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ABSTRACT

We have sequenced genomic fragments which encode
the N-terminus of the TIMELESS (TIM) clock protein in
Drosophila simulans and D.yakuba . \We observe that in
these two species, the initiating methionine appears to

lie downstream of the one proposed to encode the
translational start in  D.melanogaster , thereby truncat-
ing the N-terminus by 23 amino acids. We then
sequenced the corresponding 5 ' fragmentin a number
of D.melanogaster individuals from different strains.
We observed a polymorphism which strongly
suggests that the originally proposed start site cannot

be utilised in some individuals, and that these flies will
initiate translation of TIM at the downstream ATG.
Given the current interest in TIM regulation in D.mela-
nogaster , itis important to correctly define the N-termi-
nus in this species.

INTRODUCTION

Circadian rhythmicity is a widespread and ancient adaptation

DDBJ/EMBL/GenBank accession nos Y09930-Y09937

which focused on the region encoding the N-terminus, amplified
a fragment in th®.melanogastesibling speciesD.simulans
and a more distantly related member of thelanogaster
subgroup of specie§).yakuba We observe in both species a
different translational start from the one identified by Mgéed

(8) in D.melanogasteiFurthermore, the same alternative transla-
tional start is also observed in soenelanogasteindividuals.
Given the current interest in PER and TIW,(8) and the
ongoing biochemical analysis of these two proteilsrnmelano-
gaster(10,11), particularly with regard to TIM degradation, the
N-terminus of TIM may play an important role in the regulation
of the two proteins.

MATERIALS AND METHODS
Drosophila strains

Single D.melanogasterindividuals were obtained from the
following laboratory strains: Canton-$ert, perS and per©!
mutant lines. In addition, isofemale lines were collected from a
natural population from Cognac in France (sed gdbr details).
Individual male descendants were crossed to attaXfemales
generate self perpetuating ahromosome lines. Two of

living organisms to the rotation of the earth. Mutations affecting,

circadian rhythms have been identified in several organismgcong chromosomes in these lines will carry either the natural
ranging from prokaryotesf o plants £) and mammals3). In - cognac-derived or the attachidstrain-derivedim allele.
Drosophila melanogastemwo clock genes which encode an ~ A"p yakubastrain was obtained from J. David (University of

integral component of the pacemaker have been cloned apgyic) and the.simulansstrain was obtained from the Bowling
characterizedperiod (per) (4-7) andtlmeless(t]m) (8.,9). It has GreenDrosophilaSpecies Stock Center, USA.
been demonstrated that PER and TIM physically intePatfi)

and both proteins are involved in a mutual negative feedba
regulation of their own expressiat?j. Moreovertim* activity
is necessary for the nuclear localization of a PER repafier ( For the amplification of theém fragment fronD.melanogaster

The D.melanogasteitim cDNA sequence was obtained by the 3 primer used was'5CACAATCACATCTGGAATAA-3'
sequencing several clones from independently derived heedrresponding to nucleotide positions 264—283 in the sequence
specific cDNA libraries as well as genomic DN#).(The data from Myerset al (8). The 3 primer corresponded to positions
reveal that the sequence contains two open reading frames (ORF&)-403 (5GCATTCGGGTTGACCACATA-3). For the
coding for two conceptual proteins of 1122 or 1389 amino acidsnplification from D.simulansand D.yakubathe following
(8). Consequently, there may be two forms of the TIM protein. Thdegenerate primers were usédrimer was 5 CAYAAYCAY-
two ORFs share the residues 1-1104 but have different C-termXTIHTGGAAYAA-3' (264—283); 3primer was 5GCRTTSGG-
depending on the removal or not of a particular intron. RTTNACNACR-3 (384-403).

As part of our continuing comparative analyses of clock genesSingle fly DNA was prepared using the method of Gloor and
in diptera (4-16), we designed a series of oligoprimers in ordeEngels 20). DNA amplification by PCR was carried out
to amplify fragments of thém gene from other species. Primersaccording to Jeffreyst al (21) in a MJ Research thermocycler

ese linexLo-TG14andCo-TG2Q were used. Consequently the

%R amplification and DNA sequencing
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D.mel.
{cDNA) AATTTCATCA GTGCATATAA CAGCACTGAA ACTATAACAC GATCTATTCT GCAAAGAAAC 60

(cDNA) CCAAAAAGTG CTCAGAAAAG CTCAATTGCT TAGAAACATA AACAATCAGC TTTAATTGTT 120
(cDNA) GATTGCAATT CGGCTAAAAC TAAAACTAAA ACAGTAAAAT TGTCTGCGAT AGAAAAAATT 180
(cDNA) TAAATAATTG TTACAGATAC CGCGCAAATG GCTAAGAAGT ACCTCAATGT TCGCAGTCGA 240

(cDNA) CAATGAGCAG AGTTAGGCAG CTCCACAATC ACATCTGGAA TAATCAGAAC TTTGATAAAG 300
Canton-S
Co-TG14
Co-TG20
per+
pers
per(l
D.sim
D.yak

(ref)
Canton-S
Co-TG14
Co-TG20
per+
pers
per0l
D.sim.
D.yak.

(ref) TGGGTTGCTT GGAGGGCGAT ACCTATGTGG TCAACCCGAA TGC 403
Canton—58 ... et it th e eeeeaa e e
CO-TGLA it ittt it titnaae areaaa e eeene e e
Co—TG20 ittt it i et e et e e
L
=
PerOl i e i e iaee bes et e e
2
D.yak e Gl L T

Figure 1. Nucleotide sequences diim fragment (139—140 bp) from six different laboratory lineé3.ofelanogasteand from one strain &f.simulansandD.yakuba

(see Material and Methods). The fragments were obtained by PCR with oligos amplifying from positions 264 to 403 in the cDNA sequert@b{8)lyérich

is shown above for comparison from nucleotide 1 to 403. The ATG motif in bold is the downstream translation initiation @iiomifams D.yakubaand for the
D.melanogasteper®landpert sequences. The ATG underlined represents the upstream initiating motif previously proposedéiyab@rsTwo further upstream

ATG sequences which are represented in bold italics generate premature translational stops. The tga motif in lower case represents the stop codon which is ge
by the G deletion in position 294. The boxed area corresponds to the position of the Kozak sequence (see text).

for 30 cycles: 95C for 1 min, 65C for 1 min, 72C for 1 min  and 227-229) give rise to premature translational stop codons, and
for D.melanogasteand 95C for 1 min, 48C for 1 min 10 s, the third (positions 243-245, underlined in Fl§. has been
72°C for 1 min 20 s, foD.simulansand D.yakuba.BioTaq suggested by Myegt al (8) to represent the initiating motif.
polymerase from Bioline was used. The D.melanogastergenomic tim sequences show both
The PCR amplified fragments to be sequenced were cloned imigcleotide and length polymorphisms. In particular, tthe
the pMOSBIueT-vector (Amersham). The recombinant DNASequences ilD.melanogastedines pert and per01 show a
were used to transform MOSBIue competent cells (Amershamybstitution (A~ C) in position 297 and a single base deletion (G)
A minimum of three clones was Sequenced from two independqﬁtposition 294, when Compared with the omgne|anogaster
PCR amplifications for each fly's DNA. The DNA sequencinggenomic and cDNA sequences. Theimulanssequence differs
was carried out either using the ThermoSeque_nase cycle Sequengiiigh the D.melanogastecDNA adopted as a reference, with
kit US78500 (Amersham) or by an automatic system using the,cjeotide substitutions in position 2974&) and in position
Perkln-E_Imer Turbo-Catalyst robotic station and ABI 37735qg (C-A). The same single base deletion (G) in position 294
sequencing apparatus. The M13R and —40 oligos were ”Sedoﬁ%erved in thd.melanogasteper* and perL lines, is also

sequence the cloned fragment found in D.simulans Finally, the D.yakubasequence shows
substitutions in positions 288 (AG), 297 (A- C), 332 (T~ C),
RESULTS 342 (T_.C), 359 (C-T), 365 (T.C). 374 (G- A). 377 (C- G)

Figurel illustrates the genomic sequences obtained from the 189d, again, the single base deletion (G) in position 294. Among
or 140 bptim fragment. The Sstretch (from nucleotide 1 to 403) the intra- and interspecific nucleotide polymorphisms observed in
of thetim cDNA sequence dd.melanogasteobtained by Myers the sequences reported in Figliyenly one produces an amino

et al (8) is also reported for comparison (GenBank accessigacid substitution (position 342), giving the-¥ substitution
number U37018). Note that there are a number of ATG motifs. Thgesent in the putative N-terminus region of ya&ubaTIM

first two (represented in bold italics in Fig.positions 208-210 protein (Fig.2).
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D. mel (ref.) MSRVRQLHNHIWNNQNFDKVKSVMDWLLATPQLYSAFSSLGCLEGDTYVVNPNA .
D. mel ’ MDWLLATPQLYSAFSSLGCLEGDTYVVNPNA.
D. sgim MDWLLATPQLYSAFSSLGCLEGDTYVVNENA .
D. yak MDWLLATPQLHSAFSSLGCLEGDTYVVNPNA .

———
N-terminus

Figure 2. Putative N-terminus of the TIM protein for three Drosophila spebieselanogasteD.simulansandD.yakubd. TheD.melanogasteflIM sequence
indicated as a reference (ref.) is the one proposed by Myers et al. (8) from cDNA analysis. The other protein sequences are derived from the data in Figure 1
suggest a different initiating methionine (in bold) for the TIM protein ibtheelanogastestraingpert andper®l, andD.simulansandD.yakuba The amino acid
substitution observed D.yakuba(Y to H) is also highlighted in bold.

Consequently, the G deletion in position 294 and theCA proteins has major implications for the negative feedback model
substitution in position 297 are shared Dysimulansand of circadian timing Z4). A precise definition of the N-terminus
D.yakuba,as well as théim sequences in the.melanogaster of TIM may therefore be of considerable importance.
pert andper®lstrains. Moreover, the first and second ATG motifs
in the cDNA (in bold italics in Figl) generate precocious stop AckNOWLEDGEMENTS
codons. The sequence of tBemelanogastefTIM putative
protein published by Myeke al (8) represents the translation of We acknowledge a NERC grant to CPK, a CEC grant from the
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ATG, itis dramatically affected by the G deletion in position 294,
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