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- We have gloned and sequensed a homatey thuen) to the Drosphila engrailed (en) gene from the glossiphonild leech, Helohella riserialis, Amine
acid comparisens of the ht-ch homeodomain dnd C-termina! residues with the corresponding residues engoded by en-cliss genos of ather speciex
reved! 75-79% seguence identity. In addition, the ht-en seuence nppeurd ta have 4 serine-rieh regien 16 rézidues Coierminul from the hameadomaln,
which by analogy ta Bmsoplu{u mity be 1 target site for phosphorylation, The leech gene encodes some nmino acid substiitions far residues that
are highly conserved in other species. Thcse are found within the second und third of the three putative hchces of the honwodommn. and in bolh

: . ui‘thc mlcrvcninu urn regions,

Engrmlcd Homeobox gene; Hrh:bmtm triserfalis

I. INTRODUCTION

The homeobox gens, engrailed (en), encodes a DNA-
binding protein that is necessary to establish the ‘identi-
ty* of the posterior compariment within 2ach segment
in Drosophiia [1-3]. The en gene en¢odes a serine-rich
- protein that has been shown to be the target of serine
phosphorylation [4]; it has been proposed that other
segmentation genes (e.g. fused) may regulate en func-
tion by phosphorylation {5]. A closely related gene in
Drosophila is invected (inv), for which no function has
yet been determined. Both en and inv are transcribed

concurrently in the same tissues during embryogenesis

[6]. In addition, en is expressed later in development in
certain neurons of the central and peripheral nervous
systems [7-10].

En-class genes of dwergem species are defined as a -

subfamily of homeobox-containing genes having an
‘especially distinct and highly conserved homeobox
region. This high degree of conservation has led to the
identification and cloning of homologs from divergent
species. In the fruit fly, honéybee, mouse, chicken,
“gzebrafish, and human, two copies of en-class genes

have been identified; in other species (grasshopper and -
sea urchin) only one en-class gene has been found

[10—17] Thus, it may be that a single en gene was pres-
ent in a common ancestor to the arthropods,
echinoderms and chordates and that this gene was
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‘duplicated  independently in twao, and maybe more,

scparate lines (i.¢. the chordates and the insects).

We have previously reported an en-class gene inthe
leech, Helobdella triserialis [18]. We have now cloned
and sequenced the homeobox and 3' nucleotides of this
gene (ht-en) and we compare th:s' sequcnce with those of ‘

.other en-class genes.

2. MATERIALS AND METHODS |

2.t Libeary screening : ‘

The phage, AHt-enl, was one of 10 recombinams obtained by
screcning 6.8 % 10* plaque forming units from a Helobdella triserialis
genomig library [19] using the low stringency hybriclization conditions
described by McGinnis et al, {20]. The probe used was a 250 bp Pvill-
Sall en cDNA rln&.mcnt comaining the homeobox and upstream
region from the clone en-HB J [3), :

2.2. DNA sequencing .
Both strands of the S00 bp Pvull fragmcm (Fig. 1) were scquemed.

‘. Most of the sequence reported in Fig, 2 (i.e. the 3' 147 bp of the
_ lyomeobox and (he downstream reglon preceding the first termination

codon) is a subset of (hese dala, qucobox sequence 5' to'the Prull
site was obiained from a subclone of the 3.5 kb MHpal fragment, using
oligonucleotide primers dc‘;ibned to anneal 1o 'll!'c'id_‘,' sequenced por-

- tions of the clone. All sequencing was done using the dideoxy chain

termination method,

3, RESULTS AND DISCUSSION

3.1. The fit-en sequence is highly conserved

A recombinant clone homologous to Dro.s'aphtla en
was obtained by low stringency hybridization to a
Helobdella triserialis library (Fig. 1, and section 2). The
nucleotide and deduced amino acid sequence of the ht-

~en homeobox and C-terminal flanking region are given

in Fig: 2. Givén the probe used to clone AHt-enl con-

. tained the Drosophila en homeobox and 5’ sequences,
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Fig. 1. Restriction map of genomiv lone AHiend, The upper line shows tle map of 4 17 Kb fragment, The Safl sfiey at the ends af tie ¢Tonw are
from the polylinker of EMBLY [21). A Blow-up al ihe 3.5 kb Hpal Neagment comaining the homeabax is shewn én the lower line. The posivion
© of the homeabax {5 shawn by the filled boxes Belew each line. The arraw below the upper line designates the putative direction of transeription.
The seale bar is equivalent 10 | kb Tor the upper Iinc and 200 bp for the lower line. Key: A, Apall: d! Hmdlll E, EcoRL H, Hpal; P, Fvull.

) 8, Sall; !:up Senl . .

it was expected. that the homeodomain portion of the
cloned leech gene should be homologous to en. We do
indecd observe this expected homelogy, butin addition,
there is extensive homology extending 19 residues C-
terminal to the homeabox, in a region not represented
“ by the probe (Fig. 3). By these ¢riteria we designate ht-
en as an en homolog. The inferred amino acid sequence
of the entire conserved reglon of ht-en was campared to
the corresponding region of the other en-class genes

from the species listed in Fig. 3. The ht-en amino acid -

sequence is 75-78% identical to the other en ‘homologs.

Given the short sequence length, the high degree and .

close range of sequence identity, we are unable to make
any significant correlations between the degree of se-

quence jdentity and the time since evolutionary -

divergence of the lecch from any of these species.

1 LL]
CAG GAC GAA AAG AUA CCT CUM ACA GCA TTIC ACS GGC GAT CAG CTG Gra
GLN ASP GLYU LYS ARG PRO ARG THR ALA PHE THR GLY ASP GLN LEU ALA -
) IO

LT
hGG TTG AAG _CGT GAM TTC AGC GAG AAC AAM TAC CTG ACG GAG CAG MGG
ARG LEU LYS ARG GLU PHE SER GLU ASH LYS TYl'l LEU.THR dLU GIN ARG

T

144

‘AGA ACh TGT CTG SCU AMG GAM CTG AN TTG GC CAG ATC AAA
ARG THR CY¥5. LEU ALA'LYS GLU LEU ASN LEUV ASK GLU SER GLN ILE LYS
B 40 .

145 192
ATC TGG TTC CAG AAC AMNG AGCG GCC ARG ATG AAL MG GCG _AGT GGC GTG

TLE TRP FHE GLH ASN LYS ARG ALA LYS MET LYS 1Y$ AM SEI\ GLY¥ VAL
50 ' €0
193 . ' 240
CAAG AAT CAG TPC GCT CTG CAAM CTC ATG GCA CAG GGC OTC TAC AAC CAC
LYS ASN GLN LEU ALA LEU GLN LEU MET ALA GLN GLY LEU TYR ASN HIS
n : a0
24l : 280
TCA TCA TCA TCA TCT TCI TCT TCC TCC TCC TCS TCT TCG ATC TIC CIC
SER BER SER SER SER SER SER 3JER SER SER SER 3SER SER ILE PHE LEU
. - 80 .
290
TS GCA-TAA
LEU ALA
98’

Fig. 2, Nucléotide and deduced amino acld sequence of the ht-en

homeobox and 3’ flanking region, The 294 nucleotide sequence of the
putative open redding frame containing the homeobox and 3' se-
quences and ending in a stop codon, TAA, is shown on the upper line;

the homeo box (nucleotides 3~186) is underlined, The first and last

nucleotides of each line are numbered above the lipe. The correspon-
ding amino acid sequence of the putative open reading frame is given
on the lower line; every |0 amine acids are numbered below the line,

3 2. hr-en encodes amine acid subsmmions m the

‘homeodomain ‘
X-Ray diffraction has been used to determing the .

~ structure of an en homeadomain/DNA complex [23].

The proposed structure of th¢ en homeodomain s
similar to that propased far the Arntennapedia
homeodomain on the basis of nuclear magnetic
resonance {24]. The en homeodomain contains 3 a-

- helices and an N-terminal arm. Helices 1 and 2 pack

against each other in-an antiparallel arrangement and
make few contacts with the DNA; helix 3 les perpen-
dicular to helices | and 2'and, asthe ‘recognition helix’,
makes extensive contacts with the major groove of the
DNA.: ‘The residues composing each of the helices are |

. designated in Fig. 3. In the ht-en homeodomain several

amino acid changes are observed. Some of these amino
acid differences have been reported earlier in a discus-
sion of the epitope for a monoclonal antibody,
mab4D9, directed against a portion of the invected
homeodomain [10]. Here we describe the substitutions
in the ht-en protein with respect 1o the proposed
homeodomain structure. Qne change occurs at residue
S8 within the ‘recognition helix’, number 2. This
residue is isoleucine in every ex-class protein except -
Drosophila inv, where it is leucine, and in the ht-en
homeodomain, where it is a methionine. The other
changes occur in helix 2 and in the turn regions between
helices 1 and 2, and between helices 2 and 3. Substitu-

. tions within helix 2 occur at residues 34 and 35. One or

both of these is always glutamine except in the sea ur--
chin, where they are arginine and serine, and in leech,
where they are threonine and cystine, In the turn
regions, residue 26 is always arginine except in the sea
urchin, where it is asparagine, and in leech, where it is
lysine; residue 41 is often glycine in en-class genes but in.

sea urchin and in mouse this residue is replaced by the

more stencally resmctmg threonine and serine, respec-
tively, and in leech an asparagine, a nonconservative
substitution, is found in this position. None of these

amino actd substitutions occurs in a posmon that has ‘

301' ,
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Fig. ). Aminu acid comparimn r::-f cancéptunl lfﬂnslnllan products from some én-elass genes, The 9K am(na aclds transtared fram the hhcn
nucteotide sequence are designated by the one letter code and shown on the tap printed line. The sequence beging whh the ene amine ugld M
terminal (o the hemeodomain and ends with the lask amine acld before the first ietmination <eden. The homeadamiin is underfined. Restdue
putatively pardipating in o-helixes 1=3 are doilgnated by bold lines abave Lhe ht-en sequence. Residugy thaught [0 make gontact with DNA[2])
are desdgnaied In bold type, The sequenca Is alizned with sequences of dn-class genes fram haneybee (E10, E&D), Drosophily (e, inv}, sea urchin
{G U.sen), zebrafish (ZF-EN), rrou (X 1:End), mouse {Ma-Enl, Mo-En2), und human (Hu-EN2) (9=16, 21] Dathes reprcsem amlno neids idenival

: o thowe or Iu-en,

been observed 10 make direct DNA or protein contact.
Therefore, despite these changes in the sequence, the

DNA target and overall structure of ht-en are likely to

be very similar to that determined for en,

3.3, Intron posin"ori in the homeobox is not conserved
berween fruit fly and leech
Introns have been found at nucleatide 60 (Fig. 2} in

the en and inv genes of Drosophiia but are not present .

in the E30 and E60 genes of the honeybee, Intron sites
have also been identified at a position 39 nucleotides 5°

- 10 the homeobox in En-1 and En-2 of the mouse and a ..

putative intron has been identified at this position in the
zebrafish gene, ZF-EN. Within the portion of the ht-en
gene that we have sequenced, we find no indication of
any introns. We identify a putative open reading frame
encompassing the homeobox and extending 99
nucleotides 3’ t0 the homeobox which aligns by
homology with the nucleotide sequences of other en
homologs. However, because our DNA sequence does
not extend 5' to the homeobox, we do not know

" whether ht-en contams any intron sites upstream from -

the homeobox. :

3.4. The /11 -en gene. encodes a patenn’al phosphory-
lation site

In addition to the other structural properties of the.

en-class genes, the en gene has been shown to encode
several serine-rich stretches in regions of the gene 5' to
the homeobox. It has been demonstrated that
Drosophila en is the target of a serine-threonine protein
kinase [4]). Our deduced amino acid sequence for ht-en
reveals a stretch of 13 serine repeats near the putative
carboxy-terminal, By analogy 1o Drosophila, we
speculate that these might serve as a phospheorylation
s;te for the regulation of ht-en protein function.
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