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might oct  by ontogoniz ing G1
cyclin function, it is noteworthy
thot neither o hyperocitve
CtN3- l cyclin ollele or over-
expression of other Gl cyclins
con significontly reduce toxin
sensitivity [2].

lsolofion of Toxin-Resistont
(toxRl tulonls

Intr iguingly,  toxic i ty resides
solely wi th in the y toxin sub-
uni t :  condi t ionol  expression of
1 from GAI promoters mimics
treotment of exotoxin but is ful-
ly  reversible (Fig.  l )  [ ] .  Bosed
on their  obi l i ty  to grow in the
presence of holotoxin, toxR
mutonts (skt, iki ond ktr') hove
been isoloted independently
by  th ree  groups  [ ,  2 ,  l0 ] .
Sensitivity of these mutonts to
introcel lu lor  expression of  y
con dist inguish toxin bind-
ing/uptoke (closs l) from toxin-
torget site mutonts (closs l l) [,
21. To identify toxin-torgets, we
exploit o novel screen using o
gene knock-out l ibrory: yeost
tronsformonts which corry o
Tn3::locZ::LEU2 tronsposon
rondomly inserted into the

genome ore screened for toxR
by inducing T expression on
goloctose. Condidote c lones
ore then subiected to plosmid
rescue in E. coli (Fig. 2). In this
woy, we hove identified sever-
ol toxR yeost disruptonts onoly-
sis of which is in progress [6].
Finolly, we hove commenced
yeost twehybrid screens using
y toxin os boit to isolote inter-
oct ing portners f rom genomic
ond cDNA prey l ibrories.

(ell Woll Chitin: A Potentiol Torin
Receptor

Introcel lu lor  expression of  the
moture y gene results in biolog-
icolly octive y toxin whereos
exogenously oppl ied y is not
oble to inhibi t  cel l  growth
demonstroting thot holotoxin
must ossist its uptoke. As o pre
condi t ion for  I  entry ond
oction, holotoxin is expected
to bind to the cell surfoce.
Consistently, the a toxin sub-
unit hos exochitinose octivity in
vitro l7l. Additionolly, chitin-
deficient mutonts ore fully toxR
ond closs I  mutonts def ine
chitin os essentiol for exotoxin
funct ion.  KTl2 is ol le l ic  wi th
CHS3 ond KIl l0 corresponds
to CHS6. CHS3 codes for the
cotolyt ic subuni t  of  chi t in syn-
those l l l ,  Chs3p, the in v ivo
oct iv i ty of  which is obol ished
in chs6 mutonts [5, 9]. More-
over, deletion of CHS4/SKT5
encoding on oct ivotor of
Chs3p, renders cells toxR [ 0].
The closs I KTl6 gene is non-
ol le l ic  wi th CHS3,4,6.  Since
its mutotion obviously offects
toxin uptoke, it is possible thot
it corresponds to CHS5, o
gene recently shown to func-
tion in torgeting of Chs3p with-
in chi tosomes [2,  5] .  Summing
up, we propose thot primory
interoction of exotoxin ond
sensitive cells is focil i toted by
binding of  a subuni t  to cel l
woll chitin which serves os tox-
in-receptor (Fig. 3).

Genes lnvolved in fte
Inlroellulor Toxin Process

So for f ive genes (/Kll, lKl3,
KTl l2,  SlT4 ond SAPl5q
hove been shown to offect

a
Fig. f : Ihe K. loctis killei syslern. (Al Bi,oossoy showing growfi inhibition of killer stroin
AWJ|37 ('KlLLtR'l ogoinst sensitive S. cerevisioe stroin [[20. (Bl SDS-PAGI elec-
tophoretic onolysis of holotoxin. Ioxin subunils (q I ond y) ore visuolized by
(oonossie Blue sloining (PAGtl in conporison to nolerulor weight rtondords (ilWl. Gly-
corylotion is shown by chromogenic reoction of ronconovolin A roniugoted horrerodish
prioxidose (ftPl to eleclrobloiled a subunit. ((l loxin expression vafor, pGAI-TOX.
Gene erpresrion ir reguloled by lhe GAll pronoler ond (YCl tenninotor on 0 (en-
lromeric E. con/S. cerevisioe shuille vedor. (Dl Growfi orreil indured by l foxin
expression. Growth of toxs stroin [[20 is blocked on goloctose-mediuo whereos mutonf
stroins ltil | ond ltif3 ore vioble ond toxR.

protein ond RNA biosynthesis non-permissive temperoture. To

12,4. Consistently, heoted cells execute STARI o sufficient level
do increose in volume similor to of Cdc28p kinose octivi ty is
START orrests induced by mot- required, the omount of which
ing pheromone treotment or is moinly determined by the lev-
growth of cdc28t'stroins ot the els of G1 cyl ins. Although toxin

Glucose:
toxin off

Galaptose:
torun on

B-Gal:
blire/white

tig. 2: Gene knock-out screen lo idenfify lorr genes. (ll A tors slroin horboring on inducible lerpresrion veclor is lronsforned with o
librory pd of rondomly conslruded yeosl gene disrupfions corrying o In3::locZ:lfU2lronsposon. (21 Glurore-growrL [eu* diruptonts
ore theded lor loxr by indudng yerpression on golodose ond lor p-Gol producrion by color ossoy with l-gol substrote. (31 llext,
yeort tondftfole clones (toxR, gol*, B-Gol.l ore subicted lo Uf,Ilmedioted disruplion of the hcZrcportet gene. (fl Genomit D]lA ol
sldlg hrZA kno*outs is subiected to rerlftlion enzyme-mediote ligotion (Rtl followed by (51 plosmid restue in f. cofi. tinolly, D]lA is
rquented uring o reyerJe primer derived fron lod.
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Fig. 3: lVorfring model {or th K.loctts lorin mode ol octlm in S. cerevisfue.As iudgod lron onotysis of torr genes, th
f:ryi::fl|y,:I:1,,T dissecled inb.firee $ep.r: (tI bindins of erotorin roii"fi;il*.,1'zJ vr.rin uirofe'iiio
lhe tell ond (31 inhotelluhr comnunkolion ol y with lorget poieins, eventuolly culminoting in o-Gi i.[ ,yad;.ri. fo,
erphnotirn of the genet hvolva{, rce lexl.
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nory  do to  on  lk i lp ,  l k i3p ,  K t i l2p  ond
Sopl55p provide support for the lotter
ideo (Fig. 3|. However, more concerted
reseorch is needed to onolyse the interre
leotionship between these foctors ond their
role in enobl ing the toxin to couse o Gl
cell cycle orrest.
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introcef lu lor  toxin oct ion 12, 6,  g,  I  O].
lki l p is port of on insoluble froction in cell
extrocts ond lki3p is predicted to posses o
membron-sponning region roising the pos
sibi l i ty  thot  on insoluble lk i l  p/ l l i3p con-
toining comportment is involved in toxin
oction [ 0]. Depletion or over-production
of Kti l2p confers toxR ond so Kti ' l2p moy
be o potentiol toxin torget: if obsent (or
mutoted),  toxin connot bind whi le high
KTll2 gene dosoge might leod to excess,
unbound Kt i l2p which competes wi th the
Ktil 2p-toxin complex for o downstreom
effector [2]. ln fovour of this, we hove
observed weok genetic interoction
between Ktil2p ond y using the yeost two
hybrid system. Closs l l mutotions (kti l l
ond kti l3| con be portiolly suppressed by
high copy KTl l2 suggesr ing.rhot borh
genes oct upstreom of KTI l2 ond moy lim-

i t  the Kt i l2p pool  when murored (Fid.  3) .

W" qr" presently studying this dependece
by cloning the oppropriote genes ond
exomining KTll2 mRNA ond protein levels
in these mutonts. Sopl55p ossociotes in o
cell cycle-dependent monner with the
Sit4p phosphotose which functions in lote
Gl for  progression into S Phose [3,  B] .
Sit4p is required for execution of START
ond sit4t'stroins orrest lote in G'l prior to

STARI in po-rt due ro rhe role of Sit4p in
expression of Gl cyclin genes [3]. lnterest-
ingfy, sit4A, stroins, which ore vioble in
certoin bockgrounds, ore fully toxR [6, B].
Although it is ottroctive to suppose thot thl
toxin might oct to block Sit4p function, we
con so for only conclude thot toxin-
induced Gl orrest requires Sit4p (Flg. 3).

Concluding Renorks
T.he toxin-response pothwoy con now be
dissected into three steps, nomely binding
of toxin to the cell surfoce, uptoke of y suf,
uni t  into ond communicot ion f rom within
the cell (Fig. 3). Binding involves recogni-
tion of the toxin-receptor, cell woll chitin,
by virtue of the o chitinose function.
Whether y subunit uptoke is endocytosis-
dependent remoins to be elucidoted. The
presence of os mony os ten distinct torget-
site genes suggests o complex pothwoy
tronsduces the toxin's inhibitory effeci.
While some of them moy be involved in
the expression of torgets inhibited by the
toxin, o number of proteins could olso por-
ticipote in the process blocked by the tox-
in. These might oct os o biochemicol poth-
woy or, olternotively, form o complex
contoining severol components. Prelimi-
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in Mognelic Seporolion Technology
Now positive selection of 100 million cells is possible on o smoll ond compoct instrument,
Mognetic porticles ore so smoll thot they don't offect cell function or viobility,
Positively selected cells con go stroight to culture, flow cytometer or functionolexperiment,

Seporotion purity is routinely > 9}yo,
To get highly pure cell froctions, coil Miltenyi Biotec
Germony:
Phone O22M-83O6-O
F4X02204-85197 FAX (916) S8S_S925 a
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