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Delocalization of Vgl mRNA from the Vegetal 
Cortex in Xenopus Oocytes After Destruction 

of Xlsirt RNA 
Malgorzata Kloc and Laurence D. Etkin* 

The Xlsirts are afamily of transcribed repeat sequence genes that do not code for protein. 
Xlsirt RNAs become localized to the vegetal cortex of Xenopus oocytes early in oogenesis, 
before the localization of the messenger RNA Vgl, which encodes a transforming growth 
factor-p-like molecule involved in mesoderm formation, and coincident with the local- 
ization of Xcat2 transcripts, which encode a nanos-like molecule. Destruction of the 
localized Xlsirts by injection of antisense oligodeoxynucleotides into stage 4 oocytes 
resulted in the release of Vgl transcripts but not Xcat2 transcripts from the vegetal cortex. 
Xlsirt RNAs, which may be a structural component of the vegetal cortex, are a crucial part 
of a genetic pathway necessaryforthe proper localization of Vg1 that leads to subsequent 
normal pattern formation. 

Normal  development of the vertebrate 
embryo is dependent on the proper spatial 
organization of maternally expressed mac- 
romolecules in the oocyte. In amphibian 
oocvtes, mRNAs are localized at both the , . 
animal and vegetal regions (1 ) .  The veg- 
etally localized mRNAs include Vgl (2) ,  
which encodes a TGF-P-like molecule 
implicated in  mesoderm formation, and 
Xcat2 ( 3 ) ,  which encodes a nanos-like 
molecule. Based on the roles of their pu- 
tative homologs in Drosophila, it is likely 
that these gene products are involved in 
axial patterning of the early amphibian 
embryo. Therefore, unraveling the genet- 
ic pathways involved in the localization 
of these transcripts would give greater 
insight into how the vertebrate body plan 
is established. 

A group of nontranslatable inter- 
spersed repeat transcripts, Xlsirts, is also 
localiz'ed to the vegetal cortex of Xenobus 

%, 

oocytes during the early stages of oogen- 
esis and mav be a structural comvonent of 
the cortex kvolved in the locafization of 
other .RNAs (4). To determine whether 
Xlsirts function to localize other RNAs at 
the vegetal cortex, we injected anti-sense 
oligodeoxynucleotides (AS ODNs) into 
stage 4 oocytes (5) to destroy the endog- 
enous localized Xlsirt RNAs and analyzed 
the subsequent distribution of Vgl and 
Xcat2 RNAs. Because Xlsirt RNAs do not 

Department of Molecular Genetics, University of Texas, 
M. D. Anderson Cancer Center, 1515 Holcombe Boule- 
vard, Houston, TX 77030, USA. 

*To whom correspondence should be addressed 

code for protein, destruction of the RNA 
with AS ODNs should create a null mu- 
tant (6 ,  7). 

The Xlsirt AS ODNs consisted of a 
mixture of two different phosphothiolated 
17-mers. We determined that the optimal 
dosage was 50 ng [that dose destroyed 
the Xlsirts without causing nonspecific 
toxic effects (i?)]. Xlsirt RNA that was 
localized at the vegetal cortex was detect- 
ed In oocytes injected with a control 
ODN for another maternally transcribed 
RNA, Xlcaax (formerly Xlgv 7) (6,  9)  
(Fig. 1A). However, we did not detect 
any Xlsirt RNA localized at the vegetal 
cortex by in situ hybridization in oocytes 
that were injected with Xlsirt AS ODNs 
and cultured for 3 days (Fig. IB). Xlcaax 
ODNs do not produce any nonspecific 
toxic effects when injected into oocytes 
(6-8). 

Xlsirts are a heterogeneous population 
of RNAs consisting of transcripts-from 
both strands of the genes (4). Those mol- 
ecules found localized at the vegetal cor- 
tex consist of transcripts from one strand 
that are referred to as sense strand tran- 
scripts. Other Xlsirt RNAs are found 
throughout the cytoplasm and in the ger- 
minal vesicle (GV) and may exist as dou- 
ble-stranded molecules. Xlsirt RNAs ap- 
pear as a smear on Northern (RNA) blots 
(4 ,  10). O n  Northern blots of RNA iso- 
lated from oocytes injected with Xlsirt AS 
ODNs, we detected a small decrease in 
the amount of Xlsirt RNA but not the loss 
of any specific RNA species. This result 
made it difficult to determine the effi- 
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ciency of Xlsirt AS ODNs in destroying 
the transcripts. We suspected that the 
residual Xlsirt RNAs were distributed 
throughout the oocyte and were probably 
double-stranded forms that were resistant 
to Xlsirt AS ODN destruction. Therefore, 
to determine the efficiency of Xlsirt AS 
ODN destruction of Xlsirt RNA, we test- 
ed the ability of AS ODNs to destroy 
exogenous Xlsirt transcripts. We injected 
35S-labeled Xlsirt RNA made from two 
different Xlsirt complementary DNA 
(cDNA) clones into stage 4 oocytes along 
with Xlsirt AS or Xlcaax ODNs. The two 
exogenous Xlsirt transcripts were de- 
stroyed after injection of Xlsirt AS ODN 
but were unaffected by injection of con- 
trol Xlcaax ODNs (Fig. 1C). We con- 
clude that the localized endogenous Xlsirt 
RNAs of stage 4 oocytes were also de- 
stroyed by the Xlsirt AS ODNs. This 
finding was further substantiated by the 
demonstration that oocytes injected with 
the Xlsirt AS ODNs showed a loss of the 
endogenous Xlsirt RNA in their GVs as 
determined by whole-mount in situ hy- 
bridization (Fig. 1 D). 

We also found that Vgl, but not 
XcatZ, transcripts were delocalized after 
destruction of the Xlsirts. Stage 4 oocytes 
were injected with Xlsirt AS ODNs, cul- 
tured for 2 to 5 days, and analyzed by in 
situ hybridization of oocyte sections with 
Xlsirt, Vgl, and XcatZ probes. Oocytes 
injected with control ODNs showed nor- 
mal localization of Xlsirt, Xcat2, and Vgl 
transcripts at the vegetal cortex (Fig. 2, 
A, C, E), but in oocytes injected with the 
Xlsirt AS ODNs there were no detectable 
Xlsirt and Vgl transcripts at the vegetal 
cortex (Fig. 2, B and G). However, injec- 
tion of the Xlsirt AS ODN did not affect 
the localization of XcatZ RNA (Fig. 2D). 
A time course shows the dispersal of Vgl 
transcripts from the vegetal cortex into 
the cytoplasm after 2 days (Fig. 2F) and 5 
days (Fig. 2G). Northern blot analysis of 
polyadenylated (poly A+) RNA from 
Xlsirt AS ODN-injected oocytes showed 
that the total amount of Vgl and Xcat2 
mRNAs per oocyte was unaffected, indi- 
cating that Vgl mRNA was not degraded 
after its release from the vegetal cortex 
(Fig. 2H). 

We also analyzed the effect of Xlsirt 
AS ODN injection using whole-mount in 
situ detection of Xlsirts, Vgl, and Xcat2 
RNAs (Table 1 and Fig. 3). In stage 4 
oocytes injected with control Xlcaax 
ODN, both Xlsirts and Xcat2 transcripts 
were localized in the cortex as a disk at 
the apex of the vegetal pole (Fig. 3, A and 
E), whereas Vgl transcripts were more 
dispersed across the vegetal hemisphere 
extending from the vegetal pole to the 
marginal zone (Fig. 3C). In oocytes in- 
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Fig. 1. Xlsirt transcripts localized at the vegeral 
cortex destroyed by the injection of AS ODNs. In 
situ hybridization analysis of sectioned stage 4 
oocytes that were injected with control ODN 
(Xlcaax) or Xlsirt AS ODNs by use of a probe 
against the Xlsirts (18). (A) Xlcaax ODN injected 
control oocyte; 
Xlsirt RNA. (B) 
ODNs; the arro 
tion of the transcripts. (C) Autoradtograph ot 
35S-labeled Xlsirt RNA from oocytes that were 
injected with Xlsirts AS ODNs (lanes 2 and 3) 
and from oocytes injected with control Xlcaax 
ODN (lanes 1 and 4): the arrows indicate the 

idicates thc 
ected with 
; the expec 
. . 

? localized 
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position of the exogenous Xlsirt transcripts. (D) W 
with Xlcaax ODN (left) and with Xlsirt AS ODN (ri: 
was visible after the oocyte was dissected. 
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Fig. 2. The destruction of Xlsirt RNA, a o v 
resulting in delocalization of Vgl but 
not Xcat2 RNA. Stage 4 oocytes were 
injected with Xlsirt AS ODNs. After 2 to 
5 days in culture, oocytes were fixed, 
embedded in paraffin, and sectioned. 
Sectioned oocytes were hybridized G v 
with Xlsirt, Vgl, and Xcat2 probes as G V 
described in the legend to Fig. 1 (18); 
GV, germinal vesicle. (A) Control oo- 
cytes injected with Xlcaax ODN and hy- 
bridized with Xlsirt probe. (6) Oocytes in- \ - - 
jected with Xlsirt AS ODNs and hybrid- 
ized with Xlsirt probe. (C) Oocytes inject- 
ed with Xlcaax AS ODN and hybridized 

<'- '- . av, - . -  : 
with Xcat2 probe. @) Oocytes injected : 

- ,  i " , - . -  
-, 

9 
with Xlsirt AS ODNs and hybridiied with .\ *. 

-x<- - 
'%*< & , 9 . -  .-.it Xcat2 probe. (E) Oocytes injected with . + 

control Xlcaax AS ODN and hybridized 
with Vgl probe. (F) Oocytes injected with J 1@-2.4~, \--%+a-f3 

Xlsirt AS ODNs and hybridized with Vgl 
probe after 2 days in culture. (0) Ooqtes 
injected with Xlsirt AS ODNs and hybrid- H 
ized with Vgl probe after 5 days in cul- 
ture. (H) Northem blot of Vgl and Xcat2 
mRNA in oocytes injected with Xlsirt AS I a b  W vgl 
ODNs. Polyadenylated RNA from Xlcaax 
and Xlsirt ODN AS-injected oocytes was 
extracted and separated by electro- 
phoresis on formaldehyde denaturing 
agarose gel and blotted to the mem- 
brane. The blot was probed with digoxi- Xcat2 

genin-labeled probes against Vgl and 
Xcat2 (19, 20). The lanes are as follows: 1 2 3  
lane 1, RNA from oocytes injected with 
control sham; lane 2, RNA from oocytes injected with Xclaax ODN; lane 3, RNA from -85 injected 
with Xlsirt AS ODNs. The Vgl RNA (2.7 kb) and the Xcat2 mRNA (0.9 kb) are shown. The amount of RNA 
loaded onto the gel was determined by EtBr staining. 
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Fig. 3. Whole-mount in 
situ analysis of Vgl , Xlsirt, 
and Xcat2 in oocytes in- 
jected with Xlsirt AS 
ODN. Oocytes injected 
with Xlcaax and Xlsirt AS 
ODNs were cultured for 
3 days and analyzed by 
whole-mount in situ hy- 
bridization with the use 
of digoxigenin-labeled 
probes (20). (A, C, and 
E) Oocytes injected with 
Xlcaax ODN and probed 
with Xlsirt, Vgl, and 
Xcat2 probes, respec- 
tively. (B, D, and F) Oo- 
cytes injected with Xlsirt 
AS ODNs and probed 
with Xlsirt, Vgl, and 
Xcat2 probes, respec- 
tively. Oocytes in (A) to 
(D) are albino oocytes; 
oocytes in (E) and (F) are 
pigmented. The bars 
represent 200 pm. 

C D 

I - ,  I s 

Table 1. The effect of Xlsirt AS ODN injection on 
the localization of Vgl and Xcat2. Data are based 
on three independent experiments. The plus and 
minus signs indicate oocytes showing and lacking 
signal at the vegetal cortex, respectively. 

ODN injected In situ 
probe 

Signal at 
vegetal 
cortex 

Sham injection Xcat2 
Xlsirt 
v91 

Xlcaax Xcat2 
Xlsirt 
vg1 
xcat2 
Xlsirt 
vg1 

Xlsirt 

jected with Xlsirts AS ODNs, no localiza- 
tion of Xlsirts or Vgl transcripts was ap- 
parent (Fig. 3B and D), whereas localiza- 
tion of Xcat2 transcripts was unaffected 
(Fig. 3F). These data demonstrate that 
the destruction of Xlsirt RNA by AS 
ODNs resulted in the delocalization of 
the Vgl mRNA but did not affect Xcat2 
localization. 

Localization of the Vgl mRNA at the 
vegetal cortex is a two-step process in- 
volving a microtubule-dependent translo- 
cation step and a microfilament-depen- 
dent anchoring step (11). We demon- 
strated that the Xlsirt RNA was involved 
in the anchoring of Vgl transcripts at the 
vegetal cortex and that AS ODN destruc- 

tion of these RNAs resulted in the release 
of Vgl from the cortex. This result sug- 
gests that the Xlsirt RNA and microfila- 
ment components of the cytoskeleton are 
involved in a genetic pathway that is 
required for the proper anchoring of Vgl 
at the cortex. 

We do not believe that there is a direct 
interaction between Xlsirts and Vgl, al- 
though Xlsirts may play a fundamental 
role in the organization of the microfila- 
ment cytoskeletal network at the vegetal 
cortex, perhaps by anchoring cytoskeletal 
filaments in the disk-like structure formed 
by Xlsirt RNA at the vegetal pole apex. 
The destruction of Xlsirts did not affect 
the anchoring of Xcat2 mRNA, suggest- 
ing that this mRNA was anchored by a 
different mechanism and that the release 
of Vgl was not due to nonspecific toxic 
effects. 

Our results are consistent with recent 
evidence showing that Xcat2, unlike Vgl, is 
not released from the cortex during oocyte 
maturation (12). They are also consistent 
with recent findings in Drosophila showing 
that there are different genetic pathways 
controlling the localization and anchoring 
of individual mRNAs at the posterior pole 
of the oocyte (13-15). 

We recently found that the Xlsirt, 
Xcat2, and Xwntl 1 transcripts are trans- 
located to the vegetal cortex through a 
mechanism dependent on the Balbiani 
body (4) while Vgl uses a different mech- 
anism of translocation, suggesting the ex- 
istence of two independent pathways for 
translocation of RNAs to the vegetal cor- 

tex (1 6). The release of Vgl by destruc- 
tion of the Xlsirt RNAs demonstrates a 
cross talk between the two genetic path- 
ways involved in the localization and an- 
choring of mRNAs at the vegetal cortex. 
Because Vgl is important for mesoderm 
induction during embryogenesis, it is like- 
ly that mislocalization of the Vgl mRNA 
by aberrant expression or localization of 
Xlsirts would have severe conseauences 
for dorsal-ventral patterning of the em- 
bryo (17). 
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