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ABSTRACT  The translation initiation factor Eif6 has been implicated as a regulator of ribosome 
assembly, selective mRNA translation and apoptosis. Many of these activities depend upon the 
phosphorylation of eif6 Serine 235 by protein kinase C (PKC). Eif6-60S is probably part of the RNA-
induced silencing complex (RISC). eif6 over-expression in Xenopus embryos causes aberrant eye 
development. kermit2/gipc2  morphants have an eye phenotype similar to that of the eif6 overex-
pressors. Eye formation is regulated by insulin growth factor (IGF) signalling. eif6 interacts with 
the IGF receptor (IGFR) and kermit2/gipc2, which also binds to igfr. eif6 over-expression in Xenopus 
causes also the formation of antero-ventral oedema, suggesting a malfunction of the excretory 
system. Here we evaluated the pronephros phenotype. The oedema grows into the nephrocoel, 
expanding its boundary and is accompanied by a strong reduction of the pronephros. The three main 
components of the pronephros are severely impaired in eif6 over-expressors, while are not affected 
in eif6 morphants. Conversely, gipc2 depletion induces the oedema phenotype and reduction of 
the pronephros, while gipc2 overexpression does not. p110*, a constitutively active p110 subunit of 
the PI3 kinase partially recovers the oedema phenotype. We also determined that PKC-dependent 
phosphorylation of Ser235 in eif6 is not required to produce defective pronephroi. These results 
indicate that the levels of eif6 are highly regulated during development and instrumental for proper 
morphogenesis of the pronephros. Moreover, it appears that for proper pronephros development the 
gipc2 level should be kept within or over the physiological range and that the oedema phenotype 
is partly due to the inhibition of IGF signalling.

KEY WORDS: pronephros, Xenopus laevis, eukaryotic initiation factor 6, kermit2/gipc2

Eif6 1(eukaryotic initiation factor 6) is a protein essential for cell 
survival that plays important roles in ribosome biogenesis and 
translation (see Ceci et al., 2003). In particular, it is associated 
with the plasma membrane where it interacts with b4 integrin as 
well as the cytoskeleton (Biffo et al., 1997). Eif6 can be regulated 
by extracellular signals, such as IGF (Gandin et al., 2008), and 
is itself a regulator of translation at the 60S ribosomal subunit. 
When unphosphorylated, it impedes the joining of the 60S with 
the 40S ribosomal subunit. When phosphorylated by PKC, Eif6 
separates from the 60S subunit. As a consequence, ribosomal 
subunits 60S and 40S may join, allowing mRNA translation to 
occur (Ceci et al., 2003). Eif6-60S is probably part of the RISC 
(RNA-induced silencing complex) and as such may regulate the 
availability of mRNAs for translation (Chendrimada et al., 2007). 
Because EIF6 appears to act selectively on specific mRNAs (Ji 
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et al., 2008; De Marco et al., 2010), the study of this protein in 
embryogenesis is quite appealing because it may help to explain 
steps of anlagen determination or differentiation.

We previously showed that, in Xenopus laevis, eif6 is a factor 
regulating apoptosis upstream of bcl-2/bax (De Marco et al., 2010). 
Moreover, eif6  over-expression causes a delay in eye develop-
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ment, evident at stage 35, independent of the eif6-regulated 
apoptosis. Analyses of eif6 over-expressors and morphants led 
to the conclusion that eye morphogenesis is achieved only at a 
tightly regulated level of eif6 (De Marco et al., 2011). In Xenopus, 
eye formation is regulated by igf signalling (Pera et al., 2001; 
Wu et al., 2006), and eif6 is able to modulate the translation of 
specific mRNA upon stimulation of growth factors such as Igf 
(Gandin et al., 2008). Recently, it was found that eif6 interacts 
with igf receptor (igfr) and kermit2/gipc2 (GAIP interacting protein, 
C terminus) (Wu et al., 2006; De Marco et al., in preparation), 
which also binds to igfr (Booth at al. 2002). gipc2 morphants have 
an eye phenotype similar to that of the eif6 gain-of-function em-
bryos (Wu et al., 2006; De Marco et al., in preparation). It should 
be mentioned that the gipc2 protein is a powerful modulator of 
signals as it interacts not only with igfr but also with a variety of 
molecules implicated in cell signalling, such as semaphorins-F 

and 4C (Wang et al., 1999), and integrins (Spicer et al., 2010) 
(see Wu et al., 2006, for detailed references).

In addition to the above-mentioned effects, eif6 over-expression 
in Xenopus causes the formation of antero-ventral oedema, 
suggesting a malfunction of the excretory system. Importantly, 
Wu et al., (2006) showed that a gipc2 riboprobe labels X. laevis 
pronephroi, where igfr is expressed as well (Groigno et al., 1999). 
The connections existing between eif6 and gipc2 prompted us 
to investigate whether these two proteins have a role in the 
pronephros formation, highlighting the interesting possibility that 
they act along the igf pathway.

The pronephros is the embryonic kidney, present and fully 
functional in amphibian tadpoles. It originates mostly from the 
intermediate mesoderm. At metamorphosis, the pronephros re-
gresses, and its function is replaced by the adult mesonephros. 
Importantly, as many events regulating pronephros induction, 
patterning and differentiation have been revealed, it is now evi-
dent that the genetic programs underlying pronephros formation 
are conserved across evolution, being similarly present in the 
kidneys of higher vertebrates (Vize et al., 1997; Jones, 2005). 
Xenopus pronephros is composed of the pronephric corpuscle, 
with the glomus as the filtration unit, the pronephric tubules and 
the pronephric duct. The filtration chamber of the pronephros 
is the nephrocoel, initially contiguous to the coelom. Later, the 
nephrocoel and the coelom will separate into two distinct cavi-
ties. Splanchnic mesoderm surrounds the glomus (Vize et al., 
1997). Convoluted pronephric tubules are composed of ciliated 
nephrostomes and connecting tubules linked to a common tubule 
which joins the pronephric duct. The first histological indication 
of pronephric development occurs around stage 21 when cells 
begin to condense away from the intermediate mesoderm below 
somites 3 to 5. These cells will form the main body of the pro-
nephros. At about the same time, below somites 5 to 7, a similar 
cellular condensation occurs that will give rise to the pronephric 
duct. The primordia of these two structures fuse, and the body 
of the pronephros forms a lumen. 

Fig. 1. The pronephros phenotype in eif6 overexpressors. (A-E) eif6 
mRNA and protein are expressed in the pronephros (arrows) of stages 
24, 32 and 38 Xenopus laevis embryos. (A,B) Immunofluorescence using 
anti-Eif6 antibody of section (A) or whole mount (B) of respectively stage 
24 and stage 32 embryos indicating that eif6 is present in the pronephros 
as well as in most tissues; the arrows indicate the pronephros anlagen. (C) 
Whole mount in situ hybridisation using eif6 antisense probe (stage 38). 
(D,E) Immunofluorescence with anti-Eif6 antibody of whole mounts (D) or 
sections (E) of stage 38 embryo. (D’) Whole mount immunofluorescence 
using only secondary antibody BODIPY-conjugates as negative control. 
Staining is absent. (F) Oedema formation (arrowhead) is present in embryos 
injected with 400 pg of eif6 and 300 pg of GFP into one blastomere at 
the two-cell stage and harvested at stage 38. (G) Histology with haema-
toxylin and eosin on the embryonic sections showed in (F). A reduction 
of pronephric tubules is evident. The arrow indicates that the glomus is 
not surrounded by the splanchnic mesoderm, as the oedema has grown 
in the nephrocoel, expanding the splanchnic mesoderm boundary (see 
also K). (H) A stage 38 embryo injected with eif6 morpholino: there is no 
oedema. (I) A section of the same embryo stained with haematoxylin and 
eosin. eif6 depletion did not produce oedema. (J,K) Embryos injected with 
400 pg of S235A and 300 pg of GFP show the oedema (arrowhead). (J) 
The pronephric reduction is evident in the histological section of embryo 
shown in (K). The arrow indicates that the glomus is not surrounded by 
the splanchnic mesoderm. pn, pronephros.
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In this study, we found that the oedema phenotype is pres-
ent in eif6 over-expressors and gipc2 morphants and is due to 
a defect of the pronephros. Indeed, in situ hybridisation showed 
that the three main components of the pronephros are severely 
impaired in eif6 over-expressors, while in eif6 morphants the 
oedema is absent. Conversely, gipc2 depletion induces the oe-
dema phenotype and gipc2 gain-of-function has no effect on the 
pronephros. A constitutively active p110 subunit (p110*) of the 
PI3 kinase partially recovers the oedema phenotype, suggesting 
that the oedema is at least partly due to the inhibition of the igf 
signalling. Therefore, the interplay between igfr, eif6 and gipc2 
appears to be relevant during pronephric development.

Results

The pronephros phenotype in eif6 gain-of-function and gipc2 
loss-of-function embryos

Anti-eif6 immunostaining shows the pronephric anlagen in 
stage 24 and 32 embryos (Figs. 1A-B). The pronephros of stage 
38 embryos is marked by eif6 riboprobe in eif6 whole mount in 
situ hybridisation, (Fig. 1C, and see Vaccaro et al., 2006) as 
well as by anti-eif6 immunostaining (Fig 1D,D’,E). It should be 
observed that eif6 is present in most tissues at various level in 
agreement with previous data (Biffo et al., 1997; Vaccaro et al., 
2006) (Figs. 1). Overall, 65% of the embryos injected with eif6 
(400 pg; n=91) displayed oedema in the antero-ventral region, 
a condition often caused by impaired osmoregulatory function 
of the pronephros. Indeed, upon sectioning, we found a strong 
reduction of the pronephric tubules in the injected side. More-
over, in contrast to the uninjected side, the splanchnic mesoderm 
delineating the nephrocoel does not surround the glomus. The 
oedema grew into the nephrocoel, expanding its boundary (Figs. 
1F,G). The eif6 morpholino does not cause oedema. Accordingly, 
in eif6 loss-of-function embryos, the pronephros of the injected 
side was not affected (Figs. 1H,I). 

Previous data showed that, in X. laevis, PKC-dependent 
phosphorylation of Ser235 is necessary for regulating both 
translation and the anti-apoptotic activities of eif6, but it is not 

required for proper eye development (De Marco et al., 2010). Here, 
by injecting the mutated form of eif6, S235A, the oedema and 
pronephric reduction are present as well (Figs. 1J,K), indicating 
that phosphorylation of Ser235 in eif6 is not required to produce 
defective pronephros development. Therefore, the aberrant kid-
ney phenotype produced by eif6 over-expression is not directly 
linked to the PKC-regulated effects on translation and ribosomal 
subunit interaction. This finding is similar to what we have found 
for the eye phenotype in eif6 over-expressors (De Marco et al., 
2011). As gipc2 depletion leads to an eye defect similar to eif6 
over-expression (Wu et al., 2006; Marco et al., 2011), we inves-
tigated the involvement of gipc2 in the pronephros phenotype. 
We injected gipc2-morpholino (40 pg, n=82) and found that in 
65% of the morphants, oedema develops similar to the oedema 
found in eif6 over-expressors but not in the embryos injected 
with gipc2 mismatch-morpholino (Fig. 2). The phenotype ap-
pears at stage 32, when the pronephros starts functioning, and 
is particularly evident at stage 38 in both gipc2 morphants and in 
eif6 over-expressors (Fig. 2). It should be mentioned that gipc2 
over-expressors do not display oedemas (data not shown and 
see Wu et al., 2006).

eif6 over-expression and gipc2 depletion affect pronephros 
markers

The primordia of the pronephros starts forming at stage 21 
(see Vize et al., 1997). Whole mount in situ hybridisation of 
stage 22 eif6 over-expressors using lhx1, an early marker of 
the pronephros anlagen (Agrawal et al., 2009) was performed. 
Staining shows that the pronephric anlagen of the injected side 
is markedly less extended with respect to the contra-lateral 
uninjected side (70% n=60) (Fig. 3A,B). It should be noted that, 
according to Wu et al., (2006), although the pronephros is not 
marked by gipc2 in situ hybridisation before stage 33, gipc2 is 
maternally detected and expressed throughout early develop-
ment. At stage 22 of gipc2 morphants, the injected side shows 
little evidence of the pronephric anlagen (66% n=60) (Fig. 3C). 
Previous data showed that the gipc2 morpholino phenotype can 
be rescued by coinjection of gipc2 RNA lacking the morpholino 

Fig. 2. Oedema phenotype in eif6 
overexpressors and in gipc2 loss-of 
–function embryos. (A-D) Stage 32 
and stage 38 embryos (E-H) injected 
into one blastomere at the two-cell 
stage with 400 pg of GFP alone (A,E), 
400 pg of eif6 and 300 pg of GFP 
(B,F) 40 ng of gipc2 morpholino and 
300 pg of GFP (C,G) or 40 ng of gipc2 
mispaired morpholino and 300 pg of 
GFP (D,H). In the eif6 over-expressors 
(B,F) and gipc2 morphants (C,G), the 
oedema phenotype (arrow) appears at 
stage 32 and increases at stage 38.
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target sequence (Wu et al., 2006). This phenotype is not related 
to the closely positioned paraxial mesoderm. Indeed, embryos 
fixed at stage 25/26 and hybridised with myod1, have identical 
hybridisation patterns in the injected and uninjected side, both 
in the case of eif6 over-expressors (n=50) and gipc2 morphants 
(n=50) (Figs. 3D-F).

The pronephros is organised along its proximal-distal axis in 
a manner that is highly similar to the metanephric nephron, thus 
allowing the use of molecular markers of metanephric terminal 
differentiation for the identification of various segments (Zhou and 
Vize, 2004). By using nephrin (nphs1) as marker of the glomus (see 
Jones, 2005), it can be seen that at stage 38 the glomus of the 
injected side appears reduced when compared to the uninjected 
side in eif6 over-expressors (78% n=70) (Figs. 4B,B’) and gipc2 
morphants (78% n=60) (Figs. 4C,C’). The proximal tubule marker 
slc5a9 (Zhou and Vize, 2004) shows that this region is partially 
affected by eif6 over-expression (Figs. 4E,E’) (60% n=70) as well 
as by gipc2 depletion (62% n=70) (Figs. 4F,F’). Whole mount in situ 
hybridisation was performed using a clcnkb or cdh16 riboprobe, 
both markers of intermediate and distal tubules and the duct. In 

eif6 over-expressors, the pronephric anlagen of the injected side 
is markedly less developed with respect to the counter-lateral 
uninjected side (81% both clcnkb n=65 and cdh16n=70) (Figs. 
4H,H’,K,K’). Very similar hybridisation patterns are obtained in 
the injected side of gipc2 morphants (Fig. 4I,I’,L,L’).

It is known that eif6 interacts with igfr and gipc2 and that gipc2 
binds to igfr, leading to the activation of the tyrosine kinase pi3/
akt kinase pathway (Wu et al., 2006; De Marco et al., in prepa-

Fig. 3. eif6 over-expression and gipc depletion affect lhx1 expression. 
Embryos injected into one blastomere at the two-cell stage with GFP 
(A,D), eif6 (B,E) and gipc2 morpholino (C,F). bgal mRNA was co-injected 
for tracing lineage (stained red). (A-C) Embryos were cultured until stage 
22 and whole mount in situ hybridised for expression of lhx1, an early 
marker of the pronephric anlagen. Injection of the GFP alone had no effect 
on lhx1 expression (A). eif6 over-expression (B) and gipc2 depletion (C) 
inhibited most pronephric anlagen formation (arrow). The white lines in 
the inset of (B) surround the reduced pronephric anlagen. (D-F) Embryos 
were cultured until stage 25-26 and whole mount in situ hybridised for 
expression of myod1, a marker of differentiating muscle. No difference in 
the myod1 expression pattern was found in the eif6 over-expressors (E) 
and gipc2 morphants (F).

Fig. 4. Whole mount in situ hybridisa-
tion for markers of terminal proneph-
ros differentiation. Stage 38 embryos 
injected with GFP alone (A,D,G,J), eif6 
(B,E,H,K) or gipc2 morpholino (C,F,I,L). 
Micrographs of the two sides of the 
same embryos are shown (A,A’, B,B’, 
etc.). Co-injection of  (D-F) GFP mRNA 
as tracer, and (G-I) bgal mRNA (stained 
red). It should be observed that the red 
stained tissue distributed in the most su-
perficial tissues is often partially removed 
during manipulation. The glomus, (arrow) 
marked by nephrin; proximal tubule (aster-
isk), marked by slc5a9; intermediate and 
distal tubule domain (arrowhead), marked 
by clcnkb and cdh16, respectively, were 
reduced in eif6 over-expressors and in 
gipc2 morphants.
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ration). To investigate whether the pronephric defect from eif6 
over-expression is related to a decrease in akt phosphorylation/
activation, we used a constitutively active p110 subunit (p110*) 
of the pi3 kinase, which is upstream of akt and downstream of 
igf1r. Indeed, when we coinjected embryos with eif6 and p110* 
and compared to eif6 over-expressors, a partial rescue of the 
oedema phenotype and clcnkb marker expression was obtained 
(72% n=60) (Fig 5). Thus, p110* partially recovers the oedema 
phenotype, suggesting that this phenotype is at least partly due 
to the inhibition of the pi3 kinase/akt pathway.

Discussion

In conclusion, our results indicate that in Xenopus eif6 over-
expression produces an aberrant kidney phenotype that is not 
directly linked to the pkc-regulated effects of eif6 on translation and 
ribosomal subunit interaction. This finding is in contrast to eif6 anti-
apoptotic function and to the translation of b-catenin that require 
the conserved S235 in Xenopus embryogenesis (De Marco et al., 
2010, 2011). Our data suggest that eif6 regulates gipc2 levels in 
Xenopus embryogenesis through a different mechanism. In fact, 
for the kidney phenotype, eif6 may act through RISC (Chendri-
mada et al., 2007; De Marco et al., 2011) down-regulating gipc2 
translation. Indeed, analyses of the 3’UTR of gipc2 through the 
miRBase (www.mirbase.org) and miRanda (www.microrna.org) 
programs depict binding sites for miRNAs implicated in kidney 
and eye development. Examples of miRNA regulation include 
the following: the miR-30 family (Agrawal et al., 2009), which ap-
pears to regulate Xenopus pronephros development; miR467e*, 
which is implicated in eye development of the mouse (Karali et 
al., 2010); and miR-532-5p, which is involved in kidney cancer 
and human retinoblastoma (Hoon and Kitago, 2010).

In embryos injected with eif6 morpholino, the pronephros does 
not differ from that of w.t. embryos, leading us to speculate that 
the levels of eif6 are highly regulated during development and 
instrumental for proper morphogenesis of the pronephros. This 
finding is in agreement with previous data on eif6 activity in eye 
development (De Marco et al., 2011). On the other hand, this 
result also suggests that gipc2 expression beyond threshold 
levels is necessary for pronephric formation.

Is igf signalling involved in the pronephric formation? gipc2 binds 
to igfr and is involved in the maintenance of igf/pi3k/akt stimuli. 
Embryos coinjected with gipc2 morpholino and p110* partially 
recover the defective eye phenotype of gipc2 morphants (Wu et 

al., 2006). This finding is in agreement with our findings showing 
a partial rescue of the pronephric defect upon coinjection of eif6 
and p110*. In Xenopus, igfr (Groigno et al., 1999) as well as the 
adaptor proteins of the igfr substrate family (IRS-1 family) are 
expressed in the pronephros. However, it has not been determined 
whether IRS-1 acts through the pi3k/akt pathway. Because two 
organs, the eye and pronephros, are regulated by eif6 and gipc2 
(this paper and De Marco et al., in preparation), the question can 
be raised as to whether any other anlagen development is also 
dependent upon the interaction of these two molecules. Comparing 
the major expression patterns of gipc2 and eif6 suggests that this 
could be the case (Vaccaro et al., 2006; Wu et al., 2006). Further 
studies should establish the functionality of these colocalisations 
and whether eif6 and gipc2 interactions are required for igf sig-
nalling. As the gipc2 protein is a potential interactor not only of 
igfr but also of a variety of molecules implicated in cell signalling, 
we hypothesise that during Xenopus embryogenesis the eif6/
gipc2 partnership is a crucial step for anlagen development. In 
fact, eif6 may regulate the gipc2 levels, consequently leading to 
organ-specific downstream-signalling events.

Materials and Methods

Animals
Adult Xenopus laevis females were obtained from Nasco (Fort Atkin-

sons, Wisconsin, USA). They were kept and utilised at the Department of 
Structural and Functional Biology of the University of Naples, Federico II, 
according to the guidelines and policies dictated by the University Animal 
Welfare Office and in agreement with international rules. To obtain eggs, 
X. laevis females were injected in the dorsal lymphatic sac with 500 units 
of Gonase (AMSA) in amphibian Ringer’s solution (111 mM NaCl, 1.3 mM 
CaCl2, 2 mM KCl, 0.8 mM MgSO4, and 25 mM Hepes, pH 7.8). Fertilised 
eggs and embryos were obtained by standard insemination methods (see 
De Marco et al., 2010) and staged according to Nieuwkoop and Faber. 

Microinjections
The pCS2eif6 and pCS2S235A plasmids were used as described in 

De Marco et al., (2010). The pCS2p110* plasmid was a generous gift of 
Laurent Kodjabachian (Université de la Méditerranée, France). The pC-
S2bgal was kindly supplied by M. Ori (University of Pisa, Italy). Capped 
synthetic RNAs were generated by in vitro transcription using the Sp6 
Message Machine kit (Ambion, Austin, TX, USA). gipc2 antisense mor-
pholino (5’-AGAGGCATCTTTCTTTCAGCGAAGG-3’), eif6 antisense mor-
pholino (5’-GCGGACGGCCATGTTGGCTTCTTAG-3’) and the mispaired 
morpholino control (5’-GCcGACcGCCATcTTGcCTTCTaAG-3’) were 
purchased from Gene Tools LLC, Philomath, OR, USA. pCS2MTGFP or 

Fig. 5. p110* partially recov-
ers the phenotype in eif6 
overexpressors. (A-F) Stage 
38 embryos injected into one 
blastomere at the two-cell 
stage with 400 pg of GFP only 
(A,D), 400 pg of eif6 and 300 
pg of GFP (B,E), or 400 pg of 
eif6, 300 pg of GFP and 1 ng 
of p110* (C,F). (D-F) Whole 
mount in situ hybridisation for 
clcnkb, an intermediate and 
distal tubule marker (arrow). 
p110* partially recovers the 
oedema phenotype (C) and 
clcnkb expression (F).
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pCS2bgal mRNA was always co-injected to label the injected side. RNAs 
were injected into the animal hemisphere of a single cell of one- or two-
cell embryos using a Drummond ‘Nanoject’ apparatus. During injection, 
embryos were cultured in 3% Ficoll in 0.1% Ringer. The phenotype of 
the injected embryos was scored when the uninjected embryos reached 
stage 32 or 38. The samples were photographed with a Leica MZ16F UV 
stereomicroscope, equipped with a Leica DFC 300Fx camera and IM50 
image manager software.

Immunofluorescence and histology
X. laevis embryos were fixed in 4% formaldehyde at 4°C and stored in 
100% MetOH at –20°C. For in toto immunofluorescence, the samples 
were incubated in hydrogen peroxide/methanol 1:2 (v/v) for about 2 days, 
then incubated with rabbit anti-Eif6 antibody (a gift of PC Marchisio and 
S. Biffo, DIBIT, Milan, Italy) diluted 1:500 in PBS/0.5%BSA/0.1% Triton 
X-100. The secondary antibody was goat anti-rabbit IgG BODIPY FL 
conjugated (Molecular Probes). Next, the embryos were dehydrated 
in graded methanol and cleared in benzyl alcohol/benzyl benzoate 1:2 
(v/v). Whole mounts were photographed with a Leica MZ 16F. Frozen 10 
mm-thick sections were obtained after embedding and freezing in Killik 
(Bio Optica). For histology, sections were stained with haematoxylin and 
eosin. For immunofluorescence, non-specific background was blocked by 
incubating the sections for 30 min in normal goat serum, 3% in PBS/0.5% 
BSA/0.1% Tween, prior to exposure O/N at 4ºC to rabbit anti-Eif6 (gener-
ous gift of P.C. Marchisio and S. Biffo, DIBIT, Milan, Italy) diluted 1:500 
in PBS/0.5% BSA/0.1% Tween. Staining was completed by incubating 
the samples with anti-rabbit goat IgG BODIPY FL-conjugated (Molecular 
Probes) and mounting in PBS/glycerol (9:1, v/v). Sections were observed 
and photographed with a Leica CTR 6500 UV microscope equipped with 
the Leica application suite.

In situ hybridisation
In situ hybridisation was performed as described previously (Vaccaro et 
al., 2006). Antisense digoxigenin-labelled RNA probes of lhx1, myod1 (a 
gift from M. Ori, University of Pisa, Italy) slc5a9, clcnkb, cdh16 (generously 
supplied by O. Wessely, LSU, New Orleans, USA) and nphs1 (courtesy 
of European Xenopus Resource Centre, University of Portsmouth) were 
synthesised with RNA T7 or SP6 polymerases (Roche, Mannheim, Ger-
many). b-galactosidase activity was visualised in embryos with Red-Gal 
(Biosynth, Staad, Switzerland). Sections were observed and photographed 
using a Leica 6500 microscope. Whole mounts were photographed with 
a Leica MZ16F.

Acknowledgments
We thank S. Biffo for suggestions, Valentina Magnin and Valentina 

Abete for laboratory assistance. The research was funded by a grant from 
the Compagnia di San Paolo (‘Integration of spatial and biochemical clues 
during brain development’ Project) to C.C. We thank AMRA Scarl for the 
use of AMRA instruments. We apologize for work not cited in this article 
due to an upper limit on the permitted number of citations.

References

AGRAWAL R, TRAN U, WESSELY O (2009). The miR-30 miRNA family regulates 
Xenopus pronephros development and targets the transcription factor Xlim1/

Lhx1. Develop. 136: 3927-3936. 
BIFFO S, SANVITO F, COSTAGEA S, PREVE L, PIGNATELLI R, SPINARDI L, 

MARCHISIO PC (1997). Isolation of a Novel I4 Integrin Binding Protein (p27BBP) 
Highly Expressed in Epithelial Cells. J. Biol. Chem. 272: 30314-30321.

BOOTH RA, CUMMINGS C, TIBERI M, LIU XJ (2002). GIPC participates in G 
protein signaling downstream of insulin-like growth factor 1 receptor. J. Biol. 
Chem. 277: 6719-6725.

CECI M, GAVIRAGHI C, GORRINI C, SALA LA, OFFENHAUSER N, MARCHISIO 
PC, BIFFO S (2003). Release of elF6 (p27BBP) from the 6OS subunit allows 80S 
ribosome assembly. Nature 426: 579-584.

CHENDRIMADA T, FINN KJ, JI X, BAILLAT D, GREGORY RI, LIEBHABER SA, 
PASQUINELLI AE, SHIEKHATTAR R (2007). MicroRNA silencing through RISC 
recruitment of eif6. Nature 447: 823-828.

DE MARCO N, IANNONE L, CAROTENUTO R, BIFFO S, VITALE A, CAMPANELLA 
C (2010). p27(BBP)/eIF6 acts as an anti-apoptotic factor upstream of Bcl-2 dur-
ing Xenopus laevis development. Cell Death Differ. 17: 360-372.

DE MARCO N, TUSSELLINO M, VITALE A, CAMPANELLA C (2011). Eukaryotic 
initiation factor 6 (eif6) over-expression affects eye development in Xenopus 
laevis. Diff. 82: 108-115. 

GANDIN V, MILUZIO A, BARBIERI A, MAGRI L, KIYOKAWA H, MARCHISIO PC, 
BIFFO S (2008). eIF6 is rate limiting for translation, growth and transformation. 
Nature 455: 684-688.

GROIGNO L, RICHARD-PARPAILLON L, BOUJARD D (1999). Expression pat-
tern of insulin receptor mRNA during Xenopus laevis embryogenesis. Mech. 
of Dev. 86: 151-154.

HOON D S, KITAGO M (2010). Use of miR-532-5p as cancer markers and therapeutic 
targets. United States Patent Application Publication No. US2011/0158975 A1.

JI Y, SHAH S, SOANES K, ISLAM MN, HOXTER B, BIFFO S, HESLIP T, BYERS 
S (2008). Eukaryotic initiation factor 6 selectively regulates Wnt signalling and 
b-catenin protein synthesis. Oncogene 27: 755-762.

JONES EA (2005). Xenopus: A Prince among models for pronephric kidney devel-
opment. J. Am. Soc. Nephrol. 16: 313-321.

KARALI M, PELUSO I, GENNARINO VA, BILIO M, VERDE R, LAGO G, DOLLÉ 
P, BANFI S (2010). miRNeye: a microRNA expression atlas of the mouse eye. 
BMC Genomics 11: 715.

PERA EM, LI, WESSELY, O, LI SY AND DE ROBERTIS EM (2001). Neural and 
head induction by insulin-like growth factor signals. Dev. Cell. 1: 655-665.

SPICER E, SUCKERT C, AL-ATTAR H, MARSDEN M(2010). Integrin alpha5beta1 
function is regulated by XGIPC/kermit2 mediated endocytosis during Xenopus 
laevis gastrulation. PLoS One 5, e10665.

VACCARO M, CUCCARO M, DE MARCO N, CAMPANELLA C (2006). Expression 
of p27BBP/eif6 is highly modulated during Xenopus laevis embryogenesis. 
Mol Reprod Dev 73: 482–490 Erratum in: Mol Reprod Dev (2006). 73: 1612.

VIZE PD, SEUFERT DW, CARROLL TJ, WALLINGFORD JB (1997). Model systems 
for the study of kidney development: use of the pronephros in the analysis of 
organ induction and patterning. Dev Biol 188: 189-204.

WANG LH, KALB RG, STRITTMATTER SM (1999) A PDZ protein regulates the 
distribution of the transmembrane semaphorin, M-SemF. J. Biol. Chem. 274: 
14137-14146.

WU J, O’DONNELL M, GITLER AD, KLEIN PS (2006). Kermit 2/XGIPC, an IGF1 
receptor interacting protein, is required for IGF signaling in Xenopus eye de-
velopment. Development 133: 3651-3660.

ZHOU X, VIZE PD (2004). Proximo-distal specialization of epithelial transport pro-
cesses within the Xenopus pronephric kidney tubules. Dev. Biol. 271: 322-338.



Further Related Reading, published previously in the Int. J. Dev. Biol. 

Comparison of Lim1 expression in embryos of frogs with different modes of reproduction

5 yr ISI Impact Factor (2010) = 2.961

Michael Venegas-Ferrín, Norihiro Sudou, Masanori Taira and Eugenia M. del Pino
Int. J. Dev. Biol. (2010) 54: 195-202 

Identification and gene expression of versican during early development of Xenopus
Paola Casini, Michela Ori, Angela Avenoso, Angela D’Ascola, Paola Traina, Walter Mattina, 
Roberto Perris, Giuseppe M. Campo, Alberto Calatroni, Irma Nardi and Salvatore Campo
Int. J. Dev. Biol. (2008) 52: 993-918 

The role of XTRAP-gamma in Xenopus pronephros development
Dong-hui Li, Techuan Chan, Reiko Satow, Shinji Komazaki, Kouhei Hashizume and Makoto 
Asashima
Int. J. Dev. Biol. (2005) 49: 401-408 

Developmental expression of Pod 1 in Xenopus laevis
Subreena Simrick, Karine Massé and Elizabeth A. Jones 
Int. J. Dev. Biol. (2005) 49: 59-63 

Controlled translation initiation on insulin-like growth factor 2-leader 1 during Xenopus 
laevis embryogenesis
A W van der Velden, O H Destree, H O Voorma and A A Thomas 
Int. J. Dev. Biol. (2000) 44: 843-850


