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P R O G R A M M E 

SALT TOLERANCE IN MICROORGANISMS AND PLANTS: 
PHYSIOLOGICAL AND MOLECULAR ASPECTS 

Monday, November llth 

André Liuchli 

R.Gareth 
Wyn Jones 

Ulrich Lüttge 

Christopher 
J. Lamh 

L. Reinhold 

Eduardo Blumwald 

Welcome: R. Serrano & J.A.Pintor-Toro 

Introduction: A. Liuchli 
The social and scientific relevance of salt 
tolerance studies. 

lst Session - Chairman: A. Liuchli 
Physiology of salt tolerance in plants. 

- Ion transport in higher plants under 
salt stress. 

- Physiology and genetics of salt tolerance 
in wheat. 

- Ecological adaptation of CAM plants to 
salinity. A view on different levels of 
scaling from the biogeographical leve! to 
levels of whole plants, cells, membranes 
and molecules. 

- Integration of plant stress responses 
into developmental programs. 

- Comparative studies of the functioning of 
various cellular membranes in halophytic 
and glycophytic plants and cell lines. 

- Sodium transport in higher plant vacuoles: 
Riochemjcal and physiological 
characterization of the Nat/Ht antiport and 
the cation channel. 

Tuesday, Novemher 12th 

P.M. Hasegawa 

José A. Pintor
Toro 

2nd Session - Chairman: P.M. Hasegawa 
Genes regulated by salt stress in plants. 

- Developmental, hormonal and environmental 
regulation of the osmotin gene. 

- Salt stress induces genes in tomato. 
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- Evidence that plants are endowed with 
systems for coordinated responses elicited 
by agents ranging from viroids to salt. 

Ralph s. Quatrano - The interaction between salt and abscisic 
acid in the control of gene expression. 

Montserrat Pag~s 

E. Padan 

W. Epstein 

Chrjstopher 
F. Higgins 

- Ahscisic acid and water stress responsive 
genes in maize. 

3rd Session - Chairman: W. Epstein 
Bacterlal models of salt tolerance. 

- Molecular physiology of Na 1 /H1 antiporters, 
key enzymes in adaptat.ion of hacteria t.o high 
saJjnity and alkaline pH. 

Accumulation of ionlc osmolytes in 
adapt.ation of Escherichia coli to elevated 
osmol;uj t.y. 

- Osmotic regulation of gene expression: 
a role for DNA supercoiling and chromatin 
st.ructure. 

Wednesday, November 13th 

Uri Pick 

Lennart Adlf!r 

Ramón Serrano 

A. Rodríguez
Navarro 

R.F. Gaber 

4th Session - Chairman: A. Rodríguez-Navarro 
Eukaryotic mi croorganisms models of salt 
t.olerance. 

- Regulation of glycerol synthesis and of Na 1 

in the halotolerant. alga Dunaliella. 

- Salt tolerance in yeasts: Role of glycerol. 

- Isolation and characterization of genes of 
the yeast Saccharomyces cerevisiae invoJved 
in salt tolerance mechanisms . · 

The sodium efflux system of Saccharomyces 
cerevisiae. 

- Ion transporter genes in yeast. 
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THE SOCIAL AND SCIENTifIC RELEVANCE 

OF SALT TOLERANCE STUDIES 

André LAuchli 

Department of Land, Air and Water Resourees 

Un1versity of California 

Dav1s CA 59616, U.S.A. 

Salting our. agricultural landa is a 6000 year old problem! History 

teaches us that between 4000 and 2000 B.C . the SUllerians ruined their land 

and culture in the .valleys of the Euphrates and Tigris in Mesopotamia by 

their irrigation practices . In this century history h,&Jla repeatcd itself 

in many parts of the world . The vast ri~r systems in semi·arid regions 

with extensive irrigated sgriculture not only supply the water bue also 

the salts dissolved in it, and thus are major contributors to the salinity 

problems in these regions. lt is estimaeed that 30 to 50% of ehe 230 

million ha land under irrigation is presently affected by salinity . 

Salinity is a worldwide ehreat to agrioulture. The economic coses of 

salinity damage to agriculture are · r1s1ng. For example, the Colorado 

River in the southwestern United States transports annually about 10 

mtllion tons of salt to the main agrtculcural a.reas in the southwest of 

the U.S . and northwestern Mexico causing considerable declines in crop 

productivity. Economic losses in the fertile Central Valley of California 

are expeeted to inerease possibly tenfold between 1980 and the turn of the 

century. In addition, there is the acute dsnger of a rise in toxie trace 

elements such as seleniwn in waters and soils, threatening wildlife 

habitats, and animal and hwnan food crops in some areas. Examples are 

China and the western United States. 

What are the salinity management options? Irrigated lands must have 

adequate drainage to avoid rising saline water tables and crop damage. 

However, installation of drainage systems is very costly. Improved 

irrigation efficiency' will assist in decreasing the need for artificial 

drainage. Genetic approaehes for developing eeonomic salt·tolerant crops 

has considerable potential of msking important eontribut:ions to food 

production in many eountries, partieularly where lands and waters eontain 
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naturally occurring salinity . and in coastnl regionG where seawater 

intrusion can create : severe salinity problems. 

In screening genetic linos for salt tolorance, a useful approach is to 

identify physiological markers for tolerance. A recent example from the 

research by Professors r>vorak and Epstein at the Univcrsity of California 

at Davis will be given: the ratio potassium to sodium in che flag leaf 

was found to correlate well with plant performance of crosses between 

bread wheat and one of its salt-tolerant relatives under saline 

conditions. 
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ION TRANSPORT IN HIGHER PLANTS 
UNDER SALT STRESS 

André Lltuchli 
Department of Land, Air and Water Resouroe$ 

University of California 
Davis, CA 95616, U.S.A. 

The processes and character1st1cs of ion transport in hi9her plants have 
been investi9ated traditionally llt the macroscopic scale of whole 
or9ans. More recently, higher resolution approaches at the subcellular 
level have been used .increasingly, either with isolated cell organelles 
or membrane vesicles.. In my laboratory, quantitative approaches with 
spatial resolution at the cell or tissue soale are . emphasized. The 

primary focus is to use •lectron probe X-ray 11\ioroanalysis, as well as 
determine the spatial distribution of ion contenta and ion deposition 
ratas at approximately the millimeter scale. An additional method in 
use is NMR-spectroscopy for determining compartmentation of phosphate 
a.-.::J pli dis;;db\ltion betwee1\ cytoplasm and vacuole. Th~se methocls are 
applied to how salt stress affects ion transport in the intact plant and 
how these effects are relatad to inhibition of growth. 

By means of electron probe x-ray microanalysis the role Of the shoot 
apical meristem of lettuce in controlling ion transport to the 
developing leaves and regulating their growth t1as investigated under 
salt stress. Ion concentrations in tissues basal to the meristem were 

inf1uenced considerably under stress. In particular, total calcium was 
reduced in basal regions below the meristem and also in very young 
leaves. Salinization disturbs the nutr1tion of the shoot apical 
meristem which is involved in re9ulation of emergence and growth of 
leaves. 

In collaboration with Professor Silk the spatial distribution of growth, 
ion contenta and ion deposition ratea are investigated in roots and 
leaves of plants under salt stress. Ion deposition rate~ are derived 
from the combination of spatial distr1but1on data for growth and ion 
contents usin9 the continuity equation . In the cotton root the 
selectivity of K deposition over that of Na was lost at high NaCl 
oonoentration but fully restored by supplemental oalcium in the apical 
2 mm region. In the shoot o! sorghum, salt st~ess dramatically affected 
the spatial distribution o! 1ons in developing leaves. Potassiuin 
increased greatly in a leaf which developed during salt stress but only 
in the region apical to the growth zone. Sodium, however, increased 
wiehin the growth zone while salt stress decreased Ca in the 9rowth zone 
to low, deficient levels. These changes in ion distribution and 
allocation are related to the spatial and temporal aspects o! leaf 
growt:h. 

• 

Fundación Juan March (Madrid)



16 

Physiology and Genetics of Salt Tolerance in Wheat 

R. Gareth Wyn Janes 

Centre far Arid Zone Studies, 
University Gollege of North Wales 

Bangor, Gwynedd, Wales 

The availability of many chromosomally-engineered linea of 
hexaploid and tetraploid wheats and of hybrids between Triticum 
species and many wild wheat grasses, which have natural salt and 
drought tolerance, makes this material particularly attractive 
far the study of salinity and alkalinity tolerance in cereals. 
rurther there is a majar problem of salt stress in the field in 
many semi-arid third world country where wheat is a majar crop. 

In this presentation I vill describe studies on hexaploid 
and tetraploid vheats and on a Thinoovrum bessarabicum-vheat 
hybrid utilizing material generated in a number of collaborating 
laboratories. Previous vork has shown that a majar trait <gene> 
far leaf K+/Na+ discrimination is located on the long arm of the 
4D chromosome of hexaploid vheat. This trait is constitutive, 
effective at all concentrations and probably operates at the 
symplasm-xylem boundary of roots, affecting xylem loading, vith 
possibly sorne inf luence on Na+ efflux from cortical cella but no 
detectable effect on K or Na influx. In generating these resulta 
Dr. Gorham and my other colleagues were dependent on genetic 
stocks from Professor E. Sears, Dr. Golin Law, Dr. Lionel Joppa. 

There are severa! resulte from our laboratory and other 
sources suggesting that K+/Na+ discrimination in leaves is an 
indicator of tolerance. Dr. Rana and his colleagues at GSSRI 
Kanal, India, showed that hexaploid vheats were more resistent to 
sodic soils that tetraploid Cdurum> vheats and related this 
observation to the higher Na uptake into the leaves of the latt•r 
type. Dr. Jan Dvorak in Davis using the 4A/4D langdon 
substitution line of Joppa as one parent and the Gapelli line 
containing the ph mutante to promete crossing-over, as the other 
has produced several dozen recombinant linea containing fragmenta 
of the 4D chromosome introducted into the genome of a Gapelli 
tetraploid vheat. These linea have been screened in Bangor for 
the introduction and expression of the L4D discrimination trait 
vith about 15-18 linea coming out positive. We have sought to 
further test these linea in artificial sodic soils but have 
experienced technical difficulties vith the preparation and 
maintenance of the soil substrate. In a successful trail vith l 
pair of linea and hexa-and-tetraploid controla, the K+/Na+ 
transformed tetraploid line showed markedly improved grain yield 
in soils of ESP's 17.5 and 32.5. 
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Within the hexaploid wheats the relationship between grain 
yield and ion uptake traits has been explored in families derived 
from selfed individual progeny of two contrasting wheat culturers 
Tobari and Pato. The families were selected far uniform leaf Na 
contenta. 

Using this material and the reciprocal croases, a very 
strong correlation, significant at the 99.SY. level, was observed 
between grain yield and Cl- exclusion and K+/Na+ ratio in leaves. 
It is not . known if the variation in K+/Na+ ratio within the 
leaves of hexaploid leaves can be attributed to allelic 
difference in the same majar gene on the L4D chromosome discussed 
above. These resulta also emphasize the importance of the 
regulation of Cl- fluxes <not regulated by that trait>, in the 
general problem of salinity although possibly not sodicity 
tolerance. 

The physiological responses of Thinopyrum bessarabicum to 
salt stress were discussed briefly including the transient uptake 
of Na+ and Cl- in response to a salt challenge. The wheat 
T.bessarabicum-hybrid in hydroponic and field trials expressed 
much of the tolerance of the wild wheat grasa but had a low yield 
potential and other undesirable agronomic traits. The youngest 
leaves of the hybrid contained the high K+/Na+ ratio and low Cl
levels characteristic of the wheat grasa. However the high 
betaine content was not expressed. 

These resulta emphasize the importance of the regulation of 
the fluxes of the majar genes from root to sheet and from leaf to 
leaf in tolerance. In the case of ene trait, the K+/Na+ 
discrimination trait from the D chromosome of Aegilops sguarrosa 
we have considerable physiological understanding and hopefully 
indications that the introgression of the trait into durum wheat 
will improve their tolerance to sodic soils. Howewer other traits 
are observed in other species. No single trait will confer 
salinity tolerance and it is clear that there are several 
strategies involving various combinations of traits that confer 
tolerance even in closely related cereals. 
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ECOLOGICAL ADAPTATION OF CAM PLANTS TO SALINITY. A VIEW ON 
DIFFERENT LEVELS OF SCALING FROM THE BIOGEOGRAPHICAL LEVEL 
TO LEVELS OF WHOLE PLANTS, CELLS, MEMBRANES ANO MOLECULES 

Ulrich Lilttge, Institut filr Botanik, Technische Hochschule 
Darmstadt, D W-6100 Darmstadt, FRG 

The use of crassulacean acid metabolism (CAM) in adaptation 
to salinity is illustrated for two different life forms of 
CAM-plants: 

CACTACEAE 

Perennials 

Subpilosocereus~ottonis 

Cereus validus 

constitutiva CAM 

stress avoidance: 

Salt excluders 

AIZOACEAE 

Annuals 

Mesembryanth&mum crystallinum 

Mesembryanthemum nodiflorum 

Inducible CAM 

Stress tolerance: 

Salt includers 

The perennial cacti operate with seasonal cycles of water 
relations and modes of gas exchange on the whole plant 
level. The Aizoaceae revea! involvement of adaptive 
mechanisms with an annual time behaviour at an array of 
levels with different scaling: 

- On the whole plant level the forro of growth, salt and 
water relations, and gas exchange; 

- on the cell level metabolic regulation and enzyme 
activities; 

- on the membrane level activities of the H+-ATPase at the 
tonoplast; 

- on the protein level the peptide subunit pattern of the 
H+-ATPase holoenzyme; 

- on the genetic level inductive regulation of enzymes. 

Like wi th fractals on each of the subsequent levels with 
increasingly finer scaling one encounters similarly complex 
systems with feedback coupling and non-linear behaviour. 
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. INTEGRATION OF PLANT STRESS RESPONSES 
INTO DEVELOPMENTAL PROGRAMS. Christopber 
L Lamh, Plant Biology Laboratory, Salk Institute, P.O. 
Box 85800, San Diego, CA 92186-5800 

Induction of phytoalexins, lytic enzymes and wall 
reinforcement involves transcriptional activation of defense 
genes, in sorne cases within 2-3 minutes of an elicitation signal. 
Rapid response genes include those encoding chitinase and 
phenylpropanoid biosynthetic enzymes for production of 
phytoalexins and lignin monomers. Genes encoding cell wall 
hydroxyproline-rich glycoproteins are induced more slowly and 
at a distance from the initial perturbation, in response to severa! 
distinct endogenous intercellular stress sigl'1als. Recent studies 
to characterize cis-acting nucleotide sequences and trans-acting 
factors involved in these complex pattems of defense gene 
activation will be descrlbed. Many defense genes undergo 
developmental as well as environmental regulation and recent 
findings on the tissue- and cell-type-specific expression of 
defense genes and the molecular mcchanisms underlying the 
interplay between developmental programs and environmental 
stimuli will be considered. Moreover, expression of a bean 
phenylalanine ammonia-lyase (PAL) gene in transgenic tobacco 
under the control of a chimeric CaMV 35S - PAL prometer 
causes abnom1al development. The phenotypes involve both 
inhibition of the synthesis of bulk phenylpropanoid products 
such as lignin and flavonoid pigments and also honnonal-like 
effe.cts suggesting dysfunction of novel signal systems baseá 
on phenylpropanoid compounds. We have recently observcd 
the apparent disappearance of two specific cell wall structural 
proteins in response ro fungal elicitor or glutathione. This 
response, which reflects the insolubiliz.ation of these major wall 
proteins by H202-mediated oxidative cross-linking, is initiated 
within 1 to 2 minutes of elicitor adclition, and complete within 5 
minutes. We propose that this protcin cross-linking, which 
presumably toughens the cell wall, is a novel, ultra-rapid 
defense mechanism. 
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Comparative studi~s of the functioni.o~Y.ª-Li()us_y_E;)}JJJ_l.f?.L 

rnembranes in halcmnill~3.D_d glvcoofiltic olfü!.t-2 __ ªtl!L~-~J_l_lines. 
L. Reinhold, Y. Araun, S. Cooper, M. Hassiciim, M. Gchwarz and H.R. 
Lerner. Department of Bot~ny, The Hebrew University of Jerusalem, 
91904 Israel. 

Na+/H+ antiporters have been reported in tonoplast fractions 
isolated from a number of plants, all of them salt-tolerant. We 
prg~~nt evidAn~A th~t monovalent catiQn/proton antiporters are 
not confined to salt-tolerant plants: nor are they confined to 
the tonoplast. The antiporters of sait-tolerant and glycophytic 
cells will be contrasted, principally with regard to cation 
transported. The rigorous criteria which .must be fulfilled before 
it can be concluded that observed cation exchange is mediated by 
a membrane component will also be discussed. 

Mitochondrial performance in the face of rising salinity 
will be briefly compared in wild type and NaCl-adapted tobacco 
cell lines. Though 02 uptake is progressively :nhibited with 
rising NaCl concentration in the case of both cell lines, 
phosphorylation is maintained at a higher level in that of the 
NaCl-adapted. The evidence suggests that increased proton 
permeability of the inner membrane is a probable cause for the 
loss of phosphorylating ability in the wild type. 
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SODIUM TRANSPORT IN HIGHER PLANT VACUOLES: 
Biochemical and Physiological Characterization 

of the Nat/H+Antiport and the Cation Channel 

Eduardo Blumwald 

Centre for Plant Biotechnology, Department of 
Botany, University of Toronto, 25 Willcocks St. 

Toronto, Ontario M5S 382, CANADA 

The vacuolar Nat/Ht antiport has been characterized in 
sugar beet (Betavulgaris L.) cell suspension cultures. Increasing 
the NaCl concentration in the growth media resulted in an 
increased transport activity of the antiport. Moreover, when cell 
suspensions were grown in media supplemented with 1 mM amiloride 
(an inhibitor of Na+/H+ antiport activity) there was an 
additional increase in the activity of the antiport. Cell 
suspension cultures, grown in the presence ~nd absence of NaCl 
and amiloride, were in vivo labeled with [ S]-methionine, and 
tonoplast protein pro files compared by SDS-PAGE and 
autoradiography. Our resul ts showed the increase of a 170 kD 
vacuolar polypeptide. A polypeptide with the same molecular mass 
was also found to incorporate [H]-MIA, an amiloride analogue. 
Polyclonal antiserum was produced in mouse by immunization with 
the 170 kDa polypeptide. Western blot analysis of tonoplast 
proteins revealed that this antibody specifically precipitated 
the 170 kDa polypeptide. Thus suggesting that this polypeptide 
is a component of the Na•1n• antiport. Pretreatment of tonoplast 
vesicles with ammonium sulfate-purif ied and dialyzed 
immunoglobulins inhibited the Na+ /H+ antiport activity. These 
antibodies are presently being used to test cross-reactivity in 
tonoplast from halophytes and glycophytes. 

The voltage patch technique was used in the whole cell 
and isolated outside-out patch configurations to record ionic 
current in the tonoplat of glycophytes (tomato) and halophytes 
(sugarbeet). Halophyte tonoplast channels displayed inward 
rectification (low conductance at positive membrane potentia·ls), 
while glycophyte channels displayed a constant conductance at 
positive and negative membrane potentials. The observed low 
channel condúctance at physiological membrane potentials in 
halophytes would prevent a signif icant loss of the Na+ 
accumulated in the vacuole through the operation of the N~/H+ 
antiport, while channel rectification in glycophytes would have 
have no physiological significance. 
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DEVELOPHENTAL, HORMONAL AND ENV!RONMENTAL REGUU.TION OF THE OSMOTIN GENE. . 

P.11. Hasegawa, D.E. Nelson, K.G. Raghothama, P . C. LaRosa, A. Kononowicz, Z. Chen, 
A. Casa ~ . H. Paino D'Urzo, l. Ilahl, D. Liu, N.K . Singh, H. Binzel, M.A. Botella , 
M. Narasimhan, X. Niu, E. Perez·Prat, J.·K. Zhu, V. Valpuesta, and R.A, Bressan . 

Dept . of Horticulture, Purdue University, West Lafayette, Indiana 47907. 

Osmotin is a 26 kDa prot:ein, classified as a family·S pathogenesic related 

proteln, that accumulates as a function of osmotic adaptation. The osmotin gene 

is regulated by osmotic stress and several other factors including abscisic acid 

(ABA), ethylene, wounding, virus infect:ion and spatial and temporal development of 

the plant. Nuclear run on e11periments with ABA induction i.ndicate transcriptional 

regulation . A number of regulatory conditions result in increased accumulation of 

osmotin mRNA but not protein suggesting that post - transcriptional regulatlon also 

occur:i. .- Osmotin/GUS prometer fusion studies indica.te a very tissue-specific 

pattern of promoter control including an incerestingly high level of expresslon in 

mature pallen. Promoter-deletion/gel recardation studies indicate the presence of 

more than • one cis·acting element that binds nuclear factor:;. Transgenic plants 

with ch1maeric osmotin genes that over- and under-produce osmotin were made and 

are being used to test the possible function of this gene in osmotlc stress 

tolerance. Two osmotin cDNA clones were isolated from an Atrlplex rtU11Jt1lUlaria cDNA 

library. One of these halophyt:ic genes is highly induced by NaCl, t:he ot:her is 

most:ly constitutive. They also have distinctly different patterns of tissue 

expression. 

We have been also examining the roles of ion motive ATPases in osmotic 

stress colerance. cDNA probes enco:>ding the 70 kDa subuni.t of the t:onoplast H+-

ATPase, the plasma membrane H+·ATPase and an E1E2·type ca2+.ATPase have been 

isolat:ed and used in Nort:hern blot analysis . The levels of the mRNAs of the 

ATPases are regulated by NaCl . 
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SALT STRESS INDUCES GENES IN TOMATO 

Rosa Luna, José A. Godoy and José A. Pintor-Toro 
Instituto de Recursos Naturales y Agrobiologia. CSIC. 

Avda. Reina Mercedes s/n. Apartado 1052. 
Sevilla. Spain. 

Salt stress induces important alterations in plant 
metabolism affecting plant growth and development in a complex 
way. Deleterious effects of salt stress can be due to either 
interna! accumulation of ions to toxic levels, diminished water 
availability by osmotic effects or altered mineral nutrition. 
Sorne physiological changes, generally interpreted as adaptive, 
have been shown to occur in salt-stressed plants. These include 
alterations in ionic transport, lipid composition and 
accumulation of organic osmolites. Salt stress-induced changes 
in gene expression have been reportea in different biological 
systems. In a first step of our work, we analyzed the protein 
patterns of tomato plants treated with different NaCl 
concetrations and abscisic acid (ABA). we concluded that 1) Salt 
induced specific proteins in different development stages, 2) 
Sorne of these proteins were induced in every stage analyzed and 
3) Most of salt-induced proteins were also induced by ABA. 

In a second step, cDNAs encoding salt- and ABA-inducible 
proteins were isolated by differential hybridization. One of thee 
clones, TAS14, has been characterized. TAS14 mRNA is induced by 
salt and ABA in every organ analyzed, independently of the plant 
development stage. However, TAS14 protein has been only detected 
in aerial parts and it is accumulated preferentially in stems of 
sal t-treated plants. Immunocytological methods were used to 
determine the distribution of the TAS14 protein in tomato plants. 
Alkaline phosphatase-labeled secondary antibody showed a high 
concetration of the TAS14 protein in the adventi tious root 
primordia, in the procambium of the apical meristem, leaf 
primordia and associated wi th the vascular system in leaves. 
TAS14, as revealed by immunoelectron microscopy, is basically 
localized in the nucleus and also detected in the cytoplasm, 
although not associated with any specific organelle. 

Transgenic tobacco plants expressing constitutively TAS14 
gene show anomalous floral fenotypes. 
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EVIDENCE THAT "Pl.ANTS ARE ENDOWED WITH SYSTEMS FOR 
COORDINATED RESPONSES ELICITED BY AGENTS RANGING FROM 
VIROIDS TO SALT 

Conejero. V., Bellés, J. M., Domingo, C., Fayos, J., Frank, R., García
Breljo, F., Garro, R., Hernández-Yago, J., Rodrigo, l., Saurí, A., Tornero, 
P. and Vera, P. 
Departamento de Biotecnología, Universidad Politécnica de Valencia, 
46022-Valencla, SPAIN. 

Studying comparatlvely the plant reaction induced by pathogens 
with very dlfferent molecular coruplexity, including biotic (citrus exocortis 
viroid (CEVd)) and abiotlc (Ag+ ions) agents we arrived to the conclusion 

that plants have an ethylene-mediated general mechanism of response 
susceptible of being triggered by very different kinds of ellcltors. The 
majar components of this response would be a pathological develop
mental syndrome, the physiologlcal condltion of enhanced resistance and 

the synthesis and accumulation of a set of pathogenesis-related (PR) 
protelns. (1, 2, 3) . 

. Our flndlng Is in accordance with the general idea that evolution 
appears to have been gulded by a principie of mechanistic economy 
when diversification has not been essential. But economy--is not the only 
advantage of having a riumber of interlinked reactions to 'torm a general 
system of response. Such a system would have at least two addltlonal 
advantages compared with independent transduction chains: control 
would be easier, and attack by certain agents would elicit defenses 
against subsequent aggressions by other afflicting agents (3) . 

Data illustrating the above outlined model will be presented. More 
specifically, we present data relevant to the viroid induction of an osmotin
like proteln (PR P23) (4). The subcellular localization and differential tissue 
accumulation of this pathogenesis-related protein depending on the nature 
of the elicitor (viroid or salt) will be also presented. · 
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1.· Conejero, V. (1982) N lnternational Conference on Comparative Virology. Control of 

Viral Diseases. Banff, Alberta, Canada (Abstr. W·12·1). 
2.- Granoll, A., Bellés, J.M. and Conejero, V. (1987) Physiol. Mol. Plant Pathol. 3"\, S3·90. 
3.- Conejero, V, Bellés, JM, García-Breijo, F, Garro, R, Hernández-Yago, J , Rodrigo, 1, 

Vera, P (1990) Slgnalling In virold pathogenesis. In Fraser RSS (ed) Recogrition and 

nasponse in Plant-Virus lnteracüons. Sprlnger·Ver1ag, Heidelberg pp 233 :.:'>3. 

4.- f'ioclrigo, l., Vera, P., Frank, R. & Conejero, V. (1991) Plant Mol. Biol. 16, · 31·934. 

Fundación Juan March (Madrid)



28 

THE INTERACTION BETWEEN SAL T ANO ABSCISIC ACID IN THE CONTROL OF GENE EXPRESSION. 

Ralph S Ouatrano 

Department of Blology, University of North Carolina, Chapel Hill, NC 27599-3280 U.S. A. 

Over a 3-5 day culture period in !he presence of 50 uM ABA, lmmature wheat embryos undergo 
an accelerated bu! normal morphogenesis and accumulation of mature embryo proteins. One such 
protein (Em) is an abundan!, hydrophilic protein found In !he mature embryo. Characterization of the 
expression of this gene and the pattem of lts accurrulation in response to ABA indicates that its regulation 
occurs al the leve! of transcriptlon and mRNA stability. lncreaslng the levels of ABA or sensitivity to ABA in 
seedling tissue or In suspenslon cultures by deslccation or high salinlty results in increased levels of Em 
mRNA. The effect of sal! stress on Em gene expresslon In rice suspension cells appears to operate 
through two pathways; one Is mediated through !neceases in the leve! of ABA, the other Is vía a unlque sal! 
response pathway that lncludes an intermediate that Is common to both the salt and ABA response 
chains, and results in an increasad tissue sensitivity to endogenous ABA . 

To determine the cis elements and trans-acting factors lnvolvad in the salt and ABA response, 
fusions of the lntact and deleted 5' promoter regions of the Em gene with the glucuronidase (GUS) 
reportar gene have been testad for expresslon in translent assays using rice protoplasts and In 
transgenic tobacco plants. Results from bolh assays indlcate that a 646bp region (-554 to +92) from the 5' 
untranslated region of the Em gene contains all the information neadad for ABA regulation and embryo
specilic expression. A detailad analysis of the sequences In the ABA response element [ABRE] involved 
in ABA-modulated regulallon of chlmeric genes In a translent assay reveals a 20bp sequence that can 
conler ABA-responsiveness on a non-responsiva CaMV viral prometer. Nuclear extracts lrom embryonic 
celis contain protein factors whlch spedlically bind to the ABRE, as evidenced by gel-shift and lootprinting 
experlments. A cDNA clone (GC19) was isolated by screenlng a lambda g111 expression library. The 
proteln product ol GC19 Is a DNA bindlng proteln (EmBP-1) ol the bZIP class that lnteracts specilically wlth 
an 8bp sequence (CACGTGGC) in the ABRE. A 2bp mutalion In this sequence prevents blnding of 
EmBP-1 and reduces the ability of the ABRE to respond to ABA in the transient assay. The 8bp EmBP-1 
target sequence (i.e. G-box) is conservad in severa! other ABA-responsiva promoters and in promoters 
from plan! genes that respond to signals other than ABA, e.g. light. Results lrom competitiva gel-shift and 
transient expression assays using G-box containing 20bp sequences of these genes will be presentad as 
an approach to define the specilicity of lnteractions. The deduced amino acid sequence of EmBP-1 
contains conservad basic and leucine zipper domalns found In other plan! transcription factors of the bZIP 
class. Preliminary evidence for the interaction of EmBP-1 with the maize regulatory gene product Vp1 
during ABA-regulated gene expression will be presentad. 

Supported by the U.S.D.A. Competitiva Grants Program (89-37262-4456) and NIH (GM 44288) . 
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AUSCISIC ACIJ) AND WA'I'EH STRESS lmSPONSIVE GENES IN HA.IZE 

Honteerrnt P1igen, Mnl'i.u Pln, Eva Poca, Miguel Angel Freire, 
Andera B. Jeneen, Cesar Arenas and Adela Goday. 

Earlier studies on the regulation of gene expression 
during embryogenesis in Zea mays L. have shown that a ~roup of 
stage-specific mRNAs and proteins which accumulate in late 
ernbryogenesis are iriduced precociously in immature embryos when 
abscisic acid (ABAl is supplied in the culture medium (Sanchez
Martinez et al. 19861. cDNA and genomic clones for sorne of t~ese 
mRNAs have been previously obtained and extenstvely character1zed 
(Goday et al 1988, Pla el al 19891. 

Expression of maize rab genes can be induced in 
tissues other than those of the embryo, and l\t other stages 
beeides embr~·o development b:v ABA treatment or w~ter-~ti;-ess 
JGomez et al 1988, Pla et al 1989), Several genes showing s1m1lar 
behavior have been identified in different plant systems (Hundy 
and Chua 1988, Bartels et al. 1990, Claes et ai. 1990). 

In the maize vi~·lparous mutante, the embryo fails to 
become dormant, but precociously germinate in the mother plant 
wi~hout havjng first undergone the normal period of desiccation, 
The ABA concentration of vpl seedlings increases in response to 
water deficit, Hoºwever vpl mutant is insensitive to exogenously 
supplied ABA and is considered to be defective in its 
responsiveness to this hormone (Me Daniel et al.1977, Robichaud 
et al. 1980). The ABA-deficient vp2 is carotenoid deficient. 
Seedlings reecued from vp2 kernels contain lesa ABA than do wild 
seedlinge and the ABA ·concentration does not increase in response 
to water defici t ( Neill et al 1986). vp2 embryos respond to 
exogenously applied ABA by undergoing maturation processee rather 
than precocious gcrmination (Robichaud et al 1980). 

Two different rab genes have been identified as ABA
inducible j n wil d t:ype, vp2 and vpl embryos and young leaves, 
and rab mRNAs are also induced by water-stress in leaves of wild 
type and vpl planta but not in vp2 plants. This study. has 
highlighted interesting feaLures at the level of gene regulation 
in these mutant.s. First, the low level of rs.b message detected 
in niature vpJ embryos may reflect a aelective regulation of rab 
by vpl at the level of gene expr13ssJon during embryo development. 
Second, we have observed a differential regulation of rab mRNA in 
embryos and vegetative organa of the ABA-deficient vp2 mutants. 

In tran~genic Arauidopsis and tobacco planta 5' 
upetream sequencea of Lhe rabl 7 gene confer the appropiat.e 
patterns of exprese ion on the reporter gene. This construct 
resulte in high levela of CAT or OUS activity in mature embryos 
and in vegatative tissues subjecLed to water stress. However the 
relative percentage of enzyme activity is lower in leaves than in 
embryos. This indicate again a differential regulation of the 
rabpromoter in embryo and vegetall.ve organs. 
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Transient expreasion etudies have shown thut the 
promoter region of rab genes contain ABA-responsive DNA motifs 
which confer ABA responsiveness on the reporter gene in cereal 
protoplaets !Marcotte et al.1989, Mundy et al 1990, Vilardell et 
al 19911. Moreover H leucine zipper protein binding to one of the 
DNA motifs has been rec;ently characterized (Guiltinan et al, 
1990). Gel retardation aseaye indicate that nuclear proteins from 
embryo and water streaaed leaves interact apecifically with a 
short DNA fragment (containing the ABRE) from rab genes.However 
they generate speciflc complexes of different electrophoretoic 
mobility which are atable in the prcaence of detergent and high 
salt. These resulta au~gest that diatinct regulatory factors may 
be involved in the hormone action during embryo development and 
in vegetative tissues subjected to osmotic stress. 
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+ + HolecUl.ar physiology of Na /H antiporters, key enzymes 
adaptation of bacteria to high salinity and alltaline pH . 

Padan, E., Karp~l. R., Taglicht, D., Pinner, E., Carmel, O., 
Rahav-Manor, O. and Schuldiner, S. 

in 

Division of Microbial and Molecular Ecology, Institute of Life Sciences 
Hebrew University of Jerusalem, 9i904 Jerusalem , Israel. 

Sodium proton anti~orters havi been suggested to play a major role in 
regulation of Na and H metabolism both in eukaryotes and 
pr~ka¡yotes (1) . Cloning of two genes, nJ1aA and nhaB encoding 
Na /H antiporters in Escltericltia coli ( 2, 3) allowed us to 
develop molecular tools to study the antiporter proteins as well as 
their role in adaptation of bacteria to high salinity and pH. 

The NhaA protein has been purified and reconstituted into 
proteoliposomes in a functional form (4) . Kinetic studies showed that 
the antiporter is electrogenic both at acid and alkaline pH and is 
activated by alkaline pH . This activation (2000 fold increase) is 
consistent with the proposed role of the antiporter in regulation of 
interna! pH at the alkaline pW range . 

Inactivation of nlraA in the chromosome showed that nhaA is 
indispensable for adaptation to high salinity and alkaline pH in 
Esdrericlria coli (5) . Furthermore study of the AnlraA mutant 
revealed the existerice of 11/raB, an additional antiporter system. It 
differs from nlraA both in having a 15 fold lower affinity to Li + 

and in being insensitive to pH. 
The existence of at least two antiporters imply that understanding 

their regulation is essential for delineation of their role in 
homeostasis of the cell . Monitoring the P-galactosidase activity of 
a chromosomal translation fusion of nlraA' - '/acZ showed that at pH 
7.5 the gene is induced, within lh, by 100 mM of+ both Li+ and Na+ 
Alkaline pH potentiates the effect of externa! Na . 

A new gene located downstream of nlraA, nlraR, has been 
identified. A deletion of this gene suggested that nlraR plays a role 
in regulation of expression of n11aA. Based on sequence comparisons 
nlraR belongs to a family of transcription activators represented by 
the oxyR/lysR family. The pattern of regulation of nhaA reflects 
its importance in adaptation to high salinity and alkaline pH in 
E. coli (2-5). 
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Accumulation of ionic osmolytes in adaptation of F.scherichia coli to elevated osmolarity. 
W. Epstein & D. McLaggan. Dept. of Molecular Genetics & Cell Biology, Univ. of 
Chicago, Chlcago, IL 60637 USA 

Bacteria adapt to media of different osmolarlties by adjusting cytoplasrnic osmolytes 
to maintain turgor pressure within narrow lhnits. The increase in turgor produced by 
reducing externa! osmolarity (downshock) leads to a loss of osmolytes that is selective 
if the change in turgor is moderate in rate but non-selective if the change is too rapid. 
An increase in medium osmolarlty (upshock) reduces turgor and triggers a wide range of 
changes designed to increase cytoplasmic osmolytes. Our studies have dealt primarily 
with the early response to upshock that occur in the absence of protein synthesis, 
including: i) the uptake of K+, ll) the accumulation (by transpon or synthesis) of 
glutamate, ill) the uptake of phosphate, and iv) mejor changes in pools of phosphorylared 
intermedia tes. 

Stimulation of the uptake of K+ is the rnost rapid response, occuring without lag. 
Thls response is shown by all three saturable systems, Kdp, TrkA and TrkD that mediate 
uptake of this ion. Uptake of phosphate begins about 2 rnin. (at 37º C) after upshock, 
whlle accurnulation of glutamate begi.ns after 5 min. The kinetics of glutamate 
accumulation are essentiatly identical whether glutamate is synthesized by glutam.ate 
dehydrogenase or by glutamate synthase, indicating that the activity of each enzyme is 
regulated. 

When synthesis of gluts.rnate or uptake of phosphate is blocked, adaptation to 
upshock is incomplete in that K+ uptake is reduced by 50%. The lirnitation of K+ uptake 
appears to be due to a reduction in rnernbrane potential. rn the presence of phosphate 
but the absence of glutarnate synthesis, cells appear to have diffi.culty regulating the 
interna! pH, implicating glutamate ion as important for pH regulation during upshock. 

There are major transient changes in pools of many phosphorylated compounds 
in upshock. A few persist indefinitely whlle most are transienr when adaptation is 
complete but persist when cells cannot synthesize glutamate. 

The uptake of K+ and the accumulation of glutamate serve not only to increase 
osmolarity but also as second rnessengers that trigger the activation of enzymes and/or 
changes in gene expression that are important in the accumulation of the compatible 
salutes accumulated to high concentrations in ~· coli and many other bacteria: trehalose, 
proline and betaine. K+, glutarnate and compatible salutes appear ro be regulated by a 
series of key steps, in which low turgor probably affects primarily movement of K+ while 
rnost of the other changes are in response to the changes in cell K+ pools and/or pools 
of gluramate. 
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Osmotlc Regulatlon of gene expression: a role for DNA supercoiling and 

chromattn structure 

Many physiologlcal changes are observed in bacteria in response to 

osmotic upshock. At least sorne of these are a result In alterations In 

transcrlptlon patterns. For sorne genes. such as the kdp potassium 

transporter or the ompC/ompF porins. specific membrane receptors sense 

changes In osmolarlty whlch are transmitted to speclfic DNA-bindlng 

regulatory proteinsa. However. for other genes (such as the proU glycine 

betaine uptake system) no speclfic regulator has been identlfied (desplte 

much effort). lnstead. changes in DNA supercoiling appear to play a role in 

regulation (Higgins et al., 1988: Dorman et al. , 1990). Severa! lines of 

evidence show that opsmotlc upshock causes an increase in the 
superheliclty of plasmid and chromosomal DNA. Addltionally, promoters 

such as proU respond to factors such as DNA gyrase inhibltors. whlch 

perturb supercolling. 

Current studles will be described, aimed at understanding why 

promoters such as proU are so sensltive to changes in DNA topology, and 

the mechanisms by which osmolarlty leads to a change in DNA supercolling. 

The histone-like protein H-NS (also called Hl) appears to provlde at least 

part of the answer to both questions. H-NS Is one of the two major. 

chromatln assoclated protelns in the cell and appears to play an important 

role In determlnlng nucleold structure. The H-NS proteln Is encoded by the 

osmZ locus. orlglnally ldentlfied because of its effects on proU expresslon 

and supercolling (Hulton et al., 1990; Higgins et al., 1991). This protein 

binds at bends in the proU promoter reglon and. probably vla topologlcal 

effects, lnfluences RNA polymerase functlon . Additlonally, we have found 

that H-NS exists as multiple lsoforms in the cell. Our working hypothesls is 

that the ratio of these isoforms vartes in response to osmotic upshock and 

that the isoforms have different DNA blnding properties. This could, 

potentlally, provlde a mechanism by whlch osmolarity could induce changes 

in DNA supercolling. 
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Regulation of glycerol synthesis and of Na+ in the halotolerant 

alga Dunsliella 

Uri Pick, Dept. of Biochemistry, The Weizmann lnstitute of Science, Israel 

The unlcellular green alga Dunaliella can adapt to an exceptionally wide ranga of salt 

concentrations, ranging from 0.1 M to 5M NaCI. The capaclty to adapt to high salt concentrations 

Is achieved by massive productlon of glycerol, which serves as an intracellular osmotic 

element, and by efficient ellmination of Na+ from the cells. 

The mechanlsm which regulates glycerol production is not well understood. The following 

approaches have been utilizad to clarify this issue: a) A selection procedure for obtaining 

osmotically-defective mutants has been developed, whlch clarified the metabolic pathway of 

glycerol synthesis; b) Changas In phosphometabolite precursors of glycerol, following osmotic 

shocks, enabled to ldentify the checkpoint regulatory enzyme in the process; c) Rapid changes in 

the structure, permeability and phospholipid metabolism within the plasma membrana suggest 

that the sensor mechanism which triggers glycerol production resides in the cell membrana and 

is activated by volume changas. 

Malntenance of low cytoplasmlc Na+ concentratlons in Duna/leila is perturbad by a salt 

stress or by lntracellular acidification, which induce a translent influx of Na+ into the cells. 

Na+ influx is mediated by a Li+ and amiloride-sensitive Na+/H+ antiporter, which has been 

characterized In plasma membrana preparations. Over-expression of the Na+/W antiporter and 

labeling studies with a photoafinity amiloride derivativa suggest that at least two polypeptides 

composethe Na+/H+ antiporter. Na+ elimlnation is catalyzed by an energy-dependent, vanadate

sensltive mechanism presumably a Na+-ATPase. The results suggest that Na+ homeostasis in 

Dunaliella is achieved by the Na+/H+ antiporter, whose functlon Is primarily pH regulation and 

by the putativa Na+-ATPase whlch eliminates Na+ from the cells. 
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SALT TOLERANCE IN YEASTS: ROLE OF GLYCEROL. 

Lennart Adler. De~ent of General and Marine Microbiology 
Carl Skottsbergsg. 22, S-423 19 Góteborg, Sweden 

The response of Saccharomyces cerevisiae and the marine yeast Debaryomyces hansenii 
to increased environmental salinity involves an increased production and intracellular 
accumulation of glycerol. 13c NMR spectroscopy and studies using continuous culture 
show that glycerol has an exclusive role as an osmolyte in these organisms. A direct 
support for this carne from a mutant of D. hansenii with impaired glycerol production 
which could not grow at high salinity unless low concentrations of glycerol was 
exogenously added. The supplied glycerol was rapidly taken up by the mutant and used 
for intracellular adjustments. 

The pathways for the glycerol metabolism are similar in the two yeasts although D. 

hansenii has an active transport system for glycerol which S. cerevisiae has not. 
Membrane permeability to glycerol is, however, not uncontrolled in S. cerevisiae. 

The cytoplasmic glycerol 3-phosphate dehydrogenase (GPD) which is located at the 
branch point between the glycolytic flux and the glycerol producing pathway is 

activated at the protein level by K + or Na+ in D. hansenii. In S. cerevisiae a putative 
GPD gene has been cloned by reverse genetics and several lines of evidence indicate 
that expression of this gene is controlled by extemal osmolarity. Two dimensional gel 
electrophoresis coupled to computerized quantification revealed that the pattem of 
control shown by GPD represents one of several different temporal pattems of protein 
synthesis following a salt shock. To identify other genes critical for glycerol 
accumulation, mutants defective in this response were isolated. The mutants which are 
osmosensitive define four complementation groups. Two (OSG 1 and OSG2) are 
affected in the GPD activity while OSG4 is unable to retain produced glycerol 
intracellularly. Complementing DNA has been isolated but the genes are not yet 
sequenced. This and other non-related strategies to disclose important components in 
the osmoregulatory stimulus response pathway will be discussed. 
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ISOLATION AND CHARACTERIZATION OF GENES OF THE YEAST 
SACCHAROMYCES CEREVISIAE INVOLVED IN SALT TOLERANCE 

MECHANISMS 

Roberto Gaxiola, ltUgo F. de Larrinoa and Ramón Serrano 

European Molecular Biology Laboratory, Meyerhofstrassa 1, 6900 

Heidelberg, Germany 

The progressive salinizatlon ot irrigated land poses a threat 

to· the future -of _agriculture in arid regions 1.2. Genetic 

engineering has the potential to improve the salinity 

tolerance of cropsl. However genes involved in regulating salt 

tolerance have first to be identified. Although many plant 

genes induced by salinity have been cloned4,5, most of them 

probabty correspond to non-specific stress responses6,7. The 

yeast Sscchsromyces cerevisiae could serve as a convenient 

model system to uncover rate-limiting stepsS far growth 

under salt stress. This yeast shares basic ion transport 

mechanisms with plants9 and genes can easily be isolated by 

complementatlon of the desired phenbtype 1 o. We have isolated 

a novel yeast gene, HAL 1, which upan overexpression improves 

growth under salt stress. In addition, disruption of this gene 

decreases salt tolerance. HAL 1 encades a basic protein ot 32 

kDa induced by osmotlc stress and unrelated to sequences in 

data banks. As overexpression ot HA L 1 in creases intracellu lar 

potassium, this novel protein could be involved in the 

mechanisms which determine intracellular ion homeostasis in 

fungi and plants. 
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The sodlum efflux system of Saccharomyces cerevlslae 

ROORIGUEZ-NAVARRO, A., HARO, R., GARCIAOEBLAS, 8., RUBIO, F., QUIKTERO, J., BAllUELOS, H.A. 

Departamento de H1crob1olog!a, Escuela Técnica Superior de Ingenieros Agrónaros, 28040 Hadr!d , Spain. 

In 1954 Conway, Ryan and Carton [l] demonstrated that 
yeast fells were able to pump Na+ out of the cell, uphill 
the Na concentration gradient across the membrane. This 
Na+ pump of yeast cella was of a different type than that 
in animal cella, and Conway and Kerman proposed that it was 
a redox pump [2]. The research on this pump was not very 
active, and until twenty seven years later it was not found 
that Li+ efflux was dependent on the ATP concentration, 
sensitive to DCCD and DES, and that it functioned as a 
Li./H+ antiport [3]. This suggested that instead of a redox 
pump , Li+ efflux could be coupled to pH or to ATP 
hydrolysis . However, using whole cella the prediction of 
the mechanism involved was difficult because many fluxes 
occur s imultaneously. At that moment, progresa in the field 
required a molecular approach. 

After failing to obtain mutante with reduced Li+ or Na+ 
effluxes, we cloned a gene involved in Na+ and Li+ effluxes 
by complementing the Li+ sensitivity of a low Li•-efflux 
strain with a gene library. Disruption of this gene (ENAl) 
changed a Li+ tolerant strain into an extremely Li•
sensitive strain, which lacked Na+ and Li+ effluxes at 
alkaline pH values . This mutant was also sensitive to 
alkaline pH values. 

The sequence of ENAl revealed that it encoded a P
ATPase, and we aleo found that two additional copies of 
ENAl were in tandem with it. The first copy (ENA2) 
presented a prometer region different from that of ENAl, 
and also 13 different amino acids in the putative encoded 
protein. The second copy (ENA3) is apparently i dentical to 
ENA2. 

The ENAl gene has aleo be~n cloned by its homology with 
PMAl, the gene encoding the H-pump ATPase of the plasma 
membrane of yeast. ThisHgene was named PMR2, and it was 
proposed to encode a Ca -ATPase on the basi s of homology 
considerations [4]. 

So far, purification of the product of ENAl has not 
been possible, and a physical demonstration of the function 
of the product of ENAl is lacking.#However, it seems 
unlikely, that this product is a Ca . pump . • we have found 
that Ca concentration does not affect Li efflux, and 
that Na•, but not ca••, is involved in the regulation of 
the expression of ENAl and ENA2 . 

[l] Conway , E.J . , Ryan, H., Carton, E. (1954) Biochem. J. 58:158-167 
[2] Conway , E.J . , Kernan , R.P. (1955) Biochem. J . 61:32-36 
[3] Rodr!guez-Havarro, A. , Pérez-L loveres, C. (1981) Biochim. Biophys. Acta 640:352-358 
[4] Rudolph, H.K., Antebi, A., Ftnlt , G., Buckley, C.H. , et. al. (1989) Cell 58:133-145 
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R.F. GABER 
Depanment of Blochemlstry, Molecular Blology 

and Cell Blology 
Nonhwestem lJlilverslty 

2153 Sheridan Road 
EVANSTON, IL. 60201 (USA) 

Ion Transpcrter Genes In Yeam 

The uptake ot pctassium In S t:e'a4sl3ds primarlly medtated by two 
'T"1nspc:rt~ encoded by the genes T.RK/and ..T.RK2 T.RKJencodes a htgh
afflnlty K+'transporter, the structure of whlch Is unrelated to ton transpcrters 
found In animal cells. TRK1 oontalns 12 putative men1l:rane-spannlng 
domalns (Ml • M12) anda larg~ 650-amfno-add dcmafn that oor evldence 
suggests is located wlthtn the cytcp!asm. We are currently uttllzlnf 
molea.ilar genetic approoches to galn a more detafled understandfng oí the 
structure and functfoo of TRK1. 

Deletlm ci T.RKJls not lethal but results In a 50-fold lna·ease In the 
amoont ci K+ requlred to suppoti namal grCMtth. Thls negatlve phenctype 
ali a.ved the lsolatloo of Trk+ pseudorevertants from t1i'lL1cells. Two of the 
genes ldentffled among these pseudorevertants, RPD!and· RPD.J are requlred 
far ful! represslon ci TRK~ the gene encoding the lov:-afflnity K+ transporter. 
In addftloo, RPDland RPD3are requlred fa· the full repression and the full 
actjvation ci many (dlverse) yeast genes. 

Molecular analysts of T.RK~ndlcated that lt encodes a 100 kD prcteln, 
the overall structure d whlch is very similar to TRKJ Llke TRK1, TRK2 
crntains 12 putaUve transmembrane danalns and a large hydrophlllc reglan 
l:etween M3 and M4. 1l1e most highly cooserved regims o( the two proteins 
are the putatlve transmembrane domains; other regions of the twc 
transpcx·ters exhibit significantly greater divergence. Overexpression of TR.K2 
can completely suppress the ina-eased K+ requirement of trkl.dcells. 111is can 
cx:cur through loss of repressim ci TRK.cbecause of /1:,msacting mutations in 
RFD!or RPD3or, by dsacting mutations ir~ the pranoter oí TRK2 

TRKJand TRK2are nmessentlal genes. Deletim of TRK2rn a trk/LJ 
cell results in a 10-fold increase in the cmcentration of K+ required to suppa·t 
gra.vth. Expressioo of TRK/in trk2.dcells results In cells that exhitA t flllly 

wild-type K+ uptake. Tiius, TRK1 and TRK2 are fund:imally lndependent. In 
addition lo a high K .. rec¡ulrement (30-50 m!vf), trk11.i trk2L1cells exhibil 
hypersensilivity of lov.r pH. Since lhis phenotype can be suppressed by very 
high concentrations el K+ (> 300 m\1!, we belie.:e lhat lhe 1011.1 pH 
hypersensilivy reflecls the lnabilily d lrk!LI t1:k.2~jcells to take up K• in IOIN 
pH medium. 

Suppre.;sor 1m1lallons lhat supp;·ess the high K+ rec¡ulrement ancl/or 
lhe lcw pl-1 hypersensitivity ci trk/.J t1:t?Llcells have l~en obtained and 
::inal yzed. Tiie resulls of lhese sludies will be presenled in further delail. 
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JOSEFINA BAÑULS GIL 
Institut für Botanik Technische 

Hoschschule Darmstadt 
Schnittspahnstrasse 3-5 

D-6100 DARMSTADT (Germany) 

EFFECT OF DIFFER~NT SALTS ANO SUPPLY - Caz+ ON WATER 
RELATIONS AND GAS EXCHANGE PARAMETERS IN CITRUS LEAVES. 

Leaf gas exchange, water relations and ion content were 

measured on one-year- old sweet orange seedlings C. 

sinensis (L.) Osbeck cv. Hamlin . Different salts were 

u sed NaCl, KCl and NaN03 to determine the 

specif ic effects of chloride and sodium on these 

parameters. 

Reduction in dry weight and defoliation was 

higher in plants treated with chloride salts 

Therefore, plants showed a progressive accumulation of 

chloride which caused a sharp reduction in 

photosynthesis and stomatal conductance. By contrast, 

these parameters were not affected by Na+ accumulation 

ip leaves . Salt treatments also caused a reduction in K+ 

content. Water potential in leaves . reached values near -

1 . 8 MPa, with 60 mM NaCl or 60 mM KCl. This reduction 

was offset by a reduction in osmotic potential so that 

turgor was maintained at or above control values. This 

reduction was closely correlated with proline 

concentration in leaves ,, which was increased by 

chloride salts. 

Addition of Ca2+ 10 mM and 30 mM increased the dry 

weight in plants treated with 45 mM NaCl or 45 mM 

KCl and decreased the defoliation by about 50 %. 

Therefore , Ca2+ decreased Cl- and Na+ concentration in 

leaves and increased K• concentration . 

Photosynthesis and storratal conductance increased their 
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values in plants treated with 45 mM NaCl or 45 KCl with 

increasing Ca2+ treatments.Hoewer, both parameters were 

not appreciably reduced in plants treated with NaN03. 

Addition 

reductions 

of Ca2+ counteracted the 

in leaf water and osmotic 

effects on 

potentials. 

Therefore, Ca2+ inhibited proline accumulation in leaves 

and that affected the reduction in osmotic potential . 

Changes on the parameters studied was attributed to a 

higher chloride concentration i n Citrus leaves . 
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SODIUM TOLERANCE IN SUNFLOWER ANO BEAN PLANTS. ROLE OF POTASSIID~. 

OJEDA, M. /\. <•), BENLLOCH, M. <4 l, AND RAMOS, J. <b> 

Dopartrnent of Agronomy (a) and riepartrnent of Microbiology (b). 
E.T.s.I.A.M. University of Córdoba. Córdoba. spain. 

In rnost crop species, Na• content in plants is low [l], and Na• 
tolerance has been related, in sorne cases, to the plant capability 
of keeping low Na• /K• ratios in the shoot ( 2]. Since this ratio 
depends on the ratio between K' and Na• fluxes, Na• tolerance should 
be explained in terms of these fluxes. To test this hypothesis, we 
have studied the relationship between K• and Na• fluxes and Na• 
tolerance in the rnoderately salt tolerant sunflower plants and in 
the salt sensitive bean plants. 

When Na•-1oaded seedlings of sunflower and bean planta, with 
approximately 75 µmol (g.fw)"1 in the root, were transferred to a 
Na• nutrient solution ( 50 mM Na·, 5 mM K• ) both species took up Na' 
from the nutrient solution, but at a much lower rate in sunflower 
plants. In these plants, the rate of Na· gain was lower than the 
rate of weight gain, Na· was diluted and the plants thrived. In 
contrast, bean plants taken up Na• more rapidly than the gain in 
weight, Na' concentrated and ~he plants eventually st~pped growing. 
Na·-1oaded plants were also low in K+; and in the 50 mM Na', 5 mM K• 
nutrient -solution, both sunflower and bean plants took up K+ very 
actively. No significant differences were found between species. In 
both cases, two days were enough to raise the K• content to a 
normal value. 

Unidirectional Na• efflux from the roots of sunflower and bean 
planta to the Na• nutrient solution ( 50 rnM Na•, 5 rnM K· ) and to a 

Na•-tree nutrient solution did not show significant differences 
between the two kind of plants. In the absence of external Na•, the 
half life of Na• in the root was approximately two days. Addition 
of external Na• did not inhibit the Na· efflux observed in the 
absence of external Na•. Na• fluxes between roots and shoots were 
higher in sunflower plants than in bean plants. As a consequence, 
sunf lower plants presented a higher Na• content than bean plants in 
all conditions, but also a higher capability to dilute the cation. 

The resulta suggest that the · most significant difference 
between bean and sunflower plants is the K'-Na• uptake system, .much 
more eff icient to discriñiinate betwee11 Na• and K• in sunflower 
plants. This difference can acoount for the different Na' tolera·nce 
between both species. 

REFERENCES. 

1.- Greenway, H., and Munns, R. (1980). Mechanisms of salt 
tolerance in nonhalophytes. Annu. Rev. Plant Physiol. 31:149-190. 

2.- winter, E. (1982). Salt tolerance of Trifolium alexandrinum L. 
II. lon balance in relation to its salt tolerance. Aust. J. Plant 
Physiol. 9:227-237. 
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IMPACT OF OSMOPROTECTANTS ON SALT - INDUCED 
GROWTH INHIBITION 

A. Caplan, A. ·B. Garcia, and M. Van Moncagu 

l.aboraroriwn voor Genetica, Universileit Gent, 8·9000 Ge111 (Belgium) 

A number of genes have been cloned from plants that are induce.d by osmotic stress. 

None have been clearly implicate.d in the synthesis of osmoprotectant~. Nor is it at ali clear 

which of· the most investigated osmoprotectants, prollne and glycine betaine, contribute 

significantly to the intracellular osmolarity. They may play irnportant roles in only a few, as yet 

unidentified compartments, or to protect ~nly a subset of the surn of cellular compartments, or 

they may simply contribute to, but not determine, osmotic adaptation. We have inltiated a 

program to investigate the effects of treatments with !he.se chemicals on gene expresslon during 

stress. Steri!e rice sl'.edlings were grown in increasing concentrations of proline or pro!ine plus 

1 % (171 mM) NaCI. Proline alone is a growth inhibitor. Fifty millimolar proline inhibits rice 

growth as much as 17~ mM NaCl. The combination inhibits growth synergistically. When 

NaCl·treate.d plants were subsequently assayed for expression of the salt-induced gene, sa!T, we 

found a near-linear increase in expression as externa! proline levels increased from O to 

200 mM. The combined treatment of 171 m.\i NaC! and 200 mM proline gave approximately 

20-fold more salf' expression than NaCI alone. We next compared the effecrs uf Jow 

concentrations of proline, betaine, and trehalose on saIT expression. We first saw that 1 to 

10 mM proline, and 5 to 10 mM betaine were growth inhibitory. By contrast, 10 mM trehalose 

enhanced growth by 10%. Second, at the conce.ntrations t~ted, proline did not reduce the 

inhibition of sheath growth, although 1 to 10 mM did permit the leaf lamina to grow longer. By 

contrast, betaine afforded protection in the sheath, and trehalose in both sheath and leaves. 

When these plants were then hybridized with salf', strong induction of che genes is seen in 

leaves ofproline- ar betaine-grown plants, but not in trehalose-grown ones. From these studies, 

we propose that trehalose may be a more useful osmoprotectant than the others tested here. 

Moreover, since tow concentrations of proline induce salT (and possibly other osmoprotectant 

genes from ~rudies currently being conducte.d), the primary value of changes In free prnline in 

the cell may be ro creare a highly diffusible, easily catabolized inducer of other stres~·lndu~ 

genes. 
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EVIDENCE FOR CALCIUM-CALMODULIN REGULATOR OF THE SPECIFIC 
K/H ANTIPORTER OF SOIL SEED RAPE 

Sagi Cooper, Henri R. Lerner and Leonora Reinhold 
Department of Botany, The hebrew University of Jerusalem, 

91 904 Jerusalem, Israel 

The mode of regulation of a specific K+/H+ antiporter for 
which we have recently brought evidence (1), in Brassica napus 

plasmalemma and tonoplast membrane vesicles has been 
investigated. The antiporter must presumably be tightly regulated 
in vivo since it mediates extrusion of K+ from the cell coupled 
with H+ influx. 

We present the following evidence, that this exchange 
activity is cal+-calmodulin regulated: Dissipation by K+ of a 
previously established transmembrane pH gradient was inhibited 
when cal+ was depleted by addition of imM EGTA. It was also 
inhibited by addition of the calmodulin antagonist, compound 
48/80 (10 pgr/ml). Each treatment brought about approximately 70% 
inhibition of the antiport activity. This inhibition, 
investigated here in plasma membrane vesicles, prepared by 
separation on a sucrose gradient, showed no dependence on ATP. 

l. Cooper S, Lerner HR, Reinhold L (1991) Evidence for a highly 
specific K+/H+ antiporter in membrane vesicles from oil-seed rape 
hypocotyls. Plant Physiol. 97. in press. 
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Spatial distribution of water and cations in salt-treated plants of 
Lycopersicon spp. 

González Fernández J.J., Cuartero Zueco J. 
Estación Experimental "La Mayara" 
Algarrobo-Costa, 29750 Málaga 
SPAIN 

Ion contents and succulence seem to be valuable physiological traits on 
selection of salt tolerant genotypes in tomate, but they would change 
according to leaf age ¡ that • s why we decided to determine their soatial 
distribution (leaf-to-leaf profiles) in the shoot of plants of Lycopersicon 
species with differences on salt tolerance. 

Plants of L. esculentum cv. "MONEYMAKEli", L. pimpinellifolium 
(accession PE-2) and L. cheesmanii (accession LA- 1401) were grown on gravel 
wi th Hoagland • s solution, plus r:t/. ( co11trol) and 4<:f/. ( salt treatment) of 
Artificial Sea ',¡la ter, for 30 days. Fresh anrl dry weights were recorded and 
cations determined in driec leaves. 

According to dry weight, PE-2 and LA-1401 seem to be more salt tolerant 
than the cul ti •rated accession, there being few ci fferences between both of 
them. 

Sodium concentrat1on in s al t-treated plants increased uni formly from 
the youngest analized leaf to the oldest one, in MONEYMAKER; in PE-2 and LA
J401, it was almost constant along the three youngest analized leaves, then 
increased (more in the former) and became constant again along the oldest 
leaves. In young leaves, it kept clase to the control, in PE-2, and was 
clearly higher than the control, in LA-1401 and MONEYMAKER. 

Accord1ng to our results, differences of Na concentration between young 
and old leaves always occur in tomate, irrespect1vely of salt tolerance. 
Which could be related to salt tolerance would be the Na concentration 
riattern; a genotype would be tolerant i f Na concentration, in old leaves, 
was constant and, at least, as high as that of the substrate, and, in young 
l eaves, constant and lower. With the patt ern described, young leaves would 
be kept out of high Na concentration while old ones would be used far 
storing excess of Na. 

Total sodium plus potass1um prof1le in salt-treated plants was vertical 
and nearly parallel to that of the control all along the plant, in LA-1401¡ 
in PE-2 and MONEYMAKER, both values and differences between treatments 
increased from young to old leaves. 

Calcium concentration in sal t-treated plants kept very clase to the 
control all along the plant, in LA-1401 and MONEYMAKER ¡ in PE-2, i t was 
always smaller than the control, differences between treatments increaaing 
from young to old leaves. 

According to our results, the hypothesis of Cramer atal (1.991), who 
suggested that Ca might be a limiting factor in the growing zone, could be 
discarded because Ca concentration was similar to each other in this zone of 
salt-treated and control plants, while the latter grew far better. 

Succulence in sal t-treated planta increased from young to old leaves, 
values of youngest analized leaves being clase to the control, wi thin all 
the accessions. The differences between treatments increased from top to 
bottom, being higher , at old leaves level, in LA-1401 and PE-2 . 

Increase in succulence could be related to increase in ion 
concentration in MONEYMAKRR and PE-2¡ LA-1401 increased succulence while ion 
concentration (Na+K) remained steady. So, succulence could be seen as an 
arlaptative response to salinity in PE-2 and MONEYMAKER , but not in LA-1401. 
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SALINITY AFFECTS THE EXPRESSION OF DNA SEQUENCES SUBMITTED TO 
SALT-DEPENDENT MODIFICATIONS IN THE HALOPHILIC ARCHAEBACTERIUM 
HALOFERAX MEDITERRANEI. 

F.J.M.Mojica, C.Ferrer, G.Juez and F.Rodriguez-Valera. 
Opto. Genética Molecular y Microbiologia, Universidad de 
Alicante, Alicante, Spain. 

Sorne halobacteria (extremely halophilic archaebacteria) are 
able to grow over a wide range of salt concentrations. 
Specifically, representatives of the genus Haloferax can grow 
from 10% salts to concentrations of saturation for NaCl. To be 
able to grow at such a different salinities the organism has to 
suffer considerable physiological changes, many of which could 
be regulated by expression of different genes. It has been shown 
recently that the mc-vac gene encoding the major gas vesicle 
protein of Haloferax mediterranei has markedly different levels 
of e xpression at different salt concentrations (Englert et a l., 
1990) . 

We have described in Halo fe rax mediterranei the existence 
of certain PstI s i tes (at least 16 in the genome) that appear to 
be more or less susceptible to cleava ge by the enzyme depending 
on the salt concentration at wh i c h the cells have grown (Juez et 
al., 1990). To determine whether such salt- dependent DNA 
modifications are related to the genes nearby we have studied the 
expression of the DNA stretches located around two of the 
differently modified PstI sites, by Northern blot. Our results 
show that, in fact , at least one of the species of mRNA codified 
by each fragment presented markedly different levels of 
expression depending on the sal t concentration of the growth 
medium. In the case of fragment m61 the transcript level 
enhancement by high salinity was even more marked than that of 
the mc-vac gene . These DNA fragments are also being sequenced to 
determine the corresponding ORFs and their function. The 
sequences surrounding the PstI sites studied here show 
peculiarities such as purine-pyrimidine alternancy and inverted 
and direct repeats similar to those described in promotor regions 
of certain halobacterial genes. Our results could derive from a 
putative mechanism of regulation of gene expression by salt 
through modification of the DNA sequence at or around promoters. 
Further studies are in progress to clarify the nature of these 
DNA sal t-dependent modifications and their possible role in 
haloadaptation of halophilic archaebacteria. 
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STRUCTIJRE AND REGULATION OF COTION LEA GENES 
Glenn A Galau and D. Wayne Hughes 
Department of Botany, The University of Georgia, Athens, GA USA 30602 

Late embryogenesis-abundant (Lea) genes are highly expressed during tbe terminal postabscission 
stage of plant embryogenesis. They have been postulated to be involved in desiccation protection 
or repair, and sorne of them are expressed in embryos and other tissues in response to water, 
osmotic, and salt stress and by application of abscisic acid, a hormone often implicated as a 
transduction signal for these stresses. Thosc so far sequenced are hydrophilic and sorne have amino 
acid repeats suggestive of structural proteins. 

We have sequenced genes or mRNAs of an additional 5 cotton Lea and LeaA genes, bringing to 
11 the number sequenced in cotton. Significantly, 3 of the new ones (Lea5-D73, Lea14-D95, and 
Leall-D102) encode proteins tbat are not hydrophilic. LeaA2-D132 encodes a protein very similar 
to the cotton Lea4-D19 and wheat Em proteins, but contains two copies of what, from cotton and 
barley, is now recognized a tandom 20 amino acid repeat. The fifth, Lea10-D92, is the true cotton 
homolog of the so-<:alled "Group 3" LEA proteins containing tandom copies of the 11 amino acid 
repeat. 

Wben compared to several other cotton genes tbat are expressed in embryos at other stages of 
development, most cotton Lea and LeaA genes speci.fically contain in their upstream regioo several 
copies of elemeots similar to those descnbed in wheat aod rice that have beeo implicated as 
abscisic acid-responsive elements. The significance of these aod other potential elements is being 
studied in transgenic tobacco and in transient expressioo in cotton embryo protoplasts, using 
sequences from 4 of the cotton Lea and LeaA genes. The main focus has been in defining the 
elements required for normal developmental expression during embryogenesis. These appear in 
most cases to reside witbin 250 NT of tbe transcription start. The results of these and additional 
studies of developmental and stress responsiveness will be discussed. 
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SALT TOLERANCE IN THE HALOPHYTIC WILD RICB, PORTBRBSIA 
COARC'l'ATA 

A. Garoia and T.J. Flowers 
School 'of Biological Sciences, 
The University of Sussex, 
Falmer, Brighton, 
Sussex BN1 9QG 
U.K 

Porteresia coarctata, a halophytic species of the tribe 
Oryzeae that grows in brackish water around the Bay of 
Bengal, is a potential source for salt tolerance genes 
for rice improvement. Tolerance to salinity has been 
f ound to depend largely on the presence of unicellular 
salt glande on the leaf surface. The effect of salinity 
on 9rowth, ion distribution and 1eoretion ia di1cuased, 
with emphasis on salt 9land ultrastructure and 
cytochemical localization of ATPase activity in salt
treated and salt-free 9rown leaves. 
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Multiple mechaoisms contribute to osmotic inducibility of proU operon expression in Escheric/1ia coli: 

two osmorespoiaive promoters, anda negative regulatory element within the first structural gene. J. 

Gowrisbankar, C.S. Dattananda, and K. Rajlrumari. 

Centre for Cellular & Molecular Biology, Hyderabad 500007, India. 

The osmoprotective action of glycine betaine and L-proline during growth of E. coli in media 

of elevated osmolarity is dependen! in part on the presence of a functional Pro U transponer in these 

cells, encoded by three geoes of the proU operon. Transcription of the proU operon is induced severa) 

huodred-fold in high-osmolarity growth media; such a magnitude of induction is the highest known for 

an osmoresponsive locus in any biological system, but the mechanisms involved are still not complete

Iy understood. A lo~ copy promoter-cloning plasmid vector, with lacZ as the reporter gene, was used 

for assaying the osmoresponsive promoter activity of each of various lengths of proU DNA, generated 

both by !he cloning of discrete restriction fragments and with an exonuclcase 111-mediated dc;ction 

approach. The results indicate that expression of proU in E. coli is directed from two promoters, one 

{P2) characterizcd earlier by o thcr workers wilh stan-site of transcription 60 nucleotides upstream of 

the initiation codon of the fi.rst structural gene (pro V), and the othc r (Pl) ,s ituated approximately 250 

nucleotic!es upstream of pro V. Furthermo:e, a long region of DNA containc<l within pro V was shown 

to be involved in negative regulation of proU transcription; phage Mu dII1681-generated /ac fusions in 

the early region of proV also exhibited partial derepression of proU regulation, in comparison with 

fusions furtlier downstream in the operon. 1be sequences around promoters PI and those around P2 , 

and the promoter-downstream negative regulatory element, respectively conferred approximately 5-

fold, 10-fold and 25-fold osmoresponiivity on proU expression. Within the region genetically defined 

to encode the oegative regulatory element, tb.!re is a 116-nucleotide stretch which is absolutely con

served between the proU operons of E. coli and Salmonel/a typhimuriwn , and which has a capability of 

exhibiting altemative secondary structure. lnsenion of this region of DNA in to a pUC 18 plasmid 

vector was associated with specific changes in topological profile in plasmid molecules isolated from 

cultures grown in high-osmolarity medium; a model to explain its possible role iri proU regulation will 

be discussed. 
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TOBACCO OSMOTIN GENE DOES NOT HYBRIDIZE TO DIFFERENT 
LEGUMINOUS SPECIES. 

Lázaro Hernández García1 and Thierry Huguet2. 

1 Centro de Ingeniería Genética y Biotecnología. P.O. Box 6162. 
Ciudad Habana. Cuba 

2 Laboratoire de Biologie Moléculaire des Relations Plantes
Microorganismes. B.P. 27. 31326 Castanet-Tolosan. France. 

Plants have required the interplay of many gene products to 
evolve different types of adaptations to drought and salinity. 
However, with the current levels of knowledge of plant genetics 
and metabolism, genetic engineering can only be applied to bio
chemically definable traits involving only a single or very few 
gene products. 

Osmotin is a mayor protein which accumulates in vacuolar in
clusion bodies of tobacco cells adapted to low water potencials. 
Abscisic acid (ABA) is involved in the induction of osmotin 
synthesis and the osmotic agent is necessary for the protein to 
accumulate. Enhanced accumulation of osmotin has been associated 
with NaCl tolerance in tobacco cells. Proteins immunologically 
related to the tobacco osmotin have been found in other members 
of the Solanaceae, as well as in Alfalfa and Green Beans. 

Our aim was to detect a possible osmotin homologous gene in 
Legumes by genomic DNA hybridization. Genomic DNA from Leguminous 
species: Medicago sativa, Medicago truncatula, Glycine max, Pisum 
sativum, Vicia sativa and Phaseolus vulgaris (Black and Green 
Breans) was cut with EcoRI, HindIII and Xbal, separated on an 
agarose gel, blotted and probed with a 56lbps fragment 
corresponding to the coding region of the tobacco osmotin gene 
which was amplified by PCR from Nicotiana tabacum var. Bouton 
special. Genomic DNA from tobacco was used as control in the 
Southern blot. 

Hybridization was not found in neither leguminous species 
when washed at low stringency conditions. 
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EXPRESSION OF DROUGHT - RELATED PROTEI NS FROM THE 
RESURRECTION PLANT CRATEROSTIGMA PLAN TAGINEU M 

IN TRANSGENIC TOBACCO 

I turriaga , G. 1 , Schne ider, K"., Salamini, F. and Bart el s , D. 
tJ!PI, Cologne, Germany. 
1 : present address : CEINGEBI-UNAM, Cuernavaca, Mexico. 

Severa l proteins a re induc ed durine water s tress in the 
re surrection "!Jlant Crat erostigma 8.nd their corres ponding cDNA clones 
have been isolated and sequenced (Bartels et a l., 1990 ; Piatkowski 
et al., 1990). Three selected cDNAs, namely pcC6-19, pcC3-06 and 
pcC 27-45 encode sorne of the most abundant proteins expressed during 
dehydra.tion. The encoded product of pcC6-19 displays homology to 
desiccation-related genes expressed in embryos or dehydrated seed
line,s of several plants (Mundy and Chua, 1988 ; Close et al., 1989). 
The TJ cC3-06 cDNA clone conte.ins tracts of s equences which are rela
t ed to a cotton embryo gene (Baker et al. , 1988). The third cDJl!A 
clone, ~ cC27-45, appe a rs to encode a Craterostigma-specific protein 
(Piatkowski et al., 1990 ). 

Each of the mentioned cDNAs was subcloned in the A~robacteri~m 
Ti -derived plas mid pBinl 9 (Bevan,198 4) under the control of a 
t riplica ted 358 promoter, ~ o ensure high levels of expressi on in 
toba. ceo plants, ·and · subsequently used to transform .tobacco. Fully 
r egenerated plants we re screened for -protein expre s sion with 
specific antibodies r a i ~ ed from ~rotein expressed in E. coli. 
Results concerning t he physiolog ical performance of these plants 
wi ll be nresented. 

Re ference s 

- E2.rker, LC., St eele , C., Dure III, L (1 988) Plant ~ : o l. Bi ol. 11 
?.T! - 291. 

- nartel s , D., Schnei de r, K., Ter s tal) '>an, G., Pia.tlcows ki, D., 
3al a11ini, F. (19 90 ) Pl ant 2. 181 : 27-34. 

- :3evan , JI! . (1 98 4) Nucl. Ac ids Re s. 12 : 8711-87?.l. 

- Cl o~ ' e , T.J., Kortt, A. A., Ch2.nciler, P. ~.1 . (1989) Plant Mol. Biol. 
u : 95 - 108 . 

- ;'undy , J., Ch1;.ci, !! .-H. (1 98P. ) E!'l'BO .J . 1: 2?.79-2286. 

- ~ -' i Ptlcowsk i, D., Schneide r, K., Salamini, F., B ~1 rtels, D. (1990) 
::Cl;:i nt Phys i ol.. 94 : 168?.-1688 . 
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Expression of closely related Lea genes in cultured barley embryos indicates different 
transduction pathways for ABA, salt and mannitol 

M. Espelund, S. Sreb0e-Larsen, R.A.P. Stacy, D.W. Hughes(2), G.A. Galau(2)" and K.S. 
Jakobsen 
(l)Division of General Genetics, University of Oslo, PO Box 1031, Blindem, N-0315 Oslo 
3, Norway; (2)Department of Botany, University of Georgia, Athens, Georgia 30602 USA 

The !ate ~mbryogenesis -ªbundant ~ genes, which encode putative "desiccation 
protectants", can be induced in immature and germinating embryos and in vegetative tissues 
by ABA and various applied osmotic stress factors. By screening a barley cDNA library 
with cotton Lea D19 cDNA we cloned three closely interrelated genes (B19.1, B19.3 og 
B19.4) with similarites to wheat Em. The only major difference between the coding 
sequences of the barley B19 genes is in copy number of a 20 amino acid sequence (1 ,3 
and 4 copies in Bl9.l, B19.3 and B19.4, respectively). This amino acid motif is also found 
as a repeat in related Lea genes in dicots, indicating an important function of the repeat. 
The B19 genes are tightly clustered and putative ABA responsive elements are fou nd in 
the upstream regions. 
The B19 mRNAs show differential accumulation during development and in cultured 
embryos. B 19 .1 is the most abundant transcript of the three. In immature embryos all 
three genes are responsive to ABA and mannitol, however only Bl9.1 is strongly 
responsive to salt. Application of the ABA biosynthesis inhibitor norflurazon together with 
salt or mannitol reveals that the salt response is completely supressed by norflurazon, 
whereas the mannitol response is unaffected. In sum, these results insicate that; 1) the salt 
response and ABA response are mediated through different pathways that have common 
steps in the transduction chain. 2) endogenous and exogenous ABA have differential effects 
on gene expression. 3) the mannitol transduction pathway acts independently of the ABA 
pathway. 

Fundación Juan March (Madrid)



60 

OSMOREGULATION IN ESCHERICHIA COLI: A CONTINUOUS 
EXCRETION OF ORGANIC OSMOPROTECTANTS 

Trond Lamark, Olaf B. Styrvold, and Arne R. Str"m 

The Norwegian College of Fishery Science, University of Troms0, 

Dramsvegen 201, N-9000 Troms0, Norway. 

lt is known that Escherichia coli can osmoregulate by uptake of glycine 

betaine through the ProU and ProP systems and by synthesis of glycine 

betaine from choline by the Bet system. We report that the ProU system of 

E. coli, but not that of Salmonella typhimurium, can mediata low-affinity . 

choline uptake. The high-affinity choline uptake system BetT of E. coliwas 

shown to be activated at the level of transport by osmotic stress. 

Furthermore, choline which had been accumulated in stressed cells was 

excreted during uptake of glycine betaine. An E. coli strain which was 

detective in glycine betaine uptake was unable to retain glycine betaine 

synthesized from choline within the cytoplasm. We conclude that E. coli 

has efflux systems for both choline and glycine betaine, and that the 

cytoplasmic pool of glycine betaine is maintained through an equilibrium 

between synthesis, uptake, and efflux. 
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Na+-GLYCEROL CO-TRANSPORT SYSTEM IN DEBARYOMYCES 
HANSENII AS A PHENOMENUM WITH OSMOREGULATORY PURPOSES 

C. Lucas 
Laboratory of Microbio logy, Universíty of Minho, 47 J 9 Braga, Portugal 

Oeoaryomyces /Jansemi is known to maintain osmotic balance when 
growing exponential ly in glucose medium in the presence of NaCl by 
accumulating glycerol as compatible solute, establíshing, for these two 
moiecules, gradients across plasma membrane of opposite dfrectlons. 

Evidence is presented here that the two gradients are llnked trough a 
constítutive Na+/glycerol symport that uses sodfum gradfent as the 
driving force to maintain glycerol gradient. The symporter also accepts 
potassium ions as a co-substrate. lt was also observed that glycerol 
uptake was accompanied by proton uptake when ext~cellular NaCl was 
present and that the protonophOre CCCP induced collapse oí glycerol 
g1adíent. This supports earlier proposals, by other authOrs, that the sodium 
gradient is maíntafned by an acttve sodium-proton exchange mechanism. 
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EFFECTS OF ca2+ ON SALT-STRESS RESPONSE OF BARLEY ROOTS AS 

OBSERVED BY IN VIVO 31p NMR AND IN VITRO ANALYSIS 

V. Martinez, T. W.M. Fan, R. M. Higashi, A. 14uchli and E. Epstein 

Time course experimente were carried out to study the effect of salinity 
(100 mM NaCl) and high ca2+ concentration (6 mM) on excised barley 
roots. In vivo 31p NMR data showed a pH alkalization of the vacuole 
after salt treatment. The salt-induced alcalization of vacuolar pH was 
reduced by addition of the high ca2+ treatment. Slight acidification was 
observed in the cytoplasmic pH, follow by moderate alkalinization in all 
treatments. However pH alkalinization begun first at the high ealt 
treatments. On the other hand, salinity increased Na+ and decreased K+ 
content in the tissue. At the low salt level (1 mM), high ca2+ treatment 
increased the total Na+. However, high ca2+ treatment reduced Na+ 
uptake rate at high salt concentration. No clear differences was 
observed in the cytoplasmic Pi content. However, Pi in vacuole was 
highly influenced by the treatments. In all treatment vacuolar Pi 
increased except in the high salt and low Ca treatment that decreased. 
High Ca increased vacuolar Pi at the control treatments. 
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EFFECT OF NaCl ON GROWTH METABOLISM AND ENERGETICS OF 
SACCHAROHYCES CEREVISAE 

José M. Peinado and Domingo Harquina 
Dept. Microbiología, Facultad de Biología, 

Universidad Complutense de Madrid 

Isabel Spencer-Martins 
Lab. Microbiología, Instituto Gulbenkian de Ciencia, 

Oeiras, Portugal 

A respiratory (petite) mutant of Saccharomyces cerevisiae 
IGC3507, was able to growth exponentially on a synthetic medium 
with NaCl concentrations up to 2 M. The specific growth rate (K) 
decreased linearly with NaCl concentration and this relation 
could be described by the equation: 

in which KN Cl and K0 were the growth rates with and without salt 
respective~y and (NaC1)

1
ax was upper limit of salt tolerance (at 

which growth can occur). In our case this value was 2.2 M. 
We had show previously that the specific growth rate of this 

strain, cultivated under identical environmental conditions on 
the same medim, was a variable with normal distribution (1). 
Curiously enough, the variability decreased with the 
concentration of salt in the medium. Although the source of this 
variation remains obscure, it seems that these cells are capable 
to develop, under the same conditions, severa! steady-states,each 
one defined by a growth rate. The number of this possible steady
states would be limited by a salt stress. 

Salt concentration also affected growth metabolism. In 
contrast with our hypothesis that salt should estimulate 
alcoholic fermentation to produce the extra ATP needed for Na 
pumping, alcohol production decreased about 308 at 0.5 and 1 M 
NaCl, and was similar to the control at 1.5 H. Glicerol 
production also decreased at 0.5 M NaCl but increased at 1 M and 
almost doubled the amount produced by the control at 1.5 M NaCl. 
Non-fermentative carbon dioxide, acetoin and diacetly were the 
excreted metabolites that increased their production 11onotonously 
with NaCl concentration. 

As the observed changes could be due to the decrease in 
growth rate and not specifically to the effect of NaCl, the cells 
were cultivated in a continuous culture at the same dilution 
(growth) rate with (0.5 M) and without salt. The results were 
confirmed and apparently cells in 0.5 M NaCl needed less energy 
to growth, at the same rate, that those without salt·. This result 
was also confirmed by microcalorimetric measurements: Control 
cells produced 37.8 Kcal per mol of glucose consumed, whereas 
those growtn at O. 5 M NaCl produced only 27. 8 Kcal/mol. The 
reasons for this increase in energetic efficiency induced by 
moderate concentrations of NaCl are currently under study. 

1.- J.M. Peinado & N. van Uden. Arch. Microbiol. 113:-303-307 
(1977) 
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Acute changes in nucleotide pools during adaptation to salt stress by Escherichia coli 

Debbie McLaggan and Wolfgang Epstein, Department of Molecular Genetics and Cell 

Biology, University of Chicago, Chicago, Il.. 60637. 

Adaptation of Escherichia coli to salt stress (osmotic upshock) produces majar changes 

in the pools of phosphorylated nucleotides. Cells with a mutation preventing 

trehalose synthesis growing in glucose minimal medium were subjected to an increase 

of 0.45 M NaCl, which permitted resumption of cell growth (doubling time 2.7 h) 

within 30 minutes; 0.65 M NaC!, after which the cells had difficulty resuming growth; 

andan intermediate upshock of 0.57 M NaCI. Cell samples labeled with 32p were 

taken at intervals after upshock and separated by 20 TLC. Purine triphosphates 

decreased transiently prior to reaching levels approximately 2 fold higher than pre

stress conditions. The levels gradually decreased to pre-stress levels 30 - 40 minutes 
after upshock. Under severe salt stress (0.65 M NaCI), the decrease of the ATP and GTP 

pools was greater and prolonged; 2 h after upshock levels were still below pre-stress. 

Pools of purine diphosphates increased transiently, reaching peak levels within 1 - 2 

minutes of upshock. The extent of increase was dependent on the extent of the salt 

stress and recovery of ADP pools to pre-stress levels was slower following a severe salt 

stress. Our studies indicate that changes in adenylate energy charge are responsible, at 

Ieast in part, for the growth lag of E.coli in adapting to higher osmolarity. The 
alarmone ppGpp, found to accumulate in E.coli during carbohydrate starvation, 
nitrogen starvation or during inhibition of protein synthesis, was found to increase 

more than 10 fold during salt stress. The changes in phosphorylated nucleotides were 

largely dependent on the ability of the cell to take up potassium in response to salt 

stress rather than salt stress per se; most of the responses were reduced or absent 

during salt stress under potassium limiting conditions. An exception was dATP, the 

pools of which increased 2-3 fold in the absence of K+ and remained elevated. In the 

presence of K+ the levels of dA TP recover to pre-stress levels within 35 min of 

upshock. (Supported by NSF grant DCB 8704059) 
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CLONING SEQUENCING AND EXPRESSION OF THE nhaB GENE 
FROM ESCHERICHIA COL! 

Elhanan Pinner, Etana Padan and Shimon Schuldiner 
The Institute of Life Sciences, The Hebrew University, 
Jerusalem, ISRAEL 

+ + 
Na /H antiporter activity is found in most living 

+ + 
cella. In E. coü and other bacteria, the Na /H 
antiporter is the main system responsible for the generation 
and maintenance of a sodium gradient (directed inward). A 
gene coding for this activity in E. coli, nhaA, was 
cloned and sequenced. NhaA was overproduced and purified and 
it was found to be electrogenic and extremly sensitive to pH. 
ÁnhaA mutante are sensitive to high concentrations of 
sodium and lithium in a pH dependent manner but aleo possess 
residual Na /H antiport activity indicating the 
existence of alternativ.e gene(s) which we tentatively named 
nhaB. 

In this work we have constructed a genomic library f rom 
the ÁnhaA mutant and screened it for its ability to 
correct the phenotype of this strain i.e, growth on LB medium 
supplemented with 0.5 M NaCl at pH 7.5. Using this approach 
pEL24, a pUClB plasmid containing a 2.3Kb insert, was 
isolated. The antiporter activity of the ÁnhaA strain 
containing pEL24, as meas ~ red in inverted membrane vesicles 
using acridine orange as a monitor of ÁpH, was found to be 
very high with Na+ as with Li+ ions and pH independent. 
The insert was sequenced and it shows an ORF with 1512 bp 
that encodes a hydrophobic 55.5 kDal protein with 12 
putative trans-membrane segmenta. Metabolic labeling of the 
cloned gene product with the T7 polymerase system yielded a 
single, membrane associated band (apparent Mr 45-47 kDal). 

In order to understand the role of nhaB in cell 
physiology, ÁnhaB and ÁnhaAÁnhaB strains were 
constructed. This was done by replacing 1.0 Kb fragment 
from the ORF of nhaB with a 1.3 Kb fragment containing 
chloramphenicol resistance gene and allowing for homologous 
recombination. 
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PROTEINS RELATED WITH SALT ADAPTATION IN C. Limonum CELLS. 

Piqueras Castillo A., Hellín Sáenz E. 
UEI 3 CEBAS (CSICJ. Apdo 4195 30080 Murcia. Spain. 

The response of plants to environmental stresses has atracted 
great interest in plant science studies in recent years, with 
particular attention to the analysis of gene expresion. The basic 
sumption in these studies is that plants able to survive under 
stress ha ve an al te red gene expression which is detected as 
changes in mRNA and proteins. 

Citrus limonum cells adapted to salinity showed several 
changes in the pattern of protein synthesis when compared with 
unselected cells. Sorne spots were increased and several new spots 
could be recognized in adapted cells. The first group of 3 spots 
afected by cuantitative changes had a mol.wt. of 12kd and pI from 
neutral to basic. Qualitative changes (appearance of new 
polypeptides) were limited to 3 groups of polypeptides, one of 
acidic pI and lOkD and two of basic pI with 29 and 68 kD . 

Antibody raised against the sal t induced 26kD pro te in of 
tobacco (kindly provided by Dr. R.A . Bressan, Purdue University , 
USA) did not show any cross reaction with proteins from salt 
tolerant C. limonum cells. 

Polypeptide changes associated with salt adaptation in C. 
Limonum cells are related with · previous studies in tobacco , 
tomato and orange salt tolerant cell cultures. However, clear 
differences can be observed between species with the unique 
common presence of 25-29kD polypeptides. Those facts show that 
many sal t-induced changes in pro te ins are species-spec ific and 
reflect an altered gene expresion caused by the adaptation 
process. 
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A probable 11p1d transfer gene 1s 1nduced by NaCI 1n tomato plants 
and shows stem-spec1f1c accumulat1on 

S. Torres-Schumann, J.A. Godoy and J.A. Pintor Toro 

A full-lenght tomato cDNA clone, TSWl 2, has been lsolated and 
characterized. The nucleotide sequence of TSW12 includes an ORF coding for 
a baslc protein of 114 amino ac1ds whlch shows h1gh s1mllarlty w1th reported 
plant 11pld transfer prote1ns. 
TSW12 gene expresston is subjected to enviromental and developmental 
regulatlon: mRNA 1s accumulated during germ1nat1on and 1ts leve! is 
increased after NaCl or heat shock. In mature plants, this mRNA can only be 
detected upon NaCl, ABA or mannltol treatment, and tts expression mainly 
occurs 1n stems. 
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ISOLATION AND CHARACTERIZATION OF PYRROLINE-5-

CARBOXYLATE REDUCTASE GENE FROM Arabidopsis 

N. Verbruggen, R. Villarroel, and M. Van Montagu 

Laboratorium voor Genetica, Universiteit Gent, B-9000 Gent (Belgium) 

In higher plants, proline is believed to play a role in resistance to stresses such as 

salt, drought, and frost. In fact, proline accumulation is frequently observed in plants 

grown under such conditions. The precise role of this accumulated proline is not 

understood yet, but can be an osmoticum, a compatible solute-protecting enzyme. The 

source of this accumulation is mainly de nqvo synthesis. The proline biosynthetic 

pathway is not well understood in plants and the mechanisms of its enhancement after 

stress is not known. 

We cloned and characterized a pyrroline-5-carboxylate acid reductase (P5CR) 

gene in Arabidopsis thaliana. P5CR (L-proline; NADP+ 5-oxidoreductase; E.C. 

1.5.1.2) catalyzes the last step of the pathway, the reduction of P5C to proline. The 

upstream region of the gene shows several interesting features: a palindromic sequence 

(-253) and 20-bp repeated elements (-61 to + 118); a putative regulatory role of these 

repeats is being investigated. Genomic analysis revealed at least two copies of the PSCR 

gene. Homology of the coding region with known P5CR protein sequences will be 

reported. Expression of the PSCR gene has been studied; the transcript is 1.35 kb long 

and the expression is organ specific, not repressed by proline, and induced by salt. 
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THE SOD2 GENE: A NOVEL SODIUM/PROTON ANTIPORTER 
IN FISSION YEAST 

Z-P: Jia and P.G. Young, Dept. of Biology. Queen's 
University, Kingston, Ontario, Canada, K7L 3N6 

The sod2 (sodium 2) locus has been identified and 
shown to represent an electrogenic Na+/H+ antiporter 
functioning in sodium export. The sod2 gene has been 
cloned and sequenced. Sequence analysis shows that 
the predicted sod2 protein is highly hydrophobic and 
has at least 8 transmembrane segments. No significant 
sequence homology has been found between the sod2 
protein, the bacteria! ant and mammalian Na+/¡r=-
antiporter. Overexpression of sod2 increases sodium 
export capacity and cónfers NaCl tolerance on cells. 
Disruption of sod2 blocks Na+ export and causes 
hypersensitivity to NaCl. With a sod2 disruption, 
cells fails to grow at alkaline pH. The sod2 gene 
has been amplified in sod2 mutants. This kind of 
amplification could be stepwise selected. The degree 
of sod2 gene amplification correlates with the leve! 
of LiCl/NaCl tolerance. 

Supported by National sciences and Engineering 
Research Council of Canada and Neophyte Inc. 
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San Diego, CA. 92186-5800 (USA) 
Tel.: 619 552 8974 Direct. 

619 453 4100 X 106 
Fax : 619 558 6379 

- Department of Land , Air and Water 
Resources. University of Califor
nia Davis. Hoagland Hall 
Davis, CA. 95616 (USA) 
Tel.: 916 752 3607 
Fax : 916 752 1552 

- Institut für Botanik 
Technische Hochschule Darmstadt . 
Schnittspahnstr. 3. 
D W-6100 Darmstadt (Germany). 
Tel.: 6151 16 3200 / 3700 
Fax : 6151 16 4 808 

- Division of Microbial and 
Molecular Ecology . The Insti
tute of Li f e Sciences. The Hebrew 
University of Jerusalem. Givat
Ram. Jerusalem 91904 (Israel). 
Tel . : 972 2 585094 
Fa x : 972 2 585094 

- Departamento de Genética Molecu
lar. Centro de Investigación y 
Desarrollo. C.S.I.C. Jorge Girona 
Salgado 18-26. 08034 Barcelona 
(Spain). 
Tel.: 34 3 204 0600 
Fax : 34 3 204 5904 

- Department of Biochemistry. The 
Weizmann Institute of Science 
Rehovot 76100 (Israel). 
Tel. : 8 342 726 
Fax : 8 344 118 

- Instituto de Recursos Naturales 
y Agrobiologia. Avda. Reina Mer
cedes, sin !l. Apartado de Correos 
1052. 41080 Sevilla (Spain). 
Tel.: 34 5 462 4711 
Fax : 34 5 462 4002 

- Department of Biology. Universi
ty of North Carolina 
CB#3280 Coker Hall. 
Chapel Hill,NC. 27599-3280 (USA). 
Tel.: 919 962 2098 
Fax : 919 962 0778 
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L. Reinhold 

A. Rodríguez Navarro 

R. Serrano 

R.G.Wyn Janes 
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- Department of Botany. The Insti
tute of Life Sciences. The Hebrew 
University of Jerusalem. Givat
Ram. Jerusalem 91904 (Israel). 
Fax . 2 666 804 

- Departamento de Microbiología 
E.T.S.I. Agrónomos. Ciudad Uni
versitaria. 28040 Madrid (Spain). 
Tel.: 34 1 244 4807 
Fax : 34 1 543 4879 

- European Molecular Biology 
Laboratory. Postfach 102209 
Meyerhofstrasse 1 
6900 Heidelberg (Germany). 
Tel.: 6221 387 274 
Fax : 6221 387 306 

- Department of Riochemistry and 
Soil Science. Centre for Arid 
Zone Studies. University College 
of North Wales. Bangor, Gwynedd 
LL57 2UW, Wales (U.K.). 
Tel.: 248 351 151 
Fax : 248 364 717 
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Workshop on 
SALT TOLERANCE IN MICROORGANISMS AND PLANTS: 

M. Acosta 

J . Bañuls 

A. Belver 

R.M. Benito 

M. Benlloch 

M. Botella 

A. Caplan 

PHYSIOLOGICAL AND MOLECULAR ASPECTS 

List of Participants 

- Departamento de Biología Vegetal 
(Fisiología Vegetal).Facultad de 
Biología.Universidad de Murcia. 
30001 Murcia (Spain). 
Fax : 34 68 83 54 18 

- Insti tut für Botanik. Technische 
Hochschule Darmstadt 
Schnittspahnstrasse 3-5. 
D-6100 Darmstadt (Germany). 
Tel.: (06151) 16 32 00 

(06151) 16 37 00 
Fax : (06151) 16 48 08 

- Departamento Bioquímica Vegetal . 
Estación Experimental del Zai
dín. C.S.I.C. e/Profesor Albare
da, l. 18008 Granada (Spain). 
Tel.: 34 58 12 10 11 
Fax : 34 58 12 96 00 

- Institute for Microbiology and 
Genetics. University of Vienna 
Althanstrasse 14 
A-1090 Wienna (Austria) 
Tel.: (1) 313 36 1477 
Fax : (1) 313 36 700 

- Departamento de Agronomía 
E.T.S.I. Agrónomos. Universidad 
de Córdoba. Apartado 3048 
14071 Córdoba (Spain). 
Tel: 34 57 29 47 33 Ext. 302 

- Departamento de Bioquímica y 
Biología Molecular. Facultad 
de Ciencias. Universidad de 
Málaga. Campus de Teatinos 
29071 Málaga (Spain). 
Tel.: 34 52 13 19 79 
Fax : 34 52 13 20 00 

- Laboratorium voor Genetika 
Universiteit Gent 
Ledeganckstraat 35 
B-9000 Gent (Belgium) 
Tel.: 32 91 64 51 70/71 
Fax : 32 91 64 53 49 
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F. Casse-Delbart 

S. Cooper 

J. Cuartero 

I . Fe rnández de Larrinoa 

C. Ferrer 

G. A. Galau 

A. García 

R. Gaxiola 
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- INRAIENSA-M/CNRS URA573 
Laboratoire de Biochimie et 
Physiologie Végétales. 9 Place 
Viala . 34060 Montpellier Cedex 
l. (France). 
Tel.: 33 67 61 25 18 
Fax : 33 67 54 54 59 

- Department of Botany. The Hebrew 
University of Jerusalem. 
91904 Jerusalem (Israel). 
Fax : 972 2 666804 

- Estación Experimental "La Mayara" 
C.S.I.C. 29750 Algarrobo-Costa, 
Málaga (Spain). 
Tel.: 34 52 51 10 00 
Fax : 34 52 51 12 52 

- Facultad de Ciencias Químicas 
Unidad de Bioquímica 
Paseo Manuel Lardizábal ng 3 
20080 San Sebastián (Spain) 
Fax : 34 43 21 22 36 

- Departamento de Genética Mo
lecular y Microbiología. Uni
versidad de Alicante. Campus 
de San Juan. Apartado 374 
03080 Alicante (Spain). 
Tel.: 34 6 565 85 54 
Fax : 34 6 565 85 57 

- Department of Botany. The Uni
versity of Georgia. 2502 Plant 
Se i en ces . . A thens, GA. 306 02 
(USA). 
Tel.: (404) 542 3732 

(404) 542 1859 
Fax : (404) 542 1805 

School of Biological Sciences 
The University of Sussex. 
Falmer, Brighton, Sussex BNl 9QG 
(U.K.) 

Tel.: (273) 606 755 
Fax : (273) 678 433 

- European Molecular Biology La
boratory. 
Meyerhofstr.l 
Postfach 10 22 09 
6900 Heidelberg (Germany). 
Tel.: 6221 38 70 
Fax : 6221 387 306 
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J. Gowrishankar 

R. Haro 

L. Hernández García 

G. Iturriaga de la Fuente 

K.S. Jakobsen 

A . B. Jensen 

T. Lamark 

C.M. Lucas 
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- CCMB - Centre for Cellular 
& Molecular Biology 
Hyderabad 500 007 (India). 
Tel.: 91 842 852241-50 
Fax : 91 842 851195 

- Departamento de Microbiología 
Laboratorio de Microbiología 
Universidad Politécnica 
28040 Madrid (Spain). 

- Centro .de Ingeniería Genética 
y Biotecnología. Apartado 
6162 La Habana (Cuba). 
Tel.: 53 7 20 14 02 ( .. 09) 
Fax : 53 7 21 80 70 

- CEINGEBI-UNAM 
Apartado Postal 510-3 
Cuernavaca, Morelos 62271 
(México). 
Tel.: (52) (73) 172799 

(52) . (73) 172999 
Fax : (52) (73) 172388 

- Department of Biology 
Division of General Genetics 
University of Oslo. P.O.Box 
1031. Blindern N. 0315, Oslo 3 
(Norway). 
Tel.: (472) 85 45 72 
Fax : (472) 85 46 05 

- Centro de Investigación y Des
arrollo. C.S.I.C. Jorge Girona 
Salgado 18-26. 08034 Barcelona 
(Spain). 
Tel.: 34 3 204 06 00 
Fax : 34 3 204 59 04 

- The Norwegian College of 
Fishery Science. University of 
Tromso. Dramsvegen 201 
N-9000 Tromso (Norway). 
Tel.: 47 83 44000 
Fax : 47 83 71832 

- Laboratory of Microbiology 
University of Minho 
4719 Braga (Portugal). 
Tel.: 351 53 612234 
Fax : 351 53 612367 
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V. Martinez López 

J. M. Peinado 

D. McLaggan 

E. Mellado 

E. Pinner 

A. Piqueras 

s. Torres-Schumann 
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- CEBAS - Centro de Edafología y 
Biología Aplicada del Segura 
C.S.I.C. Apartado de Correos 
4195. 30080 Murcia (Spain). 
Tel. : 34 68 21 57 17 -
Fax : 34 68 26 66 13 

- Departamento de Microbio
logía. Facultad de Biología 
Universidad Complutense de 
Madrid. Ciudad Universitaria 
28040 Madrid (SpainJ. 
Tel.: 34 1 449 05 29 
Fax : 34 1 544 06 67 

- Department of Molecular 
Genetics & Cell Biology 
The University of Chicago 
Cummings Life Science Center 
920 East 58th Street 
Chicago, IL.60637 (USA). 
Tel.: (312) 702 13 36 
Fax : (312) 702 31 72 

- Departamento de Microbiología y 
Parasitología. Facultad de Farma
cia. Apartado 874. Universidad 
de Sevilla. 41080 Sevilla 
(Spain). 
Tel.: 34 54 462 83 55 
Fax : 34 54 423 37 65 

- Division of Microbial & Mole
cular Ecology. Institute of Life 
Sciences. Hebrew University of 
Jerusalem. Givat Ram 91904 
Jerusalem (Israel). 

- CEBAS - Centro de Edafología y 
Biología Aplicada del Segura 
C.S.I.C. Apartado de Correos 
4195. 30080 Murcia (Spain). 
Tel. : 34 68 21 57 17 
Fax : 34 68 26 66 13 

- Instituto de Recursos Natura
les y Agrobiología. C.S.I.C. 
Avda. Reina Mercedes, s/nR 
Apartado 1052. 41080 Sevilla 
(SpainJ. 
Tel.: 34 5 462 47 11 
Fax : 34 5 462 40 02 
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N. Verbruggen 

P.O. Young 
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- Laboratorium voor Genetica 
Vniversiteit Gent 
Ledeganckstraat 35 
B-9000 Gent (Belgium). 
Tel.: 32 91 64 51 70/71 
Fax: 32 91 64 53 49 

- Department of Biology 
Queen's Vniversity 
Kingston, Ontario, Canada K7L 3N6 
Tel.: 613 545 61 60 
Fax : 613 545 66 17 
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Fundación Juan March 
SERIE UNIVERSITARIA 

PUBLISHED TEXTS Green Series 

(Mathematics, Physics, Chemistry, Biology, Medicine) 

2 Mulet, A: 
Estudio del control y regulación, me
diante un calculador numérico, de una 
operación de rectificación discontinua. 

4 Santiuste, J . M.: 
Combustión de compuestos oxigena
dos. 

5 Vicent López, J . L. : 
Películas ferromsgnéticas a baja tem
peratura. 

7 Salvá Lacombe, J . A. : 
Mantenimiento del hígado dador in vi
tro en cirugía experimental. 

8 Plá Carrera, J .: 
Estructuras algebraicas de los siste
mas lógicos deductivos. 

11 Drake Moyana, J. M.: 
Simulación electrónica del aparato 
vestibular. 

19 Purroy Unanua, A. : 
Estudios sobre la hormona Natriuréti
ca. 

20 Serrano Malina, J . S.: 
Análisis de acciones miocárdicas de 
bloqueantes Beta-adrenérgicos. 

22 Pascual Acosta, A. : 
Algunos tópicos sobre teoría de la in
formación. 

25 1 Semana de Biología: 
Neurobiología. 

26 1 Semana de Biología: 
Genética. 

27 1 Semana de Biología: 
Genética. 

28 Zugastí Arbizu, V.: 
Analizador diferencial digital para con
trol en tiempo real. 

29 Alonso, J. A.: 
Transferencias de carga en aleaciones 
binarias. 

30 Sebastián Franco, J . L. : 
Estabilidad de osciladores no sinusoi
dales en el rango de microondas. 

39 Blasco Oleína, J. L.: 
Compacidad numerable y pseudocom
pacidad del producto de dos espacios 
topológicos. 

44 Sánchez Rodríguez, L.: 
Estudio de mutantes de saccharomy
ces cerevisiae. 

45 Acha Catalina, J . l. : 
Sistema automático para la explora
ción del campo visual. 

47 García-Sancho Martín, F. J .: 
Uso del ácido salicílico para la medida 
del pH intracelular. 

48 García García, A.: 
Relación entre iones calcio, fármacos 
ionóforos y liberación de noradrena
lina. 

49 Trillas, E. y Alsina, C. : 
Introducción a los espacios métricos 
generalizados. 

50 Pando Ramos, E.: 
Síntesis de antibióticos aminoglicosí
dicos modifica~os. 

51 Orozco, F. y López-Fanjul, C.: 
Utilización óptima de las diferencias 
genéticas entre razas en la mejora. 
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52 Gallego Fernández, A.: 
Adaptación visual. 

55 Castellet Solanas, M.: 
Una contribución al estudio de las teo
rías de cohomología generalizadas. 

56 Sánchez Lazo, P.: 
Fructosa 1,6 bisfosfatasa de hígado de 
conejo: modificación por proteasas li
sosomales. 

57 Carrasco Llamas, L.: 
Estudio sobre la expresión genética de 
virus animales. 

59 Alfonso Rodríguez, C. N.: 
Efectos magneto-ópticos de simetría 
par en metales ferromagnéticos. 

63 Vida! Costa, F.: 
A la escucha de los sonidos cerca de 
T)_ en el 4He líquido. 

65 Andréu Morales, J. M.: 
Una proteína asociada a membrana y 
sus subunidades. 

66 Blázquez Fernández, E.: 
Desarrollo ontogénico de los recepto
res de membrana para insulina y glu
cagón. 

69 Vallejo Vicente, M.: 
Razas vacunas autóctonas en vías de 
extinción. 

76 Martín Pérez, R. C.: 
Estudio de la susceptibilidad magne
toeléctrica en el Cr20 3 poli.cristalino. 

80 Guerra Suárez, M.ª D. : 
Reacción de amidas con compuestos 
organoalumínicos. 

82 Lamas de León, L. : 
Mecanismo de las reacciones de ioda
ción y acoplamiento en el tiroides. 

84 Repollés Moliner, J. : 
Nitrosación de aminas secundarias 
como factor de carcinogénesis am
biental. 

86 11 Semana de Biología: 
Flora y fauna acuáticas. 

87 11 Semana de Biología: 
Botánica. 

88 11 Semana de Biología: 
Zoología. 

89 11 Semana de Biologia: 
Zoología. 

91 Viétez Martin, J. M.: 
Ecología comparada de dos playas de 
las Rías de Pontevedra y Vigo. 

92 Cortijo Mérida, M. y García Blanco, F. : 
Estudios estructurales de la glucógeno 
fosforilasa b. 

93 Aguilar Benítez de Lugo, E. : 
Regulación de la secreción de LH y 
prolactina en cuadros anovulatorios 
experimentales. 

95 Bueno de las Heras, J. L.: 
Empleo de polielectrolitos para la flo
culación de suspensiones de partícu
las de carbón. 

96 Núñez Alvarez, C. y Ballester Pérez, A.: 
Lixiviación del cinabrio mediante el 
empleo de agentes complejantes. 

101 Fernández de Heredia, C.: 
Regulación de la expresión genética a 
nivel de transcripción durante la dife
renciación de artemia salina. 

103 Guix Pericas, M.: 
Estudio morfométrico, óptico y ul
traestructural de los inmunocitos en la 
enfermedad celíaca. 

105 Llobera i Sande, M.: 
Gluconeogénesis uin vivo» en ratas so
metidas a distintos estados tiroideos. 

106 Usón Finkenzeller, J. M.: 
Estudio clásico de las correcciones ra
diactivas en el átomo de hidrógeno. 

107 Galián Jiménez, R. : 
Teoría de la dimensión. 

111 Obregón Perea, J. M!: 
Detección precoz del hiporitoidismo 
congénito. 

115 Cacicedo Egües, L. : 
Mecanismos moleculares de acción de 
hormonas tiroideas sobre la regula
ción de la hormona tirótropa. 

121 Rodríguez García, R. : 
Caracterización de lisozimas de dife
rentes especies. 

122 Carravedo Fantova, M.: 
Introducción a las orquídeas espa
ñolas. 
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125 Martínez-Almoyna Rullán, C. : 
Contribución al estudio de la Manome
tría ano-rectal en niños normales y con 
aletraciones de la continencia anal. 

127 Marro, J .: 
Dinámica de transiciones de fase: Teo
ría y simulación numérica de la evolu
ción temporal de aleaciones metálicas 
enfriadas rápidamente. 

129 Gracia García, M.: 
Estudio de cerámicas de interés ar
queológico por espectroscopia Moss
bauer. 

131 García Sevilla, J . A. : 
Receptores opiáceos, endorfinas y re
gulación de la síntesis de monoaminas 
en el sistema nervioso central. 

132 Rodríguez de Bodas, A. : 
Aplicación de la espectroscopia de 
RPE al estudio conformacional del ri
bosoma y el tRNA. 

136 Aragón Reyes, J. L. : 
Interacción del ciclo de los purín nu
cleóticos con el ciclo del ácido cítrico 
en músculo esquelético de rata duran
te el ejercicio. 

139 Genís Gálvez, J . M.: 
Estudio citológico de la retina del ca
maleón. 

140 Segura Cámara, P. M.: 
Las sales de tiazolio ancladas a sopor
te polimérico insoluble como cataliza
dores en química orgánica. 

141 Vicent López, J . L.: 
Efectos anómalos de transporte eléc
trico en conductores a baja tempera
tura. 

143 Nieto Vesperinas, M.: 
Técnicas de prolongación analítica en 
el problema de reconstrucción del ob
jeto en óptica. 

145 Arias Pérez, J .: 
Encefalopatía portosistémica experi
mental. 

147 Palanca Soler, A. : 
Aspectos faunísticos y ecológicos de 
carábidos altoaragoneses. 

150 Vioque Cubero, B.: 
Estudio de procesos bioquímicos im
plicados en la abscisión de la aceituna. 

151 González López, J.: 
La verdadera morfología y fisiología de 
Azoyobacter: células germinales. 

152 Calle García, C.: 
Papel modulador de los glucocorticoi
des en la población de receptores para 
insulina y glucagón. 

154 Alberdi Alonso, M.ª T.: 
Paleoecología del yacimiento del Neó
geno continental de Los Valles de 
Fuentidueña (Segovia). 

156 Gella Tomás, F. J. : 
Estudio de la fosforillasa kinasa de hí
gado y leucocitos: purificación, carac
terísticas y regulación de su actividad. 

157 Margalef Mir, R. : 
Distribución de los macrofitos de las 
aguas dulces y salobres del E. y NE. 
de España y dependencia de la com
posición química del medio. 

158 Alvarez Fernández-Represa, J.: 
Reimplantación experimental de la ex
tremidad posterior en perros. 

161 Tomás Ferré, J. M.3: 
Secreción y reutilización de trifosfato 
de adenosina (ATP) por sinaptosomas 
colinérgicos. 

163 Ferrándiz Leal, J . M.: 
Estudio analítico .del movimiento de 
rotación lunar. 

164 Rubió Lois, M.; Uriz Lespe, M.3 J . y Bibi
loni Rotger, M.3 A. : 
Contribución a la fauna de esponjas 
del litoral catalán. Esponjas córneas. 

165 Velasco Rodríguez, V. R. : 
Propiedades dinámicas y termodiná
micas de supeñicies de sólidos. 

166 Moreno Castillo, l.: 
Ciclo anual de zooplancton costero de 
Gijón. 

168 Durán García, S.: 
Receptores insulínicos en hipotálamo 
de rata: localización subcelular y me
canismo(s) de regulación. 

169 Martínez Pardo, R. : 
Estudio del mecanismo secretor de 
hormona juvenil en oncopeltus fascia
tus. 
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171 García Jiménez, J.: 
Fusariosis del gladiolo: un estudio pre
liminar. 

173 Fernández Aláez, C.: 
Análisis estructural en sabinares de la 
provincia de León. 

17 4 Furia Egea, J.: 
Citokinas en agrios. Actividades endó
genas, efectos fisiológicos y aplicacio
nes. 

180 Moreno Rodríguez, J. M.: 
Estudios ecológicos en jarales (cistion 
laurofilii): Variación anual de algunos 
factores del entorno y manifestaciones 
fenológicas. 

182 Pons Vallés, M.: 
Estudios espectroscópicos de fosfolí
pidos polimerizables. 

183 Herrero Ruiz de Loizaga, V. J.: 
Estudio de reacciones químicas por 
haces moleculares. Aplicación a la 
reacción C2H5 Br + K Brk + C2H5 • 

193 Martín García, V. S.: 
Utilización sintética en química orgáni
ca de metales pesados como cataliza
dores. Oxidación asimétrica. 

195 Badía Sancho, A. : 
Receptores presinápticos en el con
ducto deferente de rata. 

196 Estévez Toranzo, A. : 
Supervivencia de patógenos bacteria
nos y virales de peces en sistemas de 
cultivo. 

197 Lizarbe lracheta, M.ª A. : 
Caracterización molecular de las es
tructuras de colágeno. 

203 López Calderón, l. : 
Clonación de genes de ccSaccharomy
ces cerevisiae» implicados en la repa
ración y la recombinación. 

211 Ayala Serrano, J. A.: 
Mecanismo de expresión de la PBP-3 
de ccE. coli»: Obtención de una cepa hi
perproductora de la proteína. 

240 Genetic Strategies in Development. 
Symposium in honour of Antonio García 
Bellido. Lectures by S. Ochoa, S. Bren
ner, G. S. Stent, E. B. Lewis, D. S. Hog
ness, E. H. Davidson, J. B. Gurdon and 
F. Jacob. 

244 Course on Genome Evolution. 
Organized by E. Viñuelas. Lectures by R. 
F. Doolittle, A. M. Weiner/N. Maizels, G. 
A. Dover, J. A. Lake, J. E. Walker, J. J. 
Beintema, A. J. Gibbs, W. M. Fitch, P. Pa
lese, G. Bernardi and J. M. Lowenstein. 

246 Workshop on Tolerance: Mechanisms 
and implications. 
Organized by P. Marrack and C. Martí
nez-A. Lectures by H. von Boehmer, J. 
W. Kappler, C. Martínez-A., H. Wald
mann, N. Le Douarin, J. Sprent, P. Mat
zinger. R. H. Schwartz, M. Weigert, A. 
Coutinho, C. C. Goodnow, A. L. DeFran
co and P. Marrack. 

247 Workshop on Pathogenesis-related 
Proteins in Plants. 
Organized by V. Conejero and L. C. Van 
Loon. Lectures by L. C. Van Loan. R. Fra
ser. J. F. Antoniw, M. Legrand, Y. Ohashi, 
F. Meins. T. Boller, V. Conejero , C. A. 
Ryan, D. F. Klessig, J. F. Bol , A. Leyva 
and F. García-Olmedo. 

248 Beato, M.: 
Course on DNA - Protein lnteraction. 

249 Workshop on Molecular Diagnosis of 
Cancer. 
Organized by M. Perucho and P. García 
Barreno. Lectures by F. McCormick, A. 
Pellicer, J. L. Bos, M. Perucho, R. A. 
Weinberg, E. Harlow, E. R. Fearon, M. 
Schwab, F. W. Alt, R. Dalla Favera, P. E. 
Reddy, E. M. de Villiers, D. Slamon, l. B. 
Roninson, J. Groffen and M. Barbacid. 

251 Lecture Course on Approaches to Plant 
Development. 
Organized by P. Puigdoménech and 
T. Nelson. Lectures by l. Sussex, R. S. 
Poethig, M. Delseny, M. Freeling , S. C. de 
Vries, J. H. Rothman, J. Modolell , F. Sala
mini, M. A. Estelle, J. M. Martínez Zapater, 
A. Spena, P. J. J. Hooykaas, T. Nelson, 
P. Puigdoménech and M. Pagés. 

252 Curso Experimental de Electroforesis 
Bidimensional de Alta Resolución. 
Organizado por Juan F. Santarén. Semi
narios por Julio E. Celis, James l. Garrels, 
Joel Vandekerckhove, Juan F. Santarén 
y Rosa Assiego. 

253 Workshop on Genome Expression and 
Pathogenesis of Plant ANA Viruses. 
Organized by F. García-Arenal and P. Pa
lukaitis. Lectures by D. Baulcome, R. N. 
Beachy, G. Boccardo, J. Bol, G. Bruening, 
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J. Burgyan, J. R. Díaz Ruiz, W. G. Dou

gherty, F. García-Arenal, W. L. Gerlach, 

A. L. Haenni, E. M. J. Jaspars, D. L. Nuss, 

P. Palukaitis, Y. Watanabe and M. Zaitlin. 

254 Advanced Course on Biochemistry and 
Genetics of Yeast. 
Organized by C. Gancedo, J. M. Gance

do, M. A. Delgado and l. L Calderón. 

255 Workshop on The Reference Points in 
Evolution. 
Organized by P. Alberch and G. A. Dover. 

Lectures by P. Alberch, P. Bateson, R. J . 

Britten, B. C. Clarke, S. Conway Morris, 

G. A. Dover, G. M. Edelman, R. Flavell , 

A. Fontdevila, A. García-Bellido, G. L. G. 
Miklos, C. Milstein, A. Moya, G. B. Müller, 

G. Oster, M. De Renzi, A. Seilacher, 

S. Stearns, E. S. Vrba, G. P Wagner, 
D. B. Wake and A. Wilson . 

256 Workshop on Chromatin Structure and 
Gene Expression. 

Organized by F. Azorin, M. Beato and 
A. A. Travers. Lectures by F. Azorín, M. 

Beato, H. Cedar, R. Chalkley, M. E. A. 
Churchill , D. Clark, C. Crane-Robinson, 
J. A. Dabán, S. C. R. Elgin, M. Grunstein, 

G. L. Hager, W. Horz, T. Koller, U. K. 

Laemmli, E. Di Mauro, D. Rhodes, T. J. 

Richmond, A. Ruiz-Carrillo, R. T. Simpson, 

A. E. Sippel , J. M. Sogo, F. Thoma, A. A. 

Travers, J. Workman, O. Wrange and 
C. Wu. 

257 Lecture Course on Polyamines as mo
dulators of Plant Development. 
Organized by A. W. Galston and A. F. Ti

burcio. Lectures by N. Bagni, J. A. Creus, 

E. B. Dumbroff, H. E. Flores, A. W. Galston, 
J. Martin-Tanguy, D. Serafini-Fracassini, 

R. D. Slocum, T. A. Smith and A. F. Tibur
cio. 

258 Workshop on Flower Development. 
Organized by H. Saedler, J. P. Beltrán and 

J. Paz Ares. Lectures by P. Albersheim, 
J. P. Beltrán, E. Coen, G. W. Haughn, J. 

Leemans, E. Lifschitz, C. Martín, J. M. 
Martínez-Zapater, E. M. Meyerowitz, J. 

Paz-Ares, H. Saedler, C. P. Scutt, H. 

Sommer, R. D. Thompson and K. Tran 
Thahn Van. 

259 Workshop on Transcription and Repli
cation of Negativa Strand RNA Viruses. 
Organized by D. Kolakofsky and J. Ortín. 
Lectures by A. K. Banerjee, M. A. Billeter, 

P. Collins, M. T. Franze-Fernández, A. J. 

Hay, A. lshihama, D. Kolakofsky, R. M. 

Krug, J. A. Melero, S. A. Moyer, J. Ortín, 

P. Palese, R. G. Paterson, A. Portela, M. 

Schubert, D. F. Summers, N. Tordo and 

G. W. Wertz. 

260 Lecture Course Molecular Biology of 
the Rhizobium-Legume Symbiosis. 
Organized by T. Ruiz-Argüeso. Lectures 
by T. Bisseling, P. Boistard, J. A. Downie, 

D. W. Emerich, J. Kijne, J. Olivares, 

T. Ruiz-Argüeso, F. Sánchez and H. P. 

Spaink. 

261 Workshop The Regulation of Transla
tion in Animal Virus-lnfected Cells. 
Organized by N. Sonenberg and L. Ca

rrasco. Lectures by V. Agol, R. Bablanian, 

L. Carrasco , M. J. Clemens, E. Ehrenfeld, 
D. Etchison, R. F. Garry, J. W. B. Hershey, 

A. G. Hovanessian, R. J. Jackson, M. G. 

Katze, M. B. Mathews, W. C. Merrick, D. 
J. Rowlands, P. Sarnow, R. J. Schneider, 

A. J. Shatkin, N. Sonenberg, H. O. Voor
ma and E. Wimmer. 

263 Lecture .Course on the Polymerase 
Chain Reaction. 

Organized by M. Perucho and E. Martínez
Salas. Lectures by D. Gelfand, K. Hayashi, 

H. H. Kazazian, E. Martínez-Salas, M. Me 
Clelland , K. B. Mullis, C. Oste, M. Perucho 

and J. Sninsky. 

264 Workshop on Yeast Transport and 
Energetics. 
Organized by A. Rodríguez-Navarro and 

R. Lagunas. Lectures by M. R. Chevallier, 

A. A. Eddy, Y. Eilam, G. F. Fuhrmann, A. 
Goffeau, M. Hofer, A. Kotyk, D. Kuschmitz, 

R. Lagunas, C. Leiio, L. A. Okorokov, A. 
Peña, J. Ramos, A. Rodríguez-Navarro, 

W. A. Scheffers and J. M. Thevelein 

265 Workshop on Adhesion Receptors in 
the lmmune System. 
Organized by T. A. Sprínger and F. Sán

chez-Madrid. Lectures by S. J. Burakoff, 

A. L. Corbi-López, C. Figdor, B. Furie, J. 
C. Gutiérrez-Ramos, A. Hamann, N. Hogg, 
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L. Lasky, R. R. Lobb, J. A. López de Cas
tro, B. Malissen, P. Moingeon, K. Okumu

ra, J. C. Paulson, F. Sánchez-Madrid, S. 

Shaw, T. A. Springer, T. F. Tedder and A. 

F. Williams. 

266 Workshop on lnnovations on Protea
ses and their lnhibitors: Fundamental 
and Applied Aspects. 
Organized by F. X. Avilés. Lectures by T. 

L. Blundell, W. Bode, P. Carbonero, R. 
W.Carrell, C. S. Craik, T. E. Creighton, E. 

W. Davie, L. D. Fricker, H. Fritz, R. Huber, 
J. Kenny, H. Neurath, A. Puigserver, C.· 

A. Ryan, J. J. Sánchez-Serrano, S. Shal

tiel, R. L. Stevens, K. Suzuki , V. Turk, J. 

Vendrell and K. Wüthrich. 

267 Workshop on Role of Glycosyl·Phos
phatidylinositol in Cell Signalling. 
Organized by J. M. Mato and J. Lamer. 
Lectures by M. V. Chao, R. V. Farese, J. 

E. Felíu, G. N. Gaulton, H. U. Haring, C. 

Jacquemin, J. Lamer, M. G. Low, M. Mar

tín Lomas, J. M. Mato, E. Rodríguez
Boulan, G. Romero, G. Rougon, A. R. 
Saltiel, P. Stralfors and l. Varela-Nieto. 
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Established in 1955, 
the Juan March Foundation is a non-profit organization 

dedicated to cultural, 
scientific and charitable objectives. 

lt is one of the most important in Europe, 
considering its endowment and activities. 

The Juan March Foundation has collaborated 
significantly in the area of science and research by 

funding awards, grants and schorlarships 
for scientific training, 

supporting research studies 
and publishing research results. 

Since 1970, the Foundation 
has dedicated special attention to the field of Biology 

by means of various programmes, 
such as the Plan on Molecular Biology 

and its Applications (1981-88) 
and at present the Programme of 

International Meetings on Biology, 
designed to actively promote the relationship 

between Spanish biologists and their intemational colleagues. 
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