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did not exist at all, forcing its specific proteins to reside at other Golgi compartments 

where they would be less active. It has been suggested that vacuolar protein sorting 

may take place in just such a late Golgi compartment that contains Kex2 (Graham and 

Emr 1991). The hypothesis that the primary defect ofvpsJ8 mutants is at this location 

and leads to all the other pleiotropic phenotypes observed, is an attractive one. 

In the original mutant screens, we selected for mutants that mislocalized 

vacuolar proteins and secreted them from the cell. It was expected that some of these 

mutants would have their primary defect in the sorting event, where and when vacuolar 

proteins are separated from those destined for the cell surface. Since several lines of 

evidence have led to the supposition that this sorting event occurs in a late compartment 

of the Golgi apparatus, one might have expected several of the vps mutants to act at this 

point in the secretory / vacuolar localization pathway, in other words, at the decision 

point. Surprisingly, the early studies by us and others did not reveal any Golgi­

associated defect in the mutants, such as a defect in the processing of some secretory 

protein in addition to the vacuolar protein processing and localization defects. In view 

of the recent observations presented here that a subset of the vps mutants do indeed 

exhibit a Golgi associated defect, in that a precursor form of a-factor is secreted from 

the cells, it is clear that the original studies looked at too restricted a range of secreted 

proteins. Our finding that the Class C vps mutants in general, and vpsJ8 in particular 

exhibit a serious defect in the processing of a-factor, secreting at least 50% of it from 

the cell in precursor form, leads to the hypothesis that the vpsJ8 complementation 

group identifies a gene product that acts, directly or indirectly, at the vacuolar protein 

sorting decision point in the trans Golgi compartment.. 
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TABLE 1 Table of strains 

Table of strains used in this study. 



Saccharomyces cerevisiae strains: 

SEY6210 MATa leu2-3,112 uraJ-52 his3-&OO trpl-f1901Iys2-BOl asuc2-f19 

SEY6211 MATa leu2-3,112 uraJ-52 his3-&OO trpl-f1901 ade2-101osuc2-f19 

SEY18-4 MATa vpslB-4a Ts /eu2-3,112 uraJ-52 his3-&OO trpl-MOllys2-B01asuc2-f19 

SEY18-5 MATa vps1B-5 Ts leu2-3,112 uraJ-52 his3-&OO trp1-M01 ade2-101° suc2-M 

SEY18-7 MATa vps1B-7Ieu2-3,112 uraJ-52 his3-&OO trp1-M01 ade2-101° suc2-f19 

(Robinson, 1988) 

(Robinson, 1988) 

(Robkson, 1988) 

(Robinson, 1988) 

(Robinson, 1988) 

SEYll-l MATa vpsll-1 Ts leu2-3,112 uraJ-52 his3-&OO trp1-M01Iys2-B01Qsuc2-f19 (Robinson, 1988) 

JSR18~1 MATa vpslB-f1l::TRPlleu2-3,112 uraJ-52 his3-&OO trpl-M01Iys2-B01Q suc2-f19 (This Study) 

BHY151 MATavps5-f1l ::HIS3/eu2-3,112 uraJ-52 his3-&OOtrpl-f1901Iys2-BOlasuc2-M (Horazdovsky, unpub.) 

RC634 MATa sstl-3 rme ade2 his6 metl ural (Chan, 1983) 

Escherichia coli strains: 

MC1061 araDl39 (araABOIC-leu)7679 f1(lac)X74 galU ga/K hsdR rpsL 

JM101 F' traD36laclq Zf1M15 proABlsupE thiDlac (lac-pro) 

BW313 F' lysAldut ung thi-1 relA spoT1 

(Casadaban, 1980) 

(Miller, 1972) 

(Kunkel, 1985) 

-VJ 
N 
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FIGURE 1 VPS18 gene cloning and characterization 

A. Restriction map of a 5kb DNA fragment that contains the VPS18 open reading 

frame as indicated by the empty arrow. Below is the vps18 disruption in which the 

entire open reading frame from KpnI to SacI was replaced with yeast TRP 1 and E. coli 

vector sequences (methods). C. Growth phenotypes on YPD at 30· and 37" of 

SEY6210, JSRSc184, JSRSc189 and JSRSc189 after being transformed with the 

vps18-complementing plasmid, pJSR6 (methods). The plates were incubated at the 

appropriate temperatures for three days. 
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FIGURE 2 Nucleotide sequencing of the VPS18 gene 

Nucleotide sequence of the VPS18 gene and the deduced amino acid sequence. 

Nucleotide residues are numbered relative to the ATG that initiates the long open 

reading frame. The cAMP-binding motif is underlined with a dashed line and the 

cysteine-rich region is indicated by a solid line. 
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GAGAAAC'CATA'l'G1"CCC'tGl'GCX;TCATT't'AATAATTTCACTGGTA TTCCA 1'n:ATAGTCAtTGTTTCTGATACGtOCC iCGIIOOOAQOO;GC I I Ie lGATTCTCTTCGTA Tt"GC'TCTTATAAGA 
ATTTTTTAACGATT'1"CA.U.AATATCAAATCTATAGAACGAaAGAaATAAG.AAGC1'OCCATCCCTAGAAAAGTAAAAACTA.1'AAGGTACCAAGAAGTAAAAAGAGAAATATAGGGATATA 

At'G ATA AAA ACA. CGT ATA GAG GAA GTT CAG TTA eM TTC CTC ACA GOG AAT NX GAA en AC'G CAT t'TG AM GTe TO: A.A.!' Gr.!' CAA err 
.. KTR EEVQLQFLTGNTELTHLJCVSNDOL 

ATA GTA ACG ACA CAA. c:GG AJ:A ATT I'M: AGA ATk AAT TTA CAA. GAT c:x:G GOC ATC GTC A.A.!' CAe Tn' CAe mr CCA ITA AGe AAG GAA CTA 
IVTTQRTIYRINLQOPAIVNHFOCPLSkEL 

GAA ACT AT" ATG AAT GTT CAT GTT TCA CCA ArG GGT ItGr GTe Aft CT1' An CGA N:X: AN; 1T1' GGC CGG TAr At'G t'TG CTA MG GAT GO: 
ETIMNVRVS'MGSVILIRTNFGRYHLLICDG 

GUt TTC ~T eM '!'TG AItC AAA. AT" AAA. AAT ere GAC CTC AGe t"CQ eTA CAt' 1'OC ATe AN: CAA ACC ICC 'ITT C1'G AM GGIt. A'I'C AAG AAG 
EFTQLNKIKNLDLSSLHlfINETTFLMGIKIC 

ItCG CCC MG Tt'G TAe c:x:aA Gft GAA TTG ACA cxa AAG GAt' "TA ACe Am AN:; Ct'A I'GG TAT CiAA AN: MG AAA CTC 1'CT GGT GGA Art' GAT 
TPkLYIlYELTGIC.DITTItLWY£tfItItLSGGID 

OGC An GCG TAT 1"GG eN; GQC TC1' CTG CTA ftA. ACT AT" AAA CAe NtC Aft ITA rAe TOO AGA. GAC Gt'G N:A A.A.!' Af'G AAA 1Tt' o::r 'tTA 
GIAY1IEGSLLLTIltDNILYlfROVTNMItf'PL 

GTA ttA ttA GAt' GAA TCT GAG CAA TIT CAA AGG 1'1''' AAA car CAT Gc:G ATA AAG AAA. rrc GAT TCG rAe AA.T GGA. etC t'T1' GeT 1'GG GTe 
VLPD£SEQFEaLkRBAXkkFOSYNGLFAIfV 

N:A TCC AAT GGA. ArT GTe 'l'n' 001' GAT n"A AAA GAA MG CAA Am GAA AAA .caT o::r Get' ret' AAT AAT 1T'I' GGA AAA 'fTC CTA 'R:T t'CG 
. '1' S II G I V r G 0 Lit .. It Q MElt 0 PAS II N F G J( F L S S 

t'm AN; GTT CTA ct'C AAT Ttc GAA ere CCT cae TAe CAG AAT caT AAA GAT CAe CTC A1'C AAG GAT ATA G'fT t'TG ItC'f OCT rrc CAe ATe 
SkVLLNFZLPDYQNOItOBLIJCDIVLTAFSI 

CTG CrT ttG AGA AM AAT ACG GTA ACA At'G GT'G AGT CAA ttA &&.1" AN:. GAC CiTA G'I'G Tn' CAT GAA ACT ATA a:x; AGrt CAe CA.G rrc; ICr 
LLLRltllTVTMVSQLlIlIOvvrstTIPRBQLT 

oac TCC Me N:.T GAT let AAT GAG AAA. tTT nA GGC C'l'A GtA' AGA GAT 'I'C'G G1"C AM GAA N:G 'I't"'!' TGG 1'GT 'I'ft: TCA AIIC A'I'C AN; GTe 
C S N l' 0 S N ~ K F L G L V It 0 S V K & l' E II C F N I II V 

1T'I' GAA ArT ATT ATe GAA AAT GAG ccr AAT reG GTA roc MT nA TTA Gn CGG GAT AN:. AAA TTT GAC AAG aa: eTA t'CG tTG MA GOC 
F£IItENEPNSVlfNLLVIlDNKFDKALSLkG 

1TG ACG GTG NJG GM. ATA. eM TCT GTA AM err TCA MG GCA ATG TN: C1T TrC CAe ACT GeT AM GA.T rrr CAT TO: GCG OCT CAA. ItCT 
Lt'VREIESVKLSKAMYLI'B1'AkDEHSAAQT 

TTG GGA NJC ATG It.ItG GAC' TTG TCA eN: 1TT aa; GAA ATC GCA Tt"G IoAT Tn' CTC CM ATA AAA GAT TAC AItJ:, GAT TTG AAC GTA ATA t'TG 
L G S M K 0 L S H .! __ G __ E __ L_!.._~ NFL Q I J( D Y N 0 L N Y I L 

ATA AM CAG rt'G GAT ItAC GTT CCC TOG AM TCA ACT CAA GTe GTe rTG TCG AGT TGG A'IT ATT TGG AAT T'TT ATe AM. eM TTG AA1' CAT 
IkQLDNV IIKSTQVVLSSIIIIWNFMKQLND 

ATT GAA TTA u.G ATA It.N: ACA ACT AAG a:::A OCT TCT ACT GAT CAA GAC AAT 1'TG CTA AN:. !'GG AN; cro AAT CTC IoAG GAG AAA TCC AAT 
I & L KIN T T K PAS T D EON L L II If II L II L K E k S II 

GAA. CTA ACG AAA tTT TTG GAA IDe CAT CTA GAA AM CTT GAT ItAT CAA ACe GTT TAT CAA ATA At'G t'CC AM eM. AN:: c:GG CAA AN:; GAA 
ELTKFLE HLEkLDNETVYQIKSkONRONr. 

TTA T1."G ATT TTT GCT N;T CTA ATe AN:. GAT ATG MG TTT TTA 'l"TA t'CA Tn" TGG An CAe CAA GGA. AAT 1'GG TAT Q.G TCC TTG AAA An 
LLIFASLINDMKFLL FlfIDQGNWY£ LKI 

CTG en ACA ATA AAT AN:: CAT GAC CTA GTe TAT AAG TAC 1'CT T1'G ATT CTC TTl.. 1'1'G MT TeA CC\ GAG GeT ACT GTG TeA ACG TGG ATG 
L L TIN N H 0 L V Y K Y S L ILL L N S PEA T V S T If " 

MA ATe MA CAC TTG GAT CCA AAT AAG TTl.. ATT CCA ACA ATT TTA AM TTT TTC N::A AAT TGG CM MT MT TCT AM CTG ATT ACT Me 
KIKDLDPNKLI TILKFFTNIfQNNSICLITN 

ATA TCA GAA TAT CCT eM. AAT TAC TeA cro N;A TAT tTG AltA TOO TOe GTT AGA GAIt. GTC cx:A MA ATe TGT AAT CCA ATA GTG TAe -'AT 
I S E Y PEN Y L T Y L K If C V R £ V P K HeN P I v Y N 

TCT ATe CTT TAe ATG ATG ATT ACT GAT CCG AGA. AN:. CAT At'G ATA erA GAA ""1' GAT ATA ATe AM TTC A1"G AAA 1'CA AN:; GUt AN:. AAA 
SILYHHITDPRNDMIL£NDIIJ(FMKS [.NK 

TAT GAT CTT MT TTC CAG TTA CGG TT'G TCT TTl.. AAA TTC MG AM ACT AAG ACe TCG An TTC en 1"I'A N:A CGT TTl.. AAC tTA 1TC GAG 
YDLNFQLRLSLJ(FKKTKT IFLLTRLNLFE 

GAT ccx: ATT GAC TTG GCA TTG AAA AAT AN:. TTG An GAT GAT TGT J.IIC GTA ATt' GTG MT CAe CAJ:; ATT CTT ATA GAG GAT 1'AT AAA TTA 
DAIDLALXNNLIDDCKVIVND£ LIEDYKL 

AGe AM AGA TTl.. TGG cro AM ATT GCA AM eN; TTA TTA CT'f t'CA ATG AAA CAC ATA GAT ATA MG CAA rTA ATT CGA .Aa; ATT TTA AAT 
RKRLWLkIA.KHLLLSMKDIOlkQLIRTILN 

GAT Tee Me GAA ATT TTA ACG ATT ~ GAT err TTC CCA TTT 1TT AAT GAG TAT AJ::r ACA An GCT MC 'I"TG AM GAA CAA CTG ATe AN:; 

OSN£ LTIKDLL FFNEYTTIANLKEELIK 

TTT TTA GAG AAT CAe AN; ATG AAA ATG AAT GAG ATT TeA GAA CAe ATA. ATA Me TCC AAG AAT T1'G MG GTG GAA ATA AN:: ACA GAA ATT 
FLEN NMJCHNEISEDIINSKNLKVEI1\TEI 

TCT AM TTT MT GAG ATT TAe AGG ATA eTA GAG CCA GeT AAG TCT 1'GT CAT GAA TGT GGT AM TTT CTA CAG ATe AAA AN; tTC ArT en 
kFNE R LE GKSCoECGKFL9IK F V 

TTC ccc roT GGC CAe TGT TTT CAC TGG AN: TGT ATA ATC NX; GTA ATA erG MC TCA MT GAT TAT MC TTG AGe CAe AAG ACG GAA AAC 
FPCCHCFHWNCIIRVILN tcOYML 9ltTEN 

TTC TTA MG occ: AAA ACT AAG CAT AAT TTG AAT GAT TTA GAA AAT ATC ATT Gt"A GAG AAA TGT ~ TTC roc AGT CAT ATe MC An: AAT 
F L K A X S K H N L N 0 L £ N I I V E K C C LCD I N I N 

2701 AAA ATT GAT CAe cx:A ATA TCT ATT CAT GAA AC.A GM TTA OCC AAA TOO AAT GAA TAG 2151 
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FIGURE 3 Cysteine rich C-terminus, sequence comparison 

Alignment of the Vps18 Carboxy terminal cysteine-rich motif with zinc fingers and 

other cysteine motifs; 43 kDa postsynaptic protein from mouse (Froehner 1989), 

Pep5/End1 (Wolford et al. 1990; Dulic and Riezman 1989), Rad18 (Jones et al. 1988) 

and Pdr1 (Balzi et al.1987). 
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FIGURE 4 CPY sorting phenotype of vpslB C=>S point mutant 

Immunoprecipitation of CPY from vpsIB-t1I::TRPI, vpsIB-t1I::TRPI carrying a 

plasmid encoding the C826 to S alteration in the Vps18 protein, and the isogenic wild­

type strain, SEY621O. 
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FIGURE 5 vps18 mutant, a-factor halo defect 

a-factor halos of vps18-111 ::TRP 1, vps5 -111 ::HIS3 and the isogenic wild-type strain, 

SEY621O, on a lawn of sst2 MATa cells. 
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FIGURE 6 Maturation of a-factor in the vpsJS mutant 

Immunoprecipitation of alpha factor from vpslS-L11 ::TRP 1, vps5-L11 ::HIS3 and the 

isogenic wild type strain, SEY621O. 
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