
general theory for experience-dependent 
synaptic modification in the mammalian 
cerebral cortex. 
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Presence of Mitochondrial Large Ribosomal RNA 
Outside Mitochondria in Germ Plasm of 

Drosophila melanogas ter 

Satoru Kobayashi," Reiko Amikura,* Masukichi Okada 
Mitochondrial large ribosomal RNA (mtlrRNA) has been identified as a cytoplasmic factor 
that induces pole cell formation in embryos whose ability to form a germ line has been 
abolished by treatment with ultraviolet light. In situ hybridization analyses reveal that 
mtlrRNA is enriched in germ plasm and is tightly associated with polar granules, the 
distinctive organelles of germ plasm, which supports the ideathat mtlrRNAfunctions in pole 
cell formation. This suggests that a product from the mitochondria1 genome, along with 
nuclear products, participates in a key event in embryonic development: determination of 
the germ line. 

T h e  segregation of the germ and somatic 
line in animal embryos represents one of 
the basic events in cell and developmental 
biology. In many animal groups, the factor 
required for germ-line establishment has 
been postulated to be localized in a histo- 
logically remarkable region in egg cyto- 
plasm, the germ plasm ( I ) .  In Drosophik, 
germ plasm is referred to as polar plasm 
because it is localized in the posterior pole 
region of oocytes and cleavage embryos (2, 
3). The polar plasm contains factors for 
germ-line and abdomen formation (4-6). 
The factor for abdomen formation has been 
identified as the product of the nanos (nos) 
gene (7, 8). The factors for germ-line for- 
mation, however, have remained elusive. 
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Recent genetic analyses have identified sev- 
en maternally acting genes called posterior 
group genes [cappuccino (capu) , spire (spir) , 
staufen (stau), oskar (osk), wasa (was), walois 
(vls), and tudor (tud)] whose functions are 
required for the localization of factors for 
the germ line as well as of the nos product in 
the polar plasm (4, 9, 10). Embryos from 
these mutants fail to form a germ line and 
abdomen. In addition, they lack polar gran- 
ules, the distinctive organelles of polar 
plasm, which suggests that polar granules 
are essential for both germ-line and abdo- 
men formation (9). 

After fertilization, nine nuclear divi- 
sions take place without cytokinesis in the 
central region of embryos (the cleavage 
stage). The nuclei then migrate to the 
periphery (the syncytial blastoderm stage). 
As the nuclei enter the -posterior polar 
plasm, each of them is included in a cyto- 
plasmic protrusion that contains polar 
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plasm. These protrusions later become pole 
cells, the germ-line precursor in this animal 
(1 1-13). 

Previously, we have proposed that the mi- 
tochondrial large ribosomal RNA (mtlrRNA) 
is a component of functional polar plasm 
on the basis of the fact that injection of 
mtlrRNA rescues embryos from the failure 
to form pole cells that is caused by treat- 
ment with ultraviolet (UV) light (14). 
However, there is the possibility that this 
result does not represent the normal path- 
way to pole cell formation. To exclude 
this possibility, we carried out experiments 
to locate mtlrRNA in normal embryos at 
early stages. Here, we report that mtlrRNA 
is enriched in the polar plasm of cleavage 
embryos but not in pole cells. In situ hy- 
bridization for electron microscopy revealed 
that the mtlrRNA simal is restricted to - 
polar granules in the polar plasm of early 
cleavage embryos, although we cannot ex- 
clude the fact that some mtlrRNA is pre- 
sent in mitochondria (1 5). These results, 
along with our previous ones, lead to the 
conclusion that mtlrRNA is a component 
of polar granules and probably cooperates 
with the other components for polar plasm 
function. Our findings here may reveal a 
role for a mitochondrially encoded product 
in the function of the polar plasm in germ- 
line formation. 

The temporal and spatial distribution of 
mtlrRNA in early embryos was determined 
by in situ hybridization (16). In cleavage 
embryos, the mtlrRNA signal was strongest 
in the polar plasm and very weak in the 
other regions (Fig. 1A). During and after 
pole cell formation, the mtlrRNA signal 
was hardly detectable in pole buds and pole 
cells but was prominent in the periplasm 
beneath pole cells (Fig. 1B). At the late 
syncytial blastoderm and cellular blasto- 
derm stages, a localized mtlrRNA signal 
was no longer discernible (Fig. 1, C and D) . 
For a control, we used a sense DNA probe 
(1 7) and found no localized signal in cleav- 
age embryos (Fig. 2D, inset). Furthermore, 
there was no localization of the transcripts 
of two other genes, the mitochondrial small 
ribosomal RNA and ND- 1, which are lo- 
cated adjacent to the lrRNA gene in the 
mitochondrial genome (Fig. 1, E and F). 

We previously reported the results of 
Northern (RNA) blot analyses, which sug- 
gested that the mtlrRNA is present out- 
side mitochondria in cleavage embryos 
and that the amount of this extramito- 
chondrial mtlrRNA decreases during devel- 
opment from the cleavage to the blasto- 
derm stages. No significant change was 
evident in the amount of intramitochon- 
drial mtlrRNA (14). This decrease of the 
mtlrRNA outside mitochondria correlates 
well with the developmental changes in the 
mtlrRNA signal in polar plasm observed 

here by in situ hybridization. Our observa- 
tions suggest that the mtlrRNA is transport- 
ed out of mitochondria into the cytosol only 
in the polar plasm, from which it is subse- 
quently removed. This idea is directly sup- 
ported by our in situ hybridization data at an 
ultrastructural level (1 8). In early cleavage 
embryos, the mtlrRNA signal is enriched in 
the polar plasm, and 73% of the total signal 
in the polar plasm is present on the surface of 
polar granules (1 9,20) (Fig. 2, A, B, and F). 
In contrast, a signal is occasionally observed 
on mitochondria either in the polar plasm or 
in lateral reeions and is sometimes observed - 
unassociated with any organelles. This signal 
probably represents nonspecific hybridiza- 
tion (background) (1 9). 

Several lines of evidence from control 
experiments definitively support our conclu- 
sion that mtlrRNA is present on polar gran- 
ules in early cleavage embryos. First, the 
presence of excess amounts of unlabeled 
antisense RNA results in the disa~~earance . . 
of signal on polar granules in early cleavage 
embryos (21, 22). Second, when we used a 
sense probe for mtlrRNA (1 7), we did not 
observe a signal on polar granules (Fig. 2D). 
Third, when ND-1 or the mitochondrial 
small ribosomal RNA gene was used as a 
probe, no signal was discernible on the polar 
granules (22). Finally, when the mtlrRNA 
probe was applied to blastodermal embryos, 

the signal was no longer detected on polar 
granules in pole cells (Fig. 2G). This devel- 
opmental change of the mtlrRNA signal on 
polar granules correlates well with the disap- 
pearance of the signal in pole cells. 

Polar granules have been suggested to 
function in pole cell formation and differ- 
entiation (2,9). Mutation of any one of the 
seven posterior-group genes involved in 
pole cell and abdominal pattern formation 
(4, 9, 10) is known to affect polar granules, 
  ole cells. and abdomen formation. Thus. 
polar granules are regarded as being associ- 
ated with both pole cell factors and the 
abdominal factor. The factor for abdomen 
formation is encoded by the posterior group 
gene nos, mutation of which results in the 
failure of embryos to form abdomens but 
affects neither polar granules nor pole cells 
(7, 8). However, none of the posterior 
group genes so far cloned has been shown to 
encode a specific factor alone sufficient to 
cause pole cell formation. 

The pole cell-forming factor is expected 
to have the following properties: (i) to be 
crucial for pole cell formation; (ii) to depend 
on the seven posterior group genes for its 
localization in the polar plasm; and (iii) to 
have no effect on abdomen formation. We 
propose that extramitochondrial mtlrRNA 
is a candidate for such a factor on the basis of 
the following evidence. First, the extramito- 

E 
Fia. 1. Distribution of mtlrRNA in earlv embrvos. In situ hybridization of the mtlrRNA cDNA (28) to 
eribryos at the cleavage stage (A), the  pole-cell formationstage (B), the syncytial blastoderm stage 
(C), and the cellular blastoderm staae (D). In situ hybridization of the ND-1 gene probe (14) (E) and 
pdyHC DNA (29) containing the small ;ibosomal RNA gene (F) to cleavage embryos. In all panels, 
anterior is to the right. Arrowheads point to pole cells. 
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chondrial mtlrRNA is localized in the polar tochondrial mtlrRNA, but a mutation in nos 
plasm of cleavage embryos (Figs. 1A and 2, A never affects the localization of mtlrRNA 
and B). Second, the seven posterior group (23). This suggests that mtlrRNA, like nos 
mutations disrupt localization of the extrami- RNA, depends on the function of posterior 

method (15). (Insets) - ~ i ~ h t  
micrographs of posterior poles of cleavage embryos hybridized with an antisense (B) and a sense 
probe (D) and processed for immunogold labeling and silver enhancement (18). Arrowheads show 
polar granules; m, mitochondria. Bars = 0.5 pm. 

Fig. 3. Effects of UV irradiation and Bic-D mutation on the distribution of the mtlrRNA in cleavage 
embryos (30). In situ hybridization of the mtlrRNA cDNA probe to an intact embryo (A), embryos 
UV-irradiated posteriorly (B and C), and an embryo derived from a Bic-Dl+ female (D). Note that the 
mtlrRNA signal is detected only in the posterior pole of the embryo. This monopolar distribution was 
also observed in embryos from Bic-D/Bic-Dfemales. When embryos are UV-irradiated posteriorly at 
an early cleavage stage, the mtlrRNA signal in the polar plasm is diminished (B) or completely 
disappears (C). In all panels, anterior is to the right. 

group genes for its localization in polar 
~lasm. Third. mtlrRNA is Dresent on the 
surface of polar granules in early cleavage 
embryos (Fig. 2, A, B, and F). Fourth, in 
embryos from Bic-D females, the mtlrRNA 
is enriched only in the posterior pole (Fig. 
3D). Bic-D embryos develop an ectopic ab- 
domen with reverse polarity at the expense 
of the head and thorax but form   ole cells 
only at the posterior pole (24). This suggests 
that mtlrRNA is dispensable for abdomen 
formation but is required for pole cell forma- 
tion. Fifth, W irradiation of the polar 
plasm at a dose sufficient to prevent pole cell 
formation but not enough for affecting a b  
domen formation reduces the amount of 
mtlrRNA localized in the polar plasm (Fig. 
3, B and C). Finally, as we previously 
reported, when injected mtlrRNA is able to 
rescue embryos from W-caused inability to 
form pole cells (14). 

We have previously reported that 
mtlrRNA can induce pole cells at the an- 
terior pole if it is co-injected with UV- 
irradiated polar plasm. However, the pole 
cells induced by the RNA in W-irradiated 
posterior poles never develop into germ 
cells (14). This may suggest a requirement 
for additional factors that are localized in 
the polar plasm and required for pole cell 
formation and germ cell determination. 
Recently, it has been shown that mislocal- 
ization of osk RNA to the anterior -pole 
leads to induction of an abdomen and 
functional pole cells at the ectopic site. 
Furthermore, of the seven posterior group 
genes only two, vas and tud, are required for 
the induction of an abdomen and pole cells 
at the ectopic site (25). The possibility that 
a polar plasm component or components 
encoded by one or both of these posterior 
group genes represents the additional factor 
or factors required for germ-line determina- 
tion remains to be tested. Moreover, trans- 
port of mtlrRNA from mitochondria to 
polar granules could be mediated by tud 
(26). Investigation of pathways involving 
osk, vas, tud, and mtlrRNA will give a 
better understanding of the problem of 
germ-line determination. 
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Predisposition to Neoplastic Transformation 
Caused by Gene Replacement of H-rasl 

Robert E. Finney* and J. Michael Bishop 
Homologous recombination was used to introduce a nominally transforming mutation into 
an endogenous H-rasl gene in Ratl fibroblasts. Although both the mutant and the re- 
maining normal allele were expressed equally, the heterozygous cells were not neoplas- 
tically transformed. Instead, spontaneously transformed cells arosefrom the heterozygotes 
at a low frequency, and the majority of these cells had amplified the mutant allele. Thus, 
the activated H-rasl allele was not by itself dominant overthe normal allele but predisposed 
cells to transformation by independent events, such as amplification of the mutant allele. 

Certain point mutations within coding 
sequences of ras proto-oncogenes (H-ras, 
K-ras, and N-ras) generate oncogenes that, 
when ectopically expressed, can transform 
rodent cell lines (1). Furthermore, the 
transforming ability of these mutant alleles 
prevails even though the normal alleles are 
also expressed (1, 2). The mutant alleles 
have therefore been referred to as domi- 
nant. Consistent with this assessment, the 
mutant genes are gain-of-function alleles; 
in general, their protein products have lost 
the ability to hydrolyze guanosine triphos- 
phate efficiently and, thus, become consti- 
tutively activated (1, 3). Although the 
mutant ras alleles are strongly implicated in 
human tumorigenesis (1, 4, 5), their pro- 
posed dominance has been questioned (6). 

To address the issue of ras dominance, we 
used homologous recombination to replace 
one copy of normal H-rasl in Ratl fibro- 

R. E. Flnney, The George Williams Hooper Foundation, 
Universitv of California. Box 0552. San Francisco. CA 

blasts [subclone Bla(+/+) (7)] with the 
mutant allele NMU-H-rasl and then as- 
sessed whether the heterozygous cells were 
neoplastically transformed. The NMU-H- 
rasl gene (isolated from rat mammary tu- 
mors after mutagenesis with nitrosomethyl- 
urea) contains a single missense mutation 
that converts Gly12 to Glu (8) and can 
transform Ratl fibroblasts when expressed in 
abundance after DNA transfection (8, 9). 

We replaced H-rasl with NMU-H-rasl 
by a two-step method that resembles strat- 
egies used previously in yeast (10) and 
mammalian cells (1 I). The first step re- 
quired integration of the vector DNA that 
contained a truncated mutant.ras allele into 
the chromosomal H-rasl locus by homolo- 
gous recombination (Fig. 1). The resultant 
cells were neopla~ticall~ transformed be- 
cause the recombination event reconstitut- 
ed a full-length NMU-H-rasl allele ex- 
pressed from the strong promoter of tKe 
murine leukemia virus-long terminal repeat 
(MLV-LTR) . These transformed cells, re- 

94143. ferred to as ' ~ e 1 2 / + ,  also possessed a trun- 
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