
critical difference between NMDA and non- 
NMDA channels, their deactivation kinet- 
ics. Rapid removal of glutamate led to a 
rapid termination of non-NMDA-mediated 
currents. The ensemble average of currents 
during this rapid termination can be well 
fitted to a single exponential. Aniracetam 
prolonged the deactivation kinetics from 2.9 
to 5.7 ms for the patch shown in Fig. 3D. 

Desensitization at the macroscopic current 
level can be due to a number of different 
mechanisms operating at the microscopic sin- 
gle-channel level. Lectins such as concanavalin 
A (Con A) and wheat germ agglutinin (WGA) 
alter non-NMDA desensitization in an irre- 
versible manner (14, 15). The leains and 
aniracetam differ somewhat in their actions 
on synaptic currents. Con A does not alter 
EPSC kinetics (14). WGA prolongs the EPSC 
kinetics but primarily ca& a s$$uficant in- 
creases in amplitudes of the EPSC (15). The 
reasons for these differences are not yet clear. 

These data have several implicauons for 
the understanding of non-NMDA gluta- 
mate channels and synaptic phenomena sub- 
served by them. First, these results and those 
reported earlier by Ito and co-workers (7) 
show that aniracetam can be used to selec- 
tively modulate fast excitatory synaptic cur- 
rents. Aniracetam can also be effectively used 
to slow the kinetics of non-NMDA channel 
so that they can be better resolved. Second, 
these results have significant implications for 
hypotheses regarding the mechanisms re- 
sponsible for the expression of long-term 
potentiation (LTP). The increase caused by 
-&racetam in the amplitude of synaptic re- 
sponses is reduced by almost 50% after 
induction of LTP (16), and the time point in 
the response at which the drug begins to act 
is delayed (1 7). Manipulations that enhance 
release do not cause effects of these kinds 
(16, 17). In light of aniracetam's actions on 
channel kinetiis, the most plausible explana- 
tion is that induction of LTP alters the 
properties of the postsynaptic receptors. 
Third, these data directly verify for the case 
of the glutamate-mediated EPSC a general- 
ized form of a hypothesis initially proposed 
by Magleby and Stevens (18). This hypoth- 
esis postulates that the time course of EPSCs 
is ditermined by the kinetics ofithe postsyn- 
aptic receptors in response to a very brief 
exposure of the neurotransmitter. In the case 
of the fast EPSC, however, the validity for 
the assumption that the neurotransmitter 
lifetime within the synaptic cleft is much 
shorter than the duration of the EPSC is 
unclear (11, 13). These data show that, 
independent of the possible kinetics of neu- 
rotransmitter clearice, the time course of 
the fast EPSC in the mammalian CNS is 
predominantly determined by the kinetics of 
the non-NMDA receptor-channel complex. 
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Laser Ablation Studies of the Role of the Drosophila 
Oocyte Nucleus in Pattern Formation 

Somatic and germline cells interact during oogenesis to  establish the pattern axes of the 
Drosuphila eggshell and embryo. The role of the oocyte nucleus in pattern formation 
was tested with the use of laser ablation. Ablation in stage 6 to  9 egg chambers caused 
partial or complete ventrahation of the eggshell, phenotypes similar to those of eggs 
produced bygurken or torpedo females. Accumulation of vasa protein at the posterior 
pole of treated oocytes was also disrupted. Thus the oocyte nucleus is required as late 
as stage 9 for dorsoventral patterning within the follicle cells and for polar plasm 
assembly in the oocyte. 

T HE m m  ANTERIOPOSTERIOR egg chamber contains approximately 1000 
and dorsoventral axes and the termi- somatically derived follicle cells surrounding 
nal patterns of the segmented body the 16 germline-derived cells of the oocyte- 

plan in Drosophila are established during nurse cell complex (2). Communication be; 
oogenesis (1). In the ovary, each developing tween the somatic and germline cells con- 

tributes to patterning the oocyte (3, and . . 
D. J. Montell, Carnegie Institution of Washington, also to org&ing &e eggshell layers pro- 
Baltimore, MD 21210. 
H. Keshishian. Biolom Deoamnent. Yale Universitv. duced the cells (4)3 

,? 

New Haven, h 065r0. ' although exactly where and when develop- 
A. C. Spradling, Howard Hughes Medical Institute and 
Camegie Institution of Washington, Baltimore, MD significant is trans- 
21210. ferred within egg chambers remains unknown. 
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Fig. 1. Effea of oocyte 
nucleus ablation on egg- 
shell polarity. Dark-field 
micrographs of egg 
chambers from wild- 
type (4, a top allele (4, 
twogrk alleles (C and D) 
of increasing severity, 
and egg chambers after 
ablation of the oocyte 
nucleus early in stage 9 
(E and F) or stage 7 (G). 
The dorsal chorionic res- 
piratory appendages 
(da) and operculum (op) 
are indicated on the 
wild-type egg. 

Signaling within the egg chamber during 
dorsoventral axis formation has been char- 
acterized genetically. Studies of the maternal 
effect mutants prken (grk) and torpedo (top) 
led to a model (5) in which a germline 
product is proposed to activate dorsally po- 
sitioned follicle cells. In the absence of the 
signal, all follicle cells assume a ventral 
ground state, resulting in eggs that lack 
dorsal eggshell structures, and that develop 
into ventralized embryos. grk activity was 
required in the germline for proper dorso- 
ventral patterning in the follicle cells; how- 
ever, these experiments did not reveal which 
of the 16 germline cells carried out this 
function. A source of the initial dorsalizing 
signal was suggested (5) to be the oocyte 
nucleus (germinal vesicle), which moves 
toward the presumptive dorsal surface of the 
oocyte and subsequently undergoes a period 
of increased transcriptional activity (6). 

We tested the postulated role of the ger- 
minal vesicle by destroying it with a laser at 
a time prior to dorsoventral axis formation, 
and observing the effects on subsequent 
development. Because the nurse cells pro- 
vide most of the cytoplasmic components of 
the Drosophila oocyte, ablation of the oocyte 
nucleus would not be expected to produce a 
general arrest of oocyte development. Rath- 
er, it should only disrupt processes that are 
initiated within, or at some time require the 

function of, the oocyte nucleus. In order to 
bypass the inability of young, isolated egg 
chambers to develop normally in vitro, egg 
chambers were injected into the abdomen of 
a host female for in vivo culture. Such 
transplanted egg chambers frequently devel- 
oped to maturity (7). When egg chambers of 
stages 6 to 9 were mounted in Schneider's 
medium and selected targets laser-ablated 
(8),  egg chambers still developed normally 
during in vivo culture to stage 14 (Table 1). 
Egg chambers older than stage 10A were 
&cult to treat with the laser because of 
their large size and increased yolk content. 
One limitation of this approach is that the 
transplanted egg chambers, developing in 
the abdomen of the host, could not be 
fertilized. Thus we could only assess the 
effects of laser treatment on oocyte develop- 
ment and egg structure, not subsequent 
embryonic development. 

When the oocyte nucleus was irradiated at 
stages 6 to 9, eggs usually developed with 
ventralized chorions (Fig. 1) and resembled 
eggs produced by top orgrk mothers. Dorsal 
appendage material was reduced or absent, 
and the operculum region was also missing. 
Most of the treated eggs were completely 
ventralized (n = 12), resembling those from 
a stronggrk allele. In two cases, after stage 9 
ablation, partial v e n ~ t i o n s  resembling 
weak and intermediate phenotypes of grk 

Table 1. Germinal vesicle ablation; n, number. 

Stage 13 or 14 
Abla- recovered* 

Structure tions at- 
ablated (n) tempted Nor- Ven- 

(n) malt tralized 
(a) (n) 

None 22 9 0 
Sham* 23 17 0 
Oocyte nucleus 

Expt. 19 27 4 2 
Expt. 2 60 0 5 
Expt. 3 20 5 7 

Border cells 
Expt. 1 41 4 0 
Expt. 2 50 10 0 

'Damage to the delicate egg chambers sometimes oc- 
curred during ex rimental manipulations. This 
damage was less G u e n t  for younger, smaller e g g T 2  
bers (stage 7 and younger). ?In some cases appar- 
ently normal e chambers were recovered even whenwe 
had attempteE ablate the q e  nucleus. Studies of 
oocyte nuclei marked with p-galactosidase (12) revealed 
that laser maanent fre uently, but not always, resulted 
in the &saprFe of &e oocyte nucleus. This variation 
may result om Merences in the amount of laser ener 
delivered to the gemunal vesicle depending on 
orientation of the mounted egg chambers and the size of 
the oocvte nucleus. *Laser oulses were directed at 
the c y t d P ~ m  in the vicinity of ;he oocyte nucleus. The 
site of irradiation was se arated from the oocyte nucleus 
by a distance equaf to the diameter of the 
nudeus. §Experiments are listed separately to illus- 
trate experimental variability. 

and top (5) were observed (Fig. 1). In one 
case, ablation of the oocyte nucleus at stage 
9 resulted in a completely ventralized 
chorion. The effect of oocyte nucleus abla- 
tion on dorsoventral patterning appeared to 
be highly specific, as all other visible aspects 
of oogenesis proceeded normally in germi- 
nal vesicle-ablated egg chambers. The 
oocyte grew to full size, the nurse cells 
transferred their contents to the oocyte on 
schedule, and the follicle cells migrated in 
the manner expected for a ventraked cham- 
ber. Eggs resulting from oocyte nucleus 
ablation did differ fromgrk eggs in that they 
were not elongated, nor did they have the 
anterior chorion duplication found at the 
posterior ends of 30% ofgrk eggs (3). The 
relation of these aspects of the grk pheno- 
type to dorsoventral patterning is not clear. 

Ventralized chorions were never seen af- 
ter ccsham" ablations in which the oocyte 

Table 2. Effea of germinal vesicle ablation on 
vasa localization. 

Vasa Abla- Stage 9 

Srmcnve tions or 10A 

ablated at- mov- 
yes No 

(n) (") ( 4  (n) 

Sham 23 14 14 0 
Oocyte nudeus 80 12 4 8 
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Fig. 2. Effect of oocyte nucleus 
ablation on posterior vaca localiza- 
tion. Nomarski miaographs of 
normal egg chambers (A and 6)  
and egg chambers derived from 
oocyte nucleus ablation experi- 
ments (C and D), smined to indi- 
cate dorsal follicle cdls (blue, p-ga- 
lactosidase activity) and vaca 
protein (brown). (A and C) are 
stage 9 egg chambers; (B and D) 
are stage 10. The solid armw indi- 
cates tLe oocyte nudeus. The open 
armws indicate localized vaca staining at the posterior pole. Note that the specific staining at the 
posterior poles of the oocytcs in (A) and (B) is missing in (C) and (D). The egg chambers were 
heterozygous for an enhancer trap insemon (PZ8109) that drives expression of p-galactosidase in 
posterior follicle cells at stage 9 and in dorsal follicle cells from stage 10 to 14. Abbreviations: o, oocyte; 
nc, nurse cells. Bar represents 60 )un. 

cytoplasm was irradiated, or after ablation of 
the border follicle cells (Table 1). The bor- 
der cells, a specialized group of six to ten 
follicle cells, are not expected to participate 
in dorsoventral pattern formation. We per- 
formed ablations at the earliest time these 
cells were clearly distinguishable (early in 
stage 9), and consistently recovered egg 
chambers with normal dorsoventral mor- 
phology even in the absence of some or all of 
the border cells (Table 1). 

Studies of the genes cappuccino (capu) and 
spire (spir) suggest that there might be a link 
between dorsoventral and anterioposterior 
patterning (1, 5). Mutant females produce 
dorsalized eggs with posterior defects: ab- 
normal abdominal segments, an absence of 
pole cells, and failure to localize the protein 
product of the gene vasa. Vasa encodes a 
germline-specific protein that is an essential 
component of the polar plasm and is 
thought to determine germline cells very 
early in development (9). We tested the 
effect of oocyte nudeus ablation at stage 6 to 
8 on posterior pattern formation by exam- 
ining vasa localization. After irradiation, egg 
chambers were implanted into host females, 
dissected at stage 9 or 1 0 4  and stained for 
vasa with the use of an &ty-purified 
antiserum (Fig. 2 and Table 2). Laser treat- 
ment did not affect vasa staining in the nurse 
cells or transfer of cytoplasmic components 
to the oocyte. However, the accumulation 
of vasa at the posterior pole of the oocyte 
was frequently reduced or missing. Laser 
irradiation of the oocyte cytoplasm did not 
affect posterior vasa accumulation. 

These experiments support the proposal 
that the oocyte nucleus is the source of a 
dorsalizing signal to follicle cells. The signal 
might be the product of a gene expressed in 
the germinal vesicle, which, if only able to 
d&se over a limited distance, would activate 
receptors on dorsal but not ventral follicle 
cells. Germline-dependent genes such as 
gurken and comichon (10) may encode such a 
signal. Alternatively, the oocyte nucleus 

might be required to assemble or activate a 
signal originating in the nurse cells. For ex- 
ample, the oocyte nudeus might organize a 
transport system used to move signal mole- 
cules in a polar fashion. Neither model im- 
plies that the oocyte nudeus is a primary 
determinant of dorsoventral polarity; polarity 
may already exist within the oocyte when the 
germinal vesicle migrates dorsally. 

Our experiments indicate that some and 
possibly all dorsalizing information is trans- 
mitted during or &er stage 9, after the 
oocyte nucleus rinigrates to the dorsal sur- 
face, possibly during its period of transcrip- 
tional activity. Had signaling been complet- 
ed earlier, ablation of the oocyte nucleus in 
stage 9 egg chambers would not have pro- 
duced completely ventralized eggshells. The 
two partial ventrht ions following stage 9 
ablations probably resulted from incomplete 
inactivation of the larger stage 9 oocyte 
nucleus by the laser. 

The genninal vesicle also appears to be 
required for the normal assembly of poste- 
rior pole plasm, as indicated by the accumu- 
lation of vasa protein at the posterior pole of 
the oocyte. The oocyte nucleus may be 
required for transcription of posterior group 
genes, such as oskar andstaufi, as mutations 
in these genes prevent vasa protein accumu- 
lation at the posterior pole (1 1). Alternative- 
ly, the nucleus may be part of a qtoskeletal 
network that is required for transport of 
determinants within the oocyte. 

The effects of germinal vesicle ablation 
might derive from reductions in both tran- 
scription and transport. If capu and spir 
protein products localize both a dorsalizing 
signal originating in the oocyte nucleus as 
well as vasa protein produced by the nurse 
cells, failure to localize the nucleus-derived 
determinant specifically to the dorsal side 
could result in dorsalization similar to that 
seen in capu and spir mutants. Absence of 
the oocyte nudeus, and thus of the determi- 
nant, would cause ventralization of the egg, 
like that seen in double mutants ofcapu or spir 

in combination with grk. Further insights 
into the nature of the protein products en- 
coded by the posterior group genes and their 
expression patterns as well as molecular anal- 
ysis of the capu and spir loci should aid in 
distinguishing these possibilities. 

Laser ablation can supplement genetic 
mosaic analysis in determining the functions 
of specific egg chamber cells and the timing 
of developmental events. Although this ap- 
proach is limited by the inability to assess 
subsequent embryonic development, laser 
ablation can contribute to our understand- 
ing of the organization and development of 
the unfertilized egg. 
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Suppression of Tumorigenicity in Wilms Tumor by 
the p15.5-p14 Region of Chromosome 11 

Wilms tumor has been associated with genornic alterations at both the l l p13  and 
l l p 1 5  regions. To Merentiate between the involvement of these two loci, a chromo- 
some 11 was constructed that had one or the other region deleted, and this 
chromosome was introduced into the tumorigenic Wilms tumor cell line G401. When 
assayed for tumor-forming activity in nude mice, the llpl3-deleted, but not the 
llp15.5-p14.1-deleted chromosomg retained its ability to  suppress tumor formation. 
These results provide in vivo functional evidence for the existence of a second genetic 
locus (WT2) involved in suppressing the tumorigenic phenotype of Wilms tumor. 

w ILMS TUMOR, A PEDIATRIC NEPH- 

roblastoma, originates from em- 
bryonal kidney stem cells and 

presents itself in either a classical form or a 
differentiated form (1). The classical form 
comprises embryonic blastema cells, where- 
as the differentiated form may contain a 
variety of cell types, including striated mus- 
cle, squamous epithelial, and cartilaginous 
cells. Wilms tumor occurs in either a familial 
or sporadic form; >95% of all W i s  tu- 
mors are of the sporadic form (2). Cytoge- 
netic analysis of Wilms tumors from patients 
with the familial WAGR syndrome (Wilms 
tumor, aniridia, genital urinary abnormali- 
ties, and mental retardation) shows intersti- 
tial deletions of chromosome 11 that include 
1 lp13 (3). Restriction fragment length 
polymorphism (RFLP) analysis revealed a 
loss of heterozygosity (LOH) o[ surround- 
ing DNA markers in the l lp13 region from 
some sporadic Wilms tumors (4). Thus, the 
region may en~ode a tumor suppressor gene, 
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the inactivation of which is required for 
progression to the malignant state. A candi- 
date l lp13 Wilms tumor suppressor gene 
cDNA, named WT1, was isolated and is 
specifically expressed during normal kidney 
development (5, 6 ) .  However, RFLP anal- 
yses of sporadic Wilms tumors have also 
indicated a LOH of DNA markers in the 
llp15 region, named WT2 (7), in the ab- 
sence of any detectable alteration in the 
l lp13 region, suggesting the involvement 
of a second genetic locus in the etiology of 
Wilms tumor (8). In addition, two reports 
have excluded the involvement of both the 
1 lp13 region and the 1 lp15 region in some 
familial Wilms tumors (9), suggesting the 
involvement of a third genetic locus. 

We have investigated the regions of chro- 
mosome 11 that may contribute to suppres- 
sion of the tumorigenic phenotype in the 
G401 Wilms tumor cell line. Copies of 
chromosome 11, with appropriate dele- 
tions, were transferred into G401 cells by 
the microcell-mediated chromosome trans- 
fer (MMCT) technique (10). The G401 cell 
line, isolated directly from an explant of a 
Wilms tumor from a 3-month-old male 
(1 I), is undifferentiated in culture, which is 
consistent with the establishment of other 
Wilms tumor cell lines (12). It is pseudodip- 
loid with a single marker 12 chromosome 
and contains no cytogenetically detectable 
deletion or alteration of either chromosome 

1 1 homolog. G40 1 is immortal in vitro and 
forms tumors when injected subcutaneously 
into nude mice. When a balanced X;11 
translocated human chromosome [der(ll)t- 
(X; 11) (q26;q23)] that contains >90% of 
chromosome 11 is introduced into 
G401.6TG.6 (HPRT-clone of G401) cells 
by MMCT, the tumorigenic potential of 
G401 cells is suppressed, whereas the intro- 
duction of "irrelevant" X and X;13 
[der(l3)t(X;13)(p22;q12)] ch,romosomes 
does not affect tumorigenesis (13). To fur- 
ther define the region that contains the 
tumor suppressor information for the G401 
Wilms tumor cell line, we transferred a 
naturally occurring balanced X; 1 l p  translo- 
cated chromosome [der(l l)t(X;llp)- 
(q21;q13)] from the human fibroblast cell 
line GM3322 into mouse A9 cells by 
MMCT, which produced monochromo- 
some hybrid MCH 701.8. The X; 1 l p  chro- 
mosome was then transferred from MCH 
701.8 into G401.6TG.6 cells. The human 
X; 1 l p  chromosome has been characterized 
cytogenetically and with 17 DNA markers 
that span the l l p  chromosomal arm (14) 
(Fig. 1). The introduction of the X;llp 
chromosome into G401.6TG.6 resulted in 
the isolation of two microcell hybrids, MCH 
706.1 and MCH 706.2, that contained 47 
chromosomes and that were nontumori- 
genic when inoculated subcutaneously into 
athymic nude mice (Table 1). The sponta- 
neous segregants of the X; 1 l p  chromosome 
from the nontumorigenic microcell hybrids 
were selected with the addition of 
6-thioguanine to the medium. A segregant 
thus isolated, MCH 706.2.6TG, contained 
46 chromosomes and reexpressed the malig- 
nant phenotype (Table 1). This constitutes 
further evidence of the specific correlation of 
suppression of tumorigenicity with the pres- 
ence of normal genetic information on chro- 
mosome 11. These results define the region 
responsible for suppressing the tumorigenic 
phenotype of the G401 Wilms tumor to 
llpter-q13 with an in vivo functional assay. 

The introduction of the X;llp chromo- 
some into G401.6TG.6 further localized the 
tumor suppressor gene but did not differen- 
tiate between the 1 lp13 and 1 lp15 regions 
or investigate cooperativity between the two 
loci. We therefore devised a procedure to 
enrich for deletion or rearrangement of a 
specific chromosomal arm (14). Two useful 
radiation-reduced microcell hybrids 
(XMCH 708.24 and XMCH 708.20) were 
generated by this method from MCH 70 1.8 
(Fig. 1). The deleted X;llp chromosome 
present in XMCH 708.24 contained a sirn- 
ple interstitial deletion encompassing the 
p15.5::p14.1 region and ret4ned an intact 
l lp13 region. The deleted x;llp chromo- 
some present in XMCH 708.20 contained a 
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