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We report the entire sequence of a 26.4 kb segment of chromosome XI of Saccharomyces cerevisiae. Identification 
of the known loci URAl, TRP3 and SAC1 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 i s  
homologous to the mammalian phospholipase A,-activating protein. A fifth one, finally, is homologous to the 
hypothetical open reading frame YCR007C of chromosome 111. 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, URAl, TRP3, RSDl 

*Author to whom correspondence should be addressed 

CCC 0749-503X/94/050663-I 7 
0 1994 by John Wiley & Sons Ltd 

(SACI) and part of the 3' non coding region of the 
UBAl 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 pEKGlOO was provided in Escherichia 
coli strain TG1 (A(lacpro), 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 Sau3AI 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'lacPlacZAM 15)) from Agds  
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 S a d A I  yeast 
DNA fragment. Escherichia coli strain DH5a 
(supE44 Alac U169 (cp80lucZAM15) hsdRl7 recAl 
endAl gyrA96 thi-1 reIA1) 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 pUC18 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 

[35S]dATP 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 ExoIII- 
mung bean deletions (Ausubel, et al., 1987) of 
the EcoRI fragments. Synthetic oligonucleotides 
(made on an Applied Biosystems synthesizer by 
the Department of Microchemistry at 1.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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901 

1001 

1101 

1201 

1301 

1401 

1501 

TGTZAACGAA TCAACITACT CAGTTCTCCA AAGAAAlTGT TCAACATGCA CClGGTACTG ATA-TGA TTGGGAAACA GTTGCGGCAA ATCTAUTTC 

TTACTTCTAT WLMXCAAAG CTTGGAATAC IWGTACPTG T-TG CTLXAGAGII TCAMMGCA T T C A W G  TTCTPXCGA ACCATTCPCT 

GTGAAGAAAG ATGAATCTTC GMAATAAAA KATTTBXG ATTCTGTCCC CTPCATCGAA GAGOCCTXC AAGTCIATTC CACAGAATTT GACAAAAAGT 

b 
0 * U 

GGGGGAGGTT TTCTOCTTAT GGTAAGAGTT TITCAAAATA MGGCCClT TTCATGCPC ATGmGACA AAAVXAGTT CTTGTCMCG A T T A T M T G  

A G C A A W G  TGGTGCGAAT GGATGCGACG A A A T T G W  GPAAATCFW AGGDLCTTcf TTGEAAA?A AGTCIIGACT AG-GT TITTCTITGA 

2701 

2801 

2901 

3001 

3101 

3201 

3301 

3401 

3501 

3601 

3101 

3801 

3901 

TGGCATTGAC TGTGAATGGT TlTTTAACCA CCTCTMTAC CGeCTTC7BT CTPC- A C C m T G W  GATAGACCTC TAMCCTGGA PCTATGOCCA 

TACATTAAG AAGCGCAATT GACCCOCAAA CAGGCGCCTC CCG T A W  ACCIULGCATOC CTlTTCFATT TATAGATCGT GTAGTTPATT XATGCCAAT 

AGCCTAAACA AGGTOCCTTA TTATTATTAT TACAACTATT CTITTTCCTA TTCCCCTCII GTTMCAAM ACCAGIXTAT TAACAGAAAT AAATAAZAAT 

AAuw\AI\AA TATGAATATA AGAATAMTT cXAATAAATA GZAATATITA TAMATATPA A A A m W  TTTTlXTTCT TTTTATATTT 7BTTATAMA 

1601 TAGTKAATT ATTTATATTA TTTAAATGTT GTAATTIXTT ATTAATAATT A T m A T C  AATATTTATA CGATATAAAA ATTTAWUM ATTATAATAT 

AGAAATAATA AATAATAATA ATATGATAAT AMATAAAT AlAAATAAAA AmTAAWLT TATATTAATT TATTZAATlT TCAAAZTATT AAATAAATAA 

1801 TAACCTAATA CTTACPTTTC CTAATATTAT II\RRAAIGGT TATTGTCAM CCCATTAACT GAmTATTA 7AAT-A ATATTWTT 5XTTAATTT 

1901 GTTGPTATAA T A A m T G A  AATAGPGZUA CCATAATCCA AITGATTGTG W G T T I G  ATCTTCW\M TCATBWAGA A T A m T G  lTAGTTUTA 

2001 CTGGTCATAA CTATCCATlT TGAACATAAC CATGTAACTC TITTCCCGIT TACTGTTAAT CAAUGAACA TGTTGUAGT TATATCMTA CATGTGITGA 

2101 GTATTTCACG CGAAITTATT GCTACAAAAG AGCACTAAGT PXACATCGT TAAT'lTCTOC G G T W C T G  ACCTOGTGAC CTTGCITGAT OCTTTAITGT 

2201 TTGTGGGATC TGTCXGTAT ATCGCCATAT ITTTTTCCTA CGWLTATMT GTPAAACALT AATITATCCT TCAGGGTTGC TCTTTAMAC EAATTGl'TG 

2301 AATMCTTGG TATPCATATA TGTGGCTGCT OCGAATATCT MCACATAT TAIWTTAE AAAMAAAGT GAAGAACTAA ATlTAaAGG ATTTCTPCAG 

TTTIIGTCTT GGTTAGGTAA TAATTCCTTA AAATAWGC TTATCCTTK CTiXGGACCA TAAFXATCTT CATGCAAGAT CTCGATTGAT TAGTAAZAAG 

2501 AGCAGACGAT ATTGZTGTG W G A G A A  TlTTTTCTGC GTAT?+AAATA G W T T A I I  ACAGTTACCT T T A A T K M G  TAGAGATATG TITTTTCMC 

2 601 TTAGAAGCTA TGTCmACT GGGTGTAAGC CCAGGAACGC TCITCTGITT TAGITCAAAA T A M T A A M G  MC1AIITAT ACCAGZAATG CTCATAGKA 

11 01 

2401 

CAGKAGAAG TTATATTATT AGTTTGACAT AAGCAGTATT CITCCCTCIC A W A C T A X  ATTCTGCCAA AAAA'ITTTCC CACATAAGGG IGTCAGITCA 

GTGMTATA ATACTAGTAG AAA%AT%TGT AGAGTTATCA CAGTATAAAT CAcCTAGAa C T T l T m c C  TGAACl'CACT TCAAAATCTC MCCATGTTA 

TTAATGTTAA GTCNTGAT ATATGCCGTG ?W\AAGT%GA CCIULCTAAhGC TRCCAATX TTCXTATAA AACTCAACTC AAMTlCAAA AGTATACACT 
~ 

4(AAICGTTGG GCCAETTCC TTCCCXAGA ITAAAGTAGC AIATCTCTTC AmCTACAT TACWCACT TAGTATTATG CCTACITTCT TCCCAACTAG 

CTClTCCTTT T T T A W G T O  CACCT- KCCAAACAA GLTGTGGDCT CIVCMCCPC CTTCATGCGT TCCGGIAGAA AGTGCATGCA TITTACTAGC 

TCTTGGTCGC TAACCGTTAA MTATC4TCG PCATTTTCGC GMTAATGGC M A T G T G W  TCACCGAGGT GTTGIGTTTG AGCGCCATCT OCGATAGPTT 

TTGGCGTATT GATAEAACA A T G W C C G  ATCTGAPGGA T1GTTGTOW\ TCmACCAG CTmGGTTC AACCCC&?.M ATTTTcCAGC C C G G A W G  

GCTTCTAGCG GCAAGTGCAG ATCCTGAAAG GAGCCCACCA C a C C W G  GAICAAATM TGCATCAAGT TGTCCMCCT CTTCTAATAG CTCTTTZGCC 

GACGTACCTT GCCCTGCAAT AACATCAGGA GATCGTAGG GCGWUTCAA T G W C C A  TGTlCGGCTG CTAGZTGACG CCCAATCTGC TCGCGATCTI 

CAGTATACCT GTTATACCTT ATGATATGTG CKCGTMCC GOCTGTAm GCMCTTTM GGGCGGGCGC ATCCTCGGGC ATAACMTTG TTGCAWAC 

ATTmTAGT TTTGCACTAA GAGCAATAGC LTGTGCATGG TITCCTGAl'G AWAGGCAAT TACKCCTTA C T T C l T m T  CATCACFTAA TTTTGMCA 

GCATKATTG CTCCACGAAA CTTGAACGCT CCCACTCGTT GGARATTCM: ACCFTTAAhG TATATTTGTG CTCCCIULGTCG ATCATZAAGC ATTCGTmG 

TGAGAACCGG TGTTTTATTT ACATAIXTT ZAATTCTGTT GC1.GGCATCC W C G T C T C  CATAAGTGGG 

4001 AAATATCTCG AACTATATTA ATTATTPCTA CrPTPTAAGT T m T C A A  TACPCCTna TTTmTTTT TGCACAATGA AAATGWCT CPTTATATTC 

41  01 C-CTTAT CTTTITCTCA CGTACCGTCC TATAGACCCT GAT7TTATGA TAXAGGCII AATlTACTAA TTAGTCATTT TTTTCXTTT TTTTGTCATA 

4201 GAAOCCACAT TTAAAAGAAG TCAGCCAAGT TACCTGlMA T A T T M  ACCTGCTTAG AAMCTGTT AA"lXAGA A T T T A m T A  AMATAZAAC 

4301 TTGGCTCTAG GGCGTGATGA TAGTGACAAA AMCTCGTCA AmAAATGTT G a G C T T X  TTGCCGTCGT TTTCZAACGC CAAAAIACAC CAATCAIGTT 

4401 TGGGARATAT AAGTGATTAG AACTTGECA KGATATTGT CAAACAAZAA CATACTACM TMTCCTAGA TCGTGATTA TTTGCGTATG CATAAAIATA 

Figure 2. 



666 

7801 TAGATCTAAR AGGAAGRAGA GTAACAGTTT CMAAGlWT TCCTCAIUGA GAlTAAATAC TGCTACTGAA A& CGT CGTCAATTAC A G A T G A W  

1901 ATATCTGGTG AACAGCAACA ACCTGCTGGC P G M C T A T  ACTATAACAC AAGTACATIT GCACAGCCTC CTCTPGTGGA CGGAGAAGGT AACCCTKCAA 

8001 ATTATGAGCC GGAAGTTTAC AACCCGGATC FCGAARRGCT AlXCCATAAC CCATCACTGC CTGWCAATC AATT(1IGGAT ACAAWLGATG A T G M m T  

8101 GGAAAGAGTT TATAGCCAGG ATCAAGZTGT FGAGTAlWLG GAAGATGAAG AGCATAAGCC AMCCTAAGC GCTGGTCCA T T W T T A  IGCTTTAACG 

0201 AGAITTACGT CCTTACTGCA CATCCACGAG lTTTCTIGGG AWTGTCAA TCCCATACCC GMCTGCGCA AMT(aCATG GCAGAATTGG AACTATTTT 

0301 TTATGGGTTA TTTTGCGTGG TTGTCIGCGG CTTGGGCCTT CTTTTGCGTT TCPGTATCAG TCGCTCCATT G G C T W C T A  TATGAWGAC CMCCAPGGA 

8401 CATCACCTGG GGGTTGGGAT TGGTGTPATT IGTTCGlTCA GCAGGTGCTG TCKCATTTGG TTTATGGACA G A T W T C T T  CCAGAFAGTG GCCGTACATT 

8501 ACAIGTTTGT TCTTATTTGT CATTGCACAA CTCTGTACTC CATGGTGlWL CACATACGAG AAATTTCTGG GCGTFAGGTG GATAACCGGT ATTGCTKCGG 

8601 GAGCAATTTA CGGAIGTGCT TCTGCAACAG CWLTTGAAGA TGCACCTGTG AAECACGTT CGTlCCTATC AGGTCTATTT m T C I G C T T  KGCTATGGG 

8701 GTTCATATTT GCTAEATTT TTTACIWGC CPTTGGCTAC TlTAGGGATG ATGGCTGGAA AATATTGTTT TGGTITAGTA TTTTTCTACC AATTCTACTA 

ATTTPCTGGA GATTGPTATG GCCTGAAACG M T A C l T C A  CCAAGGTlTT GAAAGCCCGT AARITAATAT TGAGnACGC A G T W G C T  A A T G G m C G  8801 

8901 AGCCTCTACC AAAAGCCAAC TTTAI\AcAAR PGATGGTRTC CATGAAGKA ACPGTTCAAA A G W T G G T T  GTTGITCGCA TATTTGGTTG TITTATUGT 
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Figure 2. (Continued). 
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GGCGCATCCA CGGTATACCA ATGGTXCGT GTAATTCXAT ATEACTAAG AA- AAAECTTTA 
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ATCCTTGTAT TGTCCAUTC CCCCACCACC 

9001 

9101 

9201 

9301 

9401 

9501 

9601 

9701 

9801 

9901 

10001 

10101 

10201 

CCClTACTAC GCCAlTTCCG CCAGTATATT TACCTTTCCC TOCTGAACCT C T l C W A T E  A W T C T T T  CAACXAACG GGGTAXTCC TTCAAATAC 

CTCPETATCT GTCAlTCTTG TATTGGKAT ATTCGTGTGT AmGCGTCTG AGMTTCCA ACWTTCCT CTCCATGAAT CTGCACCAGC CCCCGAGCCG 

CCACATATGG TTTCATAATA TCCAAAGCCT TTGATCTCCT TATCGGTlTT GT1IICCAGPA TTTOCTCCAG TlCCAMTGT MAGTTGTTA CAGTCACCTT 

GAGAATCTGC CATGACGTTA AATGTlYCTA XATTAmTC TGITAC'ICIT T G O G A A G D  ATACATTGCC TCCGKMCA GCAGCECGG ATCGGGOGCT 

CAACAGGGAA CCAGCAGGAA TTTTTATTGT WGGGTTTT AAWAACCIT mmma MTITCTTCG CCTACIAGAC ACCGTKACA ATAAAWTC 

GCAUVLTTAG TAATAGCCTC TGGTGCATTT AUTTACCAT AAACTTGGGG AGMGTGCCA TCGMATTAA AAATATACTC CTCTTTCXA OGTCTTATGA 

TAACTTGTAG TTTAATTAAG CTTCCATCAT CTAAGCCATC TXGCCAGAA AAtTTCGTE TGCbAAATG TTCAKCATT TTTGCMGCA WTTTTCAT 

GGGXCAAAT TACTEACTC ATGCTXTCA PEAClTGTTG C W C C A l G c  TGZTGCCCA ATTPCGCCTA TCCAXGATG CTGTCXTGT CATlGTXTC 

GTTACCAACA TCGGZGCTAT TTGTGOGGGT ATGATAWG WCAGTTCAT G W G T T A C T  -GAT TA-TATT GATTUSLTCC ACAATGGCTC 

GTTGCTTCAC CTACCCTGCA TTPATGSTGA WGCGAIUA GOCTATATTA GGXCCGGTT WAXTTATA TTPITGFGTC ' ITXGXTCT CGGGTAXCT 

GCCCATTCAC CTT-GAGT TGGCCCCTGC lGATGCAAGG GCITTGGTP2 CCOGTTTAlC TaOCAGCTA GGTAATCTAG CTTCTWZGC OGCTPCaCG 

ATTmGACAC AGTTAGCTGA TAGATACCCA TTAGAAXAG AECCTCTCG TGCKTGATT AAkQAGATT ATGC-GT TATCCCIATC T n A C T G T T  

CTGTPTTCAT CTTCACATPT GCTTGE'ITT ITGTTGGCCA TGAGAAAITC CAPXTGATT TGMTCTCC TGTTATGAAG AAATAnTAA ACCAAGXGA 

AGAATACGAA GCCGATGGTC TPTCGATTAG TGACATTCTT GMCAAAAGA CGGUTGTOC TPCIICTGAAG AlGAITGATT CGAACGICTC AAAGACmAT 
r 

I 

I 

TATMCATTA CATAARAGAC ATGATATACG EATACTLTA AXTTAGPAT TTITGTTGTA TTI\ATTTTCT CGAAGCGATT AGAATGl'AAG TACATTI)\AA 

TAGCGCCGCA AGAAACATAA CAGCCGTTAA CACTAGCUG AluiTAGATT AClWGTCTA AGAATTTAAA TTGTlTTGCT TGCTTITGCC ACTATAXAC 

AATAATAGTA ATAGluuAGA AATGTTAGTC G A A C A G W  TIGGTAAAAG TGQAAAMT TATTCCGTTA T T U l T T T A G  GCCGTICAGA MTATAGCAT 

TTTGGTTCTT GCACTGAATG GGCCCEAGG ACAGTG'ECG GCTGGATAGC CAmTACTTC G A W A C T T  TTCACCTTTG AAGGGaATG TATGCTTRTA 

CAWTCAAA GCTCGGCCTG TGCAGGmC E T A C A W G  CITTTTTACC ATKAAATCP TG-GGA AGTAXTATC AAGATATI'AC tXATCGaTC 

CATXAACGA TAGCPEAAIU ATGCAGTATA E A T A A W T  AIGCTTCACA GCECGGCCC ATTIGGGGAA AAIUGWVUA GGAGCITCCT WTCTTRCA 10301 

10401 

10501 

10601 

10701 

10801 

10901 

11001 

11101 

11201 

11301 

11401 

11501 

11601 

11101 

iiaoi 

11901 

GATGTCGCTT TTTCCTCTTG AGGTCATTCC CTAACCITGG GATCCAAGTC AAXTGGTAT CTTXCACCC TAAATAGTGT ATTCCCCATG WTAA-TC 

GGACGATAAA CTTCCAAACA ATTCTPECCT ITTWAITAG ATATTTACTC TACTTTAGAT TTGGTGATTT TACTAAATGT TATCCTPZAG CCACTACAGC 

CTACTTTTTC TCACWATAT GTTCTEAAG CCATTTICTT CACCGGGCIT TGOCGAAGGT TATlTCACGA TCTTGGCAT T C G C C W  ITTTTCPAGA 

TGCCCATCAC C W T A A  AAAlVLGCTTT ATATATGGCA TOGCATAZC ATZGGAACC GGTATTCTTC TCTTDGATTA CACAGTITGG ACTACTPEAC 

GTT1CIVV\TA GATATACACA ATTACXAAA AUWA'ITGA ACTTCCGTAC AGC(xGTTTA KTAOCAAGT TCTTWCAA TkCCTAEAA 

AACCCATTTA TGAAECATC CGGTGTTCAT ECATGACTA WAA\wv\TT A G A T G A A m  GCAMCTCTA AAGCEGCGC ATTCATTACA MGAGTGCTA 

CAACCTTAGA AAGAGAAGGT A A C C C W C  CACGTTFCAT TlCTGTCCCT CTIGGCAGTA TCAXTCCAT GGGTTCACCA MCGAXGTA XGACTACTA 

TTTGTCCTAT GTAnaAhCC G W G A A  ITATCCEAT GCACCTGCTA TTTPCTTCX AGTIGCTGGT ATGAGCATTG A T W T T T  AAATTTGTTC 

AGGAWVLTCC AAGATAG-CGGT ATI'ACCCAGT TAUCTTGTC TTGECTAAT GTGOCTGGGA AACCACAAGT TGCTTATGAC WGACTTGA 

CAAAGGAAAC CTTGQAAAG GTTTTXXCT WTCAARRA ACCTCTTOGT GT(3LAGZXC CTCCITATTP TGATTCTGCC CATTTTGATA KATGGCAAA 

AATATTGAAC GAGTXCCAT TAGCTTATGT WCTCTATC AATAGTATAG GAMTCGTCT TTTCATWAT GTGGIGAAGG AGAGTGl'AGT AGTGAAGCCA 

AAGAATGGTT TCGGCGGTAT TGGAGGTGAA ZATGTTMGC CMCCGCGCT CGOUUTGIT CGTMTTTT ACAClCGTTT GAGACCIGAA ATCAAAGSTA 

TCGGTACAGG TGGAATTAAG TCCGGaAGG ATGCATlTGA ACATCTTCTA TGZGTGCCP CTAECTACA G A W T A C A  GAATT- MGAGGGCGT 

CAACATTTTT GAACGTATCG W G A A T T  MAAGACATA AUGAAGCTA AGGCTTATAC ATCCATAGAT CAGTICCGTG GGAAGTTGAA CAGC 

TTAXGGAAT TTGAAGAXCT ATGATGCGAC MGTTAEGA A G A G T G m  GATTCGTATG AATATTTTAT TATTITGAAA T T G C A W T  CUGGAlRGT 

TGGTRAATGC TAATXCTTA A m T X G G T  CAGTGCATTC G C U T T G M  TCATACAD GGGTTCAATG TGCTTCAATA GATGAXATA C3AAATETT 

EroRl 

12101 

12201 

12301 

12401 

12501 

12601 

12701 

12801 

12901 

13001 

13101 

13201 

13301 

12001 ATACTTTGAA ATAACTTAAT CAATGTRAAT TATTGTCTTG ATPZATTTAT ACITAAAm TTATATCTCA ACATATGATA TATCCTTACA lTAAGACTTA 

TTCARGAAAC ATTTTTCAAC GATAAITATT PETAGGCIAA AAATGGCATA O G M C C A m  AATFATGTTC A A W T G A h  GCCATCKTT WATAWGG 

GGAAAAAAGT GAAGAAATTA ACGAATATGT EATATATAT AZATATATAT ATATATATAT ATATTGCACA GGTGATTTTG A T G T A a T G  TAGCCTTITC 

GAARGAGTAA lTTGGTTTTA TCTACXAGT XCGAAPEAT TGSTGTCC CTGTETTAT ATAATTAAAC TGTACITTCT G T W T C A  ATlTGTaCT 

2 
m 
U 

Figure 2. (Continued). 
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SCCCTCGGTA W T " T A T  CATTGRGAG XTTCACATG ATRATGAMC ATGAGAAAX CCAATCTCCC TGGCMTATT ACCAA-TT CGCTCAIGCT 

CTG-GT GTATGAGTGT IUAAAIICTA TCGCAATAGA CTTGATTaJG CTXCATAPA GCACTTTCAG AATAGATCTT ACGCTlGATT CATCTGGCTT 

CTTATGACC C T T A M T T T  CGCCACTATT XCTTCCAGG ATACCTTCPT GTT2ATTAOG AGAOWLTTTG GTMMTAAG GGTCTICCGA GUATCTTCT 

MGlXACTC TCTCATCTAT TTCAACTACA GTGTCAWTA AIIGCACWC CTTITTTATA TTTAAGTTGA AGATATCTGG CCTGGTCGG ICTCCAATCA 

GCAATGAATC CTTAPAGCCT TTCGTAGTAA IIAAGGCACA A U T T C A M  TTlCTlTCTA GAGffiCAGTT TGTAGCTAGG GTTGTCCCCA ' ITCTTMCT 

TCTCACATTA GAGATGTCTA GAGGAATACC GCGAGGARTT GTCTTGTGTT CAXCACCX CAAGAGACGT CTTA'ECCTT CAAGGGWLGC ATCTGGATAG 

TTTTKGGAT CCACaACAA GAGCTmTG XAGTATCAT GTTCTTGTTT ACCTGTACCA ATATSCCCCA CACAAKAGT GAAAGTTCCA CCCTTAICGA 

M. TZERMIA ET AL. 

1 

13401 

13501 

13601 

13701 

13801 

13901 

14001 

14101 

14201 

14301 

14401 

14501 

14601 

14101 

14801 

14901 

15001 

15101 

15201 

15301 

15401 

15501 

15601 

15701 

15801 

15901 

16001 

16101 

16201 

16301 

16401 

ATTCTAGAAT GCTTXTCTG TGGTTGGTAA ATCTCCACTT CAATTTT'EC ATIXTGTAK! TCAIITCCAT TATWGCTC GACAAICTTT T C C W T T  

CTGGGTCTTC AAATTrGTAA ATACAlGTAC aTCCTCTTT A T S G T C W  ATlTTCGAM ATATTGGCGA GCCAAACTCT TTMTCATAT CATCGAGGGT 

TTAMGTAG ATACACAATT GC CTT ICATGTAAGC AICTAATlu  GCGTCMGX CTTUXCAGA A G T A a G T G  T T A m C T  CACGGCCCTT 

GTTCTTTTTG GAGACTCTGT TAGGCMTG OCGATAATGG CECCTGGCC TGCCTCTTCC GTGTCCTTCA GCCGICTGTT TGCGACGGTT GTGGGCATTC 

GTAGTCAGAA ACGTCTAGTG GGATmGGA lATTCTI\RTT CICTTAGGCA AAGAGGCX TTCCCTCTCT CTATAUGGC GATCTTEGA CCTTGAUCA 

GCATCCGAAG GCGC?AATCC CAGTCTAGGT 'XTAATTrAT TICTTAAATC CCTTCTGCG TATCKGTTA CCTTATGATT AGATGXCTG XTGTGEAC 

XATKAGAT GCATTCGTCT GAATTQXGC CATGTAlTE AATATTGTAG CCXATCATA TTCCPTAGTT AATGXCCAA T T W I I T A T  CCCTTTZGTG 

CTAGCTGCGA CTTGCGCTTT TAAATGCTT ATGTTATCAC TAMTCTTCT TGAWCTWG CAGCCTGGGT ATTTGCCTGG ATCTTCPACG M I T C T  

WATTAATTC TTCC'EGAAA ATTCCCTCTT iZACAAcwLI\ T I C G G A A m  ATTGCGGTTC CTTCTKGTA CAATZTTTG GAATTZGAG GCACTCAWC 

XGTAGAATA CCTCWTAT CTGCAIGATG GGCTCTIGAA G@3CATIUI\ ATATCMTIC GCWTTGM GA-GAAG GAGTTATTAC 'ElTATGIXT 

XTAMTGAG TACCACCAAT ATCCGGXTGG TTTGTGATTA AAACATCACC AGGCTTTMT TTGcXTTCCC ATAA-GC CTGTGCKAT A T G C A G m  

KA'ITGATCC TAAG-CA GGTACATGAG GAGCGTaGC GXTAAGTTT CCTTTAGAGT CGAAAGTGC ACATGWAM TCTAAICTCT CPTTWLCGTT 

GTTGAAACA GAAGTPXC TCAATTGAGT XCCATCTGG AaCCGATAT CCATAAACCT ATGXTGAAA ATAWCAATA AGATTGGATC 1XTATCAWT 

PWLTATCCGC TTTTAGATM TGTCTICGCA OCCTTTTGGT m T C T m T  AAATATAm G A G T T T W  TTGTLGCTTG GCTGTTTGGT AAMTAAAT 

CTG'ITTGGGT ACCGTCAGCC AATATGGCTG GGCCCTaAT AATTGTTCCG GCXGAAGAT CATmTYTT GAAGXCGCA GTGTCGACCC ATTTGTLGTC 

WAATATGCT TTCTGGGTAA MCTAGCATC m G A C A C G  TffiGCTTTCT T M T G G G A  AAmCAATC AA-TCAT CAACColTTT T C C m T A  

WGCCTGATT TCCCAATTGC TCTTAICCTT ATATCAXAA TlRTAATTCG TTTGTCATCG M m G A A T C  CGAACTCTTT TTTATmGCT TCAGAGAACC 

PITXCTAAA ATTCCATTGG TCATCATATT TTTGTAATAT CATCAAACPG GTTEAGTAC CTTCATATCT GAGATTTAAA TATCTTKCA AGACTAIITC 

ZTCCCGAGAA AACWLCTGAG A T W G T T  ?XTGATE?A T Z T T P A G m  G T I C T W  T C l l l T l T T C  ACTTTCAAGA TGGTCXTGG CTCACC(1\AG 

P T W G A G C  AAGGCTCTTG GTTTTCTTCA ATAACAXTG CTRAGAAAAT GCCATAAGQ: GAUAGATAG AAGAATATCT ATGAATTAAA XAGTGICM 

PGCCCAATGA ATCTGCAACC GCTAWCGT CITGCCCGCC AaCCCGCCA A A W C T A  ACCGATGCTG AGATXTACA TGTCCTPTK: m C T G M T  

ZGCCCTCACA GGTCTPGCCA TGCATTrGTT XCTACTTTG A M T C C A T  AGOCMCCX TTCCATGGTT AGATTP-GAICCTT ATTGAWCA 

KTGTTAATT CTCTGUTTT CAAAGTAGTG GTTTCTAAGT WAGTGA'ITC ATtTTCATLG G G C C C W  TTTTGGGGAA GAACTCAGGA ACCAAACGTC 

L ! T W G A G  GTTGGCGTCT GTAATGGTCA AAGGCCCCCC CTPTCTGW GCZGCAGGGC CTCCATCAGC AGCTGCTGM TCAGGGCCTA CTCTGAATAA 

XCCXTTTTC CATGACAAAA TAGAACXTCC TCCAGCAGCA ACAGTATGWL TGlWLAGTLG AGGPGATTGT ATGAEATCC CTGCGGTAAC X T T T C M  

KATGTTCTA ACCTCCCATC GCCGTACCTA CEACAXAG TPGATGTICC TCMTGTCA A A a T A T T A  AGGGTATGTT ATTATlTTTA TWLTAGCATG 

E d  I 

PACTAGAATA ACCTATTACG CCACCIICAG GACCAGATAA AATAGATTTC AAKCGGAAA ATTTCCCCCC ATCWTAAA CCACCATCAG ACTGCAlGAh 

ITGAATGTGG GTATLTTCTG CGTGGCKAA XCTGCAGAA AECTATTCA AGTACTTTIT AArnCCGGA GTAAOGTAGG CATCTGCGAC AGARCTGTCA 

er) 

Cy 
0 

w 

TGGCAATTCT TATGTTTCCT TTCTGCAT G TATACCAAGA AGTTATATTT AG(.TTTTCM T G C X W T  TATTXTGTT TAAGTEAGT XTTAGTTTT 

TGGCATTCTT TCTTCAACAC CACGTAACAT 'ITGATC'ITAT C'ITTCTTTCC AGIIGTAATG TTATGGCGAT CGTGCEAAT CGGAAMGCA CCTGAGGCAA 

16501 ACAAAACAAT TG-GTA TTCATGCAAA T R A T A C W  TXXGCGCRG TAGCTTGIT CTTMTTCCA GAGATKGTA AAGTGMAT CATTGClACC 

16601 CTCTAGAAAT AAAMTTMT TATTTAGGTA ?AAAGTAGTA CEAGGTlTC ATATCTGTAG ACTGATGGAG TAAAAUACA T T W G A C  TATAAACAAA 

16701 

16801 

16901 

17001 

17101 

17201 

17301 

17401 

11501 

17601 

CAGTAGCCM ATlTCffiTAA GCTACGGTTA GCCTATAIIC GGCTTCTIU CATICTTGAT ACTCTTCCAA TGGCCCATAC lTGGTGllGA 

TACGATAGGC AAAAGTPCTA AATCAGAGTT COCTTTCGTG ACGAGAGCII AATXTTGAA AATTPGTGTG GAAACIGCAA m G C C M T T  

Figure 2. (Continued). 



COMPLETE SEQUENCING OF A 24.6 Kb SEGMENT OF CHROMOSOME XI 669 

17901 

18001 

18101 

18201 

18301 

18401 

18501 

18601 

18701 

18801 

18901 

19001 

19101 

19201 

19301 

19401 

19501 

19601 

19101 

19801 

19901 

2000l 

20101 

20201 

20301 

20401 

20501 

20601 

20101 

20801 

20901 

21001 

21101 

21201 

21301 

21401 

21501 

21601 

21701 

21801 

21901 

22001 

22101 

22201 

CTGEACTGT TTAmGATG CCTGAGlVLM TPCAGTATCT AlRGTCTClU AMTTGATlT ATAMCTTGA TTTGldCCA GTMTITCAC ACCCCAWTT 

T C A ~ A T E A  AGCAATTTAC C M A A ~ C G C  PCAGTTPACA TOGTTAGPGT w m m  TWXCMGC CTTCTFCGAT GTAAT-T~TI ATATCTVAG 

A A T M G G T M  TCTTmACA ATCAAXGTA CTATGTCGTA PXAGGAGTC TTMTITCCC AGmGATCT TATAGTGTTA GCARAIw\A GTAGCMCTC 

CCAGCTTTCA TCTATGTCAT GTAGTGCGCC ACCAATlTGC GMGAAlTT C A m -  GGEITCTCA l T T G M l T T A  TTpTTlcTAT XCATTCAM 

ATAlTATCTG GGTTATAATT TTCCAEATA KATACTGCT TGACAGGMG A A C C I T X T  ACGCPCGTTT TTGAIGGTGA TACTGUG?A aTGATCAT 

TATCGTTCGG CTGGXTAGC GATATGCCAT aGTGTICTT ChZTATWAC TGIXCTACTP GAPXCTATA ACTCATTGGC AGTXATAAC a G C C A M M  

ATTGKGGCT GCTGTATATG GGTTGXGCT GACATTMR GOCAATICA AGOGAGGW TCCATCTTCA ATXTCCACAT CMATPCGTA GKATAGTT 

EmR 1 
TTACCCTOl;hBTTCTlrTTTT TTTGTCGTTT MGTAGCAC CTGCACCGAC AAaTCACc(a A C C m C C  AT-TT TGAAMTXA TGAGCTLCTA 

TAGmCCTTG AGGTaTTTG ACTACWAA TTGACCCTC TTPGCGCCCC G G a A T E A  M A m C A T A  AGGTGATAGT TTAGACTCAT m T C C T A T  

TGTCTTGGAA CTTAmGTGG ATIlTWCAC TTGCGTSAT A m C A T l T A  TTXATCCX GGAAGCCCAT CTTGXTTCT C T T G C W  m T T C T a C A  

AGAZTATCAC TACTICCCAC AATAATATCA CCATTAGACA TPCAATWC GGACCMATA G A G m G C A G  GMGTGTAAT T A C C M m  ?ACWUCCAT 

TTTCCTTTGA CCATATACGG ACTGTXGGT CTTCGCCGCA GClTACAATA TCXCATTGG GCAGCAGTTT MTGCAATAA A W G C T T T  aTGGCCTTC 

ATATGTTCTT AGTACGTCAC CTGTAECAT ATCAACbAC TIWLTGAGGC C A X G l T P X  ACAICTGATA AAATOGCCAT CAKCPCCAC KCTAAFXGT 

CTTACTACAT CATTGTGAAT CCCAClGAAA GPTTTGATCA CTTTATCaT TTGCCACAGT TTMTCGKT TATCOGCGGA AGCTGluAG M T T T A m T  

CTGAGARGGA TACGACTTTG GCATCCCATA (ZIGAGGmTT GTGTGCTTGC F d W T G T M  CCWGATCC TTCTlTCCM ACCTTTGCGG T m G K S C A  

ACTACCGCTT ATCACAACAC CATCTTGGAA QXTAFACTA CAMCGTWC CTlGGTGGCC AAT(1uGGTA TACAY;GGAT CCTCTCCTGA OGTGGCAMC 

AAGGGCACAC CGTTGATCAT AGTATCCTTA OCTCCAAAAI\ GbACAAClT CTXTCGWLA rCAaACACA CACTATTTAA MATCCXET CCTGTAlAu 

CTACCGTACC GAGCaTTGG TCATC'l'l'TAG PCCACAAGCG APCTGTTCCA TCCCTCGAAA CAClRGCMC CTTTmATCA TCCAUGCTA CCACATCCCT 

GACGTCCTWL TCGTGCCCTT TAAGTGTTGC XTCAATIGA TATC C TC(XAATCTG CTGCTCTACA CCTTACTATC ACACAEAAT ATATATATAT 

M T A A G C C  AAGACAGTGG CCTTCCCTTA ZTATCAGCGT A C T M X T  CAlRTGATlT ATTlTTCGTG GTCCIWUCG AGTGT- ATTTTCAWR 

ACTCGCAAAG W E C C A A  GGTCAGCAAC TFTCTCCZCG TCUV\CCCM: GCXCTATE TITTXGTUC CTGTPGACCT TCAATmCA IIGAGCTECA 

CACGCACGCA TTGCECACT ACTGCZTACC a c a c T A w v L  ATPTAATTCC AGC~TAWA AGTEAAMG GCMOGGAM AATACBLCAG ~ T A G A T A A  

GGAAATAGGA W Q X T T A  W C C A T A T  CCCTATI\ACA G-CGA- TATTATATA CACGTATATT TTCTOxcTA GA 

GTACGTTCAA AATGCGGACG GTATCTKTT CAAGCTTGCT GKGGCAAAG m T A A C G A  TGCEGTTATT CACTIGGCCA ATWGATCP KGTGTICGG 

GTCCTTGGAG CAGAGWV\TT TCCTGTGCAA GGTGAAWAG T?AAGATTGC GTCCTTGAE GGGTKATTA AGCTAMGTT WUCAOGTAAT GCCATTATCG 

CAAATACTGT GGAAGAGACC GGTAGATTCA ATGGCCACGT TTPCTATAWL G T - W  ATTClXXGT ATCTACCIVLG TTTAAmCGA UVLTCGATTC 

TGAAGAAGCC GAATATATCA AGCTACTGGA lTTGCATCTG AAAMTTCCA C C T I T A T T  TTCATACACA TATWLTTTAA W l T C C f l  K A M W T  

G N G G T T G  GTCCECAGC CTCCTGGARA PCCGCTGATG AKGATTCTT TnrJUCCAT TACTTAACTG MGAZTTGAG ARACTlTGCT aTCAAGATC 

CTAUVLTTGA C T C C ~ A T A  CAACCETTA RTATGGTA TGCCAAGACA GTQXCGCG W C E A A T G C  CACCCCTATC GTTCTEGTT E A T T A ~ G  

ACGTXGTATA TTTAffiGCGG GCACAKATA ClTCCGXGT GGKTTGACA AAaCGGTM CGTEGCAAT TTCMTW\AA CTGAG-T TCTACTCGCT 

GAGI\ATCCAG ? . G A G E M  AATACACGTT TTCTCCITCT TPCAGACMG AGGATCTGTG CCAWATACT GGGClGAAAT CAACWTTG MCTACMGC 

CAAITCTTGT TCTTGGAWVL AACTCATTAG ATGCGACAAA AAAGCAmT GACCAGCAAA AGGAGTTATA TGGCaCAAC TACPMGTTA ACCTAGICAA 

CCWAAGGGC CACWLACTAC CCGT@A?+GA OGGCTAIWVL TBLGTCGTGC ACGCGCTAAA CGAXCWUG AITCACTACG TGTATmCA ClTCCA'XAT 

WTGTCGTA AGATGCAATG GCATAGAGTG ARATTGZTAA TEATCACCT G G W T T R  GGTITATCTA ACGMGATTT CTTCCPCAAG GTCATAaCT 

CTAATGGTAA CACCGTTWVL A T T G T m T G  KCAACATTC CGlTGTAAWL ACAMCTGTA TGGATTGTTT GGACXFACA AATGTGTTC MTCTGTLTT 

AGCCCAGTGG GTTTIGCARA AGGAGlTTGA MGTGCCGAT G X G T T G C T A  C'PXAAGCAC TTGaAllGAC AACGWCAT TGTTWTTC ZTACCAMAC 

TTAEGGCTG ATAAECAGA TGCAGmGT GPXCAmTT CGGCACTGG A G a A A G  ACCa\TTTcA CAAGPACCGG TAAGCaACA CGXTA(C.TG 

CATXAACGA TT-GCATCAC GTTATTACCA WYLCAATEG ACEATGGX CAAaCAGGA SEAIXCGAT TTATTCCTTG GTGGATlTAG 

ACCACATACC CCTTCTATCA AGTCGCCATT cCCCGA('AGA AGACCAGTGT A T m G C T  GATCCCMTG ATCAlTKCG CAGCCTPGAC GTTTTXGT 

GCTACGATAT TTTTECTAA AGATACATTT ACCAGCAGTA AUVLTTTGCT GTATTPTGCR GGTDCGTCGA TTGIYXTGGC G C T T n C C  AAATTCATrT 

TTmAACGG TATTCAGTTT GWAACTGGC CTAAGTmGT AGACGTTOGG TTClTGGTOG T T W A R A C  GCATGATARA GAACAACMT T 3 A A G W T  

W T A T G C A  CAGAGECTA AATTTTCCAA GCCGGAXCT T'DAWACAG A GAGT TCTATATGTG A T W T G A T  GATTATGTA AATCCAIvv\C 

GTAI\RI\CCGA ARATATGATA M C C A G A A  M G W A G  TaAAAAATA -TAM W G A A C G  CCGGCCCCAG A G G W C  MGCTATLTA 

EmR I 

TTTXTTTTT TACTTTATCT TTCATGGTCA lRTATATATA TATATATATA TAIXTATAX TTCIXTAGGC TACTATACAT GAAGGCGTN: GCCCTTPTAA 

Figure 2. (Continued) 
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22301 

22401 

22501 

22601 

22701 

22801 

22901 

23001 

23101 

23201 

23301 

23401 

23501 

23601 

23701 

CGnaAGTTT TTTTCCCTAT TGTACCGTGT AAGTTTCAAT T CGCATA ATEATGAAT GAACYKTTC ACATGGTTG ATTTC-G OGCTTCECC 

ACTAMdATC CATGCACACC TTC- IXTTTTIUC CATCGTCCCT CGEGTAATT CCC(1ITAWG CAATaGAAC AACAmTTT Q 3 A T A a T T  

CTACClVLGTT ACTGGXGTA TTTAGGTCTA CGTTGAAPZA AECAGGXC CTATTATTa CACCTACAAC TTTAU3CCA ATTTClAGAG CCCTTTGl'AA 

TTCCICTTTG GAGTXACCT CAACGAGAGG lTCCATGTTC AAATCTlTAC TGlAGCTGlA CAGlTCCTTC AATIVEGGTT GAGATGCAT -ClATA 

AGAAGGACAG TGTCKCTCC AGCTAATCTT GCTTCTAGTA T'ITGATACTT GCIGAAMIX AATTrTTlTC TWLAMCACA AGGCCXTCC T T C G G A a  

ATTXAAATC TAGGATTITC CTCACATTTA CTAAATCCTG TMCGAACCG TGA?.ACCMT GAGCPTCGGT CAATEGGM AITGCOGI\TG CXCCAGOCTC 

TGCGTATTTG AGAGCCTGTT CAGCAGCAAC PGCTTTlAAA CAAATGGGIY: CCTPCGATG AGAaCACGC TTGACPTCAG CAAWVEIUC OGCTCmTA 

TGGGATGATG ACAACACCGT GTAGAIVLTCC XTAACGGTG GOGCAAWC TAMTCATffi TTAaTTGTA AGTC'lTGAAA GGTGAMCCT OGGATTTPAC 

RCTGCTCATT GACGXTATT TTACGCCGAG CATAGAlXCG GICCAAAATA W T T G A W  GAGATGATTT GTTFECTCC CAAGMCTC CACTGACGTT 

TAAAATGTTC CTGAXATCA GATGACCTTC mCGGT(3VLG AXGATTOCG GAEAAATIG CACXCTTCT ACAGETACT TCTTGGTCT TACACCaTG 

RTAATTCCAT TTTCGGTACT CGCAGDACC T P W G C A G G  AXGTAGaA CGATTCTGlC CCWCAATG AATGCfATCT TGTCACAGCA ATACCTlGCG 

GCACGTTCTT GAAMTPCCA CAGTTGTCGT (aGAGATPGG G a C G m A  CCGTGGACM TCmCCAGC GTAGOCAACT TCACWCAA ATACGT- 

CATGZATTGC TGGCCCATAC AGATnrAAA IXCAGWTT T?CCCAGIXR AGIXCCGGAT ACA- GAAAECCAG AATCTCETT E G G T G Q X T  

OGTCCAGGCG AGATAAGCAA KTGTCGGGA ITCAAGGCGG CAATTTCXG M C K T A A l T  GCAXGTTAC GGTACACGCT CACTTEGCG CCCTCCXGC 

RCRRCTACTC GTAAPSGTTC CAGGTAAAGG AATCGTAGTT GXAATTXA A C W T G C P  TAllGATTGG GTTTGTTGCA CCG-WC 

23801 CTTACTTTTA TGGCGTTCTA TGTAGMCCA AACAGATPTG GWTGTGTT AAlACTGACC AGClCCTTGT C G A A c p P m  GCGTAOCTTA ATATCWTA 

23901 TAGATTAGAA TGAGXAACG AGCCATTGAT CATCATTCAA TCATTAClAC AAaGGCAlT TTCaTCGTC AGTGATATGA ATAGCEGCT CAGGTCUGA 

AGAGATAGTA GGAAGTTTAA TACTGGCTCA AAGGCAlXCT TATATCWA AGCTAAGCGC AAAIXCTACT T'KTGTACA TCATCIY;CIIT ECTTTGAG 

24101 AAAACAGCAT TTAAAATCAG CCATTTGCTG CGCTTTCTTT AAGCCCTAAC AWUUATAGT TCAAUAGGC CTATAACAAG C-CT CllVLAAAaCG 

24201 AAAFAATACT CCAGCGGAGG AGTATAARAG G G A G G M T  A W T G T A  GllGTGTTGT TACOCATCTC AAAGALGAAA GAAGMGAAG AAGAAWGA 

24301 CGTCGCACTT GWVLGCAARA ACAGCGACTG E G C G A W C  AACAAACACT AAECATGX TCTGIY:CAGC AGCMAAGCG AGCCTlAGTG lTTCTTATTT 

24401 TCTCGTTCGC CTCACIAGTT TGTAGTAGGG EGGAGAWLC GATGGAGEG ATlGTATGAT GAGMCCAG ATAGGGACAA CAGATICTtA XTGACmGG 

24501 AACATCTTTT AAAGCCCAGT TTTTAGTAGA QZTTAGGGCG CCFCTACXA CTATCCACX CTTGTTAAGC TA- 

24001 

sau3AI 

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 I.M.B.B. MicroVAX and by the staff at 
MIPS. 

RESULTS AND DISCUSSION 
Sequence determination 

The 24-6kb sequence was determined from 
overlapping ExoIII-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 
A.L.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 24577 bases by the DNA 
Strider program revealed nine ORFs > 100 codons 
(Figure lb). 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 111 (Oliver et 
a[., 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 

ORF 

A407 

D326 

A616 

A314 

F1286 

E203 
F715 

B623 

D484 

Homologous or Identical 
protein 

S. cerevisiae 
Hyptothetical protein 
YCR007C (239aa) 
20.0% identity in 140aa 
E. coli (tdc) 
Threonine dehydratase (329aa) 
38.9% identity in 3 14aa 
E. coli (proP<fv; 1) 
prolinelbetaine 
transporter (500aa) 
22.0% identity in 354aa 
S. cerevisiae ( U R A I )  
Dihydroorotate oxidase 
100Y0 identity in 314aa 
S. cerevisiae 
Hypothetical protein 
(URAI 3' region) (283aa) 
100.0% identity in 283aa 
Pseudomonas sp. 
Hydantoinases 
(hyuA-hyuB) (690 + 592aa) 
24.4% identity in 1190aa 
no homology found 
Mouse PLAP: Phospholipase 
A,-activating protein (325aa) 
40.8% identity in 250aa 
S. cerevisiae 
SAC1 (RSDI) protein 
100.0% identity in 623aa 
S. cerevisiae 
Anthranilate synthase (TRP3) 
99.8% identity in 484aa 

Optimized Highest 
score score Reference 

152 

578 

235 

1519 

1386 

783 

509 

3109 

2336 

2300 

1517 

3263 

1519 

6147 

6147 

973 
3427 

3109 

2338 

Aigle et al., 1992 
EMBL: X59720 

Data et al., 1987 
GB: X14430 

Culham et al., 1993 
EMBL: M83089 

Roy, 1992 
GB: M83295 

Roy, 1992 
EMBL: X59371 

Watabe et al., 1992 
GB: D10494 

Clark et al., 1991 
GB: M57958 

Cleves et al., 1989 

Zalkin et al., 1984 
EMBL: KO1386 

The complete sequence of the 24577 bases of 
cosmid pEKGlOO is given in Figure 2. FastA 
analysis (Pearson and Lipman, 1988) of this 
sequence revealed that three fragments were 
previously sequenced including the genes URAl 
(2884 bases), RSDl (2406 bases), TRP3 (2815 
bases), and part of the 3' non coding region of the 
UBAI gene (35914795 bases). The database files of 
the last three genes are partially overlapping. Our 
sequence data are in complete agreement with 
the URAl 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 URAl, SAC1 (RSD1) and 
TRP3 were placed 105-115 kb from the left 
telomere and in reverse order. This distance 
from the telomere according to the sequences 
of cosmid pEKGlOO and pUKG040 is 25-38 kb 
(Alexandraki and Tzermia, 1994). Leaving aside 
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A 4 0 7 a  50 
A 4 0 7 b  2 4 4  
YCR007C 32 

A 4 0 7 a  
A 4 0 7 b  
YCRO 07C 

A 4 0 7 a  
A 4 0 7 b  
YCR007C 

VLPQDLFMNFTWMFYEF--FKCFTFRTWLL~---LLMWLPGnSQIKSINRIFPFKLC 
QLPKKTYRYKFTWVLKRI--FNLWLFPAFILFLACIYVSWDKGHLFRI-------- LC 
T L P E D T F K S Y M T Y ~ Y E M A K P M I F S - F L A Z S V S I L I V - - S  
** . * .. .. * . .  . .  

I LVS CLVGI F LP N I Y  S F S HKSVLTNQLT - --QF S KE IVEH AP GTDTHD WETVAANLNS Y F 
C-GGGFLLMVRVFQNMF@FSMHMEDKM(LFLST I I-NEQESGANGWDEIAKKWRYL 

IFVTSI--LFLSTLIPFN--VYISDEGFRIKLLLEVITHRPAVKG~~ITDN~QYL 
* *  . * .. .. . * .. ..* *. 

YENKAWNTEYFFFNAAECQKAFRKVLLEPFSVKK 195 
FEKKVWTSEEFFFDGIDCEWFNHFFYRLLSTTW 389 
LDNGLWSTRYYFYSSERCYKE'FR-FLVKEKPPGV 173 
.. * . .*.  . * * .  

100 200 300 400 
1 1 1 1 ~ 1 1 1 1  l l l l ~ l l l l  1 1 1 1 ~ 1 1 1 1  l l l l ~ l l l l  

- 3  
- 2  
- 1  

100 200 300 400 
Figure 3. Analysis of the A407 ORF product. (a) Alignment of the indicated amino acid regions in A407 and YCR007C 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 ORFproducts 
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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I 1vA 
ILVl 
D326 
Tdc 

IlvA 
I LV1 
D326 
Tdc 

IlvA 
ILVl 
D326 
Tdc 

I 1vA 
I LV1 
D326 
Tdc 

I 1vA 
I LV1 
D32 6 
Tdc 

IlvA 
I LV1 
D326 
Tdc 

IlvA 
I LV1 
D326 
Tdc 

IlvA 
I LV1 
D326 
Tdc 

IlvA 
I LV1 
D326 
Tdc 

IlvA 
I LV1 
D326 
Tdc 

GAEYLRAVLRAPVYEAAQVTPLQKMEKLSSRLDNVILVKREDRQPVHSFKLRGAYAMMAG 
TPDYVRLVLRSSVYDVINESPISQGVGLSSRLNTNVILKREDLLPVFSFKLRGAYNMIAK 
--_---------------- TPVLTSRMLNDRLGAQIYFKGENFQRVGAFKFRGAMNAVSK 
---------_--------_ TGMPRSNYFSERCKGEIFLKFENMQRTGSFKIRGAFNKLSS . .  .. * .  * *. **.*** .. 
LTEEQKAHGVITASAGNHAQGVAFSSARLGVKALIVMPTATADIKVDAVRGFGGEVLLHG 
LDDSQRNQGVIACSAGNHAQGVAFAAKHLKIPATIVMPVCTPSIKYQNVSR~SQVVLYG 
L S D E K R S K G V I A F S S G N H A Q A I A L S A K L L N V P A T I V M P E D A A T A G Y G A H I I R Y N  
LTDAEKRKGWACSAGNHAQGVSLSCAMLGIDGKWMPKGAPKSKVAATCDYSAEWLHG 
* .  . **.. *.*****..... * . . .  *** .. * ..... 
ANFDEAKAKAIELSQQQGFTWVPPFDHPMVIAG~TLALELLQQ---DAHLDRVFVPVGG 
NDFDEAKAECAKLAEERGLTNIPPFDHPYVIAGQGTVAMEILRQVRTANKIGAVFVPVGG 
R Y T E D R E Q I G R Q L A A E H G F A L I P P Y D H P D V I A G Q G T S A K E G  
DNFNDTIAKVSEIVEMEGRIFIPPYDDPKVIAGQGTIGLEIMEDL----YDVDNVIVPIGG 

**  , ** .. * *  * * * * . *  ******* , * * .  . .. .. 
GGLAAGVAVLIKQLMPQIKVIAVEAEDSACLKAALDAGHPVDLPRVGLFAEGVAVKRIGD 
GGLIAGIGAYLKRVAPHIKTIGVETYDAATLHNS~QRNQRTPLPVVGTFADGTSVRMIGE 
GGLLSGSALAARSLSPGCKIFGVEPEAGNDGQQSFRSGSIVHINTPKTIADGAQTQHLGE 
GGLIAGIAVAIKSINPTIRVIGVQSENVHGMAASFHSGEITTHRTTGTLADGCDVSRPGN 
*** .* . . . * . ..*. .. .*.* *. 

ETFRLCQEYLDDIITVDSDAICAAMKDLFEDVRAVAEPSGALALAGMKKYIALHNIRGER 
ETFRVAQQVVDEVVLVNTDEICAAVKDIFEDTRSIVEPSGALSVAGMKKYISTVHPEIDH 
YTFAIIRENVDDILTVSDQELVKCMHFLAERMKWVEPTACLGFAG----LLKKEE--L 
LTYEIVRELVDDIVLVSEDEIRNSMIALIQRNKWTEGAGALACAAL----LSGKLDQYI 
*. . .. .*... * . .  . . .  . . * . . * . * .  

LAH----ILSGANVNFHGLRYVSERCELGEQREALLAVTIPEEKGSFLKFCQLLGGRSVT 
TKNTYVPILSGANMNFDRLRFVSERAVLGEGKEVFMLVTLPDVPGAFKKMQKIIHPRSVT 
VGKKVGIILSGGNVDMK--RYATLISGKEDGPTI-------------------------- 
QNRKTVSIISGGNIDLS--R-VSQITGFVDA----------------------------- 

*.**.*.. * .  

EFNYRFADAKN-------- ACIFVGVRLSRGLEERKEILQMLNDGGYSVVDLSDDEMAKL 
EFSYRYNEHRHESSSEVPKAYIYTSFSWDREKEIKQVMQQLNALGFEAVDISDNELAKS 
--------_-_--------c---------------------------------------- 

Figure 4. CLUSTAL alignment of the entire sequences of the anabolic threonine dehydratases ILVl and 
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 

ILVl x IlvA 
D326 x Tdc 
IlvA x Tdc 
ILVl x Tdc 
D326 x IlvA 
D326 x ILVl 

0.88 1251 
0.78 578 
0.76 558 
0.71 519 
0.68 50 1 
0.67 468 

hypothetical proteins YCR007C and YCR048W, 
of unknown function. found on chromosome 111. 

A multiple alignment of both homologous A407 
regions and of the similar area in YCR007C 
protein is shown in Figure 3a. The YCR048W 
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 

100 200 300 400 500 600 

-4 -4 
l l l l 1 1 1 1 1  l l l l l l l l l  I I I I&JII lllllllll 1 1 1 1 1 1 1 1 1 1 1  

100 200 300 400 500 600 
100 200 300 400 500 

4 
3 
2 
1 
0 
-1 
-2 

-3 -3 
l r l r l l l I I  1 1 1 1 1 1 1 1 1  l l lllllll l l l l l l l l l  l l l l l l  

100 200 300 400 500 

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 
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 

F1286 
HyuA-HyuB 

F1286 
HyuA-HyuB 

F1286 
HyuA-HyuB 

F1286 
HyuA-HyuB 

MQKGNIRIAIDKGGTFTDCVGNIGTGKQEHDTVIKLLSVDPKNYPDAELEGLBBLLEVLE 
MKL----FGVDVGGTFTDIIFS------DTETRVTAIHKVPTTLDDPSTGVV~ILELCD 
*. ... * ****** . . . . * .  . . . . . . . . . . . .  
T H ~ A  

HKTIPRGIPLDISNVRSLRMGTTLATNCALERNGERCAFITTKGFKDSLLIGDQTRPDIF 
RQYIDR------TAIDHVFHGTTIATNAILEYDGAKTGMITTEGYRDIIHIGRHQRPQNY 

* *  ***.*** ** * *  . . *** * * . *  . **  . **, . .. . . .  
NLNIKKVVPLYD-TVVEIDERVTLEDFSEDPYFTKSSPNEQEGILEGNSGEMVRVIKKPD 
--SIMQEIPWQDRPLVQRRHRLAIA--------------ERMGPVKGQ------VITPVQ 

. . . . . . . . . . . . . .  *. * . *. ** . 
ESSVRSILKVLYASGIKSIAIAFLHSYTFPDHE-RIVGNIAREIGFSHVSLSSEVSPMIK 
EDQVRGAVATLKERGVDSIIVNFLFSYTNPEHEQRVKEIIEEEYPEAFVTISSEVSPQFR 
* **. . * *. ** . ** ***  * * * *  * *  * . * * * * * * * * *  .. 
FLP~SSVADAYLTPVIKKYLNSISAGLSHAE-DTHIQFMQSDGGLVDGGKFSG--LKS 
EFERFTTASINGFVGPKVKNYIQNLEQSLKDSGISAELHIMCSNGGVATPKTVSEKP~T . . . . . . . . . . . . . . . . . . . . . . . . . .  *.*fa . . . .  
ILSGPAGGVIGYSSTCYDKNNNIPLIGFDMGGTSTDVSR-----YGDGRLEHVFETVTAG 
LLSGPAAGILGGAWAG-ELTNRQKLITFDVGGTSADIGIITDSGYGESSARDTW---IAG .............. * ** ** .**** .***  . . . . .  ** 

IIIQSPQLDIHTVAAGGSSILSWKNG-LFRVGPDSAAADPGPAAYRKGG-PLTITDANLF 
YPVMVPMIDIHTIGAGGGSIAHIDEGGAFKVGPRSAGSRPGPACYGHGGLKPTVSDANW 

* *****..***.** . * * * * * *  **.. **** * ** ** . *** .  

LGRLVPEFFPKIFGPNEDESLDLETTTLKFRELTDVINKDLNSNLTM--EEVAYGFIKVA 
LGRIDEHNF-------------LGGEMKIYTNAAYKVIDE~GQLDLSRERTAEGVLQIM 
***. . * . . . . . . . . . . . . . . . .  
NECMARPVRAITEAKGHVVSQHRLVSFGGAGGQHAIAVADSLGIDTVLIHRYSSILSAYG 
NNNMANAIREKTIQKGEDPREFSLVAFGGAGPLHAVEVAQILNIPEVIIPLYPGINSATG 
* *  ** ..* * **. . **.***** * * *  * * *  * * * * *  *.,* **  * 

IFLADVIEENQEPCSFILGEPETILKVKKRFLELSKNSIKNLLSQSFSREDIVLERYLNL 
LLTTDLKYDVIKT-EFMMSTNMDFSGLNEDLAGLETQLINQLKEDGVSKQDIRILRSADC .. .*. . * . . . . . . .  * . *..* .. *..** . * . 
RYEGTETSLMI--LQKYDDQWNFRE---WFSEAHKKEFGFSFDDKRIIIDDIRIRAIG-K 
RYAGQGYELRVDLPDVFLDEETIVDALNNFHESHKAEYGHNFTDSPIEFVNIRVTGTGYM . . . . . . . . . . .  * * * * *  * * *  * *  * * . *** .  . * 

SGVRKEKTVDEQLIEISHFKKADVSKDASFTQKAYFDNKWVDTAVFKIDDLPAGTIIEGP 
PKIEKQAIHHEYQLEDALLKTGD----ATFNIDGSLVK--VEINFYQREKIPVGAEFNGP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
AILADGTQTNIILPNSQATILN-SHIFIKINQKAAKTLSKSGYELD~IDPILLSIFSHRF 
CIVLQKDTTTVIPPNCTAYIEEYGNMIIKVG-----VMSKIHTDLKKIDPITVQVVLGSL ............... . . . . . . . . . . .  *. . 

THyuB 

MDIALQMGTQLRKTSVSTNVKERLDFSCALFDSKGNLVANAPH-VPVHLGSMSTCISAQA 
ENVAVEMGHKLARMSYSSIIRESEDFGCALVDVRGQQLCESSHSTP~SGPIPGYIKGIR ........................................ 
KLWEGK---LKPGDVLITNHPDIGGTHLPDITVITPSFSSTGELIFYVASRAHHADIGGI 
EIMEDRNDTFNQGDVIMHNSPYHGASHGPDVGFCIPVFYK-DELIGFSVTTAHHLDIGSS 

***.. * * * . * *  * * *  * * * * * *  . . *** ***. . . . . . .  
Figure 6 .  
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F1286 
HyuA-HyuB 

F1286 
HyuA-HyuB 

F1286 
HyuA-HyuB 

F1286 
HyuA-HyuB 

F1286 
HyuA-HyuB 

F1286 
HyuA-HyuB 

F1286 
HyUA-HyuB 

F1286 
HyuA-HyuB 

LPGSVP-PNSKELYEEGTAIYSELVVKEGIFQEELIYKLFVEDPGKYPGCSGS~FSDNI 
TPGSCGIVDAVDAYAEGLQFKAIKVYDQGV-KNRYWYDILKDN---------IRAPKLVV . . . . . .  * * *  . .  . . . . . . . . . . .  * .  

S D L K A Q V A A N T K G I Q L I G S L T K E Y D L A T I L K Y M A A I Q T N A E - H F G T T K  
GDMEAQIAAARIGAQRYIEIIEKYGLDTVQAASEELMNYSEKMMRDAIKKLPDGEYTAEG 
* * *  * * * * *  * * . *.* *. . . . .  . *  . . . . .  
FSGEDRLDDGSL----IKLQVIIRPEKEEYIFNFDGTSPQ~GN-LNAPE-AITNSAILY 
FL-DGYLDSDDPAKKDLRINVTVXVDGSDLTVDGSDLTVDLTGTSPQVTDKPI~PLLGTVDIAIYL 
* .. **  . . . . . . . . . . . .  ......... * *  . . ** 

CLRCLVGE-----DIPLNQGCLKPLTIKIPAGSLLSPRSG~VVGG~LTSQRVTDVI~ 
TLRSILLDSTVYGNFPQNSGLIRPIKIVAPKGTLCNPIFPAPTIA-~NSGNAVADTL~ . . . . .  .. ........................... 
TFNVMADSQGDCNNFTFGTGGNSGNKTDKQIKGFGYYETICGGSGAGADSWRGSGWNGSD 
A L A Q W P H Q V S A G V G N L Q W A F S G Q S N E N - - - - Y W V Y M D I M E  

* * * t* * *  * .* * . . .  . . . . . . . .  
AVHTNMTNTRMTDTEVFERRYPVLLKEFSIRRGSGGKGKYTGGNGVVRDVQFRKAVTASI 
AVDTLYANTRNNPIEDIESHYPLRVNRYELRDNDSAPGKWRGGIGSIREVSF~DGSFSV ...................... ** ** * ** .*  * . * *  

LSERRVIGPHGIKGGQDGSRGENLWVRHS-TGALINVGGK---------NTI-------- 
EADGHKYAPWGFDDGQDGYVG-SLSIRDNETNELVQLPSKLPNRHAQSGSTIQLVGPCGG .......................... ** 

-YAQPGDR------------FIIKTPGGGGFG---------QY------- KD 
GYGNPLEREPEKVLSDYLDGFITKEKALVEYGVTITDSEEIDYEKTNELRKV 
*..* .*  ** * . .* * 

Figure 6. (Continued). 

Figure 6. 
HyuA and HyuB. The mitochondria1 energy transfer protein motif is underlined. 

CLUSTAL alignment of the F1286 ORF sequence with the two hydantoinases, 

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 a-ketobutyrate and ammonia, than to the ILVl 
yeast threonine dehydratase, which catalyzes the 
first step in the isoleucine biosynthetic pathway 
(Kielland-Brandt et 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, PIR1: 
DWECTS, 47.8% identity in 517 overlapping 
amino acids). The corresponding similarity of the 
D326 product with the IlvA 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 CHAl 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 prolinehetaine transporter and less similar 
to a number of proteins from various species, as 
permeases and drug resistance proteins (FastA 
scores: 10CL154). The regon 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 a-ketoglutarate transport- 
ers (Culham et 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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A 
F115 
P LAP 

F115 
P LAP 

F715 
P LAP 

F115 
P LAP 

F715 
PLAP 

F115 
P LAP 

B 
F115 
A33928 

F115 
A33928 

F115 
A33928 

F115 
A33928 

F715 
A33928 

F115 
A33928 

1 MGYQLSATL~QDVRDVVAVDDSKVASVSRaGTVRLblSKDDQWLGTWYTGQGFLNSV 
1 MHY----- MSGHSNFVSYVCIIPSSDI-----------------------~~-------- 

* *  * * . *  * . * .  

CYDSEKELLLFGGKDTMINGVPLFATSGEDPLYTLIMQGNVCSLSFQD-GWISGSWPK 
----- HGLIATGGND---HNICIFSLDSPMPLYILK~KDTVCSLSSGKFGTLLSGSWQT 

* 

*** * * * * .  ***** * * * * * * * *  *. **.* . . .*. . 
TAK~EGSLVYNLQBIINASVWDAKVVSFSENKFLTASAPKTIK~QNDKVIKTFSGIHN 
T A K ~ L N D K C ~ T L ~ T A A V W A V K I ~ P - E Q G L M L T G S ~ K T I K ~ ~ G R C E R T F L ~ - H E  ***** .. . **.*  *.** *... . **,*********. .. . **  * *. 

DVVRHLAVVDDGHFISCSNDGLIKLVDMHTGDVLRTYES.SFVYC1KLLPNG-DIVSCG 
DCVRGLAILSETEFLSCANQASIRRKQI-TGECLEVYF~TNYIYSISVFPNSKDFVTTA 
* **  **.. . . * * * * * * * *  * *  .. * * *  * * ** * , * *  * . .*** *.*. . 
ERRTVRIhlSKENGSLKQVITLPAISIWSVDCMSNGDIIVGSSDNLVRIFSQEKSRWASED 
EQRSLRIKK--HGECAQTIRLPAQSIWCCCVLENGDIVVGASDGIIRVFTESEERTASAE 
* * * * * * * *  . * * * *** *** . * * * * * * * * * *  . . * . ** .  * **  . 
EINELSTQVEKSTISSKT 316 
EI-------- KASLSRES 261 
**  *...* . 

1 MGYQ--LSATLK~DQDVRDVVAVDD--SKVASVSRQGTVRLKSKDDQWLGTVVYTG~F 
1 MTEQMTLRGTL~NGWVTQIATTPQFPDMILSASRPXTIIM~LT-------------- 

* * * * * * * * * *  * .. . . * *** * *  ,* 

LNSVCYDSEKELLLFGGKDTMINGVPLFATSGEDPLYTLI~QGNVCSLSFQDGVVISGS 
- - - - - - - - - RDETNYGIPQRALWSHFVSD------ VVISSDGQF---------AI&& .. .* . . . * .  * * .  .*. *** 

WQKTAKVKK--EGSLVYNL~NASVWDAKVVSFSENK--FLTASAQKTIKLKQNDKVIK 
IDGTLRLWDI,TTGTTTRRFVMTKDVLS---VAFSSDNRIKI,WNTLGVCK 
**  * * * *  *. . .  * *  *. **’ . . . . . . * *******. * *  

TFSGIHNDVVRHLAVVDDGHFISCSNDGLIKLVDMHTGDVLRTYE~ESFVYCIKLLPNG 
-YT------------VQD-------------------------- EXSEWVSCVRFSPNS .. *.* *.* * * . * .  **. 

D---IVSCGE~RTVRI~SKENGSLKQVITLPAISIWSVDCMSNGDIIVGSSDNLVRIFSQ 
SNPIIVSCGWDKLVKVWNLANCKLK----------------------------------- 

***** * .  * . * * *  * **  

EKSRWASEDEINELSTQVEKSTISSKTIEFDESKLSPYEILQSPGRKEGQ~~V~S 345 
-------------- TNHIBTGY------ LNTVTVSPDGS- 220 

**  * * * *  * * * *  .. . .. . .. . 
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 p chain homologue (A33928). The repeated p 
transducin motif for the p 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 URAl gene. It is a gene not essential for life 
based on our gene disruptioddeletion analysis. 
The F1286 product showed a significant similarity 
to hydantoinases. The hydantoinases HyuA and 
HyuB are involved in the conversion of D- and 
L-hubstituted hydantoins to the corresponding 
N-carbamyl-D- and N-carbamyl-L-amino acids 
respectively. The hyuA 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 ehd 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 mitochondria1 energy transfer proteins (P-x- 
[DEI-x-[LIVATI-IRK]-x-[LRI-[LIVMFY]). 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 /3 chain homologue (Guillemot et 
al., 1989, PIR2: A33928) (FastA score: 148) as well 
as to a number of P chain homologous sequences 

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: 
[LIVMSACI-[LIVMFYWSTAGCI-[LIMSTAGI- 
[LIVMSTAGC]-X(~)-[DN]-X(~)-[LIVMWSTAC]- 
X-[LIVMFSTAGI-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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