
f n t y - p 1 ~ 1 f e d  h t l i  ~i~trocellalose strps conta 1 in2  
n m o c  zed GST-Ste5p 01 GST-Bem'p as de- 
sc l l ied  (791. Ant bodes to Ste20p :me as tie- 
sclbecl (::I. Detect 011 of ac tn  .\as performeel .. th 
CL monoclona an t~bod i  to actln (Boel i r~nga 
IAannhe~lr-1 

- i .  Extracts or yeast :".'!C!-IH cells ?>:ele prepa~ed as 
clescr~~iecl . ;?I l i e  supernatant :'.as TLII-her fracton- 
ateo c i  ca i t r f~ lya tons at T . 0 0 0 g  tor 20 m n  ancl 
'CO000c; for 20 m n  Pellets Aele colncned to pe  d 
tlie partc~llate fracton. E q ~ ~ a l  anioants of lirotens of 
tlie soluble ancl ~partc~llate f~actons :>,ele subjected 
to mnianoc~ot analysis (73). After oens~tor i iet~~c 
e\!a~~aton of ~ i i n i~~no . i I o t s ,  reatve pelcantages of 
Ste20p SteFp, Beml I-. ancl actn we1 e corrected for 
tlie total proten contait of the t ~ o  fractons 

.? - 
3 L e e ~ ~ h  H Fourest-LI~LI)!~ C ?~ 'L I  J Clienesert, 

.< Clalk M \ " ! I i~ te~ay,  D. V. -tio~iias. E Leberer, 
I ~ I I ~ ~ L I C I S ~ ~ C ~  ~esl-llts 

16. P~e~i i l r ,une sera 01 anttbodes to the canexn i o -  
rnolog Cne-p [F Pallat M. Dom~ngaez. J J M 
Bergelon. D. V. Tliomas J L33.1 C!.e'?? 270 2 3 i  
( -  22511 ra  ecl to precl i  tate act111 and antcodies to 
act l i  r aed  to preclitate Cnel i - .  These l es~~ l t s  dem- 
onstrate the s p e c r c t i  of tlie 1iiniL11ie ~ e a c t o ~ i s .  

'7 - he caitrome~e pasmcl pBEM324 contanng 8Elr ;: 
has const l~~cted cy cons e:~lig tlie Psi I s~te n BE".t47 
n l i  as~ncl liCENBEM (72) n to  an Eco R slte Pasmd 
pBEM324 was than clgestecl v/tIi Hncl I and Eco Rl 
>.vltlitn the codng reyion of B61):T and transfolliiec: 
n to  beg?; :-ST stran JC-GI ' anti be!;.- :-s2 stlan JC- 
FF (51 Tlie repalleel liIaslr,~ds :'!el€ solated f ro~n 
t~ansTorriia~its t ?at ':!ele derect\!e n riiatng :<tti aia!: 
tester stran and seq~lenced c i  the ddeoxp char  
terliinaton rnetliod :F. Sangel. S Ncken. A R. Coul- 
son, D!oc h a i  Ac?o Sc' U S A .  74 5423 (19771 

19 The ben;:-s ; a lee contallis a G - A ~r,utato~i at 
nuceottde poston 8 %  ancl the be!:;-s2 a lee con- 
tans a C -T m~~tat ion at naceotde poston 1555 of 
ttie c o d ~ i g  seclLlence of BE".t4; 
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2E The part cuate fracton of yeast VvSC3-lA cells :<as 
>sashed c, ppett ng f o ~  3 m n  at 3-C ':!:I-I I io~nogen- 
za to~ i  buffel (73) contan ng tlie ndcated concentra- 
[Ions of NaCl or detergent After c e ~ i t r ~ f ~ ~ g a t ~ o ~ i  a: 
1 00.CCCg f o ~  6C mn ,  protellis n the ~ e s ~ ~ l t  ng super- 
natant :'.el€ ~-.reclp~tatecI :'.it i 7': :>:/ v )  tr~cli lo~oacet~c 
aca and both f~actiotis :<ere ~esuspaidecl 1 7  equa 
~!oIu~iies or ys s cuffel :-CD3 g ycero, 5L3 p-~iielcap- 
toetliano 2': SDS ancl EC ~ i i l A  t l s  p H  E 9)' Equal 
s ol~iliies .\ere sub'ected to ~~ i i~ i iunoc lo t  anays s, and 
tile ~elat~s e alr,ounts of Ste2C1-., Beml l i  SteFl-. and 
actti :<el€ cleter~ii net1 ?enstomet-cap 

27. The ~-.a~tcuIate rlactlon of \'v!C3-IA cells ':!as oc- 
taned as desclced !:41 excelit that tlie homogenl- 
zatori c~~ f fe r  dcl not contali Na.\iO, -lie result ng 
lie let ,?,as les~~slienclecl n 2 nil or separatron cuffel - . -  s--3 ':/ ':! sucrose n 2C mlA He'ies (pH 7 4)] con- 
tainng P C  r :?I and iomoyenzecl lb, e~ght strokes n 
a 2 - m  '$'.'heaton +Issue gr1ic4a ,':'.'heaton Scenttficl 
-lie iomogenate ;!as 1;laced at t i e  bottom of a t ~ ~ b e  
(Bec.ilr-an lnst~amaits) ancl o,'erla~cl :.itt-I 1 -5 n'l 
each of 50, 37 F. 35, i 2 .F  LC. 27 5. 35 ancl 32'3 
>:/ ,v) suc~ose a n 2C i i M  Hepes :pH 7 31 Grad~ents 
x a e  c e n t ~ f ~ ~ g e d  at 170,CCCg f o ~  '5 l ioa~s Eg l i t ea  
f lact~ois here coectecl froln the bottom Port~ol-s 
12CC IJ ' or eacn ilactor- wele storecl for dete ':inaton 
or lproten amour-ts . ; 3 ^ )  al-lei SLlcrose concentlator-s 

>:/ti1 a ~efractometer (F s ie l  I] Assais for p asliia 
membrane A-Pase and Golg  GDPase actls tles 
'!"ere pe~fol~i iecl  as descriliecl [B J Bo:<riian and 
C \"! Slairnan Bo.' C~ie!-7 254. 2928 rl B7C.l. C. 
Abe~jon P Olean, F Y.'. Rocbns C B H r s c i -  
celg ?jot "!?'I .Acao. Scl u S P  86 6935 
(198911 Fractons .\ere precptated ':!tti t r c t i o ~ o -  
acetlc acid ancl res~~spe~icle:~ 1 7  ~ S I S  c~l f fer 1251, 
and eyLla ,vo uliies here subjecteel to I I T I ~ ~ L I ~ O ~ ~  ot 
ariapss ::?I 

28 E C I L I ~  l'ola~nes of c e  c ~ ~ l t ~ ~ r e s  .\ere Iial-iested at an 
olit c a  densty at 596  it-i of - 1 3 anti ce Is >:/ere 
.~ashea n 1.2 I A  sorctol, resuspended n p lecpta-  
tlon cufta 50 rnM trls (17H 7.5) ICC mM NaCl, FO 
i i M  NaF, 5 mM ED-A. ' 11iM NaJQ. and 0 07'3 
Tl ton X--CO contaling P C  175) ancl 1 ;1:! 51, . iO -  

\!ne serLlln acamt i ,  and cl~sruptecl 111 a I A n  Beacl- 
!beater. After t':!o secluental centlfl~gatons at 5COO 
and -0OCCg :each for 4 ~ii~i), tlie supernatant .\as 
ncubate? :.: th antcocl es f o ~  1 hour. Antcocry-antl- 
gen coliil-.Iexes were ncubated >:/~tli p~oteln A or 
li10te111 A-prote~n G Sepliarose ceads ;I :) ;Pial-  
n i a c a  f o ~  popcona ancl monoc onal antbod es re- 
sl-.ectls elp Beads >:/a€ seo~~naitecl  at 100Cg. 
':!aslied t t i~ee tlmes w~ th  l i recp~tat~on cafte~, and 
resuspended n ec l~~a l  vo l~~mes of y s s  buffel (25) 
Equal o l ~ ~ m e s  o i  tile v a r o ~ ~ s  p~ecpta tes  :<ere 
ectecl to ri imunobot anayss : ;3; 

2C. Tlie !east strans used ':!ere the lien-7-s: ancl tie$-;:- 
s2 mLltant clerk at^ es or st~al l i  JC2- IB '5'. 

3C Tlie two-liybr~cl prote~n nteract~on assays .\ere 
perforlr-ed as desclcecl ;2:1 111 a fa* : : der..atve 
s t ~ a n  of LLC Fusons of Bemlp  h t h  ttie transcl p-  
t onal act)!aton dol i ian (AD) of Ga4p here con- 
structed by clon~ng pol ime~ase c l ia~n reactlon 
:PCR) iragments of B 6 r ; l  n t o  ~-.aslr-td pGAD424. 
Ste2C1-. f ~ l sons  :5.~tt-~ tlie LexA DNA-bndny doman 
;DBD) ?/ere constl~icted by clonng PCR frag~iienrs 
of STE2O ~ i t o  pas lnd  pB-IAl '5 -he ruson or the 
AD of Ga4p :,.tli tlie BE;v;: rragment encodng 
alnlno ac~cls - 5 7  to 551 was solatecl rrolr- a 
genome DNA I c ~ a r i  f ~ ~ s e d  to the AD of Ga3p (291 
n a two-I-lpcr~cr screen n ':!Iich the NH,-termtn~~s 
or Ste2Cp :arnno acds 1 to iC.7) f~ lsed to the LexA 
DBD was used as a h i .  Fro~r, '69COC transfor- 
mants. egl i t  .\ere sl-.ecrcap pos t ve  and d e n t -  
fled as BElr;7 D-Galactos~dase act~\!ity assais 
>sere ~perrorliied as desc~ lied (2O1. 
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Requirement of Sacchapsmyces cerevisiae 
Ras far Completion of Mitosis 

Takashi Morishita, Hiroshi Mitsuzawa, Masato Nakafuku, 
Shun Nakamura, Seisuke Hattori," Yasuhiro Anraku 

In the yeast Saccharomyces cerevisiae, Ras regulates adenylate cyclase, which is es- 
sential for progression through the G, phase of the cell cycle. However, even when the 
adenosine 3',5'-monophosphate (CAMP) pathway was bypassed, the double disruption 
of RASl  and RAS2 resulted in defects in growth at both low and high temperatures. 
Furthermore, the simultaneous disruption of RASI,  RAS2, and the RAS-related gene 
RSRl was lethal at any temperature. The triple-disrupted cells were arrested late in the 
mitotic (M) phase, which was accompanied by an accumulation of cells with divided 
chromosomes and sustained histone H I  kinase activity. The lethality of the triple dis- 
ruption was suppressed by the multicopies of CDC5, CDC15, DBF2, SP012, and TEM1, 
all of which function in the completion of the M phase. Mammalian ras also suppressed 
the lethality, which suggests that a similar signaling pathway exists in higher eukaryotes. 
These results demonstrate that S. cerevisiae Ras functions in the completion of the M 
phase in a manner independent of the Ras-CAMP pathway. 

R a s  1;111cti011s in the rr:ulat~oin cell prol~f- RAS ge~les, RASI a113 RAS2 ( j ) ,  nllose proCI- 
er<itio~l ~11~1  ~ i ~ t f e r e i l t ~ ~ t ~ o ~ l  ill I . ~ ~ I O L I S  eu- L I C ~ ~  s t i ~ ~ l ~ ~ l ~ i t e  adenylate cyclase e~ l io~ le i i  by 
kar\-txes ( I ,  2 ) .  Tlle yeait S.  i e r z ~ i s ~ a e  ha.; tlva CI'RI (4). Raq thereby re:ulates the CAMP 

1ldt11n.a~. which is easent~al for ~~ro~res , s ion  , , L ,3 

through the G, phase of the cell cycle ( 3 .  5). 
. Mor~sliita D . . son  of B~oc/iehi~strp all? C e  u ar B o o -  
gy Natona Ins:~tute of N e ~ ~ ~ o s c e n c e ,  Natona Centel or H ~ n ~ e ~ e r ,  Rah ~ 1 0 ~ .  11c)t appear to regulate 
Ne~~ro log i  ancl Fsichatrf .  4-1 1 Oga.:!ahgasti <ocIa~a a~lenylate cyclaie 111 other cukaryotes (6 ,  7 ) .  
-o.iyo 187. Japan and Department of Pant Sc~ences ~i~~~~ L{i\.ersit\- (,f R~~ efkctors (g), 3 ,  
Grad~~ate  Schoo of Sc~ence, IJn~~vers~ty of o k y o ,  
Bunkyo-.i~l, o k p o  1 I!, Jaoan ct!rt!t,i.s~ae Ras may have a f ~ ~ ~ l c t i o ~ l  other tllain 
H M~tsuzawa l n s t ~ t ~ ~ t e  of Molecular and C e u  ar B I ~  the reglliatic>ll of ~~1eilylate cvciase. Wigier 
scences Versti of Tokyo, BLII~.I~o-*u, o ' c i o  " 2 dllll CLI1leAalI'S JescrlbeL] eelletlc c\~ldellce 
Japan 

Nakaf,-l.iu, Na8camLlla, Hattor, of B l o  tlh,~t i?reiiicts tlle alternative t1111ctio11 ot  Ras 
cliemstr; and Ce l l ~~ la~  B o o 3 ~  Natona n s t t ~ ~ t e  of N e a  (5). Here, 11.e ,hoa7 thdt 5 .  cr~ez.fsinc Ras and -. 
roscence. National Center or Neurology ano Psycl-atrf RAs.relateJ proteill Rsrl are f l l l l c t io l l a~~~  
4-1 -1 Ogs:!ahigash. Kocla~ra, TolcJo 187, &pan. 

Anraku, Delialtmenr of Plant Sclenc3s, adLlate ~ l u i l ~ i ~ i n t  tllat they jointly regulate the 
Scl loo of Sc e ice ,  Unversty of -o.iyo, Tok;o 1 - 3 ,  ~c>lIIplf?tioll id tile h'f l71la~e. 
Japan. Cells n.ith a single ciisruption r~f C1 'Kl  
o v/ i io~i i  col ~espondence ~ I - I ~ L I I ~  ce adciresseo (cvrlrl)  o r  a triple d i ~ r ~ ~ p t i o n  of RASI, 
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Fig. 1. Growth defects associated with A C A M P ( ~ M )  o 2 o 2 o 0.3 o 0.3 

RASl RAS2 disru~tion. (A) The isoqenic 'c 30 30 lo 10 30 30 36 36 

cyrl A, cyrl A ( Y E ~ T - T ~ K I )  (astGsk), 
rasl A ras2A cyrl A,' and rasl A ras2A 
cyrl A ( YEpT-TPK1 ) (asterisk) strains (21) 
were grown up on YPD (2% glucose, 2% 
polypeptone, and 1 % yeast extract) plates 
or on SCD + URA {SCD 12% glucose, 
0.67% yeast nitrogen base without amino 
acids (Diico), 0.003% leucine, 0.002% his- 

Days 3 3 12 12 

raslb ra- cyrlA 

mslb msZ4 cyrlb* 

tidine, 0.002% tryptophan] supplemented - -- - - - -  
with 0.002% uracil) plates containing the Y PO SCD + Ura 

indicated concentrations of CAMP at the 
indicated temmratures for the s~ecified B "C 30 30 10 10 30 30 36 36 

periods. (B) h y 1 2  cells [rasld ras2A 
rsrl A cyrl A (YEpT-TPK1 , YCpLeGALl - 
RAS2-I)] were transformed with a low- 
copy vector pRS316 (22) carrying RAS1, 
RAS2, or RSR1, or with the vector alone. 
The transformants were grown on SCD 
plates with casamino acids (0.3%) at 30°C 
for 1 day and then incubated on YPD or 
SCD plates with (+) or without (-) addition 
of 5% galactose as in (A). 

Fig. 2 Two terminal phenotypes associated with 
disruption of two RAS genes. (A, B, C, F, and H) 
TMD12 cells [rasMrasl A ras2Mras2A rsrl Mrsrl A 
cyrlNcyrlA (YEpT-TPKl , YCpLeGALl -RAS2-I)] 
grown in YPGD (YPD with 5% galactose and 1 % 
glucose instead of 2% glucose) medium were shi- 
ed to YPD medium and cultured at 30°C. Cells 
were harvested at the indicated times after the shi. 
In (A), cell numbers (0) and the ratios of large- 
budded cells (0) arid cells with divided chrom- 
somes (A) were determined. The same sample at 
26 hours was stained with 4'6-diarnino-2-phe- 
nylindole and observed by (B) Nomarsld optics or 
(C) fluorescmp microscopy. In (F), DNAcontent of 
the same cells was analyzed by flow cytometry for 
24 hours. In (H), histone HI kinase activity associ- 
ated with Sucl beads in the same cells was mea- 
sured as described (23) for 30 hours. (D, E, and G) 
Similarly, TMD9 cells (raslMraslA ras2Nras2A) 
grown in YPD medium containing 1 mM CAMP 
were shied to YPD medium without CAMP at 
30°C. ln (D) and (E), the sample of TMD9 cells at the 
3-hour time point was observed microscopically. In 
(G), theTM& cells were harvested each hour for 5 
hours after the shii, and the histone HI kinase 
a c t i i  of each sample was measured. 

Days 

Vector 

RASl 

RAS2 

RSRl 

Galactose 

YPD 

t - + -  - 2 L- 

SCD 

Time (hours) 

u 24 

Relative fluorescence 

Fig. 3. Multicopy suppres- 
sors of the RAS1 RAS2 
RSRl triple disruption. (A) 
TMY12 cells [raslA ras2A 
rsrl A cyrl A ( YEpT-TPK1 , 
YCpLeGALl -RAS2-I)] were 
transformed with each of the 
high-copy plasmids carrying 
R4S2, TEM1, SP012, 
DBF2, CDC5, or CDC15, or 
with the control vector 
YEp352 (24). Transformants 
were examined for growth 
on YPD (left) and YPGD 
(right) plates at 30°C for 2 
days. (B) TMY12 cells were 
transformed with vector 
AAH5 carrying c-Ha-RAS or 
its activated form (ValJ2, ThP) 

A vector Vector 

SP012 D B M  SPO 12 DBF2 

-Galactose +Galactose 

Vecto 

-Galactose +Galactose 

(25). The transformants were examined for growth as in (A). 

RAS2, and CYRl (rasl A ras2A cyrl A) are 
inviable because they cannot synthesize 
CAMP (4,5). Exogenous CAMP, or a mul- 
ticopy plasmid carrying the TPKl gene 
(YEpT-TPKI) that encodes a catalytic 
subunit of CAMP-dependent protein ki- 
nase (9),  rescued these cells at 30°C (Fig. 
1A). However, the raslA ras2A cyrlA 
(YEpT-TPK1) cells still could not grow 
either at 10°C or at 36°C. Because iso- 
genic cyrlA (YEpT-TPK1) cells did not 
show such growth defects under the same 
conditions (Fig. lA),  it appears that tem- 
perature sensitivities of the raslA ras2A 
cyrlA cells are not the result of the inabil- 
ity of Ras to stimulate adenylate cy- 
clase. Both low- and high-temperature 
sensitivities were complemented by RASl 
or RAS2, but not by biologically inactive 
alleles RAS2A"p22 or RAS2Alrr42 (1 0). These 
results indicate that Ras may have another 
essential function besides the stimulation 
of adenylate cyclase. Wigler and col- 
leagues described similar high-temperature 
sensitivity of raslA ras2A cyrlA cells car- 
rying multicopy TPKl and its complemen- 
tation by RAS genes (5). 

To elucidate this other function of Ras, 
we screened multicopy suppressor genes for 
the low- and high-temperature sensitivities 
of the raslA ras2A cyrlA (YEpT-TPK1) 
cells. We obtained six genes: RSRl (1 l) ,  
TEM1 (12), BUD5 (13), LTE1 (14), DBF2 
(15), and SP012 (16). RSRl and TEMl 
encode guanosine 5 '-triphosphate (GTP) 
binding proteins of small molecular size. 
Bud5 is an activator for Rsrl, and Ltel is a 
putative activator whose target GTP bind- 
ing protein has not been identified. DBF2 
and SP012 encode a protein kinase and its 
putative regulator, respectively. 

Rsrl has the same effector domain as Ras 
and stimulates adenylate cyclase when 
overexpressed in its activated form (17), 
which suggests that Rsrl shares some of the 
alternative Ras functions. We disrupted the 
RSRl gene of the rasl A ras2A cyrl A cells, 
cells in which the RAS2 gene is condition- 
allv ex~ressed under the control of a GAL1 
prdmo;er. The resulting rasl A ras2A rsrl A 
cyrl A (YEpT-TPK1, YCpLeGALl-RAS2- 
1) cells grew in a medium containing galac- 
tose, but did not grow when RASZ expres- 
sion was shut off in a galactose-free medium 
(Fig. lB), even at 30°C. The lethality of the 
triple disruption was fully complemented by 
either RASl or RASZ on a low-copy vector, 
but the cells carrying RSRl on the same 
vector still showed the temperature-sensi- 
tive growth defects (Fig. lB), indicating 
that the contribution of RASl and RASZ to 
the cell cycle progression is greater than 
that of RSRl. Introduction of the CYRl 
gene into the triple disruption did not sup- 
press the lethality (10). Although the dis- 
ruption of RSRl results in cells with random 
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hui? sltes (1 1 ), n o  gruwt11 defect has been 
reported. T h e  results rex~eal a functional 
redunL?ancy of Ras and Rsrl in spite of their 
k n o ~ v n  individual roles. 

W h e n  the  ras1A ras2A rsr1A cyrl A 
(YEpT-TPK1, YCpLeGALl-RAS2-1) cells 
\\.ere shifted to a galactose-free medium at 
3d°C, they ceased to proliferate as large 
budded cells with chromosomal D S A  even- 
ly distrihuteil in Inother cells and buds (Fig. 
2, A to C ) ,  iniiicatilng that the cells were 
arrested at or near the end of the M phase 
This arrest was accolnpanied hy an  accumu- 
lation of cells ~ v i t h  LISA content charac- 
teristic of the G1 and M phases (Fig. 2F) 
and by si~stained Cdc28 histone H 1  kinase 
activity (Fig. 2H) ,  consistent with a n  A 1  
phase arrest. Cells carrying an  intact RAS 
gene did not accu~nn~late such cells (1C). 
This terminal phenotype was different from 
the G ,  arrest o f ~ a s 1 A  ras2A cells ~ v h e n  the  
cells were starved of exogenous CAMP. In  
this case, the  cells Lvere arrested as unl~ud-  
ded cells (Flg. 2D) n-ith a single nucleus 
(Fig. 2E), Cdc28 kinase activity decreased 
(Fig. 2G) ,  and cells with GI  LINA content 
a c c ~ ~ ~ n ~ i l a t e i l  (1 L?). These results ilndicate 
that the  cells x i t h  the RASl RAS2 RSRl 
trinle di5rut~tion are defective in the  com- 
pletion of the  M phase. 

LX1e examined genetic interactions be- 
tween RAS and other genes that participate 
in M pInase completion, i n c ~ u c ~ h g  DBFZ, 
C:DCS (18,. CDC15 (19,. SP012,  and 
TEMI . kotl, C:DCS slid CDCI 5 encode 
1-7rotein kinases. W e  introduced multicopy 
plasmids carrying each of these genes into 
the ras1A m s 2 l  rsrl l c y l  l (YEpT-TPK1, 
YCpLeGALl-RAS2-1) cells, and the result- 
ing transformants Lvere examined for gro~vth 
on a nalactoe-free ulate. Each of the ~ l n ~ l t i -  
copy plaslnids suppressed the growth defects 
of the cells (Fig. 3A). None of these genes 
suppressed tlne CAMP requirement of the 
rasl A ras2 l  cells (1 0 ) .  Llammalian c-Ha- 
RAS, or its activated forlnn (Val1'. Thr5"). 
also suppressei? the lethality, ini?icating that 
mammalian Ras can substitute for yeast Ras 
in this other function (Fig. 3B). 

W e  have shown here that S ,  cerevisiae 
Ras fi~nctions in the completion of the M 
phase. T h e  genetic interactions between 
KAS and other genes involved in A 1  phase 
colnpletion suggest a net~vork of signal trans- 
duction patha-ays in which low molecular 
weight G T P  binding proteins ani? various 
protein ltinases are involved. Activation of 
Ras and ~Iownstream protein kinase cascade 
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Ligand-Induced Autoregulation sf 
IFN-y Receptor P Chain Expression 

in T Helper Cell Subsets 
Erika A. Bach," Susanne J. Szabo," Anand S. Dighe," 

Avi Ashkenazi, Michel Aguet, Kenneth M. Murphy, 
Robert D. Schreiber? 

Interferon y (IFN-y) responsiveness in certain cells depends on the state of cellular 
differentiation or activation. Here an in vitro developmental system was used to show that 
IFN-y produced during generation of the CD4+ T helper cell type 1 (T,1) subset extin- 
guishes expression of the IFN-y receptor P subunit, resulting in T,1 cells that are unre- 
sponsive to IFN-y. This P chain loss also occurred in IFN-y-treated TH2 cells and thus 
represents a specific response of CD4+ T cells to IFN-y rather than a TH1-specific 
differentiation event. These results define a mechanism of cellular desensitization where 
a cytokine down-regulates expression of a receptor subunit required primarily for sig- 
naling and not ligand binding. 

Recen t ly  it was reported that THl an3  T H 2  fects T H 1  ani? TH2 subset stability in vivo, 
cells develop opposing patterns of respoln- the  developmental lnechanisln controlling 
siveness to the  cytokines interleukin-12 the  loss of cytokine receptor signaling be- 
(IL-12) and IFN-y, with T1,l retaining only colnes central to the understanding of 
IL-12 responsiveness and T H 2  retaining pathogen susceptibility or resistance (1 ,  2 ) .  
only IFN-y responsiveness (1 ). fiecause this Using fully differentiated long-term T cell 
differential responsiveness significantly afl clones, Pernis et al. observecl that expression 

by gron-th factors in malnmalian cells is nec- of the  IFN-y receptor P chain, the  receptor 
E. A. Bach. S J. Szabo, A. S. D~ghe. K. M. Murphy. R C. 

essary for cell cycle progression through the schrelber, Center for Immunology ano Department of subunit recli~ired prilnarilT for signaling and 
G ,  phase to the S phase (2). Sex~eral reports Pathology, V\/ashlngton Un~vers~iy school of k k o ~ c n e ,  not liganL? binding, is limited to T1,2 cells, 
contain arguments for another fi~nction of 660South Eucla Avenue, St Lous, MO63110, USA and it was implied that this was ilnportant 

A. Ashkenaz~ and M. Aguet, Department of Molecular Ras in the G,-hl boundary in vertebrate cells Biology, Genenlech, Soilth Sari Francisco, CA 94080, to phenotype differentiation (3, 4). T o  
(7, 20). Yeast and mammalian Ras proteins USA characterize the mechanism controlling de- 
could share the same effector molecule in authors contributed equally to this work velopmental expression of the t ~ v o  IFN-y 
this signal transL?uction pathway. -1io whom corresponoence shoulo be aadressed receptor subunitb and to critically test their 




