
tight structural constraints upon the  class I1 
peptide. Only slight deviations from peptide 
to peptide occur in the backbone confonnation 
of the central residues (see the figure). This 
seemingly general conformation for all class 
I1 peptides (6) is more restricted in nature 
than its class I countelpart (7). 

In  the  new work o n  ~nur ine  I-EL M H C ,  
Fremont et al. (1)  examine why peptide 
loading is enhanced a t  the  low p H  of the  
endosomal-like compartment where pep- 
tide exchange takes place. Foreign peptide 
substrates are produced by proteolytic deg- 
radation of invading microbial pathogens 
by way of the endocytic pathway. A n  ex- 
change is required so that the  CLIP peptide 
(derived from the  Invariant chain),  ac- 
quired by M H C  e n  route from the  endoplas- 
lnic reticulum, is substituted by the  foreign 
peptide antigen (8). A DR3-CLIP peptide 
structure (2)  revealed that this "universal" 
peptide is bound like other peptides except 
that the  specificity pockets for the  central 
peptide side chains may not  be opti~nally 
filled. Still, this co~nplex is relatively stable 
even a t  low p H  (2 ) ,  so another M H C  look- 
alike, HLA-DM, is required for timely ca- 
talysis of this exchange (9, 10).  

Fremont et al. propose that a pair of con- 
served acidic residues in  the  DR1 and I-E 
M H C  ~nolecules at the  bottom of the  bind- 
ing groove ensures that loading is favorable 
only a t  low pH,  conditions under which 
protonation of these acidic residues is en-  
hanced. However, these acidic residues also 
participate in  a continuous hydrogen bond- 
ing network (1)  that includes the  same As11 
and G l n  residues that influence the  
polyproline I1 peptide conformation. This 
network could also orient the As11 and Gl11 
side chains to  guide proper polarity and ori- 
entation of the  peptide in the binding site. 
S R C  homology 3 domain (SH3) molecules 
also bind polyproline I1 peptide structures, 
but can do so in both directions (1 1 ) .  Be- 
cause of their proline-rich nature, their 
backbone atoms are more restricted in their 
availability for hydrogen bonding, so they 
also make use of other interactions with pep- 
tide side chains to orient the peptide (1 1) .  

Do all class I1 molecules adopt the  same 
peptide recognitiol~ strategy? Other  class I1 
families, such as human DQ and murine I- 
A, have substantially different a chains but 
retain the  same hallmark peptide binding 
residues that include all of the  key Asn's 
(1 2 ) .  Nonclassical class I molecules, such as 
HZ-M3, which bind forrnylated hydropho- 
bic peptides, have indeed provided interest- 
ing diversity to the  class I recognition story 
(13).  W h a t  is already clear is that these 
M H C  class I and class I1 ~nolecules use 
somewhat different strategies to  form stable, 
high-affinity peptide complexes, but within 
the context of the same overall M H C  fold. So  
what of C D l ,  another distantly related M H C  

class 1 which binds diverse homolog antigens, 9. L K Denzin and P Cresswell, /bid 82, 155 - - 
such as fatty aclds and llpoglycans derlved 
from mycobacterlal cell walls (14, 15)? It wlll 
be mterest~no to see how the M H C  fold has 
adapted to binding such disparate ligands. 
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Regulating Cell Proliferation: 
As Easy as APC 

Mark Peifer 

A n i m a l  cells communicate by a n  array of in the receiving cell. Vertebrates also use this 
signals that travel from cell to cell, each ac- pathway (5) .  I n  Xenopus, holnologs of DSH, 
tivating its attendant signal tral~sduction ZW3 [glycogen synthase kinase 3P (GSK3P)I 
pathway. These pathways are critical for and ARM (p-catenin) mediate WNT signal- 
normal develop~nent and physiology; ~ v h e n  ing during dorsal-ventral patterning. 
the r  malf~inction. cancer often results. Two Biochemical and cell biolooical studies 
reports in this week's issue (1 ,  2) describe 
new partners for the  tumor suppressor A P C  
(product of the  adenolnatous polyposis coli 
gene APC) ,  which when mutated can cause 
cancer. O n e  report (1)  places A P C  firmly 
in the  WINGLESS ( W G )  and W N T  sig- 
nal  transduction pathways (of Drosophila 
and mouse, respectively). T h e  other report 
(2 )  identifies a new target for APC,  another 
tumor suppressor Drosophila discs large (dlg). 

WG is a cell-to-cell signal in  the  fruit fly 
Drosophila that triggers many key developmen- 
tal processes; WNT is the analogous molecule 
in  mice. Many components of their signal 
transduction pathway were identified in ge- 
netic screens of Drosophila for gene products 
that control e ~ n b ~ ~ o n i c  pattern formation (3).  
In  addition to wingless, these screens yielded 
mutations in porct~pine, dishevelled, zeste white 
3 ,  and armadillo, all encoding colnponents of 
the  WG pathway. Their order of action in 
the  pathway has been defined by genetic 
and ~nolecular studies (4): PORCUPINE is 
required for production and secretion of WG, 
whereas DISHEVELLED (DSH), ZESTE 
W I T E  3 (ZV(f3), and ARMADILLO (ARM) 
are required sequentially for signal transductiol~ 

supplement the genetic picture (6) .  WG re- 
cruits DSH to the membrane, presumably 
through an  as yet ~~ncharacterized trans~nem- 
brane WG receptor. DSH negatively regu- 
lates the  kinase ZW3, which nor~nally pro- 
motes instability of A R M  protein in the cy- 
toplasm and nucleus. T h e  WG signal thus 
stabilizes intracellular ARM, which is 
thought to act with as yet unknowl~ partners 
to ultimately alter the expression of target 
genes like enpailed. A R M  (and its vertebrate 
ho~nolog p-catenin) are also key compo- 
nents of cell-cell adherens junctions (7), and 
p-catenin (and likely ARM) are found in a 
co~nplex containing the tumor suppressor pro- 
tein A P C  (8). In  the report on A P C  in this 
issue, by Rubinfeld et al. ( I ) ,  the role of the 
APC-P-catenin interaction is clarified. 

A P C  mas not  initially found as a mem- 
ber of a sigr1,al transductiol~ pathway, but 
rather as a culprit in cancer. Inheritance of 
one mutant A P C  gene results in predisposi- 
tion to colo11 cancer; /,PC mutations also 
occur in  sporadic colo11 tumors. These mu- 
tations result in benign overproliferation of 
the  colon epithelium, forming a polyp, the  
first step in  tumor development. Data from 
both patients and a mouse model of colon 

The author I S  in the Department of Bology, University 
cancer suggest that  both APC genes are 

of North Caro~na,  Chapel H I .  NC 27599-3280, USA. polyps; One L1suall~ a 
E-mail. pe~fer@unc.edu truncated A P C  protein lacking its COOH- 
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terminal half (9). APC is a ThsWQ/WNT m y :  TWO beyond proliferation, as 
large protein (over 300 kilodal- slgmnng -W suggested by APC immu- 
tons) with multiple interesting Of decalhation in c d d  

domains. Its NHZ-terminal 
-tenin t%xmuWion and signaling. e- 
nately, APC may act both as a negatwe In or 

third cantains an obgmeriza- regulator and effector. in small colonies, APC fs 
tion by concentrated in puncta at 
ple Arm repeats (protein-pro- the leading edge of mem- 
tein interaction motifs also bmne protrusions (16). 
found in ARM). The middle Thew puncta often c b  
thFrd of APC mediates & terattheendsofmiawm- 
catenin binding; multiple copies buk brwdles. This local- 
of two related but distinct se- i z a t i i o n l e d t o t h e ~  
quences constitute sqsmfs /3- tiondaatAPC&tes 
catenin bhdmg sites, The 
C O O H - t e h  cgktmbs a basic m g h  and 

thebalancebetweend 
MutantAPC migration and cell adhe- 

adomainthateanMn;li@les. ~ r m h w  
What does A9C da in the d l ?  Colon 

cancer cells with mutant APC contain ab- many facets, only some cd 
normally high levels of intraot?llular b which we have glimpsed. 
catenin; the addition of full-length AFC The Arm repeats are 
destabilizes and eliminates thii cytoplasmic likely docking sites for 
&catah pool ( 10). Given that intracellu- other protein partners, 
lar ARM, $-eatenin's homolog, dearly me- which remain to be iden- 
diates WG signaling, this result suggests tified. 'The new par;tners 
that AFC &m AIuqamm signal- f o r A P [ = ~ t u s i n e w o  
ing and that ~ t i m  of this pathway con- of the many directians 
tributes to polyp ~~. W e l d  and ~ m w b e p u r s u e d ~ o  
co-workers (1 ) extend this dpis3  &man- came to a ful &- 
strating that APC: physidy links GSK3$ standing of APC"s role in 
(homolog of ZW3) d fl-cawnh. M e r ,  regulating cell behavior. 
GSIOP phoqhaql~m.apC and thus regu- part of AFC-other regions likely are dock- 
lates its intepabn with fkgmin. To- ing sites for different proteins. The COOH- - M w  
gether, these dam provide a biachnical terminus binds mierotubdes and also to the B, mfeld etdh, MCBm, 1023 (1998). 
currelate of the w d c  dam bffb and 5%- mvd EB1 protein, isdated  at^ of intinteracltor a A et&, bid.., p. 1520. 
gest that APC is prt d the W a r n  sig in a two-hybrid raom (12). In d r  pa- 3. C. x & a r d  iand E W-US, 

ding pathway. APC - per on APC in this issue, Macsumiw and W ,  7% (1980); N. &rfim, I. Engstrom, A. P. 

ed by GSK3$, may Methovvald, GerWcs 12l, 333 (1989). 1- co-workers report the results of a y w t  two- 4. N. Pem'm, Ce#m, flFJgrlf. 
lular $-catenin, keeping sigdmg &. WGI hybrid screen for additional ApC interacton 5. M. w. K- ~ n d  B.  an. md. 83,5 (I=). 
WNT antagmizes G $ X 3 @ m  st+, sta- (2). Using m ' s  COQH-~JXTZ&IUS as bait, 6. M.,Wer, D. W m ,  M. w, E. W-hauls. 

-f 120, (lw4); P. van Leeuwen, bilizii innacellulsr hrrninnnd sctivat- they isdated a rather suprising parma, the 
Nsr* =, 312 ing signaling. h u m a n h o m 0 I o g c r f t b ~ k l a r g e  (~wI; S. ~amgawa, E vta ~eeuwen, A. 

Is APC solely a negative r@gulatsr, or (&) tumor s q p r e s a .  DI+G pratein is a com- wdaiz, J. Klimm, R. m~e, m am ~ 

could it play a dual role as b ~ &  .a negtive ponent of DrompW seprate junctions, ana- a, 1087 (I=). 

dm and eff- o f w G m  s@&@ logs of vembf;lFe @t m-, and & 7. M. PBifer, Trends Cell Bd. 224 (1mt 6. w. 
Gmbiner. Cell84 345 (1896). 

AS a negative reguhtor, APC w d  KS&@ murations mult in ~ m o r  d~40p-t (13). 8. L.X. s, B. VogeIstein, K. W. Kinzbr, ~ c i e m  
intmce1lular pools ofARh@kateni~ (sm &- DIS is the pmgedtt~ dihe menbrarae-m 95152 1734 (1993); B. Rubinfcdd et el.. ibid. Wasp, 

1731 (tW3). = * ) . I f ~ h a ~ d r d s h - = * c 6 e  c ~ w ~ ~ e - ( ~ - ) p m i n  
g p  ,w&s,an * w , u n m + s , s (  * (14)9 which w3dnWe * 113. S. Munemh, B. !%ma, t. M U  B. Rubinfeld, P. 

active, j u n a b n p r o t e i n s z 8 . i a n d 2 0 - 2 d ~  Wakis,Fmc. Natl. w. 5d. U.SA.92,31)186 
but if proteins like PS95, amng ochers. An &me ($%E); 8. Rubinf&. B. Saaa, I. Met%, S. 

ZW3/GSK3p kinase was inactive (for a- a similar domain organhation. Several PDZ ~unemitsu. P. ~dakls. J. BM. cttem. 270,55A9 
(I=). ample, in the pr- of the W G m  sig- domab (w*- int=M mcaifs) R, PluWsl) ind H. Wm, Ce,,9,, 99 kl nal), the APGcatenin complex would gen- are fo~med by an S I C  homology 3 (SH3) E c x c k i i .  R. 4ciwdauf, A. P. ~c~ahcm,  ~k?wt- e 

erate signals [see the tigure). ?he zwated domain (a distinct &asininpratein interne- opfflanti* I- (I@%); I. WMtehegd, H. Kirk, 
6 

APC proteins in adon tumors, which lack the. tion motifli slnd 8 domain &@I sequence R. ~ay, kkrl GI#. Bid. 118,704 (19951. 

for &Cat- &yp&- but similatity t - ~  *elate kin&. The bio- 12. K. J. m. srl. 3672 (jw; 8. ' 
retain the ability to bind ~qttenin, mag be chemkal function of MAGUKs r&nains m @ d . , W . , p . 3 6 7 6 ; L . K . S u e t d ,  

" 

ibia ss, 2972 (1%). 
locked in the signaling mode. Other evi- mystariom, drkough they may help to t3. D. F. wciwsand P. ~.wr~,cwms.m (IWT). 
dence also implicates ' Q V G m  signaling o-@e membrane proEeint4 &&J com- 14. S. tC Mm, Cwr. W n .  WE&/. T, 641 (19961. 
i n ~ W N T s i g n a l s ~ c e U p r 0 -  p t e ~ ~ 1 5 ) ' m d ~ i p a t e i n ~ ~ .  1% 8. 1;. l ~ ~ s o d s  and P. J. ~ r y m t  J. &/t SG~. 

l i i t ion in certain tisstles, and an Nf.Iz-temi- 37. 171 (1993); S. N. Gompacts. Cdlllil. Thb intriguing &eraction qf AFC with {,=). 
naldeleted &catenin transforms ceb ( 1  1 1. DLG, &hot& far from u d e ~ ~ ~ 4  d- 16. l. s. N B ~ ,  C. L. m, P. p o w s  J. H. w~n, 

Regulation of @-catenin signaling may score m s  participation in numerous sig- W.J.N&son,J.CellBiol.,mpress. 

be only one of the functions of the large and d i n g  pathways. APC may act as a R ~ J N ~  in- 17. 'Mkp. 

complex AFC protein. The domains dedi- tegrating dif?km inputs and -ting my-*fw w ~ o n i y i n ~ d u e - t o ~ - ~  

cated to binding $-catenin make up a 4 multiple,le,'~ts. M, AFC?s tasb m y  go 
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