inhibited the glutamate-induced increase of
NF-kB activity in a concentration-dependent
manner (Fig. 3), with calculated ECs, 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 (ECs 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-1 (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
NF-kB 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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Tricorn Protease—The Core of a Modular
Proteolytic System

Tomohiro Tamura, Noriko Tamura, Zdenka Cejka,
Reiner Hegerl, Friedrich Lottspeich, Wolfgang Baumeister*

Large macromolecular assemblies have evolved as a means of compartmentalizing
reactions in organisms lacking membrane-bounded compartments. A tricorn-shaped
protease was isolated from the archaeon Thermoplasma and was shown to form a
multisubunit proteolytic complex. The 120-kilodalton monomer assembled to form a
hexameric toroid that could assemble further into a capsid structure. Tricorn protease
appeared to act as the core of a proteolytic system; when it interacted with several
smaller proteins, it displayed multicatalytic activities.

In vivo proteolysis is an essential element
of many regulatory processes. It must be
subject to spatial and temporal control in
order to prevent damage to the cell. Pro-
karyotic cells, which lack membrane-
bounded compartments, have developed
large macromolecular assemblies or “molec-
ular organelles” so as to confine proteolysis
to an inner cavity to which only proteins
targeted for degradation have access. The
paradigm of such a proteolytic complex is
the proteasome (1), which is ubiquitous
across the three urkingdoms archaea (2),

bacteria (3, 4) and eukarya (5). In the

Max-Planck-Institute for Biochemistry, D-82152 Martins-
ried, Germany.
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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 OREF 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).
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Fig. 1. Isolation of TRI and two different factors from T. acidophilum. Suc-LLVY-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 ul (O)
(corresponding to proteasome activity) or 50 wl (O) of each fraction with 10 nmol of peptide for 1 hour
at 60°C. In addition, 50 pl of pooled LMW fractions (fractions 6 and 7) was incubated with 20 pl of HMW
fractions (@) (mostly TRI-enhanced activity), and 20 wl of pooled TRI-containing fractions (fractions 17
and 18) was incubated with 50 wl of LMW fractions (M) for 1 hour at 60°C. The Boc-LRR-AMC-
enhanced hydrolyzing activity was teasted by incubation of 10 wl of GDG fractions with 0.4 pg of rTRI.
Data were plotted as enhanced peptidase activities (). The inset shows SDS-PAGE of the purified TR

proteins.

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

number U72850). (B) Schematic alignment of TRI from T,
acidophilum (Ta), human interphotoreceptor retinol-binding
protein (hIRBP), and Ctp homologs from eubacteria (Ec, E.
coli; Hi, Haemophilus influenzae; Bb, Bartonella bacilliformis;
Sy, Synechocystis sp. PCC 6803; and Ag, Agmenellum qua-
druplicatum) and a eukaryote (Sp, Spinach). Shaded boxes
indicate the regions of homology with the IRBP domain.

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
(11) in Tsp (Ser®®, Asp*!, and Lys**),
only the serine (Ser®®’) 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 (tHMW) protein, with an affinity
tag coding for six consecutive histidine res-
idues [(His), tag] fused to the COOH-ter-
minal end of the encoding gene; this al-
lowed purification of the tHMW protein by
Ni-NTA affinity chromatography and
Mono-QQ  chromatography (12). The
tHMW protein formed a homo-oligomeric
complex that was indistinguishable from
the 720-kD protein isolated from Thermo-
plasma cells in its ability to degrade fluoro-
genic peptides (Table 1) and casein (13).
Unlike the 20S proteasome from T. aci-
dophilum, which cleaves chymotrypsin-like
substrates, the THMW protease preferential-
ly cleaved trypsin-like substrates. However,

MPSLMSFGSCQWIDQGRFSRSLYRNFKTFKLHEMHGLCMPNLLLNPDIHGDRIIFVCCDDLWEHDLKSGSTRKIVSNLGVINNARFFPDGRKIATIRVMRG 100
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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 (~ 65°C) was slightly above
the growth temperature of T. acidophilum;
the optimum pH was between 8.5 and 8.8.

We examined preparations of the 720-kD
protease isolated from T. acidophilum, 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 tricorn-shaped motif [“tri-
corne” is French and means “chapeau  bords
replies en trois cornes”], 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 tricorn 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 Saccharomyces cerevisiae, a protease
that binds to DNA (15). 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 Thermoplasma proteasome (5.3 nm).

During the last purification step (chro-

matography on a Superose 6 column), the
concentrated TRI showed a tendency to
fractionate into the void volume and into

. REPORTS

the 720-kD fraction. Electrophoretic anal-
ysis of both fractions revealed a single 120-
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,
0.416 g of recombinant tricorn protease, or 0.28 g of purified proteasome with 10 nmol of fluorogenic
substrates (final concentration, 100 wM; purchased from Bachem) for 60 min at 60°C . The fluorescence
of AMC was measured. Z, benzoxycarbonyl; Bz, benzoyl.

Tricorn protease

- i Protea-
(nmol hour~" mg~1) some
Recom- (nmol
Native binant hour=' mg~")
Trypsin-like activity
Z-Gly-Gly-Arg-AMC 138 209 0
Boc-Leu-Arg-Arg-AMC 347 389 0
Z-Ala-Arg-Arg-AMC 334 308 0
Bz-Val-Gly-Arg-AMC 997 1257 0
Chymotrypsin-like activity

Suc-Leu-Tyr-AMC 0 0 0
Suc-Ala-Ala-Phe-AMC 0 0 400
H-Ala-Ala-Phe-AMC 5125 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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alent in terms of their peptidase activity.
When the void volume fraction was exam-
ined by electron microscopy, we found nu-
merous isometric capsid structures, approx-
imately 54 nm diameter, that were assem-
bled from the TRI toroids (Fig. 3C). We
have no information about whether these
capsids have any physiological importance.

When we mixed TRI with fractions of
low molecular weight (LMW), several differ-
ent peptidase activities were generated or
enhanced:  succinyl-leucyl-leucyl-valyl-ty-
rosyl-AMC - (Suc-LLVY-AMC) and N-t-
butoxycarbonyl-leucyl-arginyl-arginyl-AMC
(Boc-LRR-AMC) (Fig. 1). We referred to
these activating factors as F1 (LLVY) and F2
(LRR), respectively. The factors were puri-
fied from T. acidophilim cell extracts and
characterized. F1 was found to be a 34-kD
protein with significant homology to eubac-
terial proline iminopeptidases (PIPs) and was
shown to have PIP activity when substrates
such as H-Pro-AMC were used (16). We
obtained preliminary evidence that F2 may
also be an amino-peptidase (13).

Purified F1 and partially purified F2
alone showed H-AAF-AMC cleaving ac-
tivity. When the TRI-dependent peptidase
activities were tested in reconstitution ex-
periments with a variety of fluorogenic pep-
tides (Fig. 4), activities were generated that
neither TRI nor these activating factors
alone possessed: TRI plus F1 or F2 yielded
Suc-LLVY-AMC  hydrolyzing  activity.
Moreover, these factors and TRI coopera-
tively enhanced their intrinsic peptidase ac-

tivities: F1 plus TRI enhanced the H-AAF-

F1 210| F2
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Fig. 4. LMW factors and TRl jointly generate novel
peptidase activities. Recombinant PIP (1 pg) and
partially purified F2 protein (0.11 j.g) were incu-
bated with 10 nmol of fluorogenic (AMC) substrate
for 15 min at 60°C in the presence or absence of
ITRI (0.7 ng). The fluorescence of released AMC
was measured after the reaction was stopped.
The indicated activities show the enhancement of
peptidase activities of F1 and F2 provided by TRI.
One hundred percent fluorescence activity corre-
sponds to 2 nmol of released AMC.
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AMC hydrolyzing activity, and F2 plus TRI
enhanced the Boc-LRR-AMC hydrolyzing
activity. A detailed biochemical character-
ization of FI will be reported elsewhere
(16).

TRI, F1, and F2 appear to be compo-
nents of a modular proteolytic system,
which could generate multicatalytic pepti-
dase activities by interacting with each oth-
er. These interactions enhanced the intrin-
sic activities of the components but could
also generate new types of peptide-hydro-
lyzing activities. The precise mode of the
interactions between TRI and the two fac-
tors, as well as their role in regulated pro-
teolytic events in vivo, remain to be eluci-
dated.
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ried out with 8- to 16-fold degenerated primers that
were designed from the peptide sequences as indicated
in Fig. 2A. Pair 1 was ATIA/TITATATIA/T] TTTAATCC
[G/TIGATACIG/TIGA and GCIG/T]AC[G/T] GCTTCGT-
TCCAGTAGT TIAV/GITC. Pair 2 was GAGAATIA/T]IG/C)
TCATGATTATGCI[G/TICCIG/TIGC and GC[G/TIACIG/
TIGCTTCGTTCCAGTAGTTIA/GITC. Pair 1 primers
gave rise to a 1244 —base pair (bp) fragment and pair 2
primers produced a 635-bp fragment. The fragments
were isolatec and sequenced, and then specific primers
were redesigned for use in either inverse PCR [H.
Ochman, M. M. Medhora, D. Garza, D. L. Hartl, in PCR
Protocols: A Guide to Methods and Applications, M. A.
Innis, D. H. Gelfand, J. J. Sninsky, T. J. White, Eds.
(Academic Press, San Diego, CA, 1990), pp. 219-227]
or PCR screening [D. Alfandari and T. Darribére, PCR
Methods Appl. 4, 46 (1994)]. With PCR screening, we
constructed a gene library in pBluescript ISK(+) that
carried 3 to 6 kb of T. acidophilum chromosomal DNA,
partially digested by Sau 3Al. The library was trans-
formed to XL-1 blue cells. A total of 7200 transformants
was screened and one positive clone was obtained: the
purified plasmic carrying the NH,-terminal truncated
TRI-encoding gene. To obtain the missing region, chro-
mosomal DNA was dligested by Ava | or Ban I, circular-
ized with T4 ligase, and subjected to inverse PCR. The
amplifiect 1317-bp and 2079-bp fragments were puiri-
fied and subjected to sequence analyses. The cloned
ORF encoding the 120-kD protein has two possible
initiation codons, Met1 and Met5; and a putative ribo-
somal hinding site, which is found downstream of the
initiation codon in archaea [W. Zilig et al., Eur. J. Bio-
chem. 173, 473 (1988)], is located between both methi-
onines. We tentatively selected Met1 as the initiation
codon because it encodes the longest ORF.

. G. I. H. Liou, L. Geng, W. Baehr, in The Molecular

Biology of the Retina: Basic and Clinically Relevant
Studiies, D. B. Farber and G. J. Chader, Eds. (Wiley-
Liss, New York, 1991), pp. 115-137.

. S. Jentsch, Science 271, 955 (1996); K. C. Keller, P.

R. H. Waller, R. T. Sauer, ibid., p. 990.

. K. C. Keiler and R. T. Sauer, J. Biol. Chem. 270,

28864 (1995).

. The TRI-encoding gene was amplified as two over-

lapped segments: an NH,-terminal and a COOH-
terminal encoding fragments by PCR using four oli-
gonucleotides: (i) with a flanking Nde I-site; (ii) with an
Eco Rl-site downstream of the TRI encoding gene;
(iiiy with an Eco Rl-site found upstream of the TRI
encoding gene; and (\v) with a (His),, tag and a flank-
ing Xho | site. The amplified NH,, terminally encoded
fragment was digested with Nce | and Eco Rl and
cloned into the same sites of a pT7-7 expression
vector [S. Tabor and C. C. Richardson, Proc. Natl.
Acad. Sci. U.S.A. 82, 1074 (1985)], yielding a pT7-
7(N). The other half of the fragment was digested
with Eco Rl and Xho | and cloned into the Eco RI
and Sal | sites of pT7-7(N), vielding a pT7-7(TRI).
The (His);-tagged TRI was expressed in E. coli
BL21(DE3) cells [F. W. Studier, A, H. Rosenberg, J.
J. Dunn, J. W. Dubendorff, Methods Enzymol. 185,
60 (1990)] containing a pUBS520 plasmid encod-
ing the dnaY gene [U. Brinkmann, R. E. Mattes, P.
Buckel, Gene 85, 109 (1989)]. The recombinant
proteins were purified on a Ni-NTA resin (Diagen,
Hilden, Germany) and a Mono-Q column and dia-
lyzed against 50 mM tris-HCI (pH 7.5) with 20%
glycerol. The expression level of rTRI in pUBS520-
transformed BL21 cells was 10 times higher than in
normal BL21 cells. The structure of recombinant
protein was confirmed by electron microscopy.

. T. Tamura, N. Tamura, W. Baumeister, unpublished

resullts.

. Protein was negatively stained with uranyl acetate.

The conditions of image recording and image analy-
sis were as detailed [W. Baumeister et al., FEBS Lett.
241, 239 (1988)]. Due to the occurrence of the mol-
ecule in different orientations, the reconstruction was
performed with a procedure for a posteriori determi-
nation of relative projection directions. The approach
is based on sinogram correlation [M. van Heel, Ultra-
microscopy 21, 111 (1987)] in conjunction with an
optimum  alignment approach that is similar to a
method described previously [N. A. Farrow and F. P.
Ottensmeyer, J. Opt. Soc. Am. A9, 1749 (1992)]. A



weighted back-projection was used to calculate the
three-dimensional density map. The alignment was
carried out with four projection views obtained by
eigenvector-eigenvalue classification and averaging
(see also Fig. 3B). Although these projections are
not related by symmetry, further projections were
incorporated by imposing 32-point group symme-
try. A reconstruction imposing threefold symmetry
only was virtually identical to the reconstruction
using the full 32-point group symmetry, which indi-
cates that the preparation does not suffer from
significant preparation-induced distortions. For the
isosurface representation, a threshold value was
chosen that relates the volume of the model to a
molecular weight of 730-kD if a density of 1.3 ¢
cm~% is assumed.

15. L. Joshua-Tor, H. E. Xu, S. A. Johnston, D. C. Rees,
Science 269, 945 (1995).

16. T. Tamura, N. Tamura, F. Lottspeich, W. Baumeis-
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Phe; G, Gly; H, His; I, lle; K, Lys; L, Leu; M, Met; N,
Asn; P, Pro; Q. GIn; R, Arg; S, Ser; T, Thr; V, Val, W,
Trp;and Y, Tyr.
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Control of C. elegans Larval Development by
Neuronal Expression of a TGF-B Homolog

Peifeng Ren,* Chang-Su Lim,* Robert Johnsen,#
Patrice S. Albert, David Pilgrim, Donald L. Riddle§

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-g (TGF-B) superfamily member. A daf-7
reporter construct is expressed in the ASI 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.

The soil nematode C. elegans develops to
adulthood through four larval stages (L1
through L4) with abundant food, but as
population density increases and bacterial
food supply diminishes, the nonfeeding
dauer larva may be formed at the second
molt (1). Entry into, and exit from, the
dauer stage are influenced by temperature,
food supply, and a Caenorhabditis-specific
dauer-inducing pheromone, the concentra-
tion of which reflects population density (2,
3). Mutations in daf-7 result in constitutive
dauer larva formation even with abundant
food (4). Killing amphid chemosensory
neurons ASI, ADF, ASG, and AS]J with a

laser microbeam results in a dauer-constitu-
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tive phenocopy at 20°C (5). Molecular ev-
idence reported here suggests that DAF-7
acts as a negative regulator of dauer larva

development by transducing chemosensory
information from ASI neurons.

Using Tecl transposon tagging (6) and
DNA transformation rescue (7), we cloned
the daf-7 gene (8) (Fig. 1A). The predicted
gene product contains the conserved char-
acteristics of the TGF-B superfamily (9)
(Fig. 1B). Within the ligand domain, daf-7
contains the seven cysteines nearly invari-
ant in the superfamily, and it has two addi-
tional cysteines previously found only in
the vertebrate homologs TGF-B and ac-
tivin. Comparisons of the ligand domain
show that DAF-7 has 34% amino acid se-
quence identity with human bone morpho-
genetic protein—4 (BMP-4), 34% with Dro-
sophila decapentaplegic (dpp) protein, and
28% with human TGF-, but lacks several
amino acids invariant in these subfamilies.
Hence, it is a new subtype ot the TGF-B
superfamily.

We sequenced daf-7 mutant alleles (10)
(Fig. 1B) and measured the severity of the
temperature-sensitive (ts) dauer-constitu-
tive (Daf-c) mutant phenotypes (4) (Ta-
ble 1). The Tcl transposon insertion
strain (m434::Tcl) has residual daf-7 ac-
tivity, possibly due to removal of Tel dur-
ing mRNA processing (11). Among six
ethylmethane sulfonate—induced muta-
tions, m62 and m88 are nonsense muta-
tions suppressible by the sup-7 amber sup-
pressor (12), and m83 generates a UGA
codon in the pro-domain. Although these
three mutant strains should produce trun-
cated DAF-7 lacking most of the ligand
domain and presumably are null mutants,
they still exhibit a ts Daf-c phenotype

Fig. 1. daf-7 encodes a A Ba {kb Ba

TGF-B superfamily mem- ox Bg A Ba Ba P
ber. (A) Restriction map I | | 5 kb
of a 5-kb genomic frag- \

ment that efficiently res- Bg ATG Ba E T Ba

cues daf-7 mutants.
Shown below is the in- B
tron-exon structure. C,
Claly X, Xba I; S, Sal |;

Bg, Bgl ll; A, Acc |; Ba,
Bam HI; E, Eco RI; P,
Pst I, (B) Amino acid se-
quence of precursor
protein beginning with the
first predicted methionine,
with leader sequence (un-
derlined) and proteolytic

@ M83

® M62

MFMASSLPVFIFLLSLPHGLTFNCTNSGVCIEKMKQHRTEYLKNEILDQLNMKEAPKGLK 60
PMDPEMKSVYLEMYRDLLEKDEQDMGVEMSFYTAKDPSYGENPSQLVAKFDVTNDLERSD 120
ILOATLTVSIEIPAKDSGMLQDVQVQVYEKNEDGSMGEMVTSGIFATKGSERISIQLPID 180

TVKSWFTISPIQGIFVKAMLDGRNVALHPQQTTADVDNMRLQOLSTRPKGYRKRREHAKPY 240

S R
om88 Ae1372 AM70 n69e

CNAEAQSKGCCLYDLEIEFEKIGWDWIVAPPRYNAYMCRGDCHYNAHHFNLAETGHSKIM 300

clea\/age site, RKRR RAAHKVSNREIGYCCHPTEYDYIKLIYVNRDGRVSTIANVNGMIAKKCGCS 350
(boxed). Mutation sites are nége6

indicated by arrows or II ”* ¥ |

dots. Shown below is a RERR||c o€ cc cc cC
schematic of the daf-7 Leader 4\ Pro-domain Ligand domain

protein indicating con- sequence  Tct

served TGF- superfamily features and the point of Tc1 insertion. Two of the conserved cysteines (asterisks)
in the ligand domain are found only in TGF-B and activin. GenBank accession numbers: U72883 for cDNA and
U72884 for genomic DNA. Abbreviations for the amino acid residues are as follows: A, Ala; C, Cys; D, Asp; E,
Glu; F, Phe; G, Gly; H, His; |, lle; K, Lys; L, Leu; M, Met; N, Asn; P, Pro; Q, GIn; R, Arg; S, Ser; T, Thr; V, Val;

W, Trp; and Y, Tyr.
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