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Control of Topographic Retinal Axon Branching
by Inhibitory Membrane-Bound Molecules

Adina L. Roskies and Dennis D. M. O’Leary*

Retinotopic map development in nonmammalian vertebrates appears to be controlled by
molecules that guide or restrict retinal axons to correct locations in their targets. However,
the retinotopic map in the superior colliculus (SC) of the rat is developed instead by a
topographic bias in collateral branching and arborization. Temporal retinal axons extending
across alternating membranes from the topographically correct rostral SC or the incorrect
caudal SC of embryonic rats preferentially branch on rostral membranes. Branching
preference is due to an inhibitory phosphatidylinositol-linked molecule in the caudal SC.
Thus, position-encoding membrane-bound molecules may establish retinotopic maps in
mammals by regulating axon branching, not by directing axon growth.

Most axonal connections in the central
nervous system are organized in a precise
topographic manner. The projection of ret-
inal ganglion cell axons to the optic tectum
in nonmammalian vertebrates, or to the
homologous SC in mammals, is widely used
to investigate mechanisms that control the
development of topographic connections.
In a mature projection, the temporal-nasal
axis of the retina maps along the rostral-
caudal axis of the target. In vivo and in
vitro studies support the hypothesis that a
position-dependent expression of molecules
in the retina and its target, in either graded
or restricted distributions, governs the to-
pographic targeting of retinal axons (1). For
example, in vivo studies in developing
frogs, fish,.and chicks have shown that
retinal ,axons are guided or restricted to
their topographically appropriate part of the
tectum (2). Compelling in vitro evidence
for the action of position-encoding mole-
cules comes from the membrane stripe as-
say, in which temporal retinal axons ex-
tending on alternating lanes of membrane
from the rostral and caudal tectum prefer to
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grow on rostral lanes (3-5). This growth
preference is due to a repulsive phosphati-
dylinositol (PI)-anchored molecule prefer-
entially associated with the caudal tectum,
which is thought to act in vivo by restrict-
ing growing temporal retinal axons to their
topographically appropriate positions (4,
6-8).

Different mechanisms are emphasized in
the development of the rat retinocollicular
projection (9, 10). At embryonic ages,
temporal and nasal retinal axons show no
distinction in their topographic targeting
across the rostral-caudal SC axis (9). How-
ever, when tested in the membrane stripe
assay at these ages, temporal retinal axons
show the same strong preference for rostral
membrane lanes that chick and fish axons
do (9). Taken together, these findings in-
dicate that position-dependent information
is present in the embryonic SC, but this
information does not guide or restrict the
growth of retinal axons in vivo. The first
observed indication of topographic specific-
ity in the retinocollicular projection is a
bias in the distribution of side branches
extending from retinal axons that have
already grown past their correct topograph-
ic locations—temporal axons preferentially
branch in the rostral SC and nasal axons in
the caudal SC (9). A likely role, then, for
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position-encoding molecules in retinocolli-
cular development is in the control of
preferential branching and arborization.

We used a modification of the mem-
brane stripe assay to test whether molecules
expressed in a position-dependent fashion
in the SC govern the topographic branch-
ing and arborization of retinal axons. Ex-
plants of temporal or nasal retina were
cultured on narrow alternating lanes of
membranes prepared from the rostral or
caudal SC of rats at embryonic day 18 (11).
Instead of orienting explants so that axons
grew parallel to the lanes, as in the typical
stripe assay in which axonal growth prefer-
ence is assessed, we oriented the explants so
that axons grew perpendicular to the lanes,
repeatedly contacting both rostral and cau-
dal SC membrane lanes (Fig. 1). Axonal
branching was assessed after 48 to 72 hours
in culture.

When visualized with anterograde ax-
onal tracing with Dil (1,1'-dioctadecyl-
3,3,3',3’-tetramethylindocarbocyanine per-
chlorate) (Fig. 1A) (12) or by staining with
a vital dye (Fig. 1C) (13), it was apparent
that both temporal and nasal axons extend-
ed branches on the membrane carpets (14,
15). Temporal axons appeared to branch
more on the topographically appropriate
rostral lanes than on the topographically
inappropriate caudal lanes in 61 of 63 cases
(16). This preference was observed whether
the rostral SC membranes were laid down
first or second. Visual inspection of 20 cases
of nasal explant growth detected no consis-
tent branching preference (17, 18).

To verify these qualitative impressions of
branching preference, we used two methods
of quantification: “anterograde” and “retro-
grade” (Fig. 2A). Anterograde quantifica-
tion allowed us to acquire data from the full
field of neuronal outgrowth. For this meth-
od, the entire axonal plexus was labeled by
Dil injections into the explant (12) or by
vital dye staining (13). Retrograde quantifi-
cation allowed us to identify branches unam-
biguously. For this method, cultures were
fixed and a small deposit of Dil was placed

distal to the explant (Fig. 1, D through F)

(19). Both quantification methods demon-
strated that temporal axons consistently
branched more on rostral lanes than on
caudal lanes (Fig. 2B). In contrast, nasal
axons showed no consistent branching pref-
erence for either set of lanes (Fig. 2B).
These findings demonstrate that the in
vitro specificity of temporal axon branching
is governed by membrane-bound molecules

that are differentially distributed in the SC.

To determine whether a Pl-linked molecule
controls this topographic bias in branching,
as it does the growth preference of temporal
axons for rostral tectal membranes in chicks
(4, 7), we treated different combinations of
the SC membrane suspensions with a PI-

specific phospholipase C (PI-PLC), an en-
zyme that selectively cleaves the PI linkage
(20). As a control, we first established that
a repulsive PI-linked molecule associated
with caudal SC membranes was responsible
for the growth preference of temporal reti-
nal axons for rostral SC membranes in rats.
This growth preference was abolished when
caudal SC membranes were treated with
PI-PLC (n = 15) (Fig. 3, A and B) and
when both rostral and caudal SC mem-
branes were treated (n = 1). When caudal
SC membranes were treated with PI-PLC in
the branching assay, we found that tempo-
ral axons branched well on both rostral and
treated caudal lanes (n = 30) (Fig. 3C).
Quantification of branching showed that
the branching preference was abolished by
PI-PLC treatment of caudal SC membranes
(Fig. 4). Treatment of both rostral and
caudal SC membranes also abolished the
branching preference of temporal axons (n
= 1), whereas treatment of only rostral SC
membranes did not (n = 2). These findings
indicate that the branching specificity of
temporal axons is due to the inhibitory
activity of a Pl-linked molecule that is

Flg. 1. Temporal retinal
axons prefer to branch
on rostral SC mem-
branes. All photos are
double exposures to
show caudal SC mem-
brane lanes marked by
latex microspheres (in
all figures, rostral lanes
are indicated by R,
caudal lanes by C). Ex-
plants are to the left, out
of view. (A) Temporal
neurites on an alternat-
ing carpet of rostral and
caudal SC membrane
lanes; caudal SC mem-
branes were laid down
first and rostral SC
membranes  second.
Axons were antero-
gradely labeled by Dil
injected into the retinal
explant after fixation
(12). As is typical, tem-
poral axons show mini-
mal branching on cau-
dal lanes and substan-
tial branching on rostral
lanes. Two examples of

associated with caudal SC membranes.

In some instances, we observed complex
“arborlike” structures on the membrane
carpets. In the normal branching assay, all
such arbors formed by temporal axons were
restricted to the rostral lanes (n = 29)
(Figs. 1B and 3D). When observed on
carpets in which caudal lanes had been
pretreated with PI-PLC, the arborlike struc-
tures formed by temporal axons often
bridged lane boundaries (in two out of three
cases) (Fig. 3E). Thus, an inhibitory PI-
linked molecule associated with caudal SC
membranes appears to restrict the arborlike
structures formed by temporal axons to
rostral lanes.

Qur in vitro findings indicate that a
membrane-associated molecule controls the
branching specificity of temporal retinal
axons, that this molecule is preferentially
distributed in the caudal SC, that it is
Pl-linked to the cell membrane, and that it
acts by means of inhibition. By analogy to
in vivo observations (9), we suspect that
the branches observed in vitro form inter-
stitially along the axon, but we cannot
exclude the possibility that branches also

profuse branching on rostral lanes are marked with arrows. (B) Higher power view of profuse
branching on rostral lanes denoted by an arrow in (A). (C and D) Temporal axons growing on
carpets in which rostral SC membranes were laid down first. In (C), neurites are labeled with a vital
dye (73); (D) shows the same field as (C), in which a proportion of the axons visualized with the vital
dye in (C) were retrogradely labeled with a deposit of Dil (large white mass) made distally along the
axonal outgrowth (79). With both labeling methods, the preference for temporal axons to branch on
rostral lanes is evident. (E and F) Isolated temporal axons on carpets with rostral SC membranes
laid down first (E) or second (F). In each example, axons were retrogradely labeled with small Dil
deposits at the right edge of the photos. In both cases, branches were found only on rostral lanes;
some branch points are marked by arrowheads. Scale bar in (A): 50 um in (A), (C), and (D); 25 pm

in (B). Scale bar in (F): 100 um in (E) and (F).
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tion or stabilization: The initiation of
branching could be curtailed along the seg-
ment of axon that is in contact with the

form by growth cone bifurcation. Branch
specificity could be generated by the inhib-
itory activity affecting either branch initia-

Fig. 2. Quantification of branch- A
ing preferences. (A) Quantifica-
tion scheme. Two methods of
branch quantification, “antero-
grade” and ‘retrograde,” were
used. Counts of axonal branches
were binned for each set of mem-
brane lanes and were normalized
for differences in relative lane
width. Retinal explants are indi-
cated by the black ovals. Circles
mark intersections between la-
beled processes that met criteria
to be scored as branches (de-
scribed below). (Top) Antero-
grade labeling. Neurites >5 pmin
length and extending at approxi-
mately right angles from other
neurites were scored as branch-
es. Instances in which neurites
intersect and both processes
clearly extend beyond the intersection were excluded from counts. These criteria minimized the
misidentification of defasciculating or crossing axons as branches; nonetheless, anterograde
labeling of axons does not unambiguously distinguish branches from splitting fascicles. (Bottom)
Retrograde labeling. To identify branches unambiguously, we used retrograde labeling. Labeled
processes >5 um in length and proximal to a Dil deposit (black cloud) but not contacting the
deposit, which extend from Dil-labeled axons that do contact the Dil deposit, were scored as
branches. The dashed axon is one that would be anterogradely labeled but not retrogradely
labeled. (B) Histograms of branching data. (Top) Data from perpendicular stripe assays showing
the percentage of branches from temporal and nasal axons on rostral and caudal lanes with the use
of anterograde (antero) and retrograde (retro) quantification; 85.4% of branches formed by
temporal axons were found on rostral lanes; nasal axons showed no consistent preference.
(Bottom) The same data expressed as a branching coefficient: bc = [(number of branches on
rostral lanes) — (number of branches on caudal lanes)]/(total branches). A branching coefficient of
1 represents a complete preference for rostral lanes, and a coefficient of 0 represents no
preference. For temporal neurite preference for rostral lanes P << 0.0005; for nasal neurites
showing the same preference as temporal neurites P < 0.0005 (retro) and P < 0.0025 (antero).
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Fig. 3. Branching specificity of
temporal axons was eliminated by
treatment of caudal SC mem-
branes with PI-PLC. (A and B)
Temporal neurites grown parallel
to alternating lanes of rostral and
caudal SC membranes; explants
are off the bottom of the photos. In
(A), temporal axons show a
strong preference for rostral
lanes; axons were anterogradely
labeled with Dil (72). In (B), the
growth preference of temporal ax-
ons for rostral lanes was abol-
ished by treatment of caudal SC
membranes with PI-PLC; axons
were stained with a vital dye (73).
(C) Temporal axons growing per-
pendicular to SC membrane
lanes on a carpet in which caudal
lanes were pretreated with PI-
PLC; temporal axons branch well
on caudal lanes and show no
preference for branching on ros-
tral lanes. Explant is out of view to
the left. (D) An example of an arborlike structure restricted to a rostral lane. (E) An arborlike structure
on a carpet in which caudal SC membranes were treated with PI-PLC. The arbor extends across a
set of rostral and caudal lanes. In (C) through (E), axons were anterogradely labeled with Dil (12).
Scale bar in (B): 50 pm in {A), (B), and (C); 40 pm in (D); and 35 pm in (E).
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inhibitory molecule; alternatively, branch
initiation may not be affected, but the
inhibitory molecule may promote the with-
drawal of branches that form along the
segment of axon that is in contact with it.
Cox et al. (21) have shown that chick
caudal tectal membranes applied to retinal
axon growth cones in vitro cause the selec-
tive collapse of temporal axon growth cones
[also see (22)]. The related activity that we
have identified in the rat caudal SC could
act on temporal retinal axons through a
similar mechanism, either early in the pro-
cess of branch formation, to prevent branch
initiation, or later, after branches form, to
prevent branch stabilization (23).

In contrast, a trophic mechanism for
establishing topographic specificity in the
retinotectal system has been suggested by
von Boxberg et al. (24), who demonstrated
that the survival of chick nasal retinal
axons in long-term cultures is promoted by
the binding of protein-enriched reconstitut-
ed vesicles from the caudal tectum. It is
possible that the trophic effect of the tectal
vesicles is a local one, able to promote
retention of correctly positioned branches
without stabilizing incorrectly positioned
branches formed by the same parent axon.
Thus, two distinct mechanisms, one based
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Fig. 4. Quantification of temporal axon branch-
ing on normal membrane carpets and on car-
pets with PI-PLC~treated caudal SC mem-
branes. (Top) The percentage of branches ob-
served on rostral and caudal membrane lanes in
normal (as in Fig. 2) and caudal PI-PLC~treated
cases. The strong branching preference normal-
ly seen is abolished when the caudal SC mem-
branes are treated with PI-PLC. Both antero-
grade and retrograde quantification yield similar
results. For all measures, P << 0.0005. (Bot-
tom) The same data presented as branching
coefficients. A branching coefficient of 1 repre-
sents a complete preference for rostral lanes; 0
indicates no preference for either set of lanes.
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on inhibition or repulsion and one based
on trophism, which act on separate popu-
lations of retinal axons, may complement
each other in establishing topographic
specificity. ‘

In vitro studies in fish (5), frogs (25),
chicks (3, 4, 6), and rodents (9, 26) indi-
cate that a molecule present on the surfaces
of cells in the caudal tectum and the caudal
SC, which inhibits or repulses the growth
of temporal retinal axons, is conserved
across vertebrate species. It has been hy-
pothesized that this molecule governs reti-
nal axon targeting. In rats, the preferential
branching of retinal axons at topographical-
ly appropriate locations in the SC, rather
than directed retinal axon growth, appears
to be a crucial event in the establishment of
retinotopic connections (9). Our findings
show that this inhibitory molecule controls
topographic branching specificity in vitro
and therefore suggest that this molecule
may act in the same manner in vivo to
regulate the topographic specificity of reti-
nal axon branching that is evident in the
developing SC. The topographic bias in the
distribution of collateral branches could
then serve as the framework for subsequent
molecular and activity-dependent mecha-
nisms that control axon pruning and syn-
aptic stabilization (27). This means of es-
tablishing topographically ordered synaptic
connections shifts the emphasis from axon
guidance and growth cone behavior to
events that occur along the axon shaft,
which result in the development of collat-
eral branches. Thus, a cascade of events,
beginning with selective axon branching,
appears to drive the refinement of an ini-
tially coarse map into one with the topo-
graphic precision required for the process-
ing of sensory information in the central
nervous system.
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mide) (Sigma) into the fixed explant with a pi-
cospritzer (General Valve, Fairfield, NJ) [P. Gode-
ment, H. Vanselow, S. Thanos, F. Bonhoeffer,
Development 101, 697 (1987); M. G. Honig and R.
I. Hume, Trends Neurosci. 12, 333 (1989)]. Car-
pets were kept in the dark for 12 to 24 hours,
which allowed the dye to diffuse down the axons,
and then were analyzed and photographed under
rhodamine illumination.

13. The vital dye fluorescein succinamyldiester ace-
tate (FSA) (Molecular Probes) labels all living cells
and their processes. For visualizing axonal out-
growth with the vital dye, the culture medium was
replaced with a 1:3000 dilution of FSA in phos-
phate buffer. After 5 min, this solution was washed
out with a solution of 5 mM p-phenylenediamine in
phosphate buffer before fixation in 4% buffered
paraformaldehyde [M. Bronner-Fraser, J. Cell
Biol. 101, 610 (1985); R. Tuttle and W. Matthew, J.
Neurosci. Methods 39, 193 (1991)].
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14. Cultures that did not meet several criteria were not
further analyzed. These criteria were that the mem-
brane lanes were clearly defined, axons were not
heavily fasciculated, and at least three axons had
to have grown across three or more lanes (>270
wm). From the pool of cases that met these criteria,
a subset was randomly selected for quantification
of branching preferences.

15. Explants were also cultured on homogeneous
carpets of rostral or caudal SC membranes. Tem-
poral axons branched extensively on homoge-
neous rostral carpets (n = 17; good growth and
branching in 14 cases). However, temporal axons
grew poorly on homogeneous carpets of caudal
SC membranes (n = 15): In 4 cases, a few axons
extended but were highly fasciculated; in 11
cases, temporal explants failed to extend any
axons. Nasal explants grew and branched well on
homogeneous carpets of both rostral (n = 3) and
caudal SC membranes (n = 6). When temporal
explants were grown on homogeneous carpets of
caudal SC membranes treated with PI-PLC, they
grew well and branched as they did on rostral
carpets (n = 2) and were indistinguishable from
nasal explants on sirhilarly prepared carpets (n =
2). These findings indicate that the contrast be-
tween SC membrane types that was provided in
the stripe assay is not required for branching. The
poor outgrowth of temporal axons on homoge-
neous carpets of caudal SC membranes as com-
pared to that on rostral SC membranes is similar
to findings in fish (5) but differs with results seen
in chicks, in which temporal axons grow equally
well on homogeneous carpets of rostral and cau-
dal tectal membranes (3).

16. Of the two temporal cases not showing a prefer-
ence for rostral lanes, a branching preference
could not be distinguished in one case, and in the
other case temporal axons appeared to prefer
caudal lanes.

17. The first set of lanes laid down was usually wider
than the second. For this reason, our data were
normalized for lane width. Regardless of which
set of membrane lanes was laid down first, tem-
poral axons preferred to branch on rostral lanes.
A second-lane artifact was apparent in assays of
nasal axon branching. Of 20 cases of nasal axon
branching examined, 11 cases showed no dis-
cernible branching preference. In the remaining 9
cases, 4 showed a preference for branching on
rostral lanes, and 5 showed a preference for
caudal lanes; in all of these cases, the preference
was for the second set of lanes laid down. A
similar artifact affecting nasal axon preference
has been reported in studies examining axonal
growth preferences by use of the parallel stripe
assay (5, 9, 26).

18. The absence of a consistent branching prefer-
ence of nasal axons is in agreement with results
from chicks (3), fish (5), mice (26), and rats (9)
that indicate that nasal axons show no consistent
axonal growth preference when given the choice
between rostral and caudal tectal-SC membrane
lanes in the parallel stripe assay.

19. For retrograde labeling, cultures were fixed with
buffered 4% paraformaldehyde, and small depos-
its of Dil (72) were injected onto the surface of the
membrane carpet away from the explant by
means of a picospritzer. Dil is hydrophobic, and
the injections formed discrete deposits on the
carpets. Only axons in contact with the Dil depos-
it, as well as the branches of these axons, were
labeled; injections not placed in contact with
axons resulted in no axonal labeling. Therefore,
labeled processes that did not contact the Dil
deposit, but extended from a Dil-labeled axon
that did, could be unambiguously identified as a
collateral branch. Carpets were photographed 12
to 24 hours after Dil application.

20. The assays were done as before, except that
before lane application, the treated membrane
suspension was incubated for 1 hour at 37°C in a
10 mM tris-Cl solution (pH 7.4) with protease
inhibitors, 10 to 20 wU of PI-PLC per milliliter (from
Bacillus cereus; Boehringer Mannheim, Mann-
heim, Germany), and 1 mM 1,10-phenanthroline
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(Sigma) (7). Enzyme treatment was stopped by
the addition of an equal volume of 2 M KCl in 10
mM tris-Cl. Control membranes were processed in
the same way but without the addition of PI-PLC.

21. E. Cox, B. Muller, F. Bonhoeffer, Neuron 2, 31
(1990).
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C. Bandtlow, T. Zachleder, M. E. Schwab, ibid.
10, 3837 (1990); J. A. Davies, G. M. Cook, C. D.
Stern, R. J. Keynes, Neuron 4, 11 (1990); Y. Luo,
D. Raible, J. A. Raper, Cell 75, 217 (1993)].
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sized by Schwab and colleagues to operate in the
mature nervous system. They have reported that
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drocytes, which express the inhibitory protein
NI-35/250, results in the sprouting of retinal axons
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appropriate connectivity.
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Induction of Mesoderm in Xenopus laevis Embryos
by Translation Initiation Factor 4E

Peter S. Klein and Douglas A. Melton*

The microinjection of messenger RNA encoding the eukaryotic translation initiation factor
4E (elF-4E) into early embryos of Xenopus laevis leads to the induction of mesoderm in
ectodermal explants. This induction occurs without a stimulation of overall protein synthesis
and is blocked by the co-expression of a dominant negative mutant of the proto-oncogene
ras or a truncated activin type Il receptor. Although other translation factors have been
studied in vertebrate and invertebrate embryos, none have been shown to play a direct role
in development. The results here suggest a mechanism for relaying and amplifying signals

for mesoderm induction.

Unfertilized eggs contain a large store of
maternal mRNAs, many of which are only
translated after fertilization (1). A number
of mechanisms have been described in ver-
tebrates and invertebrates that regulate the
translation of these mRNAs (2-6). For
example, primary (such as polyadenylation)
structure and secondary structure of
mRNA, as well as RNA binding proteins,
can affect the efficiency of translation (4-
6). During early embryogenesis, the pattern
of regulated mRNAs changes, so that dif-
ferent mRNAs may be recruited to the
ribosome at different times in development,
as in Xenopus laevis embryos (1, 7). Several
examples of the translational control of
specific mRNAs involved in early develop-
mental processes have been described re-
cently in Drosophila and Caenorhabditis ele-
gans (8), but translational regulation has
not been shown to play a direct role in the
development of vertebrate embryos.

An early step in embryogenesis is the
formation of the primordial germ layers,
ectoderm, mesoderm, and endoderm. In
Xenopus laevis, mesoderm is believed to
arise by an inductive signal from vegetal
cells of the blastula acting on adjacent cells
in the animal hemisphere (9). Members of
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the transforming growth factor (TGF)-
and fibroblast growth factor (FGF) families
mimic the endogenous signal when animal
pole explants (prospective ectoderm) are
cultured in -a solution of the respective
factor [reviewed in (10)]. Activin, FGF,
and their receptors are expressed in the
embryo, and dominant negative mutants
for both receptors either abolish or marked-
ly disrupt the formation of mesoderm in
embryos (11).

We are interested in whether meso-
derm induction in Xenopus involves the
translational ~ regulation of specific
mRNAs. Several translation factors have
been studied in oocytes and embryos of
Xenopus, sea urchins, starfish, and brine
shrimp, and over-expression can lead to a
modest increase in the rate of total protein
synthesis in some cases (12). However,
these factors have not been shown to
regulate developmental processes.

Our initial studies have focused on the
translation initiation factor eIF-4E, the
mRNA cap-binding protein. This factor ap-
pears to be an important control point for
the regulation of protein synthesis and cell
division [reviewed in (3, 13)]. The over-
expression of elF-4E in NIH 3T3 cells, rat
embryonic fibroblasts, and HeLa cells can
lead to aberrant growth and oncogenic trans-
formation as determined by growth rate,
morphology, focus formation in cell mono-
layers, and tumor formation in nude mice
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(14, 15). Transformation by elF-4E is
blocked by a dominant negative mutant of
ras (16). In addition, eIF-4E appears to be an
early downstream target of a number of
growth regulatory molecules such as platelet-
derived growth factor, epidermal growth fac-
tor, tumor necrosis factor, insulin, and oth-
ers (3), all of which induce eIF-4E phosphor-
ylation. These findings have suggested that
elF-4E participates in the ras signal transduc-
tion pathway regulating cell division.

To address whether elF-4E may regulate
the translation of mRNAs specifically in-
volved in mesoderm induction, elF-4E
mRNA was micro-injected into the animal
pole of one to two cell embryos (17). The
Xenopus translation elongation factor—la
(EF-1a) was injected into a parallel set of
embryos to serve as a control (18). At the
blastula stage [stage 8 to 9 (19)], animal
caps were dissected and cultured in buffer
until siblings had reached the late tail-bud
stage. By the late neurula stage, animal caps
from embryos injected with eIF-4E mRNA
had elongated in a manner similar to that of
animal caps treated with FGF or a low dose
of activin while caps from embryos injected
with EF-1a (as well as uninjected embryos)
remained spherical, typical of uninduced
ectodermal explants. By the tail-bud stage,
the animal caps expressing elF-4E had
formed large vesicles in greater than 90% of
cases (80 of 87, Fig. 1), while those express-
ing EF-1a, as well as uninjected caps, were
uninduced (0 of 55). Histological analysis
showed that eIF-4E injection had led to the
induction of mesenchyme and coelomic
cavities lined with mesothelium, while con-
trols showed only atypical epidermis (Fig.
1). A mutated eIF-4E in which Ser-53 has
been converted to Ala (14, 15, 17) also
leads to the elongation of ectodermal ex-
plants, although in a lower percent (53%,
20 of 38) of cases. This mutant is inactive
in cell transformation assays (14, 15), but
in some cell types the Ala-53 mutated
elF-4E appears to be functional and highly
phosphorylated, suggesting that alternative
sites of phosphorylation may be important
for regulation in other cell types (20). At
present, the phosphorylation sites in Xeno-

803





