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Correct intron splicing generates a new type of a putative zinc-binding
domain in a transcriptional activator of Aspergillus nidulans
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aleR is the pathway-speeifiec transeriptional activator of the ethanel regulon in the Rlamentous fungus, Aspergillus nidilans, The deduced amino acid

sequence of s ¢cDNA elone, including the 3 part of the aleR-mRNA, shows that u putative Zn-binding domuin of the all-cysteine class, exemplified

by GAL4 is present. This structure presents some striking features. At variance with other structures of this cluss, the binding domain is strangly

asymimetrical. Madel building indicates that the zine-binding motif of aleR cauld ndopt an helis-turn-helix siructure. We propese that the DNA.
binding motif of aleR could participate in two types of DNA-binding structures: the zine-cluster and the helix-turn-helix.

Zn-binding domain; Ethanol regulon: Model building: Aspergillus midhalany

1. INTRODUCTION

In the ascomycete fungi, several transcriptional ac-
tivators contain a highly conserved amino-terminal
DNA-Zn-binding domain, of the general structure Cys-
Xaaz-Cys-Xaas-Cys-Xaass-Cys-Xaag-Cys reviewed in
[1,2]. It has been suggested that these structures could
chelate a Zn(Il) atom through the coordination of the
metal by the thiol groups of 4 cysteines {3] as was found
by Klug and co-workers for the TFIIIA transcription
factor in which two cysteines and two histidines are in-
volved in the ‘zinc finger structure’ {4].

The prototype of this 6 cysteines Cys;-Cys, class in
fungi is the product of the GAL4 gene, a positive
regulatory gene of 8. cerevisiae [3]. Evidence that
Zn(II) is actually chelated by these peptide-motives and
is necessary for the binding of the protein to the DNA
was demonstrated not only for GAl4 [3] and for the
glucocorticoid receptor which belongs to the Cysz2-Cysa
class [5}, but also for factors of the Cysz-His, class,
TFIIIA [6,71 and ADRI1 [8].

Two types of structures have been suggested for the
DNA-binding domain of the GAL4 protein. A zinc-
finger motif analogous to the Xenopus Cysa-H:sz
transcription factor' IIIA [4] has been proposed by
Johnston [3]. The second model proposed recently by
Pan and Coleman [9] involves the binding of the 6 cvs-
teines to  two Zn(ll) atoms folded in a
Zn(I1);-Cyse-binuclear-complex. The presence of tvvo
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zinc atoms has been demonstrated in the DNA-binding
domains of GAL4 [9,10} and LACS (11].

The alcR gene is the pathway-specific, positively-
acting regulatory gene of the ethanol wtilisation
pathway of Aspergillus nidulans. An active alcR gene
product is necessary for the induction of both alcohol
dehydrogenase 1 and aldehyde dehydrogenase (12,13].
The expression of the alcR gene is itself inducible, auto-
regulated and subjected to carbon catabolite repression
{14,15]. We have published previously the sequence of
this gene [16]. It is clear that in the second exon a
number of residues appear which constitute the second
half of a canonical Zn-finger of the Cysz:-Cys; class,
and moreover that the residues which follow the finger
structure, and which are conserved in the fungal genes
of this class are also present. It was pointed out
(Creaser, personal communication, [17]) that a perfect
‘finger’ would appear if the first exon was read in a ~1
open reading frame. The two halves of the ‘finger’
would be separated by an intron, and in order to
generate a canonical finger, splicing would have to oc-
cur at a sequence quite different to the fungal intron 3’
consensus sequences [18].

In this communication, we establish that the
regulatory alcR gene product of the ascomycete
Aspergillus nidulans contains a putative Zn-binding do-
main. This domain belongs to the general class ex-
emplified by GAL4 but presenis some striking new
features. It is strongly asymmetrical with respect to the
conserved central cysteine and moreover, we suggest
thati this extended asymmetrical loop forms an arm of
an helix-turn-helix motif, as found in a number of pro-
karyotic and eukaryotic regulatory proteins.
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2. MATERIALS AND METHODS 2.2, Modetling of the aleR putative Zre-binding domain
Our model for the aleR Zn-binding domain was obtained using the
1.1, ¢DNA clone construction Hydrophabie Cluster Analysis (HCA), [20] as a preliminary step for
Two oligodeoxynucleoride primers were used (o synthesize the diseriminating the structurally defined regions. The MANOSK (1)
¢DNA clone including the 3° part of (he aleR mRNA following ihe and the FROU ¥ [22) graphic programs with internally wired amina-
Saiki procedure (19). These are underlined on the sequence in Fig. 1B, acid dicionarl , wercemployed to build the moelecular structure, star-
We thank D. Gwynae of Allellix (Toronio, Canada) for providing the ting from the X-ray coordinates of aspuriyl-transcarbamylase of
oligonucleotides. Escherichia coli which contains a Cy:X;-Clys-X-Cys-Xa-Cys motif
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tcggaactecgyggaaceccaaggecteactgatcagecctaaaatgagtggtggatattccatg 832
ttccceacattaagecttcottotcattggectetgggeactecgactecgetegaccgegacgaa 896
ccctggecaggggaacctgggtatccaggteatgtgetggaaccccgeatgetecaggecteat 960
tccocagatttcgactecatggetgacageatccagacegeacgtttttggacttctgatacga 1024

Met Ala Asp Thr Arg Arg )
Letatacagatateactategatattctcctgeacacage ATG GCA GAT ACG CGC CGA 1082

Arg Gln Asn His Ser Cys Asp Pro Cys Arg Lys Gly Lys Arg Arxg Cya 22
CCC CAG AAT CAT AGC TGC GAT CCC TGT CGC ARG GGC AAG CGA CGC TGT 1130

Asp Ala Pro 25
GAT GCC CCG gtaggttgecgatateggetecccagegtgtgecactgacagtegetgagatg 11981

Glu Aan Arg Asn Glu Ala Asn Glu Asn Gly Trp Val Ser Cys 3%
taacacag GAA AAT AGA AAC GAG GCC AART GAA AAC GGC TGG GTT TCG TGT 1241

Ser A2n Cys Lys Arg Trp Asn Lys Asp Cys Thr Phe Asn Trp Leu Sex 55
TCA AART TGC AAG CGT TGG AAC AAG GAT_TGT ACC TTC AAT TGG CTC TCA 1289

Ser Gln Arg Ser Lys Ala Ly3 Gly Ala Ala Pro Arg Ala Arg Thr Lys 71
TCC CAR CGC TCC ARG GCA BAM GGG GCT GCA CCT AGA GCG AGA ACA AAG 1337

Lya Ala Arg Thr Ala Thr Thr Thr Ser Glu Pro Ser Thr Ser Ala Ala 87
AAA GCC AGG ACC GCA ACA ACC ACC AGT GAA CCA TCA ACT TCA GCT GCA 1385

Thr Ile Pro Thr Pro Glu Ser Asp Asn His Asp Ala Pro Pro Val Ile 103
ACA ATC CCT ACA CCG GAA AGT GAC AAT CAC GAT GCG CCT CCA GTC ATA 1433

Asn Ser His Asp Ala leu Pro Ser Trp Thr Gln Gly Leu Leu Ser His 118
AAC TCT CAC GAC GCG CTC CCG AGC TGG ACT CAG GGG CTA CTC TCC CAC 1481

Fig. 1. Déduced amino-acid sequence of the N-terminal part of the aleR protein. Panel A shows the 3 different possibilities of splicing described

in the text. Panel B shows the sequence of the cDNA clone at the 5 part of the #/cR mRNA. The oligodeoxynucleotide primers used to synthesize

the cDNA are underlined. The complete sequence has already been published [16]. The sequence of the intron and the 5/ flanking region is indicated
in small characters. The translated amino-acid sequence is shown above the DNA sequence.
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Fig. 2. Aligned sequences of 'Zn-binding matif® of the Cys;-Cys; binding domains from fungi, A, Aspergiliug nidulans: aicR (this paper); amdR

[26]; QUTA [27): N, Neurospora crassa: QA-1F (28): K, Kluyveromyces tuetis: LACY (2911 8, Saccharomyces cerevisiae: GAL4 (3); PPR1 [30);

PDRI [M); ARG2[32): LEUS {33); CYPI [34]. The cysteine residues and the conserved basic region are boxed. The arrow indicates the location
of the splicing point of the intron of alcR.

(coordinates from the Protein Data Bank), [23). However, imporiant
structural modifications had to be made in the loop as the
hydrophaobicity of the two fingers (alcR vs ATCase) are completely
different. The modelling implicd also a short deletion between the two
cysteines in the X, region of ATCase structure and the insertion of
two additional cysteines at positions 22 and 49 for building the bi-
nuclear Zn complex.

The overall structure motif was submitted to energy minimization
algorithm to relieve steric clashes and improve the side ¢chain packing
and hydrogen bonding (Program XPLOR, [24) with the energy
parameters described by Brooks et al., {25]). The caleulations were
started at a value of total energy equal to Eiomi = 4.5 % 10* keal, the
final value after 80 cycles of energy minimization, was lowered as
Eruami= 1.5 kcal, The total energy term used in the calculaticns com-
prises the covalent bond, bond angle, dihedral angle, planar (e.g. Phe,
Trp,...), intra-molecular van der Waals and explicit hydrogen bond
energy terms,

3. RESULTS AND DISCUSSION

3.1. Sequence of the N-terminal part of the alcR
protein

A ¢DNA clone including the 5' part of alcR-mRNA
has been constructed in order to know if such a ‘Zn-
finger’ structure could exist. We are faced with 3
possibilities (Fig. 1A): (a) the published reading frame
(0) of the first exon is correct [16], splicing occurs at the
place indicated in the published sequence and the se-
cond exon contains a residual, perhaps ‘fossil’ sequence
of canonical ‘Zn-finger’; (b) a new reading frame (~ 1)
is the correct one, there is a canonical ‘Zn-finger’, but
splicing occurs at ‘the 3' end of the intron at an
heterodox site; (c) the ~ 1 reading frame of the first ex-
on is correct, splicing occurs at a different but still or-
thodox site, and an asymmetric structure in relation to
the conserved central ¢ysteine containing 23 residues is
generated in between the consensus cysteine residues.

Alternatives b and ¢ imply that the peptide starts at an
ATG located at nucleotide 1065, The sequence of the
corresponding genomic DNA and the deduced amino-
acid sequence of the ¢cDNA clone are shown in Fig. 1B.
Alternatives a and b are excluded since the splicing oc-
curs at the 3' end of the intron at an orthodox CAG
site, located at 1197, consistent with the S1 mapping ex-
periments (which have an accuracy of x10 nucleotides)
but at a variance (8 nucleotides upstream) with the site
previously published.

The results show conclusively that the correct reading
frame is that indicated in Fig. 1A as — 1 (possibility ¢),
and that the translated sequence contains a putative Zn-
domain.

3.2. Comparison of
ascomycetes fungi
The similarity between the putative Zn-domain of the
alcR gene product and other structures of the same kind
is shown in Fig. 2 [26-34]. A strong similarity, including
the presence of universally conserved residues, is evi-
dent up to the 13th residue of the amino-terminal end of
the motif with a preponderance of positive charges.
Then 15 residues are found, where usually 6 are present .
in most of the other fungal regulatory gene products of
this class. It is interesting that among the universal
residues of the loop of these proteins, there is a proline,
one (or exceptionally two) residues before the 4th cys-
teine,; this residue is absent in alcR, but a proline is pre-
sent at position 25 after the 3rd cysteine. Intron splicing
occurs between this proline and the following residue,
with conservation of the reading frame. At the carboxy
terminus of the motif a weaker conservation of
aminoacids is observed among the proteins depicted in
Fig. 2.

‘Zn-binding’ motives from
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Fig. 3. Proposed binuclear metal complex formed by the alcR protein, Panel A, amino-acid sequence of alcR putative binuclear-Zn(Il)-cornplex.

The grey lines indicate the predicted a-helical structures, Panel B, a view of the C* backbone (orange) underlined by ribboii representation is shown

around the two putatwe Zn(11) atoms coordinated to the 6 available cysteines. One Zn(11) atom (upper on the figure) serves as a link between the
two o helices. The N terminal is on the right and the C terminal o the left.
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1.3, Modelling of the alcR putative Zn-binding domain

The question remains whether this heterodox strucs
ture is able to adopt a folded domain as in other
DNA-binding proteins. Comparison of the Zn-binding
domain of DNA-binding proteins with metalloproteins
of known 3D conformation, prior to crystallographic
or spectroscopic studies, has led to detailed structural
models [(35,36]. We have constructed a structural model
for the aleR putative binuclear Zn-domain starting
from the X-ray coordinates . of aspariyl-
transcarbamylase of Escherichia coll which contains a
Cys-X3-Cys-X;3-Cys-X4-Cys motif [23]. The cysteines
linkages (Cys-22 and Cys-49) were extended to a seconcd
Zn(Il) atom (Zn-S distance: 2.08 A) using the
MANOSK and FRODO programs, as indicated in the
experimental scction., We have détermined that there
are no constraints that could prevent this motif to adopt
a folded structure in which two Zn(Il) atoms are tetra-
coordinated by 6 cysteines in a folded structure com-
patible ‘with those determined by NMR studies on
binuclear Cd(lI)-complexes {9]. This resulted in the
asymmetrical clover-leaf structure ribbon representa-
tion given in Fig. 3, with side chains omitted for pur-
pose of clarity. The extended loop of ATCase com-
prises an antiparallel #-sheet with two turns (in which a
proline is involved) [23]. In alcR, the corresponding ex-
tended loop was predicted as an a-helix for the C-
terminal part of the loop. The sequence from residue 16
to 24, following the two first ¢ysteines, is structurally
not well defined, since it contains a high number of
polar basic residues, however this region is only involv-
ed in two small loops connecting these complexed cys-
teines. A A-turn engendered by Pro-25 connects this
region to the predicted er-helical structure which extends
from residue 26 to 38, The ‘post Zn-finger’ sequence
following Cys-49 is also predicted to be an a-helical
region.

It was shown that in ADR1 the Cys-Cys region of the
structure comprises a loosely structured tract [8]. The
preponderance of positively charged residues which is
at the root of the loose structure of the tract between
cysteines 15 and 22 in alcR is also a gencral
characteristic of the ‘GAL4’ class of Zn-binding do-
mains (Fig. 2). The structural model of the alcR
putative DNA-binding region shares the features that
an helix-turn-helix appears but with the turn region
replaced by a putative bi-nuclear Zn domain. It is
noteworthy that an e-helix is also present in the C-
terminal structures of TFIIIA [35], XFin [37] and
ADRI1 [8]. In the Zn-binuclear domain of GAL4 [9],
helical tracts have been predicted. In the glucocorticoid
receptor, a structure encompassing two a-helices has
been found by Cd(II) NMR studies. The a-helix after
the first zinc finger would be the recognition helix
located in the DNA major groove [38).

A number of different relative orientations are equal-
ly possible for the two predicted a-helices compatible
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with the orientation determined for the helix-turn-helix
of the CRO-operator DNA complex [39). Thus the
helical structures described above would fit into the ma-
jor groove of CNA (40].

Homeobox domains also contain helix-turn-helix
structures which share some apparent similarities with
the procaryotic repressors [41). It would be interesting
if these predicted binuclear Zn-clusters were just
another way of bringing about the classic DNA-binding
motif shared by a number of prokaryotic and
eukaryotic regulatory products (reviewed in {40,42)),
The unusually asymmetric domain of the alcR gene pro-
duct could be considered to bridge both types of strue-
tures,
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