
inhibited the glutamate-induced increase of 
NF-KB activity in a concentration-dependent 
manner (Fig. 3), with calculated EC50 values 
of 1.3 and 6 mM for ASA and NaSal, respec­
tively. Parallel experiments in which cell vi­
ability was measured 24 hours later revealed a 
strict correlation between neuroprotective 
concentrations of anti-inflammatory drugs 
and blockade of NF-KB induction (EC50 val­
ues of 1.5 mM for ASA and 5.8 mM for 
NaSal). The salicylate effect on NF-KB/Rel 
proteins was specific. In fact, ASA and NaSal 
failed to modify the glutamate-mediated nu­
clear induction of the transcriptional complex 
AP-l (Fig. 3). 

Thus, at concentrations compatible with 
amounts in plasma during treatment of 
chronic inflammatory states, salicylates pre­
vented glutamate-induced neurotoxicity. 
The neuroprotective effect correlated nei­
ther with the anti-inflammatory properties 
of these compounds nor with cyclooxygen-
ase inhibition. In fact, indomethacin exert­
ed anti-inflammatory but not neuroprotec­
tive properties, and NaSal was neuroprotec­
tive but did not interfere with cyclooxygen-
ase activity (3). The common molecular 
target for ASA and NaSal but not for in­
domethacin (10, 16) was the blockade of 
N F - K B induction, suggesting a link between 
neuroprotection and the nuclear event. 

Here we provide evidence for an unusual 
pharmacological effect of ASA and its me­
tabolite NaSal. In view of their distinct 
ability to act not merely as anti-inflamma­
tory compounds but also as neuroprotective 
agents against excitotoxicity, these drugs 
appear to possess a wider pharmacological 
spectrum than other nonsteroidal anti-in­
flammatory drugs. 
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course of searching for regulatory compo­
nents of the proteasome (6) in Thermo-
plasma acidophilum, we discovered a proteo­
lytic complex of high molecular mass that is 
not related to the proteasome. This com­
plex seems to be the core of a modular 
proteolytic system generating multicatalytic 
activities. 

We purified the high-molecular-weight 
(HMW) protein to homogeneity by a se­
quence of chromatography steps (7). The 
purified protein migrates at 720 kD in gel 
filtration chromatography (versus migration 
at 680 kD by the 20S proteasome), and it 
turned out to be composed of a single 
polypeptide of 120 kD when subjected to 
SDS-polyacrylamide gel electrophoresis 
(SDS-PAGE) (Fig. 1). The purified protein 
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was subjected to amino acid microsequence 
analysis. The gene encoding the 120-kD 
protein was cloned by means of inverse 
polymerase chain reaction (PCR) and PCR 
cloning methods (8). The cloned 5 kb of 
DNA encoded three open reading frames 
(ORFs). orfl encoded a protein homologous 
to a guanosine triphosphate-binding pro- 
tein, tri encoded the 120-kD protein, and 
orf2 encoded a previously unknown protein. 
The ORF of tri encoded 1071 amino acids 
with a calculated molecular weight of 

121,635 daltons and an estimated isoelec- 
tric point of 5.8 (Fig. 2A). 

The derived amino acid sequence of the 
120-kD protein, which contained all of the 
internal sequences obtained by microse- 
quencing, did not reveal any significant 
similarity with sequences of proteins in 
GenBank. In the COOH-terminal region 
(residues 878 to 1036), a weak but signifi- 
cant similarity to several COOH-terminal 
processing proteases (Ctp's) of bacterial and 
eukaryotic origin was observed (Fig. 2B). 

Fraction (1 ml per tube) 

Fig. 1. Isolation of TRI and two different factors from T. acidophilum. SUC-LLW-AMC cleaving activity 
in a glycerol density gradient (GDG) fraction is shown. Crude extract from T. acidophilum (6.5 mg) was 
fractionated by 10 to 40% GDG into 1-ml fractions. Activity was tested by incubation of 20 pI (0) 
(corresponding to proteasome activity) or 50 pI (0) of each fraction with 10 nmol of peptide for 1 hour 
at 60°C. In addition, 50 pI of pooled LMW fractions (fractions 6 and 7) was incubated with 20 pI of HMW 
fractions (a) (mostly TRI-enhanced activity), and 20 pI of pooled TRI-containing fractions (fractions 17 
and 18) was incubated with 50 p1 of LMW fractions (M) for 1 hour at 60°C. The Boc-LRR-AMC- 
enhanced hydrolyzing activity was teasted by incubation of 10 pI of GDG fractions with 0.4 pg of rTRI. 
Data were plotted as enhanced peptidase activities (+). The inset shows SDS-PAGE of the purified TRI 
proteins. 

Fig. 2. Genetic and pri- 
mary structure of TRI 
( 1  7 ) .  (A) The deduced 
amino acid sequence of 
TRI. Peptide sequences 
that were obtalned by 
Edman degradation are 
underlined, and se- 
quences for which syn- 
thetic oligonucleotides 
were constructed are in- 
dicated by double un- 
derlines. The sequence 
has been submitted to 
GenBank laccession 

The near COOH-terminal regions of these 
proteases, in turn, have a homology of un- 
known functional significance to a se- 
quence motif that is repeated four times in 
the interphotoreceptor retinol-binding pro- 
tein (IRBP) of mammals (9). Among the 
bacterial Ctp's is the Escherichia coli tail- 
specific protease (Tsp), which was recently 
shown to degrade proteins translated from 
mRNAs without stop codons, using a 
COOH-terminally added sequence motif as 
a degradation signal (10). Of the residues 
that have been implicated in active site 
formation on the basis of mutational studies 
( I  I )  in Tsp (Ser430, Asp441, and Lys445), 
only the serine (Ser965) is conserved in our 
120-kD protein. This suggests that the 
COOH-terminal portion of our protein and 
the conserved region of the various Ctp's 
and of IRBP form a domain with a common 
fold, which may have a role in substrate 
binding. 

In order to characterize the 720-kD com- 
plex further, we constructed a recombinant 
HMW (rHMW) protein, with an affinity 
tag coding for six consecutive histidine res- 
idues [ ( H ~ s ) ~  tag] fused to the COOH-ter- 
minal end of the encoding gene; this al- 
lowed purification of the rHMW protein by 
Ni-NTA affinity chromatography and 
Mono-Q chromatography (1 2). The 
rHMW protein formed a homo-oligomeric 
complex that was indistinguishable from 
the 720-kD protein isolated from Thenno- 
plasma cells in its ability to degrade fluoro- 
genic peptides (Table 1) and casein (1 3). 
Unlike the 20s proteasome from T. aci- 
dophilum, which cleaves chymotrypsin-like 
substrates, the rHMW protease preferential- 
ly cleaved trypsin-like substrates. However, 
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one chymotrypsin-like substrate, alanyl-ala- 
nyl-phenylalanyl-7-amino-4-methylcouma- 
rin (H-AAF-AMC), was also cleaved; 
when this peptide carried a negative charge 
at the NH,-terminal end (Suc-AAF- 
AMC), it was not cleaved (Table 1). Inhib- 
itor experiments using a variety of com- 
pounds showed that the peptidase activity 
of the complex was efficiently inhibited 
only by tosyl-L-phenylalanine chloromethyl 
ketone (TPCK) (median inhibitory con- 
centration = 40 pM) or by tosyl-L-lysine 
chloromethyl ketone (TLCK), which indi- 
cates that a histidine residue may be in- 
volved in active site formation. In these 
assays, the proteolytic activity of the 
rHMW was independent of adenosine 
triphosphate (ATP)-Mg+ +. The optimum 
temperature (- 65OC) was slightly above 
the growth temperature of T. acidophilurn; 
the optimum pH was between 8.5 and 8.8. 

We examined preparations of the 720-kD 
protease isolated from T. ucidophilurn, as well 
as the recombinant protein, by electron mi- 
croscopy in conjunction with image analysis 
techniques (Fig. 3, A through E). The prep- 
arations were indistinguishable from each 
other and showed the HMW complex in a 
variety of different orientations. Most con- 
spicuous was a tricom-shaped motif ["tri- 
come" is French and means "chapeau 2 bords 
replies en trois comes"], approximately 18 
nm in diameter and with a prominent stain- 
filled center. We refer to this projection 
down the threefold symmetry axis as the 
end-on view and hereafter call this protein 
the tricom protease (TRI). A projection 
with twofold symmetry, a width correspond- 
ing to the diameter of the end-on view, and 
a height of approximately 10 nm was also 
frequently found (the side-on view) (Fig. 
3B). Orientations intermediate between 
these two were also observed and were ex- 
ploited in performing a three-dimensional 
reconstruction with the use of a method 
closely akin to angular reconstitution (14) 
(Fig. 3, B, D, and E). 

Although there is no detectable se- 
quence similarity and the dimensions are 
different, the TRI bears a striking resem- 
blance to the Gal6 or bleomycin hydrolase 
from Succharornyces cerewisiae, a protease 
that binds to DNA (1.5). We have no evi- 
dence that TRI has a DNA binding ability. 
Both molecules are built from six identical 
subunits arranged with 32-point group sym- 
metry, forming a toroidal structure traversed 
by a channel along the threefold-axis. In- 
side the hexamer, the channel widens into 
a cavity that is approximately 8 nm in 
diameter in TRI protease, which is much 
wider than the analogous cavities in the 
Gal6 or bleomycine hydrolase (4.5 nm) or 
the Thermophsma proteasome (5.3 nm). 

During the last purification step (chro- 

matography on a Superose 6 column), the the 720-kD fraction. Electrophoretic anal- 
concentrated TRI showed a tendency to ysis of both fractions revealed a single 120- 
fractionate into the void volume and into kD band, and the two fractions were equiv- 

Table 1. Hydrolysis of synthetic substrates by native or recombinant tricorn protease and the protea- 
some from T. acidophilum. Activity was assayed by incubation of 0.32 pg of purified tricorn protease, 
0.41 6 pg of recombinant tricorn protease, or0.28 pg of purified proteasome with 10 nmol of fluorogenic 
substrates (final concentration, 100 pM; purchased from Bachem) for 60 min at 60°C . The fluorescence 
of AMC was measured. Z, benzoxycarbonyl; Bz, benzoyl. 

Tricorn protease 
(nmol hour-' mg-l) 

Native Recom- 
binant 

Protea- 
some 
(nmol 

hour-l mg-l) 

Ttypsin-like activity 
Z-Gly-Gly-kg-AMC 138 209 0 
Boc-Leu-Arg-Arg-AMC 347 389 0 
Z-Ala-Arg-kg-AMC 334 308 0 
Bz-VaCGly-Arg-AMC 997 1257 0 

Chymottypsin-like activity 
Suc-Leu-Tyr-AMC 0 0 0 
Suc-Ala-Ala-Phe-AMC 0 0 400 
H-Ala-Ala-Phe-AMC 51 25 6460 . 978 
Suc-Leu-Leu-Val-Tyr-AMC 0 0 1432 
Z-Gly-Gly-Leu-AMC 0 0 1750 

Fig. 3. Electron microscopic characterization of TRI from T. acidophilum. The fraction is from Superose 
6 chromatography; the 720-kD fraction as well as the void volume fractions were subjected to electron 
microscopy. (A) Characteristic appearance of the 720-kD fraction, showing the TRI complex predom- 
inantly in end-on orientation. (B) Gallery of averages ranging from end-on (top) to side-on orientation 
(bottom). (C) Characteristic appearance of the void volume fraction, showing numerous completely or 
partially assembled capsids. (D) Three-dimensional reconstruction of TRI with 32-point group symmetry 
imposed. This is a shaded isosurface representation viewed along the threefold axis of the molecule. 
Three twofold axes are in the plane perpendicular to the threefold axis (left). The view was obtained by 
tilting the model around an axis that is in the plane of the twofold axes and perpendicular to one of them 
(center). The same view but with the upper half of the molecule removed is shown at right. (E) Gallery of 
sections perpendicular to the threefold axis. The distance between two neighboring sections corre- 
sponds to a pixel size of 0.5 nm. 
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3 A L~~13fs P Z.. ,~cl i~.  't': Ea~n-elster 7e~:i:s 3,s- 
c!,e!x Sc:. 1 9, 533 :I 9941 

4 T T a r n m  2ta l  , C!,ip E:O; 5. 733 11995. 
5. :\I Crlov~sl i  S:~c,'e,>'~s:?/ 29. 10269 i1 993) .< 

Tanalta T TamLra. T Y ~ s '  11~1 a A c i - ~ l ' a t  ,l!ei? 
St-.: 4. 175 :I 9921: A J 31\.ett Stsc!:e!i: ,'. 291, 1 
11 993) 

6. C. Coux K. Tanali; 4.  L Goltbe-g. +!!,'!, Re', 
3oc'2e,:i. 65, 801 119961 

- - 

.;e~r::-.,.?,:;s!~~a ac,-ou!:t!,,>i cells :;TCC 26903) 
>,"ere g o?,n ;t 56-C at !;i 1.0 [C Cli s t  anser-, F. A. 
=reur-dt. T Elzcli I,,: J S js  Bac:e,t-.! 25 99 
$1 9;5)] CLlItl rec: c e  s ,;;ere i-anestecl ana lesus- 
lpindecl n 5 ,;oILrmes ot lio--oge~-;te bLltfer [ I  00 ~i i:~l 
depes Il,t 8 31 1 ~i i:~l 2t- lot l i -el to iDTT: 5 ln:\,l 

~ l g C _ ,  5 n-lvi ATF. ;I-d DNfse I 10 1,g n-I anc: 
r-cLlbfted fo 20 ~ n n  ;t 1301- temberzture be-ore 
IL'ss 13, sol' c f t on  Tf ie ,s;te ,i;;s ce~- t l -~~gecI  fo 1 
i-ou - ;t 61,730g Gl,..celo ;,'as ;clclec: to t -e sL lpel- 
I-ztant :ti-e f I-; 23%). :'!Pi- vt fs stolea f t  - 83 'C  

I - t  &lse Ti-lougi-out tlie pL~lfcator- I:,oceclLlres fo 
TR 2nd proter-, pectc!ase ;ct8,t: ;lfs testea 3 ,  

atldt or- 3- eti-e poolec: L:41\V/ frfct ons 3 1  ,oolec: 
HI':i~.':fratons 'di-cli ;;ere f~fctor-f tecl  2.; f 13 to 
:0', 3 yce-o cler-st, grac:er-t 1, niefns of cer-t.tLl- 
s;toti f t  25 033 r1,ii 13. 22 IioLl s at 4-C ,:,ti- ; 
S'!,!2e ator Eecl\man =or ti-e Ei prote n p11.tc;- 
t 011 tlie '?ept clase ;t~,:~t~es ,v,ele testecl b, adc tor- 
of .-o ucbni3~-;nt - TR irTRl) Pe'?t~cfse f ss f , s  v)ele 

perioln-ed 11 103 111 3- 53 ~ii:~l tr s -HC bH 6 0:, fn t l  
 ele eased AlviC \.!fs neasLlrec: as ,re:loLls, c.e- 
s c , ~ : ~ e d  I "  s o f t  on 3 - T 9  2 6 g of 1,sat.f om T 
actdoo!~',:,122 cells ,.$'ele ~ s e d  -GI i ~ ~ ~ r ~ f c a t o - I .  TI-e 21- 

I -ecl  p lo te~ '  ,300 !!)as caI,re: aganst 50 m:41 
tl s - t C  :I,H 7.5) ;',t- 20% sl...cero ant, st0.e:: at 
:-C s o a t o i  3- t,ie F1 ,,ate i 900 i i g  of Ivsate 
f on- T act:!oui::,'::.x cells 'i,,fs s~bjectecl to ti-e 13~111- 

f c;tol- LrocecL re Tlie p.lr1- ed 13 oteti :10 1 1  g~ ',!;s 
cla:zea .i,,t~i 25 11-b:i t s - t C  51.1Sel b i  -.5, cot i ta~ i -  
I-g 1 ,iil':i DTT 21-cl ?.:as stol-ed ;t 4 C F o  sol;t~o~i 
of F i  1 33 g of ,sateftom T, ac:i!-.:~'~~rb~;: cellsv,e,e 
used for !,L r ~ - ~ c f t ~ o ~ i .  Pa,? ?I ; pLl fiec =i :393 I L ~  

,as  d f  yzet . A -  30 ml:l tVs- tC b~1Se. ' I ~ H  7 . 5  ancl 
stored f t  - C. PLlrif ed TR  at-d t i e  F1 !:)rote i ':,ere 
sub ectecl to f m  i o  xi: seclLIeIi82e at-f IL'ss. A c:e- 
taecl c :esc !~ t~or -  o- t i e  I ~ L I I I ~ I C ~ ~ I C I '  2rocec~re IS 

a:? fkle oil l e q ~ ~ e s t  e i i a  t;m~.~~;Q~?.n-s 1;oci-el-1. 
mpg ae). 

e T':ett~:c,3;s::~r rc,rcoi::,',:~- cl-ronioson-a DIN4 i..;s 
1p~uf1ec: 1:); p-enolci-lorofo~ii ext~acto- PC3 ,,,fs c;,- 

l~e t l  311 "~tli Y 13 13-fcci cie3eller?:eci o-111ie-s - h z  
,,:,ere ciesg1-e: fr31ii -/'e l)el)ttIe sec,.~ences ds i~?cic::stl 
r -13 2A Pzir 1 '?,;as AT[A:ITPTAT[A:I TTTAATCC 
[STlGkTAC[S:TGk ar,ci GC[S'T]AC[Gfl SCTTCST- 
TCCPGTASTT[A'G]TC Far 2 '!)as SPSAAT[,kI[S:C] 
TCATGATTATSC[ST]CC[G~r]GC dllci SC[GTAC[S: 
T]SCTTCSTTCCkST4STT[AAS]TC Fal- 1 pr~n-ers 
gale '~se to a 124-base pa11 1131~) ,agment 21-cl p z  2 
Iprlliiels l:~ctl~~setl a 655-bp ,;gnent T,ie fray-el-ts 
-.ere scatecl anci sequerceci ;r;ci ttisr; sl:e,s~-s 1:111-ers 
,, e - *  e ~sclss~gr;ec fcr ~ s s  n e~tl-1st n!erse PCP [H 

C'shl-ian M ' ~ ~ 1  Mecl,ic-a D. Ga ia .  D L. %?I 1r.1 Pi6 
P,cioco/s, A G,:,s1e to !9:e:';ocls a,-ri/i!~p!,ca:'ovs, ':I A. 
1-111s D, li. Selfal-,:I, J J S I ~ I I ~ S ~ V ,  T J 'iI?!k~te E:is. 
14cz:leni~s Press. Sat- Die;.?. CP, 1990; 1:p 21 '1-2271 
or PCP s s s n n g  [D, kfantlar 21-rl T. Dzrrbere PiR 
,~:e:!;oia clpl;: 4 4 i1334)], WI-ti PCP SC-eeliir,g '?/e 
ccnst~.~c-e:l 2 gens ibrarj I; o5Iussc11ib- lS.<i+! Pat 
catisd 3 tc C ii? of T aadspiill!,,>> chlcln?scma DNA, 
~parr~all,: d~ges-st1 iby S?!-I 3 k  T,-e l 1 1 3 1 ? , ~  V!ZS -rdr,s- 
f c~ rec i  tc XL-I b ' -e  s e s  k tc-a ?f 72CO-~a~-sfcl~nan-s 
..'!2s scree1is:I 211~1 one ocsl-I !e c?r;e was ?btans:I: t,ie 
p8-rl-ed oI;smd cal yr;y t,-e N q  teilnlid trL~-cat%cI 
TR enccci113 gel-s. Tc cb-all- the mss~'g regcn c,iSc- 
I--cs?n-2 DNA '!)as clgesteci 2,: P?.2 e' Bzr I .  c~rc~llar- 
reci '?,;~-h Td 1 3 2 ~ s .  x c i  s?li) ecteci to n!else FCP Tke 
anll~l-lee 131 7-131: antl 2079-bo fragnlel--s '?,ere p'. I I -  

fled and subjsc-ed -c ssaLlelise ana vses Ti-e s?r,eci 
CRF ensodng tlie I2C-IID o~?te~n hzs -w? p?ss~bIe 
~nt?:cn ccdons l ~~ le t l  antl '~:le-5 arltl a p~~ -a t \ . e  rho- 
s?nlE 13ndng slte ,;'!i~ch IS found downstl-sa~r of -lie 
~ - ~ t ~ a t ~ o n  codon I- arcli;ea [i ' i '  Z g  e: a1 , EL!'- J Rc-  
c'w:, 173 -73 11 986): s ocateil :Iei.!~een :,otli metI:l- 
on nes 'Ne tentat~\.el: selected l,~letl as tlie n ~ t  at on 
codor- :,eczuse t encodes tlie 01-gest ORF 

9 2 I H -,ou, L. Ge,-g,  ',!I!. 68e171, 1'1 The Mo!ec~:!a~ 
3:0'sc;/ s f  :,2e Rett!'a Baste a!:n Ct',2'cat!,~ Yeie,,a!:: 
St,:n:es, D 6 .  Fa lber at-cl G J Clizde . Eds : W e , -  
Lss Nev) Yorli 1991) ! ~ p  11 5-1 37 

10 S Jet-tsch, i a e , ~ c e  271, 955 11996). K C ie le . .  F 
3 ti \V/;Ile 3 T Sa le  . th,?. !J 990 

11 K C Keer  ancl a T. S;LI~I. J Do:, C,?e!i7. 270 
2eeG4 11 995:. 

12 Tlie Ta-er-codr-y get-e v!fs a~nl:I-ed ;s tv!o o ie l -  
lapped segn-ents 211 NH,-te i- n; ;-12 ; CGOH- 
t e l n i i a  eli'zoding flagments 13, PCR .rsr-g ~ ~ L I I  311- 
8 g o ~ i ~ ~ l e o t ~ c l e ~  I'! v)tIi a far-liing Nde s t e ;  I )  '!'!ti- ;n 
Eco P l s ~ t e  ao:.!r-st~ezm of t i e  TR encod ng geie, 
I )  viiti at- Fco R - s ~ t e  foLrntl L~l,stream of ti-e T3l 
el-codr-g gene; an: 11,;) >!.tli f 1i1s1, t f g  and f t anli- 
I i g  Xi-o s te The 211-p-ed NHz te i-~~ri;Il: encoded 
f,;gmerit ..;s cgestea v)itli licle 121-d Eco R ;nd 
co-ecl n to  tlie s fme stes of f pT7-7 expresson 
?,ector S. Tf13o1 ;ncl C C R~ci-;ldson P!oc. Na:! 
,/cad S3: U S +  82 107- 1985) ]  y~eIc:~ig f pT7- 
71N) Tlie otlier ti;l- 3- t i e  flzgmer-t ?':as d~gesiecl 
1,:1tIi Eco R at-d Xtio I and clot-ed i t o  ti le Eco 91 
fr-cl S f  I sltes of pT7-7:N), ,~eIdng a p T 7 - 7 T 9 !  
T i e  Hs).-taggecl T R  5;:~s er1,ressed I -  E c-.;' 
6L21 DES) cells IF. ',!I! Stl.~:, e , A  H Rosel-13elg. J. 
J DLI I~  1, J \V/ Dubendolit, !,/iet,:sos EI:Z!'~~~O,'. 185. 
60 :I 990)] cot-tfnr-g f !pUES5i3 p a s m d  e r ~ o d -  
il-g tlie o/:a'/ge~-e [L. E~~nlin-;nn a .  E. Iviattes. P 
GLlckeI G e w  85 139 :1989)] Tlie recom131ial-t 
Iprote ns v)e,e $11 f e z :  31' a N NT,4 res I- ,D agen, 
H der- Gelliiili:) and a :410~-o-0 C O I L  i i n  and dia- 
:zed ag; r-st 53 t ~ : ~ l  t r s -HC :pH 7.3) :.!iti- 23'3 
g ,cerol. Tlie exp ess on e\:e of  IT^ I -  pIJ6S523- 
t l f l -s-o~ r-ed EL21 cells ,!.as 10 in-es Iiglier ti-;-I ir- 
iorm; EL21 cells. Ti-e strLlctkre of leconi131n;nt 
lp~oten :.!;s cot-fin-eel b, eectrol- i ' c  oscopy. 

13 T Taii~11-a N T a r ~ ~ r a  ',!I! Efume~s te~ ,  ur-l,ubI si-eel 
es~llts 

1;. Proten 5;:~s negat iey stznec @.th ~lrar-,I acetate. 
The concltons of I n f ge  recolcl 1ig 2nd mage fna y -  
s s  !!)ere as detf led [\",! 6auveste1 e: a,' ,FEBS Le:: 
241, 239 $1 988)] D L I ~  to ti-e occurrence of the mol- 
ecule in dfreient @,el-t;t@ns, tile recoi-stt'ucton :'!as 
Ipetio~metl I!) tti a procecl~~re for a postelor cleterriil- 
r-atol- of relatie ~,~o,ect~o~l drectons TI-e app1o;cli 
s xsec: or- siogr:tni correfton [I':i, \.;ti Hee, L1l?a- 
,:~,c,-.scspy 21, 11 1 :I 9671, n con j~~nct  on >!.tli al- 
o p t ~ v ? ~ i i  ; ~giti ier-t fpproacli ti-;t is s~lnila to a 
n-et io t l  desc bed  Ipre): o ~ ~ s y  [N 4 Efrrov) at-d =. P 
Gttel isnqer .! 00:. Soc nfi: A9 : 749 :I 992)l A 



glite: t;ac<-p~ojacton ,IJ:,~ I-IS~:: ts  calcLlata ti-la 
t i ee-el rians c -~z, :,ans t: map Tlia a g imant x:,s 
iz, r eel cLlt ;'ti? f o ~  p10,eit 017 '! ei\'s cbtz,~na:. 1;s.. 

egeive8:tc -egen,!z,I~e clz,ssf c a t o i  a?: a,!e ag i g  
sea :,is -1g SEi i l t  i ' a ~ g l i  t l ie ie 1; q e i t  elis ale 
l o t  related .:,, s,  1-1 natrS.. f~ rt ie r  .:rojact s i s  ,;cars 
ri':c~ :elated 12, n;l:cs~ig 2 i - l x 1 1 i t  g cL1p s , ~ i i ~ i i e -  
t ~ ,  i reco1;it -1ct1si ii1;sslig tireefo :i i y i i l na t  .; 
on ; '?::,i . I  t~~:,ll; clent~cal ts  the acsnst ~ c t  s i 
~ n g  tile f l  2 2 . ~ 3  l t  group i%, i -~ l ;a t~ ;  ,IJ-I cl i nc l -  
ia tes  t i a t  the prepa la to~ i  :Ices net sLlffer f ~ o ~ i i  
s g i  t i z ,~ i t  : e:ara to i  iclLliecl i l~s tc l t  ens :el t i e  
~sosl.~lface lapresentaton :, t l i as l i sd  , . a l ~ ~ e  :..as 
c i s i a n  t-,at ~alatas ti-la '.slLlme of tl ia modal ts  :, 
I - io lac~l la v,aaIit sf 730-kC f :, :leni~t> sf 1 S g 
i171-. 1s z,ssL l?lecI. . 

J L ~ s i  i~ :,-Tor H. E SLI S i Joli i i t o  i C C Fieei, 

16 T T a i - ~ ~ ~ l a  N T a m ~ ~ r a  - Lstts[;a~cli ',̂ ; 6z,L~,iies- 
tat FFSS Lei: I i pl e s i  

1; S ~ i g l e e t t e  z,bb e,!atons fcr tlie a ?i 170 z, id esl- 
c l~~es  z,le as fc lss:.i A. 4la. C. 3 . s ,  C, Ail, E. G -1 - 
Dlia S. GI; H H i  I, e .< L,s _. L ~ L I  :d. lilet N 
As,? D Prc. C. GII-I. Fi A g. S Sat T. TI11 '; Cal '.": 
T1l3 z,~i;. Y T.1 

- E  '::e tl-la-~k E li l G :,eser Un,,e st; of C:,fc -,la 
Ee ialeyl. 4 L~.:as aicl :d A K a i  :, fs c t call, 
raacl i g  tlie nz,nLlsc pt l i l Bs CLI f s  D l i 4  seq~enc-  
i g  atid Fi Idattes IU-11.e si.. ct S t~ t tgz , t l  tot  pro. ci- 
I -13 t i e  o,;irr'gane T T, ac:1i03.: edges a Pcitclsc- 
to la  Fallo~;vsli~~; tot Fiasea~cli Ab~o:,cl f l s n  the Jz,pz,n 
Socat: for ti-la c i;ot on of Sc ence. Tlils ?.'el* ;,'as 
also s~l~.:o~:ecl J ,  a Rra;t f r sn  the PL -iz,r; F I ~  i t  el 
S i e n i e  P~ogla~i;  to I:: 6 

Control of C. elegans Larval Development by 
Neuronal Expression of a TGF-P Homolog 

Peifeng Ren,* Chang-Su Lim,*-;- Robert Johnsen,$ 
Patrice S. Albert, David Pilgrim, Donald L. Riddles 

The Caenorhabditis elegans dauer larva is specialized for dispersal without growth and 
is formed under conditions of overcrowding and limited food. The daf-7 gene, required 
for transducing environmental cues that support continuous development with plentiful 
food, encodes a transforming growth factor-p (TGF-P) superfamily member. A daf-7 
reporter construct is expressed in the AS1 chemosensory neurons. Dauer-inducing 
pheromone inhibits daf-7 expression and promotes dauer formation; whereas food 
reactivates daf-7 expression and promotes recovery from the dauer state. When the 
food/pheromone ratio is high, the level of daf-7 mRNA peaks during the L1 larval stage, 
when commitment to non-dauer development is made. 

T l l c  sc>il nemaroile C:. ~ ' I i ' ga i?~  Lle\.elops re) rive l~l-ic~-iocopv nt 3Q°C (5). hiolccular el-- 
,iilnltl-i,,,>il thri>qgh ionr 1x1-a1 staces ( L l  iilcncc reported here ~ ~ g y c s t \  that DA4F-7 
t l r 1 1 - i  L i t  1 1 t  1 ,  I I acts C I ~  a negarivc rcg~llator of dancr larva 
~-c-irularinn .It.l-isir~- increases ,111il bacterial . . 
~ L > L > L I  a~lppl\- d i m ~ ~ - i i l ~ t . ~ ,  tl-ic ~ - i o n k e J i n ~  
L1aut.r 1x1-a III,IJ- 1-c formed at  the scconil 
111olt ( 1 ) .  Entr\- into. and exit iron-i, tl-ic 

i1,luer 1;irva fc7r111~ltio1-i cvcl-i \\.it11 al?nnila~-ir 
f ; > c ~ l  (4 ) .  I;llli~-iy ampl-iid cl-icmi7.;ensory 
nnlrons MI, ADF, XSG,  a ~ l d  ;ISJ \\.it11 a 

P Fier C.-S L!n> E dc ;!iseti. D. S. A!:e;i. D L R i l se .  
l i lo le i~~ lz ,~  E o o g  . D oglz,ri7 an:. D ,! s en ot Esog~ca l  S c -  
an ie i .  51 1 T L I C ~ ~ I  H a ,  U I ~ I ~ ! ~ I S I ~ ,  ot Ib,~ss'a~. . . COIL 11ib z,, 

D P g l m  De9al:n;al;t or E~slsg cz, Sc~ences G-3':: 
E~slog~c:, Sc ences 61111~ i g ,  Uli ,!e st: cf A b e i a  Ecl- 
nsnts  1. 4ll:eta Cz,naclz, TliG i E 3  

-Tliese E , L ~ / ? o ~ s  CSllt IJLlta:: e~ll.:,,, to t l i i  Y,'O~I< 
i Dcese ;t z,clcl~ess Ce.:allli-,ant ot :dc ' O J I S I O ~ \ ;  C ~ L I  ;g- 
JI. I\ Nat~cl;z,l Un~,;els~t., Chaongj~ C ~ L I  -1gb11* 260.762. 
I<ol e?,. 
I 'esent ?,>el ess Cec;l:rnsl-t s- PAsa ca Gsnst cs U I ~ I -  
vsrs't:' of Br~ts l i  Col~lml: 2, C i  74 Un vsCst,, Boule'.ala. 
:Jaicou.e-, BC~ ts l i  Couml: 2. Cziacla \'GT 1Z3  
kTs ,:!i-olii co--esponilence s l i s ~ ~ l d  l:e a>cllessec E-n-a'l: 
I cla1shtjissc1.n-12.3 msss~ l r  e: LI 

~ni ; ) r~~-i ,~t io~- i  fro111 AS1 l-ieurans. 
Lalng Te1 transyosol-i t,iqglng (6) and 

LINX tr;lnstormarion rescue ( 7 ) ,  we cloncL1 
tlic dilf-7 Gene (8) (Fiv. LA). T h e  yrcilicteil 
~ c n e  product c o ~ ~ t a l n s  thc ck>nserI-eil char- 
acteristlcc c ~ t  thi. TCGF-P ,s~lpcrfamll\- (9) 
(Flg. 1R). Witlllll the liginil clomaln, tiiij-7 
contail-is the e v e n  cyateil-ie.: 1-it.arly ~nv,lri-  
ant in the superfamlly, ,111i1 ~t t a ~ >  atltll- 
tlc-inal cy.;teincs yre\-iou>ly tc-i~lnil only in 
tl-ic \.crtel?ratc homolo~is TGF-B a n ~ l  ac- 
ti1,il-i. Comyarisona o t  thc  liy,a~-iil ~1omai1-i 
sl-ion. rh,it DAF-7 l-ia, i4 "o  ;imll-i~> ,lciil ae- 
quel-icc iidcntity ~vit1-i II~IIII,III lx>ne morpho- 
gcl-ietic pi-otein-4 (BLIP-4), 34"2, alr1-i DTO- 
\oj~iliir[ tl?cl~j)a~t:ip\zgic (~lpp! protein, al-iil 
3S"o 1vitl-i I ~ n n ~ a n  TGF-P, but 1;rcl;s ,evei-(11 
,rmlno , l i l ~ l \  i n ~ . a r ~ a n t  in rhece stthfamilicc. 
Hcl-icc, it 1.; a 11e~v 5ul?type k>t the  TGF-P 
st~yerh~l-iily. 

W e  S ~ ~ I I ~ I I C C ~ I  i l a t - 7  m~lt,il-it ,111eleh (1 (1) 

(Fig. lR! and mcast~red the  cve r i t ) -  of the  
ten~perat~~rc-censirivi. (rs) i l , i~ ler-const i t~~-  
rive (Dat--c) mutal-ir phenotype5 (4) (Ta-  
ble 1 ) .  T h e  T c  1 trirnhyc>,,on ~nserti i>~-i 
str<llll (711434::Tcl! lltl,. re \ l~l~l<l l  d'lf.7 cIC- 

tic)l-is, 17162 ancl 1,188 ,Ire l-ion,el-i\e mnt;i- 
tlti1-i.; cuppreb~ii~lt. tht. sl(13-7 aml~er  SLIP- 
pre,qc>r (!?!, ;111~l ~ n 8 3  gel-ierate a U G A  
~ o ~ l o ~ l  in  the  prcl- domain. A41tl-io~~gh thc,,c 
tl-irec mutant  .;tr,iil-i.; \ 1 1 k > ~ 1 1 ~ 1  llrc>dt~ct. trnl-i- 
cateL1 LJAF-7 l,lclil-ig m~>.;t  of the  11y,ln~l 
Ji>mail-i al-id p rm~~m~l l - ly  ;ire null mutants,  
they ytlll esl-iil?lt J ts D;if-c phcl-iklry~e 

Fig. 1. d a i 7  encodes a A Ba I kb Ba 
TGF-p supe, iatniy m e n -  
he,.. ;A) Restr~ct icn [ nap  

CX S Bg A Ba Ba P 

of a 3-I<D nenomic  fraa- 
5 kb - 

merit that e t ice t i t l y  <es- 
cues cia:-7 mutants. 
SIic:>!ti belt:?! IS t l ie  t i  B 

/ \ 
Bg ATG Ba E TAA Ba 
Lb4 ~ " a e * ; ~ * , 1 ~ , ~ ~ 1 . 8  kb 

I,! 'j f ,, 

'g, 'g ' A '  PM3PE:.fXST~~~:E:~,YR3L:EI(3EQ3II~GGIE:~1S7V?.4I(3PSSiG3:JPS'3L7,'AKF3TITN3LnRS3 120 
B a n i  HI: E.  E c c  RI: P 

qc jence o f  precursor  a m83 

s 
prcteln beginning 

first p redc ied  tn t - i l i~o~ i t ie .  R n696 . m62 am88 he1372 417770 
\'!th eacier sequence ILII1- C~E.~~SKGCC;YC;EIE?~KIG::CI;;I:~AFPR~~~.TX~LL:C?GCCFIVN.~FIF~~~.TL.~E?GFISKI:~~ 300 
cle;.l~necl) and proteolfl~c 
c,pavage site, ,QKRR R>>.fillr~NP~I7YCCHP'FEEi33iIKLI~~~T~~~CG~T~7SI~~77?iGPII.4KKCGCS A- ' 
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(boxed). Mc~ta to t i  s tes  are "696 - 
~tici~catecl by arroszjs or 
dots.  Sho,;,!ti belo,;,! IS a 11 R K R R ~ ~ ~  c'? C C  CC C C I  

schelnat~c of the 3at7 Leader 4 Pro-domain Ligand domain 
~prote~n t i d ~ c a t ~ n g  con- sequence TCI 
set7,ed TGF-p supe~ fa l? i y  feattlres and the po t i t  of T c l  nse l t on .  Ts.:~,o of the conse~vecl cystenes as tersks ;  
In i l ie  ganc i  dolnaiti are found only in T G F P  aticl act i~, in.  Ge?Bank accession t i ~ ~ i ~ i b e r s  U72883 for cDNAand  
U7288L for geno lnc  DNA. Aoore;,iatons for tl ie ar i ino  acicl resd-les are as f o l l o ~ ~ s :  A Ala: C Cys; D. Asp: E, 
GILI; F, Phe G ,  Gly: ':. ':IS: I e ;  K, Lys, L. Leu: M. Met:  N. Asti: P. P r o  Q ,  Gln; F, Arg. S,  Ser, T .  Tlir: V Val: 

"i. Trp; and Y, Tyr. 
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