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Abst r act . Yeast mut ant s of cel l cycl e gene cdc481 ar -

r est as l ar ge budded cel l s wi t h mi cr ot ubul es spr eadi ng

aber r ant l y t hr oughout t he cyt opl asm f r oma si ngl e spi n-

dl e pl aque . The gene was cl oned and di sr upt i on pr oved

i t t o be essent i al . The CDC48 sequence encodes a pr o-

t ei n of 92 kD t hat has an i nt er nal dupl i cat i on of 200

ami no aci ds and i ncl udes a nucl eot i de bi ndi ng consensus

sequence . Ver t ebr at e VCP has a 70% i dent i t y over t he

ent i r e l engt h of t he pr ot ei n . Yeast Secl 8p and mamma-

l i an N- et hyl mal ei mi de- sensi t i ve f usi on pr ot ei n, whi ch

ar e i nvol ved i n i nt r acel l ul ar t r anspor t , yeast Pasl p,

T
HE yeast Sacchar omyces cer evi si ae i s a f avor i t e model

or gani sm f or st udyi ng compl ex physi ol ogi cal pat h-

ways at t he si ngl e cel l l evel such as t he cel l di vi si on

cycl e, t he assembl y of cel l or ganel l es, or secr et or y pr ocesses .

A gener al i zat i on of t he r esul t s f r omyeast depends on si gni f i -

cant st r uct ur al conser vat i on of t he component s wi t hi n hi gher

eukar yot i c pat hways . I deal l y, t he genes or gene pr oduct s

shoul d be f unct i onal l y i nt er changeabl e bet ween yeast and

ver t ebr at es . Thi s has been descr i bed f or secr et i on ( Dunphy

et al . , 1986) and cel l cycl e ( e . g. , pr ot ei n ki nase Cdc28 f r om

yeast and Cdc2Hs f r omhumans ; Wi t t enber g and Reed, 1989)

f unct i ons .
A wel l - char act er i zed exampl e of mut ual exchangeabi l i t y

i nvol ves t he yeast gene pr oduct , Secl 8p ( gene SEC18) ( Eakl e

et al . , 1988) , and NEM- sensi t i ve f usi on pr ot ei n ( NSF) '

f r om Chi nese hamst er ( Bl ock et al . , 1988 ; Becker s et al . ,

1989 ; Di az et al . , 1989) . Bot h pr ot ei ns ar e essent i al f or

t r anspor t bet ween ER and Gol gi , as wel l as bet ween di f f er ent

Gol gi ci st er nae . Bot h bi nd t o uncoat ed secr et or y vesi cl es

and pr omot e t hei r f usi on t o t he next Gol gi compar t ment .

NEM( N- et hyl mal ei mi de, a t hi ol r eagent ) i nhi bi t s t he f usi on

act i vi t y, wher eas ATP i s essent i al f or t hi s f unct i on and ef f ect s

1 . Abbr evi at i ons used i n t hi s paper : NSF, N- et hyl mal ei mi de- sensi t i ve f u-

si on pr ot ei n; VCP, val osi ne- cont ai ni ng pr ot ei n .
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whi ch i s essent i al f or per oxi some assembl y, and mam-

mal i an TBP- 1, whi ch i nf l uences HI V gene expr essi on,

ar e 40% i dent i cal i n t he dupl i cat ed r egi on . Ant i bodi es

agai nst CDC48 r ecogni ze a yeast pr ot ei n of appar ent l y

115 kD and a mammal i an pr ot ei n of 100 kD. Bot h pr o-

t ei ns ar e bound l oosel y t o component s of t he mi cr o

somal f r act i on as descr i bed f or Secl 8p and N- et hyl ma-

l ei mi de- sensi t i ve f usi on pr ot ei n . Thi s si mi l ar i t y sug-

gest s t hat CDC48p par t i ci pat es i n a cel l cycl e f unct i on

r el at ed t o t hat of N- et hyl mal ei mi de- sensi t i ve f usi on

pr ot ei n/ Secl 8p i n Gol gi t r anspor t .

a di ssoci at i on of Secl 8p or NSF f r omt he vesi cl es i n cel l ex-

t r act s . Secl 8p can subst i t ut e f or NSF i n an i n vi t r o t r anspor t
syst em der i ved f r om hamst er cel l s ( Wi l son et al . , 1989) .
Compar i sons of t hei r pr ot ei n sequences as deduced f r om
DNA sequences r eveal a 45. 2 %i dent i t y . Bot h pr ot ei ns con-
t ai n t wo pot ent i al nucl eot i de bi ndi ng si t es .

The bi ndi ng of NSF t o Gol gi membr anes r equi r es anot her

sol ubl e pr ot ei n ( SNAP) and a membr ane r ecept or . Thi s pr o-
cess appear s t o be st oi chi omet r i cal f or t hese t hr ee compo-
nent s ( Wei dmann et al . , 1990) . SEC] 7appear s t o code f or
a yeast SNAP anal ogue . Cyt osol f r om sec17 mut ant s wer e
i nact i ve i n t he i n vi t r o t r anspor t syst em, but can be com-
pl ement ed t o f unct i on by addi t i on of bovi ne cx- SNAP ( Cl ar y
et al . , 1990) . Genet i c evi dence conf i r med a cl ose i nt er act i on

of t he SEC17 and SEC18 gene pr oduct s ( Kai ser and Schek-

man, 1990) .

Aver t ebr at e pr ot ei n cal l ed VCP ( val osi ne- cont ai ni ng pr o-

t ei n) has r ecent l y been descr i bed . I t was f i r st det ect ed i n

di f f er ent por ci ne t i ssues by speci f i c ant i bodi es. I t s gene was
cl oned and sequenced by Kol l er and Br ownst ei n i n 1987.
Pet er s et al . ( 1990) det ect ed i t s Xenopus l aevi s equi val ent

whi ch has a 96% sequence i dent i t y t o por ci ne VCP as

deduced f r om a par t i al DNA sequence. I t has been char ac-

t er i zed as a homool i gomer i c pr ot ei n of 14- 15S wi t h NEM-

i nhi bi t abl e ATPase act i vi t y . A consi der abl e degr ee of se-
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quence i dent i t y t o Sec18p and NSF was r epor t ed . I n cont r ast

t o Secl 8p and NSF, t he X. l aevi s VCP does not seemt o be

associ at ed wi t h vesi cl es and r emai ns mai nl y i n t he super na-

t ant when cent r i f uged at 100, 000 g . Cel l f r act i onat i on and

i mmunof l uor escence st udi es show VCP t o be l ocal i zed i n

bot h nucl eus and cyt opl asm.

The yeast cel l di vi si on cycl e gene CDC48 has been char ac-

t er i zed by a col d sensi t i ve ( cs) condi t i onal mut ant ( cdc481)

and f our t emper at ur e sensi t i ve pseudor ever t ant s ( Moi r and

Bot st ei n, 1982 ; Moi r et al . , 1982) . At t he r est r i ct i ve t emper -

at ur e, t he cdc48- 1 mut ant ar r est s as l ar ge budded cel l s wi t h

t he nucl eus l ocat ed i n t he neck bet ween t he mot her - and

daught er cel l s .

We r epor t t he i sol at i on and sequenci ng of CDC48 and

show t hat i t bel ongs t o t he same mul t i gene f ami l y as SEC18

and t he NSF and VCPgenes. I t appear s t o be t he yeast homo-

l ogue of t he VCP gene . The CDC48 gene pr oduct , desi g-

nat ed CDC48p, and an i mmunol ogi cal l y r el at ed mammal i an

pr ot ei n wer e l ocal i zed by cel l f r act i onat i on . The st r uct ur al

and evol ut i onar y r el at i onshi p of t he member s of t hi s mul -

t i gene f ami l y whi ch i ncl udes PAS] , a member whi ch i s essen-

t i al f or t he assembl y of yeast per oxi somes ( Er dmann et al . ,

1991) , and TBP- 1, a human pr ot ei n t hat suppr esses t he t at -

i nduced gene expr essi on of human i mmunodef i ci ency vi r us

( HI V; Nel bock et al . , 1990) i s di scussed .

Mat er i al s and Met hods

Mat er i al s

Al l enzymes and f i ne chemi cal s used f or mol ecul ar bi ol ogy wer e obt ai ned
f r omBoehr i nger GmbH ( Mannhei m, FRG) . The pUCsequenci ng ki t , and

t he DI G DNA l abel i ng and det ect i on ki t f r om Boehr i nger wer e used f or

DNA sequenci ng and Sout her n hybr i di zat i on, r espect i vel y . Tuni camyci n

was f r om Si gma Chemi cal Co . ( St . Loui s, MO) . Mar ker pr ot ei ns f or gel
f i l t r at i on wer e bovi ne t hyr ogl obul i n and hor se spl een apof er r i t i n f r om Si g-

ma Chemi cal Co. , and bovi ne cat al ase, yeast al cohol dehydr ogenase, and
hor se cyt ochr ome c f r om Boehr i nger GmbH. For SDS el ect r ophor esi s,

mar ker ki t 30, 000- 200, 000 and pr est ai ned ki t 27, 000- 180, 000 f r omSi gma
Chemi cal Co. wer e used . Mol ecul ar wei ght s wer e cal cul at ed by usi ng t he
mar ker ki t pr ot ei ns as t he onl y mol ecul ar wei ght st andar ds . Bact oTr ypt one
and yeast ext r act wer e f r om Di f co Labor at or i es ( Det r oi t , MI ) , and t he

buf f er component s f r om Mer ck ( Dar mst adt , FRG) . Al l chr omat ogr aphi c
medi a wer e obt ai ned f r omPhar maci a Fi ne Chemi cal s ( Fr ei bur g, FRG) , ex-

cept f or Cel i t e 535 ( Ser va, Hei del ber g, FRG) , and hydr oxyapat i t e, whi ch
was pr epar ed as descr i bed by Ber nar di ( 1971) .

Rat l i ver s wer e i sol at ed f r om mal e whi t e Spr ague- Dawl ey r at s of 200-

300 g wei ght and per f used as descr i bed by Gebhar dt and Jung ( 1982) . Fr esh

por ci ne l i ver s wer e obt ai ned f r om t he l ocal sl aught er house ( Ti i bi ngen,

FRG) .

St r ai ns, Pl asmi ds, Genet i c and Mol ecul ar

Bi ol ogi cal Met hods

The hapl oi d yeast mut ant DBY2030 ( MATa ade2- 101 l ys2- 801 ur a3- 52

cdc48- 1) was used f or cl oni ng and i mmunol ogi cal i nvest i gat i on . St r ai n

DBY877 ( MATahi s4- 619) was used as a wi l d t ype f or i mmunol ogi cal i nves-
t i gat i on, cel l f r act i onat i on, and pr ot ei n pur i f i cat i on . Gene di sr upt i on was

per f or med i n st r ai n DBY5460 ( MATaI MATaade2- 1011ADE2 l ys2- 8011l ys2-

801 l eu2- 3, 1121LEU2 t r p1AI TRPl ur a3- 521ur a3- 52 cdc48- 1/ CDC48) .

Yeast medi a and genet i c mani pul at i ons wer e as descr i bed by Sher man et

al . ( 1974) . Col d sensi t i ve mut ant s wer e ar r est ed by i ncubat i on at 14° C f or

14 h . For expr essi on st udi es of t he GAL10 pr omot er , cel l s wer e gr own on

0. 66% yeast ni t r ogen base ( Di f co Labor at or i es) suppl ement ed wi t h 20 mg

hi st i di ne/ l i t er cont ai ni ng 4% gal act ose or 4%l act at e as t he car bon sour ce

f or 20 h . For i nhi bi t i on of N- gl ycosyl at i on, 190 ng/ ml t uni camyci n was

added t o yeast cul t ur es gr owi ng exponent i al l y on YEPD, and t he cel l s har -

vest ed af t er 3 . 5 h .

Pl asmi d YEp52 i s descr i bed by Br oach et al . ( 1983) . Const r uct i on and
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appl i cat i on of t r ansposon mi ni Tn10- LUK has been descr i bed ( Hui sman et

al . , 1987) . Expr essi on exper i ment s wi t h t he T7 pol ymer ase/ pr omot er sys-

t ems wer e per f or med wi t h vect or pT7- 6 as descr i bed by Tabor and Ri char d-

son ( 1985) .

For t he const r uct i on of f usi ons wi t h t he E. col i t r pE gene, di f f er ent f r ag-

ment s f r om t he essent i al r egi on of CDC48 wer e cl oned as EcoRI - XbaI ,
EcoRV- XbaI , EcoRI - Hi ndI I I , and EcoRV- Hi ndI I I f r agment s i nt o di f f er ent

pATH vect or s ( Di eckmann and Tzagol of f , 1985) . Gene f usi ons i n t he cor -

r ect r eadi ng f r ame wer e i dent i f i ed by t hei r accumul at i on of i nsol ubl e pr ot ei n

det ect ed on SDS PAGE gel s . CDC481t r pE f usi on pr ot ei ns wer e pr epar ed f or

i mmuni zat i on as descr i bed by Haar er and Pr i ngl e ( 1987) , pur i f i ed by SDS

PAGE, det ect ed by i ncubat i on of t he gel s wi t h 0. 25 M KCI , and el ect r o-

el ut ed .

The l i t hi um acet at e pr ocedur e ( I t o et al . , 1983) was appl i ed f or yeast

t r ansf or mat i on usi ng soni cat ed chi cken bl ood DNA as a car r i er . For t he

cl oni ng of t he CDC48 gene, st r ai n DBY2030 was t r ansf or med wi t h 20 kg
of t he yeast genomi c l i br ar y const r uct ed i n vect or YCp50 by Rose et al .

( 1987) . Tr ansf or mant s wer e sel ect ed on mi ni mal pl at es l acki ng ur aci l at

30° C, r epl i ca pl at ed and i ncubat ed at 16° C. For DNA hybr i di zat i on ( Sout h-

er n, 1975) * t he DI G DNA l abel i ng and det ect i on ki t f r om Boebr i nger was

used as descr i bed by t he manuf act ur er . A 0. 66 kbp EcoRI f r agment t hat con-

t ai ns t he pr omot er r egi on and 510 by of t he ORF of CDC48 was used as

a pr obe agai nst i sol at ed t ot al yeast DNA di gest ed wi t h EcoRI , Hi ndI l l ,

Sal l , or XbaI , and agai nst whol e yeast chr omosomes separ at ed by or t hog-

onal f i el d gel el ect r ophor esi s ( OFAGE) as descr i bed by Car l e and Ol son

( 1985) . For gene di sr upt i on, t he 1, 170- bp CI aI f r agment cont ai ni ng t he f i r st

940 by of t he CDC48 ORF was r epl aced by a URA3 gene on a Hi ndI I I f r ag-

ment af t er f i l l i ng i n al l ends wi t h t he Kl enow f r agment of DNA- pol ymer ase

I . 10 kg of t he Hi ndI I I f r agment cont ai ni ng t he di sr upt ed CDC48 gene ( cor -

r espondi ng t o f r agment Ci n Fi g . 2) wer e t r ansf or med i nt o st r ai n DBY5460

and ur aci l auxot r ophs sel ect ed . Al t er nat el y, 10 Ag of a Bg1I I f r agment cover -

i ng t he upst r eampar t of CDC48 and cont ai ni ng a r ni ni TnI O- LUK i nser t i on

200 by upst r eam of t he EcoRl - si t e i nsi de t he CDC48 ORF wer e used f or

gene di sr upt i on . For conf i r mat i on of t he di sr upt i on, t ot al yeast DNA was

di gest ed wi t h Pst l and hybr i di zed wi t h a 1, 040- bp EcoRI - Hi ndI I I f r agment

adj acent t o t he Hi ndI I I - f r agment cont ai ni ng CDC48. The CDC48 ORF-

casset t e was const r uct ed as a Hi ndI I I f r agment by cut t i ng and f i l l i ng i n a

Hi nf l si t e 40 by upst r eam of t he CDC48 st ar t codon . 8- bp Hi ndf l l l i nker s

wer e l i gat ed t o t hi s si t e and a Dr al si t e 26 by downst r eam f r om CDC48.

Bot h ends of t he const r uct wer e conf i r med by DNA sequenci ng. For expr es-

si on i n yeast , t he casset t e was l i gat ed i nt o YEp52 and t r ansf or med i nt o a

di pl oi d yeast car r yi ng a CDC48 gene di sr upt ed wi t h URA3. Af t er spor ul a-

t i on, segr egant s wer e gr own on YEP cont ai ni ng 4%gal act ose.

For DNA sequenci ng, r est r i ct i on f r agment s of t he CDC48 genomi c r e-

gi on wer e subcl oned i n pUC18 and pUC19. Sequenci ng was conduct ed es-

sent i al l y as descr i bed by Sanger et al . ( 1977) usi ng t he pUCsequenci ng ki t

f r omBoehr i nger . Al l par t s wer e sequenced at l east t hr ee t i mes f r om di f f er -
ent cl ones, 85%on bot h st r ands .

Rel at ed sequences wer e sear ched f or i n t he Dayhof f dat abase usi ng t he

FASTP al gor i t hm of Li pman and Pear son ( 1985) .

I mmunol ogi cal and El ect r ophor et i cal Techni ques

I mmuni zat i on of r abbi t s and pr epar at i on of ser a wer e per f or med as descr i bed

i n Fr ohl i ch et al . ( 1989) usi ng 200 kg of pur i f i ed f usi on pr ot ei n f or each

i nj ect i on .

West er n hybr i di zat i on and ELI SA wer e per f or med as descr i bed ( Fr oh-

l i ch et al . , 1989) . Ant i - CDC48p ant i ser a wer e di l ut ed 1 : 625- 1 : 1, 250 f or

West er n hybr i di zat i on and 1: 250- 1 : 500 f or ELI SA. A pr el i mi nar y sur vey

of f i l t er s st ai ned by West er n hybr i di zat i on was conduct ed by usi ng pr e-

st ai ned mol ecul ar wei ght mar ker s . For t he cal cul at i on of mol ecul ar wei ght s,

unst ai ned mar ker s wer e appl i ed t o SDS- PAGE and st ai ned wi t h I ndi a i nk

( Hancock and Tsang, 1983) af t er t hei r t r ansf er t o ni t r ocel l ul ose. For i m-

munof l uor escence, cel l s wer e t r eat ed as descr i bed by Ki l mar t i n and Adams

( 1984) wi t h modi f i cat i ons . Af t er appl i cat i on t o pol yl ysi ne coat ed sl i des, t he

sampl es wer e ai r dr i ed i nst ead of bei ng t r eat ed wi t h met hanol / acet one . To

vi sual i ze t he mi cr ot ubul es, ant i body YOLI / 34 ( Ki l mar t i n et al . , 1982) ,

di l ut ed 1: 250, and af f i ni t y- pur i f i ed FI TC ant i - r at I gG 1 : 100 wer e appl i ed .

DNA was st ai ned by a 1- mi n t r eat ment wi t h 1 l +g di ami nophenyl i ndol e/ ml .

The Laemml i syst em ( 1970) wi t h a 6% acr yl ami de separ at i on gel was

used f or SDS PAGE. Gel s wer e st ai ned wi t h si l ver ( Oakl ey et al . , 1980)

f or det ect i on of t ot al pr ot ei n .

Cel l Fr act i onat i on

Yeast cel l s wer e f r act i onat ed accor di ng t o t he pr ot ocol of Gasser ( 1983) . I n
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Fi gur e 1. I ndi r ect i mmunof l uor escence wi t h ant i - t ubul i n mAb YOLI / 34 ( a and c) and DAR f l uor escence ( b and d) of yeast wi l d- t ype cel l s

( a and b) and cdc481 mut ant s ar r est ed at 14 ° C f or 14 h ( c and d) .

some cases ( ment i oned speci f i cal l y) , pr ot opl ast s wer e shaken wi t h an equal

vol ume of gl ass beads on a Vor t ex l abor at or y shaker ( Sci ent i f i c I ndust r i es,

I nc . , Bohemi a, NY) f or 20 s af t er homogeni zat i on wi t h a Dounce homog-

eni zer . The post mi t ochondr i al super nat ant was cent r i f uged at 49, 000 g f or

30 mi n ( 49 K pel l et ) , t he ( 49K) super nat ant was cent r i f uged at 177, 000 g

f or 90 mi n ( 177K pel l et ) , t he r esul t i ng ( 177K) super nat ant was r ef er r ed t o

as cyt opl asm. The pr ocedur e of I de and Saunder s ( 1981) was used f or t he

i sol at i on of yeast nucl ei .

Cont ami nat i on was cal cul at ed as t he r at i o of t he speci f i c concent r at i on

( cor r el at ed t o pr ot ei n) of a mar ker mol ecul e i n a cont ami nat ed f r act i on t o

t hat of t he f r act i on wher e i t i s expect ed t o be f ound. 98% of t he al cohol

dehydr ogenase ( Ber gmeyer , 1974) was f ound i n t he cyt osol and 1%i n t he

mi t ochondr i a . 97%of t he DNA ( det er mi ned by mi cr of l uor omet r y [ Cesa-

r one et al . , 1979] ) wer e f ound i n t he nucl ei and 3% i n t he mi t ochondr i a .

The cont ami nat i on of t he 49K and 177K pel l et s wi t h bot h mar ker s was

<2%. Gl ass bead t r eat ment di d not al t er t hese val ues mar kedl y .

Rat l i ver s wer e f r act i onat ed as descr i bed by Fl ei scher and Ker vi na

( 1974) , wi t h t he except i on t hat t he l i ver s wer e per f used bef or e cel l di sr up-

t i on ( Gebhar dt and Jung, 1982) . The f ol l owi ng mar ker mol ecul es wer e

used : l act at e dehydr ogenase f or cyt osol ( Ber gmeyer , 1974) , DNA f or

nucl ei , succi nat e dehydr ogenase f or mi t ochondr i a ( det er mi ned by r eact i on

wi t h 2- ( p- i odophenyl ) - 3- p- ni t r ophenyl - 5- phenyl t et r azol i um chl or i de ; Pen-

ni ngt on, 1961) , and NADPH- cyt ochr ome P- 450 r educt ase f or ER ( St r obel

and Di gnam, 1978) . Cont ami nat i on of ot her f r act i ons was <5 %f or l act at e

dehydr ogenase, <7% f or DNA, 12% f or succi nat e dehydr ogenase ( i n

smoot h ER) , and <5 %f or P- 450 r educt ase wi t h a sevenf ol d hi gher speci f i c

act i vi t y of t he enzyme i n smoot h t han i n r ough ER. The f r act i ons of " heavy"

and " l i ght " mi cr osomes bot h showed <3 %cont ami nat i on wi t h l act at e de-

hydr ogenase and succi nat e dehydr ogenase, <5% of DNA, and 60% and

20%, r espect i vel y, of t he P- 450 r educt ase l evel of t he smoot h ER.

Fr dhl i ch et al . CDC48p Member of Pr ot ei n Super f ami l y

Pr ot ei n Pur i f i cat i on

Pr ot ei n was det er mi ned wi t h t he Br adf or d assay ( Br adf or d, 1976) . I sol at i on

buf f er Hconsi st ed of 20 mMt r i et hanol ami ne/ hydr ochl or i de pH7. 5, 1 mM

EDTA, and 2 mMDTT.

Appr oxi mat el y 300 g of por ci ne l i ver wer e di sr upt ed i n buf f er Hcont ai n-

i ng 250 mMsucr ose by homogeni zat i on wi t h a 100 ml Pot t er - El vehj em t ype

t i ssue gr i nder . The homogenat e was f i l t er ed t hr ough a cot t on cl ot h and cen-

t r i f uged at 1, 000 g f or 15 mi n . The r esul t i ng super nat ant was cent r i f uged

at 12, 000 g f or 15 mi n and 100, 000 g f or 60 mi n . 1 g Cel i t e was added per

100 mg pr ot ei n, and t he suspensi on was st i r r ed f or 30 mi n . Ammoni umsul -

f at e was t hen added t o 40%sat ur at i on . The r esul t i ng sl ur r y was packed i nt o

a col umn ( 6- cm- di am) and el ut ed wi t h a 600- ml l i near gr adi ent of 40 t o

0% ammoni um sul f at e i n buf f er H. Fr act i ons cont ai ni ng CDC48 cr oss-

r eact i ng pr ot ei n wer e pool ed, di al yzed agai nst buf f er H, and appl i ed t o a

DEAE Sephacel col umn ( 3 x 6 cm) . The pr ot ei n was el ut ed wi t h a 600- ml

gr adi ent of 0- 500 mMNaCl i n buf f er H. Pool ed f r act i ons wer e di al yzed

agai nst 10 mMpot assi um phosphat e buf f er pH 7. 5 cont ai ni ng 3 mMmer -

capt oet hanol and appl i ed t o a hydr oxyapat i t e col umn ( 2 x 15 cm) . The

col umn was washed wi t h an 80- ml pul se of 500 mMNaCl i n phosphat e

buf f er and el ut ed wi t h a 10- 250 mMpot assi umphosphat e gr adi ent . Af t er

di al ysi s agai nst buf f er H, t he pr ot ei n was concent r at ed f i vef ol d by bi ndi ng

t o and pul se el ut i on f r oma 5- ml DEAE Sephacel col umn . The concent r at ed

pr ot ei n was appl i ed t o a 2 x 100 cmSephacr yl S 300 gel f i l t r at i on col umn.

For pur poses of mol ecul ar wei ght det er mi nat i on wi t h t hi s col umn, 1 mg

each of t hyr ogl obul i n, apof er r i t i n, cat al ase, al cohol dehydr ogenase, and cy-

t ochr ome c was added per ml of t he i sol at ed pr ot ei n . Yeast CDC48p was

pur i f i ed f r om150 g of yeast st r ai n DBY877 gr own exponent i al l y on YEPD

usi ng a modi f i ed ver si on of t he pr ocedur e descr i bed above . The modi f i ca-

t i on consi st s of usi ng 20 mMTr i s/ HCI pH7 . 5 cont ai ni ng 1 mMEDTA and
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2 mMmer capt oet hanol i nst ead of buf f er H. The yeast cel l s wer e di sr upt ed

by mi xi ng wi t h an equal vol ume of gl ass beads i n a War i ng bl ender f or 60 s.

The super nat ant was t hen cent r i f uged at 22, 000 g f or 15 mi n . Af t er el ut i on

of t he pr ot ei n f r om t he hydr oxyapat i t e col umn, ammoni um sul f at e was

added t o 30% sat ur at i on . The r esul t i ng sol ut i on was appl i ed t o a phenyl

sephar ose col umn ( 2 x 10 cm) , and el ut ed wi t h a 300- ml gr adi ent 30%

ammoni umsul f at e/ 0% et hyl ene gl ycol t o 0%ammoni um sul f at e/ 50% et h-

yl ene gl ycol i n Tr i s buf f er . The pool ed f r act i ons wer e concent r at ed and

pur i f i ed by gel chr omat ogr aphy as descr i bed above.

Resul t s

Hi st ol ogi cal I nvest i gat i on of t he cdc48 Mut ant

cdc48- 1 mut ant s wer e cel l cycl e ar r est ed at 14° C f or 14 h and

st ai ned wi t h DAPI and f l uor escei n- l abel ed ant i - t ubul i n ant i -

body . I n most cel l s, bundl es of mi cr ot ubul es wer e det ect ed

pr ot r udi ng f r om an unsepar at ed spi ndl e pol e body and spr ead-

i ng aber r ant l y t hr oughout t he cel l . As a cont r ol , wi l d- t ype

cel l s i n t he st age of nucl ear di vi si on showed one shor t mi -

t ot i c spi ndl e i nsi de t he nucl eus connect i ng separ at ed spi ndl e

pol e bodi es ( Fi g . 1) .

, kbp
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Fi gur e 2 . Rest r i ct i on map of t he CDC48 genomi c r egi on . Ar r ows mar k r ange and or i ent at i on of t he cl oned i nser t s, poi nt i ng cl ockwi se

i n YCp50. Fr agment s used as hybr i di zat i on pr obes ( A and D) , or i n gene di sr upt i ons ( B and C) ar e mar ked wi t h br acket s .

I sol at i on and Char act er i zat i on of t he CDC48 Gene

The CDC48 gene was cl oned f r oma yeast genomi c l i br ar y

based on t he vect or YCp50 ( Rose et al . , 1987) by com-

pl ement at i on of t he mut ant col d sensi t i ve phenot ype . Seven

cl ones gave pl asmi ds wi t h f our di f f er ent i nser t s ( pRB543 t o

pRB546) , al l of whi ch over l apped i n a r egi on of 5 . 8- kbp

l engt h ( Fi g . 2) . Thi s r egi on was subcl oned by cut t i ng pl as-

mi d pRB546 wi t h XhoI and r el i gat i on . The r esul t i ng con-

st r uct pRB547 was of YRp t ype l acki ng t he YCp50 CEN r e-

gi on and t he URA3 gene.

Mi ni Tn10- LUK mut agenesi s was appl i ed f or a mor e pr e-

ci se l ocal i zat i on of t he CDC48 gene on pRB547. The r esul t s

have been publ i shed pr evi ousl y ( Hui sman et al . , 1987) . The

r ange essent i al f or gene f unct i on was mapped t o a r egi on of

2470 t o 2590 by i n si ze. Eval uat i on of t he Mi ni Tn10 coded

/ 3- gal act osi dase act i vi t y det er mi ned t he di r ect i on of t r an-

scr i pt i on and i ndi cat ed t hat gene expr essi on shoul d be ver y

l ow.

Sout her n hybr i di zat i on usi ng an EcoRI 0. 66- kbp f r agment

( Fi g . 2, f r agment A) l ocal i zed at t he begi nni ng of t he essen-

f - 1- 1zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" - 1- - f
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Fi gur e 3. ( a) Sequenci ng st r at egy, ( b) r est r i ct i on map and pot ent i al open r eadi ng f r ames ( ORF Upst r eam of CDC48, CDC48, ORF Down-

st r eam f r om CDC48) of t he sequenced genomi c f r agment , and ( c) subcl oned CDC48 ORF- casset t e .

F- y

a Sequenci ng st r at egy

Bgl l l

b ORFanal ysi s of

sequenced ar ea

c CDC48- ORF casset t e



1 GGAAACAAATOGGCTATGCAAAAGGTATAGATCGACATAGTCAGTGCCCATCTTCTTCAAAGCTAAATCTAOTCCATCCGCTOGGGAATCTGACATCTTGATTTGAOGTGAGTACTTGT

120 CTGTCAAGAATATTOCATTTCTTOGTTTTTCOGTGAGGCTAAGTOCCTTOOCAACTTCTOGATATOTTCTGTAGATCTCAGCAOCATCAATGTGAATAATGCCAGGTAACTTCAGAOCAT

240 AAACAATCTOTTCGACCAAACTGTTCOAAAAGOTAOCAT000TTTCTTCGTTTTTATACCATCTAOTACCTGTCCCAATGATGGCGATTGCGGGGATTTTATTTCCATTATTCAAGOTAA
360 AOAACTGTTGGTGAAATOACATCTOTAAAAGTOTTOTTAACTGACCTCCGTTTCTTTAGGOTAACACAACCGTTTACATGTOTATCCATATCCACGTAGTATCCGACTATCAATATATCC

480 GTATATATATATATATATATATGOGATOAGCOTATGTOAGTGTTTTCGTAOATATTCAAAATACGAGTAAAOOAGATCCTAGGTGTGGATTAGTAAGGGGAOTGTGOCAACTTCCTTTTT

600 CCGOGTTAATTCTCCGCGCTTTCGTTAGACTATTTTGCAAGGACCCAAATAGGAGACGCATGGAOOCTTCTACAAAACAGCGTOCCGTTTTGATGOCATGAOCAGGOGGCGCAAAGGAAA

720 CACCGGTAAATCGCGCAAGACCTTGTTGOCCACGTAGCCTCAAAGOTTGAATTGACACTTGTCTACAGAACTTGAAAAOTACAAAAGOAGGTCACATAAAACAGTAAGCTTGAGAAOCTT

840 TAAGATATGOTGCGAATCGTTACAGAATATTCCTTGCAGAAATAATGOCGGGTCCGTTCTCTTCTGAAGAAGTTACCGCCCTACTGAAGCATTOCTGTACGATCGTGTAATGTGATOTGT

960 OTTCGACTGGAAAGCGGAGAACATTATGAAGTAAAAGOACAATCAOCACGCCTTCCAGACTTTTAAGAAACATTGATGGAOCCATTGATATCGOCACCOTACCTAACI WCAACAAAAATG
M E P L I S A P Y L T T T K N

1080 TCTOCTCCTGCTACOCTTGATOCTOCCTGTATTTTTTGCAAGATTATT

	

TATOTCACATTACTAATAAAGAOCTTACACTCACACCAATGAT000GATAGTCTCTATGTAOTACAT
16 S A P A T L D A A C I F C K I I

1200 ATACATAAAOCAGAATHCTAMAATCGATCCGCTATOCAACA

	

OAAATTCCATCCTTCAI I ATTOATTGAAACAAAOTACTCGTATGCTTTCTTGOACATCCAACCTACTGCTGAAGGT
E I P S F K L I E T t t Y S Y A F L D I Q P T A E O

1320 CATOCTTTAATCATTCCTAAGTACCATGGTGCGAAGTTGCATOACATCCCOGACGAATTCCTTACCGATGCTATOCCGATTOCCAAGAGACTGOCCAAGC; CAATGAAGTTGGACACTTAT
59 H A L I I P K Y H G A K L H D I P D E F L T D A N P I A K R L A K A M K L D T Y

1440 AATGTGTTOCAGAATAATGGTAAAATTGCGCATCAAGAAGTCOACCACOTCCACTTCCATTTGATTCCTAAGAGAGATGAGAA" GTGGTTTOATTGTAGOGTOOCCAGCCCAAGAAACG
99 N V L Q N N G K I A H Q E V D H V H F H L I P K R D E K S G L I V G W P A Q E T

1560 GACTTCGATAAGTTGGGCAAGCTACACAAGGAATTGCTT000AAACTAGAAGOCTCCOATTAGAGTAATOCATOCTATGATTTCTTTTAGCGTTTTCTTTTCATATTTAAGTTTATACAT
139 D F D K L G K L H K E L L A K L E O S D

1680 ATGGGTGTOTTTOCTTCCATTCATATCCACTCTATAATOCTAACAATCATGTTACTAGCCATCGTTOCTATCGATACCTTATGAACAOCTCTAACTCCTTCCTTTTTAACCTACCOCCTT

1800 TTGCGCACTACCCGGCAACCCCTCGAATGTGAATTCOGTGGCAAAAAAOGACATATATCAGOGCCGTC3TATTTAAGAGATCCGCAGTTGATGTAGTCAATTAATCTAGTTCTATTAAGAT

2040
22

2160
U 62
Q 2280

102U
2400

142

2520
182

2640

222
2760

262

2880
302

3000
342

3120
382

3240
422

1920 TTGACTCAACGCCATTGACTCGATAACTGGCTCAACTACAAGACAGATATACAAATCATGOGTGAAGAACATAAACCACTTTTOGACGCCTCGGTGTCGACCTGTGAGGAGGATAAAACC
M G E E H K P L L D A S V S T C E E D K T

OCCACCOCCATTTTAAGAAGAAAGAAGAAGGACAACATOCTTTTOOTGGACGATOCTATCAATGATGACAATTCTOTCATTGCTATTAATTCTAACACCATGGACAAATTGGAATTGTTC
A T A I L R R K K K D N N L L V D D A I N D D N S V I A I N S N T M D K L E L F

CGTOOTOACA000TTCTCGTTAAOGGCAAGAAGAGAAAAGATACTGTCTTAATTOTGTTGATCGATGACGAATTAGAAGACOGAGCATOCAOGATAAA000TOTAGTTCOTAACAATTTA
R O D T V L V K G K K R K D T V L I V L I D D E L E D G A C R I N R V V R N N L

CGTATTAGGCTGGGTGATTTAGTTACAATTCATCCTTGCCCCGATATCAAATACOCTACTAGAATTTCTGTGTTACCAATTOCTGATACGATCGAAGGTATAACTGGTAATCTTTTCGAT
R I R L G D L V T I H P C P D I K Y A T R I S V L P I A D T I S G I T G N L F D

OTTTTTTTC3AAGCCTTATTTTGTGGAAGCCTACAGACCAGTGAGGAAAGGCGACCATTTTGTTGTCAGAGGCGGTATOAGACAAGTCGAATTCAAGGTTGTOGATOTCGAACCTGAAGAA
V F L K P Y F V E A Y R P V R K O D H F V V R G G M R Q V E F K V V D V E P E 8

TATGCCGTCOTTOCTCAGGATATTATTATTCACTGGGAAGGTGAGCCAATCAACAGOOAAGATGAAGAAAATAATATGAATGAGGT000TTACGATGATATTGGTOGTTGTCOTAAGCAA
Y A V V A Q D I I I H W E G E P I N R E D E E N N M N E V G Y D D I G G C R K Q

ATGOCTCAAATTAGGOAAATOOTTGAACTACCATTGAGACATCCTCAGTTGTTCAAGGCTATCOOTATCAAGCCACCAAGAOGTGTTTTOATGTATOGTCCCCCTGGTACTOGTAAAACC
K A Q I R E M V E L P L R H P Q L F K A I G I R P P R G V L M Y O P P G T G K T

TTGATGOCAAGAOCTGTTOCTAATGAGACCOGTGCCTTTTTTTTCTTAATTAATGGTCCAGAAGTCATGTCAAAAATGGCTOGTGAATCAGAGTCTAACTTAAGAAAGGCCTTTGAAGAA
L K A R A V A N E T G A F F F L I N G P E V N S K M A G E S E S N L R K A F E E

GCCOAAAAGAACOCTCCAGCCATCATTTTTATCGATOAAATCOATTCTATAOCTCCAAAGAGAGACAAGACTAATGGTGAAGTTGAGAGAAGAGTTGTCTCTCAATTGTTAACTTTAATG
A E K N A P A I I F I D E I D S I A P K R D K T N G E V E R R V V S Q L L T L M

OATGGTATGAAOGCAAOATCTAATGTTGTTGTCATTOCTOCTACCAATAGACCAAATTCGATTGATCCCOCTTTAAGAAGATTTOOTAGATTCGATCOTGAAOTCGACATTOOTATCCCA
D G M K A R S N V V V I A A T N R P N S I D P A L R R F G R F D R E V D I G I P

GATOCTACAOOTAGACTTGAAGTTCTACGTATTCACACCAAGAACATGAAGTTGGCTGATGATGTTGATTTGGAAGC. ATTGGCTGCTOAAACACACOGTTACGT000TGCTGATATTGCC
D A T G R L E V L R I H T K N M K L A D D V D L E A L A A E T H O Y V G A D I A

TCTTTGTGTTCTGAAGCT000ATOCAACAGATCCGTGAAAAAATGGACTTGATAGATTTAGATGAAGATOAAATTGATGCAGAGOTOCTCGATTCTTTAGGAGTCACCATOOACAACTTC
S L C S E A A N Q Q I R E K M D L I D L D E D E I D A E V L D S L G V T M D N F

3360
462

3480
502

3600

542
3720

582
3840

622
3960

662

4080
702

4200

742
4320

762 Q N K A S R O Q F S N F N F N D A P L G T T A T D N A N S N N S A P S G A 0 A A

4440 TTTGOTTCTAATGCGGAGGAAC3ATGATGATTTOTATAGTTAOTTATAT000AGGTATATTTTTATTTTAAATCOTAAATTCAAGTCATTTCTATAAAAAAAATCGTCAATTTTAACTCAA
822 F G S N A E E D D D L Y S

4560 TATTTTATGGCCCTTTTTTAATAATTTAATTTTCAAATTTOTCAAAAAAAOGAOAGCTAAATCATTAGAAAAAGAATGCATTATOGTATATTTATGTATATTAATATGTAAAATAAOAAA

AGATTCOCATTOGQCAATTCAAACCCATCTGCATTGCOTGAAACCOTTGTTGAAAGTOTCAATGTTACTTOMATGACGTTOOTOOCCTAGATOAAATCAAGGAGOAATTGAAGGAAACT
R F A L O N S K P S A L R E T V V E S V N V T W D D V G G L D E I K E E L K E T

GTAGAATACCCAGTCTTACATCCAGACCAATACACAAAGTTTGOOTTATCACCATCAAA000TGTOTTGTTCTACGGTCCACCAGGTACAGOTAAAACTTTGTTAOCAAAAGCTGTAGCT
V E Y P V L H P D Q Y T K F G L S P S K G V L F Y G P P G T G K T L L A K A V A

ACTGAOOTTTCTGCCAACTTTATCTCAGTCAAAGGTCCAGAATTATTGAGTATGTOGTATOGTGAAT000AATCTAACATCCOTGATATTTTTGATAAGGCAAGAOCAOCTGCACCAACC
T E V S A N F I S V K G P E L L S M W Y G E S E S N I R D I F D K A R A A A P T

GTCOTTTTTCTAGATGAATTAGACTCCATTOCCAAGGCAAGAGGTOGTTCCTTOOGTOATGCTCN3TGGTOCTTCOGATAGAOTCGTCAACCAACTATTAACAOAAATCi GATOOTATGAAT

V V F L D E L D S I A K A R G G S L G D A 0 G A S D R V V N Q L L T E N D G N N

OCTAAGAAAAATGTOTTCGTGATTOOTGCCACCAATAGOCCAGATCAAATTGATCCTGCTATTTTAAOACCTGOCAGATTGGATCAATTAATTTATOTTCCATTOCCAGATOAAAACOCT

A K K N V F V I G A T N R P D Q I D P A I L R P G R L D Q L I Y V P L P D E N A

AGATTATCTATTCTAAATGCTCAATTAAGGAAAACACCACTAGAACCAGGGCTAGAGTTAACTGCGATTOCCAAOGCCACTCAAGGTTTCTCTGGTGCTGATTTACTCTATATTOTOCAG
R L S I L N A Q L R K T P L E P G L E L T A I A K A T Q G F S G A D L L Y I V Q

AGOOCTGCTAAATACGCTATCAAOGATTCTATCGAAOCTCACAGACAACACGAAGCTGAAAAGGAAGTGAAAGTAGAAGGTGAAGACOTOGAAATGACAGATOAGOOAOCAAAGOCTGAI L
R A A K Y A I K D S I E A H R Q H E A E K E V K V E G E D V E M T D E G A K A E

CAAGAACCAGAAGTAGATCCTOTTCCATATATTACAAAGOAOCATTTCGCAGAAGCTATGAAGA000CTAAACGTTCTGTTTCAOATGCTGAATTGCOTCGTTATGAAOCATACTCACAG

Q H P E V D P V P Y I T K E H F A E A N K T A K R S V S D A E L R R Y E A Y S Q
CAAATGAAAGCATCTAGAGGTCAATTCAGTAATTTCAACTTTAATOACOCTCCATTAGOTACTACOOOTACOGACAATGCTAACAGTAATAATAOTOCTCCAAGTOGAOCAGGTOCTOCA

O

4680 AAAGGGAGGCTOTAGGACCTCOOTCGTAAC3AACA_T_T_TACCTGTGTTCTT000CCTTTTCCOAAAGTOCC: ATGAAGAAACOCAOOCCAGGCATAAT' TTCGACATTTAAAATCACOATTTGA

R H E E A K E S L A N F F R L G P N I E V N L I V I Q
4600 AOTAATTTGACCAATTCGATTTCTTTACTTTTGTATCTTCTTTTATTACTOTTGTTTAACCCAOTTTTCAAGATCACAGGGCGCOCTTTACTAAAATTAAAAGGCTTAATTOTCOGTATT

305L L K V L E I E K S K Y R R K K S N N L O T K L I V P R A K S F N F P K I T P I
4920 GOCCTATTTTCCTTGTTATCGTGTTTGGAOTCTATOTTOTATOTTCGCOGAGAAAACTTOTCGCTAATOTTATTGGATTCGTGTAGTTCGGOCAAAGTTCOTATTCTGTTACTATAATTG

265P R N E K N D H K S D I N Y T R P S F K D S I N N S E H L E P L T R I R N S Y N
5040 GATAAATTCGATCTTCTAGATTCCAACGTGOAGAGOGTCGAAOTOGAAGCTAAAGATOGGATAOACATATTOGACGATOAGCGCGAAT000AAATOGATC; TTTTGTTTACTATGTCTTTT

225S L N S R R S E L T S L T S T S A L S P I S K N S S S R S H S I S T K N V I D K
5160 TCTTGAOCAGAAAAATTTTTCAACGTGCGACAOTCTCTTTOCOATTTOTACAACTGCTCCTCTTTGATAGGCTTCAAGAATGGCGAGAGACATGTAATTAAATCATCTGTOOAAATOGTG

105E Q A S F N K L T R C D R Q S K Y L Q E E K I P K L F P S L C T I L D D T S I T
5280 ACOTCCCAATCAAAATATTCTAATAOTTCCCTTTCAATAGTATTAACCTCCCTTAGGATGAGAAGOC: CGTCCOTATATTCGOCCCAGTGTTTOTTAAGAGGWAGGAATCATTTAACGTT

145V D W D F Y E L L E R E I T N V E R L I L L 0 D T Y E A W H K N L P S S D N L T
5400 TTTOCAOCTAATATTAGOCAACCTAAGAATATTCTATOCCTOOTGOTCTCTATACCATAAACOTTACTCOGTATTATTGATCTTAATTTGOCCAAATATACAGAGGTAOCCATCAGAGTC

105 K A A L I L C G L F I R H R T T E I G Y V N S P I I S R L K A L Y V S T A M L T
Cr 5520 OGAOTTTGAACOTTAGAATGCTTGATCAOTCTGTTGATGAATTTAOTCAACOGTGGTGCTOGCAATGCAATATCTATCATACTATTCGTCTTCTTAATTTTGATAATOGAAGCTGTGGTC

65 P T Q V N S H K I L R N I F K T L P P A P L A I D I M S N T K K I K I I S A T T
5640 GATGCTAGATATTOCACCATTTCCTTAGATACAOCCTTCCTATTGAATTTCAGCAA000TTCOTAGTTTGACATCTTTTGTAGTAAAAAGTTGCTGCCGTATTGAAATTOCTCTTGTCGG

25S A L Y Q V M E K S V A K R N F K L L A E Y N S N

5760 ATCAGGTTGTTTAGCACCOGGTCTTACTTTTATAAAGGAGAATTATAAAGTOAAAGAAAGGAGAACTTATAAGACTAAAGAAAAAJWCACTTAAGAAGCACTTAAACTTGCATTAGATGT

5880 GTAAATCGATCAACCTGTAACATOTTTGAGGAAGGTCTCACACOTCT000AAGTTACAOCTACCACTTAGCGTGTCTGCGOGAACAATAOATCTCTTCCCAATTTOCACTAAATAGGTAA

6000 CTAGCCAGGCCTATAAAAATCTTCGAGCGGAGAATTGACCGTAGTATCTOCCAAAAAAATCCACCTGCACCAGCATTTTTCGTGTTACGCGAAGTCTACTTTTCGCOTCATCAAAAGACG

6120 CTATAAAAATATAOCTOGOCTAATTTTATTCTATAOCTGGCCATTTTTTTATGCGATATCTGCTOGTTTTTTACAOCTGGAATGCCGTOACAGATGTAACAAGAATGTGTTTCAOCTGOC

6240 ATTCTCACTCAGAAATOTAAGOCTAAAATCCOCTAAAATAGGGCTTCOCGTCTCATGATCTATTCACATTTGTTTCTAATAAACTATACTACAAAACGAAATTCTOTTGTOCAATGATGT

6360 AGGAAOCTCCATOAATTTGAOCAAAATTCCTAAATATTCTCOTTGTAATGAATAACGTTA000TGAACAGTGCAGCAAAGCAGCTGATGTOCTOCAAGAAGAACACGAGCTGTAGTTGAG

6480 AAGCTT

Fi gur e 4. Nucl eot i de sequence of t he CDC48 genomi c r egi on and ami no aci d sequence of t he pot ent i al open r eadi ng f r ames . The pot ent i al

i nt r on i n ORF Ui s i ndi cat ed by br acket s, t he cor r espondi ng consensus sequences ( Langf or d et al . , 1984) ar e mar ked by dot s . Li kel y CDC48

pr omot er sequences ( Dobson et al . , 1982) ar e under l i ned, l i kel y t er mi nat or consensus sequences ( Bennet zen and Hal l , 1982b ; Zar et and

Sher man, 1982) ar e mar ked wi t h dashes. These sequence dat a ar e avai l abl e f r om EMBL/ GenBank/ DDBJ under accessi on number X56956

YEAST CDC 48 GENE.

Fr dhl i ch et al . CDC48p Member of Pr ot ei n Super f ami l y
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Cdc4B . Pep ck: 7174, 1 t o 834

Fi gur e 5. Sel f homol ogy pl ot of t he CDC48 pr ot ei n showi ng t he i n-

t er nal dupl i cat i on . Dot s mar k i dent i t y of at l east 8 ami no aci ds i n

a st r et ch of 11 .

t i al r egi on of CDC48 as a pr obe showed t hat t he gene i s pr es-

ent i n one copy per hapl oi d genome . Hybr i di zat i on of yeast

chr omosomes separ at ed by or t hogonal f i el d agar ose gel el ec-

t r ophor esi s ( OFAGE; Car l e and Ol son, 1984, 1985 ; Schwar t z

and Cant or , 1984) mapped t he gene t o chr omosome I V ( dat a

not shown) .

The chr omosomal copy of t he CDC48 gene was di sr upt ed

( Rot hst ei n, 1983 ; Shor t l e et al . , 1982) by i nt egr at i on of

t r ansposon Tn10- LUK or by r epl acement of an i nt er nal C1aI -

f r agment ( Fi g . 2, f r agment B) wi t h URA3. Af r agment bear -

i ng CDC48: : Tn10- LUKor CDC48: : URA3, r espect i vel y, was

t r ansf or med i nt o di pl oi d st r ai n DBY5460, het er ozygous f or

t he col d sensi t i ve cdc48- 1 mut at i on, and r epl aced a chr o-

mosomal copy vi a homol ogous r ecombi nat i on . I n bot h con-

st r uct s, - 50% of t he Ur a+ t r ansf or mant s had acqui r ed a

col d- sensi t i ve phenot ype, i ndi cat i ng a di sr upt i on of t he

CDC48 wi l d- t ype al l el e. The DNA was di gest ed wi t h Pst I

and hybr i di zed wi t h an EcoRI - Hi ndI H f r agment ( Fi g. 2,

f r agment D) adj acent t o, but not over l appi ng wi t h t he f r ag-

ment used f or t he gene di sr upt i on . I n bot h t he col d sensi t i ve

and t he non- col d- sensi t i ve di sr upt ant , t he same addi t i onal

band of expect ed si ze ( 2 . 8 kbp) was l abel ed as compar ed wi t h

wi l d- t ype cel l s . Thi s shows t hat t he cl oned gene i s i ndeed

CDC48and not an ext r ageni c suppr essor of cdc48- 1 . Al l vi a-

bl e spor es of t he di sr upt ant s wer e Ur a and di spl ayed t he

same t emper at ur e dependency of gr owt h as t hei r di pl oi d pr o-

geni t or . The spor es car r yi ng t he di sr upt i on onl y pr oceeded
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t hr ough one, i n some cases t wo, cel l cycl es, ar r est i ng as t i ny

cel l s wi t h si ngl e buds of equal si ze as t he mot her cel l s . Thi s

pr oves t he essent i al r ol e of CDC48 and r ul es out ef f ect s due

t o t he mut ant al l el e .

DNA Sequence Anal ysi s

A r egi on of 6, 485 by encl osi ng t he CDC48 gene was se-

quenced f r omdoubl e st r anded DNAusi ng t he chai n t er mi -

nat i on met hod of Sanger et al . ( 1977 ; Fi g. 3 a; Fi g . 4) . A

l ar ge r egi on was sequenced t o pr event t he over si ght of a

pot ent i al upst r eam r egul at i ng sequence ( Guar ent e, 1984) or

ot her cel l cycl e genes i n pr oxi mi t y, as descr i bed f or CDC9

and CDC36 ( Bar ker et al . , 1985) . An open r eadi ng f r ame

of 2, 505 bases was det ect ed ( Fi g . 3 b) codi ng f or a pr ot ei n

of 834 ami no aci ds and wi t h a mol ecul ar wei ght of 91, 713 .

The codi ng r egi on cor r esponds exact l y i n si ze and posi t i on

t o t he r egi on essent i al f or CDC48 f unct i on as det er mi ned by

TWO- mut agenesi s .

The pr omot er r egi on cont ai ns t he t ypi cal consensus el e-

ment s ( Dobson et al . , 1982) , t hough wi t h i nconsi st enci es

( GGCAACCCat - 164 i nst ead of GGPyCAATCT, ATATAT

at - 125 and TATTTAA at - 109 i nst ead of TATAT/ AAT/ A) ,

i mpl yi ng weak gene expr essi on . Apot ent i al gene cont ai ni ng

an i nt r on consensus sequence ( Cel l i ni et al . , 1986 ; Langf or d

et al . , 1984) i s l ocat ed onl y 354 by upst r eam of CDC48, r e-

st r i ct i ng t he ar ea f or CDC48 upst r eam r egul at or y sequences .

ATn10 i nser t i on l ocat ed 30- 50 by upst r eam of t he CDC48

st ar t codon di d not abol i sh t he abi l i t y of pl asmi d pRB547 t o

compl ement t he cdc48- 1 phenot ype.

The CDC48 t er mi nat or showed t he consensus sequences

TAAAATAAG 188 by downst r eamf r omt he st op codon ( Ben-

net zen and Hal l , 1982b) , and a T- r i ch r egi on downst r eam

f r om t he st op codon ( 48 of 102 r esi dues) f ol l owed by TAG

( 143 by downst r eam) , TATGT ( 183 by downst r eam) , an

A- r i ch r egi on ( 12 of 14 r esi dues) , and TTT ( 233 by down-

st r eamf r omt he st op codon; Zar et and Sher man, 1982) . An

open r eadi ng f r ame downst r eamf r omand or i ent ed i nver sel y

t o CDC48 seems t o use t he same r egi on f or i t s t er mi nat i on .

The r easonabl y hi gh codon bi as i ndex ( a measur e f or t he bi as

t owar d codons homol ogous t o t he maj or yeast i soaccept or

t RNA speci es and an i ndi cat or f or t he expr essi on l evel of t he

gene, Bennet zen and Hal l , 1982a) of bot h open r eadi ng

f r ames bor der i ng CDC48 ( 0. 31 f or t he spl i ced ORF, 0. 13 f or

t he ORF downst r eam f r omCDC48) make t heml i kel y candi -

dat es f or f unct i onal genes. Adat abase sear ch di d not r eveal

si gni f i cant si mi l ar i t y of ei t her of t hese t wo t o known genes .

Anal ysi s of t he CDC48 pr ot ei n r eveal ed no pot ent i al mem-

br ane spanni ng hydr ophobi c st r et ches or si gnal sequences

f or an i mpor t t o t he ER. Two per f ect consensus sequences

f or nucl eot i de bi ndi ng ( Fr y et al . , 1986 ; Gor bal enya and

Kooni n, 1989 ; M611er and Amons, 1985) wer e f ound, par t

of an i nt er nal dupl i cat i on of t i 200 ami no aci ds ( Fi g . 5 ; Fi g .

6 b) .

Fi gur e 6. Pr ot ei n sequence al i gnment of CDC48p, VCP, Sec18p, NSF, TBP- 1, and Pasl p. TBRl has been al i gned t o bot h copi es of t he

r egi on of si mi l ar i t y ( A and B) . The nucl eot i de bi ndi ng mot i f s ( Gor bal enya and Kooni n, 1989) ar e mar ked wi t h a br acket . ( a) Over vi ew:

The degr ee of i dent i t y i s di spl ayed usi ng a gr ayscal e . The por t i on of ami no aci d r esi dues i dent i cal t o CDC48p i s cal cul at ed, st ar t i ng at

t he ami no t er mi nus, wi t hi n over l appi ng segment s of 20 r esi dues di spl aced f r om each ot her by one r esi due . Val ues <20% i dent i t y ar e di s-

pl ayed by whi t e, val ues >80%by bl ack . Bet ween t hese t hr eshol ds, gr ay val ues equi val ent t o val ues of i dent i t y ar e di spl ayed . ( b) Det ai l ed

al i gnment : ami no aci ds i dent i cal t o CDC48p ar e boxed .

v - 600

m

400

n

a
m
Q

U





A comput er sear ch of sequence dat abases yi el ded t hr ee

pr ot ei ns wi t h a hi gh degr ee of i dent i t y t o CDC48p, namel y

VCP f r ompi g ( Kol l er and Br ownst ei n, 1987) , Sec18 pr ot ei n

f r om yeast ( Eakl e et al . , 1988) , and NSF ( Becker s et al . ,

1989 ; Di az et al . , 1989) f r omchi nese hamst er . Al l of whi ch

pr ot ei ns shar e t he i nt er nal dupl i cat i on and t he t wo nucl eot i de

bi ndi ng domai ns . Thr ee ot her r el at ed pr ot ei ns, t he Xenopus

l aevi s anal ogue of VCP ( Pet er s et al . , 1990) Pasl pr ot ei n

f r omyeast ( Er dmann et al . , 1991) , and human TBP- 1 ( Nel -

bock et al . , 1990) , have been descr i bed r ecent l y .

VCP f r ompi g shows a 69. 5 %i dent i t y t o t he CDC48p over

t he whol e l engt h of t he pr ot ei n ( Fi g . 6) . VCP i s a pr ot ei n of

806 ami no aci ds wi t h a mol ecul ar wei ght of 88, 660 and

f ound i n ever y t i ssue yet exami ned ( e . g. , adr enal cor t ex and

medul l a, i l eum, cer ebel l um, hear t , l i ver ) . The Xenopus

l aevi s anal ogue of VCP has been det ect ed i n t he cyt opl asm

and i n t he nucl eus of eggs as a homool i gomer of about si x

subuni t s wi t h a sedi ment at i on const ant of 14- 15S ( Pet er s et

al . , 1990) .
The r egi on of i dent i t y of Secl 8p and NSF t o t he CDC48

pr ot ei n cover s t he i nt er nal dupl i cat i on cont ai ni ng t he t wo

pot ent i al nucl eot i de bi ndi ng si t es ( degr ee of i dent i t y 33. 8

f or CDC48p/ Secl 8p and 34 . 5 %f or CDC48p/ NSF i n a r ange

of 373 and 372 ami no aci ds, r espect i vel y) . I dent i t y i s most

pr onounced i n t he f i r st r epeat ( 46. 6% i dent i t y f or CDC48p/

Secl 8p and 47. 7% f or CDC48p/ NSF i n a r ange of 178 and

176 ami no aci ds, r espect i vel y) . The ami no- and car boxy-

t er mi nal r egi ons show no obvi ous si mi l ar i t i es ( Fi g . 6) .

PAST i s a yeast gene r equi r ed f or per oxi some assembl y .

The pr edi ct ed pr ot ei n sequence al so cont ai ns t he dupl i cat i on

and t he nucl eot i de bi ndi ng domai n, t hough wi t h a l ower de-

gr ee of conser vat i on f or t he f i r st and a hi gher f or t he second

r epeat . The i dent i t y i s 52 . 3 %of 109 ami no aci ds compar ed

t o CDC48p i n t he r egi on car boxy- t er mi nal f r omt he second

nucl eot i de bi ndi ng domai n ( ami no aci ds 798- 913 of Pasl p,

ami no aci ds 588- 696 of CDC48p) , a r egi on whi ch shows

ver y l i t t l e homol ogy bet ween CDC48p and NSF/ Secl 8.

TBP- 1 i s a human pr ot ei n l ocal i zed mai nl y i n t he nucl eus

whi ch i nt er act s wi t h t he HI V t at gene pr oduct and sup-

pr esses i t s t r ansact i vat i ng act i vi t y ( Nel bock et al . , 1990) .

TBP- 1 cont ai ns onl y one copy of t he r egi on whi ch i s dupl i -

cat ed i n t he ot her r el at ed pr ot ei ns . I t has an i dent i t y of 42 . 7

i n 239 ami no aci ds t o t he f i r st copy, and 37. 3 %i n 252 ami no

aci ds t o t he second copy of t he r epeat i n CDC48p. The r e-

gi on of homol ogy ext ends t o cl ose t o t he car boxy t er mi nus

of TBP- 1 .

I mmunol ogi cal I nvest i gat i ons and I nt r acel l ul ar

Local i zat i on of t he CDC48 Gene Pr oduct

To obt ai n ant i ser a agai nst CDC48 pr ot ei n, di f f er ent f r ag-

ment s of t he CDC48 open r eadi ng f r ame wer e f used " i n

f r ame" wi t h t he E. col i t r pE gene usi ng t he pATHvect or sys-

t em ( Di eckmann and Tzagol of f , 1985) and expr essed i n E.

col i . The di f f er ent f usi on pr ot ei ns pur i f i ed f r omSDS- PAGE

gel s wer e used t o r ai se ant i ser a i n r abbi t s .

On i mmunobl ot s of yeast cel l ext r act s, al l ant i ser a r ecog-

ni ze a pr ot ei n of an appar ent mol ecul ar wei ght of appr oxi -

mat el y 115, 000. The pr ot ei n was pr esent i n exponent i al l y

gr owi ng and i n st at i onar y cel l s and appear ed unchanged i n

cdc481 mut ant s i ncubat ed at 14° C f or 14 h .

The CDC48 gene was subcl oned wi t h onl y 40 bases i n

f r ont of and 26 bases af t er t he pr esumed open r eadi ng f r ame
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( CDC48 ORF- casset t e ; Fi g. 3 c) . The const r uct was cl oned

i nt o yeast expr essi on vect or YEp52 ( Br oach et al . , 1983) ,
a hi gh copy number pl asmi d car r yi ng t he hi ghl y i nduci bl e
and gl ucose r epr essi bl e GAI 10 pr omot er . The pl asmi d was

t r ansf or med i nt o a di pl oi d st r ai n car r yi ng a CDC48: : URA3

di sr upt i on . Af t er spor ul at i on, hapl oi d cl ones cont ai ni ng bot h

t he gene di sr upt i on and t he pl asmi d coul d gr ow on mi ni mal

medi a cont ai ni ng 4% l act at e or 4%gal act ose . No gr owt h
was obser ved wi t h 4%gl ucose as t he car bon sour ce. The
vect or al one di d not compl ement . West er n hybr i di zat i on

shows t hat gal act ose gr own cel l s cont ai n hi gher l evel s of

CDC48p t han wi l d- t ype cel l s and l act at e gr own cel l s cont ai n

much l ower l evel s . Thus, l ow l evel s of CDC48 pr ot ei n seem

t o suf f i ce f or i t s f unct i on, whi l e a hi gh l evel has no del et er i -

ous ef f ect on t he cel l . Thi s dependency of t he i mmunol ogi cal

si gnal on medi a condi t i ons pr oves t hat t he pr ot ei n det ect ed

wi t h t he ant i ser a i s i ndeed t he CDC48 gene pr oduct . I n r at

and por ci ne l i ver ext r act s, t he ant i bodi es st r ongl y and speci -

f i cal l y st ai ned a pr ot ei n wi t h an appar ent mol ecul ar wei ght

of appr oxi mat el y 100, 000 .

I mmunof l uor escence st ai ni ng of yeast and por ci ne cel l s
wi t h t he ant i ser a r esul t ed i n onl y a weak backgr ound st ai n-

i ng. Thi s coul d be due t o a speci f i ci t y of t he ant i bodi es f or

CDC48 pr ot ei n denat ur at ed by SDS t r eat ment or boi l i ng. I t

may be t he r eason why t he ant i ser a di d not pr eci pi t at e

CDC48 pr ot ei n f r om cel l ext r act s .

The CDC48 gene pr oduct appear s t o be much l ar ger t han
expect ed f r omt he DNA sequence dat a . Tuni camyci n, an i n-

hi bi t or of N- gl ycosyl at i on, had no ef f ect on t he pr ot ei n si ze .

The CDC48 ORF- casset t e ( Fi g . 3 c) was expr essed i n E. col i

usi ng a bact er i ophage T7- der i ved expr essi on syst em ( Tabor

and Ri char dson, 1985) . The pr ot ei n det ect ed by West er n hy-

br i di zat i on was i ndi st i ngui shabl e i n si ze t o t he yeast pr ot ei n .

Yeast and r at l i ver cel l s wer e f r act i onat ed by di f f er ent i al

sedi ment at i on and sucr ose densi t y gr adi ent cent r i f ugat i on .

The f r act i ons wer e char act er i zed by t hei r cont ent s of mar ker

mol ecul es and t est ed f or r eact i on wi t h ant i - CDC48p ant i -

bodi es by i mmunobl ot t i ng ( Fi g . 7, a and b) .

I n yeast spher opl ast s l ysed osmot i cal l y, CDC48p was

f ound as a pr ot ei n of 115 kD i n a pel l et obt ai ned by cent r i f u-

gat i on at 49, 000 g f or 30 mi n . The f r act i on of pur i f i ed nucl ei

obt ai ned by Fi col l gr adi ent cent r i f ugat i on shows a weak

band of 104 kD i n West er n hybr i di zat i on, whi ch may cor r es-

pond t o a degr adat i onal f r agment of CDC48p. The 177, 000- g

pel l et and super nat ant onl y cont ai n t r aces of CDC48p. No

CDC48p cr oss- r eact i ng act i vi t y was f ound i n t he mi t o-

chondr i a .

I f t he spher opl ast s ar e br oken by shaki ng wi t h gl ass beads

f or 20 s, most of t he CDC48p i s f ound i n t he 177, 000- g su-

per nat ant , some i n t he 177, 000- g pel l et , and l i t t l e i n t he

49, 000- g pel l et . The di st r i but i on of t he compar t ment mar k-

er s shows l i t t l e change compar ed wi t h osmot i cal l y l ysed

cel l s, i ndi cat i ng i nsi gni f i cant damage of t he or ganel l es .

I n f r act i oned r at l i ver cel l s, no CDC48p cr oss- r eact i ng ac-

t i vi t y i s det ect ed i n t he Gol gi and pl asma membr ane f r ac-

t i ons . Tr aces of a cr oss- r eact i ng pr ot ei n of 100 kDar e f ound

i n t he " l i ght mi cr osomal " f r act i on pr eci pi t at ed at 186, 000 g,

i n t he 186, 000- g super nat ant , and i n i sol at ed nucl ei . Most

of t he 100- kD pr ot ei n can be det ect ed i n t he " heavy mi cr o-

somes" pr epar ed f r oma 51, 000- g cent r i f ugat i onal pel l et by

sucr ose gr adi ent cent r i f ugat i on . Af t er combi ni ng t he t wo

mi cr osomal f r act i ons and t hei r separ at i on i nt o smoot h and
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Fi gur e 7. I mmunost ai ni ng of i nt r acel l ul ar f r act i ons of yeast ( a) and

r at l i ver ( b) cel l s by West er n hybr i di zat i on wi t h ant i - CDC48p ant i -

bodi es af t er separ at i on by SDS- PAGE. Yeast f r act i ons : cyt ,

cyt opl asm( 22 Ag/ 17 l Ag pr ot ei n appl i ed t o gel ) ; 49K, 49, 000 g pel l et

( 23 pg/ 19 Ag) ; M, pr est ai ned mar ker pr ot ei ns ; 177K, 177, 000 g pel -

l et ( 53 Ag/ 28 ug) ; mi t , mi t ochondr i a ( 9 ug/ 7 wg) ; nuc, nucl ei ( 22

, ug) ; t he sampl es l abel ed +g ( cor r espondi ng pr ot ei n val ues bef or e

sl ash/ ) have been shaken wi t h gl ass beads. Rat l i ver f r act i ons : cyt ,

cyt opl asm ( 165 Ng) ; mi t , mi t ochondr i a ( 150 hg) ; nuc, nucl ei ( 130

Fi g) ; Gol , Gol gi vesi cl es ( 8 wg) ; pm, pl asma membr ane ( 10 j i g) ; M,

pr est ai ned mar ker pr ot ei ns ; sER, smoot h endopl asmi c r et i cul um

( 15 ug) ; r ER, r ough endopl asmi c r et i cul um ( 18 l cg) ; l m, l i ght

mi cr osomes ( 40 ug) ; hm, heavy mi cr osomes ( 30 Fi g) .

r ough endopl asmi c r et i cul um, CDC48p i s pr esent i n bot h

f r act i ons i n si mi l ar concent r at i on . I n mi t ochondr i a, a cr oss-

r eact i ng pr ot ei n of 164 kD was det ect ed whose r el at i on t o

t he ot her cr oss- r eact i ng pr ot ei ns was not f ur t her i nves-

t i gat ed .

I f t he r at l i ver i s f r ozen bef or e cel l f r act i onat i on, most of

t he 100- kD pr ot ei n cr oss- r eact i ng wi t h ant i - CDC48p i s

f ound i n t he 186, 000- g super nat ant .

CDC48p was pur i f i ed f r omyeast and i t s homol ogue f r om

por ci ne l i ver usi ng sever al chr omat ogr aphi c st eps . The

col umn el uat es wer e t est ed f or CDC48p by ELI SA, t he

Fr 6hl i ch et al . CDC48p Ment ber of Pr ot ei n Super f ami l y

pool ed f r act i ons by i mmunobl ot t i ng . Sever al f r act i ons,

whi ch showed a posi t i ve r eact i on i n ELI SA, di d not cont ai n

CDC48p accor di ng t o t he West er n hybr i di zat i on. I n t he ab-

sence of component s wi t h f r ee t hi ol gr oups i n t he medi a, t he

CDC48 pr ot ei n t ends t o associ at e nonspeci f i cal l y wi t h ot her

pr ot ei ns, pr esumabl y by f or mi ng di sul f i de bonds . For t he

pur i f i cat i on, 2 mMmer capt oet hanol or DTT i s added t o al l

buf f er s .

Si l ver st ai ni ng of t he pur i f i ed pr ot ei ns f ol l owi ng SDS

PAGE showed no cont ami nat i ng component s . Gel f i l t r at i on

on Sephacr yl S300 col umns yi el ds a mol ecul ar wei ght of

580- 600 kD f or t he yeast CDC48p and 530- 550 kDa f or t he

cor r espondi ng r at pr ot ei n .

Di scussi on

Mut at i ons i n t he yeast cel l di vi si on cycl e gene, CDC48, l ead

t o an ar r est of cel l di vi si on i n t he l ar ge budded st at e wi t h an

undi vi ded nucl eus and bundl es of mi cr ot ubul es spr eadi ng

t hr oughout t he cyt opl asm and or i gi nat i ng f r om an unsepa-

r at ed spi ndl e pol e body .

The chr omosomal r egi on cont ai ni ng t he CDC48 gene was

cl oned and t he gene l ocal i zed . Gene di sr upt i on pr oved i t s es-

sent i al r ol e ; spor es cont ai ni ng t he di sr upt i on under went one,

at most t wo mor e cel l di vi si ons and showed no cel l gr owt h.

Sequenci ng t he r egi on of t he CDC48 gene r eveal ed an

open r eadi ng f r ame at t he expect ed l ocat i on . A dat abase

sear ch wi t h t he ami no aci d sequence deduced f r omt he DNA

sequence r eveal ed pr ot ei n VCP f r om pi g wi t h a sequence

i dent i t y of 69. 5%over t he f ul l l engt h of bot h pr ot ei ns. We

assume t hat CDC48p and VCP ar e f unct i onal l y equi val ent

due t o t hei r hi gh degr ee of homol ogy .

Ot her r el at i ves of CDC48p wer e f ound t o be t he secr et or y

pr ot ei ns Secl 8p f r omyeast and NSF f r omchi nese hamst er s,

and yeast Pasl p, whi ch i s essent i al f or per oxi some assembl y.

Al l of t hese pr ot ei ns shar e a cent r al r egi on, whi ch seems t o

have ar i sen by an i nt er nal sequence dupl i cat i on, and whi ch

cont ai ns t wo nucl eot i de consensus sequences . The i nt er nal

dupl i cat i on i s best conser ved f or CDC48p and VCR TBP- I

appear s t o have separ at ed f r omt he ot her pr ot ei ns bef or e t he

dupl i cat i on t ook pl ace. I t has, however , r et ai ned i t s hi gh

si mi l ar i t y .

I mmunobl ot t i ng usi ng an ant i body agai nst a f r agment

hi ghl y conser ved bet ween al l of t hese pr ot ei ns shows

CDC48p t o be f ar mor e abundant i n t he yeast cel l t han

Secl 8p or Pasl p ( Er dmann et al . , 1991) . Thi s i s i n accor d

wi t h t he di f f er ent codon bi as i ndexes ( cal cul at ed as i n Ben-

net zen and Hal l , 1982a) , an i ndi cat or f or t he l evel of gene ex-

pr essi on : 0. 41 f or CDC48, 0. 21 f or SEC18, and 0. 05 f or PAST .

The degr ee of expr essi on of CDC48 necessar y f or cel l pr o-

l i f er at i on appear s t o be l ow. As i n SEC18 ( Eakl e et al . , 1988) ,
t he l ack of any pr omot er consensus upst r eamof t he ORF st i l l
al l ows compl ement at i on of a cor r espondi ng mut ant phe-

not ype .

I nhi bi t i on by NEM, a r eagent whi ch bl ocks f r ee t hi ol

gr oups, has been descr i bed f or NSF, Secl 8p, and VCP f r om
Xenopus l aevi s . Unexpect edl y, no cyst ei ne r esi due common
t o al l of t he r el at ed pr ot ei ns coul d be l ocat ed by sequence
al i gnment . Anot her maj or di f f er ence bet ween t he f unct i onal
subgr oups can be der i ved f r omt he ami no aci d composi t i on
of t he ami no- t er mi nal r egi ons whi ch ar e not conser ved be-

t ween t he subgr oups . Whi l e CDC48p and VCP have a hi gh

45 1



Fi gur e 8 . Ami no aci d composi t i on of t he ami no- t er mi nal sequence

pr ecedi ng t he conser ved r egi on . CDC48p r esi dues 1- 208, VCP

1- 199, Secl 8p 1- 232, NSF 1- 219, Pasl p 1- 421, TBP- 1 1- 146 ; aci di c

ami no aci d r esi dues ( sol i d bar s) : Dand E, basi c r esi dues ( dar k gr ay

bar s) : H, K, and R; hydr ophi l i c r esi dues ( hat ched bar s) : N, Q, S,

and T; ot her r esi dues ( l i ght gr ay bar s) : A, C G, and P; hydr opho-

bi c r esi dues ( open bar s) : F, I , L, M, V, W, and Y.

cont ent of char ged ami no aci ds, Secl 8p, NSF, and Pasl p have

a l esser amount of t hese and compensat e wi t h nonchar ged

hydr ophi l i c ami no aci ds ( Fi g . 8) . The por t i on of hydr ophobi c

ami no aci ds i s ver y si mi l ar f or al l t he r el at ed pr ot ei ns . I n ad-

di t i on, one aci di c cl ust er i mmedi at el y pr ecedes t he car boxy

t er mi nus of CDC48p and VCP These r egi ons may be

r esponsi bl e f or t he bi ndi ng t o a speci f i c t ar get , whi l e t he cen-

t r al r egi on cont ai ni ng t he nucl eot i de bi ndi ng si t e coul d be

r esponsi bl e f or ensui ng pr ocesses common t o al l t he pr ot ei ns

of t he mul t i gene f ami l y . TBP- 1 al so shows a hi gh amount of

char ged ami no aci ds i n t he ami not er mi nus as i n CDC48p

and VCP ( Fi g . 8) . These ami no aci ds may be i nvol ved i n

bi ndi ng t o nucl ei c aci ds and t he t at pr ot ei n .

Ant i bodi es pr oduced agai nst f usi on pr ot ei ns f r omdi f f er ent

E. col i t r pE/ CDC48 gene f usi ons r ecogni ze a yeast pr ot ei n

of 115 kD and a mammal i an pr ot ei n of 100 kD i n a West er n

hybr i di zat i on of SDS- PAGE gel s, whi ch we assume t o be

VCP. Pet er s et al . ( 1990) have descr i bed t he det ect i on of a

yeast pr ot ei n of - 120 kD, pr obabl y CDC48p, by West er n

hybr i di zat i on usi ng ant i bodi es agai nst Xenopus VCP. Bot h

CDC48p and VCPappear ed t o be much l ar ger t han expect ed

f r omt he DNAsequence dat a . Gl ycosyl at i on and sequenci ng

er r or s coul d be r ul ed out f or CDC48p by t uni camyci n t r eat -

ment and t he expr essi on i n E. col i of a shor t ened const r uct

cont ai ni ng onl y 66 by of yeast DNA besi des t he CDC48

ORRBot h exper i ment s st i l l show t he appar ent l y hi gher mo-

l ecul ar wei ght of t he pr ot ei n i n SDS el ect r ophor esi s . Bot h

CDC48p and VCP cont ai n cl ust er s of char ged ami no aci d

r esi dues i n t he ami no- and car boxy- t er mi nal r egi on, whi ch

can l ead t o abnor mal SDS bi ndi ng ( Kauf mann et al . , 1984 ;

Kl ei nschmi dt et al . , 1986 ; See and Jackowski , 1989) . The

f usi on pr ot ei ns used f or ant i body pr oduct i on l ack some or

most of t hese hi ghl y char ged r egi ons and show smal l er

di f f er ences i n mol ecul ar wei ght bet ween t he cal cul at ed and

exper i ment al SDS PAGE r esul t s ( dat a not shown) . Wi t h t he

cor r ect ed val ues f or t he mol ecul ar wei ght of t he subuni t , t he

r esul t s of t he gel f i l t r at i on i ndi cat e a homohexamer i c compo-

si t i on f or t he nat i ve sol ubl e f or m.

Wi t h cel l f r act i onat i on, most of CDC48p and VCP coul d

be sedi ment ed by cent r i f ugat i on at 50, 000 g, cor r espondi ng

t o a mi cr osomal f r act i on . When t he yeast spher opl ast s ar e
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di sr upt ed by shaki ng wi t h gl ass beads, maj or amount s of

CDC48p ar e f ound i n t he 177, 000- g super nat ant of cent r i f u-

gat i on, whi l e most of t he cel l or ganel l es appear t o be un-

damaged by t hi s t r eat ment . Thi s f i ndi ng makes t he l ocal i za-

t i on of CDC48p i nsi de of vesi cl es unl i kel y . The pr ot ei n

appear s t o be l oosel y bound t o vesi cul ar st r uct ur es or t o a

l ar ge pr ot ei n compl ex .

The obser vat i on t hat t he spi ndl e pol e body appear s t o be

undi vi ded and t hat t he mi cr ot ubul es ar e l ocal i zed abnor -

mal l y i n mut ant s of CDC48 may i ndi cat e a r ol e f or CDC48p

i n spi ndl e pol e pr ol i f er at i on . The r el at i onshi p of CDC48p t o

Secl 8p and NSF and t he r esul t s of t he cel l f r act i onat i on ex-

per i ment s make a vesi cl e at t achment appear l i kel y . I n di f f er -

ent or gani sms, t he cent r osome i s cl osel y at t ached t o speci f i c

vesi cl es or i s i t sel f based upon vesi cl es ( Br i nkl ey, 1985 ;

Pawel et z and Mazi a, 1989) . These may be t he t ar get s of

CDC48p act i on .
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