bascd on the following pattcrn. 

Mtthodology. 
A group of cecropin A-melittin hybrid peptides was testcd for In vitro a4ivity, using a 
microdilutioi1 test; Mínima! Inhibitory Concentcation (MIC) values were obt~ined against a 
broad tax.onomical spcctrum of collection and clinical strains (S. aureus, B. subt~lis, E. coli and 
P. aeruginosa). 

Selccted peptides wcrc thcn studied for in vivo activity, in an experime(ltal model of 
pseudomonal keratitis in albino cabbits under diiierent experimental conditions. Váriables werc 
rclated to: pcptide, source of bacteria! strain, inoculum size and trc:atment (<ipplication and 
rcgimen). Cl.inical evaluation of the anterior segment inflammatory response ~ recorded at 
diffcrent times. 

[n parallel .studies in vitro tox¡c¡ty of thesc peptides was determined py measuring 
mitochondri!il succinatc dehydrogenase activity (MIT test) of SIRC cells (rabbit cornea! 
epithelium cclls}. 

Results. 
Two cecropin A-melittin hybrid peplides of 18 (cecropin 1-8 and melittin 1-10) and 15 
(cecropin 1-7 and melittin 5-12) residues were ideutified as "promising ageots'' based on: a) 
MlC valucs $ 8 Jig/ml, b) No statistical differences bctween peptide, g~ntamicin and 
ciprofloxacÜ1 treatments but diffcrences from control group {p.S: O. OS) in a keratiti~ tnodel ande) 
Conccntrat ions about those ofMIC values showed no toxicity against SlRC cells ~ 

Conclusion. 
As a prcliminary cvaluation of efficacy and safcty at least two peptidcs showe(! a promising 
prolile to be considered potcntial candidates for a ñew topical antimicrobial treaiJ1Ient in certain 
types of cornea! infection. 
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Effect of a fragment of HNP (human neutrophil peptide) on bacteria! attachment to 
cornea! epithelium: Is it a "pr·eliminary step" for a new therapeutical hipothesis 
alternative to the use of conventional antimicrobials? 

Authors: S. Nos Barberá, PhD; A. Morilla, PhD, J.L. Ordóñez, B.Sc. & M.Portolés, PhD. 
University ofValladolid, Valladolid, Spain. 

Introduction. 
Adherence is considered an initial step during the instauration of the infection process. 
Pseudomonas aeruginosa is a common causal agent of keratitis and keratoconjunctivitis 
with devasting consequences in vision if the treatment is not applied quickly enough and 
effecti vel y. 
The inhibitory effect of two synthetic peptide, not related to bacteria! adhesins, is now 
described on the adherence of Pseudomonas aeruginosa to the cornea! epithelium. 
These two peptides have 16 and 21 residues with a common sequence of 9 residues 
(IAGERRYGT), three R residues and one disulphonide bond between the two C terminal 
residues. These sequences are part of certain HNP sequences (Human Neutrophil Peptides). 

Methodology. 
The inhibitory effect of these peptides was tested, at different concentrations and time of 
contact, in three different experimental systerns: a) In vitro in primary cell cultures of NZ 
rabbit cornea! epithelium, b) Ex vivo in an organ culture ofNZ rabbit cornea ande) In vivo 
in an experimental model in pigmented rabbits. 
Estimation of adhered bacteria and calculation of the adherence inhibition was obtained by 
three different methods: a) agar plate counting, scanning electron microscopy and 
radiolabelled counts. 

Results. 
The effect on adherence is peptide concentration dependent and not inoculum size 
dependent (under certain lirnits). Concentration of IOmcg/ml inhibit around 90% of 
bacteria! attaclunent in the three experimental conditions. 
This effect has no relation with real antirnicrobial activity or citotoxicity as both peptides 
show no antimicrobial or citolitic activity. 

Condusion. 
These preliminary results show a first approach for a potential application of certain 
peptides as novel "antibacterial att.achment agents". This new therapeutical hypothesis 
alternative to the use of conventio al antimicrobials might be useful in practice for sorne 
specific procedures (surgery) and high risk patients. 
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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. Nornbela. 

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 Selectiva 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 
Recogn ition of the Major H isto­
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. 

Out of Stock. 

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. Comella. 

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
Barneo. 
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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 lnternational 
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. 
Mico l. 

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

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

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 andA. M. Sillita. 

78 Workshop on Notch/Lin-12 Signalling. 
Organizers: A. Martínez Arias, J. Modolell 
and S. Campuzano. 

79 Workshop on Membrane Protein 
lnsertion, Folding and Dynamics. 
Organizers: J . L. R. Arrondo, F. M. Goñi, 
B. De Kruijff and B. A. Wallace. 

80 Workshop on Plasmodesmata and 
Transport of Plant Viruses and Plant 
Macromolecu les. 
Organizers: F. García-Arenal , K. J . 
Oparka and P.Palukaitis. 

81 Workshop on Cellular Regulatory 
Mechanisms: Choices, Time and Space. 
Organizers: P. Nurse and S. Moreno. 

82 Workshop on Wiring the Brain: Mecha­
nisms that Control the Generation of 
Neural Specificity. 
Organizers: C. S. Goodman and R. 
Gallego. 

83 Workshop on Bacteria! Transcription 
Factors lnvolved in Global Regulation. 
Organizers: A. lshihama, R. Kolter and M. 
Vicente. 

84 Workshop on Nitric Oxide: From Disco­
very to the Clinic. 
Organizers: S. Moneada and S. Lamas. 

85 Workshop on Chromatin and DNA 
Modification : Plant Gene Expression 
and Silencing. 
Organizers: T. C. Hall, A. P. Wolffe, R. J. 
Ferl and M. A. Vega-Palas. 

86 Workshop on Transcription Factors in 
Lymphocyte Development and Function. 
Organizers: J. M. Redondo, P. Matthias 
and S. Pettersson. 
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87 Workshop on Novel Approaches to 
Study Plant Growth Factors. 
Organizers: J . Schell and A. F. Tiburcio. 

88 Workshop on Structure and Mecha­
nisms of Ion Channels. 
Organizers: J . Lerma, N. Unwin and R. 
MacKinnon. 

89 Workshop on Protein Folding. 
Organizers: A. R. Fersht, M. Rico and L. 
Serrano. 

90 1998 Annual Report. 
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The Centre for International 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 
sistematically pr mote cooperation among Spanish 

and foreign scientists working in the field of Biology, 
through the organization of Workshops, Lecture 

and Experimental Courses, Seminars, 
Symposia and the Juan March Lectures on Biology. 

Fro 1989 through 1998, a 
total of 123 meetings and 1 O 

Juan March Lecture Cycles, all 
dealing with a wide range of 
subjects of biological interest, 

were organized within the 
scope of the Centre. 
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The lectures summarized in this publication 
were presented by their authors at a workshop 
held on the 8 111 through the /0111 of February, 1999, 
at the Instituto Juan March. 

All published Q/·ticles are exact 
reproduction of author's text. 

There is a limited edition of 450 copies 
of this volume, avai/able free of charge. 


