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Abst r act . The PKCI gene of Sacchar omyces cer evi si ae
encodes a homol ogue of t he Cal l - dependent i sozymes
of mammal i an pr ot ei n ki nase C ( Levi n, D. E. , F. O.
Fi el ds, R. Kuni sawa, J. M. Bi shop, and J . Thomer .
1990 . Cel l . 62 : 213- 224) . Cel l s depl et ed of t he PM
gene pr oduct di spl ay a uni f or mphenot ype, a behavi or
i ndi cat i ng a def ect i n t he cel l di vi si on cycl e ( cdc) .
These cel l s ar r est di vi si on af t er DNA r epl i cat i on, but
bef or e mi t osi s . Unl i ke most cdc mut ant s, whi ch con-
t i nue t o gr ow i n t he absence of cel l di vi si on, PKCI -
depl et ed cel l s ar r est gr owt h wi t h smal l buds . We
cr eat ed condi t i onal al l el es of PMt o expl or e t he na-
t ur e of t hi s unusual cdc def ect . I n cont r ast t o PKCI -
depl et ed cel l s, al l of t he condi t i onal pkcl mut ant s i so-

EMBERS of t he f ami l y of phosphol i pi d- dependent ,
ser i ne/ t hr eoni ne- speci f i c pr ot ei n ki nases known
col l ect i vel y as pr ot ei n ki nase C ( PKC) ' , r espond

t o ext r acel l ul ar si gnal s t hat act t hr ough r ecept or - medi at ed
hydr ol ysi s of phosphat i dyl i nosi t ol - 4, 5- bi sphosphat e t o di -
acyl gl ycer ol ( DAG) and i nosi t ol - 1, 4, 5- t r i sphosphat e ( I P3 )
( Hoki n, 1985) . DAG ser ves as a second messenger t o act i -
vat e PKC ( Takai et al . , 1979 ; Ki shi mot o et al . , 1980 ;
Ni shi zuka, 1986, 1988) , and I P3 f unct i ons t o mobi l i ze Cal l
f r omi nt r acel l ul ar st or es ( Ber r i dge and I r vi ne, 1984) . Seven
di st i nct subt ypes of mammal i an PKC have been r epor t ed
( Ni shi zuka, 1988 ; Ki kkawa et al . , 1989) , sever al of whi ch
( a, ßI , 011, and - y) r equi r e Cal l f or act i vi t y ( Ki shi mot o et
al . , 1980) , ot her s ( S, e, and r ) do not ( Ohno et al . , 1988 ;
Ono et al . , 1988, 1989b) .

Mammal i an PKC i s t hought t o pl ay a pi vot al r ol e i n t he
r egul at i on of a host of cel l ul ar f unct i ons t hr ough i t s act i va-
t i on by gr owt h f act or s and ot her agoni st s . These f unct i ons
i ncl ude cel l gr owt h and pr ol i f er at i on ( Rosengur t et al . , 1984 ;
Kai buchi et al . , 1985 ; Per sons et al . , 1988) , r el ease of var i -
ous hor mones ( Negr o- Vi l ar and Lapet i na, 1985 ; Ohmur a
and Fr i esen, 1985) , and cont r ol of i on conduct ance channel s
( Madi son et al . , 1986 ; Far l ey and Auer bach, 1986) . I ndi r ect
evi dence suggest s t hat PKC i nduces t he t r anscr i pt i on of a

1 . Abbr evi at i ons used i n t hi s paper : DAG, di agl ycer ol ; PCR, pol ymer ase
chai n r eact i ons ; PKC, pr ot ei n ki nase C; YEP, 196 yeast , 2%bact opept one .
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l at ed wer e suppr essed by t he addi t i on of CaC12 t o t he
medi um, suggest i ng t hat t he mut ant enzymes coul d be
act i vat ed by Cal l . Ar r est of gr owt h and cel l di vi si on
i n t he condi t i onal mut ant s was accompani ed by cessa-
t i on of pr ot ei n synt hesi s, r api d l oss of vi abi l i t y, and
r el ease of cel l ul ar mat er i al i nt o t he medi um, suggest -
i ng cel l l ysi s . Thi s concl usi on was suppor t ed by t he
obser vat i on t hat a pkcl del et i on mut ant was capabl e of
pr ol i f er at i on i n osmot i cal l y st abi l i zed medi um, but un-
der went r api d cel l l ysi s when shi f t ed t o hypo- osmot i c
medi um. We have i ncor por at ed t hese obser vat i ons i nt o
a model t o expl ai n t he cdc- speci f i c ar r est of pkd
mut ant s .

wi de ar r ay of genes, i ncl udi ng t he pr ot o- oncogenes c- myc,
cf os, and c- si s ( Kel l y et al . , 1983 ; Coughl i n et al . , 1985 ;
Gr eenber g and Zi f f , 1984 ; Kr ui j er et al . , 1984 ; Col amoni ci
et al . , 1986) , human col l agenase ( Angel et al . , 1987) , met al -
l ot hi onei n I I A, and t he SV- 40 ear l y genes ( I mbr a and Kar i n,
1986) . Sever al t r anscr i pt i on f act or s have been i mpl i cat ed i n
t hi s r esponse, i ncl udi ng component s of t he AN compl ex,
AP- 2, AP- 3, and NF- KB ( Lee et al . , 1987; I magawa et al . ,
1987 ; Chi u et al . , 1987 ; Baeuer l e and Bal t i mor e, 1988) . I n
at l east one case ( AP- 2) , i t appear s t hat act i vat i on of t he t r an-
scr i pt i on f act or does not occur t hr ough di r ect phosphor yl a-
t i on by PKC ( Luscher et al . , 1989) .

We r epor t ed pr evi ousl y t he i sol at i on of a gene f r omSac-
char omyces cer evi si ae t hat encodes a homol og of t he ot , ß,
and y subt ypes of mammal i an PKC ( PKCI ; Levi n et al . ,
1990) . The PKCI gene i s essent i al f or cel l gr owt h and di vi -
si on . Her e we r epor t t he i sol at i on of condi t i onal al l el es of
PKCI and t he use of t hese al l el es t o char act er i ze f ur t her t he
pkcl - associ at ed def ect . These st udi es r eveal ed t hat l oss of
PKCI f unct i on r esul t s i n a cel l di vi si on cycl e- speci f i c os-
mot i c st abi l i t y def ect .

Mat er i al s and Met hods

St r ai ns, Gr owt h Condi t i ons, and Ransf or mat i ons

Al l yeast st r ai ns used i n t hi s st udy ( Thbl e I ) wer e der i vat i ves of EG123,
MATa l eut - 3, 112 ur a3- 52 t r pl l hi s4 canl r ( Si l i ci ano and Tat chel l , 1994) ,
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except RY262, X3119- 12A, and HMSFI . Yeast cul t ur es wer e gr own i n YEP
( 1 %yeast ext r act , 2 %bact opept one) suppl ement ed ei t her wi t h 2 %gl ucose,
or 2 %gal act ose pl us 0. 1 %sucr ose, as r equi r ed . Synt het i c mi ni mal dext r ose
medi um( SD) ( Sher man et al . , 1986) suppl ement ed wi t h t he appr opr i at e nu-
t r i ent s was used t o sel ect f or pl asmi d mai nt enance. Yeast t r ansf or mat i on was
by t he l i t hi umacet at e met hod ( I t o et al . , 1983) . Gener al genet i c mani pul a-
t i on of yeast cel l s was car r i ed out as descr i bed ( Sher man et al . , 1986) . For
r andomspor e ger mi nat i on, asci wer e t r eat ed wi t h ß gl ucur oni dase ( Si gma

Chemi cal Co. , St . Loui s, MO) f or 8 h t o separ at e spor es and et her f or 2 mi n
t o ki l l r emai ni ng di pl oi d cel l s ( Dawes and Har di e, 1974) .

Escher i chi a col i st r ai ns DH5a ( Hanahan, 1983) HB101, ( Boyer and
Roi l l and- Dussoi x, 1969) , and TGl ( Sambr ook et al . , 1989) wer e used f or

t he pr opagat i on of al l pl asmi ds and phage. E. col i st r ai n AB1886/ pGW249
was used f or ul t r avi ol et mut agenesi s . Phage M13mp18 ( Nor r ander et al . ,

1983) was used t o gener at e si ngl e- st r anded t empl at e DNA f or sequence de-
t er mi nat i on. E. col i cel l s wer e cul t ur ed i n Lur i a br ot h or YT medi umand

t r ansf or med, or i nf ect ed wi t h M13 by st andar d met hods ( Mani at i s et al . ,

1982) .

Ul t r avi ol et Mut agenesi s

The met hod used f or ul t r avi ol et mut agenesi s of t he PKCI - bear i ng pl asmi d

was modi f i ed f r omone devel oped by T. Davi s ( Uni ver si t y of Washi ngt on,
Seat t l e, WA, per sonal communi cat i on) . Pl asmi d YCp50[ PKCI ] ( 10 , ug/ ml ;

Levi n et al . , 1990) was i r r adi at ed wi t h 53 J/ ml of 254- nml i ght usi ng a GE

15 WG15T8 ger mi ci dal bul b . Thi s l evel of i r r adi at i on r esul t ed i n - 90%

pl asmi d i nact i vat i on, as j udged by t r ansf or mat i on ef f i ci ency wi t h st r ai n
AB1886/ pGW249 ( gi f t of T. Davi s) . AB1886/ pGW249 was gr own t o OD6w

= 0. 6 i n LB medi umcont ai ni ng 30, ug/ ml kanamyci n . The cul t ur e ( 10 ni l )
was cent r i f uged at 6, 000 g f or 5 mi n, and t he pel l et was washed and
r esuspended i n 5 ml of X di l uent ( 100 mMNaCl , 20 mMTr i s, pH 7. 5, 1
mMMgSO4, 0. 01% gel at i n) . The cel l s wer e i r r adi at ed wi t h 1. 5 J/ m2 of
254- nm l i ght t o i nduce t he er r or - pr one DNA r epai r syst em medi at ed by
pGW249 ( Longer et al . , 1981) , di l ut ed ( 1- 10 ml ) i n LB, and al l owed t o r e-
cover f or 1 h at 37° C. Thi s l evel of i r r adi at i on r esul t ed i n a r educt i on i n
pl at i ng ef f i ci ency of - 50%. The cul t ur e was har vest ed by cent r i f ugat i on,
r esuspended i n i ce- col d 50 mMCaCI Z, and i ncubat ed at 0° C f or 20 mi n.
Cel l s wer e har vest ed and r esuspended i n 1 ml of 50 mMCaCI Z, and i n-
cubat ed at 0° C f or 20 mi n wi t h 2 . 5 hg of i r r adi at ed pl asmi d DNA. The sus-
pensi on was heat shocked at 37° C f or 2 mi n, di l ut ed t o 10 ml wi t h LB, i n-
cubat ed at 37° C f or 1 h, and spr ead ont o LB pl at es cont ai ni ng 50 / kg/ ml
car beni ci l l i n ( 200 pl of cul t ur e/ pl at e) . Pl asmi d DNA was r ecover ed f r om
- 3, 000 t r ansf or mant s .

Tabl e L S. cer evi si ae St r ai ns

' Y . G. S . C. , Yeast Genet i c St ock Cent er , Ber kel ey, CA.
# Uni ver si t y of Cal i f or ni a, San Fr anci sco, CA.
§ Nor t h Car ol i na St at e Uni ver si t y, Ral ei gh, NC.
I I Massachuset t s I nst i t ut e of Technol ogy, Cambr i dge, MA.
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Nucl ei c Aci d Mani pul at i ons

DNA was pr epar ed f r om yeast st r ai ns by t he met hod of Wi nst on et al .
( 1983) , and pl asmi d DNA was pr epar ed f r om E. col i usi ng t he al kal i l ysi s
met hod ( Mani at i s et al . , 1982) . Pl asmi d- bor ne pkd sequences wer e r ecov-

er ed f r omyeast DNApr epar at i ons usi ng pol ymer ase chai n r eact i ons ( PCR;

100 ng of Pst l - di gest ed yeast DNA per r eact i on) . PCRwas car r i ed out usi ng

a Gene- Amp ki t ( Per ki n El mer Cet us I nst r ument s, Nor wal k, CT) f ol l owi ng
t he manuf act ur er ' s pr ocedur e. 30 cycl es of t he f ol l owi ng t her mal cycl i ng
pr of i l e was per f or med usi ng a DNA Ther mal Cycl e ( Per ki n El mer Cet us
I nst r ument s) : 1 mi n at 42° C ( anneal i ng) , 2 mi n at 72° C ( ext ensi on) , and
1 mi n at 94° C ( denat ur at i on) . One of t he ol i gonucl eot i de pr i mer s ( 17- mer s)
i n each r eact i on was desi gned t o hybr i di ze wi t hi n t he r egi on of PKCI t hat
was del et ed f r om t he chr omosomal copy . Thi s r esul t ed i n sel ect i ve am-
pl i f i cat i on of t he pl asmi d- bor ne copi es of pkcL The ent i r e PKC1 l ocus was
r ecover ed on t hr ee PCRgener at ed f r agment s . PCR pr oduct s wer e t r eat ed
wi t h Kl enow f r agment t o cr eat e bl unt ends, and t he r esul t i ng f r agment s

wer e i sol at ed f r omagar ose gel s f or l i gat i on i nt o t he Smal si t e of MI 3mp18.
DNA sequence anal ysi s was conduct ed by t he di deoxy chai n- t er mi nat i on

met hod ( Sanger et al . , 1977) af t er subcl oni ng of PCR- gener at ed f r agment s
i nt o M13mp18. I n al l cases i n whi ch an al t er at i on f r omt he wi l d- t ype se-
quence was i dent i f i ed, DNA f r agment s gener at ed f r omdupl i cat e PCRwer e
subj ect ed t o sequence anal ysi s . I n no case was a PCR- gener at ed mut at i on
f ound . Ol i gonucl eot i de pr i mer s wer e synt hesi zed by Oper on Technol ogi es,
I nc. ( Al ameda, CA) f or use i n PCR exper i ment s and DNA sequence det er -
mi nat i on .

Phot omi cr oscopy and Fl ow Cyt omet r y

Fl uor escence mi cr oscopy was conduct ed usi ng t he DNA- st ai ni ng dye 4, 6-
di ami di no- 2- phenyl i ndol e ( DAPI ) at 1 pg/ ml . Cel l s wer e phot ogr aphed
usi ng a 40x obj ect i ve on a phot omi cr oscope ( Zei ss Uni ver sal ; Car l Zei ss,
I nc. , Thor nwood, NY) . A sel ect i ve ul t r avi ol et f i l t er ( Car l Zei ss, I nc. ) was
used f or vi ewi ng DAPI st ai ned nucl ei . Fl ow cyt omet r y was used t o det er -

mi ne t he DNA cont ent of yeast cel l s as descr i bed by Hut t er and Ei pel
( 1979) . Af t er f i xi ng i n 70%et hanol , cel l s wer e t r eat ed exhaust i vel y wi t h

pancr eat i c RNÀse A, st ai ned wi t h pr opi di um i odi de and anal yzed f or
f l uor escence usi ng a f l ow cyt omet er ( model EPI CS 752 ; Coul t er Cor p. , Hi -
al eah, FL) .

Pr ot ei n Synt hesi s

Pr ot ei n synt hesi s was measur ed i n 1- ml al i quot s of cul t ur es gr own i n SD
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St r ai n Genot ype Sour ce

EG123 MATa l eu2- 3, 112 ur a3- 52 t r pl - 1 hi s4 can1' I . Her skowi t zt

1783 MATa EG123 I . Her skowi t z

1788 MATaI MATa i sogeni c di pl oi d of EG123 I . Her skowi t z

FL100 MATa/ MATa 1788 pkc1A : : LEU2/ PKCI Levi n et al . , 1990

FL103 M. 9Ta EG123 pkc1A: : LEU2 ( pGAL1 : : PKC1) Levi n et al . , 1990

FL104 MATaI MATa 1788 pkc1A : : LEU2/ pkc1A : : LEU2 ( pGAL1 : : PKC1) Levi n et al . , 1990

FL106 MATa EG123 pkc] A: : LEU2 ( YCp50[ PKC1 ] ) Levi n et al . , 1990

DL106 MATa EG123 pkc1A: : LEU2 ( YCp50[ PKCI ] ) Thi s st udy

DL247 MATa/ MATa 1788 bck1A : : URA3/ BCK1 Lee and Levi n, 1991

DL251 MATa/ MATa 1788 bckl A : : URA3/ bck1 A: : URA3 Lee and Levi n, 1991

DL376 MATa pkc1G: : LEU2 Thi s st udy

DL504 MATa EG123 pkc1A: : LEU2 ( YCp50[ pkc1- 3a ] ) Thi s st udy

DL506 MATa EG123 pkcl A: : LEU2 ( YCp50[ pkc1- 26 ] ) Thi s st udy

DL511 MATa EG123 pkc1A: : LEU2 ( YCp50[ pkc1- 1 ] ) Thi s st udy

DL519 MATa / MATa 1788 pkc1A: : LEU2/ pkc1A : : LEU2 ( YCp50[ pkcl - 2' s ] ) Thi s st udy

LR684- C MATa EG123 cdc35- 10 K. Tat chel l §

RY262 MATa r pbl - 1 ur a3- 52 hi s539- R. Youngl l

X3119- 12A MATa cl y7- 1 hi s6 ade2 t r p Y. G. S. C. '

HMSF1 MATa secl - 1 SUC2 mal ga12 CUP] Y. G. S. C.



and adj ust ed t o 1 A600 U/ ml . Cel l s wer e pul se l abel ed f or 10 mi n wi t h
50 nCi of L- ( 4, 5- 3H) l euci ne ( 0. 5 Ci / mol ; Amer sham Cor p. , Ar l i ngt on
Hei ght s, I L) . I ncor por at i on was st opped af t er 10 mi n wi t h 1 ml of 20%
TCA. Sampl es wer e boi l ed f or 5 mi n t o hydr ol yze t RNA, and l abel ed mat e-
r i al was al l owed t o pr eci pi t at e f or 1 h at 0° C. The i nsol ubl e mat er i al was
col l ect ed by f i l t r at i on t hr ough f i l t er s ( GF/ B; What man I nc. , Cl i f t on, NJ) ,
whi ch wer e washed f our t i mes wi t h col d TCA and dr i ed, and t hen t he r adi o-
act i vi t y was measur ed usi ng a Beckman LS500TD Li qui d Sci nt i l l at i on
Count er ( Beckman I nst r ument s, I nc . , Ful l er t on, CA) .

Cel l Lysi s

Cel l s wer e l abel ed f or 12 h at 25° C wi t h 1 ACi / ml of [ 5, 6- 3 H] ur i di ne ( 47
Ci / mmol f or Ur a+ st r ai ns, 10 mCi / mmol f or LR6g4- C; Amer shamCor p . )
i n SDmedi um. Label ed cul t ur es wer e washed f our t i mes wi t h f r esh SD by
cent r i f ugat i on at 3, 000 g f or 3 mi n. Cel l s wer e r esuspended i n SD wi t h
an excess ( 50 Ag/ ml ) of ur i di ne t o quench upt ake of l abel ed ur i di ne af t er
r el ease. Cul t ur es of condi t i onal mut ant s ( and cont r ol s) wer e shi f t ed t o 37° C
and al i quot s wer e r emoved at var i ous t i mes. Cel l s wer e r emoved by cent r i f u-
gat i on and sampl es f r omt he super nat ant f r act i ons wer e spot t ed ont o What -
man 3MMpaper f or l i qui d sci nt i l l at i on count i ng . The f r act i on of l abel ed
mat er i al r el eased i nt o t he medi um was det er mi ned by di vi di ng t he dpmi n
t he super nat ant by t he dpmi n t he sampl e bef or e cent r i f ugal r emoval of t he
cel l s . For measur ement of i mmedi at e cel l l ysi s, a pkc1A: : LEU2 mut ant
( DL376) and a PKCI + cont r ol st r ai n ( FL106) wer e l abel ed i n SD suppl e-
ment ed wi t h 1 Msor bi t ol , washed wi t h SD sor bi t ol , and r esuspended i n
SD. Cel l s wer e r emoved as above, and t he r adi oact i ve mat er i al r emai ni ng
i n t he super nat ant f r act i on was measur ed .

Resul t s

Mammal i an i sozymes of PKC ar e or gani zed as t wo- domai n
pr ot ei ns ( Par ker et al . , 1986 ; Coussens et al . , 1986) . They
possess a cat al yt i c domai n ( - 30 kD) , hi ghl y conser ved
among al l pr ot ei n ki nases, and a uni que ami no- t er mi nal
r egul at or y domai n, whi ch i s r esponsi bl e f or bi ndi ng act i vat -
i ng cof act or s . The S. cer et dsi ae PKCI gene encodes a homo-
l og of t he Cat +- dependent i sozymes of mammal i an PKC
t hat i s essent i al f or yeast cel l gr owt h and di vi si on ( Levi n et
al . , 1990) . We i sol at ed condi t i onal pkd mut ant s f or use i n
t wo l i nes of exper i ment at i on . Fi r st , condi t i onal al l el es woul d
al l ow f ur t her exami nat i on of t he gr owt h and di vi si on def ect
associ at ed wi t h l oss of PKCI f unct i on . Second, condi t i onal
r egul at or y mut ant s of PKCI , def i ci ent i n act i vat i on of t he en-
coded pr ot ei n ki nase, woul d al l ow an exami nat i on of st r uc-
t ur e/ f unct i on r el at i onshi ps wi t hi n t he r egul at or y domai n.
A scr een f or pkcl mut ant s was devi sed t o i ncl ude such
act i vat i on- def i ci ent al l el es .

I sol at i on of Condi t i onal pkcl Al l el es

Condi t i onal al l el es of PKCI wer e i sol at ed af t er ul t r avi ol et
mut agenesi s of a cent r omer e pl asmi d bear i ng t he PKCI gene
( YCp50[ PCKf ) . Amut ageni zed popul at i on of YCp50[ PKCI ]
( " 3, 000 i ndependent member s) was used t o t r ansf or ma di p-
l oi d st r ai n t hat i s het er ozygous f or t he pkc1A : : LEU2 mut a-
t i on ( FL100) . The r esul t i ng t r ansf or mant s ( " 12, 000) wer e
col l ect ed and i nduced t o spor ul at e . Af t er t he r emai ni ng di p-
l oi ds wer e ki l l ed ( see Mat er i al s and Met hods) , spor es wer e
al l owed t o ger mi nat e at 26° C on mi ni mal medi um suppl e-
ment ed wi t h 100 mMCaC12 and 2 mMZnC12 , but l acki ng
l euci ne . Thi s sel ect i on al l owed col oni es t o ar i se onl y f r om
hapl oi d spor es bear i ng t he l et hal pkdA: : LEU2 mut at i on
compl ement ed by a pl asmi d- bor ne al l el e of PKCI . The ger -
mi nat i on condi t i ons wer e desi gned t o be per mi ssi ve f or at
l east t hr ee t ypes of pkd mut ant s . Speci f i cal l y, ger mi nat i on
was i nduced at l ow t emper at ur e t o al l ow t emper at ur e- sensi -
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t i ve mut ant s t o ar i se ; CaC1 2 was i ncl uded t o pr ovi de per -
mi ssi ve condi t i ons f or mut ant s def i ci ent i n Cat + bi ndi ng ;
and ZnCl 2 was i ncl uded t o suppor t t he gr owt h of mut ant s
wi t h def ect i ve zi nc- f i nger st r uct ur es ( Johnst on, 1987) , pr o-
posed t o be r equi r ed f or DAGbi ndi ng ( Ono et al . , 1989a) .
Col oni es ar i si ng under per mi ssi ve condi t i ons wer e r epl i cat e
pl at ed ont o r i ch medi umunder r est r i ct i ve condi t i ons ( 36° C ;
no CaC1 2 or ZnC12 ) . Among " 3, 000 col oni es scr eened,
t hr ee mut ant s f ai l ed t o gr ow under r est r i ct i ve condi t i ons .
These mut ant s wer e back cr ossed t o an i sogeni c PKCI +
st r ai n ( EG123 or 1783) f or mei ot i c segr egat i on anal ysi s. I n
each case t he condi t i onal def ect al ways and excl usi vel y co-
segr egat ed wi t h t he combi nat i on of t he pkc10 : : LEU2 mut a-
t i on and YCp50[ PKCI ] , i ndi cat i ng t he pr esence of r ecessi ve
def ect s i n t he pl asmi d- bor ne PKCI gene .

The behavi or of t he t hr ee condi t i onal pkcl mut ant s was ex-
ami ned under var i ous gr owt h condi t i ons ( Fi g . 1) . A st r ai n
car r yi ng pkc11 ( DL511) gr ew onl y i n t he pr esence of exoge-
nous CaC1 2 - MgCl 2 at t he same concent r at i on di d not sup-
por t gr owt h of t hi s mut ant . St r ai ns car r yi ng pkcl - 2 ( DL506)
or pkd- 3 ( DL504) wer e t emper at ur e sensi t i ve f or gr owt h,
but t hei r gr owt h def ect s at t he r est r i ct i ve t emper at ur e wer e
suppr essed by CaC12 . The l owest concent r at i on of CaC12 r e-
qui r ed t o suppr ess each of t he t hr ee mut ant s was - 25 mM,
but t he ef f i cacy of suppr essi on i ncr eased wi t h i ncr easi ng
CaC12 concent r at i ons up t o 100 MM- M902 - cont ai ni ng
medi umpoor l y suppor t ed gr owt h of t he pkcl - 2 mut ant . Nei -
t her ZnC12 at 2 mMnor MnC12 at 10 mM( t he maxi mum
t ol er at ed concent r at i ons) suppr essed any of t hepkd mut ant s
( not shown) . A st r ai n whose onl y f unct i onal copy of PKCI
i s under t he i nduci bl e cont r ol of t he GALL pr omot er ( FL103)
f ai l s t o gr ow on gl ucose- cont ai ni ng medi um i n r esponse t o
depl et i on of t he PKCI gene pr oduct ( Levi n et al . , 1990) . Thi s
st r ai n was not r escued by CaC12 ( Fi g . 1) , i ndi cat i ng t hat
Cat + r emedi at i on of t he condi t i onal pkcl mut ant s i s depen-
dent on expr essi on of t he mut ant al l el es .

Mol ecul ar cl ones of t he mut ant pkcl al l el es wer e r ecov-
er ed f r om t he pl asmi ds and subj ect ed t o DNA sequence
anal ysi s. Each al l el e di f f er ed f r omt he PKCI + gene by a si n-
gl e nucl eot i de change, whi ch i n each case was l ocat ed wi t hi n
t he r egi on pr edi ct ed t o encode t he cat al yt i c domai n of t he
put at i ve pr ot ei n ki nase ( Fi g. 2) . The pkd1 al l el e car r i es
an A t o T t r ansver si on at nucl eot i de posi t i on 2501, whi ch
r esul t s i n r epl acement of Àsn834 wi t h He. Thi s change i s
wi t hi n t he pr edi ct ed ATP- bi ndi ng si t e of t he PKCI - encoded
pr ot ei n ki nase. The pkd- 2 al l el e car r i es a C t o T t r ansi t i on
at nucl eot i de posi t i on 3068, whi ch r esul t s i n r epl acement of
Pr o1023 wi t h Leu . Thi s mut at i on i s at a posi t i on t hat i s
hi ghl y conser ved as a pr ol i ne r esi due among known pr ot ei n
ki nases ( Hanks et al . , 1988) . The pkd- 3 al l el e car r i es a T
t o C t r ansi t i on at nucl eot i de posi t i on 2660, whi ch r esul t s i n
r epl acement of Leu887 wi t h Ser . Onl y hydr ophobi c r esi dues
occupy t hi s posi t i on i n known pr ot ei n ki nases ( wi t h t he si n-
gl e except i on of cdc2+, whi ch possesses a cyst ei ne) .

Cel l s depl et ed of t he PKCI gene pr oduct ar r est gr owt h and
di vi si on wi t h a uni f or m t er mi nal phenot ype ( Levi n et al . ,
1990) , a behavi or t hat i ndi cat es a def ect i n t he cel l di vi si on

cycl e . We compar ed t he t er mi nal phenot ypes of t he condi -
t i onal pkd mut ant s t o t hat of PKCI - depl et ed cel l s ( st r ai n
FL104) . I n cont r ast t o PKCI depl et i on, whi ch r esul t s i n ar -
r est af t er t wo or t hr ee r ounds of cel l di vi si on ( Levi n et al . ,
1990) , t he condi t i onal pkcl mut ant s al l di spl ayed " f i r st - cycl e"
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ar r est ( dat a not shown) . Li ke PKCI - depl et ed cel l s, t he t hr ee
condi t i onal pkcl mut ant s ar r est ed gr owt h wi t h smal l buds
and si ngl e nucl ei ( Fi g. 3) . The ar r est phenot ype was some-
what l ess uni f or m f or t he condi t i onal mut ant s ( 70- 75 %
smal l - budded cel l s) t han f or t he PKCI - depl et ed cel l s ( 92 %
smal l - budded cel l s) , t he f or mer ar r est i ng wi t h a r el at i vel y
hi gh f r equency ( 25- 30%) of unbudded cel l s . Addi t i onal l y,
t he bud si zes of cel l s ar r est ed by condi t i onal pkcl mut at i ons
appear ed t o be sl i ght l y smal l er t han t hose of PKCI - depl et ed
cel l s . The r educed l evel of mor phol ogi cal uni f or mi t y among
ar r est ed pkcl cel l s was cor r obor at ed by f l owcyt omet r i c anal -
ysi s of t he DNA cont ent of t hese cel l s . Wher eas PKCI -
depl et ed cel l s ar r est ed nucl ear di vi si on uni f or ml y af t er DNA
r epl i cat i on ( r j 90 %; Levi n et al . , 1990) , t he condi t i onal pkcl
mut ant s ceased di vi si on wi t h onl y 67- 73% post r epl i cat i ve
nucl ei ( dat a not shown) .

Loss of PKCI Funct i on Resul t s i n Cessat i on of Pr ot ei n
Synt hesi s and Rapi d Loss of Vi abi l i t y

Because t he condi t i onal pkcl mut ant s ceased gr owt h and cel l
di vi si on under r est r i ct i ve condi t i ons, i t was of i nt er est t o
det er mi ne i f pr ot ei n synt hesi s cont i nues upon ar r est . Loga-
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Fi gur e 1 . Suppr essi on of t he gr owt h def ect s of
condi t i onal pkd mut ant s wi t h exogenous Cal l .
Cel l s wer e st r eaked ont o YEPgl ucose medi um
wi t h t he i ndi cat ed suppl ement and i ncubat ed f or
48 h at ei t her t he per mi ssi ve t emper at ur e ( 26° C)
or t he r est r i ct i ve t emper at ur e ( 36° C) . CaC12 or
M9C12 was pr esent at 100 mM. St r ai ns ar e ( cl ock-
wi se f r omt op) : FL103 ( pkd AUEU2 [ pGALI : :
PKQ] ) ; DL511( pkd1) ; DL506 ( pkd- 2) ; DL504
( pkd- 3) ; DLI 06 ( PKCI +) .

r i t hmi cal l y gr owi ng cul t ur es wer e pul se l abel ed wi t h 3 H-
l euci ne at var i ous t i mes af t er shi f t t o t he r est r i ct i ve t emper a-
t ur e . A pkcl - 2 mut ant ( DL506) ceased pr ot ei n synt hesi s
( <10% of t he st ar t i ng l evel of 3 H- l euci ne i ncor por at i on)
wi t hi n 3 h of shi f t t o t he r est r i ct i ve t emper at ur e ( Fi g . 4) . A
t emper at ur e- sensi t i ve RNA pol ymer ase I I mut at i on ( r pbl l
i n RY262) r esul t ed i n cessat i on of pr ot ei n synt hesi s wi t hi n
2 h af t er t he shi f t . Asecr et i on mut ant ( sect l i n HMSFI ) was
used as a negat i ve cont r ol . The t emper at ur e- sensi t i ve secl - 1
mut at i on r esul t s i n r api d gr owt h ar r est , but pr ot ei n synt hesi s
cont i nues unabat ed f or sever al hour s at t he r est r i ct i ve t em-
per at ur e ( Novi k and Schekman, 1979) .

We al so exami ned t he vi abi l i t y of t he condi t i onal pkcl mu-
t ant s af t er shi f t t o t he r est r i ct i ve t emper at ur e . Cul t ur es wer e
shi f t ed t o 36° C f or var i ous t i mes and pl at ed f or vi abi l i t y at
t he per mi ssi ve t emper at ur e ( 26° C) . The pkcl mut ant s di s-
pl ayed a r api d decl i ne i n vi abi l i t y upon shi f t t o t he r est r i ct i ve
t emper at ur e . Af t er 3 h at 36° C, onl y 1- 2% of t he popul at i on
was capabl e of f or mi ng col oni es at 26 °C ( Fi g . 5) . Thi s i s i n
cont r ast t o t he sl ow decl i ne i n vi abi l i t y obser ved when
mRNA synt hesi s was ar r est ed wi t h t he r pb11 mut at i on ( i n
RY262) - 39%of t hi s popul at i on f or med col oni es af t er 8 h
at 36 ° C. A si mi l ar l y sl ow decl i ne i n vi abi l i t y was obser ved
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when pr ot ei n synt hesi s was i nhi bi t ed i n wi l d- t ype cel l s
( EG123) usi ng 20 pg/ ml cycl ohexi mi de ( dat a not shown) .
These r esul t s suggest t hat t he pkcl - associ at ed def ect i s mor e
det r i ment al t han woul d be account ed f or si mpl y by di mi nu-
t i on of RNA or pr ot ei n synt hesi s .

Del et i on of a gene cor r espondi ng t o a domi nant suppr essor
of pkcl mut at i ons ( desi gnat ed BCKI ) r esul t s i n a t emper a-
t ur e- sensi t i ve cel l l ysi s def ect ( Lee and Levi n, 1992) . Al -
t hough cel l l ysi s was not mi cr oscopi cal l y evi dent i n gr owt h
ar r est ed pkcl cel l s, a l ysi s def ect coul d expl ai n t he cessat i on
of pr ot ei n synt hesi s and coi nci dent l oss of vi abi l i t y of t he
condi t i onal mut ant s . To t est t he possi bi l i t y t hat pkcl mut ant s
l yse under r est r i ct i ve condi t i ons, we exami ned t he r el ease of
RNA at t he r est r i ct i ve t emper at ur e f r om cel l s l abel ed wi t h
[ 3 H] ur i di ne. A pkcl - 2 mut ant ( DL519) r el eased 24%of i t s
r adi oact i ve mat er i al i nt o t he medi umby 3 h af t er shi f t t o t he
r est r i ct i ve t emper at ur e ( Fi g . 6) . Lysi s of a bckI O: : URA3 mu-
t ant ( DL251) was mor e r api d and ext ensi ve, r eachi ng a pl a-
t eau of 42% af t er 2 h . A known cel l l ysi s mut ant , cl y7- 1
( X3119- 12A) , r el eased l abel ed mat er i al mor e sl owl y and f or
a l onger per i od ( 6 h) t han di d t he pkcl - 2 mut ant . Ast r ai n t hat
car r i es a t emper at ur e- sensi t i ve mut at i on i n adenyl at e cycl ase
( cdc3510 i n st r ai n LR684- C) was used as a negat i ve cont r ol .
Mut ant s i n CDC35 ar r est gr owt h and cel l di vi si on at GI
( Pr i ngl e and Har t wel l , 1981) . The cdc3510 mut ant di d not
r el ease mor e t han 7%of i t s l abel ed mat er i al i nt o t he medi um
at any t i me up t o 8 h af t er shi f t t o t he r est r i ct i ve t emper at ur e .

The t emper at ur e- sensi t i ve l ysi s def ect associ at ed wi t h t he
bckI O: : URA3 del et i on i s suppr essed by t he addi t i on of os-
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PEI

PE I I A

WPEI I A

PEI GL

PEI I A

YI I L

1225

Fi gur e 2 . Condi t i onal mut at i ons wi t hi n
t he cat al yt i c domai n of PKC1 . Ast er i sks
i ndi cat e conser ved r esi dues wi t hi n t he
ATPbi ndi ng r egi on . Sequences f or t he
PKC i sozymes can be f ound i n t he f ol -
l owi ng ci t at i ons : PKCI ( Levi n et al . ,
1990) ; r at i sozymes, r PKC] ( y) , r PKC2

( 0) ( Knopf et al . , 1986) , and r PKC6

( Ono et al . , 1988) ; bovi ne i sozyme,
bPKCa ( Par ker et al . , 1986) ; and D. me-
l anogast er i sozyme, dPKC ( Rosent hal et
al . , 1987) .

mot i c st abi l i zer s t o t he medi um( Lee and Levi n, 1992) . Mi s-
sence mut at i ons i n a var i et y of genes t hat ar e not i nvol ved
i n osmot i c st abi l i t y ar e suppr essed by osmot i c st abi l i zi ng
agent s, pr esumabl y t hr ough osmot i c suppor t of unst abl e mu-
t ant pr ot ei ns ( Hawt hor ne and Fr i i s, 1964) . Ther ef or e, os-
mot i c r emedi at i on of a mut ant may be t aken as evi dence of
a cel l ul ar osmot i c st abi l i t y def ect onl y i f t he mut ant does not
pr oduce a def ect i ve pr ot ei n t hat mi ght be subj ect t o osmot i c
st abi l i zat i on . We t est ed t he abi l i t y of cel l s bear i ng t he
pkc1A: : LEUT mut at i on t o f or m col oni es on medi um sup-
pl ement ed wi t h osmot i c st abi l i zer s . Adi pl oi d t hat i s het er o-
zygous f or t he pkc10 : : LEU2 mut at i on ( FL100) was i nduced
t o spor ul at e and t et r ads wer e di ssect ed on r i ch medi umsup-
pl ement ed wi t h 1 Msor bi t ol . Hapl oi d pkcl A : : LEU2 segr e-
gant s gave r i se t o col oni es at 30° C on t hi s medi um( Fi g . 7) .
Suppr essi on of t he pkc10 : : LEU2 mut at i on ( i n DL376) coul d
al so be achi eved by subst i t ut i on of sor bi t ol wi t h a var i et y of
monosacchar i des at 1 M( e . g . , gl ucose or gal act ose) , di sac-
char i des at 0. 5 M( e. g . , l act ose or mal t ose) , 10% pol yet hyl -
ene gl ycol , or sal t s t hat coul d be i ncor por at ed i nt o t he
medi umat a concent r at i on of at l east 0. 5 Mwi t hout causi ng
t oxi ci t y ( e . g . , NaCl and KCI ; Fi g . 7) .

Cel l s del et ed at PKCI under went r api d cel l l ysi s upon shi f t
t o medi uml acki ng osmot i c st abi l i zer s . St r ai n DL376, gr own
i n medi umsuppl ement ed wi t h 1 Msor bi t ol , was di l ut ed i nt o
medi uml acki ng sor bi t ol and pl at ed f or vi abi l i t y on sor bi t ol -
cont ai ni ng medi um at var i ous t i mes . Wi t hi n t he f i r st t hr ee
mi n, 80%of t he popul at i on had l ost vi abi l i t y as compar ed
wi t h cel l s di l ut ed i nt o sor bi t ol - cont ai ni ng medi um. Thi s l oss
of vi abi l i t y was accompani ed by r el ease of 52%of t he r adi o-
act i ve mat er i al f r omcel l s l abel ed wi t h [ 3 H] ur i di ne ( as com-
par ed wi t h 7% f or t he i sogeni c PKCI + st r ai n, 1783) . The



Fi gur e 3. Ar r est phenot ype of condi t i onal pkd mut ant s . Phot omi cr ogr aphs of PKCI - depl et ed cel l s ( FL104 ; t op) and pkcl - 2t, cel l s
( DL519 ; bot t om) . St r ai n FL104 was shi f t ed f r om l ogar i t hmi c gr owt h i n YEPgal act ose t o YEPgl ucose at 30° C f or 8 h. St r ai n DL519
was shi f t ed f r omgr owt h i n YEP- gl ucose at 26° C t o 36° C f or 4 h. DNA was st ai ned wi t h DAPI and cel l s wer e phot ogr aphed under phase
or ul t r avi ol et f l uor escence l i ght sour ces usi ng a 40x obj ect i ve .
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Fi gur e 4. Rat e of pr ot ei n synt hesi s of a t emper at ur e- sensi t i ve pkd
mut ant as a f unct i on of t i me at t he r est r i ct i ve t emper at ur e . Cel l s
wer e gr own i n mi ni mal medi umat 26° C and shi f t ed t o 36° C at t i me
zer o . Al i quot s wer e t aken at t he t i mes i ndi cat ed, and l abel ed wi t h
[ ' H] l euci ne f or 10 mi n . St r ai ns wer e DL106 ( wi l d t ype ; o) ,
DL506 ( pkcl - 2 ; A) , RY262 ( r pbl l ; o) ; and HMSFI ( sed1; o) .
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Fi gur e S. Vi abi l i t y of t emper at ur e- sensi t i ve pkd mut ant s as a f unc-
t i on of t i me at t he r est r i ct i ve t emper at ur e . Cel l s wer e gr own i n
YEP- gl ucose medi um at 26° C and shi f t ed t o 36° C f or t he i ndi -
cat ed t i mes . Al i quot s wer e di l ut ed and spr ead ont o YEP- gl ucose
pl at es at t he per mi ssi ve t emper at ur e and col oni es wer e count ed af -
t er 48 h. St r ai ns wer e DL106 ( wi l d t ype ; o) , DL504 ( pkd- 3 ; A) ,
DL506 ( pkd- 2 ; o) , and RY262 ( r pbl l ; e) .
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Fi gur e 6. Cel l l ysi s of a condi t i onal pkcl mut ant . Cel l s wer e l abel ed

wi t h [ ' H] ur i di ne at 25° C, washed, and shi f t ed t o 37° C at t i me
zer o. Al i quot s wer e t aken at t he t i mes i ndi cat ed and t he amount of

r adi oact i ve mat er i al r el eased i nt o t he medi um was measur ed .
St r ai ns wer e DL247 ( wi l d t ype ; A) , DL519 ( pkcl - 2 ; o) , DL251
( bck10 : : URA3 ; o) , X3119- 12A ( cl y7- 1 ; 9) , and LR684- C ( cdc35-
10 ; o) .

r emai ni ng cel l s l ost vi abi l i t y gr adual l y over t he next t wo

hour s ( dat a not shown) . Mi cr oscopi c exami nat i on of pkcI A:
LEU2 cel l s af t er 3 mi n i n medi uml acki ng sor bi t ol r eveal ed

a hi gh f r equency of nonr ef r act i l e " ghost s" ( t i 70%) , a f ur t her

i ndi cat i on of cel l l ysi s . Near l y al l of t he l ysed cel l s appear ed

t o have been budded, wi t h a var i et y of bud si zes r epr esent ed .

Fi gur e 7. Osmot i c st abi l i zi ng agent s suppr ess t he gr owt h def ect of
a pkcl del et i on mut ant . APKC1+ st r ai n ( 1783 ; l ef t ) and a pkc10 : :
LEU2 st r ai n ( 131, 376 ; r i ght ) wer e st r eaked ont o YEPgl ucose pl at es
wi t h t he i ndi cat ed suppl ement s and al l owed t o i ncubat e at 30° C f or
48 h . Sor bi t ol was pr esent at 1 M; KCI or NaCl was at 0. 5 M.
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The cel l s t hat r emai ned appar ent l y i nt act af t er t he f i r st t hr ee

mi nut es wer e al most excl usi vel y unbudded ( 97%) , suggest -

i ng t hat osmot i c i nst abi l i t y of t he pkcl A: : LEU2 mut ant mani -

f est s i t sel f at t he t i me of bud emer gence and per si st s unt i l

cyt oki nesi s .

Di scussi on

Condi t i onal Al l el es of PKCI Ar e Suppr essed by Cal +

The S. cer evi si ae PKCI gene encodes a homol og of t he

Cat +- dependent i sozymes of mammal i an PKC t hat i s essen-

t i al f or yeast cel l gr owt h and di vi si on . We used ul t r avi ol et

mut agenesi s t o gener at e condi t i onal al l el es of t he PKCI

gene . Thr ee mut ant al l el es wer e i sol at ed : one was dependent

on exogenous CaC12 f or gr owt h, and t wo wer e t emper at ur e

sensi t i ve f or gr owt h . The gr owt h def ect s of t he t emper at ur e-

sensi t i ve mut ant s wer e suppr essed by exogenous CaC12 .

Cal + was uni que among di val ent cat i ons i n i t s abi l i t y t o r es-

cue t hese condi t i onal mut ant s . Because t he r egul at or y do-

mai n of PKC i sozymes bi nds act i vat i ng cof act or s ( Par ker et

al . , 1986 ; Coussens et al . , 1986) , we ant i ci pat ed t hat r egul a-

t or y domai n mut ant s def i ci ent i n act i vat i on of t he pr ot ei n ki -

nase, mi ght be among t he CaC12 r emedi al al l el es of PKCI

i sol at ed . However , al l t hr ee condi t i onal mut ant s car r y t hei r

mut at i ons at di f f er ent si t es wi t hi n t he cat al yt i c domai n . Most

sur pr i si ngl y, t he CaC1 2 - dependent al l el e car r i es a base-

subst i t ut i on mut at i on wi t hi n t he r egi on pr edi ct ed t o encode

t he ATPbi ndi ng si t e of t he cat al yt i c domai n .

Cal ci um r emedi at i on appear s t o be a uni ver sal f eat ur e of

condi t i onal PKCI mut at i ons . I ndeed, sever al i ndependent l y

i sol at ed, t emper at ur e- sensi t i ve pkcl mut ant s t hat ar e di st i nct

f r om t hose descr i bed i n t hi s st udy, ar e al l suppr essed by ex-

ogenous CaC12 ( unpubl i shed) . Cal +- r emedi at i on was depen-

dent on expr essi on of t he mut ant pkcl - encoded enzyme, i ndi -

cat i ng t hat Cat + augment s t he act i vi t y of t he " cr i ppl ed"

enzyme, r at her t han bypassi ng t he r equi r ement f or i t . We

pr opose t hat t he mechani smof Cal +- r emedi at i on of condi -

t i onal pkcl mut ant s i s t hr ough hyper act i vat i on of t he mut ant

enzyme t o l evel s t hat al l ow an ot her wi se nonf unct i onal ( but

par t i al l y act i ve) pr ot ei n t o car r y out i t s assi gned f unct i on .

Thi s act i vat i on may be di r ect , t hr ough Cat + bi ndi ng t o t he

r egul at or y domai n ; or i t may be i ndi r ect , t hr ough ( f or exam-

pl e) st i mul at i on of a Cat +- act i vat ed phosphol i pase C ( Chi en

and Cambi er , 1990) t o gener at e abnor mal l y hi gh concent r a-

t i ons of DAG.

Mut ant s i n PKCI Di spl ay a Cel l Cycl e- Speci f i c
Osmot i c St abi l i t y Def l ect

A yeast st r ai n t hat condi t i onal l y expr esses t he PKCI gene,

ceases gr owt h and cel l di vi si on wi t h a uni f or mphenot ype i n

r esponse t o depl et i on of t he PKCI gene pr oduct , i ndi cat i ng

a def ect i n t he cel l di vi si on cycl e ( Levi n et al . , 1990) . Ar -

r est ed cel l s have si ngl e, smal l buds and si ngl e nucl ei i n

whi ch t he DNAhas been r epl i cat ed . The t er mi nal phenot ype

of PKCI - depl et ed cel l s suggest s a hi ghl y unusual cdc def ect ,

because al l pr evi ousl y descr i bed cdc mut ant s t hat ar r est di vi -

si on af t er i ni t i at i on of t he cel l cycl e ( i . e . , bl ocked at any st age

bet ween St ar t and cyt oki nesi s) cont i nue cel l gr owt h af t er di -

vi si on has ceased ( Johnst on et W. , 1977 ; Pr i ngl e and Har t -

wel l , 1981) .

Gr owt h and di vi si on ar r est of condi t i onal pkcl mut ant s
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r esul t ed i n a t er mi nal phenot ype t hat i s ver y si mi l ar t o t hat
di spl ayed by PKCI - depl et ed cel l s. Thi s ar r est was accompa-
ni ed by cessat i on of pr ot ei n synt hesi s, r api d l oss of vi abi l i t y,
and r el ease of cel l ul ar mat er i al i nt o t he medi um, suggest i ng
cel l l ysi s . We pr opose t hat condi t i onal mut at i ons i n PKCI r e-
sul t i n a cel l cycl e- speci f i c osmot i c st abi l i t y def ect . Because
pkcl cel l s ceased gr owt h and di vi si on wi t h a uni f or mpheno-
t ype, t he def ect i s appar ent l y i ni t i at ed at a speci f i c poi nt i n
t he cel l cycl e. The smal l - budded ar r est i s pr oposed t o r esul t
f r om mani f est at i on of t he def ect at t he t i me of bud emer -
gence . Ar r est of t he nucl ear cycl e af t er DNAr epl i cat i on, but
bef or e mi t osi s, can be expl ai ned as f ol l ows : because i ni t i a-
t i on of DNA synt hesi s nor mal l y pr ecedes bud emer gence
( Ri vi n and Fangman, 1980) , and compl et i on of r epl i cat i on
( once i ni t i at ed) does not r equi r e pr ot ei n synt hesi s ( Her ef or d
and Har t wel l , 1973 ; Bur ke and Chur ch, 1991) , l oss of cel l u-
l ar i nt egr i t y at t he t i me of bud emer gence mi ght not i nt er f er e
wi t h DNA r epl i cat i on . However , si nce pr ot ei n synt hesi s i s
r equi r ed f or t he i ni t i at i on of mi t osi s ( Bur ke and Chur ch,
1991) , nucl ear ar r est woul d r esul t af t er compl et i on of DNA
r epl i cat i on but bef or e mi t osi s .

The pkcl - associ at ed def ect appear s t o be speci f i cal l y
mani f est ed i n budded cel l s . Apkcl del et i on mut ant was abl e
t o pr ol i f er at e onl y i n t he pr esence of osmot i c st abi l i zi ng
agent s . pkcl - del et ed cel l s t hat possessed buds of any si ze un-
der went i mmedi at e l ysi s upon t r ansf er t o medi um l acki ng
osmot i c st abi l i zer s . Thi s i s i n cont r ast t o t he smal l - budded
ar r est obser ved of PKCI - depl et ed cel l s or condi t i onal pkcl
mut ant s . Expr essi on of t he def ect associ at ed wi t h PKCI
depl et i on r equi r es t ur nover of t he PKCI - encoded pr ot ei n .
Li kewi se, expr essi on of t he def ect i n condi t i onal pkcl mu-
t ant s pr esumabl y r equi r es t ur nover of phosphor yl at ed sub-
st r at es of t he PKCI - encoded pr ot ei n ki nase . I n cont r ast , ex-
pr essi on of t he def ect associ at ed wi t h del et i on of PKCI
r equi r es no such decay per i od . Ther ef or e, cel l s del et ed at
PKCI shoul d cease gr owt h and di vi si on i mmedi at el y upon
r eachi ng t he poi nt i n t he cel l cycl e at whi ch PKCI i s r equi r ed
( i . e. , t he execut i on poi nt ) . Because cel l s bear i ng a pkcl del e-
t i on l ysed i mmedi at el y i n t he absence of osmot i c st abi l i zi ng
agent s, r egar dl ess of t he si ze of t hei r buds, i t seems l i kel y
t hat t her e i s not a si ngl e PKCI execut i on poi nt . Per haps mul -
t i pl e execut i on poi nt s exi st , one bei ng mor e sensi t i ve t han t he
ot her s ( i . e . , bud emer gence) t o r educed l evel s of PKCI act i v-
i t y or l evel s of phosphor yl at ed subst r at e. Thi s coul d expl ai n
t he di f f er ence i n t er mi nal phenot ypes bet ween PKC1-
depl et ed cel l s ( or condi t i onal pkcl mut ant s) and t he pkcl de-
l et i on mut ant .

Pr ecedent s exi st f or t he uni f or m ar r est of cel l s wi t h condi -
t i onal mut at i ons af f ect i ng pr ocesses r equi r ed at mul t i pl e
poi nt s i n t he cel l cycl e. For exampl e, CDC63 i s al l el i c t o
PR77 ( Hani c- Joyce, 1985) , a gene encodi ng a pr ot ei n synt he-
si s i ni t i at i on f act or ( Kei er l eber et al . , 1986) . Al t hough pr o-
t ei n synt hesi s i s r equi r ed at sever al poi nt s i n t he cel l di vi si on
cycl e ( Bur ke and Chur ch, 1991) , mut at i ons i n PRTI / CDC63
r esul t i n a uni f or mar r est at St ar t ( Bedar d et al . , 1981) . I t has
been pr oposed t hat t hi s i s because execut i on of St ar t i s par -
t i cul ar l y sensi t i ve t o di sr upt i on by di mi nut i on i n t he r at e of
bi osynt hesi s of par t i cul ar pol ypept i des ( Hani c- Joyce et al . ,
1987) . I f t he act i vi t y l evel of t he mut ant pr t l / cdc63- encoded
i ni t i at i on f act or i s ei t her gr adual l y r educed, or i t s el i mi na-
t i on i s i ncompl et e ( i . e . , at a par t i al l y r est r i ct i ve t emper a-
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t ur e) , cel l s may be abl e t o t r aver se t he cel l cycl e unt i l t hey
r each St ar t .

PKCI Pr obabl y f ncdons i n a Common Pat hway
wi t h BCK1

The S. cer evi si ae BCKI gene encodes a pr ot ei n ki nase t hat ,
when mut at i onal l y act i vat ed, bypasses t he r equi r ement f or
PKCI ( Lee and Levi n, 1992) . Del et i on of t he BCKI gene
r esul t s i n a t emper at ur e- sensi t i ve cel l l ysi s def ect t hat i s
speci f i cal l y mani f est ed i n budded cel l s and i s suppr essi bl e by
osmot i c st abi l i zi ng agent s . The si mi l ar i t y of t he def ect as-
soci at ed wi t h a pkcl del et i on t o t hat of a bckl del et i on pr o-
vi des addi t i onal evi dence t hat t he pr ot ei n ki nases encoded by
t hese genes f unct i on wi t hi n a common pat hway, per haps
pl ayi ng a r ol e i n bud mor phogenesi s .

Pr evi ousl y i dent i f i ed cel l l ysi s mut ant s may al so f unct i on
i n t he PKC11BCKI pat hway . Condi t i onal mut at i ons i n t he
CLY genes r esul t i n t emper at ur e- sensi t i ve cel l l ysi s def ect s
( Har t wel l , 1967 ; Mor t i mer and Schi l d, 1985) . Addi t i onal l y,
sor bi t ol - dependent f r agi l e mut ant s under go i mmedi at e cel l
l ysi s i n t he absence of osmot i c st abi l i zer s ( Venkov et al . ,
1974) . The syst ems per t ur bed by t hese mut at i ons have not
yet been i dent i f i ed . Per haps t hey r esul t i n def ect s i n cel l wal l
met abol i sm. Mut at i ons i n t he bi osynt het i c pat hways f or cel l
wal l component s coul d r esul t i n cel l l ysi s def ect s ; or per haps
mor e i nt er est i ngl y, mut at i ons af f ect i ng t he t r anspor t of cel l
wal l component s t o t hei r appr opr i at e dest i nat i ons coul d
weaken t he suppor t st r uct ur e .
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