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protein encoded by the hooded gene, k, in barley (Hordeum vulgare)
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Abstract The homeodomain of the knotted classes of transcrip-
tion factors from plants differs from the well characterized Antp/
En type homeodomains from Drosophila at key amino acid
residues contributing to the DNA binding. A cDNA, Hvh21,
derived from the hooded gene and encoding a full length homolog
of knottedl from maize was isolated from barley seedlings and
expressed as a maltose binding protein fusion in E. coli. The
purified HvH21-fusion protein selected DNA fragments with 1-3
copies of the sequence TGAC. Gel shift experiments showed that
the TGAC element was required for binding and the results
further indicate that the HvH21-fusion protein binds DNA as a
monomer.
© 1997 Federation of European Biochemical Societies.
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1. Introduction

The knottedl (knl) gene from maize was the first homeobox
gene isolated from plants [22]. The encoded protein fulfills the
criteria for the expected function as a transcription factor
since it localises to the nucleus [19] but it is not known which
genes it controls. The knl gene from maize was isolated via
one of several dominant kn/ mutations that confer distorted
growth of the leaves and stunting, subsequently demonstrated
to be caused by ectopic expression of the wild type protein in
lateral veins [6,19]. The precise function of the wild-type knl
gene is not known, but extensive in situ localisation experi-
ments showed that both the kn/ transcript and the Knl pro-
tein are confined to the apical meristem and the sub-apical
developing vascular strands during vegetative growth [6,19].
During embryogenesis, the transcript is found in the embryo
from an early stage [20]. Homologs of the knotted, class 1
genes, defined as a subfamily of knotted genes based on se-
quence homology criteria as well as gene expression pattern,
have been isolated from rice, soybean, Arabidopsis, and toma-
to [5,9-11,13]. The encoded proteins of this class of genes
have very homologous homeodomains, a conserved basic do-
main N-terminal to the homeodomain and some sequence
similarity outside these regions; the proteins are about 360
amino acids long. The expression in vegetative tissue is largely
as described for knl in maize but minor differences in expres-
sion patterns in different plants are evident [5,10,14].

Two interesting morphological mutations have been corre-
lated with knotted genes, the dominant mutation causing the
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hooded phenotype in barley [15] and the recessive shoot mer-
istemless mutation, stm, in Arabidopsis [10]. The hooded mu-
tation causes the homeotic transformation of the awn into a
mirror image secondary floret [21] and is accompanied by
overexpression of the hooded gene in the lemma which leads
to the formation of a secondary floret meristem [15]. The
phenotypes of knl, hooded, stm, and the results of ectopic
expression experiments in transgenic plants [13,18] serve to
suggest a role of knotted class 1 genes in meristem formation
and/or maintenance.

Here hvh21, a barley homolog of the maize knl, is de-
scribed. It probably corresponds to the same gene as hooded
judged by the high nucleotide sequence homology of coding
and non-coding regions but the encoded proteins are not iden-
tical. In order to elucidate the functions of the Hooded pro-
tein as a transcription factor and thereby to clarify its roles in
plant development we wish to identify genes that are regulated
by Hooded, and as a start have determined the preferred
DNA binding site in vitro.

2. Materials and methods

2.1. Biological material
Barley (Hordeum vulgare cv Bomi) was grown and selected tissues
were harvested on day 7 as described [1].

2.2. ¢DNA cloning and DNA sequence analysis

A portion of a ¢cDNA library (3X10° recombinants) in lambda
ZAPI1 prepared from poly(A+) RNA from the basal 2.5 cm of 7-
day-old barley seedlings [12] was screened by low stringency hybrid-
ization [3] with all solutions including 4 X SSC. The probe was a copy
of 60 bp of the maize knl cDNA sequence corresponding to amino
acid 302-321 of the highly conserved region of the homeodomain [22].
Recombinant phages were purified and the pBluescript SK(—) plas-
mids were rescued according to the Stratagene lambda ZAP manual.
Inserts were subsequently transferred to the higher yielding pBS(—)
vector. Sequencing was performed with double-stranded DNA using
the Sequenase 2 kit (United States Biochemicals). cDNA clones en-
coding the N-terminal of HvH21 were isolated as follows. Total RNA
from the basal 2.5 cm of 7-day-old barley seedlings was purified with
the RNAeasy kit for plant tissue (Qiagen Inc.) and the poly(A+)
fraction was isolated with oligo-dT coated magnetic Dynabeads (Dy-
nal) according to the supplier’s instructions. The poly(A+) RNA was
reverse transcribed for 45 min at 42°C in a 20 pl reaction containing
2 ug poly(A+) RNA, 900 ng oligo-dT, 50 units AMV reverse tran-
scriptase (Boehringer Mannheim) and 16 units RNasin (Promega) in
50 mM Tris-HC], pH 8.5, 8 mM MgCly, 30 mM KCl, | mM DTT,
4 mM Na,P;07, 500 uM each of dNTP. The RNA-DNA hybrids
were purified on Sephadex G-50 and the RNA strand was removed
with 2.5 units RNAse H (Boehringer Mannheim) in 20 pl 10 mM
Tris-HCI, pH 8.0, ImM EDTA in a 30 min reaction at 37°C. The
cDNA (10 ng) was tailed with dG in a 20 pl reaction containing 50
units terminal deoxynucleotide transferase (Boehringer Mannheim),
5 uM dGTP, 200 mM K-cacodylate, 25 mM Tris-HCI, pH 6.6, 0.75
mM CoCly, 1.25 mg/ml BSA for 30 min at 37°C. Hvh2l specific
amplification was carried out with a primer (5'-GCGGAATTCT-
GCAGCACCGGGTTGCTACAG-3") complementary to the Hvh21
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sequence coding for amino acid 73-79 (Fig. 1A) and the unspecific
primer (5'-GCCGGAATTCCCTCGAGC,3-3") complementary to the
oligo-dG tail (all oligonucleotides were synthesized by DNA-technol-
ogy ApS, Aarhus). The PCRs were carried out in 100 ul with 100
pmol of each of the two primers and 5 units Taq polymerase (Stra-
tagene). The 30 PCR cycles were at 95°C for 1 min, 55°C for 1 min,
72°C for 2 min finishing with 10 min at 72°C. Two identical amplifi-
cations were carried out, the first round with 0.5 ng tailed cDNA and
the second round with a DNA fragment of the expected size of 370 bp
synthesized in the first round and isolated as a faint band from an
agarose gel. The resultant 370 bp DNA fragment was digested with
EcoRI and the fragment ligated into pBS(—). The inserts of five in-
dependent recombinants were sequenced as described above.

2.3. Expression and purification of HvH2I-fusion protein

The coding regions of the original partial Hvh21 clone was com-
bined with the coding region of the 5’ fragment obtained by the RT-
PCR procedure using an Ncol restriction site at the start codon, a
common Ps¢1 site and a Stul site located 10 bp downstream from the
termination codon. The two fragments were inserted in the expression
vector, pMAL-c2 (New England Biolabs) between the EcoRI and
HindllI sites and cloned in E. coli JM109 [24]. To preserve an open
reading frame between the maltose binding protein coding region and
HvH21 coding region, the EcoRI and Ncol sites were filled in. The
correct insertion of the Hvh21 coding region was verified by DNA
sequence analysis. Synthesis of the HvH21-fusion protein was induced
in an exponentially growing culture at 1.5Xx10% cells/ml with IPTG
(0.3 mM final concentration) and the cells were harvested after 3 h.
The cells were concentrated 10-fold in lysis buffer (20 mM Tris-HCI,
pH 7.4, 200 mM NaCl, 1 mM EDTA, 1 mM DTT), opened by
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sonication, the soluble HvH21-fusion protein was purified on an amy-
lose resin column as described in the New England Biolabs manual
and the maltose removed by dialysis against lysis buffer. The proce-
dure was monitored by SDS-PAGE and the protein concentration
was determined according to Bradford [2].

2.4. DNA binding site selection

The experiments were carried out with HvH21-fusion protein im-
mobilised on nitrocellulose filters (200 ug/l cm?® filter) and reacted
with a mixture of 65 bp DNA fragments with a central core of 20
bp random sequence, amplified by PCR and reacted with fresh filters
additionally 1 or 3 times, exactly as described by Nerby et al. [17].
The sequences of the DNA fragments were 5'-CGGGCTGAGAT-
CAGTCTAGATCTNNNNN-NNNNNNNNNNNNNNNGGATC-
CGAGACTGAGCGTCGTC-3', and DNA fragments bound by the
HvH21-fusion protein were amplified by PCR using primers matching
the common sequences at the 5’ and 3’ end. Experiments were per-
formed with HvH21-fusion protein and with BSA. No DNA was
selected by BSA and one of the Hvh2l-fusion protein experiments
was negative. DNA fragments from the remaining experiments were
inserted directly in the TA-cloning vector, pCRII (Invitrogen), using
INVoF’ as host. The inserts of recombinant plasmids, verified by
Bglll digestion were sequenced as described above.

2.5. The gel shift experiments

DNA fragments containing one, two, or three HvH21-fusion pro-
tein binding sites or no binding site were taken from the collection of
plasmids isolated in the binding site selection experiment (the precise
sequence of the fragments is shown in Fig. 3A). The fragments were
excised with EcoRI, purified on 5% acrylamide gels, labelled with
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Fig. 1. Comparison of derived amino acid sequences of Knotted class 1 (Knl) proteins and of 5’ non-translated leader sequences from corre-
sponding genes and cDNAs. A: HvH21 sequence derived from the present work. OSHI is the homologous sequence derived from the rice
gene/cDNA (accession number D16507). Knl is the sequence derived from the maize gene, knottedl (accession number X61308). The amino
acid differences between HvH21 and the sequence derived from the barley /ooded gene (accession number X83518) are shown above the se-
quences. The homeodomain is shown in grey and the ELK region characteristic of the Knotted homeodomain proteins is shown in the box.
The bent arrow indicates the extent of the primary Hvh21 cDNA clone, and the leftward arrow indicates the position of the Hvh21 specific pri-
mer employed to isolate sequences from the 5’ end of the Hvh2l messenger RNA. B: alignment of the nucleotide sequences of the Hvh2l
cDNA, the hooded gene, the rice OSHI gene (the transcription start site is underlined) and the maize knortedl sequence. The grey box indicates
a conserved sequence element in the non-translated leader sequences. The underlined GT-AG shows the location of the leader intron in the bar-

ley gene.
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[*>P]dATP in the presence of 0.2 mM dTTP using the Sequenase
DNA polymerase and buffer, and purified on Sephadex G-50 col-
umns. The specific activity was 4000-8000 dpm/fmol fragment. The
radioactive DNA fragments (5 fmol) were reacted for 30 min at room
temperature with 0-500 ng HvH21-fusion protein or up to 500 ng
maltose binding protein fused to paramyosin (New England Biolabs
protein expression kit) in the presence of 2 pg poly d(I-C)-poly d(I-C)
(Pharmacia) in a total volume of 10 pl binding buffer used in the
DNA binding site selection experiments (25 mM HEPES, pH 7.9,
40 mM KCI, 3 mM MgCl,, 1 mM DTT) supplemented with 10%
by vol. glycerol. The samples were electrophoresed on 0.7% agarose/
3% acrylamide gels and the gels dried as described [16]. Several auto-
radiograms were prepared for each gel. They were scanned on an
Apple scanner and semi-quantitative analysis of band intensities was
carried out on a Macintosh using the Image program from NIH.

3. Results
3.1. Hvh2l ¢cDNA cloning and sequence analysis

The barley homolog of maize knl was isolated from a bar-
ley seedling cDNA library constructed from polyA(+) mRNA
from the basal 2.5 cm of 7-dday-old seedlings, using a copy of

the most conserved region of the An/ homeobox as probe.
Eight partial cDNA clones encoding proteins from the knotted
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Fig. 2. SDS-acrylamide gels of the HvH21-fusion protein. Lane 1,
extract of uninduced E. coli harbouring the Hvh21-pMALc2 plas-
mid; lane 2, soluble fraction of sonicated E. coli cells harvested 3 h
after IPTG induction; lane 3, the HvH21-fusion protein after purifi-
cation on amylose resin; lane M, molecular weight markers.
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A

F2 B4 4 tctagat ctGACAGGGGCCGTCGTGATGGggatce

F2 B4 5 tctagat ct TTGATTGACAGGTGCTIGACggat cc

F2 B4 7 ggat ccCGCCAGTCTCTGATGATGACagatctaga

F2 B4 9 tctagatct GIGACACCTGTCGTGCAGTGggat cc

F2 B4 11 ggat ccTCATTCCTGACGTGACACGGagatctaga

F2 B4 12 tctagat ctACAGGGACGCGTGACGCTCGggatce

F2 B4 13 tctagatct GTGACAGTGGAGTTGACCGGggatce

F2 B4 15 ggat ccAACGACCGATTTTTCTCGGAagat ctaga

F2 B4 16 ggat ccCAACATCAACCCCCATGACTagatctaga

F2 B4 18 tctagat ct GATGTATGACAGCTIGACGTggatcc

F2 B4 19 tctagat ct GIGACAGGAATGTGTGTGATggatcc

F2 B4 20 ggat ccGACGTTTGCTTACTGCTAGagatctaga

F2 B4 21 tctagat ct ATGACTGATGGGIGACAGGGggat cc

F2 B4 23 ggatccTCCGACGTGTGACGCTCCGGagat ctaga

F3 B2 1 tctagat ct ACGGTCCCTTGACGTTGTGTggatcc

F3 B4 1 ggat ccGACCCTTGCTACTATACAGCagatctaga

F3 B4 3 tctagat ct AGGACTGACAAACAGCTGATggatcc

F3 B4 4 ggatccGAGACTGACCTGTTAGAGACagatctaga

F3 B4 6 tctagat ctGGTGACGTIGACAGTTTTATAggatcc

F3 B4 7 tctagat ct AAGCTGACTGACGCATGACggatce

F3 B4 8 tctagat ctGACCGCTCCTGTACGGGCGTggatce

F3 B4 9 tctagat ct GATTGACTGGTGACCGGCTCggatcc

F3 B4 10 tctagat ctGACGTTTGACGTGGACTGATggatce

F3 B4 11 tctagat ct GACCTGACGTATGACACTTTggat cc

F3 B4 12 tctagatct TGTGCTTIGACAGGIGACAGggatcc

F3 B4 13 tctagat ct TGATGTAACGACGTGTIGACAggatcc

F3 B4 14 ggat ccACCTTCCTCCACCCTAACCAagat ctaga

F3 B4 15 tctagat ctAAGTGATAGAGGAGGACAAggat cc

F3 B4 16 ggat ccTGGCCATCAATTTCGIGACAagatctaga

F3 B4 18 tctagat ctATATGTCCIGACATGIGACAggatce

F3 B4 19 ggatccAACTGGAACTCCTGCACGCCagatctaga

F3 B4 21 ggat ccGGTGACCGCTGTCATACATCagatctaga

F3 B4 22 tctagat ctGACGTTGAGIGACTTGIGACggatce

F3 B4 23 tctagat ct TTTGTTGATTGGTCGATGACggatce

F3 B4 24 tctagat ct GGTCATAAGGGACGIGACAGggatcc

F3 B4 25 tctagatct CTGACCGCTGTCACTTCCAGggat cc

F5 B2 2 ggat ccCCCCGCCIGAAGCCACTAACagatctaga

B

SEQUENCE| N N N N T [} A c N N N N
G 11 9 7 16 1 35 13 18 13 11
A 3 14 5 4 1 37 1 15 4 9 7
T 11 3 13 3 33 1 1 7 9 15
C 12 11 12 14 3 1 35 8 8 6 4

CONSENSUS| n n t/c g/c T ] A [ g/a g/c n t/g

Fig. 3. Sequences of the central regions of DNA fragments bound
by HvH21-fusion protein and identification of the preferred binding
sequence. A: the conserved TGAC sequence is underlined. The sep-
arate binding site selection-amplification series are indicated by the
F number, the number of cycles performed before cloning of the
DNA fragment is given by the B number, and the number given to
individual clones is shown last. The name of the four DNA frag-
ments employed in the gel-shift analyses is underlined. B: simple
count of the four deoxynucleotides at different positions in the
alignment in A.

family were isolated, four of which coded for the same close
homolog of maize Knl. The length of the inserts was 1208 bp
starting at codon 68 (Fig. 1A) and terminating in a polyA tail.
cDNA clones including the 5" non-translated leader (Fig. 1B)
and the N-terminal coding region were isolated with an RT-
PCR procedure. The complete amino acid sequence derived
from the original cDNA clone and the RT-PCR clones, des-
ignated HvH21, is shown in Fig. 1A. The barley amino acid
sequence is 74% identical to the maize knl sequence [22] and
81% identical with the rice OSH1 sequence [13] and the sim-
ilarities increase to 94% when comparing the homeodomains.
Northern analysis of Hvh21 gene expression in different re-
gions of young seedlings was positive only in the most basal
region including the shoot apical meristem which is similar to
the region of expression of knl/ in maize seedlings (not
shown). However, it is premature to conclude that the pre-
sumed orthologous genes knl, OSHI, and Hvh2l have pre-
cisely the same functions in seedling development.

Hvh21 most likely corresponds to the gene correlated with
the hooded mutation in barley [15]. The complete gene isolated
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Fig. 4. Gel-shift analyses. All lanes contained 5 pmol 3>P-labeled DNA fragment and the identity of the DNA fragments is shown above each
gel (the sequences are given in Fig. 3). The MBP-p (maltose binding protein-paramyosin fusion) control lanes contained 500, 200, and 100 ng
protein, lane O contained no protein, and the remaining lanes contained 100, 200, 300, 400, and 500 ng HvH21-fusion protein. All binding re-
actions included 2 pg poly(dI-dC)-poly(dI-dC). The specific activity of the DNA fragments were the same within a factor two and the autora-
diograms shown were exposed for the same period of time. The top band is material trapped at the origin; the bottom band is the free probe.

from cv Cl was sequenced (accession number X83518) and
the 5 non-translated leader sequence is aligned with the
Hvh21 leader in Fig. 1B. The sequences are almost identical
except for a region bounded by consensus splice sites. An
intron was indicated [15] and Fig. 1B places this leader intron
at location 2653-2744 in the hooded gene sequence. The se-
quence of the unspliced 5" non-translated leader of hooded is
very similar to the leader sequence in kn/ and OSHI as illus-
trated by the completely conserved domain of 19 bp (Fig. 1B)
but there is no intron in the leader sequence of the kn/ and
OSHI genes. The coding regions of Hvh2l and the hooded
gene are mismatched at two positions that result in the amino
acid differences shown in Fig. 1A. The 3’ untranslated regions
are mismatched at five positions and the alignment showed
that one polyadenylation site is located at 10279 in the hooded
sequence.

3.2. Expression of a HvH2I-fusion protein in E. coli

The maltose binding protein fusion system was used for the
expression of the complete HvH21 homeodomain protein.
The coding region of Hvh21 was combined in the expression
vector pMAL-c2 (New England Biolabs) and the protein ex-
pressed starts with the maltose binding protein bridged by a
linker including a factor Xa protease site and fused to the
HvH21 amino acid sequence. The N-terminal sequence of
HvH21 after factor Xa cleavage was predicted to be ISEFM,
adding four amino acids to the end of the protein. E. coli
strain JM109 was used as host and the cultures were induced
with IPTG at 1.5 X 108 cells/ml. The growth rate of the culture
decreased gradually and an optimal yield of fusion protein
was obtained after 3 h growth in the presence of IPTG. Fig.
2 shows the SDS-acrylamide gel profiles of cell extracts before
and 3 h after IPTG induction. The HvH21-fusion protein did
not form inclusion bodies and the protein was purified on
amylose resin directly from the supernatant of a sonicated
extract. The purified fusion protein analysed on SDS-acryla-
mide gel appears as a single band of the expected mass (83
kDa) with trace amounts of smaller peptides (Fig. 2). Factor
Xa processing was not feasible since it resulted in complete

breakdown of the modified HvH21 protein leaving only the
maltose binding protein intact.

3.3. Determination of DNA binding sites preferred by the
Hvh21-fusion protein in vitro

The binding site selection method has been described in
detail [17]. Briefly, HvH21-fusion protein was immobilised
on nitrocellulose filters and reacted with a mixture of 65 bp
DNA fragments with a core of 20 random bp. The filters were
washed and the DNA eluted and amplified by PCR. A por-
tion of the amplified DNA was reacted with a fresh filter and
this cycle was repeated 2 or 4 times. The samples of DNA
fragments were cloned, individual recombinant colonies were
collected, and the inserts of 37 plasmids were sequenced. The
cores of the sequences (Fig. 3A) were all different, thus result-
ing from separate binding events. Inspection of the sequences
revealed that the majority contain the tetramer TGAC and
that it is present in two or three copies in several cases. The
multiple TGACs are located as direct repeats except in two
cases. Comparison of the sequences at positions upstream or
downstream from the TGAC core does not indicate strict
sequence requirements, albeit some preferences are noted
(Fig. 3B). The consensus binding site is thus short and asym-
metrical, indicating that the HvH2I-fusion protein binds
DNA as a monomer [§].

3.4. DNA binding analysed by gel-shift experiments

The specificity of HvH21-fusion protein binding to TGAC
containing DNA fragments were tested in gel-shift experi-
ments. DNA fragments were prepared from four different
plasmids from the binding site selection experiments, and their
sequences are shown in Fig. 3A. They have one, two or three
binding sites or no complete binding site. To test the possible
binding of the maltose binding protein region of the HvH21-
fusion protein a fusion to paramyosin was reacted with each
of the four DNA fragments. The results (Fig. 4) show that
none of the DNA fragments were bound by this control-fu-
sion protein. Increasing amounts of the HvH21-fusion protein
were reacted with the four different DNA fragments and the
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analyses of the complexes (Fig. 4) show that the TGAC core
element is absolutely required for binding. A pattern of two
main slow migrating bands (the top band is material trapped
at the origin) and a faster migrating weaker band is seen with
all three TGAC containing DNA fragments and the DNA
fragment with three TGAC elements is bound marginally bet-
ter than the DNA fragment with one TGAC element. The
multiple bands are most likely the result of the instability of
the HvH21-fusion protein, and it is noted that the distribution
of material in the different bands is independent of the protein
concentration, in agreement with the indication that the pro-
tein binds as a monomer. A semi-quantitative analysis of the
HvH21-fusion protein binding to the different DNA frag-
ments as function of the protein concentration was carried
out (not shown). It was seen that the DNA fragments with
one, two, or three TGAC elements bind to the HvH21-fusion
protein with similar affinity. In addition, the binding was lin-
early dependent upon the protein concentration, suggesting
that no more than one HvH21-fusion protein can bind per
DNA fragment, even when more than one TGAC element is
available.

4. Discussion

The Hvh21 cDNA coding for a homeodomain protein of
the Knotted class 1 was isolated and used to construct a
plasmid for expression of the protein in E. coli. The expres-
sion construct codes for a maltose binding protein fusion
which is a soluble protein in bacterial extracts and readily
purified on amylose resin. Homeodomain proteins are tran-
scription factors that interact directly with DNA and the pre-
ferred DNA binding site for Hvh21-fusion protein was found
to have the core sequence, TGAC (Fig. 3B). The DNA bind-
ing sites recognised by the majority of homeodomains inves-
tigated have a core sequence of A-T base pairs (TAAT) where
the first two base pairs contact the N-terminal arm (residue 1—
7) and the remaining base pairs primarily contact the DNA
recognition helix (residue 42-60) of a prototype 60 amino acid
homeodomain [4,8]. The core sequence recognised by HvH21
(TGAC) is similar to the core sequence recognised by the
yeast transcription factor, Mato2 (TTAC) assuming similar
orientation of the DNA element in the protein complex [23].
The Mata2 DNA recognition is correlated with a variant N-
terminal arm and the substitution of a conserved isoleucine
residue at position 47 in the prototype homeodomain with an
asparagine residue. HvH21 has an equivalent asparagine res-
idue (residue 317 in HvH21 in Fig. 1A) but the N-terminal
arm is not similar to that of Mata2 or the prototype homeo-
domain. The knotted family has a second unusual DNA con-
tacting residue, an isoleucine at position 50 in the prototype
sequence (residue 320 in HvH21 in Fig. 1A).

The homeodomains of the knotted class 1 proteins which in
addition to the sequences aligned previously [7] include
HvH21/hooded from barley, stm from Arabidopsis [10], and
Tknl from tomato [5] have identical DNA recognition helix
and nearly identical N-terminal arm (lysine in position 1, 2, or
3 can be an arginine). It is therefore predicted that this class
of homeodomain proteins have very similar DNA binding
sites, sharing the TGAC core sequence. As discussed for ho-
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meodomain transcription factors in other organisms the high
in vivo specificity is most likely conferred by additional DNA
contacts as well as interactions with other transcription fac-
tors [4,8]. On the other hand, the DNA recognition sequences
recognised in vitro in the absence of other proteins are closely
similar to the DNA elements bound in vivo in the cases where
both have been investigated [4].

TGAC elements are present in the OSH1 and hooded pro-
moters but without the slightly preferred neighbouring base
pairs shown in Fig. 3B and they are not located in the sub-
stantial regions of high homology found when the two pro-
moters are compared (not shown). Autoregulation of the ex-
pression of Hvh21 and OSHI is not ruled out but this and
other features of the protein-DNA interaction can now be
investigated in greater detail.
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