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1 Zusammenfassung
Gamma-Aminobuttersäure (GABA) ist der wichtigste inhibitorische Neurotransmitter

im zentralen Nervensystem (ZNS). Die bedeutendste Klasse von GABA-Rezcptorcn

im ZNS sind ligandengesteuerte Ionenkanäle des A-Typs, die einen bedeutenden An¬

teil der inhibitorischen synaptischen Transmission im Gehirn vermitteln. GABAA-

Rezcptoren sind an der Regulation wichtiger Funktionen des ZNS beteiligt, darunter

Angst, Gedächtnis, Vigilanz und epileptogener Aktivität. GABAA-Rezeptoren sind

heteropentamere Chloridkanäle. Ihre Heterogenität beruht auf differentieller Zelltyp-

spezifischcr Expression und Zusammenlagerung unterschiedlicher Untereinheiten aus

einem Repertoire von mindestens 18 verschiedenen Untereinheiten. Die Zusammen¬

setzung der GABAA-Rezeptoren variiert in Abhängigkeit vom neuronalen Zelltyp so¬

wie während der embryonalen und postnatalen Entwicklung. Die extensive zeitliche

und räumliche Korrelation der Express ion smuster der mRNAs und Proteine dieser

Untereinheiten legt nahe, dass die différentielle Expression dieser Proteine weitgehend
auf der Ebene der Transkription reguliert wird. Das Gen für die ô-Untereinheit des

GABAA-Rezeptors wird hauptsächlich in den Körnerzcllen des Kleinhirns exprimiert
und als Modell für die Untersuchung der Neuronsubtyp-spezifischen Transkription

verwendet.

Bei der Sequenzanalyse der 5'-flankierenden Region des Gens der (^Untereinheit

wurde ein 22-bp langes purinreiches DNA Element entdeckt, das in sieben Kopien et¬

wa 1800 bp stromaufwärts der Transkriptionsstartstelle liegt. Gelshiftcxperimcnte
identifizierten verschiedene putative Proteine oder Proteinkomplexe, die an diese Se¬

quenz banden. Einer dieser Faktoren, 'Brain-Specific Factor 1" (BSF1), war nur in Ge¬

hirnextrakten nachzuweisen. Die Expressionsmuster von BSF1 und der Ö-Untereinheit

waren in verschiedenen Gehirnregionen und während der Differenzierung primärer
Neuronen in Kultur auffallend ähnlich und deuteten daraufhin, dass BSFl an der Ex¬

pression dieser Untereinheit beteiligt sein könnte.

Das Ziel der vorliegenden Arbeit war die Identifizierung von cDNAs für Komponen¬
ten von BSFl. Das klassische Verfahren zur Klonierung der cDNA eines Proteins er¬

fordert dessen Aufreinigung zur Homogenität. Da erste Versuche zur Aufreinigung
von BSFl aus Kälberkleinhirn wegen der Instabilität des Faktors fehlschlugen, wurde

ein "Yeast One-Hybrid Screen" verwendet, um cDNAs für BSFl zu isolieren. H1S3

und lacZ Reportergene unter Kontrolle unterschiedlicher Promotoren, die BSF1-

Bindungsstellen in verschiedener Anzahl, Orientierung und Lokalisation enthielten,

wurden in unterschiedliche Hefestämme eingebaut. Die Stämme mit der geringsten
Basalaktivität der Reportergene wurden mit cDNA Bibliotheken transformiert, die eine

Expression der Gehirnproteine als Hybride in Kombination mit einer transkiptionellen

Aktivierungsdomäne erlaubten. Bei Aktivierung beider Reportergene wurden die

cDNAs der entsprechenden Hefeklone isoliert und die Aktivierung reproduziert. Mit
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diesem Verfahren wurden cDNA Fragmente von RclA und 'c-myc Intron 1 Binding

Protein l' (MIBP1) als mögliche Komponenten von BSFl identifiziert.

RelA ist die 65 kDa Untereinheit des heteromeren Transkriptionsfaktors NF-kB, des¬

sen mRNA in den meisten Zellen exprimiert ist. Tm Zellkern lokalisierte, konstitutiv

aktive Formen von NF-kB finden sich jedoch nur in bestimmten Zellen des Tmmunsy-

stems und in einigen kortikalen Neuronen. In den meisten Zellen ist NF-kB in seiner

latenten, induzierbaren Form im Cytoplasma lokalisiert. Nach Stimulation durch ver¬

schiedenste Wirkstoffe gelangt NF-kB in den Zellkern, wo es Gene aktiviert, die an

der Immunantwort und bei Entzündungsreaktionen beteiligt sind. Die Identifizierung

weiterer möglicher Zielgene für NF-kB im ZNS könnte darauf hinweisen, dass indu¬

zierbares NF-kB zusätzliche, auf das Gehirn beschränkte Funktionen besitzt.

Eine MIBP1 cDNA, die für ein 267 kDa Protein kodiert, wurde ursprünglich mit ei¬

nem "Southwestern-Screen" aus Lebergewebe isoliert, interessanterweise finden sich

die höchsten mRNA-Spiegel jedoch im Gehirn. Die Existenz des Proteins in seiner

vollen Länge konnte bisher nicht nachgewiesen werden und auch eine funktionelle

Charakterisierung war nicht möglich. Das Leseraster von MIBP1 kodiert für ein Pro¬

tein mit 2437 Aminosäuren und zwei möglichen DNA-Bindungsdomänen mit jeweils

zwei Cys,His2-Zinkfingern. Die isolierte M1BPI cDNA, die insgesamt 181 Aminosäu¬

ren umfasst, kodiert auch die N-terminale dieser Zinkfingerdomänen.

Um die Beziehung von MIBP1 und RelA zu BSFl näher zu untersuchen, wurde das

Expressionsmuster der mRNAs beider Gene im Gehirn bestimmt. Während RelA

mRNA im gesamten Gehirn exprimiert war, zeigten die mRNAs von MIBP1 und der Ô

Untereinheit sehr ähnliche spezifische Expressionsmuster. Bindungsaktivität zu einer

c-raye Intron-Probe war in Proteinextrakten vorhanden, in denen BSFl anreichert war,

und wurde 'c-myc Intron I Binding Complex 1' (MIBC1) genannt. Obwohl sich BSFl

und MIBC1 in ihrer Gelshift-Mobilität leicht unterschieden, zeigten beide Komplexe
eine gleichartige Sensitivität gegenüber Kompetition mit verschiedenen Kompetitoro-

ligonukleotiden. Die UV-Verknüpfung von BSFl und MIBC1 mit den Oligonukleoti-
den OB bzw. c-myc identifizierte einen identischen Satz von Polypeptiden einer Grösse

von 70 und 140 kDa.

Die präsentierten Daten legen nahe, dass BSFl und MIBP1 identische DNA-bindende

Polypeptide enthalten. Zumindest eines dieser Polypeptide kann durch eine MIBP1

mRNA Isoform kodiert werden.
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2 Summary

Gamma-aminobutyric acid (GABA) is the most important inhibitory neurotransmitter

in the central nervous system (CNS). The most important GABA receptor class in the

CNS is the A-type, a ligand-gated ion channel. The major inhibitory synaptic events in

brain are mediated by this receptor. It is involved in the regulation of various important

CNS states including anxiety, memory, vigilance, and epileptogenic activity. GABAA

receptors are heteropentameric chloride channels. Differential cell type-specific ex¬

pression and assembly of subunits, which are encoded by at least 18 different genes,

leads to a heterogeneity of GABAA receptor subtypes. The subunit composition of

GABAA receptors varies depending on the neuronal cell type and during embryonal

and postnatal development. Extended correlation between the spatio-temporal expres¬

sion pattern of the subunit mRNAs and their proteins suggests that the level of subunit

gene transcription is largely if not exclusively responsible for differential subunit ex¬

pression. The GABAA receptor Ö subunit gene is expressed predominantly in cerebellar

granule cells and has been used as a model to study neurone-specific gene transcrip¬

tion.

Sequence analysis of the S'-flanking region of the 8 subirait gene revealed a 22-bp

purine-rich DNA element repeated in seven tandem copies approximately 1800 bp up¬

stream of the major transcriptional start site. Several putative proteins or protein com¬

plexes binding to this sequence have been identified by electrophorctic mobility shift

assays (EMSAs). One of these factors, Brain-Specific Factor 1 (BSFl), was only ob¬

served in extracts from brain. The expression patterns of BSFl and of the 5 subunit

mRNA in various brain regions and during differentiation of primary neurones in cul¬

ture were remarkably similar and suggested that BSFT plays a role in expression of

this subunit.

The aim of the present thesis was the identification of cDNAs encoding constituents of

BSFl. The classical procedure for cloning protein-encoding cDNAs requires purifica¬

tion of the protein to homogeneity. However, initial attempts to purify BSFT from calf

cerebellum failed because the factor was unstable. We therefore designed a yeast one-

hybrid screen as a means to isolate BSFl-encoding cDNAs. Specifically, HJS3 and

lacZ reporter genes with different promoters containing different sets of BSFl binding
sites in their upstream promoter regions were introduced into several yeast strains.

Strains with the lowest basal expression levels of reporter genes were selected and

transformed with cDNA libraries expressing brain proteins as hybrids together with the

Gal4 transcriptional activation domain. cDNAs from yeast cells expressing both re¬

porter genes were isolated and reporter gene activation was reconfirmed. Using this

scheme, partial cDNAs coding for RelA and MIBP1 {c-myc intron binding protein 1)

were identified as possible constituents of BSFl.

RelA is the 65 kDa subunit of the hetcromcric transcription factor NF-kB, whose

mRNA is expressed in most cell types. However, constitutively active nuclear forms of
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NF-kB are only found in certain immune cells and some cortical neurones. In most cell

types NF-kB exists in a latent, inducible form in the cytoplasma. Upon stimulation by

a large variety of agents it passes into the nucleus where it activates genes important in

immune response and inflammation. With respect to the CNS, the identification of

potential target genes for NF-kB suggests that inducible NF-kB has additional roles

unique to the brain.

A MIBPl cDNA encoding a 267 kDa open reading frame was originally isolated from

liver by Southwestern screening. Flowever, MIBPl mRNA is by far most abundant in

brain. Attempts to demonstrate the full-length protein have not been successful so far

and the native protein has not been functionally characterised. The open reading frame

of MIBPl encodes a 2437 amino acid protein with two putative DNA-binding do¬

mains, each containing two zinc-fingers of the Cys2His2-type. The N-terminal of these

zinc-finger domains was included in the isolated MIBPl cDNA which encoded 181

amino acids.

In order to further evaluate the relationship of RelA and MIBPl to BSFl, their mRNA

expression pattern was determined in brain. While RelA mRNA was expressed homo¬

geneously throughout the brain, MIBPl mRNA showed a specific expression pattern

very similar to that of 6 subirait mRNA. Binding activity to a c-myc intron probe was

present in extracts highly enriched in BSFl and termed M1BC1 {c-myc intron I bind¬

ing complex I). While BSFT and MIBC1 differed slightly in their EMSA mobility,

both complexes displayed very similar sensitivity to competition by various competitor

oligonucleotides. UV-crosslinking of BSFl and MIBCI with oligonucleotides ÔB and

c-myc, respectively, identified identical sets of polypeptides of 70 kDa and 140 kDa.

These data suggest that BSFl and MÏBC1 contain identical DNA-binding polypep¬
tides. At least one of these may be encoded by a MTBPI mRNA isoform.
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3 Introduction

3.1 Neurotransmission by y-Aminobutyrie

Acid (GABA)

3.1.1 GABA and its Receptors

Gamma-aminobutyric acid (GABA), first synthesised in 1883, was known for many

years as a substance present in microbes and plants [1J. In 1950, GABA was identified

as a normal constituent of the mammalian central nervous system (CNS) [2, 3]. The

CNS and the retina are the only mammalian tissues which were found to contain more

than an insignificant trace of GABA [4]. GABA is the major inhibitory neurotrans¬

mitter in the mammalian CNS and present at 30-40% of all synapses [5]. GABAergic

neurones are predominantly locally acting interneurones. GABA and its receptors have

been indirectly implicated in the pathogenesis of parkinsonism, schizophrenia,

Huntington's chorea, epilepsy, dementias, tardive dyskinesias, and in several behav¬

ioural and emotional disorders [1].

GABA functions by acting on two classes of receptors (GABAA and GABAB) which

are distinguished based on their structure, pharmacological profile, and signal

transduction characteristics |(>8). GABAV receptors represent ionotropic integral chlo¬

ride channels, whereas GABAn receptors are members of the seven-transmembrane re¬

ceptor family and coupled to Kf- and Ca2+-channels via G-protein second messenger

systems Ie), I0J. A third type of GABA receptors was originally designated GABAC

(11, 12], because they were unaffected by typical modulators of GABAA receptors.

However, the subunits of these receptors show a similar degree of homology to the

GABAA receptor subunits as the GABAV receptor subunits among each other and it

was therefore recently agreed that they should be considered part of the GABAA re¬

ceptors 18].
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3.1.2 GABAA Receptors

3.1.2.1 Medical and Therapeutical Relevance of GABÄA

Receptors

Proper function of the brain requires the balanced activity of inhibitory and excitatory

neurotransmission. At least seven prevalent subtypes of GABAA receptors mediate

major inhibitory synaptic events (13]. They are predominantly localised postsynapti-

cally [14, 15] and form an integrated chloride channel that opens on activation of the

receptor and leads to membrane hyperpolarisation and consequently to inhibition of

the postsynaptic cell. As evident from their drug-induced modulation, GABAA recep¬

tors are implicated in the regulation of memory, muscle tension, anxiety, vigilance,

and epileptogenic activity [16]. Therefore, they serve as important targets for the

pharmacotherapy of various neurologic and psychiatric disorders. In order to identify

the mechanisms regulating the above-mentioned processes and disorders, and to pro¬

vide strategies for the development of subtype-specific drugs for selective therapies,

GABAA receptors have been studied in much detail regarding their pharmacology and

molecular structure.

3.1.2.2 Structure of GABAA Receptors

GABAA receptors belong to a supcrfamily of ligand-gated ion channels in which they

share homology with the nicotinic acetylcholine receptor [17], the glycine receptor

[18], and the 5-HT, receptor [19]. As best demonstrated for the nicotinic acetylcholine

receptors [20, 211, GABA^ receptors are also believed to be heteropentameric chloride

channels [22]. Their heterogeneity is based on differential cell-type specific expression

and assembly of subunits, which in mammals are encoded by at least 18 different

genes that have been grouped into seven subclasses (a, (1, ß, v y,,, Ô, t\ n, p, ,) (23-29].

Studies with recombinant receptors demonstrated that in general one each of the a, ß,

and y subunits are minimally required to constitute functional receptors [30, 31]. The

most likely subunit stoichiometry was originally suggested to be two a, one ß, and two

y subunits [32]. However, more recent electrophysiological and biochemical data [33-

35] suggest the presence of receptors with only one y subunit. Therefore, the exact

stoichiometry remains elusive [36]. Of all subunits characterised so far, only the p

subunits form homomeric receptors in vivo [ 12]. In recombinant systems, the ß, and ß,

subunits can also form homomeric receptors (37, 38], but this docs not seem to be

physiologically significant.
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All GABAA receptor subunits consist of a large extracellular hydrophilic N-terminal

domain with three potential glycosylation sites, four hydrophobic putative membrane

spanning domains (M1-M4), and a short extracellular C-terminus. A large intracellular

domain containing consensus sequences for phosphorylation is located between M3

and M4 [39]. The M2 domain is thought to line the chloride pore of the GABAA re¬

ceptor [40]. The boundary regions of the transmembrane domains of all GABAA re¬

ceptor subunits are enriched in positively charged arginine and lysine residues, which

might regulate the entry of ions into the chloride channel [41].

GABAA receptor subunits display differential spatio-temporal regulation ]13]. Seven

major GABAA receptor subtypes differing in subunit composition and distribution

have so far been identified in brain and in spinal chord [ 13, 42]. Extended correlation

between the spatio-temporal expression patterns of subunit proteins and mRNAs |13,

23-25] suggests that this differential expression is determined predominantly, if not

exclusively, at the level of subunit gene transcription. At the cellular level, receptors

with different subunit composition can coexist in a single cell and get segregated to

different neuronal surfaces [43, 44]. This multiplicity of channel variants with distinct

physiological and pharmacological characteristics guaranties the cell-type specific

flexibility in neurotransmission, which is required for proper function of the brain.

3.1.2.3 Pharmacology of GABAA Receptors

GABAA receptors are amenable to modulation by a large number of pharmacological

agents, that bind to particular subunits [45]. Important groups of modulators include

the benzodiazepines (e.g. diazepam, fhmitrazepam) displaying tranquillising, hyp¬

notic, antiepileptic, or muscle relaxing activity, the barbiturates (e. g. pentobarbital,

secobarbital) demonstrating sedating effects, and the steroids (e. g. alphaxolone, preg-

nanolone), which appear to be important for the endogenous GABA response. Addi¬

tional drugs include picrotoxinin, a convulsant blocking the GABAA receptor chloride

channel, loreclezole, a potent anticonvulsant, and enhancers such as carbamezipine,

Phenytoin, pyrrolopyrimidines, and pyrazidones, whose binding sites have not been

characterised in detail so far [45]. Some modulators such as the selective agonist

zolpideme, an allosteric modulator on GABAV receptors, allow the identification of

distinct GABAX receptor subtypes, for instance, the a I subunit-containing receptor

population displays an significantly higher affinity to Zolpidem than do receptor sub¬

types with other ex subunits [46-48]. These selective drug actions reflecting the hetero¬

geneity of GABAV receptors therefore provide the opportunity to target drugs to

selected brain areas or cell types [451. Therapeutical relevant side effects which arise
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from the indiscriminate modulation of all GABAA receptors could thus be avoided

leading to an advance in the treatment of several neurologic and psychiatric disorders.

3.1.3 GABAA Receptor 8 Subunit

The 8 subunit [49] characterises a receptor population that is expressed mainly in the

granule cell layer of the cerebellum and, to a minor extend, in other brain regions in¬

cluding thalamus, dentate gyrus, olfactory bulb, and cerebral cortex, as demonstrated

by immunochemistry and in situ hybridisation [13, 23, 50-52]. Some biochemical ob¬

servations support the existance of receptors subtypes that include both the 8 and the y2

subunit [51, 53], but the majority of studies suggest that 8 and y subunits are mutually

exclusive [50, 54, 55). Recent analysis of oc6 knock out mice revealed that loss of the

a6 subunit in cerebellar granule cells results in a complete loss of receptors containing

the 8 subunit, but unaltered levels of benzodiazepine sensitive receptors containing the

Y2 subunit [43, 56]. Thus, in the cerebellum the y^ subunit does not coexist with the 8

subunit in a receptor complex [56]. In addition, immunohistochemical analysis of the

subcellular distribution of the 8 subunit in cerebellar granule cells revealed exclusive

extrasynaptic localisation of the 8 subunit in close association with oc6 and ß2/, subunits

but not with the y? subunit [43]. Upregulation of benzodiazepine binding sites in mice

that lack the 8 subunit also indicates that the 8 subunit is normally part of ben¬

zodiazepine insensitive receptors and that it competes with y, for assembly with a and

ß subunits [57]. Together with the observation that 8 subunit-containing recombinant

[a,ß,8] receptors display an increased main conductance level, a slower rate of acute

desensitisation, and a longer mean open time compared to the prevalent receptor type

[a,ß,Y2] [58), the data suggest that extrasynaptic 8 subunit-containing receptors are the

main mediators of tonic inhibition and involved in regulating the passive membrane

properties of granule cells [43].
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3.2 Gene Transcription

3.2.1 Basal Transcription

In eukaryotic cells three types of RNA polymerases each transcribe a distinct subset of

genes. RNA polymerase II (Pol II) predominantly transcribes protein-coding genes

into mRNAs [59]. Pol II lacks the intrinsic ability to interact with specific DNA se¬

quences and acquires specificity only upon interaction with a distinct set of transcrip¬

tion factors. In addition to Pol II, the set of components necessary and sufficient to

effect 'basal transcription' [60] include a subset of general transcription factors (GTFs:

TFIIA, B, D, E, F and H) and the core promoter. Key genetic elements present in the

Pol IT core promoter are the TATA box, the initiator element (Inr), and the down¬

stream core promoter element (DPE) (Table l). The TATA box and Inr are typical

features of viral promoters [61]. Among cellular genes. TATA7tnr promoters appear

to be more common than TATA/Inr+ promoters, whereas the latter are typical for

mammalian and Drosophila homeotic genes. Core promoters that lack both elements

were originally considered typical for 'housekeeping genes' [61, 62]. However, the

same features have subsequently also been identified in neurone-specific genes in¬

cluding some GABAA receptor subunit genes (see 3.2.4). DPEs were identified in

TATA-lcss promoters of human and Drosophila genes and are thought to represent

downstream analogues of the TATA-box [63],

Table 1: Common cis-elements and their trans-acting factors

element consensus sequence trans-acting factor location in gene

TATA box TATAA/rAA/T [~-25]n TBP core promoter

Inr TCA0/TTT/C [+1] IBP core promoter

DPE A/GGA/rCGTG [~+30] dTAF/iO-dTAF^O core promoter

CAAT box GGCCAATCT [~ -75] CTF/NF-1,NF-Y proximal promoter

GC box GGGCGG [~-90] Spl proximal promoter

Bsc-
GGGACTTTCC [variable] NF-kB enhancer

quence

0
position relative to the transcriptional start site

Eukaryotic transcription can be described as a series of successive steps that include

assembly of the pre-initiation complex (PIC), melting of DNA, initiation of transcrip¬

tion, promoter clearance, and elongation and termination of transcription |60], Forma-
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tion of the PIC is initiated by binding of the basal transcription factor complex TFIID

to the TATA box by means of its DNA-binding subunit TBP (TATA box binding

protein) [64]. A complex series of interactions then allows other GTFs and Pol II to

join the complex until it is ready to initiate transcription [65]. This process likely also

depends on the three-dimensional architecture of the core promoter [60].

3.2.2 Mechanisms of Transcriptional Regulation

Gene expression is predominantly controlled by up and down regulation of transcrip¬

tion [66]. Especially relevant are sequence-specific DNA-binding factors, that interact

with each other and specific DNA sequences called cis-elements. These include pro¬

moter proximal elements (50 and 200-bp upstream of the transcription initiation site)

and distal enhancer or silencer elements. The latter can be located 5' or 3' of the tran¬

scription initiation site, in introns or cxons in "eis', in 'trans' on an allelic promoter on

the other chromosome referred to as transvection [67], or even on the transcribed RNA

itself [68j. To establish a productive interaction of distally bound enhancer proteins

with the cognate promoter, looping between enhancer or silencer and promoter has

been an attractive and popular hypothesis. This model requires a three-dimensional or¬

ganisation of DNA that brings upstream-bound factors into contact with the promoter

by the formation of a DNA loop [69-71]. Another mechanism has been suggested as

'facilitated tracking model' |72[. In this ease, a DNA-bound complex tracks via small

steps along the chromatin until it encounters the cognate promoter, at which a stable

looped structure is established and specific interactions take place.

DNA-binding transcription factors with a stimulatory effect on transcription are called

activators; repressors are factors with an attenuative effect. Sequence-specific DNA-

binding activators or repressors are typically characterised by a modular structure of

functionally independent DNA-binding. dimerisation, and activation or repressor do¬

mains [73]. The large number of different DNA-binding domains identified include the

Ets-homology domain, the basic helix-loop-helix (bHLH) domain, the Rel-homology

domain, and the zinc finger domain [reviewed in 74, 75, 76] and several other fre¬

quently accounted structures not discussed here. Zinc finger domains are sub-classified

into TFI11A- (Cys.His,). steroid/nuclear receptor (Cyst), GAL4/PPR1- (Zn;Cys6), and

a number of less well-characterised families [77]. Many DNA-binding transcription

factors contain distinct types of dimerisation domains and exist as homo- or heterodi-

mers [73]. For instance, c-Jun and c-Fos form heterodimeric AP-1, but only c-Jun and

not c-Fos is able to form a homodimer [781. Likewise, some members of the NF-kB

family of transcription factors can dimerise. whereas others cannot [79]. Because dif-
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fcrcnt dimers within a family can have distinct functions [80], dimerisation is an ef¬

fective means to combinatorially increase the diversity of transcription factors.

Transcriptional activation domains [reviewed in 73, 81, 82] are not easily defined by

the primary structure. Activation domains rich in proline [83], serine/threonine [84,

85], glutamine [86], acidic amino acids [87], isoleucinc |88] or basic amino acids [89]

have been described, 'fhese domains can also be combined within one activator, where

they display synergistic activity [90J. Several classes of activation domains share a

common pattern of bulky hydrophobic residues that seem to be more important for ac¬

tivation than the more obvious features used to distinguish the classes. For instance,

the prototypical transcription factor Spl with a glutamine-rich activation domain is

more sensitive to mutation of bulky hydrophobic amino acids than of glutamine resi¬

dues [91]. Activation appears to occur in various ways [reviewed in 92]. Activators

can recruit a GTF to the promoter |93J, induce conformational changes in partially as¬

sembled PICs [94], or stimulate covalent modifications of GTFs [92]. Transcription

factors do not need to have enzymatic activity themselves, but can amplify the activity

of enzymes such as the protein kinase activity of GTF dTAF„250 |95].

The primary amino acid composition is also used to loosely categorise repressor do¬

mains. Repressors, in contrast to activators, in general contain only a single small re¬

pression domain [96). Repressors and activators binding to DNA-elements usually do

not interact directly with Pol II, but exert their activity through intermediary factors

[97]. A host of activators interact with TBP or TBP-associated factors (dTAFs), which

translate this interaction into a transcription modulatory signal [66]. Other activators

interact with TFIIB [98], TF11H [99], TFI1A [100], or with gene-specific factors such

as the adapter proteins CBP [ 101 ], p300 [ 102], or pi 5 [ 103 ]. Other factors suggested to

moderate interaction with Pol II include 'mediator', a multi-protein complex associat¬

ing with the carboxy-terminal domain of Pol 11 [97], 'Upstream Stimulatory Activity'

[68, 104], a complex containing positive cofactor PC4 LI05], and 'suppressor of RNA

Pol II proteins' (106]. Various mechanisms of repression by DNA-binding transcrip¬

tion factors have also been proposed [reviewed in 107]. Repressors may interfere with

DNA-binding of activators [108], negatively modulate their potential to activate tran¬

scription by protein-protein interactions [109], inhibit PIC assembly ] 110], or hinder

access of the general transcriptional machinery to the core promoter [111].
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3.2.3 Neurone-Specific Transcription

Transcription of neurone-specific genes represents a special case of cell-type specific,

regulated gene expression [reviewed in 80, 112]. Many neuronal genes, however, are

not strictly neurone-specific, but also expressed in other tissues. No transcription factor

specific for a given neuronal cell type [113] and no cis-element that supports neuronal

cell-type specific transcription on its own has been identified so far.

The dopamine ß-hydroxylase (DBH) gene exemplifies a neuronal subtype-specific

gene and is transcribed exclusively in noradrenergic and adrenergic neurones [114].

Tissue-specific regulation of the gene in transgenic mice 1115] and in vitro [116,117]

requires the interaction of both positive and negative regulatory elements. Analysis of

the promoter and upstream region of the DBH gene suggested that neurone-specific

expression is mediated by positive regulatory elements, whereas negative elements are

required to restrict expression to the proper subset of neurones [115j.

A number of DNA sequence elements and corresponding binding factors were identi¬

fied in the DBH promoter and upstream region and investigated for their regulatory

role. In addition to the TATA box and binding sites for ubiquitous factors such as AP-

l and Spl, other silencer and enhancer elements were identified that confer cell-type

specificity or responsiveness to signal transduction pathways. The DB1 enhancer re¬

gion between 150 and 180-bp upstream of the transcriptional start site includes a ho-

meodomain (HD) element [118] and a YY1 [ 119] binding site. The latter overlaps with

a binding site for AP-l and a cAMP-responsive clement (CRE) L120, 1211. Induction

by cAMP via CRE is negatively regulated by YY1 although its binding site also posi¬

tively regulates basal DBH transcription 1121]. CRE and the YYl clement can also

uprcgulate DBH interacting with an element responsive to phorbol esters (TRE) lo¬

cated upstream of DBl [122]. The HD element provides putative binding sites for the

homologue cell-type specific homeodomain proteins mouse Phox2a [123-126] and rat

Arix 1118]. Arix in vitro activates transcription from a DBH promoter together with

cAMP even in non-neuronal cells [127]. This demonstrates synergistic interaction of a

cell type-specific homeodomain protein with a second messenger system in order to

regulate the transcription of a neurone-specific gene. Lack of Phox2a and consequently

loss of DBH expression result in the absence of the adrenergic and noradrenergic cen-

très of the brain, as demonstrated in Mashl mutant embryos. Mashl is a mammalian

homologue of the Drosophila proneural genes of the achactc-scute complex (AS-C)

L128J. Other enhancers of DBH include the AP-2 element [ 121, 122], an A/T-rich re¬

gion binding an unidentified nuclear factor [121], and a glucocorticoid-responsive
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élément [129]. Additional less specified enhancer regions were identified between -0.6

kb and -1.1 kb and between -1.5 kb and -5.8 kb relative to the transcriptional start site

[115]. Negative regulatory elements of the DBH gene exist between bases -263 and

-490 [ 117, 130], between -1.1 kb and -1.5 kb, and upstream of -5.8 kb [ 115] relative to

the start site of transcription. The most proximal silencer region, which has been in¬

vestigated in more detail, restricts DBH expression to the proper subset of neurones

[115, 117]. It contains the DHB negative regulatory element (DNRE) L131], which is

related to the neurone-restrictive silencer element (NRSE) L132J, the binding site for

neurone-restrictive silencer factor (NRSF/REST) [133]. However, DNRE did not me¬

diate specific repression of DBH promoter activity by NRSF/REST but exerted nega¬

tive regulation in both neuronal and non-neuronal cells alike [131]. In contrast, two of

the other sites present in the same proximal silencer were recognised specifically by

factors from DBH-negative cells and repressed DBH promoter activity in non-

neuronal cells [133]. The example of DBH demonstrates that complex mechanisms re¬

quiring multiple enhancer and silencer elements are necessary to maintain correct gene

expression both to acquire the proper the cell fate and in response to extracellular fac¬

tors.

ft is becoming increasingly evident that neurone-specific genes are often subject to

transcriptional repression [80, 132|. Among a host of silencers identified [68], the

NRSE represents a 2l-bp sequence element, that can repress gene transcription in non-

neuronal cells by binding of NRSF/REST, a protein containing eight non-canonical

zinc fingers and predominantly expressed in non-neuronal cells [134, 135]. NRSE-like

sequences have been identified in more than 20 neuronal and several non-neuronal

genes located in the 5' and 3' flanking regions, in the 5' untranslated region, in introns,

or in exons [136]. In neuronal cells cultured in vitro. NRSE can act as silencer or as

enhancer depending on the location relative to the transcriptional start site. When lo¬

cated in the 5'-untranslated region or less than 50-bp upstream of the TATA box,

NRSE activates transcription from linked synthetic promoters, whereas it switches to a

silencer mode when located further upstream. In contrast, in non-neuronal cells NRSE

always functions as a silencer, independently from its location [137]. An animal model

demonstrated that the actual function of NRSE also can change during development. A

NRSE located 10 kb downstream of the transcriptional start site silences expression of

the cell adhesion molecule LI in non-neuronal cells during early development, but in

the nervous system of postnatal and adult animals it functions both as silencer and en¬

hancer, depending on the cell type and stage of development [138].
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Interestingly, an anomalous intronic NRSE-likc element has been identified in the

GABAA receptor Ô subunit gene [136, 139]. This NRSE-like element showed only

weak silencing activity in transfection assays and band shift assays with in vitro trans¬

lated NRSF resulted in a complex with atypical mobility [136]. Furthermore, se¬

quences containing that NRSE, were dispensable for neurone-specific expression of

reporter genes in transfected neurones and in transgenic mice suggesting that the

NRSF binding site is not crucial for the neurone-specific expression of the Ö subunit

gene [52].

3.2.4 Genomic Regulation of GABÂA Receptors

3.2.4.1 Alternative Splicing

GABAA receptor subunit genes generally contain nine protein-coding exons with in-

tron-exon junctions conserved between different subunit types [I40|. However, the

presence of additional exons concurrent with alternative splicing has been demon¬

strated for several GABAX receptor subunit genes.

Alternative first exons are present in the genes for the o^, a6, and ß, subunits. They re¬

sult from alternative usage of different promoters and transcriptional initiation sites.

Two alternative protein-coding exons 1 are present in the mouse oc6 subunit gene.

However, only one of these encodes a functional signal peptide. No corresponding al¬

ternative spliced forms are present in the rat [141]. In the case of the ß3 subunit gene,

both alternative exons 1 encode functional signal sequences. The levels of the corre¬

sponding transcripts were found to vary between foetal and adult brain and between

different brain regions, but distinct functional roles for the alternative transcripts have

not been identified so far [142]. The human as subunit gene contains three alternative

first exons. In contrast to the a6 and ß, subunit genes, however, they don't comprise

protein-coding sequences [ 143|. Two of the exons displayed significant sequence ho¬

mology with corresponding sequences from rat suggesting an important function.

Alternative splicing affecting the large intracellular loop between transmembrane do¬

mains M3 and M4 was identified in the ß2 [ 140] and ß> [144, 145] subunit genes only

of chicken, and in the human [ I46|. mouse ( 147] and rat [148] y, subunit genes. Splice

variants that represent the addition of an exon designated exon 8a to the normal open

reading frame are found in the ß, and y, subunit genes, ft is located between exons 8

and 9 and encodes 17 respectively eight amino acids, which might serve as target for

phosphorylation by protein kinase C. The alternative y, transcripts are spliced in a tis-
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suc-specific manner in mammalian brain, which appears to be regulated by conserved

intronic cis-regulatory DNA-elements [148]. Alternative splicing of the ß4 subunit is

based upon the differential usage of two 5' donor sites separated by 12-bp at the end of

exon 8 [144, 145). Differentially spliced p, subunits that extended from a common 5'-

site to different 3'-ends were identified recently in a human retina cDNA library [149].

Compared to full-length cDNA, the predicted cDNA-encoded proteins lack 17 and 150

amino acids, respectively, in the N-terminal domain of the p, subunit. For instance,

expression of pj subunit mRNA lacking 51 nucleotides in Xenopus oocytes resulted in

assembly of homomeric receptors that displayed no functional changes compared to

full-length p, receptors. No functional receptors were formed by expression of p,

subunit lacking the 150 amino acids near the N-terminus [149]. So far, no functional

roles were identified for any of the alternatively spliced subunits, with the possible ex¬

ception of the long isoform of the y, subunit.

3.2.4.2 GABAA Receptor Subunit Gene Promoter

Putative transcriptional control regions have been identified for the mouse [150], rat

[151], human L152], and chicken [153] a,, human a5 L143], mouse a6 [141], human

and rat ß? [142], and mouse and rat Ô [49, 154] subunits. The a, gene core promoter

contains a TATA-like element. In addition, a putative glucocorticoid response element

[152] and a cAMP responsive element which mediates cAMP-induction [155] have

been identified. The ß3, a5, a6, and Ô promoters apparently lack TATA and CCAAT

boxes. The proximal promoter region of the ß, subunit includes G+C-rich sequences

particularly high in CpG content, recognition sites for transcription factor Spl, and at

least one other yet unidentified nuclear factor [142]. Two alternative ß3 transcripts

generated by differential promoter usage have been identified and their relative abun¬

dance has been demonstrated to vary in foetal and adult human brain [142].

The human a, gene carries three alternative promoters, which initiate transcription

from alternative exons IA, IB, and 1C with a different activity. The 5' flanking re¬

gions of these promoters contain highly CpG-rich sequences with several potential

transcriptional factor binding sites such as Spl and AP-2 sites and also initiator ele¬

ments rich in pyrimidinc nucleotides [ 143].

The ab subunit gene of the GABAV receptor has been studied in some detail with re¬

spect to sequences driving neurone-specific expression in transgenic mice. This is of

particular interest, because ah subunit expression is restricted to differentiated granule

cells of the cerebellum and the cochlear nucleus 1141, 156]. The cxt, subunit gene pro-
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moter region is devoid of G+C-rich sequences and Spl recognition sites, but contains

putative binding sites for homeodomain transcription factors [141]. A proximal 500-bp

promoter fragment is sufficient to direct neuronal specificity in transgenic mice, but

downstream elements are necessary to confer cerebellar granule cell-specific expres¬

sion of the (X6 subunit [156]. Expression of the oc6 gene in cultured granule cells is

upregulated upon treatment with the GABA agonist TH1P (4,5,6,7-

tetrahydroisoxazolL5,4-c]pyridin-3-ol) [157|. This effect suggests that GABA itself

participates in regulating the expression of GABAA receptor subunits. However, a re¬

cent study failed to show any significant changes in a,, a4, or y, mRNA levels in re¬

sponse to treatment by diazepam, an agonist of the benzodiazepine site of GABAA

receptors [158],

Together with the tc subunit, the 8 subunit of GABAA receptors is phylogenetically the

oldest subunit of GABAA receptors [8, 17] and shows a unique neuronal-subtype spe¬

cific expression pattern 113, 51]. The regulation of the corresponding gene is therefore

of particular interest. The core promoter of the 8 subunit gene lacks a TATA-box, but

contains a consensus initiator sequence embedded in a CpG-rich island that includes

the major transcriptional start site [154]. These features were originally considered

typical for so called 'housekeeping' genes [62]. but later also found frequently among

neurone-specific genes such as the genes for PrP 27-30 [159), APP [160], GABAA re¬

ceptor ß, [142] subunit, the delta opioid receptor [161], polysialic acid synthase L162],

and transcription factor BE-1 [163].

In addition to several putative Spl binding sites [49], the 8 subunit gene contains a

neurone-restrictive silencer element (NRSE) in intron 1 [136] and a 22-bp purine-rich

sequence element present in seven tandem copies at about 1800-bp upstream of the

transcriptional start site. This sequence element was shown to bind brain-specific fac¬

tor 1 (BSFl) whose spatial and temporal expression pattern paralleled the expression

of the 8 subunit mRNA [154]. Similar sequence elements were identified in the 5'

flanking regions of other genes including a, and y, subunit genes [154], and of the ß3
subunit gene [142]. Analysis of the 8 subunit gene promoter in primary cultures sug¬

gested that these putative binding sites for BSFl are dispensable for expression in

cultured neurones, they may be important for neuronal subtype-specific expression in

vivo 1521. Furthermore, experiments with transgenic mice expressing lacZ under con¬

trol of the 8 subunit promoter indicated that the promoter and upstream region includ¬

ing the BSFl sites are sufficient to direct neuronal subtype-specific expression in

forebrain and brainstem, but not in cerebellar granule cells [52]. Using this transgenic

model, transient changes in 8 subunit gene transcription were observed after pentyle-
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netetrazole-induced seizures, but not after kindling. This limited responsiveness of the

8 promoter to repeated stimulation may reflect an inappropriate adaptation to recurrent

excitation and therefore contribute to the pathophysiology of seizure disorders [164].

3.2.5 Role of Purine Elements and Purine Binding

Factors in Brain-Specific Transcription

The GABAA receptor 8 subunit gene contains seven copies of a tandemly repeated

22-bp purine element in the upstream promoter region LI54]. Among several ubiqui¬

tous and tissue-specific proteins binding to this sequence, there was also a DNA-

binding activity that was only detectable in brain and therefore referred to as brain-

specific factor 1 (BSFl) [154]. Analysis of this activity in extracts from different brain

regions revealed that BSFl was most abundant in the cerebellum, followed by hippo¬

campus, olfactory bulb, and cerebral cortex. This expression pattern closely matched

the in situ pattern of the 8 subunit as determined by in situ hybridisation and immuno-

histochemistry. Primary cultures from cerebellum revealed that BSFl is expressed

sevcralfold higher in granule cells than in astroglial cultures. During differentiation of

cerebellar granule cells in culture, BSFl binding activity was induced in a time course

very similar to that of the 8 subunit. In summary, these observations suggested that

BSFT is a neuronal cell type-specific factor possibly involved in the transcription of

the GABAA receptor 8 subunit gene. However, a BSFl-like activity has been observed

in several cell lines lacking GABAA receptors suggesting that BSFT alone is not suffi¬

cient to promote cell type-specific expression from the 8 subunit gene promoter [154].

Several other neuronal gene promoters contain sequence elements similar to the BSFl

binding site found in the 8 subunit gene (see Table 2) and might also bind BSFl or

closely related factors. For instance, the neuronal apoptosis inhibitory protein (NAIP)

gene [ 165] contains an intronic sequence element composed of eight overlapping, tan¬

demly repeated 22-bp elements with homologies ranging from 16/22 to 22/22 nucleo¬

tides compared to the BSFl binding element. Human neurofilament M and II [166,

167] genes contain the PAL sequence, an clement located in the 5'-upstream promoter

region which is related to the BSFl binding site [154], but binds a protein (PAL) that

is not restricted to neuronal tissue 1167] and therefore distinct of BSF I [ 154]. A stretch

of overlapping elements similar to the BSFl binding site has also been identified in

several non-neuronal genes. For instance, six such overlapping elements with homolo¬

gies ranging from 16/22 to 20/22 nucleotides are present in reverse orientation in the

5'-upstream promoter region of the N-terminal asparagine amidohydrolase gene [168),

and a stretch of 16 identical overlapping elements with homology of 19/22 nucleotides
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is present in reverse orientation on human chromosome 19 within a cluster of ill-

defined zinc finger protein genes [169].

The B sequence of the immunoglobulin K light chain gene enhancer ('fable 2) repre¬

sents a DNA motif related to the BSFl binding site and was originally identified as the

binding site for the heterodimeric transcription factor NF-kB 1173]. This classical

member of the Rel family of transcription factors is a heterodimer of RelA and p50

Table 2: Purine elements in neurone-specific and ubiquitous genes

gene species sequence homology factor

neurone-specific

GABAA receptor 8 subunita) rat

GABAA receptor a, subunit '°
rat

GABAA receptor y: subunit *û
mouse

GABAA receptor ß, subunit w
human

GABAA receptor ß, subunitM human

NAIPo) human

Neurofilament H
d)

human

Neurofilament M c) human

Pcp-2 °
mouse

GFAPg) mouse

ubiquitous

B sequence in Tg k3 enhancer
'
'human CAGAGGGGACTTTCC-GAGAGG

c-mycn rat AGTTGGGG-TAGGCCGGGGCGG

Consensus purine element of the G ABAA receptor 8 subunit gene compared to similar sequences from

other genes [modified from 154]. R stands for A or G. Bold type indicates a difference to the GABAA

receptor 8 subunit sequence. Neuronal apoptosis inhibitory protein (NAIP) potentially involved in spi¬

nal muscular atrophy pathogenesis is expressed in motor-neurones
,
Neurofilament M and H are com¬

ponents of the neuronal cytoskeleton, Purkinje cell protein-2 (Pcp-2) is exclusively expressed in

Purkinje cells and retinal bipolar neurones
.
while glial fibrillar) acidic protein (GFAP) is a marker for

astrocytes. The underlined core of Tg k3 enhancer represents a prototypical binding site for NF-kB and

is called B sequence. The protooncogene c-myc is implicated in apoptosis-regulation and control of

cellular proliferation and differentiation [1701.'" \\54]:h' [142]; °
|165|;

d»
(J67] ;c) [166];

n
[171]; ^

[172);
M
[1731;" [174]

GAGAGGGGAGAGGRGRGAGRRG

CTGAAGGGAGAGGTGGGTCGGA

CAGAGGCGAGAGGCGAGAGGAA

CAGAGGCGAGAGGCGAGAGGAA

GGGAGGGGAGGAGGGGGAGGAG

GAGAGGGGAGAGGGGAGAGGAG

GAGAGGGGAGAGGAGAGAGAAG

CGCAGGGGAGGAGGCGGAGAGG

GGGTGGGGAGGAGGGCCCCGCC

GGTCGGGGAGGAGGGGAGGGGG

GAAAAGGGAGAGGGAGGCTCAG

TTCAGGGGAGAGGACTCTGTTG

BSFl

15/22 ?

18/22 ?

14/22 ?

19/22 ?

22/22

22/22

16/22

12/22
PAL

15/22 PAL

16/22 ?

13/22 ?

14/2! «f*
NF-kB

j
MIBPl
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and regulates diverse cellular functions such as immune response, cell growth, and de¬

velopment [173, 175-177], All members of the Rel family share the N-tcrminal Rel

homology domain [178-180], which is responsible for dimerisation, DNA binding

[181], and cytosolic localisation of these proteins by virtue of complex formation with

inhibitory kB (1-kB) proteins [182]. Signal-induced ubiquitination and degradation of

1-kB [79, 183] results in translocation of NF-kB heterodimers into the cell nucleus and

transcriptional activation of genes with corresponding binding sites [184].

In most cell types NF-kB is present in its inactive, inducible form complexed with

I-kB. Constitutively active NF-kB in the nucleus has so far only been reported in im¬

mune cells like B cells, thymocytes, and adherent macrophages [173], and in some

neuronal cell types of the cerebral cortex and hippocampus, which therefore contain a

transcription apparatus permissive for HIV gene expression [ 185). Inducible NF-kB is

activated in response to several signals including growth factors TNF-a [186] or IL-1

[187], phorbol esters and lipopolysaccharides [173], viral transactivators as adenovirus

El A [188], nitric oxide [189], or oxidative stress [ 190]. These signals stimulate cell

growth, differentiation, inflammatory responses, apoptosis. and neoplastic transforma¬

tion [191]. Recent observations extended the array of functions ascribed to Rel/ NF-kB

transcription factors. NF-kB is implicated in the proximal-distal organisation of the

vertebrate limb [192, 193|, which correlates with the previous identification of the

Drosophila gene dorsal, an insect homologue of the Rel family of transcription fac¬

tors, that establishes the embryonic dorsal-ventral axis during development [194). In

the CNS, putative target genes for NF-KB-like nitric oxide synthase suggest that in¬

ducible NF-kB are also involved in brain-specific functions such as synaptic plasticity

[195].

Rel transcription factors specifically recognise sequences characterised by the consen¬

sus sequence 5,-GGGRNNYYCC-3' (R, purine; Y, pyrimidine; N, any nucleotide)

[176]. However, the optimal binding sequence varies with the composition of the di-

mer [177]. Binding studies with heteromeric p50/RelA demonstrated that p50 prefer¬

entially occupies the 5'-end of the consensus sequence (5,~GGGAC-3') [175, I96,

197]. Crystallographic analysis supported this observation and revealed that binding of

p50 to its subsite (5'-GGGAC-3') is highly conserved, in contrast to the 3'-half of the

site (S^TTCC^'), which is not [ I98|.

Other factors shown to recognise the B sequence include BETA and MlBPJ/MBP-2.

BETA, for which no cDNA has been isolated so far, is found only in grey matter

throughout the brain and has been suggested to act as a brain-specific transcriptional

activator [199|. In EMSAs BETA and BSFl complexes displayed an indistinguishable
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mobility, but partial purification of BSFl revealed that the two factors were distinct

[154].

The first intron of the c-myc protooncogene [170] contains a purine-rich sequence

thought to be involved in deregulated expression of c-myc. Using this site as a probe to

screen for proteins that bind to this region, the cDNA for a zinc finger DNA binding

protein was isolated and termed MIBPl (c-myc intron 1 binding protein 1) [200]. Al¬

though this protein was so far not detected in vivo, it turned out that the corresponding

mRNA was highly enriched in the brain, suggesting a role in brain specific transcrip¬

tion. Unfortunately, the same name (MIBPl) is used in the literature to describe a non-

related factor that recognises a different sequence of the same c-myc intron and in the

enhancer of the Hepatitis B virus [201-203]. In the following, the name MIBPl is used

exclusively to refer to the factor/cDNA isolated by Makino et al., 1994 [200].

The MIBPl cDNA predicts a 267-kDa protein with two zinc finger clusters containing

two Cys2His2 zinc finger motifs each, and acidic regions [200, 204]. The open reading

frame of MIBPl encodes a putative 2437 amino acid protein with N- and C-terminal

DNA-binding domains separated by ~1500 amino acids. Attempts to demonstrate full-

length MIBPl have not been successful so far. However, expression of a MTBP1

cDNA fragment including the C-terminal zinc finger revealed that this DNA-binding

domain specifically recognised a sequence of c-myc intron 1 closely resembling the

NF-kB binding site. [2001. In support of these data, the human paralogue of MIBPl,

MBP-2 has originally been identified as an suppressing activity that binds to the NF-

kB site of the major histocompatibility class I enhancer [205, 206].

MIBPl/MBP-2 belong to a family of large transcription factors with putative molecu¬

lar weights ranging from 200 to 300 kDa and characterised by composite 'ZAS' do¬

mains located near the N- and C-terminal regions that include tandem zinc fingers, an

acidic motif, and a serine/threonine-rich segment [204]. The zinc finger regions of the

ZAS family members show amino acid similarities ranging from 77% to 96% [204].

MIBPl and MBP-2 contain identical zinc finger DNA-binding domains and show 86%

overall similarity in nucleotide and 93% overall similarity in amino acid sequence.

Partial MIBPl/MBP-2 clones isolated previously include rat AT-BP1 identified as a

negative regulator for the promoter of the a,-antitrypsin gene [207], rat AG1E-BP1

isolated as a factor recognising a NF-KB-like binding element in the acute-phase re-

sponse element of the angiotensinogen gene [208], and human HIV-EP2 detected as a

factor potentially acting in HIV expression in latently infected T cells [209].
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The ZAS family comprises two other subgroups of zinc finger proteins that are distin¬

guished from MIBP1/MBP-2 by a central fifth lone zinc finger. The first subgroup in¬

cludes human MBP-1 [2101/HTV-EP1 L211]/PRDII-BF1 [212], mouse ocA-CRYBPl

[213), and rat AT-BP2 [207]. The second subgroup comprises human KBPl [205] and

mouse Rc/KRC [204, 214, 215J. Among the ZAS family, this factor that appears to be

involved in somatic recombination has been studied in most detail. This subgroup is

characterised by three conserved GTPase motifs. One of these is located in the centre

of the primary sequence of these proteins, the other two are placed within and down¬

stream of the C-terminal ZAS domain, respectively.

The presence of two independent DNA-binding domains within these large transcrip¬

tion factors might predict that these genes may be subject to alternative splicing. In¬

deed, alternative spliced forms have been shown for PRDII-BF1 [216], Rc/KRC [204,

215], and aA-CRYBPl [217]. In the case of PRDII-BF1, one alternatively spliced

mRNA encodes only one of the two zinc finger domains [216]. Analysis of the mouse

homologue of the aA-CRYBPl gene which consists of ten exons, revealed alternative

splicing of the third exon and differentia] splicing of the final intron, which is present

in testis cDNA clones [2171. Genomic analysis of Rc/KRC demonstrated seven exons

including three very large ones. Several Rc/KRC mRNA species of different size were

demonstrated in lymphoid tissues and in brain. Thymus and brain cDNA isoforms

isolated lacked an internal 459-bp fragment, which encodes the N-terminal zinc finger

cluster. Other clones isolated from brain lacked exon 4 leading to a frame shift muta¬

tion in exon 5 and loss of downstream sequences containing the C-terminal zinc finger

domain [204, 215]. Alternative splicing has not been demonstrated for MIBPl/MBP-2

so far. However, RNA blots show minor populations of shorter transcripts that might

encode shorter isoforms of MIBP1/MBP-2 [200, 207, 209]. Therefore, the production

of multiple transcripts by alternative splicing appears to be a common feature of the

mammalian ZAS genes.

The Drosophila transcription factor schnurri (Shn) [218-220] may represent a more

distant relative of the mammalian ZAS genes. Shn is involved in signal transduction

by the cytokine decapentaplegic (Dpp), an insect homologue of the vertebrate Jigand

BMP-4 [221] that belongs to the transforming growth factor-ß (TGF-ß) supcrfaniily of

cytokines [222]. As the absence of Shn function results in blocking the expression of

several Dpp-responsivc genes, it is considered a direct target of the Dpp signal-

transduction pathway [218-220]. Flowever, a role in TGF-ß signalling has not been as¬

cribed to any of the ZAS family members so far. The homology between Shn and

MTBPl/MBP-2 is limited to the two zinc finger clusters in MIBPl/MBP-2. A third



C-terminal zinc finger cluster in Shn is absent in MIBP1/MBP-2. However, a homo¬

logue of Shn has been identified in C. elegans recently, suggesting that a Shn

paralogue also exists in vertebrates [222].

So far, no brain-specific functions have been identified for any of the ZAS family

members. Flowever, identification of alternatively spliced mRNA species in a brain li¬

brary [204] and most abundant mRNA expression in brain |200, 207, 213] provide cir¬

cumstantial evidence for specific functions of these proteins in the brain.

3.3 Aim of Study

The cell-type specific expression of GABAA receptor subunits in the mammalian brain

relies predominantly on differential gene transcription. The 8 subunit gene is specifi¬

cally expressed in a well-defined subset of neuronal cell types [23-25] and therefore

provides a useful model to study neurone-specific gene transcription. BSFl was identi¬

fied as a factor that specifically binds to a 22-bp tandemly repeated purine-rich se¬

quence element present in the 8 subunit gene upstream promoter region and is believed

to be involved in neurone-specific expression of this gene [154].

The aim of the study presented here was to identify cDNAs encoding BSFl. Candidate

cDNAs were isolated by yeast one-hybrid screening and analysed with regard to their

molecular relationship to BSFT purified from rat brain. One of the cDNAs isolated

codes for a fragment of a brain-enriched DNA-binding protein previously identified

and named MIBPl. Analysis of the expression pattern and DNA-binding properties of

this protein suggest that the MIBPl gene is likely to encode BSFl.
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4 Material and Methods

4.1 Cell Culture and Transfectioo

COS 7 cells were grown in 175 cm2 flask with 20 ml DMEMS [Dulbecco's Modified

Eagle Medium (Life Technologies # 41965)] supplemented with 2 mM L-glutamine

(Life Technologies # 25030-024), 1% non essential amino acids (Life Technologies #

11140-035), and 10% heat inactivated foetal calf serum (Life Technologies // 1027

0106) in a C02 incubator at 37 "C, 5% CO,. The day before transfection, cells were

split from 175 cm2 flasks onto 78 cm2 plates such that they would reach 70 % conflu-

ency the next day.

The Ca27BES/DNA precipitate was prepared by dropwisc mixing of 1 ml 2xBES

[50 mM N,N-bis(-hydroxyethyl)-2-aminocthane-sulfonic acid, 280 mM NaCl, 1.5 mM

Na2HP04, pH adjusted with IN NaOH to 6.9] with 1 ml 0.25 M CaCl2 containing

30 pg plasmid DNA. After sitting for 15 min at RT, the solution was distributed drop¬

wisc onto the medium and incubation of the cells was continued at 35 °C, 3% C02

over night. The next day, the cells were washed with PBS and 12 ml of fresh DMEMS

were added. The cells were harvested after 2 days of incubation at 37 °C, 5% C02.

4.2 Molecular Biology

4.2.1 Oligonucleotide Labelling

4.2.1.1 Bandshift Oligonucleotides

2.5 nmolcs of each of the two complementary single strand oligonucleotides were

mixed in 50 pi KiLi buffer [50 mM Tris-IICl pH7.5, 10 mM MgCT2, 5 mM dithiothre-

itol (DTT), 0.1 mM EDTA, 0.1 mM spermidine (final concentration diluted from a lOx

stock)] and annealed by incubation for I0 min at 70 °C and cooling to 5 °C within 2

hours. 100 ng (~ 5 pmoles) of the double stranded oligonucleotide were radiolabelled

with 100]LtCi [,2P]-y-ATP (6*000 Ci/mmol) in 20 pi KiLi buffer containing 1 mM

freshly added DTT and 20 U T4-polynucleotidc kinase for I hr at 37 °C.

The reaction was mixed with 0.2 volumes 6x loading buffer [30% glycerol (v/v),

0.25%) bromphenol blue (w/v), 0.25% x\lene cyanole (w/v), 60 mM EDTA pH 8.0]
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and separated on a 20 x 20 x 0.1 cm Polyacrylamide gel [10% acrylamide (19:1), 0.5x

TBE (89 mM Tris-borate, 2 mM EDTA)] that was pre-run 30 rain at 12 W and run 90

min at 12 W.

The double stranded oligonucleotide band localised in the gel by autoradiography was

cut out and transferred into a 1.5 ml reaction tube. The DNA was eluted with 400 pi

TE UO mM Tris-HCl pH 7.6, 1 mM EDTA pH 8.01 and 50 pi 3 M Na-acetate pH 7.5

over night at 5 °C on a rotator and precipitated with 2.5 volumes of ice-cold ethanol at

-20 °C for 90 min. The suspension was centrifuged for 30 min at 14'000 g, and the

pellet washed with 80% ethanol and dried in a vacuum centrifuge. The pellet was re-

dissolved in 50 pi TE and the recovery (counts per minute per pi) was determined by

Cerenkov counting.

4.2.1.2 Oligonucleotides for Colony Screening

Single stranded oligonucleotides (150 ng) were labelled with 50 pCi [32P]-y-ATP

(6'000 Ci/mmol) in a total volume of l() pi KiLi buffer using 10 IT T4-polynuclcotidc

kinase and incubation for I hr at 37 °C. The oligonucleotides were purified over a Bio-

Gel P-30 column (BioRad # 732-6006) to remove non-incorporated nucleotides.

4.2.1.3 Oligonucleotides for RNA in situ Hybridisation

50 ng of a 60mer single stranded oligonucleotide in l pi were mixed with 7.8 pi H70

(DEPC-treated), 4 pi 5x reaction buffer (Boehringcr # 220 582), 1.2 pi 25 mM CoCl2,

5 pi (~50pCi) [33P]-fi-dATP (2'000 Ci/mmol), and 2 pi (50 units) terminal trans¬

ferase (Boehringcr # 220 582). After 15 min at 37 °C the reaction was stopped by ad¬

dition of 5 pi 0.5 M EDTA pH 8.0. 30 pi H,0 (DEPC-treated) were added and the

specific activity of the solution was determined as described in 4.2.1.1.

4.2.2 Plasmid Preparation

4.2.2.1 Mini-Prep from E. coli

3.5 ml of a transformed E. coli culture [XLl-blue or SURE-2 (Stratagene), Luria

Broth-medium, 80 pg/ml ampicilline] grown to late log phase over night at 37 °C were

centrifuged (5 min, 6*000 g), resuspended in 200 pi 25 mM Tris-HCl ptl 8.0, 50 mM

glucose, 10 mM EDTA, diluted with 400 pi 0.2 N NaOH, 1% SDS and the suspension

mixed by inversion. After 5 min at RT, 300 pi 5 M K-acetate, pH 5.6 were added, and
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the suspension was mixed and centrifuged (5 min, 14'000 g). The supernatant was

transferred into a new tube, extracted with 600 pi phenol/chloroform, and precipitated

with 600 pi isopropanol. After centrifugation (5 min, I4'000 g, 5 °C), the pellet was

washed with ice-cold 80% ethanol, dried and redissolved in 50 pi TE [ 10 mM Tris-

HCl pH 7.4, 1 mM EDTA pH 8.0]. The RNA was digested by addition of 1 pi RNase

A (10 mg/ml) and incubation for 5 min at 50 °C.

Alternatively, miniprep DNA used for sequencing was prepared using the Qiaprep

Spin Miniprep Kit.

42.2.2 Medi-/Maxi-Prep from E. coli

Plasmids from 100 ml, 500 ml, and 2.5 1 cultures were isolated using Qiagen Plasmid

Midi, Maxi, and Mega kits, respectively. Plasmid concentration was determined by

UV-photospectrometry.

4.2.3 Electroporation

4.2.3.1 Standard Protocol

500 ml LB cultures of XLI-blue or SURE-2 were grown at 37 °C at 280 rpm to an

OD600 of ~0.6 or 0.32-0.38 for XLI-blue and SURE-2, respectively. The cultures were

placed on ice for 30 min and than centrifuged for 8 min (6400 g, 4 °C). The cell pellet

was resuspended in 500 ml ice-cold sterile H20 and centrifuged (8 min, 6400 g, 4 °C).

After a second wash as above with 250 ml fLO, the cells were resuspended in 10 ml

10% (v/v) glycerol and centrifuged for 5 min (4300 g, 4 °C). The pellet was resus¬

pended in 1.2 ml 10% (v/v) glycerol. Aliquots (40 pi) were frozen in a chilled alu¬

minium block (-80 °C) and stored at -80 °C.

1-2 pi plasmid or ligation reaction were mixed with a 40 pi aliquot of electrocompe-

tent cells, thawed on ice, and transferred into an ice-cold 0.1 cm electroporation cu¬

vette. The electroporation was performed using a BioRad Gene Puiser together with a

BioRad Gene Puis Controller [25 pF. 200 O, 1.8 kV (XLl-bluc)/1.5 kV (SURE-2)]

with time constants between 3.8 and 4.5 ms. I ml 2xYT [ 16 g/1 tryptone, 10 g/l yeast

extract, 5 g/l NaCl| was added without delay and the suspension incubated for 1 hour

at 37 °C, 250 rpm. Aliquots were plated onto LB agar plates containing 80 pg/ml am-

picilline.
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4.2.3.2 Direct Transformation of Yeast Plasmids

Based on published protocols [223, 224] modified here, a yeast colony of 2-3 mm di¬

ameter was suspended in 50 pi competent XLl-Bluc cells sitting on ice. The suspen¬

sion was transferred into a 0.2 cm electroporation cuvette that was pre-chilled on ice.

After a first puis [25 pF, 100 Q, 1.5 kV, time constant 2.3-2,5 ms] to break the yeast

cells, the cuvette was rapidly transferred back on ice. After 45 seconds, a second pulse

[25 pF, 200 Q, 2.5 kV, time constant 4.3-4.4 ms] was performed, the cell suspension

mixed with I ml LB medium, and incubated for 45 min sitting at RT. Subsequently,

10% and 90% aliquots of the suspension were plated onto LB-ampicillinc plates

yielding between 10 and 100 colonies per transformation.

4.2.4 Yeast Transformation

100 ml YEPD medium [10 g/l yeast extract, 20 g/l glucose, 10 g/l bacto peptone,

50 ptl/1 10 N NaOH] were inoculated with 50 pi of a fresh over night colony of

yM4271 or yRIU533 (4.3.1) in YEPD (30 °C, 250 rpm) grown from a single colony.

The culture was grown over night to an ODM)0 = 1.5 (~J-2 x 10' cells/ml), the cells

were centrifuged (5 min, 1500 g) and washed sequentially in 20 ml and I ml H20 and

suspended in 1 ml 100 mM Li-acetate.

The ceil suspension was incubated for 15 min at 30 °C in a water bath. 50 pi cell sus¬

pension, 5 pi plasmid DNA (100 ng-2 pg), 5 pi carrier DNA [10 mg/ml sonicated

salmon sperm DNA (Sigma # D-1626) in 0.1 N NaOH. heated to 97 °C (10 min) and

chilled in ice-water] and 300 pi PEG/Li-acetate [40% (w/v) polyethylene glycol (MW

~3'350), 100 mM Li-acetate] were mixed and vortexed briefly. Then the transforma¬

tion mix was incubated for 30 min at 30 CC and 20 min at 42 °C. The cells were

pelleted (10 s, 14'000 g), resuspended in 500 pf HA) and aliquots were plated on

minimal selection medium plates [SD-agar: 6.7 g/l yeast nitrogen base without amino

acids (Difco // 0919-15-3), 20 g/l glucose, 20 g/l agar, 20 pl/l 10 N NaOH, 10 g/l suc¬

cinic acid and 9.5 g/l KOH (included only for transfection of yRII1533) were auto-

claved. After cooling to 50 °C, 3-aminotria/ole and other supplements were added

from stock solutions as indicated in Table 3.]
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Table 3: Supplements added to SD medium

supplement final

concentration

L-isolcucme 30 mg/1

L-valine 150 mg/l

L-adcninc hemisulfate salt 20 mg/1

L-argininc HCl 20 mg/1

L-histidine HC1 monohydrate0 20 mg/1

L-lcucitKT1 100 mg/1

L-lysinc HCl 30 mg/l

L-mcrhioninc 20 mg/l

L-phenylalanine 50 mg/l

L-thrconine 200 mg/l

L-iryptophan 20 mg/l

L-tyrosinc 30 mg/l

L-uracif1 20 mg/l

The supplements were combined and dissolved at lOx final con¬

centration, filtered and added to SD medium or agar.

" omitted with, pHTSi-1. pGADIO, pGADGH, and derivatives

"'
omitted with pGAD 10 and pGADGH derivatives

11
omitted with pLac/i derivatives

4.2.5 Plasmid Construction

Standard cloning procedures were performed as described [225] or according to the

manufacturer of the enzymes used.

4.2.6 Preparation of cDNÂ Libraries

To isolate cDNA library plasmid DNA, the libraries provided in a 10% glycerol sus¬

pension were amplified by plating 20*000 cfu/15 cm agar plates. The plates were
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grown for ~30 hours at 37 °C and then chilled for 1 hour at 4 °C. 4 ml LB medium was

pipetted onto each dish and incubated for 10 min at 4 °C on a slowly moving shaker to

loosen the cells. The colonics were scraped from the agar with a spatula and the sus¬

pension (total of 20 ml/ plate) transferred into a 2 1 flask on ice. The suspension ob¬

tained from 160 dishes (approximately 3 I) was aliquoted to four 2 1 flasks, to which

250 ml 2xYT medium (37 °C) was added. After 2.5 hours at 37 °C, 250 rpm in an in¬

cubator, plasmid DNA was isolated using Qiagen Plasmid Mega Kit-columns

4.2.7 Insert Detection by PCR

Derivatives of pLacZi, pHISi, and pHISi-1 were assayed for containing oligonu¬

cleotide inserts by PCR using the primer pairs PCR+LacZi (5'-AAGGAAACC-

GAAATCAAlVyPCR-LacZi (5'-AAAAGAAGAAAACAAGAGT-3') for pLacZi

and PCRpHISi-1 (5'-GAAACCATTATTATCAT-3')/493R (5'-TATCTTGCCTGCT-

CATT-3') for pHISi and pHISi-1, respectively.

cDNA inserts in pGADIO and pGADGFI were analysed with primer pair +pGADl0

cDNA (5'-TGATGAAGATACCCCACCAA-3,)/-pGAD10 cDNA (5'-CATAAAAG-

AAGGCAAAACGAT-3 '

).

100 pg plasmid or a small volume (~l pi) of E. coli or yeast cells was transferred into

a PCR reaction tube and 23 pi PCR-mix (see below) were added and mixed by

vortexing. The probes were transferred to a Hybaid OmniGene thcrmocycler and

heated for 2 min at 94 °C. To analyse pLacZi and pHISi-1 derivatives 30 cycles of

94 °C, 30 sec; 40 °C, 60 sec; 65 °C, 20 sec; were used, analysis of pGADIO and

pGADGH vector inserts included 40 cycles of 94 °C, 1 min; 40 °C, 30 sec, 65 °C, 2

min. Subsequently, the probes were incubated 10 min at 65 °C and left cool to RT. The

PCR products were analysed on agarose minigcls.

The PCR-mix contained 27.5 mM ammonium sulphate, 111 mM Tris-HCl pH 8.8,

11.1 mM MgCh, 8.3 mM ß-mercaptoethanol, 11.1 pM EDTA, 1.1 mM of each dNTP,

13 pM of each primer, 0.09 mg/ml gelatine. l0.8r/( (v/v) UMSO, and 0.027 U/ml Taq

Polymerase.

4.2.8 Sequencing

Inserts of pLacZi, pHISi, and pHISi-1 derivatives were sequenced by the dideoxy

method using Sequenase (United States Biochemicals) according to the recommenda-
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tions of the manufacturer. Alternatively, sequencing was performed using the ABI

Prism'1 M dRhodamine terminator cycle sequencing ready reaction kit (Perkin Elmer #

403044) as follows. 250 ng plasmid DNA template, 1.6 pmol primer and 4 pi reaction

mix were mixed to a final volume of 10 pi in a 200 pi reaction tube. The probe was

heated to 95°C for 2 min followed by 25 PCR cycles of 10 sec at 96° C, 5 sec at 50° C,

4 min at 60° C. After cooling to 4 °C, the contents were transferred to a 1.5 ml tube

and precipitated at RT with 23 pi 0.5 M LiCl? in ethanol. The DNA precipitate was

centrifuged, washed with 70% ethanol, dried, and resuspended in 13 pi template sup¬

pression reagent. The sample was heated to 95°C for 2 min, chilled on ice, and

mounted onto a ABI Prism 310 Genetic Analyzer.

4.2.9 RNA in situ Hybridisation

Sagittal brain sections of 150 g adult Sprague-Dewley rats (Institute of Laboratory

Animal Science, University of Zurich) were hybridised with the probes described in

Table 4.

The solutions were prepared using DEPC-treated ILO. To prepare the hybridisation

solution, 1 g dextransulfate was dissolved in 2 ml 20xSSC [3M NaCl, 0.3 M Nar

citrate, pH 7.0 in H;0] and 250 pi ILO for I hr at 45 °C in a water bath. The solution

was chilled on ice, 1 ml IM DTT and 0.4 ml Denhardt's solution 110 g/l Ficoll (Sigma

# F 4375), 10 g/l polyvinylpyrollidone (Merck # 7443), 10 g/l BSA (Sigma If A 8022)]

Table 4: RNA in situ hybridisation antisense probes

probe sequence

MIBPl 1410R1

MTB PI 4488R1

5 ' ^<XTC»CCGOTATC<^CCT^TGTCTTTC^^ '

5 ' -^U!(^GGCITGCTCTAœTCTTCTX»GG<^ '

M1BPI 765 1 Rl) 5 '

-TAGCœTCGO»CXÏÏ!«G<ASUVCTiCCT^ '

RelA 1137R1 5 '

-TGAœ<aTœTœ<MœroTA«xx:wx)^^ -

81 1233R!) I 5'-<TCCTTCTTicx:cTa^CTTCm^

n
MIBPl 1410R represents an antisense ptobe to nucleotides 1410 to 1351, MIBPl 4488R to nu¬

cleotides 4488 to 4429, and MIBPl 765 IR to nucleotides 7651 to 7592 ot MIBPl [2001. RclA

11 }7R a probe to nucleotides 1137 to 1078 ot RelA [179] and 81 1233R a piobc to nucleotides

1233 to 1 174 of the 5 subunit |50]
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were added. The compounds were mixed and filtered through a 0.45 pm filter. 850 pi

filtrate were supplemented with 50 pi tRNA-solution [5 mg/ml (Boehringcr # 109

550)|, 50 pi herring testes DNA [10 mg/ml, sonicated (Sigma # D 3159)], and 50 pi

polyadenylic acid [ 10 mg/ml (Boehringcr # 108 626)]. For each brain section analysed,

120 pi of hybridisation solution was mixed with 660'000 cpm of 3,P-labellcd probe

(see 4.2.1.3), layered on the brain slice and covered with seal-on film (Fuji Film). The

slides were incubated for 20 hours in a humid chamber at 42 °C, and washed with lx

SSC/10 mM DTT (lx 15 min at RT, 2x 15 min at 55 °C), 0.5x SSC/10 mM DTT (2x

15 min at 55 °C, lx 15 min at RT) and H20 ( 3 min at RT). The slides were dehydrated

by soaking for 1 min in 70% ethanol, 1 min in 96% ethanol, and two times 1 min in

100% ethanol. Finally, the slides were air dried for 30 min and exposed to a Biomax

MR film (Eastman Kodak # 873 6936) for I to 10 weeks.

4.2.10 X-Gal Filter Assay

A nylon membrane (Hybond1M -N, Amersham Life Science) was placed on colonies on

a agar plate with a pair of forceps, then submerged in liquid Ni for 10 s, thawed at RT

and carefully placed colony side up on 3MM blotting paper (Whatman # 3030 917)

which was pre-soaked with 1.8 ml buffer Z [16.1 g/J Na2HP04 x 7 H20, 5.5 g/l

NaH2PO( xH?0, 0.75 g/l KCl, 0.246 g/l MgS04 x 7 ILO. 2.7 ml/1 ß-mcrcaptoethanol

(Sigma # M 6250), 1.67 ml/1 5-bromo~4-chloro-3-indoly!-ß-D-galactopyranoside (X-

Gal; Clontech # 8060-1) and 20 mg/ml N,N-dimethylformamide] in a Petri dish. The

dish was sealed with seal-on film (Parafilm) and incubated at 30 °C until blue staining

was visible (20 min - 24 h).

4.2.11 In vitro Translation

Partial and full-length MIBPl and RelA cDNAs were cloned into pT7ßSal [226] a

vector that allows /// vitro transcription and translation in frame with the ß-globin start

codon under control of a T7 RNA polymerase promoter. In vitro transcription and

translation were performed with the supercoiled plasmid vectors in a one-batch reac¬

tion using the TNT®T7 Coupled Reticulocyte Lysate System (Promcga ft L4610) ac¬

cording to the recommendations of the manufacturer.
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4.3 Yeast One-Hybrid System

4.3.1 Yeast Strains

yRHl533 (genotype: MAT-a, leu 1-2 112, ura3-52, his3-200, trpl-901, 1ys2-80l,

suc2~9 Met, kindly provided by Dr. M. Gstaiger, Institute of Molecular Biology, Uni¬

versity of Zürich) was used in an initial screening experiment. The cells were grown in

SD medium supplemented with histidine, leucine, uracil, lysine, tryptophan, KOH, and

succinic acid (see 4.2.4).

yM4271 (genotype: MAT-a, Ieu2-3 112, ura3-52, his3-200, trpl-903, lys2-801, ade2-

101, tyrl-501) (Clontech # K1603-1) and derivatives were grown in SD medium, sup¬

plemented with histidine, leucine, uracil, lysine, tryptophan, adenine and tyrosine.

4.3.2 Screening Using yRH1533 Derivatives

In a first attempt to identify BSFl-encoding cDNAs a yeast one-hybrid screening

based on yeast strain yRFIL533 (see 4.3.1) was designed. A H1S3 reporter gene based

on vector pBM1499 [227] with two BSFl binding sites [154| integrated into the yeast

URA3 gene locus was identified to display a low basal IIIS3 reporter gene activity,

which could be completely inhibited using SD medium lacking histidine supplemented

with 20 mM 3-AT, a concentration which therefore appeared to be suitable for the li¬

brary screening to be performed. The selected HIS3 reporter strain was used for inte¬

gration of the second, a lacZ reporter gene.

To construct an appropriate lacZ reporter gene, BSFl sites in several numbers and ori¬

entations were cloned into pU4 (kindly provided by Dr. M. Gstaiger), a derivative of

pGL669-Z (L. Guarcnte), carrying the lacZ reporter under control of a minimal yeast

cyclin gene {CYCI) promoter. All constructs with two to four BSFl sites integrated

into the upstream region of the original and of a truncated CYC1 promoter displayed a

strong basal activity of the lacZ gene and therefore could not be used. As an alternative

/arZ reporter genes under control of a Gall minimal promoter were constructed based

on vector SS 38G-4 [228]. BSFl sites were introduced into different sites of the origi¬

nal and differently truncated Gall promoters and the constructs tested for basal activ¬

ity. The construct with the lowest basal activity had four BSFl sites integrated

upstream of the Gall promoter without truncations and was transformed into the HIS3

reporter strain mentioned above.
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The resulting reporter strain was transformed with two different libraries, a mouse

cerebellum library with about 8xl04 independent clones expressing the cDNA together

with a VP16 transactivation domain under control of a Gall promoter, and a mouse

total brain library with about 1.5x10s independent clones expressing the cDNA as fu¬

sion protein with the Gal4 transactivation domain under control of an ADH1 promoter.

Screening 12 cerebellum library and 2 whole brain library equivalents revealed several

hundreds of histidine autotroph clones even in presence of 100 mM 3-ammotriazole.

Of these, only 27 and 33 clones, respectively, showed strong activation of the focZ re¬

porter gene. However, none of these clones was able to reproduce activation of the re¬

porter genes upon retransformation.

A second round of screening for BSFl-encoding cDNAs was conducted using the

MATCHMAKER One-Hybrid System kit (Clontcch # K1603-1) with lower basal ac¬

tivation of reporter genes and a lower rate of false positive clones.

4.3.3 Construction of Reporter Genes

Reporter gene vectors pFUSi, pHISi-1, and pLacZi (Figure 1), purchased with the

MATCHMAKER One-Hybrid System (Clontech # K1603-1), were used to construct

HIS3 and lacZ reporter genes potentially being activated by BSFl cDNAs. Double

strand oligonucleotides SF and SB (Table 5) in either direction were cloned into the

vectors at EcoRl sites located 5'-upstream of the reporter gene minimal promoters.

The plasmids were transformed into E. coli SURE-2 (see 4.2.3.1) and screened for in¬

serts by PCR (see 4.2.7). The sequences of PCR positive clones arc shown in Table 6.
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Eco m fco R| EcoRI

Figure 1: Reporter gene plasmids

a, pHISi is a yeast integration vector containing a HIS3 reporter gene under control of a T1JS3 minimal

promoter (Pmm/mj). pHISi cannot replicate autonomously in yeast. Target oligonucleotides were in¬

serted into the EcoRI site. URA3 and HIS3 genes can be used as selectable markers after intégration

into the nonfunctional ura or his gene locus of the yM4271 host strain, b, pHISi-1 contains the HIS3

reporter gene of pHISi combined is a different plasmid backbone lacking the URA3 gene. HIS3 ex¬

pression from pHTSi-l is lower than that from pHISi. It can be integrated into the nonfunctional his

locus, leaky HIS3 expression is sufficient to select for integration into yM4271. pHISi-1 cannot repli¬

cate autonomously in yeast, e, pLacZi is a yeast integration and reporter vector with a lacZ gene under

control of the minimal promoter of the yeast cyclin gene (CYCI), target oligonucleotides can be inte¬

grated into a EcoRI site upstream of that promoter. The URA3 gene is used as a selectable marker for

integration into the nonfunctional ura gene locus of the yM4271. pLacZi cannot replicate autono¬

mously in yeast.

Table 5: Target oligonucleotides 8B and 6F

oligo sequence

i SB
5'-AATTCCAGAGGAGAGGGGAGAGGGGAGAGCCG-3'

3'-GGTCTCCTCTCCCCTCTCCCCTCTCGGCTTAA-5'

j op 5'-AàTTCGAGAGGGGAGAGGGGAGAGCCGACATCATCGGAGAGGGGAGAGGGGAGAGCCG-- 3'

3 '

-œTCTCCCCTCTCCCCTCTCGCX:TGTAGTAGCCTCTCCCCn<:TCCCCTCrCGGCTTAA-5 '

Oligonucleotides 5B and OF (bold face letters indicate the BSFl binding site) shown here were used for

plasmid construction and differ from ÖB described earlier [154) with respect to adjacent EcoRI instead

of BamUI and Bglll sites. OF carries two BSFl binding sites in a background different from SB.
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Table 6: Upper strand sequences of SB and 5F inserts cloned into pHISi, pHISi-1, or pLacZi

oligo

5F+°

SF-1'

SB+r

SB-»

plasmid

pLacZi #30

pHISi#l

pHÎSi-t #12

pLacZi #24

pHISi#3,

pHISi-1 #13.

pLacZi #28

pLacZi #25

pHlSi#S,

pHlSi-l#19,

pLacZi tfil

insert sequence

5 '

-GAATTCGAGAGOGGAGAGGGGAGAGCCGACATCCATCGGAGAGGGGAGAGGGGAGAGCCGAATTC-S '

5 ' -GAATÎCGAGAGGGGAGAGGGGAGAGCCGACATCCATTGGAGAGGGGAGAGGGGAGAGCCGAATTC-3 '

5 '

-GAATTCGAGAGGGGAGAGGGGAGAGC--ACATCC.ATCGGAGAGGGGAGAGGGGAGAGCCGAATTC-3 '

5 '

-GAATT-NAAARGGGA-AGGGGAGAGCCGACATCCATCGGAGAGGGGAGAGGGGAGAGCCGA...

..ATTCGAGAGGGGAGAGGGGAGAGCCGACATCCATCGGAGAGGGGAGAGGGGAGAGCCGAATTC-3'

5 ' -GAAMCGGCTCTCCCCTCTCCCCTCTCCGATGGATGTCGGCTCTCCCCTCTCCCCTCTCGAATTC-3 '

5 '

-GAATTCGGCTCTCCCCTCTCCCCTCTCNGATGGATGTCGGCTCTCCCCTCTCCCCTCTCGA...

...ATTCGGCTCTCCCCTCTCCCCTCTCCGATGGATGTCCGCTCTCCCCTOTCCCCTCTCGAATTC-3'

5'-GAATTCCAGAGGAGÄGGGGAGAGGGGAGÄGCCGAATTC-3'

5'-GAATTCGGCTCTCCCCTCTCCCCTCTCCTCTGGAATTC-3'pHTSi#7,

pHISi-1 #18.

pf,acZi/m I

Underlined sequences represent BSFl-binding sites, double underlined nucleotides represent discrepan¬

cies between the sequence of the oligonucleotide used and the sequence determined in the plasmid.
0
+ indicates the BSFl sites being directed as observed in the S subunit gene, - indicates the opposite

direction

4.3.4 Selection of Appropriate Reporter Genes

To stably maintain plasmids in yeast without selection, they were integrated into the

genome. Since linear vectors integrate more efficiently, the plasmids were digested

with Xhol (pHISi and pHISi-1 derivatives) or Ncol (pLacZi derivatives) before trans¬

formation into yM4271 (see 4.2.4). After transformation the strains were spread onto

SD agar without histidine and supplemented with 0, 15, 30, 45, or 60 mM 3-AT.

Strains with reporter genes pHISi-1 fill and plllSi-1 #19 were selected that were in¬

hibited at 15 mM 3-AT and contained BSFl sites in the same orientation as in the 8

subunit gene (Table 7).
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Table 7: Analysis of HIS3 reporter genes

plasmid insert orientation" cone. (3-AT):

nlllSi/Zl

pHISi#3

pHTSi#7

pHISi #8

8F (mutated)

8F

SB

8B

pHISi-1 #12 5F (mutated)

pHISi-1 #13 8F

pHTSi-1 #18

pTIISi-l#19

SB

8B

30 mM

45 mM

30 mM

45 mM

OmM

60 mM

0 mM

OmM

The orientation and sequence of SB and 8F in reporter genes was de¬

termined and basal activity of the corresponding HIS3 reporter genes

was tested in the presence of increasing 3-AT concentration.

pHISi-1 #12 and pHISi-1 #19 (in bold face letters) were selected for

screening since they grow only in the absence of 3-AT and the orienta¬

tion of the BSFl site(s) corresponded to the one in 5 subunit gene.

''
+ indicates original orientation of the BSF") sites observed in the 5

subunit gene, - indicates the opposite orientation relative to the tran¬

scriptional start site.

^ maximal concentration of 3-AT in SD-Ilis permitting growth of colo¬

nies larger than 1-2 mm in diameter

The yeast suspensions transformed with derivatives of pLacZi were spread onto SD

agar without uracil. After colonies reached 1-2 mm in diameter, lacZ reporter gene ac¬

tivity were analysed by X-Gal filter assay (see 4.2.10). The strain carrying pLacZi #32

combined the lowest basal activity with the preferred insert orientation (Table 8) and

was transformed into strains yM427l (pHISi-1 #12) and yM4271 (plllSi-1 #19).
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Table 8: Analysis of lacZ reporter genes

plasmid

pi ,acZi #24

insert

2 x SF (mutated)

pLacZi #25 i 2 \ 8F (mutated)

orientation1' X-Gal staining2

++

++

pLacZi #28 ' 8F

pLacZi #30

pLacZi #32

pLacZi 3#3

SF

SB

SB

++

o

The orientation and sequence of SB and SF in reporter genes was

revealed by sequencing and basal activity of the corresponding

lacZ reporter genes was tested in terms of X-Gal staining.

pLacZi tt32 (in bold face letters) was selected for the yeast one-

hybrid screening due to low basal activity and the orientation of

the BSFl site corresponding lo the ô subunit gene.

0
+, BSFl sites are in the same orientation as in the 8 subunit

gene; -, opposite direction

:)
o, weak staining after 24 hours; +, intense staining after 24

hours; ++, intense staining after 2 hours

Growth on SD agar plates in the absence of histidine and uracil allowed the identifica¬

tion of colonies carrying both reporter genes. Single colonies of yM4271

(pFITSi-1 #12/ pLacZi #32) and yM4271 (pTIISi-l #19/ pLacZi #32) were picked and

spread onto YFFD agar. After confirming the presence of both reporter genes by PCR

(see 4.2.7), selected colonics used for transfection of the libraries (see 4.3.5) were ex¬

panded in liquid cultures.

4.3.5 Library Screening

A mouse brain Matchmaker cDNA library was purchased from Clontech (# ML

4003 AB) and contained whole brain cDNA of 9-12 week old male BALB/c mice

cloned into the EcoRI site of pGADIO. The library in E. coli DH5ot contained 1.5x10Ö

independent clones, of which ~80r/c contained inserts.
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A rat brain cDNA library was kindly provided by Dr. H. C. Kornau, MPI Heidelberg.

It contained whole brain cDNA isolated from six week old Wistar rats cloned between

the EcoRI and Xhol sites of pGADGH. The library in E. coli DH5a was amplified

once and contained 2xl06 independent clones, of which 60% contained inserts.

Transformation reactions were performed w ith 2 pg library plasmid/ reaction. Each re¬

action was spread onto two 165 em2 SD agar dishes lacking histidine and leucine, and

supplemented with 30 mM 3-AT. The plates were incubated for 5-7 days in a humid

box at 30 °C until first colonies became visible. At least two library equivalents were

transformed based on a preliminary determination of transformation rate for all strain-

library combinations.

The largest colonies were picked and resuspended in I ml 10% glycerol (v/v). For pu¬

rification, 100 pi of a 1/200 dilution in H20 was re plated under the same conditions.

Colonies were analysed for cDNA inserts by PCR (see 4.2.7) and screened for activa¬

tion of the lacZ reporter gene by the X-Gal filter assay (sec 4.2.10). The cells of a sin¬

gle colony were used for direct transformation of E. coli (sec 4.2.3.2). The plasmids

were isolated and retransformed into the corresponding yeast strains (see 4.2.4). Inserts

of plasmids that resulted in growth under selection conditions were sequenced (see

4.2.8) and the sequences subjected to database analyses (see 4.4.1).

4.4 Computational Analysis

4.4.1 Homology Search

Homology analyses of the isolated sequences was performed by screening the Gen-

Bank database for homologous sequences using BLAST 2.0.5 [229, 230] at internet

page http://www.ncbi.nlm.nih.gov/cgi-bin/BLAST. All search parameters were set to

default values.

4.4.2 Prediction of Antigenic Protein Sites

Oligopeptides representing MIBPl regions with a high probability of being antigenic

were selected using the program "PeptideStructure" of Wisconsin Sequence Analysis

Package version 8.1-UNIX (Genetics Computer Group, Inc., Madison, Wl, USA)

based on an algorithm described by Jameson and Wolf, 1988 [231]. The program was

run with default parameters.
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4.4.3 Analysis of Protease Target Sites

MIBPl was screened for the presence of potential protease target sites searching the

PROSITE database with the Profile Scan Server [232] at internet page

http://www.isrec.isb-sib.ch/softwarc/PFSCAN-form.html. "Sensitivity" was set to

"include weak matches", all other parameters were set to default values.

4.4.4 Prediction of Potential Splicing Sites

The MIBPl cDNA sequence was analysed for the presence of potential internal splice

sites using the program "Splice Site Prediction by Neural Network" [233, 234] at in¬

ternet page http://www-hgc.lbl.gov/projects/splice.html. The threshold values ('score

cutoff) were set to 0.85. This setting resulted in identification of 1.4 % false positive

splice donor sites and 0.6 % false positive splice acceptor sites in human genomic se¬

quences.

4.5 Protein Biochemistry

4.5.1 Buffers

Buffer A 10 mM Hepes-KOH pH 7.9, 10 mM KCl, 1.5 mM MgCL,

0.1 mM EDTA pH 8.0, 0.5 mM DTT, 0.5 mM PMSF, I ml/1

aprotinin, 0.15 mM spermin, 0.5 mM spermidin, 0.35 M sucrose

Buffer B Buffer A with 0.5 M sucrose

Buffer C

Buffer D

Buffer A without sucrose

20 mM Hepes, adjusted with KOH to pH 7,9, 0.42 M NaCl,

1.5 mM MgCl?, 0.1 mM EDTA pH 8.0, 0.5 mM DTT, 0.5 mM

PMSF, I ml/l aprotinin, 10% glycerol (v/v)

Buffer Ds* 14.3 mM Hepes adjusted with KOH to pH 7.9, 0.3 M NaCl, 5 mM

MgCl2, 0.07 mM EDTA pH 8. 0.5 mM DTT, 10% glycerol (v/v)

Ds-dilutent 10% (v/v) glycerol, 17.5 mM MgCl,, 0.35% (v/v) NP40
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Buffer F

Buffer G

PBS

10 mM Hepes adjusted with KOH to pH 7.9, lOmM KCl,

0.1 mM EDTA, 0.1 mM EGTA, 1 mM DTT, 0.5 mM PMSF

20 mM Hepes adjusted with KOH to pH 7.9, 0.4 M NaCl, 1 mM

EDTA, 1 mM EGTA, 1 mM DTT, I mM PMSF

137 mM NaCl, 2.7 mM KCl, 4.3 mM Na2HPOt, 1.4 mM KH2P04,

pH7.4

Buffer Z' 0.1/2 25 mM Hepes, adjusted with KOH to pH 7.6, 12.5 mM MgCl2,

10% (v/v) glycerol, 0.1% (v/v) NP-40, 10 pM ZnSO„ 1 mM

DTT, 0.1 M KCl

3x Loading buffer 187.5 mM Tris-HCl pH 6.8, 30% (v/v) glycerol, 6.9% SDS, 15%

ß-mercaptoethanol, 0.03% bromphenol blue

4.5.2 Protein Concentration

Protein concentrations of extracts were determined using the colorimetric, detergent-

compatible Dc protein assay (BioRad // 500-01 16) and individual calibration graphs

for each buffer used.

4.5.3 Protein Extracts

4.5.3.1 Rat Cerebellum Nuclear Extract

All steps were carried out in the cold room at 6 °C. Centrifugations were done at 2 °C.

Cerebella from 30 rats (-7.5 g tissue) were removed into ice-cold buffer A, cut into

pieces of 5 ram1 with a scalpel, washed three times with 3 volumes of ice-cold buffer

A, homogenised in buffer A (1 ml/g tissue) with 14 strokes of a motor-driven 15 ml

Potter S homogcniser (Glass-Teflon, Bender&Hobein) at 1500 rpm, filtered through

one layer of gaze (IVF type 28) and centrifuged as above. The pellet was thoroughly

resuspended in 20 ml buffer A, cautiously laid onto a 20 ml cushion of buffer B and

centrifuged (20 min, 2'600 g). The pellet was washed in 11 ml buffer C and centri¬

fuged (15 min, 17'500 g). The sedimented nuclei (-5,5 ml) were resuspended in 3.5

volumes buffer D, homogenised with six gentle strokes of a 15 ml Douncc glass ho¬

mogcniser (S-type), diluted with 0.4 volumes of Ds-dilutent, and extracted on ice by
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stirring slowly with a magnetic stirrer for 45 min. After centrifugation (15 min, 16'300

g) aliquots of the supernatant were shock frozen in liquid N2 and stored at -80 °C.

4.5.3.2 WGA Affinity Purification

700 pi of agarose-coupled wheat germ agglutinin (Vector Laboratories Inc. # AL-

1023) in a Poly-Prep column (BioRad # 731-1550) were equilibrated with 20 volumes

buffer Ds* at a flow rate of 0.3 ml/min. Roughly 27 ml of nuclear extract from 30

cerebella (fraction A) were loaded onto the column at a flow rate of 0.24 ml/min,

flowthrough was collected as fraction B. The column was then washed with 8 resin

volumes buffer Ds* at 0.3 ml/min (fraction C), 4 volumes of a linear gradient from

buffer Ds* to buffer Z' 0.1/2 + 2.5 mM GlcNAc, and 42 volumes buffer Z' 0.1/2 +

2.5 mM GlcNAc (fractions D, E). The resin was eluted with three volumes of buffer Z'

0.1/2 + 5 mM GlcNAc (fraction F), and incubated for 30 min before a second clution

with three volumes of the same buffer. The resin was resuspended again in 1.3 ml of

the same buffer and transferred to a 2 ml Eppendorf tube. After incubation for 10 min,

it was centrifuged in a microfuge (2 min, 800 g, 6 °C) and the supernatant was pooled

with the material from the former clution step (fraction G). Next, 1.3 ml of buffer Z'

0.1/2 + 75 mM GlcNAc was added to the resin to adjust to approximately 50 mM

GlcNAc. Elution was done on a rotating mixer (lleidolph REAX 2) at 60 rpm for 60

min, and the cluate collected by centrifugation as above (fraction H). The resin was

then eluted two times for 30 min (fractions I, K) and three times for 20 min (fractions

L, M, N) with 1.3 ml of buffer Z' 0.1/2 with 50 mM GlcNAc and the cluate collected

as above. Finally, the resin was eluted for 30 min, 20 min, and -12 hours (fractions O,

P, Q) with 1.3 ml of buffer Z' 0.1/2 + 500 mM GlcNAc and the supernatants were

collected as above.

All fraction were shock frozen in liquid N, and stored at -80 °C.

4.5.3.3 COS 7 Nuclear Extracts

COS 7 nuclear extracts were prepared as described [235]. Cells scraped from ten 78

cm2 dishes were collected and washed once with PBS. counted, centrifuged (5 min,

250 g, RT), and resuspended in buffer F at 5x10'' cells/ml. Aliquots of 400 pi were

transferred into 1.5 ml tubes and incubated on ice for 15 min. After addition of 25 pi

10%; (v/v) NP-40, the tubes were vortexed (10 sec) and spinned brielly (30 sec, 14X100

g, 5 °C). The supernatant was removed and the nuclear pellet resuspended in 50 or

75 pi buffer G. The tube was vigorously rocked at 6 °C for 15 min fixed on a vortex
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and then spined for 5 min (14'000 g, 5 °C) in a microfuge. The supernatants were

pooled, the protein concentration was determined (see 4.5.2), and the extract was fro¬

zen in aliquots in liquid N2.

4.5.4 Electrophoretic Mobility Shift Assay

In a 20 pi binding reaction 7.5 pi binding buffer ]50 mM KCl, 2 mM EDTA, 8%) Fi¬

coll 400 (Sigma # F 4375), 2 mM DTT, 24 pg bovine serum albumin fraction V

(Sigma # A 8022)], 0.5-4x10' cpm of [32Pj end-labelled (see 4.2.1.1) oligonucleotide

(Table 9), 4-8 pi protein extract, and buffer Z' 0.1/2 added to a volume of 20 pi were

mixed, incubated on ice for 15 min, loaded onto a native Polyacrylamide gel [4%

acrylamide (29:1), 0.25 x TBE (89 mM Tris-borate, 2 mM EDTA), 20 x 20 x 0.1 cm,

prc-run 40 min at 200 V] and electrophoretically separated for 2 hours 45 min (200 V,

RT). The gel was transferred onto 3MM paper (Whatman # 3030 917), dried at 80 °C

in a vacuum dryer for 25 min, and subjected to autoradiography at -80°C with an in¬

tensifier screen.

Where indicated, bandshift reactions were supplemented with competitor oligonu¬

cleotides (Tabic 9). 5'000 cpm of labelled double stranded probe was assumed to cor¬

respond to 0.5 fmol. Competitor at a 50 to lO'OOO fold molar excess was dissolved in

2 pi buffer 'L" 0.1/2, added to the protein extract, and prcmcubated on ice for 15 min

Table 9: Oligonucleotides used in EMSAs

oligo sequence

,.R
5 ' -AATTCCAGAGGAGAGGGGAGAGGGGAGAGCCG- 3 '

3'-GGTCTCCTCTCCCCTCTCCCCTCTCGGCTTAA-5'

SB/blunt
5 '

~TCCAGAGGAGAGGGGAGAGGGGAGAGCCGA~3 '

3'-AGGTCTCCTCTCCCCTCTCCCCTCTCGGCT-5'

5'-CAGAGTAGTTGGGGTAGGCCGGGGCGGAGT-3'
c-myc

3'-GTCTCATCAACCCCATCCGGCCCCGCCTCA-5'

u 5'-GATCCAGAGGGGACTTTCCGAGAGGATC-3'
B sec

3'-CTAGGTCTCCCCTGAAAGGCTCTCCTAG-5'

The SB piobe used heie dihets trom the original SB ptobe desenbed [ 154) m

that terminal Banilll an 1 A'e/11 sites v\ete substituted bv FcoRl sites SB/blunt ts

a blunt end derivative of SB L-nnc contains a binding site fot MIBPl [200],

B scq was desenbed as binding site toi BETA and M -kB |F)9] and is not îcc-

ognised by BSFl [H4] SB and c-tnvc vveie used as labelled bandsbitt ptobes,

SB'blunt, c-m\c. and B seq v.ete used unlabeled as competitoi oltgonu

clcottdes
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before addition of probe, binding buffer, and buffer Z' 0.1/2 to a volume of 20 pi to

the bandshift reaction.

4.5.5 UV-Crosslinking

Bandshift assays were performed as described above (4.5.4) with 40Tj()0 cpm/20 pi

reaction. After incubation for 15 min on ice, 13.5 pi aliquots of each bandshift reaction

were transferred to a microtiter plate placed on ice for crosslinking. The UV-light

source (254 nm, 40 W, CAMAG # 022.9230) was placed at a distance of 4-5 cm from

the microtiter plate and the reactions were exposed to UV-light for 40 min while sit¬

ting on ice.

Subsequently, the samples were mixed with 8 pi 3x loading buffer, incubated at 98 °C

for 2 min, and analysed on SDS-PAGE [236J. Gels were fixed, stained [237], trans¬

ferred onto 3MM paper (Whatman # 3030 917), dried under vacuum, and subjected to

autoradiography (3-14 days) at -80°C with an intensifier screen.

4.6 Immunochemistry

4.6.1 Preparation of Antisera

To prepare antisera against MÏBPI. oligopeptides with a high probability of being an¬

tigenic (see 4.4.2, p. 37) were synthesised by Macromolecular Resources (Colorado

State University). The oligopeptides with N- or C-terminal cystein residues (Table 10)

were coupled to keyhole-limpet hemocyanin (KLH, Sigma # H 2133) by crosslinking

cystein and lysine residues as follows: 32 mg KLH was dissolved to 4 mg/ml in 0.1 M

Na-phosphate buffer pH 7.5 and dialysed 3x 2 hours against 5 1 0.1 M Na-phosphate

buffer pll 7.5. 25 pmol N-succinimidyl 3-maleimidopropionate (Fluka // 63179) was

dissolved in 250 pi dimethyl formant i de and added slowly to the KLH solution while

vortexing. The mix was incubated for 10 min at RT, the pH adjusted to 6.1 using 1 M

HCl, and the unreacted crosslinker removed by chromatography on a Sephadex G 25

column (2.5 x 40 cm, 1.5 ml/min). K.LH was eluted with 0.1 M Na-phosphate pH 6.1

and the UV-peak fractions were combined. To link the oligopeptides to KLH, 5.5 mg

of the oligopeptides were dissolved in 0.5 ml H,0 and added dropwise to 5 ml acti¬

vated KLH solution (1.7 mg/ml). The mix was incubated at 4 °C over night and stored

at-20°C.
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Immunisation and bleeding were

performed at the Institute of Labo¬

ratory Animal Science (University

of Zürich). For the first immunisa¬

tion 300 pg KLH-1 inked oligopep¬

tide in 1 ml 0.1 M Na-phosphate

buffer pH 7.5 were emulsified with

1 ml Freund's complete adjuvant (F

5881, Sigma), the booster injections

were performed analogously with

incomplete adjuvant (F 5506,

Sigma), using 600 pg of peptide for

the first booster four weeks and

Table 10: MIBPl oligopeptides for immunisation

oligopeptide sequence

MTBPKAA75-84)1 GVHQVTEKQYPPHRPSPYPC

MIBP1(AA641-660) CRKPYKKWEDPETPKQSYRD

MIBPl (AA2027-2046) PRDFSPSSYRSSPGYDSSPC

The oligopeptides chosen represent regions with high

probability of being antigenic and have C- or N-

terminal cystein residues.

f) numbering according to MIBPl cDNA [200]

300 pg of peptide for the second booster ten weeks after immunisation.

The blood samples (10-50 ml) taken six and twelve weeks after immunisation were

coagulated for 18 hours at 5 °C and centrifuged (10 min. 3'000 g, 5 °C). The serum

supernatant was supplemented with NaN, (0.02%) and stored at -20 °C in aliquots.

The antisera were affinity purified by means of covalent chromatography as follows:

For three peptide affinity columns, 2 g resin (Thiopropyl Sepharose 6B, Pharmacia #

17-0420-01) were washed with 500 ml FLO (degassed), resuspended in 10 ml 0.5 M ß-

mercaptocthanol, 1 mM EDTA pH 8.4, and incubated for 1 hour at RT. The resin was

washed with 1 1 buffer SA (0.1 M acetic acid, 0.5 M NaCl, 1 mM EDTA, degassed,

4 °C) and with 0.5 1 buffer ST (50 mM Tris, 150 mM NaCl, pH 7.35, degassed, 4 °C)

and divided into three aliquots of 3 ml resin. 30 mg of the peptides each were dis¬

solved in 5 ml ST, added to the aliquots, and incubated over night at 5 °C. The aliquots

were transferred into columns, washed with 25 ml ST (0.5 ml/min), and equilibrated

2.5 hours in 10 ml ST + 2% BSA at 5 °C. The columns were washed with 11 ml 3.5 M

MgCL (0.22 ml/min) and equilibrated with 10 ml ST + 0.02% NaN, (0.5 ml/min).

The antisera were diluted 1:2 with ST + 0.02% NaN, and loaded onto the correspond¬

ing peptide columns (0.07 ml/min). The flowthrough was collected and reloaded onto

the column continuously for 10-12 hours. Then the columns were washed with 9 ml

buffer ST (0.15 ml/min) and 10-12 fractions of-0.7 ml were eluted (0.07 ml/min) with

3.5 M MgCL. The peak fractions as determined by photospectrometry at 280 nm were

collected and BSA (100 mg/ml) and NaN. were added to I mg/ml and 0.02%, respec¬

tively. Finally, the antisera were dialysed over night against 4.5 1 10 mM Tris, 150 mM

NaCl, pH 7.3 at 5 °C, aliquoted, and stored at -20 V.
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4.6.2 Analysis of Antisera

To estimate the degree of purification, purified and not-purified antisera were tested

for reactivity against the corresponding polypeptides in an enzyme-linked immunosor¬

bent assay (ELISA). Microtiter dishes were coated with peptides as follows: 100 pi of

0.1% glutaraldehyde in 50 mM carbonate buffer pll 9.5 were given in each well and

incubated for 10 min, the dishes were washed 2x with H.,0, and 100 pi peptide solu¬

tion (0.1 pg/ml in carbonate buffer) were added into the wells and incubated for 4

hours at RT in humid ambience. The solution was removed, 100 pi PBST (10 mM

phosphate buffer pH 7.4,0.02% Tween-20,150 mM NaCl) + 2% BSA was given into

the wells and incubated for 30 min at RT. The dishes were washed 2x with H20 and

once with PBST. Then 100 pi of serial dilutions from L5xl02 to 1:106 of the antisera

in PBST were pipetted into the wells and incubated over night at 6 °C in a humid

chamber. The antisera were removed and the dishes washed (2x FI20, lx PBST, 2x

H20, lx PBST). Then 100 pi per well of 1:5'000 anti-rabbit horse-reddish-peroxidase

secondary antibodies (lackson Inc.) in PBST, 1% BSA were incubated for 2 hours at

RT and the dishes washed as above. To assay the peroxidase activity, 100 pi of fresh

TMB reagent [ I ml tetramethylbenzidine (TMB)-substrate (0.48 g TMB dissolved in

10 ml acetone + 90 ml ethanol) was mixed with 20 ml TMB buffer (0.2 M Na-citrate,

0.2 ml/1 30 % H202, pH 3.95)] and pipetted into each well and incubated until blue

colour became visible (-2 min). The colour reaction was stopped by addition of 100 pi
1 M FFS04 into the wells, the dishes were transferred into an ELISA reader (Anthos

Reader 2001, Anthos Labtech Instruments), and the absorption at 450 nm was meas¬

ured using a 620 nm reference filter.

4.6.3 Characterisation of Antisera

The ELISA results are displayed in Tabic 11. The data show that unpurified sera AS5

and AS6 and purified serum AS4 display the best reactivity towards the corresponding

oligopeptides. The unpurified sera were tested for their immunorcactivity with fraction

A of a cerebellar nuclear extract (see 4.5.3.2) in an immunoblotting experiment. AS4

was the only antiserum that displayed reactivity to proteins in fraction A that was sen¬

sitive to competitor oligopeptide. However, it did not show any immunorcactivity to

proteins in WGA-purified fractions H, N, and P (data not shown).



45

Table 11: Titres of rabbit antisera to corresponding MIBPl oligopeptides by ELISA

oligopeptide

MTBPl(AA75-84)

MTBPl(AA641-660)

Antiserum litre (unpurified serum)

AS1:

AS2;

AS3:

AS4:

FlO'-SxIO4

1:10^-5x10"

1:5x10'-10"

hlO'-KP

titre (purified scrum)

FlOMxlO1

n. d. "

FlO^xlO"

l:5xl04-105

MIBPl(AA2027-2046) AS5:

AS6:

l:10"-5xlt)"

l:5xl0',-10h

FlO'-SxlO'

FlOMxlO1

Rabbits were immunised with oligopeptides MIBPl(AA75-84), MIBP1(AA641-660), and

MIBPl(AA2027-2046) and the sera tested by EFISA. The titre value given here and used to es¬

timate the antigen reactivity represents the dilution, that results in half maximal absorption in

ELISA.

0
not determined

After immunoaffinity purification, only AS3 and AS4 displayed considerable im¬

munorcactivity in crude nuclear extracts from COS7 cells. Both antisera recognised a

prominent polypeptide in size of -82 kDa. In addition, AS3 and AS4 recognised dif¬

ferent polypeptides of ~46 kDa and ~49 kDa, respectively. However, none of these

signals was specific for the MlBPf-transfected cells (data not shown).
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5 Results

5.1 Candidate BSF1 -Encoding cDNAs:

RelA and M1BP1

5.1.1 Isolation of Partial cDNAs for MIBPl and RelA

The aim of this work was the identification of cDNAs encoding BSFl, a brain-specific

DNA-binding protein believed to be involved in neurone-specific transcription of the

GABAA receptor S subunit gene. The classical procedure for cloning protein-encoding

cDNAs by purification of the protein to homogeneity and sequencing has not been

successful. A yeast one-hybrid screen was therefore designed as a means to isolate

BSFl-encoding cDNAs. In particular, we generated a series of histidine and lacZ re¬

porter genes, that varied in the number and orientation of BSFl binding sites inserted

into their promoter region (see 4.3.3 and 4.3.4). Mouse and rat brain libraries, that

contain cDNAs as hybrids together with a transcriptional activation domain, were

transformed into these strains and screened for reporter gene activation (see 4.3.5).

Yeast strain yM427l (pHISi-1 //12/pLacZi #32) carrying Q.HIS3 reporter with two

BSFl sites was transformed with rat and mouse brain libraries (Table 12, transforma¬

tions A-D). Although this revealed high numbers of histidine autotroph clones, none of

the corresponding plasmids was positive after retransformation and all the colonies

were considered false positives. The screening was therefore repeated with a different

reporter strain.

Transformation of yM427l (pHISi-l #19/pLacZi #32) which carries &I1IS3 reporter

with a single BSFl site (Table 12, transformations E and F) revealed 51 histidine

autotrophes. Two of these (ml9, 103) displayed lacZ activity even after retransforma¬

tion. Clone m 103 consisted of 19-kb but did not represent a correct library vector. A

343-bp cDNA insert was present in m 19, but no continuous open reading frame was

identified. Homologies were limited to short stretches of ~30-bp resembling sequences

in the rat smooth-muscle-specific SM22 ex gene promoter |238], the rat cholesterol

side-chain cleavage cytochrome P-450scc gene [239], the mouse G7e gene resembling

a viral envelope gene [240], or the gene encoding the structural Jens protein

y-crystallin |241, 242]. These observations suggested that m 103 and also m!9 were

false positives.
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Transformation of the same yeast strain with a second library (Table 12, experiments

G and H) revealed 23 histidine autotroph clones. Eleven of these were found to acti¬

vate the lacZ reporter and five of these (rl8, 41, 43, 134, 141) were still positive after

isolation and retransformation into yeast. Sequence analysis revealed that rl34 con¬

tained a 413-bp partial sequence of rat neurone-specific enolase (NSE) [2431 in reverse

orientation. Identical 563-bp inserts corresponding to partial cDNAs of MIBPl

[see 3.2.5 and Ref. 200] were identified in the clones rl8 and r43. Similarly,

clones r41 and iT41 were identical and contained 1361-bp inserts that correspond

Table 12: Summary of Yeast Two-Hjbrid Screening

yeast strain

library
transformed

transformation

10 transformants /

Ug plasmid

library

equivalents

analyzed

histidine

autotrophs

histidine autotroph
X-Gal positives

positse clones

after retransformation

false positives''pet-

library equivalent

retransformant

designation

>M427l

(pTIisi-1 #l2/p1acZi#32)
yM4271

(pllisi-1 # I WplacZi #32)

mouse brain rat trainmouse train rat brain

(15xt06indep. (1.8xl06indcp. j (i.SxiO6 indep. ( 1.8x10eindep.
clones) dones) clones) clones)

D

0.55k 2 .Ox 0.67x 1.9x

0.55 6 83 0 65 5.14

19 34 16 49

n.d. 10 n.dn L

0 0 0 0

7 n 11.2

E G II

,0x 3.5 \ 1.7 x

11.6 1.75

1.1 x

3 05

7 44 4 19

2 3

3.6

3 2

3.8

) m 19 m 103 rl8 r!34
i

rtl rl41

r43

The libraries were screened using two difterent HIS repoilei strains with one [yM4271

(pHISi-l #19/pLacZi #32)] and two [vM427l (pHTSi-J #12/pI,acZi #32)] BSFl binding sites, respec¬

tively.
"

it. d., not determined

21 clones with active HIS3 and'or lac7 reporter genes, whose activity is not reproduced after retrans¬

formation of the corresponding cDNA plasmid
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to partial cDNAs of RelA [see 3.2.5 and Table 13: Clones causing reporter gene activity

Ref. 179]. after retransformation

Positives were only isolated with the yeast

strain that contained a HIS reporter with a

single BSFl site. The fact that each of the

partial RelA and MIBPl cDNAs was inde¬

pendently isolated twice suggested that they

were true positives that overcame the se¬

lection by interaction of the cDNA product

with the reporter gene promoter.

clone

rl8/43

r41/141

rl 34

m 19

m 103

origin of

cDNA insert

MIBPl

RelA

NSE

unknown

n. d.

length of

ORF"

(AA)

18!

420:)

707)

30

n. d.

To address the relationship between the cDNA inserts were sequenced and analysed for

cloned cDNAs and BSFl, we first analysed °Pcn rcadi»g framcs-MIBPi- RclA<and NSE sc~

. .,,..,.,,, quenecs were identified searching GenBank data
the sequence specificity oi the cloned

with Blast (see 4.3.5). (ORF, open reading frame;
cDNAs in a yeast reporter gene assay. To-

MIBP1) tw,„c intron { binding protein ,. RclA>

wards this end, a series of reporter strains p65 subunit of NF-kB; NSE, neurone-specific

was constructed containing reporter genes enolase; n, d., not determined)

with various purine elements. These ele-
n
number of translated amino acids, that wcae en¬

coded by the cDNA insert in frame with the Gal4
mcuts include variations of the purine ele-

transcriptional activation domain

ment identified in the upstream region of
,>T .. , , A,nA1 -, .-,- , ^je1 ^ -'

Initial sequencing ot [41/141 identified an ORE

the Ô subunit gene (8A-8D), the NF-KB
as 1IKhcated. Subsequent analysis in a 2nd gen-

rccognition site (B sequence), and the MHC eration plasmid revealed a frame shift between

Gal4 and RelA sequences inserted.

11
The NSE cDNA is inserted in reverse orienta¬

tion. The open reading frame represents the length

of the peptide fused to the Gal4 activation domain

to the first stop codon.

sequence from the enhancer region of MHC

class 1 genes, to which both NF-kB and

MIBPl are known to bind (see Table 14). A

reporter construct Jacking a purine element

('no insert' in Table 14) was used as a nega¬

tive control. Upon binding of the fusion proteins, transcriptional activation of the lacZ

reporter gene is expected to be mediated by the Gal4 activation domain, which is the

same in all Gal4-cDNA fusions. Hence, ß-galactosidasc activity is expected to be di¬

rectly proportional to the DNA-binding activity of the corresponding fusion protein. In

this assay, even comparatively weak and transient interactions between DNA-binding

proteins and their target sequence are expected to yield positive results. In addition,

DNA-binding of these factors may be assisted by endogenous yeast factors.

The Gal4 fusions in r!8/43, r4f/141, and ml9 were transformed into the different re¬

porter strains and tested for transcriptional activation of the different lacZ reporter

genes (Table 14). Clones rl8/43 and r41/141 are derivatives of the Gal4 activation
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domain vector pGADGH and were compared to the negative control vector pGAD424

which is closely related to pGADGH. Clone ml9 was identified from a mouse library

that used pGADIO as a vector. pGAD424 and pGADIO both result in expression of the

Gal4 activation domain alone and served as negative controls for the corresponding fu¬

sion proteins.

The m 19 Gal4 fusion protein did not markedly activate transcription of any reporter

construct. This correlated well with the notion that no continuous open reading frame

was present in m 19 and eliminated this clone as a BSFl-encoding cDNA. Clone

r41/141 activated transcription from reporter constructs containing ÔA-ÔD but activity

was not detectable for the B sequence constructs. This pattern correlated roughly with

Table 14: Sequence specificity of yeast one4iybrid isolates

purine elements in reporter genes and

used in binding assays

reporter gene activation

| r18/43 r41/141 pGAD424

i (MIBPl) (RclA) (controll

ÔB AGAGGAGAGGGGAGAGGGGAGAGCC

5A AGAGGAGAGGGGAGAGGGGGGAGCC

8C AGAGGAGAGAGGAGAGGCGAGAGCC

5D AAGAGAGAGGGGAGAGGAGAGAGCC

Bsequence agaggggactttccgaga

MHC GGGGATTCCCC

MHC rev ggggaatcccc

no insert

+++ +++

++ ++

+ ++

++ +

+++ ++

+++ +++

_ +

11. d.

ml9 pGADIO

(?) (control)

+

+

+

+

n. d.

+

+

+

binding

ofBSFl

+++

1+]

+

n. d.

n. d.

n. d.

The table shows the transcriptional activât ion bv m 18/43, ni41/141. m 19. and negative control plasmids

(pGAD424, pGADIO) m a panel of veast strains containing lacZ reporter constructs with different

purine elements. SA corresponds to purine element number six m the 5' flanking region of the GABA;\

receptor S subunit gene [154]. SB is a single point mutation of ÖA, while 8C is a double point mutation

of 5A. ÔD corresponds to purine element number three in the ô-subunit gene [154]. The B sequence

[1731 represents the prototype binding site lor NF-kB; MHC represents a binding site for MBP-2 [206],

the human paraloguc of MIBPl, in the enhancer region of the nia|or histocompatibility complex gene.

MHC rev is the MHC sequence m reverse orientation.

Activation was assessed visually by the extent ot X-Gal staining. +++, blue staining after ~1 hour; ++,

blue staining after 3-4 hours; +. blue staining after 16 bouts, -

, no blue staining observed, m 18/43 and

m41/141 cDNAs were cloned into pGADGH, which differs shghth from pGAD424 in the promoter re¬

gion (used as a negative control), while ml1) cDNA was cloned into pGADIO. The relative binding ac¬

tivity of BSFl to the DNA probes as determined prev lotisls bv E.MSAs from rat brain nuclear extracts is

shown m the right 1154]. +++ denotes maximal allinitv of BSFl to the DNA probe; ++, high affinity; +.

moderate affinity; [+], weak affinity; -, no afhnitv. n. d., not determined.
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the DNA-binding profile determined previously for BSFl in vitro [1541. Clone

r41/141 also activated transcription of the MHC reporter construct but interestingly not

the B sequence, the latter in contrast to NF-kB, its heterodimeric, active form.

Interestingly, r 18/43 activated transcription from reporter constructs containing ÔB,

ôA, and ÔD, but activity was reduced for ÖC and not detectable for the B sequence

constructs. This pattern was very similar to the DNA-binding profile of BSFl L154J.

As expected, r18/43 (MIBP-Gal4) activated reporter genes with MHC sequences. Re¬

markably, activity mediated by BSFl binding sites was of the same order of magnitude

as activation of the reporter by the MHC site. This might indicate that the factor binds

to the BSFl binding sites with similar affinity as it does to the MHC element used to

isolate MIBPI.

In contrast to m 19, the DNA-binding profiles of both r 18/43 and r41 /141 are similar to

BSFl, as can be concluded from their transcriptional activation profiles in the different

reporter strains. Thus, results of the X-Gal filter assay suggest that the partial RelA and

MIBPl polypeptides in tT8/43 and r41/141, respectively, but not the ml9 gene product

are possible constituents of BSFl.

5 4 O DalA
A.Z. K6IA

The cDNA insert of clone r41/141 was identical to nucleotides 20-1319 of the rat RelA

cDNA [1791 and included 39 base pairs of 5"-untranslated mRNA and amino acids 1

to 420 of RelA (Figure 2a). It covered the entire Rel homology domain including

DNA-binding and dimerisation domains but lacked the transcriptional activation do¬

main of RclA.

The expression patterns of BSFl and of the 8 subunit mRNA in various brain regions

and during differentiation of primary neurones in culture are remarkably similar [154].

It can therefore be expected that expression of a BSFl-encoding mRNA corresponds

to the expression pattern of the 8 subunit mRNA. RNA in situ hybridisation (sec 4.2.9)

revealed that RelA mRNA was distributed evenly throughout the brain (Figure 3a). In

contrast and in agreement with previous data [13, 23. 50-52], 8 subunit mRNA was

expressed predominantly in the granule cell layer of the cerebellum, in thalamus, in

dentate gyrus, and at lower levels in cerebral cortex, olfactory bulb, and striatum

(Figure 3b). In the cerebellum, in particular, RclA mRNA is found in both granule

cells and molecular layer of the cortex, whereas the 8 subunit mRNA is absolutely
confined to the granule cell layer. Expression of RelA mRNA is higher in inferior and

superior colliculi than in thalamus or striatum, in contrast to the 8 subunit mRNA,
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which was not detected in the colliculi. RelA is therefore an unlikely constitutent of

BSFl.

H«

b.

probe

RelA

(549 AA)

r41M41

(420 AA)

RelA

1137R

AAl

DNA-binding
domain

Ï77777777M

Dimerisation

domain

Rel homology domain

probes

MIBPl

(2437 AA)

rl8/r43

(181 AA)

MIBP

1410R

MIBP

4488R

nczm:

AA177 1 AA 357

ESXXX^Xlc

N-terminal zinc finger
DN A-bindinc domain

(2xCys2His2f

AA420

\
Activation

domain

MIBP

7651R

C-terminal zinc finger
DNA-binding domain

(2xCys2His2f

Figure 2: Partial polypeptides encoded by cDNAs isolated

a, The cDNA r41/141 encodes the N-terminal 430 amino acids of RelA including the Rel homology do¬

main but lacking the transcriptional activation domain, b. r 18/43 encodes ammo acids 177 to 357 of

MIBPl including the N-termmal /inc linger DNA-binding domain. The probes used for in situ hybridi¬

sation are indicated.

5.1.3 IVIIBP1

Clones rl8 and r43 contained identical fragments of MTBPl cDNA |200J. The cDNA

insert consisted of nucleotides 1294-1837 coding for amino acids 177 to 357

(Figure 2b) and included the N-terminal zinc-finger DNA-binding domain of MIBPl.

The in situ hybridisation pattern of MIBPl mRNA in rat brain was assayed with three

probes (sec 4.2.9 and Table 4, p. 29), which all revealed identical results. Representa¬

tive data are shown in Figure 3c, which illustrates the in situ hybridisation pattern with
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probe MIBPl 4488R. The expression pattern was very similar to the pattern of the 8

subunit mRNA. In the cerebellum, 8 subunit and MIBP1 mRNA are both restricted to

the granule cell layer. In addition, both genes arc expressed in thalamus, striatum,

dentate gyrus, cerebral cortex, olfactory bulb, and the hippocampal CA I region.

Thus, unlike RelA mRNA, MIBPl mRNA showed prominent and selective expression

in all brain areas that show 8 subunit expression and might therefore encode a DNA-

binding polypeptide of BSFl. Further studies were therefore concentrating on MIBPl

as a putative BSFl-encoding cDNA.

Figure 3: RNA in situ hybridisation of MTBPl, ô subunit, and RclA mRNAs

Autoradiographies of sagittal brain slices hvbridised with probes for RelA (a), 8 subunit (IP, and MTBPl

(c) (see 4.2.9). Note the similar expression patterns of MTBPl and 5 subunit mRNAs. Abbreviations: Ce,

cerebellum; IC. inferior colliculus; SC, superior colliculus; Eli, hippocampus; DG; dentate gyrus; CAl,

hippocampal CAl region; CA3, hippocampal CA3 region; Ctx, cerebral cortex; Th. thalamus; St, stria¬

tum; OR, olfactory bulb
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5.2 BSF1 and SVSSBC1 (c-myc Intron 1

Binding Complex 1)

5.2.1 Copurification of BSF1 and MIBC1

MIBPl was originally identified as a factor binding to a sequence in intron I of the

c-myc protooncogene [200]. Isolation of a partial MIBPl cDNA in a yeast one-hybrid

screen and the similar distribution of MIBPl and 8 subunit mRNA in brain suggested

to investigate nuclear extracts enriched in BSFl for bandshift activity to a probe

known to bind to MIBPl. The original partial purification scheme for BSF1 [154] was

modified as follows. Instead of whole brain, the modified protocol started with rat

cerebellum, which contains the highest concentration of BSFl. To speed up purifica¬

tion, the nuclear extract was subjected to WG/V purification without prior chromatog¬

raphy over DEAE- and Heparin-Sepharose and dialysis. The WGA purification by

column chromatography was replaced by a batch elution procedure (for details see

4.5.3.2) and the fractions (see 4.5.3.2) were analysed for the presence of BSFl by

electrophoretic mobility shift assays (EMSAs, see 4.5.4) with probe ds 8B (Table 9, p.

41; Figure 4a). In contrast to whole brain extracts, BSFl activity from cerebellum was

only detected upon purification and removal of the bulk of other proteins.

Only trace amounts of BSFl activity eluted during washes with 2.5 (fraction E) and

5 mM (fractions F, G) GlcNAc. A different contaminating complex (band II,

Figure 4a) that appears to correspond to the previously described Pal-like binding

protein 1154] eluted with washes D to G. Considerable amounts of BSFl eluted with

the 50 mM GlcNAc fractions H-M, but were barely detectable in faction N. The bulk

of BSFl eluted with 500 mM GlcNAc (fraction O). Although band I eluted similarly to

BSFl with the first 50 mM fractions (H-M) and to a less extend with fraction O

(500 mM GlcNAc). it was possible to obtain band I-free fractions (M, P, Q) for further

analysis. Moreover these fractions did not result in a smear between BSFl and band I

activity as observed for fractions H-E.
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Figure 4: WGA column chromatography

a, A nuclear extract, of 30 rat cerebella was loaded onto a WGA resin (700 pi), washed, and batch eluted.

This photograph shows an autoradiography (5'000 epm/lane, 15 hours exposure) of bandshift reactions

performed with 4 ul extract of the fractions indicated, b. Protein concentration of the corresponding frac¬

tions.
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Protein concentration in the eluate

was below the level of detection ex¬

cept in the peak fraction O

(0.59 pg/pl; Figure 4a). However,

the BSFl activity per pg protein is

greater in fraction Q. From here on.

all further experiments were per¬

formed using fractions P and Q.

In order to establish whether BSF I

could indeed be encoded by or re¬

lated to MIBPl, we compared the

BSFl bandshift complex in brain

extracts to complexes bound by the

myc intron probe. Neither of the two

probes recognised any binding pro¬

teins in crude cerebellar extract

(Figure 4 and data not shown). Upon

purification of the extract over

WGA, however, a c-myc intron

complex was identified that showed

similar mobility in bandshift gels as

the BSFl-DNA complex. Figure 5

demonstrates the copurification of

both complexes in fractions P and

Q. However, the myc probe-binding

complex ran much faster on the bandshift gel than would be expected of MIBPl with

an open reading frame of 2437 amino acids and was therefore termed c-myc intron I

binding complex I (MIBCl) rather than MIBPl. Native MIBPl of the expected mo¬

lecular weight or mobility on a denaturing gel has not been described so far. Possibly,

the targe open reading frame of MIBPl, which includes two distinct DNA-binding

domains, gets processed in vivo into shorter proteins that bind DNA independently (see

Discussion). In the following, the relationship between MIBCl and BSFT complexes

was analysed in further detail.

Figure 5: Copurification of BSFl and MIBCl

Fractions P and Q of a WGA-pnrified rat cerebellum nu

clear extract were reacted with probes 8B and c-myc and

subiected to EMSA (4 pi tiaction P/2 pi fraction Q,

lO'OOO cpm per laue). Autoiadiography (3.5 hrs expo-

suie) revealed the presence of a complex displaying a

mobility slightly different from BSFl labelled by c-myc

in both fractions. This complex was designated c-myc in¬

tron 1 binding complex I (MIBCl)
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5.2.2 Sensitivity to DNA Competitors of BSF1 and

M1BC1

BSFl and MIBCl bandshift reactions were performed in the presence of various

competitor oligonucleotides in order to analyse their DNA-binding specificities in

more detail.

Figure 6a depicts BSFl bandshift reactions with labelled SB. All competitors pre¬

vented formation of a BSFl bandshift in A 5"000- or 10'000-fold molar excess (lanes

6 and 7 (8B), lanes 12 and 13 (c-myc), lanes 18 and 19 (B seq.)). A 500-fold molar ex¬

cess of specific competitor 8B (lanes 4 and 5) was sufficient to result in a strong re¬

duction in BSFT signal strength. A similar pattern was observed with the c-myc probe

as a competitor (lanes 10 and 11). In contrast, B sequence competed much more poorly

with BSFl binding (lanes 16 and 17). Therefore, BSFT binds to c-myc and 8B with a

similar affinity that is significantly higher than the affinity to B sequence.

The binding specificity was analysed in an analogue experiment (Figure 6b). As ex¬

pected, MTBC1 showed similar sensitivity to competitors 8B and c-myc. Addition of a

500-fold excess of either competitor (lanes 4 and 10) was sufficient to abolish the

MIBCl band. In contrast, even a 1'000-fold molar excess of B seq. did not suppress

labelling of MIBCl completely (lanes 16 and 17) indicating that this sequence acted as

an unspecific competitor of MIBCl.

Thus, MIBCl and BSFl show similar or identical sequence specificities and DNA-

binding affinities. These observations support the view that identical DNA-binding

subunits might be present in BSFl and MIBCl.
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Figure 6: Sensitivity of BSFl and MIBCl to several competitor DNAs

Autoradiography- ( 11 houis exposure) of EMSAs (lO'OOO cpm per lane, gel run 4 hours) performed with

4 pi ot tiaction P of a WGA-purrfied rat cerebellum nucleic extract using 5B (a.) and c-myc (b ) probes.
Unlabeled competitor oligonucleotides 8B, c-myc, and B scq. were added to the extracts in molar excess

as indicated 15 nun before onset of the bandshift reactions. Complexes labelled by 5B and c-myc were

BSFl and MTBCl, respectively. Both complexes respond similarly to specific competitors SB and

e-myc and to unspceilic competitor B seq., both specific competitors ate similar regarding their ellect

on either of the complexes.
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5.2.3 Identification of Putative BSF1 Polypeptides by

ÜV-Crosslinking

UV-crosslinking allows to crosslink nucleic acids to protein complexes and to de¬

termine the molecular weight of DNA-binding proteins [244]. To determine and com¬

pare the size of DNA-binding polypeptides in BSFl and MIBCl, corresponding band-

shift reactions were subjected to UV crosslinking (see 4.5.5).

Figure 7 displays bandshift reactions performed with and without a 500-fold molar ex¬

cess of competitor DNA (Figure 7a). DNA-bound proteins were analysed by SDS-

PAGE (Figure 7b). No bandshift activity for MIBCl and BSFl was detected in the

presence of the specific competitors 8B and c-myc (Figure 7a). In the absence of com¬

petitor or in the presence of unspecific competitor (B seq.), two polypeptides migrating

at 80 kDa and 150 kDa were detected (Figure 7b); the 80 kDa polypeptide was labelled

more efficiently. However, the reduction in EMSA signal intensity, which was ob¬

served for MIBCl and BSFl bandshifts in presence of 500x B seq. competitor, was

not observed for the crosslinked polypeptides. Addition of B seq. did not alter consid¬

erably crosslinking efficiency of 8B to both polypeptides and crosslinking with c-myc

worked even better in presence of B seq. competitor.

Crosslinking of c-myc and SB was different from each other, although the probes had

similar radioactive specificities. The prominently labelled polypeptides of 80 kDa and

150 kDa were crosslinked to 8B about five times more efficiently than to c-myc as in¬

dicated by the prolonged exposure needed for autoradiography of the reactions using

the c-myc probe.

In an attempt to enhance crosslinking efficiency, the labelfing was also performed with

probes in which some thymidine residues were substituted by 5-bromodeoxyuracile in

one or both strands. These substitutions did not alter bandshift performance of the

probes, but unexpectedly decreased crosslinking efficacy. Especially the 80 and

150 kDa polypeptides were labelled less intense by all substituted probes (data not

shown). Flowever, substituted c-myc was crosslinked efficiently to a new species of

polypeptide migrating at -110 kDa (data not shown), which was barely detectable with

unsubstituted c-myc (Figure 7b).
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Figure 7: Polvpeptides identified bj UV-crosslinking

8 pi ot haction P ot a VvG \ purified tat ceiebellum nucleic cxtiact weie incubated in a 20 pi reaction

with 40 000 cpm ol ptobes c-mvc and öB in piesence ot ^00 told molat excess oi compebtois as mdi

catcd 6 S pi oi the icactions wete subdued to TMS \ an autoiadiogiaphv (1 ^ 000 cpm pet icaction 9

houis exposure) ot which is shown in panel a The lemamtnc ot the tcaction was exposed to UV-light

(254 nm, 40 Vv 4 S cm distance) tot 40 nun and analvsed on SDS PAGL ot which an autotadiogiaphy

(27'000 cpm pei lane. Ï (e>B) 14 (c mvc) class cvposme) i-, shown in panel b BSFl and MTBCl (a)

each coiiespond to two polvpeptides miüiatmu in SDS P \G1 w ith 1 s() kDa and SO kDa (b ) Hence the

dit feront piobes SB and c mvc were uossl inked to polvpeptides of identical mobil îtv
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The migration pattern and the size of the labelled polypeptides was confirmed to be 80

and 150 kDa by long-range oversized SDS-PAGE (data not shown). To assess the

molecular weight of the labelled polypeptides from the observed migration patterns,

the molecular weight and migration in SDS-PAGE of the labelling oligonucleotides

was taken into account. Single and double stranded c-myc and 8B oligonucleotides

were subjected to SDS-PAGE, which resulted in denaturation of the double stranded

oligonucleotides. Each of the single stranded oligonucleotides migrated with -10 kDa

(data not shown), which corresponded well with the calculated molecular weights of

8B (8B+10.2 kDa; SB-, 9.6 kDa) and c-myc (c-myc+, 9.5 kDa; c-myc-, 9.0 kDa). This

suggested that the factual molecular weight of the crosslinked polypeptides is about

10 kDa lower than observed for the DNA/protein compound in SDS-PAGE1 MIBCl

and BSFl therefore might contain two DNA-binding polypeptides of identical size

with molecular weights of about 70 and 140 kDa, respectiveh. Alternatively, the 140

kDa band might correspond to a dimer of the same protein bound to DNA.

The copurification of BSFl and MIBCl (see 5.2.1) and the very similar DNA-binding

specificities of both complexes (see 5.2.2) suggested that BSFl and MIBCl contain

similar DNA-binding polypeptides. UV-crosslinking now indicates the identical size

of these polypeptides. Thus, BSFl and MIBCl are closely related or identical with re¬

spect to sequence specificity, DNA-binding affinity, and molecular weights of their

DNA-binding polypeptides. In addition, there is circumstantial evidence that MIBCl is

encoded by MIBP I, whose mRNA is distributed similarly to 8 subunit mRNA in brain.

Thus, MIBPl most likely codes for BSFl.
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6 Discussion

BSFl has been identified as a brain-specific DNA-binding protein recognising a

purine-rich DNA element repeated in seven tandem copies approximately 1800 bp up¬

stream of the major transcriptional start site of the GABAA receptor 8 subunit gene

[T54"j. The expression patterns of BSFl and of the 8 subunit mRNA in various brain

regions and during differentiation of primary neurones in culture were remarkably

similar and suggested that BSFl plays a role in expression of this subunit. Here we

used a yeast one-hybrid screen as a means to isolate two candidate BSIT-encoding

cDNAs,RclA and MIBPl.

6.1 BSF1 is not a Member of the Rel Family

of Transcription Factors

Earlier work by Körner et al. [199| described a brain-specific purine element-binding

protein called BETA that was suggested to be a member of the Rel family of tran¬

scription factors. However, BETA was shown to be distinct of BSFT. BETA is not

glycosylated LI 54] and bandshift assays with deoxycholate-treated nuclear extracts re¬

vealed a distinct composition of BETA and BSFl [245]. In addition, several other lines

of evidence suggest that BSFl is not a member of the Rel family of transcription fac¬

tors. Firstly, BSFl does not bind to the NF-kB site |data not shown and 1541 and BSFl

bandshift complexes are not competed specifically by excess NF-kB binding sites

(Figure 6, p. 58). Secondly, the 8 subunit of GABAA receptors and the RclA mRNA

differ in the distribution of their mRNA (Figure 3, p. 52). Thirdly, BSFl bandshift re¬

actions were unaffected by preincubation of the protein with RelA antiserum (data not

shown). Thus, BSFl does not contain a RclA polypeptide and is unlikely to be a mem¬

ber of the Rel family of transcription factors.

An intriguing question that remains unresolved is the fact that RclA apparently acti¬

vates the yeast reporter genes in a BSFl binding site-dependent manner. The partial

RelA cDNA isolated covered the entire Rel homology domain including the dimerisa¬

tion domain (Figure 2, p. 51). RelA homodtmers recognise a specific 9-bp NF-kB tar¬

get site [246, 2471. However, it was previously shown that the 3' end of the NF-kB

binding site is not critical for binding [198] and that RclA homodimers can recognise

DNA targets that contain only the 5* half site [247). We therefore compared the RelA

consensus sequence to the 8B site present in the reporter genes (Figure 8). This re-
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kB (RelA) 5 f-GGRATTTCC-3 '

8B 5'-GAATTCCAGÄGGÄGAGGGGAGAGGGGAGAGCCGAATTC-3'

Figure 8: Alignment of SB and the consensus RelA homodimer binding site

The 5' subsitc of the RelA dimer binding site [246. 247] was aligned with the 8B oligonucleotide 1154).

The two sequences match at six out of nine nucleotides. How ever, only part of the common sequence is

contained within the BSFl recognition sequence of ÔB (underlined sequence) and this corresponds to

the half site that is less critical for RelA homodimer binding.

vealed striking similarities at the 3' end of the 8B sequence. However, RelA recog¬

nises a sequence that is different from the BSFl binding site 1154|. Therefore, reporter

gene activation by RclA clones may not necessarily reflect recognition of the BSFl

target sites and is consistent with the conclusion that RclA does not represent a con¬

stitutent of BSFl and that BSFl most likely does not belong to the Rel family of tran¬

scription factors.

6.2 MIBP1, a Candidate cDNA for BSF1

Unlike RelA, the MIBPl cDNA has many of the features expected of a BSFJ-

encoding cDNA. Firstly, the expression of the MIBPl cDNA in brain sections corre¬

lated well with the distribution of the 8 subunit mRNA determined by in situ hybridi¬

sation (Figure 3, p. 52). Secondly, a bona fide binding site for MTBPl (c-myc)

recognised a complex that showed an eiectrophoretic mobility in bandshift assays

comparable to that of BSFl (Figure 5, p. 56). Thirdly, the BSFl bandshift complex

was competed in an almost identical manner by binding sites for BSFl and MIBPl,

but not by RelA binding sites (Figure 6a, p. 58). Fourth, the two protein complexes

recognised by 8B and c-myc, respectively, bound DNA through DNA-binding

subunits that were indistinguishable by their eiectrophoretic mobility in PAGE,. These

findings indicate that MIBPl is a candidate to encode a BSFl polypeptide.

However, several issues remain unresolved. Although BSFl and MIBPl binding sites

gave rise to similar DNA-binding complexes it has not been proven that the protein

that binds the MIBPl binding site is indeed MIBPl. This complex was therefore cau¬

tiously called MIBCl (Figure 5, p. 56). Although the mobility of the two proteins was

similar, MIBCl reproducibly showed a slightly lower mobility than BSFl. Possibly,

this is due to an altered conformation of the two complexes induced by the different
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oligonucleotide binding sites. This idea is supported by the observation that the MTBPl

cDNA includes two separate and apparently independent DNA-binding subunits that

each might bind DNA independently. Alternatively, BSFl and MIBPl might corre¬

spond to related oligomers that contain the same DNA binding subunit.

Interestingly, the full-length MIBPl open reading frame is unusually large and en¬

codes a predicted protein of 267 kDa. A bandshift with such a protein might be ex¬

pected to show lower mobility in a bandshift gel than that found for BSFl.

Consequently, there is some doubt that MIBPl exists as a mature protein of 267 kDa.

This issue has not been resolved so far because all attempts by us and also by others to

express full-length recombinant MIBPl have failed. Furthermore, our attempts to con¬

firm the existence of a 267 kDa protein in brain extracts by raising antisera against

MIBPl were also unsuccessful. Consequently, there is considerable doubt that MIBPl

exists as a mature protein of 267 kDa. Possibly, the protein is protcolytically processed

to a smaller peptide corresponding to MIBCl and/or BSFT. Such a mechanism is ob¬

served with Rel A and other Rel family transcription factors. Alternatively, full-length

MIBPl mRNA may be subject to alternative splicing that results in a one or several

shorter open reading frames (see 6.3.3).

6.3 Correlation between BSF1 and MIBP1

6.3.1 Molecular Weight of the DNÂ-Bindîng Polypep¬

tides

The DNA-binding polypeptides identified by UV-crosslinking depict molecular

weights of about 70 and 140 kDa, respectively. These molecular weights do not match

those reported by Motejlek, 1995 [245] who labelled 59, 78, and 88 kDa polypeptides

with 8A that differed from 8B in only one of 32 nucleotides [see Table 14, p. 49 and

Ref. 154]. However, 8A was recognised not only by BSFl, but also displayed some af¬

finity to the PAE-like protein and it was discussed that the detected signals could rep¬

resent labelled BSA. In contrast, we reproduced labelling of the 70 and 140 kDa

polypeptides in independent assays with the SB oligonucleotide that is not recognised

by the PAE-like protein 1154], and could exclude BSA to be responsible for the UV-

crosslinking signal (data not shown). Therefore, we consider the 70 and 140 kDa

polypeptides detected here to be constituents of BSFl.
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6.3.2 Posttranslational Modification of MIBP1

BSIT is glycosylated and glycosylation can contribute up to 25% to the apparent mo¬

lecular weight of a protein in SDS-PAGE [248] Thus, the unglycosylatcd version of

the crosslinked 70 and 140 kDa polypeptides might correspond to open reading frames

of approximately 60 and 120 kDa (550 and 1100 amino acids, approximately). In con¬

trast, the predicted MIBPl open reading frame includes 2437 amino acids. Therefore,

the formation of 60 and 120 kDa polypeptides by the MIBPl gene requires either al¬

ternative mRNA splicing or posttranslational processing of the primary translation

product.

Proteolytic processing of the 267 kDa putative full-length protein by defined cleavage

might result in smaller MIBPl isoforms corresponding to the DNA-binding polypep¬

tides detected. However, no structural features [reviewed in 249] or protease target

motifs potentially involved in posttranslational modifications [250-252] have been

identified in MIBPl. This was confirmed by analysis of MIBPl using the PROSITE

data base (see 4.4.3, p. 38). However, MTBPl may be subject to processing by so far

unknown proteases.

6.3.3 Splicing of MIBP1 mRNA

Differential splicing of the full-length MIBP J transcript provides another possibility to

obtain MIBPl variants of about 60 kDa or 120 kDa. Alternative splicing has not been

demonstrated so far for MIBPl. Nevertheless, it is likely to take place in MIBPl, since

several studies provide strong evidence for alternative splicing in other ZAS family

members [see 3.2.5 and Ref. 204]. The most detailed studies were performed with

Rc/KRC [204, 215]. Multiple differentially spliced transcripts were identified in brain

and thymus that would predict multiple Rc/KRC isoforms that differ in their N-termini

and number of DNA-binding domains. The MIBPl cDNA isolated here using the one-

hybrid screen included the N-terminal zinc finger domain. The corresponding homolo¬

gous domain of Rc/KRC is encoded by a large 5.5 kb exon [exon 2, Ref. 204]. Com¬

parison of the exon organisation of ZAS family members suggest that the exon

structure is conserved in this class of transcription factors [204, 215]. Flowever, any

MIBPl mRNA that would include the entire second exon would encode a polypeptide

that is larger than 60 or 120 kDa. An unusual splice event that removed internal se¬

quences from exon 2 was reported for Rc/KRC [215]. The MIBPl cDNA was there¬

fore analysed for possible analogous events that could explain the presence of 60 and

120 kDa polypeptides.
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Computational analysis (see 4.4.4, p. 38) identified eight potential donor and nine po¬

tential acceptor sites within MIBPl cDNA. Combinations of high scoring donors and

acceptors that predict translation products of approximately 60 or 120 kDa are shown

in Figure 9. For example, 56.9 and 55.8 kDa polypeptides would be translated from

isoforms 1 and TI, respectively. Analogously, isoforms III and IV would encode 119.7

and 119.9 kDa proteins, respectively. Alternative splicing in isoforms I, III, and IV re¬

sults in a shift of the reading frame and to truncation of the C-terminus. The predicted

size of the corresponding mRNAs approximates 8.1-8.3 kb. Although mRNAs of this

size were not detected by northern blot analysis [200], the presence of minor popula¬

tions of one of these isoforms cannot be excluded. Isoform II uses a splice acceptor

downstream of the normal MIBPl coding region, to which computational analysis at¬

tributed the highest likelihood score. This splicing event would truncate the mJRNA to

approximately 3.8 kb, which corresponds to minor RNA species detected previously

[200]. Thus, alternative splicing of MIBPl mRNA could possibly account for the size

difference between the DNA-binding polypeptides observed by UV-crosslinking

(Figure 7, p. 60) and the predicted MIBPl open reading frame [200].
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Figure 9: Schematic representation of fulMength and concert able spliced MIBPl mRNAs

MTBPl full-length mRNA contains two 7inc hnget domains (tilled boxes) and two acidic domains

(shaded boxes) [200, 2041 Putative splice donoi (D l .2) and acceptoi (A 1-4) sites identified by com¬

putational analysis [2?>~*<. 2 vt] aie indicated with then nucleotide position [numbeimg according to the

published eDN<\ sequence. Ret 200] The lower sketches (1-TV) lepiesenl hypothetical mRNA isoforms

encoding polypeptides that would correspond m size to the ptotems detected bv UV-ciosslmkmg
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6.4 Structure of BSF1

The large majority of DNA-binding transcription factors bind UNA as homo- or het-

erodimers [73]. Several lines of evidence suggest that a composite structure also ap¬

plies to BSFl. Comparison of migration patterns in bandshift assays of NF-kB (l 15

kDa) with BETA [199] and BSFl [I54] indicates that even a J40 kDa polypeptide

would not be sufficient in size to account for the migration pattern observed for BSFl.

In addition, the 140 kDa band detected by UV-crosslinking is likely to represent a di-

mer of the 70 kDa polypeptide. In agreement, oligomerisation upon DNA-binding was

previously demonstrated within the ZAS protein family for carboxyterm mal fragments

of Rc/KRC [253]. Therefore, BSFl most likely represents an oligomeric complex. It

remains to be resolved whether all subunits are derived from the same gene and

whether they all contact DNA.

6.5 BSF1 and MIBC1

Identical size and DNA-binding affinities of BSFl and MIBCl suggest that the two

complexes contain identical DNA-binding subunits. The BSFl recognition sequence in

the ÖB element and the MIBCl binding site in the c-myc intron correspond at 17 out of

27 positions. Both sequences contain two guanosine tetranucleoticlc stretches, but they

are spaced by six nucleotides in the c-myc sequence and only by three nucleotide in

the 5B sequence. Thus, in order to recognise both sequences a factor must exhibit con¬

siderable flexibility in DNA recognition, something which is unusual among DNA-

binding proteins [254].

Apparently identical DNA-binding subunits in BSFl and MIBCl suggest that the

DNA-binding moieties of these factors are identical. The difference in mobility in

EMSA might reflect either differences in subunit composition or altered conformation

of the same complex (see 6.2). 11ms, more detailed studies on particularly composition

and DNA-binding of BSFl and MIBCI are required to resolve the question whether or

not the complexes are identical.

6.6 Conclusions

Using a yeast one-hybrid screen for BSFl, cDNAs encoding partial sequences of RelA

and MIBPl were isolated. Several lines of evidence suggest that MIBPl encodes a

DNA-binding subunit of BSFl. The same factor also appears to be a component of
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MIBCl, a complex observed in bandshift assays with a putative recognition sequence

for MIBPl in the c-myc gene. Although BSFl and MIBC1 show slightly different mo¬

bilities in EMSA, the two factors exhibit identical DNA affinities and sequence speci¬

ficities. We therefore suggest that BSFl and MIBCl represent oligomeric complexes

that contain a DNA-binding subunit encoded by MIBPl.

6-7 Outlook

Formally, the presence of MIBPl polypeptides in BSFl and MIBCl needs to be con¬

firmed. Convincing evidence for the presence of a MIBPl polypeptide would arise

from recognition of BSFl by an antibody directed against MIBPl in a supcrshift assay

or by immunoblotting a bandshift gel. Since attempts to generate MIBPl-specific

polyclonal antisera using synthesised oligopeptides have not been successful so far

(see 4.6.3), prospective antisera may be directed against MIBPl fragments expressed

in E. coli or in a Baculovirus system. Once potent antisera are available and the pres¬

ence of identical MIBPl isoformes in BSFl and MIBCl has been confirmed, it will be

interesting to investigate the mechanisms that allow the DNA-binding subunits to rec¬

ognise two distinct oligonucleotides. This requires the determination of the DNA-

binding properties of MIBCl. EMS As with differently mutated c-myc oligonu¬

cleotides, DNA footprint assays, and methylation interference analysis could identify

the nucleotides in c-myc that arc essential for recognition by MIBCl. A comparison of

these data to those obtained for BSFl [154] should reveal whether the two complexes

possess an identical consensus target sequence or alternatively recognise distinct target

motifs that mirror the apparent differences between ÔB and c-myc.

After confirmation of 70 and/or 140 kDa MIBPl isoformes in BSFl and MIBCl, the

corresponding mRNA or cDNA isoforms w ill have to be identified to prove differen¬

tial splicing of MIBPl mRNA. The isolated cDNAs can be used in a yeast two-hybrid

system [255] to identify other constituents of BSFl and MIBCl and finally help to de¬

fine the composition of the complexes. This could permit a structural description of

BSFl and MTBCl and provide means to perform detailed functional studies with both

complexes. It will be interesting to define the capabilities of BSFl in transcriptional

regulation especially of the GABAV receptor ö subunit gene. Since the putative BSFl

target elements do not function as obvious enhancer or repressor elements, BSFl

might play a mechanistically novel role in regulating this gene.
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