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Similarity of sli-I, a Regulator of Vulval 
Development in C. elegans, to the Mammalian 

Proto-Oncogene c-cbl 
Charles H. Yoon, Junho Lee, Gregg D. Jongeward, 

Paul W. Sternberg* 

Vulval induction during Caenorhabditis elegans development is mediated by LET-23, a 
homolog of the mammalian epidermal growth factor receptor tyrosine kinase. The sli-1 
gene is a negative regulator of LET-23 and is shown here to encode a protein similar to 
c-Cbl, a mammalian proto-oncoprotein. SLI-1 and c-Cbl share approximately 55 percent 
amino acid identity over a stretch of 390 residues, which includes a C,HC, zinc-binding 
motif known as the RING finger, and multiple consensus binding sites for Src homology 
3 (SH3) domains. SLI-1 and c-Cbl may define a new class of proteins that modify receptor 
tyrosine kinase-mediated signal transduction. 

T h e  induction of the  vulva in Caenor- 
habditis elegans provides a model systeln in 
which to  apply genetic analysis in order to  
dissect proto-oncogene function (1 ) .  Vul- 
val induction is mediated by LET-23, a 
homolog of the epidermal growth factor 
receptor tyrosine kinase; by SEM-5, a 
Grb2-like adantor; and bv LET-60, a Ras 
protein (2-4). Genetic analyses have 
identified negative regulators of this path- 
\lay. Thus,  the  sli-1 (suppressor of lineage 
defect) locus alas defined by extragenic 
suppressors of let-23 reduction-of-function 
(rf) mutations (5) .  T h e  let-23(rf) muta- 
tions cause at least five phenotypes: de- 
fects in ( i )  viability, (i i)  hermaphrodite 
fertility, (iii) male spicule development, 
( iv)  posterior epidermal development, and 
(v )  vulva1 differentiation (6) .  T h e  sli-1 (rf) 
mutations suppress all known defects of 
let-23(rf) mutations with the  exception of 
sterility. For example, the  sli-1 (sy143) mu- 
tation restores vulva1 induction to  wild 
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type in animals with let-23(sy97), a severe 
reduction-of-function allele that truncates 
a part of the  LET-23 cytoplasmic tail and 
results in a vulvaless (Vul) phenotype ( 6 ) .  
sli-1 does not ,  however, bypass the  require- 
ment for let-23 because sli-1 (rf) mutations 
do no t  suppress Let-23 null alleles, which 
are lethal. 

Reduction-of-f~~nction mutations in 
sem-5 and let-60 also display Vill pheno- 
types, and the products of these genes act 
do\vnstream in a signal transduction process 
initiated by LET-23 ( 3 ,  4) .  T h e  sli-1 (sy 143) 
mutation suppresses the Vul phenotype as- 
sociated with a weakly hypomorphic sem- 
j(n2019) to near, but not greater than, wild 
type; sli-1 (sy143) also weakly suppresses a 
very weak let-60(rf) mutation, n2021 (5) .  
Lethality associated with let-60(s1124), a 
severe hypomorph, is not  suppressed by sli- 
l(sy143) (5) ,  which suggests that the sli- 
1 (rf) mutation does not bypass the require- 
ment for LET-60. 

Although sli-1 (rf) rnutations alone are 
silent in a let-23(+) background, in combi- 
nation with a mutation in another silent 
negative regulator of LET-23-mediated vul- 
val development, unc-101, a sli-1 (rf) muta- 
tion displays a multivulva (MLIV) phenotype 
(7) .  Therefore, SLI-1 can act on  signaling 
by wild-type LET-23. 

W e  have now identified sli-1 at the  
molecular level by positional cloning. 
Three-factor mapping positioned sli-1 
midway between egl-17 and unc-1, which 
are about one map unit  apart o n  the  ex- 
treme left end of the  C .  elegans X chro- 
mosome (Fig. 1 A )  ( 5 ) .  T h e  restriction 
fragrnent length poly~norphism (RFLP) 
stP41 links the  genetic and physical maps 
in this region: stP41 is tightly linked to  
unc-1 and thus defines the  right boundary 
of our region of interest (8). Assuming 
that the  left boundary is the  left end of the  
X chromosome, sli-1 lies in the  middle of a 
region spanned by -40 cosrnids (9 ) .  T o  
assay for sli-l(+) wild-type activity, we 
used a sensitive vulva-specific let-23(rf) 
allele, sy 1 . Whereas let-23(syl) is Vul (Fig. 
2B), let-23(syl); sli-1 (sy 143) animals have 
a Muv phenotype (Fig. 2C).  W e  microin- 
jected candidate cos~nids from the middle 
of the  geno~nic  region of interest into the  
germ line of the  let-23(sy1); sli-l(syl43) 
parental strain and observed the vulva1 
phenotype of stably transfor~ned progeny 
in F2 or later generations (10) .  Microin- 
jection of the  cosmid T18D5 rescued the 
Muv phenotype of let-23(sy 1 ); sli-1 (sy143) 
double mutants, and stable germ line- 
transformed progeny showed the Vul phe- 
notype typical of let-23(sy 1) strains (Fig. 
1 A  and Fig. 2, B and D).  Other  cosmids in 
the  region (F02G3, F25H6, and F25E2) 
did not  rescue the Muv phenotype of the  
let-23(sy1 ); sli-1 (sy143) parent strain. 
T18D5 also rescued the Muv phenotype of 
another sli-1 allele, sy129, in our assay, 
which indicates that  this cos~nid contains 
the  wild-type activity of sli-1. 

W e  tested subclones of the 35-kb 
genomic insert of T18D5 to localize the 
region responsible for rescuing activity. A 
16-kb Eco RV-Nhe I subclone (pSlil .16) 
and a 10-kb Eco RV-Nhe I subclone 
(pSlil.10) retained the rescuing activity of 
T18D5 (Fig. 1B and Table 1).  Thus, these 
two subclones contain the wild-type sli-1 
gene; the smaller pSlil.10 is contained 
within the larger pSlil. 16. 

W e  isolated cornplementary DNAs 
(cDNAs) by probing the Barstead c D N A  
library with a 9-kb geno~nic  fragrnent that 
overlaps pSlil .10 ( I  1 ). O n e  c D N A  alas 
2.2 kb in length and is likely t o  be full 
length, because it includes the  last nine 
base pairs of the SL1 trans-spliced leader 
sequence at the  5 '  end. W e  also identified 
one class of alternatively spliced cDNA.  
W e  sequenced the full-length 2.2-kb 
cDNA,  the  longest available alternatively 
spliced cDNA,  and the genomic fragment 
in pSlil.10. T h e  open reading frame of the  
2.2-kb c D N A  encodes a putative transla- 
t ion product of 582 amino acids. T h e  
genomic structure of sli-1 consists of 11 
exons and 10 introns, spanning 6 kb in 
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length (Fig. lB) ,  and the entire genomic Identification o f  the molecular lesions 
coding sequence lies wi th in pSlil.10. The associated w i th  sy143 and sy129 alleles 
alternatively spliced c D N A  lacks exon 10, confirmed that the full-length transcript 
and i t s  5' end extends into exon 5. corresponds to the sli-I locus (Fig. 3A)  

Fig. 1. Positional cloning of 
sli- 7 .  (A) Genetic and physical 
maps of the extreme left end 
of the C. elegans X chromo- 
some (9). The RFLP stP47 
links the genetic (upper) and 
physical (lower) maps near 
the unc-1 locus (8). sli-1 lies 
midway between egl- 17 and 
unc- 1 (5). Whereas let- 
23f.y 1); sli- 1 (sy743) double 
mutants have a Muv pheno- 
type, let-23(sy7) single mu- 
tants are Vul. The cosmid 
T18D5 rescues the sli-I(/$ 
defect and thus confers a Vul 
phenotype on germ line- 
transformed progeny derived 
from let-23(sy 1); sli- 1 (sy 143) 
parents (1 0). Cosmids 
F02G3. F25H6, and F25E2 

A 
egl- 17 

T18D5 
Left end of - F25E2 

X chromosome F O S  [ F E 6  - s t ~ 4 1  

B -5kb 

I : 
St RS S R5 S N P  B R5 

I T18D5 - pCYl.7 
-pCY1.9 I 1pCY1.15 

I 1pSlil.16 
...-... ...... 

... ....... 
I ' :  

RS C A H  C S H  PS N 
: 1 pSLI1.10 

do not show ili-1 rescuing 
activity; m u ,  map units. (B) 
Partial restriction maD of 
TI  8D5 and the genomicstructure of sli- 1. Subclones of TI  8D5 were tested for sli- 7 rescuing activity (1 0). 
Both the 16-kb Eco RV-Nhe I (pSlil .l6) and the 10-kb Eco RV-Nhe I (pSlil .lo) subclones maintain sli-1 
rescuing activity, whereas other subclones (pCY1.9, pCY1.7, and pCY1.15) do not. pSlil.10 is enlarged 
to show a partial restriction map. Dotted lines from pSlil.10 to the sli-7 genomic structure indicate the 
region of sli-1 within the subclone. The sli-7 genomic structure is derived from cDNA and genomic 
sequences. At least one alternatively spliced cDNA was isolated; it lacks exon 10 of the full-length 
transcript. SL1 denotes the SLl trans-spliced leader Sequence. B, Bgl I; C, Cla I; H, Hind Ill; N, Nhe I; P, 
Pvu I; Ps, Pst I; R5, Eco RV; S, Sal I; St, Stu I. 

Fig. 2. Vulval differentiation + . -. 
in sli-1 genotypes (10, 25). 0 (A) Wild type: N2 strain. 
Arrow indicates the wild- 
type vulva, which is derived 

(1 2). sy143 i s  an amber mutation in exon 
5 and presumably results in the production 
o f  a nonfunctional protein that lacks the 
COOH-terminal 74% of  SLI-1. This early 
stop codon is consistent w i th  genetic tests 
that suggest that sy143 severely reduces 
s l i - l (+ )  function (5). sy129, also a strong 
reduction-of-function allele (5), i s  a mis- 
sense mutation that changes GlY3l5 to 
Glu. 

Searches o f  the GenBank and SWISS- 
PROT databases revealed that the inferred 
sequence of SLI-1 is highly similar to that of 
the product of a mammalian proto-onco- 
gene, c-cbl (Fig. 3, A and B) (13). The cbl 
gene was originally identified in the murine 
Cas NS-1 retrovirus as v-cbl, an acute on- 
cogene that induces progenitor B cell, pre- 
cursor B cell, and myeloid tumors in mice 
(14, 15). c-cbl, the cellular version of v-cbl, 
has been identified in both humans and 
mice (14). Human c-Cbl contains 906 ami- 
n o  acids and is located in the cytoplasm. 
Two oncogenic forms of Cbl have been 
identified: a COOH-terminal truncation of 
c-Cbl that produces v-Cbl (Fig. 3B) (15) 
and a form wi th an internal deletion of 17 
residues (1 6). 

The alignment of SLI-1 to c-Cbl re- 
veals several shared domains (Fig. 3B) 
(17). A stretch o f  390 amino acids in 
SLI-1 (residue 58 to  447) shows -55% 
sequence identity to  c-Cbl. The sy129 
Gly315 + G l u  substitution lies in the mid- 
dle o f  this stretch and affects a conserved 

from three of six vulval pre- 
cursor cells (VPCs). (B) Vul: 
let-23(sy 1); dpy-20(e 7282); 
sy€xbSK+, pMH86fdpy- 
20(+))] strain. All daughters 
of the six VPCs have nonvul- 
val epidermal fates. Arrow- 
heads indicate epidermal 
nuclei derived from VPC -- 
daughters. The Vul pheno- 
type of this non-Dpy trans- 
genic marker strain is the 
same as that observed in 
let-23(svlJ strains. (C) Muv: 

normal vulva that will op& 
into the uterine cavity. The 
thin arrow indicates an extra 
pseudo-vulva; more than 
three VPCs have acquired 
vulval fates. The Muv pheno- 
type is unaffected in transgenic marker strains such as let-23(syl); sli- 7 (sy143); same as that observed in let-23(syl) (B). Thus, the cosmid TI 8D5 shows sli- 7 
syExloRF4(rol-6(su7006))] and let-23(sy7); dpy-20fe1282); sli- 7 (sy143); rescuing activity, which is maintained in strains with Rol and non-Dpy transgenic 
syExwMH86(dpy-20(+))]. (D) Vul let-23(syl); unc-31 (el 69); sli- 7 (sy743); markers. Scale bar in (A), 20 pm; same scale for all panels. Ventral side is down 
syEx[T18D5, C74G70(unc-31 (+))I animal. Arrowheads indicate epidermal nu- and anterior is to the left in all panels. 
clei. All six VPCs produce daughters with epidermal fates; the phenotype is the 
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residue in a region of -80% (16121) ami- 
no acid identity between SLI-1 and c-Cbl. 
The COOH-terminal end of this con- 
served region constitutes a RING finger, a 
putative zinc-binding C,HC, motif dis- 
tinct from the classic zinc finger (18). The 
RING finger regions of SLI-1 and c-Cbl 
share 70% (45164) identity (Fig. 3A). The 
transforming activity of Cbl does not re- 
quire the RING finger; the oncogenic 
forms of Cbl lack part or all of this struc- 
ture (14-16). Because of the genetic in- 
teractions of sli-1 with let-23, sem-5, and 
let-60, as well as the sequence similarity of 
SLI-1 to the cytoplasmically localized c- 
Cbl (19), we favor models in which SLI-1 
interacts directly with other proteins in 
the signal transduction pathway. The 
RING finger may play a structural role 
required for SLI-1 wild-type function or 
interactions with other proteins, or both. 

The COOH-terminal region of SLI-1 
contains three potential Src homology 3 
(SH3)-binding motifs with conserved 

proline .residues (Fig. 3) (20, 2 1 ). These 3BP1 and Sosl, and Drosophila Sos (20, 
proline domains are similar to the SH3- 21). SH3 domains are present in many 
binding motifs of proteins such as murine proteins that participate in signal trans- 

Table 1. Vulval differentiation of let-23, sli-1, and transgenic genotypes (25). pSlil . l 6  rescues the 
suppressor phenotype of sli-l(sy743) to restore wild-type or multivulva animals to vulvaless (10). 

Genotype Vulval phenotype* 

Injected Differentiated 
let-23 sli- 1 VPCs per Vul (%) M~~ (%) Animals DNAt animal (n) 

+ + 3.0 0 0 32 - 

S Y ~  + 0.3 80 0 45 - 

S Y ~  sy143 3.6 0 68 25 - 
+ + pSlil . l 6  3.04 0 2 42 
sy l  + pSlil . l 6  0.12 92 0 50 
S Y ~  sy143 pSlil.16 0.9 69 9.4 32 

Vulval differentiation as scored by Nomarski optics. lo and 2" VPC fates are scored as differentiated. In each wild-type 
animal, three of six VPCs underwent vulval differentiation. Vul phenotype indicates no differentiated VPCs. Mw phenotype 
indicates more than three differentiated VPCs per animal. Differentiation scores are averaged for the number of animals 
scored (n) for a given genotype (row). tAll let-23 and sli-7 genotypes are scored in germline-transformed animals 
[non-Dpy fromdpy-20(e1282) background] (70). Dpy-20 transgenic marker (pMH86) was injected at 15 ng/pl, except in the 
first row, in which it was injected at 10 ng/pl. Dash indicates canier DNA: In the first row, pSK+ (100 ng/pI) and 
pJMG3BP.I I (50 ng/pl) were injected with pMH86; in the second and third rows, pSK+ plasmid (I 50 ng/pI) was injected 
with pMH86. pSlil . I  6 indicates the 16-kb sli-7 rescuing fragment (1 50 ng/pI) injected with pMH86. 

Fig. 3. Comparison of A 
SLI-1 and mammalian SLI-I ~ G S I N T I F H R I H R F ~ N G T G N N A R F ~ P S T N N S T E A L T L S P R A ~ P ~ T ~ S L F E I P S A ~ E  FCSE R R F L  

c-Cbl proteins, (A) Align- tiurnan c.CH . . . . . . . . . . . . . M A G N V K K S S G A G G G T G S G G S G S G G L l G L M K D A F P P H H H H H H H L ~ P P G T ~ K K M V ~ ~ ~ ~ ~  
Mouse c-Cbl ............. M A G N V K K S S G A G G G - G S G G S G A G G L I G L R K D A F Q P - H H H H H H L S ~ H P P C T V I K K M V E  C 85 

ment of the inferred SLI-1 c l ~ i d 7  .-, . -- 
protein sequence to those SLI-I 

of human and mouse c-Cbl k;;; 
( 7 7 ) .  laentical amino acid 
residues between SLI-1 HUM z:: # : ! ~ ~ ~ : Q ~ ! ~ : : : f ~ ~ B ~ B ~ ! I  LTK FIH 2 9 5  286 

and c-Cbl are h~ghlighted 'n Mouse C.C~I E R K A  GE K S  40 ~ E V  P ISS - T C ~  

black. The last amino acid .sv129 
SLI-1 res~dueof each row IS num- Human c-Cbl D D  395 

AE 386 
bered. (A) The COOH-ter- Mouse C-cb A E  38s 

minal end of v-Cbl; QDHl in A V - C ~ I  end  
- *  . I I 

SLI-1 B ~ ~ ~ L ( J A ~ A N ( ~ ~ ~ ~ ~ ~ ! N R V I I ~ R ~ P V E I E K A K N V A A A E K K L I S ~ L ~ ~ ~ V S P C ~ ~ S L L ~ D X ~ N ~ I P ~  495 c-Cbl is replaced by HF- 
Human c-Cbl D ' S G S G S L L R P G A E G A P S P N Y D D D D D E R A D D T L F M M K E L A G A K V E R P P S P  484 
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conserved C,HC, motif of t I +++ d +++ 
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tial SH3-binding motifswith Mouse c-cbl F S M ~ D L L P P R A P V P A S T S V L G T A S K A A S G S L H K D L P I P P T D Y S V G A E T R P R R P L P C T P G D C P S R  583  

conserved prolines (proline i. 

domains' 120' are "- 
Human c-Cbl B L G D S U L ~ S S S D P U T G R E L T N R H S L P F S L P S P M W ~ G S T F S L D T S U S 1 1 N S S P L V G P E E D H P K I K P S S S A H A I Y S L A A ~  684 

derllned In SLI-1 and In hu- Mouse c-CDI E P G D S U L ~ N P G D P U N G R E L T h R H S L P F S L P S P M E P R A D V P R L G S T F S L D T S M T M N S S P V A G P E S E H P K I K P S S S A N A I Y S L A ~  683 

man and mouse c-Cbl 
There arethree distinct pro- Human cGbl llLeeGEPCEGEEDTEYuTm-------- ~DTSPSSRACDCDPQIDSCTYEAMYNIPSPAPSITESSTFGEGNLAAAHANTGPEESENEDDGYPY 776 
line domains in SLI-1; hu- Mouse c-Cbl ~ G E c l G E S E E D T E Y M T P T S R P V G V ~ E A T P S S R A C D C D P P I D S C T Y E A M Y T I P S P A L S V A E N S A S G E G N L A T A H T S T G P E E S E N E D D G Y P Y  783 

man and mouse c-Cbl con- '' and lo prOllne do- Human cCbl P ~ L A R R T L S D I S N A S S S F G U L S L D G D P T T N V T E G S P E R P P K P F P R 1 N S E R K A G S C P P G S G P A A S - - A A T A S P L S S E I E N L S G Y S Y D I  874 
malqs, respectfvely, ( l )  M ~ U S P  C-CDI P K P P V P ~ L A R R T L S D I S N A S ~ S F G U L ~ L D G D P - T N F N E G S E R P P K P P R I N S E R K A S S Y P P G G G A T A N P V A T A P S P P L S S E I E R L M S Q G Y S Y P D  882 

The SLI-1 proline domain 
similar to that present in Human c-Cbl PKALVIAPNNIEMAKNILREFVSISSPAHVAT 
murine 3 ~ ~ 1  (20); (- and Mouse cCbI P K A L V I A H N N I E M A K N I L R E F V S I S S P A H V A T  

0) proline domains that are 
highly similar between SLI-1 and c-Cbl. (*)Locations ofsli-7 mutations; sy743 is 
a C 4 T transition (CAG to TAG) that changes Gin'" to an amber stop codon. 
whereas sy729, a G +A transition (GGA to GAA), is a missense mutation that 
changes Gly315 to GIu. (+++) YXN motifs, which may bind Grb2-like SH2 
domains 124). m The boundaries of exon 10 (477WSQ . . . DTLN518): this 

B 
SU-1 RlNG 

58 
/ 

I I 

1- -55% identiv -: , . :' 
, . ,  , . 

, , stretch of residues is missing in the alternatively'spliced transcript of SLI-1. (-) I i v////AI I UIII I II I I 

Gaps introduced to optimize alignment. Single-letter abbreviations for the amino 45 ' RING',, \ 
906 

acid residues areas follows: A, Ala: C, Cys: D. Asp: E, Glu: F, Phe; G, Gly: H, His: Human c-Cbl 1 finger 
I, Ile; K, Lys; L, Leu; M, Met: N, Asn: P, Pro: 0. Gln: R, Arg: S. Ser; T. Thr: V, Val: 360 

v-Cbl end 
U Potential SH3-binding domains 

W, Trp; X, any amino acid: and Y, Tyr. (B) Schematic aliqnment of SLI-1 and 
human c-~bl.-Residues 58 to 447 of SLI-1 share 55% iden?ity with human c-Cbl indicate those that are highly similar. Vertical arrow indicates the COOH-terminal 
residues 45 to 437. Positions of the RlNG finger and the proline (potential end of v-Cbl, which lacks the RlNG finger and the proline domains. GenBank 
SH3-binding) domains are shown. Dotted lines linking two proline domains accession number is X89223. 
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duction (22),  and SLI-1 may physically 
interact with such proteins through its 
SH3-binding domains. Functional signifi- 
cance of the second SLI-1 proline domain 
is f~lrther suggested by its location in exon 
10, which is rnissiilg in the alternatively 
spliced form of the protein (Figs. 1B and 
3A). 

There are 1 I potential SH3-binding 
domains in human c-Cbl and 10 in the 
mouse protein (Fig. 3) .  Indeed, the 
COOH-terminal portion of c-Cbl, includ- 
ing the proline domains, can bind SH3 
domaills of p47"c", a signaling adaptor, in 
vitro, and c-Cbl binds to Grb21Ash in 
vivo and in vitro (23). The proline do- 
mains lie in a region that shows no overall 
sequence similarity between SLI-1 and c- 
Cbl, and the domains theinselves are di- 
vergent in sequence; however, one of the 
c-Chl proliile domains closely resembles 
one of the SLI-1 proline domains. 

Near the proline-rich domains, SLI-1 
contains two YXN motifs (Fig. 3A). Grb2- 
like SH2 domains preferentially bind phos- 
phorylated tyrosine residues in YXN pep- 
tides (24). Thus, SLI-1 also may interact 
with signaling proteins through these po- 
tential SH2-binding domains. c-Cbl, how- 
ever, does not have YXN motifs near its 
proline domains. The lack of the YXN mo- 
tif in c-Cbl and the differing number and 
configuration of the putative SH3-binding 
doinains in SLI-1 and c-Cbl suggest some 
divergence between the regulators or targets 
of these two proteins. 

It is possible that SEM-5 is the major 
target of SLI-1 action. The SLI-1 proline- 
rich domains and YXN motifs may bind to 
the SEM-5 SH3 and SH2 domains, respec- 
tively, and prevent SEM-5 from transduc- 
ing the LET-23 signal and activating Ras. 
It is also possible that SLI-1 regulates the 
LET-23 pathway through other general 
mechallisms such as protein degradation. 
However, the suppression of let-23(sy97j 
by sli- 1 jrf) mutations and the molecular 
lesioil associated with the sy97 allele sug- 
gest additional models. As a result of the 
truncation of part of the cytoplaslnic tail, 
LET-23uy7 lacks tyrosine residues that are 
proposed to serve as binding sites for 
SEM-5 in the wild-type protein (6 ) ;  thus, 
the sy97 lesion may decouple LET-23 from 
the SEM-5 pathway. There are two simple 
rnechailisms by which sli-1 jrf) mutations 
might restore signaling to LET-23uy7. 
First, SLI-1 might interact directly with 
LET-23 and normally restrict SEM-5 hind- 
ing to specific sites in the LET-23 cyto- 
plasmic tail; elimination of SLI-1 might 
then allow SEM-5 to hind other tyrosine 
residues in the remaining cytoplasmic re- 
gion of LET-23"". Second, SLI-1 might 
negatively regulate a pathway indepen- 
dent of SEM-5 activity; elimination of 

SLI-1 would then allow the alternative 
pathway to bypass the requirement for 
SEM-5 activation in let-23jsy97j; sli-l (rf) 
double mutants. 

Genetic studies and structural domains 
discussed above suggest that SLI-1 under- 
goes direct physical interactions with 
signaling inolecules associated with LET- 
23. Mammalian c-Cbl has not previously 
been linked to tvrosine kinase and Ras 
pathways. Although the wild-type f~lnc- 
tion of c-Cbl is unknown, the similarity of 
c-Cbl to SLI-1 in sequence and overall 
architecture predicts that c-Cbl acts in 
mammalian recentor tvrosine kinase-me- 
diated signaling. 
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