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The idea of this meeting originated about two years ago in 

discussions 'With Andrés González after an Advanced course on 

Biochemistry and Genetics of yeast cosponsored by FEBS and the 

Fundación Juan March. We thou.ght that it would be interesting to 

gather a number of specialists on an active field of yeast biology and 

we choose ·control of gene expression · as a topic on wtlich rapid 

progresses were being made taking advantage of the experimental 

possibilities that yeast offers as a model organism. 

That an understanding of the mechanisms of control of gene 

expression is of capital importance to understand how an organism 

will function in a certain moment is not new . Sorne thirty years ago a 

meeting in Cold Spring Harbor with the title of "Cellular regulatory 

mechanisms· addressed the sarne question we are aiming presently at: 

to know how the expression of a gene is controlled. At that symposium 
Jacob and Monod were presenting their model of control of gene 

expression in Esr:IJ~ndJJ~i t'Y>lJ,. the existence of mRNA was just being 

considered and the only paper dealing 'With yeast was one by Helmut 

Holzer on "Regulation of carbohydrate metabolism by enzyme 
competititon· . A great leap since that time has been done and today 

we are dealing with more complicated eukaryotic organisms among 

which yeast has been extremely rewarding. 
Gene expression is the process of going from DNA to protein 

and therefore has two distinct steps: transcription and translation. 

There has been a tendency to identify control of gene expression with 

control of transcription but this needs not to be so. In sorne cases 

control of translation could play an important role and even changes in 
mRNA stability could regutate gene expression. However, presently the 

better studied field is that of the control of transcription mechanisms 

and tllis was reflected in the content of tlle communications. 

The topic of control of gene expression in yeast is nowadays so 
vast that it was not possible to cover a11 its aspe.:.ts in tbe time 

available. The workshop was initiated with presentations on RNA 

polymerase 11 and on sorne of tlle general factors required for 

transcription and was followed by otllers on tlle role of tbe chromatin 

structure in regulating transcription . A number of communications 

were centered around a regutatory system wbich affects a great Instituto Juan March (Madrid)
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variety of yeast genes: carbon catabolite repression. Finally cis- and 

trans-acting elements wbich control the expression of anabolic and 

catabolic genes involved in nitrogen metabolism were considere<!, and 

sorne attention was dedicated to post-transcriptional regulatory 

mechanisms. 
A topic wbich was not addressed is that of the possible control 

of the rate of transcription. That is a reflect of our lack of information 

about the following questions: once transcription is initiated does it 

proceed at the same speed in every gene? Are there factors that could 

modulate the progress of the transcription machinery? Another 

question that received perhaps less attention than deserved was that 

of "wbo control the controllers?" or put in another form, is the 

expression of genes that encode transcriptional activators itself 

regulated? 
In addition to the presentations by the invited speakers sorne 

oral reports from selected posters among those eXhibited by the 

participants were scheduled. Three round tables around the topics of 

"Factors affecting transcription·, ·carbon catabolite repression· and 

"Regulation of nitrogen metabolism • were al so organized. 

The communication between speakers and participants was 

intense and was fostered by the magnificent organization provided by 

the Fundación Juan March. It was an unanimous feeling among the 

people wbo attended the workshop that the Fundación has done a 

wonderful job not only in bringing together prominent speakers but 

in caring for all the participants in the way it did . Therefore it is a 

pleasure for us to express our sincere thanks to the Fundación Juan 

March for its generous support of this meeting. We would like also to 

thank all the invisible persons wbo helped to the success of the 

meeting and specially Andrés González wbo coordinated all the 

efforts. 

Juana María and cartos Gancedo 

Madrid, December 1992 

Instituto Juan March (Madrid)
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YEAST RNA POLYMERASE SUBUNITS ANO CLASS 111 TRANSCRIPTION FACTORS 

A. SENTENAC 

Service de Biochimie et de Génétique Moléculaire 
Département de Biologie Cellulaire et Moléculaire 

Centre d'Etudes de Saclay, F-91191 Gif-sur-Yvett~ Cédex 
Tél : 33.1.69 . 08.22.36- Fax 33.1.69.08.47.12 

In the past decade. studies with reconstituted RNA polymerase­
dependent systems. combined with genetic evidence obtained mainly in yeast, 
have established that RNA polymerase 1 (or Al synthesizes ribosomal RNA 
precursors. RNA po lymera se 1 1 ( or B l transcribes protei n -encodi ng genes. 
and RNA polymerase 111 (or Cl produces SS rRNA and tRNAs . Most of the small 
nuclear RNAs are transcribed by enzyme 11 or. in sorne cases. by enzyme 111. 
Each enzyme is directed for promoter selection and correct initiation by a 
set of general and gene-specific transcription factors. The 
characterization of yeast RNA polymerases. transcription factors and 
regulatory proteins have greatly contributed to our understanding of 
eukaryotic transcription . In this lecture. we give an overview of the 
molecular s tructure of the three yeast nuclear RNA polymerases as derived 
from biochemical and immunological studies. present the recent progress 
mad e in their geneti c characterization and finally discuss transcription 
comple x f orma tion. illu s trat ed with the pol 111 system . 

Yea s t RNA polymera s e s A( IJ. B(lll. and C(llll are organized around a 
common cor e of s ubunit s relat ed to the bacterial core enzyme (¡!'¡!a2 J and 
s lia re a s et of five small s ubunits (ABC27. ABC23 . ABC14 . 5, ABC10a. and 
ABClO¡!l. All the s e subunit s ar e e s sential for growth . In addition. each 
e nzy me contain s a variabl e number of enzyme-specific s ubunits . sorne of 
whi e h are not s tri c t ly requi r ed for growtli . Most subuni t genes ha ve been 
c l one d. s equen ced. a nd muta ge niz e d to produce null all e le s and, for several 
o f th e m. conditional mutant s . A functional map of RNA polymerase active 
s it e . t a ke n in a broa d se nse. has begun to emerg e from a combined gen e tic 
a nd bioc he mi ca l anal ys i s o f th e large subunit s . Pr og re ss i s made on 
s ubunit s that interact with the ba s al tran s cription fa c tors . 

Two general c la s s 111 t r an sc r i ption factors have been identified in 
y eas t. TFI IIC which recognize s the A block and B block promoter elements 
has be e n highly purified a s a large multi subunit protein . TFIIIC acts as 
an a ss embly factor to recruit TFIIIB on the DNA. to an upstream position. 
The initiation factor TFIIIB is less well characterized. It can be 
separated into two essential components of 70 kDa and 90 kDa. In addition, 
the involvement of TBP (the TATA box binding proteinl has been recently 
recognized . All these factors participate to the transcription complex 
allowing RNA polymerase 111 to initiate correctly . The cloning of TFIIIC 
and its role in promotor recognition. transcription complex assembly and 
chromatin derepression will be presented. 

Gabrielsen. O. and Sentenac, A. 1991 
RNA polymerase III (CJ and its transcription factors. Trends Biochem. Sci . 
16. 412-416. 

Sawadogo. M. and Sentenac. A .. 1990 
RNA polymerase B <IIl and general transcription factors. Annu, Rev. 
Biochem. 59. 711-754. Instituto Juan March (Madrid)
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TFIID AND THE MECHANISM OF TRANSCRIPTIONAL ACTIVA TI ON 

Kevin Struhl, Dept of Biological ehemistry, Harvard Medica) School, Boston, MA 02115 

It has become clear over the past decade that there are common molecular mechanisms of 

transcriptional regulation in eukaryotic organisms ranging from humans to yeasts. The structures 

of chromatin, RNA polymerases, mRNAs, and promoters are highly conserved throughout the 

eukaryotic kingdom. Yeast and higher eukaryotes contain structurally similar and functionally 

analogous transcription factors that recognize essentially identical sequences and can often function 

across a wide variety of species. Such functional interchangeability not only emphasizes the 

remarkable degree of evolutionary conservation, but also makes it possible to study molecular 

mechanisms in vivo and in vitro by using mixtures of yeast and marnmalian components. 

Most RNA polymerase 11 promoters contain a TATA element upstream of the mRNA start 

si te that binds the basic initiation factor TFIID. Binding of TFIID to the TATA element is the 

essential frrst step in the ordered assembly of the active transcription complex, and it appears to 

poten tia te the promoter for transcription in the context of chromatin. Besides RNA polymerase ll 

and TFIID, the transcription complex is composed of multiple initiation factors (fFIIA, TFIIB, 

TFIIE, TFIIF, TFIIH) . TFIID interacts with TFIIA and alters the interaction with the TATA 

element. Next, TFIIB joins the complex and appears to bridge the region between the TATA 

element and initiation site. Then, TFIIF recruits RNA polymerase 11 to the complex and finally 

TFIIE comes on board to forma preinitiation complex capable of synthesiz.ing mRNA. TFIIH is a 

kinase that phosphorylates the e-terminal tail of the largest subunit of RNA polymerase ll , an 

essential step in initiation. This basic RNA polymerase 11 machinery supports TATA-element­

dependent transcription in vitro, but requires gene-specific activator proteins for efficient 

transcription in vivo. 

TFIID is highly conserved throughout the eukaryotic kingdom. Yeast and human TFIIDs are 

functionally interchangeable in basal transcription reactions reconstituted with yeast or human 

components and have nearly identical TATA-element specificities. The e-terminal ISO residues of 

TFIIDs from a variety of eukaryotic organisms are at least 80% identical in amino acid sequence. 

This e-terminal core domain is necessary and sufficient for TATA-element binding and basal 

transcription in vitro and for the essential functions of TFIID in yeast cells. Despite these striking 

sirnilarities, human TFIID can not carry out the essential functions of yeast TFIID in vivo, with 

differences between the highly conserved core domains being responsible for the phenotypic 

distinction. However, our in vivo and in vitro experiments strongly suggest that human TFIID can 

support basal transcription and respond to acidic activator proteins in combination with yeast 

initiation factors. 

Interactions between activator proteins and TFIID have been observed both genetically and 

biochemically. However, the question of whether upstream activator proteins stimulate 

Instituto Juan March (Madrid)
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transcription by directly contacting TAID or by interacting with a distinct protein that serves as an 

adaptor to the basic transcription machinery remains unanswered and controversia!. In this regard, 

it is important to stress that mammalian and Drosophila TFIIDs are tightly associated with a 

number of additional factors in multiprotein TAID complexes, and there exists a farnily of TFIIA­

like proteins that interact with TFIID and regulate promoter activity. Two distinct TFIID 

complexes have been observed in human cells, only one of which can support transcriptional 

activation. Yeast TFIID behaves as a simple monomeric protein in cell-free extracts, but it is very 

likely to associate with other factors in vivo. 

Gene-specific transcriptional activators generally contain distinct DNA-binding and 

transcriptional activation functions that are usually located in separate regions of the proteins. 

Activation domains are often defined by short acidic regions that function autonomously when 

fused to heterologous DNA-binding domains. Although many different acidic sequences can serve 

as transcriptional activation regions and negative charge is clearly importan!, the leve! of 

transcriptional stimulation is intluenced by other structural features such as the length of the region 

and possibly a.-helical character. It is believed that the DNA-binding domain serves merely to 

bring the protein to the DNA target, whereupon the acidic activation region interacts with a 

component(s) of the basic transcription machinery. Since acidic regions fun ction across a di verse 

range of eukaryotic species, they are likely to contact sorne part of the basic transcription 

machinery that is conserved functionally throughout the eukaryotic kingdom. In contrast, the 

glutamine-rich and proline-rich activation regions found in sorne mammalian proteins do not 

function in yeast cells, presumably because they function by different mechanisrns. 

The rnechanisrn by which acidic activation dornains stirnulate transcription is a fundamental 

but unsolved issue. Acidic activation dornains might directly interact with a component(s) of the 

basic transcription rnachinery or altematively indirectly affect the function of the basic rnachinery 

by associating with distinct proteins terrned adaptors, coactivators, or rnediators. Finally, the 

target could be a component of the chrornatin template such as histones or associated proteins. 

Many experirnents have been devoted to this question and evidence has been gathered in support of 

TFIID, TFIIB, the C-terminal tail of the largest subunit of RNA polymerase II, adaptors. There 

are rnany opinions, but the situation remains to be clarified. 

Instituto Juan March (Madrid)
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Characterization of yeast genes involved in transcriptional 
activation. 
Benjamín Piña, Shelley Berger, Greg Marcus, Neal Silverman, Junjiro Horiuchi, Julie Agapite and 
Leonard Guarente. 
Department of Biology, Massachusetts lnstitute of Technology, Cambridge, Massachusetts 
02139 USA. 

The mechanism by which activators stimulate transcription is largely 
unknown. Biochemical and genetic evidence indicates that it may be 
mediated by intervening factors, termed adaptors or co-activators. 
These factors would bridge the interactions between activators and the 
basal transcription machinery, and in principie they should be required 
for transactivation but not needed for basal transcription. We have 
devised a genetic strategy to isolate the corresponding genes in yeast, 
based on the property of powerful activators to inhibit yeast growth 
when over-expressed. This toxic effect requires both the activation and 
the DNA binding domains of the activator protein, suggesting a clase 
relationship between toxicity and activation capability. The assumption 
is that a mutation reducing the toxicity potential of a given activator 
would be also impeding its ability to activate transcription. Our 
selection scheme uses the chimeric activator Gai4-VP16 expressed 
from the ADHl promoter on a high copy plasmid. Whereas this 
combination completely inhibits growth of a wild type yeast strain, we 
isolated about 30 different mutants able to grow in the presence of this 
toxic construct. The isolated mutations fell into three complementation 
groups, ADA 7, ADA2 and ADA3, characterized by a very poor growth in 
minimal media, although no specific auxotrophy has been found 
associated to them. 

The poor growth of the ada mutants in minimal media was utilized to 
clone the corresponding wild type alleles by complementation. Sequence 
analysis of the three cloned ADA genes shows that their are novel genes, 
with no clear homology to any other gene cloned so far. Different 
regions of homology have however been found. Specifically, ADA2 shows 
Cys-rich region that may encompass a DNA binding domain, although no 
direct proof have been obtained. 

Analysis of the phenotypes of the three isolated A DA genes 
demonstrated that ada 7 mutants escaped Ga14-VP16 toxicity by 
reducing its expression levels. ada 7 mutations seem to affect the levels 
of different activators, by a mechanism still unknown. Mutations in Instituto Juan March (Madrid)
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ADA2 and ADA3 genes do not affect the levels of expression of Gai4-
VP1 6, but reduce its ability to activate transcription. In addition, they 

have wide pleiotropic effects, showing that they affect multiple genes, 
although their complete deletions are not lethal. 

The ADA2 gene appears to be required for full expression of a discrete 

set of activable genes. Genes regulated by Gcn4 seem to be the most 

severely affected by ada2 mutations, suggesting that the activation 

domains of Gcn4, VPl 6, and, presumably, other activators not 

characterized yet, do not work in these mutants. Conversely, activation 

through other UAS (like CYC 7, driven by both Hapl and Hap4) and 

transcription of severa! house-keeping genes are not affected in ada2 

mutations. The effect of ada2 mutations is also very selective in vitro : 

response to the activators Gcn4 and Gai4-VP16 is reduced in ada2 

mutant extracts, but not activation by Gai4-Hap4. Basal transcription is 
also not affected in ada2 extracts. Given these characteristics, we 

propase ADA2 as a transcriptional adaptar. 

Mutations in the ADA3 gene affect transcription of a greater variety of 
reporters than ada2 mutations, albeit in very different degrees. 
Transcription of house-keeping genes like TBP, ACT7 or GCN4 is not 

affected in ada3 mutants. CYC7 transcription is moderately affected by 

ada3 mutations, whereas VP16- and Gcn4-driven activation is severely 

impeded. In general, transcription of genes that are affected by ada2 

mutations appear to be the most affected in ada3 mutants. In vitro , 

ada3 mutant extracts show two different phenotypes. First, activation 

by any of the above indicated chimeric activators, as well as basal 

transcription appear to be significantly reduced in ada3 mutan t 
extracts. Second, the choice of start sites is altered in ada3 mutflnts , 
being the UAS-proximal ones preferred over the distal ones. These 

characteristics suggest that ADA3 is a non-essential factor in the basal 

machinery that receives the activation signal from transcriptional 

activators through ADA2 or related adaptors. 
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Histones versus transcription factors: chromatin structure and gene regulation in yeast 

Wolfram Horz 

Institut für Physiologische Chemie 

Universitat München. Schillerstr. 44 

8000 München 2, Germany 

We are investigating the role of histone DNA interactions in gene regulation and have chosen 

the PH05 gene from Saccharomyces cerevisiae as a model system. The PH05 gene encodes a 

strongly regulated acid phosphatase which is repressed in high phosphate media. It is induced 

about 100-fold when cells are starved for phosphate. Two positive regulatory proteins, PH02 

and PH04, with binding sites at the PH05 promoter (Vogel et al., 1989) are required for this 

to occur. At high phophate conditions, the PH04 protein is functionally inactivated by anega­

tive factor, the product of the PHOBO gene, probably by protein protein interactions. 

The chromatin structure at the PH05 promoter undergoes a massive transition upon 

induction of the gene. In high phosphate media, there is a short hypersensitive region located 

about 370 bp upstream of the gene. This hypersensitive region which contains a PH04 binding 

site is flanked by specifically positioned nucleosomes (Almer and Horz, 1986). Upon 

induction of the gene by starving the cells for phosphate, two nucleosomes upstream and two 

nucleosomes downstream of this hypersensitive site are selectively removed (Almer et al., 

1986). 
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We have investigated the mechanism of this chromatin transition and asked specifically 

if DNA replication is required for nucleosome disruption to occur. This question cannot be 

answered simply by starving cells for phosphate and at th~ same ,time preventing cell division 

because phosphate starvation conditions ~~ not achievedunder these conditions dueto endo­

genous phosphate pools. 

We have overcome this problem by inducing PH05 activation tblv\J&h a t~perature 

shift rather than by phosphate starvation. thus circumventing all the compbcal.lons inherent in 

the phosphate signaling pathway. This was made possible by introducing a targeted mutation 

into the PHOBO gene which converted this gene toa temperature sensitive allele. 
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When the chromatin structure at the PH05 promoter was analyzed it was in­
deed found to open up after a temperature shift to 37° in the same way as previously found 

for wild type cells activated by phosphate starvation. When we prevent DNA replication by 
starving the cells or taking growth arrested cells we found that chromatin still opened up after 
raising the temperature to 37°. We even found that the closed chromatin configuration could 
be regenerated by shifting the cells back to 24 o after they had been at 37°, again in the ab­

sence of DNA replication (Schmid et al., 1992). 

We could show that the cells need glucose for the nucleosome disruption, which might 

mean that this is an energy dependent process. The reverse reaction, i.e. the reformation of 
nucleosomes after a temperature downshift, occurs in the absence of glucose. 

These results imply that transcription factors, in this case PH02 and PH04 (Fascher et 
al., 1990), must be able to trigger the disruption of a preexisting nucleosomal template. We 

have analyzed the in vivo binding of PH04 to its target sites by in vivo footprinting techniques 
using dimethylsulphate. Characteristic changes in the reactivities of G-residues at both 

binding sites were observed at low phosphate conditions. That we were really observing 

interactions of the PH04 protein could be confirmed by analyzing pho4 strains and also 
strains that overexpressed PH04. We conclude from these results that PH04 binds to both 
target sites in chromatin after PH05 induction. 

Based on these results a model will be presented that describes the interplay between 
histones and transcription factors in the activation of the PH05 promoter. 

REFERENCES: 

Almer, A. and Horz, W. (1986). Nuclease hypersensitive regions with adjacent positioned 
nucleosomes mark the gene boundaries of the PH05/ PH03locus in yeast. EMBO J. 5, 2681-

2687. 

Almer, A.., Rudolph, H., Hinnen, A., and Horz, W. (1986). Removal of positioned nucleo­
somes from the yeast PH05 promoter upon PH05 induction releases additional upstream 

activating DNA elements. EMBO J. 5, 2689-2696. 
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ration of active chromatin at the PH05 promoter in S. cerevisioe. EMBO J. 9, 2523-2528. 
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promoter upon PH05 induction occurs in the absence of DNA replication. Cell, in press. 
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Gene modulation by the Centromere and Promoter Factor 1 and SPT proteins. 

N.A. Kent, E.A. McKenzie, J.S.H. Tsang, L.E. Bird and J. Mellar. 
Microbiology Unit, Biochemistry Department, South Parles Road, Oxford OX1 3QU, U.K. 

The centromere and promoter factor 1 (CPF1) is a basic helix-loop-helix -ZIP protein that is 
required for optimal centromere function and transcription of severa! genes. The protein is 
cncodcd for by the CPFJ gene (also known as CEPJ or CBPJ) . 

CPFI binds specifically in vivo and in vitro toan octanucleotidc motif RTCACRTG 
found at the centromere detcrmining clemcnt (CDE) I motif in yeast centromeres and at many 
other si tes in the yeast genome including gene promoters. DNA bound CPF1 bends the DNA 
and induces marked changcs in the chromatin structure around its targct si te. Deletion of the 
CPFJ gene or mutations in the CDEI region result inatento twenty fold reduction in the 
stability of chromosomes and centromere based plasmids indicating that DNA bound CPFI is 
required for optimal centromere function. The function of CPF1 at the centromere may be to 
bend/distort the DNA to aid the formation of other DNA:protein and protein:protein 
interactions, particularly those formcd at CDEIII and with the microtubule. 

Marked changes in thc position of nucleosomes are observed around CDEI si tes in 
promoters in wild-type strains and cpfl strains. Using a cpjl strain andan induci;.,lc plasmid 
cxpressing CPFJ, thesc changes in chromatin structurc can be shown to be a dircct 
conscquence of the prcscnce or absence of thc CPFl protcin in thc cell. Thesc chromatin 
changes are evident at thc CDEI-Iike clements in the promoters of two genes, ME125 and 
MET/6, whose products are required for the biosynthesis of methionine in the ccll. Deletion of 
the CPFJ gene results in an absolute rcquircment for methionine for growth suggesting that 
CPFI might be required for the expression of methionine biosynthetic genes. However, these 
is no corrclation betwcen the nalure of chromatin struclure al lhese promolers (renecling the 
presencc or absencc of CPFI in lhe ccll) and lhe dependence of lhe ccll on methionine for 
growth . Cells expressing versions of lhe CPFI protein that are unable to bind lo DNA in vitro 
show a chromatin paltem cxpcclcd of a cpjl mutant slrain yel lhese slrains are melhionine 
prototrophs. 

In support of lhe idea lhal CPFI functi ons in one way lo maintain optimal ccnlromere 
functi on andina differenl way to ensure tmnscriplion of genes we have conslructed a numbcr 
of strains containing poinl mutalions in lhe basic domain and hclix 1 region of CPFI thal have 
dislinctive and differenl effects on cenlromere funclion or the ability of slrains lo grow withoul 
melhionine. We are currently using genctic and biochemical approachcs lo unravel the role of 
CPF I in lhe lranscription of genes. 

We ha ve demonstraled that for optimal transcription of Ty elements and for maint.aining 
methionine independenl growth CPFI funclions lo antagonisc lhe repressing effecls of a relatcd 
family of proleins including SPT21, RPDI(SIN3), RPD3 and CCR4. In a slrain expressing a 
vcrsion of CPFl with a poinl mutalion lhal rcsults in methionine auxolrophy, lhe introduction 
of a mutalion in any one of this family of genes is sufficient lo allow growth in the abscnce of 
methionine and to increase Ty RNA levels t.o above normal. Thus cpjl, spt21 strains are 
melhionine prototrophs. We have isolated a number of other genes that are able, at high copy 
number, to complement the methionine auxolrophy of strains containing a complete deletion of 
the CPF 1 gene. One of these genes encodes the HLH protein PH04. I will discuss the role of 
CPF1 in the transcription of genes and the possible mechanisms for complementation of CPF1 
function in different genetie backgrounds. 

Mellar et al (1990) EMBO J. 9: 4017-4026. 
Melloret al (1991) Nucleic Acids Res.l9: 2961-2969. 
Dowell et al ( 1992) Nucleic Acids Res. 20: 4229-4236. 
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Regulation of glucose repression in Saccluuomyces cerevisille 

Karl-Dieter Entian, Institut fiir Mikrobiologie 

Theodor-Stem Kai7, Haus 75A, 6000 Frankfurt/M. 

Telephone: +69 1 6301 6468 Fax: +069 16301 7639 

Glucose repression refers to the absence of certain enzymes if glucose is available in the 

medium. The many enzymes subject to glucose repression include glycoside hydrolases and 

those of galactose catabolism, gluconeogenesis, the tricarboxylic acid cycle, the glyoxylate 

cycle and the respiratory chain. Genetic analysis of glucose repression has revealed two kinds 

of mutan!. First glucose repression mutants in which enzymes that are glucose repressible 

have high activities, even when glucose is the carbon source. Second glucose derepression 

mutants which stay in !he glucose repressed state even after exhaustion of glucose. 

Four groups of mutants can be distinguished phenotypically: (i) hxk2 (=hexl, glrl), hex2 

(=regl), cat80 (=grrl) and cidl, which affect glucose repression, (ii) catl (=snfl) and cat3 

(=snf4), which affect glucose derepression, (iii) cat2 and cat4 (=migl) which are epistatic 

over glucose derepression mutants, and (iv) glucose repression and derepression mutants that 

have additional regulatory disorders, tupl (=flkl, umr7, cyc9, amml, aarl, slf2, aer2), cyc8 

(=ssn6) and rg/1. 

Hexokinase PII appears to have a ma jor function in triggering glucose repression. This 

function can be complemented by over-expression of isoenzyme PI, but not glucokinase. No 

further glycolytic steps beyond glucose phosphorylation are necessary for glucose repression 

and the actual signa! for glucose reprcssion is still unknown. The Hex2 protein is located in 

the nucleus and contains strongly acidic regions, which may compete with transcriptional 
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faciOrs. The Cat80 protein has leucine-rich motifs, which is indicative of protein-protein 

interactions, genetic analysis suggests that Cat80 functions early in the pathway of glucose 

repression. 

Genes catl and cat3 are necessary for glucose derepression. The Catl protein appears 10 be a 

protein kinase and Cat3 corresponds 10 a subunit necessary for its function. 

Deletion analysis of the glucose repressible promoters identified DNA sequences at which 

gene repressors (URS elements) or gene activators (UAS elements) can bind. The invertase 

URS element. was used 10 characterize its gene repressor Cat4 (=Mig1). For fructose-1,6-

bisphosphatase acitvator proteins Dapl and Dapii were identified by gel retardation 

experiments. Dapl binding occurs when cells are grown on ethanol. 

Literature for review: 

Entian, K.-D. and J.A. Bamett (1992) Regulation of sugar utilization by Saccharomyces 

cerevisiae. TIBS (in press). 

Gancedo, J.M. (1992) Carbon catabolite repression in yeast. Eur. J. Biochem. 206, 297-313. 
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COirrROL OP HrK2 GBNB EXPRESS ION. TBR ROLE OF PR<>r.KIN 
PHOSPHORYLATION OH THB GLUCOSB RBPRBSSIOH .SIGKALIBG PROCBSS 
OF saccharomyces cerevisiae. 
Moreno.F., Martínez-Campa,c . and Herrero,P. 
Departamento de Biologia Funcional (Area Bioquimica y 
Biologia Molecular). Universidad de Oviedo. Spain. 

'!'he yeast Saccharomvces cerev, s1ae produces three 
different enzymes that can phosphorylate glucose and thus 
initiate glycolysis. Two of these ( hexokinase 1 and 2) 
pbosphorylate fructose and mannose as well, allowing growth 
when either of these sugars is used as the sole source of 
carbon and energy¡ the third ( glucokinase) phosphorylate 
only glucose and mannose. The two bexokinases are thus both 
dispensable for · growth on ~lucose, but the cell requires 
one or the other for growth on fructose. 

The two hexokinases are not functionally 
interchangeable, as tbere are differences in the phenotypes 
of null mutations in the two genes, in the growth rate on 
glucose and the degree of glucose repression. On the other 
hand, the high affinity glucose uptake system depends on 
the activity of any one of the three kinases. 

Yeast glucose phosphorylatin~ enzymes have been the 
subject of a considerable number of biochemical studies but 
their individual roles are unclear. Mechanisms of their 
involvement in high affinity glucose uptake, or, for 
hexokinase 2 and 1, in glucose repression, are also to be 
explained. There is, therefore, much to be learned about 
these enzymes. The present paper is a study of the role of 
hexokinase 2 phosphorylation on the glucose repression 
signaling process. We will also present preliminary data 
about the control of hexokinase 2 gene expression. 

Hexokinase 2 undergo p!J.osphorylation "in vivo" when the 
yeasts are grown in medium with a low concentration of 
glucose and the pbospbate incorporation was stimulated by 
certain pentoses, as xylose. Xylose-induced phosphorylation 
of hexokinase 2, shows a direct correlation with invertase 
and a-c¡alactosidase activities, suggesting that the 
phosphorylation of hexokinase 2 is closely associated with 
the signaling process of glucose repression. 

In order to characterize the hexokinase :2 
phosphorylation we have carried out experiments about its 
reversibility and the effect of competitor sugars on the 
protein phosphorylation. One conclusion of these 
experiments is that the pliosphate incorporated to 

Instituto Juan March (Madrid)



32 

hexokinase 2 is not implicated in the cata.lytic mechanism 
of glucose phosphorylation. 

In order to identify the phosphorylated site of 
hexokinase 2, the 32P-labeled protein was digested with 
TPCK-treated trypsin. The tryptic peptides were resolved on 
a C-18 reverse phase HPLC column and sequence data were 
obtained for the purified phosphopeptide. These results 
lead to the identification of a peptide between G1Y60 and 
Arqg3 as the target for protein phosphorylation. 

Site directed mutagenesis and deletion experiments 
identified Ser79 as the phosphate aceptor residue of 
hexokinase 2. A truncated hexokinase 2 lacking 14 
aminoacids, including Ser79

1 
is not phosphorylated and the 

yeast cells lacks glucose repression. these results 
strongly support the hYPothesis that the phosphorylation of 
hexokinase 2 is irnplicated with the glucose repression 
signaling process. 

To study RXK2 expression yeast RNA isolated from cells 
growing logarithmically in several media containing 
distinct non- fermentable ( glycerol, ethanol) and 
fermentable ( glucose 1 fructose 1 mannose, galactose) carbon. 
sources, was hybridized against BXK2. The actin gene, which 
is constitutively expressed was used as standard. A 
preliminary analysis of the HXK2 upstream control region. 
was carried out by using different HXK2-lacZ fusions. Our ' 
results shows that hexokinase 2 transcription need the 
presenc:e of glucose in the culture medium. 
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GLUCOSE REPRESSION OF GAL GENE EXPRESSION aod 
ANALYSIS OF A WEAK YEAST PROMOTER. 

Mark Johnston 
Department of Genetics, Washington University 

St. Louis, MO 

Expression of the GAL genes of S. cerevisiae is stringently regulated in two ways: 
galactose induces and ~ represses their expression. The basis for induction by galactose 
has long been well-understood: Gal80p inhibits the ability of Gal4p to actívate transcription by 
binding to the transcriptional activation domain of Gal4p; growth on galactose produces an 
inducer that inhibits Gal80p function. 

The basis for glucose repression has more recently become clear. Glucose interferes 
with Gal4p function in three distinct ways (diagrammed below). Fu-st, glucose lowers the 
level of functional inducer in the cell, resulting in increased Ga180p activity, which causes 
about a 10-fold reduction in GALJ expression. This is due to reduced levels of the GAL2-

encoded galactose perrnease caused by glucose repression of GAL2 transcription and glucose­
induced inactivation ofthe permease, and also glucose repression of GALJ expression, which 
encodes a protein necessary for inducer function. Secood, glucose represses expression of 
GAlA, leading to lower levels of Gal4p, which reduces GAL gene expression approximately 
40-fold. This is due to binding of the glucose-activated Miglp repressor to two sites in the 
GAlA promoter. Third, glucose repression works directly on the GALJ promoter through a 
URS element that consists of two Miglp binding sites to reduce GALJ expression about 5-

fold. These three mechanisms together seem to account for a/1 of the approximately 1000-fold 
repression of GALJ expression. 

These multiple mechanisms ensure that glucose repression of GAL gene expression 
is rapid and stringent. The mechanism responsible for most of the repression of GALJ 

expression (#2, reduction in Gal4p levels due to repression of GAlA transcription) acts 
slowly: it cannot take effect until the preexisting Gal4p is diluted out (Gal4p is very stable). 
Indeed, when this is the only repression mechanism operating on GALJ, several hours are 
required to establish repression . The third mechanism (binding of Miglp to the GALJ 

promoter) achieves rapid repression of GALJ expression by inhibiting the function of the 
preexisting Gal4p bound at the GALJ promoter: this mechanism represses GALJ expression 
within 20 minutes after glucose addition. Thus, the role of the third mechanism appears to be 
to rapidly repress GALJ expression until the other two slower mechanisms become 
established. 
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We are studying the promoter of the GAlA gene for severa! reasons. First, we want 
to know why it is among the weakest of all yeast promoters, because we are interested in 
understanding the basis for promoter strength. Second, it appears to contain no TATA box, 
and we wish to uriderstand how such promoters function. Third, we want to understand the 
mechanism of glucose repression of GAlA expression. Finally, we want to identify the 
transcriptional activators of a gene that itself encodes a transcriptional activator. We believe 
such proteins may be important "global" regulators in yeast. 

Our analysis of the GAlA promoter reveals three types of regulatory elements: UAS, 
URS, and a new type of element we term UES. The most upstream element appears to be a 
UAS: deletion of this element reduces but does not abolish GAlA expression. This element is 
likely the binding site(s) for the transcriptional activator of the GAlA gene. Between the UAS 
and the RNA start site is an A+T-rich element termed the UES (Upstream Essential 
Sequence) that may fulfill the role of the TATA box: it is in a location expected of a TATA 
box, and deletion of this element abolishes GAlA expression. However, the UES is clearly 
functionally distinct from a TATA box: it does not function in place of a TATA box in 
another promoter, nor does a consensus TATA box function in place of the UES in the GAlA 
promoter. Furthermore, the UAS of the GAlA promoter does not function when placed in 
another promoter containing a TATA box. These results lead us to the conclusion that the 
weak GAlA promoter contains novel elements that appear to be functionally co-adapted. The 
interaction between these elements may set the low level of GAlA expression. We are eager to 
identify the proteins that bind to these elements. The URS consists of two binding sites for 
the Miglp repressor. It is located between the UES and the RNA start site of GAlA. and is 
responsible for glucose repression of GAlA expression. 
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Galactokinase, a regulatory protein of lactose/galactose metabolism 

C.P. Hollenberg and J. Meyer 

lnstitut flir Mikrobiologie, Heinrich-Heine-Universitat Düsseldorf, Universitatsstr. 1, W-
4000 Düsseldorf, Germany 

The yeast species Saccharomyces cereyjsjae and Kluyyeromyces lactis are related and 
have been shown to share a number of structural and regulatory propenies. The 
comparison of the sequence of equivalent regulatory genes from both organisms has 
become an effective start to the identification of conserved and therefore potentially 
important regions in the gene products. 
The genes for lactose and galactose metabolism in K lactis are organized and regulated 
in an analogous fashion to the galactose system in S cereyjsjae (Dickson and Martín, 
1980; Riley and Dickson, 1984). The similarities between both systems include the high 
degree of homology between the upstream activating sequences mediating galactose 
induction (Salmeron and Johnston, 1986) and the positive regulatory proteins LA.C2 and 
QA.l.A, which can function in both organisms (Salmeron and Johnston, 1986; Breunig and 
Kuger, 1987; Riley et al. 1987; Salmeron et al. 1989). 
The genes in S. cerevjsiae encoding enzymes of galactose and melibiose metabolism are 
induced shortly after a cell grown on a nonfermentable carbon source receives galactose 
(see review Johnston, 1987). The induction mechanism is dependent on the function of 
QA.l,A, GAL80 and .QAU. The genes Q.AL1 and QAL8Q encode proteins which are 
directly involved in transcription activation and repression of galactose governed 
promotors. The QAU gene has been analyzed in more detail, but its function still 
remains unknown (Bajwa et al. 1988; Torchia and Hopper, 1986; Bhat et al. 1990). Most 
noticeably, ~ mutants exhibit an increased induction time of several days, which 1ed to 
the hypothesis that QALl is responsible for the synthesis of the inducer molecule. No K. 
lKúi mutations with a phenotype similar to that of S. cerevjsjae u.U have been 
described. · 
In a study on the regulation of lactose metabolism in K. lactis, we have isolated a number 
of new regulatory mutants. One of these mutants carries a recessive mutation which leads 
to loss of induction of 8-galactosidase, galactokinase and lactose permease. This 
phenotype was dueto a mutation in the .K.J.aru.s. GALJ ¡::ene (kl-GALJ}, which until now 
was only known to encode the enzyme galactokinase. 
We have analyzed the two phenotypically distinct types of nU-mutants. The ül.li-type 
of mutant lacks on galactose the induction of 8-galactosidase and the enzymes of the 
Leloir pathway, whereas the ¡::all-209 type only lacks galactokinase activity. Our data 
implicate an additional function for the QALl gene product that is required for the 
induction of the lactose/galactose system (Meyer et al. 1991). This regulatory function is 
not dependent on galactokinase activity, as it is still present in the galactokinase negative 
mutant ~all- 209. Complementation studies in S. cerevjsiae show that K. !actis QALl 
and ~all-209, but not W1=J: can complement the pU mutation. We conclude therefore 
that the regulatory function of QALl in K. lactis directly after induction, is similar to the 
function of OAL3. in S. cerevjsjae. Based on these data, we have proposed a new model 
for galactose induction (Meyer et al. 1991). Recently, Bhat and Hopper (1992) have 
confmned this function ofGALlp. 
Overexpression of the positive regulator LA.C2_or deletion of the negative regulator .kl:. 
GAL80 can suppress the uninducibility of üU:Lmutants, which places the site of action 
of GALI p upstream of the LA.C2 function. Overexpression ofkl-GALI leads to a partial 
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derepression of the lactose/galactose genes, which suggests it to act as a regulator 
downstream of the inducer. 
The mutations in the alleles ull:r and ~all-209 have been localized. A more detailed 
analysis of functional domaines will be discussed. 
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Heme Regulation of Gene Expression in Yeast 
Richard S. Zitomer 

Department of Biological Sciences 
University at Albany/SUNY at Albany 

Albany, NY 12222 

The yeast Saccharomyces cerevisiae is a facultative aerobe. lt 
regulates the expression of a large number of genes according to the 
availability of oxygen. Two sets of such genes are regulated by heme, the 
biosynthesis of which requires molecular oxygen at two steps . Transcription 
of the first set is activated by heme and includes nuclear genes that encode 
mitochondrial functions, such as components of the electron transport chain, 
and functions involved in controlling oxidative damage, such as superoxide 
dismutase and catalase . Transcription of the second set is repressed when 
heme is present in cells and encodes hypoxic functions such as alternate 
cytochrome subunits and oxidases involved heme and membrane syntheses. 

Heme activation of transcription for a given gene is achieved through 
one (in sorne cases both) of two possible activators : the heme-dependent 
Hap1 protein or the heme-dependent, catabolite-repressible Hap2/3/4 
complex. These activators bind to specific DNA sequences upstream of the 
target genes . Heme repression is mediated by the Rox1 repressor which 
binds to a specific operator sequence upstream from is target genes. 
Transcription of ROX 1 is heme-dependent, activated by Hap 1, while the 
function of the Rox 1 protein is heme-independent. Additionally. the Rox 1 
protein has a short half-life in yeast cells which permits a rapid induction of 
hypoxic functions. Thus heme repression results from the regulation of 
repressor synthesis and not repressor function . 

The function of these DNA binding proteins is controlled through other 
cellular factors that modulate their activity. One such factor is the Tup 1 /Ssn6 
heterodimer. Mutations in either the TUP1 or SSN6 gene encoding the 
proteins of this complex cause constitutive expression of heme-repressed 
genes, loss of catabolite repression, low level expression of heme-activated 
genes in the absence of heme, a-sterility (loss of repression of a-specific 
genes in a a-cell). and flocculence. This pleiotropy can in part be explained by 
a model in which this complex serves as a negative adapter between a a 
number of specific DNA binding proteins and the transcriptional machinery; 
when this complex is anchored to the DNA, repression occurs. In support of 
this model, the Rox1 repressor binds to its DNA operator site in extracts 
prepared from tup 1 or ssn6 deletion mutants, but does not repress 
transcription in vivo. Alternatively, artificially anchoring the Tup1 or Ssn6 
protein to DNA causes repression in the absence of a specific DNA binding 
protein. 

Another factor involved in mediating rep,·ession is Rox3, an essential, 
nuclear protein. Cells carrying carboxyl-terminal deletions of Rox3 are viable, 
but show altered transcription patterns. Possible roles of Rox3 in 
transcription will be discussed. 
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CONTROL OF EXPRESSION OF THE GENES FOR THE 
GLUCONEOGENIC ENZYMES IN SAeeHAROMYeES eEREVISIAE 

J.M. Gancedo, J.J. Mercado, O. Vincent and M.A. Navas Instituto de 
Investigaciones Biomédicas del C.S.I .C. Arturo Duperier 4. 28029 Madrid. Spain 

The gluconeogenic enzymes fructose-1 ,6-bisphosphatase and 
phosphoenolpyruvate carboxykinase are strongly repressed by glucose. 
The mechanisms underlying glucose repression of the corresponding 
genes, F B P 1 and Pe K 1 , ha ve not been yet elucidated but we ha ve 
established that glucose not only decreases the rate of transcription of 
the genes but also affects the stability of the corresponding mRNAs. 

To assess the role of different regions of the respective promoters 
on the transcription of the F B P 1 and Pe K 1 genes we ha ve constructed 
F B P 1 -/a e Z and Pe K 1 -/a e Z fu sion genes and studied the effect of 
deletions in the promoters in the expression of laeZ , both in glucose­
grown cells and in derepressed yeast. Severa! UAS and URS regions 
have been identified in both promoters, as well as sites implicated in 
catabolite repression. Both genes harbour consensus sequences for the 
binding of the same regulatory proteins such as yAP1, MIG1 and the 
complex HAP2/HAP3/HAP4. In addition the lack of expression of p­
galactosidase from fusions not including sequences from the coding 
regions of F B P 1 or Pe K 1 suggests the existence of downstream 
activating elements. 

In the FBP 1 promoter we detected by footprinting assay s two 
sequences able to bind nuclear protein s. They are very similar to the 
consensus sequence for the binding of the regulatory protein MIG 1, 
thus suggesting a role for MIGI in the regulation of FBP1 tran scription . 
1-Iowever, neither deletion nor overexpression of the M 1 G 1 gene 
affected the regulated expression of the FBP 1 or Pe K 1 genes. A 
possible explanation for this observation would be the existence of 
sorne other regulatory protein with a Zn-finger sequence similar to th at 
of MIG 1 and which could therefore bind to sequences related to those 
recognized by MIG l. 

To investigate the physiological relevance of catabolite repression 
of the gluconeogenic enzymes we have put the corresponding genes 
under the control of a promoter which is not repressed by glucose. The 
expression of the gluconeogenic enzymes under glycolytic conditions 
has no striking consequences on yeast survival but causes appreciable 
changes in the metabolism of yeast. 

References: 
Mercado, J.J., Vincent, O. and Gancedo, J .M. (1991) FEBS Letters, 

291, 97-100 
Mercado, J.J. and Gancedo, J.M. (1992) FEBS Letters, 311, 110-114 
Navas, M.A. , Cerdán,S . and Gancedo, J.M. (1992) Proc. Nat. Acad . 

Sci. USA, accepted for publication. Instituto Juan March (Madrid)
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CIS-ACTING ELEKENTS AND TRANS-ACTING FACTORS REQUIRED FOR TRANSCRIPTIOHAL 
ACTIVATIOH OF THE ALLAHTOIH SYSTEK GENES, AHD THEIR RESPONSE TO IHDUCER, 
AND NITROGEN CATABOLITE REPRESSION 

T.G. Cooper, T. Cunningham, J. Daugherty, R. Dorrington, H. El Berry, and 
R . Rai, Univ. of Tennessee, Memphis, and H.J.J. van Vuuren, Dept. of 
Microbiology, Univ. Stellenbosch, Stellenbosch 7600, S . Africa, 

Transcriptional activation of all allantoin pathway genes in S. cere­
visiae l.S rnediated by two or more copies of the upstream activation 
se quence, UASNTR (MCB9:602-608). Saturation mut a genesis of UASHTR 
d e rnonstrated it to be a dodecanucleotide containing the sequence GATAA at 
it s core (J. Bacteriol. 173:4977-4982). A DAL5 UASNTR has been shown 
t o foo tprint indicating that protein(s) bind to it. Expression of all 
allantoin pathway genes is highly sensitive to nitrogen catabolite repres­
sion (NCR). This physiological response was explained by the observation 
that operation of UASNTR is highly NCR-sensitive (MCB 9:5440-5444). We 
pr e v iously dernonstrated that transcriptional activation mediated by 

UASNTR also requires a functional GLN3 gene product (J. Bacteriol. 
172:10 1 4 -1 018) . Minehart and Magasanik reported that the GLN3 product 
contained a sequence homologou s to the GATA protein family of DNA binding 
proteins which also bind DNA fragrnents containin g the sequence GATAA (MCB 
11 :62 16-6228). 

In addition to the negative effects of nitrogen catabolite repression, 
a ll a ntoin syste rn ge n es are negative ly regulated by the DAL80 product; 
s teady s tate l ev els of DAL g e ne-specific rnRNAs are rnarkedly e levated in 
dal80 rnutant s . DAL80 control is not , however, confined to the allanto-
in pathway. UG Al expression occurs at high l evels in the absence of 
indu ce r in dal80 rnutants. We clon e d the DAL80 gene, d e t e rmined th e 
r espon s e of its expression to induction and nitrog e n catabolite repression 
(N CR), it s nu c l eotide sequ e n ce , and generated a chrornosornal dal80 null 
rnutant . DAL80 gene express ion does n o t res pond to induction by the allan­
toin pathway gratuitous inducer, oxalurate. However, in contrast to the 
pos it ively - acting allantoin pathway regulatory proteins, DAL80 expression 
i s r e duced to undetectable leve ls when cells are provided with readily used 
nitrogen s ources . Not surpris ingly, th e DAL80 prometer contains rnultiple 
copies of the DAL UASNTR (MCB 9:5440- 544 4) . One of the rnost intriguing 
c h aracteristics of the DAL80 protein sequence is the presence of a 
s tretch of a rnino acids s h aring high hornology with the yeast GLN3 protein, 
a Ne urospora transcription factor (NIT2), and a vertebrate transcrip­
tion factor (GATA-1) both of which bind to a sequence that is homologous to 
th e DAL UASNTR (M CB 9:602-608 & 9:54 40-5444). 

To ascertain whether or not DAL80 protein binds to UASNTR se­
quences of the allantoin pathway genes as suspected from its structural 
hornology to rnarnrnalian GATA binding proteins, EM SA a nd foorprinting assays 
e rnploying DAL80 protein produced in E. coli we r e used to demonstrate 
that DAL80 protein specifically binds to UASNTR-hornologous sequences. 

The structural relationships between DAL80 and GLN3, participation 
of UASNTR in positive and negative regulation mediated by DAL80, and 
UASNTR mediation of nitrogen catabolite repression of allantoin pathway 
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genes prompted us to ask whether or not these correlations extended broadly 
to other nitrogen catabolic genes. Therefore, we tested 14 genes with 
multiple copies of UASHTR in their upstream regions for: sensitivity 
to NCR and DALSO regulation, requirement of a functional GLH3 product 
for their expression. Every catabolic gene we tested that contained multi­
ple copies of UASNTR upstrearn of its TATA sequences was sensitive to 
NCR. Included arnong this sarnple of genes was CAH1 which has long been 
accepted to be NCR-insensitive. Expression of rnost of these genes also 
increased to a greater or lesser extent in a dal80 mutant. On the other 
hand, expression of rnost, but not all, of the catabolic genes required a 
functional GLN3 gene product. Most notably, expression of the UGA1 
gene was highly sensitive to NCR, increased rnarkedly in a dal80 deletion 
rnutant, and occurred at nearly wild-type levels in a gln3 deletion 
rnutant. These observations support the suggestion that UASHTR is the 
cis-acting site through which NCR is exerted. They also suggest that if 
N CR is exerted through the GLHJ gene product, there must be an alternate 
route for this physiological response as well. 

Finally, expression of the DAL4, DAL7, DUR1,2, and DURJ, genes 
in S. cerevisiae is induced by the presence of allophanate, the last 
intermediate of the allantoin degradative pathway. Analysis of the DAL7 
5'-flanking region has identified an elernent, designated the DAL upstrearn 
induction sequence (DAL UIS), required for response to inducer (MCB 
9: 3231-3243). The operation of this cis-acting elernent requires functional 
DAL81 and DAL82 gene products (J. Bact. 173:255-261 & MCB 
11: 1161-1166). Sin ce this elernent participates in a transcriptional re­
sponse to the allantoin-pathway specific signal rnolecule, allophanate, the 
protein binding to it would be expected to be pathway specific. The obser­
vation that dal81 rnutants exhibit a pleiotropic loss of UGA1 induction 
in addition to that of the DAL systern genes argued against DAL81 pro­
tein binding directly to the DAL7 UIS elernent. DAL82 product, which 
appears to be allantoin pathway-specific, on the other hand, was a reason­
able candidate for such a binding function. These hypotheses were tested 
using electrophoretic rnobility shift assays (EMSAs) for protein binding. 
To establish specificity of protein binding to the UIS element we deter­
rnined its structure using saturation rnutagenesis. A dodecanucleotide se­
quence is the mínimum required for response of reporter gene transcription 
to inducer. There are two copies of the sequence in the 5 1 flanking re­
gion of the DAL7 gene, both of which function. There are also functional 
copies of the DAL UIS elernent upstrearn of all inducible allantoin pathway 
genes. Using EMSA and footprinting assays with DAL82 protein produced in 
E. coli, we demonstrated that DAL82 encodes the DAL UIS binding 
protein. This work is supported by NIH grant GM-35642 and FRD grant 
11-2-2-237. 
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PARTICIPATION OF SPECIFIC AND PLEIOTROPIC FACTORS IN THE 

REGULATION OF ARGININE METABOLISM IN S.CEREVISIAE. 

F. Messenguy and E. Dubois. 

Research Institute of the CERIA. Brussels, Belgium. 

ARGRI, ARGRII and ARGRIII proteins control the expression of 

arginine anabolic and catabolic genes. They repress the 

synthesis of five anabolic enzymes (encoded by ARG5,6, ARGB, 

ARG3 and ARGl genes) and induce that of two catabolic ones 

(encoded by CARl and CAR2 genes) . We have shown that they 

are al so required in vitro , to observe a protein/DNA complex 

with the arginine anabolic and catabolic promoters, in the 

presenc e of arginine. By creation of mutations, DNase 1 

protection footprinting and by gel shift assays, we have 

defined in anabolic and catabolic promoters two inverted 

repeated sequences ("arginine boxes") required for 

regulation by arginine . These regions share homology with 

the P(PAL) sequence, which is the target of MCMl protein. 

In vitro binding experiments to these promoters reveal that 

transcription factor MCMl, involved in transcription of 

cell-type-specific genes, is part of the ARGR regulatory 

complex . The participation of MCMl in the regulation of 

arginine metabolism is confirmed by the behaviour of mcml­

gcn4 mutant, which is affected in the repression of arginine 

anabolic genes and in the expression of the catabolic ones. 

MCMl action requires the integrity of the ARGR proteins and 

acts through the "arginine boxes" present in all the 

promoters regulated by the ARGR system. 

Whereas ARGRI and ARGRII are specific regulatory factors of 

the arginine metabolism, ARGRIII plays a pleiotropic 

function in the cell. Disruption of the gene leads not only 

to loss of arginine regulation but also to a lethal 

phenotype at 37°C. At 29°C, the growth of the disrupted 

strain is reduced. This strain is sterile and the homozygous 

argRIII::URA3 diploid does not sporulate. Expression of Instituto Juan March (Madrid)
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cell-type specific genes (MFa, STE2) is reduced, but MCMl 

expression remains unaffected. By gel retardation assays 

with eructe protein extracts, we show that ARGRIII seems to 

be required for the binding of MCMl to its DNA target 

sequences. However, it is well established that pure MCMl is 

able to interact with DNA , in the absence of additional 

factors. Therefore, we propose that ARGRIII could titrate an 

inhibitor preventing MCMl to interact with DNA. We have 

already proposed a similar hypothesis for the role of 

ARGRIII in arginine regulation . 

The arginine catabolism is also regulated negatively by 

three other proteins called CAR80, CAR81 and CAR82. 

Mutations in these genes do not lead to a negative 

phenotype, which renders difficult the cloning of these 

genes by growth complementation. Using a technique of 

transposon mutagenesis, we have created a carBO mutation by 

Ty insertion. This Ty element contains the plasmid pian7 and 

the SupF gene, allowing its specific detection and its 

recovery from yeast . The complete CARBO gene was then cloned 

by colony hybridizatio n . This gene encodes a 836 amino acid 

protein, with a Zinc-finger motif in its e-terminal end. 

Disruptio n of the gene leads t o const ituve expression of 

arginine catabolic genes, to slow growth and to a 

sporulation defect. The CARBO gene is allelic to the UME6 

gene, as shown Cooper's group. Our sequence is 100 % 

identical to that of UME6, as determined by the group of R . 

Easton-Esposito (personal communication) . 

All these pleiotropic factors involved in arginine 

metabolism (MCMl, ARGRIII, CAR80) are part of a set of 

accessory proteins which play a role in transcription by 

assisting gene-specific regulatory proteins, such as ARGRI 

and ARGRII. 
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Transcriptional control of anabolic and catabolic threonine deaminases in 
yeast. Steen Holmberg, Institute of Genetics, University of Copenhagen, DK-1353 
Copenhagen, Denmark. 

Regulation of the yeast genes encoding enzymes involved in amino acid 
biosynthesis is very different from the regulation of the corresponding genes in bacteria. 
When a mino acids are present in the growth medium, bacteria turn off the transcription 
of the genes for their amino acid biosynthetic enzymes. Under similar growth conditions, 
yeast cells maintain a significant leve! of transcription from amino acid biosynthetic genes, 
often referred to as the basal leve!. 

The /LVI gene of Saccharomyces cerevisiae encodes the enzyrne for the first 
committed step in isoleucine biosynthesis and is regulated by the general control system 
for amino acid biosynthesis. Deletion analysis of the /LVI promoter revealed a GC-rich 
element important for the basallevel expression. This cis-acting element, called /LVI BAS• 

is functional independently ofwhether GCN4 protein is present. Furthermore, unlike the 
situation at HIS4, the magnitude of GCN4-mediated derepression is independent of 
ILVlaAS· The element has homology to the consensus REBl-binding sequence 
CGGGTARNNR. Gel retardation assays showed that REBl binds specifically to this 
element. REBl-binding sites normally situated in the SIN3 promoter and in the 35S 
rRNA promoter can substitute for the /LVI REBI site. Furthermore, a SIN3 REBl site 
containing a point mutation that abolishes REBl binding does not support /LVI basal 
leve) expression, suggesting that binding of REBl is important for the control of /LVI 
basallevel expression. Interestingly, an ABFI-binding site can also functionally replace 
the /LVI REBI-binding site. A mutated ABFl site that displays a very low affinity for 
ABFI does not functionally replace the /LVI REBl site. This suggests that ABFl and 
REBl may have related functions within the cell. 

Although the REBl-binding site is required for the /LVI basal leve! expression, 
the site on its own stimulates transcription only slightly when combined with the CYCI 
downstream promoter elements, indicating that another /LVI promoter element functions 
in combination with the REBl site to control high basal leve! expression. A poly(dA) 
element situated between the /LVI REBl site and the uppermost transcription initiation 
site also displayed a poor UAS activity of its own. However, additional insertion of the 
REBl site upstream of the poly(dA) element enhances synergistically the effect on 
tran:;cription of this weak activator. This effect of REBl is strongly distance dependent. 
In available data bases, many yeast promoters containing a REBl site in front of a 
poly( dA) element were found. Such a combination may provide constitutive or high basal 
leve) expression to these genes. 

Strains devoid of a funrtional IL Vl protein have a requirement for isoleucine. 
Phenotypic suppression of ilvl can occur by activation of a catabolic threonine/serine 
deaminase, encoded be the CHAl gene, i.e. the catabolic deaminase is able to substitute 
for the anabolic deaminase. Expression of the CHAl gene is transcriptionally induced by 
serine (80-100 fold), and toa Jesser extent by threonine, and allows the yeast to grow on 
media with serine or threonine as sole nitrogen source. Deletion analysis has identified 
a cis-acting element in the CHAl promoter, UAScHA• needed for induction. This 
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sequence canfers serine induced expressian ta a heterolagaus promater. We have isalated 
a recessive mutatian, designated cha4-1, that prevents cells from utilizing serine/threanine 
as sale nitragen saurce. The cha4-l mutatian reduces basal level expressian af CHAl 
(aspargine as nitragen saurce) 8-10 fald and eliminates inducible expressian. Further­
mare, serine induced expressian af a heterolagaus promater through UAScHA depends 
an the presence af CHA4. The CHA4 gene has been claned and sequenced. The CHA4 
pratein has a deduced length af 648 a mina acids, including an N-proximal ( residue 43 ta 
residue 70) matif knawn as the Zn(IIhCys6 binuclear cluster, suggesting that CHA4 
encades a DNA binding protein. Furthermare, faur acidic regians af 25 - 40 amina acids 
can be recagnized. Gel retardatian experiments emplaying an E. coli produced truncated 
versian af CHA4 (residue 1 ta residue 174) and wild-type and mutated forms of UAScHA 
demonstrate that CHA4 specifically binds to UAScHA in vitro. 

As mentianed above, induction of CHAl leads ta suppression of ilvl. We have 
identified a recessive mutation, si/2, and a dominant mutation, S/L3, that both suppress 
ilv 1 by inducer independent, constitutive transcription of CHAl. Interestingly, gap-repair 
analysis has demanstrated that si/2 and SIL3 both are alleles of cha4. We have cloned 
six alleles of SIL3 and twa alleles af si/2 and are in the pracess af lacalizing the mutated 
site in the CHA4 protein in arder ta identify functianal damains. 
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TRANSLATIONAL ANO TRANCRlPTlONAL REOULATION OF GENE 
EXPRESSION: THE GCN4 MODEL IN YEAST 

C. Th1reoa, D i\Jcxlmdrúki, T. Geo¡·gakopoulos li. Manlatnki llnd N . 
Tavemarakls. 

Instltute of Molecular Biology and Blotechnology, PO Box 1527, Herakllon 711 
10, Crete, Greece. 

One importent fcature in blological systems ts their abllity to reprogram gene 
expression in response to environmentel, hormonal or intcrcellular slgnals. Yer.:;t 
cells adapt to amLr10 acld lim!tation by increeslng the levels of tra.nscrlptlon of 
genes encoding amino acid b!osynthetic enzymes. Thls lncrease ls mediated by the 
binding of the GCN-1 transcriptional actlvator at.. a spe.dflc DNA_.site lor.Ated wlthi:-1 
the promoter reglon of these genes. Underlylng thls transcriptlonal regulatory 
mecha.nism ls a translationo.! control system necessary to mediate the response . 
When amino acids are llm!ted, translation of the GCN4 mRNA is increased whlle 
the rates of the overall proteln synthesis are reducetl. The regulated step In thls 
response is the forrnation of prel.nitlation complexes between the 40S ribo~omal 
subunit and the lnitlator met tRNA (43S complexes). 

Al! ev!dence !ro :' ::ate that the amlno t~ . dd starvatton slc,nn.J l s transduced to the 
proteln synthetic ·: ,achinery through the med.lutlon of the GCN2 proteln klnnse. 
Th!s protcin klnase when actívated (qua.ntitatively and que.!ltatlvely) phosphorylatcs 
the translation lnltlatlon factor ciF2 . Thls phosphorylation then results ln the 
relluctlon or the formatlon of 4 35 prtlnltlullon ccmplexe:;. Tite ll umlutluuul 
activation of the GCN4 rr.RNA under these condltlons is due to the unusual 
structure of this message. Its 5 ' untranslated reglon contalns four small open 
rcading fro.me~ which engo.ge the .-10S rlbosom>tl ~ubun!t~ tn r·PpPMt>rl rcm:11l.~ nf 
translatlonaJ rcini~íation events. This accounts for the lov. .. levels of tra.nslatlonal 
lnltlatlon at the GCN4 coding AUG whcn the growth condltions are normal. 
When the recharging of the 405 subunits wlth met tRNA !s llmltec\ (l. e. under 
uuliuu udú liwilulh;H .:.uudilivu~ ) lh c~ c rclnitio.tion .:.Y cntJ r..rc r cducc d und thua 

more 435 comp!excs ca.n establlsh t:·anslation inlt!ullon events at the GCN4 cod.i.ng 
AUG. 

TranslationaJ ectivat ion of the GCN4 ml<NA ls nec.es ~ a.ry but not sufflclent for 
the transcriptional enhancement of the amino ncid bios}11thctlc genc.s. We huve 
recently rcvealled tllat the GCN4 medlated trtlllscriptional acUvation requlres the 
function of the GCNS proteln. This protein Js a trai1scrlptlonal coactlvator whlch 
sharcs a region of slmllarity with other proteins such llS SNF2/SWI2, SPT7, 
STHl in yeast, Bnn1,Fshl in Drosophila and FSHl,CCGl in mammals . The 
requirement for the GCNS proteln correlates with the abllity of the GCN4 protein 
to gain acccss to its target and prelimlnary evidence suggests that the GCNS 
vrult:lu tl[fe~;L~; Llu:: dlWllltttln sLruct111c. l'lnally, the. GCNS protcln is a l)Cncrlll 
coactivator since its fcn~tlon is requlred for maximal levels of transcrlption of 
genes regulated by the HAP2/HAP3/HAP4 complex. The possible interactions of 
the GCNS proteln with theEe llCtivators, elements of the chromRtln Rnd th~ core 
transcrtptionaJ machlnery is under lnvestlgation. 
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THE SSLJ and SSL2 SUPPRESSOR GENES OVERCOME 1HE INHffiiTORY EFFECT OF A 

STEM-LOOP MUTA TION IN THE H/S4 LEADER POST-1RANSCRIPTIONALLY AND 

RE!'-.'DER YEAST CELLS HYPERSENSITIVE TO UV-LIGIIT. 

H. Yoo, S.P. Miller, K.O. Gulyas and T.F. Donahue, 

Department of.Biology, Indiana University, 
Bloom1ngton, Indiana 47405 

We initiated a genetic reversion analysis to idenri.fy components of the translation initiation 

complex that mediate ribosomal binding/scanning of mRNA. A 36 bp sequence with perfect dyad 

synunetry was insened into the H/S4Ieader region which resulted in a His-phenotype. A geneúc 

reversion analysis of this strain has identified eight unlinked suppressors genes (SSL) of the stem· 

lool) mutation which restore HIS4 expression. 
The SSL2 suppressor gene encodes an essential 95-kDa protein thiu contains motifs 

characteristic of it being a member of the superfamily of RNA helicases. SSL2 is 54% identical at 

the am.ino acid leve! to the human gene ERCC-3 (XPBC) . ERCC-3 is a gene which is correlated 

with the disease xe:oderma pigmentosum and Cockayne's syndrome, ailments result:ing from the 

inefficient repair of damaged DNA. A syntherically derived allele of SSL2 designed to resemble the 

human disease allele (;Ollfared UV Iight scu~iLivit)' lu yc<t~l cdls. In contnst, thc SSL2 supprcssor 

allele is as resistan! to UV·irraJication as wildtype cells . Also, SSL2 does not suppress HJS4 by 

any obvious mechanism related to DNA repair but ra:her via a post-transcriptional mechanism. 

The SSLJ gene encocles an essential prorein with a calculated Mf"value of 52-kDa. The 

SSLJ gene contains eight Cys-X2-Cys·like sequences loca red in the carboxyl end of the protein, 

3U,!;~~ting thAt ÜÜ3 protc.in could plAy A role in nuclcic ttcid bindíng. Thc meoho.niom of SSLJ 

suppression is not related 10 either increasing the leve! of HIS4 transcription nor altering lhe start 

position of the HIS4 transcript. Instead, the mechanism of SSLJ suppression is post­

transcriptional and results in a 3-5 fold increase in HIS4 translational expression despite the stem­

loop mutation in the HIS4 leader region. SSLJ suppressor strains which are cond.iúonal for growth 

on enriched medium show a.n aberr:uu polyoome profile at lhe restrictive temperarure, indicating 

that SSLJ protein is involved in translation initiation. In agreement with this, cell-free extra.cts 

made from these Ts- strains also display an inherenr chermolabile defect in their ability to tr'<111slate 

exogenously added mRNA. These srudies indicare that the SSLJ gene product is essenúal for 

translation initiaóon in yeast. Interestingly, the SSLI str'ains that exhibit an in vivo and in vitm 

defect in translation are also hypersensitive to UV irrad.iation. To.nplain these di verse phenotypes, 

we propose a model whereby SSL/ and SSL2 gene productS function in translation initiation and 

control the expression of a gene product that is necessary for the DNA repair process. 
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A complex combination of specific and pleiotropic regulatory proteins determine the 
expression of the GABA utilization pathway genes in Saccharomyces cerevisiae 

André B, Coomaert D, Talibi D, Hein C, V!Ssers S, Jauniaux J-C & Grenson M. 

Laboratoire de Physiologic Ccllulairc ct de Géoétiquc des Levurcs, Université Libre de Bruxcllcs, Campus Plainc, CP 244, 
B-1050 Bruxellcs. Belgiwn [(fel (32-2) 650.5418 Fax (32-2) 650.5421 Email: bran@ isl.ulb.ac.be] 

In S. cerevisiae, transcription of the UGA genes involved in utiliz.ation of 4-anünobutyric acid 
(GABA) as a nitrogen source is induced in the presence of GABA. In addition, it is subject to nitrogen 
catabolic repression (NCR) when a preferred nitrogen source is available. 

UGA3 and UGA35 are two trans-acting factors required for GABA induction ofthe UGA genes. 
UGA3 is an inducer-specific factor: it specifically regulates expression ofthe GABA-inducible genes. In 
contras!, the positive regulation mediated by UGA35 extends to other inducible nitrogen pathway genes. 
Specifically, we have shown that UGA35 is identical to the DURL and DAL81 genes previously identified 
as positive regulators of allophanate-inducible genes, including the DUR genes of the urea degradation 
pathway and sorne of the DAL genes for allantoin utiliz.ation. In the allophanate induction process, the 
UGA35/DURIJDAL81 pleiotropic factor acts in conjunction with DURMIDAL82 which, like UGA3, 
appears to be an inducer-specific factor. The UGA3 and UGA35/DURLIDAL81 gene products both 
contain a GAIA-type zinc-binding dornain and other features found in sorne DNA-binding transcriptional 
activators. The two proteins mediate GABA induction through an 18-nucleotide, partially palindrornic, 
upstream activating sequence: this UASGAJIA, present in one or two copies in the 5'-flanking regions of the 
UGA genes, directs GABA-dependent reporter gene transcription in a UGA3- and 
UGA35/DURIJDAL81-dependent fashion. 

The UASGABA present upstream frorn the UGAJ and UGA4 genes act cooperatively with other 
proximal UASs. These UASs contain the sequence GAT(Aff)A at their central core and are shared by 
multiple, constitutive or inducible nitrogen pathway genes. It was shown by others that the product of the 
GLN3 gene is required for expression supported by UASs""rA isolated frorn the DALJ and DAL7 genes. 
Expression conferred by a cluster ofUASs""rAJocated upstream from the UGA4 gene is partially dependen! 
on GLN3, as is induction of UGA4 in response to GABA. Experiments will be presented indicating that 
another pleiotropic factor, in addition to GLN3, is required for transcription supported by the clustered 
UASs""rA of UGA4. The deduced GLNJ sequence contains a particular type of zinc tinger, called GATA 
zinc-tinger. This motif, present in highly conserved duplicate in the vertebrate GATA family of 
transcription factors, directs binding to GAT(Aff)-containing sequences. The UGA43 gene (recently 
shown to be identical to DAL80) is yet another S. cerevisiae gene encoding a GATA zinc-finger protein. It 
encodes a negative regulator of differentially induced nitrogen pathway genes, including UGA4: in 
uga43/da/80 mutant cells, UGA4 is constitutively expressed at high levels. The UGA43/DAL80 factor was 
shown to exert strong negative control over the clustered UASsGATAfrom UGA4. 

In the presence of a preferred nitrogen source like ammonium ions, the expression of the UGA 
genes is subject to NCR. This repression requires the integrity of the URE21GDHCR gene and glutanüne 
as an effector. Positive regulation exerted by the UASOABA seems to be unaffected under conditions of 
NCR. In contrast, like the UASsGATA from the DALJ and DAL7 genes, the UASsGATA of the UGA genes are 
extrernely sensitive to NCR. This repressive effect requires both URE2/GDHCR and glutamine. 

Expression ofthe UGA43/DAL80 negative regulatory gene is also extremely sensitive to NCR, so 
that repression by UGA43/DAL80 does not occur under conditions of NCR. This profile of expression 
suggests the following role for UGA43/DAL80: upon rdease from NCR, the newly synthesized 
UGA43/DAL80 proteins take over from the NCR exerted upon the UASsGATA, thereby preventing these 
UASs from conferring expression in the absence ofinducer. 
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ls the RAS-cAMP signaling pathway involved in the control of catabolite repression in Saccharomyces 
ctrevislae?. 

J.C. Arguelles', P.F. San Miguel' and J.M. lloevelein' 

1 Area de Microbiología. Facultad de Hiología. Universidad de Murcia. E-30071 Murcia. Spain. 
1 Lab. voor Molcellbiologie. lnstituut voor Pl:mtkunde. K.U. Leuven. 3001 Heverlee. Helgium. 

Study of the RAS-cAMP pathway in S. cerevisiae has attracted considerable interest in the las! years, 
because this yeast contains two RAS genes highly homologous of the human J:illi genes, which are involved in 
cellular oncogenic transformation. Wloereas in humans the ellcctnr of RAS proteins remains unknown, in S, 
cerevisiae, RAS proteins are specific modulators of adenylate cyclase. The RAS-cAM P pathway appears to work 
as nutrient trdnsmission signa! S!Jecifically triggered by glucose and related sugars. S. cerevisiae is a 
fermentative yeast, and the signa! behaves as a sensor that detects the presem:e of externa! fermentable carbon 
sources and subsequently promotes a change in cellular metabolism: from a respir.1tory-gluconeogenic fashion 
toa fermentative-anaerobic fashion. In turn, glucose exerts a drastic repression on a set of genes that ende for 
enzymes required for hydrolysis of carbohydrates, gluconengenic enzymes and enzymes invnlved in 
mitochondrial respiration (glucnse or cat;1bnlite repression). 

The pnssible relation hetween glucose repressinn and cAMI' in yeasts is still disJIUted. The mnst 
extended claim 'stands tlmt low levels of cAMI' do not currelate with the repressive ellcct, as it occurs in 
prokaryotes. However, conclusive evidence has recently provcn an essential role nfcAMI' on the transcriptinnal 
control of severa! genes suelo as AI>JI2, CTTI or UH14. 

We lmve measured thc existence of lluctuatinns in thc cAMI' signal under dillerent physiological 
conditions of repression as well as in mutants altered in the mechanism of glucose repression. Our results 
can IJe summarized as follows: (i) In glucose·gruwn stationary cells and glycerol-grown exponential cells 
(derepressed cultures), adrlitinn uf glucnse triggers a rapid and transient cAMI' signa! within 15 seconds. This 
signa! is follnwed by a cAMI'-depenrlent phnsphnr)'lation cascade that nwdifies the activil)' nf certain key 
enzymes. However no cAMI' increase is detcctcrl aftcr glucose addition In glucnse-grown exponential cells 
(repressed cultures). (ii) In mutants unable In undergo dcrepo·essinn (catl, cat3), the glucose-induccd cAMI' 
signa! is absent provided that tlwre is no limitation uf ATI' synthesis. (iii) In mutants lacking glucosc 
repression such as hxk2 or hex:!, the cAM P inuease is always o·ccorded in culhll"es growing active! y on glucose. 
lnterestingly, the mutan! c;1ti!O belnnging In this gruup, is dclicicnt in all the cAMP elevations so far known, 
but still exhibits a certain cAMP basal level. We have found in the genetic backgrouud of this strain anothcr 
mutation termed lcrl, which is responsible of this phenomeown. The mutation lcrl appears lo be alldic In 
CDC35-CYRI (adenylate cyclase). (iv) Mutants with drastic o·eduction or cAMP-depcndent protein kinase 
activity (!J!K strains) display a hugc of cA M P h)•peraccumulation and are dclicient in glucose repression nf 
mitochondrial respiration. 

All results here presenterl are consisten! with the existence ora glucnse-repressible protein in the RAS­
cAMP pathway, protein that has not yet been identilied. However, our dat;1 do not mean that the RAS-cAMI' 
signal ís responsible for the inrluction of catabolite r<:;ll·ession, rather they simply suggest that bnth systems 
share a common initiation point and that cAM P might play a role in some step of the mechanism of 
repression. 
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CLONING ANO CHARACTERIZATION OF TWO GENES ( GUSl ANO GUS2 ) 
COOING FOR GLUTAMATE SYNTHASE ACTIVITIES IN SACCHAROMYCES 
CEREVISIAE. 

P.Ballario,A.Mari,C.Aranda*,G.MacinoA and A.Gonzalez* 

Oip.Genetica e Biologia Molecolare,Centro di studio per gli Acidi 
Nucleici,Universita di Roma I,Italy 
AOip.Biopatologia umana ,Policlinico Umberto I,Universita Roma 
I,Italy 
*Instituto di Fisiologia cellular, Universidad nacional Autonoma 
de Mexico,Mexico O.F.,Mexico 

In severa! microorganisms,glutamate biosynthesis can be achieved 
through the action of the NDAP-dependent glutamate dehydrogenase 
(NADP-GDH) or, through the concerted action of glutamate synthase 
(GOGAT) and glutamine syntetase (GS). It has been previously 
shown that S. cerevisiae has a GOGAT activity composed of a large 
anda small subunit (169,000 and 61,000 daltons respectively). 
However previous data suggested that this yeast had two GOGAT 
activities (GOGAT A and B),one should be the already described 
dimeric enzyme ,and the other one would be a novel GOGAT 
enzyme,not described so far.(1) 
Using Romex o (gdh,gus1,gus2,ura39}, a mutant strain altered in 
both GOGAT A (GUS1} and B (GUS2} (1),we were able to obtain by 
complementation: 
a} a serie of Ycp50 plasmids all containing 
genomic fragment, coding for a 1.5Kb mRNA.This 
in our opinion to the small subunit of GOGAT B 
currently studying ,by Northern analysis,the 
control of GUS2 gene expression. 

a 4 . 5 Kb yeast 
gene corresponds 
(GUS2) (2).We are 
transcriptional 

b) recentely we isolated a new plasmid (pGAJl} which also 
complements the lack of GOGAT activity of the mutant.Biochemical 
chacterization of the yeast transformants obtained indicated that 
we had complemented gus1 mutation. pGAJ1 recognizes on Northern a 
5. 5 Kb mRNA.Our previous studies on proteins associated with 
GOGAT activities permitted the identification of a polypeptide of 
about 200KDs copurifying with the dimeric enzyme already 
described.We hypotize that the insert present in pGAJ1 codes for 
a second glutamate synthase, never described in yeast, 
constituted as in Neurospora or in plants by a single polypeptide 
of high molecular weight. 
We are currentely sequencing both genes and doing gene 
disruptions. 

l)Folch,J.L. et al (1989)J.Bacteriol 167:4927-4935 
2)Gonzalez ,A. et al {1992} Mol.Microbiol. 6:302-308 

This work is supported by CEE and Institut Pasteur Cenci 
Bolognetti Foundation. 
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ISOLATION IN SCHIZOSACCHAROHYCES POHBE OF A HOMOLOG OF THE 
SACCHAROHYCES CEREVISIAE CIFl GENE 

M.A. Blázquez1, R. Stucka2, H. Feldmann2 and c. Gancedo1 

1Instituto de Investigaciones Biomédicas C.S.I.C. 
Madrid (Spain). 

2Institut für Physiologische Chemie, Biochemie und Zellbiologie 
der Universitat München (Geraany. 

Saccharomyces cerevisiae cifl mutants do not grow on glucose 
or fructose, although growth on galactose or non-fermentable 
carbon sources is not impaired (Navon et al. (1979) Biochemistry 
18, 4487-4499). These mutants show severa! regulatory defects, 
such as the absence of catabolite inactivation of fructose-1,6-
bisphophatase or the lack of cAMP response to glucose. The CIFl 
gene has been isolated (González et al. (1992) Yeast 8, 183-192) 
and it encodes a protein of 495 aminoacids. It has been recently 
shown that CIFl is the small subunit of the trehalose-6P synthase 
complex (Vuorio et al. (1992) Yeast 8, S626). The sequence of 
CIFl shows no significant similarities with any other sequences 
present in the databanks except for a few stretches in the 
sequence of the product coded by an open reading frame of 
Hethanobacterium thermoautotrophicum whose function is unknown 
(Ostergaard et al. (1987) Syst. Appl. Hicrobiol.9, 199-209) . 

Based on this slight similitary, degenerated 
oligonucleotides coding for two common regions were synthesized 
and used as primers in a PCR amplification experiment with 
genomic DNA from Schizosaccharomyces pombe. A 250 bp fragment was 
amplified and sequenced. The DNA sequence of the isolated 
fragment from Sch. pombe was 68% identical to the equivalent 
region in the S. cerevisiae CIFl gene. 

Using this 250 bp fragment as probe, we screened a Sch. 
pombe genomic banck constructed on YEpl3 (Broach et al. (1979) 
Gene 8, 121) by colony filter hybridization and found two 
overlapping clones. S. cerevisiae cifl mutants transformed with 
these plasmids can grow on glucose and fructose and other defects 
caused by this mutation are also eliminated. The effect of a 
disruption of this gene in Sch. pombe is being examined. 
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Yeast ADP/ATP carrier proteins enzyaatic properties and 
transcriptional control. 

L.Sabova1 , s. Betina2 , T. prgon1 and J. Kolarovl 

1 Cancer Research Institute, Slovak Academy of Sciences 
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2 Department of Biochemistry, Comenius University, 
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In Saccharomyces cerevisiae the mitochondrial ADP/ATP carrier 
protein is encoded by three distinct nuclear genes: AACl, AAC2 and 
AAC3 (1). The reason for the existence of multiple genes encoding 
proteins functioning in the adenine nucleotide translocation 
through the mitochondrial inner membrane is not readily apparent. 
The AAC genes are differentially regulated by environmental factors 
(oxygen), and it has been shown that only one of the genes (AAC2) 
is enough to supp1y sufficient amount of the ADP/ATP translocating 
activity to support both fermentative and nonfermentative growth of 
the yeast cells (2). 
In order to elucidate the function of the separate proteins (7S%-
90% homologous) we created the whole set of the aac null mutants 
including the triple mutant, completely lacking the AAC proteins 
(3). All three AAC genes have been cloned into the yeast shuttle 
vector YPN2 under the yeast GAL promotor and expressed in the 
triple disruptant. Using this system we were able to isolate three 
types of mitochondria harboring separately the three P~C proteins 
and assay the ADP/ATP translocation activity of each of them. 
Herewith we showed that the three AAC proteins exhibit similar 
enzymatic characteristics (4). 
Northern analysis of the AAC transcripts in the wildtype showed 
that the AAC genes are differentially regulated in response to the 
presence of oxygen. Whereas AACl and AAC2 are induced by oxygen, 
AAC3 is tightly repressed. To examine the regulation of the AAC3 
gene, we isolated the gene with a more extensive upstream region 
(1000 bp) and determined the sequence. An AAC3-lacZ reporter was 
constructed and S' deletions were introduced into the AAC3 promoter. 
The expression of the reporter gene was then studied in the 
presence and absence of oxygen and in different mutant strains. 
Deletion of the -230 to -120 upstream region resulted in a 100 fold 
increase of the AAC3-lacz expression under aerobic conditions. A 
more comprehensive analysis of the AAC3 regulating elements 
provided evidence that a heme induced repression factor ROX1 (S) 
acts through a hypoxic consensus sequence similar to that found in 
the regulatory region of another hypoxic gene, ANB1 (6). 

l. Adrian,G.S.; McCammon,M.T.; Montgomery, D.L. and Douglas,M.G . 
(1986) Mol.Cell.Biol. 6, 626-634 
Lawson,J.E.; Douglas,M.G. (1988) J.Biol.Chem. 26S, 14812-14818. 
Kolarov,J.; Kolarova,N. and Nelson,N. (1990) J.Biol . Chem. 26S, 
12711-12716 

2. Knirsch,M.; Gawaz,M.P. and Klingenberg,M. (1989) FEBS Lett. 244, 
427-432 

3. Drgon,T.; Sabova,L.; Nelson,N. and Kolarov,J.(1991) FEBS Lett. 
289, 1S9-162 

4. Drgon,T.; Sabova,L.; Gavurnikova,G. and Kolarov,J. (1992) FEBS 
Lett. 304, 277-280 

s. Lowry,c.v. and zitomer,R.S. (1988) Mol.Cell.Biol. 8, 46S1-46S8 
6. Lowry,c.v.; Cerdan,M.E ; and Zitomer,R.S. (1990) Mol.Cell . Biol. 

10, S921-S926 Instituto Juan March (Madrid)



62 

ISOLATION AND PARTIAL CBARACTERIZATION OF MUTANTS RESISTANT 

TO CATABOUTE REPRESSION BY GLUCOSE IN CQndida utilis. 
Espinel González. A. E. :Peinado. J. M. 

Opto. Microbiología III. Facultad de CC. Biológicas. 
Universidad Complutense de Madrid. E-28040 Madrid. Spain. 

In Saccharomyces cerevistae, a set of mutants deregulated for mal tose and 
invertase expression has been isolated. Many of them. lacked or had altered the 
gene hex 2, which codes for a hexokinase (HK PII). This gene seems to have an 
important role in the scheme of control of catabolism of mono and disacchartdes 
in glucose presence (recently also hexokinase PI has been related with catabolite 
repression). In other yeast genera the hexose-phosphorylatlng enzymes seem to 
be pieces in the control mechanisms of catabolite repression. 

We have studied the relation between hexose-phosphorylating enzymes 
levels and catabolite repression in Gandida utilis. 1\vo hexokinases, one of them 
with very low spectfic activity. and one glucokinase were partially purified and 
characterized. However we couldn't relate the hexokinase levels with repression 
conditions. 

To study further the problem we have trted to obtain derepressed mutants 
for disaccharides consumptlon. We have isolated spontaneous mutants using the 
industrial Gandida utUis IGC 3092 as parental strain with the classical selectlon 
methods developed for Saccharomyces cerevistae. Three of these mutants strains 
were able to growth in a bad invertase substrate medium (raffinose) in the 
presence of2-deoxyglucose, dueto high levels ofinvertase. The mutants were able 
to express high levels of maltase in presence of glucose, not been necessary 
maltose as inductor (total deregulation of maltose permease and maltase 
expression control) . They didn't show diauxic behaviour when grown in a maltose­
glucose medium. All of this mutants had active hexokinase and were able to 
growth in a fructose medium. This could mean that the failure in the catabolite 
repression controlisn't in the HK level. Work on the enzymatic characterization 
of these mutants are in progress. 

This work is being supported by the CICYf proyect BI089-0387-C02-02. 
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Control ot gene expression Bnd salt tolerance in S cecevjsjae 
A. Ferrando, R. Gaxiola, & R. Serrano 

Salt s1ress induces the expression of many genes in plants and fungi . Sorne of 
these genes may be crucial components of salt adaptation and their genetic 
manipulation could improve salt tolerance in crop plants. We are utilizing the yeast 
S. cerevisiae as a model system for salt tolerance and the control of gene 
expression by salt in plant3. We have identified two salt induced genes. HAL 1 and 
HAL3 . which upon overexpression improve the growth of yeast under salt stress. 
Both genes are conserved between yeast and plants, and encode soluble proteins 
without significant homologies in data banks. The HAL3 protein,however. contains 
a carboxyl-terminal acidic domain shared by soma transcription factors, suggesting 
that it could mediate signa! transduction during salt adaptation. In adition we have 
identified two genes not yet isOiated Which modify the expression of HAL 1 and 
HAL3. Overexpression of HAL4 results in constitutive expression of HAL 1. and 
mutation of HAL5 causes constitutive expression of HAL3. The expectations that 
novel transcription factors and signal transduction pathways participate in the 
response of yeast and plant cells to salt stress heve been fulfilled. 
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Coordinate regulation of glycogen metabolism and its control by signaling 

patbways depending on RAS-cAMP and SNFI in tbe yeast Saccbaromyces 

cereyjsjae. 

By lean M. Fram;ois and lean Marc Daran. 

Institut National des Sciences Appliquées. Département de Génie Biochimique 

Complexe Scientifique de Rangueil, 31077 Toulouse, FRANCE. 

Glycogen is a major carbohydrate reserve in S. cerevisiae whose regulation and function are 

still poorly understood. During growth on glucose, glycogen begins to accumulate rapidly in late 

exponential phase, well before complete exhaustion of glucose from the medium. This rapid 

synthesis coincides with an increase in the activity of both glycogen synthase and glycogen 

phosphorylase, the key enzymes in the biosynthesis and the biodegradation of the polysaccharide, 

respectively, and with an activation of glycogen synthase and inactivation of glycogen phosphorylase 

by a mechanism of dephosphorylation. As in mammalian system, the dephosphorylation of yeast 

glycogen synthase involves the combination (probably as a form of complex) of protein phosphatase 

1 (PP-1) encoded by GLC71DIS2S1 and the product of GAC1 which codes for a regulatory subunit 

of PP-1 similar to the regulatory subunit of PP-1 from rabbit skeletal muscle. Remarkably, GAC1 is 

induced at the time that glycogen accumulates, together with the increase in enzyme activities for 

glycogen synthase, glycogen phosphorylase and branching enzyme (GLC3), suggesting a coordinate 

regulation of glycogen metabolism at the level of gene expression. 

The RAS-cAMP signaling pathway strongly influences glycogen metabolism. Mutants that 

have increased levels of cAMP or cAMP-dependent protein kinase (cAPK) have reduced levels of 

glycogen whereas mutant deficient in cAMP hyperaccumulate glycogen. While the activities of 

glycogen synthase and glycogen phosphorylase are controlled by reversible phosphorylation, it is not 

yet clear whether cAMP-dependent protein kinase directly phosphorylates these two enzymes. We 

found that at least part of the regulation by the RAS-cAMP pathway occurs at the leve! of protein 

synthesis since GAC1 and GPH1 transcripts do not accumulate in a mutant that has a constitutively 

activated cAPK. 

The SNF 1 gene encodes a protein kinase which is required for derepression of many glucose 

repressible enzymes. The phenotype of a snf1 null mutant is that commonly associated with an 

overactivation of the RAS-cAMP pathway. In particular, this mutant fails to accumulate glycogen. 

However, this phenotype is not restored by the disruption of the three genes encoding the catalytic 

subunit of cAPK, suggesting that SNF 1 acts through a cAMP-independent pathway. We raise the 

hypothesis e! a role of SNF 1 protein kinase in the control of the dephosphorylation of glycogen 

synthase and glycogen phosphorylase since preliminary results indicate that glycogen synthase is less 

active and glycogen phosphorylase is more active in a snf1 null mutant than in the control strain. Instituto Juan March (Madrid)
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The regulatory factors HAPl, aod HAP2 from Saccharomyces cerevisiae operate on oxygen 
inductioo and catabolite repression or the cytochrome e gene from Kluyveromyces 14ctis 

M.A. Freire Picos and M.E. Cerdán. Dpto. Biología Celular y Molecular. Univ. La Coruña. Spain 

The cloning and sequencing of the Kl.CYC.l gene, allowed us to study the regulation of this 

gene homologous to the ~gene from S. cerevisiae. There is a sequence CCG(N6)CCG at position 

-258 in the ~ upstrearn region which fits with the consensus sequence found in UASIA and 

UASlB from ~ ( where binds the transcription factor HAPI), and also with the UASlB from 

CITZ. through oxygen induction is exerced. A second sequence TIGGTITGTIG is a common 

motive respect to the consensus sequence descrived for the UAS 2 from the CYCl, HEMI and ~ 

genes. The activation of the a.c.l. gene in a non-fermentable carbon Wl!rce is produced by the binding 

of a heterotrimeric complex, formed by HAP2,HAP3 and HAP4, to the UAS2 sequence. 

Northem blot analysis of the KliTCl showed the existence of two transcripts, 0 .89 and 1.28 

Kb. in size which presented a double regulation : 

- Catabolite repression was found in ~ since levels of expression were increased when cells were 

grown in a non fermentable carbon source as glycerol respect to those growing on glucose . 

- Oxygen regulation ( heme mediated ). In aerobic cultures, heme increased the transcription of the 

gene; this was thrue for both glucose or glycerol growing cells. The gene was not expressed when 

cells were shifted to anaerobic conditions; nevertheless, whcn cultures were suplemented with heme 

we obtained similar levels to the aerobic ones without heme. 

Heterologous expression studies were carried out in Saccharomyces cerevisiae strains ZW 13, wild 

type, and ZWIO, carrying the CYPI-16 mutation The CYPI-16 allele is a mutant of HAPI( CYPI) 

which causes an increased expression of OQ., and a decrease in ITQ gene expression under 

anaerobic conditions (Zitomer et al. 1987). Both strains were transformed with a centromeric plasmid 

containing the ~ gene. The KliTCl expression in the ZWI3 strain growing in aerobic or 

anaerobic conditions was higher than in the HAPI mutant strain ZWIO; in both strains aerobic 

expression was higher than that corresponding to anaerobic conditions. Heterologous expression was 

also studicd in BWG1-7a (wild type) and LPY22 {.6hapl) strains ( from L. Guarente). Cells from these 

strains were transformed with KI.C.ru and growth on Jactate and glycerol compared; as expected 

LPY22 cells had a lower capacity to grow. 

HAP2 from S. cerevisiae is essential for KJ.CYC.l expression since cells from JOI-Ia 

( .6 hap2),also isogenic to BGWI-7a, transformed with ~ were unable to grow on Jactate or 

glycerol. 

Taking together data from the upstrearn KI.C.Y.C.l region and heterologous expression, it seems 

clear that HAPI and HAP2 from S. cerevisiae control the expression of the KJ.CYQ gene. Regulation 

by oxygen and carbon source in~ suggests that homologous factors to HAPl and HAP2 operate 

to regulate its expression. 

Zitomer,R.S. et al.(l987) Mol Cell. Biol. 7:2212-2220. 
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Cataboltte 1nact1vatton of heterologous fructose-1,6-bts­

phosphatases and fructose-1,6-bisphosphatase-B-galactostdase 

fuston protetns In Saccharomyces cerevlslae. 

F-J. Gamo, M.A Navas, M.A Biázquez, JJ"1. Gancedo and C. Gancedo. 
Instituto de Investigaciones Biomédicas C.S.I.C. Madrid (5pain) 

Adc! iti on of glucose to 5'aú"!Jaron~ vcr:s ce.rev;~--aegr owin g on non-sugar 
carbon sources inactivates fructose-1 ,6-bisphosphatase (FbPase). This 
phenomenon of catabolite inactivation is not observed in other yeasts such 
as 5t"!Jf.zos3ccj¡aromyces JJOmbe . 

We have f ound that the enzyme of Sc/1 J)Ombe or- E coli expressed ir: 
5 cert'v/s¡je is not sensitive to trh? inactivation by glucose. 

in order to determine sequences responsible for the susceptibiWy 
of 5 cerevtsfac> FbPase to degradation we r1ave constructed fusion protems 
between c:fferent fragments of the FBPI gene from 5 cerevisiae and the 
Lck' Z 9ene frorn E col/ When the fusion prote in contai ns only the 19 N­
termina! arninoacias from FBPI, the 13-galactosidase activity is not 
affected by the addition of glucose. A fusion containing the N-terminal half 
of FbPase ( 176 arr:inoacids) is inactivated after an initiallag of 30m in, at 
arate sirr,¡lar to tr,at of the 5 cerevis1ae FbPase. 

An examination of the sequence of these 176 aminoacids showed the 
motif RAELVNLVG ... KK .. K similar to the "destruction box" described for the 
ubiquitin-dependent proteolys is of cyclins and the sequence OKKLD that 
could direct the import of the protein into the vacuole. The change of the 
last sequence to OKNSD or the removal of the putative "destruction oox" díd 
not affect the 1nactivat1on of the corresponding fuslons prote1ns. We have · 
tested also the inactivation of the 5 cerevls'!aeFbPase in J)ral mutants 
(lacking the vacuolar protease A) and ubrl (lacking a protein required for 
ubiquitin-dependent proteolysis by the N-end rule) without flnd1ng any 
dlfference with a wlld type strain. 

These results suggest that there are reg1ons in 5 cerevis;ae FbPase 
located in its N-terminal half able to destabilize the protein and that 
neither the degradation by the N-end rule nor by vacuo lar proteases are the 
unique mechanisms respons1ble for FbPase 1nact1vat1on 1n 5 cerevisiae Instituto Juan March (Madrid)
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GCN5 PROTEIN IS REQUIRED FOR THE FUNCTION OF TWO 

DISTINCT YEAST TRANSCRIPTIONAL ACTIVATOIIS. 

Tassos 6eorgakopoulos and George Th1reos 

1nst1tute of Molecular B1o1ogy and Biotechnology, Foundatlon for 
Research and Technology, PO Box 1527, Herakl1on 711 10, Crete, Greece. 

gens mutant strains exh1t>lt poor growth under condit1ons of amino 
acid starvation. Jt 1s known that such conditions require the action of 
the 6CN4 transcr1ptional regulator. 'We have shown that the GCNS gene 
product 1s required to promote normal transcript1onal regulation of 
sorne of the b1osynthetic genes which are under the GCN4 control . 

gens mutant strains also exh1bit reduced growth rates when grown 
1n nonrermentable carbon sources. Such cond1t1ons requ1re the 
derepress1on of respiratory genes under the control of the 
HAP2/HAP3/HAP4 heterotrimer transcriptional act1vator. GCN5 protein 
funct1on is required for ach1eving maximal levels of transcription of 
such genes. 

Our results suggests two possible functlons for the GCN5 protein : 
(1) 1t 1s reQulred ror the transcrlpt1on act1vating funct1on of the 
aformentioned transcrlptional actlvators, or (11) it facilitates the1r 
access to or 1nteract1on wlth thelr DNA Dlndlng s1tes. The latter maybe 
ach1eved by an a1terat1on of the chromat1n struc~ure as a result or the 
GCNS funct Ion. 

Jnterestlngly GCN5 prote1n shares a s1m1lar reglon w1th other yeast 
orosophlla and human protelns ( FSHlH; fsh1; CCG1; SNF2/S'w'l2; STH1 ; 
l:>rm and SPT7). 1 t has l:>een suggested that many of these prote1ns are 
lnvolved 1n transcr1pt1onal regulat1on through the allev1at1on of the 
barrler imposed by chromatln struclure. 

Exper1ments that can prov1de us ev1dence to dinst1ngu1sh am<:11g the 
poss1ble funct1ons of GCNS are now in progres.;. 
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GLUTAMINE SYNTHESIS: A REGULATORY SIGNAL CONTROLLING 
GLUCOSE CATABOLISM IN Saccharo•yces cerevisiae 

Flores, B. and González, A. Departamento de Microbiología. 
Instituto de Fisiología Celular. Universidad Nacional Autónoma 
de Mexico. Apartado Postal 70-600. 04510 Mexico, D.F. 

In S . cerevisiae, glutamine can be catabolized through 
glutaminase, w-amidase pathway and glutamate synthase. When this 
yeast is grown aerobically, the main pathway for glutamine 
degradation is glutaminase B. We have obtained mutants altered 
in this enzyme . These strains are unable to degrade glutamine, 
and thus accumulate this amino acid and are unable to grow on 
glutamine as sole nitrogen source. The physiological 
characterization of these mutants showed that glutamine 
accumulation results in a lowere d glutamine synthetase activity 
and in an increased ATP: ADP ratio which reduces glucose 
metabolism. When a wild type strain was studied it was found that 
when glutamine synthetase activity is decreased, the ATP:ADP also 
rises, diminishing glucose metabolism. We propase that,through 
the action of glutaminas e B and glutamate aminotransferase, a 
wild type strain degrades glutamine to 2- oxoglutarate, thus 
furnishing substrates that feed the TCA cycle., The regulatory 
role of glutamine synthesis and degradation in controlling carbon 
metabolism will be discussed . 
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TRANSCRIPTIONAL CONTROL OF S-PHASE ENTRY IN THE 

FISSION VEAST SCHIZOSACCHAROMYCES POMBE 

Christopher Mclnemy & Peter Fantes 

.lnstitute of Cell and Molecular Biology, University of Edinburgh, Mayfield 

Road, Edinburgh, EH9 3JA, UK. 

We have been using the fission yeast S. pombe as a model system to 

study the molecular processes that control passage through the G1 and 

S-phases of the cell cycle. In particular we are studying two cell cycle 

genes, cdc22+ and cdc1o+. 

cdc22+ encodes the large subunit of ribonucleotíde reductase, and ís 

periodícally expressed during the cell cycle at the onset of S-phase. We 

have identified elements upstream of cdc22+ resembling MCBs (Miul ~ell 

cycle .t¿oxes) previously identified in Saccharomyces cerevisiae. We have 

shown that MCBs can drive periodic expression of a reporter gene in 

S. pombe, strongly implicating MCBs in the control of periodíc expression of 

genes. 
We have identified a protein complex that specifically binds to MCBs, 

which we have called DSP1 - for QNA ~nthesis control in 

S. QOmbe. DSP1 is relatad to DSC1, an MCB bindíng activity previously 

identifed in S. cerevisiae. Furthermore, we have shown that the cdcto+ 

gene product, p87cdc1D, is part of this complex. 

In summary, p87t:OC10 is part of a transcription complex that controls 

expression of cdc22+, a gene required for S-phase. 
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Mechanisms underlying the activation of Saccharomyces cerevisiae 
plasma membrane H+ -A TPase 

Monteiro, G. A. and Sá-Correia, l. 
Lab. Engenharia Bioquímica, Instituto Superior Técnico 
Av. Rovisco Pais, 1096 Lisboa Codex, Ponugal 

Ethanol concentrations (up to 8% (v/v)) which affect S. cerevisiae growth induce 

the in vivo activation of plasma membrane H+ -A TPase (1) . The activity of this membrane 

enzyme purified from cells grown with and without ethanol measured as the rate of A TP 

hydrolysis was inhibited by ethanol presem in the assay mixture. Cells grown without 

ethanol and then incubated (for 5 to 15 minutes) wilh 6% (v/v) of ethanol showed an 

increase of H+-ATPase activity which was greater when glucose (30 g/1) was present in 

the incubation medium. 

In order to elucidated the role of an increased transcription leve! of PMAJ or/and 

P M A2 genes (2 isogenes that codes for H+ -A TPase plasma membrane), two gene 

fusions between the PMAJ or PMA2 promoters and the lacZ gene (from E. coli) were 

used (constructed by Supply, P., Capieaux, E .• van Dick, L. and Goffeau, A.). The 

efficiency of PMAJ promoter decreased in cells grown in the presence of ethanol. On the 

contrary, PMA2 promoter efficiency was 2-3 fold higher in cells grown with 6% (v/v) of 

ethanol as compared with cells grown in its absence. The inhibition of the P M A 1 

transcription was confirmed based on the lower mRNA concentrations determined by 

Nonhem blotting. It was not possible to detect any hybridization signa! for mRNA of 

PMA2, dueto the associated low transcription leve! that is 500-600 times lower than 

PMAJ . Therefore, H+-ATPase activation can not be associated with an increase of gene 

expression. Sorne correspondence could exist between the increase of the acrivity of H+­

ATPase and the PMA2 expression in cells grown with ethanol. Under these conditions 

PMAJ expression is inhibited. Activation of expression of PMA2 appears to be a 

response to stress in S. cerevisiae. However, physiological conditions capable to tum on 

significantly PMA2 gene remain to be elucidated. 

Plasma membrane H+-ATPase activation was thought to be possibly dependen! 

on post-translation modifications such as H+-ATPase phosphorylation by a casein kinase 

present in the plasma membrane that is co-purified with the H+ -ATPase (2). 

Nevenheless, a decrease in the activity (50%) of casein kinase in cells grown in the 

presence of ethanol was observed and the activation of H+-A TPase can not be explained 

by the increase of the phosphorylation activity of this kinase protein. However, a higher 

phosphorylarion leve) of H+ -ATPase in response to ethanol can not be overruled. 

References 

(1) Rosa, M. F. and Sá-Corrcia,l. (1991) Appl. Enviren. Microbio!., 57,830-835 
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YEAST AS A MODEL FOR STUDYING TRANSLATION 

Tatjana Naranda, Hyun Ah Kang, Mami Kainuma and John W.B. Hershey, 
Dept. of Biological Chemistry, School ofMedicine, University ofCalifomia, Davis, CA, 95616 

Protein synthesis is an imponant pathway in the process of gene expression and there are 

numerous examples of control of gene expression that occur at the leve! of translarion. The rate 

of protein synthesis can be regulated by the efficiency of translation of the mRNA, a process that 

involves different initiation factors. The overall pathway of initiation of protein synthesis is 

known. but many molecular details of how the initiation factors function are lacking. The 

process of translation is conserved between yeast and larger eukaryotes, with many of the 

proteins of the translational apparatus sharing 30 to 60% sequence identity and functional inter­

changeability. Moreover, the relative genetic tractability of the yeast S. cerevisiae malees it an 

ideal eukaryote for the study of translational regulatory mechanisms. 

We demonstrated that yeast eiF-5A, encoded by two essential genes named TIF51A and 

TIF51 B. is active in the mammalian methionyl-puromycin assay. Funhermore, human eiF5A 

cONA suppons yeast growth in the double null background, confirming that the yeast gene 

products are functionally identical to mammalian elFSA. The mammalian cDNA encoding 

t:IF2u complements a SU12 knock out. thereby demonstrating a functional conservation. 

Experiments for the in vivo complementa! ion of yeast SUI3 with eiF-2P are in progress. 

A detailed study of the function of yeast e!FSA shows that either gene product suppons 

growth in both aerobic and anaerobic conditions. The protein is partially phosphorylated, but no 

functional difference is seen in vitro. Depletion of eiFSA in yeast causes growth to cease, but the 

translation rate continues at 70% of wild type cells and poi y sornes are affected very little. This 

surprising result suggests that eiF5A is not essential for translation of most mRNAs. However, it 

may be required for a small class of essential mRNAs or for sorne other function in the cell. 

We have begun experiments to biochemically purify and characterize yeast initiation 

factors and to reconstitute a protein synthesis system in vitro. Spheroplast lysates are capable of 

mRNA-dependent protein synthesis and when diluted are stimulated by addition of the ribosomal 

high salt wash fraction (HSW). This HSW has been funher fractionated on FPLC Mono Q and 

Mono S columns, giving fracrions that srimulate translation of total yeast mRNA or specific 

capped mRNA up to 7 fold . This assay may allow us to purify the active components in the 

HSW. Using the same procedure with a temperature sensitive yeast mutant, prtl-1, a highly 

active system dependent upon the PRT-1 initiation factor was obtained. Another approach is to 

use the methionyl-puromycin assay , a reaction that includes eiF-3, eiF-5, eiF-5A, eiF- lA, eiF-2 

and mammalian ribosomes. The yeast HSW can replace the mammalian factors. 
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GALACTOSE INHIBITION OF THE CONSTITUTIVE TRANSPORT 
OF HEXOSES IN Saccharomyces cerevisiae. 
J. Nevado and C. F. Heredia. !.Investigaciones Biomédicas 
(C.S.I.C.), Fac. Medicina U.A.M. Madrid (Spain). 

The relationship between the pathways of glucose and 
galactose utilization in Saccharomyces cerevisiae has been 
studied. Galactose ( wich is transported and phosphorylated by 
inducible systems ) is a strong inhibitor of the utilization of 
glucose, fructose and mannose ( wich have the same constitutive 
transport and phosphorylation systems ). Conversely, all these 
three hexoses inhibit the utilization of galactOse, though with poor 
efficiency . These cross-inhibitions only occur in yeast adapted to 
galactose or in galactose-constitutive mutants . 

The efficiency of galactose as inhibitor is even greater than 
the efficiencies of each of the other three hexoses to inhibit the 
utilization of each other. Phosphorylation is not involved in the 
inhibition and the transport of sugars is the afected step. 

The cross-inhibitions between galactose and either glucose, 
fructose or mannose do not implicate utilization of one hexose at 
the expense of the other, as it occurs in the mutual interactions 
between the latter three sugars . lt seems that, by growing the 
yeast in galactose, a protein component is synthesized, or 
alternatevely modified, that once bound to either galactose or 
any one of the other three hexoses ( glucose, fructose or 
mannose ), cross-interacts respectively with the constitutive or 
the inducible transport systems, impairing their function 
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Interactions between Glucose Uptake, Glucose Repression and Glycolysis in TPSI and 

tps2/gn"11Cld80 Mutants or StJccluuonayces cefYVisüu · 

S. ~. A. Leuker, A. Weber, F. Schulte, and M. Ciriacy 

lnstitut rür Mikrobiologie, Helnrich-Heine-Univenitit, W-4000 Düsseldorr 1, FRG 

tltpil mutants of S. cerevisiae, deficient in triosephosphate isomerase (TPI) are strongly 

inhibited in growth by glucose. Selection for phenotypic suppression yielded mutants in five 

complementation groups, designated TPS/ through tps5 (tpi suppressors). One complementa­

tion group, TPSJ, was defined by dominant mutations while tps2 and tps5 were recessive 

and allelic to grrl lcaJ80 (1) and to hex2/regl lsml mutants previously described. 

TPS/ and tps2/grrl mutants displayed a number of glucose-specific defects (2,3) : Reduction 

in glucose uptake, glucose repression and utilization . In both mutant types, the glucose 

uptake defect was apparently caused by a drastic reduction of high-affinity uptake. We could 

show that in this genetic background high-affinity transport is dependent on SNFJ function 

(4) . However, Northern analysis of SNFJ transcription with derepressed wild-type and 

mutants cells revealed no significan! difference in SNFJ expression. We followed expression 

of a functional and membrane-located SNF3: :JaeZ fusion protein on multicopy and single 

copy plasmids . The level of 8-galactosidase activity in TPSJ and tps2/grrl cells was similar 

and slightly decreased compared to wild-type cells . Also, we did not find a significan! diffe­

rence in the subcellular distribution of SNF3: :JaeZ activity between wildtype and these 

mutants . These data support the idea that the effects of both TPSJ and tps2 mutations on 

SNFJ function may rather be caused by discrete post-transcriptional alterations of transporter 

proteins or of sorne yet unidentified components of the sugar uptake system . In both mutants 

the glycolytic flux is reduced by about 30-40% on high (2%) and about 90% on low glucose 

(0 . 1%) which is consisten! with the observed reduction in low- and high-affinity transport 

and with the growth phenotype on glucose and raffinose, resp. 

TPSJ and tps2/grrl mutants are released from glucose repression for a subset of normally 

glucose-repressible functions (e .g. invertase, a-glucosidase, cytochrom oxidase and hexoki­

nase PI). Surprisingly, expression of invertase seems to be glucose-inducible in these mu­

tants. The growth defects of TPS/ and tps2/grrl cells can be restored by two kinds of multi­

copy suppressors: Overexpression of glucose transporter genes SNFJ and HXT/ Iead to an 

elevated glucose transport, but the defect in glucose repression was not affected. Another set 

of plasmids also affected hexose transport, however suppression was apparently mediated by 

titration effects of plasmid sequences. From these data we conclude that 

- Glucose uptake is Iimiting for metabolism 
- Glucose repression is not affected significantly by the glycolytic flux 
- TPSl and tps2/grrl mutations interfere with the function of glucose transporters 

through post-transcriptional effects. This inteñerence seems to be responsible for the 

defect in glucose repression 

l. Flick, J. and Johnston, M. (1991). Mol. CeU. Biol. 11:5101-5112 
2. Qzcan, S., Leuker, A., and Ciriacy, M. (1992), submitted for publication 
3. Ozcan, S., Leuker, A., Weber, A., Schulte, F. , and Ciriacy, M. (1992), in preparation 
4. Bisson, L.F., Neigebom, L. , Carlson, M., and Fraenkel , D.G. (1987). J. Bacteriol. 169:1656-1662 
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EXPRESSION OF ENA1 ANO~ GENES OF Saccharomyces cerevisiae 

Francisco Rubio, Javier Quintero and María Antonia Bañueios 

Departamento de Microbiología, Escuela Técnica Superior de 
Ingenieros Agrónomos, E-28040 Madrid, Spain. 

The ENA locus of Saccharomyces cerevisiae is a tandem array 
of four genes, determining the Na+, Li+ and high pH tolerance in 
yeast (Haro, 1991). The coding regions of these genes are very 
similar, and they encode P-type ATPases, which probably pump K+, 
Na+ and Li+. Disruption of the four genes gi~es rise to a strain 
very sensitive to Na+, Li+ and high pH, lacking Na+ and Li+ 
effluxes . Testing the activity of the two first genes of the 
tandem array (ENA1 and ENA2) in the disrupted strain revealed 
that ~ was an inducible-viry active gene, while ENA2 showed a 
very low activity. 

To characterize the expression of ENA1 and ENA2 genes their 
5' non-coding regions were fused to the reporter gene lacz of 
Escherichia coli. Plasmids carrying these constructs were used to 
transform the wild type strain DBY746. In the strain bearing the 
~NA1-lacZ fusion the B-galactosidase activity increased more than 
ten fold when cells had grown in media with Na+, Li+ or at high 
pH. The regulatory region of ENA1 was studied by nested deletions 
of its 5' non-coding region from base -1385 (numbered from the 
ATG). Oeletions up to a region around -750 decreased the 
expression induced by Na+, Li+ or high pH, without affecting the 
low expression in the absence of the inducer. When deletions 
extended up to a region around -300 the expression of the gene 
was constitutiva and high, decreasing it dramatically when 
deletion approached -100. We conclude that there is a region 
around -750 related to transcriptional activation by Na+, Li+ and 
high pH and an operator element around -300 . ENA2-lacZ fusion 
showed that the expression of this gene was very low and 
constitutive. 

-Haro R.; Garciadeblas B. and Rodríguez-Navarro A. 
(1991) FEBS Lett. 291: 189-191. 
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Reversible Inactivation of Nitrate Rcductase by lleat-Shock in 

the Yeast llªn.s..rrul.l.a Bru>.ma.l..a: Associatio11 of the lnactive Enzyme 

with Mitochondria. 

Jo~~ M. Siverio, Celedonio González, Alvaro Mendoza-Riquel, 

M~ Dolores Pércz and Gregario GonzAlez 

Departamento de Bioquímica y Diología Molecular, Universidad de 

La Laguna, H-38206 I.a Lag\lna, Tcnedfe, Canarias, Spain. 

Treatment at 40ºC, resulted in a rapid and reversible 

in&ctivation of thc yeast lL..ar!QlllAla NADl'I!-NH adivity. However. 

th c inactivc en1.yme retains non-physiological activitics such as 

MVr-NH at1d FMNIL-NR. Iuactive NR pelletcd al 12000 x g for 30 min 
L 

with differen ce to the active enzyrne, wllich remains in the 

supcrnate.nl. Analysis of the pellct, contftining inactive NH, by 

ultracentrifugation iu a continuous rnetrizamidc gradient showed 

the association of inactivc NR with mitochondria. Similary, in 

non heat-shocked cell:; ar(Jund 10% of the total NR is inactive 

and associated vdth mitochondri<~, in contrast to the solubility 

of the active enzyrue. llL_illm irHtctive NR was partially 

dissociated from rnithocondrias at pH 11.5. as well as by CHAPS 

15 mM. 

Abbreviations: NR,nitrate reductase; MVr' mcthyviologen reduced¡ 

PAGE, polyacrilamidc gel clectrophoresis; PMSF, 

phenylmethanesulphonyl fluoride¡ CHAPS, 3-{(3-

cholamidopropyl)dimethylammonio}-1-propanosulfonate 
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Molecular analysis of the glucose sensing system of Sacclltuomyces 
cerevisiu cells. 

P. Van Dijck, S. Hohmann, W. de Koning, M.J. Neves and J. Thevelein. 

Laboratory ofMolecular Cell Biology, K.U. Leuven, Kardinaal Mercierlaan 92, 3001 
Leuven-Heverlee, Belgium. 

Glucose is the preferred carbon and energy source for yeast. Addition of glucose to a 
culture growing on a non-fermentable carbon source results in a rapid switch to 
glucose metabolism together with a wide variety of regulatory phenomena. These 
include rapid post-translational effects and long-term effects at the transcriptional 
level. In the past, mutants were isolated by various groups (1,2) with no apparent 
defect in the enzymes involved in glycolysis, but unable to grow on glucose or 
fiuciose. These mutants al80 lacked the glucose induced regulatory responses, like the 
cAMP signal, inactivation ofFBPase, activation ofplasrna membrane ATPase a.o. A 
gene required for these phenomena has been isolated by complementation of both the 
jdpl mutant (1) and the allelic bypl-3 mutant (2) and is called GGSJ for General 
Glucose Sensor. The jdpl mutation is a missense mutation in the N-terrninus of the 
protein while the bypl-3 mutation is a nonsense mutation in the second half of the 
protein. Deletion of the GGSJ gene results in absence of growth on fermentable 
carbon sources and in deficiency of glucose-induced regulatory responses. Addition of 
glucose causes, as in the jdpl and bypl-3 mutants, hyperaccumulation of sugar 
phosphate, intracellular acidification and depletion of ATP, phosphate and downstrearn 
intermediates of glycolysis, indicating an important role in sugar uptake or 
phosphorylation. 
Dirninishing the hexokinase activity in ggsl strains by deleting the HXK2 gene resulted 
in strains that grew again on glucose. This is in agreement with the idea that the 
inability of the ggsl mutants to regulate initiation of glycolysis causes the growth 
deficiency. Most of the regulatory phenomena deficient in ggsl mutants, were also 
resto red by the deletion of HXK2. These includes glucose induction of pyruvate 
decarboxylase, glucose induced cAMP-signalling, glucose induced inactivation of 
fructose-1, 6-bisphosphatase and glucose induced activation of the potassium transport 
system (3). However, both the ggs1.1 as well as the ggs1.1 hxk2.1 mutant lack 
detectable trehaiose and trehalose-ó-phosphate synthase aciivity. These Jata fit with 
the recent cloning of GGSJ as a subunit of the trehalose-6-phosphate 
synthase/phosphatase complex. A model explaining the requirement of trehalose 
synthesis for a metabolic balance of sugar phosphates and free inorganic phosphate 
during the transition from respirative to fermentative metabolism will be presented. 

Refereoces: 

l. Van de Poli, K.W., Kerkenaar, A and Schamhart, D.H.J. J. Bacteriol. 117, 965-970 
(1974). 
2. Holunann, S., Huse, K., Valentin, E., Mbonyi, K., Thevelein, J.M. and Zimmerman, 
F.K. J. Bacteriol. 174,4183-4188 (1992) 
3. Holunann, S., Neves, M.J. , de Koning, W., Alijo, R., Ramos, J. and Thevelein, J.M. 
Current Geoetics, in press. Instituto Juan March (Madrid)
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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 
Loan. 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-Oimedo. 

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. Puígdoménech and M. Pagés. 

252 Curso Experimental de Electroforesis 
Bidimensional de Alta Resolución. 
Organizado por Juan F. Saritarén. Semi­
narios por Julio E. Celis, James l. Garrels, 

Joel Vimdekerckhove, Juan F. Santarén 
y Rosa Assiego. 

253 Workshop on Genome Expression and 
Pathogenesis of Plant RNA Viruses. 
Organized by F. García-Arenal and P. Pa­
lukaitis. Lectures by D. Baulcome, R. N. 
Beachy, G. Boccardo, J. Bol, G. Bruening, 
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. Garcia-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. Azorín, M. Beato and 
A. A. Travers. Lectures by F. Azorin, M. 
Beato, H. Cedar, R. Chalkley, M. E. A. 
Churchill, D. Clark, C. Crane-Robinson, 
J. A. Dabán, S. C. R. Elgin, 1\ol . 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. Soga, F. Thoma, A. A. 
Travers, J. Workman, O. Wrange and 
C. Wu. 
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257 Lecture Course on Polyari'llnes as mo­
dulators of Plant Development 
Organized by A. W. Galston andA. 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 andA. 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 Negative 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. Ortin, 
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 andE. Wimmer. 

263 Lecture Course on the Polymerase 
Chaln 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. Leáo, 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. Springer 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, 
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 andA. 
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 Glycosyi-Phos­
phatidylinositol in Cell Signalling. 
Organized by J. M. Mato and J. Larner. 
Lectures by M. V. Chao, R. V. Farese, J. 
E. Felíu, G. N. Gaulton, H. U. Hi:iring, C. 
Jacquemin, J. Larner, 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. 

268 Workshop on Salt Tolerance in Mi­
croorganisms and Plants: Physiological 
and Molecular Aspects. 
Organized by R. Serrano and J. A. Pintor-
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Toro. Lectures by L. Adler, E. Blumwald, 
V. Conejero, W. Epstein, R. F. Gaber, P. 
M. Hasegawa, C. F. Higgins, C. J. Lamb, 
A. Lauchli , U. Lüttge, E. Padan, M. Pages, 
U. Pick, J. A. Pintor-Toro, R. S. Quatrano, 
L. Reinhold, A. Rodríguez-Navarro, R. 
Serrano and R. G. Wyn Jones. 

269 Workshop on Neural Control of Move­
ment ín Vertebrales. 

Texts published by the 

Organized by R. Baker and J. M. Delgado­
García. Lectures by C. Acuña, R. Baker, 
A. H. Bass, A. Berthoz, A. L. Bianchi, J. 
R. Bloedel, W. Buño, R. E. Burke, R. Ca­
miniti, G. Cheron, J. M. Delgado-García, 
E. E. Fetz, R. Gallego, S. Grillner, D. Guit­
ton, S. M. Highstein, F. Mora, F. J. Rubia 
Vila, Y. Shinoda, M. Steriade and P. L. 
Strick. 

CENTRE FOR INTERNATIONAL MEETINGS ON BIOLOGY 

Workshop on What do Nociceptors Tell 

the Brain? 
Organized by C. Belmonte and F. Cerveró. 
Lectures by C. Belmonte, G. J. Bennet, J. 
N. Campbell, F. Cerveró, A. W. Duggan, J. 
Gallar, H. O. Handwerker, M. Koltzenburg, 
R. H. LaMotte, R. A. Meyer, J. Ochoa, E. 
R. Perl, H. P. Rang , P. W. Reeh , H. G. 
Schaible, R. F. Schmidt, J. Szolcsányi, E. 
Torebjork and W. D. Willis Jr. 

2 Workshop on DNA Structure and Protein 
Recognition. 
Organized by A. Klug and J. A. Subirana. 
Lectures by F. Azorín, D. M. Crothers, R. 
E. Dickerson, M. D. Frank-Kamenetskii , C. 
W. Hilbers, R. Kaptein , D. Moras, D. Rho­
des, W. Saenger, M. Salas, P. B. Sigler, L. 
Kohlstaedt, J. A. Subirana, D. Suck, A. Tra­
vers and J. C. Wang. 

3 Lecture Course on Palaeobiology: Pre­
paring for the Twenty-First Century. 
Organized by F. Alvarez and S. Conway 
Morris. Lectures by F. Alvarez, S. Conway 
Morris, B. Runnegar, A. Seilacher and R. 
A. Spicer. 

4 Workshop on The Past and the Future 
of Zea Mays. 
Organized by B. Burr, L. Herrera-Estrella 
and P. Puigdoménech. Lectures by P. 
Arruda, J. L. Bennetzen, S. P. Briggs, B. 
Burr, J. Doebley, H. K. Dooner, M. Fromm, 
G. Gavazzi , C. Gigot, S. Hake, L. Herrera­
Estrella, D. A. Hoisington, J. Kermicle, M. 
Motto, T. Nelson, G. Neuhaus, P. Puigdo­
ménech, H. Saedler, V. Szabo andA. Viotti. 

5 Workshop on Structure of the Major His­
tocompatibility complex. 
Organized by A. Arnaiz-Villena and P. Par­
ham. Lectures by A. Arnaiz-Villena, R. E. 
Bontrop, F. M. Brodsky, R. D. Campbell , 
E. J. Collins, P. Cresswell, M. Edidin, H. 
Erlich, L. Flaherty, F. Garrido, R. Germain, 
T. H. Hansen, G. J. Hammerling , J. Klein , 
J. A. López de Castro, A. McMichael , P. 
Parham, P. Stastny, P. Travers and J. 
Trowsdale. 

6 Workshop on Behavioural Mechanisms 
in Evolutionary Perspective. 
Organized by P. Bateson and M. Gomendio. 
Lectures bv J. R. Alberts, G. W. Barlow, 
P. Bateson, T. R. Birkhead, J. Carranza, C. 
ten Cate, F. Colmenares , N. B. Davies, R. 
1. M. Dunbar, J . A. Endler, M. Gomendio, 
T. Guilford, F. Huntingford, A. Kacelnik, J. 
Krebs, J. Maynard Smith , A. P. M0ller, J. 
Moreno, G. A. Parker, T. Redondo, D. l. 
Rubenstein , M. J. Ryan , F. Trillmich and J . 
C. Wingfield. 

7 Workshop on Transcription lnitiation in 

Prokaryotes. 
Organized by M. Salas and L. B. Rothman­
Denes. Lectures by S. Adhya, H. Bujard , 
S. Busby, M. J. Chamberlin, R. H. Ebright , 
M. Espinosa, E. P. Geiduschek, R. L. Gour­
se, C. A. Gross, S. Kustu, J. Roberts, L. B. 
Rothman-Denes, M. Salas, R. Schleif, P. 
Stragier and W. C. Suh. 
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8 Workshop on the Diversity of the lmmu­

noglobulin Superfamily. 

Organized by A. N. Barclay and J . Vives. 
Lectures by A. N. Barclay, H. G. Boman, l. 
D. Campbell, C. Chothia, F. Díaz de Espada, 
l. Faye, L. García Alonso, P. R. Kolatkar, 
B. Malissen, C. Milstein, R. Paolini, P. Par­
ham, R. J . Poljak, J . V. Ravetch, J . Salzer, 
N. E. Simister, J. Trinick, J . Vives, B. Wes­
termark and W. Zimmermann. 
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The Centre for International Meetings on Biology 

has been created within the 

Instituto Juan March de Estudios e Investigaciones, 

a prívate foundation which complements the work 

of the Fundación Juan March ( established in 1955) 

as an entity specialized in scientific activities 

in general. 

The Ccntrc's initiatives stem from the Plan 

for lntcrnational Meetings on Biology , 

supported hy thc Fundación Juan March. 
A total of 30 mcctings and 3 Juan March Lccture 

Cyclcs. all clealing with a wicle rangc of subjccts 

of biological intcrest, wcre organizccl hetwcen 

I<JH<) ancl I<J<)I within thc scope of this Plan. 

The Centre endcavours to activcly ancl 

sistcmatically promotc coopcration among Spanish 

and forcign scicntists working in thc fiel el of Biology , 

through the organization of Lecture 

and Experimental Courscs, Workshops, Seminars, 

Symposia ami thc Juan March Lectures on Biology. 
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Th e !ectures summarized in this pub!ication 
were presented by their authors at a workshop 
he!d on the 14th through the 16th of December, 
1992, at the Instituto Juan March. 

A l! pub!ished articles are exact 
reproductions of author's 1ext. 

There is a !imited edilion of 400 copies 
of this. vo!ume, avai!ab!e f ree of charge. 


