
vious observations that relate extrelne lean- 
ness ~v1t11 delayed (4)  and obesity 
x i t h  acceleration of puberty (5). Thus, lep- 
t in may be a factor involved 111 signaling to 
neuroendocrine L~atllu-ays the  attainment of 
a critical fat mass, a determinant for trieoer- 

"U 

ing puberty (2-4). Kennedy first postulated 
that the  hypothalamus recelves a puberty- 
triggering signal related to metalmlic rate or 
food ~ n t a k e  ( 2 ,  15), and later stuiiies 
sho\ved that the  attalnnlent of a cr l t~cal  
percentage of body fat is necessary for ~ n i -  
tlatlon of puberty (1 6 .  17) .  Although the  
cr i t~cal  fat hypothesis has been challenged 
( I S )  and the  ~netabollc signal postulated by 
Kennedy has remamed elusive, our study 
suggests that leptin may be that signal. 
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Induction of Apoptosis by ASKI, a Mammalian 
MAPKKK That Activates SAPK/JNK and p38 

Signaling Pathways 
Hidenori Ichijo," Eisuke Nishida, Kenji Irie, Peter ten Dijke, 

Masao Saitoh, Tetsuo Moriguchi, Minoru Takagi, 
Kunihiro Matsumoto, Kohei Miyazono, Yukiko Gotoh 

Mitogen-activated protein (MAP) kinase cascades are activated in response to various 
extracellular stimuli, including growth factors and environmental stresses. A MAP kinase 
kinase kinase (MAPKKK), termed ASKI, was identified that activated two different 
subgroups of MAP kinase kinases (MAPKK), SEKI (or MKK4) and MKKSIMAPKKG (or 
MKKG), which in turn activated stress-activated protein kinase (SAPK, also known as 
JNK; c-Jun amino-terminal kinase) and p38 subgroups of MAP kinases, respectively. 
Overexpression of ASK1 induced apoptotic cell death, and ASK1 was activated in cells 
treated with tumor necrosis factor-a (TNF-a). Moreover, TNF-a-induced apoptosis was 
inhibited by a catalytically inactive form of ASKI. ASK1 may be a key element in the 
mechanism of stress- and cytokine-induced apoptosis. 

T h e  L?AP klnase s~gnaling cascade, a signal 
transduction pathway well conserved in cells 
from yeasts to vertebrates, consists of three 
d~st inct  nlembers of the proteln klnase fam- 
ily, mcluding k lAP kinase (MAPK), MAPK 
kinase (MAPKK), and MAPKK kmase 
(MAPKKK) (1 ). MAPKKK phosphorylates 
and thereby activates MAPKK, and the ac- 
tlvated f o r ~ n  of MAPKK in turn phosphoryl- 

ates and activates MAPK. Act~vated L?APK 
may translocate to the  cell nucleus and reg- 
ulate the act~vlties of transcription factors 
and thereby c o ~ ~ t r o l  gene expression (1 ). A t  
least two ilefined MAPK s~gnaling modules 
function in ~l~alnlnalian cells: the  Raf- 
k1APKK-L?APK and the MEKK-SEK1 (or 
MKK4)-SAPK (or JNK) pathways (2-7). 
MKK3/L?APKK6 (or kIKK6, a close re1atlr.e 
of MKK3) that corres~~onds to  MAPKK and 

P. ch~ jo ,  M. Saltoh. K EA~yazono, Cepartlnent of ~ 1 0 -  p38 MAPK form another MAPK slg~lali~lg 
c i e m s t y ,  T i e  Cancer nsttute, Tokyo, Japanese F O L I ~  u n ~ t  (2 ,  8); ho~vever, the biolorlcal conse- 
dat~on for Cancer Researci, 1 3 7 - 1  Ka?ilkebukuro, qllellce alld lnechanisln acti\,atioll of the 
Toshima-ku, Tokyo 170 Japan 

Nlshlda, blorlguchl, Y, Gotoh, DeparilTent of Genet. p38 signaling cascaile are poorly understood. 
ics and blolecuar B o l o ~ v ,  nst~tute for Virus Research W e  ~dentified a ~na~nrnal lan L?APKKK that 
Kyoto Unversty, Sakyo-ku Kyoto 606-01, Japan 
K r ~ e  and K blatsu?ioto Departlnent of Molecular Bol-  
ogy Faculty o: Scence, Nagoya Unversty Chkusa-ku, 
Nagoya 464-01, Japan 
P, ten Dljke Ludv!lg nstltute for Cancer Researci, Box 
595, B o l ~ e d c a l  Center, 5-751 24 Uppsaa Sweden 
M Takag Deparment of Oral Pathology, Tokyo Med~cal 
and Dental Unverstv, 1-5-45 Yush ?la, Bunkvo-ku, To- 

actlrates the MKK?/MAPKK6-p?Y as well 
as the SEK1-SAPK s~gnaling path~vays. 

W e  used a degenerate polymerase chain 
reaction (PCR)-based strategy to  identify 
se r~ne- th reon~ne  kinases (9) .  O n e  PCR 
fragment, obtained 1 ~ 1 t h  a set of PCR prim- 

kyo 11 3, Japan. ers oriented from the  conserved sukdomains 
*To whon  correspondence should be addressed \'I and VIII of the  serine-threonine kinase 
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family ( lo), was used to isolate a corre- 
sponding nearly full-length c D N A  clone 
(1 1 ). Because of its characteristics, we refer 
to the putative serine-threonine kinase en- 
coded by this c D N A  as apoptosis signal- 
regulating kinase (ASK) 1. The deduced 
amino acid sequence revealed that A S K l  
consists of 1375 amino acids wi th a calcu- 
lated relative molecular mass of 154,7 15 
(Fig. 1A). Another clone that is truncated 
in the NH2-terminal 374 amino acids was 
also obtained (clone 27) (12). The serine- 
threonine kinase domain of A S K l  is in the 
middle part o f  the molecule and has long 

Fig. 1. Primary structure 
of ASK1 and comple- 
mentation of SSK2/ 
SSK22/SH01 deficiency 
in S. cerevisiae. (A) Pre- 
dicted amino acid se- 
quence of human ASKl . 
The putative translation 
start sites for two inde- 
pendent cDNA clones, 
clone 20 and clone 27, 
are indicated by arrows. 
The protein kinase do- 
main is shown in bold- 
face. An FKBP-type 
peptidyl-prolyl cis-trans 

NH2- and COOH-terminal flanking se- 
quences. RNA blot analysis revealed a sin- 
gle 5-kb transcript that was expressed in all  
human tissues tested (Fig. 1B). 

A database search of the A S K l  sequence 
outside its kinase domain showed that a 
short amino acid sequence in the NH2- 
terminal part contains a motif for an 
FK506-binding protein (FKBP)-type pepti- 
dyl-prolyl cis-tram isomerase, o f  which the 
functional importance is unknown (Fig. 
1A). The kinase domain o f  A S K l  has se- 
quence similarity wi th members of the 
MAPKKK family including M E K K l  

(30.0%) in mammal and SSK2 (32.3%) and 
STE11 (30.4%) in Saccharomyces cerevisiae. 
Phylogenetic comparison suggested that 
A S K l  is distantly related to  RAF-1, KSR1, 
TAK1, and TPL-2 mammalian MAPKKKs 
but most closely related to the SSKZ or 
SSK22 family of yeast MAPKKKs, which 
are upstream regulators of yeast HOG1 
M A P K  (1 3). 

Despite differences in the overall struc- 
tures o f  A S K l  and SSKZ or SSK22 (1 3), it 
was of interest to examine whether A S K l  
might act as a functional kinase in yeast and 
thereby complement the loss of SSKZ or 

- ~ n r - p - - B - - p - I m e m  858 

O R J S R I M C T 1 m P  - B B L . i l l w T I J t c m  936 
YPD YPD + 1.5 M sorbitol 

isomerase motif present ~ W S S K K K K ~ P u s A L s A G 5 N A e Y L R S I S L W W L V e m S S S S S E L P P K S E G I  1014 

in the NH2-terminal ~ f ~ I P D ~ P E D H S A P P S P E E ~ S O F m L R K D S E R T U T W ( R I L T E W D K ~ S ~ E P L 1  l O g 2  

, 
M L R E ~ ~ I ~ ~ S K L ~ ~ S W I S ~ ~ ~ D A Y M N L R N H N I K P H m P A L D S I T R I U ~ A I T I  1110 1 ASK1 (K709R) 

yence of ASK1 has L V P E L R P W S U S E S ~ A W U ) ~ O H E ~ P ~ ~ O A V I E D A V A T S ~ S I I L S S T V ~ ~ D S Q S A H R S ~ Q I ~ ~ R  1248 

been deposited in ~ 1 ~ L E E L ~ K E X E L Q I L L H R I I E E ~ E I I W I K I K S Q P I E I P E L ~ S ~ I U ) S E L T M . R Y N D L I )  1326 

EMBL-GenBank data li- ,s,,,LmmL,LRLR~LmIIDEmM 1375 

brary (accession num- 
ber D84476). Abbreviations for the amino acid residues are as follows: A, Ala; siae. Complementary DNA fragments encoding ASK1 were subcloned into 
C, Cys; D, Asp; E, Glu; F, Phe; G, Gly; H, His; I, Ile; K, Lys; L, Leu; M, Met; N, the yeast expression vector pNV11 and transformed into TM257-HI yeast 
Asn; P, Pro; Q, Gln; R, Arg; S, Ser; T, Thr; V, Val; W, Trp; and Y, Tyr. (8) Tissue strain (73), which is defective in SSK2, SSK22, and SHO1. Five independent 
distribution of ASK1. lmmunoblots with mRNAs from various human tissues transformants were selected and grown on YPD plates in the presence or 
(Clontech) were probed with ASK1 cDNA labeled by random priming. (C) absence of 1.5 M sorbitol. Photographs were taken after 6 days at 30°C. 
Complementation of SSK2/SSK22/SH01 triple mutant strain in S. cenli- Transformants with pNV11 vector alone or ASK1 (K709R) were also tested. 

Fig. 2 Activation of MAPKKs A 1.3 7.6 5.0 0.7 7.0 11.8 

and MAPKs by ASK1. (A) In 
vivo activation of MAPKKs 66' 
and MAPKs by ASKl . COS7 4t 

- 0- 
cells were transiently trans- 3. 
fected with pSRa-HAl- 
MAPK, pSRa-HA1 -SAPK, - J  - 
pSRa-HAl-p38, pSRa-HAI - ASK1 3 2 2 2 2 3 

MAPKK, pSRa-HA1 -SEKl , : ~ z  y g a  
a a a  

or pSRa-HA1 -MKK3 togeth- I KO 
% 2 ! 2  
I 

er with pcDNA3-ASK1 (+) or 
a control vector pcDNA3 (-). After 18 hours, cells were lped and MAPKKs and 
MAPKs were immunoprecipitated with anti-HA. The kinase activity was mea- 
sured in an immune complex kinase assay with exogenous substrates (20). The 
position of each substrate is shown by a bracket or an arrowhead. The fold 
increase of kinase activity caused by coexpression of ASKl is indicated above 
each lane and is the average of three independent experiments. Molecular sizes 
are indicated on the left in kilodaltons. (6) In vitro activation of MAPKKs by ASK1. 
COS7 cells were transiently transfected with pcDNA3-ASK1, and proteins were 
immunoprecipitated from cell lysates with preimmune serum (Mock ppt) or anti- 
serum to ASK1 (ASK1 ppt). The immune complex or a buffer solution (Buffer) was 
first incubated with (+) or without (-) His-MAPKK, His-SEK1, His-MKK3, or 

MKK3+ + + - MAPKKG + + + - .- 
L - -  
m a -  

L - 
m z  - ASKllP + - + + + E a g  Q a MAPKKG + + + - - a ~ 3 8  + + + -  

ATFZ + * + +  
4 4 

His-MAPKK6, and then the kinase activity of these MAPKKs was measured with 
the substrate GST-catatytically inactive MAPK for MAPKK and His-catalytically 
inactive ~ 3 8  for SEKl . MKK3, and MAPKKG. ICI TheASK1 immune comDlex was 
incubated with (+) o; without (-) the indicatd His-MAPKKs and  is-wild-type 
p38, and the kinase activity of p38 was measured with the substrate ATF2. 
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SSK22. We used yeast strain TM257-H1 
(ssk2A ssk22A shol A) (1 3,14), which grows 
in a normal YPD medium but not in hyper- 
osmotic medium. Transformants were test- 
ed for growth in the presence of 1.5 M 
sorbitol (Fig. 1C). Expression of ASK1, but 
neither vector alone nor ASKl(K709R, a 
catalytically inactive mutant in which 
Lys709 was changed to Arg), complemented 
TM257-H1 growth in this hyperosmotic 
environment (15). These observations, to- 
gether with the fact that the mammalian 
counterpart of yeast HOG1 is p38 MAP 
kinase (1 6-1 8), suggested that ASKl may 
be a mammalian MAPKKK that functions 
in a signaling cascade to activate MKK3/ 
MAPKK6 and p38. 

To investigate whether ASKl may func- 
tion as a MAPKKK in mammalian cells, we 
transfected ASKl into COS7 cells together 
with MAPK and MAPKK expression plas- 
mids (Fig. 2A). All the MAPK and 
MAPKK constructs were hemagglutinin 
(HA) epitope-tagged, expressed with or 
without ASK1, and immunoprecipitated 
with antibody to HA (anti-HA) (19); the 

A ASK1 
Vector (K7OQR) ASKl Transfection 

+ ASKl 

Fig. 3. Induction of apoptosis by ASK1 in stably 
transfected Mvl Lu cells. (A) ZnC1,-dependent ex- 

immune complexes were subjected to a ki- 
nase assay with exogenous substrates (20). 
ASKl expression induced 7.6- and 5.0-fold 
activation of SAPK and p38 MAPKs, re- 
spectively, but only weakly activated 
MAPK. ASKl activated SEKl and MKK3 
up to 7.0- and 11.8-fold, respectively, 
whereas no detectable activation of 
MAPKK was observed. To investigate 
whether the SEKl and MKK3 were directly 
phosphorylated and activated by ASK1, we 
used an in vitro-coupled kinase assay (21) 
with recombinant SEK1, MKK3, MAPKK6, 
and recombinant catalytically inactive p38 
(MPK2) proteins (Fig. 2B). ASKl immuno- 
precipitates from COS7 cells activated 
SEK1, MKK3, and MAPKK6 (greater than 
40-fold for each) (Fig. 2B), and phospho- 
rylation of p38 was observed only when 
ASKl was present in the kinase assay. 
ASK1-dependent phosphorylation of p38 
was further confirmed to result in the acti- 
vation of p38 in a coupled kinase assay with 
wild-type p38 and ATF2 (21) (Fig. 2C). In 
contrast, ASKl weakly activated MAPKK 
(2.2-fold) (Fig. 2B). When Raf was used as 

MAPKKK for a positive control, a 27.8-fold 
activation of MAPKK was observed (22). 
These results indicate that ASKl selective- 
ly activates the SEK1-SAPK and MKK3I 
MAPKK6-p38 pathways. 

We determined the biological activity of 
ASKl in mink lung epithelial (MvlLu) cell 
lines that were stably transfected with me- 
tallothionein promoter-based expression 
plasmids (23). Immunoprecipitation of 
ASKl with antiserum to ASKl (24) after 
metabolic labeling of the cells revealed that 
ASKl was highly expressed only when in- 
duced by ZnClz (Fig. 3A). ASKl(K709R)- 
transfected cells expressed the recombinant 
protein in similar amounts. SAPK or p38 
MAPK signaling cascade or both may par- 
ticipate in signaling pathways leading to 
apoptosis (25-28). To investigate the effects 
of ASKl on cellular growth or viability, we 
measured i3H]thymidine incorporation in 
the stable transfectants. Inhibition of 
i3H]thymidine incorporation was observed 
in the cells transfected with ASKl but not 
in cells transfected with the vector alone or 
ASK1 (K709R) (Fig. 3B). The dose-depen- 

c ASK1 
ZnCI, (pM) 0 20 40 60 80 100 

ASKl ASK1 (K709R) - -- 
ZnC1, (WM) o : 120 o go NO IP 

presslon of ASK1 and ASKI (K709h) ~n stably trans- D ZnC12 (PM) E 
fected MvlLu cells. Cells were metabol~cally la- ASK1 ASKl (K709R) 

beled w~th a m~xture of [35S]meth~on~ne and 0 60 90 120 + + ZnCI, 

P5S]cystelne ~n the presence or absence of 100 KM mzE!E?TV 
;..?;.;*%.+ . ZnCI, for 5 hours, and the cellular lysates were .:--*+:; . 

sub~ected to ~mmunoprec~prtat~on as descr~bed (33) ,. ,$ A -  --- --y<-- ~ J d r * , -  . - 
w~th antserum to ASKl , SDS-PAGE, and fluoro- 4 ,:;*'l-;c~ 4 

u/p>i7* - 
graphy. (B) ASK1 -dependent lnh~brt~on of pqthyml- 9 ",Y ;-;: 
d~ne ~ncorporat~on Mvl Lu cells stably transfected 
w~th vector alone (B), ASK1 (@), and ASK1 (K709R) v7 --* T'.mw F 
(0) were ~ncubated ~n m~n~rnal essent~al med~um V 
(MEM) conta~n~ng fetal bovlne serum (FBS) (1%) 
with the ~nd~cated concentrat~on of ZnCI, for 16 
hours. The cells were then Incubated wtth PHIthy- 
mldlne for 1 hour, and 3H lncorporat~on Into the p38 i- & .  

0 
DNA was determ~ned The average of the counts - 4  @ 
from dupl~cate wells IS shown as the percentage of 

. 
control Data shown are the representatwes of three 
Independent expenments. Error bars represent the SD. (C) Dose-dependent ant~body to p38 wrth Ha-ATF2 as a substrate (bottom). The posrt~ons of p54 
expression (top) and act~vat~on (bottom) of ASK1 by ZnCI, ~nduct~on (Top) and p46 SAPKs (top) and ATF2 (bottom) are lndlcated by arrowheads and an 
ASK1 was ~mrnunoprec~pltated as described In (A) after the ASKl -transfected arrow, respect~ely (8 ASKl -dependent cell death (Top) Cells were Incubat- 
Mvl Lu cells were Induced by the lndlcated amount of ZnCI, for 5 hours ed wrth MEM conta~n~ng FBS (1 O h )  In the presence (+) or absence (-) of 100 
(Bottom) lrnmunoprec~prtated ASKl was subjected to the MKK3-p38 coupled KM ZnCI, for 26 hours Representatwe cell morphology was deterrn~ned by 
klnase assay (D) ASKl -dependent actrvatton of endogenous SAPK (top) and phase-contrast microscopy (or~gnal magnlficatlon, x33) (Bottom) Cells were 
p38 (bottom) Mvl Lu cells stably transfected Wh ASKl were Incubated w~th Incubated In MEM wrthout FBS In the presence or absence of 100 KM ZnCI, for 
the lndlcated concentratlon of ZnCI, for 5 hours. The cell extracts were as- 25 hours and stalned by the TUNEL method wrth an In srtu cell death detectton 
sayed for SAPK actwlty (29) wth gel-~mrnob~l~zed c-Jun as a substrate (top), or k~t (Boehnnger Mannhe~m) Apoptot~c cells are shown by dark brown stalnlng 
for p38 act~ty In an Immune complex klnase assay (29) w~th a polyclonal Photographs were taken at a hlgher magnficatlon (X  82 5) than In the top panel 
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Time (min) 

ASK1 
Vector (K709R) Transfeaion 
pp 

g G 
< 8 

a a $ Stimulation 
i B i  r ; B  

I 4 E l  s 2 :  

D 
ASKl 

None (K709R) 

Fig. 4. TNF-a-induced activation of ASK1 and dominant-negative effect of ASK1 (K709R) on TNF-a-induced 

)-- apoptosis. M v l  Lu cells stably transfected with ASK1 were first treated with 50 p M  ZnCI, for 5 hours and then 
;;.F~~ lo 6o 120 30 30 stimulated with TNF-o (100 ng/ml) for the indicated time (A) (top) or with the indicated concentration of TNF-a 

-- - for 30 min (B). The kinase activity of ASK1 was measured (21) in arbitrary units. The results are means from at 
Mvl Lu 293 A673 least five independent experiments. Error bars represent the SD. (A) (bottom) ASK1 activity from ASK1- 

transfected M v l  Lu cells and nontransfected 293 and A673 cells treated with TNF-a (1 00 ng/rnl). ASKl(K709R)-dependent inhibition of DNA fragmentation 
in TNF-a-treated 293 (C) and Jurkat (D) cells. 293 cells (2 X 106) were transiently transfected with 2 ~g of pcDNA3 control vector or pcDNA3-ASK1 (K709R) 
by the use of Tfx-50 (Promega) according to the manufacturer's protocol. Eight hours after transfection, cells were treated with TNF-a (100 ng/ml) with or 
without 300 nM actinomycin D (ActD, which enhanced TNF-ainduced apoptosis) for 16 hours. Apoptotic cells detached from culture plate were collected, 
and total DNA was isolated and analyzed by 2% agarose gel electrophoresis. This experiment was repeated more than five times with similar results. In (D), 
3 X l o 6  nontransfected Jurkat cells or selectively isolated populations of ASKl(K709R)-expressing Jurkat cells (32) were treated with the indicated 
concentrations of TNF-a for 5.5 hours. Cytoplasmic DNA was extracted (35) and analyzed by 2% agarose gel electrophoresis. 

dent  i nh ib i t i on  o f  [3H]thymidine incorpora- 
t i o n  b y  ZnC12 correlated we l l  w i t h  the dose- 
dependent expression and act ivat ion o f  
ASKl (Fig. 3C). Furthermore, endogenous 
SAPK and  p38  were activated (29) in par- 
al le l  w i t h  the ASKl activit ies (Fig. 3D). 

Induc t i on  o f  expression o f  ASKl but n o t  
ASKl(K709R) induced cytoplasmic shrink- 
age and  nuclear condensation, w h i c h  be- 
came apparent w i t h i n  6 hours after addi t ion 
o f  ZnC12 (30). T h e  typical morphological  
properties o f  apoptotic cells became most 
evident after more t h a n  24 hours (Fig. 3E). 
T h e  apoptotic ce l l  death induced b y  ASKl 
was con f i rmed  b y  a n  in s i tu  staining o f  
cells w i t h  t h e  termina l  deoxynucleot idyl  
transferase-mediated dUTP n i c k  e n d  la- 
be l i ng  (TUNEL) method  (Fig. 3E) as w e l l  
as b y  genomic  DNA fragmentat ion (30). 
T a k e n  together, these observations indi- 
cate t h a t  overexpression o f  ASKl results 
in apoptosis. 

T u m o r  necrosis factor* (TNF-a) caus- 
es apoptosis and  activates b o t h  SAPK and  
p38  signaling systems (4, 31). W e  therefore 
examined whether treatment o f  cells w i t h  
TNF-a resulted in the  act ivat ion o f  ASK1. 
ASKl immunoprecipitates from TNF-a- 
treated cells were subjected t o  a coupled 
kinase assay w i t h  M K K 3  a n d  catalytically 
inact ive p38 (Fig. 4, A and  B). Treatment  
o f  cells w i t h  TNF-a activated the ASKl in 
ASK1-transfected M v l L u  cells w i t h i n  5 
min (Fig. 4A) in a dose-dependent manner 
(Fig. 4B). In addition, endogenous ASKl 
was also activated b y  TNF-a in other  ce l l  
types in w h i c h  apoptosis is induced b y  
TNF-a, inc lud ing h u m a n  293 embryonal 
k idney cells, A673 rhabdomyosarcoma 
cells (Fig. 4A), Jurkat T cells, a n d  KB 

epidermal carcinoma cells (22). Further-  
more, w h e n  ASK1 (K709R) was transient- 
l y  transfected i n t o  293 cells ( t ransfect ion 
ef f ic iency was greater t h a n  60% as deter- 
m i n e d  b y  P-galactosidase staining) (Fig. 
4C) o r  Jurkat cells (32) (Fig. 4D), DNA 
fragmentat ion induced b y  TNF-a was re- 
duced, suggesting t h a t  ASKl(K709R) acts 
as a dominant-negat ive mutant,  a n d  t h a t  
ASKl is necessary for  t he  TNF-a- induced 
apoptot ic response. 

Our results suggest that  proinflammatory 
cytokines may activate ASK1, wh ich  con- 
tributes t o  cellular apoptosis, possibly b y  ac- 
t ivat ing SEK1-SAPK and MKK3/MAPKK6- 
p38 signaling cascades. SAPK and p38 sig- 
na l ing pathways are b o t h  indispensable for 
apoptosis triggered b y  nerve growth factor 
withdrawal in differentiated neuronal cells 
(25). However, a possibility that  ASK1-in- 
duced apoptosis in our system is mediated by 
effector pathways other t h a n  SAPK and p38 
is n o t  excluded. ASKl m igh t  be  a constitu- 
t ively active kinase because ASKl that  was 
transiently expressed in COS7 cells o r  in- 
duced b y  ZnC12 in M v l L u  cells was active in 
v i t ro  and in vivo. However, overexpression 
o f  ASKl migh t  result in activation, o r  the 
transfection procedure o r  the treatment w i t h  
a heavy metal  may subject t he  cells t o  stress, 
and thereby activate ASK1. Thus, identif i- 
ca t ion o f  regulatory mechanisms o f  ASKl 
should provide insights i n t o  signaling path- 
ways leading t o  apoptosis. 
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Detecting Phases ~f Iron 

C. S. Yoo e t  nl. ( I )  con i i~~c ted  in situ 
heating experilnents o n  Fe at pressures (P )  
up to 13C GPa and conclude that ( i )  the P 
phase recognizeci by Saxena e t  nl. (2 )  and 
Boehler (3) iioes not  exist, but instead that 
there is a n  E '  phase which occupies part of 
the  stability field of the y phase (FCC);  (i i)  
only the  E ( H C P )  phase is stable above i C  
GPa;  and (iii) there may be a nevi phase 

extends beyond P of SC GPa. 
Our  difficulty in  accepting the  results of 

Yoo e t  nl. (1 )  is apparent from the  data in  
figure 4 of their report: There is a striped 
area representing a n  E' phase of Fe in the 
middle of the y phase field; n o  x-ray pattern 
of this E '  phase is given in the report. T h e  
PT of the y phase field is established fro111 
the  results of several different workers on 

each substrate 1 a f i ~ a  ~ ~ o u m e  of 25 I* of a ~ O ' L I ~ O I  appearing above P of 110 GPa  and a tem- the basis of ~iifferent techniques, incluiiing 
c o n t a i i g  20 mivl tris-HC (pH 7.5), 10 mivl MgCli, 
and [y-splATP ladenoslie trlphosphatel perature (T) of 322C K. None of these resistance-wire heating performed by one of 
(0.3 ~ C I .  The reacton was stopped by a d d t o i  of conclusions is warranted on the  basis of the the  co-authors of the Yoo et nl. (1 )  report. 
Laernm s sampe buffer and b o i g  After S D S  x-ray data as presented by Yoo e t  nl. ( I ) .  W e  T h e  triple point ?(or @)-&-melt was located 
p0yacryamde y e  eectrOphOresls (PAGE;, p k o s  have used the  same experimental facilities a t  76.5 -t 4 GPa  and 20iC = 122 K by 
pl ioryat~on of these protens was q ~ ~ a n t f e d  >:than 
Image ana yzer (Fulx BAS20001. (4) and obtaineii results that s h o ~  evidence Saxena e t  nl. ( 2 )  after consideration of all 

21 HIS-tagged Xenopus MAPKK and SEKI (XMEK21 of tral~sforrnation of E ( H C P )  to a DHCP the available experiinental data. There is no  
aid human MKK3 aid MAPKKE bacter lay structure. O n  the  basis of our further work discussion of why all this data should be 
expressed and pur~fied as descrbed [Y. Gotoh eta/. 
Oncogel,e 9, 1891 l199L)1, To measure the actlvlty (5)) rye confirm that the  DHCP phase is abandoned in  favor of a study based 011 the 
of an Immune complex, we frst i cubated 0.2 l ~ g  of illdeed the  @ phase anii that its stability use of a n  unstabilireii laser. 
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