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Sequencing of a 13-2 kb Segment Next to the Left
Telomere of Yeast Chromosome XI Revealed Five
Open Reading Frames and Recent Recombination
Events with the Right Arms of Chromosomes III and V
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We report the entire sequence of a 13-2 kb segment next to the left telomere of chromosome XI of Saccharomyces
cerevisiae. A 1-2 kb fragment near one end is 91% homologous to the right arm of chromosome III and 0-7 kb of that
are 77% homologous to the right arm of chromosome V. Five open reading frames are included in the sequenced
segment. Two of them are almost identical to the known YCR104W and YCRI103C hypothetical proteins of
chromosome III. A third one contains a region homologous to the Zn (2)-Cys (6) binuclear cluster pattern of fungal
transcriptional activators. The fourth one, part of which is similar to the mammalian putative transporter of
mevalonate, has the structure of membrane transporters. The fifth one is similar to yeast ferric reductase. The
sequence has been deposited in the EMBL data library under Accession Number X75950.
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INTRODUCTION

In the course of the European Community
(BRIDGE) project to sequence Saccaromyces
cerevisiae chromosome XI, we have determined
the complete sequence of 13 213 base pairs on a
DNA fragment mapped next to the left telomere
(about 200 nucleotides away from a 1 kb telomeric
sequence, unpublished results). This fragment
contains five open reading frames (ORFs), the
potential function of which will be discussed
below.

MATERIALS AND METHODS
Strains and vectors

Cosmids pUKGO040 and pEKGI100 were pro-
vided in Escherichia coli strain TG1 (A(lac pro),
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thil, supE44, hsdDS5, F’ (traD36, proA”* B™* lacl?
lacZAM15)) from Agnés Thierry and Bernard
Dujon (Thierry and Dujon, in preparation). They
are cosmids from libraries of chromosome XI,
derivatives of cosmids pOU61 cos and pWEI15
respectively, containing overlapping partial
Sau3Al yeast DNA fragments. Escherichia coli
strain DHSa (supE44 AlacU169 (¢80lacZAMI15)
hsdR17 recAl endAl gyrA96 thi-1 reldl), and
pUCI8 and pUC19 vectors were used for all
subsequent subcloning and sequencing steps.

Sequencing strategy

We have used directed sequencing of ordered
restriction fragments. Cosmid DNAs were digested
with EcoRI and electrophoresed in low melting
point agarose. Four EcoRI fragments were puri-
fied and subcloned into pUC18 or pUC19 vectors.
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Figure 1. (a) EcoRI restriction map of the 13 213 base pair segment. The arrows indicate the beginning (Sau3Al sites) of the
sequences included in the two overlapping cosmids. The numbers below the bar indicate the size of each EcoRI fragment. (b)
6-phase ORF map of the 13 213 base pairs. Small bars indicate initiation codons and full bars indicate stop codons. The location
and the direction of five ORFs are indicated by arrows. The number in the name of each ORF indicates its size in amino acids.

The ORF names were assigned by MIPS.

The order of the EcoRI fragments is shown on
the map of Figure 1A. The sequences of the two
5" EcoRI fragments and 2 kb of the third one
have been determined from cosmid pUKGO040.
The rest of the reported sequence derives from
cosmid pEKG100. The additional sequence of
24-6 kb included in the pEKG100 insert has been
reported separately (Tzermia et al., 1994).
Double stranded template DNAs were prepared
by alkaline lysis followed by Qiagen-tip selection
(Qiagen Inc.) or PEG precipitation (Ausubel et al.,
1987). They were subsequently sequenced using
[’>S]JdATP and the Sequenase kit (United States
Biochemical Corp.) following the supplier’s proto-
cols. Sequencing of both strands of the EcoRI
fragments, subcloned in both orientations, was
performed by the ‘universal’ or the ‘reverse’ M13
primers on nested ExollI-S1 nuclease (Ausubel et
al., 1987) deletions. Synthetic oligonucleotides cor-
responding to internal sequences (prepared on an
Applied Biosystems synthesizer by the Department
of Mlcrochemlstry at I.M.B.B.-Crete) were used as
primers to fill in the gaps. The junctions between
the sequenced EcoRI fragments have been estab-

lished by PCR sequencing of PCR products, which
were synthesized from oligonucleotide primers
near the ends of the fragments, using cosmid DNA
as template, [*>P]JATP-labelled primers and the
fmol DNA sequencing kit (Promega Corp.).
Samples of sequenced DNAs were analysed on
40 cm long 6% or 4% polyacrylamide gels with
single or double loadings.

Sequence analysis software

Endonuclease restriction, 6-phase ORF map-
ping and hydrophobicity profiles of the sequences
were accomplished by the DNA Strider software
(Marck, 1988). Comparisons of nucleotide and
amino acid sequences were made to the GenBank,
EMBL, SWISS-Prot and NBRF libraries using the
GCG package software by us on the I.M.B.B.
MicroVAX and by the staff at MIPS.

RESULTS AND DISCUSSION

Sequence determination

The reported sequence was determined from
overlapping Exo III produced deletions and
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Sau3A | - pUKGO040
GATCTATAAC GAAATGTCAA

CTCTATCTTA TTGTTGATAG
CABRAMAATGA GGGTCTCTAA
ACGGCCCGAC GCGACGLGLC
TGTTTATTGG ACATACTCTG
CGAACACCGT CATTGATCAA

TTTGTTCGTT AATTTTCAAT

ATAATTTTAC

PACACTRACC

ATGAGAGTTT

AAMAAATGAA

TTAGCTTTAT

ATAGGTTTAT

GTCTATGGARA

GGTAATATAA CTTATCAGCG

CTTCAGCTTT ATTTCTGGTT
GATACCATGA CTCCGTAACT
APAAGAAGCA GCGACTCATT
TACCGTCCAC GCTTTTTICTA
AATATTAATA TACATTTATA

ACCCGTTCGT AAMTTGGCG

GCGTATACTG AARCGGACGT

ACGGTTACAC AAAAXCTATC
CGCACTGCCC TGATCTGCAA
TTTATGGAAG GACAMAGTGC
CAATAGTGTA AMATTTCTTT

TAATCTACGG TATTTATATC

TACGATATTG

GCAACCCAGA

TCTTGTTCTT

TGCGAAGTCA

CTATGTTTAT

ATCAAPAAAR

TCTCACTICA

AATTTTGATA

AGAAGTGACG

TACGCTTCCA

CATATTCATA

AAGTAGTITT

TCTTACCACC

TTTTCAGTGT

CATATTCTAT

ATTTCATTGT

AMATGCTTCA

TITATITTAT

TTTGI‘CTCTfI ATTTGCGATA

GAGATAGCTG GTCTCAATCT

CATAGITGAA AACAGCTTCA

GACGTAAACA CCCAATTCGA

CCAGCAGCGA TTGAAGTTAA

GGTAGAGTAC

GCAATTTCAA

OCAAGTTAAC

TTTGACCA'

GACATACAGT TGARGCAGCT

TCTATATCTC ATCTTTCACA

CTATTTATAC

CQAATCTCATT

CATGGGACAC CAGTGATAAC

CTGGGTAGGT CTCACTTGGA
TCTTTCGTCA GATGGAGATA
ATATTTGTIT TGTTTCTTAG

CAATGCCTTC ATCAGTCATC

TCTGGTGACT TGTTCAGCTG

TGAGCTGCTT GAAACARGTA

GAGTGGTAGT GGCTGGGGCA

GTGTAGATAC

GAATACCAGT

GTATTGGGCC

GCGGCAACAC

CGTCCTTGGA

CAACATGGTG

MAATGAGCTC

CAGCAGCGAT

TAGAGCACTG|

GTGAAGTCAC|

TGATATCGGA|

GGCGGCGACA|

TGCTGATATA AGCTTAACAG

ACTACTTAAA CGATTCGTTA

GAAAGMARGG

ACAAGTGCTC

ARTAAAPACA

ATTTAGCACC

TATTCTCAAA

TCACATATCC

AGATGCTCTT

NEAC";\_’IICG

TTTTATGGCA CTCATGTGTA

TCCTTTTTCG GTCAAAAAGA

TGCAAGAAAT ATTTCTATCT

TTCGTATGCG

ATATCCGAAT

EcoR |
CTTGAATICG

TAGARTGTGA GAATGCCAAT

TTITAGATTTG GACCCTCGTA

TACAACATTA AACGTGTGTT

GTTTCTGAAC GAATCATACA

TATAGGGTGC CGAGGTGCCT

CAGAAGCTTA TTGTCTAAGC

TCTTTCATAG

TATARMACCC

CCATATTCAG

ACTTCGTATG

TTTTCTGTGC

TCTGCTCTAA

TGGAGTACTG|

CTGTGACATT)

ACGGCTTCCA,

GGGAGTCGTA TACTGYTAGC

CCTTGGTGCA ATTACGTAAT

TTATAAATAC TARACTTTAC

CTACGAACAT GGCACTTTTT

ATATATATGT ATATGTTGAA

TAATATACCA GAAAAATATC

CACCTAAAAT ATAGAGAAAC

AAAARAAAGA GCAACTATCT

ARAATGAGTC ACTTACTACA

TGTAGCCGCT

TTGAAAAGTC

CAATTARTTA

GAGGTTTCAA

GAATTTCTIT

ATACTTAGAA

AGAAAAGTAT

GGTTCAATTT

GAAGGCGGAT GGTATTGAGA

TTTTAGTCCG AARMATGAATG
TATTTAATAA ATATTTCTTT
TTCGGCCAAA ACGACAGTAC
TTCCGGAATA AARATACTTCT
CTTACATATC AARACGTTATC
GTAGAAGTCC GAMAGGAACA

TTATAATTCA

ATTGTTGTAC CT

GAAGITGATG TTCAAAGAAT

TGGGAATACT AATTACARGC
TTACTTAAAT TTTACAAAAC
TATATCTGAG TCTGCACTAG
CTTTCAAAAT ATTCATTTGC
TTAGTTATTA AAAATGAAAA

GAGGGTGCCA CCAATAGCTT

GTCTGCAAAT

CGTGTATGAT

CTCCCATGGC

CCAAGGTCAT

ACAATATTGA

AAATTAGAAT

ATAGCTGGGC

TCACAMGAG

EcoR |
TCGTGAATTC

AAAAATARRA
ACTTCTICAT
TATGGTGATT
ATTTACTTAC
ACATAGGATA
AGTGACACCT

TTCCTTTICGT

TCCGCGARIG

TTGTAACAGT

TICTTTTIGA

AMACCACAGT

CAATTAGCAT

TTATGATGTG

GAAATACCCC

GTTGGCAAAA

TCTGGAA AAGAMTCCT

CAARGAAGGC ACTTGGAGAA
TTCAGTTGCA TCATTTTCGG
AAGTAATAGG AGTTTTGCCA
ARATACACTT ATTGTGTGGA
CATATACTGT AGAAARATGG
AGGCATAATG ACTTAGAAGA
TAAAATTGAA TATTCTCGCA
GGTGAACTCA TTACCATTTA
ATGTCAGGCG GTTTCTCACG
CTAGACGTAC CTTGTTTACA
CTCCAAGTAA GGTATITCCT
CCATGAATAA ATATGCAATG
AAACTITAGC CGAAACAAAA
AACACCCACT TTATAATAAT
TGCAGATCCC TTAATACTTT
TTGGAAGCGA TTCACATAAG
CTCTCTTTTC CAGTTGITAC
GACGTTGGTC CATAAAGAAT
TTGTTAGCTG AGATTCAAGC
TTCTTTATAT TCACATIGCT

GACTTTGCAG GCTTTCTICT

CCTARTATAT

TTTCAGGCCC

MTTTGAGTA

OCCTCAMAGT

TATAAATTTG

TAATTTGCTG

TCAAAATCTT

AATTAGATGC

AGCATGAATT

AAATCGTCGT

CTATTGGATG

TGACTGATCG

GACGTTAAAA

TITTTTTACT

TICTTTATGA

TATTCAATAA

GGCTGAGTTT

GIGCCTATTG

TCTTCAATAC

TTCGATTTCG

ACTCTGCCTA

CATCGATGAA ATTTTCCGAG
TTCATCGATA TTTITCATTC
AGGGTTICA ACTTTTCTTG
CTCCAGGACA TATAGAATAA
AATTAATGCT CTGAAAGCGT
TTIGTCTAATT CAMAATAGGT
GATGTGTTAA ‘EG'RTAMGA
ATTTAAGTAA AAATCCAACG

TGTTTCATAA TATITCTCAG

EcoR 1

TGATTCGGAC CGGAATTCCT

ATTTTTACTC AGATATAAAC
COCCCGTCAA GACCCGCCAC
CTTTATGGAA GACTTCAATA
GTCCAGATTA AGGGAAATTA
ACAATTTGGT AACTATCGTA
CACTTGGTGA GCCTGAGTGC
TAGGACTTGC CATATCTCCT
TGCTTTGAAG ATAAATATCT
GACGAGCCAT CTCTAATTTT
AGAAGAGCAA CTICCACAGA

TCTAATTTTT TTTTTTGACT

AAATCTTCTA AAGGTCCCTC

CTTTGTTAAA AGCTCTTCTT
GTGAATATGA TCAAATATGT
GTTAGTGCGG ACGAATTTCT
TCACATAAAT AAGAAACAAC
CTCAAGGACA TTAAAGCACA
TTGGATAAAC TTCCTATCAT
GCTTAAACAT TTTAATGGTG
TCTTAATGTT GTTTTATACA
GTAGAGAGTG AAATTTTAAC
GACGAAGATC TTCATTAAGG
ATTTATGTAC AGGTAACGTA
GCCTCTGGCA CTTCTITTGG
TTGTGTGCTG ACCAGTTTTA
AARATCGCTA GCAAMRAARAT
GGTGGGGCAG TCTCAATGGA
CTCTGTATTT GGCAAAAGTA
CATGITGGAA AGAGGGTTTT
GAACATCTCC TGTATTTTTT

ACGGTCTTAC TCGATCGCAC

CAARATTACT

TAAATCATTT

CCTATTTTTT

TTTCCATTTC

CTGAATGAAT

GCATTGITTA

AATGTAATGA

ATGGAGAGTT

AACTTTTITA

GAAGGATGTC

GTCCGTGAAT

CCCATATGGA

AARATAAAAA

ATGGGATGCT

TGACTICTTG

CAGTTAAATA

ACTAATCTCC

TCTGTTITGAG

GTCCTICGTG

CCTGAGITGG

TTGAGCTTTC

CCACCCGGAA

AGTATAGTTG

CCATTGATAT

TTTAAATGCA

ARTTGGATAT

AATGGGRCCA

ATTTAGTGGA

GCATGCCATA

AGTCCTCGAT

CCCTGATGAA

AGGATCCATA

TAGCTGTGTC

TTGCACACGC

AAGCACATAA

GGCCTTTAAC

CTCACACAAA

GAGAGTGITG

TTGCTAATAT

AATGTTAGGC

TCCTCCATGG

TTACTCTACA

ATAGCTGTAT|

TTAAACTGIT)

AATAATAGAA|

ATTTTCAGTG]

CTTTATTTIC

TTTTTTGGAG

GCCAGGALGC

ATTGAAGTTC|

GATGAGTGGA)

GAATAGTTTT]

ACCACAATCT]

AATTGTCAGA|

TCAGTATARA|

TGGCTGTCAT]

AAAACAATCT]

ACTTCATAAT]

AGTAATGATG

TGCTCGATAC

TGGGATTGIT]|

CGGAAGTCTT)

ARPAGTGGCAC)

rrcroader

AAGTTCCGTA

Figure 2.
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4501 GATTCATTAT TTCCAAAGCA ACCGTTATTG GTTACTAGTG CTGGACAATT GATATGTAAT CAGTIGCTAT ACATCTAGAT CAAGTTGCTC TCTTCTTTIC
4601 ACGTTTCGAA TATTTTTTGA CTTCAAACTT GAAGTGCACA CTCATCTTIT CAAGGTTTTT TATGATTCTC CGTTTTATGG CTATTCCCGC TTTTAACATA
4701 GAGGCGATGC ATGGRAGACA ATAATTATTT TAAGGTGCTT TTGAGATCAR GATATTTTTA AGAGTRCTCA CTATGGGTAT GAGATAATAA AATATATTCC

4801 GTTTTCTTAT TATTTCCATT CTTCAGATTT TTACAGGCTA AACACACATA TATAAARATG CCATCGGATA TTCAATTCAG TATCCTGCTA TTGATATACA

4501 ACTATATAAC TGATACTAGA ATATACTAAT TOGTGCACTA TTAACCGTTT GGC@!‘;TCC GAAGAACGGC ATGAAGATCA TCATAGGGAT GTTGAAAATA

5001 | ARTTGAATTT AAATGGTAAA GACGATATTA ACGGGAATAC CTCAATCTCG ATCGAGGTGC CTGATGGAGG ATATGGGTGG TTTATTCTTC TTGCTTTIAT]
5101 | TCTGTACAAC TTTTCTACTT GGGGGGCAAA TICTGGTTAT GCTATTTATT TAGCGCATTA TTTAGAGAAT AATACTITTG CTGGTGGGAG TAAATTAGAC
5201 | TATGCTTCTA TAGGTGGGTT AGCATTCAGT TGIGGACTTT TTITTGCCCC AGTTATAACA TGGCTITATC ATATATITTC AATTCAATTC ATTATAGGCT
5301 | TAGGGATACT GITTCAAGGG GCAGCGCTAC TGCTTGCAGC TTTITCTGIC ACACTCTGGG AARTTTATCT CACGCAAGGC GTTTTAATTG GATTCGGTIT
5401 } AGCATTTATT TTCATACCCA GIGTCACACT CATCCCACTA TGGITCAGAA ATARAAGATC TTTAGCCTCT GGTATAGGAA CTGCTGGAAG CGGGTTAGGT)
5501 | GETATTGTCT TTAACTTGGG AATGCAAAGT ATICTACAAA AGAGGGGCGT TAAATGGGCG CTCATTGCTC AGTGCATAAT ATGCACATCA CTTAGCACCA

Sau3A 1-» pEKG100
5601 | TTGCGCTTAT GTTGACCAGA ACAACACATC AAGGCCTACG TCAACATAAG AGATCTTACA AATTIGAATT GCTAGATTAT GATGTGCITT CARATTTCGC

B473

5701 | GGTCTGGTTA CTTTTTGGAT TTGTATCATT TGCTATGTTA GGATATGTTG TCCTTTTGTA TTCCTITGTCT GATTTTACCG TTAGTTTAGE TTATACTAGT|
5801 | ARGCRAGGCT CATACGTATC GTGCATGGTG AGTGTCGGCT CTCTGCTGGG ACGACCAATT GTGGGTCACA TTGCTGATAA ATATGGATCA CTAACAGTIG)
5901 | GCATGATATT GCACCTTGTC ATGGCCATCC TTTGTTGGGC CATGTGGATA CCTIGTAAAA ATTTGGECCAC TGCGATACGT TTTGGATTAT TGGTTGGILC)
6001 | TATTATGGGA ACAATTTGGC CAACAATTGC TTCAATTGIT ACACGCATTG TTGGICTTCA AAAGCTTCCT GGTACCTTTG GTAGTACCTG GATTTTTATG)

6101 | GCGGCTTTTG CCTTAGTTGC CCCCATAATC GGTCTGGAAC TTCGTTCAAC TGATACGAAT GGAAACGATT ATTATOGTAC AGCAATATTC GTGGGTTTTG)

6201 | CGTACTTTGG TGTTAGTTTA TGCCAATGGC TATTGAGAGG GTTTATAATA GCTCGAGATG AGATTGCTGT GCGTGAAGCC TATTCAGCTG ACCAAAATGA| V

€301 | ATTGCATTTA AACGTTAAGT TATCACATAT GAGTARATGT CTTITTCGTT ATAAACAATT ACCTAGGAGA GTTAPAGGT CACTTTTATT TCACACTCTA

6401 GATAAGAAGG GGATAGAGTT GCCAGAMAAT TTITTGCTTT ATCAGCTTTT TAGATTTGTC TTCTOGTTTT ATAAATAATG ATAATTTAGT ACAATAATAG

6501 ATAATAAARA CATTTTTTTT TGCAAATTGA AAGCTTAACT GGTITTTTAA AAGAARATAT TAGTGACCTT CTACCGACTA AAATCTTCCA CTARATCOCC

6601 AGTAGAAACA TAAGATAAGG TTGAAACTTT TTTAGGGCGA TTATATTTTT AGTOCTATAC ATGTITGATG GCATACITTT TAAGGAAGAT TTATGAAGCT

€701 ATGTTCCACA TAGGTTTATG TGCTATTGAT ATRTACTATA AATAAAACGC TCTACCCAAG AAATGAAACA TTTTTTRAAC TTTTGTCATC AGCACAARAA

€801 TATGCGGATT TACGCGITTG TCATTCCTAT AAMACCTTAAC CTTAACGCGA AACCATATTT CGCTACCTAA TGTTGGTTCG GTGCATITTG AGAARAGGAA

€501 CTAGGTTCAG ATATCATGCA TCGAATCTAT TATCTTCCAA CCGAACTTTT ACAAACGTTT AGACOGAGCG TTATTGACTG AATTAAGAGC AAGTTTTTAC

7001 ACGTGTGACT CTGGCACATT AGAGCTGTTT GAGAATCTAA AGICTTGCTG TCTAAGGACC AAARAATAATG TATTTOGAGG TCATAGCTAA GAATCTCATT

7101 GTTCTTCAGC ACTTGCTAAT CACATATCTA TTTCTAAGTA CAAGATGATA GTTAACAACT AATAATGAAT AAACCAGGTA AAAAAAMAAA AAGAAAANGC

7201 TGTAMAAGAC GACAACGTTG GUGTCGCGAA AATATTAATA GAACCATATG TTGGATAATG TAGCCTCTAT TATACACTTA TCCCGATTAC ATIGTTTTAG

7301 CGACGGTAAT CATCTTTTTA TCCGGCACTC TGAATCAAAC TCTATCTTTA AGTATCCTAT ATGCATGAGT TATGTCGATT ATATCGAAGA CTCGGTGTGT

7401 GATATTACTC CACAGTACAA AAACAGGAAT ACAGAGARAA TTGAAAAGAT ATATGAACGG ATGGTATGGT AAATAAAATA ACAGCCATTA TRAAGCTTGT

7501 GGTAAATTTT CCAGGACGGA AGTTAGCTTA TGCAGTTTTG TTIRTCTTCC TTGCATCTGT GTATAATACT GAAACACGCA ATTAACGITT CATAAAATIT

7601 GCCTGAGGGC CGTATAAAAA TTCAGTGACC ATIGTTCACA CTTTAAATAT AGCCAAATTG CCAAGAAAGG GTTTCATTGC AGGTTTATCG AAATATTAAC

7701 TCTTTAAATA CAGGGACTAT ACAGAGCTAA CTTCTTAAGA AAMAAAACCA TGCGACACAC TACGACTTTC ACAAATTCCA TRAAAGAGAT ATTTAAGATT

7801 TAGATAAAAT ATCAAAGGAC TGCTGTACTC TGCTTCAATT ACCICCTTAC CATAAAGTTA TAGGCAGCTT TCTCCATCGA CATACTAAAA TTTGGATAGG

7901 TATTATTAAT GAAATGACTA GITTTAAGTA ARAAATGATC )1CmGCAT'IC ATACTCTTCA AAGTACTCAA TGGCTTTTGC AGACTTATCT AAAACTATIT| ‘k

8001 | TTGCGGTTTC ATTCCTCACT TTGTCAACAAR APATAGGAGG TCCACAGCAA ACCACAGATA ATGAGCCACT CAATTCAGCC GCTTCATGTA GAAGTTCCIT|
8101 | AACATTTGGT CGCCCGCAAT GGAAAACAAC ACCATCAARA CCAAGTGGAT TGGCAGACTT TTCTARAGTA GTTGCCACAA CAGTGCCTTT TTCATCAGCC
8201 | TTCTCATCCT GTTGAGAAAT ATCTAAACTA TCACTAGGGG TTAATGATGG GACTTCCATT GTGTTGTAGA TGTGAAGCTG TACATTCAGA TTTTCTAAAC

8301 | ACATCAACTC CGGCTTATAA GCCTCGAGTA CGTCGAATCC TCTAACTGCA ATCACTAATT TTACAGATTG TTTTCCAGCA GCCGCTGACG TCTTTCCAAG

F711

8401 | TTTAATTGCA TGTGCAATAG GTCCAGGCAA ACCGGTACCT CCAGTGAGTA ACAATACATT ATTGTAATTA TTGACOGGAG ATGAAGAACC ATATGGACCT)
8501 | TCTATAGCTA GTCTCATAGA TGTCTTACCT CCATTGCGAC ACACATACTT TTTGACAAGT CTTGTTACTC CCTTTTTTTC TTTCAGGATA ATAACCAGIT)

8601 | CACCATTCTT GCTTACTGAA TCCAAAACAG TAAATGGATG TGACTGCCAG AAGTACAGTG GATGTAAAAA CGAAACGAAA ACATATIGCC CAGGTTTGGC

8701 | CCTCCATGGC CTTGCOGGTT TTTTAACTGT TAARCGAATG AGATCATCCC CGATIAGTTG TAGGGAAGCT TTGGGGARAC CAAAATAAGA AGCTTTGATA

8801 | ATTCTAATAA TCCGGTCAAC GATCCAAATC GCAATAGCAG TGIATATCCA CTCAATGCCA CTTAAACTAA CAACATGCTC CCAACATGCA TAARAGAACA|

Figure 2. (Continued).
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TTGCACCAAG GACGATATGA AGAARAAGAR AGGCTTCATA AAMATACTIC

TGCCACCCCG AATTGCCAAT ATAATCGGTT TTTACTTGTT GCCCAAGTTT

AAAAACATCA TTCTTCCCAA CCATTTGTGA AACATAATGA AGGAAGTATA

CTATTAATGG AAAGTGTGCG AATGCGAGTA CACCACTTCT GTCTGCCACA

GTATTCATAA CCGTATGCCA AAAARAACGGT ATGAAGCACG AGATATCCAA

AAATAAGAGA AATCTGACGC ATGTTTGCTT CCAATGGTAG GTAGAGTGAG

AGGGAGTGTA ATTCATGCAA TGAAGAACGC CTGCAAAAGC CATGATAGCG

AGCATAGAAA CCATGCAATG CATGATAGTA GGCTTTTCIT AACTGTGTAT

ATATGCCTCG TTCCGTTGTT TAGAACGTCA TAARACTCAG AATTAGTCAT

ATGTTTTTTC TAAGGTTTTA TTCGAATARAC CTTTTTCATC CAACGTTTCA

TGATGAACGC TTAGACTTGC TGGTATACTC CCAAGTAACT TTTTGAAAAR

GGATAAAAAA GACTTTATTA CAACTGTAGC ARAAAATCAT GTTCATTTTT

CTGAATACTG CAAAGGAAAA GAAAACCATT GTGCCAGCTA AACAAAGTGC

TATTCGCTAC CGTATAACTA GTATATGCAG AGCCATGAAT CATAGCATCC

TTTAACCCCA GAAATATACT CGAGAMAGTIT GTTTCTTCCC GCGAARAGAA|

TATCGAGCAA CTTGRACTCT ACGAGACTTG AATATTATAT TTTCAGGATC

GAATAATGAT ACCCTCTAAT CTTGTAGGTA AATATCCTGT GAATATTCTA

GTATCCCCTT ACATATCCCA CAAGCTITTG CTTCAATAGA ACAGTTTIAA

ACAARATAAG CACATRATAAT GCCACCATAT ATGTTTCCGA CATCTAAGIT)

CCATITCAAC TGGATATGTT AGGTTIGCAC TGCCTTTGAC A’ Ci

GTTCIGAAGA GCATCACTAT AACTTGCACA GTTTTTTITG ATGGTACTAA|

TAGATACAAT ACAGCATTGA TTGAAACGCT GGTTCGTAAG AACATACTGG|

TCCTCGTGCA GGCATTAGTG ACAAGCAAGG GCACCTTGTT ACGAATAACT)

GTCTTTGCAG GTGATGCTCT TGCTCCTGAC AGGCAGAAAA GCAAAATAGC GCTCAAGATG GACGTCCAAT Gﬂ;hﬂ CGTTGGCTTT CATAAGCTIT

TGCGACTTAT ATATTTAGTG GCAAATTAAT GATACCTTGC AATAACCGAR

EcoR 1
TTTAGAGTAT GTTGTCCAAG AAAGGAGGGA TTTTGTTCAT CAGAAAAGAA TTCAGAAAAG CAAGGAAACA GTACTATCGT TTAGAATGTA GAATGATAGG

TTGCTTGCTA ATTCTATTAT GGCACGAATG ATACACCCAT ATTTTCAACA
TTACCGGTAC TTCATOCTGA TTTAACGAGT CTACTTTTIT ATCACGTCAA
TGCAATTACG AATAAATGTA CAATAATCAT CCTGTTTGCA TAGTAAACTT
TTCTTTGGTA AACGTAAAGA ACAGGCAACT TTTGGTACAA TGGATTCTAG
GTGTTITCTG GCTGAGAGAC ATTATGATGT TATTCATIGT TATGGATATC
TACATTCTTG ACCATTTCAT AGTGAAATTC TTGTACTTAT TTAAAACCAA
AATTATTCGT TCGTCTARAC AGTGTCCAAT ACTCAAAGGG GTATTCAAGA
AAGGTTTTTC CTCCTACAAT CCATAAAATC ATTAAGGAGG CAGCTTGRAA
CCAGAGTAGA ATATTCAAGA TCACAGCTCC ACCTTAGITT CGAGGTTGCT
CTGATATTCT ATAGTGIGGT CCAATCCAGA TATTGGCGCA TCCTARACCA
ATAATTAGTA CTAGCTAGGC GGTCAAACTG ACTAGCTTAT TATAATATTA
TATGCAAGGA TTCTAGATTT CAGGCTAGTC TICAACCACT TTGCACTTCC
GTIGAAAATTT CARAAATTGTA CAAAAGATCA TTCTTGTTTT TTTGCCTCAT
TGGTACATTC TRAGTATGTG GATCTTGGTT AACACATAGA CATTTTTTAA
CCAGATCATA ATGCCTGTAA TATTGAGTAC TTIRATATCGA TACTTGATAT
CTGCAAGAAA TGATGGAAAA AATTTAGGTA TATTTGCAGA TGAAAACTCT
TGTTTGTAAA CTTTTGGAAG TTTTACATAT TTTGCACTAT TTTCTITAGC
GAACACTTTT GATTTGAGTG TATAGGATAA TAATATTGCT TCTAGCGCTT
CTATAATAAC GCGTTATATG CATCAARATA TGTAGTTCTC TTTICATTTTA
CCAGTGAGAA TTGGGTCTCA TAACTGATTG TGAATCTCAA TATTACAGTG
TATTTTAAAT GAAGATTCAG TTTGTTAAAC ATGGATTITC CATAGCATTA
ATAAAGTTAC ATGCAATAGG AAAAGTTGTC ATGAACTCCA TTTGAAACTA
AGCTGCTAAT TTGGAGTGGG TCCAAGTCAT CATTTTTTTG CGGGGCTATG
AGTAAGACCT TGAAAATTTA TTCTATCTTT AGACAATGAR CGGAGTTACA
TGTTGTAATT TTTGAAACGC CGAACGAAGT TTTCACCAAC TTAACAGAAG
CCATTCACCA CGCTATTTTC AACGGAAAAAR TCAATAAATC CTTGAATTGC
ATTATITCTT TTTGATACTT CGCTGGGAAT CTCACAGAAA GGTGGCTCTA
GGGAAAGTAC GAATGGTACT GICCACTCAA GTRATACTTT GAGATTGARA
CAATTTTAAA TATCGTAATT GITAACTTGA TTTTTCATAAR TCTCATTTAC
EcoR I
TTGARATGAA TTC

Figure 2.

AAATCAATAC CCACTAGCAT CATTGAGCCA ACTATTIGTC AARTGCAACCA
AATTTACTTG TTTTCCTGTA AACCCGAAAT AAAGGCAAAA AAGACCTGGG
CCAGITAGAG TCACACAACG CAATGAATTT TGACAGTITT CTGTGCGATA
CCCATATGGT TCATTTCTGG TGCATICGCA ARGTCAGTAT TTGTCTAGCT
TCTGTAGCTC ATGCTGCTTA TTTCTOCCTA AAAAAGTTIT TTCTCTCGAA
AAATGGAAGT ATTCATACAT CCCCCTATCA AAAACACTCA ATAAGTTTCG
CGGCACAAAR TCAGCATCTT CCCTTATCCG TGTTCCAGAAR ATACCACGCT
AATCTTGAAA TTCARAAGAG TTATCTTGGG CTAATCGAAA TTAACGATAA
CTCAATGGTC TAGCTTAGTC ATGCTTTTTG TTAAACAAAT CTTGCCTTTT
ATTATAGTTC ACTTATGARG GGCAAATGAA CACTCTTACC AGITTCACAA
TCGATGTAAC ATTTITCCAT AGTGAGGGAG GRAAATAAAC CTTAAAARAA
GGATTAAAGG CTTTTATAGA AAACATCTTG GITTGGGACT ATATTGCTAG
TAGCTGATAC AATGUGGAAC TACATGGCGC TCTTTTATAA GCATCTACTA
CTTCTTGATA TCGGTTCCGC TAAATTIGCT GATTATATTT GTTCACTAGG
CCGAACAGTA AACGTTTGTC CGTAGTCATC GTGACTGGTT GACGTATTAA
AGAACACTGC CGTTGAAGAA AGAATGGCTT CAGCCGTCAT GCTGTCTATC
ACGAGGTATA TGTTTCTTTT TCAATPAAAA TCGTCCTTTT GAAGAGCCAA
RATGACCATG TTTGTACTTA CCTCTCTCCC ACCTTGTATA GGCGGATTGG
GCAAATTCGT AATACGACTC CAGATAATAA TACCAAGTCA TTTTTGGGTA
ATGTGAGGGA AAATACTTAA TTAAAMAGGA AAAAAGAAAT GTTACTTTTC
GGTTTTTATA TTTCCAAATC CATTTTATTT AAACTTTTGA ATCATGGGAT
AGGAAGAACA GTAACAGAAG TTTTTTGTTA TGAATTATTC ATGAACTTAG
ATTACACAAT CTGCGCACAT AATATAATCG GCTTTGTATC TTTAACATCA
GAACGATTTT CGTCTTCCCC ATTTGATCAA ARACTAACTG AAAATTGCAG
CAGAAGACCG TTCTIGAACT AGGCTGCACT GTAGAACGCT GAGCACTTTA
CTTCATTTAA ATGCCAATTA CACCTCGTAT ATCTAABATT GCTGACATAT
GAATACAGAA GRACAAAGTA CATAGTCCGT AATTGATGTA TGAAGTTAAT
TTTGAAGCTT TTTCAAGTAA ATACCATAAT GATACCAACA ATGATACCTA

CGACTTGCAA TACTPAACGG GTACCAGCAG ACAATAGAAA ACCTTCTCAT

(Continued).
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Figure 2. Completg sequence of the 13 213 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.
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Figure 3. Diagram of the homologies between different chromosomes. Shaded bars indicate the chomosomes. Numbers at the
bottom of each bar indicate the base coordinates as given in the BlastA analysis. Numbers on top of each bar indicate the

percentage of base pair identities.

internal oligo-priming to fill in the gaps. An aver-
age length of 315 nucleotides was read from each
sequencing reaction. Readings up to 400 bases
were achieved on 4% polyacrylamide gels. Com-
pressions seen at several specific positions were
solved by repeating the sequencing reactions using
dITP (5 different instances). Sequence assembly
was performed manually according to restriction
maps and the sequences obtained from PCR con-
necting fragments. Sequence alignments of both
strands were done using the GCG program. The
final sequence contained an additional 61-base
EcoRI fragment following the first (5)EcoRI
site, which had not been detected at the original
gel electrophoretic analysis of the cosmid DNA
(Figure 1a).

Sequence analysis

Six phase ORF map analysis of the 13-2kb
fragment revealed five ORFs>100 codons (Figure
1b). Their sizes range from 110 to 711 codons and
they constitute 48-2% of the entire sequence (6366
bases). This percentage is a low compared to the
average chromosome content in coding sequences
and it is probably due to the location of this

fragment near the end region of the chromosome
(Oliver et al., 1992).

The complete sequence of the 13 213 bases is
given in Figure 2. FastA (Pearson and Lipman,
1988) and BlastA ( Altschul et al., 1990) analyses
of the sequenced segment revealed extensive hom-
ologies to known sequences on different yeast
chromosomes (Figure 3). More specifically: a) a
region of 1182 bases showed an overall identity of
90-7% (ranging from 75% to 100%) to the right
arm of chromosome III; b) 159 bases of that
showed 77% identity to a second region of
chromosome III; c) 638 bases were found 77%
identical to the right arm of chromosome V and d)
homology has been detected to the right arm of
chromosome II (Becker, personal communication).
Obviously, these are due to recombination events
between fragments near the ends of the mentioned
chromosomes, as has been previously reported
(Oliver et al., 1992).

Analysis of the putative ORF products

The putative translation products of the identi-
fied ORFs have been compared to protein data-
bases using FastA (Table 1). For better evaluation
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Table 1. Best optimized FastA scores obtained by the comparison of the putative translation product of each ORF
with the protein databases
Homologous or Identical Optimized Highest
ORF protein score score Reference
D123 S. cerevisiae 544 554 van der Linden et al., 1992
Hypothetical protein EMBL: X59720
YCR104W (124aa)
98:3% identity in 120aa
S. cerevisiae 485 554 Mulligan et al., 1993, unpublished
SYGP-ORF12 (120aa) EMBL: L10830
86-2% identity in 123aa
All0 S. cerevisiae 496 655 van er Linden et al., 1992
Hypothetical protein EMBL: X59720
YCR103C (111aa)
79-3% identity in 111aa
F705 S. cerevisiae 155 3624 Verdiere, 1988
CYP1 (HAPD) EMBL: X13793
regulatory protein (1483aa)
28% identity in 130aa
B473 Chinese hamster (Mev) 182 2515 Kim et al., 1992
mevalonate transporter (494aa) EMBL: S48888
28:1% identity in 153aa
F711 S. cerevisiae (FREI) 542 3723 Dancis et al., 1992

Ferric reductase (686aa)
24-5% identity in 693aa

EMBL: M86908

of the significance of each obtained score, we have
also included the highest FastA score, obtained by
the comparison of each ORF to itself. Optimum
scores higher than 200 have been considered as
significant. Lower scores due to homologies in
restricted areas of the protein sequences indicated
conservation of specific domains. Protein patterns
(motifs) have been identified by the ProSite pro-
gram (Bairoch, 1991) of the GCG package. Our
findings on each individual ORF are discussed
below.

ORF D123 is included in the region which is
closely related to the right arms of yeast chromo-
somes III and V. It is almost identical to
YCR104W a hypothetical protein in the HMR 3’
region on chromosome III, and very similar to the
STGP-ORF12 encoded by a gene contained in a
region of 36 772 base pairs of chromosome V
between the known genes MAK 10, AFG18 on its
5’ site and CYC7 on its 3’ site (Mulligan ef al.,
unpublished, Mortimer et al., 1989) (Figure 4a).
The function of both of these hypothetical proteins
remains unknown. As has been already reported

for YCR104W (Bork et al., 1992), D123 showed
also similarities to the yeast temperature-shock
inducible protein TIP1 (Kondo and Inouye, 1991)
(27-3% identity in 99 overlapping amino acids,
FastA score: 144) and to the yeast serine rich,
glucose induced protein SRP1 (Marguet er al.,
1988) (26:3% identity in 99 overlapping amino
acids, FastA score: 121), the function of which is
similarly unknown. All of these proteins, including
D123, start with a putative hydrophobic signal
sequence, which is followed by a conserved
domain of about 90 residues including the stress-
induced protein motif (P-W-Y-[ST](2)-R-L). This
domain is followed, in SRP1 (total length of 254
amino acids) and TIP1 (total length of 210 amino
acids) proteins only, by a repetitive serine and
alanine rich region (Figure 4b). According to
Kondo and Inouye (1991) and Marguet et al.
(1988), there is a family of several genes in different
chromosomes which cross-hybridize to both T7P1
and SRPI sequences but some of these may not be
highly expressed genes, since only three distinct
transcripts have been detected. We have not
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D123 MVKLTSIAAGVAATAAGVAAAPATTTLSPSDERVNLVELGVYVSDIRAHLAQYYLFQAAH

YCR104wW MVKLTSIAAGVAAIAAGIAAAPATTTLSPSDERVNLVELGVYVSDIRAHLAQYYLFQAAH

SYGP-ORF12 MVKLTS IAAGVAAIAA---TASATTTLAQSDERVNLVELGVYVSDIRAHLAQYYSFQAAH
Kkk ok kkkkkk kk®kkx .ﬂ.*i*k*..*l*t******t..*t*.l*t***** xk k Rk

D123 PSETYPVEIAEAVENYGDFTTMLTGIPAEQVTRVITGVPWYSTRLRPAISSALSKDGIYT

YCR104wW PTETYPVEIAEAVENYGDFTTMLTGIPAEQVTRVITGVPWYSTRLRPAISSALSKDGIYT

SYGP-CRF12 PTETYPIEVAEAVFNYGDFTTMLTGIAPDQVTRMITGVPWYSSRLKPAISSALSKDGIYT
* .'k'k** .*. *************t**t. . .*k**. *k ok kk ok k k ‘**' Ak KAk Kk kkkkkk k&

D123 -IAN

YCR104W AIPK

SYGP-ORF12 —-IAN

B

*

D123 MVKLTS I AAGVAATAAGVAMAPATTTLSPSDERVNLVELGVYVSD TRAHLAQYYLFQOAAH
YCR104W MVKLTSTAAGVAATAAGIAAAPAT TTLSP SDERVNLVELGVYVSDIRAHLAQY Y LFQAAH
SYGP-CRF12 MVKLTS T AAGVAATAA---TASATTTLAQSDERVNLVELGVYVSD IRAHLAQYY SFOAAH
TIP1 MS-VSKIAFVLSATASLAVADT SAAETA--——————— ELQAT IGDINSHLSDYLGLETGN
SRP1 MA-YTKIAL~FAATAALASAQT-QDQIN--——~=--~ FLNVILNDVKSHLQEYISIASDS
. --** -***- . . . . ** . .n*-o-** o* -
D123 --—----~-PSETYPVEIAFAVFNYGDFTTMLTGIPAEQVTRVITG YRS MRPA T ——
YCR104W --——~-~—PTETYPVETAFAVFNYGDF TTMLTGIPAFQVTRVITG MM RPA T —~
SYGP-ORF12 VESK AT
TIP1 SSEI--
SRP1 EPALKS
* * Kk . .*tt * %k
D123 e
YCRIOAW s e
SYGP-ORF12 = mmm e e
TIP1 e AAALASVSPASSEAASSSEAASSSKAASSSEA--——————
SRP1 LNGDASSSAAPSSSAAPTSSANPSSSAAPTSSAASSSSEAKS SSAAPSSSEAKSSSAAPS
D123 e SSALSKDGIYT-IAN-——=——————
YCRIOAW —  mmmmmmmmmmmmmme e SSALSKDGIYTAIPK----——-——
SYGP-ORF12 ~  =mmmm oo SSALSKDGTYT~IAN-==———————
TIP1 --—--TSSAAPSSSAAPSSSAAPSSSAESSSKAVSSSVAPTTSSVSTST---VETASNAG
SRP1 SSEAKSSSAAPSSSEAKSSSAAPSSTEAK I TSAAPS STGAKT SAI SQI TDGQIQATKAVS
* %

D123 e

YCR104W =~ e

e 1 b R ——

TIP1 QRVNAGAA----SFGAVVAGAAALLL

SRP1 EQTENGAAKAFVGMGAGVVAAAAMLL

Figure 4. (a) Multiple alignment of the sequences of the D123 ORF. the YCR104W hypothetical protein and
SYGP-ORF12 using the CLUSTAL program. (b} Multiple alignment of the sequences of the DI23 ORF,
YCRI04W, SYGP-ORFI12. TIP1 and SRPI proteins. The stress-induced protein motif is shadowed. Asterisks
indicate residue identities and dots indicate conservative substitutions.
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Figure S.
proteins using the CLUSTAL program.

examined the expression of the gene encoding
D123 protein. However, its proximity to the telo-
mere could indicate that it is expressed at flow
levels or under specific conditions (Sandell and
Zakian, 1992). In fact, we have noticed, by FastA
analyses, that the TIP1 and SRP1 proteins are
more similar to the SYGP-ORF12 (30-6% identity
in 108 overlapping amino acids and 29-3% identity
in 99 overlapping amino acids, respectively) than
they are to the D123 and YCR104W ORFs.

ORF AL110 is also contained in the region of
homology between chromosomes XI and III. It is
similar to the hypothetical protein YCR103C. It
contains several non conservative amino acid sub-
stitutions which may imply that the two products
serve different functions. A third ORF of 101
codons (DYC101 sequence communicated by H.
Domdey), that was identified on chromosome 11, is
also homologous to A110, exhibiting 76-3% iden-
tity in 97 overlapping amino acids (FastA score:
442). That ORF resembles YCR103C as much as
the A110 does (79-4% identity in 97 overlapping
amino acids). A multiple alignment of the three
sequences revealed more residue substitutions be-
tween A110 and the other two proteins, except for
the last 14 amino acids at the carboxy terminus
which are identical in A110 and YCRI103C
ORFs and absent from the chromosome II ORF
(Figure 5).

The FastA alignment of the F705 ORF prod-
uct showed homology to the yeast protein CYP1
(HAP1) only in 130 overlapping residues of its
amino terminus (residues 7 to 136 in F705 and 49
to 170 in CYP1). In fact, the alignment varied
depending on the program used, except for a
stretch of 36 residues, 30 of which make up the
fungal Zn (2)-Cys (6) binuclear cluster domain.
F705 was also regionally similar to several pro-
teins that contain the same motif (FastA scores:
100-155). All of these proteins are transcriptional
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MEMLLFLNESY IFHRLRMWSTVLWHSCVFVCVECENANYRVPR-CLIKPF-SVPVTFPFS
MEMLLF LNESY IFHREFRMWS IVLWHSCVFVCAECGNANYRGAG-VPCKTLLRAPVKFPLS
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Multiple alignment of the sequences of the A110 ORF, YCR103C and DYCI101 hypothetical

activators (GAL4, MALG63, LEU3, etc.) that
bind DNA with their cysteine-rich amino termi-
nus in a zinc dependent fashion (Coleman, 1992).
The identified motif in F705 starts at residue
23 (SCHFCRVRKLKCDRVRPFCGSCSSRN-
RKQC) and follows the consensus sequence:
[GAS]-C-x(2)-C-[RKH]-x(2)-[RK]-x-[RK]-C-x(5,
9)-C-x(2)-C-x(6,8)-C F705 contains also, near its
carboxy terminus, a second rare motif characteriz-
ing membrane proteins involved in sugar trans-
port, starting at residue 629 (MEKIGRRAFNKG)
and following the consensus sequence: [LIVMST]-
[DE]-x-{[LIVMFA]-G-R-[RK]-x(4,6)-G. However,
its significance is questionable since the hydropho-
bicity profile of F705 protein does not reveal the
typical transmembrane domains (data not shown),
unless it is a novel type of protein that can mediate
both interaction with a sugar and transcriptional
regulation.

The FastA search for ORF B473 product
revealed low similarities to a number of membrane
proteins. The most significant similarity was
between its amino terminus and a mammalian
membrane protein, the putative transporter of
mevalonate (Figure 6a). This similarity does not
necessarily indicate a directly homologous mol-
ecule but some sort of membrane transporter. In
fact, the hydrophobicity profile of ORF B473
showed 12 membrane spanning stretches typical of
such proteins (Figure 6b). The profile also included
one central and one carboxy terminal hydrophilic
region which followed the transmembrane seg-
ments 6 and 12 respectively, similarly to the profile
of MEV protein and other membrane transporters
(Culham et al., 1993). The main difference was at
the amino terminus (~ 30 residues) or ORF B473
which appeared hydrophilic. A transcript corre-
sponding to the ORF B473 was not detected in
extracts of cells grown in standard YPD (Guthrie
and Fink, 1991) growth medium (data not shown).
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Figure 6. (a) Alignment of the 180 aminoterminal residues of ORF B473 with the 156 aminoterminal residues of the
mammalian membrane transporter MEV. (b) Hydrophobicity profiles (Kyte and Doolittle, 1982) of ORF B473 and

MEYV protein.

This may indicate gene expression under specific
conditions or gene repression related to its position
near the telomere.

The product of ORF F711 showed a significant
similarity to the known yeast FRE1 ferric reduc-
tase. We have proven by biochemical, genetic and
structural analyses that it is also a membrane
protein that can reduce the environmental ferric
iron to its intracellular ferrous form. The expres-
sion of this non-essential gene is down-regulated
by the presence of iron in the growth medium and

its RNA is not detectable under standard YPD
medium growth conditions (Georgatsou and
Alexandraki, submitted for publication).
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