
straightening, but not unfolding, the immu- 
noglobulin segments, and unfolding the 
PEVK domain. The unfolded PEVK may act 
more as a leash than a spring, exerting forces 
greater than 5 pN (the force generated by a 
single myosin molecule) only near 80% of its 
maximal extension. It requires extreme force 
to unfold immunoglobulin domains. Once 
unfolded, these domains cannot exert a sig- 
nificant force, and must be renatured by 
other means. 
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Reticulum: RNA Localization Vgl begins to appear in a wedge-shaped 
structure associated with the vegetal cortex, 
at the same site as METRO RNA localiza- 
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lenge addressed during 00- 
genesis, when the molecular 
signals that initiate the for- 
mation of animal body plan 
are produced and physically a 
localized in the early oocyte. 
Much of this information is 
encoded bv localized Dro- 

tion (2). During stages 3 and 4, the rest of the 
Vgl mRNA is translocated to the cortex in a 
microtubule-dependent manner. The an- 
choring of Vgl at the cortex relies on mi- 

crofilaments and the non- 
coding RNA Xlsirts (9). 

Both cis elements and 
trans-acting factors help to 
localize these RNAs. The 
cis-acting elements respon- 
sible for Xlsirts and Xcat2 lo- 
calization, through the early 
pathway, are within the 
Xlsirt 79-nucleotide (nt) re- 
peat sequences (3) and the 
Xcat2 3' untranslated region 
(1 0). The translocation - of 

teins and KNAs that are Or- Vgl put in its place by the endoplasmic reticulum. In early stage 1 oocytes the Vgl mRNA* through 
ganized within distinct re- Vgl mRNA (red) is distributed homogeneously throughout the cytoplasm. The en- the late pathway, requires a 
gions of the oocyte (1 ). Later doplasmic reticulum (yellow) is first detected surrounding the mitochondrial 340- to 366-nt localization 
on, after fertilization, the de- cloud, which contains the METRO-localized RNAs (blue). During late stage 1 the element (VgLE) located in 
veloping embryo cornpart- mitochondrial cloud and associated RNAs move toward the vegetal cortex. The its 3' region 

endoplasmic reticulum appears on one side of the cloud. In stage 2 oocytes the and wedge-shaped structure consisting of endoplasmic reticulum, the colocalizing (1 1 ). A 69-kD microtubule- 
these Vgl mRNA, and the Vera protein is fully elaborated. Later, during stages 3 and 4, associated protein binds to 
asymmetries ranging from Vgl will translocate to the vegetal cortex where it will associate tightly with the the VgLE and may mediate 
the simple head versus tail to cortical layer. Vgl interaction with the mi- 
the complex divergence of crotubules in stage 3 oocytes 
right- and left-brain thought processes. How noncoding repeat Xlsirts, which serves an (1 2). Five other proteins (p78, p60, p40, p36, 
does it all begin? anchoring function (4); the mRNA Xcat2 and p33) bind to specific regions of the Vgl3' 

In one well-studied oocyte, that of the (5); and Xwntll, which may function in untranslated region, possibly forming part of 
frog Xenopus h i s ,  the vegetal end of the dorsal-ventral patterning (6). The second, or the translocation complex (1 3). 
oocyte contains RNAs that may control late, pathway localizes molecules such as Vgl Deshler et d. (7) were searching for trans- 
germ cell specification and axial patterning. (a transforming growth factor-p family acting factors that interact with cis-acting 
They arrive there by way of two major path- member that controls dorsal-ventral pat- elements within the VgLE. They isolated a 
ways: the messenger transport organizer (the terning) to the vegetal cortex during stages 2 75-kD protein, Vera, that interacts specifi- 
METRO or early pathway) and the late path- to 4. In this issue, we learn about a surprising cally with the VgLE region and whose bind- 
ways (2, 3). new participant in the mechanism by which ing to the region is necessary for the proper 

The METRO pathway uses a specialized these pathways function. Deshler et d. (page localization of Vgl mRNA. Within the 
organelle called the mitochondrial cloud to 1128) (7) show that Vgl mRNA is localized VgLE are four elements that, when mutated, 
localize RNAs during a very early stage of via the late pathway by transport through the interfere with the ability of Vgl mRNA to 
oogenesis (stage I). These RNAs include the endoplasmic reticulum, in association with localize. Mutations in three of these ele- 

an endoplasmic reticulum-associated Dro- ments resulted in altered affinitv of the 75- 
tein called Vera (VgLE binding and endo- kD protein for the VgLE, suggesting that the 
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The surprise came when Deshler et al. steps of localization of RNAs, such as Vgl, References and Notes 
attem~ted to isolate the 75-kD   rote in from 
cytoplasmic extracts and found that the Vgl- 
binding activity (Vera) cosedimented with a 
large organelle fraction enriched with 
TRAPa, an integral protein associated with 
the protein translocation machinery of the 
endoplasmic reticulum. In stage 2 oocytes, 
the TRAPa distribution overlapped with 
the wedge-shaped, in situ hybridization pat- 
tern of Vgl in stage 2 oocytes (2). Because 
Vgl is not translated at this time and the 
endoplasmic reticulum is of the smooth vari- 
ety, it appears that preferential translation is 
not the major function of this interaction. 
Traditionally, the endoplasmic reticulum is 
viewed as an organelle involved in synthesis 
and secretion of proteins. The finding of 
Deshler et ul. (7) demonstrates a novel func- .- , 
tion for a subdomain of this organelle-in 
the localization of RNAs during oogenesis. 

How does this specialized region of the 
endoplasmic reticulum originate? The elabo- 
ration of this subdomain is a sequential pro- 
cess, first seen when the mitochondrial cloud 
and the associated METRO RNAs move to- 
ward the vegetal cortex (14). When the 
METRO RNAs are anchored, the wedge- 
shaped endoplasmic reticulum subdomain is 
fully delineated and Vgl mRNA becomes 
associated with this structure. Thus, the 
function of this specialized region of the en- 
doplasmic reticulum may be in the initial 

through the late pathway. The morphogen- 
esis of the wedge-shaped endoplasmic reticu- 
lum structure is dependent on the function- 
ing of the early pathway via the migration of 
the mitochondrial cloud. Vera may mediate 
the interaction betweenvgl mRNA and the 
endoplasmic reticulum. 

Two alternative explanations are possible 
for the Vgl-endoplasmic reticulum associa- 
tion. (i) The wedge-shaped, endoplasmic 
reticulum-containing structure may serve as 
a substrate to orient the microtubule tracks 
used for Vgl translocation during stages 3 
and 4. (ii) Vgl remains associated with the 
endoplasmic reticulum, and endoplasmic 
reticulum-containing vesicles are translo- 
cated to the vegetal cortex along microtu- 
bules. A close association between the endo- 
plasmic reticulum and microtubules and the 
movement of membrane vesicles along mi- 
crotubules have been observed in a variety of 
systems, supporting both possibilities (1 5). It 
is clear, however, that the wedge-shaped re- 
gion of the endoplasmic reticulum is some- 
how unique; the Vgl mRNA associates only 
with this subdomain of endoplasmic reticu- 
lum and not with the endoplasmic reticulum 
located elsewhere in the cortex. Future stud- 
ies will focus on understanding the precise 
mechanism of this interaction and the uni- 
versality of i t s  use for RNA localization in 
other systems. 
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UPDATE: CIRCADIAN RHYTHMS 

A s s :  The First Mammalian Clock Gene 
Steve A. Kay 

Several molecular cogs of the circadian clock have been identi- stant darkness. The animals homozygous for the muta- 
fied in the fungus Neurospora and the fruit fly Drosophila ( I ) .  tion eventually exhibited arrhythmicity in constant darkness 
One of these-the photoresponsive gene wc-2 from Neurospora (5). This locus was called clock, and further genetic analysis re- 
( 2 ) w a s  recentlv described in Science and discussed in an ac- vealed that this allele was both semidominant and antimomhic, . , 

companying Perspective (3). Significantly, this protein con- 
tains a PAS domain, found in many transcription factors includ- 
ing PER, a Drosophila clock component. 

Additional support for PAS as a signature motif in clock com- 
ponentsnow comes from two papers published this week incell by 
Takahashi and his colleagues (4). (See also the News story on 
page 1030.) This laboratory has undertaken a truly heroic effort- 
and succeeded. They have carried out the brute-force screening 
for mutants of the clock in mice by observing wheel-running 
behavioral rhythms in the individual progeny of lines of mice 
treated with the mutagen ethylnitrosourea. Incredibly, mutant 
mouse number 25 displayed one of the desired phenotypes: 
lengthening of the period of cyclic behavior observed in con- 

The author is in the NSF Center for Biological Timing, Department of Cell 
Biology, The Scripps Research Institute, La Jolla, CA 92037, USA. E-mail: 
stevek@scripps.edu 

. . 
implying that the putative mutant protein was interfering with 
the function of the normal, wild-type clock gene (6). This notion 
has now been borne out by cloning of the clock gene by positional 
methods and gene rescue. The predicted CLOCK protein is 855 
amino acids long and contains a basic helix-loop-helix-PAS 
motif, as well as a glutamine-rich carboxyl-terminus. 

Thus, another protein that appears to be intimately involved 
in the circadian clock contains the PAS motif, making it the 
only conserved signature known so far among widely diverse 
clock molecules. 
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