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Mechanism of the multiprotein RNA
polymerase II
P. Cramer

Gene Center, University of Munich, Munich, Germany.

E-mail: mewes@lmb.uni-muenchen.de

RNA polymerase II (pol II) produces all mRNA in eukaryotic

cells. Structures of the ten-subunit core of yeast pol II in free form

[1, 2], in complex with DNA and RNA [3], and in complex with

alpha-amanitin [4] have elucidated the mRNA transcription mech-

anism [reviewed in 5, 6]. Based on this work, models for the com-

plete 12-subunit pol II were obtained [7, 8]. We have subsequently

solved the first structure of pol II in complex with a transcription

factor, the elongation factor TFIIS [9, 10]. TFIIS stimulates a

weak intrinsic RNA cleavage activity of pol II and is required for

efficient mRNA proofreading and for escape from DNA arrest

sites. A detailed model of this 13-polypeptide 536 kDa complex,

derived at 3.8 Å resolution, shows a spectacular binding mode of

TFIIS to the polymerase surface, and reveals that pol II has a

Abstracts

465



single tunable active site for both RNA polymerization and clea-

vage. Very recently we did complete the atomic structure of the

12-subunit pol II both in free form and in form of an elongation

complex with bound DNA, RNA, and substrate NTP [11, 12].

After a summary of this work, I will present new structural and

functional data that provide insights into the coupling of tran-

scription to mRNA processing [13] and into pol II recycling [14].
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In thermophilic bacteria of Thermus genus there are two GreA-

like transcription factors, GreA1 and GreA2 (Gfh) that display

opposite functional properties. GreA1, which is a functional ana-

log of E. coli GreA, possesses nucleolytic activity and stimulates

transcription elongation, whereas Gfh does not display any

nucleolytic activity, but inhibits the activity of GreA1. We dem-

onstrated that Gfh functions as a general transcription repressor

that inhibits all enzymatic activities of RNA polymerase (RNAP)

including RNA synthesis, pyrophosphorolysis and hydrolysis.

During transcription initiation, Gfh decreases the rates of abor-

tive synthesis, affecting both the Vmax and Km for NTPs. Dur-

ing elongation, Gfh increases the Km, and its inhibitory activity

is stimulated by Mg-ions. Gfh binds to RNAP through its C-ter-

minal domain (CTD), whereas Gfh’s inhibitory activity resides

in the lower portion of the N-terminal domain (NTD) contain-

ing the ‘‘tip’’ region with four essential Asp residues. In Gfh-

RNAP complexes, the ‘‘tip’’ of NTD reaches the RNAP

catalytic center. Gfh and GreA1 bind competitively to RNAP

with apparent Kd values of 1.0 and 0.2 lm respectively. We

determined the crystal structure of Gfh at 2.6 Å resolution. The

overall structure is similar to that of E. coli GreA, however, the

CTD of Gfh is flipped and rotated around the linker loop by

120� relative to NTD.

Conclusion: Based on our structural, biochemical and genetic

data, we proposed a model in which Gfh could assume two con-

formations in the cell. In the ‘‘flipped’’ conformation, Gfh is

unable to bind to RNAP and is functionally inactive. In the

alternate, GreA-like conformation, Gfh binds to RNAP and

inhibits its catalytic activity. The Gfh action entails a partial

occlusion of NTPs to the active site and an alteration of the

geometry of Mg-ion coordination in the catalytic center.

K1-003
Transcriptional regulatory complexes
J. W. Conaway, J. Jin, S. Sato, Y. Cai, C. Tomomori-Sato,

T. J. Parmely, S. K. Swanson, L. Florens, M. P. Washburn and

R. C. Conaway

Stowers Institute for Medical Research, Kansas City, MO United

States of America. E-mail: jlc@stowers-institute.org

Transcription of eukaryotic protein-coding genes by RNA

polymerase II is a complex process regulated by a large collection

of transcription factors and co-regulatory complexes, including

the Mediator of RNA polymerase II transcription and chromatin

remodelling and modifying enzymes. Mediator is a multiprotein

transcriptional coactivator that is expressed ubiquitously in euk-

aryotes from yeast to mammals and is required for induction of

RNA polymerase II (pol II) transcription by DNA binding tran-

scription factors. We exploited multidimensional protein identifi-

cation technology (MudPIT) to carry out a proteomic analysis of

the subunit composition of the mammalian Mediator complex. By

comparing MudPIT data sets obtained from multiple independent

Mediator preparations immunoaffinity purified through their dif-

ferent subunits, we have identified a set of consensus mammalian

Mediator subunits. In addition, we have identified as Mediator-

associated proteins the CDK8-like cyclin-dependent kinase

CDK11 and the MED13-like KIAA1025 protein (MED13L),

which is mutated in patients with the congenital heart defect

transposition of the great arteries (TGA). We have taken a similar

approach to analysis of several chromatin modifying and remodel-

ling complexes, including the TRRAP-Tip60 histone acetyltransf-

erase (HAT) and the SRCAP chromatin remodelling complexes.
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Regulation of transcription complex assembly
in chromatin
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T. Uhlmann and M. Meisterernst
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We have used model genes and cellular model systems to analyze

the general principles underlying the formation of transcription

complexes on human genes. Here we compare inducible simple

synthetic model genes with more complex endogenous enhancer-

driven genes using biochemical methods, chromatin immuno-

precipitations and functional assays. One general result is an

impressive mechanistic richness. Specifically the class of general

initiation transcription cofactors that will be discussed here

underlies a significant dynamics in chromatin that correlates well

with gene activation.
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TBP-Like Protein (TLP/TRF2) is a novel
checkpoint factor that regulates TATA-less
housekeeping genes
T.-A. Tamura, K. Park, T. Mabuchi and Y. Tanaka
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TBP binds to TATA-box to trigger PIC formation. However, no

consensus model for TATA-less genes has been provided. Meta-

zoans express a distantly TBP-related protein referred to as TBP-

like protein (TLP/TRF2). TLP does not bind to TATA-box and

replace by TBP in an in vitro transcription. TLP binds to TFIIA

stronger than TBP. TLP behaves as an unconventional transcrip-

tional activator when it is anchored at a core promoter. In an

ordinary reporter assay, TLP preferentially enhances TATA-less
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promoters. TLP is thus thought to affect the basal transcription

machinery. TLP is not essential for cell growth. We investigated

the cellular functions of TLP by using TLP-knockout chicken

DT40 cells. TLP prolonged the G2 phase and functioned as a

negative regulator for cell growth. Ectopic expression of TLP

increased the proportion of cells in the G2/M phase and apop-

totic state. TLP-null cells showed an insufficient G2 checkpoint

when cells were exposed to stresses such as UV light and methyl

methanesulfonate, and the population of apoptotic cells

decreased after stresses. Moreover, TLP transiently translocated

to the nucleus shortly after stress treatment. Various kinds of

stresses induced nuclear translocation of TLP. The expression of

several stress-response and cell-cycle regulatory genes, which are

categorized in TATA-less genes, drifted both in TLP- and stress-

dependent manners. TLP is therefore thought to work for check-

ing cell integrity through its transcription regulatory ability.
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Regulation of transcription by RNA
polymerase II by the multi-functional Ccr4-Not
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The highly conserved Ccr4-Not complex regulates mRNA expres-

sion at multiple levels. The core complex consists of nine sub-

units, which were first identified in yeast genetic screens for

alterations in basal expression of HIS3 and ADH2. Intriguingly,

the Ccr4 and Caf1 subunits represent the major cytoplasmic

mRNA deadenylase activities in yeast. In addition, Not4p can

act as a RING-dependent protein-ubiquitin ligase. By SGA-

screening of not4 alleles in yeast we identified synthetic interac-

tors, which are involved in DNA damage repair pathways.

Indeed, ccr4-not mutant strains are HU-sensitive and display a

reduced mRNA induction of RNR genes. Analysis of the RNR3

locus suggests impaired histone modifications in ccr4-not mutant

strains. Functional analysis of human Ccr4-Not orthologues in

transient reporter assays shows that promoter recruitment of

CNOT2 and CNOT9 results in a strong transcriptional repres-

sion. TSA-sensitivity suggested involvement of HDAC activity in

CNOT2-mediated repression. Both overexpression and siRNA

inhibition experiments indicate that the N-CoR/SMRT/HDAC3

complex could act as a CNOT2-corepressor. In addition, yeast

two-hybrid assays showed that (fragments of) the N-CoR protein

interact with CNOT2 and, also, with CNOT1. Interestingly, the

CNOT1 protein contains several nuclear receptor interacting

domains and CNOT1 overexpression inhibits ligand-dependent

transcriptional stimulation by the estrogen-receptor. In conclu-

sion, we have found that several subunits of the Ccr4-Not

complex can regulate gene transcription directly. This involves

well-known corepressors and links Ccr4-Not function to chroma-

tin modification pathways.

K1-007P
Functionally distinct ADA2-containing histone
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In several metazoan organisms, there are two genes encoding

related, but distinct homologues of ADA2-type transcriptional

adaptors. Previous protein purification and protein-protein inter-

action studies suggested that the two Drosophila ADA2 pro-

teins, together with the histone acetyltransferase (HAT) GCN5,

and other factors, form multiprotein transcriptional regulatory

complexes. Here we present evidences obtained from in vivo

studies that the two ADA2 proteins of Drosophila have distinct

and essential functions in development. Ada2a or Ada2b null

homozygous animals are late-larval and late-pupal lethal,

respectively, and overproduction of one ADA2a protein from a

transgene cannot rescue the defects resulting from loss of the

other, indicating that the two Ada2 genes of Drosophila have

different functions. In the absence of ADA2b the acetylation of

lysine 14 (K14) in nucleosomal histone 3 (H3) is reduced, and

the localization of TAF10 (TATA binding protein associated

factor 10) at several sites on the polytene chromosomes is

diminished. In contrast, the lack of ADA2a protein does not

effect either H3 K14 acetylation or TAF10 localization, but dis-

torts the structure of the polytene chromosomes. The decreased

level of histone H3 K14 acetylation in Ada2b mutants does not

affect profoundly the localization of RNA polymerase II, as

K14 acetylated H3 is observed mostly with bands, while poll II

is localizes mostly to the interbands. The two ADA2s also differ

in their transcriptional co-activator activity. The data presented

demonstrate that the two ADA2 proteins of Drosophila are

both essential but functionally distinct.
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Functional studies of a TATA-binding
repressor (TabR) from Xylella fastidiosa and its
target genes
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The TabR protein controls the expression of a set of genes of

unknown function arranged in a single operon that is conserved

in Xylella fastidiosa and Agrobacterium tumefaciens. TabR is

similar to ArsR/SmtB transcriptional repressors, which control

tolerance of heavy metals in prokaryotes. However, the TabR

operon differs remarkably from the ArsR/SmtB operons since it

does not have the effector proteins like thioneins and ATPases.

Instead, the TabR operon contains, in addition to TabR, three

predicted membrane permeases and a putative glyoxalase II

(GloB), a member of the beta-lactamase family. To show whe-

ther TabR binds to the DNA upstream the GloB gene, the

GloB promoter was fused to the GFP as a reporter gene.

Escherichia coli cells carrying this construct showed high consti-

tutive GFP fluorescence, whereas in Xylella and Agrobacterium,

fluorescence was barely detected. When TabR was expressed in

E. coli carrying the reporter gene, GFP fluorescence dropped

sharply, showing that TabR is a repressor in vivo. Electropho-

retic mobility shift assays combined with DNaseI footprinting

revealed that TabR binds to a TATA box-like region compri-

sing a 9-4-9 palindrome in the GloB promoter. Binding of the

TabR to its target DNA was diminished in the presence of cad-

mium, zinc, copper and iron suggesting that the operon might

control metal tolerance in Xylella. However, the regulation of

the operon by TabR in response to metals could not be demon-

strated in vivo since Xylella and Agrobacterium cells carrying

the reporter plasmid did not show significant alterations in

GFP fluorescence in the presence of metals. Agrobacterium

mutants deficient in either TabR or GloB will be used to evalu-

ate the function of these proteins in metal tolerance or detoxifi-

cation of organic molecules.
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The Na+ iodine symporter (NIS) is a specific thyroid gene

located in the plasma membrane and it is the responsible for the

uptake of iodine into the thyroid cells. Its synthesis is mainly

regulated by the thyroid stimulating hormone (TSH) through the

transcription factors Pax-8 and CREB. It has been demonstrated

that cholesterol as a component of the plasma membrane can

regulate the function of different proteins. Moreover, cholesterol

and some oxysterols derived from its synthesis can regulate gene

expression through the transcription factor SREBP (Sterol Regu-

latory Element Binding Protein). In the present study we analyze

whether changes in the cholesterol cell content can modify the

expression of specific thyroid genes such as NIS and Pax-8. We

decrease the cholesterol cell content incubating the PCCl3 thyroid

cells in lipoprotein deficient serum (LPDS). Under these condi-

tions we find an increase in the levels of NIS expression. We

demonstrate that this effect is due to low levels of intracellular

cholesterol and not to inhibition of its synthesis since HMG-CoA

reductase inhibitors do not increase NIS expression levels. We

also find that this effect is specific for NIS and Pax-8 and not for

Thyroglobulin. To study whether the lack of cholesterol regulates

transcription of the NIS gene we analyzed the activity of the NIS

promoter using a luciferase reported DNA construct containing

the full-length NIS promoter. We observed that NIS promoter

showed a significant stimulation of transcription by LPDS,

whereas the addition of exogenous cholesterol reverted this effect.

We also demonstrate that TSH can increase SREBP activity and

that LPDS stimulates the phosphorylation of CREB, indicating a

crosstalk between the signalling cascades stimulated by TSH and

the cholesterol levels to increase NIS expression. Our results indi-

cate that cholesterol levels determine the expression and function

of NIS through the transcription factors Pax-8, CREB and

SREBP.
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Studies on transcription regulation in Zymomonas mobilis, an

ethanologenic gram-negative bacterium with unusually high tol-

erance to glucose concentrations up to 30 g/l, have revealed so

far only constitutively expressed promoters. We have recently

described the isolation of a DNA fragment on the basis of

complementation of a glucose defective mutant that contains

four putative open reading frames (ORF1-4) apparently con-

trolled by a single promoter element [1]. The putative promoter

(Pglc) was verified by stimulating the expression of the gfp

reporter gene. The Pglc promoter was subject to osmoregula-

tion as its activity was induced specifically by increasing the

extracellular osmotic pressure with various sugars or salt. Inter-

estingly, it was demonstrated that the product of ORF4 inter-

acts with the Pglc promoter, suggesting an auto-regulated

expression mechanism. Additionally, reverse transcriptase -

PCR analysis showed that the gene cluster is transcribed into a

single mRNA verifying the operon organization of this tran-

scription unit (glc operon). Further transcriptional analysis by

semi-quantitative RT-PCR demonstrated that glc operon

expression was regulated by the concentration of glucose, hence

supporting its direct involvement in the glucose tolerance mech-

anism of this bacterium. The individual ORFs were subcloned

and their products were overexpressed. Two of the products of

this operon appear to be involved in the non-mevalonated

isoprenoid biosynthesis pathway, implying indirectly their role

to osmoadaptation. This is the first indication of a self-regula-

ted transcription unit in Z. mobilis controlled by the extracellu-

lar osmotic pressure.
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HIF-1a plays such a major role in activating gene transcription

important for maintaining homeostasis under hypoxic condi-

tions, so it is an obvious target for the development of novel

cancer therapeutics. This study was performed to determine the

antitumoral efficacy of a novel HIF-1a inhibitor, RX0047 (Rex-

ahn corporation, Rockville, MD, USA) by the Bioluminescence

imaging system (BLI) at different times after tumor cell implan-

tation. Various cancer cell lines, including pancreatic (Mia and

Panc1), breast (MDA-MB-231, HME 50-T), prostate (PC-3),

and lung (A549, H1299), were all sensitive to RX0047 treat-

ment, even in the low nanomolar ranges, as shown by the inhi-

bition of cell growth. For in vivo studies, A549 lung cancer cells

were transfected with a lentiviral construct containing the lucif-

erase gene (A549-Luc), injected intravenously for lung coloniza-

tion model and implanted subcutaneously to the flank area of

nude mice. Progressive tumor development in control groups

and regression in RX0047 treatment groups (30 mg/kg) were

observed and quantified in vivo in living animals in real time

using BLI in addition to ex vivo imaging and histology.

RX0047, a novel Hif-1a inhibitor, in addition to inhibiting the

growth of various cancer cells in vitro, inhibits the formation of

A549 lung metastasis in xenograft animal models and shrinks

the tumor size in flank models. Noninvasive in vivo luciferase

imaging provides easy visualization of the tumor size and loca-

tion so the imaging results can be used as an indicator of the

treatment effectiveness.
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Strains of the protozoan parasite Entamoeba histolytica, respon-

sible for human amoebiasis, have distinct capacity to damage cul-

tured cells and human tissues. The expression of many molecules

involved in E. histolytica pathogenicity correlates with its viru-

lence. Thus, the variability in virulence exhibited by E. histolytica

strains might be controlled in part by transcription of these and

other virulence genes. Certain E. histolytica genes are activated or

down regulated during liver abscesses production by trophozoites

and during epithelia colonization and invasion. However, we

ignore which transcription factors modulate these events. The

ability of Entamoeba histolytica TATA binding protein (EhTBP)

to interact with different TATA boxes in gene promoters may be

one of the key factors to perform an efficient transcription. In this

work we studied the EhTBP DNA-binding activity for several

TATA variants and determined the TATA-EhTBP dissociation

constants (KD). First, we demonstrated the presence of EhTBP in

the complexes formed by nuclear extracts (NE) and TATTTAAA

oligonucleotide (considered as the canonical E. histolytica TATA

box) by gel shift assays. In these experiments a single NE-TATTT-

AAA oligonucleotide complex was detected. This complex was

super-retarded by anti-EhTBP antibodies, which also recognized

the UV cross-linked complex in Western blot assays. Recombin-

ant EhTBP (rEhTBP) formed specific complexes with TATA vari-

ants found in E. histolytica gene promoters and other TATA

variants generated by mutation of the TATTTAAA sequence.

The dissociation constants of rEhTBP for TATA variants ranged

between (1.04 ± 0.39) · 10–11 and (1.60 ± 0.37) · 10–10 m. It is

noteworthy that rEhTBP affinity for TATA variants is stronger

than other TBPs reported. In addition, EhTBP is more promiscu-

ous than human and yeast TBPs, probably due to modifications

in amino acids involved in TBP-DNA binding.
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The Tdpoz is a recently discovered gene family [1]. The putative

TDPOZ protein contains 365 amino acids, including two functional

domains, TD and POZ, located in the amino and carboxyl end,

respectively. TD and POZ are derived from tumor necrosis factor

receptor (TNFR)-associated factor (TRAF) domain and POZ/BTB,

respectively. The first protein reported to contain both TD and POZ

is SPOP, a speckle nuclear protein in human and mice. Based on the

sequence of mouse Tdpoz1, exhaustive database searches have

uncovered other Tdpoz genes in animal and plant species including

mice, human, rat, C. elegants, Drosophila, Arabidopsis and rice,

Tdpoz is thus an evolutionary conserved gene family. In BLAST

searches, using the complete rat genome sequence database that was

published in April 2004, we found 193 hits encoding rat Rtdpoz

genes; the Rtdpoz sequences are distributed over 3 chromosomes.

RT-PCR and Northern blots have established that the major tissue

expressing the Rtdpoz gene(s) is in the rat testis; low but detectable

expression is also detected in the liver, brain and heart. By way of

5- and 3-RACE analysis, we show in this work that two or more

Rtdpoz homologs are expressed in the testis. Alignment between the

genomic and cDNA sequences indicate that in the testis Rtdpoz

genes, the coding sequences are uninterrupted and the transcripts

share a common 3-end. On the other hand, the 5-termini of the

Rtdpoz transcripts are highly heterogeneous and arise from complex

alternative splicing. Intriguingly, some exon 1 sequences are separ-

ated from the bulk of the transcripts by>200 kb and may have been

derived from trans-splicing.
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CCAAT/Enhancer binding protein alpha (C/EBP alpha) liver

enriched transcriptional activating protein is a member of the C/EBP

family of transcription factors and is involved in hepatocyte specific

gene expression and in the process of tissue differentiation. We pre-

sent here the molecular characterization of the promoter of Xenopus

C/EBP alpha gene. The sequence comparison of the promoter with

mammalian C/EBP alpha promoters showed the sequence of

Xenopus C/EBP alpha promoter is quite diverged compared to

mammalian counterparts. Comparison of the 5¢-UTR shows that

the conserved small open reading also is also conserved in Xenopus

gene. CpG analysis of the promoter revealed that mammalian pro-

moters have a CpG islands whereas this GC rich region is absent in

Xenopus promoter. Our functional analysis on Xenopus promoter

reveale that another family member, C/EBP delta, is able to autoac-

tivate the Xenopus C/EBP alpha gene in common with C/EBP alpha

and LAP genes whereas LIP (Liver inhibitory protein) that is a shor-

ter form of C/EBP alpha cannot transactivate the gene transcription.

Our cotransfection experiments with USF and CREB expression

plasmids also reveal that Xenopus C/EBP alpha promoter could

be activated by USF implicated to play important role in indirect

autoregulation of the human C/EBP alpha gene and CREB that is

regulator of C/EBP alpha gene.
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Identification of cis-regulatory elements
controlling two differentially expressed Pit-1
genes in the duplicated genome of Cyprinus
carpio
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The pituitary-specific transcription factor Pit-1 is involved in tran-

scriptional regulation of a network of hypothalamo-hypophyseal
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factors including prolactin, growth hormone and its own gene.

According to our working hypothesis, Pit-1 plays an important role

in regulation of the adaptive response to cyclic environmental chan-

ges in the ectotherm teleost Cyprinus carpio, a tetraploid vertebrate

that is functionally diploidized. In the duplicated genome of the carp,

two Pit-1 genes exist and transcripts of both genes were detected by

RT-PCR analysis. Mainly Pit-1 gene-I transcripts were observed by

in situ hybridization in pituitary gland sections of winter-acclima-

tized carp, where overall Pit-1 expression is significantly lower as

compared to summer-acclimatized fish. Gene copy specific character-

istics in the architecture of these naturally evolved promoter

sequences comprise the transcription start site and the 5’-UTR

region. Electromobility shift assays using carp hypophyseal nuclear

extract revealed binding of pituitary factors to sites conserved in

both promoters (CRE, Pit-1) and to a site unique to the gene-I pro-

moter. We are currently analyzing the in vivo associations by ChIP.

Our data suggest that the specific control elements identified in the

proximal regulatory region of the two Pit-1 genes are physiologically

relevant and may be related to the differential expression of the

duplicated Pit-1 genes in carp. Furthermore, in an interspecies com-

parative context, these studies could shed light on the dynamics of

duplicate vertebrate genomes. Acknowledgment: Supported by

grant DID-UACh-2004-57, AGCI/CGRI-DRI-10/01068-3.4,

FNC1040073.

K1-016P
Characterization and expression studies of
three Hypoxia-Inducible Factors from the grass
carp
R. Y. C. Kong, S. H. W. Law and R. S. S. Wu

Department of Biology and Chemistry, City University of Hong

Kong, Hong Kong, PR China. E-mail: bhrkong@cityu.edu.hk

Hypoxia-inducible factors (HIFs) are heterodimeric transcription

factors that upregulate genes involved in erythropoeisis and angio-

genesis to increase oxygen delivery, and/or elevated glucose uptake

and glycolysis for non-oxidative energy production. Numerous

studies have shown that HIF proteins play a key role in oxygen

homeostasis in mammals, but the function of HIFs in fish is still

poorly known. This report describes the cloning and functional

characterization of three HIF-alpha isogenes - gcHIF-1a, gcHIF-

2a and gcHIF-4a - from the grass carp. The deduced proteins of

gcHIF-1a and gcHIF-2a share 62–72% sequence identity with the

corresponding mammalian and fish homologues, and contain var-

ious characteristic sequence motifs present in all mammalian HIF-

as including the basic helix-loop-helix dimerization domain, PER-

ARNT-SIM domain, oxygen-dependent degradation domain,

transactivation domain and nuclear localization signals. Computer

analysis indicated that gcHIF-4a is a novel HIF-a isoform, which

has not been reported previously in other animals. Northern blot

analysis revealed upregulation of gcHIF-1a, gcHIF-2a and gcHIF-

4a in various tissues of 4-h hypoxically stressed grass carps. Ecto-

pic expression of the three gcHIF-a cDNAs in CHO Ka13 cells

(deficient in HIF-1a) showed that gcHIF-2a significantly upregu-

lated expression of the endogenous vascular endothelial growth

factor (VEGF) gene as well as HRE-driven luciferase reporter

genes.

K1-017P
Activation of different defence-related genes
expression by ergosterol
J. Lochman and V. Mikes

Department of Biochemistry, Masaryk University, Brno,

Czech Republic. E-mail: lochik@mail.muni.cz

Ergosterol is the main sterol of most fungi. Production of react-

ive oxygen species by NADPH oxidase, alkalinization of extracel-

lular space and increase of cytosolic concentration of calcium

after the ergosterol treatment on tobacco cells was previously

observed as well as the activation of some stress activated mito-

gen-activated protein kinases on alfalfa cells, even in nano-molar

concentrations. Ergosterol activates a signal pathway including

phospholipase A2 and protezin kinase C. Here, we report about

the expression of some defence-related genes after the treatment

of tobacco cells and plants with nano-molar concentration of

ergosterol. The gene expression of pathogenesis related proteins

of families PR1, PR3, PR5 and proteinase inhibitors together

with enzymes as phenylalanine ammonia lyase, sesquiterpene cy-

clase and lipooxygenase was observed by a real-time PCR. In

addition, the concentrations of some phenolic compounds and

phytoalexins increased in time. On the other hand, ergosterol did

not provoke any leaf necrosis or cell death and the accumulation

of PR proteins was slower when compared with another well-

defined elicitor cryptogein from Phytophthora cryptogea. These

data shows that ergosterol is able to activate expression of a

number of defence genes and could increase the resistance of

plants against the pathogens.

K1-018P
Possible similarities between the subunit of
eukaryotic TFIIIC and the bacterial
transcription factor
S. Matsutani

Division of Microbiology, National Institute of Health Sciences,

Setagaya-ku, Tokyo Japan. E-mail: sachiko@nihs.go.jp

Eukaryotic genes for small RNAs and short interspersed repetit-

ive elements have internal promoters. They are transcribed by

RNA polymerase III (RNAP III). RNAP III requires the multi-

subunit protein factor TFIIIC in transcription initiation. TFIIIC

contains the B-block binding subunit, which recognizes the inter-

nal promoter. B-block binding subunits are diverse in eukaryotes,

but there are several domains with conserved sequence similarit-

ies. The bacterial IS1 is a small DNA segment, which transposes

to numerous sites on chromosomes and plasmids. IS1 appears as

a repetitive sequence in the bacterial genome. The internal region

of IS1 acts as a cis-element to stimulate RNA synthesis from the

upstream promoter. The product of the bacterial artA gene

works with the IS1 internal sequence to stimulate transcription.

Both of the bacterial ArtA protein and the eukaryotic B-block

binding subunits act with the regions downstream from the tran-

scription initiation sites. Thus, I compared the primary structure

of ArtA with those of the B-block binding subunits. Interestingly,

amino acid sequence of ArtA was partially similar to those of the

N- and C-terminal regions conserved in many B-block binding

subunits: several aromatic residues are well conserved in the bac-

terial and eukaryotic sequences. Additionally, the N- and C-ter-

minal regions of the S. cerevisiae B-block binding subunit are

tentatively identified as HMG boxes, which is a DNA binding

motif. HMG boxes have a loose consensus sequence, and aroma-

tic residues are conserved. I will discuss the functional relation-

ship between the transcription machinery of RNAP III and that

with bacterial ArtA.

K1-019P
Evidence for the regulatory role of LMG160
protein on DNA transcription in vitro
M. Shahhoseini and A. Rabbani

Institute of Biochemistry and Biophysics, University of Tehran,

Tehran, Tehran Iran. E-mail: hoseini@ibb.ut.ac.ir

Low mobility group (LMG) proteins are a group of non-his-

tone proteins characterized by their relative mobility through
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electrophoresis and are very heterogeneous with a wide spec-

trum of chromatin proteins. In this study a fraction of these

proteins with a molecular weight of 160 KDa, designated as

LMG160, was isolated from rat liver and its effect on DNA

transcription was studied in cell-free RNA-synthesizing systems.

Using in vitro transcription systems in the presence and the

absence of LMG160 showed that this protein causes a strong

inhibition of the DNA-templated RNA synthesis in a dose

dependent manner; as in an LMG160: template DNA ratio of

1:1, a completely inhibition was observed. Concerning our pre-

vious research demonstrating the presence of LMG160 in the

nuclear matrix extract of the hepatocyte cells of the rat liver

tissue, and since the nuclear matrix is known as a network

anchoring important activities such as DNA replication, tran-

scription, DNA repair, dNTP synthesis and so on, this finding

suggests a regulatory role for LMG160 on DNA transcription

in the nuclei.

K1-020P
Role of the RPB4 subunit of yeast RNA
polymerase II in transcriptional regulation
E. Shematorova and G. Shpakovski

Laboratory of Mechanisms of Gene Expression, Shemyakin-Ov-

chinnikov Institute of Bioorganic Chemistry, Russian Academy of

Sciences, Moscow, Russian Federation. E-mail: elenashe@ibch.ru

A major role in the regulation of eukaryotic protein-coding genes

is played by the gene-specific transcriptional regulators, which

recruit the RNA polymerase II holoenzyme to the specific pro-

moter. Recently was shown that Rpb4, a non-essential subunit of

RNA polymerase II, is involved in activation of subset of genes

in Saccharomyces cerevisiae [1]. Conserved from archaea to

humans, Rpb4 forms a sub-complex with Rpb7 that easily disso-

ciate from the polymerase under mild denaturing conditions.

rpb4 yeast strains grow at moderate temperatures slowly, cannot

survive at temperatures above 32 �C or below 15 �C. Recently

was found strong genetic interaction of RPB4 and other genes

coding components of transcription machinery, RPB9, SPT8 and

DST1 [2]. These genes are encoding RPB9, another non-essential

subunit of RNA polymerase II, SPT8, a component of the

SAGA co-activator and TFIIS, an elongation factor of RNA po-

lymerase II respectively. C-terminal part of Rpb4 is the most

conserved part of this protein. It was demonstrated that this part

of the polypeptide might play a role in activated transcription [1].

To understand the function of Rpb4 in transcription and the

mechanism by which this gene is required for cell viability, we

have isolated and characterized a set of S. cerevisiae genes that

being over-expressed could suppress the thermosensitive pheno-

type of the rpb4 strain with a truncated form of Rpb4 (rpb4-198

allele). The data indicate that Rpb4 subunit plays an important

role in regulation of transcription during cell cycle. Acknowledg-

ment: The research was supported by the Russian Foundation

for Basic Research (project No. 04-04-48987) and by the program

‘‘Molecular and Cellular Biology’’ of the Russian Academy of

Sciences.
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Functional cooperation between FACT and the
MCM helicase complex facilitates chromatin
DNA replication
B. C.-M. Tan

1, C.-T. Chien2, S. Hirose4 and S.-C. Lee1,3
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Chromatin is suppressive in nature to cellular enzymes that meta-

bolize DNA, mainly due to the inherent inaccessibility of the

DNA template. Despite extensive understanding of the involve-

ment of chromatin-modifying factors in transcription, role of

related activities in DNA replication remains largely elusive. Here

we show that the transcriptional elongator FACT is functionally

linked to DNA synthesis progression. Its involvement in DNA

replication is partly mediated by the stable association with the

replicative helicase complex, MCM, and further by the coexist-

ence with MCM on replication origin. Furthermore, reliant on

its nucleosome-reorganizing activity, FACT possesses the ability

to facilitate chromatin unwinding by the MCM complex, which

is otherwise inert on the nucleosomal template. As a conse-

quence, FACT positively regulates DNA replication and S phase

progression in vivo, and such replicative role is evolutionarily

conserved. Together, our findings identify FACT as an integral

and conserved component of the endogenous replication machin-

ery, and further outline a model in which the concerted action of

helicase and chromatin-modifying activities promotes chromatin

replication.

K1-022P
Structure and function of the Drosophila
melanogaster Fcp1 phosphatase
I. Tombácz

1, I. Török1 and I. M. Boros1,2

1Institute of Biochemistry, Biological Research Center, Szeged,

Hungary, 2Department of Genetics and Molecular Biology,

University of Szeged, Szeged, Hungary. E-mail: tombi@brc.hu

The activity of RNA polymerase II is tightly regulated by a num-

ber of factors. The phosphorylation state of its C-terminal

domain (CTD) makes it competent either for initiation or elonga-

tion of transcription. Although many kinases are known to

phosphorylate the CTD, so far only one phosphatase, Fcp1

(TFIIF-dependent CTD phosphatase 1) has been found to be

responsible for the dephosphorylation. We have identified and

isolated the gene of the Drosophila melanogaster homologue of

Fcp1 and expressed the protein in bacterial and human cells. We

found that coexpression of Fcp1 decreased the activity of several

promoters in a heterologous HeLa transient transfection system.

In order to study the function of Fcp1 in vivo we generated Dro-

sophila lines that carry transgenes for overexpression or silencing

of Fcp1. Examination of these lines revealed Fcp1 as a essential

component of the transcription machinery as both kinds of lines

are lethal. The biochemical experimental possibilities of CTD

phosphorylation and the well-developed genetical tools provided

by the Drosophila system gives us a unique opportunity to exam-

ine the different roles of Fcp1 in transcription regulation.
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K1-023P
Expression of the alpha2-macroglobulin gene
in rat liver involves participation of hepatocyte
nuclear factor-6
A. Uskokovic, M. Vidakovic, J. Arambasic, M. Mihailovic,

S. Dinic, N. Grdovic and I. Grigorov

Department of Molecular Biology, Institute for Biological

Research, Belgrade, Serbia and Montenegro.

E-mail: auskokovic@ibiss.bg.ac.yu

Turpentine-induced acute-phase (AP) response in rats is followed

by transcriptional activation of the alpha2-macroglobulin

(alpha2-MG) gene mediated by cytokine interleukin-6 and gluco-

corticoids. It was previously shown that members of two families

of transcription factors - CCAAT/enhancer binding protein (C/

EBP) and Signal Transducers and Activators of Transcription

(STATs), mostly regulate the expression of alpha2-MG gene.

Based on nucleotide sequence analysis of promoter region in the

alpha2-MG gene we postulated that binding of hepatocyte nuc-

lear factor-6 (HNF-6), a novel liver enriched transcription factor,

also might participate in transcriptional regulation of this gene.

HNF-6 represents the prototype of a new class of cut-homeopro-

teins that contains a bipartite DNA binding region consisting of

a single cut domain and a highly distinctive homeodomain. By

Western immunoblot analysis the presence of two HNF-6 iso-

forms in the liver nuclear extracts of untreated and turpentine-

treated rats was established. The relative concentration of both

HNF-6 isoforms remained unchanged during the turpentine

induced AP response. Using the combination of DNA affinity

column coupled with the alpha2-MG hormone response element

and Western immunobloting we found same DNA binding ability

of HNF-6 under basal and AP conditions. Our results revealed

for the first time that HNF-6 could bind alpha2-MG gene and

participate to the regulatory network of factors that control pri-

marily basal expression of the alpha2-MG gene.

K2 – Epigenetic Regulation of Transcription

K2-001
Dosage compensation: old complex new facts
A. Akhtar, S. Mendjan, J. Kind and H. Holz

Gene Expression Program, European Molecular Biology Laborat-

ory, Heidelberg, Germany. E-mail: akhtar@embl.de

Dosage compensation mechanisms ensures equal dosage of

X-linked genes. In Drosophila this involves hyper-transcription of

the male X chromosome. Genetic studies have identified five pro-

teins and two non-coding RNAs important for regulating this

process. However, it is unknown whether additional proteins

associate with MSL proteins to regulate the X chromosomal

genes. Here we report the purification of the RNA/protein con-

taining dosage compensation complex from Drosophila embryos

and Schneider cells. Using TAP-tagged MOF as well as Flag-

tagged MSL-3 we have purified a functionally active complex

that acetylates histone H4 at lysine 16. We find stable association

of MSL-1, MSL-2, MSL-3 MOF as well as intact roX1 and

roX2 RNAs. Characterization of new associated members is

ongoing and the progress will be discussed.

K2-002
Dosage compensation in Drosophila:
mechanism, models, mystery
P. B. Becker, I. Dahlsveen, G. Gilfillan, C. Koenig and

T. Straub

Molekularbiologie, Adolf-Butenandt-Institut,

Ludwig-Maximilians-Universität, Munich, Germany.

E-mail: pbecker@med.uni-muenchen.de

Dosage compensation in fruit flies involves doubling the tran-

scription of genes on the single male X chromosome as a way of

adjusting their expression to the levels originating from the two

female X chromosomes. Fine-tuning gene expression is vital for

fruit flies: Failure leads to male-specific lethality. Dosage com-

pensation is regulated through modification of chromatin. Acety-

lation of histone H4 at lysine 16 by the acetylase MOF is crucial.

MOF is recruited to the X chromosome as part of a dosage com-

pensation complex (DCC) consisting of other male-specific lethal

(MSL) proteins and non-coding roX RNA. We are searching for

determinants for efficient interaction of DCC with X chromoso-

mal targets. So far the DNA sequences on the X chromosome

and the interacting DCC structures have been elusive. Using a

Chromatin Immunoprecipitation approach we monitor the inter-

action of DCC within 2.6 Mbp of the Drosophila X chromosome.

The representation of MSL protein binding along the chromo-

some reveals a ‘‘patchy’’ association, hinting at sequence-specific

binding determinants, but also identifies direct target genes. Abla-

tion of MSL proteins by RNA interference leads to an approxi-

mately twofold drop of target gene expression. We have isolated

a series of in vivo binding sites for the DCC by Chromatin immu-

noprecipitation. Characterizing the DCC binding to these sites in

various genetic backgrounds reveals a gradient of affinities and

suggests ways of how DCC is targeted to and distributed over

the male X chromosome. Our ongoing characterization of one

novel DCC binding site at high resolution will be presented.

K2-003
Higher-order chromatin and chromosome
folding in transcription
P. Fraser, L. Chakalova, A. Horton, E. Debrand, J. Mitchell and

C. Osborne

Laboratory of Chromatin and Gene Expression, Babraham

Institute, Cambridge, United Kingdom.

E-mail: peter.fraser@bbsrc.ac.uk

The activity state of a gene can often be correlated with its intra-

nuclear localization to specific sub-regions and/or position relat-

ive to constitutive heterochromatin. Active genes are often found

toward the interior of the nucleus whereas silent genes are often

associated with the nuclear periphery and/or heterochromatic

clusters. Thus epigenetic modifications to chromatin correlate

with differential nuclear positioning and gene activity states. Nas-

cent RNA production and RNA polymerase II (RNAP II) are

compartmentalized into discrete foci or ‘‘transcription factories’’.

Individual transcription factories contain a 1000-fold higher local

concentration of RNAP II than the surrounding nucleoplasm. By

RNA FISH we find that nearly all transcription of individual

genes takes place in these transcription factories. Transcription of

most ‘‘active’’ genes is not continuous but oscillatory, with tran-

scription switching on and off in conjunction with gene move-

ments into and out of transcription factories. We have shown

that the number of transcription factories per cell nucleus is

severely limited compared to the number of active genes and

transcription units in several mouse tissue-types. This compels

many genes to share the same transcription factory and we have
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shown that genes as far as 40 megabases apart co-localize in the

same factory at exceptionally high frequencies. Here we extend

this analysis for several genes over mouse chromosome 7 as well

as other mouse chromosomes. Our results indicate that epigeneti-

cally potentiated genes dynamically engage transcription factories

in order to be transcribed and thus highly dynamic chromatin

movements and higher-order chromatin and chromosomal fold-

ing play major roles in regulation of gene expression.

K2-004
The role of chromatin architecture in gene
transcription
M. Agelopoulos, G. Koutroumbas, E. Apostolou and D. Thanos

Institute of Molecular Biology and Genetics, BSRC ’Al. Fleming’,

Vari, Athens Greece. E-mail: thanos@fleming.gr

Activation of transcription is mediated through the recruitment

of chromatin modifying and remodeling factors, which alter the

local chromatin structure to generate a permissive environment.

Chromatin modification and subsequently remodeling occur in a

precise order determined by the local chromatin structure. Here

we show that proinflammatory cytokines induce interleukin-8

(IL-8) transcription in epithelial cells but not in B cells, despite

the fact that the transcription factors known to regulate IL-8

expression (NF-kB and C/EBP) are present and/or activated in

every cell type. Here we show that the lineage-specific transcrip-

tion of IL-8 is due to the distinct chromatin architecture on the

enhancer-promoter of this gene. More specifically, in expressing

cells the enhancer/promoter is nucleosome-free whereas in

non-expressing B-cells there is a nucleosome masking the entire

regulatory region of the gene. The B-cell nucleosome contains the

histone variant macroH2A, thus obstructing both transcription

factor binding and nucleosome remodeling in vivo. Depletion of

macroH2A by siRNA in B-cells leads to activation of IL-8 tran-

scription. Recruitment of the macroH2A nucleosome to the IL-8

enhancer in B-cells requires a nearby AP1 site and siRNA against

some of the AP1 proteins rescues IL-8 transcription in B-cells.

Thus, AP1 proteins recruit the macroH2A nucleosome leading to

lineage-specific silencing of IL-8 expression.

K2-005
Novel small-molecule inhibitors of DNA
methylation
P. Siedlecki

1,3, R. Garcia Boy2, B. Brueckner2, S. Suhai3, F.

Lyko2 and P. Zielenkiewicz1

1Department of Bioinformatics, Institute of Biochemistry and

Biophysics, PAS, Warsaw, Poland, 2Research Group Epigenetics,

Deutsches Krebsforschungszentrum, Heidelberg, Germany, 3Depart-

ment of Molecular Biophysics, Deutsches Krebsforschungszentrum,

Heidelberg, Germany. E-mail: pawel@ibb.waw.pl

DNA methyltransferase enzymes are promising targets for cancer

therapy. In many cancer cells promoters of important genes are

hypermethylated, which results in gene inactivation. It has been

shown that DNA methyltransferase inhibitors can suppress tumor

growth and have significant therapeutic value. However, estab-

lished inhibitors are limited in their application potential because

of their mechanism-dependent enzyme inhibition causing high tox-

icity. The aim of our work was to find new structures that would be

mechanism-independent inhibitors of human DNA methyltransf-

erases enzyme. To discover such compounds we have searched the

Diversity Set of the National Cancer Institute database using a pre-

viously established three-dimensional model of the human DNA

methyltransferase 1 (DNMT1) active site and a novel docking and

scoring procedure. The result of our in-silico screen is a set of com-

pounds that have high affinity to the active site and a different

structure than original substrate - cytosine, which suggests a mech-

anism-independent enzyme inhibition. Two of the most promising

structures discovered in this screen were tested on a human cancer

cell line and were found to be potent inhibitors of genomic DNA

methylation. These compounds can provide a new approach to the

design of inhibitors for the methylation process and could also be

used as a base for further rational drug development.

K2-006
Epigenetic repression in living Drosophila.
Stability and dissociation constants of
Polycomb group Protein-chromatin complexes
G. Ficz1, R. Heintzmann2, B. Rieger1 and D. J. Arndt-Jovin

1

1Department of Molecular Biology, Max Planck Institute for

Biophysical Chemistry, Göttingen, Germany, 2Randall Division of

Cell & Molecular Biophysics, King’s College, London, United

Kingdom. E-mail: djovin@gwdg.de

PcG gene products act in multimeric complexes that associate with

specific sequences in the genome called Polycomb Repression Ele-

ments (PREs) and inhibit transcription of the associated genes

throughout development. We have addressed fundamental questions

about the stability and lifetime of PcG repression complexes in living

organisms on their target sites to understand the mechanism by

which long-term silencing of chromatin over many generations is

also compatible with the ability to modulate the transcriptional state.

Green fluorescent protein (GFP) fusion proteins of two PcG pro-

teins, polycomb (PC) and polyhomeotic (PH), have been constructed

and introduced into transgenic flies. We performed fluorescence

bleaching and recovery studies (FRAP and a new technique,

3D- inverse FRAP) in living embryos and live larval tissues of these

transgenic stocks. Using multicomponent data analysis and simula-

tions we have determined diffusion rates and dissociation constants

for the proteins during Drosophila development. These are the first

FRAP experiments that we know of on whole living animals. In

embryos we found dissociation rates of koff= 0.047/s for PHGFP

and koff = 29/s for PCGFP. In larval tissue 85% of the complexes

had these same rates whereas 15% of the loci were slower but fully

exchangeable in less than 6 minutes. By multicomponent analysis,

we were able to analyze complexes on individual polytene chromo-

some bands in intact glands. Reproducible individual dissociation

rates presumably reflect the specific mixture of PcG and non-PcG

auxiliary proteins at individual PREs. Our data demonstrate that the

mechanism of long-term silencing maintained over 14 cell genera-

tions is achieved by mass action equilibria of freely dissociable com-

plexes undergoing continuous exchange and thus available for

epigenetic reprogramming by changes in the local concentration of

proteins that compete for the same binding sites.

K2-007P
Identification of a DNA methylation-dependent
activator sequence in the pseudoxanthoma
elasticum gene, ABCC6
T. Arányi

1, M. Ratajewski2, V. Bardóczy1, L. Pulaski2, A. Bors3,

A. Tordai3 and A. Váradi1

1Laboratory of Active Transport Proteins, Institute of Enzymology,

HAS, Budapest, Hungary, 2Center of Medical Biology, Polish

Academy of Sciences, Lodz, Poland, 3Dept of Molecular Diagnos-

tics, Institute of Mematology and Immunology, National Md

Center, Budapest, Hungary. E-mail: aranyi@enzim.hu

ABCC6 encodes MRP6, a member of the ABC-protein family

with unknown physiological role. The human ABCC6 and its two

pseudogenes share 99% identical DNA sequence. Loss-of-function

mutations of ABCC6 are associated with the development of

pseudoxanthoma elasticum (PXE), a recessive hereditary disorder
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affecting the elastic tissues. Various disease-causing mutations

were found in the coding region, however the mutation detection

rate in the ABCC6 coding region of bona fide PXE patients is

only approximately 80%. This suggests that polymorphisms or

mutations in the regulatory regions may contribute to the devel-

opment of the disease. Here, we report the first characterization of

the ABCC6 gene promoter. Phylogenetic in silico analysis of the

5’ regulatory regions revealed the presence of two evolutionarily

conserved sequence elements embedded in CpG islands. The study

of DNA methylation of ABCC6 and the pseudogenes identified a

correlation between the methylation of the CpG island in the

proximal promoter and the ABCC6 expression level in cell lines.

Both activator and repressor sequences were uncovered in the

proximal promoter by reporter gene assays. The most potent acti-

vator sequence was one of the conserved elements protected by

DNA methylation on the endogenous gene in non-expressing cells.

Finally, in vitro methylation of this sequence inhibits the transcrip-

tional activity of the luciferase promoter constructs. Altogether

these results identify a DNA methylation-dependent activator

sequence in the ABCC6 promoter.

K2-008P
Studies on the position of non-histone protein,
LMG160 in chromatin
S. Abdossamadi, A. Rabbani and H. Ariapour

Institute of Biochemistry & Biophysics (I.B.B), Tehran,

Tehran Iran. E-mail: sayeh52@yahoo.com

LMG (Low Mobility Group) proteins are abundant and acidic

heterogeneous class of non-histone chromatin proteins, which has

been studied far less intensively than other non-histone proteins.

A fraction of these proteins named LMG160 isolated from rat

liver in a highly pure form and characterized. In this study, nuc-

lei were prepared from rat liver and digested with Monococal

nuclease (MNase) and the EDTA-soluble fraction was extracted.

The LMG160 protein in chromatin fractions designated S1, S2

and P were identified on SDS-PAGE and immunoblotting, using

antiserum against rat liver LMG160 protein. The results indica-

ted that LMG160 protein was present in only S2 fraction and in

a very small quantity in the P fraction. Also, DNA analysis

revealed that S2 fraction contained dinucleosomes and oligonu-

cleosomes suggesting that LMG160 protein is bound to oligonu-

cleosomes rather than to mononucleosomes, in chromatin.

K2-009P
Aberrant P-cadherin expression is an indicator
of clinical outcome in invasive breast
carcinomas and is associated with CDH3
promoter methylation status
A. Albergaria1, J. Paredes1, J. Oliveira1, S. Ricardo1, D. Leitão1,4,

F. Milanezi1,5, F. Schmitt1,4 and C. Jerónimo2,3

1Laboratory of Mammary Pathology, IPATIMUP, University of

Porto, Porto, Portugal, 2Department of Genetics, IPO, Porto,

Portugal, 3School of Health Sciences, University of Fernando Pes-

soa, Porto, Portugal, 4Medical Faculty, University of Porto, Porto,

Portugal, 5School of Health Sciences, University of Minho, Porto,

Portugal. E-mail: aalbergaria@ipatimup.pt

Purpose: Cadherins are cell-cell adhesion glycoproteins, which

present distinct adhesive specificity and distribution in human tis-

sues. P-cadherin, expressed in normal breast myoepithelial cells,

has been reported in breast carcinomas, where it is associated

with high-grade histological tumours and proliferation. This

study aimed to analyse the expression of classical cadherins in

invasive breast cancer and to correlate them with breast tumour

biological markers, pathological features and patient survival.

Additionally, other purpose of this study was to evaluate the

methylation pattern of P-cadherin promoter as a potential

molecular mechanism underlying the regulation of this gene.

Experimental Design: Using a series of invasive breast carcino-

mas, P-cadherin expression was evaluated and correlated with his-

tological grade, oestrogen receptor expression, p53 and c-erbB-2.

In order to assess whether P-cadherin expression in breast cancer

was associated with changes in CDH3 promoter methylation sta-

tus, we studied the methylation status of a 5¢- flanking region of

this gene in the same invasive breast carcinomas.

Results: P-cadherin expression in breast carcinomas showed a

strong correlation with high histological grade, high rates of prolif-

eration, c-erbB-2 and p53 expression, lack of oestrogen receptor,

and poor patient survival in a short-term follow-up. Additionally,

we found that 71% of P-cadherin negative cases showed gene pro-

moter methylation, while 65% of positive ones, were unmethylated.

Conclusions: P-cadherin expression was highly associated with

tumour aggressiveness, being a good indicator of clinical out-

come. Moreover, we demonstrate that aberrant expression of

P-cadherin in breast cancer cells might be controlled by gene pro-

moter methylation.

K2-010P
S-Gal-Elastin receptor triggering by matrix-
derived peptides induces a potential
up-regulation loop through IL-1b expression
and NF-kB activation in melanoma cells.
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Tumour progression implies cell-cell and cell-matrix interactions.

In a previous work, we showed that elastin fragmentation at site of

melanoma invasion was associated with matrix metalloproteinase-2

(MMP-2) up-regulation generating an auto-stimulation loop.

Besides matrix components, other substrates such as proIL-1b are

cleaved by activated MMP-2. We here investigated whether elastin-

derived peptides (EDPs) could generate another autostimulation

loop by inducing IL-1b expression. Our results first evidenced that

EDPs treatment of melanoma cells led to an increased expression

of IL-1b. This effect was mediated by the S-Gal-Elastin receptor

(or EBP for Elastin Binding protein) occupancy as being sup-

pressed by lactose and reproduced upon cell stimulation with the

active peptide VGVAPG. Transduction pathways mediating this

effect were then studied using specific chemical inhibitors. Although

both Erk1/2 and p38 signalling cascades were activated in melan-

oma cell treated with EDPs, neither U0126 nor SB203580 pre-treat-

ment could prevent their effect on IL-1b expression. Thus, we

focused on another critical element involved in IL-b up-regulation

and showed that EDPs activated NF-kB pathway. The involvement

of NF-kB cascade in EDPs-mediated IL-1b stimulation was further

assessed using either adenovirus IkB or a specific chemical inhibitor

of NF-kB nuclear translocation (SN-50). Finally, the role of NF-kB

over AP-1 DNA-binding in the IL-1b promoter activation was

assessed by gel-shift competition analysis with specific IL-1b pro-

moter sequences. Hence, we demonstrated the activation of NF-kB

pathway in EDPs-stimulated melanoma cells. Processing of the

proIL-1b form to its active form upon MMP-2 activation could

generate a second potential auto-stimulation loop. These data fur-

ther illustrate that elastic fibers are important sources of matrikines

in pathologic conditions such as melanoma invasion.
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Statins, inhibitors of cholesterol biosynthesis, exert various benefi-

cial effects including anti-inflammatory activity that are incom-

pletely explained by the cholesterol-lowering effect alone. Heme

oxygenases (HO) are rate-limiting enzymes that catalyze the con-

version of heme into CO and biliverdin. Recent studies have sug-

gested protective roles of HO-1, an inducible form of HO, in

various inflammatory conditions. Overproduction of nitric oxide

(NO) and PGE2 derived from inducible nitric oxide synthase

(iNOS) and cyclooxygenase-2 (COX-2), respectively, has been

implicated in the pathogenesis of inflammatory diseases. This

study was to investigate whether the inhibition of lipopolysaccha-

ride (LPS)-induced NO and PGE2 formation by simvastatin is

associated with the induction of HO-1 in RAW264.7 macroph-

ages. Our results showed that simvastatin significantly inhibited

LPS-induced nitrite and PGE2 formation in RAW264.7 macroph-

ages accompanied by attenuation of the expression and activity of

iNOS and COX-2. Interestingly, simvastatin also dose-depend-

ently enhanced the HO-1 expression and activity in LPS-treated

macrophages. Pretreatment of zinc protoporphyrin (Znpp), a HO-

1 inhibitor, reduced the inhibitory effect of simvastatin on LPS-

induced nitrite formation but no effect on LPS-induced PGE2

formation. Furthermore, the inhibitory activity of simvastatin on

LPS-induced activation in nuclear NF-jB and the degradation of

cytosolic IkB-a, was decreased by addition of Znpp. These results

provide a novel mechanism to explain the anti-inflammatory activ-

ity of simvastatin through enhancing HO-1 induction, which may

play an important role in the attenuation of LPS-induced NO pro-

duction but no significant effect in COX-2/PGE2 pathway.
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The Ets family of transcription factors is essential in normal and

abnormal development. Some Ets target genes have been known

to modulate bone formation and degradation. Mammalian

cranial morphogenesis is a complex, coordinated, interplay

between intrinsic genetic controls and extrinsic environmental

factors. Among the mechanisms that affect Ets coupling to target

gene expression is the Ca2+-dependent phosphorylation of Ets.

We propose that the intracellular Ca2+ change is the immediate

result of perturbation in the mechanical environment forming a

self-stabilizing mechano-morphological control circuit. In the cur-

rent study, we are testing the hypothesis that Ets-2 is an import-

ant intermediate in mechanotransduction linking stretch-induced

changes in intracellular Ca2+ to key alterations in gene expres-

sion at the bone/cranial suture interface to maintain suture

homeostasis. We showed that an immediate increase in intracellu-

lar Ca2+ occurs in response to suture stretch. We performed

immunohistochemistry on 1-day-old rat calvaria with anti-Ets

antibodies and showed localization of Ets in the nuclei of cells of

the immature cranial sutures and bone. Furthermore, we showed

that bacterially expressed G1-70 Ets-2 protein was phosphorylat-

ed in vitro by CaM kinase II. To further test the hypothesis

in vivo, we have taken a peptide array approach to develop phos-

phorylation-specific antibodies against Ets-2. Potential CaM kin-

ase II phosphorylation sites in Ets-2 were identified using

NetPhos 2.0. A total of 22 nanopeptides containing putative ser-

ine/threonine phosphorylation sites (p > 0.5) were synthesized

using Fmoc solid phase technology, and assayed for CaM kinase

II phosphorylation. Our preliminary data suggest that phos-

phorylation results from the peptide arrays are in general agree-

ment with published studies by conventional methodologies.
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New molecular mechanisms related with proliferation and survi-

val of tumour cells have been elucidated in the last years. This

knowledge has allowed to search and design new agents in a

more specific way and with less secondary effects. One of the

most important and studied pathways is the polypeptide growth

factor family of epidermal growth factor (EGF) and their recep-

tors (ErbB́s). We have studied the combined effect of a tyrosine

kinase inhibitor (Iressa) with a natural molecule from the potato,

which has previously been seen that acts as an EGF antagonist,

Potato Carboxipeptidase Inhibitor (PCI). These studies have been

done with a breast cancer cell line, the MDA-MB 231 one. This

cell line is a metastasic one which overexpresses the EGF recep-

tor (EGFR) and has low levels of erbB2. Proliferation assays

were carried out combining a pre-treatment of 6 days with PCI

followed by a treatment of 3 days with Iressa. After this, protein

levels of the receptors and ligands of the ErbB family were ana-

lysed using a commercial ELISA kit. Finally, expression levels of

either receptors or ligands were analysed using semiquantitative
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RT-PCR. The results showed a disregulation in the expression of

almost all ligand when cells were treated with PCI. These levels

were always upregulated, indicating that the pre-treatment

favoured an autocrine loop. This could explain why these cells

do not responded to Iressa and also why they grew even more

than control ones. This study could help to explain the resistance

of cells to chemotherapy treatments. Our aim is to carry on with

this study and to enlarge either the cell lines or the kind of

tumours analysed.
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Mutator-like transposable element of cassava
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DNA methylation has been linked with gene silencing. The sup-

pression of repeated genes is found in several eukaryotes. One

possible role of DNA methylation and inactivation of repeated

sequences is suppression of transposons within the genome.

Transposons induce detrimental changes in the host genes for

example by the disruption of genes through insertion mutations.

Mutator (Mu) is a highly mutagenic transposable element system.

It transposes preferentially into low copy number DNA sequence

resulting in an extremely high rate of mutations. Epigenetic silen-

cing has been a widely discussed means of Mu element regula-

tion. Mu is inactivated when 5¢-methylation of cytosine occurs at

CG and CNG sequences within terminal inverted repeats (TIRs)

lacking transposase binding. Our study with cassava (Manihot

esculenta Crantz) revealed highly methylated Mutator-like trans-

posable element (MULE) sequences as shown by the hybridiza-

tion pattern of the DNA digested by the isoschizomers, Hpa II

and Msp I, known to have differential sensitivity to DNA methy-

lation. Northern analysis also showed low levels of MULE tran-

script in this important food crop.
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Role of nuclear IjB kinase (IKK) in
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The IKK/NF-jB plays a critical role in the regulation of gene

expressions involved in inflammation, immune responses, cell

growth, differentiation, apoptosis, and transformation. NF-jB -

mediated transcription has been shown to require the transcrip-

tional coactivators, CBP and p300, to link NF-jB and basal

transcriptional apparatus. It has been known that CBP and p300

has been known as phosphoproteins, however, only a few studies

could correlate CBP/p300 phosphorylation with the functional

effect. In this study, our data showed that IKK translocated to

the nucleus, and phosphorylated GST-CBP (669-1673) in vitro in

response to TNF-a. Base on a database search, we further dem-

onstrated the consensus residues of Ser1382/1386 in CBP are the

phosphorylation targets for IKK. This phosphorylation induces

recruitment of CBP the NF-jB-responsive promoters, leading to

the acetylation of histones in chromatin. Furthermore, we

also found that inhibition of IKK activity attenuated the TNF-a-
induced recruitment of CBP to the NF-jB-responsive promoters,

but increased its recruitment to the p53-responsive promoters,

suggesting that the Ser1382/1386 phosphorylation and regulation

of CBP by IKK might play a role in the anti-apoptosis mediated

by NF-jB via the reciprocal regulation of NF-jB and p53. Our

study provides a new insight into the molecular mechanism by

which IKK regulates the transcriptional potential of CBP.
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Transcription factors belonging to the Krüppel-like zinc finger

class of proteins participate in the regulation of cell differenti-

ation and development. Although a large number of these pro-

teins have been identified, little is known about their structure

and function. Recently, we have purified by DNA affinity chro-

matography a novel KRAB-ZFP, ZNF224. This zinc-finger

protein of about 82 KDa, contains the box A (45 aa) of Krüp-

pel-associated box (KRAB) domain at the N-terminus, and

19 Cys2Hys2 zinc-finger motifs at the C-terminus. We showed

that ZNF224 specifically interacts through its zinc fingers motifs

to the negative regulatory element AldA-NRE, located in the

promoter region of the human aldolase A gene. Moreover, it is

able to repress transcription of the chimeric reporter CAT gene

bearing the AldA-NRE fused to the heterologous promoter of

the heavy chain ferritin gene [1]. To elucidate the biological role

of ZNF224 in transcriptional modulation of gene expression,

here we demonstrate, by chromatin immunoprecipitation and

transient transfection assays, that ZNF224 binds in vivo to the

distal promoter of aldolase A gene and represses its own tran-

scription. Moreover, transient cotransfection experiments show

that the ZNF224-mediated transcriptional repression requires the

45-amino-acid long KRAB-A domain. The ability of KRAB-con-

taining ZNF224 protein to repress transcription is dependent on

specific interaction with KAP1 corepressor molecule, as indicated

by cotransfection and immunoprecipitation assays. Finally, we

demonstrate, by selective treatment of HDAC1 inhibitor trichost-

atin A, that ZNF224-mediated repression is dependent on histone

deacetylases. Our data strongly indicate that the protein ZNF224

serves as a bridging molecule to recruit KAP1 and other factors

of the chromatin remodeling machinery to AldA-NRE sites in

the specific promoter in order to repress gene transcription.

Reference
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93–100.
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RNA-interference (RNAi) is an ability of double-stranded RNA

(dsRNA) molecules to cause selective gene silencing. Long

dsRNA is processed by Dicer nuclease into short 21–27 nt

RNAs. Short RNAs when incorporated into ribonucleoprotein
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complexes induce repression of homologous genes by one of the

three known pathways, including repression of mRNA transla-

tion, cleavage of mRNA and repression on a chromatin level.

Mechanism of transposons silencing shares traits with RNAi.

dsRNA and short RNAs corresponding to transposons were

detected in different organisms including Drosophila melanogas-

ter. We show, that mutations in several Drosophila genes enco-

ding proteins required for RNAi cause derepression of

endogenous retrotransposons and a reporter construct driven by

LTR of copia retrotransposon in the germline. Derepression of

retrotransposons due to the RNAi mutations is accompanied

with chromatin decompactization and the gain of acetylated

histones implicating RNA silencing complexes in a modulation of

histones (de) acetylation in ovaries. We also demonstrate, that Su

(Ste) repeats producing short RNAs cause transcriptional silen-

cing of homologous Stellate genes in testes. These data suggest

that short RNAs operate as guides for heterochromatin forma-

tion in the Drosophila germline.
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Using a previously described methylation tag approach, we tested

methylation patterns of 50 young HERV-K (HML-2) LTRs in

10 different human cell lines. The investigated LTRs could be

subdivided into three groups: ‘‘constitutively’’ unmethylated,

‘‘constitutively’’ methylated and mosaically methylated, that is

methylated in some cell lines, but unmethylated in the others. We

used these LTRs to classify cell types by cluster analysis, and

showed that similar cell lines were grouped into the same cluster.

Therefore, the LTR methylation pattern is a characteristic feature

of the cell line that can be used for epigenetic cell fingerprinting.

Expression of 20 genes located in close vicinity to 14 analysed

LTRs was studied by RT-PCR. Generally, the results suggest a

positive correlation between the LTRs’ hypomethylation and

gene expression.
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Expression of the XAGE-1 antigen is restricted to germ cells of

the testis and a variety of neoplastic tissues. To date, the

molecular mechanism for regulating expression of this cancer/

testis antigen gene has been unknown. To evaluate methylation

as a potential mechanism for regulating expression of this gene,

we first correlated gene methylation status (measured by

sequencing of bisulfide modified DNA and COBRA) to expres-

sion of XAGE-1 mRNA in normal and cancerous cells. This

analysis revealed dense methylation of the CpG island in the

XAGE-1 gene promoter for the normal and cancerous cells

that do not express this gene, but loss of this methylation in

normal testis, cancer cell lines, and the primary gastric cancers

where the gene is highly expressed. Further supporting the role

of methylation in regulating expression of XAGE-1 were obser-

vations that treatment of two heavily methylated cell lines,

SNU620 and HT29, with 5-aza-deoxycytidine resulted in deme-

thylation of XAGE-1 promoter and corresponding expression

of this gene. Finally, we cloned various segments of the CpG-

rich XAGE-1 gene promoter linked to a luciferase reporter con-

struct and transiently transfected this construct into HCT116

cells. These experiments confirmed transcriptional regulatory

activity for the promoter region that incorporates the CpG

island and demonstrated that in vitro methylation of this island

results in loss of promoter activity. Collectively, these studies

indicate that XAGE-1 expression in normal and cancerous tis-

sues is regulated by methylation of the CpG island in the gene

promoter.
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dsRNA-mediated gene silencing is a well known protective

mechanism which inhibits viral gene expression and virus multi-

plication in plants. Many viruses developed specific proteins to

interfere with gene silencing and are therefore able to escape

this highly efficient protective mechanism. The influence of such

virus proteins was investigated in several laboratories by muta-

genesis studies or by expressing anti-silencing proteins in trans-

genic plants. It was shown that the proteins may influence gene

silencing in different ways even in the absence of the original

virus [reviewed by Baulcombe, Nature 2004; 431: 356]. The aim

of our experiments was to find out whether the expression of

dsRNA-specific antibodies in transgenic plants has an effect on

virus multiplication and/or on host-mediated gene silencing. We

used an antibody, which specifically recognises dsRNA, inde-

pendent of the nucleotide composition and the sequence of the

antigen. The Mab was expressed as single-chain Fv-fragment

(scFv) and the highest expression levels were observed when it

was targeted to the endoplasmic reticulum. Expression of

dsRNA-specific scFv in tobacco resulted in alteration of the

symptoms, virus multiplication and/or of virus spread. In

potato virus Y (PVY) infected N. tabacum cv. Xanthi virus

symptoms occurred earlier than in non-transgenic control and

were more severe. Infection by tobacco mosaic virus (TMV)

resulted in lower lesion number and delayed appearance of the

lesions on the infected leaf, but despite the presence of the N

resistance gene systemic spread of the virus could also be

observed. No such effects were observed in plants expressing a

single-stranded RNA specific scFv. The possible mechanisms

will be discussed. Acknowledgment: Supported by OTKA grant

T032861.
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Stromelysin-1 (MMP-3) is a member of the matrix metallopro-

teinases family, whose expression is tightly regulated to maintain

tissue homeostasis. Many patterns of co-expression of stromely-

sin-1 and Ets-1 transcription factor have been observed in tumor

invasion, angiogenesis and rheumatoid arthritis. The promoter of

the human stromelysin-1 is transactivated by Ets-1 through two

head to head Ets binding sites (EBS). We previously have shown

that the full-length isoform of human Ets-1, p51, binds cooper-

atively to the EBS palindrome of the human stromelysin-1 pro-

moter, to form a p51-DNA-p51 ternary complex allowing

optimal transactivation of the promoter. In contrast, the other

isoform of human Ets-1, p42, is unable to bind cooperatively to

the palindrome and forms only a p42-DNA binary complex,

which poorly transactivate the promoter. In order to understand

this difference of binding stoichiometry, we first studied the

implication of different protein regions using deletion mutants of

the two isoforms. It appears, surprisingly, that the strict DNA

binding domain (DBD) of Ets-1 form only a binary complex on

the palindromic EBS, as observed with EMSA. Using molecular

modelling, we demonstrated that two molecules of DBD posi-

tioned on the palindromic EBS create important steric clashes

incompatible with the formation of a ternary complex. To

explain the existence of such a complex, we determined DNA

bending induced by binding of p51 and p42. Our results, using

circular permutation, showed that p51 and p42 generated bends

of similar amplitudes. Nevertheless, we found that the orientation

of the bends is opposite as determined by phasing analysis. In

the case of p51, we confirmed by molecular modelling that the

observed DNA bending direction allows the avoidance of two

molecules of DBD on the palindromic EBS. Furthermore, we

characterized a single amino acid mutant of p51, which exclu-

sively form a binary complex, bends DNA in the same orienta-

tion as p42 and poorly transactivate the stromelysin-1 promoter.

In conclusion, our work clearly demonstrated that differential

DNA bending orientation allows the formation of two types of

complexes (p51-DNA-p51 and p42-DNA) on the palindromic

EBS, which is correlated with distinct stromelysin-1 promoter

activities.
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Citrobacter freundii cells produce the pyridoxal 5’-phosphate-

dependent Lmethionine c-lyase when grown on a medium

containing L-methionine. The homogeneous enzyme has been

purified from these cells and its N-terminal sequence has been

used to clone the gene encoding the enzyme. The hybrid plasmid

with the EcoRI insert of about 3.0 kbp has been constructed.

The nucleotide sequence of the EcoRI fragment contained two

open reading frames. The first one (denoted as megL gene),

which has about 45–60% sequence identity with L-methionine c-
lyases from other sources. L-methionine c-lyase was overex-

pressed in Escherichia coli cells and purified. Comparison of kin-

etic parameters for enzymes from some other species showed

significant variations in reaction rates, depending on the source,

although the Km values of these enzymes were relatively close.

The second open reading frame (denoted as aap gene) encoded a

protein, which belongs to the family of permeases with high

sequence identity to E. coli, Shigella flexneri and Salmonella ty-

phimurium putative permease. Regions of high sequence identity

with 3’-terminal part of the C. freundii megL gene located in the

same regions of S. typhimurium, S. flexneri and E. coli genomes

were found. The comparative analysis of nucleotide sequences of

completely sequenced genomes of Erwinia carotovora, Klebsiella

pneumoniae, Yersinia pestis and Photorhabdus luminescens has

revealed the absence of sequences highly similar to the sequences

of aap and megL. It was demonstrated that a presence of a plas-

mid containing the megL gene in E. coli K12 cells leads to a

decrease in efficiency of EcoK1-restriction with respect to

unmodified DNA of k phage by a factor of 20.

K2-023P
HMG I (Y) proteins: emerging roles in the
transcription of herpes simplex virus
immediate-early genes
M. K. Matta and C. A. Panagiotidis

Laboratory of Pharmacology/Pharmacognosy, Department of

Pharmacy, Aristotle University of Thessaloniki, Thessaloniki,

Thessaloniki Greece. E-mail: mermatta@pharm.auth.gr

The HMGI/Y (High Mobility Group A) non-histone proteins

are architectural components of the mammalian chromatin.

They possess multiple copies of the conserved DNA-binding

motif called the ‘‘AT-hook’’ through which they bind the minor

groove of the AT-rich DNA regions. HMGI/Y proteins do not

have a direct effect on gene expression but they can regulate

the activities of other transcription factors. This is achieved

through specific interactions of the HMGI/Y proteins with both

DNA and protein targets. These interactions include both struc-

tural changes in chromatin substrate and the formation of stere-

ospecific complexes, called enhanceosomes, on the promoter/

enhancer regions of genes whose transcription is being regulated

by HMGI/Y We have shown previously that HMGI binds to a

regulatory region of the a4 (IE-3) gene of herpes simples virus

type 1(HSV-1). HMGI augments the binding of ICP4, the

major transcriptional regulatory protein of HSV-1 to each cog-

nate site on the a4 promoter and enhances each activity in tran-

sient expression assays. These data raise the possibility that

host-cell chromatin protein participate in and regulate the tem-

poral expression of HSV-1 genes through their effects on both

virus chromatin structure and the activity of viral transactiva-

tors. In the present work we took to investigate the role of the

HMGI/Y proteins on all alpha promoters of HSV-1 (a0, a4,

a27, a22/47) using in vitro assays and transient expression

assays. We found that HMGI/Y proteins interact with all alpha

promoters and affect the binding and/or the activities of known

virus transcriptional regulators, i.e. ICP4, VP16, ICP0.These

data indicate that the architectural proteins HMGI/Y do regu-

late, in a complex way, the activities of all immediate early pro-

moters of HSV-1.
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K2-024P
Trimethyl-guanosine synthase, TGS1, the
enzyme forming the cap-structure of small
non-coding RNAs has an essential function in
Drosophila melanogaster development
G. Pápai

1, O. Komonyi2 and I. M. Boros1,2

1Institute of Biochemistry, Biological Research Center, Szeged,

Hungary, 2Department of Genetics and Molecular Biology,

University of Szeged, Szeged, Hungary. E-mail: papai@brc.hu

The Drosophila melanogaster gene, dtl encodes a 60-kDa protein

(DTL) with RNA-binding activity and a methyltransferase

(MTase) domain. DTL is expressed throughout the developmental

stages of Drosophila. The expression of the gene is regulated by a

complex regulatory region located partly within the coding region

of the gene adjacent to dtl. The dtl mRNA has two ORFs (uORF

and dORF). The product of dORF is a 60-kDa protein that is

translated from an internal AUG located 538 bp downstream from

the 5¢ end of the message. This product of dtl is responsible for the

formation of the 2,2,7-trimethylguanosine (m3G) 5¢ cap structure

of snRNAs and snoRNAs of Drosophila. Recently described

homologues of DTL include PIMT, an RNA-binding protein,

which interacts with and enhances nuclear receptor co-activator

function, and TGS1, the methyltransferase involved in the forma-

tion of the m3G cap of non-coding small RNAs. In Drosophila, in

contrast to yeast, trimethyl-guanosine synthase activity is essential:

deletion in the dORF or point mutation in the putative MTase act-

ive site results in a reduced pool of m3G cap-containing RNAs and

lethality in the late larval, early pupal stages. Interestingly, the 5¢
region of the dtl message also has coding capacity (uORF) for a

178 amino acid protein, which has no other known homologues,

but in Drosophila species. Mutations within the uORF did not

affect the MTase activity and m3Gcap formation, but result in

lethality in a late stage of development.

K3 – Nuclear Hormone Receptors

K3–001
Isoforms of nuclear receptors and of their
coregulators diversify the transcriptional
response.
M. L. Goodson, B. A. Jonas, B. B. Farboud and M. L. Privalsky

Section of Microbiology, University of California, Davis,

California, CA, USA. E-mail: mlprivalsky@ucdavis.edu

Nuclear receptors function as ligand-regulated transcription fac-

tors. Many nuclear receptors are bimodal in their transcriptional

properties and can either repress or activate target gene expres-

sion by alternate recruitment of auxiliary factors denoted core-

pressors and coactivators. Nuclear receptors are often encoded

by multiple genetic loci and through alternative mRNA splicing

to create a series of interrelated isoforms or isotypes. These iso-

forms are evolutionarily conserved, are differentially expressed in

different tissues, and can perform distinct functions. We report

here that the different isoforms of a given nuclear receptor, such

as the retinoic acid receptor (RAR), differ in the ability to

recruit corepressors and to repress transcription. We provide evi-

dence that these different transcriptional properties reflect differ-

ences in the conformation of the unliganded receptors that

permit, or prevent access of the corepressor to its docking sur-

face on the receptor. Notably the SMRT and N-CoR corepres-

sors are similarly expressed from multiple loci and through

alternative mRNA splicing to create distinct corepressor iso-

forms. We describe how these corepressor isoforms differ in their

response to cellular kinase signaling pathways and in their

affinities for different nuclear receptor partners. These different

corepressor isoforms are expressed at different levels in different

tissues. Our results indicate that the interactions between the

nuclear receptors and their auxiliary proteins are diversified

through the expression of multiple isoforms. The existence of

these isoforms permits receptor and corepressor function to be

individually tailored to the requirements of different cell types

and in response to different signaling events.

K3–002
Functional consequences of the dynamic
folding of the glucocorticoid receptor
N-terminal transcription activating domain (AF1)
E. B. Thompson and R. Kumar

Human Biological Chemistry and Genetics, University of Texas

Medical Branch, Galveston, Texas, TX, USA.

E-mail: bthompso@utmb.edu

The N-terminal regions of steroid hormone receptors (SHRs),

ligand-activated transcription factors, appear to contain unfolded

regions, these coincide with strong transcription-activating

domains within the N-terminal portions of the SHRs. The AF1

(enh2/tau1) of the glucocorticoid receptor (GR) is representative

of such domains. In the human GR (hGR) AF1 is defined func-

tionally by amino acids 77-262 and its core (AFc) by a.a.187-242.

Recombinant AF1/AFc show little evidence of structure, even

when expressed within a larger transcriptionally active form of

the GR. AF1 interacts selectively with other proteins, to affect

transcription. This implies that AF1 must achieve one or more

structures. Three separable conditions promote the functional

folding of the hGR AF1/AFc: incubation in osmolytes, binding

of the GR DNA-binding domain (DBD) to a GR binding ele-

ment in DNA, and direct interaction with the TATA box binding

protein (TBP). The osmolyte trimethylamine N-oxide (TMAO)

best promotes AF1 folding in vitro. The folded AF1 is functional,

as seen in its enhanced binding to TBP and to known GR Coac-

tivators. When amino acids 1–500 of the GR are expressed, to

include the DBD but not the ligand-binding domain, the protein

is constitutively active. AF1 still lacks structure, but it folds

either with incubation in TMAO or with an oligonucleotide

sequence for high affinity binding to the DBD. Since this is

located 200 .a.a away from AF1, the DNA site seems to act as a

ligand, to cause an allosteric fold in AF1. Thirdly, in vitro,

approximately equimolar TBP and AF1 bind with gain of struc-

ture in AF1. In vivo, CV-1 cells transfected with GR and a

requisite GR-specific binding site, FRET experiments showAF1-

dependent interaction with TBP.
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K3–003
Deciphering the specificity of response
element-specific transcriptional regulatory
complexes
H. Luecke, I. Rogatsky, J.-C. Wang and K. R. Yamamoto

Department of Cellular and Molecular Pharmacology, University

of California, San Francisco, California, CA, USA.

E-mail: yamamoto@cmp.ucsf.edu

The glucocorticoid receptor (GR) can activate or repress transcrip-

tion depending on bound ligand, the sequence and architecture of

the glucocorticoid response elements (GREs), and the availability

and activity of interacting cofactors. We are examining the func-

tional surfaces of GR and coregulators, and the mechanisms of

regulation, that operate in different GRE and ligand contexts. At

the collagenase-3 GRE in U2OS.G cells, GRIP1 is a GR corepres-

sor via a repression domain (RD1) distinct from its known activa-

tion domains; the other p160 proteins, SRC1 and RAC3, lack RD1

and were inactive as corepressors of collagenase-3. In contrast,

both GRIP1 and SRC1 were corepressors at the osteocalcin GRE,

and GRIP1 RD1 was dispensable. In general, we could efficiently

distinguish the composition and activities of regulatory complexes

at different response elements by comparing functional domains of

as few as two factors (e.g. GR and GRIP) at those response ele-

ments. In A549 cells, GR represses interleukin-8 (IL-8) transcrip-

tion by tethering to the bound NFjB that activates the gene, and

inhibiting phosphorylation of serine-2 in the RNA polymerase II

C-terminal domain (CTD). In contrast to our findings in U2OS.G

cells, GRIP1 appears not to be a GR corepressor of IL-8 in A549

cells. Rather, GR inhibits recruitment of P-TEFb, a kinase thought

to phosphorylate CTD ser-2. We conclude that transcriptional reg-

ulatory complexes assemble on demand in a cell- and response ele-

ment-specific manner, and that the rules for differential assembly

and mechanisms can be discerned by reductionist approaches with-

out prior identification of all the components in a given complex.

K3–004
Repression by nuclear hormone receptors
M. A. Lazar

Institute for Diabetes, Obesity, and Metabolism, Medicine and

Genetics, University of Pennsylvania, Philadelphia, PA, USA.

E-mail: lazar@mail.med.upenn.edu

Transcriptional repression is a critical function of certain nuclear

receptors (NRs). The Nuclear Receptor Corepressor (N-CoR) and

Silencing Mediator for Retinoid and Thyroid Receptors (SMRT)

are related proteins that serve as corepressors for unliganded NRs.

SMRT and N-CoR both function as part of multiprotein repres-

sion machines. Among other functions, the corepressor complexes

modify chromatin by promoting histone deacetylation, which has

been correlated with repressed gene expression. Several histone

deacetylases (HDACs) have been shown to interact with N-CoR

and SMRT. We have been particularly interested in HDAC3,

which is tightly bound to SMRT and N-CoR in a core repression

complex. HDAC3 is recruited to target genes and is required for

repression by several NRs. The enzymatic activity of HDAC3

requires interaction with a Deacetylase Activating Domain (DAD)

that is conserved in SMRT and N-CoR. Evidence will be presented

in support of a major role of the DAD domain in mediating repres-

sion by NRs. The DAD contains a SANT motif that is required

for its function. SMRT and N-CoR also contain a second SANT

motif that constitutes a histone interaction domain (HID). The

HID synergizes with the DAD to promote histone deacetylation

and preferentially binds to hypoacetylated histones. We will pro-

vide evidence for specific and interrelated functions of the HID

and DAD which support a feed-forward model of repression.

K3–005
Role of the RIP140 corepressor in adipose
biology and ovarian function
M. Parker, M. Christian, J. Tullet, D. Nichol, E. Kiskinis,

D. Debevec, B. Herzog, J. Steel and R. White

Molecular Endocrinology, IRDB, Imperial College, London, UK.

E-mail: m.parker@imperial.ac.uk

RIP140 is a transcriptional corepressor for nuclear receptors that

plays a crucial role in adipose biology and female reproduction.

Mice devoid of RIP140 are lean and show resistance to high-fat

diet induced obesity and hepatic steatosis. In addition, RIP140 is

essential in the ovary for ovulation. A major role for RIP140 in

adipose tissue is to block the expression of genes involved in

energy dissipation and mitochondrial uncoupling, including

uncoupling protein 1 and carnitine palmitoyltransferase 1b. The

analysis of RIP140 null embryonic fibroblasts, which can be

induced to undergo adipogenesis in vitro, indicates that the core-

pressor plays an intrinsic role in differentiated adipocytes. The

use of specific PPAR agonists and antagonists identifies both

PPARa and PPARg in mediating RIP140 signalling in these

cells. Expression profiling identifies markers of both white and

brown adipose tissue suggesting that RIP140 not only regulates

adipocyte functions but also plays a role in selecting pathways

towards adipocyte differentiation. In the ovary we have found

that the ovulatory failure is accompanied by impaired expression

of genes required for cumulus cell expansion following the LH

surge. The impairment is preceded by the upregulation of genes

responsible for the production of the extracellular matrix and

cell-cell interactions. Thus it appears that the RIP140 corepressor

plays a crucial role in preventing the expression of genes at spe-

cific stages of follicular development that would otherwise impair

its function.

K3–006
Recruitment and assembly of the nuclear
receptor repression complex
J. Schwabe

MRC-Laboratory of Molecular Biology, Cambridge, UK.

E-mail: john.schwabe@mrc-lmb.cam.ac.uk

Ligand-regulated nuclear hormone receptors act as molecular

switches activating transcription of their target genes in

response to binding cognate ligands. This is achieved through

the cyclical recruitment of various activation and chromatin

remodelling complexes. In the absence of ligand many nuclear

receptors actively repress basal transcription through the recruit-

ment of a large (1-2MDa) multi-protein repression complex.

One of two homologous co-repressor proteins (SMRT and

NCoR) interact directly with the nuclear receptor and serve as

a platform for the recruitment of several histone deacetylase

enzymes (HDACs) along with other proteins whose function is

less well-understood. It is thought that the core of the repres-

sion complex is formed from four proteins: SMRT/NCoR,

TBL1, GPS2 and HDAC3. HDAC3 is activated through bind-

ing to SMRT/NCoR and modifies chromatin structure through

the removal of acetyl groups from lysine residues in the N-ter-

minal tails of the core histones. TBL1 plays a role in interac-

tion with histones tails and also recruits proteasome

components necessary for the recycling of the repression

complex. The role of GPS2 is not well understood. Other com-

ponents of the complex include SHARP, HDAC1 and HDAC4.

Our recent research has focused on understanding (i) the mech-

anism of recruitment and dissociation of this repression complex

from nuclear receptors and (ii) the assembly and function of the

repression complex itself.
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K3–007P
Peroxisome proliferator-activated receptor
alpha protects against alcohol-induced liver
damage
N. Tanaka, Y. Kamijo, E. Sugiyama and T. Aoyama

Institute on Aging and Adaptation, Department of Metabolic

Regulation, Shinshu University Graduate School of Medicine,

Matsumoto, Nagano Japan.

E-mail: aoyamato@sch.md.shinshu-u.ac.jp

The mechanisms underlying alcoholic liver disease are not com-

pletely understood, but lipid accumulation seems to be central to

the cause of this disease. The peroxisome proliferator-activated

receptor alpha (PPARalpha) plays an important role in the con-

trol of lipid homeostasis, metabolism of bioactive molecules, and

modulation of inflammatory responses. To investigate the roles

of PPARalpha in alcoholic liver injury, wild-type and PPARal-

pha-null mice were continuously fed a diet containing 4% eth-

anol, and liver injury was analyzed. PPARalpha-null mice fed

ethanol exhibited marked hepatomegaly, hepatic inflammation,

cell toxicity, fibrosis, apoptosis, and mitochondrial swelling.

Some of these hepatic abnormalities were consistent with those

of patients with alcoholic liver injury and were not found in

wild-type mice. Next, the molecular mechanisms of ethanol-

induced liver injury in PPARalpha-null mice were investigated,

and changes related to ethanol and acetaldehyde metabolism,

oxidative stress, inflammation, hepatocyte proliferation, fibrosis,

and mitochondrial permeability transition activation occurred

specifically in PPARalpha-null mice as compared with wild-type

mice. In conclusion, these studies suggest a protective role for

PPARalpha in alcoholic liver disease. Humans may be more sus-

ceptible to liver toxicity induced by ethanol as PPARalpha

expression in human liver is considerably lower compared to that

of rodents.

K3–008P
Association of rat liver glucocorticoid receptor
with Hsp90 and Hsp70 upon mercury
intoxication
J. Brkljacic, D. Vojnovic Milutinovic, J. Dundjerski and

G. Matic

Department of Biochemistry, Institute for Biological Research

‘‘Sinisa Stankovic’’, Belgrade, Serbia and Montenegro.

E-mail: brkljacic@ibiss.bg.ac.yu

Glucocorticoid receptor is an inducible transcription factor acti-

vated by hormone binding. Hormone–free glucocorticoid recep-

tor occurs in the form of multiprotein heterocomplexes

comprising heat shock proteins Hsp90 and Hsp70 and other pro-

teins required for maintaining the receptor in a conformation

capable of hormone binding. Present study investigated the influ-

ence of mercury on association of the glucocorticoid receptor

with Hsp90 and Hsp70, in the rat liver. To examine effects of

mercury, intact male Wistar rats received single i.p. injection of

HgCl2 (1, 2 or 3 mg Hg/kg b.w.) and were sacrificed 4 h later.

The glucocorticoid receptor heterocomplexes with Hsp90 and

Hsp70 were immunopurified from the liver cytosol of rats admin-

istered with different doses of mercury. Amounts of co–immuno-

purified apo–receptor, Hsp90 and Hsp70 were then determined

by quantitative Western blotting. The ratio between the amount

of heat shock protein Hsp90 or Hsp70 and the amount of apo–

receptor within immunopurified heterocomplexes was found to

increase in response to mercury administration. On the other

hand, levels of Hsp90 and Hsp70 in hepatic cytosol remained

unaltered. The finding that mercury stimulates association of the

two heat shock proteins with the glucocorticoid receptor, render-

ing the cytosolic heat shock protein levels unchanged, suggests

that mercury affects mechanisms controlling assembly of the

receptor heterocomplexes.

K3–009P
Effects of glucocorticoids in proliferation and
apoptosis induced by hydrogen peroxide in
human endothelial cells.
A. Balcerczyk1, B. Rychlik1, D. Rybaczek2, M. Soszynski1 and

G. Bartosz1

1Department of Molecular Biophysics, University of Lodz, Lodz,

Poland, 2Department of Cytophysiology, University of Lodz, Lodz,

Poland. E-mail: abal@biol.uni.lodz.pl

Glucocorticoids are well known as anti-inflammatory agents,

widely used for the treatment of patients with various disorders

including allergic disease, autoimmune disease and lymphoprolif-

erative disorders. Excess of glucocorticoid often elicits adverse

effects on the vascular system, such as hypertension and athero-

sclerosis. Glucocorticoids act on cells both in unspecific and speci-

fic ways, the latter being mediated by glucocorticoid receptor

(GR), which is present also in endothelial cells. We assessed the

impact of dexamethasone, prednisone and hydrocortisone, in the

range of concentrations of 10 nM to 1000 nM on the proliferation

and redox state of human endothelial cells. Our results show that

glucocorticoids stimulate proliferation of primary endothelial cells

HUVEC, but not immortalized cell line HUVEC-ST. The prolifer-

ation was estimated after 96 h by MTT assay and fluorometrically

by total nucleic acid amount. Cell cycle was analyzed by flow

cytometry by propidium iodide staining. We also found that 24 h

preincubation of cells with glucocorticoids protects HUVEC, but

not HUVEC-ST against apoptosis induced by H2O2. Apoptotic

changes of cells and protective effect of analyzed steroid hormones

were observed 24 h after treatment with hydrogen peroxide by

measurement of activation of caspase 3. Condensation of chroma-

tin was visualized by Hoechst 33258/PI staining. Changes were

also visible in total antioxidant capacity (TAC) of the cells

assessed by a modified ABTS*+ decolorization assay.

K3–010P
Identification and organ distribution pattern of
peroxisome proliferator activated receptors in
brown trout (Salmo trutta f. fario)
C. Batista-Pinto

1,2,3, P. Rodrigues4,5, E. Rocha3,6 and

A. Lobo-da-Cunha1,3

1Laboratory of Cell Biology, ICBAS – Institute of Biomedical

Sciences Abel Salazar, University of Porto, Porto, Portugal,
2Sciences Department, Institute of Health Sciences – North,

Paredes, Portugal, 3Laboratory of Cellular and Molecular Studies,

CIIMAR – Interdisciplinary Centre of Marine and Environmental

Research, Porto, Portugal, 4Laboratory of Aquatic Health, ICBAS

– Institute of Biomedical Sciences Abel Salazar, University of

Porto, Porto, Portugal, 5Laboratory of Molecular Immunology,

IBMC – Institute of Molecular and Cell Biology, Porto, Portugal,
6Laboratory of Histology and Embryology, ICBAS – Institute of

Biomedical Sciences Abel Salazar, University of Porto, Porto,

Portugal. E-mail: carla@aeiou.pt

It was shown in vitellogenic Salmo trutta females that along with

a volume decrease of the hepatocytic peroxisomes, the activities

of some liver peroxisomal enzymes were also reduced [1]. Being

peroxisome proliferator activated receptors (PPARs) involved in

peroxisomal metabolism regulation [2], it is possible that they

might be implicated in the alterations observed in brown trout

liver. We identified three PPAR isotypes, encoded by separate

genes and showing different tissue distribution. cDNA fragments
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encoding PPARs a, b and c were amplified by PCR, and deduced

sequences of the correspondent peptides were compared with

other species sequences. Both the 183 amino acid sequence from

PPARa and the 103 amino acid sequence from PPARb shared

high levels of homology with the correspondent peptides of other

fishes and terrestrial vertebrates, whereas PPARc 108 amino acid

sequence showed much less similarity with non-fish PPARc. Two
sequences for PPARb were found. After homology analysis, they

both turned out to be closer to the PPARb2 isoform of other

species. According to semiquantitative RT-PCR, PPARa mRNA

predominates in heart and white muscle; PPARb is more

expressed in heart, liver, trunk kidney, testis and white muscle;

PPARc was only detected in trunk kidney, liver and spleen.

PPARb is the most strongly expressed, whereas PPARc is the

least one.
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Characterization of a novel retinoid-x receptor
antagonist, LG1208
P. Brazda, S. Benko and L. Nagy

Nuclear Hormone Receptor Group, Institute of Biochemistry and

Molecular Biology, University of Debrecen, Debrecen, Hajdú-Bihar
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Through the genetic processes they have control over, nuclear

receptors have an effect on virtually all aspects of the life of mul-

ticellular organisms, including embryogenesis, homeostasis, repro-

duction, cell growth and death. Their gene-regulatory power and

selectivity has prompted intense research on these key factors.

Retinoid-X Receptor (RXR) is a member of the nuclear receptor

transcription factor superfamily, which regulates the activation of

their target genes in a ligand dependent manner. According to

the general model, in absence of ligand they recruit co-repressor

molecules that are dissociated upon ligand binding. RXR is pre-

sent as a common heterodimerizing partner for several types of

nuclear receptors as an indication of their major role in these sys-

tems. Despite the extensive medical application of retinoids, due

to their teratogenic effects and toxicity it has became necessary

to design and improve therapeutically identical synthetic ligands

that lack these side effects. Our aim was to examine and charac-

terize a novel synthetic potential RXR-ligand, LG1208. We

applied mammalian two-hybrid system to detect protein-protein

interactions. After transfecting the appropriate plasmids by

cationic liposomes into CV-1 fibroblasts, we treated them with

ligands and 18 h later lysated the cells. Then we measured the

b-galactosidase and luciferase activity of the lysates. By this

method it was possible to carry out both activation- and interac-

tion studies, so we could analyze the ligand dependent activation

ability and the receptor – co-regulator interactions. As a result of

our studies we characterized the ligand in several permissive and

non-permissive RXR-heterodimers. In the activation assays

LG1208 behaved as a competitive antagonist. With the interac-

tion assays we revealed the changes of co-regulator binding that

lies behind the antagonistic effect. Characterizing and under-

standing the mode of action of such ligand can result in a useful

research tool to understand and model the complex function of

nuclear receptors.

K3–012P
Genome-wide location analysis of nuclear
receptors
B. L. Balint and L. Nagy
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Genomic location analysis of transcription factors involves combi-

nation of chromatin immunoprecipitation (ChIP) with high

throughput DNA detection methods such as microarrays or serial

sequencing of concatemerized tags. Genomic microarrays use non

transcribed loci of the genome as probes. About 56% of human

genes are associated with CpG islands (Antequera and Bird, 1993).

These CpG enriched loci of the human genome are likely to be

enriched in regulatory elements. For our initial study we employed

such a microarray that contains 12 000 CpG islands and analyzed

fragments bound by PPAR gamma antibody. We analyzed the

enrichment of PPAR gamma bound DNA fragments in rosiglita-

zone treated Monomac6 (MM6) cells. Several new putative binding

sites of PPAR gamma were identified. By using in silico analysis,

putative response elements of PPAR receptors could be identified

in these locations. By comparing genomic location analysis of

PPAR gamma to global gene expression data we can regroup the

primary data of the two experimental approaches. Several genes

that were not identified as PPAR regulated by gene expression ana-

lysis due to their low expression levels present PPAR gamma

enrichment on their regulatory regions. On the other hand genes

with enrichment of PPAR gamma on their regulatory elements

were not expressed at all, based on global gene expression data.

Further analysis of the epigenetic context of these genomic ele-

ments need to be performed. We propose that genomic location

analysis can complement global expression profiling in order to

further refine our understanding of the relationship between PPAR

gamma regulated gene networks and genomic binding sites.

K3–013P
Glucocorticoid hormone elicited tyrosine-
phosphorylation events involving T cell
specific kinases
D. Bartis, F. Boldizsár, M. Szabó, L. Pálinkás, P. Németh and

T. Berki

Department of Immunology and Biotechnology, University of Pécs,

Pécs, Hungary. E-mail: dominicus@freemail.hu

The glucocorticoid hormone (GC) plays an important role in the

regulation of T-cell activation; maturation and apoptotic proces-

ses. However, the cross-talk between the GC induced signalling

mechanisms and T-cell receptor (TcR) signal transducing path-

ways needs to be elucidated. After binding its ligand, the GC

receptor (GR) dissociates the HSP-90 complex and it translocates

into the nucleus, acting as a transcription factor. The GR may

also participate intracytoplasmic interactions mediating non-

genomic GC effects. We examined the rapid effects of GC expo-

sure on in vitro cultured human Jurkat cells. Our results showed

that Dexamethasone (DX), a GR agonist, when applied at high

dose (10 lM), induced rapid (within 5 min) tyrosine-phosphory-

lation events in Jurkat cells. The tyrosine-phosphorylation events

after anti-CD3 antibody stimulation was strongly inhibited, when

a short DX pre-treatment was applied. Moreover, the phosphory-

lation status of ZAP-70, a T-cell specific tyrosine kinase, which

plays a central role in augmenting the TcR-elicited signal in

T cells, was also investigated. We demonstrate that high dose

DX exposure induced a rapid ZAP-70 tyrosine-phosphorylation

in Jurkat T cells. ZAP-70 phosphorylation induced by DX could

be inhibited by RU486 (GR antagonist), suggesting the involve-
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ment of GR in this process. After DX treatment ZAP-70 phos-

phorylation did not occur in the p56-lck kinase-deficient Jurkat

cell line JCaM1.6, suggesting that this process was p56-lck

dependent. Our results show that DX, at a high dose, can rapidly

influence the initial tyrosine-phosphorylation events of the CD3

signalling pathway in Jurkat cells, thereby it may modify the

TcR-derived signals. Lck and ZAP-70 represent an important

molecular link between the TcR and GC signalling pathways.

K3–014P
Analysis of the subcellular distribution of
DHR38 in mammalian cells
J. Dutko-Gwóźdź1, T. Gwóźdź1, J. Dobrucki2, D. Duś3 and

A. Oźyhar1

1Division of Biochemistry, Institute of Organic Chemistry, Bio-
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Poland. E-mail: joanna.dutko-gwozdz@pwr.wroc.pl

Drosophila Hormone Receptor (DHR38), Ecdysteroid receptor

(EcR) and Ultraspiracle (Usp) are members of the steroid super-

family in Drosophila melanogaster. EcR and Usp are components

of functional ecdysone receptor, which regulates all the major

developmental transitions in insects in response to the 20-hydrox-

yecdysone. DHR38 is homologous to the vertebrate nerve growth

factor-induced clone B (NGFI-B) – type orphan receptors. In

addition to binding to the specific response elements as a mono-

mer, DHR38 interacts with Usp and this complex responds to a

distinct class of ecdysteroids independently of EcR. Our latest

research, in CHO-K1 cells, suggested that DHR38 possesses nuc-

lear localization sequence (NLS). In order to determine NLS, we

examined fragments of the receptor tagged with yellow fluorescent

protein (YFP). Only the DNA binding domain (DBD) tagged

with YFP was present in the nucleus. No NLS was found in the

N-terminal (A/B) and the ligand binding (LBD) domains. From

our previous investigations, we already have determined the sub-

cellular distribution of EcR and Usp in mammalian cells. We were

interested whether DHR38 can influence the subcellular distribu-

tion of these proteins. Therefore, we coexpressed DHR38 tagged

with cyan fluorescent protein (CFP-DHR38) and Usp tagged with

YFP (YFP-Usp) or CFP-DHR38 and EcR tagged with YFP

(YFP-EcR) in CHO-K1 cells. Our preliminary results suggest that

DHR38 coexpressed with EcR or Usp changes the distribution

pattern of the EcR/Usp heterodimer components.

K3–015P
Correlation between glucocorticoid receptor
binding parameters, blood pressure and body
mass index in healthy human population
I. Elakovic1, T. Perisic1, M. Cankovic - Kadijevic2 and G. Matic1

1Department of Biochemistry, Institute for Biological Research

Sinisa Stankovic, Belgrade, Serbia and Montenegro, 2National

Blood Transfusion Institute, Belgrade, Serbia and Montenegro.

E-mail: ivanae@ibiss.bg.ac.yu

The explanation of molecular basis of glucocorticoid resistance and

involvement of glucocorticoid hormones in various diseases, inclu-

ding obesity and hypertension, requires investigation of glucocorti-

coid receptor (GR) functional properties both in health and in

disease. In this study we used peripheral blood mononuclear cells

(PBMC) of healthy human subjects and applied radioligand binding

assay to examine correlation between the number of the receptor

sites per cell and the affinity for the ligand, as well as relationship

between these equilibrium binding parameters and body mass

index, blood pressure and age. It was found that the only statisti-

cally significant correlation was that between the number of gluco-

corticoid binding sites per cell and equilibrium dissociation

constant, KD (r = 0.84, P < 0.0001). Since KD represents a recip-

rocal measure of the receptor affinity for the hormone, this observa-

tion implies the existence of a compensatory mechanism providing

lower glucocorticoid receptor affinity in individuals that have more

binding sites in circulating mononuclear cells and vice versa. This

compensatory phenomenon together with considerable interindivid-

ual variation (the number of receptor sites per cell ranging from

1391 to 15133, CV = 58.62%; and KD from 2.5 to 98.6 nmol/liter,

CV = 80.87%) reflects plasticity of the glucocorticoid system. The

results open the question whether this compensatory mechanism

observed in healthy human subjects persists in pathophysiological

states associated with glucocorticoid hormones action and suggest

that tissue sensitivity to glucocorticoids might be better predicted by

the sign and magnitude of correlation between the two receptor

equilibrium binding parameters than by each of them separately.

K3-016P
Structural studies on constitutive androstane
receptor: ligand binding and dynamics
E. Fernandez1, J. Vincent1, L. Shan1 and B. Forman2

1Department of Biochemistry, Cell and Molecular Biology, Univer-

sity of Tennessee, Knoxville, TN, USA, 2Center for Gene Regula-

tion and Drug Discovery, Beckman Research Institute, City of

Hope National Medical Center, Duarte, CA, USA.

E-mail: elias.fernandez@utk.edu

The constitutive androstane receptor (CAR) exhibits transcrip-

tional activity in the absence of exogenous ligand. This is in con-

trast to classical nuclear receptors whose activity is derived from

interactions with small-molecule ligands. However, there are two

classes of non-physiological ligands that can modulate the activ-

ity of murine CAR. These are exemplified by the testosterone

metabolite, 5a-androst-16-en-3a-ol (androstenol), which represses

mCAR activity. The second class of ligands, exemplified by TCP-

OBOP [1,4-bis(2-(3,5-dicholoropyridyloxy))benzene], can both

activate CAR and alleviate the effects of the androstenol-medi-

ated repression of CAR activity. The three active states of CAR

are most likely to be a consequence of different structural confor-

mations that are linked by an allosteric pathway, highly active

(TCPOBOP) > active (apo) > inactive (androstenol). These con-

formations give the protein the ability to discriminate between

various ligands and co-regulatory proteins. We present data from

X-ray crystallography and Fluorescence Spectroscopy to deter-

mine the structural basis of ligand recognition and the structural

changes that accompany ligand and co-regulator protein binding.

K3-017P
Analysis of the distribution of ultraspiracle and
ecdysteroid receptor in mammalian cells
T. Gwózdz

1, C. Nieva2, J. Dutko-Gwózdz1, A. Kowalska1,

M. Spindler-Barth2, E. Wieczorek1, J. Dobrucki3, D. Dus4,

K. D. Spindler2 and A. Ozyhar1
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law, Poland, 2Department of General Zoology and Endocrinology,

University of Ulm, Ulm, Germany, 3Laboratory of Confocal Micr-

oscopy and Image Analysis, Department of Biophysics, Jagiellonian

University, Krakow, Poland, 4Ludwik Hirszfeld Institute of Immu-
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The steroid hormone, 20-hydroxyecdysone (20E), controls insect

metamorphosis by initiating molting process. The functional
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20E receptor is a heterodimer composed of two members of the

nuclear receptor superfamily – the ecdysteroid receptor (EcR)

and Ultraspiracle (USP). In order to study the subcellular distri-

bution of EcR and Usp, we expressed these receptors as fusion

proteins with variants of green fluorescent protein in Chinese

Hamster Ovary (CHO-K1) cells. Heterologous expression of

EcR and Usp in mammalian cells facilitated analysis of their

individual subcellular distribution in the absence of endogenous

expression of these two receptors. Usp tagged with yellow fluor-

escent protein (YFP-Usp) was almost exclusively localized in

the nucleus in contrast to EcR tagged with YFP (YFP-EcR)

which was localized in the nucleus as well as in the cytoplasm

or mainly in the cytoplasm. Interestingly, coexpression of YFP-

EcR and Usp tagged with cyan fluorescent protein (CFP-Usp)

resulted in nuclear colocalization of both proteins in nearly all

transfected cells. Additionally fluorescence recovery after photo-

bleaching (FRAP) revealed that the mobility of Usp within the

nucleus is decreased in case of coexpression with EcR. The

presence of both EcR and Usp in the nucleus indicates that

they possess the nuclear localization sequences (NLS). To iden-

tify NLS within EcR and Usp, cDNA constructs with various

regions of both receptors tagged with YFP were generated and

analyzed in CHO-K1 cells.
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Modulation of Zac1 transcriptional activities in
HeLa cells by trichostatin A (TSA) and histone
deacetylase 1 (HDAC1)
H.-C. Lin1, M.-C. Hu1, S.-P. Huang2 and S.-M. Huang1,2

1Graduate Institute of Life Sciences, National Defense Medical

Center, Taipei, Taiwan ROC, 2Department of Biochemistry,

National Defense Medical Center, Taipei, Taiwan ROC.
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Zac1 is a novel seven-zinc-finger protein which may possess the

specific DNA element binding ability and intrinsic transactiva-

tion activity. Zac1 not only promotes cell cycle arrest and apop-

tosis, but it also acts as transcriptional cofactors for nuclear

receptors and p53. Our previous study indicates that the

N- and C-terminal regions of Zac1 involve in the down-regula-

tion of its putative transactivation activity in HeLa cells. Subse-

quent results in this study demonstrated that a histone

deacetylase inhibitor, trichostatin A (TSA), dramatically

enhanced the transactivation activity of Zac1 in HeLa, CV-1

and 293 cells. The enhancements of Zac1 transactivation activity

by TSA were suppressed by the addition of over-expressed his-

tone deacetylase 1 (HDAC1), not HDAC4. Zac1 physically

interacted with the catalytic domain of HDAC1 and, however,

the catalytic activity was not required for this physical interac-

tion. In addition, Zac1 was able to act synergistically with the

effect of TSA to modulate the p21 promoter activity and estro-

gen receptor transcriptional activity in HeLa cells. Taken

together, our observations demonstrate that the functional role

(positive or negative role) of Zac1 in some transcriptional sys-

tems depend on specific molecules (coactivators or corepressors)

recruited by Zac1’s functional complexes in cells.

K3-019P
Characterization of a novel steroid receptor-
binding protein, SRB-RGS
M. Ikeda and Y. Minatogawa

Department of Biochemistry, Kawasaki Medical School, Kurashiki,

Japan. E-mail: ikeda@bcc.kawasaki-m.ac.jp

A novel steroid receptor-binding protein, SRB-RGS, suppressed

the estrogen receptor (ER) alpha-mediated and other promoter-

driven transcriptional activities [1]. This study describes the inter-

action of the full-length SRB-RGS and ERs by using yeast

two-hybrid system and a coimmunoprecipitation assay. SRB-

RGS suppressed the transcriptional activities of ER beta and ER

alpha + ER beta as well as those of ER alpha and the SV40

early promoter. It was found that the middle region and the

RGS domain of SRB-RGS affected the activities of ER alpha-

and ER beta-mediated transcription, respectively. Green fluores-

cence of the fusion protein of EGFP and SRB-RGS was localized

both in the nucleus and in the cytoplasm. This finding was con-

firmed by SDS-polyacrylamide electrophoresis (SDS-PAGE) ana-

lysis after subcellular fractionation of the COS-7 cells

overexpressing SRB-RGS and pulse-labeled with [35S]methion-

ine. Overexpression of SRB-RGS in the HeLa cells induced

apoptosis in the cells. Intrinsic SRB-RGS was identified by SDS-

PAGE analysis after immunoprecipitation subsequent to pulse-

labeling of the estrogen responsive rat pituitary cell, MtT/Se,

with [35S]methionine. For the identification, a confocal laser

scanning microscope after immunostaining of HeLa cells was

used, as well as Western blotting of the whole cell lysate from

HeLa cells by using the anti-SRB-RGS antibody.
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Chicken Ovalbumin Upstream Promoter Transcription Factor II

(COUP TF II) is an orphan member of the nuclear hormone

receptor superfamily that strongly inhibits transcriptional activa-

tion mediated by a number of other nuclear receptors. COUP TF

II represses transcription mainly via competition with other acti-

vators for common binding sites at promoters. Since no signifi-

cant changes have been found in the protein levels of COUP TF

II upon various extracellular stimuli, we were prompted to check

whether regulatory mechanisms other than altered expression lev-

els – such as post-translational modification – should be involved

in COUP TF II-dependent gene regulation. We found that

COUP TF II is a nuclear phosphoprotein that is phosphorylated

both in vitro and in vivo by the Erk2 MAP kinase within its

N-terminal transactivation domain. Erk2-mediated phosphoryla-

tion significantly increased the binding affinity of COUP TF II

to the hormone responsive elements of both the b retinoic acid

receptor (bRAR) and the apoprotein A1 promoters. However, no

such changes were observed with the apoprotein CIII promoter

element, indicating that phosphorylation-related changes in its

binding affinity are target site-specific. We also demonstrated by

transient transfection assays that phosphorylation-dependent

differences in the DNA-binding affinity of COUP TF II were
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functional, since parallel changes in COUP TF II-mediated trans-

repression could be observed only with chimeric reporter con-

structs containing the bRAR and apoAI but not the apoCIII

elements. As retinoic acid is known to activate the MAPK path-

way in eliciting cellular differentiation, down-regulation of bRAR

transcription by Erk2-phosphorylated COUP TF II might func-

tion as an autoinhibitory loop in retinoic acid signaling.

K3-021P
Differentiation of embryonic stem cells
overexpressing mineralocorticoid receptor into
functional cardiomyocytes: a cell-based model
to investigate aldosterone action in the heart
D. Le Menuet, S. Viengchareun and M. Lombès

Inserm U693, Paris Sud Medical School (University Paris XI),

Kremlin Bicêtre, France. E-mail: damien.lemenuet@kb.u-psud.fr

The mineralocorticoid receptor (MR) is a transcription factor

expressed in a wide variety of tissues including kidney, hippocam-

pus and heart. Activated by its natural ligand aldosterone, MR

regulates specific target gene expression involved in the control of

ion homeostasis but also exerts other yet uncharacterized func-

tions in the cardiovascular system. Recent clinical trials demon-

strated that mineralocorticoid antagonists (spironolactone and

eplerenone) caused striking benefits for patients with heart failure

or myocardial infarction, thus renewing the interest to study min-

eralocorticoid action in cardiomyocytes. We previously showed

that transgenic mice overexpressing human MR (hMR) under the

control of its own P1 and P2 promoters developed mild dilated

cardiomyopathy associated with tachychardia and arrhythmia.

To further investigate the implication of MR in cardiac patho-

physiology, we have established embryonic stem (ES) cell lines

from wild type, or transgenic P1.hMR and P2.hMR blastocysts

and differentiated them into functional contractile cardiomyo-

cytes under a reproducible experimental protocole. Both endog-

enous mouse MR and recombinant hMR transgene were

expressed during P1.hMR cell differentiation, simultaneously

with cardiomyocyte marker genes thus validating our strategy.

These original models of ES-derived differentiated cardiomyo-

cytes present powerful systems to study aldosterone and MR

overexpression effects on cardiomyocyte function and to identify

new aldosterone target genes in the heart. Moreover, using hMR

transcripts as a reporter gene, we will be able to analyze both P1

and P2 promoter activity under various differentiating condi-

tions. This study is an original attempt to analyze steroid recep-

tor functions using ES cell differentiation models.
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In recent years several mutations and sequence polymorphisms of

the glucocorticoid receptor gene have been described. Here we

also present the results of an in silico study, which revealed previ-

ously undescribed sequence variants of the glucocorticoid

receptor gene. Although the three-dimensional structure of the

DNA-binding domain of the glucocorticoid receptor has been

known for several years, the crystal structure of the ligand-bind-

ing domain of the receptor has been published only recently.

Using a comparative protein modeling, we analyzed the

structural relevance of known mutations as well as novel

sequence variants discovered by our in silico approach in the lig-

and-binding domain of the glucocorticoid receptor. We conclude

that comparative protein modeling of these mutant receptor vari-

ants offers a useful means to predict the functional consequences

of amino acid replacements and to correlate structural abnormal-

ities with clinical findings.
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ZNF202 and the nuclear receptor network
controls ABC transporters and HDL
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In addition to the role of nuclear receptors in the transcriptional

regulation of ABCA1 and ABCG1 there is upcoming evidence

that the transcriptional repressor ZNF202 and other SCAN

domain containing proteins, such as SDP1, play a pivotal role in

controlling the expression of many important genes involved in

HDL metabolism. The zinc finger protein ZNF202 is a transcrip-

tional repressor that binds to promoter elements predominantly

found in genes involved in HDL and triglyceride metabolism. We

have shown that ZNF202 suppresses ABCA1 and ABCG1 gene

expression via binding the universal corepressor KAP1. Investi-

gating ZNF202 regulation and nuclear trafficking during macr-

ophage differentiation and foam cell formation, we could

demonstrate that ZNF202 expression is inversely correlated with

its targets ABCA1, ABCG1 and apoE. In addition, nuclear tran-

sloaction of ZNF202 by interaction with SDP1, provides a fur-

ther level of control for ABCA1, ABCG1, and apoE gene

expression. SDP1 which functions as a PPARg2 coactivator

blocks binding of the universal corepressor KAP1 to ZNF202

and thereby can force expression of ZNF202 target genes. Data

from ZNF202 knockout mice revealed an increase in pre-b-HDL

as well as shift from fast migrating to slow migrating a-HDL in

serum of ZNF202 knockout mice compared to controls. mRNA

expression profiling in liver and colon of knockout animals

revealed upregulation of known ZNF202 target genes and identi-

fied a significant increase in PPARd and HNF4a expression in

both tissues of knockout mice. Thus, in addition to the recent

findings in HDL metabolism, ZNF202 may orchestrate novel reg-

ulatory mechanisms controlling several genes of lipid and glucose

homeostasis.
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Regulation of MAPK p38 signaling cascade by
thyroid hormone receptor: effect on NFkB
signaling pathway
M. Lasa and A. Aranda
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Nuclear receptors (NR) constitute a super-family of ligand-

dependent transcription factors that activate or repress gene

expression. In the last few years it has been shown that they are

able to regulate the mitogen-activated protein kinase (MAPK)

signaling cascade. MAPK activation is achieved by phosphoryla-

tion, while MAPK inactivation is mediated by protein phospha-

tases. Depending on the cell type, NR can either stimulate or

inhibit MAPK activity and this regulation can be modulated by
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specific phosphatases. Thus, we and other groups have previously

shown that the dual specificity phosphatase MKP-1 plays an

important role in the inhibition of diverse MAPK by the gluco-

corticoid receptor. We have new data showing that the proin-

flammatory cytokine TNF promotes MAPK p38 activation in

pituitary cells and the NR for thyroid hormone (TR) specifically

prevents this activation. Moreover TR rapidly induces MKP-1

protein levels and this induction is sustained for at least 24 h.

The effect of TR on MKP-1 induction is at post-transcriptional

level since MKP-1 mRNA levels were unaffected after thyroid

hormone treatment in these cells. Since NFkB is a target gene of

MAPK p38 through its downstream kinase MSK-1, the regula-

tion of NFkB pathway by TR has been investigated in pituitary

cells. As expected MAPK p38 is able to stimulate NFkB tran-

scriptional activation and TR prevents this effect. The TR-medi-

ated regulation of NFkB appears to be at the level of the

transactivation potential of the p65 subunit since no modifica-

tions on either IkB degradation or NFkB DNA binding were

observed in the presence of TR. These novel results could be

important to understand the molecular mechanism by which the

TR exerts part of its effects in pituitary cells.

K3-025P
Orphan nuclear receptor Nur77 enhances
stability of hypoxia-inducible factor-1alpha
protein
Y.-G. Yoo and M.-O. Lee
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Hypoxia-inducible factor-1a (HIF-1a) plays a central role in oxy-

gen homeostasis by inducing the expression of a broad range of

genes in a hypoxia-dependent manner. Here, we show that the

orphan nuclear receptor, Nur77, is an important regulator of

HIF-1a. Under hypoxic condition, Nur77 protein and transcripts

were induced time-dependently. When Nur77 was exogenously

introduced, it enhanced the transcriptional activity of HIF-1,

whereas the dominant-negative Nur77 mutant abolished the func-

tion of HIF-1. The HIF-1a protein was greatly increased and

completely localized in the nucleus when coexpressed with

Nur77. The N-terminal transactivation domain of Nur77 was

required and sufficient for the activation of HIF-1a. The associ-

ation of HIF-1a with von Hippel-Lindau protein was not affec-

ted whereas that with MDM2 was greatly reduced in the

presence of Nur77. Further we found that the expression of

MDM2 was repressed at transcription-level in the presence of

Nur77 as well as under hypoxic condition. Finally, PD98059

decreased Nur77-induced HIF-1a stability and recovered MDM2

expression, indicating that the extracellular signal-regulated kin-

ase pathway is critical in the Nur77-induced activation of HIF-

1a. Together, our results demonstrate a novel function for Nur77

in the stabilization of HIF-1a and suggest a potential role of

Nur77 in pathogenesis and therapy of human vascular diseases.
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Specific transcriptional activities of c-terminal
truncated androgen receptor detected in
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Androgen receptor (AR) mutations are involved in the failure

of androgen ablation therapies of prostate cancer (Pca). The

Q640X AR has been detected in a Pca that was resistant to

androgen ablation. In this mutant AR, the substitution of gluta-

mine in position 640 in the hinge region by a stop codon leads

to a truncated receptor (75 kDa instead of 110 kDa), which is

constituted of the AF-1, the DNA binding domain and a nuc-

lear localization signal. We have previously shown that this

mutant AR exhibits constitutive transcriptional activities from

an MMTV-luciferase construct, and is exclusively localized in

the nucleus when transfected in CV1 cells. However, how this

truncated AR could lead to androgen independent growth of

prostate cancer cells remains unknown. Using luciferase reporter

assays, we have demonstrated that the Q640X AR led to a

stronger activity from the MMTV promoter containing gluco-

corticoid response elements compared with the full-length

human PSA promoter, which contains androgen response ele-

ments. Same results were obtained with GRE and ARE artifi-

cial promoters. In brief, the Q640X AR and wild type (wt) AR

may have different transcriptional capacities. Moreover and sur-

prisingly, we found that the Q640X AR exhibited strong tran-

scriptional activities from minimal promoter with just the

TATA box. In regards of these results, differences observed in

transcriptional activities between Q640X and wt ARs might be

due to the loss of multiple interactions sites for AR co-regula-

tors in the truncated AR. Data from protein–protein interac-

tions studies will be presented to sustain this hypothesis.

K3-027P
Molecular evaluation of the high basal activity
of human PPARs
F. Molnár, M. Matilainen and C. Carlberg
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Peroxisome proliferator-activated receptors (PPARs) belong to

the same nuclear receptor (NR) superfamily as vitamin D recep-

tor (VDR) and constitutive androstane receptor (CAR). The lat-

ter NR has remarkably high activity as does the other NRs

liver receptor homologue-1 (LRH-1) and estrogen related recep-

tor 3 (ERR3). Detailed inspection of the human PPARdelta

and PPARgamma apo-crystal structures revealed that the posi-

tion of their helix 12, which is the most C-terminal alpha-helix

of the PPAR ligand-binding domain, is very similar to that of

LRH-1 and ERR3, suggesting that PPARs also have constitu-

tive activity. Structure–function analysis of the PPARs indicated

that all three PPARs display high basal activity and show lig-

and-independent co-activator association comparable to CAR.

The molecular basis of these ligand-independent actions is a sta-

bilization of helix 12. By detailed analysis of crystal structures,

reporter gene, limited protease digestion and supershift assays

we confirmed that PPARs do have high basal activity and that

four different amino acid groups contribute to the stabilization

of helix 12 of human PPARgamma. These are (i) K329 and

E499 coupling a charge-type stabilization of helix 12 via co-acti-

vator bridge, (ii) E352, R425 and Y505 directly stabilizing the

helix 12 via ionic interactions and hydrogen bonds, (iii) K347

and D503 interacting with each other as well as contacting the

co-activator and (iv) H351, Y355 and Y501 forming a hydrogen

bond network. With the exception of H351 and Y355, these

amino acids are conserved within the PPAR subfamily. Finally,

we addressed the functionality and evolution of the helix 12 by

constructing phylogenetic trees. Interestingly, the trees demon-

strated that the helix 12s of all three PPARs are the closest to

CAR, suggesting a similar function and evolution of their heli-

ces and comparable high constitutive activity. Recognizing the

constitutive activity of PPARs provides a new view on their

physiological function.
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In this study, for the first time we have identified an estradiol-

17b receptor (ER) in the helminth cestode Taenia crassiceps.

Previously, we have shown that the in vitro exposure of Taenia

crassiceps cysticerci to 17-b estradiol (E2) stimulated their repro-

duction and infectivity. To determine the possible molecular

mechanisms by which estradiol affect Taenia crassiceps, a speci-

fic nuclear estrogen receptor like was characterized. By RT-PCR

using specific primers to amplify ER of total RNA, we found

that Taenia crassiceps expressed estrogen receptor. Scatchard

analysis revealed that one binding component with high affinity

and low capacity for the ligand was present in the cytosol, but

not in the nuclear extract of the cysticercy. An inhibition of the

steroid effect by the antiestrogen Tamoxifen showed that estra-

diol-17beta activity is prevented. By using antibodies anti ER

(578–595), we have localized by Western blotting one band of

about 70 kDa. ER immunoreactivity has been localized in the

nuclei of the parasite cells, in the nuclei of the epithelium lining

the proximal portion of the oviduct and in the nuclei, and in

the cytoplasm of the inner region of the oviducal gland and in

the cytoplasm of the outer region of the oviducal gland. These

data, taken together, provide evidence that in Taenia crassiceps

the ER has biochemical and immunohistochemical characteris-

tics resembling those of ER in vertebrates. These results

demonstrate that estradiol act directly upon parasite reproduc-

tion by binding to a classic and specific ER receptor on the

parasite.
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testosterone depleted or administrated male
rats in spatial learning and memory
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of Biochemistry, Pasteur Institute of Iran, Tehran, Iran.

E-mail: nnaghdiir@yahoo.com or naghdi@institute.pasteur.ac.ir

Androgens have been shown to affect cognitive aspects of spatial

memory. Testosterone which is the most important androgen,

plays a role in the organization of behavior during development.

Also, it has been shown that androgens cause sex related differ-

ences in learning and memory especially during neonatal period.

In the current study, we assessed the effects of castration and tes-

tosterone enanthate (TE) administration on spatial cognition.

Multiple doses of testosterone enanthate (20, 40, 80 and 120 mg/

kg) were examined on different groups using Morris water maze.

Spatial memory was preserved in castrated rats. There was no

difference among multiple doses and control groups, also. For

control of the level of testosterone in the blood of castrated rat

and intact rat, blood samples were collected from intact group

and 7, 10, 12, 14, 21 days after castration. Testosterone levels

were measured by RIA technique and compared among all

groups. The level of testosterone after 7 days in castrated rats

was 0 nmol/l while in castrated rats after 7 days were

2.69 ± 0.88 nmol/l and after 21 days were 0.02 ± 0.02 nmol/L.

These data suggest that changes in the level of circulation andro-

gen have no effect on spatial localization at least after puberty in

male rats.
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Pure recombinant N-terminal regions of
ecdysteroid receptor A and B1 isoforms
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The functional receptor for the steroid hormone 20-hydroxyecdy-

sone is a heterodimer of two members of the nuclear receptor

superfamily, ecdysteroid receptor protein (EcR) and Ultraspiracle

(Usp). The receptor regulates genes important for insect develop-

ment and metamorphosis. It has been shown that EcR from Dro-

sophila melanogaster exists in three isoforms, EcRA, EcRB1 and

EcRB2 which differ only in their amino-terminal A/B regions

and are unequally distributed in various insect tissues. The func-

tional differences between EcRA, EcRB1 and EcRB2 suggest that

A/B domain itself plays a crucial role in the isoform-specificity.

The N-terminal region of EcR has been also evinced to be

important for transactivation. Despite these facts nothing is

known about the structure and folding pattern of this domain. In

order to investigate this problem N-terminally His-tagged A/B

domains of EcRA and EcRB1 were cloned, overexpressed in

Escherichia coli and purified. Gel filtration experiments demon-

strated an extended shape of isolated EcRA-A/B and EcRB1-A/

B which may suggest the lack of tertiary structure within the A/B

domains. Dichroism spectroscopy (CD) analysis revealed that

there exists very little secondary structure in the A/B region of

both EcRA and EcRB1 isoforms in vitro. Thus, we conclude,

that A/B domain of ecdysteroid receptor consists of large

unstructured regions.
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Cyclin E, a key mediator of G1/S checkpoint regulation, is con-

trolled by E2F1 transcription factor. Transcription of E2F1 gene

is regulated by TRs (thyroid hormone-dependent transcription
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factors). The negative thyroid hormone response element (TRE)

in E2F1 promoter is activated by TR in the absence and

repressed in the presence of T3. This suggests that one of the

mechanisms of T3-dependent regulation of proliferation is repres-

sion of cyclin E gene that promotes S-phase entry. Cyclin E is

aberrantly regulated in a wide variety of cancers. It was recently

reported that overexpression and generation of LMW might be

associated with poor clinical outcome in breast cancer. TR

abnormalities have been described in different cancers including

RCCC. We hypothesize that mutated TRs contribute to kidney

tumorigenesis due to ineffective inhibition of cyclin E gene. We

have analyzed 19 RCCCs, 19 respective controls and seven

healthy kidney tissues. Western blot analysis of total cyclin E

expression revealed that the mean values of cyclin E protein were

significantly higher in G2, G3 tumors vs. control tissues. Simi-

larly, the mean values of LMW expression were significantly

higher in G1, G2 and G3 tumors vs. control tissues. Scatchard

analysis showed statistically significant T3 maximal binding

(Bmax) decrease in G1, G2, G3 cancer tissues in comparison to

healthy controls. Comparison of cyclin E expression and T3

binding results revealed that RCCCs has higher amount of total

cyclin E and decreased T3 Bmax. Gel retardation assays revealed

weaker binding of TR to E2F1 TRE in RCCC. Our results

suggest that cyclin E and its LMW isoforms play important role

in RCCC tumorgenesis. Abnormal hormone binding to TR could

result in aberrant regulation of E2F1 and increased level of

cyclin E.
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A. Pap, I. Szatmári and L. Nagy
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Myeloid dendritic cells (DCs) play an important role in the

immune system, as professional antigen presenting cells they can

stimulate naive T-cells and initiate the specific immune response.

Previously we examined the transcriptional and functional chan-

ges in the human monocyte-derived DC after nuclear receptor

ligand treatment. Our data suggest that activation of PPARgam-

ma (Peroxisome Proliferator Activated Receptor) or RAR (Reti-

noic Acid Receptor) is able to modulate DC differentiation.

However an important question is if mouse DCs behave similarly

or not. We chose C57BL/6 and NOD (Non-Obese Diabetes) mice

for our experiments. First of all we determined if ligand treat-

ment had the same effect in mouse cells like it had in human

cells. We generated DCs with GM-CSF and IL-4 treatment from

bone marrow cells and also isolated DCs from mouse spleen with

immunomagnetic selection. These cell types were treated with

PPAR specific agonists and retinoids. In order to identify spleen

DCs and the bone marrow-derived DCs we measured the mouse

DC specific marker CD11c on the cell surface by flow cytometry.

Most of the cells were CD11c+ and the ligand treatment

decreased the proportion of this cell population. We have also

measured mRNA levels of PPARg and RAR target genes by

‘real-time’ quantitative PCR. The PPARg specific ligand (Rosig-

litasone) induced their target gene FABP4 (Fatty Acid Binding

Protein 4) expression, suggesting that PPARg is present and act-

ive in this mouse model. The RAR target gene TG2 expression

increased in mouse DCs, but we found that the RAR specific

agonist (AM580) could not enhance it further. These results sug-

gest that PPARg and RAR specific agonists interfere with the

differentiation of dendritic cells and may modulate the gene

expression of this all type in mice.
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The functional 20-hydroxyecdysone receptor regulates Drosophila

metamorphosis. The receptor is composed of two proteins, Usp

and EcR, which are members of the nuclear receptor superfamily.

To investigate the possibility of employing parts of this heterodi-

mer to create an artificial transcription factor we constructed a

single-chain protein containing Usp and EcR DNA-binding

domains (UE-DBD). The N terminally His-tagged UE-DBD was

overexpressed in E. coli cells and purified in two chromato-

graphic steps. Electrophoretic mobility-shift assay (EMSA) dem-

onstrated that the single-chain protein specifically binds the

ecdysone response element from the hsp27 gene promoter. The

results of DNase I footprinting assay indicate, that both domains

of UE DBD specifically interact with this element, in the manner

which is similar to that observed for the heterodimer of individ-

ual DNA-binding domains of Usp and EcR. We also created a

fusion protein composed of UE-DBD and yellow fluorescent pro-

tein (YFP UE-DBD) to examine its distribution in mammalian

CHO-K1 cells. Confocal microscopy analysis indicates nuclear

localization of YFP UE-DBD. This is the first report indicating

that covalently joined DNA-binding domains of functional ecdy-

sone receptor may be used as DNA-binding domain in a poten-

tial artificial transcription factor.
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Our research group is interested in investigating the role of nuc-

lear receptors (such as retinoid acid receptor, vitamin D receptor,

PPAR etc.) in myeloid cells. Treatment with ligands of nuclear

receptors, beside up-regulation of transcription of direct target

genes, induces also down-regulation of a large number of genes.

The mechanism of ligand-dependent induction is intensively

investigated and well described. Much less is known about the

ligand-dependent repression. Although a common mechanism is

not known, several models are proposed and proved to contrib-

ute to repression. Competition can occur between nuclear recep-

tors and other transcription factors for limiting amount of

essential co-activators. Ligand activated nuclear receptors can

also physically interact with other transcription factors (e.g.

NFKB, AP-1) blocking their ability to bind DNA. Another

interesting possibility has also emerged: induction of negative
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regulators. According to this last scenario, ligand-activated nuc-

lear receptors induce the transcription of negative regulator and/

or co-regulator proteins that can repress transcription of different

subsets of genes. To evaluate the importance of this mechanism

we used human monocyte-derived dendritic cells as a model sys-

tem. After separation of CD14+ cells, we used cytokines (IL4,

GM-CSF) to differentiate monocytes to dendritic cells. Cells were

treated with different nuclear receptor ligands 14 h after separ-

ation. Cells were harvested at 6, 12 hzours and 5 days after lig-

and-treatment. We aim at: (i) carrying out microarray and

Q-PCR analyses to identify and classify down-regulated genes

with different expression patterns, (ii) identifying ligand-depend-

ent silencer genes and complexes.
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Peroxisome Proliferator-Activated Receptor gamma (PPARg) is

a ligand dependent transcription factor that has well established

role in the regulation of lipid metabolism and adipocyte differen-

tiation. We found that PPARg expression is dramatically

increased in human monocyte-derived dendritic cells as compared

to monocytes. Furthermore we detected a robust induction of a

well-known target gene of PPARg (FABP4) in the PPARg speci-

fic ligand treated dendritic cells. These data prompted us to

investigate the role of PPARg activation in dendritic cells. To

determine putative PPARg regulated genes, we performed micro-

array analyses (HU133 plus chipsets) in developing dendritic

cells: primer human cells, obtained from three different individ-

ual, were treated with vehicle (DMSO/ethanol) or with a PPARg

activator (1 lm Rosiglitazone) and they were harvested after 6,

24 h. We identified sever novel genes/transcripts which were

upregulated at least twofold in the PPARg activated dendritic

cells. Then we conducted real-time PCR using Taqman low den-

sity arrays to confirm the affymetrix expression data. Applying

this quantitative PCR technique we confirmed around 50% of

the inductions obtained with affymetrix microarray analyses.

These results indicate that PPARg nuclear receptor can be activa-

ted during dendritic cell development and it is a valuable system

for the identification of novel PPARg target genes.
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Endolymph, a compartimentalized high K+/low Na+ fluid, parti-

cipates to the mechanoelectrical transduction in the inner ear.

Molecular mechanisms controlling endolymphatic ion homeosta-

sis remain elusive, hampered by the lack of appropriate cellular

models. We took advantage of the expression of the mineralocor-

ticoid receptor (MR) in the inner ear to derive a new cell line by

exploiting targeted oncogenesis strategy in which the expression

of SV40 T antigen was driven by the proximal promoter of the

human MR gene. The EC5v cell line, microdissected from the

semicircular canals, grew as a monolayer of immortalized epithe-

lial cells forming domes. MR expression was confirmed by

RT-PCR and aldosterone binding assays (20 fmol/mg protein,

Kd = 0.37 ± 0.10 nm). The 11 beta-hydroxysteroid dehydroge-

nase type 2, a key enzyme responsible for MR selectivity, was

cleary evidenced. EC5v cells exhibited on filters high transepithel-

ial resistance (Rt = 1500 Ohms/cm2) and promoted K+ secretion

and Na+ absorption. RT-PCR and Western blotting revealed

expression of the Epithelial Sodium Channel subunits (ENaC),

probably involved in Na+ transport. Quantitative PCR demon-

strated that aldosterone stimulated early expression of the serum

glucocorticoid-regulated kinase 1 and alpha ENaC, indicating

that EC5v represents a novel corticosteroid-sensitive cell line.

86Rb transport assays and ionic measurements revealed apical

secretion of K+ possibly through the IsK/KvLQT1 potassium

channel whose transcripts and proteins were readily detected.

Surprisingly, clofilium inhibited K+ transport only when cells

were exposed apically to high K+/low Na+ fluid, suggesting that

IsK/KvLQT1 actually functions as a strict apical to basolateral

K+ channel. This first vestibular cellular model may contribute

to better understand ionic transports in the inner ear and their

dysfunctions responsible for vertigo and hearing loss in the

Menière’s disease.
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Estrogen receptor b-selective agonists as drugs may prove use-

ful in the treatment of mood disorders. Screening of a subset

of our chemical library was performed using a homogenous

fluorescence anisotropy-based assay on 384-well microplates

with an in-house-developed workstation. Assay plates contained

dilutions of test compounds of the chemical library and 17b
estradiol as a reference compound. All subsequent plate

handling operations were performed fully automated in a cus-

tom-built robotic cell. After addition of the reagent (PanVera,

Invitrogen), containing a fluorescently-labeled estrogen analogue

and human recombinant estrogen receptor b, plates were incu-

bated for 2 h. After plate identification, fluorescence anisotropy

of each well was determined. Ligand binding, thus displacement

of fluorescently labeled estrogen was indicated by a decrease in

fluorescence anisotropy of the fluorophore. Assay quality was

monitored by determining Z’ value, a measure of the ratio of

signal window to the uncertainty of the measurement. The

assay proved to be robust for automation and enabled the

measurement of up to 14 000 compounds per day with Z’ val-

ues ranging between 0.55 and 0.80. Our data on assay perform-

ance show that with certain technical limitations fluorescence

anisotropy-based assays are applicable for high throughput

screening of compound libraries in the search for nuclear recep-

tor ligands. Details of assay optimization and adaptation will

be discussed.
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