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Abst r act . The Sacchar omyces cer evi si ae SI SI gene

was i dent i f i ed as a hi gh copy number suppr essor of

t he sl ow gr owt h phenot ype of st r ai ns cont ai ni ng mu-

t at i ons i n t he SI R gene, whi ch encodes a pr edi ct ed
ser i ne/ t hr eoni ne pr ot ei n phosphat ase . The SI SI pr ot ei n
i s si mi l ar t o bact er i al dnaJ pr ot ei ns i n t he ami no- t er -
mi nal t hi r d and car boxyl - t er mi nal t hi r d of t he pr ot ei ns .
I n cont r ast , t he mi ddl e t hi r d of SI SI i s not si mi l ar t o
dnaJ pr ot ei ns . Thi s r egi on of SI SI cont ai ns a gl yci ne/
met hi oni ne- r i ch r egi on whi ch, al ong wi t h mor e ami no-
t er mi nal sequences, i s r equi r ed f or SI SI t o associ at e
wi t h a pr ot ei n of appar ent mol ecul ar mass of 40 kD.

T
HREE DNAbi ndi ng pr ot ei ns, GCN4, BASI , and BAS2,
ar e r equi r ed f or t r anscr i pt i onal act i vat i on of t he Sac-
char omyces cer evi si ae HI S4 gene ( Ar ndt et al . , 1987 ;

Ti ce- Bal dwi n et al . , 1989) . St r ai ns cont ai ni ng del et i ons of
GCN4, BAST, and BAS2 r equi r e hi st i di ne f or gr owt h due t o
t he l ack of suf f i ci ent t r anscr i pt i on of t he HI S4 gene . The
t r ans- act i ng si t l t hr ough si t 4 mut at i ons wer e i sol at ed by
t hei r abi l i t y t o r est or e suf f i ci ent t r anscr i pt i on at t he wi l d- t ype
HI S4 i ni t i at i on si t e so t hat a st r ai n cont ai ni ng del et i ons of
GCN4, BAST, and BAS2 coul d gr owi n t he absence of hi st i di ne
( Ar ndt et al . , 1989) . Al l of t he si t mut at i ons al t er t he t r an-
scr i pt i on of many di ver se genes i n addi t i on t o HI S4 and r e-
sul t i n a sl ow gr owt h phenot ype . The si t l al l el es ar e mut a-
t i ons i n t he gene encodi ng t he l ar gest subuni t of RNA
pol ymer ase Hand t he si t 2 al l el es ar e mut at i ons i n t he gene
encodi ng t he second l ar gest subuni t of RNA pol ymer ase I I
( Ar ndt et al . , 1989) .

The si t 4 al l el es ar e mut at i ons i n a gene encodi ng a pr e-
di ct ed pr ot ei n t hat i s 56% i dent i cal t o mammal i an t ype 2A
and 43 % i dent i cal t o mammal i an t ype 1 ser i ne/ t hr eoni ne
pr ot ei n phosphat ases ( Ar ndt et al . , 1989) . Subsequent genet i c
anal ysi s has shown t hat t he SI T4 pr ot ei n phosphat ase i s r e-
qui r ed f or cel l - cycl e pr ogr essi on : SI T4 f unct i ons i n l at e GI
f or pr ogr essi on i nt o S phase ( Sut t on et al . , 1991) . To gai n
i nsi ght i nt o t he r ol e of SI T4 i n t r anscr i pt i on and cel l cycl e
pr ogr essi on, we i sol at ed wi l d- t ype genes t hat i n hi gh copy
number suppr ess t he sl ow gr owt h phenot ype of st r ai ns con-
t ai ni ng t r anscr i pt i onal suppr essor mut at i ons i n SI P. One of
t hese genes, t er med SI SI , encodes a pr ot ei n t hat i s si mi l ar
t o bact er i al dnaJ pr ot ei ns .
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The SI SI gene i s essent i al . St r ai ns l i mi t ed f or t he SI SI
pr ot ei n accumul at e cel l s t hat appear bl ocked f or mi -
gr at i on of t he nucl eus f r om t he mot her cel l i nt o t he
daught er cel l . I n addi t i on, many of t he cel l s become

ver y l ar ge and cont ai n a l ar ge vacuol e. The SI SI pr o-

t ei n i s l ocal i zed t hr oughout t he cel l but i s mor e con-

cent r at ed at t he nucl eus . About one- f our t h of t he SI SI

pr ot ei n i s r el eased f r oma nucl ear f r act i on upon t r eat -

ment wi t h RNase . We al so show t hat over expr essi on

of YDJI , anot her yeast pr ot ei n wi t h si mi l ar i t y t o bac-

t er i al dnaJ pr ot ei ns, can not subst i t ut e f or SI SI .

The dnaJ gene of Escher i chi a col i was i ni t i al l y i dent i f i ed
as a host mut at i on t hat r esul t s i n t he i nabi l i t y t o r epl i cat e bac-
t er i ophage X DNA ( Geor gopoul os and Her skowi t z, 1971) .
Subsequent l y, dnaJ was shown t o be a member of t he heat
shock f ami l y of genes ( r evi ewed i n Li ndqui st and Cr ai g,
1988) . St r ai ns cont ai ni ng mut at i ons i n dnaJ have many phe-
not ypes i n common wi t h st r ai ns cont ai ni ng mut at i ons i n
dnaK, anot her heat shock gene i n E. col i t hat i s si mi l ar t o
HSP70 genes i n eukar yot i c or gani sms . Mut at i ons i n ei t her
dnaJ or dnaK r esul t i n sl ow gr owt h at t emper at ur es above
30 ° C, t he i nabi l i t y t o gr ow at t emper at ur es of 43 ° C and
hi gher , and t he i nabi l i t y t o r epl i cat e X phage DNA at any
t emper at ur e ( Sel l et al . , 1990) . Renat ur at i on of denat ur ed A
phage c1857 pr ot ei n i s sl ower i n dnaJ and dnaK mut ant s
( Gai t anar i s et al . , 1990) . At t he nonper mi ssi ve t emper at ur e,
st r ai ns cont ai ni ng t emper at ur e- sensi t i ve mut at i ons i n ei t her
dnaJ or dnaKhave r educed phosphor yl at i on of gl ut ami nyl -
t RNA synt het ase and t hr eonyl - t RNA synt het ase ( I t i kawa et
al . , 1989) and ar e sever el y i nhi bi t ed f or bot h RNA and DNA
synt hesi s ( Wada et al . , 1982) . The i nhi bi t i on of RNA synt he-
si s may be due t o i nduct i on of t he st r i ngent r esponse si nce
hi gh l evel s of ppGpp accumul at e at t he nonper mi ssi ve t em-
per at ur e and t he i nhi bi t i on of RNA synt hesi s ( but not DNA
synt hesi s) i s r el i eved by r eI A mut at i ons ( I t i kawa et al . , 1986) .

The common def ect s of dnaJ and dnaK mut ant s and t he
f i ndi ng t hat dnaJ can st i mul at e t he ATPase act i vi t y of dnaK
i n vi t r o ( Sel l et al . , 1990) suggest t hat dnaJ may f unct i on i n
t he same bi ochemi cal pat hway as dnaK. However , dnaJ al so
f unct i ons i ndependent l y of dnaK. dnaJ mut ant s have a mor e
sever e def ect i n pr ot eol ysi s t han dnaKmut ant s ( St r aus et al . ,
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1988) . Al so, mut at i on of dnaJ, but not dnaK, causes def ect s
i n t he synt hesi s of a- gal act osi dase and cer t ai n membr ane
pr ot ei ns at t he nonper mi ssi ve t emper at ur e ( Ohki et al . ,
1987) . For a- gal act osi dase, t he def ect i n pr ot ei n synt hesi s
was shown t o r esul t f r om l ower ed l evel s of l ac mRNA .

Despi t e t hese known def ect s due t o mut at i ons i n dnaJ, t he
speci f i c f unct i ons t hat dnaJ pr ovi des f or bact er i al cel l gr owt h
ar e not cur r ent l y known . The r ol e of dnaJ i n Pl and X phage
DNA r epl i cat i on i s bet t er under st ood f r omst udi es usi ng i n
vi t r o r epl i cat i on syst ems . For i n vi t r o Pl phage DNAr epl i ca-
t i on, addi t i on of dnaJ and dnaK st i mul at es DNA r epl i cat i on
( Wi ckner , 1990) . The dnaJ pr ot ei n bi nds di r ect l y t o t he P1
encoded r epA pr ot ei n ( Wi ckner , 1990) . I n a r eact i on t hat i s
dependent on bot h dnaJ and dnaK, t he r epA pr ot ei n i s al t er ed
so t hat i t i s mor e act i ve f or bi ndi ng t o t he Pl r epl i cat i on or i -
gi n ( Wi ckner et al . , 1991) . For X phage DNA r epl i cat i on
( Zyl i cz et al . , 1989 ; Li ber ek et al . , 1990) , di mer s of XOpr o-
t ei n bi nd t o t he X or i gi n of r epl i cat i on and l ocal l y unwi nd
t he DNA. The dnaB hel i case, compl exed wi t h XP pr ot ei n,
bi nds t o t he XO/ or i X compl ex ( at l east par t i al l y vi a t he
XO- XP i nt er act i on) . However , i n t hi s compl ex, t he act i vi t y
of dnaB i s i nhi bi t ed by AP pr ot ei n . The dnal pr ot ei n ( whi ch
speci f i cal l y i nt er act s wi t h dnaB) and t he dnaK pr ot ei n ( whi ch
i nt er act s wi t h XO) ar e essent i al f or di ssoci at i on of t hi s com-
pl ex ( r el easi ng XP) and f or act i vat i on of t he dnaB hel i case .
Ther ef or e, t he r esul t s f r omt he i n vi t r o phage DNA r epl i ca-
t i on syst ems suggest t hat t he mechani smby whi ch E. col i
dnaJ f unct i ons i s by di ssoci at i on of speci f i c pr ot ei n/ pr ot ei n
compl exes . The sequence si mi l ar i t y of t he yeast SI SI pr ot ei n
t o bact er i al dnaJ pr ot ei ns suggest s t hat SI SI may per f or mi t s
cel l ul ar f unct i ons by a si mi l ar mode of act i on . I n t hi s r epor t ,
we pr esent t he i sol at i on and i ni t i al char act er i zat i on of t he
yeast SI SI gene and i t s pr ot ei n pr oduct .

Mat er i al s and Met hods

Yeast St r ai ns

The yeast st r ai ns used i n t hi s st udy ar e shown i n Tabl e I . YPD, YNB, and
SC medi a ar e as descr i bed ( Ar ndt et al . , 1989) . The car bon sour ce was 2 %
gl ucose or 2 %gal act ose except as i ndi cat ed .

I sol at i on of SI SI

Two si t 4 st r ai ns ( S/ A225- 23- 5 = si t 4- 36 and S/ A225- 26- 3 = si t 4- 37) wer e
t r ansf or med wi t h a hi gh copy number l i br ar y cont ai ni ng yeast genomi c
DNA i nser t s ( Car l son and Bot st ei n, 1982) . Af t er 3 d at 30° C, t he l i br ar y
pl asmi d was r ecover ed f r om 84 f ast gr owi ng si t 4 col oni es out of a t ot al of
50, 000 t r ansf or mant s . About 50 of t hese pl asmi ds cont ai ned t he wi l d- t ype
S174 gene, but t hese pl asmi ds wer e r ecover ed f r om col oni es t hat gr ew
sl i ght l y bet t er t han t he ot her f ast gr owi ng col oni es . I n addi t i on t o SI T4, we
obt ai ned f our di f f er ent genes ( SI SI t hr ough SI S4) t hat dr amat i cal l y i ncr ease
t he gr owt h r at e of ei t her of t he t wo st ar t i ng si t 4 st r ai ns. Al l f our of t hese
genes al so i ncr ease t he gr owt h r at e of st r ai n S/ A258 whi ch cont ai ns t he si t 4-
258 al l el e. Each of t he f our genes ( SI SI t hr ough SI S4) was i ndependent l y
i sol at ed f r om at l east t hr ee di f f er ent f ast gr owi ng t r ansf or mant s .

Sequenci ng

A2- kb Bst EI I / Bst EI I r est r i ct i on f r agment cont ai ni ng t he ent i r e SI SI gene
was pl aced i nt o pUC118 and sequenced compl et el y on bot h st r ands as de-
scr i bed ( Ti ce- Bal dwi n et al . , 1989) . To demonst r at e t hat t he maj or open
r eadi ng f r ame on t hi s DNA f r agment encodes t he SI SI pr ot ei n, shi f t s i n t he
r eadi ng f r ame wer e i nt r oduced at var i ous posi t i ons by di gest i on wi t h di f f er -
ent r est r i ct i on enzymes, t r eat i ng wi t h Kl enow enzyme ( Boehr i nger Mann-
hei m Di agnost i cs, I nc. , Houst on, TX) or T4 DNA pol ymer ase ( New En-
gl and Bi ol abs, Bever l y, MA) , l i gat i ng, and t r ansf or mi ng i nt o a si t 4 st r ai n
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t o det er mi ne compl ement at i on . A f r ame shi f t ei t her at nucl eot i de +209 ( by
cut t i ng wi t h Bg1I I and t r eat i ng wi t h Kl enow enzyme) or at nucl eot i de +682
( by cut t i ng wi t h KpnI and t r eat i ng wi t h T4 DNA pol ymer ase) el i mi nat es
compl ement at i on .

Genet i c Mappi ng of SI SI

The 2- kb Bst EI I / Bst EI I r est r i ct i on f r agment cont ai ni ng t he SI SI gene was
cl oned i nt o t he yeast URA3 i nt egr at i ng pl asmi d YI p5. Thi s pl asmi d was
di gest ed wi t h Xhol ( cut s at nucl eot i de +205 of SI SI ) and t r ansf or med i nt o
st r ai n W303. I nt egr at i on was shown t o occur at t he SI SI l ocus by Sout her n
anal ysi s . Mei ot i c mappi ng shows t hat t he di st ance bet ween SI SI : : URA3 and
pet 8 i s QcM( 180 par ent al di t ypes, 0 nonpar ent al di t ypes, and 0 t et r at ypes
i n 180 t et r ads) .

Pr epar at i on of si sl - 2

A 2- kb Bst EI I / Bst EI I r est r i ct i on f r agment cont ai ni ng t he SI SI gene was
pl aced i nt o t he Xba I si t e of pUC118, r egener at i ng t he Bst EI I si t es at each
end . An ol i gonucl eot i de- di r ect ed del et i on ( Kunkel , 1985) r emoved DNA
sequences encodi ng SI S1 ami no aci ds 1- 350 ( of 352 t ot al ) and r epl aced
t hem wi t h a Bg1I I si t e. Then, a 1 . 8- kb BamHI / BamHI DNA f r agment con-
t ai ni ng t he HI SS gene was pl aced i nt o t hi s BgI I I si t e. The r esul t i ng pl asmi d
was di gest ed wi t h Bst EI I and t r ansf or med i nt o a W303 di pl oi d, yi el di ng
st r ai n CY406. Repl acement of t he SI S1 open r eadi ng f r ame wi t h HI SS at
t he SI SI l ocus was conf i r med by Sout her n anal ysi s . Thi s nul l al l el e of SI SI
i s t er med si sl - 2 . Phenot ypes i dent i cal t o st r ai ns cont ai ni ng si sl - 2 ar e ob-
t ai ned wi t h st r ai ns cont ai ni ng a smal l er del et i on of SI SI ( t er med si sl - 1) . Thi s
smal l er SI SI del et i on, whi ch r emoves SI SI ami no aci ds 70- 189, was pr e-
par ed by r epl aci ng t he sequences bet ween t he XbaI and Xhol si t es wi t h t he
HI SS gene .

Epi t ope Taggi ng of SI SI

To epi t ope t ag t he SI SI pr ot ei n, an SpeI r est r i ct i on si t e ( 5' - ACTAGT31 was
i nser t ed by ol i gonucl eot i de- di r ect ed mut agenesi s ( Kunkel , 1985) at posi -
t i ons cor r espondi ng t o ei t her t he ver y ami no t er mi nus ( bet ween t he codons
f or t he f i r st and second ami no aci ds) or t he ver y car boxyl t er mi nus ( bet ween
t he codon f or t he l ast ami no aci d and t he TAA st op codon) of SI SI . Adupl ex
ol i gonucl eot i de encodi ng t he hemaggl ut i ni n epi t ope was t hen i nser t ed i nt o
t hese SpeI si t es . The sequence of SI SI was changed f r om MVKET . . .
t o _MTSYPYDVPDYASSVKET . . . f or t he ami no- t er mi nal - t agged SI SI
pr ot ei n . The sequence of SI SI was changed f r om . . . DENF( so) t o . . .
DENFTSYPYDVPDYASS( Lt oT) f or t he car boxyl - t er mi nal - t agged SI SI .
Bot h epi t ope t agged SI SI pr ot ei ns wer e f unct i onal because expr essi on of ei -
t her one i n cel l s cont ai ni ng a del et i on of SI SI r esul t ed i n a wi l d- t ype gr owt h
r at e.

Condi t i onal Expr essi on of SI SI

A BamHI r est r i ct i on si t e was cr eat ed at posi t i on - 13 of SI S1 ( r el at i ve t o
t he A of t he SI SI ATG) by i nser t i ng t he sel f compl ement ar y ol i gonucl eot i de
5' - CTAGTCATTATTAGTTGGATCCAACTAATAA_TGA- 3' ( t he BamHI si t e
and SI SI ATG ar e under l i ned) i nt o t he ami no- t er t ni nal Spel si t e of SI SI t hat
was cr eat ed f or i nser t i on of t he ol i gonucl eot i de encodi ng t he epi t ope t ag.
The r esul t i ng pl asmi d was di gest ed wi t h BamHI and t he f r agment encodi ng
SI SI was i nser t ed downst r eamof t he pGAL pr omot er i n YCp50. The r esul t -
i ng pGALSI SI expr essi on pl asmi d i s pCB789. The SI SI expr essed f r om
pCB789 has t he sequence MSVKET . . . i nst ead of MVKET . . . f or
wi l d- t ype SI SI . On gal act osemedi um, st r ai n CY719 ( cont ai ni ng pCB789
and a chr omosomal del et i on of SI SI ) has a gr owt h r at e t hat i s i ndi st i ngui sh-
abl e f r om t hat of an i sogeni c wi l d- t ype st r ai n .

I mmunopr eci pi t at i on of SI SI

I nununopr eci pi t at i on of SI SI f r omext r act s pr epar ed f r om' 5S- l abel ed cel l s
gr own on 3 %gl ucose YNB medi umwas per f or med as descr i bed i n Sut t on
et al . ( 1991) except f or t he buf f er s used t o pr epar e t he ext r act s . For SI SI ,
t he cel l s wer e br oken by vor t exi ng f or 1 mi n wi t h gl ass beads i n 0. 3 ml of
br eaki ng buf f er ( 100 mMTr i s- HCI , pH 7. 0 at 23° C, 200 mMNaCl , 1 mM
EDTA, 5 % gl ycer ol , 0. 5 mMDTT, pl us pr ot ei nase i nhi bi t or s) . Then, 0. 3
ml of RI PA buf f er ( 50 mMTr i s- HCI , pH 7. 0 at 23° C, 200 mMNaCl , 1%
Tr i t on X- 100, 0. 5%sodi umdeoxychol at e, 0. 1%SDS, pl us pr ot ei nase i nhi bi -
t or s) was added and t he cel l s wer e vor t exed an addi t i onal 10 s . The l i qui d
was r emoved f r omt he gl ass beads and cent r i f uged f or 10 mi n . The r esul t i ng
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L, al l st r ai ns i n t hi s ser i es ar e i sogeni c t o st r ai n L3110 except as i ndi cat ed .
W, al l st r ai ns i n t hi s ser i es ar e i sogeni c t o st r ai n W303 MATa except as i ndi cat ed .
* Col umbi a Uni ver si t y, New Yor k, NY.
# Camegi e Mel l on Uni ver si t y, Pi t t sbur gh, PA.
§ Uni ver si t y of Nor t h Car ol i na, Chapel Hi l l , NC.

super nat ant was used f or i mmunopr eci pi t at i on . The pr ot ei nase i nhi bi t or s
used i n t he buf f er s ar e descr i bed i n Sut t on et al . ( 1991) .

Pr epar at i on of Mut at i ons i n SI SI

Ol l gonucl eot i de di r ect ed del et i ons i n t he SI SI gene t hat r emoved 22 ami no
aci d r egi ons of SI SI ( see Fi g. 3) wer e pr epar ed by t he met hod of Kunkel
( 1985) . Two separ at e del et i on ser i es wer e pr epar ed : one ser i es used t he
NH2 epi t ope t agged SI SI and t he ot her ser i es used t he COOH epi t ope
t agged SI SI as t he st ar t i ng gene . For each si sl mut at i on, t he del et i on j unc-
t i on and at l east 100 bases on bot h si des wer e sequenced t o conf i r m t he
desi r ed mut at i on. The r esul t s f r om t he NH2 epi t ope- t agged SI SI ser i es
and t he COOHepi t ope- t agged SI SI ser i es wer e i dent i cal except t hat st r ai ns
cont ai ni ng NH2 epi t ope- t agged SI SI - 80 wer e i nvi abl e whi l e st r ai ns con-
t ai ni ng COOHepi t ope- t agged SI SI - 80 wer e vi abl e . To demonst r at e t hat t he
i nvi abi l i t y of NH2 epi t ope- t agged SI SI - 80 st r ai ns was not due t o an
uni dent i f i ed mut at i on out si de t he r egi on sequenced, a new NH2 epi -
t ope- t agged si sl - 80 gene was pr epar ed by subcl oni ng a Xhol / Xba I r est r i c-
t i on f r agment cont ai ni ng t he si sl - 80 mut at i on f r omCOOH epi t ope- t agged
si sl - 80 i nt o t he unmut ageni zed NH2 epi t ope- t agged SI SI gene. A st r ai n
cont ai ni ng t he new NH2 epi t ope- t agged si sl - 80 mut at i on was al so i n-
vi abl e.

Luke et al . Char act er i zat i on of SI SI

I mmunof l uor escence Mi cr oscopy

Subcel l ul ar Fr act i onat i on
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DAPI st ai ni ng and i mmunol ogi cal st ai ni ng of f or mal dehyde f i xed cel l s was
car r i ed out as descr i bed ( Ki l mar t i n and Adams, 1984) . For t ubul i n st ai ni ng,
t he pr i mar y ant i body was ant i - t ubul i n ant i body YOL/ 34 ( Ser a Lab Li mi t ed,
Cr awl ey Down, Sussex, Engl and) and t he secondar y ant i body was goat ant i -
r at I gG- FI TC ( Boehr i nger Mannhei mDi agnost i cs, I nc. ) . For SI SI l ocal i za-
t i on, t he pr i mar y ant i body was asci t es of 12CA5 monocl onal ant i body ( Fi el d
et al . , 1988) and t he secondar y ant i body was goat ant i - mouse I gG- FI TC
( Jackson I mmunor esear ch, West gr ove, PA) . For SI SI l ocal i zat i on, t he cel l s
wer e bl ocked wi t h 1%BSA and 2%nor mal goat ser umt o r educe nonspe-
ci f i c backgr ound st ai ni ng. Cel l s wer e vi ewed wi t h a Zei ss Axi ophot mi -
cr oscope usi ng a 100x obj ect i ve . Kodak Tr i - X pan 400 f i l m was used f or
phot ogr aphy .

Yeast nucl ear f r act i ons wer e pr epar ed accor di ng t o t he met hod of Kal i ni ch
and Dougl as ( 1989) . The yeast nucl ear f r act i ons wer e t r eat ed wi t h DNase I
( Wor t hi ngt on Bi ochemi cal Cor p. , Fr eehol d, NJ) , RNase A ( Si gma Chemi -
cal Co. , St . Loui s, MO) , NaCl , or Tr i t on X- 100 ( Bi o- Rad Labor at or i es,
Ri chmond, CA) accor di ng t o t he met hod of Al l en and Dougl as ( 1989) . For

Tabl e] . Yeast St r ai ns

St r ai n Backgr ound Genot ype Sour ce

L3110 L MATa gcn4- 2 basl - 2 bast - 2 ur a3- 52 Ar ndt et al . , 1989

S/ A225- 23- 5 L si t 4- 36 Ar ndt et al . , 1989

S/ A225- 26- 3 L si t 4- 37 Ar ndt et al . , 1989

S/ A258 L si t 4- 258 Ar ndt et al . , 1989

W303 W MATa ade2- 1 hi s3- 11, 15 l eu2- 3, 112 ur a3- 1 R. Rot hst ei n*

t r pl - 1 ssdl - d2 can] - 100
CY406 W si sl - 21SI S1 W303 di pl oi d Thi s st udy
CY439 W si sl - 2 ( SI SI on YCp50 ) Thi s st udy

CY455 W si sl - 2 ( SI SI on LEU2/ cen pl asmi d ) Thi s st udy

CY457 W si sl - 2 ( NH2 - t agged SI SI on LEU2/ cen pl asmi d ) Thi s st udy

CY461 W si sl - 2 ( COOH- t agged SI SI on LEU2/ cen pl asmi d ) Thi s st udy

CY661 W si sl - 2 ( NH2 - t agged SI SI on YEp24 ) Thi s st udy

CY678 W si sl - 2 ( NH2- t agged ( 2 copi es) SI SI on LEU2/ cen pl as . ) Thi s st udy

CY719 W si sl - 2 ( pGAL: SI SI on YCp50 ) Thi s st udy

CY699 W CY439 ( NH2 - t agged si sl - 79 on LEU2/ cen pl asmi d ) Thi s st udy

CY701 W CY439 ( NH2- t agged si sl - 80 on LEU2/ cen pl asmi d ) Thi s st udy

CY703 W CY439 ( NH2- t agged si sl - 81 on LEU2l cen pl asmi d ) Thi s st udy
CY704 W CY439 ( NH2- t agged si sl - 82 on LEU2/ cen pl asmi d ) Thi s st udy

CY705 W CY439 ( NH2 - t agged si sl - 84 on LEU2/ cen pl asmi d ) Thi s st udy

CY706 W CY439 ( NH2- t agged si sl - 85 on LEU2l cen pl asmi d) Thi s st udy

CY707 W CY439 ( NH2- t agged si sl - 86 on LEU2/ cen pl asmi d ) Thi s st udy

CY708 W CY439 ( NH2- t agged si sl - 87 on LEU2/ cen pl asmi d ) Thi s st udy

CY709 W CY439 ( COOH- t agged si sl - 79 on LEU2/ cen pl asmi d ) Thi s st udy

CY711 W CY439 ( COOH- t agged si sl - 80 on LEU2/ cen pl asmi d ) Thi s st udy

CY712 W CY439 ( COON- t agged si sl - 81 on LEU2/ cen pl asmi d ) Thi s st udy

CY713 W CY439 ( COOH- t agged si sl - 82 on LEU2/ cen pl asmi d ) Thi s st udy

CY714 W CY439 ( COOH- t agged si sl - 84 on LEU2/ cen pl asmi d ) Thi s st udy

CY715 W CY439 ( COOH- t agged si sl - 85 on LEU2/ cen pl asmi d) Thi s st udy

CY716 W CY439 ( COOH- t agged si sl - 86 on LEU2/ cen pl asmi d ) Thi s st udy

CY717 W CY439 ( COON- t agged si sl - 87 on LEU2/ cen pl asmi d ) Thi s st udy

CY886 W si sl - 2 LEU2 : : NH2 - t agged si sl - 81 Thi s St udy

CY889 W si sl - 2 LEU2 : : NH2- t agged si sl - 82 Thi s st udy

CY891 W si sl - 2 LEU2 : : NH2- t agged si sl - 85 Thi s st udy

CY893 W si sl - 2 LEU2 : : NH2 - t agged si sl - 86 Thi s st udy

BJ926 MATal a t r pl l + hi sl l + pr cl - 126/ - pep4- 3l - E. Jones$
pr bl - 1122/ - canl l - gal l 1- ( vi a A. Capl an) §



Fi gur e 1. Suppr essi on of t he si t 4 Gr owt h def ect by hi gh copy number SI SI . ( A) St r ai n S/ A225- 26- 3 ( si t 4- 37) was t r ansf or med wi t h t he
hi gh copy number vect or YEp24 ( Cont r ol ) or t he 2- kb Bst EI I / Bst EI I f r agment cont ai ni ng SI N on YEp24 . The pl at es wer e i ncubat ed f or

2 d, 12 h at 30° C. An i sogeni c wi l d- t ype st r ai n ( L3110) gi ves col oni es of si mi l ar si ze as t he col oni es i n t he r i ght panel af t er 1 d, 18 h .

( B) A si sl - 2/ SI SI di pl oi d ( CY406) was spor ul at ed and t he t et r ads di ssect ed . Each t et r ad, as shown i n a ver t i cal col umn, cont ai ns t wo l ar ge

Hi s - SI SI col oni es and t wo ver y smal l col oni es each wi t h - 500 i nvi abl e cel l s . About hal f of t he si sl - 2 cel l s have a t er mi nal phenot ype

as a ver y l ar ge si zed cel l s . The gr owt h i s shown af t er 5 d at 30° C. SI SI i s al so essent i al f or vi abi l i t y at l ower t emper at ur es because si mi l ar

r esul t s ar e obt ai ned when t he pl at es ar e i ncubat ed at 23° C.

West er n anal ysi s of SI SI l evel s, ant i - SI SI ant i ser um ( No. 252) di r ect ed

agai nst t he nonconser ved cent r al r egi on of SI SI was pr epar ed by i nj ect i ng

r abbi t s wi t h a t r pE/ SI SI f usi on pr ot ei n cont ai ni ng ami no aci ds 74- 191 of

SI SI . At t he di l ut i on ( 1: 1, 000) used f or West er n anal ysi s of yeast ext r act s

separ at ed on SDS- pol yacr yl ami de gel s, t hi s ant i ser um det ect ed onl y SI SI

i n t he si ze r ange of 30- 45 kD.

Resul t s

I sol at i on of SI SI

Tr anscr i pt i onal suppr essor mut at i ons i n t he SI P pr ot ei n

phosphat ase al t er t he t r anscr i pt i on of many di ver se genes

and cause a sl ow gr owt h def ect ( doubl i ng t i mes i n YPD

medi um of t i 300 mi n compar ed t o 90 mi n f or an i sogeni c

wi l d- t ype SI P st r ai n) . To i dent i f y genes whose pr oduct s : ( a)

r egul at e SI T4 act i vi t y ; ( b) can par t i al l y subst i t ut e, di r ect l y

or i ndi r ect l y, f or SI T4 ; or ( c) ar e subst r at es of SI T4 ( or act

downst r eamof SI T4 i n t he SI T4 pat hway) , we i sol at ed wi l d-

t ype genes t hat , when pr esent i n hi gh copy number , can sup-

pr ess t he sl ow gr owt h phenot ype of si t 4 st r ai ns .

Fr om t hi s scr een ( see Mat er i al s and Met hods) , we ob-

t ai ned f our genes t hat , when pr esent on a hi gh copy number

2p. pl asmi d, i ncr ease t he gr owt h r at e of si t 4 st r ai ns . We t er m

t hese f our suppr essor genes SI SI t hr ough SI S4, f or si t 4 sup-

pr essor . The suppr essi on of t he si t 4 gr owt h def ect i s not

speci f i c t o a par t i cul ar si t 4 al l el e because each of t he SI S

genes i n hi gh copy number can i ncr ease t he gr owt h r at e of

t hr ee di f f er ent si t 4 mut ant s . The suppr essi on of t he gr owt h

def ect of t he si t 4- 37 st r ai n by hi gh copy number SI SI i s

shown i n Fi g . 1 A.

The SI SI t hr ough SI S4 genes i n hi gh copy number ar e not

abl e t o suppr ess t he t emper at ur e sensi t i ve phenot ype of si t 4

st r ai ns . I n addi t i on, SI SI t hr ough SI S4 i n hi gh copy number

ar e not abl e t o suppr ess t he l et hal i t y ( Sut t on et al . , 1991) due

t o del et i on of t he SI Pgene . Ther ef or e, none of t he SI S genes

i n hi gh copy number can subst i t ut e f or SI T4 . Suppr essi on by
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SI SI , SI S2, or SI S4 i s speci f i c f or si t 4 st r ai ns because none

of t hese genes i n hi gh copy number can suppr ess t he gr owt h

def ect of si t l , si t 2, or si t 3 st r ai ns . I n addi t i on, t he SI S genes

i n hi gh copy number do no i ncr ease t he gr owt h r at e of wi l d-

t ype st r ai ns ( dat a not shown) .

The suppr essi on of t he gr owt h def ect of si t 4 st r ai ns i s

gr eat er wi t h hi gh copy number SI SI or SI S2 t han wi t h hi gh

copy number SI S3 or SI S4 ( dat a not shown) . The SI S4 gene

( r enamed PPH2a) encodes a pr edi ct ed pr ot ei n t hat i s 80%

i dent i cal t o mammal i an t ype 2A pr ot ei n phosphat ases ( Sut -

t on et al . , 1991) . Ther ef or e, over expr essi on of a t ype 2Apr o-

t ei n phosphat ase can par t i al l y compensat e f or one or mor e

of t he def ect s due t o mut at i on of t he SI P pr ot ei n phospha-

t ase. The anal ysi s of SI S2 and SI S3 wi l l be pr esent ed el se-

wher e . I n t hi s r epor t , we pr esent t he i ni t i al char act er i zat i on

of t he SI SI gene .

Genet i c Mappi ng of SI S1

The mi ni mal r egi on of t he hi gh copy number SI SI pl asmi d

necessar y f or suppr essi on was det er mi ned by r est r i ct i on

mappi ng t he yeast i nser t , f ol l owed by del et i on anal ysi s

and/ or subcl oni ng and assayi ng f or suppr essi on of t he gr owt h

def ect of si t 4 st r ai ns . Ful l suppr essi on of si t 4 st r ai ns f or

f ast er gr owt h i s obt ai ned by usi ng a 2 . 0- kb Bst EI I / Bst EI I

subcl one of t he or i gi nal hi gh copy number SI S1 cont ai ni ng

pl asmi d . Thi s SI SI cont ai ni ng DNA f r agment was used by

L . Ri l es and M. Ol sen ( Washi ngt on Uni ver si t y, St . Loui s,

MO) t o pr obe t hei r over l appi ng set of yeast genomi c i nser t s

i n A phage. The 2 . 0- kb SI SI - cont ai ni ng DNA f r agment hy-

br i di zed t o chr omosome 14, ver y cl ose t o t he cent r omer e .

The SI SI gene maps t o a pr evi ousl y uni dent i f i ed genet i c l o-

cus, <1 cMf r ompet 8 ( see Mat er i al s and Met hods) . One of

t he or i gi nal SI SI - cont ai ni ng pl asmi ds t hat cont ai ns a 15- kb

yeast DNAi nser t compl ement s t he pet 8 mut at i on . However ,

SI SI i s not PE78 because t he 2 . 0- kb Bst EI I / Bst EI I subcl one

t hat cont ai ns SI SI does not compl ement pet 8.
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CATCCATCTGTTGTCCTGTTGAAAAGAAACGGAGGTAACGTT
TCCCCGATGACCCTCAAAGGATGCTACTGGATTGGGATTTGTCGTCCGAATGTCATAAAGCCGTACGTTTT
GATGGCCTGCTGTTGCCAACAACTTTTTATCGTTGGTGATTTCTAAGCGATTAACCTGTGAGTCGGAATGC
TGAATTGTTCTTGAACAAACCCCAGTAAGAGCCTCCCAAAATCTTATTGTGTGGTCATAGCCAGCAGATAC
TAAGATAACAGACATCAATCAGAACTCCTTTTTTATATGGATGACAAGACTGCCACGTTGATCGCTGCGCT
AATAATATATGGTTGTCGCACTCTTCTATAACATGATCAGTAATAGCTAGTCGTTACTTTTCTGAATCTTA
ACGTATTGTGTTACCCTCTTTGGTTTATATGAACGTTCCAGAAACTTCTGGAAAAAGAATGGGATATCCTT
TTACGGGTTTTTCAACCACTGTCAGCACAAACTCCTTGCCAAGGTAGTTCGAGATTTAATATATATTGTAT
AGATTTCTCGTCCCTTTACCGTATTGTTAATCCCTTTTTAAACTTATGCGCTTTCTTGTCAAAAATTCTAA
TTAATATTATTTAAGCTCTTACACGAATTCTTTTAACGACTTAGAATTGTATAACCATCCAGAAACTCTTC
AGAGGATAAAGGATAAGTTGTTTGCATTTTAAGATTTTTTTTTTAATACATTCACATCAATATAATAGAGT
ATAGTATACAGAACTAATA ATG GTC AAG GAG ACA AAA CTT TAT GAT TTA CTT GGA GTA

M V K E T K L Y D L L G V

TCT CCA AGT GCT AAT GAG CAA GAA CTG AAA AAG GGT TAT AGA AAA GCA GCT CTA
S P S A N E Q E L K K G Y R K A A L

AAA TAT CAT CCA GAT AAG CCA ACA GGT GAC ACA GAA AAG TTT AAG GAG ATA TCA
K Y H P D K P T G D T E K F K E I S

GAG GCC TTT GAA ATT TTA AAT GAT CCT CAA AAA AGG GAA ATA TAT GAT CAA TAC
E A F E I L N D P Q K R E I Y D Q Y

GGT CTC GAG GCT GCT AGA TCT GGT GGT CCA AGC TTT GGT CCT GGT GGT CCT GGC
G L E A A R S G G P S F G P G G P G

GGT GCT GGA GGT GCT GGA GGC TTC CCT GGC GGT GCG GGC GGA TTC TCC GGA GGA
G A G G A G G F P G G A G G F S G G

CAT GCG TTC AGT AAT GAG GAT GCT TTC AAT ATT TTT TCA CAA TTC TTT GGC GGC
H A F S N E D A F N I F S Q F F G G

AGT TCC CCA TTC GGT GGT GCT GAT GAC AGT GGC TTC AGT TTC TCT AGT TAT CCA
S S P F G G A D D S G F S F S S Y P

TCT GGC GGC GGT GCT GGT ATG GGA GGT ATG CCT GGA GGA ATG GGA GGA ATG CAT 471
S G G G A G M G G M P G G M G G M H 157

GGC GGC ATG GGA GGT ATG CCT GGC GGC TTT AGA TCA GCA TCA AGC TCT CCC ACG
G G M G G M P G G F R S A S S S P T

TAT CCA GAG GAA GAA ACA GTT CAA GTT AAT TTA CCA GTT AGT CTA GAA GAT TTG
Y P E E E T V Q V N L P V S L E D L

TTT GTT GGT AAA AAG AAG TCA TTT AAA ATT GGA AGA AAG GGC CCA CAT GGG GCC
F V G K K K S F K I G R K G P H G A

TCT GAA AAG ACA CAA ATT GAC ATT CAA TTA AAA CCG GGT TGG AAA GCT GGT ACC
S E K T Q I D I Q L K P G W K A G T

AAA ATA ACA TAC AAG AAC CAG GGT GAT TAC AAT CCT CAA ACG GGC CGT AGA AAG
K I T Y K N Q G D Y N P Q T G R R K

ACT TTG CAG TTT GTC ATC CAG GAA AAG AGC CAT CCA AAC TTT AAA AGA GAC GGT
T L Q F V I Q E K S H P N F K R D G

GAT GAC CTA ATT TAC ACT CTG CCA CTA TCT TTC AAG GAA TCA TTG TTA GGT TTT
D D L I Y T L P L S F K E S L L G F

TCA AAA ACT ATC CAA ACA ATT GAT GGC AGA ACC TTA CCT TTG TCG AGA GTA CAG
S K T I Q T I D G R T L P L S R V Q

CCT GTC CAA CCC TCA CAA ACT TCT ACT TAT CCT GGT CAA GGT ATG CCA ACT CCA
P V Q P S Q T S T Y P G Q G M P T P

AAG AAC CCA TCT CAG AGA GGT AAT TTG ATT GTA AAA TAT AAA GTG GAC TAT CCA
K N P S Q R G N L I V K Y K V D Y P

ATA TCA CTA AAC GAC GCT CAA AAA CGT GCT ATA GAT GAA AAT TTT TAA TAGTAAT
I S L N D A Q K R A I D E N F St op

TCCTAAGCAAATATAATTATAAACTCAAATAAATTTATCACCACAGAAATCATATAATATACATCATTAAT
TTTGACTCAATAATCTTAAATTGCGCGGTGCGGTGCGCGGTAAATTAAAGTTTTTGTATGTCTGCATTACC
CTGCCCTCTGGCATATAAATGATGTATGTAAGGAATGGTTGACTTGACAGAAGGTCACC

SI SI Encodes a dnaJ Homol ogue

The DNAsequence of t he SI SI gene pr edi ct s a pr ot ei n of 352
ami no aci ds wi t h a mol ecul ar mass of 37, 592 D ( Fi g. 2) .
Sear ches of t he dat abases r eveal t hat SI SI i s si mi l ar ( t i 28
i dent i cal over al l ) t o E. col i andM. t uber cul osi s dnaJ pr ot ei ns
( Fi g . 3) . SI SI i s most si mi l ar t o bact er i al dnaJ pr ot ei ns i n
t he ami no- t er mi nal t hi r d of t he pr ot ei ns ( 50 % i dent i t y f or
SI SI and E. col i dnaJ f or t he f i r st 104 ami no aci ds) . Ami no
aci ds 75- 104 of SI SI ar e ver y gl yci ne r i ch, as ar e bot h bac-
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687
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337

1066
352

1208

Fi gur e 2 . DNAand pr edi ct ed pr o-
t ei n sequence of SI SI . These se-
quence dat a ar e avai l abl e f r om
EMBL/ GenBank/ DDBJ under ac-
cessi on number X58460 .

t er i al dnaJ pr ot ei ns . The car boxyl - t er mi nal t hi r d of SI S1 i s
al so si mi l ar t o dnaJ pr ot ei ns . However , t he mi ddl e t hi r d of
SI SI ( r esi dues 100- 220) has ver y l i t t l e si mi l ar i t y t o t he dnaJ
pr ot ei ns . The mi ddl e t hi r d of dnaJ pr ot ei ns cont ai ns f our
cyst ei ne- r i ch di r ect r epeat s whose common f eat ur e i s Cxx
CxGxG ( i ndi cat ed by ar r ows i n Fi g . 3) . SI SI does not con-
t ai n t hese cyst ei ne- r i ch r epeat s . I n pl ace of t wo of t he cys-
t ei ne- r i ch r epeat s, t he SI SI pr ot ei n has a st r i ki ng gl yci ne/ me-
t hi oni ne r i ch sequence ; GMGGMPGGMGGMHGGMG-



GMPGG, whi ch can be vi ewed ei t her as a ( GGMGGMP) .
mot i f or as cont ai ni ng t wo di r ect r epeat s of t he sequences
GMGGMPGG ( Fi g. 3) . Wi t hi n t hi s r egi on of SI SI , t he si x
met hi oni nes ar e posi t i oned M. M_ and woul d l i e al ong t he
same sur f ace i f t hi s r egi on f or med an a hel i x . However , due
t o t he hi gh gl yci ne cont ent and t he t wo pr ol i ne r esi dues, t hi s
r egi on i s pr edi ct ed not t o be a hel i cal . The SI SI gl yci ne/ me-
t hi oni ne- r i ch r egi on i s r emi ni scent of t he gl yci ne/ met hi o-
ni ne- r i ch car boxyl t er mi nus of t he E. col i gr oEL pr ot ei n and
eukar yot i c HSP60 pr ot ei ns . The car boxyl t er mi nus of t he
gr oEL pr ot ei n i s ( GGM) 4M ( Hemmi ngsen et al . , 1988) whi l e
t hat of t he S. cer evi si ae HSP60 pr ot ei n i s ( GGMP) ZGMP-
GMM( Johnson et al . , 1989) . The f unct i on of t he car boxyl -
t er mi nal r egi ons of t hese pr ot ei ns i s not known .

SI SI i s al so si mi l ar t o dnaJ homol ogues i dent i f i ed i n yeast .
The SEC63 pr ot ei n, whi ch i s r equi r ed f or i mpor t of pr ot ei ns
i nt o t he endopl asmi c r et i cul um, cont ai ns a 70- ami no aci d
r egi on t hat i s si mi l ar t o t he ami no- t er mi nal 70 ami no aci ds
of SI SI or bact er i al dnaJ pr ot ei ns ( Rot hbl at t et al . , 1989 ;
Sadl er et al . , 1989 ; Fi g . 3) . SEC63 has no si mi l ar i t y t o dnaJ
pr ot ei ns out si de t hi s 70- ami no aci d r egi on . SI SI i s al so si mi -
l ar t o t he yeast YDJI pr ot ei n, i dent i f i ed by Capl an and
Dougl as ( 1991) by usi ng ant i bodi es di r ect ed agai nst mat r i x
l ami na por e compl exes, and t o t he SCJI pr ot ei n, i dent i f i ed
by i t s abi l i t y, when over expr essed, t o possi bl y cause al t er a-
t i ons i n pr ot ei n sor t i ng ( Bl umber g and Si l ver , 1991) . The
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Fi gur e 3. SI SI i s si mi l ar t o
dnaJ pr ot ei ns . The pr edi ct ed
SI SI pr ot ei n i s compar ed t o
E. col i dnaJ ( Bar dwel l et al . ,
1986) , M. t ub. dnaJ ( Lat hi gr a
et al . , 1988) , t he yeast YDJI
pr ot ei n ( Capl an and Dougl as,
1991) , and a r egi on of t he
SEC63 pr ot ei n ( Sadl er et al . ,
1989) . Onl y i dent i cal ami no
aci ds shar ed bet ween SI SI and
t he ot her pr ot ei ns ar e boxed
and shaded . The ast er i sk f or
t he SEC63 sequence i ndi cat es
an i nser t i on of t he ami no aci ds
SVMEETY The f i r st ami no
aci d shown f or SEC63 i s at
posi t i on 120 of 663 t ot al ami -
no aci ds . The f our ar r ows i n-
di cat e t he f our cyst ei ne r i ch
r epeat s t hat ar e absent i n SI SI .
The sol i d bar s above t he SI SI
sequence i ndi cat e t he 22- ami no
aci d r egi on del et ed f or each
al t er ed SI SI pr ot ei n . Two at -
t empt s t o pr epar e a SI SI - 83
mut at i on di d not gi ve t he de-
si r ed mut at i on . The dot s un-
der t he SI SI - 82 bar i ndi cat e
t he r egul ar l y spaced met hi o-
ni nes i n t hi s r egi on of SI SI .

ami no- t er mi nal t hi r d and car boxyl - t er mi nal t hi r d of SI SI ar e
bot h si mi l ar t o t he cor r espondi ng r egi ons of YDJI ( Fi g . 3)
and SCJI . However , t he mi ddl e t hi r d of SI SI has ver y l i t t l e
si mi l ar i t y t o t he cor r espondi ng r egi on of YDJI or SCJI . The
cent r al t hi r d r egi on of bot h YDJI and SCJI has f our cyst ei ne-
r i ch r epeat s t hat ar e ver y si mi l ar t o t he f our cyst ei ne- r i ch
r epeat s i n t he t wo bact er i al dnaJ pr ot ei ns .

SI SI I s an Essent i al Gene

A del et i on al l el e of SI SI , t er med si sl - 2, was pr epar ed t hat
r epl aces DNA sequences encodi ng ami no aci ds 1- 350 of
SI SI ( of 352 t ot al ami no aci ds) wi t h a 1 . 8- kb DNA f r agment
t hat cont ai ns t he HI S3 gene ( see Mat er i al s and Met hods) .
When a si sl - 2/ SI SI di pl oi d st r ai n ( CY406) i s spor ul at ed and
t he t et r ads di ssect ed, each t et r ad gi ves r i se t o t wo nor mal -
si zed Hi s SI SI col oni es and t wo ver y smal l col oni es, Fi g .
1 B. Af t er 6 d of i ncubat i on at 23 or 30° C, each smal l col ony
cont ai ns - 500 i nvi abl e cel l s, about one- hal f of whi ch ar e
ver y l ar ge i n si ze. Thi s i nvi abi l i t y does not r esul t f r oma de-
f ect acqui r ed onl y dur i ng spor e ger mi nat i on . When a si sl -
2/ SI SI di pl oi d cont ai ni ng t he wi l d- t ype SI SI gene on t he
URA3 cent r omer e pl asmi d YCp50 i s spor ul at ed and t he
t et r ads di ssect ed, hapl oi d si sl - 2 ( Hi s' ) pr ogeny cont ai ni ng
t he wi l d- t ype SI S1 gene on YCp50 ar e obt ai ned . When t hi s
st r ai n i s gr own on 5- f l uor o- or t i c aci d medi um, whi ch al -
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Fi gur e 4. Level s of SI SI pr ot ei n af t er condi t i onal expr essi on or heat shock . ( A) An exponent i al l y gr owi ng cul t ur e of st r ai n CY719 i n SC
gal act ose medi umwas cent r i f uged, washed once i n SCgl ucose medi um, r esuspended i n SCgl ucose medi um, and gr own at 30° C. At var i ous
t i mes cel l s wer e col l ect ed f r oma por t i on of t he cul t ur e, f r ozen i n dr y i ce/ et hanol , and st or ed at - 70° C. A par al l el cul t ur e was al so gr own
f or 30 h on SCr af f i nose medi um ( i ndi cat ed by R) . At al l t i mes, t he ODDof t he cul t ur es was mai nt ai ned bet ween 0. 1 and 0. 5 by appr opr i -
at e di l ut i on . Ext r act s wer e pr epar ed f r omt he cel l s and 75 hg of t ot al pr ot ei n f or each ext r act was l oaded ont o a SDS/ 10% pol yacr yl ami de
gel . The separ at ed pr ot ei ns wer e t r ansf er r ed t o ni t r ocel l ul ose membr ane and pr obed wi t h ant i - SI SI ant i ser um No. 252 whi ch was r ai sed
agai nst a t r pE- SI SI f usi on pr ot ei n cont ai ni ng ami no aci ds 74- 191 of SI SI . Undi l ut ed ( a) , 1 : 10 di l ut i on ( b) , and a 1 : 100 di l ut i on ( c) of an
ext r act pr epar ed f r om cel l s gr own on SC gal act ose medi um( Gal ) wer e l oaded as st andar ds . ( B) Level s of SI SI pr ot ei n af t er heat shock.
An exponent i al l y gr owi ng cul t ur e of st r ai n W303 i n YPDmedi um at 23° C was di vi ded i nt o t wo por t i ons and cent r i f uged . One of t he cel l
pel l et s was r esuspended i n 23° CYPDmedi umand gr own at 23° C. The ot her cel l pel l et was r esuspended i n 39° CYPDmedi umand gr own
at 39° C. These cel l s wer e har vest ed at 13 or 26 mi n af t er t r ansf er t o 39° C. Ext r act s wer e pr epar ed and 40 ug of pr ot ei n f or each ext r act
was l oaded ont o a SDS/ 10%pol yacr yl ami de gel . The l evel s of SI SI wer e det er mi ned by West er n anal ysi s usi ng No . 252 ant i - SI S1 ant i se-
r um. For bot h A and B, t he ast er i sk i ndi cat es a nonspeci f i c band t hat cr oss- r eact s wi t h t he No. 252 ant i ser um and can be used as cont r ol
f or l oadi ng si mi l ar amount s of cel l ext r act .

l ows onl y Ur a- segr egant s t o gr ow ( Boeke et al . , 1984) , t he
Ur a- si sl - 2 segr egant s gi ve r i se t o ver y smal l col oni es of
- 500 i nvi abl e cel l s .

Ther ef or e, S. cer evi si ae cel l s gr ow, on t he aver age, f or
about ni ne gener at i ons ( ^500 cel l s t ot al ) i n t he absence of
t he SI SI gene . Ther e ar e t wo possi bi l i t i es f or such a del ayed
l et hal i t y . One possi bi l i t y i s t hat t he cel l s cannot di vi de at al l
i n t he absence of t he SI SI pr ot ei n and t hat t he cel l s t ake ni ne
gener at i ons t o di l ut e t he SI SI pr ot ei n bel ow some cr i t i cal
l evel , at whi ch poi nt t he cel l s ar e i nvi abl e. The second possi -
bi l i t y i s t hat t he cel l s r un out of SI SI ver y r api dl y but can
di vi de i n t he absence of SI SI . Her e, each di vi si on i n t he ab-
sence of suf f i ci ent SI S1 pr ot ei n ei t her r esul t s i n some pr oba-
bi l i t y of cel l deat h or can r esul t i n a speci f i c cel l ul ar def ect .
I f enough def ect s ar e accumul at ed f or a gi ven cel l , t he cel l
becomes i nvi abl e .

Two l i nes of evi dence suppor t t he second model f or t he
del ayed l et hal i t y. Fi r st , pedi gr ee anal ysi s of hapl oi d si s] - 2
pr ogeny r esul t i ng f r oma si sl - 2/ SI SI di pl oi d shows t hat not
ever y si sl - 2 cel l goes t hr ough ni ne gener at i ons . Some i n-
di vi dual cel l s ar e i nvi abl e af t er onl y t hr ee gener at i ons f r om
t he or i gi nal si sl - 2 spor e whi l e ot her cel l s ( onl y a f ew l i ne-
ages) ar e vi abl e af t er 13 gener at i ons f r omt he or i gi nal si sl - 2
spor e . The second l i ne of evi dence comes f r omt he anal ysi s
of st r ai n CY719 t hat condi t i onal l y expr esses SI SI pr ot ei n .
St r ai n CY719 cont ai ns a del et i on of SI SI at t he chr omosomal
SI SI l ocus and a l ow copy number URA3/ cent r omer e pl as-
mi d cont ai ni ng t he SI SI codi ng sequences under cont r ol of
t he GALJ pr omot er . CY719 i s vi abl e when gr own on gal ac-
t ose medi um ( GALL pr omot er i nduced, SI SI expr essed) but
i nvi abl e on gl ucose medi um ( GALL pr omot er r epr essed, SI SI
not expr essed) . When CY719 i s t r ansf er r ed f r omgal act ose
t o gl ucose medi um, t he l evel s of SI SI pr ot ei n decr ease ( Fi g .

Luke et al . Char act er i zat i on of SI SI

4 A) . Af t er 8 h, t he l evel s of SI SI have decr eased t o about
one- t ent h t he st ar t i ng l evel s . At t hi s t i me, t he cul t ur e gr ows
wi t h a wi l d- t ype doubl i ng t i me ( 75 mi n) and >95% of t he
cel l s ar e vi abl e. Af t er 22 h, t he l evel s of SI SI have decr eased
t o NI / 100 of t he st ar t i ng l evel s . At t hi s t i me, t he cul t ur e con-
t i nues t o gr ow ( but wi t h a doubl i ng t i me of 180 mi n) and
about 50% of t he cel l s ar e vi abl e. When st r ai n CY719 i s
gr own on r af f i nose medi umf or 30 h ( r af f i nose gi ves l ow l evel
i nduct i on of t he GALL pr omot er ) , t he cel l s have about t he
same amount of SI SI as do cel l s af t er 8 h on gl ucose medi um
( Fi g . 4 A) . I n cont r ast t o st r ai n CY719 gr own on gl ucose f or
8 h wher e >95 %of t he cel l s ar e vi abl e, st r ai n CY719 gr own
on r af f i nose f or 30 h has <20% vi abl e cel l s . Cont i nued
gr owt h on r af f i nose medi umr esul t s i n compl et e l oss of vi a-
bi l i t y . These r esul t s suggest t hat yeast cel l s can gr ow and di -
vi de when t he l evel s of SI SI ar e bel owsome cr i t i cal l evel but
t hat cel l di vi si on under t hese condi t i ons event ual l y r esul t s i n
i nvi abi l i t y .

Phenot ypi c Def ect s Due t o Li mi t i ng Level s of SI SI

When a si sl - 2 st r ai n expr essi ng SI SI under cont r ol of t he
GALL pr omot er ( CY719) i s t r ansf er r ed f r om gal act ose t o
gl ucose medi um, t he l evel s of SI SI decr ease over t i me ( Fi g .
4) . Af t er 31 h i n gl ucose medi um, t he cul t ur e has an over al l
doubl i ng t i me of 200 mi n. At t hi s t i me, many of t he CY719
cel l s have become ver y l ar ge ( 50%of cel l s) and many of t he
cel l s appear bl ocked f or mi gr at i on of t he nucl eus f r omt he
mot her cel l i nt o t he daught er cel l ( 30% of cel l s) ( Fi g. 5) . I n
some of t he cel l s t hat appear bl ocked f or nucl ear mi gr at i on,
t he nucl eus par t i al l y mi gr at es i nt o t he neck bet ween t he t wo
cel l s . Much of t he vol ume of most of t he l ar ge cel l s i s f i l l ed
wi t h a l ar ge st r uct ur e t hat i s seen as a r i mj ust i nsi de t he cel l
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Fi gur e S. Phenot ypes of cel l s l i mi t ed f or SI SI . ( A) The panel s show ei t her phase cont r ast , st ai ni ng f or a- t ubul i n by i ndi r ect i mmunof l uor es-
cence, or DANst ai ni ng of DNAby f l uor escence. Exponent i al l y gr owi ng cul t ur es of st r ai n CY719 ( pGAL: SI SI on YCp50) on SC- ur a gal ac-
t ose medi umor W303 ( wi l d- t ype SI SI ) on SC gal act ose medi umwer e cent r i f uged and r esuspended i n SC- ur a or SCgl ucose medi a . The
cel l s wer e col l ect ed af t er 31 h i n gl ucose medi um ( mai nt ai ni ng t he cul t ur es bet ween OD6N of 0. 1 and 0. 75 by di l ut i on) . The cel l s wer e
f i xed wi t h f or mal dehyde and t r eat ed wi t h zymol yase t o r emove t he cel l wal l bef or e i ncubat i on wi t h t he and- a- t ubul i n ant i body . ( B) Nomar -
ski opt i cs and DAPI st r ai ni ng of DNAf or CY719 cel l s af t er 31 h i n gl ucose medi umas i n A. The cel l s wer e col l ect ed and f i xed i n 70%
et hanol bef or e st ai ni ng of DNA wi t h DAPI . Bar s, 10 pm.
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sur f ace ( Fi g . 5 B) ( Nomar ski ) . Thi s st r uct ur e was shown t o
be a vacuol e as det er mi ned by vi t al st ai ni ng ( Pr i ngl e et al . ,
1989) f or t he r ed dye t hat accumul at es i n t he vacuol e i n ade2
st r ai ns gr own on l i mi t i ng adeni ne ( dat a not shown) . I n most
of t he cel l s wi t h a l ar ge vacuol e, t he nucl eus ( l ocat ed by
DAPI st ai ni ng) appear s pr essed agai nst t he si de of t he cel l
( Fi g . 5 B) . The phenot ypi c def ect s shown f or st r ai n CY719
gr own on gl ucose medi umf or 31 h ar e al so vi si bl e af t er 22 h
on gl ucose medi umbut i n a smal l er per cent age of t he cel l s .
These phenot ypes ar e sel dom seen f or wi l d- t ype cel l s gr own
under i dent i cal condi t i ons ( Fi g. 5) .

The Level s of SI SI I ncr ease About 7Wo- Fol d Af t er
Heat Shock

The E. col i dnaJ pr ot ei n i s a t ypi cal heat shock pr ot ei n : t he
r at e of synt hesi s of E. col i dnaJ pr ot ei n i ncr eases 10- f ol d af -

Luke et al . Char act er i zat i on of SI SI

Fi gur e 6. SI SI associ at es wi t h
p40 and p88. ( A) The epi t ope-
t agged SI SI i n ext r act s ( 100 ul ;
al l 1 . 6 mg pr ot ei n/ ml ) pr epar ed
f r om35 S- l abel ed cel l s was i mmu-
nopr eci pi t at ed usi ng t he i ndi cat ed
amount s of asci t es of 12CA5 mono-
cl onal ant i body. The st r ai ns used
wer e : CY455 ( wi l d- t ype SI SI ) f or
t he None l anes, CY461 ( COOH
epi t ope- t agged SI SI ) f or t he
COONl anes, CY661 ( hi gh copy
number NHZ epi t ope- t agged SI SI )
f or t he Hi gh copy # NHZ l anes,
or CY457 ( NHZ epi t ope- t agged
SI SI ) f or t he NHZ l anes . Wher e
i ndi cat ed ( +) , t he asci t es was
pr ei ncubat ed f or 30 mi n wi t h
10 gg of compet i ng hemaggl ut i ni n
epi t ope pept i de ( YPYDVPDYA)
bef or e addi t i on t o t he ext r act s .
The ast er i sks i ndi cat e SI SI deg-
r adat i on pr oduct s as det er mi ned
by West er n anal ysi s . ( B) I mmu-
nopr eci pi t at i on of SI SI t agged at
t he ami no- t er mi nal end wi t h one
( l ane 1, st r ai n CY457) or t wo
( l ane 2, st r ai n CY678) copi es of
t he hemaggl ut i ni n epi t ope . ( C)
Longer exposur e of a r egi on of
t he gel shown i n A. West er n anal -
ysi s of a par al l el gel shows t hat
t he band l abel ed HSP70 r eact s
wi t h ant i ser um r ai sed usi ng a
pept i de cor r espondi ng t o a con-
ser ved ami no- t er mi nal r egi on of
yeast HSP70 pr ot ei ns ( gi f t f r om
E. Cr ai g) . The a br acket i ndi -
cat es t wo bands t hat i ncr ease i n i n-
t ensi t y when SI SI i s over ex-
pr essed .

t er a heat shock f r om30 t o 43° C ( Bar dwel l et al . , 1986) .
As det er mi ned by West er n anal ysi s, t he over al l l evel of t he
SI SI pr ot ei n i ncr eases about t wof ol d af t er a heat shock f r om
23 t o 39° C ( Fi g. 4 B) . Under t hese condi t i ons of heat shock,
t he over al l l evel s of HSP70 pr ot ei ns al so i ncr ease about t wo-
f ol d as det er mi ned by pr obi ng t he same West er n bl ot wi t h
ant i ser um( gi f t f r omE. Cr ai g) di r ect ed agai nst a pept i de r ep-
r esent i ng a hi ghl y conser ved ami no- t er mi nal r egi on of yeast
HSP70 pr ot ei ns ( dat a not shown) .

The f i ndi ng t hat t he l evel of t he SI SI pr ot ei n i ncr eases
upon heat shock i s consi st ent wi t h t he pr esence of t he se-
quence GAACGTTCCAGAAAC_TTCTGGAA ( t he f i r st Gi s
at - 344 r el at i ve t o t he A of t he SI SI ATG; Fi g . 2) i n t he SI SI
pr omot er . Thi s sequence i s si mi l ar t o t he heat shock con-
sensus el ement , whi ch i s composed of 5 by sequences of
xGAAx al t er nat i ng wi t h xTTCX ( Sl at er and Cr ai g, 1987;
Ami n et al . , 1988 ; Xi ao and Li s, 1988) .

63 1



SI SI Associ at es wi t h p40 andp88

I mmunopr eci pi t at i on of SI S1 was used t o det er mi ne i f SI SI
associ at es wi t h ot her pr ot ei ns . The SI SI pr ot ei n was t agged
wi t h a 9- ami no aci d epi t ope f or whi ch a hi gh af f i ni t y mono-
cl onal ant i body i s avai l abl e ( 12CA5 ; Fi el d et al . , 1988) . The
12CA5 monocl onal ant i body has l ow cr oss- r eact i vi t y t o en-
dogenous yeast pr ot ei ns. To epi t ope t ag t he SI SI pr ot ei n, a
DNA sequence encodi ng a 9- ami no aci d i nf l uenza hemag-
gl ut i ni n epi t ope was i nser t ed i nt o t he SI SI gene at a posi t i on
cor r espondi ng t o ei t her t he ver y ami no t er mi nus or t he ver y
car boxyl t er mi nus of t he pr ot ei n ( see Mat er i al s and Met h-
ods) . An i sogeni c set of t hr ee st r ai ns was pr epar ed di f f er i ng
onl y i n t he sour ce of t he SI SI pr ot ei n : st r ai n CY455 cont ai ns
wi l d- t ype SI SI wi t hout t he epi t ope t ag, st r ai n CY457 con-
t ai ns onl y ami no- t er mi nal - t agged SI SI , and st r ai n CY461
cont ai ns onl y car boxyl - t er mi nal - t agged SI SI . The epi t ope
t agged ver si ons of SI SI ar e f unct i onal si nce t he st r ai ns con-
t ai ni ng onl y t he epi t ope- t agged f or ms of SI SI have pheno-
t ypes and doubl i ng t i mes i ndi st i ngui shabl e f r omt hose of i so-
geni c wi l d- t ype st r ai ns .

When t he epi t ope- t agged SI SI pr ot ei n i s i mmunopr eci pi -
t at ed f r om ext r act s pr epar ed f r om " S- l abel ed cel l s, SI SI
speci f i cal l y coi nununopr eci pi t at es wi t h a pr ot ei n of appar ent
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Fi gur e 7. p40/ SI SI el ut es as a
ver y l ar ge compl ex . 0 . 5 ml of
an ext r act ( 5 mg t ot al pr ot ei n/
ml ; i n 50%RI PA/ 50%br eak-
i ng buf f er ) pr epar ed f r om 31S-

l abel ed cel l s cont ai ni ng NHZ -
t agged SI SI ( st r ai n CY457)
was l oaded ont o a 1 . 0 x 40-
cmSephar ose CL- 6B col umn
equi l i br at ed i n 50 %RI PA/ 50 %
br eaki ng buf f er . I mmunopr e-
ci pi t at es of al t er nat e f r act i ons
wer e l oaded ont o a SDS/ 10%
pol yacr yl ami de gel . For t hi s
f i gur e t he gel was over exposed
t o show t hat t he SI SI pr ot ei n
i s pr esent i n t he hi gh mol ecu-
l ar mass p40/ SI SI compl ex .
The ast er i sks i ndi cat e SI SI
degr adat i on pr oduct s . The
col umn st andar ds wer e bl ue
dext r an ( 2, 000K) , t hyr ogl obu-
l i n ( 660K) , f er r i t i n ( 440K) ,
and bovi ne ser um al bumi n
( 67K) .

mol ecul ar mass of 40 kD, whi ch we t er mp40 ( Fi g . 6 A) . The
p40 pr ot ei n i s not a sl ower mi gr at i ng f or mof SI SI by t wo
cr i t er i a . Fi r st , p40 i s not det ect ed by West er n anal ysi s of
SI SI i mmunopr eci pi t at es usi ng ei t her of t wo ant i ser a di r ect ed
agai nst di f f er ent r egi ons of SI SI ( dat a not shown) . These ser a
r eadi l y det ect SI SI i n t hi s anal ysi s . The second cr i t er i on t hat
p40 i s nova f or m of SI SI i s t hat al t er i ng t he mobi l i t y of SI SI
by addi t i on of a second ni ne- ami no aci d hemaggl ut i ni n epi -
t ope does not change t he appar ent mobi l i t y of p40 ( Fi g . 6
B) . Thi s exper i ment al so shows t hat SI SI does not coi mmu-
nopr eci pi t at e wi t h a pr ot ei n of t he same mobi l i t y as t he si n-
gl e epi t ope- t agged SI SI pr ot ei n .

Over expr essi on of SI SI i ncr eases t he amount of SI SI i n t he
i mmunopr eci pi t at es ( Fi g. 6 A) . I n cont r ast , t he amount of
p40 i n t hese i mmunopr eci pi t at es does not i ncr ease. Ther e-
f or e, t her e may be a l i mi t ed amount of p40 t hat can associ at e
wi t h SI SI . I n addi t i on, t he amount of p40 pr esent i n t he i m-
munopr eci pi t at es depends on t he buf f er used t o pr epar e t he
ext r act . RI PA buf f er cont ai ns det er gent s whi l e br eaki ng
buf f er does not ( see Mat er i al s and Met hods) . I f t he ext r act s
ar e pr epar ed usi ng onl y br eaki ng buf f er , about one- t hi r d t he
amount of p40 i s pr esent i n t he SI SI i mmunopr eci pi t at es
( dat a not shown) as compar ed t o when t he ext r act s ar e pr e-
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par ed usi ng 50%RI PA/ 50%br eaki ng buf f er ( Fi g . 6) . The use
of 100% RI PA buf f er does not gi ve any i ncr ease i n t he
amount s of p40 r el at i ve t o t he amount s seen usi ng 50 %RI PA/

50% br eaki ng buf f er . I n al l cases, ver y si mi l ar amount s of

SI SI ar e pr esent i n t he i mmunopr eci pi t at es ( onl y a ver y smal l
f r act i on of t he SI SI pr ot ei n i s associ at ed wi t h p40 ; see next
sect i on) . Ther ef or e, whi l e t he sol ubi l i t y of SI SI i s si mi l ar i n
nat i ve buf f er s compar ed t o det er gent cont ai ni ng buf f er s, t he
p40/ SI S1 compl ex i s much mor e sol ubl e i n buf f er s cont ai ni ng
det er gent s .

SI SI al so associ at es wi t h anot her pr ot ei n . Longer exposur e
of t he gel shows t hat SI SI speci f i cal l y coi mmunopr eci pi t at es
wi t h a pr ot ei n of appar ent mol ecul ar mass of 88 kD ( Fi g . 6
C) . I n addi t i on, i mmunopr eci pi t at i on of SI SI f r oma st r ai n
cont ai ni ng t he ami no- t er mi nal epi t ope- t agged SI SI gene on
a hi gh copy number vect or causes t wo pr ot ei ns, of appar ent
mol ecul ar masses of 78 and 85 kD, t o i ncr ease i n amount s
i n t he i mmunopr eci pi t at es ( i ndi cat ed by br acket l abel ed a i n
Fi g. 6 C) . However , t he speci f i ci t y of t he i nt er act i on of t hese
pr ot ei ns wi t h SI SI r emai ns t o be det er mi ned because t he
same pr ot ei ns or pr ot ei ns of t he same mobi l i t y al so pr eci pi -

Luke et al . Char act er i zat i on of SI SI

Fi gur e 8. Regi ons of SI SI r equi r ed f or
associ at i on wi t h p40 and p88. ( A) Ex-
t r act s wer e pr epar ed f r om ' SS- l abel ed
cel l s t hat cont ai ned t he i ndi cat ed
epi t ope- t agged SI SI del et i on or t he
wi l d- t ype SI SI gene ( No Epi t ope l ane)
on a LEU2/ cen pl anmi d . Each st r ai n al so
cont ai ned wi l d- t ype SI SI gene on YCp50.
The st r ai ns used ar e l i st ed i n Tabl e I .
The epi t ope- t agged SI SI der i vat i ves wer e
i mmunopr eci pi t aed f r om 100, u] of ex-
t r act ( al l di l ut ed t o 1. 6 mg pr ot ei n/ ml )
usi ng 0. 8 ' al of asci t es of 12CÁ5 mono-
cl onal ant i body . The WT SI SI ar r ow i n-
di cat es t he mobi l i t y of wi l d- t ype SI SI
t hat coi mmunopr eci pi t at es wi t h t he epi -
t ope- t agged SI SI del et i on der i vat i ves .
The l evel s of t he p40 pr ot ei n i n t he i m-
munopr eci pi t at es of epi t ope- t agged SI SI -
84, SI SI - 85, SI SI - 86, and SI SI - 87 ar e
ver y si mi l ar t o t he l evel s i n t he i mmuno-
pr eci pi t at es of NHZ or COON epi t ope-
t agged f ul l - l engt h SI SI ( dat a not shown) .
Ther ef or e, t he maj or i t y of t he p40 pr ot ei n
i n t he epi t ope- t agged SI SI - 84, SI SI - 85,
SI SI - 86, and SI SI - 87 i mmunopr eci pi t at es
i s not pr esent i ndi r ect l y by associ at i on of
p40 wi t h t he smal l er amount of wi l d- t ype
SI SI pr esent i n t he i mmunopr eci pi t at es .
( B) Vi abi l i t y of st r ai ns cont ai ni ng t he
i ndi cat ed epi t ope- t agged SI S1 del et i on
der i vat i ve as t he onl y sour ce of SI SI . +,
cel l s t hat have al most a wi l d- t ype gr owt h
r at e and a T§+ phenot ype, +/ - , cel l s t hat
have a sl ow gr owt h phenot ype and a Ts
phenot ype, and - , cel l s t hat ar e i nvi abl e.

t at e nonspeci f i cal l y i n t he absence of SI SI ( f i r st t wo l anes of
Fi g . 6 C) . Nei t her p40, p88, nor t he t wo pr ot ei ns t hat i n-
cr ease i n amount s i n t he i mmunopr eci pi t at es when SI SI i s
over expr essed ar e det ect ed by ant i ser um( gi f t f r omE. Cr ai g)
di r ect ed agai nst a pept i de r epr esent i ng a hi ghl y conser ved
ami no t er mi nal r egi on of yeast HSP70 pr ot ei ns ( dat a not
shown) . However , t he band l abel ed HSP70 i n Fi g . 6 Cdoes
r eact wi t h t he ant i - HSP70 ant i ser um.

The p40/ SI SI Compl ex Has a Ver y Lar ge Si ze

To det er mi ne t he appr oxi mat e si ze of nat i ve SI SI and t he
p40/ SI SI compl exes, t he cel l ul ar ext r act was f r act i onat ed on
a Sephar ose CL- 6B ( Phar maci a I nc . ) col umn bef or e i mmu-
nopr eci pi t at i on . The gr eat maj or i t y of SI SI el ut es at - 80 kD
( Fi g . 7) . Ther ef or e, t he maj or i t y of SI SI ( pr edi ct ed mono-
mer mol ecul ar mass of 37. 6 kD) pr obabl y exi st s as di mer s .
The E. col i dnaJ pr ot ei n i s al so bel i eved t o exi st as di mer s
( Zyl i cz et al . , 1985) . I n cont r ast t o t he maj or i t y of SI SI , t he
p40/ SI S1 compl ex el ut es at t he excl usi on l i mi t of t hi s
col umn, whi ch i s N2- 4 x 106 kD ( Fi g . 7) . We can not ex-
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Fi gur e 9. Local i zat i on of SI SI by i ndi r ect i mmunof l uor escence . CY455 cel l s ( wi l d- t ype SI SI ) or CY457 cel l s ( NHZ epi t ope- t agged SI SI )
wer e t r eat ed wi t h a 1 : 350 di l ut i on of monocl onal ant i body 12CA5 asci t es ( 1 . 9 mg pr ot ei n/ ml ) and t hen wi t h goat ant i - mouse I gG- FI TC
t o vi sual i ze t he epi t ope- t agged SI SI and wi t h DAPI t o vi sual i ze t he nucl eus ( Mat er i al s and Met hods) . The ar r ow i ndi cat es a budded cel l
wher e no st ai ni ng f or SI SI i s appar ent i n t he bud .

cl ude t he possi bi l i t y t hat t he appar ent si ze of t he p40/ SI SI
compl ex r esul t s f r omi t s pr esence i n mi cel l es . The ver y hi gh
mol ecul ar mass p40/ SI SI compl ex seems t o cont ai n much
mor e p40 t han SI SI . Ther ef or e, t hi s compl ex may cont ai n
many p40 mol ecul es f or each mol ecul e of SI SI .

Associ at i on of SI SI wi t h p40 Requi r es Bot h SI SI
Gl yci ne- r i ch Regi ons

To det er mi ne t he r egi on of SI SI t hat i s r equi r ed f or associ a-
t i on wi t h p40, we pr epar ed ei ght di f f er ent SI SI mut at i ons
( t er med si sl - 79 t hr ough si sl - 87) , each of whi ch encodes an
al t er ed SI SI pr ot ei n t hat l acks a di f f er ent 22- ami no aci d r e-
gi on of t he pr ot ei n ( see Mat er i al s and Met hods) . The 22-
ami no aci d r egi on del et ed i n each al t er ed SI SI pr ot ei n i s
shown i n Fi g . 3. To el i mi nat e t he possi bi l i t y t hat t he 9- ami no
aci d epi t ope t ag coul d al t er t he anal ysi s, each of t he 8 SI SI
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del et i ons was pr epar ed usi ng t he ami no- t er mi nal epi t ope-
t agged SI SI or t he car boxyl - t er mi nal epi t ope- t agged SI SI .

The genes encodi ng t he epi t ope- t agged SI SI der i vat i ves on
a l owcopy number LEU2/ cen pl asmi d wer e t r ansf or med i nt o
st r ai n CY455. CY455 has a del et i on of SI SI at t he chr o-
mosomal l ocus ( si sl - 2) and cont ai ns t he wi l d- t ype SI SI gene
on a l ow copy number URA3/ cen pl asmi d . Ther ef or e, each
of t he r esul t i ng st r ai ns has bot h an epi t ope- t agged del et i on
der i vat i ve of SI SI and t he wi l d- t ype SI SI pr ot ei n wi t hout t he
epi t ope t ag. I mmunopr eci pi t at i on anal ysi s shows t hat SI Sl -
84, SI SI - 85, SI SI - 86, and SI SI - 87 r et ai n t hei r associ at i on
wi t h p40 ( Fi g . 8 A) . I n cont r ast , SI SI - 81 ( del et ed i n t he r e-
gi on bet ween t he gl yci ne- r i ch r egi on and t he gl yci ne/ met hi o-
ni ne- r i ch r egi on) and SI SI - 82 ( del et ed f or t he gl yci ne/ met hi -
oni ne- r i ch r egi on) do not associ at e wi t h p40. Al t hough t he
amount of SI SI - 80 ( del et ed f or t he gl yci ne- r i ch r egi on) i n t he
i mmunopr eci pi t at es i s r educed ( pr obabl y due t o i nst abi l i t y
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of t he al t er ed SI SI - 80 pr ot ei n) , pr ol onged exposur e of t he
gel s show no det ect abl e p40 i n t hese i mmunopr eci pi t at i ons .
Bot h SI SI - 79 der i vat i ves, whi ch ar e del et ed i n t he ami no-
t er mi nal r egi on t hat i s hi ghl y conser ved bet ween dnaJ pr o-
t ei ns and dnaJ homol ogues, ar e not det ect ed i n t he i m-
munopr eci pi t at es and ar e pr obabl y unst abl e . Ther ef or e, we
ar e not abl e t o det er mi ne i f t hi s hi ghl y conser ved ami no-
t er mi nal r egi on of SI SI i s r equi r ed f or associ at i on wi t h p40.
I ncr eased exposur e of t he same gel s shows t hat SI SI - 84,
SI SI - 85, SI SI - 86, and SI SI - 87 r et ai n t hei r associ at i on wi t h
p88 whi l e SI SI - 81 and SI SI - 82 do not associ at e wi t h p88
( dat a not shown) . We cannot det er mi ne i f SI S179 and SI Sl -
80 associ at e wi t h p88 due t o t hei r much r educed l evel s i n t he
i mmunopr eci pi t at es . I t i s possi bl e t hat t he r egi ons of SI SI
t hat ar e r equi r ed f or i t s associ at i on wi t h p88 ar e t he same
r egi ons of SI SI t hat ar e r equi r ed f or i t s associ at i on wi t h p40.
The i mmunopr eci pi t at i on anal ysi s al so di r ect l y shows t hat
SI SI i s mul t i mer i c . The mobi l i t y of each of t he SI SI del et i on
der i vat i ves i s somewhat var i abl e . I n some of t he l anes, SI SI
i s pr esent as t wo separ at e bands : one band r esul t s f r omt he
epi t ope- t agged SI SI del et i on der i vat i ve and t he ot her band
r esul t s f r omunt agged wi l d- t ype SI SI ( posi t i on i ndi cat ed by
ar r ow, Fi g 8 A) t hat coi nnnunopr eci pi t at es wi t h t he epi t ope-
t agged SI S1 . These r esul t s show t hat t he r egi ons of SI SI de-
l et ed i n t he SI SI - 84, SI SI - 85, and SI SI - 86 der i vat i ves ar e not
r equi r ed f or mul t i mer i zat i on of SI SI .

Anal ysi s of St r ai ns Cont ai ni ng Del et i on Der i vat i ves
of SI SI

We al so t est ed each of t he SI SI del et i on der i vat i ves t o see
i f t hey coul d subst i t ut e f or wi l d- t ype SI SI . St r ai ns cont ai ni ng
onl y SI SI - 79, SI SI - 84, or SI SI - 87 ar e not vi abl e; st r ai ns con-
t ai ni ng onl y SI SI - 85 of SI SI - 86 gr ow ver y sl owl y and ar e
t emper at ur e sensi t i ve ; and st r ai ns cont ai ni ng onl y SI SI - 81 or
SI SI - 82 have onl y a ver y sl i ght gr owt h def ect ( Fi g. 8 B) . For
SI SI - 80, t he abi l i t y t o subst i t ut e f or SI SI depends on t he po-
si t i on of t he epi t ope t ag : a st r ai n cont ai ni ng onl y NH2 epi -
t ope- t agged SI SI - 80 i s not vi abl e whi l e a st r ai n cont ai ni ng
onl y COOHepi t ope- t agged SI SI - 80 has onl y a sl i ght gr owt h
def ect . Per haps t he 22- ami no aci d del et i on i n SI SI - 80 i s
cl ose enough t o t he ami no- t er mi nal end so t hat , when com-
bi ned wi t h t he i nser t i on of t he epi t ope at t he ami no- t er mi nal
end, i t r esul t s i n a nonf unct i onal pr ot ei n .

Some of t hese SI SI del et i on der i vat i ves cause al t er at i ons
i n pl asmi d st abi l i t y . An i sogeni c set of st r ai ns was pr epar ed
t hat has ei t her wi l d- t ype SI SI or t he SI SI - 81, SI SI - 82, SI SI -
85, or SI SI - 86 gene ( al l NH2 epi t ope t agged) i nt egr at ed at
t he LEU2 l ocus . Each of t hese st r ai ns was t r ansf or med wi t h
t he URA3/ cent r omer e pl asmi d YCp50. Af t er gr owi ng t he
st r ai ns f or 10 gener at i ons on medi umcont ai ni ng ur aci l , t he
per cent age of cel l s cont ai ni ng YCp50 was det er mi ned . At
l east si x measur ement s wer e per f or med f or each st r ai n . For
t he st r ai n cont ai ni ng wi l d- t ype SI SI , 34%( st andar d devi a-
t i on = SD of 7 %) of t he cel l s had l ost t he pl asmi d . I n con-
t r ast , t he st r ai n cont ai ni ng SI SI - 81 had a r epr oduci bl y hi gher
r at e of pl asmi d l oss : 55 %( SD of 11 %) of t he cel l s had l ost
t he pl asmi d . I n cont r ast , t he st r ai n cont ai ni ng SI SI - 85 had
a r epr oduci bl y l ower r at e of pl asmi d l oss : 18% ( SD of 6%)
of t he cel l s had l ost t he pl asmi d . The SI SI - 82 st r ai n and t he
SI SI - 86 st r ai n l ost t he pl asmi d at a r at e si mi l ar t o t he st r ai n
cont ai ni ng wi l d- t ype SI SI ( 31% wi t h SD of 7 % and 29
wi t h a SD of 7%, r espect i vel y) .

Luke et al . Char act er i zat i on of SI SI

Local i zat i on of SI SI by I mmunof uor escence

To det er mi ne t he subcel l ul ar l ocal i zat i on of SI SI by i ndi r ect
i mmunof l uor escence mi cr oscopy, we used t hr ee i sogeni c
st r ai ns : st r ai n CY455 cont ai ned onl y wi l d- t ype SI SI , st r ai n
CY457 cont ai ned onl y NH2 epi t ope- t agged SI SI , and st r ai n
CY461 cont ai ned onl y COOHepi t ope- t agged SI SI . I mmu-
nof l uor escence mi cr oscopy was per f or med usi ng t he mono-
cl onal ant i body 12CA5 whi ch i s di r ect ed agai nst t he epi t ope
t ag . Ther ef or e, any di f f er ence i n t he st ai ni ng bet ween t hese
st r ai ns wi l l be due onl y t o t he epi t ope- t agged SI SI pr ot ei ns .
I n t he absence of t he epi t ope t ag, wi l d- t ype yeast cel l s ( st r ai n
CY455) showonl y ver y weak st r ai ni ng ( Fi g . 9) . The st ai ni ng
f or st r ai n CY457 shows t hat t he NH2- t agged SI SI i s l ocal -
i zed t hr oughout t he cel l but i s mor e concent r at ed i n t he r e-
gi on of t he nucl eus, whose posi t i on i s vi sual i zed by DAPI
st r ai ni ng ( Fi g . 9) . I n al most ever y case, t he st ai ni ng f or SI SI
i s ver y weak or absent i n t he bud unt i l i t get s a nucl eus t r ans-
f er r ed f r om t he mot her cel l ( see ar r ow i n Fi g. 9) . St ai ni ng
i ndi st i ngui shabl e f r omt hat shown f or NH2 epi t ope- t agged
SI SI cont ai ni ng cel l s i s obt ai ned wi t h cel l s cont ai ni ng
COOH epi t ope- t agged SI SI pr ot ei n ( dat a not shown) .

Di st r i but i on of SI SI i n Subcel l ul ar Fr act i ons

Si nce SI SI i s mor e concent r at ed i n t he r egi on of t he nucl eus,
we det er mi ned how SI SI f r act i onat ed wi t h nucl ei usi ng t he
met hod of Kal i ni ch and Dougl as ( 1989) . Yeast spher opl ast s
cont ai ni ng wi l d- t ype SI SI wer e l ysed i n a hypot oni c buf f er
( 0. 02 MHepes, pH 7. 4, 5 MMMgC12) . The l ysat e ( Cel l s
l ane i n Fi g . 10 A) was l ayer ed ont o 20%/ 30 %/ 40%gl ycer ol
st ep gr adi ent s . These gr adi ent s separ at ed t he l ysat e i nt o a
pel l et f r act i on cont ai ni ng membr anes, nucl ei , and unl ysed
cel l s ( P i n Fi g . 10 A) and a sol ubl e cyt opl asmi c f r act i on ( S
i n Fi g. 10 A) . I n t hi s pr ocedur e, - 90%of t he SI SI f r act i on-
at es wi t h t he pel l et . I f hi gher i oni c st r engt h buf f er s ar e used
t o l yse t he cel l s, mor e of t he SI SI f r act i onat es wi t h t he super -
nat ant ( dat a not shown) . The ext r act s f or t he i mmunopr eci p-
i t at i on anal ysi s shown i n Fi gs . 6- 8 wer e pr epar ed usi ng gl ass
bead l ysi s and hi gher i oni c st r engt h buf f er s ( 0. 2 MNaCl ,
0. 075 MTr i s- HCI ) , whi ch sol ubi l i zes >90% of t he SI SI .

The pel l et f r omt he gl ycer ol gr adi ent was subj ect ed t o t wo
r ounds of di f f er ent i al cent r i f ugat i on i n 18%Fi col l t o r emove
unl ysed cel l s and t o pur i f y nucl ei ( Kal i ni ch and Dougl as,
1989) . The f i nal nucl ear pel l et f r act i on cont ai ned al most ex-
cl usi vel y nucl ei ( and associ at ed membr anes) as det er mi ned
by DAN st ai ni ng. Al most al l of t he SI SI i n t he gl ycer ol gr a-
di ent pel l et i s r ecover ed i n t hi s nucl ear f r act i on ( dat a not
shown) . The yeast nucl ear f r act i on was di vi ded i nt o al i quot s
whi ch wer e t r eat ed separ at el y wi t h DNase pl us RNase t o di -
gest chr omat i n and RNA, 1 MNaCl t o r emove sal t sol ubl e
component s, or 2% Tr i t on X- 100 t o r emove membr anes
( pr ocedur e of Al l en and Dougl as, 1989) . Af t er each t r eat -
ment , t he r esi dual nucl ei ( P or pel l et ) wer e separ at ed f r om
t he sol ubl e component s ( S or super nat ant ) by cent r i f ugat i on .
I nt er est i ngl y, when t he nucl ear f r act i on was t r eat ed wi t h
DNase I and RNase A, about one- f our t h of t he SI SI was
r el eased ( Fi g. 10 B) . Separ at e t r eat ment of t he nucl ear f r ac-
t i on wi t h RNase A or DNase I shows t hat t r eat ment wi t h
RNase A r el eases SI SI whi l e t r eat ment wi t h DNase I does
not ( Fi g . 10 B) . Subsequent pr obi ng of t hese bl ot s wi t h an-
t i ser um agai nst YDJ1 ( gi f t of A. Capl an and M. Dougl as)
shows t hat YDJI i s not r el eased by t r eat ment wi t h ei t her
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Fi gur e 10. Fr act i onat i on of

yeast cel l s and l ocal i zat i on of

SI SI . ( A) Cel l s of st r ai n BJ926
wer e f r act i onat ed as descr i bed

i n Kal i ni ch and Dougl as ( 1989) .

20 ml of l ysed spher opl ast s

wer e l ayer ed on a gl ycer ol st ep
gr adi ent and cent r i f uged . The

r esul t i ng pel l et was r esuspended
i n 20 ml l ysi s buf f er . Then 1 . 2

ml of t he or i gi nal cel l l ysat e
( cel l s l ane) , 1 . 2 ni l of t he gr adi ent t op l ayer ( S l ane) , or 1 . 2 ni l of t he r esuspended pel l et wer e TCA pr eci pi t at ed . ( B) 0. 45- ml al i quot s

of t he nucl ear f r act i on ( i n di gest i on buf f er ) wer e separ at el y t r eat ed i n a t ot al vol ume of 4 ni l wi t h buf f er ( Cont r ol l anes) , RNase + DNase,
RNase, DNase, i MNaCl , or 2% Tr i t on as descr i bed i n Al l en and Dougl as ( 1989) . The sampl es wer e cent r i f uged and t he pel l et s wer e
r esuspended i n 4 ml of buf f er . Then, 1 . 2 ml of t he super nat ant f r act i on ( of 4 ni l ) and 1 . 2 ni l of t he pel l et f r act i on ( of 4 ml ) was TCA pr eci pi -
t at ed . The TCA pr eci pi t at es wer e separ at ed on a SDS/ 10% pol yacr yl ami de gel , t r ansf er r ed t o ni t r ocel l ul ose membr ane, and pr obed wi t h
ant i - SI SI No. 252 ant i ser um. The sampl e f or t he cont r ol l anes shown i n t he f i gur e was mai nt ai ned at 37° C f or 25 mi n as wer e t he RNase
+ DNase, RNase, and DNase sampl es. The RNase buf f er i t sel f di d not r el ease SI SI i nt o t he super nat ant because a par al l el sampl e t r eat ed

wi t h RNase buf f er al one gave r esul t s i dent i cal t o t he Cont r ol l anes .

RNase A or DNase I ( dat a not shown ; al so see Capl an and

Dougl as, 1991) . Tr eat ment of t he nucl ear f r act i on wi t h 1M

NaCl r el eases at l east t wo- t hi r ds of t he SI SI pr ot ei n,

conf i r mi ng t he abi l i t y of hi gh sal t t o sol ubi l i ze SI SI . Tr eat -

ment of t he nucl ear f r act i on wi t h 2%Tr i t on X- 100 r el eases

about one- t hi r d of t he SI SI . When yeast nucl ei ar e t r eat ed se-

quent i al l y wi t h RNase + DNase, NaCl , and t hen Tr i t on

X- 100, t he r esi dual mat er i al i s t er med t he " mat r i x l ami na

por e compl ex . " Less t han 10% of SI SI r emai ns associ at ed

wi t h t hi s compl ex ( dat a not shown) .

YDJI Can Not Subst i t ut e f or SI SI

The SI R gene i s essent i al f or vi abi l i t y . To det er mi ne i f over -

expr essi on of t he yeast dnaJ homol ogue YDR coul d subst i -

t ut e f or SI SI , a si sl - 2/ SI SI di pl oi d cont ai ni ng t he YDJI gene

on a hi gh copy number pl asmi d ( pAV5 ; gi f t of A. Capl an and

M. Dougl as) was spor ul at ed and 30 t et r ads di ssect ed . Al l of

t he si sl - 2 hapl oi d pr ogeny gave col oni es of ver y si mi l ar si ze,

each cont ai ni ng - 500 i nvi abl e cel l s ( dat a not shown) . We

expect - 75%of t he si sl - 2 hapl oi d pr ogeny t o cont ai n pAV5

because about 75 % of t he SI SI hapl oi d pr ogeny cont ai ned

pAV5 ( ar e Ur a+) . St r ai ns cont ai ni ng pAV5 over expr ess YDR

about f i vef ol d compar ed t o wi l d- t ype st r ai ns ( Capl an, A. ,

per sonal communi cat i on) . Ther ef or e, over expr essi on of YDJI

cannot cur e t he l et hal i t y due t o del et i on of SI SI .

We al so t est ed i f over expr essi on of YDR coul d par t i al l y

cur e t he sl ow gr owt h phenot ype of a si sl - 85 st r ai n or a si sl - 86

st r ai n . When a si sl - 85 or si sl - 86 st r ai n was t r ansf or med wi t h

t he hi gh copy number pl asmi d wi t h no i nser t , t he t r ansf or -

mant s gr ew at t he same r at e as t he unt r ansf or med st r ai ns . I n

cont r ast , t he si sl - 85 st r ai n or t he si sl - 86 st r ai n t r ansf or med

wi t h t he YDJ1 gene on a hi gh copy number pl asmi d ( pAV5)

gr ew much sl ower t han t he unt r ansf or med st r ai ns ( dat a not

shown) . An i sogeni c wi l d- t ype SI SI st r ai n t r ansf or med wi t h

pAV5 di d not gr ow sl ower t han when t r ansf or med wi t h t he

cont r ol pl asmi d . Ther ef or e, not onl y can YDRnot subst i t ut e

f or SI SI , but over expr essi on of YDR i nt er f er es wi t h t he

f unct i ons of t he SI SI - 85 and SI SI - 86 pr ot ei ns . Thi s r esul t

cont r ast s wi t h t he suppr essi on of YDJI mut ant s by hi gh copy

number SI SI ( see Capl an and Dougl as, 1991) .

The Jour nal of Cel l Bi ol ogy, Vol ume 114, 1991

Di scussi on

I n addi t i on t o SI SI , t hr ee pr ot ei ns wi t h si mi l ar i t y t o dnaJ

have been i dent i f i ed i n t he yeast S. cer evi si ae . The yeast

SEC63 pr ot ei n cont ai ns a 70- ami no aci d r egi on si mi l ar t o

t he ami no- t er mi nal r egi on of dnaJ and i s r equi r ed f or i mpor t

of pr ot ei ns i nt o t he endopl asmi c r et i cul um( Rot hbl at t et al . ,

1989 ; Sadl er et al . , 1989) . One possi bl e model i s t hat SEC63

f unct i ons t o unf ol d pr ot ei ns f or t r anspor t acr oss t he ER

membr ane . The yeast YDJI and SCR pr ot ei ns ar e si mi l ar t o

dnaJ over t hei r ent i r e l engt hs and, l i ke dnaJ, cont ai n f our

cyst ei ne r i ch r epeat s . Ther ef or e, YDJ1 and SCR may be t r ue

dnaJ homol ogues. The YDJI pr ot ei n was i sol at ed as a com-

ponent of t he mat r i x l ami na por e compl ex ( Capl an and

Dougl as, 1991) . The SCR gene encodes a pr ot ei n t hat i s

l ocal i zed i n mi t ochondr i a and was i dent i f i ed as a hi gh copy

number suppr essor i n a scr een t o i sol at e genes whose pr od-

uct s al t er pr ot ei n sor t i ng ( Bl umber g and Si l ver , 1991) . Al -

t hough i t i s possi bl e t hat YDJI and SCH f unct i on f or pr ot ei n

unf ol di ng and/ or pr ot ei n i mpor t i nt o var i ous or ganel l es, t he

f unct i ons of YDJI and SCJI ar e not known .

The yeast SI SI pr ot ei n i s si mi l ar t o bact er i al dnaJ pr ot ei ns

i n t he ami no- t er mi nal t hi r d and car boxyl - t er mi nal t hi r d of

t he pr ot ei ns . However , t he cent r al t hi r d of SI SI i s not si mi l ar

t o any of t he ot her known dnaJ pr ot ei ns or homol ogues . Thi s

cent r al t hi r d of SI SI cont ai ns a st r i ki ng gl yci ne/ met hi o-

ni ne- r i ch sequence t hat , al ong wi t h t he mor e ami no-

t er mi nal gl yci ne- r i ch r egi on and t he sequences i n bet ween,

i s r equi r ed f or associ at i on of SI SI wi t h p40 ( and pr obabl y

p88) . Per haps t he cor r espondi ng r egi on of bact er i al dnaJ

pr ot ei ns and t he yeast YDR and SCH pr ot ei ns, al l of whi ch

cont ai n t he cyst ei ne- r i ch r epeat s t hat ar e absent i n SI SI ,

medi at es t he associ at i on of t hese pr ot ei ns wi t h ot her speci f i c

cel l ul ar component s .

The f unct i ons of t he SI SI associ at ed pr ot ei ns p40 and p88

ar e not known . The p40/ SI SI compl ex el ut es f r oma si zi ng

col umn as a ver y l ar ge compl ex and may cont ai n many p40

mol ecul es f or each SI SI mol ecul e. Si nce t he p40/ SI SI com-

pl ex i s mor e sol ubl e i n buf f er s cont ai ni ng det er gent s, i t may

be membr ane associ at ed . The sol ubl e SI SI pr ot ei n pr esent

i n t he cel l ext r act s used f or i mmunopr eci pi t at i on anal ysi s
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i s not det ect abl y associ at ed wi t h yeast HSP70 pr ot ei ns.
Whet her or not SI SI associ at es wi t h or f unct i ons i n conj unc-
t i on wi t h yeast HSP70 pr ot ei ns i n vi vo i s not known . The E.
col i dnaJ pr ot ei n i nt er act s wi t h dnaK, a bact er i al homol ogue
of eukar yot i c HSP70 pr ot ei ns ( Sel l et al . , 1990) .

We cur r ent l y do not know t he speci f i c f unct i on( s) of SI SI .
Many of t he cel l s i n st r ai ns l i mi t ed f or SI SI appear bl ocked
f or nucl ear mi gr at i on and/ or become ver y l ar ge i n si ze and
cont ai n a l ar ge vacuol e. However , we can not di st i ngui sh i f
t hese phenot ypi c def ect s r esul t di r ect l y or i ndi r ect l y f r om
l i mi t i ng SI SI . The ver y l ar ge cel l s cont ai ni ng a l ar ge vacuol e
coul d r esul t nonspeci f i cal l y f r omcel l deat h . The bl ock i n nu-
cl ear mi gr at i on r esul t i ng f r om l i mi t i ng t he SI SI pr ot ei n i s
si mi l ar t o t hat seen f or cdc mut ant s ( such as cdc2, cdc7, and
cdc9 mut ant s) t hat ar e def ect i ve i n DNAr epl i cat i on ( Pr i ngl e
and Har t wel l , 1981) . Speci f i c mut at i ons i n SI SI cause al t er -
at i ons i n pl asmi d st abi l i t y, whi ch coul d r esul t f r omdef ect s
i n pl asmi d r epl i cat i on or segr egat i on . The al t er at i ons i n pl as-
mi d st abi l i t y r esul t i ng f r omt he al t er ed SI SI pr ot ei ns coul d
be r el at ed t o t he bl ocked nucl ear mi gr at i on phenot ype i n
cel l s l i mi t ed f or SI S1 .

The SI SI pr ot ei n i s l ocal i zed t hr oughout t he cel l but i s
mor e concent r at ed i n t he r egi on of t he nucl eus . I n addi t i on,
about a f our t h of SI SI ( but none of t he YDJI ) i s r el eased f r om
a nucl ear f r act i on upon t r eat ment wi t h RNase . Thi s f i ndi ng
may be r el evant t o t he scr een used t o i dent i f y t he SI SI gene .
Hi gh copy number SI SI dr amat i cal l y i ncr eases t he gr owt h
r at e of st r ai ns cont ai ni ng t r anscr i pt i onal suppr essor si t 4 mu-
t at i ons . These si t 4 st r ai ns have al t er at i ons i n t he l engt hs and
amount s of t he mRNA f or many di ver se genes ( Ar ndt et al . ,
1989) . Ther ef or e, t he sl ow gr owt h phenot ype of si t 4 st r ai ns
may r esul t f r omt he l i mi t at i on of one or mor e essent i al gene
pr oduct s whose t r anscr i pt i on i s al t er ed due t o t he si t 4 mut a-
t i on . Such a l i mi t ed gene pr oduct can not be SI SI i t sel f si nce
i sogeni c wi l d- t ype and si t 4 st r ai ns have ver y si mi l ar amount s
of t he SI SI pr ot ei n ( Luke, M. M. , A. Sut t on, and K . T.
Ar ndt , unpubl i shed dat a) . I t i s possi bl e t hat hi gh copy num-
ber SI SI i ncr eases t he gr owt h r at e of si t 4 st r ai ns by i ncr eas-
i ng t he f unct i onal amount of a l i mi t i ng mRNA . That about
a f our t h of t he SI SI pr ot ei n i s r el eased f r oma nucl ear f r ac-
t i on upon t r eat ment wi t h RNase coul d be due t o t he i nvol ve-
ment of SI SI i n some aspect of mRNA t r anscr i pt i on, pr o-
cessi ng, or t r anspor t . Whet her or not SI T4 and SI SI ar e bot h
i nvol ved i n some common st ep of mRNA t r anscr i pt i on r e-
mai ns t o be det er mi ned . Coul d SI SI be a subst r at e of SI T4?
A smal l mi nor i t y ( <10%) of t he SI SI pr ot ei n i s phosphor -
yl at ed i n vi vo such t hat t hi s f or mof SI SI mi gr at es sl i ght l y
sl ower t han t he maj or i t y of SI SI ( seen by I ' S l abel i ng) . Al -
t hough t he over al l i n vi vo phosphor yl at i on st at e of SI SI i s
ver y si mi l ar i n wi l d- t ype st r ai ns as compar ed t o si t 4 st r ai ns
( Luke, M. M. , A. Sut t on, and K. T. Ar ndt , unpubl i shed
dat a) , we can not r ul e out t he possi bi l i t y t hat SI T4 dephos-
phor yl at e onl y one of many possi bl e phosphor yl at ed r esi dues
on t he phosphor yl at ed f or m of SI SI .

SI SI may have mul t i pl e f unct i ons r equi r ed f or cel l ul ar
gr owt h . Some i nsi ght i nt o how SI SI f unct i ons may be i n-
f er r ed f r om st udi es wi t h E. col i dnaJ pr ot ei n usi ng t he i n
vi t r o X phage DNA r epl i cat i on syst em. I n t hi s syst em, dnaJ
seems t o be medi at i ng a speci f i c pr ot ei n/ pr ot ei n di ssoci at i on
and i nt er act s wi t h t he dnaB hel i case ( Zyl i cz et al . , 1989 ;
Li ber ek et al . , 1990) . Per haps, l i ke dnaJ, t he SI SI pr ot ei n
al so medi at es speci f i c pr ot ei n/ pr ot ei n di ssoci at i ons . What -

Luke et al . Char act er i zat i on of SI SI

ever t he mechani sm of SI SI act i on, t he f unct i on of SI SI i s
uni que : SI SI i s an essent i al gene . Over expr essi on of t he yeast
dnaJ homol ogue YDJI ( Capl an and Dougl as, 1991) cannot
subst i t ut e f or SI SI and act ual l y i nhi bi t s t he gr owt h of st r ai ns
cont ai ni ng si sl - 85 or si sl - 86 mut at i ons . Fur t her genet i c and
bi ochemi cal anal ysi s wi l l be r equi r ed t o det er mi ne t he pr e-
ci se cel l ul ar f unct i ons of SI SI .

We t hank A. Capl an and M. Dougl as f or YDJI ant i ser a, t he YDJI gene

on a hi gh copy number vect or , shar i ng dat a bef or e publ i cat i on, and con-

t i nued col l abor at i on . We t hank E. Cr ai g f or ant i ser um t o t he conser ved

pept i de of yeast HSP70 pr ot ei ns, C. Geor gopoul os f or an i nt r oduct i on t o
dnaJ pr ot ei ns, and L . Ri l es, and M. Ol sen f or mappi ng SI SI t o t hei r yeast

physi cal map . We al so t hank C. Devl i n and M. Tyer s f or comment s on t he

manuscr i pt .

Thi s r esear ch was suppor t ed by Nat i onal I nst i t ut es of Heal t h gr ant

GM39892 t o K. T . Ar ndt .
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