
not understand why this early apatite min- 
eralization seemingly affected so few embry- 
os, despite the multitudes probably laid, and 
did not lead to any soft tissue preservation 
for other fossils even though there was 
widespread phosphatization of calcitic skel- 
etons in the Duyun fauna. These embryos 
preserve no  obvious microbes, so we cannot 
ascertain whether bacterial activity was in- 
volved in the phosphatization process, as 
has been suggested (6, 18, 19). 
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Role of Oocyte Position in Establishment of 
An terior-Posterior Polarity in Drosophila 

Acaimo Gonzalez-Reyes and Daniel St Johnston* 

The polarized microtubule cytoskeleton of the Drosophila oocyte directs the localization 
of the maternal determinants which establish the anterior-posterior (AP) axis of the 
embryo. Because the formation of this microtubule array is dependent on signals from the 
follicle cells that surround the oocyte, it has been proposed that AP polarity originates in 
the follicle cells. Here it is shown that the movement of the oocyte to the posterior of the 
egg chamber early in oogenesis determines AP polarity in the follicle cell layer, and also 
in the oocyte. Moreover, the generation of AP asymmetry requires signaling from the germ 
line to the soma and back again. 

T h e  AP  axis of the Drosophila embryo is 
defined during oogenesis by the localization 
of the maternal determinants bicoid and 
oskar mRNAs to opposite poles of the oo- 
cyte (1-4). When these transcripts first 
localize, the oocyte cytoskeleton shows 
clear A P  asymmetry: The microtubule-nu- 
cleating activity lies at the anterior of the 
cell, and the plus ends of the microtubules 
extend toward the posterior pole (5, 6). 
Because the transport and anchoring of bi- 
coid and oskar mRNAs is microtubule de- 
pendent (6, 7), A P  polarity within the oo- 
cyte is defined by the organization of the 
cytoskeleton. The  formation of this polar- 
ized microtubule array depends, at least in 
part, on  signals from the somatic follicle 
cells that surround the germline cyst (15 
nurse cells and the oocyte), because the 
removal of Notch or Delta function in the 
follicle cells generates two anterior poles 
within the oocyte (8). This result led to the 
proposal that A P  polarity originates in the 
follicle cells (9). Because the first visible 
asymmetry in egg chamber development is 
the movement of the oocyte to the posteri- 
or of the germline cyst (Fig. lA) ,  an  alter- 
native possibility is that A P  polarity arises 
with this movement. To  investigate wheth- 
er the placement of the oocyte at the pos- 
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terior plays a role in axis formation, we 
examined the consequences of changes in 
oocyte position on the determination of 
follicle cell fates and on the development of 
A P  polarity. To  do this, we took advantage 
of mutations at the spindle-C locus (spn- 
C)(10), a maternal effect gene that is re- 
quired for the correct positioning of the 
oocyte early in oogenesis. In -60% of spin- 
dle-C094 mutant egg chambers, the oocyte 
fails to move to the posterior and lies either 
at the anterior of the germline cyst or in the 
middle, with nurse cells on both sides (bi- 
polar) (Fig. 1B) (1 1). This phenotype has 
also been described for dicephalic mutants 
(12). 

In a wild-type egg chamber, follicle cell 
behavior shows several A P  asymmetries 
(1 3). During stage 9 of oogenesis (14), most 
of the follicle cells migrate posteriorly over 
the nurse cells to form a columnar layer that 
surrounds the oocyte (Fig. 2A). Shortly 
thereafter, 6 to 10 follicle cells at the ante- 
rior tip of the egg chamber (the border 
cells) migrate between the nurse cells to  
reach the anterior of the oocyte. Once the 
columnar follicle cells have ,covered the 
exterior of the oocyte, the most anterior of 
these cells migrate centripetally to separate 
the oocyte from the nurse cells (Fig. 2C). 
Both the border cells and the centripetal 
follicle cells express a gene called slow bor- 
der cells [slbo (15)] and eventually collabo- 
rate to produce the micropyle, an  anterior 
structure of the egg shell (Fig. 2E). In bipo- 
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lar egg chambers, the altered arrangement nipetal follicle cells migrate to cover both Although these observations suggest 
of the germline cells induces a duplication ends of the oocyte (Fig. 2D). Furthermore, that the oocyte must be at the posterior to 
of all these anterior follicle cell behaviors: the slbo-positive cells at the posterior form a induce posterior follicle cell fate, it is also 
The cells that cover both sets of nurse cells second micropyle (Fig. 2F) instead of the possible that spin&-C activity is required in 
migrate toward the middle to form a belt normal posterior aeropyle, which demon- the follicle cells for their proper determina- 
around the oocyte (Fig. ZB), whereas two strates that these follicle cells have adopted tion. To distinguish between these altema- 
sets of skxpress ing  border cells and cen- an anterior fate. tives, we have generated mosaic egg cham- 

bers in which the germline cells are mutant 

Fig. 1. F-actin staining (26) of wild-type and mu- 

C 
for spindk-C, but the follicle cells are wild 

tant egg chambers to visualize the shapes of the type (16). Germline clones have a strong 

cells and the distribution of the ring canals. A wild- bipolar phenotype identical to that seen 
type egg chamber contains a cyst of 16 germline when all cells of the egg chamber are mu- 
cells that are interconnected by F-actimich cyto- tant: The follicle cells migrate over both sets 
plasmic bridges called ring canals. The oocyte, of nurse cells to form a layer around the 
which possesses four ring canals, lies posterior to oocyte, and a group of anterior follicle cells 
the 15 polyploid nurse cells. These germline cells produces a micropyle at each pole of the 
are completely covered by a layer of somatic fol- oocyte (Fig. 2G, G' and G"). Thus, changes 
licle cells from early in oogenesis onward. During : in follicle cell fate are a consequence of the 
the course of oogenesis, the follicle cells d ~ d e  misplacement of the oocyte, not the result several times and most move backward to envel- 
op the oocyte as it grows [reviewed in (1311. (A) of loss of spindk-C gene activity in the 

Wild-type egg chamber showing the columnarfol- follicle cells themselves. These results indi- 
lick cells (fc), the ring canals, the nurse cells (nc), cate that the position of the oocyte at the 
and the oocyte (oc). (B) Bipolar egg chamber from posterior of the egg chamber is required for 
a spn-C094 female. The normal arrangement of the acquisition of posterior follicle cell fate. 
the 15 nurse cells and the oocyte is disrupted. The position of the oocyte not only de- 
Despite its abnormal, central position, a bipolar oocyte develops normally in several respects: it becomes termines the fate of the follicle cells, it also 
surrounded by the follicle cells; it stores yolk and accumulates molecules specifically transported to the directs their migration. ne columnar folli- 
oocyte such as bicoid, oskar, K-10, and gurken mRNAs and Staufen protein (Fig. 3) (3,4, 18,20,21); it cle migrate to surround the oocyte 
possesses four ring canals; and its nucleus forms a karyosome (14,25). Original magnification x200. wherever it lies in the egg chamber (Fig. 

2B) (17). Furthermore, the border cells 
reach the oocyte even when it occupies 
only a small area on one side of the egg 
chamber (Fig. 2H). Such border cells mi- 
grate between fewer nurse cells with altered 
topology in order to reach their destination. 

II These observations suggest that the oocyte 
produces specific signals that guide follicle 

D cell movement. 
'I v The AP axis of the oocyte is also strong- 

ly affected in bipolar egg chambers. In bi- 

Fig. 2 Behavior of somatic follicle cells in wild-type and bipolar 
egg chambers. (A and B) Surface view of a wild-type and a mutant 
egg chamber stained with the DNA dye Hoechst (27). The large 
nuclei correspond to polyploid nurse cells and the small ones to 
follicle cells. In a normal egg chamber, as shown in (A), the poste- 
riorly placed oocyte becomes surrounded by columnar follicle cells ' (13). In bipolar egg chambers, as shown in (B), the follicle cells over 
both sets of nurse cells migrate toward the center to fonn a belt 
around the oocyte. In (C to F and H) X-gal staining (27) shows slbo 
expression (15). (C) In wild-type egg chambers, the border cells 
undergo a migration from the tip of the egg chamber between the 
nurse cells to reach the anterior margin of the oocyte. The centrip- 

u etal follicle cells migrate between the nurse cells and the oocyte. 
@) In bipolar egg chambers, a second set of slbo-expressing 
border cells and centripetal follicle cells develop at the posterior. 
(E) Stage 13 wild-type egg chamber with the slbo-expressing cells 
around the developing anterior micropyle. (F) Bipdar egg chamber 
with slbo-expressing cells associated with a micropyle at each 
end. (0) Bipolar egg chamber from a germline done. The oocyte 
and the nurse cells are mutant for spn-C. There are two sets of 
anterior follicle cells that produce micropyles (magnified in G' and 
G') at either end of the oocyte. (H) Bipolar egg chamber with a 
small oocyte. The border cells still migrate toward the oocyte, even 
when it only occupies a small lateral portion of the egg chamber. 
The dashed line displays the oocyte limits. Arrows, border cells; 
arrowheads, centripetal follide cells; and open arrowheads, mi- 
cropyles. Original magnification, x200. 
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Fig. 3. Localization of bicoid, oskar, gurken, and K-10 mRNAs 
and kinesin+-galactosidase protein in wild-type and mutant 
spn-C egg chambers (28). (A) The bicoid mRNA is localii to the 
anterior margin of the oocyte in wild-type egg chambers (2.3). (B) 
In bipolar egg chambers, biiid mRNA accumulates at the two 
poles of the oocyte which abut the nurse cells, as does another 
anterioriy localized transcript, K-10 mRNA (20, 25). (C) Normal 
localization of oskar mRNA to the posterior of the oocyte (4). (D) In 
mutant egg chambers, oskar mRNA localizes to the center of the 
oocyte. (E) Posterior accumulation of the kinesin-B-galactosidase 
protein (6) in a wild-type stage 9 egg chamber. (F) Central local- 
ization of the kinesiwp-galactosidase protein in a bipolar egg 
chamber. The oocyte-nurse cell borders are outlined. (0) The 
gurken mRNA normally accumulates on the dorsal-anterior mar- 
gin of the oocyte nucleus (21). (H) In mutant egg chambers, 
gurken mRNA localization also depends on the position of the 
oocyte nucleus. Here, the nucleus is positioned adjacent to the 
posterior group of nurse cells. (I) Wild-type K-10 mRNA localiza- 
tion at the anterior pole of the oocyte (20). (4 A spn-C egg cham- 
ber with -30 nurse cells and two oocytes, presumably due to an 
extra division during cyst formation. In each oocyte, K-10 mRNA is 
localized to the margin that faces the nurse cells. Arrowheads, 
oocytes. Original magnification, x200. 

one would expect that the microtubule net- 
work is altered in these sbindle-C eee cham- - 
bers. To test thii, we used the plus end- 
directed motor kinesin attached to P-galac- 
tosidase as a marker for microtubule polarity 
(19). This chimeric protein accumu- 
lates at the plus ends of the microtubules at 
the posterior pole of a stage 9 wild-type 
oocyte (Fig. 3E) (6) and, like Staufen pro- 
tein and oskar mRNA, localizes to the cen- 

polar oocytes, bicoid mRNA accumulates at oskar mRNA localize to the center of the ter of a bipolar oocyte (Fig. 3F). Thus, the 
both ends of the oocyte, rather than just at oocyte, instead of to the posterior pole (Fig. altered arrangement of the nurse cells and 
the anterior as in the wild type (Fig. 3, A 3, C and D). Because the localization of oocyte causes a new mirror-symmetric orga- 
and B), whereas Staufen protein (18) and these products is microtubule dependent, nization of the microtubule cytoskeleton, 

which results in the transvort of anterior 

Fig. 4. A model for the origin of AP 
polarity in Drosophila. Three different A 6 
stages of cxgenesis are drawn (not 
to scale): before stage 7, stage 7-8, 
and stage 10a. (A) Wild type. The 
layer of follicle cells surrounding an 
early germline cyst contains a dis- 
tinct group of cells at each pole, 
which can be distinguished by their 
expression of various enhancer trap 
lines (13). We propose that these po- l 

lar follicle cells are initially uncommit- 
ted and are capable of adopting ei- 
ther an anterior or posterior fate. 
When the oocyte migrates to the 
posterior of the germline cyst, it II bca ~ R N A  Unccrnm~tted pol,~r 'oiicie ce I S  

comes into contact with the polarfol- osk mRNA I A n t e r ~ o r f o l ~ c c  ~ e l s  

lide cells at thii end of the egg cham- - ?d crorubdles Poslerior f c ~ ~ c e  c e ,  

ber and induces them to adopt a 
posterior fate. In the absence of this signal, the polar follicle cells at the opposite end of the egg chamber 
follow the default anterior pathway of development. During stage 7-8 (middle panel), the posterior follicle 
cells signal back to the oocyte to promote the disassembly of the microtubule-organizing centers at the 
posterior (5). Consequently, when the microtubule nucleating activity arises at the anterior end of the 
oocyte, it organizes a polarized microtubule network that extends to the posterior pole. This microtubule 
organization generates AP asymmetry by localizing bicoid and oskar mRNAs to opposite ends of the 
oocyte. (B) In bipolar egg chambers the misplacement of the oocyte prevents the induction of posterior 
follicle cell fate. As a consequence, both groups of polar follicle cells become anterior. The presence of 
two nurse cell-oocyte borders and the absence of posterior polar follicle cells leads to the formation of a 
symmetric microtubule cytoskeleton, resulting in the accumulation of bicoid mRNA at both sides of the 
cell and oskar mRNA in the center. 
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components to each end of the oocyte and 
posterior pole plasm constituents to the plus 
ends of the microtubules in the center. Be- 
cause both bicoid and oskar mRNAs local- 
ize normally in those follicles where the 
oocyte lies at the posterior, this mislocaliza- 
tion phenotype is a consequence of the 
misplacement of the oocyte and of the ab- 
sence of posterior follicle cells and is not 
the result of the loss of spin&-C activity in 
the oocyte itself. Thus, AP polarity within 
the oocvte itself is defined bv the ~osition of 
the m i t e  in the egg chamber. &is is also 
true for egg chambers that possess two oo- 
cytes on either side of a single set of nurse 
cells. In such chambers, anteriorly localized 
transcripts, such as K-10 mRNA (20), ac- 
cumulate in both oocytes at the margins 
that face the nurse cells (Fig. 3, I and J). 

During mid-oogenesis, the oocyte nucle- 
us moves to the future dorsal-anterior side 
of the cell in a microtubule-dependent pro- 
cess (5). In bipolar spindle-C or dicepMic 
egg chambers, the nucleus may lie at either 
end of the cell (12). Thus, the cellular 
machinery required for nucleus positioning 
can function at both ends of a bipolar oo- 
cyte, which supports the view that these 



cells possess two anterior margins. The dor- 
sal-ventral polarity of wild-type egg cham- 
bers is specified by the localization of 
gurken mRNA to the dorsal-anterior comer 
of the oocyte, adjacent to the nucleus (Fig. 
3G) (21). In bipolar oocytes, gurken 
mRNA still accumulates above the nucleus, 
regardless of which end of the cell it lies 
(Fig. 3H). The localization of gurken tran- 
scripts therefore seems to be directed by the 
uosition of the oocvte nucleus and is not 
hependent on the duplicated microtubule 
cytoskeleton that localizes bicoid and oskar 
mRNAs. 

O n  the basis of our observations, we 
propose that AP polarity in Drosophila orig- 
inates with the movement of the oocyte to 
the posterior of the germline cyst, a process 
that requires the products of the spindle-C, 
dicephalic, and armadillo (22) genes, and at 
least three other loci on the third chromo- 
some (23). This initial arrangement of the . , - 
germline cells then determines all subse- 
quent events in the establishment of ante- 
rior-posterior asymmetry in the egg cham- 
ber. To reconcile this model with the role of 
the follicle cells in the localization of ma- 
temal mRNAs in the oocyte, we suggest 
that the oocyte first induces posterior fate 
in the adjacent polar follicle cells, and that 
these follicle cells then signal back to the 
oocyte to reorganize the microtubule cy- 
toskeleton, thereby defining AP polarity 
(Fig. 4). When this signaling fails, either as 
a result of the misulacement of the oocvte 
or a lack of somatic components required 
for the acauisition of follicle cell fate (8). , , ,  

the oocyte develops two anterior ends. 
Thus, like dorsoventral axis formation (24). , , ,  

the generation of anterior-posterior polarity 
involves signaling from the germ line to the 
somatic follicle cells, and from the follicle 
cells back to the germ line. 
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An AIDS-Like Condition Induced in 
Baboons by HIV-2 

Susan W. Barnett, Krishna K. Murthy, Brian G. Herndier, 
Jay A. Levy* 

Six baboons (Papio cynocephalus) were intravenously inoculated with the human immu- 
nodeficiency virus-type 2 (HIV-2) strain HIV-2,,,. All seroconverted within 6 weeks after 
inoculation~five animals became persistently infected. Four developed lymphadenopathy, 
and.three of the animals had CD4+ T cell loss within 18 to 24 months after inoculation. 
One of these baboons, showing severe clinical symptoms, showed at necropsy wide- 
spread dissemination of virus with follicular depletion in the lymph nodes, extensive 
fibromatosis involving lymphoid and nonlymphoid tissues, and lymphocytic interstitial 
pneumonitis. Another animal is cachectic and exhibited lymphoid follicular lysis and 
fibrous skin lesions. Other baboons inoculated with a second strain, HIV-2,,,,, have 
shown evidence of persistent infection. HIV-2 infection of baboons provides a valuable 
animal model for studying HIV persistence and pathogenesis and for evaluating ap- 
proaches to antiviral therapies. 

Despite advances in our understanding 
of acquired immunodeficiency syndrome 
(AIDS) and its etiologic agents HIV-1 and 
HIV-2, there is no well-established animal 
model to study potential therapies and 
vaccines for HIV-induced diseases. Of the 
nonhuman primates, the chimpanzee (1 ) 
and the pig-tailed macaque Macaca nem- 

estrina ( 2 )  are the major species suscepti- 
ble to HIV-1 infection. Apart from some 
symptoms of acute infection observed in 
the macaque model, in neither of these 
systems have animals developed signs of 
disease. In the case of the chimpanzee, this 
fact, together with their endangered spe- 
cies status and cost (3), makes their clin- 
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ical use problematic.  oreo over, most evi- 
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