Velume 283, number 1, 27-32

ADONIS 60\4579!9!()0440k

FEBS Qu73t
W 1991 Pederation af Eumwan Blochemical amwmx OUH&'NMN%) ia

May 1991

Molecular cloning and sequencmg of genomlc DNA encodmg yeast
vacuolar carboxypeptidase yscS*

Javier Bordallo, Carmen Bordallo, Santiago Gascén and Paz Suiarez-Rendueles

Area de Blaguimiva y Biologia Molecular, Departantento de Biologla Funetanal, Universidad de Qviedo, E-3307] Ovirda.‘.S‘puih

Received 28 February 1991

A Saecharomyeex cerevisine genomic DNA encoding vacualir carboxypeptidase yseS was eloned fram o yeust YEp 13 library by eomplememmiﬁn

af the previously churaeierized mutation epsl-/ [(1981) J. Bucteriol, 147, 418-426), by meitns of smmmg carbaxypeptidase activity in yeust colonies.

The nucleotide sequende of the cloned gene was determined. The apen reading frame of CPS| consists of $76 codons und therefare encadex o

protein of 64961 molecular weight. A stretch of 19 residues near the Neterminus of the deduced polypeptide sequenee tontuing characteristics coms

mon to known hydrophabic leader sequences. CPS1 was determined by DINA blot analysis te be 4 single copy gene locited on chromosome X,

The cloned frugment was used o identify o 2.1 kKb mRNA. A transeriptional activation of CPS1 occurs when cells grow ona substraie of curboxy-
: peptidase yseS as sole nuroncn souree.

Curboxypeptidase; Moleeulur claning: Vncuole: Yeast

1. INTRODUCTION

The vacu‘o‘le of the yeast Saccharomyces cerevisiae is

considered to be the equivalent of the lysosome of
mammalian cells (reviewed in {1]). Seven peptidascs
associated with yeast vacuoles have been characterized,
including two endopeptidases, two carboxypeptidases,
two aminopeptidases and one dipeptidyl aminopep-
tidase (see {2,3] for reviews), and their biosynthesis and
sorting have been examined (reviewed in [4]). The
localization of such proteins to.the vacuole requires the
early stages of the sécretory pathway [5-9]. In addi-
tion, localization determinants on carboxypeptidase
yscY and proteinase yscA, as well as geénes necessary
for sorting of these proteins, have been identified
[6,7,10~13].

All soluble vacuolar enzymes charactenzed so far are
glycoproteins that are synthesized as higher-molecular
weight zymogens (reviewed in [4]) whose proteolytic ac-
tivation occurs through a cascade triggered by activa-
tion of pro-proteinase yscA, the product of the PEP4
gene {14-18].

Interestingly enough, carboxypeptidase yscS is the
only soluble vacuolar peptidase whose ‘in vitro’ en-
zymatic activity is unaffected by the allelic state of
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PEP4 gene [19). Its ‘maturation process and intra-
cellular sorting remain unknown. This enzyme was first
described by Wolf and Weiser [20] in a- mutant strain
lacking carboxypeptidase yscY. It is a metal ion-
dependent peptidase, located insicde the vacuole, which
cleaves efficiently Cbz-Gly-Leu and whose activity is
regulated by the nitrogen source of the grow:h medium
[20-22].

This paper reports the cloning, sequencing and
chromosomal location of the gene encoding carboxy-
peptidase yscS and provides evidence that at least part
of the regulation of the CPSI expression is at the level
of transcription. This cloned gene will facilitate further
studies on the biosynthesis, processing, sorting and
transport to the vacuole of carboxypeptidase yscS.

2. MATERIALS AND METHODS

2.1. Malerials

Enzymes used in recombinant DNA manipulation were obtained
from Boehringer (FRG) or New: England Biolabs (USA). - Sac-
charonyces chromodi-hybridizer was  from  Clontech. (USA),
Chemicals used in biochemical tests were purchased from either
Sigma (USA) or Bachem (Swnzerland) Growth media were from
Difco (USA). :

2 2.2, Strains and culture conditions

8. cerevisiae strain C56 (MAT a, prel, epsl, Ieu23 2-112, ura3 52,
trpl-289) originated: from a cross of strain DBY746 (Yeast Genetic
Stock Center) and strain D11-1-3B [23]. Yeast growth media were
YPD-complete medium and mineral medium. For induction of car-
boxypeptidase medium without ammonium sulfate containing 5%
Cbz-Gly-L-Leu as the sole nitrogen source was used [21]; Bacterial
strains HB101 and JM109 used as hosts for plasmids, were grown in
LB medium supplemented with ampiullm (100 mg/1) or tetracyclm
(12.5 mg/l) [24}. Lo
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3.Y. Enzyme assays ‘

Carboxypeptidase yac8 activity incolenies or patches of yeast cells
made permreable by chloroform weatment {23) was monitored by
pouring & mixtore prepared by adding 15wl af 1.2% meliéd agar (n
0.1 M sodium phosphate buffer pH 7,4 ta 6 m! of a salution comtain-
Ing 1.5 myg L-aming acid osidase, 3.4 mg peroxidase, 39 my Chaz
glyeyl-L-leucing and 0.6 my o-dianisidine, made in the same buffer.
Plates were Incubated av 374C for 60 min. Development of a brown
color resulting fram the oxidation of the o-dianisidine indicated ¢ar-
boxypeptidase yseS activity; For measurementy’ of peptidase activity
incell extracts the method of Wolf and Weiser [20] was used, Specific
acilvity was expressed as nmol L-leucine liberated min~" mg
protéin™!, ‘

2.4, Recombinant DNA meihodology

All DNA. manipulations were pesformed according to standard
procedures (24}, Competeni £, codi strains were obtained by using the
RBCl method [26). Yeast transformation was ¢arried ot as described
{27). DNA sequencing was performed by the chain termination
method [28) using M13 primers or 17-base oligonucleotides synthesiz-
ed in a soli-phase Applied Blosystems DNA synthesizer model 381A
and a Sequenase kit (Unilted States Biochemical Corporation). Yeast
RNA was prepared as indieated {29}, Southern and Northern analysis

OHHE HS
| 1 1 |
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were performed as deseribed [JOM1). The yeast ehromosomal agarase
gol e, 8 Seecharomyeex chiromeo-diybridizer' Trom Clontechy was
probed whth the *P-labeled Sefl Tragmeént (0.6 Kby of the yeasy car-
boxypeptidase gene (Flg, 1), according to the supplier’s insiructions.

‘3. RESULTS AND DISCUSSION

Plasmids capable of complementing the previously
characterized mutation ¢ps/-7 [32] were recovered from
the YEp!3 genomic library [33]. After transformation
[27] of strain C56 approximately 10000 Leu® transfor-
mants were screened for carboxypeptidase yseS activity
by overlaying ‘with the substrate-containing mixture
described in section 2 and § positive clones were iden-
tified. Plasmids were purified from these colonies and
retransformation of the yeast strain C56 proved that
the observed complementation was linked to the
genomic. DNA- insert, The restriction maps revealed
that the inserts of all § plasmids were identical to that
shown in Fig. | for plasmid pCBl1, Various subclones:

Complementation

of cpsl mutation

v $H mp o oxH P oo pCB1 +

v QHHE M “:’;" pCB/Ass -

SK HP  XH P oCh /S _

v QHRE WS % 'f 'i'vpr pCB/PY +

4 ?lﬂE lfs'. A ?‘ X ‘F'J‘ pCB/ASO.6 -
—t 1 kb

Fig. 1. Restriction maps and complementation results for plasmid pCBI and its derivatives. Endonuclease cleavage sites are indicated (E, EcoRl;
H, Hindllly K, Kpnl; P, Pvull; S, Sall; X, Xbal; O, Xhol).
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were constructed, and yeast rransformants carrying the
subcloned plasmids were examined for carboxypep-
tidase yseS activity (Fig. 1). Deletions that remove the
0.6 kb Sall fragment (pCBS0.6) from the middle of the

insert, climinate complementation. The results of these

analyses indicate that the DNA segment which com-
plements ¢psi mutation lay in the central Sa/t fragment
and extends bath to the right and left of this D 6 kb
fragment.

I the ¢loned insert descnbed above indeed encodes

carboxypeptidase ys¢S, then multiple coples of the
plasmid-borne structural géne should result in over-
production’ of carboxypeptidase yseS. This has been
found to be the case, as cells containing pCB1 exhibit
about a 7-fold higher level of intracellular carboxvpep-
tidase ys¢S than the same strain carrying the parent

2 ym plasmid YEp13 (data not shown), when cells grow

Fig, 2. Southern blot analysis of yeast genomic DNA. Yeast total

DNA was digested with either Hindll1 (lane 1), EcoRl and Xbal (lane

2) or EcoRl and Pwull (lane 4), run on an 0,7% agarose ‘gel,

transferred to a nitrocellulose membrane and probed with the 4.1 kb

EcoRl-Xbal fragment from Fig. 1. Size standards in lane 3 are £, coli
phage DNA digested with -HindlIl,
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on Cbz-Gly-L-Leu as sole nitrogen source. Other
vacuolar hydrolases were not overproduced.

Southern blot analysis was carried out to demon-
strate that the eloned DNA was present as a single copy
genc in the yeast genome. The results presented in
Fig. 2 demonstrate that there is a single copy of the car-
boxypeptidase yscS gene in the yeast genome, ‘

An elegant method for assigning an unmapped gene
to a distinet yeast chromosaome has recently become
available based on the electrophoretic separation of in-
tact chromosomes [34]. When a yeast chromosomal

. agarose gel wag probed with the internal 0.6 kb Sall

fragment from pCBI the hybridization pattern obtain-
¢d is depicted in Fig. 3 and indicates that CPSI s
located on yeast chromosome X.

Fig. 4 shows the complete DNA sequence and de-
duced protein sequence for CPS1. An open reading

Chromosome

<
-
Lo ]

v
VIII -
IX

[IT
VI

>~
H

Fig. 3; DNA blot analysis of yeast chromosomal DNA. The yeast

chromosomal agdrose gel (i,e. a Saccharomyces chromodi-hybridizer

from Clontech) was probed with the ?P-labeled Sa/l restriction
fragment (0.6 kb) of the carboxypeptidase yscS gene (Fig. 1),
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~303 ﬁhGCYTTQGCkThCACRﬁﬂfﬁﬁﬁﬁtﬁﬁﬁhﬂt@ﬂﬂﬁTTTGC&T&TCSCTTGYYCBTRCB&CGTYSTCRBTYCCﬁTﬁACCTCTBATYTCCC&Y&ﬂ&B&?TTTEAAﬁﬁTCﬁECTﬁCEhﬁYR
=381 GATABTCTTTTICYATITTCAGTARATBYBICATTGARRARABTTTCTTTAGAACBACOCTTTTITRCABSCTACTAGARACACCEACTTCIAGTASCTTTALBTRACRARTTARACCE
=259 COTBATCTYCTECACTBTTATCCTAAATACTCAATGCTCABRACATCTICTTRTTATCTCAGCCTCALCACCCTTATRTTATCATAGCEBCCTTITATTTICCCTITEERCARRATAC
=137 BATACABCCTTCCAAGBTCEBECARGRARGTTTATGACATATARARBRARCEBTACCCCARATACBTCTCTICCIATTETARAACTAATCLTRCATCATCACATTAABEARTTATICA
-13 TCT““C“RTYRCRTT RATG ATC BCC TTA CCA BTA GAG ANG 6CC CCT AGA ARG TCC CTA TBB CAR AGE CAC AGA GCC TIT ATY AGT 86K Ala BIT
‘ MET Ile Ala Leu Pro Val Blu Lys Ala Pro Arg Lys Sr Leu Trp BIn Arg His Arg Ala Phe Tl Ser Bly [le Val

79 6CC CTF ATT ATC ATE 86C ACC TTC TTC CTC ACH 166 G6T|CTC CAC CCA BCA ccn CCT CAT BAS GCA AAG CST CCA A CAT BEA Ak 867
n mmummmmmummumm_mm 'ro Pro His Blu Ala Lys Arg Pro His Ris Bly Lys Bly

169 CCC ATE CAC YU CCC ARA TGT GAG AAG ATT GAA CCA TYA ABT CCA TCA YIC ARA CAT TCC BIC 6AC ACA ATT €11 CAT BAC CCT 6CC TTT
37 Pro HET His Ser Pro Lys Cys 8lu Lys 1le Glu Pro Leu Ser Pro Ser Phe Lys His Ser Val Asp Thr 1le Lau His Asp Pro Ala Phe

239 ABA Aac AGC TCC AT 6AB AAA CTB TCC AAT GCT GTT AGA ATC CCC ACT BTA GTC CAN BAC AAA AAC CCC AAC CCC GOA GAT BAT CCG BAT.
87 Arg Asn Ser Ser lle Blu Lys Leu Ser Asn Ala Val Arg lle Pro Thr Val Val 6ln Asp Lys Asn Pro Asn Pro Ala Asp Rsp Pro Asp

349 TIC TAY AAB CAT TTT TAT 6RA CTA CAC GAC YAT TTT GﬁB ARG ACT TTC CCT AAT ATY. CAC RAG CAT TTG AAH TTE GAB ARA BTC AAT 5AG
(117 Phe Tye Lys His Phe Tyr 61u Leu His Asp Tyr Phe Glu Lys Thr Phe Pro Asn Ile His Lys His Leu Lys Lev Blu Lys Va) Asn Blu

‘ , §
439 £T6 GGT £TT CTA TAC ACA TBG GAA BBT TCT GAT CCT GAT CTA AAA CCA TTA TTG TTA ATE GCC CAT CAA GAT 6TT 6TA CCT 814 ARC AAC
147 Leu Bly Leu Leu Tyr Thr Trp Glu Bly Ser Asp Pro Asp Leu Lys Pro Leu Leu Ley MET Ala His 6ln Asp Val Vgl Pro Val Asn Asn

129 GAR ACT TTA TCA TCC 166 AAG TTC CCT CCA TTT TCT GET CAC TAT GAT CCA GAA ACA GAT TIT GTT 766 666 CGT BGT TCT AAC GAT TET
177 Blu Thr Ley Ser Ser Trp Lys Phe Pro Pro Phe Ser Bly His Tyr Asp Pro Glu Thr Asp Phe Val Tep Bly Arg Gly Ser Asn Asp Cys

519 AAG AAC TTG TTA ATT GCC GAG TTT BAA BCT ATC GAA CAA CTG TTG ATA GAT GGA TIC ARG CCC AAC ABR ATT ATT ETT ATH TC6 CTT 86T
207 Lys Asn Leu Leu lle Ala Blu Phe Slu Ala Ile Glu Gln Leu Leu le Asp Gly Phe Lys Pro Asn Arg Thr Ile Val MET Ser Leu Bly

709 TTT AT GAA GAA GCA ABC GEC ACC CTC GBT GCT 6CC AGC TTA BCC TCA TIT CTT CAC GAA AGA TAT GGT BAT GAT BGT ATY TAC AT ATC
237 Phe Asp 6lu €lu Ala Ser Gly Thr Leu Bly Ala Ala Ser Ley h)a Ser-Phe Leu His Blu Arg Tyr Gly Asp Asp Bly 1l Tyr Ser lle

799 ATT GAC GAS GGT GAA 6BT ATC ATG GAA GTC GAC AAG GAT GTC TTT GTT GCC ACT CCA ATC AAC GCT GAA AAR GBC TAT BTC BAC TTC BAA
267 1le Asp Blu Bly Glu Bly Ile MET Blu Val Asp Lys Asp Val Phe Val Ala Thr Pro Ile Asn Ala Blu Lys Bly Tyr Val Asp Phe Glu

889 GTC AGT-ATT CTA GGC CAT BT 68T CAT TCC TCT GTC CCA CCT GAT CAT ACC ACA ATC GGT ATC GCT TCA GAA CTG ATT ACT GAA TTT BAA
297 Val Ser 1le Leu Gly His Bly Gly His Ser Ser Val Pro Pro Asp His Thr Thr Ile Gly Ile Ala Ser 8lu Leu lle Thr Blu Phe Blu

979 GCC AAC CCA TTT GAC TAC GAA TTT GAG TTT GAC AAT CCA ATC TAT GBA TTG TTG ACA TBT GCT GCT GAA CAT TCT AAA TCT TTA ABT ARG
327 Ala Asn Pro Phe Asp Tyr Blu Phe Blu Phe Asp Asn Pro 1le Tyr Bly Leu Leu Thr Cys AYa Ala Glu His Ser Lys Ser Leu Ser Lys

1069 GAT 676 ARG AAG ACA ATT TTG GGC GCA CCA TTC T6T CCT AGA AGE ARG GAC AAG CTT GTT GAB TAC ATT TCC AAE CAA TCA CAT TTB CBC
357 Asp Val Lys Lys The Ile Leu Gly Ada Pro Phe Cys Pro Arg Arg Lys Asp Lys Leu Val Glu Tyr Ile Ser Asp Gln Ser His Leu frg

1159 ABC TTA ATA AGA ACA ACA CAA GCT GTT GAT ATC ATC AAT GGT GBT GTT ARA GCT AAT BCT CTG CCC GAA ACT ACC AGA TTC TTG ATC AAT
387 Ser Leu Il Arg Thr Thr Gln Ala val Asp lle lle Asn Bly Bly Val Lys Ala fsn Ala Leu Pro 61u Thr Thr Arg Phe Leu Ile Asn

1249 CAC AGA ATT AAT TTA CAT TCT TCT 676 LT GAA GTC TTT GAA AGA AAC ATA GAA TAT GG AAR ARG ATT GLT GAG ARG TAT GBC TAT 66T
417 His Arg Ile fsn Leu His Ser Ser Val Ala Blu Val Phe Glu Arg Asn 1le Glu Tyr Ala Lys Lys lle Ata Glu Lys Tyr Bly Tyr Bly

1339 TTA TCT AAG AAC GBT GAC GAT TAC ATT ATC CCT BAA ACC GAG TTA GT CAC ATT GAC ATT ACT CTC TT6 AGA GAA TTG EAA CCA GCA CCA
447 Leu Ser-Lys Asn Bly Asp Asp Tyr 1le lle Pro Glu Thr Glu Leu Bly His Ilo Asp lle Thr Leu Leu Arg B1u Leu Elu Pro Ala Pra

1429 CTT TCB COA ABT TOA GGC CCT GTT TGG GAC ATT TTG GCA GBT ACT ATT CAA GAT GTT TTT GAA AAC GBT GTT CTA CAA AAC AAC BAA BAG
477 Leu Ser Pro Ber 8er Bly Pro Val Trp Asp 1le Leu Ala Bly Thr Ile B1n Asp Val Phe Glu Asn Bly Val Leu Gln Asn Asn Blu Glu

1519 TTC TAT 676 ACT ACT BET TTA TTC TCT GGT AAC ACC GAT ACT AAA TAC TAC TGE AAT TTG TCC ARG AAC ATT. TAT AGG TTT 67T GGC TCT
507 Phe Tyr Val Thr Thr Bly Leu Phe Ser Gly Asn Thr Asp Thr-Lys Tyr Tyr Trp Asn Leu Ser Lys Asn 1le Tyr Arg Phe Val Bly Ser

1608 ATC ATT GAT ATT GAT TTA LTG AAG ACA T16 CAT TC6 G717 AAT GAA CAC BTG GAT GTC £CA BBT CAT TTA TCT GCC ATT RCC 71T GTT TAC
537 11e 1le fAsp Ile Asp Leu Leu Lys Thr ‘Leu His Ber Val Asn Blu Mis Val Asp Val Pro Bly His Leu 8ar Ala Ila Ala Phe Val Tyr

1698 GAG TAT ATC GTT AAT 67T ARC BAQ TAC BLT TAA GCECAQTEATTGAATQBTCAHAEATTTTTTTTTTTTAATTTTTTTTTTTTAATTTTTTTTTTTTCATQGACTTTT‘
567 B1u Tyr Ile Val Asn Val Asn Blu Tyr Ala TER

1802 ATTTRRRTAQQTCACGTETATATATBTATCﬁBTRTRTAQDBTAQAAQAAAHAACQECGTCQBTTAQACRAAAEATAQQTAQAAAAQAAQQGAQGTBTTCQRQTﬁQAABTBTCAARTCAQ
1924 AATTTAARTBATEATGATAATATGACCATACARTGACTTAARTCARATCAAAACCACTTRCGTARAGECABTEAATATORCCARAATATAATACCATALACCATTTTRCATETTCRTTA

2045 ARCBAACACCATTCABBTBETCBARGACELAARTAGCABAAATRLTCATEAATTEABAABARTABBTTTCETTTTCTEEARTTELABLCAATARATCETTAACABTATCABCAGARACA
2148 BTTEEATTGAQTBGAETBBEGTCﬂGATﬁTEAAQ@AAAACGACATTTBCABTABAHTEGAAAQEAQDACCTTTCATEGTTCC&BTABTRTTTQTTGTTATBTQTEEGTQABATTBGATAB
2290 CABTACCCARTCCTCBATACCTTRGAAABTBTGBAARBTABRATABAGATERTTTTT
Fig. 4. Nucleotide and deduced amino acid sequence of carboxypeptidase yscS gene. A TATA-like sequence, TATAAA, is located 97 bases;
upstream of the initiation codon. A putative hydrophobic leader sequence, starting at residue 25 is underlined and the most probable processing’
position is marked wnh a vertical arrow, Asterisks identify potential glycosylation sites, The polyadenylation signals AAAIAAA at the 3' end
are marked,
30
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Fig. 8. (A) Northern blot unalysis of yeast total RNA. RNA was
prepared from a sirain transformed with plasmid pCB1 and grown in
minimdl medium. without ammonium. sulfate containing 5% Cbz-
“Gly-L:Leu. (B) Dot blat of yeast total RNA, RNA was prepared from:
logarithmie growing ¢elis from a CPSI strain (lane 1) and from a
strain transformed with phsmld PCBI (lane 2). (a) Cells grown in

ammonium sulfate minimal medium, (b) Cells grown in Cha-Gly-L- -

Leu as sole nitrogen source. Blots were: hybridized. with the 0.6 kb
Sall fragment from pCBI (Fig. 1).

frame of 1728 nucleotides extends from the most 5’
ATG initiation codon to a stop codon TAA (marked
TER). Not unexpectedly, since carboxypeptidase yscS
is a -vacuolar hydrolase and presumably follows the
route through the endoplasmic reticulum and Golgi
body to the vacuole, there is an hydrophobic leader
stretch between residues 25 and 43, which contains
_characteristics common to known leader sequences
[35). The predicted polypeptide contains 5 potential ac-
ceptor sites for Asn-linked glycosylation. Two have the
sequence Asn-X-Ser (at Asn-88 and Asn-381) and three
‘have the sequence Asn-X-Thr (at Asn-176, Asn-228 and
Asn-321) which are preferred glycosylation. sites for
vacuolar hydrolases [18]. The calculated molecular
weight. of the encoded protein .is 64961, A computer
program was used to compare the derived amino acid
sequence of carboxypeptidase yscS with the Swiss Prot
(ENBL) protein sequence data bank, and no significant
sequence similarity with any other protein was found.
An RNA blot analysis indicated that the CPS] gene
encodes a 2.1 kb RNA (Fig. 5A). Assuming average
sized 5’ and 3' untranslated regions and a poly(A) tail
totaling 400 base pairs one expects about 1.75 kb of
coding capacity or 583 amino acids, which fits pretty
well with the open readmg frame of CPS1 (Fig. 4).
When yeast cells grow on a substrate of carboxypep-
tidase yscS (Cbz-Gly-L-Leu) as sole nitrogen source, a
drastic increase (about 12-fold) in carboxypeptxdase
yseS acthty is observed [21].. We have used RNA blot
analysis to determine whether any part of this regula-
tion is transcriptional in nature. The results presented
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in Fig. 5B show a xubsmntml increase in mRNA Ievels
during growth on the dipeptide as compared. with am-
monium sulfate grown cells. The derepression  of
transcription of CPSI ‘gene is even more marked in

yeast cells transformed with, the pCBl multicopy

plasmid (Fig. 5B, lane 2), confirming the suspceted
transcriptional regulation of the gene.

With the experimental approach used, complemenm- :
tion of ¢psl mutation, we cannot exclude completely
the possibility of having cloned another gene coding for
a product with overlapping specificity. However, we
find this possibility very unlikely for several reasons:
(i) the nucleotide sequence of the cloned gene docs not
resemble at all that reported for carboxypeptidase
yscY, the only known major activity acting on-the same
substrate; (ii) the overproduction of activity found with
plasmid pCBI1 could not be explained if CPS1 coded
for a minor carboxypeptidase activity, different from
carboxypeptidase yscS not found as far; (iii) the in-
crease in mRINA levels during growth on Cbz-Gly-L-
Leu correlates pretty well with the previously deseribed
derepression of carboxypeptidase yse$ activity. ‘

Acknowledgements: The authors arn specially grateful ‘m‘ Dr C.
Ldpez-Otin for the synthesis of the oligonucleotides and to Dr R.S,

- Carmenes for doing the computer analysis of the protein. This work

was supported in part by Grant PLT87/0030 from the Comisién In-
terministerial de Ciericia y Tecnologia of Spain. . B.wasa fellow of
the Spanish Ministeria de Educacion.

REFERENCES

{1} Rothman, J.H. and Stevens, T.H. (1988) in: Protein Transfer
and Organelle Biogenesis (Das, R, and Robbins, P. eda) pp.
159208, Academic Press, San Dicgo, CA.,

{2} Sudrez-Rendueles, P.-and Wolf, D, H. (1988) FEMS Microbiol,

- Rev., 54, 1748, :

{3). Hirsch, H.H. Sudrez-Renducles. P, and Wolf, D.H. (1989) in:
Molecular and Cell' Biology of  Yeasts - (Walton, E.F. and
Yarranton, G.T. eds) pp. 134-200, Blackie and Son, London,

(4] Klionsky, D.J., Herman, P.K. and Emr, 8.D. (1990) Mlcrobnol
- Rev. 54, 266 -292
[5) Stevens, T.H., Esmon, B. and Scheckman, R, (1982) Ceil 30,
439-448,
[6] -Johnson, L.M;, Bankiatis, V.A, and Emr, 5.D. (1987) Cell 48,
875—888S.

[7) Valls, L.A., Hunter, J.H., Rothman, J.H. and Stevcns‘ T.H,
(1987) Cell 48 887-897.

[8] Mechler, B., Hirsch, H.H., Miiller, H. and Wolf, D.H. (l988)
EMBO J. 7, 1705-1710,
[9] Roberts, C.J., Pohlig, G., Rothman, J.H. and Stevens, T. H

(1989) J. Cell. Biol. 108, 1363 1373,

[10) Bankiatis, V.A., Johnson,.I.M. and Emr, S.D; (1986) Proc.
Natl. Acad, Sci, USA 83, 90759079,

[11] Rothman, J.H. and Stevens, T.H, (1986) Cell 47, 1041 1051.

[12] Klionsky, D.J., Banta, L.M. and Emr, 8.D. (1988) Mol. Cell.

" Bioki 8, 2105=2116.

[13] Rothman, J.H., Howald, 1. and Stevens, T,H, (1989) EMBO J.
8, 2057--2065.

(14] Ammerer, 'G., Hunter, C.P., Rothman, J.H., Saari, G C
Valls, L.A. and Stevens, ‘T.H. (1986) Mol. Cell Biol.
2490--2499.,

3l



Volume 183, number |

(18] Woelfard, €A Duniels, |0 Park, BoI, Jones, B.W., Vin
Andell, LN, dnd Inniw. N. 1986y \1@! Cell. Bial, 6,
2300-2510. ‘

116} Meehler, B, Millér, H. and W‘«ﬂl’. P.HL (1987 EMBO 1, 6,
NAT-214N

1H7) Mochle, G0N, Avoardi;, MW, Koledoy, MR, Park, F.J.
g Janes, B.W, (19%87) Geneties 115, 255243,

[18) Moehle, OV, Tizard, R., Lémmon, $.K., Smart, 1, and
Janes, BNV (1987) Mal, Cell‘. Biol, 7, 43&‘)%4399.

119]) Joney, E.W., Zubenko, G5, amd Parker, R.R, (19423 Gengtles
102, 665677,

120) Woll, DH. and: Weiser, U, (1977 Eur. 1. Biochem, 73,
553836, ‘

(21} Woll, D.H..and Ehmunn, €. (1978 FEBS Len, 92, $9-62,

{22] Emter, O. and Wolf, D.H. (1983) FEBS Lew. 166, 321=325,

[23) Garcla-Alvarez, N, Teichert, U, and Wolf, D.H. (1987) Eur.
J. Blochem, 163, 339-3146.

(24) Muniatis, T, Fritseh, B.F, and Sambraok, J. (1982) Malecular
Cloning. A Laboratory  Manusl, Celd  Spring  Harbor
Laboratary Press, Cold Spring Harbor, NY, ‘

32

FEBS LETTERS

‘Nay 1991

(28] Susireas Renduetes, PLoand Walf, D.HL (19875 1, ﬂmmim )M‘v
041 408,

[26] Hanabian, D, Q9831 in: DNA Cloning: A Practival Approsch
tGlover, DN, ey pp. 109138, 1RL Prevs, Oxford.

127} tre, M. Fukudd, Y., Murava, K. and Kimuew, A0 (19%3) .
Bacieriol. 133, 163 568 ‘

[28] Sanger, F., Nicklen, 8. and Coulion, AR, (1977) Prae. Nutl,

- Acad. “M USA T4, 546313467,

129) Sherman, F., Fink, G.R. and Hlicks, LB, (19865 in: Labarinory
Coursy \i:mu.tl for Meahads in Yeust CGeneties, (,nm s;:rmg
Harbar Laboratary, New York,

[30} Sowhern, BN, (1978) ). Mol, Biol, 98, 303-317,

[31) Thomias, BS, (1980) Proc.. Nath  Acad, Sei. USA 72,
82013203, ‘

{32) Woll, D.H. and Ehmaunn, <. ¢1981) I, Bacieriol, 147, 4\& - 26,

{33) Nasmyily, K. and Tatchell, K. (1980) Cell 19, 753-764.

{34) Carle, G.F. und Qlson, M. W, (1954) Nugleie Acids Ttes, 12,
56«8145664.

[35) Van Heijne (1985) 5. Mol Biol. 184, 99=105,



