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The Complete Sequencing of a 24-6 kb Segment of
Yeast Chromosome XI Identified the Known Loci
URAI, SACI and TRP3, and Revealed 6 New Open
Reading Frames Including Homologues to the
Threonine Dehydratases, Membrane Transporters,
Hydantoinases and the Phospholipase A,-Activating

Protein
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We report the entire sequence of a 26-4 kb segment of chromosome XI of Saccharomyces cerevisiae. 1dentification
of the known loci URAI, TRP3 and SACI revealed a translocation compared to the genetic map. Additionally, six
unknown open reading frames have been identified. One of them is similar to catabolic threonine dehydratases.
Another one contains characteristic features of membrane transporters. A third one is homologous in half of its
length to the prokaryotic hydantoinase HyuA and in the other half to hydatoinase HyuB. A fourth one is
homologous to the mammalian phospholipase A,-activating protein. A fifth one, finally, is homologous to the
hypothetical open reading frame YCROO7C of chromosome 1. The sequence has been deposited in the EMBL data

library under Accession Number X75951.
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INTRODUCTION

In the course of the European community
(BRIDGE) project of sequencing of the yeast
Saccharomyces cerevisiae chromosome XI, we
have determined the complete sequence of 24 577
nucleotides on a DNA fragment mapped near the
left telomere. This fragment includes three previ-
ously sequenced genes, URAI, TRP3, RSDI
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(SACI) and part of the 3’ non coding region of the
UBAI gene. In addition, it contains six unknown
open reading frames (ORFs), the function of
which will be discussed below.

MATERIALS AND METHODS

Strains and vectors

Cosmid pEKG100 was provided in Escherichia
coli strain TG1 (A(lac pro), thil, supE44, hsdD5, F’
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Figure 1. (a) EcoRI restriction map of the 24 577 base pairs of cosmid pEKG100. The remaining 7556 bases 5’ of the yeast

sequence in that cosmid are presented separately (Alexandraki and Tzermia, 1994). The 3’ end of the insert is a Sau3Al site. The

numbers below the bar indicate the size of each EcoRI fragment.

(b) 6-phase ORF map of the 24 577 bases. Small bars indicate

initiation codons and full bars indicate stop codons. The location and the direction of nine ORFs are indicated by arrows. The
number in the name of each ORF indicates its size in amino acids and the letter identifies each of the 6 possible reading frames.

(traD36, proA* B*lacI%lacZAMI15)) from Agnés
Thierry and Bernard Dujon (Thierry and Dujon,
in preparation). It is one of the cosmids from the
library of chromosome XI, derivative of pWE15
plasmid, containing a 32-1 kb partial Sau3AI yeast
DNA fragment. Escherichia coli strain DHS5a
(supE44 Alac U169 (080lacZAM15) hsdR17 recAl
endAl gyrA96 thi-1 relAl) and pUC18 vector were
used for all subsequent subcloning and sequencing
steps. Gene disruptions in yeast strains were
performed according to Rothstein, 1983.

Sequencing strategy

We have used directed sequencing of ordered
restriction fragments. Cosmid DNa was digested
with EcoRI, electrophoresed and purified from
low melting point agarose. Six EcoRI fragments
were subcloned into pUCI18 vector. The order of
the EcoRI fragments is shown on the map of
Figure la.

Double stranded template DNA was prepared
by the alkaline lysis-PEG precipitation method
(Ausubel, et al, 1987) and sequenced using

[*>*SIdATP and the Sequenase kit (United States
Biochemical Corp.) following the supplier’s proto-
cols. Sequencing of both strands of fragments
subcloned in both orientations was performed by
‘universal’ and ‘reverse’ primers on nested ExollIl-
mung bean deletions (Ausubel, ez al., 1987) of
the EcoRI fragments. Synthetic oligonucleotides
(made on an Applied Biosystems synthesizer by
the Department of Microchemistry at I.M.B.B.-
Crete) corresponding to internal sequences were
used as primers to fill in the gaps. The junctions
between the sequenced EcoRI fragments have
been determined by sequencing from primers
corresponding to sequences near the ends using
cosmid DNA as template. Samples of sequenced
DNAs were electrophoresed on 40 cm long 6% or
4% polyacrylamide gels with single or double
loadings.

Sequence analysis software

Restriction and ORF mapping of the sequences
were accomplished by the DNA Strider software
(Marck, 1988). Comparisons of the nucleotide
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GAATTCTAAT TGTGAAGGCG GAAATGCGTA

CTTTGAGGAA

CGICTATTGT

CGTATAAAAG

TTTIACAATT AACTAAGCCA ATGTATGATA

CGCCCGCTTG

GCCTTTTTCT TTCCGACTAT ATAE\;CM

TGAGAGGCGA TGGGGTTAAA GATAGGAGTA

CTTCACCTGG ATGTTTTATG AGTTCTITCAR

AAGTCCATCA ATCGGATTTT TCCGTTTAAA

TGTTAACGAA TCAACTTACT CAGTTCTCCA

TTACTTCTAT GAAAATAAAG CTTGGAATAC

GTGAAGAAAG ATGAATCTTC GAAAATAAAA

GGAAGTTGTT CAATACTGAG AAAGTGTGGA

GAGGATTTTC AATCTICTGGC TTTTTCCAGC

GGGGGAGGTT TTCTOCTTAT GGTAAGAGTT

AGCARAGAAAG TGGTGCGAAT GGATGGGACG

TGGGATTGAC TGTGAATGGT TTTTTAACCA

TACATTAAAG AAGCGCAATT GACCCGCAAA

ATAGTCAGAA

TAGATGTGTT

GTGCTTCACG

CITTGTATTT

AAGAAATTGT

TGAGTACTTC

TCATTTGGGG

GCCCTGATAA

ATTTATTCTG

TITCARAATA

AARTTGCRAA

CITCTTTTAC

CAGGCGCCTC

GITGTAACTC

ATCCCTCAAA

TTTCGTACCT

TAGTCTCATG

TGAACATGCA

TTTTTCAATG

ATICTGTCCC

CTTGGAACAT

TTTCTGGCTT

TGAGGCCCTT

GRARATGAAC

CGCCTTCTAT

CAATAACARA

CATTTCGAAT

GGTTGCTATT

CCTAGTGGGG

CCAGGTACTG

CTGCAGAGTG

CTACATCGAR

GTTCAGCTCC

GTATCTATGT

TTCCATGCAC

AGGTACTTGT

CTACAAAGAA

CCCCTCATAC CGTCCTCAAA TTGGCATATC

CCCAGAAAGT TGTTCTGCCT CAAGACCTTT

ATTACTGCTA ATGTGGTTGC CAGGTTTTCT

ATATTTTTAC CCAATATTTA TTCATICTCT

ATACTCATGA TTGGGAAACA GTTGCGGCAA

TCAMARAGCA TTCAGAAAAG TTCTTCTCGA

GAGGCCTTGC AAGTCTATTC CACAGRATTT

CCAAGAAAAC TTATCGTTAT AAGTTIACCT

GTCATGGGAT AAGGGCCATC TATTTOGTAT

ATGGARGACA AAATCCAGTT CTTGTCAACG

TTGAGAAARA AGTCTGGACT AGTGAAGAGT

ACCTATGTTT GATAGACCTC TAAACGTGGA

GCTATCAGAA

TCATGGATAA

TTCGCAGATA

CATARAAGTG

ATCTAAARTTC

ACCATTCTCT

GACRAARAGT

GGGTTCTICAA

CTTGTGTTGT

ATTATAZATG

TTTTCTIIGA

ACTATGGCCA

C(ﬂ’l\lTMZEA

AGCCTAAACA AGGTOGCTTA TTATTATTAT

AACRARAARMA TATGAATATA AGAATAAATT

TAGTTCAATT ATTTATATTA TTTARATGTT

AGAMATAATA AATARTAATA ATATGATAAT

TAACCTAATA CTTACTTTTC CTAATATTAT

GTTGITATAA TAATTAATGA AATAGAGARA

CTGGTCATAA CTATCCATTT TGAACATAAC

GTATTTCACG CGAATTTATT GCTACAAAAG

TTGTGGGATC TGTCACGTAT ATCGCCATAT

AATAACTTGG TATTCATATA TGTGGCTGCT

TTTTGGTCTT GGTTAGGTAA TAATTCCTTA

AGCAGACGAT ATTGTGTGTG GAAAAGAGAA

TTAGAAGCTA TGTCTTTACT GGGTGTAAGC

CAGTCAGAAG TTATATTATT AGTTTGACAT

GTGAAATATA ATACTAGTAG AAAAATATGT

TTAATGTTAA GTCAAATGAT ATATGCCGTG

TACAACTATT

GCAATAAATA

GIAATTTATT

ARAATAATAT

TAAAAATGGT

CTATAATCCA

CATGTAACTC

AGCACTAAGT

TITTTTCCTA

GCGAATATCT

AAATAGAGGC

TITTTTCTGC

CTAGGARCGC

AAGCAGTATT

AGAGTTATCA

TGAAAGTAGA

CTITTTCCTA

GTAATATTIA

ATTAATAATT

ATAAATAARA

TATTGTCAAA

ATTGATTGTG

TTTTCCCGTC

AATACATCGT

CGGATATAAT

TGACACATAT

TTATCCTTTC

GIATAAAATA

TCTTCTGTIT

CTTCCCTCTC

GAGTATAAAT

CAACTAARGC

ACAAGCATCC

TTOCCCTCTG

TAMAATATAA

ATATTTTATC

ATGATAAGAT

CCCATTAACT

CRACAGTTTG

TACTGTTAAT

TAATTTCTGC

GTAARACACT

TATGATTATC

CTGTGGACCA

GGACATTATG

TAGTTCAARA

ACRCACTATC

CAGCTAGAGG

TTTCCAATTC

CTTTTCAATT TATAGATCGT GTAGTTITATT

GTTAACAAAA ACCAGTATAT TAACAGAAAT

AAAGRAGAAA TTTTTATTCT TTTTATATTT

AATATTTATA CGATATAAAA ATTTAARAAA

TATATTAATT TATTTAATTT TCAAATTATT

GATTATATTA TAATATTTCA ATATTTRATT

ATCTICCAAA TCATARAAGA ATATTGAGTG

CAAGGGAACA TGTTGAARGT TATATCAATA

CTTGCTTGAT

GGTAGAACTG ACCTGGTGAC

AATTTATCCT TCAGGGTTGC TCTTTAAAAC

AARAPRARAGT GAAGAACTAA ATTTAGGAGG

TAARTATCTT CATGCAAGAT CTCGATTGAT

ACAGTTACCT TTAATTGAAG TAGAGATATG

TATGCAAAAG AAACTRATAT ACCAGTAATG

ATTCTGCCAA AAMATTTTCC CACATAAGGG

CTTTTTTTGC TGAACTCACT TCAAAATCTC

TTCACTATAA AACTGAACTC AAAATICAAA

AGATGCGAAT

AAATAARTAAT

TATTATAARA

ATTATAATAT

AAATAAATAA

CACTTAATTT

TIAGTTGGTA

CATGTGTTGA

GCTTTATTCT

TCAATTGTTG

ATTTCTACAG

TAGTAATRAG

TTTTTTCAAC

CTCATAGICA

TGTCAGTITCA

AACCATGTTA

AGTATACACT

jAA'lCG’ﬂ‘GG GCCATCTTCC TTCCCAGAGA
CTCTTCCTTT TTTAGARGTG CACCTGCAAA
TCTTGGTCGC TAACCGTTAA AATATCATCG
TTGGCGTATT GATATGAACA ATGGAACCCG
GCTTCTAGCG GCAAGTGCAG ATCCTGAAAG
GACGTACCTT GCCCTGCAAT AACATCAGGA
CAGTATACCT GTTATACTTT ATGATATGTG
ATTTAATAGT TTTGCACTAA GAGCAATAGC
GCATTCATTG CTCCACGAAA CTTGAACGCT

TGAGAACCGG TGTTTTATTT ACATATICTT

TTAAAGTAGC

TCCCARRCAA

ACATTTTCGC

ATCTGAAGGA

GAGCCCACCA

TGATCGTAGG

CTCCGTARACC

CTGTGCATGG

CCCACTCGTT

TAATTCTGIT

ATATCTCTTC

GCTGTGGECT

GAATAATGGC

TIGTTGTCCA

COGCCCAAAG

GOGGAATCAR

GGCTGTAGCA

TTTCCTGATG

GGAATTCTC

GCTGGCATCC

ATGTCTACAT

CARCAACCAC

ARATGTGTAC

TCGTTACCAG

GAACAAATAA

TGCAAAACCA

GCAACTTTAA

AGPAGGCAAT

ACCTTTAAAG

ARMACGTCTC

TACCTCCACT TAGTATTATG CCTACTTTCT

CTTCATGCGT TCCCCAAGAA AGTGCAIGCA

TCACCGAGGT GTTGIGTTTG AGCGCCATCT

CTTCAGGTTC AACCCCAAAA ATTTTGCAGC

TGCATCAAGT TGTCCAACCT CTTCTAATAG

TGTTCGGCTG CTAGITGACG CCCAATCTGC

GGGOGGGCGC ATCCICGGGC ATAACAATTG

TACTCCCTTA CTTCTTTTTT CATCACTTAA

TATATTTGTG CTCCRAGTCG ATCATTAAGC

TCCCAACTAG

TTTTACTAGC

GCGATAGTTT

CTGGAGRAAG

CICTTTTGCC

TCGCGATCTT

TTGCAGGTAC

TTTTGARACA

ATTCGTGAAG

CATPAGTGGG AACAATCATIC TTTCCAACTC

AAATATCTCG AACTATATTA ATTATTTGTA

CRAAGCTTAT CTTTTTCTCA CGTACCGTCC

GRAGCCACAT TTAAAAGAAG TCAGCCAAGT

TTGGCTCTAG GGCGTGATGA TAGTGACAAA

TGGGAAATAT AAGTGATTAG AACTTGTCCA

CTTTTTRAGT

TATAGACCCT

TACCTGTAAA

ABACTCGTCA

AGGATATTGT

TTTTTTTCAA

GATTTTATGA

TATTAAAACA

AGTAAATGTT

CRARCAATAA

TACTCCTTTA

TAAGAGGCTG

ACCTGCTTAG

GGGAGCTTAC

CATACTACAA

Figure 2.

TTTGATTTT TGCAGAATGA AAATGTAACT

AATTTACTAA TTAGICATTT TTTTCAGTTT

AATGACTGTT AATTTACAGA ATTTACGATA

TTGCCGTCGT TTTCTIRACGC CAAAATACAC

TAATCCTAGA TCGTGTATTA TTTGCGTATG

AATGARARCT

CTTTATATTC

TITTGTCATA

AAAATATAAC

GAATCAIGTT

GATAAATATA

A407

D326

665
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4501 CCTCAAGCTT TATGAGGCAT AGAAAATTCA TTAGAGTCAC TACTTACGTC GCACTCTCGA GGATTGGAAT GACGAAATCT TCTTCAGCAT TTCACCATTC
4601 ACCTITTTGAA GCTTCCTATC TCGTTGCTTA AGTAGAATGA AAGCATAGCA GCCCARAAGA AAAGCCTCCC TCAGCAAGAA TATTAACAAR GAACAATTCA
4701 TGGACCGTTT CTACTACTTA ATATCTCTAT CACAACTGTC AGTCTCAATC AGTACTTAAA TGAOGCTGCA GAAAMAGATA TCATTATTTT TATCATOCCC
4801 CTAATARAAT AAGTAATGAA TCAATGCCAT TAATTCGGGA ACTAGTCATA TACCTAAGGA ATCAGGCTTT GATAGCTCTT TAATAATAAT ATTAGGGCAT
4901 TTTTGATATG GTAARAGATT AGATTAGGAA ACCCCTTTTG TAGAGCATCT CACTACAATA TCTGCAARAA CGGTCACCTT GCATAGGCAG AACACGCTAC
5001 CTTTGAGTTA ATTCACAGGG GAGAGCCCTT TITTTITCTT AGCAAAAGTG CTTAACAATC TTAATTTCTG GAATGITTTC GGCGGATTGT TGTATATTGT
5101 TTGAATTTGT TCGTTCTAAA AAGTGAGACA OCTGCACTTT CCACGCCAAG AACACTAATA CCTTTAAACA TGCCAGCGTA CTTTAMAATG CCACGACGTCG
5201 CCCCGTACCA AACATGCTGG CGATTGTAAT TTTTCGCCTT TTATTGGAAT CGRE?A’%IR; GGCACTGTCC TTTTCTTCGT CATTTCAATG TTATAATCAT
5301 TTTTATCGCC AAATTTTCTT CAATAARAAGG TCTCTTTTAA AATATGTTAC TATGTTTTIT ATTTTTCTAT TATTTITCTA TGTGATITTTT CAGACGATTT
5401 ATTCTTTGTT CGAAGGAGAA CAGATGCAAC GGTCAAGTTT TTACTATCCA CATGAGGAGC CGTAATATTC TAAAGGCAAA AGCATGTGTG CTTGTAARAA
5501 AAAATCAAAA AAAGTTACTG CTCCARGCCA GCAAGCTTTC TCTTTTGCGA AATCTTTAAC ACGGITAAAA TCAAAGACAA TTACTICATT GACAAGGTCA
5601 ATGCTAATAT TTACGGTCTC CGCACGAAAG ACTCTGAARA ATGTTAAAAT TTATAGTGGC TAATGCTAAT TCAAGAATAG TCTCGGGTTG TTTGATCACA
5701 TTATTTTAAT TTTTATTGAG CACTGAATAG GACCCGTATG TTCCAATCAG TCTATTTCTT GCAACTTAAT CTGGTITGTT TTTAGGGGAG TGGCATTTTT

5801 TTTAGGGTTA TTCAMRATATT CAATTCTGTA ATTTGCTTAC GACARAAAGA AA. TGA. GG 'TA TAATCTATTC AGCCGCCAAT

5901 GTCCCGACGT ATGCCAAAAT GTGGTGCCGC GGTAACAGTA GCATCACACA GAGCATGAGA AARAGCAAGAA AAGTGGAAGT CTGTATGTCA CATTTTTATT
6001 GAAAATGCTA TTTGCTATAA GGTTCGCTAT TCAACTGATT GAACCGAGAT AGACAAAATG TTARACTTTT CATAGAGACG TTATTGTGAT AGGGTTTACG
6101 CTGAGAATGG TTGAAACATA CTTGCTAATA AACCACGICA CGTCAAAATA TCAGTTTTIC TTTTTTAGTT ATTCCCTTCT CACTTTTGAC TTGAGATGAG
6201 ATCGTTACAC TTTTATTGAA TACGAACGGA TCACGATACA TCCACATATA CGAATGTTCG GCCAGACAGG GCATCAGAGT ATATAOCCTT TTTCCTAARA
6301 TGGAAGGGCC CTAGATCGIT GGCATCAGCG GTTACCTAAC CGAAGTGGAT CAMATCAGCG CCTATTTTTC CGTTTAGAAC GATTAGATGC CGTCAATATG
6401 TATGTGCTTA CTGTATCATC CACGTAGTAA AGCTGGGGCG TAGCATCCCT AGGITACTTT CTCAATACTG GGGTCCCTGA CCAAAGATAA RACATAACCT
€501 ATTATGGCGT ACGAGTCAAA GTTAAACGCT ATTTGACTCG GGCAGCATGC ATGACCCGGG GGAATGGAAA ACTTCTCATG GCTACCCCAA CGAAGCCAGA
6601 CAAGATCTAG GAGATGTCTC CACCTTCCGA GCTACACTCT CACATCTCTT ACATAGACAC TGTGAAGTAA GTGATTGCAC ACAATCCAAA GAAGCACATC
6701 AAATAATATG TAAATATTAC CCGTACAAAT GGCAAATCAT GICCACTTTC CCGITAGTCA TCGGGTGGGC CGGTCCTCGC ACTTTCCTTT TGTTTCGGAT
6801 GTTAATTAAT ATATAAATGG ATCTATAATT TTCAAAAGGT ATAAACGCAC AGTATGAAAA ATATTGCAAG AATAATGTGT TTATAMATTA TTTTTTITGC
6901 TGGTAGCAAA ATCAACTCAT TGTCTTCCAT TCAGAGTCTA ATCGAACGTT ATCGCAATGC TTGCACACTT TTAAACAATA CGATTTAGTT TAAGTGGATG
7001 GACCCCCACG CTTAGTGTTC CACAGGTTTG TCCCCACTGT TTTTACATTC CACTGTACAT TTTTGCAATA GAAGGTCATT GTATGCTACC TTGGGCGGCT
7101 AAGAATACCT GTAAAAATTT GGAGAMATTA GATTCGTAAA GAATGACTCG CAACCACTCC AATGATTTCT TCTTTTCACC CTTTGAACGG CCGATATCCG
7201 CGCGGGATCC TGACCCCGCA ATTTACTCCA CTAGACCGGC GIGTTTCTCT TTTTCCTTTIT CCTGGGGTTA GAGCCCAAGA GCTAATAGCC GRCAAACGGA
7301 CTCCAAAAAA AAARGGAGGC ACAGGACAAA OGCAGCACCT GCGTCATTCA CGCTGAAGCG GCAGCAAGCA TTTTCGATCA GCTCCAATTA RATGAAGACT
7401 ATTCGCCGTA CCGTTCCCAG ATGGGTGCGA AAGTCAGTGA TOGAGGAAGT TATTGAGCGC GCGGCTTGAA ACTATTTCTC CATCTCAGAG CCGCCAAGCC
7501 TACCATTATT CTCCACCAGG AAGTTAGTTT GTAAGCTTCT GCACACCATC CGGACGTCCA TAATTCTTCA CTTAACGGTC TTTTGOCCCC CCTTCTACTA
7601 TAATGCATTA GAACGTTACC TGGTCATTTG GATGGAGATC TAAGTAACAC TTACTATCIC CTATGGTACT ATCCTTTACC AAAAAARAAA AAAAARARAAA

7701 AAAAARARAA ATCAGCAAAG TGAAGTACCC TCTTGATGTA TAAATACATT GCACATCATT GTTGAGAAAT AGTTTTGGAA GTTGTCTAGT CCTTCTCCCT

7801 TAGATCTAAA AGGAAGAAGA GTAACAGTTT CAAAAGTTTT TOCTCAAAGA GATTAAATAC TGCTACTGAA M'E'ICTCGT CGTCAATTAC AGATGAGAAA

7901 | ATATCTGGTG AACAGCAACA ACCTGCTGGC AGAAAACTAT ACTATAACAC AAGTACATIT GCAGAGCCTC CTCTAGTGGA CGGAGAAGGT AACCCTATAA
8001 { ATTATGAGCC GGAAGTTTAC AACCCGGATC ACGAAAAGCT ATACCATAAC CCATCACTGC CTGCACAATC AATTCAGGAT ACAAGAGATG ATGAATTGCT
8101 | GGAAAGAGTT TATAGCCAGG ATCAAGGTGT AGAGTATGAG GMAGATGAAG AGGATAAGCC AAACCTAAGC GCTGOGTCCA TTAAAAGTTA TGCTTTARCG
8201 | AGATTTACGT CCTTACTGCA CATCCACGAG TTTTCTTGGG AGAATGTCAA TCOCATACCC GAACTGCGCA AAATGACATG GCAGAATTGG AACTATTTTT

8301 | TTATGGGTTA TTTTGCGTGG TTGTCTGCGG CTTGGGCCTT CTTTTGCGTT TCAGTATCAG TCGCTCCATT GGCTGAACTA TATGACAGAC CAACCAAGGA

A616

8401 | CATCACCTGG GGGTTGGGAT TGGTGTTATT TGTTCGTTCA GCAGGTGCTG TCATATTTGG TTTATGGACA GATAAGTCTT CCAGAMAGTG GCCGTACATT

8501 |ACATGTTTGT TCTTATTTGT CATTGCACAA CTCTGTACTC CATGGTGTGA CACATACGAG AAATITCTGG GCGTAAGGTG GATAAOCGGT ATTGCTATGG

8601 | GAGGAATTTA CGGATGTGCT TCTGCAACAG OGATTGAAGA TGCACCTGIG AAAGCACGTT CGTTCCTATC AGGTCTATTT TTTTCTGCTT ACGCTATGGG

8701 | GTTCATATTT GCTATCATTT TTTACAGAGC CTTTGGCTAC TTTAGGGATG ATGGCTGGAA AATATTGTTT TGGTTTAGTA TTTTTCTACC AATTCTACTA

8801 [ATTTTCTGGA GATTGTTATG GCCTGAAACG AAATACTTCA CCAAGGTITT GAPAGCCCGT AAATTAATAT TGAGTGACGC AGTGARAGCT AATGGTGGCG

8901 | AGCCTCTACC AAAAGCCAAC TTTAAACAAA AGATGGTATC CATGAAGAGA ACAGTTCAAR AGTACTGGTT GTTGTTCGCA TATTTGGTTG TTTTATTGGT v

Figure 2. (Continued).
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GGGTCCAAAT TACTTGACTC ATGCTICTCA

GTTACCAACA TCGGTGCTAT TTGTGGGGGT

GTTGCTTCAC CTACCCTGCA TTTATGTTGA

GCCCATTCAC CTTGCAGAGT TGGCCCCTGC

ATTGAGACAC AGTTAGCTGA TAGATACCCA

CTGTITTCAT CTTCACATTT GCTTGTGTTT

AGAATACGAA GCCGATGGTC TTTCGATTAG

AGACTTCTTG

ATGATATTTG

GAAGCGAAAA

TGATGCAAGG

TTAGAAAGAG

TTGTTGGCCA

TGACATTGTT

CCAACCATGC

GACAGTTCAT

GGCTATATTA

GCTTTGGTIG

ATGCCTCTGG

‘TGAGAAATTC

GRACAAAAGA

TGOGTGCCCA

GGAAGTTACT

GGTECCEETT

CCGGTTTATC

TGCTGTGATT

CATCGTGATT

CGGAATGTGC

ATTAGGCCTA TCCAAGGATG CTGTCACTGT

GGAMGAAGAT TAGGCCTATT GATTGCATGC

TCATGTTATA TTTTIGTGTC TTTGGTGTCT

TTACCAGCTA GGTAATCTAG CTTCTGCAGC

AAAGAAGATT ATGCCAAAGT TATGGCTATC

TGTCCTCTCC TGTTATGAAG AAATATATAA

TTCAGTGAAG ATGATTGATT CGAACGICTC

CATTGTAGTG

ACAATGGGTG

GGGGTATCCT

GGCTTCAACG

TTGACTGGTT

ACCAAGIGGA

AAAGACATAT

GAGGAGCATA TTGAGACCGT ZJI‘MTCACTT

TATAACATTA CATAAAAGAC ATGATATACG
TAGCGCCGCA AGAAACATAA CAGCCGTTAA
RATAATAGTA ATAGAAAAGA AATGTTAGTC
TTTGGTTCTT GCACTGAATG GGCCCTGAGG
CACPATCAAA GCTCGGCCTG TGCAGGTTTC
CATAGAACGA TAGCAGAAAAR ATGCAGTATA
GATGTCGCTT TTTCCTCTTG AGGTCATTCC
GGACGATAAA CTTCGARACA ATTCTAGCCT
CTACTTTTTC TCACTAATAT GTTCTTGAAG
TGCCCATCAC CAAAAAATAA AAAARGCTTT

GTTTCAAATA GATATACACA ATTACTCAAA

TICATTGCTC

ACATACTTTA

CACTAGCAAG

GARCAGCAAA

ACAGTETGCG

ACTACATAAG

TGATAACGAT

CTAACCTTGG

TITTTATTAG

CCATTTICTT

ATATATGGCA

AARAAATTGA

TCTAGGGCGT

ARGTTAGAAT

ATGGTAGATT

TIGGTAAAAG

GCTGGATAGC

CTTTTTTACC

ATGCTTCACA

GATCCAAGTC

ATATTTACTC

CACCGGGCTT

TGGCATACGC

ACTTCCGTAC

GTTCGCTTCT

TTTIGTTGTA

ACTGTGTCTA

TGGAAAAAAT

CATATACTIC

ATAGARATCT

CTATGTAACT GCATTTCACA TATATTCATA
TTAATTTTCT CGAAGGGATT AGAATGTAAG
AGAATTTAAA TTGTTTTGCT TGCTTITGCC
TATITCGTTA TTCATTTTAG GCCGTICAGA

GACATTACTT TTCACCTTTG AAGGGGGATG

TGCAGAAGGA AGTAAGTATC AAGATATTAC

GCTGCCCGCCC

AAICTGGTAT

TACTTTAGAT

TGCCGAAGGT

ATCGGGAACC

ATT GGAGCATCCT
CTTCCCACCC TAAATAGTGT ATTCCCCATG
TTGGTGATTT TACTAAATGT TATCCTICAG
TATTTCACGA TCTTCGGCAT TCGCCGARAA

GGTATTCTTC TCTTGGATTA CACAGTTTGG

TTATAGCCTT

TACATTTAAA

ACTATAAGAC

ARTATAGCAT

TATGCTTATA

GTATCGCATC

CGATCTTACA

TAATAAGATC

CCACTACAGC

TTTTTCRAGA

ACTACTAGAC

i

AACCCATTTA TGAATGCATC CGGTGTICAT
CRACCTTAGA AAGAGAAGGT MACCCTGAAC
TTTGTCCTAT GTATTAAACC GTCAARAGAA
EcoR 1
AGGARAATCC AAGATAGCGA ATTCAACGGT
CAAAGGAAAC CTTGGAAAAG GTTTTTGCCT
AATATTGAAC GAGTTCCCAT TAGCTTATGT
AAGAATGGTT TCGGGGGTAT TGGAGGTGAA

TCGGTACAGG TGGAATTAAG TCCGGTAAGG

CAAGATTTTT GAACGTATCG AAAAAGAATT

TGCATGACTA

CACGTTACAT

TTATCCTGAT

ATTACCGAGT

TTTTCAARAA

CARCTCTATC

TATGTTAAGC

ATGCATTIGA

AAARGACATA

CACARGAATT

TTCTGTCCCT

GCACCTGCTA

TRAACTTGTC

ACCTCTTGGT

AATAGTATAG

CRACCGCOGCT

ACATCTTCTA

ATGGAAGCTA

AGATGAATTA

CTAGGCAGTA

TTTTCTTCTC

TTGTCCTAAT

GTCAAGTTGC

GARATGGTCT

CGCCAATGTT

TETGGTGCCT

AGGGTTATAC

AGCCAGTTTA ACTACCAAGT TCTTGAACRA
GCARMACTCTA AAGCTGGCGC ATTCATTACA
TCAACTCCAT GGGTTTACCA AACGAAGGTA
AGTTGCTGGT ATGAGCATTG ATGAAPATTT
GTGCCTGGGA AACCACARGT TGCTTATGAC
CTCCTTATTT TGATITTGCC CATTTIGATA
TTTCATTGAT GTGGAGAAGG AGAGTGIAGT
CGTGCATTTT ACACTCGTTT GAGACCTGRA
CTATGCTACA GATTGGTACA GAATTACAAA

ATCCATAGAT CAGTTCCGTG GGAAGTTGAA

TRCCTATGAR

AAGAGTCCTA

TCGACTACTA

AAATTTGITG

TTTGACTIGA

TCATGGCARA

AGTGAAGCCA

ATCAAAGTTA

AAGAGGRCGT

CAGCATTEAA

TTATCGGAAT TTGAAGAACT ATGATGGGRC

TGGTAAATGC TAATTCCTTA ATTTTICGGT

ATACTTTGAA ATAACTTAAT CAATGTAAAT

TTCAAGAAAC RTTTTTCAAC GATAATTATT

GGAAAAAAGT GAAGAAATTA ACGAATATGT

GAAAGAGTAA TTTGGTTTTA TCTACAGAGT

GGCGCATCCA CGGTATACCA ATGGTTCCGT

AAGTTATGGA

GAGTGCATTC

TATTGTCTTG

MTAGGCTAA

GCATATATAT

TCCGAAACAT

GFAATTCGAT

AGAGTGTTAA

GCAATTGGCA

ATTCATTTAT

RAATCGCATA

ATATATATAT

TGTTAAGTGC

ATTGACTAAG

GATTCGTATG

TCATACATTA

ACTTAAATTT

GGAACCAGIA

ATATATATAT

CTGTTCTTAT

AACCAARAAG

AATATTTTAT TATTTTGAAA TTGCATAAAT

GGGTICAATG TGCTTTAATA GATGATGATA

TTATRTCTCA ACATATGATA TATCCTTACA

AATRATGTTG AAGABATGAA GCCATCTGTT

ATATTGCACA GGTGATTTTG ATGTAGAATG

ATAATTAAAC TGTACTTTCT GTAAAAGTCA

CAAGGATAGT

CTAAATACTT

TTAAGACTTA

TAATATTICG

TAGCCTTTTC

ATTTGTGGCT

m’mCTTTAIATCCTI‘GTAT TGTCCAAATC

AGGGGTTTTA ATGATGAATC GATCACCGGG

TCACCTCTAC TACCGICTTG TCCTCCCTTT

CCCTTACTAC GCCATTTCCG CCAGTATATT

CTCAGTATCT GTCATTCTTG TATTGGTCAT

CCACATATGG TTTCATAATA TCCARAGCCT

GAGAATCTGC CATGACGTTA AATGTITTTA

CAAGAGGGAA CCAGCAGGAA TTTTTATTGT

GCAGAATTAG TAATAGCCTC TGGTGCATTT

TAACTTGTAG TTTAATTAAG CTTCCATCAT

TTGAGCGTAA

ATACCATGAG

TACCTTIGCC

ATTCGTGTGT

TTGATCTGCT

AGATTACATC

TAAGGGTTTT

AAATTACCAT

CTAAGCGATC

Figure 2.

ATCGTATTTT

GGCCAATGAC

TOCTGAACCT

ACAGCGTCTG

TATCGGTTTT

TGTCACTCTT

APACAACCTT

ARACTTGGGE

TICGCCAGAA

TACCGCCGAC

ACGACGTTCT

CTTCTGATCG

AGQCATTCCA

GTTRCCAGAR

TGGGAAGTTA

GATTTAAAGG

AGRAGTGCCA

AACTTCGTTG

ATTGATTAAT GCGCCTGTGC TATGTCTTAC

GATRATATAG ATGCTGTTAC AGCCTICCGA

AGAXCTCTTT CRACAGAACG GGGTATCTCC

ACCACTTCCT CTCCATGAAT CTGCACCAGC

TTTCCTCCAG TTCCAAATGT AAAGTIGTTA

ATACATTGCC TCCGACAACA GCAGCACCGG

AARTATCTTCG CCTACTAGAC ACCGTAGACA

TCGAAATTAA AAATATACTC CTCTTITTCA

TGCCAAAATG TTCAACCATT TTTGCAAGCA

(Continued).

CCCCACQACC

CCATARATTC

AATTGAACAT

TTTCAAATAC

CCCCGAGCCG

CAGTCACCTT

ATCGGGGGCT

ATAAAGPATC

GGTCTTATGA

TTTTTTTTAT

\

A314
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13401 | GGATTCAGAT GCATTTGTCT GAATTGCAGC CATGTATTTC AATATTGTAG CCAGATCATA TTCCTTAGTT AATGACCCAA TTAACTGTAT CCCTTTIGTG A
13501 | TTAGCTGCGA CTTGOGCTTT TAAATCGCTT ATGTTATCAC TAAATCTICT TGRACCTGAG CAGCCTGGGT ATTTGCCTGG ATCTTCTACG ARAAGCTIGT| 1§
13601 | AAATTAATTC TTCCTGGAAA ATTCCCTCTT TGACAACCAA TTCGGAATAA ATTGCGGTTC CTTCTTCGTA CAATTICTTTS GAATTIGGAG GCACTGRACC
13701 | GGGTAGAATA CCTCCAATAT CTGCATGATG GGCTCTTGAA GCCACATAAA ATATCAATIC GCCAGTTGAA GAGAMAGAAG GAGTTATTAC TGTTATCICT
13801 | GCTAAATGAG TACCACCAAT ATCCGGATGG TTTGTGATTA AARCATCACC AGGCTTTAAT TTGOCTTCCC ATAACTTCGC CTGTGCTGAT ATGCAGGITG
13901 | ACATIGATCC TAAGTGAACA GGTACATGAG GAGCGITAGC GACTAAGTTT CCTTTAGAGT CGAATAGTGC ACATGAAAAA TCTAATCTCT CTTTGACGTT
14001 | AGTTGAAACA GAAGTTTTCC TCAATTGAGT ACCCATCTGG AGGGCGATAT CCATAAACCT ATGACTGAAA ATAGACAATA AGATTGGATC TATATCAAGT
14101 |} TCATATCCGC TITTAGATAA TGTCTTCGCA GCCTTTTGGT TGATCTTGAT AAATATATGA GAGTITAAAA TTGTTGCTTG GCTGTTIGGT AAAATAATAT
14201 | TTGTTTGGGT ACCGTCAGCC AATATGCCTG GGCCCTCGAT AATTGTTCCG GCAGGAAGAT CATCAATTTT GAAGACCGCA GTGTCGACCC ATTTGTIGTC
14301 | ARAATATGCT TTCTGGGTAA AACTAGCATC CTTTGACACG TCGGCTTTCT TGAAATGGGA AATITCAAYC AATTECTCAT CAACCGITTT TTCTTTTCTA
14401 | ACGCCTGATT TCCCAATTGC TCTTATCCTT ATATCATCAA TTATAATTICG TTTGTCATCG AATGAGAATC CGAACTCTTT TTTATGAGCT TCAGAGAACC
14501 [ ATTCCCTAAA ATTCCATTGG TCATCATATT TITGTAATAT CATCAAACTG GTTTCAGTAC CTTCATATCT GAGATTTAAA TATCTTTCCA AGACTATGTC
14601 | CTCCCGAGAR ARCGACTGAG ATAMAARGGTT TTTGATTGAA TTITTAGAAA GTTCTAAGAA TCTTTTTTTC ACTTTCAAGA TGGTCICTGG CTCACCCAAG
14701 | ATARAAGAGC AAGGCTCTTG GTTTTCITCA ATAACATCTG CTRAGAAAAT GCCATAAGCG GACAAGATAG AAGAATATCT ATGAATTAAA ACAGTGTCAA
14801 | TGCCCAATGA ATCTGCAACC GCTATGGCGT GITGCCCGCC AGCCCCGCCA AAGGAAACTA ACCGATGCTG AGATACTACA TGTCCTITTTG CTTCTGTRAT
14901 } GGCCCTCACA GGTCTIGCCA TGCATTCGTT AGCTACTITG ATRAATCCAT AGGCAACCTC TTCCATGGTT AGATTI’.E:A’IR_IM\GANCTT ATTGATGACA
15001 | TCTGTTAATT CTCTGAATTT CAAAGTAGTG GTTTCTAAGT CRAGTGATTC ATCCTCATTG GGCCCAAAAA TTTTGGGGAA GAACTCAGGA ACCAAACGTC
15101 | CTARAARGAG GTTGGCGTCT GTAATGGTCA AAGGCCCGCC CTITCTGTAG GCTGCAGGGC CTGGATCAGC AGCTGCTGAA TCAGGGCCTA CTCTGARTAA
15201 | CCCCTTTTTC CATGACAAAA TAGAACTTCC TCCAGCAGCA ACAGTATGGA TGICAAGTTG AGGAGATTGT ATGATGATCC CTGCGGTAAC AGTTTCARARA
15301 | ACATGTTCTA ACCTCCCATC GCCGTACCTA CTGACATCAG TAGATGTTCC TCCCATGTCA AAGCCTATTA AGGGTATGTT ATTATTTTTA TCATAGCATG
15401 ) TACTAGAATA ACCTATTACG CCACCTGCAG GACCAGATAA AATAGATTIC AAACCGGAPA ATTTICCCCC ATCCACTAAA CCACCATCAG ACTGCATGAA
15501 | TTGAATGTGG GTATCTTCTG CGTGGCTCAA ACCTGCAGAA ATGCTATTCA AGTACTTTIT AATTACCGGA GTAAGGTAGG CATCTGCUGAC AGAACTGIGA
15601 | GCCCTCGGTA AAAATTTTAT CATTGGAGAG ACTTCAGATG ATAATGARAC ATGAGARAAC CCAATCTCCC TGGCPATATT ACCAACAATT CGCTCATGGT
15701 | CTGGAAAAGT GTATGAGTGT AAAAATGCTA TCGCAATAGA CTTGATTCCG CTAGCATARA GCACTTTCAG AATAGATCTT ACGCTTGATT CATCTGGCTT
15801 | CTTTATGACC CTTACCATTT CGCCACTATT ACCTTCCAGG ATACCTTCTT GTTCATTAGG AGACGATTTG GTAAMATAAG GGTCTTCCGA GAAATCTTCT
15901 | ARAGTAACTC TCTCATCTAT TTCAACTACA GIGTCATATA ATGGCACTAC CTTTTTTATA TTTAAGTTGA AGATATCTGG CCTGGTITGG TCTCCRATCA
16001 | GCAATGAATC CTTARAGCCT TTCGTAGTAA TGAAGGCACA ACGTTCACCA TTICTTTCTA GAGOGCAGTT TGTAGCTAGG GTTGTCCCCA TTCTTABRACT
16101 | TCTCACATTA GAGATGTCTA GAGGAATACC GCGAGGAAIT GICTTGTGTT CAAGCACCTC CAAGAGACGT CTTATGCCTT CAAGGGGAGC ATCTGGATAG

16201 | TTTTTGGGAT CCACCGACAA GAGCTTGATG ACAGTATCAT GTTCTTGTIT ACCTGTACCA ATATICCCCA CACAATCAGT GAAAGTICCA CCCTTATCGA

16301 | TGGCAATTCT TATGTTTCCT TTCTGﬂTkG TATACCAAGA AGTTATATIT AGGTTTTCAA TGCTCAAAAT TATTACTGTT TAAGTICAGT TCTTAGTITT

16401 TGGCATTCTT TCTTCAACAC CACGTAACAT TTGATCTTAT CTTTCTTTTIC AGTIGGTAATG TTATGGCGAT CGTGCTCAAT CGGAABAGCA CCTGAGGCAA
16501 ACAAAACAAT TGTTGAAGTA TTCATGCAAA TAATACTGAA TAGAGCGGAG TACGCTTGTT CTTPATTCCA GAGATTGGTA AAGTGTTTAT CATTGCTACC

16601 CTCTAGAAAT AAAAATTAAT TATTTAGGTA AAAAGTAGTA CTGAGGTTIC ATATCTGTAG ACTGATGGAG

3

A TT TAT! AA

16701 TTATAAGTAG ATACACAATT GCTT*CCTT TCATGTAAGC ATCTAATTCA GCGTCAAGAG CTTCGACAGA AGTAGGAGTG TTATTCITCT CACGGCCCTT ‘\

16801 } GTTCTTITTG GAGACTCTGT TAGGCTITTG GCGATAATGG CTCCCTGGCC TGOCTCTTCC GTGITCTTIGA GCCGTCTGTT TGCGACGGTT GTGGGCATTC
16901 { ATTCTAGAAT GCTTTCTCTG TGGTTGGTAA ATCTCCACTT CAATTTTIGC ATTATGTAAC TCATGTCCAT TATAACGCTC GACAATCTTT TCCAAAACTT

17001 § CTGGETCTTC AAATTCGTAA ATACATGTAC GATCCTCTTT ATTGTCAARA ATTTTCGAAA ATATTGGCGA GCCAAACTCT TTAATCATAT CATCGAGGGT

E203

17101 } GTAGTCAGAA ACGTCTAGTG GGATTTTGGA TATTCTAATT CICTTAGGCA AAGGAGGCTC TTCCCTCTCT CTATAAAGGC GATCTTTCGA CCTTGATGCA

17201 | GCATCCGAAG GCGCAAATCC CAGTCTAGGT CCTAATTCAT TTCTTAAATC CCITCTGCGG TATCPCGTTA CCTTATGATT AGATGAGCTG TCTGTGIGAC

17301 | TATTTCCAAT AATTTCGTCA AATGCTITGT &:‘ﬂTGG\M ATGCAGTATT GAATCGTCTA ATGGAAAAGG TACTAGACGC TTATCGITTC AGTTTTITAG

17401 TCTTTTCCAT CTATTTATCA GTCTGTACTC AAAATAACCT TATTGTATGT AACCTTTTTC ATTTCACGAT GATAATTTCT TGCCGAGTTA GACAGARAAT

17501 GACCGTGATA GTTTGTCATA ATTTTCAATA GGGCAGAAAG AATTTTAAAG ATTATTTGCT ATCIAGACAT TATGTGTTTT ATATGATTGC TGTAAAAGTA

17601 TTAGGAGAGA TCGTCGAAAA TATCCTTAAA CCTTGGCACG TTCCCATAGC TCCTTTTGAT GTTTGCAAGC CAAGTTACGG AGTTGGCAAA TTGTCTTAAT

17701 | GTAGGTTCAA CAGTAGCCAA ATTTCCGTAA GCTACGGITA GOCTATATGC GGCTTCTTCG CATTCTTGAT ACTCTTCCAA TGGCCCATAC TTGGTGTTGA

17801 | TGGCGTCAGC TACGATAGGC AAAAGTICTA AATCAGAGTT CCCTTTCGTG ACGAGAGCTG AATAGTTGAA AATTAGTGTG GAAACIGCAA TAGCCAMATT

Figure 2. (Continued).
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17901

18001

18101

18201

18301

18401

18501

18601

18701

18801

18901

19001

19101

19201

19301

19401

19501

19601

19701

19801

19901

20001

20101

20201

20301

20401

20501

20601

20701

20801

20901

21001

21101

21201

21301

21401

21501

21601

21701

21801

21901

22001

22101

22201

CTGTGACTGT TTAGCAGATG CCTGAGAAAA
TCATTATTGA AGCAATTTAC CAAAATACGC
AATAAGGTAA TTTTTTTACA ATCAATCGTA
CCAGCTTTCA TCTATGTCAT GTAGTGCGCC
ATAGTATCTG GGTTATAATT TTCCATGATA
TATCGTTGGG CTGGTCTAGC GATATGCCAT
ATTGTCGGCT GCTGTATATG GGTTGTCGCT
TTA&CT‘XIESE:)ARIII.CmITTT TTTGTCGTTT
TAGTACCTTG AGGTGATTTG ACTACCACAA
TGICTTGGAA CTTATAGTGG ATTTTICCAC
AGATTATCAC TACTTCCCAC AATAATATCA
TTTCCTTTGA CCATATACGG ACTGTTCGGT
ATATGTTCTT AGTACGTCAC CTGTATGCAT
CTTACTACAT CATTGTGAAT CCCACTGAAA
CTGAGRAGGA TACGACTTTG GCATCCCATA
ACTACCGCTT ATCACAACAC CATCTTGGAA
AAGGGCACAC CGTTGATCAT AGTATCCTTA
CTACCGTACC GAGCCATTGG TCATCTITTAG

GACGTCCTGA TCGTGCCCTT TAAGTGTTGC

TTCAGTATCT

ACAGTTAACA

CTATGTCGTA

ACCAATTTGC

AGATACTGCT

TAGTGTICTT

GACATTAATC

CCAGTAGCAC

TITGACCCTC

TTGCGTAGAT

CCATTAGACA

CTTCGCCGCA

ATCAACCAAC

GITTTGATCA

CAGAGGCATT

GGATARACTA

CCTCCARAAARA

ACCACAAGCG

ACTCAATTGA

ATAGTCTCAA AAATTGATTT

TGGTTAGAGT GATATTCTTA

TGCAGGAGTC TTAATTTCCC

GOCAGAATTT CATCATCAAA

TGACAGGRAG AACCTTCATT

CAGTATGARC TGTRCTACTT

GGCAATTTCA AGGGAGGTTIT

CTGCACCGAC AACATCACCA

TTTGCGCCCC GGOGATTCTA

AGTTCATTTA TTTCATCCTC

TACAATCAAC GGACCARATA

GCTTACAATA TCTCCATTGG

TTGATGAGGC

CATCGTTTGA

CTTTATCGTT TTGCCACAGT

GIGTGCTTGC AAATTGTAAA

CARACGTTICC CTTGGTGGCC

GQAACAACTC CTTCTCGGAA

ANCTGTTCCA TCOCTCGAAA

ATAMCTTGA

TTGOCCAAGC

AGTTAGATCT

GGTCITCTCA

ACGCTCGTTT

GATCCCTATA

TCCATCTTCA

ACCTTTTTCC

ABATTTCATA

GGARMGCCCAT

GAGATGGCAG

GCAGCAGTTT

ACAACTGATA

TTAATCGTCT

CCAMCGATCC

AATCAAGGTA

TCATRACACA

CACTAGCAAC

TTTGATTCCA GTAATTTCAC ACCCCAGITT

CTTCTTCGAT GTAATCTTTT ATATCTGAAG

TATAGIGTTA GCAAATGARA GTAGCAACTC

TTTGAATTTA TTTTTACTAT TCCATTGAAA

TTGAMGGTGA TACTGCAGAA GATGATGCAT

ACTCATTGGC AGTTCATAAC GAGCCAAAAA

ATATCCACAT CAAATACGTA GTCATACGTT

ATGRAGAATT TGAAAATTGA TGAGCTTICTA

AGGTGATAGT TTAGACTCAT CAAATTCTAT

CTTGACTTCT CTTGCGAAAR TATTCTCACA

GAAGTGTAAT TACCTGCTTT AACGAACCAT

AATGCAATAA ACARAGCTTT CATGGCCTTC

AAATGGCCAT CATCCACCAC AGCTARATGT

TATCGGCGGA AGCTGTCAAG AATTTATTTT

TTCTTTCCAA ACCTTTGCGG TTTTGTCCCA

TACAAGGGAT CCTCTCCTGA GGTGGCRAAC

CACTATTTAA AAATCCTTGT CCTGTATAAA

CTTTGAATCA TCCACAGCTA CCACATCCCT

TCCAARATCTG

TATCCCA%C

AAAATAAGCC AAGACAGTGG CCTTCCCTTA

ACTCGCAAAG GARATGCCAA GGTCAGCAAC

CACGCACGCA TTGCTGCACT ACTGCTTACC

GGAMATAGGA GAAAGGATTA GAAACCATAT

TTATCAGCGT

TITCTCGACG

CACACTACAA

CCCTATAACA

ACTAAAATCT CATATGATTT

TOCAAGCCTC GCTCCTATTG

ATTTAATTCC AGCTTATTGA

GTAACGATAA TATTTATATA

CTGCTCTACA

ATTITTCGTG

TTTTAGTAAC

AGTTGAARAG

CACGTATATT

CCTTACTATC ACACATGAAT ATATATATAT
GTCCTGAACG AGTGTGAAAA ATTTTGAAAA
CTGTAGACCT TCAATATTCA AGAGCTTGCA

GCAAGGGAAA AATACCACAG GTTTAGATAA

TTCTOGTCTA GA‘ETGCAG GTCCAATAGT

GTACGTTCAA AATGCGGACG GTATCTICTT
GTCCTTGGAG CAGAGGAATT TCCTGTGCAA
CARATACTGT GGAAGAGACC GGTAGATTCA
TGAAGAAGCC GAATATATCA AGCTACTGGA
GAARAGGTTG GTCCTGCAGC CTCCTGGAAA
CTAGARTTGA CTCCTTTATA CAACCTGTTA
ACGTAGTATA TTTAGGGCGG GCACAAGATA
GAGAATCCAG AGAGTGAAAA AATACACGTT
CARATCTTGT TCTTGGAGAA ARCTCATTAG
CCAAAAGGGC CACGAACTAC CCGTGARAGA
GARTGTCGTA AGATGCAATG GCATAGAGTG
CTAATGGTAA CACCGTTGAA ATTGTTAATG
AGCCCAGTGG GTTTTGCAAA AGGAGTTTGA
TTATGGGCTG ATAATGCAGA TGCAGTTAGT
EcoR |
CATTCAACGA TTTTTTGAAT TCAGCATCAC
ACCACATACC GCTTCTATCA AGTCGCCATT
GCTACGATAT TTTTTCCTAA AGATAGATTT
TTARGAACGG TATTCAGTTT GTCAACTGGC

GAARTATGCA CAGAGTCCTA AATTTTCCAR

CAAGCTTGCT

GGTGAAGTAG

ATGGCCACGT

GTTGCATTTG

ACCGCTGATG

TCTATGGGTA

CTTCCGTCET

TICTCCTTCT

ATGCGACAAA

GGGCTATGRA

AAATTGTTAA

AGCAACATTC

AAGTGCCGAT

GIGGCATATT

GITATTACCA

CCCCGACAGA

ACCAGCAGTA

CTAAGTTAGT

GCCGGATCCT

GAGGGCAARG GAACTAACGA

TAAAGATTGC GTCCTTGATG

TTTCTATAGA GTGTTGCAAC

AAAAATTCCA CCTTTTATTT

AACGATTCTT TTGGAACCAT

TGCCAAGACA GTGGACGCCG

GGTGTTGACA AAGACGGTAA

TACAGACAAG AGGATCTGTG

APAGCATTTT GACCAGCAAA

TCGAGTCGTGC ACGCGCTARA

TTGATCACCT GGAGAAATTA

CGTTGTAAGA ACPAACTGTA

GTICGTTGCTA CTGGAAGCAC

CGGGCACTGG AGCTTTGAAG

GRACAATTGG ACTGATGGTC

AGACCAGTGT ATATTCAGCT

AGAATTTGCT GTATTTTGCA

AGACGTTGGE TTCTTGGTOG

TGCTGTTATT

GGGTTCATTA

ATTCTATCGT

TTCATACACA

TACTTAACTG

TTTTGAATGC

CGTTGGCAAT

CCAATATACT

AGGAGTTATA

CGATCCGAAG

GGTTTATCTA

TGGATTGTTT

TTGGGAAGAC

ACCGATTTCA

CRAGACAGGA

GATOCCAATG

GGTGCGTCGA

TTCATCAAAC

CACTTGGCCA ATCAAGATCA AGGTGTICGG

AGCTAAAGTT GAACAGGTAT GCCATTATCG

ATCTACCAAG TTTAACTCGA GAATCGATTC

TATGATTTAR CAAATTCCTT ACAAAGARAT

AAGATTTGAG AAACTTTGCT CATCAAGATC

CACCCCTATC GTTCTTGGTT TGATTACCAG

TTCAATGAAA CTGAGCAAAT TTTACTCGCT

GGGCTGAAAT CAACAACTTG AAGTACAAGC

TGGCGACAAC TACTTGGTTA ACCTAGTCAA

ATTCACTACG TGTATTITGA CTTCCACCAT

ACGAAGATTT CTTCCACAAG GTCATAGACT

GGACAGAACA AATGTCGTTC AATCTIGTITT

AACGCTCCAT TGTTAACTTC TTACCARAAC

CAAGAACCGG TRAGCGTACA CGTCTAGGTG

TTCATACGAT TTATTOCTTG GTGGATTTAG

ATCATTTGCG CAGCCITGAC CGTTTTAGGT

TTGTCTTGGC GCTTTCAACC AAATTCATGT

GCATGATAAA GAACAACAAT TCAAAGGITT

TTAAAAAGAG A’;EATGAGI‘

GTAAMARCCGA AAATATGATA AAAACGAGAA

TTTTCTTTTT TACTTTATCT TTCATGGTCA

AARARGTARG

TATATATATA

Figure 2.

TCTATATGIG

ATAAMATGAT GATTATIGTA AATCCAAAAC

‘TTAAAAAATA

TATATATATA

AAPARATAAA

TATATATATC

AARAATGAACG CCGGOCCCAG AGGGAAGAAC

TTCTATAGGC TACTATACAT GAAGGOGTTC

(Continued).

AAGCTATTTA
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22301
22401
22501
22601
22701
22801
22901
23001
23101
23201
23301
23401
23501
23601
23701
23801
23501
24001
24101
24201
24301

24401

M. TZERMIA ET AL.

CGTTAAGTTT TTTTCCCTAT TGTACCGTGT MAGTTTCAAT T*‘TCGCATA ATTCATGAAT GAACTTCTTC ACATCOGGTTG ATTTCATTAG GGCTTCACCC ‘\

ACTAARAATC CATGGACACC TTCTTTTTTG TATTTTTCAG CATCGTCCCT GGTGGTAATT CCCGATAGAG CAATTAGAAG AACATOCTTT GGAATAGATT
CTACCAAGTT ACTGGTGGTA TTTAGGTCTA OGTTGAATGA ATGCAGGTCC CTATTATTGA CACCTACAAC TTTAGCACCA ATTTCIRGAG CCCTTTGTAA
TTCCTCTTTS GAGTTCACCT CAACGAGAGG TTCCATGTTC ABMATCTTTAC TGTAGCTGTA CAGTTCCTTC AATAAGGGTT GAGATAGCAT CTTGACTATA
AGRAGGACAG TGTCAGCTCC AGCTAATCTT GCTTCTAGTA TTTGATACTT GCTGAAAATA AATTCTTITC TCAAMACACA AGGCCTCTCC TTGGGAGGAA
ATTTCARATC TAGGATTTTC CTCACATTTA CTAAATCCTG TAACGAACCG TGBAACCAAT GAGGTTCGGT CAATACGGAA ATTGCGGATG CACCAGCCTC
TGCGTATTTG AGAGCCTGTT CAGCAGCAAC AGCTTTTAAA CRARATGGGTC CCTTCGATGG AGAGGCACGC TTGACTTCAG CAAGAACAAC GGCTCTTITA
TGGGATGATG ACAACACCGT GTAGAAATCC TGTAACGGTG GGGCAAGACC TAPATCATAG TTAGATTGTA AGTCTIGAAA GGTGABACCT GGGATTITAG
ACTGCTCATT GACGTCTATT TTACGCCGAG CATAGATACG GTCCAAAATA GAATTTGAAG GAGATGATTT GITTTCCTCC CAAGTGCCTC CACTGACGTT
TAARATGTTC CTGATCATCA GATGACCTTC CTCGGTCAAG ATGGATTCCG GATGARATIG CACACCTTCT ACAGIGTACT TCTTGTIGTCT TACACCCATG
ATAATTCCAT TTTCGGTACT CGCAGTAACC TTGAAGCAGG ATGGTAGGGA CGATTCTGTC CCGGLCAATG AATGGIATCT TGTCACAGCA ATACCTIGCG
GCACGTTCTT GAAAATTCCA CAGTTGTCGT GAGAGATTGG GGACGTTTTA CCGTGGACAA TCTCACCAGC GTAGGCAACT TCACCACCAA ATACGTCAAA

CATGCATTGC TGGCCCATAC AGATTCCAAA TACAGGAATT TTCCCAGTAA AGTACCGGAT ACAGTCTCTT GAAATGCCAG AARTCTGICTT TGGGTGACCT

GGTCCAGGCG AGATAAGCAA TGTGTCGGGA TTCAAGGCGG CAATTTCTGG AACTGTAATT GCATCGTTAC GGTAGACGCT CACTTTGGCG CCCTCCTGGC

ACAAGTACTC GTAAACGTTC CAGGTAAAGG ANTCGTAGTT GTCAATTAGA ACCACATGCT TATIGATTGG GTTTGTTGCA GCGTGCACAG ACATIITTITT

CTTACTTTTA TGGCGTTCTA TGTAGAACCA AACAGATTTG GTAATGTGTT AATACTGACC AGCTCCTTGT CGAACTTTTT GCGTACCTTA ATATCTGCTA

TAGATTAGAA TGAGTCAACG AGCCATTGAT GATCATTCAA TGATTACTAC AAGAGGCATT TTCOGTCGTC AGTGATATGA ATAGCACGGT GAGGTCCAGA

AGAGATAGTA GGAAGTTTAA TACTGGCTCA MAGGCATACT TATATCGACA AGCTAAGCGC AAATACTACT TTGTGGTACA TCATCAGCAT TGCTTTCGAG

AAAACAGCAT TTAAAATCAG CCATTTGCTG CGCTTTCTTT AAGCCCTAAC AGAAAATAGT TCAAMMAAGGC CTATAAGAAG CAARAMAAGT GRAAAATACG

AAAARATACT CCAGCGGAGG AGTATARAAG GGAGGAAAAT ACAAAATGTA GTTGTGTTGT TACGCATCTC AAAGAAGAAA GAAGAAGAAG AAGAAGAGGA

CGTCGCACTT GCAAGCAAAR ACAGCGACTG GCGCGAGAAC AACAAACACT AATGCATGIC TCTGTCCAGC AGGAAAAGCG AGCCTTRGTG TTTCTTATTT

TCTCGTTCGC CTCACTAGTT TGTACTAGGG TGGGAGARAC GATGGAGTGG ATTGTATGAT GAGGAACCAG ATAGGGACAA CAGATICTCA AGTGACGAGG

D484

24501

SaudA
AACATCTTTT AAAGCCCAGT TTTTAGTAGA GCTTAGGGCG CCITTACTGA CTATCCACTC CTTGTTAAGC TATGATC

Figure 2. (Continued).

Figure 2. Complete sequence of the 24 577 bases of chromosome XI. The sequence reads 5’ to 3’ from the
left telomere to the centromere. EcoRI sites are underlined. ORFs are boxed. The direction of each ORF

is shown by arrow.

and the amino acid sequences were performed to
the GenBank, EMBL, SWISS-Prot and NBRF
libraries using the GCG package software by
us at the LM.B.B. MicroVAX and by the staff at
MIPS.

RESULTS AND DISCUSSION

Sequence determination

The 24-6kb sequence was determined from
overlapping Exolll-produced deletions and from
internal priming to fill in the gaps. An average
length of 280 nucleotides was read manually from
each sequencing reaction. Readings up to 400
bases were achieved on 4% polyacrylamide gels.
(Selected sequences were determined using an
AL.F. sequencer (Pharmacia)). Compressions
seen at several specific positions were solved by
repeating the sequencing reactions using dITP (6
different instances). Occasional base ambiguities

were resolved by new preparations of DNA
templates and from opposite strand readings.
Sequence assembly was performed manually
according to the restriction map and to the
sequences obtained from oligonucleotide primers
connecting the restriction fragments. Verifications
were performed manually by careful re-reading
of original sequences and deciding between
differences found on the two strands.

Sequence analysis

Six phase ORF map analysis of the sequence
included within the 24 577 bases by the DNA
Strider program revealed nine ORFs >100 codons
(Figure 1b). Their sizes range from 203 to 1286
codons and constitute 60-2% of the sequence
(14 792 bases). This percentage agrees with the
organization found on chromosome III (Oliver ez
al., 1992).
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Table 1.
with the protein databases.
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Best optimized FastA scores obtained by the comparison of the putative translation product of each ORF

Homologous or Identical Optimized Highest

ORF protein score score Reference

A407 S. cerevisiae 152 2300 Aigle et al., 1992
Hyptothetical protein EMBL: X59720
YCRO07C (239aa)
20-0% identity in 140aa

D326 E. coli (tdc) 578 1517 Data et al., 1987
Threonine dehydratase (329aa) GB: X14430
38:9% identity in 314aa

A616 E. coli (proP<fv;l) 235 3263 Culbam et al., 1993
proline/betaine EMBL: M83089
transporter (500aa)
22-0% identity in 354aa

A3l4 S. cerevisiae (URAI) 1519 1519 Roy, 1992
Dihydroorotate oxidase GB: M83295
100% identity in 314aa

F1286 S. cerevisiae 1386 6147 Roy, 1992
Hypothetical protein EMBL: X59371
(URAI 3’ region) (283aa)
100-0% identity in 283aa
Pseudomonas sp. 783 6147 Watabe et al., 1992
Hydantoinases GB: D1049%4
(hyuA-hyuB) (690+592aa)
24-4% identity in 1190aa

E203 no homology found 973

F715 Mouse PLAP: Phospholipase 509 3427 Clark et al., 1991
A,-activating protein (325aa) GB: M57958
40-8% identity in 250aa

B623 S. cerevisiae 3109 3109 Cleves et al., 1989
SACI (RSDI) protein
100-0% identity in 623aa

D484 S. cerevisiae 2336 2338 Zalkin et al., 1984

Anthranilate synthase (7RP3)
99-8% identity in 484aa

EMBL: K01386

The complete sequence of the 24 577 bases of
cosmid pEKGI100 is given in Figure 2. FastA
analysis (Pearson and Lipman, 1988) of this
sequence revealed that three fragments were
previously sequenced including the genes URAI
(2884 bases), RSDI (2406 bases), TRP3 (2815
bases), and part of the 3’ non coding region of the
UBAI gene (359/4795 bases). The database files of
the last three genes are partially overlapping. Our
sequence data are in complete agreement with
the URAI published sequence. There are minor
differences in the non-coding regions of the other
sequences and one nucleotide substitution in the
coding region of TRP3 changing the arginine
residue 130 to lysine, which is a conservative

change. This region of our sequence determination
has been verified independently by another group
participating in the sequencing of chromosome XI.
Therefore the discrepancies found with the
previously published data could be due to strain
polymorphisms.

Our sequence analysis also showed differences
with the published genetic map as well as with
the physical map of chromosome XI (Mortimer
et al., 1989). Genes URAI, SACI (RSDI) and
TRP3 were placed 105-115kb from the Ileft
telomere and in reverse order. This distance
from the telomere according to the sequences
of cosmid pEKG100 and pUKGO040 1s 25-38 kb
(Alexandraki and Tzermia, 1994). Leaving aside
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Ad407a 50 VIPQDLFMDNEFTWMFYEF --FKCF TFRTWLLLL---LIMWLPGFLSQIKSINRIFPFKLC
A407b 244 QIPKKTYRYKFTWVLKRI~-FNLWLFPAF ILFLACIYVSWDKGHLFRI~~~~-—=—~ c
YCROOQ7C 32 TIPEDTFKSYMTYLLYEMAHYKPMIFS-FLALSVSILIV---VIFHNVKACDVVFGF--$

*k * *
A407a IIVSCLVGIFLPNIYSFSHKSVLTNQLT~~~QF SKE IVEHAPGTDTHDWETVAANINS YF
A407b ~——~C~GGGF LLMVRVFQNMRP F SMEHMEDKMOF L ST I I-NEQE SGANGWDE I AKKMNR YL
YCROO7C IFVTSI--LFLSTLIPFN~—VYISDEGFRIKLLLEVITHRPAVKGKEWRAI TDNMNQYL

* % . * * .. . -* * .
A407a YENKAWNTE YFFFNAAECQKAFRKVLLEPFSVKK 195
A407b FEKKVWTSEEFFFDGIDCEWFFNHFFYRLLSTKK 389
YCROO7C LDNGLWSTRY YF YSSERCYKFFR-FLVKEKPPGV 173
* . . * . . * *

100 200 300 400
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Figure 3. Analysis of the A407 ORF product. (a) Alignment of the indicated amino acid regions in A407 and YCRO007C proteins
using the CLUSTAL program. Asterisks indicate identities and dots indicate conservative substitutions. (b) Hydrophobicity profile
(Kyte and Doolittle, 1982) of A407 protein derived using the DNA Strider program.

human errors, these discrepancies could reflect
stain variabilities or alternatively, a variation in
the frequency of recombination across this region.

Analysis of the ORF products

The putative translation products of the identi-
fied ORFs have been compared to protein data-
bases using FastA (Table 1). Scores higher than
200 have been considered as significant, although
in some instances lower scores due to homologies
in restricted areas of the protein sequence indi-
cated conservation of specific domains. For better
evaluation of each score’s significance we have also
included the highest FastA score, obtained by the
comparison of each ORF with itself. Similarities
were found for all but one of the ORFs contained
in the sequenced 24 577 bases, either with known
yeast proteins or with proteins from other organ-

isms. Protein patterns (motifs) have been identified
by the ProSite program (Bairoch, 1991) of the
GCG package.

All ORFs correspond to expressed genes, evi-
denced by DNA hybridization analysis, using
polyadenylated RNA and radioactively labelled
single stranded oligonucleotide probes designed
according to the sequence and the direction of
transcription of each hypothetical gene (data not
shown). We have additionally performed gene
disruption/deletion analyses for two of the identi-
fied ORFs, the D326 and the F1286. Below we
describe some interesting findings on the ORF
sequences.

Dot matrix analysis of the A407 product re-
vealed an internal region of about 145 residues
which has been duplicated and diverged (data
not shown). This duplicated area shares sequence
similarities with one region in two other yeast
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IivA
ILvV1
D326
Tdc

I1lvA
1LVl
D326
Tdc

I1vA
ILV1
D326
Tdc

IlvA
ILV1
D326
Tdc

I1vA
ILV1
D326
Tdc

I1lvA
ILV1
D326
Tdc

Ilva
ILV1
D326
Tdc

Ilva
ILV1
D326
Tdec

IlvA
ILV1
D326
Tde

I1lvA
ILV1
D326
Tdc

Figure 4. CLUSTAL alignment of the entire sequences of the anabolic threonine dehydratases ILV1 and
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GGLAAGVAVLIKQLMPQIKVIAVEAEDSACLKAALDAGHPVDLPRVGLFAEGVAVKRIGD
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* %k K * * * * % *

. D o« s “o .

ETFRLCQEYLDDIITVDSDAICAAMKDLFEDVRAVAEPSGALALAGMKKYIALHNIRGER

ETFRVAQQVVDEVVLVNTDEICAAVKDIFEDTRSIVEPSGALSVAGMKKYISTVHPEIDH

YTFAIIRENVDDILTVSDQELVKCMHF LAERMKVVVEPTACLGFAGA--~~-LLKKEE--L

LTYEIVRELVDDIVLVSEDEIRNSMIALIQRNKVVTEGAGALACAAL~----LSGKLDQYI
*

* * * * *

« e . « e e .« . . . . . . .

LAH----ILSGANVNFHGLRYVSERCELGEQREALLAVTIPEEKGSFLKFCQLLGGRSVT
TKNTYVP I LSGANMNFDRLRFVSERAVLGEGKEVFMLVTLPDVPGAFKKMOKI IHPRSVT
VGKKVGIILSGGNVDMK~~RYATLISGKEDGP T I~~———==—==——m === mmmm e e —mm e
ONRKTVSTISGGNIDLS-~R-VSQITGFVDA~—=============—mm—mm— oo
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HVRYMVGGRPSHPLQERLYSFEFPESPGALLRFLNTLGTYWNISLFHYRSHGTDYGRVLA
HGRYLVGGASKVP-NERIISFEFPERPGALTRFLGGLSDSWNLTLFHYRNHGADIGKVLA

AFELGDHEP-DFETRLNELGYDCHDETNNPAFRFFLAG
GISVPPRENLTFQKFLEDLGYTYHDETDNTVYQKFLKY

IlvA with those of the catabolic threonine dehydratase Tdc and the D326 protein.
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Table 2. Pairwise similarity scores of threonine dehy-
dratase sequences from yeast (D326 and ILV1) and E.
coli (Tdc and IlvA) using the PileUp and FastA (GCG)
programs

Compared PileUP FastA
protein sequences Scores Scores
ILVI x IIvA 0-88 1251
D326 x Tdc 0-78 578
IIvA x Tde 0-76 558
ILVI x Tdc 0-71 519
D326 x IIvA 0-68 501
D326 x ILV1 0-67 468

hypothetical proteins YCR007C and YCRO048W,
of unknown function, found on chromosome III.

100 200

300

M. TZERMIA ET AL

A multiple alignment of both homologous A407
regions and of the similar area in YCROQ7C
protein is shown in Figure 3a. The YCRO048W
hypothetical protein (Grivell et al., and Bolotin-
Fukuhara et al, 1992, EMBL: X59720) of 610
amino acids showed a lower degree of similarity to
A407 (FastA score: 128). The hydrophobicity pro-
file of A407 ORF showed that the duplicated area
consists of a stretch of hydrophobic amino acids
followed by a hydrophilic domain (Figure 3b).
Its conservation in other proteins implies some
specific structural or functional property possibly
with a dual role in A407 protein.

The gene encoding for the D326 protein is
not essential for viability, based on our gene
disruption-deletion analysis. D326 ORF product
showed extensive similarities to all known pro-
karyotic and eukaryotic threonine dehydratases
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Figure 5. Hydrophobicity profiles of the A616 ORF product and of the ProP protein.
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F1286
HyuA-HyuB

F1286
HyuA-HyuB

F1286
ByuA-HyuB

F1286
HyuA-HyuB

F1286
HyuA-HyuB

F1286
HyuA-HyuB

F1286
HyuA-HyuB

F1286
HyuA-HyuB

F1286
HyuA-HyuB

F1286
HyuA-HyuB

F1286
HyuA-HyuB

F1286
HyuA-HyuB

Fl1286
HyuA-HyuB

F1286
HyuA-HyuB

F1286
HyuA-HyuB

MOKGNIRIAIDKGGTFTDCVGNIGTGKQEHDTVIKLLSVDPKNYPDAPLEGIRRLLEVLE

MKL----FGVDVGGTFTDIIFS——--—— DTETRVTAIHKVPTTLDDPSTGVVQGILELCD
* Lk kkkwkk L * * RN

THyuA

HKTIPRGIPLDISNVRSLRMGTTLATNCALERNGERCAFITTKGFKDSLLIGDQTRPDIF
RQYIDR---—-- TAIDHVFHGITIATNAILEYDGAKTGMITTEGYRDITHIGRHQRPONY
* % . . ***.*** * % .* . *k %k t. * . * % . **‘

NLNIKKVVPLYD-TVVEIDERVTILEDFSEDPYFTKSSPNEQEGILEGNSGEMVRVIKKPD
~~SIMOEIPWQDRPLVQRRHRLAIA~~~=~—mmmmmm—— ERMGPVKGQ~~~~—— VITPVQ

-* . -* * -*- -*-.a *u * . *c *k
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* kR * ko okk o kk kdkk Kk k% k| o x L K, EEEk KK
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Figure 6.
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F1286 LPGSVP-PNSKELYEEGTAIYSELVVKEGIFQEELIYKLFVEDPGKYPGCSGSRRFSDNI
HyuA-HyuB TPGSCGIVDAVDAYAEGLOFKATKVYDQGYV-KNRYVWD I LKDN~—~~==—=~ IRAPKLVV
K*kk .. . * kK . . * n*. .. . .o .. * -
F1286 SDLKAQVAANTKGIQLIGSLTKEYDLATILKYMAATQTNASESIKKMLAKMVE-HFGTTK
HyuA-HyuB GDMEAQIAAARIGAQRYIEIIEKYGLDTVQAASEELMNYSEKMMRDAIKKLPDGEYTAEG
"k. **'** L *.* *. . . .. . i'.
F1286 FSGEDRLDDGSL~~~~TKLQVIIRPEKEEY IFNFDGTSPQVYGN-LNAPE-ATTNSAILY
HyuA-~HyuB FL-DGYLDSDDPAKKDLRINVTVKVDGSDLTVDLTGTSPQVIDKP INMPLLGTVDIATYL
* . * ok . .-.-* .. . . kkdkkdk .. '* * . . ok
F1286 CLRCLVGE ==~~~ DIPLNQGCLKPLTIKIPAGSLLSPRSGAAVVGGNVLTSQRVIDVILK
HyuA-HyuB TLRSILLDSTVYGNFPONSGLIRPIKIVAPKGTLCNPIFPAPTIA-RFNSGNAVADTLMK
*ok Ly . --* * * --*- * * *-* -* *. .. s *.* .-*
F1286 TFNVMADSQGDCNNF TFGTGGNSGNKTDKQIKGFGYYET ICGGSGAGADSWRGSGWNGSD
HyuA-HyuB ALAQVVPHQVSAGVGNLQVVAFSGOSNEN-~~-YWVYMDIMEGSYGGR—~~—— YGKDGMD
* . . *k .. . * * *k ok * k%
F1286 AVHTNMTNTRMTDTEVFERRYPVLLKEFSIRRGSGGKGKY TGGNGVVRDVQFRKAVTASI
ByuA-HyuB AVDTLYANTRNNP IEDIESHYPLRVNRYELRDNDSAPGKWRGGIGSIREVSFLADGSFSV
*k Kk L REk * L . .o * %k dk % JE L x x . *.
F1286 LSERRVIGPHGIKGGQDGSRGENLWVRHS-TGALINVGGK -NTI
HyuA-HyuB EADGHKYAPWGFDDGQDGYVG-SLSTRDNETNELVQLPSKLPNRHAQSGSTIQLVGPCGG
WX * .**** * x '*.. * *'.- .* _**
F1286 ~YAQPGDR~—~—==—===—— FIIKTPGGGGFG QY KD
HyuA-HyuB GYGNPLEREPEKVLSDYLDGFITKEKALVEYGVTITDSEEIDYEKTNELRKV
*‘.* g *k Kk . g * [ )

.

Figure 6. (Continued).

Figure 6. CLUSTAL alignment of the F1286 ORF sequence with the two hydantoinases,
HyuA and HyuB. The mitochondrial energy transfer protein motif is underlined.

as well as some similarities to serine dehydratases.
Multiple sequence alignment analysis revealed
that it is most probably the yeast biodegrative
threonine dehydratase (Figure 4 and data not
shown). Our conclusion was based on the follow-
ing observations summarized in Table 2. D326 was
more similar to the E. coli tdc gene product, which
catalyzes the catabolic dehydration of L-threonine
to u-ketobutyrate and ammonia, than to the ILV1
yeast threonine dehydratase, which catalyzes the
first step in the isoleucine biosynthetic pathway
(Kielland-Brandt er al., 1984, PIR1: DWBYT,
36-2% identity in 287 overlapping amino acids).
ILV1, on the other hand, appeared more homolo-
gous to the E. coli biosynthetic IlvA threonine
dehydratase (Lawther et al, 1987, PIRI:
DWECTS, 47-8% identity in 517 overlapping
amino acids). The corresponding similarity of the
D326 product with the IIvA threonine dehydratase
is 35-5% identity in 318 overlapping amino acids.
In addition to their homologies, the two catabolic
enzymes are similar in size (326 and 329 amino

acids respectively) and quite different from the
two anabolic enzymes (576 and 514 amino acids).
Finally, the CHAI gene product reported to be
responsible for the catabolism of both L-serine and
L-threonine (Bornaes et al., 1992) was very clearly
grouped with the serine dehydratases in our
multiple alignment analysis (not shown).

The product of ORF A616 is quite possibly a
membrane metabolite transporter. It is signifi-
cantly similar to the prokaryotic ProP osmoregu-
latory proline/betaine transporter and less similar
to a number of proteins from various species, as
permeases and drug resistance proteins (FastA
scores: 100-154). The region of homology, residues
180 to 520 of A616 and 70 to 415 of ProP,
coincides with the region of ProP which is homolo-
gous to the citrate and o-ketoglutarate transport-
ers (Culham ef al., 1993). Finally, a comparison of
the hydrophobicity profiles of the two proteins
indicated extensive topological similarities (Figure
5). They both contain the characteristic twelve
potentially membrane spanning domains and both
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F715 1 MGYQLSATLKGHDODVRDVVAVDDSKVASVSRRGTVRLYSKDDOWLGTVVYTGOGFLNSY
PLAP 1 MHY---~- MSGHSNFVSYVCIIPSSDI~~~~~~ ——— ~--=YP~
* % . * % . * * . * *
F715 CYDSEKELLLFGGKDTMINGVPLFATSGEDPLYTLIGHOGNVCSLSFQD-GVVISGSWRK
PLAP ————- HGLIATGGND--~HNICIFSLDSPMPLYILKGHKDTVCSLSSGKFGTLLSGSWDRT
*_ **.* . . .*. . *hk Kk **._ % %k %k % Kk * ..*****
F715 TAKVHKEGS LVYNLOAENASVWDAKVVSFSENKFLTASADKTIKLHQNDKVIKTFSGIHN
PLAP TAKVHLNDKCMMTLOGHTAAVWAVKILP-EQGLMLTGSADKT IKLHKAGRCERTFLG-HE
% d %k Kk .. . **_* *.** *... . **.*********. .. _** * *.
F715 DVVRHLAVVDDGHF ISCSNDGLIKLVDMHTGDVLRTYEGHESFVYCIKLLPNG-DIVSCG
PLAP DCVRGLAILSETEFLSCANRASIRRHQI-TGECLEVYFGHTNYIYSISVFPNSKDFVTTA
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Figure 7. (a) Alignment of the F715 ORF sequence with the mammalian phospholipase A,-activating
protein (PLAP). The underlined residues indicate the GH (19-23N)D(5N)W repeat. (b) Alignment of the
F715 ORF sequence with the chicken GTP binding protein f§ chain homologue (A33928). The repeated p
transducin motif for the B subunit of G proteins is underlined.

have two extended hydrophilic domains, one Prediction Suite (PREDICT) of the CCP4
loop at the centre of the molecule and one at package).

the carboxyl terminus where it is predicted to Part of the gene sequence of the ORF F1286 was
form an a-helical coiled coil (Secondary Structure previously known as neighbouring the 3’ region of
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the URAI gene. It is a gene not essential for life
based on our gene disruption/deletion analysis.
The F1286 product showed a significant similarity
to hydantoinases. The hydantoinases HyuA and
HyuB are involved in the conversion of D- and
L-5-substituted hydantoins to the corresponding
N-carbamyl-D- and N-carbamyl-L-amino acids
respectively. The Ayud and hyuB genes have been
isolated from a native plasmid of Pseudomonas sp.
strain NS671 along with three more enzymes all of
which are responsible for the asymmetric produc-
tion of L-amino acids from the corresponding
racemic 5-substituted hydantoins (Watabe et al.,
1992). Both HyuA- and HyuB-like proteins,
appear to be represented in yeast in a single ORF,
as HyuA is similar to the amino end half of F1286
(29-1% identity in 619 overlapping amino acids,
FastA score: 559) and HyuB to the remaining
carboxy end half (24-9% identity in 566 overlap-
ping amino acids, FastA score: 383) (Figure 6).
Therefore the F1286 product may be a bifunc-
tional enzyme, which is not unprecedented in yeast
(Donahue et al., 1982). The resemblance of the
yeast and bacterial molecules was also clearly seen
by examining their hydrophobicity profiles and the
distribution of acidic and basic amino acids (DNA
Strider program, data not shown). The F1286
ORF contains a rare motif starting on residue 48,
not present in HyuA sequence, which character-
izes mitochondrial energy transfer proteins (P-x-
[DE]-x-[LIVATHRK]-x-{LR}HLIVMFYY). We are
currently testing its significance.

No homologous sequences or motifs were found
for the product of ORF E203. Its hydrophobicity
profile indicated a very hydrophilic protein which
probably exists in cells since we have detected the
corresponding RNA by blot-hybridization analysis
(data not shown).

The F715 ORF product showed a significant
similarity to the mouse protein PLAP. This protein
activates phospolipase A, in specific inflammatory
disease processes and results in the release of active
oxygenated eicosanoids. The observed homology
involved the entire length of PLAP spanning only
to about 300 residues of the amino terminus of
F715. (We have not found any potential frame-
shifts in either F715 or PLAP DNA sequences.)
This difference may indicate a multiple role for the
F715 protein in yeast (Figure 7a). F715 product
also showed regional similarity to the chicken GTP
binding protein B chain homologue (Guillemot et
al., 1989, PIR2: A33928) (FastA score: 148) as well
as to a number of B chain homologous sequences

M. TZERMIA ET AL.

from various species including yeast (FastA scores:
100-140). This similarity is localized at the same
amino terminal area as that with the PLAP protein
and it is mainly at positions which contain a non
perfect P-transducin motif, also called Trp-Asp
motif (Duronio et al., 1992). (Consensus pattern:
[LIVMSAC]HLIVMFYWSTAGC}-[LIMSTAG]-
[LIVMSTAGC}-x(2)-[DN]-x(2)-[LIVMWSTAC]-
x-[LIVMFSTAG]-W-[DEN]-[LIVMFSTAGC))
(Figure 7b). The sequence similarity is also ex-
tended to the GH dipeptide that precedes the
central D residue by 19-22 residues as recently
described by Peitsch et al. (1993). This motif exists
in several copies in a number of proteins not all of
which are associated to the plasma membrane but
they could potentially participate in the transmis-
sion of signals. The protein F715 may be similarly
involved in a signal transduction pathway.
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